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An Experiment for Assessing Veriebrate Response to Varying Levels
and Patierns of Green-tree Retention

Replicared and controlled axpmenmwimmmabcmnpsufaﬁm of Ecosystem Management Options (DEMO) study arc begin-
ning to quantify the effects of varying the level and spatial aggregation of green-tree retention ducing forest harvest on a vadety of
SCOSYSiem components (s.g., vertsbrates, invertebraies, vegetation, fimgi), as well as snow hydrology and social perceptions of
these types of regeneration harvests. Eight replicate blocks of six experimentsl treatments have besn sstablished o the Umpguoa

Intraduction : legacy and attendant forest complexity has nega-
Forest management in the Pacific Northwest during IIVEIF affectzd the viability of associated species
most of the last 50 years has emphasized the pro- (Harris 1984, Mannan and Mesiow 1984, Lehmkuhl
duction of imber resources. Traditional practices and Ruggiero 1991, Ruggiero et al. 1991, FEMAT
of clearcut logging and artificial regeneration typi- 1993) and has spumred the development of new
cally produce simplified stand structures that differ forest management strategies for species conser-
from the structural, compositional, and functional vation (e.g., USDA and USDI 1994).

complexity of naturally regenerated forests, pri- New approaches for managing public forest
matily in the absence of a significant legacy of  Jands seek to remedy problems associated with
large live and dead trees and down woody debris past management practices by integrating the
(Franklin et al. 1997). The loss of the old-growth maintenance of ecological values with commod-
_ ity production (DeBell etal. 1997, Kohm and Frankin
! Current address: Schoal of Forestry, Northern Arizgna Uni- 1997, Tappeiner et al. 1997). Among these tech-
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scattered “wildlife” tre=s, with little apparent ben-

eiit to wildlife (McComb et al. 1993b). More so-

phisticated retention techniques that vary the level
and spatial pattern of retained trees have been
proposed to mimic the effects of natnral forest
disturbance, in particular the retention of large
structural elements including live trees, snags, and
down wood (FEMAT 1993, Franklin et al. 1997).
The objectives of these techniques are to main-

tain ecosystem structure and function, enrich re- -

established stands with structural featnres that
would otherwise be absent, and enhance connec-
tivity across the landscape (Franklin et al, 1997),

- Presumably, vertebrate species that persisted

within disturbance regimes of the pre-European -

setilement period may be expected to persist in
managed forests if those regimes are mirmicked.
However, it is unclear how species will respond
to our attempts to mimic natural disturbancs re-
gimes, as there are few data on the relationships
between the levels and spatial patterns of ereen-
tree retention and the shori-term persistence or
the long-term recolonization’ of species in har-
vested stands (McComb et al. 19932, Chambers
1996, Hansen and Hounihan 1996, Frarklin et
al. 1997). Retrospective research has focused on
species found in unmanaged late-seral and younger
forests (e.g., Raphael 1988, Ruggiero etal. 1991,
Rosenberg and Anthony 1993, McGarigal and
McComb 1995, Gomez and Anthony 1996, Hagar
et al. 1996). recent clearcuts (Medin 1986), or
stands with evenly-distributed partial retention of
green trees (Vega 1993, Hansen etal 1995, Hansen
and Hounihan 1996). Retaining more green trees
might maintain components of stand structure or
function that will allow some species to persist
in harvested areas, but may result in poorer per-
sistence of other species (Hansen et al. 1995,
Hansen and Hounihan 1996, Chambers et al. in
press). Retaining trees in undisturbed refugial

patches likewise might result in smaller injtial -

impacts or faster long-term recovery, depending
on the life history and population structure of the
species. Although the results of relevant experi-
mental studies with pre- and post-treatment data
are beginning to emerge (e.g., Chambers et al. in
press), no studies have been published that ex-
amine the effects on vertebrate communities of
simultaneously varying both the level and spatial
pattem of green-tree retenticn (Franklin et al. 1997),

As a component of the Demonstration of Eco-
system Management Options (DEMOQ) study
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(Aubry et al. 1959), we have been studying re-
sponses of forest vertebrate species to experimen-
tally manipulated levels (percentage of basal area)
and pafterns (dispersed vs. aggregated) of gresn-
tree retention. Our primary goals are to: (1) quan-
tify short-term changes in COMMUNITY composi-
tion and abundance of birds, small mammals, bats,
and amphibians; (2) identify the vegetation and
other habitat atiributes associated with observed
changes in species occrmrence and abundance; and
(3) quantify functional trophic relationships (e.g.,
fungivory) of select species groups.

In this paper we provide an overview of our
study area, describe our experimental and sarn-
pling designs, briefly review the ecology and habitar
relationships of vertebrate groups targeted for study,
describe hypothetical short-term {5-10 yr) re-
sponses of vertebrates to treatments and the ana-
Iytical techniques to test these hypotheses; briefly
SUImInarize pre-treatment results, and describe the
challenges and limitations of implementing an
experimental study of this scope on vertebrates,
This paper does not contain a detailed analysis

of pre-treatment data. Hypothetical responses of

vertebrates to the retention treatments are based
on current knowledge of species’ ecologies and
the hypothesized responses of habitat elements
to these treatments as described by Halpern et al,
(1999). Aubry et al. (1999) provide detailed de-
scriptions of overall project goals, experimental
design and harvest treatments, and the full scope
of DEMO research (vegetation, fungi, inverte-
brates, social perceptions, sncw hydrology).

Metheds

Study Area
Study sites oceur in Douglas-fir (Preudotsuga

-menzgiesii) dominated forests on the Umpqua

National Forest in westem Oregon, and on the
Gifford Pinchot National Forest and Capitol State
Forest in western Washington (see Aubry et al.
1999). The eight study blocks (four in each state)
provide a broad geographical and ecological scope
of inference (Aubry et al. 1999), Within each block,
six study units were selected from the same or
adjacent watersheds to reduce differences in physi-
ographic and stand characteristics, and to reduce
differences resulting from past management. In

_contrast, blocks vary widely in biophysical set-

ting and past management. Varation within and



among blocks is accounted for in the sampling

design and analytical techniques (ses below),
Among the blocks, study sites ran ge from 200-
1700 m in elevation, slopes vary from steep to
gentle, and nearly all aspects are Tepresented.
Stands encompass a variety of disturbance histo-
‘1ies, ages, and successional stages, but zll have
developed beyond the stem-exclusion stage of
forest development (sensu Oliver and Larson 1990),
All stands on the Umpqua National Forest have
been thinned or salvaged to some degree, whereas
those on the Gifford Pinchot National Forest are
all natural nnmanaged forests. Two blocks (Layng
Creek, Oregon and Capitol State Forest, Wash-
ington) are second growth as a result.of previous
harvest. Forestunderstories are compositionally
diverse, but many blocks share the same domi-
nant herbaceous and woody species. Halpern et
al. (1999) provide detailed site descriptions dnd
an overview of the variation among blocks.

Our results should be applicable to portions
of the western Cascade .and Coast Ranges with
similar biophysical conditions and species dis-
tributions. -Many, but not all, of the vertebrate
species of intersst occur throughout both regions.
Where biogeographic variation in species distri-
butions and responses to treatments may- ocour
(e.g., Carey and Johnson 1995}, the block design
of the experiment will help to control for some
regional differences in treatment effects.

Experimental Design -

A randomized block design allows us to control
for biophysical differences across the regional study
area. At each of eight study blocks (replicates)
five harvest treatments and a control were ran-

domly assigned to 13-ha treatment units. After .

extensive survey of candidate stands across the
potential study area, 13 ha proved to be the maxi-
mum stand size that could accommodate the minj-
mum sampling grid (described below) and pro-
vide for homogenous within-stand biophysical
conditions. Treatments vary in the level of reten-
tion of Iive trees (15-100% basal area) and in the
pattern of retention (trees uniformly dispersed vs.
aggregated). The six treatments are: 100% re-
tention (control); 75% ageregated retention (trees
harvested in three circular, 1-ha gaps); 40% dis-
persed retention throughout the stand; 40% ag-
gregated retention (as five undisturbed, circular,
1-ha patches); 15% dispersed retention; and 15%

aggregated retention (as two undisturbed, cirey-
lar, 1-ha patches). All snags will be retained in
forest aggregates. In harvested portions of treat-
ment units, existing snags will be retained whers
possible, and 6.5 snags/ha will be created from
live tress (ses Aubry etal. [1999] for details),

Sampling Design and Analytical Methods

Sampling for vertebrates and vegetation within
each treatment unit occurred on a permanently

and a 40-m buffer to the edge of the treatment
unit. This grid configuration was chosen to con-
form to sampling methods for arboreal rodents,
which require the largest sampling area among
all species studied, and to allow for Systemnatic
sampling of treatments. Carey et al. (1991) rec-
ommend 10 x 10 grids with 40-m spacing (16
ha) to estimate the depsity of northemn flying squir- -
rels (Glaucomys sabrirus), butindicate that smaller

grids'(e.g.,8x80r7x9, [13 ha]) are adequate if

the goal is to calculate relative abundance indi-
ces rather than density (see also Carey etal. [1996]).
Because larger grids could not be accommodated
given the sizes of intact stands, we accepted the
smaller grid (see Abbott et al. [19997], Aubry et
al. [1999] for additional details):

Field methods were designed to index habitat

use by numbers of defections or individuals cap-

tored. We assume that use will be strongly cor-
related with changes in abundance for mOost spe-
cies of interest. For some species with large ranges
of movement relative to the area of treatment units
(e.g., bats and some birds), use may not be closely
tied to changes in abundance. Thus, the most
ecologically meaningful information will be gained
from species that occur at moderate to high den-
sities and that exhibit local patterns of movement
telative to the size of treatment umits.

Data were collected for 2 yr prior to treatment

-~ to quantify species occurrences and relative abun-

dances. Comparison of pre- with post-treatment
data in testing treatment responses will allow us
to control for spatial variation in vertsbrate oc-
currence and abundance among treatment units
within blocks. Comparison of data between treat-
ment and control units will control for temporal
variation. Although comparisons of pre- and posi-
treatment data from manipulated and control stands
enable us to separate annual variation in species
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abundances from the sffects of harvest treatments, _

an understanding of long-term (> 5 yr) responses
will require repeated measurements over longer
time frames. .

