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Abstract
The emphasis of forest maDagement in ihe Pacific Nonhwest has shifted recendy from the production of timber rcsources to the
maintenance or rcstoration of biological dive6ity and ecosystem functioninB. New standards and guidelines for management
emphasize th€ retention of forest strxctures (live trees, logs, and snags) to rcduce logging impacts, to effich reestablished stands
with important structural features, and to enhance connectivity aooss lbrest landscapes. However, litde is known about the
effects on wildlife of varying the level and spatial distribution of retained structurcs in forests of westem Oregon and Washington.
Replicated and controlled exp€riments within the Demonstration of Ecosystem Management Options (DEMO) study are begin-
ning to quantify the effects of varying the level and spatial aggregation of geen tree retention during forest haflest on a variety of
ecosystem components (e.9., veftebrates, invertebntes, vegetation, fungi), as well as snow hydrology and social perceptions ol
these types of regeneration ha ests. Eight rcplicate blocks of six experimental treatments have been establish€d on the Umpqua
National Forest in oregon, and on the Gifford Pinchot National Forest and Capitol State Forest in Washington. The objectives of
the wildlife studies dre to quantify pattems of species richness, evenness, and relative abuDdance of birds, small mammals, bats,
and amphibians before and after harvest to examine short-term teatment responses. Pre-treatment sarnpliDg has beeD completed
on all sites, harvest treatments are in progress, and posttreatment sampling has begun. In this paper, we present an overview of
our hypotheses and meihods, and document the occufience and relative abundance of species prior to harvest of dle study blocks.
Long-term studies of vertebrate response, habitat associations, and trophic interactions arc planned. Results will inform nanag-
ers on the consequences of alternative forest management stmtegies.

Introduction

Forest management in the Pacific Nothwest during
most ofthe last 50 years has emphasized the pro-
duction of timber resources. Traditional practices
ofclearcut logging and artificial regeneration typi-
cally produce simplified stand shuctures that differ
ftom the structural, compositional, and functional
complexity of naturally regenerated forests, pd-
marily in the absence of a significant legacy of
large live and dead trees and down woody debris
(Franklin et al. 1997). The loss ofthe old-growth
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legacy and attendant forest complexity has nega-
tively affected the viability of associated species
(Hanis 1984, Maruran and Meslow 1984,Irhmkutrl
and Ruggiero 1991, Ruggiero et al. 1991, FEMAI
1993) and has spured the development of new
fore\t managemenl strategies for species conser-
vation (e.g., USDA and USDI 1994).

New approaches for managing public forest
lands seek to remedy problems associated with
past management practices by integrating the
maintenance ofecological values with commod-
ity producrion (DeBell et al. I 997, Kohm and Franklin
1997, Tappeiner et al. 1997). Among these tech-
niques are green-tr€e or variable retention systems.
Retention of green trees in harvested stands has
often been translated into the retention of a few
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scattered "wildli lc' '  trccs, with l itt lc apparcnt bcn-
cfit to rvildlif 'e (McConrb et al. 1993b). More so-
phisticated retention techniques that vary the level
and spatial pattern of retained trees have been
proposed to mimic the eftects of ratwal forest
disLurbance. in particular the relention ol largc
structural elements including live n.ees. snags, and
down wood (FEMAT 1993. Franklin et al. 1997).
t  h r  , 'h j . c t r rc :  , ' l  there  techn iques  r r re  t , '  mr in -
tain ecosystem str-uctule and function. enrich re-
established stands $'ith structural f-eatures that
rvould otheru,ise be absent. and enhance connec
tivity across the landscape (Frlnklin ct al. 1997).

Presumably. ve ebrate species that persisted
rvithin distulbance regimes of the pre-European
settlement period may be expected to persist in
managed forests if those regines are mimicked.
However, it is rLnclear how species will respond
to our attcmpts to nrimic natural disturbancc rc-
gimes, as there are teu' data on the relationships
between the levels and spatial patterns of green
l ree  Ic len l i i ,n  . rnL l  lhe  \h , ' r l - le rn l  fe r \ i \ lenr 'e , ' r
the long-term rccolonization of species in har-
vested stands (McComb et al. 1993a. Chambers
1996, Hansen and Hounihan 1996. Franklin et
al. 1997). Rctrospcctivc rcscarch has tbcuscd on
species firund in unnranaged late-seral and vounger
lbrests (e.g., Raphael 1988. Ruggiero et al. 1991,
Roscnbcrg ancl Anthony 1993, McGari-qal and
McConrb 1995, Gornez ud Anthony 1996, Hagar
et al. 1996). recent clearclrts (Medin 1986). or
stanrls u iLh evenl1-disldbuGd partial reLention of
grccn Iccs (Vcga 1993. Hanscn ct al. 1995. Hanscn
and Hounihan 1996.). Retaining mt)re green trees
might maintain conponeDts of stand sffncture or
tunction fiat u i l l  allorv some species to persisl
in harvested oreas, but mal' result in poorgr per-
sistence of other species (Hansen et al. 1995,
Hirnsen and Hounihan 1996. Chambers et al. i l
prd.r.r). Rctaining trccs in undisturbed refugial
patches l ikervise might result in srnaller init ial
impacts or laster long-term recoveq/, dependilg
on thc l ifc hisk)ry and populalion structurc of thc
\pe( ie . .  \ l th r 'u i rh  the  |e .u l l . , ' l  re le rur r t  e rpcr i -
mental studies u'ith pre and post teatment data
arc bcginning to cmcrgc (c.9., Chambcrs ct al. l i?
2izs.s). no studies have been published that ex-
amine the eflects on veftebrrte communities of
simultaneously varying both the level and spatial
patten ofgreen trce retention (Franklin et al. 1997).

As a componcnt of thc Dcnronstration ol Eco-
s ls tem Managcmcn l  Opt ions  (DEMO) s tudy

(Aubry et al. 1999), u,e have been studying re
'pun.e' of [orc.t r enrbrltr :prerc. lo crperimen-
tally manipulrted levels (percentage ofbasal area)
and pattems (dispersed vs. aggregated) ofgreen-
tree rctcnti(D. Our prinrary goals are to: (l) quan-
t i15  'hor t  t c r rn  ehrnge.  in  comnrun i r r  eompos i -
tion and abundance ofbirds, srnall mamnals, bats,
and anrphibians; (2) identity the vegetation ard
other habitat attributes associated with observcd
changes in species occurrence and abundance:and
(3) quantify functional trophic relationships (e.g..
fungivory) of sclect species groups.

ln this papcr we provide an overview ol our
study area. describe our experimental and sam-
pling designs. brielly rcvierv the ecology and habitat
rclationships ofvertebrate groups targeted tor study.
describe hypothetical short term (5 l0 yr) re-
sponses of vertebralcs to trcatmcDts and the ana-
lytical techniques to test these hypotheses, bdefly
summarize pre-treatment results, and describe the
challenges and limitations of implementing an
experimental study of this scope on vefiebmtes.
This papcr docs not cont:i in a detti lecl analysis
of pre-treatment data. Hypothetical responses of
vertebrales to the retenlion treatnrcnts arc based
on current knorvledge ()f species'ecologies and
the hypothesized responses of habitat clcmcnts
to these teatments as described by Halpern et al.
(1999). Aubry et al. ( 1999) provide detailed de
scriptions of overall project goals. cxpcrimental
design and harvest treatments, aDd the full scope
, - r i  D tMO rs . r r r ih  r \ (sc lJ l iun .  iung i .  in rcne-
brates. s()cial perceptions. snow hldrology).

