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Abstract
Epiphltic lichens contribulc lo the biologicrl diversity of old tbrcsts. but litde i\ known abou! thc changes that occur in lichcn
communities as forcsls agc and become structurall! more compler. \\t compared foresr age and lbtest structure as indicators of
lichen biomass. richncss. ard conmunity on the Gifford Pinchol National Forest in Washington. Epiphltic lichens were sampled
in 1995 and 1996 on 21.  13 hr  lbrested uni ts,  ranging t iom 75 to 165 years old.  Canop,v l ichcn l i l terh l l  was sampled in 15.  12.5
m- plots per unit. Nrcan licheD litterfall biomass ditfcrcd signiiicantlt beN,een years. bu! spccies composition did nor. Forcsl
structure lariables were rcfincd using prircipal component analy sis resultiDg in the fi|st iwo principal components accounting for
75.5'/. ofihe variation in the samplc\ by structural-v iables matri x. Principal components I and 2 reprcscn lcd srrucrure and $ere
comparcd to lbrest age by coffelaling cach wilh lichen biomass, richness. and corimunit) composition. Multiplc regression was
also used lo test the relationship ofage and eight structufal rariables againsl lichen bionass, fichness, and comnunity coDrposi-
iion. ln both lears, and in both analyscs. lorest structure explained more variance in lichen biomass and rjchncss than lbrest age.
whereas age e\plained rrore variancc in lichen conmunity cornposition. The strucrural Iafiables that \\,crc inpoftant for predict
ing lichen biomass differed from lhosc predicting lichen richness. In maturc lbrens, structure may be a bcrcr predicror of lichen
bionrss and diveNity than forcsl agc. Techniques that emphasize structure have the potential to lclp lbrest nanagers assess
mature nands lbf their biological \'aluc.

Introduction

Understanding the processes thatconribute to the
accumulation olbiological divenity in old-growth
forests may afl'ect how we choose to manage all
forests. Old-gro\\'th forests are biologically di-
verse rnd support higher numbcrs ofamphibians,
repti les, wintering birds, small mammals,
macrolichens. and vascular plants than young
forests (Hansen et al. 1991, Goward 1994, Carey
and Johnson 1995).

However, it is unclear whether biological di-
versity is a product of age or ofthe structural char
acteristics that changc with age. Old-growth
Dougf as-fir (PseudotsLtg.t men:iesii) forests are
charactedzed by bcing both old and complex in
their sfucturc. As a Douglas fir forest ages, de-
velopmental changes include increased variation
in tree height and diameter and the creation of
snags. logs, canopy gaps. and a heterogeneous
understory (Warren 1990. Hansen cr al. l99l).
Thus. older fbrests have a more spatially hetero
gcneous structure than youngcr forests, which
creates more microhabitats \'",ith the potential to
support a greatcr array of plants and anirnals.
particularly those with specialized niches
(Kuuluvainen ct al. 1996). However. not all for-

ests within thc same climatic zone develop struc-
tural vllriation over time in the same manner (Carcy
1995)l thus, the structural appearance of a lbrest
does not always reflect its true age (Carcy 1995,
Latham 1996). Forest sh'ucture is not only a product
of age butalso a product ofsite conditions, weather
pallcrn\. di\turban(e regime.. :pecie\ composi-
tion, and other factors (Warren 1990).

Few studies have tried to separate the effccts
of forcst structure and age on species abundance
and diversity. Most research has compared the
extremes of forest structure (i.e., managed ver-
sus natural fbrests) or the extremes in fbrest ages
(Mannan and Meslow 1984, Neitl ich 1993, Carey
1995). Consequently. l i tt le infomation is avail-
able lo guiJe lbrest mancger. in as'essin[: rnl-
turing natural forests, those between 70 and 200
years old, as potential repositories of biological
diversity. Stands of these ages represent a sub-
stantial portion of forests in the Pacific Norlh-
west (Hansen et al. l99l).

Epiphytic lichen communities providc a good
study system tbr comparing thc relative effects
oftbrest structure and tbrest age on specics divenity
rnd abunLlunce. Epiphyric l ichen comnuniric. are
diverse: their richness may be greater or equal to
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that of vascular plants (Pharo and Beattie 1997).
Lichens provide food and shelter fbr flying squir
rels, decr, caribou, and invertebrates (Edwards et
al. 1960, Rundel l978.Robbins 19E7. Waters and
Zabel 1995, Rosentreter et al. 1997).Within tbr-
e :1 . .  l i chen.  p lu )  rn  in t tg r r l  ro lc  in  nu t r ien t  r .1 -
cling (Pike 1978, Callau'ay and Nadkami 1991,
Knops et al. 1996). This rcle is especially sig-
nificant in the Pacific Northwest where high li-
chen biomass, including cyanolichens, and rapid
littcrfall decay provides an input ol nitrogen and
othcr minerals into the ecosystcm (Pike 1978.
McCune 1994). Epiph)'tic lichens are also actively
used to monitor air quality and serve as indica-
tors of forest health (Mccunc cl al. 1997). Here
we compare the relativc impo ance offbrest age
and forcst stmcture for predicting lichen biom
ass.  I i chen r i (hnr r \ .  and l i chcn  communi t )  com-
position in mature Douglas-fu stands (75-l65 years
old) that havc naturally regenerated aftcr fire in
thc Pacific Nofihu est.

