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Abstract
Timbcr harvest wiih fetentid oflive ( grccn') trees. snags, and krg\ is now r shndard praclice on fedeml lllan ix" hnds $ ithir
the rangc of lhe northern spotted owl. Although specill c guide I ines have been adoplcd for thc leve I s and spat ial conllgu fations ol
retained structures. neithef the ecologic.rl :rssumptions ihat undeflie these recommendations no. lhe outcomes of these pfactices

hrlc bccn rigorously tested. The Demonnralion of Ecosy\ren Management Oplion\ (DEM() stud,v exrmines the responses of
lbrcsr ccos_r'srems in the Paciiic Norrh$cs! to varying levels (pefcentage oi basal arca) alrd patterns (dispefsed vefsus rsgresttlcd)
ol green-tree ferenrion. ln rhis papcr $edescribe vegetalion studies that lorm the ibundatioo ofthis l(xlg-term. iDlerdi\ciplinar)
cxperiment. \\re fe!ielr the rcsulls ofretrospectile anallses and simulation models lr'hich suggesl that even mirinal lc\cl! of
rclc tion m ay have inpo|lant ellccB on ibrest de!e]opment. \!'e descibc thc characleri siics of ihe DEIUO sites. lhe erpcrimcnl al
dcsign. ard the pfincifal lrlrirbles of inlcrcs! (stand structufe. tree regeneralion and growth. and undeNtor) conposilion rnd
di!ersir,"-). \!c speculate rbout the silviculrural and ecological fesponses of lores6 to \aryjng levels and paftems of retention and
tbcus ir panicula. on the d! namics of the ibrcsl undcrnory. \\'e anticiprte strolg c|llrtra s|s anr ong lreannents in $e e \tabl i\hnent
of e|rly sclal. opcn site sfecies. aDd in the pcrsislcnce of shxde-toleranl plants associalcd $it| older forests or fore\t-interiof
eD!ironmL'nts. Short-rerm fesponses arc likcl) to be driven by \'.rfiation iD the distribulion and intensit! of harvest distufbance.
Longcr lcfln rends afe erpecled lo rcllcct the elltcrs of contfasting paltem\ of canop,v retention. Wt conclude b) discussins
\omc ofdre scientific challenges iaccd in designing rnd inplenertins largc scalc. interdisciplinar), experiments.

lntroduction

Traditionally. management of fcderal forests in
western Oregon and Washington has fbcused on
thc production. utilization. and regenemtion of
timber resourccs. Until fairlv recently (late 1980s),
clearcut logging and broadcast buming werc stan-
dard practices. Clearcut units were dispersed in
space and timc, logging slash was burned to re-
duce fire hazard and/or competilion from non-
crop species, and trccs rvere planted with unifirrm
sprc ing  a t  h igh  den. i t ie . .  l t  h r r .  bccorne inerc r . -
ingly apparent, ho$'ever, that these harvest prac-
tices do not produce the same complexity of pat-
tern as arises throu-qh natural disturbance-a
complexity that is thought to underlie thc recoY
ery of forest ecosystems tir l lowing large scale
disturbanca (e.9.. Franklin et al. 1995. Perry and
Amaranthus 1997). For examplc, historic wild-
lires in the wcstem Cascade Range \\'ere cpisodic,
varying in size, tiequency. and iDtensity $'ith el-
evation, topography, and local climate (Tecnsma
1987. Morrison and Srvanson l990,Agee 1993.).
Even where natural tires wcre catastrophic. indi-
vidual trees or -troups of trees often survived and

large amounts of $,oody debris remained as logs
and snags. It has also become apparcnt that the
structural and conpositional attribules thirt de
r elop lhrnuph ., 'nr cnri, 'nal nrJnapcrncnt pri lctice\
difl'er markcdly liom those shaped b)' natural
successional processes (Spies et al. 1988. Hansen
et al. 1991. Spies and Franklin 1991. Halpem and
Spies 1995, Tappeiner et al. 1997).

Federal forest management policics and prlc-
tices have changed signil icantly in the last de
cade in response to glowing concems that tradi-
tional approaches have led to widespread loss and
fragnentation of old-growth ecosystcnls rnd 1o
attendant declines in biological diversit) (FEMAI
1993. Thomas et al. l993,Tuchmanncral. 1996).
A new framewortri is emerging, characterized by
a shift in ernphasis f'r1)m nranagement of a single
commodity resourcc to a broader consideration
of ecosystem conpoDents and tunctions. L(x)scly
detlned as 'ecosystem nranagemcnl.'- this lpproach
seeks to incorporate ecological knowledge into
forest nanagement to sustain biological diver
sity. as well as tinrber production (Kessler et al.
l992. Grurnbine 199:1, Christensen et al. 1996).
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Consequently. f()rest managers have bcgun to
implement silvicultural prescriptions that are in-
tended to more closely mimic the plocesses and
outcoltlcs of natur_al disturbance and successt0n
by retaining stluctural characteristics ofthe fomcr
tbrest-in particul![, large li\€ trecs ("green trees"),
snags, and logs (Franklin l989, Hopwood 1991,
Franklin et al. 1997).

Green-ffee ol stuctural retention is now a stan-
dard component of harvest pfescriptions ii)r fed-
cral "matrix ' lands within thc range ofthe nofth-
ern spotted owl (S/fl-r ot:cidetrtulis taurina).
Although specilic guidelines have been adopted
for thc levels and spatial configurations ofretained
structures (USDA rnd USDI 1994). neither the
ccoJogical assumptions that underlie these rec-
ommendations nor the outcones of thcse prac-
tices have been tested. Thc Demonstration of
Ecosystem Management Options (DEMO) study
is among the tirst in the Pacific Northwest to sys-
tenatically cxamine the responses ofdiverse groups
of tbrest organisms and processes to erperimen-
tal variation in the amount and pattern oflive trees
retained through harvest (Aubry et al. 1998). In
this papcr \\ e provide an overview of vegetation
studies that folm a loundation of this long-term.
interdisciplinarv research. Our studies have two
tundanental objcctives: ( 1 ) to elucidate thc ef'-
fccts of the level and pattern ol retention on key
elements offi)rest structure and composition, and
to suggest possible mcchanisms lbr these elfects;
and (2) to provide intbrmation on changes in fbr-
est structure and conpositi()Ir necessary to inter-
pret the responses ofthe organisms and processes
under investigation in companion studies (sce
Aubry et al. 1999 and other papcrs in this vol
ume). A goal ofthis paper indeed a major goal
ofthis entire volume is to encourage additional
research participation in the DEMO study. There
are numcrous oppot'tul'lities 1o take advantage of
the cun-ent experimcntal design and the compre-
hensi\c set ofbaseline vegelation data.