Methods

Study Area

Stud) sites occur in Douglas fr (Pseudotsuga
menziesii l  dominated lbrests on ihc Umpqua
National Forest in westem Oregon, and on the
Gifford Pinchot Nationtrl Foresl and Capit(t State
Forest in western Washingtol'r (see Aubr,v eL al.
1999). The eight ltudy blocks (fbur in each state)
provide abroad gcographical and ecolo-qical scope
ofinlerence (Aubry et al. l999). Within each block.
six study units wcrc sclcctcd t 'R)m the same or
adjacent watersheds to reduce differences in phlsi
ographic and stand characteristics. and to rcducc
dillerences resulting lrom past management. ln
contrast, blocks vary widely in biophysical set-
ting and pasl managcnrcnt. Variation within and
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among blocks is accounted tirr in the sanrpling
design and analytical techriques (see belo\\").

Among the blocks. studv sites range fiorn 200-
1700 n in elevation. slopes vary fron steep to
gentle. and nearly all aspects are represented.
Stands encompass a lariety of disturbance histo-
ries, ages, and successional stages. but all have
developed beyond the stern-exclusion stage of
forest de\€lopment (.re,lsri Olirer and Larson 1990).
All stands on the Umpqua National Forest have
been thinned ol salvaged to some degree, r,hereas
thosc on the Gifford Pinchot National Forest are
all natural unmanaged forests. Two blocks (La1ng
Creek, Oregon and Capitol State Forest, Whsh
ington) are second growth as a result of previitus
harvest. Forest understories are compositionally
diverse. but manl b)ocks shale the same domi-
nant herbaceous and *oodv species. Halpem et
41. (1999) provicle cletailed site descriptions and
an overview of the variation among blocks.

Ou l  re .u l t .  ' hou lJ  be  rpp l ie rb le  to  por t i , ' n .
of the westerD Cascade and Coast Raoges \\"ith
similar biophysical conditions and species dis-
tributions. Many, but not all. of the veltebrate
species of interest occur throughout bolh rcgions.
Where biogeographic variation in species distri-
butions and responses to treiltmcllls n]ay occur
(e.g.. Carey and Johnson 1995). the block design
of the experiment wil l help to control lbr sone
regional differences in lrertmenl eflects.

Exper imenta l  Des ig  n

A randomized block design allows us to control
for biophy-sical ditTerences across thcregional sludy
area. At each of eight study blocks (replicates)
1l!e harvest treatments and a control were ran-
domly assigned to 13-ha fealn]enl units. Aftcr
extensive survey of candidate stands across the
potel'rtial study area, 13 ha proved to be the mari-
mum stand size thrt could accommodate the mini-
mum sampling grid (described below) and pro-
r,ide lbr homogenous within stand biophysical
conditions. Treatments var) in the level of reten-
tion of l ive trees (15 100% basal area) and in the
pattern ofretention (trees unitbrmly di\persed vs.
aggregated.). The six treatnents are: 1007 re
tention (control): 75-l. ag-sregated retention (trees
ha ,ested in three circular. I ha gaps): .10% dis
persed retention throughout the stand::10% ag-
gregated retention (as fivc undisturbcd, circular.
I ha patches); l5?'dispersed retentior: and l5tlr,

aggregated retention (as two undisturbed. cilctr
lar. I ha patches). Al1 snags rvil l  bc rctaincd in
ti)rcst aggregates. In haNested portions of treat-
ment units. existilg snags will be retained rvhere
possiblc, and 6.5 snags,4ra rvil l  be crertecl from
live trees (see Aubry et al. f l999l for dehils).

Samp ng Des gn  and Ana y t  ca l  l ve thods

Sampling for vertebrales and rcgctation rvithin
each treatment unit occurred on a permanentlv
narked 8 x 8 or7 x 9 grid. depending on the shapc
of the stand. $'ith rl0-m spacing between grid points
and a .10 m buffer to the edge of thc lrcatmcnt
unit. This glid conliguratioD was chosen to con-
fi)rm to sampling methods tbr arboreal rodents.
which require the largest sanpling arca trnrong
r l l  . I le . ie .  . luJ ie (1 .  . ,nL I  I , '  i r l l r ,$  lu r . ) \ t ( I l3 l i (
sampling of treatments. Carey et al. ( 199 I ) rec-
ommcnd 10 x  10  gr ids  w i th  ;10-m spac ing  (16
ha) to estimate the densitl, ofnorthen l11ing squir-
rcls(Glairomts sabriin). but indicate that smaller
gr ids  (c .g . .  8  x  8  o r7  x  9 .  |3  h r l )a re  adec lu r te  i f
the goal is to calculate lelatire abundancc indi-
ces rather than density (see also Carel et al. I I 996]1.
Because largel grids could not be accommodaled
gi!en the sizes of inlact slands, wc lccepted the
smaller grid (see Abbon et al. f19991. Aubrx- et
a1. [999] t irr additional details).

Field methods rvere designed to index habitat
use by nunbers ol dctcctions or individuals cap-
tured. We assume that use wil l be strolgly cor
related rvith changes in abundancc lbr most spe-
cics olinterest. For some species nith Iarge ranges
oI ntot crncl]t r 'ehtir e tu thc l lci i rrI tre]tnlJllt unit\
(e.g., bats and soIne birds.), use nay not be closell
t icd to changes in abundance. Thus. the l iost
ecologicall5, meaningiul intbmation will bc gaincd
fiom species thrt occur at rroderate to high den
sities and that exhibit local palterns o1 nrolcmcnt
| c l r t i \  c  t ,  '  I h c . i z c , ' l - l r e . r t m e n t  u r r i t s

Data were collcctccl for 2 yr pfiol to treatnrent
to quaDtif"v species occurences and rcliltivc abun-
dances. Comparison ofpre- u'ith post ffeatrnent
dala in Lcsting trcatmcnt rcsponses wil l allorv us
to control tbr spatial variation in r,ertebrate oc-
cu t ten( (  l r )L l  cbundrn( i  . r rn i ,n ! :  l r cJ l rnc l t  un i l .
nithin blocks. Cornparison of data between ffeat
nent and control unirs rvill contrcl lbr tcnrporrl
variation. Although conparisons of pre ancl post-
trcatmcnt data fiom rnanipulated and control stands
enable us to separatc annual variation in species
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abundances from the effects ofharvest treatments.
an understanding of long-term (> 5 yr) responscs
rl'ill require rcpeated measuremcnts over longer
time frames.

We analyzed the power of the experimental
design to detect trcatment effects on il subset of
bird and small mammal species. We chosc a tir-
cal species (nonhern t'lying squinel), four con-
mon and one wide ranging bird spccies. and one
moderately abundrnt terrestrial small mammal
species that we kne\\, to be well sampled and could
be anticipated to be cither greatll' or ninimally
allected by treatments. We used prc-treatnrent
data to estimate mean and variance of captures.
Treatment response wrs hypothesized to be least
a:107e (birds) or 507o (small nlammals) reduc-
tion iD capturcs between the conffol and one treat-
ment-the 40% dispersed retention trcahnent-
based on the interactions of individual species life
histories. habitat relationships, and the level of
canopy renrovll. Nearlv all treatment effects are
expected to result in greater declines; thus, the
test understates the expected magnitude and tie-
quency of treatment eflects and gives conserva
tive power estimates.

Treatment eflects on individual species abun-
dances (for species meeting minimum criteria lbr
occurrence or abundance in ffeatmcnt units) and
on community attributes of species richness trnd
evenness will be tested as the dift'erence betq'een
pre- and post-treatment values anong treatment
and control units using randornized block analy
sis of variance (ANOVA) (Skalski and Robson
1992) or nonparanetic analogs. Repeated-mea-
sures ANOVA will be used to test for long-term
treatmenl effccts. Similarity in faunal associa-
tioD! among aDd within treatments \l, i l l  be exam-
incd by clustering or ordination techniqucs. Re-
lationships between vegelation or other habitat
attibules (c.g.. volunre ofwoody debris) and spe-
cies presence or abundance will bc examined across
all rcplicates prjmarily by regression analysis.

