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Launty of Kern Serlinn 4.1. Aesthatics

Level of Significance after Mitigation

With implementation of Mitigation Measures MM 4.1-4 through MM 4.1-7, impacts would be less than
signilicant.

SCE Transmission Line Relocation and Interconnection Work

Southern California Edison (SCE) will relocate an existing 66 kilovolt (kV) transmission line to remove 11
frem the project footprint. An approximately 20-foot-wide aceess road will be graded within SCE’s right-
of-way to facilitate construction and future maintenance af the transmission line, After the nelocaled
transmission line is installed and energized, the old transmission line will be dismantled using equipment
used to ingtall and tension the relocated transmission line. Additionally, SCE will interconnect the project’s
500 k'V wansmission line into the SCE-pwned Windhub Substation 500 kV hanks located on the south side
of the facility. [t is anticipaied that SCE’s interconnection work will involve upgrades within Lthe subslation
footprint and potential relocation of existing high-voltage transmission poles and conductors, andfor
installation of new pales and conductors adjacent to or within the fooiprint of the Windhub Substation. The
rclocated transmission line and interconnection work would result in less than significaut aesthetic impacts
and would result in minimal changes to the appearance of existing SCE facilities, producing no noticeable
change to existing views. The SCE work would not increase the amount of lighting on-gite or result in glare
during construction and operation. SCE would imiplement best management practices during construciion
and operation, and impacts would be less than signilicant.

4.1.5 Cumulative Setting Impacts and Mitigation
Measures

As presented in Chapter 3, Profect Description, of this Draft EIR, there are 1B cumulative projects. These
have the potential 10 result in cumulative impacts to aesthetics when considered togelher with the project.
The “scarcily™ rating criterion is likely to be impacted by widespread development in the area. as
unobstricted views of regional topographical features and undeveloped lands would be less available as
pereage is developed with PY panels, wind energy prajects, and new transmission lines.

As discussed above, the project would have less than sipnificant inpacts as it relates to scenic visias as
project distance, tapography, and intervening development would reduce the visual prominence of the
praoposed solar development. Due to the developed nature of the landscape visible from the PCT (ie.
cxisting solar facilities, wind energy facilities and transmission line infrastructure) in the general project
area, project development would not have a substantial adverse effect on existing views from the PCT. As
such, cumulative impacts would be less than significant and not cumulatively eonsiderable.

With regard to impacts relaled to damaging scenic resources within a scenic highway, the project would
not be visible from any Officinlly Designated State or County Scenic Highway as there are no Officially
Designated State or County Scenic Highways in the vicinity of the project site. SR-58 and SR-14, which
are in proximity to the project site, arc cligible state scenic highways. With the exception of Site 2 (Western)
and the gen-lie line, most of the project site would not be elearly visible fran the eligible seenic segment
of SR~-14. YViews to the project are available from SR-5%, parlicularly Site 3 (Gaslern) lucated immediately
to the south. Components of the project would not substantially alter existing long-distance views of the
mountain and valley landscape or other natural features visible from the designated scenic segments of SR«

Draf Environmental Impact Repart Nervember 2023
Enterprise Solar Storage Project 4,.1-50



The importence of coccidioidomycosis as an occupational disease has

increased in the southwestern United States. This report discusses

the aspects of the disease in terms of its geography, the agent,

occupation, dust conditions, and various other factors. A control

program ts outlined.

EXPOSURE FACTORS IN OCCUPATIONAL

COCCIDIOIDOMYCOSIS

Lawrence L. Schmelzer, M.P.H., ond Irving R. Tabershaw, M.D., F.A.F.H.A.

THE rapid and increasing influx of in-
dustry and agriculture into the south-
western United States has heightened the
importance of coccidioidomycosis as an
occupationa! disease. Before 1938, this
disease was of little interest because
relatively few clinical cases were recog-
nized and the morbidity caused by pri-
mary infection was not appreciated. In
that year, Dickson and Gifford,! report-
ing on several years of study, clearly
established that the benign, primary
form of the disease was an important
causc of illness in the endemic areas,
and that the diseasze is caused by inhzala-
tion of sporezs of Coccidioides immitis.
During World War II, coccidicidomy-
cosis was shown to be the cause of sig-
nificant illness among seldiers in train-
ing at camps in the endemic areas.
Studies by Smith, et al.? showed that
preventive measures, notably dust con-
trol, were effective in reducing the rate
of infection and the seriousness of epi-
demics.

Epidemics have also been reported in
susceptible groups of uvniversity person-
nel that entered endemic areas. In 1942,
Davis, et al.,¥ reported infection in seven
of 14 students and staff from Stanford

JANUVARY, 1988

University whe made a feld trip to the
San Joaquin Valley, In 1954, four stu-
dents from the University of California
at Los Angeles contracted the disease in
similar circumstances, and one student,
not parlicipating in the hcld trip, de-
veloped disease through the handling of
contaminated specimens in the labora-
tory.? In 1962, 100 per cent infection
was reported in a group of 16 persons
from UCLA who participated in an
archaeological ficld study near Los
Banos, Calif.? Again in 1965 three stu-
dents from UC Berkeley developed clin-
ical disease after a held trip in the same
general area.

Coccidioidomycosis ranks high amang
the infectious occupeational diseases® as
shown in Table 1. Further, the case fa-
tality rate closely parallels that of tuber-
culosis as shown in Table 2.8 These rates
are based on reported clinically recog-
nized cases. In both diseases, primary
infection usually goes unnoticed. Fatal-
ity rates for both dizeases arc consider-
ably less when based on total number of
infections.

In apite of the faet that cocerdieidomy-
cogig 18 in most instanccs inapparent or
mild, the discase causes significant dis-
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Table le=Nwumber of disshility cases of
selecied ocrupational disenses in Cali-
fornia hy fiscal year of report*

Number of
disability cases
1962- 1963- 1964- 3-year
1963 1964 1M5  total

Disease

Coccidividomycasis 21 34 27 82

Tuberculosis 23 > 24 i1}
Anthrax, brucelloals,

Q fever 11 13 13 37
Psivtacosis 1 1 1
Tetanusg 1 2 1

#* From: Work Injuries in Californis, Quarterly St
Henl Snmmary, Siate of Califomnla Department of [o-
ﬁuﬂrﬁll Weltarm, Diviwion of Lebor Sudsiice acd Re-
BERTER

ability in California workers. Although
the 106 cases reported in six years? may
not appear an unduly large number, the
degree of disalility in these cases is
noteworthy (Table 3).

A large proportion required hoapitali-
zation and absence from work lasting
weeks or months was not unusual. As late
as 1957, coccidioidomycosis caused more
dieability at Williams Air Force Rase in
Arizona than any other disease including
the upper respiratory infections® While
the average incidence of both infections
was the same, the average disability of
34.6 days caused by coccidioidomycosis
was seven times higher than that caused
by upper respiratory infections,

Since it is not now possible to pro.
vide artificial immunity o those enter-
ing an endemic area and since suscepli-
bility to coccidioidomycosis is essentially
universal, the introduction of industrial
or agricultural workers into endemic
areas carries with it the responsibility
of assessing the hazard of the disesse
to such populations. Nonc of the expo.
sure factors in the production of coc-
cidioidomycosis is susceptible to control
to the degree necessary to prevent in-
fection entirely. Sufficient knowledge of

100

the direct and predisposing causes of
the disease, however, does exist so that
it may be possible to reduce both the
incidence of infection and its severity.

Gecgraphy

Coccidioides immitis has been reported
only in the arid and semiarid regions
of southwestern United States, in Mex-
ico, Central America, Venezuela, and in
the Chaco region of Argentina, The areas
of endemicity roughly paraliel the boun-
daries of the lower Sonoran Life Zone,
which ie characterized by scant rainfall,
hot dry summers, alkaline soil, mild win-
ters, sparce flora and fauna and, until
recently, few human inhabitents {Figure
1) .? The creosote hush, Larrea tridentata,
is often considered a specific indieator
of this life zone.

Evaluation of geography and ecology
as exposure factors is complicated by the
fact that areas within the lower Sonaran
Life Zone may be free of C. immitis, and
eonversely small endemic areas may oc-
cur outside the zone. However, the po.
tential of serious sequelas to infection
is sufficient justification to consider any
entry inlo suspected endemic areas as
leading 1o exposure to the discase.

Infectious Agent

Spores of C. immitis are found in the
first few inches of the soil and in larger
numbers in the vicinity of rodent bur.

Tahle 2—Case fatality rates for eoccidi-
oidomycosis and luberculosis in Cali-

fornia 1960-1963*

Case faiality ratest
1960 1961 1962 1963

Coceidioidomycosis 86 128 123 111
Tuberculosis 15.7 127 131 121

* Feam: Callfornin Public Haalth Statislical Repost
1963, Pamn 1l Commuonicable TMearsep, California Siste
Dt{phtment of Pabliz Health.

Cawa fatalicy rmtes are per 100 coren reported.

¥YOL. 58. NO. 1, ALP M.



Table J==Nomber of cases of oceupalional
coccidioidomycosls reported in Cali-
fornia during the perlod Janmary,
1959, 1o March, 1965, by industry*

Cases
Industry reporied
Agriculture 32
Animal husbandry 16
Field crops 11
Gardening 3
Crther 2
Construction 19
Eguipment operator 1g
Truck driver-mechanic 6
Building trades 14
Profcssional 22
Engincer g
Scientist f
Ceologist 5
Other and unknown 13
Tnal 106

* Fram: Summary of Réporis of Ceenpadanslly Con-
tracied  Coceidisldomycosis 15891963, Galiformin State
Depuriment of Public Health, Boreau o Decuputional
Heahb.

OCCUPATIONAL COCCIDIOIDOMYCOSLS

rows.!? These spores produce mycelial
growth during the winter rains and, as
the scil dries ih the spring, arthrospores
arc again produced. Tests have shown
that the concentration of arthrospores in
the soil is highest at the end of the wet
season and becomes lower as the dry
season progresses. Season and rainfall
patterns mmust therefore be considered in
the evaluation of exposure potential for
persons entering endemic zones. Im-
portance of this has heen shown by
Smith, et al.? in the San Joaquin Valley,
and by Hugenholtz in a study of 13
years’ experience at Wilbamas Air Force
Base in Arizona.’' The average number
of infections of base personnel was found
te decrease during rainy menths and to
increase during the dry perioda

The highly infections nature of C. im-
mitis is illustrated by the fact that from
seven to 15 arthrospores insufflated in-
tranasally into mice causes infection and
dizzemination to the liver and spleen in
35 per cent 10 30 per cent of susceptible

= =

=y Ll =

Figure l==lower Sonoran Life Zone and area

United States [After Smith, C. E,#]

JAMUARY, 1948

of Coccadioides immitis endemicily in tl:e



animals.’®* The organism has very sim-
ple nutritional requirements for growth,
grows on practically any medium, and
has been shown to prefer a saline en-
vironment'? including body Auids.

Phytical Properties

Typical mature hyphae of C. immitis
vield barrelshaped arthrospores, ap-
proximalely 2.5 microns in diameter and
4 microns long, alternating with smaller
sterile cells. The empty cells rupture
easily to frec the spores, leaving on the
latter cell wall fragments which add to
the length of the spore and also decrease
the apparent specific gravity. Particle
dynamics help 1o explain the highly in-
fections nature of the C. immitts and its
wide distribution by winds. The im-
portant factors are terminal settling ve-
locity and impingement forces, both of
which are proporticnal to the particle
size and specific gravity. Although ac-
tual spore dimensions vary and the spe-
cific gravity is not agccurately known, it
can be postulated that effective spore
diameter is about 5 microns and its spe-
cific gravity is about 0.75. Terminal
settling velocity for the spores is 0.01
centimeters per second when computed
on the basis of these hgures. In com-
parison, & quartz particle having this
terminal settling velocity would have n
diameter of 1.4 microns. From this it is
clear that spores of C. immitis are easily
air-borne, seitle slowly, can penetrate
into the emallest bronchioles and slveoli,
end that a sipnificant percentage of re-
tention in the lung can be expected.

Dust Conditions

In the heat of early summer, what
lirtle ground cover that exists in the en-
demic areas withera and diea, winds dis-
turb the surface dust and lift the spores
into the air. The slow terminal settling
velocity permits the spores to become es-
gentially a permenent abmospheric con-

110

taminant under turbulent wind condi-
tions. Such conditions are not unusual in
arid regions where thermal phenomena
generale severe atmospheric disturb-
ances. Very small, intense, Iocal whirl-
winds, known as “dust devils,” can raise
dust containing large numbere of spores
if they pass over pockets of high con-
centzation in the soil. Large, rapidly
moving air mssses are also common,
such as the “Santz Ana Winds” which
blow from the Mojave Desert south into
the San Fernande Valley, These winds
will carry spores into nonendemic areas
hut the concentration will be low because
of the nonselective raising of dust. Soil
tests, therefore, capnot assurc that an
grea within or close to an endemic zone
is free of the organism and surface travel
through or mear endemic areas has re-
sulted in exposure and infection.

Occupation

Varying racial and sexual suseeptibil-
ity influences the severity and disability
from coccidicidomycosis. However, since
it results from inhalation of air-bome
arthrospores, occupational factors must
be considered in relation to the magmi-
tude of probable dust exposure. It has
been shown that a susceptible popula-
tion entering an endemic area can ex-
perience en annual infection rate of
about 20 per cent.? No overt dust expo.
sure is necessary; infection can result
from wind-borne sporea traveling long
distances in turbulent air conditions.
Labor groups where occupation involves
chose contact with the soil are ot greater
risk, especially if the work involves desty
digging operations. The period of disa-
bility in cases of ocoupational coc-
cidicidomycosie reported in Californis
{a clussified by industry in Table 4.7
The significant differences in the perioda
of disability can be ascribed to the varia-
tions in exposure resulting from occupa-
tion.

Agricultural workers suffered less dis-

YOL. B9, NO. 1, AJ.PH.



ability because their exposure is proba-
bly to a few spores at a time. In feld
crop operations, burrowing rodenis are
not tolerated and the focus of endemicity
associated with them is not present. Till-
ing of the soil will tend to disperse pock-
ets of high spore concentration zo that
the dust raised can be expected to con-
tain a relelively low concentration of
spores. Similarly, a sheepherder would
not be expected to receive a heavy, con-
centrated dose of arthrospores. This
would tend to produce milder disease
and a large proportion of inapparent and
mild infections.

In the construction Lrades, exposures
may be very diflerent depending on the
specific operations. Pipeline, highway,
and utility construction often involves
work in remote areas where the soil has
not been disturbed and where foci of
endemicity are usual. When these fori
are disturbed, the dust raised can have
a high concentration of sporrs. Digging
of foundation and pipe trenches in resi-
dential or commercial buildings can
lead to similar massive exposure. Simi-
larly, engineers involved in highway or
other beavy construction may be sub-
jected to heavy doses if they are work-
ing with the construclion crews, but may
suffer exposure comparable to an agri-
cultural worker if they are only sur.
veying.

The exposures of professionals are

OCCUPATIONAL COCCIDIOCIDOMTCOSIS

highly variable and difficult to predict.
Groups of paleonlologists and archaeolo-
gists have suffered 100 per cent infec-
tion when their pursnits led them to dig
in or around rodent burrows. Other
groups digging in endemic aress have
completely escaped infection.

Discusion

Prevention of coccidioidomyecosis is
complicated by the fact that the orgunizm
i5 a natural and persistent inhabitant of
the environment. Determination of con-
centralion of spores in specific locations
is not feasible because the selecton of
appropriate sampling sites and identifi-
cation of C. immitig i difficult and time-
consuming. Furthermore, as previously
mentioned, spores can be air-borme for
long periods of time and travel great
distances. Consequently, the importation
of any susceptible labor force into en-
demic areas cerries with it the responsi-
bility for reducing the rate and severity
of infection thromgh whatever dust con-
trol meagures are possible and for provid.
ing a vigorous program of medical sur-
veillence.

Control of dust for the prevention of
coccidioidomycosis is not a simple matier
because of the wide variations in expo-
sures. General dust control measures can
aflord some depree of protection to all
persons working and living in an en.

Teble 4—Number of disability cases of cccupational coecidi-
vidomyecosls in Callfornta by lengih of disability and in-
dustry for the period January, 1959, to June, 1963

Period of disahility in days

Industry 0 1-14 15-29 30-50 =6 Total
Agriculture 6 ] 4 4 18
Construction 2 1 5 13 21
Professions 5 1 b ] 22

From: Bemmary of Reportn of Oecn
931268, Californis 3taes Depanmant o

Health,

JAMUARY, 1958

arionally Contencied Coceldipldimgyeonts,

Public Hxalth, Baresn of Qecuparioesl

m



demic area. As shown by Smith,® oiling
of parade grounds and barracks areas in
military establishments reduced the rate
of infection. Similarly, planting of trees
and lawns around residences and indus-
trial pla_nlﬂ can reduce the rate of infeec-
tion by about half."* Further protection
can be provided by filtering and condi-
tioning of air supplied to plants and
offices, but this is not complete since it
does not control infection resulting from
exposure outside the working hours. Pro.
tection of agriculiural workers and ani-
mal husbandmen to any realistic degree
is exceedingly difficult. Their exposurc to
dust is an inseparable part of their em-
ployment and working conditions pre-
clude the effective use of respiratory
protection. '

Operators of heavy earth moving
equipment can be effectively protected
dnring working hours by providing air
conditioned eahs. This not only protects
from coccidioidomycosis bnt also controls
exposure to other dust, noise, and en-
gine cxhaust fumes. Efficient and com-
fortable hoods for individual use are now
available with powered blowers for pro-
viding filtered air, These are useful on
smaller earth moving equipment and for
semistationary operations such es oil well
drilling. Exposures resulting from man.
ual digging arc less easily controlled.
Continued use of respirators is very un-
comfortable in the usually high ambient
temperatures, and workers resist use of
this kind of proteclion, The wearing of
respirators can, however, be enforced
during recognized periods of high expo-
sure. For instance, building tradcsmen
should wear respirators when digging
foundation excavations or pipeline
renches, Similarly, highway engineers
can  wear respirators when working
around earth moving machinery but
could dispense with this when surveying
ahcad of or behind construction crews.
‘Scientists should be protected during ac.
tual digging operations but not neces.
sarily during exploration,

Skin testing for previous infection by

C. immilis is casy to periorm and de-
fines the immune population. All persons
hired for work in endemic areas (or
whose assignments take them there)
should be tested. Assigning immune
workers fo nperﬂtiﬂns invnlving known
heavy exposures can effectively reduce
the incidence of infection. Hiring life-
long residents of the endemic arecas can
alio reduce the incidence of infection
since the level of immunity in these
people can be expected to be high. This
should nob, however, he substituted for
a program of skin testing and medical
surveillance. Negroes and Filipinos have
been shown to be more susceptible to
developing the highly fatal disseminating
form of the disease.'* Unless such indi-
viduals are shown to have developed im-
munity, they should whenever possible
be assigned to work in areas or at jobs
where exposure to high concentrations
of spores will he minimal.

Periodic medical examinations or in.
terviews are useful to discover a his.
tory of low grade or subelinical infec-
tion and to evaluate the level of health
of the individual. This examination
must include repeated skin testing of
susceptibles until the patient shows con-
version to a posilive reaction signifying
immunity. Such an individual can then
he dropped from medical surveillance
for coccidioidomycosis. The medical
management of any respiratory ailment
suffered by persons at risk who are not
immune to coceidioidomycosis should
include a skin test.

Research is presently being pursued
to develop an eflective antigen for pm.
ducing artificial active immuonity to coc-
cidioidomyocosis. If snecessful, this vac-
cine will make possible the total protec-
tion of pepulations entering endemic
areas. However, since man is not the
reservoir of the disease, but only an ae-
cidental host, eradication will not be pos-
sible. Consequently the efforts to prevent
disability from coccidinidomyensis must
be continued so long as susceptible popu-
lations enter endemic areas.

YOL. 58, NO. 1, AJ.F.H.



Control Program

A program for limiting the incidence

of occupational coccidicidomycosis and
reducing the severity of disease in those
who becorne infected would entail the
following:

1.

2.

AL!

Determine if the work location is

within the endemic area.

Hire resident lahor whenever avail-

able, particularly if dust exposures

may be heavy.

Estabhish a medical program includ-

ing:

a. Skin tests on all new employees, I
positive they can be assigned to any
job; if negative, especially Negroes
and Filipinos, job exposure must be
carefully evaluated. Tf heavy concen-
tration of dust cannot be aveided,
those with negative skin resta should
not he employed at that job.

b. Retest ol susceptibles. This should he
continued every three ta six months
until immunity is demonstrated by con-
version to a pasitive reaction,

t. Prompt treatment of respiratery ill-
ness in susceptibles. Coccidioidomy-
¢osis i5 A suspect in such illnesses (and
if such is the case early chemotherapy
can reduce the severity).

Educate the exposed population,

a. Mew employces shoold be informed of
the potantinl of infection and its conse-
quences.

b. All employees should be advised to
seek prompt medical treatment for any
reapiratory illaess end to inform the
attending physician of their passible
expasure 10 Lhe fungus, particularly if
the physician practices oulside the en-
demic area.

Control dust exposure hy:

a. Oiling or planting of aress around
plants, ofhcas, and residences,

b. Filiering and conditioning of air sup-
plies to plants and offices; providing
air conditioned cabs on heavy equip-
meni

OCCUPATIONAL COCCIDIQIDOMYCOS1S

c. Providing respiraters, air supplied hel.
mets, and the like, g5 indicated.

d. Preveating transport of C. immilis aut-
side endemic acea by thoroughly clean-
ing equipment and specimens belore
shipment 1o other work locations.
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Abstract Ongoing large scale land development for
renewable energy projects in the Anielope Valley,
located in the Western Mojave Desert, has been
blamcd for increased fugibve dust emissions and
coccidividomycosis incidence among the general
public in recent years. Soil samples were collected at
six sites that were destined for solar farm construciion
and were analyzcd for the presence of the soil-borne
fungal pathogen Coccidioides fmmitis which is
endemic lo many areas of cewtral and southern
California. We vsed a modified culture-independent
nested PCR approach ta identify the pathogen in all
soil samples and also compared the sampling sites in
regard Lo soil physical and chemical parameters,
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degree of disturbance, and vegelation. Owr results
indicaled the presence of C. immitis at four of the six
sites, predominantly in non-disturbed soils of the
Pond Oban complex, which are characterized by an
elevated pH and salt bush communities, but also in
geassland characterized by different soil parameters
and covered with native and non native annuals.
Owverall, we were able to detect the pathogen in 40% of
the soil samples (n = 42). Incidence of coccid-
ividomycosis in the Antelope Valley was posilively
correlated with land use and pamiculate matter in the
air (PM10) {Pearson cormelation coefficient >0 %),
With the predicted population growth and ongoing
larpe-scale disturbance of soil in the Antelope Valley
in coming years, incidence of coccidioidomyeosis will
likely further increase if policy makers and land
developers continue (o ignore the risk of grading land
without implementing long-term dust mitigation plans
in Environrental lmpact Reports.

Keywords Fugitive dost - Renewable energy -
Coccidioidomycosis - Mojave Desert - Soil

Introduction

[Large-scale land develapment in the Antelope Valley,
located in northern Los Angeles County in California,
provides new residences for expanding populalions,
facilities for businesscs, felds for agrieulture, and
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more recently provided opporiunities for rencwable
energy production. However, arid and semiand areas
in the Southwestern US may require bettct cere in
managing soil disturbance from such projects because
of greater risk of fugitive dost emissions and coccid-
ividomycosis, caused by the soil-born fungal pathogen
Coccidioides spp. Fugitive dust is the suspension of
particulate matter in the air by wind or huoman
activities wsually indicated as parliculate matter up
to 10 pm (PM10}. The paniculate matier is primarily
s0il but can contain crystalling silica, asbestos fibers,
heavy metals, and airbomne spores and conidia from
microorganisms. Fugitive dust in general can cause
breathing dilficulties, low acute and chronic respira-
lory illnesses, increased risk of death from agpravated
hcart or lung disease . increased risk of
traffic accidents from poor toad visibility . and
reduced agricultwral crop yield and desertification

. Fugitive dust emissions observed in the Antclope
Valley frequently exceed California standards of
50 pg/m’ for PMLO (24 h averages) and 30 pg/m’
(annual arithmetic meun). respectivelv. which are

torma Ambieni Adr Qualily tandards [CAAQS]), The
increase in air pollution with coarse particulate marier
(PM10) has mised the concern of public health offi-
cials and the general public because of increased
incidence of coccidioidomycosis among residents of
the Antelope Valley (Connty of Los Angeles Depart-
nent of Puhlic Health, Annual Morbidity and Specials
Smdies Reports 2000-2014). Incidence of coccid-
ioidomycosis in the Antelope Valley Increased about
[ 3-fold hetween 2000 and 2014 (supplementary fig-
nre 81). Strong Santa Ana winds can deliver dust from
the desert to the LA Basin and deliver couidia of the
pathogen to an area that is thought to be non-endemic
{or the pathogen

The Antelope Valley 1s located in the Western
Mojave Deserl within the endemic zone of Coccid-
ioides spp. whieh is comprised of cenain areas in
Anzona, California, Nevada, New Mexico, Texas,
Utah, Washington, and Central and South America
(see map in ). Fugitive dust that carnes arthro-
couidia of Coccidivides immitis or C. posadasii can
cause coccidioidomycosis in humans and animals
primarily through inhalation of these dermant forms of
the pathogen. Coccidividomycosis primarily affects
the pulmonary system in people and animals

@ Springer

but dissemination of the discase to other organs can
oceur Although aboul 60% of infected people
devel | '0 no symptams, the other 4% experi
ence weeks to months of debilitating disease that can
include fatipue, shortness of breath, cough, fever,
night sweats, loss of appelite or weight, chest nain.
headache, body aches, skin rash, and preumonia
Less than 5% of these patients develop disseminated
coccidioidomycosis, which increases the risk of life-
long complications and death . Despite
considerable efforts, no vaccine to pratect humans
from coccidioidomycosis curently exists

The issue of fugitive dust carrying Coccidivides
spp. arthroconidia is important not just for workers
involved in and development projecls, but also for
residents of nearby communities, residents of newly
built neighborhoods, and visitors working, studying,
or travelling through the area. Furlhermore, strong
winds can transpost conidia far distances, sometimes
hundreds of miles, which can cause disease in humans
and animals in non-endemic areas

The Antelope YValley of California provides an
opporiunity 10 examine how changes in the eoviron-
went due 10 large-scale land development effect
incidence of coccidioidomycosis in humans. Consist-
ing of over 1800 mi® of fertile lands, the Antelope
Valley is located approximately 2500 ft above sea
level and is parl of the “Lower Sonoran Lifezone”

. sometimes referred tn as the “High Desert,” a

common name for a subregion located mostly in
northweslem San Bermardino County, noriheastemn
Los Apgeles County. and far eastern Kern County in
areas ahove 2000 ft in altitude The valley
experiences an annual precipilation of 6-% inches per
year, a mean annnat high temperature of 88 °F in the
summer and 5% °F in the winter, with tempera i
commonly above 100 “F in July and Aungust
Mountains along the Southern and Western border of
the Mojave Desert block most of the moisture-bearing
westerly winds from the coast, limiting precipitation
and air homidity, and strons nrevailing winds can
result in severe dust siorms

The Antelope Valley has the greatest potential for
land development in Los Angeles County, and its land
use increased notahly between 2001 and 2011 {Fig.
Guevara et al. showed that disturbance of soil
during lhe “housing boom' that peaked between 2004
and 2005 was positively commelaled with a spike in
coccidioidomycosis incidence al the sume time. Io



Mycopathologia

recent years, the Antelope Valley has become the
facus of renewable energy projects to provide solar-
and wind-generated energy for Southern California
[11, 38). Solar farms constructed by multiple compa-
nies will ultimarcly cover more than 30,000 acres in
the valley (e.g. [17, 19, 31], for an overview of all
planned renewable enecgy projectsy. Qverall, the
DRECP affects approximately 22,858,000 acres of
semiarid and arid soils in the counties of Los Angeles,
Kem, Inyo, San Bemardinoe, Riverside, Imperial. and
San Diego.

Purpose and Scope

This project aimed to determine whether C immitis is
established in soils destined for pholovoltaic system
construction in the Amelope Valley, characierize the
ecologic frawres of € imeiris positive sites, and
correlate field findings with existing epidemiologic,
gevlogic, and geographic data. Soil samples collected
at six photovoltaic system sites either compleled or
destined for construction by 2014 or 2015 (Boreau of
Land Management [BLM), CA, DRECP} werc tested
for the presence of Coccoidioides spp. wilth a cullure-
independent polymerase chain reaction {PCR}-based
approach. The sampled sites included non-disturbed
locations covered wilth nalwral vegelation, predomi-
nantly Arriplex polycarpa; disturbed grassland with
native and non native annuals, fallow agricultural
fields; and land impacted by sheep grazing. With this
study, we hope to raise awareness of an increasing
environmental health hazard that has been neglected in
the pasl. Pelicy inakers and others involved with large-
scale land development projects could use the results
from this study o implement beiter dust control
approaches with more stringent rcquirciments o
reduce fugitive dust emissions and incidence of
coccidioidomyensis and other dust-related illnesses
among construction workers and the general public.

Materials and Methods

Soil Samnpling Arca

All soil sampling sites were locaied in the Antelope
Yalley subsection of the Western Mojave Deser in

northern Los Angeles County west of the city of
Lancaster and south of the rural town Antelope Acres

{Fig. 2}. The Antelope Valley watershed is a large
topographic depression with no hydrologic outlet to
the ocean. The runoff into the basin from surrounding
creeks i8 conveved via broad ephemeral washes
toward several dry lakes. Two large dry basins, or
playas, the Rosamond and Roger’s dry lake beds {Kem
County) form dominant natural landscape features
within the Antelope Valley and are located east of the
sampling area.

Ecological Landscape Characterization of
Sampling Sitcs

So0il samples were collected at six siwes destined for
solar panel construction. These locations included site
I: MNorth Lancaster Silverado Project, site 20 West
Antelope Silverado Project, site 31 American Silver-
ado Project, site 4A and B: Antelope Silverado
Project, site 3: Siiver Sun Silverade Project, and site
6: Lancaster WAD Project. Soil parameier informa-
tion for all sites was obtained from the United States
Depantment of Agriculiure (USDA) webscilsurvey
database. Coordinates of all sampling spots were
docuinented, and the pppearance of soils, as well as the
vegetation cover (plans species and degree of coverage
and disturbance), was documented. Plant species were
identificd using the Jepson Desert Manuwal [5] and
other literature |49, 54]. Rodent activity was observed
at all sites in form of pellets, burrows or hoth. Soil
samples were collected from soil types that were
dominant in the locations destined for solar panel
construcuons and were collected from 5 to 7 cm depth.
The pH of all s0il samples was analyzed as well (two
replicates). Pictures of all sampling sites can he seen in
Fig. 3. Detailed site descriptions can be found in
supplementary table 51.

Soil 5amples Collection

Thirty-onc samples were collected at six sites on May
14 and 16 2014, Three o six individual soil samples
{~25 p) were collected aseptically at several individ-
ual sampling spots at each of the six locaticns, nsing a
small garden shovel and 50-ml Falcon tubes. Afier
evaluation of all results from the 2014 sampling set,
additional 11 soil samples were collected in Muy 2016
from site & only, All samples were ransported 1o the
laboratory on ice to prevent changes in the microbial
communities and were stored al =20 °C befure being
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WFig. 1 Overview of laml use in the Antelope Valley in 2001 (a)
compared to 201 | with indication of renewable energy projects
(b). The six sampling siles investigated in this study are
indicated as velimv circles. (Coior figure online)

processed the following week. The sampling sites
were documented photographically, coordinates were
determined, and vegetation cover and visual appear-
ance of all soils in regard to disturbance, erosion,
rodent activity, soil meisturc, and soil color was
described.

DMA Extraction and PCR

Soil samples were first mixed thoroughly by vortexing
until homogenized. Prior to DINA extraction using the
Powersoil DMNA extraction kit (MoBio, Carlsbad, Ca),
0.25 g of each soil samplc was transferred inte boffer-
containing MuBio Powerbead tuhes and incubated at
70 °C for 30 min, followed by an incubation step with
100 Wl proteinase K (LD mgfml) at 56 “C for addi-
tional 30 min [?79] to enhance lysis of microbial spores
and conidia. DNA extraction was performed accord-
ing 1o the manufaciurer’s protocol (MoBio, Carlshad,
CA} using a MaBio voertex adapter for the bead-
beating proesss. Two replicates were analyzed for
each samplte. The amount of DNA was quantified
psing the Qubit™ 3.0 Fluorometer (Invitrogen Life
Technologies, Carlsbad, CA).

Tu determine the presence of C. fmmitiy in all 50il
samples., a nested PCR. approach based on the method
published by Baptista-Rosas et al. [7] was used with
modifications. A nested PCR can be superior to a onc-
step PCR method in that it excludes non-target DNA,
therefore reducing possihilitics of non-specific ampli-
fication. As the final diagnostic PCR step, we used 3
different prirner pairs: {1} We replaced the onginally
suggested diagnostic primer pair with the ITSCIA}
ITSC2r primer pair (~220 bp, ITS 2 region) published
by Greene et al. [32], which we found superior in
specificity for Ceccidicides spp. than the diagnostic
primer pair used in Baplista-Rosas et al, [7) (data nat
shown), which was originally published by Binnicker
ct al. [9). (2) We also used the EC3/EC100r diagnoslic
primer set [36, 37} o detect . impnifis, which
amplifies a ~500-bp amplicon, large enough to distin-
euish the 2 species within the penus Coccidioides and
which covers both TS regions of the rihosomal gene.
{3) We also used the diagnoslic primer pair 1T51Cf/

ITS 1 Cr which amplifies a ~130 bp region of the ITS]
region of the ribosomal gene, published by Vargas-
Gastélum 2t al. [76). Overall, three sets of primers
were used for ench nested PCR approuch. Aliquots of
all PCR amplicons were analyzed using 2% (wl/val)
agarose gel electrophoresis to detennine the correct
size of the amplicons using a PCR marker (Promega
G161} {Promega Madison, WI) and ethidium bro-
mide staining (0.5 mps). The first pnmer combination
NSAIMLC2 targets the ribosomal gene (185 and 5.85
DNA and both ITS regions) of all Tungi and results in
a ~1,100-bp amplicon. Amplicons from the NMSA3/
MLC2 combination were then used as a template in a
nested PCR approach nsing pnmer combination NSIL/
NLB4 which results ina ~210-bp fragment targeting a
fragment of the ribosomal gene of Basidiomycetes and
Ascomycetes only (see [7] for details). The final PCR
step was the diagnostic PCR using a 1:25 dilution of
the amplicons ohtained with primer pair NSII/NLB4
as a template and one of the diagnostic primer sets
mentioned carlier in a final PCR. All PCR reactions
were perfurmed in duplicate, and the PCR cycling
conditions as described in the original protocols were
psed (see Table | for details), PCR reactions contained
i2.% pl of GoTaq Green Mastermix {(Promega, Madi-
son, W1}, 1.5 pl of each primer (10 pmolfpl}, 2 pl of
DNA extract or 1.5 (1] of the product of a previous PCR
reaction for the nested PCRs, as well az slerile water to
a final volume of 25 pl. Megative control reactions,
which contained all rexclams with the exception of
template DMNA, were also included in all amplifica-
ticns. These controls were cammied through the entire
nested POCR process along with the environmental
producis. Leflover PCR. amplicons obtained via diap-
nosiic PCR of approximaiely correct size (~220, ~500,
~130 bp) were subsequently treated with exoSAP-IT
{Aftymeuix, Santa Clara, CA), sequenced at the
Center for Bicinforatics at the University of Florida,
and subsequently compared to entries in the GenBank
nucleotide database available at the Mational Cemter of
Biotechnology Information {NCBI) (htip://blast.ncbi.
nlm.nih.gov/Blast.cgi) [1]. The sequencing siep was
necessary hecanse occasionally false-positive ampli

cons were obtained.

Analysis of pH

Soil pH was determined on a 1:1 (w/v) soilfwater
mixture composed of 5 g of s0il and 5 mL deionized
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-dFig 2 a2 Aenal view of the Weslern Mojave Desert with
indication of our samphing area (red rereangle) in the Antelape
Valley, west of the city of Lancasler (Las Angeles County)y. b
Acrial photo of the Amelope Yalley as of April 2015 (landsat 8).
Red nrmbers indicate all sampling sites (site { North Lancaster
Silverado project, stre 2 West Anwezlope Silverado Project. sife 3
american Silveradn Praject, site 44 e B Antelope Silverado
Project, site 5 Silver Sun Silverade Pruject, site 6 Lancasler
WAD project) The red circles indicale areas where photo-
voltaic sutiens were constrocted between 2008 and 2015.
Conslmction siles oulside Lhese circles were not completed
when 1his sindy wos endergken. The city aof Lancaster is
indicated in the [ower nght cormer of 1he photo, somuth of 1he
Rozamond dry lake bed Alse indicated are the Antelope Valley
Poppy Rescrve. (he Arthur B, Ripley Deacn Woodlatid Stace
Park and the Mira Lomna Detention Cenler. The scitlemeni
Antclope Acres s suivated bolween the conslruclion siles west of
Foxheld Aurpodt. (Colar figuwre onlingl

Ruosults
DNA Extraction and PCR

DMNA of high quality was successfully exiracted from
all samples as confinmed by 2% aparose gel elec-
tropharesis and subsequent ethidivm bromide staining
which resulted in distinct bands of non-shearcd DNA
The ameunt of DNA exiracted from {425 g of soil
varied between soil samples and ranged beiween 29.2
and 9780 ng/ml. Site 6 had the smallest amount of
DNA extracted {29.2-2420 np/ml), whereas DNA
extractions from samples collected at site 4 resulted
in the highest amount of extracted DNA (3840
GFR0 ngfml) {Table 2},

The nested PCR approach to detect Coccidivides
spp. confirned DNA of fungal origin in all soil
gamples and also confirmed DNA of Ascomycetes
and/or Basidiomyceles in 90% of the samples. An
example of nested PCR results including all three
individual PCR steps with all diagnostic primer pairs
is shown in Fig. 4 for a subsel of samples. Table 2
summmarizes the results of all FCRs and includes the
closest matches in the GenBank nucleotide database
for all sequenced amplicons. Afler ¢omparing all
sequences to entnes in the Genbank nucleotide
database, 17 soil samples {4048%) were fonnd
positive for the pathogen with PCR amplicons of 99
of 100%% similarily 1o a . immitis entry in the
GenBank nucleotide database (6.7, collected in 2016,
showed a fainl band of correct size with primer pair
ITSICEITS1Cr which could not be confirmed by
sequencing). Two addilional soil sampies resulted in

amplicons that were §9% relased to C. pesadasii (sites
4B3 and 5.4 collected in 2014). Most of the false-
pesitive PCR products were 1elated to fungi in the
order Capnodiales (Cladosporium spp.). In some
occasions multiple species contribuied to an amplican,
resulting in a “noisy” sequence that could not be
identified. PCR products obtained with diagnostic
primer pair EC3/EC100r resulted more ofien in false-
positive results than PCR products ohtained with
primer pawr ITSCIAfITSC2r. Diagnostic primer pair
[TSICITSICr was the most specific of all three
primer pairs iested, resuliing in no false-positive
amplicons. This primer pair was also the most
sensitive omng, because il detected the pathogen in
13.81% of the samples (28.57% if the two uncon-
firmed samples are considered as well). Primer pair
EC3IH/ECIO0r detected the pathogen in L1.9% of Lhe
samples, while primer pair ITSCIAfTTSC2r detected
C. immitis in 19.05% of the samples. Samples 6.2
collected in 2016 was the only sample that tested
positive for the pathopen with all three diagnostic
primer pairs. Five samples collected in 2014 and one
sample collected in 2016 were indicated positive
with two oul of the three diagnostic primer pairs,
Individual sampling spots where the pathogen was
detected are showm in supplementary figure S2.
Examples of mgh-qualily sequences obtained with
all 3 diapnostic primer pairs were deposited in the
GenBank nncleotide database available at the National
Center for Bioinformatics and Information (NCBI
{Accession No, KY3056089-KY306600).

Charactcrization of Soil Samples

Variation in snil characteristics was nhserved for all
sampling sites {(USGS Soil Snrvey Antelope Valley,
www.usidawebsoilsnrveydalabase; Table 3; and snp-
plementary figure 83). Soils in the sampling area
varied in soil parent material, and in regard to chemn-
ical and physical parameters, as indicated by dilferent
USDA soil map nnits. Overall, the soil types that were
the moest ¢coinmon in our sampling area wee charag-
terized as Hesperia fine sandy loam {-10% of the
sampling area), Greenfield sandy loam {~18%), Cajon
Ioamy sand (~5.5%), Pond loam (5%), Rosamond fine
sandy loam (~4%), Sunnse sandy loam {~6.53%);
several others each covered <4% of the study area.
Soils belonging to the Pond-Oban complex covered a
large area of the valley around R.osamond and Roger’s
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%Fig. 3 Landscape overview of all sampling siles at the bme of
sampling (May 2014). a Sute 1, a disturbed site with scattered
native and non native vegelation, b Site 2, grassland with native
and non native annuals. € Site 3, disturbed land wily scattered
nalive and noa-nutive vegelalion. Surrontding arcas grew rabbit
brush (Ericameria nauveesa) {us can be seen in the back-
ground). d Site 4A, a disturbed area wilh scatiered nalive anil
non native vegetation. ¢ Site 4B, grassland with native and non-
nalive annuals. £ Sike 5, disturbed sile wilh grasses amd other
non-nanive and notive species. g and o Site §, dominated by
seattered salt bushes and nccasonal rabbit brush. Dried Fastena
caiifornfca can b scen in berween the salt bushes (Adriplex spp.)

dry lake hed and comprised ~15% of the castern study
arca where sampling site 6 was located. Soil pH gen-
erally increased with proximity 1o the Rosamond dry
lake bed and ranged between pH 5 and 9.4, The pH
varied considetably [or subsamples from sites 2, 4A
and 6, but were more uniform among samples from
sites |, 3, 4B and 3. Funthermore, average soil pH
results observed in our laboratory differed from the

averaged values indicated in the USDA websoilsurvey
database. For example, fine sandy loam samples from
sites | and 6 appeared less alkaline when analyzed in
our laboratory, Samples positive for C. inmiris also
varied in pH, but the majority of the positive soil
samples showed a pH higher than 7 and less DNA
could be retrieved comparcd to samples with a lower
pH (Fig.  supplementary figure S4). Snil paraineters
that were indicative of the presence of C. fnwnitis in
previous research in the Southern San Joaquin Valley
(Kem County) predicted site 6 in the Antelope
VYalley as a potential growth site of the pathogen
{Table However, siles 2, 3 and 3 where the
pathogen was detected as well were not indicated as
potential growth sites based on soi! paramelers. Other
soil types near our sampling siles, such as Rosamond
loam and Tray loam, share some of the parameters that
were indicative of the presence of the pathogen in the
San Joaquin Yalley, but these soils were not

Tuble 1 Pouition of pnmers on nboesomal gene (A), all primer paics used for nested PCR reaciions with PCR amplification conditians

and references (B)

650 b
00 bp
1,000 bp
ey NLG2r
Nsi1 SLBAr
- —
- — ]
185 51 region 5.85 52 reglon 285
B Cytling condimons’
Enpetiud
Anne st ng Temperwure Numibmr prodoct

Primer Sequence Tm temperature () {Ch Time(s] ofcycies 3= Hefe rence
NSAN S AAACTCTOTOOTGTGEGHATA-T £l 55 95, 55 72 30, 43,40 35 ~1100  Marin {50]
NLCZr 5 -GAGCTGLATTCCCAAACAALTC.Y 6.4 55 ~1100  Mann |50
M1 S -GATTGRATGEL TTAGTGANG-3 50.8 B0 05 60,7 30,4040 i3 =910 Martin |50]
NLB&r S5 -GRATTCTCACCCTCTATGAC-F 517 1] =910 Marln [30]
ITSC1AS & .CATCATALCAAMAAT CARA -3 453 53 94, 53,7 50, 60,60 45 =220 Greene atal. [32]
ITSCr 5% AGGOC COTOCCACACANG 37 B 53 =220 Greeneetal.(32]
ECI 5'-AT TANATTOOCST CCOGETS- ¥ S8.1 57 495, 57,73  30,490,40 1% =500 Johnsonet al [3637
ECI1O0r 5'-CEATGAAMGTRATTTCLTATACA-Y 523 57 =30 Johngon at al. [36.37)
VEITS 5-OTGGCSTOCGGCTOIGCACCTCCCCOFCHS-3" 1B.1 T 9% 70,7 30, 40,60 5 ~130  Vargds-Gabélum et sl [75]
VG- ITSr 5-GCOCAMAGEEGGECGATOCCCEECAGCL-T 6.2 b 130 Vargas-Gastdunietat [76]

J Ferward primer, » freverse prmer

® All samples were subjected (o an inirial melting ssep of 94 or 25 "C for 10 min and a final extension siep of 72 "C for 1D min
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Tahble 2 Results of nested PCRs with indication of closest matches in the GenBank nucleolide dutabase Tor wnplicons obizined with the diagnostic primer pairs ITSCLAE
ITSC2r, EC3f/EC100r and ITS1CHTSICr

Sample NSA3  NSIUVNLB4 ITSCIAfITSC2r EC3/EC100r ITSICETTS1Cr DNA
I MNLC2 extracled
2014 Al Ascomvcetes!  Cocridinides % Similarity to closest  Coccidicides % Simularity to closest  Coceidinides % Similarity to closest (ng/ pH
fungi Rasidinmveetes  spp. melch in GenBank spp- malch in GenBank Spp- march in GenBank ml}
1.1 Positive  Positive Nepative False postive  unc, Caprodiales. Megative 2800  a.ui
JES31038, 99%
1.2 Positive  Positive Nepative False pesitive  unc, Caprodialss. Megative 264y 713
JEGIQ3K, G450
1.3 Positive  Positive Nepative False positive  unc, Capradiales. Megative 1963 7.13
IF6I103R, 95%
241 Posmve  Posinve Posilive Coccidlaides immritis, False pusitive  unc. Coprodiales, Positive Cocctdipides immitis, 3320 595
HGIENS00, 1003 IF&91038, 93% KME7913, 100%
2.1 Pasitive  Positive Negative Fzlse positive  unc. Capradiaies, Megalive 4360 728
JFGA038, 94%
13 Nepative Negahve Megative Negative Megative F2AG 690
14 Positve  Posive Meganve False pusitive  une, Cauprodiales, Megative 1406 5.24
JF59103E, 90%:
15 Foswive  Positive Negatve Falzc positive  unc, Caprodiafes, Megative 1458 a.29
JES103R, 93%
16 Posiove  Positive Positive Coceidinides impritis, Wegative Positive Caccidioides immitis, 4700 712
HG380500, 100% KMa7M413, 100%
31 Posiive  TPosiuve Positive Coceidivides immis, False positive  unc, Capnndiafes, Positive Caccidipides imrmlils, 3320 893
HC3R5W, 9% JF&1038, 95% KM&78413, 100%
32 Positive  Mepahve Nepanve a Multiple ssquences***  Negative M8 6876
33 Pasitive  Positive Nepalve : Multiple requences Negative 2300 603
34 Positive  Positive False posiive  unc. Eurotiafes, False posiuve  unc Capnadiales, Meganve a510 a79
HQIRGASE, 95% JEGS103E, 9%
35 Positive  Posiive Paositive Coccidioides immis, Pasitive Coecidiofdes immirs, Mepanive 4400 7L
KJ783449, 100% KI783449, 100%
44.1 Positive  Positive False posauive  unc. Enrotiafes, False posstive  une Caprodiales. Megative 340 681
HQ3RSASE, 965% TFA9103R, 4%
A2 Positive  Posiive Smear”” False posiuve  unc Capnodiales. Negntive 978D 630
JF&9 1038, 96%
443 Positive  Posmive Wegative Fulse positive  Ascochiyhr sp.. Negalve 6980 539
KCU59210, 85%
4R.1 Posuwive  Megauve Smear False pesiuve  unc. Capnadiales, Hegative 4520 738
JESF103E, 95%
452 Prsiuve  Posiive Falze postive False powuve Negative 5900 1.55
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Table 2 contnued

Sample  NSA3S
1D NLC2
2014 All
fungi
4B Pasinve
51 Pasitive
£2 Positive
5.4 Positive
55 Positive
54 Posttive
&l Positive
6.2 Pusitive
63 Posiive
64 Posulive
&5 Proilive
[ X Posirive
e
6.1 Prxirive
.2 Postiive
8.3 Positive
L) Positive
f.5 Pasitive
(A Pasitive

NII[I/NLEa

Asvoniyeeres/
Basidiomyceres

Positive
Hegative

Posihive

Pocitive

Prsitive
Positive

Positive
Posinve
Fosilive

Posiive
Prositive

Posivive

Positive
Pozitive
Positive
Posilive

Posilive
Positdve

ITSCLAITTSC2: ECMECIOOr ITSICHTSICr DNA
eatracted
Coccidipides % Similanty o closest  Coccidioides % Similarity 1o closest  Coccidioidey % Similarity o closest  (ng/  pH
spp. match in GenBank Spp- maich in GenHank SPp- match in CrenHank mi}
Trichophyion terresive, unc. Capirodiales,
LN714614, 95% JF6R1038. M4%
False positive  Ceccidiondes pasadasii.,  False positive  unc. Caprediales, Nypative 020 .36
KFI86150, B9 JFER103E, W%
Megative False positive  unc. Capredinfes. Wegative 7040 6.67
JFGR103E, M5
False positive  Clodasporiim False positive  unc, Capnadiales, Pesitive Coccidioides immifis, 3760 644
ACFICA TR, JF&1(38, 92 KEMG79413, 1R
KC311478. 9549
False pogitive  no sinnlanty found False positive  Ceccidivides posadesii,  Negative M0 669
IXDS1631, 20%
Negauve False posilive  Multiple sequences Megative 320 B75
Nepalive False positive  unc. Capinodiales, Nepative TI2 6350
JFED103H, 93%
* muliiple sequences Positive Coccidiatdes rmirir, Negative 1796 744
KJ78344%, 99%
Pasitive Coccidicides intmins, Negutive Negalive 1270 .15
KI78349, 9%
Positive Coccidicides rrmifcy, Negative Negalive 2420 T4
KI78M4%, 997
Smear Megative Negalive 2080 7.00
Fositive Coceidinidas cmmircs, Fositive Coceidipides tmmiftr, Mepalive 1M 945
KI78344%, 99% EJ78M40, %
Negative Megative Pasitive Coceidinides fpmits, 42 B9
KMETMLY, 1005
Negative Posilive Mo signal (faint FCR Positive Coccidinides immitin, 120 %12
preduoct) KM&TMLE, 985
PosHive Crccidigides immitis, Pasilive Coceidioides immidis, Positive Coccidinides immitis, 858 7138
K)783449, 93% K )783448, 9465 KMOTRIL3, 100%
MNegative Pasilive Coceidioides immitis, Positive Mo signal, faiml PCR 53 691
EJ783459, 90% prodact
Megative False positive  Fungal endophyee, Positive Coceidioldes immitls, 1014 794
KT291114, %4% KMoTRL3, 1005
Negative Hegalive Megalive 324 B.25
MNeparive Meparive Megative 356 953
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extracted

{ng/
ml}

DNA

ITSICHITSICr

ECAECLOGr

ITECIAMTSC 2

NSTI/NLB4

NSa3f

NLC2

All

Tahle 2 connnuad

Sample

1

3| Springer

pH

% Similarity to closest
match in GenBank

Coccidioides

SPp.

0% Similadiy to clasest

match in GenBank

Coccidioides

spp

% Similanly ta closest
match in GenBank

Coccidioides

Spp.

Asvorryceres!

2014

Basidiomycetes

Tungi

785

el

Na signal, faint PCR

Positive
product

KTZ91114, %

Fungal endophyle.

False positive

Wegative

Positive

Positive

6.7

A.84
7.35
2.2]

210
458

Negative

Megative

Wepelive

Tasitive

Positive

6.8

Mo similarity found HMegative

False positive
False positive

Negative

Puositive

Positive

6.

244

Loccidioides impitir,
KM679413, 100%

Positive

Ma similagity found

Megative

Positive

Tositive

6.1

.3

766

Caccidioidas immitir,

Poxitive

Negative

Megative

Positive

Positive

611

KM670413, 1%

Posirve samples and their clostest natch in the GenBank database are presented in bold

investigated in this study (soils where the pathogen
was detected are indicated as positive [bold]}.

Environmental Parameters and Incidence of
Coccidioidomycosis

Environmental parameters, such as fugitive dost
emission (PM 10}, totu] annual precipitalion {inches),
and wind speed (gust max.), were obtained for the
Mojaye Air Basin for the years 2000-2015. In
addition, we obrained lund-use data {acres) [15] and
eoceidioidpmycosis incidence data [14] for the same
time period and area (Fig. ). Anincrease in incidence
of coccidioidomycosis over time can be seen with
highest incidence in the Anlelope Valley in 2005,
2011 and 2014, spiking shorly after years with
increased soil disturbance due 1o the “housing boom™
between 2003 and 2007 [33]) and Lthe renewable cnergy
boom described in this study. Between 2005 and 2014,
the number of approved permits for solar farms and
wind parks incrensed with additional large-scale and
amall-scale projects pending permission. So far, more
than 20,000 acres of land have bean disturbed as of
HH4d for renewnble energy projects in the Antelope
Valley and the surronnding foothills of the Tehachapi
and 5an Bemardino Mountains [30, 311. The acreage
of field crops increased hy 48% compared Lo the year
2000 and then steadily declined by 2014 rcaching
values close 10 those documented hefore 2008 (County
of Los Angeles Crop and Livestock Report 2014). The
correlation belween incidence of coccidioidomycosis
in the Antelope Valley and the amount of acres of land
disturbed for renewable energy projects and amount of
acres under agriculinral management (field cmps)
between 2000 and 2014 was strong, as revealed by a
coirelation coefficient of r* = 0.623 (Pearson pro-
duct-moment correlation coefficient) and ~* = (.388.
The correlation hetween PM10 (Majave Air Basin)
and disense incidence was at best weak with a Pearson
coefficient of 0.283 and an /* value of 0.0664 (see
Fig. 6 for all comelation wvalues). However, the
correlation between PMI0 and incidence ol the
disease was swrong when ouly the years between
2009 and 2014 were considered (renewable energy
hoom), with a Pearson coefficient of 0641 and an I
value of 0.411. To investigate these relationships in
more detail, a multiple regression analysis was
condogted (Table 4), This analysis shows that neither
PM L0 nor levels of precipitation appear to have had a
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soil distrubance |acras . & of building permits,
H'j'l ner h"ﬂ'"""j“"’ﬂ““u - .
52 E & BB EEEE R

=

5 o ] o
R N N A RN
prowd AT BroJacts Lacres) years

I £rops undec managameni (acres]
= d withdrarmMd e nind volis and erind energy profls
of oty Dbl Mg £ mmpdet e | hamusing )
-prowed renmy eneqgy projec) s, liekd erops and nevs buddings (acres}

Fig. & Increase in soil disurbance over time in the Antelope
Valley due ta large-scale renewshle energy project consimetion,
changes in agricultural management correlated with incidence
of coccidisidomycesis, Displayed are approved solar and wind
projects {acees), agriculuml felds under management (acres),
as well as the number of issved balding pecuts and completed
buildings (houging developmenis) between 2000 and 2014,
Included in the ealculadons {but not incloded in the gmph) is
also P 10 data {High Naricnal 24-Hour Average), precipilation

30

15

0

15

i

incidence of coced kridenmeeons

N o L " » % 5
F FF s e ﬁp d‘f

~=proved vand prajects {acres) ‘&5‘ ‘f
A perving renevvable energy projerts ) Qﬁ'
Brikfing permit; noved [havtingl é“b d."f‘
proved wand and solx projects (arres) 3
comdipidamyoss (inddence, i age). SPA-AY h’dﬂ

{inches), and wind-speed dala {gust max.) for the city of
Lancaster measured at Foxfeld Airpord (KWJIF}. Solar and wind

farms were grophed one year afler the permil approval dale
hacaies the hemn af sonetristian oatarally heean in the vasr

Tuble 4 Resulis of the mnitial muluple regression medel: the model was cocadiodomycosis ncidence = PMIG + precipitalion
+acres of land use (summed across Solar projecws, wind projects, and active agriculiural use

Esiimate SE i F)
(Intercept) 4.90 3406 1.61 013
FMI10 —6.14 x 107? 1.06 x 1072 —0.580 0.57
Annual Precipitation {in) 1.34 1.08 .24 oM
Actes of land use 44 w 1077 1.20 s L0~ 3.36 00057

Final model it coecidiomycosis incidénee = 4.9 — 0.0062 » PMIQ + 1.33 peecipitation + 0.00040 land wse. Fy o = 4.8,

p < 0.05, mutiple # = 0.4

were indicative of the presence of the pathogen in the
Southemn San Joaquin Valley . The Southem
San Joaquin Vallcy Descrt is geologically somewhat
related to the Wesiern Mojave Desert where the
Anielope Valley is located, but differs in elevation and
climaic . Soils of both locations developed from
quaternary alluviwm and sirnilar underlying parent
matenal and have becn descnbed as alluvial fans or

@ Springer

fan remnants and basin floors, with high concentra-
tions of fine particulate matter that accumulaied since
the late Pleistocene and earlier. However, the patho-
gen was also detected in grassland from soils charac-
terized as Greenfield sandy loam, Hesperia fine sandy
loam, and Ramona fine sandy loam (sites 2, 3 and 7).
The grassland appeared similar 10 a swong growth site
of the pathogen, Shatkicoth Hill ncear Oildale, east of
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Table § Resulls of the 2ad multiple regression model: the
model was coccidwnidomycosis incidence — acmes of solar
projects ¢ oacmes of wind projecls b oacres active agriculiural
usc

Estimate SE I »
-{Inrercepty  —6.02 158 -038 0711
Solar 886 x 1077 LT w10Y DO52 0.9
Wind 506 % 107 7342 107 0070 0.945
Crap 178 % 107™ 186 x 10T 147 006

Fypn= 23 p =01, muuple # = 0.3

Bakersfield, not far away frum a severely disturbed
arca, the Kern River oilfields, but the physical and
chemical parameters of soils from Sharktooth Hill
{high clay content) were more similar to those
determined at siie &, Fossil diggers repeatedly became
infected with C, immitiy a1 Sharkiooth Hill, where the
presence of the pathogen has been confirmed repeat-
edly [20, 45, 64, T0], Overall, soils from all C, imeuris
positive sites in the Antelope Valley and the Bakers-
field area can be characterized as fine particulate sandy
loam. The invesligation of other soil types should be
included in fniure studics 1o refine the set of environ-
menial parameters that are indicative of the presence
of the pathogen and to deepen our underslanding of the
ecology of C. immitis in California. The diversity of
habitats that C. Ommitis can apparently grow in
indicates that the pathogen is able to adapt to
somewhat different s0il envirenments or that different
eectypes of the pathogen exist whieh might explain its
“spotty distribution” [6, 20]. Furthermore, it should be
noted that site 6 where the pathogen was delected
repeatedly had the lowest alwounts of extracted DNA.,
A fungal species such as Coccidioides spp. which is
missing some key enzymes needed to gruow success-
fully as a saprophyte in soil might benefit from a low
diversiy of overall so1l microbes that conld include
potential comnpetitors and antagonists [63].

It has been difficult and expensive to detcct
Coceidioides spp. in soil and dust samples in the past
(8, 22], but modern cultore-independent molecular
methods became available in recent years which allow
for successful screening of environmental samples for
the presence of C. immitis and C. posadasii
[7, 38, 37, 42, 4448, 66, 76], However, soil analyses
for the detection of soil-borne pathogens, such as
Coceidinides spp.. have not been included in Envi-
ronmental Impact Reports {EIRs) for any construction

project planned in the Antelope Valley or in other
endemic arcas of the pathogen in the Southwestern
US. The scarcity of experts who are familiar with the
procedures to detcet the pathogen in its natural
environment, additional costs of soil analyses, and a
general underestimation of the rvisk of otherwise
healthy people of contracting cocadioidomycosis
from dust exposure might explain this potentially
risky sithation.

Mitigation and rcgulatory cfforts are likely 1o be
inadequate if the cumrent trends in development and
associaled fugitive dust emissions continue. During
spring 2014, fngilive dust emissions in the Antelope
Valley negatively impacted air quality to an exlent
never documented before, reaching values up to and
above 1000 pg/m’, which reminded people of the
Great Dust Bowl of the 19305 in Oklahoma [47], or
the extreme dust storms documented in Owens Valley
after the 110 mi* Owens Lake had been dried ta
suppor the water thirsty city of Los Angeles for a little
more than a decade (1913-1928, feeding the Los
Angeles aqueduct, sce [80, 67]). Wilken et al. [78]
indicaled the inability of current dust mitigation
strategies 1o protect consiruction workers (rum infec-
tions with Coccidioides spp. Lack of regulatory
expertise and unrealistic expectations have resulted
in cnstly failores of dust mitigation methods in the
Westem Mojave Desert in the past as described in
McRae (52]. Environmental Impact Reports (ETRs)
havc been panicularly criticized for not describing
how dust mitigation measurcs are implemented and
supervised, and no long-term dust control mitigation
measures arc included in the reports [73].

Mitigation and regulations are imporlant consider-
ations because somne of the construction projects are in
the immediate neighbarhood of schools or close to
human settlements. For example, the Del Sur Solar
Project [Conditional Use Permit (Nos. 14-15 and 14-
16}] is located adjacent to and vpwind of Del Sur
Eleuentary School. As of Oclober 2012, the enroll-
ment consisted of approximately 750 students in
grades K-8 who would be directly and constantly
affccted by fugitive dust emissions because of daily
westerly winds.

Although rarely itnplemented, potential mitigation
precedures have been developed. Re-vegetation of
disturbed land as a long-term strategy of dust contrnl
has been suggested by the Antelope Valley Dust-
busters Taskforce, a group which consists of privale

@ Springer
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entities, as well as fedeml, city, and connty govemn-
ment representatives . bnt the implementa-
tioh of their recommendations into Dust Control Plans
{DCFs) marely occurred Based on 20 years of
dust mitigation experience in the Antelope Valley,
The Dusthusters Task Force of 1991 developed
handbooks for farmer and homeowners in the Ante-

study, we recommend that EIRs include soil analyses
for Coccidiaides spp. on land destined for construction
of any type in endemic areas of the pathegen.

Conclusion

Although the change from non-renewable to renewable
energy is generally welcomed in California, disinrbing
s0ils in endemic areas of a soil-borne pathogen that
already causes disease incidence ot epidemic character
should only be considered if successlul long-term dust
mitigation measnres are implemented, snpervised, and
controlled. The increasing demand for remcwable
energy shows promise for our planet in the future and
will rednce spme aitbopme emissions. However, there
are hazards when soarcing new locations, One such
danger i1s Coccidivides spp. anthmconidia becoming
airhorne when soil is disturbed and dnst mitigation
measures are inefficient or ahsent.
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ABETRACT ! Large areas ol the southern Calidornia desert
acosysiam have baen neggatively atfecied by oll-highway
vehlcle use, overgrazing by domestic lvastock, agriculiurg,
urbanizafion, conslruction of reads and ulility corridars, air
polivlion, military raining exercises, and clher activities.
Secondary cantributions to degradatlon include the prolil-
eralion of exatic plam specles and a higharire quency ol an-

ihropegenic fira. Eflects of these impactsinclude aheratlon
of destruclion of macre- and micro-yepelation elements, es-
fablishmenl of annual plant ¢ommunities d amlinated by ex-
oti¢ species, destrueilon of soil slabllizers, soll compaclion,
and increased erosion. Published estimates of recovery lime
are based onreturn to predisiurbance levels of biomass,
caver, densily, community structure, or soll characterisiics.
Natural recavery rales depend onihe nature and severily of
the impact bul are generally very slow. Recovery to predis-
turbance plant cover and hlomass may take 50-300 yaars,
while complete gcosystem recovery may reguire gver 3004
years. Restorative intervention ¢an be used to gnhance the
success and rate of recovary, bul the costs are high and

the probability forlong-term success |s low to moderate.
Glvenihe sensitivily of desert habitats to disturbance and
ihe slow raie ol natural recovary, the besi management ap-
fion is ta limil Ihe extent and intensity of impacts as much as
possible.

We've mined it, Jdammed i, icrigaiexd i developed W, and sulpecied (o
ta nuulear assault, yet the desect, somehow bolh fragile and wouagh.
manages 10 endure. o rugped okl louchsione for vs Lo measure
ourselves agains.

Malcolm fones, I 1996

The landscape and native vegetation of the sonthern
Califernia desers have been significantly altered during
the last century by a varicty of factors including:
livesteck grazing {Bentley 1898, Humphrey 1958), intro-
duction of exotic specias (Mooney and others 1986,
Rejmédnek and Randall 1994), all-road vehicle use (ses
reviews in Webb and Wilshire 1983}, urbanization and
its attenndant effects (Reible and others 1982, Walsh and
Haffer 1991, and military activities (l.athrop 1983a,
Prode and others 1987). Extreme temperatures, intense
sun, high winds, limited moisture and the low fertility of
desert soils make natural recovery of the desert very
slow alter disturbance (Bainbridge and Virginia 1990},
Conditivns suitable fur plant establishment occut only
infrequently and irregularly, and it may take hundreds
of years for full recovery ro fake place without active

KEY WOADS: Mojave Deserl; Calorada Deserl; Calllorria; Human
impacts; Recavery; Restoratlon

Environmanial Management Vol. 24 Mo. 3, pp. 309 326

intervention. Many of the actions ol deserl develop-
ment and unlization have profound effects on ecosys.
tetn stabiliny, diversinyg, and productiviny (Rundel and
Gibson 1994),

The hterature on human impacts to the biotic and
physical components of the Mojave Desert is large and
diffuse. In this paper we review the major human-
induced impacts on the California desert, and the
prospects for natural recovery and restoration, by char
acterizing the etfects of past actions on the Mojave
Desert econystem and other and lands. In addition, we
briefly sugpest practical strategies and methods for
planmng and implementing desert resioration projects
and improving recovery of these arcas by soil manage
ment, transplanting, direct seeding, and other tech-
nigques.

Area of Stugy

Our review focuses an the Moruve and Colorado
Deserts of southern Califurnia, an area ol approxi-
mutehy 10 mullon ha, The Mojave Desert occupics
portions of Inya. Kern, Los Angeles, Riverside, and San
Bernardino counties in California. The geographical
and ecologival boundaries of the Mojave Desert are

= 1999 Sprirgar-Verlag hew York Inc.
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discussed in detail by Yasek and Barbour {1977) and
Hickman (1993). The modern plant community uf the
Mujave has been characterized as “desert serub™ (Turner
1982, Hickman [993]), even though it is composed of
several recognizable cormmunity Ypes ncluding: crec-
sute bush scrub, saltbush scrub, shadseals scrub, black-
bush scrub. and Joshua tree woodland {Vasek and
Barbour 19773, Porennial plant diversity is low com-
parcd 1o the Colorado Desert: arcas dominarcd
Larrea indentata and Ambrasia dumesa occupy abaut 709
of the Mojave (Lathrop and Rawlands 1953). More than
250 species of annual plants an¢ found in the Mojave,
including 8020 species that are endemic {(Tummer
1982). In Death Valley and the Salton Sink, annuals
account for 425 and 47% of the local flora, respectively
{Johnson and others 19787, Overall plant diversity is low
below 1000 m, but increases to levels approaching more
lemperate habitats at higher clevations (Cody 1936).

The Colarade Deserl is that part of the Sonoran
Desert lound mostly in linperial and Riverside cownties,
California (Burk 1977). The Colorado Deserl is gener-
ully separsied [rom the Mojuve Desert 1o the muth by
the Little San Berpurdino, Collonwesxd, and Eagle
Mountains. The boundary between lhe two desen
ecosystems is pourly defined to the cas of these moun-
tin ranges (Yasek and Harhour 1997). A imodal
rainfall pattern cornpaoscd of winter froncal systems and
summear convectional starms distinguishes the Colo-
rade Desert trom the western Mojave Desert (Burk
19773, where most precipitation comes from winler
rains. In addition, the region is generally lower, Hatter,
hotter in the summer and warmer in the winter. and
hosts a slightly different Hora than the Mojave Desert
(Hickman 1993), Dominant vegetation in the Colorado
Dwesert is “Sonoran crecsote-bush scrub” {Hickman
19933 Plant communities recognized by Burk (1977)
include crensote bush serub. cactus scrub, wash wood-
land, palm oasis, saltbush scrub, and alkali serub. There
is broad overlap of plant species between the Mojave
and Colorado Deserts, but there are a significant num-
ber of freczesensitive arboreal species that are found
anly in the Colorado Desar,

Both deserts are characterized by dominant peren-
nial plant species that arc lang-lived (Dewers and athers
1995). some cxceptionally so (Vasck 1930). Density and
cover of long-ived specics inereascs with age of the site
surface {Webb and others 1987, 1988, Bowers and
cthors 1997).

While cur focus is specifically direcled to the prob-
lems of desert Jands in California (most of our experi-
ence is in the Colorado Desert), we believe aur review
will prove useful fur desert management in othet parts

of the Southwest, northern Mexico, and in other
drylands around the world.

Factors Contributing 1o Hahilat Degradation

The following scclions surninarize major anthropo-
genic degradation factors in the souhern California
desert ecosystem other than agricultural development
and urbunization. An undetstanding of the nature and
the effect of disturbances is useful in estimating recov-
cry times or determining what course of action may be
required to restore a habitat. Table | summarizes the
estisnated time intervals required for affected plant
communitics ta fully or partially recover from human-
induced disturbances.

Impacts on the desert can be loosely divided into
historic and current impacts. There is rarely a complete
distinction between the two but, in general, the hisloric
impacts include such things as overgrazing, aqueduct
huilding, and the operation of the Descrt Training
Center in World War 11, Grazing still continues, but the
major impacts from grazing ocenrred in the mid to late
LBODs. A very rough estimaie of the magnitude and
exlenl of these diflerent aclivities 15 shown in Tuble 2.
The following factors are not presented in order of
importance.

Livestock and Grazing

Cattle and shecp have prazed almost continuausly
through large areas of the region from the mid-1800s to
the present, although the numbers have dropped olt in
reeent years. The establishiment of ranchung fosiered
the developmenl of a major industyy in the western
United 3States that prospered unnl droughts, harsh
winters, and overgrazing caused a series of dramati
herd declines in the late 1800s. Populations of sheep
(50,000) and cattle {67,000) peaked in Imprrial County
in 1920. In 1968 there were 25,000 catile and 138,000
sheep grazing on Bureau of Land Management (RLM)
and MNational Mooument desert lands in California,
predeminantly in the Majave (Ruch 1968). In 1979 |8
millien ha of public lands administered hy the BLM 1n
the California desert were grazed by 75,000 sheep and
14,000 cattle {Bureau of Land Management 1980).
Excellent histories of grazing in the desert southwest
are provided by Humphrey (1958, 1987).

Mo published studies have yet [ully decumented the
impact of grazing hy livestock in the Culilorua desert or
estinated the time required for heavily grazed areas w
recover to pregrazing levcls of plant diversity, densn,
and cover (Dldemever 1984). The rarity of undisturbed
reference sites and long-term studies makes 1t diflenlt
to quantify the effects of grazing, but it is possible 10
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Table 1. Estimated natural recavery limas in years for California desers plant communities subjected to varlous
anthrapogenic impacts

[Impact Locanon  J— Reference

Tank teacks {military) eastern Mojuve 65,4 76 Lathrop (1983a)

Tent areas (military) custern Mojave 45, 58" Loathrop ¢ 1983a)

Dirt roadways {military)y eastern Mojove 1124220 Lothrop {1983a)

Tent sites {military] eustern Mojave B—I12¢ Prosc and Mctzger (1785}
Tent raads (military) caslern Maojave ST Prose and Metzger (1985)
Parking lots (rmulitary) casteyn Mojave F5—d0) Prosc and Mclzger (1985)
Muin roads {milviory) costern Mojuve 1D0-nkinity Prese and Motzger (1955)
Military easiern Mojave 150030009 Prose and Metzper (1985}
Townsites northern Majave KO=110,2 250" 1000+ Webb and Newmaun (1982)
Hipeline sonthern Mojave cenlurias? Yuxek g1 al (1975a)

Powerline southern Mojave 3 Yusek et al. {1975b)

Fire wesicrn Colorads Doscri bt {rLeary and Minmich (1951)
Off-roid vehicle we western Mojave probably centuries Webb el al. (1983

Pipeline {berm and trench) Mojuve Desert L0y Lathrop and Archbeld (1980h)
Pipeline [road edge) Muojave Desert o8 Lathrop and Archbold ¢ 1951b)
Powerlinc pylons und road edges Mojave Deseri Tt Lathrop and Archbold (198Db)
Undet powarine wires Moijave Desert ot Lathirop and Archhnld {1980b)

“Recovery tme 1o conirol gensity,
PRecovery Lime Lo conurol cover,

*Emrimated recovery ime Ter Larnar érdemiaia e reah conteel densitics.

Esumated recevery Lime ¢if aall”™ ) for recovery io original vegetative sructure aauang citab. isiunent of conired densi‘ics

SCEHIMPOL LG FeLEver Y time.,

Total csnemated rowosery lime.

A1) years assuming linear rates of sucvession; MR vears uni) formaten of Loge crecsole dena. rings.

Mncomplels recovery tme in areas of high impact

Timc for appearance of perennial seedlings See Brown and Minnich {14B2) in section on tice

Hrommiss recavery suwnng lhal successonal vepelative grow il is spproximuted by o siizight hne, Recovery of long-live d species e astimated o (ake

al leust three timess Janger than indicated

Table 2. Adverse impacts on Callfornia desen, their
relative intensity and histarical octurrence

[mpaci Inlensity Current/ historic
Grazing mulcrats pnmanly hisloric
Removal of native people moderate histonc

Invasive plants modersie s severe historic/current
Highways SEVETC currenl
Urbamization SEVETE current

Onf-road vehiclex SEVETE curremnl
Agriculiure SAVErs hoth

Mililary operulions BV Tuathy

Muning lecally severe toth

Linear corndars lucully setere Current

describe the nature of these impacts ond their probable
extent Consequently, conclusions about the effects of
prazing om and ecosystems have been conlradictory and
controversial (Anonymous 199§, Borman and Johnson
1990, Coe 19490, Ficld |990, General Aecounting Office
1992, (hlliz 1991, Poling 1991). Some argue that grazing
iz beneficial to rangelands. supgesting that Lthe act of
grazing simulates new plant prowth (Savory 1988).

Mher putative poxitive benelits include the dispersal of
seeds, production of fertilizer in the form of excrement,
and churning of soil generated by moving hooves (but
se¢ Balph and Malecheck 1985). Others pomnt to nega-
tive impacts of grazing including: saill compaction and
incrensed erosion, trampling of plants, and overcrop-
ping. Gmazing effects on arid ecasysterns are reviewed in
detail by Archer and Smeins (1991,

The effecis of overgrazing are far less conlroversial
As garly as the late 18005 there was recopmution of
dramatic range deterioration in the United States as a
result of overstacking of cattle {Bentley LE98). In his
report, Bentley concluded that “The ranges have been
almost rmined, and if not renewed will soon be past all
hope of permanent improvemcnt.” In spite ol carly
recognition of a prohlem, solutions have sill not been
satistucconily naplemented {(General Accounting Oftice
1992,

The impacis of grazing, whether pesifive or negalive,
muy be extensive. In a recent biological assessment in
the western Mojave Desert of Calbifornia, 100% of a
234-square-km area was impacted v some extent by
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sheep prazing (Tierra Madre Consultants 1991). In a
detailed analysis of the effects of sheep grazing oo 2.6
square km af desert torteise habitat, Nicholson and
Humphreys (1981) observed soil disturbances in R0%
of the area used by sheep, Thirtvthree percent of the
plot was heavily used by sheep.

Livestock grazing, by its vory nature, causcs a de-
crease in plant cover and biomass, at least initially.
Decreases in cover have been shown lo be associaled
with 2 decrease in the diversity and abundance of lizards
and ather wildlife species in wrid ceosysems (Busack
and Bury 1974, Germane and Hungerford (981, Ger
mang and others 1983, Germano end Lawhead 1986)
In the Mejaye Dresert Nicholson and Humphceys (1981)
absgrved Jarge decrenses in plant cover in areas grazed
by sheep. Similar results were reporied by Webb and
Stielstra (197%) in the Muojave. In addilion. 1they ob-
served a f0% reduction in abovepround biomass on
plots grazed by sheep. Other studics, in American
descrts outside of the Mojave Desert, have not detegted
appreciable differences between grazed and ungrazed
plots (Heske snd Campbell 991, Rice and Westoby
19783, but most sites hud been grazed before the studies
were initisted, An imporLant point 1o make 18 that the
response of plants to grozing varies according 1o spe-
cies, season, plant phenology (Genin and Badan-
Dangon 1991}, local conditiuns {drouphl, edaphic lac-
tors, ere.), and past historical use.

Dircct eifects of grazing on desert animals such as
the deser torinise {Gopherus zgassizii} are not wetl
documcnted. Grazing sheep can damage tortoise bnr-
rows. Nicholzon and Humphreys (19813 reported that
of 164 tortoise burrows on a 2.0-sgquare-km sluly sile,
10% were damaged and 4% were destroyed, Most
hurraws were well protecied since Ihey were generally
located under shruh cover. Damage was considered (o
b insignificant since tortoises were often observed
digging new burrows in late spring regardless of the
availability of existinp burrows. Others have pone so far
a3 lo suppest that cattle dung actually serves as an
important food supply for dasen tortoises (Boatick
1990} although this has never been tigorously subsian-
tiated {Hal Avery personal communicalion).

Wehb and Sticlstra £ 1979 abserved that soils in the
Mojuve Descrt cxhibited greater surface swength in
araas where sheep bedded and prazed relative to con-
tral arcas, The greatest compaction oceurred in the
upper 10 cin but comnpaction was also observed al lower
depths. At the surface, soils are trampled by grazing,
often obliterating crypiobiatic soil ¢rusts |gading ta
increased erosional potential. Erosion is ol special
cnncern Tor desert soils because the nutrient capital is
often cancentrated in the surface soil. Grass disorgani-

zalion of communily structures 15 possible with the loss
of only a few centimeters of soil {(Charley and Cowling
L968].

Even limited grazing can cause significant shilis
vegetation and damage to soil crusts. Kleiner and
Harper (1977) found that seven plant spccies that were
comman 0 the ungrazed arca were absent ar insignad-
cant in a comparable grazed section of Cyonlands
Waticnal Purk. They atiributed this in part 1o changes in
cryprobiotic soil erust, which decreased from 38% cover
in the ungrased area 1o 5% o the Lightly grazed area
Graging also increases the spatial and temporal hetero-
geneity ot water, mtrogen, and other soil resources,
fostering increased desenificasion of productive arid
lands {Schlestnger and others L9%)).

Az stated above, Lhe rate of natural recovery of
hakntats exposed ta grazing depends on the intensily of
past grazing and local ¢onditions. In a blackbrush
{ Codeagyne ramosissima) association in Utah and Arizona.
shrubh caver 15 preater in areas that have never been
prazed than in grazed areas. In the same area, plots
protected from grazing for ten years showed no differ-
cnee from heavily grared arens indicuting slow rates of
recovery (Jelfnes and Klopatek 19873 Exclusion ol
prazing for [4-1% years did not allow recovery of native
perennial grasses in southeastern Arizona {Roundy and
Jordan I988). In the deserts of Kuwail land depraclation
does not necessarily stop following protection from
grazing (Omar 1991). Droughi, erosion, and sand
encroachment continue fo degrade land in the absence
of prazing. Human activitics and grazing may hasten
degradation, but in concert with drought the three can
be devastating.

In = recent review of the effects of grazing on public
lund in the hot deserls {Chihuwshuan, Mojave. and
Somoran)y of {he American Routhwesi, the General
Accounting Olfioc £ 1992} concluded that a high environ-
mentat cost has been exacted on these fragile acosys-
tems and thar land depradation due to grazing is
continuing. The report concluded by noting that the
high envirenmental risks, budpetary costs, low eco-
nomic benefits, and management prablems associated
with livestock grazing an hat detert public lands merits
Congressional consideration. Recommended options
included raising grazing fees or appropriating addi-
tional funds to offset costs of administration and moni-
toring. and discontinuing livestock grazing aliogether
in hot deserl areas.

Different plant communiries respornd to grazing in a
variety of ways relaied to a complexity of factors. Results
for the Maojave Desert supgesi that livestock grazing can
have locally significant effects on the plants (Iigure 13
and ultimatly on desert wildlife. BEfforts o reswore
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above the diversion siructures. As a result, large areas of
desert habitat on the downslope side of the diversion
structures had a lower biumass of perennial and annual
planls in comparison t¢ adjucent areas with no diversion
structures.

Garland and Bradley {1¥84} observed that some
species of rodents in the Mojave of Nevada are more
abundant nenr highways, while others are not. However,
reduced abundance may have been an arritact of
natural habitat heterogeneity since no mortality was
obscrved duting the 1i-month study. snother elfcet of
raads is edge enhancemenl in which perennial shruabs
along roadsides are denser, larget, more vigorous, and
supporl greater numbers of foliage arthropods than
those awny from roadsides (Yasek and others 19735h,
Lighttoot and Whitford 1991). Jehnson and others
{1975} nated thar primary productivity, as measured by
standing crop, at study sitss in the Mojave Desert of
Cualiformiz increased about 17 Llimes on the basis of
vgegetated arca along and 6 times when the arca of the
bare road surface was included as pan of the produciive
unit. Unpaved roads showed increases of 6 and 3 times,
respeutively, in each category. Increased water availabil-
ity from pavernent runoll and increused retention ol
maisture under the pavement are probhably responsible
for the observed increase in plant vigor, although
removil of competing plants thal lormerly occupied the
roadway may confer an advantage to plants along the
berm (Yasck and others 1975a). The increase in vigor
attracts herbivorous inkects (Laghtfoot and Whitiord
19913,

The cltects and recovery of incar corsidor construe-
tion in deserts hove been stndied by savernl researchers.
The process of natural recovery, following powerling
construction in the Sonvoran Deseri starts immedialely
with invasion by proneering annual species, bul peren-
nial species may not return for over hve years. The
density and diversity of annual speaes may increase in
comparison with vndisturbed sites, perhaps due to the
removal of large woody specics {Hessing and Johnson
1982). A etfect that is apparenily Imked to changes in
plant abundance and composition is a reduction in the
density, but not the community compasition, of arthro-
pods following establishment of ageess roads for power-
line construction {Johnson and others 1983).

In the Mojave Desert, plant cover also increases
following powerhine constyucthion. The rate of increase
and composition of colunicing species vanes consider-
ably, canfounding the ability to predict succession
relative to adjacent undisturbed areas Groured cover of
short-lived perennial specics incecases in arcas of severc
disturbance, under the cenital wires, and along the
edpe of maintenance roads. after 33 vzars there was a

noticeable, but not complewe, recovery of predistur
bance vepetation (VYasek and athzrz 1975b6). Matural
revegetation (0—4 1% ground cover) by long-lived peren-
nials has been observed 12 years afier construction of a
pipecline by trenching, piling, and rehlling (Yasck and
others 1975a). Disturbed and control arens appear to
have similar cover, biomass, and densities of vegetation
following partial recovery, bul similarities disappear
when the preportions of lenglived and dominmant
species are compared (Lathrop and Archbold 1980a,b).
Specics with these characleristics are not well repre-
sented on disturbed sites.

Management strategies for minimizing the effects of
lincar curridor construction include: placement of
power poles closer Lo exisling access rouds, modilying
construction techniques for butied pipelines, less fre-
quent road grading, and limiting the width of motor-
cycle race corridors aleng powerliner (Ariz 1989).
Luthrop and Archbold [ 1983b) proposed several recom.-
maendations for routing corridard to minirmize environ-
mental impacts including: (13 routing them threugh
gently sloping areas tu minimize erosion, (2) rouwling
them through areas occupied by celonizing species
such as cheesebush {Hymenocka safsofa), (3) avoiding
urcas dominaled by high nitrogen Bzaticn communilies
such as ¢cat's claw acacia (Acpefa greggil), and (4) avoid-
ance of undue soil compaciion with implemeniation of
soil looscning cfiorts to aid natural revepctation. Reveg-
etation of linear corridors was evaluated by Kay (1979,
1988}, Graves and others (1978}, and Brum and others
{1983y,

The slow recovery of the desert to linear corridar
impacts 15 perhaps hest demonstrated by the visibility of
many of the old Native American trade routes. Lonp-
term use by foot (raffic alone was sufficient to compact
the soil and recovery afler several hundred years has not
been enough to hide these trails (personal ohserva-
tion},

Mining

Mining has been an imporlant aclivity in the Califor
nia desert since the late 1830s. Mining communpitigs
such as Kokoweef, Hart Mountain, Boron, Johannes-
burg. and many wihers have had mostly localized
impacts on the deserl. The most obrious forms of
depradation ane pits, ore dumps, and tailings, but the
once-great demand for fuel and timber, grazing, and
road building ussocisied with mines was ungueslionably
tnote impoetiant in the past. Fupitive dust and toxic
tailinps are a more recent concern from some of thase
mining arcas.

The Bureau of Land Management {1%80) estimated
that 12,545 ha in the California Desen Conservation



Area had been alfected by major minwng operations, If
the many small prospects und adils are included, the area
affected by mining would certainly be larger. The brine
evaporation and diy lake mine operations are extensive
and lead to substantial wind crosion {Wishire 1983).
Annther problem is animal mortality at poorly manaped
cyanide extraction gold mines in the Mojave Desert
{Clark and Hesthem 1991, Henny and others 1994),

Military Training Operations

Large areas of the California desert have been
impacted by temporary and ongoing military activities.
Major training exercises included activities by General
Patton in the early 1940s, the Desert Strike aperalion in
1964, and Hold Eagle in 1976. Between 1942 and §944
more than a million soldiers passed through these
training Facilities, which coversl more than 46,800
square km (Bureau of Land Managemenl, 1990). The
camps were ¢ffectively small cities, up to 2800 ha in size
{e.g.. Camp Gronite) (Prose and Metzger 1285), Con-
tinuing impacts are penerated by active military bases
including rhe Mational Training Center (at Fort [rwin.
the Maring Corps Air Ground Combat Center at Twen-
3nine Palms, China Lake Naval Air Weapons Station,
and the Chocolale Mouniain Aerial Gunnery Range
(Lathrop 1983a). Militry operations cause infensve
damage in many areas but alse provide protection of
thousands of hectures from other sources of distur-
bance by prohibiting public access. At Forl [rwin z2lone,
the arca in need of remediation is estimated (o exceed
50,000 ha.

The racovery of large areas nf the eastern Mojave
Desert subjected de military —raining exercises almosl 36
years carlicr was studied by Lathrop (1983b). Impacted
areas included tent sites. roads, and tank tracks. All
impacted areas exhibited significant reductions in plant
density and cover relative to control areas, Reductions
of caver and density were greatost in Ltank twacks and
least in tent areas. Recovery to predisturbance levels of
cover and density vaned according (o disturbance type.
Tent areas showed the greatest recovery, and toadways
showed the least, refiecting the inlensily of disturbance.
Recovery in tank tracks was intermediate. Diversity of
dominant pere nnials also vaned between disturbed and
nondisinrbed areas but mesulls were clouded by low
specics richness at the study sites and small sample sizes
of the subdominants. However, diversity in disturbed
wransects at the Camp Ibis study site was low relative (o
control sites. Species sitnilarily decreased between cun-
trol and disturbed transects with increased disturbance
and usc Imuensiy,

Similar ubservations and conclusions were reached
by Prose and Metzger (1985) and Prose and others
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(1987) at abandoned milwary camps 1 the eastern
Mojave. Long-lived species such as Larrea indenrata were
dominant in all control areas but percentage cover and
densily were reduced in umpacted areas. Domunant
plants in disturbed areas included proneer specigs such
as Ambrosia dumose and Hymenocka salsola. Percentage
vover valucs for pionecr specics in disturbed areas were
equal 1o or grealer Than control salues,

Differences in vepetative structure between contral
and impacted plots were due to soil compaction, changes
in soil fexfure, removal of the top layer of soil, and
alteration of drainage channel density {Prose and
others 1987, Benctrometer measurements show that a
sinple pass by a "medium” tank can increase average
snil resistance values hy S0% relabive to adjacent un-
tracked soii in the upper 20em, but values of up to 73%
were recorded. Dirt roadways could not be penetrated
with a penetrometer below 5 1) cm due to extrerne
compactien. Physical modifications to the soil beneath
tark tracks extended vertically to a depth of 25 ¢m and
nutward [rom the track edge to 50 cm {Prose 1985)

Recavery times to predisiurbance levels of densit
and cover were estimated by Latheop (1983b] assurmning
Iinear rates (Table 1} Recovery to predisturbance
species composilion would regquure much longer, if
were to ocour at all. Areat receiving the greatest amount
ol soil compaction. sach as roadways, require the
longest recovery times. Tank tracks and tent areas
recaver in a shorter amount of time, Overall, recovery
in plant dengity i slow relalive o increases in cover. In
olher words, the number of individoals changes little
following recovery from disturbance, but surviving indi-
vidunls cover iarper areas. A major conclusion from
Lathrop's study was that regovery to some original level
of cnmmuniny coanposition and stability may not ocour
in the foreseeable future. However. recovery of compa-
rable disturbed areas has been excellent on restoration
tesl pluts at the Marine Coups A Ground Combad
Center near Twentynine Palms, Calfornia (Zink per
sonal comimunication).

0Of-Road Vehicles

Offroad vehicle {OHV) use 15 one of the major
recreational activities in the deseris of California. The
Matorcycle Industry Council estimated that 4.7 million
totoreieles were used by 11.7 million people in 1978
far off-highway recreation in 1the United $tmes, o figure
ithat dogs not include dune buggies and fourwheel
drive vehicles {Kockelman 1933).

The mpacis of OHYs have been well documented
(Webh and Wilshire 1983) and include destruction of
soil stabilizers (see section on bintic components of
50il), soll compaction. reduced rates of water inkiltra-
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tion, increased wind and water erosion, noise, de-
creased abundunce of hzard populations (Busack and
Bury 1974), and destruction of vegetation { Vollmer and
others 1976). Compaction of a desert soil reduces the
root growth of desert planis and makes it much harder
for seedlings 1o survive (Bainbndge and Virginia 1990,
Bainbridge and others 1995a) An cxcellent review of
the affects of QHVs in the Mojave and other deserts is
contained in Webb and Wilshire (1983) and the reader
is referred to that document fot wformation beyond
thal presented herein.

Soil compaction is a common ¢llcel of any compres-
sive acltion om most souls. Compaction results from a
variety of factors other than OHY use, wncluding tram-
pling by grazers, human traropling {Liddle 1591, 1997},
and aven raindraps (see review in Wehh [982). In the
case of OHYs, compaction occurs at shallow depths
related (o Lhe geomelry of the contact surface between
the tire and the soil interface. In anc study the greatest
increase in soil density occurred ara depehy of 3060 cm
after being compacted by 1 motorcycle {(Webb 1983,
Soil density increases as a funetion of the number o!
vehicle passes, while soil nhltration rate decreases. Soils
that ure most susceplible lo compaction are Joama sands
and coarse gravelly seils with vanable particle sizes. Wot
s0ils are morc susceptible 1o vompaction than dry soil.
Soils that are least affected include sands and clays.

Another by-product of heayy OHY use is increased
wind and water erosion The depree of erosion expern
enced in an area exposed to OHY use is affected by two
main factors. First, mncreased water erosion is partially
attributable to decreased intiltrabion raies duc fo com.
paction Secomnd, OHYs destroy surface stabilizers (see
seclion on biotic componenis of soil), making soils
maye suiceptible to erosion (Hinkley and others 1983).
The enormity ol the problem in the Mojave Desert is
underscored hy the fact that satellite photos revealed six
dust plumes covening over 1700 square km of the
western Mojave on | January 1973 thal were ailnibuied
ta surface destabihizanon primarily by OHVs (Makata
and others 1976, Gill 1996},

As shown in numervus pholvgruphs 1n Webb and
Wilshire (1983). the effects of erasion can have indirect
ctteets, since debris Hows (Nakata 1983) can bury plants
at spme distange from the impacted area. Areas that are
least susceptible o water and wind erosion following
OHY us are dunes, playas, and areas with abundant
coarse surface matenal (Gillette and Adams 1983,
Hinckley and others 1983). Restoration of OHY arcas
affecled by erusion cequires actions v nol only stop
continuing erosion (Harding 1990, Heede 1983, Middle-
tan L9907, but also action to restore past damage,

Dresert swils vary in their susceptibility te OHY

cdamage, Susceplibility is generally high in all areas
except barren sand dunes (but see Bury and Lucken-
bach 1983). and the clay Aaw of playas. Soil damage
caused by OHYs is enviconmentally significant due o
the fact that desert scils may take 10,000 years to
develop (Dregne 1983). From this estimale, Dregne
concluded rhat it was futile to speak of disturbed soil
recovery in lime frames related o human oecupancy.

Another major effect ol OHY wie is the deslruction
ot plants. Lathrop {1983a) examined aerial photo-
graphs of nine disturbed and undisturbed aress in the
Maojave Desert tv assess the effects of OHY usage.
Perenmal plant density and cover were dramatcally
teduced in QHY areas. The percentage of cover and/or
density in OHY-impacted areas relative to contro) areas
was lers than 15% in three of the sites cxamined.
Destruction of plants resulted not only from crushing
stems and foliage, the extensive root systems that fll the
intershrub spaces, and germinating sceds, bui also from
the superstructure of the vehicle. The latter factor is
importtant ginee it is tesponsible for plant destruction in
an area wider than the track widih of the vehicle. The
wheel tracks of a full-size off-roud wehicle operating in
an unchisturbed area can damage almost 0.5 ha ol land
with every G.44 km traveled. Support vehicles, including
very large and heavy motor homes, are very destructive,
and campinp areas are especially hard hit,

An easily detected but poorly understeod efect of
OHY: is noise. Noise from certain types of OHYs can
teach 110 decibels, which 18 near the threshold of
human pain. Bractstrom and Bondello (1983 demon-
strated that OHY usc io the Mojave Desert caused noise
lexels that caused hearing loss in animals such as
kangaroo rats, desert iguanas, and fringetoed lizards;
interfered with the uhilty of kangaroo rats to detect
predatars such as maiflesnakes; and caused unnatural
emergence of spadeloot toads that were csuvating until
the arrival of rain for breeding. a situation that could
result in death, The authors noted that although OHVs
are not the loudest source of humun-generaied sound
in the Mojave, they nccur more frequently than any
olther high-mtensily sound source. In their reporl.
Brattstrom and Bondello recommended that OHY
arcas be located away from the ranges of "all uncis-
turbed desert habitats, critical habirats, and all ranges of
threatened, endangered, or atherwise protected desert
sprecies.”

The mmpact of OHY uze on desert torloises m the
Mojave Desert of California was examined by Bury and
Luckenkach (1986) in an unpublished report. Signih-
cantly mare tarteises and active burrows were found on
a 25-ha contrel plot than on a similar plot exposed to
OHY usc. In addition, subadult and adult tortpises on



the control plot ¢xhibited larger body mass than those
an the QMY plot,

Impacts related o OHY use present a serious chal-
lenge to desert restoration projects for three reasons:
(1) the potentially severe impact of OHY use in descri
ecosystemns, (2} the widespread nwure of the ORY
impacts in the California desert, and {3} the fact that
OFIV areax are often located in or near environmentally
sensitive habitats. Areas targeted for restoration should
be closed to OHY wse prior lo inihiating procedures o
ameliorate past damages.

Invasiva Planis

Invasive exalic plants have had a significant impact
on the natural commmunitics of California (Mooney and
others 1986, Rejmanek and Randall 1994), including
the southern Califormia desert ecosystem. Invasion has
been facililated by habitut disturbances that allow exctic
species (o colonize habitats once daminated by native
species (FHunter and others 1987). Once established,
¢xotic plants may diminish the abundanc: of native
species due (o compelilive inleractiions or by disruption
of naturnl processes such as fire frequency and intensin.

Some of the more nnportant cxole planls in lhe
southern California desert are saltcedar { Tamanx remo-
sissimad, alse known as tamarisk (Lovich and de Gouve-
nain 1998), Russian thistle {Safala iberica) (Young
1991), filarce (Erodiva cicuranung), and several grass
species including splil grass (Schismus spp.) and bromes
(Brovrws spp. ) ( Brown and Minnich 1986, Hunter 19917,
Immense areas of desert are colonized by these species.
although other exotic plants are present in the Mojave
Desert, these are importanl because of their uhiguity.

Exofic planis present two major problems to the
integrity of the desert ecosystem. First exotic annuals
increase the fuel load and frequency of Are in a
community that is poorly adapted to five. Second, some
exotic plants exhibit allelopathic clfccts that nepatively
affect mative species, especially annuals. Negative inter-
actions have been demonsiraied beiween Russian Lthistle
and other spocies in the laboralory (Allen 19822, Lodhi
19797, In addition, competrition of Rustian thistle with
native perenndal grasses increases under drought condi-
finns {Allen 1982b). furthering establishment of the
exolic. Fortunately, Russian thistle competes puoorly
with established vegeration and rarely supplants well-
established native populations. Unfortunately, once the
soil is disturbed and native plants are eliminated,
Russian thistle gains a strong loothold (Young 1931),
General reviews of the threats posed by exotic species
invasions in native eccosystems are sunimarized by
Cheater (1992) and D'Antonio and Dudley (1993).
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Air Pollution

One of southern California’s most famouoys exports is
smop. While most noticeable in the inland valleys of the
state, smog is often transported via atmosphernc pro-
cesses into the Maojave Desert {Pryor and FofTer 1991),
Anthropopenic pollutants include ozone, sulfur diox-
ide, and various particulates. Atmospheric tracer experi-
ments have shown that pollutanis released in the San
Fernando Yalley impact the southern Mojave Desert
lowns of Adelanls atnd Palmdale, while those released
in the southern San Joaquin Yalley impacl the northern
Mojave Desert towns of Mojave and China Lake (Reible
and others 1982). Experimental iracers nsed in mimo-
sphenc transport studics are diluted by fuctors of only
2-3 dunng passage between source and receplor areas,
Tmpacts arg maximized during evening and nighttime
hours, independent of the time of release in the San
loagum Yalley, hecause of the diurnal mountain-valley
wind ¢ycle. Ozone levels in the Majave Desert can
cxceed 100 parts per billion {ppb) or more when
oifshore wind transports atmospheric pollutants from
ihe Los Angeles Basin (Thompson and others 198443,
By comnparison, ozone levels in remote arcas range from
20 to 40 pph.

The most obvious efect of smog in the Mojave
Diesert has been visibility degradation in an area histori-
cally distingmshed by extraordinary visibility (Walsh
and Hoiffer 1991). Median visibility iz 48-B8 km in large
urban areas and 104—128 km in nonurkan locations,
Yisibility has decreased 10%-30% from the middle of
the 1930z 10 the early 19705 at many recording stations
(Trijonis 1979).

Much of the visibility Inss is related 1o partivulates,
including nitrogen-rich compounds. Dryfall of these
compounds from air pollution can be a major source of
supplemental N for plants. This fawas many exotic
plant specics over Rative annuals and percnmials, Wedin
and Tilman (1996} found that hall the native pland
species in a Minnesota prassland were lost from the
community at supplemental N levels mimicking dryfall
deposilion rates.

A less obvious eflecl is damage to plants. Stolie
{1991) observed injurous etfecis to desert plants ¢x-
posed o ozone and sulfur diexide in laboratory experi-
ments. Annual plant species of the genera Camissomia
and Cryprantha cxhibit high sensitivity to both pases.
The prass Oryzopsis bymenoides exhibits high sensitivity to
sulfur diexide, as do some types of eryptogamic soils,
Responses of cryprogamic soils include increased elec-
trolyte leakape, chlorophyll degradation, and reduced
nitrogen fixation (Belnap 1991).

Studies of plants from the Moave and Colorado
Deserts show that perennial spacies vary in their re-






tu fircs, animals that coevalved in the ecosystem should
not be cxpected o respond favorably to fire either.

According to hire personnel at the California Dasert
District (CDD) Office of the Bureau of Land Manage-
ment {(BLM), the CDD (including the Mojave and
Colorado Deserts) had a ten-year average of 175 fircs
per year prior to 1992 {range [0)—75) thal aifect an
average of 10,927 ha annually (tange 607-34 400 ha).
The CDD estimates include avery small amount of BLM
land autside the desert.

Impacts on Biotic Components of Soil: The
Invisible Companent of Biodiversity

Although emphasiy is often placed on the physical
and chemical properties of various soils, they contain
important biotic components as well including: sail
surface stahilizers such ag alpae and lichens, netatvdes
and olher meraznans, various bactena, and mycorrhi-
zae, Odum (19 referred to these organisms as the
invisible component of biodiversity. While not as con-
spicuous as macroflaral elements, biotic compenents of
soil arc important symbionts that are casily destroyed by
certain human activities.

Undisturbed deserl areas are characierized by the
preseice of sail stabilizers, including hchen, funpgal
bacterial, and algal crusts; desert pavement, mechanical
crusts; and chemival erusts. The biotic components of
these stabilizers are collectively referred to as cryptobi-
oti¢ soil. Mineral-derived crusts form under a variety of
physical and chemical conditions that may actually be
facilitated by biatic components (Elvidge and [verson
1983, TaylorGeorge and others 1PR3). Soil stahilizers
are important agents in preventing erosion but are
casily disturbed since they oceur at the surface. Stabiliza-
tion mechanisms include binding soit particles with
thaltial filamemts in the case of hiotic stahilizers, armor-
ing the swface. and increasing surface roughness.
Crusts alse provide germination sies for vascular plants
(but see Wood and others 19827, and conserve water
(see review in Cole 1990}, The susceptibility of crusts to
damage varies accarding o the composition of the
underlying soil, In soils subjected to large shear stresses.
a single pass by a vehicle is capable of destroying
well-developed crust. When the forces are mainly com-
pressive, Crusis can survive a single pass in a slightly
madified form; however, OHY use is capable of quickly
eliminating crusts in an impagt area (Wilshire 1983).

