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Abstract
$t observed florcr and liuit production fbr nine underslorv shrub spccies in v,e\tern $ishingion and Orcgon rnd ex.rmined rhe
relrtionships betwccn shrub reproducti!e outfut and plant si7c. plant ase, site faciors, and overstor\' dcnsity lo determine the
factors that conlrol Ilowering or tiuiling in undefstory shrubs. In [ashington. 50 or mofe shrubs or microplots (fbr rhizomatous
\pecies) $ere sanrplcd lor crch ol eight species. The \adables eramincd $ere rnore usefnlfor explaining abuidarce offlou efs or
fiuit on shrubs than !hc) wcrc lor erplai ng the probabilit) that a shrub $ouid produce flo\\efs or truir. Planr sire was consis-
tentl) the lno \t u sefu l predictor of fl owcr/liuil abundance in all spec ies r plant agc $ as also a good predicror of abundancc and was
nrongly coffelated $ilh plant size. Sjte \ariablcs (e.S.. s]ope) and olefstory compctition variables (e.g., presence/abscncc 01 a
canopy !ap) also helped explain flo$er/fruit abundance 1br some species. At two Orcgon siles. the responses of fi\'e species to
lour levels of thinning were observed for 21 yr (15+ shrubs of micfoplots pcr rcalnenl per yerr). Thinning incrcascd rhe
probabilil] and abundance offlowcring/huiung lor lwo species. had no eftec! on onc species- aDd responses for t\\o olher species
wefe positi\e but inconsistent bctNccn siles or liom )_erf to )ea. $e belic\c rcducing overstory densitv or crcating canopy gaps
ftrr- be useful tools for cnhancing shrub size and vigof. ihus. increasing thc prcbability and rbundance of liuiring in sorne
undefstor\' shrub sDecies.

Introduction

Understory shrubs in Pacitic Northwest conifer
fbrests produce fmit and sccds that are consumed
by birds and mammals or hanested by humans
for medicinal usc, lloral green s, dyes. nuts or fruit
(Vance et al.200l). Undelstory shrubs also con-
tribute to forcst lerlical structure. thereby increas
ing habitat complexity and food resource divcr-
sity. tactors that arc generally asrociated with high
faunal species richness (Brokaw and Lent 1999).
De.pite thcir cc, '1, 'gi,. al .rnd economie imporurnec.
there has been little investigation of the produc
ti\ily or general ecology of special forest prod-
uct species (Molina et al. 1997) or other under-
story shrubs in thc nofthwest. By understanding
the factors that aftect shrub reproductive output,
fo re . t  rnd  u  i ld l i l i  m i rnuger .  cou ld  de . ign  mrn-
agement prescdptions to cnhrnce truit ing for
wildlife populations ol human use.

Obscrved varirtion in plant reproductivc out-
put has been attributed to fte cfTects of plant size
rn some perennial plants (Piper 1989. Henera l991.

Zammit and Zedler 1992): howevcr. other fac
tors may also be impodant. Predation (DiFazio
et al. 1998). weather (Sclis 2000). prevrous re-
productive output (Samson and Wcrk 1986, Piper
1989), and the availabil i ty ofpollen (Allen 1986).
light (Niesenbaum l993.), and water (Herera l99l)
have also been citcd as important variables that
influence reproductive success. Reccnt studies in
the Pacific Nofihwest suggcst that oventory density
or light avail bility. in particular, may strongly
affect vegetative expansion. clone development,
or reproduction from secd fbr Indian plum
(Oenleria cerusiJbrmlr) (Antos andAllen 1999).
Oregongrape (Berberis nervosa) (Huffman and
Tappeiner 1997), Pacitic yew (DiFazio et al. 1997).
saki (.Gauhheria shallon) (Bunnell 1990, Hulfman
et al. 1994, Tappciner et al. 2001), salmonberry
(Rnbus spectubil is) (Tappeiner et al. 200l), and
vine maple (Acer clrcindrrn) (O'Dea et al. 1995).
On the other hand, exlrinsic factors (e.9.. fesourcc
availabil ity) rnay influence reproduction onlv in
directly through their elftcts on shrub size and
vigor (Samson and Werk 1986, Piper 1989).

In a region with an active lbrest products in-
dustry. there is also a need to understand more
about thc eff'ects ofthinning and othcr silvicultural
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practices on understory shrub reploduction. Thin
ning cncourages regenention of shrub understo-
ries, either through clonal development and rhi-
zoore extension (Tappcincr ct al. 200 1. Huffman
ct al. 199,1. O'Dea et al. 1995.) or through seed-
ling establishment (Tappeiner and Zasada 1993.
Huffnan et al. 199.1). Less is known about the
re.pottse ol rfulb l i l  i t pruLiuet iun toll,.ru ing r'rnop1
manipulation. Scientists and tbrest nranagcrs have
h)'pothesized that dccrcascs in ovelstory density
may promote fruit production (Molina et al. 1997,
Broka$' and Lent 1999), presumably becausc of
increased light and resource availabil ity. Tests of
this hypothesis are lacking.

To help deternine important factors aft'ecting
sexual reproduction in nofthwest shrubs, wc con-
ductgd t$o relrted obscrvational studies on nine
shrub species native to nofih$,est lowland coni-
fer forests: vine maple, Oregongrape. California
hazelnut (Conlr.i co rnuta ssp. calift)rnicd\, sala].
oceanspray (.Holotliscus discolor). Indian plum.
red efderberr_v (San bucus racernosa ssp. pubens
tnr. ttrhorestens). evergreen huckleberry
(.Yaccitt iurn ovoturn), and red huckleberry
(Vaccinium partilbllll'l). We studied llower pro-
duction 1br all nine species and in addition, we
observed fruit production in three species. We
concentrated our eflbrts on tlower productien
because it is the prerequisite lbr 1ruit production
and because it is less variable, and therefbre easier
to study. than truit ing patterns.

The lirst study, based in western Washington,
pr , ' r i Je t l  d . rc r ip t i rc  J r l : r  un  Ihc  fo re . t  env i ron
ments and plant chamcteristics for eight shrub
species, and examined the relationships among
those variables and tlou'er or liuit production tbr
a single year. We addressed two speciflc ques-
tions: (1) what factors influence the probabil ity
that plants wil l f lo$,cr or l 'ruit, and (2) which
measured variables are useful for explaining the
abundance of flowers or tiuit produced?

The second study. conducted in westem Or-
egon. exarnined (l) year-to-year variation in flower
or lruit production tbr tive shrub species, and (2)
the eflects offbur overstory treatments on llower
or fruit production. The Oregon study comple
ments the Washington study by extending the
period of observation to multiple years and by
examining shrub rcsponsc to forest management.
By pairing these related studics into a single body
ol work. we aim to provide a mole comprehen-

sive discussion ofthe facton that influence flower
and fruit production in understory shrubs com-
mon to coniltr lbresls west of the Cascades in
Oregon and Washington.