Hypotheses, Methods, and Preliminary
Results

Birds

Review

Some bird populations are decli l ing in the Pa-
cific Nofihwest (Sharp 1990. 1992). in pafi as a
result of tinrber harvestiog that sl]ifts |Iee agc-

class distributions fronr old to young and alters
natrual disturbance regimes (Frantlin ancl Forrnan
1987, Spies and Franklin l989, FEMAT 1993).
Thsre are concerns for cavity-nesting birds
(Morrisou et al. 1986. Chambers et al. 1997).
neotropical nligrtrnts (Hagal al]d Johnston 1992.
Marrin and Finch 1995), the nofthern spotted owl
(Strir ouidentdlis .aridln) (Forsman et al. 1996).
and nrarbled murrelet (3rut,4t,izrnplrus nanno,
,.atr1.r.) (Clrter and Morrison 1992. Nelson and
Sealy 1995, Ralph et al. 1995) that have fueled
public debate over forcst management in the
Pacific Northwcst.

Significant rescarch has been devoted to bird
populations in natural. unmanaged Douglas-tir
fbrests of westem Washington and Oregon (Carey
et al. l99lb. Gilbert and Allwine l99la. Huflct
al. 199l, Manuwal 1991), and there have bccn
some letrospcctive studies of bilds in ntanaged
lbrests of the region (Atman 1990, McGarigal
and McConb 1992, Hansen et al. 1995,Hagarct
al. 1996. Hansen and Hounihan 1996). However.
replicated manipulations that include pre- andpost
harvest sampling (e.g.. Bosakowski 1997. Cham-
bels and McComb 1997, Chambers et al. i? pr?.r.!)
har,e been limitecl in size iind scope.

Bird species associatcd with mid- to late suc-
cessional lbrests that use large trees for foraging
or as nest sites (Brown 1985) typically decline in
response to hanest (Frtnzreb 1977. Keller and
Andcrson 1992. Chanlbers 1996. Hansen and
Hounihan i996), although intensity of harvest
affccts responses differently. Compared with
clearcutting. 257. retention ofgreen-tree basal area
offers benefits (foraging and l]esting habitat) to
some of the species associaLed with old-growth
fbrests (Chambers 1996. Chanlbefs et al. in pre.ss).

Neither Chambers (19961 nor Vega (1993)
detected a significant changc in bird species rich-
ness among relention-treittment, Iate successional
folest. and clcarcut stands >8 ha in area, althou-eh
the composition of the bird cornmunity chalged
after haNest. However. retention stands provided
brecding habitat both lbr birds associated with
errl) .crirl . l i t!(s anJ for :or e .pe,ie. lssoei
i l led \\ i lh if, le su((c.si, 'n.rl lr 're..t. Thc r(tcntir)n
of large trees rppnrently provided folaging sub-
strates and in sonre cases breeding sites l ir l sorne
spccies associated rvith old-growth fbrest. How
ever. less intensivc harvesting (approximately 30%
reduction in $ ood volume) resultcd in decline or
loss of ftwer bird species associatcd with late
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successional forests (Medin and Booth 1989.
Chambers l996. Chambers et al. l lpress). Thus.
a variety ofstand treatmeDts may be nccessary to
mi r inn in  hab i t r t  lo r  d i t fe rcn t  .pec i ( . .

Hypotheses

Hypothesis I ADrndtoue of canopl"-dwelLing
birds nil l  decline',t it l t t let:reasing lerels ol tree
retention: aggregetion ol retention will rethrce tltis
elfett (Table 7). Species whose primarl habitat
is closed-canopy forest, such as hcnnit/Iownsend's
warbler (Dendroica ttct:iderttolis/D. tow setldi )
and the golden-crowned kinglet (Regr1&r ,r/r1,.a1)a),
l ikely wil l decline in abundance with thc loss of
canop) habitat. Aggregation of patches will al-
L ,u  l . r  . r r rne  ner . i \ tence in  t rea t rnent  un i ts .

Hr-oothesis 2 ADnrtdunce of birtls ussot:iated
witlt Lntdersto^ regetation *iLl decline with de-
creasing levels of tree reterttiort in the short tenn
(<5 tr): uburultntes u,il[ intrettse itt the Longer
tenn. Agtregutiott o.f retention rrilI cLnpIiotqte
tle effbcts ofdecre1sing retentiott (Tahle I ). Sone
vegetation layers. understory shrubs in particu-
lar, are predicted to clecline in the shofi-term af
ter haNest (Halpem et al. 1999), but wil l recover
or be rephced h1 other under.toq \peii.\ o\cr
long periods of t ime (>5 yr).

Hypothesis 3-Prlntary ttrtd .secLtnda1 cat'-
itt nesting birds ',till det:lirte with decreasing level.s
oJ tree retentiott arul by dispersing the pattem oJ
retention (Table /). Increased levels of har\,est
u  i l l  re .u i t  in  n r r rke t l  rcJuet i , ' n .  in  \n i rp :  in  l reJ l -
ment units with <.10% retention (Halpcrn ct al.
1999). Old decayed snags, which arc valuable
tbr some cavity nesting birds (northern flickcr
IColaptes aunuusl. led breasted nuthalch ISiu.i
canadettsisl), wil l be lost in treated areas. and
creation ol rcplacernent snags fiom sound ffees
(see Aubry et al. 1999) wil l havc l itt lc eiTect in
the shorl-tenn. Aggregation of retained trecs in
undisturbed retugia will likely ameliorate the cl'-
lect of declinjng retention on cavity nesters that
use open canopy habitat (e.9., chestnut-brckcd
chickadees lPurus rtrfe sc e n s l).

Methods

Bird community composition. species richness.
and relative abundance were estinated in each
stand liom foul point count slalions using the
moditied vadable cilcular plot method dcscribed

by Reynolds et al. (1980). Spot mapping was
corduc ted  dur inp  po in l  .oun l ' .  io lL ru  i rg  p roec
dures by Ralph et al. (1993), k) exanrine loca-
tions of tedtories of selected spccies (Table 2)
relative to canopy and iorest floor charactenstlcs
before and after harvest.

Bird surveys began in late ApriJ and ended by
early to mid-July. Each treatment unlt u'as vis
ited six tines during the breeding season. Sur
ve,ys were evenly spaced throughout the breed
lng season to capturc varirt ion in breeding
phenology among bird species. Abundance was
expresscd as r detection rate (mean number of
birds detected within 7-5 m per visit) to facilitate
comparison of species abundance among stands.
Count stations were at least 160 m aprrt, thus 75
m $'as chosen as a conservative maximum detec
tion distance to avoid lecounting individurl birds.
We combined detections of hermit wrrblers and
Townsend's warblers because ol extensive hybrid-
izationbetween the two species (Rohwer and Wood
1998.). We later wil l assess habitat qualitv and
\er i l )  h re rd inF \ t r tu5  o [  r l l  b i rd .  b r  u ' ine  r  re -
productive index (Vickery et al. 1992) to deter-
mine whether species are nesting in thc study
stands.

