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Abstract
Managers of fedcral lbrests ir the U.S. Pacific Noflhwest are charged wi!h managing tinber han est while mainrain,r,g ecosyne!,
funclions and biological diversity associalcd with old. unDranaged forests. Thus. rimbeForiented management is being rcplaced
by ecosystcm managenent. r'hich includcs leaviDg live tfees (green lrccs). snags. and coarse $ood) debris afterharvesr. we used
a retrorfeclive approach lo assess potential cfficls of greeD-tree retention on vascular undergrowth in the westem Cascadcs of
(lre8on. Fouttecn nalural l\to-storied standr ofrcmnant |lees (> 300 vr) ovcr 65 125 yr o]d regeneration were paired rirh ncigh
borirg stands ofthe samc age but lacking remnants. Spccies ichness and corer ofshrubs. all hefbs. and lalc successional shrubs
and he.bs did noi diffcr s),stematically between stands wirh and \\'ithout remnanl lrces. However, communilies of herbs and
shrubs vad ed wi!h thc percentage s (% B A/h a) of Douglas iir (Pr.rdrr |!gd ,nen-1i.,rii) and western he mlock (Tsuga he te nph .\.th)
in the regeneration. which \atied wilh remnant densitie\. Regeneration densiries and lercentagcs ol western hemlock in the
regeneration were positively cor.elatcd wilh remnaDt tree densiries.ln contrast, pefcentages ofDouglas-f-ir in the regcncralion and
ovcrall coniftr voluDre were negali!ch conelated with remnant dcnsides. Undergrowth covcrand species richness r'"as generally
grcalcr in relativelv open. Douglas fir dominated foreits, $,hich $ere associated \l'ilh physiographically drjer sircs and fe\\,er
remnanl trees. Results for ihese nalrral. lwo-storied stands suggcn |hat variable levels of grccn ree reienrion in managed lbrests
may provide ibr a divefsitt ofundcrgrowrh colnmunities

Introduction

The preservation ofbiological diversity is one of
the most important environmental priorities to-
day (Lubchcnco et al. l99l). In the U.S. Pacil ic
Nofthwest (PNW), concern tbcuses on loss of
biotically rich and strucnually complcx old-growth
fbrest (FEMAT 1993). These forests provide habi-
tats for many organisms (Norse 1990). whereas
stands managed for maxirnum timber productiv-
ity typically have fewerofthe structunl and com-
positional f'eatures that provide the diversity of
habitats on which many species depcnd (e.g.,
Alaback 1982, Franklin and Spies 1991. Hansen
et al. 1991). Old-growth forests of the PNW are
characterized by several structural featurcs. in-
cluding a multi- layered canopy consisting of l iv
ing and dead trees and abundant coarsc woody
debris (Franklin et al. I 981 ). The mosaic of gaps
and shaded areas allows a spatially heterogeneous
understory and a rich assemblage of plant spe-
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cies (Franklin and Spies 1991). Some surr'eys show
that management practices that intertere with thc
development of old-growth structural features may
result in a long-tem loss ofspecies diversity (e.g..
Halpem 1993). Thus, forest managers, who are
required to manage fbr tirnber production, as well
a .  mt in lenance or  enh lncement  o I  ccor ) . t . . rn
functions and biological diversity (Kessler et al.
1992; Sw;rnson andFranklin 1992; R.O.D. 1994),
are now charged with fostering structural and com-
positional heterogeneity in forests.

Much of the original old-growth fbrest area
ofthe Pacific Nofihwest has been harvested. with
a two thirds dccfease in old growth area over the
last f ive decades (Bolsinger and Waddell 1993).
Efforts to protect remaining old-growth stands are
important for protection of old-growth associated
species, but re creation ofsuch systems may also
be invaluable (R.O.D. 19921). Management tech-
niques may be able to accelerate the dcvelopment
of structural features characteristic ofold growth
lbrests, including large trees over intermediate
canopy layers with abundant standing and down
coarse woody debris (CWD). Consequently, for-
est managers are beginning to apply "ecosystem

management" tecbniques in fbrests widrin the range



of the Northem SpottedOwl (Strix ott'identalis),
seeking to re-create structurally diverse stands by
carying through harvest some of the structural
legacy ofthe fbrmer stands (e.9. large green trees,
CWD, and snags; FEMAT 1993, R.O.D. 199,1).
These techniques, in part, rnimic natural distur-
bances (e.g.. fire), which often leave standing green
trees and snags, as well as CWD (Swanson and
Franklin 1992). However, these changes are be
ing implementcd with little data on long term ef-
f-ects, panicularly whether they will enhance bi
otic diversity orcommunities chamctcristic of older
tbrests (but see, Aubry et al. 1999; Halpem et al.
1999) .

Unmanaged tbrests in the westem Cascades
of Oregon consist of a mosaic of stands that \\, ere
created and influenced by fires (Morison and
Swanson 1990,Agee 1991) and other disturbances.
Past disturbances ofdiverse intensity iurd ftequency
le f t  r  a11 ing  numhcr .  o f  rcmnrn l  I ree \ .  (  reu l ing  u
\ rriel) o[ \ land :lruclure.. Thi' \ crirl ion pre.ents
the opportunity to examine the rclationships of
rcmnant trec carry-over to the structure and com-
position of resulting stands. Natural, two-stoded
stands (remnant trces over regeneration) created
by fire may be analogous to stands that are being
created by ecosystem management techniques,
projected into the future. Aretrospective approach
allows insights into the possible consequences of
these techniques without waiting decades lbr re-
sults fiom newly manipulated stands to bccome
apparent (Swanson and Frank)in 1992).

