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ARSTRALT

Red tree vole (Arborimus longicaudus) habitat and microhabitat

use relative to availability was studied in youngs mature, and
old-growth Douglas-fir forests in Northern Culi?ornia between July and
October, 1984 and June and September 1985. Seventy-nine of the 148 nest
sites examined in this study contanined evidence of inhabitation by red
tree voles. AN analysis of macrohabitat selection between sernl stages
indicnted that the abundance of red tree vole nests was greatest in
old-growth forests. Specifically, over half (45) of the red tree vole
nests observed were located in two stands of Douglas-fir forest that
COPE moTe mesic, dué to their proximity with the Eel River, than the
other seven stands examined in this study. Red tree vole nests were
chaoracterized by accumulations of'tesin ducts and red tree vole feces,
and were composed primarily of small twigs. Nests were most Freﬁu@ntly
located on a branch directly adjacent to the trunk of the nest tree.
.Red tree vole nests were not found in any other tree species than
Douglas—fir, Chi-square goodness of fit tests indicated that red tree
vclé nest trees had a greater frequency of conks, deand tops, and fire
and damage scars than expected. Discriminant function analysis
indicated that, for all seral stages combined, red tree vole nest sites
could be diatinguismﬁﬁﬁfrom availabley, but unused, trees by four
variables! distance ;d the nearest red tree vole nest tree, bole height,

tree height, and tree diameter. Discriminant analysis of eleven
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structural habitat variables measured in 0.04ha square plots indicated
that red tree vole habitat could be distinguished from available
habitat, in all seral stoges combined, by four variables! altitnde,
average percent canopy cover, the number of snags, nhd the ﬁumber of
-stumps. Annlysis of variance indicated that red tree vole hnbitat was
characterized by shorter snags, larger diameter lﬁgs, and larger
diameter trees, particularly Douglns-?iﬁg and redwoodsy than were
observed in available buﬁ unused habitat. Red tree vole habitat was
nlso characterized by a smaller average percent cover of rocky, a greater
a;eruge percent cover of Rerberis nervosa and of Galium muricatum, and o
smaller average p@rceﬁt cover of herbaceous species, particularly
deciduous herbaceous speciesy than was available habitat. It was
suggested that the moist, cool conditioné suitable for red tree volé

istence in Northern Californin can be attributed to the dense,
multilayered canopy of older, riparian louglas-fir forests. - It was
recommended that management of Douglas—fir forests in Northern
California for red tree voles on the macrohabitnt level should include
maintenance of Douglas-fir forests in mesic locations and
micro-climmtesy i.e.?! adjncent to rivers, streams, and ravines. Such
management would not only ensure that the moisture requirements of this
species are met, but would also provide suitable microhabitat for the

existence of red tree voles in such forests.,
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INTRODUCTIUN

The red tree vole (Arborimus longicaudus) is an arboreal

microtine rodent that inhabits moist coniferous forests in the P fie
‘Morthwest (Howell, 1926), The red tree vole feeds almost entirely on the

needles of conifers such as Douglas-fir (Fseudotsugn menziesii)y, Grand

fir (Abies yrandis), or $itka spruce (Ficea sitchensis

St

» A red tree

vole discards the lateral resin ducts of the needle while it is
consuming its meal of conifer heedleg (primarily Douglms—fir; Masers
1966). These resin ducts accumulate within the nest to form o soft
inner lining when fresh. As the resin ducts and fecal materinl |
nccumilate and decay; they eventually compose a compacted base for the
nest (Benson and Rorell, 19313 and Maser, 1946). The red tree voles’
specialized diet has been suggested as the explanation for the exteriad
gestation period (up to 44 days), small litter size (2 or 3 young per
litter), and the slow development of young (up to 3% days before
weaning) observed in this species (Hamilton, 1942).

Numerous authors have described red tree vole nests, the
behavior of captive voles, and the life history characteristics of this
species (Benson and Borell, 19317 Howell, 19247 Jewett, 1920 IS FFEMES
19646) . Red tr@eﬁgole nest sites hmye been guantitatively described in
voung, mature, g;d old-growth Ddug109mFir forests of Northern California

(Wrieze, 198035 and Zentner, 1977).

It has been suggested that red tree voles find optimum hahitat
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in old-growth anﬁ in mature forests (Franklin et. al.,, 1981), However,
no research has been conducted to determine if red tree voiea nre
nctually selecting nest sites with specific attributes either within a
given seral stage, or between different seral stages of [ouglas-fir
forest.

The primury purpose of this study uua.to determine, through na
comparison of habitat and micrmhﬁbitut'usuge relative to habitat
availability, whether or not red tree voles hdve a preference for nest
sites with purticﬁlar characteristics (Johnson, 19805 and Fartridge,
1978). Research satisfying this ob.ective could provide much information
relevant to the problem of how commercinl [louglas—fir forests in the
Facific Northwest could be managed to produce optimal hahitat conditions
for red tree voiea*

Red tree vole habitat selection was studied during the summer
and early fall in nine stands of Louglas—-fir forest, representing-three
age classes, in Northern California. The empirical tests of habitat
selection were used to provide a guantitative analysis and description
of red tree vole habitat and microhabitat utilization in three seral
stages of Douglas-fir forest in Northern California. Specifically, thé
following guestions were addressed by this study! 1) What seral stages
are red tree voles most abundant in  2) What environmental
characteristics are important to microhabitat use by red tree voles 3)
Within a given seral stage, is the habitat use by red tree voles
proporticnal tofﬁhe available habitat 4) Is the microhabitat available
to red tree volé significantly different between seral stages of

Douglas—-fir forest and. 9) Retween seral stages, do red tree vole nests
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have different characteristics, indicating that red tree voles require

different microhabitats in different aged forestz?
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STULRY AREA

Nine stands of mixed evergreen forest, each approximately 2
hectares (ha) in size, were axamined for the presence of red tree vole
nests. Three replicate stands of mesic old-growth, mature, and
voung=growth forests were sampled.‘vegetmtion features characteri. ing
the three seral stages of old-growth, mature and voung—growth have been
described by Lang'(l?BO)‘ Two young growth stands (‘Homestend’ and ‘Mud
Springs’) and one mature stand (‘Harwood’s Ninety’) are located on land
owned by the Harwood Lumber Mill in Eranscomb, California (Secs. 13, 14,
23, 243 T21IN, R1éW) (Figure 1). Three old growth stands (’ﬁlpine’;
‘Elder Créek’, and ‘Ten Mile’), two mature stands (‘Fanny’s Flace’ and
‘White House’)y and one young growth stand (‘Barnes’) are located on the
Nature Conservancy‘s Northern Californin Coast Range Freserve (NCCRFY) in
Mendocino County, California (Secs. 18y 18+ 20y 2ls 29 28 29, 31, 323

22N, R16W) (Figure 1). Johnson (1979) has described the topography,
hydrologyy climate, and vegetotian of the Conathﬁunge Freserve,

. This location wag originally chosen as a research site for Lhe
0ld Growth Wildlife Habitat Frogram conducted by the U.S., Forest Service
Facific Southwest Experiment Station in Arcata, CA (Ruggierro and Carey,
1982% and Spies,ﬁi?Bﬁ). Theze nine stands were selected for use in this
study because t;;y are representative of commercial Douglas—fir forests

and because red tree vole nests have been observed in the aren
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1. Map of the Study Area, with Regional Orientation Showing
Geographic Locations of the Nine Study Sites relative to
Branscomb, California.
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(Ce Barrows, pers., comm.). Eingham (198%) has described the study area

in further detail.

0ld Growth Stands

‘Alpine’ borders the west side of the Eel River directly ancross
from Wilderness Lodge. The slopes ad.jacent to the river are moderate (30
- 5%% slope) and densely (subjective visual estimation = SVE) populated

with old growth redwoods (Sequoia sempervirens), Further from the river,

the southeast facing slopes become steeper(&d - 100% slope), and the

redwoods are replaced by old-growth Douglas-firs. Large tanoaks

(Lithﬁcarpuﬁ densiflora) and madrones (Arbutus menziesii) are also
common (SVE) throughout the stand. Seven ravines intersect the transect
strip in this stand.

‘EElder CreekK’ is locute{}on the south side of Elder Creek,
approximately 2.25 Km upstream from the confluence of Elder Creek with

the Eel River. Mo redwoods are present in this stand. It is

charncterized by dense thickKets of salal (Gaultheria shallon) and

evergreen huckleberry (Maccinium ovatum) . Steep shale slopes border the

sides of the one ravine and two streams running through this stand.

Spotted owle (Strix occidentalis? have nested in both ‘Alpine’ and

‘Elder Creek; for several years (C. Rarrows, pers. comm,).

‘Ten Mile’ is located approximately 0.5 Km southwest of the
confluence of TEQ-Hile Creek with the Eel River. Howéver, the study sita
was not directl;‘nddncent Lo either Ten Mile Creek or the Egl River.
This stand is characterized by steep (40 ~ 100% slopedy, north facing

shale slopes. Five ravines and one stream crossed the transect. No



redwoods are present in this stand, however, poison ook (Rhug

diversilobn) is quite common (SVE).

Mature Stands

‘Fanny’s Flace’ is divided into two areas b? the Eel River. The
parcel on the east side of the river is approximately 15 ha in size. It
is characterized by gentle (10 - 29% slope) west-facing grassy slopes.
The eastern border of this aren is sharply demarcated by a dense growbth

of manzanita (Arctostaphylos sp.). McKinley CreekK and four ravines run

through this portion of the stand: Scattered redwoods and old-growth
Douglaa*Fif are present in this area. The portion of the stand on the
west side of the Eel River is approximately © ha in size, and is
characterized by moderately steep (60 - 100%), south~-facing rocKy
Slopaﬁ; A dirt rond intersects the soufhwest corner of this portion of
the sﬁund+' An abandoned meadow qu n dirt ronad b&rders this area to the
south. Although éne ravine and ; seep run through this portion of the
stand it was generally more meric than the arena enst of the river. No
redwoods are present in the portion of the stand west of the river,
However, a few scattered old-growth louglas-fir are present.

‘Harwood’s Ninety’ is locuted.upproximutely 1.5 Km northeast of
Branscomb, CA., & dirt logging rond divides the stand into two areas,
Foth areas are bordered by manzanita. The southern portion of the area

enst of the road opens into a relatively flat (1 - 9% slope) aren where

chinkKapin (Castanopsis chrysophylla) is well interspersed with the

. ’
Douglas-—-fir, This stand is characterized by moderate (30 - $9%) slopes
mixed with relatively openy, flat areas (SVE). Seven ravines are located

in this stand. No redwoods were observed in this stand.
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‘White House’ is divided into two areas by wilderhess Road. The
area east of the road is approximately 1% ha in size and is charac-
terized by a moderate (30 - 59%) north-facing slope. The bottom of the
slopé iz adjacent to an abandoned meadow. The top of the ridge is
bordered by o dense growth of manzanita (SVE) ., One ravine intersected
the transect in this section of the stand. The portion of the stand
west of tﬁe roat is adJgncent to the Eel River and is approximately S5 ha
in size. It is characterized by a moderate west-facing slope. One ravine
intersected the transect in this portion of the stand, A few scattered
redwonds and old-growth [ouglas-fir are present in this area west of the

road .

Young Stands

‘Barnes’ is divided into two areas by the Eel River. The portion
east of the river is located directly behind the NCCRF headquorters. It
is characterized by moderate west—facing slopes. Three ravines and Sugar
CreeK run through this portion of the stand. Shrubby undergrowth,

including such species as Ceéanothus incanus and Vaccinium ovatum, is

quite dense (SVE) in areas of this stand. The area west of the river is
characterized by steep (40 - 100%) east-facing slopes, Abandoned, rocky,
dirt logging roads intersect this portion of the stand in numerous
locations. Two ravines crossed the transect in this portion of the
stand. Hedwoodﬁ;are common in the southern part of this parcel.
‘Homestead” is located approximately 3 Km northeast of

Branscomb. aAbandoned dirt logging ronds intersect this stand in several



localities. The slopes are gentle to moderate; the majority of Lhe
slopes foce eﬁst (SVE) . Five ravines intersected the transect line. No
redwoods are present in this stand. The understory is relatively open
(SVE) .

‘Mud Springs’ ic located approximately 2.5 Km northeast of
Eransomb, This stand is divided into two portions by a dirt logging
rmade.The understory of the smaller portion north of the logging road is
relatively open (SVE). This area is.characterized by gentle (10 - 29i¥),
west-facing slopes. One ravine runs through this portion of the stand.
The area on the south side of the rond is approximately 15 ha i . i.-o,
The southernmost portion of tﬁis portion of the stand is churncterizea
by gentle (10 -~ 29%), south-facing shale slopes, and is covered by na
dense understory of monzanita-and poison oak (SVE). The majority (SVE)
of this parcel, however, has gentle (10 - 29%), soil-covered slopes, nd
has the understory t&pical of a regenerating mixed evergreen forest
(Sawyer, et al.y, 1277). Two ravines intersected the transect in this

parcel. No redwoods are located in this stand.

e



METHODS

A total of 136 days were spent in the field, either collecting
vegetation data or locating and/or identifying red trée vole nests, The
three oid“growth stands and one mature stand (‘Fanny’s Flace’) were
samp led batu@en 2 July 1984 and 19 Dﬁtober 1284, Two mature stands
{’Harwood’s Ninety’ and ‘White House’) and the three voung growth stands

were sampled between 21 June 1983 and & September 1985.

Fed Tree Vole Nest Location and Identification

Habitats available to and used by red tree voles were compared
on the macrohabitat (between seral stages) and on the microhabitat
(within a seral stage) levels, To.abtuin an estimate of red treé vole
microhabitat use, each stand was examined for the presence of red troe
vole nests over a three day period prior to measuring habitat plots in
the stond. A 100-m wide transect strip, 1670-m in length, wias searched
for potential red tree vole nests. The center of this strip was a
pre-existing transect located in each stand by the 0ld Growth Wildlife
Habitat Research Froject so as to run through habitnt representative of
n given seral ﬁéﬁge.