P o u  r r  r n l l 1 . . t  i , r r  l i r u r . r r n t m n n  : l e c i e .
showcd adequate power il] the point counl sam-
p l i r rg  Je . ign  to  d ( t (c l  ch lnge:  in  Jc rc ( l i , , r r  r i r le .
of hermit/Townsend s warblers (0.99). golden-
crorvned kinglets (0.99), dark-eyed juncos (Jrrrco
htetnulis'1 (0.97), and brown creepcrs (C?/tlia
antericana) (0.96). Power was inadequatc (0.52)
tor the Iess common and widcr-ranging gray jay

I Pe ri s o reus c anade n s i.t).

Summary of Pre-treatment Results

Using the poil 'rt co[nt da1a, we se]ected those
species for which somc analyses rnight be pos
sible in one or morc sites. Criteria tbr selection
were spccics that $ere observed within 7-5 n of
the observer and species that had 30 or more de-
tections in a block in either of thc two pre-treat-
ment sanpling sessions. A thrcshold of 30 de-
tections $'as evideDt in the l'rcqucncy distribution
of pre-treatment detections and was thus used to
separate colnmon from uncommon species. In
Washington, l5 of 51 spccies detected l lt the cd
teria for analyses and in Oregon. l2 of70 species
(Tablc 2). There should be adequale po\\cr to
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T,A.B LE L Prcdic tcd \hort lcrm (5 I 0 yr) resfonses of veltebfare specie s to greeD lree retenrion reatmenls in the Denonstrarion
ol Ecoslstcm N4anagement Options study. Resporse is the predicted change in abundancc from mcasurcd prc lrcal
rrren! !alues: 0 = no detectable effect. - = decline in abundance. + = incrcasc in abundance. Single, double, or triple
entrie\ indicare h!pothesized responses tha1ffc wcak. modcraic. or slrong. respeclively. Double entries separated by
a comma indicrte the r nge of unce(ainly in prcdictcd response.
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show treatnent effects for at least the lbur spe-
cies tbund in signiticant numbers in all blocks.

Hermi t/Iorv n sen d's rvarblers. golden crowned
kinglets. red-breasted nuthatches, and brown creep-
ers r-ere lhirly abundant on all blocks in both states
(Table 2). As cxpccted, species that occupy large
territories (c.-s.. grousc. woodpeckers, and corvids)
generally wcre dctcctcd in small numbers and are
not included in the list. Of the 15 species in Wash-
ington blocks. fbur u'ere either Dot detected or
dctcctcd only in small nunrbers on some blocks.
This was true 1br scvcn spccics in Orcgon.

Some elevational trends in species abundance
J l . , r  $ere  er i , . len l .  Fur  e t i rmpJe.  u in te r  u rens
\Troglodttes troglodyte.s). Wilson s warblers
I Wi lso ni tt 1tu s i | [a), and Pacitic-slope fl ycatchers
(Empidonax difficilii.) generally were most abun-
dant in lorv-elevation blocks (Capitol Forcst. Layng
Creek). Resulting regional and elevational di1:
ferences in bird species composition and abun-
dance between blocks in Oregon and Washing-
ton will nrake futule itnalysis over the total array
of treatments potcntially ditf icult for some spe-
cies.

Arboreal and Terrestria Sma I N/lammals

Beview

The snall nan.rmal community of the Pacific
Nofihwest is one ofthe richest in Nofih America
(Harris l9li4, Raphael 1990). Several species.
such as theTrowbridge's shrew (Sorer trorbrlrlgll).
shleu, mole (Neurotrithus gibDrii). forest deer
rnouse (Pcr.rrnr.r-r,tceiri), westem red backed
vole (Clethrionornys californicus), and red tree
t'ole (Plrctut:om)s krlgiLtludus). occur only in
westem British Columbia, Washington. Oregon.
or northern Califirrnia (Hagmeier and Stults 196,1.
Sinpson 196.1). These specics arc wcll adaptcd
to older forests lHaris 1984, Aubry et al. l99l)
and trpicall l  occrrr in 5:re.rte't lbunrlanee in natu
rally regenerated nature forests (Carcy and Johnson
1995).

Arboreal and terrestrial small mammals play
important ecological roles in forest ecosystems.
They firrm key l inks in rnany fbod *ebs as con-
sumers and prey, and are important dispcrscrs of
plant propagules (Harris 198.1). For cxample,
northcrn l lying squirrcls, rcd trec voles. and
woodmts (A/"ot.rzd spp.) arc primary prcy for thc
northem spotted owl and other forest owls

(Forsman et al. 198,1). Some arboreal and terres-
trial rodents consume the sporocarps of
ectomycorrhizal fungi and dispcrsc t'ungal spores
and nitrogen-fixing bacteria (Fogel and Trappe
1q78.  L i  e t  a i .  lq86r  and thus  rcprc .en t  rn  im-
portant link in the nutdent cycling and produc-
tivity of fbrests.

Arboreal and semi-arboreal species in the study
areas are consistently found in closed-canopy ti)rest
that has developed beyond the stem-exclusion
stage. This pattem is generally attributable to the
grcater compositional and structural diversity tbund
in oldforest age classes (Carey 1991,1995). These
species can. however. be relatively abundant in
youngcr stands with diversg understory compo
sition and woodv debris legacies (Doyle 1990,
Rosenberg  and Anthony  1993,  Carey  1995) .
However. they are heavily intluenced by tradi-
tional tbrcst management practices that remove
pat orall ofthe forest canopy (Carey 1991. 1995).

The diversity of terestrial small mammals in
the study areas prccludes a simple generalization
about abundancc in relation to fbrest age and habitat
Ieatures. 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 Black 1976, Ramirez
and Hornocker 1981. Martell 1983. Van Horne
1983. Raphael 1988. Morison andAnthony 1989,
Ruggicro ct al. 1991, Carey 1995, Carey and
Johnson 1995). Sereral species (red backed volcs,
Trowbridge's shrcw. shrew-moJes) are most abun-
dant in closed-canopy tbrests that have developed
beyond the stem-exclusion stage, u'here sparse
herb and shlub layers provide limited rcsources
tbr these species. Several other species are habi-
tat generirl ists (deer mouse fPerontlst:tts
tnonicL utusl.montarTe shrew lSorel nrorrlcofui.d ).
or are most abundant in dense, ground-level veg-
etation characteristic of early successional com-
munitics and streamside areas (creeping vole
I M ic n ttr s ore gonil. Pacifi c jumping mouse lZnpir.r
trinototusl). Clearcutlogging produces unfavor-
able habitat lirr closed-canopy species until canopy
closttre. Lon! l(rm ad\er.e impret. r 'n pL'1.i, '-
tence (over several rotations) may occur if har
vest techniques eliminate inputs ofcoalse woocly
debris and other resources. Converse]v. high-in-
tensity disturbances will lead to an increase of
early-successional small mammal species. Gcn-
eralist species also may increase in abundance
with distubance as a direct effect ofhabitat changes
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ancl indircctly ifthc disturbancc advcrscly ailccts
competitors.

Although the general changes in the compo-
sitior of small mammal communities can be pre
dicted tbllorl ing clearcutting. (Htxrven and Black
1976. Morrison and ADthony 1989) responses to
less intensive harvest are not clear. Recent stud
ies have examined small mammal response to
greeD tree retention harvests (Watels and Zabel
1995, Chambers 1996. Vrn Treba et al. J998),
but these studies were Dot designed to provide
broad inf'erence for Pacific Northwest species. In
pafticular. little information is available to coln
pare eftects ofdispersed vs. aggregated retentiol,
or to predict patterns of response across a gradi-
ent of increasing disturbance intensity. Similarly.
the abil ity olretention patches to serve as refugia
for closed canopl species is unknorvn.