Washington Study Methods

Study Area

Washington study sites were located on the Olym-
pic Peninsula and south Pugel Sound region of
westem Washington. Shrubs were sarnpled pri-
marily in Capitol State Forest, Olympic National
Forcst, Fort Lewis Military Reservation. and a
private commercial tbrest on the Olympic Penin-
sula. Sites included a range of topographic, soil.
precipitation. and tbrest conditions.

Shrub and S te N,4easurements

Differences in clonal vs. non-clonal growth-tbrm
required the use of two sampling approaches.
Oregongrape and salal were treated as clonal
patches and were sampled with a 0.5 m x 0.2 nr
microplot randomly placed within a patch of the
target species. All stems of the target species in
the microplot were assumed to be genetic lly iden-
tical. Subsequent shrub mcasurcments applicd to
the collective stems within a microplot. Although
vine maple also grows in clonal patches. a single
basal clump was sclcctcd lrom a patch and treated
a r  l n  i n d i r i d u r l  p l r n t .  A l l  o t h e r . p e c i e \  u e r e
sampled as individual plants.

For both the nicroplot and individual shrub
approach. samples were spaced a nrinimum of
25 m apad. Each species w;rs sampled within its
predicted tlowering period (Tablc 1) in spring and
surnrner 1999. Salal was sampled at one site while
tlowering and at several sites while firiting. The
data from the flowering and fruiting samples were
analyzed separately.

Size and Age Factors

Plant size and age characteristics were measured
for each selected shrub or clonal patch. Basal di-
ameter (BSD), diameter at 1.3 m (DBH), kxal
height (HT), and crown depth (CD) were mea
sured in the ficld. Crown depth was neasured as
the distance between the Iowest and highest l ive
lbliagc or bud. Crown percent (CP) was the ratio
of HT to CD. An index of stem volume (VOL)
was calculated as HT x BSD2.When multiple stenrs
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TABLE l. Comparison ofplant.1lo\.r. and liuit charactefistics fbr nine understorv shrub spccics in Paciiic Nofihwest conitir
forcsls. Inibnnation conpiled lion Hitchcock rLnd Crcnquist ( l97l), Pojar and N{acKinnon (199.1). rind USDA. I-irc
Efttcrs lnibr ario. Sysrc (100-l).

\'tode of replaruqlill
Al'tef

Nomrrl d.Lmge

maplc
Erect to prostfrle deciduou\
s h r u b t o 9 n l u L l Apfil-June

Pcrlac| |)n rdcene!.
rp to l0 cm longr
ApriL June

I mpsriict. monocciousl
apeulous calkins:
Jan-March

lmpcrltcl dioecious: on
faceme,t; early spring

Apnl Jul,r

Pedect; clusters ol3 l0
in leaf .Lxilsr Apdl-Aug

April-June

Double samafr :$ ind
dispcrscdi Scpl Ocl

Seed.

l.r)efrng

Rhizonles

Sp(uls

Sproul\

Rhiromcs, Rhirones,
mre'l seed sprour\

Sccd

Ofegongfrpe Low-gro$ing. rhizonratous.
evergfeen linfuDr
<l  m ta l l

Harehur Erect .deciduous
\ h r u b r i 0 6 m t . r l l

Berryr dispefsed b) birds. Rhj/omc\.
manmals: JUL) Sept seed

secondar,,'

Nur: di\pef\ed b! bifd,t. Seed.
nalnnlalsr Aug -Oct laiering

Efect ro spreading.
rhrzomatous. eve€feen
s h r u b : t o l m l a l l

Erecr t0 spfeading.

ro 6 m raLl

Erect. deciduors shrub:
to I n1 laLl

Erect. deciduou,i shrub;

Erect erergfeen shrubi
to.+.5 n la l l

Erect. rhizonlrt(nrs,
dcciduous shrub: lo:1.5 nl ull

Pcrlcct: oD fircenesr Fleshl capsuler dispersed
Nlar--July b] birds. ln.rnlmals:

Aug-t)c!

Pericct on panicles. up Achene; wind dispeAed;
to l0 cmi N{ay Jul,," Aug Sept

Oceanspru)

Indian plunr

Red

E\cryreen
hucklcbcn!

Red

Sprouts

Rhironles.
sprours

Drupe; dirpersed bl, birds,
mannnals: June Jul)

Dmpe; di\persed by bifds.
nalllnals: Ju1r"-Aug

BcI!: dispersed by bifds.
mammalsrJuh_ Scpt

Berr'i dispersed by bird\,
mammalstJuly Scp!

wcrc present on non-rhizonratous shrubs. all mea
surements except DBH wcrc taken from a single
stem that appeared typical for that shrub. Diam-
eter was measurcd lbr both the typical and larg-
est stem. Age was measured by counting glowth
rings on han'ested typical stcms.

For Oregongrape and salal, agc and DBH were
not measured. Basal diameter was measured for
the largest stcm per nricfoplot. One HT and CD
measuremelt was made ol a visually deterrlincd
typical shoot.

Flower or Fruit Abundance

The technique lbr counting or estimating t'lower
or fruit production dift'ered by species, accord
ing to shrub growth-fonn and flower or tiuit abun-

l2b  Wend<r .  Han ing ton .  lnd  T lpp .  rn t  r

dance. For hazelnut, evergrccn huckleberry, and
red huckleberry, each flower on the typical stem
was counted. and the number offlowers per stem
was multiplied by the number of stems per shrub
to obtain a tlower-per-shrub estimate. Because
of the large number of flowers per stem tbr In
dian plum and elderbery, flower abundance per
stem was estimated by expanding mean numbcr
of flowcrs in a subsample of inllorescenses by
number of inflorescenses per typical stem. Total
flower abundance was calculated by multiplying
estimated flowe$ per stem by number of stems
per shrub. For vine maple. count of flowers on a
typical stem per clump was used as an index of
vine maple flower production. For Oregongrape
and salal. flower or fruit counts werc cxpanded



to rcflect the number offlowen/fruits per microplot,
rather than the number per stcm. Flowers were
counted in a subsample ofinflorescenses and the
subsequent mean expanded by the number of
infl orescenses per microplot.

Site Factors

Slope, aspcct. and percent light were recorded at
each shrub or microplot. Available watcr capac-
ity for each series was interpolated for the top 75
cm of soil using thc MUIR database (USDANatu
ral Resources Conservation Service 199;l). Site
precipitation data were from the USDA NRCS
PRISM model (Daly and Ta.vlor 2000). Percent
light was calculated as the amount ofl ight reach-
ing the targct shrub divided by the total available
light. Readings werc tirken on clear days within
I 2 hr of solar noon. For Olegongrape and salal,
l ight readings were recordcd using a Decagon
AccuPAR positioned in each microplot at a height
slightl)' greater than the tallest stenr of thc targct
species. For all other shmbs, a LiCor Quantum
Line sensor and LI-1.100 data recorder or Deca-
gon AccuPAR (modilied to permit elevating tlte
sampling head), u'ere similarly used to rccord light
readings at the apex of each shmb's foliage. To-
tal available l ight was measured in the nearest
large opening using a Quantun Line sensor.