We analyzed the power of the experimental
design to detect treatment effects on a subset of

-+ bird-and small mammal species. We chose a fo- -

cal species (northern flying squirrel), four com-
mon and one wide-ranging bird species, and one
moderately abundant terrestrial small mammal
species that we knew to be well sampled and could

be anticipated to be either greatly or minimally -

affected by treatments. - We ‘nsed pre-treatment
data to estimate mean and Variance of captures.
Treatment response was hypothesized to be atleast
a 40% (birds) or 50% (small mammals) redue-
tion in captires between the control and one treat-
ment—ihe 40% dispersed retention treatment—
based on the interactions of individual species life
histories, habitat relationships, and the level of
canopy removal. Nearly all reatment effects are
expected to result in greater declines; thus, the
test understates the expected magnitude and fre-
quency of treatment effects and gives conserva-
tive power estimates. '
Treatment effects on individual species abun-
dances (for species meeting minimum criteria for
‘occurrence or abundance in treatment umits) and
on commmanity attributes of species richness and
evenness will be tested as the difference between
“pre- and post-treatment values among treatment
and control units using randomized block analy-
§i$ of variance (ANOVA) (Skalski and Robson

1552) or nonparametric analogs. Repeated-mea-—

sures ANOVA will be used to test for long-term
treatment effects. Similarity in faunal associa-
tions among and within treatments will be exam-
ined by clustering or ordination techniques. Re-
lationships between vegetation or_other habitat
attributes (e.g., volume of woody debris) and spe-
Cles presence or abundance will be examined across
all replicates primarily by regression analysis.

Hypothesss, Methods, and Prefiminary
Resulis i

Birds

Haview

Some bird populations are declining in the Pa-
cific Northwest (Sharp 1990, 1992), in partas a
result of timber harvesting that shifts tree age-
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class distributions from oid tg young and alters

- natural disturbance regimes (Franlklin and Fommag

1987, Spies and Franklin 1989, FEMAT 1993),
There are concerns for cavity-nesting birds
(Morriscn et al. 1986, Chambers =t al. 1967,
neotropical migrants (Hagan and Johnston 1892,
Martin and Finch 1995), the northern spotted ow]
(Strix occidentalis cauring) (Forsman etal. 1996),
and marbled murrelet (Brachyramphus marmo.
ratus) (Carter and Morrison 1992, Nelson and
Sealy 1995, Ralph et al. 1995) that have fueled
public. debate over forest management in the
Pacific Northwest.

Significant research has been devoted to bird

-populations in natural, unmanaged Douglas-fir
forests of western Washington and Oregon (Carey

et al 1991b, Gilbert and Allwine 1991a, Huff et
al. 1991, Manuwal 1991), and there have been
Some refrospective studies of birds in managed
forests of the region (Artman 1990, McGarigal
and McComb 1992, Hansen et al. 1995, Hagaret
al. 1956, Hansen and Hounihan 1996), However,
replicated manipulations that inchude pre- and post-
harvest sampling (e.g., Bosakowski 1997, Cham-
bers and McComb 1997, Chambers st al. in press)
have been limited in size and scope. :
Bird species associated with mid- to late-sue-
cessional forests that use large trees for foraging
or as nest sites (Brown 1985) typically decline in
respense to harvest (Franzreb 1977, Keller and
Anderson 1992, Chambers 1996, Hansen and
Hounihan 1996), although intensity of harvest

-affects responses differently, Compared with

clearcutting, 25% retention of ereen-tree basal area
offers benefits (foraging and nesting habitat) to
some of the species associated with old-growth
forests (Chambers 1996, Chambers et al. in press).

Neither Chambers, (1996) nor Vega (1993)
detected a significant change in bird species rich-
ness among retention-treatment, late-successional
forest, and clearcut stands >8 ha in area, althongh
the composition of the bird community changed
afterharvest. However, retention stands provided
breeding habitat both for birds associated with
early seral stages and for some species associ-
ated with late-successional forest. The retention
of Iarge trees apparently provided foraging sub-
strates and in some cases breeding sites for some
species associated with old-growth forest. How-
ever, less intensive harvesting (approximately 30%
reduction in wood volume) resultad in decline or
loss of fewer bird species associated with late-



successional forests (Medin and Booth 1589,
Chambers 1996, Chambers st al. in press). Thus,
a variety of stand treatments may be necessary to
maintain habitat for different species.

Hypotheses

Hvpothesis 1—Abundance a canopy-dwelling

birds will decline with decreasing levels of tree
retention; aggregation of retention will reduce this
effect (Table 1). Species whose primary habitat
is closed-canopy forest, such as hermit/Townsend’s
warbler (Dendroica occidentalis/D. townsends)
and the golden-crowned kinglet (Regulus satrapa),
hikely will decline in abundance with the loss of
canopy habitat. Aggregation of patches will al-
low for some persistence in treatment units..
Hypothesis 2—Abundance of birds associated
with understory vegetation will decline with de-
creasing levels of tree retention in the short term
- (<5 yr); abundances will increase in the longer
“term. Aggregation of retention will ameliorate
the effects of decreasing retention (Tuble 1 ). Some
. Vegetation layers, understory shrubs in particu-
lar, are predicted to decline in the short-term af-
ter harvest (Halpern et al. 1999), but will recover
or be replaced by other understory species over
long periods of time (>3 yr). :

' Hypothesis 3—Primary and secondary cav-
ity-nesting birds will decline with decreasing levels
of tree retention and by dispersing the pattern of
retention (Table 1). Increased levels of harvest
will result in marked reductions in snags in treat-

ment units with <40% retention (Halpern et al. .

1999). Old decayed snags, which are valuable
for some cavity-nesting birds (northern flicker
[Colaptes auratis], red-breasted nuthatch [Sitta
canadensis]), will be lost in treated areas, and
creation of replacement snags from sound trees
(see Aubry et al. 1999) will have little effect in
the short-term. Aggregation of retained tress in
undisturbed refugia will likely ameliorate the ef-
fect of declining retention on cavity-nesters that
use open canopy habitat (e.g., chesmut-backed
chickadees [Parus rufescens]).

 Methods

Bird community composition, species richness,
and relative abundance were estimated in each
stand from four point-count stations using the
modified variable circular plot method described
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by Reynolds et al. (1980). Spot mapping was
conducted during point counts, following proce- -
dures by Ralph et al. (1593), to examine loca-
tions of territories of selected species (Table 2)
relative to canopy and forest floar characteristics
before and after harvest.

Bird surveys began in late April and ended by
early- fo mid-July. Each treatment unit was vis-
ited six fimes during the breeding season. Sir-
¥eys were evenly spaced throughout the breed-

_ing season to capture variation in breeding

phenclogy among bird species. Abundance was
expressed as a detection rate (mean number of

. birds detected within 75 m per visit) to facilitate

comparison of species abundance among stands,
Count stations were at least 160 m apart, thus 75
m was chosen as a conservative maximum detec-
tion distance to avoid recounting individual birds.
We combined detections of hermit warblers and
Townsend’s warblers becanse of extensive hybod-

. ization between the two species (Rohwer and Wood

1998). We later will assess habitat quality and

_ ijfy'!:u‘eaﬂingslamaﬂfaﬂbirdsbynsingam*

productive index (Vickery et al. 1992) to deter-
mine whether species are nesting in the study
stands. :

Power analyses for four common species

‘showed adequate power in the point-count sam-

pling design to detect changss in detection rates
of hermit/Townsend’s warblers (0.99), golden-
crowned kinglets (0.99), dark-eyed juncos (Junco
hyemalis) (0.97), and brown creepers (Certhia
americana) (0.96). Power was inadequaté (0.52)
for the less common and wider-ranging ‘eray jay
(Perisoreus canadensis).

Summary of Pre-treatment Results

Using the point-count data, we selected those
species for which some analyses might be pos-
sible in one or more sites. Criteria for selection
were species that were observed within 75 m of
the observer and species that had 30 or more de-
tections in a block in either of the two pre-treat-
ment sampling sessions. A threshold of 30 de-
tections was evident in the frequency distribution
of pre-treatment detections and was thus used to
separate common from uncommon species. In
Washington, 15 of 51 species detected fit the cri-
teria for analyses and in Oregon, 12 of 70 species
(Table 2). There should be adequate power to

A



TABLE 1. Prediceed short-term (5-10 yr) responses of vertebrate species to grsen-tres retention treatments in the Demenstrarion
of Ecosystem Management Cptions stady. Respense is the predicted change in abundancs Som measnred pre-masr
ment valnes: O =no detectable effect. - = doclins in abundance, + = increase in abundancs. Single, double, or tiple
entries indicate hypothesized responses that are weak, moderate, or swong, respectively. Denble entries separated by

Tesponse.

a comma indicate the range of uncartainty in predicted

Leve] and Paptern of Retention

75% 40% 40% 15% 15%

Species Dispersed Aggregated Disperzed Aggresated
Hammond's flveatcher + * 0 " s
Pacific-slope fycatcher - - - - =
Chesmut-hacked chickadas - = - =, 4
Red-breasted nutharch - = - = =
BErown creeper - - - - = =

_ Winter wren - — — P s
Hermir thrush 0 = - = =
Swainson's thrush 0,- 0,- g, - .
Varied thrush: - = - e =
Golden-crowned kinglet a =8 . — =
Black-throated gray warbler 0 o ] - 0,-
Hermit/Townsend’s warbler - - i - s =i
MacGilliveay’s warhler - % + =+ s
Wilson's warkler 0] o - S S
Diark-eyed junco 0 0 0 ] 0
Mammals ,
Montne shraw! 0 -0 -0 -0 -0