Hypatheses

Hypothesis I ADrirdunce ofurboreal n ents v'ill
clecline u,ith decrcasitg levels oJ retentiott oJ green
trees, olthough dggregation of retention u,ilI re-
Jtrce rhit eJJecr /Ialle /r. Deireu.ing retenti, 'n
will result in marked reduction in arboreal canopy
habitat and den sntgs in treatment units with <:10%
retention (Halpem et al. 1999). Old decayed snags.
which are most valuable lbr denning sites. will
be lost in treated areas, and creation of replace-
ment snags from sound trees will have little ben-
etlt in the short-term. Sirnilar declining trends in
the number of vegetation layen and the cover ol
the  dominant  unders to ry  shrubs  (e -g . .  Acer
t:i rti rutttrrn, Berberis nenosu. Gaultheria shulktr
tnd  Vt , r in ium 'pp . )  e .pec i r l l l  e r i cuceou.
shrubs-wil l contribute to the hypothesized re-
sponse (Carey 1995).

Nothem flying squirrels litely * ill show greater
responscs to trcatmcnts than chipmunks (f.lrlld.t
spp.), u'hich are semi-arboreal (Cuey l99l).
Ho$'ever. aggregation ol retained trees in undis-
turbed relugia likely will ameliorate these effects
to some extent. Declining abundances of arbo-
real rodents also wil l be associrted with declines
in the diversity and abundance ofectomyconhizal
t'ungi as a consequcncc ofcanopy rcrnoval (Cazares
et al. 1999). Northern flying squirrels. whicb are
obligate fungivores, are expected to experience
greater' ffeatmert effects than chipmunks, which
har,e nrore diverse diets.

Hyoothcsis 2-Terrzstrial .small mannals as-
so<:iuted with closed cunop:- (post stem extlusion)
.forests u,ill det:line with increasittg levels of dis-
turban.e (Table I 1 ; t rcatnent-level abundatk:es
u,ilInot dilibr ber*-een tlispersed and aggregated
hcu't'ests ol the same inlcrsi4: We expectclumped
popuJations of these species wil l be tbund in re-
tention patchcs ofaggrcgate treatment units. with
1eu' individuals occupying the haryested matrix.
ln dispened retention patches. these species will
be fbund in low abundance throughout the unit.

Hv 'the:i. J-.Srrdll nonmel .tpeciL.' tttto-
tiate d v:ith earh-sut te s sional hahitats and hahitat
generalists will increuse or have no thunge in
ebundan.e yith disnrbance inteasll_r'. The rela-
tive abundance ofthese species will increasc with
the proportion of basal area removed. Pattems
ofdispersion for these species will be the invene
of the patterns hypothesized fbr closed-canopy
species.

Methods

Methods tbr live-fapping arboreal rodents werc
modifled tiom Carey et al. (l99la). Tomaharvk
20 I I traps (Tomahawk Live Trap Company. Toma-
htwk, Wisconsin) were used to sample an 8 r 8
or  '  r  I  s lmp l ing  gr id  $  i r  h in  c i l (h  t rcarmcn l  un i l .
Sampling occuned in the fall to estimate repro-
ductive status, relative abundances, and consump
tion of hypogeous fungi by flying squirrels and
chipmunks. Captures were rcported as individu
als captured per 100 rap nights. adjusted by 0.5
trap nights tirr sprung traps; however. mark-re-
captufe population estimates will be made if fur-
ther analysis shows that capture data can meet
the proper assumptlons.

Sanrpling 1or 2 rvk on all units during 1994
and 1995 indicated that flying squirrel abundances
were too low (averaging 0-1 squinel per grid) in
three of eight blocks for future analysis of treat-
ment eff'ects, and that an additional 2 wk of sam-
pling resulted in about 25% nrore captures of in-
dividual squinels. As a result. we discontinued
sampling arboreal rodents in the fbur blocks with
low to marginal abundance, but doubled the sanr-
pling period to 4 u'k at the remaining fbur blocks.
Pou'er analysis showed that doubling the tnpping
scssions to 4 wk on tbur blocks would result in
power >0.90 for detecting a 50Tr reducfion in
lbundance.
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To estimate the species ancl quantit ies offungi
consumed. fecal pellets wele collected from fly
ing squirrcls. chiprlunks. and rcd-backcd volcs
on the Watson Falls block in Oregon and the Butte
block in Washington. Frequenc)' ol 'occurrence
and relative abundance of fulgal spores in leces
rvil l  be compared to the concument tiequency and
abundancc offungi samplccl as paft ofthc DEMO
n1'cological studies (Cazares et al. 1999).

Pittiilltraps were usecl to sample terrestriaJ small
manmals at each point in tl're grid. Only pitfall
tr-aps were used because they sample those spe-
cics whosc habittrt associations arc lcast uncler-
slood. i.e.. the insectivores. Most other small
nammal species. although less efficiently cap-
rurcd by pitfall traps. arc -tcnerally caught in suf-
llcient numbers 1br statistical analyses (Aubry et
al. 1991): pou,er analvsis of preliminary pitfall
captures lbr deer mice (Perrzr_r'.rcrs spp.) shou,ed
powcr to bc 20.99 for dctccting 50% reductions
in abundance. Power to estinate eflects or
Tror,bidge s shrew and vagrant shrew (Sorer
rag,..rr.s). \\'hich werc trrorc abundant than dccr
li ice, is expected to be similar.

Pitliill traps were operated as removal traps to
provide data comparable to pre\,ious studies in
unmanaged lbrests (Rugeiero et al. 199 | ) and to
ongoing studies in managcd forcsts in thc Pacil ic

Nofth$est (K. B. Aubry pers. conrn.). Traps were
pafiially filled with water as recommended by the
Amer ican Soc ie ty  o f  Mammalog is ts  (  1987) ,
opened lbr 28 days in each treatment unit. and
checked oncc a wcck between September and
November Numbers caught were reported as an
unconected catch per unit e1lbrt index (captures/
100 trap nights).

Summary of Pre treatment Results

Ten rodent species were captufed usiDg arboreal
rodent tmpping methods during 1995-96 (Table
3). Chipmunks were the most fucquently cap-
tured group. Tou'nsend's chipmunk (Zrrnlas
toilnsendll) was abundant on all Washington blocks
and oD the Layng Creek block in Orcgon. The
Siskiyou chipmunk (Lrls&lrorr) was the most
abundant species on the Watson Falls block in
Orcgon. Alk)gether, 568 nothern 1'lying squir-
rels were captured. Small numbe$ ofbushy{ailed
woodrats (Ncor.)rr.l tinerao) were captured on
seleral blocks. Douglas' squirrels /Ianiasc iLt rut
d.rrgl.riii) were captured inlrequently on allblocks,
but this species is probably underreprcsented in
the data due to tlap avoidance (Carey et al. 1991a).

Captures of terestrial small mammals were
sirnilar in Oregon and Washington, $'ith shrews
(Sonr spp.). deer mice (.Peromyscus spp.), and

_fABI 
F- L Wit|ir block prc trcat ent rank abundance ofrodent species captured in Tonraha$'l livc iraps in lhc DE\{O crpcri

nrent.Ll g.een-tree retention stud\ in Ofegon rLnd \Vashingtm during 1995 .rnd 1996. Crpture fanks (l = highes!
.rbundure) \iefe detennired lioln the total rumber of indniduals c.rptured fbr each species $ ithh r block.