Growing season precipitation \\,as also deter
mined for four \\"eather stations in $estern Wash-
ington closc to the locations ofthe sampled shrubs
(Westem Regional Climate Center 2003). Monthly
pre i ip r ta t ron  $ i rs  c \a lu l led  fo r  lhe ;e i r r  p r io r  lo
and the year of thc i'lowcr or fruit observations
and conpared to l0 yr average values.

n\ta.ct^r \  |  a^n ^dt ;  t ;^ .  t r ) .  t^r<

Thelocal overstorycompetition arouncl cach shrub
or microplot was characterized by measuring the
relative position, canopy height. and total height
for each competing tree. Trees were considered
competitors when thcy wcrc located at a distance
less than their own height from the target shrub
or microplot. Overstory density indices dcrivcd
fiom Lhese data included counts oftotal competi-
tors (Cl). competitors that had driplincs < 5 m
away from the target shrub (C2), competitors that
had crowns ovcrlapping Lhe target shrub (C3),
competitors on the south side of the shrub (Crl).
and conifer competitors (C5). The prescncc/ab-
scncc of a canopy gap (GAP) above each shrub

or microplot was also recorded. A canopy open-
ing  u l .  on l l  cons idered a  gap uhen i t  ua .  r .
l i irge in diameter as the height of the dominant
overstory suffounding the target shrub ormicroplot.

Data Analys s

Mean and range were generated by species using
the MEANS and UNIVARIATE procedures of the
Statistical Analysis System (SAS lnstitute, lnc.
1988). Summary statistics were generated sepa-
rately for shrubs that produced flowers or fruit
and shrubs that did not produce. Graphical analysis
(i.e.. scatterdiagrums, boundary line analysis) was
used to examine size and age thresholds to f ' low-
cring.

Wc uscd linear regression to identify plant size,
plirnt age. site. and competit ion firctors thlt ex-
plained variability in square root transformed
flower or fruit counts. lf plant size was the bcsl
plcd ictor ol f lon er/lruit abundance lol r species.
then we ran l inear regression on residuals from
that one-parameter size model, using site and
competition firctors as explanatory variables. In
other words. we examined site and competition
factors as predictors of flo*'erlfruit abundance,
after accounting for plant size. AII models were
fit using thc REG procedure, STEPWISE sclcc-
tion option. in SAS (SAS Institute Inc. l99l).
Fo l lou  ing  . tepu i re  .eJeet ion .  n rode l r  uere  im-
provcd by climinating coll inear variables and in-
fl uential observations.

If the presence of canopy gaps proved sig-
nificant in linear models for a species. then that
relationship was furthcr invcstigatcd using a
Pearson chi square test for association. Associa
tions weretested between the binary variable, GAP
and sizc and flower production variables. New
categorical size and flower variables u'ere gener-
ated by reference coding each variable observa-
tion as 0 or I, depending on whether the observa-
tion was above or below the variable's mean value.
Because sanple sizes were small, exact probability
values were gencratcd instcad of asymptotic val-
ues. Tests were perfomed in SAS using the FREQ
procedure, EXACT statement. PCHI option (SAS
Institute, Inc. l988).

Binary logistic regression modcls wcrc flt to
identify variables that werc useful in explaining
the probabil ity of t ' lower production (i.e.. yes or
no) in vinc maple, Oregongrape, and evergreen
huckleber,v. and lruit production in salal. Again.
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plant sizc and age, site. and overstory cornpeti-
tion wele entered as cxplanatotl variables. Mod
els ccrrld notbe fit forhazelnut, salal(except truit),
lndian plum, elderberry, or red hucklebcry. be
cause ofan insufficient sample size forplants that
did not flower. The LOGTSTIC procedure and
STEPWISE option (SAS lnstitute, Inc. 1999) were
used to generatc models. The probability value
associatcd with the Wald chi-square statlstic wiis
e\amined to determine the significrncc of[rodel
v riablc parametels. Odds ralios indicated the
magnitude oflikelihood that shrubs would flower
rclative to a significant explanatory variable. Sig-
niticancc levels for all nrodcl statistics were set
at P = 0.05.

Washington Study Results

Shrub Charac ter is t  cs

In all species. a majority (63-98o/a) of plants pro
cluced flowers or truit (Tablc 2). Over 90% of salal.
elderbeny, and red hucldeberry shrubs produced
t'lovers. A11 species except Oregongrape. hazef
nut. and salal produced, on average, more than
l000 tlowers per shrub. Elderberry produced. on
a!elage, more than 10.000 flowers per shrub.

Shrubs t'lowered at a wide range of ages lbr
most species, with no indication that production
decreased beyond a threshold age. Indian plum.
elderberry, and red huckleberry flowered on stems
as young as l-2 yr:howcler, because stems growing

'IABLE l. \lean (and range) ol size characlcrjslics b! species lbr planls that produced or did nol produce t-ioweN in $estem
\ \ - s h r _ ! l c n . .  r i i e r  J o f ( . r  J r x  ( r - o r  r . .

Sl )ecie\ Produclion Ag. BSD (c l l l )  Hcight  (m) No. stems

Shrubs that produced florrcrtliuit

Vinc nraple 33

Orcgongrrpe ll

HaTelnut  11

Salal (florer) IJ8

Srhl (liuir) 95

Indin p lunr 38

Red eldeftcn! 50

Evergresnhuckleberr) 3:

Red hucklcbef f !  51

Vine mat le l8

Orcg0ngrape 19

Ha/cl ut IJ

Salal  ( f lo$er)  2

Salal  ( fnr i t )  l9

ll1dian plun lJ

Red cldcrberry 2

Evergrecnhuckleberry '  l8

Red hucklcbcn! .1

1565 ( l  683,t)r

86 (1 2s2)

705 (10 l7,l,ll

3,1( 1 1,19)l

l l  c-63)

2 9 l l ( 1 2 - l l , l l 0 )

10815 ( l :11- 19706'1) '

l rJT l  ( l-11263)' ,

1612 (8-8900f

r0 (10-6,t) 5.5 (2.2 7.6)

0.n (0.,1 l . , l )

l0 (,1-26) 3.5 (2.0-7.8)

Ll (0..1 3.0)
r 0.7 (0.2 2.0)

l i  ( l  l 9 )  2 .3  (1 .0  . 1 .2 )

6 (2  l 3 )  3 . . 1 (  1 .1 -9 . . 1 )

10 (,1 2.r) 1.8 (0.8 3.2)

E ( l-22) 1.9 (0.6 3.3)

26 (14-49) 5.9 (2.9-10.2)

0 .8  (0 .5  1 .1 )

7 (3-16) 2.5 (0.9 3.9)

r 0.5 (0.2-0.9)

7 ( '1-10) 2.r (0.r 3.31

8 ( :  3  r )  r .5  (0.7 r .s)
. l  t3 5) 1.9 (0.5-5.0)