Considerable research has been conducted on the
impacts of grazing and other agents ol trampling on
cryptobiotic soil ¢rusts. These crusts are very impariant
nol only because of the suilstabilization funclicns
menlioned sbave, bul beeause they facilitate the accu-
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mulation of ocganic material and soil nulrients, particu-
larly mitrogen in the upper layers of soil (Kleiner and
Harper 1%77. Johansen 15%3). and enhance soil mois-
ture retention {Belnap and Gandner 1993). Research in
descrt and semidesert areas in Utah and Atizona has
consistently shown that cryptobiotic soil is heavily im-
pacted by grazing, ¢ven light winter grazing {(Kiciner
and Harper 1977, Anderson and others 1982, Brother
son and others 1983), Impacts include the desiruction
of surface pinnacles associated with development of
cryptogamic soils {Anderson and others 1982% and the
virtual ohlieralinn ol histic elements {Cole 1990).
Lichens and mosses are most sensitive to disturbance,
with algal components being more resilient (Brother-
son and others L983).

Cole {1990} conducted an interesting experiment at
Urand Canyon National Park to examine Lhe efect of
trampling by hikers wearing lug-soled boots, Only 15
passcs were required to destray crusts. Visoal evidenes
of hiotic components was reduced to near zera aller 50
passes. The results of Cole’™s experiment clearly illus-
trate the frapiiwty of crusts to trampling.

Cryptobiotic soil recovery may require lang time
intervals withoul intervention. Following cxclusion of
prazing in a Utah semidesert shady site, cryplobiotic
cover increascd from 4%-15% in 14-18 years, but only
1% per year for the naxi 20 years {Anderson and olhers
1982), Cole (1990 ohscrved partial recovery from
humaun Lrumpling in one to three years and estensive
recovery after five years, However, surface irregularities
associated with well-developed cryptogamic cover re-
maincd low cven aller five yoacs, suggesting thar reeos-
ery was incomplete. Belnap (1993} noted thal over 250
years may be required for full recovery on the Colorado
Plateau. Recovery was impraved but was still very slow
when scalped cxperimental plots were inoculated with
crusts from surrounding arcas. In the narthern Majave
Desert, lichen crusts may noti reoccupy heavily dis-
turbed areas even after 63 years (Wilshire 1983). Details
of the formation and recovery ol chermeal and meehant-
cal crusts are discussed in detail by Wilshire (1983). The
nitrogen-tixatian capabilities of damaged so1l may take
over 50 years to recover {Belnap 1995).

Important symbiotic relanonships have develaped
between certain species of vascular plants and vesicular—
arbuscular mygorrhizal {YAW)Y fungi and rhizobia. The
smalldiameter hyphae of symbioric fungi serve as en-
ergy eflicient root hairs, enabling the host plant w
betier absorb nutrients, particularly phosphorus (Bloss
19853 and water {Bethienfalvay and others 1984), Rhizo-
bia are hacteria capable of hzing almospheric nitrogen
for use by plants. The importance of YAM fungi in
desent plant communities is underscored by the fact
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that in a recent survey of 38 plant species (19 families}
in Anza-Borrege Deserl State Park in the Colorado
Tesert of California all were colonized by VAM species
{Bethlenfalvay and athers 1584, Plants naturally associ-
ated with VAM that are alto found in the western Mojave
Desert include Hymenocka, Ambrosia, Cpanide, and Lar-
ra. Bloxs (19859) reported numerous plant associations
in the Sonotan Desert of Arizona as well.

Previous studies have demonstrated the imporance
of maintaining and enhancing soil microbes in Testora-
tion projects (St. John 1984, Bainbridge 1990}, Establish-
ing plants in disturbed arens with marginal soils may be
difficult or impostible without the presence of a vigor-
ous population of microbial symbiants, These symbi-
onts are adversely affected by soil compaction. Swdies
have shown =2 m of hyphae per gram of snil in Mojave
and Sonaran soils, yet virlually none in disturbed areas
(Zink personal communication), Restoration is compli-
cated by the fact that fertilizers can inhibit mycorrhizae
growth.

CGanthe Desert Be Restored?

Mant prowth and establishment are naturally slow
urnder the exireme conditions of the deserl, and dislur
bance makes these conditions even more severe (Bain-
bridge 1990). Disturbance typically reduces both the
infiliration of water into the soll and the moisture-
holding capacity of the soil (Bainbridge and ¥Yirginia
1990). This incrensss the value of rapid desp root
growth, which is made more difficult by increases in soil
strength from compaciion and reduced soil moisture.
These synergistic ettects make plunl esiablishment much
muore difficult after distnrbance. Revepgetation and resto-
ration work can help mitizate many of these impacts
and speed recovery, but the severe conditions and
unpredictable rainfall still make restoration of these
sites very challenging.

A brief history of revegetation studies in the deserts
of California was provided by Xay and Graves (1983).
Stadies in the Mojave Desert are lew and relatively
recent. One of the carliest studies evaluated the success
of revegetation efforts along the second Los Angeles
Aqueduct (Kay 1979, 1988). Construction involved
siripping the vepetation from an arca 200 ki long X 60
m between 1968 and 1970, The sceds of seven specics of
nalive planis were distributed at six 2- to 15-ha sites on
the agueduct. The seeds of all but one species, Atripkx
podycarpa, were from lecal stock. Surface preparation
involved ripping Lhe soil to 25 cm on &0-cm centers ta
relieve compaction. A rangeland drill was used to set the
secids at a depth of about | em. Suceess vared among
pPlant species. Amdrusia demesa cahibited good eslablish-

ment on three of six sites, but only one site had
numbers approuching that of adjacent undisturbed
areas. Larea tidensda exhibired similar resoles. The
other specics, including Amplex pelvoazpa, Epixdra ne
vadensis, Hymenocla taleola, and Lepidasparfum sguama-
tum, were totally unsuccessiul, Aimpkr canzwens sullered
as a rosult of heavy grazing. The most abundant shrub
along the aquednct, Chrisothammus pavseasuys, estab-
lished itself naturally, although it was uncommon in
adjacent undisturbed areas. Kay (1988} concluded that
natural revegetution is good 1n many years and poor n
olhers, while artificial seeding dul not consistently
hasten or improve plant recovery.

In anether experiment along the agqueduct, Graves
and others (1578} tested the effects of asingle irriguion
and the success of direct seadinp versus transplanting.
The two methods of cstablishment exhibited widely
variable success rales [rom site to site and according to
specics, but were not enhanced by irrigation. Substrave
characteristics may influcnee the success of ikrigation as
measured by the appearance of native winter annuals
(Johnson and others [978).

The overall success of the revegetation altemplt along
the aqueduact was Inw, The vast majorudy of ihe aqueaduct
was still a highly visible scar m the cawly 19805 (Kay and
Graves 1983), but recovery was inhabited by grazing and
OHY uie. Conclusions fram the study were that mere
atiention should be focused on establishment of visually
dominant species snch as Larma ridenraa, seeding
should take place as soon after disturbance as possible.
areas should be protected from grazing and QOHY use,
and lacal seed stock should be utilized tar all species.

Hiphway reveperation siudics were also reviewed by
Kay and Groves (1983). Survival of conlunerpgrown
shrubs planted in Octabesr 1973 and February 1974 at a
site in Fojave, Cahfornia, was Y0% in May 1974, The
raots of the transplants were expnsed after a heavy ramn
in December 1974, and all plants were dead by Cetober
1975. Atriplkx spp., Chirpseiiramnus spp.. and Epficdra spp.
exhibited the preatest survival. Success was limited by
rabhit overprazing and cormpetition feom Russian thistle
($aknlay. Container planiings were more successful
when planted in the late winter or early spring. Applica-
tion nf fertilizer cocouraped both the invasion of native
woody shrubs and the nonnative annual grass Schrsmus
arabicus.

Olhers have experienced simular success in revepeta-
tion, Brum and others {1943 observed lew, long-term
seedling establishment [or a vanely ol species under
several irrigation Irealmentls along a powerline transmis-
sion corridor. The overall germination-establishment
rate for seedling and postseeding icripation success was
0.3%, snd 26% for transplanted seedlings Larrea exhib-



ited poor germination under field conditions and
respended poorly 1o all cevegetation attempts.

Mare successful revegetation has been achieved al
the Nevada Test Site in the northern Mojave Deserl
{Rommney and others 1990). Greater than 80% survival
of transplanted native shrubs and grasses was achieved
when plants were protected From jackrabbits and irriga-
tion was provided periodically.

Restoration effonts in the Colomdo Desert of Califor-
nia were reviewed by Bainbridge and Yirginia (1990).
Although the plant communities difter somewhut be-
wween the Colorado and Mojave Deserts, both ecosys-
tems pose similar challenpes Lo resioration altempks;
high temperatures, imtense sunlight, limited moisture
availability, high levels of hecbivory by mdents and
rabbits, and low soil fertility, Much of the success in
revegetation experiiuents in the Colorado Desert is due
to efforts to protect plants from herbivores and the use
of buried water reservoirs far irrigation. Direct seeding
attempts have generally been uwnsuccessful relative to
transplants. Larrey fddensnda, in particular, responded
well to trapsplanting, espesially if proned prior 1o
planting to increase 1he root-ro-shool ralio.

Assersing the naiure and magnitude of human-
induced disturbances makes restoration planning more
efficient by enabling limited resources to be direcied at
critical problems. Ongoing studies (Bainbridge and
others 1995a.b) of the effechivencss of desert restora-
tion technigues are steadily advancing our ability te
rehabilitate degraded arid lands 1n the southwestern
United States, and the reader 13 relerred o thosce
reicrences for detmis heyend the hrie! overview given in
this section

Plant recovery usually requires container-planting
activilies as well as site improvemeant The mast cam-
mon inethod of direct seeding is sumple hand seeding,
which allows species o be maiched 1o specilic site
conditions, appropriate planting depths. and results in
a more nalural appearance lhan machine planbing.
However, limited rainfall and removal of seeds by
rodents and harvester ants may severely limit seedling
establishment during 1ypical years.

Transplanting is increasingly being used ta provide
nurse and sced plants for the disturbed arcas {Bain-
bridge and others 1995b). The dominant shrubs and
tress of the Colorado Desert are relatively aasy ta prow
in a nursery ar mamtained landscape setling. und they
are well adapfed 1o (ransplanting with after-care. They
are more challenging to establish in the ficld in a low- or
no-maintenance situation, although once estahlished,
growth rates can be high. Reestablishment of annuals
has been more difficult. New contniners and soil mixes
have improved plant survival. Deep pipe and buried pot
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irrigation and hand watering have also been eflective.
Tree shelters to limit herhivary and wind damage ars
also important.

A full appreciation of the ecological setting and
adaptation af desert plants can make cstahlishment less
costly and more successful, bur it is still expensive. The
cost of restoring road edge areas in Joshua Tree MNa-
finnal Park is fairly well estahlished (after almost 10
years of work) and runs up to 315,000 per ha to
establish larpe potted perennials in areas that are easily
accessed. The cost of duplicating this type ol work =t
remote sites would be much higher Research con-
ducted by colleagues at San Diege State University has
emphasized lower-cost, less-imensive resioration. but
the casls (excluding research) are still on the order of
312.000-25,000/ha. Eveu these high project costs pro-
vide no guaranles of success,

Conclusions

Desert areas disturbed by human acrivities may take
ceniurics W recover without active intervention. Undis-
turbed desert soils are often in a relatively stable
equilibrium developed over hundreds or thousands of
years. Removal of vegetation and disturbancee of seil
crusts or goil structure can destroy this equilibrium,
leading to wind and water erosion thal are very difficult
ar imparsible to control without very high investments
in material and labor.

Onie of the key lessons of our research in the Mojave
and Senoran deserts iz the critical importance of
mininzing the intensity, frequency, and area of distur-
bance. Past rescurch summarized in this paper has
ideniified the wide range of effecrs from human distur-
bance and the difficulty and the high cost of mitigating
damage. While recovery rates can be increased with
modest expenditures. a major restoration program to
improve recavery for just the OHV-damaged argas in
the California desert region could exceed one billion
dollars Available tunding will permit only a limited
resioraiion [or selecled sites, even with continuing
penerous contributions of volunteet labot, Fences, signs,
and enforcement to prevent further damage may often
he a better investment than intensive resloration.

Recent research in the Mojave Desert demonstrates
the benefits that protection can impart, ¢yen ta previ-
ously disturbed areas. Brooks (1995) conducted » comn-
nparison between the Desert Torloise Research MNalural
Area (DTNA} and unprotected land immediately adja-
cent, The DTNA was fenced to prohibit bath OHY use
and sheep yrazing between 1978 and 1979, By the liroe
of his study 1n 1990-1992, Brooks demonstrated that
aboveground Jive annual biomass was generally greater
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inside than outside the tenced area, with the exception
that the exotic annual grass Schismus harbasus produced
mare biomass outside the fenced area, Percent cover of
perennial shrubs, seed biomass, and rodent density and
diversity were also greater inside the fenced area.

To be successful, revepetation and restorasion re-
guire carctul attertion to ecolagical relationships, both
above and below ground, herbivory, soil characteslics,
microclimate, and patterns of moisture availability (Bain-
bridge 1990, Bainbridge and others 1995a). Undeing
the damage done to the soil systerm by distutbance is a
critical step toward recovery and restoration. In gen-
eral, strategies that merente or mimic natural condi-
tions are most likely 1o speed recovery of the entire
ceosysiem,

Research conducted in the Mojave and Colorado
desert ecosystem has impottant applications for the
American Southwest and throughout the world's arid
zones. These areas have deteriorated rapidly under
pressure [rom overgrazing, poor farming, and removal
of trees and shrubs [or fuclwood. The lessons learned in
the desent ecosyitemn of southern California may help
pewple living in these areus to prutect or resiore the
productivity of their lands, and improve theit lives.
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ABSTRACT

The native specles of land msmmals of California which currently do not
have state or federal Threatened or Endangered Specles status were
Investigated in order to identify those potentially threatened with
extinction. Investigetions concentrated on determining historiz and
current digtributiona, habitaet assoeciations, population ststua, and the
nature and proximity of threats of extinction. Information was developed
primarily from the literature, miseum recoards, and Tield notes, and from
contacts with bioleglsts with knowledge of current developmente in the
field. Detailed studies were conducted in some areas, bub only cursory
field work was undertaken in other ereas of concern, Populatioms of 36
apecies and subspecies were conaidered to be patentially Jeopardized,
These are placed in three priority categories., The 13 taxa in the Highest
Priority face a high probebility of extinction if current trends continues
the 13 taxs in the Second Priority are definitely declining in population
aize and appear Jeopardized, but the threats are less Iimmedlate; the 12
taxa in the Third Priority appear not to face extinetion seon, but their
populetions are declining serigusly or they are otherwlse highly vulnerable
to human developments. Information on distribution, pepulation atatus,
habitat, end taxonomy, and rocommendations for management sctions are
presented for each apeclesgs on the List of Concermn. Brief remarks are in-
cluded for 56 other texa considered in developing the final List of Concern.

Specles limdted to or primarily dependent upon riparien and wetland com-
munities have been affected most severely by human developments, Five
geographic areas of critical concern are: the Colorede River riparian
carridor; the San Joaguin Valley lowlande, ineluding grassland, riparian
and wetland communities; the tidel marshes of the Los Angeles Baain; the
tidal marshes of Sen Francisce and San Pablo beys; and the grasslands of
the southern Celifornie coastal basins. Losa and fragmentation of mature
and cold=-growth forests, lack of data on populstion structure of some game
and fur-bearing species, and human disturbances of sensitive speciea are
cther important factore generating concerns for seyeral specles.

1/ wWildlife Management Divislon Adminisbrative Report B6-1 {June 1986).
Supported by federal Endangered Species fAct grant-in-aid fundz for Nongane
Bird and Mammal Becticn project E-W-i, IV-14,1; and by internel Hongane
Bird and Mammal Section reserrch funds,



RECOMMENDATIONS

In addirien to recommendstions contained in the speclea acecounts for the

preservation of Caelifornia’s wammals, the Galifornia Department of Fish
and Game and I recommend the following:

L.

3.

5.

Give high priority to the preservation andf/or restoratlon of plant
communities essential to wildlife:

a. Restore and pretect riparian foreats and watlaends 1n California,
with gpecial attention to those of the Colorade River and the San
Jodquin Valley.

b. Restore and protect tidal wetlands, especially those in San
Francisco, San Pablo, and Suisun bays and thoese along the southerwo
California coast in Ventura, Los Angeles, and Orange counties.

c. Preserve and protect natlve grasalands and desert shrub
communities in the San Joaquin Valley, Salinas Valley, and the
southern California coastal baeins in Loe Abgeles, Orange,
Riverside, and 5an Diego counties.

d. Preserve and protect mature and old-growth conifer forests in
blocks large enough to support species such se Flshers.

Propose apeciles on the Liat of Specfal Concern that meet the criterisa
of Threatened or Endangered Species to the Californila Fish and Game
Commisaion and the U.53. Fish and Wildlife Servvice for addition to the
liets of Threatened and Endangered Wildlife.

Initiate programs to determine the effects of hunting and trapping on
game and furbearing species on the List of Special Concern and modify
regulations as appropriate.

Encourage the pretection of all species of batas in California and
initiate an educational program to inform the public af the role of
bats in control of insects and the sensitiviry of bats to disturhance
In maternicy rooats end hibernacula. Support and aselst the
develecpment of regulacions prohibiting the poleoning or killiog of
bats as control messuras in human atructures.

Encourage povernmeutal, educaticmal, and conservation agencias and
ingrticurions involved in wildlife, land, and resource wmanagement to
give high prieority to Specles of Specisl Corcern in research programs
and land and resource managemene decisions.

Encourage persons with information on Species of Special Concern or
other species that may be threstened to bring the Information to the
attention of the Department of Fish and Game. Revise the Liat of
Speclal councern every two years to reflect current Informatiom on
distribution, population status, and management cecommendations.



PREFACE

The primary objectives in preparing this document were to identify taxa of
mammals in California that had no status aa Endengered, Threatened, ar
Fully=-proteeted, but which appeared to be vulnerable to extinction, and to
develop a set of prioricies for determining their status and ensuring
thelir sutvival. As originally conceived and implemented, the project
provided no resources for fleld investlgatlons, although most areas of the
atate were vislted and limited fleld wotk was conducted. In the ensuing
five years, however, opportunities to conduct more extenaive field work in
geveral areas have arisen and the investigatlions have resulted in removing
several apeclea froma the draft List of Concern, moving others to lowver
categories, and elevating otherz to higher categorles. Three species
included on the final list were not Investigated in the same detail as
others, because in rhe early stages of the project I had decided there
were no Indications that they were in jeopardy. Subsequent ta preparation
of the draft Final report, however, teconslderation of thelr status hag
resulted in thedr inclusiom. 1 thought 1t better to include them with
ouly partial data avallable rather than to delay the preparation of the
Einal report.

A rough draft of rhe accounts of 52 apecien and gubspecies to be included
in this report was prepared and submitted far comment to the Califormia
Department of Fish and Game In L98l. A completed draft of the Teport was
submitted later in 1981. The Department of ¥ish and Game Einiahed 1ta
review and returned the draft to me for final revisions in June, 1984. By
the time it was returned, considerable new information had been gathered
for several species, and substantlzl revisions were envialoned; In
addition, I had incurred a2 puwber of commitments that precluded work on
the document wuntil fall of 1985. 1in the intareest of making the
information that was gathered for the orlginal report available, I have
decided reluctantly to forego major revisions. Most sactions of the
repart have been reorganized, 18 specles have been deleted from the List
of Concern {they are digcussed in the section entitled “other candidate
epecies™), three species have been added toc the list of concern, and some
new Infotmation, gathered duoring subsequent field work by me and athers,
has been incorporated.-

22 February 1986
Turlock, California
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THTEDDUCTION

During the past 130 years, 3153 speclaes and auhsapecies of native land
mammals have been recorded as occurring in California (Hall, 1981;:
Williams, 1984), a number much greater than in any comparable political
unit nofth of the American tropica. Seven species, including the Mexican
Jaguar (Felis ooca arizonensis), Plaine Bison (Bison biaon bison), Gray
Wolf (Canis lupus fuscus and C. 1. youngi), California Grizzly Bear {Ursus
arctoms californicus; taxonmomy of Hall, 1984), and the Western White-~talled
Deer (Cdocolleus virginianus ochrourus), are aow extinct or extirpeted
within California. Coues’ White-talled Deer (0. v. cousel) probably aleo
occurted within California, occupying the riparian foresca of the Colorado
River floodplain. Specimena arve unknown from California, although Hall
{1981) listed a record from Ehrenburg, Arlzona, on the Colorado River
oppasite California. This epecles war probably already rare along the
Coalorade River by the time rapid lemigratlon triggered by the the gold
rush, and has been extinct long since. The Long—eared Kit Fox {Vulpes
macrotls wacrotle) was driven to extinctl{on by humans in the mouthern
coaatal basina of California. Pronghorns {(Antilocapra americana
americana) have been extirpated from most of thelr historlic range in
California, in west-central and soothern parts of the state; and Tule Elk
(Cervus elaphus nannedes}, while no longer threatened with extinction,
exist only under full protection. The decline or extinctlion of most of
these apecien was primarily due to pergecucfon and/or overharvesting by
humans .

Twenty-three mammalian specles (29 subspeclas) in Californla were
designated as Threatened or Endangered spacies in 1985, including nine
marine wemmale. The terreatrial specles are listed in Table 1, together
with those knowm to be extiner or extirpated from the astate. The
principal factor jeopardizing che rodante and Kit Fox (Table 1} has been
loga of habitat. Human disturbance and intrusion Iinto thelr habitats have
been significant factors in the decline of the Sierra Nevada Red Fox,
Southern Wolverine, and the Californla and Peninsular Bighorn Sheep.

Twenty native game and fur-bearing apecipgs of wammales are partially
protected by hunting and trapping regulatione eetablished by the
California Fish and Game Commlesion and admicistered by the California
Departmant of Flah and Game. Additionally, the Ringtail (Bassariscus
astutus), Fisher {Martes pennanti), and Northern Flying Squirrel
(Glaucomya sabrinus) are protected through leglalative actiom or by tha
California Fish and Game Commisslon. The White—earad Pocket Mouse
{(Perognathus alticola), Polnt Arena Mountain Beaver {Aplodontia rufa
niirai, Point Reves Mountain Beaver (A. r. phaea), and all species of bats
are partly protected from taking through restrictiona on aclentifiec
collection by the Califernia Doparctmant of Fish and Game. The Mountain
Lion (Felis concolor) is deslgnated as a game speciea but presently thare
is mo open hunting smason.

All other terrestrial species of mammals in California have little or oo
protection, and for those and wmany game, Fur—bearing, fully-protected, and
state Eodangered and Threataned species, no management plana ara in
operation to ensure the preservation of unique populationa. Yet, the
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California Eundangered Species Act of 1970 and subsequent amendwents
mandate the pressrvation of all species of native mammals. Rapid
agricultural development and urbanlzetion of vast arees in California have
profaundly diminished the extent of several biotlc communities and
jeopardized their unique bictas. For example, the floor of the San
Joaquin Valley measuree approximately J3.44 million hectarea (8.5 million
acres). Major plant comwmuniries once fncluded valley grassland {dominated
by perennial speciee such as Stipa pulchra and S. ternua), BSan Joaquio
paltbush (dominated by several wxeric-adapted and halophytic shrubs,
including Atriplex spp., Suaeda fruticosa, Allenrolfes occidentalis, and
Ephedra talifornica), tule marsh (dominated by specles of Scirpus and
Typhs), and riparian forests and savannas (Kuchler, 1977). By 1973,
nearly all of this land was daveloped, either as large urban areae or as
cultivated crop land, Less than 60,700 hectares {150,000 acres} were
uncultivated, and significant portions of this latter amount were
developed for petroleum extraction, strip-mined for gypsum and clay, or
occupled by roads, camals, air strips, cities, oill-storage facilities,
pipelines, and evaporation and percolation basing. The vast tule marshes
were nearly gone; most of those that remained were degraded by seasonal
flooding with waters laden with metallic salte dralned from irrlgated
fielde. The grassland communities were reduced to small remnsnte, moetly
fringing the valley floor, and theltr pereunial species were largely
replaced by emotic apecies of weedy annuals euch as Bromus spp., Avena
epp., and Erodium mpp. OFf the original 404,700 hectares (about 1 million
acres) or more of riparizn commumities in the Central Valley, less than
10% existed in 1979 (Warner, 1979); much of that was algnificently
degraded in guality.

Populations of mammals native to the arid coastal besins of southern
Celifornia have been reduced drastically in aize as a result of habitar
lose. Today, nearly all of the populetions of apacles native to the plant
communities on the £loor of the southern coastal baeins face proximate
threate of extinction. The Long-earad Kit Fox succumbed to the pressure
of Increasing numbera of pecple in southern Californla several decades age
(Walthman and Roast, 1977). Othar specles extirpared there and/or
throughout southern California include the Mexican Jaguar {Merriam, 19193
Strong, 1926), Great Basin Gray Wolf {(Grinpell et al., 1937}, Pronghorn
(McLean, 19443, and Cousn' White-tailed Deer.

Populations of mammalian specles dependent upor freshwater and tidewatar
riparian and wetland communities heve declined markedly in nearly avery
region within Callfornla es a reeult of logs and degradarion of thelr
habitats. White-tailed Deer, dependent upon riparian communities In
Califernia, have slready been extirpated (see aection on Other Candidatee
in Results section) and several other specles are seriously jeopardized.

The rapid, widespread loss of old-growth forests by logging mctivities
ralees concerns that cannot be resolved with existing infoxmation.
Although no mammalian species in California is known to be limited to
pld-growth Forests, a few require extensive tracts of relatively
undicsturbed forest. Fragmentation and isolation of relatively small
blocks of mature and old-growth stands of Yellow Pine, Douglas Fir, Mixed
Cenifer, and Red Fir by recent foreat-management practices has baen
extensive and could prove to be disastrous for wlde—ranging species such
as the Fisher and Harten, and for species with limited vagilicy such as
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Table 1. FExtinct, Threatened, and Endangered species of land wmammals In
California aa of January, 1986. CE - California Endangeted; CT ~ California
Threatened; FE - Federal Endangeted; FT - Federal Threatened.

Species Status

8an Joaquin Antelope Squirrel CT
{Ammoepermophilus nelsonl)

Mohave Ground Squirrel CT
(Spermophilus mohavenala)

Morre Bay Kangareoo rat CE, FE
(Dipodomys heermanni morroeneis)

Giant Kangaroo Rat CE
(Mpodomys ingens}

Freano Rangaroo Raet CE, FC
(Dipodomya nitratoides exilis)

Stephens’ Kangaroo Kakt CT
{Dipodomys stephenai)

3alt Marsh Harvest Mouse GE, FE
{Reichrodontomys raviventris raviventris and R. r.
halicoetea)

Amacgosa Veole CE, FE
(Microtus californicus scirpensis)

Cascades Gray Wolf Extinct
(Canis lupus Ffuscus)

Great Basin Gray Wolf Extinet
(Canis lupus youngil)

Island Fox CT

(Vulpes littoralis catalioae, V. 1. clementae, ¥. 1., dickeyd,
V. 1. littoralis, V. 1. santacruzae, and V. 1. santarosae)

Long-eared Xit Fox Extinct
{Vulpep wmacrotis macrotls)

San Joaquin Eit Fox T, FE
{Vulpes macrotia mutica)

Siarra Nevada Red Fox cT
{(Yulpas vulpes necator)

California Grizzly Beat Extinct
{(Uraus arctos californicus)

Southern Wolverine CT
{Gulo gulo luteus)

Mexican Jaguar Extirvpated
(Felis onca arizonensis)

Western White—tailed deer Extirpated
(Odocelleus virginfanus ochrourus )

California Bighorn Sheep CT
{Ovie canadenals californiana

Fenineular Bighorn Sheep CT
{0vis canadensis cremmobarga)

Bison Extirpated

{Bison bison bison)




] CALIFORNIA DEPARTMENT OF FISH AND GAME

Red Tree Mice. Likewise, some specles of bats may depend on Toosting
s#ites under loose bark and in hollow cavities of standing trees and
foraging sltes within the forest, and thelr popularionz may be
glgnificantly impacted by loss of old=growth forests amd current
forest-management activitlea

Concern over the rapld loss of major blotic communicies wirhin California
and the increasing threats to several spaclea of memmals prompted the
Nongame Bird and Mammal Section of the California Department of Flsh and
Game to lnltlate thls study of potentially threatcened specles of mammals.
The prilncipal objectives were to identify potentially jeopardized
populationa of mammals within California, and to geoup them inte prioricy
categories for management actlons, includlmg propoeals For proiected
sktatus, expenditure of research Funda, and preservacion of essencial
habltak.
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HETHODS

Investigations of potentially threatened maumals were limited to taxa
without Threatened ar Endangered status at the state or federal level.
" ‘Taxa coocurtently being investigated through other prolectg of the
Department of Flah and Gawe alsc were excluded from detailed studlen
(1.e., some subspecles of the Bobecat, Felis [Lynx] rufus, and the River
otter, Lutte canadensis}.

Priorities for the Investigations were:

1. s&pecles endemic to Califormiaj

2. pubspecies endemic £o California;

3. apecies and subspecies whose peographic ranges extend beyond
California and which appear to be jeopardized throughaut their
geographic rangej

4, populationa of tsxa threatened within California but which also
occur elsevhere and appear not to be threatened throughout thelr
geocgraphic range (e.g., Myotis velifer velifer, the Cava Myotis).

These prioricfies had some Iinfluence on which taxa received greatest
consideration for inclusion in detailed investigations. Prierity
rankings, however, werc based solely on the apparent proximity and nature
pf threats to populations. Locally daepleted populations of wider-ranging
taza within Californias wera nat studled in detail, with the exception of
the American Badger (Taxidea taxus).

A working list of 86 candidate species was assembled Eirst and then
information for each candidate was gathered, Blsir Csuti (The Nature
Congervancy) nominated some of the candidates. Data on life histories,
habitat aasoclations, hlstoric and current distributions, ayatematic
status, population status, and nature of potentiaml threats were sought for
each camdidate. Initlally, information was gathered without bemefit of
field work, being derived inetead from published sources, other
blologists, and previcus Ffleld experiences in California. The intent was
to develop information neaded ta direct limited funde for field
investigations to studieg of bloric communities and taxa with the greatest
percelved Lthreats to their exigtence. During the course of the original
investigation, however, most areas in the state where losa of habitat
posad & threat te one or more specles of mammals were visited. Only
cursory field studiea were carried out, however, as time and funding did
not permit detailed fifeld work. Subsequently, more detailed studies have
been conducted in the San Joaquin Valley (Willisms, 1983; Clenn Basgey,
unpubl. me.; Cheryl Johnaon, unpubl. me.}; San Bernardino Hountaina
{Sulentcich, 1983; Williams, 1983);) San Gabriel mountains (Williams,
1983); Tehachapi Mountains (Sulentich, 1983); east-central alope of the
Sierra Mevada (Williama, 1%84)}; western alope of the central Sietrs Hevada
{vapubl. data); Sam Pabls and Suisun bay marshes (K. fFord, unpubl. dacaj
Willisms, 1983); Point Arena area, Mendocino Co. {Dale Steele, unpubl.
data); San Prancisco Bay (Ford, 1986); San Pablo Creek Marsh (by Foreman;
T. Rado, pers. comu.); and on 5ants Catalina lsland (Colline and Martin,
1985; Williams, 1983). PFor the majority of the species included here,
however, thare have been nop recent, detailed, fleld atudies undertaken.

Letters and quesrionnalr=s seeking information on potentially threatened
taxa of mammals were sent to all members of the American Soclery of
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Hammalogists with malling addresses io California, and to other, selected
persons in etate and federal apencies, colleges and woiversities, and
netural history museuma. Approximately 500 peraons were contacted in this
manner. Sixteen persons responded to the request for information, and
collectively ligsted 16 species they believed should be investigated. Of
the 16, two were sgpeciea of marine mammels which were oot included in this
project, and four wers species already with state Rare or Endangered
status. All of the remasinder were already oo the working list.

Subsasquant to development of the draft report, guestions regarding the
status of 11 cother taxa were raised by Ronald Newak (Endangared Species
Cffice, U.5. PFish and Wildlife Service). Little additional research was
coaduckted on most of the latter specles; reasons for erxcluding them and
other candidate species are given in briaf accounts {see section on Other
Candidate Speclesa}.

Informetion on the distributions of species on the working liste was
develuped from the literature and from muwseym regords. Ho attempt was
made to locate all records, although literature and museum surveys were as
complete as time and resources permitted. Data on hilstorie distributions
were assembled from thege sowurcea, but for most taxa no detalled field
purveys had been conducted prior to wide spread human developments] thus,
the historical distribution records of moet apecies are acanty. Because
the investigatlons included a large number of texa, and becauae wany
maseums do not eatalog specimena by subapecies, it would have been
unreasonable to aak personnel at moat myaeums to Furnish the required
information. Instesd, 1 visited and obtained distributional deta from 13
ma)or naktural history museums and acquired jnformation from nine others
through correspoadence {(listed in the Appendix). Additional data from
other memmal collections were obteined Erom the card filea at the Raclonal
Museum of MHatural History, where for several decades early in the century
the staff recorded specimens known to ba housed In other museums. T also
contected several peraons directly to Inquire about specific taxa and
hunan developments affecting plant communitles in selected areas of
California. This appreoach was more productive tham broadecasting appeals
for input. Unfortunately, however, ldentifying pereoms with the
information needed was often impractieal.

The species accounte in the Hesulte eectlion are arranged in groups by
prioricy eategory and, within groups, systematically by genera, following
Hall (1981). Speciee and subapecies are arranged alphabetically within
genera. Recorde of distribution are listed alphabetically by county and,
within countiesa, by locality with respect to reference point {e.g., city
or physliographic feature). Localitles uelng the same reference polnt are
arranged by compass direction, starting with north and proceeding
clockwise. Localities are lilsted as recorded on speclmen tags and in
puseun catalogs or Iin the literature. The nuwnber of specimena, when
known, and the mueeuwm of deposition or literature ciktatlon conclude each
locallity record. Cases where localities or Ildentlfication of speclimens
geemed erronecus are dipcusged In the Eemarks section.

Statements about habltat associations and population status are
necegrarlly brief for most taxa because of lack of detailed information.
Whenever possible, statements were developed primarily from informatlon
based oo skudies of the populstione of concern rather than from studies
conducted elsevhere. To extrapolate extenaively from studies hased on



1986 - MAMMALIAN SPFECIES OF 3SFECTAL CONCERN =~ 7

populatione outside the area of concern carries a high risk of incorrectly
characterizing habitat use end population biology. Comments 1o the
Recommendation sectlons are suggestlons for priority actions and are
neither detailed nor complete. Remarke on systematic status are intended
to flag potential problems which should be considered in designing studies
to eluc{date the atatus of populations. Although pmeither state nor
federal tegulations require that a jeopardized population have unique
taxanomic identity to be designated Rare, Threatened, or Endangered, the
political conflict *esulting from unresolved taxontmlic ¢controveralen
involving endangered species 1s best avoldad whenever possible.

In interpreting and compiling the informarion in this repart, and in
aapigning taxa to priority categorles, my philosaphy hae been to give the
benefit of doubt ta the apecles under consideration. I have attempted to
convey the esseace of avallable information, but time and resources did
not permit detailed fleld investigations or development of langthy species
accounts. A principal purpose of this repert ip to stimulate others with
information to ecome forward. I have not cited all of the relevant
literature for most taxa, esgpeclally reports that added no new informaticn
on the limited set of topice included in the accounts.

Scientific names for apecies are those listed by Jomes et al. (1982)
unless noted otherwlse in the species accounts. Common names are [rom
Grinnell (1933) and Williams (1979), ot are ones commonly used by the
Department of Fish snd Game. Common nemes for subgpecies are genarally
unnecessaty, but, because suhspecies can be accorded Threatened or
Endangered status under both state and federal regulations, use of common
names for subapecies 1s necespary in this report. Names for subspecles
are from the 1iac of Grinnell (19331), but often amended to reflect current
taxouomy or to shorten needlessly long names. 1 colned common names or
adopted those of other authors for subspecies not listed by Grionell
(1933). Scieatific names for subspecles are from Hall (1981) except im
cases where I disagree with his taxonomy or when wmore recent publicatioons
have altered his taxonomlc arrangeéements., Departures from Hall's (1981)
subspecies tawonomy are noted in tha specles accounts.
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RESULTS

Of the specles and subspecles juvestigated for this report, 36 warrant
greatest concerns. These are listed in Table 2 in three categories:
Highest, Second, amd Third priorities. The definitions for theae
categories are based on the perceived proximicy of threate of extinction.
Spaclee listed in the Alghest Priority category appear to face a high
probability of extinctlion or extirpation from their entire geographic
range in California i1f current ctrende coatinue. Populations of opaciea in
the Second Priority category are definitely jeopardized and declining, but
the threata of extinction or extirpaticon appear less imminent.

Populations of specles liated in the Third Priorlty category appear not to
face extinction in the near future, but they are declining seriously or
ate otherwise highly vulnerable to extirpation becauae of human
developments, and require special attention in land- and reaource-
vanagemant decislone. Some species listed in the Second and Third
Priority categories are relatively rare and virtually no current data on
their distritutions and populatiom status are availlable; when inveatigated
in detail, some of theae may be found eo face greater or lesser threats-
Accounts of speclee included in the three priority categories are
presented in the following section.

Other species investigated, but considered to warrant lesser concerms are
listed 1n the fourth group, entitled Other Candidates, beginning on page
73. Brief remarks on the probable status of these specles, deleted from
the final List of Concern, are included. Lack of information Eor mome
species listed 1& cause for concern about thelr status; thelr delstion
from the final List of Concern here should not be conetrued as a
definitive indicaticon of thelr population status.

Major contributing factors In jeopardizing most apecies on the Liat of
Concern are the diminishment and degradation of natural communities {Table
3 and Species Accounts). Loss of native plant communities in four regiomns
of Californla preaent the most acute problema Lhreatening unique (i.e.,
taxonomically recognized) popularions of mammals: rthe Colorado River
riparian communitcies; the southern Californla coastal basine from the San
Farpando VYalley gouthward te the Maxican boundary, including lowlend
grassland and depert communities and tidal marshee along the south coast;
the S5an Joaquin Valley desert, grassland, and ripariac and wetland
communities; and the tidal mersh communities of San Pranclisco and San
Pablo baya. Loss of riperian and wetland communities Is no less sarious
elaevwhare, but fewer unique taxa of mammals are threatened. 1In addition
to logs of habitat, disturbances by humans, ecpecially in hibernacula and
maternity roosts 1s perceived as a serious threat to most of the apecies
of bats. Habitat degradation and lack of information on hunter teake and
population dynamice for use in wmanagement are viewed as porential threats
ka the five apeciea of rabbicts and hares, currently designated as game
species, on the Liet of Concern. Cutting and fragmentation and isclation

of blocks of mature and old-growth conifer forests poee potential threats
to two specles on the List of Congern.

Potantial cccurtences of Speciee of Speclal Concern on lande adminletered
by several state and federal sgenciee are listed In Table 4., Informatien
in Table 4 was developed from a "Federal Fuhlie Lands Responsibility HMap™
of Californla (1:7500,000 acale; 1978) and from other sources. There is



1986 - MAMMALYAN SPECIES OF SPECIAL CONCERN -

Table 2. Mammellian specles of speclal coocern in Californis, listed by
priority categories. See text for definitions of prierity categories.
Page refers to etarting page of specles accounta.

Spacles Page

HIGHEST PRIOBITY

Buena Vista Lake Shrew (Sorex oroatus relictus} 13
Sulgun Shrew (Sorex ornatus sinuosus) 14
Santa Catalina Shrew (Sorex ornatus willettl) 16
Salt-marsh Wandering Shrew {Sorex vagrans halicoetes) 17
Arizona Myotls (Myotls lucifugus occultus) 19
Arigona Cave Myotis (Myotis velifer velifer) 21
Riparian Brush Rabbit (Sylvilagus bachmani riparius) 21
Polnt Arena Mountain Beaver (Aplodontia rufa nigra) 24
Los Angeles Pocket Mouse (Perognathus longimeuwbris brevinasus) 25
Paciflc Pocket Mouae {Perognathus longimembris pacificus ' 27
Tipton Kangarco Rat (Dipodomys nitratoides nitratoides) 28
Colorado Biver CoLtom Rat {Sigmodon arizonae plenus) 30
Yuma Mountain Lion {Felis concelor browni) i

SECOND PRICRITY

30. California Salt-marsh Shrew {Sorex ornatus salicornicus) 34
California Leaf-nosed Bat {Macrotus californicus) 35
Townsend's Big—earod Bat (Plecotus townsendii) 37
Pockated Free-tailed Bat (Tadarfida femoroeacca) 39
California Mastiff Bat (Bumops perotis califorolcus) 39
Salinas Pocker Mouse (Ferognathus inornatus psammophilus} 42
White—sared Pocket Mouse (EEE%Snﬂth“B alticola aleicola) 43
$0. Marsh Harvest Mouse (Reithrodontomys megalotis TinIcola) by
Riparian Woodrat (Neotoma fuscipes riparia) 45
White-footed Vole [Arborimus albipes) 44
Polnt Rayas Jumping Mouse (Zapus trinotatus orarius) 48

THIED PRIORITY

Elg Free—talled Bar (Tadarids macrotis) 50
Pygmy Rabbit {Brachylagus idahoensis} 51
Oregon Snowshoe Here {(Lepus smericamus klamathensis) 52
Sierra Nevada Snowghoe Hare {(Lepus americanus tahoensis) 54
Weatarn White-tailed Hare {Lepus towngendii townsendll) 55
Point Reyes Mountain Beaver (Aplodontia rufa phaea 57
Tehachapl Pocket Mouse (Perognathus alticola inexpectatus) 58
Shore-nosed Kangaroo Rat (Dipodomys nitratoides brevimasus) 59
Hed Tree Vela (Arborious lgggicaudusi 6l
Pacific Fisher {Martes penvanti pacificus) o4
Anerican Badger (Taxidea taxus) 66

Chaonel Islands Spotted Skunk {Spllogale gracilis amphiala) 10
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Table 3. Distribution, habitat, and major ceuses for concern for memmalian
speciec of special concern in California. BRefer to species accounta For

details. CA - Californla; €I - Santa Cruz and Santa Rosa islanda} CR - Colorada
River; des. - desert; digturb. — human disturbances; GB — Great Baein steppes;
Mtn. = wountains; N — north; NW - Northwest; Pt. A. - Point Arena area; Pr. R, =
Poinc Reyes area; SB — San Bernardinoj SCB - southern California coaatal basins;
SCM — southern California coastal marahes; 3CI = Santa Catalina Island; 5PB - San
Francisco Bay; SJV - San Joaquin Valley; SH = Siarra Nevada; 30 — goutherm; SPB -

5an Pablo Bay; 5V -~ Salinas Valley; Tr. R.— Tranaverge Ranges; W - west.

Specles Ranpe Habitat

Cause For Concern

HIGHEST PRIDRITY

Buena Vista Lake Shrew SV Hetland Habitat loas

Sulaun Shrew 8FB Salt mareh  Hablcar laas

Santa Catalina Shrew 5CI Bipariam Habicat losae?
Jalt-marsh Wandering Shrew SFB Salt marsh Habicar loss

Arizona Myotis L | Riperiam Habitat loss, disturh.
Arizona Cave Myotria CH Riparien Habitat Iosa, dioturb.
Riparian Brugsh Rabbit 5Jv Riparian Habitat lose

Poinkt Arena Mountain Beaver Pe. A. Wetland Habicat loss

Los Angeles Pocket Mouse SCB Graca/Des. Habitat loss

Pacific Pocket Mouse 5CB Gragsa/Des. Habitat loas

Tipton Kangareo Rat SV Grass/Dea. Habitat loss

Coloredo River Cotton Rat CR Riparian Habitat loee

Yuma Mountain Liom GR Riparian Habicat loes

SECOND PRICRITY

S0. California Salt-marsh Shrew SCH Salt Margh Habitat loss
Galifornia Leaf-nosed Bat So CA Graaa/Dea. Habitst loss, disturb.
Townsend's Big-eared Bat CA Yarioue Distnrh.

FPockered Free—tailed Bat S50 A ? Discurb.?

California Mastiff Bat W CA Wideepread Diaturb., pesticides?
Salinas Pocket Momse 8V Grasaland Habitat loss
White—eared Pocker House 5P Metn. 7 Habitat losa?

Bo. Marah Harvegt Mouae SCH Salt margh Habitat leas
Riparian Woodrat SV Biparian Habitat loas
White=footed Yole KW Ci Riparfan? Babitat losa?

Point Reyea Jumping Mouse Pt. R. Wetland Habicar less

THIRD PRIORITY

Blg Free—tailed Bat So. CA 7 Disgurb.?

Pygoy Rabbit GB Sagebrush Habitat losa

Oregon Snowshoe Hare NE CA Thickets Habitat lose

Sierra Nevada Snowshoe Hure SH Thickets Habitat losa
Woeztarn White—tailed Hare GB SH Craesland Habitat loss

Foint Reyes Mountain Beaver Pt. R. Werland Habitat loss
Tehachapl Pocket Mouge Tr. Mt. GrasefDes. Eabitat loss
Short-nosed Kangaroo Rat sV Gresa/Des. Habitat loas

Eed Tree Vole NW CA Fir Habitat loss

Pacifiec Fisher H CA Conifer Habitat loas, disturb.
Amerfcan Badger W CA aAll Habitat losa, taking

Chanonel Islands Spotbted Skunk GL ?

?
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Thus, only lands managed by the
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glmilar, pictorial swmmary of srate-manspged lande nor a central source

of information on state-owned lapds.

1986
no

Inforemation displayed in Table 4 should not be conetruad as
indicaring non-occurrence ¢on lands administered by other govermmental

California Departments of Fish and Game and Parks and Recreation ara

included.

other Specles of Cancern do not occur on lands

administered by these agenciea.

agencies or that
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Table 4. Octurrence of Mammalian Specles of Speclal Coucern in Califoraia on
lande administered by pelected state and federal apencles. BLH - U.S5. Bureau of
Land Management {Dépt. of Interiar); CFR - Calif. Dept. of Parks and Recreationm;
DFG ~ Calif. DPept- of Fish and Game; BD — U.5. Department of Defense; DE - [.5.
Department of Energy; FS — D.S. Forest Service (Dept. of Agriculture}); FWG -
U.3. Fish and Wildlife Service (Dept. of Interlar); NPS - U.$. National Park
Service (Dept. of Interior). See Table 2 for acientifie names.

Species CPR DFG EKLM DD DE F3 FWS  KP5
HIGHEST PRIORITY

Buana Vieta Lake Shrew
Sulsun Shrew

Santa Cataling Shrew
Salt-marsh Wandering Shrew
Arizona Myokis

Atizona Cave Myotis
Riparian Brush Rahbit

Point Arena HMountain Beaver
Los Angeles Pocket Mouse X X
Pacific Pocket Mouce
Tipton Kangaroo Rat
Colorado River Cotton Rat
Yume Hountain Lion
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SECOND PRIORITY

So. California Salt-marsh Shrew X
California Leaf-nosed Bat X
Towneend'a Big—eared Bat
Pocketed Free-tailed Rar
California Maastiff Bat
Salinas Pocket Mouse
Whita—earad Pocket Mouse
50. Marsh Harvesat Mouse
Riparian Woodrat
White=footed Vole

Foint Reyes Jumping Mouge
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THIRD PRIORITY

Big Pree—tailed BRat

Pygmy Babbit

Oregon 8nowshoe Hare

Sigrre Nevada Snowshoe Hare
Western White-tailed Hare
Pt . Reyes Mountain Beaver
Tehachapi PFockat Mouse
Short-nosed Kangarao Rat
Red Tree Vole

Pacific Fisher

American Badger

Chaunel Talands Spotted Skunk
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HEIGHEST PRIORITY LIST

Buena Vista Lake Shrew
Sorex orpatus relictus

1932. Sorex ornatus relictus Grinnell, Univ. California Publ. Zeol.,
36:389. Type Locality: evacuated slovgh just autaide of east side
levee, Buens Vista Lake, 290 ft, Kern Co., Califernia.

pistribution: Gripnell (1933) speculated that Buena Vista Take Shrews
once occupled the marshlands of the San Joaquin Valley floor throughout
most of the Tulare Barin. He noted that by 1933, their range was much
restricted becauvse of the disappearance of lakea and sloughs.

Popularions Status: Nothing is known about the current population atatus
of the Buena Vista Lake Shrew. Nearly all of the valley floor in the
Tulare Basin ie now cultivated. Most of the lakes and warshes have been
dratned aud ate also culcivated. All of the Buena Vista lake bed is
cultivated, and most of the canals in the area are steep—saided and kept
free of vegetation by use of herbicides. Ornate shrews (Sorex oTnatua)
may be extant in places such as the Kern Natlonal Wildlife Refuge, in
vetlands of the Kern River percelatlon area, and along sloughs and canale
on the valley floor leading into Goose Lake, slthough there are no records
of shrews from any of these areas. Any extant populations found within
the Tulare Basin may or way not be representative of 8. o. relictus.

Clark et al. {1982) used pitfall traps in an unsuccessful atteapt Lo
capture Buena Vists Lake Shrewa on The Hature Conservancy Paine Wildflower
Preserve and the Volce of America transmitter alte west of Delano.

Habitat: Buena Vista Lake Shrewa occupled marshes on the perimerer cof
Lake Buena Viata (Grinnell, 1932), Farther north, in the San Joaguin
Basin, Ornata Shrews live in dengse vegetation aloog streanms and sloughs
and around the perimeter of tule marshes (unpub. date). Presumably, Buena
vieta Lake Shrews gccurred in similar wetlands in the Tulare Basin.

Recomnendactions: A survey for Buena Vista Lake Shrews should be
undertaken to establieh 1its distribution and population status and to
identify potential threats to remaining populations. Initial aef farts
ghould be concentrated arcund the Buena Vista Lake Aquatic Recreatlon Ares
(Lake Webb and Lake Evans), on the Kern Hationel Wildlife Refuge, the Tule
Elk Reserve, and along Buena Vieta and Goose lLake sloughs. Fitfaell traps
are most effective for ahraws (Williams and Braun, 1983), and can be left
in placa for extended times oEfsetting the extra effort required to set
thea.

RemaTks: MNothing has been tecorded on this taxon aince the original
description. The more upland subspecles, 3. o. ormatus, occuples the area
gurrounding the range of 5. o. relictus. Intergradatlon probably occurred
along the lower courses of Lhe streams entering the floor of the Tulars
Basin.

Distribution Records: KERN C0.: N side Buena Vista Lake, 1 (USNM); eanr
side leves, 298 ft, Buena Vista Lake, 290 ft, 3 (MVZ); Buttonwillow, L
{CAS).
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Suisun Shrew
Sorex arnatus sinuosus

1913. Sorex sinuosus Grimnell, Unilv. California Publ. Zool., 10:181.
Type Locality: Grizely Island, Suisun Bay, Solano Co., Californis.
1979. Sorex orpactug sinuosus , Willlame, Ann. Carnegle Mus., &B:426.

Digtribution: According to Rudd (1955a), Sulsun Shrews occur in the tidal
marshes of the northarn shores of San Pable and Suilsun baye, as far east
as Grizzly Island and as far west as the mouth of Patalums Creek. Brown
and Rudd {1981}, however, redefined the western boundary of the range as
Sonoma Creek and Tubbs Island. Shrews living in the marshes as far east
as Collinsville rapresent 5. o. californicus (Williams, 1983).

Populations Status: At one time, San Pablo and Suisun bays were lined
with salt and brackish water marshes, but today marshes are broken into
several amall, isolated units. The marashes of Sulsun Bay are the most
extensive, but Sulgun Shrew populations there may be threatened in part by
managevent of the marshes to favor growth of Scirpus. Present habitat is
much less extenalve in San Pablo Bay. Very few of the extant tidal
maraher have a full profile of marshland vegetaclon, and few border on
glgnificant upland areas where marshland species can seek refuge from
flopding. Suilsun Shrewa tnhabit a emaller area and are more restricted in
the habitats they occupy cthan are Salt Marah Harvest Mice, an Endangered
Specien.

The population statue of 5. 0. zinuosus was investigated during spring ‘and
sumner, 1983, following a winter of record flooding in the marshes of San
Pablo and Sulsun bays {Williams, 1983)}. No live Sulsun Shrews were
captured on any of 34 transects in marshes throughout the pgeographic ranga
of 5. o+ pinuosua. One dead shrew was found, howevaer. Subgegquenk surveys
with Sherman live traps found one Sulsun shrew in & marsh on the northern
perimeter of Sulsun Pay In 1985 (¥. Ford, pers. comn.). The principal
preblen in both aresa, but most acute in San Pable Bay, is the lack of
upland areas continuous with the marahoe where Suisun Shrews and other
terrestrial animals can refuge during times of flooding (Williams, 1983}).
Management of the marshas has not included refuges from Elocding as a
required elamant.

Habitet: Sulsun Shrews typically inhabir tidal marshes characterized in
order of decreasing tolerance to inundation, by Spartina follosa,
Saliconria awbigua, and Grindelfa cuneifolia, and brackish marshes
dominated by Scirpus californicus and Typha latifolfa (Hudd, 1955a). They
appear Lo require dense, low—lying cover where invertebrates are

abundant. Rudd stated that structure {"growth form™) of the plant
community, not apeciles compoaition, wag the determining factor in shrew
occupancy. Driftwood and other litter above the mean high-tide line is
probably essential for nestiog and foraging eites. Upland hablitats,
continuous with the marshlands, offering sufficient cover and sources of
Eood ro gustain shrews during prolonged flooding of marshes and dikea,
auch as occurted during the winter of 1982-83, are also probably essential
{Williams, 1983).

Recommendationg: When the resulta of additional population surveys for
Suiaun Shrews are completed {U.S. Fish and Wildlife Servlce, iIn 1litr.},
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marshland management practicea and plans should be reviewed to determine
their impact on populations of Suisun Shrews. Acquisition of upland areas
for refuge from flooding, or creation of refuge sites on dikes above flood
level will probably be required to provide suitable habitat for Suisun
Shrews and other emall mammals inhabicing the tidal marshes.

Remarks: Rudd {1955a) analyzed structural charactars of Sorex
ornatus—-group shrews from the Sam Pablo and Sulsun bays atesa and
determined that shrews of the sinudceus type were recognizably distinct
from 5. o. californicus; but that sparlally intermediate populationa
exhibited some intermediate characteristlies. He chought that because the
character gradients were rather abrupt, recogonitien of sinuosus sa a
epecles was juatified. Browm {1971, and wnpubl. dissert., 1970} found
that 5. ornatue and 8, sinuosus had identicel karyotypes, which differed
from 3. vagrans of the San Francisco Bay area. Karyotypea of shrews from
pnpulations previously thought to be S. v. vagrans or hybride of vagrans,
oroatus and slnuosus were shown to be identical to the ornatus-sinuoaus
karyotype. Brown and Rudd (1981) invesatigared the relationships of these
shreve further, determining that sinuosus was beat treated as a subsepecies
of S. ornatus, and reatricting the discribution of sinupsus to an atea
approxlmately east of Sonoma Creek, but including Tubbs Island within che
range of asilnuosus.

The dispositicn of ppecimens referred to by Rudd {1955a) 1s not clear.
Some of these are in the Museum of Vertebrate Zoclogy and others are in
the collections at the Univarsity of Californis Davia. Differences la the
locality deacriptions on the aspecimen labels and in Rudd's {1955a) paper
and differences in total numbers of specimens made 1v difficulr to decide
if these referred to the same specimens. Several specimens in museums,
collectad in marehes in San Pablo Bay In Sanoma County are deaignated as
§. sinuosue, but are now considered to be 5. o. californicus. Two
specimens In the Museum of Vertebrate Zoology from ~Solano Ceunty; Lake
Chabot (secpage area below dam)"” were assigned to the subspecies S. o.
sinuogsus. Lake Chahot {g located on a golf course, west of the Solano Co.
Fairgrounds. Theae opecmiene may be S. o. californicus or S. o. sinuosus;
they are naot listed below.

Distribution Records: SOLAND CO.: 0.5 mi WE Cordelia Salt Marsh, 5
(MVEZ); Gray Goose Duck Club, 1.5 mi SW Sulsun, 1 {CAS); Grizely Island,
Suisun Bay, 1 (LACM), 20 (MVZ), 5 (UpAY), 2 (UswM), 19 (Rudd, 1955a);
Grizzly Island, State Dept. of Fish and Game headgquarters, 1 (CSC8);
Honker Gun Club, near Dutton, Vean Sickle Island, 1 (CAS); 3 ml E Mare
Island Bridge, adjacent to White Slough and Hwy. 37, 1 (HVZ); 2.7 ni W
jer. Napa Road and Hwy. 37 {om 37), 1 (M¥Z): B ml N Rie Viecta, 80 ft, 1
(CSUF); Sears Point Road, & mi NW Vallejo, 65 {MVZ}; Seara Point Road, B
ml NW Vallejo, 7 (MVZ): Sears Point Road, 3an Pablo Bay, 47 (Rudd, 19535a);
South Hampton Bay, near Solanoe Co. public dump, 15 {MVZ); South Hampton
Bay, 12 (Rudd, 1935a); Sulsun City, salt marsh adjacent to Cordelia 5t., 4
(MVZ); Sulaun marshes, periphery of Grizzly Island, 13 {Rudd, 1955a); 3 oi
NW Vallejo, 1 (UDAV); Van Sickle Island, 1 ml 3 Dutton, I {CiS); Van
Sickle Island, 1 {Cas), 3 (UDAV).
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Santa Catalina Shrew
Sotrer ornatus willetti

1941. Sorex willecttl von Bloeker, Bull. So. Californla Acad. Sel.,
40:163. Type Locality: Avalon Canyon, Santa Cacalina Island, Los
Angelas Co., California.

1967, Sorex ormatug willetid, won Bloeker, Proc. Sympasium Elel.
California Ielanda, p. 246.

Disgributien: Santa Catalina Shrews are known ooly from Sante Catalina
Island, Loa Angeles Califormia (Willisms, 1983). The localities for the
specimens and three alght records collectively epan the length of the
island (Collins and Martin, 1985; Williama, 1983).

Population Status: Only a single Santa Catalina Shrew was captured In a
gutvey during January, l983 employing pitfalls on 22 i10—trap transects
distributed in all major plant communities on the ipland (Willfema,

1983). A subsequent aurvey, during summer, 1985, employing pitfalla om 25
l0—trap transects failed to capture any additional shrews {Collins and
Martin, 1985). wWilliame helieved that the Santa Catelina Shrew might have
been on the verge of extinction. Degradation of woodland, riparian, amd
wetland communit{es by iotroduced ungulates, eapecially sheep, cattle,
feral goata, and wild pigs, and further degradation of these communities
by diversion of water from springe and streams to the urbanized arear on
the island probably were [actora contribucing to the scarcity of ahrews.
Another important factor was prohably the marginal suitablilicy of the
island communicies for shrewn. Ssnta Catalina Island containe only a few
swall, degraded riparian communities and wetlands. Anothet important
element threatening shrews waas the high density of feral cats on the
islaad.

Although most of the island ia beling managed by the Santa Catalina Island
Conservancy with the objective of preserving the native hlota, the
Conaervancy preaently derivep significant income from commercial hunting
of wild plge, moats, and deer, and pale of some blaon. Free rosming
uagulates on the island are the major threat to fta native biota and a
potential gsource of irreconcilable conflict of wansgement objectives.
These ungulates and introduced blackbuck (Antilope cervicepra) are
notliceably degrading some natural plant communitiee and preventing othars
from recovering from damage causad when deasitles of domeatic and Feral
ungulates were greater. Wild plgs are causing the moet apparent damage in
wetlands and streamside communities and on wooded alopes with deep layers
of leaf litter: ereaa likely to be of major importance ta shrews.
Additiensl serious threats atem from the growlng human cegildent and
transient populetions on the ialand where potable water supplies ate
slready overtaxed. Diveralon of incressing amounts of fresh water for
human uee will probably result in additional degradstion of the already
damaged tiparian systems on the 1sland.

Habitat: Although on the mainland, Qcnate Shrews are often captured in
upland plant associmtions asuch as coastal sagebruseh and cheparral, their
precise habirat requirements are unknown, and {t hes not been shown that
communicies such a3 these are impartant ro breeding populations. Over
most of their range in California, Ornate Shrews are moet abundant in
riparian and wetland communiciea {Collina and Martin, 1985; Owen and



1986 - MAMMALIAN SPECIES OF SPECIAL CONCERN - 17

Hoffmann, 1983; Williams, 1983). Tha only specimen of S, o. willertl
trapped wae taken in a tangle of driftwgod and woody roote & few feet
above a creek bed; riparian vegetatlon was poorly developed along that
portion of the creek (Willlams, 1983).

Recommendatlope; Two recent surveys for Santa Catalina Shrews have ahowm
the extreme rarity of this inaular populstion, bur have failed to
delineste critical elements of the biotic communities that wmust be
protected in order to ensure survival of Sants Catalina Shrewa. Thus, any
activities taken to halp protect the population possibly could have the
opposite effect. Specific actioms to enhance habitat for shrews on the
1sland should only be made after obtaining results from detailed studies
of Ornate Shrewa on the mainland in similsr commmities with a similar
elimate. Studiea should be designed to provide Information oeeded in
determining the best course of actlen te enhance the chances of survival
of Santa Catalina Shrewa. Regardless of theae studies, however,
preserving wetland and riparian systems should be glven high prioricy in
management of the fsland. Elimination of sll ungulates, starting with
wild pigs, feral goars, and blson would remove the greatest eourcea of
damage ro plant communities on the island. An Intensive campalgn to
reduce the slze of the population of feral eats would alleviate some
ptessure on shrews, but both the practicality of auch a campalgn and ita
importance in protecting shrews is in doubt.

The possibility that insular populations of Ornate Shrews occur om Santa
Cruz, Santa Ross, San Miguel, and/or San Clementa islands should not be
aoverlooked (von Bloeker, 1967; Walker, 1980).

Ramarks: The Santa Catalina Shrew was described as a specles, but later
was relepated to subspecific status under Sorex ornatud {von Bloeker,
1967). 1t differs from mainland shrews of the ormatue group in belng
larger and somewhat darker in color dorsally, with lighter-colored
underparts. Present data are ineufficient to determine the degree of
relat{ouship between Ornate and Santa Catalina Shrews, although avallable
evidence esupports treating it =s a subspecies of §. ormatus {unpubl.
data). A eingle, subfoesil cranium of Sorex was found among midden
ramains in a vock fiseure on the coast of San Miguel Island, Santa Barbers
Co. (Walker, 1980). This specimen appeared to be structurally similar to
5. ¢. willetti, according ro Walker (1980).

Anecdotal accounte of sight records of Santa Catalina Ehrews by residents
of the island ste: Middle Canyon W af Thompaon Dam (Williams, 1983); Bunk
House at Widdle Ranch, Middla Canyon} and Road to west end, 0.2 mi W
Tothmus Dump (Colline end Martin, 1985).

Distribution Records: LO3 ANGELES CO.: Avalon Canyon, Santa Catallna
Telend, 1 (LACM); U.1 mi W Cottoowood Reservelr, Cottonwood Canyon, 76 m,
1 ().

Salt Marsh Wandaring Ghrew
Sorax vagrans hallicoetes

1913. Sorex halicoetes Grinnell, Univ. California Publ. Zool., 10:181.
Type Locality: salt marsh near Pslo Alto, Santa Clara Co.,
California.
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1928, Sorex vagrans halicoetes , Jackson, N. Amer. Fauna, 51:108.

Diarribution: Sorex v. halicoetes 1s limited to the salt marshes of the
south grm of San Francisca Bay (Findley, 1955).

Populationa Status; Johnston and Rudd {1957} reported fluetuatione In
relative numbers between 1951 and 1955, based upon numbers of active nests
found. They determined that Salk Marsh Wanderirg Shrews repreaented about
10X of the swall mammal community of the marshes and were less abundant
than Mua muaculus, Reithrodontomys raviventris, Rattus morvegicug, and
Microtug californicus.

Most of the once-eutensive salt marshes of San Franclsco Bay have been
loet by human developmenta. The extent of remaining habitat for theme
shrews 1s small. Because they use only a limited srea within the marshes,
there is less habitet for them tham for Salt Marsh Harvest Mica.
Therefore, B. v. halicoetes may be undar greater threats aof axtinction
than the Endangered Balt Marsh Harveast Mice. Ford (1986) found 16 live
Salt Marsh Wandering Shrews in a popualtion survey of marshes in 8an
Francisco Bay during 1%85. He recommended federal Endangered Species
Btatus for 5. v. halicoetes.

Habitat: Johnston and Rudd (1957) provided a detailed sketech of the
habitat of Salt Marsh Wandering Shrews. The shrews frequented areas in
tidal marshes that provide dense cover, abundant food (primarily
invertebrates), suitable nesting elres, and falrly continucus ground
moisture. Thelr center of activity was in the “"medium high marsh,” about
6 to B fr above sea level, and in lower=-lying marsh not vegularly
inundated. Suitable sitee were characterized by abundant driftwood and
other debris gecattered among Salicornia. The Salicornia wae usually 1 to
2 ft tall. The datritus preserved moleture and affered refuge in dry
petiods to amphipods, {sopeds, and other invertebrates, and resting sites
Eor gshrews. Nesting materiel conmsisted of plant parts, primarily Spartina
duff. The highar-1ylng marsh, 8 to 9 ft io elevation, wae too dry and
offered only minimal cover — few or no shrews occupled this zone. The
lower zowe, dominated by Spartina, was subjected to daily tidal floods and
had cover koo sparse for shrews.

Recommendations: Any planned developments or activities that would modify
mareh vegetation and degree of inundation with the range of ths Salt Marsh
Wandering Shrew should be reviewed to determine impact on this species.
The feasibility of modification of extant marahes to enhance sultability
for 3alt Marsh Wandering Shrews, Salc Marsh Harvest Mice, and other
Jecpardized apecies sbould be investigated.

Remarks: The takonomy of the Sorex vagrans species group has had a
complex and confuaing hilstoty and addirional chenges in scientific names
will probably be required wheo relationships among populations are finally
resolved (Findley, 1955; Hennings and Hoffmann, 1977; Rodd, 1955a). There
appears to be no controversy about the taxonomic atatus of the halicoetes
population, however. Brown (1974) found that the karyotype of one Salt
Marsh Wandering Shrew was similar to those of three specimens of §. v.
vagrans from the northern part of the San Prancleco Bey reglon. These
karyotypes were most similer to S. vagrans from areas farther north in
California aend Oregon. Eight specimens identified aa S. v. halicoetes in
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the collection of the Califernia Academy of Sciences, captured from
Inverneae, Marin Co., are, in my opinion, 5. v. sonomae.

Rudd (1955b) compared ages, sexes, and weights of 5. v, vagrang, 5. v.
paludivagus, 5. ornatus californicus, and S. o. ainuocsus. Methods of
distinguishing Salt Marsh Wandaring Shrewa “from Ofnate Shrews wers given
in Hennings and Hoffmann (1977) and Junze and Hoffmann {1981). The report
by Ford (1986) was completed too late to include deteils here, but is the
most complete account of the distribution and current populatfion status of
5. v. halicoetes.

Digtribution Records: ALAMEDA CO.: 1 ml N bay Farm Island, Melroae
Marsh, 1 (HVZ}:; Berkheley, 1 {USHM); Dumbarton Point, 1 (KU); Elmbhurst, &
{MVZ)}; Hayward, 1L (MWVZI); Hayward Landing, end of Russell City Road, 6
(MYZ); Melrose, 1 ((¥VZ)}; 1 wi WW Newark, 1 (MYZ); Oakland alrporc, 1
{(MV2}; 5 side Qakland Alrport, 12 {MVZ); West Berkeley, 1 (USNM). CONTRA
COSTA C0.: Gilant (Atlas Powder Co. salt marsh), 1 {(MVZ); 3 mi NE Qskley,
E side Crizzly lsland, 1 {MV2Z); wmouwth San Pablo Creek, 1 (MVZ}; San Pable
Creek Salt Marsh, 29 (MVZ); San Pablo Matsh, Richwond {Jchnston acod Rudd,
1957); salt marsh, 3 ml N Richmwond, 1 {CH}; salt marsh, & mi N Richwond, 1
(CM)}. SAN FRANCISCO CD.: Lake Merced, 1 {(CAS); San Francisco, 4 (CAS), 1
(MVZ), Presidio, San Francisco, L (CAS). SAN MATEQ CO.: mo specifie
locality, 1 (MVZ); Belmont, 1 {MYZ), 2 (USNM); 0.9 mi NE Coloma, 17 (CAS);
0.5 ml § Chineae Cemetery, Coloma, 1 (CAS); Coloma, 1 (CGAS); W approach
Dumbarton Bridge, 3 (M¥Z)}; Juncitas, 1 {BDSNH)}; Menlo Park, 1 {SDSNH);
Pacifica, 0.25 mwi E Westview, 1 (CAS); Palo Alto, 2 (LACM); adjacent Lo
Pele alto Yacht Harbor, 1 (UDAV); San Mateo, 1 (USNM); Redwood City, 1
(LACM), 3 (MVZ), 23 (SDSNH}; Woodslde, 1 (SDSNH). SANTA CLARA CO.: 1.75
mil KE Alviso, 79 (MVZ); Loe Esteros Road, 0.5 mi HE “Alvisc (salt t marsh),
20 (MVZ); 1 wl 359 Alvieo (selc wmarsh), 3 (MVZ): county line between Santa
Clara and 5an Mateo countiea, on bay between Palo Alto and Redwood Cicy, 2
{M); Palo Alto, 7 [MVZ), 3 (USHM).

Arizona Myotis
Myotls lucifugus occulbus

1909. Myotis occultus Hollister, Proc. Biol. Scc. Washington, 22:43.
Type Locality: west aide Colovrado River, 10 mi above Needles, 3an
Bernardinn Co., California.

1567, Myotis luciFugus ocecultus, Findley and Jones, J. Mamm., 48:443.

Disctribution; Arizona Myotis occur from southeastern California and
Sonora, Mexziro, to western Chihwehua, Maxico, and northward in Arizona and
western New Mexlco (Fenton and Barclay, L9B0; Halil, 1981). 1In California,
the Arlzoma Myotls occurs only along the Colorado River lowlands and in
the adjacent desert mountain Tangeso.

Populations Statua: Populations of M. lucifugus have drastically declined
in numbere in many parts of its range. Fanron and Barclay (1980
attributed declines, In part, to the use aof pesticidea, control measuces
in nursery colonies, collecring of bate by researchers, and disturbance aof
hibernating individuvsls. They underacored the importance in distuvrbances
of hibernating bata, noting thet it causes bets co loepe weight, thus
decreasdng their chances of survival. Judpiog from inclidental aecouats,
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Arizona Myotis were formerly common along the Colorado River. Mera receat
obgervations suggest that this population has declined drastically {X.
Stager, P. Leitner, pers. comm.). ATrlizona Myotis, liké many other bats,
may be sensitive to disturbances in their maternicy rooats too. HMany
females fail to teturn to maternity celomles in years aubssquent to
digturbances by humana. They may abandon a ¢olony prematurely, just after
the young have learmed to fly, but before than have learned to capture
insecta. Thias could lower recruitment into che population. Stream
tchannelization and leoss of tha riparian vegetatlon may alec be factore in
the decline of M. 1. occultue in California. Pestlcide use in
agricultural arsas along the lower Colorado River and elsevhere could be a
contriburing factor in the decline (Fanton and Barclay, 19803 Geluso et
al., 1976).

Habitat: Both Holliester (L1909} end Griunell (1914) shot Arizona Myotis
flying among Cottonwood trees on the floodplain of the Colorade River.
Others were ccllectsd by Grinnell "over water in e back addy of the
river.” Stager (1943) found one Arizona Myotis about 100 ft in from Lhe
entrance of a large copper mine In the Riverside Mountaine, in the
northeastern corner of Riverside County: He also collected individualas
from a maternity colony of about 800 hata, located on the undersida of a
bridge cear Blythe. although M. 1. occultus is known only from the low
desert along the Colorado River in Californis, it ie moat commonly
associaced with pine forests at elevations from 6000 to 3000 fr in ather
parta of its range (Barbour and Davis, 1969).

In moat araas, rooats of Arlzoas HMyotie have been found beneath bridges
and in attics of bulldings (Barbour and Davis, 1965). Arizona Myotis
probably also use hollows in trees and protected cTrevices in rocks for
rooate. Steger's (1943} record 1s the oaly kaown occurrenca in a oine or
CRYE.

Arizona Myotls may migrate out of Calf{fornia to spend the autumn aod
wintar elsewhere, or they may make more local wmigrations to suirable
hibernacula. The earliest and latest records of occurrence in California
are 3 April and 16 Augnst, respectively {Stager, 1943).

Recomendetione: Highest priority should be given to locating
populatione, especially macernity colenles, and obtaining eatimates of
colony size. The moat critical need 1e to establish e data base om
population eize so that future trends can be more relishly mooltored.
Where Arlzona Myotls may pose a public health problem or a nuigance,
exclusion or non-lethal aversion devices should be the only control
mechods allowed {PBarclay et al., 1980 Constantine, 1%79).

Bemarke: Earlier, I (Williams, 1979) recognized occultus aa a specles
degpite evidence presented by Pindley and Jones (1?5?5 and Barbour aud
Davis (1970} Lladicating interbreeding in en area in New Mexlico and
southern Colorado between M. lucifugus and gccultus. My decleion was
based on the results of a phenetlc analysia of the genus Myoris {Findley,
1972) that suggested that occultus and M., 1. carigsime {the tsxon with
which occultus was thought to interhreed) were bDeat piace in different
apecies groups. Tlearly, genatic studies are needed to resolve these
conflicting findings. In the meantime, howpver, it eeemg besk to follow
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Findley and Jones (1967) In treating occultus as a subspecies of M.
luclfugus.

Distribution Records: IMPERIAL CO.: Fotholes, 1 {SDSHH); 4 mi 3
Potholes, Colarado River, 1 (®vzY; 5 ml NE Yuma, 1 (XU), & (MVZ).
RIVERSIDE Q0.: Blythe, & (CH), 59 (LACH}, 1 (MVZ); Ft. Yuma, 3 (CAS);
Ripley, 5 ml S Blythe, 3 (LACN); Riverslde Mountaine, 1 (LACM). 3SAN
BERNARDINO CD.: 10 mi N Neadles, 2 (USNH).

Arizona Cave Myotis
Myoria velifer welifer

1890. Veapertilio velifer J. A. Allen, Bull. Amer. Mua. Rat. Hist.,
3:177. Type Locality: Santa Cruz del Valle, Guadalajara, Jalisco,
Mexico.

1897. Myotis velifer, Miller, N. Amer. Fauna, 13i36.

Digeribucion: H. velifer velifer i1s found from extreme sguthedstern
California eastward to western New Mexico and southward to Guaremala. In
California, it ia known only from the lowlands of the Colorado River and
adjacent desert mountain ranges (Vaughan, 1939}.

Papulation Status: Veughan (1959) found large colonies, each conteining
approklmately 1000 individuwals, in aeveral mine tunnels in the Rivergide
Mountains of Riverside and San Bernardino counties. HMore recent
observations in the area {P. Brown, in litt.}, suggest a elgnificant
decline in population elze. Mines previously occupied now have few bats.
The extent of decline and its causes are speculative. Loss of riparian
habitat for foraging wcould be a primcipal factor, together with human
disturbances of colonies. Renewed mining mctivities and casual
exploration of ceves and mines by rock collectore and aight-seers may be
major sources of disturbances. Use of pesticides wight have contributed
to the decline by reducing abundance of insects and by polsoning bats.

Habltat; Cave Myotis are habitual cave dwellers and are highly celonfal.
They inhablt arid zonss in the southwestern United States. During the
season of reproduction, in spring and summer, they form large calanies in
warm caves and mlnes and less often in bulldings and ocher structures
(Parbour and Davie, 1969). 1In California, they have bheen found im en old
storehouse (Grimnell, 1914) and in wine tunnels (Stager, 193%; Vaugham,
1959). In large portions of their range they are typically assoclated
with Brazilian Free-tailed Bats (Tedarida breeilieneis). Vaughan (1959)
noted that Cave Myotls used a variety of temporary rooats: buildings,
caves, and mloa tunnela.

Vaughan (1959) found that in the vicinity of the Riveraide Mountains, Cave
Myoris foraged primarily over the floodplain of the volorade River. He
found that they maintained regular foraging paths “"over low vegetation,
along the files of dense vegetation that line the oxbows and waln channel
of the river, between the acattered thick patches of vegetatiom that dot
the floedplain, or sbove hodias of water.” He noted that the dense,
linear stands of Mesquire, Tamarisk, and Catclaw Acacia borderlng still
warer of oxbow ponds seemed to constitute optimal foraging habitat. Host
foraging bats were observed between about & and 15 ft above the ground,
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primarily close to vegetation., Kunz (1974) found thar most lodividuals
from large colonies in squth-central Xansae diapersed nightly for
conasidergble digtances to feed. Insacts of a variety of orders were
consumed; beatles (Coleoptera} comprized the single largeat class {HKunx,
1974).

In parts of thelr geographic rvange, especially in Kansae, Dklahoma, and
Taxas, Cave Myotis hibernate in winter (Twente, 1935). M. v. Incautus may
be quite different 1in ite life history from M. v. velifer. Towever
{Hayward, 1970%. Stager {1939) did not find Cave Myotds in California
during winter and early spring. He believed that they were only in
Callicrnla from May to October. They probably migrate into Mexico, but
this haa nof been estahlighed.

Recommendations: Informatlon pertaining to locatlon and siee of extant
colonles ip oeeded. MHost colonles will probably be located in caves and
minea, but bulldings may contaln some ¢olonlea. Data on population size
are essentlal for apseselng future trends and making management

dacisions. Colonies &f Cave Myotls located in mines that are to be
reactivated will likely abapdon che sites as disturbances increase in
frequency. Because the bats will most likely leave & roost in autumn, the
best time to bat-proof grructures ias during the winter monthe, Hovember to
Mareh (Congtantine, 1979).

Agency blologlats working in the aouwtheastern California desert area must
be able to identify Myctis velifer. They should be familiar with the
situation ocutlined here, and be aware of the sensitivity of colaonies ro
disturbances. They should be instructed in methods of estimating
population eilze and techniques of non-lethal control of bets in human~mada
structures (Berclay et al., 1980; Conatantine, 1979}. Public health, law
enforcement, and agricultural officials should refer all reports of bats
and all requests for inforwation on gradication of bats to the Department
of Healrh Servicea, Vecerinary Unit in Berkeley.

Remarks: Dr. Patricia Brown (in 1itc.) has wonitored a population of M.
valifer in a mine in the Whipple Mountalns since 1968. Thia population
declined in alze by over 50% between about 1960 and 1980. The decline was
at leapt partly the result of vandala entering the mine and killing
several bats. A gradual decrease in numbers has continued since that
incident, however.

Hayward (1970) determined that M. ¥. brevis Vaughan, 1954, was not
recegnizably diatinet from M. v. velifer. Hall {1981} did not cite
Hayward's (1970) paper.

Distribution Records: IMPERIAL CO.: &4 wi § Potholes, 1 (MVZ); 5 mi KE
Yuma, 5 (MVZ}. RLVERSIDE G0.t Allce Mine, Riverside Hountains, 56
(LACM); Dollar Mine, 5.5 mi 5, 0.6 al E Vidal, I (CSLRE); Mountaineer Mipe,
5.5 mi 5, 0.6 mi E Vidal, 750 fr, L (MVZ}; Hule Mountaius (F. Brown, in
litt.); Biverside Mountains, 35 mi N Biythe, 81 {(Vaughan, 1955); Riverside
Mountaine, WE corner of county, 1 {(MVZ); Riverside Mountaine, & mi 5
vidal, B (MVZ); Riverside Mountains, 7 mi 5 Vidal, 10 {MVZ). 5AN
BERHARDIHD Q0.: Needles, 3 (MYZ):; W alde rlver, above Neadles, ., 2 (USNM);
Whipple Mountalne (P. Brown, in litt.).
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Riparian Brush Rabbit
Sylvilagus bachmanl ripariue

1935. Sylvilagus bachwanl riparius Orr, Proc. 310l Soc. Washington, 46:29.
Type Locality: 2 mi NE Vernalis, Stanielaus Co., California.

Distribution: Orr {1940} collected gpecimens from a single locality along
the weat side of rhe San Joaquin River in northern Stanislaus County. He
also observed, but 4id not collect, Riparian Brueh Rabhits in adjacent San
Joaquin County. Orr (1940) believed that the range of S, b. riparius
extended along the San Joaguin River from Stanislaus County to the Delta
reglon. The only presently known population isa found onm the lower
Stanislaus Biver ia Caewell State Park; there are probably other, timy
colonies between Caswell Scate Park and the confluence of the Stanislaus
and S5an Joaquin rivers (Glemn Basey, in litt.).

Population S5tatus: Only onée moderate—sized population is known to be
extant within Caewell State Park, San Joeaquin County (G. Basey, in
lirr.}. This population, which numbers perhaps leas than 100 individusals
at the start of the breeding ceason, war adversely affected by clearing
and burning of brush in the Park in winter of 1984-85. Furcher
development of recresation facilities in the Park and coutlauing brush
clearing for fuel control pose significanct threats to this population.
Elsewhere between Caswell State Park and the Ban Joaquin River, Basey (in
litr.)} found only inconclusive evidence of tiny, scattered populations,
Use of most of the property in the floodplain of the lower Stanislaus
River is restricted by wildlife easements obtalned as mirigatiom for losa
of wildlife habitat es s result of construction of New Melones Tam. The
Army Corps of Engineers is the adminiscering agency for the easemants. In
his survays, Basey {in litt.) found these wildlife areas were belng used
for rifle ranges, livestock grazing, off-road vehlcle recreatien, aod
other sctivities. Although Basey's atudles are still In progress,
activities euch as these proabably compound the threars to remalning
popularions of BEiperian Brush Rabbits.

The Army Corps of Engineearg 18 preparing to clear much of the brush end
treee from within the lpwer San Joaquin River floodplaln, between an area
below Friant Dam, Fresnc GCo., and the delta Im San Joaquin Co. {U.S. Figh
and Wildlife S5ervice, in 1litt.}. Although mo extant populacions of
Riparien Brugh Rabbita have been found yet alang the San Joaguin River,
these activities pose 2 substantisl threat to any remaining populstions
there and will virtually preclude reesteblishment of popularions ia the
Future.

The major threat to remalning popularions may stem from annual Flooding.
All land bordering the diked floodplaine of the lower San Joequin and
Staniglauvs rivers ie cultivated or otherwlse developed. In most ereaa,
much or all of the woody vegetatfion has been rewoved for control of atream
flow end to enhsnce growth of haerbeceous plants for livestock grezing. In
times of severe flooding, auch as in the wioters of 197980, 1582-81, and
1985-86, peatly all habitat available to Riparien Brush Rabbits {ig
inundated. Animals living in the floodplain are forced to shelter on
dikes or in areap lacking adequate cover, exposing them to increased
predatisn and cold, wet weather. A aingle, gevere epilsode of flooding,
only slightly worse than was witnessed durlng March, 1986, could poeeibly
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cause the extinction of remaining populations.

The Riparian Brush Rabbit is currently deslgonated a Resident Small Game
speclies and way be hunted. Although the effect of hunting on populations
of Brush Rabbita, In general, are probably inastgnifieant, hunting wmight
easlly extirpate mest of the small, scattered populations of Riparlan
Brush Rabbits cuteide of Caswell State Park.

Habitat: In general, brush rabbite are assoclated with chaparral or other
types of densze brush (Chapmwan, 1974). Riparian Brush Rabbits occupy dense
thickets of Wild Rose (Roca sp.), Willows {Salix spp.}, and Blackberries
{Rubus sp.) growlng along the banks of the rviver. Orr (1940} never
cbeerved Riparlian Brush Rabbits in loose brush or in open Flelde. Studies
by Glenn Basey (in 1itt.) indicated that, ia summer when herbaceous planta
were largest and provided densest cover, Riparian Brush Rabbites used weady
fielda and clearinge adjacent tc patches of shrubs. These areas of
herbaceous vegetation were not enterad in sutumn and winter when the
plante were dead and cover was minimal or absent. Basey (in litt.) found
that patchas of herbaceous growrh at the immediate edge (within less than
a wmeter) of shrubs were important sources of Foad.

Distribution Records: SAN JOAQUIN CO.: Caswell State Park, 2 (CSCS); San
Joaquin River, extrewme southern part of county (Orr, 1935). STANISLAUS
CO.: Kincaid's Ranch, 2 ni NE Verpalis, W side 5an Joagquin River, 2
(cas), 3 (wvz).

Point Arena Mountaln Beaver
Aplodontia rufa nigra

1914. Aplodontia nigre Taylor, Univ. California Publ. Zool., 12:297.
Type Locallity: Point Arena, Mendocino Co., California.

1918. Aplodontis rufa nigra, Taylor, Univ. California Publ, Zool.,
17:479.

Digtribution: A4plodontia rufa nigra {s knowo only from the vicinity of
Point Arena, Mendocino County. According co Taylor (1918), it originally
occuplesd a total area of about 2% square milea. Camp (191B) srated that
known colonfea extended from the town of Peint Arena to Alder Creek, 7.5
miles north of town.

Fopulation Status: An investigation of the statuz of the Polnt Arena
Hountain Beaver by Dale Steele im presently 1in progresa (U.S. Fish and
Wildlife Serv., fn litt.). Some populations are threatened by housing
devéelopments and othera are soall and apparently vulnerable to any event
that would slter the character of their habltat. The reetricted
distribution of this population and the fact that Mountain Beavers are
often heavily pergecuted by humans gives additlonal cause for conoeern.
Logging may benef{t Mountain Beavers in that logging opens up the foreat
and stimulates pgrowth of deciduvoue treea and heebaceous plants.
Urbanization generally tesults in the dacline or local extirparion of
Mountain Beavers. Home developmenta are likely in the range of the Point
Arena Mountaln Beaver.
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Habitar; Specific information on the Poiat Arena Mountain Beaver was
given by Camp (1913). Only north~facing slopes of ridges and gullies were
foud to be inhabited. Tn general, Mountain Baavers inhabit wooded
regions along the Pacific Coast with abundant moiature and herhaceoua
planta for food. Soils muat be sufficiently eoFt for burrowing. HMountain
Beavers are generally most numerous on the slopes of ridges and gulllea.
They are usuwally associated with deciduocus thickete with a tangle of
undergrawth of both herbacesue and woody vegetation (Scheéffer, 1929). The
brushy successional stages of most conlferous commumities [excepting the
more arld, plne forests) provide the best habitat. Ofcen, Mountaln
Beavers locate their burfows in areas of seepage springz. Some running
water within their burrow syetems may be required. Point Arena Mountain
Beavers mostly occupy thickets of thimbleberriee on north=facing slopes-

Mountain Beavers eat a great warlety of herbaceous and woody plants
(Scheffer, 1929). Although Moumtain Beavers prefer succulent stems of
herbaceous planta, little vegetation within their reach seems unacceptahble
for food or uee in conarruction of neatas. Generally, only the bark of
woody plants ia eaten, and most woody material is consumed in winter when
herbacesus plants are unavailable. MHountaln beavers cut a grest deal of
herbaceous material and leave it acatbtered around to dry. BMuch of this
material spoils and 15 never ezten.

Recomendations: Whem available, cthe results of the fleld survey by Dale
Steele, for the U.5. Flah snd Wildlife Service, should be reviewed to
determine 1f additciopal protaction for this population 1s needed.

Remarke; Thie nearly black populatiom of Mountain Beavers 1ls apparently
iaolated from all others by unsultable terrain {Hall, 1981; Tayler, 1918).

Digtributfoo Records: MERDOCING CC.: Point Arena, 3 (CM), 6 (MVZ); Point
Arena, Christensen Ranch, 2 {(MVZ); 5 ml N Point Arema, 1 (UDAY).

Loa Angeles Pocket Mouge
Perognathua longimembris brevinagus

1900, Perognathue panamintinus bravinagus Osgend, N. Amer. Fauna, 18:30.
Type Locality: 5an Bernardino, 5an Beroardino Co., California.

1328, Perognathus longimembrie brevinasus, Huey, Trans. Ban Diego Soc.
Nat. Hiast., 5:88.

Discributlon: The geographic range of Los Angeleg Pocket Mice ia
restricted to lower elevation grasslends and Coastal Sege aesoclations in
tha Los Angeles Bagin, from approximately Burbank and San Ferpando an the
northweat to San Beroardino on the northeasst, and Cabazon, Hemer, and
Aguanga on the eaast and acutheast. Their geographic limits on the
aouthweat are not clear, but probably lle sowevwhere near the Hollywood
Hille.

Population Status: Data on the population statua of P. 1. brevinasus are
not available. Urbanization and zultivatiom of the majority of the land
withio the interior valleya of the Los Angelea Basin have made a large
percentage of its hiatoric range uwninhabitable. Stephens (1906) noted
that Los Angeles Pocker Mice were usually rare, bur were infrequently
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abundant, probably following yearz of much greater thao average
precipitation.

Small populations prabably etill exise ia isolated parte of the historic
range of P. 1. brevinasus. The extent of davailable habitar cannot be
estimated without a better understanding of ite habitat regquirementa.

Habitat: Nothing apecific has been raccrded about the hahitat
requirements of P. 1. brevinasus. Grinnell (1933) etated that it
inhebited open ground with solls composed of fine sanda. Stephena (1906)
remarked that he thought that Los Angeles Fockst Mlce did not oftes dig
Burrowa. He sald that they hid under weeds and dead leavee instead. Thia
would be unusual for any species of Perognathus should it prove to be
true.

Recommendations: Field notss of persons who surveyed the available
habitat of Stephens' Kangaroo Rat may include some data on receat
occurrence and abundance of P. 1. brevinasus; information should be sought
from them. Efforts should be made to determine the habitat assoclations
and current distribution of this aubapecies.

Remarke: Huey {1939} stated that specimens from ({abazon were mot typleal
of Po 1. brevinasus. The specimens from White Waker Ranch may reptesant
P. 1. Eﬁngﬂi. I believe that specimens from near Ranchita {2 mi E, Culp
Valley) and Warner Pass, San Diego Co., atated to be P. 1. brevinasus by
Bood (1977), are P. 1. internationalis. Huay (1939) assigned the
specinens from “Warner's Pass” to P. 1. lntermationalis, but did not
mention those from neat Ranchita.

The Perognathus lougimembris species group ie in need of raxonomic
revision. The characteriatice dlagnostic of P. 1. brevinesus, ¢speclally
the short rostrum, are nearly unique smong the subspecles of P.
longimembria. Osgood (1900) remarked that this tawon possibly reptesented
a digtinct speciea. If thig is the case, P. 1. brevinasus iz probably
conspecific with P. longimembris pacificus, which has a contiguous range
along the coast and whlch also has a s£hort roatrum.

Distribution Records: LOS ANGELES CO.: Burbank, 1 (USNM); Garney, San
Fernando Valley, 1 (MVZI; see mlso Grinnell and Bwarth, 1913); Hyperioo {=
El Segundoj, 1 (LACM); San Fernendo, 1 (MVZ). SAN BEENARDING O0.: Cajon
Wash, 9 (LACM); N of Etiwanda, 1 {LACM); Ferndale (Csapood, 1900}; Reche
Canyon, 1250 ft, 4 ai SE Colton, 1 (MVYZ); mouth Reche Canyon, near Colton,
1 (MVZ), &% QUSHM); 4.75 mi N San Bernardino, 1800 ft, 3 (MVZ); 5 ml oW
San Bernardino, 32 (SDSNH); Slover Mountain, near Colton, 1 (MVZ). 3AN
DIEGC ©£0. ¢ 2.5 wi N Osk Grove, 7 (SDSHNH)}. RIVERSIDE CD. : Aguanga, 3
{SDSNH}; Q.25 mf ENE Aguenga, 2050 ft, 1 (MvZ); 1 mi SE . Aguanga, 2150 ft,
3 (HVZ); Banning, base San Jacintoc Hountains, 2 (MVZ), 2 (USNM); 2 mil E,
0.5 mi § Banning, 2100 ft, 1 (MVZ):; 2 ol E, 3 mi N Beaumont, 3000 ft, 1
(MVZ); Cabazon, 70 (SDSNH); near Cabezon, bapa San Jacinro Meuntaina, 19
(MvVZ); 2 mil NE Cabazon, 2 (CSLB); 0.25 ml E Cabazon, L80D fe, 2 (MVZ); 1
ol § Cabazon, 3 (LACM); 2 mi S Cabazan, 7 (LACM); 3 wi S Cabazon, Z
(SDSNH); 1 wi N, 2 wi W Cabazon, 2200 ft {MVZ); Dos Palmas Spring, Santa
Rosa MWounkaing, 1500 fr, 4 (MVZ); Eden Hot Springa, 1500 ft, 1 (MVZI)}
Hemet, 1 (USHM); Menlfie, 27 (LACM); Valleviata, San Jecinte Valley, LHOO
fry, B (MVZ); White Water Ranch, 2 {SDSNH); Wincheater, 3 {SDSNH).
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Paclfic Pocket Mouse
Perognethus longlwembris pacificus

1898. Perognathus pacificus Mearns, Bull. Amer. Mus. Nat. Hist., 10:299.
Type Locality: Mexican boundary monument No. 258, shore of Pacific
Ocean, San Dlago Co., Califormia.

1932, Perognathus longimembris pacificus, von Bloeker, Proc. Biol. Soc.
Washingron, 45;128.

Digtribution: P. l. pacificus inhabits the narrow coastal plaine from the
vicinity of the “Mexican border, northward to E1 Segundo, Los Angeles Co.,
California.

Population Statue: The present statud of P. 1. pacificus 1s unknown.
Field work on the Irvine Ranch, San Joequln Hills, Qrange Coumty
(H'Closkay, 1972; Meserve, 1976} showed these mice to be scarce. Thia
area ls now urbanized. Thie subspecies may mot be endangered, but habitat
loss due to highwaye, urbanilzation, and off-road wvehicle activitiea has
likely teen extensive. Frobably sll populations north of the San Joaquin
Hilla are extinct. This may also be the case from San Dlege south,
although some emall areas near the Tiajuana River may still be inhabirted.

Habitat: The types of soll and plant communitles required by Pacific
Pocker Mice are not known. Several authors noted that these Pocket Mice
were found only on solls of fine, alluvial sands near the ocean (Balley,
1939; Grionell, 1933; Mearns, 1898; von Bloeker, 1931). M'Cloakey {1972)
end Meserve {1976) found Faclific Pocket Mice to be rare in a Coastal
Sage-scrub community in a dry, rocky and gravelly site in the San Joaquin
Rills of Orange Co. M'Closkey (1972) remarked that P. 1. pacificus had an
unpredictable pattetn of resldence there. Only open spaces 1in an

otherwiee dense, weedy area were occupled pear San Diego {von Bloeker,
1931).

Principal plant specles at several sites inhabited by P. 1. pacificus were
Telephone Weed, Foxtaill, Saltgraasa, Ice Plant, Star Thistle, and Arrow
Weed (von Bloeker, 1930)}. Pacific Pocket Mice apparently eat mostly seeds
nf grasses and forbs (Meserve, 1976; von Bloeker, 1931}, although other
plant materlale are consumed in smaller gquancities (Meserve, 1976},

Recompendations: Informatlon on areas of present occurrence and estimates
of population densities are needed. Sites with favorable hablrat may he
rare, and these may serve as cthe only reservolrs from which individuals
disperas to areas of lower quality habitat. A live-crrapping program
deslgzned to provide dats on distribution And abundaunce should be carvied
cot- All persons undertaking fleld work on emall mammals in the area
should be encouraged to gethet needed inforaation on Paclfic Pocket Hice,
Public agencies administering land within the vange of P. 1. pacificus
should be laformed ¢f the need for informatrion and of the sensitivity oF
Pacific Pocker Miece to further losa of habltat. The Camp Pendleton Marine
Corps Basme may be the coly area where habitat for E. 1. pacificus can be
protected telatively saslly.

Remarkas: Some of the localiries, listed beloaw, in San Diego Counky
probably refer to the same place (e.g., % mi N Oceanside} sand dunes near
Oceanslide; mouth of Santa Margarita River). Specimena liated from
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Tiajuana Vallay by Huey (1939} are probably the same ones that von Bloeker
reported on from “near the type locality.”

The systematic relationships of the P. longimewbriz group needa to be
revieved, especlally the relatlonshipa among B. 1. pacificus, brevinasus,
bangsei, internationalis and bowbycinus of eouthern Callfornia. These
taxa, 4and others in Bajla California, possibly represent a epeclea distinct
from P. longimeabris frow the Mojave Desert and the Great Basin. P. 1.
cantwelll is a synonym of P. 1. pacificua (Huey, 1938). -

Distribution Records: LOS ANGELES C0.: <Cliffton, 100 ft, 1 (MVZ}; Del
Rey, 6 (LACM)} Del Ray Hills, near Loyola, 2 (LACK); El Segundo, &
(SDENH); 1 ml N El Segundo, 8 {SDSNH): 0.5 ml N¥ El Sepundo, 1 (MYZ);
Hyperion [= El Segundo}, 50 fr, 6 (MVZ); Palisadaa del Hey {von Bloeker,
1932); Paya Del Rey, 6 (LACM); Wilmington, 3 (MVZ). ORANGE CO.: Dana
Point, 5 wl W Caplstrano Beach, 10 (LACM}; Irvine Ranch, between Huck
Gully and 3an Joagquln Reservoir, San Joaquin Hills {(M'Cloekay, 1972;
Meszerve, 1976); near Sarn Juan Capistrane Point {(Grinmnall, 1933); Star
Ranch, ¥ of San Juan Capistrano Beach (V. Bleich, pers. ¢omm.). SAN DIEGQ
CQ.: Oceanside, 3 (LACM), 6 (MVZ), 38 (5DSNH); 4 wui N Oceanside, B
(LABH), 7 {SDSHH); =and dunes near Oceanside (Bailey, 1939); shore Df
Pacific Ocean, near U.S8.-Mexican boundaty monumenc #258, 11 (Mvz), 3
(USMM}: San Onofre, 1 (SDSNH):; 2 wmi E San Onofre {von Bloek&r, 1930);
mouth of Santa Margarita River, near Oceanside, 1 (USNM}; near mouth Tia
Juana River, &4 (SDSNH)}; Tia Juana Valley, 79 (SDSNH); 2 mi ¥ U.3.=Mexican
boundatry monument #258, 17 (LACH).

Tipton Kangaroo Rat
Dipodomys nitratoides nitratoides

1834. Dipedomys merviami nitratcides Merriam, Proc. Biol. Soc.
Washingten, %:113. Type Locality: Tipton, San Joagquin Valley, Tulare
Co., California.

1921. Dipodomya nitratoldes nitratoides, Grinnell, J. Mamm., 2196,

Diacribuclon: The historie distribution of Tipton Kangaroo Rats included
moat of the San Joaquin Valley floor in the Tulare Baein, from
approxuimately Lemoore and Hanford in Kinge Co. on the north, to Viasalia,
Tipton, Delano and Bakersfileld on the eaat, and to the edge of the
alkaline-sink plant communities on che west. DPresent distribution is
limited to a few remaining areags of uncultivated ground, mostly with
alkaline aoils (Willlama, 1985}, The westarn boundary was defined by
Williams (1985) as being approximately colincident with the route of the
Californis Aqueduct. B. n. nitrstoides apparently interbred with the
Short-nosed Kangaroo Rat (D. n. brevinasus) along the southern and weetern
edges of the valley floor, but the geographle ranges of the two aubapecies
are no longer in contact {Hafner, 1979; Willtiama, 1985).

Population Statua: Hafner {1979} determined that populations cf Tipton
Kangaroo Rats wers extant on parts cof the Kern and Pixley Natiocnal
Wildlfife ReFuges and In several emall srass etill uncultivated in 1978.
The only large block of habitat was located in the area east and north of
Buttonwillow, Kern County. Williams (1985) did not find Tipton Kangaroo
Rata on the Kern National Wildlife Refuge in 19853, and speculatsd that
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they may have baen extirpeted by floods that inundated even the dikea on
the refuge during Winter 1982-83. Williams (1985) estimated that the
historical geographic range of the Tipton Kangarco Rat encompaased
approximately 695,174 hectares (1,716,480 ac.). By July, 1985, the area
ighabited had been reduced, primarily by cultivation, ro about 25,663 ha.
(63,367 ac.), only sbout 3.7% of the hiastorical acresge. The loss of
hebitet was expected to continue until there ie none privately owmed,
perhaps within the next four or flve years. Only 2486 ha. (6137 ac.) of
federally sdministered land was found to have historically aupported
popularions; Tipton kangaroo tats may have been extirpated from 103) ha.
of this total between 1982 and 1985, Of all local, state and federal
government-administered lande, only about 2606 ha. (6434), divided among
five separate parcels, had popularions of low— to moderate-denaities of
Tipton kangaroo rats that were relatively secura from loaa of habitat to
cultivation or extirpation due to flooding. These areas probably were not
large enough to support populatione sufficiemt in numbers to prevent
continuing loss of genetic diversity and subsequent extinction. Other
potential threats to amall, isclated, remnant populations included
diseases, predation and poisnning by redenticidea (Willlame, 1985).

Habitat: Tipton Kangarco Rats aTe limited to arid-land communitles
occupying the valley floor of the Tulare Basin in level or nearly level
terrain. They oceupy alluvial fan and floodplain seile ranging from fine
sands to clay=sized particles (because of the high alkalinity of these
goils, some of the Einer~textured goils tend ko be powdery when dry rather
than hard-packed). Generally, woody shrubs of one or more specles are
gparaely scattered cver occupled terrain with scant-to-moderate ground
covar of grasaes and forba. Woody shrubs commonly mesociated with Tipton
Kangaroo Rats are: Atriplex spinifera, A. polycarpa, A, phyllostegia,
A.lentiformis, Allenrolfea occidentalis, “Haplopappus acradeniua, and
Prosopis juliflors. A conspicuous semiwoody species 1s Suaeda fruticosa
{Wwilliams, 1965}.