We u.ed r retrospcclirc apfroach l e \Jmine
the apparent elfects of variations in ecosystem
carryover. specifically renrnant tree densities, on
abundance and specics composition ofherbs and
shmbs in rotation aged stands (65-125 yr). Wc
assessed whether simple univrlriate measures, such
as species richness or cover. dil'fered systcnlati-
calllr between stands with renrnant trees and those
without remnants. In addition. we analyzed com-
position of herb and shrub communities. and re
lationships bctwcen those communities and over-
story charactedstics. The results are imponant to
our basic understanding of influences on under
growth. which have been litt le studied in natural
tt!'o-storied stands of this region (Hansen et al.
l99l). (We use the tenn "undergrowth," rathcr
than 'understory" to emphasize that our focus was
on hcrbs and shrubs. with understory trees ex-
c luded. )  Th i .  \ ludy  r l \o  p ror  rder  imponrn t  in -
tbrnration tbr lbrest managers, who need to as

sess probable consequences of remnant, overstory
trees on undergrowth dive$ity, abundance, and
communities. Parallel studies on the same sites
examined relationships ofrenrnant trees to growth
of conifer regeneration (Zenner 1994; Acker et
al. 1998;Zenner et al. 1998) and canopy epiphytic
lichens (Peck and McCune 1997).

While our rctrospective approach allows us
to anticipate some potential effects oflogging with
grcen tree retention on undergrowth. such an ap-
proach has l imitations. For example. the natural,
two-tiered stands that we studied originated afier
fire, not atter timber hffvest, which may influ-
encc responses. Thus, apparent rgsponses to rem
nanl densily mry. in frct. be rc\pon\(\ lo vdria-
tion in disturbance intensity tlatled to differential
survival of remnant trees. Our approach allows
us to assess correlations between undergrowth and
ove$tory characteristics, but our abil ity to ioter
causation is limited.

Study Area

This study was conducted on the Willamette Na-
tional Forest, Oregon. rl i thin the huga
heteroph,-lla (westem hemlock) zone (Franklin
and Dymess 1973) ofthe central westem Oregon
Cascades at elevations between 520 and 850 m.
All sites were within the Tsuga hererophylla/Ber-
beris nervosa (TSHE/BENE) and Isuga
het e rop ht I la/B e r b e ris ne n^ osa-G ault he r[a s ha Ll on
(TSHE/BENE-GASH) associations (Hemstrom
et al. 1987). These plant associations are among
the most colnmon in the Willamette National Forest
and are similar to one another in that they are
typically found at mid-elevations on moderately
productive, well-drained sites. We restdctcd sites
lo  thc .e  l$  o  a \ .o (  iu t ion .  to  min imize  among s i te
environnental variation, although TSHE/BENE
sitcs tcnd to be more mesic than TSHE/BENE-
GASH sites. Stands were sampled on a range of
aspccts and topographic positions.

Methods

Plot Select on

Natural two-storied stands ofmature rennant tees
(2300 yr) over well-stocked rotation aged regen-
eration (65-125 yr old) were selected based on
suggestions by U.S. Forcst Servicc personnel and
on tield inspection. Remnant trees are those that
were dominant or co-dominant at the time of the
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rcgeneration initiating disturbance. We reduced
inter-stand heterogeneity by choosing only stands
that appeared to originate after wildfire (e.g., fire
:car \  on  remnan ls ) .  rc jec l ing  s t rnd .  o r ig ina l ing
after other distuftances. such as wind storms or
selective harvesting. To maximize our abil ity to
infer effects potentially attributable to remnant
trees (as opposed to those attributable to abiotic
variabies). we paired study plots: one plot with
remnant fees (3 - 57 trees per ha) paired with a
plot without remnants. Thus, each site had to be
large enough (1-2 ha) to include two areas; one
with remnants (remnant megaplot) and one without
remnants (non-remnant megaplot). Edges of
megaplot pairmembers were 5 - 50 m apan. Edge
effects resulting ftom proximity to clearcuts were
minimized by locating sites at least 20 m, and
generally much farther, from the edge of a clearcut.
Final sample size was 1,1 pairs of plots. All sites
were sampled between late June and early Sep-
tember, 1993.

Plot Design

On each site, trees, herbs and shrubs were mea-
sured within a pair of nested. concentric. fixed
mdius plots (Figure I ). Remnant trees and aspects

of the physical environment were measured in the
largest circular plots ("megaplots," 30.9 m radius,
area = 3000 mr). Tree regeneration, herbs, and
shrubs were measured in smaller "detection plots"
(radius - 12.62 m. area = 500 mj. Figure l). which
were centered within megaplots (one per megaplot).
(Detection plots were so named, as they were the
areas in which undergrowth was measured to de-
tect potential remnant effects.) Sampled areas
within renmant and non remnantplots were sepa-
rated by at least 30 m, a distance over which rem-
nant effects on regeneration are likely to be minimal
(Hoyer 1993). Sparse remnant trees may influ
ence regeneration or undergrowth, yet may be
missed in smaller plots (such as the detection plot);
measurement ofremnants in the larger megaplot
ninimized this potential problem. Within detec-
tion plots, 10 subplots (radius = 2 m) were ran-
domly placed, each with three microplots (0.2 x
0.5 m) tbr a total of 30 microplots per detection
plot (Figure 1).