We begin rvith a review ofthe litemture on thc
responses of forest communities to retention of
p reen r rce \ :  lhc  rcsu l t r  r r l ' n re r  iou .  e \per i tncn t : .
retospectivc analyses, ald modcling effbns have
becn useful in designing thc current work and havc
stimulated some ofthe hypotheses u,e pose. Sec-
ond. wc describe the ran-tc of envirolments. for-
est tvpes. and disturbance histories represented
by the DEMO sitcs. Third, we proviclc a brief
overvic\\" ofthe experimental design. discuss thc

primary variables ofinterest, and outline ourlong-
term sampllng approaches. Fourth. we present a
series of hypotheses that focus on the responses
of forest understory comnunities to varying lev-
els and patterns of retention. We discuss the eco
logical bases of our hypotheses and describc the
analytical approaches used to test them. We con-
clude by discussing some of the scientit ic chal-
lenges taced in designing and implementing la-rge-
scale, interdisciplinary studies that must balance
ecologicaJ interests, expedmental rigor, and rel-
evance for forest managemeot.

Vegetation Response to Green-tree
Betention: A Review of the Literature

The conceptual basis for green-trce retention lies
in the strong functional links among tbrest struc-
ture. biological diversity. and ecological process
observed in natural forcst ecosystems (Franklin
et al. l981, 1987; Harmon et al. 1986; Maser et
al. 1988: Schowalter 1989; Ruggiero et al. 1991;
Spies and Franklin 1991; North lgg3). There is
strong circumstantial evidence that the mainte-
nance and/or recovery of forcst organisms and
processes fitlowing disturbance are enhanced by
the pcrsistence oflennant fi)rest structures (c.g..
Perry et al. 1989. Franklin et al. 1995, Perry and
Amaranthus 1997). Franklin et al. (1997) review
the history ofdevelopment. diversity ofgoals and
approaches, and resulting expeclations of silvi
cultural systems that enploy structural rctention.
Emphasizing the maintenance of biological di-
velsity. they attribute an array ofecological func-
lions to retained sffuctures. Forexample. residual
trees may ameliorate extremes in microclimate
(Chcn et al. 1993. 1995), provide energy subsi-
dies tbr heterotrophic organisms (Perry 1994). sene
as habitat fbl arboreal species (Berg et al. 1994.
Carey and Johnson l995. Pcck and McCune 1997).
serve as sources for recolonization of organisms
associated with odgillal stilnd structures (Busing
et al. l995), or enhance connecrivity by tacil i tar-
ing movement of organisms within the matrix of
managed forest (Franklin et al. 1997).

Retention of green trees should contribute in
similar fashion to the persistence ancl recovery
of tbrest underslory communities. yct. to date,
tew studies have explicitly addrcssed this ques-
tion. We trre aware of only rt single. shofi-term
study that has evaluated the consequcnces ofdis
per \ed  rc l (n l i , ' n  lb r  lb rc ' t  unJers t , ' r1  comtTtun i -
tics. Nulh et al. (1996) fbund that, l6 rno alier
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harvest, the species composition of a dispersed
retention unit (27 trees/ha) rcscmbled that of an
adjacelt c]earcut to a greater degree than that of
an adjacent, intact forest (reflecting abundant es-
tablishment of early successionai species). How
ever. shade-tolerant forest species wcre more di-
verse and abundant in the dispersed unit than in
the clcarcut, suggesting that fbrest understory taxa
may benefit from the increased shading and/or
reduced disturbance aftbrded by retained trees.
Untbrtunately, these short term, unrcplicated
observations affbrd only a limited view of the
possible ellects of green tree retention.

Studies ofunderstory responses to thinning in
vounger tbrests may otler additional insights. It
has been found that thinning generally leads to
greater plant species diversitl' (in large pan due
to the establishment ofinvasive or exotic species)
and to increased plant cover (Witler l975.Alaback
and Herman 1988. Bailey 1996). although the
nature of these responses may vary with the veg-
etation, environment. or intensity ofthinning. For
example, rvhere thinning leads to increased domi
nance by clona) shrubs (e.g.. Tappeiner et al. 1991 .
Huffman et al. 1994). thcrc nray be a resultant
dccline in species diversity (Alaback and Hennan
1988). There has been litt lc consideration of the
eff'ects ofthinning on plant species that arc ass(F
ciated with late-seral environments o[ that are
sensitive to logging disLurbance (but see BaiJey
tree6l).

lnsights into the potential long-tefm conse
quences of green-tree retentioD for understory
connunitics may be aided by retrospective analy
ses ofnarural. two tiered (two-agcd) stands. These
young-to-mature torests support an emergcnt
canopy ofolder, scattered residual trees and have
been described as the natural analogues of fbr-
esls thal may dcvelop fi) l lowing retention harvest
(e.g., Rose and Muir l996, Peck and McCune 1997,
Zenner et al. 1998). Traut (199.1) described dif
terences in understory species composition in plots
\\ ith and without natwal, residual trees arrd at-
tribuled thesc differences. in part, to the effects
o l  re r idua l  t ree \  on  lhe  den. i t )  and eonrpos i t i , ' n
ofthe rcgcnerating tree layer Unfbfunately. causal
mechanisms cannot be deduced through retrospcc-
tive analysis, nor is it possible to distinguish di-
rect effects (e.g., shading by residual trecs) from
indirect ones (e.g., species interactions or local
variation in disturbance history. init ial conposi
tion. or other site features). Replicated, prc{reat-

ment measurements in the DEMO study u'ill pro
vide a basis for separating the potential effects of
retained trees tiom initial species composition and
other sitelevel vadation.

Considerably more atlention has been devoted
to thc effects of rcsidual trees on forsst stand de-
velopment and tree growth. Forexample, through
analysis of annual growth rings North et al. (1996)
observcd that 1br 6 yr alter dispersed retention
harvest, the basal area increment ofretained Dou
glas-fn (.Pseudot.sugq melr..iesii') was 157r lower
than that in an adjacent. uncut forest. This is not
the rcsponse typically obsen'ed in younger thinned
stands (reviews in Banett It980], Bailey [l9961.
North et al. u9961); it may ret'lect a 'thinning

shock" in which resources are differentially allo-
cated to roots (Oliver and Larson 1990). Long
term [leasurements of tree growth among repli-
cate DEMO blocks may suggest whether these
are local orgeneral phenomena, and whethcr they
represent short-term or more persistent efTects.