- Fog shrew! 0 0 0
Trowtridge's shew? i, - - -— =y ="
Vagrant shrew! 0, + ) 4 ik 4+ —
Shrew-mols? a0, - = o= - —e
Coast male? 0 - = - =
Siskiyou chipmunk (OR) 0 0 0 . e
Townsend's chipmpal? it} 0 0 = =
Donglas” sgnimel 0 = e == =
Morthern flying squireP - - .= — — e
Deer mouse! O+ ok FE R &, +, b
Forest deer monss (WA 0 i = v =
Bushy-t=iled woodmt 0 ; k - - L
‘Seouthern red-backed vole (WA Y - = - ' - —
Western red-backed vole (CRP - - - R -
Cresping vole! 0, + + = — -+
Amhibi
Northwestern salamander 0 = - = a
Fough-skinped newt 0 - - - -
Ensating 0 0,- 0, - - -
Tailed frog (WA) - ‘- - — —

! Generalist species or species associated with early-successional stages of forest development
* Species associated with closed-canopy forests
* Arboreal or semi-arboreal species
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show treatment effects for at least the four spe-

cies found in significant numbers in all blocks.
Hermit/Townsend’s warblers, solden-crowned

- kinglets, red-breasted nuthatches, and brown creep-
ers were fairly abundant on all blocks in both states

(Table 2). As expected, species that occupy large

territories (¢.g., grouse, woodpeckars, and corvids)

generally were detected in small numbers and are |

notincluded inthe Tist. Of the 15 species in Wash-
ington blocks; four were either not detected or

detected only in smiall numbers on some blocks. -

This Wésmcfmmnspﬂcxlesinﬂregm -
Some elevational trends i species abundance
also were evident For example, winter wrens
(Troglodytes troglodyzes), Wilson’s warblers
(Wilsomia pusilla), and Pacific-slope flycatchers
(Empidonax difficilis) generally were most abun-

dant in low-elevation blocks (Capitol Forest, Layng: -

Creek). Resulting regional and elevational dif-

. -ferences in bird species composition and abun-

‘dance between blocks in Oregon and Washing-

ton will make futire analysis aver the total array

of treatments potentially difficult for some spe-
cies.

Arboreal and Terrestrial Small Mammals

Feview

Thesmaﬂmammalcammmitfnfﬂ:ePaciﬁc'

Nerthwest is one of the richest in North America
(Harris 1984, Raphael 1550). Several species,
such as the Trowbridge’s shrew (Sorex trowbridzii),
shrew-mole (Neurotrichus gibbsii), forest deer

mouse (Peromyscus keeni), western red-backed

vole (Clethrionomys californicus), and red tres
vole (Phenacomys longicaudus), occur only in
western British Columbia, Washington, Oregon,
or northern California (Hagmejer and Stalts 1964,
Simpson 1964). These species are well adapted
to older forests (Harrs 1984, Anbry et al. 1591)
and typically occur in greatest abundance in namn-
tally régenerated mature forests (Carey and Johnsen
95y | ¢ .

Arboreal and terrestrial small mammals play
. important ecological roles in forest ecosystems.

They form key links in many food webs as con-

sumers and prey, and are important dispersers of
plant propagules (Harris 1984). For example,
northern flying squirrels; red tree voles, and
woodrats (Neotoma spp.) are primary prey for the
northern spotted owl and other forest owls
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N (Forsman et al. 1584), Snma arboreal and terres.
trial rodents consume the Sporccarps of

ectomycorrhizal fangi and disperse Tungal spores
and nitrogen-fixing bacteria (Fogel and Trappe
1978, Li et al. 1986) and thus Iepresent an im-
portant Hok in the gotden cycling and produe-
tivity of forests. '

Arboreal and semi-arboreal species in the study
areas are consistently found in clo forest

. that has developed beyond the stem-exclusion
stage. Th:spaiizemisgenemﬂyamﬂmahle tothe

' * in old forest age classes (Carey 1991, 1995), These

species can, however, be relatively abundant in
younger stands with diverse compo-

- sition and woody _debﬁs'lega::iag (Doyle 1990,
- Rosenberg and Anthony 1993, Carey 1995),

However, they are heavily influenced by tradi-
tional forest management practices that remave
part or all of the forest canopy (Carey 1991, 1993).

The diversity of terrestrial small mammals in
the study areas precludes a simple generalization
about abondance in relation to forest age and habitat

features. Many investigators have studied small

mammals in old-growth forests, in naturally re-

- generated younger stands, and in recent clearcuts
(=20 yr old) (Hooven and BElack 1976, Ramirez
-and Hornocker 1981, Martell 1983, Van Horme

1983, Raphael 1988, Morrison and Anthony 1989,
Ruggiero et al. 1991, Carey 1995, Carey and
Johnsen 1955). Several species (red-backed voles,
Irowbridge’s shrew, shrew-moles) ars most shun-
dant in closed-canopy forests that have developed
beyond the stem-exclusion stage, where sparse
herb and shrub layers provide limited resources
for these species. Several other species are habi-
tat generalists (deer mouse [Peromyscus
mianiculatus], montane shrew [Sorex monticolus]),
or are most abundarit in dense, ground-level veg-

* etation characteristic of early-successional com-

munities andstreamside areas (creeping vole

[Microtus oregoni], Pacific jumping mouse [Zapus
* tringtatys]). Clearcut logzing produces opfavor-

able habitat for closed-canopy species until canopy

- closure. Long-term adverse impacts on persis-

tence (over several rotations) mey occur if har-
vest techniques eliminate nputs of coarse woody
debris and other resources. Conversely, high-in-
tensity distarbances will lead to an increase of
earty-successional small mammal species. Gen-
eralist species also may increase in abundance
with disturbance as a direct effect of habitat changes



and indirectly if the disturbance adversely affects
competitors. . '
Although the general changes in the COmpo-
sition of small mammal communities can be pre-
dicted following clearcutting, (Hooven and Black
1576, Morrison and Anthony 1989) esponses to
less intensive harvest are not clear, Recent stud-
ies have examined small mammal response to
green-iree retention harvests (Waters and Zabel
19935, Chambers 1996, Von Treba et al. 1998),
but these studies were not designed to provide
broad inference for Pacific Northwest species. Tn
particular, little information is available to com-
pare effects of dispersed vs. ageregated retention,
or to predict patterns of response across a gradi-
ent of increasing disturbance intensity. Similarly,
the ability of retention patches to serve as refugia
for closed-canopy species is anknown.

Hypotheses 1 E

Hypothesis 1—Abundance of arboreal roderds will
decline with decreasing levels of retention of green
frees, although aggregation of retention will re-

duce this effect (Table I). Decreasing retention

will result in marked reduction in arboreal canopy
habitat and den snags in treatmentunits with <40%
retention (Halpern et al. 1999). Old decayed snags,
which are most valuable for denning sites, will
be lost in treated areas, and creation of replace-
ment snags from sound trees will have little ben-
cfitin the short-term. Similar declining trends in
the number of vegetation layers and the cover of
the dominant understory shrubs (e.g., Acer
circingtum, Berberis nervosa, Gaultheria shallon
and Vaccinium spp.)—especially ericaceous
shrubs—will contribute to the hypothesized re-
sponse (Carey 1995). : "
Northern flying squirrels likely will show greater
Iesponses to treatments than chipmunks (Tamias
Spp.), which are semi-arboreal (Carey 1991).
However, aggregation of retained trees in undis-
turbed refugia likely will ameliorate these effects
to some extent. Declining abundances of arbo-
real rodents also will be associated with declines
in the diversity and abundance of ectomy '
“fungi as a consequence of canopy removal (Cazares
etal. 1999). Northern fiying squirrels, which are
obligate fungivores, are expected to experience
greaier treatment effects than chipmunks, which
have more diverse diets.

.Species.

Hypothesis 2—Terrestrial small mammals as-
sociated with closed canopy (post stem-&xclusion)
Jorests will decline with increasing levels of dis-
turbance (Table 1); treatment-level abundances
will not differ between dispersed and aggregated
harvests of the same intensity. “We expect clumped
populations of these species will be found in re-
tention patches of aggregate treatment units, with
few individuals occupying the harvested matrix.

. Indispersed retention patches, these species will

be found in low abundance throughout the nnit.
Hypothesis 3-— Small mammal Species assp-

 clated with earty-successional habitats and habitar

generalists will increase or have no change in
abundance with disturbance intensity.. The rela-
tive abundance of these species will increase with
the proportion of basal area removed. Patterns
of dispersion for these species will be the inverse
of the patterns hypothesized for closed-can

Meihods -

Methods for live-trapping arboreal rodents were
modified from Carey et al. (1991a). Tomahawk
201" traps (Tomahawk Live Trap Company, Toma-
hawk, Wisconsin) were used to sample an 8 x §
or7 % 9 sampling grid within each treatment unit.
Sampling occured in the fall to estimate Tepro-
ductive status, relative abundances, and consump-
tion of hypogeous fimgi by flying squirrels and
chipmunks. Captures were reported as individa-
als captured per 100 trap nights, adjusted by 0.5

- trap mights. for sprung traps; however, mark-re-

capture population estimates will be made if fur--
ther analysis shows that capture data can mest ]
the proper assumptions.

Sampling for 2 wk on all units during 1994
and 1995 indicated that flying squirre] abundances
were too low (averaging 0-1 squirre] per grid) in
three of eight blocks for future analysis of treat-
ment effects, and that an additional 2 wk of sam- .
pling resulted in about 25% more captures of in-
dividual squirrels. As a result, we discontinued
sampling arboreal rodents in the four blocks with
low to marginal abundance, but doubled the sam-
pling period to 4 wk at the remaining four b]uc}cs.
Povwer analysis showed that doubling the trapping
sessions to 4 wk on four blocks would result in
power >0.90 for detecting a 50% reduction in
abundance.
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To estimate the species and quantities of fongi
consumed, fecal pellets were collected from fly- -

ing squirrels, chipmunks; and red-backed voles
on the Watson Falls block in Oregon and the Butte
bleck in Washington. Frequency of occurrencs

and relative abundance of fangal spores in feces -

will be compared to the concurrent frequency and
abundance of fungi sampled as part of the DEMO
mycological studies (Cazares et al. 1996).