Plot L4easurements
Megaplots

Slope, aspect, physiographic class. coarse woody
debds and rcmnants were measured or recorded

2.6 m radlus

x 0 . 5 m
mlcroplot

Figure L Sampling schematic. showing shrub subplots andherb nricroplots within the delection plor poftion of
the megaplot. A pair of such megaplots was established at each oflhc i,l srlcs.
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in the megaplots as fbllows. Physiographic classes
were based on aspect and topogmphic position,
ranked to reflect increasing potential moisture
status as influenced by these factors (l = W SW,
S tacing middle/upper slopes: 2 = SE. NW fac-
ing middle/upper slopes; 3 = N.NE, E facing
middle/uppcr slopes; modified fronr Kessell 1979:
Rose 1994). For each remnant tree. we recorded
species, diameter at breast height (dbh). height,
and two perpendicular crown radii. Ages ofrrost
remnants were determined from increment cores
taken at breast height. The post disturbance stand
had been affected not only by cuIrent rcmnants,
but also by rcmnants that died over its history.
Thus. dead remnant trces were assigned to a de-
cay class (Bartels et al. 1985: Neiffo et al. 1985)
andmeasuled variously depending on decay class.
Trees of decay classes l. 2 and 3 (class 1 bcing
Ieast decayed) were measured in the samc way
as l ive remnants when possible. including the
extraction of increnrent cores (tbr methods. see
Zenner 199,1). Remnants in more advanced de-
cay classes were excluded from rcnnant rcc analy-
ses, on the assunption that they wercdcad through-
out the post disturbance stand's history (Acker
et al. 1998). The following remnant tree variables
were tlen calculated: density ftrccs,4ra). total basal
area at time of sland initiation (hencefbrth, total
BA: m2/ha). l ive BA (lnr/ha), l ive volume (m3/
ha), and live crown area (ml/ha) (see Acker ct al.
1998 and Zenner et al. 1998 lor calcuiations and
rationale).

Detection Plots

We measuled species and dbh of all trees (dbh )
20 cm) in detection plots and calculated densitv,
BA. spccics composition (percent of BA) and
volume of conifers and hard*oods in the post-
disturbance sti lnd (Zenner 199,1). Coarse woody
debris and snags (diameter ) l0 cm) were mea-
sured, and number (no./ha). volume, ard cover
or basal area rvere detemrined (for mcthods see
Zenner et al. 1998).

Species richness of shmbs and herbs in dc-
tection plots was based on measurenents in sub-
plots and rnicroplots (see below) and a 30 min
ocular inspection ofeach detection plot. The timc-
constrained ocular inspection was intcnded to
increase the spccics l ists over those based on sub
rn . l  m ic lup lo t  surnp l in ; .  1e l  m l in ta in  cor . i s tencr
in sarnpling intensity across sites.

Sub- and Microplots

Shrub cover was estimated in subplots (2 m ra
dius) using a modified Daubenmire cover-class
scale which approximates an arcsine squareroot
transfotmation (1 = <lVc, 2 = l-5c/a, 3 - 5 251c,
4 = 25-50%, 5 = 50-75a/c, 6 = 15_95oh.',7 = 95_
997c',8 = >99c/r'.Mnir and McCune, I988). Shrubs
were defined structurally as all vascular species
> 0.5 m and < 3 m in height. Herbaceous plants
taller than 0.5 m (c.9., Polystichum munittrm and
Pteridium aquilinun) were included with shrubs
because thcir influences on the herb statum (e.9.,
I ight interception) may be similar to those of shrubs.
Because some species were in both herb and shrub
5 l ra la .  a \  de f ined hy  he igh t .  u  g i ren  rpec ies  ma)
be represcntcd in both layers for a plot.

We measured tree canopy cover (subcanopy
and canopy trees combined, but excluding tall
shrubs such as Acer circinatun) using a convex
sphedcal densiometer. We took readings in the
four ordinal directions from the center of each
subplot ("wedge method"; Strickler 1959). The
densiometer was fastened and leveled at I . I m
above the grould on a pole at plotcenter. Canopy
cover values for each subplot were averaged to
give detection plot level estimates of cover

Herb cover was estimated in microplots (0.2
x 0.5 m) using the cover class scale used for shrubs.
All vascular plants ( 0.5 m tall were considered
"herbs." Nomenclature follows Hitchcock and
Cronquist ( 1973).

Data Ana ysis

Data on shrubs and hcrbs were analyzed sepa
rately. Cover data were aggrcgated to the detec-
tion plot level by sumrning across subplots and
microplots. Henceforth, "plot" refe$ to detection
pbts fbr tree regeneration. CWD. herbs, and shrubs
and to megaplots lbr renmant fees (live and dead).
Cover-class values were used in most analyses,
mther than back-transforming to mid-points of
cover-class percentages, because cover class scorcs
improve statistical propefiies of the data by ap-
proxinrating an arcsine squarcrcot transfbrmation.
We used SPSS/PC+ Version 4.0 (Norusis/SPSS
Inc. 1988) tbr univadate analyses and PC-ORD
(McCune 1993) for multiyadate analyses.

Wc tcsted whether remnant and nonremnant
plots diftered in shrub and herb cover and spe-
cies richness, using comparisons of means and
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standard errors. We also tested whether richness
of species considered to be late-successioDal
(FEMAT 1993) differed between remnant and
nonrgmnant plots. Late-successional species in-
cf uded Aclrl-r's triphllla, Adenocauktn bicolor,
Anernone deltoidea, Chimaphila menziesii, C.
umbellata, Cctptis Laciniata, Corallorhizu
moc ttl(lta, C. nertansianq, Disporum httttke ri,
Goodtera oblongifolia, H!Popitys tnonotrcPa,
Monotrcpd Lrniflora, Pyrola picta, Trillium ovatum'
Vacciniun pa n'ifolium, Vancouve ria hexdndra, and
llhipplea modestcL We testcd whether species
richness or cover of all herbs and of late-succes-
sional herbs was correlated with overstory at
tributes, using Speaman's rank correlation.