Oregon Blocks Wa\hinglon Block!

aonrmun N.rne
I-a lng Crpi to l
Creek Fiutte ForcstFr l ls

Gluu&t \ \  f tbt i tuts

Iit tl1 kl \t i tru s tk\!gl d si i

Spcr] tophi lu\  Iakf tL l i t

Sf  n lxt l t i lu \  bu.her i

SNnnphilLs sdturutt!\

St  i t tu\  rutdol?t1\ i \

\ {can a. .Lral  tdal  indiv iduals

To$nsend s chipmunkL

Si\k i , , "ou c l r ipmunk

\or thcrn l l \ ing \qui l . rc l

Dougl Is 'squrnel

Coldcn ant led ground squirre l

C.rlifi)rnia !f ound sqLrirrel

Uush,v lailed lvoodrat

Cl.rsctrdc Soiden mrntlc(l ground squil.Icl

Yell(^v-pine chipnunk

Eastem gm,v \qunrel

l

2.

t 53

l l

l n e n a
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r Distr ibulions of To$nsend's and Siski)ou chipmunks in Oregon .rccordirg to \trts .rnd Carra\'.ry (l998).
'na = spcci$ rungc, : rut \ idc ofsar l lp lc b locks
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red-backed v oles ( C I et hrio nornl,.r spp.) collrpds-
ing approximately 807. ofthe capture totals (Tablc
4). Rank order of manmalian captures u'as lairly
consistent am0ng blocks, although the southern
red-backed vole in Washin-ston had high abun-
dance in dense canopy. high-elevation blocks
(Paradise Hills and Butte) and intemediate abun-
dance in opcn-canopy (Litde White Sallnon) or
lorv elevation (Capitol Forest) blocks.

Given the pre treatment captur.e totals it ap-
pears that u'e rvil l  havc sull icient samples of
Townsend s chipmunk. Siskiyou chipmunk. and
the northem flying squirrel to test for treatment
effects (Table 3). For the tercstrial snall mam-
mals we should have sutTicient samples for
Trowbridge s shrew. vagrant shrew, fog shrcw
(Sorer sononae. alter Carrrway I990), montane
shre\a. southern led backcd vole. western red-
backed vole. deer mouse. and firrcst deer mouse
(Table.1). Tbree othcr species (shrew-molc, creep-
ing vole, Pacific junrping mouse) may be included
in the statistical analysis depcncling upon their
post-trealment responses.

Bats

Beview

There is growing concern tor the fuLurc of
microchircpteran bats in intensirely managed lbrest
landscapes throughout the world (e.g., Lunnev et
al. 1985, Thomas 1988. Limpens and Kaptcyn
lqo l .  ThomJ.  rn r j  \ \e . r  lqg l . r .  f \  , ,  i . \ue \  c rc
of special importaDce: (1) reductioD or loss of
suitable day roost sites in young forests and (2)
changes in tbraging ecologv through alterations
in the composition and abundancc of prey and in
the contiguration of forlging space. Most work
lo  da lc  h i r .  rJJ r t .scd  lh r  f i r s r  , ' l  thcs< tu  o  i : rue : .

The relationships of lbrest-du'elling bat spe-
cies to forest structures and ultimately the silvi
cultural systems that produce them mav be the
least known for all vcftebritte groups in the Pa
cific Northwest. Radiotelemetry indicates that
bats use structures associated with old tbrests by
roosting within the fissures and under the flakes
ofbark on large living trces and within the cracks
and openings of large snags (Barclay et a[. 1988.

T,A.BLE '1. Within blocl prc reatment mnk abundancc ol terfestrial ,imall mannnal species capturcd in pirlall trup\ tbr thc DENIO
erperimenlal grccn lrce retention studv in Or.gon and \\rashinglon duirg 1995 and 1996. Abundrnce i\ inlerscl!
co| |e l r ted $i th rank ( i .e .  I  indicrres hishc\ l  xbundance).

Ofegon Blocks Washington Blocks

Specie\
Walson Little L.r!ng

Fal ls  Ri lcr  Creek

t-rt!lc
Whi le Paird ise Capiro l

But lc  Salmon Hi l l !  lorest

I)og
Pmir ie

Clethriotlon\ s guppt ri

Clethrionotnts &tltbr iL s

P( to  \s (L ts  1nk  u lu tu I

N.un t r i th rs :< ibb \ i i

Pdl1,r\r.er specjcsl

GknK otn\ s sdbrit 6

\{c.rn annual tdrl indi\idual\

Tfo$bddse s shrc$
Soutbern red backcd !0le
Western red backcd \01e

Fog !hr.r
Shfe\ \ ' -mole
Crceping vole
1_-rmine
Paciiic jumping morse
Coast  nolc

Juveni le decr nrouse

N0rlhcm llymg squirfel
To\\'nsend ,, chipmunk

2 2 .
3 5
, t 3
5 . f
6 1
1 6
8  1 0
9 8
9 9

633 1 r,1,1
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1 1
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- r 5
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Christy 1993. Frazrer 1991). When studied in
tirrests with continuous canopy ranging tiom 55
to 700 yr<rt-age, echolocation calls were 2.7 to
5.7 times nrore frequent in older (>210 yr) than
il'r vounger forcst (Thomas and West l99l). When
studied ovcr the muoh smallerrange of stand ages
tound on private, intensively managed forest lands
(fiom clearcut areas to about65 yr-of-age). echolo-
cation calls were about two tinres more frequent
over clearcut areas than in young lbrest (Erickson
and West 1996).

Concomitant with greater echolocation call
l requenc5 or  e r  c le l rc r r t  a re ls  i '  l  .h  i i t  in  \ \ )mpu-
sitior of calls to a highcr proporlion of larger
bodied. non-M_\'otl.r species, a pattern also lbund
by Hayes and Adam (1996). While there is l i tt le
doubt that intensivl] lbrest nranagement can lead
to loss of forest structures that are important to
bats and could result in bat population decline.
the efl-ects of pafiial haryests and green-tree re-
tention on bat use of forestcd areiN are not clear
(FeDton et al. 1998). Given the provision ofsuit
able day roosts, bat populations may do quite \\"ell.
Critical work on the characteristics of roosts is
vely lecent for this rcgion (Campbell 1993.
Erickson 1993. Ormsbee 1996. Frazier 1997). No
studies have addressed bat habitat use on a large-
scale experinental basis.

Hypatheses

Hvpothesis I Usc (t grcen-tree retention tntits
vtill increusa with hat-vest intensi^ Jhr non-Mvotis
.ipecle.i. As flight space for larger-bodicd and laster
tJving bats is created. echolocation calls of sil-
ver-haired (Lusionycteris nottivagans), hoary
(ltsiums t inaretrs), and Torvnsend's big-eared bats
(Cot)trorhinus bnnsendii) wil l be detected at
highernumbers. The numberof echolocationcalls
fiom i4rrrtir specics wil l not change. Thus, the
numbel ofecholocation calls summed across bat
.pee ic .  s  i l l  i nc rer ' c  u  i th  h r r re r t  rn tcn . i t ) .

Hypothcsis 2-Feeding rutes wiLl irc rease witlt
I t , tn  e ' t  i t t tenr t ty .  C lcureu t  a rc r .  lune t ion  r .  con t -
muting space and as marginal areas for feecling.
Closed-canopy stands function pdmarily for roosf
ing. As harvest intensity ircreases, the frequency
of "lteding buzzes" (a characteristic call indicat-
ing prey capturc) should increase.

lvlethods

Indices of bat trctivity were estimated \\"ith auto
lnated dividc-by-N detectors (Anabat II detectors

and delay switches, Titley Electronics, Ball ina,
N.S.W., Australia). The systems *ere set to record
at dusk and shut down 8 t hr latcr. Several de-
tectors were opcrated simultaneously at blocks
within each state. Each block was surveyed tbr a
2 day period each month. SampliDg for echolo-
cation calls began in late June or early July de-
pending upon the timing of warm weather. We
found that a minimum of 6 nights of sanpling
per site (excluding windy or rainy nightsl u'as
necessary to account filr the high variation in re-
corded calls among nights. Although it is gener-
ally notpossible to distinguish rcpeated calls madc
by an individual bat fron individual calls ofmany
bats, the technique offers a very good method fbr
determining presence. relative use, and behavior
(i 'eeding vs. passover) of bats in an area.

