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Col.Vlty of Kern 

Level of Significance after Mitigation 

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

SCE Transmission line Relocation and Interconnection Work 

Southern California Edison (SCE) will relocate an existing 66 kilovolt (kV) transmission line to remove it 
from the project footprint. An approximately 20-foot-wide access road will be graded within SCE' s rigltt­
of-way to facilitate construction and future maintenance of the transmission line. After the relocated 
transmission line is installed and energized. the old transmission line will be dismantled using equipment 
used to ir\stall and tension the relocated transmission line. Additionally. SCE will interconnect the project's 
500 kV transmission line into the SCU-owned Windhub Substation 500 kV banks located on !he south side 
of the facility. It is anticipated that SCE's interconnection work will involve upgrades within the substation 
footprint and potential relocation of existing high-voltage transmission poles and conductors, and/or 
installation of new poles and conductors adjacent to or within the footprint of the Windhub Substution. The 
relocated transmission line and interconnection work would result in less than significant 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 wo11ld not increase the amount of lighting on-site or result in glare 
during construction and operation. SCE would implemenl best management practices during construction 
and operation, and impacts would be less than significant. 

4.1.S Cumulative Setting Impacts and Mitigation 
Measures 

As presented in Chapter 3, l'rojcc1 Dcscriptio11, of this Draft EIR, there are I& cumulative projects. These 
have the potential to result in cumulative imp<1cts to aesthetics when considtred together with the project. 
Tile "scarcity" rating criterion is likely to be impacted by widespread development in the area. as 
unobstructed views of regional topographical features and undeveloped lands would be less available as 
acreage is developed with PY panels, wind energy projects, and new transmission lines. 

As discussed above, the project would have less than significant impacts as it relates to scenic visras as 
project distance. topography, and intervening development would reduce the visual prominence of the 
proposed solar development. Due to the developed nature of the landscape visibk: from the PCT {i.e. 
existing 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 considerable. 

With regard to impacts related to damaging scenic resources within a scenic highway, the project would 
not be visible from any Officially 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-I 4, which 
are in proximity to the project site, arc eligible st<1te scenic highways. With tile exception of Site 2 ( Western) 
and the gen-lie line, most of the project .~itc would not be clearly visible from the eligible scenic segment 
ofSR-14. Views to the project are available from SR-58, particularly Site 3 (Eastern) located immediately 
to the south. Components of the project would not substantially alter existing long-distance views of the 
mountain and valley landscnpe or other natural features visible from the designated scenic segments of SR· 

l>raf'I Envlronme11tal rmi,a<t Report 
( nterpri,e Solar Sto••ge Project 4.1·50 

f'k>vember2023 



The importance of e,occidioidomycosis as an occttpational disease has 

increased in the southwestern Uniled States. This report discusses 
the aspects of th.e disease in terms of its geography. the agent, 

occupatwn, dust conditions, and various other factors. A control 
program is outlined. 

EXPOSURE FACTORS IN OCCUPATIONAL 

COCCIDIOIDOMYCOSIS 

Lawrence l.. Schmelztr, M.P.H., ond Irving R. Tobmhaw, M.D., F.A.P.H.A. 

THE rapid and increasing inffux of in• 
dustry and agriculture into the south• 

western United States has heightened the 
importance of ooccidioidomyoosis as an 
occupationat disease. Before 1938, this 
disease was of little interest because 
relatively few clinical cases were rooog• 
nized and the morbidity caused hy pri­
mary infection was not appreciate{!. In 
that year, Dickson and Gifford,1 report• 
ing on several years of study, clearly 
established that the benign, primary 
form of the disease was an important 
cause of illness in the endemic areas, 
and that the disease is caused by inhala­
tion of spores of Coecidioides immitis. 
During World War II, cocddioidomy• 
cosis was shown to be the cause of sig­
nificant illness among soldiers in train­
ing at camps in the endemic areas. 
Studies by Smith, et al.,2 showed that 
preventive measures, notably dust con• 
troJ, were effective in reducing the rate 
of infection and the seriousness of epi• 
demics. 

Epidemics have also been reported in 
susceptible groups of university person­
nel that entered endemic areas. In 1942, 
Davis, et al.,8 reported infection in seven 
of 14 students and staff from Stanford 

JANUAllY. 19'8 

University who made a field trip to the 
San Joaquin ValJey, In 1954, four stu, 
dents from the University of California 
at Los Angeles contracted the disease in 
similar circumstances, and one student, 
not partidpating in the field trip, de­
veloped ~isease through the handling of 
contaminated specimens in the labora. 
tory.4 In 1962, 100 per cent infection 
was reported in a group of 16 persons 
from UCLA who participated in an 
archaeological field study near Los 
Banos, Calif.t Again in 1965 three stu• 
dents from UC Berkeley developed clin­
ical disease after a field trip in the same 
general area. 

Coccidioidomycosis ranks high among 
the infectious occupational diseases6 as 
shown in Table I. Further, the case fa. 
tality rate closely parallels that of tuber­
culosis as shown in Table 2.6 These rates 
are based on reported clinically recog• 
nizecl cases. In both diseases., primary 
infe,;tion usuaJly goes unnoticed. Fatal• 
ity rates for both diseases are consider­
ably less when based on total number of 
infoctions. 

In spite of the fact that coccidioidomr­
eosis is in most instan,;cs inapparent or 
mild, the disease causes significant dis• 
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Table 1-Nwnbu of disability ea8e& of 
selected o~upationaJ dleeue, in C.li­
fornia b:r fiscal :rear of report• 

Number of 
disability ca~s 

1962- 1963- 1964· 3-year 
Disease 1963 1964 1965 Iota! 

Coccidioidomyoosis 21 34 27 82 
Tuberculosis 28 29 24 81 

Anthrax, brucell03is, 
Q fever 11 13 13 37 

Psiuacosis l l 1 3 
Tetanus l 2 1 4 

• From: w.,,k lnjurlo, la Colllora;•, Q•arluly Stelb• 
,1 .. 1 S11m1NrJ. Stete of c..Jilomla. lhpanmc•t of (c,. 
d""1rid WelfWII, DM,tou <it Lib..- Slallo1i"" aad II\•· 
t-ellth. 

ability in California workers. Although 
the 106 r.ases reported in six years1 may 
not appear an unduly large number, the 
degree of disability in these cases is 
noteworthy (Table 3). 

A large proportion required hospitali• 
zation and absence from work lasting 
weeks or months was not unusual. As lale 
as 1957, coccidioidomycos.is caused more 
disability at Williams Air Force Base in 
Arizona than any olher disease including 
the upper respiratory infections.8 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 pos..o;ible to pro, 
vide artificia[ immunity to those enter­
ing an endemic area and since suscepti­
bility to coccidioidomycosis is cssP.ntially 
universal, the introduction of industrial 
or agricultural workers into endemic 
areas carries with it the responsibility 
of assessing tlte hazard of the disease 
to suc.h populations. None 0£ 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 0£ 
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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. 

Geography 

Coccidioides imrnitis has been reported 
only in the arid and semiarid regions 
of southwestern United States, in Mex­
ico, Central America, Venezuela, and in 
the Chaoo region of Argentina. The areas 
of endemicity roughly parallel the boun­
daries of the lower Sonoran Life Zone, 
which is characterized hy scant rainfall, 
hot ory summers, alkaline soil, mild win­
ters, sparee flora and fauna and, until 
recently, few human inhabitants (Figure 
l) _,; The creosote bush, Larrea tridentata, 
is often considered a specific indicator 
of this life zone. 

Evaluation of geography and ecology 
as exposure factors is complicated by the 
fact that areas within the lower Sonoran 
Life Zone may be free of C. immitis, and 
conversely small endemic areas may oc­
cur outside the zone. However, the po• 
tential of serious sequelae to infection 
is sufficient justification to consider any 
entry into suspected endemic areas as 
leading to exposure to the di6case, 

lnfectiou5 Agent 

Spores of C. immhis are found in the 
first few inches of the so.it and in larger 
numbers in the vicinity of rodent hur• 

Table 2--Cue fatalit:r rat~" for coccidl• 
oidomyc:<>si$ and luberculoai& in Cali­
fomia 1960-1963• 

Case fatality ra test 

1960 1961 1962 1963 

C<>¢cidioidomycosis !l.6 12.8 12.3 11.l 

Tubercu losls 15.7 12.7 13.l 12.1 

• Ftom.~ C•llfotni1 P,1,1.t,li¢ Hi&ahb S1&1i1liul Report 
J96$. rau JI Cosnmttotcabltc 'DltHHt, C1lifornit State 
Oept,UDt.,t of P1.1blic HQhb~ 

t CtH fau.lity rat~• ar~ per JOO t"ue. ff)lortc-d. 

VOL. 58. MO. 1, A.J.P.H. 



Table 3-Nnmb« of uaes of oce11palional 
-eidioidomyeosb uported In Cali­
fornia during the period Jan'Wlry, 
1959. to MaN:h, 1965, by industry• 

Industry 

Agriculture 
Animal husband!')· 
Field cr-0ps 
Gardening 
Other 

Coniitruction 
Equipment operator 
Truck driver-mechanic 
Building trades 

Professional 
Engineer 
Scientist 
Ceologhlt 

Olhe~ and unknown 

Total 

16 
11 
3 
2 

19 
6 

14 

9 
8 
s 

Cases 
reported 

32 

39 

22 

13 

106 

• F,om: Summarr of &port• oi O«apttlo•.U7 CoD• 
lnctod Coc,idioldo"'J...,. )?S9• I~. C.llfoRli& St&le 
Deputmrot of Puhllc He-ah~. Bumu of Oc:tupatior.i.a1 
Htthb. 

.'! .• 
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rows.10 These spores produce myoelial 
growth during the winter rains and, as 
the soil dries in the .spring, arthrospores 
are again produced. TC$ts have shown 
that the concentration of artbrospores in 
the soil is highest at the end of the wet 
season and becomes lower as the dry 
season progresses. Se.11son and rainfall 
patterns must therefore be considered in 
the evaluation of exposure potential for 
persons entering endemic zones. Im• 
portance of this has been shown by 
Smith, et al.,2 in the San Joaquin Valley, 
and by Hugenholtz in a study of 13 
years' experie.nce at Williams Air Force 
Base in Arizona.11 The average number 
of infections of base personnel was found 
to decrease during rainy months and to 
inCl'ease during the dry periods. 

The highly infectious nature of C. im• 
mi tis is illustrated by the fact that from 
seven to 1S arthrospores insulBated i.n­
tranasally into mice causes infection and 
dissemination to the liver and spleen in 
35 per c.ent to 40 per cent of susceptible 

... ······ t···•""'"'" 
•;-.. ,:. 

;~ 

I. 

I 

: :' ,r';;........_ '· • 

M~< · ...... ;:.. ... ::. . -=-· .. _ .. 
.. - .. -·--

.. -~ . .,.. 
Figure l-Lower Sonoran Llfe Zone and area of Coecidioidea immitis endemicil;y in the 

United States (After Smith, C. E,9) 
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animals.12 The organism has very sim• 
ple nutritional requirements for growth, 
grows on practiwly any medium, and 
has been shown to prefer a saline t.n• 
vironment13 including body fluids. 

Phyaical Properties 

Typical mature hyphae of C. immitis 
yield barrel-shaped arthrospore&, ap• 
proximately 2.5 microns in diameter and 
4, microns long, alternating with smaller 
sterile c.ells. The empty r.ells rupture 
eaaily to free the spores, leaving on the 
latter cell wall fragments which add to 
the leng1h of the spore and also decrease 
the apparent specific gravity. Particle 
dynamics help to explain the highly in• 
fectioll.!I nature of the C. immitis and its 
wide distribution by winds. The im­
portant ·ractors are terminal settling ·ve­
locity and impingement forces, both of 
which are proportional to the particle 
size and s~i&c gravity. Although ac­
tual spore dimensions vary and the spe• 
cine gruity is not accurately known, it 
can he postulated that effective spore 
diameter is about 5 mierons and its spe­
cific gravity is about 0.75. Terminal 
aeuling velocity for the spores is 0.01 
~timeters per second when computed 
on the basis of these figures. In com• 
parison, a quartz particle having this 
terminal settling velocity would have a 
diameter of 1.4 :microns. From this it ia 
clear that spores of C. immitis are easily 
air-home. settle slowly, can penetrate 
into the smallest bronchiole.s and alveoli, 
and that a significant percentage of re• 
tcntion in the lung can be ex:pected. 

Dust CA>nditions 

In the heat of early summer, what 
little ground cover that exists in the en• 
demie areaa withers and dies, winds dis­
tlll'h the surfaee dust and lift the spores 
into the air. The slow terminal settling 
velocity permits the spores to become es­
sentially a permanent atmospheric con-
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taminant under turbulent wind oondi­
tiona. Such conditio1'13 are not unusual in 
arid regions where thermal phenomena 
generate severe atmospheric disturh­
ancet1. Very small. intense, local whirl• 
winds, known as "dust devils," can raillC! 
dust containing large number& of spores 
if they pass over pockets of high con• 
centration in the soil. Large, rapidly 
moving air masses are also common, 
such as the "Santa Ana Winds" which 
blow from the Mojave Desert south into 
the San Fernando Valley. Thete winds 
will carry spores into nonendemic area& 
but the concentration will be low because 
of the nonselective raising of dust. Soil 
tesui, therefore, cannot assure that an 
area within or close to an endemic zone 
is free of the organism and surface lravel 
through or near endemic areas has re• 
suited in exposure and infection. 

Oec:upation 

V a.rying racial and sexual susoeptibil• 
ity influenoes the severity and diaability 
from coccidioidomycosi8. However, sin<:e 
it results from inhalation of air-home 
arthrospores, occupational factors must 
be considered in relation to the magni­
tude of prohahle dust exposure. It has 
been shown that a susoeptihle pop11la• 
tion entering an endemic area can ex• 
perience an annual infection rate of 
about 20 per cent.2 No overt dust expo, 
sure is necessary; infection ean result 
from wind-home spores traveling long 
distances in turbulent air oollditions. 
Labor groups where occupation involves 
close contact with the soil are at greater 
rWc:. espedally if the work involves dusty 
digging operations. The period of disa• 
bility in eases of occupational coc­
cidioidomyoosia reported in Califomia 
is classified by industry in Table 4.7 

The significant diflerencu; in the periods 
of disability can be ucrihed to the varia­
tions in exposure resulting from oocupa• 
tion. 

Agricultural workers su!Iered less dis-

VOi.. st, NO. 1, A,J.P.H. 



ability because their exposure is proba• 
bly to a few apo~s at a time. In field 
crop operations, burrowing rodents are 
not tolerated and the focus of endemicity 
associated with them is not present. Till­
ing of the eoil will tend to diiperse pook­
et& of high spore concentration so that 
the dust raised can be expected to con• 
tain a relatively low concentration of 
spores. Similarly. a sheepherder would 
not be expected to receive a heavy, con• 
oentrated dose of arthrospores. This 
would tend to produce milder disease 
and a large proportion of inapparent and 
mild mfections. 

In the construction trade.a, exposures 
may be very different depending on the 
.specific operations. Pipeline, highway, 
and 1Stility oonstruction often involves 
work in remote areas where the soil has 
not been disturbed and where foci of 
endemicity are usual. When these foci 
are disturbed, the dust raised can have 
a high concentration of spores. Digging 
of foundation and pipe trenches in resi• 
dential or commercial buildings can 
lead to similar massive exposure. Simi• 
Jarly, engineers involved in highway or 
other heavy construction may be sub­
jected to heavy doses if they are work• 
ing with the construction crews, hut may 
suffer exposure oomparable to an agri­
cultural worker if they are only sur­
veying. 

The exposures of professionals are 

OCCUPATIONAL COCCIDlOIDOMYCOSIS 

highly variable and difficult to predict. 
Groups of paleontologists and archaeolo­
gists have suffered 100 per c:ent infec­
tion when their pursuits led them to dig 
in or around rodent burrows. Other 
groups digging in endemic areas have 
completely escaped infection. 

Discussion 

Prevention of coccidioidomycosis ia 
complicated by the fact that the organism 
is a natural and persistent inhabitant of 
the environment. Determination of con• 
Cffltralion of spores in specific locations 
is not feasible bwluse the selection of 
appropriate sampling sites and identifi • 
cation of C. immitis is difficult and time• 
consuming. Furthermore, as previously 
mentioned, spores can be air•bome for 
!ong periods of time and travel great 
distances. Consequently, the importation 
of any suoceptible labor force into en­
Jemie areas carries with it the responsi­
bility for reducing the rate and severity 
of infection through whatever dust con­
trol measures are possible and for provid­
ing a vigorous program of medical sur• 
veitlance. 

Control of dust for the prevention of 
eocddioidomycosis is not a simple maller 
because of the wide variations in expo• 
sures. Genera1 dust control measures can 
afford some degree of protection to all 
persons working and living in an en• 

Table 4--Numbe.r of disability cases of occupational eoeddl­
oidomycosis in California b>· lenctb of diaa&ility and ln­
dunry for the period J,nuary. 1959, to June, 1962 

Period of disability in days 

Jndu~try 0 1-14 15-29 30-50 >OO Toial 

Agriculture 6 0 4 4 4 18 

Construction 2 l 0 s 13 21 

Professions 5 l 2 6 8 22 

Fram: S.mo,ary of Reporlt of O«•f"loaallr Co,.traeted C«ddlold0017e..it. 
1n,, 1'65, C•IHon,la Smo Depan ...... , • l'ul,J;. ll'ultb, BoNOK of oe ... p11\oHI 
ff4ahh. 
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demic area. As shown by Smith,2 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 plants can reduce the rate of infec­
tion by about ha)f.1◄ Further protection 
can be provided by filtering and condi­
tioning of air supplied to plants and 
offices, hut this is not complete since it 
does not control infection resulting from 
exposure outside the working hours. Pro­
tection of agricultural workers and ani­
mal husbandmen to any realistic degree 
is e.xceedingly difficult. Their exposure lo 
dust is an inseparable part of their em­
ployment and working conditions pre­
dude the effective use of respiratory 
protection. • 

Operator.-. of heavy earth moving 
equipment can be effectively protected 
during working hours by providing air 
conditioned cabs. This not only protects 
from coccidioidomycosis but also controls 
exposure to other dust, noise, and en• 
gine c.."thausl fumes. Efficient and com• 
forlahle hoods for individual use are now 
available with powered blowers for pro­
viding filtered air. These arc useful on 
smaller earth moving equipment and for 
sernistationary operations such as oil well 
drilling. Exposures resulting from man• 
ual digging arc less easily controlled. 
Continued use of respirators is very un• 
<:omfortahle in the usually high ambient 
temperatures, and workers resist use of 
thls kind of protf:Ction. The wearing of 
respirators can, however, he enforced 
during recognized periods of higl1 expo­
sure. For instance, building tradesmen 
should wear respirators when digging 
foundation excavations or pipeline 

1.renches. Similarly, highway engineers 
can wear respiratol'$ when working 
around earth moving machinery but 
-<:0uld dispense with this when surveying 
-ahead of or behind construction crews. 
:Scientists should he protected during ac. 
tual digging operations but not neces, 
sarily during exploration. 

Skin testing for previous infection hy 
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C. inunitis is easy to perform and de­
fines the immune population. All persons 
hired for work in endemic areas ( or 
whose assignments take them there) 
should he tested. Assigning immune 
workers to operations involving known 
heaV)' exposures can effectively reduce 
the incidence of infection. Hiring life­
long residents of the endemic areas can 
also reduce the incidence of infection 
since the level of immunity in these 
people can be expected to be high. This 
should not, however. be 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.15 Unless such indi­
viduals are shown to have developed im­
munity, they should whenever possible 
he a~igned to work in areas or at jobs 
where exposure to high concentrations 
of spores will he minimal. 

Periodic medical examinations or in­
terviews are uselul to discover a his• 
tory of I.ow grade or subclinical infec­
tion and to evaluate the level of health 
of the individual. This examination 
must indude repeated skin testing of 
susooptiblcs until the patient shows con• 
version to a positive reaction signifying 
immunity. Such an individual can then 
he dropped from medical survei11ance 
for coccidioidomycosis. The medical 
management of any respiratory ailment 
suffered hy persons at risk who are not 
immune to coccidioidomycosis should 
include a skin test. 

Rt>-~ear<::h is presently being pursued 
to develop an effective antigen for pro. 
ducing artificial active immunity to coc­
cidioidomycosis. Ir sui:-.cessful, this vac• 
cine will make possible the total proter.­
tion of populations entering endemic 
areas. However, since man is not the 
reservoir of the disease, but only an ac, 
ddental host, era,1ication will not be pos, 
sihlc. Consequently the efforts tc, prevent 
disability from coccidioidomyco!lis must 
be continued so long as susceptible popu­
latil)ns enter endemic areas. 

VOL. 58, NO. 1, A.J.P.H. 



Control Program 

A program for limiting the incidence 
of occupational coccidioidomycosis and 
reducing the severity of disease in those 
who become infected would entail the 
following: 
I. Determine if the work location is 

within the endemic area. 
2. Hire resident Jahor whenever avail­

able, particularly if dust exposures 
may be heavy. 

3. Establish a medical program includ­
ing: 
a. Skin tests oo all new employees. Jf 

positive &hey can be assigned to any 
job; if negative, especially Negroes 
and Filipinos.. job e:tposure must be 
carefully evaluated. If heavy concen­
tration of dust cannot be avoided, 
those with negotive skin 1este should 
not be employed at that job. 

b. Retesl of susceptibles. This should be 
continued every three to six momhs 
until immunity is demonstrated by con­
version to a positive reaccion. 

c. Prompt lrntment of respiratory ill· 
ness in susceptibles. Coocidioidomy­
cosis is a suipect in such ilh1esses ( and 
ii such is the c~se early chemotherapy 
can reduce the severity}. 

4. Educate the exposed population. 
a. New employees should be informed of 

the pQtential o{ infection and its conse­
quences. 

b. All employees should be advised to 
setk prompt medical treatment for any 
respiratory illness and to inform the 
attending physician of their possible 
exposure to the fungus, particularly if 
the physician practices outside the en­
demic ace.a. 

5. Control dusl exposure h}•~ 
a. Oiling or planting of areas around 

plants, offices, and residences. 
b. Filteri11g and conditioning of .air sup, 

plies to plants and. o&i.cts; providing 
air conditioned cabs on heavy equip• 
ment. 

OCCUPATfONAL COC:C:tDIOIDOMYC:0$1$ 

c. Providing respirators, air supplied he!, 
mets, and the like, as indicated. 

d. Prerenting transport of C. immitis out­
side endemic area by thoroughly clean­
ing equipment and specimens before 
shipment 10 other work locations. 
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Symptcma PCOYfntlAD IIPA Resourcta communuy raoltlf 

Message from the Dit'ector 
Valle)• Fever aff~rs thousaruls of residents in Kern County eVM)' year, and its impact can be de\'astating. As som.,one who ha• personally faced th.e 

challeug..,. of thi.s illness, I can sp.-~k to the i;ravity or its effects. ln May of 2024, I was diagnosed with a rare ,mJ s,:v.,ce form of Valley Fe,~ called cocci 
me.ningilis. Coed meningiti~ is a pennanenl Valley Fever infection in the brain anJ ,pine. This experien« has given me an intimate undemanding of thP. 
loni:-ttnn oonaequmces Valley l'e,,er t:a11 ba~ on ow: health, as weU as lhe challeng-bolh ()05itive and llegati-that accoaipariy antifungal 
treatment. 

While it is easy to "beoome complacent or desensitized to the W'.llntings nbout Valley Fever, it is crucial that we remain vigilant. The 3Yfflploms of Valley 
Fe\'fl' can often be mis131cm for other ilh1.,,ses, but lhe eartitt it is diaga~ the ~tt« our chances or preventing =•re eomplicatioDS. I encourage 
-ryone to familiarize them.selws with the eymptoms of Valley Fever and take them seriously. If you areei.-perienci.ag symptoms, a.sJ: your doctor for a 

Valley Fever le.st. 

Early diagnosis and lre.ttm.ent can mal<e a sigiiftCllnt difference in your heallh outoome. Lei'$ all W(l('I: together I() raise awar-, PfOmote early 
det~ion, and reduce I.he impact that Valley Fever h:u on ourcommun;ty. Th&nk )'Ou for visiting our web$ite, and tor taking the time lo learn more 
about Valley Fever. Your health matters, and by stayin& infomled, you am pr01ect: yoo-lr and )'Our loved 00@6 in our oommunity. 

- Brynn Carrigan, Director of Public Health Servicc6 
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V..Uey Fever, al&o <:alled -cidioidomyCO$i$ Ot" •=i," is a ~ caused by a~ that grow$ iuoil and dirt iD pam uf O..lifomia and the 

southwestern U,S. When the soil is diiltucbed by wind or activity, tiny fungal spom can bffi:Jme airbome a:ad be brfalhed ia, potentially making p¢Ople 

aad aDin!.a1, sid. The iaferno11 u,ualJy affects tf>t' lungs, causillg eymptoras lilt:e coul:b, fever, thesl pail!, md fatigue. While some may experience mild or 

no symptoms, others can develop severe illness. Early detection is key-if yon've bad a lingering cough, fever, <JI' painful breathing for more than two 

week.!l,ask your do..'tor abo11t Valley Fever. It's in lhe air. Be awat"'-1 

QuonLouey Bryi 

Executive Director, Direcl 

< Telehealthdocs Healf ) 

l PAHi \lurt IA";tl'I 

Valley Fever: Many Faces, Many Stories 
Valley Fever doesn't dl~minate-lt can affect anyone.11\e tiny fungal S('Offil that ~use It .are eurted In ttle olr, !ltlrred up bywfnd.,.. dust, and hruthed 

In without 311yone reallrlng lt. Some people may only experien~ mild symptoms. like .a lfngerln.g coosh or fuligtle, whUe othel'$ fu~ S!\>ert Illness that ~n 

Im ior month., or= years. No two experien= a.re the same. 

Behind every case of Valley Fever is a re-al person with a story to tell- a mother, a teacbtt, a director, a neighbor. Each journey is different. Their volcoes 

brint:: 3W3t'fll"1!11. Their !tones bring hope. Th.e.'!e are the facu of Valley F=r. 

Emanus 
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Misrosoft P<!W"' N ,I' 

D<> you have a <1uestion nhout Valley Fever? Email, ynl4oyjng.qlj@Jiernro,mty-•''11Il 
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Pctvsa1ien Tiu ftt1own:u CgmmunJty TqclkH 

Message from the Director 
Valley Fever affe<t~ thn11sand~ nf cesidenls in Kern County every year, and ii. impe.« can be devas,aling. A:!. someone who has personally faoed lhe 

challenges of this illness, I con speak In the gravity of its effecls. In May of :ao24, I w.as diagnosed with a rare and severe form of Valley ~·ever called coed 

meningitis. Cocci mcni11g)tis is o pcnna11cnt Vallty Fc•t r infuctio11 in the brain and spine. This experience h.as given me 3n intirn3te understanding nf the 

lnng•tenn consequences VaJley Fever an have on our health, as well a.s the challenges-both positive and negative-that acoompwiy antiiwigal 

treatment. 

While it is c.asy to bcoome complacent or dcscnsitiud to the warninga about Valley fever, it is cnicial that we rcm8in vigilant. Ttic symptoms of Valley 

Fever can often be mlstaltt!ll for other Illnesses, but the earlier It iJI dlay,oS!ld, the better our chances of preventing severe complications. I encourage 

everyone to famlltarlz.e them.selv4!S loith the symptoms of Valley l'e-1·er and lakl? them seriously. If you ere ex:perie.o.cing symptoms, a5kyour doctor (or a 

VaUcy Fever test. 

early diagnosis and treatment can make a significant differmce iD your health outcoll)!.'. Let's all wod<. tQ&ether ro rai.se ;1.wa.renes:s. promote e.u-ly 

detection, and reduce the impact that Valley Pever baa oo our community. Thank you for visiting ourwi:bsite, and for taliai:; the time lo leam more 

about Valley l'noer. Your hwth matters, and D)' st:rying informed, you can protect yourself and your loved oues in our community. 

- Brynn Olnigan, Dlrtctor <if Publle Health Services 
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Valley Fever. also called coccidioidomycosis or •-d." is a d~e-Qumi by a fungu$ lhat gro~ ui 6t.>il and dirt in PW of California and the 

southwe.stern U.S. When the 5oil is disturbed bywi:ad or activity, lilly fun,;;d $p«eS can be<ome airborne and be bruthed in, potentially making people 

and aninu.ls sick. 'l'he infection usually affects the lungs. causing 8}'D'lptom.s like cough, fever, cbe$t paio, and fatigue. While aome may e...pe.rience mild or 
no symptoms, others un devl!lop se'l<ere illnes.5. Early detection i$ key-if you've had a liogering rooi:h, fever, or painful breathing for more thao two 

'M!elss, ask yow: doctt>r about Valley Fe-ver, It's in the air. Be aware! 

QuonLouey Bryi 

Executive Director, Diree1 

< Telehealthdocs Healt' > 
l f"1trO '.\lo'"C Ltarr 

Valley Fe\'er: Many Faces, Many Stories 
Valley !'ever doe$11't disc,iminatc-it oon affed .iny.:,nc. 11:t.e tiny fungal ~Jl"lteS that ~ui:e It are c.uri.ed In the air, stirred up by wind or du.st, and breathed 

in without anyone re11lizing it. Some people may only experience mild symptomoi, lfke a lingering rough or fa~. vmile own facuevere illness that can 

last for months or even years. No two experiences are the nme. 

Behind every case of Valley Fever is a real person 'With a .story to tell-a mother, a teacher, a director, a neighbor. l!adljourney i8difl'erent. Their voi= 

b1int awa.--. Their stories bring hope. Thete are the faces ol Valley F~>er. 

Emanus 
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Miccmaft Power Bl Pages .,. 

Do you have a question about Valley Fl"·~r? Emo ii, y3)doyjnrnli@kemf61unty,= 
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Abstract Ongoing large-scale land development for 
renewable energy projects in the Antelope Valley, 
located in the Western Mojave Desert, has been 
blamed for increased fugitive dust emissions and 
coi:cidioidomycosis incidence among the general 
public in recent years. Soil samples were collected at 
sill sites that were destined for solar farm oons1rnc1ion 
and were analy7.cd for the presence of the soil-borne 
fungal pathogen Coccidioides immitis which is 
endemic 10 many areas of central and soolhern 
California. We used a modified culture-independent 
nesled PCR approach to identify the pathogen in all 
soil samples and also compared the sampling sites in 
regard to soil physical and chemical parameters. 
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degree of disturbance. and vegetalion. Our results 
indicated 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 communilies, but also in 
grassland characterized by different soil parameters 
and covered with native and non-native annuals. 
Overall, we were able to detect !he pathogen in 40% of 
the soil samples (11 = 42). Incidence of coccid­
ioidomycosis in the Antelope Valley was positively 
conelated with land use and pan:iculate matter in the 
air (PM 10) (Pe.irson correlation coefficient >0.5). 
With the p1edicted population growth and ongoing 
large-scale disturbance of soil in the Antelope Valley 
in coming years, incidence of coccidioidomycosis will 
likely further increase if policy makers and land 
developers cunlinue to ignore the risk of grading land 
without implementing long-term du~t mitigation plans 
in Environmental Impact Reports. 

Keywords Fugitive dust • Renewable energy • 
Coccidioidomycosis • Mojave Desen • Soil 

Introduction 

Large-scale land development in the Antelope Valley, 
located in northern Los Angeles County in California, 
provides new residences for expanding populations, 
facilities for businesses, fields for agricultun::, and 



more recently provided opportunities for renewable 
energy production. However, arid and semiarid .1reas 
in the Southwestern US may require beucr care in 
managing soil disturbance from such projects because 
of greater risk of fugitive dust emissions and coccid­
ioidomycosis, caused by the soil-born fungal pathogen 
Cocci.'fioides spp. Fugitive dust is the suspension of 
particulate mauer in the air by wind or human 
activities usually indicated as particulate matter up 
10 10 µm (PMIO}. The particulate matter is primarily 
soil but can contain c,:ystallinc silica, asbestos fibers, 
heavy metals, and airborne spores and conidia from 
microorganisms. Fugitive dust in general can cause 
breathing difficulties, low acute and cluonic respira­
tory illnesses, increased risk of death from aggrnvated 
heart or lung disease (2, l 2, 25, 27), increa5ed risk of 
traffic accidents from poor road visibility [ 4], and 
reduced agricultural crop yield and desertification 
(75). Fugitive dust emissions observed in the Antelope 
Valley frequently exceed California standards of 
50 µg/m 3 for PM 10 (24 h averages) and 30 µg/m 3 

(annual arithmetic mean), respectively. which arc 
stricter than federal standards (see http://www.arb.ca. 
gov/research/aaqs/caaqs/caaqs.htm for current Cali­
fornia Ambient Air Quality Sttmdw-ds [CAAQSI). The 
increase in air pollution with coarse particulate matter 
(PM 10) has raised the concern of public health offi. 
cials and the general public (591, because ofincreased 
incidence of coccidioidomycosis among residents of 
the Antelope Valley (County of Los Angeles Depart­
ment of Public Health, Annual Morbidity and Specials 
Studies Reports 2000-2014). Incidence of coccid­
ioidomycosis in the Antelope Valley increased about 
13-fold between 2000 and 2014 (supplementary fig­
ure S 1 }. Strong Santa Ana winds can deliver dust from 
the desert to the LA Basin and deliver conidia of the 
pathogen to an area that is thought to be non-endemic 
for the pathogen 158). 

The Antelope Valley is located in the Western 
Mojave Desert within the endemic zone of Ccccid­
ioides spp. which is comprised of certain areas in 
Arizona, California, Nevada, New Mexico, Texas. 
Utah. Washington, and Central and South America 
(see map in (55]). Fugitive dust that carries arthro­
conidia of Coccidioides immitis or C. pmadasii can 
cause cm:cidioidomycosis in humans and animals 
primarily through inhalation of these dormant forms of 
the pathogen. Coccidioidomycosis primarily affects 
the pulmonary system in people and animals ( 16, 23), 
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but dissemination of the discas.: to other organs can 
occur [28, 57]. Although about 60% of infected people 
develop mild to no symptoms, the other 40% ell:peri­
ence weeks to months of debilitating disease that can 
include fatigue. shortness of breath, cough, fever, 
night sweats, loss of appetite or weight, chest pain, 
headache, body aches, skin rash. and pneumonia (631. 
Less than 5% of these patients develop disseminated 
coccidioidomycosis, which increases the risk of life­
long complications and death (23, 43, 71 1- Despite 
considerable efforts, no vaccine to protect humans 
from coccidioidornycosis cu11ently exists (74]. 

TI1e issue of fugitive dust carrying Cm:cidioides 
spp. arthroconidia is important not just for workers 
involved in land development projects, but also for 
residents of nearby communities. residents of newly 
built neighborhoods, and visitors working, studying, 
or travelling through the area. Furthennore, strong 
wind!! can transport conidia far distances, sometimes 
hundreds of miles, which can cause disease in humans 
and animals in non-endemic areas [21 , 34, 35, 56). 

The Antelope Valley of California prnvides an 
opportunity to ex.amine how changes in the environ­
ment due to large-scale land development effect 
incidence of coccidioidomycosis in humans. Consist­
ing of over 1800 mi2 of fertile lands, the Antelope 
Valley is located approximately 2500 ft above ~ea 
level and is part of the "Lower Sonoran Lifezone" 
(53). sometimes referred to as the "High Desert," a 
common name for a subregion located mostly in 
northwestern San Bernardino County, northeastern 
Los Angeles County, and f3J' ca~tcm Kem County in 
areas above 2000 ft in altitude !39, 77]. The valley 
experiences an aMual precipitation of 6-9 inches per 
year, a mean annual high temperature of 98 °F in che 
summer and 59 °F in the winter, with temperature~ 
commonly above 100 °F in Joly and August [51). 
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 humidity, and strong prevailing winds can 
result in severe dust storms (62). 

The Antelope Valley has the greatest potential for 
hmd development in Los Angeles County. and its land 
use increased nncahly between 2001 and 2011 {Fig. I). 
Guevara et al. \331 showed that disturbance of soil 
during the ''housing boom" that peaked hetween 2004 
and 2005 was positively conelated with a spike in 
coccidioidomycosis incidence at the same time. In 
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recent years, !he Antelupe Valley has become the 
focus of renewable energy projects to provide solar­
and wind-generated energy for Southern California 
[ 11, 38). Solar farms constructed by multiple compa­
nies will ultimately cover more than 30,000 acres in 
the valley (e.g. (17, 19, 31), for an overview of all 
planned renewable energy projects}. Overall, the 
DRECP affects approJlimately 22,858,000 a1.:res of 
semiarid and arid soils in the counties of Los Angeles, 
Kem, Inyo, San Bemardino, Riverside, Imperial. and 
San Diego. 

Purpose and Scope 

This project aimed to determine whether C. immitis is 
established in soils destined for photovoltaic system 
constru1.:tion in the Antelope Valley, characterize the 
ecologic features of C. immi1is positive sites, and 
correlate field findings wilh existing epidemiologic, 
geologic, and geographic data. Soil samples collected 
at i;ix photovoltaic system sites either completed or 
destined for construction by 2014 or 2015 (Bureau of 
Land Management [BU\11). CA. DRECP) were tested 
for the presence of Coccidioides i.pp. with a culture­
independent polymerase chain reaction (PCR}-based 
approach. The sampled sites included non-disturbed 
locationi; covered with natural vegelation, predomi• 
na11tly Atri11Jex 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 past. Policy makers and others involved with large­
scale land development projects could ui,;e the results 
from this study to implement helter dust control 
approaches with more stringent requirements to 
reduce fugitive dust emissioni. and incidence of 
coccidioidomycosis and other dust-related illnesses 
among construction workers and the general public. 

Materials and Methods 

Soil Sampling Area 

All soil sampling sites were located in 1he Antelope 
Valley subsection of the Western Mojave Desert 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 oullet to 
the ocean. The runoff into the basin from surrounding 
creeks is conveyed via broad ephemeral washes 
toward several dry lakes. Two large dry ba~ins, or 
playas, the Rosamond and Roger's dry lake beds {Kern 
County) form dominant natural landscape features 
within the Antelope Valley and are located east of the 
sampling area. 

Ecological La11d.~cape Characterization of 
Sampling Sites 

Soi I samples were collected at six sites destined for 
solar panel construction. These locations included site 
I: North Lancaster Silverado Project, site 2: West 
Antelope Silverado Project, site 3: American Silver­
ado Project. site 4A and B: Antelope Silverado 
Project, site 5: Silver Sun Silverado Project, and site 
6: Lancaster WAD Project. Soil parnme1er informa­
tion for all sites was obtained from the United States 
Department of Agriculture (USDA) wcbsoilsurvcy 
database. Coordin<1tes of all i;ampling spots were 
documented, and the appearnncc of soils, as well a.s the 
vegetation cover (plant species and degree of coverage 
and disturbance), was documented. Plant species were 
identified using the Jepson De~e11 Manual (5) and 
other literature 149, 54]. Rodent activity was observed 
at all siles in form of pellets, bun-ows or both. Soil 
sample!'. were collected from soil types that were 
dominant in the locations destined for solar panel 
constructions and were collected from 5 to 7 cm depth. 
The pH of all soil sample~ was analyzed m; well (twu 
replicates). Pictures of all sampling sites can he ~en in 
Fig. 3. Detailed site descriptions can be found in 
supplementary !able SL 

Soil Samples Collection 

Thirty-one samples were collected at six sites on May 
14 and 16 2014. Three to six individual soil samples 
(~25 g) were collec1ed aseptically a1 several individ­
ual sampling spots at each of the sill Joc1:1tions, using a 
small gnrden shovel and 50-ml Falcon tubes. After 
evaluation of all results from the 2014 sampling set, 
additional 11 soil samples were collected in Muy 2016 
from site 6 only. All samples were 1ransponed lo the 
laboratory on ice to prevent changes in the microbial 
communities and were stored al -20 ''C before being 
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◄Fig. I Overview of land us<> in the Antelope Valley in 2001 (a) 
compared to 2011 with inJi~·atiun of renewable energy proje,cts 
(b). The six sampling siJes investigated in this $1Udy a~ 
indicated as y.ellmv circlu. (Color figure online) 

processed the following week. The sampling sites 
were documented photographically, coordinates were 
detennined, and vegetation cover am.I visual appear­
ance of all soils i 11 regard to dis1urbance, erosion. 
rodent activity, soil moisture. and soil color was 
described. 

DNA Excraction and PCR 

Soil samples were fir1;t mixed thoroughly by vortex.ing 
until homogenized. Prior to DNA e:1:traction 11sing the 
Puwersoil DNA extraction kit (Mo Bio, Carlsbad. CA). 
0.25 g of each soil .sample was transferred into buffer­
containing MoBio Powerbead tubes and incubated al 

70 "C for 30 min. followed by an incubation step with 
100 µI proteinase K (IO mg/ml} at 56 °C for ar.ldi­
tional 30 min (791 to enhance lysis of micmbial spores 
and conidia. DNA extraction was perfonned accord­
ing to the manuf:tclurer's protocol (MoBio, Carlsbad, 
CA) using a MoBio vortex adapter for the bead­
beating process. Two replicates were analyzed for 
each sample. The amount of DNA was quantified 
u~ing the QubitTM 3.0 Fluorometer (lnvitrogen Life 
Technologies, Carlsbad, CA). 

To determine the presence of C. immiti~· in all soil 
samples. a nested PCR approach based on the method 
published by Baptis1a-Rosas et al. (7) was used with 
modifications. A nested PCR can be superior to a one­
step PCR method in that it excludes non-target DNA, 
therefore reducing possibilities of non-specific ampli­
fication. As the final diagnostic PCR step, we used 3 
different primer pairs: (I} We replaced the originally 
suggested di.agnostic primer pair with the ITSCIAf/ 
ITSC2r primer pnir ( ~ 220 bp, lTS 2 region) published 
by Greene et al. (32], which we found superior in 
specificity for Coccidioides spp. than the diagnostic 
primer pair used in Baptista-Rosas et al. (7) (data not 
shown), which was originally published by Binnicker 
ct al. (9). (2) W c also used the EC3f/EC I 0Or diagnosl ic 
primer set [36. 37\ 10 detect C. immitis. which 
amplifies a -500-bp amplicon, large enough to distin· 
guish the 2 species within the genus Coccidioides and 
which covers both ITS regions of the rihosomal gene. 
(3) We also used the diagnostic primer pair lTSlCf/ 

ITS I Cr which amplifies a ~ 130 bp region of the ITS I 
region of the ribosomal gene, published by Vargas­
Gastelum et al. (76). Overall. three sets of primers 
were used for each nested PCR approach. Aliquots of 
all PCR amplicons were analyzed using 2% (wt/vol) 
agarose gel electrophoresis to detennine the con·ect 
size of the an1plicons using a PCR marker (Promega 
03161} (Promega Madison. WI) and ethidium bro­
mide staining (0.S mg/1). The first primer comhination 
NSA3/NLC2 targets the ribosomal gene ( 18S and 5.8S 
DNA and both ITS regions) of all fungi and results in 
a ~I, lO0-bp am pl icon. Amplicons from the NSA3/ 
NLC2 combination were then used as n template in a 
n~ted PCR approach using primer combination NS( I/ 
NLB4 which results in a -910-bp fragmelll 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 I :25 dilution of 
the amplioons obtained with primer pair NSII/NLB4 
as a template and one of the diagnostic primer sets 
mentioned earlier in a final PCR. All PCR reactions 
were performed in duplicate. and the PCR cycling 
conditions as described in the original protocols were 
used (see Table I for details). PCR reaction~ contained 
12,5 µI of GoTaq Green Mastermix (Promega, Madi­
son, WI), 1.5 µI of each primer (10 pmol/µI), 2 µI of 
DNA extmct or 1.5 fl) of the product ofa previous PCR 
reactio11 for the nested PC Rs. as well a~ sterile water to 
a final volume of 25 Jtl. Negative control reactions, 
which contained all reactants with the exception of 
template DNA. were also included in all amplifica• 
tions. These controls were carried through the entire 
nested PCR process along with che environmental 
products. Leftover PCR amplicons obtruned via diag­
nos1ic PCR of approximately correct si1.e (-220, -500, 
~130 bp) were subs~uently treated with exoSAP-lT 
{Affymetrix, Santa Clara, CA), sequenced at the 
Center for Bioinformatics al the University of Florida, 
and subsequently compared to entries in the GenBank 
nucleotide database available at the National Center of 
Biotechnology Information (NCBI) (htlp://blasl.ncbi. 
nlm.nih.gov/Blast.cgi) ( 1 ). The sequencing step was 
necessary because occasionally false-positive ampli­
cons were obtained. 

Analy5is of pH 

Soil pH was determined on a I: I (w/v) soil/water 
mixture composed of 5 g of soil and 5 mL deionized 
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water. Samples weze stined before and after an 
equilibration pe1iod of I h and were then measured 
with an Oakton-5 l0 bench-top pH meter (Oakton 
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Instruments. Vernon Hills. IL} after calibration to pH 
buffers 4, 7 and I 0. Two rep! icates were performed for 
each soil sample and the average was determined. 
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◄Fig. 2 a Aerial view of I~ Western Mojave Oesen with 
indication of our sampling ,1rea (rtd re, umi:le) in the Antelope 
Valley, west of the city of Laucas1er (Los Angeles Counly}. b 
Aerial pho10 of the A111elope Valley as of April 2015 (landsat 8). 
Red n11mbers indicate oil samJ>ling sites (siu / Nollh Lancaster 
Silverado projec1. sire 2 Wesl Antelope Silverado Project, silt J 
American Silverado Project 8ile 4A wul B Antelope Silverado 
Proiccl. site 5 Silver Sun Silveradu Project, site 6 Lan~asler 
WAD proj1:<;l). The red ,ircles ,mfaale area~ where pho10-
volt:iic s1.:11ions were cons1ruc1ed hetween 2009 and 2015. 
Construction sites outside these circles were not completed 
wh.en this study wos undenokcn. ~ city of Lancaster i~ 
indic~1ed in the lower 1igh1 comer of 1he photo. south of lhe 
Rosamond dry fake bed. Also indic~ted nre th.e Antelope Valley 
Poppy Reserve. the Arthur B. Ripley Dcscn Woodland State 
!>ark and lhc Mila Loma Detention Cenltr. The sculcmenl 
Antelope Acre~ i $ situated between the c:onslruction sites west of 
Foxfield Airport. (Color figure online) 

Results 

DNA Extraction and PCR 

DNA of high quality was successfully extracted from 
all samples as confinned by 2% agarose gel elec­
trophoresis and subsequent ethidium bromide staining 
which resulted in distinct bands of non-sheared DNA. 
The amount of DNA extracted from 0.25 g of soil 
varied between soil samples and ranged between 29.2 
and 9780 ng/ml. Site 6 had the smallest amount of 
DNA extracted (29.2-2420 ng/ml), whereas DNA 
extractions from samples collected at site 4 resulted 
in the highest amount of extracted DNA (3840-
9780 ng/ml) (Table 2). 

The nested PCR approach to detect Coccidioides 
spp. confinned DNA of fungal origin in all soil 
samples and also confirmed DNA of Ascomycetes 
and/or Basidiomycetes in 90% of the samples. An 
example of nested PCR results indmling all lhree 
individua] PCR steps with all diagnostic plimer pairs 
is shown in Fig. 4 for a subset of samples. Table 2 
summarizes the results of all PCRs and includes the 
closest matches in the GenBank nucleotide database 
for all sequenced amplicon~. After comparing all 
sequences to entries in the Gcnbank nucleotide 
database, 17 soil samples (40.48%) were found 
positive for 1he pathogen wi1h PCR amplicons of 99 
or 100% similarity to a C. immitis entry in the 
GenBank nucleotide database (6. 7, collected in 2016, 
showed a faint band of correct size with primer pair 
ITS l Cfi'lTS 1 Cr which could not be confirmed by 
sequencing). Two additional soil samples resulted in 

amplicons that were 89% related to C. posadasii (sites 
4B3 and 5.4 collected in 2014). Most of the fal.sc­
positive PCR products were related 10 fungi in the 
order Capnodiales (Cladosporium spp.). In some 
occasions multiple species contributed to an arnplicon. 
resulting in a "noisy" sequence that could not be 
identified. PCR products obtained with diagnostic 
primer pair EC31!EC100r resulted more often in false­
positive results than PCR product~ obtained with 
primer pair ITSCIAf/lTSC2r. Diagnostic primer pair 
lTSICf/lTSICr was the most specific of all three 
primer pairs tested, resulting in no false-positive 
arnplicons. This primer pair was also the most 
sensitive one, because it detecled the pathogen in 
23.81 % of the samples (28.57% if the two uncon­
firmed samples are considered as well). Primer pair 
EC3f/EC100r detected the pathogen in 11.9% of the 
samples. while primer pair ITSC I Af/ITSC2r detected 
C. immiris in 19.05% of the samples. Samples 6.2 
collected in 2016 was the only sample that tested 
posili ve for the pathogen with all three diagnostic 
1u·imer pairs . Five samples collec1ed 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 shown in supplementary figure S2. 
Examples of high-quali1y sequences ob1ained with 
all 3 diagnostic primer pairs were deposited i11 the 
GenBank nucleotide database available .it the Nation.ii 
Center for Bioinfonnatics and Infonnation (NCBl) 
(Accession No. KY306689-KY306699). 

Characterization of Soil Samples 

Variation in soil characteristics was observed for all 
sampling sites (USGS Soil Survey Antelope Valley, 
www.u~dawebsoilsurveyda1abase; Table 3; and sup­
plementary figure S3). Soils in the sampling area 
varied in soil parent material, and in regard to chem­
ical and physical parameten., as indicated by different 
USDA soil map units. Overall, the soil types that were 
the most common in our sampling area were chara<.:• 
terized as Hesperia fine sandy loam (-10% of the 
sampling area). Greenfield sandy loam (-18%), Cajon 
loamy sand (- 5.5%), Pond loam (5%), Rosamond fine 
sandy loam (-4%), Sunrise sandy loam (-6.5%); 
several othen; each covered <4% of the study area. 
Soils bclongia\g to the Pond-Oban complex covered a 
large area of the valley around Rosamond and Roger's 
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◄Fig. 3 Landscape overview of nil s~mpling sites at the time of 
sampling (May 2014 ). a Site I, n disturbed sire wi1h scnuered 
native and non-native vcgctatioo. b Site 2. grassland with native 
and non,nahve annuals. c Site 3. disturbed land with scattered 
native and non-native vegetation. Surrounding areas grew rabbit 
bru~h (Ericameria 11a111"c-osa) (as can be seen in the bacfc­
growuf). d Sile 4A., a disturbed area w11h scauered native and 
non na11ve vegetation. c Site 4B, grassland with native and non­
native annual~. f Site 5, disturbed site with grasses and other 
non-native nnd nntive specie~. g and h Sire 6, dominated by 
scauered sail bushes ~nd occasional r~hhil hrush. Dried l.t1.<t~11in 

califomico can b~ seen in between the sale i:luslles (Arriple.r spp.) 

dry lake bed and compri~cd-15% of the ca.~tcrn ~tudy 
area where sampling site 6 was located. Soil pH gen­
ernlly increased with proximity 10 1he Rosamond dry 
lake bed and ranged between pH 5 and 9.4. The pH 
varied considerably for subsamples from sites 2, 4A 
and 6, but were more uniform among samples from 
sites I, 3, 48 and 5. Furthermore, average soil pH 
results observed in our laboratory differed from the 

aven1ged values indicated in the USDA websoilsurvcy 
database. For example, fine sandy loam samples from 
sites I and 6 appeared less alkaline when analyzed in 
our laboratory. Samples positive for C. immitis also 
varied in pH, but the majority of the positive soil 
samples showed a pH higher than 7 and less DNA 
could be retrieved compared to samples with a lower 
pH (Fig. 5; supplementary figure S4}. Soil parameters 
that were indicative of the presence of C. immitis in 
previous research in the Southern San Joaquin Valley 
(Kern County} [44, 45] predicted site 6 in 1he Antelope 
Valley as a potential growth site of the pathogen 
(Table 3}. However, sites 2, 3 and 5 where the 
pathogen was detected as well wel'C not indicated as 
potential growth sites based on soil parameters. Other 
soil types near our sampling sites, 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 Valley, but these soils were not 

T11.ble 1 l'osilion of primers 011 rib(lsomal gene (A). all primer pairs used for nested PCR reactions with l'CR amplifka1ion condi1i◊ns 
and references (B) 

A 

B 

Pllme, 
NSA3t 
Nt.c2r 
NSllf 
NIB4r 

UObp UObp 
----------------------6501,p ---------------------------- ,oobp 

------------------------------• 1,000bp 
N5Alf 
-NSllf !gl 

- VG-ITSf -
1as ns1reglon 

Se<iue<>t<' 
':l'-AAN:.TCTGTCGTGCTGGGGAT A-3' 
S' -4AGCTOCATTCC.CAAA.:AACTC:-3' 
S'-GATTGAA TGGCTT AGTGAGG-3' 
S' -OOATI'CTCACCCTCT ATGAt-3' 

VG-rrsr -
Tm 
SU 
56.1 
.so.a 
Sl.7 

ITSCtAf 
EC:lOOr NS, 

IT5C.Ur ~r -
S,8$ 

Ann .. llnc Tempen\'uN> 
temperwwre ("C) re> 

SS !IS, 55, 72 
ss 

9S.60, 1l 

-
ffS:t,..ion 

Number 
Time bl of cycle> 

~,40,40 is 

hP«tod 
product 

1-l1e 

kllOO 

-u.oo 
-910 
"910 

:zas 

Reference 
M1<1in ISO) 
Mallln ISO) 
M;artfn ISO) 

ITSClAI S'•CATCAJAGCAAMATCMA-3' 45.3 

60 
60 

53 
Sl 
57 
S7 
70 
70 

94.S3,72 60,60,EO 4~ N220 
M;artln ISO) 
G"""""etal.(3-ll 
Greeneel~l.(321 ln(2r S'-.AG«x:CGTCGICACJ>AG-3' 

fC31 S' •AT T AAAG"IGG<:<iT C:C G<ic:T G-3' 
EClOOr S' -cGATGAAGf GATTTCCCAT ACA-3' 
\/G-ITSf S'-GTGOCGTOCGGCTGCG<:ACCTC<:CCCGC00·3' 
\/G-ITSr S'-GCGCMGGCG<iGC<;,t,T«:CCG<;CAGCC·'r 

/ Forw3ld primer. r reverse primer 

S8 
SU S5,S7,71 
~~ 

18.1 ,s, 70,12 
76.2 

30,40,40 4S 

30,40,60 4!, 

-220 
-soo 
-soo 
kuo 
kuo 

Johnson eut [36,371 
Jollnson et ;al. [36,31) 
V•rp$/4ast~himet al. (761 
V~igb$-Ga,t8..,,eUL 1761 

• All samples were subjected to an initial melting step of 94 or 95 "C for IO min and a final extension step of 72 °C foc IO min 
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I~ Table 2 Re~ults of nested PCRs with indication of doses1 matches in the GenBank nucleotide database for ainpli<:ons obtained with the diagn()Stic primer poits lTSC!Af/ 
V, 

~ 
ITSC2r. EC3f/ECIOOr and ITSICf/JTSICr 

5· 
Sample ~SA3/ NS11/NLB4 ITSCIAf/lTSC2r EC3f/EC100r ITS I Cf/ITS I Cr DNA .., ,. .. IO NLC2 extracted 

2014 All Ascomycettsl Cacr.itlioide.r % Similarity to close~! CoccidioideY % Similasity to closest Coccidil'lide.r % Similarity to clo.,est (ng/ pH 

fungi Ba.,idirm1_vcetes ~pp. match in GenBank spp. match in GenBank spp. match in GenBank ml) 

I.I Positive Positive Negative l'nlsc positive unc. Capnodia/es. l-fogativc 2800 6.90 
JF69103S, 99% 

1.2 Positive Pos,uve :-legauve f'alse pos1live unc. Cap11od1a/c.<. Negative 2640 7.IJ 
JF69103t\. 9"% 

1.3 P(lsitive P<)~itive :-legattve false positive unc. Cap11odiales. Neiati•e 1960 7.13 
JF69I038. 95% 

2A.I Po,;iuve Posilive Positive- Coccidloides immws, False positive un<:. Capnudial,s. Positivr Caccldioidts immilis. 33'.!0 5.9S 
HG'.380500, 100% ff69l03&. 93% ll(.M679413, 100% 

2.2 Posi1ive P<lsitive Negative Fal~e positive unc. Cap11odiales. Negative 4360 7.28 
Jf'69l03&, 94% 

2.3 Negative Neg3tive Negative Negarive N~gativc 7280 6.90 

2.4 Posiuve P<.>s,tive Negative Fal8c posi1i,e unc. Cupnudiu{es. Negativt' 1406 5.24 
JF691038. 90% 

2.S' Positive l¼sitivc Negative Fabe posiliYC unc. Capnodiales. Neg.11ive Ill..'!\ 6.29 
JF691038. 9 3% 

l.6 Posiuve Positive Po:siliv~ Coccidu,ides immilis, Negative Positin Coccidwidts immilis. 4700 7.12 

HG380500, 100% Kl\1679413, 100% 

3.l Pomive Positive Positiv~ Coccid.u,idts immilis, false p,,sitive unc. Capn,>dial,s. Positive Caccidioi.dt, immUis, 3520 6.73 
HG380500, 99% JF69103S. 9$% KM679413, 100% 

3.2 Positive Ne:gat\VC Negauve 1* Multiple sequences .. • Negative 3480 6.76 

3.3 Pn~itivc Po.sitive Ncgalivc 1 Multiple .sequence~ Negative 2500 6.03 

:u Pu!'iti\'<.: Positive F:llse positive unc. Eurmiufe.,. false pOcSitive unc. Copnodwfes. Nt.:gt1.t1ve '5620 6 79 
HQJ8945S, 95% JF691038, 99% 

3.5 Positive Positive P<>Sitlv~ Coccidioides immilis, l'osilive Coaliti.J;des immilis, Negative 4400 7 11 
KJ78344?, 100% K.178344?, 100% 

4A.l Po~idve Positive False pOcSilive unc. Eurotial~s. false po,;i1ive unc. Capm,d,a{~s. Negative 3840 6 .81 

HQ3R945&, 96% JF69 )038, 94<1, 

4.A.2 fos11ivc Positive .Smear•• False r,ositive unc. Ct1pnodialos . Negntive 9780 6.50 
JF69l038. 96% 

4A,3 Pos,the l'ositivc Neg~live False pc,sitive Ascodlrra ,p .. Negative 6980 S.!19 3: 
'< 

Kc:959210. 85% 
,., 
0 

"" 
4B.J Positive Negauve Smear False posil1•e unc. Cc,prw,/iuf.s. Negative 4520 7.l8 el 

Jf-691038, 95% [ 

4B..? Pos1ti\'e Positive F.J,c po~tive Fal,e l)O"iU•~ :-leg.uive 5900 1.55 ~ .;· 



Table 2 continued 3: 
'< 

Sample NSA3/ NSII/NlB4 ITSC I Af/JTSC2r EC3f/E.CIOOr ITS I Cf/ITS !Cr DNA g 
"O 

ID NLC2 extraclecl ~ 
::," 

2014 All As,·oniyretesl Coccidioid~.f % Similari1y 10 closes1 Coccidioidcs % Similarity to closest Coccidioidu % Similarity lo do,est (ng/ pH ~ 
"2. 

fungi B~idiomyceres spp. match in GenBank spp. match in GenBanl:: spp. match in GenBank ml) 
,., 

TrrchQf>hy111ri trrnstN!, unc. Cap11odiales. 
LN7146J4, 96% JF691036. 94% 

4B..3 Pos:i(ive Posith1e False ~itive Coc.·idioides pusa<fasii. Fal~c JlO"itive unc. Capnod1ala. N-.:1:ativc 8020 7.36 
KFJ86150, 89% JF691036. 94% 

S.I Pomive Negative Negative False po~ti,e unc. Capm:>dinlcs. Negative 7040 6.67 
Jf69103~. 94% 

S.2 Positive Posihvc Fal~e po.<itive Cladoipanum False po:;itive unc. Capnodiales. Positive CIX:cidwides immili1. 3760 6.44 
ffll.JCrt>corpum, JF69!038. 92% K~67?413, 14.10% 
KC3 I 1478. 95% 

S.4 Positive l'Mitive False P'-"'lllVC no sitmlnmy found False positive Coccidiaidt:~ pusudusii, Nt!ative 8()40 6.69 
JXOSl631. 89% 

5.S Po~tive PMitive Negative False positive Multiple sequence, Negative 32&0 6.15 

S.6 Posttive Po:11tive Ne&at,ve False positi,~ llOC' Cnpnodia/u, NeGative 7120 6.50 
JF69103H. 93% 

6.1 Po:dtivc Po:;itive ? multiple .sequences Positive Ct>t:ddloldes immitis, Negative )796 7.44 
KJ78J449, 99% 

6.2 P\>!\itive Posi11ve PosiliVt Cm:cidioides immihs, Negutive Negative 1270 8.15 

KJ783449, 99% 

6~1 Posttive f'osiliv,:: Positi•e Coccidioides immitit, Negati"" Negotive 2420 7.0' 

KJ78344Y, 99'll> 

6.4 Posalive f'o:;itive Smear Negative Negative 2080 7.00 

6.S Positive Po~ihve f'ositi-.t< C(ICcufwide1 immitil, Positi-.e Coccidu>idu immiru:. Nega1ive 174 9.45 
KJ783449, 99% KJ18J449, 99% 

6.6 Po.c:itive PO~iliVC Neg-Jlive Negative PoJili-.e (:(J(;cidioi4ts immiti<, 29.2 8.79 
KM6794l3. 100% 

2016 

6.1 Po:iirive Positive Negative Positiw No <igoal (faint PCR Posilive C«t:idioi4es immi.li.•, 120 8.12 
product) KM6794l3, 98% 

6.2 Positive Positive Positive C0<cidwidn immiti.,. Positive C<x:cidibidn immili.•, Positive Cvrcidwides immitis, SS.8 ns 
KJ783449. 99% KJ783449. 94% KM679413, 100% 

6.3 Po~iliVI!' Po~itive Negacive Positive Cocddwules immili.(, 
KJ783449, 99% 

Posilive No signal. faint PCR 53 6.91 
product 

It!) 6.4 Po~ith·e Poshivc Negacive False posi1ivc Fun&al en.doph)lte, Posilive Coccidibides immitls, 1014 7.94 

,.,, KT291 I 14. 94% KM679413. 100% 
~ 

l'i.S P<>si1ivc Positive Neg3tive Negative Negative 324 6.25 
~-.. 6.l'i Positive Po$ilive Ne:gaci\lC Negative Negative SS.6 953 
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investigated in this study (suits where che pachogen 
was detected are indicated as positive (bold)}. 

Environmental Parameters and Incidence of 
Coccidioidornycosis 

Environmental parameters, such as fugitive dust 
emission (PMIO). total annual predpitalion (inches), 
and wind speed (gust max.), were obtained for the 
Mojave Air Basin for the years 2000-2015. In 
addition, we obtained land-use data (acres) [151 and 
coccidioidomycosis incidence data ( 14) for the same 
time petiod and area (Fig. 6). An increase in incidence 
of coccidioidomycosis. over time can be s.een with 
highest incidence in the Antelope Valley in 2005, 
20l I and 2014, spiking shortly after years with 
increased soil disturbance due to the "housing boom" 
between 2003 and 2007 (33) and the renewable energy 
boom described in this study. Between 2005 and 2014, 
the number of approved pcrmit5 for ~olar famts and 
wind parks increased with additional large-scale and 
Rmall-scale projects pending permission. So far, more 
than 20,000 acres of land have been disturbed as of 
2014 for renewable energy projects in the Antelope 
Valley and the surrounding foothills of the Tehachapi 
and San Bernardino Mountains ( 30, 311. The acreage 
of field crops increased hy 48% compared to the year 
2000 and then steadily declined by 2014 reaching 
values close 10 those documented before 2008 (County 
of Los Angeles Crop and Live~tock Report 2014). The 
correlation between incidence of coccidioidomycosis 
in the Antelope Valley and the amount of acres of land 
disturbed for renewable energy proj~ts and amount o( 
acres under agricultural management (field crops) 
between 2000 and 2014 was strong, as revealed by a 
co1relation coefficient of ?- = 0.623 (Pearson pro­
duct-moment co1Telation coefficient) and?- = 0.388. 
The correlation he.tween PMIO (Mojave Air Basin) 
and disease incidence was at be~t weak with a Pearson 
coefficient of 0.283 and an ? value of 0.0664 (see 
Fig. 6 for all correlation values). However, the 
correlation between PM IO and incidence of the 
disease was strong when only the years between 
2009 and 2014 were considered (renewable energy 
boom), with a Pearson coefficient of 0.641 and an r2 

value of 0.411. To investigate these relationships in 
more detail, a multiple regression analysis was 
conducted (Table 4). This analysis shows that neither 
PM 10 nor levels of predpitation appear to have had a 
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Fig. 4 Displayed arc 2% agaro.sc gels after ethidiwn bromide 
staining, showing examples of diagnostic PCR results for samples 
from some locations. Sequences from PCR amplicons circled in 
black were 99% related (O a GcnBank database cncries of C. 
immilis. White arrow$ poinl toward amplicons of correct siie 
including some Illa! were revealed as false posi1ives. a Results or 

significant relationship with coccidioidomycosis inci­
dence {2000-2014). However, the total acres of land 
under the three land-use types considered (wind, solar 
and agricultural) did have a significant, positive 
l'clationship with coccidioidomycosis incidence 
(p < O.Ol)overthesametimeperiod. We investigated 
the relationship with land use further by conducting a 
second multiple rcgrc~sion, removing the non-iiignif­
icont factors and disaggregating the three land-use 
\ypes, to determine whether effec1s could be attributed 
to specific type of lnnds use. This analysis revealed no 
significant differences between the effects or the 
different land-use categories (Table 5). 

Discussion 

A correlation between soil disturbances due to large­
scale renewable energy construction projects, agricul­
tural management practices and PM JO fugitive dust 
emission with increased incidence of coccidioidomy­
cosis was clearly indicated by results of this study. The 
increasing incidence of coccidioidomycosis in the 
Antelope Valley of California, which has reached 
epidemic character, is concerning and shown in 
supplementary figure SI. The C. immitis positive sites 
detected in lhis study are located west of the cities of 
Lancas1er and Palmdale and south of the community 
of Antelope Acres which are pan of whal is known as 
the Greater Antelope Valley Economic Alliance 
{GA VEA) which has experienced a population 
increase of 24% between 2000 and 2010 (US Census 
Bureau). It has been predicted that the population will 
continue to grow another -46% by 2035, to 758,881 

amplificalion willl primer pair ITSC I AflITSC2r sllowing ampli­
cons of -220. b Resulls of amplification wilh primer pair EC3f/ 
ECIOOr showing amplicons of -500 bp. ( Results of amplifica· 
tion with diagnoslic primer pair ITS ICl'IITS !Cr showing positive 
results for .samples S.2 and 6.6 (2014). (C.i. Coccidioides immitis 
used a.s positive oontroJ; NC negative control) 

residents [31]. The predicted population growth will 
result in continued urbanization as of yet unknown 
proportion~. but certainly of significant size. Thci-c• 
fore, it is e11:pected that fugitive dust emissions from 
ongoing conslruction sites will continue or even 
increa~e. Thi~ environmental health hazard will put 
humans and animals at an increased risk for conuact­
ing coccidioidomycosis, especially if dust mi1igation 
continues to be inefficient or absent. In addition 10 

increased urbanization and renewable energy devel­
opmenc in this area, an ongoing drought with decreas• 
ing precipitation and sinking ground water tables hus 
been blamed for soil erosion and fugitive dust 
development in the Antelope Valley. The ongoing 
drought has also resulted in a significant reduction in 
fanning activities over the last years, resulting in large 
areas of abandoned fields. For example. the farmed 
acreage of orchards decreased from 2013 10 2014 by 
53.06%, and the farmed acreage for grape.~ decreased 
by 22.6% during the same time in the County (48). 

Jt has been difficult in the past to detennine a clear 
correlation between incidence of coccidioidomycosis 
and <:enain environmental parameters, because of 
combined immediate or delayed positive or negative 
effects on the growth of the pathogen in the soil. 
Previous work hy Talamantes et al. (72] determined a 
weak correlation between pre<:ipitation and wind 
speed itnd coccidioidomycosis incidence in Kern 
County. Smith ct al. (69) and Kirkland and Fierer 
(40) had already pointed out that a rainy winter can 
cause an increase in coccidioidomycosis incidence in 
the following dry season, especially af1er a prolonged 
drought that might have caused a shift in the microbial 
community 1oward spore and conidia fomiers, among 
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Table J Avtragcd soil physical and chemical p;,ramc1cr.s for dominam soil types fount.I in our sampling area wi1h indication of soil 
map unit symbols. as ob!aincd from the USDA wcbsoilsurvcy database (pH was also analyzed at CSUB). {Color figure onlinc) 

sol •i.a 91 tile> 
1• 1, :r.• 2•,CA•,u•.,.1 z,•,s• , . 
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IU u II 1.5 
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SI~ (li} 29.3 16.S 23 22.9 27.8 
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tt3 33 $.4 

8 
u 9.! 
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Soil parameters lhat were indicative of rhe presence of the pathogen in lhe Southern San Joaquin valley [44. 451 are indicated in red. 
Additionally. resulls from our PCR-based appro~ch lo delecl C. immiJiJ are included (al some sampling sites. more lhan one soil lype 
w::is detected; thert-fore. the ~oil 1ypc of IM sail umples in~lyzed i$ indic~1ed with an • ; soil type~ wh.ere 1he pathogen wa.< dete<:ted 
are indicated wirh a red reclangle) 
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Correlation of c. lmmitis positive and negative samples with amount of e>Ctrat.ted DNA and pH 
IMO 
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Fig. S a Correlation between soil pH and amount of e1uracted 
DNA. b The amount of extracted DNA from C. immlti! positive 
soil samples was significantly lower lhan the amount of DNA 
extracted from C. immilis negative soil~-c The pH of soils 
io which lhe pathogen was del~ltd was higher Chan the pH of 

them Coccidioides spp. In our study, we were able 10 

clearly link land use and soil disturbance 10 valley 
fever incidence, but also found a positive correlation 
between PMIO and wind speed; however, 1he corre­
lation was rather weak. The continued increase in 
coccidioidomycosis incidence in 2012 and 2013 when 
construction of new renewable energy projects slowed 
down was likely due to the long-tenn effect of h1rge 
areas of graded soils, which continue 10 be a major 
source of fugitive du~t emission in the Antelope 
Valley and beyond. In the past. California had been 
plagued with long-term and short-term droughts. for 
example the prolonged drought from 1985 to 1992 
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6.S 
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5,S 
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C samixu 
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soils that were negative for the pathogen. However, the difference 
was 11()1 significant (data wen, nannally distributed based on !he 
Shapiro-Wilkes test for nonnality of the residuals). (Color 
figure onllne) 

which resulted it1 increased fugitive dust emissions 
that reached a 24-h rc.:ord PMJO concentration of 
780 µg/m3 in downtown Lancaster in 1991 (Antelope 
Valley Air Quality Monitoring District). 

We were able to detect the pathogen C. immitis 
predominantly in undisturbed alkaline soils of the 
Pond-Ol>an complex. located clos.esl lo the Rosamond 
dry lake bed, a location commonly referred to as 
"barren land" with different species of salt bushes. 
that indicate a saline and alkaline environment. Site 6 
was the only sampling site that was suspected to 
harbor C. immitis based on averaged soil parameter 
infonnation (USDA websoilsurvey database) that 
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Fig. 6 lncrease in soil disrurbance over time in the AnteloJH! 
Valley due to large-scale renewable energy project construction, 
changes in agricultural management correlated with incidence 
of coccidioidomycoois. Displayed are approved solar and wind 
projects {actes), agricultural tlelds uoder mllllagemem (acres), 
as well as the number-of iuued building permits and completed 
buildings {housiag developments) between 2000 and 2014. 
Included in the calculations (but not included in the graph) is 
also PM 10 data (High National 24-Hour Average), precipitation 

(inches), and wind-speed data {gust max.) for !he city of 
Lancaster me.a.sur4!d at Foxfield Airport (KW JF). Solar and wind 
forms were grophed one yenr after the pennil approval date 
because the hegin of construction generally began in 1he year 
after pennits were is;ued (data sources: www.arb.ca.gov/adam, 
http://publichcalth.lac<1un1y.g<1vlacd/Publicatinns.h1m, hnp:11 
planning.lacoumy.gov/as&etslupl/project/energy _pcnjects.pdf, 
http://pcd.kerndsa.com/planning/renewable-energy, ltup:// 
lacfb.org/crop-repor1s-'U) 

Tuble 4 Results <Jf thi: initial multiple regression model: 1hc model wa~ coccidioidomycosis incidence = PM JO + precipitation 
+acres of land use (summed across Solar projects, wind proj ~ts, and active agricultural use 

Ef.1imatc SE p 

(Intercept) 4.90 306 1.61 0.13 

PMIO -6.14 x 10-) 1.06 x io-2 -0.580 051 

Annual Precipitation (in) 1.34 1.08 1.24 0.24 

Acres of land use 4.(14 X 10- 4 1.20 )( l0- 4 3.36 0.0057° 

Final model is; cocciruoooycosis incideooe = 4.9 - 0.0062 x PM 10 + 1.33 precipita.cioo + 0.00040 land use. F,.12 = 4.8. 
p < 0.05, multiple?= O.S4 

were indicative of the presence of the pathogen in the 
Southern San Joaquin Valley (44, 45). The Southern 
Sa11 Joaquin Valley Desert is geologically somewhat 
related lo the Western Mojave Desert where lhe 
Antelope Valley is located, but diffe~ in elevation a11d 

climate (24). Soils of both locations developed from 
quaternary allu"'ium and similar underlying parent 
material and have been described as alluvial fans or 

~ Springer 

fan remnants and basin floors, with high concentra­
tions of line particulate matter tha1 accumulated since 
lhe 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 f.andy loam (sites 2, 3 and 5). 
The grassland appeared similar 10 a strnng growth site 
of the pathogen, Sharktooth Hill near Oildale, east of 
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Ti1ble S R~ulls of the 2nd mul1iple regression model: the 
model was coccidioidomycosis incidence • acres of solar 
projects + acre:1. of wind projecl~ + acres active agricultural 
USC 

Estim~te SE p 

• (Intercept) -6.02 15.8 -0.38 0.711 

Sol.u 8.86 X IO-~ 1.72 X JO-OJ 0.052 0.96 
Wind 5.16 X 10-~S 7.34 X IQ- °' 0.070 0.945 

Cr~p 1.78 X JO-O) 1.66 X 10- 1>) 1.(\7 0.306 

F-,.12 "" 2.3, p > 0.1, m1dtiple? = 0 . .36 

Baker.sfieJcJ, not far away from a severely dis!llrbed 
area, the Kern River oilfields, but the physical and 
chemical parameters of soils from Sharktooth Hill 
(high clay content) were more similar to those 
detennined at site 6. Fossil diggers repeatedly became 
infecled with C. immitis at Sharktooth Hill, where tile 
presence of the pathogen has been confirmed repeat• 
edly (20, 45, 64, 70). Overall, soils from all C. immiris 
(lOSitive ~ites in the Antelope Valley and lhe Bakers• 
field area can be characlerized as tine particulate sandy 
loam. The investigation of other soil types should be 
ittcluded in future studies to refine the set of environ­
mental parameters that are indicative of the presence 
of lhe pathogen and to deepen our understanding of the 
ecology of C. immiris in California. The diversity of 
habitats that C. immitis can apparenlly grow in 
indicates that the pathogen is able to adapt to 
somewhat different soil environments or that different 
ecotypes of the pathogen exist which might explain its 
"spotty distribution" (6, 20). Furthermore, it should be 
noted that site 6 where the pathogen was detected 
repeatedly had the lowest amounts of extracted DNA. 
A fungal species such as Coccidioides spp. which is 
missing some key enzymes needed co gruw success­
fully as a .saprophyte in soil might benefit from a low 
diversity of overall soil microbes that could include 
potential competitors and antagonists (65). 

It has been difficult and c.xpensive to detect 
CQccidioide.s spp. in soil and dust samples in che past 
[8, 22), but modem culture-independent molecular 
methods became available in recent years which allow 
for successful screening of environmental samples for 
the presence of C. immitis and C. posadclSii 
[7, 36, 37, 42, 44-46. 66, 76). However. soil analyse~ 
for the detection of soil-borne pathogens, such as 
Cocddioides spp .. have not been included in Envi­
ronmental Impact Repor1s (EIRs) for any construction 

pmjcct planned in the Antelope Valley or in other 
endemic areas of the pathogen in the Southwestern 
US. The scarcity of experts who are familiar with the 
pmcedures to detect the pathogen in ils natural 
environment, additional costs of soil analyses, and a 
general underestimation of the risk of otherwise 
healthy people of contra.cting cocddioidomycosis 
from dust exposure might explain this potentially 
risky situation. 

Mitigation and regulatory efforts arc likely to be 
inadequate if the current trends in development and 
associated fugitive dust emissions continue. During 
spring 2014, fugitive dust emissions in the Antelope 
Va11ey negatively impacted air quality to an extent 
never documented before, reaching values up to and 
above 1000 µg/m3, which reminded people of lhe 
Great Dust Bowl of the 1930's in Oklahoma (47), or 
the extreme dust storms documented in Owens Valley 
after the 110 mi2 Owens Lake had been dried to 
suppol1 the water thirsty city of Los Angeles for a little 
more than a decade (1913- 1926, feeding lhe Los 
Angeles aqueduct, see (60, 67)). Wilken ct al. (78) 

indicated the inability of current dust mitigation 
strategies to prote1.:t construction workers frum inft:1.:• 
tion~ with Coccidioides !\pp. Lack of regulatory 
expertise and unrealistic expectations have resulted 
in costly failure~ of dust mitigation methods in the 
Western Mojave Desert in the past as described in 
McRae (52). Environmental Impact RepoI1s (E(Rs) 

have been particularly criticized for not describing 
how dust mitigation measures are implemented and 
supervised, and no long-tenn dust control mitigation 
measures arc included in the reports (73). 

Mitigation and regulations are important consider­
ations because some of the construction projects are in 
lhe immediate neighborhood 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 upwind of Del Sur 
Elementary School. As of October 2012, the enroll­
ment consisted of approximately 750 students in 
grades K-8 who would be directly and constantly 
affected by fugitive dust emissions because of daily 
westerly winds. 

Although rarely implemented, potential mitigation 
procedures have been developed. Re-vegetation of 
disturbed land as a long-term sCrategy of dusl control 
has been suggc~ted by the Antelope Valley Du~t­
busters Taskforce, a grc,up which consists of private 
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entities. as well as fedeml, city, and county govern­
ment representatives {3, 29, 41 ), hut the implementa­
tion of their recommendations into Dust Control Plans 
(DCPs) rarely occum:d ( 10). Based on 20 years of 
dust mitigation experience in the Antelope Valley, 
The Dustbusters Task Force of 1991 developed 
handbooks for farmer and homeowners in the Ante­
lope Valley which are publicly available at (http:// 
www.kernair.org/Main_Pages/information.html#; see 
also ( 18, 29, 61, 6&))_ Based on the findings of this 
study, we recommend that EIRs include soil analyses 
for Coccidioides spp. on land destined for construction 
of any type in endemic areas of the pathogen. 

Conclusion 

Although the change from non-renewable to renewable 
energy is generally welcomed in California, disturbing 
soils in endemic areas of a soil-borne pathogen that 
already causes disease incidence of epidemic character 
should only be considered if successful long-term dust 
mitigation measures are implemented, supervised. and 
controlled. The increasing demand for renewable 
energy shows promise for our planet in the future and 
will reduce some airborne emissions. However, there 
are hazards when .sourcing new locations. One ituch 
danger is Coccidioides spp. anhroconidia becoming 
airborne when soil is disturbed and dust mitigation 
measures are inefficient 01· absent. 
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ABSTRACT I Laroe areas ol the southern Calttornia desert 
ecosystem have been negatively atfecled by oll-highway 
vehicle use, overgra2lnQ by domestic livestock. aorl&ullure, 
urbanizalion. conslruction of roads aod utility corridors, air 
pollution, military training eKercises. and other activities. 
Secondary contributions to degradation Include the prolil· 
eralion of exotic plan1 species and a nlgherlrequency ol an-

w~·,-e mintd 1t, ,bmmed i1. irri.1oned tt. developOO u. ~ml subj«.:cl(,,·U It 
t<t nudeil, .»,3uh. )et the r.le-sect~ :iomehow b<Hh fr.1gil.¢ .uvJ t<')U&,h. 
m~n3J~S 10 cndurc, a ~Sl>cd old louc:hstouc for us to mi:~surc­
ourS¢1Ye~ .-.g~in.51. 

Mal~olm Jones. lr. 111\16 

The land~capc and native vegelation ,:.,f the southern 
California desens have been signifi(:;mtly allered during 
the las! ccntuq· b}' a varicly of foctori. including: 
livestock.grazing (Ben1le1· 1898, Humphre}· 19.58), intro• 
duclion of ex<>tic species (Moone)' and others 1986, 
Rejmiine.k and Randall 1994), off-road vehicle u,e (see 
review~ in Webb and Wilshire 1983), urbanization and 
iu auendant effecls (Reible and others 1982, Walsh an<l 
Hoffer 1991 ). and militnry activities (Lathrop 1983a. 
Prose and othcn 1987). Extreme temperntures, intense 
sun. high ll'inds, limited moisture and (he low fcrtilit)' of 
desert ~oils make natural recoverr of the desert veq 
slow .t.ftcr disturbance (Bainbridge and Virginia 1990). 
Conditions suitable for plant establishment QC<:ur onl)' 
infrequently and irregularly, and it mai· lake hundreds 
of reaH for full recovery ro ta~:e place without active 

KEY WO ROS: Mojave Oeserl: Colorado Oeserl; Calllornia: Human 
Impacts: Recovety; Restorlllon 
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th ro pog enic tire. EHects of tnese impacts lnclua e anera1Ion 

or d estruclion of macro- and micro-ve11e1ation elements. es· 

labllshmenl of annual plant communities dominated by ex­

otic species, destruction of son stalllllz&rs, soil compacnon. 
and increased erosion. Published estimates of recovery time 

are based on retum to predisturbance levels ol biomass, 
cover, density, communny structure, or son characterlsllcs. 

Natural recovery ra1,3s flepend on 111e nature and severity ol 

the Impact bul are generally very stow. Recovery lo prec:lls­
turbance plant cover and biomass may take 50--300 year$. 

while complete ecosystem recovery may require over 3000 

years. Restorative intervention can be use<! to enhance lhe 
success and rate of recovery, but the costs are high and 
the probabiily for long-term success Is low to moderate. 

Given the senslUvlty of desert hab~ats to di&iurbance and 
lhe slow rale ol natural recovery. the bes! managemenl op­
tion is to limit Ille extent and intensity ,it impacts as much as 

possible. 

intervention. Many of the actions or deserl develop­
ment and utilization have profound effect:; on eco~i·s, 
tern stabili1y, <livcni1i·. and productivit> (l{undel anti 
Gibson I 996). 

The literature on human impacls to lhe biotic an<l 
ph)skal components of the Mojave De~erl is large and 
<liffuse. In this paper we review the major human­
induced impacts on the California desert, and the 
prospects for natural recoven· and restora1ion, b} char­
acteri1.ing the effects or past actions on 1hc Moja•e 
Deserl eco~)Slem and other arid lands. In addition. we 
briefly suggest prnc,ic;il strategies and melhotls for 
planning and implementing desert restoration proje.::ts 
and improving recovery of theic .irca~ by soil manage­
ment, tramplanring, direct ~ceding, an<l other 1ech• 
niqucs. 

Area of Study 
Our a-eview focuses on the Mojave and Colorado 

Dcscl'ls of sou1hcrn California, ,m area of approxt­
mately 10 million ha. l11e Mojave Desert occupies 
por11ons of Inyo. Kern. Los Angeles, Riverside, and San 
Bernardino coun1ies in California. The geogrnphical 
and ccologi~al boundaries of the Mojave De~en: are 

o 1999 Springer-Verlag New York Inc. 
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discussed in detail by Vasek and Barbour ( 1977) and 
Hickman (199.l). The mot!ero plalll communit)' ufthe 
Mojave has been diarncterized as "deseTt ~crub .. (TumeT 
19112, Hickman 199:l), even though it is composed of 
severnl recognizable cormnunit)' l)°pes including: c1·eo­
sote bush scl'ub, saltbush scrub. shadscole S¢rub, black­
bu$h scrub. and Joshua tree woodland (Vasek and 
Barbour 1977). Pcrcnniul plant diversity is low com­
par<:d to the Colorado Dc$Crt: areas dominated b~ 
Larrea ufrkntata and Am/lro.sitl dum<>sa occup)· about 70% 
of the Moj:we (Lathrop and Rowlands l9X3). More than 
250 species of annual plants arc found in the Mojave. 
including 80-90 specie~ that are endemic (Turner 
1982). In Death Valley and the Sahon Sink. annuals 
account for 42% and 47% of the local flora, respectively 
(Johnson and others 1978). Overall plant diversit}· is low 
below l000 m. but increases to level~ approachinl) more 
1emperate habilals at highCJ elevations (Cody 1986). 

The Colorado Dese11 is that part of the Sonoran 
Desert found mosclr in lmpcl'ial and Riverside counties. 
California (Burk 1977). The Colorado Desert is gener• 
all}' ~eparated fwm the Mojave Desert \(> the north b) 
lhe LiHle San Bernardino, Co11,:,nwo<'1d, and Eagle 
Mountaim. The boundar)' between the 1wo desen 
ecosystems is poorly delincd to the cast of these m(>Un• 
lain ranges (Va~ek and Rarhour 1977). A bimodal 
rainfall pauern comp<1sc<l of winccr frontal systeins imd 
summer convectional slorms distinguishes the Colo• 
rado Desert from the western Mojave Desert (Bu1·k 
1977). where most precipitation comes from IVinler 
rains. In addition, the region is generally lower. flatter. 
honer in the summer and warmer in the wimer. and 
hosts a slight!}' different flora than 1he Mojave Deserl 
(Hickman 199:3). Dominam vegetation in the Colorado 
Desen is "Sonoran creosnte-bush scrub" (Hickman 
1993). Plant communities recognized by Burk (1977) 
include creosote bush scrub. cactus -~crub, wash wood. 
land, palm oasis, s:iltbush s,:rub, and alkali scrub. 1l1crc 
is broad overlap of plant specie$ between the Moja1°e 
and Colorado De~erts, but there are a si,&nific.mt num­
ber of freeze-sensitive arboreal species that ru-e found 
onli• in the Colorado Desert. 

Both deserts are characterized by domin.tnt percn-
1\ial plnnt species that arc long-Jived (Dowers :ind other~ 
1995). some exceptionally so (Va.~k 1980). Dcnsit\' and 
cover of long-lived species increases with age of the site 
surface (Webb and othe1·s 1987, 1988, Bowers and 
others 1997). 

While our focus is .~pcdfic.:ally t!ircc.:tcd to the prob­
lems of desert lands in California ( most of our experi­
ence is in the Colorado Desert). we believe our re,iew 
will prove useful fur desert management in other pasts 

of the Southwe,;t, northern Mexico, and in other 
drylands acound the world. 

Factors Contributing to Habitat Degradation 

The following sections summarize major anthropo­
genic degradation factors: in the southern California 
desert ecosystem other than agricultural development 
and urbanization. An understanding of the nature and 
the effect of disturbances is useful in estimating recov­
ery times or determining what oou~ of accion may be 
1·cquircd to res1orc a habitat. Table l summarizes the 
estimated time inter\'als required for affected plant 
communities 10 fully or partially recover from human• 
induced dis1urbanccs. 

Impacts on the desert can be loosely divided into 
historic :ind current impacts. There is rarely a complete 
distinction between the two but. in general, lhe historic 
impacts mclude such things a.~ overgrazing, aqueduct 
building. and the operation of the Desert Training 
Center in World War H. Grazing still continues. but the 
mnjor impacts from grnzing «curred in che mid to l:lte 
18U0s. A verJ' rough estimate of the magnitude and 
exlenl of 1he.,e different activities is shown in Table 2. 
The following foc,ors aJ.'e not presented in order of 
importance. 

Livestock and Grazing 
Cattle and sheep have grazed almost continuousl)· 

chrough hlTge areas of the region from the mid· I 800; to 
the present, nlthough the numbers h:ive dropped off in 
recent rears. The establishment of ranching rostered 
the development uf a maj<•r industry in the we.stern 
United StMes that prospered unnl drought~. hanh 
winters, and overgraiin{! caused a series of dramatic 
herd declines in the la1e 1800s. Populations of sheep 
(60,000) and cattle (67,000) peaked in Imperial Count)· 
in 1920. In 1968 there were 25,000 cattle and 138.000 
sheep gn1zi11g on Bure:iu of ~nd M~nagemenc (BLM) 
and National Monument dese11 lands in California, 
pred<>minantly in the Mojave (Ruch 1968). In 1979, 1.8 
million ha of public lands admini5tered h) the BLM in 
the California desel't were grazed b} 75.000 shc.cp and 
14,000 cattle (Bureau of Land Management 1980). 
E11.cellent his1ories of grazing in the desert southwest 
arc provided by Humphrey ( 1958, 1987). 

No published .~tudies have )Cl fully documented the 
impact of gra1.ing hy livestock in the California desert or 
estunated the time required for heav1J1 grazed areas t(\ 

recover to pregrazing levels of plant divcnicy, deniity, 
and cover (Olderneler 1994). The rarit)' of undislurbcd 
reference sites and long-term studies m:ikes it dillk ult 
to quantify the effects of grazing. but it is posnble to 
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Table 1. Estimated natural recovery limes in years ror California deserl plant communities subjected to various 
anthropogenic Impacts 

Impact 

Tank t.-..ck.s (milit~rr) 
Tent areas ( militar r) 
Din roadways (milllary) 
Tent ,ite, (military) 
Tent roads (milit:1ry) 
Parking lots (m11i1nry) 
Muin roilds (military) 
Mili1.iry 
Townsites 
l'ipeline 
Powcrlinc 
fire 
Ofr•road ,·chicle u.~ 
Pipeline (berm ~nd trench) 
Pipeline (road edse) 
Powerlinc pylon1 and road edges 
Under pnwerline wires 

•RccO\'Cry umc ,o ~ontrol density. 

bRt'1..'<.lw-er y time to ~ontrol ~o"er . 

Location 

ea.<tern Moja,·e 
eastel'n Moja\·e 
eastern Moja,·e 
eastern M<,ja,·e 
casLcrn Mojave 
eastern Mojarc 
c;istcrn Mojave 
ewaern Moja1-e 
northern M<Jja,e 
sou1hern Mujave 
southern Mojave 
we.tern Colorado ()c:;crl 
western Mojave 
Moj~ve De;ert 
Moj~,·e De1er1 
Moja,·c Desert 
Mojave Oesetl 

.. [jrimatcd rccol1CJ.')' tlll'l(;: fur L:.vn.it uiclmu,,u, lu ,~ .... u:h <:unuul dcnsi1ic:1. 

T,-c.:, nu 1 Reference 

65,• 76• L~lhrop ( 19&3.i) 
45.• ss• Lothrop ( 1983a) 
112.• 212• Lathrop(l983.i) 
R-112' Prose and Metzger (l 98.S) 
57-440- l'rosc and Metzger (19llS) 
JS-440- Prose and Metzger (19SS) 
100-htlinitf Pr~ and Mc11.gcr ( 1985) 
1500--3000<' Pr<>-<e ,md Met1,ger (1985) 
Xfl-110.• 20-50,• 1000+1 Webb and Newman (19112) 
centuries• Vasek e1 di, ( 197.Sa) 
JJh Vasek el :ti. (1975b} 
5"·' O'Leary and :\tinn,ch ( l'!H I) 
probably cemul'ies Webb cl al. (1983) 
100, Lathrop and Archbold (1980b) 
98' Lathrop an(I Archbold ( 1961)1:>) 
IOOI La1hrop and Archbold (1980b) 
20i Lnthmp and Archhnl<I (1980b) 

4fmmaw-d rC\'OVCf)' tlmc ("if~, J:tr·) for n:cc:-,·c:ry lo oritin;il "Cg~t.,tiv~ :o.tnu,:h,,n: :i~u,nmg cu.ibli:,lunc:nt of ~ontrol denStltt s. 

''Comp,l,\;hOn r01:ovct"yti~. 

'Tnt.31 csllmiltcd rc:<;mCC)' time. 

tJft---4(1 )'e:\n. a~uming lim::ar rat~·s of ~u<.'t'(,::t...~ivn; 3()0(', ye~,rs unlH rmmntinn of lu,·g.:, i.:te<>sote c-lonal ring~. 

htncomplcto r~·o,cry time in .:.r(':'\S: of higt, imp.:t1,·(. 

'l'in,c for •ppC<1ron,c <>f pcrcnni•l =dling$ Sec Brown one! Minni,h ( I ~8Q) in sc,1,on on tir<l. 

~ iomas.s. r.xov~ry ,l:;$U1uiug lh .. 11 :..ua:u·uioniJI vcgt.~lJ.li'.c gro~ lh i1. ul'luwr.fmu.tcJ bt' a ill atghl h.n~. Rc .. ·o•;u1~· hf l<>Oi:•hv..;d SP.,.~ICS I!\ <!$Ull\3t~4' 10 \.tk\! 

..11 lc~t thr<-c ti.mes lonier ,h,m 1ndk:lt<'d., 

Table 2. Adverse impacts on Calltornla desert, their 
relative intensity and hlstorlcal occurrence 

lmpacl 

Gr3z,ng 
Removal of native people 
Invasive pl,.nts 
Highwa)~ 
Urbilniiation 
Off-road vehicles 
Agl'icullure 
Military vpcralions 
M,nin~ 
Lrnear corri<lon< 

Intensity 

mu<.lcratc 
moder.I.le 

Current/historic 

pnmanly hhtoric 
his1oric 

modcrntcheverc histo~Nurrcnl 
severe ~um:nl 
se\·ere current 
severe current 
~vere ho1h 
severe bulh 
locally se,ere !),)th 
lucully i;e1 ere current 

describe the nnturc of these impacts ond their probable 
extent. Consequently. conclusions about the effects of 
s ra1in& on arid ecosystems have been contradictory and 
controversial (Anonrmous 1991, Borman and Johnson 
t 990. C<:>e 1990. i:icld I 990, GcMral Accounting Office 
t 992, Oillis 1991, Poling 1991 ). Some argue that grazin!? 
is beneficial co rangelam.ls. suggesting that the act of 
grazing scimulatci new plant growth (Savory 1988). 

Other putative posilivc benefits include the disper:,at of 
seeds, production of fertilizer in the form of e1.1.:rcment . 
• ind churning of soil generated b)' moving hooves (but 
sec Balph and Malcchcck 198~). Others point to ncga• 
live impacts of grazing including: ~oil compaction ond 
increa~ed erosion, trampling of plants, and overcrop­
ping.. Grazing effects on arid ecosystems are reviewed in 
detail bl' An:her and Smcin$ ( 1991 ). 

The effects of overgnuin~ a.-e for less co111ro1·crsial. 
As earl)' as the late I 800~ there was recognition of 
drama1i1.: range deterioralion in the United Scates as a 
result of overstocking of cattle (Benlle) 1898). ln his 
report, Bentley concluded that .. The range~ have been 
almost ruined, and if not renewed "ill $Oon be pa~t nll 
hope or permanent improvement." In spite of ear Ii· 
recognition of a problem. :;olutions have still not been 
satisfac(oritr nnplemented (General Accounung Oftice 
1992). 

The impacts of grazing, whether positive or negative, 
ma)" be extensive. In a recent biological assessmen1 in 
the western Mojave Desert of California. I 00'Yo of a 
234-square-km area was impacted to some extent l>}' 
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~heep grazing (Tierra Madre Consult,mts 1991 ). In a 
detmled analysis of the effects of sheep grnzing oc 2.6 
square km of desert tortoise habitat, Nicholso11 and 
Humphrey~ (1981) observed soil disturbances in RO% 
of the area used by sheep. Thirtf-three per.:ent of the 
plot was heavily used by sheep. 

Livestock grazing, by its very nature, causes a de• 
crease in plant cover and biomoss. at least initiall)'. 
Decreases in cover have been shown to be associated 
with a decreose in the diversity and abundance of lizords 
and other wildlife species in arid ccoS)·Stoms (Susa.ck 
and lhir)· 1974, C'rerrnano and Hungerford 19111, Ger. 
ma.no and others 198~. Germano and Lawhead 1986). 
In the Mojave Desert Nicholson and Humphreys (1981) 
observed large decreases in plant cover in areas grazed 
by sheep. Similar results were reported by Webb and 
Stiel~tra (1979) in the Mojave. In addition. they ob­
served a 60% reduction in above-ground biomass on 
plot~ grazed by sheep. Other s1udic~. in American 
deserts outside of the Mojave Desert, have not detected 
appredablc differences between grazed and ungrazed 
plots (Heske and Campbell 1991, Rice and We~tohy 
1978), but most sites had been grnr.cd before the s1udies 
were initiated. An imp<,rtalll point 10 make is that the 
respome of plants to graling varies ai:cording to spe­
cies. season, plant phenology (Genin and Badan­
Dangon l~I}. local conditions (drought, edaphic fac­
tors, ere.), and past hi~torical u!IC. 

Direct effects of grazing on desert animals such as 
the desen tortoise ( Gnphuo~ :ig:m'izii) are not well 
documented. Grazing sheep can damage tortoise bur• 
rows. Nicholson and Humphrcrs ( 1981) reported that 
of 164 tortoise burrows 011 a 2.6--square-km study site. 
JO% were damaged and 4% were destroi•ed. Most 
hurrows were well protected since lhey were generall)' 
located um.le,· shrub cove,·. Damage was con~idered h• 
be insignificant since tortoises were often ob~rved 
digging new burrows in lace spring regardless of the 
availability of exiiting burrows. Others have gone so far 
as to suggest that cattle dung actually serves as an 
important food supply for desert tortoises (Bostick 
1990). although !his has never been rigorous!)' substan· 
tiated (Hal Avery perrnnal communication). 

Webb and Sticl~tra (1979) ob~crvcd !hot soils in the 
Mojave Desert exhibited greater surface strength in 
nreas ,~here sheep bedded and grazed relative co con• 
trol area~. The greate.,t compaction <><:curred in the 
uppe1· IO cm but cmnpactit•n was alw observed at lnwer 
depths. At the surface, soifa are trampled by grazing, 
often obliterating cryptobiotic soil crusts leading to 
increased erosional potential. Erosion is of special 
concern for desert soils because the nuta·ient ~apital h 
often concentrated in the surface soil. Gross disorgani-

zation of communil) stru~ture is possible with the loss 
of only a few centimeters of soil (Charley and Cowling 
1968). 

Even limited grazing can cause significant shifts in 
vegetation and damage to soil crusts. Kleiner and 
I larper ( 1977) found that seven plant spcde.~ that were 
common in the ungrnzcd area were absent or insigniti. 
cam in a cumparnblc grazed section of Cm1yonlnnds 
National Park. The~ atlributed this in part to changes in 
cryptobiotic soil crust. which decreased from 38% cover 
in the ungraied area to 5% in the lightly gra1.cd area. 
Grazing also increase.• the spatial and temporal hetern­
genei\)' of water. nitrogen. and other soil resources. 
fo~tering increased desenificalion of productive arid 
lands (Sehle~inger and others l 990). 

As slated above, the rate of natural recover}' of 
habitats exposed to grazing depends on the intensit}' of 
past grazing and local conditions. In a bla.::kbrush 
(Coloogync ramo.,i.,~ima) association in Utah and Arizona. 
shrub cover is greater in orea.• thnt have never been 
grazed thon in grazed aieai. In the same !lfea, plots 
procected from gra1.ing fof ten years showed no differ­
ence from he,wily gra1.cd areas indicuting slow rates of 
recovery (Jeffrii:s an<l Kl(>palek 19~7). l:.xdu,iun uf 
grazing for 14-19 )'ears did not allow re<.:oYery of native 
perennial gra.~ses in southeastern Arizona (Roundy and 
Jordan 1988). In the deserts of Kuwait land dcgracla1ion 
does not necessarily stop following protection from 
grazing (Omar 1991). Drought. erosion, and sand 
encroachment continue to degrade land in the ab,ence 
of grazing. Human activities and gra1.ing mil)' hasten 
degradation, but in concert with drought the three can 
be devastating. 

In a recem review of the effects of grazing on public 
land in the hol deserts (Chihuahuan, Moja~e- anti 
Snnoran) of the Americun Soulhwe~t. the Genernl 
Accounting Office (1992) concluded 1hat a high environ• 
mental cost has been exacted on the!le fragile ecosys­
tems and that land degra.:llltion due lo grating is 
continuing. The report concluded by noting that the 
high environmentol riskl, budgetary costs. low eco• 
nomic benefit~. and management problems associated 
\\'ith livestock grazing on hot desert public lands merits 
Congressional consideration. Recommended options 
included raising grazing tees or appropriating addi• 
tional funds to offset costs of administra1ion and moni­
toring. and discon1inuing livestock gra7.ing altogether 
in hot desert areas. 

Different plant communities respond to grazing in a 
variety of ways related to a complexity of factors. Remits 
for the Mojase Desert suggest that lil'estock grazing can 
have locall) significant effects on the plants (figure I) 
and ultimntcl) on dcscn wildlife. Efforts to restore 



Figure 1. Cante grating can have locally 
sig.nuicant effects on vegetation and ~oib. 
a. ~hown in this photo of a ~Ute watering 
area and corral in what~ 110\\'the Moja"e 
Nation:il Preserve. California. Note the 
almo~t COIA! destruction of percnni~ pl~ts 
in the immediate ar<:~-1l1e visual effe,:11s 
gtt3tly diminished as distance from the 
watering aru increases. Photo by Jeff 
LoYich. 

degraded rangeland in !he Mojave should nan by 
considering the effects of grazing and the potential 
impac1s of soil compaction. ero&ion. and plant commu• 
nity alteration. 

Li11ear Corridors 

Roads, railways, powerlines. and pipelines. some of 
the most conspicuous elements of the modern Mojave 
Desert landscape, are all characterized by long and 
relatively narrow oorridon of disturbance. The fact th:it 
most linear corridors are narrow docs not ne,oessruily 
imply tlw their impacts are minimal. According. to 
Brum and others (1983), over 8000 km of overhead 
power transmission lines were present in the California 
desert in 1980, impacting more lhan 28,000 ha of land. 
An additional 50,000 ha of land will be impacted b7 the 
year 2000 if the projected threefold increase in power 
demand is accurate. Information summarized in the 
California Desert Conservation Arca Plan (Bureau of 
Land Manngement 1980) suggests that an additional 
2000 km of energ)· production and utility corridors are 
needed to meet the needs of iouthern California to the 
year2000. 

The immediate effect of linear corridor construction 
on soil conditions and plant cover is one of nearly 
complete destruction (Vasek and others 197.Sa). In 
some cases recovery is retarded due to operation and 
maintenance of corridors (Artz 1989). Other negative 
secondary effects of corridors include mortality of 
animals along roadways (Rosen and Lowe 1994, Boar,. 
man and Sazaki 1996). habitat fragmentation and 
restriction of movetnents and gene flow, increased 
:iccess to remote areas for illegal collection and vandal• 
ism of plants and animals (Nicholson 1978, Garland 

Oegradatton ol Desert Ecosystem 313 

and Bradley 1984, Bo:ll'man and Sazaki 1996, Jennings 
1991 ), and increased erosion (Wilshire a11d Prose 1987). 
The steel towers associated with many electrical energy 
trnnsmiision corridor~ provide nest ~te~ and hunting. 
perches for ravens ( Corvvs .orax), n native predator Iha! 
has increased dramatically in cecent }'ears due 10 human 
subsidy. The cowers may allow ravens to hunt more 
effcctiYely for the federally threatened desert tortoise 
( Or,pberu, agassitit) and other desert wildlife (Boarman 
1993). C-0rridors can also serve as a source of ellotie 
invasive plants brought in on construction equipment 
(Zink and others 1995). Invasive plants prosper in the 
diS!Ulbed oonditions and contribute to an increased likeli­
ho(i(l of fire. The construction of pipelines for gllB, oil, 
and water and much more destructive than overhead 
lines because extensive trenching is usually required. 
This traditionally has led to severe soil impacts (leaving 
subsoil on the surface). disturbing sla.bilized crusts and 
rock surf~s. and concentrating runoff and erosion. 
More recent pipelines have incorporated &ome environ­
mental prote.::tio11 and some rebabilitation but the low 
value of the desert land. the high cost of reveget.ation, 
and the lack of money for enfo.rcemenl and supervision 
has oflen led to neglect and minimal treatment. 

The impatls of linear structure.~ can extend far 
beyond the boundaries of the immediate disturb:ince. 
Schie.singer and others ( 1989) studied the effects of 
diversion 5tructures ( earthen dikes) along the Colorado 
River Aqueduct on plants and soil. The structures were 
constructed to pre,-eut runoff due to precipitation from 
washing sediments into open poniom of the canal. 
Large areas downslope of the diversion struc,ures re­
ceived only incident precipitation. with essentially no 
runoff from the ex1ensive drainages in the uplands 
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above !he diversion struc1ures. As a result. large areas of 
desert habitat on Che downslope side of the diversion 
structures had a lower biumass of perennial and annual 
plants in compari~on to adjacent area., wilh no diversion 
stntctures. 

Garland and Bradley (1984) observed chat some 
spcdci; of rodcncs in the Mojave of Nevada arc more 
abundant near highways, whileothe1s are not. However, 
reduced abundance may have been an artifact of 
natural hnbitat heterogeneity since no mortnlit, wns 
obscr.-cd <luring the 11-rnolllh study. Anocher cffc.:t of 
roads i~ edge enhancemcnl in which rierennial shrub:; 
along roadsides are denser, larger. more vigorous. and 
support greater number.< of foliage arthropod~ than 
those away from roadsides (Vasek and others 1975b. 
Ligh1foot and Whitford 1991). Johnson and others 
(1975) noted that primary produc1ivity. as measured by 
standing crop. at study sites in the Mojave Desert of 
California in<.:rea.~cd about 17 Limes on the ba.~is of 
vegetated area alone and 6 time~ when the area of the 
bare road surface was included as pan of the productive 
unit. Unpaved road< showed incre:ises of 6 and 3 times, 
respectively. in each category. Increased water m·ailabil­
ity from pavement runoff and in<.:rcascd rete1uion or 
moisture under lhe pavement are probably responsible 
for the observed increase in plant vigor, although 
removal of competing plants that formerly occupied the 
roadway may confer an advantage to plants along the 
berm ('la.~ck and othcri 1975a). The increase in vigor 
attracts herbivorous insects (Lightfoot and Whitford 
1991). 

The effects and recovery of linear corridor construe• 
tion in deserts have been studied by scvern! researchers. 
The process of natural recovery, following powcrlinc 
constcucli<m in the Sonoran Deserl scaccs immediately 
with inva~ion by pioneering annual species, but peren. 
nial specie.• mar not return fo1· over five ye.us. The 
denr.ity and d iven.ity of annual species mar increase in 
comparison with undisturbed sites, perhaps due to the 
removal of large woody species (Hessing and Johnson 
1982). i\n effect that is apparentlr linked to changes in 
plant abundance and composition is a reduction in the 
density. but noc the <.:ommunit)· composition, of arthro­
pod~ following establishment of access roads for power­
line construction (Johnson and others 1983). 

In the Mojave Desert, plant cover al~o increases 
following powerlme conslruction. The l':ctte of mcrea,;e 
and composition or colunizing spedes varies <.:tmsi<.ler• 
ably, confounding the abilit}" to predict succe.~sion 
relative to adjacent undisturbed areas. Ground cover of 
short-ltvcd perennial sp~ics increases in areas of severe 
disturbance. under the cenmll wires. and along the 
edge of maintenance roads. Afcer 33 rears there was a 

noticeable. bul not complete, recovery of predistur• 
hance vegetation (Vas.:k and others J97Sb). Natural 
revegeta1ion (o-4 J % ground cover) by long-lived peren­
nials has been observed 12 yeass after construction of a 
pipeline by 1rcnchin11, piling, and refilling (Vasek and 
othen. 1975a). Dislurbed and conrrol nren~ appear co 
have $imil:u- cover. biomass. and densities of vegetalion 
following partial recove1·y. but similarities disappear 
when the proportions of long,lived and dominant 
species are compared (Lathrop and Archbold l 980a,b ). 
Species wilh thc.~c chara1:teris1ics are not well repre­
sented on disturbed sites. 

Management strategies for minimizing the effects of 
linear corridor construction include: placemen! of 
power poles doser tu existin!l access roads, modifying 
construction techniques for buried pipelines. less fre­
quent road grading. and limiting the width of motor· 
cycle race corridors along powerlines (A£tz 1989). 
Lathrop and Archbold (1980b) proposed ~evcral recom­
mendations for routing corridon: to minimize environ­
mental impacts including: (I) routing them through 
gently sloping areas tu minimize erosion. (2) routing 
them through area~ occupied by colonizing species 
such as cheese.bush (Hyn}(J1ocka saltola), (3) avoiding 
area~ dominated by high nitrogen liAalion communities 
such as cat's claw acacia (Ara,·ia gll/ggi1). and (4) avoid­
imce of undue soil compaction with implementation of 
soil loosening cffom to aid natural rcvcsctation. Rcvcg• 
et at ion of linear couidors was ev.aluared by Kay ( 1979, 
1988), Gra\"es and others ( 1978). nnd Rrum nnd others 
(1983). 

The slow recoverr of the desert to linear corrid<.,r 
impacts is perhaps best demomtrated by the vi~ibility of 
mani· of the old Nntive American trade route~. Long­
term use b)· foot 1r.:iffic alone was sufficient to compact 
the soil and reco\'ery afler sever.ii hundred years has not 
been enough to hide thei;e lrnils (penonal observa­
tion). 

Mining 

Mining ha.~ been an important activity in the Califor• 
nia desert since the lace 1880s. Mining communities 
such as Kokowccf, Hart Mountain. Boron. Johannes• 
burg. antl many others haYe hatl mostly localized 
impacts on the desert. The most obvious forms of 
dcgrad:11ion arc pits, ore dumps. and tailings, buc the 
once-great demand for fuel and timber, grazing, and 
road building ass0<.:iateJ with mines was u11ques1io11abl} 
Jn(lre important in the past. Fugitive du~< and toxic 
tailings al"e a more recent concern from some of these 
mining areas. 

The nureau of Land Management (I 980) estima<ed 
ch,,t I 2.545 ha in the California Desert Conservation 



Arca had been affected by major minmg operations. If 
the many small pruspc4:ls and adits arc included, the area 
affected by mining would certainly be larger. The brine 
evaporation and d1·r lake mine operatiom are extensive 
and lead tu substantial wind Cl'osion (Wilshire 1983). 
Another problem is animal morraliry at poorly managed 
cranidc extraction gold mine~ in the Mojave Desert 
(Clark and Hothcm 1991. Henn) and others 1994). 

Military Training Operations 

Large areas of the California desert have been 
impacted by lemporary and ongoing milttaTy activities. 
Majol' training exercises included activities b)· General 
Patton in rhe early 1940s, the Desert Strike operation in 
1964. and Bold Eagle in 1976. Bctwe<:n 1942 and 1944 
more than a million soldiers pnssed through these 
training fa~ilities, which covered more than 46,800 
i:quare km (Bureau of Land Management, 1990). The 
camps were effective!}· small cities, up to 2800 ha in site 
(e.g .. Camp Grnnite) (Prose and .Metzger 1985). Con­
tinuing impacts are generated br active military bases 
including rhe Nntional Training CenteT (nl Fort Irwin. 
the Marine Corps Air Ground Combat Center at Twcn­
t) nine Palms, China Lake Naval Air Weapons Stalion, 
and the Chocolate Mountain Aerial Gunner) Range 
(Lathrop 1983a). Mi!it:1ry operations came mtemive 
damage in man) area~ but also provide prnteetion of 
thousands of hectares from other sources or distur­
bnnce b}' prohibiting public access. At fort Irwin alone. 
the area in need of l'emecliatio11 is estimated to e~ceed 
50,000ha. 

The recovery of large areas of the eastern Mojave 
Desert subjected lo mililary training e11ercis:cs alrnmt '.l6 
years ca,:lic1· was studied by Lathrop (19831> ). Impacted 
aTeas included tent sites. roads. and tank tracks. All 
impacted areas exhibited significant reductions in plant 
density and cover relative to control areas. Reductions 
of cover and dcmity were greatest in tank tracks and 
least in ten! areas. Recovery to predislurb:mce levels of 
C0\'er and density varied according to di~1urbance l)pe. 
Tent areas showed the g,eatest recovery, and roadway~ 
showed lhe leasl, retlecling the intensity of disturbance. 
Recovery in lank tracks wa~ intermediate. Diveniti of 
dominant perennillls also varied between disturbed and 
nondisturbed ueas but results were clouded by low 
species richness at the study ~itcs and small sample sizes 
of the ~ubdominants. However, diversit)' in disturbed 
transects al the Camp Ibis studi· site was lolV relative 10 

control sites. Species similarit}' decreaset.l between cun• 
trol and di~turbed tran~cu with increased disturbance 
and use imcnsit)·. 

Similar observations and c<.mclusions were reached 
b} Prose ant.I Metzger (1985) a11<l Prose and others 
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(1987) at abnndoned military camps in the e.istern 
Mojave. Long-hved species such as l:urea uidcnrata were 
dominant in all control areas but percentage cover and 
densit)' were reduced in impacted areas. Dominant 
plants in d isturbed areas included pioneer species such 
as Ambrosia dumos~ and Hymen1J1:k:i s.1/sclll. Percentage 
cover values for pioneer ~pccies in disturbed a.1:eas were 
equal I<> or grealer than control value.~. 

Diffcl'cnccs in vegetative structure between control 
and impacted plots were due to soil compaction. changes 
in soil 1ex1ure. removal of the tO(l layer of soil, and 
altera1ion of drainage channel densiti· (Prme and 
others I 5>87). Pcnctromctcr measurements show that a 
single pass by a ··medium" tank can increase average 
soil resistance value~ b} SOS!- relative lo adjacent un• 
tracked soil in the upper 20cm. but values of up to 73% 
were recorded. Dirt roadwap could not be penetrated 
with a penetrometer below 5- IO cm due to extreme 
compaction. Physical modificaliom lo the soil beneath 
tank tracks c11tcndcd vertically to a depth of 25 cm and 
nulward from lhe track edge lo 50cm (Prme 1985). 

R«overi lime~ lo predisturbance levels of densiC) 
and ,;ove1 were estimated b)· Lathrop (1983b) assuming 
linear rates (Table I). ltecove.ry to predisturbance 
species composition would require much longer, if ii 
were lo occur at all. Areas receiving the greatest nmount 
of soil compaction. such as roadwa}'s, require the 
longest recovery times. Tank tracks and tent areas 
recover in a shorcer amount of time. Overall. rec,·wery 
in pl.int density is slow relative to increa,-es in cover. In 
other w11rJs, the number of individuals change$ little 
following recover)' from tlisturb.ince. but surviving indi• 
viduals cover larger areas. A majOT conclusion from 
Lathrop's 5tudy was that recovery to wme original level 
of communil) composition and stabilit)· may not occur 
in the fo1csccablc future. However. recover)' of compa, 
rable disturbed area5 h~s been eKcellent on restoration 
test pluts at the Marine Corp~ Air Ground Combiu 
Center near Twentynine Palms, California (Zink per• 
sonal communication). 

Ofl-Road Vehicles 

Off-road vehicle (OHV) use is one of the major 
recreational activitie1 in the deserts of California. The 
Motorcycle Industry Council estimated that 4.7 million 
mot1.,rcy clcs were used by 11. 7 million people in 1978 
for off-highwa}' recreation in the United Stales, a figure 
that does not include dune buggies and four,wheel 
drive vehicles (Knckelman 1983). 