Retrospective studies of natural, two tiered
stands also provide insights into the long-terrn
efftcts of dispersed retention on forest develop-
ment and tree growth. Regional comparisons of
70- to 1lo-yr-old stands with and without older
(>200 yr) residual trees suggestthat above athrcsh-
old density (ca. l5 trees/ha), residuals ctrn aft'ect
the composition of younger cohorts and reduce
their basal area growth (Rose and Muir 1996).
Negative eflects on basal area growth have also
been repor ted  l rom pr i r (d -p lo r  . lud ie .  in  ue \ r -
ern Oregon. Here, however, the strongest effect
per unit basal area of residual trces occurred at
the lowest levels ofresidual tree density (5 trees/
ha: Zenner et al. 1998)orbasal area(5-10m']/ha;
Acker et al. l99li).

S tund te rpon.e .  to  Brccr - l ree  re renL ion  mav
also include increased mortality due to windthrow
of isolated residual trees. Removal of 30 607c of
the initial volume of rnature and old growth for-
ests in nofihwestem British Colunrbia resulted
in rates of windthrow of0.3 to 8.27c of trces within
2 yr after harvest (Coates l997). However, nor-
tality can vary narkedly from site te site. rcflect
ing variation in the lcvel ofretention, initial stand
density and composition. stand age, local weather
conditions, and landfbrrn. For example, among
4.1 green-tree retention sites in western Oregon,
rates of windthrow-related mortalityranged ftom
0 to nearly 607o (mean of 16%). with the greatest
Iosses observed soon atier harvest (Adler u99z1l
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and Hunter I 1995I cited in Franklin et al. | 1997l).
By comparison, annual ratgs of mortalit) '  in
unmanaged mature and old growth folests of
rvestem Oregon and Washington average <17c
(Franklin et al. 1987). The randomized block
Jc . rpn  , ' i  th .  D t \4O . rud)  u  i l l  pernr i r  sepur . r -
tioD of treatnenl effects (level or pattcrn of rc-
tentioD) on mofiality from effects associated witl'l
sitc-spccifi c t 'rctors (e.9.. bpography. soils).

Forest gap and stand-levcl growth and yicld
models have also been used to explore the pos-
sible effects of varying levels ofdispersed reten-
tion on fbrest stand development and wood pro
duction. Some ofthe predictions ofthese models
are intuitive (indeed some are predetemlined by
growth equations, McKenzie 199,1). For example.
the degree to \\,hich models simulatc thc dcvcl-
opment of old-grorvth stand characteristics (e.g.,
tree size class structure) improves with the nurr-
ber of trees retained through harvest (Hansen et
l l .  l Q Q 5 r .  r n J  I c l r t l \ .  1 , \  j l e r r . ' u l  l r r g g i n g . r . u n r u -
lative basal alea and volune growth are reduced
when live trees are retuined (Birch and Johlson
1992. Hansen et al. 1995). Other simulation re-
sults, although less intuit ive. are supported by
r-effospective analyses of natural stands. In par
licular. rcductions in stand basal area grou,th per
residual tree are predicted to be strongest at the
lowest levels of retention (5 trees/ha: Hansen et
al. 1995). Sti l l  olhsr simulation results are quite
surprisilg and seen to coutradict empirical ob-
servations. Rrr cxamplc. under low levels ofdis-
persed retention (as feu'as 5 trees/ha) and given
sufficient t ime (240 yr). naturally establishing.
shade-tolerant species such as westem hemlock
l.Tsuga heterophtlLa) and western redcedar (Tftfn
plicatal can oulcompetc plantcd Douglas-fir
(Hansen et al. 1995). To what extent the spatial
configLuation ofresidual |rccs may influcncc stand
development has not been examined empirically
or through simulation. despite the fact that ag-
gregated retention is now a staldard practice on
fcdcral matrix lands in the region (USDA and USDT
199.1). Conparisons of aggregated and dispcrscd
retention in the DEMO design explicit ly test for
such effects.

Methods

Study Areas

To establish a broad geographic and ccolo-qical
base ofinterence. eight study blocks rvere selected

to represent a diversity of forest types in westem
Oregon (Umpqua N. F) and Washington (Gifford
Pinchot N. F. and Washington DNR) (see Aubry
et al. 1999). Blocks encompass markedly differ-
ent physical environnents, stand ages, and forest
structures (Table l). Sites were chosen 1() mini-
mize the variation in environment and vegetation
among treatment units within each block, within
the constraints imposed by current landscape con-
figurations and past management activities (Aubry
ct al. 1999). To varying degrees this goal was
achieved (but see a discussion of this issue in the
Challenges section. belor').

Across blocks, elevations range ti-om ca. 200
1700 m. slopes vrry trom gentle to steep, and nearly
rl l aspects are represented (Table l). Most sites
lie $'ithin the westeln hemlock (fsir.qri
hetetopltllla) forest zone (Franklin and Dyrness
1973). Two blocks, LittleWhite Salnon and Dog
Prairie are located in the more eastrly grand t'ir
(Abies grandis) and whitc t\r (Alties concoLor)
zones. respcctively. and a third, Paradise Hil ls,
occupies the colder, $etter, silver f ir (ADies
ornab i lis) ane. P s e uclot s uga menie.!il doninates
all sites but associated tree species vary fiom block
to block (Table 1).

Forest stfuctwe varies anong blocks. reflect-
ing diffelences in stand age (c.g.. Litt le River vs.
Layng Creek). regeneration and disturbance his-
tory, and physical eDvironment (Table 1). Forest
understory composition also valies: sone blocks
have depauperatc ground layers (e.g., Dog Plai
rie) while others suppo dense herb and shrub
communities (e.g.. Layng Creek. Litt le White
Salmon). Despite this heterogeneity, many blocks
share the same dominant taxa (e.g., vinc maple
lAcer circinatuml, Oregongrape lBerberi.t
aervosaf. salal lGaultheria .r/rdfurnl. and huck
leberty fVat: cittiu r n spp. I ; Table 1.1. Ditlerences
in stand sffucture and composition among treat-
ment units within each block are generally small
compared to difterences among blocks (Table 1;
but see Challenges section and Table ,l).

511.5 h,s had varying histoies of rccent dis-
turbance (Aubry et al. 1999). Forexample, Layng
Creek and Capitol Forest are second-rotation stands
(i.e., clearcut but regenenled naturally) rnd all
tbur blocks onthe UmpquaN. F. have bcen thinned
or salvage logged. In contrast, thc three blocks
on the Gifibrd Pinchot N. F. supporl mature, un-
disturbed forest.

