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ABSTRACT

Habi tat and popul ation characteristics of the nountain beaver (Aplodontia
rufa) were exam ned along the north coast of California and in the Sierra
Nevada nount ai ns. Popul ation size was estinmated and habitat requirenents
food habits, climate, and interactions between humans and nountain beavers
were evaluated. Four disjunct popul ations of the Point Arena nountain beaver
(A r. nigra), were |ocated near Point Arena, Mendocino County, consisting of
an estimated 17 to 34 individuals occupying 8.5 ha. Four popul ations of the
Point Reyes mountain beaver (A r. phaea) were located in Point Reyes Nationa
Seashore, consisting of an estimated 31 to 38 or nore individuals occupying
16.6 ha. Both subspecies apparently occupy only portions of their historica
range. A r. nigra is threatened due to habitat |oss from grazing and
devel opnent. A r. phaea has been simlarly threatened but is nmore protected
due to its presence within Point Reyes National Seashore. The Sierra nountain
beaver (A. r. californica) and the Hunbol dt nountai n beaver (A r.
hunbol dtiana) have larger distributions and nore numerous popul ations than A
r. nigra or A r. phaea. A decline in A r. californica populations has
apparently occurred in some areas of the subspecies' range due to habitat
alteration. Previously undescribed Populations were discovered in Mno County
occupying habitat considered atypical for the species. There was no apparent
change in distribution or population nunbers in A r. hunboldtiana popul ations
along the north coast of California. The status of A r. nigra and A r.
phaea indicates that they warrant increased protection. They shoul d be
federally listed as Threatened or Endangered by the U S. Fish and Wldlife
Service, and the Department of Fish and Game should recomend to the Fish and
Gane Conmission that they be state-listed as Threatened or Endangered.
Managenent plans specific to these two subspecies shoul d be devel oped and
t heir popul ations shoul d be given special consideration in |and managemnent
deci si ons.

'Supported by Federal Aid in Widlife Restoration, Project E-W5, Wldlife
Managenent Division, Nongame Bird and Manmmal Section, Final Report, Job IV-
16.1, WIdlife Managenment Division Admnistrative Report No. 89-1 (1989), and
a Jastro-Shields Scholarship fromthe University of California, Davis.
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RECOMMVENDATI ONS

The Departnent of Fish and Gane shoul d recommend to the Fish and Gane
Commi ssion that Aplodontia rufa nigra be given increased protection and
designation as a California state-listed Endangered species. Human and
domestic animal inpacts on this subspecies should be mninized as a neans
of population protection and recovery.

A r. nigra habitat near Mnchester State Beach and Mnor Hole Road in
Mendoci no County shoul d be obtained by purchase or conservation easenent
and protected from disturbance. Rei ntroduction may be feasible in
several protected areas of suitable habitat,

The Departnent of Fish and Gane shoul d recomend to the Fish and Gane
Commi ssion that A r. phaea be state-listed as Threatened. Thi s
subspeci es al so should be given Protected status at Point Reyes Nationa
Seashore by the National Park Service.

State and Federal natural resource agencies should devel op managenent and
recovery prograns specific to A r. nigra and A r. phaea. Known
popul ations of these subspecies should be given special consideration in
| and nmanagenent deci sions.

Future studies of A r. nigra and A r. phaea should include nore
detail ed population and distribution data to fully assess the status of
bot h subspeci es. Live-trapping should be avoided unless sufficient
popul ations are discovered to reduce the inpact of trap nortality. A
detailed habitat and mcroclimte study should also be conducted for each
subspeci es.

A. r. hunbol dtiana popul ations should be studied to identify the range of
this subspecies and determine its status on public [ands.

A r. californica popul ations should be evaluated in the Mno Basin and
on National Forest | ands. These popul ati ons should be given
consi deration in managenent deci sions
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| NTRODUCTI ON

The mountain beaver, Aplodontia rufa, is taxonom cally and ecol ogically
uni que. The North American rodent genus Aplodontia was first discovered by
Lewis and Cark (CGodin 1964). The species is considered to be the nost
primtive living rodent and is the sole living representative of the famly
Apl ondontidae (Sinpson 1946). This primtive group of rodents is presuned to
have given rise to all menbers of the sciurid rodents. The aplodontid group
is one of the nost evolutionarily conservative in the class of Manmalia

The generic word Aplodontia comes from the Geek words haploss (sinple) and
odontas (teeth). The cheek teeth are nodified hypsodont and the nolar crowns
have a relatively sinple pattern. Each tooth has a prom nent style on the
| abi al side of the upper and lingual side of the |ower teeth. The incisors
are stout with snmooth anterior faces and bevel ed sides (Codin 1964).

The nountain beaver is somewhat simlar in appearance to a nuskrat w thout a
tail. The general body conformation is stout, conpact, and cylindrical. An
average adult will weigh 0.9 to 1.4 kg and nmeasure slightly nore than 30.5 cm
in length. The skull is relatively broad, massive, laterally conpressed, and
notable for its flat upper surface and |ack of postorbital processes. Long,
stiff vibrissae are present on the rostrum The eyes are quite small and the
ears are small and rounded. The animal has short |inmbs of about equal [ength.
The forefeet have functionally opposed thunbs and all digits have | ong curved
claws. A very distinctive feature of the nountain beaver's external anatony
is acylindrical stunp of a tail. Both sexes have simlar pelage of rather
coarse texture with a large nunber of guard hairs (Godin 1964).

The nost recent and widely accepted classification of the genus Aplodontia has
seven subspecies (Hall 1981), including six found in California (Figure 1).
CGeographic isolation has been an inportant factor in the evolution of the
species conplex (Taylor 1918). The distinctive black coloration of all known
specinmens of A r. nigra and its geographical isolation nay argue for
recognition as a full species (Taylor 1918), but the lack of representative
speci mens conbined with the wide range of individual variation and overlapping
cranial characters with A r. hunboldtiana and A r. phaea has kept A r.
nigra classified as a subspecies of A rufa

Four of the seven subspecies of nountain beaver are effectively endemc to
California (Figure 1). Two of the subspecies, A r. nigra and A r. phaea
occupy very restricted ranges and are known only fromtheir type localities of
62 and 285 knf, respectively (Godin 1964). Another endem c subspecies, A r.
californica, apparently includes populations in habitat unique for the
species. The California Departnent of Fish and Gane recognizes A r. nigra
and A. r. phaea as "Mammalian Species of Special Concern" (WIIlians 1986)
The U. S. Fish and WIldlife Service has included the Mno Basin popul ation of
A r. californica, A r. nigra, and A r. phaea as Candidates for addition to
the list of Endangered and Threatened Wldlife in the 1985 Federal Register.

Little is known of the ecology of A rufa, including its habitat requirenments
popul ati on dynam cs, food habits, novenents, and the effect of hunman
activities upon the species. These influences on the distribution and
popul ati on dynam cs of this species are examned in this study.



Figure 1.

Distribution of MOUNTAIN BEAVER
(Aplodontia rufa) Subspecies
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Distribution of the seven subspecies of mountain beaver (nodified

from Codin 1964).

Note that three of the four California endenmc
subspeci es have isolated distributions.

(Technically, the Sierra

Nevada mountain beaver is not endemc to California as it has been
collected within the Nevada portion of the Tahoe Basin.)



METHCDS

An extensive search of records was nmade to identify the historical
distribution of the nountain beaver. Requests for information were sent out
to 40 selected nmuseum curators, field biologists, and resource nanagers
(Appendix A). A total of 1036 specinen records were exam ned through
information received and personal visits to museum col |l ections, Dat a
collected were used to outline the historical distribution of the species
(Appendix B). Aliterature review of past and current records of A r. rufa
di stribution was al so conduct ed. The information was then conpiled
(Appendices C and D) and field work was focused in specific areas.

Field work was carried out in two phases (Table 1). The first phase was
conducted in the central Sierra Nevada and, to a |esser extent, in Humbol dt
County during the summers of 1979 and 1980. The second phase was carried out
in Marin and Mendocino counties between April 1 and Cctober 31, 1981
Selected sites of |ikely nountain beaver habitat were exam ned. Data were
col l ected on popul ation size, habitat characteristics, food habits, weather,
and interactions between hunmans and mountain beavers. Popul ation estimates
were made where possible, using the presence of burrows, estinmates of
i ndividual burrow systenms, sign of fresh burrow excavation and foraging, and
limted live-trapping to estimte abundance and popul ati on area

RESULTS

Point Arena Muntain Beaver (A r. nigra)
Distribution

Si x museum records were located and examned (Appendix C). The- subspecies is
only known fromits type locality, an area of approxinmately 62 knf in
Mendocino County. Only one published study was found that discussed the
distribution of A r. nigra (Taylor 1918). Tayl or discussed unquantified
popul ations extending fromthe town of Point Arena to Al der Creek, a distance
of 12 kmnorth (Figure 2). The six nuseum speci nens exanined were col | ected
fromthree locations at Point Arena, Al der Creek, and Christiansen Ranch. The
two specimens from Christiansen Ranch were collected in 1951 during the nost
recent work with the subspecies and at a location 7 km farther north than
previous records (Pfeiffer 1954).

An attenpt was nmade to relocate and survey the areas of previous specinen
col I ection. In addition, areas were also surveyed that appeared to provide
suitable habitat within and beyond the known range of the subspecies.

Locations surveyed ranged from Stillwater Cove County Park in Sonoma County to
Fort Bragg in Mendocino County.  Four popul ations were located (Figs. 2 and
3). Only north-facing slopes of ridges and gullies were inhabited,

Popul ation limts were determned by lack of physical sign, and separation due
to considerable areas of apparently unsuitable habitat.

When the sites were checked against known records, only the Al der Creek
popul ation was identified as a site of previous collection. The present
popul ati on occupies a north-facing bluff on coastal scrub vegetation above



Tabl e 1.

FI ELD SCHEDULE

Phase |
Point Reyes Nat. Seashore

Manmot h bakes, Mno Co.
Mono and Inyo cos.

Amador and Al pi ne cos.

Pl acer, El Dorado, Nevada cos.

Mono Co.

Sanuel P. Taylor State Park,
Marin Co.

Point Reyes Nat. Seashore

Al pine and Cal averas cos.

Tuol urme, Mono, Mariposa cos.

Phase 11

Apr 10-12,24-26 Point Arena and Point Reyes

DATES

1979

Feb 14,15

Apr 7-13,29
Jun 12-14

Jul 12,13,31
Aug 1,2,21-25
Sep 7-9, 24,25
Cct 27,28

Dee 29

1980

Jan 7

Feb 23

Aug 11

Sep 7,8

1981

May 8-10, 22-24
Jun 5-7,19-21
Jul 3-5,17-19
Aug 1,2,21-23
Sep 5-8,18-20

Cct  10-12, 23-25

1982
Sep 7,16

Nov 26-28
1983
Jul 14

Cct 26, 27

Hunmbol dt Co., Point Arena

Point Reyes and Point Arena

Mono Co., Point Reyes
Point Arena, Mendocino Co,
Point Reyes Nat. Seashore

Mono Co.

-lnitial Survey

-M. Vision Pop.

Locat ed

-Val entine Preserve

Pop. Located

-Inyo Nat. Forest

Survey Work

-El Dorado & Toiyabe

Nat. Forest Surveys

-Tahoe Nat. Forest Survey
-Mono Basin Survey
-A. r. phaea Survey Wrk

-M. Vision Site Revisited
-Hear Valley Survey

-Stani slaus Nat. Forest

Survey

-Yosenmite Park & Sierra

Nat, Forest Survey

- Mendoci no Coast and

I nverness Ridge

-N Mendocino Co, & Tomal es

Bay Area Surveys

-A. r. hunboldtiana & A

r. nigra Distr. Surveys

-Revisit Known Sites
-Suitabl e Habitat Surveys

-Drakes Hay & Irish Creek

Surveys

-Bolinas Area & G eenwood

Creek Surveys

-Revisit Known Sites
-Revisit Known Sites

-Review Sites Wth Research

Scientist (Gary Fellers)

-Surveyed H ghway 395

Ri ght - of - \ay



Point Arena Mountain Beaver

(A. r. nigra) Distribution

Map 1: Point Arena Quadrangle

[P X

g, 5% )

l = Previous Collection Site =,
(2 specimens at each site)
@ = Population located during

present study

Figure 2. Distribution of the Point Arena nountain beaver (A r. nigra)
in California (Map 1 of 2). Previous collection sites are
indicated along with populations located during the present study.



Point Arena Mountain Beaver
(A. r. nigra) Distribution

Map 2: Mallo Pass Creek Quadrangle

wniie Roen

[ = Previous Collection Site
(2 specimens at each site)

Population located during
present study

Figure 3. Distribution of the Point Arena nountain beaver (A r. nigra)
in California (Map 2 of 2). Previous collection sites are

indicated along with populations located during the present study.



A der Creek, estimated at about 2 ha in area, between the coastal bluff and
State H ghway Route 1.

No popul ation was found at Point Arena although the subspecies was collected
there earlier and areas of apparently suitable habitat were present, No
popul ations were |ocated south of Point Arena although several sites appeared
to provide suitable habitat, To the north, the Christiansen Ranch popul ation
was not relocated due to incorrect record information. This site has
subsequently been |ocated and needs to be exam ned.

Two new popul ations were identified during field work in the Point Arena area
(Figure 2). (One population is along Mnor Hole Road, a dead-end county road.
This population is limted to a narrow band of coastal scrub and riparian
vegetation covering about 4 ha. Hat haway Creek, a perennial stream feeds
into the Garcia River in this vicinity. Al though the same habitat type
continues upstream the popul ation apparently does not extend east of the
State Highway route 1 crossing. The northernnmost popul ation found occupies
about 1 ha in Irish Qulch, a steep-walled perennial stream Each of the
popul ations discovered appears to be separated by considerable distances of
unsuitable habitat. Another very small population was tentatively identified
in a gulch near Brush Creek and Manchester State Beach

Popul ation Status

Based on ground surveys, the four populations |ocated appeared to be small and
disjunct (Table 2). Population size and area occupied was estimated by the
nunber of burrow systems located and the presence of fresh burrowing sign. A
total of 17 to 34 individual aninmals were estimated over 8.5 ha. A density of
2-4 aninmals per occupied hectare was also estinmated, Qher populations may be
present but overlooked by this survey. No previously published or unpublished
popul ation estimates of this subspecies were found. The Point Arena mountain
beaver apparently exists as small disjunct popul ations occupying relatively
smal | areas.