Pﬁtantiul red tree vole nests were located by visually searching
each tree with binoculars for nests. Both sides of the trees were

examined by placing one observer along the center of the transect line
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ond the other two'observers on either side of the center line. The arza
up to S50-m away from the center 1ine_wma searched for the presence of
nests by these two observers, |

Once a nest NQQ-IDCUt@dy the nest tree was flagged, its
perpendicular distancel(m) from the transect center line was measured
with a metal tape, and its location was mapped relative to the ttanﬁect
line, The ground below the nest was searched for the presence of resin
ducte and nest materianl. If resin ducts were found, then the nest was
concsidered to be a confirmed red tree vole nest. If no resin ducts w.re
founds the tree was subsequently climbed, using either climbing spurs or
Jumarsy, and the nest was examined for the presence of resin ducts. If |
resin ducts were found in the nest, the nest was considered to be a red
tree vole nest (Benson and Borell, 19315 Howell, 19243 and Maser, 1944),
If no resin ducts were found in the nest, the nest was assumed to have
been constructed by an animal other than a red tree vole. Western gray
squirrels (Sciurus griseus), Northern flying squirrels (Glaucomys

Sabrinus)y and Douglas’ squirrels (Tamiasciurus douglasi) all build

nests externally similar to that of the red tree vole.

.

A description of the nest was recorded. The percent canopy cover

in'a 2U-m® area above the nest was visually estimated in five percentage .

Ui

classess 1-15%, 16-25%, 26-50%, S91~7%5%, 74&~-1007%, The.branches'ubnve the
nest were visually inspected by the climber to determine if any nests
had not been visible from the ground. A saomple of the nest material was
removed from thé{ﬁeﬁt nnd examined for the presence of the following
items: green or brown resin ducts; red tree vole or other species’

fecesy redwood and Douglas-fir bark shavingsy lichen (Alectoria

sarmentosal: mess (Dendroalsia abientinn) ! green or brown Dougloas-fir
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needles; lDouglas-fir twigs or trimmings$ tanoak, madrone, or ok
(Quercus sp.) leavesi lDouglas-fir cone scaless and animal hair.

The presence of resin ducts in a nest or on the ground below n
nest indicated that red tree voles had either constructed the nestlor
had resided in the nest for o périod of time. As the nest ages or is
disturbed by weather or animals, clumps of resin ducts fall to the
S ground (Rensan and Borell, 1931} Maser, 1946).

For the purposes of this sﬁudy, it was not important that a nest
be currently occupied by red tree voles, only that it had, at one time,
been inhabited by this species. Thus, a dilupidated nest containing dry,
browny obviously oldy, resin ducts was considered to be a red tree vole
nest Eecauae it indicated that red tree voles had inhabited the nest
within the past few years. It was assumed that the amount of time
required for o nest to decay (a mntter of years) was on a much smaller
Scaie than that- required for the habitat surrounding the nest in an
undisturbed forest to change, maKing the nest unsuitable for red tree

voles (o matter of decades and centuries).

Habitat Variables

The spectrum of micro- and macrohabitats in each stand that
could potentinlly be used by, red tree voles was defined as the habitat
available to the red tree vole (Brennan, 1984). The amounts and types of
habitnt structure available to and utilized by red tree voles in the
nine stands of ﬁguglag—Fir forest were estimated by the following
technigues. |

The micro habitat around each red tree vole nest tree was

charncterized in a 0.04 ha (20-m on a2 side) square area centered arousd
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the nest tree ("red tree vole plots*)., Hicfohabitat in each stand that
was available but-not used by red tree voles was estimated in thirty
0.04 ha plots randomly chosen within the tranﬁéct strip (“availnble
plots®), An area 30-m in radius from the randomly chosen plot center was
examined for the presence of red tree vole nests., If a red tree vole |
nest wae found within this area, a habitat plot was iocated around the
red tree vmlé nest. The initial random plot was discarded and a
replacement random plot was chosen., Eleven variahbles were measured
within eazch 0.24 ha red tree Qole ond available plot (See Table 1 for
variable descriptions and measurement techniques). These variables were
used to characterize habitat differences betweén stand ages (i.e. the
macro hnbitmt of the red tree vole). |

Micre and macro habitat varinbles were selected for use in this
study on the bnsis of the following criterin:
1) Fotential relevance to red tree vole microhabitat use, as
determined by literature review (Howell, 19265 Maser, 1966}
Zentnery, 1977% and Vrieze, 1980),
2) Efficiency and accuracy of measurement with minimal
disturbance to the habitat, and
3). Ease and uccuroﬁy of repeatablity (Doyleg 1985) .
Trees, snagg{ and logs were also characterized within eachlo.04 ha plot.
The species of each tree, snagy, or log was recorded. [f the species of a

log could not be determined, it wns classified as ‘unknown’. The

-
o

A f
diameter at bredst height (dbh) of the trees and snagsy and the moximum
diameter of lagé within the plot were estimated visually in five
cotegories: 10-2%cmy 30-5%cm, 60-8%cm, Y0-11%cm, and >= 120cm. The

height of snags and the length of logs within the plot were measured to
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Table 1., Description of Macro Habitat Mariaobles Measured on 73 0»0@ hao
Red Tree Vole Flots and on 270 0.04 ha Randomly Sampled Flots
of Availoble Habitat.

Variahle IDescription

Slope Greatest percent slope through plot center
measured with a relascope.,

Aspect Aspect of greatest slope through plot center.
Measured in degrees with o compuass.

Altitude Elevation of plot in feet estimated from a

Distance to water

Itistance to ravine

HBosal area

AvErage canopy cover

Tree number

Snng number

K o

Log numbher

Stump number

topographic map. Vanlues converted to meters
for calculations.

Meters to nearest permanent source of water at
least 1-m in width., Ectimated from a topo-—
graphic map.

Meters to nearest ravine up to S0-m away from
plot center;y; measured with a metal t.p2.
Nistances greater than S50-m were recorded as
EA

. Basal area (m2/ha) measured at plot center with

n relascope.

fverage percent canopy cover measzured with a
spherical densiometer 3-m +rom plot center
nlong each of the four primary compass
directions.

Number of trees in the 0.04 ha plot.
Number of snags in the 0,04 hao plot,
Number of logs in the 0.04 ha plot.

Number of stumps in the 0.04 ha plot,
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the nearestvméter using a relascope and a metal tape respectively. Logs
Were c1ﬁﬁﬁi€ied into five decay claéses 2% described by Franklin, ét al.
(1981),

Fercent cover of evergreen and deciduous shrubs and herbs, and
of six substrate ﬁyp@z were estimated visunlly in four 4-p= gubplots
located S-m from the center of the_0.04 ha plot along each of the four
primary composs directions (Table 2). Pinnt species names follow Munz
(1965) .

Nﬁﬁt trees in red tree vole plots were characterized by the
sixteen variuables described in Table 3. In order to evaluate the
potentially available but unused nest sites in a stand, the five trees
closest to plot center in the randomly chosen plots (*test tLrees®) were
also charmcterized by tﬁw varinbles described in Table 3.

Fed tree vole nests were examined visunlly with the aid of
binoculars from the groﬂnd to determine the condition and structure of
the nest, A nest was classified as ‘old’ if it did not have a
well-defined shape, there was no sign of any recent activity (e.g.:?
green Douglas-fir needles on top of the nest), or it was obviously
dilapidated (i.e.y, nest was flat in shape with pieces of the nest
hanging down or fallen to the ground). A nest was considered ‘fresh’ if
it was spherical in shape and had signs of recent ociivity;

The siwze of the primary material (generally twigs or sticKs)
composing the nest was claseified ae ‘duff’ (powdery, black materinl),
‘emall’ (twigs éﬁl cm diameter), or ‘large’ (twigs > 1 cm diameter). The
nests were examined for the presence of green louglas—fir needles or
trimmings on top of the nest, and for the presence of large deciduous

leaves from such speciee as madrone or tanoak,. The orientation and
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Table 2. Description of Vegetation Varinbles Measured on 1372 4-m=2
Subplots. One Subplot was Flaced %—-m from Flot Center Along
Each of the Four Frimary Compass Directions for Each of the 73
0.04 ha Red Trees Vole Flots and for Each of the 270 0,04 ha

Available

Flots.

Variabhle

Description

Substrate

Substrate cover

Shrub species

Shrub cover

Herb species

Herb cover

leciduousness

Type of substrate present in subplot: exposed
bare rockK, exposed bare mineral soily, fine
organic litter, coarse organic litter, moss,
and lichen.

Fercent of subplot covered by a substrate type.
Vigsually estimated in 3 percent cover
claseest 1-19%, 16204, 26-30%, S1-7%9%,
76=100%,

Shrubh species present in subplot.

Fercent of subplot covered by a shrub species.

Visually estimmted in 3 percent cover
classes! 1-135%, 16-25%, 26-507%, 31-757%,
76-100%.

Herbaceous species present in subplot.

Fercent of subplot covered by an herb species.
Visually estimated in 5 percent cover
classest 1-15%,; 16~29%, 26-50%, 51754,
745-100%,

Type of shrub or herb present in subplot?
deciduous or evergreen.
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Table 3, Description of Variables Used to Characterize Nest Trees in 73
Q.04 ha Red Tree Vole Flotse or the Test Trees in 270 0.04 ha
vnilable Flots.

Variable E [lescription

Tree species Species of nest tree or of five test trees.

Tree diameter [iameter at breast height (cm) of nest tree or
of five test trees. Measured with a cloth dbh
tape. ) '

Tree height Height in meters of nest tree or of five test

trees. Measured with a metric relascope.

Bole height Height in meters to the lowest green branch on
nest tree or on five test trees. Measured
with a metric relascope or visually estimated

» if under S-m. -

listance to nearest . [listance in meters to the tree nearest to the
nest tree or to n test tree. Measured with a
meatal tape.

Oietance to nest tree Distance in meters to nearest nest tree from
nest tree or from five test trees. Measured
with a metal tape. Distances greater than
S90-m were recorded as 99.

listance to redwood listance in meters to the nearest redwood fFrom
nest tree or from test trees. Measured with a
metnl tape. Distances greater than 50-m were
recorded as 29, '

Moss Fercent cover of moss on nest or test tree
trunke, Visunlly estimated in six percent
cover classest 04y, 1-15%, 16-25%4, 26-507%,
SG1L-7%9%, 76-100%.

Lightning Fresence or absence of lightning scars on nest
tree or test tree trunk.

Fire scar e, Fresence or nbsence of fire scars on nest tree
: or test tree trunk.

Laodder Fresence or absence of "grouse ladder® (series
of dend branches on trunk - often indicating
an open-grown tree) on trunk of nest tree or
test tree. '
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Table 3. Deacfiption of Variables Used to Characterize Nest Trees in 73
0.04 hn Red Tree VYole Flots or the Test Trees in 270 0.04 ha
Available Flots (continued) .,

Variable llescription

Conk _ Fresence or absence of fungal conks on trunk of
: nest tree or test Lree, -

Dead top ' ' Top of nest tree or teszt tree is alive or top is
broken off or dead,

Cavity numbenr Number of cavities wvisible in trunk of nest tree
ar test tree,

Iamnge scar Fresence or absence of damage scars (other than
lightning or fire scars) on trunk of nest
tree or test tree.,
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Table 4, Description of Varinbles Used to Characterize Red Tree Vole
Nests in 73 0.04 ha Red Tree Yole Flots.

Uariable

Iescription

MNest orientation
Nest height
Nest locotion

Nest condition

MNeed les

Leaves

8tick size

Resin ducts

Redwood shavings

Orientation of nest in tree. Measured in degrees
with o compass from directly below the nest,
with the observer’s backK next to the bLrunk of
the nest tree.

Height of nest in meters from the ground.
Measured with a metric relascope.

Location of nest on branch?! adjoacent to the
trunky in the middle of the branch, or at the
end of the branch.

Condition of nest! old and dilapidated or well
structured and fresh, '

Fresence or absence of green louglas-fir needles
on nest. letermined by visual examination of
the nest from the ground through binoculars.

£)

Fresence or abserce of large leaves (e.g.:!
madrone or tanoakK) incorporated in to the
nest, lNetermined by visunl examination of the
nest from the ground through binoculars,

Size of primary mmterial composing the nest!
duff, small, or large. [letermined by visual
examination of the nest from the ground v
through binoculars.

Fresence or absence of resin ducts on the gi.wwnd
‘below the nest. ;

Fresence.or absence of redwood barkK shavings on
ground below the nest.




height of the nest were measured. The nest’s location on the branch
(egt ndjoacent to the trunk, in the middle of the branch, or of the tree
or at the end of the branch) was recorded. The ground below the nest and

around the nest tree was examined extensively for the presence of resin

ducts and redwood bark shavings (Table 4),

Inta Annlysis

Macrohabitot Selsction

fi G test for goodness of fit (Sekal and Fohlf, 1949) was used to
test the null hypothesis that there was no significant (p > 0,05
difference in the number of red tree vole Bests found in each seral
stage and that there was no significant difference in the number of red

tree vole nests between stands within a given seral stage.

Microhabitat Selection

The following null hypotheses were evaluated usiné discriminant
function analysis (OFA), a chi-square goodness of fit test, and
Erown-Forsythe one-way analysis of variance (ANOUA):

1) There was no significant difference between the availablae

(but unuﬁed).und the used f(inhabited by red tree voles)
mierohabitat groups. within a given seral stage.

Q) There wae no significant difference between the available and

the &Eed microhabitnat groups for all seral stages combined.