The impac1s of OHVs have been well documented 
(Webb and Wilshire 1983) and include destruction of 
soil stabilizers (see section on biotic componencs of 
soil). soil compaction. reduced rntcs of water infiltra-
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tion. increased wind and water ero$ion, noise, de• 
creased abundance of lizard populations (Busack and 
Bury 1974), and destruction of vegetalion (Vollmer and 
others 1976). Compaction of a de~ert soil reduces lhc 
root growlh of desert plants and makes it much harder 
for seedlin~ lo survive (Bainbndgc and Virginia 1990, 
Bainbridge and others 19<)Sa). An excellent rcviclV of 
the effects of OHV.~ in the Mojave and olher desert~ is 
contained in Webb and Wilshire ( 1983) and the reade1 
is referred to that documclll for information be)·ond 
lhut presented herein. 

Soil eompac1ion i~ a common dfccl of an} eompre~­
sive action on most soils. Compaction reKults from a 
variety of factors other than OHV u~. including tram. 
piing by grazers. human trampling (Liddle 199 I. I 997). 
and even raindrops (see review in Webb 1982). In the 
case of OHVs. compaction occurs at shallow depthi 
related lo the geometry of the contacl surface between 
the tire and the soil interface. In one s1udy the greatest 
inc1·casc in soil density occurred at a depth of 3()-6() cm 
after being compacted b) a motorcycle (Webb 1983). 
Soil densit) increa~e.~ as a function of the number of 
vehide passes. wlule soil infiltration rate deneases. Solis 
that are mn~l ~usceplible lo compaction are lnamy s.mds 
am.I cuanc gravelly soils wilh variable particle sizes. Wet 
soil~ are more sus~-cptiblc lo 1:ompaction than dry soil. 
Soils that are lea~t affected include sands and days. 

Another by-p1uduc1 vf heavy OHV use is increased 
wind and water eroNion. The degree of erosion experi­
enced in an ar~ exposed to OHV use is affected by two 
main factors. F1m. increased water erosion is partially 
auributable to decreased intiltralion rates due lo com­
paction. Second, OHVs destroy surface stabilizers (see 
~ection on biotic componetm of soil), making soih 
more smcept1ble to erosion (Hinkle}' and othen 1983 ). 
The enormity of the problem in the Mojave Desert is 
unden;cored b)' the fact that Natellite photos revealed six 
dust plumes covering over 1700 square km of the 
western Mojave on I Januar)' 1973 that were attributed 
to surfoce destabilization primaril}· by OHVs (Nakata 
and others 1976, Gill I996). 

As shown in numerous phologr;,.phs in Webb and 
Wilshire (]983), the effects of erosion can have indirect 
effects. since debris flows (Nakata 1983) can bury plants 
zit son,e di~lance from the impacted area. Areas !hat are 
least susceptible to water and wind erosion following 
OHV u~ are dune.~. pla)·as. and area.~ with abundant 
coa~ $Ul'facc material (Gilletle and Adam~ 1983, 
Hinckley and others 1983). Restoration of OHV areas 
affected by erosion requires a~ti,.ms lo not onl)' stop 
contmuingerosion (Harding 1990. Heede 1983. Middle,. 
con l 990). but also action to restore pasc damage. 

Desert soils varr in their susceptibility to OHV 

damage. Susceptibility is generally high in all a:reas 
ex.cept barren sand dunes (but see Bury and Lucken­
bach 198;\). and the clay flats of playas. Soil damage 
caused by OHVs is environmentally .,igoificant due to 
the fact that desert soils may take J0.000 )·ears to 
develop (Dregne 1983). from lhis eslimate, Dregne 
concluded thM it was futile to speak of distuibed soil 
recovery in lime frames related to human occupancy. 

Another major elTecl of OHV me is the deslruclion 
of plants. Lathrop (1983a) examined nerial photo­
graphs of nine disturbed and undisturbed areaK in the 
Mnjave Desert tt> assess the effects of OHV usage. 
Pexennial plant density and cover were dramaticall\ 
reduced in OHY areas. The percentage of cover and/ or 
demity in OHV-impactod areas relative to control areas 
was le.<.~ than 15% in three of the sites examined. 
Des1nietion of plant~ rernlted not only from crushing 
stems and foliage. the extensive root system$ that fill the 
intcrihrub spaces. and gcnninating seeds. but also fmrn 
1hc superstructure of the vehide. The latter factor is 
important sinec it is responsible for plant destruction in 
an nrea wider thnn the track ~>idch of the vehicle. The 
wheel tra<.:ks of a ful1-si1.c off-road vehicle operating in 
an undisturbed area can tfamage almosl 0.5 ha of land 
with every 6.441cm traveled. Support vehicles. including 
\"Cry large and heavy motor homes, are ver)' destructive, 
nnd camping area$ are especially hard hit. 

An easily detec1ed but poorly understood effect of 
OHVs is noise. Noise from certain types of OHVs can 
reach l 10 decibels. which is near the threshold of 
human pain. Branstrom and Bondello ( 1983) demon• 
st rated that OH V u.~c in the Mojave Desert caused noise 
levels that caused hearing loss m animals such as 
kangaroo rats, desert iguana.~. and f1inge-<oed lizards; 
interfered with the ahilit} of l:angarno rats to detect 
predators such as n111lemakes; and c<1used unnmural 
emergence of spadcfool toads that were c.~tivating un1il 
the arrh-al of rain for breeding. a si1uation chat could 
re.,ult in death. The au1hon noted that although OH\/s 
are not the loudest source of human-generated sound 
in the Mojave, they occur more frequent!, than any 
other high-intemit)· sound source. In their repot1. 
Braltstrom and Bondello recommended that OHV 
areas be located awa} from the ranges of '·all undis­
turbed desert habitats, critical habitats. ond all ranges of 
threatened, endangered. or otherwise protected desert 
species." 

The impact of OHV use on desert to1toises m the 
Mojave Desert o( California was examined b}' Bur)' and 
Luckenbach (1986) in an unpubli~hed repon. Signili· 
cantly more tortoises and active burrows were found on 
a 25-hll control plot than on a similar plot cxpo~cd to 
OHV use. In addition. subadttlt and adult tortoises on 



the control plot eJ1hibitcd largcc body mass 11\an those 
on the OHV plot, 

Impacts related {O OHV use present l! serious chal­
lenge to desert restoration project.< for three reasons: 
(I) the potentially severe impact of OHV use in desert 
ecosystems. (2) the widespread nature of the OHV 
impa(ts in the California desert. and (3) the fact that 
OHV area.~ are often located in or near environmentally 
sensitive hnbitats. Areas targeted for restoration should 
be closed to OHV use prior lo initiating procedure~ to 
ameliorate past damage~. 

Invasive Plants 

Invasive exotic plants have had a significant impact 
on the natural (ommunitics of California (Moone) and 
others 1986, Rejmanek and Randall 1994), including 
the southern California desert ecosystem. Invasion has 
been facilit.sted by habitat disturbances that allow exotic 
species to colonize habitats once dominated by native 
specie-~ (Hunter and others 1987). Once e.stablishcd. 
exotic plants ma} diminish the :1bundancc of native 
specie~ due to 1.-ompctilivc interaclions or by disrupt ion 
of naturnl processes such as fire frequenc}' and intensity. 

S1.,mc of the more important CJ1.ulic plants in the 
southern California desert are saltcedt1r ( T11mt1tfa mm<r 
sissima). also known as tarnarisk (Lovich and de Gouvc• 
nain 1'>'>8), Russian thistle {Sa/$0/n ibc.rim) (Young 
199l). lilarcc (Erodium <frutarium). and severll gmss 
. specie.• including split gra~s (Schi.,mu.< .,pp.) and bmmes 
(Bromusspp.) (Brown and Minnich 1986, Hunter 1991 ). 
Immense areas of deserr are colonized by these species. 
All hough other exotic plants :1rc present in che Mojave 
Desert, these arc importa.11l b~cause of their ubiquity. 

l;)(otic plants present two major problems to the 
integrity of the desert ecosrstem. Finl exotic annuals 
increase the l"uel load and frequency of fire in a 
community that is poor Ir adapted to fil'e. Second, some 
exotic plants exhibit allelopathic effects tha.t ncgati~cly 
affect native species. especi:illy annu:ils. Neg:ilive inter­
actions have been demonstra1ed between Russian lhislle 
and other species in the laboratory (Allen 1982a, Lodhi 
1979). In addition. competition of Russian lhistle with 
native perennial grasse.~ increase~ under drought condi­
lions (Allen 1982h). furthering establishment of rhe 
eJ1olic. Fo11unately. Russian thistle compete.~ puurly 
with est.1blishcd vegetation and rarely supplants well• 
established native populations. Unformnately, once the 
soil is disturbed and native plants lire eliminated, 
Russian thistle gains a strong foothold (Young 199 I), 
General reviews of the threats posed b)' exotic species 
in..-asions in natire ccosrstems are summarized by 
Cheater ( 1992) and D'Antonio and Dudler (1993). 
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Air Pollution 
One of southern California's most famous exports is 

smog. While most noticeable in the inland valleys of the 
state. smog is often tru1uported via atmospheric pro­
ce.<.~~ into the Mojave Desert (Pryor and Hoffer 1991 ). 
Anthropogenic pollutants include ozone, sulfur diox­
ide, and various particulates. Atmospheric tra.:er expcri• 
ments have shown that pollutants released in the San 
Fernando Valier impact the southern Mojave Desert 
lmvm ol' A<lelanl<> .1nd Palmdale, while lhme released 
in the southern San Joaquin Valley impact the northern 
Mojave Desert towns of Mojave and China Lake (Reible 
and others l 982). E)(perimemal {racers med in atmo• 
spheric transport studies arc dilulcd by factors of onl) 
2- 3 during passage between source and receptor areas. 
Impacts arc maximized d11ring evening and nighccime 
hours, independent of the time of release in the San 
Joaquin Valley, because of the diurnal mount.tin-valley 
wind crcle. Ozone levels in 1he Mojave Dc.scrt can 
cx.cccd 100 parts per billion (ppb) or more when 
offahore wind transpurts atmospheric pollutants from 
the Los Angeles Basin (Thompson and others 1984a). 
Br comparison. ozone levels in remote areas range from 
20 to 4-0 ppb. 

The mo~t obvious effect or ~rnog in the Mojave 
De.~el"t has been visibilitr degrndation in a11 area histNi• 
call)' distinguished by e!ltraordinary visibilit)' (Walsh 
and Hoffer 1991 ). Median visibilily i~ 48-88 km in large 
urban areas and 104-128 km in nonurban locatiom . 
Visibility has decreased 10%-30% from the middle of 
the 1950s to the early 1970s ,lt man)' recording stations 
(Trijonfa 1979). 

Much of the visibility,~~ is related lo par1iculates, 
including nitrogen-rich compounds. Dryfall of these 
compound~ from air pollution <.'an be a major source of 
supplemental N for plants. This favors many ellotic 
plant specie.~ over native annuals and perennials. Wedin 
and Tilman ( 1996) found that hall' the native plant 
species in a Minnesota gr..ssland were los1 from the 
community at supplemental N levels mimicking dryfall 
deposition rntes. 

A less obvious effe~I is damage to plant~. Stolte 
(1991) observed injurious effe.::t~ to desert plants ex.­
posed to ozone and sulfur dioxide in laboratoq· experi• 
ments. Annual plant species of the genera Camissonia 
and Crypt:mtha exhibit high ~cnsitivity to both gasc~. 
The grass Orrzop.<is hrmcnoidcsexhibits high scnsirivil) to 
sulfur dio)(idc, as do some t)"pcs of cryptogamk soils. 
Re.spouses <lf crrprogamic mil~ include increased elec­
trol)'te leakage, chlorophyll degradation, and reduced 
nitroien fill.ation (Belnap 1991). 

Studies of plants from the Mojave and Colorado 
Deserts show that perennial species \'ary in their re-
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sponsc to SO2 and NO2, Larn:a rridc.ntllta is scnsilivc to 
fumigation by these pollutants under experimental 
conditions. displaying extensive leaf injuq• and reduced 
growth or dq weight. Ence/ill farinora and Ambrosi/I 
dumcsa show intermediate responses, while Arriplcx 
amtsmu appears to be resistant (Thompson and otheu 
1980). Semitivily also Y:iriesamong native annu:il plants. 
with Cami.,onill ,·lavi(Clrmis, C. /JirfC/hl, and Crypum1/u1 
1m'.ldc11sis exhib1tmg lear injury at !ow c<.mccmrauons of 
SO1 and Ol (Thomp.rnn and other.a 1984b). 

Fisher ( 1978) ~ugge~tecl thal high rate.-; of monality 
m desert holly (Alripf~;,r. hymenciytro) in !he nonhern 
Mojave Desert (Demh Valle}') were related to elevated 
ozone leveh. During the summer month~ he recorded 
0:1.one levels that were twice lhe national mmd!U'<l of 
0.0l:I ppm. Photos}·nthe$ii and water use was signili• 
cantly reduced in greenhouse experiment$ where seed­
lings were exposed to O. LS.-0.18 ppm orone for 3 h. 
Ozone-induced reduction in water-use efficiency was 
postulalcd lo be the cause of dcdining .II.triplex. popula­
tions in Dc.ilh Valley. 

Additional summaries of the impact$ of air pollution 
in the Mojave anJ Culorddo Deserls :.ire provitle<l by 
Mangis and others (1991), Thompson (1995), and 
Vancuren (1995). 

Anthropogenic Fire 

Fire was not an important fac1or in shaping the 
prehistoric structure 11nd d)11amks of plant communi­
lies in the California desert. The in.frequency of lire in 
the prehum:m landscape of the desert was due to 
limited biomass, large intershrub spacing, low combusti­
bility of some native planu, sparse groundcover 10 
support and propagate combustion. and the absence of 
human-mediated fire suppression activities (Humphrey 

Figure 2. The effects of ft.re in the dl!$ert 
are d>Viou.s in this photo !~ken neaf Palm 
Spring1>, California. about five yean; after 
the blaze. Note the :ilm.osl complete elimi­
nation ,,r perennial shrubs in cite burned 
a.rea lo !he left. Perennial plant spedes in 
the Mojo.~c and ColorQdo Dc~er~ are long. 
lived and very ~cnaltivc 10 lire, traiu Illar 
collccl.ivcly contribute to the long recovery 
limes typical of many desert plont commu­
nities aflcr 6cc, Photo by Jeff Lo,ich. 

1974, O'I...earp md Minnich 198 l, Minnich I 98~. Brown 
and Minnich 1986). Such is 1101 lhecase in other desert 
and semidesert areas of the Amcric:kll Southwest. includ­
ing parts of the Sonoran and Chihuahuan deserts. 
where fue was an important prehistoric agent in main­
taining grasiland serat stages (Humphrey 1958, 1963. 
1987, Reynold~ and Rohning 1956). 

The proliferation of exotic annual plant species such 
as Bromus,, Sclusmus. and Sa/sQJa has dramatically in­
creased the fuel load and frequency of fires in many 
cco~ystems around the world (D'An1onio and Vitou~ek 
1992). including pans of the California desert (0'1.ear) 
and Minnich 1981, Brown and Minnich 1986), in recent 
yea.rs. The frequency of fires in the Colorado Desert of 
California is funher enhanced by the proximity of 
previously burned areas {Chou and others 1990). Na· 
tive perennial shrubs are poorly adapted to relative!)· 
low-intensity fires as evidenced by low rates of recoverf 
(Figure 2). In the upper Coachella Valle}· on the ea5t 
scarp of the San Jacinto Mountains near Palm Springs, 
California, burned creosote bush scrub is replaced by 
open stands of En(tJia mria(IS:t, native ephemer:lls, and 
exotic species such as Schismus and Bromus (Brown and 
Minnich 1986). 

Postfire vegetational recovery along a chaparral­
dcsc.n ccotone including parts of Alua-Borrego Desert 
State Park iu San Diego County, California was exam­
ined by Tran and Vogl (l977). TIiey observed high re­
covery (as measured by speed of resprouting) in chapar­
ral £hrubs and desert-wash plan.ti;, but low recovery in 
cacti. Herbivorous mammals present before the bum 
were also present afterwards. since rapid recoverr of 
shrubs provided adequate food supplies for wildlife, 
even in the first months after the tire. If California 
desert perennial plant communities are m•t well adapted 



tu fires, animals 1hat coevolved in the eco~ystem ~hould 
not be expected lo respond favorably to fire either. 

According to tire personnel at the California Deser1 
District (COD) Office of 1he Bureau of Land Manage• 
me11t (BLM). the CDD (including the Mojave and 
Colorado Desem) had a 1en-)'ear average of 175 fires 
per year prior to 1992 (range 1~75) that at'fecl an 
average of 10.927 ha annuall} (range 607-,4.400 ha). 
The CDO estimates include a very small amount of BLM 
land outside the desert. 

Impacts on Biotic Components of Soil: The 
Invisible Component or Biodiversity 

Although emphasis i~ often placed on the ph) sical 
and chemical properties ()f various soils. they conroin 
important biotic components as well including: soil 
surface stabilizers rnch a~ algae and lichens, nematodes 
and other me1a1.0am, variou.\ bacteria, and my~orrhi• 
zae. Odum (1994) referred to these organisms as the 
invisible component of biodirersity. While not as con­
~picuous as macrofloral elements, biotic components of 
soil arc important symbionts that arc easily dc.stroycd by 
ceclain human at·l ivitics. 

Undiscurbed desert areas are characterized by the 
presence of soil stabilizers. including lichen. fungal. 
bacterial. and algal crusts: desert pavement: mechanical 
cmsts; and chemical crusts. The biotic components of 
1hese stabilizers are collectively referred to as cryptobi· 
otic soil. Mincral•derived crusts form under a variety of 
physical and chemical conditions tlmt miiy nctuall)' be 
fadlitated by biotic components (l::.lvidge and Iverson 
1983, Taylor-George and others 19K3). Soil stabilizecs 
arc impo11an1 agent& in preventing erosion but are 
easilr disturbed since they occur at the surfoce. Stabiliza­
tion mechanisms include binding soil partides with 
thallial filaments in the ca,;e of biotic ~,abilizen;, armor• 
ing the sw·facc. and increasing surface roughncm. 
Crusts also provide germination sites for vascular plants 
(bul see Wood and others 1982), and conserve water 
(i.ee review in Cole 1990). The suweptibilit) (>f ,rusts to 
damage varies according to 1he composition of the 
underlying soil, In mils suhjected to large shear stresses. 
a single pnss by a vehicle is capable of destroying 
well•developed crust. When the forces are mainly com­
pressive, crusts can survive a single pass in a slight])• 
modified form; however, OHV use is capnble of quick!)' 
elio1innti11g crusts in an impact are.1 (Wilshire 1983). 

Considerable research has been conducted on the 
impact~ of grazing and other ai;ents of trampling on 
ca-yptobiotic soil crusts. These crusts are very important 
not on!} because of 1hc soil•stabilization functions 
menlioned above, bul because thcr facilitate the accu-
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mulation of organic material and soil nutrients, pal'ticu• 
larly nitrogen in the upper layers of soil (Kleiner and 
Harper 1977. Johansen 1993). and enhance soil mois­
ture retention (Belnap and Gardner 1993). Research in 
desert and scmidcscrt areas in Utal1 ond Arizona has 
'-'onsistenll)' shown that cryptobiotic soil is heavily im· 
pactcd b)· grazing. cvc:n light v.intcr gr37Jng (Kleiner 
and Harper 1977, Andenou and others 1982. Brother­
son and other~ 1983), Impact~ include the des1ruc1ion 
of sul'focc pinnacles associated with development of 
LTyptogamic soils (Anderson and othea 1982) and the 
vir1u,\I obliteration of hi<>tic elements (O>le 191JO). 
Lichens and mosses are most sensitive to disturban~. 
with algal component~ being more resilient (Brother• 
son and others 1983 ) . 

Cole ( 1990) conducted an interesting ex.pcriment at 
Grand Canron National Park 10 examine the efTe.:t of 
trampling by hikers wearing lug-soled boots. Only 15 
pas~es were required to dc.~trny crm1s. Visual evidence 
of biotic oomponents was reduced 10 ncnr z.cro after SO 
passes. The results of Cole's experiment clearly illU$· 
1rn1e the fragility of crusts to 1rampling. 

Cryptobiotic soil re,over)' may l'C<)Uire long lime 
intervals without intervention. f'ollmvi11g exclusion of 
grazing in a Utah semideiert stud)· site. cr)ptobiotic 
cover increased from 4%-15% in 14-18 year., but on!} 
I% per year for the next 20 years (Andecson and others 
1982), Cole (1990) observed pnrtinl recorery rrom 
human trampling in one to three years and extensive 
recoveri after five }ears. However, surface irregularities 
associated with well-developed crrptogamic cover re­
mained low even after five years, suggesting Iha! rcco,·• 
err was incomplete. Belnap (1993) noleJ that over 250 
years may be required for full recover> on the Colorado 
Plateau. Recoveq· was improved hul was still ver) slow 
when scalped c1.pcrimental plots were inoc:ulatec.\ with 
cru~ls from surrounding areas. In the norlhe.m Mojave 
Desert. lkhen crusts mny ao1 reoccupy hea~ily dis­
turbed areas even after 63 years (Wilshire 1983). Details 
of the formation and recovery of chemical and mcchani• 
cal crusts 11re discmsed in detail by Wil~hire ( 1983). The 
ni1rogen•fix.a1io11 capabilitiei of damaged soil may take 
over 50 years to recover (Belnap 1995). 

Important symbiotic relationships have de•-clopcd 
bet ween certain species of vas-:ular plants and vcsicular­
al'busculnr m)'corrhi20I (YAM) fungi and rhizobia. Tiu~ 
small-diameter hn>hae of s)'mbiotic fungi ~crvc a& en• 
erg~ efficient rool hairs, en:iblmg the host plant to 
beuer abwrb nutrients. panicularl)· pho~phorus (Bloss 
l 985) and water (Bethlenfalvay and othcn 1984 ). Rhizo­
bia arc bacleria capable of filling atmo~pheric nitrogen 
for us.e by plants. The importance of YAM fungi in 
dese11 plant communities is underscored b)' the fact 
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1hat in a recent survey of 38 plant species ( 19 families) 
in Anza-Borrego Desert State Park in the Colorado 
Desert of California all were 1;oloni2ed by VAM species 
(Bethlenfal•a)· and others 1984), Plants naturall)' associ• 
atcd <Vith VAM that are also found in the western Mojave 
Dese.-t include Hymenocle.:i. Ambrosia. Opumia. and L.:ir• 
rta. Rloss ( 1985) reported numerous plant associations 
in the Sonornn Dei;ert of Arizona a~ well. 

Previous studies have demonstrated the importance 
of maintaining and enhancini:; soil microbes in restora• 
lion projects (St. John 1984, Bainbridge 1990). Establish• 
ing planes in disturbed afeQS with marginal soils may be 
dillicull or impossible without the presence of a vigor­
ous population of microbiQI ~ymbionts. These symbi­
onts iu-e lldversely affected by ~oil compaction. Studie.~ 
have shown 1-2 m of h}phae per gram of soil in Mojave 
and Sonoran soils, ye< virtual!)" none in disturbed areas 
(Zink personal communication). Restoration is compli• 
cated by the fact that fertilizers can inhibit mycon-hizae 
growth. 

Can the Desert Be Restored? 

Plant growth and establishment are na1uralli· slow 
under the extreme conditions of the deserl, an<l dislur, 
bance make~ the!le conditions even more severe (Bain, 
bridge 1990). Disturbance typically reduces both the 
infiltration of water into the soil and the moislure­
holding capacitr of the soil (Bainbridge and Virginia 
1990). This increnses the value of rapid deep root 
growth. which is made more difficult b)' increases in wil 
strength from compaction and reduced soil moisture. 
These i,}·nergislic eflects make plant establishment much 
more difficult after disturbance. Revegetation aud resto­
ration work can help mitigate many of these impacts 
and !i:peed recovery, but the severe conditions and 
unpredictable rainfall still make re~tora1ion of these 
sites very challenging. 

A brief history of revegetation studies in the deseru 
of Cnlifornia was provided b)· Kny and Gntves (1983). 
Studie~ in the Mojave Desert are relV and relatively 
recent. One ofche earlie~t ~tudies evaluated lhc: success 
of rc:vegetation efforts along the second Los Angeles 
Aqueduct (Ka)' 1979. 1988). Construction involved 
sttipping the vegetation from an area 200 km long X 60 
m between 1968 .iml 1970. The seeds of seven species of 
native plants were distributed at six 2- lo 15-ha ~ites on 
the aqueduct. The seeds ol' nil but one species, ArtipJex 
pol)•,·arpa, were from local stm:k. Surface preparation 
involved ripping the soil to 25 cm on 60-cm centers Co 

relieve compaction. A rangeland drill was used to ~et the 
seeds ~t a depth of about I cm. Success varied amoni 
plant species. Ambrosia du1rws11 C!lhibited good establish• 

ment on three of six sites, but on!)" one site had 
numbers approaching that of ad1accnt undisturbed 
areas. Lama tridmt:u:i exhibited similar results. The 
other species, including Auiplcx polycarpa. Ephcdra ne• 
<•adensis, Jlymenrx:lea salsola, and Lepidosparlum squ:una­
rum, were totallr unsuccessful. Atrip~ can=nnuffered 
as a result of heavy grazing. The most abundant shrub 
along the aqueduct. Chr.1Joth.1mnu.i nautrosuf, estab• 
lishcd itself naturnll)', although it was uncommon in 
adjacent undisturbed areas. Kay (1988) concluded lhat 
natural revegetation is good in manr )•ears ,md poor in 
olhers. while al"lifici.il seeding did not con~istentl}· 
hasten or improve plant recover}, 

In another experiment along 1he aqueduct. Graves 
,md others ( I 978) 1ested the effects of a.single irrigalion 
and the success of direct seeding versus transpl:mting. 
The two methods of establishment exhibited widclr 
\'ariable success rates from site to site and ttccor<ling lo 
species, but were not cnhnnccd by irrigation. Substrate 
charactcris1ics mar influence the su«cssof irdgation as 
measured by the appearance of native winter annuals 
(Johnson and others 1978). 

The overall success of lhe re~egetm ion attempt .ilong 
the a<Juedu.:t wa~ low. The •ast majority of the aqueduct 
was still a hi~hly visible scar m the early I 980s (Kay and 
Graves 1983), but recover} was mhibited by grazing and 
OHV use. Conclusions from the study were that more 
anention should be focused on establishment of visually 
dominant species .~uch a~ Larrea tridemsta. seeding 
should take place a.~ soon after disturbance a.~ pol1.~ible. 
areas should be protected from grazing and OHV use. 
and local seed stock should be utilized for all species. 

Highwa)" revegerntion studies were also reviewed b} 
Kay and Graves (19&3). Survival of container-grown 
shrubs planted in October 1973 and Februari 1974 at a 
site in Mojave, California, was !10'1- in May l!174. The 
roots or the transplant~ were exposed after a heavy rain 
in December 1974, and all plants we.re d~d b) October 
1975. Atri.p!t:x spp .. Chrysotlramnus spp .. tind Ephcdra spp. 
exhibited the greatest survival. Success was hmited by 
rabbit overgrazing and competition from Russian thistle 
(Slllm/a). Conlainer planting~ were more successful 
when planted in the late "'inter or earl)' spring. Applicll• 
rion of fertilizer cncourascd both the inva.,ion of native 
woody shrubs and 1he nonnative annual grass S,·hismuJ 
arabicu,·. 

Olhen have experienced similar succes., in revegeta• 
tion. Brum and others (IIJg:'\) observed low, lnng-term 
seedling establishment for a varicly of spet:ies u11der 
~everal irrigation lreatmenl~ along a powerlinc trammis­
~ion corridor. The overall germination~stablishment 
rate for seedling and postsccding irrigation succc~s was 
0.3%, and 26% for cransplamcd seedlings. Larr-e1J exhib• 



ited poor germinntion under field condition~ and 
responded poor!)' to all re\'egetation attempts. 

More successful re"egetation has been achieved at 
1hc Nevada Tesl Site in the northern Mojave De~er1 
(Romney ::md olhers 1990). Greater than 80% sunival 
of transplanted native shrubs and grasses wa~ achieved 
wh<:.n plants were protcc1cd f11>m jacl'-rabbits and irriga­
tion was provided periodically. 

Res1ora1ion effons in 1he Colorado Desert of Califor. 
nia were reviewed by Bainbridge and Virginia (1990). 
Although lhe plant communities differ somewhat be­
tween the Colurado and M<~a~c Descns. bnlh eco~y~­
tems pose similar challenges to restoration attempts: 
high temperatures, intense sunlight. limited moisture 
availability. high levels of herbivory by rouenls and 
rabbits, and low soil fertility. Much of the ~uccess in 
revegetation experiments in the Colorado Desen is due 
10 efforts lo protect plants rrom herbivores ~nd the use 
of buried water rosCTvoirs for irrigation. Direct sccdint; 
attempts have generally been unsuccessful relative to 
lransp!anl~. Larn:a tridentata, in particular, responded 
well co transplanting, espe,cially if pruned prior lo 
planting lo increase the root•lo•moot ratio. 

Assessing the nature and magnitude or human• 
induced disturlnmces makes restoration planning m.ore 
efficient by enabling limited resources t<., be directed at 
critical problem~. Ongoing studies (Bainbridge and 
others I 995a.b) of the effectiveness of deserl restora-
1 ion techniques arc llcadily advancing our abilily to 
1·ehabilitate degraded arid lands in the southwestern 
United Stales, and the reader is referred IU these 
references for details hcyond the hricf overview given in 
this sec,ion. 

Plalll recovery usually requires container•planting 
acltvilies as well as site improvement. The most com­
mon melhotl of direct seeding is simple hand seeding, 
which allows species lo be matched to ~pe~ifk site 
conditions. appropriate planting depths. and results in 
a more natural appearance than machine planting. 
However, limited rainfall and removal of seeds by 
rodents and harvester ams may severely limit seedling 
establishment during 1ypical }'ears. 

Transplanting is increasinglr being used to provide 
nurse and seed plants for lhc disturbed area.~ (Bain­
bridge and others 1995b). The dominant shrubs and 
trees of the Colorado Desert are relatively easy to grow 
in a nurser)' or maintained land.'iCape setting, and lhC)' 
are well adapted to mmsplanting with after-care. They 
are more challenging to establish in the field in a low-or 
no-maintenance situation. although once e~labli,hed, 
growth rates can be high. Ree~tablishment of annuals 
has been more difficult. New contniners and soil mixes 
have improved plant sUivival. Deep pipe and buried pot 
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irrigation and hand watering have also been effective. 
Tree shelters lo limit herbivory and wind damage are 
also important. 

A full appreciation of the ecological selling and 
adaptation of desert plants can make cstablishmcnl less 
costly and more successful, but it is still expensive. The 
cost of restoring road edge areas in Joshua Tree Na­
ti1m:il Parle is f.:lirly well estahlished (after almost 10 
years of work) and runs up to $15.000 per ha to 
establish large poued perennials in areas that are easily 
acce.~sed. The co.~t of duplicating lhis l)pe of work at 
remote sites would be much higher. Research con­
ducted by colleagues at S11n Diego S«1te Universitr has 
emphasized lower•cost. less-intensive restoration. but 
the cosls (excluding research) are .,till on lhe order of 
$12,000-25,000/ha. Even these high project com pro. 
vide no guarantee of success. 

Conclusions 

Desert areas disturbed by human activities may take 
1:cnturics {o re<:ovcr without c1ctive i111ervention. Undis­
curbcd dcscrl soih arc often in a relatively stable 
equilibrium developed over hundreds or thousands of 

rears. Removal of vegetation and disturbance. 0£ soil 
<.:rusts or soil structure <.:an de,~trny this equilibrium, 
leading to wind and water erosion thal are ~ery difficult 
or impoi:sible lo control without very high inveMment~ 
in material and labor. 

One of the key lessons uf our research in the Mojave 
and Sonoran deserts is the critical importance of 
minimizing the inlensit)'. frequency, and area of dislur­
bancc. Past rcsclU'ch summariied in this pape1· has 
identified the wide range of effects from human di~tur­
bance and the difficulty and the high cost of mitigating 
damage. While re<:overy rates can be increase.ct with 
moclest expenditures. a major restoration program to 
improve recovery for just the OHV-darnagcd area., in 
the California desert region could exceed one billion 
dollars. Available funding will permit only a limited 
reslorahon for selected .sites, even with continuing 
generou~ contribuliom of volunteer tahor. Fence~. ~ign~. 
;md enforcement to preve.nt furthe.r damage ma~ often 
he a better investment than intensive restoration. 

Recent re~earch in the Mojave Desert demonstrates 
the benefits thnt protection can impar1. even to previ­
ous!> disturbed :iceas. Brooks (1995) conducted a com­
parison between the Desert Tortoise Rese.irch Naturnl 
Area (DTNA) and unprotec1ed land immediately adja­
(.'Cnl. The DTNA was fenced co prohibit both OHY use 
and sheep graiing between 1978 an<l 1979. 8}' the lime 
of his stud} in 1990-1992. Brooks dernonsm1ted that 
above.ground Jive annual biomass was generall)' greater 
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inside than outside the lenced area. with the exception 
that the exotic annual gra.,s Schi.,mus barbatu.~ produced 
more biomass outside the fenced area. Percent cover of 
perennial shrubs. seed biomass. and rodent deruit~ and 
diversity were al$O greater inside the fenced area. 

To be succe~sful. revegetation and re~loration re­
quire careful anenlion to ecological relationships, both 
above and below ground. herbivory. soil characteristic~. 
microclimate, and patterns of moisture: availability (Bain• 
bridge 1990, Bainbridge and others 1995a). Undoing 
the damage done to the ,oil system by disturbance is a 
critical step toward recovery and restoration. In gen• 
ernl, urategies that recreote or mimic natural condi­
tions are most likely to speed recovery of the entil'e 
c:co~ystem. 

Research conducted in the Mojave and Colorado 
desert ecosystem has important applications for the 
American Southwest and throughout the world's arid 
zones. These area.~ have deteriorated r.ipidly under 
pressure rrom overgrazing. poor farming. :md removal 
of trees and shrubs for fuclwood. The lessons learned in 
the desert ecosystem of southern California may help 
pwple living in these are.1s to protect or restore the 
produclivity of their lands, and improve their lives. 
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ABSTRACT 

The native species of land 'Dl&l\1118,lS of California which current1y do not 
have state or federal Threatened or Endangered Species status were 
investigated in order to identify those potentially threatened with 
extinction. Investigations concentrated on determining historic and 
current distributions, habitat associations, population status, and the 
nature a.nd proximity of threats of extinction, Information was developed 
primarily from the literature, museum records, and field notes, and from 
contacts with biologists with knowledge of current developments in the 
field. Detailed studies were conducted in some areas. but on1y cW:•so1-y 
field work was undertaken in other areas of concern. Populations of 36 
species and subspecies ~ere con£idered to be potentially jeopardized. 
These are placed in three priority categories. The 13 taxa in the Highest 
Priority face a high probability ot extinction if current trends continue; 
the 11 taxa in the Second Priority are definitely declining in population 
size and appear jeopardized', but the threats are l ess immediate; the 12 
taxa in the Third Priority appear not to face extinction soon, but their 
populations are declining seriously or they are otherwise highly vulnerable 
to humaJl developments. Information on distribution, population status, 
habitat, and taxonomy, and recommendations for management actions are 
presented for each species on the List of Concern. Brief r-ems.rks e.re in­
cluded for 56 other ts.x.a considered in developing the final List of Concern. 

Species limited to or primarily dependent upon riparian and wetland cort­
rm.wities have been affected most severely by human developments. Five 
geo~raphic areas of critical concern are: the Colorado RiV'l!r riparian 
corridor; the San Joaquin Valley lowlands, incl~ding grassland, riparian 
and wetland communities; the tidal marshes of the Los .Angeles Basin; the 
tidal marshes or San Francisco and San Pablo bays. and tbe grasslands of 
the southern Ce.l.ifornia coastal basins. Loss and fragment~tion ct mature 
and old-growth forests, lack of data on population structure ot some game 
and fur-bearing species, and human disturbances of sensitive species are 
other important factors generating concerns !or several species. 

1/ Wildlife Management Division Administi-e.tive Report 86-l (J'une 1986). 
Supported by federal Endangered Species Act grant•in-aid funds ror lfo~a.roe 
Bird and M&1111!al Section project E-W-4, lV-14.1; and by interna.1 Honga.me 
Bil'd e.nd Mammal Section research funds. 



RECOMHENDATIO~S 

In addition to recolll1ll.endatioll8 contained in the species accounts for the 
preservation of California's mammals, the California Department of Fish 
and (}a.me and I recommend the following: 

1. Cive high priority to the preservation and/or restoration of plant 
communlt1es essential to wildlife: 

a. Restore and protect riparian forests and wetlands 1n California, 
with special attention to those of the Colorado River and the San 
Joaquin Valley. 

b, Restore and protect tidal wetlands, e8pecially those in San 
Francisco, San Pablo, and Suisun bays and those along the southern 
California coast in Ventura, Los Angel~e, and orange counties. 

c, Preserve and protect native grasslands and desert shrub 
communities in the San Joaquin Valley. Salina& Valley. and the 
southern California coastal basins in Los Angeles, Orange. 
Riverside, and San Diego counties. 

d. Preserve and protect mature and old-growth conifer forests in 
blocks large enough to support species such as Fiehers, 

2. Propose species on the List of Special Concern that ~eet the criteria 
of Threatened or Endangered Species to the California Fish and came 
Col1l.lll.i&sion and the u.s. Fish and Wildlife Service for addition to the 
lists of Threatened and F,ndangered Wildlife. 

3. 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, 

4. Encourage the protection of all species of bats in California and 
initiate an educational program to inform the public of the role of 
bate in control of insects and the sensitivity of bats to disturbance 
in maternity rooate and hibernacula. Support and assist the 
development of regulations prohibiting the poisoning or killing of 
bate as control measures in human structures. 

5, Encourage governmental, educational, and conservation agencies and 
inatitutions involved in wildlife. land, and resource management to 
give high priority to Species of Special Concern in research programs 
and land and resource management decisions. 

6. Encourage persons with infot111ation on Species of Spe~ial Concern or 
other apeciea chat may be threatened to bring the information to the 
attention of the Department of Fish and Game. Reviee the Liat of 
Special concern every two years to reflect current information on 
distribution, population status, and management recolMlendatlon~. 



PREFACE 

The primary objectives in preparing thls document were to identify taxa of 
mammals in California that had no statue as Endangered, Threatened, or 
Fully-protected. but which appeared to be vulnerable to extinction, and to 
develop a set of priorities for detereinlng their status and ensuring 
their survival. As originally conceived and implemented, the project 
provided no resources for field investigations, although most areas of the 
state were visited and limited field work was conducted. In the ensuing 
five years, however, opportunities to conduct more extensive field work in 
several areas have arisen and the investigations have resulted in removing 
several species froo. the draft List of Concern, moving othets to lower 
categories, and elevating others to higher categories. Three species 
included on the final 11st were not investigated in the same detail as 
others, because in the early stages of the project I had decided there 
were no indications that they were in jeopardy. Subsequent to preparation 
of the draft final report, however. reconsideration of their status has 
resulted in their lnclusiou. I thought it better to include them with 
only partial data available rather thao to delay the preparation of the 
final report. 

A rough draft of the accounts of 52 species and subspecies to be included 
in this report was prepared and submitted for c011111ent to the California 
Department of Fish and Came in 1981. A completed draft of the report was 
submitted later in 1981. The Department of ~1sh and Game finished its 
review and returned the draft to me for flnal revisions in June, 1984. By 
the time it was returned, considerable new information had been gathered 
for several species, and substantial revisions were envisioned; in 
addition. I had incurred a number of commitments that precluded work on 
the document until fall of 1985. In the interest of making the 
information that was gathered for the original report available, I have 
decided reluctantly to forego major revisions. Most sections of the 
report have been reorganized• 18 species have been deleted from the List 
of Concern (they are discussed in the section entitled "other candidate 
species"), three species have been added to the list of concern, and some 
new infontation. gathered during subsequent field work by me and others, 
has been incorporated. 

2~ February 1986 
Turlock• California 
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lNTllOOUCTION 

Durina the past lSO years. 515 species and subspecies of native land 
mammals have been recorded as occurring in California (Hall, 1981~ 
~illiama, 1984). a number much greater than in any comparable political 
unit north of the American tropics. Seven species, including the Mexican 
Jaguar (Felis ooca arizonensls), Plains Bison (Bison bison bison), Gray 
Wolf (Canis lupus fuacus and£•!• youns1). California Grizzly Bear(~ 
arctoa californicus; taxonomy of Hall. 1984), aod the Western White-tailed 
Deer (Odocoileus virginianus ochrourus). are oow extinct or extirpated 
within California, Coues' White-tailed Deer (2_, !.• cousei) probably also 
occurred within California, occupying the riparian forests of the Colorado 
River floodplain. Specimens are unknown from California, although Hall 
(1981) listed a r~cord from Ehrenburg, Arizona. on the Colorado River 
opposite California. This species wa$ probably already rare along the 
Colorado River by the tiae rapid illlllligrat1on triggered by the the gold 
rush, and has been extinct long since. The Long-eared Kit Fox (Vulpea 
macrotia lllacrotls) was driven to extinction by humans in the southern 
coastal basins of California. Pro~ghorna (Antilocaera americana 
americana) have been extirpated from llOSt of their historic range in 
California, in west-central and southern parts of the state; and Tule Elk 
(Cervus elaphus nannodes). while no longer threatened with extinction, 
exist only under full protection. The decline or extinction of most of 
these species vas primarily due to persecution aud/or overharvesting by 
hu~ans. 

Twenty-three mammalian species (29 subapeci~s) in California were 
designated as Threatened or Endangered species in 1985, including nine 
marine roa1lllllals. The terrestrial species are listed in Table 1. together 
with those known to be extinct or extirpated from the state. The 
principal factor jeopardizing the rodents and Kit Fox (Table 1) has been 
loss cf habitat. Human disturbance and intru,ion into their habitats have 
been significant factors 1n the decline of the Sierra Nevada Red Fox, 
Southern Wolverine, and the California and Peninsular Bighorn Sheep. 

Twenty native game and fur-bearing species of 1t&mmala are partially 
protected by hunting and trapping regulations established by the 
California Fish and Game COlll.lliasion and admiolatered by the California 
Department of Fiah and Came. Additionally. the R1ngta11 (Baesarlscus 
aetutua). Fieher {Martes eennanti), and Northern Plying Squirrel 
(Glauco~y• sabrinue) are protected through leglalat1ve action or by the 
California Fish and Game ColDllisaioo. The White-eared Pocket Mouse 
(Pero,nathue alticola), Point Arena Mountain Beaver (Aplodontia rufa 
nigra • Point Reyes Mountain Beaver(!:,.!,• 2haea), and all species of bats 
are partly protected from taking through restrictions on scientific 
collection by the California Department of Flah an.d Galle. The Mountain 
Lion (Fella coacolor) ie designated aa a game species but presently there 
18 no ~hunttng season. 

All other terrestrial species of mammals iu California have little or no 
protection, and for those and many game, fur-bearing, fully-protected• and 
atate Endangered and Threatened species. no man.egement plans are in 
operation to ensure the pTeservat1on of unique populations. Yet. the 
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California Endangered Species Act of 1970 and subsequent 4111endments 
mandate the preservation of all $peciea of native mammals. Rapid 
agricultural development and urbanization of vast areas in California have 
profoundly diminished the extent of several biotic communities and 
jeopardized their unique biotas. For example, the floor of the San 
Joaquin Valley measures approximately 3.44 million hectares (8.S million 
acres), Major plant communities once included valley grassland (doftinated 
by perennial species such as Stipa pulchra and!• eernua), San Joaquin 
ealtbueh (dominated by several xeric-adapted and halophytic shrubs, 
including Atriplex spp., Suaeda frutlcoaa, Allenrolfea occidentalie 1 and 
Epbedra californica). tule marsh (d0111inated by species of Sclrpue and 
Typha). and riparian forests and savannas (Kuchler. 1977). By l979. 
nearly all of this land was developed, etther as large urban areas or as 
cultivated crop land. Less than 60,700 hectares (150,000 acres) were 
uncultlvated. and significant portions of this latter a~ouat were 
developed for petroleum extraction, strip-lllined for gypsu~ and clay, or 
occupied by roads, canals. air strips. cities, oil-storage facilities, 
pipelines, and evaporation and percolation basins. The vast tule marshes 
were nearly gone; most of those that remained were degraded by seasonal 
flooding with waters laden with metallic salts drained frOIII irrigated 
fields. The grassland communities were reduced to small re~nants, moetly 
fringing the valley floor, and their perennial species were largely 
replaced by exotic species of weedy annuals such aa Bro1111.1s app,, Avena 
epp., and Erodium spp. Of the original 404,700 hectares (about l million 
acres) or more of riparian c0111munities in the Central Valley, leas than 
10% existed in l979 (Warner, 1979); much of that was sigoificantly 
degraded in quality. 

Populations of mammals native to the arid coastal basins of aou~hern 
California have been reduced drastically in size aa a result of habitat 
loea, Today. nearly all of the populations of species native to the plant 
eollUllunitiea on the floor of the southern coastal basins face proximate 
threats of extinction. The Long-eared Kit Fox succumbed to the pressure 
of increasing numbers of people in southern California several decades ago 
(Waithman and RoeGt, 1977). Other species extirpated there and/or 
throughout southern California include the Mexican Jaguar (Merriam, l919; 
Strong. 1926), Great Basin Gray Wolf (Grinnell et al.t 1937}, Pronghorn 
(McLean, 1944), and Couea' White-tailed Deer. 

Populatlons of mammalian species dependent upon freshwater and tidewater 
riparian and wetland collllllunities have declined at.arkedly in nearly every 
region within California as a result of loss and degradation of their 
habitats. White-tailed Deer, dependent upon riparian comm.unities in 
California, have already been extirpated (see section on Other Candidates 
in Results section) and several other species are seriously jeopardized. 

The rapid, widespread loss of old-growth forests by logging activities 
raises concerns that cannot be reeolved with existing infomation. 
Although no ua1'11111alian species in California is known to be limited to 
old-growth forests, a few require extensive tracts of relatively 
undisturbed forest. Fragmentation and isolation of relatively small 
blocks of 1118ture and old-growth stande of Yellow Pine. Douglas Fir, Mixed 
Conifer, and Red Fir by recent forest-management practices has been 
extensive and could prove to be disastrous for wide-ranging species euch 
as the Fi$her and Marten, and for species with limited vagtllty such as 



1986 - MAMMALlAN SPECIES OF SJ.>ECIAL CONCERN - 3 

Iable l, Extinct. Threatenedt and Endangered apeeies of land mammals in 
CaliforDia as of January, 1986. CE - California Endangered; er - California 
threatened; FE - Federal Bnda;l\Bered; PT - Federal Threatened, 

Species 
San Joaquin Antelope Sq~lrrel 

(Ammoapermophilus nelsoni) 
Mohave Grouad Squirrel 

(Spermophilu& mohavene1e) 
Morro Bay Kangaroo rat 

(Dipodom.ys heermanni morroenaia) 
Giant Kangaroo Rat 

(DlpodOOlya 1n&ens} 
Fresno Kangaroo Rat 

(Dlpod.omye nitratoide& exilia) 
Stephens' Kangaroo Rat 

(Dlpodomys stcphensi) 
Salt Marsh Harvest Mouse 
(Reithrod.ontomxs raviventris raviventria and R. r. 
halicoetea) 

Amargosa Vole 
(Microtus californicus aclrpenaia} 

Cascades Gray Wolf 
(~ lupus fu&cus) 

Great Baaiu Gray Wolf 
(~ ~ l'.01Jl\g1) 

Island Fox 
(Vulpea littoral1a catalloae, .Y.· !.• clementae. !• !.• dickeyi. 
V. 1. littoralis, v. 1. santacruzae, and!•!• aantaroaae) 

Long-eared Kit Fox - -
(Vulpes macrotia macr~t1s) 

San Joaquin Kit Fox 
(Vulpee macrotia mutica} 

Sierra Nevada Red fox 
(Vulpee vulpea necator) 

California Grizzly Bear 
{Ursua arctoa cal1forn1cus) 

Southerft Wolverine 
(~ gulo luteus) 

Mexican Jaguar 
(Felie onca arizonensia) 

We~ Whlte-tai led deer 
(Odocoileus virginianua ochrourue) 

California Bighorn Sheep 
(Ovis canadenaia californtana 

FenI'iisular &ighorn Sheep 
(~ canadensis creamobates) 

Bison 
(Bison bison~) 

Status 

er 

CT 

CE, FE 

CE 

CB. Fil 

CT 

CE, FE 

CB, FE 

Extinct 

Extiuct 

CT 

CT, FE 

CT 

Extinct 

CT 

'£xt1 rpated 

E>ttirpated 

CT 

CT 

E-xtt~pated 
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Red Tree Mice. Likewise, some species of bate may depend on roosting 
~ites under loose bark and in hollow cavities of standing trees and 
foraging sites within the forest~ and their populations may be 
eign1flcantly impacted by Lose of old•growth forests and current 
forest-management activities 

Concern over the rapid loss of lllajor biotic communities within California 
and the increasing threats to several species of mammals proopted the 
Nongame Bird and Mammal Section of the California Department of Fish and 
Game to initiate this study of potentially threatened species of mammals. 
The principal objectives were to identify potentially jeopardized 
populations of mammals within C8.llforn1a. and to group them into priority 
categories for management actions. includint proposals for protected 
statue, expenditure of research funds ► and preservation of eaaential 
habitat. 
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METHODS 

Investlgatlona of potentially threatened mallllllals were limited to taxa 
without Threatened or Endangered status at the state or federal level. 

• Taxa coocurrently being investigated through other projects of the 
Departme~t of Fish and Cam~ also were excluded from detailed studies 
(1,e,, some subspecies of the Bobe.at,~ (Lynx]~. and the Rlver 
Otter,~ canadenaia). 

Priorities for the investigations w-ere: 
1. species endemic to Californi~. 
2, subspecies endemic to California; 
3. species and subspecies whose geographic ranges extend beyond 

Califoroia and which appear to be jeopardized throughout their 
geographic range; 

5 

4, populations of taxa threatened within California but which also 
occur elsewhere and appear not to be threatened throughout their 
geographic range (e.g., Myotis velifer velifer. the Cave Myotis). 

These priorities had some influence on which taxa received greatest 
consideration for ioclusion in detail~d investigations. Priority 
rankings, however, were based solely on the apparent proximity and uture 
of threats to populations. Locally depleted populations of wider-ranging 
taxa within California were not studied in detail, with the exception of 
the American Badger (Tax1dea 1!!.!!!,)· 

A working list of 86 candidate species was assembled firat and then 
inforaation for each candidate was gathered. Blair Csuti (The Nature 
Conservancy) nominated some of the candidates. Data on life hlstoriea, 
habitat associations, historic and current distributions, systematic 
8tatus, population status, and nature of potential threats were sought for 
each candidate, Initially, in.formation was gathered without benefit of 
field work, being derived instead from published sources. other 
biologists, and previous field experiences in California, The intent was 
to develop infomation needed to direct limited funds for field 
investigations to studies of biotic communities and taxa with the greatest 
perceived threats to their existence, During the course of the original 
i~veatigation. however, moat areas 1n the state where loss of habitat 
posed a threat to one or more species of m.am.m.als were visited. Only 
cursory field studies were carried out, however, as time and funding dld 
not permit detailed field work, Subsequently, more detailed studies have 
been conducted in the San Joaquin Valley (Williams, 1985; Clenn Basey. 
unpubl. ms.; Cheryl Johnson, unpubl. ~s.); San Bernardino Mountains 
(Sulentich, 1983; Williama. 1983);) San Gabriel mountains (Williama, 
1983); Tehachapi Mountains (Sulentich, 1983); east-central slope of the 
Sierra Nevada (Williams, 1984); western elope of the central Sierra Nevada 
(uapubl. data); San Pablo and Suisun bay marshes (K. Ford, unpubl, data; 
Williams, l98l); Point Arena area. Mendocino Co, (Dale Steele, unpubl. 
data); San Francisco Bay (Ford, 1986); San Pablo Creek Marsh (by Foreman; 
T. Rado, pers. CO!llm,); and on Santa Catalina Island (Collins and Martin, 
1985; Williams, 1983). For the majority of the species included here, 
ho~ever, there have been no recent, detailed, field studies undertaken, 

Letters and questionnair~s seeking information ~n potentially threatened 
taxa of mammals were sent to all ~ember& of the American Society of 
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Mammalogista with maillng addresses in California, and to other, selected 
persons in state and federal agencies. colleges and uoiversities. and 
natural history museums. Approximately 500 persons were contacted in this 
q;snner. Sixteen persons responded to the request for informatlon, and 
collectively listed 16 species they believed should be investigated. Of 
the 16, two ~ere species of marine ~81Mlals which were not included in this 
project, and four were species already with state Rare or Endangered 
status. All of the remainder were already oa the working list. 
Subsequent to development of the draft report, questions regarding the 
status of 11 other taxa were raised by Ronald Nowak (Endangered Species 
Office. u.s. Fish and Wildlife Service). Little additional research was 
conducted on most of the latter species; reasoos for excluding them and 
other candidate species are given in brief accounts (see section on Other 
Candidate Species). 

Information on the distributions of species on the working lists was 
developed from the literature and from museum records, No attempt was 
made to locate all records• although literature and museum surveys were as 
complete as time and resources permitted. Data on historic distributions 
were assembled from these sources, but for most taxa n~ detailed field 
surveys had been conducted prior to uide spread human developments; thue. 
the historical distribution re¢ords of most species are scanty. Because 
the investigations included a large number of taxa. and because many 
museums do not catalog specimens by subspecies, lt would have been 
unreasonable to aak personnel at moat museums to furnish the required 
information. Instead, I visited and obtained distributional data from 13 
major natural history museums and acquired infon:iation from nine others 
through corre6pondence (listed in the Appendix). Addition.al data from 
other ma111111al collections were obtained from the card files at the National 
Museum of Natural History, where for several decades early in the century 
the staff recorded specimens known to be housed in other museums. l also 
contacted several persons directly to inquire about specific ta~a and 
human develoJ)1lents affecting plant communities in selected areas of 
California. Thts approach was aore productive than broadcaet1ng appeals 
for input. Unfortunately. however. identifying persona with the 
info\"lllation needed was often impractical. 

The species accounts ln the Results section are arranged in groups by 
priority category and, within groups, systematically by genera, followlng 
Hall (1981). Species and subspecies are arranged alphabetically within 
genera. Records of distribution are listed alphabetically by county and, 
within counties, by locality with respect to reference point (e.g., city 
or phys1ographlc feature). Loealitiee using the same reference point are 
arranged by compaas direction. starting with north and proceeding 
clockwise. Localities are listed as recorded on specimen tags and in 
mU£eum catalogs or in the literature. The number of specimens, when 
known, and the museua of deposition or literature citation conclude each 
locality record. Cases where localities or identification of specimens 
seemed erroneous are discussed in the Remarks section. 

Statements about habitat associations and population &tatus are 
oecessarily brief for most taxa because of lack of detailed information. 
Whenever possible, statements were developed primarily from infon:aation 
based on studies of the populations of concern rather than from studies 
conducted elae\lhere. To extrapolate extensively from etudies baaed on 
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populations outside the area of concern carries a high risk of incorrectly 
characterizing habitat use and population biology. Co1D11ente in the 
Recommendation sections are suggestions for priority actions and are 
neither detailed nor complete, Remarks on systematic statue are intended 
to flag potential problems which should be considered in designing studies 
to elucidate the etatus of populations. Although neither state nor 
federal regulations require that a jeopardi~ed population have unique 
taxonomic identity to be designated Rare. Threatened. or Endangered, the 
political conflict reaulting from unresolved taxonomic cootroversieo 
involving endangered species is best avoided whenever possible. 

In interpreting and compiling the information in this report. and in 
asaigning taxa to priority categories. my philosophy hae been to give the 
benefit of doubt to the ss>ecies under consideration. I have attempted to 
convey the essence of available information• but time and resources did 
not permit detailed field inve1:tigatton~ or development of lengthy species 
accounts. A principal purpoae of thts report is to stimulate others with 
information to come forward. I have not cited all of the relevant 
literature for OIO&t taxa, especially reporta that added no new information 
on the limited set of topics included in the accounts. 

Scientific names for species are those listed by Jouea et al. (lg82) 
unleea noted otherwise in the species accounts. Common na~es are from 
Grinnell (1933) and Williams (1979). or are ones co1!llllonly used by the 
Department of Fish and Game. C0111111on names for subspecies are generally 
unneceseary. but, because subspecies can be accorded Threatened or 
Endangered status under both state and federal regulations. use of common 
names for subspecies le necessary in this report. Names for aubapectes 
are from the 11st of Grinnell (1933), but often amended to reflect current 
taxonomy or to shorten needlessly long names. I coined common names or 
adopted those of other authors for subspecies not listed by Grinnell 
(1933). Scientific names for subspecies are from Hall (1981) except in 
cases where l disagree with his taxonomy or when 1110re recent publications 
have altered his taxonomic atranaements, Departures from Hall'• (1981) 
subspecies taxonoay are noted in the apecles accow:tts. 
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RESULTS 

Of the specie& and subspecies investigated for this report, 36 warrant 
greatest concerns. These are listed in table 2 in three categories: 
Highest, Second, and Third priorities. The definitions for these 
categories are based on the perceived proxi~ity of tbreate of extinction. 
Species listed in the Highest Priority category appea~ to face a high 
probability of extinction er extirpation from their entire geographic 
range in California if current trends continue. Populations of species in 
the Second Priority category are definitely jeopardized and declining, but 
the threats of extinction or extirpation appear less iOlllinent. 
Populations of species listed 1n the Third Priority category appear not to 
face extinction in the near future, but they are declining seriously or 
are other\lise highly vulnerable to extirpation because of human 
developments. and require special attention in land- and reeource­
m.anagement decieions. Som.e species l1$ted in the Second and Third 
Priority categories are relatively rare and virtually no current data on 
their distributions and population status are available; when investigated 
in detail, some of these may be found to face greater or lesser threats. 
Accounts of species included in the three priority categoriea are 
presented in the following section. 

Other species investigated, but considered to warrant lesser concerne are 
listed in the fourth group, entitled Other Candidates, beginning on page 
73. Brief remark& on the probable statue of these species, deleted fr011. 
the final List of Concern, are included. Lack of 1nfonuat1on for eome 
species listed ts cause for concern about their statue; their deletion 
from the final List of Concern here should not be construed as a 
definitive indication of their populatlon status. 

Ka.jor contributing factors in jeopardizin& ~ost species on the List of 
Concern are the diminlshment and degradation of natural c011munlties (Table 
3 aud Species Accounts). Loss of oative plant comm.unities in four regions 
of California present the moat acute problems ~hreatening unique (i.e., 
taxono~ically recognized) population& of mammals: the Colorado River 
riparian communities; the southern California coastal basins fr0111. the San 
Fernando Valley southward to the Mexican boundary. including lowland 
grassland and desert cotlllllunities and tidal m.arshee along the south coast; 
the San Joaquin Valley desert. grassland, and ripariaa and wetland 
co1111umities; and the tidal marsh communities of San Francisco and San 
Pablo bays. Lose of riparian and wetland communtttee is no lees serious 
elsewhere. but fewer unique taxa of mammals are threatened. In addition 
to loss of habitat, disturbances by humans. especially in hibernacula and 
maternity roosts ls perceived a.ea serious threat to most of the species 
of bats. Habitat degradation and lack of information on hunter take and 
population dynamics for use in management are viewed as potential threats 
to the five epeciea of rabbits and hares. currently designated aa game • 
species, on the List of Concern. Cutting and fragmentation and isolation 
of block• of mature and old-growth conifer forests pose potential thr~ats 
to two apeciea on the List of Concern. 

Potential occurrences of Species of Special Concern on lands administered 
by several state and federal agencles are lleted in Table 4. Information 
in Tabla 4 was developed from a •Federal P~blic Landa Responsibility K.apM 
of California (1:7500,000 scale; 1978) and from other ao~rcea. There ts 
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' 
Table 2. Mammalian species of special concern in California. listed by 
priority categories. See text for definitions of priority categories. 
Page refers to startin& page of species accounts. 

Species 
HIGHEST PRIORITY 

Ruena Vista Lake Shrew (Sorex oroatus rellctua) 
Suisun Shrew (Sorex ornatua"sirruosus) 
Santa Catalina~w (Sorex ornatue willett1) 
Salt-marsh Wandering Shrew(~ vagrans halicoetea) 
Arizona Myotls (Mxotis lucifugus occultus) 
Arizona Cave Myotis (Myotie velifer veltfer) 
Riparian Brush Rabbit (Sylvilague bachuni riJ?!rius) 
Point Arena Mountain Beaver (~lodontia rufa ntgra) 
Loe Angeles Pocket Mouse (Perognathus longimewbris brevinasus) 
Pacific Pocket Mouse {Perognathue !en3111embris pacificus • 
Tipton Kangaroo Rat (Dl!odomza nitratoides n1trato1des) 
Colorado River Cotton t {$igmodon arlaonae plenua) 
Yuma Mountain Lion(~ concolor brown!) 

SECOND PRIORITY 

Page 

13 
14 
16 
17 
19 
21 
23 
24 
2S 
21 
28 
~ 

31 

So. California Salt-marsh Shrew (Sorex ornatue ealico'tnicue) 34 
California Leaf-nosed Bat (Hacrotus californicue) 35 
Towneend•a Big-eared Bat (Plecotus townaendii) . 37 
Pocketed tree-tailed Bat (fadarlda fc~orosacca) 39 
California Mastiff Bat (Eumops peroti& californicus) 39 
Salinas Pocket Mouse (Peroanathus inornatus paammophilue} 42 
White-eared Pocket Mouse (Peroenathus alticola alticola) 43 
So. Marsh Harvest Mouse (Reithrodontomys megalotia ilmlcola) 44 
Riparian Woodrat (Neoto!Da fuecipes riparia} 45 
White-footed Vole (Arborimus albipes) • 46 
Point aeyee JWDping Mouse (Zapus tr1notatus orarius) 48 

THIRD PRIOKITY 

Big rree-ta1led Bat (Tadarlda macrotla) ~0 
Pygmy Rabbit (Brachylague tdahoensis) 51 
Oregon SnoW8hoe Hare {Lepus aaericanue klautbaneie} 52 
Sierra Nevada Snowshoe Oare (Lepus amerlcanus tahoensie) 54 
Western White-tailed Hare (Lepus tovnaendil to1maendii) 55 
Point leyes Mountain leaver (Aplodontia ~~ 57 
Tehachapi Pocket Mouse (Perognathus alticola tnexpectatus) 58 
Short-noeed Kangaroo Rat (Dipodolllf! nitratotdes brevlnaeus) 59 
Red Tree Vole (Arborimue loyicaudu•' 61 
Pacific Pi1her (Harte• Eennanti pacif1cus) 64 
Alllerlcan Badger (Taxidea taxus) 66 
Channel Islands Spotted Skunk {Spilogale gractlia amphl~la) 70 

9 
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Table 3. Distribution, habitat, and ~ajor causes for concern for manalian 
species of special concern in California. Refer to species accounts for 
details. CA - California; CI - Santa Cruz and Santa Rosa islands; CR - Colorado 
River; dee. - desert; disturb. - human disturbances; GB - Great Basia steppes; 
Mtn. - mountains; N - north; NW - Northwest; Pt, A. - Point Arena area; Pt. R. • 
Point Reyes area; SB - San Bernardino; SCB - southern Californla coastal basins; 
SCM - southera California coastal narshes; SCI• Santa Catalina Island; SPB - San 
Francisco Bay; SJV - San Joaquin Valley; SN - Sierra Nevada; So - southern; SPB -
San Pablo Bayi SV - Salinas Valley; Tr. 1.- Transver.!.e ~angea; W - west. 

Species 

Buena Vista Lake Shrew 
Suisun Shrew 
Santa Catalina Shrew 
Salt-marsh Wandering Shrew 
Arizona Myotts 
Arizona Cave Myotis 
Riparian Rrush Rabbit 
Point Arena Mountain Beaver 
Loa Angeles Pocket Mouae 
Pacific Pocket Mouse 
Tipton Kangaroo Rat 
Colorado River Cotton Rat 
Yuma Mountain Liou 

So. California Salt-aarsh Shrew 
California Leaf-nosed Bat 
Townsend's Big-eared Bat 
Pocketed Free-tailed Bat 
California Mastiff Sat 
Salinas Pocket Mouse 
White-eared Pocket Mouse 
So. Marsh Harvest Mouse 
liparian Woodrat 
White-footed Vole 
Point Reyes Jumping Mouse 

Big Free-tailed Bat 
Pygmy Rabbit 
Otegoo Snowshoe Hare 
Sierra Nevada Snowshoe Hare 
Western White-tailed Hare 
Point Reyes Mountain Beaver 
Tehachapi focket Mouee 
Short-nosed Kangaroo Rat 
Red TYee Vole 
Pacific Fisher 
American Badger 
Channel Island& Spotted Skunk 

Range Habitat 

HIGHEST PRlQRITY 

SJV Wetland 
SPR Salt marsh 
SCI Riparian 
SFB Salt 11arsh 
CR Riparian 
CR Riparian 
S.JV Riparian 
'Pt. A. Wetland 
SCR Crase/Dee. 
SCB Crasa/Dee. 
S.JV Crass/Des. 
CR Riparian 
CR Riparian 

SECOND PRIORITY 

SCH Salt MB.uh 
So CA Graas/Dea. 
CA Yarioua 
So CA t 
W CA Wide~pread 
SV Grassland. 
SB Mtn. ? 
SCM Salt mar.sh 
SJV Riparian 
NW CA Rlparlan? 
Pt. R. Wetland 

THIRD PRIORITY 

So, CA ? 
CB Sagebrush 
NE CA Thicl<eta 
SN Thickets 
GB SN Grassland 
Pt, R. Wetland 
Tr. Mt. Grau/Des. 
SJV Graas/Des. 
NW CA Fir 
N CA Conifer 
W CA All 
CI ? 

Cause for Concern 

Habitat loaa 
Habitat 1088 
Habitat loss? 
Habitat loaa 
Habitat loa&, disturb. 
Habitat loss. disturb. 
Habitat loss 
Habitat loss 
Habitat loss 
Habitat loss 
Habitat loss 
Habitat loss 
Habitat 1088 

Habitat loss 
Habitat loss. disturb. 
Disturh. 
Disturb.? 
Disturb •• pe~ticides? 
Habitat loo 
Habitat loss? 
Habitat loss 
Habitat loss 
Habitat lose? 
Habitat loee 

Disturb.? 
Habitat loss 
Habitat loss 
H.tbitat loss 
Habitat lose 
Habitat loss 
Habitat lou 
Habitat loss 
Habitat lose 
Elabitat lose, distu~b. 
Habitat loss. taking 
't 
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no 1i~ilar. pictorial s111111ary of etate-mana.ged lands nor a central source 
of inforaation on state-owned lands. Thus, only lands ma.naged by the 
California Departments of Fish and Game and Parka and Recreation ara 
included. Information displayed in ?able 4 should not be c:onetruad aa 
iodicating non-occurrence on land& administered by other governmental 
agencies or that other Species of Concern do not occur on Landa 
administered by these agencies. 
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Table 4. Oc.currence of Mal!lllalian Speclee of Special Concern in California on 
lande admintstered by eelected &tate and federal agencies. BLM - u.s. Bureau of 
Land Management (Dept. of Interior); CPR - Callf, Dept. of Parke and Recreation; 
DPG - Calif. Dept. of Fish and Ga~e: DD - u.s. Department of Defense; DE - u.s. 
Department of Energy; FS - U.S. Forest Service (Dept. of Agriculture); FWS -
u.s. Pish and Wildlife Service (Dept. of Interior); NPS - U.S. National Park 
Service (Dept. of Interior}. See Table 2 for scientific MDM!&• 

Species 

Buena Vista Lake Shrew 
Suisun Shrew 
Santa Catalina Shrew 
Salt-ureh Wandering Shrew 
Arizona Myot:is 
Arizona Cave Myotts 
Riparian Brush Rabbit 
Point Arena Mountain Beaver 
Los Angeles Pocket Mouse 
Pacific Pocket Mouse 
Tipton Kangaroo Rat 
Colorado River Cotton Rat 
Yuma Mountain Lion 

So. California Salt-marsh Shrew 
California Waf-no6ed Bat 
Townsend's Big-eared lat 
Pocketed Free-tailed Bat: 
California Mastiff Bat 
Salinas Pocket Mouse 
White-eared Pock.et Mouse 
So. Marsh Harvest Mouse 
Riparian Woodrat 
White•footed Vole 
Point Reyes Jumping Mouse 

Bi& Pree-tailed Bat 
Pyg111y Rabbit 
Oregon Snowshoe Hare 
Sierra Nevada Snowshoe Hare 
Western White-tailed Hare 
Pt. Reyes Mountain Beaver 
Tehachapi Pocket Mouse 
Short-nosed Kangaroo Rat 
Red Tree Vole 
Pacific Fisher 
Americao Badger 
Channel Islands Spotted Skunk 

CPR DFG BLM DD 

HIGHEST PR.IOTI.ITY 

X 
X 

X 
X 
X 
X 
X 

X 
X 
? 
X 

X 

X 

X 

X 

X 

X 
X 

X 

X 

X 
X 
X 

SECOND PRIORITY 

X 
X 

X 
X 
? 

X 
X 
X 
X 

X 
X 
X 
X 
X 

X 

X 

X 
X 
X 
X 
X 
X 

THUD PRIORITY 

X 
X 
X 
X 
X 
X 
X 

X 
X 
X 

X 
X 

X 

X 
? 
? 
X 

X 
X 
X 

X 

X 
X 
X 
X 
X 

X 

X 
X 
X 
X 
X 

X 

X 
X 
X 

X 
X 

X 
X 

X 
X 

X 

X 

X 

X 

X 

X 

X 

FS 

X 

X 
X 
X 

X 

X 

X 
X 
X 
X 
X 

X 

X 
X 
X 

FWS NPS 

X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 
X 
X 

X 

X 

X 

X 

X 

X 
XX 
X 
X 

X 
X 

X 
X 
X 

X 
X 
X 
X 
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HIGHEST PRIORITY LIST 

Buena Vista Lake ShTeW 
~ ornatus relictus 

1932. Sorex ornatus relictus Grlnnell, Univ, California Publ. Zool,, 
38:3&9, !le! Locality~ evacuated slough just outside of east side 
levee, Buena Vista Laite, 290 ft, Kern Co., California, 

Distribution: Grinnell (1933) speculated that Buena Vista Lake Shrews 
once occupied the marshlands of the San Joaquin Valley floor throughout 
most of the Tulare Basin. Re noted that by 1933• their range was much 
restricted because of the disappearance of lakes and sloughs-

13 

Populations Status: Nothing is known about the current population status 
of the Buena Vista Lake Shrew. Nearly all of the valley floor in the 
Tulare Basin is now cultivated, Most of the lakes and marshes have been 
drained and are also cultivated. All of the Buena Vista Lake bed is 
cultivated, and most of the canals in the area are steep-sided and kept 
free of vegetation by use of herbicides, Ornate shrews (Sorex oruatus) 
may be extant in places such as the Kern National WildlifeWuge 1 in 
wetlands of the Kern River percolation area, and along sloughs and canals 
on the valley floor leading into Goose Lake, although there are no records 
of shrews from any of these areas. Any extant populations found within 
t~e Tulare Basin uy or may not be representative of s. o, relictus. 
Clark et al. (1982) used pitfall traps in an unsuccessful attempt to 
capture Buena Vista Lake Shrews on The Nature conservancy Paine Wildflower 
Preserve and the Voice of America transmitter site weet of Delano. 

Habltat1 Buena Vista Lake Shrews occupied marshes on the perimeter of 
Lake Buena Vista (Grinnell. 1932). Farther north, in the San Joaquin 
Basin. Ornate Shrews live in dense vegetation along streams and sloughs 
and around the perimeter of tule marshes (unpub. data). Presumably, Buena 
Vista Lake Shreve occurred in similar wetlands in the Tulare Basin. 

Reco1111endations: A survey for Buena Vista Lake Shrews should be 
undertaken to establish it& distributio~ and population status and to 
identify potential threats to remaining populations. Initial efforts 
should be concentrated around the Buena Vista Lake Aquatic Recreation Area 
(Lake Webb and Lake Bvans), on the Kern National Wildlife Refuge, the Tule 
Elk Reserve. and along Buena Vista and Goose Lake sloughs, Pitfall traps 
are most effective for shrews (Williams and Braun, 1983). and can be left 
in pla~e for extended times offsettln& the extra effort required to set 
thea. 

Remarks: Nothing has been recorded on this taxon s1oce the original 
descrlption. The more upland subspecies, S, o. ornatus, occupies the area 
surrounding the range of~-~• relictus. Intergradation probably occurred 
along the lower courses of the streams entering the floor of tne Tulare 
Basin. 

Distribution Records: KERN co.~ N side 8uena Vista Lake, 1 (USNM); east 
aide levee, 298 ft, BuenaVista Lake, 290 ft, l (MVZ); Buttonwillow, l 
{CAS), 
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Suisun Shrew 
~ ornatus sinuoaus 

L913. Sorex sinuosus Grinnell, Univ, California Publ, Zool., 10:181, 
~ Locality: Grizzly Island, Suisun Bay, Solano Co., California, 

1979. ~ oruatua ainuoaua, Willia.me, Ann. Carnegie Mus., 48:426. 

Distribution: According to Rudd (1955a), Suisun Shrews occur in the tidal 
marshes of the northern shores of San Pablo and Suisun bays, as far east 
as Grizzly Island and as far ~est as the mouth of Petaluna Creek, Brown 
and Rudd (1981), however. redefined th.e western boundary of the range as 
Sono~a Creek and Tubbs Island. Shrews living in the marshes as far east 
as Collinsville represent!•£• cal1fornicue (William9, 1983). 

Populations Status: At one time, Sao Pablo and Suisun bays vere lined 
with salt and brac~ish water marshas, but today marshes are brolten into 
several small, isolated units. The marshes of Suisun Bay are the most 
extensive. but Suisun Shrew populations there may be threatened in part by 
management of the marshes to favor growth of Scirpus, Present babit~t le 
much less extensive in San Pablo Bay, Very few of the extant tidal 
marshes have a full profile of marshland vegetation. and few border on 
significant upland areas where marshland species can seek refuge from 
flooding. Suisun Shrews inhabit a smaller area and are more restricted in 
the habitats they occupy than are Salt Marsh Harvest Mice, an Endangered 
Species. 

The population status of s. o. sinuosus was investigated during spring 'and 
aummer. 19831 following a-winter of record flooding in the marshes of San 
Pablo and Suisun baye (Williams, 1983). No live Suisun Shrews were 
captured on any of 3~ transects in marshes throushout the geographic range 
of s. O• sinuoaua. One dead ehrew was found, however, Subsequent surveys 
with Sherman live traps found one Suisun shrew in a marsh on the northern 
perimeter of Suisun Bay ln 1985 (K. Ford, pers. co111111,). The principal 
problem in both areas, but most acute in San Pablo !ay, is the lack of 
upland area& continuous wi.th the marshes wheire Suisun Shrews and other 
terrestrial animals can refuge during times of flooding (Williama, 1983). 
Management of the marshes has not included refugee froq flooding as a 
required element, 

Habitat; Suisun Shrews typically inhabit tidal marsh~e characterized in 
order of decreasing tolerance to inundation, by Spartina foliosa. 
Saliconria ambigua, and Griodella cunoifolia, and brackish turebes 
dominated by Scirpu.s ealifornicus and Typha latifolia (Rudd, 195S~). They 
appear to require dense, low-lying cover where invertebrates are 
abundant. Rudd stated that structure ("growth fora") of th.e plant 
community, not species c0111position, wa~ the determining factor in threw 
occupancy. Driftwood and other litter above the ~n high-tide line ia 
probably essential for nesting and foraging elces. Upland habitats, 
continuous with the marshlanda, offering sufficient cover and sourc~s of 
food to sustain shrews during prolonged flooding of 1na.rshee and dikes, 
such as occur~ed during the winter of 1982-83, are also probably eeaential 
(Williams, 1983). 

Recommendations: When the results of additional population surveys for 
Suisun Shrews are completed (U.S. Fish and Wildlife Service, in lltt,), 
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marshland aanagement practices and plans should be reviewed to detennine 
their impact on pop~lations of Suisun Shrew. Acquisition of upland areas 
for refuge from flooding, or creation of refuge sites on dikes above flood 
level will proba.bly be required to provide suitable habitat for Suisun 
Shrews and other small mammals inhabiting the tidal marshes, 

Re111.arks: Rudd (1955a) analyzed structural characters of Sorex 
ornatus-group shrews-from the San Pablo and Suisun bays amand 
determined that shrews of the sinuosus type were recognizably distinct 
from s. o. californicus, but that spatially intermediate populations 
exhibited some internaediate characterietics. He thought that because the 
character gradients were rather abrupt, recognition of einuosus as a 
species vas justified. Brown (1971, and unpubl. dissert. 1 L970) found 
thats. ornatus and S, sinuoaus bad identical karyotypes, which differed 
from!· vagrans of the San Franeiaco Say area. Karyotypes of ahre~s froa 
populations previously thought to be~• y. vagrans or hybrid• of vagrans. 
oroatus and sinuosua were shown to be identical to the ornatua-stnuosus 
ksryotype. Brow and Rudd (1981) investigated the relationships of these 
shrews further. determining that ainuoeus waa best treated as a subspecies 
of s. ornatus, and restricting the distribution of sinuosus to an area 
approximately east of Sonoma Creek, but including Tubbs Island within the 
range of sinuosue. 

The disposition of epeeimene referred to by Rudd ( 1955a) is not clear, 
Some of these are in the Museum of Vertebrate Zoology 'ind others are in 
the collections at the University of California Davia. Differences in the 
locality descriptions on the speci~en labels and in Rudd's (1955a) paper 
and differences in total numbers of epeciQen& made it difficult to decide 
if these referred to the same specimens, Several specimens in museums, 
collected in marshes in San Pablo Bay in Sonoma County are designated ae 
s. ainuosue, but are now considered t o bes. o. californicua. Two 
specimens in the Huseus of Vertebrate Zoof;;'gy-from uSolano County; Lake 
Chabot (seepage area below dam)" wei-e aasigned to the subspecies!·~• 
ainuosus. Lake Chabot la located on a golf course, west of the Solano Co. 
Fairgrounds. These spec111iens -may bes. o. californic.us or S, o. sinuosua; 
they are not listed belov. - -

Distribution Records: SOLANO co.: o.s mi NE Cordelia Salt Marsh, S 
(MVZ); Gray Goose 'Ouck Club, 1.s mi SW Suisun, t (CAS); Grizzly Island, 
Suisun Bay, 1 {LACH). 20 (MVZ), 5 (UOAV), 2 (USNM), 19 (Rudd, 19.55.!); 
Griz;zly Island, State Dept. of Fish and Game he.idquarters, l (CSCS); 
Honker Gun Club• near Dutton. Van Sickle Island. 1 (CAS); 3 mi E Mare 
Island Bridge. adjacent to White Slough and Hwy, 37, 1 (KVZ); 2.7 mi W 
jct. Napa Road and Hwy, 37 (on 37), l (MVZ); 8 mi N Rio Vista. 80 ft, l 
(CSlIF); Sears Point Ro4d, 6 mi NW Vallejo, 65 (MVZ); Sears Point Road, 6 
mi NW Vallejo, 7 (HVZ): Sears Point Road, San Pablo Bay, 47 (Rudd 0 1955a); 
South Hampton Bay, near Solano Co. public dump, 15 (MVZ); South Hampton­
Bay, L3 (Rudd, 1955a); Suisun City, salt marsh adjacent to Cordelia St •• 4 
(HVZ); Suisun !larshes, pei-iphery of Grizzly Island, 13 (Rudd, 1955.!,): 3 mi 
NW Vallejo, l (UDAV); Van Sickle Island, 1 ml S Dutton, 1 (CAS); V~n 
Sickle la land, l (CAS), 3 (UOAV). 
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Santa Catalina Shrew 
Sore1 ornatua villett1 

1941, Sorex w1llett1 von !loeker, Bull. So, California Acad. Sci,, 
40:"i:"iil. .!ll!!, Locality: Avalon Canyon, Santa Catalina Island• 'Loe 
Angeles Co. 1 California, 

1967, Sorex ornatue willetti, von Bloek.er, Proc. SY11posium Biol. 
California Islands, p, 246. 

Distribution: Santa Catalina Shrews are 11:nown oaly fro11 Santa Catalina 
Island, Loa Al\geles California (Williams, 1983). The localities for the 
specimens and three eight records collectively apan the length of the 
1aland (Collins and Kartin 1 19BS; Willlama 1 1983). 

Population Status: Only a single Santa Catalina Shrew was captured in a 
eurvey during January, 1983 employing pitfalls on 22 10-trap transects 
distributed in all ..ajor plant com111U11ities on the island (Willioma, 
1983). A subse~uent survey, during summer, 1985, employing pitfalls on 25 
10-trap transects failed to capture any additional ahrews (Collins and 
Martin, 1985). Williams believed that the Santa Catalina Shrew a1ght have 
been on the verge of extinction. Degradation of woodland, riparian, and 
wetland colll.Dlunit1es by introduced ungulates 1 especially sheep, cattle, 
feral goats, and wild pigs, and further degradation of these com.Ill-unities 
by diversion of veter from springs and streams to the urbaniied areas on 
the island probably were factors contributing to the scarcity of shrews, 
Another important factor was probably the marginal suitability of the 
ielaud COlDJllunitiee for shrews. Santa Catalin& Island contain• only a few 
1111&11, degraded riparian co~munities and wetlands. Another important 
element threatening shrews was the high density of feral cats on the 
island. 

Although moat of the island is being managed by the Santa Catalina Island 
Conservancy with the objective of preserving the native biota, the 
Conservancy presently derives signifi¢ant income from conuaercial hunting 
of wild piga, goats, and deer, and sale of some bison. Free roaming 
ungulates on the island are the major threat to its native biota and a 
potential source of h :reconc1lable conflict of management objective■, 
These ungulates and introduced blackbuck (Antilope cervicspra) are 
noticeably degrading same natural plant e01Ulunities and preventing others 
from recovering fr011 damage caused when densities of domestic and feral 
ungulates were greater. Wild pigs are caueina, the most apparent daaage in 
wetlands and etreamside eo1D11unities and on wooded slopes vith deep layers 
of leaf litter: areas likely to be of major importance to shrews. 
Additional serious threats stem fr0111. the growing human resident aud 
transient populatioos on the island where potable water supplies are 
already overtaxed. Diversion of increasing a110unts of fresh water for 
hUdlAn use will probably result in additional degradation of the already 
damaged riparian systems on the island. 

Habitat: Although on the 1'14inland, Ornate Shrews are often captured in 
upland plant associations such ae coastal sagebrush and chaparral, their 
precise habitat requirements are unknown, and it has not been shown that 
COllllllunitiea such ea these are iaportant to breeding populations, Over 
moat of thelr range in Callforaia, Ornate Shrevs are moat abundant io. 
rip&rian and. wetland coimnunitiea (Collins and Hartin, 1985; Owen a~d 
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Hoffmann, 1983; Williams. 198)). The only specimen of!• .2.• w111ett1 
trapped was talc.en in a t4ngle of driftwood and voody roots a few feet 
above a creek bed; riparian vegetation vas poorly developed along that 
portion of the creek (Williams• 1983). 

Reco111111endat1ooe; Two recent aurveye for Santa Catalina Shrews have ahown 
the extreme rarity of this insular population. but have failed to 
delineate critical eleinents of the biotic commW\ities that must be 
protected in order to ensure survival of Santa Catalina Shrews. Thue. any 
activities taken to help protect the population possibly could have the 
opposite effect. Specific actions to enhance habitat for shrews on the 
island should only~ m.ade after obtaining rasulte frOlll detailed studtea 
of Ornate Shrews on the mainland in similar co111Dunitlee with a si~llar 
climate. Studies should be designed to provide information needed in 
determining the best course of action to enhance the chances of survival 
of Santa Catalina Shrews. Regardless of these studlee. however, 
preserving wetland and riparian syateaa ehould be given high priority in 
management of the island. Elimination of all ungulates. starting with 
wild pigs, feral goats, and bison would ~emove the greatest sources of 
damage to plant eoamunitlee on the island. An intensive campaign to 
reduce the size of the population of feral cats would alleviate some 
pressure oo ahrewe, but both the practicality of such a campaign and its 
i~portance in protecting ehrewe 1& in doubt. 

The possibility that insular populations of Ornate Shrews occur on Santa 
Cruz. Santa Rose, San Hiauel, and/or San Clemente island& should not be 
overlooked (von Bloeker. 1967; Walker, 1980). 

Remarks: The Santa Catalina Shrew was described as a species, but later 
wa& relegated to eubspeclfic statue under Sorex ornatue (von Bloeker. 
1967). It differs from mainland ahrews of~ornatus group in being 
larger and somewhat darkier in color dorsally. with lighter-colored 
underparts. Present data are ineufficient to determine the degree of 
relationship between Ornate and Santa Catalina Shrews. although available 
evidence supports treating it as a subspecies of s. ornatua (unpubl. 
data), A single, eubfoeail cranium of Sorex wae fou.ad among midden 
remains ln a rock fiaaure on the coast ot'san M.tguel !eland, Santa Barbara 
Co. (Walker; 1980). This speci10en .appeared to be struc:.turally aimilar to 
!• .2.• willetti, according to Walker (1980). 

Anecdot~l accouote of sight records of Santa Catalina Shrews by r9sldenta 
of the island ares Middle Canyon W of Thompaon Dam (Williaes. 1'83); hnk 
Rouse at Middle Ranch, Middle Canyon, and Road to west end. 0.2 m1 W 
Isthmus Dump (Colline and Martin, l98S). 

Distribution ~ecorde: LOS ANGBLBS CO.; Avalon Cenyon. Santa Catalina 
Island, 1 (LACK); 0.1 mi W Cottonwood Reservolr, Cottonvood Canyon, 76 m. 
l (Ql) • 

Salt Marah Wandering Shrew 
~ vyrana balicoetee 

1913. Sorex halicoetee Grinnell. Untv. CaliforBi.a Publ. Zool., 10tl83. 
Txpe1:ocality; salt marsh near Palo Alto. Santa Clara co •• 
California. 
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1928. ~ vagrans halicoetes • Jackson. N. Am.er. Fauna, 51:108. 

Distribution: Sorex v. halicoetes is limited to the salt marshes of the 
south arm of Sa~n~isco Bay (Findley. 1955). 

Populations Status: Johnston and Rudd (1957) reported fluctuations in 
relative numbers between 1951 and 1955, based upon numbers of acetve nests 
found. They detennined that Salt Haran Wandering Shrews represented about 
10% of the small mallmlal community of the marshes and were less abundant 
than J:!!!!. muaculus. Reithrodonto:ays raviventri&, Rattus norvegicus. and 
Microtus californicus. 

Host of the once-extensive salt marshes of San Francisco Bay have been 
lost by hWllan developments. The extent of remainin8 habitat for these 
shreva is 1J111all. Because they use only a limited atsa within the marshes, 
there is lees habitat for them than for Salt Marsh Harvest Mica. 
Therefore. s. v. halicoetee may be under greater threats of extinction 
than the Endangered Salt Mar$h Harvest Mice. Ford (1986) found 16 live 
Salt Marsh Wandering Shrews in a popualtion survey of marshes in San 
Francisco Bay during 1985. He reco1D111ended federal Endangered Species 
status for 1• !.• halicoetes. 

Habitat: Johnston and Rudd (1957) provided a detailed sketch of the 
habitat of Salt Marsh Wandering Shrews. The shrews frequented areas in 
tidal marshes that provide dense cover. abundant food (primarily 
invertebrates), guitable nesting sites. and fairly continuous ground 
mohtut'e. Their center of activity was in the "medium high marsh." about 
6 to 8 ft above se.a level. and in lower-lying marsh not regularly 
inundated. Suitable ~ites were characterized by abundant driftwood and 
other debris scattered among Salleornia. The Salicornia wae usually t to 
2 ft tall. The detritus preeerved moisture and offered refuge in dry 
perioda to amphipods. isopoda, and other invertebrates. and resting sites 
for shrews. Nesting material consisted of plant parts, primarily Spartina 
duff. The higher-lying marsh. S to 9 ft in elevati~n, was too dry and 
offered only ~inimal cover - few or no shrews occupied this zone, The 
lower zone, dominated by Spartina, was subjected to daily tidal floods and 
had cover too sparse for shrews. 

Recommendations: Any planned developments or activities that would at0dify 
m.arah vegetation and degree of inundation with the range of the Salt Marsh 
Wandering Shrew should be reviewed to determine impact on this species. 
The feasibility of modification of extant marshes to enhance suitability 
for Salt Marsh Wandering Shrews. Salt Marsh Harvest Mice, and oth~r 
jeopardized species should be inveetigated, 

Remarks; The taxonomy of the~ vagrans species group has had a 
complex and confusing hi&tory and additional changes in scientific names 
will probably be required when relationships among populations are finally 
resolved (Findley. l9SS; Hennings and Hoffmann. 1977; Rudd, 1955a}. There 
appears to be no controversy about the taxonomic status of the halicoetes 
population• however. BroWll. (1974) found that the karyotype of one Salt 
Marsh Wandering Shrew was si~llar to those of three specimens of!• y. 
vagrans from. the northern part of the San Francisco Bay region. These 
karyotypes were most similar to.!• vagrans from areas farther north in 
California and Oregon. Eight specimens identifi~d as!• Y• halicoetes in 
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the collection of the California Academy of Sciences. captured from 
lnverneee, Marin Co., are~ in my opinion,!·!• sonom.ae. 

Rudd ( 1955 ~) coapared ages , sexes• and weights of ~, .!. , v.-grana , ~. y. 
paludivagus, !• ornatus californicua, and!· 2..· ainuoeua, Methods of 
distinguishing Salt Karsh Wandering Shreve from ornate Shrews were given 
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in Hennings and Hoffmann (1977) and Junge and Hoffmann (1981), The report 
by Ford (1986) wae completed too late to include details here, but is the 
most complete account of the distribution and current populatlon status of 
~• .!· halicoetes. 

Distribution Records: ALA.HEDA CO,: l Jai N bay Farm Island, Melrose 
Marsh, l (HVZ); Berkeley, l (USNM); Du~barton Point, l (KU); Ellllhurat, 4 
(MVZ); Hayward, l (MVZ); Hayward Landing, end of Russell City Road. 6 
(MVZ); Melrose, l ((MVZ); l '1111 NW Newark, l (MVZ)i Oakland airport, l 
(MVZ); Saide Oakland Airport, 12 (MVZ); West Berkeley, l (USNM), CONTRA 
COSTA co.: Giant (Atlas Powder Co. salt marsh), l (MYZ); 3 011 NE Oakley, 
EsideGri~~ly Island, l (MVZ); 1110uth San Pablo Creek, 1 (MVZ); San Pablo 
Creek Salt Marah, 29 (MVZ); San Pablo Marah, Richmond (Johnston and Rudd, 
1957); salt lll.8rah, 3 mi N Richmond, 1 {CH); aalt marsh, 4 mi N Richmond, l 
(CM), SAN FRANCISCO co.: Lake Merced, 1 (CAS); San Franclsco, 4 (CAS), l 
(MVZ) , Presidio, San Francisco, L ( CAS) • SAN MATEO CO • : no a pee if 1c 
locality, 1 (MVZ); Belmont, l (HVZ), 2 (USNM);o.9miNB Coloma, 17 (CAS); 
0.5 mi S Chinese Cem.etery, Coloma, l (CAS); Col0111a, l (CAS); W approach 
Dumbarton Bridge, 3 (MV7.); Juncitas, l (SDSNli); Menlo Park, l (SOSNH); 
Pacifica, 0,25 1111 E Weatview, l (CAS); Palo Alto, 2 (I.ACM); adjacent to 
Palo alto Yacht Harbor, 1 (UDAV); San Mateo, 2 (USNH); Redwood City, 1 
(LACH), 3 (MVZ), 23 (SDSNH)~ Woodside, 1 (SDSNli). SANTA CLARA CO.: 1,75 
mi NE Alv iao. 79 (KVZ): Los Esteroe lload, 0. 5 mi HEilviso ( salt marsh), 
20 (MVZ); 1 mi SSW Alviso (salt marsh), 3 (MVZ); county llne between Santa 
Clara and San Mateo counties, on bay between Palo Alto and Redwood City, 2 
(CH}; Palo Alto, 7 (MVZ), 3 (USNM), 

ATii:ona Myotis 
Myotie lucifugus occultuA 

1909. Myotia occultu• Hollister, Proc. Biol. Soc, Washington, 22:43. 
:!l.e!, Locality: we~t aide Colorado River, 10 mi above Needles, San 
Bernardino Co., California, 

1967, Myotis lucifugus occultua, Findley and Jones, J, Mamm,, 48:443. 

Distribution: Arizona Myoth occur from aoutheaetern California and 
Sonora, Mexico• to western Chihuahua, Mexico, and northward in Arh;ona and 
western Nev Mexico (Fenton a nd Barclay, 1980; Hall, 1981). In California, 
th.e Ariz:ana Myotis occurs only alona the Colorado Rlver lowlands and in 
the adjacent desert ~ountain ranges, 

Populations Status: Populati.ona of !:!.• luc:ifugus ha11e draat ically declined 
in nW11bers in a.any parts of its range. Fenton and Barclay (1980) 
attri~uted d~clines, in part , to the use of pesticides, control measures 
in nursery colonies, collecting of bats by researchers, and disturbance of 
hi~rnst1ng individuals. They underscored the importance in dtaturbancea 
of hibernating bats, noting that it causes bats to lose weigh.t, thus 
decreasing their chances of survival, Judging from incidental accounts, 
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Arizona Hyot1s were formerly COIDlllOn along the Colorado River, Mora recent 
observations suggest that this population has declined drastically (K. 
Stager, P, Leitner, pers, co-.). Arizona Myotia, like many other bats, 
Gay be sensitive to disturbances in their maternity roosts too. Many 
females fail to return to aiaternity colonies in years subsequent to 
disturbances by huaana. They may abandon a colony prematurely, ju■t after 
the young have learned to fly, but before than have learned to capture 
insects, Thia could lower reerultment into the population. Stream 
channelization and loss of tba riparian vegetation may also be factors in 
the decline of H, l, occultus in California- Pesticide use in 
agricultural areas-along the lower Colorado River and elsewhere could be a 
contrtbutlug factor 1n the decline (P•nt<m and Barclay, 1980i Geluao et 
ai •• 1976), 

Habitat: Both Hollister (1909) and Grinnell (1914) shot Arizona Myotia 
flying among Cottonwood treea on tha floodplain of tbe Colorado River. 
OtheTs were collected by GriMell ~over water in a back eddy of the 
river." Stager (19~3) found one Arizona Myotis about 100 ft in from the 
entrance of a aTge copper mine in the ltiver&ide Mountains, in the 
northeastern corner of Riverside County. Ke also collected lndtviduals 
from a maternity colony of about 800 bata, located on the underside of a 
bridge near Blythe. Although H. 1. occultus is known only froa the low 
de,ert along the Colorado River in California, it is moat commonly 
aa1ociated witb pine forests at elevations from 6000 to 9000 ft in other 
parts of its range (Barbour and Davis, 1969). 

In most areas, roosts of Arizona Myotia have been found beneath bridges 
and in attlcs of buildings (Barbour and Davis. 1969). Arizona Myotis 
probably also use hollows in trees and protected crevices in rocks for 
roosts, Stager's (1943) record is the only known occurrence in a mine or 
cave, 

Arizona Myotis may migrate out of California to spend the autumn and 
winter elsewhere, or they may make more local m1srati0na to suitable 
hibertu1cula, The earliest and latest records of occurrence in California 
are 30 April and 16 August, respectively (Stager, 1943). 

R.ec.01111111mdationa: Highest priority ahow.d be givea to locating 
populations, especially mate~nity colonies, and obtaining esti111.&tee of 
colony aize. The most critlcsl need ie to establish a data base on 
population size so that tutura trends can be more reliably monitored. 
Where Arizona Myotis may pose a public health problem or a nuissnce, 
exclusion or non-lethal averaion devices should be the only control 
methods allowed (Barclay et al,, 1980; Constantine, 1979). 

Remarks: Earlier, I (Willia~e, 1979) recogni~ed occultus as a epec.ies 
despite e~ideoce presented by Findley and Jones (1967) and Barbour and 
Davis (1970) indicating 1nterbi-eed1ng in an area in New Meltic.o and 
southern Colorado between!:!.• lucifugus and occultus. My decision was 
based on the reaulte of a phenettc analysis of the genut Myotia {Findley, 
1972) that suggeated that occultua and M, 1. carisai- {the taxon with 
which occultus v.ie thought to interbreed) were best place in different 
species groups, Clearly, genetic studies are needed to resolve the•e 
conflicting findings, In the ~eanti~e, however, it ae.-s best to follow 
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Findley and Jones (1967) in treating occultus as a subspecies of M. 
lucifugus. 

Distribution Records: IHPERIAL C0.1 Potholes. l (SDSNH); 4 mi S 
Pothoiee, Colorado River. l (MVZTr° ~ mi NE Yuaa. l (KU), 4 (MVZ). 
RIVERSIDE CO.: ~lythe, 6 (CM), 59 (LACK)• l (MVZ); Ft. Yu.ma, 3 (CAS); 
Ripley. j mi S Blythe, 3 (LACK); Riverside Mountains, l (I.ACM). SAN 
BERNAllDINO co.: 10 mi N Needles, 2 (USNM). 

Arizona Cave Myotis 
Mxotie velifer velifer 

1890. Vespert111o velifcr J. A. Allen, Bull. Amer. Mus, Nat. Hist., 
3:177. ~ Locality; Santa Cruz del Valle. Guadalajara. Jallsco, 
Mexico. 

1897. Myotis velifer. Miller. N• Amer, Fauna. 13:56, 
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Distribution: K. velifer velifer is found from extreme southeastern 
California eastward to western New Mexico and southward to Guatemala. In 
California, it is known only from the lowlands of the Colorado River and 
adjacent desert mountain ranges (Vaughan, 1959), 

Population Status: Vaugh.an (19S9) found large colonies, each containing 
appro~i~ately 1000 individuals, in several mlne tunnels in the Riverside 
Mountains of Riverside and San Bernardino counties. More recent 
observations in the area (P. Srown, in litt.). suggest a significant 
decline in population si&e, Mines previously occupied now have few bats. 
The extent of decline and its causes are speculative. Loss of riparian 
habitat for foraging could be a principal factor. together with human 
disturbances of colonies- Renewed mining activities and casual 
exploration of caves and mines by rock collectors and eight-seers ~ay be 
major sources of disturbances. Oae of pesticides =ight have contributed 
to the decline by reducing abundance of insects and by poisonlng bats• 

Habit~t; · Cave Myotis are habitual cave dwellers and are highly colonial. 
They inhabit arid zones in the southwestern United States. During the 
season of reproduction, in spring and summer. they form large colonies in 
varm caves and mlnea and leas often in buildings and other structures 
(Barbour and Davis. 1969). ln California. they have been found in an old 
storehouse (Grinnell, 1914) and 1n mine tunnels (Stager. 1939; Vaughan, 
1959). In large portions of their range they are typically associated 
with Brazilian Free-tailed Bats (Tadarida braeilienaia). Vaughan (1959) 
noted that Cave M1otia used a variety of temporary roosts: buildings. 
caves, and m1oe tunnels. 

Vaughan (1959) found that in the vicinity of the Riverside Mountains. Cave 
Kyotis foraged primarily over the floodplain of the ~olorado River. He 
foWld that they maintained regular foraging paths ~over low vegetation, 
along the files of dense vegetation that line the oxbows and main channel 
of the river, between the scattered thick patches of vegetation that dot 
the floodplain. o~ above bodies of water.~ He noted that the dense, 
linear stands of Mesquite, Tamarisk, and Catclaw Acacia bordering still 
water of oxbow ponds seemed to constitute optimal foraging habitat. Most 
foraging bats were obierved between about 6 and lS ft above the ground, 
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primarily close to ve~etation, Kunz (1974) found that most individuals 
fro111 large colonies in south-central ICansas dispersed nightly for 
con■ lderable di1tancee to feed. Insects of a variety of order• were 
con■umed; beetles (Coleoptera) comprised the single largest class (Kunz, 
1974), 

In parts of their geographic range, especially in Kansas, Oklahoma, and 
Texas, Cave Myotia hibernate in winter (Tvente, 1955), M, v. io.cautue may 
be quite different in its life history from H, v. velifer, however 
(Hayward, 1970). Stager (1939) did not find-Cave Myot1• in California 
during winter and early s~r1ng, He believed that they were only in 
California from May to October. They probably migrate into Mexico, but 
thl& has not been established, 

Reco-endatlons; InfoTI1ation pertaining to location and si&e of extant 
colonies is needed. Moat colonies will probably be located in (UIVes and 
mines, but buildings ma.y contain eome colonies, Data on population size 
are essential for aseeaaing future trends and making management 
decisions. Colonies of Cave Myotia located in minea that are to be 
reactivated will likely abandon the sites as disturbance• iocre.aae in 
frequency, Beeau.ee the bats will moat likely leave a roost in autumn, the 
best time to bat-proof etructurea 1a during the winter months, November to 
March (Constantine, 1979), 

Agency biologists working in the southeastern California desert area ~ust 
be able to identify Myotis velifer. They should be familiar with the 
aituatioo outlined here, and be aware of the aenaitivity of colonies to 
dieturbancea. They ehould be instructed in uethods of eetiaating 
population eize and techniques of non-lethal control of bats in huP1Bn•111ade 
structure& (Barclay et al. 1 1960; Constantine, 1979). Public health, law 
enforcement, end agricultural officials should refer all reporta of bate 
and all requests for inform.at ion. on eradication. of bats to the Department 
of Health Services, Veterinary Unit in Berkeley. 

Remarks: Dr, Patricia Brown (in litt,) has 111011itored a population of M. 
velifer in a uin.e in the Whipple Mountains since 1968. Thia population 
decU.ned in siz.e by over 50% between about 1960 and 1980, Th.e decline waa 
at leaet partly the result of van.dala entering the mine and killing 
several bats. A gradual decrease in. oumbere baa continued since that 
incident, h~-ver, 

Hayward (1970) deter111ined that M, v. brevia Vaughan, 1954, was not 
reco&nizably distinct from M, v-: velifer, Hall (1981) did not cite 
Hayvard'a (1970) paper, - -

Diet r 1 but ion Recorde: IMPERIAL _9t. : 4 mi S Potholes , 1 (MVZ); 5 1111 NB 
Yuma. 5 (HVZ), RIVERSIDE CO.t Alice Mine, Riverside Mountaine, 56 
(LA.CM); Dollar Mine, 5,5 mT"°s, 0.6 ai E Vidal, l (CSLI); Kountai~eer Mine, 
5.5 mi S, 0,6 mi E Vidal, 750 ft, l (MVZ); Kule Mountains (P. Bro~, in 
litt,)~ Riverside Mountains, 35 'Iii N Blythe, 81 (Vaughan, 1959); Riverside 
Mountains, NE corner of county, l (MVZ); Riverside Mountains. 6 mi S 
Vidal, 8 (MVZ); Riveraide Mountalne, 7 mi S Vidal, 10 (MVZ). SAN 
BERNARDINO CO,: Needles, 3 (MVZ); Waide river, above Needles~ (USNM)i 
Whipple Mountain• (P. Brown, in litt.). 
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Riparian BruBh Rabbit 
Sylvllagus bachmani riparius 
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1935. Sylvilagus bachmani rlparius Orr, Proc. Biol Soc. Washington, 48:29. 
~ Locality: 2 mi NE Vernali~, Stanialaus Co., Califoroia. 

Distribution: Orr (1940) collected specimens from a single locality along 
the west side of the San Joaquln River in northern Stanislaus County. He 
also observed, but did not collect, Riparian Brush Rabbits in adjacent San 
Joaquin County. Orr (1940) believed that the range of_!, l• ripariua 
e~tende~ along the San Joaquin River from Stanislaus County to the Delta 
region. The only presently known population ls found on the lover 
Stanislaus River in Caswell State Park; there are probably other, tiny 
colonies between Caswell State Park and the confluence of the Stanislaus 
and Sao Joaquin rivers (Glenn Basey, in litt.), 

Population Status: Only one moderate-aized population is known to be 
extant within Caswell State Park, San Joaquin County (G. Basey, in 
litt,). Thia population, which numbers perhap& leas than 100 individuals 
at the start of the breedlng season, was adversely affected by clearing 
and burning of brush in the Park in winter of 1~84-85. Further 
development of recreation facilities in the Park and continuing brush 
clearing for fuel control pose significant threats to this population. 
Elsewhere between Caswell State Park and the San Joaquin River, Basey (in 
lite.) found only inconclusive evidence of tiny, scattered populations. 
Use of 111.0st of the property in the floodplain of the lower Stanislaus 
River is restricted by wildlife easements obtained as mitigation for loss 
of wildlife habitat as a result of conetructlon of New Melones Dam, The 
Army Corps of Engineer& is the administering agency for the easementg. ln 
his surveys, Basey (ln litt.) found these wildllfe areas were being used 
for rifle ranges, livestock grazing, off-road vehicle recreation, aod 
other activities, Although Bssey'e atudies are still in progress, 
activitles such as these probably compound the threste to remaining 
populations of Riparlan Brush Rabbits, 

The Army Corps of Engineers 18 preparing to clear much of the brush and 
treea from within the lower Sao Joaquin River floodplain. between an area 
below Friant Da~, Fresno Co., and the delta in San Joaquln co. (U.S, Fish 
and Wildlife Service, 1n litt.). Altbough no extant populacion• of 
Riparian Rrueh Rabbits have been found yet along the San Joaquin River, 
theae activities pose a substantial threat to any remaining populations 
there and will virtually preclude reestablishment of populations in the 
future. 

The major threat to remaining populations may stem from annual flooding. 
All land bordering the diked floodplains of the lower San Joaquin and 
Stanislaus rivers 1B cultivated or othervise developed. In most areas, 
•uch or all of the woody vegetation has been removed for control of acream 
flow and to enhance srowth of herbaceous plants for livestoc~ grszing. In 
times of severe flooding, such as in the winters of 1979-80 , 1982-83, and 
1985-86, nearly all habitat available to Riparian Brush Rabbits is 
inundated. A~imals living in the floodplain are forced to &helter on 
dikes or in areas lackins adequate cover, exposing them to increased 
predation and cold, wet weather. A single, severe episode of flooding, 
only slightly worse than was witnessed during March, 1986• could possibly 
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cause the extinction of remaining populatioos, 

The Riparl•n Brush Rabbit is curre~tly designe.ted a Resident Small Game 
species and may be hunted, Although the effect of hunt[ng on populations 
of Brush Rabbits, in general, are probably inslgniftcant, hunting might 
aaelly extirpate most of the s1U1ll, scattered populations of Riparian 
Bruah Rabbits outside of Casw-ell State Park, 

Habitet: In general, brush rabbits are associated with chaparral or other 
types of denae brush (Chapman, 1974). Riparian Brush Rabbits occupy den6e 
thickets of Wild Rose (Rosa ep.) 1 Willows (Salix spp.), and "Blsc~berries 
(Rubus ap,) growing along the banks of the~. Orr (1940) never 
observed Riparian ~ruah Rabbits in loose brush or ln open fields. Studies 
by Glenn Basey (in litt.) indicated that, 1a au.Qller when herbaceous plants 
weTe largest and provided densest cover, Riparian Brush Rabbits used weedy 
fields and clearings adjacent to patchee of shrubs, These areas of 
herbaceous vegetation •1el'e not enter~d in autumn and wlnter when the 
plants were dead and cover was minimal or absent, Basey (in litt,) found 
that p&tchea of herbaceous growth at the imaed1ate edge (within lews than 
a meter) of shrubs were important aourcea of food, 

Distribution Records: SAN JOAQUIN CO.: Caswell State Park, 2 (CSCS); San 
Joaquin River, extreue southern part of county (Orr, 1935), STANISLAUS 
CO,: Kincaid's Ranch, 2 mi NE Veroalia, W side San Joaquin River, 2 
(CAS), 3 (MVZ), 

Point Arena Mountain Beaver 
Aplodontia ~ nigra 

1914, Aplodontia nigra Taylor, Univ. California Puhl. Zool,, 12:297. 
!If! Locality: Point Arena, Mendocino Co., California-

1918, Aplodontia rufa n1gra, Taylor, Univ. California Publ, Zool,, 
17:479. 

Distribution: !l!_lodontia ~ nigra ls k.ttowa only from the v1cln1ty of 
Point Arena. Mendocino County. According to Taylor (1918). it originally 
occupied a total area of about 24 square miles. Ca111p (1918) stated that 
known coloolaa extended from the town of Point Arena to Alder Creek, 7,5 
miles north of town. 

Population Statue: An investigation of the status of the Point Arena 
Mountain Beaver by Dale Steele is presently in progreas (U,S, Fish and 
Wildlife Serv,, tn litt.). Some population• are threatened by housing 
developuents and others are small and apparently v~lnerable to any event 
that would alter the character of their habitat, The re&tricted 
distribution of this population and the fact that Mountain Beavers are 
often heavily persecuted by humans gives additional cause for concern. 
Logging 111.&y benef[t Mountain Beavers in that logging opens up t~e forest 
and atiaulates gro"llth of deciduous trees and herbac~oua planta. 
Urbanlzatioa generally results in the decline or lo~al extirpation of 
Mountain Beavers. Home developments are likely in the range of the Point 
Arena Mountain Beaver, 
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Habitat: Specific information on the Point Arena Mountain Beaver was 
gtven by Camp (1918). Only north-facing slopes of ridges and gullies were 
found to be inhabited. tn general, Mountain Beavers inhabit wooded 
regions along the Pacific Coast with abundant moisture and herbaceous 
plants for food. Soils muat be sufficiently eoft for burrowing. Mountain 
Beavers are generally most numerous on the slopes of ridges and gullies. 
They are usually associated with deciduous thickets with a tangle of 
undergrowth of both herbaceous and woody vegetation (Scheffer, 1929). The 
brU8hy successional st~ges of 1110st coniferoua communities (excepting the 
more arid, pine forests) provide the best habitat. Often, Mountain 
Beavers locate their burrows in areas of seepage springs. Some ruoning 
water within their burrow aysteme may be required. Point Arena Mountain 
Beavere mostly occupy thickets of thimbleberries on north-facing slopes. 

Mountain Beavers eat a great variety of herbaceous aod woody plants 
(Scheffer, 1929). Although Mountain Beavers prefer succulent stems of 
herbaceous plants, little vegetation within their reach seems unacceptable 
for food or use in construction of nests. Generally, only the bark of 
woody plants is eaten. and moat woody material is cOll8Ullled in winter when 
herbaceous plants are una~ailable. Mountalo beavers cut a great deal of 
herbaceous material and leave it scattered around to dry. Much of this 
gaterial spoils and is never eaten. 

Recommendations: When available, the results of the field survey by Dale 
Steele, for the u.s. Fish and Wildlife Service. should be reviewed to 
determine if additional protection for this population is needed. 

Remarks; This nearly black population of Mo'W\tain Beavers is apparently 
isolated from all others by unsuitable terrain (Hall, 1981; Taylor. 1918). 

Distribution Records; MENDOCINO co.: Point Arena, 3 (CM). 6 (MVZ); Point 
Arena, Christensen Ranch. 2 (MVZ);) mi N Point Arena. l (UDAV). 

Los Angeles Pocket Mouse 
Peroguathus longimembris brevtnaaus 

1900. Perol!!!:thus panuintinus brevinasus Osgood, N. Alller. Fauna, 18:30. 
!I2!, Locality; San Bernardino, San Bernardino Co .• California. 

1928. Perol!!!:thus loogice~bria brevinasus, Huey, Trans. San Diego Soc. 
Nat. Hist .• 5:88. 

Distribution~ The geographic range of Loa Angeles Pock.et Mice is 
restricted to lower elevation grasslands and Coastal Sage associations in 
the Los Angeles Basin, from approximately Burbank and San Fernando on the 
northwest to San Bernardino on the northeast. and Cabazon. Heaet 1 and 
A,guanga on the east and southeast. Their geographie limlts oa the 
aouthwest are not clear, but probably lie aoaewhere near the Hollywood 
Hills. 

PO£ulation Statua1 Data on the population status of!.•!.• brevinaaus are 
not available. Urbani~atlon and cultivatio~ of the majority of the land 
within the interior valleys of the Los Angeles Basin have made a large 
percentage of lts historic raoge uninhabitable. Stephens (1906) noted 
that Los Angeles Pock.et Hice were usually rare, but were infrequently 
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abundant, probably following years of much greater than average 
precipitation., 

Small populations probably still exist in isolated parts of the historic 
range of P. 1. brevinasua. The extent of available habitat cannot be 
estimated-without a better understanding of its habitat requirements, 

Habitat: Nothing specific has been recorded about the habitat 
requirements of P. 1. brevinaaua. Grinnell (1933) stated that it 
inhabited open groui'd with soils composed of fine sanda. Stephens (190&) 
remarked that he thought that Los Angeles Pocket Mice did not often dig 
burrows. ae said that they hid under weeds and dead leaves instead. This 
would be unusual for any species of Perogn.athue should it prove to be 
true. 

Recommendations: Field notes of persona who surveyed the available 
habitat of Stephens• Kangaroo Rat may include some data on recent 
occurrence and abunda11ce of P, 1. brevinasus; information should be sought 
from them. Efforte should be made to determine the habitat associations 
and current distribution of this subspecies, 

Remarks; Huey (1939) stated that specimens from Cabazon were not typical 
of P. 1. btevinasus. The specimens from White Water Ranch nay represent 
!.• !• bangei, I believe that specimens from near Ranchita (2 mi E, Culp 
Valley) and Warner Pass. San Diego Co. 1 stated to be P. 1. brevinasue by 
Bond (1977), are p. 1. 1nternational1s, Huey (1939) assigned the 
speciu.ens fro111 "Warner's Pase" top. l• internation.alb, but did. not 
mention those froe near Ranenita, - -

The Perognathue lQngi111embris species groupie in need of taxonomic 
revision. The characteristics diagnostic of p. 1. brevinasus. especially 
the short rostrum, are nearly unique among the subspecies of!• 
1ong1membr1s. Osgood (1900) remarked that this taxon possibly represented 
a distinct species. If this is the caaet !.• !• brevinasus is probably 
conspectfic with!· longimembrie racificus. which baa a contiguous range 
along the coast and which alao baa a £hort rostrum, 

Distribution Records. LOS ANGELES co.: Burbank, 1 (USNM); Garney, San 
Fernando Valley, l (MVZ;see also Grinnell and swarth, 1913), Hyperion(• 
El Segundo], 1 (LA.CM); San Fernando. 1 (M\17.). SAN BERNAKDINO CO,: Cajon 
~ash, 9 (LACM); N of Etiwanda, 1 (LACH); Ferndale (Osgood, 1900); Reche 
Canyon, 1250 ft, 4 mi SE Colton, l (MVZ); mouth Reche Canyon, near Colton, 
l (MVZ), 44 (USNM); ~.75 mi N San Bernardino, 1600 ft, 3 (MVZ); S mi NW 
San Bernardino, 32 {SDSNH); Slover Mountain, near Colton, 1 (MVZ). SAN 
DIEGO CO. : 2,5 w. N Oak Grove, 7 (SOSttH). RIVERSIDE CO, : Agu,.mga';-3 
(SDSNH)T 0.25 mi ENE Aguanga, 2050 ft, l (MVZ); l ini SEAguanga, 2150 ft. 
3 (HVZ); Banning, base San Jacinto Mountains. 2 (MVZ). 2 (USNM); 2 mi E, 
0.5 ini S Banning, 2100 ft, 1 (MVZ); 2 mi E, 3 mi N Beawoont. 3000 ft, 1 
(MVZ); Cabazon, 70 (SDSNH); near Cabazon, baee San Jacinto Mountains, 19 
(MVZ). 2 mi tra Cabazon, 2 (CSLB); 0.25 mi E Cabazon, 1800 ft, 2 (HVZ); l 
mi S Cabazon. 3 (UCM); 2 mi S Cabazo1\• 7 (I.ACM); 3 mi S Cabazon, 2 
(SDSNH); 1 mi N, 2 mi W Cabazon, 2200 ft (HVZ); Dos Palmas Spring, Santa 
Rosa Motmtains, 3500 ft, 4 (XVZ); Eden Hot Springs, 1500 ft. 1 (MVZ); 
Heaet, 1 (USNM); Menlfie, 27 (LA.CM); Vallevieta, San Jacinto Valley, 1800 
ft, 8 (MVZ); White Water Ranch, 2 (SDSNH); Winchester, 3 (SDSNH). 
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Pacific Pocket Mouse 
Perognathus longimembris pacificua 

27 

1898. Perognathus pacificus Mearns. !ull, Amer. Mus. Nat, Hist., 10:299, 
~ Locality: Mexican boundary monument No, 258, shore of Pacific 
Ocean, San Diego Co., California. 