- Fitfall traps were nsed to sample terrestrial small
mammals at each point in the grid. Only pitfall
traps were used becanse they sample those spe-
cies whose habitat associations are Teast under-
stood, i.e., the insectivores. Most other small
mammal species, although less efficiently cap-

tared by pitfall traps, are generally canght in suf- -

ficient numbers for statistical anal (Aubry et
al. 1991); power analysis of preliminar pitfall
captures for deer mice (Peromyscus spp.) showed
power to be >0.99 for detecting 50% reductions
in abundance. Power to estimate effects. on
Trowbridge’s shrew and vagrant shrew (Sorex
vagrans), which were more abundant than deer
mice, is expected to be similar, -

- Pitfall traps were operated as removal traps to
provide data comparable to previous smdies in
- mnmanaged forests (Ruggiero et al. 1991) and 1o
ongoing studies in managed forests in the Pacific

Nerthwest {(£. B. Ahry, pers. comm.). Traps were
partially filled with water as recommended by the
American Society of Mammalogists (1987),
opened for 28 days in each treatment umit, and
checked once a week between September and
November. Numbers canght were reported as an
uncorrected catch per unit effort index (captures/
100 trap nights). :
" Summary of Pre-treatment Results
Ten rodent species were captured using arboreal
‘odent trapping methods during 1995-96 (Table

3). Chipmunks were the most frequently cap-
tured group. Townsend’s chipmunk (Tamias

_ 'mwmmd&}wasabuﬁdmnuaﬂﬁashﬁ:gtmblncks :
- and on the Layng Creek block in Oregon, The
- Siskiyou chipmunk (7. siskiyou) was the most

-

TABLE 3. Within-bleck pre-treatment renk abundance of rodent

t species on the Watson Falls block in

" Oregon. Altogether, 568 northern flying squir-
rels were captured. Small numbers of bushy-tailed
woodrats (Nestoma cinerea) were captured on
several blocks. Douglas’ squitrels (Tamigsciurus
douglast) were captured infrequently on all blocks,
but this species is probably unde _ m
the data dne to trap avoidance (Carey etal 1991a).
Captares of terrestrial small mammals were
similar in Oregon and Washington, with shrews
(Sorex spp.), desr mice (Peromyscus spp.), and

species caprored in Tomzhawk live wwaps in the DEMO sxpexi-

mmlgrm—mmaﬂonsmdymﬁmgﬂnm‘ﬁhhﬁ:gm&mglgﬁmdwgﬁ. Capture ranks (1 = highest

Mdmm}m@mmﬁﬁmmmmbwimmwfmmmwi!iﬂnah‘[ock.. -

__Oregon Blocks. _Washington Blocks
: : Watson Layng- Capitsl
Species Common Name Falls Cresk .  Bume Forest
Tomias townsendii Townsend’s chiprmnk! " ma® 1 1 1
Temias siskiyou Siskiyou chipmunk! 1 na. a :
. Glaucomys sabrins. Northem fiying sqmirrel 2 2 2 2
Tamigscirus douglasii Douglas’ squirre] 3 3 5 3
Spermophilus lateralis Golden-mantled ground squirre]l . 4 — " ofia na
Spermophilus beechayi California grovnd squirre] 3 - = -
Neotoma cinerea 2 ‘Bushy-tailed woodrat . 6 4 3 -
Spermophilus satiranuy Cascade golden-mantled sround squimel = na na 4 : -
Tomiay amoenus Yellow-pine chipmonk - - 6 -
Sciurus carplinensis Eastern gray squirrel - - - 4
Mean annual total individoals 251 285 321 - 153

. Distributions of Townsend's and Siskiyou chipmunlks in Oregon according to Verts and Camraway (1998),

* na = species’ mnge outside of sample blocks

3 — = not captured

54  Lehmkuhi etal



red-backed voles (Clezhrionomys spp.) compris- Bais
ing approximately 80% of the capture totals (Table |
4). Rank order of mammalian captures was fairly Feview
consistent among blocks, although the southern ers is ine
red-backed vole in Washington had high abun- E}mmhm}ptﬂran gt?mb;ﬁcigﬁtﬁnemm' f%;r maﬁthﬂ aﬁlgetél;em;i
dance in dense-canopy, higtg—el‘evaticfn blocks landscapes throughout the world (e.g., Lunney et
(Paradise Hills and Butte) and intermediate abim- 4. 1985, Thomas 1983, Limpens and Kapteyn
dance in open-canopy (Litle White Salmon) or' 1991, Thomas and West 1991). Two issues are
low-elevation (Capitol Forest) blocks. of special importance: (1) reduction or loss of
Given the pre-treatment capture totals it ap- suitable day-roost sites in young forests and (2)
pears that we will have sufficient samples of ~ changes in foraging ecology through alterations
Townsend’s chipmunk, Siskiyou chipmunk, and ~ in the composition and abundance of prey and in
the northern flying squirrel to test for treatment ~ the configuration of foraging space. Most work
effects (Table 3). For the terrestrial small mam- = - 10 date has addressadﬂ:eﬁmtﬂfthﬂs:twa issues.
mals we should have sufficient samples for The relationships of forest-dwelling bat spe-
Trowbridge’s shrew, vagrant shrew, fog shrew cles to forest structures and ultimately the silvi-
(Sorex sonomae, after Carraway 1990), mentane cultural systems that produce them may be the
-shrew, southern red-backed vole, western red- least known for all vertebrate groups in the Pa-
backed vole, desr mouse, and forest deer mouse cific Northwest. Radiotelemetry indicates that
(Table 4). Thres other species (shrew-mole, creep- bats use structares associated with old forests by
ing vole, Pacific jumping mouse) may beincluded - roosting within the fissures and under the flakes
in the statistical analysis depending upon their of bark on large living trees and within the cracks
post-treatment responses. : and openings of large snags (Barclay et al. 1588,

TABLE 4. Within-block pre-reatment rank abundanee of errestrial small mammal species caprured in pitfal raps for the DEMO
experimental greep-tres reteation study in Oregon and Washingron diring 1995 asd 1996, Abmndance is inversely
correlated with rnk (Le., 1 indicates hishest abundancs).

——  Ormgon Blocks Washipgton Blocks
Little -

Watson Little Layng Dog White - Paradiss Capitol
Species Common Mams Falls River Creek Praifie Butte Salmon Hills Forest
Sorex rowbridgii  ©  Trowbridge’s shrew 1 1 1 1 i 1 3 1
Clethrionomys gapperi Southern red-backed vola na! na na na 2 5 1 4
Clethrionomys californicus. Western red-backed vole 2 2 2 2 na ua na na
Sorex vagrans Vagrant shrew e 3 5 7 4 12 g 11 10°
Peromyscus maniculetes Deer mouse 4 3 4 3: =5 4 6 6
Sorex sonomae Fog sheew 5 4 3 5% as na ng oz
Newrotrichus gibbsii Shrew-male B 7 ] 7 & 10 11 3
Microtus oregoni Creeping vole 7 6 g 6 T 9 9 7
Mustela erminea Ermine 8 10 10 10 9 11 . 10 11
Zapus trinotaties Pacific jumping mouse g 2 & 9 - - - =
Scapanus orarius Coast mole 9 9 g 8 - - - =
FPeromrypseus keeni -Forest deer mouss na na na - na 3 2 2 2
Peromyscus species® Juvenile deer mouse - - - - & & 5 3
Sorex monticolus Mentane shrew na na it n2 4 6 4 =
Glaucomys sabrinus Northern flying squirre] - = - o 0 13 8 g
Tamias townsendii Townsend’s chipmunk - - - - 11 3 7 12
Mean annual total individuals 633 1144 687 744 662 581 374 1038

' n2 = species’ range outside of sample blocks
* Taxon not identified to species level
! — = not captred in all blocks within a state
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Christy 1993, Frazier 1997). When studied in’

forests with continuous canopy ranging from 55
to 700 yr-of-age, echolocafion calls were 2.7 to
3.7 times more frequent in older (>210 yr) than
i younger forest (Thomas and West 199 I). When
studied over the much smaller range of stand ages
found on privats, intensively managed forest lands
(from clearcut areas to abont 65 yr-cf-age), echolc-
cation calls were about two times more frequent

over clearcut areas than in young forest (Erickson

and West 1996).

Concomitant with g&&te: echolocation call

frequency over clearcut areas is a shiftin compo-
sition of calls to a higher proportion of larger
bodied, non-Myotis species, a pattern also found
by Hayes and Adam (1556). While there is little

douhtﬂlariuteﬂsimfomstmauﬂgﬂmmcanlﬂad '

+ 1o Ioss of forest structures that are important to
bats and could result in bat population decline,
the effects of partial harvests and gresn-tree re-
tention on bat use of forested areas are not clear
(Fenton et al. 1998). Given the provision of suit-

. able day roosts, bazpop’ulaﬁonsmaydnqujm:ﬁrcﬂ.
Critical work on the characteristics of Toosts is
very recent for this region (Campbell 1993,
Erickscn 1993, Ormsbee 1996, Frazier 1997). No
studies have addressed bat habitat use en alarge-
scale experimental basis. ' )

Hypoiheses

Ml—'ﬂse of green-tree retention units
will increase with harvest Intensity for non-Myotis

- Species. As flight space forlarger-bodied and faster -

flying bats is creatsd, echolocation calls of sil-
ver-haired (Lasiomycteris noctivagans), hoary
(Lasiurus cinereus), and Townsend’s big-eared bats
(Corynorhinus tewnsendii) will be detected at
higher numbers. Themmbernfacholocaﬁﬂncaﬂs
from Myotis species will not change. Thus, the

number of echolocation calls summed across bat =

species will increase with harvest intensity.