In araas with vernal pools and alkaline playas, Tipcon Kangaroo Rats place
their burrows in any elavated terrain available, such as where wind-blown
soil particles have accumulated around some obstruction ot on slight
ridges, usually no more than 0.5 to 1.0 meter abave the playa beds.
Tipton Kangaroo Rats aometimes colonize areas that are flooded in winter
and apring. Favored areasa include fodine bush shrublande which are
flooded seasonally and whera alkaline water liee clope to the surface of
the soll, year around. Presumably, these individuals are either drowned
or escape to higher ground when the floods return (Williams, 1983).

Recommendations;: The meet luportant need lg for preservation of
relatively large blocks of habitat on the valley floor in the Talare Basin
where thils apeciea atill lives., Most remaining uncultivated parcela of
habitst may be to small to support populations of Tipton Kangaroo Rata
indefinirely (Williams, 1985). Willlams {1985) recommended that federal
Endangered Specles status be sought for D. n. nitratoides. Review of the
status of the Tipton Kangaroo Rat for atate Endangered Species designation
1s celled for.

Remarka: BRecorda of distributicn from along the western edge of the San
Joaquin Valley listed by Hafner {1579) and in the draft version of this
report have been excluded below. These specimens came from areas with
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habitat ¢ypical of D. m. brevinasus; it was not clear from Hafner"s report
1f the specimens were D. n. nitratoldes or D. n- brevinasus. Williamms
(1983) reviewed the status of these specimensa and determined they were
beat assigned to hrevinasus. The specimens listed below from Tulare Lake
(USNM) had no precise locality infarmation. They could have ceme from
elther Kinga or Tulare counties. They are listed under Kings County
because others in the U.5. Mational Museum were collected in that county.
Williams (1985) reported that extant populations of Tipron Kangaroo Rats
probably occurred an at least 154 separate parcels in 54 separate blocks
of uncultivated land in June, 1985; cthese localities are not listed below.

The taxonomy of the subspecies of D. nitratoides was reviewed by Hoffmann
{1975) end Hafuer (L9D79)}.

Distributkion Records: KERN CO.: Adobe Station, & (USNM); BHakerafield, 1
{MVZ}; § mi NE Bakersfield, 15 (MVZ); 12 ml SW Bakersfield, 1 (MVZ); S ni
W Bakersfield, 1 (MVZ); 19 mi SE Bakerafield, & (CSUF); 20 mi S, & mi W
Bakersfield, 1 (MVZ); 3 mi N Buena Vista Lake, 5 (MVZ)}; Buena Vista dry
Lake bottom, 15 mi NE Tafe, 4 (CSLB); east pide lewvee, 298 ft, Bucpa Vieta
Lake, 4 (MVZ); S of Buena Vista Lake Reservolr, near Taft, 1 (USNM):
Buttonwillow, 15 (USNM); 4.6 ml E Buttonwillow (M. Hafner); 9.6 mi E
Buttonwillow (M. Hafner); 15 ml S Corcoran, 19 (MVZ); 0.5 mi N, 1 mi E
Corners [Conners 1], & (LACM); Delano, 16 (USNM); 1 mi 5§, 5.4 mi W Delano
(M. §. Hafner); 1.4 wi{ S, 8.3 mf E Edison (M. $. Hafner); Famoso, 1
(USNM); 2.5 ml S, 6.3 wl E Famaso (M. S. Hafmer); Kern NWational Wildllfe
Refuge, 18 mi W Delano, 2 (LACM); 2.5 ml N, 6.2 mi H Lost Hills {M. 5.
Hafner); 7 mi N, 5.3 ml E Lost Hille (M. 5. Hafner); 7 mi N, 6.3 ml E Lost
Hills (M. S. Hafner); 5.2 ml N, 1.5 mwl W Mettler (M. S. Hafner); 7 mil W
01d River (M. S, Hafner); 1 ml N Pond, 1 (MVZ); 4. mi S, 0.5 ml E Shafter
(M. S. Hafner); 1.5 mi W Tupman, 2 (LACM); 1.2 wi 8, 1.5 m1 E Tupman (M.
5. Hafner). KINGS CQ.: 15 mf § Corcoran (Grinnell, 1933); 3.5 mi 3, 2 mi
W Lemoore (M. 5. Hafner}; Tulare Lake, 13 (USKM); W side Tulare Lake, L
(USHM}; Lemoore Naval Alv Statlon (T. O'Farrell, pers. comm.). TULARE
C0.: Allla [~ Earlimart], 1§ (USHM); 1.5 mi ME Angiola, 3 (CSUF); 2 ml NE
Angiola, 39 (CSUF); 1.3 md N, 5 ml W Delans {M. S. Hafner); Earlimart, 7
(LACM); 1 ml W Earlimart, Z (MVZ); 2 ol W Earlimart, S (MV2); 3.5 mi 5, 5
mi W Pixley {M. 5. Hafner); Tiprom, 266 ft, 43 (MVZ); 2 mi WE Tipton, L
(C8UF}; 7 mi WE Tipton, 1 (MVZ); 3.5 mi 5, 8 mi W Tiptow {M. S. Hafner);
10 m1 SW Tipton, 3 (CSUF); 12 mi SW Tipton, 2 (CSUF).

Colerado Biver Cotton Rak
Sigmodon arizonge pleous

1928. Sigmodon hiepidus plenue Gsldmar, Proc. Biol. Soc. Washington,
41:205. Type Locality: Parker, 3500 ft, Yuna Co., Arizona.

1970. Sigmodom arigonge plenus, Zimmerman, Publ. Mus., Michigan State
Univ., Biol. Ser., &43435.

Discribution: Slgmodon arizonae plenus is found ie California En marshy
and dense, graesy aveas along the Colorade River flaodplain from rhe
Nevada border to aheut the level of Bard. Goldman (192B)} liated only
three localities for §. arizomae in California: HKeedles; Colarado River
opposite Parker, Arizona; and 1% wi SW »f Ehrenberg, Arizoma. The
distribution was apparently spotty, rather than continuous.
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Population Status: This population is known to be extant cnly in one area
in Californla (Brad Bleod, in litt.). In 1965, Bradley (1966) collected
along the Colorado River im Nevada, but caught no Cotton Rats. The marsh
where he and Hall {1946} had caught Cotton Rats had dried up and was
largely devoid of Cattails. Bradley (1966) surmised that changee in
vegetation resulted from absence of fleooding dus to channeling of the
river and testrictiom of river flow while filling Lake Pawell. He
guggesated that 5. arizonse was extinct 1n Wevada,

Habitat: Goldman (1928) moted that this subspecies appesared to be
restricted te "isolated sectione of alluvial bottom along the Colorado
River.” The climate ia roo hot and erid to support Cotton Rats anywhere
except Immediately adjacent to the river. Within this habitat, Cotton
Rate inhabit araas supporting Sedges, Rushea, Cane, and other graas—like
plants. Hall (1946) collected Cottoo Rate from a small marsh In Nevada
supporting Cattails and Bermuda Grass and tinged by Mesquite. The marsh
wag 0.5 mi ¥ of the California border, along the GColorado Biver. BHradley
(1966) ecollected in the same area in 1961 and found no Cotton Rats, and
none were found in nearby areas with “riparian vegeration.”

Recommendaticns: Extant pepulations in Californla should be investipgared
further to determine their status. Efforts Lo preserve existing habitat
for this specles should be initiated. The feasibility of securing
addicienal habitat along the Colorade River should be invescigared,

Remarks: Brad Blood and David Huckaby of California State University,
Long Beach, investigated the astatus of S. arizonae in Galifornia.
Localities listed below without numberas of spscimens refer to specimens
that Brad Blood {in litt.) identified as 5. arizonae.

Zimmerman {1970} showed that Sigmodon hispidue and Sigmodon arizonae
differed graatly in chromgsome number and structure, and wWere
distinguishable in skeletal structure. 5. arizonge plenus has two moTe
chromosomes than S. a. arizonae. Bevaringhaus and Hoffmeister (1978)
reconfitmed che structural distinctness of the two epecies and discussed
methods for identification of akulls.

Digtribution Records; IMPERIAL CO.: near Bard, 7 mi NE Ft. Yuma, 1
{M¥Z); 2 ml above Laguna Dam, 3 (MVZ); Palo Verde, 3 (MVZ); 0.5 mi 5 Palo
Verde (B. Blood — CSLB)., RIVERJIDE CO.: Blythe, 1.5 ml W Colerado River,
B {HYZ); 3 mi NE Blythe (B. Blood —= CSLB); 15 mi 5W Ehrenberg, 3 {USHH ) ;
Neighbore Road (®. Blood - LACM); opposite Riverside Hountains, Colorado
River (B. Blood — LACM). SAN BEENARDINO CO.: 2 mi E Earp, 4 (CSLB);
Colnrado River, opposite Parker, Arizona, 25 (MVZ}, 1 (USHM}; Colorade
River, 33 mi N Blythe, cff Highway 62, via Earp, 2 (CSLB); Needles, 1
(USNM); 4 mi NE Parker, Arizona, on Colorado River, 2 (GSLB).

Yuma Mountain Lion
Felile concelor browni

1903. Felia aztecus brownl Merriam, Proc. Biol. Soc. Washington, 16:73.
Type Locality: Colarado River, 12 mi below Yuma, Arizona.
1929, Felis concelor browpl, Nelson and Galdman, J. Mamm., 10:347.
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Distribution; Yuma Mountain Lions have been recorded as occurring at low
elevations in the Colorado River VYalley of southeastern California,
southwestern Arizona, and adjacent areas in Sonora and Baje California
(Currier, 1983; Young and Goldman, 1946). Hallaran {1946) reported on a
specimen which wea trapped on the Kofa Gome Range, 50 mi NE Yuma, Yuma
Co., Arizona. The area was deacribed as rough, desert terrain with an
elecvation of about 10DD ft. F. c. brownl probably occuples the desert
areas of southeastern California, perhaps rvanging as far aorth as the
Amargosa Mountains of Calffornie and the MeCullough Range of sourhern
Nevada. Ite ramge extended weetwaerd into the Imperial Valley., OGrinnell
(1933) listed an occurrence at Calexico. Weaver noted occurrence of
Mountain Liove from a few aress of the desert tanges of southeastarn
California: MNew York Mountalns (Weaver et al., 1969); Little San
Barnardinc Mountaine {Weaver and Hall, 1971); near Picacho State
Recreation Area (Weaver and Hensch, 1969). Leslie and Douglas (1979)
teported sight records of Mountain Lioms on the east slde of the Aiver
Hountalng, near Lake Mead, Nevada. Halloran {1946) mentioned a few

reports of sightings from the Imperiel National Wildlife Refuge during the
1940's.

Population Status: No current information is available. Bountles on omly
two Mountain Licnes from Imperial County were collected betweem 1907 and
1950 (McClean, 1954), suggesting that at least in that county, mountain
ligns were very rare. Becauss these bounty records did not specify area
within counties, It is not known if the animzls from Riverside and San
Bernardino counties were Yuma Mountain Lions. Most of the tiparian
floodplaln foreat of the lower Colorado River and the woody growth along
desert washes have diminished or disappeared in this century.

Habitat: OGrinnell (1933) stated that Yume Mountain Lions lived mostly im
the dense vegetation of the bottomland along the Colorado River, and also
noted thelr presence in adjacent, rocky uplands. The hebitat Tequirements
of F. ¢. brownl are essentlally unknowvn. Mowmtain Lions in adjacent
regions prefer brush and rimber in rocky terrain (McLean, 1954). Most of
the desert ranges of southeastern California are too srid to support more
thao aparse brushlands or Juniper woodlands. Adequate numbers of deer for
fogd are another usual requirement {Currier, 1983)}. WHeaver {im 1irt.)
thought that Burro Deer (Odoceileus hemionua eremicus), principally
inhabltents of bottemlands and artoyos vegetated with Willows, Meaquite,
Acacla, Ironweood, and Pale Verde, were the staple foeod of Yuma Mountain
Licas. Herriem (1903} remarked that the unusually smsell teeth and “wesk™
rostrum of F. c. browni indicated smaller specles of prey than the deer
typlcally preyad upon by adjacent populations of Mountain Lions. Burrow
Deer are larger in size than adjecent populations of Mule Deer (Cowan,
1936). The tiny-sized Coue's White-tailed Deer, which was perhaps the
most abundant deer specles along the Colorado River in prehisterie times,
may have been the major prey epeciecs for F. ¢, browni. Yuma Mountain
Lions probably occapionally prey upon Mountain Shesp, Burroa, rabbits and
harea, variouns rodente, and calves, in addition ta Burro Deer.

Recommendatfona: Fleld aurveys for Mountain Lione in the eaatern halves
of Imperial, 5an Bernardino, acd Riverside counties sheuld be conducted to
detarmine thelr current atatus. Informatian on the principal food of Yuma
Mountaln Licone is needad to determine current and futura prospects for
survival and re develop a plan Lo ensure the recovery of F. c: browni.



1986 — MAMMALIAN SPECIES OF SPECIAL CONCERN - 33

The geographic range of F. ¢. brownl in California ehould be more clearly
defined. The racial chaTacters of this subspecies are apparent externally
(Young and Goldman, 1%46; Grinnell, 1914; Merciam, 1903); thus,
examination of live-captured 1nd1deuals ahould be sufficisnt to confirm
raclal identity. 8ystematlc review of extant specimens from the
California desart area ehould be carried out.

Mountain Lioms in the Califernis desert area should continue to be
completely protected. Any individuale preying on livestock should ba
captured alive, 1f poassible, and relocated, rether than killed.

Protectlon of riparian communitiaes along the Colorado Hiver ehould be
undgrtaken &s soon as pessible. The Bureau of Land Management, U.5. Fish
and Wildlife Service, and U.5. Department of Defense should be informed of
the need for loformation about Yuma Mountain Lions on lands chey
adaninleter within the potential range of F. ¢« browni.

Remarke: According to Geldwan {(Young and Goldman, 1946), F. concolor
brownl is medium—sized, very pale-colored, and has short, sparse pelage.
Goldman noted that this population intergraded “along the mountaln barrier
weat of the Californla desert acea.”

See the Distribution section for circumsrantial tecords of occurranca.

Distribution Records: IMPERIAL CO.: Colorado River, 20 ml N Plcacho, 1
(MVZ); Calexico (Grimnell et al., 1937).
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SECOWD PRIORITY LIST

Southern Callfornia S8alt HMarsh Shrew
Sorex ornatuse salicornicun

1932, 5Sorex ornatus salicornicus von Bloeker, Proc. Biol. Soc.
Wachington, 4#3:131. Tyoe Localityr Playa del Rey, Los Angeles
County, California.

Distribution: Southern California 3alt Marsh Shrews are confined to the
coastal marshes in Los Angeles, DOrange, and Ventura countles. Known
occurrence extends from Point Mugo, Ventura County on the noTth to tha
salt margheg around Anaheim Bay and Newport Beach in Orange County, om the
south.

Popularion Starua: Mothing is known about the status of the Southern
Galifornla Salt Marsh Shrew. Loag of habitar to human develapments along
the coast has been significant, and populations probably have declined as
a result: Lack of rafuge altes above the marshes to eascape from [looding
during seasonal high tides and perindie atorms may be the most ctucial
factor threatenlng extant populations.

Habitat: Nothing has been Tecorded concerning habltat tequirements of the
Southern California Salt Mareh Shrew, other than that individuals were
captured in coastal marshesa (von Bleekar, 1931). In general, Ornate
Shrews are Iinsectivorous; the populations living in salt marshes probably
subsist primarlly on amphipods, lsopods, insects, and other

invertebrates. They probably reguire fairly dense ground cover, unesting
gltes above mean high tide and EFree from inundation, and falrly molet
aurroundinpgs, based on etudiea of other shrews in slmilar habitats
elsewhere (Johnston and Rudd, 1957).

Recommendations: Informaticn is nesadad on the currenr status, habitat
requlirementsa, and extent of avallable habitat. Threats to these
populations need to be identified snd steps taken to ensure the survival
of Southern Californils Salt Marsh Shrews. Pitfalls wsed as livetreps ate
effective for capturing ehrews, but pitfalls are nearly imposalbla to keap
in the ground in tidelands. Othar affective methods of surveylng
populations are aearching for nests (Johmnston and Budd, 1937) and ghrews
sheltering under debris {¥ord, 1986}, and, to a lesset extent, use of
Sherman live trapa. Surveys could be carried out in conjunction with

studies of Reithrodontomys megalotis limicola, another Specles of Special
Concarn sharlng these saltmarsh communitles.

Remarks: These communltles are also used by the Light-=footed Clapper Rail
{(Rallus longirostris levipea) and some potential habitat for Southern
California Salt Marsh Ehrews ig currently im Department of Figh and Game
"ecological reaservas™ (Upper Newport Bay and Bolsa Chica)}. Shrews hava
not been repcrted from marshes in Bolsa Bay, but they should be expected
to occur there. Specimens in the Bam Diego Soecilety of Natural History
callection from Big Bear Lake and Lytle Creek, San Bernardinc Go.,
ldentified as Sorex ornatus sslicornieus, are 5. 0. ornatus.
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Distirbution Recorda: LOS ANGELES CQ.: Nigger Slough, L {von Bloeker,
1932); Playa del Rey, 2 (LACHM), 1 (UCLA), 1 {SDSHH)}, 5 (ven Blogker,
1932). OBANGE CO.: 8 side Hewport Eay, 1 oi above Coast Highway, 2
(MVZ). VENTURA CO-: Paint Mugu, 1 (LACM).

Californla Leaf=wosed Bat
Macrotus californicus

1859. Hacrotus californicus Baird, Proc. Acad. Nat. Sci.. Philadelphia,
10:116. Type Locality: Old Fort Yuma, Imperial Co., California.

Dlstribution: <Californis LeaF-nosed Bats occur Ercm southarn Wevada,
southern California and Western Arlgona southward rhrough Baja California
Sur and Sonora, Mexico (Hall, 1981). 1In Califcrnia, they occupy the
low-lying desert areas of southern California, including the coastal
bagins.

Population Status: Macrotue californicus has dieappeared from most areas
of the coastal bamine from Los Ange=lea to 5an Diego. Elsewhere in
gouthern California, populations have declined, but appear to have
atabilized (P. Brown, in litc.).

Loss of foraging habitat in the coastal basine 1s probably a principal
factor in the decline of populations. Elsewhere, disturbances of rooats
may be the primary cause of decline. Grinmell (1918) discussed an episode
which suggests that maternity colonies are sensitive to dilsturbance; one
colony apparently abandoned a cave after biclogiste had visited and
collected bats. Judgling from the description of depth of guano, the cave
had been ugsed for s loug time. Wintering bats are probably even more
sengltive to disturbences, as eites suitable for overwintering colonles
are probably few. Disturbances cause aextra activity and elevated
metabplien, resulting in extra expenditure of energy at a time when enargy
acenomy may be critical to successful overvintering.

Habltat: 1In California, Leaf-nosed Bate are found in lowland desert
pggoclations. They appear to be limited to areas with suitable
day-rooets, whlch must provide shelter from excepaive heat and aridity.
Howall (1920a) stated that California Leaf~nosed Bata were common in the
desart coly In caves and old mines, especlally along the old shore line of
the 5alton Sea bed, near sea level. Ha remarked that the aexes rooasted
together only during rhe mating season. Barbour and Davis (1969)
Indicated that copulatiom ocourred from Septembec to Movember.

Vaughen (1959} studied M. californicus in the Riverside Mountains near the
Celorado River. There, Leaf-nosed Bats occupled day-roosts only in caves
and deaerted mine tumnela. He found a day-rooat in a cabin naar the
Colorado River, however. Loaf-nosed Bets roosted in groups of several to
100 or more. Most groups were encowntered withio 30 to B0 fr from the
entrances of tunnels, and aeemed not to require darMness. Vaughan
believed that day-roosts of M. californicus must be enclosed and have
pverhead protectlon from the weather. Favored sltes were large enough far
bats tc eater by flying because these bats canunct crawl. They also
provided conslderable celling surface end flying epace {individuals are
not in contact while hanging).
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Temparatures in day-roosts are warm, but considerably cooler than ambient
day=time temperatures outside the roost {84 vs 110 deg. F, Teapectively,
Vaughan, 1959). California Leaf-nased Bate occupy a great variety of
night roosts, where they reat and consume captured prey. The only common
feature Vaughan (1959) could detect of night-time roosts wae adequate
overhead protection -- old adobes, desertad wooden buildings, cellars,
porches and a vide varlety of caves and mine tunnels were used.

Leaf-nosed Bats apparently are entirely insectivorous in California. Food
includes a diversity of flightless and flying arthropods (Barbour and
Davis, 1969; Vaughan, 1939). vVaughan noted that Leaf-nosed Bats hovered
frequently and flew low and slowly ever the ground while faraging.
Generally, they flew within 3} feer of the ground over dry washes and
nearby flate. They alsoc foraged clome to vegetation. Yaughan surmiped
that they plcked ineects off of the vegertation and the muhatrate while
hovering. California Leaf-nosed Bats may travel up to a wile from their
day-roosts while foraging, but Vaughan suggested that their foraging range
vae gmall, perhapa within & few hundred yards of the roost an frequent
eccaslong.

Some Galifornia Leaf-nosed Bats may migrate out of the state {pTobably to
Merico) during winter; P. Brown (in 1itt.) stated that many are resident.
They do not hibernate. Stephens (1906) failed to find bats of this
gpecies in winter, but could always locate them in apring and gummer.
Grinnell (1918) reported that March and September ware the earliest and
latest dates, respectively, for M. californicus in Califarnia. She noted,
however, that ona specimen in the Museum of Vertebrate Zoology was
collected on 31 December in a mine near Palo Verde, and recounted
information on presence of Leaf-uosed Bats an 20 February.

Recommendatione: Rellable quantitmtive data are greatly needed on
population size, distribution, and currently used maternity and
overwintering roosts, if the latter zre found in California. Trends
cannot be unequivocally established until these baeeline data are
gathered. TUnited States Geologlcal Survey maps are a good mource of
loformation Ffor lacating abandoned amines. The old shore line of the Culf
of Califorala around the perimeter of the Salton Sink contains many
shallow prottos and caves, as does that along the Colorads River
lowlands. Careful search, while avolding sxcessive disturbances, should
reveal colonles. Colony size can be estimated by counting emerging hate
(usually, Leaf-nosed Bats emerge about 1 to 1.5 hours after sunset).

Protection of nuraery colonies from disturbances by humans ie extremely
lmportant. The means of accomplishment would depend upon tha situatilon.
The entrances to tunnels could probably be sealed off to prevent access by
humans but permit entry by bats {Leaf-moaed Bats wust be able to enter hy
flying). Some important rvosting areas might more sleply be closed to
acceds by vehicles. This method, however, is uvnlikely to reduce
sBufficiently the level of digturbances In many areas, and is impractieal
in many others.

A carefully designed campaign to inform the public of the usefulness of
bats and their aensitivity to disturbances may be helpful. Department of
Fish and Game personmel in Southern California should be informed about
the need for preservatlon of this and other specles of bata. Agency
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perasonnel 1n field positions should be crained to recognize M.
californicus, as well as all octher species, and should receive
instructions on methods of estimating colony aize and contrel of bats in
man—made atructures {sese Barclay et al., 1980; Constantine, 1579). They
ghouid be informed of the sensitivity of colonles to disturbancea, and use
only approved methods of abaervation and contrel, when necessary. Persouns
in agencieg guch as public health, law enforcement, and agriculture should
be similarly informed.

Remarks: Grinmell (1918) listed the localitieo, Senta Margarira Ranch and
River, as being in San Diego County, whereas Riverside County was lisred
on the specimen tags. She also listed the localities, Enodian Wells and
Mecca, as being in Imperial County, bub they are actually lacated in
Riveraide County.

The eystematic statug of Macratus californicus has been a subject of
disagreement among tessarchera. Anderaon and Nelsonm {1965) believed that
the evidence they examined demanstrated that californicus was a subsopecies
of M. waterhousii. Davis and Baker {1974) interpreted additional
morphometric and karyotyplec evidence as showing specific distinctnese of
these taxa. Hall (1981) treated californicus as a subspecles of
waterhousii because of “incomsistencles” Ln the literature. I helieve the
evidence favors specific recognition.

Distribution Records: IMPERIAL £O.: Clapp Mine, 15 ml NE Yuma, 5 (MvZ);
Ft. Yuma, 18 (CAS), 28 (KU), 14 (MvZ)}, 2 (PM), 1 (UDAV), 1 (USHM), 1
{TCHC): © ml SW Fr. Yuma, 10 (KU); Palo Yerde, & (MVZ), 1 (SDSHH); 246 ml §
Palo Verde, 1 {MVZ); Picacho Mine, 16.5 mi N Ft. Yuma, L {MVZ}; Potholes,
25 {(CM), 3 (SDSNH); 1 ol W Potholes, 1 (SDSNH}; 2 mf N Potholes, 200 ft,
34 {(MVZ):; 3 wl W Pothsles, & (KU); Senator Mine, 10 mi ¥ Potholes, 1}
{SDSKH); Tumco Mine, 5 wi N, Z nmi E Ogilby, % (UDAV), 6 (MVZ). LOS
ANGELES CO.: Iverson Ranch, Senta Susanna Pass, Chatsworth, 1 (MVZ}; 2 mi
N Owensmouth (Howell, 1920). BRIVERSIDE CC.: Alice Mine, 7 mi & Vidal, 2
{MVZ); Indian Welle, 2 (M¥Z), 4 {USFM); Mecca, ? (MVZ); Hountaineer Hine,
5.5 ml §, 0.6 ml E videl, 2 {CSLB); Mountaineer Mine, 5.6 mi §, 0.3 mi E
Vidal, L4 {MVZ): Mountaineer Mine, T25, R2E, 5 (MVZ}; Neighbora, 11
{(LACMY; Riverside Mountains, 35 mi N Blythe, 22 (KU); Riversi{de Mountains,
7 ol 5 Vidael, 86 (MVZ); Santa Margarita River, 17 (CAS); W of Btate
Highway 9%, 9 (UDAY); Torras [Tore], 61 {MV¥Z):; cave near Torres [Toro], 2
(X0): S mi E vidal, 1 {UDAV); 5.3 mi S Vidal, 7 {CAS). SAN BERRARDINO
€0.: 2 ml W Celorado River, 0.2 ml W Nevada boundary, 1000 ft, 2 (MVZI).
SAN DIEGO CO.: Anza Borrego State Park, 2 {SDSNH); Artery Mine, Dulzura,
1 (SDSHR); De Luz, & (CAS); 2 (USHM)}; Donahue Mines, near Dulzura, 2
(LACM): Pauna Valley, 2 (SDSWH); 10 mi WW Ripley, 2 (KU); Vallecita, 38
(MY2), 4 (SDSNH), 20 (USNM).

Towvnsend'a Big—eared Bat
Plecotus townsendii

1837. Plecotus townsendil Cooper, Anmn. Llyc. Mak. Hist. New York, 4:73.
Type Locality: Columbla River [Fort Vencouver, Clark Co.,
Washington].

Distribution: Townsend's Big-eared Bats occur throughout California,
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although details of their digtribution are scanty. There are two
subspecies within Californis: P. t. townsendiil occupies the homid,

coaetal regiona of northern and central California and P. t. pallescens
oecurs 1n the remainder of the state {Hall, 1%981).

Populatione Status: Little specific information 18 available on
poprlations trends, althgugh a marked decline in numbere appears to have
occutred over the last 40 years. Pearsco et al. (1952) postulated that
there was an Increase im numbers prior to the 195073 due to increased
roosting sltes avallable in buman—~made struetures. In Tecent years,
populations of Townsend's Blg-eared Bats sesem to have declined in numbers
io most areas of the United States {Barbour and Devis, 1969; Humphrey and
Kunz, 1976). Partricla Brown {in litc.) noted that populations of P. t.
pallescens in the desert ares of goutheastern Californla were declining.
She stated that they no loanger occupled sany of the roosts ueed 30 years
previously {about 1950}, Graham (1%66) Found no extant colonles in
California's limestons caves, and speculated that all had been abandoned
dve to buman activitiea. My lmpraasion, based on numbers found and turned
in to the Blolegy Department at California State University, Stanlaleus,
by lccal reeidents, Is that P. t. pallescens was common in central
Colifornia inco the 1960%a, but by the early 1970'p wag rarely seen. 1
have captured only one individual during 14 years of metting bats in
central California, and none have been turped in to me by others.

Habitat: Towneend's Big~eared Bats live in a variety of communities,
including coastal conifer and broed-leaf forests, ocak and conifer
woodlands, arid grasslands and deserts, and high—elevation forests and
weadows. Throughout most of ite geographic range, it ie moat comman In
mesic sitea (Kunz and Martin, L982). Known roosting sites in Californis
include limestone caves, lava tubes, mine tunnels, bulldings, and other
human-made structures {Dalqmeat, 1947; Graham, 1966; Pearson et al.,
1952). Habitat for Towngend's Blg-¢ared Bats must include appropriate
roosting, maternity, and hibernacula sites free from disturbances by
humane. A single visit by humana can cause the bats to abandon & roost.
Femalea typically rocet in large msternity colonles which are highly
susceptible to disturbancee by bumansg (Barbour and Davis, 1969). Males
usually roodt singly or in emall groups and are probably not affected as
much 2s females by disturbances. Both sexes hibermate in bulldings,
caves, and mine tunnela, either eingly {(mwalee} or in amall groups (P,
Brown, 1in litt.; Pcarson et al., 1932},

Recommendationg: Daca documenting populetion stetus and size and location
of marernicy colonies and hiberpacula are needed most. Graat care must be
observed in gathering such Lnfeormaclon; roosts should nat be enterad.
Public land=-administericg agencies ahould give special coneideration to
protecting roosts located on public landa from human disturbanees.

Remarks: Early in the ionvestigations, I decided finformation was
insufficient to determine & prioricty liating for Plecotus Lownsendil, but
that it wae probably jecpardized to some degree. Unfortunately, thie
deciaion aleo meant that I quit eollecting derailed information on
distribuction recorde. Since develepment of the draft List of Concern, 1
have decided that thle epecles warranted higher priority than the
"gensitive™ category to which it was assigned. Thus, no documentatlon of
distributlon records are included.
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Pocketed Free—talled Bar
Tadarida femorosacca

1889, Nyctinowus femorosaccus Merrlam, N. Amer. Fauwna, 2:23. Type
Locality; Agua Caliente [Palm Springs]}, Riverside Co., Galifornia.
1924. Tadarids femorosecca, Miller, Bull. U.S, MNarl. Mus., 12B:86.

Distribution: Pocketed Free~tailed Bats have a spotty distribution,
ranging from soutchern Californla through the Baja California Penninsula,
and southward through scurhwestern Avizoena to at least Michoacen and
Tamaulipas, Mexico (Hall and Kelaon, 1953). In Califarnila, they are known
only from a few recorde im the arid lowland of the aouthern part of the
atate. Focketed Free-tailed Bats ste probably resident within the state.

Population Statps: There ia little current informetion on the status of
T. femorosacca in Califormia. According to P. Brown {(im litt.)}, the rooat
described by Krutzseh (1944a) 15 no longer occupied. The paucity of
recorde puggesta that T. femorosacca has always been rare, or at least
rarely enocountered, in California. Because T. femoresacca can easily be
confused with the widespread and common T. bresiliepsie, it may be wore
common than Tecnrda suggest. 1 listed 1c here in an attempt to stimulace
gathering of information about {ts statua in California.

Habitat: Pocketed Free-talled Bats gre characteriscically associated with
rocky, desert areas with relatively high cliffa. They generally use
crevices In rocka ag day-roosta, although they sometimes are found in
man—made structures. Krutzech (19443) found & eolony of 50 to 60
individuals in e crevice in the side of a cliff on a southwestern—facing
slope ia San Diego Co. T. femoroaacca drops from the roost in order to
galn apeed For flight.

Recommendations: The principal need at thie time is for reliable data on
the distribution and populaticn status of T. femorosacca. Blologists and
public health personnel who routinely work with bats should be alerted to
the need for information on T. femorosaccs and briefed about methods of
digtinguishing specles of Tadarida.

Remarks: Thete 18 no controvergy about the status of this speciea. It is
gimilar only to T. brasiliemsls in the United States (eee Barbour and
Davis, 1%49).

Distribution Recorda: IMPERIAL CO: HMouth of Colerade River (Grinnell,
19333. RIVERSIDE CO.: Agua Caliente [Falm Springs], 1 (USNM); Barker Dam
Reservolir, Joshua Trezs Natlonal Meaumant (P. Brown, in Litt.); Palm
Canyon, naar Palm Springa, 1 {(FMNH), 1 {MVZ). BSAN DIEGO CO.: Palm
Canyon, Borregp Valley, L {MVZ); 2 mi SE Suncreat store, Suncraat
(Krutzech, 1944b).

GCalifornia Mastiff Bat
Bumopy perotis californicus

1890. Molosaus californicus Merriam N. Amer. Fauma, 4t3l. Type
Locality: Alhanbra, Los Angelea County, Califormia-
1932. Eumops perotis californicuws, Sanborn, J. Mamm., 13:351.
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Distribution: Maatiff Bats occur from central Californla, southward to
central Hexico. In California, they have baen recorded frem Butte County
southward in the western lowlands through the southern Californis coastal
basine and the western portions of the southeastern dasert reglom
{Sanborn, 1932). Vaughan (195%9) observed mastiff bata at Hetch Hetchy
Reservoir in the central Sierra Mevada and there are also records of this
ppecies from Yosemite Valley. All others are from lower—1iying reglons.
E. perotis is resident within the state, slthough some bata prebably
migrate from the calder areas to winter in the southern lowlands
{Krutzach, 1955).

Population Status: Avallable tecorda indicate that Magtlff Bats were
wideapraad in the San Joaquin Valley, Salinsa Valley, and Coastal lowlanda
from the 5an Francisco Pay area southward to Sanm Diegoe. Inmcidental
information puggests that populatione of E. perotis have undergone
significant declines in recent years {P. Brown, in 1litt.; P. Leitner,
pers. comm.)}. Historically known tooste in central Califernia are no
longer occupled {unpubl. dats). HReasoms for their decli.. are only
conjacture. Extensive loss of habitat due to urbanization of comstal
basine, marsh dralnage, and culrivation of wajor foraging areas are likely
Eactors in the decline. Wideapread vae of Ilnsecticides may have also
reduced insect abyndance and also polsoned some hatas.

Habitrat: HMastlff Bats are resldent at low glevations Iin the comatal
basing of southern California. They appear to favor rugged, rocky areas
where suitable crevices are avallable for day-rocste. Cheracteristically,
day-roosts are located in large cracks in exfoliating sIabs of granlte or
gandptone. The crevices must open downward, be at least % cm wide and 30
cm deep, and parrow to at least 2.5 em at thelr upper end {Vaughan,

1959). The crevices typically open high on a cliff and are et lesst 2 m
above the eubstrete {Krutgsch, 1955:; Vauvghan, 1959). Maetiff Bats have
great difficuley taking Flight, and oust drop at leaat 2 to 3 m for
launching. Mastlff Bats also frequently roest in buildings, provided
these have sheltering spaces with conditions similar to those described
above. Howall (1320b} speculated that prior to coustruction of buildiugs,
Mestiff Bats roosted In cracks in rocke and in hollow trees.

Vaughan (1959) obperved Maeviff Bate and estimated thar they foraged as
much as 2000 ft abave the groumd. He noted that in some placas they
regularly foraged at 100 to 200 ft over the substrate. They probably
forage for conslderable distances from thelr raoeting sites. For example,
colonies roosting in sultable sites in the Diablo and Temblor ranges,
flanking the San Joagquin Valley, likely foraged over the wvalley fleoor
vhera ingects were more abundant.

Mastiff Bate become torpid on a circadian cycle duting the winter meonths
{Leitner, 1966).

Racommendations: Data on the pature and extent of changes lu population
donsities are needed. Hiaroric rooating siter, especially those in areas
unlikely to ke disturbed by humans, should bas aurveyed ta dacermine
current numbera. Efforts to locate ocuupled roosts and to estimate
nunbers should be undertsken. Pesticide loads in caprtured bata, thoea
found dead, and layered accumulationa of guano should be determinzd.
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Colonies which must be cootrolled because of health hazards or for other
reagons should not be poiscned. Efforte to exclude such colotles from
sttuctures should be made only at times least likely to result in
increased mortality {i.e., not in winter or when vyoung, non—-volant bata
are present; Constantine, 1979).

Pergong in public agencies who handle questions or problema dealing with
bata should be informed of the nsed for information on E. perotism and of
ite sensitivity to disturbances. Scurcea of informatien on methode of
non-lethal control of bats ghould be brought to the ettention of such
agencies (e.g., Barclay et al., 1980; Constantine, 1979).

Remarks: Fumopa perocis 1s structurally distinet from all other specles
of Eumopa. Fumope perctls californicus is the only subspecles octurring
in North America. A second, diejunct population, E. p. perotis, is found
in South Amerlca, as far south as Argentina (Eger, 1977).

Digtribution Records: Califcenla {no speciflc locality), 1 (USNM).
ALAMEDA CO.: Hayward, 1 (USNM). BUTTE CO.: Oroville (Eger, 1977).
FRESNU CO.: Fresoo, 2 {CAS), 1(MVZ}; Little Tahle Mountain, L (CSUF);
Mendota {von Bloekar, 1943); Trimmer, 1 (MVZ). IMPERIAL CO.: 24 mi S
Falo Verde, 1 {MVZ). KERN CO.: near Bakersfleld (Krutzech, 1i955); Buena
Vista Lake, 5 mi NE Taft, 1 (CSLB); Buttonwillow, 1 (CAS); 1 ml SW
Democtat Springa, 1950 ft, Kern River, 19 (MVZ); 10 mi N MckKittrick, 1
(CAS); Summer, 1 (MVZ); 10 mi W Taft, L (CSLB), 1 (LSU), 1 (ROM); 10 mi W
Taft, 4% {CSLE); Twiseelman Ranch, near McKittrick (Krutzsch, 1955). LAKE

C0.,; Arabellas Lake {Storer, 1926), Middleton (Storer, 1926). LOS ANGELES

CO.: Alhambra, 1 ¢AMNH), 1 {LACM), Lt {UI), 2 (USHNM); Azusa, 1 (AMNH), 2
TGAS), 17 (LACM), 2 (LSU), 1 (MCZ), 1 (MVZ), 1 (SDSNH}, 4 (USNM}; Citrus
College, Azusa, L {CSLB); Claremont (Vaughan, 1959); Covina, 1 (AMNH), 5
(CSLBY, 4 (PMNH), 6 (LACM), 5 (MVZ), 4 (UL), 12 (USNM); Gardena (von
Bloeker, 1932b); Glendora, 2 (CSLBE); Los Angeles, 1 (AMNH), 16 (LACM), 1
{(LSU), 1L {MVE), 16 {[USHNM}; Palma, 2 (SDSNH); Pasadena, & (MVZ); Pomona, 1
(XU}, 1 (SDSNH}, 7 (USNM); Santa Monlca, 3 (5DSNH); Sants Monica
Mountains, crest at east end (Vaughan, 1959); Sierra Madra, 9 (MVZ}.
MARIPOSA CQ: Mariposa, 1 {ANSP); Yosmemite ¥alley (Vaughan, 1959).
MONTEREY CO: Cemphora, 2 mi N Soledad, 1 (MVZ}. ORAWGE CO.: Santa Ana,
1 (ROM). “RIVERSIDE C0.: &4 ml SW Lakeview, 2 (KU); Mecca, Colorado
Depert, 1 (MVZ); near Perris (Vaughan, 1959); & mi W Riveraide {Vaughan,
1959). BSAN BENITO CC.: Sdlver Creek, 7 ml ESE Panoche, %00 fr, 18 (MVZ;
Dalquest, 1946). SAN BERNARDINO CCG.: Colton, 1 (RU), 7 (MVZ), 1 (PM), 1
{TCWC)}, 2 (UDAV), L {UL); Slover Mountain, Colton, 1 (MvZ); 1 mi N, 6 ni ¥
Lucerne Valley {Yaughan, 1959}. BSAN DIEGC CO.: 1.5 mi N Barrert
Junction, 7 (MVZ); Barrett Dam {Xrutzach, L943); Bow Willow Ranger
Statlon, Anza Borregeo Desert, 1 (SDSNH}; Dos Cabasas, ) (USWNM); Dulzura, &
(FHHH}, 19 {SDSHH}; El Cajon (Yaughan, 1959); Lake Hodges, near Escondldo,

1 (Mv2); Otay, 1 (CAS); San Diego, 2 (SDENH); southeast of Suncrest
(Xrutzach, 1945); Yaqul Well, 1 (SDSNH). TULARE C0.: Perterville
(Conatantine and Humphrey, 19?9), Traver, 1 (CAS)}. TUOLUMNE CO.: Hateh
Hetchy Reservolr (Vaughan, 195%).
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Salinas Pocketb Mouse
Percognathus Iinornatus psammophilus

1937, Perognathus longimembris psammophilua von Eloeker, Proc. Ricl. Soc.
Washington, 50:153. Type Locality: west side Arroyoe Seco Wash, 150
fr, 4 md 5 Soledad, Honterey Co., Californla.

Distribution: As defined herein (see Remarks}, the knowm distribucrion of
P. 1. peammophilus extends from near Soledad southward to Hog Canyon in
The Salinas Valley, Monterey Co. The relationshipa of populaticns on the
Carrizo Plaius {von Bloeker, 1937), Cuyama Valley, and upper Salimas River
watershad are uncertain {see Remarks}.

Populations Statua: Moat natural communities in the 3alinas Valley have
been cultivated o7 othe¥wise developed. Extant populations ¢f Salinas
Pockel Mice have not been located in that area In recent years. Areas
where they may still be [found are privately owned and access te search for
Salinas Pocket Mice 1s difficult to acquire-

Habitat: According to von Bloeker (1937), Salinaz Pocket Mice occur on
fine—~textured, sandy scila. They may alao occur on a variaety of other
substrates Ln anmuel grassland and desert shrub cobmunities, especially
whera plant cover is not dense and soile are friable.

Recomnendations: The most pressing need ls for information on the
location and atatua of extant populatioma. Efforta to locate populationa
and to preserve sultable habitat in the Salines Valley should be given
relatively high priority. The systematic relationmships of P. 1.
psammophilus, P. 1. inornatus, and P. 1, naglectus should be resolved
prior to any proposala for protecting the Salinas Pocket Mouse.

Remarks: All of the specimens avallable te von Bloaker (1937) when he
described F. longimembris psammophilus were subadults. He algo described
P. inornatus sillimani from the same localicy (Arroyo Seeo) ar the same
time {1937). All af the specimens of P. 1., aillimani that wvon Bloeker
(1937) reported on and used 4n his diagnosis were adulta. Although von
Bloeker {1937} compared both subspecles with other aubepecies of their
raspactive apecies, he did nor compare the twn nev subapecies with each
other. 1 examined all of the extact aepecimens of both taxa and found no
evidence suggesting that there was more than ona specles repressnted. The
two subspecies are based upon differant age groups drawn from the same
population. WNeither group of specimens closely resewmbles F. longluembris,
which, in my opinion, does mot occur anywhere in the central Californis
loulands, deapite indications to the contrary in Hall {1981) and ather
publicatiaons (see below). I conglder poamiophilus to be a subspecles of
P. inormatua, and F. 1. sillimani to be 8 Junior synonym of P. 1,
Esammoghilus. The latter decislon is based upon the supetior page
position of the description of pasmmophilus {von Bloeker, 1937).

Avasilable date show that populatione of P+ incrnatws living on the Carrizo
Plain, San Lule Oblspo Co., are elosely similar in structure and karyotype
to thoae of Ps 1. neglecrus from aleng the western margin of the San
Joaquin Valley (Williama, 1978, and unpubl., data). On the bases of
different karyotypea (50 w8 36 chromoecmes) and body proportions, P. i.
neglectus and F. 1. inornatus are probably different gpecies. F.
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longimembris does not accur in centrsl California. Mice from within the
San Joaquin, Sacramento, and Salinas valleys, identified hy others as P.
longimembris, are all referable to one or the orher group of P. inornatus
{unpubl. data).

Specimena listed here are from within the geographic ranmge of P. 1.
sfllimani as defined by won Bleeker (1937), but which I conslder to be
indistiuguishable from P. i. neglectus. Their relatienahip with P. 1.
psammophilus 1s unresolved; it is possible that psammophilus will be found
to be a synonyum of pneglectus. SAN LULS OBISPQ CD.: 3.5 mi SW Caneros
Spring, 1 (CAS); Carrizo Plaina, W &nd Salt Lake, 1 (USNM); Carrizeo
Plaing, B8 mli E [SE] Simmler, 3 (USHM); 8.75 wl 53E Cholame, 2200 fg, 1
(CAS); Cuyama Valley, 3 ml E Cuyama Ranch, 3 {USNM}; Elk Horn Plafin, 1
{CM); Indian Greek, 1500 ft, 13 nl 53 Shandom, 1 {MVZ); Saliuas Valley, 2
mi S San Miguel, 7 {MVZ); San Dlego Joe's, 2700 fr, 6 (MVZ); San Diego
Joe's, 1 mi 3, 7 wl E Siwmler, 2700 ft, 7 (MYZ); Santiago Springs, 1
{MVZ), 4 (USHM); Santiago Springs, 1.5 ml 5, B mi E Simmler, 10 (MVZ); &
ml §, 5 mi E Shandon, 1175 ft, &4 (MVZ): 7 =i SE Simmler, 5 (MVZ); Soda
Lake, 1 (CSLB). VYENTURA CO.: Quatal Canyon, 6 mi{ E Venucopa, 1 ((M¥Z}.

Localiries (above)] listed as San Diego Joe's and Santiago Springs refer to
the same place. This has led to conslderable confusion becausa Santlagoe
Creek 1a In Kern County om the San Joaquin Velley side of the Temhlor
Range and San Diego Joa's was located along San Diego Creek on the western
elope 9f the Temblor Range. Also, the locality referred to as San Diego
Joe's or Santilago Springs is around 2300 ft.

Distribution Eecords: MONTEREY CO.: Arreye Seco, W eide, 4 ml § Soledad,
150 ft, 8 (LACM), 30 (MVZ}3; Arroyo Seco River, 10 mi § Paraiso Springas, L
(USNM}; Hop Canyon, 1 (LACM); Metz, Salinas Valley, 200 ft, 1 (MVZ); mouth
Wild Horsa Canyom, 500 ft {von Bloeker, 1937).

White-eared Pocket Mouae
Perognathus alticola alticola

1894. Perggngthus altlcolus Rhoads, Proe. Acad, Wac. Sel. Philadelphia,
45:412. Type Locality: Squirrel Inm, 5500 ft near Little Bear
Valley, San Bernardino Mountaiue, S3an Bernardine Co., California.

1900. Perognathus slticala, Osgeod, N. Amer. Fauna, 18:39,

Digtribution; Perognathus alticola alticola is konown anly from the
weatern portion of the San Bernardino Mountaine in the vicinity of
Strawberry Peak, at altitudes extending from about 3400 ft ro 5800 fr.
Grinnell (1908} reported that an immature Perognathus, partly eaten, was
found Iin a trap aet in Sagebrush at the north base of Sugarloaf Pesk, at
7500 fr. This was likely a White—eared Pocketr Mouse.

Populatian Starus: Stephens {(1906) remarked that White-azred Pocket Mice
were uncommon, and that considerable trapping had ylelded only six
spacimena., A few addlitional apecimens were collected in the years prior
to the 1940'a. 1 am not aware oF any specimens eollected later than

1934. Jim Sulentich (1983) searched extensivaly for White—eared Pocket
Hice, starting in June of 1979 and using pitfalls and livetraps. To date,
no White-eared Pocksr Mice have been taken.
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Habitat: Only scant foformation has been recorded. Grinnell (1933)
stated that members of this papylation inhabited the Transition life—zone,
liviog on the "dry floor of open Pine forest whers Bracken Fern graws."
White=cared Pocket Mice are likely to be Found among Sagebrush and other
shrubs 1n open, Fondercea Pine forests and Piayon=Juniper woodlands and in

Sagebrush covered areas on the northern slopes and Blg Bear Basin of the
San Bernardino Mountains.

Recommendationa: The U.5. Forest Service ghould be informed of the need
for information on White-eared Pocket Mice, ae ir is the principal
land-administering agency within the area. Effarts to locate extant
populationa should be intensified, including searches in the San Gabriel

Mountains. If and when such populations are located, action designed to
epsure their security should be raken.

Remarkat Jim Suleatich and David Buckaby at Celifornta State Universicy,
Long Beach are principal authorities on the current population status of
this raxon. White-gared Pocket Mice will probably be Found to be most
common on the northern slopee of the San Bernardine and San Gabriel
Mountalns .

Rhoad's (1894} specific epithet, alticolus, apparently referred to the
mouwatain home of this apecies (altua, high; cola, Inhabiting). However,
the root, col, 1a a prefix to be used before r and mesning with or
together. Osgood (1900) amended the apelling without comment. As Rhoasda
(1894) made no refereace to what the name was supposed to mean or how it
was derived, one can only guess about his intent. I suspect, therefore,
that Osgood's amendment was inappropriate, but aa this spelling (alticela)
is well-entrenched in the literature, ite continued use will best praserve
nomenclatural scability. T raise this lesue here because two prominent
wprka on Celifornia’s mammals (Grinnell, 1933; Ingles, 1965) used Rhoads'
gpelling. Rhoada' paper was dated 1893, but was published in 1894.

The Whire—eared Pocket Mouse 1s an apparently Isolated allospecies of the
Perognathus parvue group {(Williams, 1978).

Distribution Records: SAN BERNARDINO CO,.: San Bermarding Mountains, J
(USKM), L (ANSP), L (SDSNH); Squirrel Inn, San Bernardine Mountains, 5500
Et, 2 (LACM), 3 (MVZ), 6 (SDSNH); 0.5 mi E Strawherry Peak, San Bernardino
Mountains, 2 (SDSNH); 1 ml E Srrawberry Peak, San Bernavdino Mountains,
5750 f£t, 5 (MVZ), 3 (SDSNH); 2 uwl E Strawberry Peak, 5750, ft, 13 (NVZ):
Strawberty Fesk, 3000 to 5700 ft, 21 (LACM).

Southern Marsh Harvest Mouse
Reithrodomtomys megalotls limicola

1932. Reithrodontomys megalotis limicola von Bloaker, Proc. Biol. Soc.
Washington, 45:123.

Diastributrion: Southern Marsh Harvest Mice are known te oceur only In
coastal salt marshes In Ventura, Los Angeles, Orange, and Santa Barbars
counties, California.

Population Status: Ho current Jata are available. The urbanization of
the areas within thiz wouse's range hase been extensive. Stream
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channelization and development of coasrtal aress have resulted in habiltat
loas. These developments and wrbandzation could have Fragmented remalning
habicat and isnlared populatlons teoe small to endure. Some of the marshes
ate currently protected as ecological reservea, however.

Habitat: Southern Marsh Harveat Mice are strictly confined to marshy
greas, generally coastal salt marshes dominated by Salicornia. Adjecent
weedy areae and marshes in brackish sites may slso be inhabired (von
Bloeker, 1932a}.

Recommendations: The immediate need 1g for data on distribution and
population status. A live-trapping program should be undertaken.

Remarks: Specimens identified as R, m. limicola from Dominguez Hills and
Palo Verde Hills, Los Angelea County (CSLB), are probably referable to R.

megalotis longicaudus. According to von Bloeker's (1932a) descripticn, R.
m. limicola fe easily distingulshed from adjacent subapecles of Harvest
Mice.

Distribuclion Hecords: LOS ANGELES C0.: Del Rey Marsh, 3 (LACH),

(USNM); D.5 ui WW El Segundo, L (MVZ); Hyperion, 2 {LACH), Marina Del Rey,
salt marsh N of Culver Blvd., 1 {CSLB); Nigger Slough, Gardema, 5 (LAGM);
Pleys del Rey, salt marsh, 46 {LACM); 1 mi W Flaya del Bey, salt marsh, 1
(LACM}; Torrence, Avalon Blvd. and Dominguez Channel, 1 (CSLB). {RANGE
C0,: Anahein Bay, B (LACH)}; Los Altos, E of Ammo. Dump, 1 (CSLB), Hewport
Beach, 2 ml NE Highway 101, 2 (CSLB); 8an Cabriel River Blwvd., 1 (CSLB}.
SANTA BARBARA CO.: Carpinteria, salt marsh, 5 (LACM). VENTURA CO.:

Point Mugu, 1b (LACM). -

Riparian Woodrat
Neatoma fusclpes riparla

1938. Neotoma fuscipes riparia Hooper, Univ. California Publ. Zool.,
42:223. Type Locality: Kincaid's Ranch, 2 ml KE Vernalis, Stanislaus
Co., California.

Digrribution: Riparfian Woodrate are known cnly from an area along the San
Joaquin, Stanislaup, and Tuolumme rivers in Stanislaua and San Joaquin
counties (Hooper, 1938; unpubl. data). Hall and Kelson (1959) assigned a
speclmen from E1 Mido, Merced Co., to this subspecies on geogeraphleal
grounds (see Remarks}.

Population Status: Trepplng programs along the Tuolumne (C. Johmnson,
unpubl. me.} acd Stanislaus {5. Bamey, unpubl. ms.) rivers have reaulted
in a few captures anly in Caswell State Park. The curreant status of this
population 1is unknown. Regulatfon of atream flow, atresm channelizatioo,
cultivation of the floodplains, and brush and tree removal have diminished
available riparian habltat. Removal of undergrowth and large trees with
dead and hollow limbs in parks has reduced habictat further, If current
trends continue, additlonal habivat loss can be expected. During floods,
thece are few or no refuges for Yoodrats, ss nearly all land bordering the
rivera ie cultivared. A population 15 erill extant in rhe genaral area of
the rype locality (unpubl, data), but its demographic features are
unknown.




46 CALIPORNIA OEPARTMENT OF FISH AND GAME

Habitat: Dusky-footed Woodrats are found only in areas supporting bruash.
Generally, they occur In areas with mixtures of trees and brush. They
require suitable nesting sites such as cavities in trees, snags, or logs;
spaces In talus; or lodpes bullt of downed woody material. These houses
or lodges are usually a consplcuous feature of areas inhabited by N.

fuscipes.

Nothing specifie has been recorded about the habitat of Riparian

Woodrate. Basey (unpubl. me.} captured a few Riparian Woodrats in traps
set in runways of Riparian Brush Rabbits. Students at California State
Univ., Stanislaus, have noted that theee Woodrate occasionally use nest
boxes placed In treee for Wood Ducks aslong the lower San Joaquin and
Tuolumne rivers. Appareotly, Woodrats also eat the egge of the Wood
Duclks. The Sen Joaquin Yalley ia generally devold of suitable habitat for
Woodrata, except along rivers where trees and brush were found. Thus,
this population is confined to riparian hablrat.

Recommendations: 4 survey of riparian arsas along all of the principal
tributarizs of the San Joaquin River should be undertaken to determine
diacribution and abundance of N. f. riparia. The status and relationships
of the Woodrats in Corral Hollow ehould be clarified. Appropriate
wildlife organizations and county figh and wildlife commictees involved in
placing and monitoring Wood Duck nesting boxes should be alerred to the
need for information about Riparien Woodrats.

Bemarke: There 18 no habitat for K. fuscipee in the area around El Wido
today, becauae of agricultural developments. The specimen probably came
from somewhere along the San Joaquin River westr or south of El Nide. &
specimen from 10 al 5W Los Banos {Merced Co.; CSUF) is either N. f.
perplexa or N. lepida (I do not recall locking at the specimen when the
data were obteined from the museum records).

Discribution Becords: MERCED CO.: El1 MNido (Hall and Kelson, 1959). SAN
JOAQUIN CO.: Corral Hollow, 1 (MVZ}: Corral Hollow Creek, 4 ml E Alameda
Co- line, 1 (MYZ); San Joaquin River, 3 mi NE Vernalis, 3 (MV¥Z).
STANLSLAUS CO.: Kincaid's Ranch, 2 ml NE Yernalis, 2 (M¥Z).

White—footed Vole
Arborinus albipes

1901. Phenacomys albipes Merriam, Proc, Bicl. Soec. Washingtan, 1&4:125.

Type Locality: Redwoods, near Arcata, Humboldt Bay, Mumboldt Co.,
California.

1979. Arborimus slbipes, Williams, Ann. Catnegie Mua., 48:426.

Matribution: White-footed Yoles occur in the humid cosstal forest reglon
from the Columbia River, Oregon, scuthward te Humbeldt County,

Californla. They mre known from near aea level to as high as 3500 ft
{Maser and Johnson, 1967). The localities In California are all from
low=lying areas-

Population Status: No dats are avallable to allow determination of the
population status of A. albipes. White-footed Voles have been captured
infrequently, and muet be considered rare. Because mnearly all known
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localities of capture have heen associated with small streams in forested
areas, White-Footed Voles may be sensitive Lo logging and other
alterationa of riparianm habitats.

Habitat:; Maser and Jahnoson (1967) raviewed habitat notes assoclared wirh
each specimen known to them. White-footed Voles have been taken in &
variety of situations, but generally seemed to be associlated with small
streams 1n foreeted mreas. Available evidence indicates that these voles
are terrestrial, unlike A. longicaudus. Their structural [eatures,
however, suggest that they are more acansorial than cyplcal woles (Johnson
and Maser, 1962). They probably climb shrube and downed woody material in
the understory, and perhapes even trees.

All records of capture are from areas in the humid coastal forest region.
Captures were mostly in foreated sitee, but one was taken in a logged area
(two years after logging), and one wae captuved in a grassy spot on a
pertly logged ridge top (Maser and Johnaon, 1967). Very small clearings,
ereated by fallen timber and supporting herbsceous growth, may be
important habitat for this specles. Thickets of Alders and other riparian
communities along emall streams (Maser <t al,, 1980} may also be essential
habicat.

Howell (1928) found only roots of herbaceouna plants in three stomachs of
White=foored Voles, whareas Maser and Johnson (1967) found green plant
matarial in eeveral stomachs.

fecommendations: Arhorimus albipes should be given speclal consideration
in Forest management plans within its cange. There is little public land
within ite known range in California. White—footed Voles occur in the
Rodwood National Park's morthern saction in Del Morte and Humboldt
counties: special effort should be made to determine their diatribution
and habitat oeeds there.

White-footed Voles will probably be found farther inland at higher
elevatians on Sktate and U.5. Natlonal Forest lande. Intensive aearches
should be conducted to determine the limits of thelr distribution in
California, habitat ueeds, and population status. Fitfall trapping may

prove more succesaful for capture of White—footed Volea tham conventional
anap—Ltraps.

Remarks: Taylor {1915) described Arborimus as a subgenus of Phenecomys.
Johoson {1973) presented and diecussed evidence which indicated Lhat Tree
Voles (Arborimus) were divergent from Heather Voles (Phenscomys); he
elevated Arborimua to generic rank. Unfortunataly, Johnson (1973} did mat
state whether albipes was ap Arborimus or a Fhepacomys. Based upon tha
obviously close aimilarity of albipes to A. longicaudus (Howell, 1920c,
1926; Taylor, 1915), Williams (1979) rreated albipes as a member of the
genus Arborimus. Johnson and Maser (1982) discussed characteristica
diagnoatic for Arboriwus and Phenscomys and formally tranafered albipes to
the genua Arborimus.

Distribution Recorde: DEL NORTE CO.: Wilson Creek, N of Klamath {clty],
T (1), HUMBOLDT CO.: Arcate, Humboldt Bay, 1 {UsNM); 5.5 mi E Bayslde,
1 (M¥z); 3 mi N Orick, 1 (UCLA); Trinidad, 1 (HSU), 1 (MVZ), 2 (8D5HH); N
of Trinidad, 1 (MYZ), 3 (USNM).
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Folnt Reyes Jumping Mouse
Zapus tricotatus orarius

1853, Zapus orariue Preble, N. Amer. Fauna, 15:29. Type Locality: Polnt
Beyes, Marin County, Californis.

1944. Zapus trineotatus orarius, Hooper, Misc. Publ. Mua. Zool., Univ.
Michigan, 59:67.

Discribution: Zapus t¥inotatus orarius is apparently confined to a small
area on the Point Reyas Peninsula, Marin County, California {Krutzech,
1954},

Population 8tatus: No data are avellahle on the current atatus of Point
Beyes Jumping Mice. The hablrat for this peopulation Iz not extensive.
Fost-FPlelgtocene changes in climate may continue to modify habltat
unfavorably for thls specles 1o the Polnt Reyes areas OGrazing by Cattle
may have been a factor contributing to adverse conditions for Jumplong Mice
at Foint Reyes, but this problem has been resolved. The impact of
introduced Axis and Fallow deer 1e unknown. The principal causes Eor
concern are the small renge and relictual narure of the population, and
the fact that these mice are seemingly scarce.

Habitac: WHowell {1920d) lisced the hahitat of this population as bunch
grass marshes on the uplands of Polnt Reyea. Xrutzach (1954) stated rhat
Polnt Reyes Jumping Mice oceur In molset areas that are safe from
continuous {nundation. PFarther porth, Pacific Jumping Mice are
characteriatic of the Paclific coastal counlferous forests. They seem to
prefer riparian Alder communities and treelesa openinga with tall, denae
herbaceous growth of grasses and forbs (Maser et al., 198l). Wet, marahy
pites are ofren sald to be preferred, mlthough Pacifie Jumping Mice also
accur occaflonally in closed forests with little underatory, in dry
meadows, and more often In thickets of deciducus, woody vegetatlon along
streame and seepage areas.

Zapus Trinotatus eats seeds of herbacegus planrs, eepeclally gragees and
grass—like monocots. Srems of plante are frequently cut to abtain
ripening seed-heads. Fruits and insects afe aleo maten {Krutzsch, 1954:
Jones, et al., 1978).

Recommendations: 4 live—trapping progiam eeploying pitfalls 1s the beat
neéthod of sampling for Jumping Mice. Conventional livetrape rarely
capture Jumplng Mice in comparison o pitfalls (Williams and Braunm,

1983). The Point Reyes area should be thoroughly inventoried for Jumping
Mice, and their habitat sssociatlone, spacific requirements, and
population atatus established,

Bemarks: Point Reyes Jumping Mice are the southernmost population of
Pacific Jumping Mica., The strTuctural tharactera of this population are
distinctive, and no evidence exists of intergradation with Jumping House
populationg farther north along the Galifornla coast (Howell, 1320d).
Hopper (1944} artranged orarius as a subspecies of trinotatus, suggesting
that intergrades could be expected from geographically intermediate
areas. Hrutzech (1954} concurred with Hooper'a (1944} arrangement, but
noted thet "Interbreeding in the wild between Z., t., orarius and Z. E.
eyreka probably does not teke place, because these subspecles are
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geparated by tarrain not suited to Jumping Mice."

Distribution Records: MARIN CO.: Elk, Tennessea Valley (barn on Lewls

Dairy — from ow] peller), 1 (USNM); W end Elk Valley, 10 ft, 1 (MVZ);
Fort Berry, L (CAS5); Fort Cronkhite, 1 {CAS); 3 ml W Inverness, M0 ft, 16
{(MVZ); Point Reyas, 1 {USHM); 5 mi KNE podnt Reyes Lighthouse, 12 (MVZ); 6
wl NE Point Beyes, 1 (MVZ); Weat Portal, Fort Barry, 2 (MVZ); 6 ml §SE
Tomales Bay, 1 (CAS).
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THIRD PRIORITY LIST

Big Free—tailed EBat
Tadarida macrotis

1839. HNyctinomus macrotis Gray, Ann. Mag. Nat., Hist., 4;5. Type

Locality: Cuba.
1962. Tadarida macrotis, Miller, Bull. U,S. Natl. Mus., 28:386.

Distributlon: Big Free-talled Bats are found from northern South America
and the Caribbean Islande northward to the weatern United States.
Populaticns in the sputhwestern U.S. appear to be widely scattered. Enown
breeding localicies in the U.8. are found in parts of Arizona, Hew Mexico,
and Texas. In Californla, T. macrotis ia known only from a few low-lving
arid areas of southern California and m single apecimen from Berkeley,
Alameds Co. (see Remarks). According to Berbour and Davie (1969), records
of accidental occurtence (stray, uigratory individuals) are known from
videly gcattered localitiea in western Worth Amerlca, locluding Britiah
Columbia and Towa,

Population Status: Very little io known of Tadaride macrotis in
California. TPoesibly 1t does mot occur regularly within the stata. The
nature of the records, however, suggeats that Big Free-tailed Bats breed
gomevhere within the state == most likely in the rugged, wooded,
mountalnous areas of southern California. At least one of the specimens
from California was a young bat (Hall, 1946), collected on 1l Auguat.
Huey (1932, 1954a} reported on two Big Free—teiled Bars from San Diege,
one collected on ! February; the second, when found, was mumified. The
apecimen from Berkeley was taken on 18 December (unpubl. data),

Tadarida macrotlis may not be under any threats within California. TIts
rarity, however, gives ceuge for concern about its present status.
Lieting it here may atimulate efforts by othere to clarify itas etatus.

Habiter: Big Free-talled Bats inhabit relatively rocky areas in the arid
gouthwestern U.S. They apparently roost primarily in crevices in cliffe
{Barbour and Davis, 1969). Findley et al. {1975) deecribed maternity
coloniags gituated in a crevice in the roof of a large sandstome rock
ghelter and under slebs of lava on a perpendicular cliff. They found Big
Free—talled Bats up to 8000 fr, but they were most common In communities
below 6000 ft in New Mexico. 1In New Maxico, at leaat, females appareatly
inhabit foreated areas during the reproductive season in the summer. Big
Free~tailed Bats appear to be migratory in most of the U.5. Winter
records, however, include specimens from San Diego, California, and Yuma,
Arizona (Barbour and Davis, L969).

Recommendations: An accempt to gather current infermaticn on the
diatribution and popularions status of the Big Free-tailed Bat should be
undertaken. Biologists and public health personnel who routinely receive
information Efrom the public about bars or who conduct Tesearch on bats
should be alerted to the need for information on this species. They
should be provided with a desceiption te aid identificatiecn of thia
epecies. Btudents apnd faculty members ac colleges and unlversities in
Bouthern California should be encouraged to undartake atudies of Lhe
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oceurrence and habitar associations of bats in various parte of soﬁthern
Californla.

Rematke: Tadaride wacrotie has been llsted as T, mologsa in much of the
literature. A mote in the card catalog of the Huseum of Vertebrate
Zoology, Unlv. Celifornia, Berkeley, questioned the specimen from Berkeley
on the basis that the tag was attached to the jar rather than the
specimen. Everything else appeared to be in order and the jar seemed not
to have been opened or otherwlse disturbed, according to the notsatlon.

All things considered, the record should be aceepted as accurate.

Distribution Records: Californla (no preciae locality, but presumably
along the Colorado River near Nevada), 1 (USNM). ALAMEDA CO.: Berkeley,
Univ. California Campus, 1 (MVZ). 5AN DIEGO €O.: San Diego, 2 (SDSNH);
Miseion Beach, San Diego {August and Dingman, “1973).

Bygmy Rabbir
Erachylagus idahoensis

1891. Lepus idshoensis Merrview, N. &mer. Fauna, 5:76. Type Locality:
Pahsimerol Valley, near Geldburg, Custer Co., Idaha.
1904, Brachylagus idahoensis, Lyon, Smithsonian Misc. Coll., 45:4ll,

Dimtribution: Pygmy rabbite are found only in the Oreat Basin and
contlguous areas In Sagebrush—dominated communities. They occur from
southeastern Washington southwerd to about Inye Co., California, and
eastward to western Utah and southeastern Ideho. In California, they
occur in enstern Modoc, Lasegen, and Mono counties and probably im northern
Invo County. Their ogcurrence 1s wary spotty throughout thelr geographic
range {Green and Flinders, 1980}.

Populaticn Status: Pygmy Rabbits have a limited and aporty distribution,
being errietly confined to sultsble stands of Sagebrush {primarily
Artemisis tridentata) and Rabbitbrush (Chrysethamnus epp.). Although
Pygmy Rebbits may seem common whare found, they are not numerous gver
their geographlc range.

The curtect population atatus of Pygay Rabbits in Callfornia 1s unknown,
but thelr numbers have probably declined in the past several yeara. Loss
of habitst bo cultlvation 1s lees of a factor than loas of habitat by
overgrazing. Even though avergrazlng favora growth of weody shrubs such
aa Sagebrueh over peremnial grasaes, cattle ¢ften congregate in tall
atands of Sagebrush, seeking shade in summer, protection from wind, and
rellef from insecks. Frequently, cattle trample and otherwlse open up the
understery from ground level up toe 1 to 1.5 m, reducing food and shelter
for Pygmy Babbits. Brush clearing on rangelends and range firea also
reduce avallable habitat for Pygmy Rabbics. In Oregom, Welses and Verts
{19684) found evidence of a marked decrease in occupancy of sites between
1981 and 1983. They suggesated thet Pygmy Rabbit populatlons are
sugceptible to rapid declines and local extirpationse- The fragnentatios
of Sagebrush communities poses a porentlal threat to extant populations
becauce of this sBusceptibilicy.
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Habitat: Pygmy Rabbits are assoclated only with dense stands of tall
Sagebrush and rabbitbrush. Soils wmust be friable for burrowing. Welass
and Varts (1984) found that Pygmy Rabbits were megsociated with arsas with
gteater shrub cover, shrub height, seil strength, and soil depth in
comparison to adjacent, unoccupled sites. There was no significant
assoclation with percent basal area of perennial grasses, denaity of
annual grasses, dengity of forbs, or eryptogam cover, Burrews of Pyemy
Rabbits are usually placed on slopes (Gresn and Flindera, 1980). Food
congists prineipally of Big Segebrush (A. tridentata) in winter {up to 992
of the diet), whereas grasaes form a significant portiom of the dier in
suamer. White et al. (1982) found differential use aof populsrions of Big
Sagebrush, but were unable to aseoclate this with known variatlions in the
chenical compositicn of A. tridentata populations. Captives, however,
showed no significant preference as food for one type of Sagebrush
subspecise over others. Welss and Verts {1984) determined thak atcopancy
of sites by Pygmy Babbits in Oregon wase not dependent upon the presence of
particular subspeciee of Sagebrush.

Récounendationa: Detailed informatfon on distributfon, habitat
agsoclationa, abundance, and numbers of Pygmy Rabbits killed by hunters in
{alifornia are needed. Management of habitat for Pygmy Rabbits 1s
probably the most important element in ensuring their survival. Land and
Tesource management agencies in Calffornia should be encoursged to develop
needed lnformatioo on Pygmy Rabbit populatione and to conslder hahitat for
Pygmy Rabbire In land and resource management

Remarks: The Pygmy Rabbit 1s designated as a4 Resident Small Game specles
in California. Theze is an open season for hunting from L July through
January, wirh a daily bag limit of Eive. Although the effect of hunt ing
on Pygmy Rabbit populations is not known, huntera probably do wot kill
many becauae Pygmy Rabbits are quite secretive and rarely venture from
dense brush; they usually retreat to thelr burrows when threatened.

Brachylagus is structurally and behaviorally distinct from all specias of
Sylvilagus and apparently of an anciemt lineage separate Erom that of
Sylvilagus. It was first treated as a specics of Sylvilegus by Grimnell
et al, (1930) for reasons that have little or no bearing on ita phyletic
relationehips. BSinca then, most avthors have treated 1t as a apeciea of
S$ylvilague (e.g., Hall, I98l). Green and Flinders (1980) reviewed the
taxonomle hlstory of B. idshoensis.

Distribution Records:; LASSEN CO.: 7 mi E Ravendale, 5000 ft, 19 (MVZ): 3
mi 5 Ravendale, 5300 fr, 1 (MVZ); vicinity of Red Rock Post OfFfce, 5300
ft {Grinnell et al., 1930. HODOC £0.: Goose Take, 1 (USHM). MOND 0.z
Bodie, 8374 fr, 2 (CAS), 8 (MVZ); north of Crowley Lake (Jones, 1957);
Mono Dunes (Harrls, 1982); Mono Flate, 7000 ft, 3 (CAS); Mono Lake, naar
Mono Mills, & (CSUF}; Monmo Lake, Black Point (Harris, 1982); Mano Lake
County Park (Harris, 1982).

Oregon Snowahoa Hare
Lepus amegricanue klamathensis

1899. Lepus klamathensis Merriam, N. Amer. Fauna, 16:100. Type
Locality: head of Wood River, near Fort Klamath, Klamath Coumty,
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Oregon.
1936. Lepus americanus klamathensis, Bailey, N. Amer. Fauna, 33:95.

Distribution: Lepus americanus klsmathensls is found in the Caecade
Mountaine from Mt. Hood, Oregon, southward to Mt. Shaata and the Trinity
Mountains of Califernia {Bailay, 1936; Ovr, 194C). In Califernia, it is
known from the vicinity of Mt. Shaste, the Trinity Mountains, and from the
Warner Mountains. The Waroer Mountaln populatiom is probably feolated
from all others by expansea of unsultable habitat.

Population $tatus: Apparantly, Oregon Snowshoe Hares never have heen
common, in Callfornia within historic times, judging from early accounts
(e.g., Merriam, 1899) and from the emall number of specimens In nuseums
{orr, 1940). Mossman (1979) conpldered determination of their present
abundance within Califaornia to be important. Mailliard (1927) failed ra
find L. awaricanus in the Warner Mountains; the species is apparently
known from a single specimen from that mountain ramge. I eaw no evidence
of L. americanus in the Warner Mountains during 3 days of field work in
1983.

pPopulations of Snowshoe Harea undergo periodic fluctustions ia numbers, &0
field researchere may have simply searched when populations were low. The
evidence, however, favors an interpretation of rarity.

The Snowshoe Hare 16 a geme species in California (Resident Swall Game),
and may be hunted from 1 July through January, with a bag limit of five
per day. Many hunters probably fall, however, to distingulsh Snowshoe
Haree from other hares {Black-Tailed and White—Tailaed) which have no
geason or bag limits in California. The effect of hunting on populationa
of L. americanus in California ie unknown.

He definite decline in numbers has beea established. The appatent raticy
of theee hares and the potentiel for habitat loss due to logging and
usurpation of rilparian habitat by humans require that the population
atatus of L. a. klamathenais be determined.

Habitat: Snowshoe Hares are primarily found in riparian sreas with
thickets of deciducus trees auch as Alders and Willows, and in dense
thickets of young conifers, particularly firse. Denee patches of Ceanothus
and Arotostaphylos are aometimes inhabited. 1In Califernia, Snowshoe Hares
are found meinly above the Yellow Pine zone, in Canadian and Hudsonlan
asgoclatiens {Orr, 1340). Marriam (189%) reported that Snowshoe Hares
formerly were common in marshy places along streams near Fort Klamath,
Oregon. He 414 not obtain speclmens, however, during field work ar NL.
Shagta. Mcasman (1979) indicated that Snowshoe Hares only Inhablt areas
in neorthezn California which have smow in the winter.

Becommendatione: The highest priority should be given to determining the
gtarus of the Warner Mountain population, an apparently ilaclated and
unique population. Derailed amsessments of population numbers in all
ateas of the renge of L. a. klamathensie should be made. Habitat needa of
L. smericanua klamathensis ghould be consildered in managing State and U.S.
Natlonal Forest lande within its ramnge.

Remarks: Orr (1940) regarded the Washington Snowshoe Hare as apecifically
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dietince from L. americanus, and treeted klamathensis as a subapecles of

L. washingtoni (but see Dalquest, 1942).

Distribution Records: MHODOC CO.: wicinity of Fort Bidwell, 5000 ft, 1
(MVZ). SHASTA C0.: McCloud River, 12 mi E McCloud Post office, 1 (MVZ);
south fork Salmon River (Grinmell, 1933). SISKIYOU CO: T. H. Bensen
Egtate, Butte Creek, 5000 fr, L (WVZ); Gottville, 1 (USNM); McCloud, 1
(MVZ); N of Mt. Shasta {(ecity), 1 (UDAV). TRINITY CO.: head of Bear
Creek, 2 (MVZ}; Rush Creek, 12 mi from Weaverville, about 3000 ft, 1
(MvZ).

S8ierra Nevada Snowshoe Hare
Lgpus americanus tahoengis

1933. Lepus washingtoni tahcensis Orr, J. Mamm., 14;45. Type Locality:
0.5 mi 8 Tehoe Tavern, Placer Co., California.
1942. [Lepus smericanua) tahoensis, Dalquest, J. Mamm., 23:176.

Distribution: Sierra Nevada Snowshoe Harea range along the mid-elevaticns
of the Sierrs Nevada from the vicinity of Mt. Lassen southward to Mono and
Tulare counties {unpubl.). They are known from Nevada only in the
vicinity of Lake Tahoe (Hall and Kelson, 1959). They occupy altitudes
above 4800 ft in the north of their range and 5000 ft in the south. Upper
elevational limite are unknown; these haree generally oceur below BOOO ft.

Population Status: Judging from circumstantial evidence, Sierre Nevada
Snowshoe Hares are more abundant than Oregon Snowshoe Hares, but still are
Telatively uncommon. There f8 no evidence of a population decline, but L.
americanus is .ulnerable to widespread habitat alterations due to eome
logging activities and use of meadows for agriculture, graeing, and other
activities. Furthermore, this is a Reaident Small Game species which 1a
hunted from 1 July through January. Mauy huntera likely fail to
distinguish L. americanus from white-talled harea (Lepus towneendil},
vhich have no season or bag limits in California. The effect of hunting

on L. a. tahoeosis populations 1ls unknown, but is unlikely to be much of a
factor.

Habitat: The habicat of Sierra Nevada Snowshoe Hares ie einilar to that
of L. a. klamathenais. They live only in boreal zones, typically
inhabiting riparien commmities with thiekers of daciducue crees and
shrubs such as Willows and Alders. They alac frequent danse chickets of
young conifers and chapsrral composed of Ceanothus and Arctoetaphylos
(Orr, 1940). 1In the Lake Tshoe reglon in summer, Orr, {1940) noted signs
of Snowshoe Hares only uear brush adjacent to both meadows and riparisn
deciducus vegetation., He found no evidence of Snowshoe Hares on ridgetops
or brush-covered upper slopes. In the Mt. Laaspen region, Grimnell et al.
{1930) found that 8nowshoe Hares were uncommon, being infrequently
encountared among thickets of Souw=brush and young Fire, and ia or near
thickets of Alders and Willows situated in meadows. In winter, Grinnell
et al. (1930) found tracks of Snowahoe Hares to be more numerous in and
near thickets of Snow-brush, Willows and small conifers than on more opern
ridgen.

Hecommendations: The principal need is For reliable data on distribution
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and abundance of L. a. tahoensis. Special consideration of hebitat needs
of L. amerjicanug in managing public lands in California ias needed.

Remarks: Lepus emericanus tzhoensis differs from L. a. klawmathensis {im
its darker coloration, other, minor detalls of coluration, and in skull
propertiona. There ia ng controvergsy ahout ite status.

DMetribueion Becords: ALPINE CO.: Pacifle Valley, half way between
Woodfords and Blg Treeas, 1 (HVZ) EL DORADO CO: no precise locality, 1
{MC¥); Echo lLake, 1 (MVZ). LASSBEN CO-, Warner Creek (Grinnell, 1933}).
MONO C0.¢! 4 mi N, 1 mi E Mammoth, 1 (HSU). NEVADA CO.: Bagehen Creek, 4
TT FW Tobsrt Mime, 1 (MVZ); Spruce, 1 (MvZ}; 10 nf W Truckee, 1 (MVZ);
Truckee, 1 (MVZ}, PLACER C0.: Cisco, 1 (MVZ); Domner, 1 {USNM); mnear S
shore Demner lake, 6000 f£r, 1 (MVZ); Donner Summit, 7000 fc, 1 {MVZ); Lake
Tahoe, Rubicon subdivision between EBwerald Bay and Meeks Bay, 3 (CAS);
near Tahoe City, 19 {(M¥Z); 0.5 mif S Tahoe Tavern, 1 (MVZ). FLUMAS CO.:
Willow Lake, 5600 ft, 1 (MYZ). SIERRA CO.: east side Yuba Pass, 6000 ft,
1 {MVZ). TEHEMA CO.: 7 ml E junction highways 32 and 36, 1 (CSUC);
Mineral, 4800 ft, 1 (MVZ); Summit Creek, 5200 ft, 2 of E Mineral, 2 (MVZ),
TUQLUMNE C0.: Niagra Creek, 5600 ft (Orr, 1940}; between Pine Crest and
Belle Meadows, | (MVZI); 1 ol HW Strawberry, 6000 fr, 1 {(CaS5)-

Western White—tailed Hare
Lepus townsendii townaendif

1839, Lepus townsendil Bachman, J. Acad. Nat. Sci. Philadelphia, B{1):90.
Type Locality: Fort Walla Walla, Walla Walla Co., Washington.

Distribution: Westerm White~tailed Hares are found from the Okanogan
Valley of gouthern British Columbla asouthward east of the Cascade Crept to
the aouthern Sierra Nevada of Californla, and eastward to extreme western
Hontena and western Colorado (Hall, 1981). In California, Whice-tailed
Hares principally occupy open foresta and sagabruah—-grassland associations
in the Great Basin Province. They accur also at high elevations along the
maln crest of the Slierra Nevada and rarely ta a® low ss 6000 ft on the
western slope. I obeerved white-tailed hares near Harkwood Meadow at
about 6000 ft, and on Tamarach Ridge at about 7500 ft in Fresno Co.,
approximacely 3 mi weat of the Sierra Nevada crest. The ascuthernmost
published locality known ls Mt. 5illiman, Tulare County In Sequoia
Mational Park ([Fry, 1924).

Population Status: Litrle current Information 1s available for
Califernia. Alirola (1980) stated that this species had oot been seen in
Laggen County in the last 20 yeare. Evidence suggests that populations of
L. covmsendlf have declined drastically, especlally at lower elevations in
Tthe sagebrugh-graaaland amsaociations of the Great Basin province (Grayson,
1977)., Competition with domestic liveatock i1s probebly a principal fector
in the drastie population declines throughout ite range, including
California (Dalquest, 1948; Moesman, 1979). Loss of habltat to
cultivation and other developments are probably also lmportamt factors in
the decline. Hunting could be a factor, but is probably less imporiant
than habitat loss.

Dalquest (1948) noted that early explorers and settlera found White-talled
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Harea in abundance in eastern Waphington. At the same time, Black-tailed
Hares apparently were abeent from the state prior to 1B70 (Couch, 1927).
With grazing by livestock the bunchgrass habitat was rapidly reduced, the
Blaeck-tailed Hares expanded their range explosively northward, and the
White-talled Harea survived only at the upper elevativnal limits of their
habitat in the yellow pine/fsagebrush—grassland ecotone. Today,
White~talled Hares ara extinet over the graater part of their hilstarle
range on the Columbla Plareau. In Californis, they are novhere common.
orinnell et al. (1930} found egecant evidance of White-tailed Hates in the
area from east of Lassen Peak to the Nevada border. Grinnell and Storer
(1924) remarked that even in the center of their ramge In the Yosemite
reglon they were muth lass common than the Black-tailled Hares of lower
country. Howell (1924) falled to find White-tailed Haree In the Mammoth
tegfon, although he saw evidence of their presence. COrr (1940) declared
that White-tallad Hares were one of the rarer members of the genue Lepus
in California, noting that they were by no means abundant anywhere.

Currently, this is a Resldent Small Game species In Gelifornia with ao
closed zeason or dally bag limics.

Habitat: White-tailed Hares occupy a variety of habitats, Including
Sagebruah-covarad slopes on the eastern Sierra Hevada, grasslands and
meadows to timberline or above, and forests of Lodgepole Fine, Yellow
Pine, Western Juniper, Dwarf Juniper, Red Fir, and mixed conifers. In the
Sierra Nevada, White—talled Hares apparenotly migrate to higher areas in
sumuer and deacend to lower regfons in winter, particularly the
Sagebrush-covered eastern slopes of the Slerra Nevada (Merriam, 1904; Otr,
1940),

orr {1940) found signs of White-tailed Hares to be most abundant on
exposed, flat—topped ridges above 8500 fr in El Dorado Co. Farther north
in Oregon and Washington, White—tailed Hares were formerly moet numerous
on the bunchgrass pralries and the Sagebrush—bunchgrass assoclations near
the Tellow-FPine zone (Balley, 1936; Dalquest, 1958). Grimnell and Storer
{19243} stated that in the Tomsemite ceglon, White—tailed Hares “generally
keep to open places where they can see unobstructedly for long distances.
Around Tuolumne Meadows, Flat=topped hills bearing moderately open stands
of treee together with acme bhrush were often occupled.”

Lepus rowneendii apparently requires thickets of young or stunted
conifers, or deciduwous, woody plants for day-time covaer. 1t feedas
primarily at night in meadows durlng summer. Winter staples probably
include bark of Willowa, Alders and other woody planta

Recommendations: Population surveye throughout the ranga of L. townsendil
In California should be carried out. Habitat needs of Whire-tailed Haree
should ba considered In wanagement declslons on state and federal lands
within thelr gecgraphic range.

Remarkg: Orr {1940) regarded the popularion in Californla formerly known
as L. t. slerrae, as inseparable from L. t. Ltowneendid,

Distribtution Records: ALPINE CO.: <{Cavson Vallgy, 5270 fr, 1 (MYZ); Hope
Valley, 7800 fr, 1 (SDSRH), 1 (USNM); Woodfords, 1 {MVZ). EL DORADQ CD-:
1 ml MW Dick's Peak, 9000 £t (Orr, 1%40); Velwa Lakes reglon (Orr, 1940).
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FRESNO CO.: DBedger Flat, E of Huntingten Lake, 1 (CSUF); near Dinky Creek
Ranger Station, about 6000 ft (DFW); Markwood Meadow, 1 (CSUF); Tawarack
Ridge at Highway 168, about 7500 £t (DFW). IRYO CO.: above Bishop, 1
(LACM); @ slops Mt. Langley, 13800 ft {Grianell). LASSEN CO.: Red Rack,
3 (MvZ), 2 {(SDSNH); 7 mi W Termo (Grinnell, 1%33). "MARIPOSA Co.: E baﬂe
Half Dome, 7500 ft (Grinnell and Storer, 1924). MODOC CQ.: Eagleville, 1
{CAS}; Goose Lake {Mailliard, 1927); Parker Creek, Warner Mountains, 6300
ft, 1 (M¥2}; 3 ml 5 Pine Creek, 1 {MVZ); 2 mi E Pitt River Ranger Statiom,
1 (CAS): Steele HMeadows, 4700 ft, 1 (MVZ); Warner Mountains, 2 {CAS).

HOND CO.: 9 mi W Benron, B300 ft, 1 (MVZ); Bodie, BI74 fr, 1 (MVZ);
Bridgeport, 6473 ft, on U.S. Highway 395, 1 (MVZ); B mi SW Bridgeport,
7000 Fe, 1 {CSLB); Cabin Creek, 1050¢ ft, White Mountaing, 1 {M¥Z)}; 10 mi
N Crovley Lake, 7000 fr on U. S. Highway 395, 1L (MVZ); Farrington, 1
(MVZ)}; Glass Mtn., 11000 fe, 1 (M¥2); Lake Mary, 9000 ft, 1 {CAS}; Log
Cabin Rd. (Harrie, 1982); Loug Valley, Mammoth reglon (Howell, 1924);
slopes of Mono Craters {Grinnell and Storer, 1924); Mono lake, 1 [MVZ), 8
(US¥H)}; Mone Mille (Crimnell and Storer, 1924); Mono Pass (Havrris, 1982%);
Ht. Dana (Harris, 1982); 2.5 ml N Mt. Patcersopo, Sweetwater Mountains,
10000 fe, L {(MVZ); 1.75 m! W Mt. Patterpon, Sweetwater Mountains, 10500
fty, 1 (MYZ); 1 mi WNW Mt. Pagterson, Sweetwater Mountains, 10800 ft, 1
{MVZ}; Saddlebag Lake (Harrils, 1982); Slate Creek Valley (Harris, 1982; 2
ml W wmouth Sweetwater Canyon, Sweetwater Mountains, 10000 ft, 1 (MVZ); 4
mi S5E Lowar Twin Lake, 8000 ft (Summer Mcadows, A. Farrington's Ranch), 2
{MV2); Walker Lake (Harris 1982); Mt. Warren (Harris, 1982); near Williams
Bucte, 1 (MVZ); White Mouwntains, 12700 ft, 1 {CAS); White Hountala
Reaearch Statiom, White Mountains, 12000 fc, 1 (MVZ). PLACER C0.: Tahoe
City, Lake Tahoe, 1 (MVZ). PLUMAS CO.: Willow Laka, 5800 ft (Grinnell,
1933). SHASTA 00.: vicinicy of Fort Cook, near Burgettville, 1 (USNM).
TULARE CQ.: Big Cottonweel Meadows, MC. Hhituey, 1 {FMNH); SW end Iake
South America, 11900 ft (Orr, 1940); Mineral King (Fry, 1924; Monache
Headows (Grionmell, 1933); N spur Mt. 5i1llman, L0400 fr (Fey, 1924).
TUOLUWNE CO.: near Dana Cresk, 2 ml W Mono Pass {(Merriam, 19C4); east
base Half Dome, 7500 ft (Grinnell and Storer, 1924); Tuolumne Meadows,
8600 ft, Yoacmite Natlonal Park, 1 (MVZ).

Point Reves Mountain Beavar
Aplodontia rufs phaea

189%. Aplodontia phaea Merriam, Proc. Biol. Soc. Washington, 13:19.
1518. Aplodontia rufa phaes, Taylor, Univ. California Publ. Zool.,
17:+480.

Distribution: According to Taylor (1918), A. r. phaea inhabited an araa
of approximacely 110 square miles in rhe Polat Rayes area of Marin
Couoty. Apparently, most colonles were located on north facing slopes of
hills and gullies {(Camp, 1918).

Fopulation Status: The status of A. r. phaea Is unknown. Much of the
reglon within its general range ie unauited to Mpuntain Beavers. The
actual inhabited ares wae only e fraction of the 110 square miles
encompassed by the wargine of its vange (Camp, 1918). The restricted
diseribution of A. R. phaea gives cause for comcern. Much of Ehe srea
within its range, however, is included 1n the Nationmal Park system, giving
cause for optimism about the fate of thls population.
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Habitat: The general remarkta about the habitat of Aplodontim rufe in the
accowt of A. r. nigra applies also to this subspecies. Grinnell (1933)
noked that A. r. phaea wae found on hillaides in seepage areas overgrown
with Sward Ferna and Thimblaherries, and that all localities of knawn
occurrence were below 1000 ft in elevation. Camp (1%1B) found ecolonies on
a notth facing bluff among treeless hills west of Invexness.

Recommendatione: Surveys of the distribution and habitat aesociatlons of
Polnt Beyes Mountain Beavers should he undertaken. The Hational Park
Service and orther publle agencles responsible for land management within
the range of Point Reyes Mountain Beavers should be informed of the need
for infoxmation on this specles. The lupact on its population of all
potential developments wichin ite range should be determined. Also, the
effects of introduced cervida (Axis and Fallow deer) on habltat faor
Mouncaln Beavers ahould be aasessed.

Remarks: Aplodoutia rufa phaea is igolated from all other populations of
Mountain Beavera by uninhabited terrein {Hall and Kelson, 1959). They are

smaller in body sizes than all other populations, and are the lightest
colored of those found along the Pacific Coast.

Digtribution Records; MARIN CO.; Bear Valley Banch, 2 (MVZ); Hein's
Ranch, 5 o1 9 Inverness, a8 (MVZ); 3 mi W Invernesa, 1 (MVZ); near
highway, 4 mi W Invernesa, 2 {UDAV); 6 ml W Inverness, 7 (MYZ); Lagunitas,
1 (CAS), ? (MVE); Limantour Bay, 1 (CAS); Marshall Ranch, 8 (MVZ); MHurphy
Ranch, about &4 mi WSW lmnverneae, 10 (MVZ); 4 mli S Olema, 4 {MVZ); Z mi W
Olema, 1000 fr, Mr. Wictenberg, 1 {(HVZ): Point Reyes, 1 (CM), 15 (USNM);
Point Reyes, 4 ml W Invernese, 2 (CM)}; 3 mi NE Point Reyes (clty), 1 (O},
Wildcat Canyon, Tevis Ranch, 9 el W Olema, 2 {(MVZ).

Tehachapi Pocket Mouse
Perognathus alticola ipexpectatus

1926. Perogpoathus alticola lnexpectatus Huey, Proc. Biol. Soc.
Washington, 39:121. Type Locality: 14 mi W Lebec, 6000 ft, ¥ern Co.,
California.

Diletribution; Tehachapl Pocket Mice are known from a f{ew scattered
localities from Tehachapi Fass on the northeast to the area of Mt- Plnos
on the southwest, and arcund Elizahath, Hughea, and Quall Lakas on the

southeast. Xnown localitfies are between about 3500 and 6000 ft inm
elevation.

Fopulations Status: Trapping for the Tehachapi Pocket Mouse by Sulentich
(1983} produced 1l apecimens from two localities on the eastern side of
Tehachapl Pass in an area where a single epecimens was caught lo 1975
(Williamz, 1978}, In view of the acercity of mpecimens and the peneral
Inability to find Tehachapi Pecket Mice, thelr populations must be small,
acattered, and vulnerable to changes in habitat gquality.

Habitat: The habitet ofF the Tehachapl Pocket Mouse 1s not well defined.
Four apecimens were captured In a fallow grain field at about 4000 fc,
aeveral years after it had been planted to grain {Sulentich, 1983;
Willtame, 1978)., The predominate plant in the area when I collected there
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wag Ruseilan Thiatle (Salscla @p.}. Desert shrubs and grasses dominated
neatby hilla. Cantwell {(in Huey, 1926) collected Tehachapl Pocker Hice on
a mgrassy flat among scattered Yellow Pine trees. Other areas whera
Tehachapi Pocket Mice have been collected support arld annual graesland
and desert shrub communities.

Recommendations: Additiomal studles of habltat raquirements and
diastribution are needed. Areaa likely to support populations are the
mpuntailn slopes of the Tehschapl and San fabriel ranges that front on the
Mo jave Deserk.

Remarks: FPerognathus alticols inexpectatus appears to be allied with P.
a. slticola structurally. Sulentich (19839 believed that the Tehachapi
Focket Mouse was a distinet specles from the White—eared Pocket House.
Populations of P, &, inexpectatus mey be in contact with and intergrade
with populations of P. parvus xanthonotus, which is known fraom an area of
the Tehachapi Momtainsl in the vicinity of Walker Pass and adjacent
canyons. Habitat for Pocket Mice of this speclees group appears to be
nearly continuous along the desert slopes of the southern Slerra Nevada,
Tehachapl Mountains, San Gabriel Mountaine, and San Bernaxrdino Mountaina.
The allopatric distributions of these taxa {(Hall, 1981) probably is more
appatent than real. Eight Tehachapl Pocket Mice, in addition to the
ppecimens listed below, were captured in the area of Tehachapl Fasa by
Sulentich (1983, and unpubl.).

Distribution Records: LOS ANGELES GO.: Elirzabeth Lake, & (LACM); Gorman,
1 {LACM); ? ml E Gorman, 3500 ft, 3 (MVZ); 2.5 ml SE Gorman, 1 (MVZ); Lake
Hughes, 1 (LACM); 2 mif W Quail Lake, 3500 fr, 1 (LACM). KERN CO.: Q.5 ml
SW Cameron, 3900 ft, 4 (MVZ); 14 mi W Labec, 6000 Fr, 3 {SD5SNU); Cuddy
Valley, Mt. Pinos, 1 (LACHM); Sand Canyon, about 8 mi E (by rd.) Tehachapi,
sec. 28, T325, R34E, 4080 fr, 3 (CSLE), 1 (MSB); Tehachapi, 2 (USNM);
Tehachepl Peak, 2 (USHM).

Short-nosed Kangaroo Rat
Dipodomya nitratoides brevinasus

19206. bDipodomys merriami brevinasue Grimneli, J. Mamm., 1:179. Type
Locality: Heys Stetion, 19 mi 5W Mendota, Fresno Co., Califernia.
1921, Dipodomys nitratoides brevinasus, Grinnell, J, Mamm., 2:96.

Distribution: Short-nosed kangaroo Rata are found oo the western amide of
the 8San Joaguin Valley, from near Los Banods, Merced Co., aputhward west of
the San Joaquin River and a line approximately coilncldent with the
Kettleman Hille, Lost HIlle, and Elk Hills to the southern end of the
valley. They also occur in the Panoche Valley, S5an Bendte Co., the
Sunflower Valley, Eilngs Co., the Antelcpe Plain in Rern Co., the Carrizo
Plain in San Luls Dbispo Co., the Cuyama Valley in San Lula Obiape and
Santa Barbara countlea, and st the aedge of the valley flnor arsund the
aguth end of the San Joaquin Valley from the wicinity of Maricopa on the
Weat to mast of Bakerafield on the caar {Hall, 1981; Willisme, 1985, and
unpubl. data}. Within this area, they are found mostly on Flat and gently
eloping terrain and on hill tope in desert—shrub sessoclations, primarily

Atriplex.
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Population Statusa: Loas of habitat has heeo extensive throughout the
range of the Shoert-nosed Kangaroo Rat, particularly on flatter lands in
the Cuyama, San Joaquin and Panocha valleys, and on the Antelope and
Carrizo plains. Cultdvation of native ccmmunities has been the prineipal
reagon for logs of habitat. Relatively small, igolated populationa are
fomd on the southern Antelope Plain weet of Butctonwillow and in the
vicinity of Taft and Matlcopa, Kern Co,; on uncultivated sites in the
Kettleman Hille, and in and around oil fielde near Coalinga, Freano {o.;
west of Intevatate Highway 5 on unirrigated landsa at the edge of the
valley in Fresno Co.; and around Soda Leke on the Garrizo Plain, San Luis
Obispe Co. Where they are found, they are typically common. A major
cause for comcern ls that virtually ell of the areaa where Short-nosed
¥angaroo Rats stlll are found acve privarely owned and heve moderate to
good potentiale for cultivation. Only the laeck of irrigation water has
preveatad cultivation of most areag until now, OF grester concern is the
lack of lande dedicated to preaserving natural communities within 1ts
raoge, except for the area Immedlately around Soda Lake on the Carrizo
Plain {few Short-nosed Kangaroo Rats occur within the confines of the
present preserve}. Public-owned lands within the geographic range of
Short=nosed Kangaroo Rats, such as thoae on the Carrizo and Elk Horn
plaing, recently have been subject to ilntense grazing pressures with
virtually no plant litter remaining (eome areas are being grazed year
around), and providing little opportunity for herbacecus plants to fruit
(unpubl. observ.). Preliminary field work in gome of these areas during

the past year found no Short-nosed Kangarco Rate in areas where they were
[airly common ae recently ae 1982 (Kerry ¥ilburn, pers. comm.j uwnpubl.

data}.

The Short-nesed Kangaroo Rat was not included on the prioricy List of
Concern when the draft copy Was assembled, primarily because it appeared
to warrant lesser concern then many other speciee. In the ensuing five
years, however, additional Field work within its geographlec tange, focused
mostly on Glant Kangaroo Rats, found that some popularions once conaidered
sgcure Were declining or had disappeared. Some other areas where
Short=-nosed Kangaroo Rats were presumed o occur, hased on the type of
plant communliries, proved not to have extant celonles. Thus, in

reesacssing ite status, it seemed best to elevate it to the Third Priority
Category to emphasize potential threats ta remaining populaciens and ro

expedite the pathering of information needed to derermipe 1ts atatus.

Habitat: Dipodomye nitratolides brevinasus occuples grassland and
deserc=shrub asaocciaticoe on friable ascils. They inhabit highly alkaline
solls around Soda Lake, on the Carrize Plaioe, and less saline solls
elsevhera. On the valley floor, arownd Los Banos, Merced Co., small
populacions live on dikes secure Erom winter flooding, then move Into
aeaaonally flooded ijodina bueh shrublands during the eummer montha, where
ac least some individuala reproduce {unpubl. data). Hawbecker {1951}
reported that, in the Panoche Valley, San Benico Co., Short—mosed Kangaroo
Rars ware found oo gentle slope and relling, low hill—-tops where pome
shrubs were present. He supgested that they did not "venture far out of
this habitar." Light to moderate grazlng by livestock probably emhances
hebitat for Short-nosed Kangaroe Rats.

Recommendatlons: The primary needs are for detalled information on
diacritution and populations etatus of Dipodomys nitrateldes brevinasus,
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and land use projections within areas atill inhabited. The U.5. Buresu of
Land Management should pay particular attention to this specles in its
management plans for lands in western Kern Co., and on the Carrizo and Elk
Horn plaims in San Luls Obispo Co. The lmpact on Short—nosed Rangaroo
Rats and other native species by the present pattern of livestock grazing
should be determined and grazing leases reviewed accordingly. The
Californis Department of Fish and Game should review ita opportunitles to
purchase and develop lands as a preserve for this and other jeopardized
epeciea of the San Joaquin Valley lowlanda, esspecially in northwestern
Freana and eastern San Benlto couaties inm the Panoche Valley araa.

Remarks: Because the Short-nosed Kangaroo Rat wae not on the draft List
of Concern, distributlon racorda were not obtained from most museums
vigited. The basie distributional area is documented in Griomell (1922}
and Hoffmann (1975). Williams (i985) discusaed, in detall, the boundary
between the aubspecies D. n. nitratoldes and breyinasus. Ten spacimens
identified as D. nitratoides from 3 mf E Cuyama Ranch, 2200 ft, Cuyamm
Valley (probably San Lula Obispe Co.) collected in 1916 (USHH collectlon}
were not mentioned by Grimnell (1922) or Hall (1981). Hoffmann (1973)
axamined specimens from the Cuyama Valley, but did not identify the number
or musgum where those speclmens were housed (I presume that they were the
specimens in the U.S. National Museum). He compared them with eamplea of
nitratoides from other localities and determined that they exhibired
characteTistice more disgnoatic of Dipodomye merriami (fide Lidicker,
1960), but equivocated ae to their ldentity. Any surveys for Dipodomys
nitratoides brevinasup should include the Cuyams Valley and should be
designed to obtair information usaful in resolving the specific ldentity
of that population, presuming it is extant.