1932. Pero&nathua longirnembris pacificus, von Bleeker, Proc. Biol. Soc. 
Washington, 45:128. 

Distribution: !· !• pacificus inhabits the narrow coastal plaina fr011 the 
vicinity of the Mexican border, northward to El Segundo. Los Angeles Co,, 
California. 

Population Status; The present &tatu& of!.•!• pacificus is unknown. 
Field work on the Irvine Ranch, San Joaquin Rills, Orange County 
(M'Cloekey, 1972; Meserve, 1976} showed these mice to be scarce. This 
area is no~ urbanized. This subspecies may not be endangered, but habitat 
loss due to highways, urbanization, and off-road vehicle activittea has 
likely b,eeQ extensive. Probably all populations north of the San Joaquin 
Hilla are extinct, This may also be the case from San Dieio south. 
although SOlll.e small areas near the Tiajuana River may still be inhabited. 

Habitat: The types of soil and plant comaunities required by Paclfic 
Pocket Mice are not known. Several authors noted that these Pock.et Mice 
were found only on soils of fine, alluvial sands near the ocean (Bailey, 
1939; Grinnell. 1933; Mearns, 1898; von Bleeker, 1931). M'Closkey (1972) 
and Meserve (1976) found Pacific Pocket Mlce to be rare in a Coastal 
Sage-scrub co~munity ln a dry, rocky and gravelly site in the San Joaquin 
Rills of Orange Co. H'Cloekey (1972) remarked that.!'.: l.• pacificu& had an 
unpredictable pattern of residence there. Only open spaces in an 
otherwise dense, weedy area were occupied near San Diego (von Bloeker, 
1931). 

Principal plant epecies at several sites inhabited by!•.!· pacificus were 
Telephone Weed, Foxtail, Saltgraas, Ice Plant. Star Thistle, and Arrow 
Weed (von Bloeker, 1930). Pacific Pock.et Mice apparently eat mostly seeds 
of grasses and forbs (Meserve, 1976; van Bleeker, 1931), although other 
plant materials are consumed in smaller quantities (Meserve, 1976), 

Recommendations: Information on areas of present occurrence and estimates 
of population densities are needed, Sites with favorable habitat lllBY be 
rare, and these may serve as the only reservoirs from which individuals 
disperse to areas of lower quality habitat, A live-crapping program 
designed to provide data on distribution and abundance should be carried 
out. All per9ons undertaking field work on &mall ma1n11als in the area 
should be encouraged to gather needed information on Pacific: Pocket Hice, 
Public agencies adminletering land within the range of!·~- pacificue 
should be info1"111ed. of the need for information and of the sensitivity of 
Pacific Pocket Mice to further loss of habitat, Tne Camp Pendleton Marine 
Corps Base may be the only area where habltat for!•!· pacificus can be 
protected relatively eaaily, 

RB111arks: Some of the localities, listed below. in San D1ego County 
probably refer to the same place (e.g., 4 mi N Oceanside; sand dunes near 
Oce•neide; mouth of Santa Margarita River). Specimen& listed from 
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Tiajuana Valley by Huey {1939) are probably the same ones that von Bloeker 
reported on from "near the type locality, ft 

The systematic relationships of the P. longimembris group needs to be 
reviewed, especially the relationships &DlOng !· !· pacificua. brevinasus, 
ban3ei 1 internationalia and bombycinus of southern California. These 
taxa, and others ln Baja Califor0ia, possibly represent a species distinct 
from!• longimembris fro~ the Mojave Desert and the Great aasln. !'..· !• 
cantwelli ls a synonym off•.!.• pacificua (Huey, 1g39). 

Distribution Records: LOS ANCELES CO.: Clifftoo. 100 ft, 1 (MVZ); Del 
11.ey. 6 (LACH); Del Rey iiifts 1 near Loyola, 2 (LACM); El Segundo, 8 
(SDSHH); l Iii N El Segundo, 8 (SDSNH); 0,5 ml NW El Segundo, 1 (MVZ); 
Hyperion[• El Segundo), 50 ft, 6 (HVZ); Palisades del Rey (von Bloeker, 
1932); Paya Del lle.y, 6 (LACM); Wila1ngton, 3 (MVZ). ORANGB CO,; Dana 
Point, 5 Gi W Capistrano Beach, 10 (U.CM); Irvine Ranch, between Buck 
Gully and San Joaquin Reservoir. San Joaquin Hille (M'Closkey, 1972; 
Meserve, 1976), near San Juan Capistrano Point (Grinnell, 1933); Star 
Jl4nch, N of Sao Juan Capistrano Beach (V. Bleich, pers. comm.). SAM DIEGO 
co.; Oceanside, 3 (LACH), 6 (HVZ) 1 38 (SDSNH); 4 -.i N Oceanside,8-
(LACM). 7 {SDSNH}; sand dunes near Oceanside (Bailey, 1939); shore of 
Pacific Ocean, near U,S,-Mexican boundary mon1,111ent 1258 1 11 (MVZ) 1 3 
(USNH); San Onofre, l (SDSNH); 2 ai E San Onofre (von Bloeker, 1930); 
mouth of Santa Margarita Riv~r, near Oceanside, 1 (OSNM); near mouth Tia 
Juana River, 4 (SDSN~); Tia Juana Valley, 79 (SDSNH); 2 Iii N U.S,-+texican 
boundary monument 9258, 17 (Li\CM). 

Tipton Kangaroo Rat 
Dipodomys nitratoides nitratoides 

1894. Dipodomys merriaai nitratoide& Merriam, Proc. Biol. Soc. 
Washington, 9:113 . .!l'..E! Locality: Tipton, San Joaquin Valley. Tulare 
Co., California. 

1921. Dipod0111ys nitratoide& nitratoidos, Grinnell, J. Mallllll •• ?i96. 

Dist ribution: The historic distribution of Tipton 'Kangaroo Rats included 
moat of the San Joaquin Valley floor in the Tulare Basin, from 
approximat ely Le•oore and Hanford in Kings Co, on the north, to Visalia, 
Tipton, Delano and Bakersfield on the east, and to the edge of the 
alkaline-sink pl&nt cOU1111unitiea on tbe west, Present distribution is 
limited to a few remaining areas of uncultivated ground, most ly with 
alkaline soils (Williams. 1985). The western boundary was defined by 
Williams (1985) as being approxiaately coincident with the route of the 
California Aqueduct, D, n, nitratoides apparently interbred with the 
Short-nosed Kangaroo Rat (D, n, brevinaaua) along the southern and weetern 
edges of the valley floor.-but the geographic ranges of the two subspecies 
are no longer in contact (Hafner, 1979; William.a, 1985), 

Population Status: Hafner {1979) determined that populations of !ipton 
Kangaroo Rats wera extant on parts of the Kern and Pixley National 
Wildlife Refuges and in several small areas still uncultivated in 1978. 
The only large block of habitat was located in the area east and north of 
Buttonwillow, Kern County. Williama (t985) did not find !ipton 'Kangaroo 
Rats on the Kern National Wildlife Refuge in 1985, and speculated that 
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they 1UY have been eKtirpated by floods that inuadated even the dikes on 
the refuge during Winter 1982-83. Williams (1985) estimated that the 
historics.l geographic range of the Tipton Kangaroo Rat encompassed 
approximately 695.174 hectares (1.716,480 ac.). By July. 1985, the area 
iuhabited had been reduced, primarily by cultivation, to about 25,665 ha, 
(63,367 ac+), only about 3,7% of the hietorical acreage, The loss of 
habitat was expected to continue until there is none privately owned, 
pernap. within the next four or five years. Only 2486 ha+ (6137 ac.) of 
federally adminiatered land was found to have hietor1cally aupported 
populations. Tipton kangaroo rats may have been extirpated from 1053 ha. 
of this total between 1982 and 1985, Of all local. $tate and federal 
govern~ent-administered lande. only about 260611a. (6434), divided among 
five separate parcels, had populations of low- to moderate-densities of 
Tipton kangaroo rats that were relatively secure from loss of habitat to 
cultivation or extirpation due to flooding. Theae areas pTobably were not 
large enough to support populations sufficient in numbers to prevent 
continuing lose of genetic diversity and subsequent extinction. Other 
potential threats to small, isolated. remnant populations included 
diseases. predation and poisoning by rodenticidea (Williams. 1985). 

Habitat: Tipton Kangaroo Rats are limited to arid-land communities 
occupying the valley floor of the Tulare Ba&ia in level or nearly level 
terrain. They occupy alluvial fan and floodplain soils ranging from fine 
sands to clay-sized particles (because of the high alkalinity of these 
eolls. some of the finer-textured soils tend to be powdery when dry rather 
than hard-packed), Generally, woody shrubs of one or more species are 
sparsely scattered over occupied terrain wlth scant-to-1110derate ground 
cover of grasseG ~nd forbs. Woody shrubs co11111only associated witb Tipton 
KangaToo Rats are: Atri2lex spinifera, !• polycarpa. !• phyllostegia, 
~.lentiformls, Allenrolfea occidentalis, Haplorappus acradenius, and 
Prosopts jullflora. A conspicuous aemiwoody species 1s Suaeda fruticosa 
(Williams. 1985). 

In areas with vernal pools and alkaline playas. Tipton Kangaroo Rats place 
their burrows in any elevated terrain available. 6UCh as where wind-blown 
soil particles have accumulated around some obstruction or on slight 
ridges, usually no nore than O.S to 1,0 meter above the playa beds. 
Tiptoo Kangaroo Rats sometimes colonize areas that are flooded in winter 
and apr1a3. Favored areas include iodine bush shrubland& whlch are 
flooded seasonally and where alka.line water lies close to the surface of 
the soil, year around. Presumably. these individuals are either drowned 
or escape to higher ground when the floods return (Willia~s, 1985). 

Recommendations; The most important need is for preservation of 
relatively large blocks of habitat on the valley floor in the Tulare Basin 
where this s~cies still lives. Most remaining uncultivated parcels of 
habitat may be to small to support populations of Tipton J.«lngaroo Rats 
indefinitely (Williams, l98S). Wllllams (1985) recommended that federal 
Endangered Species status be sought for o. n. nitratoides. Review of the 
statu6 of the T1ptoft Kangaroo Rat for state-Endangered Species designation 
is called for. 

Reuarks: Records of distrlbution froro along the weatern edge of the San 
Joaquin Valley listed by Hafner {1979) and in the draft version of this 
report have been excluded below. These specimens came from areas with 
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habitat typical of D. u. brevinasus; it was not clear from Hafner's report 
if the specimens were ii. n, nitratoides or o. n. brevtna&us. Williams 
(1985) reviewed the status of the5e speci~eis 'i°nd determined they were 
best assigned to brevinasus. The specimens listed below from Tulare Lake 
(USNM) had no precise locality infomation. They could have come from 
either Kings or Tulare counties. They are listed under Kings County 
because others in the u.s. National Museum were collected in that county. 
Williams (198>) reported that extant populations of Tipton Kangaroo Rats 
probably occurred on at least 1S4 sepaTate parcels in 54 separate blocks 
of uncultivated land in June, 1985; these localities are not listed below. 

The taxonomy of the subspecies of D, nitratoides was reviewed by Hoffmann 
(1975) and Hafner (1979). 

Distribution Records: KEI.N co.: Adobe Station, 4 (USNM); Bakersfield, l 
(MVZ); 8 mi NE Bakersfield, 15 (MVZ); 12 DU SW Bakersfield, l (MVZ); 5 mi 
W Bakersfield• l (MVZ); 19 mi SE Bakersfield, 4 (CSUF); 20 mis, 8 mi W 
Bakersfield, l (MVZ); 3 mi N Buena Vista La~e, 5 (MVZ); Buena Vista dry 
Lake bottoco.. 15 mi NE Taft, 4 (CSL8); east aide levee, 298 ft, Buena Vista 
Lake, 4 (MVZ); S of Buena Vista Lake Reservoir, near Taft, 1 (USNM); 
!uttonwillov, lS (USNM); 4.6 mi E Buttonwillow (H. Hafner); 9.6 mi E 
Buttonwillow (M. Hafner); 15 mi S CorcoTan, 19 (MVZ): 0.5 mi N, l mi E 
Corners (CouneTs ?). 6 (I.ACM); Delano, 16 (USNM); l mis. 5.4 mi W Delano 
(M. s. Hafner); 1.4 mis, 8,3 mi E Edison (M, s. Hafner); Pamoso, l 
(USNM); 2.5 mi S, 6,3 mi E Famoso (M. s. Hafner); Kern f4at1onal Wildlife 
Refuge, 18 mi W Delano, 2 (LACM); 2,5 ml N• 6,2 mi B Lost Hills (M, S. 
Hafner); 7 mi N. 5.3 mi E Lost Hille (M. s. Hafner); 7 mi N, 6.3 mi E Lost 
Hills (M. s. Hafner); 5.2 ml N, 1.5 mi W Mettler (M. s. Hafner); 7 mi W 
Old River (M. S. Hafner); l mi N Pond• l (MVZ); 4. mi S, 0,5 mi B Shafter 
(M, s. Hafner); 1.5 mi W T\lpman, 2 (I.ACM); 1,2 mis. 1.5 m1 E Tupman (M. 
s. Hafner), KINGS co.: 15 mi S Corcoran (Grinnell, 1933); 3.5 mi S, 2 mi 
W Lemoore {M, s. Hafner); Tulare Lake, 13 (USNM); W side Tulare Lake, l 
(USNH); Lemoore Naval Alr Station (T. O'Farrell, pers, comm,). TULARE 
CO.: Alila (• Earlimart], 16 (USNM); 1.5 mi NE Angiola• 3 (CSUF); 2 1111 NE 
Angiola, 39 (CSUF); l.J ad N, 5 mi W Delano (M. s. Hafner); Earlimart, 7 
(LACM); l mi N Earlimart, 2 (MVZ); Z mi W Earlimart. 5 (MVZ), 3,S ml S. 5 
mi W Pixley (H. s. Hafner); Tipton, 266 ft, 43 (MVZ); 2 ml NE Tipton, l 
(CSUF}; 7 mi NE Tipton, l (MVZ}; 3,5 m1 S, 8 ml W Tipton (M, S, Hafner); 
10 ml SW Tipton, 3 (CSOF); 12 mi SW Tipton, 2 (CSUF), 

Colorado River Cotton Rat 
Sigmodon arizonae plenua 

1928. Sipodon hiapidue plenus Goldman, Proc. 81ol. Soc. Waahington, 
41:205. ~ Locality: Parker, 3500 ft, Yuma Co., Arizona. 

1970. Sigmodon ar1zonae plenus, Zimmerman, Publ. Mus., Michigan State 
Univ •• Biol. Ser., 4:435. 

Distribution: S!gaodon ari%onae plenus is found in California in marshy 
and dense, grassy areas along the Colorado River floodplain from the 
Nevada border to about the level of Bard. Cold.man (1928) listed only 
three localities for s. arizonae in California: Needles; Colorado River 
opposite Parker. Arizona; and 15 mi SW of Ehrenberg, Arizona. The 
distribution was apparently spotty. rather than continuous, 
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Population Status: This population is known to be extant only in one area 
in California (Brad Blood, in litt.). In 196~, Bradley (1966) collected 
along the Colorado River in Nevada, but caught no Cotton Rats. the iursh 
~here he and Hall (1946) had caught Cotton Rats had dried up and was 
largely devoid of Cattails. Bradley (1966) surmised that changes in 
vegetation resulted from absence of flooding due to ch.anneling of the 
river and restriction of river flow while filling Lake Powell. He 
$Uggested that!• arizonee was extinct ln Nevada. 

Habitat: Goldman (L928) noted that this subspecies appeared to be 
re$tricted to ftisolated sections of alluvial bottom along the Colorado 
River,* the clim.ate 1a too hot and arid to support Cotton Rats anywhere 
except illlllediately adjacent to the river. Within this habitat. Cottou 
Ra.ta inhabit areas supporting Sedgee, Rushes. Cane, and other graas-11ke 
plants. Hall (1946) collected Cottoo Rate fr0111 a aaall marsh in Nevada 
,upportin& cattails and Bermuda Graee and ringed by Mesquite- The marah 
was 0.5 mi N of the California border. along the Colorado River. Bradley 
(1966) collected in the same area in 1961 and found no Cotton Rats, and 
none were found in nearby at'eas with "riparlao vegetation," 

Recommendations: Extant populations in California should be investigated 
further to determine their status. Efforts to preserve existing habitat 
for this species should be initiated, The feasibility of securing 
additional habitat along the Colorado River should be investigated. 

Remarks: Brad Blood and David Huckaby of California State University. 
Long Beach, investigated the status of S, arizonae in California. 
Localities listed below without numbers-of specimens refer to specimens 
that Brad Blood (in litt.) identified as!• arizonae. 

Zimmeman (1970) showed that Slgmodon hispidua and Sigmodon arizonae 
differed greatly in chromosome number and structure, and were 
distinguishable in skeletal structure. ~. arizonae elenue has two more 
chromosomes than s. a. ar1zonae. Severinghaus and Hoffmeister (1978) 
reconfimed the ~tructural distinctness of the two species and discussed 
methods for identification of skulls. 

Distribution Records: II-IPERIAL co.: near Bard. 7 mi NE Ft• Yuma, l 
(MVZ); Z mi above Laguna Dam, 3 (MVZ); Palo Verde, 3 (KVZ); 0.$ mi S Palo 
Verde (B. Blood - CSLB). RIVERSIDE co.: Blythe, 1.5 mi W Colorado River. 
8 (HVZ); 3 mi NE Blytbe (8. Blood - CSLB); 15 mi S'W Ehrenberg, 3 (USNM); 
Neighbor& Road(~. Blood - I.ACM); opposite Rlvereide Mountains, Colorado 
River {B. Blood - I.ACM). SAN DERNARl)INO co.: 2 mi E Barp. 4 (CSLB); 
Colorado River, opposite Parker. Arizona,25 (MVZ}, l (OSNM); Colorado 
River, 33 mi N Blythe, off Highway 62, via Earp, 2 (CSLB); Needles, 1 
(USNM): 4 mi tm Parker, Arizona, on Colorado liver. 2 (CSLB). 

Yuma Mountain Lion 
Fells concolor browni 

1903, Felis aztecue browni MerriaG, Proc. Biol, Soc. Washington, 16:73. 
~ Locality: Colorado River, 12 mi below Yuma, Arizona, 

1929, !!!!!. concolor browni, Nelson and Goldman, J. MaTIUll., 10:347. 
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Distribution; YUlla Mountain Lions have been recorded as occurring at low 
elevations in the Colorado River Valley of southeastern California, 
southwestern Arizona. and adja.c.ent areas in Sonora and Baja California 
(Currier, 1983. Young and Goldun. 1946). Halloran (1946) reported on a 
speci~en which waa trapped on the Kofa Game Range. 50 ml NE Yuma, Yllllla 
Co,, Arizona, The area was described as rough. desert terrain with an 
elevation of about 1000 ft. F. c. brown! probably occupies the desert 
areas of southeastern Cal1fornia7 perhaps ranging as far north as the 
Amargosa Mountains of California and the McCullough Range of southern 
Nevada. Its range extended westward into the l~perial Valley. Grinnell 
(1933) listed an occurrence at Calexico. Weaver noted occurrence of 
Mountain Lions from a few areas of the desert ranges of eoutheaatern 
California: New York Mountains (Weaver et al •• 1969); Little San 
Bernardino Mountains (Weaver and Hall• 1971); near Picacho State 
Recreation Area {Weaver and Mensch. 1969), Leslie and Douglas (1979) 
reported sight records of Mountain Lions on the east side of the River 
Mountains. near Lake Mead, Nevada. Ralloran (1946) mentioned a few 
reports of sightings from the Imperial National Wildlife Refuge during the 
1940's. 

Population Status: No current information is available. Bounties on only 
two Mountain Lions from Imperial County were collected between 1907 and 
1950 (McClean. 1954), suggesting that at least in that county, mountain 
lions were very rare. Because these bounty records did not specify area 
within counties, It is not known if the animals fTom Riverside and San 
Bernardino count1e$ were Yuma Mountain Lions. Host of the riparian 
floodplain forest of the lower Colorado River and the woody growth along 
desert washes have diminished or disappeared in this century. 

Habitatt Grinnell (1933) stated that Yuma Mountain Lions lived mostly in 
the dense vegetation of the bottomland along the Colorado River, and also 
noted their presence in 4djacent. rocky uplands. the habitat requirements 
of F. c, brownt are essentially unknown. Mountain Lions in adjacent 
regions prefer brush and timber in rocky terrain (McLean, 1954). Moet of 
the desert r•nses of southeastern California are too arid to support more 
than sparse brushlands or Juniper woodlands. Adequate numbers of deer for 
foQd are another usual requirement (Currier, 1983). Weaver (in 11tt.) 
thought that Burro Deer (Odocoileua he~lonue eremtcua). principally 
inhabitants of bott01Dlande and arroyos vegetated with Willows. Mesquite* 
Acacia, Ironwood, and Palo Verde, were the staple food of Yuma Mountain 
Liooe. Merriam (1903} remarked that the unusually small teeth and "weakft 
rostrum of F. c. browni indicated smaller species of prey than the deer 
typically preyed upon by adjacent populations of Mountain Lions. Burrow 
Deer are larger in size than adjacent populations of Mule Deer (Cowan. 
1936). The tiny-sized Coue•s White-tailed Deer, which was perhaps the 
most abundant deer species along the Colorado River in prehistoric times, 
may have been the major prey species for F, c, browni. Yuma Mountain 
Lions probably occaeionally prey upon Mountain Sheep, Burros, rabbita and 
hares. various rodents. and calves, in addition to ijurro Deer. 

RecO'Dllendationa: Field surveys for Mountain Lions in the eastern halves 
of Imperial• San Bernardino. and Riverside counties should be conducted to 
determine their current status. Information on the principal food of Yuma 
Mountain Lions is needed to detet1D1ne current and future prospects for 
survival and to develop a plan to ensure the re~overy of !.• £.• browni, 
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Tb.e geographic range of F. c. browni ln California should be more clearly 
defined. The racial ch.aractere of this subspecies are apparent externally 
(Youog and CQldman. 1946; Grinnell, 1914; Merriam. 1903); thus. 
examination of live-captured 1ndivldWlla should be sufficient to confina 
racial identity. Systematic review of extant specimens from the 
California desert area should be carried out. 

Mountain Lions in the California deaert area should continue to be 
completely protected. Any individuals preying on livestock should be 
captured alive, if possible, and relocated, rather than killed. 

Protection of riparian CQIDmunities along the Colorado River should be 
undertaken as aooo as possible. The Bureau of Land Management. u.s. Pish 
and Wildlife Service, and u.s. Depart~ent of Defense should be 1nfonned of 
the need for iafotmati.on about Yuma Mountain Lions on lands they 
ad~inister within the potential ranie of£:•£,• brown!. 

Remarks: According to Goldman (Young and Goldman. 1946), F. concolor 
b~owni is medium-sized, very pale-colored. and has short, sparse pelage. 
Goldman noted that this population intergraded "along the mountain barrier 
west of the California desert at:ea." 

See the Distribution section for circumstantial records of ocr.urrence. 

Distribution Records: IMPERIAL co.: Colorado River. 20 m.1 N Picacho, l 
(MVZ); Calexico (Grinnell et al.;-1937). 
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SECOND PRIORlti LIST 

So~thern California Salt Marsh Shrew 
Sorex ornatus salicornicus 

1932. Sorex ornatua salicornicus von Bloekert Proc. Biol. Soc. 
Washingtoo, 45:131. !m Locality: Playa del Rey• Los Angeles 
County, California. 

Distrjbution: Southern California Salt Hersb Shrews are confined to the 
coastal marshes in Los Angeles. Orange, and Ventura counties. Known 
occurrence extends from Point Mugo, Ventura County on the north to the 
salt marshes around Anaheim Bay and Newport Beach in Orange County, on the 
south. 

Population Status; Nothing is kuown about the status of the Southern 
California Salt Harsh Shrew. Loss of habitat to human developmente along 
the coast has been significant, and populations probably have declined as 
a result, Lack of refuge sites above the marshes to escape from flooding 
during season.al h18h tides and periodic storms may be the most crucial 
factor threatening eKtant populattona. 

Habitat: Nothing has been recorded concerning habitat requirements of the 
Southern California Salt Marsh Shrew, other than that individuals were 
captured in coastal marshes (von Bloeker, 1932). In general, Ornate 
Shrews are insectivorous. the populations living in salt marshes probably 
subsist primarily on amphipods, isopods. insects, and other 
invertebrates- They probably require fairly dense ground cover, nesting 
sites above mean high tide and free frOll:I inundation. and falrly moiet 
surroundings, based on studies of other shrews in s(milar habitats 
elsewhere (Johnston and Rudd. 1957). 

Recomllendations: Information is needed on the current status, habitat 
requirements, and extent of available habitat. Threats to these 
populations need to be ideotified and etepe taken to ensure the survival 
of Southern California Salt Maren Shrews. Pitfalls used as livetraps are 
effective for capturing snrews, but pitfalls are nearly impossible to keep 
1n the ground in tidelands. Other effective methods of surveying 
populations are searching for nests (Johnston and Rudd, 1957) and shrews 
sheltering under debris (Ford• 1986), and, to a lesser exte~t, use of 
Sherm.an live traps. Surveys could be carried out in conjunction with 
studies of Reithrodontomye m.egalotie limicola, anotner Species of Special 
Concern sharing these saltmarsh co111.111unitiee. 

Remarks! These communities are also used by the Light-footed CLapper Rail 
(ltallua longirostris levi2es) and so111.e potential habitat for Southern 
California Salt Marsh Shrews ia currently in Department of Fish and Game 
~ecological reaervesM (Upper Newport Bay and Bolsa Chica). Shrews have 
not been reported from Garshes ln Bolsa Bay, but they should be expected 
to occur there. Specimens ln the San Diego Society of Natural History 
collection from Big Bear Lake and Lytle Creek. San Bernardino Co., 
identified as Sorex ornatua ealicornicus, are!• ,2_• ornatus, 
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Distirbution Records: LOS ANGELES co.: Nigger Slough, L (von Bleeker, 
1932); Playa del Rey, 2(LACM), l (UCLA), 1 (SDSNH), S (voo Bleeker, 
1932), ORANGE co.: S 1ide Newport Bay. l Iii above Coast Highway, 2 
(MVZ) • VENTURA CO. : Point Mugu, l (I.ACM) . 

California teaf-ooaed Bat 
Macrotua californicus 

1859, Kacrotus californicua Baird, Proc. Acad. Nat. Sci,. Philadelphia, 
10:116. !Ie!. Locality: Old Fort Yuma, lQperial Co., California. 
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Distribution: Californi~ Leaf-nosed Bats occur fr0111 southern Nevada. 
■outhern California and Western Arliona southward through Baja California 
Sur and Sonora, Mexico (Hall, 1981), In California, they occupy the 
low-lying desert areas of southern California, including the coastal 
basins. 

Population Status: Macrotus californicus bas disappeared from most areas 
of t.he coastal baaf.ns from L.os Angeles to San Diego. Elsewhere in 
southern California, populations have declined, but appear to have 
stabilized (P. Brown, in litt.). 

Loaa of foraging habitat int.he coastal baelna is probably a principal 
factor in the decline of populations. Elsewhere. dist.utbancee of roosts 
may be the primary cause of decline, Grinnell (1918) discussed an episode 
which sug&eats that ~aternity colonies are sensitive to disturbance; one 
colony apparently abandoned a cave after biologists had visited and 
collected bats. Judging from the description of depth of guano, the cave 
had been used for a long time. Wintering bats are probably even more 
sensitive to disturbances, as sites suitable for overwintering colonies 
are probably few. D1sturbancea cause extra activtty and elevated 
metabolism., resulting in extra expenditure of energy at a time when energy 
economy may be critical to successful overwintering. 

Habitat: ln California, Leaf-nosed Bste are found in lowland desert 
associations. rhey appear to be l i~ited to areas with suitable 
day-roosts, which must provide shelter fr<llll excesaive heat and aridity. 
Howell (1920a) stated that California Leaf~nosed Bats were conmon in the 
desert only In caves and old m.ines, especially along the old ahore line of 
the Salton Sea bed, near sea level. lie rem.ar'ked that the sexes roosted 
together only during che mating seauon, ierbour and Davis (1969) 
indicated that copulation occurred from September to November. 

Vaughan (1959) studied!• californi~ua in the Riverside Mountaine near the 
Colorado River. There, Leaf-nosed Bats occupied day-roosts only in caves 
and deserted ~ine tunnels, He found a day-roost in a cabin near the 
Colorado River. however. Leaf-nosed Bats roosted in groups of several to 
100 or more . ~1os t groups were encountered within )0 to 80 ft f rOIII the 
entrance& of tunnels. and seemed not to require darkness. Vaughan 
believed that day-rooGts of M, californicus must be enclosed and have 
overhead protection from the-weather. Favored sites were large enoug~ for 
bats to enter by flying because these bats cannot crawl. They also 
provided considerable ceiling surface and flying space (individuals are 
not in contact while hanging). 
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Temperatures ln day-roosts are warn, but considerably cooler than ambient 
day-time temperatures outside the roost (84 vs 110 deg. F. respectively, 
Vaughan, 1959). California Leaf-nosed Bata occupy a great variety of 
night roosts, where they rest and consume captured prey. The only colll!Don 
feature Vaugh.an (19S9) could detect of night-time roosts wae adequate 
overhead protection -- old adobea. de~erted wooden buildings, cellars, 
porches and a v1de variety of caves and mine tunnels were used. 

Leaf-nosed Bats apparently are eotlr~ly insectivorous in California. Food 
includes a diversity of flightless and flying arthropods (Barbour and 
Davis, 1969; Vaughan, 1959). Vaughan noted that Leaf-nosed Bats hovered 
frequently and flew low and slowly over the ground while foraging. 
Generally, they flew within 3 feet of the ground over dry washes and 
nearby flats. They also foraged close to vegetation. Vaughan sun.1eed 
that they picked 1neeets off of the vegetation and the substrate lllhlle 
hovering. California teaf-0osed Bate may travel up to a aile from their 
day-roosts while foraging, but Vaughan suggested that their foraging range 
waa small, perhaps within~ few hundred yards of the roost on frequent 
occasions. 

Some California Leaf-nosed Bats may migrate out of the at•te (proba~ly to 
Mexico) during winter; P. Brown (in litt.) stated that many are resident. 
They do not hibernate. Stephens (1906) failed to find bats of this 
species in winter. but could always locate them in spring and au~er. 
Grinnell (1918) reported that MaTch and September ware the earliest and 
latest dates, respectively. for M, californicua in California. She noted. 
however, that one specimen in the Museum of Vertebrate Zoology was 
collected on 31 December in a nine near Palo Verde, and recounted 
infoniation on presence of Leaf-nosed Bats on 20 February. 

Recoll!Dendationa: Reliable quantitative data are greatly needed on 
population size. distribution, and currently used maternity and 
overwintering roosts. if the latter are found in California. Trends 
cannot be unequivocally established until these baeelioe data are 
gathered. United States Geological Survey aape are a good source of 
information for locating abandoned mines. The old shore line of the Gulf 
of California around the perimeter of the Salton Sink contains many 
shallow grottos and caves, aa does that along t~e Colorado River 
lowlands. Careful search, while avoldint excessive disturbances, should 
reveal colonies. Colony size can be estimated by countlng emerging bate 
(usually, Le.af-nosed Bats emerge about 1 to 1.5 hours after sunset). 

Protection of nursery colonies from disturbances by humane is extremely 
important. The means of accomplteh~ent would depend upon the situation, 
The entrances to tunnels could probably be sealed off to prevent access by 
humans but permit entry by bats (Leaf-nosed Bats must be able to enter by 
flying). Some important roosting araas might more simply be closed to 
aceees by vehicles. This method, however, is unlikely to reduce 
sufficiently the level of disturbe.nces in many areas, and is 1~practlcal 
in 111any othets. 

A carefully designed campaign to inform. the public of the usefulness of 
bats and their sensitivity to disturbances may be helpful. Department of 
Fish and Game pereonnel in Southern California should be 1Bformed about 
the need for p~eeervat1on of this and other epeclee of bats. Agency 
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personnel tn field posltioos should be trained to recognize M, 
californicus, as well as all other species. and should receive 
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instructions on methods of estimating colony size and control of bats in 
man-made structures (see Barclay et al .• 1980; Constantine, 1979). They 
should be inforned of the sensitivity of colonies to disturbances. and use 
only approved methods of observation aod control. when necessary, Persons 
in agencies such as public health, law enforcement, and agriculture should 
be similarly 1nfot'11ed, 

Remarks: Grinnell (1918) listed the localities, Santa Margarita Ranch and 
River, aa being in San Diego County. whereas Riverside County was listed 
on the speci~en tags. She also listed the lo-calities. Indian Wells and 
Mecca, as being in Imperial County, but they are actually located in 
Riverside County. 

The systematic statue of Macrotue californicus has been a subject of 
disagreement among researchers, Anderson and Nelson {19&5) believed that 
the evidence they examined demonstrated that californicus was a subspecies 
of M. waterhous!i. Davis and Baker (1974) interpreted additional 
morphometric and k.aryotyp1c evidence as showing specific distinctness of 
these taxa. Hall (1981) treated californicus as a subspecies of 
waterhousii because of "inconeiatenciea~ in the literature. I believe the 
evidence favors specific recognition. 

Distribution Records: IMPERIAL CO.: Clapp Mine, 15 au NE Yuma, S (MVZ); 
Ft. Yumai 18 (CAS), 28 (KU), 14 (MVZ), 2 (PH), 1 (UDAV), l (USNM). l 
(TCWC); 6 ~i SW Ft. Ywna• 10 (KU); Palo Verde, 4 (MVZ), 1 (SDSNH); 24 1111 S 
Palo Verde• l (MVZ); Picacho Mine, 16.5 ml N ft. Yuma, l (MVZ); Potholes, 
2S (CH), 3 (SDSNH); l mi N Potholes, 1 (SDSNH); 2 ml N Potholes. 200 ft• 
34 (MVZ); 3 mi N Potholes. 4 (KU); Senator Mine. 10 1lli N Potholes, 11 
(SDSNH); Tumco Mine, 5 uu. N, 2 ml E Ogilby. 9 (UDAV)• 6 (MVZ). LOS 
.ANGELES CO.; Iverson Ranch. Santa Susanna Pass, Chatsworth, 1 (MVZ}; 2 mi 
N Owensmouth (Howell, 1920), RIVERSIDE CO,: Aliee Mine, 7 mi S Vidal, 2 
{HVZ); Indian Wells. 2 (MVZ). 4 (USNM); Mecca, 2 (MVZ); Mountaineer Mine, 
5,5 mi S, o.6 mi~ Vidal. 2 (CSLR); Mountaineer Mine. 5.6 mis, 0.3 mi B 
Vidal, 14 (MVZ); Mountaineer Mine. T2S, R24E, S (KVZ); Neighbors. 11 
(LACM); Riverside Mountains. 35 mi N Blythe. 22 (KU); Riverside Mountains, 
7 mi S Vidal, 86 (MVZ); Santa Margarita River, 17 (CAS); W of State 
Highway 95, 9 (UOAV); Torres (Toro], 61 (MVi); ce,ve near Torres {Toro], 2 
(XU); S ~1 E Vidal, l (UDAV); >·3 mi S Vidal. 7 (CAS). ~ BERNARDINO 
CO.: 2 mi N Colorado River, 0.2 mi W Nevada boundary, 1000 ft, 2 (MVZ). 
SAN DIEGO CO,: Anza Borre&o State Park, 2 (SDSNH); Artery Mine, Dulzura, 
l(SDSNH);De Luz, 8 (C~S)> 2 (USNH); nonahue Mines• near J>ulzura, 2 
(LACH); Pauma Valley. 2 (SDSNH); 10 mi NW Ripley, 2 (KO); Vallecito. 38 
(MVZ), 4 (SDSNH), 20 (USNM). 

Townsend's Sig-eared Bat 
Plecotua townsendi1 

1837. Plecotus town&endii Cooper, Ann. Llyc. Nat. Rist, New York. 4:73, 
~ Locality: Columbia River [Fort Vancouver, Clark Co., 
Washington]. 

Distribution: Townsend'$ Big-eared Bats occur throughout California, 
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although details of their distribution are scanty. There are two 
subspecies within California: p. t. townsendii occupies the humid, 
coastal regions of northern and-central California and p. t. tallescene 
occurs in the remainder of the state {Hall, 1981). - -

Populations Status: Little specific infotmation is available on 
populations trends, although a marked decline in numbers appears to have 
occurred over the last 40 years. Pearson et al. (19S2) postulated that 
there was an increase iu numbers prior to the 1950's due to increased 
roosting sites available in human-made structures, In recent years. 
populations of Townsend's Big-eared Bats seem to have declined in nu~bers 
in most areas of the United States (Barbour and Davis• 1969; Rumphrey and 
Kunz. 1976). Partricia Brown (in lite.) noted that populations of p. t. 
palleseens to the desert area of southeastern California were declining. 
She stated that they no longer occupied aoy of the roosts used 30 years 
previously (about 1950). Graham (1966) fo~nd no e~tant colonies in 
California's limestone caves, and speculated th.at all had been abandoned 
due to huiun activities. My impression, baeed on numbers found and turned 
in to the Biology ~part~ent at California State University, Stanislaus. 
by local residents, is that!.•!.• palleecens was comm.on in central 
California into the 196o•s, but by the early 1970'e was rarely seen. I 
have captured only one individual during 14 years of netting bats in 
central California, and none have beeo turned in to me by others. 

Kabitat: Towneend 1 s Big~eared Bats live in a variety of communities, 
including coastal conifer and broad-leaf forests, oak and conifer 
woodlands, arid grasslands and deserts, and high-elevat.1on forests and 
meadows. Throughout most of its geographic range, it ie moat co1an10n in 
~esic sites {Kunz and Martin, 1982). Known rooatint sites in California 
include limestone caves, lava tubes, ffline tunnels, buildings, and other 
hwnan-made structures (Dalqnest, 1947; Graham, 1966; Pearson et al,. 
1952). Habitat for Townsend's Big-eared Bats must include appropriate 
roosting. maternity. and hlbernacula sites free from disturbances by 
humans. A single visit by humans can cause the bats to abandon a roost. 
Females typically roost in large maternity colonies which are highly 
susceptible to disturbances by humans (8arbour and Davis, 1969). Hales 
usually roost s1ll81Y or in small groups and are probably not affected as 
much as female£ by disturbances. ioth eexes hibernate in buildings, 
caves, and mlne tunnels, either singly (males) or in small groups (P. 
Brown. in litt.; Pearson et al., 19~2). 

Recommendations: Daca documenting population status and siz.e and location 
of maternity colonies and hlberoacula are needed most. Great care muet be 
observed 1n gathering such inforraation; roosts should not be entered. 
Public land-administering agencies should give special consideration to 
protecting roosts located on public lands fro-m hu111an disturbances. 

Remarks: Early in the investigations, I decided information was 
insufficient to determine a priority listing for Plecotus towneend11, but 
that it was probably jeopardized to soae degree, Unfortunately, this 
decision also meant that I quit collecting detailed information on 
distribution records, Since development of the draft List of Concern, I 
have decided that this species warranted hither priority than the 
"sensitive" category to which it was assigned. Thus, no documentation of 
distrib\ltion recotds are included. 
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Pocketed Free-tailed Bat 
Tadarida femorosacca 

1889. Nyctinomus fe110roaaccus Merriam, N. AJDer. Fauna, 2:2l, ~ 
Locality; Agua Caliente (Palm Springs}, Riverside Co., California. 

1924. Tadarida femorosacca, Miller, Sull. u.s. Natl. Mus., 128:86. 
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Distribution: Pocketed Free-tailed Bats have a spotty diatribution, 
ranging from southern California through the Baja California Penninsula, 
and eouthvard through aouthwestern Ar1iona to at least Michoacon and 
Tanaulipaa, M.exico (Hall and Kelson, 1959), ln California, they are known 
only from a few records in the arid lowland of the southern part of the 
state. Pocketed Free-tailed Bats are probably reaident within the state. 

Population Status~ There 1a little current information on the atatua of 
T, femorosacca in California. According to P. Brown (in litt.), the roost 
described by Xrutzsch (1944.!) 1s no longer occupied. The paucity of 
records augae,ta that T. temorosacca has always been rare, or at least 
rarely encountered, in-California. Because T. femoroaacca can easily be 
confuaed with the wideapread and col!llflon T, brasilieoaia, lt may be ~ore 
co11m.0n than records augge•t• I listed it here in ao attempt to stimulate 
gathering of infoTIDation about it& &tatua in California. 

Habitat: Pocketed Free-tailed Beta are characteristically associated with 
rocky, desert areas with relatively high cliffs, They generally use 
crevice11 in rocks as day-rooau, although they a011etimea are found in 
aan-ude 11tructuree, Krutzach (1944,!) found a colony of 50 to 60 
individuals in a crevice in the side of a cllff on a southwestern-facing 
slope 10 San Diego Co, !• fe1110rosacca drops from the roost in order to 
gain speed for flight, 

Recommendations: The principal need at this time is for reliable data on 
the dlatrlbution and population statue oft. femorosacca. Biologists and 
public health personnel who routinely work-with bats should b4 alerted to 
the need for information on T, feinoroeacca and briefed about methods of 
distiuguiahing species of Tadarida. 

Reurka: There ie no controversy about the status of thla spec1ea. It 11 
similar only to!, brasiliensia in the United States (aee Barbour and 
Davis, 1969). -

Distribution Records: IMPERIAL co: Mouth of Colorado River (Grinnell, 
1933). RIVERSIDE fQ_.1 Agua Caliente [Palm Springs), l (USNM); Barker Dam 
Reservoir, Joshua Tree National Monwnent (P, Bro"1n, in Litt.); ?alm 
Canyon. near Palm Springs, l (FMNR) 1 l (MVZ). SAN blEGO co.: Palm 
Canyon, Borrego Valley. l (MVZ); 2 mi SE Suncre~atore, Suncreat 
(Krutzsch, 1944.!?_), 

California Mastiff Bat 
Bumopa perotie califoroicua 

l890. Holosau■ californicus KerrLaD N, Amer. Fauna. 4:31. !ll!_ 
Locality: Alhambra, Los An&elea County, California. 

1932. Eumope perocia californicua, Sanborn, J. Hamm,, 13:351. 
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Distribution: Mastiff ~ats occur from central California, southward to 
central Mexico. In California, they have been recorded from Butte County 
southward in the western lowlands through the southern California coastal 
basins and the vestern portiooa of the southeastern desert region 
(Sanborn, 1932). Vaughan (1959) observed mastiff bats at Ketch Hetchy 
Reservoir in the central Sierra Nevada and there are also records of this 
species from. Yosemite Valley, All others are from lower-lying regions. 
!.• perotb is resident w-1thin the state, although so■e bats probably 
migrate from the colder areas to winter in the southern lowlands 
(Krutzech, 1955). 

Population Status~ Available records indicate that Maetiff Bets were 
widespread in the San Joaquin Valley, Salinas Valley, and Coastal lowlands 
from tbe San Francisco Bay area southward to San Diego. Incidental 
information auggests that populations of!.· perotis have undergone 
significant declines in 1'.ecent years (P, Brown, in litt,; p. Leitner, 
pere. cOOUD.). Historically known roosts in central California are no 
longer oeeupied (unpubl. data), Reaaot\s for their decU, . .., are only 
conjecture. Extensive loss of habitat due to urbanizatioo of coastal 
basins, marsh drainage, and cultivation of major foraging areas are likely 
factors in the decline, Widespread use of insecticides may have also 
reduced insect abundance and also poisoned some bats. 

Habitat: Mastiff Bata are resident at low elevations in the coastal 
basins of southern California. They appear to favor rugged, rocky areae 
where suitable crevices are available for day-roost s. Characterist ically, 
day-rooats are located in large crack11 in exfol1at1ng slabe of granite or 
sandstone. The crevices must open downward, be at least 5 C1ll wide and 30 
cm deep, and narrow to at least 2,5 cm at their upper eod (Vaughan, 
1959). The crevices typically open high on a cliff and are at least 2 m 
above the substrate {Krutzech, l95S; Vaughan, 1959). Mastiff Bats have 
great difficulty taking flight, and muat drop at least 2 to 3 m for 
launching. Mastiff Bata also frequently roost in buildings, provided 
these bave sheltering spaces with conditions similar to those described 
above. Howell (1920b) speculated that prior to coustruction of buildings, 
Msstlff Bate roosted in cracks in rocks and in hollow trees. 

Vaughan (1959) observed Mastiff Bats and estimated that t~ey foraged as 
much ae 2000 ft above the ground. Ke noted that in some places they 
regularly foraged at 100 to 200 ft over the substrate. They probably 
forage for considerable distances fra. their rooeting sites, For example, 
colonies roosting in suitable sitea in the D1ablo and Teablor rangea, 
flanking the San Joaquin Valley, likely foraged over the valley flO<Jr 
where insects were more abundant. 

Mastiff Bats bec01De torpid on a circadian cycle during the winter months 
(Leitner, 1966). 

Recommendations: Dat& on the nature and extent of chan&ee in population 
densities are needed. Historic roosting sites, especially those in areas 
unlikely to be disturbed by humans, should be surveyed to determine 
current nu~bers. Efforts to locate occupied roosts and to estimate 
nWllbel.'s should be undertaken. Pesticide loads in captured bats, thoae 
found dead, and layered accumulations of guano ahould be detennioed. 
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Colonies which mw.t be controlled because of health hazarda or for other 
reasons should not be poisoned. Efforts to exclude such colonies from 
structures should be made only at times least likely to result in 
increased mortality {i.e .• not in winter or vhen youll.8, noo-volaot bats 
are present; Constantine, 1979). 

Persons in public agencies who handle questions or problems dealing with 
bats should be informed of the need for infonation on!• perotis and of 
its sensitivity to disturbances. Sources of information on methods of 
non-lethal control of bats should be brought to the attention of such 
agenciea (e.g •• Barclay et al., 1980; Constantine, 1979). 

~marks: Eumoes eerotis ts structurally distinct frOll all other species 
of Eumoea• Euzopa perotis califonticua la the only subspecies occurring 
in North America. A second. disjunct population,!• 2.• perot1s, is found 
ln South America, as far south as Argentina (Eger, 1977). 

Distribution Records: California (no specific locality), 1 (USNM). 
ALAMEDA CO.: Hayward. l (USNM). BUTTE CO.: Oroville (Eger. 1977). 
FRESNO CO:: Fresno• 2 (CAS), l(MVZ}; Little Table Mountain, 1 (CSUF); 
Mendota(von Bloeker. 1943); Trimmer, 1 (MVZ.). IMPERIAL co.: 24 mi S 
Palo Verde, 1 (MVZ). :KERN co.: near Bakersfield (Krutzacii. 1955); Buena 
Vista Lake, 5 mi NE Ta~l(CSLB); Buttonwillow. l (CAS); 1 mi S'W 
Democrat Springs. 1950 ft, Kern River, 19 (MVZ); 10 mi N McKittrick, l 
(CAS); Summer, 1 (MVZ); 10 mi NW Taft, 1 (CSLB), l (LSU), 1 (ROM); 10 mi W 
Taft, 4 (CSL!); TW1eaelman Ranch, near McKittrick (Krutzsch. 19S5). LAKE 
co.; Arabella Lake (Storer, 1926); Middleton (Storer, 1926). LOS .ANGELES 
CO.: Alhambra, 1 (AMNR), l (I.ACM). 1 (UI), 2 (USNM); Azusa, l (l1HNH). 2 
(GAS), 17 (LACM), 2 (LSU), 1 (MCZ), l (MVZ), l (SDSNH), 4 (USNM); Citrus 
College, A~usa, 1 (CSLB); Clarem.ont (Vaughan, 1959); Covina, l (.AKNH), S 
(CSL8), 4 (FMNH), 6 (LA.CM), 5 (MVZ), 4 (UI), l2 (USNM); Gardena (von 
Bloeker, 1932b); Glendora. 2 (CSLB); L()s Angeles, 1 (AMNll), 16 (LACH), 1 
(LSU), 1 {MVZ)• 16 (USNM); Palms, 2 (SOSNH); Pasadena., 6 (MVZ); Pomona, l 
(KU), l (SDSNH), 7 (USNM); Santa Monlca, l (SDSNH); Santa Monica 
Mountains• crest at east end (Vaughan, 1959); Sierra Ha.dra. 9 (MVZ), 
MARIPOSA CO: Mariposa, l (ANSP); Yosemite Valley (Vaughan, 1959). 
MONTEREY CO: Camphora, 2 mi N Soledad, 1 (MVZ). ORANGE~-: Santa Ana. 
1 (ROM). RIVERSIDE CO.: 4 mi SW Lakeview, 2 (KU); Mecca, Colorado 
Desert, l (MVZ): nearPerris (Vaughan, 1959); 6 mi W Riverside (Vaughan, 
1959). SAN BENITO co.: Silver Creek, 7 mi ESE Panocbe, 900 ft. 18 (MVZ; 
Oalquest-;-f946). SAN BERNARDINO CO+: Colton• l (KU), 7 (MVZ). l (PM), l 
(TCWC), 2 (UDAV), l (Ul); Slover Mountain, Coltoft, 1 (MVZ); l mt N. 6 ~i W 
Lucerne Valley (Vaughan, 1959). SAN DIEGO co.: 1.5 mi N Barrett 
Junction, 7 (MVZ); Barrett Dam (Krutzsch, 1943); Bow Willow Ranger 
Station, Anza Borreso Desert. l (SDSNU); Dos Cabasae, l (USNM); Dulzura, 4 
(FMNH), 19 (SOSNH); El Cajon (Vaughan, 1959); Lake Hodges. near Escondido, 
l (KV'L); Otay, l (CAS}; San Diego, 2 (SDStra); southeast of Suncrest 
(Xrutzsch. 1945); Yaqui Well, l (SDSNlt). 1VLARE CO.: Porterville 
(Constantine and Humphrey, 1979); Traver, 1 (CAS):- TUOLUMNE co.: Hetch 
Hetchy Reservoir (Vaughan. 1959). -
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Salinas Pocket Mouse 
Peroanathus inornatus esammoEhilus 

1937, Perognathus longimembria esammophilua von Bloeker 1 Proc. Biol. Soc. 
Washington• 50:153. ~ Locality: west side Arroyo Seco Wash, 150 
ft, 4 ml S Soledad, Monterey Co., California. 

Distribution: As defined herein (see Reaark.$) 1 the known distribution of 
.!.• !• 2saau:DOphilus extends from near Soledad southward to Hog Canyon in 
the Salinas Valley, Monterey co. Tne relationshtps of populations on the 
Carrizo Plains (von Bloeker 1 1937). Cuyama Valley, aod upper Salinas River 
watershed are uncertain {see Remarks). 

Populations Status: Moat natural communities in the Salinas Valley have 
been cultivated or otherwise developed. Extant populations of Salinas 
Pocket Mice have not been located in that area in recent years. Areas 
where they may still be found are privately owned and access to search for 
Salina5 Pocket Mice is difficult to acquire. 

Habitat: According to von Bloe'l<er (1937). Salinas Pocket Mice occur on 
fine-textured, sandy soils, They may also occur on a variety of other 
substrates in annual sraaaland and desert shrub comm1,111.ities, especially 
where plant cover is not dense and soile are friable. 

Recoll!Olendationa: The most pressing need is for information on the 
loc.a.tion and status of extant populations. Efforts to locate populations 
and to preserve suitable habitat in the Salinas Valley should be given 
relatively high priority. The systematic relationships of P. 1. 
esa=nophilu&, !• !• inornatus, and!,•!• neglectus should be resolved 
prior to any proposals for protecting the Salinas Pocket Mouse. 

Remarks: All of the specimens available to von Bloek.er (1937) when he 
described!'..• lon&i111embr1a psammophilus were subadulte. He also described 
t• inornatus s1llimani from the same locality (Arroyo Seco) at the same 
time {1937). All of the specimens of P. 1. sillimani that von Bloeker 
(1937) reported on and used in his diagnosis were adults, Although von 
Bloeker (1937) compared both subspecies with other subspecies of their 
respective species, he did not comp.are the two ne~ subspecies with each 
other. I examined all of the extant specimens of both taxa and found uo 
evidence suggesting that there vaa more than one species represented, The 
two subspecies are based upon different age sroupa drawn from the &ame 
population. Neither group of specimens closely resembles!.• loyi•embris 1 

which, in my opinion. does not occur anywhere iQ the central California 
lowlands, despite indications to the contrary in Hall (1981) and other 
publications (see below). I consider psalllll.ophilua to be a subspecies of 
!• inornatus, and f• !• silli111an1 to be a junior synonym of!.·.!: 
psammophilus, The latter decision is based upon the superior page 
position of the description of psa1D1D.Ophilus (von Bloeker 1 1937). 

A~ai13ble data show that populations of p. inornatus living on the Carri~o 
Plain, San Luis Obispo co., are closely similar in structure and k.aryotype 
to those off• i• neglectus from. along the western margin of the San 
Joaquin Valley (Williams, 1978, and unpubl, data). On the bases of 
different k.aryotypes (50 vs 56 chromosomes) and body proportions, E.• !• 
neglectus and!•!• inornatus are probably different species. l• 
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longimembri& does not occur in central California. Mice from within the 
San Joaquin, Sacramento, and Salinas valleys, identified by others as P. 
longimembrie, are all referable to one or the other group of P, inoraatus 
(unpubl. data). 

Specimens listed here are froa within the geographic range of!•.!· 
sillima.ni as defined by von Sloeker (1937), but wh1¢h l consider to be 
indistinguishable from!•!· neglectus. Their relationship with!.·!· 
psaamophilus is unresolved; it is possible that psatlllllOphilus will be found 
to be a synonY'III of neglectus. SAN ~ OBISPO CO.: 5. S mi SW Caneros 
Spring, l (CAS); Carrizo Plains, Wend Salt Lake, 1 (USNM); Carrizo 
Plains, 8 mi E [SE] Simmler, 3 (USNM), 6.75 mi SE Chola.me, 2200 ft 1 l 
(CAS); Cuyama Valley. 3 mi E Cuyama Ranch• 3 (USNM); Elk Horn Plain• l 
(CM); Indian Creek• lSOO ft, 13 mi S Shandon, l (MVZ); Salinas Valley, 2 
mi S San lUguel, 7 (M\12); Sao Diego Joe's, 2700 ft, 6 {MVZ); San Diego 
Joe'a, 1 m.1 s, 7 mi E Simmler 1 2700 ft, 7 (HVZ); Santiago Springs, l 
(MVZ), 4 (USNM); Santiago Springs, 1.5 mi S, 8 mi E Simmler, 10 (MVZ); 4 
ml S, 5 ml E Shandon, ll75 ft, 4 (MVZ); 7 •1 SE Simmler, 5 (MVZ); Soda 
Lake, l (CSLR). VENTURA 2£·: Quatal Canyon, 6 mi E Venucopa, l ((MVZ), 

Localities (above) listed ae San Diego Joe's and Santiago Springs refer to 
the same place. This has led to considerable confusion because Santiago 
Creek is in K.!rn County 01'l the San Joaquin Valley side of the Te~blor 
Range and San Diego Joe's was located along San Diego Creek on the western 
elope of the Temblor Range, Al3o, the locality referred to aa San Diego 
Joe's or Santiago Springs is around 2500 ft. 

Distribution Records: MONTEREY CO.: Arroyo Seco. W side, 4 mi S Soledad. 
150 ft, 8 (I.ACM), 30 (MVZ); Arroyo Seco River, 10 ad S Paraiso Springs, L 
(USNM); Hog Canyon, 1 (LACH); Metz, Salinas Valley, 200 ft, 1 (MVZ); 1110uth 
Wild Horse Canyon, 500 ft (von Bloeker, 1937). 

White-eared Pocket Mouse 
Perognathus alticola alticola 

1894. Ferognathus alticolus Rhoads, Proc. Aead, Nat. Sci. Philadelphia, 
45:412. ~ Locality: Squirrel Inn. 5500 ft near Little Bear 
Valley, San Bernardino Mountains, San Bernardino Co., California, 

1900. Perognathua alticola, Osgood, N, Amer. Fauna, 18:39, 

Oietribution1 Perognathus slticola alticola is kno~ only froa the 
western portion of the San Bernardino Mountains in the vicinity of 
Strawberry Peak, at altitudes extending from about 5400 ft to 5800 ft, 
Grinnell (1908) reported that an illlllll&ture Perognathu~, partly eaten, was 
found in a trap set in Sagebrush at the north base of Sugarloaf Peak, at 
7500 ft. This was likely a White-eared Pocket House. 

Population Status: Stephens (1906) remarked that White-eared Pocket Mice 
were unc011mon 1 and that considerable trapping had yielded only six 
specimens. A few additional specimens 11tere collected in the years prior 
to the 1940's. I am not aware of any specim~s collected later than 
1934, Jim Sulentlch (1983) searched extensively for White-eared Pocket 
Mice, starting in June of 1979 and using pitfalls and livetreps. To date, 
no 'Whi~e-eared Pocket Klee have been taken, 
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Habitat: Only scant infomatlon has been recorded. Grinnell (1933) 
stated that roerabera of this population inhabited the Transition life-zone, 
living on the "dry floor of open Pine foreu where Bracken Fern grows." 
White•eared Pocket Mice are likely to be found among Sa.$ebruah and other 
shrubs in open, Ponderosa Pine forests and P1nyon•Juniper woodlands and in 
Sagebrush covered areaa on the northern alopea and Big Bear Basin of the 
San Bernardino Mountains. 

Recommendationat The u.s. Forest Service should be informed of the need 
for information on White-eared Pocket Mice, as it ts the principal 
land-administering agency within the area. Efforts to locate extant 
populations should be intensified, including searches in the San Gabriel 
Mountains. If and When such populattons are located, action designed to 
ensure their security should be taken. 

Remarks: Ji~ S\llentich and David Huckaby at California State University. 
Long Beach are ~rtncipal authorities on the current population statue of 
this taxoo. White-eared Pock.et Mice will probably be found to be most 
common on the northern slopes of the San Bernardino and San Gabriel 
Mountains. 

Rhoad•s (1894) specific epithet, alticolus, apparently referred to the 
mowtaln home of this species (altua, high. cola, inhabiting). Kowever, 
the root, col, is a prefix to be used before"r°ind meaning with or 
together. Osgood {1900) amended the spelling without conunent. As Rhoads 
(1894) made no reference to what the name was supposed to mean or how it 
was d~rived, one can only guess about his intent. I suspect, therefore, 
that Osgood's amendment was inappropriate, but as this spelling (alticola) 
ie well-entrenched in the literacure, its continued use will beet preserve 
nomenclatural stability. l raise thie leeue here because two prominent 
works on California's matlllllals (Grinnell, 1933; Ingles. 1965) used Rhoads' 
spelling. Rhoads' paper was dated 1893, but wae published in 1894. 
The White-eared Pocket Mouse is an apparently isolated allospeciea of the 
Perognathus Farvus group (Williams, 1978). 

Diatribution Records: SAN BERNARDINO CO.: San Bernardino Mountains, 3 
(USNM), l (ANSP), l (SDSNH); Squirrel inn, San Bernardino Mountains, ~500 
ft, 2 (LACM), 3 (MVZ), 6 (SDSNH); 0,5 ~1 E Strawberry Peak, San Bernardino 
Mountains, 2 (SDSNH); 1 mi E Strawberry Peak. San Bernardino Mountains, 
5750 ft, 5 (MVZ)• 3 (SDSNli), 2 mi E Strawberry Peak, 57SO, ft, 13 (MVZ); 
Strawberry Peak, 5000 to 5700 ft, 21 (LACM). 

Southern Mareh Rarveet Mouse 
Re1throdontomxs megalotia 11m1cola 

1932. ReithradontotQYs megalotia lilllicola von Bloeker, Proc. )iol. Soc. 
Washington, 45:133. 

Distribution: Southern Marsh Harvest Mlce are known to occur only in 
coastal salt marshes in Ventura. Los Anseles. Orange, and Santa Barbara 
counties, California, 

Population Status: No current data are available. The urbanization of 
the area& within this ~ouse's range has been extensive. Stream 
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chanoelbatioa and development of C<>'stal areas have re•ulted in habitat 
loas. These developaents and urbanization could have fragmented re•aioiog 
habitat and isolated populations too small to endure. Some of the ~arshes 
are currently protected as ecological reserves, however. 

Habitat: Southern Marsh Harvest Hice are atrictly confined to marshy 
areas, generally coastal salt marshes d0111inated by Sal1cornia. Adjacent 
weedy areas and marshes in brackish sites aay also be inhabited (von 
Bloek.er, 1932!_}• 

Recommendations: The itamediate need is for data on distribution and 
population status. A live-trapping program should be underta~en. 

Remarks: Specimens identified aa R, m. limicola from Doulioguez Hllls and 
Palo Verde Hills, Los Angales County (CSLB), are probably referable to a. 
megalotis longicaudue, According to von Bloeker's (l932_!,) description,-R. 
m, 111Dicola is easily distinguished from adjacent subspecies of Harvest 
Mice. 

Distr1bucion Records: LOS ANGELES CO,: Delley Marsh, 3 (LACH), l 
(USNM.); O.S au NW El Segundo, 1 (MVZ); Hyperion, 2 (I.ACM); Marina Del Rey, 
salt aarsh N of Culver Blvd,, 1 (CSLa); Nigger Slough, Gardena, 5 (LACH); 
Playa del Rey, salt marsh, 46 (Lil.CM); l ml N Playa del Rey, salt marsh, 1 
(LACH}; Torrence, Avalon Blvd. and Dominquez Channel, l (CSLB), ORANGE 
CO,: Anaheim Bay, 8 (I.ACM); Los Altos, E of Alimo. Dump, l (CSL&); Newport 
Beach, 2 mi NE Highway 101, 2 (CSLB); San Gabriel River Blvd., l (CSLB), 
SANTA BARBARA CO,: Carpinteria, salt marsh, 5 (LACH). VEN'l'URA CO.: 
Point Mugu, 16(1.ACM). -

Riparian Woodrat 
Neotoma fuscipas riparia 

1938. Neotoaa fuscipes rip•ria Hooper, Univ, California Publ. Zool,, 
42:223 . .'.!IE.!:, Locality: Kincaid's Ranch, 2 mi NE Vernalis, Stanislaus 
Co., California, 

Distribution: Riparian Woodrats are known only from an area along the San 
Joaquin, Stanialaua, and Tuolumne rlvera in Stanislaus an.d San Joaquin 
counties (Hooper, 1938; unpubl. data). Hall and Kelson (1959) assigned s 
opeci.1nen from El Nido, Merced CO., to thi5 subspec ies on geographical 
grounds (see Remarks). 

Population Statue: Trapping programs along the Tuolumne (C. Johnson, 
unpubl. ms.) aod Stanislaus (G, Basey, unpubl. ms.) rivers have resulted 
in a fe~ captures only in Cas~ell State Park, The current statue of this 
population ie unknowo. Regulation of stream flow, stream channelization, 
cultivation of the floodplains, and brush and tree removal have di•inished 
available riparian habitat, Re~oval of undergrowth and large trees with 
dead and hollow limbs in parks hsa reduced habitat further. lf current 
trende continue, additional habitat loss can be expected. During floods, 
the~e are few or no refuges foe Woodrats, as nearly all land bordering the 
rivers is cultivated. A [)Opulation ie still extant in the general ares of 
the type locality (unpubl. data), but 1ts demographic features are 
unknown. 
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Habitat: Dusky-footed Woodrats are found only in areas supporting brush. 
Generally. they occur in areas with mixtures of trees and brueh. They 
require suitable oesting sites &uch as cavities in trees, snags, or logs; 
spaces in talus; or lodges built of downed woody material. These houses 
or lodgea are usually a conspicuous feature of areas inhabited by N. 
fuscipes. -

Nothing specific has been recorded about the habitat of Riparian 
Woodrats. Sasey (unpubl. ms.} captured a few Riparian Woodrats in traps 
set in runways of Riparian Brush Rabbits. Students at California State 
Univ., Stanislaus, have noted that these Woodrata occasionally use nest 
boxes placed 1n trees for Wood Ducks along the lower San Joaquin and 
Tuolumne rivers. Apparently, Woodrata also eat the eggs of the Wood 
Ducks. The San Joaquin Valley 1a generally devoid of suitable habitat for 
Woodrats, except along rivers Where trees and brush were found. Thus, 
this population ls confined to riparian habitat. 

Recommendations: A survey of riparian ar~as along all of the principal 
tributaries of the San Joaquin River should be undertallen to determine 
distribution and abundance of tt• !• riparia. The status and relationships 
of the Woodrata in Corral Hollow should be clarified. Appropriate 
wildlife organizations and county fish and wildlife committees involved in 
placing and monitori'll8 Wood Duck nesting boxes should be alerted to the 
need for information about Riparian Yoodrats. 

Remarks: There is no habitat for!.• fueclpes in the area around El Nido 
today, because of agricultural developments. The specimen probably ea111e 
from somewhere along the San Joaquin River west or south of El Nido. A 
specimen from 10 1111 SW Los Banos {Merced Co.; CSUF) is either N. f. 
perplexa or!• lepida (I do not recall looking at the specimen-wh;n the 
data were obtained from the museum records}. 

Distribution Records: MERCED co.: El Nido (Hall and Kelson. 1959). SAN 
JOAQUIN QQ_.: Corral Hollow. l(KVZ): Corral Hollow Creek, 4 mi E Alameda 
co. line, 1 (MVZ); San Joaquin River, 3 qi Ne Vernalis, 3 (HVZ). 
STANISLAUS~•: Kincaid's Ranch, 2 mi NE Vernalis, 2 (MVZ). 

White-footed Vole 
Arbori111.Us albipes 

1901. Phenacomya alblpes Merriam• Proc. iiol. Soc. Washington, 14;125. 
~ Locality: Redwoods, near Arcata, HUlllboldt Bay, Humboldt Co .• 
California. 

197~. Arbotimus albipes, Williama, AM. Carnegie Mus .• 48:426. 

Diatribution: White-footed Voles occur in the humid coastal foreit region 
from the Colurabia River, Oregon, southward to Hu~boldt County. 
California. They are known from near sea level to as high ae 3500 ft 
(Maser and Johnaoo, 1967). The localities ln California are all from 
low-lying areas. 

Populatiou Status: No data are available to allow detemination of the 
population status of!!,• albipee. White-footed Voles have been captured 
infrequently, and muet be coneidered rare. Be~ause nearly all known 
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localities of capture have been associated with small streams in foreated 
areas. White-Footed Voles may be sensitive to logging and other 
alterations of riparian habitata. 

Habitat; Maser and J6hnson (1967) reviewed habitat notes associated with 
each specimen known to them. White-footed Voles have been taken in a 
variety of sltuatlons, but generally seemed to be associated with small 
streams in forested areas. Available evidence indicates that these voles 
are terrestrial, unlike A. longicaudus. Their structural features, 
however, suggest that they are more acansorial than typical voles (Johnson 
and Maser, 1982). They probably climb shrubs and doW'll.ed woody material in 
the underatory. and perhaps even trees. 

All records of capture are from areas in the humid coastal forest region. 
Captures were mostly in forested sites, but one was takeo in a lo&ged area 
(two years after logging), and one was captured in a grassy spot on a 
partly logged ridge top (Maser and Johnson, 1967), Very small clearings, 
created by fallen timber and supporting herbaceous growth, may be 
important habitat for this species. Thickets of Alders and other riparian 
co1m11unities along small streaas (Maser et al,, 1980) m.ay also be eaaential 
habitat. 

Howell (1928) found only roots of herbaceous plants in three atomache of 
White-footed Voles, whereas Maser and Johnson (1967) found sreen plant 
material in several stomachs. 

Recommendations: Arborimus albipes should be given special consideration 
in forest management plans within ite range. There is little public land 
within its known range in California. 'White-footed Vole9 occur in the 
Redwood National Park'5 northern section in Del Norte and Humboldt 
counttes; special effort should be made to determine their distribution 
and habitat needs there. 

White-footed Voles will probably be found farther inland at higher 
elevations on State and u.s. National Forest landa, Intensive searches 
should be conducted to deteni.1ne the limits of their distribution in 
Californla, habitat needa. and population status. Pitfall trapping may 
prove more successful for ca~ture of White-footed Voles than conventional 
snap-traps. 

Remarks: Taylor {1915) described Arborim.us as a subgenus of Phenacomys. 
Johnson (1973) presented and discusved evidence wbich indicated that Tree 
Voles (Arborimua) were divergent fr()!I). Heather Voles (Phenacomy&); he 
elevated Arborimus to generic rank. Unfortunately, Johnaon {1971) did uot 
state whether alblRes was an Arborimu$ or a Phenacomys. Based upon the 
obviously cloae similarity of albtpee to~• longicaudus (Howell, 1920~• 
1926; Taylor, 19l5), Willia~s (1979) treated albipes as a member of the 
genus Arbori111Us, Johnson and Maser (1982) discussed characteristics 
diagnostic for Arborlmue and Phenacomys and formally transfered albipes to 
the genus Arborimus. 

Distribution Records: DEL NORTB co.: Wilson Creek. N of Klaroath {city], 
I (CM). HUMBOLDT CO.: Arcata, Humboldt Bay, l (USNM); 5.S mi E Bayside, 
l (MVZ); 3 mi N Orick, l (UCLA); Trinidad, l (HSU), l (MVZ), 2 (SDSNH.); N 
of Trinidad, l (MVZ.), 3 (USN?-1). 
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Point Reyes Jumping Mouse 
Zapua triootatus orarius 

1899. Zapua orarius Preble. N. Am.er. Fauna. lS:29. ~ Locallti: Point 
Reyes. Marin County, California. 

1944. Zapus trinotatus orarius, Hooper, Misc. Publ. Mus. Zool., Univ. 
Michigan, 59:67, 

Distribution: Zapua trinotatus orarius is apparently confined to a small 
area on the Point Reyes Peninsula, Marin County, California (Krutzach, 
1954}. 

Population Statue: No data are available on the current status of Point 
Reyes Jumping Mice, The habitat for this populatlon is not extenaive. 
Post-Pleistocene changes in climate may continue to modify habitat 
unfavorably for this species io the Point Reyes area. Grazing by Cattle 
may have been a factor contributing to adveree conditions for Jumping Mice 
at Point aeyes, but this problem has been resolved. The impact of 
introduced Axis and Fallow deer is unknovn. The principal causes for 
concern are the small range and relictual nature of the population. and 
the fact that these mice are seemingly scarce. 

Habitat: Rowell (1920d) listed the habitat of this population as bunch 
grass marshes on the uplands of Point Reyes. Krutzech (19S4) stated that 
Point Reyes Jumping Mice occur in moist areas that are safe from 
continuous inundation, Farther north, Pacific Jumping Mice are 
character1at1~ of the Pacific coastal coniferous forests . . They seem to 
prefer riparian Alder communities and treeless openings with tall• dense 
herbaceous growth of grasses and forbs {Haser et al., 1981). Wet. Mrshy 
sites are often aaid to be preferred, although Pacific Jumping Mice also 
occur occasionally in closed forests wlth little underatory, in dry 
meadows, and IIIOte often in thickets of deciduous, woody vegetation along 
streams and seepage areas. 

Za~ue trinotatue eace 
grass-like monocots. 
ripening seed-heads. 
Jones, et al,, 1978). 

seeds of herbaceous plants, especially graoseo and 
Stems of plants are frequently cut to obtain 
Ftuits and insects are also eaten (Krutzsch, 1954~ 

~eco1J1111endations: A llve-ttapping program employing pitfalls la the best 
method of s811pl1ng for Jumping Mice. Conventional livetraps rarely 
capture Jumping Mice in cO!llparison to pitfalls (Williams and Braun. 
1983). The Point Reyes area should be thoroughly inventoried for Jumping 
Hice. and their habitat associations, specific requirements, and 
population statue established. 

aeurks: Point Reyes Jumping Mice are the southernmost population of 
Pacific Jumping Mica, The structural characters of thle population are 
d1~tinctive, and no evidence exists of intergradation with Jumping Mouse 
populations farther north along the Californla coast (Howell, 1920d). 
Hooper (1944) arranged orariue as a subspecies of trinotatua, suggesting 
that intergrades could be expected fro~ geographically intermediate 
areas. Krutzsch (1954} concurred Tllith Hooper•a (1944) arrangement• but 
noted that *Interbreeding in the wild between z. t. orarlus and z. t. 
eureka probably does not take place, because theae subspecies are 
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separated by terrain not suited to Jumping Kice,-

Dlatribution llecorda: MARIN co.: Blk, Tennesaee Valley (barn on Lewis 
Dairy - from owl pellet), 1 (OSNK); W end Elk Valley, 10 ft• 1 (MVZ); 
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Fort Berry, 1 (CAS); Fort Cronkhite, l (CAS); 3 mi W Inverness, 300 ft, 16 
(KVZ); Point Reyea, l (USNM); 5 al NNE point Reyes Light'houae, 12 (ffi'Z.); 6 
mt NE: Point Reyea, 1 (HVZ); Weat Portal, Fort iarry, 2 (MVZ); 6 111.i SSE 
TO'lllalea Bay, l (CAS). 
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THIRD PRIORITY LIST 

Big Free-tailed Bat 
Tadarida macrotis 

1839. Nyctinomus iaacrotis Gray, Ann. Mag. Nat. H1st., 4;~. ~ 
Localitl: Cuba, 

1962. Tadarida macrotis, Miller, Bull. u.s. Natl. Mus .• 28:86. 

Distribution: Sig Free-tailed Bats are found from northern South America 
and the Caribbean Islands northward to t~e western United States. 
Populations in the southwestern U,S. appear to be widely scattered. Known 
breeding localities in the u.s. are found in part& of Arizona, New Mexico, 
and Texas. In California,!• macrotis is known only from a few low-lying 
arid areas of southern California and a single apeclmen from Berkeley, 
Alameda Co. (see Remarks). According to Barbour and Davis (1969), records 
of accidental occurrence (stray, migratory individuals) are known froa. 
widely scattered local1t1ea in western North America, inclucling British 
Columbia and Iowa, 

Population Status: Very little is known of Tadarida macrotis in 
Cal1foro1a. Po6sibly it does not occur regularly wlthln the state. The 
nature of the record~. however, suggeats that Big Free-tailed Bats breed 
somewhere within the state -- moat likely in the rugged• wooded• 
mountainous areas of southern California. At least one of the specimens 
from California was a young bat (Hall, 1946), collected on 11 August. 
Huey (1932, 19S4a) reported on two Big Free-tailed Bats from San Diego, 
one collected on-1 February; the second, when found, was mWllllllfied. The 
specimen from Berkeley was taken on 18 December (unpubl. data). 

Tadarida macrotis may not be under any threats within California. Its 
rarity, however. gives cause for concern about 1te present status. 
Listing it here may stimulate efforts by others to clarify its statue. 

Habitat: 81g Free-tailed Bats inhabit relatively rocky areas in the arid 
southwestern u.s. They apparently roost primarily in crevices in cliffs 
(Barbour and Davis, 1969). Findley ct al. (1975) described maternity 
colonlee situated in a crevice in the roof of a large sandstone rock 
shelter and under slabs of lava on a perpendicular cliff. They found Sig 
Free-tailed Bats up to 8000 ft. but they were most common ln collllllunities 
below 6000 ft in New Mexico. In New Me~ico, at least, females apparently 
inhabit forested areas during the reproductive season in the su11111!.er. Big 
Free-tailed Bats appear to be migratory in moat of the u.s. Winter 
records, however, include specimens from San Diego, California, and Yuma, 
Arizona (Barbour and Davis, 1969). 

Recolll!llendations: An atteupt to gather current information on the 
distribution and populations status of the Big Free-tailed Bat should be 
undertaken. Biologists and public health personnel who routinely receive 
information from the public about bats or who conduct research on bats 
should be alerted to the need for information on this species. They 
should be provided with a description to aid identification of this 
species. Students and faculty members at colleges and universities in 
southern California should be encouraged to undertake studles of the 
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occurrence and habitat aesociations of bats in various parts of southern 
California, 
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Remarks: Tadarida macrotie has been listed aa t, molossa in much of the 
literature. A note in the card catalog of the Museum of Vertebrate 
Zoology, Univ. California, Berkeley, question.ed the specimen from Berkeley 
on the basis t hat t he tag was attached to the jar rather than the 
specimen. Everything el se appeared t o be in order and the jar seemed not 
to have been opened or otherwise disturbed, according to the notation. 
All things considered. the record should be accepted as accurate. 

Distribution Records: California (no precise locality, but preau1Dably 
along the Colorado River near Nevada), l (USNM.). ALAMEDA CO,: Berkeley, 
Uni'I• California Caapua, l (NVZ). SAN DIEGO CO,: San Diego, 2 (SDSNH); 
Mission Beach, San Dlego (August and Dingman,1973). 

Pygaiy Rabbit 
Brachylagua idahoensia 

1891, Lepus idahoensia Merriam, N. Amer. Fauna, 5: 76, !U.! Localitr : 
Pah11mero1 Valley, near Goldburg, Custer Co., Idaho, 

1904. 8rachy1agus idahoenais, Lyon, Smithsonian Misc. Coll,, 45:411, 

Distribut ion: Pygm.y rabbits are found onl y in the Great Basin and 
contiguous areas in Sagebrush-dominated communities, They occur from 
southeastern Wash1ngto~ southward to about Inyo Co,, California, and 
eastward to western Utah and southeastern Idaho, In California, they 
occur i n eastern Modoc, Lassen, and Mono counties and probabl y in northern 
Inyo County. The i r occurrence ie very spotty throughout t heir geographic 
range (Green and Flinders, 1980), 

Population Status: Pygray Rabbiu have a limited imd spotty distribution, 
being strictly confined to suitabl e stands of Sagebrush {priaarily 
Artemisia tridentata) aud Rabbitbrush (Chrfsotha1m1u1 app.). Although 
Pygmy Rabbits may seem comnon where found 1 t hey are not nwne~ous over 
their geographic range, 

The current popu lation status of Pygay Rabbits 1n California is unknown, 
but their numbers have ~robably dec lined in the peat several years, Losa 
of habitat to cult ivation is less of a fac tor than l oss of habitat by 
overgrazing, Even though overgrazing favors growth of woody shrubs s uch 
as Sagebrush over perennial grasses , cattle often congregate in tall 
stands of Sagebrush. seeking shade in sull)Dler. protec tion from wind, and 
relief fr01D insects. ~requently, cattle trample and otherwise open up the 
un.dentory from ground level up to l to 1. 5 111, reducing food and shelter 
for Pyguy Rabbits. Brush clearing on rangelands and range fires also 
reduce ava:11.able habitat for Pygmy Rabbits, In Oregon, Weis s and Verts 
(1984) f ound evidence of a marked decrease in occupancy of sites between 
1981 and 1983. They suggested that Pygmy Rabbit populations are 
susceptible to rapi d dec l ine& and l ocal extirpations . The fragnentat ioo 
of Sagebrueh comm.unities poses a potential threat to extant populations 
because of this susceptibi lity. 
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Habitat: Pygmy Rabbits are aesociated only with dense stands of tall 
Sagebrush and rabbitbrush. Soils must be friable for burrowing. Weiss 
and Vert& (1984) found that Pygmy Rabbits were associated with areas with 
greateT shrub cover, shrub height, soil strength, and soil depth in 
coroparison to adjacent, unoccupied sites. There was no significant 
association with percent basal area of perennial grasaes, density of 
annual grasses, density of forbs, or cryptogam cover, Burrows of Pygmy 
Rabbits are usually placed on slopes (Creen and Flinders, 1980), Food 
consists pTinc1pally of Big Sagebrush (A. tridentata) in winter (up to 99% 
of the diet), whereas grasses form a significant portion of the diet in 
auamer. White et al, (1982) found differential use of populations of Big 
Sagebrush, but were unable to associate this with known variations in the 
chemical c0111position of A. tridentata populations, Captives, however, 
showed no significant preference ae food for one type of Sagebrush 
subspecies over others. Weiss and Verts (1984) determined that occupancy 
of sites by Pygmy Rabbits in Oregon was not dependent upoa the presence of 
particular subspecies of Sagebrush. 

Rec0111:111endations: Detailed information on distribution, habitat 
associations. abundance, and numbers of Pyg~y 'Rabbits killed by hunters 1n 
California are needed. Management of habitat for Pygmy Rabbits ls 
probably the most important ele~ent in ensuring th~lr aurv1val. Land and 
resource management agencies in California ehould be encouraged to develop 
needed information on Pygmy Rabbit populations and to consider habitat for 
Pygmy Rabbits in land and resource managem.ent 

Remarks: The Pygmy Rabbit is designated a& a Resident Small Game species 
in California. There is an open season for hunting from 1 July through 
January. with a daily bag limit of five, Although the effect of hunting 
on Pygmy Rabbit populations is not known, hunters probably do not kill 
many because Pygmy Rabbits are quite secretive and rarely venture fron 
denss brush; they usually retreat to their burrows when threatened. 

8rachylagus ls structurally and behaviorally distinct from all species of 
Sylvilagus and apparently of an ancient lineage separate from that of 
Sylvilague, It was first treated as a species of Sylvllagus by Grinnell 
et al. (1930) for reasons that have little or no bearing on its phyletic 
relationships, Since then, most authors have treated it as a apecles of 
S~lv1lagus (e.g., Hall, 1981). Green and Flinders (1980) reviewed the 
taxonomic hl$tory of!• idaboensie, 

Distribution Records: LASSEN co.: 7 mi E Ravendale, 5000 ft, 19 (MVZ); 3 
mi S Ravendale 1 5300 ft, l (MVZ); vicinity of Red Rock Post Office, 5300 
ft (Grinnell et al., 1930. MODOC CO.: Goose Lake, 2 (USNM). MONO CO.: 
Bodie, 8374 ft, 2 {CAS), 8 (MVZ}; iorth of Crowley Lake (Jones,1957); 
Mono Dunes (Harris, 1982); Mono Flats, 7000 ft> 3 (CAS); Mono Lake, near 
Mono Mills, 4 {CSUF); Mono Lake, Black Point (Harris, 1982); Mono Lake 
County Park (Harri9, 1982), 

Oregon Snowshoe Hare 
Lepus americanus klamathensis 

~• Lepus klamathensls Merriam, N, ADier. Fauna., 16: 100. !l£!_ 
Localitl: head of Wood River, near Fort Klam.ath, 'Klamath County, 
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Oregon. 
1936. Lepus americanus k.la11athens1s. Bailey, N. Amer. FaW\a. 55:95. 

Distribution: Lepus americanue klamathenei& is found in the Cascade 
Mountains from Mt, Hood, Oregon, southward to Mt. Shasta and the Trinity 
Mountains of California {Bailey. 1936; On, 1940). In California, it is 
known from the vicinity of Xt. Shasta, the Trinity Mountains, and from the 
Warner Mountains. The Warner Mountain population fs probably isolated 
from all other~ by expanses of unsuitable habitat.. 

Population Statue: Apparently, Oregon Sno~shoe Bares never have been 
collllllOn in California within historic tiui.ee, judging from early accounts 
(e.g., Merriam, 1899) and from the small nU111ber of specimens in museuGs 
(Orr, 1940). Mossman (1979) considered determ.1nat1on of their present 
abundance within California to be important. Mailliard (1927) failed to 
find L. a11ericanus in the Warner Mountains; the species ie apparently 
known-from a single specimen fro& that llOuntain range. I eaw no evidence 
of L. americaaus in the Warner Mountains during 3 clays of field work tn 
1983. 

Populations of Snowshoe Hares undergo periodic fluctuations in numbers. so 
field researchers may have simply searched when populations were low. The 
evidence. however. favors an interpretation of rarity. 

The Snowshoe Hare is a game species in California (Resident Small Game). 
and may be hunted from 1 July tnrough January. with a bag limit of five 
per day. Many hunters probably fail• however, to distinguish Snowshoe 
Hares from other hares (Black-Tailed and White-Tailed) which have no 
season or bag limits in California. The effect of hunting on populations 
of k• amerieanu$ in California is unknown. 

No definite decline in numbers hae been established. The apparent rarity 
of these hares and the potential for habitat loss due to logging and 
usurpation of riparian habitat by humans require that the population 
status of 1.· !.• klamathensis be determined. 

Habitat: Snowshoe Rares are prinarily found in riparian areas with 
thickets of deciduous trees such as Alders and Willo~s, and in dense 
thickets of young con1fe,:s • particularly firt;i. Denae patches of Ce.anothus 
and Arctostaphylos are sometimes inhabited. In California. Snowshoe Hares 
are found mainly above the Yellow Pine zone. in Canadian and Rudsonian 
associations (Orr. 1940). Merri.tm (1899) reported that Snowshoe Hares 
formerly were common in marshy placeo along streams near Fort Klamath• 
Oregon. He did not obtain specimens, however, during field work at Mt. 
Shasta. Moss~an (1979) indicated that Snowshoe Hares only inhabit areae 
in northern California which have snow in the winter. 

Recommendations: The highest priority sho~ld be given to determining the 
statue of the Warner Mountain population, an apparently isolated and 
unique populatio-o. Detailed assessments of population numbers in all 
areas of the range of L. a. klamathensie should be made. Habitat needs of 
L. auer1canus k.lamathensis should be considered in managing State and u.s. 
National Forest lands within it& range. 

Re11arka; Orr (1940) regarded the Washington Snowshoe Hare as specifically 
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distloct frOt11 L. americanus, and treated kla111atheruits as a subspecies of 
1.• vaeh1niton1-(but see Daiquest. 1942), 

Distribution Records: MODOC co.: vicinity of Fort Bidwell. 6000 ft, l 
(MVZ). SHASTA CO~: Kccioiidii'ver, 12 m1 B McCloud Post Office, 1 (KVZ); 
south fork Salmon River (Grinnell, 1933). SISKIYOU CO: T. H. BeMon 
Estate, Butte Creek, 5000 ft 1 1 (MVZ): Gottville, l (USNM); KcCloud, 1 
(MVZ); N of Mt. Shasta (city). l (UDAV), TRINITY CO.: head of Bear 
Creek. 2 (MVZ}; Rush Creek. 12 mi from Weavervilie~about 3000 ft, l 
(MVZ). 

Sierra Nevada Snowshoe Hare 
Lee~! am.ericanua taboeosis 

1933. Lepus waahi~toni tahoensis Orr, J. Mallllll•, 14;45. !I£! Locality: 
0.5 mi S Tahoe Tavern, Placer Co,. California. 

1942. (Lepus a~ericanuaJ tahoensis, Dalquesc, J. Mamm., 23:176. 

Distribution; Sierra Nevada Snowshoe Hares range along the mid-elevat1ona 
of the Sierra Nevada from. the v1cio1ty of Mt. Lassen southward to Mono and 
Tulare counties (uopubl.). 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 limits are unknown; these hares generally occur below 8000 ft. 

Population Status1 Judging from circumstantial evidence, Sierra Nevada 
Snowshoe Hares are more abundant than Oregon Snowshoe Hares, but still are 
relatively uncommon. There ls 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, grazing, and other 
activities. Furthermore, thts is a Resident Small Game species which 1a 
hunted from 1 July through January. Many hunters likely fail to 
distinguish~• americanus from white-tailed harea (Lepus townsendii). 
which have no 6eason or bag limtte in California. The effect of hunting 
on L, a. tahoeosis populations is unknown, but is unlikely to be much of a 
factor7 

Habitat: The habitat of Sierra Nevada SnoW9hoe Hares is similar to that 
of L. a. klamathenaie. They live only in boreal zones, typically 
inhabiting riparian co11U11unitiee with thickets of deciduous trees and 
shrubs such as W11lowa and Alders. They also frequent dense thickets of 
young conifers and ehaparral composed of Ceanothus and Arctostaphylos 
(Orr, 1940). In the Lake Tahoe region in summer, Orr, (1940) noted signs 
of Sno~shoe Hares only near brush adjacent to both meadows and riparian 
deciduous vegetatloo. He found no evidence of Snowshoe Hares on ridgetops 
or brush-covered upper slopes. In the Mt. Laeeen region. Grinnell et al. 
(1930) found that Snowshoe Hares were uncommon, being infrequently 
e~countered among thickets of Snow-brush and young Firs. and in or near 
thickets of Alders and Willows situated in meadows, In winter, Grinnell 
et al. (1930) found tracks of Snowshoe Hares to be more numerous in and 
near thickets of Sno-brush, Willows and small conifers than on more open 
ridges. 

Recon.endationa; The principal need is for reliable data on distrtbutton 
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and abuudance of L. a. tahoensls. Special consideration of habitat needs 
of~• amerlcanus In managing public lands in California ia needed. 

Remarks; Lepus amerlcanus tahoensis differs from~•!.• klamathensis in 
its darker coloration, other. ainor details of coloration, and in skull 
proportions. There is no controversy about its status. 

Distribution Records: ALPINE CO,: Pacific Valley, half way betweeG 
Woodfords and Big Trees, 1 (MVZ). EL DORADO co: no precise locality, 1 
{MCV); Echo Lake, l (MVZ), LASSEN CQ.~ Warner Creek (Grinnell, 1933), 
MONO CO.: 4 mi N, 1 1111 I!! Mammoth, l(HSU). NEVADA co.: Sagehen Creek. 4 
mi NWHobart Mine, 1 (MVZ); Spruce. l (HVZ); 10 1l1 WTruck.ee, l (HVZ); 
Truckee, l (MVZ). PLACER co.: Cisco. 1 (HVZ); Donner, l (USNM); near S 
shore Donner t.ake. 6000 ft-;-1 (MVZ); Donner Summit, 7000 ft, 1 (MVZ); Lake 
Tahoe, Rubicon eubdivision between Emerald Bay and Meeks Bay, 3 (CAS); 
near Tahoe City, 19 (MVZ); o.s 1l1 S Tahoe Tavern, 1 (MVZ). PLUMAS co.: 
Willow Lake, 5600 ft, 1 (MVZ). SIERRA CO.: east side Yuba Pase, 6000 ft, 
l (MVZ). TEHBMA. CO.: 7 mi R junction highways 32 and 36, l (CSUC); 
Mineral, 4800 ft.1 (MVZ); Summit Creek, 5200 ft, 2 mi E Mineral. Z (MVZ). 
TUOLUMNE co.: Niagra Creek, 5600 ft (Orr, 1940); between Pine Crest and 
Belle Meadow, 1. (MVZ); 1 1111 NW Strawberry, 6000 ft. 1 (CAS). 

Western White-tailed Hare 
Lepus tovnseadii townsendil 

1839. Lepus townsendii Bachman. J. Acad. Nat. Sci. Philadelphia. 8(1);90, 
'.!lE! Locality: Fort Walla Walla, Walla Walla Co., Washington, 

Distribution: Western White-tailed Hares are found from the Okanogan 
Valley of southern British Columbia southward east of the Cascade Ctest to 
the southern Sierra Nevada of California, and eastward to extreme western 
Montana and western Colorado (Hall, 1981). In Caltfornia, White-tailed 
Hares principally occupy open forests and sagebrush-grassland associations 
in the Great Basin Province. They occur also at high elevations along the 
main crest of the Sierra Nevada and rarely to as low as 6000 ft on the 
western slope. I observed white-tailed hares near 'Markwood Meadow at 
about 6000 ft, and on Tamarack R1d3e at about 7500 ft in Fresno Co,, 
approximately 30 mi west of the Sierra Nevada crest. The southernmost 
published locality known is Mt. Silliman. Tulare County in Sequoia 
National Park (Fry, 1924). 

Poeulation Status: Little current information 1s available for 
California. Airola (1980) stated that this species had not been seen in 
Lassen County in the last 20 yeare. Evidence suggests that populatiooa of 
L, townaeadil have declined drastically. especially at lover elevatione in 
the sagebrush-grassland aasoclattoas of the Great Basin province (Graysoo. 
1977). COtll.petitlon with domestic livestock is probably a principal factor 
In the drastic population declines throughout ita range, including 
California (Dalquest, 1948; Mossman, 1979). Loss of habitat to 
cultivation and other developments are probably aleo important factors in 
the decline. Hunting could be a factor, but ts probably lees important 
than habitat lose. 

Dalquest (1948) noted that early explorers and eettlers found White-tailed 
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Hares in abundance in eastern Washington. At the aaae time, Black-tailed 
Harea apparently were absent froq the state prior to 1870 (Couch, 1927). 
With gra~ing by livestock the bunchgraes habitat was rapidly reduced. the 
Black-tailed Hare& exp«nded their range explosively northward, and the 
White-tailed Harea aurvived only at the upper elevational limlta of their 
habitat in the yellow plne/aagebruah-grassland ecotone. Today, 
White-tailed Hares are extinct over the greater part of their historic 
range on the ColU1Dbia Plateau. In California, they are nowhere common. 
Grinnell et at. (1930) found scant evidence of White-tailed Haree in the 
area fTom east of Lassen Peak to the Nevada border. Grinnell and Storer 
(1924) remarked that even in the center of their range in the Yosemite 
region they were much lea• couon than the Black-tailed 1:lares of lower 
country. Howell (1924) failed to find White-tailed Hares in the Mammoth 
regton. although he saw evidence of their presence. Orr (1940) declared 
that White-tailed Bares were one of the rarer members of the genus Lepu• 
in California. noting that they vere by no means abundant anywhere. 

Currently, thia is a Resident Small Game species ln California With no 
closed season or daily bag limits. 

Habitat: White-tailed Hares occupy a variety of habitats. including 
Sagebrush-covered slopes on the eastern Sierra Nevada, grasslands and 
meadows to timberline or above. and forests of Lodgepole Pine, Yellow 
Pine, Western Juniper. Dwarf Juniper. Red Fir, and mixed conifers. In the 
Sierra Nevada, White-tailed It.area apparently migrate to higher areas in 
sumer and descend to lower regions in winter. particularly the 
Sag•brush-covered eastern slopes of the Sierra Nevada (Merriam, 1904; Orr, 
1940). 

Orr (1940) found signs of White-tailed Hares to be most abundant on 
exposed, flat-topped ridges above 8500 ft in El Dorado Co. Farther north 
in Oregon and Washington. W'h1te-ta1led Hares were fot'lllerly most numerous 
on the bunchgrase prairies and the Sagebruah-bunchgrass associations near 
the Yellow-Pine zone (Bailey. 1936; Dalquest. 1948). Grinnell and Storer 
(1924) stated th~t ln the Yosealte region, White-tailed Ha.re~ "generally 
keep to open places where they can see unobstructe4ly for long distances. 
Around Tuolumne Meadows, flat-topped hills bearing moderately open 8tands 
of trees together with SOiie brush were often occupied." 

Lepua tovnaendii apparently require$ thickete of young or stunted 
conifers, or deciduous, woody plants for day-time cover. It feeds 
priQarily at night in meadows during summer. Winter staples proba~ly 
include bark of Willows, Alders and other woody plants 

Recoll!lllendationa: Popul&Lion surveys throughout the range of~• townseadii 
in California 8hould be carried out. Habitat needs of 'lfh.1te-tailed &re& 
should be considered in man4gemeut decisions on state and federal lands 
within their geographic range. 

Reurka; Orr (1940) regarded tbe population in California fomerly known 
as b• £.• sterrac. as in.separable from 1.• !,• townsendii. 

D1etribution Records~ ALPINE co.: Caraon Valley. 5270 ft• 1 (MVZ); Hope 
Valley, 7800 ft• l (SDSNH)• l {USNM); Woodfotda, 1 (MVZ). !!:, OORADO £2_.: 
lad NW Dick•• Peak• 9000 ft (Orr, 1940); Velma Lakes region (Orr. 1940). 
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'FRESNO CO,: Badgar Flat. B of Huntington Lake, l (CSUF); near Dinky Creek 
Ranger Station, about 6000 ft (DFW)i Markwood Neado~, 1 (CSUF); Tamarack 
Ridge at Highway 168, about 7500 ft (DFW), mo CO,: above Biahop1 l 
(LACH); W slope Ht. Langley, 13800 ft (Crinnell),-LASSEN CO,: Red Rock, 
3 (MVZ), 2 (SDSNR); 7 mi W Tenn~ (Grinnell, 1933). MARIPOSA CO,: E base 
Half Dome, 7500 ft (Grinnell and Storer, 1924), MODOC CO.: Easleville, 1 
(CAS); Goose Lake (Mailliard, 1927); Parker Creek, Warner Mountains, 6300 
ft, 1 (HVZ); 3 mi S Pine Creek, l {MVZ); 2 mi E Pitt River Ranger Station, 
l (CAS); Steele Meadows, 4700 ft, l (MVZ); Warner Mountains, 2 (GAS). 
HONO CO.: 9 mi W Ber,ton, 8300 ft, l (MVZ); Bodie, 8374 ft, l (MVZ); 
Bridgeport, 6473 ft, oo u.s. Highway 395, l (MVZ); 8 mi S~ Bridgeport, 
7000 ft, l (CSL&); Cabin Creek, 10500 ft, White Mountains, l (MVZ); 10 mi 
N Crowley Lake, 7000 ft on u. s. Highway 395, l (MVZ); Farrington, 1 
(MVZ); Glass Mtn,, 11000 ft, l (MVZ); Lake Mary, 9000 ft, 1 (CAS); Log 
Cabin Rd, (Harris, 1982); L.ong Valley. M8lllllloth region (Howell, 1924); 
slopes of Mono Craters (Grinnell and Storer, 1924); Mono Lake, l (MVZ), 8 
(USNH); Mono Mills (Crinnell and Storer, 1924); Mono Pase (Harris, 1982); 
Mt. D.ana (Harria, 1982); 2.5 mi N Mt. Patterson, Sweetwater Mountains, 
10000 ft. l (MVZ); 1,75 mi W Ht. Patterson, Sveetwater Mountains, 10500 
ft, 1 (MVZ); 1 mi WNW Mt- Patterson, Sweetwater Mountains, 10800 ft, 1 
(MVZ); Saddlebag Lake (Hanis, 1982); Slate Creek Valley (Harris, 1982; 2 
mi W mouth Sweetwater Canyon, Sweetwater Mountains, 10000 ft, l (MVZ); 4 
mi SE Lower Twin Lake, 8000 ft (Suoner Meadows, A, Farrington's Ranch), 2 
(MVZ); Walker Lake (Harris 1982); Mt, Warren (Harris, 1982); near Williamg 
lutte, l (MVZ); White Mountains, 12700 ft, 1 (CAS); White Mountain 
Research Statton, White Mountains, 12000 ft, l {MVZ), PLACER co.: Tahoe 
City, Lake tahoe, l (MVZ). PLUMAS CO.: Willow Lake, 5600 ft (Grinnell• 
1933). SHASTA £Q_.: vicinity of Fact Cook, near Burgettville. l (USNM). 
TULAB.E QQ_,: Big Cottonweel Meadows, Mt, Whitney, 1 (FMNH); SW end Leke 
South Allerica, 11900 ft {Orr, 1940)~ Mineral King (Fry, 1924; Monache 
Meadows (Grinnell, 1933); N spur Mt. Silliman, 10400 ft (Fry, 1924). 
TUOLUMNE CO,: near Dana Creek, 2 Pd W Mono Pass (Merriam, 1904); east 
base HalfDome, 7500 ft (Grinnell and Storer, 1924); Tuolumne MeadoWB, 
8600 ft, Yosemite National Park, 1 (MVZ), 

Point Reyes Mountain Beaver 
Aplodontia rufa phaea 

1899, Aplodontia phaea Merriam, Proc. Biol, Soc. Washington, 13:19, 
1918, Aplodontia rufa phaea, Taylor. Univ. California Publ, Zool., 

17:480. 

Distribution: Aecording to Taylor (1918), !• ~- phaea inhabited an area 
of approximately 110 square miles in the Point Reyes area of Marin 
County, Apparently, most colonies were located on north faeing elopes of 
h1lls and gullies (Ca•p, 1918). 

Population Statue: The status of!•~- 2haea is unknown, Much of the 
region within its general rsnge i• unauited to Mountain Beavers. The 
actual inhabited area was only a fraction of the 110 square miles 
encompassed by the iaargins of its range (Camp, 1918). The restricted 
distribution of!!_,~- pbaea gives cause for eoncern. Mucb of the area 
within its range. however. is included in the National Park system, giving 
cause for optimism about the fate of this population, 



58 CALlFORNIA DEPARTMENT OF FISH AND GAME 

Habitat: The general remarks 4bOut the habitat of Aplodontia !!:!!!. in the 
account of~•!.• nisra applies also to this subspecies. Grinnell (1933) 
noted that~•!.• phaea was found on hillsides in seepage areas overgrown 
with Sword Ferns and 1'.himbleberriee. and that all localities of known 
occurrence were below 1000 ft in elevation. Camp (1918) found colonlee on 
a north facing bluff a~ong treeless hills west of Inverness. 

Reco11111endations: Surveys of the distribution and habitat associations of 
Point R.eyes Mountain Beavers should be undertaken. The National Park 
Service and other public agencies responsible for land management within 
the range of Point Reyes Mountain Beavers should be informed of the need 
for information on this apecies. The impact on its population of all 
potential developments w~chin its range should be determined. Also, the 
effects of introduced cervida (Axis and Fallow deer) on habitat for 
Mountain )eaver6 should be assessed, 

Remarks: Aplodontia !!£!. phaea is isolated from all other populations of 
Mountain aeavers by uninhabited terrain (Hall and Kelson. 1959). niey are 
slD8.ller in body sizes than all other populations, and are the lightest 
colored of those found along the Pacific Coast. 

D1str1butlon Records: MAlllN co.: Bear Valley Ranch. 2 (MVZ); Heim'& 
Ranch, 5 ml W Inveruess~(KVZ); 3 mi w Inverness, l (MVZ)o near 
hi3hvay. 4 mi W Inverness, 2 (UOAV); 6 mi W Inverness, 7 (MVZ)i La&unitae, 
l (CAS), 2 (MVZ); Limantour Bay, l (CAS); Marshall Ranch, 8 (MVZ); Murphy 
Ranch, about 4 mi WSW Inverness, 10 (MVZ); 4 mis Olema 1 4 (MVZ); 2 mi W 
Olema, 1000 ft, Mt. Wittenberg, 1 (MVZ); Point Reyee. 1 (CM) 1 15 (USNM); 
Point Reyes, 4 mi W Invernese, 2 (CH); 3 mi NE Point Reyes (city), 1 (CM}; 
Wildcat Canyon, Tevis Ranch, 9 mi W Olema, 2 (MVZ). 

Tehachapi Pocket Mouse 
Perogoathus altieola iuexpectatus 

1926. Pero~nathus alticola inexpectatus Hu~y, Proc. Biol, Soc. 
Washington, 39:121. ~ Locality: 14 mW Lebec, 6000 ft, Kern Co., 
California, 

Distribution: Tehachapi Pocket Mice are known from a few scattered 
localities from Tehachapi Pass on the northeast to the area of Mt- Pinos 
on the southwest, and around Elizabeth. Hughes. and Quall Lakes ou the 
southeast. Known localities are between about 3500 and 6000 ft in 
elevation. 

Populations Statue: Trapping for the Tehachapi Pocket Mouse by Sulent1ch 
(1983) produced 11 specimens from two localities on the eastern side of 
Tehachapi Pase in an area where a eingle e~ci~ens was caught in 1975 
(Williams, 1978), In view of the scarcity of epec1mena and the general 
inability to find Teh..a.chapi Pocket Mice, their populations ftust be em.all• 
ecattered 1 and vulnerable to changes in habitat quality. 

Habitat: The habitat of the Tehachapi Pocket Mouse is not well defined. 
Four epecimens were captured in a fallow grain field at about 4000 ft, 
several years after it had been planted to grain (Sulentich, 1983~ 
Williams, 1978). The predominate plant ln the area when l collected there 
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was Russian Thistle (Salsola sp.). Desert shrubs 
nearby hills. Cantwell (in Huey, 1926) collected 
a grassy flat among scattered Yellow Pine trees. 
Tehachapi Pocket Mice have been collected support 
and desert shrub co111!11unities. 

and grasses dominated 
Tehachapi Pocket Hice on 
Other areas where 
arid annual grassland 

Reco111111endations: Additional studies of habitat requirements and 
distribution are needed. Areas likely ~o support populations are the 
mountain slopes of the Tehachapi and San Gabriel ranges that front on the 
Mojave Desert. 

Remarks: Perognathus alticola inexe~c~atus appears to be allied with!.• 
a. alticola structurally. Sulentich (1983) believed that the Tehachapi 
Pocket Mouse was a distinct species from the White-eared Pock.et Mouse. 
Populations of!•.!• inexpectatua may be in cootact with and 1ntergrade 
with populations of!• parvus xanthonotue, Which 18 known from an area of 
the Tehachapi Mountatnel in the vicinity of Walker Paae and adjacent 
canyons. Habitat for Pocket Mice of this species group appears to be 
nearly continuous along the desert slopes of the southern Sierra Nevada, 
Tehachapi Mountains, San Gabriel Mountains. and San Bernardino Mo1mtaina. 
The allopatric distributions of these taxa (Hall, 1981) probably ia more 
apparent than real. Eight Tehachapi Pocket Mice, in addition to the 
specimens listed below, were captured in the area of Tehachapi Pass by 
Sulentich (1983. and unpubl.). 

Distribution Records: LOS ANGELES co.: Elizabeth Lake, 4 (LA.CM); Goman. 
1 (LACM); 2 mi B Gorman~500 ft• 3(MVZ); 2.5 mi SE Gorman• l (MVZ); Lake 
Hughes, 1 (LACH); 2 mi W Quail Lake, 3500 ft, 1 (LACM), KERN CO.: 0.5 mi 
SW Cameron, 3900 ft. 4 (MVZ); 14 mi W Lebec, 6000 ft, 3 (SDSNK); Cuddy 
Valley. Mt. Pinoa~ 1 (LACK); Sand Canyon, about 8 mi E (by rd.) Tehachapi. 
sec. 28 1 T32S• R34K, 4080 ft. 3 (CSLB), 1 (MSB); Tehachapi. 2 (USNM); 
Tehachapi Peak. 2 (USNM), 

Short-noeed Kan9aroo Rat 
Dipodomya n1trato1des brevinaeu8 

1920. Dipodomys merriatai brevinasuu Grinnell• J. Hamm •• 1:179. !;tJ?!. 
Locality: Haya Station. 19 mi SW Mendota, Fresno Co., California. 

1921. Dipodomys nitratoldes brevinaaua, Grinnell, J. Ma-., 2:96. 

Distribution; Short-noaed l<.angaroo Rats are found on the western aide of 
the San Joaquin Valley. fro~ near Loe Banos, Merced Co., southward west of 
the San Joaquin River and a line approxinately coincident with the 
Kettleman Rilh, Lost Bills, and ~lk Hille to the southern end of the 
valley. They also occur in the Panoche Valley. San Benito Co •• the 
Sunflower Valley, Kings Co., the Antelope Plain in Kern Co., the Carri~o 
Plain in San Luis Obispo Co •• the Cuyama Valley in San Lula Obispo and 
Santa Barbara counties, and at the edge of the valley floor around the 
south end of the San Joaquin Valley from the vicinity of Maricopa on the 
West to east of Bakersfield on the east (Hall, l981; Williams, 198S, and 
unpubl. data). Wlthln this area. they are found mostly on flat and gently 
sloping terrain and on hill tops in desert-shrub associations, primarily 
Atriplex. 
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Population Status: Loss of habitat has been exten&ive throughout the 
range of the Short-nosed Kangaroo Rat, particularly on flatter lands in 
the Cuyaaa. San Joaquin and l'anoche valleye 1 and on the Antelope and 
Carriio plains• Cultivation of native ccmmunitlee has been the principal 
reason for loss of habitat. Relatively small. ieolated populations are 
found on the southern Antelope Plain west of Buttonwillow and in the 
vicinity of Taft and Maricopa. Kern Co.; on uncultivated sites in the 
Kettleua.o Hille, and in and around oil fields near Coalinga. Fresno Co.; 
vest of Interstate Highway Son unirrigated lands at the edge of the 
valley in Fresno Co.; and around Soda La~e on the Carrizo Plain. San Luis 
Obispo Co. Where they are found. they are typically common. A major 
cause for concern iG that virtually all of the areas where Short-nosed 
Kangaroo Rats still are found are privately owned and have moderate to 
good potentials for cultivation. Only the lack of irrigation water has 
prevented cultivation of moat areas until now. Of greater concern is the 
lack of lands dedicated to preaerving natural communities within its 
range, except for the area 1111111.ediately around Soda Lake on the Carrizo 
Plain (few Short-nosed Kangaroo Rats occur within the confine& of the 
present preserve). Public-owned lands within the geographic range of 
Short•nosed Kangaroo Rate, such ae those on the Carrizo and Elk liorn 
plains, recently have been subject to intense grazing pressures with 
virtually no plant litter remaining (some areas are being grazed year 
around). and providing little opportunity for herbaceous plants to fruit 
(uopubl. observ,). Preliminary field work in eome of these areas during 
the past year found no Short-nosed Kangaroo Rats in areas where they were 
fairly common as recently as 1982 (Kerry Kilburn, pers. comu.; unpubl. 
dau). 

The Short-nosed Kangaroo Rat was not included on the priority List of 
Concern when the draft copy was assembled• primarily because it appeared 
to warrant lesser concern th.an many other species. In the eoeulng five 
years, however. additional field work within its geographic range. focused 
1110stly on Ciant Kangaroo Rats. found that some populations once considered 
secure were declining or had disappeared. Some other areas where 
Short-nosed lC.angaroo Rats were presumed to occur. based on the type of 
plant communities. proved not to have extant colonies. Thus, in 
reaase$Sing its status. it seemed best to elevate it to the third Priority 
Category to emphasize potential threats to remaining populations and to 
expedite the gathering of 1nfot"ll.4tion needed to determine its status. 

Habitat: Dipodomrs nitratoides brevinasua occupies grassland and 
desert-shrub associations on friable soils. They inhabit htghly alkaline 
soils around Soda Lake. on the Carrizo Plains, and less saline soils 
elsewhere. On the valley floor) around Los Banos, Merced Co .• small 
populations live on dikes secur~ from winter flooding. then move lnto 
season.ally flooded iodine bush sbrublands during the summer months, where 
at least some individuals reproduce (unpubl. data), Hawbecker (1951) 
reported that. · in the Panoche Valley, San Benito Co .• Short-nosed Kangaroo 
Raes were found on gentle slope and rolling, low hill-tops where some 
shl.'ub& were preaent. He suggei;ted that they did not "ventut:e far out of 
this habitat." Light to inoderate gradng by livestQc.k probably enbauc.es 
habitat for Short-nosed K.3ngaroo Rats. 

Recommendations: The pri~ary needs are for detailed information on 
distribution and populations status of D1podomys n1trato1des brevinaeue, 
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and land use projections within areas still inhabited. The u.s. Bureau of 
Land Management should pay particular attention to this species in its 
management plane for lands in western Kern Co •• and on the Carrizo and Elk 
Horn plain$ in San Luis Obispo Co, The impact on Short-nosed Kangaroo 
Rats and other native species by the present pattern of livestock grazing 
should be detemined and grazing leases reviewed accordingly. The 
California Department of Fish and Game should review its opportunities to 
purchase and develop lands as a preserve for this and other jeopardized 
species of the San Joaquin Valley lowland&• especially in northwestern 
F~eeno and eastern San Benito couQt1e& in the Panoche Valley area. 

Remarks: Becau&e the Short-nosed Kaagaroo Rat was not on the draft List 
of Concern, diatrlbution records were not obtained from moat museums 
visited. The basic distributional area is documented in Grinnell (1922) 
and Hoffmann (l975). Williama (1985) discussed. in detail• the boundary 
between the subspecies D. n. nitratoidea and brevinaaus. Ten specimens 
identified as D. n1tratii1de& frOlll l ml E Cuyama Ranch, 2200 ft, Cuyama 
Valley (probably San Luis Obispo Co.) collected in 1916 (USNM collection) 
were not mentioned by Grinnell (1922) or Hall (1981). Hoffmann (1975) 
examined specimens from tbe Cuyama Valley. but did not identify the number 
or auseum where those specimen& were houaed (I presume that they were the 
speeimens in the u.s. National Museum). He compared them with samples of 
n1tratoides from other localities and determined that they exhibited 
charact~ristics more diagnostic of Dipodomya merriam1 (fide Lidicker. 
1960), but equivocated as to their identity. Any surveys for Dipodomye 
nitratoides brevinasus should include the Cuyama Valley and should be 
designed to obtain information useful in resolving the specific identity 
of that population, presuming it ia extant. 

Red Tree Vole 
Arbori1DUs longicaudue 

1890. Phenacomys longicaudue True, Proc. u.s. Natl. Mua., 13:303, ~ 
Locality: Ma.r~hfield• Coos Co •• Oregon. 

1973. Arborimus longicaudua. Johneon. J, Mamnl,, 54:239. 

Distribution: Red Tree Voles are found along the Pacific coa~tal lowlands 
in Oregon and Northern California (Howell• 1926; Hall, 1981; but see 
Remarks). In California, they range from the Ot'egon border southward to 
Sonoma County along the coast, and in the coastal mountain rangea 
southward to about Mt. Sanhedrin, Mendocino Co. Marginal records on the 
east are Bridgeville, Humboldt co.; South Fork Mountain. Trinity Co.; Mt. 
Sanhedrin, Mendocino Co.; and Occidental, Sono~a Co. (Hall, 1981; Rowell, 
1926). Records of elevation extend from near sea level to about 3100 ft 
in California (Grinnell, 1933; uapubl. data). 

Population Status: Red Tree Voles have always been considered rare. 
although they are common locally (Taylor, 191S). Records of distribution 
within California suggest a spotty pattern of dispersion, Their 
reproductive potential is lower than typical voles (Hamilton, 1962). and 
presuina.bly, populations could be jeopardized by greatly increased 
mortality associated with extensive logging. Clearing trees for 
agricultu~e and homesites, and logging. especially clear•cuttlng. within 
the range of Red Tl:'ee Vol~s have significantly reduced available habitst 
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aod frag111ented populations (Maser et al •• 1981). Construction of roads 
and powerlines also have contributed to 10$$ of habitat and fragmentation 
and isolation of populations. 

The Red Tree Vole was not listed in any of the three priority categories 
OD the draft List of Concern, but was considered a aens1tive species. 
Infot'l'llation on lta population status was unavailable, but it did not $eem 
to be jeopardized, Since development of the draft list, I have 
reconsidered its status in light of a trip through portions of lte 
geographic range in search of populations, made in April• 1984. Although 
Red Tree Voles are still locally comm.on in the foothills of mouataine on 
the east edge of the coastal plain in Humboldt Co .• loss and fragmentation 
of habitat has been extenatve everywhere within its range. Furthermore. 
these trends are likely to continue at an accelerated pace ln the future. 
The Red Tree Vole has been elevated to the Third Priority Category to 
emphasize that current trends in logging ~ay jeopardize the species and to 
emphasize the need for definitive information on distribution and 
population status. 