Hypothesis 2— Feeding ratas will increase with
harvest intensity. Clearcit areas function as com-
muting space and as marginal areas for feeding.
Closed-canopy stands function primarily for roost-
ing. Asharvestintensity increases, the frequency
of “feeding buzzes™ (a characteristic call indicat-
ing prey capture) should increase, '

Methods

Indices of bat activity wers estimated with anto-
mated divide-by-N detectors (Anabat T1 detectors

56 Lehmknhl et al.

and delay switches, Titley Electronics, Ballina,

- N.3.W., Anstralia). The SyStems were set to record

at dusk and shut down 8-9 hr Jater Several de-
iectors were operated simultanecusly at blocks

- Within each state. Each block was surveyed fora

2-day period each month, Sampling for echole-
cation calls began in Iate June or early July de-
ing upon the timing of warm weather. We
found that a minimum of 6 nights of sampling
per site (excluding windy or rainy nights) was
necessary to account for the high variation in re-
corded calls among nights. Although it is gener-
ally not possible to d:rstmgmshmpaﬁiedcaﬂsmade
by an individnal bat from individual calls of mamy
bats, the technique offers a very good method for
determining presence, relative use, and behavior
(fesding vs. passover) of bats in an area. .
. To provide information on age, sex rafios, re- -
productive condition, and species identification
of Myotis species, we captured bats near hahitnal

flyways, streams, and ponds with mist nets and

collapsible harp traps (Kunz and Korta 1988).
Upon release, echolocation calls of captired bats

- were recorded 1o angment our library of refer-
. ence calls. :

Summary of Pre-traatment Results _
. A;prmmwamidmﬁfyﬂmfoﬂuwingﬁmsymiﬂs

or species groups (Erickson and West 1596): (1)
big brown bat, (2) hoary bat, (3) silver-haired bat,
(4) Townsend’s big-eared bat, and (3) Myotis spe-
cies (M. evotis, M. volans, M. keenii, M. ciliola-
brugm, M. californicus, and M. lucifugus).

- Atotal 0f 3,924 calls were detectad during the
pre-ireatment sampling. In Washington, the Myoris
group accounted for 98% of the 2,102 recorded
detections (Table 5). Other species were rarely
detected. Detections at the Little White Salmon
block accounted for over half (62%) of all detec-

.tions in Washington and 33% of calls for both

states. In Oregon, the Myoris species group ac-
counted for 97% of the 1,822 recorded calls.
Nightly activity was highest on the Little White
Salmon block, which has relatively open-canopy
stands, with an average of 217 calls per night.
‘This range of activity is as high as that found m
old-growth (Thormas and West 1991). The Little
River block was the second mast active site with
just over eight calls per might. The least active
blocks were the relztively closed-canopy Butte
and Paradise Hills blocks with <3 calls per night.



5. Pre-ireatment mean detection mie (echolocation
species, and all non-#fyoris species in DEMO exp
and Washington (1995).

E
3
X -
1

Lh

calls/mizht), and standard eror of mean, for all bats, all Myeris
erimental gresn-tree retenrion blocks in Oregen (1905 and 1949g)

Total . Myotis Non-Myotis
Block (3= - T () X (52
Orsgon ' '
Watson Falls 7.89 (11.22) 771 (11.20) 0.11 (0.73)
Little River 8.21 (10.39). 8.14(1032) 0.07 (0.30)
_Layng Cresk 4.92 (6.43) 4.43-(5.66) 045 (2.55)
Dog Prairie 406 (9.97) - 406 (9.97) 0
Butte ;253 (11.04) 2.45 (10.98) 0.06 (0.23)
Little White Satmon 17.81 (20.58) 1726 (20.15) 0.51 (2.99)
Paradise Hills - T 156(2.36) 135 (2.56) 0.04 {0.19)
- Capitot Forest 6.00 (14.87) 6.90 (14.87) 0

As expected, feeding activity was low within all
blocks. Of the 3,924 detections, only 35 were
identified as feeding activity. Little White Salmon

had the highest number of feeding buzzes, ac-

counting for 66% of the feeding activity.
Amphibians '
Heview

In regions west of the Cascade crest, amphibians
dominate the Pacific Northwest herpetofamma. Not
only are there more species of amphibians than
reptiles, but they are more distinctive in their en-
demism (Nussbaum et al. 1983), In headwater
streams. and riparian areas of the Pacific North-
west, amphibian adults and larvae are the top preda-
tors, easily exceeding the numbéers and biomass.
of other forms (Bury 1988). Densities of am-
phibians can be very high, upto 12 per m? in moist
areas (Leonard'et al. 1993). ]

Several amphibian taza are being revised and
a number of eryptic species have been described
(Good 1989, Good and Wake 1992, Green et 4l.
1997). Recent identification of IEW. Species un-
derscores the disfunct paturs of amphibian dis-
tributions and the potential for extinction. Al-
- though there have been studies ‘of habitat
relationships in nnmanaged forests for the 5ys-
tematically stable species of the region (Raphael
1988, Aubry and Hall 1991, Corn and Bury 1991,
Gilbert and Allwine 1991b), we know Jittle about
habitat associations for many of the newly iden-
tified species in unmanaged forests. Information
inmanaged forests is particularly sparse for most

species. Well-replicated stdies of amphibian

- occuirence in managed forest are nesded to in-

vestigate the effects of several commonly employed
silvicultural practices, including short-rotation
harvest, thinning, and green-tree retention. Sev-
eral species have special status in COregon and
Washington: Cascade frog (Rana cascadae), tailed

- Irog (Aseaphus truei), spotted frog (Rana pretiosa),

clouded salamander (Aneides ferreus), Oregon
slender salamander (Batrachoseps wrightt), tor-
rent salamanders (Rhyvacotriton cascadae and R.
variegatus), Larch Mountain salamander
(Plethodon larselli), Dunn’s salamander (P, duzni),
and Van Dyke’s salamander (2 vandyker). Infor-

_mation from our studies will be important for
‘conservation of these sensitive species.

Hypoﬁﬁe:ses

Hypothesis I—Abundance of amphibians will

‘decline with harvest intensity. We expect a gen-

eral decline for all species with increasing har-

‘vest intensity, with the exception of the western

red-backed salamander (Plethodon vehicuhuar) in

- Washington where the species has shown an ability

to persist in clearcut areas. We expect a sharp
decline in species richness, but. this may accur
over a longer time frame than the initial 2-yrpost-
harvest sampling period. Several amphibian spe-
cies are long lived and are capable of withstand-
ing adverse conditions for prolonged periods. Thus,
we may see a lag response for this paitern, on-.
derscoring the need toresample these sites in the
future (perhaps at 5 and 10 yr after the imitial post-
harvest sampling).
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HM@'_E—-A@FEEW will persistinforest
patches in aggresated retention units, but most
species will decline in harvested areas within
aggregated retension units and in dispersed re-
tertion units. We expect that the retained forest
patches may be sufficient to permit survival of 3
portion of the criginal amphibian community,
pethaps until the forest canopy closes again. We
expect the numbers of amphibians persisting in
tae forest patches to be positively correlated with
the total area remaining mpatches. -

Hypothesis 3—Individuals captured in the

harvested portions of the‘aggregated retention units
andinthe 15% dispersed retention urits will show
Poorer bedy condition compared to individuals
found within the forest patches or in the 40% dis-
Persed retention units. Adverse conditions in
harvest areas should lead to poor body condition
for individuals residing thers, We would expect
reduced reproduction and lower than expected
values for body-condition indices (such as a re-
+ gressicn of weight vs. snout-vent length).

Methods*

Amphibians were sampled concurrently with ter-
traps. Traps were opened after the onset of fall
rains when amphibian surface activity increases
+ from the relative inactivity of surnmer - A fter iden-
ifying species and recording information on body
‘dimensions, mass, sex and reproductive condi-
tion, amphibians were toe-clipped and released
or held under cool, moist conditions for the re-
mainder of the sampling periods then returned io
their point of capture. As with small mammals,
nurmbers canght were expressed as zn uncorrected
catch of individuals per unit effort index {cap-
tures/100 trap nights).

Pitfall trapping is a good technique for cap-
toring surface-active amphibians, but is not very
effective at sampling species that limit thetr move-
ments to surface cover or the interior of large woody

debris. Fortunately, only two species limit their -

surface activity, the clouded salamander and the

Oregon slender salamander, both of which occur

only in Cregon. Time-constrained searches and
cover-board sampling techniques to target these
species initially were planned, but were not con-
ducted becanse of budget constraints and the Io-
calized distributions of the species.

5&  Lehmkuhletal

 Summary of E@-Heaﬁnenr Results

The rank ordering of amphibian captures showed
considerable variation among blocks and betweaq
states (Table 6). Amphibian abundance ang di-
versity were about two times higher in Washing-
ton than in Oregon. Five Species were common
to all blocks in Washington, but only two species
Were present on all blocks in Oregon. Tn Wash-
ington, species composition varied considerably
among blocks (Tabie ). This high variability will
make statistical detection of post-ireatment effects
difficult. However, the ensatina (Ensating
eschscholtzii), which comprised 54% of all am.

_phibian eaptures across the eight blocks shodld

be a suitable species for detecting treatment ef-
fects across both statss, In Washington, the north-
western salamander (Ambystoma gracile) and the

. tailed frog were also ¢ommon enough to sugsest

that treatment effects will be detactable.

Limitations and Challenges

In an undertaking of this kind and magnitude one
éxpects challenges. We have experienced sev-

' mldiﬁeuhjasﬂzusfmﬁmanywamexpmmdand

others were not. For example, we anticipated that
‘the patchiness of species’ distributions would maks
uniform replicates impossible. There are species
in each vertebrate group that are found only in
subsets of the study blocks. This will result in
lower power for treatment comparisons. Tn addi-
tion, the seale of silvicultural operations does not
always mesh well with the scales of species’ bi-
ology. Given the small size of harvest tmits rela-
tive to the home ranges of larger-bodied species,
some species will not respond exclusively to the
effects of the experimental treatments. They may
show partial responses to the treatments, but may
be influenced by conditions adjacent to the treat-
ment areas. Cur cheices of species for the study

- were made partly with this in mind. We chose

those species for which we had the best chance
of measuring a response attributable to the treat-
ments, i.e., those species with limited movyement
or those tied to small areas by seasonal territori-
ality. This approach cannot be entirely success-
ful, and while the scaling will be acceptable for
small mammals, amphibians, and several avian
species, it may be unsatisfactory for others such
as the larger cavity-nesting birds.