Red Tree Vole
Arborimus longicaudus

1890. Phenacomys lovgicaudus Truwe, Proc. U.§. Natl. Mus., 13:3C3. Type
Locality: Marshfield, Coos Co., Oregon.
1973. Arborimus longicaudus, Johnson, J. Mamm., 54:239.

Distribution: Red Tree Voles are found along the Pacific cosstal lowlands
in Oregon and Noerthern California (Howell, 1926; Hall, 198l1; but pee
Remarks). In California, they range from the Dregon bnrder southward to
Sonoma County along the c¢oaat, and in the coastal mountailn rangesa
southward to about Mt. Sanhedrin, Mendocino Co. Marginal records on the
east are Bridgeville, Aumbeldt Co.; South Fork Mountain, Trinity Co.; Mt.
Sanhedrin, Mendocino Co.; and Occidentsl, Soncma Co. (Hall, 1981; Howell,
1926). Recorde of elevation extend From near sea level to about 3100 fE
in Califernfa (Griomell, 1933: unpubl. data}.

Population Status: Red Tree Voles have always bean congldered rare,
although they are common locally (Taylor, 1915). Records of discrihution
within California suggest a spotty pattern of dlepersion. Thelr
raproduccive potential 1s lower than typical voles (Ramiltgn, 1962), and
presumably, populations could be jecpardlzed by greatly increased
mortality mssoclated with extensive logging. <Cleatrlng trees for
agriculture and homeaites, and logging, especially clear=cutting, wichin
the range of Red Tree Voles hava significantly reduced available habitat
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end fragmented populations (Maser et al., 1981). Construction of roads
and powerlines also have contributed to loss of habitat snd fragmentation
and isolation of populations-

The Red Tree Vole was not listed in any of the three prilority categoriea
on the draft List of Concern, but was considared a seasitive species.
Information on i{ts population status was unavallable, but it did not seem
to be Jeopardized. Since development of the drafr 1list, I have
reconsidered ita status in light of a trip through portions of Ats
geographic range in seavch of populations, made in April, 1984. Although
Red Tree Voles are still locally commen in the foothills of mountalns on
the east edge of the coastel plain in Humboldt Co., loss and fragmentation
of hablrat has been extenslve everywhere within its range. Furthermore,
these trends are likely to continue at an accelerated pace in the future.
The Red Tree Vole hss been elevated to the Third Priority Category to
eaphasize that current trends in logging may jeopardize the species and to
emphaalze the need for definitive information on distribution and
population status.

Habitat; Red Tree Voles live only in coaetal coniferouns forestsn
conslating of Douglaes Fir, Grand Fir, Western Hemlock, and/or S5itka
Spruce. Taylor {19.5) remarked chat most Red Tree VYolea were found in
Douglas Fir and Grand Pir trees, and that only Todd (1891) found these
voles in B4tka Spruce. Maser apd Storm {(1970) statasd thar Red Tree Voles
also inhablt Western Hemlock trees. They live, nest, and feed within the
forest canopy. Males are partly terreatrial, but females rerely are found
on tha ground. Red Tree Volea feed on the needles, buds, and tender bark
of twigs of Douglag Fir, Western Hemlock, and Crand Fir (Howell, 19244
Maser and Storm, 19703 Maser &t al., 1981l; and Taylor, 1915). They do not
eat Redwood needles; hence pure stands of Redwood are not occupled
(Taylor, 1915). Bedwood is the principal forast [ype in preservas within
the range of the Red Tres Vole. Generally, large trees are preferred as
homes, although small trees are alec ighablted, especially where larger
once are unavailahle (Bensoa and Borrell, 193l; Howell, 1924).
Condengation of water cn leaves from devw and fog or freguent rains may be
requirad a5 a source of drimking water (Taylor, 1915). Although many of
the factore determining the occurrence of Red Tree Voles are not knowm,
these animals probably require fajrly dense, mature stands of conifer
foreat composed of at least sowme Douplas Fir or Grand Fir. Glear-cuta,

foreet [ires, and other factors that create openings in the forest and
isolate blocks of trees are detrimental to Red Tree Voles.

Large neete are constructed In treea, generally around the trwnk,
typleally from 20 to &D ft above ground (Benson and Borrell, 1931). HNests
have been found as low ae 4 £t to as high me 100 ft or more. The nests
conelst primarily of the resin ducts of fir needles, the only part not
eaten by the voles, and fecal material. The bulk of the nest increases
over che years as a geriee of residents occupy the aite and add material.

Recommendations: The most pressing need 1s for detailed information on
the present distribution and population status of Red Tree Voles. Known
and projected developmenta within 1ts present range should be assesaed to
determine thelr impact on the specles. GStare agencies, the U.5, Foreat
Service, U.5. Bureau of Land Management, and the U.5. National Park
Service ahould conduct deteilsd surveys for Bed Tree VYoles on landa chey
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manage. Clear—cutting iu areas inhabited by Arborimus leongicaudus should
be aveided in preference Lo gelective logging whenever posgaible.

Remarks: 1ntil recently, the Red Tree Vole was conaldered to be a member
of the penua Phenacomya. Johnaon (1%73) reviewed the srructural,
ecological, and behavioral characters of Arborimus and Phenacomys.
Additional studies of the generic differences of Arborimus and Phenacemys
were presented by Jahnsen and Haser (1982). According to Haser et al.
(1981) and Sara George (pers., comm.), the Bed Tree Vole in Californila is a
different specles than that found in most of Oregon; Murray Johnaou ia
currently investigating the relationshipe of these sibling populations and
thelr geographic distributions.

During the research For this report, I decided Arborimus longlcaudus wes
not to be included in a priority category on the List of Concern; thus, I
stopped recording distributlonal records during vieita to museums.
Therefore, the Following list does nmot include records of speclwens from
all of the museums vialted. Hoteworthy are the collections at the
California Academy of Sciences and Humboldt State Universeity.

Distribution Records: HUMBOLDT CO.: 5 ml E Arcata, 1 (CSLB)Y; Big Bend,
Hzd River, 2 (MVZ); Bridgeville, 1 ({MVZ); 4.3 ml N Bridgeville, 1 {(MVZ);
4.6 mi N Bridgeville, 2 ((MVZ)}; 2 m1 E Bridgeville {Benson and Borrell,
1931), 1 (MvZ), L (PM); 4.6 ml by rd. (Hwy 36) E Bridgeville, 1 (MVZ); 1
mi W Bridgeville (Benson and Borrell, 1931); l.5 mi W Bridgeville, 1
(MVZY:; 2 mi W Bridgeville, 2 (UCLA): 3 ol N Capetown, 01l Creek, 2 (MVZ);
5.3 mi HE Capetown, Morrow Banch, 1450 ft, 5 (MVZ); Carlotta, 5 (MCZ), 13
(MVZ), 2 (ROM}, & (SDSNH), 3 {UCLA), 18 {(USKM}; Chaparral Ht., 2 {MVZ);
Coyote Peak, 1 (MVZ):; Cuddeback, 1 {MVZ); Preanch Camp, 3100 fr, 1 (MVZ); 2
ol along Johmson Bd., off Bald Hill ®d., 1 (C5LB); 8.2 mi (by rd.} E
Korbel, 1 (MVEZ); Maple Creek, 1 wi N jct. Mad River, & (MVZ)}; 0.5 mi 5 (by
rd.) Maple Creek, 1 (MVZ)}; 3.2 ml WW Petrolia, 1 {MVZ); 5.2 mi SE
Petrolia, 1 (MVZ}. MENDOCINO CO.: Anchor Bay, 3 (CM); 10 mi E Point
Arena, Garcia River, 3 (CH); 8 wi SW Laytonville, Clack Ranch, 1 (MVZ):
Hendocino Cicty, 16 {(MVZ); Mt. Sanhedrin, 1 (ANSP); 4 ol 5 Mr. Sanhedrin,
leerly's Ranch, 2340 ft, 1 (®MVZ); 0.8 ol 5 S5lick Rock Creek on State Hwy
#1, 2 (MVZ); 3 wi W Whiskey Spring, Graveyard Rd., 80D ftr, 1 (MVZ).

SONOMA CO.: 1 mi N, 0.2 mi E Bridgehaven, 50 fr, 1 (MVZ); 1 mi N Camp
Heaker, 1 (MVZ); 3.5 mi N Camp Meeker, 1 (MVZ); Duncan Mille, I (LACH}; 3
mi E Duocan Mills, 1 (M¥Z}; 2 mi W Duncan Milla, 4 (MYZ); 3 mi W Dumncanm
Millas, 1 (H¥Z); 3.5 ml W Duncan Mills, 1 (MVZ}; 7 mi N (by rd.} Fort Ross,
1 (MVZ); 1 mwi E Jenner, 3 (MVZ); neat Monte Rio, Bohemian Grove on Russilan
River, 2 (MVZ); 2 mi SE Monte Rioc, L (CHM}; 2 mi S Monte Rio, 1 (MVZ); 2.3
mi § Monte Rio, 11 (MVZ); 3 mi 5 Monte Rio, 4 {MVZ); 4 ml 3 Monre Rio, 1
(HVZ); 1 ml W Monte Rio, 1 (CM); Occidentel, 2 (LACHM); 2 mi N Occidental,
3 (MVZ): 0.5 ml § Decldental, 2 {(MVEZ); 1 ml 5 Occldental, 1 (MvE); 0.25 ]
mil W ject. Sheephouse Creek and Russilan River, 1 {HVZ}; 0.5 mi E Stewart's
Point, 1 {HVZ); 10 mi SSE Stewart's Point, 1 (MVZ}. TRINITY C0.t Mad
Riyer, 2500 fr, South Fork Men., 1 (MVZ); Refllay's Ranch, 3300 fr, South
Fork Htn., 4 {MVZ)}.
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Pacifie Fishar
Harteas pennantl pacifica

18%98. HMustela canadeosis pacifice Rhoads, Trans. Amer. Philoe. S0c., new
ser., 19:435. Type Loeality: Lake Keechelus, Kittitas Co.,
Washington.

1912, Martes pennantl pacifice, Miller, Bull, U.5. Mue., 79:94.

Distribution: Martee pennantl was formerly widely distributed in boreal
foreats across Canada and the northern Uniced States, extending aouth in
the mowntaina to California and Utah in the west and Tennesee and Worth
Carolina in the east {Powell, 198l; Strickland =t al., 1%82a).

Pacific Fishers are found along the Pacific Coast from north—central
coastal British Columbia to nerthern Califernia, in the Cascade Mountaina,
and the Sierra Hevada of Califnrnia. They range eastward to the Blue
Mountaics of northeaetern Dregon (Hall, 1981). In Californis, they occur
from the Oregon Border In the northwestetn part of the atate south to
about Clesr Llake, Lake County, in the Coasstal Mountalpne and to Somoma
County along the coast. They range eastward in werfthern Californla to
around Eagle Lake, Lassen County, and southward in the Sierra Nevada to at
least Greemhorn Mountain, Kern Gounty (Schempf and White, 1977). Altitude
of occurrence varlee from near sea level to over 11000 fr.

Population Status: Schempf and White (1977) reviewed historic and recent
tecords of Fishers 1n California, Iincluding sightings an file in U.S.
Porest Setrvice offices and from Califo¢nla Department of Fiah and Game
records. Datz they gathered suppgested that Fishets were relatively common
in the Worth Coast reglon, but were rare or uncommon in the Sierra Nevada
and appeared to be decreaming. Theae data were unsupported by field
Burveya, 80 recent trends were unknown. Partfcular asttention was drawn to
the apparent decline of populations in the southern Sierra Wevada and
possible declinee im the northern Sierra Navada. Buck et al. {1933)
studied a population of Fishers in Trinity Co. to datermine habltat use
and poseible effects of timber harvest oo Fishers. They found that
clearcutting and the general trend toward reduction In slze and iasolation
of mature stands were probably detrimental to Fisher populations. They
aleo determined that selective cutting of trees decreased the quality of
habitat for Fishers.

Hablitat: Filshers prefer heavy atands of mired apeclies of matute cimber,
but they range widely in forested reglons (Buck et al., 1983}. They are
frequently encountered in second-growth forests, and scmetimes in forest
openings. A few records of Fishers have been found in comnmunities auch as
scrub woodlands at lower elevstions (Schempf and White, 1977). This doas
not mean, however, that Fiahers can live in these habltats permanently.

In Californla, Fishers primarily inhabit mixed conifer forests compoeed of
Douglas Fir and assoclated conifers, although they alac are ancountered
freguently in higher elevation, fir and pine forests such as Red Fir and
Lodgepole Pine, and mized evergreen/braad leef foreat.

Fishers prey on & varlety of small- and wediumr-sized manmals, especislly
Chipmunks, Squirrels, Marmota, Weodrats, Porcupines, Rabblre, Heres,
Martens, Foxes and other smell carnivores {Fowell, 1981 Strickland et
al., 1982a; Yocum and McCollum, 1973). Crinnell et al. (1937} speculated
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that Flshers also feed on birds such & Grouse.

Fishers are wnown to den im cavities near the tops of large trees, in
hollow lags on the ground, in talus, and crevices In rock ¢utcrops
{(Grinnell et al., 1937).

Recommendatlons: Field surveys are needed to establish a data base
against which future trends can be assessed, and to define more accurately
current status. Attention should focus on the Sierra Hevada, as evidence
suggests declining populations there (Schempf and Hhige, 1977).

Effects of various forest harveating practices on Fisher populatiens
ghould ba derermined over a broader arvea (Buck et al., 1982): and apecific
habitat needs such as stand denalty and rree size, food sources, and den
sites ghould be determined. Snags, damaged and senescent trees with large
cavities, and hollow logs are probably important for Fishers, especially
where talus and rock crevices are uwnavailable.

Kemarks: Schempf and Whita {1977) presented sevetral tecords (mostly
slghtings) in addition to those listed below and referrvad to an
unpublished paper where thesa records were documented. Yocum and McCellum
{1973) mapped eeveral localitles in Del Morte, Humboldt and Trinity
counties, but did not present deseriptiona of the localities. Bruce and
Welck (1973) and Gould {1978) also presented data on Fishers ia
northwastern California and the northern Slerra Nevada, respectively.

Grinnell et al, {1937) consldered M. p. pacifica te ba inseparable from M.
p- peonanti, Goldman {1935), however, found that cthe Lwo taxa were
aeparaEle. Hall and Kelson {195%) belleved that evidence presented by
Goldman was sufficlent for eubspecific staktua.

Distribution Records: DEL KORTE CO.: 3 localities unapecified {Yocum and
McCollum, 1973). HUMBOLDT CO.: Waterman Ridge, Hawkine Bar Road (focum
and MeCollum, 1973). LAKE LAKE CO.: mneatr Lakeport, 1 (CAS). LASSEN CO.:
Bagle Lake (Gtinnell et al., 1930). MARIPOSA C0.: Big Creek, near
Wawona, 2 {USNM); Big Meadows, Coulterville Road, 4000 fr, 1 (MvZ);
Bridalveil Creek {Cunningham, 1959); Chingquapin, l {MVZ); near Craoe Flat,
Yosemite Wational Park, L (MVZ}; Fort Monroe, 1 {MVZ); Grouse Creek,
1(MVZ); Yosemite Natlonal Park, 1 (MVZ}; Yoesemite Valley, 3 (MVZ), 1
(USNM); Wawona, 1 (USFM). MENDOCINQ C0.: Cahto, 1 (UBNK); near Covelo, 1
{USNM); Eden valley, 1 (MVZ). SHASTA Gl C€0.: Cassel, Burney Mountain, 1
{USNM)1 Casesel, Rock Creek Mountains, 1 1 (USNM): Fort Crook, 1 {USNM).
SIERRA CO.: Hebber Leke Avea (Gould, 1978). SISKIYQU CO.: near
Cecilviile, 4 (MVZ); HMount 3hasta, 1 {USNM). TRIKITY CO.: oear Helens, 2
{WVZ); Wells Creek, E fork, 15 mf E Hay Fork, 1 {USNM); S fork Trinity
River, sec. 29, TIW, RTE, 2000 ftr, 1 {MVZ). TULARE CO.: Arwell's Mill, 1
{USHNM); Kern River, 2 mi downetream from junction with Lictle Kern River,
1 (MVZ). TUOLUMNE CO.: wuear Hetch Herchy Valley, 3 (Mv¥Z); Hog Ranch
Ranger Station, Yosemite National Park, 1 (MVZ); head Lyell Canyon
{Grinnell and Storer, 1924); Tuolumne Big Trees, 2 (MVZ).
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American Badger
Taxideas Laxus

17768. Ursus texus Schreber, Die Saungthiere. . ., 3:520. Type Locallty:
Labrador and Hudson Bay, Canada.
1894, Taxidea tawus, Rhoads, Amer. Nat., 28:524.

Pistribution: American Badgera occur from northern Alberta southward to
cantral Mexico. They range from the Pacifie Coast eastward through Ohio.
They are shaent from the humid coastal forests and from other reglons with
dense Forests. In California, Badgere ranged throughout the state except
for the humld coastal forests of morthwestern California in Del Norte Co.
and the northwestern portion of Humboldt Co. (Long 19%73; unpubl. data}.

Populatien Status: Badger populations heve declined drastiecally im
California within the last century {Grinnell et al., 1937; Longhurst,
1940y, ¢4rinoell et al. (1937) noted that Badgers were reduced in numbers
over almoat mll of their range in California by 1937, At that time they
were stlll numerous in the Central Valley, but now they survive only in
low numbers in peripheral parts of the valley and ad jacant lowlands tg the
wvest in eastern Monterey, San Benito and San Luis Obispo countiea. In the
coastal areas from Mendocino county south they have been drastically
reduced in nupbera- They have been extirpated from many areae in pouthern
California. Long end Killingby {1983) regarded the status of Badgers in
California as poor. Deliberate killing probably has been a major facter
in the decline of Badger populationa. Moet people regard Badgers as
detrimental to thelr intereats and attempt te kill thes. Cultivation 1a
adverae to Badgera, as they do not survive on culrivared land.
Apgriculeurel and urban developments have been the primary causes of
decline and extirpation of populations of Badgars in Celifornia. Rodent
and predator polisoning pose double thrests through direct and secondary
poisoning of Padgers and elimination of the food Badgers are dependent
upon. Shooting and trapping of Badpers for animal “control”™ is another
source of mertality. The 11.8. Figh and Wildlife Service took 4086 Badgers
in California from 1966 to 1976 (Lea, 1977). Trapping of Badgera for the
fur trade probably has had lirtle impact on populations in many areas
bacause the fur was of low economle walus. In the late 1920'z to at least
the lace 1930°'s, Badger fur waa in high demand and trapping Increased to
levels thar may have decimated local populations {Grinmall et al., 1937).
Again, submequent o 1975, demand for Badger pelts has increased and
increaaed efforts are belng expended to trap Badgers.

Mo current dats exlst om the statue of Badger populations in Califorola,
but they have obviously deelined or disappeared in large sectioms of che
srate, particularly azeas west of the Gascade-Sierra Wevada mountain axis
and in coaatal basins of southarn California. Badgers ware common in
moumtalnous areas emly in large, treeleps weadows gnd expanses near
timberline. Longhurse {1940} noted that they had nearly dissppearad from
Bapa County by L1940,

Desplte the probable continuing decrease in numbers of Badgers statewide,
reports of numbers trapped for the fur market indicate subgtantial
increases in captures in Yecent years (e.g. 107 Badgers reported trapped
in 1975-76 and 299 in 1976-77; Californla Dept. of Fish and Game, uapubl.
report). Moatr of these Badgera were caken in the northern and eaatern
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counties, although Fresno and 5an Benito countles produced 45 and 20
respectlvely, In 1976-77. The increase in numbers trapped most likely
reflects the increased prices paid for peles and the counsequently greater
effort expended in trapplng Badgers. For example, 931 trapping licenses
were gold in 1975-76 and 1692 in 1976—77. Less than one-half of the
licencees flled veports of thelr captures both yeara (207 and 751,
respactively).

Habitat: 1In California, Badgers accupy a diversity of habitats. The
principal requirements seem to be sufficient fopd, friable solls, and
relatively apen, uncultivated ground. Grasslands, savannas, and mountain
neadows near timberline are preferred. Badgars prey prlmarily on
burrowing rodents such as Gophers (Thowomys), Ground Squirrels
{Spermophilua, Ammcospermophilus), Marmots {Marmota}, and Kangaroo Rats
(Dipodomys). They are predatory apecialigts on theee rodents, although
they will eat a variety of other animals, including miee, Woodrats,
reptilea, birde and their egga, bees and other insects, etc, Grinnell et
al. (1937) recounted reporte of Badpers bresking cpen bee hives to eat
both the brood and honey. They regularly dilg out nests of Bumble Bees.

One repert of densities of Badgers reviewed by Long gave an estimated
deneity of one Badger per mquare mile. Bailey (1905) noted that ome
Badger spent a summer In a 20=acre fleld. Sarpent and Warner {1972) found
that a radio-collared female had a home range of B850 hectsres (2091
acres): 725 hectares (1783 acrea) in summer, 53 hectares (130 acres) in
fall, and 2 hectarea (5 acres) in winter. HMesslck and Hornocker (19B81)
found that home raoges averaged 2.4 and 1.6 eq. km for adult males and
females, respectively, in Idaho.

Recomuendationg: Querent data on Badger populationa are needed threoughout
the state, especlally from the lowlands of weastern Californis. The
affacte of continuing habitat loss, rodent polsoning, and ctrapping far the
fur trade ashould be aspessed. Mandatory reporting of tale (including
aniwmals discarded) by trappere and hunters should be required.

Information on home raoge size and deneirty cof prey required by Badgera is
needed for effective managament. The impact on Badgers of the use of
rodenticides and trapping for the fur trade should be assessed.

Remarks: Long (l972) revised Taxidea tawns primarily on the basias of
speclmena in the U.5. Natlonal Museum. While his paper haa contributed
much to &n understanding of geographic¢ varlation in thie zpeciea, 1t has
alpo confused the taxooomy of Badger populatione im California. T. t.
jetfersonii {Harlan) generally ranges in the better—watered areas of
Californla, including cometal araas, most of the 3lerra Hevada, and most
of the Grear Besin Province. T. t. berlandieri Baird ranges through the
hotter, drier depert and grassland assoclationa of southeastern California
and the Central Valley. This makes sense from an ecogeographic point of
view: larger, darker—colored Badgera from cooler, molster areas and
smaller, lighter—colored Bedgers from hotter, drier aresas. The problem
occurred with the aealgnment of epecimens to particular subspeciea. A
specimen From Alile (Rarlimart), Tulare County, on the floor of the
southern San Josquin Valley, was aesigned tn jeffersonii, while another
specimen from Alila was assigned to berlandieri.

Specimenes from geographically adjacent and ecologically continuoua Areas
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(hot and arid) of the San Joaquin Valley were sssigned to jeffersonii
{r.g- Tulare Lake, Huron, Stanley, Alcalde, and Taft), while others from
Tracy, San Joaquln Cowmty, were assigned to berlandieri. These and other
taxonomle assigwenta by Leng (1972} make no senae from a geographic or
environmental perapectives. Long (1572) moted that some of these
opecimens exhibit intermediate characters, suggesting intergradatlom.
Thig is probably the case. I can se2 no compelling reason, however, to
assign the Ceatral Valley population to berlandieri. In fack, Long
aspigned most of the specimens from this reglom to jeffergmonii, although
his range map and statements lead to the opposite conclueiom. A berter
arrangement would be to Iinclude all specimena from the Central California
lowlands in T. t. jeffersonii. For thie account, however, I do not use
trinonfals for Badger populations. The principal concern 1a for
populations in the lowlands of western California, west of the main
Caacade~5ierra Hevada mass and the southern California cosstal reglon.
This would include some populations that leong (1972) assigned to T. t.
jeffersonili and some he called T. t. berlandieri.

Disteibukion Recprds: ALAMEDA CO,: Qakland, I mi WE Milla College, 1
{MVZ). EUTTE GO, 18 ml W Oroville, 1 (CSUC) CONTRA CAOSTA Co.:
Rattlesnake G Canyon, near Orinda, 1 (MVZ). EL DORADD C.: Echo, 500 fr,
2 (MCZ). FRESNO 00.: Alcalde, 1 (USNM): 7 mi SW Comlinga, 1 (CAS);
Huron, 374 ft, 1 (USNM); 0.6 mi NE Marion Lake, 10500 ft, Kinga Canyon
Hational Park, 1 (MVZ); Pamoche Creek, 550 ft, 1 (MV2). HUMBOLDT CO.: 27
mapped localities without locality descriptiona, based on sight recotds
{C« Fa Yocum, in litt.). INY0O CO.: no mpecific locality, 1 (LACH);
Furnace Creek Ranch, 1 (Hvz), 7 mi NE Jackasa Spring, L (MVZ); 7 mi E
lawa, at Silver Creek 1 {MVZ); Wild Roae Canyon, 1 {MVEZ). IMPERIAL CO.:
Alemo Duck Preaerve, 8 mi NW Calipatria, 1 (MVZ); Rard, 1 (UCLA): 3 wi N
Bard, 2 (SDSNH}; & mi W Bard, 1 (S5DSWH); 5 wi N Laguna Dam, 1 (MYZ};
Manganes: Wells, Lower Colorado River, 1 (MVZ); Palo Varde, 1 {LACM), 1
(MVZ); 0.75 mi W Palo Verde, 1 {(MVZ); 13 mi N Palo Verde, 1 {MVZ); 13 mi
WHW Palo Verde, 1 (MVZ); 20 mi N Picacho, Coloredo BRiwer, 1 (MVZI};
S5ilsbee, L (HVZ). KINGS CO.: Stanley, 1 (USHM). KERN CO.: Antelope
Valley, near Neemach, 1 (FMNH); Bakersfleld, 1 (MVZ); Buttenwillow, 1
(CAS): 3 wi § Camtil P. 0., 1 (LACM); 3 wi SE Cantil, M & R Ranch, 1
{LACM); 3 ml EWE Hart's Place, L (LACM); 4 mi § Inynkern, 1 (LACM); 4 mi
W Inyokern, 1 (LAGM); 5 Fork Xern River, 25 mi from XKernville, 1 (USHM}:
S mi NW Mojave, 33530 ft, 1 (MVZ); Tulare Lake, mouth of Eern River, 2
(usHM); Tefr (Long, 1972); E side Walker Pass, 5000 ft, 1 (LACM); Willow
Springs, 1 (AMNH). LAKE CQ.: Lakeport, 1 (CAS); several miles N Uppar
Lake, 1 {WFBM). LASSEH C0.: Amedee, 1 (USNM); Calaeva, 1 (MVZ}; Hayden
Hill, 1 (USNM}; Karlo, arto, 2 (MvZ2); 2 wi S Madeline, 1 (HSU); Merrillville, 1
{USHM); 7 ni N Observatinn Peak, 5300 fr, 1 (MVZ); Polron Lake, 1 (USHM);
20 ol E Susanville, 1 (CSUC); 10 mi E Raveadale, 5400 f£r, 1 (CAS);
Susanville, 1 {USNM); Termo, 1L (MVZ); Willow Creek, Barran Ranch, 1
(C8DC). LOS AHGELES C0.: Covina, 1 (UCLA); Falrmont, Antelope Valley, 1
(LAGM), 1 {MVZ); Angeles. 1 {LACM); near Lovejoy Buttes, 1 (MVZ);

Te junga Wash, 1 {HVZ}. MADERA CO.: San Joaguin Experimental Range
(Nawman and Duncan, 1§73); head San Joaquin River, 2 (USNM). MARIN CO.;
Bear Valley Ranch, Olema, 1 (MVZ); Bolinas, 1 {(MVZ); 0.75 wi from beach,
1,25 mi NW Bolinas, 1 {MYL); PFort Barry, 1 (HvZ}; 3 mi W Invernaas, 2
{M¥Z); Millerton Guleh, 2.25 mli NE Inverness, 1 {(MVZ); 7 moi N Novato, 1
{MVZ); Tomalea Peint, 1 (MVZ)., MARIPOSA €O.: no locality aspecified, 1
(UENM); Wawona, 1 {USNM). MENDOCING €O.: T Clarke Ranch, 8 mi SW
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Earlimart}], 283 fr, & (USNM); Otoal, 4 (USHM): 4 mi SW Porterville, 1
(AMNH); White River, 1 {CAS); Whitaey Meadows, 9800 fr, 1 {(MV2). TUOLUMNE
C0.+: Tuclumne Meadows, 4 (MVZ), 1 (USNM). VENTURA CO.: Mount Pinos, 1
(MVZ); Mount Pinoa, 5500 ft, 1 (LACM); Saticoy, 1 (MVZ). YOLO CO.:

Davie, 1 (UDAV); Woodland, 1 {UDAV).

Channel Islands Spotted Skunk
Spilogale gracilis gmphisla

1929, Spllogale phenax amphialus Dickey, Proec. Blol. Soc. Washington,
427158, Type Loeality: 2.5 mi N ranch house near coast, Santa Rosa
Island, Santa Barbara Co., California.

1933, Spllogale gracilis awphialus, Grinnell, Univ. California Publ.
Zool,, 40:105,

Digeribution: Channel Islanda Spotrted Skunks are known to occur oply on
the islands of Santa Cruz, Santa Rosa and Sau HMiquel. They are probably
extinct on San Miquel Island, however {(Walker, 1980).

Population Status: HNothing specific 18 known about the statue pf Spotted
Skunks on the Channel Islands. Griunell et al. (1937} noted that "quite a
Few" gkins of these Skunks were received from Santa Crug Island by
Colburn's texidermy shop in Los Angelaes in 1918, Laughrin {1973) noted
that Spotted Skunks were quike rare when he surveyed Santa Cruz Iealand in
1573. According ro von Bloeker (1967), Spotted Skunka were once very
common on Santa Cruz and Santa Rosa Islanda, bot by 1967 they were rarely
found on efther ialand, 2t least near human dwellings.

Remarks by these authors were asubjective lwprepelons; there have bean no
atudies of populetion size an elther izland. The saeming varicy of
Spotted Skunks may Indicate normal populatien fluctuations, or refleect a
real decline in nombers.

Santa Rosa and Santa Crugz are the two largest of the Channel Islande.

Both are privately owned, and hoth have had less habitat alteratfon and
fewer introductlons of exotic mammals than most of the other islandsa.
Adccording te Laughrin (1973) Wapiti {(Cerwvua elaphus), Mule Deer
(Gdocellens hemionus}, Wiid Pigs (Sws scrofs), Cattle and Horses, occupied
Sauta Rosa Island in 1973 in addition ro native mammals. 5heep formerly
were present, buk apparently have been completely removed. A list of
currently extant, lntroduced apecies on Santa Cruz Island is unavailable.
Yo Bloeker (1967) meationed Horses, Wild Pigs, Cattle, and BRoe Dear
{Capreolus capreolus) ags being present, and implied that feral cats were
establiched on both islaunds. Laughrin (1973} noted that Sheep also
occurred on Santa Cruz Island, but fences werTe erected to restrict them to
the porth side. A hunting program to reduce their nombers was in effect
at that time.

The principal resson For comcern ahout the Channel lslande Spotted Skunk
is the scanty information avallable augpesting a significant decline in
pepulationg. BHecauss 1sland hiote are more prone to extinction than those
of mainlands, concern is heightened. Human diaturbances on the isiande
are probably not sufficiant to cause this decline. Domestic cats and/or
dogs have possibly introduced diseasea to which the Skunks are
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Laytonville, 1 (MVZ); Eden Valley Ranch, 1B mi abova Willits, 1 (MVZ).
MERCED CO.: Los Banos, 1 (MVZ); Los Banos Game Refuge, 2 (MVZ); 10 mi S
Merced, 1 (C8C3); 2 mi SW Stevinson, 1 (CS5CS). MODOC CO.: 3 ml R
Alturas, 1 (MVZ): 16 mi W Alturas, 1 {USNM); Cedarville, 1l (USKM)}; Dry
Creek, 3 (MVZ); Eagleville, 1 (CAS); 5 mi NE Fort Bidwell, 1 (M¥ZI); 7 ul E
Forcg Bidwell, 1 (MVZ); Llake Gity, 1 (MYZ); 2 ol N Lake City, 1 {MVZ); 3 mi
E Likeley, 1 (MVZ}; HModoc Natiomal Forest, Bump Head Mcns., mear Clear
Lake, 1 (WFBM)}; Parker Creek, Warner Hountains, 3 (MVZ): 12 mi E Steele
Meadow, 5200 ft, 1 (MVZ); Warren Peak, 1 (MVZ}. HONO CO.: Sonora Pass,
9600 fr, 1 {sz) MONTEREY CO.: Arroyo Seco Wash, 2 ml 5 Soledad, 150
ft, 1 {MVZ); 10 mi1 S Carmel, by Road # 1, 1 (MVZ); Highway Gl&, at
Cachagua Creek, 0.3 mi W divide, 1 (MVZ); Jameaburg, 1 (USMM); King City,
1 (UDAV); 2.5 wil E Monterey Municipal Airport, Highway 117, 1 (MVZ); 9 ul
E Parkfleld, 1 {(MVZ); 7 ml E Sun Lucas, | (MVZ); Seaside, 1 (MVZ). HAPA
CO.: MNapes (Grinnell et al., 1937); 3 ml 5W Napa, 1 (MVZ). PLUMAS CO.:
Guiney, 1 (USNM). RIVERSIDE £0.: Banning, San Jacinto foothills, 2200
ft, 1 (MVZ): Cahuilla (=Anza), San Jacinto Wountains, L (MVZ): Indio, 1
{UCLAY; 18 mi NW Palo Varde, 1 (MVZ); Pinto Basin, 1750 fr, 1 {MVZ); San
Jaeiato, 1 (CAS); Temecula, 2 (MYZ}. SACRAMENTO CO.: Indian Mowad, N of
Hood, 1 {MVZ}; Polk, 1 (USNM). SAN BENITQ CO.: Hollistar, 1 (CAS). SAN
BERMARDINO CG.: Cedar Canyon, 3000 ft, Providence Moumtains, 2 (MVE);
near Cimia, 3 (MVZ):; Indian Cove, 3000 ft, 2 m{ 5, 6 ml W Twenty Nine
Palme, 1 (MVZ):; 2.5 mi 5W Xelso, 2100 £b, 1 (MVZ); near Lake Arrowhead,
San Bernardino Mountaine, 1 {LACM); Reche Canyon, near Colton, 1 {MVZ); 2
mi ESE Rock Spring, 4700 ft, Lenfair Valley, 1 (MVZ); S5an Bernatdine, 1
{SDSNH); Vidal, 1 (LACM). SAN DIEGO CO.: California Border, 1 (AMNH);
Colorado Desert, Laguna Station, New River, 1 {USNM); near E1l Cajon, 2
(UCLA); El Cajon Valley, 1 (USKM); Escondfdo, 1 (SDSNH); Hillsdale, 1
(SD5NH); Lakeside (Bond, 1977); 1 mil N La Jolla, 1 {SDSNH); La Puerts
Valley, & (CAS), 1 (M¥Z), & (SDSNH), L (USHM); Mexican Boundary at
monument 258, 1 (USNM); Roamona, 1 (SDSNH); W of San Marcea, 1 (SDSNH);
Santa Ysabal, 1 {USNM}; Sequan Districkt, 1 (USNM); Sveetwater Reservoir, 1
(SDSNH); Twin Oaks, 1616 ft, I (USNM); Witch Creek, & (SDSNH}. SAN
FRANCISCO CO.: L1666 46th Ave, San Fraoncisco, 1 (CAS); Golden Gate te Patk,
San Francisco, 1 (CAS), SAN JOAQUIN CO.: GCorral Hollow, 1 (MVZ); Iracy,
14 (UsSNM). SAN LUIS GBISFO Cﬂ.. 3 mi W Red Wills, near Shandon, 1 {MVZ);
12 wi 5 Shandan, Z (MYZy: L4.5 mi 5 Shandon, 1 (MVZ); 1% mi § Shendon, 1
{MVZ); & mi SE Shandon, 1 (HVZ); 7 mi SE Shandon, 1 [MVZ): B mi SE
Shanden, 1 (MVZ); 9 mi SE Shandon, 2 (MVZ)3; 10 uwl SE Shamdon, 2 (MVZ); 17
mi SE Shandon, 1 (MVZ}; 18 ml SE Shandon, 2 (MVZ); 18.5 mi SE Shandom, 1
{(MVZ); 19 mi SE Shandon, 1 (MVZ); 1.5 wl W Yeguas Mountain, 1 (MVZ)}. SAN
HATEQ CO.: Alpine, 1 (SDSHH}; Menlo Patk, 1 (CAS); near Pesak Mountain, 1
(CAS); Pescaderc, 1 {USHM); San Franclaco Game Refuge, 2 {MVZ). SANTA
BARBARA CO.: 4 mi E Cuyama Ranch, 2200 ft, 1 (USNM); 10 mi E Gaviota
Pass, 1 (HVZ}. Sante Anita Ranch, 7 mf W Gaviota, 2 (MVZ). SANTA CLARA
C0.: San Antonlo Creek, vicinity of Mountain View, 1 (CAS). SAHTA CRUZ
CU.. Aptos, 1| (USWM). SHASTA CC.: Burney, 1 (USNM); Dickey Ridge, near
Cryatal Creek, 4000 ft, 20 mi W Redding, 1 (MVZ); Fort Crook, 1 (USNM};
Warner Creek, 8600 fr, 1 (MVZ). SISKIYOU CO.: Beswick, 1 (USNM); Butte
Creek, 1 [CAS}, 5 mi N Edgewood, 2800 ft, 1 (WVZ); Teenor, 1 (USHM}.
SONOMA CO.: no locality designated, 1 {CaS); Freestone, 1 (MVI).
STANISLAUS CO.: 2 mi § La Grange, 1 {CSC5). TEHEMA €01 10 mi MW Bluff,
1 {CSUC}Y; South Y¥olla Bolly Mt., 1 (USNM); 2 ml S South Yolla Bolly Mt., 1
{MVZ). TRINITY CD.: on Highway 299, near Big Bar, TON, RE8E, sec, 22, 1
(H5U). TULARE CO.:; no localiry deaignnted, 1 (Us¥M); Alila [=
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susceptible.

Habitat: Nothing speciifc has baen racorded of the habltat of GChennel
Islands Spotted Skunks. According to von Bloeker {1967), they were
formarly common around human dwellipgs, particularly on Santa Cruz Island,
but by 1967 they were rarely found near any man-made stTuctures on elther
faland.

In much of their range, Western Spotted Skunke (Spilogale pracilis) are
common only in aress of rock outcrops such ae hilleides and rocky canyons.
Spotted Skunks often take up residence in or under bulldings, where these
occut. They seem generally to avold flat expanses, cultivated flalds, and
grasslands where rocks or brush are unavailable for cover and dena. They
sometimes use burrows of other animals for dens (Grinnell er al., 1937},

Spotted Skunks appear to be more tolerant of xeric environments than
Striped Skunke, and may be found far from water. Food conelectes of a greal
variety of small animals =- arachnids, insects, mice and rats, lizards,
snakes, eggs, and birde —— as well as fruits and seeds. Ineects appear to
be the staple, at least during months when they are abundant.

Recommendations: A survey of the iglands to determine present numbers of
spotted skunks and provide a data base for future monltoriag la
encouraged. If populations are found to be low, attempts to deternine
cause aof the declines should be made.

Rematks: VYon Bloeker (1967) did not indicate the diaposition of the nine
specimens mentioned in hls paper. Some or all of theae are probably
inelwded in the wmuseum records listed below.

Channel Island Spotted Skunks are larger and with more blasck coloration
(less white) than their mainland relatives. The status of thia subspecies
is not disputed in che literature. Walker (1980) reported on & subfogpeil
apecimen from a midden on San Migwel Tsland. He rafarred to unpubllghed
field notes by C. D. Voy (1893), in which Voy Telated the capture of a
small Skunk 1n & trap on San Miguel Ieland some years prlor to hie visit.

Distribution Records: SANTA BARBARA CD.: Santa Ctua Island, 9 {van
Bloeker, 1967); Santa Cruz Island, Prisoners Harbor, 1 {MVZ); Sante Crue
Ialand, Stanton Banch headquartere, ! (MVZ); San Miguel Ieland {Walker,
1980); Santa Roea Island, Becker's Bay, 16 (LACM); Santa Rosa laland, 2.5
oi N ranch house near coast {Dickey, L929}); Santa Rosa Island, Skunk
Folnt, 1 (LACH).
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OTHER CANDIDATES

Ihe epecies listed in Table 5 were on the original working 1ist or wera
suggested as candidace Specles of Special Concern by others, speciea
listed by the International Union for the Conservation of Nature, or
designated as Semsitive by the U.S. Forest Service or the U.S. Bureau of
Land Management. WNone are thought to face significant thrests at this
time, although lack of informati{om Is sufficlent reason to conslder some
48 sensltive species. Researchers and land and resource managers should
endeavor ro gather needed information on distribution and population
status for those specles Indicated as seasitive.

Table 5. List of other candidate species not included on the Liat of
Concern. Page number refets te sptarting page of species account. Table
continues on mext page.

Specles Page
Hr. Lyell Shrew (Sorex lyelli) 14
San Bernarding Dusky Shrew {(Scorex monticolus parvidens) 74
Inyo Shrew (S5orex tenellus) 75
Honterey Vagrant Shrew {Sorex vagrans paludivagua) 75
Salinas Ornate Shrevw {Sorex orpatus salarius) 75
Angel Ialand Mole (Scapanus latimanus insularis) 75
Alameda Island Mole (Scapanus latimanuas parvus) 76
Long-tongued Bat {Choeronycteris mexicana) 76
Hammoth Little Brown Myotils (Myotis lucifupus relictus) i
San Jgaquin Myotis (Myotis yumenensis oxalig) 76
Spotted Bat (Euderma naculatum) 7
Sierra Nevada Mountain Beaver (Aplodontia rufa californica) 77
Kingston Mountain Chipmuak (Tamias papamintinus acrus) 77
Mt. Pinos Chipounk (Tamias speciosus callipeplus) 78
Santa Catalina Ground Squirrel (Spermophilus beecheyi mesioticus) 18
San Bernardino Golden-mantled Ground Squirrel

(Spermophilus lateralis bernardinua) 78
Palm Springe Round-tailed Ground Squirrel

{Spetmophilus tereticaudue chlorus) )]
Townsend Seft-haired Ground Squirrel (Spermophilus townsendii mollis) 79
Rock Squirrel (Spermophilus variegatus grammurus) 79
Ban Bernardine Flying Squirrel (Glaucomys sabrinus californicus) &0
Buena Vista Lake Pocket Gopher (Thomomys bottae ingens) &0
Honey Lake Pocket Gopher (Thomomys townsendii relictus) 80
San Joaquin Pocket Mouse (Perognathus inorunatus inornatus) 81
McXittrick Pocket Mouse {(Percgnathus inornatus neglastus) 81
ATToyo 3eco Packet Mouee (Perognathus inornatus aillimani) a1
Yellow-eared Packet Mouse (Perognathus parvus xanthonotus) az
Slarra Valley Xangarco Mouse {Microdipodops megacephalus californicus) 82
Pale Kangaroo Mouse (Microdipodops pallidus pallidus) 3z
Point Conception Kangaree Rat {Dipodomys agilis fuscus) 8z
Lesser California KangaToo rat (Dipodomys californicus eximius) 83
Big-earTed Kangaros Rat (Dipodomys elephantinus) 33

Berkeley Kangaroo Rat (Dipodomys heermanni berkeleyensis) 33
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Table 5 (continued). List of other candidate species not included on the
List of Concern. Page number refers to starting page of specles account.

Specles Page ¥
Herced Kangaroo Rat {Dipodomys heermanni dixoni) 84
Argus Mountain Fangaroo Rat (Dipodomys panamintinus argusensis) B4
Panamint Kangaroo Rat (Dipodomys panamintinus panamintinus) B4
Santa Cruz Eangareo Rat {Dipodomys venustus vepustus) a5
Sonora Beaver (Castor canadensis repentlnus) B5
Golden Beaver {Castor canadensis subauratusg) a6
Santa Catalina Harvest Mouse (Reithrodontomys megalotis catalinae) 87
Balinas Harvest HWouse (Reithrodontomys megalotis distichlis) 87
Santa Cruz Harvest Mouse (Reithrodontomys megalotis santaeruzae) BY
Anacapa Island Deer Mouse (Peromyacus maniculatus apacapae) a7
Senra Catallna Deer Mouse {Peromyscus maniculatus catalinae) 85
Western Cotton Rat {Sigmodon hispidus eremicus) g8
Colorado Valley Woodrat (Neotoma albigula venusta) 38
Montexey Vole (Micretus califernicus halophilua) 84
Mohave Biver Vole (Microtus califoraicua mohavensie) a9
San Pahlo Vole (Microtus californicus sanpableenais) B9
Scuth Goast Marsh Vole (Microtus californicus stephensi) B9
Qwena Valley Vole (Microtus californicus vallicela) 89
San Bernardino Vole {Microtus longicaudus berngrdinue) 20
Ringtall {Bassariscus astutus) 40
Humboldt Marten {Martes ameticana humboldtensis) 90
Inyo Long-talled Weasel (Mustela frenata inyoensias) q1
Pallid Bobcat (Felis rufus pallescens) 91
Northwestern White-tailed Deer (Qdocoileus virginianus ochrourus) 92

Mt. Lyell Shrew

Sorex Tyelll wms generally thought te live only in montane communities at
high elevations in the central Slerra Nevada {Ingles, 1965)}. Review of
accounts of capture of four of the five known specimens {Grinnell and
Storar, 1924; Howell, 1924), ropether with informetion from receat
capturee, suggests that B, lyelll 1s widespread in high montane and cold
steppe communitiee of the central and eastern slopea of the Sierra RNevada
(Williamg, 1984). Furthermore, §. lyelli 1s probably comspecific with §.
reblei, ranging in similar habitata northward to Washington and eastward
at least to norvthern Utah, Wyoming, and Montana {Williams, 1964, and
unpubl. data). They face no threat of extinction.

San Bernardino Dusky Shrew

Pubiished information on the diseribution of Sorex monticolus parvidans
ineluded records of spacimens from a desert apring at about 4200 fr,
upward through mixed-conifer forsst at about 7500 ft in elevation In the
S5an Bernardino and San Gabriel mountains [Filndley, 1955; Henninps and
Hoffmann, 1977; Jackeon, 1928). Grimnell (1908} captured only Ornate
Shrews in the San Bernardinoe Mountains, including some from the type
locality of 5. m. parvidens (deecribed by Jackson in 1921). Steve Clifton
and I condncted a field study to determine the popolation statue of the
Sen Bermardino Dusky Shrew, trapping at 51 sitee in the San Gabriel and
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S5an Bernardino mountains (Williams, 1983). Although several shrews were
captured from localities betwsen 6000 and 9000 fr, wu Tusky Shrews were
found. Comparison of the shrews captured by us and San Bernardine Dusky
Shrews identified by Hennings and Hoffmann (1977) with reference serios of
S. monticolus and $. grnatus showed that S. m. parvidens was
indistinguishable from $. oTnatus ormatus. Sorex monticolus parvidens is,
therefors, considered a junior synonym of 8. o, orostus; these popularfions
are not threatened (Williams, 1983).

Inyo Shrew

At the time this project was inftlated, only thrae specimens of Sorex
tenellug were known from two localities in Californla (Hoffwann and Owen,
1980}, Their probable distribucion, on the eastern slopes of the southern
Sierra Hevada and in the White Mountains, supggested no cause for cancern.
Subgequently, discovery of Inyo Shrews In the Sweetwater Mountalne
(Williams, 1984) and the Hona Basin {Harris, 1982), and at & site on the
western slope of the Sierra Nevada in Red Fir forest (Williama, 19B4),
shows that they are fairly wideapread and under mo threats-

Monterey Vapgrant Shrew

Sorex vagrana paludivepug lives in riparfan and tidal and freshwater
wetlands of the Sem Franciaco Peningula, the Salinaa River Delta, and

ad jacent lowlands in the Monterey Bay area (Findley, 1955; Hennings and
Hoffmann, 1977}, Only acanty information ie available to document
distribution and populations status. Although the area wichin the
geographic range of Monterey Vagrant Shrewas 1s under intense pressure from
human developments, several wetland communities, including the type
locality, Elkhorn Slough, are protected from development. S. v,
paludivagus may be more wulnecrable than many wetland apecies, particularly
birds and Long-toed Salamanders which have received special management
considerat ions in different wetlands within the region, Therefore, it
should be conaidered gsensitive.

Salinas Ornate Shrew

Eorex ornatus salarius occupies a variety of riparian, wetland, and upland
terrestrial compunikties in the vicinity of the Salinae Eiver Delta (Qwen
and Hoffmann, 1983; unpubl. data). Although the ragion 1a undergoing
intense development, I could not Find information documenting its curcent
atatus. The relatively wide range of communities providing habirar fer 5.
©. palarfus suggests that it is probably not Jeopardiged.

Angel Island Hole

Scapanus latimanug insularis Is confined teo Angel Lsland, Marim Co., in
the northern porticn of San Francisco Bay {Hall, 1981). The ialand is a
state park and under no threat of intensive development. Introduced Mule
Deer {Qdocoileus hemionus) serious damaged vegetation on the island,
.tesulting in considerable goil eresion, which was probably the major
threat te mocles. The California Department of Parks and Recreation has
inetituted wmeaaures to contreol the aize of the deetr population.
Determining the currenr population atatua of Angel Island Moles should
recedive high priority in menagement of the izland.
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Alameda Island Hole

Scapanus latimanua parvus 1s known only from Alameda Island, Alameds,
Alameda Co. (Hell, 1981), The island ia intensely developed with che
Alameda Maval Air Station (Nimitz Field) occupying nearly half; most of
the remaining area is occupled by commerclal and residential
developments. Alameda Memorisl State Beach Park Is the most extensive
state~managed property on the island. T hawe no current informatiom on
the population status 5f §. 1. parvug, but development of Alameda Ialand
warrants treeting it as a sensitive specles.

Long-tongued Bat

Choeronycteris mexicana seems to be a aporadie visiteor te Califarnie from
Mexico, appearing in San Diego County in autumn (Huey, 1954b; Olson,
1947}, Recerds include bats taken in San Dlago in September, 1946 (Dlaon,
1947}, October and December, 1947 (Huey, 1%54b), and October, 1963 (Banks
and Parrigh, 19653). Long~tongued Bats feed mostly on nectar and pollen of
night~bloowing succulents such as agave. They roost in relatively
well-lighted caves and in buildinge, and under shallow, cave-like
overhangs and portals on buildings. MHo protection or management of
Long—tongued Bats Is required in Californla. A&dditional information on
their occutrence within the state s needed, however, end this need should
be brought to the attention of agancy biologiste and others likely to
recalve reports of bats.

HMammoth Littla Brown Myotis

Myctis lucifugus relictus is known from the Lang Valley and Owena Valley
(Rarcis, 1974). TIo general, M. lucifupus is aseoclated with large,
permanent bodies of water in western North America. They oftem roost end
form maternity colonles in the attics of bulldings, under bridges, and
other structures (Fenton and Barclay, 1980). M. L. relictus was puggested
as a candldate epecles by the U.S5. Fish and Wildlife Service (in litt.).

I have not found evidence that it is Jjeopardized, although information on
current population statue is lacking. Major developments Ln the Tegion
(impoundment and diversion of rivers and stresms) probabdly enhance habiltat
Eor the apecies.

San Joaquin Myotise

Myotls yumanencsle oxalls occuplema areas on the valley floor and foothills
of the San Joaquin Basin and Delta, westwsrd to at least Berkeley, Alameda
Co. (Hall, 198l1). This species was on the original working liat. Within
their raoge, 8an Joaquin Myotls are among the commonest bats, forming
relatively large maternity colonies in attilcs of bulldings, barns, and
other structures (unpubl. observatlona). Populations of all bats appear
to have diwinlshed greatly ln the lasr two decades 1n cencral California,
and this trend will probably continue as more land ia developed, more
ingecticides are used, and as barns and other structures used as Toosts
and sites for maternity colonies become leas numeérous. I de not belisve
the situation warrante high priority consideration now, bur Ereakment es a
sencltive apecies 1s advisable.
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Spotted Bat

Euderma maculatum was listed as a rare species in the U.S. Bureau of
Sports Fisheries and Wildlife Ratre and Endangered Species List of 1968
{Watkins, 1977). Listing did not confer legal, proteeted atatua for che
gpecies. E. maculaktum was also listed in the 1969 edirlon of the
International Union for Comservation of Nature Red Data Book, snd as s
Category 2 species by the U.S. Fish and Wildlife Service (1982). Spotted
Bats range widely in western North America from southern British Columbia
(Woodaworth er al., 1961) rto Mexieo (Watkins, 1977). In Califsrnia,
records of Spofted Bats fnclude the eastern and southern portlons of
California, the central Slerra Mevada and the foothllls of the Sierra
Nevads In the 3San Joaquin Valley. They probably occur throughout the
atate in suitable habitat. Woet often, Spotted Bata have been found in
arid desetrt and open pine forests in rough, rocky terrain (Fasterla, 1971;
Findley and Jones, 1965; Leonard and Fenton, 1983; Watkins, 1977;
Woodaworth et al., 1981). Spotted bats appear to roost malnly in rock
crevices {Leonard aod Penton, 198); Watkins, 1977), and females appear to
Favor Ponderosa Plne forest as habitar during the rveproductive seaaon
(Findley and Jones, 1965). I found mno evidence that the Spotted Bat is
threatened in California. A review of its distribution and population
status by Fenton et al. (1983) found no sigonificant threats that warranted
aeeking federal Threatened or Endangered Species status.

Slerra Nevada Hountain Beaver

Unpublished observationa {Dale Steecle} on a population of Aplodontia rufa
californica, living near a freshwater eeep along historic Lee Yining
Creek, about 1 km from Mono Lake, provided the basis for iaclusion of thia
populaticn among the aspecies on the drafr List of Concern. It was the
only loeal population of a more widely distributed taxon to be so
fncludad. Other populations of Slerra Neavada Mountaln Beavers are found
at numerous sites, particularly where there Lls a dense growth of small
decidyous trees and shrubs, wet soll, andfor nearby water, and an
abundance of herbaceous forhs, forns, berry vines, etc. {Camp, 1918:
Scheffer, 1929). Because of the unique habitat pf the Mono Basln
population in samldesert surroundings amd because water—flow in Lee Vining
Creed 1a usually diverted by the Los Angeles Matropolitan Water District,
thia population could be jeopardized. On this basis, the popularion was
listed as & Category 2 species by the U.3. Flsh and Wildlife Service
(1982). Subsequently, additional informacion on the status of Mountain
Beavers In the Hono Basin was published by Harria {1982). John Harris
(pers. comm.)} belleves that Hountain Beavers living near Mono Lake are
fom [grants Erom higher elevatlons along the eastern slope of the Sierca
Mevada, and that, periodically, some establish homea in sultable sirtes.
lo reconsldering its status in light of the observations by Harris (1982,
and pers. cowm.} and the recent litigation that has returned water to Lee
Vining Creek (at least temporarily), there seeams to be little
Justification for {ugluding this population on the List of Concecu.

Kingston Mountaln Chipmunk

Tamias panamintinus acrug occurs only in the Kingaton Mountalne 1ln the
desert areaa of northeastern San Bernardino Co. (Hall, 1981). Thias
population 1a apparently isolated from all other populationa af Tamlas by
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hot, low=lying desert communities {(Johnson, 1943)., HWithin the Kingston
Mountaina, the echipmunks live in arid pinyon—juniper woodlands, occupying
nests awmong rocks iIn fissured zliffe and ledges. The U,8. Bureau of Land
Management listed T. p. actus as & Sensitive Speciles in Ite California
Desert Conservation Area Plan {unpubl. documents}. Jchnson (1%43) noted
that Kingeton Mountain Chipmunks were few in number and occupied a
potential geopraphic range of less than 40 square wiles. Major uses of
land in the area include catrle graging and mining (U.5. Bureau of Land
Management , in 1litt.); neicher activity poses serlous threats to tha
population. No evidence Unoum to me supports considering ic as geneitive.

Ht. Pinos Chipwounk

Tamias speciosus calllpeplus is apparently restricted in distribution to
the upper slopes and summilt of Mt. Abel aond Mt. Frazier of the Transverse
Ranges, (southwestern Tehachapi Range). Howell (1%29) reccrded a single
apecimen from Canyon de Uvas {Grapevine Canyon}. Records of elevaticn
extend from 6000 ft om north-facing elopes to BBDO ft in open, coniferous
forest (A. I. Roeat, fn litt.; Grinnell, 1933). Lodgepole Chipuwmks (T.
speciveys) are generally found in cpen foreets with a mix of shrube and
trees. They ara naarly always aasoclated with Lodgepole Pine, although
Red Fir, Jeffrey Pine, and Chinguapin are also common plant asacclates
{Johnson, 1943}; Red Fir does not oeccur, and White Fir is probably am
important associated species within the range of T. s. callipeplus.
Lodgepole Chipmunks frequently take refuge in trees and rarely venture far
from tree cover. HNo information 18 available rto document the status aof
this lsolated population. Dr. ATryan Roest expressed concern about its
status and stated that a high leval of resreational activities by humans
in rhat area, including extenaive vacation home dsvelopments might be
reeponsible for a perceived decline in papulation demsity. The relativaly
wide-spread occurrence of Mt. Pinas Chipmunks on publiec lands and thelr
preferance for relatively open forests suggests that they are not
currently thraatened, bur this should be eatablished by fleld studies.
Treatment 28 a eensltive aspecles is recommended.

Santa Catalins Groumd Squirrel

Spscmophilus beecheyl nesioticus occurs only on Santa Catalioa Island, Los
Angeles Co. Although this speclea was on the original working lisat,
primarily because of its inmsular distribution, it was shorrtly dropped from
conelderation. California Ground Squirrels are widely distributed,
occurting from below sea level to high elevations in rewperate, mixed
conlifar forestas (Grinnell, 1933). They are most numerous in disturbed
comumunities undargolng secondary succession. During fileld work on Santa
Catalina Yaland in January, 1943 ¢(Wllliams, 1983), I observed several
Ganta Catalina Cround Squirrels- The general degradation of native plant
communities by introduced Bison, Feral Goats, Wild Pigs, and other
incroduced ungulates faver this epecles. There Is no reason to treat it
as senaltive.

San Bernardine Golden—mantled Ground Squirrel

Spermophilus lateralis bernardinue is s relictual population of the
Golden-mantled Ground Squirrel and Is distributed from aboyt 5500 to 11500
fr ia the elevation in the San Bernartdine Hountalne {Grinmell, L%333. In
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the western Sierra Hevada, Golden-mantled Ground Squirrels chiefly
inhabit forest floors, especially In open forests with a mix of tall
treea, brush, and open ground supporting herbaceous plants (White et al.,
1980). This specles was included on the original List of Concern
primarily on the basis of my experiences with 5. lateralis on the western
alope of the central Sierra Nevada. During fleld work in che San
Bernardino Mtns. (Willfams, 1983, and unpubl.), Golden—mantled Ground
Squirrela were observed in open pine and nixed conifer foreats and in
pinyon— juniper woodlands on the northetn, desere slopes of the mountaims.
Their abundance in a broader range of plant communities in the San
Bernardino Mountains lessens the importance of threats to the taxon from
home and recreational developments.

Pale Springs Round-talled Ground Squirrel

Spermophilus tereticaudus chlerus was on the drafc Liast of Concern as a
Third Priority species. FPopulations are restricted to aream below aboot
1200 ft in the Coachella Valley {Grinnell and Dixon, 1918} in Riverside
Ca. Here, Round-tailed Grownd Squirrels occupy dry, level, sandy arees,
apparently being most numerous in areas with fine sandy soils supporting
abundant herbsceous growth; Mesquite {Prosopis ap.}, Suaeda/Distichliis,
and Creosote {Larres) mssociations are also commonly used. They do not
inhabit cultivated fieilds and lawne but they feed in suech areas when the
distance from their home burrows 18 not too great. The habicat for S. t.
chlorue has been reduced substantially by urbanization, cultivatdon, and
constrtucktion of roads, rallroads, airports, and golf couraes. Little
public land is found in the Coachellas Valley, and not all that La publicly
owmed supports this epecles. The reason for removing it Erom the List of
Conceru 1ls because of the Coachella Valley Macropreserve agraement between
the U.5. Department of the Ilnterior, The Nature Conservancy and other
organizationa. 5. E. chlorus should be treated as a semsitive specles
until information om its status 1o available.

Townsend Soft-halred Ground Squirrel

Spermophilus townsendil mollies occurs in two disjunct areaa in eastern
California: the reglion frow the upper Owens Valley to the Hono Lake area
in Momo Co.; and in the Honey Lake area in Lassen Co. {Hall, 1981).
Townsend Ground Sguirrels live in communities with sandy solle supperting
Big Sagebrush and Rabbitbrush. Typiecally, they are found in loosely
organlzed colonies. In Califnrnia, they are dormant from about .July to
January or February {Harris, 1982). They do not live in culrivated
fields. 5. t. mollis was on the working list, but definitive Information
on 1ts atatus has not bdeen developed. Much of the land around Honey Lake
1a under cultivation and the speclea could be threatened there. There are
fewer developments that would threaten the specles in the southern sector
of its range where extant colonles are known from the Mooo Lake Basin
{(Harris, 1982% and unpubl. data). T found no evidence to support listing
thie speciesn-

Rock Squirrel

In Celifornia, Sparmophflus variegatus grammuruys only occurs near Lthe
eastern border I{n desert mcuntaina ranges {Clark and Providence ranges) of
San Bernardino Co. {Hall, 198l). There, it livee in ployon—juniper
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aseociations among rocke (Ingles, 1965). 1 found ne information to
indicate that the gpecies 19 threatened in California.

San Bernardino Flying Squirrel

Glaucomye aabrinus californicus is known from the San Bermardine and San
Jacinto ranges, living between about 5200 and 8500 ft. There probably 1is
a population of G. sabrinus In the San Cabriel Mountains also (Yaughan,
1954). Summer (1927) conducted an extensive trapping sutvey south of Big
Bear Lake in the San Bernarding Range in summer, 1926. He took 22
specimens over the course of several months, all in White Fir trees.
Grinnell {1931) remarked that rheae flylog squirrels inhabited woodlandas
vhere Black Qak or White Fir trees were common. Grinnell and Swarth
{1913} captured a single anlmal in the San Jacinto Mountains. It was
taken in a Black Qak at about 6000 ft. Records of 38 specimens from the
two moyntaln ranges, wost of which were taken prlor to the 1360's, were
lecated. The San Bernardino Flylng Squirrel was listed as a Third
Priority specles om the draft List of Concern becavee of high densitles of
homes and recreation sites in mid-elevetion forests in both ranges and
killing of trees by air pellution, end because authorities had remarked on
the geeming scarcity of these animals (Grimnell, 1908; Grinnell and
Swarth, 1913; Summer, 1927). Field work in the San Gabriel and San
Bernardine mountains {(Williams, L983) convineced ma that the threats from
developnents were of much lesser magnitude than Feared earlier. G. a.
californicus was deleted from the final Liet of Concern for these
reagons. All flylng squirrels are protected from taking in California,
therefore having some protection from direct depredation by humans.

buena Vista Leke Pocket Gopher

Thomomys bottae lngens ls limited to areas in the vicinity of historie
Buens Vista Lake, in the southern $San Joaquin Valley, Kern Co. (Hall,
1981%. Buera Vista Loke has been drained and 1z wnder irrigated
cultivation} cotton s grown on the historic Lake Bed and on most
surreunding land. Periodic field work, especlally in 1985 (Williams,
1985) produced evidence of extant colonies 1o the South Coles Levee (01l
Field and the Buena Vista Lake Recreation Area north of the lake bed, and
elaewhere within its limited geographic range. Given the ability of
pocket gophers to adapt to pastures and fields inm perennial cropa auch as
alfalfa and to golf coursea, T. b. Llngena waa dropped from active

cong ideration.

Honey Lake Pocket Gopher

Thomomys townsendii relictus occura only in a4 small area in the vieinity
of Honey Lake in the waasrern part of Honey Lake Valley, Laasen Co. (Hall,
1931). Its geographic range extends from near Susanville in the northwest
to near Amedee in the northeast and Doyle in the =outh {(Thaeler, 1968).
Within this area, Hooey Lake Pocket Gophers are confined to deep solla of
lacustrine grigin. They are found in molist mesdows along the wegtero edge
of the Homey Lake Valley and range into the more arld gresslands in the
gastern part of the walley, where thelr range appears to be colncident
with the distribution of saltgrass (Distichlis; Thaeler (1964). Soil type
may be the primary limiting factor for this gopher. Although auch of the
Honey Lake Valley is uonder cultivation or in irrigatred pasture, Honey Lake
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Pochat Gophere appear to be common and not threatened by developments in
the region (J. L. Patton, pers. comm.).

San Joaguin Pocket Mouse

Perognathus inornatus inornatus occurs alomp the eastern side of the 3an
Joagquin Valley and possibly in the Sacramento Valley (unpubl. data). The
boundaries betwean the geographic ranges of P. 1. inornatus, with 50
chromosomes, P. L. neglectus, with 56 chromosomes {Williams, 1978}, and
the population from the Sacramento Valley {(a single spacimen from Lake Co.
had 60 chromosomes; unpubl. data) are not well documented. Taxonomic
problems in this specles complex have complicated the resolutien of its
populationes statue further. Typlcal San Joaquin Pocket Mlce from the
eantern edge of the San Joaquin valley have been found in areas with
friable soils in grasslands and Blue Oask savannaas, from near sea level to
about 1300 ft in elevaclon. Some of the oldeat and largest collectlona,
made near the beginning of the century {unpubl. dete) were from areaa of
wind~drifted msand, s hebitat that has essentially disappeatred duwe to
rultivation and urbanization. Thie speclee was listed in the Third
Prioricty on the draft List of Concern, based primarily on the extensive
logs of habitat in tha Samn Joequin Valley. Reflection has resulted in
removing it frem the List of Concarn, although it should be treated as a
gseupitive speclee wntil information 1s available to resolve Lts population
and aystematic status.

MeKictriek Pocket Mouse

Perognathus inornatus neglectus occurs along the western aide of the San
Joaquin Valley, In the Mojave Desert, on the Carrize Plain, and ie the
upper Salinas Yalley {(unpubl. data). 1lte distributionel liwits and
relationeghips to P. 1. inornatus, P. 1. psammophilus, and tha ilonocTnatua
group pocket mlce from the Sacramenko Velley are unclear. MeKlttrick
pocket mice have baen taken on a variety of soil types 1n desert shrub
associations supporting Atriplex spp., Ephedra cgelifornics, and annual
herbaceous plants euch as Bromue spp. and hErodium. Host of the available
habitat for this pocket mouse 18 located on the sloping, western wargin of
the San Joaquin Valley and the adjacent, vugged hills. HMeKicrriek pochet
mice seew to be uncommon, or at least only locally common, but probably
are not under serious threacs now.

Arroyo Seco Pocket Mouse

Perognathus inorpatus slllimani was described by von Bloeker (1937); he
alao described the Salinas pocket mouse (Perognathus lonpimembrie
psammophilua) at the same time. The type series of both taxa were
collected from the same locelity. I have exanined all of the available
specimens of both specles. The specimens of F. 1. peammophilug ware all
aubaduita and the specimens von Bloeker (1937) called P, i. aillimani were
all asdults. The two taxa are based upon different age groupe of the aseme
population, which im alliad with the inornatus specles complex, not P.
longimembris. The Arroyo Seco Pocket Mouse {5, therefore, a junlor
synonym of Perognathus luornatus psammophilus. The latter name has
priority becauss of pegs precedence in the publicacion describlng beth

taxa (see account of P. 1. pesgmmophilus)}.
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Yellow—eared Pocket Mouse

Perognathus parvue xXanthonotusg 18 known from the southeastern slopes of
the Tehachapi HMountains in the vicinities of Freemwan (Wallker Pass), Horse,
Indlan Wells, and Sage cenycos in Kern €Co. {(unpubl. data). Yellow—eared
Pocket Mice are associated primarily with erid desert shrub and Joshua
Tree communities and in ecotonal areas supporting a sparse cover of Pinyon
Pine treea. Altitudes recorded for epecimene range from about 4000 to
5300 ft. The Yellow=gared pocket mouse wag treated as a separate specieg
from P. pazvus by Hall (1981}, Tts karyctype and aspects of its structure
ave Indistinguishable from most members of the parvus species group
(Williams, 1978), and I see no reason to treat it as a separate species.
The [I.5. Bureau gf Land Management designated the Yellow—eared Pocket
Mouse aB a Senaltive Specles In the California Desert Conmervatlon Area
Plan. There are no known or projected developmenta that would jeopardize
this taxon, despite its apparent teetricted, geographic range and narrow
altitudinal diascribucien.

Slarra Vallay Kangaroo Mousge

In California, Microdipodops megacephalus callfornicus is known only from
the ty¥pe localicy in the Sierra Valley, Plumaea Co. {Hall, 19Bl)., Although
Eound on aubstrates of gravelly texture, thay are wost often associated
with sandy soils. The restricted distributicn of M. m. celifornicus was
the primary reason for including it on the working list. There ig no
information en its current status.

Pale Kangaroo Mouse

Microdipodops pallidus pallldus occura in California as two disjunce
populations: one In the Fish Take Valley, near Qasis, Mono Co., and one
in cthe Deep Bprings Valley, Inyo Co. Inhabited areas in California are
gteppe~deaert assoclations on fine, sandy scils from aboue 5000 teo 5500 fr
in elevation (Grinnell, 1933}. [ found no information on the current
population ststus of M. p. pallidus. Host of the lsnd supporring bech
population is elther privately cuwned or i1a public land outsida specified
multiple-use ¢lasses of the U.5. Bureau of Land Management Californla
Desert Congservation Ares Plan. Future developments in these areas would
pose threats to the only known populatfons of M. pallidus in Califoroia,
although 1 am not avare of any planned developaments. During a one=day
viglt to the area in 1982, I found mo evidence that the populations are
under seprious cthreats.

Point Conception Kangaron Ret

Dipodomys agllis fuscua was placed on the working list because of 1ts
apparently restricred distribution. It is ¥Wnown only from the vicimity of
Polnt Conceptlon, Santa Barbara Co., Io coastal chaparral communities
{Boulware, 1943}. Best {1983} could Find no characteriatica aeparating
the wore wildely distributed subspecies, D. a. perplexus, from fuecus. I
believe detalled stndles will show the populations are inm contact and do
not warrant taxonomic recognition aa separate subspeciea. This 1s the
primary reason for not ranking this kangsroo tat in & prloricy categotry.
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Lesser California Xangaroo Rat

Dipodomnys califoernicus eximius iz found only in the vicinity of Haryaville
Buttes In Satter Co. According to Grinnell and Lingdale (1929), eximius
differs from the wider-ranging schspecies, D. ¢. saxitilis, only in its
paler coloration. MNeither subspecies was numerous ab the time Crinnmell
and Linsdale {192%9) investigated their status. D. ¢. saxitilis apparently
wag limited ro feothill communities just sbove the edge of the vallay
floor, in cites on slopes with soills that remained "well-dralned through
the wet winter months” (Grinnell and Linsdale, 1929). Presumahly, the
Lesger California Kangarco Rat has similar requirements. Accordiog to
Blair Ceutl {pers. comm.), eximius had not been collected for seversal
vyears. It was included on the working list, but was dropped after review
of information on its taxonomic status suggested that there was little
justification for recognizing the wider-ranging D. c. saxirilis ame a
subspecles separate from eximius. Current information on its population
status and a review of the taxonomy of D, californicus is needed. The
Lesser California Kangaroo Rat ahould be considered vulnerable and treated
a3 a sensltive species until Its sratus Is determined.

Big~eared Xangaroo Rat

Publiahed information on the distribution of Dipodomya elephantinus
guggesats that its range is limited to the southern portion of the Gabilan
Mountaine In San Benite fo., in the vicinity of Pinnacles Haclonal
Honument (Grinnell, 1922; Hall, 1981). The Big-eared Kangaroo Rat was
included on the worklng list because of its small geographle range and
bacanse 1t was listed by the International Union for Coneervation of
Nature Red Data Baok. Alao, it was listed as a Gategary 2 specles by the
.5. Departuent of the Intevior {1982). I collected kangaroo tats with
diagnostic characteristics of D. elephantinus in chaparral communiries in
Del Puetto Canyon in western Stanislaua Co., and from Glear Creek in the
southern Diable Range, San Zenito Co. An additional apecimen in the
Collections at Fresno State University, from pear the border of Fresno and
S5an Benito counties 18 of this speclesa. I found no justification for
recognizing elephantinus as a specles separate from D. venustus
{Narrow-faced ¥aengaroo Rat) or to be concerned about ite population

gtatus. Troy Beat {pere. comm.) is presantly studying the relatlonshipa
betwean D. venustus amd elephantious.

Berkeley Kangaroo Rat

Published tecords of oceurrence nof Ripodomya heermanni berkeleyensis are
from the Berkeley Hille, Hount Diable, and the Livermore Valley (Hall,
1561). Berkeley Kangareos Rats probably occupy sulrable habitat throughout
the mountain ranges east of 5an Franclsco Bay and west of the San Joaquin
Valley. Hablcat for Berkeley Kangaroo Rats, in so far as 1a known,
congists of apen, grassy hilltops {Grinnaell, 1933) and open spaces in
chaparral and Blue Gak/Digger Pive woodlands (unpubl. data). Hableat for
Berkeley Kangatoo Rats has been reduced significantly in the hilla and
valleyas nerth of Livermore, and this givea some cause for concern about
its etatus. However, D+ heermanni with charscterietics attributed to D.
b. berkeleyensis (Grinnell, 1922) are fairly common on the east flank of
the Dlablo Range in Del Puerto Canyon, Stanislaus Co., and Corral Hollow,
Alameda Co. (unpubl. data}. The limics of the geographic range of D. h.
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berkeleyenais and its relatiomehips to D. h. tularensip {Tulare Kangaroo
Rat) need to be reviewed in order to clarify their digtribucional and
population status.

Merced Kangaroo Rat

Dipodomys heermanni dixonl 1s known from eastern Merced and Staniglaus
counties (Hall, 19819 in grassland and savanna communities. It was
included on the working list because of its limited distribution and the
rapid rate of conversion of native plant communities ro irrigated fields
in this portion of the San Joaquin Valley. Thousands of acres of land in
eastern Stanlslaus aad Merced counties, considered safe from cultivarion
six years ago has since been convarted to orchards and vineyarda. HNo
additional information on its population status has been located, but
threats to Lts population from continuing loss of habltat seem grest
emough to warrant traating 1t as sensitive until its status is clarified.-

Argus Mountaln Kangarco Rat

Dipodomys panswintinus argusensis occurs only in the ATgus Mountain Range
in Inyo County (Hall, 1981). Its population is isalated from others of D.
panamintinus. Nothing specific is recorded of its hahitat asanclatioms,
but, In general, Panamint XangaToo Rats occur in arid, mountain steppe
communitiss vegetated with Yucca, Pinyon Pine, Junlper, and Big
Sagebrush. They appear to be mast common on coarse~textured solle on
sloping ground (Jeohnson et al., 1%4B). This taxon was finclwded on the
working tisr because it waa designated as a Senaitive Speclee in the U.5.
Bureau of Land Management California Desert Cooservation Area Plan. A
portion of the Argua Mountaine liee within the China Lake Naval Weapons
Center. Nearly all of the rest of tha Argus Range 1g public land
administered by the U.§. Bureau of Land Management This land is
desigoated me Class L {limited use), which means use 1s limiced to
livestock grazing, mining, and ather activities that are unlikely to

jeopardize the population of kangaroo rats. There is no koown reason for
granting opecial consideration to this population.

Panamint Kangatoo Rat

Dipodomya panamiotinus panamintinug cccuplas the Pepamint Range in Inyo
Co., between about 4600 and 7000 ft. Distributional records include
several specimens from around Jackass Spring, the head of Willow Creelk, 1
mi a. of Lee Pump, end South Park Meadow {Johnson et al., 1048; Hall,
1981). Habitat for D. p. panamintious la probably similar to other
populations of this specles (see above). It was lecluded on the working
1iet because iL was designated as a Senalitive Speciea 1n che V.5. Buregu
of Land Management Californla Desert Conservation Area Flan. Panamint
Kangaroo Rats were falrly common in Pinyon-Juniper conmunities around
Jackaass Spring during field work im 1974 (unpubl. data). HMost of Lhe
Panamint Mountains lie within Death Valley National Monument and are
inaccessible to off-road vehicles and protected from most Eofms of
development. Other portions of the geographic range of the Panamint
Kangaroco Rat are public lands deelgnated for limited use {Class L) by the
U.S. Buraesu of Land Management. There is no knosm evidence of threats to
the Panamint Kangaroo Rat.
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Santa Cruz Kangaroa Rat

The geographic range of Dipodomye venustus venusrus eXtends from the Santa
Cruz Mountaine eastward to Mount Hamilton in the Diablo Range, and
southward to Freemont Peak in the northern end of the Gabilan Range
(Grinnell, 192Z; Hall, 1981)}. Kangaroo rats of this group are also knowr
fram the Diablo Range in western Stanialaus Co., and from the acuthern
Diable Range in San Benito and Fresno counties (unpubl. data; see account
of the Big—eared Xangaroo Rat). 5Some populatiane of Dipodemys venuwstus
are found on slopes Wwith a heavy cover of chaparral (Grinnell, 1933).
Havbecker (1940) found burrows of Santa Cruz Xanparoo Rats on sand, sandy
loam, and loam golle, but never in soils of "heavy” texture. He trapped
Santa Crug Kangarco Rats In two abandoned agricultural Efelds which had
supported chaparral originally (Chamlse, Black Sage, Manzanita, Buck
Brueh, and Coyote Brush) and conifer forest (Comst Redwood, Douglae Fir,
Madrone, and Tanoak}. He specunlated that they also inhabfted the areas
with chaparral, as he trapped Santa Cruz Kangaroo Rats ar the edge of
chaparral. Animals T have captured in the Diablo Range were taken in
chaparral (mmpubl. data). In the Santa Cruz Mountains, known colleeting
localities have sandy soils. Available evidence suggests a severe decline
in populations of Santa Qrez Kangaroo Rats in the Santa Cruz Mountaine.
Michael Marangio (In 1litt.) reported that his searches at several sltes
falled to uncover evidence of extant colonlas. Increasing density of
vesidential housing and the domestic and feral house cats may be factors
in extirpating scme populations. Quarrylng of sand has probably led to
extirpatian of others (H. Marangfo, Im 1lit:t.). T have not inecluded the
Santa Crug Kangaroo Rat on the Tlst of Concern because I could find no
threats to populations in most portlons of the Diablo Range; however,
measuree to locate and proteet populations In the Santa Cruz Mountains
should be considared.

Sonora Beaver

Castor canadensis tepentinus was originally found along the Colorado
River in California. In 1911, upon completion of construction of
frrigation and drainage canals between the Colorado River and the Imperfal
Yalley, Sonora Beavers colonized portions of the Imperial Vallay {Grinnell
et al., 1937}. They inhabit slow— to moderata—flowlng waters of the main
channels of the Coalorado River and canals, sloughs, and oxbow lakes.
Where the water ie ghallew and the banks are of rock, lodges are
constructed. Elaewhere, however, beavars place nesra in burrows in banks
and levees. Dama are constructed whore waters are shallow, but are
uncommor along the Colerado Rlver (Tappe, 1942). Sonora Beavers eat bark
and twigs of Willows, Mesquite, Cottonwood, and other woody plants, and
Cattalle, grasses, Arrow Weed, and other herbaceous plants. The Senora
Beaver was Included on the draft List of Concern in a Fourth Priority
category for senaitive species, and 1s currently designated as a furbearer
and may be trapped in California. Dixon {1922) eatimated that 100 Sonpra
Beavars lived in the Imperfal Valley fm 1921. Trapping and water shortage
caused g subssquent decrease In the population, and by 1940}, Tappe {1942}
estimated that there were only 32 left in the Imperial Valley, mostly
living aleng the lower portion of the Alamo River. Tappe found a total of
13 Somora Beavers in canals and sloughs in the Paloc Verde Valley and 272
along the Colorado River {129 on the Californla side). The preaent status
of the Senora Baaver population is unknown. Losas of riparian habitatb
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along the Colorado River has been extensive since the 19407s. River
channelization, phreatophyte contrel, and lining of canals and drains with
concrete are probably the most troublesome factors affecting Sanora
Beavers. Ho Sonora Beavers were taken by animal damage—control agents of
the U.5. Fish and Wildlife Service in Imperial, Riverside, or San
Bernardino counties between L969 and 1976 (Lee, 1977). A single beaver
wag reported as taken by a fur trapper in Imperfal Co. during the 1975-76
peagon (Lee, 1977). Periodic contamination of the Alamo River iao the
Imperial Velley by raw sewage from Mexwlicalf, Mexico, may threatew any
remaining Sonmora Bevers llving theve. The Sonora Beaver should be
conelder as a sensltive apecles and ite status determined.

Golden Beaver

Castor canadenels subsuratus was orlginally found throughout the lower
courses of tha San Jeaquin and Sacramento river gystems, Including the
streama draining into Tulatre and Buena Vista lakes. Altitudinal ramge was
from sea level up to about 1000 ft. Golden Beavers probably did not
necupy the upper segments of streams of the western Sierra Nevada
fGrimmell, 1933), although they have been introduced there at numerous
altes (in the 1940'a alone, thare were 172 different transplants of Golden
Baavers). Golden Beavers inhablit slow— to modecate-flowlng streams,
ponds, and lakes. The main requirement seems to be sufficient [ood, which
consists of roots, bulbs, grassee, Cattalils, and other herbaceous plants,
and bark and twige of Willows, Cottonwoods, Alders, and other woody plante
{Grinnell et al., 1937). Golden Beavera usually dig burrowa in banks of
straama and levees. and less Erequently conatruct dams and ladges. The
Golden Beaver was included on the draft Liast of Congern as a sensltive
species (Fourth Priority group}. Golden Beavers were nearly exterminated
by unregulated harvest prior to 1911, when legislation was passed in
California to protect Beavers fully. The populations responded to
pretection by increasing to densitiea to where trapplng was allowed again
in 1925. Controle were ineffective apainat illegal trapping and full
protection was extaended again in 1933. In 1957, beavers were clasaified
as a furbearer and a seaaon for harvest was deslgnated. WNo bag limit on
the number taken has baen in effeet since 1957 {Tappe, 1942; Lea, 1%77).
The history of the harvest of beavers in California suggests that moat
populatlone have been fairly stable over the 25 to 10 years prior to 1977
{Lee, 1977). Also apparent from fur trappers' reports 1s an upward trend
in numbers of persone purchasing trapping licenses in the past dacade and
the increaaing pricee belng pald for furs (California Dept. Fiah and Game,
unpubl, Licensed Fur Trappers Report, 1%76-77). Pelts of beavers did not
increace in average price pald, however. In any case, heavers are highly
vulnerable teo trapping and any market trends or soclo-economic factors
cavaing increased trapping pressure could reselt in a rapid population
decline. Alteration of aquatic habitats, including decreased stream flow,
increased pollution, channelization of atreams, stream-side brush
cleating, and regulation of stream flow, also could affect beaver
populations adversely. The Golden Beaver should be treated as a sendltive
apecies. GClose monitoring of populations of Golden Beavera, including
regular field surveys, is recommended. Decislons on trapping regulations
should not be made solely en data from treports of Licensed rrappars, as
many trappers fail to Teport their take (44% of the licenseea in 1976-77

did not file reports), and theTe is no agsurance that data based upoo such
reporte are accurate.




1986 - HAMMALIAN SPECIES OF SPECIAL CONCERN - 87

Santa Catalina Harvest Mouse

Reithrodontomys megalotils catalinae is found only on Santa Catalina
Island, Les Angeles Co. Ibk was included om the original working List of
Concern In the Third Priority category because of Its ingular distribution
and because no information was available on its status or habitat
requirements (Howell, 1914; wvon Bloeker, 1967}. During field work on
Santa Catalina Islsnd during Japuary, 1983 {Williames, 1983}, Sants
Catsline Harvest Mice were found in all plant communities and were fairly
common. There are no known threats to K. m. catelinae.

Salinas Harvest Mouse

Reithrodontomys megalotis distichlis coccurs in the region of Monterey Bay
{Hall, 198l), in fresh and brackish watar wetlands and probably in

a4 jacant upland grasslands. It was included on the working list because
of its restricted distribution and the hiph rate of urbenization in that
area. Most of the wetland communitles where thase mles live are under
protection. There 18 no evidance that they are threatenad.

Santa Cruz Harvest Mouge

Senta Cruz Islend, Santa Barbara Co., is home to Relthrodontomys megalciis
gantacruzae (Pearson, 1951). Pearscon {1951) noted that Santa Cruz Haruvest
Mice were found only In a small, grassy arvea adjacent to a small,
fresh-water margh of Scdrpus, Typha, and Salix. He rewarked that chis
habitat was rare, perhaps not found elsevhere on the island, and that
Santa Cruz Harvest Mice were probably limited to that one gpot on the
island. R. m. santacruzae was included on the drafr Liat of Concern in
the Highest Priority beceuae of ite apparent restricted habitar, Pearson's
(1951) bellef that the total insular population was very small, and the
damage to plant communities on the island by introduced ungulates.
Laughrin (1973) Pearenn {1951}, and von Bloeker (1967) callectively listed
Cattle, Pigs, Sheep, Waplti {Cervus elaphua), Mule Deear, and Roe Deer
{Capreoclus pyargus = C. capreolus) as Introduced mammals to the island.

R. m. santacrugae was removed from the final List of Comcern because field
studies by Bills (1969} found that Santa Cruz Taland Harveat Mice were
widely distributed on the island, and bacauae the fsland has recently come
under the management of The Nature Conservancy. The current populatieon
etatua of the Santa Crug Harvest mouse is unknown, but the balance of
avallable Information suggests no reason for including it on the [inal
List of Coccern. Studies to determine ita population statua and the
nature of any existing threates should be undercaken.

Anacapa Island Deer Mousa

Pevowyecws maniculatus anacapae is found on Fast, Widdle, and Hest Anacapa
islapda, Ventura Co. {(von Bloeker, 194Z}. Anacapa deer mice live in all
terreatrial habitate on the ieslands end also use the intertidal zone for
foraging (Grinnell, 1933; P. W. Collina, in lirc.). P. m. snagcapac wes
included on the drafr Liet of Coucern as a sensitive specles (Priwrity
Four) on the hasis of evidence furnished by Faul W. Colline {(in litt.).
According to Collins (in litt.; unpubl. U.S5. Natl. Park Serv. Hept.),
Anacapa Deer Mice were restricrad to grassland habltats on the islands
because of competition with black rate {Rattus rattua}. He estimated thar
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populations vere eliminated from 75% of the avallable habitat. The
population on East Anacapa Island wae affected most severely. The U.S.
Hational Park Service (Dept. of the Interior) has administrative authority
for the Anacapa Islands, which are park of the Channel Islands Wational
Monument « The Anacapa Deer Mouse was not included in a bhigher-prioricy
category becauge the Natlonal Park Service ls aware of the situation and
hag presumably taken measures to reduce or eliminate black rats from the
iglands. P. m. anacapae should be treated as a sensitive speclies and its
population status should ba meonitored.

Santa Catalina Teer Mouae

Peromyscus maniculatus catalinae is ¢onfined to Santa Catalina Island, TLos
Angeles Co., where ib inhabits moat terrestrial plant communitles {Yon
Bloeker, 1967). It was placed on the working list because of lts insular
distribution, the general degradation of the island by introduced
ungulates, possible predation by feral cats which eccur in high denaity on
the ialand {(Laughrin, 1973}, and possible competitlon with introduced
black rats and house mice (Mue musculue; von Bloeker, 1967). It wae not
agalgnad to a prioricy category oo the final Liat of Concern because
during fleld work on the lsland 1o January, 1983, Santa Catalina Deer Mice
were found to be Eaivly common and under no threats (Willlams, 1983).

Western Cottom Rat

Acearding to Hall {1981), Sigmodon hispidus eremicus is confined Lo the
reglon along the lower Coloredo Biver in California. Westerm Cocton Rats
4leo occur in the Imperial Valley, having Ilamigrated there shortly after
completion of the canal from the Celorado River te the Imparial Valley
(Dixon, 1922). Western Cottoc Rats Lnhabit wetlande and upland habitate
with dense grass and other herbaceous plants. In times of population
irruptions, they may be found far From wetlands in a varlety of plant
communities atypical of their usual habitat (unpubl. data). S. h.
eremicus was placed on the working liat because of ite reetricted
discribution In an area known to have been significantly altered by human
developments. Brad Blood {io litt.) found Colorado River Cottow Rats to
be fairly common during f{eld studiea in 1979 and 1980. Although not
wideapread, they are probably not Jeopardized.

Colorado ¥alley Woodrat

In California, Nectoma albiguls venusta 1s found in the low-lying desert
areaa of Imperial, Sam Dlego, and Riverside counties (Grionell, 1933;
Hall, 1981), It is cloeely aspociated with patches of Beaver—tsil Cactl]
(Qpuntia epp.) and Meaquite. H. a. venusta wre Included on the working
liat, but no evidence fandicacing that it was threatened was found.

Monterey Vole

According to von Bloeker {1937), who named Microtus californdcus
halophilus, it 1s confined to saltwater wetlands around Moss Landing and
Beaside, Monterey Co., Although not placed on the original working list,
the status of this vole has been gueationed pince. My lmpressicn ia chat
California Volee {including the Montetay Vele) are common ln borh marshes
and in adjoining upland grasslande, vineyards, and weedy flelda. They
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appear to range widely, eapecially in the winter months. Although
Morterey Voles are recorded from only a restricted area, They are probably
mwore widely distributed. HMost wetlands within les range are protected.

Mohave River Yole

Nicrotus californicus mohavensia 1a known to occur only along the Mohave
River in the vicinity of Victorville and Oro Grande, San Bernsrdine Co.
(Grinneil, 1933). Although on the working liat, no information on recent
occurrence wag found. The desert region in the vicinlcy of Victorville 1a
undergoing a human population explosion that could threaten many native
species. A brief visit to the area in 1933 did not provide time to eearch
for avidence of voles, but habitat suitable fovr this species (waady
herbaceous growth in wet areas along the river) was noted at several sites
between Hesperla and Victorville. Also, some irrigated land in pasture
and alfalfa could provide additional habitat for the Mojave River Vole.

M. c. mohavensis should he treated as a sensitive specles until its
population atatus is determined.

San Pablo Vele

Mierotus californicus sanpabloensis is known from the salt marshes of 5San
Pablo Creek, Contra Costa Co., on the south shore of San Pable Bay (Hall,
1981). M. c. sanpabloensis was not included on the original working list
but 1a included here hecause of subsequent questions about 1ts status.

The decision not to gilve this and octher pepulaticons of Californmla Veles
“with restricted distributions greater conslderation was based upon the
fact that California Volea live in a wide variety of grasseland
asggaciatlons, especlally in the wet months when there is an abundance of
green, herbaceous plants. Bxtirpation of a small population at one site
1a likely ko soon be offeset by lmmigratiom from populations occupying
other sites nearby. Fileld work in San Pablo and Buisun Bays on the
opposite shora from where the San Pablo Vole lives, found Celiformia Veles
to hava withstood episodes of record flooding during the winter of 1982-83
(Williems, 1983), Foreman (fide T. Rado, pers. comm.) determined the
distribution and scatus of M. c. sanpabloensis during 1983. On the basis
of his findinge, priority listlng 1a not warranted.

South Coaat Marsh Vole

Fopulations of Microtus californicus stephensi are recorded from tidal
marshes at Point Mupo, Orange Co., and Playa del Rey and Sunset Beach, Loe
Angeles Co. (Hall, 1981). M. ¢. stephensi was not included on the
original working list for the reasons stated for M. c. sanpabloenais. HNo
information on the current status of M. ¢. srephensi Is avallable. Human
developments in the reglom may have more aseversly reatrictaed voles te the
extant mershes, and catastrophic eplsodas of flooding or epidemics may
pose a greater threar of extinetlon te thia subspecles than to California
Voles elsewhere. M. c. stephensi should be treated as a4 aensitive apecies
until ike Btaktus is determined and threats to its population identified,

Cwene Valley Vola

Micrortus californicus vallicola has bean racorded from several aitea in
the Owena Valley, Inyo Co., from near the head of Willow Creek in the
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Panamint Mountafne, Inyo Co., and from near Bentoun, Mono Co. According to
Grinnell (1933}, Owens Valley Voles Inhablt wetlands and "lushly grasay
ground.” M. c. vallicola was placed on the original working list, but
soon wae dropped from further conalderation. M. e. vallicola was listed
ag a Category 2 apecles by the U.5. Dept. of Interior {198Z1}. Ewven though
water diverted from the Owens Valley to the Los Angeles Basin has had
slgnificant environmental impact within the range of this subspecies,
conglderable habitat, including ivrigated pastures and alfalfa Fields
atill remain. There 1a no evidence to support listing this epecles in a
prilority category or as sensltive.

San Bernarding Vole

Microtus longilcaudus bernardinus has been recorded from the higher
elevations, above about 7300 ft, in the San Becnardino Mountains {(Hall,
198l). Accerding to Grimnell (1933), ir inhabits atreabsides and wet
mountain meadows. M. l. bernardinus was included on the original working
liat but was dropped later. Subsequently, in summer of 1982, extensive
trapping for shrews, conducted by Sreve Clifton and me, produced 8 number
of voles from the San Bernardino Hountains. MNone were found that could be
distingulshed from M. californicus, s wide—spread speciep at lower
elevatiocus in southern Galifornia. 1In my opinion, M. 1. bernardinus is
probably a subspacies of californicus, but the taxonomiec studies are
incomplete. BRegardless, these wvoles are not threatened.

Ringtail

Basgariscus astutus is found throughout moet of Celifornia, from below ana
level to at leapt B0 £t in the Siecra Wevada (Hall, 1981). Its
prioeipal habltar requirements aeem to be den sires among bouldera or in
hollows in trees and sufficient food in the form of rodents and other
small animals. I included two of the four subspecles occurring ia
California (B. a. octavua, B. a. raptor) on the working List. The status
of a third subspecies (B. a. wilietti} wes also questloned since
development of the dreft report. Certainly, urbanizatioo in the Southern
California coastal basine and in the San Francisco Bay area, eod lose and
degradation of riparian communities throughout Galifornla have deplated
aad extirpated some populations, but there i1s no evidence of threats to

any of the aubapecies over a broed ares. Bingtalls are protected from
taking by state regulationa.

Humbo Lldt Marten

Marteso americana humboldtengls occurs in Califeorniz in the coastal conmifer
forests from Sooowa Co., northward into Oregon. The altitudinal range {s
from near gea level to over 4000 ft (Grinnell et sl., 1937; unpubl.
data}, Grianell et al, (1937) remarked that Humboldt Martens wete
eparsely distributed within this region, although the evidence they
reviewed auggested that it was more widely distributed and numerous at an
earlier time. According to their report, Humboldt Martena mainly uased
ridgetope in spruce forests and were rare in redwood forest. Trappers
they interviewed believed that squirrels (Tamlaaciurus douglesill}, mice,
and birde ware the major prey of Humboldt Martens. Infermation on the
status of the Humboldt Marten wes provided by Schempf and White (1977},
Although there is no evidence that fic 1a curtently threatened, a number
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of studies summarized by Strickland et al, (1982) have demonstrated that
clear-cutting of Forests 1s incompatible with Martens, whereas
low=intemsity fires and selective logging have less impact. Mature Foreat
19 esmentlal hebitat for Humboldt HMarteas, providing nesting sites in
Bnags, hunting sitee, overhead cover Erom predators, and preferred prey
species. HMzrtens are easily trapped and overharvesring fs alwaye a
potential problem where frapping pressures are high. Even a ahort
trapping period, early in the season, may not aalve the problem of
ovaTharvest. Public agencies administering lands and reasources within the
range of the Humboldt Marten should treat it as a sensltive species
requiring speclal consideration in land and rescurce management decisions.

Inyo Long—tailed Weagel

Mustela frenata inyoensls has been recorded Erom a few localities in the
Owens Valley, in the vicinity of Lone Pine, Independence, and Alvord, Inyo
Co, (Hall, 1981). Long-tailed Weasels occur throughout all of California
encept the southeastern deserta, south and east of Owene Valley. They are
comion wherever thelr favored pray, pocket gophers, volea and other
rodents are plentiful, even in suburpan sreas where sufficient open space
1e avallable (unpubl. data). The Inyo Long-taliled Weagel was not includad
on the original working list, but is Included here hecause questldons about
its status have been raiszsed aince. There are ne konown developments within
the range of this subspecies that would pose eerlous threats to its
populatcion.

Pallid Bobcat

Fella rufus palleacens 1s found on the Modoc Plateau and ad jacent areas of
the Great Basin province of northeastern Califormia in Lassen, Modoc,
Shasta, and Siskiyou counties (Gould, 1977a; Hali, 1981)}. Bobcats live in
most terrestrlal communities, but are seldom Found on cpen, flat
grasslands and deserts or in areas densely populated by humans. Areas
with broken, rocky terrain and/or dense brush are sssociated with high
densities of Bobcats, and also support high densities of small mammals and
lagoworphe, their favored prey (Grinnell et al., 1937). The Pallid Bobeat
was included on the draft List of Concern as a seusitive specles (Priority
Four), primarily bhecause of the high price offered for ita pelt and
evidence reviewed by Gould {1977a). Some of the fallowlng data apply to
all Bobcate in California, but they illustrate recent trends affecting
Pallid Bobcats. The reported annual take of Bobcats in CaliFornla by Fur
trappers increased from 241 in 1966-67 to 3618 fn 1976-77, a l5-fold
increase. Average prices pald for Bobeat pelts incressed from $18.00 in
1366-67 to §133.50 in 1975-76 {(Lee, 1978). Prices paild for prime pelts of
Pallid Bobgats were mwuch higher than this average, the highest recordad by
1377 was 5405 (Gould, 19778}, Hunters also take substantial numbers of
Bobcats each year. Gould (1977b) eetimated that between 9600 and 11400
Bobcats were killed by hunters atatewide during 1976. The U.8. Fish and
Wildlife Service kllled an addircional 205 Bobcats in Califernia for
predator control. Gould (197?£Q documented a probable decline in numbera
of Pallid Bobcats between 1971 and 1976, listing iacreased fur trapplng am
the likely cause. A 4.5 fold increase in numbers taken hy trappers in
Lagsen, Hodoc, Sheeta, and Siskiyou countles accurred betweea L960-61 and
1975=76 (91 and 406). This probably represents only a fraction of the
tctal take, because, according to Gould {1%77a), conslderable illegal
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trapping and hunting cccuts, both within and cutside of season. Also,
many trappers do not file repovte, and hunters not marketing pelts are not
required to report on taking Bobcata. Zezulak (1980) studied Pallid
bobcats batwsen L976 and 1979, radio-collaring and determining wmovements
and size of home range for 5 adult males, 5 edult females, and 5
juveniles. Ha also determined litter size for females over a 2-year
period. He raported that trappers filing reporte took 162 Pellid babrats
near hie atudy area between 1976 and 1979. Zezulak (1980) concluded that
because /5% of the animals trapped were less than 2-years old, the
population was expanding in response ta "moderately heavy” human—caused
moTtality. Another interpretation of these data are that iocreasad
mortality due to trappers and hunters caused the reductlon in the average
age of bobcata in the population, without epeculating aa to whether the
population was stable, declining, or imcreasing in size. In any case,
evidence avallable to Zezulak {1980) suggested that the popularion was not
Jeopardized by the level of pressure exerted by huntere acd trappers
during the period of his study. Present regulations and management
practices should be changed to facllitate collection of reliable estimates
on take by hunter, fllegal trapplng, and licensed trapping by persone who
fail to submic reports on captures. Treating the Pallid Bobcat ag a
sengitive species, requiring perindic monitering of its population status
and specisl counsideration in land management declslons, is recommended.