To pr r r r  i r je  in l , ,nnr r ion  on  age.  \c \  r i l i r \ .  re -
productive condition, and species identilication
of M-r'orls species. rl''e captured bats near habitual
flyways, streams. and ponds with mist nets and
collapsible halp tfaps (Kunz and Kurta 1988).
Upon release. echolocation calls ofcaptured bats
were recorded to augment our library of refer
ence calls.

Summary af Pre-treatment Results

At presentwe can identify the following tive species
or spccics -qroups (Erickson and Wesr 1996): ( I )
big brown bat, (2) hoary bat, (3) silver-haired bat,
(.1) Townsend's big-eared bat, and (5) M_r,orls spe-
cies (M clr,rtis, M. r,olans, M. keenii, M. ciLiolo
brun, M. cal(brnicus, and M. lut:iftrgus).

A total of3.92,1calls were detected during the
pre-treatment samplin-q. In Washington. the M_rrri.t
group accounted for 98% of the 2.102 recorded
detections (nrble 5). Other species were ralely
detected. Detectious at |he Litt le White Salmon
block accountcd ti)r over half (62%) of all detec-
tions in Washingtor and 33% of calls fbr both
states. In Oregon. the M_ro/i-! species group ac-
counted for 97% of the I .822 recorded calls.

Nightly activity was highest on the LittleWhite
Salrnon biock. which has relatively open-canopy
stands, with an average of )17 calls per night.
This range of activity is as high as that found in
old-growth (Thomas and West 1991). The Litt le
River block was the second most active site with
Just over ei-qht calls per night. The least active
blocks were the relalively closed-canopy Butte
and Paradise Hil ls blocks with <3 calls per night.
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TABLE 5. Pre trealmcnt mcan dclcction ralc (ccholocation callvnigh0. and nandard elTor oi melln. lor |ll bals. all ,l,/Jrrir
species. and all non-,ttrdiJ species in DEMO experimental green-tree retention blocks in Orcgon (1995 and 1996)
and Washinston 11995J.

Tolal
i  ( s e ) i (se)

Non-M\'rrl.\
t  (se)

Oregon

Lirrlc Rlver
La) ne Creek
Dog Prairie

\\hshington
Butte
Little Whxe Salnon
Paradise Hills
Capitol Forcsl

1.89lII .22)
8 .21  (10 .39 )
,t .92 (6.13)
1.06 (9.97)

2 .53  (  l 1 .04 )
17.81 (29.58)
1.56 (2.86)
6.90 ( l , l . l i7)

7 .71  (11 .20 )
l l . l , l  ( 10 .12 )
,1..11(5.66)
.1.06 (9.97)

1..15 ( 10.98)
17 .26  (29 . I 6 )
1.55 (2.96)
6.90 ( l . l . iJ7)

0. I  I  (0 .71)
0.07 (0.30)
0.,r5 (1.55)

0

0.06 (0.23)
0.5 r 11.99)
0.0:1 (0.19)

0

As expected. feeding actir ' i ty was low within all
blocks. Of the 3,92.+ detections, only 35 were
identif ied as feeding activity. Litt le White Salmon
had the highest number of feeding buzzes, ac-
counting 1br' 667r of the leedirg activity.

Amphib ians

Review

In regions west of the Cascade crest, amphibians
dominatc thc Pacific Nofthwest herpetofauna. Not
only are there more species of amphibians than
reptiles. but they are more distinctive in their en-
demisn (Nussbaum et al. 1983.). In headwater
strcams and riparian arcas of the Pacitic North-
west, amphibian adults and larvae are the top preda
brs. easily exceeding the numbers and biomass
of other foms (Bury 1988). Densities of am-
phibians can be very high, up to l2 per mr in moist
areas (Leonard et al. 1993).

Several amphibian taxa are being revised and
a number of cryptic species have been describcd
(Good 1989, Goocl and Wake 1992, Green et al.
lqq7r .  Recen l  iden t i l l ca t ion  e l  nqu .pec ie .  un
derscores the disjunct naturc of amphibian dis-
tributions and the potential tbr extinction. AI-
though there have been studies of habitat
relationships in unmanaged forests tbr thc sys-
tematically stable species of the region (Raphael
1988,Aubry and Hall 1991. Corn and Bury 1991.
Gilbert and Allwine 1991b). we know litt le about
habitat associations for many of the newly iden-
tif ied species in unmanaged fbrests. Infbrmation
in managed foresrs is particularly sparse for most

species. Well-replicated studies of an.rphibian
occurrence in managed ti)rest are needed to in-
\estigate the effects of ser,eral corrmoniy employed
silvicultural practices, including short rotation
harvest, thinning. and green-tree retention. Sev
eral species have special status in Oregon and
Washington: Cascade tnrg (Ra,'ra cascqdqe), talled
trog(Ascaphu.s tmei), spotted frog (Rdna prelio.rn ).
clouded salamandcr (Aneides Jerreus). Oregot
slender salamander (.BdtrdLhose[)s 11 rlg,tl), tor-
rent salananden (Rh)-acotriton cus(adae aDd R.
vtriegatus). Larch Mountain salamander
( Pl ethotlon I urselli), Dunn's salamandcr (P dr,?/?l).
and Van Dykc's salamander (P lanri,tliei). Infor
mation tiom oul studies will be important tirr
conser\'ation of thcsc sensitive species.

Hypotheses

Hypothesis I Abandunce of arnplibians u,iLl
decline with harvest intellsitr. We expect a gen
eral decline fol all species with increasing har-
vest intensity. with the exception of the western
red-backed salanrander (Plethodon t ehicu Lunr') in
Washington where the species has shown an ability
to persist in clearcut areas. We expect a shalp
decline in species richness. but this may occur
ovcr a longer time fiame than the initial 2 yr posG
haruest sampling period. Several amphibian spe-
cies are long lived and are capable of withstand
ing adverse conditions forprolongedperiods. Thus.
we may see a lag response 1br this pattern, un-
derscoring thc need to resample these sites in the
luturc (perhaps at 5 and l0 yr after the initial post-
harvest sampling).
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Hypothesis 2-Ar? ltihians wi persist inlbrest
palt.:hes in aggi?gdted reteitioll units, but most
species *iLl decline itt lutn'ested arces within
dggregdtel rctelrtio11 units and irt dispersed re
te tiu Ltnits. Wc expect that the retained ti)rest
patches nay be sulliciert to pernrit survival of a
por l ion  o l  the  or ig in r r l  r rmphrbr rn  co tnn tun i l l .
perhaps until thc forest canopy closes again. We
. \pc( l  lhe  numh(r .  o l  r rnph ih ia r t r  per . i . l i ne  in
the lorest patchcs to be positively correlated with
the total area Iemaining in patches.

Hypothesis 3-/l?divitluals coptured in the
lktrre\ted poftidts ofthe trygregated retention units
dncl in the 1 5c/a tlispersed relentiou units u,ill show
poorer ltody condition conqtaretl to itdividuels

Jountl within the forest potches or in the 10qa dis-
persed retentioll llrils. Adverse conditions in
harvcst areas should lead to poor body condition
for individuals residing there. We would expect
reduced rcproduction and lower than expected
values for body-condition indices (such as a re-
gression of weight vs. snout vent length).