To describe and intetpret species compositional
pattems and thet rclationships to site variables,
u e irnall zed the spccie. cor er dlLa using nonmetrit
multidimensional scaling ordination (NMS;
Kruskal 1964: Mather 1976) with a Sorenson dis-
mnce measure for each layer (shrub and herb) and
fbr late-successional species. Outliers were plots
whose average distances werc gleater than 2 5
standard deviations from the mean distance; two
such plots were omitted. We cxamined conela-
tions of environmental variables u, ith ordination
axes, using Peluson's r and overlays of environ-
mental variables on ordinalion diagrams We ro-
la lcd  a \e i  h1  l5 '  fo r  rh rub  ord inJ t ions  to  mar i -
mize the variance of important envlronmental
variables (variables with thehighestl) along them
(McCune I 993). Apparently strong relationships
between individual specics and environmental
r  a r i lb les  r  'ugges ted  hy  or  e r la )  .  o l  env i ronmen-
tal variables on ordination diagrams and correla-
tion coefficients ) 0.3) were then analyzed di-
rcctly using Pearson correlations. as were
correlittions among environrncntal variables. Be-
cause we made multiple comparisons, probabili-
ties $sociated with correlation coellicients should
be interpreted with caution.

Besults

Relat  onships Among the Remnant Trees,
the Regeneratlon Cohort and
Envlronmental Variables

Renlnant tree density jn megaplots ranged liom
3 to 57 trees,itla, (live remnants only) with an av-
erage of 21 remnants per hectare. Density of all
Iive trees (remnants + regenemtion) ranged lrom
440 to 1920 trees/ha and averaged 894 trees.4la
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(see Zenner et al. 1998 for a complete l isting of
overstory characteristics in remnant and
noffenlnant plots). Canopy cover percentages were
always > 927o and averaged 967.. All remnant
tree attibutes (total BA [at time of stand initia-
tionl, l ive BA, total volume, crown arca) were
h igh l ;  in te r -cor re la ted  {P '  0 .01 .  min imutn  r  -

0.38; see Zenner et al. 1998, lbr details). As rem-
nant density increased, percentages of westem
hemlock (% BA,4ra) generally increased, and per-
centages of Douglas-fir and overall conifer vol-
ume (mr/ha.) decreased (Pearson's r = 0.61, -0.62,

and -0.67 respectively: all P < 0.01).

The charactedstics of the regeneration cohon
of trees were also interrelated. Canopy cover (in

cluding remnants and regeneration trees) was
positively conelatcdwith the percentage ot westem
hemlock and negatively correlated with the per

centage of Douglas-fir in stands (% BA./ha basis;
r = 0.39 and -0.39, respectively. P 10.05). Re-
generation conifer volume was positively corre-
Iated withtheperccntageof Douglas-firandnega
tively conelated with the percentage of western
hemlock in stands (r = 0.52 and -0.50, respec-
tiveJy; P ( 0.05), consistent with Rose ( 1994) and
Rose and Muir (1997). ln contrast to results tbr
regencration volume, regeneration density was
positively conelated with the percentage ol westem
hemlock in the regeneration (r = 0.32), implying
an abundance of relatively small stems in stands
with regeneration dominated by western hen]lock,
a result consistent with others (e.9., Edmonds et
al. 1993). Regeneration density was negativcly
corrclated \\,ith the cover of CWD (r =-0.39: P <
0.0s).

Abiotic site characteristics werc correlated with
regeneration charucteristics as wel1. Conit-er vol-
ume generally decreased as elevation increased
(r = -0.39; P < 0.05), probably reflecting a de-
crease in the relative abundance ofDouglas-fir at
higher elevations. Conifervolume was also lower
on steeper slopcs (r = -0.501 P ( 0.05), but regen-
eration density increased with slope steepncss (r
= 0.,19; P < 0.05). Canopy cover and rclative abun-
dance of westem hemlock (7r BA,4ra) were posi-
tively oorrelated with physiographic conditions
(1 [relativcly xeric] - 3 lrelatively mesicl: r = 0.52
and 0.73, rcspectively, P ( 0.05), whereas the rela-
tive abundance ofDouglas-fir was negatively cor-
related with physiographic moisture status (r =

0.74, P < 0.05).



Relat onsh ps of Communities to Overstory
and Environment

No systematic differences in herb or shmb cover.
or in species richness of herbs. shrubs or late-
successional species were detected between rem-
nant and nonremnant plots (Traut 1994). Fu her,
the paired plots did not separate into groups (rem-
nant vs. non-remnant plots) on community ordi-
natjons. However. communities did vary along
gmdients that were relaled 1o remnant trces, hcnce
we tbcus on patterns across all plots, rather than
on differences between plot pairs.

Shrubs

Wc found a total of 24 shrub species across all
plots. with a mean alpha diversity of 8.4 species
per plot. Multivariate analyses revealed relation-
ships of renurant tees to shrub communities (Table
1). Covcr of 8 of the 2;[ shrub species increased

TABLE l. Pearson coffelarions (r) of shrubs. remnant and
regeneratinS trees. and en\ifonmental \ariables
\i ith odmation axes (NMS). Onlv correlations >
t  0.17 (P < 0.05) wi th one
sh0! ln.