Table 2. Estimated Size and Area of A r. nigra Popul ations

BURROG ACTI VE ESTI MATED DENSI TY
LOCATI ONS OBSERVED SYSTENB | NDI VI DUALS HECTARES #/ hectare
Mnor Hle a1 610 42 1424
Al der Creek 15 6 3-10 1.9 1.6-5.3
Irish Creek 22 6 6- 10 1.1 5.5-9.1
Brush Creek 5 1 1-4 1.4 0.7-2.9
oas oo a1 1634 85 0791

Popul ati on estimtes were made by counting burrows, determning individua
burrow systens, identifying fresh activity, and estimating the area occupied.
Areas were converted to netric equivalents



Habi tat Characteristics

Each of the popul ations observed was in either a sheltered gulch or on a

steep, north-facing sl ope. In all cases, the burrow systens |ocated were
under dense stands of perennial vegetation where soil conditions allowed easy
bur rowi ng. An abundant supply of food plants, sonetines formng an

i mpenetrable thicket, and noderately deep and firmsoil with good drainage
were consistent features of the Point Arena nountain beaver habitat.

Several habitat types were occupied by this subspecies. Coastal scrub
conprised the vegetative cover at the Mnor Hole Road and Al der Creek
popul ation sites. Coastal scrub was also the dominant cover at Point Arena
Creek where A r. nigra had been previously collected but was not |ocated in
this study. Coastal scrub thickets at these locations superficially resenble
interior chaparral regions but consist of different species with nore
| uxurious growth. The combination of steep terrain and dense thickets make
this habitat alnost inpenetrable for l|arger species.

Common coastal scrub species include cow parsnip (Heracleum | anatun), wax
nyrtle (Mrica californica), California blackberry (Rubus vitifolius),
sal ronberry (R spectabilis), thinmbleberry (R vitifolius), salal (Gaultheria
shallon), poison oak (Rhus diversiloba), and others. R parian vegetation was
al so present near each of the four population locations. Comon species
i ncl uded skunk cabbage (Lysichitum anericanurn), horsetail (Equisetum
telmatela), wllows (Salix lasiolepis and S. sitchensis), red alder (Al nus
oregona), wood rose (Rosa gymocarpa), California blackberry and others. The
third occupied habitat type consists of a coniferous forest overstory at the
Irish Creek site. The canopy there included Douglas-fir (Pseudotsuga
menziesii), grand fir (Abies grandis), and bishop pine (Pinus nuricata). The
understory vegetation, however, consisted of elements of both the riparian and
coastal scrub habitats including thinbleberry, stinging nettle (Utica spp.),
sword fern (Polystichumnunitun, salmonberry, el derberry (Sanbucus spp.) and
ot hers

Food Habits

Information on the food habits of this subspecies came fromny observation of
clipped vegetation and an earlier nest excavation (Canp 1918). Based on
foraging sign, A r. nigra utilizes nost, if not all, of the understory plants
inits habitat. It prefers succul ent herbaceous vegetation and deciduous tree
bark and | eaves as evidenced by predomi nant foraging sign on these species
(Table 3). The nain species eaten by A r. nigra include sword fern, cow
parsnip, salal, nettle, salmonberry, and other plants to a |esser extent. The
mld, noist climate at Point Arena allows a year round grow ng season and
abundant herbaceous food. On the basis of Iimted observations | have made

it appears that nost foraging occurs during hours of darkness. During a
limted exam nation of conifer habitat no sign of foraging activity was found

Cimtic Conditions

The climate in the Point Arena area of Mendocino County is mld, with little
range in tenperature either daily or annually. A nuch greater tenperature
range is found a few kiloneters inland, Point Arena is unique in the region
for having such a short, mld frost season. The first frost occurs on
Decenber 15 and the last frost February 15 on average. The local area around
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List of Known Food Plants for Muntain Beaver in California

Abi es concolor/ white fir

Al nus oregona/ red al der

Al nus tenuifolia/ nountain al der
Arctostaphyl os spp./nmanzanita
Astragal us spp. /I ocoweed

Avena spp. /oat hay

Ceanothus spp./California lilac
Ceanot hus chrysophylla/ chinquapin
Cornus nuttallii/ nountain dogwood
Corydalis caseana/ corydalis
Corylus cornuta/ hazel nut

Del phi nium spp./blue |arkspur
Dryopteris arguta/ wood fern

Epi | obi um spp./fireweed

Gaut heria shallon/ salal

Heracl eum | anatum cow parsnip
Lat hyrus odoratus/ cow pea

Ledum gl andul osuni Labrador tea
Li bocedrus decurrens/ incense cedar
Liliwn spp./ lily

Lupi nus spp./ |upine

Mahoni a aquifolium O egon grape
xalis spp./ wood sorrel

Pinus lanbertiana/ sugar pine
Pinus nurrayana/ |odgepole pine
Pol ystichum munitum sword fern
Popul us tremul oi des/ aspen

Prunus virginiana/ chokecherry
Pteridiumaquilinum bracken fern
Rhamrmus spp./ buckt horn

Rhammus occi dental i s/ azal ea
Rhus diversiloba/ poison oak
Ribes viscosisinun currant

Rubus parviflorus/ thinbleberry
Rubus spectabilis/ sal nonberry
Rumex crispus/ curly dock

Salix spp./ wllow

Sorbus scopulina/ nountain ash
Utica serral nettle

Vaccinium spp./ nountain cranberry
Veratrum californicum corn lily

new growth
bark/ | eaf / stem
bark/ | eaf / stem
new grow h
entire plant?
entire plant
new grow h

new growth
bark/ | eaf/ stem
entire plant
bark/ | eaves
entire plant
entire plant
entire plant

| eaves/ stem
entire plant
entire plant
new grow h

new growh
entire plant
entire plant
entire plant?
entire plant?
new grow h

new grow h
entire plant
bark/ | eaf / stem
bark/ | eaf / stem
entire plant
new grow h?

bar k

entire plant?
entire plant

| eaves/ stem
entire plant
entire plant
bark/ | eaf / stem
bark/ | eaf / stem
entire plant
new grow h
entire plant?
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These plants were identified as food itenms by direct observation of foraging,
or indirect sign such as clipping, presence in haystack, and feeding in

captivity.
as follows: N= A r. nigra, P= A .
c= A r. californica.

phaea, H = A r.

Subspeci es of mountain beaver are represented by capital

letters

hunbol dti ana, and



Poi nt Arena has one of the |ongest growi ng seasons in California, over 300
days annually. This area receives noderate rainfall, between 63.5 and 152 cm
annual y. Most precipitation falls during the wnter nonths. Rel ati ve
hum dity averages between 70 and 90% Wnds are persistent along the coast in
sumer. Fog is present 15 to 18%of the time, reaching its maximumin July
and August. Precipitation is reported from20 to 30% of the time in winter
nmonths, and less than 1% in m dsumer.

Annual weather data from Point Arena is conpared with annual weather data from
stations within the ranges of the other California subspecies in Table 4.

Monthly averages for each station are included in Appendix E.  The tenperature
(°C) data represent a 6 year period adjusted to |ong-term val ues. The
precipitation (cm data represents a 20 year period (U S Wather Bureau
1963b). Al data has been converted to netric equivalents. There is no known
source of current recorded weather data,

Table 4. Summary of Representative Annual \ather Data for Muntain
Beaver Subspecies in California

PARAVMETER SUBSPECI ES
nigra phaea hunbol dti ana californica
Station #l #2 #3 #4 #5 #6 #7 #8 #9

Hgh Temp (°Q)  33.3 3.7 33.3 29.4 389 329 389 317 250

Avg Maxi num 16. 2 14.2 15.8 14.2 17.2 18.1 16.3 13.0 9.2
Tenp (°Q)
Avg Tenp (°O 14.4 11.5 11.4 11.3 12.7 11.3 8.9 6.6 2.4

Avg M ni num 7.0 9.0 7.1 8.2 8.3 4.6 1.6 0.3 -4.3
Temp (°Q)
Low Tenp (°C) -5.6 -2.8 -5.6 -5.6 -83 -89 -20.6 -27.8 -27.2

Precipt.(cm 49.9 103.5 174.6 97.6 123.2 186.4 170.1 82.4 137.0
U S. Weather Bureau data except where noted in text. Data represent several
different intervals due to linmted available data. In sone cases where only
short intervals were available, they have been averaged to approxinate
long-term values. The stations used are the same discussed in text sections.
Station nunbers represent the following: 1 = Point Arena, 2 = Point Reyes,

3 = Cesent City, 4 = Eureka, 5 = Scotia, 6 = Witchpec, 7 = Lake Spaul di ng,

8 = Huntington Lake, and 9 = Ellery Lake.
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Hurman/ Mount ai n Beaver |Interactions

Interactions between A. r. nigra and humans are mainly indirect. Few people
questioned knew of or had observed the Point Arena nountain beaver. There is
no indication of local trapping for food, fur, or pest control problens. Very
few A r. nigra have been collected, and only six nuseum speci mens were
| ocated (Appendix Q).

Devel opment and ot her |and uses have reduced the habitat available for A r.
nigra considerably. Three of four popul ations observed are |ocated near
farm ands or ranch areas devoted to cattle and sheep. Earlier recorded
popul ati ons were also near ranch and farmlands. Gazing and brush clearing
have greatly reduced coastal scrub habitat in each locale. The habitat has
al so been opened somewhat by livestock trails. At Alder Creek, cattle have
stepped into burrows and crushed runways. Donestic dogs and cats al so may
prey on both young and adults.

Private and county roads and State H ghway 1 have encroached on A r. nigra
habi t at . This has resulted in habitat |oss, and perhaps a barrier between
popul ations or increased nortality from vehicular traffic. No road-killed
nount ai n beavers were | ocated. M nor Hole Road and the Alder Creek
popul ations both showed signs of burrowi ng near and under roadways. A r.
nigra was also found near sone cut-and-fill locations of H ghway 1 at Irish
Creek. At Irish Creek, a large housing subdivision is being constructed
upsl ope from the nountain beaver population. Habitat reduction, dunping, and
feral animals also are present at Irish Creek.

Point Reyes Muntain Beaver (A r. phaea)
Distribution

The Point Reyes mountain beaver has been collected within western Marin County
in an area of approximately 285 knf.  The subspecies was first collected
sonetine before 1899. Mbst popul ations were found on north-facing slopes and
gullies. Canp (1918 and unpublished field notes) reported that a | ocal
trapper from Inverness indicated that there were nmountain beaver in every
gul ch west of Inverness Ridge between Brions and Division Ranchos and south to
Bolinas Bay with fewer occurring on the east side of the ridge. Point Reyes
is the southernnost area of known distribution for nountain beaver along the
coast.  Museum speci mens exanined during this study had been collected from
the following locations: 8.0 and 9.7 km west of Inverness, Mirphy's Ranch,
Hei ms Ranch, Bear Valley Ranch, Wldcat Canyon, 3.7 and 14.5 km west of O ens,
6.4 kmsouth of Oema, Lagunitas, Limantour Bay, and the Marshall Ranch. All
of these locations are in Marin County (Figure 4, Appendices B and C).

An attenpt was nade to relocate each of the previous collection sites on the
Point Reyes peninsula during this study. Qher areas that appeared to provide
suitable habitat were also investigated. The area surveyed includes |ocations
bet ween the Russian River in Sonoma County to Rodeo Beach in Marin County.
Earlier field surveys further south into the Santa Cruz Muntains were all
negative.

Four populations of A r. phaea were |ocated (Figure 4), all within the
nort hwest ern quadrant of the known distribution of the subspecies. Although
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each of the populations was found in separate localities, all were
interconnected by areas of simlar habitat. The four locations include a site
just off the road to M. Vision, a north-facing slope above Rogers Ranch and
the Sir Francis Drake H ghway, a north-facing slope above Home Ranch Creek
and a steep south-facing slope above @G enbrook Creek. No popul ations were
| ocated south of denbrook Creek although several old burrows were tentatively
identified in the Five Brooks area. In many places, the steep brush-covered
sl opes were al nost inpenetrable and coul d not be conpletely surveyed. No
popul ations were located off the peninsula either wthin or beyond the known
areas of subspecies distribution.

Popul ation Status

Four popul ations were |located and all appeared to be in the vicinity of
previous collection sites (Table 5). The nunber of individual aninmals and
areas occupi ed were estimated by the nunber of burrows and fresh burrow ng
sign. A total of 31 to 38 or nore individuals were estimated over 16.6 ha. A
density of 2.3 animals per occupied ha was indicated. It was not possible to
survey all suitable habitat due to its relative inaccessibility. The Point
Reyes nountain beaver exists as relatively small populations within limted
areas. It was not obvious whether the popul ations |ocated were truly
di sj unct

Table 5. Estimated Size and Area of A r. phaea Popul ations

BURRONG ACTI VE ESTI MATED DENSI TY
LOCATI ONS OBSERVED SYSTEMS | NDI VI DUALS HECTARES #/ hectare
Mount Vision 75 9 8- 12+ 1.6 5.0-7.5
Rogers Ranch 60 10 10+ 6.3 1.6
d enbrook Creek 12 4 3-6 3.1 0.3-1.9
Home Ranch 45 10 10+ 5.9 1.7
TOTALS 192 33 31- 38+ 16.6 0.3-7.5

See Table 2 for estimation nethods.

Habitat Characteristics

Each of the four popul ations of this subspecies was |ocated in a sheltered
gulch or on a steep, north-facing slope. As observed for popul ations of A r.
nigra, burrows were |ocated under dense stands of vegetation where soi
condi tions and drai nage aided burrow ng. Coastal scrub, dom nated by
sal monberry, coyote bush (Baccharis pilularis), poison oak, and cow parsnip
is characteristic of three of the population sites {Rogers Ranch, Hone Ranch
and denbrook Creek). Each location is adjacent to a perennial stream that
supports riparian vegetation, including red alder, wllow, horsetail, stinging
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nettle, California blackberry, and other species. The M. Vision population
site is domnated by a different habitat type than the other three sites. The
popul ation there is within a bishop pine forest along the Inverness R dge.