XD Thmré was no significant difference between availahble

microhabitats in the three different seral stages,



In this study, DFA was used to discriminate betuéen ayuiluble
(but unused) ond used habitat groups and also between different seral’
stages of Douglas-fir forest on the basiz of the measured micro- and
macrohabitot §uriables. IFA alseo provided an indication of how well the
different habitat variables discriminate beiween the groups and of which
varinbles were the‘moat powerful discriminators (Klecka, 1981).

OFA was used to evalﬁute the obove three null hypoth@seslwith
respect to the eleven habitat varinbles described in Tqblé.1+ DFA was
aleo used to evaluate the null hypotheses 1-3 with respect to the
following variables that were used to characterize the nest tree in red
tree vole habitat plots or the test trees in the randomly chosen
available habitat plots?! dbh, height, bole height, distance to nearest
tree, distance to nearest nest tree, and distance to nearest redwood. A
two-way ANOVA was used to determine which variables Hod significant
differences betﬁeen the u%ed and available habitat groups and b -'woen
stands ages,

A chi-squnre goodness of fit test (Sokal and Rohlof, 1949) was
used to test the following null hypothesiss

1) Null hypotheses 1 - 3 for the following variables! lightning
scary fire scar, damage scar, laddery, conk, live, tree species, and
cavity number (see Table 3 for variable descriptions). Hpected
frequencies were based on the relative proportions of the available and
red tree vole habitat plots.

I3 Nullfﬁ?potheﬁmﬁ 1 - 3 for the variables characterizing the
nest samples cuilectad while examining potentinl réd tree vole nests.

Expected frequencies were based on the relative proportions of confirmed
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red tree vole nests and non-red tree vole nests examined during.this
study.

¢) No significant difference between observed and expected
Frequencies of variableg'choructerizing confirmed red tree vole (st
gamples between the'threelsernl stanges.

d) No significant difference for all seral stages combined
between the observed and expected.Fr@quencies of the following variables
characteri?inq a2 confirmed red tree vole nest! nect location, nest
condition, needles, leaves, stick size, resin ducts, and redwood bark
shavings (see Table 4 for variable descriptions), Expected frequency
values were based on 2 random distribution of the different characters
for o given variable for the total number of red tree vole nests
examined., -

A Browun-Forsythe ANOVA that does not assume equal within group
variances (Dixon, et. al., 1993) was used to test the following null
hypotheses?

2) Null hypotheses 1 - X for percent moss cover of the nest
/test trees, percent shrub covery, percent herb cover, and percent
decidunusness; average treey, snag, and log dbh} snag height$ and log
length. The percent cover was evaluated for all shrub species, and of
each of-tha tive most common herb species. The average dbh was
evalunted for all tree species combiﬁed and for each of the seven most
common tree species.

) No gfgﬁificunt difference between_percent cover of deciduous
shrubs or decid@ous herbs and percent cover of evergreen shrubs or
evergresn herbs within a given seral stage and for all seral stages

comb Lned,
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c) No significant difference in mean red tree vole nest
orientation or mean red tree vole nest height between seral stages.
DFA and ANOVA were ﬁer?ormed on Humboldt State University’s COC
Cybér 170/760 computer using BMIOF programs 7M and 7D (Dixony, et. al.,
1983)+ Chi-square and G tests for goodness of fit were perﬁorméd on 2
Hewlett Fackard 19C calculator. All statistical tests were considered

significant at the p < 0,05 level,



RESULTS

One hundred and forty-eight nest sites were examined for
evidence of use by red tree voles. Resin ducts were found at 792 of these
nest sites, sither on the ground below the nest, on the nest tree, or in
the nest iteelf. The &9 neétﬁ that did not contain evidénce of
inhabitation by red tree voles were assumed to Huve been constructed
and/or occupied by such animals as Northern flying squirrels, Western
graoy squirrels, or [ouglas” squirrels,

mll the confirmed red tree vole nestsz examined in this study
were located in Douglas-fir trees. Nests Iocated in other tree species
nlso were examined for the présanca of resin ducts and red tree voles,
but none contained any evidence of occupation by red tree voles.

A total of 72 0.04 ha habitat plots were done around the 79 red
tree vole nests. Six of the red tree vole nests were located either in
the same tree as another red tree vole nest or in a tree adjacent to
another red tree vole nest treey, and so were included in the same P

habitat plot as another red tree vole nest.

Maocrohabitaot Analyvsis

Thirty-nine red tree vole nests were located in the three stands
of old-growth Douglas—fir forest, 22 red tree vole nests were found in
AT
the three mnturégstandﬁy and 18 red tres vole nests were
located in the three stands of yvoung-growth Douglas-—-fir forest. The

number of red tree vole nests observed in esach sbtand 1g presented n
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fippendix A. The old-growth stands had a significantly greater number of
red tfee vole nests than expected from a random distribution of red tree
vole nests betwsen the three seral stages (6 = 9,025, p = 0,05, ﬁ defeds

Within a given seral stage, Alpine haﬂ n significantly greater
number of red tree vole nests than either of the other two old-growth
atandes (G = Z7.829, p #0.09, 2 d.f.). White House also had a
significantly gréater number of red tree vole nests than either of the
other two mature stands (G = 70097y p 20,08, 2 d.f.), There was no
signiFicant difference in the number of red tree vole nests between the

three young-growth stands (G = 2,911, p <0.05; 2 d.f.).

Microhabitat Analysis

Red Tree Vole Nest Characteristics

Féequencies of the variables characterizing nest soamples
collected while examining nest for evidence of red tree vole
inhabitation are presented in Appendix B, For all seral stoges
combined, red tree vole nests contained a significantly greater
frequency of rodent feces than did non-red tree vole nests than would .
have been expected based on the proportions of red trée vole nests and
non—-red tree vole nests in all stands combined.(X® = 17,179, p i‘0.0S, 1
defede Similarly, red tree vole nests in mutﬁré and young-growth stands
of Douglas-fir forest contained o significantly greater frequency of
rodent feces th%g.did non-red tree vole ne&£5 than would have been

L .
expected based on the proportions of red tree vole nests and non-—-red
tree vole nests within a given stage (Mature! X2 = 7,499, p < 0,05, 1

d.f.3 Young?i X2 = 12,835, p < 0.08, 1 dcf.),



Douglas—-Fir bark shavings (X® = 4,092, p < 0,03, 1 d.f.)y moss
(KZ = 4,937y p 4 0,05y 1 defody and animal hair (X= = 11.734, p < 0.085,
L odefs) uefe nll found significantly more ffequently in non-red tree.
vole nests than in red tree vole nests for all seral stages combined.'
Thesze three variobles were characteristic of Nortﬁern flying squirrel
nests observed on the Couat_Hangm Freserve (pers., observ.). Animal hair
alsa was found significantly more frequently in non-red tree vole nests
than in red-tree vole nests in mature (X¥ = 7,349, p < 0,05, 1 d.f.) and
voung-growth (X# = 4.90%, p < 0,05, 1 d.f.) Douglas-fir stands.

Redwood barkK shavings (X® = 92,899, p < 0.05, 2 d.f.) and lichen
(XZ = 4,812, p = 0.0%, 2 d.f,) were found significanfly more frequently
in red tree vole nests in old-growth forests than in young-growth or

mature forests. Douglas—-fir barK shavings (X=

il

B.617, p = 0.05, 2
d.efe)y green Douglas-fir needles (X® = 9,156, p = 0.05, 2 d.f.)y and
lDouglas—Ffir trimmings (X2 = 9,286, p = 0,05, 2 d.f.) were found
significantly more frequently in red tree vole nests in young
Douglaﬁﬂfir forests than in red tree vole nests in old-growth or mature
stands.

Non-red tree vole nests in old-growth stands had a significantiy
higher Ffequency of rodent feces than did non-red tree vole nests in
mature or yvoung-growth stands of Douglas-—fir forest (X7 = 8,634, p
0.659 2 d.f.). However, these results also could be attributed to the
small number of non-red tree vole nests containing rodent feces. Non-red
tree vole nestsééﬁ Young stands of louglas-fir forest had o

significantly greater frequency of Douglas-fir bark shavings (X=

il

10,4264 p = 0.05, 2 dsfs)y green needles (X2 = é,é???,IP o 0.0&, 2

e

def)y and trimmings (X2 = 4,492, p = 0,05, D dof.) than did nests in



mature or old;growth stands.

Red tree vole nests were also ﬁhnracterixed by the varinbles
described in Table 4 (see Methods). FRed tree vole nest height was
gsignificantly hiéhar in old-growth stands than in mature or young-growth
stands (Table 5). There was no significant diFFeﬁence in orientation of
red tree vole nests between the three seral stages (Table 5)4

Red.tree vole nests were locatéd significantly more often
adjacent to the trunk of the nest tree (n = 48) than at the middle of
the branch (n = &) or at the end of the branch (n = 13 Goodness of fit
X# = 111.440, p < Q0.08y 2 def+)e Nests located nt the top of the tree
were2 not included in this test., The number of red tree vole nests
constructed primarily of small twigs (n = 66) was significantly greater
than the number of nests composed of duff (n = 5) or of large twigs (n =
45 Goodness of fit X® = 100.880, p < 0.05, 2 defs)e There was no
significant difference in the number of old (n = 40) versus the number
of fresh (n = 36) red tree vole nests (Goodness of fit X® = 0,211, p
0:.05, 1 dafs)ds

The number of red tree vole nests with green Douglas—-fir needles
on top of the nest (n = 47) was significantly greater than expected
based on a random distribution of the variable among red tree vole nests
(Goodness of fit X2 = 4,813, p < 0.0%, 1 d‘F.ﬁ. The number of red tree
vole nests without leaves incorporated into the nest (n = 61§ Goodness
of fit X# = 29 453, p < 0,05, 1 d.f.) or without redwood bark shavings

helow



28

Table 5. BRrown~Forsythe ANOVA Tests for Red Tree Vole Nest Selection
' Between Three Seral Stages® of Douglas—-fir Forest Examined in
Mendocino County, California. Varinbles are Desribed in Table
4 (See Methods) % = p < 0.05).

O0ld-Growth Mature Young-Growth
(h = 39) ‘n = 19) (n = 18)®
, = Standard Standard Standard
Variable Menn Error Menn Error Menn Error
NEST 162.4 15,48 200.,1 22.29 169.4 232.83
ORIENTATION
(degress)
NEST 19.4 1.13 15,5 1.38 13.4 Q0.997%
HEIGHT .

(meters)

> See study area descriptions for descriptions of the three seral stages.

® The sample size in young-growth stands for Nest Orientation was 163 the
sample size for Nest Height was 18,



the nest (n = 613 Goodness of Fit k“ = 23,956y p ¥ 0,05, 1 d.f.) was
significantly greater than the number of red tree vole nests with leaves
An = 14) or with redwood bark shavings (n = 18), There was no
significant difference between the number of red tree vole nests that
had resin ducts on the ground below the nest {Q = 42) and those that did

not (n = 36; Goodness of Fit X2 = 0,442, p < 0.0%5, 1 d.f.).

Fed Tree Vole Nest Tree Characteristics

Observed frequencies of the varinbles used to.characteniz@d red
tree vole nest trees and available test trees are presented in Appendix
C, FRed tree vole nest trees had significantly more fire scarg (X2 =
81l.445, p < 0,05, 1 d.f.)y conks (X2 = 97,306, p = 0,05, 1 d.f.), dead
£0p5 (X7 = 25,860 p <= 0,08y 1 deFe)dy and damage scars (X¥ = 7,630, p <=
0.05, 1 d.f,) than did available test trees. In addition, red tree
voles used Douglas—firs as nest trees significantly more Prequgntly than
the proportion of Douglas—fir test trees in available habitat plots for
2ll seral stages combined (X¥® = 179,74, p < 0.05, 1 d.f.) and for within
a given seral stage (Old-growth! X2 = 10%.32, p < 0.0%, 1 d.f.; Mature?
XK= = 32,5298y, p < 0,05, 1 d«f+} Young—growth? X® = 54,932, p = 0.05, 1.
d.f+)s

Within eld-growth stands, the presence of fire scars (X2 =
29,622y p 4 0,05, 1 defdy conkKs (X# = 39,8565, p = 0,05y 1 d.f.), dead
tops (X2 = 11,531, p < 0.059.1 defFedy and lack of cavities (X¥F = 4,339,
p o 0,09y 1 defsdecould potentially distinguish red tree vole nest trees

ol
from qv?iluble %est trees o The precence or absence of doamage scars was
not recorded in the three old-growth stands. In mature stands, the

Freguency. of fire scars (X% = 39,4699 p < 0.,0%, 1 d.f.), conkg (X® =
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43.398y p < 0,05, 1 d.f.), dead tops (X? = 3,894, p = 0,05, 1 d.f.), and
domage scors (X¥ = 31,413, p < 0,059, 1 d.f.) was significantly higher in
red tree vole nest trees than expected. In voung standﬁ, the absence of
lightniﬁg scars and the presence of dead tops coulé potentianlly
distinguish red tree vole nest trees from uvailable test trees. However,
the sample size for lightning scars was 50 small within any given seral
gstage thot the signiFicqnce of the chi-square test may not have uﬁy
biological meaning for this variable. |

In available habitat plots only, the presence of fire scars (X2
= 177.00, p < 0,053, 2 dof.)y conks (X2 = 28,455, p « 0,05, 2 d.f.)y and
cavities (X* = 30,312, p < 0.05y 2 d.f.) could potentially distinguish
test trees in old-growth stands from test trees in mature or
voung-growth stands. Test trees in mature stands had a significantly
greater frequency of dead tops than did those in old or young—growth
staonds (X¥ = ©.294, p < 0,05y 2 dsf.)s Test trees in young stands Hnd o
significantly higher freguency oP.qrbuae ladders than did those in
mature or old-growth stands (X* = 10X.58, p « 0.05, 2 d.f.),

A two-way ANOVA between seral stages and between red tree vole
nest tree and available test tree sites indicated that six variables
(tree diameter, tree height, bole heighty distance to nearest tree,
distance to nearest nest tree, and distance to nearest redwood) used to
charncterize the nest/test trees could potentinlly distinguish between
seral stages (Table &), Correlution coéfFicients of thece variables
area presentad ié{ﬁppendix A

The two-way ANOVYA also indicated that five variables (tree
diameter, tree height, bole height, distance to nearest tres, ond

distance Lo nearest nest tree) could potentinlly distinguish between red
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tree Qole nest trees and'test trees in available habitat (Table b6y, OF
the FiVE:VﬂPiﬂhlﬁﬁy stepwise discriminant analysis indicatéd that for
all seral stages combined, red tree vale nest trees could be
distinguished from availakle but unused test trees on the basis d#
distance to nest tree, bole height, free height, nand treé diameter
{Table 7). For all seral stages ;ombined, red tree vole nest trees were
characterized as closer to aiher red tfee vole nest trees than were
available teet trees (Tables 4 and 7)., The overngé bole height, tree
height, and tree diameter were greater for red tree vole nest trees than
for available test treesz for all seral stnges combined (Tablez & and 7).
In old—grmwth stands, discriminant analysis indicated that red tfee vole
nest trees cauld_b@ distinguished from available test trees by the same
four variables (tree diameter, distance to nest tree, tree-height, and
bole height) that differentidted between nest and test trees for qll
seral stnges combined (Tubles 6 and 8)., In mature stands, red tree vole
nest trees were closer to other nest trees than were available test
trees. However, the average distance to the nearest tree was farther
for red tree vole nest trees than for available test trees.