Horthwestern White-tatled Deer

Ndoecoileus virginianus ochrourus were reported from localitles in Lassen,
Modoc, Mono, Shasta, and Siskiyou countiea {Grinnekl, 1933; Hall and
Xelson, 1959). Little ie known of the habitat of White-talled Deer in
Californla. Walgingham (1873) remarked that they occurred on the plains
around the Klamath marshes in Oregon and In the upper Pit River drainagae
pof Shasta Co., Californla. He stated that in east—central Oregon, near
Bend, they frequented thick clumps of willows and other woody shrube
bordering streans and marshes. Walsiogham (1873) noted that Mule Deer
were gbundant on hillsides and that White-tailed Deer occupled the
floodplaina. Cowan {1936) wrote thet over much af their formar range,
this aubspecles of White~tailed Deer occupied riparian and floodplain
communities. Balley {1936) reviewed Field notes of early explorers and
ather sources and concluded that members of this subspecles lived mainly
in thickecrs of willows and other woody plants along stresma. He noted
that mometimes they were found fn the hllls end attributed thle to being
crowded out of more favorable areas by settlevs in the valleys. Fisher
(in Grinnell et al., 1937) belimaved that White—-tailed Deer in eastern
Lassen County occupied a geographic range approximately carvesponding to
the average vinter range of Mule Deer. O, V. ochrourus was included on
the working liat because of ite disputed atatus. Adams (1963} reviewed
evidence of White=tailed Deer in California and disputed its occurrence
within the state in historie times. Adams® {1963) concluaion was based on
two factors: the habitat {n CaliFornia was not like the hahiratr for thia
specles in Montana; and a general lack of undisputed apecimens Known to
him. He stated that the habirat For White=~tailed Deaer in northeastern
California wae "strikingly different from that of the whitetall habitat
that . « « [he] had known in northwestern Montana.™ To reach his
conclusion he had to discount one specimen of a White—tailed Deer from
Californla that he could not dispute end ignore the aceount by Walsingham
(1B73), an international authority on the family GCervidae, of his travels
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through northern Callfornia and hila observations of White-tailled deer. He
also discredited the writings of a number of okther prominent naturaliats
(e+g., Balley, 1936; Cowan, 1934; Dixon, 1927; and N. Hollistar and C. M.
Merriam in Adanms, 1963) eupporting the occurrence of White-tailed Deer in
Californfa. That few specimens from California were located by him is
true, although there is no indieation thart Adame (1963) attemprted co
locate and examine a complate skin and pertial akeleton (for a whole
mount) donatad to - ha Cakland Museum (Dixon, 1927}. The lack of
seientifiec specimens 1a not surprising in view of che lack or acarcicy of
gpecimeng from C:lifornia of other large wammals, such as the Bison,
California Crizely Bear, Gray Wolf, and Mexiceo Jaguar (Grinnell et al.,
1937; HMerciam, 1919, 1926)., Geographie varlation in habltat regquirements
was apparently unfamiliar to Adams, or at laast that White-cailed Deer in
California might differ in their use of habltat from rthose in Montanas was
a poasibility that he did not accept. Arguing agelnst his viewpoint is an
exntant populstlon of Columbian White-tailed deer, in the vicinity of
Roseburg, Oregon, less than 100 miles from the northerrn border of
Californla. Ita habitat 15 quite different from the riparian habitat
along the Columbia River where the other population is found (Fisher et
al., 1977 Suring and Voha, 1979). In summary, the evidence atrengly
guppotts the occurrence of Northweatern White—talled Deer in California.
They were probably extirpeted from California sometime between the 1330's
and 1950's, malnly beccause of loes of habitat.
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DLSCUSSTION

The major developmenta threatening wammalian epecies are virtually the
game 88 fdentified In jeopardizing several species of birds in California
(Rempan, 1978), with the lose and degradation of ripariam woodlands and
wetlands at the top of the list. Of the 36 species and subspecies on the
List of Concern (Tasble 2), 15 are limited to or depend upon riparian and
wetland commmiriea, or are thought to be so dependent {Table 3). Four of
theee require habitat in riparian communities slong the Colorado River:
the Arizoma Myotlis, Arlzons Cave Myotis, Colorade Blver Cotton Rat, and
Yuma Mountain Lion. Three others require habltats in riperian and wetland
communities on the floor of the San Joaquim Valley: che Buena Viesta Lake
Shrew, Biparian Brush Rabbit, and Riparian Woodrat. The Salt-marsh
Wandering Shrew and Sulsun Shrew occupy tidal marshes in 3an Frenciszco and
San Pablo baya, respectively. The Southern Callfornia Salt—marsh Shrew
and Southern Marsh Harvest Housme live only in the tidal marshes along the
southern Califernia Coast. The Point Reyes Mountaln Beaver and Polnt
Reyes Jumping Mouse require wetlaund communities fin the Polnt Reyes reglon,
north of San Francieco Bay, and the Polot Arene Hountain Beaver occuples
wetlands in the vicinlty of Polnt Arena, Mendecino Co. Additionselly,
Snowshoe Hares use riparian communities extensively, and the two og the
List of Concern (Oregon Snowshoe Hare, Sierra Nevada Snowshoe Hare)
Teguire habltat In these communitics.

Spacies of concern confined to lowland desert, grasgaland, and savanna
communities of the southern Californla coastal bzeins include the Los
Angeles Pocket Mouse and Pacific Pocket Mouse (Table 3)+ Also of concern
in that regilon and elsewhere in the sguthern lowlande of California are
the American Badger, California Leaf-nosed Bat, Big Free-tailed Bat,
Pocheted Free—talled Bar, and California Magtlff Bat. Loss of habltat
probably Is the principal factor jeopardizing these apecies.

Specles jeopardized by loss of grassland and desert communitiea in the San
Joaguin Valley end contiguous araeas such ag the Carrizo FPlain are the
Tipton Kangaroo Rat, Short-Nosed Kangaroo Rat, and populatlons of the
American Badger. Loss and degradation of native commumities Im the San
Joaquin Valley lowlande are eapecially serious problems. The importance
of the San Joaquin Valley to populationa of cthe California Maatiff Bat 1s
uneastablished, but it was probably a major area for forgglug Mastiff

Bats. No recent records of Californla Mastlff Bate are known from the San
Joaquin Valley, although scanty data eugpgest they were more common into
the 1950's or 1960's. In addicion to che four species mantiomad hare and
the three species requiring riparian and wetland communities listed above,
four specles of mammals with Rare and Endangered Status are confined to
the region (San Joaquin Antelope Squnirre}), Fresno Kangaroo Rat, Glant
Kangaroo Rat, and San Josquia ¥it Fox; Table 13. There are also other
endemic apecies and subspecles of mammala of the San Joaquin Valley, all
of whose populations have been eeriously reduced 1in size. Some, including
the San Joaquin Pocket Mouse {Perognathuc imornatus inornatus and P. 1.
neglectua) and Tulare Gresehopper Mouse {Dnychomys torridus tularensis}
also may be in danger, but available data cuggest leaser threats to these
gpecies than those lleced.

loss and fragmentation of old-growrh contfer foreata pose thrests to two
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specles on the list, the Red Tree Mouse and the Pacific Figher. Too
Iittle is known about the distribution and habitat of the White Footed
Yole to ptate with certainty, but it too may be jeopardized by current
forest harvest practices, Inaufficient information i available to
identify species of bata that might be siwilarly j}eopardized, although a
oupber of specles are distributed mainly in conifer ferests and may he
Jeopardized by wldespread loss of mature and old=-growth forests.

Nine specles of concern are presently classified as game or furbearing
specles: the Riparian Brush Rabbft and Yuma Mountmin Lion In the higheat
prlovity; and the Pygmy Rabbit, Oregon Snowshoe Hare, Slerra Nevada
Snowshaoe Hare, Western White-tailed Hare, Pacific Fisher, American Badger,
and Channel Ielands Spotted Skunk fn the third priority. Omly the Pacific
fisher is currently protected from taking. The Yuma Mountain Lion ia
clasgified ae a game apecles, although at present there 15 no open hunting
deagon on Mountain Lions in California. Regardless of wherher or not
aother populations of Mountain Lions in California are allowed ro be
hunted, thoge of the southeastern desert areas ghould continue to be fully
protected. Killing and trapping are likely to be major threate only Far
the populations of the American Badger of concern. For the American
Badger, the Riparian Brush Rabbit, and species of hares on the List of
Goncern, data sufficient to juatify the scasous and bag limits must he
gathered. Determining the statua of, end the impacts of hunting onr, these
specles should be high pricritiea of the Department of Fish and Game.

Emphesia in the specias accounts has been given to determining che
pepulation atatus and potentlal threats to individual specles. State and
federal legal protection should be mought for those spaclas for which
information 1s adequate ro estabish their threatened or endangered

status. While these activities will focua concern on individual speciles
and provide a messure of protection for those found to require it, they
are probably not the most efficlent and cest—effectlve way to emsure their
aurvival.

Pregervation of the mammallan specles of concern listed here, specien
already with stste or federal threatenad and endangered statue, and
specles of birds, reptiles, plants, and other taxonomic groups can be best
accomplished by concentrating congervation efforts on their blotic
conmunities rtather than emphaslezing single-species management.- This also
would provide mere gecurity to membere of their communities that are not
normally accorded protected status, but which may be egsential to the
perpetuation of thelr communities (e.g., lower plants, fungi,
invertebrates).

An incegrated, intergovernmental development/conservation approach which
facuses upon preserving representative sagments of each unique biotic
community while other resource— and land=use poals are being formulated is
needed. This would lessen the need for listing of most of these apecles
aa threatenmed or endangered and probably save wuch of the money and
duplicacion of efforts expended on managment of threatened and endangaered
gpecigs on a4 one—-by-one baais.
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APPENDIX

Acronyms for museums where research collections of specimens and other
documentation of localitfes referred to in the listas of distribution
records are listed below. Museum acronymns generally follew Choate and
Genowaye (1975).

AMNH
AMSP
CAS
M
CSCS
CSLE
csuc
CSVUF
csus
DFW
FMHH
H5U
KU
LACH
LSU
MCZ
MSHE

PH
ROY.
SDSNH
SFS0
TCWC
UCLA
DAY
ui
UMMZ
USNH
WFEM

American Museum of Natural History, New York

Philadelphia Academy of Matural Seiences

California Academy of Sclences, San Franclsco

Catnegie Museum of Natural History, Pittsburgh

CaliFornia State University, Stanislaus

California State Universlty, Long Beach

California State University, Chico

Galifornia State Univerelty, Fresno

Californla State Universicy, Sacramento

Sight records and uncataloged specimene, Daeniel F. Williams
Field Museum of Matural History, Chlcego

Humboldt State Universitcy

University of Kansaa, Museum of Natural History

Natural History Museum of Los Angeles County

Loulsiana State University

Harvard Upiversiry, Moseum of Comparative Zoology
University of New MHexlco, Museum of Southwestern Blology
University of Californfa, Berkeley, Museum of Vertebrate Znol.
Paris Huaesum

Royal Ontarie Museum, Toroato

San Diego Society of Matural History Museum

San Freociseo State University

Tezae A & N Unlversity, Texas Cooperative Wildlife Collections
Univeralty of California, Los Angelea

Univerelty of California, Davis, Museum of Zoology
Univeraity of Illinois, Museum of Hatural History
Unlversicy of Michigen, Museun of Zoology

National Musenm of Natural History, Washington, D.C.
University of Califernis Davis, Museum of Wildlife and
Fiaheries Riology
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STAFF RESPONSE TO APPLICANT’S PROPOSED SCHEDULE
AND REQUEST FOR REVISED SCHEDULING ORDER

INTRODUCTION

On Qctober 1, 2008, the applicant for the lvanpah Solar Electric Generating System
Project (ISEGS) filed a proposed schedule and a request for a revised scheduling order,
or (alternatively) for a scheduling conference. The California Energy Commission
committee responsible for this project subsequantly issued an order for such a
conference on Oclober 15, 2008, and requesied that parties respond to the applicant’s
proposed schedule by October 10, 2008.

During the past two weeks, Energy Commission siaffl has conferred with the staff of the
U.S. Bureau of Land Management (BLM) to determine the feasibility of applicant's
praposed schedulse. Such collaboration is necessary because the Preliminary Staff
Assessment (PSA) for this project is a “joint” document that will also serve as the Draft
Environmental Impact Statement (DEIS) for BLM's right-of-way permit, the federal land
permit reqlired for ISEGS, The DEIS satisfies federal National Environmental Policy
Act (NEPA) requirements for BLM's issuance of right-of-way permits. After conferring
with BLM, Commission staff subsequently met with the applicant to discuss the
proposed schedule.

APPLICANT’S PROPOSED SCHEDULE IS IMPRACTICAL

Pricr to the oulsel of the ISEGS proceeding, BLM stafl and Commission stafl entered
into a Memorandum of Understanding (MOU) regarding the joint production of the
PSA/DEIS document and the Final Staff Assessment/DEIS document.” The goal of the
MOU is to provide simultaneous and consistent state and federal environmental review.

* The MOU is titled “Memorandurm of Understanding between the U.S. Depariment of the Inlerior,
Bureau of Land Management Califarnia Desgart Oistrict and the Calfornia Energy Commisslon Staft
Concerning Joint Environmental Review for Solar Thermal Power Plant Prcuel::ts The MOU was signad

by the Commission’s Executive Direclor on August 8, 2007.
Proof of Service (Revised Mﬁ!ad ith-original,
Mailed Irom Sacramento on 2 .



kY

Among other things, the MOU provides that the two agencies will share in the
preparation and review of the environmental analyses for solar Ihermal projects, and
indicates that the environmental documents will serve the dual purpose of satisfying
both slate Califomia Environmental Quality Act (CEQA) and federal NEPA
requirements. (MOU, p. 4.) According to the MOU atiachment litled "BLM & CEC
Combined Processing Plan,” the PSA/DELS is to be issued during the same
approximate time frame as the circulation (for federal NEPA purposes) of the DEIS. In
the federal NEPA process, BLM must submit the DEIS to a "Notice of Availability"
(NOA) review process by the Department of Interior before the DELS can be noticed in
the Federal Register and publicly released. The NOA review period can take several
weeks before the DEIS is publicly issued and BLM's 90-day comment pericd on the
document can begin. During the NOA review period the PSA/DEIS will be virtually
complete, but not yet publicly released. Thus, there can be litlle further schedule
progress during this pericd.

Applicant’s proposal is to try to avoid the delay caused by the NOA review period by
having Commission staff publish the PSA first (apparently captioned solely as the PSA)
and initiating Staff workshops on the document during the NOA review period.
However, BLM staff balieve that such a shortcut is inconsistent with the MOU and with
the agencies’ agreement to release the PSA/DEIS as a joint document that meets
federal NEPA requirements, including NOA review and Federal Register publication
before its release. BLM believes that participation in workshops on what is in essence
the DEIS, but before the DEIS is officially reviewed and published for federal purposes,
violates federal requirements. BLM and Commission staff believe that any departure
from the joint document, including during the NOA review period, is contrary lo the
MOU, and BLM staff further believes that such departure would require BLM to produce
its own separate DEIS.

If the applicant's proposal is accepted, and BLM proceeds to divorces itself from the
Commission process and produce its own DEIS without the Commission’s PSA, this
breakdown of the joint document collaboration will add many months Lo the schedule for
federal approval. Thus, in an effort lo gain some weeks, applicant's proposed schedule
risks significant project delay from the breakdown of the stateffederal agency

collaboration. For these reasons, Commission slaff opposes applicant's proposed
schedule. :

Dated: October 10, 2008 Respectully submitted,
RICHARD C. RATLIFF -

Staff Counsel IV
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APPLICATICN FOR CERTIFICATICN
Fox THE IVANPAH SOLARELECTRIC
GENERATING SYSTEM

DOcKET No. 07-AFC-5

PROGF OF SERVICE
(Revised 7/14/08) -

INSTRUCTIONS: All parties shafl 1) send an original signed dogument plus 12 copies OR 2) mall one orlglnal
signed copy AND e-mall the document to the web address below, AND 3} all partles shall also send a printed
OR electronic copy of the documents that shall include 2 r._hraol‘ of seryice declaration to each of the

individuals on the proof of service:

CALIFORMNIA ENERGY COMMISSION
Altn: Docket No. 07-AFC-3

1516 Ninth Street, MS-15
Sacramento, CA 95614-5512
dochkei@energy state ca.us

APPLICANT

Solar Paringrs, LLC

Jahn Woolard, Chief Executive Officar
Alicia Tarme, Projecl Manager

1999 Hamson Streed, Suite #500
Qakland, CA 94612
ATorre@BrightSourceEnergy.com

*Steve De Youny

vanpah Solar Elettric Gensrating System
Diractor, Environmental, Safety and Health
1999 Harrlson Street, Ste. 2150

Dakland, CA 94612
sdeyoung@brigntsourceenergy.com

APPLICANT'S CONSULTANTS

John L. Carrier, . D.

2485 Natomas Park Or. #8500
Sacramenio, CA 95B33-2937
jcamierchZm.com

COUNSEL FOR APPLICANT

Jaffray Harris

Ellisen, Schneider & Haris L.L.P,
Attorneys at Lew

2015 H Street

Sacramento, CA 95814-3109
idhibes/awdirm.com

INTERESTED AGENCIES

*California IS0
P.O. Box 639014
Folsom, CA 957639014

e-recipient@casio.com

Tom Hurshman, Project Manager
Bureau of Land Management
2465 Soulh Townsend Ave.
Montrose, CO 81401
tom_hurshman@blm.goy

Sterling White, Fiek! Manager
Bureau of Land Management
Needles Field Office

1303 South Highway 95
Weedles, CA 92363

Stering White@blm.gov

Becky Janes

Calitomia Departmen of Fish & Game
36431 41st Strest East

Palmdale, CA 93552
digpaimfdadelphia.nat




INTERYENORS

Califonia Unions for Reliable Ensrgy ("CURE")
Tanya A, Gulessenan

Marc D. Joseph

Adams Broadwell Josaph & Camazo

601 Gateway Boulevard, Suits 1000

South San Francisco, CA 94080

tqulessarian@adamsbroadwell com
ENERGY COMMISSION

JEFFREY D. BYRON
Commissioner and Presiding Member
iyron@energy.state.ca.us

JAMES D. BOYD
Commissioner and Associate Member
hoyd@enerqy state ca.us

Paul Kramer
Hearing Officer
pkramer@ensrgy. stale.ca.us

Cha McFarlin
Praject Manager
Cmefarii@energy slate.ca.us

Dick Ratlifl
Staff Counsel
dratlifi@ensrgy.slate.ca.us

Public Advisar
pao{@enerqgy.state.ca.us

DECLARATION OF SERVICE

|, Janet Preis, declare that on October 10, 2008, | deposited copies of tha allached Staff Response to Applicant's
Proposed Schedule and Request for Revised Scheduling Order In the United States mail at Sacramento with first-
tlass postage thereen fully prepaid and addressed fo those identified on the Prool of Service list above.

AND/OR

Transmission via elecironic mail was cansistent with 1he requirements of California Code of Regulations, litle 20,
sections 1209, 1209.5, and 1210. All elecionis copies were senl Lo all those identified an the Proof of Service list

above,

| declare under penalty of perjury that the foregoing is true and correct.
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B113425, 1:28 PM COCCIDIOIDGMYCOSIS (VALLEY FEVER OR COCC) - Mycology Advocacy. Research & Education (MyCARE)

Less commuonly, fungal spones can enter your skin through a cul, wound, or splinter and cause & skin infeclion. This 15 knoyn as a0 implantation mygoses
transmission ks rare but has been dacumentad in fieldworkers or people with traumatic injuries.

Frequently Asked Questions

Genus is a category of an arganism that is “abave” a spaci=s and "belaw” a family in the orgamsm taxanomic (organizational) systeim,

- " . T [ . o [ L PR | T R

Fipure 3 Forms of Cacciduning the different lifecyce stages. Modified from image provided by Saurabh Patil, vis Wikimedia Cammons,

Endospore
Release
'ﬂ-
[ ]
Pertlon of
mycelium Arthrospores Spherule Segmented Endospore
Spheruie Formation

Science Sidebar:;

Corcidioidas - the Shape Shifter

Coccrdrotdes iz a fungal genus. A genus Is usually ital cized and written waith an initial capital letler. It is often written in connection with a specific spetie

lowercase and is also italicized. Sometimes the genus is abbrev ated to a 1 letter {eg, € lor Coccidigides). Can you recegnize this genus/species; Homo sc
The species of Cocondiondes that cause disease are Cocchdiodes immitis and Coceoidioides posadsi.,

Cocoidiaides is deseribed as a dumorphic fungus, which means it exisls in two distince forms as shown in Figure 3.1t can exist as 3 mycelium [mold) cand
typically in the sgil. When the soil dnies cut, byphae develop inta arthrespores, These arthrospores [spares) are small enough to become airborne and
inhaled. Once a spore enters the lung, it undergees a change to becorne a spherule, which is a big, sturdy sack-llke strucure. Insida the spherule, the 1

become endospores, and fill up the sack. When the spherules rupture in a few weeks, the endospares are released and spread out (disseminate). They
spherales, and the cycle continues.

https-iMightfungus, om/cocsldkidomycos svalley-fever-or-cocel! FITs
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and a new skin test could be used to screen for that immunity—but that’s only if the test
overcomes some major hurdles.

Faith Herrod wants to be a veterinarian when she grows up. The 11-year-old lives in the
small Central California town of Lemoore with her family, three dogs and three cats.
Someday, she'll get a rabbit, too—as socn as her mother lets her.

In her free time, Faith should be out playing with her dogs. But for almaost a year, she
was not able to do so0. She would come home from school at 4 p.m. and go right to bed.
That's because |ast October the sixth-grader was diagnosed with valley fever, a fungal
infection that kept her out of school for months and left her with regular headaches and
chronic pain.

“Sometimes, when you get super tired, it'll feel like your ribs will go in,” she said,
wrapping her arms around her stomach. *It'l| feel like your ribs go in and hurt really bad.”

Faith contracted valley fever by breathing in fungal spores carried by the wind. That's
how the disease is contracted, and it can happen at any time. Faith's mother, Caren
Herrod, isn't entirely sure when it happened, but her best guess is while they were doing
yard work one day—something they had done dozens of times before. Herrod never
imaged that, after so much time, Faith would not have built up natural immunity and
that she could still be at risk.

“If | had known that she was susceptible, it would've been different,” Herrod said. "We
would've done things differently.”

As it turns out, Faith and her mother could have known. A new skin test calied
Spherusol can detect whether a person has developed natural immunity, meaning
they've overcome valley fever before. Because most valley fever cases are
asymptomatic, many people whose immune systems have battled the disease may
never know it.

Advocates are excited about the test. So are doctors — like Dr. John Galgiani, director of
the University of Arizona's Valley Fever Center for Excellence. He dreams of seeing
Spherusol being used as a tool to screen for past infections,

“I think that CSaharueal'e hacet nea will ha in arimany frara Aactare' nffirac tn toct thair
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Galgiani said. If patients knew they had never conquered valley fever, they could better
prepare themselves against it; and doctors might be more likely to diagnose the disease
if patients showed unusual symptoms.

Experts call for a change in FDA rules on promising test
But despite its promise, the test isn't in wide use.

“Frankly, | den't use it very often myself,” Galgiani said. “Even specialists don't use it very
often,”

That's because the Food and Drug Administration hasn't approved Spherusol for testing
immunity. Instead, the test is supposed to be used by clinicians only after a person has

been diagnosed with the disease. Galgiani and others would like to see the FDA change
the rules to allow its use whenever a clinician thinks a test is warranted.

"If the labeling is changed to allow the test to be used to test for prior infection, then it
opens up a whole different value of the test to the clinical community,” Galgiani said.

Valley fever lurks in dirt and dust in the desert throughout the Southwest. Most people
who inhale the spores fight off the disease without ever knowing they had it. Some
develop flu- or pneumncnia-like symptoms. In rare cases, it can cause severe lung
infection or disseminate throughout the body, requiring lifelong treatment or leading to
fatal meningitis.

But there is some good news.

"Once you've had valley fever and gotten over it, you are for all practical purposes
immune from a second infection,” Galgiani said.

https:Mweackvpr.omgmealthi2018=11-21/new-valley-fe ver-skir-test-shows-pramise-hut-abslacles-remain T
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Credit Nelsen Biesciences

Spherusol comes in vials of 10 doses. A positive result indicates a previous bout with valley fever and an acqulred immunity to
the disease.

Revealing a disease exposure with a skin test

That's why Spherusol could have such an impact: It could reveal a person’s history of
exposure. Before, that was something most people could only wonder about,

Spherusol works similarly to a tuberculosis skin test. A clinician injects a small amount
of spores under the skin, and the reaction indicates whether immunity has developed.
Similar skin tests for valley fever were first developed in the 1930s, but the most recent
iteration was discontinued in the 19905 after the company that produced it was unable
to turn a profit.

Spherusol was released in 2014 and costs about §62. No studies have directly
compared its efficacy to previous tests.

Right now, Spherusol is only indicated for use after a patient has already been
diagnosed with the disease. So, instead of being used as a way to determine valley
fever exposure, it's considered a sort of immune system checkup for those recovering
from the disease.

“It's indicated for understanding how their body is reacting to the disease,” said Tom
Carpenter, president and CEC of Nielsen Biosciences, the San Diego-based company

that Adaualnanad Snharnienl Yle thair immiumea evetam anaamnad? Nirie thair i ina

htipafdwww. kv pr, ormrhealh/2016-11-2 1 /mew-vall ey-Tever-akin-le ot -aherws- promise-but-ob sz s-remain 417



1024724, 3:52 AM MNew Valley Fever Skin Teat Shaws Promise. But Obstaces Remnain
system overwhelmed? Or are they potentially immune-compromised and not even able
to respond to the infection?”

Carpenter says that screening patients could be a great way to use the test, but getting
the FDA to approve a change in the labeling could take years. It would involve new
clinical trials and potentially millions of dollars of investment. He says his company is
looking into it.

In the meantime, however, he points out that doctors are already allowed to use
Spherusol for off-label uses.

“Health care providers right now have the ability to make a medical judgment on how
best to use the skin test,” Carpenter said. "So, it's certainly not preventing them from
making that use, but we can't speak to that use.”

But using Spheruscl off-label has challenges —like its price tag. A single test may not
break a budget, but regular valley fever screening would mean periodic trips to the
doctor to pay $62 for a prick under the skin. Most health insurers in California, including
Medi-Cal, say they cover it — but only for its prescribed use. Even then, some insurers
could reimburse as little as $4. By contrast, a patient getting a flu shot would likely pay
nothing, and the clinic would be reimbursed up to around $35.

And then there’s the fact that the test is packaged in bulk. Spherusol can only be bought
in vials of 10 doses; once the vial is open, the countdown to expiration begins. Dr. Royce
Johnson, chief of infectious disease at Kern Medical in Bakersfield, says the test is
“extraordinarily stable.” Even so, he said, any pharmacies have policies against storing
products more than 30 days after they've been opened. “If you don't useit all, it costs a
lot of money,” Johnson said. "So there’s some resistance to stocking it.”

Another problem? Spherusol is only approved for 18- to 64-year-olds, even though
children can be hit hard by valley fever and the CDC says people over 60 are most at
risk.

Prisoners benefit from new test

Despite all of its obstacles, the test has been used to screen one very large patient

nrrany Califarnia clata nricnnare whara it annoare tn ha halnina tn nravant tha dieasea
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immunity 1o valley fever, are not sent to serve their terms in the two Central Valley
prisons hit hardest by the disease.

Caren Herrod may wish that her daughter Faith had access to Spherusol a year ago, but
she admits that still wouldn't have solved the root of the problem: that she didn't take
valley fever seriously enough because so little information about it is available.

"It's so, so limited,” Herrod said. “With a disease that is so prevalent, for there to be so
little information, it's sad. It's very sad.”

Meanwhile, Faith is back at school full-time, and hopes she can soon take her dogs
Moses and Jasmine out for a walk.

—

This project results from a new venture - the Center for Health Journalism
Colfaborative — which currently involves the Bakersfield Californian, Radio Bilingiie in
Fresno, Valley Public Radio in Fresno and Bakersfield, Vida en ef Valle in Fresno, the
Voice of OC In Santa Ana, the Arizona Daily Star in Tucson, La Estrella de Tucson and
CenterforHealthJoumalism.org. The coflaborative is an initiative of the Center for
Health Journaiism at the University of Southern California’s Annenberg School for
Communication and Jourmnalism,

Next in this series: Accurate valley fever counts elude health officials
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Health

Forecasting An Epidemic: Does Weather Hold
The Key To Predicting Valley Fever Outbreaks?

Movember 13, 2016

When a punishing drought besieged Califarnia in the late 1980s, relief came with 30 days of
rain in 1991 — dubbed the March Miracle because of how it...

hitips:fhww, kv proongheatiii2H 8= 11-21 new-valley-fever-skin-test-shows-promise-ut-obatackas-remain 1217















10/24724, 4 52 AM Mew valiery Fever Skin Test Shows Prom se, But Obslaclas Reman

hltpg:ffwrarw. kv promgfealty20 4 6-11-21 fmew-valkeyfeverskin-tegt-shows-promise-but-obslacle s-remain Fr



DocuSign Envelope ID; 35E1E170-137

JGomment Lefier 2: California Department of Fish and Wildlife
W

ncy GAVIN NEWS0OM. Governor
"FISH AND WILDLIFE CHARLTOM H, BONHAM, Direcios

nue
710

May 7, 2021

Temance Smalls

Kem County Planning and Natural Resources Department
2700 "M Street Suite 100

Bakersfield CA, 93301

Subject: Raceway 2.0 Solar, by sPower Development Corporation, LLC (Project}
Draft Environmental Impact Report {DEIR)
SCH No.: 2020079007

Dear Mr. Smalls:

The California Department of Fish and Wildlife (CDFW) received a DEIR from ths Kern
Caounty Planning and Natural Resources Department for the above-referenced Project
pursuant to the Califomia Environmental Quality Act (CEQA) and CEQA Guidelinas.’

Thank you for the oppaortunity 1o provide comments and recommendations regarding those
activities involved in the Project that may affect California fish and wildlife. Likewise, CDFW
appreciates the opportunity to provide comments regarding those aspecis of the Projoct that
CDFW, by law, may be required to carry out or approve through the exercise of its own
regulatory aulharity under Fish and Game Code.

CDFW ROLE

CDFW is Califomia’s Trustee Agency for fish and wildlife resources and holds those
resources in trust by status for all the peopls of the State (Fish & G. Cede, §§ 711.7, subd.
{a) & 1802; Pub. Resources Cods, § 21070; CEQA Guidelines § 15386, subd. (a)). COFW,
in its trustee capacity, has jurisdiction over the conservation, protection, and management
of fish, wildlife, native plants, and habitat necessary for biclogically sustainable papulations
of those species (/d., § 1802). Similarly, for purposes of CEQA, CDFW is charged by law to
provide, as available, biological experfise during public agency environmantal review efforts,
focusing specifically on projects and related activities that have the potential to adversely
affect fish and wildlife resources.

1 CEQA is codified in the California Public Resources Cods in section 21000 et seq. The "CEQA
Guidelines” are found in Title 14 of the California Code of Regulations, commencing with aection 15000,

Conserving California’s Wildlife Since 1870

2-A

2-B



DocuSign Envelope I 352 E1 71570 NG NL Letter 2: California Department of Fish and Wildlife

Tarrance Smalls

Kern County Planning and Natural Resources Department
May 7, 2021

Fage 2

CDFW is also submitling cormments as a Responsible Agency under CEQA {Pub.
Resources Code, § 21063; CEQA Guidslines, § 15381). CDFW expects that it may need to
exercise regulatory authority as provided by the Fish and Game Code. As praoposed, for
example, the Project may be subject to COFW's lake and streambed alteration regulatory
authority {Fish & G. Code, § 1600 et seq.). v Likewise, to the exlent implementation of the
Project as& proposed may result in “take™ as defined by State |law of any species protecled
under the California Endangered Species Acl {CESA) (Fish & G. Code, § 2050 et seq.), 2.C
related authorization as provided by the Fish and Game Code may be required.

Nesting Birds: CDFW has jurisdiction over aclions with potential to result in the
disturbance or destruction of active nest sites or the unauthorized take of birds. Fish and
Game Code sections that protect birds, their eggs and nests include, sections 3503
(regarding unlawful take, possession or needless destruction of the nest or eggs of any
bird}, 3503.5 (regarding the take, possession or desfruction of any birds-of-prey or their
nests or eggs), and 3513 (regarding unlawful take of any migratory nongame bird).

PROJECT DESCRIPTION SUMMARY
Proponent: sPower Development Company, LLC

Project Description: The proposed project would involve canstruction and operation of
twa solar photovaltaic (PV) power-gensrating facilities, on six discontinuous sites, which
would praduce a combine total of approximately 291 megawatts (MW) of renewable

electricity with up to 291 megawalt hours (MWh) energy storage on 1,330 acres of land in 2.0
unincorporated Kern County.

Location: The proposed project is in the westem extent of the Mojave Desert near
Rosamond, Celiformia between Rosamond Boulevard and Avenue A, and betwaen 70th
Street West and 90th Street West in Sections: 20, 21, 28, 29 and 32, TOSN/R13W in the
eastern portion of unincorporated Kern County, California.

COMMENTS AND RECOMMENDATIONS T

CDFW is concemed regarding potential impacts to special-status species including, but not
limited to, the State and Federally threalened desert torloise (Gopherus agassizii); the State
threatened Swainson's Hawk (Bufec swainsonii), the State candidate for listing under CESA
wastern Joshua tres {Yucca brevifolia), and the Stata specias of spacial concern burrowing
ow (Athene cunicularia). Mitigalion Measuras for these species, as praposed in the DEIR,
may not reduce impacts to less than significant or result in unauthorized take. Qur specific ZE
comments follow,

COMMENT 1: Western Joshua Tree [Joshua tree)

Tabla 4 4-3 states that no Joshua trees were gbserved on the Project site, but the species
daas oceur within the gen-tia route. In addition, Table 4.4-1 lists 2.01 acres of Joshua tree
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h
woodland, a CDFW sensifive plant community, occurring within the gen-tie route. The DEIR 1
cites maasures from the Willow Springs Specific Plan that are applicable to Joshua tree.
Thase measures include:

+ Measure 15;. Where possible, project development within the Specific Plan Update
area shall be designed to avoid displacement of destruction of Joshua tree habitat,
to the satisfaction of the Kern County Agricultural Commissioner's Office. Araas
adjacent to the woodland shall have a 50-foot setback from the Joshua tree plants.
Within that setback, a native plant cover should be restorad to natural habitat values
ta serve as a buffer, if such plant cover is not presant.

» Measure 16: A Joshua Tree Preservalion and Transportalion Plan shall be
developed by the applicants for each parcel where Joshua trees are located on site.
The plan shalt be submitted to the Karn County Agricultural Camrissianer's office
for review and approval priar ta grading permnlt issuance.

2-E

» Measure 23: A Joshua Tree Preservation andfor Transplantation Plan shall be {con.)

developed by applicants of discretionary projects for each parcel where Joshua trees
are located on site. The plan shall be submittad to the Kern County Agricultural
Commissioner far review and approval priar to grading permit issuance.

As noted above, Joshua tree Is currently a candldate for listing pursuant to CESA.
Candidate species are protected as if they were listed as a threatened or endangered
species under CESA. Measures 16 and 23 would require take authorization from CDFW to
relocate individual Jashua frees in order to comply with CESA. CESA applies to every life
stage of a listed species, and for Joshua tree, this would include the seed bank. The 50-
foot no-disturbarce buffar from individual Joshua frees required in Measure 15 of the Willow
Springs Specific Plan, as well as the 25-foot buffer listed in DEIR Miligation Measure 4.4.-
12 for special status plants, is likely insufficient to avoid impacts to the seedbank. Vander
Wall et. al. 2006 documented 290 feet as maximum distance of seeds dispersed carried by
rodents. A 290-foot buffer is warranted to not only ayoid impacts o individual trees, but
potential impacts to the seed bank as well. COFW recommends the following edits to the
DEIR.

Recommended Mitigation Measure 1: Western Joshua Tree Avoidance

CDFW recornmends a no-disturbance bulfer for individual western Joshua trees of 290 feet. oF
If buffers cannot be maintained, then consultation with CDFVY is wamanted to determine )
appropriate minimization and mitigation measures for impacts tc special-status plant
species.

Recommended Mitigation Measure 2: Western Joshua Tree Take Authorization T

If a 290-foot buffer for Joshua tree is not feasible, consultation with COFW is warranted to 2-G
determine if the Project can avoid take of that species. If take cannot be avoided, take
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authorization would need 1o occur through acquisition of an Incidental Take Permit (ITP)
from CDFW to comply with CESA andfor Fish and Game Code section 1900 and California .G
Code of Regulations, title 14, section 786.9, subdivision (b). If Joshua trees will be {con.)
translocated to comply with the Willow Springs Specific Plan, acquisition of an TP is
necessary to comply with CESA.

GCOMMENT 2: Desert Tortoise

The DEIR (e.g., Table 4.4-3) states that the potsntial for deserl lortoisa to aceur on-sita is
low because there is a lack of suitable habitat. The DEIR definas deserl torloise habitat as
slluvial fans, washes, canyon bottoms, and hillsides. Desert tortoise have been observed in
other habitat type and the lack of their presence does net preclude deserl torloise from
occurring with the Project site. Based on the information provided, COFW cannot conclude
that desert tortaise is absent from the Project site. CDFW recommends the following edits to
the DEIR.

2-H

Recommended Mitigation Measure 3: Desert Tortoise Protocol Survays

CDFW recommends surveys for desert lorleise be conducted by a qualilied wildlife biologist
who understands and will follow the pre-project survey protocol as outlined in “Preparing for | o,
any aclion that may accur within the range of the Mojave Desert {ortoise (Gopherus
agassiziy’ {(USPWS, 2010} and has previous experience surveying for desert tortoise.
Survey results are advised to be submitted to both CDFW and the USFWS,

Recommanded Mitigation Measure 4: Desart Tortoise Take Authorization

If desert tortoise is found within the Project area during surveys advised in Recommended
Mitigation 3 above, DEIR Mitigatiocn Measure 4.4-4: Preconstruction Clearance Surveys, ar
construction activities, consultation with CDFW is advised to discuss how to implement the
Praoject and avoid take; or if avoidance is not feasible, 1o acquire an ITP pursuant to Fish
and Game Code section 2081 subdivision (b) priar to any vegetation- or ground-disturbing
activities. Any take of desert tortoise without take authorization would be a violation of Fish
and Game Coda section 2080.

2-1

COMMENT 3: Swainson's Hawk {SWHA)

Table 4.4.-3 of the DEIR slates that one activa SWHA nest was observed an the Project sita
during 2020 burrowing owl surveys, The DEIR states that additional active nests occur
within 5 miles of the Project site and that suitable foraging habitat occurs throughou the
Project site. Several measures are provided as part of DEIR Mitigation Measure 4.4.-8; a.K
Swainson's Hawk Mitigation and Monitaring Plan. DEIR Mitigation Measure 4.4-8b requires
“no new disturbances, habilat conversions, ar other

project-related activities that may cause nest abandonment or forced fledgling occur

within 0.5 miles of an active nest between March 1 and Septembar 15. Buffar zonas
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may be adjusted in consultation with CDFW and the County.” However, these Project
activities are not defined and CDFW advisaes that the (.5-mile buffer apply to all Project-
related aclivities to avoid unauthorized take. We acknowladge that naot all Project-related
activities may require a (.5-mile buffer, but the type of actlvity should be discussed as part
of the cansultation with CDFW and the County for a reduced butter,

DEIR Mitigation Measure 4.4-8e requires habitat management {HM) lands to mitigate
the Joss of Swainson's hawk feraging habitat by providing "HM lands within the Antelope
Valley Swainson’s hawk breeding range at a minimum 1:1 ratic for such habitat impacted 2-K
within a 5-mile radius of active Swainson’s hawk nest(s).” The Swainson's Hawk Survey (con]
Protocals, Impact Avoidance, and Minimization Measures for Renewable Energy Projects in
the Antelope Valley of Los Angeles and Kern Counties, California (CEC and CDFG 2010)
recommends “mitigating loss of Swainson's hawk foraging habitat by providing HM lands
within the Antelope Valley Swainson's hawk breeding range at a minimum 2:1 ratio for such
habitat impacied within a five-mile radius of aclive Swainson's hawk nest{s).” Based on the
information provided in the DEIR, CDFYV cannot canclude that a ratic lower than 2:1 will
reduce impacts to Swainsen's hawk foraging habitet to l2ss than significant. CDFW
recommends the following edits 1o the DEIR. 1

Recommended Mitigation Measure 5: SWHA No Disturbance Buffar

CDFW recommends that the type of activities for the 0.5-miia butfer in DEIR Mitigation
Measure 4.4-8b are changed from "project-related aclivities lhat may cause nest
abandonment or farced fledgling” to all "all Project activities.” CDFW recommends the nest
bufter remain in place until the breeding season has ended or until a qualified biologist has
determined that the birds have fledged and are no longer reliant upon the nest or parental
care for survival.

Recommended Mitigation Meagura 6: SWHA Foraging Habitat

CDFW recommends that the amount of foraging habitat mitigation required by DEIR
Mitigation Measure 4.4-8e is increased from a minimum 1:1 ratio to a minimum 2:1 ration 1o
reduce impacts to SWHA foraging habitat to less than significant based on Swainson's
Hawk Survey Pratocols, Impact Avoidance, and Minimization Measures for Renewable
Energy Projects in the Antelope Valley of Los Angeles and Kern Counties, California (2010).

2-M

Recommended Mitigation Measure 7: SWHA Take Authorization '|'

If an active SWHA nest is detacted and a 0.5-mile no-disturbance buffer arocund tha nast
cannot feasibly be implemented, consullation with CDFW is warranted to discuss how to 2N
implement the project and avoid take. If take cannot be avoided, take authorization through
the acquisition of an ITP, pursuant to Fish and Game Code section 2081 subdivision {b) is
necessary to comply with CESA,
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COMMENT 4: Burrowing Owl (BLUOW)

DEIR Mitigation Measure 4.4-6; Preconstruction Bumrowing Owl Surveys requires

& buffer of no fewer than 100 meters (330 feet) from an active BUCW burrow during the
breading season (i.e., February 1to August 31) and huffer of no fewer than 5 meters (165
feet) from a BUOW burrow during the non-breeding season. CDFW typically recommends
dreater no-disturbance buffers based on the "Staff Report on Burrawing Owl Mitigation”
{CDFG 2012). No explanation was provided as why these reduced buffers are sufficient to
avoid take of BUOW or nest failure. Therefore, CDFW recommends extending the BUOW
no-disturbance buffers. CDFW recommends the following edits o the DEIR.

Recommended Mitigation Measure B: BUODW Avoldance

CDFW recommends the no-disturbance buflers lisled in DEIR Mitigation Measure 4.4-6 be
expanded to the buffers recommended in the *5Staff Report on Burrowing Owl Mitigation®
and listed in the table below, Specifically, COFW's 5taff Report recommends that impacts to
occupled burrows be avoided in accordance with the following table unless a qualified
biolaglst approved by COFW varifies through non-invasive methods that either: 1) the birds
have not begun egg laying and incubation; or 2) that juvaniles from the oceupied bumrows
are foraging independenlly and are capable of independant survival.

. Level of Disturbance
Locatian Time of Year ow Med High
Nesting sites April 1-Aug 15 200 m* 500 m 500 m
Nesting sltes Auy 16-Oct 15 200 m 200 m 500 m
Nesting sltes Oct 16-Mar 31 50 m 100 m 500 m

* metars (m)

Editorial Comments and/or Suggestians
Comment 5: Nesting birds

CDFW generally encourages Project implemantation at individual Project sites occur during
the bird non-nesting season it suitable nesting bird habitat is present. However, i ground-
disturking activities must occur during the breeding season {February through mid-
September), the Project’s applicant is responsible for ensuring that implementation of tha
Project does not result in violation of the Migratory Bird Treaty Act or relevant Fish and
Game Codes as referenced above.

To evaluate Project-related impacts on nesting birds if suitable habitat is present, CDFW
recommends that a qualified wildlife biologist conduct pre-activity surveys for active nests
no more than 10 days prior to the start of ground disturbance o maximize the probabitity
that nesls that could polentially be impactad are detacted. CDFW also recommends that

2-Q
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surveys covar a sufficient area around the work site to identify nests and determine their
stahis. A sufficient area means any area potantially affected by the Project. In addition to
direct impacts (i.e. nast destruction), noise, vibration, and movement of workers or
equipment could also affect nests. Prior to initiation of construction activities, CDFW
recommands a qualified biologist conduct a survey to establish a behavioral baseline of all
identified nesis. Once construction begins, CDFW recommends a qualified bialogist
continuously monitor nests to detect behavioral changes resuiting from the Project. If
behavioral changes occur, CDFYW recommands the work causing that change cease and
CDFW consulted for additional avoidance and minimization measures.

If continuous monitoring of identified nests by a qualilied wildlife biologist is not feasible,
CDFW recommends a minimum no-disturbence buffer of 250 feet around active nests of
non-listed bird species and a 500-foot no-disturbance buffer around active nests of non-
listed raptors. These buffers are advised to remain in place until the breeding season has
ended or until a qualified biologist has determined that the birds have fledged and are no
longer reliant upon the nest or parenta! care for survival, Variance from these no
disturbance buffars is possible when there is compelling biological or ecological reason to
do so, such as when the construction area would be concealed from a nest site by
topography. CDFW recommends that a qualified wildlife biologist advise and supporl any
variance from these buffers and notity CDFW in advance of implementing a variance.

ENVIRONMENTAL DATA

CECQA reguires that information developed in environmental impact reports and negative
declarations be incorporated into a databage which may be used to make subseguent or
supplemental environmental determinations {Pub. Resources Code, § 21003, subd. (e)).
Accordingly, please report any special-status species and natural communities delected
during Project surveys fo the California Natural Diversily Database (CNDDB). The CNDDB
field survev form can be found at the foilowina link:

The completed form can be
maiea elecionicaly 10 LNULUE at (e ronowing eman agaress: CNDDB@wildlife.ca.gov.
The hvnas of informatinn rennred to CNDDR can he found at the following link:

FILING FEES

If it is determined that the Project has the potential to impact biological resources, an
assessment of filing fees will be necessary. Fees are payable upon filing of the Notice of
Datermination by the Lead Agency and serve to help defray the cost of environmental
raview by COFW, Payment of the fee is required for the underlying project approval to be

operative, vested, and final (Cal. Code Regs, tit. 14, § 753.5; Fish & G. Code, § 711.4; Pub.

Resources Code, § 21089).

Somment Letter 2: California Department of Fish and Wildlife
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M
CDFW appraciates the opporunity to comment on the Projeci to assist the Kern County 2.5
Planning and Natural Resources Department in identifying and mitigating the Project’s {con.)
impacts on biological resources. 1
Mora information nn survev and maonitnring nmitnenle fnr sencitive snaries nan be found at
CDFW's wabsite if you have
any questions. plcaac LU AL RGN UGE, LIV I UG DGR LS, TRl U W address 2-T
provided on this letterhead, by telephone at (559) 2434014, extension 291, or by elactronic
mail at Jaime.Marquez@wildlife.ca.gov. 1

Sincerely,

hcuBignad by:
L Ol

—FA5]
Julie if. Effam:en

Regional Manager

oo Office of Planning and Research, State Clearinghouse, Sacramento
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Comment Letter 1: California Department of Fish and Wildlife (September 11, 2014)

ilaly of Crvpria — Nawrs) Resgurces Agency EDMUND G, BROWN I, Bovermy
JEFARTMENT OF FISH AMD WILDLIFE GHAALTON H BONHAM, Dvack
anirl Region

1234 Exael Bhirw Surpiwer
‘remna, Califamda 93710
550) MI4005

s wilg i £ (g

Seplamber 13, 2014

Maithew Hall

Kam Counly Planning Daparimanl
2700 M Straal, Guita 100
Bakercfield, Callfords 607341-3723

Sublect: Revised Drafl Enmvronmontad Impaci Aepon {RDEIR) for the Rosamond Bolar
Array Project by Firet Solar, inc. {3CH No. 2010031030}

Dear M, Hall:

Tha Calihdmla Dapsimant of Fish and WikdWe (COFW} has saviewsd the RDEIR for Lhe
Resamand Seiar Arvay Praject by First Solar, e (Project] Tha Progec] aymials of construcing
and cgareting a 150 megawatl {MW) pholovellac solar powar plant on approomatety

1,175 nores in Ihe Anlsiope Valley, Bl the waslam edga of the Mojave Deserl, The powsr plani
wouk! consisl ol &efar panels, an eleckical colfechion sysem, a subsiatan, gn operatiang and
maintenance building. sacunty gates, fencing, tsmporany dusl conlral pends during congtraction,
B lempurary concrate bateh plan duiing construciion, and a thres b five mie-lang tansmission 1-A
fina (gan-ta) la connec & tha aristing Whissing subistation, which (s oparatad by Saufhem
Ceflfernia Ediscn.

Tha musions moada in Lha RDEIR did nal addrgss rmaed of tha commenhs in COPW e drall EIR
commant katlar, delad January 2B, 2014 Tharelws, many of the commants in [his kember are Lha
Aama 85 7 lha Januarcy ketier

Ty Callfonia Envircnmental Qualily Acd {CEQA) Mandatory Findings of Slignificanca requira
Lhat tha lead agansy find Ihat the Project may trave a significant effact on tha arwironment if the
Prajacd has the polanlial 10" c2uta 8 fah of widlife populatin 10 drop befow sat-sustaining
levgis.,.” Tha Swainsan's hawk [Bufed swamsond) populabon in lhe Antelope Valley iz smafl and
likaly to drop below sell.sustalning levals if renawable anargy davaiopment cond inues wilhout 18
adequale habliat conservation within the Antelope Valloy As wrilien, tha RDEIR doag not
require $ha davalapar of this Project o conserva sny habitat In tha Antefope Vallay or imglenean|
any alher maasures that would effectively conzerve Swawnaon's hawk and burowing owl
(Alharse ciniculariay popubalions in Lhe Antelope Vabay

Miigalion méauna 4 -4 and 4 48 through 4 4- ara not basad on Lha baseline survay resulic,
which wers (hal IRg aréad suppons abienasn! burowing owis snd Swanson's hawhs, and inslkead
daflar lha davalopman of habial compencatan raquirarenis Lo consultation wilh char
agancies, bacad on ess-compretambe, kv pro-consiuclion burvey 1esds. COFY 1-C
recammants ihal the County instaesd regudne quenifiaba habiwt compensabon in tha
Emdronmantad Impaci Raport (EIR) basad on s kndwn Hetsling survay resulls snd Project

Couserving Californua’s WALGfe Since 1870

Final Envitormental Impact Report
Rosamond Salar Array Project

7 14 Seplember 2014
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Impacte, and roquite tha pre-on slrulon curseyg primarily far avoiding dircd “teme” of wikdlife
luring Projact comatruction and to daaming whethar additional mitigalion mey be waranlad.

In 1% loltar, we recommend spellc, queriifistde measwes lo minmize and offset the Impacta
1o the Artelope Valley Swainson's hawk and bumowing owl popuialiona based an tha Profect's
basuling dila i lha ADEIR. 5rca (e is polental that COFW wii ba onty 8 Trustes Agancy
on this Profect COAFW dowa rot necemeariy hewe 3 macimnism o require and anfomee thase
magured; Lhus, we find thel lhe ROEIR's methad of deferming Lhe davelopmar of habitat
compeaaicn Measure 10 later datuasions with COFW b unlikely to mitigats the Project’s
bbslogical Imgocis to eas (han significant keels a5 the RDEIR pondudes

Hera k5 a sumimary of our commans &nd recommendalions in Wi kel

» Roquire 80 scres of dasant toroise (Gapiera sgeas/nh) hablel companeation in
pama ity

* Raquira 2:1 habital compenss lion within the Amelope Valloy for Swalnson's hewk and
buircwving owd For all pertmangnt impacs, mod just i Swainson’s hawks arg found wilhin
0.6 mika charing pra-gonsmuetion survays {Lha basaling sureys already found them
nasting within 0.5 mifs, and tha foraging hahint thel suppora resling exlerds greater
than 0.5 mie from the nesl siee]

»  FeEquie 8 0.5-mde consiiucion bufler from Bawanson's hawk masla, and ayckd
rraring suitabée habltai within that tulfar.

+ Roqube rarsmksion Fnes Lo be undsground to minimes Swainson's ek, bumpsing
owl, and olher avian falallfes.

» Assume thal all beavertall cacti within the Project fimits are Le Slate and fedamally
endangered Bakersiiakd caclus (Opuwntia haxtorls var. (reieassd) unacs furlher ganafic
Shudits corchude othenm e,

s Prohibit |ha v of chain link fonce or regquire thal chain link fances are madified to
prervard dener, L foxes { Vidpes macroiiy araipu's) from plaaing Dhedr heads through the
MAEN Cpenings and beosming armrarsd,

«  H st palibsdioeen are o et usad, pequime tha applicand 10 use only substances thel are
rgankc. non-peroioum, and rma-eslls, such as many of ihe phnt-bagsd products thal
arg commerclally availabla for Axgithes dust oo,

A dipeussion of CDPW's jurisdietion for this Projec] and speaflic comments on ihe RDEIR,
foflows.

COFW Juriadicticn

CEQA and Californis Endangered Spacios Act (CESA} Authority: COFW i a Trusiee
Agency for [i5h B wikllife @ s0LIces wilh B mepensibilily under CEOW. for commanting on
projaels that coudd impas el 6nd wilhila resourcas. In this rals, COFW is responaibe for
providing, 25 aval lsble, balogical axpertisa ko review aad commem on smimnmarnal
documanis and Impacis erising fram pojacl actiities, Purauznl ® Fah and Gams Code 518032,
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COPW has jyrisdiclion gear e conservation, pratecion and managaman of feah, wiidife,
nafiva plani=, and hatllat nacessary for Hokgics 1y sieianablio popuialiong of thice zpeces.

CDFW | a Remponaible Agoncy whan a subsequent cemil or olher bypo of discralionary
approval ks recpdeed from COPYY, such as an Incldanist Take Permil ¢(ITP), purew@nt to CESA, or
a Laka or Stresam best Alerplion Agreemont {L5SAA) baued under Fivh and Game Code §§ 1600
gt peq. Il direct i2ke cannol be avoided, hen the Project would wamam an ITP for ks of
Bakarshiokd cachs, which re Estsd gy endangared pursuant to both the federal Endangered
Spating Act (ESA) end CESA, the fedaral andangansd and Staks (Frestsned spacies desan
torokse, and Lha Hlate thima bamed §packes Sea Mson's e,

COFW's kananca of an ITP and/or an LSAA I8 also consldered a “projact”™ subject to CEQA
(CEOA Guidslines §15378). CDFW typically raflaz an tha Lead Agansy’s CEQA campliansa to
make findings pursuant tn CECA Guidatinga §15091 Far ihe Laad Agancy's CEQA documen
1o suffice for CESA ITP issuance, 1 must fully descidbe tha potental Project-related impacts to
Slate-listed species, analyze potenlial impacls of the enlire Proect Inchuding private snd public
and components, and commil 10 measres 10 avoid or minimiza, and hly miligale impacts (o
these reacucas. COFW may nal be abla 10 isaue an TP by relying on an EIR contaiming &
Slatemenl of Chrmiding Considerations when impacts o a Siete-dsled spocias am not milkgabed
10 less than gignibeant.

If the EIR compitad for this Frojecl does not incude miligalion measures fo reducae impacs Lo
Shnte-fisted speces Lo kess than slgniicanl, or § 1 doas nol dascribe and anayre sl
Sampanarts of i Project (inchading Lhcas propoes? on federal land ), COFYW may as & resutl
naad 10 acl an a CEQA Lsad Agancy e complete a subsaquanl EIR o support issuance of an
TP, Thia could significantty delay TP s ncs and corssguenily. Projec] implsmantaton,

Hpeciflc Comments on Lhe RDER

Mitfgation Massure £.4-4: This measwe regarding pre-canstriction wikdlifa sureys begins with
“Prior to construction, the Applicant may conlact tha Linftad Siates Fish Bnd Wikiifs Sandca and
California Oepartment of Fish and Wildkfa 10 detamine if pre-construction survays and
exclusionary fencing are warranted given the low likelihoad of occurence of sensilive species
The prée-construciion surveys aré warranted. The baseline survaya tor the Projact decumented
Buittraing ovd gign (whitéwash and paliets) at bumows withn the propesed solar srrays and
eliawharg surmounding tha sita. Thus, COFYW does nol concur that theve s a Sow lkelhood of
OCCUrmanos of facddive Spetss™ on ik Propec] ik, Tha dready-doomantd pretance s alsg
sufficient evidence tha! burrowing owls are lkaly to ba on andfor naar the construclion area and
might be |aken durng constructtan. COFWY racommends tha ROEIR require pre-construclion
sdrveys for burrowing owl to faciitate lake avoldance measuras

Drectanrt Lortoises m known o ooz in the natye desert scrub communili=s tal are comtiguous
with |ha B0 pcres of deoart senh habitat s the nonhamn solar amay and elong the ger-de route.
Bocairsg Inky Project woardd convart thows 0 acms of creosala bush scrub o a solar armay, snd
digiurn ground in desart roise habilal along the gen-is route, COFW recommands
pra-conainucthn survays Tor desrt torioisg ara induded i the RDEIR ae a miligalion measure
la dabarming i deserl foroksa oocur b the Project ared. In e aviml hat desort onoyss B
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danectind, anzuhation wilh COFY would be wamanied to discuss how o implament Lhe Prajec]
and evold lake If Laka can'l 8 avolded, an TP would be requined 10 comply wilh CESA
Altgraativaly, 1ha Progec] applicant can sssume pregence ang apphy Tor an TP,

Swainzon's hawhts are alco kngwm [ nest Bppmsimately 0.5 mdz froem the groposed solar
arraym, as documenias b the Project's hassfing biologieal report, Grven thi prodmity, the bees
Gordening the Proiaal Sio have a relattvely high potantial to aal nealing Swatnaom's Fawks,
COFYY pacyn mends pre-construclion survays for Swalnson's hawks i datarming # e speciss
is presgal within 0.5 mila duning conslruction aciivibes. Dapardieg on the mouty of thake
Survpyt. (onsullabon with COFYW may ba wamanisad to dalemmine if tha Projact can avold lehe, f
kg can By erapicded, an (TP i necessary 1o comply with CESA.

itigation Maeasura 4.4-5: This measws fegarding pre-constricion sunays and exclusion
tencing tor dasart tortise alae contains the word “may.” and gives tha Agplicant an option bg not
periomn pre-conainicdion surdays o install sxausion fencing for deset loncises. As discussed
abave, lhe proposad norhem solar aray arass contains BY acres of rative degart scrub that
adjoins known, occuplad dasert tonokse habital. Wie recammend Ihal the County reguire he
Applicani to compiate pre-conatruclion sLnays (0 Bavoid ok of iortolses within thage 80 amras.
ad to install torome exclusianary fence along the solar amay construction area boundarias
north of Rosamand Beulevard and afong the gon-tig route, COFYW recommends exchision
tencing be inslalled only affer pro-cormiruclion surveys are completed | dase tortoisa ara
obsarvid within the exclusion Tancing, COPW may wnsidor the Individua’s capiured. The
caplure of any species ksted under CESA would require an (TP, as capiurs (or atlsmpt to do so)
Is definad as 1Bk under Fish and Camea Codé Section 6.

Dwaort Toriolan: Tha B0 acos of the dosest scrub that Lha Project woukd displacs ons pan of 8
largar ama of occupisd deserl torioisa hablis. COFYW racommands that the Caolinty tulie the
applicant |o cesiaray 30 acres of daserl tortofes habitat In perpalulty to offuat this habltat gy,

Burmmowing Owl: The basaEng aureeys found nine burmows within 130 metares {m} of te gen-tia
routes and a 150 m buffar of the eadtam solr dmay ares. They kound thal ail of L Prokec] she
was sulahka hakitat. Itis imponan o nole that The owts ysing bumows In the nen-iled areas
are foraghng bn tha 1lied areas, and Lhat Burrgudng cwit da beesdd In adlive agricultiured hiekds in
the Antslops Yafley (YWilkareon Bod Siegal, 3011).

This Project area is of relativey hgh vakue for conservalion of bumowing owls. The basaiing
Aurvay findings comoborate Lhe finding of YWikerson and Siegel (2011) el bumowing owks in Lha
Mojavs Coserl are chuatered in the egrculiurel and urban imerlace areas of the Amslops. Apple,
and Lucama valoya.

Measure 4.4-7, regarding burrowing owl, requines thal “Shouid bunowing owls be lound an-aila,
compensalory miligation far loat breeding and’or wintering habitat shall ba irnplementad.. - The
conlexi of lhal slalamenl |5 tollowing B pre-conatrusion aurvey, This msasdrs kgnomne tha
baseline data thel conlirmed that the Project sHa i Inceed burrovwing owl habitat.

Slrce 1he st i already known o ba bumowding ow! habilat, wa recommand datfying that e
detemnalion of whathar habilat compensation bs requined does nol dapand on tha htwe
pPra-canslruction survey resulls. Ye recommend £1atng thal the App iCANt shall com panga s for
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Lhe alresdy dooumeanted bumrovd ng o tabitat loss end spediying 8 minimem acraage. That
would b0 help to danty Ihat pre-comirucion sureys ara tor avoiding dired Laka of cwis, during
mnatrudibn sand datsrmining whather mocs owds may be presant than were found In the paria| 1-T
survgys af 2010 & 2011, F pro-com instion surveys find that the: st suppors rmore owls tan
hava airsgdy bean hotmd, than addivanal habitat com pensation should by required.

Maasure 4.4-7 al4a doas not prescribe any amount or location of habitad mitigation. The initial
sunmys ware complabed i 2010 and 2011 these bawdling surveys provided enough information
ta form a mitigation plan in the ROEIRL ¥ye recommeand including $w burmowing ol habial
miligation plan In the EIR and requinng that i be implemanted prior to the habi el loes to
minlmize tha tempora! habilal impacis For rafemence, bumowing owl Kemel homa ranges in 1-U
dasant agricultural selings heave been estimated at 112 & 45 sores {Rosenberg and Haky, -
2004) Rosenberg and Haley algo found thal owls foraged mosily within 600 m of Eair bumows,
which puls rost of Ihe eashem sola srrays well within core foraging rangs of Lhe bumows that
wetg Gocumentsd in he 150 m bulfer usivey there The number of gwis faund along the gen-tie
raules and un the eastem artay buffer auggesis That additional bumowing owl Burrows. ogur
wiihin 600 m of the Project Bumrawing owl habital compdnsation cam be acsomplished within
tha araa b b usod fof Swaingsn & hawh miligation in 1he Anbiioga Vallay.

Mitigatan maasura 4.4-7 also edows ha apphcam @ combing O “6ack” Oumowing cwd habilat
compensafon wilth pgrcyllum] migabon fal may eecr hrough Indeu (e programs (none of
which are iderridind in the RDEIR) andéor agrindtural Lirsds conservation in the Cenlal Vaibey.
Further, thers is no requiremen in the meagure thet (he agricutural bk support burmowing
et Bleilher of Birse Splions wernld miligale impscls to the Amglope Valley populstion of 1-V
burrnadng oy, and may ndl pravida ary bomalit Ly bureowing owly s he meesune does nol
requre ackally cons2rdng habital thal supports buarowing owls,

CDFYY recsmmend s requinng the burmowing ow! habitat compenzation (o occur within the
Antedopa Vallery, in araas Lhat support bumowng owis and can be ephanced Lo support mora

Burradng owls.

Ewalnson's Hrark: Mitigation massura 4.4-8 mquiras Swainaon's hawk habitat compansation
only if Swalnson'a hiawks ars found within 0.5 mile of ihe Project durtng pra-conatruclion
survays, COFYY doas no concur Lhat this spproach would mitigate Swalnson's hewk habdia
impacts 1o 8 lass than significant lavel. Tha basaling surveys for the Profac] already eslabfshéad
thal Semingon's hawhe nesi wilhin (.5 mida and thai iha projact is within the core nesting and
foraging araa for e Antelope Valley Swainson's hawk population. Requining habital
compansalien oaly if thay sra found during Tha pra-cormbruclion surwy gnoces lhe basalne
comdilions. COFW recommends pre-conslniction survays 10 delaeming whather additional
miligation may bs warmantsd baxed on changing drcumstances and to datact naw nast sitos 1-W
that need ko be bulfered from construction activities to avoid 1aka, including nact falure. Tha
MERMNg 83 cunsnty drafted & inceneistant with ihis appoach and with CDFW's “Swainson's
Hawk Survay Protacals, impact Avaidance, and Minimlzaticn Msaeures for Renawable Engrpy
Projecis Inthe Antalope Vallay of Las Angales and Kem Counlies, Califomia® which regquires
habitat compensalicn for foraging habital Bsses thal occur within & mites of 65t sites.

Alsp meonsistent wilh tha axisling guidance it tha RDEIR'E raquiremant o miligata enly thaza
habitat impacts within .5 mia of mes1 aitas, and 1o Blow habliat COMPansayon o eoour
anywhare within 10 miles of a nest. Habitat 10 mPas from a nesl & miech less vahable o
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rureling Semingon's hawke and may b used wary lillk by Lbe 2pecies compared to habilei
within 0.5 mils of & nast Tha proposed massarg would ot padvices habital of squal or graater 1-W
valuo,

Funher. tha measure alows k-l fees andior habilal compensalion within Lha Sondml Valey
which would ot m tigate Lha bnpacts o the Antelope Valey populathon. end would Rty
coirhuts b e koss of Lk popiialion. A discased abdre (of bumtwing owl, Lhis measure
doas nal guaranies el amy Sw.nson £ el RablLan would Bclusdly be sornserad,

¥¥a could concur that Ssanson’s hawh hatilal ioases would be mibgaled ke less than elgnifican
lavek if the County, 38 kavd Bgéncy, required habilat mibgation basad on e alrmady-kncem
habital ks imperts

Raquirng that e miligation oeewr within e Antelopa Vallay 1 snporlemt Tha CEQA
Mandatory Findings of Significence raquire thal & lead agancy find thel ihe Project may have g
significant eftec! on tha envirenment if the Projact has the palantial to . causa a fish oc wikdlife
popuiation lo drop below esil-sustaining levels  ° Tha Swaineon's hawk populatien kn the
Anletope Vatkay ia small and kkely to drop below sal-sustaining levels it ranawable anargy
davalppman 2entinies without adeguats habilal conservalion wilhin lhe Antelope Valley, As
wrilien, tha RDEIR dowes not require thw dawelopsr of thia Preject (o cormarve any habilat in the:
Aniefapa Valay or Imglement any othar measuras that would sffectively conserve Swainson's
hewk and burrowing owt populations in the Anialope Valley

Lagdly, Iha ROEIA 4093 ol spaciy & consinuclion buffer distance from Swainson's hewk nesls

COFY recommands malrdaning & 0. 5-rukd BuTas ram any adive Swainson's hawk nes| durng
conelruction. COFW elsc recommands avoiding davalopmant on uilobla hatiiat within 0.5 mil 1-Y
of known nesls, and maintzining thase areas as silabla foraging habylat.

Theag recrTmigadatiocnd arg contlilam wilh the Califermia Energy Commizsion’s and CDPWR
Juna 2, 2010, mcommenda lons Hiad *Swalngon's Hawk Survey Prolocobs Impsa sl Avolctanasy,
and Minimizalion measures [or Ranewabls Erengy Projacis in e Anlelope Vatay of Les 1-2
Angsles and Hem Counties, Callfomn!a.” We encourage tha County o adont tha hobliat
impenealion measuras already ouliined in tal document.

Bakarafleld Cactis: Racant ganetic analysis on Oporitiz basianis vaneites sugossts 1hat ef of
the C. hasdaria feund on lha Project gite hawve the polential to ba O b, var treleasel, which i
the Siate- snd {aderaly lsled varely. The morphological charaslorislics uwsed to attempd to
diffarsmizie the two yarieties hera are na ionger befieved |0 ba relighiz Thus, atment genetic 1-A2
armabysis of iha cacti on the Projed sites, COPW recommends assuming that all C. basfaris
foursd a0 Sitd Baldry b the lisled popudation. Wa recommend disclosing in lha RDEIR a
potenilal #or B Froject to take Bakersheld cactus sa Lhal, i inke cannct be awaided, the fral
EIR may ba wgad ac a basla for COPW euange of an TP,

Dacbart Kit Fox: The Projeci is within tha known ranga of da<an kit fox. COFW recommends
hat Lhe Counly requine the apglicant te prevanl kil koxes fram becoming ensnared in chalndink 1-82
force. A kil fom was Tound dead, ersnaved in & chain link fence, at a facility on Lha nearby Ala =
DOak Crask Mojava projact. This is & Known lews for San Joaquin kil tores (Vidpes mecrafis
mugica) within thalr ranga as wel. Tha foes altempl lo ga lhvough & chakn-lrth lgnos headfiral,
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fing that s mesh opanings are too amall, and then cannat pull et Feads bacl through tha
fence, Individyals may leam io go through chaln link whan they are pups enly Io become
ansnared when thay grow targer. We recommend either not consiructing chain ink fanca of
medifying the chain link {e.g.. inslalfing plaslic privacy siais) to pravent faxes from puting tha r
haads through the mash cpenings. Leavimg a 3.5-inch to S-nch opering between two crossbars || 1-B2
nEar grownd kevel to allow freas mawernan! fof foxes is one sokudian 1g minimize the risk of
falaites from chain link fanca Bnd akso the direcl NADat kvas that would nesull from an
Impemaabie fenca. Another solulion used on other consiruclad solar projects & 1o wnslall
imered deer fenca {larger openings al the botiom) Inalead of chein ink. Bath of Lhase desgns
heva mat safety and sasurity requirements ¢n ulllity-scale solar projects even larger in alze [han
the propasaed Project.

Dust Palllatives: L haa come to GOFWs atlention thal satts, sudaciants, and other oxic
compounds ara baing used to control dust on projacis in tha Projec| wiewity. Many are toxic to
bolh gplara and animals, can migrate trom the sile wilh runof, and can dagrada into other
toins. This Propact ke within andangesad species habilat and habital for other wildlile, and 1-G2
apphicaton of suth mabariald may have uninlerded. adversa impacts to lhese apacas COFW
recommends that i dust paliathves and 19 06 uled, ihe County requina the applicant to use anly
eubstances that are organic, non-patrofaum, and non-galls, such ae many of the glani-basad
prvfucts {hat are commarcholly availeble for dust conlral.

Oty o Trorsandaaion Linga: Coltions with ovarhaad power lines ar one of the most
comman causas of Callformia condor marality and tnjury Power lines also kil high numbers of 1-D2
other bind specrs, partculany raplors, even when sherom ang Foalied. COFW nicommends -
Lha1 all power Enes Lo Ba construcied for this Prejed ba placad undargrourd b avond laks of
buirvcwing cwds, Swainaot's kawky, and other birds,

Thank yoo for Lha opportunity (o provida Input on te ADEIR far this rerdwabls anengy progect €
you have eny quesions reganding Lhese camments, please contacl Dave Hacker, Serdor
Ervirormmenial Scianlml (Specialisl), at 31198 Higquara Straat, Suite A, San Luls Ohispo,
Califomia 83401, by tedaphona at {805} 5948152, or by e-mail at David. Hackerfisiidlia.ca gov.

Sinparedy’,

Doom Maudls £-

Jeffray AL Single, Ph.D.
Reghnal Managas

ca:  Jengica Rampal
Liniled Sintes Fiah and Wikdife Searvics
24971 Porlola Road, Subs B
Yenlura, Calfomds 92302

ot:  Cafformis Departmant of Fiah and Wikdlike
dudia Vancs, Central Region
Dave Hackar, Caniral Ragon
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Litaralure Ched

Rodentwip. O K. and K | Haley 2004 Tha scolbogy of bumowing osts bn the agroscosyslem
of (ha impaerisl Yaley, Cakfomia Studies o Avien Blolggy 27 120-13%.

Wikerson, L, and R. Slogal Distribulion ana sburdance of weslam bumtrwving owhs (Amane
Curdcularia hypugmes) in sathaastem Calfomia The Soulhwesiem Maluralist $8{3%378-384
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"It's terrible,” Councilwoman Dena Bonnell said of the noise problem, made clear to
her this summer when a Palo Alto resident phoned and made her listen to the
applause and music audible in the caller's back yard. "But | don't want to try

something that won't work and give residents false hope.

In response, a Palo Alto coalition called Abate Shoreline Amphitheater Noise is
drawing up battle plans, vowing to take its complaints en masse to small claims
court. Both the city of Mountain View and Bill Graham Presents, which operates

Shoreline, could be named in the suits.

Palo Alto might assist with the small claims action, said City Attorney Ariel

Calonne.

"I talked to some residents who were just coming unglued over the issue, and my
sense is they're not about to take last night's decision without a fight,” said the

coalition's founder, Jim Lewis.

The coalition also plans to ask Santa Clara County District Attorney George
Kennedy to file charges against Shoreline for disturbing the peace, and it hopes to
persuade Palo Alto to make its noise ordinance more stringent so it will have more

ammunition to fight Mountain View.

Citizens have used small claims actions to eradicate nuisances like crack houses in
their neighborhoods and airport noise, among other problems. A judge could
impose an injunction preventing Shoreline from operating or award damages to

residents if the amphitheater were found to be a nuisance, Calonne said.

hittpshwww, 5 fgate. cominewsfartidefawsuits-threatened-over-shoreline=n oise-2957607 . php T
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He expressed surprise at the Mountain View council's reaction to Palo Alto's

proposal.

ADVERTISEMENT
Articla continues below this ad

"Saying they shouldnt do anything for noise reduction unless it will completely
solve the problem is like saying you're not going to research a cure for cancer

because there's always going to be cancer,” Calonne said.

Complaints about Shoreline are not unique: Such problems affect other outdoor

amphitheaters across the state and the nation.

Sacramento recently filed suit to block construction of a new 23,000-seat arena
next to the Cal Expo amphitheater, charging that its potential impact on air quality,
traffic and noise has not been adequately reviewed. Noise from concerts at Cal

Expo has plagued nearby residents for years.

ADVERTISEMENT
Article continues below this ad
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Near Chicago, the New World Music Theatre in Tinley Park was fined $13,000 in

1993 for violating state noise pollution laws more than two dozen times.

And in Columbus, Ohio, the Polaris Amphitheater has been forced to hire a noise
consultant to monitor sound during rock concerts to appease the complaints of
citizens from neighboring Westerville, where the sound drifts. Weeknight concerts

there have been limited to 10 p.m.
Nowv 28, 1996

Carolyne Zinko @ ®

STYLE REPORTER

Carolyne 2inko, a native of Wisconsin, joined The San Francisco Chronicle in 1993 as a
news reporter covering Peninsula crime, city government and political races. She
worked as the paper’s society columnist from 2000 to 2004, when she wrote about
the lifestyles of the rich but not necessarily famous. Since then, she has worked for
the Sunday Style and Datebook sections, covering gala night openings and writing
trend pieces. Her profiles of personalities have ingluded fashion designer Diane van
Furstenkerg, Twitter co-founder Biz Stone and Emanuel Ungaro fashion house owner
Asim Abdullah, to name a few. In a six-month project with The Chronicle’s
investigative team, she recently revealed the misleading practices of a San Francisco
fashion charity that took donations from wealthy philanthropists but donated little to
the stated cause of helping the developmentally disabled. On the lifestyle front, her
duties also including writing about cannabis culture for The Chronicle and its
cannabis website winan (raanState ram o website,
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A synthesis of two decades of research
documenting the effects of noise on wildlife

Graeme Shannon!™, Megan F. McKenna®', Lisa M. Angeloni®, Kevin R. Crooks’,

982

Kurt M. Fristrup?, Emma Brown®, Katy A. Warner!, Misty D. Nelson!, Cecilia White!,

Jessica Briggs', Scott McFarland! and George Wittemyer!

| Dprartment of Fish, Wildhife, and Consarvation Biolagy, Colradp State Uninerrity, Fart Collins, CO 80523, U.5.A,
2 Natural Sounds and Night Skics Divisian, National Park Service, Fart Collins, CO 80325, U5.A.
3 Depustment of Biology, Colorado State University, Fort Collins, CO 80523, U8 A.

ABSTRACT

Gilobal increases in environmentzal noise levels — arising froim expansion of human populations, trangportation networks,
and resource exiraction  have catalysed a recent surge of research into the efects of naise on wildlife. Synthesising a
coherent understanding of the biological consequences ol noise from this biterature 15 challenging. Taxonomic groups
vary in auditory capabilities. A wide range of noise sources and exposure levels oecur, and many kinds of biological
responses have been observed, ranging from individual behaviours e changes in ecological communities, Also, noise
is ane of several enviranmental eflects generated by human activities, so researchers must contend with potentially
confounding explaations for biological responses. Noncthcless, it is clear that noise presents diverse Lthreals wo species
and ecosystems and salient pafterns are emerging to help inferm future natural resource-management decisions. We
conducted a systematic and standardised review of the scientfic literature published from 1990 to 2013 on the cffect
of anthropogenic noise on wildlife, including both terrestrial and aquatic studies. Research to date has concentrated
predommantly on European and North American species that rely on vocal communication, with approsamately
two-thirds of the data set focussing on songbirds and marine mammals. The majorily of studies documented effects
from noise, including altered vocal behaviour to mitigate masking, reduced abundance in noisy habitats, changes
in vigilance and foraging behaviour, and impacts on mdividual ficness and the structure of ecological communines.
This literature survey shows that terrestrial wildlife responses begin at nose levels of approximately 40 dBA, and
20% of papers decumented imparis below 30 dBA. Our analysis highlights the utility of existing scientfic information
concerning the effects of anthropogenic noise on wildlife for predicting potential cutcomes of noise exposure and
implementing meaningful mitigaton measurcs. Future research directions that would suppart more comprehensive
predictions regarding the magnitude and severily of noise mmpacts include: broadening laxonomic and geographical
scope, explaring interacting smessors, conducdng larger-scale studies, testing mitigation approaches, standardising
reporting ol acoustic metro, and assessing Lhe biological response o nolse-source removal or mitigation. The broad
volume of existing inforimnation coneerning the effects of anthropogenic noise on wildlife offers 2 valuable resource to
asgise scientists, industry, and namiral-resource managers in predicring potential gutcomes of nelse esgposure.

&ey wordr. acoustics, noise pollution, human disturbance, vacal communication, acoustic metrics, masking, physiology,
behaviour, mitigation, fitness, conservation.
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I. INTRODUCTION

Moise peoerated by human  acivines has  ncreased
dramatically over recent decades ag 4 result af population
growth, wrbanisation, globalisation  of  transportation
nenworks, and expansion of resmaree extraction. Road waffic
in the USA, for example, has outstripped populaucn growth
aver thre past #llyears by a factor of ten, and the number
of demestic. passenger flights has more than tipled since
the carly 1980s (Borber, Crooks & Frisweup, 20100 In
rmarine chviranmenls, the distribuiion and eflects of human
activiry ¢.p. ollshore pil extraction, commecrcial ship wallic)
are extensive | Halpern efal, 2008, and shipping alone
is estimated ta have increased low-lrequency background
sound levels by | 2 dB over the past few decades (Hildebrand,
2009, With the rapid escalation of noise pollution, there
is growing concern regarding s impacts on human health
and Lhe hinclioning of natural systems Cheperink, 2005;
McGregor etaf, 20151

Anthropogenic changes to the acoustic envivonnent
include increases in the number o high-intensity noise events
and chronically elevated and homogenised hackground
sound levels. The impact of these changes has been most
thoroughly assessed in humans, with prefound physclogical
and psychalogical conserquences, including increased risk of
cardiovascular discase 1Babisch ¢af, 2003, Hanscll efal,
2013, sleep deprivation Fyhin & Aasvang, 20100, and
cognitive impairment (Szalma & Hancock, 2011). These
impacts are estimated to cost at least one million healthy
life vears per annum in Western Kurope Pritschi #faf,
2011 Protective legislation for human comumunities was
implemented four decades agoin the USA Noise Control Act
of 1972, Quiet Communities Act of 1978 and more recently
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in 1the Furapcan Union (Enviconmental Noise Directive
2002:-49/EC

Quanufving the eects of anthrapogenic noise on wildlife
is challenging. Sensitivity to noise varies widely across taxa
Kasclon & Tysan, 2004; Bruomm & Slabbekoomn, 20075
Mporley, Jones & Radiord, 2013; Slabhekanrn, 2013, and
may alsn vary depending upon context, sex, and lile history
(Ellisan # al’, 2012, Francis & Barber, 201 3}, Noise can induce
compound hiologic 4l responses (e.g. shilis in voralisalion
and movement, McLaughlin & Kune, 2013}, and is rarely
isolnied from aother forms of environmental disturbance, such
as habitat alieration and visual diswrbance, canfounding
mnterpretation of biclogmical responses w neisy cnvironments
(Summers, Gumningion & Fahrig, 2011), Furthermore,
determining the scale and extent of distarbance nvolves
carclully measuring charactenstics of the seund source, such
as duratien chronic, intermintent!, frequency content. and
intensity [Mowacek #tel, 2007; Southall #al, 2007; Francis
& Barber, 2013 Gill et al, 2015,.

Despite these challenges, a coherent rescareh [oecus on
noise impacts has recently emerged. Review papers have
cither fecussed broadly on wildlife «(Brumm & Slabbekeorn,
2003 Barber etal, 2010; Kight & Swaddlg, 2011, o
targeted specilie taxonamie groups such as birds (Panicelli
& Blickley, 2006; Slabbekoorn & Ripmeeser, 2008; Onega,
2012: Slabbekoorn, 2013, sk Slableekoorn efgl, 2010,
Radflord, Kernidge & Simpson, 2014;, and invericbraics
(Motley #tal., 2019, The Mame Mamnnal Protection Acl
stimulaled noise regulation for marine mammals, and there
have been several reviews of the eflects of neise on these
spoeics (Richardsun efal, 1995 Boyd efed, 2008; Tyack,
2008; Southall et ed., 2009; Ellison e af., 2012). Some vevicws
lave focused on specific behaviours | Lather & Geniny, 2013
or responses W noise (Wright ofaf, 2007; Howchban & Parks,
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2013), while conceptual framewerks for evaluating noise
impagss to wildlife have also recently been published Moare
etal., 2012, Francis & Barber, 2013},

This review provides a svstematic and standardised
synthesis af the peer-reviewesd litevawre puhlished rom 1990
to 201 3 reparting responses of wildlifi: to anthrapoginic noise
m ferrestrial and aquatc habitats. It documents prominent
trends 1n rescarch topice and metheds, the kinds of noisc
sources that have been sudied and the measurements used to
characterise thern, and gaps in research coverage that merit
attention in future rescarch. Ultimately, we highlight the
utility al exisnng scientific mfurmation concermng the effects
al anthropegenic noisc on wildlife for predicting polential
outcomes of noise exposure and implementing meaningful
mikigation measares,

II. LITERATURE REVIEW METHODOLOGY

We condueted a detailed literamre search using Thormpson's
IS Web of Siemce within the following subrect areas
‘Acoustics’, ‘Zoology’, ‘Ecnlogy’, ‘Environmental Scicnces’,
‘Ornithologm’, ‘Biodiversicy  Conservation', “Fuvalutionary
Biology’, and ‘Marine Freshwaler Biology' from 1990 10
2013, The speafic scarch terms were [WILDLIFE or
ANIMAL or MAMMAL or REITILE or AMPHIBIAN
or BIRD or FISH or INVERTEERATL] and [NOISLE
or SOMNAR]), which returned a total of 2205 scienific
peer-reviewed articles. These papers were Altered so only
ciupirical studics focussed on documenting the clfects of
anthropogenic woise on wildlife were indoded inthe fnal
data scl ¥V =242). Reviews, synlhcses, method papers
Y =32, and studies dealing solely with natural acoustic
sauarces % — 22} were excluded

We reviewed the remaining publications to systematically
characterise each study using 21 arrributes, including details
on the publication {journal, discipline, and year published),
study design (playback or wawral experiment, ficld or
Iaboratorv-based), and biological information fgeowraphic
region, gencral taxonermic groupmg, and whether the study
aceurred in aquatic or terrestrial habitats). Journal titles
were used o classify cach of the papers using the [llowing
disciplinary categones: acoustics, bebaviour, captive animals
and welfare, conservation and management, ecology,
civirermien, general biology, 1axen-specilie, physiclogy,
and ather. In addition, studies were classified hnsed on
thr: lype of anthropogenic noise source, the acoustic melrics
reporteed Lo describe the noise source and the biological
responses measured in the study (see online Supporting
Infermation, Appendix 51 far [ull details of extracted
information).

Prior to commencing the full leratuce review process,
we characterised ten randomly selected publications as a
group to gnsare accuracy and consistency of reporting across
individual revicwers. Each of the awchars then characierised
a suhset of the publications five stuches) across all 2|
attributes to ensure that definitions of categories were

Bislagreal Re.iecis 91 (2016082 1005 -

015 Cambmidege Philozophical Socioy

Gracme Shannon and athers

clear and assignments were unamhiguous, To improve the
consistency of the data-collection process further, each paper
was 1eviewed independendy by au least two awthars with
G.5. and M.F M. resolving any inconsistencies.

{11 Noise-source categories

We considered 2l anthropogenic sound sources as noise,
regardless of whether the noise was intentionally produced,
such as scismic exploration, sunars, acoustic deterrents, or an
unintended hy-praduct of human activity such as maritime
shipping, twallic cormidors, and consirucuon. Furthermore.
we calegorsed nose sources hased on anthropogenic activity,
not necessarily the characteristics of the noise stimulus,
although we also recorded and present this mioremation
:see online Appendix 1. Six noise-s0uUrce Calegories were
used covironmuntal, transportation, industrial, military,
recreatinn, and other.

Studies were assigned to the environmental noise category
when Lhe noise investigated was not attributed 1o a specific
source, but rather included alt the acoustic energy gencrated
by hwman activity at a given location and ume, also
known as urban neis¢ or background noise. In many cases,
rhese aconstic envicnnments include sources from the ather
defined nowe categories that were not identified in the
cxpenmenlal design. Muoise sowces in the transportation
cutcgary comprised both commercial and private vehicles,
including road traffic imotorcycles, aveomabiles, buses.,
waterway trafi. {boats, ferries, commercial ships, and
non-mililary aerial trallic comercial ets, lichicoptersi.
Studics Lhal mveslgaled specilic recee ational aclvitics, such
as whale-waiching hoats and air tour helicopters, were
separated Trom the ransportation studies. The industirial
naise source category included studies that examined
the elfects nf energy explorauon ieg seismic surveys,
comstruction ie.g. pile drivingl, and the operations associaled
with clifferent energy sectors. Military  sources included
punfire, explosions, aiceraft, naval sonar, and in some
cases, entire milnary training operations. We categorised
the remainder of the studies as ‘other’, with most studies in
this catcgory using a sinulated naise source, such as white
noise, and not representing a speaific hwman activity.,

(2} Acoustic measurements

We evalvated il complete and avcuwrate characterisation
ol acoustic enviranments, signals or stimuh, was provided.
Infvrmation was collected on the acoustic metries reparted,
where the reported levelwas measured e onosue, on animal,
nol reporicd, cstimated , and if background sound levels
were measurerd. In addition, we recarded whether details
ah spectral characterisation 1e.g. handwidth and frequency
weighting and analysis cg duration ol incasurement,
sampling frequency, reference pressure] were reported. T
details on the analysis of the acoustc daea were notpresented,
we noted whether the study relerenced an cstablished
standard ar included details an the settings ol a commercially
available instroment.
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{3) Biological responses

A raicgorical framework was developed o summarise
the hiclogical responses measured in each study. The
bickigu al respunses were clasified 1to mne  cstinet
categurics Lo help assess the distribution of studies across
tvpes of responscs. These included: §) physiology (stress,
hearing loss/damage, immune funetion, gene sxpression};
iy direct himess meties  ovival, fecundity,  cluch
size}, {#) mating behaviour {attraction, mating success,
termitorial behaviour, pair bonding ;&) foraging behavieur
{toraging rate, predation rate, huming/loraping success);
{t) movemum {spatial distribuiion, fecing raw, avoidance,
dive patiern); (@) vigilance; [(w:l vocal behaviour {eall
vate, intensity/amplitude, frequency shifr, seng length, call
type, signal timing), () populatipn metrics {abundance,
occupancy, sclllement, density); and {ix] community-level
metrics [species composition, predator prey interaclions).
If studies measured nuwltiple biological responses, a seconid
calegory was noled.

III, STATE OF THE KNOWLEDGE

Bescarch onn the impacts of anthropogenic noise on
wildlife has steadily risen over the past twe decades
1990-2013), with a vcapid increase in the volume of
puhlished, peer-reviewed articles since 2010{1%g. 1). The 242
studies that we reviewed have lreen published in 97 scientific
Journals, covering a broad range of scientilic disciplines from
gencral DBielogy to conservanen (o phiysiology (Table 1)
Documented responses to a variery of anthropogenic noise
sources {Iable 2) have included shifis in physiolagy {e.z.
impairec] hearing, clevaled stress hormone levels), alteration
ol kev behaviours (e.g. foraging, vigilance, movement),
and mtedference with ability w0 detect important natural
sounds {c.g. vocalisations of conspecifics) (Table 3). In die
following sections, we explore topics that conevged from our
analysis of the existing biteratare and provide supporting
cxampales.

(1} The taxonnmic and geographical diversity of
noise research

Many animnals have specialised auditory organs and utilise
sound for a variety of ceclogical functions from navigation
and deteetion of rusonrees 1o aleriing consperifies o the
presence ol predators. It is not surprising thal noise mopacts
have been irnvestigated in many taxoneinic groups ol animals,
including vertebratws and invertebrates, and across a diverse
range of terrestrial and aquatic habitats (Table 1). This
broad 1axonomic and geographic sampling is crucial 1o
understanding how animals respond to noise across a
range of auditory capabilitics, behavioural contexts, levels
ol prior cxposure, and noise sources. Further, investigaling
the eflects of noise on 2 diversity of taxa within a study
systemn enables detailed exploration of the complex and
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potentially dilferential responses 10 the sane noise souree,
For example, in the woodlands of narth-western New
Mexico, USA, species richness of nesting birds was reduced
as a funcrian of anthropogenic noise, but birds that were
able 1o 1olerate nosier habitats hacd higher reproductive

success due o reduced predation  Prancis, Ortega
& Cruz, 2009,
Although the published lileralure includes  broad

taxonomic samphsg, birds and marine mammals are by far
the most studicd groups Table 1; Fig. L. Terresteal research
has focused mainly on eftects on vocal communication, while
aquatic research has also explored noise ellfects on movement,
lfuraging, and physiology Table 3' Underrepresented taxa
in the published literature include repnles, amphibans, and
invertchrates (Table 1. Inverichrate studics, for instance,
contributed anly 4"n of the total dara ser, yet this group
conlains 97% ol the wold's docurnented animal species,
fulidling varied and important ecolegical reles. such as prey
species, pollinatars, and serving as sensitive indicators of
enviranmental change 'de Saolo efaf, 2013 . Invernchrate
species also pronide excellent modlel species for studyving the
complex effects of newe given teir size, rapid geocration
e, and the casc of maintaming laboratary populations
{reviewed by Morley eraf, 2013 .

Similar o ils taxonomic locus, rescarch on the cffects
of anthropogenic netsc ovn lercestrial systemns has been
geographically biased, with 81% of the research conducted
in cithcr Morth America or Burope (this includes Al
laboratory and theorencal siudies), while South Amcrica,
Ana, and Afiica remain woderrepresented (Table 13 Yo
devrloping nations arc likcly to expericnce the greatest
level of population and ecanomic growth over coming
derades 1Bloom, 2011« This situation provides important
npportunities and motivation w study the effees of noise in
less-disturbied habiiats and 10 muocduce known mitigation
strategies to avold negative comsedquencas, particularly given
that South America, Asia, and Alrica are alse homc
to some of the mast biodiverse regions on the planet
{Jenkins, Pinun & Joppa, 2013 | Indiidual-, populanon-, and
commumity-level reactions 1o a nm el noise stimolos will likely
dilfer herwenn areas presiously exposed tn anthropogenic
noise over cxicnded periods of time and arcas where
anthropoegenic naise exposure is lower and the source was
recenthy nuroduced,

{2) Isclating the effects of noise

Anthrepogenic noise is commonly associated with huiman
acuvitics that produce multple npes of dsturbances (c.g.
visual, habitat fragmentation). A number af experimental
approaches have been developed w solaw nosce from
these other confounding variables, these include natural
cxporiments contrasting noisy and quiert areas while holding
other variables constant (e g. natural gas compressar studies;
Habib, Bavne & Boutm, 2006; Bayne, Halab & Boutis, 2008;
Francis rtafd, 20091, and controlled plavback experiments
where noise 15 introduced in isolation 1o the other forms
of disturbance £.g. for free ranging populations of marine
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Fig. 1. Number of peer-reviewed publications reporting the cllecis of anthropogenic neise on wildlife from 1990 w 2013,
Publications are divided inmw broad takonemic categories: birds, aquatic mammals, merresinal mammals, fish, repiiles/amphibians

and invericbraces.

mammals and birds: Blickley, Blackwood & Patricelli, 20124,
Blickley eraf., 20125, Goldbogen eral., 2013; MeClure eral,
2013}

Shdies that have isolated noise from  petentally
confounding variables have provided crucial evidence that
noie alone can direedy aller behavigur (Karp & Ront,
2009; DeRuiter ezal,, 201 34, reduce habitat quality (Blickley
stel, 20128, and canse physiplogical impacts (Mooney,
Nachtigall & Vlachos, 2009} across a range of species.
For example, a recent playback study created a 0.5km
‘phantam  acoustical road’ to compare migratory bind
habitat unlisation during ‘on’ and ‘off ¢condidons (McClure
gal, 2H13). The resulus from this sequence of wials,
combined with concurrent observations of nearby conrol
habitat (sitnilar vegetation, no noise playback), provide
decisive cvidence that noise alone causes rapid changes
habuat use.

A combinatwon of research approaches has proved
important in identifing the consequences of noise
diswurbance. Natural experiments wtilismg cxisting acousteal
gradienls over lime or space (48% of reviewed studies)
have the potential to confound the effects of noise with
other disturbances {see Sumners efwl, 2011}, but can
be complimentiry o conuolled playback cxperiments
conducted on fece-ranging populations (15% of revicwed
studies). Furthermore, biologically relevant responses at the
individual, populaiicn, and community level can be idenued
m the field, whercas noise and the spealis mechanisms
driving changes in behaviour and physiology can be solated
with grealer ease under labormtory conditions (Kight &
Swaddle, 2011).

Bialogical Revinws 01 (2016)982 1005 © 2015 Cambridge Phibsophical Socicty

{3} Relationship between the perception of noise
and response

Biological responses to nose are vaned (Table 3), in pan
because responses depend upon the perception of noise
{reviewed by Francis & Barber, 2013). Noise can be
pereeived as a threat, as observed when animals respond
similarly ta playbacks of anthropagenic noise and predator
calls (e.g. Tyack sal, 20!1). In other cases, noise causes
scnsory degradation or the inability w detect acouslic cues
[rom conspecifics, predators, prey or the environment.
which can alier predator prey interactons (Sicmers &
Schaub, 2011), reduce reproductive success (Hallwerk efaf,
20114}, and change settlement dynamics (Holles #2al, 2013).
Additionally, noise can distract animals from atending to
mnore crucial stimuli in the environmment {Chan eaf., 2010},
it can be a direct stressor causing pain or elevated stress
homime Yevels (Blickley etel, 20028 Rolland aal, 20123
of in some instances, noise may provide a sheler from
disturbance-sensitive predaters (Francis sfaf., 2009; Brown
atal, 2012,

The mechanisms hy which animals respond o noise are
nat necessarily mutually exclusive. For example, animals
that remain in a ‘neisy” habitat because it provides a
shelter from predators will likely have W contend with
sensory degradaton, either through changez in vorahsatons
{(Mocklord & Marshall, 2009; Mockiord, Marshall &
Dabelsteen, 20111 or wigillance patterns {Quimn  efal,
2006; Rabin, Coss & Owings, 2005, Noise can also
induce the same response #la compaund mechanisms; lor
instunce, reductions in foraging aclivity may be driven
by a comhination of increased perceived predatory threat,
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Table 1. Summary of peer-reviewed literature reperting the effects of anthropegenic noise en wildlifz published from 1990 ta 2013 (V= 247}

Journal oype
Cencrn] biclogy '] axonsspreciliic Enveenment Conzcrvation Behaviour Aroustics Eendngy Physinlagy Caprive animals ther
and & welfare
management
22% 13% 13% 12%, 12% 11% 8% 3% 2% 2%
Taxonomic diversity
Rurdls Aguatic Tish Terresria Repiis/ [nvericbrates  Muliple species
riLAMmImTAL mammals smphabiens
37% 28% 15% 1% 4% 4% 1%
Terrestrial peographic distzibution (¥ = 128, two studies thar occurred in both aquatic and terrestrial habitais were excluded}
Newth Atnerica Lab/theoretical Europe South America Ausrralia Asia Crinphiad Alrica furarctca
5% as, 21% 7% % 4% 1% % 0%
Aquatic geographic distribution & = 110, two studies that occurred in both aguatic and terresmial habitats were excluded)
Lab/thearetical  Atlaptic Ovean Pacific Ocean Meduerrancan North/ Aric Ausiralia Africa estuary Antarcuca Indian Oevan
Seu Morwegiin
Sen
41% 25% 12% T% 5% s 2% 1% 1% 1%
Nuisc sources
Iransportanon Environmental Industrizal Military Onher Recreation
Aguaric 28% % 0% 22%. 12% %
Terresirial 30% 35% 13% 8% 12% 2%
Biological responses
Vaocalsation Maovrmient Physialmmical Populadon Vigilanre Foraging Mlating Drirect fitness Communiry
Agquatie 1% 3% 32% i D% % 1% 2% 0%
Terrestrial H% 15% 10% 16% 6% 1% 4% 2% 2%

sfyppint ue asuns orusBodfosyiup {5 s1affy

£86









490

rig reduced predation in maisy areas for humminghirds,
while decreasing seed dispersal for dominant plants hecause
key dispersers aveided noisy arcas (Francis efal, 2012,
Investigating the effects of noise on lower trophic levels
can also reveal rommunity-level impacts of noise. For
instance, expasure to contimiaus turbine noise interfered
with natnral settlement cues for two species of abundant
estwarine crabs, likely disrupting ood-web interactions | Pine
elal, 2012). Noise altered species interactions, including
predatar  prey inleractions in tecresu ial | Schaohb efal,, 2008;
Siemers & Schaub, 201 11 and marine |Kuningas efaf, 20179;
Wale etal, 2013 commuaitivs, while social interactions of
cichlid fish shifted in the presence of boat noise Bruintjes
& Radford, 2013 . Although these studies did not directly
Lest Lthe consequuences for community struciure and (pnelion,
changes in species Interaction may ulimately ranslate into
compunity-level effects,

The majarity ol noise rescarch has used comparatively
short-term natural or cantralled experiments that commonly
[ocus on bchavioural change insingle specics and are spatially
discrete. While this approach has proved pisvatal i revealng
the wicespread Impacts associated with noise, evidence
for lang-term effecis on populations and communities s
generally only suggestive. Long-term experiments conducted
over broad spatial scales may oller a more complete
understanding ol the population-level and inleracting efficts
rfnoise on wildlifr,

(3 Application of research to develop and
implement noise mitigation

The global increase in anthropogenic noise levels acrass
both  human-denunated and  satural  habilals  presents
a significant conservation  challenge, especialls  when
considered in conjunction with ather threats to wildhfe
and ccosysiem inlegrity. There 15 a real need far research
on the impacts of noge on wildhle W ranslate inlo
management actions or recommendations  Fabarelli &
Grascan, 2005). While a variery of noisc-mitigation methods
exist, only 9% of the wudies reviewed provided specific
recommendations. Recominendations included the usc of
physical barrievs te noise, geographneal and teinporal
restrictions 1w human activity, and quict wchnology
‘Table 4). yet fow studies dicectly tested the effectivencss
of these methods. The majerity of studies with mitigation
statements were published o conservation, ccology, and
environmental journals and focussed primarily on terrestrial
eCOsy 5EEITS.

Physical barricrs are 2 commonly sugeested mitigation
wol thay bave Deen wsed along madways (o reduce nose
levels [or human populations (Muphy & King, 2011}
and wildlile {Slahbekoorn & Ripmeester, 20081 Howrver,
the benchts of these barriers extend a relatively shar
distanee. Barners abso van compound fragmentation cllects
by restricting animal moverent, and therr costs may well
exs ced other miligation approaches (Sumimers efal,, 2011)
Colla: tively, these considerations suggest that noise harriers
are most suitable for roadside habitat of especially high
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conservation value, or o enhance the eflectivencss af
read-crassing structares or tunnels, Alremative eptions to
reduce rvad notse include restric ons Lo trafhc Aows duriog
sensitive ife-histary periods, speed reductions, improved
road surface substrates, and new tyre technology Controlled
studies documenting changes in wildlde behavieur and
habitat utlisation in response te reducing roadway naise
would extend the findings of rceent noise  broadcast
studies, and document the conservation value of quiet-road
invesument.