Kabitat; Red Tree Voles live only in coastal coniferous forests 
consisting of Douglas Fir• Grand Fir, We&tern Hemlock, and/or Sitka 
Spruce. ~aylor {1915) remarked that most Red Tree Voles were found in 
Douglas Fir and Grand Fir trees. and that only Todd (1891) found these 
voles in Sitka Spruce. Maser and Stona (1970) stated that Red Tree Voles 
also inhabit Western Hemlock trees. They live, nest, and feed within the 
forest canopy. Males are partly terrestrial, but females rarely are found 
on the gTound. Red Tree Voles feed on the needles, buds, and tender bark 
of twlge of Douglas Fir, Western Hemlock, and Crand Fir (Howell. 1926; 
Maser and Storm., 1970; Maser et al •• 1981~ and Taylor, 1915). They do not 
eat Redwood needles; hence pure stands of Redwood are not occupied 
(Taylor, 1915). Redwood is the principal forest type 1n preserves within 
the ranie of the Red Tree Vole. Generally, laTge trees are preferred as 
homes, although amall treea are also ichabited, especially where larger 
ones are unavailable (Benson and Borrell, 1931; Howell, 1926). 
Condensation of water on leaves from dew and fog or frequent raina 'l!laY be 
required as a source of drinking water (Taylor, 1915). Althoush many of 
the factors determining the occurrence of Red Tree Voles are not known, 
these animals probably require fairly dense, mature stands of conifer 
forest composed of ~t least some Douglas Fir or Grand Fir. Clear-cuts, 
forest fires, and other factors that create openings in the foreat and 
isolate blocks of trees are detrimental to Red Tree Voles. 

Large neets are constructed ln trees, generally around the trunk, 
typically from 20 to 60 ft above ground (Benson and Borrell, 19ll), Nests 
have been foood as low as 4 ft to a5 high as 100 ft or more. The nests 
consist 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 the years as a eerie& of residents occupy the site and add material. 

Recommendations~ The most pressing need is for detailed infomation on 
the present distribution and populatiQn status of Red Tree Voles. Known 
and projected developments w1thin its present range should be asseeaed to 
determine their impact on the species. State agencies, the u.s. Forest 
Service, u.s. Sureau of Land Management, and the u.s. National Park 
Service should conduct detailed ~urveys for Red Tree Voles on lands they 
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man.age. Clear-cutting in areas inhabited by Arborimus longicaudus should 
be avoided in preference to selective logging whenever possible. 

Remarks: Until recently. the Red Tree Vole was considered to be a member 
of the genus Phenacomys. Johnson (1973) reviewed the structural. 
ecological. and behavioral characters of Arborimus and Phenaconys. 
Additional studies of the generic differences of Arborimus and Phenacomys 
were presented by Johnson and Haser (l982). According to Maser et al. 
(1981) and Sara George (pers. comm..). the Red Tree Vole io California ls a 
different species than that found in most of Oregon; Hurray Johnson is 
currently investigating the relatlonsh1ps of these sibling populations and 
their geographic distributions. 

During the Teeearch for this report, I decided Arborimua longicaudus was 
not to be included in a priority cateaory on the List of Concern; thus. I 
stopped recording distributional. records during visits to m.usewas. 
Therefore, the following list does not include records of specimens from. 
All of the museums visited. Noteworthy are the collections at the 
California Academy of Sciences and Humboldt State University. 

Distribution Record.a: HUMBOLDT CO.: 5 mi E Arcata. l (CSLB); Big Bend, 
Mad River. 2 (MVZ); Bridgeville,l ({MVZ}; 4.3 mi N Bridgeville• l ((MVZ); 
4.6 mi N Bridgeville. 2 ((MVZ); 2 mi R Bridgeville (Benson and Borrell, 
1931), l (MVZ}. l (PM); 4.6 mi by rd. (Rwy 36) E Bridgeville. 1 (MVZ); l 
mi W Bridgeville (Benson and Borrell, 1931); 1.5 mi W Bridgeville. 1 
(MVZ); 2 mi W Bridgeville, 2 (UCLA); 3 mi N Capetown, 011 Creek, 2 (MVZ); 
5.3 m1 NE Capetown, Morrow Ranch. 1450 ft, 5 (MVZ); Carlotta. 5 (MCZ). 13 
(MVZ), 2 (ROM), 4 (SDSNK), 3 {UCLA), 18 (USNM); Chaparral Mt., 2 (MVZ); 
Coyote Peak, l (MVZ); Cuddeback. l (MVZ); French Camp, 3100 ft. l (MVZ); 2 
mi along Johnson Rd,. off Bald Hill Rd .• 1 (CSLB); 8.2 Iii (by rd,) R 
Korbel, 1 (MVZ); Maple Creek. l mi M jct• ~d River. 4 (HVZ); 0.5 mi S (by 
rd.) Maple Creek, 1 (MVZ); 3.2 mi NW Petrolia, 1 (MVZ); 5,2 mi SE 
Petrolia, l (MVZ). MENDOCINO CO.; Anchor ~y. 3 (CM); 10 mi E Point 
Arena, Garcia River. 3 (CM); Sul SW Laytonville, Clark Ranch, l (MVZ); 
Mendocino City. 16 (MVZ); Mt, Sanhedrin, l (ANSP); 4 a.1 S Mt. Sanhedrin, 
t.eerly's Ranch, 2340 ft. l (MVZ); 0.8 mi S Slick Rock Creek on State Rw'y 
fl, 2 (MVZ); 3 mi W Whiskey Spring, Graveyard Rd .• 800 ft• l (HVZ). 
SONOMA~-: l mi N, 0.2 ml E Bridgehaven, 50 ft, 1 (MVZ); 1 ml N Camp 
Meaker, l (MVZ); 3.S mi N Camp Meeker, l (MVZ); Duncan Mills, l (I.ACM); 3 
mi E Duncan Milla, 1 (KVZ); 2 mi W Duncan Mills, 4 (HVZ); 3 mi W Duncan 
Mill&, l (KVZ); 3.5 mi W Duncan Millo, l (MVZ); 7 mi N (by rd.) Fort Ross. 
l (MVZ); l ml E Jenner. 3 (MVZ); near Monte Rio. Bohemian Grove on Russian 
Ri~er, 2 (MVZ); 2 mt SR Monte Rio. 1 (CM); 2 m1 S Monte Rio, l (MVZ}; 2.3 
mi S Monte Rio, 11 (MVZ); 3 mi S Monte Rio, 4 (HVZ); 4 mi S Monte R.10. l 
(MVZ); l mi W Monte Rio, 1 (CM); Occidental, 2 (LACM); 2 m1 N Occldental, 
3 (MVZ); 0.5 mi S Occidental, 2 (MVZ); l mi S Occidental. l (MVZ); 0.2~ l 
mi W jct. Sheephouse Creek and Russian River, l (MVZ); 0.5 mi E Stc1oa.rt•s 
Point• l (MVZ); 10 mi SSE Stewart•s Point, l (MVZ), TllINITY CO.: Mad 
River, 2500 ft, South Fork Mtn •• l (MVZ); Reilley•s Ranch. 3000 ft. South 
Pork Mtn .• 4 (MVZ). 
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Pacific Fisher 
Martes penoanti pacifica 

1898, Mustela caoadeosis pacifica Rhoads, Trans, Am.er. Ph1los. Soc •• new 
eer., 19:435, !l'.f! Locality: Lake Keechelus. Kittita• Co •• 
Washington, 

1912, Martes pennanti pacifica, Miller. Bull. u.s. Mus., 79:94, 

Distribution: Martes pennant! was formerly widely distributed in boreal 
foreats across Canada and the northern United States, extending south in 
the moun.taina to California and Utah in the west and Tennesee and North 
Carolina in the east (Powell, 1981. Strickland et al,, 1982,!.)• 

Pacific Fishers are found along the Pacific Coast from north-central 
coastal aritish Columbia to northern California, in the Cascade Mountains, 
and the Sierra Nevada of California. They range eastward to the Blue 
Mountains of northeastern Oregon (Hall. 1981). In Califo~nia• they occur 
from the Oregon ~order in the northwestern part of the state south to 
about Clear Lake, Lake CoW\ty, in the Coaetal Mountains and to Sonoma 
County along the coast, They range eastward in northern California to 
around Eagle Lake, Laseen County, and southward in the Sierra Nevada to at 
least Greenhorn Mountain. Kern County (Schempf and Whlte, 1977). Altitude 
of occurrence varies from near sea level to over 11000 ft. 

Population Status: Schempf and White (1977) reviewed historic and recent 
records of Fishers lo California, including sightlog9 on file in u.s. 
Forest Service offices and from California Department of Fish and Game 
records. Data they gathered suggested that Fishers were relatively common 
in the North Coast region, but were rare or unco111111on in the Sierra Nevada 
and appeared to be decreasing, These data were unsupported by field 
surveys, so recent trends were unknown. Particular attention was drawn to 
the apparent decline of populations in the southern Sierra Nevada and 
possible declines in the northern Sierra Nevada. Buck et al. (1983) 
studied a population of Fishers in Trinity Co. to deteffline habitat use 
and possible effects of timber harvest on FisherG. They found that 
clearcutting and the general trend toward reduction in size and isolation 
of Mature stands were probably detrimental to Fisher populations, They 
also determined that selective cutting of trees decreased the quality of 
habitat for Fishers. 

Habitat: Fishers prefer heavy stands of mixed speclee of mature timber. 
but they range widely in forested regions (Buck et al •• 1983). They are 
frequently encountered in eecood-growth forests, and sometimes in forest 
openings. A few records of Fishers have been found in colll!Dun1t1e& •uch as 
scrub woodlands at lower elevations (Schempf and White, 1977). This does 
not mean. however. that Fishers can live ln these habitats permanaotly, 
In California, Fishers primarily inhabit mixed conifer forests comPos~d of 
Douglas Fir and associated conifers, although they also $re encountered 
frequently in higher elevation. fir and pine forests eucb as Red Fir and 
Lodgepole Pine, and mixed evergreen/broad leaf foreat. 

Fiehera prey on a variety of small- and medium-slied m411t1!1sls. especially 
Chipmunks, S~uirrels, Marmots, Woodrats, Porcupines. Rabbits, Hares. 
Martens. Foxes and other small carnivores (fowell• 1981; Strickland et 
al .• 1982,!_, Yocum and McCollum. 1973). Grinnell et al, (l937) speculated 
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that Fishers also feed on birds such ae Grouse. 

Fishers are known to den in cavities near the tops of large trees, in 
hollow loss on the ground. in talus. and crevices in rock outcrops 
(Grinnell et al., 1937). 

Reco111Dendations: Field surveys are needed to establish a data base 
against which future trends can be asaeased• and to define more accurately 
current status. Attention should focu.& on the Sierra Nevada, as evidence 
euggesta declinln,g populations there (ScheNpf and White, 1977). 

Effects of various forest harvesting practices on Fisher populations 
should be detel'111ined over a broader ares (Buck et al., 1983); and specific 
habitat needs such as stand density and tree size, food source&, and den 
site& should be detemined. Snags, damaged and senescent trees with large 
cavities, and hollow logs are probably important for Fishers, especially 
where talus and rock crevices are unavailable. 

Remarks: Schempf aod 1'hite (1977) presented several records (mostly 
sightings) in addition to those listed below and referred to an 
unpublished paper where these records were documented. Yocum and McCol11JID 
(1973) mapped several localities in Del Norte, Humboldt and Trinity 
counties, but did not present descriptions of the localities- Bruce and 
Weick (1973) and Gould (1978) also presented data on Fishers lo 
northwestern California and the northern Sierra Nevada. respectively. 

Grinnell et al, (1937) considered~- .2_• pacifica to be inseparable from!'.!.• 
.e.• eennanti, Goldman (1935), however. found that the two taxa were 
separable. Hall and Kelson (1959) believed that evidence presented by 
Gold.man was sufficient for subspecific status. 

Distribution Records: DEL NORTE CO,: 3 localities unspecified {Yocum and 
McCollum, 1973). HUMBOLDT CO.: Waterman Ridge. Hawkins Bar Road (Yocum 
and McCo11um, 1973). LAKE CO,: near Lakeport, 1 (CAS). L.4.SSEN co.: 
Eagle Lake (Grinnell etai.:-1930). MARI.POSA co.: Big Creek, oeu 
Wawona, 2 (USNM); Big Meadows, Coulterville Road, 4000 ft, l (MVZ); 
Bridalveil Creek (Cunningham., 1959); Chinqu.apin. 1 (MVZ); near Crane Flat, 
Yosemite liation.a.1 Park, 1 (MVZ}; Fort Monroe• l (MVZ); Grouse Creek, 
l(HV~); Yosemite National Park, 1 (MVZ); Yosemite Valley, 3 {MVZ), 1 
(USNM); Wawona, l (USNM). MENDOCINO CO,: Cahto, 1 (USNK); near Covelo, l 
(USNM); Eden valley, l {MVZ). SHASTACO.: Cassel, Burney Mountain 1 1 
(USNM)l Cassel, Rock Creek Mountains, 1 (USNM); Fort Crook, 1 {USNM). 
SIERRA CO.: Webber Lake Area (Gould, 1978). SISKIYOU CO.: near 
CedlviITe, 4 (MVZ); Mount Shasta. l (USNM). TRINITY co':": aear Relena, 2 
{MVZ); Well• Creek, E fork, lS mi E Kay Fork, l (~SNM);S fork Trinity 
River, sec. 29, TlN, R7E• 2000 ft, l (MVZ). TULARE sg_.~ Atwell'a Mill, l 
(USNH); Kern River, 2 mi downstream from junction with Llt~le Kern River. 
1 (KVZ). TUOLUMNE CO.: near Hetch Hetchy Vall.ey, 3 (MVZ); Hog Ranch 
Ran3er Stiition, Yoaei'ite Natioual Park, l (MVZ); head Lyell Canyon 
{Grinnell and Storer, 1924); Tuolumne Big Treee, 2 (MVZ). 
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American Badger 
Taxidea taxus 

1778. ~~ Schreber, Die Saugtbiere •• •• 3:520. ~ Locality: 
Labrador and H~dson Bay. Canada. 

1894. Taxidea ~• Rhoads, A.Iner, Nat,. 28:524. 

Distribution: American Badgers occur from northern AJ.berta southward to 
central Mexico. They range from the Pacific Coast eastward through Ohio. 
They are abaent from the humid coastal forests and from other regions wlth 
dense forests. In California. Badgers ranged throughout the state except 
for the humid coastal forests of northwestern California in Del Norte Co. 
and the northwestern portion of Humboldt Co. (Long 1973, unpubl. data). 

Population Status: Badger populations have declined drastically in 
California within the last century (Grinnell et al •• 1937; Longhurst. 
1940), Grinnell et al. (1937) noted that Badgers were reduced in numbers 
over almost all of their range in California by 1937. At that time they 
were etill numerous in the Central Valley, but now they survive only in 
low numbers in peripheral parts of the valley and adjacent lowlands to tbe 
west in eastern Monterey. San Benito and San Luis Obispo counties. In the 
coastal areas from Mendocino county south they have been drastically 
reduced in numbers. They have been extirpated from many areas in southern 
California. Long and Killingby {1983) regarded the status of Badgers in 
California as poor. Deliberate killing probably has been a major factor 
in the decline of Sadger populations. Most people regard Badgers as 
detrimental to their interests and attempt to kill them. Cultivation is 
adverse to Radgers, as they do not survive on cultivated land. 
Agricultural and urban developments have been the primary cauaes of 
decline and extirpation of populations of Badgers in California. Rodent 
and predator poisoning pose double threat& through direct and secondary 
poisoning of Badgers and elimination of the food Badgers are dependent 
upon. Shooting and trapping of Badgers for animal -control- is another 
source of mortality. The U.S. Fish and Wildlife Service took 4086 Badgers 
in Callfornta from l966 to 1976 (Lee, 1977). T~apping of Badgers for the 
fur trade probably haa had little impact on populations in many areas 
because the fur was of low economic value. In the late l910's to at least 
the late 1930's, Badger fur was in high deiu.and and trappint increased to 
levels that may have decimated local populations (Grinnell et al •• 1937). 
Again. subsequent to 1975• demand for Sadger pelta has increased and 
increased efforts are being expended to trap Badgers. 

No current data exist on the status of Badger populations ln Califoraia, 
but they have obviously declined or diaappeared in large eect1ona of the 
state, particularly area& west of the Ca6cade-Sierra Nevada mountain a~1s 
and in coastal basins of southern California. Badgers were common. in 
mou:nta1noua areas only in large. treeless me&dowe and expanses near 
timberline. ton.ghurst {1940) noted that they had nearly disappeared from 
Napa County by 1940. 

Despite the probable continuing decrease ln nU11bers of Badgers statewide. 
reports of numbers trapped for the fur niarket indie&te aubstantial 
increases in captures in recent years (e.g. 101 Badgers reported trapped 
in 197~-76 and 299 in 1976-77; California Dept. of Fish and Game• unpubl. 
report). Host of these Badgers were ta~en in the northern and eastern 
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C0\11\ties, although Fresno and San Benito counties produced 45 and 20 
respectively, in 1976-77. The increase in numbers trapped most likely 
reflects the increased prices paid for pelts and the consequently greater 
effort expended in trapping Badgers. For example, 931 trapping licenses 
were sold in 1975-76 and 1692 in 1976-77, Less than one-half of the 
licenceee filed reports of their capture• both years (207 and 751, 
respectively). 

Habitat: In California, Badgers occupy a diversity of habitats- The 
principal re~ulraments see~ to be sufficient food, friable soils, and 
relatively open, uncultivated ground. Graaslanda, savannas, and ~ountain 
meadows near timberline are preferred. Badgers prey primarily oo 
burrowing rodents such as Gophers (Thomo•ys), Ground Squirrels 
(Spenophilua, Am111oepermophilus), Marmots (Marmota). and Kansaroo R.ate 
(Dipodomys). They are prMatory specialists on these rodents, although 
they will eat a variety of other animals, including mice, Woodrate, 
reptiles, birds and their esga, bees and other insects, etc. Grinnell et 
al. (1937) recounted reports of Badgers breaking open bee hives to eat 
both the brood and honey, They regularly dig out nests of Bumble Bees. 

One report of densities of Badgers reviewed by Long gave an estimated 
density of on.e Badger per square mile. Bailey (1905) noted that one 
Badger spent a su111111er [n a 20-acre field. Sargent and Warner (1972) found 
that a radio-collared fem.ale had a h0111e range of 850 hectares (2091 
acres): 725 hectares (1783 acres) in summer, 53 hectares (130 acree) in 
fall, and 2 hectares (5 acres) in winter, Messick and Rornocker (1981) 
found that home ranges averaged 2.4 and 1,6 aq. km for adult ma.lea and 
females, respect1ve1y, in Idaho. 

Rec011111endations: Current data on Badger populations are needed throughout 
the state, especially from. the lowlands of western California. The 
affects of continuing habitat loss, rodent poisoning, and trapping for the 
fur trade should be assessed, Mandatory reporting of take (including 
animals discarded) by trappers and hunters should be required, 
Infonaatioa on home range size and density of prey required by Badgers is 
needed for effective aa1,a.gement. The impact on 'Badgers of the ui.e of 
rodenticides and trapping for the fur trade should be aeaeased. 

Re-rka: Long (1972) revised Taxidea taxus primarily on the basis of 
specimens in the u.s. National Museum,---m;fle his paper has contributed 
111ueh to an understanding of geographic variation io th18 species, it has 
alao confused the taxon0111y of Badser populations io California • .1· !.• 
jefferaonii (Harlan) generally ranges in the better-watered areas of 
California, including coastal areas, most of the Sierra Nevada, and moat 
of the Great Basin Province. T, t. berlandieri Baird ranges through the 
hotter, drier deeert an.d. graasland associations of southeastern California 
and the Central Valley. This makes sense from an ecogeographic point of 
view: larger, darker-colored Badgers from cooler, t10ister areas and 
suller, lighter-colored Badgers from hotter, drier areas. the problem 
occurred with the assignment of speci~ens to particular subspecies. A 
specimen fr0111. Alile (Barlimart), Tulare County, on tha floor of the 
southern San Joaquin Valley, was assigned to jeffersonii, while another 
specimen fr0111 Alila was assigned to berlandieri. 

Specimene from geographic$lly adjacent and ecologically continuous areas 
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(hot and arld) of the Sao Joaquin Valley were assigned to Jefferaonii 
(e.g. Tulare Lake, Huron, Stanley, Alcalde, and Taft), while others fr011 
Tracy, San Joaquin County, were aa9tgned to berlandieri, These and other 
ta~on01Dic aasigaents by Long (1972) make no ~ense from. a geographic oT 
enviromDental perspectives. tong (1972) noted that some of theee 
specimen, e~hibit i~tenaediate characters, suggesting 1ntergradat1on. 
Thia ie probably the case, I can see no compelling reason, however, to 
assign the Central Valley population to berlandieri. In fact, Long 
assigned 111.0st of the specimens from this region to jefferaonii, although 
his range map and statements lead to the opposite conclueion. A better 
arrangement would be to include all specimens from the Central California 
lowlands in.!•!.· jefferson11. For this account, however, I do not use 
trinomials for Badger populations. The principal concero is for 
populations in the lowlands of western California, west of the main 
Cascade-Sierra Nevada mass and the southern Californla coastal region. 
Thia would include soae populations that Long (1972) assigned to T, t. 
jefferson11 and some he called!•!.· berlandiari. - -

Distribution Recorda: ALAMEDA CO,: Oakland, 2 mi NE Mills College, l 
(MVZ). BU'ItE CO.: 18 mi W Oroville, l (CSUC). CONTRA COSTA CO.: 
Rattleenakeeanyon, near Orinda, 1 (MVZ), EL DORADO co.:'Echo7 7500 ft, 
2 (MCZ), FRESNO 00,: Alcalde, l (USNM); 7mi SW CoaITnga, 1 (CAS); 
Huron, 374 ft, l (USNM); 0.6 mi NE Marion Lake, 10500 ft, Kings Canyon 
National Park, l (MVZ); Panoche Creek, 550 ft, l (MVZ). HUMBOLDT CO,: 27 
mapped localities without locality descriptions, based on sight records 
{C, F, Yocl.D1 1n 11tt.). INYO co.: no specific locality, 1 (LACH); 
Furnace Creek Ranch, 1 (MVZ); 3d NB Jackass Spring. 1 {HVZ); 7 mi E 
Laws. at Silver Creek. l (MVZ); Wild I.lose Canyon, l (MVZ), IMPERIAL CO,: 
AltlllO Duck Preserve, 8 mt NW Calipatria, 1 (MVZ); Bard, l (UCLA); 3 miN 
Bard, 2 (SDSNH); 6 m.i W Bard, l (SDSNH); 5 mi N Laguna Dam, l (MVZ); 
Manganeae Wells, Lower Colorado River, 1 (MVZ); Palo Verde, 1 (LACK), l 
(MVZ); 0.75 m1 N Palo Verde, l (MVZ); 13 111l ll Palo Verde, l {MVZ); 18 mi 
WNW ealo Verde, l (MVZ); 20 mi N iicacho, Colorado River, 1 (HVZ); 
Silsbee, l (MVZ). KINCS co.: Stanley, 1 (USNM), KERN CO,: Antelope 
Valley, near Neenach°;-r(FMNH); Bakerafieid, l (MVZ);Buttonwillov, 1 
(CAS); 3 m1 S Cantil P. o., l (LACH); 3 mi SE Cantil, M & R Ranch, 1 
(LACM); 3 m1 ENE Hart's Place, l (LACH); 4 mi S tnyoltern, l (LACM); 4 mi 
SW Inyo~rn, 1 (LACH); S Forlt JC.ern River, 25 1tl fro111 Xernville, l (lJSNM); 
5 m1 NW Mojave, 33SO ft, l (MVZ); Tulare Lake, 111outh of Kern River, 2 
(USNM); Taft (Long, 1972)~ E side Walker Pase, 5000 ft, 1 (LACM); Willow 
Springe, 1 (AMNl:l). LAKE co.: 'Lakeport 1 1 (CAS); several 111ilea N Upper 
Lake, l (WFBK). IAS~co-:-: Amedee, l (USNM); Calneva, 1 (MVZ); Hayden 
Rill, 1 (USNM); K.arlo, 2(MVZ); 2 mi S Madeline, l (HSU); Merrillville, l 
(USNM); 7 mi N Observation Peak, 5300 ft, 1 (MVZ); Poison Lake, l (USNM)i 
20 a1 E Susanville, 1 (CSUC); 10 1111 E Ravendale, S400 ft, 1 (CAS); 
Suaanville, l (USNM); Teno, l (MVZ); Wil1ow Cree~, Barran Ranch, l 
(CSUC), LOS ANCEL8S CO.: Covina, l (UCIA); Fairmont, Antelope Valley, l 
(LACK), 1 (MVZ)> Loe Angeles, l (LACH); near Lovejoy Buttes, 1 (MVZ); 
Tejunga Wash, l (MVZ), MADERA CO,: Sao Joaquin Rxperi~ental Range 
(Ne-an and Duncan, 1971~; headSan Joaquin River, 2 (USNM), MARIN co.; 
Bear Valley Ranch, Olema, l (MVZ); Bolinas, l (MVZ); 0.75 mi frombeach, 
1,25 mi NW Solinas, 1 (MVZ); Fort Sarry, l (MVZ); 3 mi W 1nverness, 2 
(MVZ); Millerton Gulch, 2.25 mi NE Inverness, 1 (MVZ); 7 mi N Novato, l 
(MVZ); Tomales Point, 1 (MVZ), MARIPOSA CO,: no locality specified, l 
(USNM); Wswona, l (USNM}. MENDOCINO g?_.;-Clsrke Ranch, 8 mi SW 



70 CALiFORNlA DEPARfflENT OF FISH AND GAME 

Earlimart}, 283 ft, 6 (USNM); Otosi, 4 (USNM); 4 mi SW Porterville, 1 
(AMNH); Whlte River, 1 (CAS); Whitney Meadows, 9800 ft, 1 (MVZ). TUOLUMNE 
CO.: Tuolumne Meadows, 4 (MVZ), l (USNM). VENTURA CO,: Mount Pinos, 1 
(MVZ); Mount Plnoa, 5500 ft, l (LACM); Saticoy, l (HVZ). !Q!:2. CO,: 
Oavis, l (UDAV); Woodland, t (UDAV). 

Channel Islaads Spotted Skunk 
Spilogale gracilia amphiala 

1929, Spilogale phenax ampbialus Dickey, Proc, Biol, Soc. Washington, 
42;158, !If! Locality: 2,5 mi N ranch house near coaat, Santa Rosa 
Island, Santa Barbara Co., California• 

1933. Spilogale gracilia amphialua, Grinnell, Univ, California Publ, 
Zool,, 40:105, 

Dietribution: Channel Islands Spotted Skunks are known to occur oaly on 
the islands of Santa Cru~, Santa Roaa and Sao Miquel, They are probably 
extinct on San Miquel Island, however (Walker, 1980). 

Population Status: Nothing specific is kno'Wrt about the statue of Spotted 
Skunks on the Channel Islands. Grinnell et al. (1937) noted that "quite a 
fevK &k1ns of these Skunks were received fro~ Santa Cruz Island by 
Colburn's taxider•y shop in Los Angele& in 19l8, Laughrin (1973) noted 
that Spotted Skunks were quite rat'e when he surveyed Santa Cruz 1sland in 
1973. According to von Bloeker (1967), Spotted Skunk& were once very 
common on Santa Cruz and Santa Rosa Islands, but by 1967 they were rarely 
found on either island, at least near human d-llings. 

Remarks by these authors were subjective impressions; there have been no 
studies of population size on either island. The eee111ing rarity of 
Spotted Skunks may Indicate not'mal populat ion fluctuations, or reflect a 
real decline in numbers. 

Santa Rosa and Santa Cruz are the two largest of the Channel Islands. 
Both are privately owned, and both have had less habitat alteration and 
fe~t' introductions of exotic mammals than most of the Other islands. 
According to Laughrin (1973) Waplti (Cervus elaphus}, Mule Deer 
(Odocoileus hem.ionua), Wild Plga (Sus sc~ofa), Catt le and Horses, occupied 
Santa Rosa l■land in 1973 in addition eo native mammals, Sheep fonerly 
were present, but apparently have been completely reiaoved. A liat of 
currently extant, introduced species on Santa Cruz Island is unavailable. 
Von Rloeker (1967) mentioned Horses, Wild Pigs, Cattle, and Roe Deer 
(Capreolus capreolus) as being present, and implied that feral cats were 
established on both is lands. Laughria (1 973) noted that Sheep also 
occurred on Santa Cru~ I sland, but fences were erected to restrict them to 
the north side, A huntlng program to reduce their nombers was in effect 
at tha.t time. 

~he principal reason for concern about: the Channel Islands Spotted Skunk 
is the scanty infol"Olation available suggesting a significant decline in 
populat10n8• Because i sland biota are more prone to extinction than those 
of mainlands, conce rn i& heightened. J-lum.an disturbances on the islands 
are probably not suf ficient to cause this decline. Oo~estic cats and/or 
dogs have possibly introduced diseases to ~hich the Skunks are 
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Laytonville, l (MVZ); Eden Valley Ranch, 18 mi above Willits, l (MVZ), 
KEJlCED CO,: Loe Banos, t (KVZ); Loe Banos Game Refuge, 2 (MVZ); 10 mi S 
Merced,l (CSCS); 2 mi SW Stevinaon, l (CSCS), MODOC CO,: 3 mi E 
Alturas, 1 (MVZ); 16 mi W Alturas, l (USNM); Cedarillle," 1 (USNM); Dry 
Creek, 3 (MVZ); Eagleville, l (CAS); 5 mi HE Po~t RidiPell, 1 (MVZ); 7 mi E 
Fort Bidwell, l (MVZ); Lake City, l (HVZ); 2 mi N Lake Clty, l {MVZ); 3 mi 
E Likeley, l (MVZ); Hodoc National Forest, Bump Read Mtns, 1 near Clear 
Lake, 1 (WFBM}; Parker Creek, Warner Mountains, 3 (KVZ); 12 mi E Steele 
Keadov, S200 ft, 1 (MVZ); Warren Peak, l (MVZ), MONO CO,: Sonora Pass, 
9600 ft, 1 (MVZ), P«lNTEREY co.: Anoyo Seco Wash, 2. if S Soledad, 150 
ft, l (MVZ); 10 mi S Carroel,by Road I 11 l (MVl); Highway Gl6, at 
Cachagua Creek, 0,3 mi W divide, 1 (HVZ); Jame~burg, l (USNM); King City1 

1 (UDAV); 2,S mt K Monterey Municipal Airport, Highway 117 1 l (MVZ); 9 •i 
E farkf1eld, 1 (MVZ); 7 IILi E San Lucas, 1 (MVZ); Seaaide, 1 (MVZ), NAPA 
CO.: Napa (Grinnell et al., 1937); 3 mi SW Napa, l (MVZ), PLUMAS CO.: 
Quincy, l (USNM), RIVBRSlDE CO,: Banning, San Jaclnto foothills, 2200 
ft, 1 (KVZ); Cahuilla (•Artza)7""san Jacinto Mountains, l (MVZ); Indio, 1 
(UCLA); 18 mi NW Palo Verde, 1 (HVZ); Pinto Basin, 17SO ft, l (MVZ); San 
Jacinto, l (CAS); Temecula, 2 (MVZ). SACRAMENTO CO.: Indian Mound, N of 
Hocid, l (HVZ); Polk., l (USNM). ~ BBNITO gQ_.: Hollieter, l (CA$), ~ 
BERNARDINO co.: Cedar Canyon, 5000 ft, Providence Mountains, 2 (MVZ); 
near Cimia,3 (HVZ); Indian Cove, 3000 ft, 2 mis, 6 mi W Twenty Nine 
Palms, l (MVZ); 2.5 mi SW Kelso, 2100 ft, l (MVZ); near Lake Arrowhead, 
San Bernardino Mountain&, l (LACK); Reche Canyon, near Colton, l {MVZ). 2 
mi ESE Rock Spring, 4700 ft, Lanfair Valley, l (HVZ); San Be~nardino, 1 
(SDSNH); Vidal, 1 (LACH), SAN DIEGO CO.; California Border, l (AKNH); 
Colo~ado Desert, Laguna Station--;-iew River, 1 (USNM); near El Cajon. 2 
(UCLA); El Cajon Valley, 1 (USNM); Escondido. l (SOSNH); Hillsdale• 1 
(SDSNH); Lakeside (Bond, 1977); l mi N La Jolla, 1 (SOSNlt); La Puerta 
Valley, 2 (CAS), 1 (MVZ), 4 (SDSNH), 1 (USNM); Mexican Boundary at 
monument ZS8, 1 (USNM); Ramona, l (SDSNR); W of San Marcos, 1 (SOSNR); 
Santa Ysabel, l {USNM); Sequan District, l (USNM); Sweetwater Reservoir, 1 
(SDSNH); Twin Oaks, !616 ft, 2 (USNM); Witch Creek, 4 (SDSNH), SAN 
FRANCISCO co.: 1666 46th Ave, San Francisco, 1 (CAS); Golden CatePark, 
San Francisco, 1 (CAS). ~ JOAQUIN £9_,: Corral llol.lou, 1 (MVZ); Tracy, 
14 (USNM). SAN LUIS OBISPO CO.: 3 mi W Red Hills, near Shandon, I (HVZ); 
12 mi S Shandon,2(MVZ); 147"5 ml S Shandon, l (MVZ); 15 mi S Shandon, l 
{MVZ); 6 mi SB Shandon, 1 (HVZ); 7 mi SE Shandon, l (HVZ); 8 mi SE 
Shandon, l (MVZ); 9 mi S& Shandon, 2 (MVZ); 10 ,al SE Shandon, 2 (HVZ); 17 
mt SE Shandon, 1 (MVZ); 18 mi SB Shandon, 2 (MVZ); 18,5 mi SE Shandon, l 
(MVZ); 19 mi SF. Shaodon, 1 (MVZ); 1.5 mi W Yeguaa Ho1.1ntain, l (MVZ). SAN 
HATEO CO.: Alpine, l (SDSNK); Menlo Park, 1 (CAS); near Peak Mou.ntain7l 
(CAS);Pescadero, l (USNH); San Francisco Game Refuge, 2 (MVZ), SANTA 
BARBARA CO.: 4 mi E Cuyama Ranch, 2200 ft, 1 (USNM); 10 mi E Gav'Io'ta 
Pass, 1 (HVZ); Santa. Anita Ranch, 7 ai W G&viota, 2 (HVZ). SANTA CLARA 
co.: San Antonio Creek, vicinity of Mountain View, l (CAS)-~ACRUZ 
CO.! Aptos, l (USNM). SHASTA CO.: Rurney • 1 (USNM); Dic'key ll.idge ,near 
Cryatal Creek, 4000 ft, 20 mi WRedding, l (MVZ); Fort Crook, 1 (USNM); 
WaTner Creek, 6600 ft I l (HVZ). SISKIYOU CO.: Beswick, 1 (USNM); Butte 
Creek ► l (CAS); > mi N Edgewood, 2800 ft, l(HVZ); Teenor, l (USNM), 
SONOMA co,: no locality deaignated, 1 (CAS); Freestone, 1 (MVZ), 
STANISLAUS CO.: 2 mi S La Grange, l (CSCS). TKHRMA CO,: 10 mi NW Bluff, 
l (CSUC); South Yolla Bolly Mt,, l (USNH); 2 mi S South Yolla Solly Mt., 1 
(MVZ), TIUNITY CO,: on Highway 299, near Big Bar, T5N, R8E, aec. 22, t · 
(HSU). TULARE CO,; no locality designated, l (USmt); ,\lila [• 
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susceptible. 

Habitat: Nothing specific hae been recorded of the habitat of Channel 
Islands Spotted Skunks. According to von Bloeker (1967), they were 
fol"'lllerly cOl!Jlllon around hulll&n dwellings, particularly on Santa Cruz Island, 
but by 1967 they were rarely found near any man-made structures on either 
island. 

In much of their range, Western Spotted Skunks (Spilogale eracilis) are 
common only in areas of rock outcrops such as h1lla1dea and rocky canyons. 
Spotted Skunks often take up residence in or under buildings. where these 
occur. They seem generally to avoid flat expanses, cultivated fields, and 
grasslands where rocks or brush are unavailable for cover and dens+ They 
sometimes use burro~& of other animals for dena (Grinnell et al., 1937). 

Spotted Skunks appear to be more tolerant of ~eric envirorunente than 
Striped Skunks, and may be found far from ~ater. Food consiste of a great 
variety of small animals -- arachnids, insects, mice and rate. lizards. 
snakes, egga. and birds -- ae well as fruits and seeds. Insects appear to 
be the staple, at least during months when they are abundant• 

Recomm.endations: A survey of the islands to determine present nU111bera of 
spotted skunks and provide a data base for future monitoring is 
encouraged, If populations are found to be low, attempts to determine 
cause of the declines should be made. 

Remarks: Von Bloeker (1967) did not indicate the disposition of the nine 
specimens mentioned in his paper. Some or all of these are probably 
included in the museum records listed below. 

Channel Ialand Spotted Skunks are larger and with more black coloration 
(lees white) than their mainland relatives. The status of this subspecies 
is not disputed 1n the literature. Walker (1980) reported on a subfoeail 
specimen from a midden on San Miguel taland, He referred to unpublished 
field notes by C, D, Voy (1393). in which Voy related the capture of a 
$mall Skunk in a trap on Sau Miguel Island some years prior to hie visit. 

Distribution Records: SANTA BARBARA CO,: Santa Cruz Island, 9 (von 
Bloeker, 1961); Santa crii'i'"Ieland. Prisoners Harbor. 2 (HVZ); Santa Cruz 
Island, Stanton Ranch headquarters, 1 (KVZ); San Miguel Island (Walker, . 
1980); Santa Rosa Island, ~ecke.r 1 s Bay, 16 (LACH); Santa Rosa Island, 2., 
mi N ranch house near coast (Dickey, 1929); Santa Rosa Island, Sk~nk 
Point, l (LACH). 



1'2 
CALIFORNIA DEPARTMENT OF FISH AND GAME 



1986 - MAMMALIAN SPECIES OF SPECIAL CONCERN -

OTHER CANDIDATES 

The species listed in Table 5 were on the original ~orking list or were 
8\18&eated as candidate Species of Special Concern by others, species 
listed by the Intern..ational Union for the Conservation of Nature, or 
designated as Sensitive by the u.s. Forest Service or the u.s. Bureau of 
Land Management. None are thought to face significant threats at this 
tl~e, although lack of infonation is sufficient reason to consider some 
as sensitive species. Researchers and land and resource managers should 
endeavor to gather needed informatton on distribution and population 
status for those species indicated as sensitive. 

Table 5. List of other candidate species not included on the List of 
concern. Page number ~efers to starting page of species account. Table 
continues on next page. , 

73 

Species Page 
Ht, Lyell Shrew (~ lyell1) 74 
San Bernardino Dusky Shrew {Sorex monticolue psrvidens) 74 
Inyo Shrew (Sorex tenellus) - 75 
Honterey Vagrant Shrew(~ vagrans paludivagus) 75 
Salinas Ornate Shrew (Sorex ornatus salarlus) 75 
Angel Island Mole (Scapanus lat1manue ineularis) 75 
Alameda Island Mole (Scapanus latim.anua parvus) 76 
Long-tongued Bat (Choeronycteris mexicana) 76 
Mammoth Little Brown Myotie (Myotis lucifugus relictus) 76 
San Joaquin Myotis (Myotia yumanensis oxalis) 76 
Spotted Bat (Buderma ueulatum) 77 
Sierra Nevada Mountatn Beaver (Aplodontia ~ californica) 71 
Kingston Mountain Chipmunk (Tamias f&namintinus acrus) 77 
Mt- Pinos Chipmunk (Tamias speciosus callipeplua) 78 
Santa Catalina Ground Squirrel {Spermoph1lus beeehey1 nesioticus) 78 
San Bernardino Golden-mantled Ground Squirrel 

(seermoehilus lateralis bernardtnus) 78 
Palra Springs Round-tailed Ground Squirrel 

(Spermophilus terettcaudus chlorus) 79 
Towsend Soft-haired Ground Squirrel (Spermophil~s townsendti mollis) 79 
Rock Squirrel (Spermophilus var1egatus gra.nmu.irus) 79 
San Bernardino Flying Squirrel (Glaucomya sabrinus californicus) 80 
Buena Vista Lake Pocket Gopher (Thomomys bottae iogens) 80 
Honey Lake Pocket Gopher (Thomomys towasend11 relictus) 80 
San Joaquin Pocket Mouse (Perognathu• inoraatus inornatua) 81 
McKittrick Pocket Mouse (Perognathus 1nornatus neglectus) 81 
Arroyo Seco Pocket Mouse (Perognathus inornatus sillimani) 81 
Yello-eared Pocket Mouse (Perognathus parvus xantbonotus) 82 
Sierra Valley Kangaroo Mouse (Microdipodops mea~cephalua californicus) 82 
Pale Kangaroo Mouse (Microd1podopa pallidua eallidua) 82 
Point Conception Kangaroo Rat (Dipodomys ag111s fuscus) 82 
Lesser California Kangaroo rat (Dipodomya californicus eximiue) 83 
Big-eared Kangaroo Rat (Dipodomys elcpbantinua} 83 
Berkeley Kangaroo Rat (D1podomys heel'lllanni berkeleyensis) 83 
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Table 5 (continued), List of other candidate species not included on the 
Liat of Concern, Page number refera to starting page of species account. 

Species Page Q 

Merced Kangaroo Rat (Dipodomya beena<Jnni dixoni) 84 
Argus Mountain Kangaroo Rat (D~podomys panam1nt1nua arau•ensis) 84 
Panamint Kangaroo Rat (Dipodomys panamintinua panaaintin.us) 84 
Santa Cruz Kangaroo Rat (Dipodomys vanustua venustua) 85 
Sonora Beaver (Castor canadenaia repentinus) 85 
Golden Beaver (Castor canadenaia subauratus) 86 
Santa Catalina Harvest Mouse (Reithrodontomya megalotis catalinae) 87 
Salinas Harvest Mouse (Reithrodontomys meaalotis distichlis) 87 
Santa Cruz liarvest House (Reithrodontomys megalotis u.ntacruzae) 87 
Anacapa Island Deer Mouse (Peromyacua maniculatus anacapae) 87 
Santa Catalina veer Mouse (P_eromyacua maniculatue catalinae) 68 
Western Cotton Rat (Sigm.odon hlspidus eremicus) 88 
Colorado Valley Woodrat (Neotoma albigula veuueta) 88 
Montere1 Vole (Microtus californicus halophilua) 88 
Mohave River Vole (Microtus californicus mohavensis) 89 
San Pablo Vole (Microtua californicus sanpabloenais} 89 
South Coast Marsh Vole (Mierotus californicua stephenai) 89 
Ovens Valley Vole (Microtua californicus vallicola) 69 
San Bernardino Vole (Microtue longicaudus bernardinus) 90 
Ringtail (Baseariscua aetutua) 90 
Humboldt Marten (Martes amer1cana hu~boldtenaia) 90 
Inyo Long-tailed Weasel (Muatela frenata inyoensie) 91 
Pallid Bobcat (!tl!! ~ pallescens) 9l 
Northwestern White-tailed Deer (Odocoileue virginianue ochrourua) 92 

Mt, Lyell Shrew 

~ lyell1 vas generally thought to live only in montane COllllllunities at 
high elevations in the ~entral Sierra Nevada (Ingles, 1965), Review of 
accounts of capture of four of the f1ve lrnovn specimens (Grinnell and 
Storer, 1924, Howell, 1924), together with information from recent 
captures, suggests that!• lyelli is widespread in high montane and cold 
steppe c01111Dunities ~f the central and eastern slopes of the Sierra Nevada 
(Williams, 1984). Furthermore,~- lyelll 1s probably conepecific with!• 
preblei, ranging in similar habitats northward to Washington and eastward 
at least to northern Utah, Wyoming, and Montan.a (Williams, 1984, and 
unpubl. data). They face no threat of extinction. 

San Bernardino Duskf Shrew 

Published information on the distribution of~ QOnticolua parvidana 
included record& of epeci~en, from a desert spring at about 4200 ft, 
upward through mixed-conifer forut at about 7500 ft in elevation in the 
San Bernardino and San Gabriel mountains (Findley, 1955; Kennings and 
Hoffmann, 1977; Jackson. 1926). Grinnell (1908) captured only Ornate 
Sbrews in the San Bernardino Mountains, including some froa the type 
locality of!•!!• parv1dens (de&cribed by Jackson in 1921). Steve Clifton 
and I conducted a field study to detemine the population statue of the 
Sao Bernardino Dusky Shrew, trapping at 51 eitea in the San Gabriel and 
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San Bernardino mountains (Williams, 1983). Although several shrevs were 
captured fro~ localities between 6000 and 9000 ft. no Dusky Shrews were 
found. Comparison of the shrews captured by us and San Bernardino Dusky 
Shrews identlfied by Hennings and Hoffmann (1977) with reference series of 
~- monticolus and~• ornatus showed that~·!!• parvidens was 
indistinguishable from 1• ornatus ornatu6. Sorex monttcolus parvidene is. 
therefore. considered a junior synonym of s. o. oroatus; these populations 
are not threatened (Williams, 1983). - -

lnyo Shrew 

At the time this project was initiated, only three specimens of Sorex 
tenellus were known from. two localit les in California (Hoffmann and Owen• 
1980). Their probable dietribution. on the eastern slopes of the southern 
Sierra Nevada and in the White Mountains. suggested no cause for concern. 
Subsequently, discovery of Inyo Shrews in the Sweetwater Mountains 
(Williams. 1984) and the Mon.o Basin (Harris, 1982)> and at a site on the 
western slope of the Sierra Nevada in Red Fir forest (Williams, 1984}. 
shows that they are fairly widespread and under no threats. 

Monterey Vagrant Shrew 

~ vagrans paludivagus lives in ri?arian and tidal and freshwater 
wetlands of the San Francisco Peninsula. the Salinas River Delta, and 
adjacent lowlands in the Monterey Bay area (Findley, 1955; Hennings and 
Hoffmann, 1977), Only scanty infot"Olation is available to docwnent 
distribution and populations status. Although the area witbin the 
geographic range of Monterey Vagrant Shrewe is under intense pressure from 
human developments, several wetland commun1t1est including the type 
locality. Elkhorn Slough, are protected from development, s. v. 
paludivagus may be more vulnetable than many wetland species, particularly 
birds and Long-toed Salamandets which have received special management 
considerations in different wetlands within the region. Therefore, it 
should be considered eensitlve. 

Salinas Ornate Shrew 

Sorex ornatus salarius occupies a variety of riparian, wetland, and upland 
terrestrial col!llllunities tn the vicinity of the Salinas River Delta (Owen 
and Hoffmann. 1983; unpubl. data). Although the region is undergoing 
intense development, I could not find infomation documenting its curr'ent 
statue. The relatively wtde ranie of C01Xl1llunities providing habitat for s. 
~• &alariu& euggests that it ts probably not jeopardized. -

Angel Island Mole 

Scapanus latimanus 1nsularis is confined to Angel Island, Marin Co., in 
the northern portioa of San Francisco Say (Hall, 1981). The island is a 
state park and under no threat of intensive development. Introduced Mule 
Deer (Odocoileus hemionus) serious dalll.88ed ~egetation on the island • 

. rasult1n8 in considerable eoil erosion, which was probably the major 
threat to moles. The California Department of Parks and Recreation has 
lnstttuted measures to control the size of the deer population. 
Determining the current population status of Angel Island Moles should 
receive high priority in management of the island. 
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Alameda Island Mole 

Scapanus latit11.1utus parvus 1& known only from Alameda Island, Alameda, 
Alameda Co. (Hall. L981), The island ia 1nteneely developed vith the 
Alameda Naval Air Station (Nimitz Field) occupying neatly half; most of 
the reGain1ng area is occupied by CO!llllercial and residential 
developments, Alameda Memorial State Beach Park Ls the eost e~tensive 
state-111anaged property on the island. 1 have no current inforaation on 
the population status of!·.!.· parvus. but developcent of Alameda Island 
warrants treating it as a sensitive species. 

Long-tongued Bat 

Choeronycterie mexicana seems to be a sporadic visitor to Califo rnia from 
Mexico, appearing in San Diego County in autumn (liuey, 1954b; Olaon, 
1947). Records include bats taken in San Diego in September, 1946 (Olson , 
1947). October and December, l947 (Huey, 1954b), aod October, 1963 (Banks 
and Parrish, 1965). Long-tongued ~et& feed mostly on nectar and pollen of 
n1ght-blo0111ing succulents such as agave. They roost in relatively 
vell-lighted caves and in buildings, and under ahallow, cave-like 
overhangs and portals on buildings. Ho protection or mana.gement of 
Long- tongued Bats is required in California. Additional information on 
their occurrence within the state ls needed, however, and this need ehould 
be brought to the attention of agency biologieta and others likely to 
receive reports of bats, 

Mammoth Little Broitn Myotis 

H):Otis luc.ifugus relictus is known from the Loog Valley and OWena Valley 
(Harris, 1974). In general,!:!.• lueifugus la aaaociated with large, 
pemanent bodies of water in western North .America. They often roost and 
form JUteralty colon1e6 in the attics of buildings, under bridges, and 
other structures (Fenton and Barclay, 1980). M. l, relictu& waa suggested 
ae a ~ndidate species by the U,S. Fish and Wildlife Service (in litt,), 
I have not found evldence that it is jeopardized. although information on 
current population statue ia Lacking. Major developments in the region 
(impoundment and dlveraion of rivers and streams) probably enhance habitat 
foi:- the species. 

San Joaquin Myot1s 

Hyotis yumaneusis oxalis occupies aress on the valley floor and foothills 
of the San Joaquin Basin and Delta, westward to at leaat ierkeley, Alameda 
Co, (Hall, 1981). This species was on the original working list. Within 
their range, San Joaquin Myotis are 4.lllong the coUlllloneat bats, forming 
relatively large maternity colonies in attics of buildinis, barns, and 
other structure~ (unpubl. observations). Populations of all bats appear 
to have diminished greatly in the last two decades in central California, 
and this trend will probably continue as more land is developed, more 
ineecticides are used, and as barns and other structures used aa roo&ts 
and sites for maternity colonies beconie less num.erous. I do not believe 
the situation warrants high priority consideration now, but treatment as a 
sensitive specie& is advisable, 
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Spotted Bat 

Euderma m&culatum was listed as a rare species 1n the u.s. Bureau of 
Sports Fisheries and Wildlife ~are and Endangered Species List of 1~68 
(Watkins. 1977). Listi~g did not confer legal, protected statue for the 
speciee. E, M~ulatum was also listed in the 1969 edition of the 
International Union for Conservation of Nature Red Data Sook, and as a 
Category 2 species by the U,S. Fish and WildlifeServI'ce~82). Spotted 
Bats range widely in western North America from southern British Columbia 
(Woodaworth et al •• 1981) to Mexico (Watkins, 1977). In California ► 
records of Spotted Rats include the eastern and southern portions of 
California> the central Sierr~ Nevada and the foothills of the Sierra 
Nevada in the San Joaquin Valley. They probably occur throughout the 
state in suitable habitat. Moat often. Spotted Bats have been found in 
arid desert and open pine foresta in rough, rocky terrain (iasterla. 1971; 
Findley and Jones, 1965; Leonard and Fenton, 1983; Watkins, 1977; 
Woodsworth et al •• 1981). Spotted bats appear to roost mainly in rock 
crevices {Laonard and Fenton, 1983; Watkins, 1977). and fem.ales appear to 
favor Ponderosa Pine forest as habitat during the reproductive season 
(Findley and Jones, 1965). I found no evidence that the Spotted Bat is 
threatened in California. A review of its distribution and population 
status by Fenton et al. (1983) found no significant threats that warranted 
seeking federal Threatened or Endangered Species statue. 

Sierra Nevada Mountain Beaver 

Unpublished observations (Dale Steele) on a population of Aplodontia rufa 
califoraica. livins near a freshwater seep along historic Lee Vining 
Creek, about l km from Mono Lake, provided the basis for iaclusion of this 
population among the species on the draft List of Concern. It was the 
only local population of a more widely distributed taxon to be so 
tncluded. Other populations of Sierra Nevada Mountain Beavers are found 
at nuroerous sites. particularly where there le a dense irowth of small 
dec1duou.a trees and shrubs, wet soil, and/or nearby water, and an 
abundance of herbaceous forha. ferns, berry vines, etc, (Camp. 1918; 
Scheffer. 1929). Because of the unique habitat of the Mono Basin 
population in aemideaert surroundings and because water-flow in Lee Vining 
Creek is usually diverted by the Los Angeles Metropolitan Water District, 
thie population could be Jeopardized, On th1s baa1s, the population was 
listed as a Category 2 species by the u.s. Fish and Wildlife Service 
(1982). Subsequently► additional information on the status of Mountain 
Beavers in the Mono Basin was published by Harrts (1982). John Harris 
(pera. com~.) believes that Mountain Beavers living near Mono Lake are 
immigrants fr0111 higher elevations along the eastern slope oft~ Sierra 
Nevada ► and that, periodically, some eetabll$h hOClles in suitable eitee. 
lo reconsidering its status in light of the observations by Harris (1982. 
and pers. comm.) and the recent litigation that has returned water to Lee 
Vining Creek (at least te~porarily), there seems to be little 
ju6tification for including this population on the List of Concern, 

Kingston Mountain Chipnunk 

Tamias panamintinua ~ occurs only in the Kingston Mountains in the 
desert area of northeastern San Bernardino Co, (Hall, 1981). This 
populatlon is apparently isolated from all other populations of Tamtag by 
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hot, lo-lying desert co1111\un1tiea (Joh.neon, 1943). Within the Kingston 
Mountains, the chipmunks live in arid pinyon-juniper woodlands, occupying 
nests aaong rocks in fieeured cliffs and ledges. The u.s. Bureau of Land 
Manaaement listed!• .2• .!£!.!!!. as a Sensitive Species in its California 
Desert Conservation Area Plan (unpubl. documents), Johnson (1943) noted 
that Kingston Mountain Chipmunks were few in nU111ber and occupied a 
potential geographic range of le68 than 40 6quare ~ilea. Major uses of 
land in the area include cattle grazing and nining (u.s. Bureau of Land 
Management, in 11tt.); neither activity poaea serious threats to the 
populatlon. No evidence kno11n to ~e supports considering it aa sensitive. 

Mt. Pinos Chipmunk 

Tamias specioaua callieeelus is appareotly restricted in distribution to 
the upper slopes and summit of Mt. Abel and Mt, Frazier of the Transverse 
Ranges. (southwestern Tehachapi Range). H.owell (1929) recorded a single 
specimen from Canyon de Uvas (Grapevine Canyon). Records of elevation 
extend from 6000 ft on north-facing slopes to 8800 ft in open, coniferous 
forest (A. 1. Roeat, in litt.; Grinnell, 1933). Lodgepole Chipmunks(!• 
speciQsus) are generally found in open forests with a mix of shrubs and 
trees. They are nearly always associated with Lodgepole Pine, although 
Red Fir, Jeffrey Pine. and Ch1nquap1n are also conunon plant associates 
(Johnson, 1943); Red Fir does not occur, and White Fir is probably an 
important associated species within the range of!.·~· callipeplus. 
Lodgepole Chipmunks frequently take refuge in trees and rarely venture far 
from tree cover. No information is available to document the status of 
this isolated population. Dr. Aryan Roest expressed concern about its 
status and stated that a high level of recreational activities by humans 
in that area, iocluding exteus1ve vacation home developments ~ight be 
responsible for a perceived decline in population density. The relatively 
wide-spread occurrence of Mt. Pinos Chipmunks on public lands and their 
preference for relatively open forests suggests that they are not 
currently threatened, but this should be established by field studies. 
Treatment a£ a sensitive species is recommended. 

Santa Catalina Ground Squirrel 

Spermophilus beecheyi nesioticus occurs only on Santa Catalina Island, Los 
Angeles Co, Although this species was on the original working list, 
primarily because of ita insular di9tribut1on, it was shortly dropped from 
coll6ideration• California Gro~nd Squirrels are widely distributed, 
occurring from below sea level to high elevations in temperate, mixed 
conifer forests (Grinnell. 1933). They are most numerous in disturbed 
communities undergoing secondary ~uccession. During field work on Santa 
Catalina Island in January, 1983 (Williams, 1983), I observed several 
Santa Catalina Ground Squirrels. The general degradation of native plant 
communities by introduced Bison. Feral Goats, Wild Pigs, and other 
introduced ungulates favor this species. There is no reason to treat Lt 
as sensitive. 

San Bernardino Golden-mantled Ground Squirrel 

Spermophilus lateralis bernardinus is a re1ictual population of the 
Golden-mantled Ground Squirrel and is distributed from about 6)00 to tl,00 
ft in the elevation in the San Bernardino Mountains (Grinnell, 1933), In 



1986 - MAMMALIAN SfECIES OF SPECIAL CONCERN - 79 

the western Sierra Nevada, 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 species was included on the original List of Concern 
primarily on the basis of my expertences with S, lateralis on the western 
slope of the central Sierra Nevada. During field work in the San 
Bernardino Mtru.. (Williams, 1983, and unpubl.), Golden-mantled Ground 
Squirrels were observed in open p1ne and mixed conifer forests and in 
plnyon-juniper woodlands on the northern, desert slopes of the mountains. 
Their abundance in a broader range of plant c011munittea in the San 
Bernardino Mountains lessens the importance of threats to the taxon from 
home and recreational developments. 

Palm Springs Round-tailed Ground Squirrel 

Spermophllus tereticaudus chlorus was on the draft List of Concern aa a 
Third Priority species. Populations are restricted to areas below about 
1200 ft in the Coachella Valley (Grinnell and DixonJ 1918) in Riverside 
Co. Here, Round-tailed Ground Squirrels occupy dry. level, sandy areas, 
apparently being most numerous in areas with fine sandy eoils supporting 
abundant herbaceous growth; Mesquite (Prosopis ap.}, Suaeda/Distichlis, 
and Creosote (Larrea) associations are also commonly used. They do not 
inhabit cultivated fields and lawns but they feed in such areas when the 
distance from thelr home burrows is not too great• The habitat for!•!• 
chlorus has been reduced substantially by urbanization. cultivation, and 
construction of roads, railroads, airports, and golf courses. Little 
public land is found in the Coachella Valley, and not all that l~ publicly 
owned supports thls species. The reason for removing it from the List of 
Concern is because of the Coachella Valley Macropreserve agr•ement between 
the U.S. Department of the Interior, The Nature Conservancy and other 
organi~ations. s. t. chlorus should be treated as a sena1t1ve species 
until information on its statue is available. 

Townsend Soft-haired Ground Squirrel 

Sperm.oehilus townsendii mollis occurs in two disjunct areas in eastern 
California: the region from the upper OWens Valley to the Mono Lake area 
in Mono Co.; and in the Honey Lake area in Lassen Co. (Hall, 1981). 
Townsend Ground Squir~els live in eollllllunltiee with sandy so1le supporting 
Big Sagebrush and Rabbltbrush. Typically, they are found in loosely 
organized colonies, 1n California, they are dorm.ant from about July to 
January or February (Harris, 1982), They do not live in cultivated 
fields. !• !• uollis was on the working 11st, but definitive information 
on its status has not been developed. Much of the land around Honey LaKe 
is under cultivation and the species could be threatened there. There are 
fewer developments that would threaten the species in the southern sector 
of its range where extant colonies are known fcom the Mono Lake Basin 
(Harris, 1982; and unpubl. data). I found no evidence to support listing 
this species. 

Rock Squirrel 

In California. Spet'lll.ophilua ~ariegatus grall'lllurus only occurs near the 
eastern border tn desert mountains ranges (Clark and Providence ranges) of 
San Bernardino Co. (Kall, 1981). There. 1t lives in p1nyon-juniper 
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aeeociationa among roe~ (lnglea, l96S). 1 found no infonation to 
indicate that the epecfee 19 threatened in California. 

San Bernardino Flying Squirrel 

Glaucomys aabrinua californicus is known from the San Bernardino and San 
Jacinto ranges. living between about 5200 and 8500 ft. There probably 18 
a population of G. sabrinus in the San Gabriel Mountains also (Vaughan> 
1954). Summer (1927) conducted an exteneive trapptng aurvey south of Big 
Bear Lake in the San Bernardino Range in sum~er. 1926. He took 22 
specimens over the course of &Qveral 1t10nths, all in White Fir trees, 
Grinnell (1933) remarked that these flying squirrels inhabited woodlands 
where Black Oak or White Fir trees were common. Grinnell and swarth 
(19ll) captured a single animal in the San Jacinto Mountains. lt was 
taken in a Black Oak at about 6000 ft. Records of 38 specimens fro& the 
two aountaln ranges> most of which were taken prior to tha 19601 8> were 
located. The San Bernardino Flying Squirrel was listed as a Third 
Priority species on the draft List of Concern because of high densities of 
homes and recreation sites in mid-elevation forests in both ranges and 
killing of trees by air pollution> and because authorities had remarked on 
the seeming scarcity of these animals (Grinnell, 1908; Grinnell and 
Swarth. 1913; Summer, 1927). Field work in the San Gabriel and San 
Bernardino mountains (Williams> 1983) convinced me that the threats from 
developments ~ere of much lesser mainitude than feared earlier. G. a. 
californicus was deleted from the final Llst of Concern for these- -
reasons. All flying squirrels are protected from taking in California. 
therefore having some protection from direct depredation by humans. 

8uena Vista Lake Pocket Gopher 

Thomom.ys bottae ingens is limited to area& in the vicinity of historic 
Buena Vista Lake• in the southern San Joaquin Valley. Kern Co. (Hall, 
1981). Buena Vista Lake has been drained and is under irrigated 
cultivation; cotton is grown on the historic Lake Bed and on moat 
surrounding land. Periodic field work, especially 1n 1985 (Williams, 
1985) produced evidence of extant colonies in the South Coles Levee 011 
Field and the Suena Vista Lake Recreation Area north of the lak.e bed, and 
elsewhere within its limited geographic range. Given the ability of 
pocket gophers to adapt to pastures and fields in perennial crops such ae 
alfalfa and to golf courses.!.•~• igena was dropped froa1 acttve 
conA1deration. 

Honey Lake Pocket Gopher 

Thomomxa townaendil relictua occurs only in a small area in the vicinity 
of Honey Lake in the western part of Honey Lake Valley. Lassen Co. (Hall, 
1981). lts geographic range extends from near Susanville tn the northwest 
to near Amedee in the northeast and Doyle in the south (Thaeler. 1968). 
Within this area, Honey Lake Pocket Gophers are confined to deep aolls of 
lacuatrlne origin. They are found in ~oiet meadows along the weatera edge 
of the Honey Laite Valley and range into the more arid grasslands io the 
eastern part of the valley, where their range appears to be eoincl~ent 
wtth the distribution of saltsrass (Distichlie; Thaeler (1963). Soil type 
may be the primary li•iting factor for thls gopher. Although much of the 
ttoney Lake Valley is under cultivation or in irrigated pasture. Honey Lake 
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Pocket Gophers appear to be comm.on and not threatened by developments in 
the region (J. L• Patton, pera. comm,). 

San Joaquin rocket Mouse 

81 

Perognathus inornatus inornatua occurs along the eastern aide of the San 
Joaquin Valley and possibly in the Sacramento Valley (unpubl, data). The 
boundaries between the geographic ranges of P, i. inornatus, with 50 
chromosomes, f.• !.• neglectus. with S6 chromosomes (Williams, 1978}, and 
the population from the Sacramento Valley (a single specimen from Lake Co. 
had 60 chromosomes; unpubl. data) are not -ell documented. Taxonomic 
problems in this species complex have complicated the resolution of 1te 
populations status further. Typical San Joaquin Pock.et Mice from the 
eastern edge of the San Joaquin valley have been found in areas with 
friable soils in grasslands and Blue Oak savannas, frou near aea level to 
about l>OO ft in elevation. Some of the oldest and largest collections, 
made near the be.ginning of the century (unpubl. data) were fro~ areas of 
wind-drifted aand, a habitat that has eeaentially disappeared due to 
cultivation and urbanization. This species was listed in the Third 
Priority on the draft List of Concern. baaed primarily on the extensive 
1088 of habitat in the San Joaquin Valley. Reflection has resulted in 
removing it from the Li&t of Concern, although it should be treated ae a 
sensitive species until infotuation is available to resolve lta population 
and systematic status, 

McKittrick Pock.et Mouse 

Perognathu~ inornatus neglectus occurs along the veetern side of the San 
Joaquin Valley. ln the Mojave Dese~t, on the Carrizo Plain. and in the 
upper Salinas Valley (unpubl. data). Its distributional limits and 
relationships to!·!• inornatu&, !• !• psammophilus, and the lnornatus 
group pocket mice from the Sacramento Valley are unclear. McKittrick 
pocket mice have been taken on a variety of soil types in desert shrub 
aaaociatione supporting Atriplex spp,. Ephedra callfornica, and annual 
herbaceous plants such as Bromus spp. and Erodlum. Most of the available 
habitat for this pocket mouse is located on the eloping, western ~argin of 
the San Joaquin Valley and the adjacent, rugsed hills. McKittrick pocket 
mice see~ to be uncommon. or at lea&t only locally co11111.on, but probably 
are not under serious threats now, 

Arroyo Seco Pocket Mouse 

Perognathua inornatus ailliman1 was described by von Bloeker (1937); he 
also described the Salinas pocket mouse (PeTognathua lonsimembris 
psammophilus) at the same time. The type aeries of both taxa were 
collected from the same lo~ality. I have examined all of the available 
specimens of both species, The speci~ens of!•.!.• psammophilus were all 
suba.dults and the specimens von Bloeker (1937) called P. 1. silli11&nl were 
all adults. The two taxa are based upon different age-groups of the same 
population, which is allied with the inornatus species co~plex, not P, 
longimembria. The Arroyo Seco Pocket Mouse is, therefore, a junior -
synonym of Perognathua inornatua 2sa11111102hilus. The latter name has 
priority because of pag& precedence in the publication describing both 
taxa {see account of!•!.• esallllllophilus), 
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Yellow-eared Pocket Mouse 

Perognathua earvue xanthonotus is known from the southeastern elopes of 
the Tehachapi Mountains in the vicinities of Free~an (Walker Pass). Horse. 
lndlan Wells, and Sage canyons in Kern Co. (unpubl. data), Yellow-eared 
Pocket Mice are associated primarily with arid desert shrub and Joshua 
Tree communities and in ecotonal areas supporting a sparse cover of Pinyon 
Pine trees. Altitudes recorded for specimens range from about 4000 to 
5300 ft. The Yellolll'"eared pocket mouse was treated as a separate species 
from!• parvus by Hall (1981). lt& karyotype and aspects of its structure 
are indistinguishable from most members of the parvus species group 
(Williams. 1978). and I see no reason to treat it as a separate 9pecies. 
The U, s. Bureau of Land Management designated the Yellow-eared Pocket 
Mouse as a Sensitive Species in the California Desert Conservation Area 
Plan. There are no known or projected developments that would jeopardize 
thi8 tuon 0 despite its apparent restricted• geographic range and narrow 
altitudinal distribution. 

Sierra Valley Kangaroo Mouse 

In California. Microdi~odoe! megace2halue callfornlcue is known only from. 
the type locality in the Sierra Valley. Plumas Co. (Hall. 1981). Although 
found on substrates of gravelly te~ture, they are most often associated 
with sandy soils. The restricted dietribut1on of :t!,• .!!!.• californicus was 
the primary reason for including it on the working 11st. There is no 
information on its current status. 

Pale 'Kangaroo House 

Microdipodops pallidus pallidus occurs in California as two disjunct 
populations: one io the Fish Lake Valley, near Oasis, Mono Co., and one 
in the Deep Spring$ Valley. lnyo Co. Inhabited areas in California are 
&teppe-desert associations on fine, sandy soils from about 5000 to 5500 ft 
in elevation (Grinnell, t933). t found no tnfot'111ation on the current 
population st~tue of!!.•£.· eallidus. Most of the land supporting both 
population is either privately owned or 1e public land outside specified 
multiple-use classes of the u.s. Bureau of Land Manage111.ent California 
Desert Conservation Area Plan. Future developments tn these areas would 
pose threats to the only known populations of?!.• pallldua ln California, 
although lam not aware of any planned developments. During a one•day 
visit to the area ln 1982. l found no evidence that the populations are 
under aerioua threats, 

Point Conception l<ansaroo Rat 

Dipodomys agilis fuscus was placed on the working 11st because of its 
apparently restricted distribution. It is known only from the vicinity of 
Point Conception, Santa Barbara Co .• in coastal chaparral communities 
(Boulware, 1943). Best {1983) could find no characteristics separating 
the ~ore widely distributed subspecies. Q.• !.• parplexus. from fuscus, I 
believe detailed studies will show the populations are in contact and do 
oot warrant taKonornic recognition as separate subspecies. This is the 
pri111ary reason for not ranking this kangaroo rat in a priority category. 
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Lesser Callfornia Kangaroo Rat 

Dipodomys californicus eximius is found only in the vicinity of Marysville 
Buttes in Sutt eT Co. According to Gri nne 11 and 1,insda le ( 192 9) , eximi us 
differs from the wider-ranging subspecies. D. c. &axitilis• only in its 
paler coloration. Neither subspecies was nu"merous at t he time Grinnell 
and Linsdale (1929) investigated their :status, D. c, aaxitilis apparently 
was limited to foothill COIII.Olun1ttes just above the edge of the valley 
floor, in sites on slopes with soils that remained "well-drained through 
the wet winter month&n (Grinnell and Linsdale. 1929). Presumably• the 
Lesser California Kangaroo Rat has similar requiraments. According to 
Blair Csut1 (pers. comm,), eximius had not been collected for ~everel 
years. It was included on the working list, but was dropped after review 
of information on its taxonomic status suggeeted th.at there ~ae little 
justif1cat1on for recognizing th• wideE"-ranging D, c. saxitilis aa a 
subspecies separate frODl exim1us. Current tnformation on its population 
status and a review of the taxonomy of D, californicus ie needed. The 
Lesser California Kangaroo ltat should be considered vulnerable and treated 
as a sensitive species until its status is determined-

Big-eared Kangaroo Rat 

Published information on the distribution of Dipodomys elephantinus 
suggests that its range is li~ited to the southern portion of the Gabilan 
Mountains in San Benito Co., in the vicinity of Pinnacles National 
Monu~ent (Grinnell, 1922; Hall, 1981). the 8ig-eared Kangaroo Rat was 
included on the working list because of its small geographic range and 
becauae it. was 11.&ted by the Intern.ational Union for Conservation of 
Nature Red Data Book, Also. it was listed as a CategoTy 2 ~pecies by the 
U,S, Depart'inerrt Qfthe Interior (1982), I collected kangaroo rats with 
dia,gnostic characteristics of!• elephantinus in chaparral communities in 
Del Puerto Canyon in western Stanislaus Co,, and fro• Clear Creek in the 
southern Diablo Range, San Benito Co. An additional specimen in the 
Collect1on& at Fresno State University, from near the border of Fresno and 
San Benito counties is of this species. I found no justification for 
recognizing elephantinus as a species separate fr01ll ~· venustus 
(Narrow-faced ~angaroo Rat) or to be concerned about 1ts population 
status, Troy Beat (pers. c0111m,) la presently studying the relationships 
between Q.• venustue and elephantinus, 

Berkeley Kangaroo Rat 

Published records of occurrence of Oipodomys heermanni berkeleyensia are 
from the Serkeley Hills, Mount Diablo, and the Ltverlllore Valley (Ball, 
1981). Berkeley Kangaroo Rats probably occupy suitable habitat throughout 
the 111ountain range& east of San Francisco "Bay and weet of the San Joaquin 
Valley, Habitat for Berkeley Kangaroo Rats, in so far as is known, 
consists of open. grassy hilltope (Grinnell, 1933) and open spacee in 
chaparral and Blu.e Oak/Digger Pine woodlands (unpubl. data). Habitat for 
Berkeley Kangaroo Rats has been reduced significant ly in the hills and 
valleys nor th of Livermore, and this gives some caus~ for concern about 
its etatua, However, 0, heermanni with char~cteristic:s attributed to D. 
~• berkeleyensis (Grinnell, 1922) are fairly co-on on the east flank of 
the Diablo Range in Del Puerto Canyon, Stani slaus Co,, and Corral Hollow, 
Alameda Co. (unpubl. data). The limits of the geog~aphic range of~-~-
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berkeleyenels and ita relationships too. h. tularensis (Tulare Kangaroo 
Rat) need to be reviewed in order to cla~ify their distributional and 
population status. 

Merced Kangaroo Rat 

Dipodom.ys heermann1 ~!!! is known from eastern Merced and Stanlslaus 
counties (Hall, 1981) 1n grassland and savanna co111munitiea. It wa~ 
included on the working list because of its limited distribution and the 
rapid rate of conversion of natlve plant communities to irrigated fields 
in this portlon ~f the San Joaquln Valley. Thousands of acres of land in 
eastern Stanislaus aad Merced counties, considered safe from cultivation 
si~ years ago has since been converted t~ orchards and vineyards. No 
additional information on its population status has been located. but 
threats to its population from continuing loss of habltat seem great 
enough to warrant treating it as sensitive until its status is clarified. 

ATgus Mountain Kangaroo Rat 

n1eodo111ye panamintinua argusensis occurs only in the Argus Mountain Range 
in In10 County (Hall, 1981). Its population is isolated from others of D. 
panamintinus. Nothing specific is recorded of its habitat associations.­
but. in general. Panauint 'K.ilngaroo Rats occur in arid, mountain steppe 
cot1111lunit1es vegetated with Yucca; Pinyon Pine. Juniper. and Sig 
Sagebrush• They appear to be most common on coars~textured soils on 
sloping ground (Johnson et al .• 1948). This taxon was tncluded on the 
working list because it was designated as a Sensitive Species in the u.s. 
Bureau of Land Management California Desert Conservation Area Plan. A 
portion of th.e Argue Mountains lies within the China Lake Naval Weapons 
Center. Nearly all of the rest of the Argus Range is public land 
administered by the u.s. Bureau of Land Management This land is 
designated as Class L (linited use), which means use is limited to 
livestock grazing. mining, and other activities that are unlikely to 
jeopardize the population of kangaroo rats. There i& no known reason for 
granting special con6tderation to this population, 

Panamint Kangaroo Rat 

Dieodorays panaru.ntinus panamintinue occupies the Pana~int Range in Inyo 
co., between about 4600 and 7000 ft, Distributional records include 
several speci~ens from around Jack.ass Spring. the head of Willow Creek. l 
mi a. of Lee Pump, and South Park Meadow (Johnson et al,. 1948; Hall, 
1981). Habitat for!• R.• 2ana111intinus is probably similar co other 
populations of this species (see above). It wa~ included on the vorking 
list because it was designated as a Sensitive Species in the u.s. Bureau 
of Land Management California Desert Conservation Area Plan. Panamint 
Kangaroo Rats were fairly common in Pinyon-Juniper co~mun1tiee around 
Jackass Spring during field vork in 1974 (unpubl. data). Most of the 
Panamint Mountains lie within Death Valley National Monuroent and are 
inaccessible to off-road vehicles and protected from most forms of 
development. Other portions of the geographic range of the Panamint 
Kangaroo Rat 3re public lands designated for limited use {Class L) by the 
u.s. Bureau of Land Management. There is no known evidence of thTeats to 
the Panamint 1<aa&a~oo Rat. 
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Santa Cruz Kan&aroo Rat 

The geographic range of Dipodomye venustus venustus exte1lda fi-0111 the Santa 
Cru.z Mountalne eastward to Mount Hamilton in the Diablo Range, and 
south~ard to Freemont Peak in the northern end of the Gabtlan Range 
(Grinnell, 1922; Rall, 1981). Kangaroo rats of this group are also know 
from the Dtablo Range in western Stanislaus Co., and from the eouthern 
Diablo Range in San Benito and Fresno counties (unpubl. data; eee account 
of the Big-eared Xanaaroo Rat). Some populations of Dlpodomys venustus 
are found on slopes v1tb a heavy cover of chaparral (Grinnell, 1933). 
Hawbe~ker (1940) found burrows of Santa Cruz l<.an&aroo Rats on sand, sandy 
loam. and loam 9oil9. but never in soils of "heavy" textuTe. Re trapped 
Santa Cruz Kangaroo Rats ln two abandoned agricultural fields which had 
supported chaparral originally (Chamiae, Black Sage 1 Manzanita, Buck 
Brush, and Coyote Brush) and conifer forest (Coast Redwood, Douglas Fir, 
Hadrone, and Tanoak). He speculated that they also inhabited the areas 
vith chaparral, aa he trapped Santa Cru& Kangaroo Rats at the edge of 
chaparral. Ant~als 1 have captured in the Diablo Range were taken 1n 
chaparral (unpubl, data). In the Santa Cruz Mountains, known collecting 
localities have sandy soils, Available evidence suggests a severe decline 
in populatlona of Santa Cruz Kangaroo Rate in tlte Santa Cruz Mountains. 
Michael Maransio (in Utt.) reported that hie searches at several sites 
failed to uncover evidence of extant colonies. Increastog density of 
residential housing and the domestic and feral house cats may be factors 
in extirpating s0111e populations, Quarrying of sand has probably led to 
extirpation of others (M. Marangio• in litt.). I have not included the 
Santa Cru~ Kangaroo Rat on the List of Concern because I could find no 
threats to populations in most portions of the Diablo Range; ho~ever, 
measures to locate and protect populations in the Santa Cruz Mountains 
should be considered. 

Sonora Beaver 

Castor canadens1s repentinus was originally found along the Colorado 
River in California. In 1911• upon completion of construction of 
irrigation and drainage canals between the Colorado River and the Imperial 
Valley. Sonora Beaver~ colonized portions of the Imperial Valley (Grinnell 
et al •• 1937}. They inhabit slow- to moderate-floWing water$ of the ~ain 
channels of the Colorado River and canals, sloughs, and oxbow lakes. 
Where the water is shallow and the banks are of rock, lodges are 
constructed. Elsewhere. however, beavers place nests in burrows in ban~s 
and levees, Dams are constructed where waters are shallow, but are 
uncOflmon along the Colorado River (Tappe, 1942). Sonora Beavers eat bark 
and tw1gs of Willows, ~1esquite, Cottonwood, and other woody plants. and 
Cattaile, grasses, Arrow Weed, and other herbaceous plants. The Sonora 
Beaver was included on the draft List of Concern in a Fourth Priority 
category for sensitive species, and is currently designated as a furbearer 
and may be trapped in California, Dixon (1922) estimated that 100 Sonora 
Beavers lived in the Imperial Valley in 1921. Trapplng and water shortage 
caused a subsequent decrease ln the population, and by 1940. Tappe (1942) 
estimated that there were only 32 left in the lroperial Valley. mostly 
living along the lower portion of the Alamo River. Tappe found a total of 
13 Sonora Beavers in canals and sloqghs in the Palo Verde Valley and 272 
alo1\g the Colorado River (129 on the Cali forn:l.a e 1de). The present status 
of the Sonora Beaver population is unknown. Loss of riparian habitat 
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along the Colorado River has been extensive since the 1940's. River 
channelization. phreatophyte control, and lining of canals and drains with 
concrete are probably the most troublesome factors affecting Sonora 
Beavers. No Sonora Beavers vere taken by animal damage-control agents of 
the u.s. Fish and Wildlife Service in Imperial. Riverside, or San 
Bernardino counties between 1969 .and 1976 (Lee, 1977). A single beaver 
~as reported as taken by a fur trapper in Imperial Co, during the 197S-76 
season (Lee. 1977), eeriodic contamination of the Alamo River in the 
Imperial Valley by raw sewage fr0111 Me~ical1• Mexico, may threaten any 
remaining Sonora ievers livlng there. The Sonora Beaver should be 
consider as a sensitive apec1ea and its status determined. 

Golden Beaver 

Castor canadensis subauratus was originally found throughout the lower 
courses of the San Joaquin and Sa.cra'lll.ento river 6y6tema. including the 
streams draining into Tulare and Buena Vista laltea, Altitudinal range was 
from sea level up to about 1000 ft. Colden Seavers probably did not 
occupy the upper segments of stream& of the we~tern Sierra Nevada 
(Grinnell. 1933). although they have been introduced there at numerous 
aitea (in the 1940•s alone, there were 172 different transplants of Colden 
Beavers), Colden Beavers inhabit slo- to moderate-flowing streams. 
ponds, and lakes, The main requirement seems to be sufficient food, which 
consists of roots. bulbs. grasses, Cattail~. and other herbaceous plants, 
and bark and twigs of Willows, Cottonwoods• Alders. and other ~oody plants 
(Grinnell et al., 1937), Golden Beavers usually dig burrows in banks of 
streams and levees. and less frequently construct dsros and lodge~. The 
Golden Beaver was included on the draft List of Concern as a sensitive 
species (Fourth Priority group), Golden Beavera were nearly exterminated 
by unregulated harvest prior to 1911• when legislation was passed in 
California to protect Seavera fully. The populations responded to 
protection by increasing to densities to where trapping was allowed again 
in 192S. Controls were ineffective against illegal trapping and full 
protection was extended again in 1933. In 1957 0 beavers were classifled 
as a furbearer and a season for harvest was designated. No bag liftft on 
the number taken has been in effect since 19~7 (Tappe. 1942~ Lee, 1977). 
The history of the harvest of beavera in California suggests that most 
populations have been fairly stable over the 25 to 30 years prior to 1977 
(Lee, 1977), Also apparent from fur trappers' reports is an upward trend 
in numbers of persons purchasing trapping licenses in the past decade and 
the tncreasing prices being paid for furs (California Dept. Fish and Ga~e. 
unpubl, Licensed Fur Trappers Report, l976-77). Pelts of beavers did not 
increase in average price paid• however. In any case. beavers are highly 
vulnerable to trapping and any market trends or socio-econo~ic factors 
causing increased trapping pressure could result in a rapid population 
decline, Alteration of aquatic habitats, including decreas•d stream flow. 
increased pollution, channelization of streams, stream-side brush 
clearing, and r~gulatlon of stream flow, also could affect beaver 
populatlone adversely. The Golden Beaver should be treated as a sensitlve 
species. Close monitoring of populations of Golden Beavers. 1nclud1~g 
regular field surveys. is reco111111ended. Decisions on trapping regulations 
should not be made solely on data from reports of L1ceneed trappers, as 
many trappers fail to report their take (44% of the licensees in 1976-77 
did not file reports), and there is no assurance that data based upon such 
reports are accurate. 
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Santa Catalina Harvest ~1ouse 

Reithrodontomls me_ialotis catalinae is found only on Santa Catalina 
Island• Loa Angeles Co. It was included on the original working List of 
Concern in the Third Priority category because of its insular distribution 
and because no inforro.ation was available on its statue or habitat 
requirements (Howell. 1914; von Sloeker, 1967). During field work on 
Santa Catalina Island during January. 1983 (Williams, 1983), Santa 
Catalina Harvest Mice were found in all plant communities and were fairly 
common. There are no known threats to R. m. catalinae. 

Salinas Harvest House 

~eithrodontOlll)'S me,alotis distichlis occurs in the region of Monterey Bay 
(Hall, 1981), in fresh and brackish water wetlands and probably in 
adjacent upland grasslands. It was 1ccluded on the working list because 
of its restricted distributioo and the high rate of urbanization in that 
area. Most of the wetland communities where these mice live are under 
protection. There ts no evidence that they are threatened, 

Santa Cruz Rarvest Mouse 

Santa Cruz Island, Santa Barbara Co •• is h01De to Reithrodontomys megalotis 
santacruzae (Pearson, 1951). Pearson (1951) noted th.At Santa Cruz Harvest 
Mice were found only in a s~all, grassy area adjacent to a small, 
fresh-water marsh of Scirpus, Typha, and .2.!!!!.• He remarked that this 
habitat was rare, perhaps not found elsewher'e on the island, and that 
Santa Cruz Rarveat Mice were probably limited to that one spot on the 
island. R. m. santacruzae was included on the draft List of Concern in 
the Higheit Priority because of its apparent restricted habitat, Pearson's 
(1951) belief that the total insular population was very small, and the 
damage to plant communities on the island by introduced ungulates. 
Laughrin (1973) Pearson (1951), and von Bloeker (1967) collectively listed 
Cattle. Pigs. Sheep. Wapiti (Cervus elaphus). Mule Deer, and koe Deer 
(Capreolue exargus a£• caereolus) aa introduced ma111111als to the island. 
a. m. santacruzae was removed from the final List of Concern because field 
studies by Bills (1969) found that Santa Cruz Island Harvest Mice were 
widely distributed on the island, and because the island h.as recently come 
under the management of The Nature Conservancy. The current population 
atatua of the Santa Cruz Harvest mouse is unknown. but the balan~e of 
available information suggests no reason foe including it on the final 
List of Concern. Studies to determine ita population status and the 
nature of any existing threats should be undertaken. 

An.acapa Island Deer Mouse 

Peromy6cus manicula~us anacapae ia found on East. Middle, and West Anacapa 
islands, Ventura Co. (von Bloeker, 19~2). Anacapa deer mice live in all 
terrestrial habitats on the islands and al&o uee the intertidal zone for 
foraging (Grinnell, 1933: P. w. Colline. in litt,), !.• !!· ~nacapae wa9 
included 01\ the draft Liet of Concern as a sensitive epecie9 (Priority 
Four) on the basis of evidence furnished by Paul w. ColliM (in litt.). 
According to Collins (in lltt•; unpubl. u.s. Natl. Park Serv. Rept.). 
Anacapa Deal' :Uce were restricted to grassland habitats on the islands 
because of competition with black rats (Rattus rattus), He esti~ated that 
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populations were eliminated from ,si of the available habitat. The 
population on East Anacapa Island was affected most severely. The u.s. 
National Park Service (Dept. of the Interior) has admlnlstrative authority 
tor the Anacapa lelanda• which are part of the Chanoel Islands National 
Monument. The Anacapa Deer Mouse was not included in a higher-priority 
category because the National Park Service is aware of the situation and 
baa presumably taken measures to reduce or eliminate black rats from the 
161an.da. !• .!!!.• anacapae should be treated as a sensitive species and ita 
population status should be monitored. 

Santa Catalina Deer Mouse 

Peromyacus maoiculatus catalinae is confined to Santa Catalina Island, Los 
Angeles Co •• where it tnhabits moat terrestrial plant comm.unities (von 
Bloeker. 1967). It was placed on the working list because of its insular 
distribution, the general degradation of the island by intrO<lu.ced 
ungulates, possible predation by feral cats which occur in high denaity on 
the ialand (Laughrin. 1973). and possible competition with introduced 
black rats and house ~ice (Mus mueculus; von lloeker, 1967), It was not 
aaeigned to a pl'iority category on the final Ust of Concern because 
during field work on the laland lo January, 1983. Santa Catalina Deer Mice 
were found to be fairly cOG11110n and under no threats (Williama. 1983). 

Western Cotton Rat 

According to Hall (1981). Stgmodon hlepidus eremicus is confined to the 
region along the lower Colorado River in California- Western Cotton Rate 
also occur in the Imperial Valley. having 111.111igrated there shortly after 
completion of the canal from the Colorado River to the Imperial Valley 
(Dixon. 1922). Western CottOQ Rate inhabit wetlande and upland habitats 
with dense grass and other herbaceous plants. In times of population 
irruptlone. they may be found 'far ftom wetlands in a variety of plant 
communities atypical of their usual habitat (unpubl. data). s. h. 
eremicus was placed on the working list because of 1te restricted 
distribution ln an area known to have been slgnlficantly altered bf bUD1an 
developments. Brad Blood (in lltt.) fou.o.d Colorado River Cotton Rats to 
M fairly common during fteld studtee in 1979 and 1980. Although not 
widespread. they are probably not jeopardized. 

Colorado Valley Woodrat 

In California. Neotoma alb1gula venusta 1a found 1n the lo-lying desert 
areas of Imperial, San Diego. and Riverslde counties (Grionell• 1933; 
Hall. 1981). It ta closely associated with patches of Be.aver-tail Cacti 
(O£untia app.) and Mesquite. !• !.• venusta wa.e included on the working 
ltat, but no evidence indicating t~at lt was threatened was found. 

Monterey Vole 

According to von Bloek.er (1937), 'Who named Microtua californicus 
halophilue, it is confined to saltwater wetlands around Moss Landing and 
Seaaide. Monterey Co. Althouih not placed on the original worttng list. 
the atatua of this vole has beea queatloaed since. My tapreaalon la that 
California Voles (including the MonteTey Vole) are cOG1taon in both marshea 
and in adjoining upland grasslands. vineyards. and weedy fields. They 
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appear to range widely. especially in the winter months. Although 
Monterey Voles are recorded fro~ only a restricted area. They are probably 
more widely distributed. Most wetlands vithin lts range are protected, 

Mohave River Vole 

Microtua californ1cu8 aohavens1s 1s known to occur only along the Mohave 
River 1n the vicinity of Victorville and Oro Grande• San Bernardino Co, 
(Grinnell, 1933). Although on the working list. no information on recent 
occurrence was fo\ll\d, The desert region in the vicinity of Victorville is 
undergoing a hu.caan population explosion that could threaten aany native 
species. A brief visit to the area io 1983 did not provide tiMe to search 
for evidence of voles. but habitat suitable for this specie$ (weedy 
herbaceous growth in wet areae along the river) waa noted at several sites 
between Heapetia and Victorville. Also, sO<D.e irrigated land in pasture 
and alfalfa could provide additional habitat for the Mojave River Vole. 
M. c, mohavensie should be treated as a sensitive species until its 
population status is determined. 

San Pablo Vole 

Microtue californ1cua aanpabloeneia is known fr0111 the salt 1narshes of San 
Pablo Creek, Contra Costa Co .• on the 6outh shore of San Pablo Bay (Hall. 
1981). !!.• ~• eanpabloensis vas not included on the original working list 
but 10 11\cluded here because of subsequent quest.ions about its statue. 
The decision not to give this and other populations of California Volea 

1 With restricted distributions greater consideratioo was ba5ed upon the 
fact that California Voles live in a wide variety of grassland 
associations• especially in the wet months when there is an abundance of 
green, herbaceous plants. Bxtirpatioa of a small population at one site 
is likely to soon be offset by i111111igration from populations occupying 
other sites nearby. Field work in San Pablo and Suisun 8ays on the 
opposite shore from. where the San Pablo Vole lives. found California Voles 
to have withstood episodes of record floodint during the winter of 1982-83 
(Williams, 1983). Foreman (fide T. Rado. pers. comm.) determined the 
distribution and status of~•£• sanpabloensi& duriag 1985. On the basis 
of his findings, priority listing is not warranted. 

South Coast Marsh Vole 

Populations of Microtus californicus stephensi are recorded from tidal 
marshes at Point Mugo. Orange Co .• and Plays del Rey and Sunset Beach, Loe 
Angelea Co. (Rall• 1981). !i• ~• stephensi was not included on the 
original working list for the reasons stated for M• £• sanpabloensis. No 
information on the current status of !:!• £• stephenei is available. Human 
developments in the region uy have more severely restricted voles to the 
extant marshes. and catastrophic episodes of flooding or epidemica may 
pose a greater threat of ext1nctlon to this subspecies than to California 
Voles elsewhere. !!.• ~• stephenai should be treated as a seaeitive species 
until its status is determined and threats to its population identified. 

Owens Valley Vole 

Microtua californicus vallicola has been racorded from several sites 1n 
the OWena Valley. Inyo Co •• from near the head of W1llow Creek in the 
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Panamint Mountains, Inyo Co., and from near Benton. Mono Co. According to 
Grinnell (1933), ovens Valley Voles lnhabit ~etlands and "lushly grassy 
ground." !!,· £· valllcola was placed on the original working 11st, but 
soon was dropped from further consideration. M. c. vallicola was listed 
ae a Category 2 species by the U.S. Dept. of Interior (1982). Even though 
water diverted from the Owens Valley to the Los Angeles Basin has had 
significant environ~ental impact within the range of this subspecies, 
considerable habitat, including irrigated pastures and alfalfa fields 
still remain. There is no evidence to support listing this species in a 
priority category or as sensitive. 

San Bernardino Vole 

Microtus lo1!8icaudus bernardinus has been recorded from the hig~er 
elevations, above about 7~00 ft, in the San Bernardino Mountains {Hall. 
1981). According to Grinnell (1933). it 1nhablts atreamsidea and wet 
mountain meadows. M. 1. bern.ardinus was included on the original working 
11st but was dropped later. Subsequently, in summer of 1982. extensive 
trapping for shrews. conducted by Steve Clifton and me, produced a number 
0£ voles from the San Bernardino Mountains. None were found that could be 
distinguished from~• californ1cus. a wide-spread species at lower 
elevations in southern California. In my opinion, M. 1. bernardinus is 
probably a subspecies of californicu~, but the t~onomTc studies are 
incomplete. Regardless. these voles are not threatened. 

Ringtail 

Bassarlscw. astutus is found throughout Mat of California, from. below sea 
level to at least 8000 ft in the Sierra Nevada (Hall, 1981). lts 
principal habitat requirements seem to be den sites among boulders or in 
hollows in trees and sufficient food in tbe fonn of rodents and other 
auiall ani111als. I included two of the four subspecies occurring in 
California(!•~• octavus, !.• !_• raptor) on the working 11st. The status 
of a third subspecies(.!!_ . .!• willetti) waa also questioned ~ince 
development of the draft report. Certainly, urbanization in the Southern 
California coastal basins and in the San Francisco Bay area. aod loss and 
degradation of riparian comm.unities throu&hout California have depleted 
and extirpated so~e populations, but there 1$ no evidence of threats to 
any of the subspecies over a broad area. Ringtails are protected from 
taking by state regulations, 

Humboldt Marten 

Martes americana humboldtensi5 occurs in California in the coastal conifer 
forests from Soooma Co .• northward into Oregon. The altitudlnal range is 
from near sea level to over 4000 ft (Grinnell et al .• 1937; unpubl. 
data). Grinnell et al, (1937) re~arked that Humboldt Martens were 
sparsely distributed within this region, although the evidence they 
reviewed suggested that it was more widely distributed anrt nu~erous at an 
earlier time. According to their report, Humboldt Mart.en$ mainly used 
rldgetops in spruce forests and were rare in redwood forest. Trappers 
they interviewed believed that squirrels (Tamiasciurus douglasii), mice, 
and birds were the major prey of Humboldt Martens. Infoc,natton on the 
status of the Humboldt Harten was provided by Schempf and White (1977). 
Although there le no evidence that it is cur~ently threatened, a number 
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of studies su111111arized by Stric~land et al. (1982) have demonstrated that 
clear-cutting of forests is incompatible with Martens, whereas 
low-intensity fires and selective loggins have less i~pact. Mature forest 
ls essential habitat for Humboldt Martens, providing nesting sites in 
snags, hunting sites, overhead c~ver frOCll predator$, and preferred prey 
species. Martens are easily trapped and overharve&ting is al~ays a 
potential problem where trapping pressures are high. Even a short 
trapping period, early in the season, may not solve the problem of 
ov9rharvest. Public agencies administering lands and resources within the 
range of the llu~boldt Marten should treat it as a sensitive species 
requiring apectal consideration in land and resource m.anage~ent decisions. 

Inyo Long-tailed Weasel 

Mustela frenata inyoensl& has been recorded from a few localities tn the 
Owens Valley. in the viet~ity of Lone Pine. Independence. and Alvord• Inyo 
Co. (Hall, 1981). Long-tailed Weasels occur throughout all of California 
except the southeastern deserts. south and east of Owens Valley. They are 
con111on wherever their favored ~rey, ~ocket ~ophers, voles and other 
rodents are plentiful• even in suburoan areas where sufficient open space 
is available (wtpubl. data). The Inyo Long-tailed Weasel ~as not included 
on the original working list, but is included here because questions anout 
its status have been raised since. There are no known developments within 
the range of this subspecies that would pose serious threats to its 
pof)1.llation. 

Pallid Bobcat 

Felis rufus pallescen~ is found on the Modoc Plateau and adjacent areas of 
the Great Basin province of northeastern California in Lassen• Modoc. 
Shasta, and Siskiyou counties (Gould, 1977a; Hall, 1981). Bobcats live in 
most terrestrial comm.unities. but are eetdom found on open, flat 
grasslands and deserts or in areas densely populated by humane. Areas 
with broken, rocky terrain and/or dense brush are associated with high 
densities of Bobcats, and also support high densities of small mammals and 
lagomorpha> their favored prey (Crinnell et al., 1937). The Pallid Bobcat 
~as included on the draft List of Concern aa a sensitive species (Priority 
Four), primarily because of the high price offered for ite pelt and 
evidence reviewed by Could (1977~)• Some of the following data apply to 
all Bobcate in California, but they illuatrate rsc•nt treads affecting 
Pallid Bobcats. The reported annual take of Bobcats in California by fur 
trappere increa$ed from 241 in 1966-67 to 3618 in 1976-77. a lS-fold 
increase. Average prices paid for Bobcat pelts increased from $18.00 in 
1966-67 to $133.50 in 1975-76 (Lee, 1978). Prices paid for prime pelts of 
Pallid Bobcats were much higher than this average, the highest recorded by 
1977 was $40S (Gould, 1977a), Hunters also take substantial nuw.bers of 
Bobcats each year. Gould (1977b) estim.a.ted that between 9600 and 11400 
Bobcats were killed by hunters statewide during 1976. The u.s. Fish and 
Wildlife Service killed an additional 20S Bobcats in California for 
predator control. Could (1977s) documented a probable decline in numbera 
of Pallid Bobcats between l97l-and 1976• listing increased fur trapp(ng as 
the likely cause, A 4.S-fold increase in numbers taken by trappers in 
Lassen, Modoc, Shasta. and Siskiyou counties occurred between L960-61 and 
197S-76 (91 and 406). This probably represents only a fraction of the 
total take, because. according to Gould (1977!)~ considerable illegal 
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trapping and hunting occurs, both within and outside of season. Also. 
many trappers do not file reports, and hunters not marketing pelts are aot 
required to report on taking Bobcats, Zezulak (1980) studied Pallid 
bobcats between 1976 and 1979, rad1o-collar1ng and detet"lllining move111ents 
and size of home range for 5 adult malea. ~ adult females, and 5 
juveniles. He also dete['lllfned litter size for females over a 2-year 
period. He reported that trappers filing reports took 162 Pallid bobcats 
near hie study area between 1976 and 1979. Ze~ulak (1980) concluded that 
because 7~X of the animals trapped were lees than 2-years old. the 
population was expanding in re&ponse to "moderately heavy" hu11U1.n-c.aueed 
mortality. Another interpretation of these data are that increased 
mortality due to trappers and hunters caused the reduction in the average 
age of bobcats in the population. without speculating as to whether the 
population was stable, declining• or increasing in size, In any case. 
evidence available to Zezutak (1980) suggested that the population was not 
jeopardized by the level of pressure exerted by hunters and trappers 
during the p.eriod of his study. Present regulations and management 
practices should be changed to facilitate collection of reliable estimates 
on take by hunter, illegal trapping. and licensed trapping by persona who 
fail to submit reports on captures. Treating the Pallid Bobcat as a 
sensitive species. requiring periodic monitoring of its population status 
and special consideration in land 1Unagement decisions, is recommended. 

Northwestern White-tailed Deer 

Odocoileus virginianus ochrourus were reported from localities in Lassen. 
Modoc, Mono, Shasta, and Siskiyou counties {Grinnell, 1933; Rall and 
Xelson, 1959). Little is known of the habitat of White-tailed Deer in 
California, Walsingham (1873) remarked that they occurred on the plains 
around the Klamath marshes in Oregon and in the upper Pit River drainage 
of Shasta Co., California. He stated that in east-central Oregon. near 
Bend, they frequented thick clumps of willows and other ~oody shrubs 
bordering streao.s and marshes, Walsingham (1873) noted that Mule Deer 
were abundant on hillsides and that White-tailed Deer occupied the 
floodplains. Cowan (1936) wrote that over 111Uch of their former range, 
this subspecies of White-tailed Deer occupied riparian and floodplain 
communities. Bailey (1936) reviewed field notes of early explorers and 
other sources and concluded that ~embers of this subspecies lived mainly 
in thickets of willoW'S and other woody plants along streams. He noted 
that sOllletlmes they were found in the hills and attributed this to being 
crowded out of more favorable areas by s~ttlers in the valleys. Fisher 
(in Grinnell et al .• 1937) believed that W"hite-tailed Deer in eastern 
Lassen County occupied a geographic range approximately corresponding to 
the average winter range of Mule Deer, O, v. ochrourus was included on 
the working list because of its disputed-status. Adams {1963} reviewed 
evidence of White•tailed Deer in California and disputed its occurrence 
within the state in historic tl~es. Adams' (1963) conclusion was based on 
two factors: the habitat in Calif◊rnia was not like the habitat for this 
species in Montana; and a general lack of undisputed speclqens known to 
him. He stated that the habitat for White-tailed De~r in northeastern 
California w-as "strikingly different from that of the whitetail habitat 
that ... [he) had known in nonhwestern 11.ontaM." To reach his 
conclusion he had to discount one specimen of a Whice-talled Deer from 
California that he could not dispute and ignore the account by Walsingham 
(1873). an internatlonal authority on the family Cervidae, of his travels 
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through northern California and his observations of White-tailed deer. Re 
also discredited the writings of a number of other prominent n4turalists 
(e.g., Bailey, 1936; Cowan, 1936; Dixon, 1927; and N. Hollister alld C. H, 
Merriam 1n Adams. 1963) supporting the occurrence of White-tailed Deer in 
California. That f~w specimens from C8lifornia were located by him is 
true, although there is no indication that Adame (1963) attempted to 
lo('.8.te and examine~ complete akin and partial skeleton (for a whole 
mount) donated to ·.he Oakland Muse\.11'11 (Dixon, 1927). The lack of 
scientific specime.,.s is not surprising in view of the lack or scarcity of 
specimens from Cdifo-rn1a of other large mammals, such as the Bison. 
California Cr1zzly Bear, Gray Wolf, and Mexican Jagu.ar (Grinnell et al., 
1937; Merriam, 1919, 1926). Geographic varlatlon in habitat requirements 
was apparently unfamiliar to Adams, or at least that White-tailed Deer in 
California ~ight differ in their use of habitat fr010 those in Montana was 
a possibility that he did not accept. Arguing against his viewpoint is an 
extant population of Coluabian White-tailed deer, in the vicinity of 
Roseburg, Oregon, less than 100 miles from the northern border of 
California. lts habitat 18 quite different from the riparian habitat 
along the Columbia River where the other population is found (Fisher et 
al., 1977; Suring and Vohs, 1979). In sumoary, the evidence strongly 
supports the occurrence of Northwestern White-tailed Deer in California. 
They were probably extirpated fr0111 California sometime between the 1930'& 
and 19~o•a, mainly beeeauee of loee of habitat. 



94 CALIFORNIA DEPARTHENT or FISH AND GAM£ 

DISCUSSION 

The major developments thre•tening aiamlllalian species are v1rtQally the 
sa~e as identified tu jeopardizing several species of birds ln California 
(Remsen. 1978). with the loea and degradation of riparian woodlands and 
wetlands at the top of the list. Of the 36 species and subapeetee on the 
List of Concern (Table 2), 15 are limited to or depend upon riparian and 
wetland communitiea. or are thought to be so dependent (Table 3). Four of 
these require habitat in riparian communities along the Colorado River: 
the Arizona Myot1s. Arizona Cave Myotls, Colorado River Cotton Rat. and 
Yuma Mountain Lion. Three others require habitats in riparlao aod wetland 
co11m.unities on the floor of the San Joaquin Valley: the Buena Vista Lake 
Shrew. Riparian Brush Rabbit• and Riparian Woodrat. The Salt-marsh 
Wandering Shrew a.nd Suisun Shrew occupy tldal marshes in San Francisco and 
San Pablo bays. respectively. The Southern California Salt-marah Shrew 
aud Southern Marsh Harvest Mouse live only in the tidal marshes along the 
southern California Coast. The Point Reyes Mountain Beaver and Point 
Reyes J1.1111ping House require wetland cOlllllunitle• in the Point Reyes region. 
north of San Francisco Bay> and the Point Arena Mountain Beaver occupies 
wetlands in the vicinity of Point Arena• Mendocino Co. Additionally> 
Snowshoe Hares use riparian communities extensively. and the two on the 
List of Concern (Oregon Snowshoe Hare. Sierra Nevada Snowshoe Hare) 
require habitat in these communities. 

Species of concern confined to lowland desert, grassland, and savanna 
co-.munities of the southern California coastal basins include the Los 
Angeles Pocket Mouse and Pacific Pock.et Mouse (Table 3). Also of concern 
in that region and elsewhere in the southern lowlands of California are 
the American Badger, California Leaf-M$ed Sat, Big Free-tailed Bat, 
Pocketed Free-tailed Bat. and California Mastiff Bat. Loss of habitat 
probably 18 the principal factor jeopa~dizing these species. 

Species jeopardized by loss of grassland and desert communities in the San 
Joaqu~n Valley and contiguous areas such as the Carrizo Plain are the 
Tipton Kafl8aroo R.s.t. Short-Nosed Kangaroo Rat, and populations of the 
American Badger. Loss and degradation of native communities in the Sao 
Joaquin Valley lowlands are especially serious problems. The importance 
of the San Joaquin Valley to populations of the California Mastiff Bat is 
unestablished. but it was probably a major area for foraging Mastiff 
!ats. No recent records of California Mastiff Bate are known from the Sao 
Joaquin Valley, although scanty data suggest they were more CO'Gl.11.0n into 
the 1950's or 1960's. In addition to the four species mentioned here and 
the three species requ1r1ns riparian and wetland communities listed above, 
four species of mammals wlth Rare and Endangered Status are confined to 
the region (San Joaquin Antelope S1uirrel, Fresno Kangaroo Rat, Giant 
Kaogaroo R.at, and San Joaquin Kit Fox; Table 1). There are also other 
endemic species and subspecies of mam.Glals of the San Joaquin Valley, all 
of whose populations have been seriously reduced in size. Some, including 
the San Joaquin Pocket Mouse {Perogoathus inornatus inornatus and£.·!· 
ne&lectus) and Tulare Grasshopper Mouse (Onycho~ys torridue tularensis) 
also ~ay be in danger, but available data suggest lesser threats to these 
apeclea thao those llsted. 

toss and fragmentation of old~growth conifer forests pose threats to two 
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species on the list, the Red Tree Mouse and the Pacific Fisher. Too 
little is kno'WTI about the distribution and habitat of the White Footed 
Vole to state with certainty, but it too ~y be jeopardized by current 
forest harvest practices. Insufficient information is available to 
identify species of bats that might be similarly jeopardized. although a 
number of species are distributed mainly in conifer forests and may be 
jeopardized by widespread loss of mature and old-growth forests, 

Nine $tec1es of concern are presently classified as pllle or furbearing 
species: the liparian Brush Rabbit and Yuma Mountain tion in the highest 
priority; and the Pygmy Rabbit, Oregon Snowshoe Hare, Sierra Nevada 
Snowshoe Hare. Weatern White-tailed &re, Pacific Fisher, American Badger, 
and Channel Islands Spotted Skunk ln the third priority. Only the Pacific 
Fisher is currently protected from taking. The Yuma Mountain Lion ia 
classified as a game species. although at present there is no open hunting 
season on Hountaio Lions in California. Regardless of whether or not 
other populations of Mountain LiOM in California are allowed to be 
hunted, those of the southeastern desert areas should continue to be fully 
protected, Killing and trapping are likely to be major threats only for 
the populationa of the American Badger of concern. For the Allerican 
Badger. the Riparian !rush Rabbit, and species of haree ou the List of 
Concern, data sufficient to justify the aeaeona and bag limits must be 
gathered. Determining the statue of, end the impacts of hunting on. these 
species should be high priorities of the Departl!lfmt of Fish and Game. 

Emphasis in the species accounts has been given to detemining the 
population status and potential threats to individual species, State and 
federal legal protection should be sought for those species for which 
1nforGation le adequate to estabieh their threatened or endangered 
statue. While these activitles will focus concern on individual species 
and provide a measure of protection for those found to require it, they 
are probably not the most efficient and cost-effective way to ensure their 
survival. 

Preservation of the mammalian species of concern listed here, species 
already with state or federal threatened and endangered status, and 
species of birds, reptiles, plants, and other taxonomic gtoups can be best 
accoapltshed by concentrating conservation efforts on their biotic 
communities rather than emphasizing single-species management. Thie also 
would provide more security to members of their communities that are not 
normally accorded protected status, but which may be essential to the 
perpetuation of their communities (e,g .• lower plants. fungi, 
invertebratea). 

An integrated, intergovernmental development/conservation approach which 
focuses upon preserving representative segmenta of each unique biotic 
community while other resource- and land•use goals are being fo?'lllulated is 
needed. This would lessen the need for listing of most of these species 
as threatened or endangered and probably save much of the money end 
duplication of efforts expended on managment of threatened and endangered 
species on a one-by-one basis. 
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APP£ijl)lX 

Acronyms for museums wbere research collections of specimens and other 
documentation of localitle& referred to in the lists of distribution 
records are listed below. MuseUlll acronymne generally follow Choate and 
Cenoways (1975), 

-~ 
ANSP 

Ct\S 

CM 

cscs 
CSLB 

csuc 
CSUF 

csus 
DFW 

FMHN 

HSU 

KU 
LACM 
LSU 

MCZ 

MSR 

MVZ 
PM 
ROM 

Sl>SNH 

SFSU 

TCWC 

UCLA 

UDAV 

UI 

u~ 
lfSNM 

WFIIM 

All\er1can Museum of Natural History, New York 

Philadelphia Acade~y of Natural Sciences 

California Academy of Sciences. San Francisco 

Carnegie Museum of Natural History. Pittsburgh 

California State University. Stanislaus 

California State University, Loni Beach 

California State University, Chico 

California State University. Fresno 

California State University. Sacramento 

Sight records and uncataloged specimens, Oaniel F. Williams 

Field Museum of Natural History, Chicago 

Ru~boldt State Un.ivereity 

University of Kansas. Museum of Natural History 

Natural History Museum of Loa Angeles County 

Lou1stana State University 

Harvard University. Museum of Comparative Zoology 

University of Ne~ Mexico, Museum of South~eatern Biology 

University of California. Berkeley, Museum of Vertebrate Zool, 

Paris Museum 

Royal Ontario Museum, Toronto 

San l>iego Society of Natural History Museum 

San Fraocisco State University 
Texas A & M University, Tex.as Cooperative Wildlife Collections 

University of California, Los Angeles 

University of California, Davis• Museum of Zoology 

University of Illinois, Museura of Natural History 

University of Michigan, Museum of Zoology 

National Museum of Natural History, Washington, o.c. 
University of California Davis, Museum of Wildlife and 

Fiaheries Biology 

I ; 
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STAFF RESPONSE TO APPLICANT'S PROPOSED SCHEDULE 
ANO REQUE_ST FOR REVISED SCHEDULING ORDER 

INTRODUCTION 

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

During the past two weeks, Energy Commission staff has conferred with the staff of the 
U.S. _Bureau of Land Management (BLM) to determine the feasibility of applicant's 
proposed schedule. 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 required 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 

Prior to the outset of the I SEGS proceeding, BLM staff and Commission staff entered 
into a Memorandum of Understanding (MOU) regarding the joint production of the 
PSA/DEIS document and the Final Staff Assessment/DEIS document.1 The goal of the 
MOU is to provide simultaneous and consistent state and federal environmental review. 

' The MOU is titled "Memorandum of Understanding between the U.S. Department of the Interior, 
Bureau of Land Management Callfornla Desert District and the California Energy Commission Staff 
Concerning Joint Environmental Review for Solar Thermal Power Plant Projects.• The MOU was signed 
by the Commission's Executive Director on August 8, 2007. • 

Proof of Service (Revised 
Mailed ltom Sacramento on JJ:.1.~~-11~--



\ 

Among other things, the MOU provides that the two agencies will share in the 
preparation and review of the environmental analyses for solar thermal projects. and 
indicates that the environmental documents will serve the dual purpose of satisfying 
both st.ate California Environmental Quality Act (CEOA) and federal NEPA 
requirements. {MOU, p. 4.) According to the MOU attachment titled "BLM & CEC 
Combined Processing Plan: the PSA/DEIS 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, SLM must submit the DEIS to a "Notice of Availability" 
(NOA} review process by the Department of Interior before the DEIS 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 period 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 liUle further schedule 
progress during this period. 

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 believe 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 8LM proceeds to divorce 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 to the schedule for 
federal approval. Thus. in an effort to gain some weeks, applicant's proposed schedule 
risks significant project delay from the breakdown of the state/federal agency 
collaboration. For these reasons. Commission staff opposes applicant's proposed 
schedule. 

Dated: October 10. 2008 Respectfully submitted, 

RICHARD C. RATLIFF 
Staff Counsel IV 
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BEFORe THE ENERGY RESOURCES CONSERVATION AND DEVELOPMENT COMMISSION OF THE 
STATE OF CALIFORNIA 

APPLICATION FOR CERTflCATION 
FoRTHEIVANPAH SOLARELECTRJC 
GENERA TING SYSTEM 

DoCKET No'. 07-AFC·S 

PROOF OF SERVICE 
(Revised 7114108) 

INSTRUCTIONS: All parties shall 1) send an original slgned document plus 12 copies OR 2) mall one original 
signed copy AND e-mall the document to the web ~ddress below, AND 3) all parties shall also send a printed 
OR electronic copy of tht documents that shall Include a proof of service declaration to each of the 
individuals on the proof of service; 

CALIFORNIA ENERGY COMMISSION 
Attn: Docket No. 07-AFC-5 
1516 Ninth Street, MS-15 
Sacramento. CA 95814-5512 
docket@energy.state.ca.us 

APPLICANT 
-, 

Solar Partners, LLC 
John Woolard, Chief Executive Officer 
Alicia Torre, Project Manager 
1999 Harrison Street, Suite #500 
Oakland, CA 94612 
ATorre@BrightSourceEnergy.com 

•steve De Young 
11/anpah Solar Electrlc Generating System 
Director, En111ronmenta1, Safety and Health 
1999 Harrison Street, Ste. 2150 • 
Oakland, CA 94612 
sdeyoung@brlghtsourceenergy.com 

APPLICANT'S CONSULTANTS 

John L. Carrier, J. 0. 
2485 Natomas Parti; Or. #600 
Sacramento. CA 95833-2937 
jcarrie1@ch2m.c-0m 

COUNSEL FOR APPLICANT 

Jeffrey Harris 
Ellison. &:hneider & Hartis L.L.P. 
Attorneys at Law 
2015 H Street 
Sacramento. CA 95814-3109 
igh@eslawfirm.com 

1 

INTERESTED AGENCIES 

*California ISO 
P.O. Box 639014 
Folsom, CA 95763,9014 
e-reclplent@casio.com 

Tom Hurshman, Project Manager 
Bureau of Land Management 
2465 Soulh Townsend Ave. 
Montrose. co 81401 
tom hurshman@blm.9011 

Sterling White. Field Manager 
Bureau of Land Management 
Needles Field Office 
1303 South Highway 95 
Needles, CA 92363 
Stetling WMe@blm.gov 

Becky Jones 
California Department of Fish & Game 
36431 41st Street East 
Palmdale, CA 93552 
dfgpalm@adelphia.net 



INTERVENORS 

California Unions for Reliable Energy ('CURE") 
Tanya A. Gulesserian 
Marc D. Joseph 
Adams Broadwell Joseph & Cartlozo 
601 Gateway Boulevard. Suite 1000 
South San Francisco. CA 94080 
tgutesserian@adamsbroadwell.com 

ENERGY COMMISSION 

JEFFREY D. BYRON 
Commissioner and Presiding Member 
ibyron@enemv.sta1e.ca.us 

JAMES D. BOYD 
Commissioner and Associate Member 
iboyd@energy.state.ca.us 

Paul Kramer 
Hearing Officer 
pkramer@energy.state.ca.us 

Che McFarlin 
Project Manager 
Cmcfal1i@energy.state.ca.us 

Dick RaUiff 
Staff Counsel 
dratliff@energy.state.ca.us 

Public Advisor 
pao@energy.state.ca.us 

DECLARATION OF SERVICE 

I, Janet Preis, declare that on October 10, 2008.1 deposited copies of Iha attached Staff Response lo Applicant's 
Proposed Schedule and Request for Revised Scheduling Order In the United States mail at Sacramento with first­
class postage thereon fully prepaid and addressed to those identified on the Proof of SeNice list above. 