S|)eciesn i r iJhle

along the first NMS ordination axis, while rern-
nant trees (remnant density. total and live BA.
volume, and crown area) dccreased (R2 tbr Axis
I = 0.36). Percentages of western hemlock in the
regene[ation and regeneration density rlso de-
creased along Axis L In contrast. the percentage
of Douglas-fir in the regeneration and overall
conifer volume increased along this axis (Table
l). The only abiotic environmental variable cor-
related (P 3 0.05) with Axis I was slope steep-
ness, which increascd as remnants increased and
as cover by most shrub species decreased. Stands
with grealer numbers ofremnants tended to be at
higher elevations, although the corelation of cl-
evation with Axis 1 (r = -0.31) was not statisti-
cally significant at P 3 0.05. While several shrub
species were strongly correlated with the second
ordination axis. it was not related to overstory or
neasuled abiotic site variables (Table l: Rr for
Ax is  2  =  0 .32) .

nerDs

We tbund a total of 52 herb species across all
plots, with a mean alpha diversity of 10.1 species
per plol. V.rriation in herb cornmunitic: u r\ nre-
dominantly accounted for by the second axis of
the herb ordination (R2forAxis 2 = 0.52). which
was most strongly related to relative abundances
ofDouglas-tir and westem hemlock in the regen-
eration (Table 2). Corelations of remnant tree
attributes with this second axis of herb ordina-
tions were suggestive. but not statistically signiti-
cant (maximum r = 0.3,+ lren.mant density]: 0.05
< P < 0.1). While weaker, thcse correlations were
similar to thosc for shrub communities. in that
cover ofseveral herb species was negatively cor-
related with remnant attdbutes and positively
correlated with the lelative abundance ()f Dou-
glas-fir'. Summed cover across hcrb species and
cover by l0 ofthe 52 individual species was nega-
tively corelated with this axis (P < 0.05), as was
thc pcrcentage ofDouglas-fir in the regeneIation.
Pollstichum munittt , was the only herb species
that was positively correlated with this axis. Herb
community composition also varied along another
a \ i .  r  A \ i5  l .  R  I  =  O.29 r .  rnd  rc r  c ra l  : |e \ ie . \ re re
strongly corelated with Lhis gradient. However.
Ar i .  I  u r .on l l  ueak l5  rc la ted loorer . lo r )  r r r i
ables (maximum r = 0.30 1br regeneration vol-
ume) .  unJ  \ lope  was the  on ly  ab io t i c : i t c  r r r i -
able with $'hich it was correlatcd.

Aris I  Axis 2

Shrubs

Aftt ntk t?ph\Uun
Cnslatlot\i! (hr) nth\ Uu
Cauhhetia shdllotl
P 0 1,"  s t  i  L h u t  n nuni  I  un t
Pk ridiun uttuiIinutit
R hotlododron nat roph," I lnn
Kottl gftnno(atpu

Stn2horitopot nollis
'Iiugd 

helenph\llu
Summed cover of shrub species

Remnanl and Regcncrating Trccs.
En!if onmenlal Variables

Remnrnt densit) (rreeVha)
Rennant BA ( tota l ;  mr/ha)
Renuant BA (1ive.  nrr ,ha)
Remnant Io lume (m' /ha)
Remnant crown area (mr/ha)
I ]ugd h?t?ropl t \11a
regenerarion (ti BA)

P se udot s ugd tne n.i? \ i i
regenerat ion (7,BA)

Regeneralion conifer \rlume ( m'/ha)
Regeneration densit)' (1r ees/ha)
Slope (q )

0.3,1 0.70
0.57 0.35
0.,13 0.36
0 78 -0.5,1
0.07 0.51
0.66 0.22
0.02 0.11
0 .55  0 .19
0.80 0.t8
0.56 0.t l
0.,r3 0.09
0.07 -0.91

0 .53  0 . r8
0..1E 0.05
0.,{,1 0.03
0.-r9 0.03

-0.t8 0.00

0.11 0.23

0.16 0.23
0.56 0.05

-0 . t 8  -0 .15
-0.10 0.07
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TABLE 2. Pearson conelations (f) of herbs, regenerating
trees, and environnental variables with ordina
tion axes (NMS). Only correlalions > 10.37 (P <
0.05) with onc or morc axes are sho\ln.

Species,A/ariable

TABLE 3. Pearson conelations ( r) of late-successional spe-
cies, remnant and regenerating trees. and envi-
ronmental variables with ordination axes (NMS).

Only coffelations > 10.37 (P <0.05) wilh one or
more a{cs arc shown,

Species,A/anahle Axis I  Axis 2
Hcrbs

Ater nun rophyllun

Atne I ant hie r alnifo I itt
Betb?ri: nenosd
Cal\pso bulboso
Coll0nie h4enph\lld
Galiun trillorun
Guultheria shdllon
Linnaea horculil
Pol)stit hum munitutn
Pteidion dquiLin nl
Ptnla dsarilolid
Rosa g,-nno(arpa

gmphoricarya\ nollis

$nthris ftnUbnnis
violu senFnirens
WhiWlea nodestd

Summed cover across herb species

Regenerating Trees and
Envircnmcnlal vaflables

P\(udottuga men.iesii
regeneration (E BA)

'l:tuga hetenphJlla
regeneration (% BA)

Slope (7.)