Methods

Anrphibians wcre sanpled concurrently with ter-
restrial small mamrnals during fall using pitfall
traps. Traps were opened after the onset of fall
rains when amphibian sudace activity increases
tiom the relative inactivity elsunlmer After iden-
tifying species and recording infotmation on body
dimcnsions, nlass. sex and reproductive condi-
tion. amphibians rvere toe clipped and releascd
or held under cool, moist conditiors for the re-
mainder ofthe sampling pedods then returned to
their poinl of capture. As with small mammals.
numbers caught *ere expressed as an unconected
catch of individuals per unit ellbrt index (cap-
tures/1 00 trap nights).

Pitllll trapping is a good technique for cap-
turing surface-active amphibians, but is not vcr)'
ellective at sampling species that limit their move
ments to sruface cover or the interior of la.rge woody
debds. Fortunately. only two species limit their
surlace activity. the clouded salanrandcr and the
Oregon slender salamandcr. both of rvhich occur
only in Oregon. Tine-constraincd searches and
cover-board sampling techniques to target thesc
species init ially werc planned, but wcre not con
ducted because ol budget constnints and the lo-
calized distributions of the species.

a '  n n e . ,  ^ f  P " o - ' , o ! m a n ,  Q a < ' , 1 1 5

The rank ordering of amphibian captules showed
considerable variation among blocks and between
statcs (Table 6). Aniphibian abundance and di-
versity were about two times higher in Washing-
ton than iD Oregon. Five species were common
to  a l l  b luL  l .  in  \ \  ashr  ng ton .  bu t  on l l  twospec ies
were present on all blocks in Oregon. In Wash-
ington. species conposition varied considerably
among blocks (Tablc 6). This high variability will
make statistical detection of post-treatment effects
diff icult. However, the ensatina (Ensatina
eschscllolt.ii), which cornprised 54% of all am-
phibian captures across the eight blocks should
be a suitable species tbr detecting treatment ef
fects across both states. InWashington. the nonh-
western salamander (Amblstomq g rac ile) and the
tailed fiog were also common enough to suggest
that treatment ellects will be detectable.

Limitations and Challenges

In an undertaking ofthis kind and rnagnitude onc
expects challenges. We have experienced sev-
eral difficulties thus tar: many were expected and
others were not. Forexample. wc anticipated that
the patchincss ofspecies distributions would make
un i lo rm rep l i c r te .  imp,  *s ih le .  Thcrc  l r  c  .pcc ic .
in each vertebratc group that are lbund only in
subsets of the study blocks. This will result in
lower power for treatment comparisons. Inaddi-
tion. the scale ofsilvicultuml operations does not
ahvays mesh u'ell with the scales of species' bi-
ology. GiveD the small size ofharvest units rcla-
tive to the home ranges of larger-bodied species,
some spccies wil l not respond exclusively to thc
effects ofthe experimental treatnents. They may
show partial responses to the treatments, but may
be influenced by conditions adjacent to thc treat-
ment areas. Our choices of species lbr the study
wcre nade partly with this in mind. We chose
those species fbr which we had the best chance
of measuring a response attributablc to the tleat
nents, i.e.. thosc species with l imited movernent
or those tied to small areas by seasonal territoli-
ality. This approach cannot be entirely success
tul. and while the scaling u,ill be acceptablc for
small mammals, amphibians, and several avian
species. it may be unsatistactory for others such
as the larger caYity-nesting birds.

58 Lehntkuhl et rLl.



TABI-l-l6. Within-block pfe'tfeutnerl r.rnk abunda.ce of amphibian \pecies crLplured in pillall |raps iir thc DENIO experimental

green tree retnr ion sr udl'. in Orego n and \lshngton during I 995 and | 996. Abu ndance is invefsely cone lrted $ ith

rank ( i .e. .  I  indicales highe\ t  rbund.rnce).

Specie\ Cor l l rnon N rne

Of( lon Blul l \

$'atson Lirrlc Lalng l)og

Frlls Rircr Creek Prairie

washington Blocks
Li t i le
\\rhite Prradise Crpitol

Butie Salnnrn Hills Fores(

Amhrnand n rcdt lL^hrrr  Long toed salamandef

Rh\tcon non cds &tr Cascade lorfent \ahrnander

Enwtitn er ht:lult;it

l'lelhodo \ehiculunl

' \mb\ \n r tu I  q tu t  i le

\'lern annurl t0tr irdi!xluals

Ensrtira
wcstern red-backed s.rlanlrndel
hiled fftrg
Nof lh$cslcm sala ander
RorLgh sklnned next

Ited-legged frog
Crscades tiog
Plcilic lrcc iiog

Unidentified liog

Cloudcd salamandef
Dunn s sala ra.der

D t , , . L . t t .  . l . r  ' .  , \  1  . . ' ,  P * i i r r r r r r . " l " r r . r n J .

I

2
6
3
.l

;;

1 3 1 1 2
2 l

1
2 1 5 2 3
3 : 3 6

;, 'rd nd ;; ;
nd lrd nd nd
. l - 1 , 1
5 6  l n d

5 6
1

-' .l ,l 3 na'
- - 6
55 I l,+ 90 l:10 56

I
1 0
3
1
5

IJ
I0
6

IJ
6

20,1

5

l
2

1
l

6

nd
8

132 161

:nd = R.rr.r spccic\ not diffefenli.Lred in oregor blocks
, .  -  t n i - .  f , , , . e ,  r ' i J ( . 1  . . , r o l ( h . ( t '

\\'e primarily will use indices ofabundrncc as
trealnent response variables rathcr than indica
tors of realized fitncss (e.g., juvenile survival.l.
However. because density or abundance estinates
can be misleading indicators of habitat quality
r \ r n  H o I n e  l ( r b . l r .  \  e  u i l l  J l l c n r p l  l o  e s t i m r t e
indices ol t ' i tncss for vertebrates wben feasible.
Nest scarches and tenitorl' mapping in conjunc-
tior'r with counts will help k) dctcrmine treatment
eflects on the number of bleeding bird terrib-
rics. Detennination of the age class and repro
ductive condition of small marnmals and anrphib-
ians captu.ed in pittall traps will provide estimates
of age-class distributions and rcproductive con-
dition in treatment units. Age-class distributions
and estimates of reproductive condition in l ive-
crught rodents (chipmunks, f lying squirrels) wil l
help to indicate realized titncss relative to treat-
ments. Thc presence or absence ofbat r(x)sts wil l
indicate sensitivity of bals 1o treatments.

The costs associated with these studies are very
high. lt has been necesser;- to rework thc sarl-
pling design in response to budgctary shofifalls.
These considerations have led to reduced sam-

pling etlbrts for arboreal rodents (reductiols in
trapping intensity per period and loss ofseasonal
sampling). small mammals (elimination ol simul-
taneous live trapping). and amphibians (elinina-
tion of t ime constrained searches).

Our final conccrn recogrizes that not all re-
sponses k) trcatments wil l occur within the ini-
tial 2-yr post-haNest sampling period. We ex-
pect lag responses lbr several species groups within
the amphibians, arb(ncal rodents, and birds. We
cxpecl species packing in the ag-qregated rctcn-
tion patches firr spccics in all of these groups, a
phen.mcnon rhar  n ra)  no l  heg in  tu  J i ' . ip r te  un-
til the secondoreven third post-harvest ycar. Thcsc
concems point to the need tbr inlensive, long
term samplin-q to undcrstand how key forest spe-
cies or species groups wil l respond b stand-level
manipulatiens. the efTccts ofwhich may be mani
f 'estcd over decades. Funding agencies nrust l ike-
*ise be wil l ing to provide conLinuing suppol't i f
they wish to successfully manage for species whose
responses to harvest activities may be dynarnic
ovcr long periods of time.
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