The site has a northwest exposure and the population is |ocated where a break
in the canopy supports a denser understory of sword fern, elderberry, salal,

aﬂd stinging nettle predomnantly. A nearby unnamed spring provides water to
the site

Food Habits

Information on the food habits of A r. phaea conbi nes observations |I nade of

clipped vegetation and nest excavation reported by Canp (1918). Burrow system
openi ngs usually provide access to dense stands of vegetation. A r. phaea
forages primarily after dark although sone limted foraging occurs during
dayl i ght. The animal takes short foraging trips and returns with clipped
vegetation to the safety of its burrow system  There is good evidence that

this subspecies clinbs low trees and shrubs to clip new growth (Seth Benson,

pers. conm). This may constitute a major part of the animal's foraging
activities, especially in the dense coastal scrub thickets. Several plant
species make up a major part of the subspecies' diet (Table 3). These include
cow parsnip, sword fern, stinging nettle, and salal. Many other species play
a lesser role in its diet based on observation.

There was no sign that Bishop pine was consuned. The Bi shop pine stand
consisted of uniform mature growh, typical for the species which requires
extreme heat or fire for seed germnation. As with the other subspecies, the
Point Reyes nountain beaver prefers succul ent herbaceous vegetation

Cimtic Conditions

The Point Reyes peninsula, like Point Arena, has a buffered climate due to its
proximty to the Pacific Ccean (Table 4). This triangle-shaped peninsula has
only a 5.2°C difference in mean tenperature between the warnest and col dest
nonths. The average range in diurnal tenperature is only about 6°C. The area
is alnost frost free with an average growi ng season of 361 days. On an
average, there is a neasurable anmount of precipitation 73 days a year. Fog
occurs on an average of 62 days each year on the coastal side of the
I nnverness Ridge (Felton 1965). Coastal fog has been shown to provide up to
one third of the water supply for coastal plants. In some cases, this my be
the equivalent of 25.4 cmof rain. The added water supplied by fog drip
supports the Inverness Ridge Black Forest and its undergrowth of fern,
thi nbl eberry, and sal al,

Mont hly averages for Point Reyes are included in Appendix F. The period of
time represented by the tenperature data was not specified (Felton 1965). The
precipitation data represents a 12 year period (U S. Wather Bureau 1964).

Human/ Mount ai n Heaver Interactions

Al populations located were within Point Reyes National Seashore boundari es.
Park status provides sone protection to A r. phaea, however, not all the
private land in this area has been obtained by the Federal governnent.
Collecting is regulated by permt and scientific collection of A r. phaeais
not currently allowed.
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Most |ocal residents have never heard of the Point Reyes nountain beaver. [t
appears that the animal receives little, if any, attention as a source of
food, fur, or as a pest to be controlled. Hstorically, the coastal M wok,
nost likely utilized the animal for food and fur (Seth Benson, pers. conm).
Donestic dogs and cats probably take some animals.

Habi tat nodification has occurred throughout the area. Previously, many acres
of forest above Bolinas were intensely harvested for tinber. Early ranchers
cleared or burned great expanses of coastal brush on the rolling hills to
provide fields for planting and grassy pastures for their cattle. The crops
and grasses were unable to hold the soil and great quantities have washed into
the bays and esteros.

It was not possible to quantify the effects of these habitat modifications on
A r. phaea. It appears that |ess habitat is available now and that the
remaining habitat is nore fragnented than it once was. Qutside the Seashore,

devel opment has probably had greater inpact on A r. phaea. Mich of the
| ow and areas are still subject to grazing by dairy cattle. Consi derabl e
private residence devel opment has occurred on the east side of Inverness
Ridge. This has alnmost certainly reduced the habitat and distribution of A

r. phaea. Wthin the Seashore, the trend appears to be reversed sonewhat but
whether this is having a positive inpact on the subspecies is not known.

There is no managenent plan for nountain beaver at this time. The research
scientist at Point Reyes National Seashore has begun follow up studies based
on recomendations in this report (G Fellers, pers. comm)

Hunbol dt Mountain Beaver (A r. hunbol dtiana)
Distribution

Col l ection records for the Hunbol dt mountain beaver cover the period between
1899 and 1971 and nost recent specinmens have been preserved at Hunbol dt State
University. Recent collection records tend to confirm the continued existence
of populations at earlier collection sites so they were not visited.

A r. hunboldtiana is the only subspecies endemic to California that has a
contiguous boundary with other nountain beaver subspeci es. Thi s subspeci es
appears to intergrade with A r. rufa in the Klamath and Trinity river divide
near \Witchpec in Hunmboldt County. A r. rufa has the |argest geographica
range of any of the subspecies, extending from British Columbia to northern
California along the Cascades,

A r. hunbol dtiana is geographically isolated on three sides by the Smth
River to the north, the coastline to the west, and a distance of approximately
160 km of unoccupied territory to the south. The southern [imt of the
subspecies distribution is not precisely known but is assumed to be near the
Van Duzen and Eel River confluence in Hunboldt County. This study attenpted
to determne the subspecies southern limt. No new populations or range
extensions were found. Several unconfirmed sightings were examned at The
Nat ure Conservancy's North Coast Range Preserve near Branscomb, Mendocino
county. This location is on the south fork of the Eel River, nore than 80 km
beyond the known range of the subspecies. The sightings were not
substantiated during this study, but the presence of potentially suitable
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habitat, several independent sightings by naturalists, and several unconfirmed
burrows indicate that further investigation is warranted.

Popul ation Status

The only information available on the Humbol dt mountain beaver is provided by
Coslow (1964). He trapped 21 animals over a 412 trap-night period in 16
| ocations east of the Arcata city reservoir along Jolly Gant Creek and its
tributaries. A population density of 0 to 4 aninmals/ha was found over 50 ha.

The pattern of burrow systens reported by Goslow inplies a contiguous
distribution with individual burrow systems often appearing in groups of two
or nore. The traps were noved a great deal during the trapping period. The
trapping results suggested a solitary habit, except that two males were taken
from the same burrow system on two occasions during the breeding season. This
is consistent with a study of A r. pacifica that found while hone ranges
overlap, nests and burrows were defended (Martin 1971).

No estimate of burrow nunbers was made by Coslow.  Burrows averaged no deeper
than 30 cm and extended for distances of 3 to 30 m No interconnections
between burrow systens were identified during excavation work. Most of the
burrows were near water courses.

The only other literature on A r. hunboldtiana reported that young are born
fromlate March to early April, based on specinen collections (Pfeiffer 1955).

Habi tat Characteristics

A. r. hunbol dtiana has apparently been collected fromseveral different plant
communities. Among these conmunities are Redwood (Sequoia senpervirens) and
Redwood/ Dougl as-fir forests, |ogged clearings overgrown wth alder,
streansides, and coastal scrub habitat. Thi s subspeci es occupi es several
different vegetation types. Common understory species include currant (R bes
spp.), horsetail, sword fern, Bracken fern (Pteridiumaquilinun), blackberry
and ot her species.

Most A r. hunbol dtiana burrows have been found in disturbed comunities such
as road-cut banks, recent forest clearings, and stream banks (Goslow 1964,
pers. obs.). The donminant vegetation in these situations includes annuals and
dense evergreen shrubs. This subspecies may utilize relatively hard sandy
clay soil although soft, |oose soil is preferred for burrow ng (Coslow 1964).

Food Habits

Information on the food habits of this subspecies comes prinarily fromthe
unpubl i shed work of Goslow, and includes clipped vegetation, feeding
observation, and nest excavation (CGoslow 1964). The subspecies seenms to
prefer herbaceous material, but also strips bark off the young trees and
prunes these trees to a height of 4.5 mor nore. Anmong the species nost
commonly eaten are red alder, wood fern (Dryopteris arguta), salal, wood
sorrel, thinbleberry, and willow. \Wole plants or selected parts are clipped
and eaten directly or carried back to the burrow. The subspecies is known to
forage during the day but is primarily nocturnal. Cipped vegetation may be
stored over or near burrow openings or directly below ground.
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Cimtic Conditions

Four stations, Cresent Gty in Del Norte County, and Eureka, Scotia, and
Wit chpec in Hunbol dt County, were selected as representative of the climtic
variation within the subspecies range (Appendix G. The northwest corner of
California is characterized by mld tenperatures and high |evels of
precipitation (Table 4). The four stations have a nmean annual tenperature of
11.1 to 12.8°C. Precipitation at these stations averaged between 97.6 and
186.4 cmannual ly.  Snowfall is recorded annually at all four stations. (nly
Vi tchpec receives nore than trace amounts of snow, however.

There is considerable tenperature difference between the coastal stations
(Cresent Gty and Eureka) and the inland stations (Scotia and Wit chpec),
This variation is explained by the noderating influence of the Pacific Ccean
coastal fog, low clouds, and topography. Tenperatures along the north coast
rarely get nuch above 32°C.  Coastal mcroclimte data was not obtained but
should contrast with high sunmer anbient tenperatures occurring inland. The
extrene tenperatures in the inland areas (up to 38°C during sunmer) are
apparently above the physiological tolerance of A r. hunboldtiana. The
subspecies has a relatively narrow thermal neutral zone between 17.8 and
21.1°C (Goslow 1964). Aninals exposed to tenperatures above 23.8°Cin the
| aboratory showed definite signs of heat stress by becom ng passive and
increasing their surface area by postural position to dissipate heat. Brief
exposure to a tenperature of 35°C was lethal for this subspecies (CGoslow
1964) .

Hurman/ Mount ai n  Beaver | nteractions

This subspecies cones in greater contact with humans than other northern
California subspecies because of its wider range and greater nunbers. Goslow
(1964) reported that nost A r. hunboldtiana burrows were |ocated in disturbed
areas such as road cut-banks, recently cleared forest areas, or streanside
habi t at s.

The range of this subspecies includes many snall towns and communities, at
| east five state parks, and a large Indian reservation. A r. hnboldtiana
probably causes minor damage to roads and other structures, gardens, and ot her
features introduced into its habitat. Four US. Forest Service National
Forests in California reported having nountain beavers but only the Six Rivers
National Forest reported nmountain beavers as a reforestation problem (Borrecco
1976).  This subspecies occurs marginally, if at all, in Six Rivers National
Forest, The nore common A r. rufa is present inland, including populations
on Six Rivers National Forest |and.

Sierra Muntain Beaver (A r. californica)
Distribution

A total of 115 nmuseum specinens were exanined during this study (Appendix C).
Speci mens were collected from at |east 33 different |ocations from Munt
Shasta in the north to Cover Creek in Sequoia National Park in the south,
Specinmens of A r. Californica have been collected between 1885 and 1981.
Speci mens came from Al pine, Calaveras, El Dorado, Fresno, Lassen, Mariposa,
Mno, Placer, Tulare, and Tuol ume counti es, The subspeci es has been
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collected from elevations ranging from 1190 m along Dye Creek in Tehama County
to over 3080 min Lyell Canyon, Yosemte National Park. Technically, the
subspecies is not limted to California as it has been collected within the
Nevada portion of the Tahoe Basin in Washo and Dougl as counti es.

It was not practical to relocate, visit, and survey all known popul ations due
to the |arge nunber of collections and the relatively w de range of the
subspecies.  Several areas selected as typical of previous collections were
visited and surveyed as well as a few other areas that appeared to offer
suitable habitat. Attenpts were made to confirm popul ations at other sites by
contacting local natural resource personnel. This resulted in locating five
extant popul ations from anmong 33 potential sites.

Two new popul ations were discovered on the east slops of the Sierra including

one outside the previously known range for the subspecies, Previ ous
col lections had been made at two |ocations, in the Tahoe Basin and the Mammoth
Lakes area, although additional sitings had been recorded. The new

popul ations found during this study were at Deadman Pass and Mono Lake, both
in Mno County, The Mno Lake popul ation is beyond the previously known
distribution of the subspecies.

The Sierra mountain beaver is uncommon throughout its range and the subspecies
appears to have a scattered distribution. Many areas of suitable habitat
within the range of this subspecies were not occupied.

Popul ation Status

Little popul ation work has been done on this subspecies. Many earlier workers
discussed A r. californica colonies, but nost trapping records indicate a
si ngl e-ani nal - per-runway system except during the breedi ng season. O her
records with information about popul ations are included here.

In 1899, a single pair of A r. californica was collected from one |ocation on
Mount Shasta (Merriam 1899). Two, small unquantified "colonies" were reported
near the springs at the Red Point Big-Tree Gove in Placer County (Price
1894) . Fifteen fresh burrows were identified at Blue Canyon, Placer County
but no estimates were nmade of population size (Ginnell 1913). A male-female
pair was captured along a short stretch of stream at Chinquapin in Yosenite
National Park (Canp 1918). Canp al so described simlar conditions at many
other locations in the park

Three popul ations were nonitored near Huntington Lake, Fresno County, for over
13 years, without estimation of population size (Ingles 1959). Three separate
popul ations were identified in southern Sequoia National Park (Wight 1969).
Intensive live-trapping at these locations yielded three adult nales, two
adult females, and two young females. Continued trapping did not yield
additional animals, Sequoia Park records indicate fluctuating |ow nunbers and
periodi ¢ di sappearance since 1924. Recent survey work only |ocated three
popul ations out of twelve described in ranger notes (Wight 1969). The
popul ations located in Sequoia National Park were at Wodcock Meadow, Stoney
Creek, and Atwell MII. O her burrow systens were identified but appeared
abandoned.  Consi derabl e habitat was available but unused. Sequoia Nationa
Park Service personnel have records of mountain beaver observation at Atwell
MIl fromas early as 1924.
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| was not able to confirm populations at 28 of the 33 (85% selected |ocations
of previous collections (Appendix C). | attenpted to relocate and confirm
each selected collection site personally or by contact with |ocal natural
resource personnel. The only confirned populations were identified at Mamoth
Lakes (Mno County), Donner Lake (El Dorado County), Hoffman Meadow (Sierra
National Forest), Butte Reservoir (Lassen County), and D anond Muntain
(Lassen County), Popul ation estinates for the Mammoth area are listed in
Tabl e 6. Live-trapping results during this study and the earlier work in
Sequoi a National Park indicate a single animal per burrow system except during
the breeding season when a pair of animals were often trapped. Two aninals
were live-trapped and renoved from the Manmoth Creek population in 1979. The
same two burrow systens were occupied in 1982,

The popul ation in the Deadman Pass vicinity of Mono County is a newmy
di scovered one. Anot her new popul ati on was discovered at Mno Lake, Mno
County, but was not quantified during this study. | observed one animal on
the shore of Mno Lake in 1976, apparently the first observation in the Mno
Basin.  Since then, two road-killed nountain beavers have been collected on
H ghway 395 near Lee Vining, Mno County and preserved at the University of
California, Davis, Department of Zoology Museum No estimate has been made of
the Mono Basin popul ation.