-10 Hrlpern et rl.
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Experimental  and Samp ng Designs

Aubry et al. (1999) describe the DEMO experi
mental design and harvcst prcscriptions rn an rn-
troductory paper in this volume. To rcview. at
each of the eight study blocks (replicates). six
harvest treatments have been randomly assigned
to l3-ha experimental (treatment) units. Trcat-
ments dift-er in the level (percentage ofbasal area)
and/or spatial pattern (dispersed vs. aggregated)
ofretained trees as follows: (l) 100% rctention
(control): (2) 75%, retention (haryested as three
circular. 1-ha gaps-hencetbfth the "gap" trcat-
ment); (3) 407. dispersed retention: (4) 40% ag-
gregated retention (as five. cilcular l-ha reten-
tion patches); (5) 15'la dispersed retention; and
(6) 157. aggregated retention (as two, circular I
ha retention patches) (see Figure 1). By design,
these treatments produce distinctly different pat-
terns of vadation in stand structure and environ-
ment: relativcly homogeneous conditions in the
control and dispersed retention treatments, and
t\\,o contrasting conditions (intact tbrest and har-
vested area) in thc aggregated retention and "gap"

treatments. We empl0y tvo sanrpling designs to
. : rp tu rc  lh (  con l rJ . l \  and  gr ld ien t .  in  rcce t r t ion

rcsponse that ffe expected to arise fiom these treat
nlenls.

Sampling Design for Treatment Effects

The first sampling design, which perrnits analy-
sis of treatment eft 'ects (e.g., Hypotheses l-3,
below). uses a set of permanent vegetation plots
anayed across a grid system at each site (63 or
64 gdd points $,ith 40-m spacing, Figure I ). The
number and spatial distributions of sample plots
vary by treatnent, however. ln the dispersed re-
tention and control treatments, where stand con
ditions wil l be relatively homogenous,32 plots
are placed systematically at altemate grid points
(Figure la). In the aggregated retention and gap
treahnents, where we expect two distinct post-
har-vest environments. plots are placed at all grid
points within the aggregates (or gaps), and at a
subset ofpoints in the surrounding matrix (yield
ing 32 or 37 plots per treatment, Figure 1b).

Strong contrasts in harvest treatments will prc-
duce marked d i l fe rence:  in  lhe  cornpo: i r ion .  \ i /e
structure, and spatial distribution ofoverstory trees.
We arc pafiicularly interested in the elfects ofthesc
trcatments on volume and basal area growth: stem

a. Disoersed retention treatment b. Aggregated retention treaknent

Figure L Plot locations (open circle\) lbf srmplimg (a) relati\el) homogeneous conditions iD the dispersed feteDtion tfeatment\
and (b) contr.rsting conditi(ms in the aggregated retention treatnents. Control units are sanpled as in (a)i "gap' (757.

retentior) units as in (b). Spatial grrdients \i illin aggregated retentiL'n units are sanpled using ca. 100 n long traDsects
(d.rk iires ir b. see also figurc l).

32 Halpem et al.



TABI-E 2. Variablcsofi ei: n and derived statistics fbr the two pfnnaD sampling affroaches (see Ni ethods and Figurc 2 ). X =

variable sampled;blank = variablc no! samplcd.

Treatnent-level Within-treatmenr
eiiecb gradienrs Deri\'ed statistics

Physical Sitc Charact€ristics
Elclation. aspecl. slope
Topogr.rphic position, slope coDfiguratxnr
Ground lurfacc condidon\ (c.g.. mineral

soi l .  s lone.  l r t ter ,  log)
Coare woody debris

Post-harvest disturbance
(e.g.. vegetarion damage, soil disturbance)

Ovefitory Vcgetation
Canop) co!er
Tree dia clcrs (>5 cm dbh)

Trcc characteristics (e.9., carop) class, vigor.
cro\'" n ralio. damagc)

'liee mortality: phvsical conditions and

Tree heighrs: rotal. canop! depth

Snags: diameGr. height. decay class

Understory Veg€tation
Lichcnsi prcscnce/ilbsence

Bryophytcs: prcscnce/absence

Herbsi co\ er. hcighl

Tall shrubs: cover. height

Undcrslor) fccs
Seedl ings (<10 cm ta l l ) :  no.  ncms
Sapl ings (>10 cm t .  l .  <5 cn dbh):

coler, no. slens, height class, ofigilr
(nalural !s. plunred)

X
X
X

X
X
X

X
X

rolunre and dcnsity (b,,- species and decay

X
X

X
X
X

X
X

densit). basal area. \,olurre. and diame|er
distributions (by species)

fates and causes of nrortalit! (b)'. spccics)

heighi and canopy depth distributions (by

density (b,v specics. djamercr. deca). aDd
height  c1a\s)

specles liequencv and divcrsil)
species frequenc! and di!cr\ill
species frequenc!. diversiry. and hcighl

d is l f ibut idr \
species liequenc). dilersity. and height

distribulions

fiequency xnd density (b,v species)
ircqucncy. densill. size structure, and rates
ofnoriaLrt) (b) species and size cl.rs\)

"Conduclcd in the.10% uggregated retentiur treatments at Bufte and Pafadise Hills blocks only.

density: diameter, height. and canopy-depth dis
tributions of canopy and sub-canopy trees: rates
and causes of morlality; and recruitment and fates
of snags (Table 2). A series of nested circular
plots (Figure 2a) will be used to sample these
overstory rcsponses at 3 5 yr inteNals. Pefma-
nently tagged trees will be measuled for diam-
eter, canopy position, structuml attributes, and
moftality. Tree height and crown depth will be
measurcd tirr a subset of sterns. Snags wil l be
measured for diametet height, decay class, and
angle of lean.