Discriminant analysis also indicated that tree diameter could
potentially separate red tree vole nest trees from available test trees
in both mature and young-growth stands as well as in old-growth stands.
The average diameter of red tree vole nest trees was greater than that
of uvuilabl@ test trees in all three stand ages (Tables & and 8). In
young-growth ﬁtgﬁdSy red tree vole nest trees also were distinguished
from available test trees on the basis of their closer proximity to
other red tree vole neslt trees than available test trees (Tables & and

8.



&+ Physical Characteris
i Three Zeral Stage

Lics of the Yariables Used to Characterize 79 Red Tree Yole Nest Trees and 1390 Available Tes ' Teooes
2 o Douglaz-+Fir Forest in Mendocino County, California., (ns = p > 0.0%, % = p < 0.05),

Fed Tree Yole Nest Trees Available Test Trees
01ld-Growih Motor Young-Growth 0ld-Growth Mature Young-Growhth
ig = 3% iy tn = 1P (n = 4%0) tn = 4502 (n = 450)
.0
Standard Standard Gtandard Standard Standard Standard
Variable Mean Errov | dMean Error Mean Error Mean Error Mean  Error Mean Error pr pe pe
Tree 115.% 3.29 109,45 2,349 48,4 .00 39,8 1.58 29.8 1,13 25,4 0,732 X * X
iameter (cm?
Tres 4.5 2,04 48.5 J3.20 24,2 2.14 21.7 0.73 19,2 0,51 232 0,34 * E B
Height (m)
Bole 15.4 D.87 11.5 1,20 .1 1.01 7.4 0.32 b41 0.24 4.8 .18 ¥ % *x
Height (m)
Distance %o 2.9 0,21 3.7 0.5%& 2.0 0,21 2.4 0.07 1.8 D.06 1.6 0.05 X X b
dearect Tres (m)
Distance to B3 &:07 43.8 3,02 61,1 ?.78 24,5 1.23 9248 0.04 3.9 0.78 £ ) X nes
Mast Tree (m)
fistance to 43.0 G924 85,4 &7 w4, 1.924 89.9 1.22 ?3.3 0,91 71.7 1.93 X ns £
Fodwood <m)
R E 1Y E DT ionsg oF the three seral stagecs.

FAMUUE cance
Tuwae-way ANOVA iRl coane s
Ty ANUUVA sign: Jlcance

caral stagas, df = 2, 1, 237 1423,
red tree cole and available groups, of = 2, 1, 23 1422,
intaraltion botwesn seral stages cond red tree wvole and available groups, df = 2, 1, 2

* hetween

.
fo
=
3
i
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Summary of Stepwice Discriminant Analysis Used to
Differentiote Retween Red Tree Vole Nest Trees and Available
Test Trees, VYalues Represent Stondardized Coefficients for
Canonical Variables Included in the Discriminant Function.
Absolute Magnitude of the Coefficients Indicates Relative
Contribution of the Canonical Variables to the Uiscriminant
Function. Sign of the Coefficient Indicates Direction of the
Contribution. Variable Means and Standard Errors are Fresented
in Table & Gk = p < 0.05),

Variable or

Character Discriminant Function
Tree Diameter _ ~0.&90462
Tree Height -0.34571
Bole Height _ 0.25051
IHistance to Nest Tree 0, 44039
Fercent Correctly Classified ?1.3%
Eigenvalue 0.4146
Canonical correlation 0.3414
Approximate F 147,587 (4, 1424)X

(degrees of freedom)

B



Table 8.,

vummary of Stepwise Discriminant Analysis Used to 4
Differentiote Between Red Tree Vole Nest Trees and Availabl
Taest Trees Within a Given Seral Stage of louglas-fir Forest in
Mendocino Countyy Californin. Unlues Reprezent Standardized
Coafficients for Canonical Variables Included in the
Discriminant Function. Absolute Magnitude of the Coefficients
Indicates Relative Contribution of the Canonical Variables to
the Digcriminant Function. 8Sign of the Coefficient Indicates
Direction of the Contribution. Varioble Means and Standard
Errors are Fresented in Table & (X = p < 0,08),

Old-Growth Mature Young-Growth

Variable or Discriminant Hiscriminant Discriminant,

Character - Function Function Function
Tree Diameter -0.6702 -0.8451 -0, 4353
Distance to _ :

Neat Tree Q. 3294 0.,31295 0.78469
Tree Height ' -0.,3082 = =
Bole Height 0.3774 : = -
Listance to

Nearest Tree - . =0.2408 =
Fercent Correctly

Classified 89.0% . 93.9% 8&4.3%
Eigenvalue Q,: 5069 Q,5559 0. 20468
Canonical correlaotion 0.57999 Q0.5977 0.4138
Approximate F 61,336 (4,484)% 86.71% (3,468)% 48,032 (2,4469)%

(degrees of freedom)




Tub le 9,

Summary of Stepwise Discriminant Analysis Used to
Hifferentinote Between Available Test Trees in Three Seral
Stuges of Douglas-fir Forest in Mendocino County, California.
Unlues Represent Standardized Coefficients for Canonical
Varinbles Included in the Discriminant Function. Absol.ote
Magnitude of the Coefficients Indicates Relative Contribution
of the Canonical Variables to the liscriminant Function. Sign
of the Coefficient Indicates Direction of the Contribution.
Variaoble Means and Standard Errors are Fresented in Table & (X
= p o 0,08),

Variable or - Discriminant Discriminant

Character

Function I

Funct o [T

Tree Diometer
Tree Height
Distance to
Maearest Tree
Oistance to
Meat Tree
Fistance to Redwood

=0.0287 0.2079
0.,35293 0.8224
0.4059 0.4522

-0.,3543 -0.3843

=0.6223 ~Q, 5274

Fercent Correctly
Classified
Eigenvalue
Canonical correlation
Approximate F
(degrees of freedom)

0.217% ~ 00,0642
0.4227 00,2454

37.134 (10,

2686 %

' ::'!j,
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In availoble habitat only, discriminant function analysis
seporated betweeﬁ the three seral stages on the basis of the following
five vnriubleé: tree diameter, tree height, distance to nearest bLres,
distance to nest treey and distnace to redwood.(Tlees é Qnd-9).

Average test tree diameter and distance to the nearest tree were greater
in old-growth stands than in mature stands and greater in mature stands
than in voung-growth stands (Tables & andl9)+ Test trees in old-growth
stands were closer to red tree vole nest trees than were tesﬁ trees in
mature stands, while those in mature stands were closer ﬁo nest tress
than were test trees in ymung"grmwﬁh stands. However, available test
trees in yaungwgrbwth stands weré closer Lo redwoods and were tnller
than test trees in old-growth stands. The average teatltr&e height was
taller and the average distance to redwood was closer in old-growth
stands than in mature stands of available habitat (Tables 6 and 9).

A Brown-Forsythe ANOUA irid'icaied that, g all seral stages
combined, the p@fcant cover of moss on test tree trunks in available
habitat (X = 20,9%, n = 1348ﬁ was significantly gfeater than on red
tree vole nest tree trunks (X = &6.9%, n = 79¢ F =.350.35, p OQOSV 1
defe)s Within a given seral stage, the percent cover of moss on test
tree trunks in availahle habitat (old growth: W = 21.8%, n = 4483
mature! X = 21.7%, n = 450} young=growth: X = 9,2%, n = 450) was
ﬁigniFicuntly greater than the percent cover of moss on red tree vole-
nest tree trunks (old growth? X = 7+6%y n = 393 mature! X = 8.0%, n =
223 ymunqwgruwtﬁé X = 4,0%y n = 18) (old-growth? F.= 296,713 maturet F =
135,495 voung-growth! F = 21,57, p = 0.0%, 1 d.f.). For available
habitat only, test trees in old growth stands had a significantly

greater percent cover of moss on their trunks thoan did test trees in
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mature or young-growth stands (F = 107,07, p < 0.0%5, 2d.fa)s

Habitat Charocteristics

A two-way ANOVA between seral stuées and between red tree vole
and available haobitat indicated that of the eleven variables dsed .o
characterize macrohakitat ten variables (slopey aspect; anltitudes
distance to'wuteri‘diﬁtunce to raviney basal areas and tree, sng, logy
and stump number) could potentially distinguish between seral stages and
two variables (average canopy cover‘and stump number) could potentianlly
separate red tree vole habitat from available but unused habitat (Table
102, Froduct moment correlution_coe#?icienta of the eleven macrohabitat
variohles are p?eﬁented in fAppendix E. Distance to water and altitude
were the only two variobles with a correlation coefficient greater than
0.4, |

For nll seral stages combined, the following four variables were
selected by stepwise discriminant analysis as being most effective in
distinguishing between red tree vole habitat and available habitat
(Table 10 and 11).

Fed tree vole habitat was chafact@rizad by greater percent

conopy covery greater number of stumps, lower altitude, and fewer SN0gs

and 11).
In old-growth stands, discriminant annlysis indicated that red

tree vols habitat was closer to ravines, had less steep slopes. and s
’
b4

lower in altitude than available habitat (Tables 10 and 12). FRed tree
cvole habitat in mature stands was characterized as having more logs,

being clogser to water, and farther from ravines than availahle habitat
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Table 10, Red Tree Vole and Available Macrohabitat Characteristics of Three Seral Stages= of Douglas—-fir Forest in Mendocino
County, California. (ns = p * 0.,0%, %X = p _0,05).
Red Tree Yole Macrohabitat Available Macrohabitat
Old-Growth Mature Young-Growth 01d-Growth ~ Mature Young-Growth
(n = 3qa_ (n = 22) (n = 18) (n = 90) {n = 90 {(n = 90)
1|.‘.',}- .
Standuard Standard Standard Standard Standard Standard
UVariable Mean Error Me2an Erraor Mexan Error Mean Error Mean Error Mean Error p* p= py
Slope (%) %1.8 3.31 47 .9 G.29 A4H.8 4.26 58.9 1.85 50.0 1.84 43,6 1.84 X ns ns
Aspect (=) 154.6 24.8% 203.46  21.84 229.4 19.09 115.8 13.09 193.2 10.33 2035.4 10,44 * ns ns
Altitude (m) S00.0 221 478.4 22,53 472.3 17,01 539.5 6£.598 544,46 12,69 637.1 P46 % 3 3
Distance 2852.6 14696 198.4 26,77 611.8 461.56 296.1 15,06 287.3  13.27 S534.3 25.27 % ne ¥
to Water (m) . :

Distance 34.7 Vil 2w 37.8 & Al 76.8 8.88 99.3 4,15 70.7 4,05 73.9 2.87 * ns X
to Ravine (m) ’ :
Basal Area 41,9 1.82 A41.7 2,79 35,5 2.47 38.6 1.31 43.7 1,34 35.2 1.56 * ns ne
(m™®/ha) ‘ '
fverage 93.4 (S 9%.5 0,98 RE.b 0,92 P2.4 0.699 74,1 0,96 93.0 0.89 ns % ns

Canopy Cover (%) :
Tree Number 18,2 [P 17,9 237 29.4 2,39 17.3 0.79 24.1 1.28 29.9 1.44 X nes ns
Ynag Number 0.8% 0.1% 1,34 0.41 0.81 0.28 1.03 0,15 2,07 0.24 1.14 0.146 X ne neg
Log Mumber 4.6 0. 38 -} 2,24 16,4 2,99 4.7 0.42 6.2 0.5%54 12, 0.94 * ns ns
Stump Number 0,60 0.14 1.27  0.32 4.548 0.92 0.69 0.09 1.51 0.21 2.49 0.27 X X LS
“ See study area descriptions for descriptions of the three seral stages.
" Two-way ANOVA significance level for between soral stages, df = 2, 1, 2; 337.
“ Twomway ANOYA significance level for beotween red tree vole and available groups, df = 2, 1, 2} 337,
* Twosway ANOUA significance level for interaction between seral stages and red tree vole and available groups, df = 2, 1, 23 337.
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Summary of Stepwice Discriminat Analysis Used to Differentiate
Between Red Tree Vole and Availuble Habitat for All Three
Seral Stages of Douglas-fir Forest in Mendocino County,
California. Ynlues Reprezent Standordized Coefficients for
Canoriical Variables Included in the Discriminant Function.
Absolute Magnitude of the Coefficients Indicates Relative
Contribution of the Canonical “Yariables to the Discrimiiront
Function: 8Sign of the Coefficient Indicates Direction of the
Contribution. Yarioble Means and Standard Errors are Fresented
in Table 10 k = p < 0,05).