Table 6. Estinated Size and Area of Mamrmoth Area A r. californica

Popul ati ons
BURROG ACTI VE ESTI MATED DENSI TY
LOCATI ONS OBSERVED  SYSTEMS | NDI VIDUALS  HECTARES #/ hectare
Val entine Preserve 60 8 6- 10 7.5 0.8-1.3
Mammot h - Cr eek 66 10 6-12 2.9 2.1-4.1
Deadman Pass 45 5 2-6 1.5 1.3-4.0
oms mo o o» 1428 119 0.8-4-1

See Table 2 for estimation nethods.

Habi tat Characteristics

Ginnell found the Sierra mountain beaver in wet springy canyon |ands and on
mountain sides at the headwaters of the Carson River in Al pine County where
suitable springs occur (Ginnell and Storer 1924). Mst burrow entrances were
under wllow clunps. VWt er cour ses were sometines diverted by burrow ng
activity. During observations of the subspecies in Blue Canyon, Placer
County, Ginnell found a different habitat type at approximtely 1500 m
el evation. Blue Canyon was visited during the present study in August 1981.
Dry conditions were observed, but [uxuriant thinbleberry and chokecherry
(Prunus virginiana) indicated that wet conditions exist nost of the year, The
| ocation was highly shaded by black oak (Quercus kelloggii) and yellow pine
(Pinus ponderosa).
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In most of the Sierra, extensive thickets with preferred food plants are
scarce. Instead, the Sierra nountain beaver typically nmaintains burrow
systens through the narrow willow fringes along streans. Burrow systens are
rather widely scattered. Mre conplicated burrow runway systens are sonetines
established in locations where willow thickets border neadows or in Labrador
tea (Ledum glandulosum). In nost cases, the aninals were found close to water
but there are exceptions such as in the Deadman Pass area of Mno County.

Meadow areas adjacent to a stream were preferred sites for the Sierra nountain
beaver . The deep soils allowed easy burrow ng. Nine areas within Sequoia
National Park with sign of A r. californica consisted of characteristic
meadow-riparian habitat. Domi nant species at three active population sites in
Sequoi a National Park included triangle-leaf groundsel (Senecio triangularis),
hazel nut (Corylus cornuta), Creek dogwood (Cornus californica), |upine
(Lupinus spp.), thinbleberry, white hedge nettle (Stachys al bens), and various
grasses.

A r. californica occupied simlar habitats along Mammoth Creek, Mno County.
There, burrow systens were nostly in wllowalder or aspen (Populus
tremul oi des) thickets bordering streams or wet meadows. Cow parsnip, corn
lily (Veratrumcalifornicunm), nountain dogwood (Cornus nuttallii), fireweed
(Epi | obi um spp.) and others were anong the conmon understory species. This
situation is conparable with habitat conditions | have described for
popul ations on the west slope of the Sierra.

However, two new popul ations discovered at Deadman Pass and Mono bake, both in
Mono County, occupied habitat different fromthat previously described for the
subspecies, These two populations were in considerably drier areas with fewer
and different plant species. In the Deadnman Pass area a pumce soil type
donminates. This area consists of a Lodgepole Pine (Pinus murrayana)/Red Fir
(Abies magnifica) forest with sparse understory. Understory vegetation
i nproves sonewhat along drainages. This forest only dates back 720 to 1300
years fromthe last volcanic activity {Knapp et al. 1979).

The Mono Basin popul ation apparently utilizes a unique habitat. In 1976, |
observed an adult animal foraging at a seep on the shore of Mno Lake within
sagebrush scrub habitat. This animal foraged on curly dock (Rumex crispus)
and scal ed grass (Poa palustrus) associated with the spring-fed location and
used Tufa (cal cium carbonate deposits) for shelter. This sighting is
contradictory to other sightings of the species because of the vegetation and
climte of the area. It was first thought that the sighting mght have been a
| one occurrence in the Mno Basin involving a dispersing sub-adult. However,
a road-killed adult was collected near MII Creek in the Basin during 1981. A
second was found nearby in the sunmer of 1985. It appears that a popul ation
of unestimated size exists in riparian habitat consisting mainly of cottonwood
(Populus spp.), willow, alder, and wild rose.

Food Habits

Information on the food habits of this subspecies comes from ny identification
of haystacked naterial, clipped vegetation sign, limted observation, and
literature accounts of nest excavation. A r. californica selects succul ent
her baceous vegetation nmainly but also strips bark from deci duous trees and
prunes the termnal growh of conifers (Table 3). The subspecies may clinb to
a height of 4.5 mor nore in these trees to clip new growth. Hoot damage is
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evident in the burrow area and this may also play a role in the diet. The
species nost conmonly clipped and I eft in haystacks include mountain al der
(Alnus tenuifolia), larkspur (Delphinium spp.), corn lily, aspen, and |upine
Her baceous vegetation tended to be clipped to get the entire above ground
bi omass while clipping of termnal new growth was confined to w nter nonths
when other food sources were scarce. Haystacked material was associated with
each of the A r. californica populations but was only quantified at Valentine
Preserve where adequate sanples were available (Table 7). Most hayst acki ng
occurred in late sumer during 1979 and 1980 surveys.

Table 7. Vegetative Conposition of Haystacks Chserved at Valentine
Preserve, Mno County

AVERAGE

PLANT SPECI ES g/ STACK % TOTAL NMASS % OCCURRENCE
Lar kspur 57.7 20.6 32

Cow Parsnip 117.1 41.8 87

Lupi ne 11.7 4.2 18
Aspen 86. 3 30. 8 64

Q her 7.2 2.6 42
TOTAL 280.0 100%

Thirty-one haystack sanples were exam ned between 6/12/79 and 10/28/79. A
simlar study by OBrien (1981) found 56 haystacks to have an average of

222.8% vegetation consisting of blue larkspur, mountain alder, corydalis, corn
lily, and other species of grasses, sedges, and ferns in descending order.

Cimtic Conditions

It would be difficult to sunmarize the broad climatic conditions across the
geographi cal range of this subspecies. Instead, representative areas (Lake
Spaul ding, Huntington Lake, and Ellery Lake) were selected that are known to
have A r. californica populations (Table 4). The three sites cover the
el evation range occupied by the subspecies. Annual tenperatures range between
-27.8 and 38.9°C at the selected sites. Tenperature and snowfall are nore
extreme here than for the other California subspecies (Appendix H). Freezing
temperatures are possible every month, even at lower elevations. Mich of the
precipitation falls as snow, which averages alnost 61 cm at these stations

Little information is available on the mcroclimte of A r. californica or

ot her Aplodontia subspecies. Limted data were obtained froma snow soi
study at Valentine Reserve, near Mammoth Lakes, Mno County. This site
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contains an A r. californica population at approximtely 2450 m el evation and
is traversed by Mammoth Creek, a year round stream Limted weather
information was available fromthe U S Forest Service Ranger Station at
Manmmot h Lakes.  Prevailing winds are fromthe southwest through Mammoth Pass
and then directly over Valentine Canp, where the population is |located. Wnds
over 100 kmi hr may occur during wi nter stornmns. There are no nonthly snow
records available but 31-year (1928 to 1958) snow averages for February and
April are 150 and 131 cm respectively. Snowfal | can be nuch greater and
Mammot h Lakes weather is somewhat unpredictable. On January 15, 1963 there
was no snow on the ground but 8.5 mfell in Decenber 1980 alone. Rainfall

fromJune to August ranges anywhere from5.1 to 61 cm Maxinumtenperature in
the sumer is about 32.2°C and mninmum tenperature in the winter is
approximately -31.7°C.  The snow pack is usually present until md to late
May. Relative humdity is about 15%in the sumrer and 20 to 25%in the
Wi nter.

There are many mcroclimtes at Valentine Reserve. The data available is
limted to winter ground tenperatures at depths conparable to those utilized
by mountain beaver and taken at a known popul ation site (Table 8). These data
were neasured by probe into the soil and do not reflect the insulative snow
pack. The Manmoth Lakes bow area accunul ates a snow pack of nore than 6.1 m
annual y.

Al neasurements were recorded at Valentine Reserve. The data have been
rounded off to the nearest tenth degree (°C). Statistical analysis was
performed on an HP 9815 using the AOV and Reg. Analysis package, Tenperatures
in the snow were significantly above freezing while tenperatures at ground
| evel and bel ow were at freezing or bel ow (ANOVA, F=21.91: 10 df, 77 df
P<0.01). An ANOVA test for sanple date yielded an F value of 1.11 (7,80 df).
This is not significant at the 0.05 |evel

Tenperat ure nmeasurements were taken in the soil profile and snow pack, not in
A r. californica burrows. The subspecies maintains burrows at approximtely
these sane depths, The insulative value of the nest and air in the burrows
shoul d nodify the tenperature values neasured

Hurman/ Mount ai n Heaver Interactions

There was no evidence that A r. californica inflicted any significant damage
on the predom nantly National Forest |ands where popul ations are |ocated.
Conifer and deciduous trees make a large part of the diet of this subspecies,
especially during the winter nonths (Canp 1918). No tree nortality was
identified although some individual aspens were severely clipped and sone
young Lodgepole Pine and Wiite Fir (Abies concolor) were nutilated by nountain
beaver. No animal damage control neasures are known to be used on this
subspecies. There was sone limted evidence, including clipping and burrow ng
at the base of aspen, that indicates nountain beaver activity mght prolong or
i ncrease nmeadow edge habitat (pers. obs.).

The nain result of the interaction between hunmans and A. r. californica
appears to be habitat |oss or disturbance to individual populations. Severa

key exanples of this were identified. \Water diversion projects including the
Los Angel es Agqueduct in Mo County and utility water storage projects
t hroughout the Sierra Nevada have reduced suitable streanside habitat for
nmountai n beaver. Devel opnents such as ski resorts at Manmoth Lakes and June
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Lake, both in Mno County, and urban-recreation devel opnents at Lake Tahoe
appear to have affected A r. californica. This is evidenced by the apparent
| oss of known popul ations.

Table 8. SnowSoil Tenperature (°C) Profile at Valentine Reserve
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Tenperature profiles were collected for the snow season of 1978-79 by use of a
series of soil probes at the reserve in the immediate vicinity of a known
mount ai n beaver popul ati on. Snow tenperatures were significantly above
freezing while soil tenperatures were at freezing or below (ANOVA, F=21.91:
| Odf , 77df). Tenperatures for different dates were not significantly different
(ANOVA F=l . II: 7df, 80 df).

DI SCUSSI ON

Popul ation Structure

Little is known concerning the popul ation structure of Aplodontia. Mich of
the censusing done has relied on indirect nethods such as burrow estimates.
Early workers assunmed that nountain beaver had sone form of social
organi zati on because of the extensive congregations in some localities. 't
now appears that although several honme ranges often overlap, populations
consi st of contiguous individuals utilizing available resources independently.
I ndividual s vigorously defend their nests and burrows (Martin 1971).
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The mountain beaver digs extensive underground tunnels that can form a network
of passages. These tunnels are usually only a few inches bel ow the surface
and have many openings. Local topography such as fallen [ogs, the slope of a
bank, rocks, soil factors, and the location of food plants determne the
direction and extent of the runways and the location of their entrances and
exits (Voth 1968). These runways are at least 10 cmin diameter and usually
not well maintained. Enlargements for nests and tenporary food storage are
connected to runways. Most nests are located at sites with good drainage,
often under nounds, |ogs, uprooted stunps, |ogging slash, or in dense
thi ckets. Burrows are present only in portions of the home range (Martin
1971).

The nunber of nountain beavers in a burrow system has been reported to be as
few as one (Pfeiffer 1954), or as many as eleven (Canp 1918). Information for
the California subspecies is |imted but indicates that A r. hunbol dtiana
(Coslow 1964), A r. nigra (pers. obs.), and A r. californica (Ginnell and
Storer 1924) average one or two animals per burrow system Canmp (1918)
trapped eleven A r. phaea froman area containing "at |east 100 burrow
entrances". He did not however, estimate the number of animals per burrow
system

Canp (1918), working with A r. phaea, found a population density of about 25
animals per ha. He noted that the entire range for this subspecies was
approxi mately 285 knf and that not all areas of suitable habitat were
occupi ed. No historical range popul ation estimtes are known for A r.
nigra. Work with A r. pacifica in Oegon has led to estimtes of between 3.5
and 5.4 aninals per ha (Neal and Borrecco 1981, Lovejoy and Black 1979) and up
to 22 or tenporarily 40 animals per ha (Voth 1968). Limted data from these
previous studies indicates a sex ratio of 1:1 for A r. pacifica and 1.2:
(male:female) adult ratio (Lovejoy and Black 1979). There is very little data
on the age classes of mountain beaver populations. Estimates on survival and
| ongevity of 6+ years are based on long termradio-tel emetry studies (Lovejoy
and Black 1979, Martin 1971).

Adult nountain beavers apparently do not range far from the entrances of their
burrow systems. Radio-telenetry studies of ten adult A r. pacifica, covering
periods of 3 to 19 nonths, deternmined the animals had hone ranges varying from
0.03 to 0.2 ha, with an average of 0.1 ha (Martin 1971). There was no
significant difference in the hone ranges of nales and fenales. The m ni num
and maxi mum home range val ues were obtained fromanimls nonitored for over a
year. The maxi mum novenent from the nest burrow was 42.5 m The animals were
recorded within 24.4 mof the nest sites approximately 90% of the tinme. The
animal s probably use areas not included in the calculated home range,
particularly during the breeding season. A scrotal nale A r. pacifica
traveled 107 mfromhis nest site during one study (Martin 1971).

Subadul t nountai n beavers disperse fromthe nest during the sumer nonths.

Martin's radio-telemetry work indicated that sub-adult A r. pacifica noved
between 183 and 549 mfromthe point of initial capture. Dispersing mountain
beavers travel in burrows and along the surface. The aninals appear to follow
exi sting burrow systems and may attenpt to establish nests several tines
before a suitable site is located. These sites are often vacated burrows with
nests already present. The burrows are then enlarged and extended when the
animal sets up permanent residence.
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Reproduction

The nountain beaver has a | ow reproductive rate for a rodent species. It is
monestrous and usually does not give birth before its second year. All
females in a given population ovulate at about the same tine of year so that
there is a well defined and extrenely limted breeding season within a
popul ation (Pfeiffer 1958). Pfeiffer estimated the fertility and fecundity of
femal e mountai n beavers by ovarian and uterine exami nations, and concl uded
that estrous occurs within a short period of 5 to 7 weeks in md or late
winter. Fromthis data Pfeiffer also estimated that the gestation period is
between 28 and 30 days. Sone parturition differences between subspecies were
not ed, In general, the coastal subspecies were found to have earlier
parturition dates (late February and March) than the inland or nountain
subspecies (April and My).