Species

Ademuubn hi(oLol
AlLotn?a riryata
Anemane deltoideo
Chitnaphila nen.iesii
Chimaphila unbellatu

Coralbrhi:a maetkra
C 0 ra I b fi i. a me rt e n t i atn
Disparum hookei
Gootbetu oblinEifoLia
Ht"popitls nonotropa
Monotropa miflora

v.t<:(:i ium pa|\,(oli n
l/ancoureia he\atulrd
whbtleamotlestu

Rennant and Regenerating Trees
Canopy coler (7.)
CWD cover (7.)
CwD \olume (nrr/ha)
Regeneration density (trees/ha)

Environmental Variables
Elevation (nt

0.38 0.09
0.42 0. 16

-0.07 0.51
0.77 0.08
0.62 0.5.1
0.30 0.55
0 .13  0 .69

-0.,19 -0.r 6
-0.42 -0.13
0.16 -0.3',7
0.32 ,0.39
o.42 0.03
0 . r8  0 .4 r

-0.02 0.61
-0.19 -0.63
-0.,12 0.07
0.11 0.00
0.75 0.06

0.6.1 0.03
-0.12 -0.29
-0.31 -0.30
0.02 0.38

0.17 0.46

deltoidea, Chinaphila menziesii, Vancouverta
hexandra, and Whipplea ,rodestc. Plots $ith
greater canopy cover and abundance of CWD were
typified by the prese nce of Vaccinium panifolium,
Corallorhiza maculata, C. mertensiena, and
H-vpopi6s monotropa.

The second axis of the ordination of late-suc-
cessional species' cornmunities was most strongly
related to elevation, with Alkttropa virgata,
Chimaphila menziesii, Chimaphila umbellata,
Coptis laciniata, and P),.o/c picla typical ofplots
at higher elevations (Rr for Axis 2 = 0.24). Re-
generation density also increased with elevation
along this axis.

Species richness

The most species-rich plots tended to have higher
percentages of Douglas-Iir relative to western
hemlock in the regeneration and more open cano-
pies (Table 4). These plots also tended to be

0.57 ,0.35
0.26 ,0.45

-0.57 0.15
o.2r 0.80

-0.38 0.00
-0.4'7 0.07
-0.42 0.05
0.70 0.59
0.22 -0.45

-0.06 0.62
0..19 0.35
0.33 0.37
0.32 -0.53
0.52 -0.55
0.34 0.47

-o.5'7 0.15
0 .16  0 .38
0.13 0.:16
0.01 0.89

0. t2  0 .11

0.09 0.69
0.39  0 .15

,  DV- ! ' -o

Multivariate analysis revealed relationships of late-
successional species'(FEMM 1993; see Meth
ods) communities to canopy cover. abundance of
CWD, regeneration tree density, and elevation
(Table 3). As for ordinations involving all herb
species, remnant tree vadables were not dircctly
related to either ordination axis. However, by
contrast with results for shrubs and al] herb spe-
cies, percentages of western hemlock and Dou-
glas-tir in the regeneration were not directly cor-
r e l r t c d  \  i t h  r h e  r \ e s  o [  r a r i a t i o n  i n
l r te  .uccess iona l  herh  cummuni l ie .  (mr r imum r
= 0.29).

The first axis of this ordination was most
strongly related to canopy cover and CWD cover
and volume, which were negatively correlated with
this axis (R': for Axis I = 0.27). Relatively open
plots (lower canopy cover) genemlly contained
A chlvs t riph l- lLa, Adenocau ktn bitn I o4 Anemone
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TABLE :1. Correlations belween herbaceous species richness
and environmental !a ables (Spearman s corre-
larion coefllcients: probabililics arc < 0.05 cxcep!
where indicated)../. PSME and %TSHE are per-
centages of Pr€rldolrrgd menziesii and Tsugtl
heterophJlla. rcspecri\ely. on a basal area basis;
physiographic classes were ranked, wirh i = dri-
est and 3 = moislest. as indicaGd by slope. as-
pect. and topographic posidon; iale-succes
sional" species are based on FEMAT (1993).

" = P > 0 . 0 5

physiographically drier. Pattems in species rich-
ness for late-successional species paralleled those
for all herb species, in that richness incrcased with
the relative abundance of Douglu-fir and decreased
with the relative abundance of western hemlock.
Conelations of late-successional herb species dch-
ness \\,ith ove$tory attributes were weaker than
were corelations of those atffibutes with rich-
ness across all herb species (Table 4).

Summary and Discussion

Species Fichness and Cover

We had anticipated that species richness or cover,
paft icularly for late-successional species, might
be higher in remnant than in non-remnant plots.
For exampJe. remnant tlees might ameliorate site
conditions after disturbance, potentially enhalc-
ing survival or establishment of herb and shrub
species in the years inmediately following the
disturbance. ln addition. remnant survival sug-
gests that the regeneration-initiating disturbances
(in the case of our plots. fires) wcre less intense
in remnant than in nonremnant plots. Lower in-
tensity disturbances might be expected to enhance
post-disturbance survival of undergrowth species.
The lack of systematic pairwise differences be-
tween remnant and nonremnant plots in species
richness or cover that we found could result from
several factors, including: (1) pre-disturbance
dillerences in species composition or abundance
that penjsted through the disturbance via survival
of roots. rhizomes or seeds; (2) eflects of rem-
nants on density and species composition of re-

generating trees, whose etlects on undergrowth
may have obscured direct renmant or disturbance-
intensity effects (see below): or (3) other site-to-
site differences that overwhelmed remnant ordis-
turbance-intensity eft'ects on undergrowth. Our
retrospective approach does not allow us to dis-
tinguish between these, or other, int'luences.