Variahble or

Character . Iiscriminant Fuanction

Average Canopy Cover -0.443%

S5nag Number 0. 5829

Stump Number ~0.,5254

Altitude 0.8807

Fercent Correctly Classified b62.47%

Eigenvalue 0.0673
Canonical correlation 0,2514
Approsimate F H.700 (4, 323BIX

(degrees of freedom)

R
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(Tables 10 and 12); Iﬁ young-growth. stands, red tree vole habitat could
be distinguished Frbm available habitat on the basis of a greater number
of stumps in red tree vole habitat (Tables 10 and 12).

Available hahitﬁt in old-growth stunds was chdracterized as
being closer to ravines, having steeper slopes, and having fewer trees
and lwgs than available habitat in mature and young-growth stands
(Tables 10.and 13).. .ﬁvuilnble habitnt was a150 chachteriz@d by the
following: bagal area was greatest in mature stands and least in
voung-growth stands, The number of snags also was greatest in mature
gtandsy but least in old-growth stands. Mature stands were the seral
stuge closest to watery, while young-growth stands were the seral stage

furthest Ffrom water (Tables 10 and 13).

Tree, Snagy and Log Characteristics

For all sernl stages combined (Tuble 14) and for old-growth
stands (Table 19), snags were significantly taller in available habitat
than in red tree vole habitat. In young-growth stands, snag dbh was
signi?icuntly greater in awvailable habitat than in red tree vole habit;t
(Table 1%), There was no signi?icunt difference between seral stages for
either snag dbh or enag height in available habitat (fnble 143,

For oll seral stages combined (Table 14) and for old-growth
stands (Table 1%), there was no significant difference in maximum log
dinmeter betweeéiavailuble and red tree vole habitat. In mature stands,
maximum log diameter was significantly greater in red tree vole habitat

thaon in availaoble habitat (Table 1%). In voung-growth stands, maximuam

log diameter was significontly larger inp available habitat than in red
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Table 12, Summary of Stepwise Discriminant Anolysis Used to

Differentinote Retween Red Tree Vole and Available Habitnat
Within a Given Seral Stage of Douglas—fir Forest in Mendocino
Countys California, Values Represent Standardized Coefficients
for Canonical Variables Included in the Discriminont Function.
Absolute Magnitude of the Coefficients Indicates Relative
Contribution of the Canonical Variables to the Discriminant
Function. Sign of the Coefficient Indicates Direction of the
Contribution. Varinble Means and Standard Errors are Fresented
~in Table 10 (X = p < 0.05),

0ld~Growth .Nuture Young-Growth

Varinoble ar - Discriminont lDiscriminant Discriminant

Character Function Function Function
Iistance to Water - 0. 20460 -
Distance to Ravine - 0,558 -0,35758 o
Log Number - -0,34633 =
Stump Number o # =0,92999
Slope 0.4563 : - -
ﬁltitude 00,6238 : ol <
Fercent Correctly

Classified 70.47 &7 . 9% i B
Eigenvalue 00,1932 Q.1711 0.0733
Canonical correlation 0.4024 Q,3822 0.2614

Approximate F 727924 (35 1213% 6.160 (3, 108)% 7.628 (1, 104)%
(degrees of freedom) ' '




Table 13,

Summary of Stepwise Discriminant Analysis Used +o
Ilifferentiate Retween Available Habitat in Three Seral Stages
of Douglas~fir Forest in Mendocino County, Californin. Unlues
Reprecent Standardized Coefficients for Canonical Variables
Included in the Uiszcriminant Function. Absolute Magnitude of
the Coefficients Indicates Relative Contribution of the
Canonical Variables to the Discriminant Function, Sign of the
Coefficient Indicates Direction of the Contribution., VUnriable
Meons and Standard Errors are Fresented in Table 10 (X = po
0.0%),

Varinbhle or
Character

Hiscrimimnant
Function I

Discriminant
Function II

Slope 0.1916 0.4015
Aspect -0,3%514 -0,5448
Distance to Water -0.5090 Q.,40378
Iistonce to Ravine =0 2020 0.2647
Basnl Area 0.2841 —0.3G14
Tree Number -0.5281 ~0.,16%91
Snag Number 0,1011 =0,4121
Log Number =0.6127 0.1521
Fercent Correctly
Claossified 71 .59% 7LT%

Eigenvalue + 2855 0,2305
Canonical correlation Q74997 00,4328

Approximate
(degrees

F 22.002
of Freedom)

(16, H20)%

A
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Table 14. Brown-Forsythe ANOUA Tests for Snagy Log, and Tree
Characteristics Petween Red Tree Vole and Available Habitat
Flots in All Seral Stages™ of Douglas-fir Forest t“omlned in

Mendocino Countyy, Californin. (X = p o= 0,08),
Fed Tree Vole Habitat Available Habitnt
. Standard ' Standard
Variable | n Mean Error n Mean Error
SGnag Diameter 72 R6.1 1.917 380 25.5 0.792
(om—clogs) :
Snag Height (m) 72 4.9 Q369 380 62 0. 25%
Mazcimum Log 284 30,2 Q.871 2145 29,2 Q,a.72
Liameter (cm-clnss) .
l.og Length (m) 586 45 0.147 2145 4.1 0.066%
fvernge Tree [hh?
All Species 1547 33,0 0.704 4420 28,2 0.,230%
ARME® 264 269 0.9950 : 1481 26.8 0,381
FEME®R 326 62.9 2.382 1087 39.7 0.934%
QUCH®= 162 24.7 0.246 652 25,9 0,549
QUL 13 19.5 0.000 288 20.99 0.,377%
SESE® 17 97.8 10.416 137 31.1 2.,081%
UMCA® 21 19.5 0.000 118 22.% 0.828%
LIDE® 724 24,1 0,394 2082 2%.7 0.246%

* See study area description for descriptions of the three seral stages.
The following mnemonics were used for the tree species! ARME = Arbutus
menziesii. FSME = Fgseudotsugn menziesiiy, QUCH = Quercus chrysolepis,

QUUWI = Quercus wis 11*gn11, SESE = Sequoia sempervirens, UMCA =
Umbellularia californica, LIDE = Lithocarpus densiflora.

R
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Table 14, Brown-Forsythe ANOVA Tests for Snag, Log, and Tree Characteristics Eetween Ked Treo Vale and Available Habitat Plotg
Within a Given Seral Stnge= of louglas—fir Forest Examined in Mendocino County, California. (% = p < 0,05,
0ld-Growth Mature Young-Growth
Red Tree Vole Available Red Tree Vole fAvallable Hed . Tree Yole Aval lable |
Stangard Standard Standard Standard Standard Standarad
Variable Mean Erfpr Mean Errvor Mean Error Mean Error Mean Error Mean Error
Snag Dameter 31,4 I.989 27.9 1.782 23.8 2.233 23.5 0.943 19,5 o Q7.2 1.75%
fem—class)
Snag Heiuht 3.5 0.331 S.6 0.4B88% b.b 0.607 &.Y 0,378 .8 0.%14 D4 0,372
Madiimum Loy 37.1 2.020 33.2 1.1461 30,2 1.480 25.9 0.653x% 25.9 0.975 29.3 0 0.548 0%
Mameter (cm-clags) .
Log Length (m) 5,95 0,348 G938 0.188 3,9 0.204 4.6 0.125% 4.1 0.185 J.59 0.074%
Average Tree [bh: ;
All Species 36.4 1.252 33.7 0.640 35.3 1.501 27.9 0.,382% 26.4 0.622 28.2 0.243
ARME®S 29,9 1.929 31.4 1.024 23.9 1.211 246.2 0.572 27.6 1.784 24.97 0,536
FSHME®™ P5.9 3.824 a8, 6 2.724% 73.97 4.4624 34.1 1.362% Ja.2 1.445 27.2 0.478%
QUCH® 29.1 3,675 27.5 1.351 24,9 1,234 25,3 0.729 24.2 1.501 24,2 1,011
QuuIe - - # - 19.5 0.000 20,998 0.378% - : = -
SESE® 99.1 13,2951 8.1 14.9598 70.6 22,293 - 43 19.5 0.000 26.4 1.191%
UMCA®= 19.5 0.000 22,6 1.324% 19.5 0.000 23.1 1,658x% 19.5 0.000 21.6 1.200
LIDES 24,4 0.520 26.4 0.442% 25.4 1,291 27.1 0.60% 231 0,652 24,8 0.327x%

densziflora.

See stiudy area description for descriptions of the three seral stages.
The +ollowing mnemonics were used for the tree species! ARME
chrysolepis, QUWI = Quercus

= Arbutus menziesii, FSME =
Wwislizenii, SESE = Segquoia sempervirens,

Fsendotsuga menziesii, QUCH = Quercus
UMCA = Umbellularia californica, LIDE = Lithoo

ATpLUL
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Table 16. Brown-Forsythe ANOVA Tests for Snag, Log, and Tree

Characteristics in Available Habitat Between Three Seral

Stages> of Douglas—fir Forest Examined in Mendocino Countyy
Californin, (X = p < 0.05) .

0ld-Growth Mature Young-Growth

. Standard Standard Standard
Variable n Mean Error n  Mean Error n  Mean Error
Snng 91 279 1.782 186 23,5 0.943 103 27.2 1.75.

Diameter (cm~class)

Snag Height 91 %.6 0,488 1864 4.9 0.398 103 9.4 0,371

{m)

Moastimuam Log 430 33.2 1.161 SOG 25,9 0.4653 1159 29,3 0,%s44%
Diameter (cm—closs) 5

Log Length 430 5.3 0,188 5546 4.6 0,125 1159 3.5 0.076%

(m)

verage Tree Diametors

ALl Tree 1550 33.7 0.640 2179 27.9 0,382 26886 25.2 0.,243x%

ARME®R 306 31.4 1.024 S65 26,2 0,572 610 24,97 0.5346X%
FSME® 213 68.6 2.724 4472 38.1 1.364 482 27.2 0,608%
QUCH®= 1346 27.%5 1,351 360 25.3 0.729 156 24.2 1.011

QUL Qo - o 287 20,99 0.378 1 19.5 0.000%
SESE® 11 85.1 14.598 "0 - - 126 26,4 1.191%
UMCae 40 22.6 1.324 43 23.1  1.658 33 21.6 1.200

LIDE® 837 26.4 0.4862 445 27,1 0,605 1300 24.8 0.327%

See study area description for descriptions of the three seral stages.
The following mnemonics were used for the tree species! ARME = Arbutus
menziesiiy, FOME = Fseudoteuga menziesii, QUCH = Quercus chrysolepis, .
QUWI = Quercus wislizeniis SESE = Sequoia sempervirens, UMCA =
Umbellularia californicay LIDE = Lithocarpus densiflora.
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tree vole habitat. In available habitat, moximum log diamater wag
sign£Ficunt1y greater in old-growth stands than in mature or
Yaungmgruuth stands (Taoble 146).

For all seral stageﬁ'cnmbined'(Tmble 14) and for mature and
young-growth étands (Table 15), log length was significantly greater in
red tree vole habitat than in available habitat. There was no
ﬁigniFican£ difference in log length betwsen red tree vole and available
habitat for old-growtﬁ Férests. However; for available habitat, logs
waere significantly longer in old-growth forests than in mature and
voung-growth stands (Tahle 26).

Average dbh of all tree species combined was significantly
higher-in red tree vole habitat than in available habitat for all seral
stages combined (Table 14) and for mature stands &Tqble 15), For nll
seral stages combined, the average dbh of Houg1a5~Pir and redwood was
significantly higher in red tree vole habitat than in available hubitat

(Table 14). The average dbh of interior live oak (Quercus wislizenii),

California bay (Umbellularia californical), and tonoak trees was

significantly smaller in red tree vmie habitat than in availablse
habitat.

Within all three seral stages, the average dbh Df‘ﬂouquS“fir
WG signiFicuntly.greater in red tree vole hobitat than in available
habitat (Table 1%). Within old-growth stands, the average dbh of
Californin bay and tanoak wng significantly smaller in red tree vols
habitat than infévailmble habitat, Within mature stands; the average dbh
of interior live oaK and Californin bay was significantly zmaller in red
tree vole habitat than in avdilqble hakitat. In young-growth gtundsr the

average dbh of redwseod and tanook was significantly less in red 4roe
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vole habitut'thqn in available habitat (Tabla 1%),

In available habitat, the average dbh of all tree species
combined and of madrone, Douglas—fir, redwood, and tanoak 105
significantly larger in old-growth stands than in mature or Qmung-gruwth
stands (Table 14), The average dbh of interior live oaks was
significantly higher in mature stands than in young-growth stands for

available habitat,

Shruby Herb, and Substrate Characteristics

For all seral stages dombined, there was a significantly greater
percent cover of only one substrate, rock, in available habitat than in
red tree vole habitat (Appendix F). Within old and yaung—gréwth stondsy
the percent cover of rock was also significantly greater in available
habitat than in red tree vole habitat (Appendix G). The percent cover of
fine 1itter-waz significantly greater in red tree vole habitat than in
available habitat in old-growth ;tandsr and significantly less in red
tree vole habitat than in avqilabia habitat in mature stands.

In available habitat, the percent cover of fine litter was
significantly greater in mature stands than in the other two seral
stages (Table 17), The percent cover of moss was significantly greater
in oldwgrbwth stands than in mature or young-growth stands. The percent
cover of soil was significantly greater in young-growth stands than in
mature or old-growth stands.