6 .2  (2 .1  l l . 7 )  9  ( r - 18 )

0.5 (0.2 0.9)
.1.5 (2.2 10..1) 1.1(l-52)

1 .1  (0 .1  2 .5 )

0 .6  (0 .2 -1 .3 )

l . l  ( 1 .7 -5 .8 )  , l  ( 1  12 )

3 .2  (  r . 5 -5 .8 )  3  ( l - 7 )

r.E (0.8-r.6) 8 (r 2s)
r . 9  ( 0 .5 ,3 .2 )  . 1  (1  1 : )

5 .1  (1 .2  1 r - J . l )  9  ( l - 35 )

0.5 (0.2 1.0)

2 .9  (1 .3  5 .0 )  8  c  l 2 )

0.s (0.2 0.8)

3 .0  ( l . l  5 .0 )  I  ( l  l 0 )

r . 5  (0 . r - 2 .5 )  8  (2  31 )

r . l  ( 0 .7 -1 .2 )  311  s )

Shrubs thaf did not Droduce flo$ers/fruit

F lo$cr index:  numberoi  l lo{crs per selected t }p ical"  stc .
I \unrbcr olllo\rers or fiuits pcr 50 crn x 20 cln microplol.
r Age md nunbcr of neins not nreasured ibr Orcgongrape or salal.
r \unber of llowefs per shrub.
jNor enough no. flowering observations to calculate meaninglul mean \'alucs.

l2ll Wendcr, Haningtolr, and Tappetner



t ionr multi-stemmed shrubs can originate in dit-
fercnt years, the plants may have been older than
stem samples indictrted. Vine maple exhibited a
nore obvious minimurn age threshold to flower-
ing: no flowcring was observed on stems < 10 yr
in age. Flowering was observed on vinc maple
stems up to 64 yr in age (thc oldest in the sanple).
Hazelnut and both hucklebenl species also flow-
ered at ages > 20 yr.

Each specics was capable of flowering at a wide
range of plant diameters and heights, but some
specics cxhibited minimunt plant size thresholds
fbr t lowering. Examination of scattcr diagram
boundary l ines was hclpful in clari lying these
relationships. For exanrple. maximum production
increased as hazelnut plants excccd BSD of 2.0
cm or heights of 2.5 m (Figure l). In other spe
cies, similar ninimum thresholds to tlower pro
duction were also observed lirr basal diameter
(lndian plum 1.5 cm). DBH (r' ine naple 3.0 cm:
rcd elderbery 1.25 cm). height (red hucklcbcrry
1.25 m), or crown deplh (salal 0.5 m).

All of the ron-rhizomatous species wcrc ob-
sen'ed in both single-stenmcd and multi-stemmed
forms, except for hazelnut. which was never ob-
seryed as a singlc-stcmmed shrub. Hazelnut shmbs
consisted of up 1() 52 stems. Mean stem count
was highest tbr hazelnut ( 1.1.). followed by vinc
maple (9), and evergreen hucklcberrl (8).

Slze and Age Effects

P ro b a b i I ity of Fl awe r i n g/F r u iti n g

For salal and evergreen huckleberry. sizc varirbles
were useful predictors of thc probability of t-ruit-
ing or llowering. For salal.logistic nodel parameter
estinates indicated that the probability of fruit-
ing increased signilicantly $,ith cro$,n depth and
height. For cvergreen hucklebery, the probabil-
ity offlo*cring increased significantlv with largest
stcnr diameter. No size variables u,ere significant
fbr vine rnaple or Oregongrape.

Fl owe r/Fru i t A b u n d an ce

Size r,ariables were uscful predictors of flower/
fruit production for all species. Step\\"ise linear
nodcl sclcction, of size variables only. produced
modcls that explained 2 307c ofthe variabil ity in
production for hazelnut, Indian plum. red eldcr-
bery, and red hucklebery (Table 3). Models ex-
pJained < 25% of variabil ity for vinc maple.
Oregongrapc. salal. and evergreen hucklebery.

Siem heighr (m)

Figurc L Flo$ er abundance \'s. averagc ncm basal dialneter
(.r) and mean sten height 1b) for ,1,1 haalnut shrub\
sanpled in western \\'ashinglon. Boundary lines
sholv apparent nrlni um planl size thresholds to
flolver production.

Although significant lbr some species, age was
dropped from lineal models because ofcolincar-
i ly with shrub size. Age was never as strongly
related to flower production (r: = 0.06 0.26) as
the best size variable. Howevcr, there were strong
correlations between shmb age and sizc indicat-
ing that age may inllucnca production indirectly
through its etlect on shrub size. Agc was most
strongly conrlated wilh stcm diameter 1br hazel
nut, salal (ftuit). Indian plum. and red elderbcrry;
with sten height for vine maplc and red huckle
berry; with crown depth lbr Oregongmpc and salal
(flowers); and with number of stems for evergreen
hucklebeny.

q;ta tn l l  a^m^ar i i i^h t r f fa. ie

P robab i I ity af Flawe r i n g/Fru i t i ng

Site variables were not good predicto$ ol the
probability of flowering or fruiting 1br most spe
cics. Overstory conifer density was the onlv

' t

: ,5.o

3 ' @
?
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T,A.DI-E 3' BcsI statis|icalIy signjfictlnl rcgre\sion cqualions for fie square |oo1 of fruil/i]owe| productjon (\P ) \'s' plant riTe

(one-pa|amcler modcls) or rs. plant sizc. 'site iilctors. :rn!i ol'erslo|y competilion (nluhi paranleter odels) 1br cight

\peci;s in washingron study. vafiable abbre\iafions are given in tcxr. NS: No site or competir.ron variables I'ere

signilicant.

Species One-puramerer model Nlul!i-parancter nlodcl

Vine nlaplc

OregongIape
Hazehul
Salal (ilo\\eO

Salal ( f ru i l )
Indi l l l l  p lum

Red clderben)'
Evergreen

hucklcbent'
Red hucklebeq,-

= 1.1.6 + 3.1 (HTl 0.16
=  2 .2  +  0 . I  (CP)  0 .15
= 5. |  + 7.7 (BSD) 0.32
= ,1 .1  +  0 .05  (CP)  0 .13
= 1.6 + l . l  (BSD) 0.08
= 12.6 + 21.3 lBSD) 0.30
= 8.1 + 39.,1(DBH) 0. ' t0

\ l
1l

\ll
\r3

1P  =  l l . 8  +  0 .03  (VOL)
rF = -;.s * :t.: (ur)

0.t3
0.t9

\? = l ;1.6 + 3.t (HT) 0.5 (Slopc)

\P  =  1 .3  +  0 .1  (CP)  +  0 .1  (S lope )
NS
NS
NS
lF= -t. t  * :s.o tsso) + 0.6 (Ljghtq") 6.6 (c2)

\F= 17.,1 + 19..1 (DtsH) + 17 3 (DBH * GAP) 3 : l  (DBH * Cl )

\F= 5.7 + 0.03 (vol-) + 1.2 (cs) 10.6(c3)
NS

0.14
0 .21

(;
0.52

0..11

significant site variable included in logistic re-
gressionmodcls. Results for Oregongrape and ever-
green huckleberry indicated a significant positive

relationship bet$ecn number of sunourding co-
nifers (C5) and probability of llowering.