Shrub and Herb  Communi t ies

Aralyses ofherb and shrub communities suggested.
howevet that remnant trees may have influenced
their development, at least indirectly. While rem-
nant density or basal area itself was not always
correlated with i[es of variation in shrub and herb
comnunities. remnant charactedstics were gen-
erally correlated with composition and density
o l ' lhe  re leneru l ion  t rees .  uh ich  uere .  in  tu rn .
strongll related to the undergrouth communirics.

For example, rnajor axes of variation in shrub
and herb communities were always conelated with
the relative abundance of Douglas-fir and west-
ern hemlock in the regeneration, or with density
of regeneration trees. Further, cover by several
individual herb and shrub species decreased as
the relative abundance of westero hemlock in
creased. Relative abundance ofwestem hemlock
and density of regeneration trees was higher when
remnant density (or BA) was higber, while rela-
tive abundance ofDouglas fir in the regeneration
was generally higherwhen remnants were spa6er.
Shadier conditions associated with remnant ffees
may have enhanced the relative success of west-
em hemlock compared to Douglas-firon rcmnant
plots, as westem hemlock is more shade-tolerant
than Douglas fir (Burns and Honkala 1990). The
relative abundance of Douglas-fir also tended to
be higher on physiographically drier sites, which
supported lower remnant densities. Physio-
graphically drier conditions on sites with lower
ren'nant densities may have been more suitable
lbr Douglas-fir than fbr the relatively moisture,
demanding westem hemlock.

The inverse relationship of cover by several
shrub species to rcmnant density. BA. volume and
crown area may have been mediated by the rcla-
tive abundance ofwestemhen ock regeneration.
Oventoryinfluencescouldactviathecanopy (c.9..
Iight or moisture interception). the soil (e.g., lit-
ter chemistry and accurnulation), or both. West-
ern hemlock and Douglas fir have different in-
fluences on the understory environment (e.g.,
Alaback 1982, Stewart 1986). For example, less

Richness
Component

Canopy
Cover (7.)

Physiographic
ClassPSME TSHE

Al1 Herbaceous
Spccics

Species

0.12 0.'74 -0.55

0.,18 -0.'18
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direct light comes thlough relatively dense hcm-
lock canopies than through those of Douglas fir
(Stewafl 1986. 1988) and theretbre. greater de
velopment of many shrub spccies often occurs
under Douglas-fir than under westem hemlock.
In addition. sunflecks, which can be important to
many understory species (Pearcy 1983), may be
more tiequent under Douglas-fir than undcr wcst-
ern hemlock (Antos and Zobel 198:l). We found
thaf covcr of Gdnltherict shallon and Acer
circindtLun was ncgativcly correlated with the
relative abundance ofwesten hemlock (r = -0.46
tbr both; P < 0.05). Both G. shalktn ancJ A.
c ircinattrn arc sensitive to oyerstory density. and
often show increased growth in thinncd stands
(Tappeiner iurd Zasada 1993). Gaultheria shalLon,
although not highly shade tolerant, may do well
under a urrifornr, somewhat open canopy (Messier
1992). as is often found in stands dominated by
Douglas lu With regard to A. .ir. rndt r',, Anderson
(1967) tbund a positive conelation bctween its
density and basal area of Douglas-lir within the
. t i rnd .und S le \ \an  l lqR6)  lound rha t  i r  ua '  n rure
conrmonly present in stands dominated by Dou-
glas-1ir than in those dominated by westem hen.r
lock, consistent with our findings. Of course.
Douglas fir and westem hemlock have dif'feren-
tial eflects on site factors in addition 1() light, such
as moisture interception (e.9.. Voigt 1960.
Rothacher 1963) and litter chemistry, and these
dillerences nav also have influenced shrub conr-
mun i t ies . .

Several herb species that were negatively cor-
related with thc rcl;itive abundance of western
hemlock (based on the ordinalion of herb com-
munities), and thus positively corelated with thc
relativc abundance of Douglas-fir. are typical of
drier sites (e.g. G. shalktt, Wltipltlea nodestct.
Linnaea borealis;Zobel et al. 1976; Gagnon and
Br l ld f ie ld  lq86) .  Hence.  d i f fe rcncc .  nm. 'ng  \ i le .
in moisturc status as well as ditferences in l ight
regime may have been influcntial. Relationships
of undergro\\,th communities to physiographic
nroisture status were also suggested by overlays
ofphysiographic classes on an ordination ofherb
and shrub communifies together, which revcalcd
that plots with lowcr shrub and herb cover tended
to be physiographically moister (Traut l99:l). The
negative correlation bctwcen herb species rich-
ness and physiognomic moisturc sti i tus that we
observed is consistent \\, ith results ftom other stud-
ics olforests in the region. which have found that
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species richness olten is higher in rclatively dry
forest communitics (c.g., Zobel et al. 1976). Therc
were some exceptions to the generally lo*,er cover
on physiographically-moister sites, however. such
as Copti.s laciniata, which commonly indicates
molst sites (Hemstrom et al. 1987), and which
was more abundant in wcslcm hemlock-dominated
. i t cs .  Beeau.e  phS. iog t rph ica l l l  Ino i \ le r  . i te {
supponcd nrore remnants and nore western hcnr-
lock in the r€generation. wc are un ble to sepa
rate polential physiographic influences on undcr-
growth co[ununities ftom influenccs mediated by
overstory composition (including rcmnants), ho$-
ever it is likely that both types of inlluences ale
important. (Note that we did not measure soil
moisture status directly.)