TABLE 6. Within-block pre-treatment rank sbundancs of amphibian species captured in pitfall traps for the DEMO experimental
green-tres retention study in Oregon and Washington during 1995 and 15996, Abundancs | is inversely correlated with

rank (Le, 1 indicates highest abdndance),

’mi Rmas;::mesnotd:ﬂmmnmdmﬂregnnblm
¥ na = species’ range outside of sample blocks

We primarily will use indices of abundance as
treatment response varables rather than indica-
tors of realized fitness (e.z., juvenile survival).
However, because density or abundance estimates
can be misleading indicators of habitat quality
(Van Horne 1983), we will attempt to estimate
indices of fitness for vertebrates when feasible.
Nest searches and territory mapping in conjunc-
tion with counts will help to determine treatment
effects on the number of breeding bird territo-
ries. Determination.of the age class and repro-
ductive condition of small mammals and amphib-
mscaptn‘edmpﬁa]ltr&pswﬂlprnwdeesumm
of age-class distributions and reproductive con-
dition in treatment units. Age-class distributions
and estimates of reproductive condition in live-
caught rodents (chipmunks, flying squirrels) will
help to indicate realized fitness relative to treat-
ments. The presence or absence of bat roosts will
indicate sensitivity of bats to treatments.

The costs associated with these studies are very
high. It has been necessary to rework the sam-
pling design in response to budgetary shortfalls.
These considerations have led to reduced sam-

Oreevn Blocks Wmm____
Wasen Little Layaz Dog Wh;t: Paradise Capito]
Species Common Name Falls River Creek Praide Butte Salmon Hills Forest
Ensating eschycholizi Ensating 1 3 1 1 2 1 3 1
Plethodon vehiculum Western red-backed salamander 1 == 3 - 10 - 3
Ascaphus truei Tailed frog - - - - 1 3 1 6
Ambystoma gracile ©  Northwestem salamander TR . VO 2 2 3
Taricha granulosa Ropgh-skinned newt 3 2 3 - & 5 4 4
" Ambystoma macrodactylum Long-toed salamander - - - - - 4 q =
Rityacotriton cascadae Cascade togrent salamendar - - - — - & 3 =
Rana aurora Red-legged frog nd® nd ‘pd,  nd 5 10 11 5
Rana cascadae | .- Cascades frog nd nd pd nd - & B -
Hyla regilla Facific tres frog 4 - - 3 4 10 9 -
Rana spp. Unidentified frog 5 6 = 3 nd nd od nd
Dicamptodon tenebrosus Pacific giant salamander - 5 & - - 8 3 -
Bufa boreas Westem toad ! - - - - 7 & g =
Aneides ferreus Clouded salamander - 4 4 3 na® oz na na
Plethodon dunmi Dunn's salsmander = = 6 - na gz na na
Mean annual total ndividosis 55 114 90 140 55 204 132 457
— = 0ot captured

pling efforts for arboreal rodents {reductions in
trapping intensity per period and loss of seasonal
sampling), small mammals (climination of simmul-
taneous live trapping), and amphibians (elimina-
tion of ime-constrained searches).

Our final concern recognizes that not all re-
sponses to treatments will occur within the ini-
tial 2-yr post-harvest sampling period. We ex--
pect lag responses for several species groups within
the amphibians, arboreal rodents, and birds. We
expect species packing in the ageregated reten-
tion patches for species in all of these groups, a

phenomenon that may not begin to dissipate un-

til the second or even third post-harvest year. These
concerns point to the need for intensive, long-
term sampling to understand how key forest spe-
cies or species groups will respond to stand-level
manipulations, the effects of which may be mani-
fested over decades. Funding agencies must like-
wise be willing to provide continuing support if
they wish to successfully manage for species whose
responses to harvest activities may be dynamicC
over long periods of time.

Vertebrate Response to Green-tree Retention 39



Acimowisdgaments

We thank the vital and tireless work of personnel
on the Umpqua and Gifford Pinchot National
Forests and the Capitol State Forest: Brenda
Woodard, Rick Abbott, Cindy Lagoudakis, Bar-
bara Fontaine, and Wayne Kleckner (Umpqua
National Forest); im White, Debbic Couche, Sue
MacMeeken, Jon Nakae, and Ed Tompkins
(Gifford Pinchot National Forest); and Richard
Bigley (Capitol State Forest). We conld not have
accomplished the collection and analysis of data
without the assistance of Chris Maguire, Tom
Manning, Jeff Feen, Rebecca Thompson, and

Literature Citad
- Abbott, R. 5., 1. D. White, and B. L. Woodard. 1999, The
benefits and challenges of large-scale silviculmal

expetimenis: perspectives from forest managers en |

thqD:h:nnsu-aimbemspsmMamgzmmDp&m
(DEMO) smdy. Notthw. Sci 73 (SpeeTza):118-125,

American Scciety of Mammalogists, 1957, Acceptable fisld
methods in mammalogy: preliminary gmidefines an-
proved by the American Society of Mammalogists.
Supplement 1o volums 65(4). 18 et

Artman V. L. 1990. Bresding bird pepulatons and vegeta-
tion characteristics ig commercislly thinned and
unthinned western hemlock forests of Washington
University of Washington, Searde. M.S. Thesis.

Asbry, K B, and P. A, Hall. 1991. Terrestrial amphibian
commumites i the sonthern Washingron Cascade

Fange, hLF.Enggim.K_B.Aabrxé.B,Camy,_

and M. H. Hof (tech. coords,). Wildlife and vegeta-
ton of onmanaged Dongles-fr forests. USDA For
Serv., Gen. Tech. Rep. PNW-GTR-285, Pp.327-333.
Aunkbry, K. B., M. J. Crites, and 5. D West. 1991, Regional
patterns of small mammal abundancs and commumity

composition in Oregon and Washington, = L. F. .

Ruggiero, K. B. Aubry, A. B, Carey, and M. H. Huff
(tech. coords.) Wildlife and vegettion of unmanased
Donglas-fir forests. USDA For Serv,, Gen. Tech. Rep:
. PNW-GIR-285. Pp. 285204, e
Aubr_r,K.B,MRAmmuﬂms,(lB.Eﬁpm,LD.Wlﬁm;
: B. L. Woodard, C. E. Petemson, C. A. Lagoudakis, and
A, T Hortom. 1999, Evaluating the effects of varying
levels and pattemns of green-tres retention: experi-
menta] design of the DEMO smdy, Northw. Sci. 73
: {Spec. Iss.):12-25.
Barclay, R M. R, P. A. Famre, D. R. Farr, and R. Daniel.

15988. Roosting behaviour and roost selection by mi-

grating siiver-hatred bats (Lasioryereris nocIvegans),
J. Mammal. §9:821-325,
Bosakowski, T. 1997. Breeding bird abundancs and habitat

relaticnshivs on & private industdal forestin the western'

Weshingten Cascades, Northw, Sci ?1:5?—96.

60  Lehmkuhl etal

Tiffany Church. Larry Bednar did the power analy-
ses, Jim White and thres anonymous referses
provided critical reviews of this paper. We ben-
efit=d greatly from the insightful editorial com-
ments of Martin Raphael and Charles Halpem.
This is a product of the Demonstration of Eco-
system Management Options (DEMO) stady, a
joint effort of the USDA Forest Service Region 6
and Pacific Northwest Research Station. Research
partners incinde the University of Washington,
Oregon State University, University of

Gifford Pinchot and Umpqua National Forests,
and the Washington State Department of Natural
Resouress.

Brown, E R. (tech. ed). 1985, Management of wildlife and
ﬁshhﬁbﬁam-infmdwmﬁmgmmﬂwm-
ington. Part 2=Appendices. USDA For Serv,, Ré-
F&WL-192-1985. USDA Forest Service, Pacfic

- .. Neorthwest Region, Portland, OR. 302 p.

Bury, R B. 1983, Habitat relationships and ecological im-
portance of amphibians and reptiles. Jn K J. Raedeke
(ed.). Proc. Symp. sireamside management: Hparian
wildlife and forestry interactions. Tnstitute of Borest
Resources, University of Washingon, Searte, Pp.gl-

Compbell, L. A. 1993. Bat diversity and habitst use in a
managed forest. Washington State University, Pall-

Carzy, A. B. 1991. The biology of arboreal rodents in Dou-
gias-fir forests. USDA For Serv., Gen. Tech. Reg.
PNW-GTR 276. ;

. 1995. Scirids in Pacific Nerthwest manazed
and old-Frowth forests. E-:dlAppLi:ﬂE-ﬁEl.'l ;

Carey; A. B., and M. L. Johnson. 1695, Small mammals in
managed, namslly young, and old-srowth forests.
Ecol Appl. 5:336-352 -

Carey, A.B., B. L. Biswell, and . W, Witt. 19912, Methods

for measaring populations of arboreal rodents, USDA
For. Serv., Gen. Tech. Rep. PNW-GTR-273.
Carey, A. B, M. M. Hardr, 5. P. Horton, and B, Biswell. 19915,
Spring bird communities in the Cregon Coast Range.
In L. F. Ruggiero, K. B. Aubry, A, B. Carey, and M.
H. Hf (tech. coords.). ‘Wildlife and vegetation of
mmanaged Donglas-frforests. USDA Fer, Serv, Gen,
Tech. Rep. PNW-GTR-285. Pp. 123-144, -

Carey, A B., D. R Thysell, L. . Villa, T. M. Wilscm, S. M.

Wilson, J. M. Trappe, W. Colgan, ITL, E. R: Ingham.
and M. Holmes. 1996, Foundations of bicdiversity
in managed Douglas-fir forests. In D. L. Petemsen
and C. V. Elimas (eds.). The role of restoration in
ecosystem management. Soclety for Ecological Res-
toration, Madisen, WL Pp. §5-32.

Cammaway, L. N. 1990. A merphologic and morphometric
analysis of the “Sorex vagrans species complex” in
the Pacific Coast region. Special Pabl 32. The Mo~
seum of Texas Tech University. Texas Tech Univer-
sity Press, Lobbock.