F low er/F r u it Ab u n d ance

lnclusion of sile variables (e.g.. slope, aspect, soil
tcxnrre, moisturc index) into lincar models rarely
improved model tit forexplaining production. The
exceptions were in Yine maplc and Oregongrape.
where the addition of slope improved models

modestly (Table 3). The rcgfession coelficient lbr
slope fbr vinc maplc \\, as negative, but for

Oregongrape, the coefficicnt u,as posltlve

Overstory density indices or other overstor)'
variables 1'urther improved linear model llt for
lndian plum. elderberry, and evergrecn huckle
berry (Table 3). For Indian plum, flowe ng in-

crcased *ith percent Iight and decreased with the
number of competitors within 5 m of the mea

surcd shrub (C2).

Elderberry i'lower production \\,as related to

DBH. GAP. andoverstory density (Table 3). Linear
regression indicated a positive relationship be

tween DBH and GAP The chi square test ior as-

sociation conlirmed a significant relationship The
l ineJr  rcgre \ . ron  tnodc l  a lso  ind ic r te r  I  negat i re
relationship betweel elderberfy DBH and the
numbcr of surrounding trces (Cl). Heavy-flow
ering shrubs were present more l'requently in gaps

than under intact canopy (Figute 2)

Evergrcen huckleberry flower production ln-
creased as conifcr overstory density (C5) increased
Conversely. evergreen hucklebenl fl ower produc

| .t0 \\ cnder. HrninEIt,n. rnd Tlppciner

0 r 2 3 4

Average stem dbh (cm)

Figure 2. Flo\\er abundance vs avemge slcm di,metcr for

50 red elderbeny shrubs under intact caDopy and

canopy grps in {'e\tem washington The solidljne

indjcates lhe rcgre ssion relationship for shrubs un_

der intactcanopt and lhc dashed line indicalcs lhe
relarionshjp in canop-\' gaps

tion decreased as more tree crowns overlapped
(C3) huckleberry shtubs.

Regression on residuals revealcd that site and
competition explained additional variability in
flower/1'ruit abundance after accounting tbr plant
. i /e .  Accoun l ing  Io r  HT in  r  ine  m. rp le .  C5 t r :  =

0.l9). GAP (r': = 0. i 6), and slope (rr = 0.13) were
useful predicto$ of flower/t'ruit abundance. Mois-
ture (r':= 0.13) was significant in hazelnut, after
accounting for BSD. Percent l ight (rr = 0.16) and

;

50

40



number of competitors < 5 nr away (C2) (r ' =
0.15) were signilicant for lndian plum, after ac
counting 1or BSD. For red elderberry. GAP (rr =
0.18) ard C5 (rr = 0.l l .1 were significant. after
accounting for DBH. No site or competition vad
ables were signiflcant ibr Oregon grape. salal.
evergreen huckleberry, or rcd hucklcbcrry.

Oregon Study Methods

Study Area

The two Oregon study sites, Bottom Line (BL)
and O. M. Hubbard (OM). were located in the
low coastal mountains that drain to thc Umpqua
River Each 80-ha site consisted ofrelatively ho
mogeneous Dcruglas-ttr ( P s e udot.\ u ga ineu? i e s i i)
stands of age :10-50 yr. The sites were divided
into tbur 20-ha stands randonrl) ' assigncd to onc
of four operational thinnjng treatments: (l)
unthinncd with 2 375 or more trees per ha (tph),
(2) light thinning to 300 tph, (3) lnodelate thin-
ning to 200 tph, and (.1) heavy thinning to 100
tph or 0.,1-ha openings. Tleatments wele applied
in  1996-  1997.

Shrub l\,4easurements

Within each site, suitable patches ofOregongrape
and saiai, or individual hazclnut, occanspray. or
rcd huckleberry shrubs were identified and )15
ofthe patches/shrubs were t.andotnly selected per
treatment unit. Fewer thtrn 15 patchcs ofsalal and
Oregongrape were available for some treatment
units. particularly at OM. For Oregongrape and
salal. asuitablepatch was aminimum 3 m x 3 n]
l rc r .  h r r  ing  ,50 ' ,  o fcorer  in  the  ta rge l  spec ie . .
Oregongrape and salal u'ere sampled in 4 nrl
microplots. The unit of obscrvation forhazelnut,
oceanspray, and red hucklebeny was ;ur individual
shrub. Logging damage was nlinimal on sampled
shrubs or patches.

Plant size and growth charactcristics were
mcasured in 1998 and 1999 at BL and OM lbr
Oregongrape and salal. Size and growth were
measured on ly  in  1998 and 1999 a t  OM for
oceanspray and red hucklebenl. Flower/fiuit pro-
duction was samplcd from 1998-2001 for
Oregongrape. salal, and hazelnut but only in 2000-
2001 lbr oceanspray and red hucklebeuy.

For Oregongrape and salal, percent cover ot
the target species within a microplot was estimiitcd
by two obscNcrs and recorded as an average. Mean

HT of cover and the nunrber oftarget shrub stems
were also lecorded. The number of new growth
whorls was counted tbr Oregongrape and the
number ofnew stems originating fron underground
rhizomes or the base of aelial stems was counted
fbr salal. All t. lo$er racemes inside a microplot
were counled.

For hazelnut, oceanspray, and rcd hucklcbcrrv.
shrub measurements included mean HT ald BSD
ol'the three largesl stems. crown dianlctcr. and
number of stems. Crou'n diameter $'as recorded
as the average of two perpendicular diameter
measurements. Tbtal fruits per shrub vere counted.

For each site, monthly precipitation during the
glowing season was determined from the closest
\ \eu lher \ ta t ion  lb r )e  r .  Iog" - :001 ( i .e . .  thercar
prior to and the years offlower/fruit observations)
(Western Regional Climate Center 2003).

Data Ana ysls

Using the same process described for the Wash-
ington study, explanatory linearmodels of flo$'er
or fruit abundancc wcrc gcncratcd. Modcls were
generated separutely for each yearand site. Sample
sizes were small for some species-site-year com-
binations. Data fronr BL and OM were combined
to increase sample sizes for Oregongrape and salal.
Foroceanspray and red huckleberry, size data were
only availablc from 1999 and werc uscd to cx-
plain flower or fruit production in 2000 and 2001.