The single litter usually contains two to three young and rarely four. At
birth the young are naked, blind and helpless. Vibrissae are present at
birth. Lactation probably occurs for the first two nmonths after parturition
only, as juveniles of that age already have vegetable matter in their stonach
(Voth 1968). Pregnant, lactating, and nonpregnant post-ovulatory fenale
mount ai n beavers exhibit dense patches of black hairs around the nipples
(Pfeiffer 1955). This production of mamary hairs may be a physiol ogi cal
"relic" that has been l[ost in nore advanced manmals.

Feeding and Digestion

Apl odontia is thought to use alnost any green plant in its habitat for either
food or nesting material (Scheffer 1929). Forty-three of the 143 vascul ar
pl ant species at a study site in western Oregon were known to be eaten by
Apl odontia (Voth 1968). Voth determined that A r. pacifica utilized ferns of
the genera Polystichum and Pteridium as 83% of its annual diet. The pinnae of
these ferns had a 72% water content. Pteridiumis an unusual food item for a
mamal. |t has been shown to cause "fern staggers" in livestock (Evans et al
1958). In addition to eating poisonous ferns, the mountain beaver consunes
plants unused by nost other vertebrates by including such plants as | upine,
| arkspur, foxglove (Digitalis purpurea), thistle (Crsium spp.), and nettle
(Utica spp.) inits diet. These plants all have physical or chemca
defenses that keep many animals from consuming them The mountain beaver is a
primtive rodent with a somewhat uncontested food niche including many plant
speci es. It has a voracious appetite and feeds on alnost all available
vegetation growing near its burrow

The forefeet and opposed thunbs are used for food handling and grasping.

Her baceous vegetation may be eaten whole, or |eaves, stems, or roots may be
eaten specifically. Wody deci duous vegetation is usually stripped of its
bark and |eaves and then discarded, Moi st vegetation is clipped and
transported back a short distance to the burrow. The animal may clinmb trees
to a height of 6 mor nmore to clip the termnal growth. Crouch (1967) found
clipping by Aplodontia to be a major factor influencing woody plant growth and
conmposition in a 137 ha deer-proof study site in northwestern O egon. He
concl uded that the conposition, distribution, and abundance of woody plants
influenced the distribution and abundance of Aplodontia.
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Cipped and "haystacked" vegetation is taken underground to the nest site
after it wlts. In the nest it is thought that the nountain beaver m xes
wilted vegetation with fresh succulent vegetation resulting in a desired ratio
of food intake volume to water content (Voth 1968). The mountai n beaver can
subsist on dry alfalfa hay or dry pelletized dairy ration when adequate free
water is provided, however, nountain beavers prefer a naturally fresh and
wilted herb diet (Voth 1968).

The total food intake per day in captivity is usually less than 100 g wet
weight. Under field conditions, the entire digestive system of the mountain
beaver and its contents conprise 25 to 50% of the animal's weight (Voth 1968,
pers. obs.). In adults, the large caecumis about twice as large as the
stomach (by weight). The full caecum may provide nearly I/3 of the weight of
agg%untain beaver and over 50% of its total digestive system volume (Voth
1 .

The caecum plays a major role in digestion and absorption in the mountain
beaver and other rodents such as the nutria (Myocaster coypus), muskrat
(Ondatra zibethicus), and guinea pig (Cavia porcellus), which all have a high
water content in their diets. The caecum has been found to vary in size
mar kedly anong different animals and at different times of the year or
conditions of stress. A secure, well-fed animal retains a large quantity of
food in the caecum while the disturbed aninal does not, no matter how well fed

(Voth 1968). Fecal pellets formed in the caecum are often reingested
(coprophagy) increasing general protein digestibility in a nunber of snal
manmal s i ncl udi ng t he nount ai n beaver. A possible limting factor for

mount ai n beaver popul ations may include the availability of protein for growth
(Voth 1968). A requirenent for high protein content may explain why nmountain
beaver growth pattern is unusually slow and age of first reproduction is late
for a rodent species.

Activity

It has been well documented that the nmountain beaver is predom nantly
nocturnal in its above ground activities (Godin 1964). Scheffer (1929) stated
that the rodent is active in its burrow during the day and only | eaves the
burrow at night. Dalquest (1948) found that although the mountain beaver is
principally active at night, it is frequently seen during the day, especially

inthe fall. Bright light or warm tenperatures nmake the animal drowsy such
that it may doze off in the mddle of its diurnal active periods (Ingles 1959,
pers. obs.). In this condition, the aninmal does not wake quickly when

disturbed. This drowsiness makes the animal quite vulnerable to predators.
"Nappi ng" may be a thernoregulatory response to a rising body tenperature
during activity and also has energy conserving val ue

A study of daily activity during sumer found that A r. californica had six
or seven feeding periods in a 24 hr period, with the |ongest activity period
(2 hr and 45 min) at night and the |ongest rest period (4 hr and 15 mn)

during the day (Ingles 1959). Total activity time lasted between 8 and 9 hr a
day, leaving over 15 hr for rest. Slightly nore than one-half of the active
tine is spent eating, while half of the remaining tinme nmay be spent gathering
food (Voth 1968). The rest of the active period, about 2 hr and 20 mn, is
spent excavating, defecating, reingesting, groom ng, scratching, and
urinating.
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Early workers debated the seasonal activity pattern of the nountain beaver
Matteson (1877) believed that the animal hibernated. Canp (1918) stated that
the species is active during the winter, even in the high nountains. Scheffer
(1929) confirmed that the animal is active during the winter at |east at
el evations | ess than about 500 m Dal quest (1948) said that the mountain
beaver is nore restricted in activity during the winter and is rarely seen
during the day. The spring thaw reveals earth cores as evidence of sone
mount ai n beaver activity under the snow.  The linmted food sources and |ong
winters with deep snow packs in the high nountains nay require reduced
activity periods and/or torpor for nountain beaver survival. The possibility
of torpor or reduced activity during winter needs further investigation.

Ther noregul ati on

Several authors have concluded that limted thernoregulatory ability at
relatively mld tenperatures contribute to the mountain beaver's limted
distribution (Johnson 1971, Kinney 1971). I nvestigations into the micro-
climate of A r. pacifica in Oegon indicate that the nest and burrow system
effectively tenper daily and seasonal changes in tenperature and humdity.
Wien exposed to heat stress in the laboratory, a decrease in metabolism and
respiratory rate along with postural changes reducing insulation were nost
inportant in maintaining honeotherny. No evidence has been found for
significantly increased evaporative water |oss in the mountain beaver (CGoslow
1964, Johnson 1971, Kinney 1971). The species does rub water into its fur
when washing, but this behavior has not been seen in heat stressed
individuals. The relative contributions of thermal conductivity of fur,
changes in peripheral blood flow, and thernoregul atory behavi or have not been
examned in detail.

The thernoregul ative capabilities of the nountain beaver have been described
as prinmtive (Johnson 1971, Kinney 1971). In laboratory studies, the mountain
beaver (A r. pacifica) was capable of naintaining a relatively constant body
tenperature (37.1 to 38.9°C) over the range of anbient tenperatures which it
nornmal Iy encountered in its burrows (6 to 16°C) and its mcro-habitat (0 to
31°C) (Kinney 1971). Several animals died during or after experiments at high
(32°C) tenperatures and ambient tenperatures of about 30°C are near the upper
limt of mountain beaver tolerance (Kinney 1971). The animal is forced to
escape to cooler surroundings or to sit quietly after adjusting its posture to
maxi m ze heat |oss.

Wien exposed to col der tenperatures within the range found in its habitat (5
to -5°C), nountain beavers were able to maintain a relatively constant body
tenperature for a few hours by frequent activity and occasional shivering
When at rest however, they appear to maintain homeotherny over a limted
tenperature range (10 to 25°C) (Kinney 1971, Johnson 1971). The |ethal upper
anmbient tenperature for nountain beaver is low for nost mammals but fits
within the pattern seen in many fossorial rodents (Kinney 1971). It appears
that the well-insulated nest chanber allows the mountain beaver to maintain a
resting metabolic rate without becoming hypothermic. The mountain beaver is
col d-adapted while nost fossorial rodents are warm adapted.

However, the nountain beaver may face warm and even hot environments when

foraging for food in spring and summer and al so when young disperse. This is
a greater problemfor mountain beavers than for truly fossorial rodents which
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sel dom | eave the safety of their burrow systens. Mbuntain beavers have been
observed above ground when the anbient tenperature was greater than 30°C
(I'ngles 1959, pers. obs.). Sustained activity at anbient tenperatures above
28°C rapidly induces heat stress due to heat storage problens.

Wt er Bal ance

The first investigation of renal function was a brief description of the gross
mor phol ogy of the aplodontid kidney. These findings suggested the Kidney
m ght not be able to efficiently conserve water (Sperber 1944). Furt her
investigation revealed that its cortical tissue has three types of nephrons:

cortical, short-loop, and long-loop (Pfeiffer et al. 1960). The three nephron
types are in an approxinmate ratio of 65:25:10 (% respectively. |n addition,

the thin segnment of the loop of Henle was found to be absent fromall cortica

nephrons and about [/3 of the short-1oop nephrons, Pfeiffer concluded that
the kidneys of Aplodontia are unable to produce a highly concentrated urine on
the basis of two anatom cal features: 1) the very |low nunbers of long | oop
nephrons and 2) the |arge nunber of nephrons |acking or having only a very
smal | thin segnent.

Nungesser and Pfeiffer (1965) found at most 1 to 2% ong-1oop nephrons in the
apl odontid kidney and a cortical to medullary mass of 2.9. This ratio is
hi gher than seen in aninals which are capable of achieving a high degree of
urine concentration (Sperber 1944).

Penal physiology of A rufa has been studied by using food and water
deprivation, vasopressin injections and other techniques. Dicker and Eggleton
(1964) found that Aplodontia produce a slightly nore concentrated urine at
night and that food and water deprivation resulted in slightly concentrated
urine with a urine:plasma ratio of 1.4. Nungesser and Pfeiffer (1965) also
found that at |onger deprivation intervals of 24 to 96 hr a maxi num
urine:plasnma ratio of 2.0 to 2.4 was observed. Under |aboratory conditions
wat er intake averaged 327t24 m/kg per 24 hr and urine output averaged
267£25.7 m/kg per 24 hr (Nungesser and Pfeifer 1965). The intake represents
about 33% of the aninal's body weight and a simlar anount of urine of
approxi mately plasma concentration was |ost.

Renal research al so showed wei ght changes in general to correspond with
urinary volunes, dermonstrating the relatively mnor role of insensible water
| oss by other routes under sumrer (20.6 to 32.3°C, 50 to 90% rel ative
humdity) or winter (15.6 to 23.3°C, 15 to 25% relative humdity) |aboratory
conditions. Dicker and Eggleton (1964) found that injection of vasopressin
(I.0mu/100y) had an anti-diuretic effect of the same magnitude as fasting.
Dol ph et al. (1962) got a pronounced rise in the urine osnolarity of hydrated
Apl odontia (0.5 to 1.5 UP) with an injection of |.Qu/ kg vasopressin.  These
ratio values are much |ower than the values obtained for the domestic rabbit
(Oryctol agus cuniculus) using the sane techniques (0.62 to 3.3 UP). Liver
and ki dney mtochondria do not swell when incubated in the presence of
| ysi ne- S-vasopressin or |ysin-8-vasotocin indicating the aplodontid
neur ohypophyseal hornone may be different than other mammals (G eenbaum and
Di cker 1963).

It has been shown that diets high in protein increase the renal concentrating
ability (Hendriky and Epstein 1958, Jaenike 1960). House et al. (1963)
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investigated the effect of diet on urine concentration in A rufa and the
domestic rabbit. They subjected menbers of both species to a high (15 to 17%
or low (1 to 2% protein diet and neasured plasma and urine osnolarities.
Apl odontia showed no change in concentrating ability under either diet or when
urea |oaded. The rabbits however, did increase urine concentration when fed a
high protein diet. The plasmurea-nitrogen concentrations of both species on
the high protein diet were significantly higher than those on the |ow protein
diet. The plasm sodium concentrations did not vary with dietary changes in
either species. Aplodontia excreted much more urea per unit body weight than
the rabbit regardless of diet. A rufa also excreted nore sodi um per unit of
body weight on a low protein diet than a high protein diet. The rabbits did
not display this difference in sodium excretion. House et al. (1965)
concl uded that the absence of |ooped vaso recta in Aplodontia may prevent the
efficient trapping of solutes such as urea in the medullary interstitium

Addi tional work by Schmdt-Nelson and Pfeiffer (1970) also found nmaxi num
urine osmolarity to be independent of nitrogen intake and of the relative
contribution of urea and non-urea solutes to the total osmolarity of the
urine.  They subjected Aplodontia to lowprotein pellet diets (7.5% protein

11. 8% sodi um chl oride) and high-protein diets (70% protein, 3.9% sodi um

chloride). Intolerance to these artificial diets was bypassed by the addition
of one carrot per day. Aplodontia was found to conserve urea when on a |ow
protein diet. Drinking water was available except during dehydration test.

There was no significant difference between a high nitrogen gol nul ar
filtration rate (GFR) and low nitrogen GFR rates. During dehydration, the |ow
protein aninmals had high urea and | ow sodium urine concentrations. Regardless
of diet or urine urea concentration, there was no significant difference in
medul | a tissue urea concentration for any of the animals. This finding is in
conplete contrast to the findings in dogs and cats (Schm dt-N el son and
Robi nson 1970).

Sal i ne infusion experinents indicated that |ow sodium and high urea
concentrations are acconplished through a reabsorption of sodium with
resulting water reabsorption. A rufa then responds to dehydration by
i ncreasing sodi um reabsorption and by reducing sodium excretion. The species
is able to concentrate urea and presumably other undesirable metabolic waste
products in the urine by this method. This response of increased sodium
reabsorption in the collecting duct may be induced by al dosterone release in
response to dehydration.