As with the overstory, the forest undersk)ry is
l ikely to respond to strong contrasts in harvest-

rclated disturbance (and resulting canopy condi-
tions) among treatments. We are paticularly in-
terestcd in treatment e1l'ects on plant species dir'er-
ritl r richne:s anJ er enne\. r: c!,mmunit) compo:ition
and structure (the proponional representation of
different plant groups or 'functional' types); and
the establishment, growth, and nrertality of regen
erating trees (Table 2). We will also consider un-
derstory attributes that are known to influence thc
abundance and distribution of u'ildlile (e.g., plant
cover and vefiical stratification. recruitrnent and
dyramics of corusc woody debris) (Table 2). A
series of belttrmsects, intcrcept iines, and nicroplots
nested within each tree plot will be used to sanple
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Fi:ure:. Plol r.d rrrnscct designs fof sampling rfe.Ltment efiects (a, b) and spatial gradicnl\ (c, d) $llhin aggregated retention
unils. For lreannent efi_ects. olefstory chltracterisrics (a) arc mcasurcd witli. nested circular plots: 0.01 ha for trees
5.0 11.9 cm dbh (T,) .0.0.1 ha lbr  t rees >15.0 cm dbh ( l ) .  and 0.08 ha for  snags (S).  UndeNbry \ ,egel . r r iorr  (b)  is
sampled r \  i rh:  bel t  r f rnsects (B) lbr  dcnsi ly  o l \apl ings(t rees>10cJn ta l l .<5 cmdbh)r  intercept  l ines (L)  fbr  covet
hr'ighl oftall shrubs and r.rplings. dislurbance asscssmcnts. and volume ofcoarse woody debri\l and lllicr'oflds ($. 0.1
x 0.5 nr) ibr g.ound su| face ch.mctefistics, presence ofbryophycs and macrolichens. coler and heighl olherbs xnd loll
shrubs.anddcnsir )ofreeseedl ing, t (< l0cmtal l ) .  OverstLi r )  canop," 'co!er is  cninarcd $i th a sphcr icaldensiomclcr  a!
rhe end poinls (c) ol cich inrercept Iine. For spatial gfadients in uggregaled rercndon |rcarlncnls (c). undcrnory \ cgcta
t ion is  srmplcd wrrh l3 b inds per t ransect .  With in each brnd (d)  t t re:  subplots (sp.  1 r  I  n)  ior  colcr ,41cjghl  o l  a l l
species and dcn\i!icr of tree seedlings/saplingsr Dricfopbts (lrp, 0.2 r 0.5 nl) lor prcsencc/abscncc of brtophlt!'st and
cnd poi.rs (c) lor o\'erslor] crnopy cover. See Table 2 ibr a compl.lc lin ol \ariablcs.

lhe responses of undcrstory species. changes in
ground surt'acc characteristics, and the types and
lcvcls of hawest related disturbance (see Figurc
2 caption tbr details). The ncstcd plot design will
also pcnnil direct conelation of overstory and
understory chilracteristics.

Sampling Design for Spatial Gradients
W i th i n Ag g reg ate d B ete n ti o n Tre atme nts

A sccond design wil l be used to sample fine-scale
gradients in undersk)rv rcsponse within the ag

grcgated retention treatments (e.9., Hypotheses
4-7. below). This approach is l inited to the,10%
retention treatments at Buttc and Paradisc Hil ls.
Here our tbcus is on the extent to which the I -ha
aggregates rgtain conrponents of the original un-
derstory and/or amelioratc microclimatic condi-
tions in thc surrounding matrix. Bands of salrple
plots arc arrayed along four o hogonal transects
ofca. 100 rn in lcngth that span harvested. ecotonal
(edge). and intact tbrest envir()nments (Figurc 2c).
Th< peryend icu lu r  p laLetnent  r ' l - l r rn .e ,  ts  le rn r i t '
examination of the effects of aspect on spatial
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gradients in vegetation. Bands are spaced more
closely (every 5 m) near the edges (ca. fiIst 15-
25 m) ofthe 1-ha aggregates where we anticipate
sharyer gadients in vegetation response, and morc
widely (every l0 m) in the harvested matrix and
forest interior (Figure 2c). A series of sub-plots
and microplots within each band (Figure 2d) will
be used to sample changes in understory compo-
sition and structure (Table 2; see Figure 2 cap-
tion for details).

Hypotheses, Mechanisms, and
Analytical Approaches

It is not possible in this paper to describe the full
range of expected ecological or silvicultural re-
sponses to varying levels or patterns of green-
tree retention. However. to stimulate future dis-
cussion and to guide ongoing inquiry and analysis,
we have summarized our expectations in a table
of predicted, qualitative responscs to the six ex
perimental treatments (Table 3). These predic-
tions draw upon the results of ernpirical studies
of natural disturbance and succcssion. plant en
vironment relationships, plant I ite history strate-
gies, and vegetation rcsponses to more conven-
tional methods ofsilviculture (i.e.. clea-rcut loggillg.
commercial thinning). Others are more specula-
tive and rcflect general theory that is untested in
these forest ecosystems.

In the lbllowing sections, \\,e explore a set of
predictions in depth as examples of the types of
questions that we have posed in this study. We
focus on the response ofthe forestunderstory which
contains the virst majority olplant spccies in these
tbrests. and in which we anticipate short terrn
changes to be nost dynamic. Our hypotheses
consider three groups of taxa for which we an-
ticipate distinct pattems of response. The lirst
are "fbrest-interior" specics: subordinate forest
hcrbs that are not restdcted to. but are fbund nrost
liequently and with greatest abundance in, for
est-interior and late-successional environments
(e.g., coral rcotlCordllorhizq spp.l, prince s pine

lChim a p hikt utn b e l I q tal. rattlcsnake-plantain
lGootlyera obkrtgifo lial, twayblade [lstera spp.].
pyro\a fPtrola pictal; Spics 1991. Halpern and
Spies  lo05r .  l \4 rn )  o l  thc .e  herh \  i r re  \en . i l i re
to disturbances associated with logging and broad-
cast burning (R5 species of Halpern u9891; see
also Halpern et al. [1992]) and are thought to rc-
qu i re  l , ' ne  pcr rL 'd .  r r f  t ime fo r  popu la t ion .  to  re

cover fbllowing large-scale disturbance (Halpern
and Spies 1995). The second group consists of
"early-sera1" or "open-site" species. These in-
clude annual, biennial, and perennial herbs (na-
tive and exotic) that typically dominate recently
disturbed and etuly successional communities (Il
14 species of Halpem [1989]; see also Dyrness
[9731, Schoonmaker and McKee [l988], Halpem
and Franklin [1990]). These taxa are character
izedby long-distance seed dispersal, rapid growth
rates, and high fecundities. The third group of
interest, "forest dominants," are woody and her-
baceous species that dominate mature and old-
growth forest understodes. These taxa are toler-
ant of disturbance (R3 species of Halpern | 19891;
e.g., Acer circinatum, Berberis nervosa, Gaulth
eria shallon, and Polystichum munitum) awl can
occupy a broad range of canopy conditions and
seral stages (Spies 1991).