AND/OR 

Transmission via electronic n1ail was oonsiSlent with the requirements of California Coda of Regulations. litle 20, 
sections 1209, 1209.5, and 1210. All electronic oopies were sent to all those identified on the Proof of Service list 
above. • 

I declare under penalty of perjury that the foregoing is lrue and c«rect. 
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MYCARE 
MYColo9y Advocacy. 
Research, & Education 

HOME FUNGALOISEASEEDVCATION RESEARCM/SCHOLARSHIP CUNll:AL TlllAl.S 

WALLEY FEVER 
(COCCI OR COCCIDIOIDOMYCOSIS) 

ABOUT Nl!WS/Pm!SS PATIi 

Cocci is a fu<11,us prE:sent in ,ertnin areas c,f the Western Hemisphere. You can get infected with Cocci if you live or travel to these .:irc<1s. Reau on to learn, 

infection or th~ fungus that cau:;cs it. 

WHAT IS IT? 

Overview 

Coccidioidomycosis, (pronounced kok•SI0-ee-oy•doh-my•KOH•sis). commonly called \/alley Fever or C0<:ci, is~ rungal disease caused by the (occi/JioicJes (p 

oy-derz/ fungus. -rhe Cocci fungus is en~mlc in the Sovthv.est United St<lresand the ,uid qreas of Eastern Wash'ngton State. as shown in Fig<1re 1. Outsid 

this f-ungus Is present in parts of Mexico and South and Central America. The areas ..tiere Cocci can be found seem to be expanding. potenlially due IQ <h, 

temperature as~ociated with climate change. Periods of drought can .alSQ increase lhe number or Coed infections in the endemic region. 

Figure 1. Areas where Coccidioides fungi can be found. Reproduced with permission from CDC and MSGERC. 

https:lltlghtfungus.(lrg/oocddiaidomycosl$-valley-fever-<1r-coccl/ 115 
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• h-.~11-lllullytoh 

Pooint.1111 range or~ 

Cocci is a g,owing problem. In 2019, there were 20,003 conflrmlld <ases ofV~lleyFever ~ported In the United !'.tates. Most cases are diagnosed in people 

Arizona or Calif om la. Tht- number of cases Is believed to be dr ast1cat1y underestimated because many people affected by the d sease aren't diagnosed Mc 

experience Cocci will recover. but unlike symptnms asso<iated with more common respiratoiy IIIMsses, the symptoms associated with Cocct may last six r 

average. approximately :WO <leathS a year are aurlbuted to Co<cl in the United States. This 1s also likely underreported. The economic impact of the d,seas 

more tllan 1.s billion US dollars. For these reasons, improving ;1wareness, diagnosis, and th'! management of Cocci will have a large publfc health imp.act 

Key Term: 
Endemic means regularly occurring within an area or community. 

What's In a Name? 

You may hear Cow referred to to several ways. For ~mpli<ity, on firsl mention we will use the te<hnical term, then through the rest of the do<ument we v. 

Cocci. Here ari: some of the other terms you may encounter that descnbe the disea~ or the fungus. along with a brief e~planation of how tnose terms ar 

• "Valley Fever"-this is the term typically used to describe the fungal lung infection caused by Cocci. Soroetimes it's ured to desr.ribe other forms ofu­

name because the Rrst cases described hHhe Vnll~ States occurred In In the San Joaquin Valfey of California 

• "San Joaquin Valk!y Fever" -another term that shows a geographkal association 

• "Oesert rheum;itlsm"--thls nome camr: ;ibout because Cocci Is often prl!sent In the desert region. Rheumatism i!: added to ·desert" because people 

jo nts from the fungus because of their body's reaction t'> the fungus (mflammation) 

• "Cotci"-th,s term is just a lot shorte, a<1d edsier to Sl;'j than Cocodioid~ or coccidioidomycosis 

• "Disseminated cocci" or "Dbseminated \/alley fe'1er"-this term means that the dis,:ase has spread from the primary loOAtion (usually the lung) tn 

• "Cocci Meningitis." "Valley Fever Mmingitis." or "CNS Cotci" - these terms refer to disease that has invaded the brain or <entralne,vous system 

Science Sidebar: 
Why is coccidioJdomycosis such a long. difficult namt?Tht re IS a reason. The people who first (les,:rll)erl Cocci S;\W a large strUC'lure in the tissue and th 

protozoan parasite similar to Coccldia. That's where the confu~on arose and how the term (occidioides (resembling Coccidia} aro~. later on, research 

were looktng at the sphNule phase of a fungal Ol'ganism(more on that in the other Science 5 debar). In your reading. you may come a<ross the term« 

https://fightfung1.JS.Qrg/ooocidioidomyoosl$-Va!ley,{ever-<ir-(';()()Cil 
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the gaS(rointestincol illness caused by Coceidia. It typically occurs In livestock Don't get confused-these are di1Teren1 diseas~. People with Valley Fever 

a,ound chickens or other llves!ock. 

J'J 
Key Term: 
Protozoan is a slngle<ell animal of 1he family Protisro, which indudes the amoeba. 

How Do You Get Infected? 

From airborne spore~ 

Coccidioides fungi live in th<? soil In what Is call€<! the mycelial ph.ase tsee SCIENCE SIDEBAR for detail) in environments that are dry (arid or semiarid). M sh 

tl'le soil Is <US(urbed-by human ae1ivities liY.e excavation, animal .activities, or weather events Ii~ e-ar1hquakes or ftre~fungal ar1hrospores (we-'11 call ther 

are released into the air. lhese spores are not visible to the naked eye. and once in tM air can travel 75 mllesor more from where they became airborne. 

can inhale these spores. Once inside the body, the rungus changes to a different form and grows into spherule~ which e~nrually release new fungal cells 

process continues. This rs the hrecycle of the fungus and the typi(al method of disease 1ransmission. 

Figure 2. Lifecyde of Cocci, showing the phases in the soil and in the mammalian host. Reproduced with permission 
Valley Fever Fact Sheet. 

Valley Fever ("Cocci") Infection 

Fungus spom get in the 
alr when dirt and dust are 
stimd up by the wind or 

ftomdlgglng ~ 

Through your skin 

https:llfightfuni;ius,orgt()()C(idl0i<1ocnycosl$-110ltey.1ever-<l!'-coccl/ 

• 

• • • • 
•• • 

• 
• • • 

People and animals 
breathe In the fungus 

spores from dust 
in the air 

• • 

The furtgus usually inf .. 
the run99, but It can sprt 

to other organs 
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Less commonly. fungal spores (an enter your skin 1hrough a cut, wound, or splinter and cause a skin infection. This is knovm .is ,m implan!4tioo mycoses 

ua,,smission is rare bu1 has been documented in fieldworkers or people with traumatic ;,,juries. 

Frequently Asked Questions 

f) Can Cocci be spread from person to person? 

Key Terms: 
Genus is a categotyot an org~nlsm that is "above" a species and 'below" a family in the organ,sm taxonomic (organizational) system. 

Mycellum ts a root like fungal structure wilh branching. thread-like filaments called hyphae. 

Arthrospores are yeast•IIKe Individual fung~I ,ells formed by the breaking d= of hyphae. 

Figure 3 Forms of Co«ldurmg the different lifecycle stages. Modified from image provided by Saurabh Patil, via Wll<imedia Commons. 

Porttonof 
mycellum Ar1hrosporet 

Science Sidebar: 
Cowdroides - the Shape Shifter 

Endoapore 
Release 

••• 

•

·l ·•· 

. ~ 
Segmented 
Spherule 

Endospore 
Formation 

Comdioides is o fungol genus. A genus Is usually Ital clzed and written w,th an initial capital letter. It is often written in connection "~th a specific specie 

lower<.'ase and is also italicized. Sometimes the genus is abbiev·oted lo a 1 lener (eg. C, for coc,idi<1id€'S). Can yov re<ognize this genus/species: Homo sc 

The species of Cowdioid~ that cause disease c1re Coccldloldes /mmitis and Coccidioide:s posadasii. 

C0<:cid1oidf'S is described as a d,morphic fungus. .vhith means it exists in two d1stmct forms as shewn in Flgure 3. It can exist as a mycellum (mold) con1 

typically in the soil. When the soil dnes out, hyphae develop into arthrospores. These arthrospores (spores) are small enough to be<:ome airborne and 

inhaled. Once a spore enters the lung, it undergoes a <hange to become a spherule. which is a big. sturdy sack-like structure. Inside the sphen.lle, the 1 

becoml! endospores. and fill up the sack. When the spherules rupture in a few "~ks. the e,,dospores are released and spread out (disseminate). They 

spherul~~. ~nd the cycle .:ootlnues. 

https:/Jlightfungu$,Of<l/coocidloldomycos:s-vslley•fe11er-or<OC::Cl/ 
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MyCARE Foundation i; .- nonprot,t cax-exempHharltable or~an,z;,Ilor, (tax ID n11mber99-0942343) 'Jnder Section 501(c)(3) of lhe Internal Revenue Code. I 

(leductil>le ;is allowed hi• lnw. 

MyCARE has received mtkeholder and industry support from Assodates of Cape Cod, Inc .. Astellas Pharma US; F2C.; IMM'f; Melinta Therapeut,cs. lric; Mira 

Mund,prarma: and the Mycoses Study Group Edur.atic>n & Resea,ch Comort,um. 

Al)out MyC.>re Coot~c, Oo 
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New Valley Fever Skin Test Shows Promise, But 
Obstacles Remain 
KVPR I By Kerry Klein 
Published November 21, 2016 at 12:51 PM PST 

LISTEN • 5:55 

Kerry KleinlKVPfl 

Eleven-year-old Faith Herrod, recovering from valley fever, plays with Moses, Ninja and hef other four pets when she has the 
energy for it. 

We continue our reporting this week on the fungal disease known as valley fever with a 
•"---•• -L- •. .a. - - _.., __ .._:_,--•·""-,a,_ --.... •••-.a.:..,_ "-• -C•L....-. r,..,_., 11 .... ,,..,.. -.& .... _, __ ...,.., •-•!-•"- •-•~ 
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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 soon as her mother lets her. 

In her free time, Faith should be out playing with her dogs. But for almost a year, she 
was not able to do so. She would come home from school at 4 p.m. and go right to bed. 
That's because last 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'll 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 anytime. 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 I 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 called 
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. 

KVPR 
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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, I don't use it very often myself," Galgiani said. "Even specialists don't use it very 
often.n 

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 pneumonia-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. 

KVPR 
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Credit Nielsen 8/0$Clences 

Spherusol comes in vials of 10 doses. A positive result indicates a previous bout with valley fever and an acquired 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 1990s 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 CEO of Nielsen Biosciences, the San Diego-based company 
th..:i.t rl.o\t.alnnoA ~nh.ar11cnl "le th.air imm11no c\lctom onl"I ::,,.,or!? f'\r ic thoir in-om, ,.-..a 
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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 Spherusol 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, many pharmacies have policies against storing 
products more than 30 days after they've been opened. "If you don't use it all, it costs a 
lot of money,H 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 
nrl"\11n· f"s:1lifl"\rnis:1 ct~ta nric,nnarc ,.,hor.o it ,:,nno,uc, t"' ha halninn *"' nra\lont th.o ..fic.o,:,c,.o 
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immunity to 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 
Collaborative - which currently involves the Bakersfield Californian, Radio Bilingiie in 
Fresno, Valley Public Radio in Fresno and Bakersfield, Vida en el Valle in Fresno, the 
Voice of oc In Santa Ana, the Arizona Daily Star in Tucson, La Estrella de Tucson and 
CenterforHealthJournalism.org. The collaborative is an initiative of the Center for 
Health Journalism at the University of Southern California's Annenberg School for 
Communication and Journalism. 

Next in this series: Accurate valley fever counts elude health officials 

Tags I Health 11 disease 11 valley fever 11 lemoore 11 health 

centers for disease control and prevention 
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Kerry Klein 

Kerry Klein is an award-winning reporter whose coverage of public health, air 
pollution, drinking water access and wildfires in the San Joaquin Valley has been 
featured on NPR, KQED, Science Friday and Kaiser Health News. Her work has 
earned numerous regional Edward R. Murrow and Golden Mike Awards and has 
been recognized by the Association of Health Care Journalists and Society of 
Environmental Journalists. Her podcast Escape From Mammoth Pool was named a 
podcast "listeners couldn't get enough of in 2021" by the radio aggregator NPR 
One. 

See stories by Kerry Klein 

Carbon emissions from forest fires are surging globally, UC Merced professors 
find 

Kern County greenlights plan to build the state's first carbon storage and 
removal facility 

Merced County confirms first human case of bird flu this year 

Soria, Rose clash in election forum for key Central Valley seat in state 
assembly 
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Catch up on the local news of the day 
Central Valley Daily is KVPR's new daily news podcast, delivered every weekday morning by 7 

a.m. 
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Related Content 

Health 

New Legislation Would Allocate $1 Million For 
Valley Fever Research 
Diana Aguilera, May 7, 2015 

The fight against valley fever may reach a new milestone. A bill in the state legislature would 
fund research for this disease In hopes of finding a cure .... 

LISTEN • 1 :17 
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Valley Fever Clinical Trial To Begin At Kern 
Medical 
October 14, 2016 

Bakersfield's Kern Medical has selected to work with the National Institutes of Health and the 
Centers for Disease Control on a new clinical trial for ... 
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Forecasting An Epidemic: Does Weather Hold 
The Key To Predicting Valley Fever Outbreaks? 
November 13, 2016 

When a punishing drought besieged California in the late 1980s, relief came with 30 days of 
rain in 1991 - dubbed the March Miracle because of how it... 
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Collaborative Launches New Reporting Series On 
Valley Fever 
Joe Moore, November 1 5, 2016 

Valley fever has long been a major health concern for people who live in the San Joaquin 
Valley, A fungus that grows in the soil can become airborne. If... 
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cases of valley fever but 
aren't drawing bfood for 
tests, they aren't getting 
reported. 

Pubic Hearth Depamnent starts case 
investigation. Sometimes tab will be clear and 
c:ase can be confirmed. If the lab come5 back a.& 

"probable" or "~uspect,1' communleable dis.ease 
investigator contacts health care provider to 
confirm the types of labs, testlng and s~nlng 
performed to make a detennination, Data is 
entered Into CalReady and transferred to state,, 

CIDfornfa De1artment of Public Health acce0ts the confirmed case or 

Health 

CDC Technology Advances Promise Better 
Valley Fever Detection 
November 21, 2016 

New technology could reveal the microscopic, sometimes deadly spores that cause valley 
fever that currently float in the air undetected. The U.S. Centers ... 
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My Valley, My Story: Valley Fever After Decades 
Of Dust 
Keny Klein, November 22. 2016 

The fungal disease can afflict individuals of any age and ethnic group-even those who have 
lived and worked in the valley for decades. As part of our ... 
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1234 East Shaw Avenue ~ 
Fresno. California 93710 
(559) 243-4005 
www.wildljfeca.gov 

May 7, 2021 

Terrance 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 the Kern 
County Planning and Natural Resources Department for the above-referenced Project 
pursuant to the California Environmental Quality Act (CEQA) and CEQA Guidelines. 1 

Thank you for the opportunity to provide comments and recommendations regarding those 
activities involved in the Project that may affect California fish and wildlife. Likewise, COFW 
appreciates the opportunity to provide comments regarding those aspects of the Project that 
CDFW, by law. may be required to cany out or approve through the exercise of its own 
regulatory authority under Fish and Game Code. 

CDFWROLE 

CDFW is California's Trustee Agency for fish and wildlife resources and holds those 
resources in trust by statue for all the people of the State (Fish & G. Code.§§ 711.7, subd. 
(a) & 1802; Pub. Resources Code,§ 21070; CEOA Guidelines§ 15386, subd. (a)). CDFW, 

2-A 

in its trustee capacity. has jurisdiction over the conservation, protection, and management 2-a 
of fish, wildlife, native plants. and habitat necessary for biologically sustainable populations 
of those species (Id., § 1802). Similarly, for purposes of CEQA, CDFW is charged by law to 
provide, as available, biological expertise during public agency environmental review efforts, 
focusing spe<::ifically on projects and related aciivities that have the potential to adversely 
affect fish and wildlife resources. 

• CEQA is codified in the California Pl.lblic Resources Code in section 21000 et seq. The ·ceaA 
Guidelines· are found in Title 14 of the California Code ol Regulations, commencing with section 15000. 

Consen.)ing Ca[ifomia 's <Wi(a{ife Since 1870 
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CDFW is also submitting comments as a Responsible Agency under CEQA (Pub. 
Resources Code, § 21069; CEQA Guidelines, § 15381 ). CDFW expects that it may need to 
exercise regulatory authority as provided by the Fish and Game Code. As proposed, for 
example. the Project may be subject to CDFW's lake and streambed alteration regulatory 
authority (Fish & G. Code.§ 1600 et seq.). v Likewise, to the extent implementation of the 
Project as proposed may result in "take" as defined by State law of any species protected 
under the California Endangered Species Act (CESA) (Fish & G. Code, § 2050 et seq.), 2-c 
related authorization as provided by the Fish and Game Code may be required. 

Nesting Birds: COFW has jurisdiction over actions 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 destruction 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 construction and operation of 
two solar photovoltaic (PV) power-generating facilities, on six discontinuous sites, which 
would produce a combine total of approximately 291 megawatts (MW) of renewable 
electricity with up to 291 megawatt hours (MWh) energy storage on 1,330 acres of land in 
unincmporated Kem County. 

Location: The proposed project is in the westem extent of the Mojave Desert near 
Rosamond, California between Rosamond Boulevard and Avenue A, and between 70th 
Street West and 90th Street West in Sections: 20, 21. 28, 29 and 32, T9N/R13W in the 
eastern portion of unincorporated Kern County, California. 

COMMENTS AND RECOMMENDATIONS 

CDFW is concerned regarding potential impacts to special-status species including, but not 
limited to, the State and Federally threatened desert tortoise ( Gopherus agassizi1); the State 
threatened Swainson's Hawk (Buteo swainsonit); the State candidate for listing under CESA 
western Joshua trea (Yucca bravifolia); and the State species of special concern burrowing 
owl (Athene cunicularia). Mitigation Measures for these species, as proposed in the DEIR, 
may not reduce impacts to less than significant or result in unauthorized take. Our specific 
comments follow. 

COMMENT 1: Western Joshua Tree (Joshua tree} 

Table 4.4-3 states that no Joshua treas were observed on ttie Project site, but the species 
does occur within the gen-tie route. In addition, Table 4.4-1 lists 2.01 acres of Joshua tree 

2-D 

2·E 
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woodland, a CDFW sensitive plant community, occurring within the gen-tie route. The DEIR 
cites measures from the Willow Springs Specific Plan that are applicable to Joshua tree. 
These 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. Areas 
adjacent to the woodland shall have a 50-foot setback from the Joshua tree plants. 
Within that setback, a native plant cover should be restored to natural habitat values 
to serve as a buffer. if such plant cover is not present. 

• Measure 16: A Joshua Tree Preservation and Transportation Plan shall be 
developed by the applicants for each parcel where Joshua trees are located on site. 
The plan shall be submitted to the Kern County Agricultural Commissionefs office 
for review and approval prior to grading permit Issuance. 

• Measure 23: A Joshua Tree Preservation andfor Transplantation Plan shall be 
developed by applicants of discretionary projects for each parcel where Joshua trees 
are located on site. The plan shall be submitted to the Kem County Agricultural 
Commissioner for review and approval prior to grading permit isstJance. 

As noted above, Joshua tree Is currently a candidate 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 Joshua trees 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-disturbance buffer from individual Joshua trees required in Measure 15 of the Willow 
Springs Specific Piao, as well as the 25-foot buffer listed in DEIR Mitigation 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 avoid impacts to individual trees, but 
potential impacts to the seed bank as well. CDFW recommends the following edits to the 
DEIR. 

Rec<:lmmended Mitigation Measure 1: Western Jo$hua Tree Avoidance 

CDFW recommends a no-<listurbance buffer for individual western Joshua trees of 290 feet. 
If buffers cannot be maintained. then consultation with CDFW is warranted to determine 
appropriate minimization and mitigation measures for impacts to special-status plant 
species. 

Recommended Mitigation Measure 2: Western Joshua Tree Take Authorization 

If a 290-foot buffer for Joshua tree is not feasible, consultation with CDFW is warranted to 
determine if the Project can avoid take of that species. If take cannot be avoided, take 

2-E 
(con.) 

2-F 
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authorization would need to occur through acquisition of an Incidental Take Permit (ITP) 
from CDFW to comply with CESA and/or Fish and Game Code section 1900 and California 
Code of Regulations, title 14, section 786.9, subdivision (b). If Joshua trees will be 
translocated to comply with the Willow Springs Specific Plan, acquisition of an ITP is 
necessary to comply with CESA. 

COMMENT 2: Desert Tortoise 

The DEIR (e.g., Table 4.4-3) states that the potential for desert tortoise to occur on-site is 
low because there is a lack of suitable habitat. The DEIR defines desert tortoise habitat as 
alluvial tans, washes, canyon bottoms, and hlllsldes. Desert tortoise have been observed in 
other habitat type and the lack of their presence does not preclude desert tortoise from 
occurring with the Project site. Based on the information provided, COFW cannot conclude 
that desert tortoise is absent from the Project site. CDFW recommends the following edits to 
the DEIR. 

Recommended Mitigation Measure 3: Desert Tortoise Protocol Surveys 

COFW recommends surveys for desert tortoise be conducted by a qualified wildlife biologist 

2-G 
(con.) 

2-H 

who understands and will follow the pre-project survey protocol as outlined in "Preparing for 2.1 
any action that may occur within the range of the Mojave Desert tortoise ( Gopherus 
agassizii)" (USFWS, 2010) and has previous experience surveying for desert tortoise. 
Survey results are advised to be submitted to both CDFW and the USFWS. 

Recommended Mitigation Measure 4: Desert Tortoise Take Authorization 

If desert tortoise is found within the Project area during surveys advised in Recommended 
Mitigation 3 above, DEIR Mitigation Measure 4.4-4: Preconstruction Clearance Surveys, or 
construction activities, consultation with CDFW is advised to discuss how to implement the 
Project and avoid take; or if avoidance is not feasible, to acquire an ITP pursuant to Fish 
and Game Code section 2081 subdivision (b) prior to any vegetation• or ground-disturbing 
activities. Any take of desert tortoise without take authorization would be a violation of Fish 
and Game Code section 2080. 

COMMENT 3: Swalnson's Hawk (SWl-fA) 

Table 4.4.-3 of the DEIR states that one active SWHA nest was observed on the Project site 
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 throughout the 

2-J 

Project site. Several measures are provided as part of DEIR Mitigation Measure 4.4.-8: 2·K 
Swainson's Hawk Mitigation and Monitoring Plan. DEIR Mitigation Measure 4.4-8b requires 
Uno new disturbances, habitat conversions, or 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 September 15. Buffer zones 
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may be adjusted in consultation with CDFW and the County." However, these Project 
activities are not defined and CDFW advises that the 0.5-mile buffer apply to all Project­
related activities to avoid unauthorized take. We acknowledge that not all Project-related 
activities may require a 0.5-mile buffer. but the type of activity should be discussed as part 
of the consultation with CDFW and the County tor a reduced buffer. 

DEIR Mitigation Measure 4.4-8e requires habitat management (HM) lands to mitigate 
the Joss of Swainson's hawk foraging habitat by providing "HM lands within the Antelope 
Valley Swainson's hawk breeding range at a minimum 1:1 ratio for such habitat impacted 
within a 5-mile radius of active Swainson's hawk nest(s)." The Swainson's Hawk Survey 
Protocols, 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 impacted within a five-mile radius of active Swainson's hawk nest(s). • Based on the 
information provided in the DEIR, CDFW cannot conclude that a ratio lower than 2:1 will 
reduce impacts to Swainson's hawk foraging habitat to less than significant. CDFW 
recommends the following edits to the DEIR. 

Recommended Mitigation Measure 5: SWHA No Disturbance Buffer 

CDFW recommends that the type of activities for the 0.5-mile buffer in DEIR Mitigation 
Measure 4.4-8b are changed from "project-related activities lhat may cause nest 
abandonment or forced fledgling" to all "all Project activities." CDFW recommends the nest 
buffer 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 Measure 6: SWHA Foraging Habitat 

CDFW recommends that the amount of foraging habitat mitigation required by DEIR 
Mitigation Measure 4.4-Se is increased from a minimum 1 :1 ratio to a minimum 2:1 ration to 
reduce impacts to SWHA foraging habitat to less than significant based on Swainson's 
Hawk Survey Protocols, Impact Avoidance, and Minimization Measures for Renewable 
Energy Projects in the Antelope Valley of Los Angeles and Kern Counties, California (2010). 

Recommended Mitigation Measure 7: SWHA Take Authorization 

If an active SWHA nest is detected and a 0.5-mila no-disturbance buffer around the nest 
cannot feasibly be implemented. consultation with CDFW is warranted to discuss how to 
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. 

2•K 
(con.) 

2-L 

2-M 

2-N 
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COMMENT 4: Burrowing Owl (BUOW) 

DEIR Mitigation Measure 4.4-6: Preconstruction Burrowing Owl Surveys requires 
a buffer of no fewer than 100 meters (330 feet) from an active BUOW burrow during the 
breeding season (i.e., February 1 to August 31} and buffer of no fewer than 50 meters (165 
feet) from a BUOW burrow during the non-breeding season. CDFW typically recommends 
greater no-disturbance buffers based on the "Staff Report on Burrowing 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 to the DEIR. 

Recommended Mitigation Measure 8: BUOW Avoidance 

CDFW recommends the no-disturbance buffers listed in DEIR Mitigation Measure 4.4-6 be 
expanded to the buffers recommended in the "Staff Report on Burrowing Owl Mitigation• 
and listed in the table below. Specifically, COFW's Staff Report recommends ttlat impacts to 
occupied burrows be avoided in accordance with the following table unless a qualified 
biologist approved by CDFW verifies through non-invasive methods that eittler. 1) the birds 
have not begun egg laying and incubation; or 2) that juveniles from the occupied burrows 
are foraging independently and are capable of independent survival. 

Location nmeofYear 

Nestina sites ADtil 1-AUo 15 
NestlnA sites Aug 16-0ct 15 
Nestlna sites Oct 16-Mar 31 

• meters (m) 

Editorial Comments and/or Suggestions 

Comment 5: Nesting birds 

Level of Disturbance 
Low Med Hlah 

2oom• 500m 500m 
200m 200m 500m 
50m 100 m 500m 

CDFW generally encourages Project implementation at individual Project sites occur during 
the bird non-nesting season if suitable nesting bird habitat is present. However, if ground­
disturbing activities must occur during the breeding season {February through mid­
September). the Project's applicant is responsible for ensuring that implementation of the 

2-0 

2-P 

Project does not result in violation of the Migratory Bird Treaty Act or relevant Fish and 2-Q 
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 to maximize the probability 
that nests that could potentially be impacted are detected. CDFW also recommends that 
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surveys cover a sufficient area around the work site to identify nests and determine their 
status. A sufficient area means any area potentially affected by the Project. In addition to 
direct impacts (i.e. nest destruction), noise, vibration, and movement of workers or 
equipment could also affect nests. Prior to initiation of construction activities. CDFW 
recommends a qualified biologist conduct a survey to establish a behavioral baseline of all 
identified nests. Once <::onstruction begins, COFW recommends a qualified biologist 
continuously monitor nests to detect behavioral changes resulting from the Project. If 
behavioral changes occur, CDFW recommends the work causing that change cease and 
CDFW consulted for additional avoidan~ and minimization measures. 

If continuous monitoring of identified nests by a qualified wildlife biologist is not feasible. 
CDFW recommends a minimum no-disturbance 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 parental care for survival. Variance from these no 
disturbance buffers 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 support any 
variance from these buffers and notify CDFW in advance of implementing a variance. 

ENVIRONMENTAL DATA 

CEQA requires that infonnation developed in environmental impact reports and negative 
declarations be incorporated into a database which may be used to make subsequent or 
supplemental environmental determinations (Pub. Resources Code,§ 21003. subd. (e)). 
Accordingly, please report any spacial-status species and natural communities detected 

2-Q 

during Project surveys to the California Natural Diversity Database (CNDDB). The CNDDB 2.R 
field survey form can be found at the following link: 
https://www.wildlife.ca.gov/DatalCNODBISubmitting-Data. The completed form can be 
mailed electronically to CNDDB at the following email address: CNDDB@wildlife.ca.gov. 
The types of infonnation reported to CNDDB can be found at the following link: 
https:/lwww.wildlife.ca.gov/Data/CNDDB/Plants-and-Animals. 

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 
Determination by the Lead Agency and serve to help defray the cost of environmental 2-s 
review by CDFW. 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). 
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CDFW appreciates the opportunity to comment on the Project to assist the Kem County 
Planning and Natural Resources Department in identifying and mitigating the Project's 
impacts on biological resources. 

More information on survey and monitoring protocols for sensitive species can be found at 
CDFW's website {https://www.wildlife.ca.gov/Conservation/Survey-Protocoll2)- If yoo have 
any questions, please contact Jaime Marquez, Environmental Scientist. at the address 
provide<! on this leUerhead, by telephone at (559) 243-4014, extension 291, or by electronic 
mail at Jaime.Marquez@wildlife.ca.gov. 

Sincerely, 

re:;:-~ 
L.::fAt)J-.El'"W' 
Julie A. vance 
Regional Manager 

cc: Office of Planning and Research, State Clearinghouse, Sacramento 

12-S 
(con.) 
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WWW -.itqllf't SI 99Y 

Ma41hewHall 
Kem Caunlv Plannfng Oe1)artmenl 
2700 M S11'8GI, Suile 100 
BalcerrJlald, c:inronu 933111.2323 

WN"'P a, MOWN .gt. @l!l'.'lll'$il' 
C/IAIILTON H BOMfAM, 0/roc,o, 

Subjecl: Revised Dr.aft Emfronntenital lmpa« Report (RDEIR) (Of 1M Rosamond Solar 
/Uny Pl'\lfKt bY flrtt Solar, Inc, !SCH No. 2010031030) 

Ollar Mr. Hall: 

TIie Ca!,tomie Dllpa<tment ol fim 1111d W~t (COFW>IIN 11'1ewed Ille ROEIR tor 1M 
R~moM SOiar May Proj&CI .Dy Fll'fil SOia!', Irle. (Project). The P!ojeci CO/lllials °' «inSlNcf.-ig 
end 011are~ng e 150 megawatt (MW) l)holovollaic .90lar pOMr f,l.tlr.l on ~li!,,etely 
1,, 76 acres In lhe Antelope Valley. al 1M weslem edge of 1119 Mo!•.,. Dttttl. Tht power pion! 
would <:unsisl of aolar panels. an eleclrieal colkK:tlon l.)"5fem, .a subs1allon, en operallon9 and 
m,lnfenaJIQe bufldinti, HCIUrity gales. fencing, &!ml)Or.a,y dusl conftol ponds during ct111iWuction. 
e lempo1e1y <:011C1ele bslch plall1 during conelruclion, and II tt,ree 14 fM!> mll&fonO llansmlsslon 
r.rie (ger,.IJe) 10 co"ne<:1 IO Ille 4tl5tlno Whl'11',4/KI l<Abslallon. W11k:h Is operated by Sllulhem 
Cellfomla Edlacn. 

The tel.4slons mada In llta ROEJR did nataddlt1tt, M(lt,I of Ill$ oom,-,ts in COFWs draO EIR 
comment killer, !Salad January 211, 2014. lbererore. many or~ oommenl$ in lhi$ IGIW 4110 u,. 
same aa In Ille January letter. 

1-A 

Tht Calllomla En"4-tol Quality ACI (CEOAI Maflda!OI)' flodillll• of Silntftc.11114l8 ,equire 
Illa! !118 leed agency fiM !Nit ttle Pro!~ rnav IIS'IO a e!Qni1\c;llnl effect on tia en-.wnmanl if lhe 
Ptojecl has th& Po{enU;al IO• .. .cGuw a fdh o, w;ldifll pop1Ae1«1n 10 llr<,p b41ow ieff••ustalnlng 
l&Ve!S .. : ™ SW8inson·a ha..._ (&tfN N"'11$0/11) poi,vlal,cn in I.toe Antelope Valley b smaR an~ 
likely ID dJ'CI) below 1'Gir•SLlllalnlng l!Mils Ir ninewabllt ~y de111110pm,111 oonlln1'93 wilhoul 1-8 
aduqua!IJ habllal -lion wl!llln !he Antelope Valley. A.I Wfl11en, the ROEIR do$t not 
tequi'e Ole deWIOper ol 1111$ Proj«\ lo 00nSeMS a,yy habttal Ill the AnlAl'lop9 Valey or lrnplemenl 
eny olher moesur~ !hilt would elfoclMSI~ 00tl$tll'Y8 &walnson't haWk ~lld bt.lml\l,ing owe 
(Alhenot C4illlaJfed«) Pf)IIIAalioM in lhe Antelope Vlllley. 

Mitigalionmea1AJra, 4.4-4 snd 4.Uttwugt, 4.~ Ml 1101 based on UM baseline suMy results, I 
whlcll were thal Che er.a supportS GbllllCIMt l)un'owlrtg QWIII tlfld $wairlGOl'l'\'I hll\\4l$. and Instead 

1 
•C 

dafar Iha devalopmem cl habllal cam~tloll requr-tt. to contu~t!on wl1h oilier 
3genc1K, based on le~p,MlG~. I.IMO p,e-conrN\lciion luN\l)' rerM\6, COFW 
recommend5 that Iha County lnsteeo req,ilta QU8<1!1i~ble h:lbi1111 oom~n r,, the 
EnlAtonmantat lmpa..1 Rej)ort (EIR) boW<I 0A IIIO l<,\OWn l)aW~l!G IUfYG)' '8$Ulls end Pr<lje(t 
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Matll!ew Mall 
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Impact$, end r9qulf• ttlO P'••«>n~ S..1'1111)'$ primarily for e\'Oldl09 diteet ·1e11.e· ol wildbfe I 1-C 
dunng Ptqect oon9lruction and to d8(ennin8 whe!Mt additional mlli9ation mey "wa1111nt~. □ 

In lhi$ lattar. we f8QQ!llmond ~pe~. quantifiable measures lo mlnlmll:e sod olTse! Iha Impact, 
to Ille Anlefope \/alley Swainson'$ hil'MI and bumlwing 0"'1 por:,ulatloN baaed Of! 1~ Profe,;t'• 
blnellne 08\a a !ho RDEIR. s;,.,, 111e19 is pofanlal Ina! a:JFW will bl! orly• T1111tee Ag-)' 
on lhl$ Project COFW does not neceuarll:f haw• mecttantsm ID requn and C'fOtO& thMe 
m88'51A'ea; lhvs, - find Iha!~ ROEIR'a method of defemng Ille da11elopman1 of habit.ii 
QQmptntriowl ft\t8$U1911 IO later <li!IOIAllont w11h CDfW la wilikely to mi1Jgllle the Profeet's 
bfoqilcel I~ 1018$8 11,an 8ignif1Cetll levels as ths RDEIR oondooe'S. 

Here Is~ stimmery ol our «>mment4 and recon1111eo~tions in ll'is leltllf' 

• Require 80 8C1et of desert tOflol .. {G~ ar;allllzh) Mbllat 00!Tlpel'll58UOI\ In 
1)111,ptluil)' 

• Requite 2: 1 nsbi!lll oompell881ion -MU.n lh& ~ \leJleY for Swalnoon·, niw.11811d 
b<Jrrowing o"4 for all petmene<>I iml)llcl&, no1 just ii S-..ain5011's lla"4<$ &19 fwrtd wilhln 
0.6 mlle durtng l)te-<;.OnSUW!ion $UMly$ (IM l>a~int suiver,J e~dy found !hem 
n.Kting v.4tttfn 0.5 mile, and Iha toieglr'lg h.abilal 11\81 &uppcrts MSfo,g e11tlnda greater 
than 0.5 mile from 1119 nesl site«) 

• Require a O.!Hni& constnJCtiOn buffet trom Sawainsan'1, hewltne$1$. ano a'IOl<I 
OOl'MlrtirQ suitable hatlilill within lllat lluffer. 

• Require lnllnsmlsslon fne, la be undttground to mlnlmlz& Sw,1119on'$ l'lawl<, bu,-;ng 
O<M. an6 other avian felatltles. 

• As.some 11181 al beauertall eacll witllln Ille Proj&el fimili are Ole Stele and lede1aly 
endangered fla-l!tl'llftekl CIIClll! (Opunt/a basJfa/ls var. ttf>/e11s,el) urt.es.s ftw!ller genetic 
~Wu~ othetv,;GO. 

• Prohibit Uie 11$<1 ol d\sln link tone,, or fllqU!ra 111111 chain link fencer. are modllled to 
pr-nl de&elt kif f())(e11 {VCJfsie-, IM01llis ar:s.;,11s) from placjng !heir hcads 1/lrcugh the 
mellh ~nln9• 8nd "900ffllno er,sne,~. 

• I dutt 1)811111,ti\<M-to b$ u~. req~,e lhe appiC8nl to use only 111~al'IOK Iha! ate 
°'98nlc. IIOn1)elrlll9um, and non•~II,. l'Ul;ll H m.,ny of Im plilnt-bl!Gell llfOCIUCt6 Ula! 
are commetclally a\lllila!Jla f« ,ug~;.,e dust <:MIIOI. 

A di;e,,sslon of a>FW'• jurisd;ct;on tor this Ptlljeci end 61)'!1Qfie commenls on tt,o ROEIR. 
foll0\,119. 

<:ClfW .Jurisdk;lllon 

1-D 

I 1-E 

I 1-F 

I 1-0 

1-H I 
11-1 

I 1-J 

11-K 

CEQA an<t Callfomla Et'ldiln9t!'M S~lot ~ (CESA) Auihorlty.: COFW Is a Trustee I 
Agency r0t f,sh !Ind v,;ldijfe re,;ou,- wUh tile 1e6l)Onalbilily under CEOA tor commantJng oA 
pr<ljeel~ that could impad r!Sh end "'idlfe resourou. In U,is role, CDFW is responeibl& far 1-L 
pro-,ldlng, B$ aYllilabla, blcllogical expertisa to te-,lew 8nd «>mment on environmemal 
dowments and lfflllllCIS etlsllllJ from prcjec:I BCliYlliea. Pviwanl 10 F181\ and Game Cod& §1802. 
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County of Kem 

Matu,ewHaU 
S&ptemtw 11. 2014 
Pt!ge3 

COFW N$ ju~(:Uon O\'\lr the ~,l!On, l)(O~n. Oll4 m~nl of f1$1\, wildlife, 
naU\18 plants. and habllat nacess:wy for blologk:aly $USla·nabl8 popllatJons of ttlooo ;pecie'l,. 

COFW is a R~nsit:io Agency ..non a Glb:leQuimt perm~ or other type, o( disaeli:lnary 
app1ovs11$ ~nio ftom C0FW. 6UCtl u an lncklan\81 Take Petmil (ITPJ. pu111U11nt to CESA. or 
8 Leko O< $tteo111bo,$ Menluon Aglo<,,nonl ('-SM) Mued ln1o< FM end Gamo Cod. §§1600 
ar se,:r. rr l!itfld tllke c.noot be a';l)ided. Ulen th& Prqae( would wam1111 an ITP tor uika o1 
13akel$fitld ~-.,..chi$ hied a, end1'9"'ed pU111Uanl to bo1h lhe f..S.nil El'ldanpfflld 
~ .. A.ct (ESA) and CESA; Ille ft4el81 el'ldengered anll Slate \hl$1t\8ned 8$18Q81 de1811 
IOIID~. aoo IIMI State \/ltaatened •~ SW31n8cin'11 ha,r,,l, 

COFW's lssusr>ee cl ,n ITP and/0< an LSM I$ also oonsldered a "l)loj9(t' SWj8CI IO CEO,\ 
(CEOA GuldellnK §l!i378i COFW fyplcaly ,~ on 1118 L~ Ag8ncy"$ CEOA compliance to 
msl<e Rndtnos purr.uent to CEOA Gu!(l&llnM §1!iO!U. For th& t.eeG Agency• CEOA <10eumen1 
to 6Uft'"ice !or CESI\ ITP Issuance. n must My descdbe 1118 POten~I Pro!ea-felaleO lmpai:1.1 to 
Sla!IHietod ~-ana!Y"'-6 POIMlial impa,ct$ of Ole en lire Proje(;t lncludinO pri"8le and l)Ublic; 
land c:,omponer,1$, end eo<nmll lO tn0$$1A'n 10 {1VOid or mininizo . ...i f,jly miligate impa<;ts to 
theso _,_ C0FW msy no! be able to is,..e an ITP by retying on en EIR -lairing a 
Slatemenl ol o,,,urid;n9 Conaidolfalions wfMln impacts to a Slal..iiil-' ~• era no! mi!J;aled 
10 18$$11\Gn ClgtliliQlnt. 

tr the Elf\ oomplolod !'of thn Pr-Oject <loes nol lnd<.tde mltlgallon meaMftl lo reduce Impacts lo 
Stato-f3lcd Gpec:ie:s lo IM:s lhmn olgn&an~ « if 11 does no! dascnbe end ana~ al 
<,0Mp()IIMl9 of -- Projed (IIIC>.>di\o tllos6 ~ on fedenil IBnd), a:,fW may Ha result 
ftffd 10 •et ee • CEQA U&d Aoeney end oomplett1 a 11\b&equent EIR to euppo,t mt\lUIO& ct an 
ITP. This Qluld tlgnll(3nUy delay fTP ~noe ena ccnaequenll)I. Pfojeci implemer>llltitm. 

SfMClnC Comm,inu, on the RD£1R 

Mltljpllon Manure 4"""4: This measure t&Qatdlng pre-canstniction <MldDfa wr,eys begins wllh 
'Prior to conS1l'UCIJon, tt.e Applicant may oontact the Untied S111tes Fl!lb and Wlldttte Sen/lea ane1 
Q#omia ~nl of Fi:!h an\j Wildlife to determine It Pfe-cotlSll'IIC!lon ~ and 
exd1.11iona,y fencir>g are warranted 9'""" !he low lik&lih()Od or _,rrenoe of~ e~: 

1-L 

1-M 

The pt'0-C()mtruclion tut\'8)'$ are we"anted. The l)a&elfn& s1neye lot the Proj&<:t ooicumented 
l)ul1'0Y,if10 OWi eign (wMowasll 61\d jjelllltl)~l>utrCWO Mllinlh6 ~ solar 8mlY$8nd 1-N 
~re $U-ing the $ii$. Tln;s, COFW does no1 oo,,o,r lhlt lhefll ii; a "low lillt'hood °' 
oca.,r,ence Of SOO&ii..oe spec;es· on tlll1i. Projlcl ,ita. Tha alrea4y-doo.iment.w p,l)S.Q11011 ii. 81$.0 
aufficienl 4Mdenoe 111.!1I burrow!~ owls 81B likely lo be on and/0< near tt,e construcoo,, area and 
might be lllken dmg c.onalluctlan. C0FW recommends tlwl ROEIR require pra-001u1rUcllon 
5UIYIIY5 lo, bumJwing owl ti faei'ilale I.Ille awlclanc:e maasurK 

a.cause W. Projed v.wicl cert.,.lt lhot.e 80 ""'~ ol a.osote bua!\ IICIUb to• 1ldar amiy, and 1-0 
~rt tortoises &re~ to occur in O,e na!lve desert scrub oommunllies "'81 ae oarniguous I 
with Ille 80 a<ns of C'&Mlt w\lb llal)ltllt ill Ul6 Ml!twn $Olar may al\C:I elcwlo tl\&aen-11& l'OU'le. 

db!urt> gound In 08Mlt tortois. nsbitel al011g Ille ge,n-li.& route, COFW ,ecommend& 
pr.t-ooNln.lcllon ~l/S fo, ~ loltoi$$ '111'~ included ,n the RDEIR 8$ e mi(9ali:>n meawre 
to determine If~ tortolH ~r In the Projed araa. In Ille event that dosort tOIIQ;se is 
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Counlyoft<em Chapter 7, Response to Comments 

~'latth6w Hall 
September 11. 20'4 
Pego<I 

and avoid 181<& II lake Clln'I IJ8 &...Oldll<l. 8n ITP W<X'd be reQUir~ 10 ooml)ly l'.11h CESA. 1 •0 
<!atactad, conwllat!on wilh GOFW WOCJkl b!t warranled to di&a1ss hOW to rnpiement tM Project I 
Altsmau.,..1y, lhe Pl'Qje(:I eppliQlnt a1n aasume - and ~pply for an ITP. 

Swatn!:Otl's hawlct :ite alro known to nest BWfOximately 0.6 mil& from the l')tOP()sed 1IOlar 
amiys, as dOC<Jmenled 11'1 In& Pt-Oj~l's t,as,iftne biological Nlpotl. GI- 1111s pt0dMity, the.,_ 
IX)t<jering Che Projecl =slte nave a MlatlVely high po(ltnlial to IIOSI nettings~·· haw\$. 
COFW -.mends '"-wnstruction surve)'S for Swslntof\'1 NIWll& IJ) delilrmi'le l lhe apeca 1 ·P 
Is p,esent within 0.6 mio during C<Jrislnu:llon aalloi!IH. Depending on Iha -ults cl lll8t$ 
Wl"IIIYf. conaullanon with COFW may be warranl.ed lo dtlwmn& If Iha Pmjecl can 9-0kl lake. II 
lake can't~ 9~. en ITP i9 neussary lo~ wi1h CESA. 

llllllgallon Mulure "-"&: This O'Wl8SUte Ieoarding pr&-e0nstrucllon 151.WWri, and exduslon 
lancing I« -rt t.i.tolw •lao oo,nlelna lhe wMI •may.• and 9'- tti<1 Aftllioiw>t en q;,llon to not 
petform pm.coo,ln,dlo<\ ,t.rve'f.l « inetaU ex,;jljoior, fon01ng lor dosOft tOlloiSO$. At; disws'4!CI 
abo<Je, the ll('Ol:)OSQd nollhem solar erray .,_o C<Jntaina 80 ecru of newe ~e-ert tlQ\lb lllal. 
adjoins kMWn. ~ des.in 1Dtlo1$$ habitat. We reooml'llOOCI that the County t'1Q11i19 1119 
Applcanl to ~le pt'IM)()Mtn.lCIIOn 'WtVGl'S to I YO id iaio. of lottollH 'MIiiin thew 00 ·- 1-Q 
~ 10 inatall 10<1~ exelusionary f&nce aloog the solar array oot1s.ttuc&>tl araa bo1.11d&f,e9 
nor1h of Roeamond 8oul&vard and ll!ong the ~Ue <<Kile, COFW recommends e.~c:l1$10n 
i.ncing be installed only lltler ~ surwvi; ar11 oompleted. II-tonclse era 
~ within the e>«:luslan fenein9, GOFW may consider 1he lndl\'lcSua'.s Qj)lured. The 
capture or any llj)<ICieS li$t<l4 ullder ceSA would 1equtn1 en ITP. as capt""'(« attempt to do ao) 
Is defrled as take unaer Fl~ an<1 Game COtS& Section 86. 

larger area cl OCC41pied des«! lorloisa habllal. CDFW l'&OOfflmend~ tlw lhe Ooti11ty ~ufte I~ 1-R 
C..ert TottoiM; Tho 80acro,ol Iha desert scnJb that lne Projectwoul,j difll)lat4 ~ p$ll of a I 
eppiea,,t 10 cons,,.,. 80 ~-- ,;I desart tonofae habitat In perpeMty to offset tllls habUat kl$$, 

8u1Towlng OWi: The bat.e&ne surveya foond nine bumiws ~thin 150 meters (m} of the gen,tta 
rouletl and a 1 !SO m buffer or lht e111ttem solar array area. They bmd 1hat allot t.he Project &Ka 
was ~Ullabla habit.al. II I$ Important IO no!& lhet lh& O\Ot$ using by<TQW$ In t,a noin-tillld areas 
are fora;ll'lg in Iha 111ad a,ui, and that butrO<Mt19 OWi$ do twelld In aclivll agric:o.lltural f,ekls in i •S 
the Mlelope Vl!llt!ty (WIik anion end SieoeI. 2011 ). 

This Projed aru I~ cl nilati'Mty high Vll.,., for 001\&eMllioA of burrowing w.1s. The bilwllne 
aur,ey finclog~ CC)(~!O tho fin<jng (If Wlll(fflOO an~ Siegel (2011) lllBI buflOW!ng <Mis In the 
Mojovo Ces«t iwe cLet«ed in lhe agn,;,ulturet ~ urllan inleriec:e areas of Ila Anlelop&, l\/)ple, 
and Lucerne veleya. 

Measure 4.4-7, ,agardng burtO\Mng ow1. ,eq,iirtt lh91"Sh:>uld bunowiog owls ba round on-site. 
aiml)80sa1Dry mlli\lllllon rar last llraedfng and/or Wintering hablUll a.hall be lmjllefflented .. : The 
conl8X1 cl lhat statement Is lot lowing a pre-cona1rucllon eurvey. Tl119 _,& igft()(e8 th& 
~me dltll 1hal C>On0tmecl that lhe Pt0Ject site It. lncs.ed ~unowi"9 owl ll.lbi1.a~ 
Slnoe th& Si18 Is already ~nown to be bUlfOWYl9 awl !ubilat,,.. --.rnen.S ciarifylno that 1he 
dtl!Jlffllln.aliOn of wtuI\her Nt,ital COl'n$>8llsalion Is requited dOff nol de1)e;ld on the fulur~ 
p,e-con$(rucij<1n survey rNUlls. We N1C<1t11mel'ld eiaung I/lat the Aii~~nt WI oomp.:msaie tor 

1•T 
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UluMy of ~em Chapte, 7: fh~spons! to Commie-nts 

Mlltll'tewHall 
SG$,lember 11. 2D14 
P"'985 

a,nstrudfo• ard dat,m,inlng ..+ia1har m«a o.,ls may b& present !Nin ._a tcund In 11\& pan;al 1-T 
lhe alr11ady doc:umenlecl wrrowlng ~ !labltllt loss and 1pecll)fng • minimum acreage. lhllt I 
WQIJld atso help to darify lhal pr&-consfruc:tiDn suoveya era tot a\'Ciding dill!d I.aka of o,m dtlllng 

&Yt\'$Y8 of 2010 or 2011. If pra<ionsllllC(ion SUl'l'eY$ firld !hat Ille ,~a oU®Qtls mcira owls lh8n 
h.11118 alrudy beM fC(IM, !Mn addi'J<lri,J llabiut compensatiori &hOIJl<j be Nlqll~. 

M&asue 4.4-7 also ooe, not prescribe any-or localiOn of liabltlll milig•tiOn. The lniUal 
tunniys -,e e-0mplehl<I in 2010 And 2011: ~ ~lifte 0""'8)'$ ll"O\Med enough lnloonatioo 
lo form a mitigation plan in the AOEIR. We 1eoommend lndudiog h1 ClumlW1ng OWi t18bllal 
millgalloo plan In Vie EtR and requiring Illa! II be rnplemerrted poor to lhe h&bllaf lot.i lo 
mfnlmlzc \he temporal hllbllaf impacls. f"o, reft!IVnCfl, bum:iwlng owl kamel home tango In 1 •U 
(j85e,t. agrievlturaf sef~ngs haw been eslimafed at 112 t 45 acres (Rose!'lberg and Hatty. 
2004). Ro<le11berg and Haley also fovn<I tha1 owls foraged mosUy IMfhin eoo m of ltlelr bull'OWS, 
which put$ most of~ USl$m $.Olaf em,y,, well w11hio °°"' foraging ranQe of 1116 burrows 11\al 
.,ere CfQcumenl8d In 11\e 150 m buffet aumy lhllffl. The number d owls lounc:I ll1Qna ll1e aen•tl& 
routes erd in th$ e.ttem $118)' bvffet ~ta IM1 edditional bu,rowing owl burrOW$ oea,r 
Wll/lln 600 m of Che Ptoje<:t. 8urrOYA119 OYA hab/ial oompet!WJon ctn!>$ ,oc:ornpliahocl within 
tho oraa to be \J6ed fOf Swalo5otl'G h:ll<h: mitigation in the~ Vellay. 

Mll!gall0n mea~re 4.◄•7 al BO allows the appllcsm IO 00fflt>ine or ·etac.k' o~ c,,,.11\ebilal 
oon,-lion with aoricvllurel mttJgellOn Ille! may oocur through ln~ieu fee programs (none of 
whk:tl are ldM\ifl&d in IM ROEIR) end/or ag~ra1 la~ con30Mltion In tile Cenltaf Va118y. 
F<W1h&<. there is no requlramenf In ct,e mea,ure lhet 11\e atirlcullurel lerm ,upport. burrowi,g 
owl$. Neilhef d ~ Ol)liOn• would m;li9a1" iml>llCIJ lo OW. AM•• Valley pop<Arion of 1 ·V 
burr°"""'9 Ms, a,,c, may "°1 p,ovide •ny benelit lo Wt~l\9 QWi$ ~ ltlf m•1t11ure ~• not 
requi'e acklallyconsa!Wlg habifal that su1l1)011S burro-Mng owli. 

COFW rewmmon<Ss i,,qulmii 1ho burrowi119 owl habut eompensa!Jon to OCQJr 1"111111'1 Che 
A.nklloj)$ V8118y, In areas 11191811A)Olt. butrowing owta and can be enhanced lo support mom 
bu~llWfa. 

Swal1111on'■ HNk: M~fgatlorl musura 4.-4-8 requires Sl,\laNM't ti.Su l\ebltat ~nsetion 
only If Swar11son\1 hr,,1(5, are found 'M!Nn 0.5 Mila of !!Mt Ptajac1 du~ng pnM)Ot)&ttuclior, 
ISUl'Ye!/8, COFW tloes not corieur Iha! this approam would mlllgal& SWalMCl'l'S haw!( llabllal 
l~etl to a leM lhan tignifocant la.el. The baselin& 11UM1Yf> fCf the Prc,ja<:1 alreadyeoatabli,hed 
that Swalnso,,'s hewlul neel within 0.5 mils ard Iha! !he proj!!c:I is wltlln !he cons nesting and 
foraging &lei for Ct'lt Mtelope V/1611/1y SWJlnSOl'l't 118M l>Ol)Ullllion. Requiting hablat 
OQ1!"'8nsatlol'I only If llMly ara found during ltw. pt&-()Ol'llfnldi>n eur,ey Ignore& lhe baaellnot 
conditions. COFW racommends -~ -Yt 10 deletmlno l\4wttier addit!o<\al 
mitigation may b& wamanted bllHCI on changing dru,msbncas; and to d8t.ec1 new~ 6~81: 
\kit need lob& buffered from coNlbv<:llon actMIIM to a-.old lllke, ltldudlng nest fal111&. The 
manure ea cunoo~y chl\8<1 Is ln00fllliatent with Ilia apprnach and with COFW's 'Swain&«•$ 
Hawk SuMly PJOIOOolt, lmpecl .A-oid811<:$, and MinlmlzafiOn MMM~ for~ Enero¥ 
ProJ.cts In Ul8 Antelope Valley of Loi.~ •nd K•m Oountin, ~tifom,.s• whictl tequb'e$ 

l\al:lllal compensation l0r lo/aging habllal b!J- 11\at tX""1f wilhil'I 5 ml!es of nesl s~e,. 
AJ90 fncon!!istenl wi1h the eicisttria guldarice Is the ROEIR's l'IIQUlrement lo mitigate only ll\o$O 
habitat impac:ls within o.~ m~e o1 nMt slte1!, and IO allow llabllat rompensatkln to oowr 
anywhere within 10 mies of a MS!. Habf131 IO mle$ frQm a nest IS mvcn le$$ vefvablet lo 

1-W 
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ne&!ing Swain1,0n'1, he.WU. ellCI may be UMd wry ,ui. by U..., 9pe<:i!M, ec,mpared to habitat I 
v.1tllin 0.5 m~a of a nett. Til4I proPoWd -• would not p,ovlOt halilat « equal orgmater 1-W 
value. 

FuMer. the meawre elow& ln-llell tee, and/or habitat COl1¥)Gnsatlon 'Ml!lln lite Cenlnll Veley, 
...t,leh wa.ilcl ,,ot mlll(ja!e Ille Im~ lo 11,- Antelof,e Va!H,y populsllon, end would iksly 
COl'Uillute to lho Ion cl llli!J populllllQln. M disc»Hed above !or burrowing owl, this meal!t.11'& 
does oat guarantllil that tmt Sw nam's - llllbllat WOIAII aclually be censerved. 

We c,auld concur lhat Swanson's h- hllbtal losses would be rnit,gele<S IO les1 than tlgnificanl 
le0/818 if lhe County, as lead eoMCY, required llllt>ilal m1tigallon basad on 1M alnildy-""'°"'1'1 
h&bi!al l:)ts impeclll. 

R,aquinng lllal lhe miiigation <>e<;ut w,lt,in ,_ Antelope Veley ill impottant The CEQA 
Manda,lol'y Flndngs d Slgnlllcal\Ce require 1h11 a 1$.a4' 119t11cy find th81 lh6 Proj~ may he.-o a 
slgnificanteftadon the en"n,nment lllheProjett 11;1$ Ille po,ential co · ... cau~ a 111:h o, wildlife 
poplletiofl lo drop below sell-11U11tainino l&Y!m ... " the SwsinGM's lla'M< population In the 
Allle!ope Valey 18 IINU ano lkely to drap be10W eelf-5Ulllalntng le\lels If ren8Wllbl& energy 
dswitopmanl conlr1118$ wllllOut adeQueta hatlll81 COll6e<Vlllion wflhln !he An'lelope Valey. As 
written, the RDEIR does not fll(III~. aw. de....iope, ol lhia P,tject to COnMIMI err, habilat in lhe 
A.ntelape Veley or ~ant 11111y other meA!tlt$S 11\111 ~ eff«Clvely OOIIWW SwaineQ<'l's 
hawk and blmlWing C1M P<)l)Ulaliona In 1h41 Anlalap& Valley. 

1.8911)'. the ROEIR does not 9')11Cify a consau:tion Oll!e, d~ rrom SW!llnwn's hBWI<. 00115 
COf'W reoommend1 maintaining a 0.5-Milt bvff&t hm any &dive Swain!S(ln'• ~ nasl during 
cor111lnir:1lon. COl'W 11110 recommends avoiding dawlopment on suits Illa h:lbi\111 .. ,-.., 0.5 mile 
d ~ nesls. and manl.lllning those •reas as s,1..1llalila fO!'aQlrq habit.el. 

~ ,-nm,ndationa •re OC<lslslerrt will, the C.litQIT'lie E"'IVf Commlwon's aoo COFWI 
June 2, 2010, recomrnendallon~ tillt(I •swa1nson·s Hawf< Su,wy Protooob;, lm~ct A~l'IQ&, 
and t.tnimizatlon measures lor R-ble Energy Projllcls In Ill$ Anlelop$ Veley of Loa 
Angeles and Kem Coun!IH, Cal~om1a.·we enc:ounaga Iha C.Ounly 10 adopt Ill& llallitat 
oompemalion m&aS1Jrn al1'8.11dy ouUined In hit llocument 

ll.llulraffeld Cactut: Recent genetic anal141$ oo Optlfltia b&ilw wuiet!e$ ~u11oeG11111Jat e~ 01 
Iha O. ba!//lar/5 round on I/le PtoJec19Jte l\a"8 Ula polewlliel 1<1 be 0. b . ..er. b'&l(lal/lJ, ~ell Is 
lhe Slate- and fad«•II' listed' variety. Th6 morphological CN1aC1eri$lic:$ ~ 10 ~ttempl to 
diffaremillle the tw0 var\eeles here are no tonoer bellr!lll)(I IO tie ~iable. TIius. a!ISent Qent1ic 
Mal)lti• of Ille cacti on the P,ajacl ait9', COFW rooommends 8$$umlrtg that al o. bltf!ll:Jff& 
found on ~e ~ 11> 1lle li$1ecl l)Ol)IA.!ition. We re<:ommend di~ng in lha ROEIR a 
potenllal lOt Ill& PrOje<:t to 13ka 88kersf.eld cactus 80 lhal. if lake cannot be 3\IOldeo, Ute fnal 
EIR may be Ul<ld Ha balll fo, COFW icwalltle cl 8'1 rTP. 

O.S.rt Kit Fo.: Th& Projec1 I~ "'11hln 1he known ranoe of desGll ldt toi. <XIFW recommen® 
that (he County req11ire U'8 appicant ,~ ore.-ent ~ lo~ea from boroming en3nored In clialn-llllk 
, __ A li1 fox was found derao. antna<od In a Qllin link lenGO. at a fac;oity on Iha nealbv Alla 
Oak CrM. Moja\lO pt(ljoa. Thie I; 8 l<l1IOll/l'I hl-for San Jc)aquin kll foxes (Vfdpes macro<is 
11l1J/./ca) "'41hln their ,a~ OS wel. ThG (Ole$ $11~"1)1 lo go through a dlaln-linl< lene., hudf ... 1, 
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find that lh6 IMSh openings ate too Ynall, 8nd 1IW)tl ¢;1nnol pull u.., headt bad! tllrough the 
(enco. lnCMiJU11ls may leem lo go tllrOugll CNln !Ink \\flan llley aro pul)II only 10 bllO:me 
ene,,aNld wt1en1hey11row larger. We reoomme,,d either ootconstruc1i1g c:ha1t1 Ink fencao, 
mod;fyiog the Chain link (e.g .. ln;lalin9 plllsUc privacy 0!813) to p-CM1nl lo~es from 11\Jllillg Clul,r 
heads through 1111/i rnl/i$h Ol)tlnirigs. leall!ng a 3.5-lndi lo &-lnc:h ()fltriog belwllen two aonbars 
naait ground - to allow free mo-nl lcf foxet i9 0<1& sokl6on lo minim ire th& risk of 
rataMll&s trom Cllaln IJnk teooct ana aiso Ill& direct lllDi!.lt 1ou 11111 would res1111 from ,n 
lmc,ermeal)I$ renoe. Allolller soMi>n used on olher oonslrucled sdar pwjlu:lll Isl to lnsl811 
imrerted doer fe""' {io'90' ¢1lenings al 1ho botlam) ln:stead ol clll!ln lnll. Botll of lhese Geslgns 
have met~ and ~r requllemeni, en Ulilly•SGllkt solar Pl'D)ect:. even lelrger in slze 1.1\an 
the prOj)OOGCJ P/Ojll(t. 

Duat f'nlllllmta: ll l1u aime I<> COFWa attenUan Iha! salts, surfllClllnta. and 01!'8t lOJOC 
compoundl ara ll<!lng usecl to 4Xln1rol dusl on proj.cls In the Prcja<:I vicinity. Mltnr •r• to,oe lo 
both plants'""' animds. e11n migralo tn>m the tile With runa/1, and can degrads Into Olhtt 
IOriflS, Thi& Prqect ts ~In endangEl&II tped&$ hllbllat and hab<lal lorolhet wildlife, and 
appliCeliOII Cf •IICl'I Mlllltia'III may hayt urinler'4ed. ad>.,,""' impecl!J to lheee species, COFW 
- Ulat ~ <llSI palll81Mts ara IO~ VMd, 1111/i Col,111)' niquins lhe applicanl to ua& only 
1MJbsl.1u,0n Chat are OfllanlC:, non.peltdeum, and non-r.alls., ,w,:h at many of the plant-based 
procluct, that are c:ommorc:IDly awilablo ror dLISI conltal. 

OWf!IOOd T~lon u,..., ~19ion& with OY8tlle8d p;;,we< liott a111 c11e of lhe most I 
common e11usa of CaUlomla COO<So, mortality and Injury. Power lines elso kil high numbem ct 
oilier !Jlrd ipe<::ies, pan/cula~y rapto,s, eYen wben dMlrtttS .,8 lna18lled. COFW recommends 
IIMl1 all power title$ to be constn.lC!ed for this Project be plac:ad underg10Und lo avo,d lake of 
burtcwlll1) owla. $wain90n•• hawl<s. end Oilier bll'll'l. 

Thank )QI for Ille opportunity to pro- 11'41\11 on lhe RDEIR for !hill ,..,_bl& energy 1)11lject. If 
you ha!t'e any qunllo01S 111911ding these oornmenls, plea» cc,il8t:I Dall&~-. S.llio< 
En.Sronmen!al Seientnl (Spwaf,51), at 3196 Higuera Slrut, Sull• A. San Luis Obi8')(), 
Csnorni. ~3401. by t81ephoc'I& al {805} 594-6152. or by 6-fflllil at Oa.id.Hacka,@<Mldl~a.ca.go•. 

Sincerely. 

~IJ\~"' 
Jeffrey R. Slngle, Ph.O. 
R81llonal Mllnage, 

cc: Jessa RMnpel 
United Stales Fish and Wildlife Sen,lc., 
2493 P«101a Road, Sull6 e 
Ventu111, Califomla 93003 

tc: c.fifomia Oep!r1m<lnl of F'i,h a<>el Widlila 
.Mio Vtnoe, Ctnt,al ~on 
Dall& Hacket, Cenlr:il Raglan 
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MEWS 

Lawsuits Threatened Over Shoreline Noise 
By Carolyne Zinko, Style Reporter 

Nov 28, 1996 

Frustrated by Mountain View's refusal to respond to its concerns about noise from 

Shoreline Amphitheater, a group of Palo Alto residents is threatening to sue to 

muffle the roar. 

Watch More 
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SFDATE 

The Mountain View City Council rebuffed a request by Palo Alto to turn down the 

volume at the amphitheater, the source of noise that has led to more than 10,000 

complaints from homeowners during the decade the theater has operated. 

Council members on Tuesday said they did not want to lower the volume because 

they weren't convinced it would work, arguing that the inversion layer phenomenon 

along the bay front is what causes sound to bounce into the atmosphere and 

carry miles from its source. 

ADVERTISEMENT 
Article continues below this ad 

_____ _J 
They also said they didn't want to hurt the amphitheater's viability. It pays the city 

about $1.6 million annually in rent. 

n.ttps:JlwwN.sfgate.com/newslartideRawsuils•lhreatened-over•shorti11ne-nolse-2957607.php '2rr 
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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. ·sut I 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. 

"' 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. 

ht1ps://www,sfgate.com/newslar1idenawsuits•lhreatened•over-shoreline-noise-2967007,php 
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He expressed surprise at the Mountain View council's reaction to Palo Alto's 

proposal. 

ADVERTISEMENT 
Article continues below this ad 

"Saying they shouldn't 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 th1s ad 
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Near Chicago, the New World Music Theatre in Tinley Park was tined $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. 
Nov 28, 1996 

Carolyne Zinko 
STYLE REPORTER 

Carolyne Zinko, 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 included fashion designer Diane von 
Furstenberg, 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 cul tu re for The Chronicle and its 
cannabis website, www.GreenState.com website. 
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A synthesis of two decades of research 
documenting the effects of noise on wildlife 

982 

Graeme Shannon1•t•, Megan F. McKenna2,t, Lisa M. Angeloni3, Kevin R. Crooks1, 

Kurt M. Fristrup2, Emma Brown2, Katy A. Warner1, lvlisty D. Nelson1, Cecilia White1, 
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, Scott McFarland1 and George Wittcmyer1 
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ABSTRACT 

Global increases in environmenial noise levels - arising from expansion of human populations, traiuportation m:tworb, 
and resource extraction have catalysed a Tcccnt s11Tge of ~e;m:;h into the elfocts of noise on wildlife. Synthesising a 
cohecenl unders1anding of the biological consequence$ of no~e from thi.s literature is challenging. Taxonomic groups 
vary in auditoiy ~pabilities. A wide rnnge of noise sources and exposure levels occur, and many kinds of biological 
responses have been observed, nmging from individual behaviours to changes in ecological conununities, Also, noise 
is one of several environmental elfects generated by human activities, so researchers must contend with potenti:llly 
confounding explanations fos· biological responses. Nonclhdcss, it is dear that noise presents diverse threalS to species 
and ecosystems and salient patterns are emerging to help infol'm future natural resource-management decisions. We 
(",-0ndu('.ted a systematic and standardis.:d review -0f the scientific literature published from 1990 to 2013 on the effectll 
of anthropogenic noise on wildlife, including both terreslri.al and aquatic studie~. Research to date has concentrated 
predominantly on European and North American species that rely on vocal commWlicacion, with approximately 
two-thirds of the data set focussing on songbirds and marine mammals. The majority of studies docwnented effects 
from noise, including altered vocal behaviour to mitigate masking, reduced abundance in noisy habitats, changes 
in \~gilance and foraging behaviour, and impaccs on indi\-idual fitness and <he struc1ure of ecological communities. 
This literature survey ,hows that terrestrial wildlife responses begin at noise levels of approximately 4-0 dBA, and 
20% of pap~rs document~.d imparts below 50 dBA. Our analysi~ hi~hliF(ht\ the utility of existing scientific- information 
concerning the effects of anthropogenic noise on wildlife for predicting potenlial outcomes of noise exposure and 
implementing meaningful mitigation measures. Future research directions that would support more comprehensive 
predictions regarding the magnitude and scvccily of noise impacts include: broadening taxonomic and geographical 
scope, exploring interacting stressors, conducting larger-scale studies, ~ting miligation approaches, standardi.'ing 
reporting of acouslie metrics, and assessing lhe biological response lo noise-source removal or mitigalion. The broad 
volume of c,c.isting information concerning the effects of anthropogenic noise on wildlife offers a valuable r~sourc~ to 
:1ssist scientists, industry, and natural-resource managers in predicting potential outcomes of noost exposure. 

&.J words-. acoustics, noise pollution, hwnan disturbance, vocal communication, acoustic metrics, masking, physiology, 
behaviour, mitigation, fitness, conservation. 

COI\TF.NTS 

I. Introduction .............................................................................................. 983 
II. Literature review methodology ....... . ........... , ....................................................... 984 

( l) Noi$C•sourcc categories ............................................... , ............. , . . .. . . .. .. .. . .. .. 984-
(2) Acoustic measurements ............................... ... . ............ , ............. , . . . . .. . . . . . . . . . . . 9M 

*Address for correspondence (rel:+ 1970 4915020; E-mail: gratmu hannon@colostate.edu). 

I Authoni contributed equaUy lo the study. 

&.i,,gi«JI Naoittus91 ('2016) 982 1005 © 2015 Camh~ Philosophical Socmy 



@'tcts of anthropogenic noise 011 wildlife 983 

(3) Biological responses . .... ... .. . ..... . . . .... . . .. . .. ...... . .... .............. . .......................... 985 
111. State Qfthl" knowledge . .. . . . ........... . . , .... ,., ........................................................ 985 

( I) The taxonomic and geographical divcrsily of noi.1c research ....... . . ...... .. . . . .... .......... . . . . . .. 985 
(2) lsolaring 1he effect$ of noise ........................ . .... . .... . .... .............. .. ......... .. ......... 985 
(3) Relationship between the pcn:cption of noise ,,nd response . . .. . ...................... ........ .... .. . 986 
(4) Ecological conscquenc~ of noise . .. .. . ....... . . . . . ...... . .. ...... .... . .... .. .. .. .......... . . .... . .. .. 989 
(5) /\pplic-arion of re.,;earch tv develop and implelll(nt noisc mitigation ............. ...... . . . ....... . .... 990 
(6) Char~clcrising complex acoustic stimuli ... . ....... . . . ................ . . ......... ....... .... ... .. ..... 990 

IV. Identifying no~ levels that elicit a biological response ... .... ... ... .. ... . . . .. ... ...................... ... 992 
V. Re.~arch recommendatiom ...... . ....... . ... . ...... . ... . . ... ............. . ...... .. ... ... .. ... ... .... .... 995 

(I) Expand geographic and taxonomir: sampling .............. ..... ..... . . .. ... .. ... .. , . ... . . . .. , ....... 995 
(2) Explore interacting dfccts .. ....... . .. . ..... . ... .. . .. . .. . . ........ . . . ..... . ... .. ... .. ... .. .... , .... . .. 995 
{3) Remove or reduce noi:sc . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . 995 
(4) Invest in largt•scalc ~u<:lics . ............ . . ....... ....... . ........ .. .... .. .. . . .. . . .. ... . . . ..... . .. . . . .. 995 
(5) l\'leasurc respon~s over a gradient of noise le\'ch .. . ...... . ... ...... .. . .... ... .. .. ..... ... ... .. ...... 999 
(6) Evaluate mitigation measures . ..... . ..... . . . ....... ....... . ........ .... .. ..... . .... . ................. 99Y 
(7) Improve rcporting of ~coust,c metrics ... .. ... ..... . ...... ... ..... . . . ....... . .. ... .... . .. . .... .. . .... . 999 

VJ. Conclusions ....... ... .. . . ... . ....... . ............. . .. .. . . .... . .. . . . ................................ .. .... 999 
Vil. Aclmowlcdgcincnts . .............. . ...... ........... . . . .... . ....... . .. . . .. ...... . . .... . . ...... . . .......... 999 

V[[J. Rcft>rcnccs ......... . .... . .... . . . .. . ..... .. ... .... . .. . . . .... . .......... . ......... . .... . ......... . .......... 999 
IX. Suppol'ting Information ..... ... . .... . . . . .... .... . .... ... .. ......... . ... .. ....... .... .. ........ . .. ..... . .. I 005 

I. INTRODUCTION 

Noise ~c1v~1-.,1cd by human acuvmcs has increased 
dramatir.ally m·er recent decddes as a result of popuhuion 
growth, urbanisation, globalisation of transportation 
n<'tworh, anct <'Xpirn~ion ofr<'W\lt'('<' cxtranion. Roacl tr;,ffir 
in the USA, for example, has ot1tmipped po1>Ulation gt'0,,1h 
over th~ p:m 40 yr.ars hy a factor of ten, and tl1c number 
of domtstic. passenger flights hat mor..: than triplfd .since 
the early 19/!0s (Barber, Crooks & Frisu-up, 2010). In 
marine environments, the dislribution and effects of human 
activity (e.g. olfahor,~ oil r.xtrnr.cion, rommc1-cial ,hip traffic.) 
are ex.tensi\'e (Halpern ti al., 2008), and shipping alone 
i~ r.~tima1r.cl to ha\'r. increased low-frequency background 
round levels by 12 dR over the past fow decacle.s (H ilrlehrand, 
2009). V1'ith the rapid ~alation of noise pollution, there 
is growing C'.OJ1r.r.rn rr.garding its impacts on human health 
and the funoioning of natural systems (Chr.pr.•iuk, 2005; 
JvkGrcgor tl al., 2013). 

Anthropogenic changes ' to the acomtic c:n\'imnment 
inr.lude increase.sin the. number ofhigh-intensity noise evf.nts 
and chronically elevated and homogenised batkgro11nd 
sound levels. The impact of these changes has been most 
thoroughly asse.m:d in humans, with profound physiological 
and psy(hological consr.quenrcs, indurling inc.rcascd risk of 
cal'diovasc11lar disease (Babi~ch e/al., 2005: Hans,:11 eta!., 
2013), skcp dcpri\'ation (F) h1i & Aa~\•ang, 20 I 0), and 
mgnitivc impairm<:nt (Szalma & Hanrntk, 2011). These 
impact5 are ~stimat.:d to cmt at least one million healthy 
life yr.ars per annum in Western 1-:urope (l-ritschi ,ta!., 
2011). Protective legislation for human communities was 
implemented four decades ago in the USA(Noise Control /\ct 
of 1972, Quiet Communities Act of l 978) and more recently 

in 1hr. F.uropcan Union (F.nvironmr.ntal Noise Directive 
2002/49/ECJ, 

Quantifying the effects of anthropogenic nois~ on ,vildlife 
is challenging. Sensitivity to noise v.1ries widely across t.1x:i 
(Ki1scloo &, Tyron, 2004; Rrumm & 51ahhckoorn, 200.=.; 
Mr,rley,Jones & Radlord, 2013; SM1hek,,nrn, 2013), ;ind 

may afao vary depending 11pon <'.Ontext, sex, and lifo hi~tmy 
(Ellison el al., 2012; frnncis & Barber, 2013). Noise can induce 
compound biologil~dl r<Sponscs (e.g. shilh in vo(-.1lisation 
and mo\'<:mcnt; McLaughlin & Kunc, 2013), and is rarely 
isolnted from other forms of enviromnent.-il dim,rbance, sud1 
as habitat alteration and vhual disturbance, conrounding 
interpretation of biologic.ll responses to nOis)' cn"ironmcnts 
(Su,nmers, Cunningior\ & 1-'ahrig, 2011). Furthermore, 
determining the scale and extent of disrnrbance involves 
C'arcfully measuring characteristics of1hc ~ound source, sudi 
as duration (chronic, intermittent), frequency content, and 
imensity (Nowacck el.al., 2007; Southall ti al., 2007; ~·rands 
& Barber, 2013; Gill elal., 2015). 

D•:spilc ll1csc challenges, a cohcrcm research focus on 
noise impacts has recenlly eme1-ged. Review papers ha"" 
<:ithcr focussed broadly 011 wildlife (Brumm & Slabbekoorn, 
200;; Bar~r ti al., 20 l 0; Kight & Swaddle, 2011 ), or 
ta,gC'lC'd spC'cifir 1ax.onomi,, group3 S\1d1 a~ bir<l~ (Patricdli 
& Blkkley, 2006; Slabbekoorn & Ripmccstcr, 2008; Onega, 
2012: Slahh,·koom, 2013), fish (Sh,blit'kourn era/. , 2010; 
Radford, Kcrridgc & Simpson, 2014), and invertebrates 
~101ky tluf., 2013). The Mi\1'uK· M,munal P.-01cclion Acl 
stimulated noise regulation for marine mam!Tl31s, and there 
have beeo several revie"~ of the effects of noise on these 
spc<:ics (Richardson ti al., I 9Y5; Boyd el al., 2008; Tyack, 
2008; Southall tlal., 2009; Elfaoa eta/., 2012). Some 1-e·.-iews 
hav~ focused on sp~rilir DPhll\'iour; (Luth<'r & Gm1ri•, 2013) 
OJ' I'CSJ.>011sei w noise (Wri~hl ctal., 2007; Holchkiu & Parks, 
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2013}, \~hile rnnceptual frameworks for e,-.iluating nnil<t'. 
impacts to v.ildlife have also recently been published (Moore. 
et«l., 2012; Francis & Barber, 2013). 

Tl1il rc\'iew p.-o\·i.des a systematic and standardised 
synthc,is of the pccr•n:vicwNI litcrnturr. puhlishcd from 1990 
to 2013 reporting responses nfwildlifo t,~ anthmpogtnic noise 
in terrestrial ,111d .ic1ua1ic habitats. It documents prumi11c11t 
trends in research lopics and methods, the kind, of 1t0isc 
sou,-.::es that have been m,died and the measurements used to 
characterise them, and gaps in research C:Ot'eragc th~t merit 
attention in foture research. Ultimately, we highlight the 
utility of existing !.<'ientilir information conrt-rning the effect~ 
of anthropogenic nois;; on wildlife for predicting potemial 
outcomes of noise exposure and implementing meaningful 
mitigation measures. 

II. LITERATURE REVIEW METHODOLOCY 

\,\'e cowJue1ed a detailed literature search using Thompson's 
!SI Web ef &u,m within the following subjecl areas 
'Acoustics', 'Zoology', 'F.c,nlogi,-', 'F.nvironmcntlll Sciences', 
'Ornithology', 'Riodi\'e.rsicy Conservation', 'Evolutionary 
Biology', and 'Marine Frcshwalcr Biology' from 1990 to 
2013. The spccifi~ search tc1ms were ([WILDLIFE ur 
ANIMAL or :\,L'\tvlMAL or RF.PTILE or AMPHIBIAN 
or 1lIRD or flSH or J~VIW.Tl!,lllv\Tl:.J ~nd LNOISE 
or SONAR]), which rctume<l a total of :l:205 scientific 
peer-reviewed articles. These p~pcrs were filtered so only 
empirical studies fotuss~d on documenting the dli::c1s of 
anthropoge.nic noi5t- 011 \,il<llif~ wer" indu•l~<I in lht' fiMl 
data set (N = 242). Reviews, syntheses, method papr.n. 
(,,V = 32), :mn studie.~ c\ealing solely with natural acoustic 
sources ~I\'= 22} were excluded 

We rcvie1ve<l the remaining publications to ~-ystcmatically 
characterise each study using 21 attribute~, including details 
on the pul>lica1ion (journal, clisdplinc, and year published), 
smdy design (ph,yback or natun,I expcrirnc11t, lick! 01· 

laboralory-bascd), and biological information (geographic 
region, general taxonomic gi·o11pmg, ancl whether the study 
occurred in :1quaric or terrestrial h:1bitats). Journal titles 
were used to classify each of the papers using the following 
<li.~ciplinary categories: acoustic:<, bd1aviour, captive animals 
and welfare, conservation and management, ecology, 
c11viro11mc11l, gcncral biologi,-, Laxu11-spceific, phy;iolo0•y, 
and mher. In .addi1ion, studies were classified hn~ed ,~n 
the type of anthmpogcnic noise source. the acoustic. metrics 
reported 10 describe the noise source and the biologicill 
responses measured in the srndy ~5ee onliue Supporting 
Information, Appendix SI for liill dc1ails or e1mac1cd 
information). 

Prior lo wmmc11eing the full literat\ll'C review process, 
we charnttcriscd ten randomly sde(ted publications as a 
g.-oup to cnst1rc accuracy and consi.tency of reporting across 
individual re\'iewcrs. Each of the authors then characterised 
a mhset of the publiralions (five stmlics) ar.mss all '..! I 
amil>utes 10 ensure that ddi11itions of categories were 
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clear and assignme.nls were unambiguous. To improve th~ 
c.nnsist~ncyofthe. data-oollection process further, each paper 
was rc,•icwcd independently by al least two al\thors wi1h 
C.S. and M.F.M. resolving any inconsistencies. 

(1) Noise-source categories 

We comidcrcd 1t11l anthropogenic sound source$ as noise, 
regardless of whether the noise was in1e111io11ally prod11ctd, 
such as seismic exploration, sonars, ,lCoustic <lctcrrcnt.s, or an 
unintended hy•product of human acti,ity such as maritime 
shippin11,, traffic corridors, and const..rnction. Furthermore. 
we categorised noise sources based on .1nthropogc11ic activity, 
not necessarily the characteristi<'S of the. nnis~ stimulus, 
although we 11lso rcc~,rdcd and present this infonnation 
(see onlinc Appendix SI). Six 11oise·~11rce categories were 
US(.xl: environmental, transpot1ation, indus1rial, military, 
recreation, and otl1cr. 

Studies were assigned to the cn,·ironment,,I noise category 
when thte nois~ investigated was not attributed to a specific. 
source, hut rarher included all the acoustic energy generated 
by humau ac1ivity at a given location and time, also 
known as urban noise or background noise. In many cases, 
these ~coustic environments include. ~our<:es li:<1m the other 
defined noise c:itegories that we.re not identified in th~ 
cxpcrimcnwl dcsi)l;n. Nuisc sources in the transpu1tatiun 
category compriSt:d both commercial and privati: vehicles, 
including rond traffic: (motorcyd~, .iutr.,mobil<'&, buses), 
wateiway trallic {bo:11s. forries, <'ommerdal ship,), and 
non-militaiy ae1-ial trnlT1c (commercial jc1s, hclicoplers). 
Studies that im·cstigateJ spct·ilic rcen·atioual aclivitics, such 
as ,,;hak•watching boats and air tour hdicoplcrs, were 
separated from the transportation studies. The i11dustrial 
noi.s;e source c.ategory included stuclies that examinted 
the. dfe.c.u nf e.nergy exploratiou (e.g. seismic surveys), 
construction (e.g. pile dri\'ing}, and the opcrati.om associated 
with different energy sectors. Military sources included 
gu11firt, explosions, aircr:ift, naval sonar, and in some 
ca~cs, entire military training npcr,uions. We 1·a1cgori~cd 
the remainder of the studies as 'other', with most studies in 
this category using a simulalCd noise sourct, such as white 
noise, and not representing a specific ll\lman :1,:1hity. 

(2) Acoustic measurements 

\",'c cval11atcd if complete and m;curnte ch,\racterisatiou 
or .ar.nus1ic emimnme.nts, signals or stimuli, was 1mwide.d. 
lnfr,rmation was collcclcd on 1hc acoustic mcLrics rcpon~d, 
wlv.:rc Ilic rcpo11cd level was meas11recl (i.e . on site, on animal, 
not rcportt<l, estimated), a11d if backgi-ound sound levels 
were measured. In addition, h'e rr.cordcd whcth,~r details 
on spectral characteYis.ation (e.g. handwidth and frequency 
wcighti11g) and analysis (e.g. duration of measurement, 
sampling frequ~ncy, n-fcrcncc pressure) were reported. If 
detail~ on the analy~isofthc acoustic data were 1101 presented, 
we noted whcthe.- the study referenced an established 
standard or included details on the sellings ofa t·ommercially 
:ivailablr. instrument. 
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(3) BioJogic:al re,sponus 

A r.atcgo1·ical framework was dc\'clopcd 10 sumrnaTise 
tht hiologieal responses measured in each study. The 
hiologi(·.J responses wct·t" dassifitd iuto nim· cl~stinct 
categories lo help assess the distribution of sludics across 
types of rc-sponscs. These included: (1) physiology (strc!s, 
hearing loc-s/ d:unage, immune function, gene exprt"ssion); 
(i1) rlirl'fl fimr.ss mrtrks (sun·i,·al, frrnnrliry, du1r.h 
si7.e); (iii) mating behaviour (al!raction, mating success, 
territorial bcha\'iour, pail· bonding); (ii•} foraging behaviour 
(foraging rate, predation !'al<:, hunting/fo1agi11g succcss); 
M movement (spatial clistribu1ion, lkcing rate, avoidauec, 
dive paucrn); (111) vigilance; (vii) vocal behaviour (call 
rate, intensity/amplitude, fre.quency shift, song length, r.all 
type, sign;il timing); (1,i1) popula1ion metrics (abundance, 
occupancy, sclllcmcnl, density); and (i~) wmmunily-levcl 
m~trics (species composilion, predator prt:y interactions). 
If srndies measun:d muhipk uiologi<:al n;~ponsn, a ~·wml 
category was nolcd. 

Ill. STATE OF THE KNOWLEDGE 

Rcsca1d1 011 the impac-ts of amhrnpogenk uoise on 
-,itdlifc has stc11dily risen over the pas1 two decades 
( 1990-2013), \vith a r.1pid increase in the volume <lf 

p11bfol11:rl, pc,er•rcvicwcd articles since 2010 (Fig. I). The 242 
.-;tudi~r. that we reviewed ha\"e been publi,hed in 97 scientific 
journ.ils, -::overing a broad range of scientific disciplines from 
general biology to conservation lo physiology (Table 1 ). 
Documented rcsp()mes to 11 variety of anthr<lpogmic nou.e 
sources (rable 2) have included shills in physiology (e.g. 
impairer! hearing, clcvalcd slrcss hormone levels), alteration 
of key hehaxiour.; (e.g. fora!:ing, viJ;:ilance, movement), 
and interference wi1h .1bilicy 10 detect im1>ortant na1ur.1l 
sounds (e.g. wJtalisatiom of conspecifics) (Table 3). lo tl1e 
following occtions, we explore topics that cmc1·gcd from our 
analysis of the existing literature and provi<le supporting 
examples. 

(1) The taxonomic and geographical diver,1;ity of 
noise research 

Many animals ha,·e specialised :.uditory orgal\S and utilise 
sound for a Vlll'icty of cmlogical fonction.~ from navigation 
and dctce1io11 of r.:sou1x'.1~s 10 akrting rm1~1><:rilk~ 10 the 
presence of predators. It is not su1vrisi11g 1hat noise imp.1c1s 
have been investigated ii\ many 1axo110111ic groups of animals, 
including ve1·1ebratcs and invertebrates, anrl across a diveHc 
.-auge of terrestrial and aquatic habitats (Table I). This 
broad 1axonoinic. anrl gMgraphic sampling is crucial 10 
understanding how animals respond to noise :,.cross a 
range of aucliwry ,;;.1pabilities, beha,·iuural contexts, levels 
of prior exposure, ~•nd noise souTCcs. Further, investigating 
lhe elfec1s of noise on a diversity of 1axa within a study 
system enables detailed exploration of the complex and 
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potenti~•lly dilferrntial rc,ponses to the same noise source. 
For example, in the woodlands of north-western l\'tw 
Mexico, USA, species richness of nesting birds was reduced 
as a function of anthropogenic noise, but birds that were 
able to tokrntc noisier habi1a1s had higher reproductive 
success due to reduced predatim1 (Francis, Ortega 
& Cru1., 2009). 

Although 1hc published litcralurc includes broad 
tal\onomic sampling, birds and marine mammals are by far 
the most studied groups(Tabk: I; Fig. I). Terrestrial research 
has focu~~rl mainly on ellect~ on vor.al communication, \Vhile 
aquatic re.search has also explored noise effects on movement, 
foraging, and physiology (Table 3). U11dcrrc-pnscmcd 1.0:a 
in Ilic published literature include rep1iles, amphibians, and 
invcncb.-111cs (Table \). lnvcncbratc studies, for ins1ancc, 
contributed nnly 4% of 1hr. total data .<et, y~t rhis group 
conlaim 97% of 1lie world's documented animal species, 
fulfilling varieJ and important eeologi-::al roles, such as pre)' 
species, pollin;,.tors, and serving as sensitive indicators of 
environmental change (de Soto ti al., '20 I'.~). lnvcr1chra1c 
species also pro\'idt ex.cdleot model species for studying the 
complex df<:m of noise given their size, rapid generation 
time, and the case of rnaimaming l.,boratol)' populations 
(rt\'iewed by Morley eta{., :.!013). 

Similar lo its laltonomic focus, rcse.1n.:h on the clfccl:l 
<lf anthropogenic noise 011 tcrrcslrial systems has been 
gcogi-aphically biased, with 81 % of the rest arch conducted 
in either North ;\mcrirn or E.uropc (this includes all 
laboratory and thcorelirnl slu<lics), while South America, 
Asia, and Afiiea remain underrepresented (Table l). Yet 
developing nations arc likely to experience the greatest 
level of population and economic growth over coming 
tlcr.<1dc$ {Bloom, 201 I}. This situ.1tion pro,·idcs important 
opportunities and moti\'atio11 tu study the dTt:cts of noise iu 
less-disturbed habitats and to imrocl"cc known mitigation 
strategic;; to avoid negatil~ rnn.~t.qucnr.es, particularly gi\'~n 
that oomh America, Asia, and Africa arc also home 
to some of the most biorliverse regiom on the plant:t 
Oenltim, Pimm &Joppa, 2013). lndividual•, population•, and 
eomn11mi1y-lcvcl rc:u::tiom 10 a nnvr.1 nois~ Mimulos will likdy 
di!Ter betw«:n area~ previously ~xpn$f.d tn anthropogenic 
noise over rlttcnrlcd periods of lime and areas where 
anthropogenic noise exposun: is lowe1· an<l th,: source was 
recently imroduced. 

{2) Isolating the effects of noise 

Anthropogenic noise is commonly associ.1ted with human 
activities that produce multiple types of dismrb,mcc~ (e.g. 
~isual, habitat fragmentation). /\ m1mber of ei.:perimemal 
approaches have been cb-dopcd lo isolalc noise from 
these other confounding \'ariabks, these include natural 
experiments contrasc:ing noisy and quiet areas ,vh1le holding 
other ,·~riablcs const:1nt (e.g. mmsr;\I ~;is comprcs~or smdies; 
Habib, Baynt &. Boutin, 200G; Bayne, Habib & Boutin, 2008; 
Fr,mcis tlal., 2009), and comrolk<l playback cxpc1imems 
where noise is introd"ccd in isolation to che other form~ 
of disturbance (e.g. for free•ranging populations of marine 
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Fig. l. N111nbcr of pcer-re,·icwc<l publications reporting 1hc cfTeclS of muhropogcnic noise on l>'ildlifc from 1990 to 2013. 
Publicatil)l)S are divided into broad talCOnc>mic categories: birds, aquatk mammals, terre$trial mammals, fuh, reptiles/ amphibians 
and invertebrates. 

mammals and birds: Blickley, Blackwood & Patricelli, 2012a; 
Blickley ttal., 2012b; Goldbogen eta/., 2013; McClure etal, 
2013). 

Studiei that have isolated noise from potentially 
confounding variables have provided crucial evidence that 
noise alone can directly alter behaviour (Karp & Root, 
2009; DeRuiter elol., 2013/l), reduce habitat quality(Blickley 
4/al., 2012b), and cause physiological impa~ (Mooney, 
Nachtigall & Vlachos, 2009) across a range of species. 
For example, a recent playbaclc study created a 0.5 km 
'phantom acOU$lical road' to compare migratory bird 
habitat urilisarion during 'on' and 'ofl' conditions (McClure 
et al., 2013). The results from this sequence of uiab, 
combined with concurrent observations of nearby control 
habitat (similar vegetation, no noise playback), provide 
decisive evidence that noise alone causes rapid changt'$ in 
habitat use. 

A combination of research approaches has proved 
important in identifying the consequences of noise 
disturbance. Natural experiments utilising existing acoust.ical 
gradients over ti.me or space (48% of reviewed studies) 
have tile potential to confound the effects of noise with 
oilier dist111bances (see Summers elal., 201 l), but can 
be complim.cmary to conu-ollcd playback experiments 
conducted on frcc-rangi11g populatioll.ll (15% of reviewed 
studies). Furthermore, biologically relevant response, at t!M: 
individual, population, and community level can be identified 
in the field, where~~ noise amJ the SJK,-cilie mccl1imi.snu 
driving changes in behaviour and physiology can be isolated 
with grea1.er ease under laboratory conditions (Kight & 
Swaddle, 2011). 
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(3} Relationship between the perception of noise 
and response 

Biological mponm to noise arc varied (Table 3), in pan 
because responses depend upon the perception of noise 
(review«! by Francis & Barber, 2013). Noise can be 
perceived as a threa1, as observed when animals respond 
similarly to playbacks of anthropogenic noise and predator 
calls (e.g. Tyack tl4i., 2011). In other cases, noise causes 
sensory degradation or the inability to detecl acoustic cues 
from conspeci.fic~ predators, prey or the environmenc, 
which can al1cr predator- prey interactions (Siemers & 
Schaub, 2011), reduce reproductive success (Halfwcrk rl al., 
201 lb}, and change settlement dynamics (Holies eta!., 2013). 
Additionally, noise can distract animals from attending to 
more uucia.l stimuli in the environment (Chan tlal., 20 JO}, 
it can be a direct stressor causing pain or elevated stress 
honnonc levels (Blicklcy elal., 20l26; Rolland ttal, 2012}, 
or in some instances, noise may provide a shelter from 
disn1rbance-sensitive predators (Francis etal., 2009; Brown 
tl ttl., 2012}. 

The mechanisms hy which animals respond to noise are 
not necessarily mutually exclusive. For example, animals 
that remain in a 'noisy' habitat because it provides a 
shelter from predaton will likdy have to contend with 
sensory degradation, either through changes in vocalisations 
(Modford & Marshall, 2009; Mockford, MarshaU & 
Dabelsteen, 2011) or vigilance patterns (Qµinn eta!., 
2006; Rabin, Coss & Owings, 2006). Noise can .also 
induce the same response 11iii compound mechanisms; for 
instance, reductions in foraging a.cti,·ity may be driven 
by a combination of increased perceived predatory threat, 
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Tahlc 1. Summary of p«-t·n:viewed literature rcponing the df~ct~ r,f anrhrop<'>!!;enic: noise on wildlife published from 1990 l<> 2013 (N = 242) 

Journal type 
C c11m,I biology 'l':-txon~pcdJic Environmclll <.:omc1w.\iu11 Rcha,·iuur :\cou.-..tic>- F.mlogy Physi1>k1gy 

and 
.n«n<1geme1,r 

22% 13% 13'Yo 12•~ 12% 11¾ 8'l'o 3¾ 

Taxonomic di,•er$ity 
Ri,-cls Aquauc foh '1\·rnw.-sll'ia.l R,,pLik,/ lnvc:ncbratcs Multiple species 

m~unmab mummal,: amphil,i:\11, 
3?% 28'1'• 1$'\'o lJ'Y. 4¾ 4¾ l'l'o 

TetTestrial geographic distribution (N = 128, two studies that occutTed in both aquatic and 1eJ:TeStrial habitats were excluded} 
North. ,\mcric:\ Lab/theoretical Europe South Amcrka At1srralia Asia Dh>lial Africa 
36°/4 24% 2Jo/o 7% 7'l'o 4¾ 1% o•;. 

Aquatic geographic dislribution (N = 110, two studies that oc~11rred in both aquatic and terrestrial habitats were exclud~) 
Lab/thtor~ticiu Atlantic Oc~an 'Pacific Ooean Mediterranean ~urtl,/ Artir. Australia Africa (csluary) 

Sea Norwcgi.in 
S.:a 

44•;. 25% 12% 7% 5% 3% 2% 1% 

Noise sow-ees 
T1·a11spor1at1on Knvironmental lndt1.tri:<l :Vlilitary O1hcr R-.:crcation 

Aquatic 23% 5% 30% 22% 12'Yo 3% 
Tt1·rcs1rial 30¾ 3$% 13% 8% 12% 2% 

Biological response~ 
Vor.afoa1ion ~lo,·c-m<'Jll Phy,iol~r•I Pt'>pula1inn Vigilanf<- l~o,ai,:;ng !\fating 

Aqumic 2) 0/4 37% 52% 4% 0% 4% 1% 
Tcrrestri,I 44°1. lS% 10% 16% 6% 2% 4% 

Captive anim~li 
&welfare 
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·rable 2. Proportion ofs1udi~--. in dilfcrcnt noi$<;·:wurce categories 

Noise-source 
catcgoty 

Graeme Shannon a1td others 

Per cent of 
tene3tl'ial studies 

Per cent of 
aquMic m,dies 

Environmcmil General background noise turban and de\'clo~d areas, ll<'> 

"l'..:,ifi(. som(e idt.1\116,,tll 
5 35 

Transponation Comm<:rci!ll {niaritimc shipping, comm<:rcial aircrall, train, 
bus) and prn·lllr /grnrr.11 traffir, automobile, l'Mtorrydr, 
sm•II boat) transpon noise 

31) l3 

(ndusinal Grncral con~lruction, mat·hincry, cnc .. gy (wtn.-1, oil anil ga<) 
<lcvd'1pn-.cnl and npcrntion) pile <ll'i\'ins. sci~l\lL sur,1.:>· 
(~ir-guns), c<'ho sound~r, and underwatf1 <'ommunication 
network noise 

n 

Military 
Recreation 

G\m fir<", r:xplMinn, nav:-.l ~onar, and aiHTaft O(JtS(" l'l 
3 

12 
2 Huming, whalc-,,-atcbing. air tour, suo,,mobilc, a11d rocc•track 

noise 
Olhcr Simulated (white, pink, tones), human voice, a.Jarrn, aquariun,, 

and chainsaw noise 
27 31 

distraction, su·css-induccd loss of appetite, and masking of 
prey cues (Rracciali ttal., 2012; Wale, Simpson & Radford, 
2013). 

E.vidcnr.e suggests that the characteristics of the acoustic 
signal (e.g. frequency, duration, onf.et, intensity) and the 
biology of the species in question (e.g. hearing range, 
bchaviournl slate, haLital, voc11l behaviours) arc impoi-lanl 
for predictini;: how noise is lih!y to affect a panicular 
organism (reviewed by Francis &. B:wbcr, 2013; Parris 
& McCarthy, 2013). Cltronic noise sourns arc likely to 
(kgradc auditory cues impo11an1 for precli,tor / prey detection 
(Siemers & Schaub, 2011), communication (Hatch rtal, 
2012) and oricmation (Ellison ttal., 2012), especially if the 
noise source is high intensity and overlaps in frequency 
with an organism's hearing capabilities or the sound of 
i1ucr<-st (e.g. footfalls, lc~vcs nmling; sec Goerlitz, Greif 
& Siemers, 200B). Shilh in vocal rate, call intensity, c:ul 
type, call frequency (:is rtcvitcwrd by S!ahhrkoom, 2013), 
the timing of singing (fuller, Warren & Gaston, 2007), 
anti cluration of c-.1lling (Diaz, Parra & Ga!larc!o, 2011} 
han: lx:en studied ex.tcnsi,·dy among birds (and marine: 
mammals) to explore how vocal conimunicalion is affected 
by anlhropogcni<.: nvi~ (stc Tables I and 3}, and lo 
examine }lUssiblc behavioural adaptations that arc employed 
lO overcome ma.sking. The link Lctwccu vocal 0cx.ibility autl 
pcrsist,;:ncc in noisy cnvironmcms has been dcmons1rau:d in 
a numhcr of species (Francis (/<1!., 201 Id; Proppe, Swrdy 
& St Clair, 2013b} ~nd vocal beh~viour :ind :1bili1y to learn 
can influence a voe.al re~ponse to nofar. (Hu & Cardoso, 
2010; Rios-Chelc:n elal., 2(}12). Recent theMetiul '"ork 
predicted the reduction in a.ctive space of vocal sign~ls for 
hird~ movfog from rural lo urban habitat anrl idtcntifi.e,l 
the commuukation hcndiL< of r-.1hi11g v<1€'.al frequency in 
noisy emironmeuts, p,trticularly fur species n;th calls iu the 
lower frr.qur.ncy range (reviewed by Parris & l\kCa.-1hy, 
2013). Nc:v~11hdcss, a chimge in voc,\li.~uion may come with 
significam co11sc(Jt1cnccs, including flllercd cncrgy budget; 
and loss of vital information (Rcacl,Joacs& Radford, 2014). 

Ri,,/O)tir.,l Rmttv., 91 (20 Iii) !ll\2 I 00:, fl:> 70 IS l:ambri<fgc l'hilnsophi,.,.I Socic1y 

Ahhough explored to a lesser ex.lent, responses to reduced 
cue detec1ion, such as movemem away from the noise (e.g. 
Miksis-Olds & Wagner, 2011; McLaughlin & Kunc, 2013) 
and a redui:tion in fo.-aging dlicie1lr.)' (Schaub, Omvald & 
Siemers, :woo; Siemers & Schaub, 2011}, have also been 
demonstrated in the prtsencc of chronic noise. 

Noise sourc,e~ 1hal arc novel, unpl'c<lictablc, or arc 
:icomrically .similar to biologically relev.1nt soundf. :ire 
predicted to elicit responses similar to those assoc~'\ted 
with pr1:dation tisk (Ike, hide, Martic responses; reviewed 
by Fnmci~ &. Baibcr, 2013}. Although the sound must be 
detected, the noise docs 1101 need to overlap with peak 
hearing capabilities or be received al a high intensity to elicit 
~mipredat<>r h1:haviour. For example, heaked whales (,?Jphi11s 
mvi,ostris} responded similarly to playbacks of military sonar 
and calls of killer whales (tl1~ir main predator} (J'yack eta!., 
2011). Tn this case sonar overlapped with thr. peak hc11ring 
range of the study species, bu1 sonar also elicited :mtipredator 
responses in hlur. whalr.~ (Dalamopu,a mu.me/us) with hearing 
sensitivities in much lower frcqucndcs (Go!dhogr.n tl al,, 
2013), ,md foiled to elicit responses i11 t\tlanli~ herring 
(Clupta hamigr,s}, despite overlap with their most sensitive 
heating range (Doks.l:tcr rl al. , 2009). Thus, the rrcqucncy and 
intemity of noise are just a few of the fa,;ton, driving rcs}lonses, 
with temporal and spatial comext of the disturbance, prior 
-:-xpcl'icncc and similarity to relevant biological sounds also 
playing key roles (revic1Vnl by t:lli~on el al., 2012). 

Current reseaich is furthering our undemanding of 
the t.pedfic mechanis1m driving the observed biological 
response~ to noise aml the contextual factors that shape 
them. For example, the presence of young (l\faier tlal., 
1!198}, social status (Bruintjcs & Radfo1-<l, 2013i, and spatial 
orien1,ulon relative to a nnise source (Del.rney ~I al., I %l9; 
Ellison t!al., 2012} r.an all drive differential responses. The 
duration and timing ,,f nohc stimuli arc also impon.ant, as 
exle11ded expowre to a chro11i<.: aoise ~our<.:e lll~f ultim,\tely 
lead to toluance or habituation, particularly if i1 provides an 
in<linxt lmwfil ((·.g. a p1wlator shcltn; F,an<'i.\ eta!., 2009; 
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Table 3. Distribution of studies by biological response and noise sou1-c,: 

Nobe-N:e 

Biological response Environmental Transporullon Industrial Military Olher 

1'0Cal btf141•i<Jur 

movement 

physiology 

{><l('llla1io11 mttrics 

•·ixilance 

111111i11g bcl11ll'io11r 

foragi11g behaviour 

dirtc1 jime.•.< metric., 

cc111m11niry-/e1•e/111eirics 

v«al bthaviour 

pliysit>lngy 

popu{a1io11 merrics 

vigilunu 

mating ~lu1vi01•r 

fom1:i11g fltl1111•i1111r 

dir~c• Jitu1,:o· mt:11·i(:.t 

<omnnmiJy0 let.1~lmetri,.:y 

vocuJ behavfo,,, 

movtmen, 

physiolog1 

pop11laiiv11 metrics 

vigilm,ce 

ma1i11g {nliavi<>trr 

Joragi11g bclu.r•i""' 
dire.<,·/ fitntss me1rics 

«:u11t11u11iry•lF.,1el metrics 

1.9% 

1.4% 

0.5% 

0.5% 

0.8% 

9.9% 

4.2% 

4.2% 

4.2% 

0.9% 

1.4% 

2.4% 

0.5% 

0.8% 

5.8% 
1.7% 

1.7% 

1.7% 

1.4% 1.9% 2.8% 

5.7% 6.1% 4.2% 

5.2% 2.4% 1.5% 

4.7% 0.5% 
0.5% 0.9% 0.5% 

0.9% 05% 

0.5% 
0.9% 

0.5% 
4.2% 

3.3% 3.3% 
2.5% 0.8% 5.891, 
1.5% 0.8% 

0.8% l.7% 0.8% 

1.7% 0.8% 

0.8% 

Only studies that rcponcd a sta1is1ically mcMur<:d response were included. Colour shading indicates the rclati\'c tium~r of smdics in each 
(alc~ory. 

Rrown ttal., 2012). Stuciics mmhining different metrics of 
re~ponsc, ~udi as spatial di~trilmtion and vocal activity, 
may oiler forthcr imight into 1hc \"aried conseque:nc,:~ 
and trade-offs for species and communities cxpo.,c<l to 
noise (McLaughlin & Ktmc, 2013). Ultimatdy, pn:cli~ling 
how noise characteristics, behavioural colll<:xts, an<l animal 
biology i11terac1 ,,ill be CCJ\trnl in ickntifying habitats that 
are of cnnsP,r1·ation rnnccm and implementing elleclivc 
miligation strntcgies. 

(4) Ecological consequences of noise 

A di\·em: ra11ge of biologital responses to noise, from 
altct"cd hearing thn:shokb of captive fish 10 changes 
in movement and foraging behaviour of huge m"rinc 
mammals in the open ocean, have been measun:d. Of 
the 242 srudies inclu<led in this revic1,·, 88% reported 

a statistirnlly measured biological response to noh.:: 
cx-posurc (sec Table 3 & onl\nc Appendix I tor further 
details). A small number of these £ludies lum: beguu 
examining the impat·ts of noise using metrics associated 
,,ith population pcrsistc-n<"<" (sur\'i\'al . rcprodurtiv<" hlnC'~~), 
community interactions (predator- prey i11teractions), and 
ccosys1cm $Crvkc~ (pollination) 10 understand the biological 
com of anthropogenic. nois~. For example, studies on 
the impacl~ of noise 10 population persistence me,uurcd 
dcdim:s in prnducti~ity oflm::cdi11g (Kight, S;,,h:, & Sw,1ddlc, 
2012), rcdurtion in fitnts~ (&hrot.rlrr etal, , 2012), and 
ch,mgc in Liming of settlement (!'inc, Jclfs & Radfol'd, 
2012). 

h1v('_stigating the elTects of noise on multiple. caxa within 
a study syst.cm enables detailed exploration of the complex 
and interactive nature of noise impacts. Noise was found 
to impact key ecological services, enhancing pollination 
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i-ia reciur.t":d predation in noi.sy areas for humminghirdi., 
while decreasing seed nispersal for dominant plants bec~use 
key dispersers avoided noi~y areas (Francis eta/., 2012). 
lnves1igating the elfects of noise on lower trophic le\'ds 
can also reveal rommunily-lcvc\ impacts of !\Oise. For 
inmince, expr,rnre to c.ontin11nus turbine noise interfered 
with ualural sculcmelll cues for two species of abuudanl 
estuarine cr11bs, likely disrupting food-web imcractio11s (Pinc 
tlnl., 2012). l\'oise altered spe<:ies i1uernctions, including 
predator prey intcl'actions in terrestrial {Sc:hr,uh elal., 20011; 
Sitmtr~ &. Schaub, WI I) and marine (Kuning.is ttal., 2013; 
'Wale eta/., 2013) communities, while social imerac1ions of 
cichlid fob shifted in the presence of boat noise (Bruintje,, 
&. Radford, 2013). Although the~!': studies did not dire<:dy 
Lest the <:onscquenecs for community structure ancl fon<:lion, 
c:lumges in spec:ics interaction may ultima1ely 1raosla1e into 
commu11it:y-le11el effects. 

The majority of noise rcsl'at'('h has used comparatively 
short-tern, natural or controlled experiments tha1 commonly 
focus on behavioural chang,:: in single species and arc spatially 
discrete. Whil~ this approach has proved pi\'Olal in rcvc.1li.11g 
the widespread impacts 11ssociared with noise, evidence 
for long-tr.nn dfor.1s on populations and communities i~ 
g,:nerally-only suggestive. Long-lcrm experiments conducted 
over broad spatial scales may offer a mol'e complete 
11nders1anding of the populatio11-ltvd and iotcracting dTccls 
r.,f noise on wildlifr. 

(5) Application of research to develop and 
implement noise mitigation 

The global increase in anthropogenic noise. lr.\·ds acro~s 
both hmnan-dominated and 1111tmal habi1a1s presents 
a ~ignifkam c.om,er\'alion challenge, especially whe-n 
<:onside.rtcd io r.ot\junr.tion with other 1hrcat.s 10 wildlife 
and ecosystem intcg1·ity. Thr.re is a real nr.ccl for research 
on the impacts of noise on wildlife tu lr,111sla1e i11to 
management action~ or rccommc11datio11s (fabarclli & 
Ga~c.on, 2005). While a variety of noisc-mitigaiion methods 
~:,,:ist, only 9% of the. smrli~ TI"\'i~,.,~rl prn,·,d~rl sptdlk 
rccommcndatiom. Rccon11ncn<la1ivns included the usc of 
physical barriers to noise, gcogr;,µhical aml temporal 
restrictions to human activity, and quiet technology 
(Table 4), yet few studies directly tested the cflcctivcncss 
of these mctltods. The majority of studies with mitigation 
statements were published in conservation, ecology, and 
environmental journals and focussed primarily on terrestri11I 
ecosyslems. 

Physical barriers arc a c:ommonly mggc.stcd mitigation 
tool that have been used along ro.idways to reduce noise 
levels for human populalions (Murphy & King, 2011) 
and \Vildlile (Slahhe.koorn & Ripmeester, 2008). Howe\.'er, 
the benehts of these harriers f.Xtend a rdativdy short 
disuncc. Barriers also tan -.:ompo\md fragmentation effects 
by restricting animal mO\·cmeut, llnd their costs m11y \~ell 
exceed other mitigation approac.h('S (Summers ,la/, , 201 l), 
Collecti\'dy, these. c.onsidera1ion.5 s11gg~t th:a1 noise barrier,; 
are most suitable for roadside habitat of especially high 

R;.J,tfta/ Rtt,nu, 91 (2011>) 9112 tOOS © 201:, (,'.ambndgr t~1do,oph1<,1I Soc:icty 
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con~er.·,uion value, or to enhance the dfcc1ivcncss of 
road•cm~sing sm1ctures or tunnels. Alternative options to 
reduce road noise include restrictions to traffic flows during 
sensitive life-history periods, sp<:cd reductions, improved 
road surface substrates, and new Lyre technology. C:ontrollc<l 
studies docomenting changes in wildlifo behaviour arid 
lmLital utilisa1io11 in response to reducing roadway noise 
would extrncl the findings of recent noise broadcasl 
smdies, and document the conservation rnlue of quiet-road 
investment. 

The noise-barritr o1pproach can be elfectn•e for industrial 
activilics such as rcwun.:ccxtraetion and co11s1ruc1ion, where 
machinc1y g,:ncratcs a point noise source that is spati~lly 
compact ( l'.1\,le ·1-1. Sp~cilir. me,tho,ls ha,·e mdude(l lhe use 
of bubble curtains lo reclur.c pik•dl'iving noi,c in marine 
em~rnnmen1s (Wursig, Greene & Jefferson, 2000} and rh~ 
ere<:lion of sound barriers to minimise noise from te1TCSlrial 
gas rnmprc,sor sta1ions (Francis elal., 201 ld). J111plcmc11ti11g 
harrier mitigation rntcasures may pro"e expensi\'e (e.g. 
$17!'> 200 million Lo reduce oil and gas extraction noise 
by 4dB; Bayne ti al., 2008), making it unlikely th;i1 i11dus1ry 
will adopt these mc;u;tu-cs wllltoul specific r<:gulatious iu 
place (Orrega, 2012). 