Thrcc of the late-successional species charac-
terizing plots withrelatively high canopy and CWD
cover were mycotrophs (C o rull o rhizu mttculata,
C. mertensiuna and Htltopity.t nonotopd;
Hitchcock and Cronquist 1973. Fuman and Trappe
1971). Logs nray help to maintain mycorhizal
llssociates of these specics through stand-initiat
ing disturbances and in post disturbancc stands
(Spies et al. 1988). The mycorrhizae associated
wtth H. rnonotropa are compatible with westcrn
hemlock (Furman and Trappe 1971 ). the most
abundant conifer in stands with highcr canopy
and CWD cover. Coarse woody debris also pro-
vides a favolable substrate for many non-
mycotrophic species (Stewart 1986), such as
Vat ciniunt pan iJb liturr, which occurred commonly
on logs, and whose cover was associated with
relatively abundant CWD. Finally. CWD n.ray also
influence soil moisture and stand humidity
(Franklin et al. l98l). Coalse woody dcbris can
retain watcr throughout the summer and also pro-
vide shade and diminished wind at the fbrest floof,
thercby reducing evaporation. We found that tu o
species often associated with mesic sites, Iril
liun oyatun and PLth sti.llum munitum (.Hitchcock
and Cronquist 1973). tendcd to be nore abun
dant in plots with more CWD.

Herbaceous species richncss and abundance
often dccrease with canopy closure (e.g.. Alaback
I 98,1; Ste\\"art 1988: Oliver and Larsen | 990: Dufl
and Meier 1992), and the communities that we
studied were probably affected vtrriously by this
stage in stand development. All of our sites had
apparently advanccd to or through the self-thin-
ning (Drcw and Fleu,ell ing 1979) or stem-exclu
sion (Oliver and Larson 1990) phase (Zenner et



al. 1998). However the effects of this srage on
the undergrowth were probably more intense in
thc relatively densc, hemlock-dominated stands
than in the stands dorninated by Douglas-lir. with
their relatively open canopies. ln cxtrene cases.
all herbaceous plants may die under dcnse stands
of westem hcrnlock (Alaback 1982). Another sam
pling of these stands in the future, when thc un-
de[growth has recovercd further fronl canopy clo-
sure. mlght rcsult in differcnt interpretations of
relationships between remnant trees and under-
-qrowth than those otl-ered here: the longevity ()f
shade-tolerant herbs during the stcm-exclusion
stage is not well-understood (North e1 al. 1996).

ADswers to questions about the influence of
remnant, ovcrslolJ trees on undergrowth commu
nities are impofant but difTicult to find, becausc
these new forcst management techniques are only
now bcing implemcnted (Aubry et al. 1999:
Halpern et al. 1999). Retrospective studies such
as this can. however. help us to understand and
predict potential long-term consequences of thesc
techniques (Swanson and Franklin 1992). Long
teIm consequences may differ substantially lrom
those that would be predictcd based on study over
shoficr tine periods. For example. a study that
assessed init ial (16 month) responses of under
story plant diycrsity to a grecn-tree retention har-
vest lound that hcrb and shrub species richness
;urdevenness were significantlv higher in the green-
tree retention cut than in an adjacent clearcut and
an intact 65-yr old forcst (Norrh er al. 1996). Fur-
ther. cover bv shade-tolerant plants $,as greater
in the retention cul than ir the clcarcut. Our rc-
.u l t .  \uggc : l  rhar  such c . r r l1  d i f le ren , .es  jn  un
dergrowth between gleen-tree retention cLlts,
clearcuts. and intact tbrests might notpersist. Stud-
ies of spccies' attributcs l ikely to aflcct survival.
rc-establishment. and reproduction under alter-
native forcst managemcnt scenarios are needed,
as are long term monitoling studies to lbllo\','
consequences of such managenenl practices (sce
Halpen et al. 1999).

Linitations in the analogy betwecn oul natu-
ral. t$o-tiered stands and those that wil l result
from timber harvesting with green-tree retention
must be bome in mind. For example, harvesting
will not always be followed by buming, while
the regeneration in our sites was initiated atier
fires. It is unclear to what extent the absence of

lire in managed stands will alTect their succes-
sional trajectories compared to those followed in
natural. fire-origin stands. How will planting of
t ree \  in  p l r l i cu l i r r  den. i t i c :  and spec ic :  m i r . ru res
in nanaged stands affect undergrowth compared
to effects apparently associated with natural re-
generatiol as occured onour sites?Will the spatial
pattern of green-tree retcntion (aggregated ver-
sus clumped, for examplc) affect responses in the
undergrowth? Despite these limitations, our study
does provide some insights for forcst managers
and ecologists on potential effects of green-tree
re len t ion  on  undergru \ \  lh  communi t ie . .

Our results underscore the importalce of de-
fining rnanagement goals. We suggest that if the
goal is simply to loster high vascular specics rich
ness and cover. then stands with relatively open
canopies, higher pcrcentages of Douglas-fir, and
fewcr remnant trees might bc favored. However,
ifgoals include provision ofhabitats suirable for
a $'ide range of plant communities, then rcten-
tion of variable numbers ofremnant ffees may be
desirable. The potential impoftalce of retaining
remnant trees is substantiated by a parallel study
(conducted in the same plots as those used here).
which reported that biomass of alectorioid and
cyanolichens, both often associated with oldcr
torests, wlts greater in plots with remnant trees
than in those lacking remnants at low elevations
(Peck and McCune 1998). Our results also rein-
fbrce the imponance of CWD as an impofiant
habitat component.
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