The inverse relationship between urea and el ectrolyte concentration found in
Apl odontia has al so been identified in the beaver (Castor canadensis), pig
(Sus scrofa), and the desert rodent Psammonys (Schmidt-N elson and O Del

1961). In each of these species the osnmotic |imt of urine concentration is
not effected by increased urea excretion and is less variable than in other
mammel s. These facts contradict the general mammalian pattern of urea being

concentrated nore efficiently than electrolytes. The inverse relationship
cannot be explained by nephron populations in the kidney as the beaver and pig
have al most 100% short -1 ooped nephrons, |ike Aplodontia, but Psamonys has

100% | ong- | ooped nephrons.  The beaver and pig can only excrete a relatively
dilute urine while Psammnys excretes urine approaching 6000 m GsM  The
explanation for this contradiction and to its ecological and evol utionary
significance remains unanswered
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None the |ess, the general conclusions from anatomical and physiol ogical
studies of A rufa are that the species’ inability to concentrate urine and
the necessity of a large daily water intake account for its limted
distribution (Nungesser and Pfeiffer 1965). When dehydrated, A rufa has
limted ability to conpensate by reabsorption of sodium through the collecting
duct (Schmdt-Nelson and Pfeiffer 1970). The later workers al so conclude
that A rufa nmust require drinking water in abundance at all times.

The low urine concentrating ability of A rufa may be inportant to the ion and
wat er balance of the species. The lack of studies on water and sol ute inputs

and outputs under natural conditions limt this conclusion. In addition, the
use of existing data in the determnation of ion and water bal ance
capabilities of A rufa is hanpered by contradictions. It was thought to be

necessary to provide A rufa with large amounts of water in captivity
(Pfeiffer 1954). However, Fisler (1965) and Johnson (1971) were able to
mai ntai n individuals wthout drinking water for nonths. In these cases, a
diet of lettuce, apples and cabbage provi ded enough water to maintain body
weight, Experiments using artificial diets have been helpful in determning
upper limts to urine concentrating abilities. Mre useful now woul d be data
on ion and water content of the species' natural diet.

Cimte and Evolutionary Inplications of Distribution

The known past and present distribution of the mountain beaver is unusual in
that its range is primarily limted to a small area receiving heavy rainfal
along the Pacific Coast from southern British Colunmbia to central California
(Godin 1964), and in the Sierra Nevada Mountains of California. Wthin this
geographical |y diverse area, the nmountain beaver appears to be further limted
to a cool -noi st environnent. Even within this noderate climate it appears
t hat maxi mum anbi ent tenperatures approach or exceed lethal levels for the
species (32 to 35°C). U S. Weather Bureau data extremes fromwithin mountain
beaver distribution ranges fromat |least -28 to 39°C. These extrene
tenperatures are unconmon within the species range however. Overal | annua
average tenperatures only ranged between 2.4 and 14.4°C in the weather data
reported for selected sites in this study (Table 4).

Extreme thermal conditions, including length and tine of occurrence, are
certainly of nost significance to the species. \Weather Bureau data rarely
reflects the mcroclimate of an animal. Extrenely high tenperatures are only
for short durations and can be avoi ded, whereas extrenely |ow tenperatures may
| ast longer but can be tenpered by nest insulation and altered activities.

The presence of snow cover during the coldest nonths at inland |ocations is
very inportant in noderating surface and burrow tenperatures. A snow cover of
29 to 35 cm has been shown to keep ground surface tenperatures an average of
15°C hi gher than surfaces |acking snow cover (Fornozov 1976). This can have
an inportant effect for small manmals such as Aplodontia

The burrow system provides for remarkably stable tenperatures. A r. pacifica
burrows in Oregon did not vary nore than an average of 3°C in any nonth and
the greatest daily variation was |ess than 4°C (Johnson 1971). The greatest
annual variation of tenperature in a burrow was 21.7°C on an open north slope

where the mninmum tenperature (Decenber) was -1.7°C and the maxi num
tenperature (August) was 20.0°C. The nest chamber is typically located at
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greater soil depths than the burrow systenms which would further reduce the
effect of daily and seasonal external tenperature changes on burrow
i nhabi tant s,

The mld tenperature and al most frost-free conditions within A r. nigra and
A r. phaea distributions contrasts with those of the northern or inland
subspeci es where |ower tenperature extremes and considerable snowfall occur

Both coastal and inland popul ation sites are buffered fromvery high
tenperatures. This appears to be nore inportant due to the species' inability
to remain active or even passively thernoregul ate when exposed to anbient
tenperatures above 3C°C.  Tenperatures well below CC do not appear to be as
important due to the insulative properties of the snowpack and burrow system

Apl odontia has evolved with a cool -noi st environnent. Burrow systems have
provi ded the species with protection fromclimtic extremes and predators. A
moi st environment has insured an anple supply of succul ent vegetation for
nouri shment and for nmaintaining water balance. The cool environnment has been
a prerequisite because of the lack of adequate mechanisns to thernoregul ate at
hi gh tenperatures.

The apl odonti ds appeared during the upper Eocene in North Anerica (Sinpson
1946). The general climate during the early Tertiary was considerably mlder
than present. The area containing fossil aplodontids was covered by the
Neotropical Tertiary CGeoflora (Axelrod 1956). This flora indicates a rather
subtropical climte with mld tenperature extrenes. The apl odonti ds
apparently renmained associated with the mesic West Anerican element in the
Geat Basin area and there has been little change in the group since the late
M ocene (Shotwell 1958). During the Pliocene there occurred a progressive
decline of hardwood and coniferous forests in the Geat Basin with an increase
in grasslands and other elements of the Madro-Tertiary flora (Axelrod 1956).
This period marked the appearance of many of the present sciurid genera

[f the assunption is made that there were physiol ogical and norphol ogi ca
simlarities between |ate Mocene aplodontids and the present species, then it
is likely that the group was restricted to the cool -nmoi st West American
el ement of the Arcto-Tertiary Geoflora due to thernmal and renal constraints.
It is not known whether climatic changes forced Aplodontia into the Pacific
Northwest or sinply restricted themto the present distribution

Human/ Mount ai n Beaver | nteractions

As with other burrowing rodents, the mountain beaver can be a nuisance to
| ocal conmunities due to its habit of extensive digging and foraging activity
in gardens, croplands, and forests. This is not typical in California, where
they are relatively innocuous, but in some districts of coastal Oregon and
Washi ngton, the nountain beaver is very abundant and may be a consi derabl e
pest (Scheffer 1929, Phillips 1982). Danmge to highways due to nountain
beaver burrows passing under the roadbed has been reported by engineers,
particularly in the Oynpic Peninsula of Washington. Slides in roadcuts occur
in sone areas due to the activities of nountain beaver and farm animals have
been injured by stepping through its burrows. This type of damage may be
important at sonme specific localities, but is not significant overall
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Mount ai n beaver damage to forest trees has |long been recognized as a problem
for some reforestation efforts and forest managenent. Concern about nountain
beaver danmage has increased as forest managenent practices have intensified.

I ncreased second growth tinber and reforested areas in western Oregon and
Washi ngton resulting from logging and burning have created greater areas of

optimal habitat for mountain beavers. Densities of nountain beavers may have
increased with the changes to nore intensively managed forests.

This theory is supported by recent bobcat studies which found that nountain
beavers are now an inportant food source for bobcat west of the Cascades.
Recent bobcat diet studies by Knick (1984) and Sweeney (1978) showed mountain
beavers to be the predom nant food item conbined with snowshoe hares they
made up 82.3% total weight of prey weight consumed over a three year period
(1976-79). Earlier studies (Schwartz and Mtchell 1945) found nountain
beavers in 1.3% of bobcat stomachs and Nussbaum and Maser (1975) found
mount ai n beavers occurring in 1.6 and 5.3%of bobcat in two ranges of western
Oregon.

Mount ai n beavers have been reported to cause damage in about 111,320 ha of
forested land in Oregon, Washington, and a few |locations in northern
California (Muntain Beaver Subcommittee Wrking Goup 1979). Damage is nost
prevalent in Douglas Fir stands. The main types of damage seen are clipping
of conifer seedlings, basal girdling of saplings, and root undermning (Nea

and Borrecco 1981). Areas where herbaceous and shrub vegetation are available
as food itens have | ess conifer damage by nountain beavers. Danmage to trees
appears related to the timng of stand closure and subsequent suppression of
understory vegetation (Neal and Borrecco 1981). This results in a reduction
of habitat quality and nay force nountain beavers to use Douglas Fir and other
conifers as a food source.

In California, conifer damage was only seen during w nter nonths and invol ved
nonl et hal damage in the Sierra Nevada (O Brien 1981, pers. obs.).  Trapping,
physical barriers, and toxic baiting are conmon and effective control methods
where damage is extensive. Under a natural setting, the nountain beaver
probably does not affect human interests to any great extent.

None of the California subspecies are known to cause any significant
agricultural damage. Popul ations of these subspecies do not tend to occur in
intensively managed forest tracts except possibly in the extreme northwest
corner of the state where the Pacific nountain beavers (A r. pacifica) does
inpact forestry operations sonmewhat. Mnor damage to roads, gardens, crops,
and conifers occur but there is no known econonic reason to control endemc
popul ati ons of nountain beaver in California.

MANAGEMENT  CONSI DERATI ONS

I medi ate action should be taken to protect known populations of A r. nigra

Only one of these populations is on public land, at Manchester State Beach
along Al der Creek, Even this location only has a portion of the existing
popul ation on public land. Conservation easenents should be obtained to
provi de protection and insure that these popul ations are stable, and wherever
possi bl e corridors should be established between isolated popul ations.

Addi tional ly, an enhancenent program shoul d be inpl emented where existing and
potential habitat can be protected from grazing pressure and future
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devel opnent . One location with this potential is the Mendoci no Coasta
Preserve just south of Point Arena. This 32 ha forner ranch has not been
extensively grazed since 1976 and coul d possibly support an introduced
popul ation especially after habitat restoration nmeasures

A r. phaea appears to be currently restricted to Point Reyes Nationa

Seashore. However, private inholdings within the Seashore overlap severa

popul ati ons and consi derable habitat nodification has occurred throughout
areas of historic collection. This problem appears sonewhat reduced due to
grazing restrictions. Addi tional survey work has been initiated at known
| ocations within the Point Reyes National Seashore and the work has expanded
distribution limts within the Seashore and |ocated additional populations (G

Fellers, pers. conm). Any habitat managenment program shoul d consi der
protection and restoration of A r. phaea habitat a priority, This action
shoul d provide adequate protection to the subspecies but it should be conbined
with a continuing survey for additional populations

A. r. hunbol dtiana appears to consist of nore stable popul ations than the
other coastal subspecies in California. This may be a result of nore
extensive habitat being available. There may be occasional need to contro

specific A r. hunboldtiana populations during reforestation efforts.

Additionally, public lands within the subspecies range shoul d be surveyed for
its presence

A r. californica has perhaps the nost conpl ex managenent needs due to its
wi de range of distribution. The presence of existing popul ations should be
taken into account and protected during national forest |and use planning.
This is especially inportant where urban and recreation devel opnent has
significantly encroached on the subspecies. Specific exanples include the
Tahoe and Manmoth Lakes basins. In these areas, buffer or green belts of
nmount ai n beaver habitat mght protect popul ations from destruction

Water diversion or devel opment projects have also inpacted A r. californica

The U. S. Fish and WIldlife Service has included the Mono Basin popul ation of
A r. californica in the review of taxa considered for addition to the List of
Endangered and Threatened Wldlife. Reasons for |isting consideration for
this popul ation include: 1) the unknown status of the popul ation and
subspecies, 2) only a few (tw) specimens are known, and 3) areas of specinen
collection are popular tourist spots that have been altered by water diversion
(G Kobetich, US. Fish and Wldlife Service, pers. comm). Exi sting and
future projects should include nmeasures to preserve or restore suitable
habitat, Any control efforts should be carefully considered on a local |evel

Future research on mountain beavers in California should include nonitoring
known popul ations of A r. nigra, A r. phaea, A r. hunboldtiana, and A r.
californica along with nore detailed population and distribution studies.
Popul ation work with either A r. nigra or A r. phaea should only involve
field survey and indirect censusing nethods unless significant nunmbers of
i ndividual s or new popul ations are found. There are nany areas of the biology
and ecol ogy of the species in general that need further investigation,
particularly vegetation analysis and mcroclinmte studies

Smal | popul ations are at great risk due to forces that act randomy.

Irregular fluctuations of predators, parasites, or pathogen popul ations, or
physi cal environment may cause extraordinary nortality on sone occasions. The
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survival rate of a small population is reduced due to a nuch higher
probability of being elimnated by a random event. A large population is much
less likely to go extinct, although sone non-genetic advantages exist in
spreading out a large population into many smaller popul ations

In addition, small populations have a reduced survival rate due to the genetic
effects of inbreeding. This results from the higher probability of
del eterious gene transfer between related individuals in a small popul ation,
There is no single threshold population size for different species or
subspecies. Even limted breeding between individuals of separate popul ations
can greatly alleviate inbreeding depression.

There are al so possible genetic benefits to maintaining several snaller
popul at i ons. Local popul ations devel op genetic differences as they evol ve
adaptations to local environnents. The different genes present between
popul ations may benefit the species overall during environmental changes, and
if there is some interbreeding between popul ations, mixing slightly different
genetic stocks may counter inbreeding depression. However, with such a
specialized animal, other things besides genetics are nore likely to cause
extinction.

Mre information in these areas is essential to the protection and enhancenent
of A r. nigra and A r. phaea, and to insure stable populations of A r.
hurmbol dtiana and A r. californica. These four subspecies shoul d receive
increased protection for their ecol ogical, physiological, and taxonon c val ue
to science. An additional reason for this managenent consideration is the
intrinsic value of these subspecies as native mammals of the north coast and
high Sierra of California

SUMVARY

Si x subspecies of Aplodontia rufa occur in California, with three subspecies
being endenmic and the fourth nearly so. Available information on the four
endem ¢ subspecies, A r. nigra, A r. phaea, A r. hunboldtiana, and A r.
californica has been conbined with field data to describe the distribution,
relative abundance, and habitat characteristics of each subspecies.

A r. nigra and A. r. phaea were found to have very small, disjunct
di stributions around Point Arena, Mendocino County, and Point Reyes, Marin
County, respectively. Each consists of a mninumof four small, and possibly
di sjunct popul ations. Popul ation estimtes for these two subspecies were 17-
34 and 31-38+ aninmals, respectively, with the likelihood that additional
popul ations were mssed. A r. hunboldtiana shares a contiguous boundary wth
A r. pacifica and A r. rufa, two northern subspecies also found in the
extreme northwestern corner of California. It has been collected from at
least twenty different sites. A r. hunbol dtiana popul ations may be partially
synpatric with northern subspecies and is represented by considerably nore
individuals than A r. phaea and A r. nigra. A r. californica has the
greatest distribution, ranging fromat |east Munt Shasta in the north to
Sequoi a National Park in the southern Sierra Nevada. It has been collected
fromat |east forty different sites where popul ations appear to be small and
di sj unct
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A r. nigra and A r. phaea both appeared to occupy |ess range than previously
descri bed, probably due to grazing, |and devel opnent, and ot her habitat
degradation. Recent collection records indicate no change in the distribution
of A r. hunboldtiana. Fewer populations of A r. californica were found on
the western slope of the Sierra than indicated by collection records. On the
eastern slope of the Sierra, several new popul ations were |ocated in
previously undescribed habitat types for the species.