There was no significant difference in the percent cover of
evargrasn or-deciduons shrubs between red tree vole and uQuiluble_
fabitot for all seral stages combined (Appendix F) and for old-growth

stoands (fippendizx G). In mature stondse, red tree vole Robitat hoad a
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Toble 17, EBrown—-Forsythe ANOVA Tests for Average Fercent Cover of
Substrate, Shrubs, Herbs, and Deciduous and Evergreen Shrubs
and Herbs in Availoble Hobitat Between Three Seral Stages= of
Douglne—Ffir Forest Examined in Mendocino County, Cul1+ornLa§
(k = p < O, 0%) .

0ld-Growth Mature Young-Growth
Standard Standard Standard
Variable n Mean Error n Menan Error n Mean Error
Average Fercent Cover of Substratet
Rock 156 161 1.206 146 15.4 1.348 103 15,7 1.82%
Soil 173 13.6 0.851 2195 11.8 0.704 176 15,7 L 254X
Fine Litter 360 70.1 1.233 360 79.1 0.927 3460 75.4 1.062%
Coarse Litter 192 14.7 0,908 153 14.4 1.079 253 16.2 0.871
Moss. 333 24.0 1:.1946 302 16.4 0.969 2146 14.1 0.8756%
Average Fercent Cover of Shrubs! ' :
All Species ?04 17.1 0,408 834 10,8 0.332 780 14.1 0.50%x%
L TR 268 21,7 1.278 155 15.59 1.241 259 17,2 1.023%
e 101 14.7 1.66 116 10.9 0.752 106 14,5 1.,499%
QUCH® 115 10.7 0.694 180 2.3 0.459 100 10.5 0.540
RHLO I 146 20.2 1.636 26 8.1 0.125 76 11.2 0.867%
LOHI® 40 8.4 0.280 87 8.95(0.362 60 10.5 1.394
BENE® 84 12.6 0.894 1 88.0 0.000 3 8.0 0.000%
fiverage Fercent Cover of Herbs!? i
All Species 805 10,2 0,282 461 11.3 0,584 412 11.4 0,571
GAMUs 118 8.5 0.223 34  9.80.,740 20 B.6 0.600
GRAG< 37 9.1 0.454 90 19.0 2.502 59 12+7 1,32%
IRGF+ 148 11.1 0.7352 46 9,00.504 33 8.7 0,38I%
FOMU= 71 10.6 0.823 37 9.6 0.484 18 12.7 1.41%
VAFL<= 103 8¢4 0,200 34 8.4 0.353 38 Zi¥ 1.5%9
All Shrub Species?t
leciduous 330 14.8 0.813 262 8.6 0.337 201 11,2 0.679%
Evergreen 974 18.4 0.832 571 11.8 0,454 979 19.1 0,630x%.
fll Herb Specieg? :
Deciduous 260 11.9 0.842 221 9.9 0.841 392 8.6 0.130%
Evergreen 356 12,1 0,602 147 8.8 0,250 P46 9?51 0.359%

stages.

Lithorarpus
chrycsolepis,
= Herbherig

See study area descriptions

TRHOT
NETYOEI .

The following mnemonics were
denrlFlorqa

FESME

= Rhus

for descriptions

used for the shrub
= Fgegdotouga menzies

species:
1iy

diversilobay

¢ The following
muricatum,

= Folvstichium

GRAS =

mnemonics
Grass
mian L tume

{species

LOHI =

were used for the herb
unidentified).,
VAaFL = Uancouveria planipetala.

Lonicera hispidulay

of the three seral

LIDE =

speciess
RS =

QUCH = Qv us
BENE

GAaMU = Galium
Iris sp.y FOMU
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signi?icantly'greater percent cover of evergreen shrubs thun.did.
available habitat (Appendix G). In young stands, the percent cover of
both deciduous and evergreen shrubs was significantly greater in
available habitat than in red tree vole habitat. |

In available habitat only, old-growth stands had a significantly
greater percent cover of both deciduous and evergreen shrubs than did
miature or young-growth stonds (Table 17), The percent cbver of .evergreen
shrubs wasg signi€itant1y greater than the percent cover of deciduous
shrubs for all seral stages combined and w#thin each seral stage (Tab'le
1),

Dwarf Oregon grape (Berberic nervosa) was the only shrub species

that had a significantly greater percent cover in red tree vole habitat
than in available habitat for all seral stages combined (Appendix F) and
for old-growth stands (Appendix G). There was no signi?icont difference
in percent cover of any dtﬁér ahrub 5pecié§ between red tree vole
habitat and available habitat for all seral stages combined (Appendix F)
or for old-growth stands (Appendix G). Within mature stands, the percent
cover of all shrub species combined was significantly greater in red
tree vole habitat than in available habitat (Appendix G)., In
young-growth stands, the percent cover of all ﬁhrub species combined and
the percent cover of poiéon oaK was significantly greater in available
habitat than in red tree vole habitat.

In available habitat, the percent cover of nll shrub species
combined and Qf%%QHOQKy paison onky and dwarf Oregon grape was
significantly greater in old-growth stands than in mature or
ymunq“grgwth stands (Tuble 17). The percent cover of llouglas-fir was

significantly greater in old and voung-growbkh stands than in mature



Table 18, Brown—-Forsythe ANOVA Tests Retween Average FPercent Cover of
’ lDeciduous and Evergreen Shrubs, and Average Fercent Cover of
lHeciduous and Evergreen Herbs for ALl Three Seral Stages™ and
Within a Given Seral Stage of louglas-fir Forest Emamined in
Mendocino County, California Ok = p < 0.05),

leciduous Eveargresn

Standard Standard
Variable n  Mean Error n  Mean Error

All Seral Stages:!

Shrubs 793 11i.8 0.406 T 1724 15.1 Q. 385%

Herbs 873 .9 0.295 999 10.8 Q.373
0ld Growth!? _

Shruhs B30 148 0.813 574  18.4 Q0.832%

Herbs . 392 B.6 0.130 3586 12,1 Q0.602%
Mature: .

Shrube 262 8.6 0.337 /71 11.8 0.,4%54%

Herbyg 221 9.9 0.541 _ 147 8.8 ° 0,250
Young? '

Shriubs 200 Tl 2 0:.675 579 18a.1 0.8630%

Herbs 260 11.9 0.842 24 @l Q. 359%

? See study area dezcriptions for descriptions of the three seral
stages., W

e 0



stands. A complete list of tree and shrub species abserved in the three
seral stages is presentéd in Appendix H.

The percent cover of deciduous herbs was significantly higher in
red tree vole habitat thqﬁ in available hnbitmi for all seral stages
combined (ﬁppendix F) and for young-growth stands (Appendix G), There
was no significant difference in the pefcent cover of evergreen herbs
between red tree vole and availqblé habitat for all seral stoges
combined (ﬂﬁp@ﬁdix F) or within any given seral stage (Appendix G).

In available habitat, the percent cover of both svergreen a.d
deciduous herbs was significantly grentgr in old~growth standsz than in
mature or young-growth stands (Table 17). There was no significant
difference between the percent cover oF_deciducua herbs and the percent
caver of evergreen hefbs for nll sernl stages combined and for mature
stands (Table 18). In old-growth stands, the percent cover of evergreen
herbs was gignificanily greatef than that of deciduous herbs. Howev@r,-
in young-growth stands, the percent cover of deciduous herbs was
significantly greater than that of evergreen herbs.,

For nll seral stnges combined, the percent cover of all
herbaceous species combined was significantly greater in available
habitat than in red tree vole habitat (Appendix F). However, the percent

cover of bedstraw (Galium muricatum) was significantly greater in red

Lree vole habitat than in available hqhitat. In old-growth stands, the
percent cover of grass (species unidentified) and of iris (Iris sp.) was
significantly gﬁggter in red tree vole habitat than in available hobitat
(Appendix G). There was no significant difference in the percent cover
af any herb species between red tree vole and available habitoat in:

mature stands. In young-growth stands, the percent cover of all herb



species combined and of grass and sword fern (Folystichum munitum) was
significantly greater in availoble habitat than in red tree vole
habitat. |

For available habitat only, the percent cover of grass wﬁa
significantly greater in mature atundg-than in old or young-growth
stands (Table- 17). The percent cover of iris was signjficantly greater
in old-growth tham in mature or young-growth stands. A complete list af
herbaceous species observed in the three seral stages is presented in

fppendix I,

Ay



DISCUSSION

The abundance of red tree vole nests observed in this study was
greatest in old-growth stands of Douglas-fir forest, thus, apparent Ly
leading to the ﬁmnclusion that old-growth Douglas-fir forests provide
.more suitable habitat for red tree voles than do mature or young-=growhth
forests. An important aspect of the mesic old-growth forest cancopy is
that 1t serves as a climatic buffer, providing a microclimate with high
humidity, low windspeed, reduced daily maximum temperature; and reduced
daily temperature range within the forest (Lang 19805 and Franklin., ot,
al., 1981). Cool air drainage, high transpiration by deciduaus
vegetation, and low evaporative demand in shaded ravines also contribute
to the maintenance of moisty cool riparion microclimates (Lang 1?80).

A moist microclimate, eg, old growth canopy ("fog drip®), may be an
important factor influencing habiint utilization by the red tree vole.
Hamilton (1962) indicated that the humid constal fog belt was critical
to fulfilling the water requirements of the red tree vole both by
providing water to be licked from the needles and by maintaining ~..suh
foliange for consumption. Under captive conditions, red tree voles
suffered weight loss and mortality if the food supply (Oouglas-fir
needles) wae not Kept sufficiently moist, whereas captive red tree vole
survival was go@d if the louglas—fir needles wel 2 moistened Freque &1y
(Bensen and Porell, 1921¢ and Hamilton, 19&2).

In this study, conditions providing sufficient moisture to meet Lha

requiremnents of the red tree vole were found primarily in the two stands
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in closest proximity to the Eel River (Alpine and White House), and were
reflected by the fact that more than half (57%) of the total number of
red tree vole nests observed in this study were found in these two
_ﬁtundﬁo Of the nine study stands, only Alpine and White House were
directly exposed to the early morning and evening foge following the
course of the Eel River during the summer months (pers. obs.), which
wortld result in a microclimate with increased humidity (Lang, 1980), In
mature louglas-fir stands, proximity to water was the most important
variublé digtinguishing red tree vole habitat from available habi' b, a

factor again reflecting a microclimate with increased humidity.

Microhabitatl Use

ved Tree Vole Nest Characteristics

ALl 79 red tree vole nests observed in this study were located
#elusively in Douglas-fir trees. When evaluating the results of this
stuudy with respect to habitat management for red tree voles, the fact
that red tree vole nests have been observed in other conifers (eqg. grand

fir (Abies grandis) or SitKa spruce (Ficen gitchensis) in more northern

portions of their range should be considered (Anderson, 1981) Benson and
Karell, 1931¢ Maser, 19663 and VUrieze, 1980). However, these conifer
SpRCles Qere not present in the Douglas—fir forests examined in this
study (pers. Qb%})& According to Johnson (1980), usage coan be
considered ael@?tive 1 components are used disproportionately to bLheir
avallability. Thus, "in this study, red tree voles can be considered to

frave been solective 1in their choloce of nest trees, using Louglas-firs in
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chh greater proportion than the availability of this species in the
study area. The significantly greater use of Douglas~fir trees as nest
sites can be attributed to the restricted diet of the red tres vole. As

discussed previously, Douglas—fir needles comprise the principle

. component of the diet of this species (Howeil, 19265 and Benson ond

Eorellg 1931) .

Fed tree vole n@ﬁis obéerved in tﬁiﬁ study were characterized by
accumulations of resin ducts and red tree vole feces. Tﬁe skeletal
ﬁtructur% of the nests was composed primarily of small twigs. The
majority (91X) of red tree vole nests were located ad.acent to the trunk
of the nest tree, at the fork of two or more branches. The nestz
observed in this étudy were similar to those that have been described in
detnil by Howell (19246), Maser (1946&4), and Zentner (1977). In this
study, nests constructed solely by red tree voles wefe observed, ns well
as those constructed by other cpecies but inhabited by red tree voles
(as indicated by the presence of Douglas-fir barkK trimmings, moss, or
long black and white animal hair, along with the presence of resin
ducts) . One red tree vole nest was found in a mud constructed,
abandoned bird’s nest. FRed tree vole neste containing mud balls also
were observed by Eenson and Borell (i?Elﬁ, who suggested thut.these W @
builtlon top of old robins’ nests.

Maser (19464) has obecerved terrestrial red tree vole nects and red
tree voles huave been captured in pit-fall traps (Corn and HBury, L1964),
Although no tﬁrﬁéatrial red tree vole nests were found during the course
of thig study, terrestridl activity by this species was indicated on the
Coast Range Frecerve by the capture of red tree voles in pit~f011 traps

ot ot as part of the Old-Growth Wildlife Habitat Frogram (C, Barrowg,
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PErsS, comms ).
Between seral stoages, red tree vole nests were constructed from
materials availabile in the Douglas-fir stand. For example, redwood

barkK shavings and lichen {Alectoria sarmentosa) were common components

of nests in Alpine, an old-growth stand, but were rarely obcerved in red
tree vole nests in the other stands ewamined throughout the cnurﬁé af
this Qtudy. Lichen hanging from Douglas—Ffir branches and reduocds were
both prevalent throughout ﬂlpine{ but less available in the other eight
stands. Hougluew?ir.burk shavings, louglas-fir trimmings, and green
needles characterized both red tree vole and non-red tree vole nes' in
young-growth stands, indicating that red tree voles in young-growth
stonds may have been inhabiting nests originally constructed by other
species such as Northern flying squirrels or Western grey squirrels.
Howell (1926), Maser (1964), and Zenter (1977) also observed red t:me
vbleg inhahiting nests constructed by other species.