Binarv logistic regression models were trt to
identify variables that were useful in explaining
the probabil ity of f lowcr production (i.e.. yes er
no) by species, year, and site. The LOGISTIC
procedure and STEPWISE option (SAS Institute
lnc. 1999) were used to generate models. Thc
probability value associated $'ith the Wald chi
squarc statistic was cxanrined to deternrine the
significance of model variable paraneters. Odds
ratios indicated the magnitude of likelihood that
shrubs would tlo*er relative to a signitlcant ex-
planatorl' variable. In addition to plant size. thin-
ning intensity was included as an explanatory
variable. Because tr given species rnay hlve had
few plants that actually produced flo$'ers or fruits
in a pafticular ycar or site. models could not be
fit for all species/year/site combinations. The
number ofobservations used in a model rvas also
[estl icted because size variab]es rvere onlv mea-
surcd on a subsct of obscrvations, and onlv in
certain vears.
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The relationship between thinning intensity iurd
whether or not shrubs llowered was also investi-
gated using a Pearson chi-squarc test for associa-
tion. The association was tested by species. site.
lnd  1eur .  hu t  was  preL ludeJ  in  cena in .pcc ie : -
site-year combinations by insufficient observa-
tions tbr years in which shrubs rarely produced.
Tests were performed in SAS using the FREQ
procedure, EXACT statement. PCHI option (SAS
Institute, Inc. 1988). Significant chi-square sta-
tistics only indicate that an association exists be-
tween thinning intensity and percentage ofshrubs
that produced flowers/fruit and, therefbre. do not

l  i c ld  a '  much in fo rmr t ion  a .  Iog i \ r i c  regress ion
mode ls .  Houever .  because log is l i c  reere \ \ ion
models were tit only for the data subsets forwhich
size variables were measured, logistic regression
d iL l  no t  a lua ls  de te . t  r . : r ' c ia t ion .  th r t  r . l c rc : iB-
nificant according to chi-square tests. Significance
levels for all model statistics were set at P = 0.05.

Oregon Study Results

Precipitat on

Precipitation during May and June near each site
was much greater in l998thanin 1991- 1999-or
2000 (186 mm vs. 90 108 mm for BL and 1,10
mm vs. 60-94 mnr fbr OM) (Western Regional
Climatc Ccntcr 2003). Precipitation from July

through September did not differ much from ycar
to year.

Shrub Characterist cs

The percent of shrubs that produced flowers or
firit varied substantially between sites and from
ycar to year. In 1998, fewer than 20% of
Oregongrape or salal shrubs produced racemes
at either site. The percent of producers peaked in
1999 for Oregongrape (BL = 587c. OM = 2la/o)
and declined in 2000 and 2001. Most salal shrubs
produccd in 1999 and 2000 at both sites (69-847,)
and at BL in 2001 (8.1%). Fewer salal shrubs pro-
duced in 2001 at OM (396/c). The percent of
oceanspray shrubs that produced flowers ranged
from ,16-737r at the two sites in 2000 and 2001,
the only years sampled for oceanspray and red
hucklebenl. The percent ofred hucklebeny shrubs
that produced fruit ranged from50 966lc. A higher
percentage of shrubs produced at BL compared
to OM for all species in all years.

Size iud growth diflerences in 1999, between
shrubs that producad flowers/fruits and those that
did not, were minor for red huckleberry. but more
notable for Oregongrape, salal, and oceanspray
(Table 4). Salal and Oregongrape microplots with
raceme-bearing stems had a greater total number
of stems than microplots with stems thatproduced

TABLE.I. Mean (and range) of size characteristics lbr plants tlut produced or did not produce ilowers by sile lbr fbur sbrub
species sanpled in resrem Oregon conilcr 1brcsr undcrslorics.

Sire n BSD (cml HT (m) Crown djam. (m) No. stems Whorls New Slcms

Shrubs that Droduced florvers/fruit

Oregongrape

Salal

Oceanspra,"-

Red hucklebeffy

Oregongfape

Salal

Oceanspra]

Red huckleberN

BL

OM

BL

OM

ON'I

OM

BL

OM

BL

oNl

oNt

o\{

33

9

58
,11

.11

20

33

1 1

20

21

l 8

0.5 (0.3 0.9)
- 0.3 (0.2,0.,r)

o.,r (0.1,0.8)

0.3 (0.1 0.6)

2.,1(0.9 5.8) 2.1 (1.0 ,t .5)

1.5 (1..1,3.I )  l . :  (1.2,2.5)

0.'1 (0.2 0.6)

0.3 (0.1 0.6)

0. '+ (0.2 0.8)

0.2 (0.1 0.5)

1 .5  (0 .5  5 .1 )  1 .7  (1 . , 1  5 .3 )

L5 (0..1- '1.6) 1.3 (0..1-l . l )

2.6 (0.9 6.6)

L5 (0.6-'1..1)

1.9 (0..1 6..1)

L l  ( 0 .5 -3 .1 )

3.1(7-67) l  (0,s)

23 (5-58) I  (0-5)

59  (13 -146 )

8 l  ( 11  210 )

l1 (1-48) r (0-3)

\ '7 i-16) I  (0-7)

,+2 (1 65)
.+5 (1 :50)

2 (0-28)

10 (0-50)

E  (1  17 )

r0 (2-'19)

Shrubs that did not produce

3 (0- 12)

8  (075 )

s  ( 1  1 8 )
6  ( 1 -  r 9 )
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no racemes. Oceanspray shrubs that flowcrcd had
greater basal diameter, height. crown diameter.
and numbel of stems than those that did not.

Size and Age Effects

Probab i I ity of F I owe r i n g/F r u it i n g

Size and growth vadables were significant in somc
\ crr\ l irr OregL'I! rJpe und .ulul. but in no l elrs
for oceanspray and red huckleberry. For
Oregongrape. height, covcr and the number of
new *horls were positively associated with the
probabil ity olproducing raccmcs at BL in 1999.
At OM. none of the variables was significant for
Oregongrape in anv year. For salal the probabil
ity offlowering increased significantly with cover
at BL in 1998 and OM in 1999 ard 2000. A sig
nificant positive relationship was also obscrvcd
with ncw salal stems:rt BL in 1998 and 1999.

Flowe r/Fr u it Ab u n d anc e

Salal flower/fmit production increased significantly
as avcrage stem height increased in 1999 (r'=
0.1 l) and 2000 (r']= 0.34), for heavy thinning on11'.
When data from all thinning trcatmcnts were com-
bined, no size variables were significant. No size
r arirbles u cre sig nif icrnt for Oregongrrpc in ln1
year. tbr any treatment or lbr thinning treatments
combined. Oceanspray and red huckleberry size
charactedstics were measLued only at OM and
only in 1999. Oceanspray tlou,er production in-
creased significantly with crown diameter in 1999
(; = 0.43), but no sizc variablcs were significant
in ?000 or 2001. No size variables were signifi
cant prcdictors of fruit abundance fbr red huck-
leberry.