Carter, H C, and M. L. Momison (eds.). 1992, Stams and
- conservation of the marbled murreler m North America,
Proe. West. Found. Vert. Zool 5(1). .

Cazares, E., D. L. Lucma, M. P. Amaranthus, C, L. Cham-
bers, and J. F. Lehmimhl. 1999. Interaction of fiim-
gal sporocarp production with small mammal abup-
dance and diet in Douglas-fir stands of the soathern
Cascade Range. Northw. Sci. 73 (Spec. Iss.):64-T6.

Chambers, C. L. 1996. Response of terrestrial vertehrates to
three silvicnitoral trestments in the cenmal Oregon
Coast Range. Oregon State University, Corvallis,

-Fh.D. Dissertation.

Chambers, C. L, snd W. C. McComh, 1997, Effects of =il

in the Oregon Coast Range. Nortw. Sci. 71:208-304.

-Chamhcrs,C,L,NC.Mcﬂnmh.MI.ﬂ.Tapyedmr,Hl In
press. Breeding bird community responses to thres
silvicultural treatments in the Oregon Coast Range,
Ecol. Appl. =

Chambers, C. L., T. Carrigan, T. Sabin, I. Tappeiner, and W.
MeComb. 1997, Use of artificially created Donglas-

fir snags by cavity-nesting birds. West. J. Appl. For.,

12:93-97, _

Christy, R. E. 1993, Radiotracking Myots bats on Long
Island, Washington. University of Washington, Se-
aftle: MLS. Thesis,

Com, P. 8., and R B. Buy. 1991, Terrestal amphibizn
communities n the Coast Range. Jn L. F.
Ruggiero, K. B. Aubry, A. B. Carcy, and M. . Hoff
(tech coords.). Wildlife and vegetation of tnmanaged
Douglas-fir forests. USDA For. Serv., Gen. Tech. Rep.
PNW-GTR-285. Pp. 305-317.

DeBell, D. 8, R. O. Curtis, C. A. Hamington, and J. C.
Tappeiner. 1997, Shaping stand development throngh
silvicaltore practices fn K. A. Kohm, and J. F. Frankin
{eds.). Creating a Forestry for the 21st Ceatury: The
Sciencs of Ecosystom Island Press,
Washington, D.C. Pp. 141-150.

Doyle, AL T. 1990. Use of ripatian and upland habitats by
small mammals. J. Mammal. 71:14-23. )

Erickson, J. L. 1993. Bat activity in managed forests of the
southwestern Cascade Range. University of Washing-
ton, Seattle. M. Thesis.

Ericksen, J. L, and 5. D. West: 1996, Managed forests in
the western Cascades:. the effects of seral stage on
bat habitat nse patterns. In B M. R. Barclay, and R.

M. Brigham (eds.). Bats and forests symposium. Brit.©

Col. Min_ For, Victoda, B.C. Pp. 215-227.

FEMAT. 1993. Forest ecosyitem management: an ecologi=
cal, economic, and social assessment. report of the
Forest Ecosystem Management Assessment Team.
USDA For. Serv.; USDC Nat. Ocean. Atmos, Admin.
and Nat. Mar, Fish Serv.; USDI Bur. Land Manage,,
Fish WildL Serv., and Nat. Park Serv.; and US EPA,
Washingten, DLC.

Fenton, M. B, D. L M. Cumming, L L. Rantenbach, G. §.-

Comming, M. §. Cumming, G. Ford, R D. Tayler, T.
Draniop, M. D. Hovarka, D. S. Johnston, C. V., Portfors,

M. C. Kaleounis, and Z. Mahlanga. 1998. Batsand

the loss of tree canopy in Afdiean woodlands, Conszerv,
Biol. 12:399-407.

Fogel, R., and I. M. Trappe. 1978. Fungus consumption
(mycophagy) by small mammals. Morthw, Sci. 52:1-
30.

viculral treatments on wintering bird communities”

Forsman E. D., E. C. Meslow, and B M. Wight. 1984, Dig
tribution and biology of the spotted owl m Oregon.
WildL Monogr 87:1-64. _
Forsinan, E. D., 5. DeStefano, M. G. Raphael, R. T, Gutifrres.
- 1596. Demography of the northern spetted owl. Stud.
ies in Avisn Bigl, 17-1-122.
Franklin, J. F., and R. T. Forman. 1987, Creating landscape
patterns by forest entting: ecological co
and principies. Landscape Ecol. 1:5-18. ;
Frankdin, I. F, D. R. Berg, D. A. Thomburgh, and . C.
Tappeiner. 1997, Alternative silvicultoral approaches
10 timber harvesting: variable retention harvest 5¥s-
tems, Jn X A Eohm, and 1. F Frankiin (eds). Cre-
ating aFnrﬂsmyfﬂrthg 215t Centmy: The Science of
Ecosystem Management. Tsland Press, Washington,
D.C. Pp.111-139.
Franzreb, K E. 1977. Bird population changes after timber,
. harvesting of a mixed conifer forsst in Adizona. UshA
For Serv., Res. Pap. RM-184.
Frazier, M. W. 1957. Roost site characteristics of the long-
legred Myotis (Myotis volons) in the Teanaway River
Valley of Washington. University of Washington,
Seattle. M.S, Thesis. .
Gilbert, E. F, and B Allwine. 1991a. Spring bird commmuni-
ties in the Oregon Cascade Range. [z L. F. Ruzgiem,
E. B. Aubry, A. B. Carey, and M. H. Huff (tech. -
coords.). Wildlife and vegetation of tnmanaged Dou-
glas-fir forests. USDA For. Serv., Gen Tech. Rep.
PNW-GTR-285. Pp.145-160.
- 19610, Termesmial amphibian commumities in

the Oregon Cascade Range, Jn L. F. Ruggiero, K B.

Aubry, A. B. Carey, and M. H. Huff (tech. coords.).
- Wildlife &nd vegetation of unmasaged Douglas-fir

forests. USDA For. Serv., Gen. Tech. Rep. PNW-GTR-
285. Pp.319-324,

Gomez, D. M., and R G. Anthony. 1996. Amphibian and
reptile sbundanes in riparian and upslope areas of five -
forest types in westerm Oregoa. Northw. Sci. 70:109-
P L

Good, D. A. 1989. Hybridization and eryptic species in

Lhicamptedon (Cantata: Dicamptodontidae). Evolo-
tom 43:728-744,

* Good, D. A., and D. B. Wake. 1992. Geographic variation

and speciation in the torren: sslamanders of the ge-
ous Rhyceeriton (Candata: Rhyeobitontidae). Univ.
Calif. Publ. Zool. 126:1-36.

-Gresn, D.M., H Kaiser, T. F. Shatbel, J. Eerasley, and E. R

MeAllister, 1997. Cryptic species of spoted frogs,
Rana pretiosa complex, in western North America,
Copeia 1997:1-8,

Hagan, J. A., T, and D. Jolmston (eds.). 1992. Fcology and
Conservation of Neotropical Migrant Landbirds.
Smithsonizan Institution Press, Washington, D.C.

Hagar, J. C., W. C. McComb, and W, H. Emmingham. 1996.

' Bird communities in commercially thinned and
unthinned Donglas-fir stands of western Oregon. -
WildL Soc. Bull. 24:353-366.

Hagmeier, E. M., snd CD. Stults. 1964, A numerical analy-
sis of the distributional parterns' of North American
mammals, Syst. Zool 13:125-133,

Vertebrate Response to Green-tree Retention 61



Halpern, C. B, 5. A Evans. C. R, Nelson, D. McXenzie, D,
Liguord, D. E. Hibbs, and M. G. Halsj, 1999, Re.
sponse of forest vegetation o varying levals and pa-
“emms of green-ires retention: an overview of zlongz-
term experiment. Morthw, Sci. 73 (Spec. Iss.):27-44

Hansen, A. T, and P. Hounihan, 1996, Cancpy tree retention
and avian diversity in the Oregon Cascades, InR. C.
Szare, and D. W. Johmaon (eds.). Biodiversity in
Managed Landscapes: Theory snd Practice. Oxford
University Press, New York.

Hansen AT W.C. McComb, R. Vega, M. G. Raphael, and

- M. Hunter. 1995. Bird habitat relationships in natu-
ralandmﬂuag&dfumh:thewmﬂascad:sufﬁr-
egon. Ecol. Appl 5:555-569,

Hards, 1. D. 1984, The Frasmentsd Forest. The University
of Chicago Press, Chicago,

Hayes. J. P, and M. D, Adem. 1996, The infineqcs of log-
ging dparian areas on habitat otifization by bats in
western Oregon. In R M. R Barclay, and B M
Brigham (eds)). Bars and forests symposinm. Brit.

Col. Min. For., Victora, B.C. Pp. 215-227.

Hooven, E. F, and £ C. Black. 1976, Effects of some

clearcutting practices on small
n western Orsgon. Northw. Sci. 50:189-208.

Hoff, M. ., D. A Manuwal, snd J. A. Putera. 1097, Wintar
bird communities in the sonthern Washington Cas-
cade Range. [n L. E. Ruggiero, K. B. Aubry, A, B.
Cazey, snd M. H. Hoff (tech. coords, ). Wildiife and
vegetation of unminaged Douglas-fr forests. USDA
For. Serv., Gen. Tech. Rep. PNW-GTR-285. Pp. 207-
220. :

Eeller, MLE., and 3. H. Anderson. 1907, Avian use of habi-
tat configurations created by forest cifting in south-
eastern Wyoming  Condor 94:55-65.

KDhm,K.A,,md.T.F.aninn(Bds.}. 1957, Creatinga
Forestry for the 215t Cenmry: The Science of Fco-
gystem Management Lsland Press, Washington, D.C.