The coastal subspecies in California, A r. nigra, A r. phaea, and A r.
hunbol dtiana were found to be associated with coastal scrub and riparian
habitats primarily. One population of A r. nigra was found in a Dougl as-
fir/Gand Fir forest with riparian habitat in the understory. A single A r.
phaea popul ation was |ikew se found in a Bishop Pine forest with a dense
Bracken Fern understory. A r. hunbol dtiana popul ations have al so been found
i n Redwood and Redwood/ Dougl as-fir forests within | ogged-over clearings
overgrown with riparian species. A r. californica differs fromthe ot her
subspecies in preferring nmeadow riparian ecotones.

Al four subspecies were typically found where dense stands of succul ent
vegetation provided protection and a readily available food source comnbined
with well-drained soils for easy burrowing. Two exceptions were discovered at
Deadnan Pass and Mno Lake, both east of the Sierra Nevada crest in Mno
county. The Deadman Pass population is in a Lodgepole Pine forest with sparse
understory on a pumce soil type. The Mono Lake popul ation nay utilize a
freshwater seep in sagebrush scrub habitat as well as wllow al der and
cottonwood riparian thickets. These observations contradict previously known
Apl odontia habitat requirenments because of area climate and vegetation.

Deci duous trees, woody shrubs, and succul ent, herbaceous vegetation are the
preferred food types for all four subspecies. The species has a voracious
appetite and feeds on alnost all vegetation growing near its burrow system

This includes a nunber of plant species avoided by many other mammals.  The
mount ai n beaver prefers a naturally fresh and wilted herb diet which may play
an inportant role in its internal water bal ance. A. rufa lacks the
mor phol ogi cal and physi ol ogi cal mechani sms required to produce a concentrated
urine. These renal limtations appear to be inportant in the distribution of
the species, and especially those subspecies endemic to California.

Thernoregul atory limtations probably play an equally inportant part in the
species distribution. The extrenely buffered climte at Point Arena and Point
Reyes appears to be an essential requirement for A r. nigra and A r. phaea
The same is likely for the other coastal Aplodontia subspecies, I nl and
subspecies are al so buffered from high anbient tenperatures and avoid extrene
winter temperatures with stored food caches, and by utilizing the insulative
properties of snow cover and their nest.

Besi des placing considerable restrictions on where these subspecies are found

t he conbination of physiological limtations and habitat requirements nake
this primtive species nore sensitive to human inpact. [t is not known
whether the |imted distribution is a reduction froma greater distribution
during a cooler past or a relocation in response to climatic changes. The
| ocation of several populations in the Mono Basin and Deadnman Pass region
chal I enges the previous assunption that only moist, cool areas of the Pacific
Northwest or Sierra are within the species distribution. This finding points
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to the need for nore research neasuring thernoregul ati on and water bal ance
under field conditions.

In spite of the availability of information on control of mountain beavers,
there is little evidence that the subspecies endemic to California cause any
significant damage to human endeavors. Any control neasures taken should only
be applied locally where an identified problemexists and only after full
consi deration of available options. In areas that have been nodified by
intensive forest management practices, predation nmay be especially inportant
for control purposes.

The four subspecies covered in this report should be managed individually: A
r. nigra and A r. phaea shoul d have management prograns aimed at stabilizing
their populations; A r. hunboldtiana may need |ocal control occasionally, and
should be studied nmore thoroughly on public lands; and A r. californica
needs further research to determine its environnental requirenments and to
devel op specific nanagenent needs.
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Appendi x A Sources Responding to Request for Information

Request fornms were sent out to approximately 40 selected field biologists,
museum curators, and agency resource specialists for information on nmountain
beaver. Requested information included personal observations, field notes,
and speci men records. Twent y- seven responses were received. The type and
amount of information obtained varied greatly, The data received ranged from
subspeci es, date and county of collection, to detailed external neasurenents,
reproductive condition, elevation and precise location of collection. A total
of 1036 specimen records were examned through information obtained from these
sources and personal visits to nmuseum collections. The follow ng sources
responded:

Anmerican Museum of Natural H story, New York - M. Amy Lightfoot, Curatorial
Assi stant of Manmmal ogy (information on 43 specimens).

Dr.  Seth Benson, retired Professor, U C Berkeley - Inverness, California
(observed Point Reyes nmountain beaver for 30+ years; |led author to
popul ation sites in the Point Reyes National Seashore).

British  Colunmbia Provincial Mseum - M. Elizabeth Courtnall, Miseum
Technician, Vertebrate Zoology Division (list of 7 specinmens collected in
British Col unbia).

Burke  Miseum University of Washington {personally reviewed nuseum
col lection, obtained information on 33 specinens).

California State University at Chico, Vertebrate Museum- Dr. Philip S
Def f enbaugh (information on 7 specinmens).

California State University at Fresno, Biology Department Miseum - M. Charles
Kronberg, Technical Assistant (information on 7 specimens).

California State University at Hunmbol dt, Miseum of Zoology - M. Douglas Kain,
Curatorial Assistant (information on 24 specimens).

California State University at San Francisco - Dr. J. Hall, Curator of Manmals
(reviewed collection, obtained information on 3 specinens).

Harvard University, Miseum of Conparative Zoology - M. Edi Rutznoser,
Curatorial Associate (sent copy of card file for 48 specinens).

Dr. Lloyd Ingles, (deceased) Manmal ogist, California State University at
Fresno - (extensive experience with A r. californica; |oaned slides and
gave general information).

Inyo National Forest - M. Jerome Stefferud, Fisheries Biologist (sent map of
mount ai n beaver in Mammoth Lakes area, Mno County).

M. J. MMIlin, Biology Instructor at Lassen Comunity College - (gave
collection information related to masters thesis and publication on
chronosone analysis of A r. californica and A r. phaea).

National Fish and WIldlife Laboratory, Washington D.C. - M. Robert Fisher,
project leader Curatorial Services (copy of card file for 320 specinens).
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Appendi x A (continued)

A ynpic National Forest, Washington - M. Bruce Mrehead (no speci nens;
"plenty of live ones running around!").

Dr. Robert Or, retired Curator of California Acadeny of Sciences manmal
collection - (sent information on 27 specinens; allowed personal review
of field journals).

Poi nt Reyes National Seashore, M. Robert Brown, retired Resource Oficer (no
speci mens; provi ded available information and granted col |l ecting permt
for study).

Sierra National Forest, California - M. John Stithem Resource Oficer -
(observation of A r. californica in Hoffman Meadow, Fresno County).

Tahoe National Forest, California - M. David Connell, WIdlife Biologist (map
of known popul ations in Tahoe National Forest),

University of British Colunbia, Vertebrate Miuseum - (personally reviewed
museum col | ection; information on 27 specinens).

University of California, Berkeley - Dr. Janmes Patton, Associate Curator of
Mamral s (gave permission to review collection; information on 300+
speci nens).

University of California, Davis - M. Ron Cole, Departnent of WIldlife and
Fi sheries Biology museum curator (personal review of collection, accepted
several specinens fromthis study; 8 specinmens in collection).

University of Kansas, Miseum of Natural Hstory - M. Sheila Kortlucke, acting
Assistant Curator (sent copy of card file; 21 specimens).

University of Mntana - Dr. R Hutto, Departnent of Zoology (information on 16
speci nmens) .

Uni versity of Oegon, Condor Museum of Ceology - Dr. Eric Custafson (sent
information on 12 specinens).

University of Puget Sound, Museum of Natural H story - Ms. Ellen Kritzman,
Assistant Curator for Mammals (information on 93 specinens),

Washington State University, Department of Zool ogy Museum - Dr. R Johnson
(sent information on 27 specinens).
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MOUNTAIN BEAVER (Aplodontia rufa)
Historic Collection Sites

i G
oS

Appendix B. Historic collection sites for mountain beavers throughout
entire range. Dots () indicate approximte |ocation of known
collection sites. Enphasis has been given to early records prior
to 1950 to establish historic distribution for the species. Many
collection records do not include enough information to |ocate
with any certainty.
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Appendex C. California Endem c Subspecies Specimen Records

#/ SEX

Poi nt
LOCATI ON

Arena Muntain Beaver

(Apl odontia rufa nigra)

Point Arena, Mendoci no Co.
Chri st ensen Rangh, Mendoci no Co.

5 m WPoint Arena, Mendocino Co.

7109/ 13
9/03/51
11/ 25/ 51
7115/ 31

U C Berkeley, WZ

Poi nt

Reyes Mountain Beaver (Aplodontia

5
4

Whowo

M

m

—3.3.3

9m W
5m W

3/4 m WInverness,
2 1/2 m Wlnverness, Mirin Co.

Point Reyes, Marin Co.

Lagunitas, Marin Co.

6 m Wlinverness, Marin Co.

WInvernes"s, Marin Co.
S demm, I\/grin Co.
Marin Co.

Marin Co.
Marin Co.

W I nver ness,
W I nver ness,
W I nver ness,

2 m Wlnvelfness, Marin Co.

Oemn, Mirin Co.

Li mant our Bay, Marin Co.
Laguni t as,
Point Reyes, Marin Co.

Marin Co.

| nverness, MNarin Co.

Marin Co.

4/ 27/ 1886

to 11/09/ 1886

4/ 29/ 1886

to 11/12/1887

11/ 14/ 1887
12/ 30/ 09
12/ 31/ 09

5/ 29/ 13

to 6/02/13
5/31/13

to 6/06/13
11/ 30/ 13

to 12/15/13
1934

5/ 15/ 34

9/ 11/ 34

6/ 09/ 41

to 6/10/41
2/ 02/ 51

2/ 04/ 51

to 4/28/51

12/ 29/ 51
to 10/19/52
11/ 18/ 57
8/ 01/ 67
to 10/ 19/ 67

Bi r d&Varmmal Lab,
\Washi n"gt on, D.C

U. C Berkel ey, MWZ

C.S. U, Chico
Cal . Acad. Sciences

Harvard University
Amer. Mis, Nat. Hist.
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Appendi x C. (continued)

12 m N Hoopa, Hunboldt Co.
Cuddeback, Hunbgl dt Co.
Carlotta, HanoI"dt Co.

Requna, Del Norte Co,

Cuddeback, Humbol dt Co.

Eureka, Hunbol dt Co.

11/2m E Carllptta, Hunmbol dt Co.

Fern Lake, Humbol dt Co.
Rio Del, Hunboldt Co.
Arcata. Hunbol dt Co.

5 m SE Arcata, Humbol dt Co.
Jolly Gant C., Hunboldt Co.
)

=
TMVZITTZITNZINZIZIZIZIZITNMNTITNZITTNNMVITMIVVZTITIZNZZ N

?

101 @ Mckinleyville, Hunbol dt Co.
E of Cal. State U, Hunboldt Co.
Arcata Conm Forest, Hunbol dt Co.
Arcata Jolly Geen O.,
Arcata, Hunmbol dt Co.
Arcata Conm Forest, Hunbol dt Co.
Arcata Redwood Park, Hunboldt Co.

Arcata, Hunbol dt Co.
Arcata Redwood Park, Hunboldt Co.
Eureka, Hunbol dt Co.
Arcata, Hunbol dt Co.

P T hRPRRPRWORRPRPRPRRRERRPRNNRRPR—RRTRRR— R —RJIWWR N

6/ 2/ 1899

10/ 2/ 12

to 11/7/12
10/ 2/ 13

to 11/2/13
9/ 2/ 15
9/ 2/ 16
1921

6/ 21 24

to 7/7?/ 24
1939

9/ 2141
12/ 7/ 55
11/ 2155
2/ 7158
41?1 60
21?161
1964
5/ 71 65
41?1 65
3/ 71 66
9/ 7168
9/ 7168
12/ ?/ 68

Hunmbol dt Co, 10/ ?/68

10/ ?/ 68
41?1 69
41?1 69

to 5/?/69
712171
11/2/ 69

?

?

Bird & Manmal Lab

Cal . Acad. Sciences
Bird & Manmal Lab

Cal . Acad. Sciences
Bird & Marmmal Lab
C.S.U, Chico

Hurbol dt §tate Uni v.

Gosl ow (1964)
Hunbol dt State Univ.

Harvard Univ. Miseum
Am Mis. Nat Hist.
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Appendi x C. (continued)

T T RPN NNRRPTRERPNNONNRRPRPWORRYI NN R, TR R R ORpWRppRrpNNp N NYTOR RN
WERVTTMZTNZI NI T NZNZIZITNINI NI TZIZIVTZIZINZNZZI NI NZNZNZNZNg

LOCATI ON DATE
Bl ue Canyon, Placer Co. 10/ 72/ 1885
) 5/ ?/ 1886
to 6/7?/1886
Hope Valley, Al pine Co. 9/ 2/ 1894
Enerald Bay, El Dorado Co. 5/ 21 1897
Lassen Peak, Shasta Co. 6/ ?/ 1898
to 8/?/1898
12 m W Susanville, Lassen Co. 71?1 1899
Canon C., ? Co. 8/ 2/ 1899

" (intergrade with A r. rufa?)