Red tree vole nests in old-growth stands were located higher in a
tree than those in mature or young-growth staonds, This can be
attributed to the height of the louglas-firs Qvuiidble within a giwven
stand. Both the bole height and the total tree height of the nvnilublé
trees were taller in old-growth stands than in mature or young—growth
stands. WVrieze (19280) found that réd ﬁree vole nes£ height was
correlated with bole height and that the differences in nest height
between study areas was due to-diFferenc&a in bole height of the nest
treag mn-hig ztﬁéy TS

In this study, the average red tree vole nest height Wi
approximately 4.0 m obove the bole height in all three seral stoages.

Mriewe (1980) observed that red tree vole nests tended to be in the
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lower portion of the Frbwny averuging 3.7 m nbove the lowest living
branch. Vrieze (1980) attributed red tree voie nest location to the
abundance of protective cover and the maximization of horizontal
foraging capacity.

Red tree vole nests observed in this study were located, on
caverage, on the south side of the tree for each seral stage (Table 95),
Orientation of the nest on the south side of the tfee woild Facilitufe
cwarnming and heat retention of the nest during inclement WthhQPy-QSINEll
as drying the nest after heavy wiﬁtwr rains. Zentner (1977) has shown
that the red tree wvole nest provides effective insulation from adverss
weather conditions. By comparing the rate of heat loss in the nest
chamber to the rate at the outer surface of the nest, Zentner (1977)
observed th&t small red tree.vole nests were copable of. reducing the
rate nf heat loss by 62%Z while medium and large red tree vole nests

reduced the rate of heat loss by as much as 87%.

Fed Tree Vole Nest Tree Characteristics

In this study, red tree vole nest tress were significantly tallere,
and hoad a larger diameter than expected on the basis of availability.
Selection of large, old-growlh trees potentially maximized food
availability for the red tree vole, since the food resource (Duuglaéwfir
needles) is concentrated on foewer individuals than in young-growth

stands (Frankliny, et, al. 1981). Such a situation would be advantageous

A
&
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to the red tree vole, due to its restricted diet and specialized,
arboreal lifestyle.

Red t;ae vole nest trees were charocterized by having a greater
frequency of conks, dead tops, and fire and damnge scars thun availoble
trees (MAppendix C). These characteristics are representative of older
trees, thus reinforcing the selection of large, older trees as nest
#ltee by red tree voles. However, within old-growth stands, awvailable.
£ree$ 2lso were characterized by the presence of fire scars, conkKs, nad.
cnvitiesé Thusy the condition of the nest trees in old-growth stands is
probably reflective of the condition of the available trees,
particularly the Iouglas—~firg, rntﬁer than any selectivity for this type
of tree by red ttee voles within this seral stage .

Available trees had a greater frequency of moss covering their

trunkKs than did red tree vole nest fr@est The lack of moss on nest
trees can be attributed to the fact that all the nest trees were
louglas-firs, a species which rarely has moss growing on its trunk,
However, the majority of available trees were tanoaks, which commonly

(= 73%Z) have moss (particularly Dendronlsin abientina) growing profusely

on their trunke (pers. obs.).

Red tree vole nest tfeeg also were nearer to other nest trees than
were potentianlly available but unused trees., Zentner (1977) and Ber .on
and Rorell (1931) have suggested that red tree voles may be found in
‘colonies®. However, Uriexe (1980) conducted a nearest neighbor
orialysie and Pm@ﬁd that the dispersion Df.rmd tree vole nests was not
significantly different from na randon pattern, In this study, red tiy =2
vaole nests were not colonial in the strict sense of the word. Although

nests were observed in the same genernl area of the forest, they were
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not closely grouped, Much of the “grouping® obéerved in thié study can
be attributed to higher densities of nests in preferred habitnt. The
~majority of nests were located in the two stands adjacent to the Eel

River which had moister, coocler microclimates that the more non—-riparian

stands, as discussed previously,

Habitat Charagnteristics

Habitat characteristics found to be important in use of an area by
red tree voles in this study included low altitude, high percent canopy
covery high stump density, low snag densitys shorter snagsy and larger
diameter logs and trees., Red tree vole habitat also was characteri . od

-

vegetatively by large Douglas-fir and redwood trees, the presence of

dwart Oregon grape (Berberis nervosa) and Galium muricatum, lower

avernge percent cover of herbaceous éjeciesy particularly deciducus
herbsy and lower average percent cover of rock,

The microchabitat available to red tree voles differed between seral
stnges. Umriubility between stand age in such factors as percent canopy
cover can all be attributed to the successional stage of the forests. -
For exaomple, available habitat in old-growth stands was characterized by
fewer but larger trees, logs, snags, and stumps, and a higher percent
shrub cover than in mature or young-growth stands. All of these are
features expected in old-growth stands (Franklin, et. al.,, 1981). Stand
location can ncagunt for variability in such factors as slope, aspecty
or altitude, Iaeully, in a habitat comparison study such as this ono,
stand 10ca£ion5 would be standardized as much as possible. However,

when comparing forests of different ages, in which a stand oage iw
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determined by its Imgging or fire history, a variety of locations for
dif?wrent stand ages cannot be avoided (eg! old-growth stands would ’
praﬁably be in the least accessible areas). Thus, environmental
features such as slope or altitude should be considered descriptive
characteristics rather than used to discriminate available habitat in
one seral stage from that in gnather seral stage.

However, within a given seral stage, such features may aid in
determining if red tree vole habitat use was in proportion to the
available habitat. In old-growth stands, red tree vole nests were
located in areas close to ravines, shoilou slopey and low in altitude.,
Red tree vole habitat in old-growth stands was characterized
vegetatively by the presence of grass and iris, and by fine litter og
the primary substrate cover. In mature stands, red tree vole habitut
was closer to watery, further from ravines, and had more logs than did
available habitat. IRed tree vole habitat in mature stands could uiso he
distinguished from available habitat on the basis of higher percent
shrub cover and lower percent cover of fine litter. In young stands,
red tree vole habitat was characterized by high stump density and low

percent herb and shrub cover.

Recommendations for Red Tree Vole Habitat Management

Management of Douglas-fir forests in Northern California for red
tres vole hobitﬁi.should include consideration of a given forest’g
location and itg auyccessionnl stage. On the basis of thisz study, older
Douglas-fir forests in mesic locations or micro-climates, such as

riparian or ravine sitesy appear to provide the most suitable habitat
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for red tree voles. Older forests probably provide red tree voles with
o more snitable microclimate than yoﬁng@r Douglas~fir forests due to the
climatic buffering capabilities of older forests,

Within a given seral stnge; factors such as location with respect
to ravines, and shrub and herb cover should also be considered when
evaluating Douglas-fir forests for zuitnbility as red tree gole habitnat.
It is recommended that munagement of red tfee vole habitat in Narthern
California should entﬁil the maintendnce of llouglas-Ffir forests in
mesicy, cool leocations or microclimates not only to ensure that the
misture regquirements of £h15 species are satisfied, but also to provide

suitable microhabitat for inhabitation by red tree voles.

‘.
.
. '.}»



REFERENCES CITED

Anderson, S.H, 1981. Correlating habitat variables and birds. Studies in
fivian Riology No. &t S3Z8-%542.
Rensony S«B. and A.E. Rorell. 1931. Notes on the life history of the red

tree mouss Fhenacomys longicaudus. J. Mamm, 12(3)3 2026-233,

Bingham, E. 1984, U.3. Forest Service Fuacific Southwest Experiment
Station unpublished data and report on file at the Redwood Sciences
laby Arcata, CA.

Erennan, L«Ac 1984, Summer habitnt ecology of mountain quail in Northern
Californin. M:S. Thesis, Humboldt State Univ‘, Arcata, CA. 7lpp¢_

Corny F.5, and R.E. Bury. 1984, Hupitut use and terrestrial activity by

red tree voles Fhenacomys longicaudus in Oregon. Contribution fo:r the

Old Growth Qildlife HMobitat Frogram, USDA Forest Service. Facific
Northwest Experiment Stoation. 9pp.

Oixony, W.J., M.B, Brown, L. Engelman, J.W, Frane, M.A, Hill, R.I.
Jennrich, and J.DI. Toporek (eds.). 1983, BMIF statistical software

1983 reviced printing, Univ. of California Fress. Berkeley, CA.

Noyley AT, 1985, Small mammal micro~ and macrohabitnt selection in
streamside @ggﬁystemga Fh.I. Thesis, Oregon State Univ. Corvallis,
Oregon . Eilps.

FrankKline, JoF.y Ko Cromack, Jdr.y, W. Denisony A. McRKee, C. Moser, J.

Sedell, F. Swinson, and. G, Juday,. 1981, Ecological characteristics of



old~growth Douglas—fir forests. USDA Forest Service, Facific
Northwest Forest and Range Experiment Station, GTR PNW-118, 48pp .
Hamilton, W.J. III. 1942, Reproductive adaptations of the red trae
mouse. Jo Mamm. 43(4)% 484~504.
Howell, A.B. 1924, Voles of the genus Fhenacomys II. Life history of the

red tree mouse Fhenacomys longicaudus. No, Amer. Fauna, 48! 39-46,

Jewett, S.G. i920. Notes on Lwo species of Fhenacomys in Oregon. J.
Mamme 1€4)1 145-148,

Johneon, INhH. 1980, The comparison of usage and availability measure-
mants for evaluating resource preference. Ecology 611 &%5-71,

Jahnson, 8.6, 1979. The 1and~use.history of the Cbost Fange Freserves
Mendocino County, California. M.A., Thesis. San Francisco State Univ,
2%58pp .

Kleckay W.R. 1980, Dliscriminant analysis. Sage University Fapef Series
on Quantitative Applications in the Socinl Sciences, series no.
07-019. Beverly Hills and London! Sage Fublications. 7lpp.

Lang, F.J, 1980. 0ld-growth forests of the Douglq5*Pir region of western
Oregon and western Washington?! characteristics and management. Jones
and StoKes Associatesy, Inc. Sacramento, CA, Frepared for North wmmt.
Timber Association, Eugeney ORy; and Western Forest Industries

Association, Fortland., &2pp.

Mnsery, C.0. 1966, Life histories and ecology of Fhenncomys albipes,

Fhenacomys longicaudus, and Fhenncomys silvicola. MS Thesis. Dregon
; . A G : S,
Ztate Univer&Sity. Corvallis, OR. 221pp.
Munz,y F.oa. 19685 & Calitornia Florao Univ. of California Fress. Rerkeley

nnd Los Angeles, CA. L468Llpp.

Fartridge, L. 1978, Habitat selection. Fp., 3%1-378 in J.R. Krebs and



64

N.B, Invies (eds.), Behavioral Ecology! on Evolutionary épproach.
Blackwell Scientific Publicufionse Osford.

Ruggieroy L.F. and Careyy, AR, 1982. 0ld~growth wildlife habitat
resenarch and development prograﬁ: action plan, Forest Sciencoes
Laboratory. Olympia, WA. &2pp.

Sawyery J.0., DeA. Thornburgh, and JoR. Gri?Finoll?7?. Mixed svergreen

| Fofast. Fp. 359-381 in M.G. Barbour atid Ja Major (eds.). Terrestrial
vegetation of Cuiifdrniue Wiley. New YorkK. 1002pp.l

sokaly, R.R. and F.J. Rohlf, 1949, Biometry. W.H, Freeman. San Francisco.
BUYPpp.

Spiesy TeA., 1983, Study plan! Characterization of old-growth Douglas—Fir
forests of western Drégon and Washington. Dept. of Forest Service,
Qregon Stoate Unive Corvnllié} Or. 37pp.

Urieze, JoM., 1980. Spatial patterning of red tree mouse, Arborimus
longicaudus, nests. MA Thesis. Humboldt State University. Arcata, CA
37pp s

Zentner, F.E, 1977. The nest of Fhenacomys longicaudus in Northwestern

California., MM Thesis. Californin State University. Sacramentoy, CA.

S9pp



FERSONAL COMMUNICATION

Barrows, C. 93277 Diaz. Box 478. La Quinta, CaA. 92253

B Y

£
O



SFFENDIX A Number of Ked Tree Vole Nests Observed in Old~Growths
Mature, and Young-Growth Stands® of Douglas-fir Forest in
Mendocino County, California.