The noise rarner approach can be effectn e Ior industrial
activitics such as resource extraction and construc on, where
machinery generales a poimt noise source thal is spatially
compact Table 4. Specibie methards have mcluded Dhe use
of bubkle curtains 1o reduce pile-driving neise in earne
environmenis 1Wirsig, Greene & Jefferson, 2000}, and the
erection of sound basrriers to minimise noise fram terrestrial
gas campressor stations Francis efa! , 201141 Tmplenienting
barrier mirigatipn measures mav prove expensive eg.
$17% 200 miflion w reduce oil and gas extraclion noisc
by 4dB; Bayne & af,, 2008 | muakiog it unlikely that industry
will adopt these mcaswes witheal speoly regoladons in
place Ortega, 2012,

(6) Characterising complex acoustic stimuli

Anthrapogenic noise is a complex and challenging sourec of
pallution to quantify, varying in duration, amphtude, and
[requency conteant, while heing modificd by the medium
through which it travels. The detailed reporting of acoustic
MEASUTEMENIS 3 NEcessaly 16 repeal cxperiments, provide
msirht nn the kinds of noise stimuli thar induce a response,
and synthusise results across studies. We were surprised
that acoustic metrics and measuremment methods were not
always documented in these papers. Although the majority
ol stuclics used common acoustic metrics such as raol-mean
square sound pressure level {BPL), sound exposore level
{(SEL), o1 equivalent noise level (Leg) {see online Appendices
51 and 83 Jor descriptions of thesr metrics), 30% provided
no details on the recehved sound levels of the noise stmnlus
and 10% simply reported a dB level withoul mfarmatian on
how the value was measured or calculated (Fig. 2). A notable
proportion of studies +38%) lacked a record of the spectral
analysis, such as duration of the measurement, Freguency
range, and weighting function {Fig. 2). Measuremenis of
the background acousuc eavironment prior la exposure
to 4 nose source excluding the environmental noise
category) were reported in only 33% of the literatare
(Fig. 2}. Given the cross-disciplinary nature of torrestrial and
aquatic binacoustic research and the difference in reference
pressure between air and water, iU is swrpuising that the
majority of studies 31%) did not report the refercnce
pressure nsed when reponing a dB value (see Rossing,
2007 for further detais). MNinery per cent of these studies
were conducted in terrestnial eovirenments, implying the
use of the standard reference pressure v oaiy, but this
is a patential source of confusion (reviewed by Chapman
& Elhs, 1998}
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Tahle 4. Examples al reparied mitigation methads for reducing the negaiive «ffecis al noise oo wildlife

Industrial

Military

Environmencal Transportation
Birds Urban planning e.g. Engincering solutions c.g.
maintaining grecn roadl surlaces, tyres and
spaces and reducing vechicle enganes that
naise levels 1o mamiain - veduce nease [13]
buolugical conmunities
13
Reduction of aircralt noise Closing key roads during
crposure wr <ROABA of  hreeding scason;
river habitats used recucing crallic speed
harlequin dusks 3] and vahine [10]
Macement of new Use of 105m
acoustically domivant hernisphierical
feavares roads, protection 1o climinate
machinery further awl fnsh response e
[rom nesting areas, averfliglits, minimising
limits 1o production fhighus 3 h following
dunng sensitive pedodls sunsel anel priecedng
ol breeding; abaement dawn; separaling
af muTent anise by overfliglus by at leas
alrering structures {e g, 7 davys [2]
soun walls, dense
wETltion, removing
lighily reflective
surlaces, rerouting
waffic [5]
Restnrung traffic flow and
hewsy truck use |14
Wise planning alang
transporlation corndors
and mnigation of noise
along their paths o
rnhance hahitat lar the
highest nnber of bird
species 16
Terrestrial Selling crnena for heightl
mammals and densiee of road
hordering vogetation,
filling i gaps in wee
lires andl eneouraging
canopy grawth [15]
Aquatic Hhip design and
fish/mammnmals construction chac

mcludes mechods o
reduce undenvaler
noise and hnvined
navigatien peomilied
within fish spawning
grownls durmg the
spiwning seasan [17]

Delinidon af noise-liee
arcas or scasenat
restricuon ol noise
activatics during
scnsitive hnlogical
periods [L1]

Usc of sound barriers around
compressors 1a reduce
allected arca by 70% and
mamtam I'.n.'.ll'lll'l.‘.l.l)l':}' anrl
nesl suecess mtes ['I-J

Nose kaarmers; consictinn
scheduling ta avaid

NoIse Sensitive £XPErments

(17

Air bubble cunains and
‘Hydro Sound Dampers’
[1E)

Avoiding pile-driving doring
cabuing and when animals
arc in 300 m exclusion
zanc; sofl start or alarm
sound helore nperations,
resinCng operations o
lony: tieles; Accoupling
equipment from hull of
pling vessel; use of hubble
wurrain withio 25 m radius

of Lhe pile 1]

Limiting military training
extreises during calving
and post-cabving zeason (5]

U'se of dose  fimction
nwethods in prediciing the
harassment ol marine
oiammals [20]

Caomsider the likely comrexrs of
exposure and the foraging
ceology of baleen whaley in
planning military sonar
ofacrations [19]

Hologeaf Reveaes 91 201G URT 1005 © 2015 Cambridge Philosophical Sociow
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Table -}. Continued

Graeme Shannon and others

Lnviromnental Transportation

Dicdustrial

Military

Reptiles & Use of noise barriers o Dense veguiation along
amphibians vand nenwork; roadsides {as a less

conslouction ol new vostly alicmaln to
roads i dislances away  solid barriers) w
firom prult‘{:ll.'d ATCHY, aremmate Iraffic noise
wchnological advances;  [Y)
laws with standard
noise pmissian far
vehicles, speed and
driver behaviaor [7)

Invertebrates

Applying the precautionary
principle when planning
high-intensity activities
suclius explosiong,
CONSLUCTION O SEiEmic
explovation, in gprauning
arcis of marig
invericbrates with high
raturul and erononic
valne [21]

17 Duvviel (2006Y; [2] Delarey #faf, (1999} (5] Fonwuna, Burger, & Magnusson (201 1); [4] Francis e al. {201 14); [%] Goudic & Jones 12004,
[G] Kight ef 2l (2012); [7] Longaene (2008} {8] Maier atad. (1998); [9] Parris & Schinelder (2000, [10] Parls erad 2003, [L1] Prcowln
etal. (2010); [12] Kasmuossen & af. (2O01); |13} Summers « af, (2011 [14) Zhang e al. 2012 |15] Aurcher, Sparks, & Feomen 2000 |16,
Proppe o af (20138, [17] Lia stad Q013); |LR] Tiihne sal (2013); [19] Goldbogen rial. 2003); [20] Havser, Maron & Finsevas 201 36;

[2!] de Sota et al (2013).

IV. IDENTIFYING NOISE LEVELS THAT ELICIT
A BIOLOGICAL RESPONSE

Our compilation and synthesis of research on ihe elfects
of anthropogenic noise on wildlife offers an apportunicy to
ideneily the noise levels that clicic biological respenses. Te
integrate information on wildlife responses to noise into a
common framewnrk, we identified & subset of studies (69
terrestrial and G2 agoaticn that decumented o signilician
responsc e a neise siimulus and also reporied an aconstic
value and mewic at which & respnnse occurred. Our
classificatinn of a ‘sipnificant respobse’ was hased upan
the study reporing a statstical change in the particular
biological metric as 4 function of noisg exposure. A variery of
metrics with differene frequency weighting and banchvidihs
were reported in this subset of studies {see online Appendix
32). It was not possible o adjust all values to a common
avoustic metrie o compare across studies. Instcad, we
reported the metries used in cach study and the specific
sound level sec Fig. 31 this provided graphical indications of
the different metnics o reveal potential artefacts or differenees
innterpratation (bladsen, 2005 .

Extracted noise levels were sorwed (e produce a cumulative
weight-of-evidence curve as a function of the noise level
at which a biological response was documented, theceby
sumnarising the number of stuclies reporting a response at
or below a given noise level, We compiled the resubs for
terrestrial and aquatic stuches separately because they used

Fivigral Kemae 91 2006 982 1005 © 2015 Cambridge Philnrophical Soaciery

dilfcrent reference pressures to derive nodse levels. Fhese
cwnulative curves span a wide range of species and biological
responses, in addition o dillerent accusue meteies. This
ramcwork was modelled alter a dose  response relationship,
Lut each incremnent in the weight-of-evidence function does
not represent an increasing number of responsive specics.
Rather, these curves depict an increasing numbcer of suadics
decumienting a response a1 4 given noisc level. Thevclore, the
curves suggest accomulation of evidence, not accumulation
aof regponse.

The comulative weight-of-evidence  curves  provide
support for natural resource managers seeking 1o establish
management ohjectives  for anthropogenic imparts or
developing policy on noise {(Fig. 3). For example, a limit
on allowable noise levels can be supported by citing the
percentage or number of siudics that have documenicd
biological impacts at or below that level. Lower nomse
thresholds are more protective, but they are supported by
a smaller number ol studies. Note thal responses have been
documented in terresirial environments al noise exposure
levels as low as 40dB SPL., and 14 studics documented
responses below 30dB (Iig. 3A4). Predictions of natural
sound levels for the coterminous TISA range fiom 24 to
40dB LAcg, 15, mediap swmmer daytime level; Meunite,
Frisurup & Nelson, 2013). The terresurial weigh-ol-evidence
curve inclucles all noise-source categories and spreics groups,
although representation is unbalanced {Table 5} dMultiple
bird studies docunented chaonges in song characteristics,
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for wildlite responses to noise accumulates at lower expnsure
levels than the rural human annoyance curve, although
1he slopes are similar. Another connection between Twnan
and wildlife noise studies is the onset of health effects
Epidemiological siudies suggest that humans may nxperience
clevated risk of hypemension when TAeq is greater than
353dD  Stansfeld & Matheson, 2003, Physiological and
fitness offeets were decwnented Ty Noe papers included
in this review at noise expaosare levels of 52, 52, 38, 60, and
68 dBa SPL.

Tl aguatic studics generally provided better descriptions
of their measurements, althangh m this literature variaton
in the bandwidih of the noise stimulus varies and presents
a challenge for interpretation of the cumulative evidence
curves. lifty per cent of the aquatic studies measured a
biological response at or below 125dB e 1pPa Fig. 3BI.
The difierent reference pressure and acoustic unpedances
betwern air and water accoun for 51.5 dB ol the dilferences
in levels betweren terrestrial and aquatic studies ([eighton,
2012, The terrestrial dara and human annoyance curves are
included in Fie. 3B aller accounling [or this cormeetion fuclor

The studies vonuribaning w the aguanc weight-of-cvidence
curve inclade all noise source categonies and species graups
{Table 6. Manatees shilied their braging and movement
Lebhaviour when one-third octave band levels 4kHz,
exceeded 60dB SPL, a notahly law level Clitherwise, fishes,
marmmals, and invertebrates responded to noise across a wide
range of noise Inevels (67 195 (B SPL re | pPa see anline
Appendix 52 Industrial noise, particularly high-intensity
sound sources such as seismic air guns, impacted the
physiology, vocal communication, and activity budgets of
aquatic species, with reduced abundance and carch rates of
fshes during relatively high levels of industrial noize (248 «(B
SPL r¢ | pPa) Marine mammials responded 1o industrial
twise by aliering spatial movement palterns {107 dB Leq re
1 uPa , hearing thresholds (226 dB peak—peak re 1 Pa), and
calling behaviouwr (82 AR SPL re | pPa)(lable §). Naval sonar
was the main source of concern in the military categary (92%
of aquatic studiwes wath military sonrces). Sonar caused active
avoidance, disrupted foraging, and temporary hearing loss
among marme mammals in close prozimity 1w the source
67 dB SFL e | uFa), yet showed limited eflecis on figh with
all documented responses oo urring at higher noise levels

11953dB SPL re 1 pPy) (Tuble B

V. RESEARCH RECOMMENDATIONS

Our veview has highlighved the substantial body of
informaltion concerning the oficcts al anthropogenic noise on
wildlife. Such rescarch can assist scientists, natural resource
managers, incdustry, and policy makers in both predicting
peaential outenmes of nolse cxposure a5 well as inplementing
meantngiul thresholds and mitpgation measures. Reblnement
and [ocus on several key research arcas will lurther sirengthen
Lhe conclusions and inferences that can be drawn regarding
the mpacts of noise an wildlife.

985

(1) Expand geagraphic and taxanomic sampling

Eesearch on the effecis of anthropogenic noise an terrestrial
systems has been taxonomically and geographically biased,
with 65 % of studies conducted an birds and maring mammals
and 31" al rescarch carried out in either Nonh America
or Europe includes all theoretical and laboratony-hased
siudies). Imvestigating the effects of neise across a broader
arvay of specics and habitats is crucial for devcloping
theories that cxplain varlations In responsc to noise in
ternts of umque andilory capabilities, social struciure, life
histery, eeological role, and evolutionary adaptation. Greater
knowledge of taxon=level responscs w noise will also be uscful
in predicting the likely responses of species that are 100 rare
or clusive ro study directly and may reveal responses m
species previously thought voaffected because they eccupy
naisy areas Shannom etel. 214) or have peak hearing
sensitivities ourside of a parncular noise source {Goldbogen
ral 2015

(2) Explere interacting effects

Ity mast cases, it remains undlear whether responses to noise
will be: further compounded by the intreductien of potentially
heteratypic. stressors such as artibicial light and habatat
[ragmentation. Desigming siudies that explore amd quantify
how the adddition of other stressars influences abearved
biclogical responscs to noise will Facilitate evaluation ol
Lhe benelit of reducing noise in environments facing multiple
thrials

(3) Remove or reduce noise

Documenting hinlogical responses in enviranments that have
expericnced a reduction in noise, such as closure of a road,
closure of an energy facility, or a change in ship traib. routes,
rnay reves) how systemns recover from chranic noise exposure.
Successlul design requires knowledge and coordination with
propesed changes in order W caplure conditions prior w the
reduction in noise Jevels.,

{4} Invest in large-scale studies

To date there are very few stdies that have attermptad to
eaploze the cffeets of nuise al the landscape scale and/or
over long temporal periods 1e.g. scasonal, yearly, likely due
10 the logisnical and experimental challenges that it presents,
particularly in isolating the eilfects of ooise from other sources
of disturlance ‘e.g. habitat fragmentation, human presence |
Nemetheless, in contrast to single-exposure, single-species
rescavch, larger-scale approaches can provide direct insigli
inte rhe cumulative ellects of noise exposure related to
population persistence, rcological integrity, and evohuionary
pracesses, Develnping a systemalic approach o sampling of
multple speeics within a community and multiple mctrics
of biological responses will therefore require coardination
acruss scientific disuiphines ad enganisations.

Broiogwad Reems 91 22006 OBZ 1005 & 201 % Cambndge Plalowphical Saciery
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Table 5. Kiological responacy Lo dilferent noise-source categories by terresinial taxa. Studics i this 1able are included in Fig. 3A

Epnvironmental

Transporiarion

Industrial

Military

Birds

Maommals

Changes m Ireguency
compenens of
varalsations [1-22)

Changes in call rate and
dursnem [14 18]

Increase in amplitude of
vocalisanons [19-23)

Shilts in riming of
vocalisations [24]

Diecreases in acoustic
eannplexity of senghard
community [23]

DNecline in species
drversty |26, 27|

Avoidance of nowsy
crvironmenis [28)

Decling in reproductive
success [28, 530

Shilts in call frequency
and amplinde for
ccholocaung baws [31]

41 T3dBAs

¢ dBA**
B0 dBA*
59 dHA*

3380 dBa?

B dBA*

44 66 dRAY

57 dBA?
54 dB§, =

33-02 dRA#

80 dB$?
63 dBAH

93 dRAr

4 dREA
35 dBA*
70dBAY
58 dBA*
45 dBAR

80 dES

Chanees in frequency
components af
vocalsnoons [33-35]

Ircrease in amplinnde of
vucalisalions |36]

Shifis in timing of
vocalisations [37]

Preference for roosting in
quicter areas {38]

Reducunr in reproduciive
auccess tn preseice af
raad nose |59]

Eflcts on physlogy and
develepmem (40]

Changes in abundance,
spocics richness,
distribistion and
oceupancy (41 43]

Disruprion of foraging in
gleaning bats (44, 45]

50dBAH

57 dBA#H

andRA?

47 dBASF

68 dBAY

60 ABAT

46 dBA?

45 cBAR
35 dBA

B0 dBA*

B0 G5 dBA? Changes in song

frequency and
length (53]

[nerease in
physiological sircss
levels [54]

Eednoed breeding
success [33)

Decling in accupancy
and abundancy
[56 3E]

Changes m communicy
and species
imneractions [39, G0)

Licrease n
phyriclogical saress
from comairuction
nwise [61, 62

Reduced reproduciive
efliciency of
Luboratary mamrnals
exposed 10
construction noise
163

45 dBA** [ncrease in vigilance

52dBA#

S8dBak

8 dBAR

85 dBAR
$adBag
G0 dBC?

S0dBCH

32 JRLA  Shorr rerm incrcasc in

2 dRas

68 dBAM

and alert hehaviour
|54, 63§

63 dBA
80 dBA*

85 dBy*

heart rates and shifs  gg dBA?

In resting and
ragvemcnt
hehavinurs of
ungulates 65 GH]

a2 (B8t

966
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Tahle 6. Binlagical responses to different noisc-source categeries by aquatic taxa, Sruclies in this table are inchuded in Fig 3B

Environmental

Tralsportation

Induerrial

Military

Fishes

E

Invertebrares

Adjustrments to
vocalisation and singing
hehaviour f1 3]

Changes in the proportion
af e spent feeding
and milling 4]

Decrease in delection of
cumminnivalion signals
and increase in slress
hormones [3 ?I]

Changes in spatial
movernent and

aricneation [B—10]
Changes in territorial and

social behaviour (11,

12
'l'cm;]mrary loss in heaning

(14]

Loss of communication
space [14]

Adjustment m vncalisation
wnd smging behaviour
15, 16;

[nerease m stress
hormmnes |17)

Change in spatial
mipvernenl paliernsy
18 2

Increase in lanvac
setlement 217

Disruption of faraging and
anti-predawer behaviour
[22]

145 dBL*+
111 dBL*™
153 dR*

142 dR~*
1354B*
90 dB*

161 dRI.*™
127 JB*

142 dBL*=

1656 dB*

110 dB*
135dE*
LE Lo

78 dB*

151 dBE*
74 di*

100 dB*

i45dB*

Change in the movemem
behaviour of fishes [23,
24

Reduction in local
abundance and catch
rale: [25]

Damage 1o fish ears [26,
7]

Clhanges in navement
behaviour |28-32]

Shif in hewring
threshalds afer
EMPOSLIE L SEIMIC

arguus 33|
Changes wocalisatinns

3+, 33]

Damage (o sensery
systems in cephalopod
[3]

Development delays and
body mallormations
|57, 348

155 db*
147 dD!

248 dBt

180dD*
174 dB?

184 dD*
170dE

|16 dB**
107 R+
132dB]
226dB+

A2 dBH
1edRH

1527 (H*

136.JB*
1-+5 dB*

Change 1 mavement
L haviowr in the

presence of sonar

. -

.&uclg;%ar];. t[i'li:?éshold shift in
fich rxposed 10 low
frequency active {LEA)
sonar [40, 417

Chang= in auditory
response [12-45]

Disrupnion iy tralned
behavigur |46, 47

Change in spaual
distribution und
behaviour [48 317

137 dh=

193 dBt
1595 dB*

196 B+
67 iR*
75 dR*
210 dR}

150 dR*
175 dB*

128 dB#
140 (B>

4% dB*
116dB+

Symbals: * sound pressure level (SPLY; #* equivalent continuous sound level (Leql; T 5L max {Lmax, peak SPLY ¥ suund exposure Jevel (SELY, + SPLpeuk peak.

Ser Appendices &1 and $2 for acouscic meric drefinitinns

L1] Halt, Koven, & Frmmans (2011); [2] Parks e ai. (2011} 13) Seheilele of ol (2003 [4] Miksis-Olds & Wagner (2011); (5] Godarim e af, (2005]; |6] \-"asr:nnm_-.ln._:, Amorim, & Ladich
2007 ; [7] Wysecki, Ditami, & Ladicl (2006); [8} Picciulin « 4l {2010; [9] Sarad ef af. (2007); [10] Holles & el (2013); [1 1] Sehastianureo ¢ ol 2011} | 12] Bruintjes & Radfc'r::llﬁﬂlﬁl;
[15] Lau o al. 2013 ; 14) Hateh ef @l (2012); [15] Holt ez &l 2009 [16] Mcletn ef of 20125 |17} Rolland e &l (2012); f18] Lemon o af. {QPUG_]; [19] de Sore # .‘:E, (2!10:6}; |20] ‘l ripovich
ol 2002, [21] Wilkens, Stanbey, & Jolls [2012% (22 Wale of . 2013 [23] Wardle # . {(2001); [24] Fowtrell & McCauley [;20|.2); [25]) Engas e of. (1996); |26] McCauley, Fewtrcll, &
Popper (2003% *27] Caeper ef of {2013) [28] Brand o al 12011, [29] Goold 1396 , [30] Kasielein # al, {2005); [31] Kastelein o o (2006); [32] Dihne ¢f of (2013); [33] Finneran et ol
(2002), "34] Risch ", (0125 [43] Blackwell of af, (UL3): |36™ Solé el al. (2013}, [37] cle Snta o al. (2013); [38] Pine et al, (20112 [39] Doksarer f ot (2012); [10] Bopper of at (2007} (41]
Halversen efal, 2013, [42] Finneran « af. [2000); [43] Kastelein, Hock, & de Jong 20114); [44] Kastelein, Hock, & de Jong {20118); [45] Mooncy «f af. (2009); [46] Houser, Murtin, &
Finneran 2013a:, [47] Houser ef el (20135 [48) MoCanhy o af. 2011, [49] Tyaheval 2011 [50] Derviter of od (20132, [31] Deruiter e 4L (20134)
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(5) Measure responses aver a gradient of noise
levels

Additional stuclies are needed that investigate a gradient of
noise cxposure rather than quict #esns loud treaunents. A
gracicnt design provides insight on the levels of naise at
which a response is initiated and how the response changes
with increasing noise levels. This design can also reveal how
animals recover lrom exposure 1o noist, while exploring the
relationship between levels and duration of noise exposure
and habituation ar sensitisation by different species.

(6) Evaluate mitigation measures

Therr is a need to evaluate the ccological bencficof mitigation
measures in bath lerrestrial and aquatic emironments.
Technological innovations {such as quicter ship propellers,
car and acraplane engines, tyres, and asphalt), modifications
to standard aperatiens {e.g. slower ship and vehicle
speeds, traffic Aow control, road closures), and sound
burriers can significanly reduce nwise Jevels in a particular
habilat; however the henefis w wildlife are oot fully
understoad. For cuample, how lemg does o road need
1o be closed for the biclogical community w0 recover
from trafhic noisc? Do ithe wnintended consequences of
sound barners {r.g. fragmentation or acoustically reflective
surfaces) outweigh the beuefits (Parns & Sclcidey, 2004
Further, design and implermentation of mitigation methods
should match the timing and locations of biological
activity, panicuiarly during biologically sensitive periods,
such as breeding e lekking behaviour in sage grousc
Centroceries wophasiznns, Blickley etal, 2012a,8) ar seasonal
movement ie.g. spring migration in cetaccans; Patenaude
arad,, 2000

{7} Improve reporting of acoustic metrics

[dentidving the conditions that elicit ological responses s
impossible withoue exposwre information. Relevant details
should imclude specification of acoustic metrics, temporal
characteristics of the measurement ‘duration of recordings;,
frequencey range measured, weighting hliers applicd, and the
reference pressure wsed. Addnicually, recording equipment
and measurement procedures distances and duration) should
e docnmented lor the source and received levels. Spectral
descriptions or graphics provide important detail on the
dommant [reguencics of the noisc source and can be
compared W the heating sensitivities of difTerent specics. The
current state of the literature linnirs preper meta-analyiical
approaches that wanld allow compilation, comparisan, and
projection.

VI. CONCLUSIONS

111 The substantial body of sciendfic research reviewed
here provides conmderable evidence that anthropogenic
noise is detrimental to wildlife and natural ecosystems.

599

121 Expertise [rom o diverse range al disciplines is required
o improve understanding of the impacis associated with
naisc, especially considering that the effects may be expressed
Trom the celiular to the ecosystern level.

3 Iu is cascntial that rescarch on the elfects of
anthropogenic noise evalves to Tepart acoustic metrics
accaralely, test gradients of nose exposure, measure
long-term consequences of  responses o noeis,  assew
cumiulative eflects of disturbance, investigate effectiveness
of mitigatiion measures and recovery {rom chronic naisc
exposure, and {fill in gaps with more diverse taxonomic
groups and noise seurces.

4, We pravide a cumulate weight-of-evidence summ.ary of
the recent literature, an initial step in providing guidance for
natural resource managers when evaluating anthropogenic
impacts or developing conservation policy.

5, The imerface belween marine mammal reseacch,
regulation, and mitigation vegarding noise prosides an
excimplar [er conuolling impacs for other taxa and
ernsystems Sowthall gral, 2007, Stokstad, 2014 . While the
strides taken in the past decades have been impressive and
provide a solid basis for shaping this onitically unportant
field of research, future artivities should attempt 1o manage
these imparcts an wemporal and spatial scales relevant Lo
wildlife.
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Swalnson's Hawk
Survey Protocols, Impact Avoidance, and Minimization Measures
for Renewable Energy Projects in the Antelope Valley of Los Angeles and Kemn
Counties, California

State of California
California Energy Commission and Department of Fish and Game
June 2, 2010

Swainson’s Hawk Background Information

The Swainson's hawk (Buteo swainsoni) is listed as a California state threatened
species under the California Endangered Species Act (CESA). The species is not listed
as threatened or endangered under the federal Endangered Species Acl. To comply
with state wildlifs protection requirements and recelve praject approvals, renewable
energy project developers proposing projects in the Desert Renewable Energy
Conservation Plan {(DRECP) area may be requirad to conduct surveys and avoid or
minimize impacts to Swainson's hawks and related nesting and foraging habitat. The
survey protacols and mitigation and manitoring plan recommendations provided below
suggest approaches and measures for complying with protection requirements.

Antelope Valley Swainson's hawks are known to have historically nested in Joshua tree
woodlands and foraged in grasslands and native desert scrub cormmunlities. Currentiy,
they nest in Joshua tree woodlands, ornemental roadside treas, and windrow or
perimeter trees in active and historical agricultural areas. Foraging habitat includes dry
land and irrigated pasture, alfalfa, fallow ficlds, Jow-grawing row or field crops, new
orchards, and cereal grain ¢rops. Swainson's hawks may aiso forage in grasslands,
Joshua iree woodlands, and other desert scrub habitats that support a suitable prey
basse. Gophers dominate the prey base of agriculturally based pairs while Swainson’s
hawks nesting in natural desert habitats consume a wider variety of prey species. While
California’s Central Valley Swainson's hawk population winters in Mexica, Central
America South America, and a small percentage in the Central Valley, the migration
habits of the Antelope Valley population are unknown. Recent observations suggest
that they may artive in nesting territories generally later than the Central Valley
Population {Pete Bloom, raptor biologist, personal communication).

Environmantal Review Considerations

The California Environmental Quality Act (CEQA), Warren-Alqulst Act and implementing
regulations, and CESA require consideration of direct, indirect, temparary, pesmanent,
individual project, and cumulative impacts. CEQA allows approval of projects with
significant effects when measures have been included to avoid or mitigate those effects,
or specific considerations make such measures infeasible and specific benefits
cutweigh the significant effects. (CEQA Guidelines §21081). CESA ragulates the
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taking of state-listed species. "Take” is defined as o “hunt, pursue, catch, caplure, or
kill, or to attempt to hunt, pursue, calch, capture, or kil." (Fish and Game Code §66).
Incidental take authorization requires that all impacts to the species are minimized and
fully mitigated and that mitlgation Is roughly proportional to the extent of the Impacts of
the taking. (14CCR § 783.4). This “full mitigation" standard is intended lo ensure that
the status of the species is the same or better after project and mitlgation
implementation as it was prior to project implementation.

Renewable energy project development could cause direct, indirect, individual, and
cumuative adverse impacts to Swainson's hawks when facility construction and
operation areas (such as wind turbines, power plants, solar panets and tower sites,
access roads, staging areas, and pulling/splicing locations) occur in areas where hawks
are present. Potential impacts include loss of foraging habitat and disruption of
breeding activities due fo increased dust, noise, and human presence. Direct mortality
from vehicle strikes and collisions with wind turbines is also known to occur,
Construction disturbance during the breeding season and habitat loss could cause
incidenial loss of fertile aggs or nestlings, or otherwise lead to nest abandonment,

The current [and uses in the Antaelope Valley area support approximately 10 bréeding
pairs. This area comprises the southemmasi edge of the known breeding range for this
species in Californla. The small number of breeding Swainson's hawks in the Antelope
valley and the potential isolation from other Swainson’s hawk populations makes the
Antelope Valley population particularly susceplible to extirpation. Swsinsor's hawks
have high nest site fidelity, meaning they raturn lo the same site year after year (Estep
1989, Woodbridge et al. 1995) This may limit exchange of individual blrds between
distant breeding groups {Hull et ai. 2007). Hull et al. (2007) found evidence suggesting
that the Central Valley population has had little recent genetic exchange with other
populations east of the Sierra Nevada. Due to the geographical isolation of the
Antelope Valley Swainson's hawk population from other breeding populations, together
with the species' high site fidelity, it is reasonable to infer thal rapid re-colonization of
the Antelope Valley would be unlikely if nesting pairs were lost. Given these facts, the
California Department of Fish and Game (Department) would consider impacts to
breeding pairs to be potentially significant because they may cause the population to
become less than salf-sustaining.

A substantial reduction in numbers or habitat of a rare, threatened, or endangered
species would be considered a significant impact under CEQA. Potentially significant
impacts may result from activitles that cause nest abandonment, loss of nast trees, loss
of foraging habitat that would reduce nesting success (loss or reduced health or vigar of
eggs or young), or diract mortality. Due to the Swainson’s hawik’s known preference for
areas of low vegetalion that support abundant prey, such as grasslands or alfalfa fields
{Becherd 1982, Babcock 1995), the Department considers conversion of foraging areas
to renawable energy power plant facility sites to be habitat loss. For example, solar -
pane! arrays are expected to eliminate most or all foraging potential. Signlficant habitat
loss may result from individual projects and cumulatively, from multiple projects. Each



project which contributes to a significant cumulative effect must offset its contribution to
that effect in order to determine that the cumulative impacts have been avoided.

The Depariment considers a nest site {o be activa if it was used at least once during the
past 5 years, Impacts to sultable habitat or individual birds within a five-mile radius of an
active nest will be considered significant and to have the potential to “take" Swainson's
hawks as that tamm is defined in §86 of the Fish and Game Code. Flease consult with
the Department when determining whether “take” authorization is warranted for a
speciflc project.

Special Considerations for Wind Energy Development

Wind turbines present an additlional, continuous, long-term risk of Swainson’s hawk lake
throughout the life of a project. This continuous risk is not always considered in the
environmental analyses for nther types of projects that may have limited short-term
impacts {e.g. construction ralated impacts). It has been documented elsewhere in
California that Swainson’s hawks are killed by wind turhines. Turbine strikes could
occur during migretion or during the nesting season. Swainson's hawk surveys for wind
energy development should follow the same methods as for solar energy projects,
described below, but the impacts analysis and corresponding mitigation shouid congider
the additional continuous long-term risk of turhine-related (atalities. Habitat impact
analysis should consider bath the ground surface area and the air space that is used by
Swalnson’s hawks. The mitigation methods describad below are specific to ground
surface impacls, Wind energy development project proponents should consult with the
Department to develop avoidance measures and mitigation specific for the loss of air
space and the potential for on-going take of Swainson’s hawk during project
operations.” For additional avian considerations that are applicable to Swainson’s
hawk, please refer to the “California Guidelines for Reducing Impacts to Birds and Bats
from Wind Energy Development" {California Energy Commission and California
Deparirment of Fish and Game 2007). The guidalines can be found at

hitp://www . energy.ca goviwindauidelinesfindex.htm},

Survey Protocol

The following survey protocols and monitoring/mitigation recommendations suggest
surveys and acquisition of mitigation lands prior to construction of the project if nests
ara found withn five miles of a project site. Before conducting surveys for a particular
project, project developers are encouraged to contact the Department and the
appropriate lead agencies for up-to-date, site-specific issues and possible refinement of
the following survey protocols and monitering/mitigation recommendations. Sutvey
methods may be flexible depending on surveyor experience andfor already-known
nesting status for a given site. Please contact the Depariment {Region 4 for Kern
County and Region 5 for Los Angeles County) fo use an alternate survey plan from that
suggested within this document.



A qualifiad raptor biologist with Swainson's hawk survey experience, approved by the
Depariment and the appropriate lead agency, should canduct surveys in a manner that
maximizes the potential to observe the adulf Swainson's hawks and the nest/chicks via
visual and audible cues within a five-mile radius of the project. All potential nest trees
within the five-mile radius shall be surveyed for presence of nests. Surveys should be
conducted prior to environmental analysls. Surveys should be repeated within the 5-
mite radius if 2 survey season ensues or elapses befcre the anset of project related
activities. If construction begins mid-survey season the year after the initial surveys,
then the surveys should conlinue for that part of the season before construction.

Examples of suitable habilats are Joshua tree woadlands, grasslands, desert scrub
communities, and agricultural [ands {(such as alfalfa, fallow fields, beet, torato, onions,
and other low-growing row or field crops, dry-land and imigated pasture, cereal grain
crops [including corn after harvest], and new orchards). Consult with the Depariment
when determining whether the project site is within five miles of already-known nest
sites. If hawks or known nest siles are found within the five-mlle radius, consult with the
Department and the appropriate lead agency for foliow-up fo the surveys.

Minimum Equipment

Minimum survey equipment includes a high-guality pair of bincculars and a high quality
spotting scope. Surveying even the smallest project area will take hours, and poor
opfics often result in eye-strain and difficulty distinguishing details In vegetation and
subject birds. Other equipment includes goed maps, GPS units, flagging, and
notebooks.

Walking va Driving

Driving or “windshield surveys” are usually preferred to walking if an adequate roadway
is available through or around the project sita. While driving, the observer can typically
make a closer approach to a hawk without causing the bird te fly. Althcugh it might
appear that a flying bird is more visible, they often fly away from the observer using
trees as screens; and it is difficult to determine from where & flying bird originated.
Walking surveys are useful in locating a nest after a nest territery is identified, or when
driving Is not an optian.

Angla and Distance fo the Tree

Surveying subject trees from muitiple angles will greatly increase the observer's chance
of detecting a nest or hawk, especially after trees are fully leafed and when survaying
multiple trees in close proximity. When surveying from an access road, survey in both
directions. Maintaining a distance of 50 meters to 200 meters from subject trees is
optimal for observing perched and flying hawks without greaily reducing the chance of
detacling a neslyoung. Once a nesting temitory is identified, a clossr inspection may be
required to locate the nest.



Speed

Travel at a speed that allows for a thorough inspection of a potential nest site. Survey
speeds should not exceed 5 miles per hour to the greatest extent possible. Stop
frequently to scan subject trees with binoculars and a spotting scope.

Visual and Audible Cues

Focus surveys on both observations and vocalizations. Ohservations of nests, perched
adults, displaying adults, and chicks during the nesting season are all indicators of
nesting Swalnson's hawks. In addition, vocalizations are extremely helpful in locating
nesting territories. Vocal communication between hawks is frequent (1) during territorial
displays, (2) during courtship and mating, (3) through the nesting period as mates notify
each other that food is available or that a threat exists, (4) and as older chicks and
fledglings beg for food. :

Distractlons

Minimize distractions while surveying. Although two pairs of ¢yes may be better than
one palr at times, conversation may limit focus. Radios shauld be off, nct only are they
disfracting, they may cover a hawk's call. ’

Notes and Species Observed

Take thorough field notes. Detailed notes and maps of the location of observed
Swainson’s hawk nests are essential for filling gaps in the Californla Natural Diversity
Data Base; please note all observed nest sites, including date and time of observation,
location name, UTM coordinates, number of young, and any behavioral observations.
Also document the occurrence of nesting great homed owls, red-tailed hawks, red-
shouldered hawks and other potentially competitive species. Thase species will
infrequently nest within 100 yards of each other, so the presence of one species will not
nacessarily exclude another.

Timing

To meet {he minimum level of protection for the species, surveys should bo completed
for al least the two survey periods immediately prior to a project’'s infliation. For
example, if a project is scheduled to begin on June 1, you should complete three
surveys in Period |l angd three surveys in Period Ill. However, it is always recommended
that surveys be completed in Pariods I, L, and [V prior to environmental review.

Survay Period {
Survey dafes: January-fMarch 31 foplional but recommended; pre-arival

Sunvey Time: All day

Number of Sunveys: 1

Jusiification and search image: Prior to Swainsan’s hawks arrival from wintering
grounds, it is very helpful ta survey the project area to determine potential nest
locations. Most nests are easily observed from relatively lang distances, giving the
surveyor the opportunity to ldentify potential nest sites, es well as becoming familiar with
tha project area. it also gives the surveyor the opportunity to locate and map competing
species nest sites such as great homed owls from February on, end red-tailed hawks

5



from March on. After March 1, surveyors may observe Swainson's hawks staging in
traditional nest territories.

Suny ime: All da
Number of Surveys: 3

Justification and search image: Most Antelope Valley Swainson’s hawks return by April
1, and immediately beqln occupying their traditional nest temitories. For those few that
da not retum by April 1, there are often hawks ("floaters”) that act as place-halders in
traditional nest sites; they are birds that do not have mates, but temporarily attach
themselves to tradifional temritories andfor one of the site's *owners.” Floaters are
usually displaced by the territories’ owner(s) if the owner returns. Most trees are leafless
and are relatively transparent; it is easy to observe old nests, staging birds, and
competing species. The hawks are usually in their territorles during the survey hours,
but typically soaring and foraging in the mid-day hours. Swainson’s hawks may often be
observed involved in territorial and courtship displays, and ¢ircling the nest territory.
Potential nest sites identified by the observation of staging Swainson’s hawks will
usually be active territories during that season, although the pair may not successfully
nest/reproduce that year. Both males and females are actively nest building, vieiling
their selected site frequently. Later in this survey periad, terriforial and courtship
displays are increased, as is copulation. The birds tend to vocatize often, and nest
locations are most easily identified. This paricd may reguire a great deal of “sit and
watch’ surveying.

s i1

Surnvey dates: Mav 1 = May 30 faying: incubation

s Time: dayfight hours, as needed to mogitor kmown nast siles on
Number g 3

Justiffication and search imaage: Nests are extremely difficult to locate this time of yaar,
and even the most experlencad surveyor may miss them, especially if the previous
surveys have not been done. During this phase of nesting, the female Swainson's hawk
is in brood position, very low in the nest, laying eggs, incubatlng, or protecting the newly
hatched and vulnerable chicks; her head may or may hot be visible. Nests are often
well-hidden, built into haavily vegetated sections of trees or in clumps of mistietoe,
making them all but invisible. Trees are usually not viewable from all angles, which may
make nest observation impossible. Following the male to the nest may be the only
methad to locate it, and the male will spend hours away from the nest foraging, soaring,
and will generally avoid drawing attention to the nest site. Even if the observer is
fortunate enough to see a male returning with food for the female, if the female
detenmnines It is not safe she will not call the male in, snd he will not approach the nest;
this may happen if the observer, or others, are 100 close to the nest or if other threats,
such as rival hawks, are apparent to the female or male,




Sunvey Beriod IV

Survey dates; June 1 - July 15 {fledain

Survey Time: Sunrsa to 1200 1600 to sunset

Number of Surveys: 3

Justification and search image: Young are aclive and visible, and relatively safe without
parental protection. Both adults make numeraus trips to the nest and are often soaring
above, or perched near or on the nest tree. The location and construction of the nest
may still limit visibility of the nest, young, and adults.

Reporting

Provide the Department and the appropriate lead agency with pre-construction survey
results in a written report, within 30 days prior to commencement of construction
activities. Report should include date of the report, authors and affiliations, contact
information, intraduction, methods, study location (include map), results, discussion,
and literature cited. For surveys intended o support environmental impact enalyses
prior o project approval, provide the Department and the lead agency with written
survey raports within 30 days of survey completion. Submit California Natural Diversity
Database (CNDDB) forrs for any listed, fully protected, or species of special
concerncountered and positively identified. CNDDB forms may be found at the

following link: http:fwww.dfg.ce.gov/biogecdatefenddb/odfs/CNDDB FisldSurvayForm.pdf.

Manitoring and Mitigation Plan Recommendations

1. If surveys locate a nest site, prepare a Swainaon’s hawk Menitoring and
Mitigation Plan in consultation with the Department and the appropriate lead
agency. Plans should be prepared by a qualified biologist approved by the
Department and the appropriate lead agency. Include in the plans detailed
measures to avoid and minimize impacts to Swainson's hawks in and near the
construclion areas. For example:

a. If a nest site is found, design the project to allow sufficient foraging and
fledging area to maintain the nest site.

b. During the nesting season, ensure no new disturbances, habitat conversions,
or other project-related activities that may cause nest abandonment or forced
fledging occur within 1/2 mile of an active nest between March 1 and
September 15, Buffer zones may be ad|usted in consultation with the
Department and the lead agency.

c. Do not remove Swainson's hawk nest trees unless avoidance measures are
deterrnined o be infeasible. Removal of such trees should occur only during
the timeframe of October 1 and the last day in February.



2. Monitoring plans should include measures for injured Swainson's hawks:

a. For hawks found injured during project-related activiles on the project site,
plans should call for immediate relocation to a raptor recovery center
approved by a Department regional representative.

b. A systern shouid be set-up so that costs associated with the care or treatrment
of such injured Swainson’s hawks will be bome by the project developer.

¢. Include apprapriate contact information for immediate notification of the
Department and the appropriate lead agency of a hawk injury incident Have
approved procedures in place to notify the Departrent and the lead agency
outside normal business hours. Notlfy the appropriate personnel via
telephone or email, followed by a written incident report. Include the date,
time, location, and circumstances of the incident in the reports.

3. Mitigation plans should focus on providing habitat management (HM} lands.
Lands which are cumrently in urban use or lands that have no existing or potential
value for foreging Swainson's hawks will not require mitlgation nor would they be
suitable for mitigation. The plans should call for mitigating loss of Swainson's
hawk foraging habitat by providing HM lands within the Antelope Valley
Swainson's hawk breeding range at a minimum 2:1 ratio for such habitat
impacted within a five-mile radius of active Swainson’s hawk nesi(s). The
Department considers a nest active if it was used one or more times within the
last § years.

Projecl developers may consider delegating responsibitities for acquisition and
management of the HM [ands to the Department or a third party, such as a non-
governmantal organization dedicated to Mojave Desert habitat conservation.
Seek approval of such delegations from the Department and the appropriate iead
agency.

Approachas for acquisition and management of HM lands:

a. HM Land Selection Criteria, ldentify tha reglon within which lands would be
acquired, and the typefquality of habitat to be acqulred. Foraging habitat
should be moderate to goad with a capacity to improve in quality and value to
Swainzon's hawks, and must be within the Antelope Valley Swainson’s hawk
breeding range. Foraging habltat with suitable nest trees is preferred.

b, Review and Appraval of HM 1 ands Prior to Acquisition. Provide an acquisition
proposal to the Department and the appropriate lead agency for their
approval at least 3 months before acquiring the property. The proposal should
discuss the suitability of the property by comparing it to the salection cnteria.

c. Land Acquisition Schedule gnd Financial Assurances. Complete acquisition of
proposed HM fands befora initiating ground-disturbing project activities. If an
irravocable letter of credit or other form of security is provided, complete land
acquisition within 12 months prior to keginning ground-disturhing project
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activities. Provide financial assurances for dedicating adequate funding for
impact avoidance, minimization and compensation measures required for
project approval (see 3. d. below).

d. HM Lands Acquisition. Be prepared to provide a praliminary title report, initial
hazardous materials survey report, biological analysis, at & minimum to the
Department and the appropriate lead agency. The information will likely also
be reviewed by the California Department of General Services, Fish and
Game Commission and/or Wildlife Conservation Board.

Fee title or conservation easement will likely be transferred to a Depariment
of Fish and Game-approved non-prafit third party and the Department, or
solely to the Department. Be prepared to support enhancemsant and
endowment funds for protection and enhancement of acquired lands. The
Department will approve establishment and management of the funds,
ensuring that qualified non-profit organizations or the Department will manage
the funds in an approprliate manner. Confributed funds and any related
interest generated from the initial capital endowment would support long-lerm
operation, management, and protection of the approved HM lands, ingluding
reasanable administrative overhead, biological monitoring, improvements to
carrying capacity, law enforcement measures, and any other acfion designed
to protect or improve the habltat values of the HM lands. Be prepared to
reimburse the Department or other entities for all land acquisition costs.
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FOREWQRD

California boasts one of the most binlogically
diverse faunas in the United States, as well as
one of the most threatened. One of the key ele.
ments of the state’s efforts to protect its verte-
brate fauna is through its Species of Special Con-
cern program. The current volume, California
Amphibian and Repiile Species of Speciel Concern,
is an essential foundation upon which both biol-
ogists and slate and federal agencies can manage
the biclogical resources of the state. California
has exceedingly sensitive species and ecosys-
terns, many of which are at risk of extirpation ot
extinction as the state's environment changes at
tates greater than at any time in history.

This book builds upon the shoulders of its
predecessor from two decades ago {Jennings
and Hayes 1994a}, but it is not just a simple
update. Jennings and Hayes surveyed an enor-
mous number of experts to create a compre-
hensive publication on California‘s special con-
cern amphibians and reptiles, and their volume
was a key management tonl for a generation of
biotogists. However, this new book goes several
steps further, making it a necessary reference
for wildlife and land managers, biologists, and
nature lovers interested in amphibians and
reptiles.

First, the maps generated for this book are
stunning. They are literally beautiful encugh to

be framed, and detailed encugh to guide
resource managers. Second, there are color
images of every taxon, genetally taken in the
field and highlighting the key features of each
species. Third, the authors rely on the pub-
lished literature 1o the maximum extent possi-
ble, pulling in the gray literature only when it is
necded (which is often because many of these
species are poorly known}. But perhaps most
importantly, the authors used multifactorial
risk metrics that bring several measures of
potential and actual threatinto a single numeric
score that captures the sensitivity of the spe-
cies. The result is a tool that provides an irmnpor-
tant first pass at the difficult task of identifying
those taxa that should be candidate Special
Concern species.

Of course, there will always be important
biological cansiderations that may arpue
against a strict interpretation of the metric
scores, as the authors fully realize. For example,
there are species on the Special Concern list
that are so narrowly precinctive that the nar-
rowness of their geographic range alone signals
reason te be extra cautious about the species,
The sandstone night lizard is one such taxon;
its geographic range is much smaller than
listed species such as black toad {Bufo exsul),
and we know much less about the night lizard



than we do about black toads. Regardless of the
risk model score, this is a scary situation, and
the narrowness of geographic range alone sig-
nals reason to be extremely caubious. Herpetol-
ogists are well awate of extinctions of entire
species that were so narrowly precinctive that
very subtle (zometimes unknown) environ-
mental changes have caused those extinciions
(e.g., the golden toad of Costa Rira, which had a
geographic range the same size as that of the
sandstone night lizard).

There are other species covered in this vol-
ume that will be challenging to manage for
their prolection in California. For example, the
Gila monster (Helederma suspecium) can be
found in the extreme eastern part of the Mojave
Descrt in Califoruia {cast of 116* longitude),
where it has been recorded fewer than 30 times
in the last 150 years. Within the distribution of
Gila monsters in California, the patlern of rain-
fall includes winter rains and summer {mon-
soonal) rains; this biphasic pattern is typical in
Utah, Nevada, and Arizona where Gila mon-
sters ate relatively mote cominon. Threughout
their geographic range, Gila monsters depend
upon climate conditions cenducive for repro-
duction by small mammals because neonatal
small mammals are the principal prey for this
species. However, climate is demonstrably
changing in California to be watmer (espe-
cially in summers) and with increased frequen-
cies of drought. These changes may not be
mitigable at a local level, and this ¢reates con-
servation challenges. Nevertheless, knowledge
of both changes of climate and the biology of
Gila monsters is meager, and this signals both
that the Gila monster is clearly a reasonable
candidate for SSC status and a need for add:-
tional research.

X FOREWORD

In keeping with this example, this volume
calls for significantly increasing research and
monitoring of these species. This is a recom-
mendation that must be taken very seriously,
Change to California wildlife is accelerating at
a more rapid rate than ever before in history,
and the best chance to protect California's Spe-
cies ol Special Concern from extirpation or
extinction is increasing our knowledge of thege
paotly studied animals. Lang-term monitering
of the status of populations is key, and contem-
porary methods such as pepulation genomics
can provide insights inte populaticn status
and viability that were not possible just a few
years ago.

As complete as it is, this volume should be
consideted a beginning, rather than a final set
of definitive answers, for understanding eco-
logically scnsitive amphibians and reptiles in
California. [t constitutes an enarmously valua-
ble benchmark, and also provides solid infor-
mation about the biology and ecology of
amphibian and reptile species in California.
Now we need to pursue its recommendations
so that we can facilitate the needed scieuce that
will help us protect California's biological
resources, California needs to expand science
and management of the state’s precious bislogi
cal resaurces so that our children and grand-
children, hopefully, will be able 1o experience
no fewer species than are present in California
today. This book is an important step in that
direction.

C. RICHARD TRACY

Professor, Departmens of Biology
University of Nevada, Reno
Reno, NV 89557



PREFACE

California’s amphibians and reptiles are unique
in the United States for the tremendous amount
of evolutionary and ecological diversity that they
represent. California iz second only to Texas in
terms of the number of native amphibians and
reptiles found within a state and contains
endemic species of all major groups except tur-
tles and tortoises. The state is hoine to what
mipht be the best-known example of ring spe-
ciation {in Frsating salamanders}, which pro-
vides a unique view into the process of species
diversification. California is home to the railed
frop {Ascaphus druel), a species that is among
the last surviving members of an ancient line-
age that is the sister group to all ather frogs on
earth. It houses reptile and amphibian species
with genetic: and temperature-dependent sex
determination; species that lay eggs in the
water, on land, or that are live-Learing; and spe-
cies with a two-staged life cycle that undergo a
profound metamorphosis, switching between
distinctly different habitats in the process.

The California Department of Fish and Wild-
life {formerly, Calilornia Department of Fish
and Game} is the trustee agency for California's
fish and wildlife resources. The challenges asso-
ciated with effective management and conserva-
tion of these resources are formidable in Califor-
nia, where a large human population, diverse
stakeholder interests, and extremely high biotic
diversity must be jointly managed. Despite the

challenpe of implementing effective conserva-
tion in the state, doing so is an important and
worthy goal given the vast diversity that the state
supports. We have attempted to evaluate conser-
vation status for the state’s amphibians and rep-
tiles openly and transparently, relying on both
the best available science and the breadth of
expert opinions relating to amphibian and vep-
tile conservation in California. We have sought
{and received} broad feedback from a wide range
of interested parties including agency represent-
atives, academic scientists, and avocational het-
petolepists and used this combined input to
make informed recommendations about conset-
vation rigsk and management needs for Califor-
nia’s amphibians and reptiles. We have also
highlighted where data are lacking and dis-
cussed how the community might fill these gaps
in our knowledge. Our goal is for this volume to
serve as bath a summary of where we stand and
a launching point for what we can achieve in the
management and restoration of healthy amphib-
jan and reptile populations in Califernia.

ROBERT C. THOMSON
Honolulu, Hawail
AMEBER N. WRIGHT
Honoluln, Howaii

H. BRADLEY SHAFFER
Loz Angeles, Califorrie
May 2015
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ABSTRACT

We provide a synthesis of the conservation risk
faced by amphibians and reptiles in California
that qualify as Species of Special Concern. After
assembling a full list of the native amphibian
and reptile taxa that are known to occur in the
state, we developed a potential set of 73 nominee
taxa that might qualify as Species of Special Con-
cern. We developed eight metrics that capture
key elements of declining and at-risk species,
scored them for all 73 nominee taxa based o an
extensive literature review, examined them on a
case-by-case basis, and developed a Anal set of 45
Species of Special Concern. We then developed
species accounts for each Species of Special Con-
cern, documenting available information on
their basic biology, known or hypothesized rea-
sons for decline, and proposed management and
future research needs. Qverall, we sought to pro-
duce a clear, transparent document that explic-
itly states why decigsions were made and sup-
ported with a summary of the best available
science. We relied on peer-revicwed literature
whenever possible ta support those decisions,

Qur cvaluation resulted in 16 Specics of
Special Concern categorized as Prictity 1 {those
of greatest concern), 14 as Priority 2, 12 as Pri-
ority 3, and 3 which we could not prioritize
based on available data. Our comparative analy-
ses demonstrated that there were certain sets of
organisms, geographic areas, and groups of
ccological specialists in which species of great-
est concern tended to be concentrated. Taxo-
nomically, frogs, salamanders, and turtles all
had higher average metric scores than lizands
or snakes, mirrorirg the fraction of those taxa
listed at the state and federal levels, and sug-
gesting that these lineages are often of greatest
conservation <oncern. T}IEI'E was HISO 4 strong
trend for aquatic taxa to experience a greater
conservation risk than terrestrial species, Geo-
graphically, southern California harbored more
Species of Special Concern than central or
northern California, This pattern was driven
primarily by reptiles, which have a preponder-
ance of at-risk species in the Southern Califor-
nia Coast, Sputhern California Mountaing and
Valleys, and the Mojave Desert ecoregions.
Amphibian Species of Special Concern tended



1o be more evenly distributed across northern
and southern California ecoregions,

Inr a troublingly large number of cases, we
found a striking lack of critical data for many
aspects of the basic biology of amphibian and
reptile species, and this lack of field ecology,
natural history, and genetic data hindered our
ability to make strong management recommen-
dations. The solution to this lack of data is
clear: California needs 1o launch a program
that funds strong, peer-review quality analyses
of basic ecology, combined with long-term
monitoring studies to evaluate demographic
trends at a set of sites for each species. Such
studies need not be expensive and would make
an enormous diflerence in cur ability to man-
age many Species of Special Conrern, hope-
fully precluding the need for future slate and/
or federal listing. Meaningful collaboration
between the California Department of Fish and
wildlife and other research groups [be they
other agencies, universities, nongovernmental
organizations, or avocational proups} has
helped to fill some of these gaps, particularly
for federally listed species, and such collabara-
tions for Species of Special Concern are the key
to developing management plans into the
future. We also found thatin many cases popu-
lation genetic approaches can help to All critical
gaps in our knowledge regarding species and
subspecies boundaries, effective population
sizes, corridors of likely habitat use, migration
frequencies and pathways, and levels of hybridi-
zation with native and introduced species.
These genetic measures should complement,
rather than replace field studies, and they offer
the opportunity to conduct relatively fagt analy-
ses that can and should provide critical early
guidance for management decisions.

As critical basic biodiversity work in Califor-
nia continues, we are increasingly recognizing
that the complex geology and chauging envi-
ronmettial conditions in the state have led Lo
the evolution of an amazing array of endemic
taxa, many of which are extreme habitat spe-
cialists. To our knowled ge, none of these sensi-
tive species have been lost to extinction yet,
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although several are dangerously close. How-
ever, at least four taxa whose range limits his-
torically entered the margins of the state may
already be gone from California’s boundaries,
and some of the endemic species may e next.
The identification of Species of Special Con-
cern and the compilation of information,
research needs, and management recornmen-
datipns represents an important step 1o help
California land managers prevenl further
declines, stabilize key populations, and poten-
tially iniliale recovery programs before formal
listing is necessary.

INTRODUCTION

From a biodiversity perspective, California
resides at one of the most important crossroads
in the United States. The California Floristic
Province is the only globally recognized biodi-
versity hot spot in North America north of
Mexico, and one of three recognized in the
north-temperate region {Myers et al. zooo}.
With a 2010 population of more than 37 million
people, California accounls for roughly one-
eighth of the human population of the United
States (US Census Bureau 2013), has the larg-
est agricultural production of any state in the
country (USDA 2007), and has une of the high-
estaverage land values in the nation (Davis and
Heathcote 2007). Conserving biodiversity in
California is therefore both enormously impor-
tant and extremely difficult from an economic
and pelitical standpoint and requires strong
scientific guidance and the collective will of
mulitiple stakeholder groups.

Formal species protection in California is
accomplished via the California Endangeted
Species Act andfor the Federal Endangered
Species Act. The California Department of
Fish and Wildlife (CDFW) is responsible for
implementing the latter. As of J[anuary 2014,
over 150 animals in our state were listed as
threatened or endanpgered under either one
ot both actz. To help preclude the need to list
additional species, the CDFW administratively
designates Species of Special Concern. The



intent of designating Species of Special Con-
cern is to [T} focus attention on animals at con-
servation risk by the CDFW, ather state, local,
and federal governmental entities, regulators,
land managers, planners, consulting biologists,
and others; {2} stimulale needed research on
poorly known species; and (3} achieve conserva-
tion and recovery of these animals before they
meet California Endangered Species Act crite-
ria for listing as threatened or endangered. Spe-
cies of Special Concern carry no formal legal
gtatus but are widely viewed as one of Lhe
important front lines in species conservation
planning and management. Regardiess of the
stakeholder group invelved, whether members
of the conservation. agricultural, or urban
development communities, it is in everyone's
best interest to maintain stable populations of
Species of Special Concern to avoid the need for
formal listing.

The Species of Special Concern designation
15 used to promote conservation in various ways
by the CDFW, land managers, and cthers to
promote conservation. For example, Species of
Special Concern are considered “Species of
Greatest Conservation Meed” in Califernia's
Wildlife Action Plan (Bunn et al. zoo7, http://
www.wildlife.ca.gov/SWAP). State Wildlife
Action Plans outline the steps needed to con-
serve these taxa before they become rarer and
more costly to protert and provide access to
funds for this purpose, Species of Special Con-
cern are also considered when evaluating envi-
ronmental impacts under the California Envi-
ronmental Quatity Act (California Public
Resources Code Sections 21000-21177). The
California Environmental Quality Act requires
state agencies, local governments, and special
districts to evaluate and disclose impacts to
wildlife and habitat from proposed projects.
Specifically, Species of Sperial Concern may
meet the definitions of endangered, 1are, and/
or threalened in Section 15380 of the California
Environmental Quality Act guidelines. Also,
Section 15065 relates to the standards under
which the lead agency determines if impacts
to biological resources should be considered

significant. Impacts to Species of Special Con-
cern are generally considered significant if they
are based on factors such as population-level
effects, proportion of the taxan's range affected
by the project, and effects on habitat. Environ-
mental impact reparts that analyze and evalu-
ate the potential impacts on Species of Special
Concern caused by the proposed project must
he prepared before planned pmjects can move
forward. Large-scale planning efforts, such as
Habitat Conservation Plans and Natural Comn-
munity Consgervation Plans, alsc may include
conservation measures for non-listed, at-risk
species including Species of Special Cancern.
In addition, Species of Special Concern are
tracked by the California Watural Diversity
Databasc (hitp:/}www.dfg.ca.gov/biogrodala
JenddD), an important seurce of information
on species distribution. Federal land manage-
ment agencies [ike the Bureau of Land Manage-
ment and US Forest Service often add Species
of Special Concern to their sensitive species
lists to focus atiention eon these taxa. 1n all, the
Species of Special Cohcern designation results
in a greater depth of knewledge about species
as well ag proactive comservation aimed at
maintaining or restoring populations to avoid
the need for future, formal listing.

In this volume, we update and evaluate the
original Species of Special Concern decument
for amphibians and reptiles {Jennings and
Hayes 1994a). The first Species of Special Con-
cern decument compiled was for binds {Rem.
sen 1978). Over the following three decades,
documents bave been published or updated for
birds (Shuford and Gardali 2008), mammals
(Williams 1986; Bolster 19g8), and fishes
(Movie et al. 1980, Moyle et al. 1995}, As these
documenis have matured and been reviged, so
too have the methods by which Species of Spa-
cial Concern have been identified from the
potential pool of candidate taxa, With the excep-
tion of the 2008 bird publication, previcus
iterations of these assessments were largely
based on expert opinien. A& list of native Calilor-
nia taxa was assembled, screened for risk
potential, and evaluated by a small team of
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experts (usually in consultation with many
additional experts throughout the state). The
most at-risk taxa not already listed under the
California Endangered Species Act were then
selected as Species of Special Concern,

The Species of Special Concern assesament
pracess changed profoundly with the 2008 bird
publication (Shuford and Gardali 2008). A key
change, and one that we also follow here, was to
formalize the criteria by which species receive
this designation. Following Shuford and Gard-
ali {2008} and current CDFW standards
(http:/fwww.dip.ca.pov/wildlife/nongame/ssc
findex.html), we created a set of eight metrics
that capture the extent to which an amphibian
or reptile species is at rizk of extinction in Cali-
fornia. We used this system to increase trans-
patency, facilitate clear feedback from a broad
proup of individuals on our scoring, and
enhance the ability of the CDFW and other
agencies lo replicate this process in the future.
We then ranked all species by their summed
mietric scores, presented that ranking 1o a wide-
ranging group of cxperts, and determined
inclusion or exclusion from the special concern
list. This approach provided a clear connection
between data and ranking, and an explicit
description of the most important factors con-
tributing to ongoing declines. It also provided a
strong conncction between the evaluation proc
ess for different taxonomic groups and there-
fore greater unifurmity in the methodology
used among all CDFW Species of Special Con-
cern publications.

The current volume ig divided into two sec
tions, [n Part I {this section), we provide a
detailed description of our methods, including
the metrics and their scoring, outreach strate-
gies for public input, locality mapping, and the
roles of different cantributors in producing the
set of Species of Special Concern taxa. Fallow-
ing this is an overview of the resulis of our
review and several quantitative dezcriptions of
geographical, ecological, and taxonomic pat-
terns of Species of Special Concern. We end
with a discussion of the results and present rec-
ommendations for the conservation of amphib-
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ian and reptile Species of Special Concern in
California. Throughaut, we emphasize imme-
diate research needs, both for particular spe-
cies and for broader assemblages and land-
scapes within the state. Part 1 consists of a
series of species accounts that provide a synop-
sis of informatinn for each Species of Special
Concern. Each account also includes a map
documenting localities where the species has
heen collected or observed along with a depic-
tion of its current range.

Throughout this decument, we have used
the peer-reviewed literature as our primary
source aof information and have included
unpublished reports, welb sites, and data from
the field noles of professional and avocational
herpetologists to fill in gaps in the primary lit-
erature. We rely primarily on the peer-reviewed
literature because it has been evaluated by inde-
pendent experts and deemed admissible inta
the scientific literature. However, we also recog-
nize that the published literature for many spe-
cies 15 sparse, and in those cases we also evalu-
ated and included a large amount of unpublished
information. Finally, we particulacly empha-
sized the more recent, post-19g0 literature,
given the extensive review by Jennings and
Haycs (1gg94a) of the earlier literature,

METHODS

Overview of Project Design and Process

The process of developing this document
involved cooperation among several groups.
The initial study design was developed collabo-
ratively between the CDFW and the authors
(Thormson, Wright, and Shaffer}. We then
assermbled a Technical Advisory Committee
comprising members with broad gengraphical
and taxonomic expertise in California’s
amphibian and reptile fauna, This group devel.
oped the zet of metrics used in evaluating
potential Species of Special Concern, as well as
a standardized format for species accounts. We
then reached out to all sepments of the herpe-
tology community, including academics, land



and resource managers, avacational herpetolo-
gists, and the interested public for further
information, feedback, and review at various
points in the process. Qur goal throughout was
to keep our actions and decisions transparent
and accessible to anyone with an interest in her-
petological conservation in California.

We began by developing a current list of all
native amphibian and reptile species and sub-
species known to occur in the state {Appendix
1). Based on the hroad knowledge of field herpe-
tology represented hy the authors and the Tech-
nical Advigory Commiitee, we used this list to
develop a set of Special Concern nominees,
Jur goal was to include in this nominee list all
taxa that anyone felt were declining or in need
of protection in the state. The authors con-
ducted preliminary reviews of each of these
taxa, searching the literature and interviewing
experts, and used these data to produce a set of
preliminary scores for each of the nominecs
using the risk metrics, These scores were
teviewed and refined by the Technical Advisory
Commitlee and then further reviewed and
refined based on input from the herpetological
community at large. The authors and Technical
Advisory Commitiee used the metric scores, as
explained later in thig doguthent, to conslrucl a
set of taxa for inclusion as Species of Special
Concern. After the list was finalized, we pro-
duced species accounts for each of the Species
of Special Concern.

During this evaluative process, we compiled
locality information for each taxon, which we
then combined with data frem the California
Natural Diversgity Datahase and Biogeographic
QObservation and [nformation System to pro-
duce distribution maps for each nominee spe-
cies. The Technical Advisary Committee, the
CDFW, and other experts reviewed these range
maps, resulting in the maps in this document.

Species List, Taxonomy, and Units of
Conservation

We developed cur species list by compiling
information from existing taxonomic lists and

recent taxonomic literature, We included all
recognized or proposed species, subspecies,
and distinct population lineages that have been
identified. We generally used the most recent
revisionary studies, although we sometimes
made decisions based on the degree to which
the scientific community had accepted pro-
posed changes and the quality and strength of
dala informing proposed revigions. Little con-
sensus exists on taxonomy for certain groups
feg.. California mountain kingsnake, Lammpro-
peltis zonata), and we tried to strike a balance
between incorporating the most current, relia-
Dble information while alsa maintaining taxo-
nomic stability in the face of current uncer
tainly. For example, Frost et al. {2c00a}
proposed a laxge number of taxonomic changes
for California amphibians, often shilting spe-
cies into new generic name combinations [c.g.,
the weslern toad, Bufo koreas, chanpes to Angz-
yrus bareas under this scheme). These changes
have been vigorously debated {Crother et al,
2009, Frost et al. zacga, Pauly et al. 2009),
and we have taken the conservative approach of
retaining the traditional nomenclature.

We focused our evaluation primarily at the
species level, although we also considered
subspecies and (rarely) parts of an otherwise
stable species range that appeared to be in
decline. This follows most similar efforts to
date in recognizing species as the fundamental
units of conservation, while still acknowledg.
ing that significant diversity exists and should
be raintained within species. This aiso allowed
us to limit the extent to which taxonomic con-
troversy might negatively impact important
conservation elforts. For example, if we were to
consider only species {or formally described
subspecies), we would fail to consider currently
unnamed populations in need of conservation
action. The southern populations of the com-
meon garter snake (Thamnophis sirtalis) are an
example af such a population, as are the south-
ern populations of the Coast Range newt
{Taricha torosa). Throughout this document we
use the term “taxa” to refer to species, subspe-
cies, or distinct populations,
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Development of the Nominee List

The hrst stage in the process was to develop a
list of numinee Species of Special Concern
from the comprehensive list of taxa that occur
in the state. We included all taxa from the previ-
ous amphibian and reptile Species of Special
Concern document {Jennings and Hayes
1994a), those that were recently extirpated or
possibly extirpated from the state, and all taxa
currently listed under the Federal Endangered
Species Act. We excluded any taxa that were
already legally designated by the state (ie.,
Endanpered or Threatened under the Califor-
nia Endangered Species Act), because Species
of Special Concern status would provide no fur-
ther state-level protections. Although federally
listed taxa also experience a higher level of pro-
tection than Species of Special Concern, we
still considercd them in the evaluation process
because federal status could potentially be the
result of conservation needs from parts of the
species’ range cutside of California. Because of
this, an assessment of each species focusing on
its California range provides information about
its status within the state,

We included additional nominee taxa that
members of the Technical Advisory Committee
identified as potentially at risk based on their
experience with that taxan in the field. If at
least one meinber of the committee suspected
that a taxen might qualify as a Species of Spe-
cial Concern, we included it for evaluation.
Additional taxa were added throuph consulta-
tion with experts on specific species or larger
taxonomic groups and by suggestion during
the public comment phase of the project {see
below), We then evaluated these taxa with the
risk metrics and used the resulting scores as
our primary basis for Species of Special Con-
corn determination [see below).

Definition of Species of Special Concern

We define a Species of Special Concern as any
native species, subspecies, or distinct popula-
tion of amphibian or reptile occurring in the
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state that currently meets one or more of the
following criteria (see also Comrack et al.
2008):

+ I8 extirpated from the state within the recent
past;

» |s listed as federally, but not state, Threat-
ened or Endangered and/or meets the state
definition of Threatened or Endangered but
has not formally been listed;

« Is experiencing, or formerly experienced,
serious, noncyclical, population declines or
range retractions that, if continued or
resumed, could qualify it for state Threat-
ened or Endangered status;

+ Has naturally small populations andfor
range size and exhibits high susceptibility to
risk from any factor(s} that, if realized, could
lead to declines that would qualify it for state
Threatened or Endanpered status.

We developed a set of risk metrics to address
the latter two criteria. Taxa scoring high on
these risk metrics were then judged to be prime
candidates for inclusion on the list. Taxa meet
ing the frst two criteria were included auto-
matically. All taxa were scored fot the risk met-
rics and included in our quantitative analyses,

Risk Metrics

Working with the Technical Advisory Commit-
tee and using CDFW criteria thop:/jwww.dfp.
ca.povfwildlife/nongame fsscfindex

hitml), we developed a set of conservation risk
metrics to quantify the level of threat to Califor-
nia's at-risk amphibians and reptiles. Although
quantification of conservation risk is necessar-
ily approximate, the metric approach allows for
improved repeatability between Species of Spe-
cial Concern updates and a framework for dis-
cussion and revision. Earlier Species of Special
Concern documents were based largely on
expert opinion and the use of risk metrics does
not completely eliminate this important ele-
ment of the assessment process. Rather, the



risk metrics place expert opinion, as well as
data, within a standardized framework that
makes decisions more transparent. For exam-
ple. our ecological tolerance metric provides 3
clear definitiots of how we quantified the ecc-
logical specialization of each taxon and how it
refates to conservation risk. [f, at a later time,
additional data becomne available ar other work-
ers disagree with our interpretation of the exist-
ing data, there now exisls a clear way in which
thiz new information can be incorporated into
the overall score for any species.

The possible score for each metric ranged
from o (little or no risk} up to 2 maximum of 25
(high riskj, refecting the relative imporiance of
the risk quantified by that metric. We weighted
metrics that measure documented conservation
concerns, such as declines in abundance, more
highly than other metrics that focused on poten-
tial conservation concerns, such as life history
factors that contribute to sensitivity. We did this
for two reasons. First, our weighting reflects the
emphasis on these factors in the definition of
Species of Special Concern. Second, docu-
mented conscrvation concerns usuwally require
more immediate management action and are
likely more sericus threats to survival than
potential canservation concerns. The result of
this decision is that some metrics, such as those
measuring declines in distribution or abun-
dance, affected the overall risk metric score
mote than, for example, a naturally small range
size. The eight risk metrics are as follows.

1. Range Size

The range size metric estimates the percentage
of California that each taxon occupies. Though
this measure could be treated as continuous, we
have appraximated it with discrete categories for
two reasons. First, we have little biological rea-
son to believe that a taxon that occupies, for
example, 35% of California is under any greater
conservation visk than a taxon that occupies
42%. Both of these hypothetical taxa occupy
moderate portions of the state and probably
experience similar rigk arising from the size of
their range. Second, there is inherent uncer-

tainty inh many amphibian and reptile range
predictions as portrayed in range maps, and we
felt that it was more appropriate to broadly cate-
gorize ranges rather than attempt to precisely
estimate them. We therefore categorize range
size as smafl, which includes those taxa that are
at immediate risk from relatively small scale dis-
turbances; medium, which includes taxa that
gccupy a pottion of the state that is big enough
so that 2 single larpe catastmphic event would
be unlikely to affect the entire range; and large,
which includes those taxa that occupy such a
large portion of the state that range size itself is
unlikely to have any significant impact on
thrcat. Patchiness and ecological specialization
of species that limit range on a local scale are
quantified in other metrics. Our aim for this
metric is only ko estimate the actual size of Lthe
species range. Inthe few cases where the known
range is strictly limited by habitat specialization
or limitation {e.g., desert papulations of the
regal ring-necked snake, Diadophis punctatus
regalis, o1 the Gila monster, Heloderma swespec-
tum} and the tazon almost certainly does not
occur between isolated habitat patches, we
treated the known populations as individual
polygons in scoring this metric.

(1} RANGE SIZE SCORE
(% OF CALIFORNIA OCCUPIED)

Small {<10%} 10
Medium (10-50%) 5
Large {»50%]) o

. Distribution Trend

The distribution irend metric aims to quantify
documented decreases in the overall range of
each taxon based on extirpation of previously
known localities. The total score for this melric
comes from two sources. First, we attempted to
quantify the extent of known range reductions,
scoring them using the categories below. We
classified the extent of range reduction into dis-
crete categories for similar reasons as range size.
We then added an additional 5 points if the docu-
mented reduction in range appears to have heen
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origoing since the last Species of Special Concern
document was published {Jennings and Hayes
199 4a) and has not yet stabilized or reversed. We
did this to increase the weight of declines that are
continuing at present, and which therefore are
likely to continue in the immediate future. As a
result, a species might attain a particular score
through either a documenled reduction or a less
zevere reduction that is ongoing. In scoring this
metric, we used peer-reviewed published data
whenever possible. The best data for this metric
came from repeated feld surveys of habitat
ihrough time, and we used them whenever they
were available. However, dalasets of this type are,
at present, uncommonly available for amphibian
and reptiles of California.

(i1} DISTRIBUTION TREND SCORT,
Severely (>80%) reduced 20
Greatly (»40-Bo%) reduced 15
Moderately {»20—40%} reduced 10
Slightly (<20%) reduced or suspected

of having been reduced but trend

unknown 5
Stable {~0% reduced) or ircreasing o

Add § additional points if negative trend is
ongoing for a total of 25 points possible for this
metric.

. Population Concentration/Migration

This metric focuses an whether features of the
life history of individual taxa, such as migra-
tion events ot apptepations, make them natu-
Tally vulnerable to decline or extirpation. For
instance, taxa that migrate to breed in ponds
are exposed to additicnal rigk during the migra-
tion itself {e.g., road crossings) as well as
increased risk while concentrated in the breed-
ing habitat. This latter risk could come about if
a catastrophic event occurs during the breeding
conceniration {e.g., if a toxic spill or group of
predators killed the breeding animals} or
because the actual breeding site is destrayed
{e.g.. draining of the aquatic breeding habitat).
We score this trait either present or absent based
on the available life history data for each taxon,
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{1i1) POPULATION SCOHE
CONCENTRATION/MIGRATION

Vulnerabile life stages present IO
No vulnerable life stages o

. Endemisim

The endemism metric captures the percentage
of a species’ entire range that occurs in Califor-
nia. Endemism determines the extent to which
canservation actions in Califarnia are likely to
impact the taxon's persistence range-wide.
From another perspective, this is a way of
measuring California’s responsibility to con-
serve individual species. Taxa whose range is
completely, or nearly comnpletely, contained
within California’s borders are in need of
greater consetvation consideration from our
state than taxa whose range only extends
peripherally into California. We recognize that
this presumes appropriate conservation meas-
ures are also being implemented in othet areas
of Morth America [{including Mexico and
Canada). We again made this measure discrete
in recognition of the inherent uncertainty in
our knowledge of range limits.

{1¥) ENDEMISM SCORE
{9 OF ENTIRE RANGE [N CALIFORNIA)

100% (endermic) (o]
>66-90% 7
33-66% 3
<53% o

v. Ecafogical Tolerance

This metric measures ecological specialization.
Species that are narrow specialists on specific
ecological resources (such as habitat, prey, tlem-
peTature regimes} are inherently more sensitive
ta ecological disturbance than species that can
tolerate a wider range of ecological conditions.
In addition to the degree of specialization, we
2lso considered the extent to which the resource
that cach taxon specializes on is common or
rare. For instance, several saxicolous (rock lov-
ing) lizard species (e.g., the lealtoed gecko,
Phyllodactylus nocticolus) use racky habitats that



occut throughout extensive areas of the spe-
cies’ total range. We scored cases like this as
gpecialists on a cornmon resource, Conversely,
vernal pool breeding amphibians {e.g., Couch’s
spadefoot, Scaphiopus couchii) require tempo-
rary aquatic pools that are rare throughout their
range for successful breeding. We scored these
taxa as specialists on & rarte resource. We
adjusted the rareness of the resource with
respect to its availability within the specias’
range, rather than its availability within the
state,

{¥] ECOLOGICAL TOLERANCE SCORE

Narrow ecological specialist ona
rare pesource 1o
Marrow ecological specialist an a

COMMAn regource 7
Moderate ecological specialist 3
Broad ecolopical tolerance o

v Popufation Trend

The population trend metric captures changes
in abundance at localized, population-level
sites. This is distinct from the distribution
trend, which measures extirpation of localities;
population trend captures declining abun-
dances at localitics that are not extirpated. In
many <ases, distributional declines as meas-
ured by distribution trend will be associated
with earlier declines as measured by popula-
tion trend. This raises the potential of scoring
taxa twice for the same decline, To avoid this,
we scared population declines that have led to
extirpation under the distribution trend metric.
We gave thase same taxa high scores for the
population trend metric anly if additional pop-
ulation declines have been documented at cur
rently extant sites. We scared population trend
in the same way as distribution trend, first scor
ing the extent of the decline and then addingan
additianal 5 paints if evidence sugpests that the
trend is ongoing. As a result, 2 species might
attain a particular score through either a decu-
mented reduction or a less severe reduction
that is ongoing.

(¥1) POPULATION TREND SCORE
Severe declines {>80% reduced) 20
Great declines (»40-80% reduced} 15
Moderate declines {20-40%) o
Slight {<20%) or suspected declines 5
Stable {~o% reduced} of increasing 0

Add 5 additional points if declines are ongaing.

vii. Vulnerability to Climate Change

The <limate change metric measures a taxon's
sensitivity to the projected effects of climate
change. We scored this metric using the pro-
jected impacts on California landscapes based
on the California Climate Action Team assess-
ments (Cayan et al. 2008a), followed by our
interpretations of how these impacts aze likely to
affect each taxon based on life history and habitat
requirements, For example, climate projections
suggest that snowpack in the Sierra Nevada is
likely to decrease by 30—90% (depending an car-
bon emissions and the climate maodel used) over
the next 100 years, leading to a narrower window
of time over which the spring snowmelt will
occur {Maurer and Dully 2c05, Cayan et al.
20006, Mauret 2007). This is likely to have an
impact on the snowmelt-de pendent anuatic habi-
tats that many Sierran amphibians use for one ar
muoare life stages, and may also reduce the time
period over which moist microhabitats will occur
in forest ecosysterns. Other impacts that we con-
sidered for this metric included chanping hydml-
ogy (amount and variation Dfprer_ipilatiﬂn) .lem-
perature, wildfire frequency and intensity, and
changes in the exient of habilat and vegetation
types. Given our imprecise knowledge of both
future clirnate change effects and their impacts
on species, we discretized this impact into four
broad categories.

(VII} VULNERABILITY TO SCORE
CLIMATE CHANGE

Highly sensitive 10
Moderately sensitive g
Slightly sensitive 3
Unlikely to be sensitive )
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viit. Profected Impacts

The projecied impacts melric estimates the
effect that future threats may have on each spe-
cies aver the near term (2o years). [t does not
incarporate threats arising from changing cli-
mate, because these are captured in a separate
metric. This includes impacts stemming from
known threats, such as planned or projected
habitat loss and, to a lesser extent, impacts from
irregularly occurring threals, such as disease
outbreaks. Given the polential for these risks to
be reduced by management, plus the inherent
uncertainty associated with complex projec
tions, we considered putential threats to be of
relatively less importance than documented
threals such as population declines.

{viil) PROJECTED {MPACTS
{OF THREATS OVER THE NEXT 20 YEARS)

SCORE

Serious o
Modetate 7
Slighi 3
No substantial impact el

Scaring Mominee Taxa

We scored all of the noininee 1axa for each of
the eight metrics based on the best available
evidence. To begin with, the primary authors
produced a brief summary of the state of con-
servation knowledge for each nominee taxon
and used these summnaries to perform a pre-
liminaty scoring assessment. In making these
assessments, we included the peer-reviewed
literature, unpublished reports, survey data,
hield notes, and the opinions of knowledpeable
biologists. In several cases, few data were avail-
able to make assessments for a given metric, In
these cases, i the data appeared to be strong
encugh to clearly indicate that a threat was
present, we scored that taxon using the most
precise estirmate ithat we were able to make. [n
cases where no data were available or the lim-
ited data were ambiguous, we scored taxa as
“data deficient” for that metric. Following these
preliminary assessments, we circulated all of
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the scores and taxon suminaries to the Techni-
cal Advisory Committee for review and further
input. In the rare cases of substantial disagree-
ment. we discussed the issue and evaluated the
data as a group, and reached a consensus on the
most reasonable score for a given taxon.

After this preliminary scoring process was
cormplete, we created an overall score for each
taxon by summing its metric scores and divid-
ing by the total score possible for that taxen
(Tatal Score/Tatal Possible). Using the ratio of
total score to total pessible scare allowed us 1o
normalize the scores across varying levels of
data deficiencies. For example, in cases where a
taxon was scored as data deficient for one or
more metrics, the total possible score was lower
than would be the case if all metrics had been
siored. This would result in a lower rigk assess-
ment due to uncertainty as opposed to data, and
we used standardization by the Total Possible
score in order to focus on documented risks.

Public Comment

After the scoring assessments were complete,
we opened a 6¢-day public comment period by
posting all of our initial findings on the
project’s website and sought input widely on
herpetological and conservation-oriented email
lists and websites (Appendix 2). We requested
comments and feedback on the initial set of
scores, additional data that could inform the
scoring {particularly for the metrics that had
been scored as data deficient), and feedback en
the process to date. When individuals sug-
gested changes to the metric scores, we asked
for a short explanation of what should be
changed and why, along with any data andjor
field notes that were available to support the
proposed change. At the close of the public
comment period, we compiled and evaluated all
of the information that we received (see Results,
Public cornrment}. We evaluated each proposed
change on a case-by-case basis, usually making
the change if it was reascnable, supported by
information (in the form of unpublished
reports, data, or field notes), and not in strong



conflict with other existing data. In cases where
a suggested change was in strong conflict with
other data, we asked that the contributor supply
additional data justifying their viewpoint and
made a decision on the final resclution of any
conflicting information.

We also asked that contributors send addi-
tionat data that could be incorporated into the
locality maps {see below}. To facilitate this proc-
ess, we supplied a standardized data sheet simi-
lar to that used for data submission to the Cali-
fornia Matural Diversity Database. These
Incalities were added te the California Natural
Diversity Database and to our set of existing
localitics, and they were used in developing
range maps.

Ranking and Determination of Species
of Specisl Concern Status

After incorporating the information received
during the public comment period, we worked
with the Technical Advisory Commitiee 10
develep the zet of Species of Special Concern
taxa. Taxa with the highest scores were included
on the list, while those with intermediate scores
were evaluated on a case-by-case basis; this
combined approach was similar to that used in
the Bird Species of Special Concern (Shuford
and Gardali 2008). Specifically, taxa that had
intermediate scores hut had a combination of
exceedingly small range size, extreine ecologi-
cal specialization, and high projected impacts
were included as Species of Special Concern. In
essence, this approach weights the combination
of these factors more heavily in order to meet
the last of the four criteria for inclugion as a
Species of Special Concern, “small populatiens
andfor range size and exhibiis high susceptibil-
ity to risk from any factor(s), that if realized,
could lead to declines that would qualify it for
state Threatened or Endangered status™ {Com-
rack et al. 2008).

We further ranked Species of Special Con-
cern into three priority categories based on the
severity and immediacy of threats atfecting
each taxpn. Prierity 1 Species of Special Con-

cern are those taxa that are likely to experience
severe future declines and/or extirpation with-
out immediate conservation actions. Priority 2
Species of Special Concern require substantal
conservation and management actions,
although the threats facing them ate less imme-
diate and severe than those in Pricrity 1. Finally,
Priority 3 Species of Special Concern are clearly
at risk but likely are not experiencing a substan-
tial and immediate threat of extirpation,
alihough the potential for this threat to develop
exists if no management actions are under
taken. One of the primary goals of the Species
of Special Concern designation is to identify
taxa for which managers can undertake rela-
tively small scale and achievable conservation
actions that will negate the need for more costly
and serious listings at a later date. Priority 3
taxa are prime candidates for such elforts.

Watch List and Additional Taxa in Need of
Research and Monitoring

Taxa that were previously considered Species of
Special Concern but are ne longer included
comprise a Waich List (Appendix 3). Appendix
3 includes an explanation for each taxen’s
change in status and discusses future conserva-
tion concerns regarding Watch List taxa. In
Appendix 4, we discuss several other taxa in
need of research and monitoring that did not
warrant inclusion as Species of Special Con-
cern. Some of these were taxa that had scores
indicating a Jower, bux still substantial, amount
of risk. Although we decided that they were ata
lower priority than the Priority 3 Species of Spe-
cial Coancern and therefore should not he so
designated, they formed a group of species to
reevaluate in the future. We were also missing
important information for some taxa that
would have allowed ys to make more informed
judgments about conservation status, We
devote a paragraph to each of these additional
taxa in need of research and monitoring in
Appendix 4, briefly describing the threats fac-
ing cach and outlining research and manage-
ment needs.
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Species Accounts

We prepared a species account for each Species
of Special Concern that summarized our find-
ings and the relevant aspects cf the taxon’s biol-
ogy. We also provided management and
research recommendations for each taxon.
These accounts follow a standardized foremat
containing each of the following sections.
Status surmary. The status summary is a
short explanation of each animal’s current and
former status as a California Species of Special
Concern, including ils priority level. In the first
version of the Amphibian and Reptile Species
of Special Concern ronograph, Jennings and
Hayes (1994a) categorized each taxon accord-
ing to whether they felt it was a Species of Spe-
cial Concern or met the criteria for listing as
Threatened or Endangered under the Califor-
nia Endangered Species Act. However, this
strategy led lo some potential confusion
because the Jennings and Hayes {1994a)
Threatened and Endangered categories did not
correspond to actual state listing categopries, nor
had taxa they described as Threatened or
Endangered undergone the rigorous status
evaluation required to assess status under the
California Endangered Species Act. To avoid
this confusion, we used Priority categories {1, 2,
or 3} to convey similar information on relative
severity of threat as represented it the ranking
of Species of Special Concern. This section also
contains the overall metric score.
Identification, The identification section
summarizes and explaing the diagnostic char-
acters for each animal, providing & guide for
identifying it in the field. This section also
explains how to diflerentiate each taxon from
similar species with which it may be confused.
Several taxa within the state are members of
morphalogically sinilar species complexes that
have been identified primarily based on molec-
ular data. In some of these rases, accurate iden-
tifications using morphological characters
alone are difficult or inipossible, and we gener-
ally recommend that biologists rely on geo-
graphic range. We also provide references to the
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taxonomic literature to guide the reader to the
more thorough and technical descriptions of
morphology that are beyond the scope of this
document.

Taxonomic refationships. In addition to iden-
tiication information. we provide a summary
of the taxonomic slatus of each animal. This
section contains information on current contro-
versies over scientific names, at either Lhe spe-
cies or higher raxonomic levels. [t also summa-
rizes our current understanding of phylogenetic
relationships, intraspecific variation, and spe-
ctes boundaries among ciosely related taxa.

Life history, This scction summarizes the
current state of knowledge for each taxon's life
histary, which broadly includes ecology, natural
history, and breeding biology. As an exhaustive
review of life history information would be enor-
rmous for some 1axa, we focusged on information
that is most relevant to current and future man-
agement actions and to the risk metrics. Specifi-
cally, we concentrated on inforrnation that
relates to timing and duration of reproductive
activity, daily aud seasonal activity, and dietary
information. Because management efforts for
many taxa could be greatly enhanced by a better
understanding of life history, we attempted to
point out the areas that require further study
rather than speculating about the details of life
history where the data are weak. We emphasized
data from California populations, but used data
from other areas of the range or similar species
when those were the best available data. We note
when we used data from non-California popula-
tions and why we believed that the data could be
accurately applied.

Habitatl requirements. This section focused
on the current slate of knowledge concerning
habitat use, preferences, and requirernents. We
attempted to distinguish between habitat prefer-
ences, the habitats ie. which the taxon is most
frequently found, and habitat requiresments,
which are the characteristics of the habitat that
the taxon requires for survival over long
timescales.

Distribution. This section describes each
animal’s current distribution and makes an



assessment of changes that have occurred
throughout its documented history in the state.
We focused primarily on the known distribu-
tion within the state, although we also dis-
cussed the distribution outside of California if
applicable. Finally, to stimulate additiona! field-
work, we point out areas where the distribution
is pootly known or there is a high probability of
cignificant new localities being discovered.

Trends in ebundance. This section reviews
information relating to ¢hanges in abundance
throughout each taxen's documented history.
For current population status, we used quanti-
tative population-level analyses where available.
However, these kinds of data are rare. Histori-
cal data tend to be spotty and incomplete for
amphibians and reptiles, and much of the his-
torical information comes from nonquantita-
tive sources, including field teports and per-
sonal communications from experienced field
biologists.

Naiure and degree of threat. This section con-
tains a detailed description of the principal
threats that each taxon faces. We highlighted
both the nature and severity of different threat
sources, while discussing any uncertainty and
conflicting data in the literature associated with
these threats. We evaluated the weight of evi-
dence and discussed what threats might be
playing the largest role{s) in causing declines.

Status determination. This section connects
the inforination on different sources of threat
to the metric scores and Species of Specia! Con-
cern priority cafegories. We explained the
rationale for our determination and the serious-
ness of the different major threats facing each
taxon.

Management recommendalions. This section
makes recommendations aimed at achieving
sound, biclogically based inanagement and sta-
tus improvement for each Species of Special
Concern. Wherever possible, we made these
recommendations both taxom-specific and
action-oriented to allow conservation resources
to be put directly into management efforts,
tather than into further development of man-
agement strategies, We did, however, recom-

mend further research and strategy develop-
ment as a prerequisite 1o effective management
for taxa that lacked necessary data,

Monitaring, research, and survey needs. This
section outlines the additional information ne¢-
essary to achieve effective management and
status improvement. In general, information
needed to inform management actions falls
into the general areas of monitoring, research,
ar surveys, and we discuss each as appropriate.

Maps. We developed locality maps to com-
plement the distribution information in the
text for each taxon by compiling data from
museum collections, state agency databascs
{e.g.. California Natural Diversity Database},
and other online databases {e.g., North Ameri-
can Field Herping Association) (Table t}.
Data from the CDFW's California Natural
Diversity Database and the Biogeographic
Information and Observation System were
assessed up through April zora. Museum
locality data frorn HerpNet and the Global Bio-
diversity Information Facility were assessed
through February zorz. Qur goal was to
develop a set of annotated and geo-referenced
localities that accurately describe each taxon's
range. Records that appeared to be possibly
erronieous (i€, those that occurred in unex-
pected arcas) were checked individually and
excluded in those instances where no support-
ing information could be found or where the
specimens were misidentified {see individual
species accounts}. We attempted to verify all
records coming [rom online databases and the
public by requesting, minimally, photo vouch-
erg or detailed field notes to substantiate the
tecord. The California Matural Diversity Data-
base contains localities that lack this informa-
tion, so we followed up on questionable records
by attempting to contact the individual{s} that
initially reported the record. We submitted
most new locatities that we gathered to the Cali-
fornia Natural Diversity Database io make
thein available for future workers. In a few
cases, we could not obtain permission to
include localities in the database, so these were
included in the maps in this volume, but
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TABLE 1

List of museurn collections and ather data sources that were quered for focafity records

Museum Ceollections

Qther Sources

American Museum of Matural History
Arizona State University

Brigham Young University

California Academy of Sciences

Califormia Academny of Sciences, Stanford
University Collection

Calitarnia State University, Chico
Carnegie Museum of Natural History
Cincinnatl Museum Center

Cornell University Musearn of Vertebrates
Humboldt State Un.versity

Los Angeles County Museum

Muscum of Comparative Zoology, Harvard
University

Museum of Vertebrate Zoclogy. University of
California, Berkeley

National Museum of Natural History
Royal Ontario Museumn

San Diege Matural History Museum

Santa Barbara Museum of Natural History
Slater Museum of Malural History
Sternberg Museum of Natural History
University of Alberla Museum of Zoology

University of Atizona Museum of Natural
History

University of California, Davis — Zoology
Collection

University of California, Santa Barbara

University of Colorado Museum of Natural
History

University of Michigan Museum of Zoology
University of Nevada Reno

University of Texas at El Paso

Yale Peaboedy Museum
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excluded from the database. The camplete
geospatial dataset and associated metadata
from this project are accessioned in the CDFW's
Biogeographic information and Observation
Systemn (BIOSdsG44).

After removing erroneous and questionable
records from the data, we developed point local-
ity maps with our CDFW Geographic Informa-
tion System specialist by projecting all locali-
ties for each taxon 10 the California {Teale)
Albers projection {figure 1}. We used the Cali-
fornia Wildlife Habitat Relationships (http:/{
www.dfg.ca.gov/bingeodatafcwhr) mapping
protacol to develop range maps for each taxon
using these localities, California Wildlite Habi-
tat Relationships is a comprehensive informa-
tion system for the state’s terresirial vertebrates
that seeks to integrate data on species life his-
tory, habitat needs, and ranges.

To develop species range cstimates, we
selected the full set of US Department of Agri-
culture ecoregion subsections that contained at
least one locality and used these as a starting
point for range maps (figure 2). We then over-
laid existing range maps from California Wild-
life Habitat Relationships, as well as data layers
for habitat types, watersheds, elevation, land
use, and urbanization. Using these draft maps,









where future surveys could be conducted to fur-
ther characterize the species' range. Range
maps that lack specific and ebjective bounda-
ries provide only generalized starting points for
such surveys. In total, our range maps present
comprehensive estimates based an currently
gvailable species locality data and represent cur
best effort to use these dala to approximate a
gpecies range, fully recognizing that such
ranges are hypotheses to be tested rather than
fixed entities.

Review Process

All phases of this project were reviewed by the
three authors, the Technical Advisory Commit-
tee, and the CDFW. Mest parts of the project
were also subject to a wider review from mem-
bers of the herpetological conservation cormnmu-
nity. For each taxon, we asked at least two
experts to review the species account, including
the maps and any appendix information.
Finally, the Technical Advisory Committec, the
CDEW, biologists from state and Federal land
management agencies, and other interested
parties reviewed the finished manuscript as a
whole.

RESUILTS

Status Lists

We identified 217 native species, subspecies, and
distinct population segments thatare, or are sus-
pected to be, present in California (Appendix 1),
Seventy-three of these taxa were considered
nominee Species of Special Concern and under-
went evaluations using the risk metrics. Four
additional taxa were initially considered for eval-
uation but were subsequently state listed and
removed from further consideration (see Watch
List). Of the 73 candidates, we determiined that
28 did not merit special status at this time and
45 met our criteria for Species of Special Con-
cern status {figures 3 and 4 and Table 2). Three
of these species qualified for Species of Special
Concern status by definition because they were

listed under the Federal, but not the California,
Endangered Species Act (the arroyo bad, Bufo
celiforricus; the California red-legged frog, Rana
draytonii; and the Yosemite wad, B. canorus). We
conducted the scoring saparately for the two sub-
species of the western pond turtle {Emys mar-
morata marmeraic and E. m. pallida) because the
severity of threats facing one population
appeared to be larger than those facing the other.
EHowever, both populativng meriled inclugion as
Species of Special Concern, resulting in a single
species accaunlt where threats to each population
are discussed szparately,

We ranked the Species of Special Concern
taxa according to the magnitude of risks that
they face, with the two pond turtle populations
receiving separate Priority scores. This resulted
inn 16 taxa categorized as Priority 1, 14 as Prior-
ity 2, and 12 as Priority 3. Three additional spe-
cies clearly qualify as Species of Special Con-
cern, although the scarcity of held records
precludes their accurate prioritization at this
time: the regal ring-necked snake {Diadophis
punciaius regalis}, Cope’s leopard lizard {Gaimbe-
lia copeii), and the Gila monster {Heloderma
suspesium). In these three cases, we have not
assigned a priority score pending additional
fieldwork.

Performance of Metrics

Spearman's rank correlations ameong the eight
risk metrics indicated that approximately two-
thirds {18/28) of the pousible pairwise correla-
tions among metrics were significant {Table 5}
Some metrics were not highly correlated with
other metrics (e.g., endemism was not corre-
lated with any other metrics), while other
metrics were correlated with four or five other
meirics (e.g.. distribution trend, population
concentration/migration, and population
trend). Some pairs of correlations indicated
that there was considerable overlap in the scores
received across taxa. The strongest correlation
among metric scores was between distribution
trend and population trend {p = o0.56,
p < o.001), indicating that animals that have
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TABLE 2

List of Californic amphibiun and rephile Species of Speciol Concern and priorivy designitions
Three species qualify as Species of Special Cancern, although the scarcty of data precludes their accurake
priorilizatica at this fime [see text far further discussion)

Scientific Narne Common Name Priority
Ambystomn macrodaciylum sigillatum Sauthern long-toed salamander 2
Aneides flavipunctatus niger Santa Cruz black salarmnander 3
Anniella pulchra California legless lizard 1
Arizotta plegans cecidentalis California glossy snake 1
Ascaphus trugi Coastal tailed frog 2
Aspidascedis igris stefnegert Coastal whiptail 2
Batrachoseps campi Inyo Mountains salamander 3
Batrachoseps minor Lesser slender salamander 1
Batrachoseps relictus Relictual slender salamander 1
Bufo alvarius Sonoran Desert toad 1
Bufo californicus Armoyo toad 1
Bufo canorus Yosemite toad i
Coleonyx variegatius abbolti San Diega banded geckn 3
Crovalus ruber Red diarnond rattlesnake 3
Dindophis punctatus regolis Regal ring-necked snake Undefined
Dicamptodon ensetus California giant salamander 3
Elguria pangminting Panamint alligator lizard 3
Emys marmorata marmorata Northern western pond turtle 3
Emps marmoruta pallida Southern western pond turtle 1
Garnbelia copeil Cope’s leopard lizard Undelined
Heloderma suspectum Gila monster Undelinad
Kinosternon sonoriense Sonora mud turtle 1
Musticophis flagellum ruddocki San Joaquin coachwhip 2
Masticophis fuliginosus Baja Calitornia coachwhip 3
Phrynosoma blainvillii Coast horned lizard 2
Phrynosoma meallis Flat-tailed horned lizard 2
Raka gurorz Northern red-legged frog 2
Rana boyphi Foothill yellow-legged frog 1
Rang cascadne Cascades frog z
Rana draytonii California red-legged frog 1
Rana pipiens Northern leopard frog 1
Rana pretiosa Oregon spotied frog 1
Rana yavapaiensis Lowland leopard frog 1
Rhpacotriton variegatus Southern torrent salamander 1
Salvadora hexalepis virguiten Coast patch-nnsed snake 2
Scaphiopus couchii Couch's spadefuot 3
Spen hammondii Western spadefoot 1
Taricha rivilaris Red-bellied newt 2
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been extirpated frem historic localities tended
to also be undergoing declines in abundance in
currently occupied sites. Taxa experiencing
high levels of extirpation also tended to have
vulnerable life stages {correlation between dis-
tribution trend and population concentration/
migzration) and Le more at risk from future
threats (correlation between distribution trend
and projected impacts). Those with vulnerable
life stages also tended 1o be declining in
abundance (correlation between population
concentrationfmigration and population
trend) and were more vulnerable to climate
change {correlation between population con-
centration/migration and vulnerability to cli-
mate change).

All hut two melrics (range size and ende-
mism) were significantly positively correlated
with Total Score/Total Possible (Table ). Distri-
bution trend and population trend were a priori
given the greatest weight (each had a maxi-
num score of 25 vs. a maximum score of 1o for
all other metrics}, and they were also the most
highly carrelated with Total Score/Total Possi-
ble {p = 0.77 and 0.87, respectively). Projected
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impacts, population concentration/migration,
and vulnerability to climate change also stood
out as contributing to risk, although the rela-
tionships were not as strong (p = 0.57-0.68).

Principal components analysis of the metric
scores for the 73 evaluated taxa showed that the
first two principal component axes accounted
for about half {54%) of the tatal variation. Dis-
tribution trend, population trend, and projected
impact of threats loaded most strongly on the
frst principal component axis, and $pecies of
Special Concern taxa tended to have positive
values for this axis {Bo% of Species of Special
Concern taxa positive; figurcs 5 and 6). Ecologi-
cal tolerance and range size leaded most
strongly on the second PC axis. However, there
iz Little correlation with special concern stalus
along this axis [figure 6).

Patterns in the Metric Scores

The Total ScorefTotal Possible ratios for the Spe-
cies of Special Concern taxa were normally dis-
tributed with a mean of 63%, ranping from 38%
to 03% (Shapire Wilk test for normality, W
0.u8, p = 058}. Three of the Species af Special
Cencern taxa are also federally listed ag endan-
gered or threatened, and all of these taxa {Cali-
fornia red-legged frog, Rana draptorii; arroyo
toad, Bufo californicus; Yosemite toad, B
carorus) had a Total ScorefTotal Possible greater
than 75%, occurring in roughly the top 20% of
Species of Special Concern (figure 3). The tap
20% of taxa were amphibians, with the excep-
tion of the western pond turtle { Emys marmorata
pailida) (hgure 1), [n contrast. the lowest scot-
ing 20% of Species of Special Concern taxa
were all reptiles with the exception of the Santa
Cruz black salamander (Ancides flavipunciatus
niger) [figure 3}. On average, turtles and frogs
and toads had the highest scores among the five
major taxonomic groups (frogs and toads, sala-
manders, lizards, snakes, and turtles; figure 7).
We were unable to score certain metrics due
to a lack of data. Population trend had the larg-
est number of deficiencies with 26% {19/73).
Distribution trend was data deficient for 8% of
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taxa (6/73). and only a few taxa lacked data on
vulnertability to climate change {2/73). projected
impactsz (3/71), and population concentration/
migration [2/73}. Among the Species of Special
Concern, nine species were data deficient far
the critically important pepulation trend metric:
Cope’s leopard lizard {Gambelia copeii). coast
patch-nosed snake (Safvadora hexalepis wir
gultea), regal ring-necked snake {Diadophis
punctatus regalis), California giant salamander
(Dica.mptadon ensatus), Gila monster [Helo-
derma suspectum), Sonora mud turtle {Kinoster-
ron soneriense), lowland leopard freg (R. yawa-
paiensis), Sonoran Desert toad (B, alvarius), and
red-bellied newt (Tariche rivularis). Southern
populations of the common garter snake (Tham-
nophis sirtalis) were data deficient for population
concentration/migration, and the Oregon spot-
ted frog {R. pretiosa) wag data deficient for vul-
nerability tu climate change. The Gila monster
(H. suspectum) was data deficient for thres met-
rics (distribution trend, population trend, and
projected impacts), and the regal ring-necked
snake was dala deficient for the same three met-
rics plus population concentratienfinigratior.
Certain geographic areas of the state
emerged as experiencing a high degree of con-
servation risk, measured by the number of Spe-
cies of Special Concern contained within them.
At least two important geographic trends
emerged from our analysis (Ggure B). First,
California ecoregions nertb of San Francisce
Bay tended to have far fewer at-risk Laxa than
those from southern Califernia {figure 8). In
pacticular, the Southern California Coast,
Southern California Mountaing and Valleys,
and the Mojave Desert ecoregions all contained
a large number of Species of Special Concern
{fhigures =z and 8). Second, the geographic pat-
tern of risk varied between amphibians and
reptiles. Overall, reptiles experienced the high-
est risk in the three previously mentioned
ecoregions as well as the Colorado Desert,
while the northern ecoregions generally had
only a single reptile Species of Special Concern
(western pond turtle, E. m. marmorata). How-
ever, amphibian Species of Special Concern

taxa were more evenly distributed among ecore-
gions across the state, with a slight peak in the
mountaing surrounding the Central Valley and
in northern coastal California (generally 7-8
species) and a slight drop-off in the southern
ecoregions {generally 5-6 specics; fipure 8).

To assess possible correlations between habi-
tat type and conservation risk, we scored all 73
nominee taxa as predominantly terrestrial or
aquatic, based largely en where reproduction
takes place. Qur categorization of aquatic versus
terrestrial was not identical to that used in Jen.
nings and Hayes (1994a}, although it is broadly
similar. We categorized amphibians based on
their breeding biology—those that lay aquatic
eggs and have free-living aquatic larvae were
considered aquatic, whereas those with terres-
trial eggs and direct development were consid-
eted to be terrestrial. Under these criteria, all
frogs and toads were scored as aquatic, as well as
the salamander genera Ambysioma, Dicampto-
dor, Rhyacotriton, and Taricha, Terrestrial sala-
mander genera were all from the family Plethe-
dontidae, and included Ancides, Balrachoseps,
Ensoiing, Hydromantes, and Plethodon. All liz-
ards and snakes, including the serniaquatic gar-
ter snakes (Thamaephis} were considered terces-
trial, since all eithet lay terrestrial shelled eggs or
are live-bearing, and all spend the majority of
their time on land. All of the turtles were consid-
eTed to be aquatic since they spend the vast pro-
portion of their lives, including all feeding and
mating activities, in freshwater aquatic habitats.
Categorizing taxa in this manner shows that
there is an overall effect of habitat on Total Scoref
Tetal Pegsible {One-way Anova, p < 0.000r1; fig-
ure g}. The same pattern was true for aquatic
versus terrestrial salamanders {figure o).