(6) Characterising complex acoustic stimuli 

An1hropogenic n.-.i~e i~ a complex and challenging source of 
11nll11tion ro quantify, varying in duration, ;implitudc, and 
fo:qurnrr rnnLCnl, whilr l)('ing modifi<"d lry thr m~dium 
through which it lra,·ds. The dclailed reporling of acoustic 
measurcmcn1s i.s ncccssary to rcpcai cxpcl'imcnts, provide 
insight nn the kind~ of noi~e itimuli that induce .i response, 
nnd syulhcs~c rcsulls a.cross s1udies. We were surpri,r.d 
that acomtic metrics and mcasun:mrnl methods wc1-c not 
always documented i,1 th<.'sc papers. ,\lihough the majority 
ofstu<lics used common acoustic metrics such as toot-mean 
square ~ouml prc:mm: le,·el (SPL}, sound exposure level 
(SEL), OI' c11uivalcm noise lcvd (L:q) (sec onlinc Appendices 
S l and S2 for dcsct'iptio1\s of these metrics), 30% provided 
no details on the received sound levels of the noise ~timulus 
and JO% simply rcporlcd a dH kvd without infonnation on 
how the value was measured or calculated (r'ig. 2). A notable 
proportion of studies (38%) lacked a record of the spectral 
analysis, ~uch as duration of the mcasurcmcnl, frC(JtlCn<:y 
range, and weighting func.tion (Fig. 2). 1\·lr.asuremeots of 
the background acoustic environment prior 10 cxrnrnre 
to a noise source (exduding the cn\'irnnmc111al noise 
cate.gory) were reported in only 53% of the liter11turc 
(Fig. 2). Given 1hc r.ross-cli.sdplinary n:uurc of terrestrial and 
aquatic bioacoustic research and the difference in reference 
prcssuri:: between air and water, il is surprising t.hat. the 
majority of studies (51 %) did not report the rcfcrcnt·e 
pressm·e ur.,:rl wht:n 1'<:poning a dR v~lue (see Rossing, 
2007 for further dct<1ils). Ninety per ccm of these s1udics 
were conducted in terrestrial em-iron111e111s, implying the 
use of 1hc standard reference pressure in air, but 1his 
is a potential source of conl1.1sion (rc\'iew~ by Chapman 
& Ellis, I 998}. 
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Birds 

T e:rrestri..t 
manunaJs 

E11wo11mc11c."\l 

Urban planning \C.g. 
maintainin~ !l;TCCll 

spaces and 'r~ducmg 
1\ais~ }~'\":I~) to m.1inlain 
bu1logic;,I t·01fun,11titte'~ 

[3] 

Tra11sportm1on 

tngincering s,;lutiom (e.g. 
l'oa<I surfaces, •~res and 
vchiclr cngineg} 1ha1 
reduce nnis, ( I '.I) 

Rcductio11 of ain:rafl nouc Closing key roads during 
c:<1•1$11rc to <80d8A of h,·~<:diug season; 
river habimts used b y reducing 1r Alfie Sf"'td 
harl"<]uin ,hu:k.< f.'i] and mluon~ (I OJ 

PlM.~m,nt of"~"' U~ of I 0.\ m 
acoustically dominant 
features (roads, 
mad,incry) further 
fron1 nesting areas, 
limiis to procll!clion 
during s.·nsiti\'c periods 
of breeding; abA1cmcnt 
of r.u1Tcn1 noiicr hy 
:\ltering mucrurrs (• g. 
sorn,d \\ alls., dense 
,.. .. :gtl~ttion, rcmo\'in~ 
lughly rclk-ctivc 
surfoccs. rerouting 
tnffic) [6) 

hemispherical 
protcr.tion to eliminate 
uwl Rush , rsp1>11:«· 10 

o,·t·rllights; minim1>i.11g 
f11gh1s :~ h following 
::run::s,.•l "'utl pn·c'-·t.hug 
do1wn; scpardting 
O\Trfligftts hy .at l,:a:.t 
7 day~ [2J 

~strir.tmg traffi<: flow and 

h~'"'Y truck use\ 141 
WiS<: pl•nni11i: along 

u-amportation romdors 
and mhi~~tion ofnoi~ 
along their paths to 
.,n.1Mn<t" hahitai for thr: 
highest mnnli~r ufl,ird 
species l 16) 

Selling crit~ri,1 for heighl 
and dt:mity nf ro"d 
borde,ing vegetation, 
filling in ~r~ in Irr/' 
lines and cncourai:ing 
canopy g;i-0"1h ( 15] 

Aquatic 
fi.sb/mammmals 

Ship design and 
conmuctiou that 
iududcs mcd,ods to 
reduce undcf\v3lcr 
1\oisc llnd limi1cd 
na,-ir;~tiu11 pcnniucd 
\\ i1hin fish spaMntng 
gn>t111dsdm'mg the 
spawning ~Cl\.'i<lll [ l 7] 

Odi11i1ion of 1t0ise•lh,e 
areas or st :i1onal 
n:strir.1i<Jn ur nuisc 
ac1i,i1ics during 
scnsi1i1·c hiolngical 
pe,·ioch [ 11 J 

fodustri~I 

Use of sound barriers around 
<:omp,<-~!tlrs 10 n~d,J('c­

~llcctcd area by 70% and 
m.aintain ..... ,;-.panr.r an.-1 
m:sl su<.''-'~ r..ttes (4) 

Noise "'1n-iers; cnn!'lructinn 
sr.hl'<luling to avnitl 
noise•sensiti\'e experiments 
[12] 

Air bubble curtains and 
'Hydro Sound Dampen· 
1181 

Avoiding pil~-drivillg .-luring 
cah•ing and when animals 
~re in :iOO m cxdu,ion 
ionc; ~oft !la.rt or a.lam, 
sound hdor·c opc,.,.tioos; 
remic1iug or,era1iom to 
low ti<.k; dct·oupliug 
equipmem from hull or 
piling ,-.,ss~l; us,: ofhubbl.e 
t tu•aiu wiclti:u 25 Ill nl<lius 
oflhc pile fl) 
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Limiting military training 
t:x.-r<i~r.~ during <alving 
and po$Hnlving season [8] 

I; s-: of dose functit>n 
me1hods in predic1u11: the 
harassrncm of marine 
m3mn1als (20] 

C:nnsicler chc likely c011tcx1s of 
exposure and the fo.-a!lilli: 
c,:olt>~· ofl>alc.:n whale, in 
pl.mning niilit31"}' sonar 
opc1·ati<>11s ( 19) 

B"'1ot,1tdl (lwm•, 91 (2016) Y!l'l IOO~ © 20 I~ (;an1briclge Ph,lo,ophiul Sodc1y 



992 Graeme Shannon and others 

Table ·I. Cominued 

Tt'<1nsportation fodustrial ~lilita,y 

Reptiles & 
amphibians 

Use of noise buricrs on 
rnad network 
<omtnKtion of new 
road;; at distances away 
from protcctt·d :u~a•; 
t~chnologic:1I ~d,•:111('.es: 
lei\\~ with ~tandani 

Vcnsc Ycgct.~1io1\ along 
roadsid<-s (as a l~s 
,u,;ily .1ltema1i,-c to 
solid barriers) to 
:tltr.mmt<" 1r:-1ffir noi~c-

Invertebrates 

noise e111is.<ion for 
v~hid~,, spe:ed a11d 

driver bchaYiour (71 

[9J 

Applying the precautionary 
principk when planning 
high-intensity activities 
su<;la ~•s c:<1,losi~m,.J 
conscrnnion or sei.,mir 
exploratio11, in .S,)?1.\.,1,ing 
;,u1,:a~ Qf m;1ri11t· 

invcncbrntcs with high 
natur.41 a.nd f:l:011nmic 

value [211 

Pl David (2006); f2} Ddancy rial. (19!)<)j; [31 Fontana, Burger, & Magnusson (2011); (4} Francis ,ia/. (201 ld'); [r,) Cou<lic &Jones {2004); 
[(>] Kight ,1 al. (2012); (7) I .:11,gagoc (20fl!l); (8] Maier d al. (19911); (9) Parris & Sdmcidcr fZ00!l); (10) P;,n·i, ,1 ol. (2009); (I I J P,cdulin 
et 11/. (20I O); l 12J Ra~mus.sen ,, al. (200~); I 1 :i) .Summe,~ el ,1'. {20 II); l I 4J Zhang el al. (2012); [ l.'lj Zurcher, .SJX<rb, & llenn,·n (20!0); I Hi) 
Proppe ,1 ,i/, ('1<11:UJ; ( 17( l.iu ,1a/. (20 I:>.); ( Ul} mhn~ e/11/. (201 :\); [ 19] goldhog~n rl <1/, (201:l); [20] Houm, \•faron & l'inn~1~111 (20136); 
l2 I J de Soto el al. (20 13). 

[V. IDENTIFYING NOISE LEVELS THAT ELICIT 
A BIOLOGICAL RESPONSE 

O11r compila1ion and synlhesis of research on the eller.ts 
of amhropogenic noise on ,,ildlife offers an opportuni\'y to 
id1'.ntify the noise kvcl~ that elicit biological 1-csponscs. To 
integntte inform,1tion on \,ildlife response~ tn noi~e into a 
common framework, we idenlified a subset of studies (69 
tcrl'c,tl'ial ,.u,:J 62 aquatic) th<ll dowmcntc<I ;1 siguilirnn1 
t'esponsc to a noise s1imuh1s and also t'cported an ar.01mir. 
,-;ilue and metric .it which ,1 re~pnn~-. .-.ccurred. Our 
cla~~ificatinn of a •~ignifirnnt rr~pnn~~• wa~ h~~t:<l upon 
the study reporting a s1a1is1ical change in the par1iwlar 
biological metric as a function of noise exposure. A v.oriety of' 
metrics with diflcrcnt frequency weighting an<I b;indwidths 
were reported in this s11bsec of studies (see on.line ,\ppendix 
S2}. [t was nol po~siblc to adjust all values to a common 
acoustic metric to ,ompat·c across studies. Instead, we 
rt'portccl the metri«·s used in t'ad1 m1<1y and 1h.-: spccifi<" 
sound lcYcl (sec Fig. 3}; this provided graphical indications of 
the difl'crcnL mctri,·s to reveal po1e111ial artefactsordi[cn::nces 
in intcrprdation (l\-I.u.l:;i_·n, 2005). 

F.x1racted noise levels were sorted to produce a cumulmivc 
wtight ·of-eviclence curve as a function of the noise level 
al which a liiological response was documented, thereby 
sumrnarisinl( the numhcr of studies reporting a response at 
or below a given noise level. We compiled the results for 
tcrrcstru1l aml ilqu;ttic studies separately because 1hey med 
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different reference prcssur,s to derive noise le\·cls. Th<.'sc 
eu1m,IMivc curv,-s span a wide rimge Qf species and biological 
.-csponscs, in addition to di[crcnt acoustic mc1ries. This 
frnmcwork was modelled after a dooc response cd,uionship, 
bul each incrcrnwl in the wcight-of.e\'idence function does 
1101 represent an increasing number of responsive species. 
Rather, these curves depict an increasing number of studies 
documcntinii; a rcspon.~c :1l a given noise levd. Therefore, the 
ct1r,es suggest accumulation of evidence, not accumulation 
of response. 

The cumulative weight-of-evidence curves provide 
suppon for natural rcso11rec managers seeking 10 cs1ablish 
managemellt ol>jecti1-.:s for anthropogenic impacts or 
developing polil.')' on 11oisc (Pig. 3). For example, ;i limit 
on allowable uoisc levels cao be supported by citing the 
percentage or number of studies that have documented 
biological impacts al or below thal b·d. l.mv<:I' 11oi~c 
thre~hr,lds are more protr,ctive, hut they are supportrd by 
a smaller numb~,- of smilies. ~otc thal responses have liecn 
dornmcn1cd in tcrrcstrinl environments at nois~ ~xposure 
levels as low .os 40dR SPl-, and H studies docwncntcd 
responses below 50 di! (Fig. 31\). Predictions of nMural 
sound levels for die coterminous USA rnn~ fi·om 21 ro 
40 dB (1Ac<1, l s, median S\lmmcr <li,ytimc kvd; Mctmitt, 
Fris11,1p & Nelson, 20 l 3). The tcrrcstri~I weight-of-evidence 
cur\'e inch1des all nois.:•S(lurce categol'ies and spcc.ics groups, 
although representation is uubalauccd (Table 5}. i\{ulliplc 
bird studies <lornmcntcd changes in song characteristics, 
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Fig. 2, Reporting of acous1ic noise-source measurements, The chat! divide$ all of d\e studies into 11oisc source ca~gorics an.d 
highlights different compc>ncnts of acoustic. analysis, ind11ding whc1hcr the rc.:civcd S<>und lcvd was mc.uurcd, the types of acoustic 
mell'ir. r"portcd (sec onlinc Appcndi(.cs SI anil S2 for ac.oustir. mett·~ definitions), whclh<'.r details of 1he spc,,tral anal11~is wen-: 
provided and whether background noise was measured (note 1ha1 background noise provided the Mile source for most studies in 
the environmeni.tl category). Blad,:-filled graphics indicat~ thr proportion of studies in which de!ails were not reported. 

reproduction, abundance, slress hormone levels, and $pecies 
richness M levels ,::4!> dBA SPL (re 20 µPa), Terrestrial 
mammals exhibited increased stress levels and decreased 
reproductive efficiency at noise levels between 52 and 68 dHA 
SPL (re 20µPa). Traffic noi.w. r.xc:ec:ding 60 clBA ~PI. (re 
20 µPa) impacted I.he vocal behaviour o{malc anurans and 
traffic: noise excct'ding 80 dBA SPL (re 20 µPa) reduced the 
foraging efficiency of gleaning bats. 

The divcnity of responses and metrics creates 
opportunities for misinterpretation. For example, it might 
seem rea$onable to utilise the median of this cumulative 
distnbution as a noise-impact criterion 1hat is robustly 
supported by I.his body of' literature. This would yield a 
value of 60 dB. This level would be cause for concern 
in a community setting: it cau.ses convcrsa1ional speech 
interference. The EPA (1974) recommended a 55dB 
criterion to protect the health and welfare of lhe American 
public The i11tlalcd d1ar.ictcr of 1..ltis mcJia.11 can be 

explained by examining the metrics associated with the points 
in Fig. 3A. Many of the studies that fall above the median 
utilised metrics that typically exceed LAcq (SPL max, SEL), 
or the ~t\Jdies did not specify the metric and measurement 
procedure. Accordingly, the most useful portion of this curve 
lies I<> the left of the median. 

To provide insight into the rdati~ eflects of noise on 
humans and wildlife, die cumuJative curve for the terrestrial 
wildlife studies was compared against human responses to 
noise derived from a meta-anal~is of hwnan survey data 
on annoyance at di1fcn:nt noise levels (ANSI, 2005). The 
human l'(:3ponsc curve rcprcscnl!l the predicted pcrccn1agc 
of residents in quiet rural communities predicted t-0 be 
highly annoyed by a new OT unfamiliar noise source. 
Despite the he1erogeneity in the w;(dlifo noise melrics 
and responses, the range of noise lt:Veb documented to 
induce annoyance in humans and responses in terrestrial 
wildlife arc simila.r (40 l00dB SPL re 20µPa). Evidence 
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Fig. 3. Cumulative per cent of studies reponing biological responses by wildlif,: for a given noise level. Only $ludies that reponed 
aoouslic mcasuremenu arc included (N = 131). See Appendices SI and S2 for additional details on the noise levels, aooustic metric 
definitions, li-cqucncy weighting and bandwidtlls for each study used to generate these curves. (A) Result$ from tem:stria! studies. 
Colourt"<l ,qymh<>ls a,,: u~<l to reveal the pot,'ncial influrnce of ditTcrcn1 mt tries on the sliap<' of the 1crrcstri<1I curve. The human 
response curve (solid Linc) represents the predicted percentage of residents in quiet rural conununitics prcdk<cd to be highly annuycd 
hy a new or unfamiliar noise soure~. (B) Results from the aquatic studies. Only SPL dB values were usrd to generate the cumulative 
curve. l'or comparison, received levels from the !erremial wildlife studies and the hwnan response cwves (right y axis) arc also 
plom:d Tile noise levels in the ten-esuial wildlife and human st11die.s were adjusted to 1he same scale as the aquatic studies. This was 
done by adding 61.5 dB to the sound level values to acrount for the difference in reference pressure and impedance. 
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Effects of anthropogenic 11oise on wildlife 

for wildlile responses to noise accumulates at lower exposure 
kvds than the rurnl human annoyance cur'\'e, ahhough 
the slopes arc similar. i\notlv:r connection between human 
and "~ldlife noise studies is the onset or health effects 
Epidemiological studir.s suggc~I 1hat human~ may r.x~ricncc 
clcv-.1rcd risk of hypertension when J Acq i~ gi·catcr rhan 
55 dB lStausfdd & Malhcso11, 2003). Pliysiologicnl :111d 
fitness effect~ were dorummlfd hy fiw papers indudt<I 
in this review at noise ei<posure levels of 52, 52, j8, 60, and 
68d.BASl'L. 

The aqualic stndics generally provided better descriptions 
of their measurements, although in this literature variation 
in 1hc bandwidth of the noise stimuh,s varies and pr-:scn1s 
a challtnge. for interpretation of 1he cum11la1ive e\i<lence 
curves. Fifty per cent or the aqwuic studie~ measure.d a 
biological rcspome at m· below I '2:i clB (re I µP:1) (Fig. 3B). 
The different refei·ence pressure and acoustic impedances 
bc1wcc:n air and water acooum for 61.5 dB of 1he dilfcrences 
in ltwels between terreslrial and aquaiic ~tudies (I .eighton, 
2012). The terrestrial dat.1 and human annoyance curves are 
included in Fig. 3B aflc1· accounling for this correction factor. 

The studies rnntril>utiug 10 the aquatic wi:ight-of-cvi<lcncc 
curve indudc all noise source categories and species groups 
(Table (i). !\,fomuees $hilled ch~ir foraging and movemenc 
behaviour when one·third octave band levels (4 kHz) 
('xc,:t·ik,I 60 dR SPI., a notahly low l<'Vd O1h~rwi!I<', fah<'~, 
mammals, and invertebrates responded to noise across a wide 
rangr. of noi:.c lr.vd~ {67- 195 clR SPL re I µPa) {sec on line 
Appendix S2). Industrial noise, partirnlarly high•intenf.ity 
sound sources such as seismic air guns, impacted 1he 
physiology, vocal communication, and aelivily budgets of 
aqua1ic species, with 1-eductd abundance and catch ra1es of 
fohcs during relath·cly high le,·clsofindustrial noise {248<1B 
SPL n:: I µP.i). :\farine mammal:. responded to indmtrial 
noise by altering spalial movemenl pallems ( 107 dB Leq re 
l µPa), hc-aring thresholds (226 dB p,.:al:-pcal: re I µPa), and 
C:\lling behaviour (82 dH SPI. re I µPa)( fable 6). Naval sonar 
was 1he main sourr."' ofr.onctcrn in tlttc military cm~gory (92% 
of aquatic studies with military sources). Sonar cau~ccl active 
avoidan(,'e, disrupted foraging, and temporary hearing loss 
among inari.ue mammals in close pro;;imity to lhc source 
(67 dB SPI. re I µPa), yet showed limited eflects on !uh \,;,h 
all documentr.cl re$pome~ or,c;urri11g at higher noise lewis 
(19.SdB SPL re I µP,\)(T:,blc 6). 

V. RESEARCH RECOMMENDATIONS 

Om review has highlighted the substantial body of 
information c.oncc,·ning 1hc effects of an1hropogc11ic noi~c on 
wildlife. Such research can assist scientists, natural resource 
managcl's, iudust1y, and policy makers in both prcdi,;ting 
potential outcflmes of noise: exposure as wdl as implcn1cn1ing 
m,.amngful thr•~holcl< and mitig-<1tion mc,a~ur~s. Refi11c-m~nt 
and focus on several key research areas will fill'lhcrslrengthcn 
lht: ooudusions and inferences that can l>e drawn regarding 
the impacts of noise on wildlife. 

995 

(I) Expand geographic and taxonomic sampling 

Rcsear.:h on the clfcets of anthropogenic noise on lcrrestrial 
~ystems ha~ hr.1':n raxonomically and geographicallr biased, 
with 65 % of studies conducted on birds and rn:1rine mammals 
anti SI % of research carriccl out in either Nnn.h Amcrir.a 
or Europe (includ~s all theorelical and lab<orat0ry•hasecl 
studies). ln\'estigating the cflects of noise across :i bro:ider 
a1ny of species and habilals is crucial for developing 
thcoric~ tha1 explain v.tri,teions in re~ponsc !(> noise in 
terms of unique auditory capabilities, social slruclurc, lifo 
history, ecological role, :md cvolu1ionary adaptation. Greater 
knowledge of taxon-lcvd responses to noise will also be useful 
in predicting the likely responses of species thal arc too rare 
or elusive to s111dy directly al\d may reveal responses in 
spcdcs previously thoughc unaffoo:tcd bccaus,; they occupy 
noisy areas (Shannr,n tl al., 2014) or ha\'e peak hearing 
semitivi1ies outsirle of;,. parckular 1ioise source (Golrlbogen 
rial., 2013). 

(2) Explore interacti..og effects 

In most cases, it remains unclear whether responses to noise 
will he further ('ompoundcd by the introduction of potcmially 
heterot)1>i.:. stressors ,uch as artificial light and habitat 
fragmemation. Oesigning studie:; !hat explorP- and quamify 
how th~ arldition nf other strcs.sors influences obserwd 
biolugi<.:al rcspon:;cs Lo noi:.c will facili1:,tc cvalualion or 
lhc l,cndit of reducing noise in em~ronments facing multiple 
t.hrcalS. 

(3) Rem.ove or reduce noise 

Documenting biological respnMes in environmen1s that h,1\'e 

experienced a reduction in noise, such as closure of a road, 
closure of an enel'gy facility, or a change in r.hip traflic route~, 
may re..,eal how systems recover from chronic noise exposure. 
Successful design requires knowledge and coordination with 
proposC'd changes in order to capture comli1ions prior 10 lhc 
reduction in noise lc\'cls. 

(4} Invest in large•scale studies 

To dattc there are \'ery fow scudies that h:we attempted to 
cxplot'c lhc dfccts of noise al the landscape :scale a11d/ or 
ovc:r long temporal periods (e.g. sca.-:onal, yearly), likdf due 
10 the logistical and experimcmal d1:illcngcs that it presents, 
particularly in isolating the dl"ccts of noise from olhcr sourccs 
of disturbance (e.g. habitat fragmentation, human ptv::r.c:11<:1:). 
Nonetheless, in ,;ontra:st to single-exposure, single-species 
rei;carch, larger-scale approaches can provide direct insight 
intr. the cumulative dlects of noise exposure related to 
populalion per~istr.nce, ,:cological imegrity, and evolu1iona11· 
procc~~c.r.. Dr.~-doping a systcmalic approach to sampling of 
multiple :spctics within a communily and multiple metric$ 
of biological responses will therefore rf.quire c.oordinalion 
.tHU$~ ~cielllifi~ di~~iµlinc,; aml organi:salions. 
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Tahle 5. !Siological rtspon8C'S 10 different noise-source c:11.egories by terreslrial ta:<a. Studies in 1his ,able are included in fig. 31\ 
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Table S. Continued 

Rcpulesand 
amphibians 

lnverte-brates 

Environmcmal 
' 

Shilt, in ,·1101-gy 
di:.1ribuuon of c1c<1da.s 
... onbrx toward~ higher 
lrequency [SlJ 

62dBC# 

Tram.pon:,llion 

R("duction in chorus 
tenure ""d duration hy 
ma!~ ;inurar<, Pxposcd 
to u-affi<" noi,~ [4<i-4RJ 

Diffirulty Jn,:,ting m,t,., 
(49] 

ln,·n:as,~l minimum 
frequency of 
voc:,,Jisation, [501 

Chang,· in cal.lm1: tint<· 
[51] 

Higher lrcquency 
compon~nu. in 
tl)urld1ip si~ual of 
grasshoppers 1521 

72dBA# 

60 80dBC? 

i.:.dBC# 

60dBA? 

71dRct 

81dRM 

Industrial Militilry 

Symbols: * sound prcm1r1, lci:d (SPL); •• l'.quivalcnt continuous sound level (µ:q w LA,-q); t SPL max;! ">und <'xpomrc level !SEL); # aver~~; > unbwwn. 
~kc J\ppc111.l1ccs SI ~ml S'l for amustir. metric ,kliuition-s. A -weighting, like the: hwn.ni car, cuts olf 1hc lower and higher lrcqumcic-s thal the ,w.:ra!(c: p1:m111 oumot hear. Al higher 
,ouml l,.vd, (1 00 ,IB illld above), lhc car's 1·.-spo11S<" is flatt<r, u sbov.,1 in I.he C-weigbting. L (lim·ar) or unweighted (also kncw,11 as Z•wdghting) is a llat fr.-qumcy rcspon:sc of 
10 20kHr. ± 1.~<IR. 

$ indicatc·s stud,,.. where it ,,·as undear if a rrequency weigllling function wa.< :op plied. 

ll.1 !'oh! et9/. (2012); [2J Seger•l-'ttllam, Ro-:lcwald & Solia (201 l); (3) Ilennud•z-Cll.lmaczin ttal. (WI I); [-lJ Dowling, Lud,er & Marra (2012); [5] B,,rmude.t•Cu.un:mill ,10/. (2009\: 
161 ~kudc$. CQliuo-Rabanal & Pcris {201 I); [7) Nemeth & Brumm (2010); IS] Hu & Cat-d0$o (2(1 10); (9] Proppe 11111. (2012); (JO) Slablxlooni & Ptct (2003); I 111 Goodwin&. Pad~ 
(2013); [ 12} Mom ague, l>anc·k-0.:.11ta.-d & Kunc (2013); fl 11 Ncmct.h & Brumm (2009); 114( Mocl-.ford & Marshall (2009}; £1 =>l Half"crk & Slabbekoorn {2009); [161 Rios-Chclcn ,1 ul. 
(:ZUl3); fl 71 Pulvi11, Parris & Mulder (2011): [ll:il Gross. l'~inclli & Kun,·. 2010); [191 Rcdond<:>, BarrAnl<:'$ & Sandoval (2013); [2U] Pohl ,ud, (2009); [2JJ Nemeth tlal. (2013); (22! 
\\'ood & Yczcri113c (2006); (:l::S] Lowry, Lill & Wong(ZOl 2); (24] Fuller ttnl. (2007); ri5] l''il:n:11.i & f ;u-i.na f20l3); r26] Paton ttal. {2<1121; (::!7) l'rnppe t1aL (201:ib); r2!l] :vkLau!?;hlin & 
Kuns (2013); [29] Kight tta1. {2012); (30) Con:t.~l<:«•On:j" dal. (2012); (31) Hage tt11/. (201~): (32) Shieh t/11/. (2012); (33) Hall\~crk tlaL (201161; [34) l'oh·in & Muldc1 (2013); {:15) 
Ver,,ijden ,,al. (2010); (3G} R,·umm (2004); (37) Arroyo-Soli~ ti al. (2013); (38) Zhang ti al. (2012); fl9] Halfwerl: ti.al (:lO I la}; (40] Crin<> ttul. (2013); [·ii] Ar~valo &. :N'ewh.ird (2011); 
[421 Good»in & Shriver (2011); [43] :-kClm-..: ,ta/. (2013); [-1-4] S.:hauf> tlal. (2008); {45] .Sic,ners & .Sehauh (2011); (46J l,:ngagne (2008'.; [4ij Sun & Narin, ('20°"5); [,JR) Koio,r ttal. 
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T ahlt 6. Biological respons~s to dilforenl noise-source categories by aquatic taxa. Stuclit• in thi• rahle are inclucled in fig 9B 

Fishes 

Mammals 

In.vertebrates 

t::,nviro11mc11tal 

Adjustments to 
vocalisatio11 and singing 
hr.havicur p - 3) 

Change~ in the proportion 
of 1in1~ ~r~t f~ding 
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soci•I beh~viour [! I, 

·1· 121 I • h • emporn.ry ~ Ul ~;,.nng 
[ 13] 
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spare [1-1] 

A<ljo<tm~nt to voc:1li,arion 
and ,mging uchaviour 
[15, 16] 

lncrea.,;e 1n Uttss 

honn<>ne• (l i] 
Change: in ,.patial 

mov._:mcnl patterns 
(18 201 

lnc.rca,;~ in larvae 
... -uk,ncm (2 l J 

Disruption offo.-aging and 
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24) 
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nam•gc 111 fah ears (26, 
27J 

Changes in movement 
beha\,iour [28-32] 

Shifl< m heitring 
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""posure to seismic 
air guns [3S I 

C.:haugt:k 111 "'OCalis,cnon~ 
l34, 35] 

Damag<.: l<J n·usory 
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(3ft) 
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i:n.'38) 
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Hi dB: 
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Symbols:• .,ound prcs,ure lcvrl (SPL); •• ,-quivak-nl rn111i11uo1i,; sound l,v,.l (L<-q); t 5l'L max (Lma,;, peak SJ>L); ! svund ,·xpo,ur,, kv<"l (SF.I);+ SPL peak p,:·ak. 

!\rr i\l'l'""<lit'r.• SI and S2 for a(nu~cir mrtrie rlrfini1ion,, 

13i di!• 

193dBt 
19SdR* 

196dH+ 
67 rlfl• 
75 dB• 

210dl!! 

l~O c!R• 
175 clli* 

128cIB# 
140 era• 
S9dR• 

I ltid!S+ 
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LJ3J uu tlal. (2013); [14) Hatrlt eta/. (2012); [15] Holt eta{. (200!:I); [IGJ ~kk611 ,,.1. i2012); 117] Rolland <ta/. (2012); [131 kmon ela/.{200b1; (19] de Soto,111/. (2006); l20] Tripc\'ich 
ti "'· (2012); (21] Wilkens, Stanley, &Jclfs (2012); [221 Wale ,1 oL {2013); 1231 Wardle , 111{. (2001); [24) Fcwtrdl & :\kCaulcy (20l2); (25) lfogaHI al. (1996); 1261 McCauley, }'c..,~rcll, & 
1:'<Jppc1 (2<103); [27] Ca~r , I al.{2013); (281 Brandt el al (2011); (29) Goold (1996); [301 Kmclcin ti 111. {2005); (31] Kastddn ,1 "'· (2006); [321 Diihnc ti aL (2013); [331 Firmcra.r, ,1 ,rl. 
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~ffects ef antftro/1ogcnic noiie on wildlife 

(5) Measure responses over a gradient of noise 
levels 

1\<lditional studies are needed that investigate a gradient of 
noise exposure nllhc-r than quiet vmris loud trea1mems. A 
gradient design pro\•ides insight on the le1-ds of noise at 
which a response is initiated and how the response changes 
with increasing 11ois..: lcvds. This dc~i!(n can also rcn:al how 
animals recover from exposure 10 noise, while exploring the 
relationship between levels and duration of noise exposure 
and habituation or sen~itisation by diflerent species. 

(6) Evaluate mitigation measures 

111l'rr. i~ a ncr.d tocn,luatl' the cr.ological br.ncfit of mitigation 
me:uores in both terrestrial and aquatic emironmems. 
Tcdmological innovi,tions (such as quieter ship propellers, 
r.ar an<l ac-rnplan<' engine~, tyrc-t, and asphalt), mo<lifirntions 
10 stand~rd operations (e.g. slower ship and vehicle 
speeds, trnffic flow control, road closures), .anti sound 
banicrs can signifi~·.rntly n.:<lu,;,; ll'Ji:K: kvcb in a particular 
habitat; however the benefits to wikUife uc not fully 
understood. For e:<ample, hr.w l<mg docs a road need 
to be dosed for the biological community to recover 
from traffic noise? Do the unintended consequences of 
sound barriers (t:.g. fragmentation or acoustically reflective 
surfo.c<:s) outw,;igh the benefits (Parri~ & ~dmci<l•:r, 200Yl.' 
Fmther, design and implementation or mitigation methods 
should match the timing and locations of biologic:al 
activit)•, p.a11ic.ulady during biologicallr sensitive period~, 
such as bree<ling (e.g. lekl<ing behavio\ll' in sage groU$C 
Cer1lrocm:w urophllJinmu; l!lirkky ct al., 2012,1,b) or sc:asonal 
movement (e.g. sprin~ migration in o;raccans; Patcna11dc 
t/11I., 2002). 

(7} Improve reporting of acoustic metrics 

[denti~vi11g the conditions that elicit biological respo11:s(.-S is 
impossible withou( exposure informadon. Rckvam clctails 
should indude sptc1fication of acoustic metrics, temponl 
characteristics of the measurement (duration of recordings), 
lr<'CJUr.nry 1·,mgl' mcas\m:il, weighting fillers applied, and the 
reference pre$sure used. Ad<litioually, recording equipmrnt 
and meamremem procedures (distances :>.nd duration) should 
be dornmcmcd 101· the source and received levels. Spccll'al 
descriptions or graphics provide important detail on the 
domi11am lh:qucncks of lhe noise source and can be 
compared to tho.: hearing sensitivities of cli[f~rcm ~,x:cio.:~. The 
currcru sl!lte of the li1er.a11m: li111its proper meca-analytical 
approachc~ that wo11l.:i allow compilation, compari~on, and 
projr.ccion. 

VJ. CONCLUSIONS 

( I) The substantial body of scientific: research reviewtd 
here proYides con~iderable evidence that :1nthropogenic 
noise is detrimental to wildlife am.I natural ecosystems. 

(2) Expcr1isc from a diverse r~nge nf disc-iplincs i~ required 
to improve understanding of the impacts a1Soci.ated with 
noise, especially considcrin11 th~l the effects may be expressed 
from the cellular to the ecosystem le\'el. 

(3) h is csscn1ial 1ha1 rcsc.lr<:h on the clfo::ls of 
.inthropogenic noise evolves ro repor1 aoou~tic metrics 
aceuratcly, test gradients of noise exposure, mcasur,; 
lo11g•tcrm conscq11cnces of responses to noise, asst.s 
cumulative effects of rlisturhance, investigate effectiveness 
of mitigation measures and recov<:ay from chronic noise 
exposure, and fill in gaps with more diverse taxonomic 
groups a1td noise sources. 

(4) \Ve prn\·ide a ,::umul.are wr.ight•of:evidenr.l\ summary of 
the recent literature, an initial step in providing guidance for 
natural rcsourcc man.1gcrs when evaluating anthropogenic 
impacts or de1:elopi11s co11:;eivatinn policy. 

(5) The interface hctwcrn marine mammal rc~arch, 
regulation, and mitigation regarding noise pro\ides an 
exemplar for comrolling impacts for other laJ<.a and 
e,::o~ystems (Southall ttal., 2007; Stok.~tad, ?OH). Whil~ th~ 
.m-ides taken in the past d«ades have been impressivt: and 
prvvidc a solid basis for shaping thi~ criticallr important 
field of re~earch, future ac(ivitie~ ~hould attempt to manas-" 
these impacu on 1r.mporal anrl spatial scales relevant to 
wildlife. 
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l'w~di»g, "11111 li")N SW? 1:1.• &.J~4f .'i<inuu 27.S, ~l'l\-20'.i l. 
•lo'w11.Nc1s, <.:. I>., t-"Mu·rus,J, ( hc:"n:t~A,C. I'. & f :tv::,:, /\. (201 t.i). l.~mt\«'llf1"" p.)l.nr-nu 

ol' :1.\i;m hahitat i}!l(' a,hl nc~, snm::~~ .a.f(' J.HCC"l«l hr ,·ln'f°ltlk' gAi ,,,,di ('Olll))r<'$SOI' 

nnut':. l.11,W opt 1-~,tttr ~. 12'G9 t 2RO. 
•.F•u,1\,:--.,s, -~· (l!-fYK}. DCX"!I ).(OUMit- 1t·MiUJ m~nd "'·h~'-.~s;! :\elwrt m, ~J. 
•Y,uSTR1f1\ I\., .M., HAT01, L. J'. & <.:t.ARa:. G \,\*, (200JJ \'.lo,uion 

iu lnunpl,-,ck "iwk- (•'Itta/ta« ~.-<MJ,.ftatj 1110ng lrngth in rt~\\(1111 \n 
low•frcqum<)· SO\\lld l~,.(k.u.ts n~ ](lllntinf of l4t A~IUl¥41 S«it~ of ,◄ ','ltll((I 1 ll, 
31ll H 1-I. 

FRn'scm, I,., RRowN. A. J .. , KlM. R. . Scmn:u, 0. H & K£r11.\1.or-ot:t.os. 
S. f.20\ \). S..mln, of Dtxax /IOJll4 I-Jll'U(.11,u,uwltftl _ \()is,, <}ttmlju-otitJa, r{ IIMI/J,J 

Lift lMIIJ Loit ;., Eiv•pe. \\110 £wop<-au ~01,r fw E11,·G'o11m('nt J111I 
u~-.~dl, tx>ou (Jlti,·(. V01,r11hA)(\'II lkum.-,L .\v,'1.atAc ,A\ h,,1,:l/,.,\'o\V.\t;'h1,1.ml/ 
qu;1mif}·iing_<:him(),'cU/ puhl""'t.fon,,/<9-t38&1cn/ Ac~cd 1~1.08.201-f. 

FULi J.F:, ft A . \.fAIUU•.N~ P.H. & c ..... n()~- K.J. ~;), O:i~1imc- no\S<' ptcrlicSt> 
ovc1un,3I tut~~ i1 urb31\ Nbin,s. 8i/Jk:gy 1-Lllm 3, 368-310. 

F\'HWI, A & ,'\A~,·,ou;, (;. 1(. t?OIO). X~. slt-""r 3.fW'I poor hutl.h: modrlO'I!: ,>,,. 
1tl.1.uo1,d1i1> bt1w«n ro,.,d tr.,ni( n1,iisc- .tnd c.-1rd10\'A."-Cubr 11mh1M\S, :in/,,,, if th 
T~l l-A."'11v11,wM ..0$, ,.93f1 .f!J ~2 

•G-'11.11:l·, a .. \\'i,11.-su:. B. &, Mc:Oo~,\UI, 'J'. I ... f.!<I07) . Ahund,nr.-:. h<-ha.no,. 
amt m.o..,1.·1,·mc:ul p~n(ru.s c,f \'o.<'i(~m gr.,>· t.-h~lt'$ tn r<"l.>1k,1) 1v ., J·O Sl"is.m11. 

$\11''\~ r- (\()flh~•t\$1 !-:;'l};)\;\lin ht,nd, Rtmi.1. & ~ 11u,H1rl .\IH iltrii1.tAml .h~o'~IIMll 134, 
n QJ. 

Gtt,L, s. ,\.,Jo,.,J. R,, Muu, K. N,\CHSMJ~'t'..M, K &. \.*o,-iwoi-, :\I J. {WlS! 
'foo-~~rd ;\ h1'('1.,dN th•H~(lc,11..11i(ln of,inthror,ot,tnK' 001'< :\n.d lf.t ('jl~,{~ Oil o,.;il,jlifr. 

l!tlMrin• I & olvs,· 2~. 328 333. 
c,n:RUTX.. M. ll, GRt:tr. S. & Sn:.Nt:tt.S, H. M. f200,8:;, Cu~• fUr ;w;wi~k dttC(.'livn 

of prr)-: inm;t nnttiOR; s0t1nd,- atKI 1hr inff:1.1,-n<c- of ,\dit1K 1ou\i)tr111t•. ]fM»l •f 
fyn;,,,,.,,/BM-,:,211 , Z;<,J9 2800. 

Ci>t,lllOC.t:.I\' .I, A •• Sovnuu .• B. L., Da:.Ruutk, S. [ .. , (".,.\IAM~OKll>I~ .f , 
r,u1a,l.-\l'..:"U>Ut,A.S .. llA7.t:N. R J.., FAl.<:0:,ti., f... A,, ScuoRa~ C s .. 00l.'(;\.A~ • 
. \., Musn:.n1. O.J, l<\'1un1u;. C. MdU:«.'.!A, ~I.,,._ & 1\•,u.5', P L flOIS. Slue: 

IOlH 

,.,ho\lt\ J't'JV)ttd 10 •inniMc<l t\1id·lrt<},1('n<"~ n-iitit:tl'')' ~Mr /Jr«ttdi'if$1 4/ 1'rl H~>'M 
.S."'91 ef IAM<M fl: &""1.i«I ,,;,;,.,,,. 280, 10130o;,7. 

Col't;-°"tt1.·<.>AEJA1 J. ,\., D>: LA fu~mt:-OfA:t., ,\, A,. HnNANDU•S.At---r(,.:, L , 
BoN,v:ut:-R.t:.clooa, (;. &. 8ux.o-•·1tt.A~r:u, t>. (21:IJ2J. C:1J1 hum,.m cf~wrh,ul!C°r 
promote ntitcd,n~u? Song.h\fdsc ind iwhc in ,wha1\ Jnrki u .- <"':U(' MtKlr. Lnim,,,, 
.. 1 U(Mll Fl"'""II IOt, 9 18. 

li11111,w1;,,•, s,_ It~ l-"t)l)f).'J,J rlOl~{), Shil11.1f$1.lll~ 1h·qt1fl'lt.'it>$ in r,,sponM:: (U m;uk.~ 
tum•s. Amirtnl H,l,,mwr 85, ••3,;', ·1·10. 

Coow,\•,~, S f.. & SHRl\'tR, \\', 0. (201\). 1::0('(, .. ,,if \f.i,llic noi,r. \Ill oc, ... p~K") 

p;mcn,.. "f fornl ltrd,, C,u,l'Nti.., Riclcl')· 2S~ ·loG 411, 
G11111.o.J. C. (I ~6) .. \c-1Hutic :'\1!<'ssm,'1n or pdp,ubuum 11fr11mm,m ruilphia Dl'ti>himu 

<1elpl1u.11, C"~t)'ltMUc'ln ,,.i1h it'i.in,ir- ittnryn,g J•it•IJ4.I-J lit,,, .\fM11, li"4.IW .ltco,i.U,m 

if 11,, 11,iM A'i,,gd .. , 76, 811 R20. 
Gour.it-:. K. & Jo1'11.S, (. l ... (200t). l)us:,e·,n()lll,s,c- rC'litlio1uhi)» ur h;idc~1iu duck 

lwha\'i.\Jur w Ttui'\.f" fr1Jm luw .. ?c,'t'I militar)* jc-1 U\'('f•ni_;;hu in t·cmr.a.1 l.:.,hr.Jt\ur . 
1:,,;,....,..,r,1c~...,..,;,. ,1. 2/1~ 2w. 

*GkAHM1l, ;\, 1.. &. Cooa.t:., S.J.{?t-08~. TIie tl'foclS ofouisc ,fa.tuTOOurc (nun \',jffK>1\.1 

w.ucation.,l hf>Aling :v1i\'Ui<.!\ ,omm,,n l4"1 inl'\11'1 "'"'"r:t 4"1n ,he nml.\C ph~'!iinlng'\­
of ,\ hcslw,',ltcr lhh. thC" l.,~nll)11lh h,1:1>$ (Mtl:~krM ~(litft,). A<Jt41IN (~~,i~: 
,LldJ,•.,.,,,,.JF.nAa'tftn M"!_t,,.,_,,s 18, UI> 13-'21. 

Citoss, K.1 PA~ii-.i::1.1,1, C'i.& KuH<:. H. J>.(2010). ~h:wiu1 al plJM~lry .it!ow:-: ~hu1i•\<'1t1~ 

adju:siirn<:nl co"' no~•tl rnvitonrncnt. TN A1i11tri£<1.11.,\dhuolisl 176. -IS6 46t. 
•C•u••· 1'. c .. l'AT .. , I .. L, (:ATTO, A. t:. & o,,_.,_., 0. I(, (2013), Re,,., ..... u( 

Of'Sting 110nh<'m gosh:ul'b 1<1 ln~i•rg 1rn,t cmht t,, 1teulh<'rt1 ;\Jiz.nu:i. TM.Jo11nJ•I -I 
11,/1.11/fr M"""'"'"'' 77, 161$ 162), 

"Cun<Ut:a, M., \\'VSOCKI, 1 ... I:.. & 1.AIJ1CU, ••. (20l 1). t-:lrt<~oC:.,qu.,riumcmtlJIOI~ 

11-.>i:,c:ou hc-,oin~:tl·l~i1td1y iu •noto .. h~':"in\· fuh a;...?ll•fio 20. 111 llt;. 
HAln~. L, B,u·~,t:. £, '.\J, &. BOUTIN, S. {2006), Ouonie i:o.1fus1ri.,J oois<-n!Trcls 11:iirit~ 

SUN'(~SS ~ml :.gr. '.'I U UC1111't': of o~<cnhiuk .Cin:111•.t ftl«.,piJ/4. J~rwtl ,;,/ Ap;,(i,4 lf,oltJt:! 44, 
nG lH.f. 

11.«:r., s. R .• Ju,:(., r .. llt'.ll(!l/l<T, s. \V. F'l:>1<:, J, & Ml:T.'.NYJI, \\', (20l3,1. 
• .\rnbirnl ttn(y- i..u~hK' r-s i11,lrprucl1.•111 -shlh u 1 c.iU r ... ~111roc,;y tmd .uu1Jlih1<lr ,.i\hW1 
1hc IJJ111ha1tl clTN-·t io «h'>lo<.ttiug hau. Pr,,.-,diJW.J ef JJu .VO'hl,w( ;fu11k1t1.,1 •f Sli"' (i 

110, 406$ 40G8. 
I l,1;1•·wi,;u(. \\·., BOT, s .. BUIKX,j., \',\t\ rro: v.-.t.£>X, ;\I., KO1'1S)f.UJt.).1 n:..~ C\n., 

C. ~ S1..,\tl~t:1.oow;i;. II. (2011.-}. l...,.r..,-f,,"111rn•~ !J•Ht,'-lc,ri,(> dwir l•ot"h'~' fo n,\t,, · 

t.trltao ronditioa1-s.. I'r«Mli"f'efl,\t /\<WAi1l~rodrtrt) ef&..m<u JOS. M.H9 11!15-1. 

11.,,.,w, ... w. 11ou.("""· LJ .. L"""~""'· c. K. & s,,.,"'"°°""· 11. riotUi 
~ ·(1(,~\i\·, 1111µ1.n of 1r.;iffic n~ t.1t1 olviau rtpr01ku:1lw IIU\Tt$$. }<,&ml!l( 1/ AJ,J,lid 
L ..., gs, 210- n,. 

HAt.twtau~. \\'. lk St...\11tu·xoo1U,. H. (:iNJ09J. A hth,n;oor,d mcthlllll!UI cx1>bil\il'Z 
ntti.t..r:•d('f)cn.d:-01 frcq•~ncr m.r- in urt>.,n hird;.ong. AolJ11dl &mt:iw, ?&, tlOI I :JOi 

l l,u,,.1.111:N, n. ~. \\',\U\fUOc;.t;, x .. St:1.K(.)f,, K. A, MPPt:t,. ( .. ,· •• l\hcut:u. I·'., 

l)*A.c..ac)ISA , t: .. 8-R11t,10,J. F .• <:.,~tx, K. s .. to£RT, C:., Fox. (I E .. F•~IT>., R, 
l·h:1:~r ... as~. I). i.tSIHAr..'• H ~ ... M,.t>I~, f.. M. I>,, ... t .J, \2008•. A tlCJlnt11\)41> of 

J1uin.an i111..,.:Kt vu 1U;'\fi1tc- cro~yst~·uu, SrU'lt(" :Jl9. 9'f8 9.12. 
I lA.l.\'t>kli•:H, !\1. lt .. Z.:am1•:s. D. ,~ • (:,,1,:(,INt:, n. & J)()l'Pt-:k. A.~. <~l:i). •:trr<:u 
ftlhy,,rr l'tp.H'""') 1•;t\',kl ~ nll.l" l"XJ">h"Uh" nil 1h«I" ~JV•·il-~ d'(,~h. 11f.t Jourut ,s ,,,, 
_..,.,.,,.,.,, ,l,,.r, ,( ,1,w. ... 134, 20.1 110. 

H.\N$f.U,, A , l.., 'fll.,-.N(".1Alll0, M., >"Ofl'fl':-1,\TO, ( ... , FlOUll, S,, 11r: HO(l(: H. ~, 

fr.c111 , o ... Cuosu, R. E., 1..AiXLO, H. a::... ff.AR.s,Qbl, c .. Rr..A1.F:. ( .. , BU.VY.RS, s .. 
Cuu.n·t:a J . B~ T. X. Ru:11.,t-:uso~. S. & t:t,LIOTT. J>. (101SJ ,\inr.iif, AoW..· il.nd 
<.aril11.w.ucuJo1r cluasc o«.:.1, HcaOtrm,· ;,jl')1on iu (.rnul.uu: !.ntaR area nu1lr lltiruh 
.\fnlito(Jo•m.:tl 30, U.J3:?. 

•1 (,\Rll!So, R t~ , ;\hua. G. \\'. & RtCUAR:DS:O,,., \V. J. (2001j. Sul rc,::pon\(~ 10 

:\llg\11"1 w 1,t11d~ durin,t 1-UO)l'l\tr s,.1sm;i; SUI''<">'' in \be Alasbo O,.,.,urvu S,.-., . .\(a,l111t 
,11.,.-,s, ,,,.,, 11, ;9; s1:1. 

H .l.'f(iU, ( ... T ., CL.,Rk> C \\·., \'.'I,.; PA.llJs, S M., fa.AN~U.,.\.S. & PuNIR .. UU:::., ll. 
\\'. (20\ 1} Qu.·unif)-in~ lo,$ ,of ~'Ous-.k t\:,mnumk .. tion S))AC< for ri!l'tt \\'hi.h:i m ~net 
MUtw.cl .l c .. s. x.,uoo.,l M.uineS:1nt'.h111.ry. C.<matioJs 1Jiw1:t:r2'6, ~~'S-~. 

•Hol'lr.takMON'Tt.,.'(, M. I. & !UPE. 'f, :\1, (201 l ,. hnp,u h or H>ffi( u1Jiy t})\ ~lHU,'th 
and lnrd \'Ou111u1nirii.:i. l•f«Jq F,,o?YJlmis 11, 115 127. 

11 U,1)1'.tl'-AKU,j , A l!W'J,... An~h1~1i(- a:n<.I 1Ul1-N ;,l""""1 <o of <\nlbrn\l l\OIK iu 1hr: 
o-:~~.,n . \lonw ~ h f N' Sni.n 99S: .;',-20. 

Houk.!>, S . Su,,~oN, .S n .. R.,0t·0Ho, .. \. K, R .. .:an:H, I .. & l.u:c:mN,, ))_ flOl:~)­

t.tMI 1-oi.k ,litrupo. 01ll·Ul.\ti0t1 hd1J1; iotll' io ., ror.ll 11:d' fi.J1 ,\/Qfv., f.A1"'6,· ~,~.H 
s,,;,, 48S, 2!1I ~00. 

Hot.T. M. ,\I , No"U"\ l) P.1< E.\f),tc,Ns, (:. K. (201 \l. £1~••.:t-s-OI' uoM• h: ... ,:h -'"d -:,,\I 
tvJ.rs un thr s.uun·r- Ir,·<'~ ol lulh•r wh..ali: c,dh. Tl,,, .1011mnl ef lltt :hrutiai/ &ck'!)'!/ 
,Im,,.,• 130, 1100 :IIOG-

J IOU. ).J t-.J.. ~OU'N. D r .. \'t:tR..:s, v .. t::t.n.so.-i:,s, (.;, K.. & v.-.lR.•: s. ~2009j. SpcM.in,: 
n(l· l:i1ltr ,l'h311·$ (On-Ma1 n r41') i.n(n.','\S\' lhii•ir,.,U amplu11df ft\ r(~p1•1:s< II) \','S$t'l n,,i.s.· 
'll«,7011111.l.j11trAt....,,ral ,~i,g f{,·l,1Hria1 l2~. ?7 3?. 

HO'l'GM..:t~~c . & r ARK~, s . (~1)1 :]~ ·rhc- f .omh.>td effe<( a.ndoth~•· noise•indlx...-d ,or.ll 
01,l"l(lifi,:,,tioui iu~~l11 ft'VI" m,1111111-'l"'o ,,un11111111i\·,1ti.t.111 .sy:-t;,•111~. /Jm,g"J R,-.Vm -i. 
~09-8'11, 

II~ •/ p,..,., s 91 (2016: 9RZ 101)~ © 2015 (;,.mbridgc l'lulo,ophical Socictr 
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Hov~t:~ 0. S., MA.tt'rm, S. W. & f1m•:t:R.At-10 J. J. (101.l,.,). ttc-h,w·w.,I rt•f"""~!> 
of (.!;,)iforn.fo l,1('a lious. t<> mid-G e,qofllC)' 1:J2!i0 -:l-t50 I b) so,~r s,gn:.l:e.. ,\/q,W 
J-;it;i,{M~m,J k,~Ql,1, 92: -.!l.i8 :l7$. 

HOlff>~R.. l) 5., ~l.\RTIK :,;, \\". & FI~l~.'fR,\N . .f J ('201361 l:.:i.f~u1111.-. ,,1111\J.ihnlt· 
iU)II fCJ)ttiti,:,n ~<Ct houk•tu.\SIC tlu~1hio lK"hl'i\ivr,11 r..·s1)(.)U)(') tv wuut,u .. ,l 

111Kl-f"rcq\K'rt<y M)naf tignab. J(laftl4/ ff J,;,J)tnlN'ff/11I ,lfa,i,i, IJ"io&,g otd f~-1,_q '1.43, 
123 133 

*llot·E-.1, J. M, Tlow:n,.,o. T. \" .. l<.-\Rt.5t.:..'(, H to, & Lo►:Mtav~<.o. S. t.ZOllJ. 
Motk li,~ rro11:.1g31ton of ~t!imic- .lin;w1 touucl-. onl<I du: f'll'~ts on fGh hd\.J\"\ur, 
JF.F.F. ]111u~tJt 40fftmit F~ii;~ l?, .l1& .'1H8. 

•ta-.:. *I' & (;.,.ftl'>l'>XO, (:, f.: ('-'0!)9). :\ni·. hi,d "tuviu du.,,•oe~li,111~ 1o11 hig>,<"1 f,·~q1~nc~ 
prC":;\r\·bpt~d toinlvihit n~is.) 11rb).r. Jtc.,$~ lkNJ.rw,1111 &of«, 20. 1268 \Z73. 

I lo,\'. & (~ano~<l. (;. <;. ,2moJ. \\'hich bU"tb .:\dju~t th~ (rcqucn<)' o(,'OC;\lit:.nons 
fo ,1rl,AI) n04&(' • ,bilNII {t-A1J: iom 19, tmJ-J:ltfL 

•HnnLrtT. N. I'. t. U:\l'tL~n:t:N, T. (201 :\). lmp<I(\ -,r a ni,i~1,n1,.,~,1 ...,.h,11t 

t:m-irvmnc-nl ~m 1hc sc-11& f1~()1Jt'o1·K', ~· ct <Olirt•)J,ol•t.\11 ionghird~ ~t (;r\•;,tl Tit 
,p.,,.., 111,.'!i,,,). in I>cnm~l'k. OmU f'f'lfAi<4 90, ~4 l 02. 

•leu..::;u~. (.:., ~(t\t'A, c. & M,~J . .<>. J. £. ,2on,. ·n,e inflUol•II(°('! (If tr.111i, ooiS(" c;u 
wm:ltccttc- ,ON.I no~•,iu~ th,011Kh ,.uv.lC'tt)\<$)(''$, ,{,,,blf.1'41. 19:S !!LU 

jf .. "IKIN~. C.:, :-: .. P,1101 • .S L. & Jor1•.,. L ~- (2013.!. (ilol1c1l 1,.,"th•1u:s of h1tt'slrnd 
\'t'rt(-ftr«.it di\'('fl~t)* ~m<I C'Ol~Cl''~tQII, f'r(>(mhitt_J .. r 1k .Voiio.Mtl Afml"'!, <!I Sn<'1u.-J ~ 
JI,, t.:,;,,; Si,,,, of.h,n<n I 10, 2G0Z 1610. 

'JVNC, C A. &. s,,•i,-.,-.at:11., s. ~- (20l 1), RU<liOl\> of l('IUl)\'Tj\\l: nxf (ith 
br.':\t.' u> ho.u suund. A'(lli<Jli.t' ~111umaliN1.: /t/QnM md Fmlu<·<rln J.:my1kl'flM 21, 
:-ai~J-'.1.~lli. 

l<.Atio:tt, K ~ Sc:o►u:t.o, 1>. f:., ,\u.01..:,-u, !'ti., Jo~t:.:\, R ).I., MAkr.lAli.:, S., 
:\f>.RTINUV. K.~ OLWA, ~1. ,\, & l'\.\F.1:-tS, I'. ~l.{2011). Whrn ,onnds roltutc tht 
t<;IToct nf :.nthrl',flo&Mi(- n«~c nn l hJ:«ding M.'(tmhtigc of fro~ if\ tx:liic, C<-n1r;\l 
Am~rt(a, JJt6-JIMr 14.8. i1.5 'l~:t: 

•KA~t:. A S., .Soi-:,:, J. H~l,\'UR--t:N, :0--1 ~ .. >,!o,.•·.w, 0. ( ... , SAu1-:K1w, J 0 .. 
WYSOC':KI, I, t-~ .. 'l..tOl>l~"t.. I I. &. l'O?Pf.fl, ,\ ~- (2(JlnJ f.wp<m1r,• nf fo,h m 

l11sh-i1,t-:::111itr S:00,\t tlocc. I\Ot iuili.1('(" :_.:('OtC' 1•.ttho~·. ]->•mi,( 11 ,..,,,, H4'~ 16. 
1825 1840, 

•K.~Rr, U.S. & (.;Of.VAR.,. k (2011), C.Jlltt.'cri-Hi<.tn,-.1 ,wi.~ u·dl1c,iCJt1 A\., ,,:in ,_._.m 
for t'l;.'\lluuri:a:s ,uul r,1in Wrcs&. IJU·-.b i.11 t"C't1,1. /Ar.Alf!JtN·,., 43_ 112- 130, 

K.,at l). S. & ~OOT, T. l,.. (2009j. !'toun1I llw ►lft'°™u: lww lluolhim 

lO/-U"-'c~ /nxJ1.:,-) to, l ''-' \'(IA:vumt ,un\'NSJt1c,u. /tiv,,JilTTli~ ttwf l ,.it.1«MliM 18. 
!7~j 3?¾2. 

KA»wo, J>. A. & Trso.s. K 0 . (.100 IJ. Sy~ui, <f,\,iu 1-)lnts •• lf,h/1!{, J',p,1<,1,.,.., 
US n~•panmi.·n1 t1fTmtts:i,on:t1iou, l-'c<kriJ Hixh,n•)' A,l1ni1i-s1u.hon, \\';i.:sJ1111-.1uo, 
O<:. 

•"K.A~,·.,i.;., I>., Sc:ut:nf.RHAX. R.J .. SotHIIAU •. P... [ .. & $tt:t(:1fl>t1.:n1, <;,J. (19?~1}. 
UndCt\\-aitr u111,.01c'II')* 1hrcshotd ~hift ind11tcdb;· on:wc,haod noise in tl11tc ~p«i,:,, 
of pinnqml. TNj,,m,:,/ •/IN .f,..,li,a/ S«it', ,f,1,unr, 1-0£, 11 ♦2 11 ¾8, 

*KAsn:u:,:,, R. A.. D.-. H,v,.,., 0 .. \'11.t.'C.11AN, :-: .. STAAi., C. & Scuoo~.:.t,tAt~, X. 
M, (200U, '11u• Julll\4'r\t't uf th,.,.r .a.em1.,tir ,tlitrm4 ,rn tlw- lk"'h:tviM.tr nf h,1rhn,11' 
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~ rur.al ,rnrl url,.1n ~nl h\ 'l:m,; t("Jtliux U-'nMni, .. ir,n dl'"11·;..,.y. 1-'/.,,,S Q.\'£ ~ 
~1r:'iM~ 

;\lo,..'T~<:oY.M.J., IJAt.!►.s.:-Coti.. .. rMth,M.&. Kut-c. H. 11 (2011~ l>hc11ot:-11iit·pla1-1~:i1~ 
:-itrc(t.t 1hc ,~~,, ~f !\ M"xu,,tl),· ,clrr.1cd uait \o Mthropogmic-. ooi:sc. 8dw,i,,,4l 

f:,,,/~ l~flj. 3~3 J.13. 
Mocwt-:v, T. r\ .• N,u:11,u;,u.1., P. e. ,'<. \'1,.1,.<:tR•s. S. (200:>i. !,o!1.\r•itwfu(.-.:d \C'mpor'At\ 

l1t'\ui.11i,: tos~ in d1)~)11ir~. ll1ol'f'· l.rtlm S> f,ft5' .i67. 
Moo1-u:. S. l':, R"' . ..:o.x, R R .• Sm,.,w:..,,u~ K. l... R..o.<:~N', T .. L SU'/t>.,,.1. R. 

S. & Cl.>.lK, (;. \V. ('~U2J . .-\ ru•:<,,• fnn'W'.wod: for :u:t~-1ing: lhc cfftf'U rl 
1.1uhi1.1P'-"!teni~ 1,yund on m:uinc mJ11mm~lJ in.\ r~pi.dlrth;a1~•n~ )t<t.k. Hv>Stit'N"t '1 
289-:?9.S. 

MO:klf.\'. f.. L.J(ml'.t.. < ;, & R.\l"H'ORn. A. N. (201:fl Tiu- tmtH>Cl,mrf' of im'f'ttC"hr.llf''­
\d\C-11 <'Clnsic'l.i:riuic du· i111pw.h of t1,11lht4'1poi('nk oc1i'-<'. l'rot,l'lflJ.11;< ~ltb, /,,'tJJfll .Vltiitr t;f 
f.MdM/t, J!»i.t},a/S'<itNr" VU, 2ll1326R3. 

•Mosnow~ A. B. & Sn,t0;>,1>$, H. K. (2002). o;~M('mt nt or Ordnn~ om-. (I..} hr 
hi.~h ;:imj>lit\l&.: ioouJ 11\ B1ithh (!-.,lwnliiA. CN:udA. /Cf;.\']VUflf.tJ.l ..j.tJqn''ft .~·imu 
s~, 71:i- ll!O. 

Muw,n\·, ►:. & KIN~, 1-:. ,\ (lOII~ Suumio ~111,..l,--si~ ~u,l tK1i:s.c: ~K(iut1 pl,rnui11!(.:' 
rnoddh,g 1hr imp:m of miociptKln meas.or<-~ ou populAtion c:qio~1«-.. ff"JJfittl 
tltOkSrb's 12 . .f81 494. 

*N,\<:UTICAI.L, P. t:.., Su1"1N> .,. \'., l 1AWl..os~1. J &. Au. W. \\•. rZOO.fJ. 
'l\·mJ)l)r.31)' 1lm.•sholct sbifu 111fu:r not,~· <ll.~ur<· tu lh(' lklukno~c 004'hin fTmil9P• 
t11W1rMH1} u)(',;,<1,rl'd 111in(: l'\'OkNI ;jUd.ii.my fW>lrnti.als, Mt.'lf'W ,\lt1inm(I/ Sti.!Nt 20, 
611 687. 

•;,~.\<~'-'IA. ~L \*,\:-.' Or.u, K ., K1:l'l,\.:tti;1!', A., (.t1>eo~m>:N, !\J., n-.:. Conn•:. P. &. 
\.\*>.A.$.J. R. {2013). ~oi:'-t ;'\nnoi:,1-:: \•11(<1~ or11.,,~ l)t\ ht-(•<"<fin~~r(':(( 1hA-ff('p<t1ttt,U\ 

1"-'CWni\111>' Wt uoc oo n()l..._. ftla.r .. '\\:l1•ri.Slit:~ . • i111./M/ &hllauu, 11!1. 9+-:t-9~1). 
Ni.►tf.'rtl, t. & BR1!~fP4'. II, (ZOOQJ. Ul,,rkhiu" Saiug hi~hc-c•pitchrd :1nngs m ,itiN: 

~J~J""'\11,10 to ha11itc1.t ~te·u,nti<", m ~iil,--C'lt~q QI mh.,mr.,1flntt! Am·,.,gt /i,h.1,1.:111;1tr '1'11, 
GJ; (i,11. 

NFJ.tt',l'H, f,. & Sxv~n,. II. (.?OJ O). 'Birth Mid cmthmpogeni(" '"°~c-: Mc \nb.,n ,on~ 
;-.rl;,,pti\'(:,. 11w ✓JrNri<.,.,/t.;1/NuJiJJ 176, k.iS--!1). 
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Nt:)lf.'FH, f.. , 1"1t',R~T"ft, ('-:,, 7-0\.I-INCU, S .• -\., Gf.HfRY.>.H:-t, :,1, l',\RHCkE, J., 
M•~~t>A, A. C . .$: 81w1o1u, H. rio19). 9Md $01)£ :-.~d MUhropogtnic Mi~: \"(l(::J 

r:uiutr.un\S m.,y (:(pl,un \\4\)' lnr<ls s111~ hixlnT"fr~~U("U\;~· kl~!($ iii o,;iti,.-s.. /',;J,t.,.fdww .J 
fN koul .~ ef Lon.:/t,11 8: BrtJh.;i,tal Snn,m 280, 201'!1iY8 

NowA<:t:.,;,, 0.11., TuoRt-t. l .. H .• JuJJN)TON, I) W. & TrAcK, 11
. L 1200;,. M.,·stiouscs 

of c·ct.11<'<:ai.~ to aodnq,ogtnM' noi1c :\la.rn.111(1( Rm(I,(' '17, 81 11~,. 
l)>-1:n:(;,\, C I'. r:mt"lJ t:lfccu r,( noise polluuou "" \1i1W!. ,\ l1ucf n.:viot.',.1 f,,'r U'\U 

1,nw1<,1g,. '""""~•I ,\l""ffap/u 74, 6 ·n. 
•()\.,•EK. M ,'\,, SwA1:r-it:11on, R R., (.,:.,,KAI.,,,, N. ~l.1 SntN)IAN1 K & LtNt>l1UF!t~. 

0 . (;. l2004). r-.1~u1.-.,11,g ,tr~,, U\ <"':itnt\Y: s:fant pamL,s (J ihuo~tt 111>1lv11JY1,'1]: 
l1>1,:Jt,41.•i.vl .-t-,J hu11mm.1l •~1vt1'(t~ to :..n1hir1,t nui«- -r.oo 8-,(.)_p· 2".3, l \.'I 16,t 

•(.)h·r:Ns .I L., ~1'!'t., C. I.. & ()'J IA'lt.l<':K, A ,:tOUJ. ·n-.c <:tTcru ti c:-cccnd<d 
i*.'-")>OO!>rc.• lO. lr.iHic 111.lli,1! (Ill f>lrid roc,.al .,'ltll'I rt$k,••l:al.:ini hrh3.vtor. HtlhttiOl.11/l{ h0tYWJ 
~l. ~1 - ~9 

..,,.1,;~. s. E • Cl-.i\AA. c. ,\* &. T\"AC:K. }' t.. ('2007J, ~Hln-.,ml anng-won l'h.t•~c-s 11, 
ftJ.:~l whak ,· Jl•1s l,d1•''tv1: 1h,.· ~•ultnti•I cff<'<'h of 1,01r;c-<J>n .trututi <(llnt\1U1tit·,,ti(lo. 

1'1re ]Gw•MI ef ,Iv ,irNIJ~"/ Sni,r, oj,1,.,,t,ifq 122, 372~ 1731 
PAWK~. S. K, Jou~M>N. >-1., t-:Clw...\r.f.t<. D. & T\',\CK. r I .. JlOI I~ lndi ... idu:a:1 

nghc wh:itfct. c.•."111 loudu in iucu-1\~11 C'l'l.,.1tunm~1l\.'II H\lh(" lhD/,.,,Zf ,.,,rm, 
7, l3 'l;, 

•PARK~. :-i ....... UR..~XGHll~>m·.v. t & (~MkJ',, <..: \\'. (2~1J- v ..... 1.111r iu ;uolot'fll 

ooi:sc k:\'tb :iimln1l paun\ctrnt o(:'-fo,1h .\do1nttf' t i-Aht wh,11lcs " ' thaY.:: h•hita.t a,ca,1.. 
'/I:, j 1•m,J,f1Aulroa,Ju4/S«it1Jo/1lm,r/co 12$, 12:l4l 1239 

l'-'Rlll!$ K. M. &. Mr.(:,\~l'll\\ !\t ,\. t10l:i} .. Pud.ic:tv~ dM. t:lt~·a;t uf urU.,11 
oois<- on th<' :,cti,,.. sr>tt nf :M:vt \'Ot':\I si.~:1h. 7'/u .. t.o.nw-111 Xgt;,r(lN , 

18l, 1'•2 ·161. 
fAR1tl$~ K. >.I. f:( !)r.N:-U-Jl'>P,ll, A. {:lO{~). lnip1.t·t11 tlttail1< UOlll f Jud v allii: \._),Uni~ ())\ 

l•11d.~or1~~ikh:\hilat:\. l>;,..t,tgtutd.Wt',"). l41 29. 
p_.RRl'$ .. t,;,. ).I.. Vt:I IK• LORf\ .. ;\l.. f'\ORTll,J. f\l & Fmu:Tto:\"1 I •. {ZUO!J). t-·ru~s,.:cJl:it 

• lii~.ht:, pnrb~n \r1ffi< 01)0<. E,•~""" -~!" 14, t~ 
PArJ',..'f/llll>1'. K.J R.lC-UAJt.MOt>:, W J., St.tol.Tt:.\, f\1 A. 1-':os,u, \\' k. Mu.u:.K, 

1."'; \\*., WVR>J<tr B & Gwl'.t;t-!l, C. R Cl002J. 1\iAr<'lft 1.0\lt1d .41\11 di,1t.1ilii:•m·c- 11.1 
t,.o..,•hc.\d :iind hi::ht~ wlt.-.k'$ Jmink $i)t11~ migr:iilion m 1hc Ak.shn f\c-:mtort So 
,ll,2ru,,,\IM1NIIXifltU 18-;1}, 300 '.13i. 

l'An)t:. 0. ~>MElto, t· .. Ct.11-;..'l<;a\,J, (,; l:.sc1Jl)t:tto.J ( ;, 1201'l /, T-.Mr.·u,w to no1~(' 
1.n 91 liird ap<·<:in from 21 urh:u, Jil;,l'l'k-ns (lfllK"ri.t1, r~•oi.1\~11.,. Ul•~4'ut,; uaJ li,H"' 
P'4N11itt 104, I s. 

PA.'l'tUl:t'.1 u, G. I, & fh..1<~Kt.l'..Y.J. I ... r2006), An.\n (Otlmt,1nltlh(U\ m ,.ob,m I\OiS('; 

l'.IU" t • .\f~ <V1J\~(qnrtt<'M. "' \'OUI Mfjustmt"UI ·n,, Ar.J ltl. G3!J 649. 
•11,w~i. C .. J..J•:~ull', T S,, Gu ... ,·. P.J.,Jom,tSTONf., M' rt:llRt-:, >-t. &. ~hU.1)1':11\, 

R . .\. (201?.t, P.1111.1JMiflJ\, hth..~·icsur .. 1t :\Jlrl pby1io!Uftic.,I t('sptms.rs of"" urb.m 
pnpulation ,,f Mark ~,\~.ms \<1;.io mt<:nsc ;muu~ noise cv,;n1, rl,11.\'(),,\'f_' 7, cllOl 1. 

•1>:r.tt:H1 >,I.<): H.\tr.m:rnN•\\11>'.!>.1', C. (:.?OO]t,. Su~«:f')libi)ll\' of t\'01«-d \'Cl('il\ rc-rpomei 
IU ooi>s<- ("X()0',1,1(~ iii .'I fine " lh~ umpcratc }IUMt711l r0t'Oll . .:l'IN11I &lt4t1°(JVI N, 

·~ .IG. 
*PF.H'~A, M .. l'o1~,~7on:.11 & \'f.l.A$'~'l:"t. ~ {201,\). f.fftrt <'I n:nur:il :1111l1)'U1hrtic-

1wi:w vu (."'''"-'k,;d "0< .,1 rc~p,or,'S(-s in :t fr~g of ti)(" tt1U1)t"r;t.t<": .1.~r:.11 fMl"A .. -luUb,d 
/Mc.,.,.,, 10,639 Ml. 

•Pt:Rlr, K A., f\ot:l~~. 0. J & 111su:v. 5 J. j::'IKl:t' l-'JTOt'l\ of Mini(- ho<',nu 01\ 
br«din:11: ~o1r ~;ib ;md h1HUu1 ,-,:;11-s. un !S;iblt hl;m.-1, {.:.,111.ri.,. 'ih.t )IJ'ltl11tt1l t( IA, 
,114/Ulk•I .~itr.:, ,f1l•uri<0 111, )9~ -609. 

Pu:C.l\.'UN, ~1.. ~MUIA~U11'0. 1.., COU:\Rlh". :\ .. fARit:h , A . & •• i!IUt:M.O, I~. 

,·\, (2010:,. In situ l1dt;&vioutltl 1npc,,it:k• (" )JO.at n.;,i.if t:q,o\tnt". of(~~"" trlltHtntn, 
(Cmc-1io, 1139; l."\ln ('...i,6iiJllliJ;,inJ C~1ffl>,lu11U1iJ {l .• inn~cus, l )~; (~in. ht1U11tlf/1Wt:lr) 

li\'tt\it tn :c :\l:mll<" r•rntttlc.-1 .-'n:;:,i, Jr;1Jrr,rr( ef J.'.xjilfflNf,14} .v.,;,.( FtilJhtx,: 11nd 1-~ol:i;u 

386. 115-ln 
Pttllf:rTI, l"\. & f'A1UNA, A. (201 $). ,\i,11lir-'tlOU or.\ l't(f'I\IIY in1rod:1Krd 1ndrx fuf 

.. h·oo:.1i.r ,·11mpk,01y tu .an 4\1,\u ,ou1ulsi,:A\h' wilh tr.tOil· h\J~:. 7M JwrM/ ef lltt 
1f(o1tJti1a( Sot1t!J ,j 1JN('litn 134, R91 ~Otl 

1•11-.r.. ~I. K.,jnt'S. ,\ (j, & lbU'f'OHU. (; A r,W12J Turi1iuc M>t.111<\ m•r m.tlucnt'I· 
th-.: mct.lmurphv~.s t...+i.,,i011r ..,r .:~·Ut:'lri~~ (t:!I, mcgat~ac. N.11.'i O.,V/•..' 7, '"61 'JW. 

•v,~n4. E., Mtl.Ol, ll .• tiu1C'tC :-1, -.1iotn'Tt, o .. lh M.U)'.IO, X., 'f)'A(:J., V, 

Oorr>, J. & H.t~n..-, C.. {'2<lU). \'rud t\Oi.sc J11C<n fw,Jkc,tt ,,h.-.lt bth:.\•iur: tc:t.uhs 
(lf°;i dC"tlir.t1e•d ;,r0tuti(' 1('5f)OIY,(- ~Ud),'. l"IA.'iO.\"H J,d2~:l!>. 

rom., ;,. u .. 1.t:,11~et:,nf.M. H.., S1>.t\ftt:R0<>J11 .... It., k.u:1-n-, n. M. & t;.N1.,:,u:.:-t, 

U. (2012J. Grc:i1 ,iu in ur\1011 m•~ b."l1t"ftt from lu~I\ !~1~1<-n,~1, m M'lll~ tk1.Nti<1n 
coul,lu.i.,iuuua\1V1t,Awimol &1wl-#l,r8l. 711-121. 

Pout., N. U., S1.A111ixooR."', H .. ~.t1ino, c:. it It l.ANf:EMA..")o). U. (200~). flf<'1·u 

uf ,igu;,1 fo,uuo Jl'l.d ~n•itt.1tmu•otal n\l~ uo ~i.xmJ d.tl«\tou in 1hc- st)C.il ci1, f>af'U 

mdj«. ,l,iiut.:,( P.-IUNIJ, 78, I ?!'.IS 1100. 
0.11; •1 1(.0.A!l>l►:w l't:Tn. T. 0., Tu._11UN►:.J. M., fhNtrt:u .. t.l ... ~. & (.;U•:st.-:. M .. ~. 

(2006.1, .:\rt ,U5'UrtM1t of tb.: a\UflJlhy of 101.10d J:c9cn hum.;u\ crniupon lir t.>n-tdi1,1 
\\'«klrll «•h \uµ,,,,;,t,oJu ,.,44,/Ui1, l!lll(j/i 1/m.,,k '"- 27~ WI. 

Pt>YnK, ,\, ~ .• ll.,1sm1.M::t, M B., KA:,,if., "-: MtU,t:R. I). I,,~ SlloOTH, M. Kr SONG, 
J. Sno~. 1-1. & \\',;soc au, l .. t:. (:200'1- ·lnc <:Ile<'\; ofJ1i:gli·intcnNty1 luw·f1c<1ucmY 
:O('tiw t.oMr on 111itibc-w tMUI. Tiu Jt:JtJrtuJJ ,f £.\, .. -f N stiral S«i<g ff Aulffl«l 122. 
~3-6Ji. 

Bid'f,i,·,J R,.ino, 91 (~CII ti) 9112 !OW•(!) 20 I; <.:,mbriclgc l'hiloccphi<-:,1 So<ict)' 
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'Porn·s-., ,\. :-1., SM1T11, ~I. t-:., COT1·. t>. :\. , U>.Nt-.A. ft \\'_, ~f.,<:Gu.a.1\·1t,w, A 
0., A\."~i·o:. !',I ►:. & )t.H:N. l.>. A. r100;).. ►:ffccl~ .:if (')(pm:orc t.o s.¢i~nit :\ii-gun 
u:tof C)ft h-.•,u Rig d 1hrn 1'15.1, sp,.,...-,. "l1rt j1Yil'Jl~I i tJw ,lt,~k'dl Sc,«',tr ef ~t-~•utd U 7, 
3958 3971. 

Pot\·l», l) A. & MtrU\11:k, R. A. (~IU',. fmuw<fi3h'\ 1n<fc-)W"1)(1tnt ,l..t)1:iJmNl1 of-:iH 
piK'h .md :\1upliu11tt- m ,r-1.prt1l'f,(" u, \•.aryu-,;: h,w-kgmurwi nm<.t 1,y s.ifrtt")'t' -. \.{•"'>Of'' 
ldr'hlu), &lw:,:t•r<tl f,/f!tl"tr 24, Uh'.<! l:~58. 

fo·rvtN, D . .-\., r,Htar~. K t1. f.: :\hn.nt:111:, k. A. ttru 11, (;~ogr,f"lt)('.\tty rc't\','\~S\·(' 

dt<:u of nf'b.iin n<>i'(' ,,,. ftt,q,u•n<y :u,..t t\'bhtt t":l.lll! ¢1 tNt~ ~nd (':'l!h trt ~itl.~r~}·tt 
{~ta1,1c,.,1 la1,oofd,. l'Wl«4tOQ ~· W H')1tl S«i.t!)· (!.f /.-,NIM H: Ri.8'4ttfal S,n r11 271. 
~•6~ 241:tJ. 

J•u.,.·•:u, D. ).J. CAtcLSTt:AO, K TAP;0\1. L ll .. li-AOWN".j. L. & MvNfoltT, S. L. 
\'.l<Klf.J FJfN"U of <m\murlion no~ ou bc-h:n:i.ar 3ttd (·onl"" lr\Th in ;.). i t,,ur of 
r~1urvr gi:utt 1undu CA~~,1 m t,,ltffl,•'J- .{Oil Bi«~ 2S1 :¾9 1 •11)1. 

Ptcu..-.. •-... l> S., Au,t", Al T .• Ho,..sc:ma,t:, ~1, Mo~<:tCKI, f\J K., fA~w,·,u .. T.. Sr 
C:uua, C. C &. S·1u,u,,·, C. A. ,..J011). Rl::..cL:•ri11.ppcd ct'ltc'k.""3«:, P«r1" N•tl,/Ji}/11.J 
,1nic a1 hidttr pit,hC'S with clo:'\~\ro 11mhrQJ>Qft<n\': noi.~c-. bi.ti 1)()1 ,-,uh d«r<1\,mg 
""'-"'" c0<« ;.,,,.,,., ,f.lli«r fl1'1•u .,_ n, 3tl. 

l'•or1•r I) S, Bn:••• K h ,. ~ ·kl>\', G. 1/. & ST Cl.All\. G (;, (201J,) 
l'h)-UC..J «t1Kli11,,,11 1Jf Bl;u·l•t'Ai-"K"(l (:hid,.Hl.t·n (hr<Jr ttfnrr;il!tn} iu t-rbtion w 
ro;ul d kttuda,uu·,•. Cartr.,6q,,}q,10MI of<,.~ ~lt 8+'1 8·l~. 

S>11.01·1·t:, l>. s .. STui:o,·, c. 1:1, & ST c,,,rR, C. (... (2,Jl:lb) ,\u1l,1u1,oxt>ntt uu;sr 
di.:-(,f'(':l~cs ml,;1n sou:gl,icd di•i:nih· aud 10.1} 1·011u-il111tc k, homugcn0.."1ioo (iWtol 

Coi:.s~t8ioloq 19, 1015 S06•1 
Qu1t,;N,j. 1... \-\'mTn~C.IIAt4, M J. At.m.t'R S.J ... t.:. CRt-'.~~WU,l., w l10061 ~-uis.t, 

111 .. ·,l.,ti,.m ri:.k ,um11L·1~.t\iuu .tml \'itf.aor,· in th•· .. ·h..allilh h l"m'l'.fh u.1,tft~ J (Hf.m<JI tJj 
,1,.,.,, /J;,1.gy U,(.01-f.oll 

Jut-sx. I .. A., (:o-s~. P.. (; & ()\\1~•cs, n H \200G 11'1(' tm'(u.~f wi1,d 1url,11•ts ->n 
an1iprtd,1tor f,~h~vior m <.:.tt1fon11~ i;:10111111 sqn)m•lt. (.';pr,wnpl,iW, f.n,,.,,1). H111foi,,"J 
(;,.,,11,~irw )31, ,uo no. 

KAoi=nRr>. ,\ ~, f<t:ttttrnc..:, t-: ~ Sun•xo1o., S. l>. ! :.'1>14}. 1\(n11~•< cnnm)l.mk ."l\il)o 

1n a Uhi$)· \..,(W'}tl r311 fllth rnmJH'tt \•,id, 2111hu1J"W'li;<Ui<' uni"'· ' lvhtt~~ ~>t4t, :!'~, 
io·l2 1030. 

M.A'S'-Jll~~u•. S, (;1,H:UUN, (;., ~OJ:H1o1~,;,•,. R .• Q.0t)1tn·. t-. w. ,& ·rutWA.NI, f{ J. 
(2c-»,. ( :,.n~riuttl'm nmv ,lrcn•:r.,t~ urr""IUC't1,·.- tfft<'lt1wy iii m,r-r Jo,,twttl ".f l.h 

A111'IK'1JI .·hl«"1f~f,, /~,,y A.i:.v!IN !Nim(( 48. 36.1 370 
Rl".At>, J , Jo:-:u, C. & lu1i+u,m, A. X. (:lU I o. l·iu, .. ,..,, u:il1. "-' h~II ,u lml(·hu ,rn: 

1m11011,111nt \\itcn tomf<lcnng ,·c~pumn w •mtl110J1ogcnir noiS:t. Rl}mu:,r11I 1-:,.01~ 25, 
~ 1. 

1-U-:noNno. r., 8,UtJl,,.U,;n'.!1,, C &. SANOCA'Al.i l ... !2<>1J:. l '"'"" uoiw in0otll('('8 

\'~<'ili3.lton ~rudur4.• Cu tit<: l,ooic "TCu T,~µ,rts '111'4<>tt. l~i, JSS, 6*21-6·1S. 
•~~u1-:.a.1 .. L E, & CoaooN,J C 0. (1999). y.,. • ..,1 •<-iilM,lll'5fS of lfJng-finm·d 11ilt,1. 

wh:,k-s (Git&up>.n!R nvl,u, 10 uu1i1ou)· so1.ar io dn• J .,guri,m sr.a . . \f Nhir ,\f n,.•tfll Sr1i11,r1 

1$, I!!& 201 
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Swalnson's Hawk 
Survey Protocols, Impact Avoidance. and Minimization Measures 

for Renewable Energy Projects fn the Antelope Valley of Los Angeles and Kem 
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 Act. To comply 
with state wlldllfe protection requirements and receive project approvals, renewable 
energy project developers proposing projects in the Desert Renewable Energy 
Conservation Plan (DRECP) area may be required to conduct surveys and avoid or 
minimize impacts to Swainson's hawks and related nesting and foraging habitat The 
suivey protocols and mitigation and monitoring plan recommendations provided below 
suggest approaches and measures for complying with protection requirements. 

Antelope Valley Swainson's hawks are known to have hlstorlcally nested in Joshua tree 
woodlands and foraged in grasslands and native desert scrub communities. Currently, 
they nest in Joshua tree woodlands, ornamental roadside trees, and windrow or 
perimeter trees in active and historical agricultural areas. Foraging habitat Includes dry 
land and irrigated pasture, alfalfa, fallow fields, tow-growing row or field crops, new 
orchards, and cereal grain crops. Swalnson's hawks may also forage in grasslands, 
Joshua tree woodlands, and other desert scrub habitats that support a suitable prey 
base. 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. VVhile 
California's Central Valley Swainson's hawk population winters in Mexico, 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 arrive in nesting territories generally later than the Central Valley 
Population (Pete Bloom, raptor biologist, personal communication). 

Environmental Review Considerations 

The California Environmental Quality Act (CEQA), Warren-Alqulst Act and implementing 
regulations, and CESA require consideration of direct, indirect, temporary, permanent, 
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 
outweigh the significant effects. (CEQA Guidelines §21081). CESA regulates the 
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taking of state-listed species. "Take• is defined as to Mhunt. pursue, catch, capture, or 
kill, or to attempt to hunt, pursue, catch, capture, or kill." (Fish and Game Code §86). 
Incidental take authorization requires that all impacts to the species are minimized and 
fully mitigated and that mitigation Is roughly proportional to the extent of the Impacts of 
the taking. (14CCR § 783.4). This "full mitigation" standard is intended to ensure that 
the status of the species is the same or better after project and mitigation 
implementation as it was prior to project implementation. 

Renewable energy project development could cause direct, Indirect, individual, and 
cumulative adverse impacts to Swainson's hawks when facility consb'uction and 
operation areas (such as wind turbines, power plants, solar panels 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 to increased dust, noise, and human presence. Direct mortality 
from vehicle strikes and colllsior1s with wind turbines is also known to occur. 
Construction disturbance during the breeding season and habitat loss could cause 
incidental loss of fertile eggs or nestllngs, or other.vise lead to nest abandonment. 

The current land uses in the Antelope Valley area support approximately 10 breeding 
pairs. This area comprises the southernmost 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 susceptible to extirpation. Swainson's hawks 
have high nest site fidelity, meaning they return to the same site year after year (Estep 
1989, Woodbridge et al. 1995) This may limit exchange of individual birds between 
distant breeding groups (Hull et al. 2007). Hull et al. (2007) found evidence suggesting 
that the Central Va1ley population has had lit11e 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 spe<:ies' high site fidelity, it is reasonable to infer that rapid re-colonization of 
the Antelope Valley would be unlikely if nesting pairs were lost. Given these facts, the 
Califomia 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 self-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 activities that cause nest abandonment, loss of nest trees, loss 
of foraging habitat that would reduce nesting success (loss or reduced health or vigor of 
eggs or young), or direct mortality. Due to (he Swainson's hawk's known preference for 
areas of low vegetation that support abundant prey, such as grasslands or alfalfa fields 
(Bechard 1982, Babcock 1995), the Department considers conversion of foraging areas 
to renewable energy power plant facility sites to be habitat loss. For example, solar • 
panel arrays are expected to eliminate most or all foraging potential. Significant habitat 
loss may restill from individual projects and cumulatively, from multiple projects. Each 
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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 Department considers a nest site to be active If it was used at least once during the 
past 5 years. Impacts to suitable habitat or individual birds within a five-mile radius of an 
active nest will be considered significant and to have the potential to "take" Swalnson's 
hawks as that term is defined in §86 of the Fish and Game Code. Please consult with 
the Department when detennining whether •take" authorization is warranted for a 
specific project. 

Special Considerations tor Wind Energy Development 

Wind turbines present an addltlonal, continuous, long-term risk of Swainson's hawk take 
throughout the life of a project. This continuous risk is not always considered in the 
environmental analyses for other types of projects that may have limited short-term 
impacts (e.g. construction related impacts). It has been documented elsewhere in 
California that Swainson's hawks are killed by wind turbines. Turbine strikes could 
occur during migration 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 should consider 
the additional continuous long-term risk of turbine-related fatalities. Habitat impact 
analysis should consider both the ground surface area and the air space that is used by 
Swalnson's hawks. The mitigation methods described below are specific to ground 
surface impacts. 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 Swalnson's 
hawk, please refer to the "California Guidelines for Reducing Impacts to Birds and Bats 
from Wind Energy Development" (California Energy Commission and California 
Department of Fish and Game 2007). The guldellnes can be found at 
http:/lwww.energy.ca.gov/wlndguidellnes/index.html. 

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 
are found within 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 tor up-to-date, site--specific Issues and possible refinement of 
the following survey protocols and monitoring/mitigation re<:ommendations. Survey 
methods may be flexible depending on surveyor experience andfor already-known 
nesting status for a given site. Please contact the Department (Region 4 for Kern 
County and Region 5 for Los Angeles County) to use an alternate survey plan from that 
suggested within this document. 
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A qualified raptor biologist with Swainson's hawk survey experience, approved by the 
Department and the appropriate lead agency, should conduct surveys in a manner that 
maximizes the potential to observe tt,e adult Swainson's hawks and the nest/chicks via 
visual and audible ooes within a five-mile radius of the project. Al1 potential nest trees 
within the five-mile radius shall be surveyed for presence of nests. Surveys should be 
conducted prior to environmental analysis. Surveys should be repeated within the 5-
mlle radius if a survey season ensues or elapses before the onset of project related 
activities. If construction begins mid-survey season the year after the initial surveys, 
then the surveys should continue for that part of the season before construction. 

Examples of suitable habilats are Joshua tree woodlands, grasslands, desert scrub 
communities, and agricultural lands (such as alfalfa, fallow fields, beet, tomato, onions, 
and other low-growing row or field crops, dry-land and Irrigated pasture, cereal grain 
crops [including corn after harvest), and new orchards). Consult with the Department 
when determining whether the project site is within five miles of already-known nest 
sites. If hawks or known nest sites are found within the five-mlle radius, consult with the 
Department and the appropriate lead agency for follow-up to the surveys. 

Minimum Equipment 
Minimum survey equipment includes a high-quality pair of binoculars and a high quality 
spotting scope. Surveying even the smallest project area will take hours, and poor 
optics often result in eye-strain and difficulty distinguishing details In vegetation and 
subject birds. Other equipment Includes good maps, GPS units, flagging, and 
notebooks. 

Walking vs Driving 
Driving or "windshield surveys" are usually preferred to walking If an adequate roadway 
is available through or around the project site. Whlle driving, the observer can typically 
make a closer approach to a hawk without causing the bird to fly. Although 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 detennine from where a flying bird originated. 
Walking surveys are useful In locating a nest after a nest territory is identified, or when 
driving Is not an option. 

Angle and Distance to the Tree 
Surveying subject trees from multlple angles will greatly increase the observer's chance 
of detecting a nest or hawk, especially after trees are fully leafed and when surveying 
multiple trees in close proximity. \/\/hen 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 greatly reducing the chance of 
detecting a nest/young. Once a nesting tenitory Is Identified, a closer inspection may be 
required to locate the nest. 
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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. Observations 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 tor food. 

Distractions 
Minimize distractions while surveying. Although two pairs of eyes may be better than 
one pair at times, conversation may limit focus. Radios should be off, not only are they 
distracting, they may cover a hawk's call. • 

Notes and Species Observed 
Take thorough field notes. Detailed rotes and maps of the location of observed 
Swainson's hawk nests are essential for filling gaps in the California 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. These species will 
infrequently nest within 100 yards of each other. so the presence of one species will not 
necessarlly exclude another. 

Timing 
To meet the minimum level of protection for the species, surveys should be completed 
for at least the two survey period$ immedlalely prior to a project's initiation. For 
example, if a project Is scheduled to begin on June 1, you should complete three 
surveys in Period II and three surveys in Period 111. However, it is always recommended 
that surveys be completed in Periods II, Ill, and IV prior to environmental review. 

Survey Period I 
Survey dates: January-March 31 (optional but recommended; pre-arrival} 
Survey Time: All day 
Number of Surveys: 1 
Justifiqation and search image: Prior to Swainson's hawks arrival from wintering 
grounds, it is very helpful to survey the project area to detennine p<>tential nest 
locations. Most nests are easily observed from relatively long distances, giving the 
surveyor the opportunity to Identify potential nest sites, as well as becoming familiar with 
the 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, and red-tailed hawks 
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from March on. After March 1, surveyors may observe Swainson's hawks staging in 
traditional nest territories. 

Survev Period II 
iSµrvey dates: April 1 - April 30 (amval: nest building} 
Survey Time: All day 
Number of Swyevs: 3 
.justification and search image: Most Antelope Valley Swainson's hawks return by April 
1, and immediately begin occupying their traditional nest tenitories. For those few that 
do not return by April 1, there are often hawks ("floaters") that act as place-holders in 
traditional nest sites: they are birds that do not have mates, but temporarily attach 
themselves to traditional territories and/or 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 territories during the sUJvey 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 circling 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, visiting 
their selected site frequently. Later in this survey period, territorial and courtship 
displays are increased, as is copulation. The birds tend to vocalize often, and nest 
locations are most easily identified. This period may require a great deal of "sit and 
watch• surveying. 

·survey Period m 
Survey dates: Mav 1 - May 30 (egg laving: incubation} 
SuNey Time: daylight hours, as needed to monitor known nest sites only 
Number of Syey(tys: 3 
Justification and search image: Nests are extremely difficult to locate this time of year, 
and even the most experienced 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, incubating, or protecting the newly 
hatched and vulnerable chicks; her head may or may hot be visible. Nests are often 
well-hidden, built Into heavily vegetated sections of trees or in clumps of misttetoe. 
making them all but Invisible. Trees are usually not viewable from all angles, which may 
make nest obseivat!on Impossible. Following the male to the nest may be the only 
method 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 wllh food for the female, if the female 
determines It is not safe she will not call the male in, and he wlll not approach the nest; 
this may happen if the observer, or others, are too close to the nest or if other threats, 
such as rival hawks, are apparent to the female or male. 
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Survey Period IV 
Survey dates: June 1 - Julv 15 /fledging) 
Survey Time: Sunrise to 1200, 1600 to sunset 
Number of Su,veys: 3 
Justlflcatlon and search image: Young are active and vi$ible, and relatively safe without 
parental protection. Both adults make numerous 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, introduction, methods, study location (include map), results, discussion, 
and literature cited. For surveys intended to support environmenta1 impact analyses 
prior to project approval, provide the Department and the lead agency with written 
survey reports within 30 days of survey completion. Submit California Natural Diversity 
Database (CNODB) forms for any listed, fully protected, or species of special 
concerncountered and positively identified. CNDDB forms may be found at the 
following link: http:l/www.dfg.ca.gov/biogeodatalcnddb/pdlJi(CNODB Fie!dSurveyForm.pdf. 

Monitoring and Mitigation Plan Recommendations 

1. If surveys locate a nest site, prepare a Swalnson's hawk Monitoring 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 SWalnson's hawks in and near the 
construction 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 tlte nesting season, ensure no new disturbances, habitat <Xlnversions, 
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. 6uffer zones may be adjusted in consultation with the 
Department and the lead agency. 

c. Do not remove Swainson's hawk nest trees unless avoidance measures are 
determined to be infeasible. Removal of such trees should occur only during 
the timeframe of October 1 and the last day in February. 
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2. Monitoring plans should include measures for Injured Swainson's hawks: 

a. For hawks found injured during project-related activities on the project site, 
plans should call for immediate relocation to a raptor recovery center 
approved by a Department regional representative. 

b. A system should be set-up so that costs associated with the care or treatment 
of such injured Swalnson's hawks will be borne by the project developer. 

c. Include appropriate 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 Department and the lead agency 
outside nomial business hours. Notify 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 currently in urban use or lands that have no existin9 or potential 
value for foraging Swainson's hawks will not require mitigation nor would they be 
suitable for mitigation. The plans should call for mitigating loss of Swainson's 
hawk foraging habitat by providing HM lands wilhin 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 nest(s). The 
Department considers a nest active if it was used one or more times within the 
last 5 years. 
Project developers may consider delegating responsibilities for acquisition and 
management of the HM lands to the Department or a third party, such as a non~ 
governmental organization dedicated to Mojave Desert habitat conservation. 
Seek approval of such delegations from the Department and the appropriate lead 
agency. 

Approaches for acquisition and management of HM lands: 

a. HM Land Selection Criteria. Identify the region within which lands would be 
acquired, and the type/quality of habitat to be acquired. Foraging habitat 
should be moderate to good with a capacity to improve in quality and value to 
Swainson's hawks, and must be within the Antelope Valley Swainson's hawk 
breeding range. Foraging habitat with suitable nest trees is preferred. 

b. Review and Approval of HM lands Prior to Acquisition. Provide an acquisition 
proposal to the Department and the appropriate lead agency for their 
approval at least 3 months before aoquiring the property. The proposal should 
discuss the suitability of the property by comparing it to the selection criteria. 

c. Land Acquisition Sciledule and Financial Assurances. Complete acquisition of 
proposed HM lands before Initiating ground-disturbing project activities. If an 
Irrevocable letter of credit or other form of security is provided, complete land 
acquisition within 12 months prior to beginning ground-disturbing 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 preliminary title report, initial 
hazardous materials survey report, biological analysis, at a 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 conseivation easement will likely be transferred to a Department 
of Fish and Game-approved non-profit third party and the Department, or 
solely to the Department. Se prepared to support enhancement 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 appropriate manner. Contributed funds and any related 
interest generate<i from the initial capital endowment would support long-tenn 
operation, management, and protection of the approved HM \ands, including 
reasonable administrative overhead, biological monitoring, improvements to 
carrying capacity, law enforcement measures, and any other action designed 
to protect or improve the habitat values of the HM lands. Be prepared to 
reimbul"$e the Department or other entities for all land acquisition costs. 
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FOREWORD 

California boasts one of the most biologically 
diverse faunas i11 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
b1ate fauna is th rough its Spe<ies ofSpedal Con• 
cem program. The current volume. California 
Amphibian and Reptile Species of Spedal Concern, 
is an essential founda\ion upon which both biol­
ogists and state and federal agencies can manage 
the biological resources of the state. California 
has exceedingly sensitive species and ecosys­
tems, many of which are at risk of extirpation or 
extinction as the state's environment changes at 
rates greater than at any time in histoiy. 

This book builds upon the shoulders of its 
predecessor from two decades ago {Jennings 
and Hayes c994a}. 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 tlteir volume 
was a key management tool for a generation of 
biologists. 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 enough to 

be framed, and detailed enough to guide 
resource mattagers. Second, there are color 
images of every taxon. generally taken in the 
field and highlighting the key features of each 
species. Third, the authors rely on the pub­
lished literature to the maximum extent possi­
ble. pulling in the gray literature only when it is 
needed (which is often because m.my of these 
species are poo1ly known1. But perhaps most 
importantly. the authors used multifactorial 
risk metrics that bring several measures of 
potential and actual threat into a single numeric 
score that captures the sensitivity of the spe­
cies. The result is a tool that provides an impor­
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 considerations that may argue 
against a strict intrrpretation 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 to 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 hfock toad (Bufo e.xs11l), 
and we know much less about the night lizard 
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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 cauhous. Herpetol• 
ogists are well aware of extinctions of entire 
species that were so narrowly precinctive that 
very subtle (sometimes unknown) environ• 
mental changes have caused those extinctions 
(e.g., the golden toad of Costa Rica, 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 protection in California. For example, the 
Gila monster (Heloderma suspcclum} can be 
found in the extreme eastern part of the Mojave 
Desert in California (cast of u6• longitude). 
where it has been recorded fewer than }O times 
in the last 150 years. Within the distribution of 
Gila monsters in California, the pattern of rain· 
fall includes winter rains and S\tmmer (mon­
soonal) rains: this biphasic pattern is typical in 
Utah, Nevada, and Arizona where Gila mon• 
sters are relatively more common. Throughout 
their geographic range. Gila monsters depend 
upon climate conditions conducive 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 wanner (espe• 
cially in summers) and with increased frequen• 
des of drought. These changes may not be 
mitigable at a local level, and this creates 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 reason;1ble 
candidate for SSC status and a need for addi­
tional research. 

lt F◊REWOQI> 

In keeping with this example. this volume 
calls for significantly increasing research and 
monitoring of these spec.ies. 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 of Special Concern from extirpation or 
extinction is increasing our knowledge of these 
poorly studied animals. Long-term monitoring 
of the status of populations is key, and contem­
porary methods such as population genomics 
can provide insights into population status 
and viability that were not possible just a few 
years ago. 

As complete as it is. this volume should be 
considered a beginning. rather than a final set 
of definitive answers, for understanding eco• 
logically sensitive amphibians and reptiles in 
California. It constitutes an enormously 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 science that 
will help us protect California's biological 
resources. California needs to expand science 
:ind management of the state's precious biologi• 
cal resources so that our children and grand­
children, hopefully, will be able to experience 
no fewer species than are present in California 
today. This book is 3n important step in that 
direction. 

C. RICllARD TRACY 

Professor, Department 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 is 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 home to what 
might be the best-known example of ring spe• 
ciation (in Ensatina salamanders), which pro• 
vides a unique view into the process of species 
diversification. California is home to the tailed 
frog {Ascaplius truei), a species that is among 
the last surviving members of an ancient line­
age that is the sister group lo all other frogs on 
earth. It houses reptile and amphibian species 
with genetic- and temperature-dependent sex 
determination; species that lay eggs in the 
water. on l:md, or that are live-bearing; 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, California 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 
divet'sity must be joi11tly managed. Despite the 

challenge of implementing effective consecva• 
lion 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 rep• 
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 her­
petologists and used this combined input to 
make informed recommendations about conser­
vation risk 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 gool is for this volume to 
serve as both a summary of where we stand and 
a launching point for what we can achieve in the 
management and restoration of healthy amphib­
ian and reptile populations in Calilornia. 

llOl!ERT C. THOMSON 

Honoh,lu, Ha1vtlii 

AMBER N. WRIGHT 

Honolulu, Haivaii 

H. BRAl>LE, SHAFFER 

Los Angeles, California 
Ma}' 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 arnphibian 
and reptile taxa that are known to occur in the 
state, we developed a pote1ttial set of73 nominee 
taxa that might qualify as Species of Spec~! Con­
cern. We developed eight metrics that capture 
key elements of declining and at-risk species, 
scored them for all 73 nominee taxa based on an 
extensive literature review, examined them on a 
case-by-case basis, and developed a final set of45 
Species of Special Concern. We then developed 
species accounts for each Species of Special Con• 
cem, documenting available information on 
their basic biology, known or hypothesized rea­
sons for decline, and proposed management and 
future research needs. Overall. we sought to pro­
duce a dear, transparent document that expli<:­
itly states why decisions were made and sup­
ported with a summary of the best available 
science. We relied on peer-reviewed literature 
whenever possible to :support those dedsions. 

Our evaluation resulted in 16 Species of 
Special Concern categorized as Priority I (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. ge-0graphic areas, and groups of 
ecological 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 lizards 
or snakes. mirroring the fraction of those taxa 
listed at the state and federal levels, and sug­
gesting that these lineages are often of greatest 
conservation concern. There was also a 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. Southern California Mountains and 
Valleys, and the Mojave Desert ecoregions. 
Amphibian Species of Special Concern tended 



to be more evenly distributed across northern 
and southern California ecoregions. 

In 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 
dear: California needs to 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 nee<l nut be expensive and would make 
an enormous difference in our ability to man­
age many Species of Special Concern, hope­
fully precluding the need for future stale 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 groups} has 
helped to fill some of these gaps. particularly 
for federally listed species, and such rollabora­
tions for Species of Special Concern are the key 
to developing management plans into the 
future. We also found that in many cases popu• 
lation gimetic approaches can help to fill critical 
gaps in our knowledge regarding species and 
subspecies boundaries, effective population 
sizes, corridors of likely habitat use, migration 
frequencies and pathways. and levels ofhybridi­
zation with native and introduced species. 
These genetk measures should complement, 
rather than replace field studies, and they offer 
the opportunity to conduct relatively fast 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 thi:- complex geology and changing envi­
ronmental conditions in the state have led to 
the evolution of an amazing array of endemic 
taxa. many of which are extreme habitat spe• 
cialists. To our knowledge, 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 be next 
The identification of Species of Special Con• 
cem and the compilation of information, 
research needs. and management recommen• 
dations represents an important step to help 
California land managers prevent further 
declines, stabilize key populations, and poten• 
tially initiate 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 Florlstic 
Province is the only globally recognized biodi­
versity hot spot in NoTth America north of 
Mexico. and one of three recosnizcd in the 
north•temperate region (Myers et al. 2000}. 

With a 2010 population of more than 37 million 
people, California accounts 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), .ind has one oft he high• 
est average: land values in the natic,n (Davis and 
Heathcote 2007). Conserving biodiversity in 
California is therefore both enormously impor• 
tant and extremely difficult from an economic 
and political standpoint and requires strong 
scientific guidance and the collective will of 
multiple stakeholder groups. 

Formal species protection in California is 
accomplished via the California Endangered 
Species Act and/or the Federal Endangered 
Species Act. The California Department of 
Fish and Wildlife (CDFW) is responsible for 
implementing the latter. As of January 2014. 

over 150 animals in our state were listed as 
threatened or endangered under either one 
or both acts. 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 (1} focus attention on animals at con­
servation risk by the CDFW, other state, local. 
and federal governmental entities, regulators. 
land managers, planners, consulting biologists, 
and others; (2} stimulate 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 
status but are widely viewed as one of the 
important front lines in species conservation 
pl3nning and management. Regardless of the 
stakeholder group involved, whether members 
of the conservation. agricultural, or urban 
development communities, ii 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 
is used to promote conservation in various ways 
by the CDFW, land managers, and others to 
promote conservation. For example. Species of 
Special Concern are considered "Species of 
Greatest Conservation Need" in California's 
Wildlife Action Plan (Bunn et al. 2007, http:// 
www.wildlifo.ca.gov/SWAP). State Wildlife 
Action Plans outline the steps needed to con­
serve these taxa before they become rarer and 
more costly to protect 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 Quality Act (California Public 
Resources Code Sections 21000-2n77). 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 Special Concern may 
meet the definitions of endangered. rare, and/ 
or threatened 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 taxon's range affected 
by the project. and effects on habitat. Environ­
mental impact reports that analyze and evalu­
ate the potential impacts on Species of Special 
Concern caused by the proposed project must 
be prepared before planned projects can move 
forward. Large-scale planning efforts, such as 
Habitat Conservation Plans and Natural Com­
munity Conservation Plans, also may include 
conse;vation measures for non-listed. at-risk 
species including Species of Special Concern. 
In addition. Species of Special Concern are 
tracked by the California Natural Diversity 
Database (http://www.dfg.ca.gov/biogeodata 
/cnddb), an important source of information 
on species distribution. Federal land manage­
ment agencies like the Bureau of Land Manage• 
ment and US Forest Service often add Species 
of Special Concern to their sensitive species 
lists to focus attention on these taxa. In all, the 
Species of Special Concern designation results 
in a greater depth of knowledge about species 
as well as proactive conservation 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 document 
for amphibians and reptiles {lennings and 
Hayes x994a). The first Species of Special Con• 
cern document compiled was for birds (Rem­
sen 1978). Over the following three decades. 
documents have been published or updated for 
birds (Shuford and Gardali 2008), mammals 
(Williams 1986; Bolster 1998), and fishes 
(Moyle et al. 1989. Moyle et al. 1995). As these 
documents have matured and heen revised, so 
too have the methods by which Species of Spe• 
cial Concern have been identified from the 
potential pool of candidate taxa. With. the excep• 
tion of the 2008 hird publication, previous 
iterations of these assessments were largely 
based on expert opinion. A list of native Califor­
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 assessment 
process changed profoundly with the 2.008 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
ah (2.008} and current CDFW standards 
(http://www.dfg.ca.gov/wildlife/nongame/ssc 
/index.html). we created a set of eight metrics 
that capture the extent to which an amphibian 
or reptile species is at risk of extinction in Cali• 
fomia. We used this system to increase trans­
parency, facilitate clear feedback from a broad 
group of individuals on our scoring, and 
enhance the ability of the CDFW and other 
agencies to replicate this process in the future. 
We then ranked all species by their summed 
metric scores. presented that ranking to a wide­
ranging group of experts, and determined 
inclusion or exclusion from the special concern 
list. This approach provided a dear connection 
between data and ranking, and an explicit 
description of the most important factors con­
tributing to ongoing declines. It also provided a 
strong connection between the evaluation proc­
ess for different taxonomic groups and there• 
fore greater uniformity in the methodology 
used among all CDFW Species ofS~cial Con• 
cern publications. 

The current volume is divided into two sec• 
tions. ln 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 contributors in producing the 
set of Species of Special Concern taxa. Follow­
ing this is an overview of the results of our 
review and several quantitative descriptions 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. Throughout, we emphasize imme­
diate research needs, both for particular spe­
cies and for broader assemblages and land­
scapes within the stale. Part lI consists of a 
series of species 3ccounts that provide a synop• 
sis of information for each Species of Special 
Concern. Each account also includes a map 
documenting localities where the species has 
been collected or observed along with a depic• 
tion of its current range. 

Throughout this document, we have used 
the peer-reviewed literature as our primary 
source of information and have included 
unpublished reports, web sites, and data from 
the field notes of professional and avocational 
herpetologists to fill in gaps in the primary lit• 
erature. We rely primarily on the peer-reviewed 
literature be<:ause it has been evaluated by inde­
pendent experts and deemed admissible into 
the scientific literature. However. we also recog­
nize that the published literature for many spe• 
cies is sparse, and in those cases we also evalu­
ated and included a large amount of unpublu.hed 
information. Finally, we particularly empha­
sized the more recent, post-1990 literature, 
given the extensive review by Jennings and 
Hayes (r994a) 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 
(Thomson, Wright, and Shaffer). We then 
assembled a Technical Advisory Committee 
comprising members with broad geographical 
and taxonomic expertise in California's 
amphibian and reptile fauna. This group devel­
oped the set 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 segments of the herpe­
tology community, including academics, land 



and resource managers, avocational herpetolo­
gists, and the interested public for further 
information, feedback, and review at various 
points in the process. Our 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 broad knowledge offield herpe­
tology represented by the authors and the Tech­
nical Advisory Committee, we used this list to 
develop a set of Special Concern nominees. 
Our goal was to include in this nominee list all 
ta,ca 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 i1tterviewing 
experts, and used these data to produce a set of 
preliminary scores for each of the nominees 
using the risk metrics. These scores were 
reviewed and refined by th.e Technical Advisory 
Commitlee and tl1en furlher reviewed and 
refined based on input from the herpetological 
community at large. The authors and Technical 
Advisory Committee used th•:: metric scores, as 
explained later in this document. to construct a 
set ,,f 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 from the California 
Natural Diversity Database and Biogeographic 
Obse1vatlon and Information System to pro­
duce distribution maps for each nominee spe­
cies. The Technical Advisory Committee. the 
CDFW, and other experts reviewed these range 
maps, resulting in the maps in this document. 

Species List. Taxonomy. and Unit:. of 
Conservation 

We developed our 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 
data informing proposed revisions. Little con• 
sensus exists on taxonomy for certain groups 
(e.g .. California mountain kingsnake, Lampro­
peltis zonata), and we tried to strike a balance 
between incorporating the most current, relia­
ble information while also maintaining taxo• 
nomic stability in the face of current uncer­
tainty. For example. Frost et al. (zoo6a} 
proposed a large number of taxonomic changes 
for California amphibians, often shifting spe• 
cics into new generic name combinations (e.g .. 
the western toad, Bufo boreas, changes to Anax­
yrus boreas under this scheme). These changes 
have been vigorously debated {Crother et al. 
2009. Frost et al. 2009a. 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 maintained within species. This also allowed 
\IS to limit the extent to which taxonomic con­
troversy might negatively impact important 
conservation efforts. For example, ifwe were to 
consider only species (or formally described 
subspecies}. we would fail to consider currently 
unnamed populations in need i>f conservation 
action. The southern populations of the com• 
mon garter snake (Thamnophis sirte1lis) are an 
example of such a population, as are the south• 
em 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 first stage in the process was to develop a 
list of nominee 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 (i.e .. 
Endangered 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 ei<perience a higher level of pro• 
tection than Species of Special Concern, we 
still considerc<l them in the evaluation process 
because federal status could potentially be the 
result of conservation needs from parts of the 
species' range outside 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 additiottal nominee taxa that 
members of the Technical Advisory Committee 
identified as potentially at risk based on their 
experience with that taxon in the field. If at 
least one member of the committee suspected 
that a taxon might qualify as a Species of Spe­
cial Concern. we included it for evaluation. 
Additional tax.a were added through 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 tar.a with the 
risk metrics and used the resulting scores as 
our primary basis for Species of Special Con• 
ccrn determination (see below). 

Definition of Species of Special Concern 

We define a Species of Special Concern as any 
native spe<:ies, 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): 

• Is extirpated from the state within the recent 
past; 

• Is 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 and/or 
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 Endangered status. 

We developed a set of risk metrics to address 
the latter two criteria. Taxa scoring high on 
these risk metrics were thl'n judged to be prime 
candidates for inclusion on the list. Taxa meet• 
ing the first two criteria were included auto• 
matically. All taxa were scored for the risk met• 
rics and induded in our quantitative analyses. 

Risk Metrics 

Working with the Technical Advisory Commit• 
tee and using CDFW criteria (http://www.dfg. 
ca.gov/wildlife/nongame/ssc/index 
.html), 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 nea;ssar• 
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 cle­
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 a 
dear definition of how we quantified tlte eco­
logical specialization of each taxon and how it 
relates to conservation risk. Cf, at a later time, 
additional data become available or other work· 
ers disagree with our interpretation of the exist• 
ing data. there now exists a clear way in which 
this 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 a maximum of .2.s 

(higlt risk). reflecting the relative importance of 
the risk quantified by that metric. We weighted 
metrics that measu1e documented conservation 
concerns, sucli as declines in abundance, more 
highly than other metrics that focused on poten­
ticit 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 conservation concerns usually require 
more immediate management action and are 
likely more serious threats to survival than 
potential conservation 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 
more than, for example, a naturally small range 
size. The eight risk metrics are as follows. 

,. Range Size 

The range size metric estimates the percentage 
of California that each taxon occupies. Though 
th is measure could be treated as continuous. we 
have approximated 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 risk than a taxon that occupies 
42%. Both of these hypothetical taxa occupy 
moderate portions of the state and probably 
experience similar risk arising from the size of 
their range. Second, there is inherent uncer-

tainty in 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 ~m11U, which includes those taxa that are 
at immediate risk from relatively small scale dis­
turbances; medium, which includes taxa that 
occupy a portion of the state that is big enough 
so that a single large catastrophic event would 
be unlikely to aITect lhe 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 
threat. 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 to estimate the actual size of the 
species range. In the few cases where the known 
range is strictly limited by habitat specialization 
or limitatiott {e.g., desert populations of the 
regal ring-necked snake, Diadophis p1,nctat11s 

regalis, or the Gila monster, Heloderma sus~•ec­
tum} and the ta~:on almost certainly does not 
occur between isolated habitat patches. we 
treated the known populalions as individual 
polygons in scoring this metric. 

(1} RANGE SIZE SCORE 

(% OF CALIFORNIA OCCUPIED) 

Small (<10%} JO 

Medium (10-50%) 5 
Large (>50%) 0 

11. Distribution Trend 

The distribution trend metric aims to quantify 
documenled 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 
dassified the extent of range reduction into dis• 
crete categories fur similar reasons as range size. 
We then added an additional 5 points if the docu­
mented reduction in range appears to have been 
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ongoing since the last Species of Special Concern 
document was published {Jennings and Hayes 
19941) and has not yet stabili:zed 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 documented reduction or a less 
severe 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 lield surveys of habitat 
through time, and we used them whenever they 
were available. However, datasets of I his type are, 
at present, uncommonly available for amphibian 
and reptiles of California. 

(ll} DISTRIBUTION TREND SCORE 

Severely {>80%) reduced 20 
Greatly (>40-80%) reduced 15 

Moderately (>2,0-40%) reduced 10 

Slightly (<20%) reduced or suspected 
of having been reduced but trend 
unknown S 

Stable (-0% reduced) or increasing o 
Add 5 additional points if negative trend is 
ongoing for a total of 25 points possible for this 
metric. 

111. Population Concentration/Migration 

This metric focuses on whether features of the 
life history of individual taxa, such as migra­
tion e11ents or aggregations, make them natu• 
rally vulnerable to decline or extirpation. For 
instance, taxa that migrate to brcc.-d in ponds 
are exposed to additional risk during the migra­
tion itself (e.g., road crossings) as well as 
increased risk while concentrated in the breed­
ing habitat. This latte1 risk coi1ld come about if 
a catastrophic e11ent occurs during the breeding 
concentratiott {e.g., if a toxic spill or group of 
predators killed the breeding animals} or 
because the act\1al breeding site is destroyed 
(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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(Ill) POPULATION 

CONCENTRATION/MIGRATION 

Vulnerable life stages present 
No vulnerable life stages 

rv. Endemism 

SCOII.E 

0 

The endemism metric captures the percentage 
of a species' entire range that occurs in Califor­
nia. Endemism determines the extent to which 
conservation actions in California 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 completely, contained 
within California's borders are in need of 
greater conservation consideration from our 
state than taxa whose range only e,ctends 
peripherally into California. We recognize that 
this presumes appropriate conservation meas• 
ures are also being implemented in other areas 
of North America (including Mexico and 
Ca11ada). We again made this measure discrete 
in recognition of the inherent uncertainty in 
our knowledge of range limits. 