Sernl Stage # Red Tree Vole Mests

Stand®

0ld-Growth

Alpine 29

Elder Creek 4

Ten Mile &
Total Qld-Growth? 39
Mature

Fannvy’s Flace 4

Harwood ‘s Ninety 4

White House 16
Totnl Mature: 29
Young-Growth

EBarnes”’ 2

Homesteoad 10

Mud Springs 6
Total Young-Growth: 18
»‘1

See Figure 1 for stand locations.
Dee study area descriptions for descriptions of individual stands.
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AFFENDEX 1t Obsorved Frequencies of Variables Used to Characterize Nest Samples Collecled While biamininig o Neot for
Evidence of Inhabitation by Red Tree Yoles, :

Red Tree Vole Mestse Non-Red Tree Vole Mesto
0ld-CGrowth™ Mature® Young-Growth” Total 0ld-Growth®™ Mutuev Young-Growth® Total

Variable (tn = 35) (no= 22) (n = 18) (n = 73)  (n = 19) (n = 19) (n = 21) (no= &Y)
Feces 20 13 11 44 7 4 o] 11
Redwood Lark . '

Shavings e 1 1 2 18 6 6 1 13
Douglas-Fir bark i

shavings 23 5 ] 14 1 16 14 . 25
Lichen 19 ) o 27 14 1% & 35
Moz, ¥ 14 7 3 24 11 18 10
Greoen Douglas- & i

f11r needlew 7 7 13 - a7 S : 12 17 34
Brown Douglas-—

fir ncedles 22 12 3 40 14 21 11 46
Doy L ir

trimmongs 8 S5 10 23 3 4 10 17
Bouglas-Fir 2 # t
' twigs 19 Q S 33 10 21 'h 37
Leaves 4 1 2 7 2 1 2 5
Nouglas fir : i

cone ccaley 4 0 0 4 3 2 5 8
Animal hair 8 1 1 10 & 14 11 20

Four nest samples contained only resin ducts, and thus were not included

in this part of the annlysis,
Yee sludy area descriptions for desccriptions of seral stages.,
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fippendix U, Ubhserved Frequencies of VYariahles Characterizing Red Tree Vole Mests Trees and Available Test Trees in fhree
Seral Stages™ of Louglas-fir Forest Emamined in Mendocino County, California,

Red Tree Vole Nests Trees G Available Test Treeq

Old-Growth Hature Young-Growth Total 0ld-Growth Mature Younyg-Growth  Total
Variable (n = 39) (n = 22) (n = 18) (n = 79) (n = 450) . (n = 4450) (n = 450) (n o= 13%50)
Tres Speciec
(INoug las ~Fir only) Ay 227 18 79 76 131 1 288
Lightning L, iw0 4] [} 1 0 2 1 - 3
Fire Scar . :gb 12 0 o0 171 40 1w 230
Ladder 2 8 7 17 38 117 193 548
Conl 12 4 0 16 . 1% 2 4] a2
Lead Top 1 2 a 7 (4] 10 & 17
Covity Numbert 5 1 1 7 114 e vo 302
bamage Scars - 9 8 17 ™ &4 g4 148

* Sec study area description for descriptions of the three seral stages. :

" The cample size for cavity number for awvailable test trees in young-growth stande was 449,

“ Sample size for dumage scar were! Mature - red tree vole nest trees! D = 173 available test trees: n - 279, Young -
red tree vole nest trees! n = 14} available test trees! n = 300,
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fppendisx . Froduct Moment Correlations of the Six Nest/Test Tree
Varinbles Used in the Stepwise Discriminant énalysis,

Tree Tree Bole listance to Distance to listance

Variable : Diameter Height Height Nearest Tree Nest Tree to Redwo
Tree

Diameter -
Tree :

Height 0,871 e
Bole ’ :

Height 0.611 0.717 -
Distance to

Nearest Tree 0.223 0,203 0.0664 , S
Distance to

Nest Tree () 249 -0.,219 =-0.219 -0.,10% e
istance to _

Redwood -Q.07% -0.011 0,01% 0.073 0.077 =
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fppendize L. Froduct Moment Correlations of the Eleven Habitat Variablec Used in the $tepwise Discriminant Analysis.

Distance Distance Basal Average - Treo Snag Log S ap
Variable Slope fAspect Altitude to Water to Ravine Area Canopy Cover Number Mumb v MNumber Number
Slope 5
Aspect, -0,043% -
Alt:tude -0.2698 0.069 o
Distance Lo
Water -0.202 0.0/5 0,702 -
‘Distance to LT ¢
Favine 0.035 ' * -0.04% 0.137 0,094 ==
Bacnl Area 0,032 ¢ -0.0462 =0.129 -0.147 0.061 =
Ave ragoe ’
Cunopy Cover 0.061 0.127 =0.039% -0.018 0.038 0.244 -
Tree Number ~0.132 0.045 0.273 0.2994 0.237 0.261 0.274 -
Snag MNumber 0.906 0.045 -0.046 -0.078 0.0598 0.243 0,095 0.184 -
Log Number -0.298 0.1499 0.297 0.257 -0,022 -0.,142 ~0.,057 0.035 -0.011
Stump Number -0.159 0.102 0.345 0.335 0.159 0.017 -0.08% 0.239 0,129 0,324 -
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AFFENMDIX F. Brown-Forsythe ANOVA Tests for Average Fercent Cover of

Substratey Shrubs, Herbs, and Deciduous and Evergreen Shrubs
and Herbs in Red Tree Vole and Availoble Habitat Flots in
All Three Seral Stages® of lDouglas-fir Forest Examined in
Mendocino County, California. Uariables Are Defined in Table
2, (% = p < 0,08

Red Tree Vole Habitat Aviailable Habitat

Standard Standard
Variable n Mean Error n Mean Error
Substrate Average Fercent Covert
Rock ’8 122 1+02 405 15,7 0.815%
Soil 140 14.4 1.2590 544 13,46 0 0.945
Fine Litter 292 7532 14177 1080 74.9 0,634
Conrse Litter 142 15.6 1.034 588 18,2 0,545
Moss 232 18.4 1212 8%1 18.8 0.6328
Average Fercent Cover of Shrubs?
All Species 646 14,8 0,606 2518 14.1 0.294
LITuge 205 18.6 1.267 682 18,6 0.701
PSME® g5 11.3 1.778 ' 323 13.2 0.769
QUCH® 87 10.9 0.:834 395 10.1 0.322
RHLT S 80, 13.6 1.415 318 14.4 0.836
LOHI® 61 8.2 0.197 209 9,0 0.439
RENE® 56 20.4 2.357 88 13.3 1.213%
Average Fercent Cover of Herbs? :
All Species 559 ?.9 0.294 1678 10.8 D 253%
GAMU= &% 10.8 0.812 172 8.8 0.225x%
GRAS< a8 13,3 1.864 205 14.4 1.201
IRGF<«= a2 2 0. 395 247 10,2 0.472 -
FOMU= 41 12.7 1.622 126 10.6 0.547
VAaFL= 47 8.0 « 0.000 172 8.7 0,353
All Shrub Speciess _
Neciduous 236 13.0 0,806 793 11.8 0.404
Evergreen 410 15:.9- 0.832 1724 Sis 0. 335
All Herb Species?
Deciduous 301 7.0 0.223 873 7.9 0.295x
Evergreen 200 10.2 0,503 599 10.8 0.373

<«

See study areq,deccriptions for descriptions of the three seral
stages, e :

The following®mnemonices were uwsed for the shrub species?! LIDE =
Lithocarpus densiflora, FSME = Fsendoteuga menziesii, QUCH = Quercus

chrvesolepisy, RHUOI = Bhus diversilobay, LOHI = Lonicera hispidula, RESE
= Rerbherlis Dervosa.

The following mnemonice were used for the herb species! GAMU = Galium
muricatum, GRAS = grass (species unidentified), IRSF = Iris sp.. FOMY

= Folysthichuam munitum, VMAFL = Uancouveria planipetalo,
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AFFENLIX G. Krown-Forsythe ANOVA Tests for Average Fercent Cover of Substrate, Shrubs,
and Herbs in Red Tree Vole and Available Habitat Flots Within
Mendocino County, California. (% = p = 0.,05),

Herbs, and Deciduous and Evergreen Shrubs
2 Given Seral Stage= of Douglas—-fir Forest Examined in

0ld-Growth Mature Young-Growth

Fed Tree Vole Available Red Tree Vole

fAivailahle

Available Red Tree Vole
‘Stppdard Standard Standard Standard Standard Standard
Variable Mizan Ewrror Mean Error Mean Erraor Mean Error Mean Error Meran Evrror
Substirute Average Fercent Cover? 2
Rock 11.2 1.108 16.1 1.206% 16.5 2.579 1.3446 8.5 0,522 15.7 1.825%
So1l 11.7  1.095 13.4 0.851 12,6 1.363 Q. 7049 20.5 3.884 15,7  1.2%54
Fine Litter 76.2 1,599 70.1 1,233% 73.5 2.203 0.927% 79.5 2.749 79.14 1.062
Course Litter 16.2 1,497 14,7 0.908 14.0 1.594 1.079 14.6 20194 14,2 0.871
Moy 19.98 1,848 24.0 1.196 18.8 1.882 0.946% 13.8 2,695 14, 0.876
fiverage Fercent Cover of Shrubs! ‘
All Species 17.9 1.061 17.1 0.408 12.7 0.874 0.322% 11,2 0.6460 14.1 0.,503x%
LIDE®= 19,9 1.Bs&6 21.7 1.278 19.2 3.029 1.24) 14.46 1.3531 17.2 1.023
FSMEw 10,6 2,147 14,7 1.661 12,7 3.66 Q.7%2 G.7 1.714 14,5 1,499
QUCH" 11.1  3.058 10,7 . 0.494 11,3 0.824 0,459 2.0 1,000 10.5  0.%40
RHIIT e 16.0 2,063 20,2 1.636 12, 2.74% 0.12% 8.0 0.000 11.2 0.B&7x%
LOHI® 3.0 0.000 &.4 0.280 B,0 0.000 0,342 3.8 0,800 10.5 1,394
LHENE® 2.4 2,357 12, 0.894% = - e = & - -
fverags Fercent Cover of Herbs!
AL Hpe pee Gt 0,870 10,2 0,282 10.7 0.557 0.584 .46 0346 11.4 0.571%
LML= 10,2 1.018 8.5 0,223 11.6  1.35%7 0. 740 8.0 0.000 B8.46 0.4800
LRAS= 4.0 0.000 ?.1 0. 454% 17.1 3,033 2,502 2.0 0000 12.7  1.,320%
1RSF~ 8.t 0,424 11:1 0.752% 10.4 1.101 0.504 8.9 0.897 - B.7 0,385
FOMU-<= 14.3 2,613 10.64 0.823 11.2 1.933 0.4684 8.0 0.000 12, 1.419%
VAR« 3.0 0.000 8.4 0,200 8.0 0.000 0.353 8.0 0.000 2.9 1.599
ALL Shrub Species:
Uecrduoys 17,1 1.442 14,8 0.813 7.8 0.911 - 0.337 o4 0.364 11.2 0.674%
Eéurqroun 18.3 1.45%8 18.4 0.832 14,5 1.288 0. 454% 125 Q.82 15,1 0,4630%
All Herb Speciess '
Deciduous 8.7 0,301 8.6 Q.130 9.3 0.360 2.9 0.%41 9.0 0.492 11.9 0.842x%
Evergréen 10.5 0.7591 12,1 0,602 10.1 0.750 8.8 0.2%0 g.4% 0500 2.1 0309

£

See study area descriptions for descriptions of the three seral stages. _ *

The following mnemonics were used for the shrub species! LIDE = Lithocarpus densiflora, FSME - Pueudotsuga mensiesiiy QUCH
Uuercus chrysolepis, RHOI = Rhus diversiloba, LOHI = Lonicera hispidula, BENE = RBerberis nervosa.
The' following mnemonice were used for the herb species! GAMU = Galium muricatum, GRAS = grass (species unidentified), IKSF
Spey FOMU = Folystichum punitum, VAFL - Yancouveria planipetala. .
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AFFENDIX M. Tree and Shrub Species Observed in 73 0,04 ha Red Tree Vole
' Flots and 270 0.04 ha Randomly Chosen Available Flots in
Three Seral Stages of Douglas-fir Forest in Mendocino
County, Californiae.

Seral Stage

Species _ Old-Growth - Mature Young-Growth

Acer macrophyllum

fAlnus =p. 3 72
Arctostaphylos canescens pd
Arctostaphylios columbiana e
Arctostaphylos manzanita 3 4
Arbutus menziesii ot 3 b2
Baccharis pilularis M
EBerberis nervosn b b b
Cnstanopeis chrysophylla b b P
Ceanothus incanus bt P
Geanothus velutinus 3
Cornus nuttalli M b b
Corylus cornuta b 3 b
Gaultherin shallon P b
Heteromeles arbutifolia b

Holodiscus discolor M b

Lithocarpus densiflora b P P
Lonicera hispidula M e P
Fseudotsugn menziesii M # P
Quercus chrysolepis by 3 by
Quercus garryana P

OQuercus Kelloggii b :
Quercus wislizenii e e b4
Fhamnus californicn e M
Rhus diversilobn 3 3 %
Hibes sp. M M 3
Rosa gymnocarpa b 3 3
Rubus lewcodermis bE4 b
Fubue parviflorus ¢

Sequoia semperyvirens b :{ b4
Toxus brevifaolin i e
Umbellularin californica I 3 3
Yaccinium wvatum: 3 5 %

Lo



AFFENDIX I,

Herbnceous Species Observed in 1372

A

4 m* Subplote® in Three

Seral Stages of louglas-fir Forest in Mendocino County,

California.

Species

Seral Stage

Fedicularis densiflora
Fityrogramma triangularis

Folygnln californica

Folystichum munitum
Fteridium aguilinum
Fyrola picta

Smilacing racemosa

Stnchys rigida

Trientalis latifolia

Trillium

avatum

Vancouveriao planipetaln

Viol. glabella @
Violn sempervirens

Whipplea

modesta

Woodwnrdia

Fimbrinta

Xerophy 1 Lum

Lo
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0ld-Growth Mature Young-Growth

Achlys tryphylla ¢ 3
Adenocnulon bicolor 2 b

Apocynum androsaemifolium b M b
Campanula prenanthoides - -
Carex <p. M

Chimaphilno menzicsii L 3 e
Chimaphila umbellatn 3 ®
Cornllorhiza maculata 7

Iryopteris argutso % 3 %
Fragaria californicn M 3
Galium californicum b b b
Galium muricatum b b 3
Galium triflorum ! b 3
Goodyera oblongifolia :< 3

Grass (sp. unidentified) b i b
Heuchera micranthn b b4 3
Hieracium albiflorum # X "
Ivis ap. 3 ¥ U
Lathyrus sp., or Vicia sp. 3 b
Lilium rubescens P

Lotus humistrotus b
Madin madioides b= M M
Oesmorhizn chilensis P ®
Oalis oregann 3 g

B T R v ]
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One subplot was placed S-m
primary composs directions
habitaot plots and cach of

from plot center along each af the four

in
the

aach of
randomly

the 73

chosen

Q.04 ha red Lroe vole

avallable habitat plots.