Public Comment

The formal public cornment period lasted for Go
days over the summer of 2009, although we con-
tinued to golicit and incorporate feedback after
this period clesed. During the public comment
phase of the project, the welisite was visited 886G
times Ly visitors from 17 countries, The majority
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That is, when disagreements arose, the metrics
allowed us to discuss conficting scores for indj-
vidual taxa, focusing discussions en specific
issucs and questions,

Our metrics covered four basic categories
that spanned the diversity of conservation
issues faced by any species: geography of
declines, changes in population biology over
time, key ecological attributes associated with
risk, and estimates of future impacts. Metric
scores within these categories were often cor-
related, capturing real patterns in how declines
occut. For example, the high correlation
between distribution trend and population
trend reflects the fact that pepulations tend to
become smaller and smaller as they become
isolated and fragmented over time. This gen-
eral shrinking of pepulations for many taxa
with naturally extensive metapopulations will
lead to a high score for poputation trend. How-
aver, as this trend continues over time, those
isolated, declining populations experience
much preater demographic stochasticity (Lande
1988), leading to more [tequent extirpations of
local populations and thus high scores for dis-
tribution Irends. Thus, although thege 1wo met-
rics could be decoupled in principle, our assess-
ments indicate that they tend to be associated
in natural systems, and the metrics reflect this
association rather than a redundancy in the
approach. They also highlight the importance
of measuring population conneclivily as a
research goal and of maintaining or reestab-
lishing it as a management objective.

The correlation among metric scores may
help explain why the rankings were robust to
data deficiencies. This feature of the rankings
is critical when evaluating reptile and amphib-
jan taxa that can be cryptic, rare, and for which
survey data are often lacking. We ranked taxa
using the ratio of the total score to the total pos-
sible, rather than just the total score, to account
for the different possible total scores for each
species arising from data deficiencies. An
implication of this approach is that each spe-
cies' score is based on the data available and
that the metrics difTerentially influenced scores
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depending on data availability. For ¢xample,
population size is difficult to estimate with pre-
cision and generally requires extensive rnulti-
year field studies. As a result, we could not
score population trend for eight Species of Spe-
cial Concern. If such data defciencies were
biasing our results, then this would be reflected
in a different distribution of Priority 1, 2, 3 and
Undefined scores for data-deficient taxa com-
pared to the overall set of Species of Specizal
Concern, but this was not the case (y* = 5.4, df
=13, p= 0.14}, We acknowledpe that data deh-
ciencies in key metrics, such as distribution
and/or population trend, could altow for taxa to
achieve high Total ScorefTotal Possible ratios
based on having only moderate scores for the
remaining metrics. Although this was rarely an
issue in our analyses, we also believe that this
captures a realistic axis of risk. Taxa that have
life histories indicating some amount of risk,
particulatly small range size and high ccologi-
cal specialization, but for which we have no
data en trends in ahundance or distribution,
are prime candidates both for unneticed
declines and for further research or monitor-
ing. By scoring them as data defcient and has-
ing their averall score only on available data, we
explicitly upweight the importance of those
metrics for which we do have informatiomn,
appropriately bringing thern to the attention of
biclogists and resource managers.,

The metric scores were informative for
broadly categorizing risk, with generally
accepted high-risk taxa receiving the highest
scores (e.g., arroyo toad, Bufo californicus} and
clearly low-risk taxa receiving the lowest scores
{e.g., northwestern garter snake, Themnophis
ordinoides). I a few strongly correlated risk
metrics were uniformly high for at-risk taxa,
this could have produced a sharp break pointin
overall score far Special Concern taxa, bur this
was not the case. Instead, the risk meiric scores
formed a smooth continuum from very low to
extremely high Total Score/Possible Score val-
ues, indicating that a wide variety ol combina-
tions of metric scores characterized different
taxa {Rgure 3). This smooth continuum in



scores made it difficult to use metric scores
alone to decide on special concern status, par-
ticularly for the lowerranking taxa. It also
forced us to focus on the specific biology of taxa
with Yower metric scores in evajuating whether
they should ar should not be Species of Special
Concern. For example, the yellow-bloiched
ensatina (Ensating eschscholtzii croceater) has
much of its small range on private land, and
concerns regarding the management and devel-
opment of that land was a primary motivation
for its previous designation as a Species of Spe-
cial Concern {Jennings and llayes 1994a).
However, more recent planning cfforts have
emphasized the importance of retaining much
of the yellow-blotched ensatina’s habitat as
unfragmented space (¢.g.. Tejon Ranch Con-
servancy 2008). This shift to regional conser-
vation planning addressed the concerns about
habitat loss for this species as described in the
previous amphibian and reptile Species of Spe-
cial Concern document (Jennings and Hayes
19943), so we placed it on the Watch List. How-
evet, we identified the sandstone night lizard
{Xantusiz pracilis), which has a lower metric
score, as 4 Species of Special Concern because
of ils tiny range size and associated potential
for extinction.

The same was generally true for assigning
priority rankings to individual taxa. Once
again, there are no clear cut-offs in ranking
scores among Species of Special Concern taxa
in figure 3, making the identification of unam-
biguous criteria for priority score ditficult. If
the correlation between ranking and priority
were perfect {or if we defined priority based
solely on ranking). then all Priority 1 {green)
taxa would be at the bottom of figure 3, Priority
2 [yellow) would be next, Priority 3 {peach)
next, followed by taxa with No Status (white) at
the top of the figure. This is close to, but not
identical with, our priority ranking scherne.

We could have simply imposed priority-level
cut-offs using the metric scores themselves
rather than trying lo add information that goes
beyond a ranking based entirely on metrics. We
did not do so hecause we felt that this would

amount to 2 statement that all relevant biologi-
cal information for each species was captured
in the metric data. For example, the red-bellied
newt (Taricha rivularis) ranked in the top 20%
of taxa but is considered a Priority z Species of
Special Concern. This decision was made
because the ecological and population size data
for this taxon are limiled in scope, such that it
was not possible to conclude that severe future
declines and/or exlirpation are likely without
immediate conservation actions. Overall, we
view the metrics as a useful but necessarily
approximate guide for informing conservation
decisions, not a complete replacement for care-
ful consideration of the biology of each taxon on
a cage-by-case basis.

Taxonomic Patterns in Metric Scores

Taxonomic patterns among the Species of Spe-
cial Concern can br measured as the total
number of taxa, the fraction of the total number
of species in the state that ate Species of Special
Concern, or as lhe average numerical metric
score {Total Score/ Total Possible) for different
taxonomic greups. Each is informative, and
together they provide a more complete overall
picture of the status of the amphibian and rep-
tile fauna of California than does any single
measure.

When viewed in the context of all 217 tuxa
that are known to naturally occur in California
{Appendix 1}, turtles and amphibians are the
most at-risk laxonornic groups. Among the can-
didate taxa, turtles and frops had similar aver-
age metric scores (71% and 67%, respectively;
figute 7), and many of these taxa are Species of
Special Concern. All of California’s nonmarine
turtles are at risk at the Species of Special Con-
cern or State Threatened level {figure 10). This
patiern mimics the situation for turtles and tot-
toises globally; according to the IUCN, turtles
have the highest fraction of Red List taxa
among any major group (39% of all species and
$32% of the currently evaluated species; Rhodin
etal. zo1o). While very few turtle species occur
in the state, half of California's frogs and loads
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are included as Species of Special Concern, The
state's other amphibian group, salamanders,
has the next highest fraction of included taxa,
with squamates {lizards and snakes) being least
at risk at the state level {figure 10). These pat-
terns are consistent with global concerns about
ammphibian declines in recent decades (Lannoo
200%). Na frogs or toads were included in the
additional taxa in need of research and moni-
toring category {Appendix 4), which confirms
that a disproportionately large research eflort
has forused on this globally imperiled group
compared o other taxa (Stuart et al. 2004},

Ecological Patterns in Metric Scores

Although taxa can be categorized along a vaxi-
ety of ecological axes, one clear distinction is
between aquatic and terrestrial primary habitat
tequirements. The most striking overall pat-
tern iy the higher Total ScorefTotal Possible
scores for aquatic (all frogs and toads, aquatic
salamanders, turtles) compared to ierrestrial
(tertestrial salamanders, lizards and snakes]
taxa. Jennings and Hayes {1994a) suggested
that taxa having aquatic life stages were more
axtinction prone than terrestrial taxa, and our
analysis supports this conclusion. However,

io OVERVIEW

phylogenetic and ecological patterns ate con-
founded in this analysis because all frops and
turtles that we scored are alsn aquatic and all of
the lizards and snakes were terrestrial. Thus, it
is not clear whether frogs, toads, and turtles az
taxenomic groups are at risk or whether obliga-
torily aquatic taxa are at risk. Salamanders pro-
vide some insight into this issue, as both
aquatic and terrestrial taxa occur in California.
The Total Score/Tatal Possible metric scores for
Species of Special Concern in these two groups
are strikingly different {terrestrial salarmanders
§7%, aquatic salamanders 71%} and consistent
with the interpretation that aquatic taxa are, on
average, at greater risk than terrestrial cnes.
Even within salamanders, however, phylogeny
is still a confounding variable because all sala-
rmanders in the family Plethodontidae are ter-
restrial, whereas all of the other California sala-
manders ate aquatic. While the overall pattern
of higher scores for aquaric taxa is clear, it is not
possible to infer causality from this analysis.

Conciuding Thoughts on Metric Score
Patterns

Two general conclusions emerge from our anal-
yses of metric scores across taxa. First, regard-



less of whether the pattern is driven by evolu-
tionary relatedness or some intrinsic feature of
aquatic ecosystems, aquatic species are at
greater risk than terrestrial ones. Second,
amphibians overall are at greater risk than rep-
tiles. Both of these conclusions may stem from
the ecology of aquatic and terrestrial taxa, par
ticularly in the relatively arid landscape that
dominates much of California. Although
amphibians have been characterized in the past
as harhingers of habitat deterioration due to
their permeable skin and sensitivity lo environ-
mental chemicals, recent wark suggests that
this may be less of a general conclusion than
was previously thought (Kerby et al. 20r0}.
However, what is clear is that water is a limiting
resource over most of California, and climate
change predictions for the next 5o—Ioo years
indicate thal this limitation will only increase
in the future. Agquatic habilats in California
have alsa been particularly negatively impacted
by nonnative fish, amphibian, and invertebrate
introductions (see discussion below), and man-
aging and preventing future introductions is a
major challenge to conserving aquatic habitats,
Aquatic invasive predatots, combined with
water madification and overutilization, have led
taxa that rely nn waier, be it a mountain stream
or vernal pool, to more precipitous declines
than purely rerrestrial taxa.

The fact that aquatic taxa are meore at risk
does not, however, indicate that terrestrial taxa
are uniformly secure, now or in the future. The
greatest biodiversity hat spot for terrestrial liz-
ards and snakes in the state is in southern Cali-
fornia (Parisi 2003; figure B). Much of this
region has experienced heavy development
which has lead to major conservation concerns.
Coastal taxa that are diurnally active and highly
mobile {e.g.. coast patch-nosed snake, Salva-
dora hexalepis virgultes; coastal whiptail, Aspi-
dascelis tigris stefnegeri) are particulatly at risk,
in part because habitat fragmentation and
heavy road traffic, interactions with humans,
their commensals {e.g., raccoons, skunks, rats,
crows), and pets (dogs and cats), as well as gen-
eral problems with fragmented habitat and a

loss of metapopulation dynamics. In addition,
some of the greatest areas of utban growth in
California are in the relatively sparsely popu-
lated inland xeric regions, where remote condi-
tions and lack of easily developed water and
infrastructure have thus far protected many
species. As these regions become more heavily
papulated and more fragmented by roads and
urban centers, we predict a shift in endanger-
ment patierns over the next several decades.

To help avoid future population declines, list-
ings, and extinctions, amphibian and reptile Spe-
cies of Special Concern are somelimes consid-
ered in both urban and large-scale planning
efforts. Large-scale efforts originate at both the
state (Natura]l Community Conservation Plan
[NCCP]) and federal (Habitat Conservation Plan
|[HCP]) levels and involve cooperation between
the two jurisdictions and other public and private
patinets. For example, five amphibian or reptile
Species of Special Concern are included in the
heavily papulated planning area covered by
the San Diego Multiple Species Habitat
Conservation Plan (hitp:/fwww.wildlife.ca.gov
JCongervationf Manning/NCCP/Plans{San-Diego-
MSCP). As of December 2013, nine appraved
NCCPs were being implemented, some of which
include amphibian and reptile taxa, and 16
NCCPs were in the planning phase. Of the nine
plans underguing implementation, 1.5 million
acres (0.6 million hectares) have been commit-
ted to reserve lands. The total planning area for
the 25 NCCPs covers over 33 million acres (3.3
million hectares) (http:f/www.dfg.ca.gov/habcon
[neepf). As of 25 June 2014, there are 147
approved Federal HCPs in California [hitp:/f
ecos.fws.poviconserv_plansf). HCPs are prima-
rily focused on federally listed species, so any
benefit to ARSSC taxa is typically incidental to
the plan.

Other large-scale wildlife planning efforts
include a statewide assessment of essential
habitat connectivity sponsored by the CDFW
and the California Department of Transporta-
tion. The eflort identified large remaining
blocks of intact habitat or natural landscape
and linkages between them thai need to be
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maintained, particularly as corridors for wildlife
{http:/fwww.dfg.ca.gov/habeonfconnectivity/).

Peripheral Populations and Endemic Taxa

Al least 10 of the 45 Species of 3pecial Concern
are best considered peripheral in California. For
thase species, the bulk of their range occurs
ouiside of the state, where they may be abun-
dant and in little danger {e.g.. Couch’s spade-
foot, Scaphiopus couchii), of relatively unceriain
status {e.g., regal Ting-necked snake, Diadophis
punctatus regolis}, or declining and protecled
(e.g.. Oregon spotted frog, Rana pretiosa). Par-
ticularly for those taxa that are common range-
wide, a reasonable question to ask is whether
they should be protected in California, where
they may occur in marginal habitat at the edge
of their ranges. From a biological perspective,
conditions beyond the state’s borders are clearly
relevant to range-wide conservation risk. How-
ever, from a political and jurisdictional perspec-
tive, managing populations oulside of Califor-
nia is not the state’s responsibility. We consider
peripheral taxa as valid Species of Special Con-
cern because the CDFW's mission is to “main-
1ain native fish, wildlife, plant species and natu-
ral comrmunities for their intrinsic and
ecological value and their benefits to people |...]
include[ing] habitat protection and mainte-
nance in a sufficient amount and quality ta
ensure the survival of all species and natural
communities” that naturally occur in California
(bttp:/fwww.dfg.ca.govfabout), Therefore,
peripheral populations are similaz to taxa whose
entite range pccurs within the state in that they
are esiablished, natural conponents of the bio-
diversity of California; whether they require
special conservation measures should be based
on their current status in the state. Two of our
metrics, range size and endemism, take the
peripheral nature of pepulations into account,
at least indirectly. Range size generally
upweights these populations, since they have
small ranges within the state. Countering this,
endemism measures the fraction of the species’
overal! range that occurs in California, which
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tends to downweight such taxa. Fach had a
maximmum score of 10, so they had equal
impacts in the total score for each taxon.

Endemic taxa, by contrast, ate clearly one of
the state’s most important conservation respon-
sibilities {Table 4). Because they occur nowhere
elge, these 1axa makeupa critical cornponent of
California’s unique amphibian and reptile
fauna, so conservation successes or failures
within the statc arc likely to have much larger
impacts on these species than taxa that range
more widely.

Geographic Patterns in Species of
Special Concern

Range maps are an impottant resource in
delimiting changes in the distribution of taxa.
However, range is also difficult to dctermine
precisely for many reptiles and amphibians due
to their naturally low population densities,
cryptic natural history, and the paucity of sur-
vey data. In constructing these rarge maps, we
inciuded, rather than excluded, regions where
the likelihcod of occurrence was high but no
specimens have been documented to date. Our
reasons for doing sc were twofold. First, by set-
ting boundaries that tay be too large, we hope
to encoutage field researchers to expand their
geographiral horizons when searching for new
lacalities. Second, since the taxa are at-risk, we
want to err on the side of potential habitat
inclusion for conservation purposes. We used
previously established units (watershed bound-
aries, ecoregions, etc.) rather than arbitrary
pelygons arcund localities to provide objective
boundaries from which Future surveys can
work. For instance, where we drew a species as
being present in one watershed but absent in
the next, this provides a very straightforward
way to focus additional surveys. Surveyors can
ask the question, “[s the taxon present in the
adjacent watershed?,” and focused efforis can
answer that question, refining range bounda-
ries in an organized, efficient manner.

These maps alse highlight an important,
frequently overlaoked point: we need a mecha-
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FIGURE 11 Distribution of Species of Special Concearn locality records over time. Data from other sources include
records fram the California Natural Diversity Database 2nd the Bisgeagraphic Information and Obzervation System. both
of which contain some museum recprds, though the majority of records plotted are from survey data.

database or adding an additional database to
capture negative occurrence data, as well as
survey data from other taxa, would help the
state’s elforts to improve estimates of species
ranges.

When we plot the number of at-risk species
contained within each ecoregion, geographic
patterns in conservation risk emerge (figure 8).
The southern California coast and mountains
and the Mojave Desert have the largest numbet
of at-risk species overall, although this pattern
is due largely to trends among reptiles. This
important area of conservation risk is driven
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along the south coast by habitat loss and degra-
dation arising from the massive land use
changes that this area has experienced over the
last century. The Mojave Desert, conversely, is
often viewed as being less disturbed and pro-
lected by reserves, parks, and military reserva-
tions. Qur analysis highlights that this is not
entirely true. The Mojave Desert has experi-
enced some degree of habitat degradation and
logs, although, to date, not as strongly as that
which has occurred along the coast where
extensive urbanization has effectively removed
latpe areas of habitat. However, the Mojave



Desert, as well as the Great Basin, Colorado,
and Sonoran Deserts, and some of the sputhern
Sierra Nevada and associated foothills consti-
tute the 2z.5 million acre planning area for
future renewable energy development {wind,
solar) in southern California. In additicn, many
of the atrisk species in the Mojave Desert use
specialized and rare resources that have experi-
enced a disproportionate amount of habitat
degradation relative ko other areas of the desert.
For example, the fringe-toed lizards of the
genus Uma exclusively use sand dune habitats,
which also disproportionately attract offhigh-
way vehicle use even in some protected areas
{see species accounts for additional details}.
The Mojave Desert iz also home to a large
number of narrowly distributed or rare taxa
that may exist at the edge of their physiolopical
tolerance and persist in small, often isalated
areas (e.g., Gila monster, Heloderma suspec-
tiin}. These species may be at particular risk of
further declines as climate change occurs,
Importantly, it is not the case that all desert
species are declining equally, since the Great
Basin and Sonoran ecoregions have relatively
few at-risk reptiles, while an intermediate
number occur in the Colorado Desert.

For amphibians, the areas of largest conser-
vation risk are the mountainous areas sur-
reunding the Central Walley and the forested
regicns of ceniral and northern California {fig-
ute B). These areas have not experienced mas-
sive land use change per se, although they have
experienced considerable habitat fragimentation
and modification skemming from water diver-
sions, timber harvest, and nonnative species
{Bunn et al. zoe7, http:/fwww.wildlife.ca.gov
{SWAP). Some studies indicate that agricul-
ture in the Central Valley has had an impact on
some species in the Sierra Nevada and Cas-
tades Ranpe via increased exposure to pesticide
drift from the Central Valley {e.g., Davidson et
al. 2002, Davidsan zoo4. Lind 200%). [n addi-
tion, many cof these regions are heavily exploited
for timber harvest, and this has alsp had an
impact on both stream-dwrelling and terrestrial
amphibians (e.g., Olson et al 2007, Welsh and

Hodgson 2008). An emerging threat in north-
ern California is marijuana cultivation, which
can degrade both terrestrial and aquatic
amphibian habitat {CDFW 2zo13). Increased
sedimentation, dewatering of headwater
sireams, and application of agricultural chemi-
cals are all potential negative effects of mari-
juana prowing, and these effects should be
monitored and potentially regulated. High ele-
vation mountainous areas are expected to expe-
rience large impacis from climate change
through the altered timing and amount of
snowmelt {Cayan et al. 2008by, and this future
risk probably affects amphibians to a greater
extent than co-occurring reptiles (figure §).
[ncreasing temperatures associated with cli-
mate change may also lead to phenological
shifts in several species, which could interact
with several of the existing thieats (Todd et al.
2011). This pattern in both amphibians and
reptiles is driven to some extent by species rich-
ness of the respective groups. Southern Califor-
nia and the deserts have the highest richness of
replile diversity, whereas the Sierra Nevada and
northern Coast Ranges are home to greater
amphibian species richness {Parisi 2003, Steb-
bins 2003},

Finally, for all taxa we note that the distribu-
tion of locality data is uneven and patchy across
the state (fgure 12). Al first glance, it appears
that the areas with the greatest human impacts
and populations (southern coastal California,
the Bay Area) are also the areas with the great-
est number of locality records, and it may be
that these are simply the areas that have
received the greatest efforts fromn field biolo-
gists. Unfortunately, we cannot unambiguously
say whether the sparge locality records, for
example, from the Mojave Desert reflect sparse
fieldwork, underreporting of data, or a genuine
low density of animals in the region. Qur sense
is that all of these factors are contributing to the
distribution of locality records. That is, it is
almost certainly the case that there has been
much rnore intensive sampling effort, and can-
sequently a larger humber of records, in San
Diego County than in the eastern Mojave
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FIGURE 12 Ccourrence of Species of Special Concern taxa locality records throughout the state. Reg.ons with few
occurrence records may represent areas with few S3C taxa, low sampling efTort, or both.

(Rgure 1r). However, it is also true that both rep-
tiles and amphibians are sparsely represented in
the eastern Mojave {compare reptile and
amphibian maps in Aigure 12), even though this
is a region of high abundance and species rich-
ness for reptiles. However, the large number of
sensitive species (figure &) and the recent,
intensive development in San Diego County
C&usc many cnvironmental impact assessments
ta he undertaken under the California Environ-
mental Quality Act, and this has likely contrib-
uted to the larger number of records compared
to the deserts of southern California.

Differences between This Document
and |ennings and Hayes {(1994a)

Species priority assessments for conservation
purpeses are subject to revision over time as fac-
ors that affect rigk, including habitat protec-
tion, invasive species, and scientific knowledge
change. Although the number of species identi-
fied as being of concern was similar (49 vs, 45),
a number of differences exist between the cur-
rent ard previous assessments. Jennings and
Hayes {19042} based their assessment on a com-
bination of their own knowledge and that of a
large group of leading experts on individual spe-
cies; we follow a similar procedure here but
summarize the available data using 2 metric-
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based approach. Jennings and Hayes (1g94a,
p.1f3) felt that for na species of amphibian or
reptile was there compelling evidence to “down-
prade” status from more threatened to less
threatened, wherecas we removed several taxa
from the Species of Special Concern designa-
tion. In total, 34 taxa eccur on both lists; we
added 11 taxa that were not included by Jennings
and Hayes {1994a) and excluded 15 taxa that
werte previously included {Table 5, Appendix 3).

The status of 43% (26/60) of Species of Spe-
cial Concern taxa has changed between 1094
and the present. Of the 26 species that changed
status, approximately half were upgraded and
half were downgraded: 58% (15/20) of the taxa
were an the previous list but not the current
one, and 42% (11720} were upgraded from hav-
ing no formal status to Species of Special Con-
cern {Table 5). These changes reflect differences
in approach between these two compilations,
insights gained from an additional 2o years of
field and systematic research, and real chanpes
that have occurred in the abundance of species.
However, on face value, it appears that the past
two decades have not been a completely negative
period for amphibian and yeptile biodiversity in
California.

Several factors contribute to thege changes,
In Table 5, we broadly categorized reasons for
changes into three categories. “Listing status”









However, in Table 5 we highlight faxonomic
changes that led to cither the recognition of a
new at-risk taxon ot the elimination of a previ-
ously recognized taxon that is no longer consid-
ered valid. An example of the former is the Baja
Califernia coachwhip (Masticophis fuliginasus),
which was congidered a part of the widespread
and relatively common coachwhip (M. flagel-
lum) in 1994, but has since becorne more
widely recognized as a distinct species (Gris-
mer 2002). We note taxonomic cbanges in
Table 5 that did not impact special concern sta-
tus, like the elevation of the arroyo southwest-
ern toad {Bufo micrescaphus californicus) {Jen-
nings and Hayes 19g4a} to the arroyo load (B.
califarnicus) {current document) as footnotes.
The temaining taxa changed special concern
status because of new data. This category cov-
ers a variety of factors, ranging from better and
more extensive field survey data which has
revised our understanding of Lhe severity of
threats (e.g., the Mount Lyell salamander,
Hydromantes platycephalus) to new threats that
have been identified since 1994 {e.g., predation
by introduced hishes for the southern long-toed
salamander, Ambystoma macrodactylum sigilla-
tim}. Some of the difference in threat evalua-
tion stems from our choice of metrics. For
example, climate change is currently a particu-
larly important aspect of conservation risk that
was not previously considered. [n some cages,
the availability of suitable habitat has changed,
either positively or negatively. Habitat may be
set aside for conservation {e.g.. Tejon Ranch
appears to be setting aside considerable land
that will benefit the yellow-blotched ensatina,
Ensaling eschscholtzil croceater] but is usually
lost (e.g., coastal scrub habitat for the Califor-
nia glossy snake, Arizona elegans occidentalisy.
Finally, we note that the factors listed in Table §
are an over-simplification of the reasons behind
our decisions. An explanation for each of the 15
taxa that appeared on the previous Jist but not
ot1 the new list is also included in Appendix 3.
Ultimately, the comparison of the two Spe-
cies of 8pecial Concern documents emphasizes
what can be learned by periodically updating

and evaluating the conservation status of taxa
on a regular basis. For the 34 taxa that have
remained Species of Special Concern, we can
and should ask what more can be done in
irnprave their status. Some of the taxa that are
no longer Species of Special Concern may
inform the kinds of positive chanpes that can
be brought about by management, research, or
both. Far example, additional surveys and taxo-
nomic research on the Mount Lyell salamander
(1L platycephalus) have shown that the species
is moare widespread than previously thought
and clarified the taxonamic status of popula-
tions in Owens Valley, which were previously
suspected of being distinct and of canservation
concern. Finally, the challenpes of incompletely
known taxonomy Lhat were emphasized by Jen-
nings and Hayes [1994a) still pose a major
challenge to effective management; if we do
not have a complete catalogue of the taxa that
occur in California, we cannol even enumerale
what may need protection to maintain
biodiversity.

Management Recommendations for
California Amphibians and Reptiles

While effective management of the Species of
Special Concern will genetally require develop-
ment of specific management strategies tai-
lored ta the biclopy of individual taxa, several
general recommendations have emerged from
this document.

1. Protect aguatic habitats, The metric scores
indicate that aquatic species are at greater risk
than terrestrial ones, suggesting that remain-
ing aquatic habitats with native amphibian and
turtle populations should be high conservation
priorities. California’s aquatic habitats have
been highly madified from a faunal perspec
tive. As of 2002, there were 51 nonnative fresh-
water fishes in California, the majority of which
were deliberately introduced to enhance recre-
ational fisheries {Moyle 2cc2). Monnative
fishes now predominate in many California
waterways, raising concerns about increased
competition, predation, habitat interference,
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disease, and hybridization with native species
{CDFG 2008). A large body of ecological
tesearch has demonstrated a negative effect of
introduced fishes and bullfrogs {Rana cateshei-
ana) on California’s native anurans (e.g., Hayes
and [ennings 198G, Tyler et al. 1998, Knapp
and Matthews 2000, Yredenburg zoo4, Knapp
2005, Leyse 2005, Welsh et al. 2006, Pope et
al. 2008). As a result, predatory salmonids,
centrarchids, catfishes, and other nonnative
species should be eradicated wherever feasible
and should not be intraduced into remaining
native amphibian or reptile hahitat. Maintain-
irng appropriate water flow regimnes for stream-
dwelling taxa is also critical, as are broad ripar-
ian buffers to maintain lotic habitats 2nd reduce
siltation (e.g., Lind et al. 19906, Yarnell 2005,
Hancock zo0g).

Specific manapement recommendations
include the following:

+ Control, or eliminate where possible, invasive
aquatic species, particularly predatory fishes,
crayfish, and bullfrogs. For widespread,
eslablished invasives, plans should be
developed with actions that reflect those
identified in the California Aquatic Invasive
Species Management Plan (CDFG 2008},
For bul!frugs in particular, plan Ghjectives §
and & apply: Education and Outreach and
Long-Term Control ahd Management.
Invasive species in the early stages of
colonization {e.g., Nerodia farciati, N. sipedon
and M. rhambifer} should be eradicated as
s00n as possible 1o prevent further gpread.
Known to be present in California since the
19Qos, coordinated efforts have yet to
elfectively coalesce to make significant
progress toward eradicating Nerodis,
though educational (http://biclogy.unm.edu
fmmfuller/WebDocs/HTMLAlesfneredia.
himl) and occasional agency elforts oceur.

Eliminate, limit, or mitigate effects of dams,
water diversions, and ather hydmlngical
disturbances to breeding streams whenever
possible, and particularly during breeding
Beasons.
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» When biologically appropriate, enhance
connectivity and continuity of streamns to
allow free movernent of aquatic species.
Conversely, the potential for increasing
connectivity to facilitate the spread of
invasive species or disease should be
considered on a species-by-species basis.

- Maintain riparian vegetation bulfers and
adjacent upland habitat,

- Eliminate roads within buffer zones and
mitigate their effects in high-use amphibian
migration areas whenever possible to avoid
siltation and ruad meortality,

« Restrict use of heavy equipment on dirt
roads and upland habitats, particularly
during the breeding season when eggs and
small larvae may be most alfected by
siltation.

« Maintain culverts under roads adjacent o
breeding streams to reduce siltation.

2. Protect integrity and connectivity of large
terrestrial habitat patches. The size of habitat
patches necessary to support healthy popula-
tions of most species may be larger than previ-
ously recognized (Prugh et al. 2008). The
amount and ¢configuration of habitat clearly has
a strong impact on the averall extirpation and
recolonization dynamics of adjacent popula-
tions, and ultimately, of entire species. Besides
the general conclusion that more intact habitat
ig always desirable, specilic requirements will
always need some level of study on a species-by-
species basis. For example, ongoing work o the
state and federally endangered California tiger
salamander [Ambystoma califarniense) suggests
that this species routinely moves long distances
{up to 2 km} away from breeding ponds, sug-
pesting that the extent and quality of upland
habitat is likely to have a strong impact on the
species’ long-term persistence (Trenham and
Shafter 2005, Searcy and Shaffer 2008, Searcy
and Shafler 201r], Several diurnally active and
wide-ranging reptile species in southern Cali-
fornia appear to be sensitive to habitat fragmen-
tation and disappear from patches of small suit-



able habitat (2.g.. coastal whiptail, Aspidoscelis
tigris stggnegert; coast patch-nosed snake, Salva.
dara Rexalepis virgultea). Habitat fragmentation
is a strong driver of declines for many species,
and we recommend that land managers pay
particular attention to preserving extensive
habitat blocks where possible (see Mitrovich ct
al. zoog, for a well-worked example}.
Although the individual conservation needs
of species vary, formal conservation planning
occurs on a broader scale that considers large
areas of habitat for many species simultane-
ously. Because of many aspects of their shared
biology, amphibians and reptiles are oflen con-
gidered as a group, and some excellent, peneral
puidelines for their management have been
developed (see, e.g., the Partners in Amphib-
ian and Replile Conservation babitat manage-
ment guidelines htip:f{www.parcplace.org
Jparcplacefpublications fhabitat-management-
guidelines.html}. In addition, the biology of
amphibian and reptile species needs to be
jointly considered within the framework of
larger consgervation iniliatives. The California
Natural Community Conservation Planning
program is one such initiative that takes an
area-wide approach to conservation planning,
simultanecusly considering conservation of
many plant and animal species as well as poten-
tial land use activities {see Fizh and Game Code
Section 2800-2840}. These broadscale, inte-
grative approaches to conservation platining
promise to be among the more eHective strate-
gies for achieving habitat protection and should
become an increasingly central mechanism for
conservation planning in California. Presery-
ing linkages between adjacent habitat patches
is also a key priority in these landgcape-level
conservation initiatives. Biclogically, these link-
ages maintain metapopulation connectivity
and habitat corridors that are often essential for
long-term conservation. The California Essen-
tial Habitat Connectivity Project seeks to iden-
tify corridors between large remaining blocks
of intact habitat and is one step in this direction
{Spencer etal. 2010). Projects such as these are
critically important for maintaining gene How

and migration among localized populations
and should continue to be considered as land-
scape-level conservation initiatives move for-
ward in the state,

Specific management recommendations
include the following:

« All Species of Special Concern and the taxa
discussed in Appendices 3 and 4 should be
considered in Habitat Conservation Plans,
Natural Community Congervation Plans,
and othet local and regional habilat manage-
tnent planning efforts.

« Develop species-specific ecological and
landscape genetic datacets to dezermiine the
most important habitat corriders for
protection and rmanagement of amphibian
and reptile Species of Special Concern on
specific landscapes.

ldentify and either eliminate or mitigate
land uses that interrupt connectivity across
habitat blocks that have been sel aside for
conservation, These might include roads,
grazing, mining, timber harvest, and many
other land uses and activities.

3. Mitigate the effects of rvads as a source of
morlality and babitat fragmentation. Roads have
two primary effects: mortality and fragmenta-
tion (Fahrig et al 1g9g5, Gibbs and Shriver
2002, Mazerolle 2004, Gibbs and Shriver
200%; see also review in Andrews et al. 2008},
The overall impact of read mortality on amphib-
jan and reptile populations varies across road
types, from species to species, geographically,
tetnporally, and seasonally, and road-asscciated
mortality levels interact with the movement
patterns and seasonal migrations of individual
taxa. In other parts of the country, roads have
been documented to significantly contribute to
fragmentation and reduced gene How, inter-
rupting normal metapopulation dynamics
{Fahrig et al. 1995, Hels and Buchwald 2001,
Langen et al. 2001, Clatk et al. 2010, Suther-
land et al. 2010), and the same presumably
occurs in California. For example, surveys of
2t roads for migrating, federally endangered
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California tiger salamander {A. criiforniense) in
Sonoma County suggest widespread mortality
that has increased over time as traffic volume
has increased. For surveys of one 1zao-ft sec-
tion of Stony Point Road conducted from 2001
to 2010, 160 of 262 salamanders {61%) found
were road mortalities, suggesting that vehicu-
lar tralfic is a substantial form of death in this
extremely endangered specics (D, Cook,
uripublished data). Langen etal. (2z00q) identi-
fied predictors of hot spots of amphibian and
reptile road mortality for use when planning
roads or when conducting surveys on existing
roads to locate priority areas for mitigation.

Althongh they have been employed infre-
quently in California, tunnels that assist
amphibian and reptile movements can be an
eflective management tool that should be more
artively investigated {for a comprehensive sum.-
mary of published and unpublished literature,
see Caltrans 2012}, Two important aspects of
migration tunnels are that they inust have some
capacity to funnel individuals into the tunnels
(drift fences, concrete walls, or other similar
structures}, and they must be actively main-
tained. Without regular, scheduled mainte-
nance, tunnels A1l with debris, drift fences
become covered with leaves, runolff soil, trash,
and woody debris, and the tunnel quickly ceases
to function. Tunnels may also play a role in the
deserts of southern and eastern Califernia, par-
ticulatly as vehicular tratfic increases, and roads
fragment previously contiguous habitat, For
additional recommendations regarding herpeto-
fauna and roads, see Schmidt and Zumbach
{2008).

Specific management recommendations
include the following:

» Lirnit trathe, and consider toad closures,
during amphibian breeding migrations on
sensitive public lands.

Use signage (e.g., “Newt Crossing” warning
signs) to warn vehicular traffic that they are
in key migration areas.

« Develop standards for and install, maintain,
and monitor usage of tunnels, underpasses
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or other passage mechanisms to reduce
road-related mortality.

+ Use various media resources for public
education campaigns.

4. Translocate animals only when biologically
appropricte. A general management strategy,
variously referred to as relocation, repatriation,
or translocation (Germana and Bishop zoog),
is the practice of moving animals across land-
scapes, often from a site destined for develop-
ment to a protected site. These efforts have
become increasingly common as paztial or
complete mitigation for development projects
that affact amphibians and reptiles. Several key
biclogical issues need to be considered belore
animals are translocated. Disease transmission
is an important problem that has had devastat-
ing consequences for several species (Jacobson
1993). The well-known upper respiratory tract
infection that has decimated desert tortoise
(Gopherus agaisizii) populations is thought to
be derived from released captive animals
{Jacobson 1943}. Genetic consequences of relo-
cation programs should also be considered.
[nereasingly, genetic data are allowing research-
ers to elucidate fine-scaled genetic structure
amotig populations, and the insights gained
from nonlethal genetic sampling allow insight
into biclogical parameters that are relevant for
conservaiion including population subdivision,
gene flow, migration corridors, and population
sizes, However, the overall extent and fung-
tional consequence of this variation is still
poorly understood for most organisms.

Moving individuals around the landscape
has the potential for deleterious eflects, either
by diluting or eliminating unique histerical lin-
eages o1 by distupting genetic variation that
may be an important component of lacal adap-
tation. As emphasized in a recznt review (Ger-
mano and Bishop zo09), homing and poor
habitat quality are two af the primary reasens
why translocation efforts may fail, and they
should be carefully studied on a case-by-case
basis. A recent document providing guidelines
for translocations for the California tiger sala-



mander {Shaffer et al. 2009) may serve as a
model for some other taxa as well. It empha-
sizes that translocations should only be
attempted into unoccupied habitat, and only
after the threats that caused the initial declines
have been elfectively removed. It also empha-
sizes that sufficient research must have been
conducted to provide compelling evidence that
the potential damages that can be done to exist-
ing conspecific and heterospecific taxa do not
nutweigh the potential gains to the animals and
populations being relocated.

[n some cases, headstarting programs may
represent a suitable alternative to repatriation
ot translocation, particularly if the headstarting
iz done under seminatural conditions. Many
species experience the most severe mortality
during early life stages. Raising individuals in
captivity from a piven site to the size or ape
where they are past this initial peak of mortality
and then releasing them at the site where they
were initially collected may avoid many of the
potential issues asseciated with translocations
while also providing a temporary boost to popu-
lations that are in decline. Headstarling is only
appropriate, however, where suitable unoccu-
pied habitat exists, or where introduction of
individuals will not create problems for existing
species at the intreduction site.

Specific management recommendations
include the following;

» Only translocate animals when other
alternatives do not exist.

= Only translocate animals inte situations
where other animals at the translocation site
will not be adversely affected by the intro-
duced animals.

+ Only translocate animals when the ecologi-
cal requiremenis of the species exist in the
new habitat.

Utilize methads to increase the likelihood
that translocations will be successful, These
potentially include “soft” fransiocations (ie.,
moving young animals rather than adults
with established home ranges) and moving a

sufficiently large number of individuals to
ensure that a successful hreeding population
can cstablish {Grrmano and Bishop 2009},

Research, Survey, and Monitoring Needs

Both new research and continuing, long-term
monitoring are integral parts of the science-
driven protection and recovery of sensitive spe-
cies. For California amphibians and reptiles,
our level of basic knowledge on natural history
ig frequently so fragmentary that even rudi-
mentary information is lacking, and increasing
our understanding of these animals is critical
for effective management. Many of the particu-
lar research needs are discussed in individual
species accounts under the “Monitoring,
research, and survey needs” section; here, we
highlight several basic tesearch and monitor-
ing needs that are common to virtually all
faxa.

Distribution

A statewide survey for all amphibians and rep-
tiles is essential to establish baseline data for
ongoing status determination and monitoring.
Survey efforts are particularly needed for those
Special Concern taxa whose population status
or range size are a high priority for clarifica-
tion. These surveys should employ standard-
ized and repeatable methods, with the data
emetging from these efforts made widely and
easily accessible (Heyer et al. 1994). The Part-
ners in Amphibian and Reptile Conservation
Inventory and Monitoring guide (Graeter et al.
zor3} serves as an important resource in the
detailed design of these distributional surveys.
Greatest need taxa include (1) those that may be
recently extirpated, but for which comprehen-
sive surveys have yet to be conducted (e.g., the
Sonora mud turtle, Kinosternon sonoriense);
{2) recently discovered taxa that are currently
know from relatively small ranges, which may
also be tied to specific narrow habitat types,
that have yet to be thoroughly surveyed {e.g..
the regal ring-necked snake, Diadophis puncta-
tus regalis); (1) at-risk taxa that are difficult to
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detect ot that have ranges that are poerly under-
stood because they occur in remote, difficult-to-
survey areas (e.g., the Gila monster, Heloderma
suspectum); and {4} taxa that may eccur enly on
private land where gaining access can be chal-
lenging {e.g., the Qregon spotted frog, Rana
pretiosa or the western spadefoot, Spea ham-
mondiiy. In addition, surveys of virtually all
Species of Special Concern, particularly at their
hypothesized 1ange edges, would pgreatly
enhance out knowledge of range boundaries
for most taxa.

Naotural Histary

Basic natural history and ecolegy information
is the foundation for cffcctive management,
and for most amphibian and reptile Species of
Special Concern, it is either frapmeutary or
completely lacking. Home range sizes, habitat
suitability analyses, food habits, the effects of
invasive plants and animals, compatibility with
grazing and agriculture, the effects of human
activities including forestry, recreation, and
water diversions are unknown for many of the
taxa considered here. For seme questions and
species, this probably is not a pressing prob-
lem—calling the scuthern long-toed salaman-
der [Ambystoma macrodactylum sigillatum) a
“generalist predater” is, to the best of our
knowledge, correct, and filling in the precise
details of which invertebrates are the most
irnporiant prey in specific situations may not be
an urgent management issue. However, in
other cases, filling in at least some of this basic
ecology is absolutely critical. For example, of
the 19 species of pond/stream breeding Species
of Special Cencern amphibians, we do not have
a well-tested, clearly understood model of ter-
restrial habitat use for a single taxon. For exam-
ple, we have little idea of whether the southern
long-toed salamander (A. m. sigillatum}
requires 10, 1009, ot 10,000 m tadius habitat
patches around breeding ponds. Filling in
these fundamental information gaps, hopefully
across a range of habitat types, constitutes the
highest priority conservation-related research
need for Species of Special Concern.
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Climate Change

Climate change is likely to have a number of
effects on the California landscape that are rele-
vant to amphibian and reptile conservation.
While the impact that climate change has on
California’s landscape is undergoing extensive
study (reviewed by Cayan ct al. zoola) and is
a CDEFW focus (http:j/wwwwildlife.ca.gov
[Conservation/Climate-Scicnce), the impact that
these elfects will have on amphibian and reptile
species requires additional study. The Assacia-
tion of Fish and Wildlife Agencies has initiated
worl on this problem in the southeastern United
States, and the CDFW, in collaboration with
the Southwest Climate Science Center, initated a
detailed investigation of future clirate impacts
on amphibians and reptiles across California
(Wright et al. 2013). A major focus of these
pmojects, and one that requires additional research
effort, is to madel a full range of future climate
change predictions and their irmnpacts on beth
common and rare amphibian and reptile taxa.
Importantly, the interplay between conser-
vation risks that climale change presents and
eompeting factors that will arise needs careful
examination. For example, many climate pro-
jections forecast a decrease in the snowpack in
the Sierra Nevada, as well as a shift in the speed
and timing of snowmelt to be both more rapid
and earlier in the year (Maurer and Duffy 2005,
California Climate Actien Team 200, Maurer
2007). Even for the lowest carbon emissions
scenarios and relatively conservative estimates
of increasing temperatures, current models
predict a 30-60% decrease in Sierra Mevada
snowpack (Cayan et al. 2006). This is likely t©o
have important, direct impacts on amphibians
that rely on snowmelt-fed streams and lakes for
their breeding habitat. In addition, it is likely to
further stress California's already overbur-
dened water resources, setting the stage for
further conflicts between the ecological needs
of atrisk species and municipal and agricul
tural demands for increasingly limited warer.
The combined impacts of changes in cli-
mate on biological diversity are likely to be



strong. Several studies have documented ongo-
ing (Walther et al. 2002, Parmesan and Yohe
2003, Root et al_ 2607, Root et al. 205, Parme-
san 2066, Pounds et al. 2006) and expected
{Hughes 2000) implications of climate change,
with some estimates predicting 15% or more
[Harte ¢l al. 2004, Thomas et al. 2004) of spe-
¢ies being “committed to extinction” under
mid-range warming scenarios. These eflfects
will likely be especially pronounced for amphib-
ians, which generally exhibit limited dispersal
and are already experiencing severe declines
(Stuart et al. 2004, Lawler et al. 2010). The
uncertainties involved with estimating specific
effects that will occur on landscapes, species’
responses 1o these changes, and the interplay of
factors that will result from climate change
{e.g.. agriculiural and municipal water needs
vs. amphibian breeding habitat needs, alterna-
tive energy development in the desert vs. reptile
habitat necds) clearly indicate that this topic
requires further study, An important step in
this direction is a recent initiative by the US
Fish and Wildlife Service {USFWS) to fund the
California Landscape Conservation Coopera-
tive, an interdisciplinary program Lo facililate
research and planning across scientific and
management agencies in the state {(http:ff
californialec.orgfabout-us). Results of the
CDFW and Southwest Climate Science Center
collaboration mentioned above should be inte-
grated into the California Landscape Conserva-
tion Cooperative process.

Threats from Disease

Diseages in amphibianh and reptile populations
have become an issue of global sipnificance. 1n
particular, the pathogenic chytrid fungus, Bat-
rachochytrium dendrobatidis {Bd), has been
linked to precipitous declines in several
amphibian species in the state {e.g., the Sierra
Nevada yellow-legged frog, Rana sierrae} and
globally {Stuart et al. zo04). At the present
tirne, no broadly effective management strate-
gies for cantrolling or mitigating the effects of
this pathogen are known, and this is a eritical,
ElCti\"E [Eseal'l:h dred. Pl'DPOSE'd rnana.gement

strategies that would benefit from further study
inciude altering population dynamics to mini.
mize disease outbreaks, treating individual
amphibians and habitats to control the preva-
lence or spread of disease, biological control of
Bd using the zooplankter Daphnic magna, and
in the most dire cases, maintenance of captive
assurance colonies followed Dby repatriation
with assisted selection (Buck et al. zo1,
reviewed by Woodhams et al, zotn). Efforts to
develop management strategies should not
focus exclusively on strategies for the shory
terim, such as direct control of Bd in the wild or
captive breeding. Rather, management sirate-
gies that allow susceptible arnphibians to per-
sist in the wild in the presence of Bd are needed
for long-term conservation of sensitive species
{Woodhams et al. ac11}.

The exient and type of interactions that Bd
may have with other threats, such as climate
change, pesticide cxposure, or other pathogens,
are alse key research needs. A prowing body of
work an Bd indicates that it has negative conse-
quences on at-risk species of amphibians in
California {Davidson &t al. 2007, Morgan et al.
2007, Andre et al. 2008, Lacan et al. 2008,
Padgett-Flohr 2008, Briggs et al. zo10), that
synergistic interactions with pesticides may
have strong biological effects (Davidson et al.
2007}, and that terrestrial amphibians may
serve as vectors for the disease {Schloegel ef al.
2009, Weinstein 2a09). Other emerging dis-
eases, particularly those that have their origins
in human pets or are a result of human-medi-
ated movernents and relocations of animals are
also high-priority research targets. Important
examples include rmanaviruses and iridoviruses,
both of which have also been linked to amphib-
jan declines {e.g., Picco et al. zoe7, Schloegel et
al. 2009}

Phylogeography and Landscape Genetics

Another imporlant research need, and one that
may be easier to fill than comprehensive eco-
logical studies, is genetic analyses for most spe-
cies. Some limited phylopeographic and land-
scape genetic work has been completed for a
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few California amphibjans and reptiles {or
their close relatives), and these analyses have
pmvided key insights intn the importance of
drainages on stream- and pool-breeding
amphibians and reptiles (Shaffer et al. 2000,
$pinks and Shaller zoos, Dever 2007, Wang
200gb, Lind et al. 2o11), corriders of land use
{(Wang et al. 2009}, the importance of enviren-
mental variables in structuring populations
{Savage et al. 2010), and a variety of other prob-
lems (e.g., the provenance of introduced popu-
lations; Johnson et al. 2a10). At a broader,
regional-to-range-wide scale, phylogeographic
studies have been conducted for geveral Species
of Special Concern, in many cases indicating
either that previous subspecies (which often
scrve as proxies for genetic lineages) are non-
diagnosable and correspond pootly to genetic
patterns {Rodriguez-Robles et al. 1999b) or
that unappreciated lineage diversity is stronger
than previously suspected [Shaffer et al. 2004,
Leavitt et al. 2007, Parham and Papenfuss
2009}, We are aware of phylogeographic work
for roughly half of the Species of Special Con-
cern [although many of those studies rely on a
single mitochondrial gene and need data from
additional nuclear gene analyses), and we
strongly encourage the research community 1o
gather these data for the remaining taxa.

Monitoring

To establish that a species or population is
declining or recovering requires long-term
monitoring. Such efforts can take many forms,
each with strengths and weaknesses. Ideally,
menitoring data would be generated by inteu-
sive, multivear mark-recapture-based studies
that follow the fate of individuals through time,
leading to a detailed inventory of population
increases and decreases {Hever et al. 1994).
Such menitoring is not difficult conceptually,
but it requires time, effort, and often substan-
tial financial resources. However, this is alse an
area that is undergoing renewed methodologi-
tal development. Monitering methods now
exist that require less recapture effort and that
can incorporate detection probabilities in a rig-
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orous manner, both of which can help to effec
tively monitor rare andfor cryptic taxa {reviewed
by Mazerolle et al. 2007). One such example is
the emerging techniques to manitor rare or
cryptic taxa via detection of persistent DNA in
environmental samples {Ficetola et al. 2008,
Dejean et al. zan}.

Techniques to survey amphibians and rep-
tiles vary, depending on the taxon, habitat, and
life stage involved. Although standardized sur-
vey protocols are essential o proper inventory
and monitoring, relatively few have been devel-
oped, Tepresenting an ongoing research need,
particularly for rare taxa or taxa that are diffa-
cult to detect. Some of this standardization is
beginning to take place and a few excellent
resources are available or fortheoming {Heyer
et al. 1994; the ongoing Amphibizn Research
and Moniloring Initialive being undertaken by
the US Geological Survey, and the Partners in
Amphibian and Reptile Conservation Inventory
and Monitoring guides are such examples). In
the absence of detailed, multivear monitoring,
we advwocate at least two potential approaches
thai have received relalively liltle attention to
date for amphibian and reptile taxa. The first is
single-pass monitoring via population surveys
conducted on public Yands. Such surveys cau be
incredibly informative, yel only require a few
field days per year to monitor a large number of
species and sites {e.g., Thomsan et al. zor0). A
tecent example for 75 ponds from the East Bay
Regional Park District provided multiyear data
for five species of pond-breeding amphibians
and two species of semiaquatic garter snakes,
and demonstrates the kind of data that can be
collected even with very cursory efforts for each
site (5. Babzien, unpublished data; M, Ryan,
unpublished data). A critical goal of such moni-
toring efforts should be to publish the results in
the peer-reviewed literature and for depositin a
publically available, curated dataset. Gur sense
is that a great deal of valuable monitoring data
exists, but is not easily accessible because it has
never been published or made publically acces-
sible, Another type of single-pass “maonitoring”
can be genetic monitoring. By collecting non-



destructive, but vouchered, tissue samples, rea-
sonable estimates of the effective pepulation
size {Wang 20009a, Wang et al. 2011}, histerical
population increases or decreases (Piry et al,
1990). and ongoing movemnent between exist-
ing populations {Wilson and Rannala, 2003)
can be applied to many populations and spe-
cies. Although each of these genetic approaches
has its own set of assumptions and caveats,
together they form a powerful addition to tradi-
ticnal ficld-based studies of population
monitoring.

A second approach to monitoring falls
under the more general category of “citizen sci-
ence” {Banney et al. zoo09, Dickinson et al.
2010}, Although often less rigoraus and more
¢rror pronc than mote formal monitoring, the
interested public comprises a large nelwork of
knowledgeable, committed individuals who
will olten willingly contribute to overall moni-
toring efforts. These efforts can help identify
general patterns of population increases and
decreases, 2s has been amply demonstrated by
the very successful Breeding Bird Surveys
{Sauer et al. 2011} and Christmas Bind Counts
{National Audubon Society zo11} conducted for
North Amgrican birds. Several programs for
citizern-science-based frog and toad motiitoring
programs are in place in other parts of the
United States (e.g.. the FrogWalch USA pro-
pram, hitp://www.aza.org/frogwatch), and
they have pravided valuable data on breeding
time, duration, and population sizes for frogs
and toads based on their audible calls at breed-
ing sites. Road surveys (Coleman et al. 2z008)
can also provide valuable data on population
sizes, although the confounding effects of mor-
tality induced by vehicular traffic is always a
concern in such studies. That said, documenta-
tion of road mortality, particularly during key
mipration seasons, is an ideal topic of addi-
tional citizen science initiatives. California has
recently initiated at least two ritizen-scignce
web-based projects focusing on southern Cali-
fornia reptiles and amphibians (RASCals; see
htip://www.nhm.org/sitefactivities-programs
fcitizen-science/rascals, and the California

chapter of the Field Herp Forum http:/fwww
heldherpforum.com}, both of which seek to
increase communication and the dissemina-
tion of distributional information en California
amphihians and reptiles.

Finally, because monitoring provides the
basic information upon which much of conser-
vation rests, a temptation naturally arises to
“over-monitor.” By this, we mean that addi-
tional monitoring becomes favared over the
implementation of management actions. Moni-
laring efforts constitute the most important
strategy for measuring the effectiveness of con-
servation actions. However, monitering also
carries a cost, because these efforts require
valuable conservation resources that ctherwise
might be spent on direct management efforts.
Monitoring efforts should have clearly defined
goals and well-characterized statistical power,
including an assessment of the added beneht to
be gained from future monitoring efforts. Mon-
itoring efforts should be cleazly documented,
and results should be readily accessible. In
some cases, the optimal strategy may he lim-
ited, but consistent, monitoring combined with
direct conservation actions, rather than ever-
more detailed monitoring with fewer actions.
The implementation of effective matiagement
in the face of imperfect knnwledge abnut the
status of populations is one of the greatest chal-
lenges facing the conservation of many amphib-
ian and reptile species.

Species of Special Concern Conservation
Recemmendations

To promote the conservation of amphibian and
reptile Species of Special Cencern in Califor-
nia, we make the following recommendations:

+ Maintain a Species of Special Concern
Technical Advisory Committee with explicit
expertise covering the taxonomic and
geopraphic scope of taxa in California. We
recornmend that mernbership on this
committee be of relatively limited term [e.g.,
10 years) to ensure that new voices and fresh
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problem-galving strategies are available. We
especially encourage that committee
compagition include some early career
scientists, particularly those with strong
statistical and lechnical skills. This group
should meet periodically in order to update
and revise the status information on the
Species of Special Concern.

Develop and implement a web-based
mechanism whereby the Species of Special
Concern document can be more easily
updated and improved, creating a “living
document” that i< responsive to changing
conditions and new data,

[n comjunction with efforts e facilitate
future revisions of this document, suppart
the development of a database that collates
species occurrence data. This database
should house information on both positive
and negative occurrence data and not be
limited to species that are already designated
as Species aof Special Concern,

Increase wildlife agency capacities to address
management needs of California’s amphib-
ians and repliles, as funding and staffing
allow.

Establish both a priority list and a funding
strearn for critical research needs for Species
of Special Cancern.

Continue to promote strong collaborations
between wildlife agencies and the univer-
sity/research communities throughout
California te ensure that the strongest
possible science is brought to bear on
important management needs and that the
state’s research priorities are being pursued.

Use forthcoming analyses of predicted rpad
usage and construction as a management
guide for conservation planning for Species
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of Special Concern. Included in this analysis
should be ways to use tunnels or other
constructs to minimize the effects of new
and existing roads on Species of Special
Concern.

Create 2 cocrdination network for localities,
voucher specimens, and tigsue samples for
amphibian and reptiles from throughout
California. Roadkill specimens arc a
particularly valuable source of information,
since they represent vouchered specimens
and, in some cases, sources of DNA for
genetic research and life history data {diet,
body condition, etc.) for ecological studies.

Create a mechanism by which both profes-
sianal biologists and concerned citizens can
contribute locality, natural history, and other
data types that might help detect or quantify
consetvation risk for Species of Special
Concern. Improve data sharing and com-
munication among wildlife agencies,
amphibian and reptile conservation groups,
and organigations in the avecational
herpetological community.

To facilitate data collection, streamline the
process for appropriate permitiing for
research by professionals, and in the case of
citizen science projects, the public.

Encourage publication of data arising from
these efforts in the peer-reviewed literature
to increase accesg to management-televant
hndings, particularly for government reports
and studies conducted by private
consultants.

Integrate information from this document,
as appropriate, with that of an upcoming
analysis of the existing regulatory situation
for all of California’s amphibians and reptiles
and their general conservation needs.
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[n California, melamorphesed A, fruei may
be confused with co-occurting foothill yellow.
legged frogs {Rana boyplit). Rara beylii have
horizontal pupiis, mote robust hind legs, and
males lack enlarged toes and "tails” {Stebbins
2001). In addition, the enlarged mouthparts of
A. lruei tadpoles are distinctive,

Toxonomic Relationships

The formerly monotypic genus Ascephus was
recently split into a coastal {A. truef) and an
inland species [A. mantanus}, but California
pupulations remain A, truei (Miglson el al.
2001, Mielson et al. 20006), The two species of
Ascaphus comprise the family Ascaphidae. This
family forms the sister group to all other
anurans either alone or in combination with
the New Zealand cndemic Leiopclmatidae
{Roelanls et al. 2007). In either case, it is rom
one of the oldest and most phylogenetically dis-
tinctive extant anuran lineages,

Life History

Ascaphus truei exhibits substantial geographic
variation in life history. Here, we focus on data
from California populations where possible,
Breeding occurs primarily in the spring and
summer in coastal populations (Sever et al,
aoor, Burkholder and Diller 2007}, but there
are reparts from Trinity County of animals
found in breeding condition in the fall {]. Gar-
wood, pers. comm., in Burkholder and Diller
2007). Females likely breed in alternate years
{Burkholder and Diller 2007) and can store
viable sperm for up to a year (Mussbaum et al.
1983, Sever et al. zoarn). Eggs begin developing
in the fall, and oviposition accurs the following
summer between July and September in Cali-
fornia populations {Sever et al. 2001, Karraker
et al. 2006G). Egg diameter is 4 mm on average
{Brown 1977), and clutch size averages around
40 for the species with a range of 28—-8¢ eggs
per clutch documented in California popula-
tions (Karraker etal. 2000). Epg masses ean be
difficult to find in the field {Karraker et al.
20006). Recent surveys in coastal California
have found single and multiple clutches, with

the timing of the surveys {late August-early
September) likely the most importani factor for
detecting eggs (R. Bourque, pers. comm.].
Clutches are pearl-like strings of eggs and have
been found attached to the underside of cobble
ot boulder substrates in riffles and pools (Kar-
raker et al. 20086).

Time to metamorphosis in lowland coastal
California populations (elevation <200 m} is
1-2 years (Wallace and Diller 1998, Bury and
Adams 1999). Longer developrmental times
have been observed in montane populations
{&.E.. 4 years lo melamorphase in a Washingtan
population at ~1500 m elevation; Brown 1990}).
In a population in Humbeldt County, Califor-
nia, fernales reached sexual maturity z2.5-3
years after metamorphosis, while males were
sexually mature 1.5—2 years after metamorphn-
sis {Burkholder and Diller 2007}. Post-mela-
morphic frops prow year-round, with prowth
rates fastest in the summer {Burkholder and
Piller zoo7].

Adults and post-metamorphic juveniles are
peneralist invertebrate predators {Bury 1g970h]).
Larvae are generalist grazers and scrapers, con-
surning diatoms and ather periphytan {obser-
vations fram A. mentanus; Metter 1904).

Landscape genetic studies have detected dif-
ferent patterns of connectivity among popula-
tinns in California and Washington. [n four
watersheds in Mendocine Caunty at the south-
ern range lirnit of the species, high population
structure among watersheds suggested limited
long-distance gene Aow, and mavements within
watersheds were inferred to accur aleng water-
ways (Aguilar et al. zo13). By contrast, a study
in Washington concluded that same animals
engage in long-dislance dispersal through ter-
restrial habitats, and these movements do not
rely on stream connectivity {Spear and Storfer
2008). These differences may be due to
regional variation in climate and forest type,
though additional studies are needed.

Habitat Requirements

Ascaphus truei requires cold, permanent, swilt-
flowing streams with coarse {e.g., cobble,
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boulder, bedrock) substrates. Some populations
may persist in streams that occasionally dry
depending on the length of the larval period
(Wallace and Diller 15g98). Ascaphus truei tends
to be more comtnon in mature and old-growth
forest relative to younger stands, in terms of
both presence and abundance {Bury and Corn
1988, Corn and Bury 1989, Welsh 19g0, Gomez
and Anthony 19956, Welsh and Lind 2003,
Welsh et al. 2005, Ashton et al. 2000).

Several studies have examnined the relation-
ship between A. trugi presence and abundance
and environmental variables at different scales.
Larvae are positively assaciated with low streamn
termperatures, hiph water velocity, steep gradi-
ents, and the presence of rifHes, waterfalls, and
cobble and boulder substrates (Hawkins et al.
1988, Bury et al. 1gg1, Welsh and Ollivier 1968,
Diller and Wallace 19go, Adams and Bury zooz,
Welsh and Lind zoo2, Wahbe and Bunnell
2003). Larvae are negatively associated with fine
sediment load {i.e., embeddedness), poals, and
slow-flowing stream habitat {Hawkins et al.
1988, Corn and Bury 198g, Welsh and Cllivier
1908, Diller and Wallace 1999, Welsh and
Huodgsen aceB]. Steep gradients allow for fiush-
ing of [ine sediments, although gradient effects
may be more pronounced in harvested com-
pared to primary forest habitat {Corn and Bury
198g). Adults are positively associated with high
rainfall, moist forest habitats, and pool habitat,
and negatively associated with fine sediment
loads (Welsh and lind zooz, Ashton et al.
2000). Adults and larvae in the Mattole Water-
shed were testricted to headwater charnels, and
canopy closure was the best single predictor of
A. trusi presence (Welsh and Hodgsen zom).
Ascaphus trieed were never detected in strearns
where canopy closure was less than 83% (Welsh
and Hodgson zo11}.

Some researchers have suggested a positive
association between A. truei and the presence
of harder, more consolidated parent geologies
because they produce less sediinent (Diller and
Wallace 1994, Dupulis et al. 2000, Wilkins and
Peterson 2000}, However, A, truei does occur
in streams with unconsolidated geologies, such
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as those derived from marine sediments, par-
ticularly in areas not subjected to recent or his-
torical anthropogenic disturbance {e.g., Adams
and Bury 2002, Welsh and Lind 200z, Ashton
at al. zo06). The absence of 4. truei from some
streans with unconsolidated geologies may be
because the presence of easily crodable sub-
slrates exacerbates the impacts of habitat dis-
turbance, which can have long-lasting effects
{Adams and Bury zoaz, Welsh and Lind 200z,
Ashton et al_ 2006).

Ascaphus truei is extremnely sensitive {0 warm
ternperatures at all life stages. Egps have a tem-
peratute tolerance range from §°C to 85°C
{Brown 1g75a). The critical thermal maximum
range for larvae is 28.9—30.1°C, and larvae
avoided temperatures above 22°C in laboratory
trials {de Vlaminpg and Bury 1g70). First-year
larvae collected from Del Norte County sclected
temperatures below 10°C along a thermal gradi-
ent in the laboratory, while second-year larvae
selected ternperatures closer to 15°C {de Vlam-
ing and Bury 1970). The critical thermal
maxima for adulis ranged on average from
27.6°Cto 20.6°C (data from A. montanus; Claus-
sen 1973). Field temperatures at cccupied sites
are usually well below these limits, with larvae
occurring in streams with a mean of 10.6°C
{ranpe 5.7-15.3°C; Welsh and Hodgson z008).

In addition to narraw thermal tolerances, 4.
truei is also extremely sensitive to desicecation
(Brattstrom 1963}, which may limit adult use of
upland habitat to periods of wet weather condi-
tions (Nussbaum et al. 1983). One mark
recapture study in Humboldt County docu-
mented movements of only o-30 m along the
strearn channel over a two-vear period (Bur-
kholder and Diller 2007). However, recaptute
probabilities were low, and some animals may
have moved beyond the gtudy area. Longer dis-
tance movernents have been documented from
populations outside of California, from tens of
meters up to 400 m into upland habitat
{McCamb et al. 1993, Goinez and Anthony
1998, Vesely 16, Wahhe et al. 2004, Matsuda
and Richardson zoo5). Seasonal vatriation in
adult location in managed forests in Washing-



ton was hypothesized to be alocalized breeding
migration, with downstream movements for
oviposition and a return upsiream in late sum-
mert {Hayes et al. 2006}, Itis unknown whether
similar movements also occur in oldet, less dis-
turbed forests in the area. In an A. monlanus
population in Montana, seasonal movements
may be due te behavioral thermoregulation
{Adams and Frissell zoor).

Distribution {Past gnd Present)

Ascaphus truei ranges from British Columbia to
northern California, mostly west of the Cas-
cades Mountains {Stehbins aco3). California is
the southern limit of the range, with A. fruei
accurring south from the Oregon border along
the coast to Mendocine County and cast to
Shasta County (Grinnell and Camp 1917, Mit-
tiernan and Myers 1949, Salt 1952, Bury et al.
1969, Welsh 1985). Ascaphus truei ranges from
near sea ievel in Humboldt County up to 2150
m in the Trinity Alps (]. Garwood, pers.
COTIML}

Random sampling of streams has docu-
mented higher occupancy rates tor A, fruei in
unmanaged or older forests compared to man-
aged or younger stands [Welsh 1990). We
therefore assume that some historically occu-
pied localities are no longer occupied due to
disturbance. In one study in the Mattole Water-
shed in Mendocinoe and Humboldt counties, A.
truei was present in 71% of streams in old and
mature forests, but was not found in second
growth forests {Welsh et al. 2005). Further
studies in the Mattole Watershed have found A,
truct in 67% (1421} of streams in unmanaged
forests, hut only in 4% (t/28) of streams in
managed stands {(H. Welsh and G. Hodgson,
unpublished data). Streams with mixed harvest
histories in the South Fork of the Trinity River
had an intermediate level of occupancy, with
28% of streams occupied (17/60; Welsh et al.
zo1a). Studies from outside of Califernia alse
indicate that A. truei is present in a greater pro-
portion of strearns in unmanaged forests (Hury
and Corn 1988, Corn and Bury 198g, Hayes et
al. 2006}. A survey of streams in private, man-

aged timber lands all less than 8¢ years old
along the northern California coast found
gtream occupancy rates of 37% [18/49) at the
level of 30 m sampling reaches and 6%
{5472} at the level of entire stream reaches
{Dilter and Wallace 1999). The relatively high
occupancy rates in these young forests are
thought 16 e due to the ameliorating effect of
maritime climate, as most sites were within
30 km of the coast (Bury 1963, Diller and Wal-

lace 199}

Trends in Abundance

Ascaphus iruei fends to be lower in abundance
in managed compared to unmanaged forest
stands (Bury and Corn 1988, Cotn and Bury
1989, Welsh 1990, Gomez and Anthony 1996,
Welsh and Lind zoo2, Ashton et al. 2000).
Clear-culs can have immediate eflects on abun-
dance. Larval densities were higher in late-suc-
cession and old-growth forests compared to
adjacent clear-cuts lacking streainside buffers
in Oregon and British Columbia {Dupuis and
Steventon 1999, Biek et al. 2002). Upland pit-
fall trapping in clear-cuts and mature forests in
British Columbia found similar total numbers
af A. truei in both forest types, but very few
adults in clear-cuts, suggesting that immature
frogs in clear-cuts are transients or incur high
mortality rates {Matsuda and Richardson
2005). Several researchers have predicted
declines or continuing declines if anthropo-
genic disturbances continue {e.g., Corn and
Bury 198y, Dupuis and Steventon 19gg, Welsh
and Lind zooz, Ashton et al. zo06, Olson et al.
2007y,

MNature and Degree of Thrent

Declines and local extirpations to date are
largely due to land management including tim-
ber harvesting and road construction [Welsh
and Ollivier 1998, Welsh et al. zoos5). Mari-
juana cultivation and climate change are also
EMErging as potential threats to this taxon.
The mechanisms underlying declines and
extirpations due to timber harvesting and
road construction are primarily increased
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sedimentation, increased stream temperatures,
and fragmentation. While the initial impacts of
1aad cemstruction may be relatively short-lived,
longer-term impacts are caused by sedimenia-
tion due to runoff from poorly maintained dirt
and gravel moads (L. Dillér, pers. comm.).
Reduced canopy cover does not seern to increase
temperatures as much at high-eleyation sites,
and Ascaphus truei may be more resilient to tim-
ber harvesting in areas whete stream ternpera-
ture is coaler due to overall climate (e.p., Dvller
and Wallace 1999, Wahbe and Bunnell 2003).
Reductions in canopy or riparian vegetation
that result in increased light levels may cause
shifls in the algal community {i.e., from dia-
toms to filamentous green algae) that negatively
alfect the quality and abundance of larval food
{L. Diller, pers. comm.). Landscape genetic
studies in Washingien suggest that significant
overland dispersal occurs through terrestrial
habitat, with gene flow detected between popu-
lations on a scale of 25-30 kin (Spear and Stor-
fer zo08). While timber harvests have some
initial effect on gene How, it may take multiple
generations before the effects of fragmentation
on population genetic structure can be detected.

An emerging threat to A. truei is large-scale
marijuana cultivation, though little data is cur-
rently available due to limited accessibility of
private lands. Similar to timber harvesting,
marijuzna cultivation requires clearing land
and building roads which can increase sedi-
mentation. Centamination frem pesticides
used on marijuana grows has been docu-
mented to negatively aflect mammals in the
field {Thompson et al. 20r4), and amphibians
are likely to be susceptible as well because of
their permeahle skin. Of particular concern for
headwater amphibians like A. truei is the dewa-
tering of waterways that are diverted for irriga-
tion {CDFG 2013).

Clirnate change poses potential risks to A.
truei through increased temperatures, changes
in hydrology, changes in fire regime, and vepe-
Lation shifis. Mean annual temperatures are
expected to increase throughout northwestern
California (reviewed in PRBC 2a11). The fre-
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quency of extrernely hot days is projected to
increase, with roughly nine additional days
aver 32.2°C (Bell et al. 2004). Such Eempera-
tures exceed the critical thermal maxima for all
life stages of A. truei, though water tempera-
tures, micrchabitat structure, and behavioral
thermoregulation may ameliorate these elfects.
For coastal populations, upwelling is expectad
tc intensify, which may increase fog develop-
ment and contribute to cooler, moister condi-
tions {Snyder et al. 2003, Lebassi et al. 2009).
Coastal areas may therefore conlinue to provide
more favorable climatic conditions than areas
farther inland. Potential changes in precipita-
tion are less clear, with some models predicting
maodest increases, some maodest decreases, and
some reductions in rainfail of up to 28%
{reviewed in PRBO zo11). Warmer tempera-
tures will result in less precipitation stored as
snow, and reductions of 30-80% are predicted
for snowpack accumulation in northwestern
California {Snyder et al. 2004, Cayan et al.
2008b). The timing of spring snowmelt has
shifted later in the spring in this region over
the last 50 years [Stewart et al. zoos}, though
the timing of futurc shifts is unknown, Reduc-
tions in water availability due to reduced snow-
pack and possibly reduced precipitation will
affect the timing and magnitude of stream
Hows and may lead to a mismatch between the
liming of breeding and appropriate stream con-
ditions, How fire regime will be allected by cli-
mate change in northwestern Califernia is not
well understood. Some models predict little
change in fire regime or even decreases in area
burned along the northern coast {Fried et al.
2004, Lenihan et al. 2008}, Increases in area
burned have been predicied for the southern
coast of northwestern California {Lenihan et al.
2008), Westerling et al. (zort} projected a
I00% increase in area burned in northwestern
California under some scenarios. Direct mor-
tality of adults and larvae due to five has been
documented in A. montanus populations
(P. Van Eimeren, pers. comm., in Filliod et al.
2003, Hossack etal. zo06). Short-term impacts
of fire may be due to warmer temperatures



and/or increagsed ammonia levels or other
changes to water chemistry (Pillied et al. 2003),
but long-term impacts are understudied. Vege-
tation comrenunities are expected o shift from
moist conifer to drier mixed evergreen forest,
with zeductions in Douglas fir and redwood for-
est in particular {Lenihan et al. 2008, PRBO
aori}. It is unclear what effect these shifts may
have on A. fruei because stream conditions and
forest agc scem to be more important indicators
of habitat quality than forest type.

Status Determinatisn

Ascaphus truel is a specialist of cold, headwater
siream habitals in old and mature forests, a
habitat type that incurs substantial disturbance
from land management activities. Declines in
distribution and abundance have been docu-
mented in response to anthropogenic distur-
bances, and climate change has the potential to
further negatively impact this species. These
factors all contribute to a Priority 2 designation
for this species.

Management Recommendotions

Remaining old and mature forest habitats
should be protected, with a focus on managing
the entire streamn network (Olson et al. zo007,
Welsh 2011). Retaining streamside buffers on
managed lands can help mitigate the effects of
logging and readbuilding, but more research is
needed to determine bufler prescriptions, par-
ticularly how to preserve stream network proc-
esses {Olson et al. 2007). One madel recom-
mends riparian management zones 40—I50 m
wide and patch reserves along headwater
streams to accommodate upland habitat use and
promote connectivity among drainages (Olson
etal. 2007). The ecological effects of buffer pro-
tections may vary across habitat types, and nar-
rower buffers may be effective in more mesic
coaslal habitat compared ta mare xeric inland
sites in the California range of Ascaphus truei.
Construction of new roads should be mini-
mized or avoided in areas where pmtecting A.
truel is a high conservation priority. To reduce
the sedimentation impacts of runoff from roads,

forest roads should he disconnecied from stream
systemns (c.g., through the use of ditch-relief cul-
verts). Use of heavy equipment should be
avoided or restricted on forest roads when larvae
are present in nearby aquatic habitat. Road man-
agement strategies should be applied to all forest
roads, not just these used for timber harvest.
Ascaphus truel management would benefit
from greater legal clarity regarding state and
federal law on marijuana cultivation in Calitor-
nia. Curtently, same cultivation is legal under
state law but prohibited under federal law,
which may be hampering regulation of cultiva-
tion sites. Greater enfortement of existing envi-
ronmenlal and land use laws is needed, and
development of additional regulations should
consider envirohmental impacts on A. riei.

Monitaring, Research, and Survey Needs

The presence of uncut streamside buffers on
the entire channel network can armeliorate the
impacts of land management on Ascaphus truei
populations, but more rescarch is needed into
optimum bufler widths as they relate to difTer-
ent life history requirements and different por-
tions of Lhe calchmenl network. Studies from
A. truei populations in British Columbia and
Oregon have found positive effects of buffers
s—06o m wide {Bull and Carter 1996, Dupuis
and Steventon 19949, Stoddard and Hayes 2005,
Pollett et al. zo10). Experiments 1o determine
optimal buffer widths in Californiza habilals are
needed. We recommend, at 2 minimum, that
comparative dala from cpastal Mendocing
County (the southern limit of the species
range), coastat Humboldt/Del Norte Counties
{the northern limit of the species range in Cali-
fornia}. and inland Trinity County are needed
tn assess the minimum forest buffer on indus-
trial timber lands to retain key temperature and
stream clarity conditions for A. truei,

Much of the research on A. bruel has focused
on stream-breeding habitat and presence/
absenice studies. While more difficult, monitor-
ing efforts to document abundance and popula-
tion dynamics are needed to gain insight into
declines that cannot be inferred from presence)
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absence surveys [Welsh 2011}, Such studies
could alsn determine which life history stages
limit population growth in this species. When
possible, population estimates in managed for-
ests should be compared to A, truei abundance
in nearby undisturbed mature forest stands
(i.e., refercnce populations) to assess the
impacts of disturbance {(Welsh 2011).

More studies are needed on use of upland
habitats yy adults and dispersing animals. Such
studies should be targeted at identifying terres-
trial habitat corriders, if present, which can
then be protected to maintain connectivity
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amonpg populations [Olson et al. 2007, Olson
and Burnett 2zo09). Landscape genetic analy-
ses from replicate California populations may
be particularly informative, given that recent
studies from different parts of the range reach
diflerent conclusions about population connec-
tivity (Spear and Storfer zoo8B, Spear and Stor-
fer 2010, Aguilar et al. 2013).

Field research on impacts of marijuana cul-
tivation on arphibian populations would con-
tribute to development of environmental regu-
lations for this growing industry and inform
management strategles in cultivated areas.









and have a conspicuous black keratinized spade
on the ventral surface of the rear feet.

Taxonomic Relationships

The validity of this taxon has never been ques-
tioned, although confusion about the type
specimen and Jocality has been discussed (Fou-
guette 1968}, Osteclogical and genetic data, as
well ax call characteristics, suggest that it is
related to Central American bufonids {Tihen
1962, Martin 1972, Sullivan and Malmos 1994,
Pauly et al. 2004, Frost etal. 20a6a).

Frost et al. {zo06Ga) suggested 2 Laxonomic
revision that placed this species in the genus
Cranepsis. Based on subsequent discoveries of
older available names, the genus name for this
taxon was later revised to Oflotis {Frost et al.
zaobhb) and then Incilius {Frost et al. zoogbh,
Pauly et al. 2a00p). We retain the older taxon-
omy both for taxonomic stahility and because
the analyses supporting the original rearrange-
ment are controversial {Crother zoay, Frost et
al. 20093, Pauly ct al. 2009).

Life Histary

The life history of this species in California is
unknown, and wec base the following discus-
sion on observations from other areas. Bufo
alvarius spends much of the year underground,
presumably in rodent burrows {Degenhardt et
al. 1996). Bufe alvarius is primarily nocturnal
and becomes active hefore summer rains. It is
more strongly aquatic than most North Ameri-
can toads {Stebbins 1951). Breeding behavior
appears to be gencerally associated with sum-
mer rains (Sullivan and Malmos 1994),
althgugh amplexus has been reported in stock
ponds before rains have occurred (Degenhardt
et al. 1996). Several years may pass between
breeding eventz depending on the presence of
sufficient rainfall (Sullivan and Fernandez
1999). The species sometimes congregates in
large numbers for breeding, with nearly all
reproduction of a local breeding population
occutring in a single night (Degenhardt et al,
1996). The time required for hatching and
metamorphosis is unknown but may be less

than a month {notes of Thornber, reporied in
Ruthven 1907 and Storer 1925). This species
appears 1o be a dietary generalist, feeding on
any live arthropod or small vertebrate prey that
it can successfully capture (Stebbins 1951, Cole
196z). Poison secreted by the skin and paratoid
glands is particularly texic and has caused
death and paralysis in dogs and is a potent hal-
Jucinogen in humans (Musgrave 1930, Steb-
bins 1951, Skebbins 2003).

Habitat Requirements

The habitat requirements for Bufo afwarius in
California are unknown. In arid habitats of Ari-
zoma and New Mexico, the species can be found
inn and around a variety of water sources used
for breeding, including springs, stock ponds,
washes, river boltoms, and irrigation ditches
(Stebbins 1951, Stebbins 1g7z), though it is
accasionally found at great distances (>1 mi)
from water {Slevin 1928). Upland habitat sur-
rounding known aquatic breeding localities
clsewhere in the range include mesquite-creo-
sote desert lowland, arid grassland, rocky ripar-
ian zones, oak-sycamore—walnut assemblages
in mountain canyons, and moniane pine—oak-
juniper plant communities {Stebbins 20903,
Fouquette et al. 2005).

Distribution (Past and Present)

There are no known extant populations in Cali-
fornia. Historically, the species ranged in Cali-
fornia along the Lower Colorado River and into
the Imperial Valley {Grinnell and Camp 1917,
Stebbins 1951, Jennings and Hayes 19g4a),
likely ranging as far north as the southern tip of
Nevada (Caoper 1869). It is not knawn if
records in the Imperial Valley are a natural part
of the historic range or whether they represent
recent range expansion following the develop-
ment of irrigation (Stebbins 1gsi}.

The last verified record (LACM 8704 4) from
California dates to 31 [uly 1955, 7 km north of
Winterhaven, More recent surveys have failed
to detect the species (King and Robbins 1961,
Jenninge and Hayes 1994b). Sporadic records
continue to be reported on the Arizona side of
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the Colorado River, however. Several individu-
als were found near the Cibola National Wild-
life Refuge in i980 [Anderson and Qhmart
1982; B. Anderson, pers. comm.), and a single
individual was found at the refuge itzelf in
1986 (). Rorabaugh, pers. comm.). On 1 July
2004, a large individual was found “by the golf
course on the Parker Strip,” La Paz County, Ari-
zona (J. Rorabaugh, pers. comm.). On 29 July
200q, an amplexing pair was found aleng the
Bill Williarns River at Planet Ranch, Mohave
County, Arizona, and the species is reportedly
“fairly common” 24-12 km above the conflu-
ence of the Gila and Golorado Rivers, Yuma
County, Arizona {J. Rorabaugh, pers. comm.).
A single, unverified record of a calling Bufo
alvarius was reported near Bard, California, in
the spring of zo07 or 2008, though the time of
year was unexpected and the observer was inex-
perienced with the species {]. Rorabaugh, pers.
comm.).

Outside of California, B. alvarivs ranges
across southern Arizona to the southwestern
corner of New Mexico and south into Sonora
and the northern edge of Sinaloa, Mexico. The
known elevational range extends from near sea
level to 1615 m (Cole 190z).

Trends in Abundance

Though the paucity of records from California
makes assessing former abundance diflicult,
Bufo alvarius was apparently cornmon at Yuma,
Arizona, on the California border, along the
Lower Colorade River, and in parts of the Tmpe-
rial Valley (Slevin 1928, Klauber 1914). As no
populations are currently known in these areas,
declines leading to probable population extitpa-
tions or extremely low population sizes have
clearly occurred. The species is also known to be
declining in Mew Mexico {Degenhardt et al.
1990}, Throughout the rest of the range the spe-
cies appears to be stable and abundant at many
localities (Fouquette et al. 2005, Lazaroff et al.
2006}, though some have suggested that
declines are occurring throughout the range
(B. Brattstrom, R. Ruibal, and C. Schwalbe, pers.
comms., Teported in Jennings and Hayes 1994a).
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Nature ond Degrez of Threat

The causes of declines, and therefore the
threats to this species, are poorly understood.
Declines occurred before any studies wete car-
ried out in Califernia, though it is likely that
landscape modification and pesticide applica-
tions that occurred with the growth of agricul-
ture in the [mperial Valley contributed to
declines {Ohmart et al. 1988, Jennings and
Hayes 19g4a). Bufonids are generally very sus-
ceplible to amphibian declines (Stuart et al.
2004). In California, toad declines have been
linked to habitat loss and pesticide use (David-
son et al. 200z} and pathogenic fungi {Green
and Kagarise Sherman zoor).

Status Determination

The declines and possible extirpation of Bufo
elhwarius in California are the primary concerns
for this taxon. The species may require perima-
nent aguatic environments making it a modet-
ate ccological specialist, given the arid environ-
ments that characterize its range. This alse
makes the taxon sensitive to the effects of cli-
mate change, particularly changes in hydrology
and the increasing year-to-year variation in pre-
cipitation that have been projected {Cayan et al.
2008b}. Finally, because little understanding
of the causes of declines in California exists, we
are poorly positioned to protect any remaining
populations should they be found in future
SUTYVEYE.

Management Recommendations

The development of an eflective management
strategy for Bufo alwarius in California is net
possible without further distributional and eco-
logical information. As no populations are cur-
rently known, the first management priority
should be ta undertake comprehensive surveys,
as described below, aimed at identifying
remaining fragmentary California populations.
Habitat protection and enhancement would
then become the critical manapement toels ta
build these populations ta larger and viable
sizes. Simultaneous ecologiral research is also
needed on habitat use, home range size, life



history, and population connectivity before
more complex management programs focused
on reestahlishing the species are congidered.

Monitoring, Research, and Siievey Needs

A critical first step toward developing a compre-
hensive management plan for this species is to
undertake comprehensive surveys af rernaining
potential habitat in southeastern California.
These surveys should lake place during the
summer rains and should involve bialogists who
are familiar with Bufe alvarius' breeding behav-
iot. If any remaining populations are found, a
population-monitoring program should rapidly
be established to determine both geographical
extent and populaticn size, As little is known
about this species in California, this monitoring
program shouid take place in conjunction with a
study of the species’ life history and habitat use,
in California andfor adjacent Arizona. These
surveys should specifically target the remaining
rnoist areas of the southwest California deserts
that are known to support other water-depend-
ant verlebrate species, such as the desert mule
deer (Odocoilens hemionus crooki). Using exist-
ing survey data froin other, and better known,
species may help to guide toad survey eflorts

toward the wetbest arezs or most consistent water
supplies, thereby increasing odds of detection,

A second critical priority is to work with
wildlife managers in Arizona to survey for and
study the nearest remaining populationg on the
Arizona side of the Lower Colorado River.
These populations are likely the most ecologi-
<ally similar to the former California popula-
tions and should therefore pravide information
valuable o the eventual development of man-
agement programs in California. Genetic sam-
ples fram both California and Arizona should
bre collected o help inform managers about lev-
els of genetic differentiation, and therefore the
appropriateness of possible reintroduction of
Arizona anirnals to California,

As any populations that remain in Califor-
nia are likely isolated, study of these popula-
tions is unlikely lo yield information on the
metapopulation dynamics that we presume are
key in sustaining this species elsewhere. Rees-
tablishing these dynamics would form an
important part of a comprehensive manage-
ment program in California, and research
focused on better understanding these dynam-
ics will also need to take place outside of Cali-
fornia, preferably in adjacent Arizona.
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matches the substrate {Sweet 1ggz, Hancock
2009).

Metamorphosed individuals of this species
may be confused with the western toad (B,
borens), which is the only sympatrically occur-
ring toad. Bufo boreas has a prominent white or
cream dorsal stripe and lacks cranial crests
{Stebbins 2003). Young tadpoles that still
retain the black coleration are difficult to distin-
guish from B. borems, but older tadpoles are
readily distinguishable.

Taxanamic Relationships

Until recently, Bufo californicus was considered
a subsperies of the Arizona toad (B. micro-
scaphus} (Price and Sullivan 1988}, although
recommendations to recognize it as a full spe-
cies date back to Myers (1930). Frost and Hillis
{1990} recognized this species as distinctive
bazed on the general observation that few allo-
patrically distributed polytypic specics repre-
sent single genetically cohesive units, as is
implied by retaining B. ralifornicus as a subspe-
cies under B. microscaphus. Later analyses of
allozyme data confirm that B. californicus is a
distinct lineage, providing support for ils recog-
nition as a full species {Gergus 1998). Addi-
tional analyses of advertisement calls indicated
a substantial amount of variation within the
species complex, although the results were
equivocal with respect to species status (Ger-
gus et al. 1gn7). Lovich {2o0ga) analyzed data
from two mitochondrial genes and found addi-
tiorial evidence that B. californicus is a distingt
species. This work also idertihed clades within
B. californicus that roughly correspond to parts
of the range north and south of the Los Angeles
Basin, respectively.

Frast et al. {2006a) recommended placing
this species and many other North American
bufonids in the genus Apaxprus, although this
proposal and the analyses that support it are
controversial {Crother 2cag, Frost etal. 2000943,
Pauly et al. z0a9). We choose not to follow this
recommendation at the present time, pending
further analyses, and to maintain taxonemic
stability.
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Life History

Bufe californicus is primarily nocturnal and
feeds predominantly on nocturnally active ant
species (Cunningham 1gGz2, Sweel 1992, Sweet
1903, Mahrdt ci al. zooz). Adults iypically
emerge from retreats approximately 3o—40 min
after sunset, remaining active dewn to temper-
atures of around 13°C on dry nights and 10°Con
rainy nights, with nocturnal activity increased
during wet periods {Cunningham 1962, Sweet
1992, Sweet 1993).

Males begin calling at varying limes of the
year depending on lecal conditions and eleva-
tion, although calling activity appears to initiate
when water temperatures reach or exceed
11-13°C (Myers 1gj0, Sweet 199z} Charuses
generally begin in late February in coastal popu-
lations and late March or April at higher eleva-
tiont inland sites, and they may continue into July
(Sweet 1992, Sweet 1993, Stebbins 2003, Han-
wck 2009). Eggs are laid near the male's calling
sile on a substrale of mud, sand, or gravel, away
from vegetation and other submerged debris
{Sweet 1992). Hatching occurs after 4—6 days at
typical water temperatures {12-16°C), although
the larvae remain associated with the epg mass
for an additional 5—6 days. Metamorphosis can
nccut in as few as 65 days, although typically
72—80 days are required (Sweet 1992, Hancock
20049). Larger males and females are more sed-
entary and tend ta breed in the same pools
throughout the reproductive season and from
year to year |Sweet 1593, Hancock 2oog, Mitm-
vich et al. zo11). The seasconal activity period for
adults extends rouphly from the beginning of
the breeding season to late June or July, after
which most toads become inactive (Cunning-
ham 1902, Sweet 1993, Hancock 2009). Juve-
niles may remain active into October or later
following rains {Sweet 1993).

Bufo californicus nsually attain reproductive
condition in their second (males} or third
{females) year. The species is relatively short-
lived, with few toads living beyond 5 years of
age. [n the absence of nonnatural disturbances,
survivorship of adult toads is high during the
active season, but decreases markedly during



the inactive season. Sweet {1993) documented
that toads experience -45% per year mortality
tnostly during the winier, though other csti-
tnates sugpest even higher moztality (D. Hol-
land and N. Sisk, unpublishad data, reported in
Sweet and Sullivan 2005). Eggs and young lar-
vae are apparently unpalatable to most preda-
Lors, although garter snakes and nonnative
fishes prey upon older tadpoles (Sweet 19gaz).
Juvenile toads that have not yet adopted the noc-
turnal activity pattern characteristic of adults
also experience high predation pressure (Han-
cock 2009). Adult toads experience intense pre-
dation from intreduced bullfrogs in areas where
that species occurs {Miller et al. 2012, R. Fisher
pers., comm.). [n the absence of bullfrogs, adult
toads experience much lower predation inten-
sity {Sweet 1993, Hancock 2004q).

Habitat Requirements

Along with its close relative Bufo microscaphus,
B. californicus may have the most specialized
habitat requirements of any North American
anuran (Stebbins 2003]. This species requires
shallow, slow-moving stream and riparian habi-
tat. [n some areas they may occupy frst-order
stceams, although most populations inhabit
second- Lo sixth-order streains that have exten-
sive braided channels and sediment deposits of
sand, gravel, or pebbles that are occasionally
reworked by flooding {Sweet and Sullivan
2005}. These toads will use either permanent
or seasonal streams, although seasonal streams
must Aow For a minimum 4-5 menths for suc-
cessful reproduction and recruittnent {Sweet
and Sullivan 2005). At inland sites, radiotelem-
etry studies indicate that this species rarely
moves beyond the immediate upland margin of
streams, although in coastal sites arroyo toads
appear to occasionally use and disperse across
hotter and drier upland sites (Sweet 1692,
Sweet 1903, Griffin and Case 2001, Hancock
2009, Mitrovich et al. 2o11). Mitrovich et al.
{zo11} found that radjo-tracked toads actively
selected channel and terrace stream habitats,
and largely avoided surrounding scrub, grass-
land, and forest. On average, males were found

in closer proximity to flowing sections of
stream than females, possibly to maximize
reproductive opportunity (Mitrovich et al.
201i]. Bufe californicus is known to accasionally
use and breed in human-made habitats, such as
artificial stream terraces and ponds {Price and
Sullivan 1588, Mahrdt et al. zo0a]. It is
unknown whether the species can persist in
these habitats,

Distribution {Past and Present)

Bufo californicus historically occurred in coastal
drainages from the Sam Antonio River,
Monterey County, California, southward
through the Transverse and Peninsular Ranges
to the vicinity of Arroyo San Simdn in Baja
California Norte, Mexico (Price and Sullivan
1938, Gergus et al. 1997, Grismer 2002, Lovich
2009a). Almost all populations occur along the
coast or un the coastal slopes of the southern
California mountains, Six localities were previ.
ously recognized from the desert slopes of Los
Angeles, Riverside, 5an Bernardino, and San
Diego Counties, California {Patten and Myers
1992, Jennings and Hlayes 1gg4a). Desert slope
populations are known to occur at Little Rack
Creek, Los Angeles County, and Lhe Mojave
River, San Bernadino County. Populations at
Whitewater River, Riverside County, Borrego
Springs {listed as San Felipe Creek in Jennings
and Hayes 1994a), Vallecite Creek, and Pinte
Canvor, San DMege County, are probably in
error and are the result of misidentifications
{Ervin etal. 2¢13). The known elevational range
extends from near sea level to approximately
1000 m (Stebbins 2003; 5. Sweet, pers.
COMMLIML.}.

The present distribution of B. californicus is
considerably smaller than it once was. Jennings
and Hayes {1994a) estimated that this species
had disappeared from 76% of its former range
in California, although more recent estimates
place this loss at 65% (Sweet and Sullivan 2005}

Trends in Abundance

In addition o the extirpations discussed above,
extensive declines in abundance have been
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documented in most Buje californicus popula-
tions that do survive, Extensive collections from
the 1930s, largely stemming from the work of
L.M. Klaubet, suggest that this species was for-
merly present at much higher densities
{S. Sweet, pets. obs,, reported in Sweet and Sul-
livan zoos).

Noture and Degree of Threat

A recent s-year review of the status of Bujb cali-
Jornicus thoroughly discusses the ongoing
threats 1o this taxen {(USFWS 2000). We follow
the Andings of that document and recommend
that readers consult it for additional detail.

The preatest threat facing this taxon is loss
and degradation of habitat that stems from
modifcations to hydralogy from reservoir con-
struction, roads, flond control, development,
recreational activity, and mining {USFWS
2009). [n addition, declines are accurring even
in areas that are nol subject to development and
direct habitat degradation from human activi-
ties (Hancock zo01). These additional declines
stemn largely from introduced predators {prima-
rily bullfrogs and green sunfish) and intro-
duced plants, which degrade habitat andjor
decrease survivorship of toads (Sweet 1992,
Hancock 200q, USFWS 200q9, Miller et. al.
201z). Off-highway vehicle use has alse caused
bath habitat degradation and direct mortality in
this species (Ervin ¢t al. 2000)

Status Determinatian

Major declines in both distribution and abun-
dance, coupled with several ongoing threats,
combine to warrant a Priority 1 Species of Spe-
cial Concern siatus for Bufo californicus.

Management Recormrmendations
Management eflorts for Bufo californicus should
mirror those outlined by the USFWS recovery
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plan and s-year review for this taxon (USFWS
1599, USFWS z00g). The recent 5-year review
suggests that management efforts to date have
been effective, and the outlook for this species
has improved somewhat since it was initially
listed (USFWS 2009). The most important
managemenl slralegy is o preserve existing
stream habitat that supports this species and to
restore additional habitat that can support self-
susiaining populations. Restoration eflorts
should include dam remaoval to allow streams
to meander and rebuild sand and gravel bars,
and removal of exotic plants and vertebrate
predators.

Monitoring, Research, and Survey Needs

Munitoring, research, and survey needs are cov-
cted in depth in the USFWS recovery plan for
this taxon and the recent -year review. We refer
the reader to these documents for additional
detail {(USFW5 1999, USFWS 200qg). Monitor-
ing efferts should focus on recovering popula-
tions, particularly those in newly restored habi-
tat, [t is particularly important to continue
trnonitoring through drought and El Niflo cycles
given that this is a short-lived species and
several years of consistent drought could be
extremely damaging to recovering populations.

In addition, research aimed at cbharacteriz-
ing variation in this species’ life history in dif-
ferent parts of its ranpe should be undertaken,
as these differences might have an impact on
future management efforts. For example, the
two desert slope papulations may differ sub-
stantially in several aspects of life history rela-
tive ta the coastal slope populations. Additional
research into the prevalence and potential
impacts of Bd fungus on this species is also
particularly impottant. Finally, molecular anal-
yses of papulation size and connectivity tnight
be particularly valuable in this taxon,









“tuneful”) refers to the melodic quality of the call
{Camp 19164, Katlstrom 1952).

This species may be confused with high-
elevation populations of the western toad (8.
boreas). Bufo boreas often has a congpicuous
light middorsal stripe and smaller, more widely
spaced paratoid glands that are separated by a
space approximately twice their diameler {Steb-
bins 2003}. Bufo boreas also has mote extensive
webbing on the hind feet than B. cancrus
(Camp 1917). Populations of H. horeas that
occur in the Sierra Nevada do not pruduce
advertisement calls; thus, toad breeding cho-
ruses are diagnostic for B. canorus {Mullally
105G). Juveniles of the two species {<20-30
mm} are very similar to one another, and iden-
tifications of this size class should be made
with caution (Karlstrom 1962).

Taxonomic Relationships

Bufo canorus was initially described on the
basis of coloration and morphology {Camp
1916a). Its status as a distinct species has gone
largely unquestioned since this time. Subse-
querlt genetic analyses based on mitochondrial
data suggest Lhat this taxon is a close relative of
B. boreas (Shaffer et al. zooo, Pauly et al
2004). In addition, mitochondrial DNA data
suppest that B. canorus may be paraphyletic
with respect to the black tpad, B. exsul, and
some lineapes of B. boreas {Graybeal 1993,
Shaffer et al. 2000, Goebel etal. 2009). These
relationships have not been corroborated with
nuclear sequence data, and thus it is unclear
whether cryptic diversity exists within the
taxon or if this iz a case of mitochondrial intre-
gression. Unpublished genetic data suggest
that mitochondrial introgression associated
with past or ongoing hybridization may explain
these results (G. Pauly, unpublished data).
Some morphological variation has been
observed in size and degree of melanism in
epps and larvae of this taxon (Karlstrom and
Livezey 1055, Karlstrom 1992). Whether this is
plasticity in response to elevation andjor the
local environmetnt or genetic differentiation
has not been investigated further. Mitochon-

drial data also indicate that some intraspecific
variation and isalation by distance may exist
within the taxon [Shaffer et al. 2000, Pauly et
al. 2004, Goebel et al. 2009), although sample
sizes in these studies were small. Wang (2o12)
collected data from 16 micrnsatellites for toads
from 24 populations in Yosemite National Park
and found significant variation in the amount
of genetic distance between populations. This
analysis concluded that environmental factors
such as slope 2nd precipitaiion were associated
with genetic structure,

Frost et al. (200064} recommended placing
this species and many other North American
bufonids in the genus Anaxyrus, although this
proposal and the analyses Lhat support it are
controversial (Crother 2009, Frost et al. zooqga,
Pauly et al. z009).

Life Ristory

Bufo carorus is primarily a diurnal toad that
occasionally exhibils crepuscular or nocturnal
activity on warm days {Mullally 1956, Martin
2008). Males emerge from hibernation as soon
as snowmelt pools form along the margins of
preferred high-elevation meadow habitat and
quickly form breeding choruses {Karlstrom
1962}. As in many high-elevation amphibians,
the timing of emergence is correlated with eleva-
tion, and generally occurs in May and June
(Karlstrom 1962, Kagarise Sherman 1980).
Males are territorial and often maintaln interin-
dividual spacing of 7-14 m (Karlstrom 1g6z,
Kagarise Sherman 1980). Fighting occurs
between males that encroach on one anather's
territory {Kagarise Sherman and Morton 1984).
Breeding activity and egg-laying commence
soon after males begin calling, with females
depositing eggs along shallow edges af pools
and streams in meadows (Katlstrom 1962,
Kagarise Sherman 198a). Hatching occurs in as
few as 3—4 days at relatively high water tempera-
tures (20-23"C) or up to 10-14 days at lower
temperatures (16-17°C) (Karlstrom 1962,
Kagarise Sherman ig8o). Metamorphosis
occurs approximately 40-60 days after oviposi-
tion, again depending on temperature and
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elevation (Karlstrem 1962, Kagarise Sherman
1980, Kagarise Sherman and Morton 1584).
The seasonal activity pericd extends into late
September and early October, after which toads
hibernate in rodent burrows, ¢revicez under
rocks, and root tangles (Kagarise Sherman
1980). Adult teads do not begin to breed until
they arc 3—6 years old, after which females may
only breed every few years (Kagarise Sherman
1980, Kagarise Sherman and Morton 1984},
Adults grow slowly, averaging only 2.5 mm per
year at Tioga Pass, Tuolumne County, California
(Kagarise Sherman and Motton 1984}. The
post-metamorphic diet consists of a variety of
smali arthropeds including ants, bees, fies,
wasps, beetles, millipedes, and spiders {Grinnell
and Storer 1924, Mullally 1953, Kagarise Sher-
man and Morton £984). The slow growth rate
and lack of breeding every vear is likely attribut-
able to low metabolic rates associated with low
caloric intake and relatively cold terperatures
{Kagarise Sherman and Morton 1984). In the
wild, adults appear to be ablz to tolerate a rela-
tively wide ranpe of temperatures [from 2°-30°C)
(Karlstrom 15962), although they prefer tempera-
tures higher in this range (Cunningham tgG3).
The estimated critical thermal maximum is
37-40°C for adults and 36-38°C for larvae (Karl-
strom 1962).