(JV) ENDEMISM 

{% OF ENTIR.F. RANGF. IN CALIFORNIA.) 

100% (endemic) 

>66-99% 
33-66% 
<33% 

v. Ecologico/ Tolerance 

SCORE 

IO 

7 

3 
0 

This metric measures ecological specialization. 
Species that are narrow specialists on specific 
ecological resources (such as habitat, prey, tent• 
peralure regimes} are inherently more sensitive 
to ecological disturbance than species that can 
tolerate a wider range of ecological conditions. 
In addition to the degree of specialization, we 
also considered the extent to whi<:h the resource 
that each taxon specializes on is common or 
rare. For instance, several saxicolous (rock lov­
ing) lizard species ( e.g., the leat:toed gecko, 
Phyllodactyl11s nocticolu$) use rocky habitats that 



occur throughout extensive areas of the spe• 
cies· total range. We scored cases like this as 
specialists on a common resource. Conversely. 
vernal pool breeding amphibiatts (e.g., Couch's 
spadefoot, Scaphiopi~s co11cl1ii) require tempo­
rary aquatic pools that are rare throughout their 
range for successful breeding. We scored these 
taxa as specialists on a rare resource. We 
adjusted the rareness of the resource with 
respect to its availability within th<: species' 
range, rather than its availability within the 
state. 

{v) ECOLOGICAL TOLERANCE 

Narrow ecological specialist on a 
rare resource 

Narrow ecological specialist on a 
common resource 

Moderate ecological specialist 
Broad ecological tolerance 

v,. Popu(aiio,i Trend 

SCORE 

IO 

7 
3 
0 

The population trend metric captures changes 
in abundance at localized, population-level 
sites. This is distinct from the distribution 
trend, which measures extirpation oflocalilies: 
population trend captures declining abun• 
dances at localities that are not extirpated. In 
many cases. distributional declines as meas• 
ured by distribution trend will be associated 
wi1h earlier declines as measured by popula­
tion trend. This raises the potenti:-,1 of scoring 
taxa twice for the same decline. To avoid this. 
we scored population dedines that have led to 
extirpation under the di!:tribution trend metric. 
We gave those same taxa high scores for the 
population trend metric only if additional pop­
ulation declines have been documented at cur· 
rently extant sites. We scored population trend 
in the same way as distribution trend. first swr­
ing the extent of the decline and then adding an 
additional 5 points if evidence suggests that the 
trend is ongoing. As a result. a species might 
attain a particular score through either a docu­
mented reduclion or a less severe reduction 
that is ongoing. 

(v1) POPULATION TRENI> SCORE 

Severe declines (>80% reduced) ao 
Great declines (>40-80% reduced} 15 
Moderate declines {20-40%) ro 
Slight (<20%) or suspected declines 5 
Stable {-0% reduced) or increasing o 
Add 5 additional points if declines are ongoing. 

vr1. Vulnerability lo Climate Change 

The climate change metric measures a taxon's 
sensitivity to the projected effects of climate 
change. We scored this metric using the pro­
jected impacts 011 California landscapes based 
on the California Climate Action Team assess­
ments (Cayan et al. 2.008a), followed by our 
interpretations of how these impacts are likt>ly 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 on car­
bon emissions and the climate model used} over 
the next 100 years, leading to a narrower window 
of time over which the spring snowmdt will 
occur (Maurer and Duffy 2005. Cayan et al. 
2006, Maurer 2007). This is likely to have an 
impact on the snowmelt-dependentaquatic habi• 
tats that many Sierran amphibians use for one or 
more life stages, and may also reduce the time 
period over which moist microhabitats will occur 
in forest ecosystems. Other impacts that we con• 
sidered for this metric included changing hydrol­
ogy (amount and variation of precipitation). tern• 
perature, wildfire frequency and intensity, and 
changes in the extent of habitat and vegetation 
types. Given our imprecise knowledge of both 
future climate change effects and their impacts 
on species, we discretized this impact into four 
broad categories. 

(VH) VUUTEll.ABllCTYTO 

CLIMATE CHANGE 

Highly sensitive 
Moderately sensitive 
Slightly sensitive 
Unlikely to be sensitive 

SCORE 

7 
3 

0 
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v,11. Projected Impacts 

The projected impacts metric estimates the 
effect that future threats may have on each spe• 
ties over the near term (20 years). It does not 
incorporate threats arising from changing di• 
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 threats, such as disease 
outbreaks. Given the potential for these risks to 
be redm:ed by management, plus the inherent 
uncertainty associated with complex projec­
tions, we considered potential threats to be of 
relatively less importance than documented 
threats such as population declines. 

(VIII) l'ROJF.CTF.D IMPACTS SCORf. 

{ OF TH RE ATS OVER THE NEXT 20 YEARS) 

Serious 
Moderate 
Slight 
No substantial impact 

Scoring Nominee Taxa 

10 

7 
3 

0 

We scored all of the nominee taxa 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 tax.on 
and used these summaries to perform a pre• 
liminary scoring assessment. In making these 
assessments, we included the peer-reviewed 
literature, unpublished reports, survey data, 
field notes. and the opinions of knowledgeable 
biologists. In several cases, few data were avail­
able to make assessments for a given metric. In 
these cases, if the data appeared to be strong 
enough to clearly indicate that a threat was 
present, we scored that taxon using the most 
precise estimate that we were able to make. In 
cases where no data were available or the lim­
ited data were ambiguous. we scored ta)(a as 
"data deficient" for that metric. Following these 
preliminary assessments, we circulated all of 
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the scores and taxon summaries to the Techni­
cal Advisory Committee for review and further 
input. In the rare cases of subst,mtial 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 
complete, we created an overall score for each 
taxon by summing its metric scores and divid­
ing by the total score possible for that taxon 
(Total Score/Total Possible). Using the ratio of 
total score to total possible score allowed us to 
no1malizc the scores across varying leveJs of 
data deficiencies. For example, in cases where a 
taxon was scored as data deficient for one or 
more metrics, th~ total possible score was lower 
th.an would be the case if all metrics had been 
scored. This would result in a lower risk 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 60.day public comment period by 

posting all of our initial findings on the 
project's website and sought input widely on 
herpetoJogical and conservation-oriented email 
lists and websites (Appendix 2). We requested 
comments and feedback on the initial set of 
swres, additional data that could inform the 
scoring (particularly for the metrics that had 
been scored as data deficient), and feedback on 
the process to date. When individuals sug• 
gested cha11ges to the metric scores, we asked 
for a short e)(planation of what should be 
changed and why, along with any data and/or 
field notes that were available to support the 
proposed change. At the close of the public. 
comment period, we compiled and evaluated all 
oft hf: information that we received (see Results, 
Public comment}. We evaluated each proposed 
change c,n a case-by-case basis, usually making 
the change if it was reasonable, supported by 

info1mation (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 resolution of any 
conflicting information. 

We also asked that contributors send addi­
tional 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 Natura.I Diversity Database. These 
localities were added to the California Natural 
Diversity Database and to our set of existing 
localities, and they were used in developing 
range maps. 

Ranking and Determination of Species 
of Special Concern Status 

After incorporating the information received 
during the public comment period. we worked 
with the Technical Advisory Committee to 
develop the set 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 Bir<l Species of Special Concern (Shuford 
and Gardali 2.008). Specifically, taxa that had 
intermediate scores but had a combination of 
exceedingly small 1angc size, extreme 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 inclusion as a 
Species of Special Concern, "small populations 
and/or range size and exhibits high susceptibil• 
ity tx:> 1isk from any factor(s), that if re,~lized, 
could lead to declines that would qualify it for 
state Threatened or Endangered status· (Com­
rack et a I. 2008) . 

We further ranked Species of Special Con­
cern into three priority categories based on the 
severity and immediacy of threats affecting 
each taxon. Priority I Species of Special Con-

cern are those taxa that are likely to experience 
severe future de<:li nes and/or extirpation with­
out immediate conservation actions. Priority 2 

Species of Special Concern require substantial 
conservation and management actions, 
although the threats facing them are less imme• 
diate and severe than those in Priority L Finally, 
Priority 3 Species of Special Concern are clearly 
at risk but likely ue not experiencing a substan­
tial and immediate threat of extirpation, 
although 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 nesate the need for more costly 
and serious listings at a later date. Priority J 
taxa are prime candidates for such efforts. 

Watch List and Additional Taxa in Need of 
Research and Monitoring 

Taxa that were previously considered Species of 
Special Concern but are no longer included 
comprise a Watch List (Appendix 3). Appendix 
3 includes an explanation for each taxon's 
change in status and discusses future conserva­
tion concerns regarding Watch List taxa. In 
Appendix 4, we discuss several other tai.a in 
need of research and monitoring that did not 
warrant inclusion as Species of Special Con­
cern. Some of these were taxa that had soores 
indicating a lower, but still substantial, amount 
of risk. Although we decided thal they were at a 
lower priority than the PrioritY3 Species ofSpe· 
cial Concern and therefore $hould not be 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 us lo 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, b1iefly describing the threats fac­
ing each 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 of the taxon's biol­
ogy. We also provided management and 
research recommendations for each taxon. 
These accounts follow a standardized format 
containing each of the following sections. 

Status summary. The status summary is a 
short explanation of each animal's current and 
former status as a California Species of Special 
Concern, including its priority level. In the first 
version of the Amphibian and Reptile Species 
of Special Concern monograph. Jennings and 
Hayes (1994a) categorized each taxon accord­
ing to whether they felt it was a Species ofSpe• 
cial Concern or met the criteria for listing as 
Threatened or Endange1ed under the Califor• 
nia Endangered Species Act. However, this 
strategy led to some potential confusion 
because the Jennings and Hayes (1994a) 
Threatened and Endangered categories did not 
correspond to actual state listing categories, 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 in the ranking 
of Specie$ of Special Concern. This section also 
contains the overall metric score. 

Identification. The identification section 
summarizes and ei<plains the diagnostic char• 
acters for each animal. providing a guide for 
identifying it in the field. This section also 
explains how to differentiate each taxon from 
similar species with which it may be confused. 
Several taxa within the state are members of 
morphologically similar species complexes that 
have been identified primarily based on molec­
ular data. In some of these cases. accurate iden­
tifications using morphological characters 
alone arc difficult or impossible, 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 desc:riptions of 
morphology that are beyond the scope of this 
document. 

Taxonomic re/a~ionships. In addition to iden­
tification information, we provide a summary 
of the taxonomic status of each animal. This 
section contains information on current contro­
versies over scientific names, at either the spe• 
cies or higher taxonomic levels. It also summa­
rizes our current understanding of phylogenetic 
relationships, intraspecific variation, and spe• 
cies boundaries among closely related taxa. 

Life liistory. This se<:tion summarizes the 
current state of knowledge for each taxon's life 
history, which broadly includes ecology, natural 
history. and breeding biology. As an exhaustive 
review of life history information would be enor• 
mous for some taxa, we focused on information 
that is most relevant to current and future man­
agement actions and to the risk metrics. Specifi­
cally, we concentrated on information that 
relates to timing and duration of reproductive 
activity, daily and seasonal activity, and dietary 
information. Because management efforts for 
many taxa could be greatly enhanced by a better 
understanding of lifo history, we att-::mpted to 
point out the areas that require further study 
rather than speculating about the details oflifo 
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. 

Habitat requfreme,;ts. This section focused 
on the current state of knowledge concerning 
habitat use, preferences, and requirements. We 
attempted to distinguish between habitat prefer• 
ences. the habitats in which the taxon is most 
frequently found, and habitat requirements. 
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. 
\Ve 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 additional field­
work, we point out areas where the distribution 
is poorly known or there is a high probability of 
significant new localities being dis<:0vered. 

Trends in abundat1ce. This section reviews 
information relating to changes in abundance 
throughout each !axon'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 repliles, and much of the his­
torical information comes from nonquantita­
tivc sources, including field reports and per­
sonal communications from experienced field 
biologists. 

Nature and degree of threQt. 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 uncerlainty and 
conAicting data in the literature associate:d 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 information on different sources of threat 
to the metric scores and Species of Special Con­
cern priority categories. We explained the 
rationale for our determination and the serious­
ness of the different major threats facing each 
taxon. 

Management recommendations. This section 
makes recommendations aimed at achieving 
sound, biologically based management and sla• 
tus improvement for each Species of Special 
Concern. Wherever possible, we made these 
recommenda1ions both taxon-specific and 
action-oriented to allow conservation resources 
to be put directly into management efforts, 
rather than into further development of man­
agement strategies. We did, however, recom-

mend further research and strategy develop­
ment as a prerequisite to effective management 
for taxa that lacked necessary data. 

M cmit<.iriiig, researc/1, and mrvey 11eeds. Th is 
section outlines the additional information nec­
essary to achieve effective management and 
status improvement. In general, information 
needed to inform management actions falls 
into the general areas of monitoring, research, 
or 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, slate agency databases 
(e.g., California Natural Diversity Database}, 
and other online databases (e.g., North Ameri­
can Field Herping Association) (Table c}. 
Data from the CDFW's California Natural 
Diversity Database and the Biogeographic 
Information and Observation System were 
assessed up through April 2ou. Museum 
locality data from HerpNel ind the Global Bio­
diversity Information Facility were assessed 
through February 2or2. Our goal was tu 
develop a set of annotaled and geo-referenced 
localities that accurately describe each taxon·s 
range. Records that appeared to be possibly 
erroneous (i.e., those that occurred in unex­
pected areas) 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 from online databases and the 
public by requesting. minimally, photo vouch­
ers or detailed field notes to substantiate the 
record. The California Natural 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 localities that we gathered to the Cali• 
fornia Natural Diversity Database to make 
them available for future worker~. fn 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 
lisi of m11reum .:ofle~li<m1 and other data so .. rcts 1ha1 were querieiJ for lccali1y tecords 

Museum Collections 

American Museum ofMatural History 

Arizona State University 

Brigham Young University 

California Academy of Sciences 

California Academy of Sciences, Stanford 
University Collection 

California State University, Chico 

Carnegie Museum of Natural History 

Cincinnati Museum Center 

Cornell University Museum of Vertebrates 

Humboldt State University 

Los Angeles County Museum 

Mus,:-um of Comparative Zoology, Harvard 
University 

Museum of Vertebrate Zoology, University of 
California, Berkeley 

National Museum of Natural History 

Royal Ontario Museum 

Sm Diego Natural History Museum 

Santa Barbara Museum of Natural History 

Slater Museum of Natural History 

Sternberg Museum of Natural History 

University of Alberta Museum ofZoology 

University of Arizona 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 ofZoology 

University of Nevada Reno 

University ofTexas .ii El Paso 

Yale Peabody Museum 

Zoological Institute of the Russian Academy 
of Sciences 
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Other Sources 

Cal Photos 

California Biogcographic Information and 
Observation System 

California Natural Diversity Database 

Field Notes 

Literature Records 

Mendocino Redwood Company 

North American Field Her ping Association 

Our Own Surveys 

Public Input/ Personal Communications 

US Forest Service 

US Geological Survey 

excluded from the database. The complete 
geospatial dataset and associated metadata 
from this project are accessioned in the CDFW's 
Biogeographic In formation and Observation 

System (BIOSds644/. 
After removi11g erroneous and questionable 

records from the data, we develop«! point Local­
ity maps with our CDFW Geographic lnforma• 
tion System specialist by projecting all locaJi. 
ties for each taxon to the California {Teale) 
Albers prnjection (figure 1). We used the Cali• 
fornia Wildlife Habitat Relationships (http:// 
www.dfg.ca.gov/biogeodata/cwhr) mapping 
protocol to develop rat1ge maps for caclt taxon 
using these localities. California Wildlife Habi­
tat Relationships is a comprehensive informa.• 
tion system for the state's terrestrial vertebrates 
that seeks to integrate data on species life his­
tory, habitat needs, and ranges. 

To develop species range estimates, we 

selected the full set of US Department of Agri• 
culture ecoregion subsections th.at 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, 
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FIGURE 1 Development of r.lnge maps for each species. We began by plotting localities 
on a base 1nap in a geographic informalion syste1n (A}. We thffl selected the imers~ction 
of t~e localiti~ with an objective geographic object such .lS US ~partment cf 
Agriculture !USDA.) Ecoregion subsectioll boundaries. elevalional houudaries, or 
watershed boundaries (in this example, warershed boundaries were used). The particular 
geogr.aphk object that we used varied according to the biology of the taxon 1e.g., 
watershed boundaries for stream-dwelling amphibians. ele•ation for high•devation taxa} 
(B). We then interpolated between the geographic objects that had known localitil!s using 
eKpert opinion to develop an appto~inute range boundary (C). The approximate range 
boundary and known localities were then drawn togelher to produce a map for this 
document (D). 

we restricted range boundaries based on ecore­
gion subsection, watersheds, and other data lay­
ers to a more biologically realistic species range. 
In accordance with the California Wildlife Hab• 
itat Relationships guidelines, our goal was to 
define the current maximum geographic extent 
of the species within the state, where maxi­
mum geographi<: extent is defined as the area 
within the range boundary where the species 
can potentially be expected to occur given suit• 
able habitat conditions. We delineated the range 
boundaries to minimize errors of omission, 

even to the extent of allowing some commis­
sion error. For certain spe<ies, significant frac­
tions of the range are potentially extirpated (see 
the species accounts for additional detail). No 
range shading is included for the species that 
are presumed extirpated in California (see indi­
vidual species accounts). 

In most cases, we defined the edges of spe­
cies ranges by selecting meaningful landscape 
characteristics to set a boundary, such as eleva­
tion. rivers. or watershed boundaries. Our goal 
was to identify specific places on the landscape 
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where future surveys could be conducted to fur­
ther characterize the species' range. Range 
maps that lack specific and obj.::ctlve bounda­
ries pTOvide only generalized starting points for 
such surveys. In total, our range maps present 
comprehensive estimates based on currently 
available species locality data and represent our 
best effort to use these data to approximat'I:' a 
species range, fully recognizing that such 
ranges are hypotheses to be tested rather than 
fixed entities. 

Review ?.-ocess 

All phases of this project were reviewed by the 
three authors, the Technical Advisory Commit• 
tee, and the CDFW. Most parts of the project 
were also subject to a wider review from mem­
bers of the herpetological conservation commu­
nity. For each taxon, we asked al least two 
experts to review the species account. including 
the maps and any appendix information. 
Finally, the Technical Advisory Committee, the 
CDFW, biologists from state and foderal land 
management agencies, and other interested 
parties reviewed the finished manuscript as a 

whole. 

RESULTS 

Status Lists 

We identified 217 native species, subspecies, and 
distinct population segments that are, or are sus­
pected to be. present in California (Appendix 1). 
Seventy-three of these taxa were cottsidered 
nominee Species of Special Concern and under­
went evaluations using the risk metrics. Four 
additional taxa were initially considered for evc1l­
uation but were subsequently state listed and 
removed from further consideration (see Watch 
List). Of the 73 candidates. we determined that 
28 did not merit special status at this time and 
45 met our criteria for Species of Special Con­
ctm 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 toad, Bufo 
rnlifornicus; the California red-Legged frog, Rana 
draykmii; and the Yosemite toad. B. ca11orus). We 
conducted the scoring separately for the two sub• 
species of the western pond turtle (fmy.s mar­
morala rnarmorataand E. m. pallida) because the 
severity of threats facing one population 
appeared to be larger than those facing the other. 
However, both populations merited inclusion as 
Species of Special COl\cern, resulting in a single 
spe<:ies account where threats to each population 
are discussed separately. 

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 
in 16 t,1xa categorized as Priority r, 14 as Prior­
ity 2, and 12 as Priority 3. Three additional spe• 
cies dearly qualify as Species of Special Con­
cern, although the scarcity of field records 
precludes their accurate prioritization at this 
time: the regal ring-necked snake {Diadophis 
punclalus regalis}. Cope's leopard lizard {Gambe­
lia copeii), and the Gila monster (Helodtrma 
suspectum). In these three cases, we have not 
assigned a priority score pending additional 
fieldwork. 

Performance of Metrics 

Spearman's rank correlations among the eight 
risk metrics indicated that approximately two• 
thirds {18/28) of the possible pairwise correla­
tions among metrics were significant (Table 3}. 
Some metrics were not highly correlated with 
other metrics (e.g., endemism was not corre­
lated with any other metcics}, while other 
metrics were correlated with four or five other 
metrics (e.g .. distribution trend. population 
concentration/migration, and population 
trend). Some pairs of correlations indicated 
that there was consi<leral>le overlap in the scores 
received across taxa. The strongest correlation 
among metric scores was between distribution 
trend and population trend (p ; o.66. 
p < 0.001). indicating that animals that have 
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TABLE 2 
tisl ofC<1lif<1mia amphibian and rt:plile S.puies ofSpe&iaf Concern and priorily designaii,ms 

Three species qualify as Species of Sped31 Concern. although the scar(1ty of data precludes their ac(IJrate 
prioritization at this time (see text for further d1scu~sion) 

Scientific Name 

Amhystoma macroda,iylu.m sigillatum 

Aneides jlavipuncuitus 11iger 

Amiit:lla pulclira 

i\rizona elegans occiden1,dis 

Ascaplius lruei 

Aspidoscelis tigris s1ej11egeri 

Batrachoseps cim1pi 

Batraclioseps miMr 

Batrachoseps reliclus 

Bufo alvarius 

Bufo californicus 

Dufo ca11orus 

Coleonyx variegalus abbotii 

Crorah,s ru&er 

Diadophis punctallis regalis 

Di,amptodon e11sah1s 

Elguria panaminlina 

Emys mam1orata marrnorara 

T:mys mannorata pa/Iida 

Gmnbelia copeii 

Heloduma susptclum 

Kinoster11on sonoriense 

M11sticopl1is flagellum rudd,,d:i 

Mt1sticophi.s f uliginosu.s 

Phry11osoma hlainvillii 

Pl1ry11osoma meal/ii 

Ranaaurom 

Rana boylii 

Rana ,,ascadae 
Ri1na dra}•tonii 

Rana pipiens 

Rana prelios11 

Rana yavapaitn.sis 

Rkyac,>1riton v11ritgatus 

Salvadorn hexalepis virgl(lt,a 

Scaphi-Opus couchii 

Spcei hammondii 

TMicha rivularis 

Common Name 

Southern long-toed salamander 

Santa Cruz black salamander 

California legless I izard 

California glossy snake 

Coastal tailed frog 

Coastal whiptail 

Inyo Mountains salamander 

Lesser slender salamander 

Relktual slender salamander 

Sonoran Desert toad 

Arroyo toad 

Yosemite toad 

S3n Diego banded gecko 

Red diamond rattlesnake 

Regal ring-necked snake 

California giant salamander 

Pana.mint alligator lizard 

Northern western pond turtle 

Southern western pond turtle 

Cope's leopard lizard 

Gila monster 

Sonora mud turtle 

San foaquin coachwhip 

Baja California ooachwhip 

Coast horned lizard 

Flat-tailed horned li:!.ard 

Northern red-legged frog 

Foothill yellow-legged frog 

Cascades frog 

California red-legged frog 

Northern leopard frog 

Oregon spotted frog 

Lowland leopard frog 

Southern torrent salamander 

Coast patch-nosed snake 

Couch's spadefoot 

Western spadefoot 

Red-bellied newt 

Priority 

2 

3 

2 

l 

2 

2 

3 

1 

1 

1 

3 

3 

Undefined 

3 

3 

3 

Undefined 

Undefined 
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2 

2 

2 

2 

1 

l 

1 

2 

3 

1 
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Taru:ha torosa, Southern populations 

Thanmophi.s hammon.dii 

Thamn()pliis sirtalis, Southern populations 

Umanolata 

Uma scoparia 

Xanmsia gr11cilis 

Xan.lusia vigil is sierrat 

Thllmnophis 0tdinot 
Pet,osau,us mew. 

S«lo,x,ru6 g1a<;ic,:;vs vande,,but9ian 
Pltuophis c.stanJl!)r pu 

Urosa,w-u$ m91au 
Thamnophirs ma,c11n 
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Phyllodsczyws nocti 
PJothodon du 

Chio~ OCcif?itt!l/.s t 

H 

P/esliodon 
f"nsalit>s 

Lamp,op,:t • 

En.,.li 

Coast range newt 

Two-striped garter snake 

Common garter snake 

Colorado Desert fringe-toed lizard 

Mojave fringe-toed lizard 

Sandstone night lizard 

Sierra night lizard 
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3 
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D No status 
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SpeahBl'nmoMii 
BJJtlachOJ!P.• 'l'"''l' 

Th1J1T1nop1>1~ sllfalia 
Rena pipiOf1;$ 
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Rans p,euosa 
Ratta boy/Ii 

Bufo cano,us 
Bufo califomicu$ 
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FIGURE l Total Score(fotal Possible focn ta~a evaluated for Species ofSpe<:i~I Conr.ern status. 
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FIGURE 4 Numberofta>ea in ca.ch statusu.tegory 

among tb.e 73 nominet taxa by tamnomic group. Sp~ies 
of Special Concern (SSC) are represe11ted by filled bars. 
Open bars are nominee taxa that did not receive SSC 
status. 

been extirpated from 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/ 
migration) and be more at risk from future 
threats (correlation between distrib\1tion trend 
and projected impacts). Those with vulnerable 
life stages also tended to be declining in 
abundance (correlation between population 
co11centration/migration and population 
trend) and were more vulnerable to climate 
change (correlation between population con­
centration/migration and vulneral>ility to di­
mate change). 

All but two metrics (range size and ende­
mism) were significantly positively correlated 
with Total Score/Total Possible (fable 3). Distri· 
bution trend and population trend were a priori 
given the greatest weight (each had a maxi­
mum score of 25 vs. a maximum score of 10 for 
all olher metrics). and they were also the most 
highly correlated with Total Score/Total t>ossi­
ble (p = 0.77 and 0.87, respectively). Projected 

22 OV~RVU'.W 

impacts. population concentration/migration, 
and vulnerability to climate change also stood 
out as contributing to risk, ;ilthough the rela• 
tionsh.ips 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 total va1iation. Dis­
tribution trend, population trend, and projected 
impact of threats loaded most strongly on the 
first principal component axis. and Species of 
Special Concern taxa tended to have positive 
values for this axis ! &0% of Species of Special 
Concern taxa positive; figures 5 and 6). Ecologi• 
cal tolerance and range size loaded most 
strongly on the second PC axis. However, there 
is little correlation with special concern status 
along this axis (figure 6). 

Patterns in the Metric Scores 

The Total Score/Total t>ossiblc ratios for the Spe• 
cies of Special Concern tax3 were normally dis­
tributed with a mean of63%, unging from 38% 
to 9}% (Shapiro- Wilk test for normality, W 
0.98, pa 0.58}. Three of the Species of Special 
Concern taxa are also federally listed as endan­
gem.l or threatened, and all of these taxa {Cali­
fornia red-legged frog, Rana draytonii; arroyo 
toad, Biifo californicus; Yosemite toad, B. 
canorus) had a Total Score/Total Possible greater 
than 75%. occurring in roughly the top 20% of 
Species of Special Concern (figure 3). The top 
20% of taxa were amphibians. with the excep­
tion of the western pond turtle (Emys marnwra1a 
pallida) (figure 3). In contrast, the lowest scor­
ing 20% of Species of Special Concern taxa 
were all reptiles with the exception of the Santa 
Cruz black salamander (Amides flavip1mctat1i.s 
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% (r9/73). 
Distribution trend was data deficient for 8% of 
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taxa (6/73}. and only a few taxa lacked data on 
vulnerability to climate change {2./73). projected 
impacts (3/7}), and population concentration/ 
migration (2/73}. Among the Species of Special 
Concern. nine species were data deficient for 
the critically important population trend metric: 
Cope's leopard lizard (Gambelia copeii). c.oast 
patch-nosed snake (S,i/vadom hexalepis vir­
gultea), regal ring-necked snake (Diadophis 
pimctatus regalis), California giant salamander 
(Dicampiodon ensatus). Gila monster (Helo• 

derma suspi:ctum}, Sonora mud turtle { KitlQSter• 

Mn sonorie1ue). lowland leopard frog (R. yava­
paiensis), Sonoran Desert toad (8. ah•arius). and 
l'ed-bellied neWt (Taricha rivularis). Southern 
populations of the common garter snake (I11am­
nophis sirtalis) were data deficient for population 
,:;oncentration/migration. and the Oregon spot• 
ted frog (R. pretiosa) was data deficient for vul­
nerability tu climate change. The Gila monster 
(H. suspe.ciiim) was data deficient for three met­
rics (distribution trend, population trend, and 
projected impacts). and the reg.11 ring-necked 
snake was data deficient for the same three met­
rics plus population concentration/migration. 

Certain geognphic areas of the state 
emerged as experiencing a high degree of con­
servation risk. measured by the number ofSpe• 
cies of Special Concern contained within them. 
At least two important geographic trends 
emerged from our analysis (figure 8). First, 
California ecoregions north of San Francisco 
Bay tended to have far fewer at-risk taxa than 
those from southern California (figure 8). In 
particular, the Southern California Coast, 
Southern California Mountains and Valleys, 
and the Mojave Desert ecoregions all contained 
a large number of Species of Special Concern 
{figures z and 8). Second, the geographic pat­
tern of risk varied between ampliibians and 
reptiles. Overall, reptiles expe1ienced 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. f.. m. marmorala). How­
ever, amphibian Species of Special Concern 

taxa were more evenly distributed among ecore• 
gions across the state, with a slight peak jn the 
mountains 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 species; figure 8). 

To assess possible correlations betwee11 lt.ibi· 
tat type and conservat_ion risk, we scored all 73 
nominee taxa as predominantly terrestrial or 
aquatic, based largely on where reproduction 
takes place. Our 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
ered to be terrestrial. Under these criteria. all 
frogs and toads were scored as aquatic, as well as 
the sal3mander gcttera Amhy$toma, Dicampto­
don. Rhyacotriloii, and Taricha. Terrestrial sala• 
mander genera were all from the family Pletho• 
dontidae. and included Aneides, Bairachoseps. 
Ensalina, H}'dromanlcs, and Pkthodon. All liz­
ards and snakes, including the semiaquatic gar­
ter snakes (Tl1an1-11ophis} were considered terres­
trial, since all either lay terrestrial shelled eggs or 
are live-bearing, and all spend the majority of 
their time on land. All of the turtles were consid­
e1ed to be aquatic since they :;pend 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 Score/ 
Total Possible {One•way Anova. p < 0.0001: fig· 
ure 9}. The same pattern was true for aquatic 
versus terrestrial salamanders {figure 9). 

Public Comment 

The formal public comment period lasted for 60 

days over the summer of 2009. although we con­
tinued to solicit and incorporate feedback after 
this petiod dosed. During the public comment 
phase of the project, the website was visited 886 
times by visitors from 17 countries. The majority 
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of visitors (575) were from California. followed by 
visitors from neighboring states (Washington: 
32; Oregon: 28; Arizona: 26}. We received feed­
back from a wide variety of conservation profes• 
sionals, academics, and enthusiasts. Because 
much of this feedback came from informal con­
versations on the telephone or at workshops, 
meelings, and conferences, we cannot precisely 
quantify the number of data contributors to this 
project. However, we received substantial contri­
butions in the form of unpublished data, 
reprinls, field notes, and/or localities during the 
public comment period from approximately 45 
individuals {see Acknowledgments). 

DISCUSSION 

Risk Metrics 

Overall, the metrics performed well, success­
fully identifying taxa that herpetologists gener-

ally consider to be at risk across the state, such 
as ranid frogs. Simihnly, scores for the Species 
of Special Concern that are federally listed sug­
gested that the metrics were performing well. 
Evaluating all taxa within a metric framework 
also facilitated identification of patterns among 
the metri,:; scores that revealed insights into the 
geographic and ecological factors associated 
with declines. As emphasized by Shuford and 
Gardali {2008) for birds, no single set of met• 
rics can capture the intricacies of the natural 
world fully. The strengths of our approach were 
that the eight metrics covered a wide range of 
factors that indicate declines and established a 
repeatable and transparent baseline for the 
evaluation of Species of Special Concern. Dur­
ing the initial public input phase of the project, 
we observed firsthand how a metric-based 
framework facilitated incorporation offeedback 
into conservation decisions, regardless of disa­
greements over the particular metrics used. 
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That is, when disagreements arose, the metrics 
allowed us to discuss conflicting scores for indi­
vidual taxa, focusing discussions on specific 
issues and questions. 

Our metrics covered four basic categories 
thal spanned the diversity of conservation 
issues faced by any species: geography of 
declines, changes in populalion biology over 
time, key ecological attributes associated with 
risk, and estimates of future impacts. Metric 
sco1es within these categories were often cor­
related, capturing real patterns in how declines 
occur. For example. the high correlation 
between distribution trend and population 
trend reflects the fact that populations tend to 
beCQme smaller and smaller as they become 
isolated and fragmented over time. This gen­
eral shrinking of populations for many taxa 
with naturally extensive metapopulations will 
lead to a high score for population trend. How­
ever. as this trend continues over time. those 
isolated, declining populations experience 
much greater demographic stochasticity (Lande 
1988), leading to more frequent extirpations of 
local populations and thus high scores for dis­
tribution I rends. Thus, although these two met• 
rics could be decouple<! in principle, our assess­
ments indicate that they tend to be associated 
in natural i.;ystl'ms, and the metrics reffect this 
association rather than a redundancy in the 
approach. They also highlight the importance 
of measuring population connectivity 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· 
ian taxa that can be cryptic, rare, and for which 
survey data are often lacking. We ranked taxa 
using the ratio of the tota I 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 differentially influenced SCQres 
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depending on data availability. For example, 
population size is difficult to estimate with pre­
cision and generally requires extensive multi­
year field studies. As a result, we could not 
score population trend for eight Species of Spe• 
cial Concern. If such data deficiencies were 
biasing our results. then this would be reflected 
in a different distribution of Priority I, 2, 3 and 
Undefined scores for data-deficient taxa com­
pared to the overall set of Species of Special 
Concern, but this was not the case (X' = 5.4, df 
= 3. p = 0.14). We acknowledge that data defi• 
ciencies in key metrics. such as distribution 
and/or population trend. could allow for taxa to 
achieve high Total Score/Total 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, 
particularly small range size and high ccologi• 
cal specialization, but for which we have no 
data 011 trends in abundance or distribution, 
are prime candidates both for unnoticed 
declines and for further research or monitor­
ing. By scoring them as data deficient and bas­
ing their overall score only on available data, we 
explicitly upweight the importance of those 
metrics for which we do have information, 
appropriately bringing them to the attention of 
biologists and resource manager:;. 

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, Thamnophis 
ordir.oides). If a few strongly correlated risk 
metrics were uniformly high for at-risk taxa, 
this could have produced a sharp break point in 
overall score for Special Concern ta,ca, but this 
was not the case. Instead, the risk metric scores 
formed a smooth continuum from very low to 
extremely high Total Score/Possible Score val­
ues, indicating that a wide variety of combina­
tions of metric scores characterized different 
taxa {figure 3). This smooth continuum in 



scores made it difficult to use metric scores 
alone to decide on special concern status. par• 
ticularly for the lower-ranking taxa. It also 
forced us to focus on the specific bio!ogyoftaxa 
with fower metric scores in evaluating whether 
they should or should not be Species of Special 
Concern. For example, the yellow-blotched 
ensatina ( Ensatina esckscholtzii croceattr) 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 Spc• 
cial Concern {Jennings and Hayes 1994:i). 

However. more recent plannittg efforts have 
emphasized the importance of retaining much 
of the yellow-blotched cnsatina·s habitat as 
unfragmented space (e.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 
1994a). so we placed it on the Watch List. How­
ever. we identified the sandstone night lizard 
{Xantusia gracilis), which has a lower metric 
score, as a Species of Special Concern because 
of its tiny range size and associated potential 
for extinction. 

The same was generally true for assigning 
priority rankings to individual taxa. Once 
igain, 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 difficult. If 
the correlation between ranking and priority 
were pe-rfect (or if we defined priority based 
solely on ranking). then all Priority c {green) 
taxa would he at the bottom of figure 3. Priority 
2. (yellow) would be ne,ct, Priol'ity 3 (peach) 
next, followed by taxa with No Status (white) al 

the top of the figure. This is dose to, but not 
identical with, our priority ranking scheme. 

We could have simply imposed priority-level 
cut-offs using the metric scores themselves 
rather than trying to add information that goes 
beyond a ranking based entirely on metrics. We 
did not do so because we felt that this would 

amount to a statement that all relevant biologi­
cal information for each species was captured 
in the metric data. For example. the red-bellied 
newt (Tarirha rivularis) ranked in the lop 2.0% 

oftaxa but is considered a Priority z Species of 
Special Concern. This decision was made 
be<:ause the ecological and population size data 
for this taxon are limited in scope, such that it 
was not possible to conclude that severe future 
declines and/or extirpation 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 case-by-case basis. 

Taxonomic Patterns in Metric Scores 

Taxonomic patterns among the Species ofSpe• 
cial Concern can be measured as the total 
number of taxa, the fraction of the total number 
of species in the state that are Species of Spedal 
Concern, or as the average numerical metric 
score (Total Score/Total Possible) fo1 different 
taxonomic groups. 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 taxa 
that are known to naturally occur in California 
(Appendix 1), turtles and amphibians are the 
most at-risk taxonomic groups. Among the can­
didate taxa, turtles and frogs had similar aver­
age metric scores (71% and 67%, respectively; 
figure7), 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 
pattern mimics the situation for turtles and tor· 
toises globally; according to the IUCN, turtles 
have the highest fraction of Red List taxa 
among any major group (39% of all species and 
62% oft he currently evaluated species; Rhodin 
etal. 2010). While very few turtle species occur 
in the state, half of California's frogs and toads 
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are induded 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 ;isk at the state level {figure 10). These pat• 
terns are consistent with global concerns about 
amphibian declines in recent decades (Lannoo 
.2005}. No 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 effort 
has focused on this globally imperiled group 
compared to other taxa (Stuart et al. 2.004). 

Ecological Patterns in Metric Scores 

Although taxa can be categorized along a vari­
ety of ecological axes. one deaI distinction is 
between aquatic and terrestrial primary habitat 
requirements. The most striking overall pat• 
tern is the higher Total Score/Total Possible 
scores for aquatic (all frogs and toads, aquatic 
salamanders. turtles) compared to lerrestrial 
(terrestrial salamanders, lizards and snakes) 
taxa. Jennings and Hayes (1994a) suggested 
that taxa having aquatic life stages were more 
extinction prone than terrestrial taxa. and our 
analysis supports this conclusion. However, 
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phylogenetic and ecological patterns are con• 
founded in this analysis because all frogs and 
turtles that we scored are also aquatic and all of 
the lizards and snakes were terrestrial. Thus, it 
is not clear whe1her frogs, toads, and turtles as 
taxonomic groups are at risk or whether obliga­
torily aquatic taxa are at risk. Salamanders pro­
vide some insight into this is:;ue, as bolh 
aquatic and terrestrial taxa occur in California. 
The Total Score/Total Possible metric scores for 
Species of Special Concern in these two groups 
are strikingly different (terr;estrial salamanders 
57%, aquatic salamanders 7r%} and consistent 
with the interpretation that aquatic taxa are, on 
average, at greater risk than terrestrial ones. 
Even within salamanders, however, phylogeny 
is still a confounding variable because all sala­
manders in the family Plethodontidae are ter• 
restrial. whereas all of th.e other California sala­
manders are aquatic. While the overall pattern 
of higher scores for aquatic tax a is clear. it is not 
possible to infer causality from this analysis. 

Concluding Thoughts on Metric Score 
Patterns 

Two general c:onclusiom 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 aqu;itic and terrestrial taxa, par­
ticularly in the relatively arid landscape that 
dominates much of California. Although 
amphibians have been characterized in the past 
as harbingers of habitat deterioration due to 
their permeable skin and sensitivity to environ­
mental chemicals, recent work suggests that 
this may be less of a general conclusion than 
was previously thought (Kerby et al. 2oro). 
However, what is clear is that water is a limiting 
resource over most of California, and climate 
change predictions for the next 50-100 years 
indicate that this limitation will only increase 
in the future. Aquatic habitats in California 
have also been particularly negatively impacted 
by nonnative fish, amphibian, and invertebrate 
innoductions (see discussion below}, and man­
aging :md preventing future introductions is a 
major challenge to conserving aquatic habitats. 
Aquatic invasive pre<lators. combined with 
water modification and overutilization, have led 
taxa that rely on water, be it a mountain stream 
or vernal pool, to more precipitous declines 
than purely terrestrial taxa. 

The foct lhat aquatic taxa are more at risk 
does not, however, indicate that terrestrial taxa 
are uniformly secure, now or in the future. The 
greatest biodiversity hot spot for terrestrial liz­
ards and snakes in the state is in southern Cali­
fornia (Parisi 2003; figure 8). 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. Sah•a­
dora hexalepis virgultta; coastal whiptail. Aspi­
doscelis tigris slejnegeri) are particularly 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. ln addition. 
some of the greatest areas of urban growth in 
California are in the relatively sparsely popu­
lated inland xeric regions, where remote condi· 
lions and lack of easily developed water and 
infrastructure have thus far protected many 
species. As these regions become more heavily 
populated and more fragmented by roads and 
urban centers, we predict a shift in endanger­
ment patterns over the next several decades. 

To help avoid future population declines, list­
ings, and extinctions. amphibian and reptile Spc• 
ci.cs of Special Concern are sometimes consid· 
ered in both urban and large-scale planning 
efforts. Large-scale efforts originate at both the 
state (Natural Community Conservation Plan 
(NCCP)l and federal (Habitat Conservation Plan 
!HCP)) levels and involve cooperation between 
the two jurisdictions and other public and private 
partners. For ex3mple, five amphibian or reptile 
Species of Special Concern are included in the 
heavily populated planning area covered by 
the San Diego Multiple Species Habitat 
Conservation Plan (http://www.wildlife.ca.gov 
/Conserva.tion/Pl.anning/NCCP/Plans/San-Diego• 
MSCP). As of December 2or3, nine approved 
NCCl>s were being implemented, some of which 
include amphibian and reptile taxa, and 16 
NCCPs were in the planning pliase. Of the nine 
plans undergoing implementation, 1.5 million 
acres (o.6 million hectares) have been commit· 
t:ed to resetve la11ds. The total planning area for 
the 25 NCCPs covers over 33 million acres (r3.3 
million ltectares) {http:/ /www.dfg.ca.gov/habcon 
/nee.pl). As of 25 June 2.014, there are 147 
approved Federal HCPs in California (http:// 
eoos.fws.gov/conserv_plans/). HCPs are prima­
rily focused on federally listed species, so any 
benefit to ARSSC ta)(a 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 ofTransporla­
tion. The efforl identified large remaining 
blocks of intact habitat or natural landscape 
and linkages between them that need to be 
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maintained, particularly as corridors for wildlife 
(http://www.dfg.ca.gov/halx:on/conncctivity/). 

Peripheral Populations and Endemic Taxa 

At least 10 of the 45 Species of Special Concern 
are best considered peripheral in California. For 
these species, the bulk of their range occurs 
outside of the state, where they may be abun• 
dant and in little danger (e.g., Couch's spade­
foot, Scaphioptis couchii). of relatively uncertain 
status (e.g .. regal ring-necked snake, Diadophis 
punctatus regalis}. or declining and protected 
(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 bc-yond the state's borders are dearly 
relevant to range-wide conservation risk. How­
ever. from a political and jurisdictional perspec­
tive, managing populations outside of Calif01-
nia is not the i.:tate's responsibility. We consider 
peripheral taxa as valid Specic-s of Special Con­
cern because the CDFW's mission is to "main­
tain native fish. wildlife, plant species and natu· 
ral communities for their intrinsic and 
ecological value and their benefits to people j ... J 
indude(ing) habitat protection and mainte­
nance in a sufficient amount and quality to 
ensure the survival of all species and natural 
communities" that naturally occur in Califomia 
(http ://www.dfg.ca.gov/about). Therefore. 
peripheral populations are similar to taxa whose 
entire range occurs within the state in that they 
are established. natural components of the bio­
diversity of California; whether they require 
special conservation measures should be based 
on their current status in the state. Two uf our 
metrics, range size and endemism. take the 
peripheral nature of populations 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· 
overall range that occurs in California. which 
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tends to downweight such taxa. Each had a 
maximum score of 10, so they had equal 
impacts in the total score for each taxon. 

Endemic taxa, by contrast. are clearly one of 
the state's most important conservation respon­
sibilities (Table 4). Because they occur nowhere 
else. these t.axa make up a critical component of 
California's unique amphibi.in and reptile 
fauna, so conservation successes or failures 
within the state 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 important resource in 
delimiting changes in the distribution oftaxa. 
However, range is also difficult to determine 
precisely for many reptiles and amphibians due 
to their naturally low population densities. 
cryptic natural history, and the paucity of sur­
vey data. ln constructing these range maps, we 
included, rather than excluded. regions where 
the likelihood of occurrence was high but no 
specimens ha"e been documented to date. Our 
reasons for doing so were twofold. Fin;t, by set­
ting boundaries that may be too large, we hope 
to encourage field researchers to expand tlLeir 
geographical horizons when searching fur new 
localities. Second, since the taxa are at-risk, we 
want to err on the side of potential habitat 
inclusio11 for conservation purposes. We used 
previously established units (watershed bound­
aries. ecoregions, etc.) rather than arbitrary 
polygons around localities to provide objective 
boundaries from whi<h future surveys can 
work. For instance, where we drew a species as 
being present in one watershe<l but absent in 
the next, this provides a very straightforward 
way to focus additional surveys. Surveyors can 
ask the question, "Is the taxott present in the 
adjacent watershed?." and focused efforts can 
answer that question. refining range bounda­
ries in an 01ganized, efficient manner. 

These maps also highlight an important, 
frequently overlooked point: we need a mecha-



TABLE 4 
Endemic arid N,.,, Endemic Species of Spuiol Concern 

Endemic 

Arieides flavipunctaius niger 

Balmchoseps campi 

BaJ,tachoseps minor 

Balmchoseps rdictiis 

B"facanoms 

Dicamp1odon ensatus 

Elgaria pam-imintina 

Mcaiicophis flagellum ruddocki 

Taricha rivularis 

Taricha lorosa, Southern populations 

Thimmoph is sirtalis, Southern populations 

Xantusia gracilis 

Xa,1tusia vigilis sierral!! 

Santa Cruz black s;ilamandeT 

Inyo Mountains salamander 

Lesser slender salamander 

Relictual slender salamander 

Yosemite toad 

California giant salamander 

Panamint alligator lizard 

San Joaquin coachwhip 

Red-bellied newt 

Coast Range newt 

Common garter snake 

Sandstone night lizard 

Sierra night lizard 

Near endemic 

Anitlla pulchra 

Bujo californicus 

E'mys murmorota marmorata 

Emys mannorata pallida 

Phrynosoma blainvillii 

Rana b(lylii 

Rana drayt.mii 

Spea hammandii 

Uma scoparia 

nism. including a curated database. that tracks 
documented absence as well as documented 
presence data. Documenting. and even defin­
ing. absence is often a very difficult problem. 
but these efforts can be helped by collating sur­
vey results (including both positive and nega­
tive occurrence data) into a publically available 
and easily accessible format. Locality data from 
the past couple of decades tend to come from 
sight records. survey data. and other field 
research that does not result in the collection of 
museum specimens (figure 11). While muse­
ums are increasingly making their data acces-

California legless lizard 

Arroyo toad 

Northern western pond turtle 

Southern western pond turtle 

Coast homed li-zard 

Foothill yellow-legged frog 

California red-legged frog 

Western spadefoot 

Mojave fringe-toed li-zard 

sible through online databases, there is cur­
rently no centralized way to collate locality data 
from other sources across all California reptiles 
and amphibians. The California Natural Diver­
sity Database is an important means by which 
the state collates status and location informa• 
tion for Species of Special Concern and those 
listed under the federal and California Endan• 
gered Species Acts. Currently, this resource 
does not document absence <lat.! for :;ites where 
only negative surveys have occurred and 
focuses solely on those taxa on California's Spe• 
cial Animals list. Expanding the scope of this 
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database or adding an additional database to 
capture negative occurrence data, as well as 
survey data from other taxa, would help the 
state's efforts 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 number 
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 
Jast century. The Mojave Desert, conversely, is 
often viewed as being less disturbed and pro• 
tected by reserves, parks, and military reserva­
tions. Our analysis highlights that this is not 
entirely true. The Mojave Desert has experi­
enced some degree of habitat degradation and 
loss. although, to date, not as strongly as that 
which has occurred along the coast where 
ex:tensive urbanization has effectively removed 
large areas of habitat. However, the Mojave 



Desert. as well as the Great Basin. Colorado, 
and Sonora n Deserts, and some of the southern 
Sierra Nevada and associated foothills consti· 
tute the 22.5 million acre planning area for 
future re1tewable energy development (wind, 
solar} in southern California. In addition, many 
of the at-risk species in the Mojave Desert use 
specialized and rare resources that have experi­
enced a disproportionate amount of habitat 
degradation relative to other areas of the desert. 
For example, the fringe-toed lizards of the 
genus Uma exclusively use sand dune habitats, 
which also disproportionately attract off.high­
way vehicle use even in some protected areas 
(see species accounts for additional details}. 
The Mojave Desert is also home to a large 
number of narrowly distributed or rare taxa 
that may exist at the edge or their physiological 
tolerance and persist in small. often isolated 
areas (e.g., Gila monster, Hc!oduma suspec-
1um}. These species may be at particular risk of 
further declines as climate change occuri;. 
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 ()(Cur in the Colorado Desert. 

For amphibians. the areas oflargest conser­
vation risk are the mountainous areas sur­
rounding the Central Valley and the forested 
regions of central and northern California (fig­
ure 8). These areas have not experienced mas­
sive land use change per se. although they have 
experienced considerable habitat fragmentation 
and modification stemming from water diver• 
sions. timber harvest. and nonnative species 
(Bunn et al. 2007, http://www.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
cades Range via increased exposure to pesticide 
drift from the Central Valley (e.g., Davidson et 
al. 2.002, Davidson 2004, Lind 2005). In addi­
tion. many of these regions are heavily exploited 
for timber harvest, and this has also had an 
impact on both stream-dwelling 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 2013). Increased 
sedimentation, dewatering of headwater 
streams, and application of agricultural chemi· 
cals are all potential negative effects of mari­
juana growing. and these effects should be 
monitored and potentially regul3ted. High ele• 
vat ion mountainous areas are expected to expe­
rience large impacts from climate change 
through the altered timing and amount of 
snowmelt {Cayan et al. 2008b), and this future 
risk probably affects amphibians to a greater 
extent than co-occurring reptiles (figure 8}. 
Increasing temperatures associated with cli­
mate change may also lead to phenological 
shifts in several species, which could interact 
with several of the existing threats (Todd et al. 
2.011). 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 
reptile diversity, whereas the Sierra Nevada and 
northern Coast Ranges are home to greater 
amphibian species richness (Parisi 2003. Steb­
bins 2.003). 

Finally, for all taxa we note that the distribu­
tion oflocality data is uneven and patchy across 
the state (figure 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 from field biolo• 
gists. Unfortunately. we cannot unambiguously 
say whether the sparse locality records, for 
example, from the Mojave Desert refiect sparse 
fieldwork, underreporting of data, or a genuine 
low density of animals in the region. Our 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 more intensive sampling effort, and con• 
sequently a larger number of records, in San 
Diego County than in the eastern Mojave 
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(figure n). However. it is also true that both rep­
tiles and amphibians are spa1sely represented in 
the eastern Mojave (compare reptile and 
amphibian maps in figure 12), even though this 
is a region of high abundance and species rich­
ness for reptiles. However, the large number of 
sensitive species (figure 8) and the recent, 
intensive development in San Diego County 
cause many environmental impact assessments 
to be 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 jennings and Hayes (1994a) 

Species priority assessments for conservation 
purposes are subject to revision over time as fac­
tors that affect risk, including habitat rrotec­
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 and previous assessments. Jennings and 
Hayes {1994a) based their assessment on a com• 
bi nation of their own knowledge and that of a 
large group oflead.ing experts on individual spe• 
cies; we follow a similar procedure here but 
summarize the available data using a metric-
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based approach. Jennings and Hayes (1994a. 
p.c83) felt that for no species of amphibian or 
reptile was there compelling evidence to "down­
grade" f'.tatus from more threatened to less 
threatened, whereas we removed several taxa 
from the Species of Special Concern designa­
tion. Jn total, 34 taxa occur on both lists; we 
added rr taxa that were not included by Jennings 
and Hayes (1994a) and excluded 15 taxa that 
were previously included {Table 5, Appendix 3). 

The status of 43% (26/ 60) of Species of Spe­
cial Concern taxa has changed between 1994 
and the present. Of the 26 species that changed 
status. approximately half were upgraded and 
half were downgraded: 58% (15/ .26} of the taxa 
were on the previous list but not the current 
one, and 4.2% (11 /26) 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 20 years of 
field and systematic research, and real changes 
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 reptile biodiversity in 
California. 

Several factors contribute to these changes. 
In Table 5, we broadly categorized reasons for 
changes into three categories. "Listing status" 



TABLES 
Compori.lQn ofSptcits of Special Con,ern between this P<1blication ondjtnnings ar1d Hayes (1994a} 

Gray cells deno~ species designated by both publi~ations (see te~I fur additional details) 

Taxon fennings and Hayes Thomson et al. Reason 

Atnb}•stornQ californiense X Listing status 

Arnbystoma macrodac1ylum sigillatum X New data 

Aneidcs Jlavipimaatus niger X New data 

Aniella p,~lchm X X 

Arizona tlegans occidmtalis X New data 

Ascaphus trnei X X 

Aspiaoscelis hyperytkra' X New data 

Aspidoscdis tigris sttjnegtri X New data 

8alrackoseps sp. "Breckenridge"' X X 

Batmchostps campi X X 

Batmdwseps minor X Taxonomy 

Batrachoseps rdictus X X 
Bogtrlophis rosaliae~ X New data 

Bufo alvarius X X 
8ufo californicus• X X 

Bufo canorus X X 
Coleo11yx varie:gatus abbotti X New data 

Croialus ruber X X 
Diadop/iis punctatus regalis X New data 

Dicamptodon ensatus X New data 

Elgaria panami»1in11. X X 
Emys marmorata marmorala~ X X 

Emys marmorata paUida' X X 
Ettsatina eschscholtzii croceater X New data 

Ensatina esdmholtzii "lauberi X New data 

Gambelia copeii X New data 

Heloderma suspectum X X 

Hydromantts platycephalus X New data 

Hydrom,mlessp. •Owens Valley" X Taxonomy 

Kino:;ternon s(morienst: X X 

Lampropeltis zo1iata parvirubra X New data 

Lampropelti:; zt>nata pulc!1ro X New data 

Mastiwphi!. flagellum ruddo,ki X X 

Masticl)pnis fuliginMus X TaKOnomy 

Phrynosoma blainvillii' X X 

Phrynos,.,ma mcallii X X 

(,onhNued) 



TABLES (contir1uedJ 

Ta:,on Jennings and Hayes Thomson et al. 

Pituopliis caumifer pumilis3 X 
Pl,stiodo11 skil.tonfanu.s interpMietalis• X 

Plethodon elongatus X 
Rtma Qtlrl>Tll X X 

Rema boy!ii X X 
Rana cascadae X X 

Rana draytonii10 X X 

Rema muscosa X 

Rana pipiens X X 

Rema pretiosa X X 
Rnna siem1e" X 

Rana yavapaiensis X X 

Rhyucotrilon variegati,s X X 

Salvad-Ora hexaltpis 1•irgultea X X 

Scaphiopus co11chii X X 
Spea hammondii'1 X X 

Taricha nvularis X 

Taricha 1orosa (Soutliem pop1ilationsJ X X 

Thamnophis l1ammoi1dii X X 

Thamnophis sirtalis ssp. X X 

Uma notata X X 

Um11 scoparia X X 

Xan1usii1 gracil~s X X 

Xan11isici vigilis sierrae X X 

,. Ev.aluated under the name Cntmidophotus hyp<rytb,u, b,ldiogi in Jenning .. nd Hay,s (1994a), 
l. lfow included within Batrod,o,eps nlWu,. 
), Evalu3ted undtr the n3mt Efophe r,:,s~ha, in Jenntngs ,nd H•J'•• (199,p). 
4. Ev,hnted under the name Bufo mitrou-,,pl1uset1lifon,ic1u in Jennings 3nd H3yes 1199◄•) 
S· Evol~ah:;d •• • srnglespcdes, Clemmy, ..,.,,,watA, in Jenning• and Hayes \1994•1· 
6 . Evalulted as• sin&l,.spe<i,s, CletKmys marmoral<>, in Jennings ond Hay,s (•994•1· 

Reasot1 

New data 

New data 

New data 

Listing status 

Listing status 

New data 

'} Ev.ahuted :ts two sub.species.. PJ1ry110Joma cor.ot11.1fu.tt1 b1aiu11illii and Phrynosott1a co,oN.au,n-1JronH1lt rn Jermmg, and Hayes 
(1994a). 
8. Evaluated under the name Pituophi1 melano/e,m u pumi/1s in Jennings and Hayes (1994•1. 
9. E""lu,ted """"' th• n•= Eum«•ss~ilt-Onianu, inlerplU'i<tali, in lenningz and Hayes lt994a) . 
JO~ F.va1ua.ted under the name Rano au,oro 4royconii in Jtnnings .Jnd Hayes t1994a). 
11. EvalW1tcd as part <>f Raua mnsco,a in Jenningund Hare• 11994a). 
u. Evaluated under 1he name Scaphiop1,, ha11mw1dii in Jennings and Hayes (1994•). 

applies lo a few taxa. like the California tiger 
salamander (Amby:sfoma calijornienst), that are 
no longer considered Spe<ies of Special Con­
cern because they were listed under the Califor• 
nia Endangered Species Act between 1994 and 
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zoc4. These taxa are still considered to be at 
risk, but their state listing precludes inclusion 
as a Species of Special Concern. "Taxonomy" is 

more difficult to categorize because many taxa 
have had name changes between the two lists. 



However, in Table 5 we highlight taxonomic 
changes that led to either the recognition of a 
new at-risk taxon or the elimination of a previ­
ously recognized taxon that is no longe1 consid­
ered valid. An ex-ample of the former is the Baja 
California coachwhip (Masticopki.s fuliginosus). 
which was considered a part of the widespread 
and relatively common coachwhip (M. flagel­
lum) in r994, but has since become more 
widely recognized as a distinct species (Gris• 
mer 2.002.). We note taxonomic changes in 
Table 5 that did not impact special concern sta• 
tus, like the elevation of the arroyo southwest• 
em toad (Bufo microscaphus californicus) (Jen­
nings and Hayes 1994a} to the arroyo Load (B. 
californicus) (current document) as footnotes. 
The remaining 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 the severity of 
threats (e.g .. the Mount Lyell salamander, 
Hydromantes plmyceplialus) to new threats that 
have been identified since 1994 (e.g., predation 
by introduced fishes for th.c southern long-toed 
salamander. Ambystoma macrodactylHm sigilla­
ttim}. Some of the difference in threat evalua­
tion stems from our choice of metrics. For 
example. climate change is currently a paiticu­
larly important aspect of conservation risk that 
was not previously considered. In some cases. 
the availability of suitable habitat has changed, 
either positively or negatively. Habitat may be 
set aside for conservation (e.g .. Tejon Ranch 
appeus to be setting aside considerable land 
that will benefit the yellow-blotched ensatina, 
Ensalina eschscholtzii croceater) but is usually 
lost (e.g .. coastal scrub habitat for the Califor­
nia glossy snake, Arizona elegans occidentalis}. 
Finally. we note that the factors listed in Table 5 
are an over-simplification of the reasons behind 
our decisions. An explanation for each of the J 5 
taxa that appeared on the previous list but not 
on the new list is also included in Appendix 3. 

Ultimately, the comparison of the two Spe• 
cies of Special 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 to 
improve their status. Some of the taxa that are 
no longer Species of Special Concern may 
inform the kinds of positive changes that can 
be brought about by management, research. or 
both. For example, additional surveys and taxo­
nomic research on the Mount Lyell salamander 
(H. platyuphalus) have shown that the species 
is more widespread than previously thought 
and clarified the taxonomic status of popula• 
tions in Owens Valley, which were previously 
suspected of being distinct and of conservation 
concern. Finally, the challenges of incompletely 
known taxonomy that we1e emphasized by Jen­
nings and Hayes (1994a) still pose a major 
ch3Jlenge to effective m3nagement; if we do 
not have a complete catalogue of the taxa that 
occur in California. we cannot even enumerate 
what may need protection to maintain 
biodive1sity. 

Management Recommendations for 
California Amphibians and Reptiles 

While effective management of the Species of 
Special Concern will generally require develop­
ment of specific management strategies tai­
lored to th.c biology of individual taxa. several 
general recommendations have emerged from 
this document. 

1. Protect aquatic habitats. The metric score:; 
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 modified from a fauna! perspec­
tive. As of 2002., there were 51 nonnative fresh­
w3ter fishes in California, the majority of which 
were deliberately intToduced to enhance recre­
ational fisheries (Moyle 2002). Nonnative 
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 
resc,,arch has demonstrated a negative effect of 
introduced fishes and bullfrogs ( Rana catesbei­
aiia) on California's native anurans (e.g., Hayes 
and Jennings 1986. Tyler et al. 1998. Knapp 
and Matthews 2000, Vredenburg 2004, Knapp 
2.005, Leyse .2005, Welsh et al. 2.006. Pope et 
al. 2008). As a result. predatory salmonids, 
centrarchids, catfishes, and other nonnative 
species should be eradicated wherever feasible 
and should not be introduced into remaining 
native amphibian or reptile habitat. Maintain­
ing appropriate watez flow regimes for stream­
dwelling taxa is also critical, as are broad ripar­
ian buffers to maintain lotic habitats and reduce 
siltation (e.g., Lind et al. 1996, Yarnell 2005. 

Hancock 2009). 

Specific management recommendations 
include the following: 

• Control, or eliminate where possible, invasive 
aquatic species. particularly predatory fishes, 
crayfish. and bullfrogs. For widespread, 
established invasives, plans should be 
developed with actions that rcflec I those 
identified in the California Aquatic Invasive 
Species Management Plan (CDFG 2008}. 

For bullfrogs in particular, plan Objectives 5 
and 6 apply: Ed~tcation and Outreach and 
Long-Term Control and Man.lgement. 
Invasive species in the early stages of 
colonization {e.g .. Nerodiafesciata. N. sipedon 
and N. rhombifer} should be eradicated as 
soon as possible to prevent further spread. 
Known to be present in California since the 
1990s, coordinated efforts have yet to 
effectively coalesce to make significant 
progress toward eradicating Nerodia, 
though educational (http://biology.unm.edu 
/mmfuller/WebDocs/HTMlfiles/nerodia. 
html) and occasional agency efforts occur. 

• Eliminate, limit, or mitigate effects of dams, 
water diversions, and other hydrological 
disturbances to breeding streams whenever 
possible, and particularly during breeding 
seasons. 
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• When biologically appropriate, enhance 
connectivity and continuity of streams to 
allow free movement 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. 

• Maintait\ riparian vegetation buffers 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 road mortality. 

• Restrict use of heavy equipment on dirt 
roads and upland habitats, particularly 
during the breeding season when eggs and 
small larvae may be most affected by 
siltation. 

• Maintain culverts under roads adjacent to 
breeding streams to reduce siltation. 

2. Protec.t integrity antl connectivity of large 
tem:stri"I l1iibi1a1 patclu:s. The size of habitat 
patches necessary to support healthy popula­
tions of most species may be larger than previ• 
ously recognized (Prugh et al. 2.008). The 
amount and configuration of habitat clearly has 
a stmng impact on the overall extirpation and 
recolonization dynamics of adjacent p•>pula­
lions, and ultimately, of entire species. Besides 
the general conclusion that more intact habitat 
is always desirable, specific requirements will 
always need some level of study on a species-by. 
species basis. For example, ongoing wc,rl< on the 
state and federally endangered California tiger 
salamander (Ambystoma callfomimse) suggests 
that this species routinely moves long distances 
(up to 2 km} away from breeding ponds. sug• 
gesting that the extent and quality of upland 
habitat is likely to have a strong impact on the 
species' long-term persistence (Trenham .ind 
Shaffer 2005. Searcy and Shaffer 2008, Searcy 
and Shaffer :1.011). Several diurnally active and 
wide-ranging reptile species in southern Cali• 
fomia appear to be sensitive to habitat fragmen­
tation and disappear from patches of small suit• 



able habitat (e.g .. coastal whiptail. Aspicfosce!is 
tigris stejMgeri; coast patch-nosed snake, Salva• 
dora /.iexalepis 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. 2009, 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 often con­
sidered as a group, al\d some excellent, general 
guidelines for their management have been 
developed (see. e.g., the Partners in Amphlb· 
ian and Reptile Conservation habitat manage• 
ment guidelines http://www.parcplace.org 
/parcplace/publications/habitat-management­
guidelines.html}. In addition, the biology of 
amphibian and reptile species needs to be 
jointly considered within the framework of 
larger conservation initiatives. The California 
Natural Community Conservation Planning 
program is one such initiative that takes al\ 
area-wide approach to conservation planning, 
simultaneously considering conservation of 
ma11y plant and animal species as well as poten­
tial land use activities (see Fish and Game Code 
Section 2Soo-2S40}. These broadscale, inte­
grative approaches to conservation planning 
promise to be among the more effe<::tive strate• 
gies for achievil\g habitat protection and should 
become an increasingly central mechanism for 
conservation planning in California. Preserv• 
ing linkages between adjacent habitat patches 
is also a key priority in these Lal\dscape•level 
conservation initiatives. Biologically, 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 
ofintact habitat and is one step in this direction 
(Spencer et al. 2010). Projects such as these are 
critically important for maintaining gene flow 

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: 

• A II Species of Special Concern and the taxa 
discussed in Appendices 3 and 4 should be 
considered in Habitat Conservation Plans, 
Natural Community Conservation Plans, 
and other local and regional habitat manage­
ment planning efforts. 

• Develop species-specific ecological and 
landscape genetic datasets to determine the 
most important habitat corridors for 
protection and management of amphibian 
and reptile Species of Special Concern on 
specific landscapes. 

• Identify and either eliminate or mitigate 
land uses that interrupt connectivity across 
habitat blocks that have been set aside for 
conservation. These might include roads, 
grazing, mining, timber harvest, and many 
other land uses and activities. 

J. M itigace the effects of roads as a source of 
morU4lity and habitat fragmentation. Roads have 
two primary effects: mortality and fragmenta­
tion (Fahrig et al. 1995. Gibbs and Shriver 
2002, Mazerolle 2004, Gibbs and Shriver 
2005; see also review in Andrews et al. 2008). 

The overall impact of road mortality on amphib• 
ial\ and reptile populations varies across road 
types. from species to species. geographically. 
temporally. and seasonally. and road-associated 
mortality levels interact with the movement 
patterns and seasonal migrations of individual 
taxa. In other parts of the country, roads have 
been documented lo significantly contribute to 
fragmentation and re<luced gene flow, inter• 
rupting normal metapopul3tion dynamics 
(Fahrig et al. 1995, Hels and Buchwald 200c, 

Langen et al. 2009, Clark et al. 2010, Suther• 
land et al. 2oro), and the same presumably 
occurs in California. For example. surveys of 
21 roads for migrating, federally endangered 
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California tiger salamander {A. californiense} in 
Sonoma County suggest widespread mortality 
that has increased over time as traffic volume 
has increased. For surveys of one 1200.ft sec­
tion of Stony Point Road conducted from 2001 

to 2010, 160 of 2.62 salamanders (6r%) found 
were road mortalities. suggesting that vehicu­
lar traffic is a substantial form of death in this 
extremely endangered species (D. Cook, 
unpublished data}. Langen et al. (2009) 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. 

Although they have been employed infre­
quently in California, tunnels that assist 
amphibian and reptile movements can be an 
effe,tive management tool th3t should be more 
actively investigated {for a comprehensive sum­
mary of published and unpublished literature. 
see Caltrans 2or2). Two important aspects of 
migration tunnels are that they must have some 
capacity to funnel individuals into the tunnels 
( drift fences, concrete walls, or othc.-r similar 
structures), and they must be actively main­
tained. Witho\1t regular, scheduled mainte• 
nance, tunnels fill with debris, drift fences 
become covered with leaves. runoff soil, trash. 
and woody debris, and the tunnel quickly ceases 
to function. Tunnels may also play a rok: in the 
deserts of southern and eastern California, par­
ticularly as vehicular traffic 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: 

• Limit traffic, and consider road 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 
roa<l•relate<l mortality. 

• Use various media resources for public 
education campaigns. 

4. Tran.slocate animals -011ly wlie11 bioklgically 
appropriate. A general management strategy, 
variously referred to as relocation, repatriation, 
or translocation (Germano and Bishop 2009). 

is the practice of moving animals across land­
scapes. often from a site destined for develop­
ment to a protected sile. These efforts have 
become increasingly common as partial or 
complete mitigation for development projects 
that affect amphibians and reptiles. Several key 
biological issues need to be considered before 
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 
(Coplierus agassizii) populations is lhought to 
be derived from released captive animals 
{Jacobson 1993). Genetic consequences of relo­
cation programs should also be considered. 
lttcreasingly, genetic data are allowing research­
ers to elu<:i<late fine-scaled genetic structure 
among populations, and the insighls gained 
from nonlethal genetic sampling allow insight 
into biological parameters that a1e relevant for 
conservation including population subdivision, 
gene flow, migration corridors, and population 
sizes. However, the overall extent and func­
tional consequence of this variation is still 
poorly understood for most organisms. 

Moving individuals around the landscape 
has the potential for deleterious effects, either 
by diluting or eliminating unique historical lin­
eages or by disrupting genetic variation that 
may be an important component of local adap­
tation. As emphasized in a recent review (Ger• 
mano and Bishop 2009). homing and poor 
habitat quality are two of the primary reasons 
why translo<:ation efforts may fail, and they 
should be carefully studied on a case-by-,ase 
basis. A recent document providing guidelines 
for translocations for the California tiger sala• 



mander (Shaffer et al. 2009) may serve as a 
mod.el 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 effectively removed. (t also empha­
sizes that sufficient rei;earch must have been 
conducted to provide compeltittg evidence that 
the potential damages that can be done to exist• 
ing conspecific and heterospedfic taxa do not 
outweigh the potential gains to the animals and 
populations being relocated. 

In some cases, headstarting programs may 
represent a suitable alternative to repatriation 
or translocation, particularly ifthe headstarting 
is done under seminatural conditions. Many 
species experience the most severe mortality 
during early life stages. Raising individuals in 
captivity from a given site to the size or age 
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 associated with translocations 
while also providing a temporary boost to popu­
lations that are in decline. Headstarting is only 
appropriate, however, where suitable unoccu­
pied habitat exists, or where introduction of 
individuals will not create prnblems for existing 
species at the introduction site. 

Spe<:ific management recommendations 
include the following: 

• Only translocate animals when other 
alternatives do not exist. 

• Only translocate animals into 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 requirements of the species exist in the 
new habitat. 

• Utilize methods to increase tlte likelihood 
that translocations will be successful. These 
potentially include "soft" translocations (Le .. 
moving young animals rather than adults 
with established home ranges) and moving a 

sufficiently large number of individuals to 
ensure that a successful breeding population 
can establish {Germano and Bishop 2009). 

Research, Survey, and Monitoring Needs 

Both new research and continuing, long-term 
monitoring are integral p,nts of the: science­
driven protection and recovery of sensitive spe­
cies. For California amphibians and reptiles. 
ou1 level of basic knowledge on natural history 
is 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 research and monitor­
ing needs that are common to virtually all 
taxa. 

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 
emerging from these efforts made widely and 
easily accessiole (Heyer et al. 1994). The Part• 
ners in Amphibian and Reptile Conservation 
Inventory and Monitoring guide (Graeter et al. 
2oc3} 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 conducte<I (e.g .. the 
Sonora mud turtle, Kinosternon sonoriense); 
{ 2) recently discovered taxa that are currently 
known from relatively small ranges, which may 
also be tied to specific narrow habitat types. 
that have yet to he thoroughly surveyed (e.g., 
the regal ring-necked snake, Diadopliis punct11-
1us regalis); (3) at-risk taxa that are difficult to 
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detect or that have ranges that are poorly under• 
sroo<l because they occu1 in remote, difficult-to• 
survey areas (e.g .. the Gila monster, Heloderma 
suspectum); and (4) ta,ca that may occur only on 
private land where gaining access can be chal• 
lenging (e.g .. the Oregon spotted frog. Rana 
pretiosa or the western spadefoot, Spea ham• 

mo,idii). In addition, surveys of virtually all 
Species of Special Concern, particularly al their 
hypothesized range edges, would greatly 
enhance our knowledge of range boundaries 
for most taxa. 

Natural History 

Basic natural history and ecology information 
is the foundation for effective management, 
and for most amphibian and reptile Species of 
Special Concern, it is either fragmentary 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 some questions and 
species, this probably is not a pressing pro!J­
lem-calling the southern long-toed salaman­
der (Amb}•stoma macrodacty!um sigillemmt) a 
•generalist predator" is, to the best of our 
knowledge, correct, and filling in the precise 
details of which invertebrates are the most 
irnpoTlant 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 r9 species of pond/stream breeding Species 
of Special Concern amphibians, we do not have 
a well-tested, clearly understood model ofter• 
restrial habitat use for a single taxon. For exam­
ple, we have little idea of whether the southern 
long-toed salamander (A. m. sigillt:Hum) 
requires 10, 1000, or 10,000 m radius 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. 2.008a) and is 
a CDFW focus (http://www.wildlife.ca.gov 
/Conservation/dimate-Scicncc), the impact that 
these effects will have on amphibian and reptile 
species requires additional study. The Associa­
tion of Fish and Wildlife Agencies has initiated 
work on this problem in the southeastern United 
States, and the CDFW, in collaboration with 
the Southwest Climate Science Center, initiated a 
detailed investigation offuture climate impacts 
on amphibians and reptiles across California 
(Wright et al. 2.013). A major focus of these 
projects, and one that re<_tuires additional research 
effort, is 10 model a full range of future climate 
change predictions and their impacts on both 
common and rare amphibian and reptile taxa. 

Importantly, the interplay between conser­
vation risks that climate change presents and 
compc-ting 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 Action Team 2006, Maurer 
2.007). Even for the lowest carbon emissions 
scenarios and relatively conservative estimates 
of increasing temperatures, current models 
predict a 30-60% decrease in Sierra Nevada 
snowpack (Cayan et al. 2006). This is likely to 
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
dene<I water resources. setting the stage for 
further conflicts between the ecological needs 
of at-risk species and municipal and agricul­
tural demands for increasingly limited water. 

The combined impacts of changes in cli­
mate on biological diversity a.re likely to be 



strong. Several studies have documented ongo• 
ing (Walther et al. 2002, Parmesan and Yohe 
2003. Root et al. 2003. Root et al. 2005. Parme• 
san 2006. Pounds et al. 2006) and expected 
(Hughes 2000) implications of climate change, 
with some estimates predicting 35% or more 
(Harte et al. 2.004, Thomas et al. 2.004) of spe­
cies being "committed to extinction" under 
mid-range warming scenarios. These effects 
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 landsc3pcs. species· 
responses to these changes, and the interplay of 
factors that will result from climate change 
{e.g .. agricultural and municipal water needs 
vs. amphibian breeding habitat needs, alterna• 
live energy development in the desert vs. reptile 
habitat needs) 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 to facilitate 
research and planning across scientific and 
management agencies in the state (http:// 
califomiakc.org/about-us). Results of the 
CDFW and Southwest Climate Science Center 
collaooratlon mentioned above should be inte­
crated into the California Landscape Conserva• 
tion Cooperative process. 

Thret:1ts from Disease 

Diseases in amphibian and reptile populations 
have become an issue of global significance. ln 
particular, the pathogenic chytrid fungus. IJat• 

mc/1ocliytrium dendrobatidis (Bd), has been 
linked to precipitous declines in several 
amphibian species in the state (e.g., the Sierra 
Nevada yellow-legged frog. RaM sierrae) and 
globally (Stuart et al. 2.004). At the present 
time. no broadly effective management strate• 
gies for controlling or mitigating the effects of 
this pathogen are known, and this is a critical. 
active research area. Proposed management 

strategies that would benefit from further study 
include 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 DapJmia mag11a, and 
in the most dire cases, maintenance of captive 
assurance colonies followed by repatriation 
with assisted selection (Buck et al. 2,011, 

reviewed by Woodhams et al. zou). Efforts to 
develop management strategies should not 
focus exclusively on strategies for the short 
term, such as direct control of Bd in the wild or 
captive breeding. Rather, management strate­
gies that allow susccptil>lc amphibians to per­
sist in the wild in the presence of Bd are needed 
for long•term conservation of sensitive species 
(Woodhams et al. 2.011}. 

The extent and type of intera.ctions that Bd 
may have with other threats, such as climate 
change. pesticide: exposure, or other pathogens, 
are also key research needs. A growing body of 
work on Bd indicates that it has negative conse­
quences on at-risk species of amphibians in 
California (Davidson et al. 2.007. Morgan et al. 
2007, Andre et al. 2008, lacan et al. 2008, 

Padgett-Flohr 2008, Briggs et al. 2.010). that 
synergistic interactions with pesticides may 
have strong biological effects (Davidson et al. 
2.007). and that terrestrial amphibians may 
serve as vectors for thl' disease (Schloegel et al. 
2009, Weinstein :2009). Other emerging dis• 
eases, partirnlarly those that have their origins 
in human pets or are a result of human-medi• 
a.ted movements and relocations of animals are 
also high·priority research targets. Important 
examples include ranaviruses and iridoviruses, 
both of which have also been linked to amphib­
ian declines (e.g .. Picco et al. 2007, Schloegel et 
al. 2009). 

PhyJogeogrophy at1d Landscape Genetics 

Another important research need, and one that 
may be easier to fill than comprehensive eco­
logical studies, is genetic analyses for most spe­
cies. Some limited phylogeographic and land­
scape genetic work has been completed for a 
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few California amphibians and reptiles (or 
their close relatives). and these analyses have 
provided key insights into the importance of 
drainages on stream• and pool-breeding 
amphibians and reptiles (Shaffer et al. 2000, 

Spinks and Shaffer 2005, Dever 2.007, Wang 
2009b, Lind et al . .1ou). corridors ofland use 
(Wang et al. 20091. tlte importance of e1wiron• 
mental variables in structuring populations 
(Savage et al. 2010), and a variety of other prob• 
)ems (e.g., the provenance of introduced popu­
lations; Johnson et al. 2010). At a broader, 
regional-to-range-wide scale, phylogeographic 
studies have been conducted for several Species 
of Special Concern. in many cases indicating 
either that previous subspecies (which often 
scrvc as proxies for genetic lineages) are non­
diagnosable and correspond poorly 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 to 
gather these data for the remaining taxa. 

Monitoring 

To establish that a species or population is 
declining or recovering requires long•term 
m,:mitoring. Such efforts can take many fo1ms, 
each with strengths and weaknesses. Ideally, 
monitoring data would be generated by inten• 
sive, multiyear mark-recapture-based studies 
that follow the fate of individuals through time, 
leading to a detailed inventory of population 
increases and decreases (Heyer et al. 1994). 

Such monitoring is not difficult conceptually, 
but it requires time, effort, and often substan• 
tial financial resources. However, this is also an 
area that is undergoing renewed methodologi­
cal development. Monitoring 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 and/or cryptic taxa (reviewed 
by Mazerolle et al. 2007). One such example is 
the emerging techniques to monitor rare or 
cryptic taxa via detection of persistent DNA in 
environmental samples (Ficetola et al. 2008, 

Dejean et al. 2011). 

Techniques to survey 3mphibians and rep• 
tiles vary, depending on the taxon, habitat, and 
life stage involved. Although standal'dized sur­
vey protocols are essential to proper inventory 
and monitoring. relatively few have been devel­
oped, representing an ongoing research need, 
particularly for rare taxa or taxa that arc diffi­
cult to detect. Some of this standardization is 
beginning to take place and a fow excellent 
resources are available or forthcoming {Heyer 
et al. 1994; the ongoing Amphibian Research 
and Monitoring Initiative being undertaken by 
the US Geological Survey, and the Parlnccs in 
Amphibian and Reptile Conservation Inventory 
and Monitorins guides are such examples). In 
the absence of detailed, multiyear monitoring. 
we advocate at least two potential approaches 
that have received relalively little attention lo 

date for amphibian and reptile taxa. The fin;t is 
single-pass monitoring via population surveys 
conducted on public lands. Such surveys can be 
incredibly informative. yel only require a few 
field days per year to monitor a large number of 
species and sites (e.g .. Thomson et al. :2oro). A 
recent 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 (S. Bobzien. 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/or deposit in a 
puhlically available, curated dataset. Our sense 
is that 3 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 "monitoring" 
can be genetic monitoring. By collecting non-



destructive, but vouchC'l'Cd, tissue samples, rea­
sonable estimates of the effective population 
size (Wang 2009a. Wang et al. 20n}. historical 
population increases or decreases (Piry et al. 
1999). and ongoing movement 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
tional fie]d-based studies of population 
monitoring. 

A second approach to monitoring falls 
under the more general category of"citizen sci­
ence" {Bonney et al. 2009, Dickinson ct al. 
2010}. Although often less rigorous and more 
error prone than more formal monitoring, the 
interested public comprises a large network of 
knowledgeable, committed individuals who 
will ofien willingly contribute lo overall moni­
toring efforts. These efforts can help identify 
general patterns of population increases and 
decreases. as has been amply dem,:mstl'ated by 
the very successful Breeding Bird Surveys 
(Sauer et al. 2011) and Christmas Bird Counts 
(National Audubon Society :20111 conducted for 
North American birds. Several programs for 
citizen-science-based frog and toad monitoring 
programs are in place in other parts of the 
United States (e.g .. the FrogWalch USA pro• 
gram, http://www.aza.org/frogwatch), and 
they have provided 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. 2008) 

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. Tht1t said, documenta­
tion of road mortality, particularly during key 
migration seasons. is an ideal topic of addi­
tional citizen science initiatives. California has 
recently initiated at least two citizen-science 
web-based projects focusing on southern Cali· 
fomi;i. reptiles and amphibians (RASCals: see 
http:/ /www.nh.m.org/ site/ activities-programs 
/citizen-science/rascals. and the California 

chapter of the Field Herp Forum http:flwww 
.fieldherpforum.<:orn). both of which seek to 
increase communication and the dissemina­
tion of distributional information on Ca lifurnia 
amphibians 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 mcatt that addi­
tional monitoring becomes favored over the 
implementatiott of management actions. Moni­
toring efforts constitute the most important 
strategy for measuring the effectiveness of con­
servation actions. However, monitoring ilso 
carries a cost. because these efforts require 
valuable conservation resources that otherwise 
might be spent on direct management efforts. 
Monitoring efforts should have dearly defined 
goals and well-characterized statistical power. 
including an assessment of the added benefit to 
be gained from future monitoring efforts. Mon­
itoring efforts should be clearly documented, 
and results should be readily accessible. In 
some cases, the optimal strategy may be lim­
ited. but consistent, monitoring combined with 
direct conservation actions, rather than ever­
more detailed monitoring with fewer actions. 
The implementation of effective management 
in the face of imperfect knowledge about 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 
Recommendations 

To promote the conservation of amphibian and 
reptile Species of Special Cone.em in Califor­
nia, we make the following recommendations: 

• Maintain a Species of Special Concern 
Technical Adviso1y Committee with explicit 
expertise covering the taxonomic and 
geographic scope of taxa ill California. We 
recommend that membership on this 
committee be ofrelatively limited te1m (e.g., 
10 years) to ensure that new voices and fresh 
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problem-solving strategies are available. We 
especially encourage that committee 
composition include some early career 
scientists, particularly those with strong 
statistical and te.:hnical 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 is responsive to changing 
conditions and new data. 

• In conjunction with efforts to facilitate 
future revisions of this document. support 
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 of Special Concern. 

• Increase wildlife agency capacities to address 
management needs of California's amphib­
ians and reptiles. as funding and staffing 
allow. 

• Establish both a priority list and a funding 
stream for critical research needs for Species 
of Spedal Concern. 

• Continue to promote strong collaborations 
between wildlife agencies and the univer­
sity/research communities throughout 
California to 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 road 
usage and construction as a management 
guide for conservation planning for Species 

of Special Concern. Included in this analysis 
should be ways to use tunnels or other 
constructs to minimize the effects of new 
and eJCisting roads on Species of Special 
Concern. 

• Create a coordination network for localities, 
voucher specimens, and tissue 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• 
sional biologists and concerned citizens can 
contribute locality. natural history, and other 
data types that might he]p detect or quantify 
conservation risk for Species of Special 
Concern. lmprove data sharing and com­
munkation among wildlife agencies. 
amphibian and reptile conservation groups. 
:rnd organizations in the avocational 
herpetological community. 

• To facilitate data collection. streamline the 
process for appropriate permitting for 
research l>y 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 access to management-relevant 
findings, 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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COASTAL TAILED FROG 

Ascaphus tr(1ei Stejnegcr 1899 

Status Summary 

Ascaphus truei is a Priority 2 Species of Special 
Concern, receiving a Total Score/Total Possible 
of 61% (67/110). During the previous evalua­
tion, it was also considered a Species of Special 
Concern (Jennings and Hayes 1994a). 

Identification 

Ascapl11is truei is a small (2.5-5.0 cm SVL) dark 
frog with an olive, brown. gray, or reddish dor• 
sum and lighter colored ventral swface. Other 
color characters include a pale triangular blotch 
on the snout and a dark eye stripe. This species 
has rough. granular skin, and the outermost 
toes on the hind feet are broad. Males have a 
unique tail-like copulatory organ that is unmis• 
takable. This frog is nocturnal and adults have 
vertical pupils (Stebbins 2003). 

Larvae grow up to 6.o cm in TL and are 
adapted to life in fast-flowing streams. They 
have dorsoventrally flattened bodi~ and large 
sucking moutl1parts that extend nearly halfway 
down their head-body on the ventral surface. 

These morphological traits allow larvae to 
attach to rock substrates (Altig and Brodie 
1972. Nussbaum et al. 1983, Welsh and Hodg· 
son zon). Larvae often have a light-colored tail 
tip with a proximal dark band (Stebbins 2003). 

Ranking Criteria (Maximum Score) Score 

i. Range size (10} 10 

ii. Distribution trend (2S} 1 S 

iii. Population concentration/ 0 
migration {10) 

iv. Endemism (10) 0 

v. Ecological tolerance {10) 10 

vi. Population trend (25) 15 

vii. Vulnerability to climate change (10) 10 

viii. Projected impacts (10) 7 

Total Score 67 

Total Possible 110 

Total Score/Total Possible 0.61 
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In California. metamorphosed A. truei may 
be confused with co-occuITing foothill yellow­
legged frogs ( Rana boylii). Rana boylii have 
horizontal pupils. more robust hind legs, and 
males lack enlarged toes and ·'tails" {Stebbins 
2003). ln addition, the enlarged mouthpa1·ts of 
A. truei tadpoles are distinctive. 

Taxonomic Relationships 

The formerly monotypic genus Ascaphus was 
recently split into a coastal {A. truei) and an 
inland species (A. montanus}. but California 
populations remain A. iniei (Nielson et al. 
2001, Nielson et al. 2006). The two spe<ies of 
Ascaphus comprise the family Ascaphidae. This 
family forms the sister groi1p to all other 
anurans either alone or in combination with 
the New Zealand endcmic Leiopclmatidae 
(Roelants et al. 2007). In either case. it is from 
one of the oldest and most phylogenetically dis• 
tinctive extant anuran lineages. 

1.ife History 

Ascaphus true.i exhibits substantial geographic 
variation in life history. Here, we focus on data 
from California populations where possible. 
Breeding occurs primarily in tlte spring and 
summer in coastal populations (Sever et al. 
aoor, Burkholder and Diller 2007). but there 
are reports from Trinity County of animals 
found in breeding condition in the fall {I. 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 (Nussbaum et al. 
1983, Sever et al. 2001). Eggs begin developing 
in the fall, and oviposition occurs the followit\g 
summer between July and September in Cali­
fornia populations (Sever et al. 2001, Karraker 
et al. 2006). Egg diameter is 4 mm on average 
(Brown 1977). and dutch size avenges arotmd 
40 for the species with a range of 28-89 eggs 
per clutch doc\1mented in California popula• 
tions (Karraker et al. 2006). Egg masses can be 
difficult to find in the field (Karraker et al. 
2.006). Recent surveys in coastal California 
have found single and mttltiple dutches, with 

the timing of the surveys (late August-early 
Septcrnber) likely the most important 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 
or boulder substrates in riffles and pools ( Kar­
raker et al. 2006). 

Time to metamorphosis in lowland coastal 
California populations (elevation <2.00 m} is 
1-2 years (Wallace and Diller 1998, Bury and 
Adams 1999). Longer developmental times 
have been observed in montane populations 
(e.g., 4 years to metamorphose in a Washington 

population at -1500 m elevation; Brown 1990). 

In a population in Humboldt County, Califor­
nia, females reached sexual maturity 2.5-3 
years after metamorphosis, while males were 
sexiully mature 1.5-2 years after metamoipho­
sis {Burkholder and Diller 2.007}. Post-meta• 
morphic frogs grow year-round. with growth 
rates fastest in the summer (Burkholder and 
Diller ;►,007 J. 

Adults and post-metamorphic juveniles are 
generalist invertebrate predators {Bury 1970b). 

Larvae are generalist grazers and scrapers, con• 
suming diatoms and other periphytoo (obser­
vations from A. rnonlanus; Metter 1964). 

landscape genetic studies have detected dif• 
ferent patterns of connectivity among popula• 
tions in California and Washington. In four 
warershcds in Mendocino County at the south­
ern range limit of the species, high population 
structure among watersheds suggested limited 
long-distance gene flow, and movements within 
watersheds were inferred to occux along water­
ways (Aguilar et al. 2013). By contrast, a study 
in Washington concluded that some animals 
engage in long·distance dispersal through ter• 
restrial habitats, and these movements do not 
rely on stream connectivity (Spear and Storfer 
ioo8). These differences may be due to 
regional variation in climate and forest type, 
though additional studies are needed. 

Habitat Req1,1irements 

Ascaphus tmei requires oold. permanent. swift­
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 1998). Ascaphus truei tends 
to be more common 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 r990, Gomez 
and Anthony 1996, Welsh and Lind 2002., 
Welsh et al. 2005, Ashton et al. 2.006}. 

Several studies have examined the relation­
ship between A. trnei presence and abundance 
and environmental variables at different scales. 
Larvae are positively associated with low stream 
temperatures, high water velocity, steep gradi· 
ents. and the presence of riffles. waterfalls, and 
cobble and boulder substrates (Hawkins et al. 
1988, Bury et al. 1991, Welsh and Ollivier 1998, 
Dille1 and Wallace 1999. Adams and Bury 2002, 

Welsh and Lind 2002, Wahbe and Bunnell 
2003). Larvae are negatively associated with. fine 
sediment load (i.e., embeddedness), pools, and 
slow-flowing stream habitat (Hawkins et al. 
1988, Corn and Bury 1989, Welsh and Ollivier 
1998, Diller and Wallace 1999. Welsh and 
Hodgson 2.008). Steep gradients allow for flush­
ing of fine sediments, alth.ough gradient effects 
may be more pronounced in harvested com­
pared to primary f01est habitat {Corn and Bury 
r989). Adults are positively associated with high 
rainfall, moist forest habitats, and pool habitat, 
and negatively associated with fine sediment 
loads (Welsh and Lind 2002., Ashton et al. 
2006). Adults and larvae in the Mattole Water• 
shed were restricted to headwater channels, and 
canopy closure was the best single predictor of 
A. trnei presence (Welsh and Hodgson 2.011). 

Ascaphus truei were never detected in streams 
where canopy dosurewas less than 83% (We)sh 
and Hodgson 2011). 

Some researchers have suggested a positive 
association between A. truei and the presence 
of harder, more consolidated parent geologies 
because they produce less sediment (Diller and 
Wallace 1999, Dupuis et al. 2.000, 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 2.0oz, Welsh and Lind 2.002, Ashton 
et al. 2006). The absence of A. trnei from some 
streams with unconsolidated geologies may be 
because the presence of easily erndable sub­
strates exacerbates the impacts of habitat dis­
turbance, which can have long-lasting effects 
{Adams and Bury 2002, Welsh and Lind 2002, 

Ashton et al. 2006). 

Ascaphus truei is extremely sensitive to warm 
temperatures at all life stages. Eggs have a tem­
perature tolerance rattge from 5°C to c8.5•c 
(Brown r975a). The critical thermal maximum 
range for larvae is 28.9-30.1•c. and larvae 
avoided temperatures above 22°C in laboratory 
trials (de Vlaming and Bury 1970). First•year 
larvae wllected f1om Del Norte County selected 
temperatures below 1o•c along a thermal gradi­
ent in the laboratory, while second-year larvae 
selected temperatures closer to r5°C (de Vlam• 
ing and Bury 1970). The critical thermal 
maxima for adults ranged on average from 
27.f/C to 29.6*C (data f1om A. montanus; Claus­
sen 1973}. Field temperatures at occupied sites 
are usually well below these limits, with larvae 
occurring in streams with a mean of 11.G•c 
{range 57-15.8•c; Welsh and Hodgson 2008). 

In addition to narrow thermal tolerances, A. 

truei is also extremely sensitive to desiccation 
(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 0-30 m along the 
stream channel over a two.year period (Bur­
kholder and Diller 2007). However, recapture 
probabilities were low, and some animals may 
have moved beyond the study area. Longer dis­
tance movements have been documented from 
populatio11s outside of California, from tens of 
meters up to 400 m into upland hal>itat 
{McComb et al. 1993, Gomez and Anthony 
1996, Vesely 1996, Wahhe et al. 2004, Mat sud~ 
and Richardson 2005). Seasonal variation in 
adult location in managed forests in Washing-



ton was hypothesized to be a localized breeding 
migration, with downstream movements for 
oviposition and a return upstream in late sum• 
mer (Hayes et al 2006). lt is unknown whether 
similar movements also occur in older, less dis­
turbed forests in the area. In an A. m-011tanus 

population in Montana. seasonal movements 
may be due to behavioral thermoregulation 
(Adams and Frissell 2001). 

Disfribuiicn (Past ,md Present) 

Ascapl1us truei ranges from British Columbia to 
northern California. mostly west of the Cas­
cades Mountains (Stebbins 2003). California is 
the southern limit of the range, with A. truei 
occurring south from the Oregon border along 
the coast to Mendocino County and cast to 
Shasta County (Grinnell and Camp 1917. Mit­
tleman and Myers 1949, Salt 19')2, Bury el al. 
1969. Welsh r98~). Ascaplrns fruei ranges from 
near sea level in Humboldt County up to 2150 
m in the Trinity Alps (J. Garwood, pers. 
comm.}. 

Random sampling of streams has docu­
mented higher occupancy ratei; for A. lruei 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 Mendocino and Humboldt counties, A. 

lruei 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. 
truei in 67% (14/;u} of streams in unmanaged 
forests, hut only in 4% (c/28) of streams in 
managed stands (H. Welsh and G. Hodgson. 
unpublished data). Streams with mi)(ed harvest 
histories in the South Fork of the Trinity River 
had an interrnediate level of occupancy. with 
2.8% of streams occi1pied (17/60; Welsh et al. 
2.010}. Studies from outside of California also 
indicate that A. lruei is present in a greater pro• 
portion of streams in unmanaged forests (Bury 
and Corn 1988, Corn and Bury 1989, Hayes et 
al. 2006). A survey of streams in private. man• 

aged timber lands all less than 80 years old 
along the northern California coast found 
stream occupancy rates of 37% (18/49) at the 
level of 30 m sampling reaches and 76% 
(54/72} at the level of entire stream reaches 
(Diller and Wallace 1999). The relatively high 
o.:::rnpancy rates in these young forests are 
thought to be due to the ameliorating effect of 
maritime climate, as most sites were within 
30 km of the coast (Bury 1968. Diller and Wal­
la.cc 1999}. 

Trends i11 Abundance 

Ascaphus truei tends to be Lower in abundance 
in managed compared to unmanaged forest 
stands (Bury and Com 198&, Corn and Bury 
1989, Welsh 1990. Gom<'Z and Anthony 1996, 
Welsh and Lind 2002, Ashton et al. 2,006). 

Clear-cuts can have immediate effects on abun· 
dance. Larval densities were higher in late-sue• 
cession and old-growth forests compared to 
adjacent clear-cuts lacking streamside buffers 
in Oregon and British Columbia (Dupuis and 
Steventon 1999. Biek et al. 2.002). Upland pit­
fall trapping in clear-cuts and mature forests in 
British Columbia found similar total numbers 
of A. tmei 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 1989, Dupuis and Steventon 1999. Welsh 
and Lind 2002., Ashton et al. 2006, Olson et al. 
2007). 

Nature and Degree of Threat 

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. 2005). Mari· 
juana cultivation and climate change are also 
emerging as potential threats to this tax.on. 

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 
wad construction may be relatively short-lived, 
longer-term impacts are caused by sedimenta­
tion due to runoff from poorly maintained dirt 
a11d gravel roads (L. Diller. pers. comm.). 
Reduced canopy cover does not seem to increase 
temperatures as much at high-elevation sites, 
and Ascaphus truei may be more resilient to tim­
ber harvesting in areas where stream tempera­
ture is cooler due to overall dimate (e.g .. Diller 
and Wallace 1999, Wahbe and Bunnell 2003). 

Reductions in canopy or riparian vegetation 
that result in increased light levels may cause 
shifts in the algal community {i.e., from dia­
toms to filarnent,,us green algae) that negatively 
affect the quality and abundance of larval food 
(L Diller, pers. comm.). Landscape genetic 
studies in Washington suggest that significant 
overland dispersal oc-curs through terrestrial 
habitat. with gene flow detected between popu• 
lations on a scale of 25-30 km (Spear and Stor­
fer 2008). While timber harvests have sonl'e 
initial effect on gene fl.ow, 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. 
marijuana cultivation requires clearing land 
and building roads which can increase sedi· 
mentation. Contamination from pesticides 
used on marijuana grows has been docu­
mented to negatively affect mammals in the 
field (Thompson et al. 2or4). and amphibians 
are likely to be susceptible as weJJ because of 
their permeable skin. Of particular concern for 
headwater amphibians like A. irnei is the dewa­
tering of waterways that are diverted for irriga• 
tion {CDFG 2.or3). 

Climate change poses potential risks to A. 

troei through increased temperatures. changes 
in hydrology. changes in fire regime. and vege­
tation shifts. Mean annual temperatures are 
expected to increase throughout northwestern 
California (reviewed in PRBO 20n). The fre-
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quency of extremely hot days is projected to 
increase. with roughly nine additional days 
over 32.2°C (Bell et al. 2004). Such tempera­
tures exceed the critical thermal maxima for all 
life stages of A. truei, though water tempera• 
tures, microhabitat structure, and behavioral 
thermoregulation may ameliorate these effects. 
For coastal populations, upwelling is expected 
to intensify, which may increase fog develop­
ment and contrib\tte to cooler. moister condi· 
tions (Snyder et al. 2003. Lehassi et al. 2009). 

Coastal areas may therefOJe continue to provide 
more favorable climatic conditions than areas 
farther inland. Potential changes in precipita­
tion are less clear, with some models predicting 
modest increases, some modest decreases. and 
some reductions in rainfall of up to 28% 
(reviewed in PRBO 2ou). Warmer tempera­
tures will result in less precipitation stored as 
snow, and reductiom 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 th.e spring in this region over 
the last 50 years (Stewart et al. 20051, though 
the timing of future 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 
flows and may lead to a mismatch between the 
timing of breeding and approp1iate stream con• 
ditions. How fire regime will be affected by cli­
mate change in northwestern California 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 predicted for the southern 
coast of northwestern Califomia ( Lenihan et al. 
2008). Westerling et al. (20H} projected a 
100% increase in area burned in northwestern 
California under some scenarios. Direct mor­
tality of adults and larvae due to fire has been 
documented in A. montanus populations 
(P. Van Eimeren. pers. comm., in l?illiod et al. 
2.003, Hossack et al. 2006). Short-term impacts 
of fire may be due to warmer temperatures 



and/or increased ammonia levels or other 
changes to water chemistry (Pilliod ct al. zoo3). 
but long•term impacts are understudied. Vege• 
tation communities arc expected to shift from 
moist conifer to d1ier mixed eve1green forest. 
with reductions in Douglas fir and redwood for­
est in particular (Lenihan et al. :wo8, PRBO 
2,011}. It ls \mclear what effect these shifts may 
have on A. tmei because stream conditions and 
forest age seem to be more important indicators 
of habitat quality than forest type. 

Status Deletmination 

Amiplnis truei is a specialist of cold, headwater 
stream habitals in old and mature forests. a 
habitat type that incurs s\1bstantial 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. 

Managemcnl Recommendation5 

Remaining old and mature forest habitats 
should be protected, with a focus on managing 
the entire stream network (Olson et al. ;;,007, 

Welsh 20n). Retaining streamside buffers on 
managed lands can help mitigate the effects of 
Logging and roadbuilding, but more research is 
needed to determine buffer prescrip1ions. par• 
ticularly how to preserve stream network proc• 
esses (Olson et al. 2007). One model recom• 
mends riparian management zones 40-150 m 
wide and patch reserves along headwater 
streams to accommodate upland habitat use and 
promote connectivity among drainages (Olson 
et al. 2007). The ecological effects of buffer pro­
tections may vary across habitat types. and nar• 
rower buffers may be effective in more mesic 
coastal habitat compared to more xeric inland 
sites in the California range of Ascap/11,1s truei. 

Construction of new roads should be mini· 
mized or avoided in areas where protecting A. 
truei is a high conservation priority. To reduce 
the sedimentation impacts of runoff from roads. 

forest roads should be disconnected from stream 
systems (e.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 those used for timber harvest. 

Ascaplius lruei management would benefit 
from greater legal darity regarding state and 
federal law on marijuana cultivation in Califor­
nia. Currently. some cultivation ls legal under 
state law but prohibited under federal law, 
which may be hampering regulation of cultiva­
tion sites. Greater enforcement of existing envi­
ronmental and land use laws is needed, and 
development of additional regulations should 
consider envimnmental impacts on A. tmei. 

M,:mitoring. Research, a11d Survey Needs 

The presence of uncut streamside buffers on 
lhe entire channel network can ameliorate the 
impacts ofland management on Ascaphus truei 
populations. but more research is ttccdcd into 
optimum buffe1 widths as they relate to differ­
ent life history requirements and different por• 
tions of the calchment network. Studies from 
A. iruei populations in British Columbia and 
Oregon have found positive effects ofbuffer.s 
5-60 m wide (Bull and Carter 1996, Dupuis 
and Steventon 1999. Stoddard and Hayes 2005. 

Pollett et al. 2010). Experiments to determine 
optimal buffer widths in California habitats are 
needed. We recommend. at a minim\tm, that 
comparative data from coastal Mendocino 
County (the southern limit of the species 
range). coastal Humboldt/Del Norte Counties 
(lhe no1thern limit of the species range in Cali• 
fomia.). and inland Trinity County are needed 
to assess the minimum forest buffer on indus­
trial timber lands to retain key temperature and 
stream clarity conditions for A. truei. 

Muc.h of the research on A. lruei has foe.used 
on stream•breeding habitat and presence/ 
absence 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 2.on). Such studies 
could also determine which life history stages 
limit population growth in this species. When 
possible, population estimates in managed for­
ests should be compared ro A. truei abundance 
in nearby undisturbed mature forest stands 
(i.e., reference populations) to assess the 
impacts of disturbance (Welsh 2.ou). 

More studies are needed on use of upland 
habitats by adults and dispersing animals. Such 
studies should be targeted at identifying terres­
trial habitat corridors, if present, which can 
then be protected to maintain connectivity 

among populations (Olson et al. 2007. Olson 
and Burnett 2.009}. landscape genetic analy­
ses from replicate California populations may 
be particularly informative, given that recent 
studies from different parts of the range reach 
different conclusions about population connec­
tivity (Spear and Storfer 2008, Spear and Stor­
for 2010, Aguilar et al. 2013). 

Field research on impacts of marijuana cul­
tivation on amphibian populations would con­
tribute to development of environmental regu· 
lations for this growing industry and inform 
management strategies in cultivated areas. 



SO NOR AN DESERT TOAD 

Bufo alvarius Girard 1859 

Suitus Summary 
Bufo aJvarii,s is a Priority I Species of Special 
Concern, receiving a Total Score/Total Possible 
of 75% (64/85). During the previous evalua­
tion, it was also designated as a Species of 
Special Concern (Jennings and Hayes 1994a). 
The species has not been found in California 
since 1955 (but see the "Distribution" section). 

Identification 

Bufo alvarius is a large (10.r-19.0 cm SVL) olive, 
brown. or gray toad with prominent cranial 
crests and large elongate paratoid glands (Steb· 
bins 2003). The skio is smoother than in other 
North American toads, with few warts along 
the dorsum. B1ifo alvarius has large warts 
on the hind limbs and prominent white warts at 
the corners of the mouth {Stebbins 2.003). The 
call is a low-pitched bleat or scree<:h (Elliott et 
al. zoo9). 

This species is unlikely to be confused with 
any other anuran within its California range. 
All other true toads (family Bufonidae) in the 

region have extensive warts over the entire dor­
sal surface and lack large warts on the hind 
legs. The spadefoots (Si:aphiopus and Spea, fam­
ily Scaphiopodidae) are much smaller as adults 

Sonoron DeseN Toad: Risk Fac,crs 

Ranking Criteria (Maximum Score) Score 

i. Range size (10) 10 

ii. Distribution trend (25) 20 

iii. Population concentration/ 10 
migration (10) 

iv. Endemism (10) 0 

v. Ecological tolerance (10} 7 

vi. Population trend (2S) Data 
deficient 

vii. Vulnerability to climate cha~ (10} 7 

viii. Proje,cted impacts (10) 10 

Total Score 64 

Total Possible 85 

Total $<ore/Total Possible 0.75 
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.and have a conspicuous black keratiniud 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 locality has been discussed ( Fou­
quette 1968}. Osteological and genetic data, as 
well as ca.IL characteristics, suggest that it is 
related to Central American bufonids {Tihen 
1962. Martin 1972. Sullivan and Malmos 1994. 
Pauly et al. 2004, frost et al. 2006a). 

Frost et al. (2006a) suggested a taxonomic 
revision that placed this species in the genus 
Cranopsi.s. Based on subse<1uent discoveries of 
older available names, the genus name for this 
taxon was later revised to O!!ctis {Frost et al. 
2006b) and then fnciliiis (Frost et al. 2009b. 
Pauly et al. 2.009). We retain the older taxon• 
omy both for taxonomic stability and because 
the analyses supporting the original rearrange• 
ment are controversial {Crotht>r 2009, Frost l't 
al. 2009a. Pauly ct al. 2009). 

Life History 

The life history of this species in California is 
unknown, and we base the following discus• 
sion on observations from other areas. Bufo 
alvarius spends much of the year underi;:iound. 
presumably in rodent burrows (Degenhardt et 
al. 1996). Bufo> alvarius is primarily nocturnal 
and becomes active before summer rains. It is 
more strongly aquatic than most North Ameri­
can toads {Stebbins 1951}. Breeding behavior 
appea;s to be generally associated with sum• 
mer rains (Sullivan and Malmos 1994), 
although amplexus has been reported in stock 
ponds before rains have occurred (Degenhardt 
et al. 1996). Several years may pass between 
breeding events depending on the presence of 
sufficient rainfall (Sullivan and Fernandez 
1999). The spedes sometimes congregates in 
large numbers for breeding. with nearly all 
reproduction of a local breeding population 
occurring 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. reported in 
Ruthven 1907 and Storer 192.5). This spe<:ies 
appears to be a dietary generalist. feeding on 
any live arthropod or small vertebrate prey that 
it can successfully capture (Stebbins 195r. Cole 
1962.). Poison secreted by the skin and paratoid 
glands is particularly toxic and has caused 
death and paralysis in dogs and is a potent hal­
lucinogen in humans (Musgrave 1930, Steb­
bins 1951, Stebbins 2003). 

Habitat Requirements 

The habitat requirements for Buf(J alvarius in 
California are unknown. In arid habitats of Ari• 
zona and New Mexico, the species can be found 
in and around a variety of water sources used 
for breeding, including springs, stock ponds, 
washes, river bottoms. and irrigation ditches 
(Stebbins 195r. Stebbins 1972), though it is 
occasionally found at great distances (>I mi) 
from water (Slevin 1928). Upland habitat sur­
rounding known aquatic breeding localities 
elsewhere in the range include mesquite-creo­
sote desert lowland. arid grassland, rocky ripar­
ian zones, oak-sycamore-walnut a:;semblages 
in mountain canyons, and montane pine-oak­
juniper plant communities {Stebbins 2003. 

Fouquette et al. 2005). 

Distribution (Past and Present) 

There are no known extant populations in Cali­
fornia. Historically, tl1e species range4 in Cali­
fornia along the Lower Colorado River and into 
the Imperial Valley {Grinnell and Camp t917, 
Stebbins 1951, Jennings and Hayes 1994a), 
likely ranging as far north as the southern tip of 
Nevada (Cooper 1869). It is not known if 
records in the lmperial Valley are a natural part 
of the historic range or whether they represent 
recent range expansion following the develop­
ment of irrigation (Stebbins 1951). 

The last verified record ( LACM 87044} from 
California dates to 31 July 1955, 7 km north of 
Winterhaven. More recent surveys have failed 
to detect the species (King and Robbins 1991, 
Jenning~ 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 l9So (Anderson and Ohmart 
1982; B. Anderson, pers. comm.). and a single 
individual was found at the refuge itself in 
1986 (J. Rorabaugh. pers. comm.). On 1 July 
2004, a large individual was found "by the golf 
e<>urse on the Parker Strip," La Paz County, Ari­
zona (l. Rorabaugh, pers. comm.). On 29 July 
2.009, an amplexing pair was found along the 
Bill Williams River at Planet Ranch, Mohave 
County, Arizona, and the species is reportedly 
•fairly common" 24-32 km above the conflu­
ence of the Gila and Colorado 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 2007 or 2008. though the time of 
year was unexpected and the observer was inex­
perienced with the species (J. Rorabaugh, pers. 
comm.). 

Outside of California, B. alvarius ranges 
across southern Arizona to the southwestern 
corner of New M~xico and south into Sonora 
and the northern edge of Sinaloa, Mexico. The 
known elevational range extends from near sea 
level to 1615 m (Cole 1962.). 

Tret1ds in Abundat1ce 

Though the paucity of records from California 
makes assessing former abundance difficult, 
Bufo alvarius was apparently common at Yuma, 
Arizona, on the California border, along the 
Lower Colorado River, and in parts of the Impe­
rial Valley (Slevin 1928. Klauber 1934). As no 
populations are currently known in these areas, 
declines leading to probable population extirpa­
tions or extremely low population sizes have 
clearly occurred. Tlte species is also known to be 
declining in New Mexico (Degenhardt et al. 
1996). 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., reported in Jennings and Hayes 1994a). 

62. PltOGS ANO TOADS 

Nature and Degree of Threat 

The causes of declines, and therefore the 
threats to this species. are poorly understood. 
Declines occurred before any studies were car• 
ried out in California, though it is likely that 
landscape modification and pesticide applica• 
tions that occurred with the growth of agricul­
ture in the Imperial Valley contributed to 
declines (Ohmart et al. 1988, Jennings and 
Hayes c994a). Bufonids are get\erally very sus­
ceptil>le to amphibian declines (Stuart et al. 
2004). In California, toad declines have been 
linked to habitat loss and pesticide use (David­
son et al. 2002) and pathogenic fungi (Green 
and Kagarise Sherman 2001). 

Status Determina tiori 

The declines and possible extirpatiott of Bufo 
alvarius in California are the primary concerns 
for this taxon. The species may require perma­
nent aquatic environments making it a moder­
ate ccologkal specialist, given the arid environ­
ments that characterize its range. This al.so 
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 positione<l to protect any remaining 
populations should they be found in future 
surveys. 

Management «ecommendatiom 

The development of an effective management 
stTategy for Bu.Jo alvari11s in California is not 
possible without further distributional and eco• 
logical information. As no populations are cur­
rently kn0\'1'11, the first management priority 
should be to undertake comprehensive surveys, 
as described below, aimed at identifying 
remaining fragmentary California populations. 
Habitat protection and enhancement would 
then become the critical management tools to 
build these populatiotts to larger and viable 
sizes. Simultaneous ecological research is also 
needed on habitat use, home range size, life 



history. and population connect1Y1ty before 
more complex management programs focuse<I 
on reestablishing the species are considered. 

Monitoring, Research, and Survey Needs 

A critical first step toward developing a compre­
ltensive management plan for this species is to 
undertake comprehensive surveys of remaining 
potential habitat in southeastern California. 
These surveys should take place during the 
summer rains and should involve biologists who 
are familiar with Biifo alvarius' breeding behav­
ior. If any remaining popul.ations arc found, a 
population-monitoring program should rapidly 
be established to dctc-rminc both geographical 
extent and population size. As little is known 
about this species in California, this monitoring 
program should take place in conjunction with a 
study of the species· life history and habitat use. 
in California and/or adjacent Arizona. These 
surveys should specifically target the remaining 
moist areas of the southwest California deserts 
that are knc,wn to support other water-depend­
ant vertebrate species, such as the desert mule 
deer (Odocoilens /1emionus crooki). Using exist• 
ing survey data from other, and better known, 
species may help to guide toad survey efforts 

toward the wettest areas 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 populations on the 
Arizona side of. the Lower Colorado River. 
These populations are likely th.:? most ecologi­
cally similar to the former California popula• 
lions and should therefore provide information 
valuable ro the eventual development of man• 
agement programs in California. Genetic sam­
ples from both California and Arizona should 
be collected to help inform managers about lev­
els of genetic differentiation, and therefore the 
appropriateness of possible reintroduction of 
Arizona animals to California. 

As any populations that remain in Califor­
nia are likely isolated, study of these popula­
tions is unlikely to yield information on the 
metapopula.tion 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• 
ic.s will also need to take place outside of Cali­
fornia. preferably in adjacent Arizona. 
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ARROYO TOAD 

8ufo californicus Camp 1915 

Status Summary 

Bufo callfornicus is a Priority r Species of Special 
Concern, receiving a Total Score/Total Possible 
of 93% (102/no). During the previous evalua• 
tion, it was also considered a Species of Special 
Concern (Jennings and Hayes 1994a), and it has 
been listed as federally Endangered since 1995. 

Identification 

Bufo californicus is a small to medium-sized 
{4.6-8.G cm SVL), light-gray to tannish-brown 
toad that often has some greenish or olive 
and da1k-b10wn mottling on the back and 
sides (Camp 1915. Stebbins 2003). The under• 
side is buff or dirty white and usually unmarked 
(Stebbins 2003). A light middorsal stripe 
is rarely present (Jennings and Hayes 1994a, 
Stebbins 2003). Weak cranial crests are often 
present and the paratoids are oval-shaped 
and widely separated (Stebbins 2,003). The 
advertisement call of this species is a music.al 
trill that lasts 3-10 s. The pitch of the call 
rises quickly and is held constant for the 
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remainder of the call, which ends abruptly 
(Stebbins 2.003, Elliott et al. 2.009). Like most 
toads, the tadpoles are small and black early in 
life. However, several weeks post-hatching they 
develop a cryptic tan coloration that closely 

Arroyo Toad: Risk Faclor:; 

Ranking Criteria (Maximum Score) Score 

i. Range si2:e {10) 10 

ii. Distribution trend (25) 25 

iii. Population concentration/ 10 
migration !10) 

iv. Endemism {10) 7 

v. Ecological tolerance (10) 10 

vi. Population trend (25) 2.0 

vii. Vulnerability to climate change (10) 10 

viii. Projected impacts (10) 10 

Total Score 102 

Total Possible 110 

Total Score/Total Possible 0.93 
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matches the substrate (Sweet 1992. Hancock 
2009). 