M. Lyell, Yosenmite Nat. Park 8/ 2101
Mammot h Lakes, Mno Co. 71?114
! to 8/?/ 14
81?117
Fall en Leaf Lake, El Dorado Co. 8/"?/ 17
Mammot h Lakes, Mono Co. 81?24
Bl ue Canyon, Placer Co. 81?112
to 10/7?/12
Mamot h Lakes, Mono Co. 712114
Chinquapin, Yosemte Nat. Park 6/2/15
M. Shasta, Shasta Co. 712104
E Fork Indian Cr., Yosemte Nat. Park 6/7?/15
Sal non Lake, Sierra Co. 71?115
Lyell Canyon, Yosenite Nat. Park 71?2115
Porcupine Flat, Yosemte Nat. Park 6/ ?/ 16
Wl verton Cr. Sequoia Nat. Park 6/ ?/ 33
Truckee, Nevada Co. 8/ ?/ 35
Tahoe City, Placer Co. 9/ ?/ 36
Bucks Lake, Plumas Co, 71?141
3 m NE Kings Beach, Placer Co. 6/ 2/ 51
2 m NE Red HII, Placer Co, 1876
Morgan Springs, Lassen Co. 1887
Big Meadows, NF Feather River 1887
Lassen Peak, Lassen Co. 1918
Kelly's Creek, Lassen Co. 1930
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Appendi x C.  (continued)

#/ SEX LOCATI ON DATE SOURCE

| 2 Antel ope C., Lassen Co. 1930 \

| ? Cal averas Co. 1935 \

| 2 El Dorado Co. 1935 \

| 2 1935 \

1 M Emeral d Bay, El Dorado Co, 1938 .

| ? El Dorado Co. 1946 \

| ? \ 1947 }

| 2 1940 )

| ? Fresno Co. 1959 \

| 2 " 1960 \

| 2 Donner bake, El Dorado Co. 1975 \

| ? Hof f man Meadow, Sierra Nat. Forest 1976 \

| ? Al pi ne Co. 1940 .

| ? Yosemte Valley ? \

1 F Mono Co. ? ,

5 M Echo, El Dorado Co. ? \

2 F " ? \

| ? Bucks Ranch, Plumas Co. ? \

| ? Mneral King, Tulare Co. ? \

1 F Rubi con bake, El Dorado Co. ?

1 M N Fork Big Cr., Fresno Co. 1931 C.S. U, Fresno

1 F Rancheria O ., Fresno Co. 1931 \

1 ? 1 m E Rancheria C., Fresno Co. 1947 \

2 ? " 1931

7 7 Echo, El Dorado Co. ? Harvard University
1 M Cear C., Douglas Co., Nevada 71?1 46 Univ. Kansas Miseum
5 ? Marmot h bakes, Mno Co. ? Harvard University
1 M Deer Cr. Canyon, Tehama Co. 10/ 71 67 C S U, Chico

? 7 Butte Res., Lassen Co. 1981 Lassen Comm Col | ege
? ? Diamond M., Lassen Co. 1981 "

1 F Bl ue Canyon, Placer Co. ? Am Mus. ,Nat. Hist.

1 M " ? \

1 M Mammot h bakes, Mno Co. ? \

2 ? " ?
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Appendi x D. Specinen Data Type Sunmary Tabl e

SUBSPECI ES:

_____________ rufa rainieri pacifica hunboldtia nigra phaea californica
A ] (#Nles/ gFemles) .
Site 240/ 170 47/ 44 122/ 84 24/ 22 3/3 48/28 70/ 52

El evation  40/33 3/3 76/ 34 5/3 0/0 16/9 38/ 30
Wi ght 32/ 23 4/ 0 84/ 46 0/0 2/ 2 17/ 11 8/ 6
Length 122/ 74 14/ 18 80/ 53 9/ 10 313  32/19 30/ 22

H ndFoot 60/ 40 12/ 12 53/ 35 9/7 3/3 31/19 22/ 16
Age 20/ 15 [/2 22/ 10 716 0/0 712 11/ 10
TOTALS 410 91 206 46 6 76 122

Tabl e summarizes the main types of recorded data available from museum
specinens referenced in this report. The nunbers indicate how nany specimens
of each subspecies have information in that category. Field notes and ot her
observational information may be available in sone cases. 554 males t 405
femal es = 959 specinens with at least limted data. 1.37 nales : 1.0 fenales.

Only the endem c California subspecies specinmen records are listed in this
report.

Appendi x E. Point Arena Mnthly Wather Data

TEMP(°C)JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
H GH 20.0 17.8 20.0 25.6 23.3 30.0 26.7 27.8 33.3 29.4 20.6 20.6
AVG MAX 13.5 13.5 14.0 15.5 16.7 18.4 17.8 18.6 19.1 17.9 15.4 13.9
AVG 9.0 9.4 9.6 10.9 12.1 13.9 13.9 14.2 10.8 12.9 10.8 9.2
A\GMN 4.4 5.3 5.2 6.2 7.3 9.2 9.4 9.8 9.1 7.8 5.8 4.5
LOW -5.6 -3.9 -1.1 0.0 1.7 5.6 6.1 5.0 2.8 0.8 -2.2 -1.1
PPT(cm 20.4 17.0 13.3 8.4 40 1.0 01 00 1.4 7.4 11.8 18.4

Tenperature data (°C) represent a six (6) year period adjusted to long-term
values. Precipitation (cm) data represent a twenty (20) year period. Both
sets of data are fromthe U S. \Wather Bureau (1963b).
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Appendi x F. Point Reyes Mnthly Wather Data

TEMP(°C) JAN FEB NMAR APR NMAY JUN JUL AUG SEP CCT NOv DEC
H GH 25.6 25.6 31.1 28.3 29.4 30.6 32.8 32.2 36.7 32.8 28.3 22.8
AVG VMAX 12.4 12.7 12.9 13.1 13.3 13.9 14.6 14.7 16.3 16.1 15.2 13.2
AVG 9.8 10.2 10.4 10.6 10.9 11.7 12.1 12.5 12.4 13.2 12.4 10.6
AVG MN 7.4 7.9 7.8 8.1 85 9.1 9.6 10.2 10.9 10.4 9.6 8.1
LOW -1.7 -0.6 -1.1 2.2 3.3 4.4 5.6 50 7.2 5.0 1.1 -2.8
PPT(cm 9.8 7.7 6.8 3.8 2.1 0.7 0.0 0.1 1.2 3.1 5.2 8.4

This represents the only tenperature data located (Felton, 1965) and did not
specify tine period. The precipitation data represents a 12 year period.
(U S, Weather Bureau 1964).

Appendi x G Representative Weather Data for A r. hunbol dtiana

Cresent CGity, Del Norte Co. 12.2melev. (17 yr records)

TEMWP (°C) JAN FEB MAR APR NMAY JUN JUL AUG SEP OCT NOV DEC
H GH 22.2 22,2 23.9 32.2 28.3 27.8 25.6 28.9 33.3 311 261 22.8
AVG MAX 11.9 12.7 13.1 14.2 16.3 17.9 18.5 18.9 19.3 17.3 15.1 13.8
AVG 9.7 87 9.0 10.2 11.9 13.5 14.3 14.6 14.5 12.7 10.6 9.2
AVG MN 4.1 4.7 4.9 58 7.4 9.1 10.0 10.3 9.7 8.0 6.1 4.9
LOW -5.6 -3.3 -1.7 0.0 0.6 3.3 4.4 5.0 2.2 0.0 -2.2 -2.8
PPT(cm) 29.2 26.2 22.6 11.1 9.4 3.9 21 17 44 17.8 20.5 29.9

Weat her data was collected and summarized from U S. Wather Bureau (1963a)
records. Al data has been converted to netric equivalents.
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Appendi x G (Conti nued)

Eureka, Humboldt Co. 13.Imelev. (30 yr records)

TEMP(°C)JAN FEB JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
HGH 239 256 244 256 25.9 2.4 24.4 22.229.4 26.1 25.0 211
AVG MAX 14.2 12.3 12.4 12.1 14.4 15.6 15.8 16.1 16.4 157 14.2 12.8
AVG 8.6 9.0 9.3 10.2 11.7 12.1 13.5 13.7 13.6 12.4 10.7 9.4
AVG MN 51 56 6.0 7.3 8.9 19.511.1 11.4 10.6 9.2 7.2 59
LOW -39 -28 -1.1 11 2.2 6.1 7.8 6.7 5.0 11 -1.7 -56
PPT(cm 17.0 14.1 13.3 6.8 5.5 1.9. 0.3 0.3 1.6 81 11.7 17.0

Weat her data was collected and summarized from U S. Wather Bureau (1963a)
records. Al data has been converted to netric equivalents.

Scotia, Hunboldt Co. 42.4melev. (30 yr records)

HI GH 24.4 25.0 28.3 31.1 33.9 34.4 38.9 33.3 36.1 33.9 27.2 22.2
AVG MAX 12.7 13.9 14.6 16.2 17.6 19.2 20.4 21.1 21.5 19.5 16.2 13.4
AVG 8.7 9.7 10.3 11.6 13.3 15.2 16.1 16.4 16.2 14.3 11.7 9.6
AVG MN 4.8 3.4 6.0 7.0 9.1 10.9 11.8 11.7 10.9 9.2 7.1 5.7
LOW -6.2 -2.8 -1.7 0.0 0.6 50 6.1 6.1 2.8 0.0 -2.2 -8.3
PPT(cm) 23.9 20.2 16.1 7.7 50 2.0 0.1 0.3 1.3 8.9 13.7 23.8
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Appendi x G (Conti nued)

TEMWP (°C) JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
HGH 104 194 283 311 35.0 356 3.9 383 3.0 30.6 23.9 206
AVG MAX 7.2 9.0 14.6 16.8 20.4 23.6 28.6 28.4 251 20.3 12.2 7.9
AVG 333 54 81 10.0 1229 15.6 19.8 20.0 17.2 1229 7.3 3.8
AVG MN-0.6 0.3 1.6 3.2 53 7.5 109 10.7 83 53 24 -0.6
LOW -8.9 -7.8 -6.2 -56 -24 -0.6 44 28 22 -6.1 -56 -6.7
PPT(cm 41.4 26.6 14.1 12.8 9.6 3.6 2.5 0.2 5.4 9.6 32.5 28.7

Weat her data has been collected and sunmarized from U S. Wat her Bureau
(1963a) records. Al data has been converted to netric equivalents.

Appendi x H Representative Weather Data for A r. californica

Lake Spaulding, Placer Co. 1402m elev. (30 yr records)

TEMP(°C) JAN FEB MAR APR MAY JUN JUL AUG SEP NOV DEC
H GH 22.2 26.1 25.6 29.4 356 350 389 37.8 33.3 30.6 25.6 23.3
AVG MAX 7.3 8.3 10.6 13.7 17.6 23.1 27.7 27.6 22.8 17.3 12.1 7.7
AVG 1.5 24 41 6.7 10.1 146 181 17.7 141 9.8 57 21
AVG MN-4.3 -3.3 -2.5 -0.3 2.7 6.0 86 7.8 5.4 2.3 -0.7 -3.5
LOW -20.6 -20.6 -17.2 -17.2 -7.8 -4.4 1.1 -1.7 -5.0 -6.7 -13.3 -19. 4
SNOW (cm 55.3 48.3 54.4 15.1 3.0 0.2 0.0 0.0 0.1 3.7 11.2 33.9
PPT(cm 31.8 29.0 28.2 13.2 85 2.8 0.2 0.4 3.4 9.7 18.6 24.3

Weat her data has been collected and sunmarized from U S. Wat her Bureau
(1963) records. Al data has been converted to metric equivalents.
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Appendi x H. (Conti nued)

Huntington Lake, Fresno Co. 2140melev. (30 yr records)

TEMP(°C)JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
H GH 17.8 18.9 18.9 20.0 26.1 28.9 30.6 31.7 29.4 26.7 22.8 22.2
AVG MAX 5.2 5.2 6.7 9.6 13.2 18.1 23.1 22.8 20.1 14.5 10.3 7.1
AVG -1.0 -1.1 0.3 34 7.1 11.5 16.1 158 13.3 84 43 15
AVG MN -7.2 -7.4 -6.1 -3.4 0.9 48 9.2 7.1 6.4 23 -16 -4.1
Low -27.8 -23.3 -21.7 -16.1 -14.4 -5.0 1.1 0.6 -3.9 -89 -17.2 -19.4
SNONcm 52.6 55.1 55.4 240 59 0.2 00 00 0.3 40 17.2 44.8
PPT(cm 13.3 15.2 11.1 7.6 43 13 0.4 02 17 40 7.4 159

Weat her data was collected and summarized fromU. S. Wather Bureau (1963)
records. Al data has been converted to netric equivalents.

Ellery Lake, Mono Co. 2926melev. (6 yr records)

TEMP(°C) JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOv DEC
H GH 13.3 14,4 13.3 16.1 18.9 23.9 24.4 250 22.8 20.0 14.4 11.1
AVG MMX1.7 2.1 4.0 5.7 9.5 15.1 19.9 18.6 14.3 10.6 5.9 3.1
AVG -5.1 -47 -29 -1.0 2.8 80 127 11.4 7.4 40 01 -3.2
AVG MN-11.8 -11.4 -9.9 -7.8 -3.8 0.9 56 44 04 -25 -5.9 -9.9

Low -27.8 -26.1 -23.9 -21.1 -16.1 -11.7 -1.7 -1.7 -9.4 -13.3 -17.2 -23.3
SNONcm) 93.0 119.4 110.2 87.9 14.0 5.1 0.0 0.0 T 20.3 69.6 117.9

PPT(cm) 10.6 14.2 12.4 11.4 4.6 4.4 2.0 1.7 1.1 3.4 8.112.2
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2.

1. Aplodontia rufa californica
above an open burrow runsay.

A. r. nigra habitat outside
Manchester State Beach near Alder
Creek. MNote burrow with signs

of fresh digging.
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Appendix I. (Continued)

T ]

3. A. r. nigra adult male in a double—door live-trap at Irish
Creel. HNote the black coloration of this subspecies.

4. A. r. phasa habitat near
Mt. Vision on Inverness Ridge.
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Appendix I. [Continued)

5. Close-up of A. r. phasa burrow
on Inverness Ridge. HNote signs
of fresh digging.

o

LN I_-'. -.-f.: ,
W) W

6. A. r. phaea habitat on Inverness Ridge; bishop pine overstory with
aword fern understory.
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Appendix I. (Continued)

T. Several burrow openings representing a portion of a burrow system on
Inverness Ridge.

8. Fresh earthwork from 4. r. nigra burrowing near Minor Hole Road.
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Appendix I. (Continued)

9. Cattle path through A. r. nigra habitat at Alder Creek. MNote vhere a cow
has stepped through a burrow.

10, Potential A. r. nigra habitat east of Minor Hole Road population. Note
quarry impact in background and sheep in foreground.
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Appendix I. (Continued)

11. A. r. nigra habitat at unnamed spring along Minor Hole Road.

12. A. r. nigra habitat along Brush Creek. The surrounding area is used for
crops, grazing, and low-density dwellings.
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Appendix I. (Continued)

13. Above Alder Creek locking east from a coastal bluff towards Highway 1.
Maote the dense coastal scrub vegetation forming A. r. nigra habitat..