Hypothes zed Responses Among
Treatments

An underlying premise of green-tree retention is
that the suNival of organisms associated with
tbrest-interier environments will increase with the
propofiion of live trees retained through harvest
(Franklin et al. 1997). Conversely, invtrsion ol
early-successional or open-site species should
decline rvith increased levels ofretention. To date.
these assumptions have not been tested empiri-
cally. nor have $e fomrs of these relationships
been afi iculated (e.g., as l inear or non-linear func-
l ions .  o r  as  th re .ho ld  re .ponse. ) .  Ther '<  i s  e ren
greater unceft ainty regarding possiblc diffcrcnccs
in responsc within aggregated and dispersed re
tention (Franklin et al. 1997). We prcdict that
lhe-e  !  ruup.  u  i11  re .p ,  rn , l  I '  l i ' l l ,  ' u  r :

Hyoothesis 1.-Tlre qbtotdence and dirersit)
of forcst interior species will hcrease v,ith the
percentage oJ green trees retained (Figure 3a).
This prediction rests on two likely outcomes of
increasing levels of retention: (l) reduced levels
ofdisturbance to soils and unde$tory vegetation.
and (2) greater amounts ofshading liom retained
trees. The results of long{cm, succcssional sludies
following clearcut logging and burning suggest
that both conditions should pronote survival of
fbrest-interior species (Halpern 1989. Halpern et
a1. 1992. Halpem and Spics 1995). In thcsc studics.
species extinctions induced by harvest were cor
related with the intensitv of soil disturbance. In
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addition, even where forest soils remained un-
disturbed, removal of the overstory canopy was
sulficient to cause mortality of somc sensitive
species.

Hypothesis 2.-Ilre abundance dnd diversitt
of earl r- se ru| open-site qteci e s u,ill dec rease w ith
the percentdge of green tees ret.lined (Figure 3b).
This hypothesis has a strong basis in life history
theory (Grime 1977. Grace 1990). As light, po-
tential establishment sites, and soil resources be-
come more limiting with greater levels of reten-
tion. early-seral species are at a competit lve
disadvantage. In studies of post haryest succes-
sion, these taxa typically show positivc responses
to disturbanca intensity and negative responses
to canopy closure (Dyrness 1973; Halpem 1988.
1989; Schoonmaker and McKee 1988; Halpern
and Spies 1995).

Hypothesis 3. For both forest-interior dnd
earl-t-seral, open-site species, the mean and the
yaiation in abtndance ttrul diversitt will be greater

c)

(d

c

c)

(5

o)
E

100

Figure 3. Prcdicted short-tenn. qualitative responscs (mean and lafiance) to rarying levels and pattcrns ofgreen-tree relenlion fi)l

tlvo groups ofunderslory iaxa: (a) lbren inlcrior species and (b) early-seral or op!n 'ile .pe.:re(.

75 40 15
Percent Retention

in dggregdted rete tion treatments tlnn in dis-
persed retentio tre1tmefits (Figure 3). \Ne as
sume that in dispersed retention units. uniformly
high levels oflogging disturbance and associated
microclimatic stress will lead to signiticant loss
of forest-interior species and to widespread es
tablishment of early-seral species. In conlrast. in
aggregated retention units we anticipate spatially
distinct pattens of survival and invasion: in har
vested portions of these units, survival of forest
interior species will be low and establishment of
early-seral species will be high; conversely, in the
Ietention patches, survival of forestinterior spe-
cies will be high, and establishmcnt of open sites
species will be low.

Analytical Approaches for Hvootheses I -3.-

lo te.t lor the el'fect. ol trealments , 'n species
abundance and diversity, we will use analysis of
variance (ANOVA) (or repeated measures ANOVA
tbr long-term effects) coupled with planned com-
parisons of means (Sokal and Rohlf I981). Due

Vesetation ResDonse to Green-tree Retention



TABLE :1. Varirtion in sland struclure and species abundance pfror to harvest among lhe six lrcatmen|s units at Pafrdise Hills.
Washi ngton. Values are | 996 r.car mcnl ncans. Tokls repre\ent the su mmed cover of al I species wilhin a stratu Dr
r(nrh selected sDecies afe \ho$,n).

Treatment l-rnit

Disp.  AgC. Disp.

Percent Coyer of Understor) Strata and Sclccted Speies
Herb srraturn ltoral) 12.7 16.8

0.3 t.9
Cotn l ts  tu t l tdLn \ t \  0 .9

Olerstory Structure
'Iiee denslt,v (no.,4ra)
Basal area (Drr/hal

Cauhhetia shdllon
Xenph\llLtL tenar

5 1 2
16 .1

2 .2
9 .3

10 .7
23..1

1 .7
2 .5  5 .1
t.5 l .- l
t . ]  4 . 2
o.r i  1.9

r005
10.9

2.',l
1.',l

81',7
67.1

19..1
t . 5

1 . 2
10 .2
1.0
1 . 1

1 . 8
8 .8
2 . 1
6.0

612
58.7

33 .5
0.2
6.1

u .5
28.6
10 .7
11 .7

t . 9
l t . 6
10..1
2 .2

6lJ,l
86.7

1.4
1 . 2
0.6
t J . l
2.1

o.2
2 .3
t . 2
0.9

0.2

132
79.1

0.5

\ . 1
5 .8
1 .0

0.3
3 .5
3 . 1
0.1

Tall shrub slratum (olal) 6.5
Uutl innor n(nbruntk?un 0.1
\/. onliPliunt/r: uhskutnse :1.2

Undcrstory trcc \lralum (told)

7.\uga h(k'rophrlla

to the patchy nature of plant species distributions,
we have found high levels of variation in ftequency.
cover, and diversity among pre-harvest treatment
units within sone blocks (e.g.. Table 4). Thus,
to irnprove our ability to detect ffeatmentlevel
eff'ects we will analvze 1br c/ratges in species tie-
quency, cover, or diversity relative to initial (pre-
harvest) conditions. Analysis of covarrance
(ANCOVA) may be used to test for effects ofother
potcntially impoftant variables (e.g.. level of dis-
turbance, coyer ol coarse woody debris). Spc-
cies abundance will be measured as fiequency of
occurrence rt varying spatial scales (micropiots,
transects. and plols) and as mean plotJcvcl cover.
Species diversity wil l be expressed as richness
and heterogeneity (Hill 1973) at the salre spatial
scales. To examine the effects of treatments on
the r'.r,'i.rlrilil ofresponses (Hrpolhesls 3). simi-
Iar analyses *ill be conducted using the coeffi-
cients of variation of these parameters. Signifi-
cance levels wil l be adjusted for multiple
comparisons using the sequential Bonferroni
method as described by Rice ( 1989)

Additional correlation and regression analy
ses will be conducted at smaller spatial scales (e.9.,
transects or plots) to explorc finer-scale relation-
ships with tbrest canopy cover. shrub layer de
velopment. ground surtace conditions, and har-

vest-related disturbance. These rclationships may
vary with, or independently of. changes in the
level and pattem of retention.