Th nn ng Effects

P ro b ab i I ity of Fl owe r i n g/Fru i t i ng

Chi-square tests showed significant assoclations
bctwccn thinning intensity and production out-
come for Oregongrape, salal. oceanspray, and red
huckleberry tbr some sites and years. The per-
centage was usually lowesl iD the unlhinncd and
highest in the moderate or heavy thinning. The
response was most apparert in salal (Figure 3).
ln 1998. the lotal pcrccnt of nlicroplots with
raceme-belLdng stems lbr salal u,as low and thele
was no signil iclnt association between the lbur
levels of thinning and presence ol'raccmcs. In

1999 and 2000. salal responcled significantly to
thinning at BL and OM. Thinning effects persistcd
at both siles lorsalal through 2001. A simi lar patlem
vas observed for Olegongrape! exccpt that f'low-
cring production in 2001 was low. as in 1998 (Fig-
ure 4). Occanspray exhibited a significant asso
ciation betwccn thinning intensity and llowering
in 2000 and 2001 at both sites. A significant as
sociation was observcd for red huckleberry only
at OM in 2001. Hazelnut did not producc flow-
crs, regardless of overstory density. Only five
hazelnut fruits were observcd at BL, in 4 yr com-
b ined lnd  no  In r i t s  we le  found r t  OM in  r rn r  l c r r .

Thinning treatment was also a signiticant vari-
able for predicting flowcr/liuit production in lo-
gistic regression models in 1999 al BL for salal
and Oregongrape. Moderate and heav), thinning
l rLa ln rcn l \ .  hu l  n , , l  l i gh l  th inn inp .  uere  s t r t i . t i
cally different from the unthinncd for both spe-
cies. Odds ratio estimates showed that probabil-
ity ofproducing increased with thinning intensity.
Thinning treatment was eLlso a significant explana-
torv variable tbr oceanspray at BL in 2001. Light,
moderate, and hcavy thinning treatments u'ere all
significantly differcnt fron the unthinncd trcat-
ment. Odds ratio estimates indicated that the great
est increase in probability of flou,ering occuned
in moderate, followed bl hcavy, then light thin-
n  ing  (eompr led  to  thc  un th innc . l r .  Th inn  ing  r rear -
ment was not signitlcant fol the probtrbility of
flowering lbr red hucklebeny in any year.

Fl owe r/Fru i t Ab u n d an ce

The abundance ofracemes produced by salal was
affected by thinning (Figure 5). Raceme produc-
tion was low in the unthinned stand at both sites
in all \cars. Production increased in thinned stands
at both sites in 1999. At both sites and in all treat
ments except the unthinned, racene abundance
was ranked 1999 > 2000 > 2001 > 1998. Although
there were more Oregongrapc racemes per
microplot in the thinned trcatments than the
un lh inned in  lqqg.  lhe  lc \non\ .  ! \a \  n ( ,1  \ , 'n \ i \ -
tent for all years for both sites, or cvcn among
the thinning treatments (Figure 6). For both spc-
cics, years of higher rnean production in thinned
stands were not a consequencc of proJilic flor-
ering in a couple of microplots: instead, a flat-
tcning of the shrub frequency distribution for
racemes per nricroplot was observed (salal, Fig-
urc 7).

Flower and Fruit Production 133



E " .

3  . "

E

b o.4

E
.E

o  - -

g  t o
o

Effects offour levels ofthinning
on the probabilit,v of flo$cring
in salal at t$o sites in wcstcm
Ofegon from 1998 to 2001. Ver
tical bars represent the propor-
t ion of  microplots that  had
raccmc bcalil]g stens to lotal
numbcr ofmicroplots ibr a \ite-
ycar t rcalnent  combinat ion.
Values above bars rre the total
number 0l microplots sampled
10r each combination.

Effects of four lelels of thinniig
on the probabili!v offlo$cring in
Oregongrape at t$'o silcs in wen
efn Oregon f ronr 1998 to 2001.
Vefical barsrepresent lhc propor
t ion of  microplo ls that  had
racene bearrng stems to tota l
nunber 0f microplots lbf a site-
ycar tcatment combilation. Val-
ues abo\e bars rre the total nuin
ber Lrl microplds sampled for each
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EIGCG of  lour l . ! . ls  of th inning
on raccnc abundancc for salal at
t$o silcs in restcm Orcgon from
1998 to 2001. Ihe bars fepresent
the mean number of  facemes
sampled pef4 nr: microplot fbr r
site-yeaFtf eatlnent combination.
Values abole bars are numbef of
microplo is sanpled for  each

Effects of fouf levels of thiNing
on faceme abundance fbr Oregon
grape at two sites ir western Ore
gor iiom 1998 r0 2001. Thc bars
rcprcscnl  thc ncan .Lrmbcr of
raccmes sampled per ,1 nr: micro-
plot fora si!e ]'ear-reatment com-
binat ion.  Values above bars are
nunbcr ofmicroplots sarnpled ibr
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distr ibut ion\  of  raccntc
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1998-1001 a! onc siG (ONI)
in i'estern orcgon.

Figurc l.

Oceanspray tlowcr production was limited in
unthinned stands atboth sites in 2000-2001. Thin-
ning treatments did not appear to hllve rnuch ef-
fect on productioD at OM. At BL. flower produc
tion was highest after modcratc and heavy thiffring.

Red hucklebeny showed a greater tcndency
to produce fiuit in unthinned stands than other
shrub species. Production was higher in moder-
ately or heavily thinned stands than in unthinned
or l ighlly thinned stands. Shrub frequency dishi
butions flattened out slightly, but displaved no
major shilts (Figure 8).

Discussion

Our research suggests that plant size and agc are
the prinar)' dcterminants of flower and l'r'uit pro-
duction in ninc north$est understory shrub spc-
cies.Il addition. fornrost ofthe species we stud-
ied. the resource environment also dircctlv at'fects
production. or otherwise controls production in-
directly by int'Juencing plant sizc. Thinning or
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creating canopy gaps will improvc the resource
environment, and thercfbre. increase shrub size
and fl ower/fruit production.

Plant size characteristics were consistcntly the
best prcdictors of tlower/fruit abundance (Table
3). Plant age was inrpoftant lbr most spccies. but
was more strongly related to plant size thaD to
fmit or flower production. Previous studies showed
that resource availability influences percnnial plant
reploduction indirectly through its c1l'ect on plant
size and growth (Samson and Werk 1986. Pipcr
1989) and our rcsults support this for some spe-
cies. For exarnple, in red elderberry, DBH was a
primary determinant of flower abundance al]d was
also positively related to the presence of canopy
gaps. Large elderberry shrubs produced the most
tlowers, and large shrubs were mole conmon in
canopy gaps than under intact canopy (Figure 2).
Alier accounting for plant size (through regres-
sion on residuals frorn flower/fruit abundance vs.
plant size models), the resource and competitive
eDvironmcnt still proved to have significant effects
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Figufe 8. Compafison offrequency distfibutions offruit abundance in red huckleberry forunthinned
conrol and moderarel) thinned stands ffon 2000-2001 at two sires in {'estem Oregon.

on flower/fiuit ploduction. Site factors or over-
story density also controlled flower/fiuit abun-
dance. independent of size effects. for hazelnut.
Indian plum. and vine maple.