Metamorphosed individuals of this species 
may be confused with the western toad (8. 
boreas), which is the only sympatrically occur­
ring toad. Bwfo boreas has a prominent white or 
cream dorsal stripe and lacks cranial cr~ts 
(Stebbins 2.003). Young tadpoles that still 
retain the black coloration are difficult to distin­
guish from 8. &oreas, but older t<1dpoles are 
readily distinguishable. 

Taxo11omir. Refaiionships 

Until recently, 81ifo californirns was considered 
a subspecies of the Arizona toad (B. rnicro­
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 
based on the general observation that few allo• 
pat1ically distributed poJytypic ispccics rcpre• 
sent single genetically cohesive units, as is 
implied by retaining 8. ca!ifomicus as a subspe• 
cies under B. miuoscaphus. Later analyses of 
allozyme data confirm that B. californic11s is a 
distinct lineage. providing support for its 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. 1997). Lovich {2.009a) analyzed data 
from two mitochondrial genes and found addi­
tional evidence that B. calijornicus is a distinct 
species. This work also identified clades within 
B. califomicus that roughly correspond to parts 
of the range north and south of the Los Angeles 
Basin, respectively. 

Frost et al. (2006a) recommende<:I placing 
this species and many other North American 
bufonids in the genus Anaxyrus, although this 
proposal and the analyses that support it are 
controversial (Crother 2009, Frost et at. 2009a, 
Pauly et al. 2009). We choose not to follow this 
recommendation at the present time. pending 
further analyses. and to maintain taxonomic 
stability. 
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Life History 

Bufo californicus is primarily nocturnal and 
feeds predominantly on nocturnally active ant 
species (Cunningham 1962, Sweet 1992, Sweet 
1993. Mahrdt ct al. 2002.). Adults typically 
emerge from retreats appro.ximately 30-40 min 
after sunset, rc:maining active down to temper­
atures of around 13'C on dry nights and 1o•c on 
rainy nights, with nocturnal activity increased 
during wet periods {Cunningham 1962. Sweet 
1992,, Sweet 1993). 

Males begin calling at varying Limes of the 
yeat depending on local conditions and dJ;-va­
tion, although calling activity appears to initiate 
when water tempel'atures reach or exceed 
H-13•c (Myers r930. Sweet 1992}. Choruses 
generally begin in late February in coastal popu• 
lations and late March or April al higher eleva• 
tion inland sites, and they may continue into ]lily 
(Sweet 1992., Sweet 1993. Stebbins 2003. Han• 
cock 2009). Eggs are Laid near the male's calling 
site on a substrate of mud. sand. or gravel. away 
from vegetation and other submerged debris 
(Sweet r992.). Hatching occurs after 4-6 days at 
typical water temperatures (r2-16•q, although 
the larvae remain associated with the egg mass 
for an additional 5-6 days. Metamorphosis can 
occur in as few as 65 days. although typically 
72.-80 days are required (Sweet 1992.. Hancock 
2009). Larger males and females are more sed­
entary and tend to breed in the same pools 
throughout the reproductive season and from 
year to year (Sweet 1993. Hancock 2009. Mitro• 
vich et al. 2011). The seasonal activity period for 
adults extends roughly from the beginning of 
the breeding season to late June or July, after 
which most toads become inactive (Cunning· 
ham 1962. Sweet 1993, Hancock 2009). Juve­
niles may remain active into October or later 
following rains (Sweet 1993). 

Bufo californicus u~ually attain r~productive 
condition in their second (males} or third 
(females) year. The species is relatively short­
lived. with few toads living beyond 5 years of 
age. In the absence of non natural disturbances, 
survivorship of adult toads is high during the 
active season. but decreases markedly during 



the inactive season. Sweet (1993) documented 
that toads experience -55% per year mortality 
mostly during the winter, though other csti• 
mates suggest even higher mortality (D. Hol­
land and N. Sisk, unpublished data, reported in 
Sweet and Sullivan 2005). Eggs and young lar­
vae are apparently unpalatable to most preda­
tors, although garter snakes and nonnative 
fishes prey upon older tadpoles (Sweet 1992). 
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 introduced bullfrogs in areas where 
that species occurs (Miller et al. 2012,, R. Fisher 
pers., comm.). In the absence of bullfrogs, adult 
toads experience much lower predation inten• 
sity (Sweet 1993, Hancock 2009). 

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. In some areas they may occupy first-order 
streams, although most populations inhabit 
second- to sixth-order streams that have ex.ten• 
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 fl.ow for a minimum 4-5 months for suc­
cessful reproduction and recrui1ment (Sweet 
and Sullivan 2005). At inland sites. radiotelem­
etry studies indicate that this species rarely 
moves beyond tlte immediate upland margin of 
stre.1ms, although in coastal sites arroyo toads 
appear to occasionally use and disperse across 
hotter and drier upland sites ( Sweet 1992. 

Sweet l993, Griffin and Case 2001, Hancock 
2009, Mitrovich et al. 2011). Mitrovich et al. 
(2,ou) found that radio-1racked toads actively 
selected channel and terrace stream habitats. 
and largely avoided surrounding scrub. grass­
land, and forest. On average, males were found 

in closer prox1m1ty to flowing sections of 
stream than females, possibly to maximize 
reproductive opportunity (Mitrovich et al. 
2011 J. Bufo caiifomic1~ is known to occisionally 
use and breed in human-made habitats, su.:h as 
artificial stream terraces and ponds (Price and 
Sullivan 1988, Mahrdt et al. 2002). It is 
unknown whether the species can persist in 
th.ese habitats. 

Distribution (Pass and Presem) 

Bufo catif<m1icus historically occurred in coastal 
drainages from the San Antonio River, 
Monterey County. California, southward 
through the Transverse and Peninsular Ranges 
to the vicinity of Arroyo San Simon in Baja 
California Norte, Mexico (Price and Sullivan 
1988, Gergus et al. 1997, Grismer 2002. Lovich 
2009a). Almost all populations occur along the 
coast or on the coastal slopes of the southern 
California mountains. Six localities were previ. 
ously recognized from the desert slopes of Los 
Angeles. Riverside, San Bernardino, and San 
Diego Counties. California (Patten and Myers 
1992, Jennings and !·Jayes 1994a). Desert slope 
populations are known to occur at Little Rock 
Creek, Los Angeles County, and 1he Mojave 
River, San Bernadino County. Populations at 
Whitewater River. Riverside County, Borrego 
Springs {listed as San Felipe Creek in Jennings 
and Hayes 1994a). Vallecito Creek, and Pinto 
Canyon, San Diego County, are probably in 
error and are the result of misidentifications 
(Ervin et al. 2013). The known elevational range 
extends from near sea level to approximately 
1000 m (Stebbins 2003: S. Sweet. pers. 
comm.). 

The present distribution of B. califomicus 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 2.005). 

Trends in Abt1ndance 

In addition to the extirpations discussed above, 
extensive declines in abundance have been 
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documented in most Bufo californicris popula­
tions that do survive. Extensive collections from 
the 1930s, largely stemming from the work of 
L.M. Klauber, suggest that this species was for­
merly present at much higher densities 
(S. Sweet, pers. obs .. reported in Sweet and Sul­
livan zoo5). 

Notwe ar1d Degree of Threat 

A recent 5-year review of the status of Bwfo cali­
fomicus thoroughly discusses the ongoing 
threats to this taxon (USFWS 2009). We follow 
the findings of that document and recommend 
that readers consult it for additional detail. 

The greatest threat facing this taxon is loss 
and degradation of habitat that stems from 
modifications to hydrology from reservoir con­
struction, roads, flood control, development, 
recreational activity. and mining {USFWS 
2009}. In addition, declines are occurring even 
in areas that are not subject to development and 
direct habitat degradation from human activi­
ties (Hancock 2.009). These additional declines 
stem lugdy from introduced predators {prima• 
rily bullfrogs and green sunfish) and intro• 
duced plants, which degrade habitat and/or 
decrease survivorship of toads (Sweet 1992.. 
Hancock .2.009, USFWS 2009. Miller et. al. 
2or2}. Off.highway vehicle use has also caused 
both habitat degradation and direct mortality in 
this species (Ervin ct al. 2.006) 

Status Determination 

Major declines in both distribution and abun­
dance. coupled with several ongoing threats. 
combine to warrant a Priority I Species of Spe• 
cial Concern status for Bufo ca!ifornicus. 

Management Recommendations 

Management efforts for Bufo califvmicus should 
mirror those outlined by the USFWS recovery 
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plan and 5-year review for this taxon (USFWS 
r999. USFWS 2009). The recent 5-year review 
suggests that management effoits to date have 
been effective. and the outlook for this species 
has improved somewhat since it was initially 
listed (USFWS 2009). The most important 
management strategy is to preserve existing 
stream habitat that supports this species and to 
restore additional habitat that can support self. 
sustaining populations. Restoration efforts 
should include dam removal to allow streams 
to meander and rebuild sand and gravel bars. 
and removal of eKotic plants and vertebrate 
predators. 

Monitoring, Research, and Sim,ey Needs 

Monitoring, research, and survey needs are cov• 
cred in depth in the USFWS recovery plan fur 
this taxon and the recent 5-ye-.ir review. We refer 
the reader to these documents for additional 
detail (USFWS r999, USFWS 2009). Monitor­
ing efforts should focus on recovering popula• 
tions, particularly those in newly restored habi­
tat. It is particularly important to continue 
monitoring through drought and El Nii'lo cycles 
i;:iven that this is a short-lived species and 
several years of consistent d1ought could be 
extremely damaging to recovering populations. 

In addition. research aimed at characteriz­
ing variation in this species· life history in <lif. 
ferent parts of its range should be undertaken, 
as these differences might have an impact on 
future man3gement efforts. For example, the 
two deseit slope populations may differ sub· 
stantially in several aspects of life history rela­
tive to the coastal slope populations. Additional 
research into the prevalence and potential 
impacts of Bd fungus on this species is also 
particularly important. Finally, molecular anal­
yses of population size and connectivity might 
be particularly valuable in this taxon. 



YOSEMITE TOAD 

Bufo conorus Camp 1916a 

Status Summary 

Bufo c,inorus is a Priority I Species of Special 
Concern, receiving a Total Score/Total Possible 
of 84% (92/no). During the previous evalua­
tion, it was also considered a Species of Special 
Concern (Jennings and Hayes 1994a). This 
species is also listed as Threatened under the 
US Endangered Species Act. 

identification 

Bufo canorus is a moderately sized (1.0-7 cm 
SVL) sexually dichromatic toad (Camp 1916a. 
Grinnell and Storer 1924, Kagarise Sherman 
1980, Stebbins 2003). Females and juveniles 
have tan or brown dorsal coloration with exten­
sive dark blotches over the dorsal surface and legs 
that are edged with white or cream. Males are 
pale green-yellow or olive green above without, or 
with only minimal, dark blotching or flecking 
(Camp 1916a, Stebbins 2003). A pale, very thin 
middorsal line is often present in juveniles and 
young females, but is usually lost in males and 
older females (Camp I916a). The paratoid glands 

are large, flat, and circular, and are separated l>y 
a space less than or equal to their diameter 
(Camp 1916a). The advertisement call of this spe• 
des is a musical trill lasting 3- 9 s (Elliott et al. 
2009). The specific epitl1et •canorus" (Latin for 

Y.isemite Toad: Risk Factors 

Ranking Criteria (Maximum Score) Score 

i. Rangesize {10) 10 

ii. Distribution trend (25) 15 

iii. Population concentration/ 10 
migration (10) 

iv. Endemism (10) 10 

v. Ecological tolerance (10) 10 

vi. Population trend (25) 20 

vii. Vulnerability to climate change {10) 10 

viii. Projected impacts (10} 7 

Total Score 92 

Total Possible 110 

Total Score/Total Possible 0.84 
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"tuneful"} refers to the melodic quality of the call 
(Camp 19r6a. Karlstrom 1962.). 

This species may be confused with high• 
elevation populations of the western toad ( 8. 
boreas). Bufo boreas often has a conspicuous 
light middorsal stripe and smaller, more widely 
spaced paratoid glands that are separated by a 
spice approximately twice their diameter (Steb• 
bins 2003}. 81ifo bore,1s also has more extensive 
webbing on the hind feet than 8. canorus 
(Camp 1917). Populations of B. boreas that 
occur in the Sierra Nevada do not produce 
advertisement calls: thus. toad breeding cho• 
ruses are diagnostic for B. umorus (Mullally 
1956). 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). 

Toxonomi, Relotionships 

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• 
quent genetic analyses based on mitochondrial 
data suggest that this taxon is a close relative of 
8. boreas (Shaffer et al. 2000, Pauly et al. 
2004). In addition, mitochondrial DNA data 
suggest that B. canorus may be paraphyletic 
with respecl to lhe black toad, 8. exsul. and 
some lineages of 8. boreas (Graybeal 1993, 
Shaffer el al. 200c, Goebel et al. 2oc9). 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 is a case of mitochondrial intro• 
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 :ind degree of melanism in 
eggs and larvae of this ta,:on (Karlstrom and 
Livezey 1955. Karlstrom 1962}. Whether this is 
plasticity in response to elevation and/or the 
local environmem or genetic differentiation 
b.-s not been investigated further. Mitochon-

d1ial data also indicate that some intraspecific 
variation and isolation 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 (2012) 
collected data from 10 microsatellites 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 and precipitation were associated 
with genetic structure. 

Frost et al. (2006a} recommended placing 
this species and many other North American 
bufonids in the genus Anaxyrus, although this 
proposal and the analyses that support it are 
controversial (Crother 2009. Frost et al. 2.009a, 

Pauly et al. 2009). 

Life History 

Bufo ca,iorn.s is primarily a diurnal toad that 
occasionally exhibits 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 1~)80). 

Males are territorial and often maintain intcrin• 
dividual spacing of 7-14 m (Karlstrom 1962, 
Kagarise Sherman 1980). Fighting occurs 
between males that encroach on one another's 
territory (Kagarise Sherman and Morton 1984). 
Breeding activity and egg-laying commence 
soo1t after males begin calling. with females 
depositing eggs along shallow edges of pools 
and streams in meadows (Karlstrom 1962, 
Kagarise Sherman 1980}. Hatching occurs in as 
few as }-4 days at relatively high water tempera­
tures (2.o-23•q or up to 10-14 days at lower 
temperatures (16-17•q (Karlstrom 1962., 
Kagarise Sherman 1980). Metamorphosis 
occurs approximately 40-60 days after oviposi­
tion, again depending on temperature and 

YOSJ.M I Tl TOAD 71 



elevation (Karlstrom 1962. Kagarise Sherman 
1980, Kagarise She1man and Morton 1984). 
The seasonal activity period extends into late 
September and early October, after which toads 
hibernate in rodent burrows, crevices under 
rocks, and root tangles (Kagarise Sherman 
1980). Adult toads 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 Morton 1984J. The 
post-metamorphic diet consists of a variety of 
small arthropods including ants. bees. Aics, 
wasps, beetles, millipedes, and spiders (Grinnell 
and Storer 1924, Mullally 1953. Kagarise Sher• 
man and Mo1ton 1984). The slow growth rate 
and lack of breeding every year is likely attribut­
able to low metabolic rates associated with low 
caloric intake and relatively cold temperatures 
(Kagarise Sherman and Morton 1984). In the 
wild. adults appear to be able to tolerate a rela­
tively wide range of temperatures (from z0-3o•q 
(Karlstrom 1961.). although they prefer tempera­
tures higher in tliis range (Cunningham c963). 
The estimated critical thermal maximum is 
37-4o•c for adults and 36-38°C for larvae (Karl­
strom 1962). 

Bufocariorus is known to occur sympatrically 
with B. boreas in two areas (see the "Distribu­
tion· section) 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 
occur and may represent natural hybrids (Mor­
ton and Sokolski r978). No putative hybrids 
have been described from the Blue Lakes local• 
ity (Karlstrom 1962), although some authors 
suggest that hybridization may also occur there 
(Stebbins 2003). Artificial crosses in the labora• 
tory readily produce hybrids (Katlstrom 1962.). 

Habitat Requirements 

Bufo canorus prefers relatively open high-eleva­
tion meadows vegetated with grasses, sedges. 
rushes, and/or willow stands. (Karlstrom 1962). 
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This species can be found in the margins of 
wate1 bodies that fo1m from snowmelt runoff, 
as well as in moist meadows. During the early 
part of the active se.ason, 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 temp~ratures (Karl­
strom 1962.). As the active season progresses 
and nights become warmer, the toads tend to 
move toward the center of meadows and become 
less restricted to the margins (Karlstrom c962). 
This species prefers shallow (probably <7.5 cm) 
snowmelt pools on the margins of meadows or 
very slow moving ru1)off streams in which to 
breed, although they have also been found in 
deeper (>} m) permanent pools (G. Fellers, 
pers. comm.). These need to be deep enough to 
avoid premature desiccation-a significant 
cause of mortality for larvae-I.mt shallow 
enough to achieve the temperatures needed for 
rapid development (Karlstrom 1962). This spe­
cies may prefer to oviposit in dark-bottomed 
pools. p.trticulady at high elevations. as these 
may provide warmer water temperatmes and 
more rapid larval development (Karlstrom 
r962}. The presence of pocket gophc1, mouse. 
and vole burrows may provide additional benefi­
cial cover and protection from predation (Grin­
nell and Storer 1924, Karlstrom 1962.). 

Distribution (Past and Present) 

Bufo canorus is restricted to a relatively small area 
approximately 240 km (north-south) by 60 km 
(east-west) in higher elevation areas of the Sierra 
Nevada (Karlstrom 1962. Kagarise Sherman and 
Morton 1993). It ranges from the vicinity of Blue 
Lakes, Alpine County, California, south past Kai­
ser [>ass 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}. Th<.> known elevational range extends 
from r950 to 3599 m. with most localities 
between 2;90 and 3048 m (Karlstrom 1962.). 

Between 1915 and r992. this species exhib­
ited declines throughout some areas of its 



range. Drost and Fellers (1996) resurveyed 
localities from Grinnell and Storer (1924) and 
found 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 ca11orus persists, marked 
declines in abundance have also been docu­
mented. ln the Drost and Fellers (1996) resur­
veys. B. canorus was present hi lowc.-r densities 
than in 1915 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 34 2 

individuals to a low of 28, a ninefold decrease 
from the 1974-1978 mean (Kagarise Sherman 
and Morton 1993). However, the number of 
females entering breeding pools showed no 
obvious changes during this time period 
(Kagarise Sherman and Morton 199;). The 
average number of toads encountered in daily 
surveys also declined in the vicinity of Tioga 
Pass meadow between the early 1970s and 
1990. 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 
(Kagarise Sherman and Morton 1993}. 

Nature and Degree of Threat 

The causes of decline in 81ifo canontS require 
additional study. The declines have occurred in 
seemingly undisturbed areas and do 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 been 
advanced. and more than one factor may be 
playing a role. These causes include environ­
menul contamination. disease. drought and/or 
climate change. habitat modification due to 

grazing or other activities, human disturbance 
ofbreedingchoruses. increased predation pres• 
sure from birds and fish, and pesticides. Based 
on current data it is not possible to understand 
in detail which. if any. of these factors are most 
important in 8. canorus declines. 

Snowmelt pools have extremely low acid 
neutralizing capacity, leading to the hypothesis 
that acidification of aquatic breeding habitat 
du.e Lo atmospheric deposition may be contrib­
uting to declines. Bradford et al. (1992) exam­
ined the effect of ittcrcasing acidification and 
the associated increase in dissolved aluminum 
on embryos and hatchlings of B. canorus. 
Embryos and h.ttchlings exposed to decreasing 
pH (and increasing aluminum solute) showed 
no increase in mortality at levels found in 
nature. Howeve1, these facton; did cause earlier 
hatching and smaller body size at metamor• 
phosis. Bradford ct al. (r994) attempted to cor­
relate the distribution of declining Sierran 
amphibiims with these environmental factors 
and found no relationship, concluding that acid 
deposition was an unlikely source of amphibian 
declines in the Sierra Nevada. 

Disease has also been considered as a factor 
in declines. though there is little evidence to 
date. Green and Kagarise Sherman (2001) 
examined the cause of death in 12. adult B. 
canonis that were found during a die•off that 
immediately preceded the population dee.lines 
documented at Tioga Pass meadow by Kagarise 
Sherman and Morton (1993). They found that a 
variety of diseases and parasites were present in 
the population. and chytridiomycosis 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 2.5% of the samples, which is far below the 
proportion typically observed in other die•offs 
caused by these diseases (Worthylake and Hov­
ingh 1989, Berger et al. 1998. Vredenburg et al. 
2010). 

California experienced a relatively severe 
drought between 1987 and 1992, a time wlten 
B. canorus population declines were occurring 
(Roos 1992, Drost and Fellers r996). Although 
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it may have played an exacerbating role, drought 
alone seems unlikely to be responsible for 
dedincs. California experiences drought with 
some regularity, including during the time 
period of the Grinnell and Storer (1924) survey, 
which occurred before any major declines in 8. 
canorus were observed (Drost and Fellers 1996). 
Drought does ;:iffect year-to-year reproductive 
success for this species, and prolonged drought 
may have a cumulative effect on populations 
(Kagarise Sherman and Mono111993). Because 
climate change is expected to impact the 
amount of snow present in the Sierra Nevada 
and the speed and timing of snowmelt {Cayan 
et al. 2008b), drought might play an increasing 
role in declines of this species in the future. 

Habitat modification is a leading cause of 
decline in many species throughout California 
and has been suggested as a factor for B . .::anorns. 
However, B. canorus is found largely within the 
boundaries of Yosemite National Park and other 
public (mostly National Forest) lands that have 
experienced varying impacts over the last coo 
years. Drost and Fellers (1996) compared pho­
tos of habitat from the Grinnell and Storer 
(1924) surveys with current habitat and saw no 
apparent differences. Over the course of their 
zo-year study. Kagarise Sherman and Morton 
(1993) were also unable to detect significant 
habitat changes. That said, local impacts from 
changing habitat remain a potential driver of 
declines. All-terrain vehicle and snowmobile 
use in some 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 affect the suitability of 
breeding habitat and increase sedimentation in 
pools. Two recent, relatively short-term studies 
(5 years) have addressed this hypothesis: one 
that used experimental fencing treatments to 
exclude livestock from B. canorus breeding 
meadows and a second that included occupancy 
surveys across gradients of meadow moisture 
and livestock use levels (K. Tate and A. Lind, 
pers. comm.). Both of these studies demon­
strated that meadow wetness was more inAuen-

74 HOG~ Al◄ O TOADS 

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 toads seem to persist and even con­
centrate in areas that had been disturbed by 
cattle 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. These local-scale influences of 
livestock grazing along with more detailed and 
longer-term investigations of livestock use in 
the context of B. canoms metapopulation 
dynamics require further study. 

Some researchers have suggested that 
increasing predation pressure could be causing 
declines. A variety of .:ivian predators are known 
to feed on adult and larval toads, and increasing 
densities of common raven (Corvus corax) have 
been postulated as a possible cause of decline 
(Kagarise Sherman and Morton 1993). Ravens 
are known lo prey upon other toad species in 
the B. boreas complex and likely also take B. 

canorus. Evidence suggests that declines in 
other amphibian species have occurred in areas 
where fish have been introduced {Drost and 
Fellers 1996). However, fish alone are unlikely 
to explain the declines in 8. canorus. Most B. 

can()ru.s reproduction takes place in ephemeral 
water bodies that do not contain fish (Drost and 
Fellers 1996). Knapp (2005) found no evidence 
for an effect of introduced trout on B. canorus 

presence and absence. Further. Grasso (2005) 
and Grasso el al. (2orn) examined the palatabil­
ity of early life stages of B. eamm.s to introduced 
brook trout 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. cat101us are sensitive to human dis­
turbance. Grinnell and Storer (1924) docu• 



mented that choruses would abrnptly stop 
calling when humans entered a meadow. They 
specifically noted that B. canorns seemed to be 
more sensitive to this disturbance than the 
sympatric Pacific treefrog (Pseudacris regilla). 
Karlstrom {1962.) 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 (c962) did notice wariness at 
night and that cars moving through the area 
even at o.8 km distance would cause choruses 
to cease calling and that ··the almost continual 
daytime. traffic in (Yosemite National Park! 
might help to explain the paucity of roadside 
populations· of B. canoru.s. It has also been sug­
gested that the relatively frequent handling and 
study experienced by some populations could 
induce stress and immunosuppression, which 
may also be playing a role in declines (Green 
and Kagarise Sherman 2001). To our knowl­
edge, this possibility has not been investigated. 

Davidson et al. {2.002) found that areas 
where toads had disappeared were downwind 
from disproportionately large areas of agricul­
tural land {primarily the low-elevation popula­
tions on the western side of the Sierra Nevada}. 
suggc-sting that wind-borne agrochemicals may 
be a factor in declines. However, this relation­
ship was not statistically significant. 

When this evidence is taken together, it is 
clear that the causes of decline for 8. canorus 
a re still poorly understood. It is possible that 
several factors act in combination, pe(h.aps 
interacting with variation in life history or 
metapopulation dynamics. Individual popula­
tions may be susceptible to locali2ed extirpa­
tion due to small population sizes and the spe• 
cies' slow maturation rate. Increasing frequency 
of localized extirpations could cause a br<'!ak­
down of broader-scale metapopulation 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 

localized population declines and extirpations 
(Wang 2012). These inferences are still specu­
lative, however, and further research is needed 
on many aspects of 8. canorus population biol­
ogy to better understand ongoing declines. 

Status Determination 

Declines in both distribution and abundance, 
coupled with a poor understanding of the fac­
tors leading to decline. are the major factors 
justifying a Priority I Species of Special Con• 
cern status. 

Management Recommendalions 

An effective management program for this spe­
cies will depend on 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. 

Mo11itori11g, Research, and Sun•ey Needs 

Ongoing monitoring and study of this species 
is required with a particular aim of identifying 
the major factors leading to decline. It is possi­
ble that some populations are relatively stable. 
and comparisons with declining sites could lead 
to important 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 identi(ying the 
most important factors. In particular, experi­
mental studies of human disturbance, suscepti­
bility to disease, and the potential role of 
reduced snowpack on hibernation and b1eeding 
biology would all be useful. Populations should 
also be monitored for disease outbreaks. 

Further genetic work also needs to be com­
pleted to char.icterize genetic diversity within 
the species. Several studies have already been 
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carried out. although they rely primarily on 
mitochondrial data alone, which is unable to 
distinguish true population substructure (or 
multiple Jineages) from introgrl'ssion from 
nearby B. boreaspopulations. Wang (.2.012.) adds 
important information from the nuclear 
genome, but focuses on Yosemite National Park 
rather than the species' range as a whole. 
Future studies should utilize multiple unlinked 
nuclear markers to clarify the diversity present 
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in the species. gene ftow among meadows. and 
effe<:tive population sizes. 

Finally. the majority of survey efforts to date 
have focused on populations within the bound­
aries of Yosemite National Park. A committed 
survey effort is needed to better understand the 
location of populati011s, their tre11ds in distribu­
tion and abundance, and their disease status 
and level of infection (or lack of) in areas out• 
side of the park itself. 



NORTHERN RED·LEGCED FROG 

Rana ouroro Baird and Girard 1852 

Status Summary 

Rana aurom is a Priority 2 Species of Special 
Concern, receiving a score of 55% (61/uo). 
Previously this species was included as 
a Species of Special Concern by Jennings and 
Hayes (1994a). 

ldetuification 
Rana aurora is a medium•sized (70-100 mm 
SVL) brown, red, gray, or tan frog with dol$ola­
tera1 folds (Dumas I966, Nussbaum et al. 
1983). The dorsum varies from having indis­
tinct, irregular black spots z-3 mm in diameter 
with many tiny fleclcs to an allover network pat­
tern of black lines (Dunlap 1955. Dumas 1966, 
Nussbaum et al. 1983). The dorsum can also be 
largely unmarked, though this is less commo1). 
A light lip line from eye to shoulder is usually 
present, often with a dark mask above (Nuss• 
baum etal. 1983). Vent.Tally, the chest and abdo­
men are often marbled gray. with the groin area 
heavily and darkly mottled (Dunlap r955). Red 
coloration 011 the venter and underneath the 

hind legs is typical but varies in intensity and 
extent (Dunlap 195~). Yellow coloralion is oom­
mon in the groin, as well as red and sometimes 
green coloration (Dunlap 1955). Larvae are dark 
brown from above, with scattered small clumps 

Non/tern Rul•Leaed Frog: Risk F41~wrs 

Metric (Maximum Score) Score 

i. Range size (10) 10 

ii. Distribution trend (2S) 10 

iii. Population concentration/ 10 
migration (10) 

iv. Endemism (10} 0 

v. Ecologi~l tolerance (10} 7 

vi. Population trend (25) 10 

vii. Vulnerability to climate change (10) 7 

viii. Projected impacts {10} 7 

Total Score 61 

Total Possible 110 

Total Score/Total Possible 0.55 
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of metallic flecks and are 50-75 mm in TL 
(Nussbaum et al. 1983). In southern Mendoc­
ino County, this species could be confused with 
R. drayronii (Shaffey et al. 2004). RantJ drayto­
nii is a larger frog (up to 1 }8 mm S VL; Stebbitts 
2003). and typically its <lark dorsal markings 
have light centers (Stebbins .2003). 

Taxonomic Relatiomhips 

Although initially described as a distinct spe<ies 
(Baird and Girard 1852}. for much of the twenti­
eth century northern red-legged frogs were 
regarded as the subspecies Rana ,1urora aurora 

(Camp 1917). Studies over the Last few de<:ades 
have supported the current taxonomic arrange­
ment, with R. aurora and R. drayhmii both rec• 
ognized as distinct species. While they look 
superficially similar, these two species differ in 
morphology (vocal sacs, body size) and brcc·ding 
behavior, and are genetically distinct (Hayes 
and Miyamoto 1984, Green 1985. Green 1986a, 
Green r986l>, Hayes and Kremples r986, Shaf­
fer et al. .2004). A narrow contact zone occurs 
between R. tlurora and R. dmylonii in southern 
Mendocino County (Shaffer et al 2004). 

Life History 

Limited information is available on Rana aurora 
life history, with most studies occurring outside 
of its California range. Adults migrate to wet­
lands to breed for a few weeks between Dec:em­
ber and April when temperatures range from 
4•c to r8•c (Storm and Pimentel r954. Storm 
1960. Dumas 1966, Licht r969. Calef 1973). 
Males call beneath the water (Licht 1969, Brown 
1975b). During one breeding season in Hum­
boldt Bay National Wildlife Refuge, two breed• 
ing events more than a month apart produced 
over half of the egg masses (J. Betasso et al.. 
unpublished data). Egg masses are 15-2.5 cm in 
diameter and c:ontain approximately 500-600 
eggs on average (Calefr973. Licht 1974, Brown 
1975b). Eggs are attached ro emergent and float• 
ing vegetation, branches, or logs up to 150 cm 
below the water surface (Brown 1975b, Storm 
1960, Calef 1973, Cary :2010). Surveys in Hum­
boldt Bay National Wildlife Refuge found that 

most egg masses occurred between 30 and 
60 c:m elevation in the stream chinnel. at an 
average height of 37 cm above the bottom and 
8 cm below the water surface (J. Betasso et al., 
unpublished data). 111 southwestern British 
Columbia. eggs were found at least a meter away 
from the pond edge or river bank (Licht 1969). 
Water temperatures near developing eggs in a 
Washington pond were 6.2•c on average (Brown 
1975b). and embryos tolerate temperatures rrom 
4•c to 2.1•c {Licht 1971). Dumas (1966) reared 
embryos at 11"C, 15°C. and 2o•c. and observed 
the greatest embryo mortality at ao•c. 

Embryonic development (from laying to 
hatching) takes 34-49 days (Storm 1960. Licht 
197r, Brown 1975ht. In Humboldt Bay Wildlife 
Refuge, most egg masses (co3/232,) pcrsistcd fur 
4 weeks before completely hatching out 
(J. 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 r975b). Metamorphosis occurs after 3-7 
months (Brown 1975b. Storer 1925) and meta• 
morphs are 18-29 mm (Brown 1975b, Storm 
1960. Calef 1973}. Larger metarnorphs are more 
likely to survive and to emigrate farther (Chel­
gren et al. 2006). Cn a Washington population, 
eggs were laid in February and March, the first 
larvae hatched in April, and metamorphosis was 
completed in late July (Brown 1975b). 

Ri:111a auror11- juveniles disperse from breed­
ing sites within days or weeks after transforma­
tion {Licht 1974, Licht r986a). While daily 
movements of adults may be on avenge only a 
few meters per day, rnovements of several hun­
dred meters to 4.8 kilometers have been docu­
mented over longer periods (Haggard 2000, 
Hayes et al. 2001, Chan-McLeod and Wheeldon 
2004. Hayes et al. :2007). 

Larvae are algal graz.ers (Dickman 1968). 
Meta morphs and adults are generalist predators 
of insects. spiders. and mollusks (Licht r9861>1. 

Habitat Requirements 

Rant1 aurora occurs in mesic forests and ripar­
ian areas. which in its northern California 
range are primarily steep coniferous forests. 
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coastal terraces. and floodplains (Nussbaum 
et al. 1983. Stebbins 200}). Rana aurora is 
relatively terrestrial for a ranid frog. Adults can 
occur hundreds of meters from water, and are 
often found itt dense vegetated or downed l•:>g 
cover (Dunlap 1955, Dumas 1966). Adult frogs 
radio-tracked from March to July in Humboldt 
County were detected on land 90% of the time 
and usually within 5 m of water. though ani­
mals were found up to 80 m away from water 
(Haggard 2000). In habitat choice experi­
ments, juvenile frogs spent most of their time 
out of the water (Pearl et al. 2.004). 

Both permanent and temporary breeding 
habitats are used, such as ponds. freshwater 
lagoons, lakes, and slow-moving streams (Licht 
1969. Cary 2010. Sun 2.012). Artificial habitats 
such as drainage ditches are also used (T. Fuller. 
J. Garwood, and M. van Hattem, pers. comm.). 
Coastal streams may be important dispersal 
corridors to inland populations. For example, R. 
aurora have been found outside of the breeding 
season in coastal streams in Humboldt and Del 
Norte Counties, and egg masses have been 
found in backwat1:rs and alcoves of the Smith 
River where surrounding areas have been diked. 
drained, and converted (I. Garwood, pers. 
comm.). Both aquatic and terrestrial vegetation 
are important determinants of breeding habitat 
quality. In Humboldt County, egg mass pres­
ence was positively correlated with low canopy 
cover (ponds with less than -40% canopy cover 
are moJe likely to have egg masses present; Cary 
2010). Egg mass density was higher in smaller 
ponds ( 2000 m') and in ponds where the per­
centage of floating and emergent vegetation 
cover was at least ~40% (Cary 2010). Surveys in 
Oregon also found support for the importance 
of emergent vegetation. as wetlands used for 
breeding had 27% open water on average com­
pared to 50% open water in unused wetlands 
{Pearl et al. 2005a). Occupancy mc,dels fit to 5 
years of surYey 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. 2.011). 

So FJ<OCS AtlP TOAPS 

Distribulion (Past and Present) 

Rana aurora occurs from Mendocino County, 
California, north along the west side of the 
Cascade Crest up through Vancouver Island 
and the adjacent mainland coast of British 
Columbia (Stebbins 2003). Populations also 
occur on Graham Island, British Columbia 
(Ovaska et al. 2.002), and on Chichagoflsland. 
Alaska (Hodge 2004). The clcvational range 
extends from near sea level to n6o m in Lane 
Cc,unty, Oregon (Dunlap 1955), with popula• 
tions in California occurring up to approxi­
mately }OO m {Jennings and Hayes 1994a}. 
Two localities included on our map possibly 
extend the eastern edge and elevation range in 
California, and are in need of further investi· 
gatic,n. A specimen collected by Camp in 1913 

from eastern Mendocino County is in the UC 
Berkeley collection (MVZ 5068). photographs 
of which were reviewed by several experts. II is 
possible that the specimen is a misidentified 
R. draytonii, or it may be that R. aurora was his• 
torically more widespread. Despite the pres­
ence of potentially suitable habitat. contempo­
rary CDPW biol,:>gists wc,rking in this region 
have not observed any R. aurora east of High• 
way 101 or in Mendocino National Forest 
(T. Fuller, pers. comm.}. At another site, two 
individuals were found recently in eastern 
Humboldt County at around 800 m elevati,:m 
(M. van Hattem, pers. comm.). 

In California. surveys have found R. aurom 
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. trnrora at 
50% of sites. with highest occupancy probabil­
ity observed in seasonal sites without fish 
{Rowe and Garcia 2013). 

Trends in Abundance 

Population declines have been suspected for 
Rana aurora, particularly in Oregon's Willamette 
Valley {e.g .. Nussbaum et al. 1983: Hayes and 



Jennings 1986). However. systematic surveys are 
lacking. Data on R. aurora 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 0.2/m•, with 
densities up to 0.7/m' observed (Cary 2010). In 

Del Norte County, 382 egg masses were found in 
a 40 x 40 m area of a pond near the confluence of 
East Fork Mill Creek and West Branch Mill Creek 
{J. Garwood, unpublished d.lta). Surveys in Cali­
fornia have found more egg masses in areas 
where natural vegetation buffers the breeding 
habitat compared to developed areas (M. van Hat­
tem. unpublished d.lta). 

Nature a11d Degree of Threat 

The major threat to Rima t:1urora is development 
and forest conversion leading to habitat loss and 
degradation. Other threats indude introduced 
predators. disease. and climate change, though 
more data are needed on each of these 
stressors. 

Due to issues such as low capture rates, it is 
unde,u whether R. aiirora abundance v3ries 
consistently with stand age in harvested fo1el;tS 
(reviewed in Pearl 2005). For example. terres• 
trial (Welsh et al. zoo7) and aquatic {Ashton et 
al. 2006) amphibian surveys in northwestern 
California forests have documented only a 
handful of R. aw-ora. In Washington. bre<:ding 
sites with high primary forest cover within 
2. km had higher egg mass counts. as did breed• 
ing sites greater than 0.2,5 km away from roads 
{Holcomb 2012). On Vancouver Island. radio• 
tracked frogs tended to move toward old-growth 
stands and away from dear-cuts <12 years old, 
suggesting that recolonization ofimpacted sites 
may require several years {Chau-McLeod 
2003). In an Oregon study, the highest capture 
rates of R. ,mrora were in mature, mixed large 
sawtimber forest (Martin and McComb 2003). 

Agricultural and residential development 
has likely contributed to habitat loss and degra• 
dation for R. a,~rora, 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 to lily bulb produc­
tion (J. Garwood, pers. comm.). In addition to 

habitat loss, such agricultural conversion can 
further degrade habitat through use of chemi­
cals such as pesticides, herbicides, and fungi­
cides. Similarly, the emerging iss\te of largely 
unregulated marijuana cultivation can degrade 
watersheds through grading and roadbuilding 
(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 to 
losses of breeding habitat or Joss of access to 
remaining habitat. For example, the Humboldt 
County General Plan is currently being updated. 
with some proposals considering a doubling or 
tripling of rural development. However. R. 
aiirora does use artificial habitat for breeding, 
and amount of urban cover was not a strong pre• 
dictor of frog occurrence in surveys in Oregon 
(Rowe and Garcia 2013). suggesting some toler­
ance for certain kinds of habitat modification. 

Introduced predatory fish and bullfrogs are 
widespread throughout R. tmrora habitat in 
California, including sites near the coast 
(T. Fuller, J. Garwood, and M. van Hattem. 
pers. comm.). Negative impacts have been doc­
umented in mesocosm experiments, but field 
observations have yielded both negative and 
neutr3l effects offish and bullfrogs on R. aurora 

distribution and abundance. Field-enclosure 
experiments in Oregon have sho-wn 1educed 
survivorship, shifts in microhabital use, slower 
development, and smaller size at metamorpho­
sis of R. aurora in the presence of fish and bull, 
frogs (Kiesecker and Blaustein 199&). Surveys 
in Oregon and Washington have found evi, 
dence for negative associations between R. 
aurorii presence or abundance and the presence 
of nonnative fish but weak or no evidence for an 
effect of bull frogs (Adams r999. Pearl et al. 
2005a, Rowe and Garcia 2013). Other studies 
in Oregon and Washington have not detected 
any effects of fish or bullfrogs on R. aurom 
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presence (Richter and Azous 1995, Adams et al. 
1998, Adams et al. zon). Little data are availa­
ble from California. Freshwater Lagoon and Big 
Lagoon in Humboldt County both have a long 
history of fish stocking, and surveys of suita\)Je 
habitat during the 2.olo and 2.ou breeding sea­
sons never found more than r egg mass in 
either Jagoon (M. van Hattem, unpublished 
data). While introduced fish and bullfrogs can 
prey upon R. ,wrora, the population-level 
impacts of such predation are unknown. Gut 
co1tte11t analysis of 5075 bullfrogs collected over 
5 years on Vancouver Island found R. a1irom in 
only 0.2% of stomachs (Jancowsld and Orchard 
2013. 

Expected climate changes within the Cali­
fornia range of R. aurora over the next 100 years 
include increased temperatures, sea-level rise, 
changes in hydrology. changes in fire regime. 
and vegetation shifts {reviewed in PRBO 2.ou). 

The frequency of extremely hot days is projected 
to increase, with roughly nine additional days 
over 32.2•c (Bell et al. 2.004), though the effects 
ofincreasc<l temperature are difficult to predict. 
A mesocosm experiment on larval R. aurora 
found thatthe combined effects of warming and 
drying can offset each other: warm.er 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 predicted under 
some models for California (reviewed in rRBO 
2011), which may cause saltwater intrusion into 
estuarine habitat used for breeding. Upwelling 
is expected to intensify, which may ittcrease fog 
development and contribute to cooler, moister 
conditions (Snyder et al. 2.003, Lebassi et al. 
2009). possibly facilitating terrestrial habitat 
use by this species along the coast. Potential 
changes in predpilation 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 
2.011). Reductions in water a11ailability due 
to reduced snowpack and possibly reduced pre­
cipitation will affect the timing and magnitude 
of stream flows, which may negatively affect 
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habitat (Snyder et al. 2004, Stewart et al. 2.005, 

Cayan et al. 2008b). How fire regime will be 
affected by climate change in noi-thwestern 
California is not well understood. Some models 
predict little change it\ fire regime or even 
decreases in area burned along the northern 
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. (2.011) projected a 100% increase in area 
burned in northwestern California under some 
scenarios. How R. aurora responds to wildfire is 
unknown. Vegetation corn munities are expected 
to shift from moist conifer to drier mixed ever­
green forest, with reductions in Douglas fir and 
redwood forest in particular (Lenihan ct al. 
2008, PRBO 2.011). Loss of moist forest habitat 
would likely be detrimental to R. aurora; how­
ever. most of the predicted vegetation changes 
occur farther inland from its range. 

Disease has been repeatedly implicated in 
amphibian declines, but to date there is little evi­
dence that disease has played a major role in 
determining R. aurora abundance. While Bd hilS 
been documented from a high proportion of sites 
examined in Humboldt County (n/r3: Nieto 
2004, Sun 2012). the prevalence ofinfected indi­
viduals is relatively low ( l 5%; Nieto 2.004, Sun 
2012.). Water mold infection of egg masses has 
been observed in the field (Cary 2.010, M, van 
Hattem, unpublished data) but population conse­
quences of infection are unknown. Terrestrial 
versus aquatic life stages may respond differently 
to fungal infection, Juvenile metamorphs 
infected with Saprogknia in the lab did not have 
significantly higher mortality than uninfected 
individuals (Romansic et al. 2.007), while two 
weeks of exposure was lethal to R. aurora larvae 
(Romansic et al. 2.009a). 

Status Determination 

Rana a!'rom 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 
Concern. 



Managemenl Recommendations 

Ma11agement 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 2.oro, 
Adams et al. 2011, Holcomb 2012) coupled with 
the terrestrial habitat use and long distances 
traveled by adults (Hayes et al. 2007) support 
the idea of maintaining vegetation buffers 
around 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 l,1eeding wetlands of up to 30 m 
depending on land use. However, these setback,; 
are reducible upon request and we recommend 
that consistent, biologically based setbacks be 
developed. Rana a1<rora 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 2.007). Marijuana cultivation 
appears to pose a growing threat to maintenance 
of high.quality habitat for this species. Enforce­
ment and regulation of marijuana cultivation is 
an ongoing issue in California and we suggest 
that the environmental impact of such activities 
be considered. Populations of introduced fish 
and bullfrogs shoultl be prevented from invad. 
ing R. aurora breeding habitat. While bullfrogs 
may already be widespread, intention;il fish 
stocking should be restricted to avoid R. aurora 
habitat. Restoration projects for native salmo• 
nids i;hould also take into consideration poten• 
tial impacts to R. aurora that may be caused by 
converting freshwater wetland~ to estuarine 
habitats and salt marshes. 

Monitoring, Research, and Survey Needs 

Monitoring of Rana aurora egg mass counts 
should continue in oider to provide baseline 
data on distribution and abundance and to 
detect declines. Rana aurora management 
would benefit from additional study of move­
ment and habitat use, life history, effects of 
marijuana cultivation. and impacts of intro• 
duced species in the field. Particularly as habi­
tat becomes increasingly fragmented, 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 tolerance 
of different life stages would be useful for pre­
dicting the extent of sea-level-rise effects on 
coastal populations. Field research on impacts 
of marijuana cultivation on amphibian popula­
tions would contribute lo developing environ• 
mental regulations for this growing industry. 
Much of the concern for bullfrog impacts on R. 
aurora is from experimental mesocosm studies. 
Additional research that addresses the effects 
of bullfrogs and fish on R. aiirora in the field is 
necess;iry 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 fish 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 
promote coexistence between R. aurora and 
nonnative predators. such as managing terres• 
trial and aquatic vegetation cover and 
hydroperiod. 
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FOOTHILL YELLOW•LEGGED FROG 

Rana boylii Baird 1854 

Status Summary 

Rana boylU is a Priority I Species of Special 
Concern, receivjng a Total Score/Total Possible 
of 83% (91/no). During the previous evalu.a­
tion. it was also considered a Species of 
Special Concern, with varying levels of threat 
in different parts of the range (Jennings and 
Hayes 1994a}. 

Identification 

Rana boylii is a small to medium-sized frog (up 
to 81 mm SVL) (Stebhins 2003). The skin usu­
ally appears rough and granular, with many 
tiny tubercles on the surface, including on the 
tympanum {Nussbaum et al. 1983). The dorsal 
coloration is variable and can be gray. brown, 
reddish, or olive, sometimes with e,ctensive 
brick-red coloration around the weak dorsola­
teral folds (Nussbaum et al. 1983). Individuals 
can also change their overall coloration from 
relatively light to dark (Wheeler et al 2005). An 
inverted triangle•shaped patch of buff colora• 
tion is usually present on the snout, but its dis• 
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tinctiveness varies {Stebbins 2.003). The ventral 
coloration is typically yellow on the hind legs 
and posterior abdomen, with the rest of the ven­
ter mostly white with dark mottling on the 
throat and chest {Nussbaum et al. 198}), 

f'oolliifl Yellow-legged Ftog: Rhk f'aclors 

Ranking Criteria (Maximum Scot'<!) Score 

i. Range size {10) S 

ii. Distribution trend (2S) 20 

iii. Population concentration/ 10 
migration (10) 

iv. Endemism (10) 7 

v. Ecological tolerance (10} 7 

vi. Population trend (25! 25 

vii, Vulnerability to climate change (10) 10 

viii. Projected impacts (l0) 7 

Total Score 91 

Total Possible 110 

Total Score/Total Possible 0.83 
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Jennings and Hayes (2005} documented 
orange or red coloration on the ventral surfaces 
of the hind limbs in post-metamorphic animals 
from Glenn, Tehama, and Stanislaus Counties. 
Tadpoles reach a maximum size of 55 mm and 
are usually olive dorsally with dark spots or 
molt ling that matches the stream substrate and 
a silvery venter {Nussbaum et al. 19,S}). Males 
call primarily underwater but will also call 
above {MacTague and Northen 1993). 

Other species that R. bo)•lii could potentially 
be confused with in California include the Cali­
fornia and northern red-legged frogs (R. drayto­
nii and R. aurora}, the mountain and Sierra 
Nevada yellow-legged frogs (R. mimosa and R. 
sierrae). and juvenile bullfrogs. Rana drayionii 
a11d R. ,mrora 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. draytonii and R. aurora 
often have yellowish. thighs) {Stebbins 2003, 

Jennings and Hayes 2005). Rana nmscosa and 
R. sierrae have smoother skin, smooth tym­
pana. and tend lo Jack the light patch on the 
snout (Stebbins 2.003}. Bullfrogs occasionally 
co-occur with R. boylii but tend to be greenish 
in color, with smoother skin, and large. smooth 
tympana (Stebbins 2003). 

Taxonomic Relotiot1ships 

Rana bo}•lii has been recognized as a distinct 
species for a long period of time. although its 
phylogenetic placement among other North 
American ranids has been revised repeatedly 
(Baird 1S54. Macey et al. 2001, Hillis and Wil­
cox 2005}. Zweifel (1955) documented variation 
in color and morphology among California R. 
boylii populations. Recent phylogeographic 
studies have found that genetic variation 
among R. boy!ii populations is structured along 
hydrologic boundaries (Dever i.007, Peek 2010, 

Lind et al. 20n). In a range-wide phylogeo­
graphic study. Lind et al. (2011) identified some 
peripheral populations that are deeply diver­
gent from populations within the core of the 
t'ange. 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 Sierra Nevada were found to be phy!o­
genetically distinct from the rest of R. boylii, 
suggesting a long history of isolation. While 
extreme southern populations from Los Ange• 
!es County are now extirpated, Lind et al. (20H) 

hypothesized that animals from those localities 
may also have been genetically distinct. 

Life History 
As a stream-dwelling frog, the life history of 
Rana bo)•tii coincides with seasonal palterns in 
river flows associated with California's Mediter­
ranean climate. The most sensitive life stages 
(eggs and larvae) develop during relatively sta­
ble conditions when streams are at their lower 
stages (Kupferberg et al. 2009b). Breeding and 
oviposition occur in spring after flood waters 
recede, and tadpoles metamorphose in late 
summer through early autumn before winter 
rains (reviewed in Lind 2005, Haggarty 2006, 

Wheeler and Welsh 2008). Southern popula­
tions breed earlier than northern populations 
(Zweifel 1955), and the onset and duration of 
breeding can be influenced by water tempera­
tu re, cessation of rainfall. water velocity and 
depth, and day length (Zweifel 1955. Kupfer­
berg 1996a, Lind et al. 1996). Between 2002 

and 2007 at a site in Del Norte County, breed­
ing activity was initiated in early April and 
lasted for 19-52 days, with earlier breeding 
occurring in low-flow years (Wheeler and 
Welsh 2008). Breeding activity ceased briefly 
during rain events that increased Oows 
(Wheeler and Welsh 2008). 

Females lay a single cluster of up to 2000 

eggs {Zweifel c955) attached to pebble or cobble 
substrates (Fuller and Lind 1992.) or to bedrock 
{M. van Hattem, pers. comm.). Eggs take 2-3 
weeks to hatch, depending primarily on water 
temperature (Kupferberg 1996a). Major 
sources of natural egg mortality are desiccation 
through stranding in dry years, and scour from 
floods in wet years (Kupferberg et al. 2009b). 
Adults breed at 2 or 3 years of age depending on 
the geographic location, and this translates into 



fluctuations in adult populations being deter· 
mined by environmental conditions during 
recruitment 2-3 years prior (Kupferberg et al. 
2009b). Metamorphosed animals captured in 
Tehama County were 1.2.-7.2. years old based 
on skeletochronology (Bourque 2008), sug­
sesting that they can be l'elativcly long-lived. 

Radiolelemetry studies are beginning to 
ofier more insight into terrestrial movements. 
Adults aggregate at pools in the spring but 
become more difficult to find in the summer 
(Van Wagner 1996, Haggarty 2006, Wheeler 
and Welsh 2008). In one study in Tehama 
County. frogs used watercourses for movement 
and were rarely more than 1.2 m from the 
stream channel (Bourque 2003). Females 
tended to move upstream during spring and 
downstream during the fall and winter. Travel 
rates in this population were up to 1386 m/day, 
faster than previously thought. Jn other stud­
ies, the longest distances traveled have been 
closer lo 500 mat rates of tens to a few hundred 
meters per day (Van Wagner 1996, Drennan et 
al. 2006, Wheeler el al. 2.006). Females tend to 
move farther distances than males, with female 
movements up to 7 km documented in one 
study (Bourque 2008, Consolin 2010). At one 
locality in Del Norte County, 68% of males 
remained in one lueeding site during the repro­
ductive season, with average home range sizes 
of 0.58 m• (Wheeler and Welsh 2008). At a site 
where the availability of permanent water is a 
limiting factor in Santa Clara County, resident 
tributary frogs moved to the main stem to 
breed and moved greater distances than resi­
dent main stem frogs (Gonsolin 2.010). Greater 
than 90% of movements were associated with 
movemetlts to or from breeding sites, and all 
movements outside of the breeding season 
were made in response to the channel drying 
back or to rainfall (Gonsolin 2010). 

Larvae appear to be herbivorous, while met­
amorphs and adults consume terre:.trial and 
aquatic insects. Algae with epiphytic diatoms 
are a preferred food for larvae, and the abun­
dance of floating algae ir\dicates the quality of 
larval food resources (Kupferberg 1996b, Kup• 

ferberg 1997). Metamorphosed animals prima• 
rily forage terrestrially (Zeiner et al. r988, Yan 
Wagner 1996. Haggarty 2006, Hothem et al. 
2009). Spiders, b~tles, and flies are common 
prey items (Haggarty 2006, Wisc-matt and Bet­
taso 2007, Hothem el al. 2009). Gut content 
analyses of adults collected from 2.2 sites in the 
Cache Creek watershed found that 98% of indi­
viduals contained terrestrial prey, 2.8% con• 
tained aquatic prey, and one animal contained 
mammal hair and bone fragments (Hothem et 
al. 2009). Two occurrences of adults cannibal­
izing juvenile conspecifics have been docu­
mented (Wiseman and Bettaso 2007). 

Habitat Requirements 

Rana boylii is primarily stream dwelling and 
requires shallow, flowing water in streams and 
1ivers with at least some cobble-sized substrate 
(Hayes and Jennings 1988). Different life 
stages use different habitat types for develop­
ment, foraging, and overwintering. 

Breeding and oviposition occm at the mar­
gins of relatively wide and shallow channel sec• 
lions, habitats that experience reduced flow 
variation (Storer 1925, Fitch 1936, Kupferberg 
1996b. Lind et al. 1996). Breeding sites a1e 
often located near tributary confluences (Kup­
ferberg 1996a, Bourque 2008). Egg masses are 
attached in low-flow locations behind and 
sometimes under rocks. The most commonly 
used substrates for breedirtg sites are cobble, 
boulders, and gravel (Fuller and Lind 1992, 

Kupferberg 1996a). Eggs have been found at 
water depths up to 87 cm (C. Bondi, S. Yarnell, 
and A. Lind. pers. comm.), in water velocities 
of 0-0.21 m/s, and up to 12.5 m from shore 
(Kupferberg 1996a, reviewed in Lind 2005). 

The critical thermal maximum for embryos is 
.2.6•c, and eggs have been found in water rang­
ing from 9°C to 21.5°C (Zweifel 1955). Density 
of egg masses was highest in Eel River reaches 
when July mean temperatures were between 
17.5•c and 19°C (Catenazzi and Kupferberg 
2013). Egg mass surveys from 1991 to 2002 

a.cross n small and large streams in the North• 
em Coast Ranges and the Sierra Nevada found 
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that oviposition sites occurred in a very narrow 
range of microhabitat conditions that wert> dif­
ferent from randomly selected habitats, strongly 
suggesting active habitat selection by frogs 
(Lind 2005). High-quality breeding areas are 
often used over m1tltiple years (Lind 2005). 

Larvae tend to stay in natal habitats until they 
metamorphose (Van Wagner 1996). Surveys in 
the Mattole Watershed in northern coastal Cali• 
fornia across difforent channel types found that 
tadpole presence was best predicted by rela­
tively warmer water temperatures (Welsh and 
Hodgson 2orr). Tadpoles were never found in 
water colder than 13°C, and tadpole abundance 
increased with water temperature (Welsh and 
Hodgson 20n). In choice experiments, tad­
poles selected temperatures 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 (reaches intermediate b.::tween riffles 
and pools) depending on the life stage and sea• 
son (Van Wagner 1996, Yarnell 2000, Lind 
2005, Yarnell 2005, Haggarty 2006). At Red 
Creek in Tehama County. post-breeding season 
adults and subadults preferred pool and riffle 
habitats, while young of the year meta morphs 
selected slower-moving glides and runs (Hag• 
garty 2006}. In Nevada County, all age classes 
used riffles after the breeding season (Van 

Wagner 1996). In the Sierra Nevada foothills, 
subadults chose fast-flowing sections of stream, 
while adults used slower-moving pool habitats 
(Yarnell 2000. Yarnell 2005}. In the Mattole 
Watershed, the best predictor of adult presence 
in streams was canopy openness (Welsh and 
Hodgson 2.ou). Abundance of adults and Jar• 
vae was positively associated with larger basin 
areas and finer substrates, conditions mo1e 
typical of alluvial channels than other channel 
types {Welsh and Hodgson 2011). 

Less is known about terrestrial habitat use. 
Adults typically occur along waterways with 
some degree of shading (Fitch r938, Zweifel 
1955. Moyle 1973. Hayes and Jennings 1988, 
Van Wagner 1996), although they also occur in 
open habit;its (Welsh et al. 2005. Haggarty 
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2006, Welsh and Hodgson 2011). During the 
spring. radio-tracked males and females in 
Tehama Coumy were often found on land near 
water (38% and 66% of th.e time, respectively; 
Bourque 2008). The average distance from 
water was less than 3 min all seasons, although 
adults occasionally used habitat up to 40 m dis• 
tant from streams (Bourque 2008). Adults 
move to tributaries or upland habitats to avoid 
flootls following large rain events ( Kupferberg 
1996b, Van Wagner 1996, Yarnell .2000, 

Bourque 2008). Tributaries are also used for 
overwinte1ing in early spring before adults are 
abundant on the principal channels (Kupfer• 
berg 1996b. Yarnell 2000). Juveniles will also 
move into tributaries, with maximum move• 
mmts of86o m from hatching site to upstream 
tributaries observed in Santa Clara County 
(Gonsolin 2010). Adults may aggregate above 
ground in terrestrial microliabitats on tributar­
ies post-breeding (Leidy et al. 2009). 

Distribution (Past and Present) 

Histo1ically, Rana boylii occurred in foothill 
and mountain streams from the San Gabriel 
River in Los Angeles County to southern Ore• 
gon west of the Sierra-Cascade crest (Nuss­
baum et al. 1983. Stebbins 2003). from sea level 
to 1940 m (Hemphill 1952}. There is an iso• 
lated, unverified record from northern 
Baja Californi.1, Mexico, at -2000 m (Loomis 

1965}. 
Jennings an<l Hayes {1994a) consi<le1ed R. 

&oyiii endangered in central and southern Cali· 
fornia south of the Salinas River. threatened in 
the west slope drainages of the Sierra Nevada 
and Cascades, and of special concern in the 
Coast Ranges north of the Salinas River. They 
estimated that R. bc>ylii were extirpated from 
45% of their historical localities in California, 
and 66% of historical localities from the Sierra 
Nevada. Building on that mapping effort, Lind 
{2005) looked at 394 historic localities in Cali­
fornia and Oregon, and found that 2.or locali­
ties {51%) were no longer occupied. with exti1-

pations largely in southern California and 
northern Oregon. Kupferberg et al. (2.012.) 



determined current occupancy of }IO randomly 
selected sites that were occupied prior to r975. 
They found that half of the sites still had R. 
boylii populations, with frogs more likely to be 
present in sites without large dams. 

Extirpations likely began in the second half 
of the twentieth ce1ttury. Grinnell and Storer 
(192.4) noted several sites in the Sierra Nevada 
foothills around Yosemite where R. boylii were 
common. In resurveys of those :sites and sur­
veys of additional sites in the early 1990s, Drost 
and Fellers (1996) did not find any R. boylii. 
Surveys by Moyle (1973) in the 1970s found R. 
boylii at only 30/95 sites in the southern and 
cetttral Sierra Nevada foothills. Field surveys 
since 1993 have found at least one frog at only 
2.q/804 sites in 28/40 California counties (Fel­
lers 2005a). Fellers (2005a} estimated that 
extant populations occur in 40% of streams in 
the Pacific Northwest. 30% of streams in the 
Cascade Moutttains, 30% of streams in th<: 
south Coast Rance (south of San Francisco). 
and 12% of streams in the Sierra Nevada. 

Trends in Abundance 

Kupferberg el al. (2ot2) compiled egg mass 
density data from multiple sources on 1.7 Sier­
ran and coastal populations in northern Cali• 
fornia between 199r and 2010. The range of 
densities reported was between r.9 and 105-7 
dutches/km of reach sampled. Average density 
was higher in free-flowing rivers (31.1 dutches/ 
km) than in rivers with dams (5.5 clutches/ 
km}. but no differences were detected between 
abundances in coastal versus montane water­
sheds (Kupferberg et al. 2or2). Fellers (2005a) 
reported that only 30 of .2.13 occupied California 
sites had population sizes greater than 20 
adults. In the Coast Ranges. population sizes of 
greater than too adult frogs occurred at six 
sites, and populations greater than so adult 
frogs occurred at nine sites (Fellers 2005a). 
Small population sizes are presumably due to 
population declines. leading to predictions that 
populations in the southern Sierra Nevada will 
not be viable for more than another decade (Fel­
lers 2005a). Minimum viable population sizes 

are unknown. however, and may vary across 
the range. 

Natwre 011d Degree cfThreot 

The main threals to and likely causes of Rana 
boylii decline are human activities that alter 
natural hydrologic. regimes of streams and 1iv­
ers. such as darns for hydroelectric power gen• 
eration, water storage, and water delivery. Other 
potential stressors include land use changes 
that degrade or destroy riparian habitat (partic­
ularly urban and agricultural development). 
pcstiddes. disease, and invasive species. 

Alterations to the nalural flow regime, for 
example, through dam releases, can have direct 
mortality effects and indirect negative effects 
on R. boylii by altering habitat availability and 
quality. Kupferberg et al. (2009h) reviewed 
published literature and Federal Energy Regu­
latory Commission hydroelectric dam relicens­
ing reports to assess the effects of pulsed flow 
releases on R. boylii. The data spanned 1997-
2007 and included seven major river basins in 
California. Pulsed flows 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 changes on habitat availability is 
highly site specific. Reservoirs and dams may 
also disrupt patterns of connectivity among R. 
boy/ii populations. Comparisons of genetic 
structure within and among R. boylii popula­
tions in three pairs of regulated versus unregu• 
lated Sierran rivers found that regulated rivers 
exhibited lower genetic diversity and greater 
genetic drift compared to unregulated river 
populations ( Peek 2.010). 

Kupferberg et al. (2009c} modeled R. boylii 
population growth under different flow see• 
narios. A major result was that populations in 
regulated rivers had 4-13-fold greater extinc• 
tion risk than populations in unregulated rivers 
due to smaller population sizes. Kupferberg 
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et al. (2009c) simulated how an unregulakd 
population 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 ofhydrologic changes can 
contribute to these negative eff&ts, and when 
different stressors are combined, the impact on 
frog populations is greater than expected from 
simply adding up the effects of individual 
stressors. 

Field and laboratory experiments conducted 
by Kupferberg et al. (2011} showed that tadpoles 
suffered negative effects including death at or 
below water velocities experience<! during asea­
sonal pulsed flows. For example, most tadpoles 
could no longer swim or seek refuge at veloci• 
ties of -20 cm/s 01 greatei, and in the absence 
of refugia tadpoles reached exhaustion in 
-7 mitt in a 5 cm/s current. Rates of flow itt 
regulated reaches can be much higher than 
this. For example, in the North Fork Feather 
River, surface velocity measured in larval rear• 
ing habitat near channel edges can reach over 
30 cm/s after releases for recreational purposes 
(Garcia and Associates 2005). 

Smaller-scale hydrologic modification and 
loss or degradation of riparian habitat due to 
urban and agricultural use is also a threat to R. 
boylii. Analyses correlating R. boylii distribu­
tion with landscape characteristics demon• 
strated negative effects of urban and agricul• 
tural land use change and pesticides on R. 
b())•!ii presence {Davidson et al. 2.002, Davidson 
2004. Lind 2005). Vineyard 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 
bullfrogs (S. Kupferberg, pers. comm.). Mari• 
juana cultivation practices that divert water 
from small creeks c:m Je;id to premature dry­
ing. Growers have been observed to construct 
plastic-lined impoundments in creeks and add 
fertilizers di reedy to creek water, as well as use 
pesticides and herbicides in and around frog 
habitat (Gonsolin 2010). These practices are 
suspected to h.ave contributed to declines in 

some populations near Gilroy (Gonsolin 2010). 

Similar impacts are likely in Humboldt, Men• 
docino, and Trinity Counties (CDFC 2or3). 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 activities on R. boylii. For example. in 
Humboldt County in-stream gravel mining 
oi:curs above (in elevation) and outside 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. comm.). 

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 aff~t stream hydrology (r<eviewed in 
PRBO 20n). Comparisons of occupied and 
extirpated historic localities found that sites 
where R. boylii persists have higher mean 
annual precipitation, less variability in predpi· 
talion, and fewer dry yeara. than extirpated sites 
(Davidson et al. 2.002, Lind 2.005). Within the 
range of R. bo)•lii. 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• 
dieted within the northwestern range of R. 
boylii, and \IP to 90% reduction in snowpack is 
predicted for the south coast hydrologic region 
(Snyder et al. 2.004, Cayan et al. 2,008b). In the 
Sierra Nevada, snowpack losses of 50-90% are 
predicted by the end of the twenty-first century, 
with greatest losses at low to mid-elev.1tions 
{Knowles and Cayan 2002.. Hayhoe et al. 2004, 

Knowles and Cayan 2.004. M3urer 2007, Cayan 
et al. 2008b). Loss of snowpack is likely to 
result in earlier runoff and reduced spring and 
summer streamflows. Timing of spring snow­
melt is predicted to shiftearlitr in the spring ilt 
the Sierra Nevada {Snyder and Sloan 2005), 

while in ttortltwestern California the opposite 



has occurred over the last 50 years (Stewart et 
al. 2005). How frogs will respond to these 
changes in hydrology is unknown, but negative 
effects due to anthropogenic changes in hydrol­
ogy are well documented. Reduction in water 
availability may also lead to more conflict with 
human use of water and affect how regulated 
reache:s are managed {reviewed in Franco et al. 
2.ou ). It is important to note, however. that pre­
dictions of changes in precipitation are much 
less certain than predictions for temperature 
(Ft'anco et al. 20n, PRBO 1.on}. ln addition, 
climate change may also affect disease dynam­
ics. Outbreaks of nonnative parasitic copepods 
occurred during two recent warm years at a 
long-term study site, resulting in morphologi· 
cal abnormalities and smaller sizes at meta• 
morphosis (Kupferberg <!'t al. 2.009a). The out• 
break was likely caused by increased summer 
water temperature, decreased daily discharge. 
or a combination of these factors. These condi­
tions may increase under a changing climate, 
but could also occur as a result or marijuana 
cultivation. 

No declines to date have been associated 
with Bd, but the disease does infect R. bo1•lii in 
the field. Padgett-Flohr and Hopkins (2.009) 

examined museum specimens from 1890 to 
2.000, and found that Bd first appeared in R. 
l,oylii samples from the r96os, with 10% of 
specimens infected. In all, 0-40% of speci­
mens were infected with Bd in the following 
decades. In laboratory trials, R. boylii appeared 
to be protected by skin peptides against Bd and 
therefore may not be very susceptible to chytrid· 
iomycosis (Davidson et al. 2007). Chytrid 
infection did not affect survival, even in the 
presence of a co-applied pesticide. but did sup• 
press growth of rece11tly metamorphosed indi­
viduals by approximately 40% (Davidson et al. 
2007). 

Observational data and surveys have found 
that R. l,oylii is rare or absent in habitats with 
introduced fishes and bullfrogs (Hayes and )en• 
nings 1986, Hayes and Jennings r988, Kupfer• 
berg 1997. Lind et al. 2003. Fuller 2008). 

Breeding populations of R. boylii can be an 

order of magnitude smaller when bullfrogs are 
present compared to uninvaded reaches {Kup• 
ferberg 1997). In field experiments in outdoor 
enclosures, bullfrog tadpoles caused a 48% 
reduction in survivorship of R. bo}•lii tadpoles, 
and a 24% decline in mass at metamorphosis. 
The mechanism behind the negative impacts of 
bullfrogs was competition for food (Kupferberg 
1997). Metamorphosed bullfrogs prey on R. 
boy/ii, including post•metamorphic individuals 
(Crayon 1988, Hothem et al. 2009), but the 
population-level consequences of this predation 
are unclear. Another nonnative predator. the 
signal crayfish (Pacifastacus leniusculus), has 
been introduced into several Sierra Nevada 
drainages from farth<:"r north where the two 
spec.ies 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. bo}>lii's range, signal 
crayfish have been documented at 30-40 sites, 
with -25 invaded sites occurring in the Sienan 
foothills {G. Fellers, pers. comm.}. 

Stalus Determination 

Documented declines and extirpations of Rana 

boylii populations combined with continuing 
threats to remaining populations result in a 
Priority 1 designation f01 this species. 

Management Recommendations 

Several aspects of the biology of Rana bo}•lii can 
help inform management efforts. Rana boylii 
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 pattern 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. rurther rec­
ommendations for hydrologic management can 
be found in Kupferberg et al. (2009b. 2009c). 

Dam 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 to take R. boylii into account. For example. 
in-stream structures to improve habitat for fish 
such as steelh.ead can negatively impact R. bo}•lii 
(Fuller and Lind 1992). 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 oflosses and 
distinctive genetic diversity represented in this 
part of the range (Lind et al. 2.on). Removal or 
management of nonnative predators such as 
fish and bullfrogs may help restore R. boy!ii 
habitat. Fo1 example, projects that remove artifi­
cial pools (e.g., relict mine tailing ponds) by 
restoring linkages to main river channels would 
result in more natural hydrologic conditions and 
reduce breeding habitat for bullfrogs (Fuller et 
al. 2.010). Finally. Lind et al. (2ou) suggested 
that an approa.ch using genetic analyses of R. 
boy/ii and co.distributed riverine taxa would 
help in prioritizing drainages for protection 
based on levels of diversity. 

Monitoring, Research, and SurPey Nteds 

Modeling of population dynamics and hydrol­
ogy are highly site specific and limited by avail­
able demographic data, a.nd acquiring those 
additional data should be a high priority for 
Rana hoytii. 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 understanding of 
how hydrology affects different life stages (Kup• 
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ferberg et al. zoo9b). More research is also 
needed on post-metamorphic stages. Post-meta• 
morphic stages may be less at risk from asea• 
sonal pulses in river flow because they are more 
mobile, but in regulated rivers the timing of 
pulsed fl.ow events can be decoupled from cli­
matic cues {such as the first appreciable fall 
rains) that would normally trigger movement to 
safer refuges (Kupferberg et al. 2009b). Cau• 
lion should be taken in using radio telemetry to 
study post-metamorphic animals, as 62% of 
frogs in one study suffered skin injuries from 
transmitters ! Bourque 2008). Modeling efforts 
would also be improved by monitoring a Sierra 
Nevada population in an unregulated reach for 
comparison with more regulated sites (Kupfer• 
berg et al. 2.009b). Egg mass counts are com• 
monly used to monito1 R. boylii populations. 
Females 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 made based on 
egg counts alone (Wheeler and Welsh 2008). 

Lind et al. {20n} provided important range­
wide phylogeographic data, but their study was 
limited by very low nuclear genetic diversity and 
relied primarily on mitochondrial data. Addi­
tional work could provide valuable additional 
data on levels of variation and genetic isolation 
among local hydrologic basins, as might be pre• 
dieted for this stream-restricted a nu ran. Finally. 
efforts to find remnant R. boylii populations in 
the San Gabriel Mountains and upper Piru 
Creek in southern California should continue. 



CASCADES FROG 

Rona cascadae Slater ,939 

Status Summary 

Rana cascadae is a Priority 2 Species of Special 
Concern, receiving a Total Score/Total Possible 
of 65% (72/110). During the previous evalua­
tion, it was also considered a Species of Special 
Concern (Jennings and Hayes 1994a}. 

identification 
Rana ,ascadae is a medium-sized (2.0-S.o cm 
SVL} frog with drab-green, tan, or brown dorsal 
coloration and welJ-defined black blotches scat• 
tered across the back (Slater 1939, Stebbins 
2003}. The number of blotches varies from 
very few to about 50 (Slater 19}9), and 
unmarked individuals occur rarely (Jennings 
and Hayes 1994a}. Blotches appear to be on the 
surface of the frog's skin and are reminiscent of 
spattered ink (Stebbins 2003). The species has 
a prominent light stTipe above the jaw and 
strong dorsolateral folds. The venter is cream or 
buff, usually with yellowish (sometimes red­
dish) areas posteriorly and on the undersides of 
the legs. Laterally, the sides are mottled and 

fade into the ventral coloration !Slater 19391. 
The male adve-rtisement call is a series of low 
chucks given in rapid succession, usually end­
ing with one slightly drawn out chuck ( Elliott et 
al. 2009). 

Cosetides Frog: Risk Foclor5 

Ranking Criteria (Maximum Score) Score 

i. Range size jlO) 10 

ii. Distribution trend (25) 20 

iii. Population concentration/ 10 
migration (10} 

iv. Endemism (10} 0 

v. Ecological tolerance (10} 3 

vi. Population trend (25) 15 

vii. Vulnerability to dimate change (10) ? 

viii. Projected impacts (10) 7 

Total Score 72 

Total Possible 110 

Total Score/Total Possible 0.65 
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In California, this species could be c.onfused 
with the California or northern red-legged frogs 
(R. draytonii and R. aurora), both of which it 
reseml>les in overall body shape. In adults. 
R. aurora/R. draytonii have extensive mottling 
on the venter with red pigmentation on the ven• 
tral thighs and groin, rather than the yellow that 
often cha.rac.teri:zes R. ,;asrndae (Dunlap 1955}. 
Howcvcr, the color of the thighs is variable in R. 
cascadae and may not be a reliable character to 
separate these taxa (S. Barry, pers. comm.). 

Taxonomic Relationships 

This species is closely related to Rema aurora and 
R. draytonii (Shaffer ct al. :i.004, Hilus and Wil­
cox 2005}. Ct was proposed as a distinct spe<:ies 
based on morphology (Slater r9,9), and this 
interpretation has been repeatedly confirmed 
with additional morphological and genetic data 
(Dunlap r955, Case 1978. Shaffer et al. 2004). 

Based on genetk data, the species appears 
to show considerable differentiation among 
loca I populations that is consistent with an 
overall isolation-by-distance model of gene flow 
(Monsen and Blouin 2003. Monsen and Blouin 
.2.004). In addition, the California populations 
appear to be strongly divergent in both mito­
chondrial and nuclear DNA from the remain• 
der of the species' range in the Cascade and 
Olympic mountain ranges (Monsen and Blouin 
2003). Populations of this spe<:ies .tppear to 
have consistently small effective population 
sizes (<50; Phillipsen et al. 2.on). The available 
data are primarily from outside of California. 
a \though 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 ei;tensive work with larger range•wide 
sampling is neede<l. 

Ufe History 

Ra.na cascadae. breeds in the spring, soon after 
emerging from hibernation and the spring thaw 
that opens breeding pools (Nussbaum et al. 

19&3. Stebbins 2.ooJ). First-lime breeders fre­
quently disperse to new areas of suitable breed­
ing habitat {51% offirst-time breeders relative to 
only 7% of experienced breeders in Echo Lake 
Basin; Gaiwood .2009). which may help to con­
nect local subpopulations into larger more stable 
metapopulations. Breeding occurs at the mar• 
gins of walerbodies, with oviposition often 
occurring in large aggregations (Sype 1975. 
Nussbaum et al. 1983, Garwood 2009). Oviposi• 
tion behavior appears to be variable throughout 
the species· range, with some authors reporting 
diurnal oviposition of largely unattached egg 
masses (Briggs r987), and others noting that 
most egg masses are deposited at night and are 
attached to vegetation {Nussbaum et al. 1983; 
K. Pope. pers. comm.). Breeding at individual 
sites is relatively synchronous and occurs over a 
few days, although the timing of breeding across 
the range can vary widely with local weather 
conditions and elevation (Briggs 1987, Garwood 
2.009). Embryo development can occur at tem• 
peratures ranging from 6°C to 2-7°C (Sype 1975, 
Nussbaum et al. 1983). After hatching, 13rvae 
sometimes aggregate into dense dusters (gener­
ally fewer than 40 individuals) composed p,ima• 
rily of siblings (O'Hara and Blaustein 198c. 
O'Hara and Blaustein 1985, Blaustein and 
O'Hara 1987) and choose higher water tempera• 
lure than those required during embryo devel­
opment (up to -28°C; Wollmuth et al. r9&7. 
Banaoft ct al. 2008). After metamorphosis, 
lower water temperatures are again preferred. 

Rana cascadac appears to be largely diurnal. 
The diet of adult frogs is generalized and 
includes a wide variety of arthropods, as is the 
case for most other California ranids (Joseph et 
al. .2.011). An analysis of stomach contents for 
275 frogs documented the presence of 110 

invertebrate taxa (Larson 2012). Frogs across all 
sh:e classes generally avoided small prey items 
(<4 mm), and larger frogs more strongly pre• 
ferred large prey items (Larson 2ou). 

Habitat 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 19943, Stebbins 
2003, Pearl and Adams 2005, Garwood 2009). 

The species will also use wet meadows (often 
those that have formed from old sphagnum 
bogs} and can occasionally be found a large dis­
tance 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.). Montane Jentic 
habitat is required for breeding and overwinter­
ing, with small, shallow, spring-fed ponds serv­
ing as the primary breeding habitat (Garwood 
2009). [>opulations appear to be sustained by a 
matrix of varying habitat types that individual 
frogs disperse among throughout the year (Gar­
wood and Welsh 1.007, Garwood wo9). sug­
gesting that habitat conservation needs to con­
sider spatial scales la.rger 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 spcciei; (Fellers et al. 2008; 

also see the "Nature and Degree ofThreat" sec­
tion below). 

Distribuiion (Past and Present) 

In California, Rana cascadae occurs in two 
population segments. One is in the Lassen area 
and the <:!:Xtreme northern end of the Sierra 
Nevada (Lassen, Plumas, Shasta, and Tehama 
Counties) and is now nearly extirpated. The 
other occurs in the T1inity Alps and Siskiyou 
Mountains region. The spedes' range in Cali­
fornia extends from Siskiyou County south to 
the northern end of Butte County. Outside 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 dedined strongly 
in the I.assen area, where nearly all known 
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populations have disappeared in the last 30 
years (Fellers and Drost 1993, Jennings and 
Hayes 1994a). More recent surveys in the Las• 
sen region further confirm these declines. 
Rana ca:scadae was found at only 6 of 856 sites 
surveyed over 14 years, population sizes were 
small, and breeding was limited at these 6 sites 
(Fellers et al. 2008). Populations elsewhere, 
including the Klamath Mountains region in 
Siskiyou and Trinity Counties, are also frag­
mented. generally small, and at risk, although 
they are more intact overall than in the Lassen 
area (K. Pope, !)<:rs. comm.). Locali2ed dedines 
have also been detected elsewhere in the range 
(Pearl and Adams 2005, Fellers et al. 2008. 

Piovia-Scott et al. 20n). Welsh et al. {1.006) 

found R. cascadae to be the most common 
anuran in the Klamath region. By contrast, 
more rec:ent and ongoing surveys of eight pop\1• 
lations in the Trinity Alps within the Klamath 
region find that only one of the populations is 
large and robust and that some of the threats 
present in the Lassen region are likely also 
operating there (K. Pope, pers. comm.}. Pope 
and Larson (2013) report u remaining popula• 
lions in the Lassen area and find that the 
number of young frogs was low at all sites that 
they surveyed. 

Nature and Degree of Threat 

Threats to this spe<:ies 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 egg masses and tadpoles, as 
well as impacts from Bd among subadult frogs 
{Pope et al. 2011). Extensive mark-recapture 
surveys in the Lassen region between 200& and 
2010 indicate widespread desiccation of egg 
masses and tadpoles and a lack of metamorphs 
relative to more stable populations in the 
Klamath area (Pope et al. 2ou. Pope and Lar· 
son 2,013). In comparisons between two of the 
remaining Lassen populations. the population 
with higher Bd prevalence and load in adult and 



subadult frogs had Lower suivivorship for these 
two age classes. In both Lassen and the 
Klamath Ranges. subadult frogs had higher Bd 
prevalence and load than adult frogs, and the 
prevalence of Bd increased throllghout the 
active season for subadult frogs but not for adult 
frogs. These results arc consistent with previ­
ous studies of Bd in this species that suggest 
the pathogen has difforcntial impacts depend­
ing on age class. Blaustein et al. (.2005) eKam• 
ined the effect of Bd on larvae and found an 
increased incidence of mouthpart abnormali­
ties but no effect on mortality or behavior. Gar• 
cfa et al. (2006), however, found significant 
mortality in new metamorphs of Rana cascadae 
due to Bd. 

Interestingly, Bd 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. 2011), sug­
gesting more than one factor is playing a role in 
the declines. Ongoing characterization of Bd 
prevalence in these populations could help 
determine what factors are involved, although 
one hypothesis is that Bd achieves higher loads 
on frogs in declining populations than stable 
populations (I. Piovia-Scott, pers. comm.). 
Infection by the water mold Saprolegnia has 
also ~en implicated in R. casccidae declines. 
This pathogen is known to increase mortality 
in embryos, larvae, and metamorphs (Kiesecker 
and Blaustein 1999, Romansic et al. 2009a) 
and may have strong impacts on the outcome of 
competition between R. cMcadcie and sympatric 
Pseudacri.s regilla ( Kiesecker and Blaustein 
1999). 

Habitat loss and modification is also a threat 
to continued persistence of populatio11s in both 
the Klamath and Lassen regions. The species is 
highl}• associated with meadows, which have 
beet1 impacted by cattle grazing. tree encroach­
ment due to lack of wildfire, and changing 
hydrology associated with changes in the snow­
pack (K. Pope, pers. comm.; Pope et al. 2014}. 

Other possible contributors to R. cciscadae 
dechnes that have been proposed include intro­
duced fishes. environmental contaminants. 

pathogens, and UV-B radiation. The presence 
of introducecl trout appears to be inversely 
related to the distribution of R. cascadae {Welsh 
et al. 2.006) and almost certainly impacts some 
populations. Aside from direct predation, intro­
duced trout may affect R. cascadae indirectly by 
suppo,ting higher populations of the aquatic 
garter snake (T. atratus), a predator on both 
trout and R. rnscadae (Garwood and Welsh 
2.007, Pope et al. 2.008), and by preemptive 
competition for aquatic prey (Joseph ct al. 
2.011). However, trout have been present in the 
Lassen region for nearly a century and are also 
widely distributed in other areas where R.. cas• 
cadae persi:;ts, making it lmlikely that they 
alone can explain the declines over the last 30 
years (Fellers et al. 2.008). Nevertheless, popu­
lations appear to respond favorably to trout 
removal. showing marked increases in popula­
tion size and recruitment following fish 
removal (Pope 2008). 

Pesticide use is inversely correlated with the 
presence of R. cascadae {Davidson 2,004). 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. ca$• 

cadM (Davidson et al. 2002. Davidson 2004). 

This hypothesis is attractive in that it explains 
th,:: 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. 2002). 

However, recent field measurements of con• 
taminant residues in sediment and in R. casca• 
dae and P. regilla tissue do not indicate higher 
levels in the Lassen compared to the Trinity 
Alps region, at least for the handful of different 
chemicals that have been analyzed to date, call­
ing this hypothesis into question (Davidson et 
al. 2012.}. In addition, Sparling et al. (2001} 

measured the presence of cholinesterase levels 
in the non-declining P. regi!la as a measure of 
the extenl 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 seem to indicate that pesticides may not 
be a major factor in the Lassen R. cascadae 
declines. Environmental coMaminants at sub• 
lethal levels have also been shown to induce 
behavioral and morphological changes in R. 
cascadae (Mareo and Blaustein 1999). suggest• 
ing that low-level agricultural residues may 
have important biological consequences. In 
summary. it appears that pesticides may be 
playing some role in R. cascadae declines in the 
Lassen region, but they .arc certainly not the 
entire story. 

Finally, UV•B radiation may play a role, pos­
sibly in combination with other factors, 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. 2006. 

Romansic et al. 2009b). The importance of 
these results has not yet been demonstrated in 
natural settings. however. Palen et al. (2002) 

found that dissolved organic matter in natural 
environments provided protection from UV•B 
at 89% of the sites examined for R. cascadae. 
Thus, it remains possible that UV•B is having 
an effect. although its importance in nature 
remains unclear. 

Ultimately, it is likely that no one factor is 
solely responsible for the precipitous declines 
in Lassen region R. cam~dae 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 suggests that the major factors playing a 
role in the range•wide declines are tlte presence 
of introduced fishes and Bd, while continued 
local persistence of the remaining populations 
is also threatened by low recruitment stem• 
ming from desiccation and detrimentally high 
water temperatures. Pope el al (2014} present a 
recent and comprehensive review of both 
regional and local.scale threats to R. cascadae 

throughout the range. The evidence that syner• 
gistic effects occur between several alternative 
mechanisms of decline is now widespread for a 
variety of amphibian species (fellers et al. 
20081. As declines have occurred, whatever the 
cause, it is likely that a breakdown of meta pop­
ulation dynamics will contribute to further 
declines as existing populations become more 
and more fragmented, decreasing the opportu­
nity for population rescue via reo::ilonization. 

Status Determination 

The catastrophic declines in the Lassen area are 
the primary reason for the SSC designation. 
Rana c,ucadat is nearly extirpated in the Lassen 
region, is undergoing local population declines 
elsewhere in its range. and appears to be sus­
ceptible to a wide range of threats. However, 
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 
operated in the Klamath area to date, leading us 
to project moderate future impacts on extant 
populations and a Priority 2 status. If strong 
declines begin to occur in the Klamath area, 
then a higher priority status will rapidly become 
justifiable. 

Management Recommendations 

Fellers et al. {2008). Pope et al. (2ou, 2014}, 

and Pope and Larson (2013) provide thorough 
reviews of threats to, and management recom­
mendations for. Rana cascadae, and our recom­
mendations largely follow those of these 
authors. 

Habitat that supports this species in the Las­
sen area should be protected from modification 
that negatively impacts hydrology while further 
research is carried out. Pope et al.{2011) began 
some habitat restoration measures. and these 
efforts should be continued (coupled with 
ongoing monitoring to determine their effects). 
Fish removal in key populations has also been 
documented to increase recruitment and 
should be considered as a management strat-



egy. particularly in the Klamath where a larger 
number of existing populations might be stabi• 
Jized before declines can occur. Pope et al. 
(2ou) also proposed experimental treatment 
for Bd in newly metamorphosed frogs. Effective 
treatments for Bd may be essential for the long• 
term survival of many amphibian species, so 
these efforts should be further explored and 
potentially implemented if they are surressful. 
AL the same time. a captive colony of Lassen• 
area R. cascadae should be established, as the 
prospects for long-term survival in the wild 
appears to be low. If additional research can 
determine the causes of the declines and effec• 
tive mitigation measures can be enacted, this 
captive population could eventually form the 
basis of a reintroduction program. 

Monitoring, Research, and Survey Ne.eds 

Monitoring efforts sl1ould focus on the few 
remaining Lassen popufations, with additional 
monitoring of stable populations elsewhere in 
\he range as reference populations. Areas that 
have undergone habitat restoration or experi· 
mental treatments for Bd infection will require 
ongoing monitoiing 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 wi 11 facilitate early detection and, hope• 
fully, provide the background data needed to 
understand the causes of dedines. 

As a reintroduction effort may eventually 
become necessary, it is important to forther 
characterize the extent of intr;,ispecific varia­
tion within this taxon now. before additional 
declines occur. Preliminary genetic work has 
been initiated. and it should form the basis of 
additional work that examines fine-scale popu• 
lation differentiation and structure. The obvi­
ous initial focus of such genetic work should be 
to assess the validity of the Lassen and Klamath 
regions as separate evolutionary units requir­
ing their own management strategies. This 
work will also help to identify any potential 
population segments within either region that 
may qualify for independent management. 
Finally, additional studies that quantify the 
interactive effects among diITerent causes of 
declines would be useful in providing a more 
complete picture of conservation threats in this 
taxon. 
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CALIFORNIA RED-LEGGED FROG 

Rana draytonii Baird and Girard 1852 

Status Summary 

Ra11a drayto11U is a Priority I Species of Special 
Concern. receiving a Total Score/Total Possible 
of76% (84/110). During the previous evalua­
tion, it was also considered a Species of Special 
Concern {Jennings and Hayes 1994a), and it 
has been listed as federally Threatened since 

r996. 

Identification 

Rana dmytonii is a relatively large (2.5-13.8 cm 
SVL) brown, gray. olive, or reddish-brown frog 
(Jennings and Hayes 1994a. USFWS 2002. 

Stebbins 2003). Prominent dorsolateral folds 
are usually present. Many small black flecks 
and larger irregular blotches are present on the 
back. and these occasionally form a network 
(Baird and Girard r852.). The larger black spots 
on the back often have a whitish 01 light center. 
The ventral surface is whitish or cream with 
extensive gray or black mottling, often overlain 
with red or reddish-orange coloration, pa1ticu­
larly in the groin (Baird and Girard 1852, Steb-
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bins 2003}. [u general, the red coloration in 
this species is individually and ontogenetically 
variable, with the undersides of the feet almost 
always red in adult animals. although the e,ctent 
of red elsewhere on the legs and belly varies 

Ct1/ifornia Red-Legged FrQg: Ri5k Fadors 

Ranking Criteria (Maximum Score) Score 

i. Range si-ze {10) 5 

ii. Distribution trend (ZS) 20 

iii. Population concentration/ 10 
migration (10) 

iv. Endemism (10) 7 

v. Ecological tolerance (10} 3 

vi. Population trend (25) 25 

vii. Vulnerability to climate change (10) 7 

vi.ii. Projected impacts (10) 7 

Total Score 84 

Total Possible 110 

Total Score/Total Possible 0.76 
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from extensive to absent (S. Barry. pers. 
comm.). The advertisement call is a series of 
low guttural chucks sometimes followed l>y 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 aurora is 
about 3.5-4.0 cm (SVL) smaller than R. drayto­
nii. generally lacks light areas in the centeTs of 
dorsal blotches, has proportionally smaller 
eyes, and lacks vocal sacs (Baird and Girard 
1852, Hayes and Krempels 1986, Stebbins 
2003). 

Taxonomic Relationsltips 

Rana draytonii was initially describe<l as a dis• 
tinct species. although the original descdption 
notes that ii is similar in appearance lo R. 
aurora (Baird and Girard 1852). Subsequent to 
the origin.11 description, Camp (1917) reclassi­
fied the two red-Legged frogs as subspecies of a 
polytypic R. imrora. This arrangement per­
sisted, occasionally also including the Cascades 
frog {R. cascadat) as a third subspecies, until 
the mid-1980s. At this time, a series of studies 
emerged suggesting that a substantial amount 
of diffcrentiatio11 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 Miyamoto 1984, Green 1986a, Green 
r986l>, Hayes and Kremples r986J. Subsequent 
analyses of mitochondrial DNA variation sup­
ported this view but characterized a narrow 
zone of contact in southern Mendocino County 
(Shaffer et al. 2004). Based on both DNA and 
morphological differentiation, Shaffer et al. 
(;a.004) suggested that the two be re<:ognized as 
distinct species, and since then R. draytonii has 
increasingly been recognized as a species dis­
tinct from both R. aurom and R. cascadae. 

Life Hisfory 

Few data c1re avaifable on sec1sonal activity pat­
terns, but coastal populations are probably 
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active throughout much of the year due to the 
moderating effect that the Pacific Ocean has on 
temperature. The timing of reproduction varies 
from year to year and according to site but 
occurs from late November to late April (Storer 
1925, Fellers 20050). Breeding occurs in the 
water, and eggs are attached to emergent vege­
tation (in dusters of 300 to >4000; Storer 1925, 

Hayes and Miyamoto 1984). Hatching occurs 
in 6-14 days depending on water temperature. 
after which larvae metamorphose it1 3.5- 7 
months (Storer r925, Wright and Wright r949). 
Larvae are known to overwinter at several &ites, 
metamorphosing the following spring (Fellers 
et al. 2001). Rana dmylonii is a generalist pred­
ator that feeds predominantly on invertebrates 
but hai; also been documented to take verte­
brate prey including Pacific treefrogs (Pseudac­
ris regilla), western toads (Bufo boreas), and 
California mice (Peromyscus californiw.s) (Hayes 
and Tennant 1965, Arnold and Halliday 1986, 
USFWS 2002, Davidson 2010). The prey types 
taken appear to be determined l>y the size of the 
frogs, with individual frogs taking most prey 
types that they can successfully swallow !)en• 
nings and Hayes 1994a) and large frogs taking 
proportionally more vertebrate prey than small 
ones. Baldwin and Stanford (1987) reported a 
large adult preying upon California tiger sala­
mander (Amhystoma californiensei larvae. Rana 
drayto11ii 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 
(Thamnopliis sirtalis :incl T hmnmondii) are 
important native predators on this species 
(Cunningham c959b, Jennings and Hayes 
1994a). Nonnative fishes are also important 
predators on larvae and recent metamorphs 
(Schmieder and Nauman 1994, 1JSFWS 1999). 

Habitat Requirements 

Rana draytonii chiefly inhabits ponds, although 
it also uses marshes, streams. lagoons. and 
other waterways throughout most of its range. 



In southern California (from Ventura County 
southward) it seems to favor slow-flowing 
streams 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 pools in streams (Stebbins 
2003, Fellexs 2005b). 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 (J,mnittgs 1986a). Aftex brecdittg, adults 
often disperse along nearby shaded streams. 
Similar to R. b"ylii. whose vulnerable early life 
stages {embryos and tadpoles) are susceptible 
to ill-timed flow fluctuations controlled by 
upstream dams and diversions, R. draytonii 
populations breeding in stream habitats suffer 
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 (>0.7 m) slow-moving 
pools (Hayes and Jennings 1988). More recent 
work has documented an additional. more com­
plex relationship between aquatic vegetation 
and introduced bullfrogs. D'Amore et al. 
(2009) documented that R. draytonii !lpend 
more time in vegetative cover when lnillfrogs 
are present and more time in the open when 
bullfrogs are removed from ponds, suggesting 
that the optimal amount of vegetation is some­
what context-dependent for R. dmytonii. In 
addition. surveys of 85 ponds occupied by R. 
draytonii in the l:ast Bay l{egional Park District 
showed that there were no significant differ• 
ences in adult frog density ~mong ponds with 
0%, l!a5%, or >15% emergent vegetation, but 
tadpoles and meta morphs 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 uplattd sites. 
where they are often found under Jogs. rocks, 
and otlter debris (USFWS 2002, Bulger et al. 
2003, Fellers and Kleeman 2007). At some 

sites. populations appear to consist of both 
migratory {11-22.% of the adult population) 
frogs that move 2.00-2800 m and resident 
frogs that remain at the breeding site (Bulger et 
al. 2.003}. Fellers and Kleeman (2007) found 
that adult female frogs were more frequently 
migratory than males, although migration 
behavior did not differ between the sexes 
among those individuals that did migrate. 

Distribution (Past and PreseniJ 

1-listorically. Rima draytOt1ii ranged throughout 
the Sierra Nevada foothills and the Coast Range 
mountains south of Elk Creek in southern 
Mendocino County, California, southward to 
the Arroyo Santo Domingo, Baja California 
Norte. Mexico (Hayes and Krempels. 1986. Jen• 
nings and Hayes 1994a, Grismer 2002. Shaffer 
ct al. 2.004). In California, this taxon histori­
cally ranged through at least 46 counties, but it 
is now apparently extirpated from 24 of these 
(USFWS 1996). It is unclear whether reproduc­
tive populations of R. draytotiii were present in 
most of the Central Valley, and it is possible 
that the few valley records represent waifs 
washed downstream from Sierran populations 
{G. Fellers, 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 R:mgcs 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 2.1 historical localities for this 
species in the Sierra Nevada. Follow-up surveys 
at 20 of these 2.1 sites found that the species 
persists in large numbers itt at least r site, there 
are populations at 6 additional sites, and at least 
a single individual documented at 3 more sites 
{ Barry and Fellers 2.013). 

Strong overall declines have clearly occurred 
across most of the large range of this species, 
particularly in the southern portion of the 
range. In the Bay Area and Coast Ranges, 
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populations are more robust. although severe 
localized declines have been documented 
(reviewed in USFWS 2.002). In southern Cali­

fornia, R. dra}•tcnii has declined drastically 
through the Trattsvcrso? and Peninsular Ranges, 
and very few populations now persist in Los 
Angeles, Riverside. and Ventura Counties 
{USFWS 2002, and references therein). One 
population is known from Santa Cruz Island, 
although this apparently is an introduction 
(Sweet and Leviton 1983, Jennings 1988b). The 
known elevational range of R. drayto11ii occurs 
from near sea level to 1500 m. although most 
populations occur below 1050 m (USFWS 2002, 

Barry and Fellers 2013). Some higher-elevation 
populations may be introductions (unpublished 
data reported in Jennings and Hayes 1994a). 

Trends in Almndcmc:e 

Drastic and ongoing declines have been docu• 
mertted 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, dedines in al>undance have 
occurred. Food market collection in the late 
r8oos apparently drove much of the initial 
declines (Jennings and Hayes 1985). By r879, 
the species had already become rare around 
San Francisco due to the market trade (Lock­
in8ton 1879). Population trends of the species 
in the Sierra Nevada foothills are 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 frogs) and generally 
dedining {USFWS 2002). The sole remaining 
population known in Riverside County at the 
Santa Rosa Plateau, which was at least some• 
what genetically distinctive (Shaffer et al. 
2004), is now extirpated. 

Nature and Degree of Threat 

The largest threat facing Rima draylonii is prob­
ably habitat loss and alteration. resulting from 
urbanization and agriculture. The large-scale 
conversion of habitat to agricultural uses has 
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also resulted in an increase in pesticide expo• 
sure. which may have strong negative impacts 
on this species (Davidson et al. 2002}. This 
effect is particufarly strong for cholinesterase• 
inhibiting pesticides (Davidson 2004), 

although the species still persists in some heav­
ily agricultural settings in Monterey and Santa 
Cruz Counties. Additional and ongoing frag• 
ment3tion of habitats. conversion of wetlands to 
other uses, and modifications lo the hydrology 
of wetlands also likely have detrimental 
impacts. 

The effect of introduced species, in particu­
lar bullfrogs, has been studied both empirically 
(Moyle 197}) and from a modeling perspective 
(Doul>Ledee et al. 2003). There is a strong over• 
all negative impact of bullfrogs on native R. 
draylonii, although coexistence of the two spe• 
des can occur in nature. Human-modified 
aquatic and terrestrial habitats in central Cali• 
fornia (Elkhom Slough, Monterey County) favor 
introduced bullfrogs compared Lo native R. dray­
to»ii (D'Amore et al. 2010). The bullfrog is also 
a strong competitor with, and predator on, mul­
tiple life stages of R. draytonii. In addition, cray­

fish, mosquitofish (Lawler et al. r999). and 
other introduced predaceous fishes likely have 
negative impacts on this species. although this 
also needs further study (Hayes and Jennings 
1986. Fisher and Shaffer 1996. Fellers 2005b). 

Chytrid fungus {.Bd) is known to have 
caused serious declines in many amphibian 
species and has been detected in R. dm)ltonii in 
nature. However, the direct impact B,-1 has on R. 
draytonii appears to be relatively slight. In a 
laboratory setting. R. dmyt-Onii is susceptible to 
chytrid infection, but frogs can dear their infe<:• 
lions, do not die from the infection. and suffer 
no growth conseq,iences when they have access 
to unlimited food (Padgett-Flohr 2008). In 
nature, a.cross a lands<ape of ponds where Bd 
presence and absence fluctuated between wet 
and dry years. R. dmytonii were generally unin· 
fected and fo\md to be significantly associated 
with uninfected ponds (l'adgett-Flohr 2010). 

Predicted climate change over much of Cali­
fornia will affect R. draytonii, as well as most 



other pond- and stream-breeding amphibians. 
In particular. warmer average ~mperatures. 
generally reduced levels of precipitation. and 
increased variability in the timing of rainfall 
are all predicted to occur (PRBO 2.ou). While 
the precise effects of these shifts will vary 
regionally and at the watershed level, the per­
manence and reliability of breeding sites are 
gem:1ally predicted to decrease under climate 
change p1edictions. 

Status Determination 

Rana draylonii automatically qualifies as a Spe• 
cies of Special Concern because it is listed 
under the federal but not state Endangered Spe• 
des Act. However, sharp declines in both range 
and abundance, coupled with a variety of ongo­
ing threats to long-term survival. also combine 
to warrant a Priority I Species of Special Con• 
cern status. 

Management Recommendatiom 

Management of RMa draytonii should mirror 
the guidelines in the USFWS recovery plan fur 
this taxon (USFWS 2.002). As further manage• 
ment needs are defined and existing manage• 
ment strategies are refined (through 5-year 
re-views or other avenues). state-level manage­
ment should be .:idjusted accordingly. 

The most important management needs for 
this taxon currently are the protection of habitat 
that supports the species, reduced pesticide 
eKposure, and elimination of nonnative preda• 
tors. Land conversion and additional fragmen• 
tation should be avoided wherever possible, and 
adequate, complex upland habitat should be 
available in order to allow migration to occur 
naturally. Fellers and Kleeman (2007) found 
that the median distance of movement away 
from breeding ponds was 150 m and that there 
were some long-distance movements up to 
1400 m. Unpublished r.idiotelemetry observa­
tions from the East Bay Regional Park District 
{S. Kupferberg. pe1s. comm.) demonstrated 
that g10und squirrel burrow density. some• 
times more than 100 m from the aquatic habi­
tat, was also a key component of habitat quality. 

Taken together. 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 bmrowing 
rodents) may be essential for long-term popula­
tion viability. 

Finally, pesticide use should be curtailed in 
are<1.s where this species occurs, including 
areas upwind where pesticides are likely to be 
blown into areas that support this species. 
Unpublished data from the East Bay Regional 
Park District (S. Kupferberg, pers. comm.) indi­
cate that cattle-grazing docs not appear to nega­
tively impact this species. 

Monitoring, Resecm:h, and Survey Needs 

Further research is needed to determine what 
the precise impacts many of these threats iden• 
tified above arc having on Rana drayionii. Sur­
veys of private land in the Sierra Nevada are 
slowly revealing the presence of extant popula­
tions that were previously missed (S. Barry. 
pers. comm.}, suggesting that this may be a 
fruitful strategy elsewhere in the range as well. 
Managers should partner with private land· 
owners to gain access and survey for remaining 
populations of this species in areas where it has 
previously been thought to be extirpated, and 
these populations, which may be very small in 
size, should be monitored regularly. 

Finally. the only range-wide genetic analysis 
of the species thus far conducted was based 
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 between 
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 important part 
of future management. 

Additional monitoring. research. and survey 
needs are covered in depth in the USFWS 
recovery plan for this taxon. We refer the reader 
to this document for more information 
(USFWS 2.002.). 
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NORTHERN LEOPARD FROG 

Rana pipiem Schreber 1782 

Stciws Summary 

Rana pipiem is a Priority 1 Species of Special 
Concern. receiving a Total Score/Total Possible 
of 73% (So/no). During the previous evalua­
tion, it was also designated as a Species of Spe­
cial Concern (Jennings and Hayes 1994a}. 

Identification 

Rana pipims is a medium-sized ranid frog with 
strong. continuous dorsolatecal folds that do 
not angle inward posteriorly. Its dorsal colora­
tion is green to brown with large well-defined 
black or dark-brown oval or round spots. Each 
spot is ringed with a narrow band of white or 
cream. The ventral coloration is white or cream 
with no mottling or other dark markings {Steb• 
bins 2003). The call is a low, snore-like trill, 
often followed by low chuckling and/or grunts 
(Stebbins 2003, Elliott et al. 2009). 

Within its range in California, this species 
can potentially be confused with the Oregon 
spotted frog {R. pretiosa). However, R. pretiosa 
has much smaller. more irregular spots, which 

often have diffuse borders and are not ringed in 
white. II also h.is conspicuous red or salmon 
markings on the underside. which R. pipiens 
lacks. Other members of the leopard frog com­
plex in California, the lowland leopard frog 

Ranking Criteria {Maximum Score) Score 

i. Range size (10) 10 

ii. Distribution trend {2S) 20 

iii. Population concentration/ 10 
migration (10) 

iv. Endemism (10} 0 

v. Ecological tolerance {10) 0 

vi. Population trend (25) zo 
vii. Vulnerability to climate change (10} 10 

viil. Projected impacts (10) 10 

Total Score 80 

Total Possible 110 

Total Score/Total Possible 0.7J 
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(R. yavapaiensis) and the Rio Grande leopard 
frog (R. bcrlandicri), 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 Relt11ionships 

The taxonomic history of the leopard frog spe• 
cies complex. and Rana pipie>i..~ in particular, is 
compJicated (Hillis 1988) and remains incom­
pletely understood. The name R. pipie11s previ• 
ously include<! all members of the leopard frog 
complex from Canada south to Panama. includ· 
ing R. yavapaiensis, also native in California. 
and the introduced R. berlcmdieri. 1-!owever, 
this concept of a single wide-ranging lcopa1d 
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 
morphology and vocalizations (Pace 1974). 
Subsequent work including molecular analyses 
recognized several additional taxa and clarified 
relationships among the contained species 
(Platz and Mecham 1979, Hillis et al. 1983. 
Platz and Prost 1984, reviewed by Hillis 1988). 

Frost et al. {2006a) recommended placing 
this species and many other North American 
ranids in the genus Lid1obaies, although this 
proposal and the analyses that support it are 
cc,ntroversial (Crother 2009, Frost et al. 2.009a, 
(>auly et al. 2.009). We retain the traditional tax­
onomy here 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 mix:ture of introduced and pre­
sumably native populations (see the "Distribu· 
tion" section) and live on the extreme western 
edge of the species' range. we are reluctant to 
use information from more easterly popula­
tions as :i 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 or above freezing (Com and 
Livo 1989), and this presumably is also the case 
in California. Tadpoles arc present through tl1e 
summ~r months 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 1971), although it is unknown if 
this also charactel'izes California populations. 
Range-wide, R. pipie:ns 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. 

Habitat Requirements 

Despite the paucity of records from California, 
this species is known from a variety of habitats. 
including small stre.1ms, rivers, and lakes 
(Storer 1925. Stebbins 1951, Jennings and Hayes 
1994a). Rana pipiet1s occupies a wide variety of 
habitat types throughout its range, so we are 
hesitant to speculate on microhabitat require• 
ments in Californi3. Generally, the species 
hibernates underwater and requires aquatic. 
habitats that do not freeze solid during winter 
(Emery et al. 1972, Licht 199c), and this pre• 
sumably is also the case for California popula­
tions. Nearby damp upland habitat is utilized 
for foraging during the active season (Dole 
1967). The species has been found in a variety 
of open grassy areas and meadows, although 
heavily grazed areas and cultivated fields do not 
appear to be suitable (Pope et al. 2.000). In the 
Midwestern United States. the presence of 
quality upland foraging habitat seems to affect 
the abundance of this species. When grass­
lands were l'estored around suitable pond­
breeding habitat, the density of frogs increased 
markedly (K. Mierzwa, pers. comm .. in Pope et 
al. 2000). 

Distribution (Past und Present) 

Outside of California, Rana pipiens ranges 
widely across North America. from Nova Sootia 
and Newfoundland, Canada, west to Washing-



ton and Nevada. In California. R. pipiens popu­
lations that may be native are known from 
Modoc and Siskiyou Counties, the Lake Tahoe 
basin, and the upper Owens Valley (Jennings 
and Fuller 2004}, although some workers ques• 
tion whethe1 the latter two regions constitute 
natural. as opposed to purely introduced, popu­
lations (S. Barry, pers. comm.}. Numerous 
lntroducti,:ms 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. :md determining their 
status is an important research priority. The 
upper Owens Valley supports tiger salamander 
populations that were recently shown to be 
introduced (Johnson et al. 2010). demonstrat• 
ing that similarly distribute<! nonnative species 
have been established in this region. The tiger 
salamander introductions occurred as a conse• 
quence of the fishbait industry (Riley et al. 
2.00}), which also sometimes sells leopard frog 
tadpoles and adults. 

We are not aware of any additional recent 
records in California beyond those reported by 
Jennings and Hayes (1994a), though an unver­
ified sight record of a "spot~d frog" in Surprise 
Valley. Modoc County. California, could have 
been R. pipiens. However, the circumstances 
and description of this frog make ii more likely 
that it was R. pretiosa, another California Spe• 
cies of Special Concern (see that species 
account for additional information). 

Trends in Abundance 

Trends in abundance for California populations 
of Rema pipie11$ 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 scattered sight records for the spe• 
des over the last two decades. Jennings and 
Hayes (t994a) reported two relatively recent 
sight records in the e-arly 1990s from Siskiyou 

and Inyo Counties. Macey and Papenfuss 
(1991a) reported that leopard frogs occurred on 
the east side of the White Mountains below 
Boundary Peak, though they failed to detect the 
species in follow•up surveys (T. Papenfuss, pers. 
comm.}. More recent surveys of historical locali­
ties in the Owens River also did 11ot detc-<:t this 
species and found that much of the habitat cur­
rently appears to be unsuitable (Becker and 
Henderson 2.oto). 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 e:<tirpations, particularly 
in the western parts of the United States 
(reviewed by Rorabaugh 2005). 

Nflture ond Degree of Threat 

Habitat modification is probably the most 
important threat for Rana pipiens in California. 
Rana pipieiis forages in upland habitat having 
moderately tall vegetation with a moist sub­
strate. Livestock grazing in these habitats tends 
to reduce vegetation height, which leads to dry• 
ing of the substrate, apparently rendering this 
habitat unsuitable for the frog. It is likely that 
this process contributed to the declines 
observed in both the Owens Valley and the 
Modoc Plateau areas where most California 
records for R. pipien.s are concentrated. Chang­
ing hydrology e-lsewhere in the range has led to 
the extirpation of some local populations (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 proiect warmer summer and winter tem­
peratures. decreases of 8-21% of annual pre• 
cipitation, and a 34% decrease in snowpad: 
(l'RBO 2011). Taken together, these climate 
projections indicate that the moist soil and we-t­
land complexes favored by this species will 
probably decrease in the Great Basin of Califor­
nia. further reducing the already sparse habitat 
for this species. 

Some studies have detected significant neg­
ative impacts from pesticides on R. pipiens, 
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although the impl)rtance of this threat in 
nature is not well understood. In other parts of 
their range, R. pipieiis are known to be sensitive 
to her hie.id.es and pesticides used in agriculture 
(Relyea 2008, Relyea and Jones 2009), and 
mixtures of th.ese chemicals can result in 99% 
mortality rates (Relyea 2008). 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 POEA (commonly marketed under the 
comm(!rcial name Roundup<ll) is Otte such 
example. Some studies h.:ive 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 2005b). 

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 sublethal detrimen1al effects 
such as decreased immune system functional­
ity (Christi!) et al. 2.003, Gilbertson et al. ZOO}, 

Rohr et al. 2008). These seemingly unpredict­
able effects of agrochemicals may depend on 
specific populations and conditions in a local 
area (Relyea 2005b). Although these results are 
both complex and sometimes contradictory, 
substantial evidence exists that environmental 
contaminants are likely to have significant 
impacts on R. pipiens and other amphibians in 
California (e.g., Davidson et al. 2002, Davidson 
.2004). 

Other potential threats to R. pipieiis include 
introduced exotic bullfrogs and predatory fishes, 
and e-xtensive habitat modification associated 
with agriculture (Hayes and Jennings 1986). 

Status Determination 

Rana pipienf small range in California coupled 
with severe declines drives the high score for 
this species. None of these threats are currently 
being reversed, so it is reasonable to expect 
additional declines in the future, assuming that 
native populations still exist in California. 

IJO FROGS ANOTOAOS. 

Rana pipiens is sensitive to localized extirpation 
due to drought (Com and Folgeman 1984), and 
the expected increase in temperature and 
decrease in precipitation due to climate change 
are likely to have additional negative impacts. 
The combination of these factors justifies a Pli· 
ority T status. 

Management Recommendotioris 

The development of an effective management 
strategy will largely depend on finding remnant 
populations in the state, carrying out i-esearch 
on the lire history of those specific populations 
to determine their habitat needs, and then tak­
ing a proactive management and habitat restora• 
tion approach to recover it in its native range. A 
key first step with any remnant population is to 
detcrmine whcthcr it is native 01 introduced. 
Researchers can most easily accomplish this 
using DNA markers, and we recommend that 
larval tail tips be collected for any population 
that is discovered, A considerable amount of 
phylogenetic work, particularly using mitochon• 
drial DNA markers. has been published for this 
species. and straightforward DNA sequencing of 
California animals should allow them lo be 
placed into a phylogenetic context with other 
Rana pipiens from across the species· range. 
This approach was used by Johnson et al. (2010) 

and demonstrated that potentially native popula• 
lions oftiger salamanders (Ambystoma tigrinum) 
were in fact nonnative introductions. If native 
populations of R. pipiens are found, the habitat 
i;upporting them should be protected in order to 
reduce potential threats such as nonnative pred­
ators, agricultural disturbance, grazing. off. 
highway vehicle use, pesticide applications, and 
changes to local hydrology. If nonnative popula­
tions are fuund, managers should evaluate their 
potential to spread and pose a threat to other 
native taxa. In certain cases, removal programs 
could be effecti11e at mitigating threats posed by 
nonnative R. pipiens. 

Monitoring, Research, and Sur11ey Needs 

Comprehensive surveys of historical localities 
as well as the Modoc Plateau area, including the 



Goose Lake Basin and the Warner Mountains. 
should be conducted to determine whether any 
viable populations persist in California and to 
identify areas of potential habitat for ongoing 
surveys. The most recent records for this spe­
cies come from the vicinity of Owens Valley, 
and all drainages flowing into the valley should 
be carefully surveyed. II is critically important 
that tissue samples be collected from any extant 
populations that are found so that frogs can be 
genetically characterized with respect to their 
introduced or native status. 

Given our current lack of information about 
the life history of this species in California, 
basic ecological research is a key priority for any 
native populations that remain in the stale. 

Information about habitat preferences and 
requirements, demography. and timing of key 
life history events would all improve our ability 
to conserve remnant populations of Rima 

pipitn.s. 
Finally. if remnant populations are found, 

multi-locus microsatellite or single nucleotide 
polymorphism DNA data should be analyzed to 
estimate the effective population size and 
potential connectivity wilh other remaining 
populations. If populations are determined to 
be native, small, and genetically isolated. R. 
pipiens could be a pl'ime candidate for human­
mediated translocations to establish new 
populations in currently unoccupied habitat 
patches. 
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