Hypothes zed Gradients Within
Agg'egaled Relel l  o.  

-  
eaLme' l rs

Aggregates (retention patches) are predicted to
serve as refugia fbr plant species that are sensi-
tive k) disturbance or to open-canopy conditions,
and as sources ofpropagules for sunounding har-
vested areas (e.g., Busing et al. 1995, Halpern
and Spies 1995, Franklin et al. 1997). Given the
slow rates of dispersal of sotne understorJ spe-
cies (JuJes 1997), decades ofobservation nray be
required to fullyjudge the potential of aggregales
to serve as sources tbr recolonization of late se-
ral species. However, the short-tenn effective-
ness of aggregates as local refugia can be tested
by monitoring species' persistence following har-
vest. Thc tbllowing hypotheses address the ex
tent to which the tloristic composition of forest
aggregates is maintained through harvest:

Hvp, t the . i .  r t . - lV l th i t  uqqegut t , ,  :1 ' r ' ,  i ,  t
associated w,ith lbrest-i terior or lute seral enyi-
romnants vill decreuse in abntdance and diver-
sil with proxinih to the aggregctte edge (FigLtre
4r. This prediction assumes that in ftagmented
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Early-seral, open-site species

Forest-interior species

Center

Harvest Area Forest Aggregate
Figufe'1. H)pothesized sho 'terln, qualitati!e responses of three groups of undcrstor) uxa rs a iunction |)1 disunce lioln the

edge of r I +r ibfe\t rLggregate (radi u s of ca. 56 m). Responses are expecGd to diller berwecn nonh (N ) and sou rh (S )
tircing edges.

habitats, the distibutions of fbrest-interior spe-
cies arc shapcd by edge efl'ects. manifested as
gladients in microclimate, herbivory. or the abun-
dance ofcompeting species. Evcn iftbrest sfucture
is retained. forest fragments experience greater
variability in air and soil temperuture, higher levels
of l ight. greater wind speed. and lowcr hunidity
than do larger intact stands (Chen et al. 1992.
Matlack 1993). [n low-elevation forests of the
Pacific Northwest. altered nicroclimates can ex-
tend more than 200 rn inward flom thc forcst edge
(Chcn et al. 1995). (By comparison, the I ha
aggregates in the current experimental design have
radii of ca. 56 m). To what cxtent understory
p lan ts  e rh ib i t  p r rc l ie l  ! r ' rd ienr .  in  re .pon.e  is
unclear(Walcs 1972; Matlack 1993, 1994a, 1994bt
Fraver 1994). Empirical suppert lbr the etlects
of edges on lbrest understories is scarce in the
Pacific Northrvest. In the Klamath Mountains of
northern Calitbrnia, Frost ( 1992) fbund that the
abundance t-'f somc fbrcst hcrbs dcclincd fbr dis-

tances ofupto 60 m fiom the tbrest-clearcut beund-
ary. However, some of the more sensitive herbs
obsen'ed in these nixed coniferous forests those
with affinities f or cooler. moister environments
lie near their southem distributional l imits. Our
gradient analyses wil l indicate whether similar
pfl lcm: are iound in thc morc rnc:i( en\ ironmcnl:
of western Oregon and Washington.

ln addition to microclimatic effects, forest edges
may also bc associatcd with greater rates ef her-
bivory (Alvenon et al. 1988) or regeneration/re-
lease ofwoody plants that can outcompete smaller
herbaceous species (Flost 1992) (see Hypothesis
6) .  A I lhouBh \omc I i \ rc : l - rn lc r i , ' r  .pee ie .  rn r l
maintain their current distributions, $e expect
shot-tenn declines in abundalce and divelsity
toward the forest edge. As edge contrasK dcclinc
with time (as regenerating stands develop). we
expcct the gradual rccovcrl of some of these
species.

Vegetation Response to Grccn-trcc Retcntion 39



HJpothesis 5. Eurlr--seral, open-site.\pecies
will declhe in abundance (ud dfiersih with dis
latrce into the forest aggregqte; gradients m abLln-
dance and diversin )rill be steeper and shorter
than those of lbrestinterior species (Figure 1).
It has been observed in other forest ecosystems
that changes in micrcclimate and local disturbance
regime along the lbrest edge may promote the
invasion of exotic or ruderal taxa (Ranney et al.
1981. Laurance 1991, Brothers and Spingam 1992,
Frost 1992). The distances to which early-seral
species invade may be more closely linked to the
depth of edge-related disturbance than to gradi-
ents in microclimate, thus we expect relatively
short, steep gradients in response. As the effects
ofdisturbance diminish with time, we expect these
gradients in seral specjes distributions to become
less apparent.

Hyoothesis 6. The dominantJbre.tt understory
species will shovt ltositive responses lo the cre
ation of edges, pettking in abtntlance within a
short distance of the forest qg,grcgate-haryested
nntrix bounclar,v ( Figirre 4). Many of our domi-
nant understory taxa (e.g., Vaccb'rium spp., Gault-
heria shalLon, andAce,..ift ir..rtrrr) possess mor-
pho log i .  a l  o r  phys io log ica l  t  r r r  i t .  r  e .9 . .  . ' r t cns i r  e
rhizome systems. variable leaf morphology, and/
or potential for rapid vegetative spread) that con-
fer resistance to disturbance and enable vigorous
erpans ion  on(e  re \our (c  cond i t ion .  improre
(Alaback and Hennan 1988; Halpern 1988, 1989i
Huffman et al. 1994; O'Dea et al. 1995). It is
likely that increases in Iight along the boundaies
ofnewly created forest aggregates will induce rapid
lateral and vefiical growth of these taxa.

Hvpothesis 7. tdSe effects, as tlelinecl by the
distances to v,hit:h earl.\,-seral species penetrate
or forest-interior species are lost (and bt the
nognitude oftlrcse changes), will be greateru,here
environmental conditions (te more stressJul (i.e.,
akng south awl west Jacfug edges as opposed
to north- qn(l eastfacing edges ) ( Figure 1). Thrs
prediction is based on the assumption that envi-
ronmental conditions that inhibit fbrest-interior
species and enhance cstablishment of open-site
species are accentuated along south- and wcst-
t-acin g aspects (Wales I 972, Ranney I 977, Matlack
1993. Chen et al. 1995, Murcia 1995). In the
Pacific Northwest. these aspect-related ell-ects may
be magnified by greater rates ofteetall or canopy
damage along south- and west-lacing edges due
to the strongly directional nature ofwinter storms.