Eonz, T. K., and A. Korta. 1988, Capture methods and hold-
ng devices. In'T. H Kimz (ed). Ecological and Be-
havioral Methods for the Stady of Bats, Smithsonian
Institntion Press, Washington, D.C. Pp. 1-29,

Lehmiobl, I F, and L. E. Ruggisro. 1991, Forest fragmen-
tation and its potential effects on wildlife in the Pa-
‘cific Northwest. In L. F. Ruggiero, K B. Aubry, A,
B. Carey, and M. H. Huff (tech. coords.).  Wildlife

and vegetation of unmanaged Douglas-fir forests. _

USDA Fer Serv., Gen. Tech, Rep. FNW-GTR-283,
Pp. 3546,

Leonard, W.P. H. A BmLLCJm,K_R.MCAIHﬁm
and R. M. Storm. 1993, Amphibians of Washingten
and Oregon. Seattle Audubon Society, Seattle.

Li, C. Y, C. Maser, Z. Maser, and B. A. Caldwell 1985. Role
of three rodents in forest nitrogen fixstion in western
Oregon: another aspect of mammal-mycorrhizal fon-
gus-tree mutualism. Great Basin Nat. 46:411-414,

Limpens, H. J. G. A, and K Kapteyn. 1991, Bats, their
behaviour and linear landscape elements. Myotis
29:3048,

Lanney, D., J. Barker, and D. Pridde]. 1985, Movements
and day roosts of the chocolate wattled bat
Chalinolobus morio (Gray) (Microchiroptera: Vesper-
tilionidas) in a logged forest. Aust. Mammal, B:313-
31

62  Lehmkuhl et al.

Mannan, R. W, and E. C. Meslow, 1984, Bigd population
and vegetation characteristics in managed and gjg
growih forests, northeastem Oregon. J. Wildl, Man.

- age. 48:1218-1233,
Manwwal, D. A. 1991. Spring hird communitias inthe Southern
* Washington Cascade Range. InL. E Roggiem K B
Anbry, A, B. Carey, and M. F. Huff (tech. coords.),
Wildlife and vegetation of mnmanaged Douglas-fr
forests. USDA Fer. Serv., Gen. Tech. Rep. FNW-GTR-

. 285. Pp. 161-176.

Martell, A. M. 1983. Changes in small MATmal commrmi-
ties after logging in north-central Ontado. Can, 1.
Zool. 51,970-080. .

Martin, T. E;, a0d D. M. Finch (eds.). 1995, Ecology and

of Neotropical Migratory Birds, Ox-
. Tord University Press, New York.

McComb, W. C.C.L Chambers, and M. Newton. 1993,
Small mermmal and amphibian communities and hapki
tat asspeiations in red alder stands, Ceniral Cregon
Coast Range. Northw. Sci. 67:131-138.

McComb, W. C.,, K. McGarigal, and R. G. Anthony. 19935,
Small mammal and amphibian abundance in stream..
side dnd ﬂpslup&habiiamoi‘mmlﬁmglas-ﬁrmgs,
westemn Oregon. Northw, Sci 67:7-15. -

MeGarigal, K, and W MeComb. 1992, Streamside versus
upslepe bresding bird commumities in the central Or-
¢gon Coast Range. J. Wildl Manage. 56:10-21.

1595, Relationships between landseape strue-
mmbmmiiugbhﬁsinthzﬂmgonﬂces:hngc.
Ecol. Monogr. £5:235-260.

Medin, D. E. 1985. Small mammal responses to diameter
cat logging in an Tdaho Douglas-fir forest USDA
For. Serv., Gen. Tech, Rep. INT-GTR-362

Medin, D. E., and G. Ir. Boot. 1989, Responses of birds
and small mammals o single-ites selection logging
inIdaho. Reg Eoll, Intermonntam Research Smrion,
Ogden, Utah, ;

Morxison, M. L and R. G. Anthony. 1989, Habitar use by
small mammals on early-growth clear-cuttings in
westem Oregon. Can, 1. Zool. 67:805-311.

Morrison, M. L, M. R. Dedom, M. G, Raphael, M. B Yodel
1086, Snaz requirements of cavity-nestin 2z birds: are
USDA Forsst Service guidslines being met? West. 1.
Appl. For. 1:38-40,

Nelson, 5. K., and 8. G. Sesly (eds.). 1995. Binlogy of marbled
murrelets-inland and at sea. Northw, Mat. 76.

Nussbanm, R.A., E. D, Brodie, Ir,, and R. M. Storm. 1983
Amphibians and Reptiles of the Pacific Northwest.
University Press of Idsho, Moscow.

Ofiver, C. D.; and B. C. Larson. 1994, Forest Siand Dynam-
ics. John Wiley and Scns, Ltd., New York.

Ormsbes, P. C. 1996, Characteristics, use, and dismbution
of day roosts selected by famale Myotis volans. R
M. R. Barclay, and R. M. Brigham (eds.). Bats and
forests symposiom. Brit. Col Min. For, Victoria, B.C.
Pp. 124-131.

Ralph, C. J., G. R. Geupel, P. Pyle, T. E. Marin, and D. F.
DeSants. 1993, Handbook of field methods for moni-
toring landbirds. USDA For. Serv., Gen. Tech. Rep.

. PSW-GTR-144. _

Ralph, C. J., G. L. Hunt, Jr, M. G. Raphsel, and J. E. Piatt
(eds.). 1995. Ecology and conservation of the marbled
murrelet USDA For. Serv., Gen. Tech. Rep. FSW-
GTR-15L




Ramirez, Jr, P, 2nd M. Homocker. 1981, Small mammal
' populations in different-aged clearcuts in northwest-
em Montana, J. Mammal. 62:400-403.

Raphael, M. G. 1988. Long-term trends in abundance of

amphibians, reptiles, and mammals in Douglas-fir
forests of northeastern California, InR. C. Szaro, K.
E. Sieverson, and D. R. Patton (tech. coords.). Man-
agement of amphibians, reptiles, and small mammals
i North America. USDA For. Serv., Gen. Tech, Rep.
EM-GTR-166. Pp. 23-31.

» 1990, Mammals of the ancient forsst. In E. A~
Norse (ed.). Ancient Forests of the Pacific Narthwest.
Island Press, Washington, D.C.

Reynolds, R T., I. M. Scott, and R A. Nussbenm, 1980, A
variable circular-plot method for estimating birds.
Condor $2:309-313. : '

Rohwer, 5., and C. Wood. 1998, Thres hybrid zomes be-
tween hermit and Townsend’s warblers in Washing-
ton and Oregon. Auk 115:284-310.

Rosenberg, D. K., and R. G. Anthony, 1993, Differences in
Townsend's chipmunk populations between second-
and old-growth forests in western Oregon. J. WildL

* Manage, 57-365-373. ‘

Rogriern, L. F, K. B. Azbry, A. B. Carey, and M. H. Huoff
(tech. coords). 1991, Wildlife and vegetation of
tnmanaeed Dooglas-Fr forests. USDA For Serv, Gen.

: Tech Rep. PNW-GTR-285.

Sharp, B. 1990, Population tends of Orzgon's peotropical
migrants. Oregon Birds 16:77-42. :

1552, Neotropical migrants on natiomal forests: a

compilation of existing information. Prepared for the
USDA Forest Setvice by B. E. Sharp, Ecological Per-
spectives, 2234 NE 9% Avenue, Portland, Oregon
g7212. ; I

Simpson, G. G. 1964. Species density of Narth Amegican
recent mammals. Syst. Zool. 13:57-73.

Skalski, I. R, and D. 8. Robson. 1992. Techriqnes for Wildhife
Investigations: Design and Analysis of Cepture Data.
Academic Press, San Diego.

Spies, T. A, and J. F, Frankiin. 1989. Gap charecteristics
and vegetation response in coniferous forests of the
Pacific northwest. Ecology 70:543-545.

Endnota

! The use of trade or firm names s for reader information
only and does not imply endorsement by the U.5. Diepart-
ment of Agriculture of any product or service.

Tappeiner, J. C., D. Lavender, T. Walstad, R O. Cuortis, and
D.S. DeBell. 1997, Silvicultural systems and regen.
eration methods: carrent practices and new alterna-
tives. Jn K. A. Kobm, and I. E Franklin (eds.). Cge-
ating 4 Forestry for the 21st Centmry: The Science of
Ecosystem Management. Island Press, Washingean,
D.C. Pp. 151-184.

Thomas, D. W, 1988. The distribution of bats in different
ages of Douglas-fir forests. J. WildL Manage. 52:670.
626

Thomas, D. W, and S. D. West. 1991. Feirest 8¢ as50cia-
ﬁmsafhminrhﬂ‘ﬁ‘ashingmnﬂascaﬁesand%gm
Coast Ranges. [n L. F. Ruggiero, K. B. Aubry, A B,
Carey, and M. H. Huif (tech. coords.). Wildlife and
Vegetation of unmanaged Douglas-fir forests. USDA
For. Serv., Gen. Tech. Rep. PNW-GTR-285. Pp, 295-
303

USDA and USDL 1994, Record of decision for amendments
to Forest Service and Burean of Land Management
planning documents within the range of the northern
spotted owl. TFSDA For Serv., Portland, Oregon.

Van Horme, B. 1983, Density asa misieading Indicator of
habirat quality. J. Wildl Manage. 47:893-601,

Vega, R S. 1993, Bird commmities in managed conifer
stands in the Oregon Cascadss: hehitat associations
and nest predation. Oregon State Unfversity, Corvallis,
ML 5. Thesis. -

Verts, B. I, and L. N, Camaway, 1998, Land Mammals of
Cregon. University of California Press, Eerkaley,

. Vickery, P. D, M. L Hunter, and J. V. Wells, 1992. Us= ofa

Dew reproductive ndex to evaluate relationships be-
tween habitat quality and breeding success. Ank
109:607-705.

Von Treba, C.,, D. P. Lavender, and T, F. Sulliven. 1998, Re-
lations of small mammal popalations to even-aged
shelterwood systems in sub-boreal sproce forest. T
Wildl. Manage. 62:630-642.

Waters, I R., and C. J. Zabel. 1995, Northern fiying squir-
rel densities in fir forests of northeastern California.
J. Wildl. Mansze: 59:858-366.

Vertebrate Response to Green-tree Retention 63