We detected a rcsponse to gaps only in red
elderberry and vine maple: however. thc potcn-
tial eftect of canopy gaps on tlower or lruit pro-
duction should not be dismissed for the other shrub
species that we studied. We recorded the pres-
ence of large canopy gaps, but did not consider
the eflects of smaller gaps. Small canopy gaps
arc cphcmeral and may closc quickly because of
lateral expansion ofsuflounding canopy tees and
thc growth ofsubcanopy plants within gaps (Runklc
1982). Previous stand disturbanca and gap 1br-
nation may have consequences for sexual pro
duction even after gaps appear closed. The abil-
ity ofwoody perennials to storc resources forlong
time periods (Antos andAllen 1999. Sel6s 2000)

means that the timing of increased flower pro-
duction as a consequence of gap-induced plant
growth may be hard to prcdict. Perennials mry
accurnulate <ncrgr5 orer ser eral grou ing .ea.on:
and then tiuit proliticalJy when a reserve thresh-
old is reached (Selis 2000). The effects of small
oanopy gaps on flower/fruit production may be
delayed until after the gap has closed

The effects ofcanopy gaps and resource avail-
ability are further confoundcd by differences in
vegetative reproduction among species. Effects
ofplant size on flower/t'ruit production were small
or undetectable for Oregongrape and salal, spe-
cics that can expiind by horizontal rhizomes.
Rhizomatous plants aLre more capable of quickly
exploiting the flush of resources that might ac-
company a tree-fall gap than plants that depend
solely on sexual reproduction. Rhizomatous plants
also may have the ability to transfer resources
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arTlong ramcts. meaning the health or vigor of an
individual ramet depends less on local resourcc
space (Piper 1989). A ramet growing in a nutri-
ent-poor environmcnt might l lower vigorously
bccru.e oI the rc'ourcc corrtribution Iron I fJn rels
growing in morc favorable conditions. Presum
ably, vine maple has a similar ability to share re-
sources anrong multiple stems in clonal mats pro-
duccd by stcm layering (O'Dea 1995).

Although understory shubs are adapted to grow
and rcproducc in low light forest conditions. the
llowering potential of some species may not bc
reachcd undcr dcnse forest canopies. Thinning
increased the abundance and probability of flow-
ering/fiuit ing in tbur shrub species. but had no
efltct on another' (Table -5). Generally, higher in-
tensities of thinning resulted in a higher l ikcli-
hood and abundance of flowering/fruiting. Pro-
duction in unthinncd sltlDds was col'rsistently lower
thar in thirned stands. Bunnell ( I 990) observed
a similar trcnd fbr salal; plants rarely flowercd in
denre  c rnop ie . .  rc l r  ing  in . te ld  on  \ (ge ta t i \e  re -
production. Hufhnan et rl. (199;+) demonstrated
that salal growth is reduced in lorv light environ
ments. These authors also repofted that in high light
envircnments, salal plants favored rhizome expan-
sion over aerial stem production. Results fiom our
study, howevel indicate no adverse aft'ect of heavy
thinning on salal raccme production.

In sonrc ycars, incrcases in flower/fruit pro
duction for thinned stands $,ere accompanied by

increases in unthinred stands. which may have
bccn because ol natural year-lo-year variation in
production. Precipitation pltterns also provide
some explanation for year to year variation in
flowcr/fruit production. During May and June
1998. the yearpdor to the maximum llower abun-
d ln (e  u l  the  Or (gun. luJ)  \ i l ( \ .  p recrn i la l ron  $a \
much greater than the l0 yr average and substan
tially above the precipitation in the three other
years prcccding our observatioDs. FloweIS would
have been init iated the spring prior to their ob-
seNation: thus. the greater precipitation early in
the 1998 growing season may havc bccn a con-
ffibuting factor in the high 1999 flower produc
non.

We obse ed substantial year-to-year and be-
tween-site variation in llower/filit production.
Other long-tenn studies of l lower/fruit produc-
tion in undentory shmbs also suggest that fac-
1or .  l im i t ing  proJuc t i , rn  ma1 d i i f c l  i rmong \ i rc :
and between years (DiFazio et al. 1998). Results
of such studies highlight the danger of nraking
conclusions when data are collected for a single
year or under uniform conditions (DiFazio et al.
1998). The Washington study observations were
made in the year the Oregon study had the great-
est emount of flou'ering (and precipitation dur-
ing all summer months in the year prior to our
observations was above the l0 yr average): there
tbre, our results may not be typical of what $,e
would have observed in a long term study.

TABLE 5. Comparison of thinnirg ellecrs on llolrer or iruir prcduclion lor fi!c spccics samplcd al tro sircs in $cslcm Orcgon.

Pcrccnr ofnlants plqdlqilg Amornt plallllEllpgr pllltl

S l )e. ier
Respon\e t0
tbrnnlng

Consistencl Consistencv
Between Response L0 Bel$ccn

Annual sires rhnning Annuel siles Commenls

Orcgongrapc Snallincrease

HaTclnnt None

Srhl Lltrge incrc|s.

O.ean\pfay Lnfgeincfea\e

Red hucllebe||\: Small increrse

Snrall increase No Product ion peaked in 1999 in Ih inned
stands. but feturned to 1998 levels by
1001

Orly 5 nuts obsened in.1yr \  at  both

Producrion peakcd jn 1999 and rc
nrrjnsd abolc 1998 lc\cl! through 2iliJl

Pfoduction highest .riief nloderltte and
heuu lhinning; nininul fespoDse to
light thilrning

Consistcnd] prcduced liurr ar BL. re'
gardle\r of treanncnt

l-rrgc rncrcasc

SmalL increese Yes

I Flower/fruit pfodudion ob\erved tbr.l yrs.
: Flowcr/iruit production observed lbr 2 yr\.
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As maintaining ecosystem components and
function become a more prominent objectivc lbr
some forest managers. information about shrub
rcproduction will be useful for habitat develop-
ment and species conseryilt ion applications. Re-
ducing overstory density or creating canopy gaps
by thinning may provide a llush of resources to
understory shrubs. Subscqucnt planl growth and
enhanced vigor should increase the probability
and amount of f lowering and fiuit ing fbr at least
some species. Responses to thinning or gap cre-
ation may bc delayed ifenvironmeDtal conditions
such as growing season precipitation are unfa-
vorable.

F( 're.r op(rulion:\ could hr! c nc8irl i \ c,\r lorrlr! c
consequences for shrub flower and fiuit produc
tion. Large. older shrubs are valuable compongnts
in forest ecosystems because they provide cover
and vcfiical st.ructurcs imponant lbr wildlife habitat,
host bryophyte colonies, iue birdnesting andperch-
ing sites. and arc also the plants most l ikely to
produce large amounts of fruit. Thus, the largest
shrubs may be the most valuable f'rom a wildlife
habitat viewpoint. Standard forest haruesting op
erations wil l net protect these plants and nrany
will be damaged. Although most shrubs wil l
resprout alier injury. it may take many years for
the aerial portions of the plants to regain their
pre-disturbance size. Injury to large shrubs could
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