Bufocurorus is known to occur sympatrically
with B. boreas in two areas [see the "Distribu-
tion" seciion) and may occasionally hybridize.
At the Frog Lakes locality, individuals that are
morphologically intermediate in paratoid gland
width and the extent of webbing on the hind feet
cccur and may represent nataral hybrids (Mot-
ton and Sokelski 1978). Mo putative hybrids
have been described from the Blue Lakes local-
ity (Katlstrom 196z), although some authots
supggest that hybridization may also occur there
{Stebbins 2003). Artificial crosses in the labora-
tory readily produce hybrids {Katlstrom 1962}

Habitat Requirements

Rujo canorus prefers relatively open hiph-eleva-
tion meadnws vegetated with grasses, sedges,
rushes, and/or willow stands {Karlstrom 1962].
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This species can be found in the margins of
water bodies that form from snowmelt runoff,
as well as in moist meadows. During the early
part of the active season, individuals are often
localized along meadow margins within approx-
imately 30 m of the forest edge. This behavior
may allow them to easily retreat to forest cover
at night to avoid freezing femperatures (Karl-
strom 1062). As the active season progresses
and nights become warmer, the oads tend o
move toward the center of meadows and become
less restricted to the margins (Kaxlstrom g6a).
This species prefers shallow (probably <7.5 ¢m)
snowmelt pools on the margins of meadows or
very slow moving runoff streams in which to
breed, although they have also been found in
deeper (>3 m) permanent pools {G. Fellers,
pers. comm.}. These need to be deep enough to
avoid premature desiccation—a significant
cause of mortality for larvae—but shallow
enough to achieve the temperatures needed for
rapid development (Karlstrom 1962). This spe-
cies may prefer to oviposit in dark-bottomed
pools, particularly at high elevations, as these
may provide warimer water temperatures and
more rapid larval development (Karlstrom
1962}, The presence of pocket gopher, mouse,
and vole burrows may provide additional benef-
cial cover and pmtection from predation (Grin-
nell and Storer 1924, Karlstrom 1g6z).

Distribution (Past and Present)

Bufo canorus is mestricted to a relatively small area
approximately 240 km (north-south) by 60 km
(east—west) in higher elevation arcas of the Sierra
Nevada {Karlstrom 1562, Kagarise Shermman and
Mortan 1993). It ranges from the vicinity of Blue
Lakes, Alpine County, California, south past Kai-
ser Pass to the Evolution Lakes area, Fresno
County, California {Grinnell and Storer 1924,
Livezey 1955, Karlstrom 1962, Jennings and
Hayes 1994a, Stebbins 2003, Davidson and Fel-
lers 2005}, The known elevational range extends
from 1950 to 3509 m, with most localities
between 3590 and 3048 m {Karlstrom 1962).
Between 1915 and 1992, this species exhib-
ited declines throughout some areas of its



range. Drost and Fellers {19906} resurveyed
localities from Grinnell and Storer {rg24) and
tound that this species had disappeared from 6
of 13 sites in the Yosemite area. Jennings and
Hayes {1994a) also estimated that the species
has disappeared from low-elevation areas on
the western edge of the range, as well as at the
northern edge of the range.

Trends in Abundance

In areas where Bufo cenorus persists, marked
declines in abundance have also heen docu-
mented. [n the Drost and Fellers {1996) resur-
veys, B. canorus was present in lower densities
than in rgig at three sites where it was still
present. Between 1976 and 1982, the number
of male toads entering breeding pools at Tioga
Pass meadow declined from a maximum of 342
individuals to a low of 28, a ninefold decrease
from the r974-1978 mean {Kagarise Sherman
and Morton 1993). However, the number af
females entering breeding pools showed no
obviaus changes during this time period
{Kagarise Sherman and Morton 1993). The
average number of toads encountered in daily
surveys also declined in the vicinity of Tinga
Pass meadew Dbetween the early 19705 and
19g0. In addition, these surveys documented
declines in female toads, although they were
not as severe as those documented in males
{Kagarise Sherman and Morton 1993). Similar
declines in abundance have also been docu-
mented at six additional localities in this region
{Kagazise Sherman and Morton 1993}.

Nature pnd Degree of Threat

The causes of decline in Bufo canorus require
additional study. The declines have occurred in
seemingly undisturbed areas and de not appear
to be localized, suggesting that they are being
driven by general changes to the environment,
rather than localized causes such as habitat
destruction. Several possible causes have bzen
advanced. and more than one factor may be
playing a role. These causes include environ-
mental contamination, disease, drought and/for
climate change, habitat medification due to

grazing or other activities, human disturbance
of breeding choruses, increased predation pres-
sure from birds and fish. and pesticides. Based
on current data it is not pessible w understand
in detail which, if any, of these factors are most
impaorlant in B. canorus declines.

Snowmelt ponls have extremely low acid
neutralizing capacity, leading to the hypothesis
that acidification of aquatic breeding habitat
due Lo atmospheric deposition may be contrib-
uting to declines. Bradford et al. {fg9z) exam-
ined the effect of increasing acidification and
the associated increase in dissolved aluminum
otn embryos and hatchlings of B. canorus,
Embryos and hakchlings exposed to decreasing
pH (and increasing aluminum solute) showed
no increase in mortality at levels found in
nature. However, these factors did cause earlicr
hatching and smaller body size at metamor-
phosis. Bradford et al. (1994) attempted to cor-
relate the distribution of declining Sierran
amphibians with these environmental factors
and found no relationship, concluding that acid
deposition was an unlikely source of amphibian
declines in the Sierra Nevada.

Diseasc has also been considered as a Factor
in declines, though there is little evidence to
date. Green and Kagarise Sherman {2001)
examinad the cause of death in 12 adult B.
canorus that were found during a die-off that
immediately preceded the population declines
documented at Tioga Pass meadow by Kagarise
Sherman and Morton (1993). They found thata
variely of diseases and parasites were present in
the population, and chytridiemycosis and septi-
cemia, alone or in combination, caused the
death of at least four individuals. However, no
single infectious disease was present in more
than 25% of the samples, which is fatr below the
propottion typically observed in other die-offs
caused by these diseases (Worthylake and Hov-
ingh 198g, Berger et al. 1998, Vredenburg et al,
2010}

California experienced a relatively severe
drought between 1987 and 19g2, a time when
B. canorus population declines were occurring
{Roos 1992, Dost and Fellers 1996}, Although
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it may have played an exacerbating role, drought
alone seems unlikely to be respensible for
declines. California experiences drought with
some regulatity, including during the time
periad of the Grinnell and Storer {1g24) survey,
which pecurred before any major declines in B.
canorus were observed (Drost and Fellers 1996).
Drought does affect year-to-year reproductive
success for this species, and prolonged drought
may have a comulative effect on populations
{Kagarise Sherman and Morton 1993}, Because
climate change is expected to impact the
amount of snow present in the Sierra Nevada
and the speed and timing of snowrnelt {Cayan
et al. z008b), drought might play an increasing
role in declines of this species in the future.
Habitat modification is a leading causc of
decline in many species throughout California
and has heen suppested as a factor for B. canorus.
However, 8. canorus is found largely wilhin the
boundaries of Yosemite National Park and other
public {inostly National Forest) lands that have
expericnced varying impacts over the last 100
years. Drost and Fellers {1906} compared pho-
tos of habitat from the Grinnell and Storer
(1924) surveys with current habilat and saw no
apparent differences. Over the course of their
zo-year study, Kagarige Sherran and Morton
(1693) were also unable to detect significant
habitat changes. That said, local impacts frotn
changing habitat remain a potential driver of
declines. All-terrain vehicle and snowinobile
use in sorme localized areas may degrade habitat
quality {D. Emery, pers. comm.}. Some workers
have postulated that livestock grazing in alpine
meadows of National Forest land causes changes
to hydrology, which may afTect the suitability of
breeding habitat and increase sedimentation in
punls, Two recent, relatively short-term gtudies
(5 vears) have addressed this hypothesis: one
that used experimental fencing treatments to
exclude livestock from B. carorus breeding
meadows and a second that included occupancy
surveys across pradients of meadow moisture
and livestock usge levels {K. Tate and A, Lind,
pers. comm.}. Both of these studies demon-
strated that meadow wetness was more infuen-
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tial in determining the current distribution and
abundance of B. canorus than the level of live-
stock use. Sean Barry {pers. comm.] docu-
mented that ads seern to pergist and even con-
centrate in areas that had been disturbed by
caltle in the Kaiser Meadow population. It is
also possible that the presence of cattle feces
increases insect food supply for adult toads,
although this remains untested. Martin (2008}
suggests that the practice of fencing individual
breeding pools to prevent grazing might actu-
ally lead to stronger habitat disturbance from
cattle grazing in the terrestrial foraging habi-
tats, potentially increasing the overall impact
from grazing. Thesc local-scale influences of
livestock grazing along with more detailed and
longer-term investipations of livestock use in
the contexl of B. camorus metlapopulation
dynamics require further study.

Some researchers have suggested that
increasing predation pressure could be causing
declines. A variety of avian predators are known
to fced on adult 2nd Jarval toads, and increasing
densities of common raven {Corvus coraéx) have
been pustulated as a possible cause of decline
{Kagarise Sherman and Morlon 1993). Ravens
are known to prey upon other toad species in
the B. boreas complex and likely also take B.
carorus. Evidence suggests that declines in
other amphibian species have occurred in areas
where hsh have been introduced {Drost and
Fellers 1956). However, fish alone are unlikely
te explain the declines in B. carorus. Most B,
canorus reproduction takes place in ephermeral
water bodies that do not contain fish (Drost and
Fellers 19g6}). Knapp {2005) found no evidence
for an eflect of introduced trout on B. cancros
presence and absence. Further, Grasso (z005)
and Grasse et al. {2010) examined the palatabil-
ity of eatly life stages of B. canorus to introduced
brook traut and found that all life stages were
highly unpalatable, suggesting that introduced
trout may have little direct impact on
populations.

Some authors have noted that breeding cho-
ruses of B. canorus are sensitive to liuman dis-
turbance. Grinnell and 3Storer (1924} docu-



mented that choruses would abruptly stap
calling when humans entered a meadow. They
specifically noted that B. canorus seemed to be
more sengitive to this disturbance than the
sympatric Pacific treefrog (Pseudacris regilla).
Karlatrom {1902} as well as several biologists
presently working on this species disagree that
this species’ calling behavior is impacted more
strongly by human disturbance than other toad
species. Karlstrom {1962) did notice wariness at
night and that cars moving through the area
even at 0.8 km distance would canse choruges
to cease calling and that “the almost continual
daytime traffic in [Yosemite Wational Park]
might heip to explain the paucity of rvadside
populations” of B. canorws. It has also been sug-
gested that the relatively frequent handling and
study experienced by some populations could
induce stress and immunosuppression, which
may aise be playing a role in declines (Green
and Kagarise Sherman zoar). To our knowl-
edge, this possibility has not been investigated.

Davidson et al. {2002) found that areas
where toads had disappeared were downwind
from disproportionately large areas of agricul-
tural land {primarily the low-elevation popula-
tiens on the western side of the Sierra Nevada},
suppesting that wind-bornc agrochermicals may
he a factor in declines. However, this relation-
ship was not statistically significant.

When this evidence is taken lugether, it is
clear that the causes of decline for B. canorus
are still poorly understood. It is possible that
several factors act in combination, perhaps
interacting with variation in life history or
metapopulation dynamics. [ndividual popula-
tions may be susceptible to Jocalized extirpa-
tion due to small population sizes and the spe-
ciet’ glow maturation rate. Increasing frequency
of localized extirpations could cause a break-
dawn of broader-scale inetapopulation dynam-
ics, leading to additional declines as recoloniza-
tion ceases to counteract local population
extirpations. Landscape genetic data suggest
that migration rates between local populations
are already low in several areas and this situa-
tion would likely be exacerbated by additional

lotalized populatinn declines and extirpations
(Wang za1z). These inferences are still specu-
lative, however, and further research is needed
on many aspects of B. canorus pepulation biol-
ogy to better understand ongoing declines.

Status Determinotian

Declines in both distribution and abundance,
coupled with a poor understanding of the fac
tors leading to deciine, are the major factors
justifying a Priority 1 Species of Special Con-
cern status.

Management Recommendations

An ellective managerment program for this spe-
cies will depend an identifying and prioritizing
the factors leading to observed, ongoing
declines. Until this is accomplished, protecting
breeding meadows from disturbance of natural
hydrologic regimes and water table dynamics
and limiting human disturbance to meadows
during the breeding season may be helpful in
safeguarding populations. In addition, upland
wintering habitats adjacent to breeding areas
should also be protected from grazing and
other disturbances.

Manitoring, Research, and Survey Needs

Ongoing monitoring and study of this species
is required with a particular aim of identifying
the major factors leading 1o decline. It is possi-
ble that some populations are relatively stable,
and comparisons with declining sites could lead
to itnportant insights into reasons for declines
and potential management solutions. Experi-
mental work, going beyond the primarily cor-
relational studies that have been carried out
thus far, could also be helpful in identifying the
most important facters. [n particular, experi-
mental studies of human disturbance, suscepti-
bility ta disease, and the potential role of
reduced snowpack on hibernation and breeding
biolagy would all be useful. Papulations should
also be monitered for disease outbreaks.
Further genetic work also needs to be com-
pleted to characterize penetic diversity within
the species. Several studies have already been

YOSEMITE TOAD 7§



carried out, although they rely primarily on
mitochondrial data alone, which is unable to
distinguish true population substructure {or
multiple lineages} from introgression from
nearby B. boreas populations. Wang (2012} adds
important information from the nuclear
genome, but focuses on Yosemite Mational Park
tather than the species’ range as a whaole.
Future studies should utilize multiple unlinked
nuclear markers to clarify the diversity present
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in the species, gene flow among meadows, and
effective population sizes,

Finally, the majority of survey efforts to date
have focused on populations within the bound-
aries of Yogemite Mational Park. A committed
survey effort is needed to better understand the
lecation of populations, their trends 1a distribu-
tion and abundance, and their disease status
and level of infection [or lack of) in areas out-
side af the park itsetl,









of metallic flecks and are go—75 mm in TL
{Nussbaum et al. 1983, In southern Mendoc-
ine County, this species could be confused with
R. draytonii {Shafler et al. z004}. Rane drayto-
nifis a larger freg {up to 138 mm SYL; Stebbins
zea3), and typically its dark dorsal markings
have light centers (Stebbins 2003).

Taxonomic Relationships

Although initially described as a distinct species
(Baird and Girard 1852}, for much of the twenti-
eth century northern red-legged frogs were
tegarded as the subspecics Rana nurora gurora
{Camp 1917). Studies over the last few decades
have supported the current taxonomic arrange-
ment, with R. aerorz and R. draytonii both rec-
ognized as distinct species. While they look
superficially similar, these two species differ in
motphology (vocal sacs, body size) and breeding
behavior, and are genetically distinct {Hayes
and Miyamoto 1984, Green 1985, Green 19804,
Green 1986b, Hayes and Kremples 1986, Shaf-
fer et al. zo004). A narrow contact zone occurs
between R. aurore and R. draylonii in southern
Mendocino County (Shaller et al. zo04).

Life History

Limited informatian is available on Rena aurora
life history, with most studies occurring outside
of its California range. Adults migrate to wet-
lands to breed for a few weeks between Decem-
ber and April when temperatures range from
4°C to 18°C (Storm and Pimentel 1954, Storm
1960, Dumas 1966, Licht 196g, Calef 1973).
Males call beneath the water (Licht 19609, Brown
19750}, During one breeding season in Hum-
boldt Bay National Wildlife Refuge, two breed-
ing events more than a mmonth apart produced
over halt of the egg masses {[. Betasso et al.,
unpuhlished data). Egg masses are 15—25 cm in
diameter and contain approximately 500-600
eggs on average (Calef 1973, Licht 1974, Brown
1975b). Eggs are attached to emergent and foat-
ing vegetation, branches, or logs up to 150 cm
below the water surface (Brown 1975b, Storm
1660, Calef 1973, Cary zo10). Surveys in Hum-
boldt Bay Mational Wildlife Refuge found that

mosi Egg Mds58€Es DECllrrEd bebween 30 and
fio cm elevation in the stream channel, at an
average heipht of 37 cm above the bettom and
8 em belew the water surface (). Betagso et al,,
unpublished data). In southwestern British
Columbia, epps were [ound al leasl a meter away
from the pond edge or viver bank {Licht 1969,
Water temperatures near developing eggs in a
Washinglon pond were 6.2°C on average (Brown
1975, and embryos tolerate temperatures from
4°C v 21°C {Licht 1971). Dumas {19606) reared
embryos at 11°C, 15°C, and 20°C, and observed
the greatest embiyo mortality at 20°C.

Embryonic development (from laying to
hatching) 1akes 3449 days (Storm 1960, Licht
1971, Brawn 1g7sb}. In Humboldt Bay Wildlife
Refuge, most cgg masses {to3/232) persisied for
4 weeks before complelely hatching out
(I. Betasso et al,, unpublished data). Larvae hatch
al 8—12 mm long (Storer 1925, Storm 1960,
Brown 1975b) and grow to up to 80 mm TL
{Brown rg7st). Metamorphosis occurs after 37
months {Brown 197sh, Storcr 1925) and mcta-
motphs are 18-29 mm (Brown 1q75b, Storm
1900, Calefl 1973}, Larger metamorphs are more
likely to survive and to emigrate farther (Chel-
gren et al. 2006). [n a Washington population,
eggs were laid in February and March, the first
larvae hatched in April, and metamorphosis was
completed in late July {Brown 19750,

Rana gurore juveniles disperse from breed-
ing sites within days or weels after transforma-
tion {Licht 1974, Licht r986a). While daily
meovements of adults may be on average only a
few meters per day, movements of several hun-
dred metets to 4.8 kitometers have been docu-
mented over langer pericds (Haggard 2000,
Hayes et al. 2001, Chan-McLead and Wheeldon
2004, Hayes et al. 2007}

Larvae are algal grazers (Dickman 1608).
Metarnor phs and adults are generalist predators
of ingects, spiders, and mollusks {Licht tg§&b}.

Habitat Requirements

Ranra aurore occurs in mesic forests and ripar-
ian areas, which in its northern California
range are primarily steep coniferous forests,
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coaztal terraces, and floodplains (Nussbaum
et al. 1983, Stebbins 2001). Rana aurora is
relatively terrestrial for a ranid frog. Adults can
occur hundreds of meters from water, and are
often found in dense vegetated or downed log
cover (Dunlap 1955, Dumas 1966}, Adult frogs
radio-tracked from March to July in Humboldt
County were detected on land go% of the time
and usually within 5 m of water, though ani-
mals were found up to 8o m away from water
(Haggard zcco). In habitat choice experi-
ments, juvenile frogs spent most of their time
out of the water [Pearl et al. 2004).

Both permanent and temparary breeding
habitats are used, such as ponds, freshwater
lagaans, lakes, and slow-moving streams (Licht
19649, Cary 2o10, Sun 2012). Artificial habitats
such as drainage ditches are also used (T. Fuller,
]. Garwood, and M. van Hattemn, pers. comm.).
Coastal streams may be impertant dispersal
carridots to inland populations. For example, R.
aurara have been found outside of the breeding
season in coastal sireams in Humboldt and Del
Morte Counties, and egg masses have been
found in backwatcrs and alcoves of the Smith
River where surrounding areas have been diked,
drained, and converted {|. Garwaad, pers.
comm ). Bolh aquatic and terrestrial vegetation
are important determinants of breeding habitat
quality. [n Huinboldt County, egg mass pres-
ence was positively correlated with low canopy
cover {ponds with less than —40% canopy cover
are morte likely to have egg masses preseut; Cary
2010}. Egg mass density was higher in smaller
ponds ( zoo0o mi)and in ponds where the per-
centage of foating and emergent vegetation
cover was at least ~40% {Cary zo10). Surveysin
Oregon also found support for the importance
of emergent vegetation, as wetlands used for
hreeding had 27% open water on average com-
pared to 50% open water in unused wetlands
{Pearl et al. 2005a). Qccupancy models fitto s
years of survey data in Oregon predicted that
local extinction probability decreased as the per-
centage of trees along the shoreline increased
and surface area of emergent vegetation
increased {Adams et al, zo11).
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Distribution [Past and Preseni)

Rara auwrom occurs from Mendocinoe County,
California, north along the west side of the
Cascade Crest up through Vancouver [sland
and the adjacent mainland coast of British
Colurnhia (Stebhins 2003). Populations also
occut on Graham Island, British Columbia
{Ovaska et al. 2002}, and on Chichagof Island,
Alaska (Hodge 2004). The elevational range
extends from near sea level 1o 1160 m in Lane
County, Oregon {Dunlap 1955}, with popula-
tions in Califernia occurring up to approxi-
mately 300 m {Jennings and Hayes 1g994a}.
Two localities included an our map possibly
extend the eastern edge and elevation range in
California, and are in need of further investi-
gation. A specimen collected by Camp in 1913
from eastern Mendacine County is in the UC
Berkeley collection (MY 2 5068), photographs
of which were reviewed by several experts. [t is
possible that the specimen is a misidentihed
R. draytonii, or it may he that R. eurora was his-
torically more widespread. Despite the pres-
ence of potentially suitable habitat, contempo-
rary CDEW biclogists working in this region
have not observed any R, aurera east of High-
way 101 or in Mendocine National Forest
{T. Fuller, pers. comm.}. At another site, two
individuals were found recently in eastern
Humboldt County at arcund 800 m elevation
{M. van Hattemn, pers. comm.).

In California. surveys have found R. aurarg
to be mostly absent from the river bottom lands
of the Eel, Mad, and Smith Rivers. These areas
have undergone extensive habitat conversion to
beef, dairy, and bulb farming, though popula-
tions may persist on inaccessible private lands
(M. van Hattem, unpublished data}. Surveys in
Oregon's Willamette valley found R. aurora at
sa% of sites, with highest occupancy probabil-
ity nbserved in seasonal sites without fish
{Rowe and Garcia 2013).

Trends in Abundance

Population declines have been suspected for
Rara aurora, particularly in Oregon's Willamette
Valley {e.g., Nusshaum et al. 1983; Hayes and



Jennings 1986). However, systematic surveys are
lacking. Data on R. awrore abundance in Califor-
nia are limited, particularly with regard to docu-
menting trends over time. Mean density of egg
masses in breeding ponds in Humboldt County
during one breeding season was ¢.2/m?, with
densities up to o7/m? observed {Cary 201a). In
Del Norte County, 382 cgg masses were found in
a 40 > 40 m area of a pond near the confluence of
East Fork Mill Creek and West Branch Mill Creek
{|. Garwood, unpublished data). Surveys in Cali-
fornia have found more egg masses in areas
where natural vepetation bulffers the breeding
habitat compared to developed areas (M. van Hat-
tern, unpublished data).

Nature and Degree of Threat

The major threat to Reng aurora is development
and forest conversion leading Lo habitat loss and
degradation. Other threats include introduced
predators, disease, and climate change, thaugh
more data are needed on each of these
gtressors.

Dhuc 1o issues such as low capture rates, it is
uncleat whether R. gurore abundance varies
consistently with stand age in harvested forests
(reviewed in Pearl 2005). For example, terres-
trial (Welsh et al. 20a7) and aquatic {Ashton et
al. 2006) amphibian surveys in northwestern
California forests have documented only a
handful of R. aurera. In Washington, breeding
sites with high primary forest cover within
2 km had higher egg mass counts, as did breed.
ing sites greater than o.a5 km away from roads
{Holcomb zo12). On Vancouver Island, radio-
tracked frogs tended to move toward old-growth
stands and away from clear-cuts <12 years old,
suggesting that recolonization of impacted sites
may require several years {Chan-McLeod
2o003). In an Oregon study, the hipghest capture
rates of R. aurore were in mature, mixed large
sawlimber forest (Martin and McComh 2003).

Agricultural and residential development
has likely contributed to habitat loss and degra-
dation for R. aurora, and is projected to continue
to increase in the future. For example, much of
the Smith River coastal plain in Del Norte

County has been converted 1o lily bulb produc
tien {]J. Garwood, pers. comen.). [n addition to
habitat loss, such agricultural conversion can
further degrade habitat through use of chemi-
cals such as pesticides, herbicides, and fungi-
cides. Similatly, the emerging issue of largely
unregulated marijuana cultivation can degrade
watersheds through grading and adbuilding
(which both destroy habitat and create runoff
into aquatic habitats), application of pesticides
and herbicides, and through dewatering of
springs, streams, and wetlands used for irriga-
tion {e.g.. Thompson et al. 2014}. Residential
and commercial development is likely to increase
in northern California, potentially leading te
losses of breeding habitat or loss of access to
remaining habilat. For example, the Humboldt
County General Plan is currently being updated,
with some proposals considering a doubling or
tripling of rural development. However, R.
aurpra does use arlificial habitat for breeding,
and amount of urban cover was not a streng pre-
dictor of frog occurrence in surveys in Oregon
[Rowe and Garcia zo13), suggesting some toler-
ance for certain kinds of habitat modification.
Introduced predatory fsh and bullfrogs are
widespread throughout R. aurora habitat in
California, including sites near the coast
(T. Fuller, ]. Garwoad, and M. van Hattem,
pers. cormum.]. Negative impacts have been doc
umented in inegocosm experiments, but field
observations have yielded both negative and
neutral effects of fish and bullfrogs on R. aurore
diztribution and abundance. Field-enclosure
experiments in Oregon have shown reduced
survivorship, shifts in microhahitat use, slower
development, and smaller size at metatmorpho-
sis of K. gurora in the presence of fish and bull-
frogs (Kiesecker and Blaustein 1998). Surveys
in Oregon and Washington have found evi-
dence for negative associations between R.
aurors pregence ot abundance and the presence
of nonnative fish but weak ot no evidence foran
effect of bullfrogs {Adams 1999, Peatl et al.
20053, Rowe and Garcia 2or13). Other studies
in Oregon and Washington have not detected
any effects of fish or bullfrogs on R. aurora
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presence (Richter and Azous 1995, Adams et al.
1998, Adams ct al. zor1). Little data are availa-
ble from California. Freshwater Lagoon and Bip
Lagoon in Humboldt County both have a long
history of fish stocking, and surveys of suitable
habitat during the 2015 and zo11 breeding sea-
sons never found mare than 1 egg mass in
either lagoon [M. van Hattemn, unpublished
data). While introduced fish and bullfrogs can
prey upon R. eutora, the population-level
impacts of such predation are unknown, Gut
content analysis of 5075 bullfings collected over
& years on Yancouver [stand found R. aurora in
only 0.2% of stomachs {Jancowski and Orchard
20T3.

Bxpected climate changes within the Cali-
fornia range of R. aurora over the next 100 years
include increased temperatures, sea-level rise,
changes in hydralogy, changes in fire regime,
and vegetation shifts {reviewed in PRBO 2o011).
The frequency of extremely hot days is projected
to increase, with roughly nine additional days
over 32.2°C {Bell et al. 2004), though the effects
of increased temperature are difficult io predict.
A mesacosm experiment on larval R. aurora
found that the combined effects of warming and
drying can offset each other: warmer conditions
result in more algal resources, allowing larvae to
develop faster and escape costs of drying
{O'Regan et al. 2014). Sea-level rises as high as
72 cm above 1990 levels are predicied under
sorme models for California [reviewed in PRBO
2011), which may cause saltwater intrusion into
estuarine habitat used for breeding. Upwelling
is expected to intensify, which may increase fog
development and contribute to cooler, maister
corditiens (Snyder et al. 2003, Lebassi et al.
zo00g], possibly facilitating terrestrial habitat
use by this species along the coast. Potential
changes in precipilation are less clear, some
models predict either modest increases or
decreases in rainfall, while others predict sharp
reductions of up to 28%. {reviewed in PRBO
2011). Reductions in water availability due
to reduced snowpack and possibly reduced pre-
cipitation will alfect the timing and magnitude
of stream flows, which may negatively affect
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habitat {Snyder et al. 2004, Stewart et al. zoog,
Cayan et al. 2008b). How fire regime will be
affected by climate change in northwestern
California is not well understood. Some models
predict little change in fre regime or aeven
decreases in area burned along the notthern
coast {Fried et al. 2004, Lenihan et al. 2008),
while increases in area burned have been pre-
dicted for the southern coast of northwestern
California (Lenihan et al. 2008). Westerling et
al. {2011) projected a 100% increase in area
burned in northwestern California under some
scenarios. How R. aurora responds to wildfite is
unknown. Vegetation communities are expected
to shift from moist conifer to drier mixed ever
grecn forest, with reductions in Douglas fir and
redwood forest in particular (Lenihan ct al.
2008, PRBO 2011). Lass of moist forest halitat
would likely be detrimental to R. aurora; how-
ever, most of the predicted vegetation changes
occur farther inland fromn its range.

Discase has been repeatedly implicated in
amphibian declines, but o date there is Little evi-
dence that disease has played a major role in
delermining R. axrora abundance. While Bd has
been documented from a high proportion of sites
examined in Humboldt County (11/13; Nieto
2004, Sun 20132), the prevalence of infected indi-
viduals is relatively low [ 15%; Nieto 2004, Sun
zol2). Waler mold infection of egg masses has
been observed in the field {Cary 2010, M. van
Hattemn, unpublished data) but population conse-
quences of infection are unknown. Terrestrial
versus aguatic life stages may respond differently
to fungal infecrion. Juvenile metamorphs
infected with Szproglenia in the lab did not have
significantly higher mortality than uninfected
individuals {Romansic et al. 2007), while two
weeks of exposure was lethal to R. aurora larvae
{Romansic et al. 2000a}.

Stotus Determination

Ranz aurors has a small range in California in
a region that is undergoing continuing develop-
ment, agricultural use, and timber harvest,
making it a Priority 2 Species of Special
Concert.



Management Recommendations

Management of Rana aurora should focus on
addressing habitat degradation and loss due to
development, timber harvest, and agriculture
{including marijuana cultivation), introduction
and spread of nonnative predatory fish and bull-
frogs, and on minimizing unintended negalive
impacts due to salmonid restoration. Observa-
tions of higher abundance in breeding habitat
with intact terrestrial vegetation nearby {though
not excessively shading ponds; Cary 2010,
Adams et al. zo11, Holcomb 2012) coupled with
the terrestrial habilal use and lonpg distances
traveled by adults {Hayes et al. 2007} support
the idea of maintaining vegetation buffers
arnund breeding habitat in forested areas and
setbacks between wetlands and development.
Current regulations for development setbacks
under the California Coaslal Act of 1976 give
distances from breeding wetlands of up to 30 m
depending on land use. However, these setbacks
are reducible upon request and we recommend
that consistent, biologically based setbacks be
developed. Rara wurors may experience less
impact from timber harvesting methods that
leave residual tree patches. particularly if multi.
ple trees are included in patches between o 8
and 1.5 ha in size and are near streams {Chan-
McLeod and Moy 2007}, Marijuana cultivation
appears to pose a prowing threat to maintenance
of high-quality habitat for this species. Enforce-
ment and regulation of marijuana cultivation is
an ongeing issue in California and we suggest
that the environmental impact of such activities
be considered. Populations of introduced fish
and bulifrogs should be prevented from invad.
ing R. aurora breeding habitat. While bullfrogs
may already be widespread, intentional fish
stocking should be restricted to avoid R. aurora
habitat. Restoration projecis for native salmo-
nids should also take into consideration poten-
tial impacts to R. aurore that may be caused by
converting freshwater wetlands to estuarine
habitats and salt marshes.

Monitoring, Research, and Survey Needs

Monitoring of Rana aurora egg mass counts
should continue in order to provide baseline
data on distribution and abundance and to
detect declines. Rana curora management
would benefit from additional study of move-
ment and hahitat use, life histary, effects of
tarijuana cultivation, and impacis of intro-
duced species in the field. Particularly as habi-
tat becomes increasingly frapmented, data on
connectivity among habitat patches, effects of
road density, and use of terrestrial habitat away
from breeding ponds can help inform appropri-
ate setback distances and buffer configurations.
Genetic studies may also be helpful for under-
standing patterns of frog movement across the
landscape. Basic life history information overall
and from the California range in particular is
also lacking. Understanding saltwater Iolerance
of different life stages would be useful for pre-
dicting the extent of sea-level-rise effects on
coastal populations. Field res¢arch on impacts
of marijuana culiivation on amphibian popula-
tions would contribute to developing environ-
mental regulations for this growing industry.
Much of the concern for bullfrog impacts on R.
aurora is from experimental mesocosin studies.
Additional research that addresses the effects
of bullfrogs and fish on R. aurora in the field is
necessacy to understand the community con-
text of impacts, as the effects of bullfrogs in
combination with fish may be greater than
either singly {Kiesecker and Blaustein 1998).
and hsh may be facilitating bullfrog survival
{Adams et al. 2003). Under the assumption
that eradication of well-established introduced
species is unlikely to be feasible at a large scale,
a main goal of this work should be identifying
factors that can potentially be manipulated to
protmote coexistence between R. aurora and
nonnative predators, such as managing terres-
trial and aquatic vegetation cover and
hydroperiod.
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Jennings and Hayes (2005} docurnented
otange ot 1ed coloration on the ventral surfaces
of the hind limbs in post-metarnorphic animals
from Glenn, Tehama, and Stanislaus Counties.
Tadpoles reach a maximum size of 55 mm and
ate usually olive dorsally with dark spots or
moltling that matches the stream subsirate and
a silvery venter {Nussbaum et al. 1983). Males
call primarily underwater but will also cail
above {MacTague and Northen 1993).

Other species that R, boylii could potentially
be confused with in California include the Cali-
fornia and northern red-legged frogs [ R. drapto-
mii and R. aurora), the mountain and Sierra
Nevada yellow-legged frogs (R. muscesa and R.
sierrae}, and juvenile bullltogs. Rena draytonii
and R. aurora have smooth skin, a prominent
jaw stripe, distinct dorsolateral folds, and usu-
ally have red coloration under the hind limbs
{although R. boylii can also have red ventral col-
oration, and young R. draylonii ard R. gurorz
often have yellowish thighs) {Stebbins zoo013,
Jennings and Hayes 2005). Rena muscosa and
R. sierrge have smoother skin, smocth tym-
pana, and tend lo Jack the light patch on the
snout [Stebbins zo03}. Bullfrogs occasionally
ca-occUr with R. Aoplif but tend to be greenish
in color, with smoother skin, and large, smooth
tympana {Stebbing 2003).

Taxenamic Relationships

Rang boplit has been recognized as a distinct
species for a long period of time, although its
phylopenetic placement among ather North
American ranids has been revised repeatedly
(Baird 1854, Macey et al. zoo, Hillis and Wil-
cox 2005}, Zweifel (1955) documentead variation
in celor and morphology armong California &.
boylii populations. Recent phylogeographic
studies have found that genetic variation
among R. boylii populations is structured along
hydrolagic boundaries {Dever 2067, Peek 2010,
Lind et al. 2o11). In a range-wide phylogeo-
graphic study, Lind et al. {zo11) identified sorne
peripheral populations that are deeply diver-
gent from populations within the core of the
range. In California, populations in southern-
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most Monterey County west and south of the
Salinas River Valley and populations from the
southern Sietra Nevada were found to be phylo-
genetically distinct from the rest of R. boyli,
suggesting a long history of isolation, While
extreme southern populations from Los Ange-
les County are now extirpated, Lind et al. (zo11)
hypothesized that animals from those localities
may also have been genetically distinct.

Life History

As a stream-dwelling frog, the life history of
Rana boylit coincides with seasonal palterns in
river flows aszociated with California’s Mediter-
ranean climate. The most sensitive life stapes
(eggs and larvae) develop during relatively sta-
ble conditinns when streams are at their lower
stages (Kupferberg et al. 200gb). Breeding and
oviposition occur in spring after Aood waters
recede, and tadpoles metamorphose in late
summer through early autumn before winter
1ains {reviewed in Lind 2005, Haggarty zo000,
Wheeler and Welsh 2008}. Southern popula-
tions breed earlier than northern populations
{Zweifel 1955}, and the onset and duralion of
breeding can be influenced by water tempera-
ture, cessation of rainfall, water velocity and
depth, and day length (Zweifel 1955, Kupfer-
berg 1996a, Lind et al. 1996). Belween 2002
and 2007 at a site in De] Norte County, breed-
ing activity was initiated in early April and
lasted for 19—5z days, with earlier breeding
vecurring in low-flow years {Wheeler and
Welsh 2008). Breeding activity ceased briefly
during rain events that increased flows
{Wheeler and Welsh zo08).

Females lay a single cluster of up to 2000
eges (Zweifel 1955) attached to pebbie or cobble
substrates {Fuller and Lind 1962) ot to bedrock
(M. van Hattem, pers. comm.}. Eggs take 2—3
weeks to hatch, depending primarily on water
temperature [Kupfetberg 1996Ga). Major
gources of natural egg mortality are desiccation
through stranding in dry years, and scour from
fAoods in wet years (Kupferberg et al. zo09b).
Adults breed at 2 or § years of age depending on
the geographic location, and this translates into



Auctuations in adult populations being detey-
mined by environmental conditions during
tecruitment 2—3 years prior {Kupferberg et al.
zoogb). Metamorphosed animals captured in
Tehama County were 1.2—7.2 years old based
on skeletochronology (Bourque 2008), sug-
gesting that they can be relatively long-lived.

Radiotelemelry studies are beginning to
offer more insight inta terrestrial movements.
Adults apgrepgate al pools in the spring but
become more difficult to And in the summer
(Van Wagner 1996, Haggarty 2006, Wheeler
and Welsh 2008). In one study in Tehama
County, frogs used watercourses for movernent
and were rarely more than 12 m from the
stream channel [Bourque 2008), Females
tended to move upstream during spring and
downstreamn during the fall and winler, Travel
ralcs in this population wete up to 1380 m/day.
fasler than previously thought. In cther stud-
ies, the longest distances traveled have been
cloger lo o0 m al rates of tens to a few hundred
meters per day (Van Wagner 1996, Drennan et
al. 2006, Wheeler et al. 2006). Females tend to
move farther distances than males, with female
movements up to 7 km documented in one
study {Bourque 2008, Gansolin zo10). At ane
locality in Del Norte County, 68% of males
remained in one breeding site during the repro-
ductive season, with average home range sizeg
of 0.58 m* {(Wheeler and Welsh 2008). At a site
where the availability of permanent water iz a
limiting factor in Santa Clara County, tesident
tributary frogs rmoved to the main stem to
breed and moved greater distances than resi-
dent main stem frogs {Gonsolin 2010). Grealer
than go% of movements were associated with
movements to ot from hreeding sites, and all
movements outside of the breeding season
were made in response to the channel drying
back or te rainfall (Gonsolin zo10).

Larvae appear to be herbivorous, while met-
amorphs and adults consumne terrestrial and
aquatic insects. Algae with epiphytic diatoms
are a preferred food for larvae, and the abun-
dance of Aoating alpae indicates the quality of
larval food resources (Kupferberg 1gg6b, Kup-

ferberg 1997). Metamorphosed animals prima-
tily forage terrestrially {Zeiner et al. 1988, Van
Wagner 1996, Hapgarty 2006, Hothem et al.
zo09}. Spiders, beetles, and flies are common
prey items (Haggarty 2006, Wisemnan and Bet-
taso 2007, Hothem et al. 200q). Gut content
analyses of adults collected from za sites in the
Cache Creek watershed found that 8% of indi-
viduals contained terrestrial prey, a8% con-
tained aquatic prey, and one animal contained
mammal hair and bone fragments {Hothem et
al. 2009). Two oceurrences of adults cannibal-
izing juvenile conspecifics have been docu-
mented {Wiseman and Bettaso 2c07).

Habitat Requirements

Rama hoylii is primarily stream dwelling and
requires shallow, flowing water in streams and
rivers with at least somne cobble-sized substrate
(Hayes and Jennings 1988). Different life
stages use different habitat types for develop-
ment, foraging, and overwinlering,

Breeding and oviposition occur at the mar-
gins of relatively wide and sballow channel ser-
tions, habitats that experience reduccd How
variation (Storer 1925, Fitch 1936, Kupferherg
159Gh, Lind et al. 19906). Breeding sites are
ofllen lacated near tributary confluences (Kup-
ferberg 1996a, Boumue z008). Epg masses are
attached in low-low locationz behind and
sometimes under rocks. The most commonly
used substrates for breeding sites are cobble,
boulders, and gravel {Fuller and Lind 199z,
Kupferberg 1996a). Eggs have been found at
water depths up ta 87 e {C. Bondi, 5. Yarnell,
and A. Lind, pers, comm.}, in water velocities
of a-0.21 m/s, and up to 1z.5 m from shore
{Kupferberg 1906a, teviewed in Lind zo0s).
The critical thermal maximum for embryos is
26°C, and eggs have been found in water rang-
ing from ¢"C to 21.5"C {Zweifel 1955). Density
of egg 1masses was highest in Eel River reaches
when July mean temperatures were between
175°C and 10°C {Catenazzi and Kupferberg
2013}, BEgg mass surveys from 19gr to zooz2
across 11 small and large streains in the North-
ern Coast Ranpes and the Sierra Nevada found
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that aviposition sites occurred in a very narrow
range of microhabitat conditions that were dif-
ferent from randemly selected habitats, strongly
suggesting active habitat selection by frogs
{Lind zo05). High-quality breeding areas are
often used over muliiple years (Lind zocog).
Larvae tend to stay in natal habitats until they
metarnorphose (Van Wapner 1996). Surveys in
the Mattole Watershed in northern coastal Cali-
fornia across different channel types found that
tadpole presence was best predicted by rela-
tively warmer water temperatures {Welsh and
Hodgsan zo11). Tadpoles were never found in
water colder than 13°C, and tadpole abundance
increased with water temperature (Welsh and
Hodpson 2o11). In choice experiments, tad-
poles selected ternperatures between 16.5°C
and 22.2°C {Catenazzi and Kupferberg 2013).

Metamorphosed animals use a variety of
aquatic habitats, including riffles, pools, and
glides [reachecs intermediaie between riffles
and poots) depending on the life stage and sea-
son [Van Wagner 1990, Yarnell 2000, Lind
2005, Yarnell zoos, Haggarty 20006). At Red
Creek in Tehama County, post-brecding season
adults and subadults preferred pool and rilfie
habitats, while young of the year metamorphs
selected slowermoving glides and runs (Hag-
garty 2000}. In Nevada County, all age classes
used riffles after the breeding season (Yan
Wagner 1996). In the Sierra Nevada foothills,
subadults chose fast-flowing sections of stream,
while adults used slowermoving pool habitats
(Yarnell 2000, Yarnell 2005). In the Maitole
Watershed, the best predicter of adult presence
in streams was canopy openness {Welsh and
Hodgson zo11). Abundance of adults and lar-
vae was positively associated with larger basin
areas and finer substrates, conditions mare
typical of alluvial channels than other channel
types {Welsh and Hodgson zo11).

Less is known about terrestrial habitat use.
Adults typically occur along waterways with
some degree of shading (Fitch 1938, Zweifel
1955, Moyle 1973, Hayes and Jennings 1988,
Van Wagner 190, althoupgh they also occur in
open habitats {(Welsh et al. zoo5, Happgarty
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2006, Welsh and Hodgson 2o11}. During the
spring. radio-tracked males and females in
Tehama County were often found on land near
watet (389 and 66% of the time, respectively:
Bourque 2008). The average distance from
water was less than 3 minall seasons, although
adults occasionally used habitat up to 40 m dis-
tant from streams {Bourque 2oof). Adults
move to tributaries or upland habitats to avoeid
floods following large rain events (Kupferberg
19gGb, ¥Yan Wagner 19906, Yarnell 2000,
Bourque 2008}, Tributaries are also used for
overwintering in early spring before adults are
abundant on the principal channels {Kupfer-
berg 19906b, Yarnel! 2000). Juveniles will also
move inte tributaries, with maximum move-
ments of 860 in from hatching site o upsticam
tributaries observed in Santa Clara County
(Gonsalin zo1o). Adults may apgpregate ahove
ground in terrestrial microhabitats on tributar
ies post-breeding (Leidy et al. 2009).

Distributian (Past and Present)

Historically, Rana boylii occurred in foothill
and mountain streams from the San Gabriel
River in Los Angeles County 1o southern Qre-
gon west af the Sierra-Cascade crest (Muss-
baum et al. 1983, Stebbins 2003), from sea level
to 1040 m {Hemphill 1n52}. There is an iso-
fated, unverified tecord from northern
Baja Californiu, Mexico, at ~zco0o m (Loomis
1965).

Jennings and Hayes {1994a) considered R.
boylii endangered in central and southern Cali-
fornia south of the Salinas River, threatened in
the west slope drainages of the Sierra Mevada
and Cascades, and of special concern in the
Coast Ranges north of the Salinas River. They
estimated that R, beplii were extirpated from
45% of their historical localities in California,
and 66% of histarical localities from the Sierma
Mevada. Building on that mapping effort. Lind
{zo0%) looked at 394 historic localities in Cali-
fornia and QOregon, and found that 201 locali-
ties {§1%) were no longer occupied. with extir
pations largely in southern California and
northern Oregon. Kupferberg et al. (acr12)



determined current occupancy of 310 randomly
selected sites that were occupied prior ta 1975,
They found that half of the sites still had R.
boylii populations, with frogs more likely to be
present in sites without Jarge datns.

Extirpations likely began in the second half
of the twenticth century. Grinnell and Storer
(1924} noted several sites in the Sierra Nevada
foothills around Yosemite where R. boyii were
cnmmon, In resurveys of lthose sites and sur
veys of additicnal sites in the early 19905, Drost
and Fellers (1996) did not find any R. bayiii.
Surveys by Movle {1971) in the 1970s found R,
boplii at only jo0/95 sites in the southern and
central Sierra Nevada foothills. Field surveys
since 1993 have found at least one frog at only
213/ 804 sites in 28/40 California counties (Fel
lers 20053}, Fellers (zoosa} estimated that
extant pepulations occur in 4o% of streams in
the Pacific Northwest, 30% of streams in the
Cascade Mountains, 30% of streams in the
south Ceast Range {south of San Francisce),
and 12% of streams in the Sierra Mevada.

Trends in Abundance

Kupferberg et al. {2012) compiled egg mass
density data from multiple sources on 27 Sier-
1an and coastal populations in northern Cali-
fornia between 1ggr and zo1c. The range of
densities reported was between 1.9 and 1057
clutchesfkm af reach sampled. Average density
was higher in free-Howing rivers (31.1 clutches/
km) than in rivers with dams (5.4 clutchesf
kmj}, but no differences were detected between
abundances in coastal versus montane water-
sheds [Kupferberg et al. z012). Fellers (2005a)
reported that only 30 of 213 occupied California
sites had population sizes greater than 2o
adults. In the Coast Ranges, population sizes of
greater than 1oo adult frogs occurred at six
sites, and populations greater than 5o adult
frogs occurred at nine sites (Fellers 2005a).
Small pepulation sizes are presumably due to
population declines, leading to predictiens that
populations in the southern Sierra Nevada will
not be viable for tnore than another decade (Fel-
lers zoc05a). Minimum viable population sizes

are unknown, however, and rnay vary across
the range.

Nature ond Degree of Threot

The main threats to and likely causes of Rana
boylii decline are human activities that alter
nateral hydrologic regimes of stecams and riv-
ets, such as dams for hydroelectric power pen-
cration, water storage, and water delivery. Other
potential stressors include land use changes
that degrade or destroy riparian habitat [partic
ularly urban and agricultural development),
pesticides, disease, and invasive species.

Alterations to the natural Aow regime, for
cxample, through dam releases, can have direct
mortality eflects and indirect nepative eltects
ot R. boylii by altering habitat availability and
quality. Kupferberg et al. (z00g9b} reviewed
published literature and Federal Energy Regu-
latory Commission hydroeleciric dam relicens-
ing reports to assess the effects of pulsed Aow
teleases on R, boylii. The data spanned 1997
2007 and included seven major river basins in
California. Pulsed Aows from dam releases
after oviposition resulted in scouring of egg
masses, while flow changes during oviposition
led to stranding when water levels subsequently
dropped and exposed egg masses. Similarly,
tadpoles can be scoured and stranded due to
pulsed-flow releases. The effect of releases on
post-metamorphic animals is less clear, and the
impact of flow charges on habitat availability is
highly site specific. Reservoirs and dams may
also disrupt patteras of connectivity among R.
boylii populations. Comparisons of genetic
structure within and among R. boylii popula-
tions in three pairs of regulated versus unrepu-
lated Sierran rivers found that regulated rivers
exhibited lower genetic diversity and greater
genetic drilt compared to unregulated river
populations (Peek 2010},

Kupferberg et al. (2z009¢) modeled R. boylii
population growth under different flow sce-
narios. A major result was that populations in
regulated rivers had 4-13-fold greater extinc
tion rigk than populations in unregulated rivers
due to smaller population sizes. Kupferberg
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et al. (z009c) simulated how an unregulated
populatien would be affected by flows more
typical of regulated rivers. When subjected to
aseasonal flow conditions, modeled popula-
tions showed a doubling of extinction risk.
Many different kinds of hydrologic changes can
¢ontribute to these negative effects, and when
different stressors are combined, the impact on
frog populations is grealer than expected from
simply adding up the effects of individual
stressors.

Field and laboratory experiments conducted
by Kupferberg et al. (2011} showed that tadpoles
sulfered negative effects including death at ot
below water velocities experienced during asea-
sonal pulsed fows. For example, most tadpoles
could no longer swim or seek refuge at veloci-
ties of ~2¢ cmys or greater, and in the absence
of refugia tadpoles reached exhaustion in
~7 min in a § ¢mjs current. Rates of flow in
regulated reaches can be much higher than
this. For example, in the North Fork Feather
River, surface velocity measured in larval reat-
ing habitat near channel edges can reach over
30 cm/s aller releases for recreational purposes
{Garcia and Associates zoos).

Smaller-scale hydrotopic modification and
loss or degradation of riparian habitat due to
urban and agricultural use is alse a threat o R.
boylii. Analyses correlating R. boplii distribu-
tion with landscape characteristics demon-
strated negative effects of urban and agricul-
tural land use change and pesticides on R.
boplii presence (Davidson et al. 2002, Davidson
zoo4, Lind zo005). Vinevard conversion can
have impacts on small creeks, and the estab-
lishment of permanent ponds used for irriga-
tion and frost protection can create habitat for
bullfregs {8. Kupferberg, pers. comm.). Mari-
juana cultivation practices that divert water
from small creeks can lead to premature dry-
ing. Growers have been dbserved to construct
plasticlined impoundments in creeks and add
fertilizers directly to creek water, as well as use
pesticides and herbicides in and around frog
habitat {Gonsolin zc10). These practices are
suspected to have contributed to declines in
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some populations near Gilray [Gonselin zo10).
Sirnilar impacts are likely in Humboldt, Men-
dacine, and Trinity Counties (CDFG zor3). The
large-scale effects of such illegal operations are
unknown, and potentially dangerous to study.
While in-stream gravel and suction dredge gold
mining may have been more of a concern in the
past, current regulations protecting salmonids
have likely largely reduced the direct impact of
such actlivities on R. boylii. For example, in
Humboldt County in-stream gravel mining
occurs above {in elevation) and cutside the wet-
ted channel, and relatively high egg mass den-
sity has been documented in reaches where
gravel mining occurs in the Mad River (M. van
Hattem, pers. cotm.).

The current distribution of R. boylii is
strongly correlated with climate variables,
which suggests that this species may be sensi-
tive to future climate changes, particularly
those that affect stream hydrology {reviewed in
PRBQ zorr}. Comparisons of occupied and
extirpated historic localities found that sites
where R. boylii persists have higher mcan
annual precipitalion, less variability in precipi-
tation, and [ewer dry years than extirpated sites
{Davidson et al. 2002, Lind 2005). Within the
range of R. boylii, warming temperatures are
predicted to result in more precipitation falling
as rain instead of snow, and consequently less
storage of water as snowpack. Reductions of
30-80% in snowpack accumulation are pre-
dicted within the northwestern range of R.
beylii, and up to go% reduction in snowpack is
predicted for the south coast hydrologic region
{Snyder et al. zoo4, Cayan et al, zoo8b). Inthe
Sierra Nevada, snowpack losses of 50—g0% are
predicted by the end of the twenty-first century,
with greatest losges at low to mid-elevations
{Knowles and Cavan 2oc2, Hayhoe et al. 20a4,
Knowles and Cayan 2004, Maurer 2007, Cayan
et al. zoo8b}. Loss of snowpack is likely to
result in earlier runoff and reduced spring and
summer streamfows. Timing of spring snow-
melt is predicted to shift eatlier in the spring in
the Sierra Nevada {Snyder and Sloan 2005),
while in northwestern California the opposite



has accurred over the last 5o years (Stewart et
al. 2005). How frogs will respend to these
changes in hydrology is unknown, but negative
effects due to anthropogenic changesin hydrel-
opy are well documented. Reduction in water
availability may also lead ta more canflict with
human use of water and affect how regulated
reaches are managed (reviewed in Franco et al.
zo11}. It is important to note, however, that pre.
dictions of changes in precipitation are much
less cettain than predictions for temperature
{Franco et al. 2011, PRBO 2011}. In addition,
climale change may also alfect disease dynam-
ics. Outbreaks of nonnative parasitic copepods
nccurred during two recent warm years at a
long-term study site, resulting in morphologi-
cal abnormalities and smaller sizes at mela-
morphosis (Kupferberg ct al. zooga). The out-
break was likely caused by increased summer
water tempetature, decreased daily discharge,
or a cenbination of these factors. These condi-
tions may increase under a changing climate,
but could alse oceur as a resulf of marijuana
cultivation.

Mo declines ta date have been associated
with Bd, but the disease does infect R. hoyplil in
the field. Padgett-Flohr and Hopking {2009)
examined museum specimens from 1890 to
2000, and found that Bd first appeared in R.
boylii samples fram the 196os, with 10% of
specimens infected. [n all, 0—40% of speci-
mens were infected with Bd in the following
decades. In laboratory trials, R. boyli appeared
ta be protected by skin peptides against Bd and
therefore may not be very susceptible to chytrid-
iomycosis [Davidson et al, zao7), Chytrid
infection did not affect survival, even in the
presence of a co-applied pesticide, but did sup-
press growth of recently metamorphosed indi-
viduals by approximately 40% (Davidsan et al.
204Q7).

Obzervational data and surveys have found
that R. boyki is rare ot absent in habitats with
introduced fishes and bullfrogs (Hayes and Jen-
nings 1986, Hayes and Jennings rg&8, Kupfer-
berg 1997. Lind et al. 2003, Fuller zo08).
Breeding populations of R. boylii can be an

order of mapnitude smaller when bullfrogs are
present compared to uninvaded reaches {Kup-
ferberg 1997). In field experiments in cutdoor
enclogsures, bullfrop tadpoles caused a 48%
teduction in survivarship of R, keyhit tadpoles,
and a 24% decline in mass at metamorphosis.
The mechanism behind the negative impacts of
bullfrogs was competition for food [Kupferberg
19g7). Metamorphesed bullfrogs prey on R.
boylii, including post-metamorphic individuals
(Crayon 88, Hothem et al. 2009), but the
population-level consequences of this predation
are unclear. Another nonnative predator, the
signal cravfish (Pacifastacus leniusculus), has
been introduced into several Sierra Nevada
drainages from farther narth where the two
species co-occur (Wiseman et al. 2005). Signal
crayfish have been observed eating and dislodg-
ing egg masses and attacking larvae (Wiseman
et al. 2005). Within R. hoylii’s range, signal
crayfish have been documenied at 30-40 sites,
with ~25 invaded sites occurring in the Sierran
foothills {G. Fellers, pers. cormm.}.

Stotus Determination

Dacumented declines and extirpations of Rana
boylii populations combined with confinuing
threats to remaining populations result in a
Priority 1 designation for this species.

Management Recammendations

Several aspects of the biology of Rana boylii can
help inform management efforts. Rana boyli
use a variety of stream and streamside habitats
during different life stages: therefore, protected
habitat needs to provide adequate habitat diver-
sity. The timing and patiern of releases of water
from dams during April through June should
be managed to minimize egg scouring and
stranding. For example, dam releases can be
staggered to better mimic the natural spring
recession in snowmelt-fed streams. Further rec-
ammendations for hydrologic management can
be found in Kupferberg et al. {zo00gb. zo0qc).
Dram removal should be explored where appro-
priate and is likely to benefit R. boylii and other
native taxa. River management for other taxa
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needs o take R, boplii into account. For example,
in-stream structures to improve habitat for fish
such as steelhead can negatively impact R. boylii
(Fuller and Lind rg9z). Habitat restoration and
possibly repatriation of southern Sierra Nevada
populations should be considered. Southern
populations in general should be priorities for
conservation because of the degree of losses and
distinctive genetic diversity represented in this
part of the range (Lind et al. 2o0r1). Removal or
management of nennative predators such as
fish and bullfrogs may help restore R. boylii
habitat. For example, projects that remove artifi-
cial poals {e.g., relict mine tailing ponds) by
restoring linkages to main civer channels would
result in more natural hydrolagic conditions and
reduce breeding habitat for bullfrogs (Fuiler et
al. zoro}. Finally, Lind et al. {2011) suggested
that an approach using genetic analyses of R.
boylii and co-distributed riverine taxa would
help in prioritizing drainages for protection
based on levels of diversity.

Maonitoring, Research, and Survey Needs

Modeling of population dynamics and hydrel-
ogy are highly site specific and limnited by avail-
able demographic data, and arquiring those
additional data shiculd be a high prierity for
Rana boylii. More research is needed on survi-
vorship of tadpoles and juveniles, especially
during overwintering. The mechanisms under-
lying hydrological effects are currently best
understood for egg masses, and we need to
develop a better functional uuderstanding of
how hydrology affects difTerent life stages (Kup-
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ferberg et al. zoogb). More research is also
needed on post-me tamerphic stages. Most-meta-
morphic stages may be less at risk from asea-
sonal gulses in river flow because they zre more
mobile, but in regulated rivers the timing of
pulsed flow events can be deceupled from cli-
matic cues {such as the first appreciable fall
rains) that would notmally trigger movemnent to
safer refuges {(Kuplerberg et al. zoogh). Cau-
tien should be 1aken in using radio telemetry Lo
study post-metamorphic animals, as 62% of
frogs in one study suffered skin injurics from
transmitters {Bourque 2008). Maodeling efTorts
would also be improved by monitoring a Sierra
Nevada papulation in an unregulated reach for
comparison with more regulated sites (Kupfer-
berg et al. zoogb). Egg mass counis are com-
moenly used to monitor R, boylii populations.
Fermales only lay one mass/year, so egg mass
counts accurately reflect the number of repro-
ductive females, However, operational sex ratios
are female biased; therefore, accurate popula-
tion size estimates cannot be rnade based on
egg counts alonc (Wheeler and Welsh zoof).
Lind et al. {2011) provided important range-
wide phylogecgraphic data, but their study was
limited by very low nuclear genelic diversily and
relied primarily on mitechondrial data. Addi.
tional work could provide valuable additional
data on levels of variation and genetic isolation
among local hydrologic basing, as might be pre-
dicted for this stream-restricted anuran. Finally,
efforts to find remnant R. boylii populations in
the San Galbriel Mountains aud upper Piru
Creek in southern California should continue.









In Califarnia, this species could be confused
with the California or nerthern red-lepged frogs
(R. draytonii and R. auwrora), both of which it
tesernbles in overall body shape. In adults,
R. aurara/R. draytenii have extensive mottling
on the venter with red pigmentation on the ven-
tral thighs and groin, rathcr than the yellow that
often characterizes R. sascedae (Duniap 1955}
However, the color of the thighs is variable in R,
cascadae and may not be a reliable character to
separate these taxa {5, Barry, pers. comm.).

Taxonomic Relationshigs

This species is closely telated to Rana aurora and
R. draytonii (Shaffer et al, anog, Hillis and Wil-
cox 2005}. [t was proposed as a distinct species
based on morpholegy (Slater 1939), and this
interpretation has been repeatedly confirmed
with additicnal morphological and genetic data
{Dunlap 1955, Case 1978, Shalfer et al. 2004).

Based on genetic data, the species appears
to show considerable differentiation ameng
local populations that is consistent with an
overall isolation-by-distance model of gene Aow
(Monsen and Blouin 2003, Monsen and Blouin
2004}. In addition, the California populations
appear to be strangly divergent in both mito-
chondrial and nuclear DNA from the rernzain-
der of the species’ range in the Cascade and
Olyinpic mountain ranges {Monsen and Blouin
2001). Populations of this species appear to
have consistently small effective population
sizes {<go; Phillipsen et al. 2011). The available
data are primarily from outside of California,
although the observed pattern is likely consist-
ent throughout the range. Preliminary results
based on mitochondrial DNA, nuclear DNA,
and microsatellites suggested little divergence
between Lassen and Klamath populations in
California (Chang and Shaffer 2010). However,
more exlensive work with larger range-wide
sampling is needed.

Life History

Rana cascadee breeds in the spring, soon after
emerging from hibernation and the spring thaw
that opens breeding peols {Nusgbaum et al.

1983, Stebbins zoo3). Firsttime breeders fre-
quently disperse to new areas of suitable breed-
ing habitat {51% of fizst-time breeders relative to
only 7% of experienced breeders in Echo Lake
Basin; Garwood 2009), which may help to con-
nect local subpopulations into larger more stable
metapopulations. Breeding ocqurs at the mar-
gins of waterbodies, with ovipesition often
occurring in large aggregations (Sype 1975,
Nusshaum etal. 1983, Garwood 2000). Ovipaosi-
tion behavior appears to be variable throughout
the species’ range, with some authors reporting
diurnal oviposition of largely unattached epg
masses {Briggs 1987}, and others noting that
most egg masses are deposited at night and are
attached to vegetation {Nussbaum et al. 1983;
X. Pope, pers. comm.). Breeding at individual
sites is relatively synchroneus and occurs over a
few days, althaugh the timing of breeding across
the range can vary widely with local weather
conditions and elevation {Briggs 1987, Garwood
200¢). Embrye development can occur at tem-
peratures ranging from 6°C o 27°C (Sype 1975,
Nussbaum et al. 1983). After hatching, larvae
sornetimes agprepate into dense clusters [gener-
ally [ewer than 40 individuals) composed prima-
rily of siblings {O’Hata and Blaustein 198r,
O'Hara and Blaustein 1985, Blaustein and
0 Hara 1087) and choose higher water tempera-
ture than these required during embryo devel-
opment {up to -28°C; Wollmuth et al. 1987,
Banctoft ot al. 3008). After metamorphosis,
lower water temperatures are again preferred,

Rana cascedee appears 1o be largely diurnal.
The diet of adult frogs is generalized and
includes a wide variety ol arthropods, as is the
case for mest other California ranids (Joseph et
al. 2011). An analysis of stomach contents for
275 [rops documented the presence of 170
invertebrate taxa (Larson 2012). Frogs across all
size classes penerally avoided small prey items
{<4 mm), and larger frogs more strongly pre-
ferred large prey iteins (Larson 2o12).

Huabhitat Requirements

Rana cascadae utilizes a wide variety of aquatic
habitats, including temporary and permanent
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ponds, lakes, marshes, and streams, as well as
adjacent vegetated terrestrial habitat {Nussbaum
et al. 1983, Jennings and Hayes 194a, Stebbins
20073, Pearl and Adams 20405, Garwood zo0g).
The species will also use wet meadows {eften
those that have formed from old sphagnum
bogs} and can occasionally be found a large dis-
lance from water (Nussbaum et al. 1983}, They
require water year-round at all life stages and
cannot tolerate habitats that freeze solid in the
winter (K. Pope, pers. comm.). Monlane lentic
habitat is required for breeding and overwinter-
ing, with small, shallow, spring-fed ponds serv.
ing as the primary breeding habitat {Garwood
z00g). Populations appear to be sustained by a
matrix of varying habitat types that individual
frogs disperse among throughout the year {Gar-
wood and Welsh 2007, Garwoed 2009), sug-
gesting that habitat conservation needs to con-
sider spatial scales larger than single lakes (or
other patches of habitat). The presence of preda-
ceous fish may limit their distribution {(Welsh et
al. 2006, Pope et al. 2008), although this alone
cannot explain the broadscale pattern of popula-
tion declines in this species (Fellets et al. 2008;
also see the “Nature and Degree of Threal” sec-
tion below).

Distribution (Past and Present)

In California, Rana cascadas occurs in two
population segments. One is in the Lassen area
and the extreme northern end of the Sierra
Nevada (Lassen, Plumas, Shasta, and Tehama
Counties} and is now nearly extirpated. The
other vecurs in the Trinity Alps and Siskiyou
Mountains region. The species’ range in Cali-
fornia extends from Siskiyou County south to
the northern end of Butte County. Quiside of
California, the range of R. cascadae follows the
Cascade Range nearly to the United States—
Canadian border, with another disjunct popula-
tion at high elevations on the Olympic Penin-
sula (Stebbins 2003).

Trends in Abundance

Populations of this frog have declined strongly
in the Lassen area, where nearly all known
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populations have disappeared in the last 3o
years [Fellers and Drost 1993, [ennings and
Hayes 19g4a). Mare recent surveys in the Las-
sen regien further confirm these declines.
Rana cascadas was found at anly 6 of 856 sites
.'-:.urveyfd aver 14 years, population cizes were
small, and breeding was imited at these 6 sites
{Fellees et al. 2008), Populations elsewhere,
including the Xlamath Mountains region in
Siskivou and Trinity Counties, are alse frag-
mented, generally small, and at risk, although
they are more intact overall thar in the Lassen
arza (K. Pope, pers. comnm.). Localized declines
have also been detected elsewhere in the range
(Peat]l and Adams 2005, Fellers et al. 2008,
Piovia-Scott et al. zor1r). Welsh et al. {2006)
found R. cascadas to be the most common
anuran in the Klamath repion. By contrast,
mote recent and ongoing surveys of eight popu-
lations in the Trinity Alps within the Klamath
region find that only onc of the pepulations is
large and tobust and that some of the threats
ptesent in the Lassen region are likely also
gperaling there (K. Pope, pers. comm.}, Pope
and Larson {2oi1) report 11 remaining popula-
tions in the Lassen area and find that the
number of young frogs was low at all sites that
they surveyed.

MNature and Degree of Threat

Threats to this species appear to be complex
and derived from multiple stressors. The larg-
est factor contributing to declines in the Lassen
region appears to be overall low recruitment
due to changing hydrological conditions that
lead to detrimentally high water temperatures
and desiccation of egp masses and tadpoles, as
well as impacts from Bd among suhadult frogs
{Pope et al. 2011). Extensive mark-recapture
surveys in the Lassen region between 2008 and
zoie indicate widespread desiccation of egg
nasses and tadpoles and a lack of metamorphs
relative to more stable populations in the
Elamath area (Pope et al. 2011, Pope and Lar-
SON 2013). In comparisons between tweo of the
remaining Lassen populations, the population
with higher Bd prevalence and load in adultand



subadult frogs had lower survivorship for these
two age classes. In both Lassen and the
Klamath Ranges, subadult frops had higher Bd
prevalence and load than adult fropgs, and the
prevalence of Bd increased throughout the
active seasen for subadult frogs but net for adult
frogs. These results are consistent with previ-
ous studies of Bd in this species that sugpest
the pathogen has differential impacts depend-
ing on age class. Blaustein et al. {2005) exam-
ined the effect of Bd on larvae and found an
increased incidence of moulhpart abnormali-
ties but no effect on mortality or behavior. Gar-
cia et al. (2006}, however, found significant
mortality in new metamorphs of Rana cescadae
due to Bd,

Interestingly, Bé also appears to be wide-
spread in the Klamath region where this spe-
cies is currently much more stable than in the
Lassen region {Piovia-Scott et al. aq11), sug-
gesting more than one factor is playing a rolein
the declines. Ongoing characterization of Bd
prevalence in these populations could help
determine what lactors are involved, although
one hypothesis is that Bd achieves higher loads
on frogs in declining populations than stable
populations {I. Piovia-5coti, pers. comm.].
[nfection by the water mold Saprolegnia has
also been implicated in R. cascadae declines.
This pathogen is known to increase mortality
inembryos, larvae, and metamorphs {Kiesecker
and Blaustein 1999, Romansic et al. 2009a)
and may have strong impacts on the oputcome of
competition between R. cascadae and sympatric
Pseudacris regilla (Kiesecker and Blaustein
1999).

Halvitat logs and modification is also a threat
to continued persistence of populations in both
the Klatnath and Lassen repions, The species is
highly associated with meadows, which have
been impacted by cattle grazing, tree encroach-
ment due to lack of wildfire, and changing
hydrology associated with changes in the snow-
pack (K. Pape, pers. camm.; Pope et al. 2014},

Other possible contributors to R. cascadae
declines that have been prmoposed include intro-
duced fOshes, envirenmental contaminants,

pathogens, and UV-B radiation. The presence
of introduced trout appears to be inversely
related te the distribution of R. cascadae {Welsh
etal. 2006) and almost certainly impacts some
populations. Aside from direct predation, intro-
duced trout may allect R, sascadee indirectly by
supporting higher populations of the aquatic
garter snake (T. atratus), a predator on both
trout and R, cescadee (Garwood and Welsh
2007, Pope et al 2008), and by preemptive
competition for aquatic prey (Joseph et al.
2011). However, trout have been present in the
Lassen region for nearly a century and are alsa
widely distributed in other areas where R. cas-
cadae persists, making it unlikely that they
alone can explain the declines over the last 30
yeats (Fellers et al. 2008}, Neveriheless, popu-
lations appear to respond favorably to trout
removal, showing marked increases in popula-
tion size and recruitmenl following [ish
removal {Fope 2008,

Pesticide use is inversely correlated with the
presence of E. cascadae {Davidson z004). In
particular, downwind transport of pesticides
from intensively farmed areas in the Central
Valley appears to be correlated with declines in
several species of ranid frogs, including R. cas-
cadae (Davidson et al. 2002, Davidsen 2004).
This hypothesis is attractive in that it explains
the differential declines between the Trinity
Alps region and the Lassen region because the
Lassen region is directly downwind of areas
that experience heavy agricultural use, whereas
the Trinity Alps are not {Davidson et al. 20c2).
However, recent field measurements of con-
taminant residues in sediment and in R. casea-
dae and P. regilla tissue do not indicate higher
levels in the Lassen compared to the Trinity
Alps repion, at least for the handful of different
chemicals that have been analyzed to date, call-
ing this hypothesis into question [Davidson et
al. zo1z). In addition, Sparling et al. (zoo1}
measured the presence of cholinesterase levels
in the non-declining P. regilla as a measure of
the extent of pesticides that are locally depos-
ited in an area and found strong effects in the
Sierra Nevada but not in the Lassen area; these
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results seemn to indicaie that pesticides may not
be a major factor in the Lassen R. cascadae
declines. Environmental contaminants at sub-
lethal levels have also been shown to induce
behavioral and morphological changes in R.
cascadae (Marco and Blaustein 1999}, suggest-
ing that low-level agricultural residues may
have important biological consequences. 1n
sumumary, it appears that pesticides may be
playing some role in R. cascadae declines in the
Laszen region, but they are certainly not the
entire story.

Finally, UV-B radiation may play 2 role, pos-
sibly in combination with other factars, in caus-
ing declines. Some studies have documented
larval mortality and retinal damage due to
UV-B, although the effect depends strongly on
the intensity of UV-B, the duration of exposure,
and possibly other factors including the pres-
ence of competitors, predators, or supplemen-
tary food (Fite et al. 1998, Hatch and Blaustein
2000, Belden et al. 2003, Garcia et al. zea®,
Romansic et al. 2zo0ob}, The importance of
these results has not yet been demonstrated in
natural scttings, however. Palen et al. (zoo2)
found that dissolved organic natter in natural
environments provided protection from UY-B
at 8% of the sites examined for R. cascadae.
Thusg, it remains possible that UV-B is having
an effect, although its importance in nature
remains unclear.

Ultimately, 1t is likely that no onc factor is
salely responsible for the precipitous declines
in Lassen region R. coscadae populations. Fur-
ther, the causes of the initial range-wide
declines may be distinct from the local factors
that threaten the continued persistence of the
few remaining populations. The most recent
work suppests that the major factors playing a
tole in the range-wide declines are the presence
af introduced hshes and Be, while continued
local persistence of the remaining populations
is alse threatened by low recruitment stem-
ming from desiccation and detrimentally high
water temperatures. Pope et al. {2014) presenta
recent and comprehensive review of both
regional and local-scale threats to R. cascadae
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throughout the range. The evidence that syner-
pistic effects occur between several alternative
mechanisms of decline is now widespread for a
variety of amphibian species (Fellers et al.
2008}, Agdeclines have occurred, whatever the
cause, it is likely that a breakdown of metapop-
ulation dynamics will contribute to further
declines as existing populations become more
and more fragmented, decreasing the opportu-
nity for population rescue via recolonization.

Status Determinalion

The catastrophic declines in the Lassen area are
the primary reason for the S5C designation.
Kana cascadae is neatly extirpated in the Lassen
region, is undergoing Incal population declines
elsewhere in its range, and appears lo be sus-
ceptible to a wide range of threats. Flowever,
this frog is a moderate ecological specialist that
appears to be relatively stable through much of
its range, including a significant fraction of its
range in California. The factors that caused
declines in the Lassen area appear to not have
operaled in the Klamath area 10 date, leading us
to project moderate future impacts on cxtant
populations and a Priority 2 status. If siteng
declines begin to nccur in the Klamath area,
then a higher priority status will rapidly become
justifiable.

Management Recommendations

Fellers et al. {2008}, Pope et al. {2011, 2014),
and Pope and Larson (2013) provide thorough
reviews of threais to, and management recom-
mendations for, Rana caseadae, and our recom-
mendations largely follow those of these
authors,

Habitat that supparts this species in the Las-
sen area should be protected frem modification
that negatively impacts hydrology while further
research is carried out. Pape et al. {2011} began
some habitat restoration measures, and these
eflorts should be continued (coupled with
ongoing monitoring lo determine their effects).
Fish removal in key populations has also been
documented to increase recruitment and
should ke considered as a management strat-



egy, particulatly in the Klamath where a larger
number of existing populations might be stabi.
lized Lefore declines can occur. Pope et al.
(zorr) also proposed experimental treatment
for Bd in newly metamorphosed frogs. Effective
treatiments for Bd may be essential for the long-
term survival of many amphibian species, 50
these efforts should be further explored and
potentially implemented if they are successful.
Al the same time, a captive colony of Lassen-
area R. coscedae should be established, as the
prospects fot long-term survival in the wild
appears to be low. If additional research can
determine the causes of the declines and effee-
tive rnitigation measures can be enacted, this
captive population could eventually form the
basis of a reintroduction program.

Monitoring, Research, and Survey Neads

Monitoring efforts should focus on the few
remaining Lassen populations, with additional
monitoring of stable populations elsewhere in
the range as reference populations. Areas that
have undergone habitat restoration or experi-
menial treatinents for Bd infection will require
ongoing monitoring to quantify the long-term

effects of these efforts and to inform further
work aimed at controlling the impact of these
threats. If additional declines occur, this moni-
toring will facilitate early detection and, hope-
fully, provide the background data needed to
understand the causes of declines.

As a reintroduction eflort may eventually
become necessary, it is important to further
characterize the extent of intraspecific varia-
tion within this taxon now, before additional
declines occur. Preliminary genetic work has
been initialed, and it should form the bagis of
additional work that examines fine-scale popu-
lation differentiation and structure. The obvyi-
ous initial focus of such genetic work sheuld be
to assess the validity of the Lassen and Klamath
regions as separate evolutionary units requir-
ing their own management strategies, This
waork will also help to identify any potential
population segmetits within either region that
may qualify for independent management.
Finally, additional studies that quantify the
interactive effects among different causes of
declines would be useful in providing 2 more
comnplete picture of conservation threats in this
taxon.
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from extensive to absent (S. Barry, pers.
comm.}. The advertisement call is a series of
low guttural chucks sometimes followed by a
low groan (Elliott et al. 2009).

This species could be confused with the
northern red-legged frog (R. aurora) where
their ranges meet in southern Mendocino
County (Shaffer et al. 2004). Rana aurorz is
about 3.5-4.0 cm {$VL) smaller than R. drayto-
rii, generally lacks light areas in the centers of
dorsal blotches, has proportionally smaller
eyes, and lacks vocal sacs (Baird and Girard
185z, llayes and Krempels 1986, Stebbins
2001},

Taxonomic Relationships

Rana draytorii was initially described as a dis-
tinct species, although the original description
notes that it is similar in appearance to R.
aurora {Baird and Girard 1852}, Subsequent to
the original description, Camp {1917) reclassi-
fied the two red-legged frogs as subspecies of a
polytypic R. aurora, This arrangement per-
sisted, occasionally alse including the Cascades
frog {R. cascadae) as a third subspecies, until
the mid-1980s. At this time, a series of studies
emerged suggesting that a substantial amount
of differentiavion between the two forms was
present in allozymes, morphology, calling
behavior, and oviposition behavior, leading sev-
eral authors to suggest that they may be distinct
lineages with a broad zone of contact (Hayes
and Miyamato 1984, Green 1986a, Green
986D, Hayes and Kremples 1986). Subsequent
analyses of mitochondrial DNA variation sup-
ported this view but characterized a narrow
zone ol rontact in gouthern Mendacino County
{Shaffer et al, z004). Based on both DNA and
morphological differentiation, Shaffer et al.
{2004) suggested that the two be recognized as
distinct species, and since then R. draytonii has
increasingly been recopnized as a species dis.
tinct from both R. awrors and R. cascadae.

Life Histary
Few data are available on seasonal activity pat-
terns, but coastal populations are probably
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active throughout much of the year duc o the
moderating effect that the Pacific Ocean has on
temperature, The timing of reproduction varies
from year ta year and according to site but
occurs from late November to late April {Starer
1925, Fellers z005b). Breeding occurs in the
water, and eggs are atfached to emergent vope-
tation (in clusters of joo to >4000; Storer 1925,
Hayes and Miyamoto 1984). Hatching occurs
in 6-14 days depending on water temperature,
after which larvae metamorphose in 3.5-7
months {Storer 1gz25, Wright and Wright 1949]).
Larvae are known to overwinter at several sites,
metamotphosing the following spring {Fellers
et al. 2001). Rana draytgnii is a generalist pred-
ator that feeds predominantly on invertebrates
but has also been documented to 1ake verte-
brate prey including Pacific treefrogs { Pseudnc-
ris regilla), western toads (Bufo boreas), and
California mice (Peromyscus celifornicus) {Hayes
and Tennant 19&s, Arnold and Halliday 1536,
USFWS 2002, Davidson zo10). The prey types
taken appear to be determined by the size of the
frogs, with individual frogs taking most prey
types 1hal they can successtully swallow {]en-
nings and Hayes 1994a) and large frogs taking
proportionally more vertebrate prey than small
ones. Baldwin and Stanford {1987) reported a
Yarge adult preying upon California tiger sala-
mander {Ambystoma californiense) larvae. Rana
drayionii feed both in the water and by foraging
in dense riparian vegetation. Rana draytonii is
active both diurnally and nocturnally, although
adults are generally more active at night (Hayes
and Tennant 1985; G. Fellers, pers. comm.).
Wading birds, raccoons, and garter snakes
(Thamnophis sirtalis and T. hammondii} are
important native predators on this species
{Cunningham 1g959b, Jennings and Hayes
1904:a). Nonnative fishes are also important
predators on larvae and recent metamorphs
{Schmieder and Nauman 1994, USFWS5 1993},

Habitat Requirements

Rana draytonii chiefly inhabits ponds, although
it also uses marshes, streams, lagoons, and
other waterways throughout most of its range.



In southern Califernia {from Ventura County
southward) it seems to favor slow-flowing
streamns rather than ponds or pools. Breeding
takes place primarily in ponds {at least in cen-
tral and northern California) and less fre-
quently in quiet pecls in streams {Stebbins
2003, Fellers 2005Db). This species will also uti-
lize ephemeral water bodies for breeding,
although nearby permanent water is probably
required to maintain populations over the long
term (Jennings 1988a). After breeding, adults
oftenn disperse along nearby shaded streams.
Similar ta R. boplii, whose vulnerable early life
slages {embryos and tadpoles) are susceplible
to ill-timed flow fluctuations controlled by
upstream dams and diversions, R. drayptonii
populations breeding in stream habitats sufler
from decreased recruitment after anthropo-
genic perturbation of natural flow regimes (S.
Kupferberg, pers. comm.).

Optimal aquatic habitat has traditionally
been thought to include dense riparian vegeta-
tion overhanging deep {~o7 m} slow-moving
pools (Hayes and Jennings 1988). Mare recent
work has documented an additional, more com-
plex relationship between aquatic vegelalion
and introduced bullfrogs. D'Amore et al
{2009) documented that R. draptonii gpend
miore time in vegetative cover when bullfropgs
are present and mote time in the open when
bullfrogs are removed from ponds, suggesting
that the optimal amount of vegetation is some-
what context-dependent for R, druptenii. In
addition, surveys of 85 ponds occupied by R.
draytonii in the East Hay Regional Park District
showed that there were no significant differ-
ences in adult frog density among ponds with
0%, <15%, or >15% emergent vegetation, but
tadpoles and metameorphs were more abundant
in the most open ponds {Bobzien and DiDo-
nato 2007). Outside of the breeding season
when conditions are wet, and especially during
rainfall, adult frogs will disperse from the
breeding habitat and will move to upland sites,
where they are often found under lags, rocks,
and other debris (USFWS 2002, Bulger et al.
2001, Fellers and Kleeman 2007). At some

sites, papulations appear to consist of both
migratory {11-22% of the adult population}
frogs that move 20o0-2800 m and resident
frogs that remain at the breeding site (Bulper et
al. 2003}. Fellers and Kleeman (2007) found
that adult female frogs were more {requently
migratory than males, although migration
behavior did not differ between the sexes
atnong those individuals that did migrate.

Distribution (Past and Present}

Historically, Rana draytonii tanged throughout
the Sietra Nevada foothills and the Coast Range
mountains south af Elk Creek in southern
Mendocine County, California, southward to
the Arroyo Santo Domingo, Baja California
Norte, Mexico (Hayes and Krempels 1986, fen-
nings and Hayes 19g4a, Grismer 200z, Shaffer
et al. 2004). In California, this taxon histori-
cally ranged through at least 46 counties, but il
is now appatently exticpated from 24 of thege
(USFWS 1990). It is unclear whetber reproduc-
tive populations of R. draytonii were prcsent in
most of the Central Valley, and it is possible
that the few valley records represent waifs
washed downstream from Sierran populations
{G. FEellers, pers. comm.; S. Barry, pers.
comm.). [fthey were present in the Central Val-
ley, they were extirpated before 1960. Popula-
tions in the Sierra Nevada may have been con-
nected to the largest remaining populations of
the species in the Coast Ranges through the
lower Cascade and Tehachapi Ranges (S. Barry,
pers. comm.), but today they are isolated
(USFWS 2002}, A recent comprehensive sur-
vey of museum specimens and historical
records identified 21 historical localities for this
species in the Sierra Nevada. Follow-up surveys
at 20 of these z1 sites found that the species
persists in large numbets in atleast 1 site, there
are pepulations at 0 additional sites, and at least
a single individual decumented at 3 more sites
{Barry and Fellers 2c13).

Strong overall declines have clearly occurred
across most of the large range of this species,
patticularly in the southern portion of the
range. In the Bay Area and Coast Ranges,
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papulations are more robust, aithough severe
localized declines have been documented
(reviewed in USFWS 2002). In southern Cali-
fornia, R. draytonii has declined drastically
throngh the Transverse and Peningular Ranges,
and very few populations now persist in Los
Angeles, Riverside, and Ventura Counties
{USFW5 2002, and references thetein}. One
population is known from Santa Cruz Island,
althoupgh this apparently is an introduction
{Sweet and Leviton 1983, Jennings 1g88b). The
known elevational range of R. draptonii occurs
from near sea level to 1500 m, although most
populations accur befow 1050 m {USFWS 2002,
Barry and Fellers zo013). Some higher-elevation
populations may be introductions funpublished
data reported in Jennings and Hayes 1994a).

Trends in Abundance

Drastic and ongeing declines have been docu-
mented throughout parts of this species’ range.
Many of these declines have resulted in extirpa-
tion of populations, and in many areas where
this taxon persists, declines in abundance have
occutred, Food market collection in the late
18ocs apparently drove much of the initial
declines {Jennings and Hayes 1985). By 1879,
the species had already becorne rare around
San Francisco due to the market trade {Lock-
ington 1879). Population trends of the species
in the Sierra Nevada foothills ate somewhat
unclear, since several new, large (>100 breed-
ing adults} populations have recently been dis-
covered {e.g., in Placer County). However, in
southern California, population densities are
uniformly low (<25 adults fregs) and genecally
declining {USFW3 2002). The sole remaining
population known in Riverside County at the
Santa Rosa Plateau, which was at least somes
what genetically distinctive (Shaffer et al.
agc4), is now extirpated,

Nature and Degree of Threat

The largest threat facing Ranra drayionii is prob-
ably habitat loss and alteration, resulting from
urhanization and agriculture. The large-zcale
conversion of habitat te agriculiural uses has
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also resulted in an increase in pesticide expo-
sure, which may have strong negative impacis
on this species (Davidszon et al. 2002}, This
effect ig particularly strong for chelinesterase.
ithibiting pesticides (Davidson zo004],
although the species still persists in same heav-
ily agricultural settings in Monterey and Santa
Cruz Counties. Additienal and ongoing frag-
mentation of habitats, conversion of wetlands to
other uses, and medifications to the hydrology
of wetlandz also likely have detrimental
impacts.

The effect of intreduced species, in patticu-
lar bullfrogs, has been studied both empirically
(Moyle 1973) and from a modeling perspective
{Doubledee et al. 2003). There is a strong aver-
all negative impact of bullfrogs on native R.
draylonii, although coexistence of the two spe-
cies can occur in nature. Human-medified
aquatic and terrestrial habitats in cenlral Cali-
fornia {Elkhorn Slough, Montetey County) favor
introduced bullfrogs compared Lo native R. dray-
tonil (I*Amore et 2l. 2010). The bullfrog is also
a slronp competitor with, and predator on, mul-
tiple life stages of R. draytonii. In addition, cray-
fish, mosquitofish {Lawler et al. 1999}, and
other intreduced predaceous fishes likely have
negative impacts on this species, although this
also needs further study (Hayes and Jennings
198G, Fisher and Shaffer 1996, Feilers 2005b).

Chytrid fungus {Bd) is known to have
cauged serious declines in many amphibian
species and has been detected in R. draytonii in
nature. However, the direct impact Bd has on R.
draytonii appears tu be relatively slight. In a
labroratory setting. R, dreytonii is susceptible to
chytrid infection, but frogs can <lear their infec-
tions, do not die from the infection, and suffer
1o growth consequences when they have access
to unlimited foed {Padgett-Flohr zoo8). In
nature, across a landscape of ponds where Bd
presence and absence Auctuated between wet
and dry years, R. draylonii were generally unin-
fected and found to be significantly associated
with uninfected ponds {Padgeti-Flohr 2010).

Dredicted climate change over much of Cali-
fornia will aflect R. draytonii, as well as most



nther pond- and streamn-breeding amphibians.
in particular, warmer average lemperatures,
genexally reduced levels of precipitation, and
increased variability in the timing of rainfall
are all predicted to occur {PRBO 2o011). While
the precise effects of these shifts will vary
regionally and at the watershed level, the per-
manence and reliability of breeding sites are
generally predicted to decrease under climate
change predictions.

Staties Determination

Rana draytenii automatically qualifies as a Spe-
cies of Special Concern because it is listed
under the federal but not statc Endangered Spe-
cies Act. However, sharp declines in both ranpe
and abundance, coupled with a variety of onpo-
ing threats to long-term survival, also cormbine
to warrant a Priority 1 Species of Special Con-
cern status.

Management Recommendations

Managerment of Rang drayionii should mirror
the guidelines in the USFWS recovery plan for
this Llaxon (USFWS zoo02). As further manage-
ment needs are defined and existing manage-
ment strategies are refined (through j5-year
reviews or other avehues), state-level manage-
ment should be adjusted acenrdingly.

The most important management needs for
this laxon currently are the protection of habilai
that supports the species, reduced pesticide
exposure, and elimination of nennative preda-
tors. Land conversion and additional fraginen-
tation should be avoided wherever possible, and
adequate, complex upland habirat shauld be
available in order to allow migration lo accur
naturally. Fellers and Kleeman {zo07) found
that the median distance of movermnent away
from breeding ponds was 150 m and that there
wete some long-distance movements up to
1400 m. Unpublished radiotelemetry observa-
tions from the East Bay Regional Park District
{S. Kupferberg, pers. camm.) demonstrated
that gmund squirrel burrow density, some-
times rmore than 100 m from the aquatic habi-
tat, was also a key component of habitat quality.

Taken topether, these studies indicate that large
tracts of terrestrial habitat are important (to
accommodate both short- and long-distance
dispersal) and that a healthy population of
ground squirrels (and possibly other burrowing
todents) may be essential for long-term popula-
tion viability.

Finally, pesticide use should be curtailed in
areas where this species occurs, including
areas upwind where pesticides are likely to be
blown into areas that suppart this species.
Unpublished data from the East Bay Regional
Park District (S. Kupferberg, pers. comm.) indi-
cate that cablle-prazing does not appear to nega-
tively impact this species.

Monijtoring, Research, and Survey Needs

Further research is needed to delermine what
the precise impacts many of these threats iden-
tified above are having on Rang dreytonii. Sut-
veys af private land in the Sierra Nevada are
slawly revecaling the presence of extant papula-
tions that were previously missed (5. Barry,
pers. comm.}, supgesting that this may be a
fruitful strategy elsewhere in the range as weil.
Managers should partner with private land-
pwners to gain access and survey for remaining
populations of this species in arcas where it has
previausly been thought to be extirpated, and
these populations, which may be very smallin
size, should be monitored regularly.

Finally, the only range-wide genetic analysis
of the species thus far conducted was hased
purely on mitochondrial DNA {Shaffer et al,
2004), and supporting data from a large set of
nuclear DNA markers is badly needed. In par-
ticular, the potential genetic break hetween
populations north and south of Santa Barbara
County, and the genetic affinities of remnant
populations from southern California and Baja
California, Mexico, will form an imnportant part
of future mapagement.

Additional monitoring, research, and survey
needs are coversd in depth in the USFWS
recovery plan for this taxon. We refer the reader
to this document for more inforrmation
(USFWS 200z2).
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(R. yavapaiensis) and the Rio Grande leapard
frog (R. berlandieri), have dorsolateral folds that
are discontinuous and angle inward posteriorly.
In addition, both are yellow ventrally. The Cas-
cades frog (R. cascadae) has more numerous,
small, irregular black dots that are not ringed
in white.

Taxonomic Relotionships

The taxonomic history of the leopard frog spe-
cies complex, and Ranra pipiens in particular, is
complicated {Hillis 1988} and remains incom-
pletely understood. The name R. pipiers previ-
ously included all members of the leopard frog
complex from Canada south to Panama, includ-
ing R. yavapaiensis, also native in California,
and the introduced R. berlandieri. However,
this concept of a single wide-ranging leopard
frog species changed in the last several dec
ades, and over a dozen species are recognized at
present. The current taxonomy of the R. pipiens
complex was initially based on variation in
morphelogy and vocalizations ([Pace 1g74).
Subsequent wark including molecular analyscs
recognized several additional taxa and clarified
relationships among the contained species
{Platz and Mecham 1979, Hillis et al. 1983,
Platz and Frost 1584, reviewed by Hillis 1088).

Frost et al. (zoo6a} recomrmended placing
this species and many other North American
ranids in the genus Lithobates, although this
proposal and the analyses that suppart it are
controversial (Crother 2009, Frost etal. 200094,
Pauly etal. 2o009). We retain the traditional tax-
onomy hete to maintain stability pending fur-
ther analyses.

Life History

No life history data for California populations
have been published. Because Rana pipiens in
California are a mixture of introduced and pre-
sumably native pepulations [see the "Distribu-
tion™ section) and live on the extreme western
edge of the species” range, we are reluctant to
use information frorn more easterly popula-
tions as a proxy for those that occur in Califor-
nia. In Colorado, breeding occurs during the
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first spring nights that have relatively "mild”
temperatures near ot above freezing (Corn and
Livo 1989), and this presumably is also the case
in California. Tadpoles ate present through the
summer rnonths and are not known to over-
winter, suggesting a late summer or fall meta-
morphosis. Further east, adults and juveniles
are known to range far from water and breed-
ing sites {Dole 19771), although it is unknown if
this alse characterizes California populations.
Range-wide, R. pipiens is a generalist predator,
feeding on a wide variety of arthropods and
small vertebrates (Knowlton 1944, Linzey 1967,
Harding 1997}, and this presumably also char-
acterizes the species in California.

Habitol Requirements

Despite the pauciry of recnrds from California,
this species is known from a variety of habitats,
including small streams, rivers, and lakes
(Storer 1925, Stebbins 1951, Jennings and Hayes
1994a). Rana pipiens occupies a wide variety of
habital types throughout its range, so we are
hesitant to speculate on microhabitat require-
ments in California. Generally, the species
hibernates underwater and requires aquatic
halitats that do not freeze solid during winter
(Emery et al. 1972, Licht 1901}, and this pre-
sumably is also the case for California popula-
tions. Nearby damp wvpland habitat is utilized
for foraging during the active season (Dole
1907). The species has been found in a variety
of open grassy areas and meadows, although
heavily grazed areas and cultivated felds do not
appear to be suitable {Pope et al. zooo). In the
Midwestern United States, the presence of
quality upland foraging habitat seems o affect
the abundance of this species. When grass-
lands were restored around suitable pond-
breeding habitat, the density of frogs increased
markedly {K. Mierzwa, pers. comm., in Pope et
al. 2000).

Distributior (Past and Present)

Outside of California, Rana pipiens ranges
widely across North America, from Nova Scatia
and Newfoundland, Canada, west to Washing-



ton and Nevada. In California, R. pipiens popu-
lations that may be native are known from
Modnc and Siskiyou Counties, the Lake Tahoe
basin, and the upper Owens Valley (Jennings
and Fuller 2004}, although some workers ques-
tion whether the latter two regions constitute
natural, as opposed to purely introduced, popu-
lations {5, Barry, pers. comm.}. Numerous
introductions have occurred throughout the
state, including some within the putative native
range. The vicinity of Fallen Leaf Lake in the
Lake Tahoe Basin is one such example {Bryant
1917). It is also possible that putatively native
populations of this frog are all the result of
human introductions, and determining their
status iz an impettant research priority. The
upper Owens Valley suppotts tiger salamander
populations that were recently shown ta be
introduced {Johnson et al. zo10}, demonstrat-
ing that similarly distributed nonnative species
have been cstablished in this region. The tiger
salamander introductions occurred as a conse-
quence of the fishbait industry [Riley et al.
2003}, which also sometimes sells leopard {rop
tadpoles and adults.

We are not awarte of any additional recent
records in California beyond those reported by
Jennings and Hayes (19g4a), though an unver-
ified sight record of a “spotted frog” in Surprise
Valley, Modoc County, Califernia, could have
been R. pipiens. However, the circumstances
and description of this frog make il more likely
that it was R. pretiosz, another California Spe-
cies of Special Concern (see that species
account for additional infermation),

Trends in Abundance

Trends in abundance for California populatians
of Rara pipiens are difficult to interpret because
of the uncertainty regarding which populations
are native or introduced. However, assuming that
historical California populations are native,
severe declines have clearly occurred. We are
aware of only scatlered sight records for the spe-
cies over the last two decades. Jennings and
Hayes (1994a) reported two relatively recent
sight records in the early 19gos from Siskiyou

and Inyo Counties. Macey and Papenfuss
(1991a) reporbed that leopard frogs occurred on
the east side of the White Mountains below
Boundary Peak, though they failed to detect the
species in Tollow-up surveys {T. Papenfuss, pers.
comm.}. More recent surveys of historical locali-
ties in the Owens River also did not detect this
species and found that much of the habitat cur-
rently appears to be wunsuitable (Becker and
Hendersan zo1o). We are not aware of any pre-
sumed-native populations of this species occur-
ring in the state since these records. Elsewhere in
its range, R. pipiens has undergone severe
declines and localized extirpations, particularly
in the western parts of the United States
{reviewed by Rorabaugh 2005).

Nature and Degree of Threat

Habitat modification is probably the most
imporlant threat for Runa pipienr in California.
Rara pipiens forages in upland habitat having
moderately tall vegetation with a moist sub-
strate. Livestock grazing in these habitats tends
to reduce vegelalion height, which leads o dry-
ing of the subsirate, apparently rendering this
habitat unsuitable for the frog. It is likely that
this process contributed to the declines
observed in bath the Dwens Valley and the
Modoc Plateau areas where mast California
records for R. pipiens are concentrated. Chang-
ing hydrology elsewhere in the range has led to
the extirpation of some local papulations {Corn
and Fogleman 1984). Given that California
populations are at the western range limit of
the species, projected climate changes may
have a strong effect in the state. Current mod-
els project warmer summer and winter tem-
peratures, decreases of 8—21% of annual pre-
cipitation, and a 34% decrease in snowpack
{PRBO zorr). Taken together, these climate
projections indicate that the moist soil and wet-
land complexes favored by this species will
prebably decrease in the Great Basin of Califor-
nia, further reducing the already sparse habitat
far this species.

Some studies have detected significant neg-
ative impacts from pesticides on R. pipiens,
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althaugh the importance of this threat in
nature is not well understood. In other parts of
their range, R. pipigns are known to be sensitive
to herbicides and pesticides used in agriculture
{Relyea 2008, Relyea and Jones zo009), and
mixtures of these chemicals can result in 99%
moriality rates {Relyea zoo8). However, the
evidence on this topic is complex and depend-
ent on the specific chemicals tested. A popular
herbicide consisting of a mixture of glyphosate
and POFA {commonly marketed under the
commercial name Roundup®) is one such
gxample. Some studies have found limited
impacts from these chemicals and concluded
that direct mortality in. wild populations from
this herbicide is unlikely {e.g., Wojtaszek et al.
2004), while other studies have found very
strong direct lethal effects {e.g., Relyea 2005bj.
When direct lethal effects were not found, sev-
eral studies demonstrated that chemical con-
taminants can have lethal impacts when com-
bined with other stressors {e.g., predator cues;
Relyea 2005a) or subtethal detrirnenlal effects
such as decreased immure system functional-
ity (Christin et al. zo01, Gilbertson et al. 2003,
Rohr et al. 2008). These seemingly unpredict-
able effects of agrochemicals may depend on
specific populations and conditions in a local
area (Relyea 2c05b). Although these results are
both complex and sometimes contradictory,
substantial evidence exists that environmental
contaminants are likely to have signihcant
impacts on R. pipiens and other amphibians in
California (e.g. Davidson etal. zooz, Davidson
2004].

Other potentia} threats 1o R. pipiens include
intreduced exotic bullfrogs and predatory fishes,
and extensive hahitat rmodification associated
with agriculture {Hayes and fennings 1986).

Status Determination

Rang pipiens” small range in California coupled
with severe declines drives the high score for
this species. None of these threats are currently
being teversed, so it is reasonable to expect
additinnal declines in the future, assuming that
native populations still exist in California.

ITD FROCE AMD TOADS

Rana pipiens is sensitive to localized extirpation
due to drought {Corn and Folgeman 1984), and
the expected increase in temnperature and
decrease in precipitation due to climate change
are likely to have additional negative impacts.
The combinaticn of these factors justifies a Pri-
orily T status.

ttanagement Recommendations

The development of an elfective management
strategy will lurgely depend on finding rernnant
populaticns in the state, carrying out research
on the lile history of thase specific populations
to determine their habitat needs, and then fale
ing a proactive management and habitat restora-
tion approach to recover it in its native range. A
key hirst step with any remnant population is to
determine whether it is native or introduced.
Researchers can most easily accomplish this
using DNA markers, and we recommend that
larval tail tips be collecied for any populalion
that is discovered. A considerable amount of
phylogenetic work, particularly using mitochon-
drial DNA mnarkers, has been published for this
species, and straightforward DNA sequencing of
California animals should allow them to be
placed into a phylogenetic context with cther
Rarna pipiens from across the species’ range.
This approach was uged by Johnsoen et al. [zo10)
and demonstrated that potentially native popula-
tions of tiger salamanders [Ambystoma tigrinum)
were in fact nonnative introductions. If native
populations of R, pipiens are found, the habitat
supporting them should be protected in order to
reduce polential threats such as nonnative pred-
ators, agricultural disturbance, grazing, off-
highway vehicle use, pesticide applications, and
changes to local hydrology. 1f nonnative popula-
tions are found, managers should evaluate their
potential to spread and pose a threat to other
native taxa. In certain cases, removal programs
could be effective al initigating threats posed by
nonnative R, pipiens.

Manitoring, Research, and Survey Needs

Comprehensive surveys of historical localities
as well as the Modoc Plateau area, including the



Goose Lake Basin and the Warner Mountains,
shauld be conducled to determine whether any
viahle populations persist in California and to
identify areas of patential habitat for ongoing
surveys. The most recent recards for this spe-
cies came from the vicinity of Owens Valley,
and all drainages flowing into the valley should
be carefully surveyed. It is critically important
that tissue samples be collected from any extant
pupulations that are found so that frogs can be
genetically characterized with respect to their
intruoduced or native stabus.

Given our current lack of information about
the life history of this species in California,
basic ecological research is a key prierity for any
nalive populations that remain in the state.

Information about habitat preferences and
requirements, demography, and timing of key
life history events would all improve our ability
to conserve remnant populations of Rana
bipiens.

Finally, if remnant pepulations are faund,
multi-locus microsatellite or single nucleotide
polymorphism DNA data should be analyzed to
estimate the effective population size and
potential conneclivily with other remaining
populations. [f populations are detcrmined to
be native, small, and genetically isolated, R.
pipiens could be 2 prime candidate for human-
mediated translocations to eslablish new
populations in currently unoccupied habitat
patches.
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