Anal),tical Approaches for Hl'potheses,+ 7.
Analyses of spatial gradients within aggregated
retention treatments will be used to elucidate how
species abundance (frequency and cover) and di
versity vary with distance from the forest-aggre-
gate edge (Hypotheses 4-6, Figure,l). Abundance
or diversity measures will be ht to linear or non-
linear regression models (Sokal and Rohlf 1981,
Zar 1981). For species that exhibit a signiticant
correlation between abundance and distance from
edge, the form of the most appropriate model (e.g.,
linear, logarithmic, or exponential) may provide
insight into the mechanism(s) of decline or ad-
vance (e.g., invasion or die-back as isolated indi-
viduals orin a wave-tiont; sers, Matlack 1994a).
To examine possible aspect-related differences in
these effects (Hypothesis 7, Figure 4), we will
test for the significance of an aspect term in mul-
tiple regressions of abundance on distance and
aspect. Multiple regression wil l also be used in
exploratory fashion to test for relationships with
other biotjc anryor abiotic factors that vtlly at finer
spatial scales and that may influence, or be influ-
enced by, edge-related phenomena (e.9., tree cover.
ground surface conditions, local disturbance. or
associatedvegetation). The sequential Bonfenoni
rnethod will be used to adjust significance levels
for multiple comparisons (Rice 19891.

The l-ha sized aggregates in the current de-
sign are relatively large with respect to the range
ofprescribed patch sizes (0.2 to >l.0 ha.)forgrcen-
tree rctention units on federal matrix lands (USDA
andUSDI 1994). Howevet they are much smaller
than arc necessary to escape microclimatic effects
associated with edges (Chen et al. 1995). Although
our studies do not explicitly test for the effects of
aggregate size, the results of these gradient analyses
may suggest whether smaller aggregates might
seNe as plant rcfugia, or whether edge effects are
such that larger retention units are necessary to
maintain pxrticular species or groups of species.

The Scientitic Challenges of Large-
scale, Interdisciplinary Experiments

Numerous challenges arise in designing and imple
menring lffge \cale. inlerdi.ciplinury e\ferimenls.
particularly when these studies are motivated by
concerns over natural resource management or
policy. The DEMO experimental design and its
component studies represent the products ofa long
and iterative process in which we have incorporated
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diverse ecologicd interests, a rigorous experimental
design, and the needs and concems of land man-
agers and the public (Abbott et al. 1999, Aubry
et al. 1999, Franklin et aJ. 1999). Many of our
decisions represent tradeoffs: they resolve par
ticular problems but in turn may limit statistical
power, ecological or silvicultural inf'erence, or
harvest elliciency. In this section. we provide
several examples of the conceptual and method-
ological chailenges that have shaped our studies.

Sample area antl sanple size: inherent trudeoffs
in intenlisciplinary studie.\. If the spatial scales
of sampl ing in th is experiment were not constrained
by interdisciplinary linkages, vegetation studies
could employ greater replication of smaller-sized
treatment units, thus cnhancing statistical power
However, vegetation measurements are integral
to interpreting launal responses (Lehmkuhl et al.
1999) which, by necessity, must be exrmined at
larger spatial scales ( l3 ha). As a consequence.
our ability to detect teatment ellects tbr some
components ofthe fbrest community may be com-
promisedby the relativcly small numbers of sample
units.

Experimental rigor versus site-speciJic man-
agement qpproache,s. To minimize the potential
confounding of post-harvest activities with reten
tion treatments, our silvicultural prescriptions
require that site-preparation and tree-planting
specifications are consistent among all harrest units
within a block (Aubry et al. 1999). However, where
erperimenlal unit '  r.r i. upy JiFlerent enr ir, 'nment:.
suppoft different plant communities, or generate
different densities of slash. this consistency may
lead to a prescdption that is less than optimal for
rrlr iculturrl objectire'. Ecological interpretation..
as well as the applicability of pafiicular results
for managers, must be tempered by these consid-
erahons.

Naturul variation in vegetation composition
ond s t ruc lu re .  Desp i te  . r t templs  l i ,  In in  m, /e
within-block variability, at sqne sites topographic
configurations, land designations, and past man-
agement activit ies (e.g., adjacent harvest units or
roads) precluded the establishnent of six, 13-ha
experimental units within a forest ofhomogeneous
topography, vegetation, and stand history. Con-
sequently, stand age, tbrest structure, and species
composition vary among experimental units prior
to treatment (Table 4). This heterogeneity has
implications for interprcting the experimental feat-

ments and resulting ecological responses. For
example, because the total basal area retained in
forest aggregates dictates the total basal area re-
tained in dispersed units. pre-treatment di11'erences
will skew the true propofiion of basal area re
taired.

Variation in vegetation structure and compo
sition prior to treatment (Table 4) must also be
considered in interpreting post har.,'est responses.
To minimize these effccts, we will fbcus on cfirrge.t
in abundance/diversity between pre- and post
harvest communities. Nonetheless, where com-
pe l i l i \e  in le r rc l ion .  a re  i rnponant  de ter rn inant .
of species rcsponses, and where there are large
differences in the init ial abundance of competi-
tors. effects of treatments may be difficult to de-
tect.

Separttthg effects ofbgging disturbance from
ellects of retention: short-tenn versus long-term
considerations. A primary goal of our research
is to elucidate the effects of varying levels and
pattems ofgreen-tree retention on lbrest commu
nity development. Although there has been con-
certed effbrt to mjnimize eftects of confounding
variation (Aubry et al. 1999). operationally, lev-
els ofdisturbance will change markedly with the
proportion of basal area removed and with the
pattem in which it is removed. Thus, it is l ikely
that short-term responses of vegetation will re
flect differential patterns of logging disturbanca
as much as, or more than. pattems of retention.
Sampling of post-harvest disturbance character-
istics will permit an analysis of these effects. As
disturbance efttcts diminish with time, canopy
effects may dominate understory responses, al-
though legacies of difterential disturbance may
continue to shape successional trajectories (Halpern
1988). Thus, green-tree reiention strategies in-
corporate more than variation in the leveland spatial
arangement ofretained structwes they encom-
pass an array ofco-varying paftems and processes.
To the extent that we can distinguish disturbance
ellects from those associated with canopy struc-
tures, we may better understand the mechanisms
that shape vegetation response and more succcss-
fully guide new strategies tbr fbrest management.
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