Study Area

Forest sffucture and lichen biomass werc mea-
sured on thc Gillord Pinchot National Forest in
washington using study sites established tbr the
Demonstration of Ecosystem Managcment Op
tions (DEMO) study sponsorcd by the United States
Forest Service and washington State Lands
(Anonymous 1996a). This study is part ofan in-
terdisciplinary, multi-agency project to evaluatc
impacts of different han'est treatments on the flora
and fauna of Washington and Oregon. Somc of
thc teminology used hefe (c.g. l3 ha study units)
are for the purposc of consistency with other
DEMO publications.

Three forested regions (herenttel called blocks)
were chosen on the Gifford Pinchot NationalForest
(Figurc 1). Each block consists of six forested
units and each unit is about l3 hectares in size.
Study units at the Butte block are approximately
75 years old and rcceive between 178 b 203 cm
of precipitaLion annually (Brockway ct al. I 983).
Study units at the Paradise Hi11s block range fiom
approximatcly 122 to 150 years old and receive
between 25,+ to 305 cm of precipitation annually
(Brockway et al. 1983). Study unils at the Litt le
White Salmon block range from approximately
125 to 165 years old and reccivc an average of
165 cm of precipitation annually (Brockway et
al. 1983). Study units tended to be nrorc similar
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Figurc l. Glfford Pinchot Nalional Forest. Washington. 2l

studi  uni ts:  l8 DEMO uni ts ( l )  and 3 addi t ional

units (l). Slud) units are not to scale.

to each other within blocks than among blocks
(Table l).

Young (Butte) and old (Paradise Hills, Little
White Salmon) study units were not intemixed
among blocks; thus, a high degfee of spatial
autocorrelation exists within the bbcks of this
experimental design (Table l). To reduce this et-
fect and to achieve better rcplication, we included
additional units in the 1996 sampling so that some
young and old forested units u,ere sarnplcd within
some of the same blocks (Figure 1). Criteria for
additional units were that forested stands had to
(l) be dominated by Pseudotsuga menziesii, (2)
be fire-regenerated, (3) contain no or littlc previ-
ous logging. (4) be at least 13 hectares ln srze.
(5) be near DEMO units, (6) be bctween 120 and
170 years old to be considered older. and (7) be
about 75 years old to be considered younger Two
younger units were found within the older Para-
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TAII I -E L Enl i ronnental  !ar iables associr ted r \ i th each
DEMO and addilional unit (A1, A2, A3). LWS =
Lirrlc Whitc Salmon. PH = Paradise Hills.

Nlean Elevational N{can
Aspect Range (ml Slope (9i)

sured two meters fiom plot center in each cardi
nal direction with a spherical densiometef. The
spccies and diameter at breast height (DBH) for
trccs of 5- 1,1.9 cm DBH were recorded within a
0.01 ha plot (5.64 m radius) while all trees greater
or equal to 15 cm DBH werc recorded within a
0.04 ha plot (1 1.28 m radius). For each species.
40 trees were selected for height mcasurements.
For species with ltwcr than 40 individuals, each
tree's height was measured. Trees with dead, bro
ken. or fbrked tops or damaged ttunks were not
sampled. Tree heights were measured using a 1a-
ser (DEMO units) or clinometer and metcr tape
(additional units). Snags and stumps were mea
sured within a 0.08 ha plot (15.96 m radius) and
had to be at least 0.5 m tall and 25 cm in diam-
eter. For each snag and stump, the species, diam
eter, height class, decay class. and angle fiom
vefiical lean were recorded (Anonymous l996a).
Elevation. slope, and aspect were also measured
at the vegetation plot centers.

Thc modal fbrest age was determined using stand
exam records for each DEMO unit from the Ciffbrd
Pinchot National Forest. On each additional unit,
forest age was detemincd by coring randomly se
lected matue trees within the most conxnon di-
ameter class of those comprising the canopy.

L chen L tterfall Samp ng

Lichen biomass was sampled usirg the liftefall
method developed by McCune (1994), which
e. t ima les  lhc  b io r r l r .  and speL ie .  compos i t ion
in the canopy by sampling the lichen litter on the
ground. In October of 1995. l ichen litterfall was
sampled on all 18 DEMO units. ln October of
1996, l ichcn l ittertall was re-sampled on nine
DEMO units (three from cach block) and on three
additional units. Collecting l ichens in the late
summer or fall is prefened bccause weather pat
terns tend to bc more calm: thus, large pulses in
litterfhll associated with major storms are avoided
(McCune 199,1). Lichen litterfall also decomposes
quickly in these forests and most of the winter
litter dislppears within six months (Mccune and
Daly 1994). Lichcn sampling u'as completed in
seven days and no significant weathcr events oc-
curred.

In each unit, lichen litterfall was collected near
l5 random sampling points. Each lichen plot was
circular with a 2 meter radius and an area of 12.5
m .  ln  un i l \  \ \  i rh  two )ear .  o l  sampl inC.  rhe  1995
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dise Hills block and one older unit was found near
the  )  ounger  Bu l te  b lock .  No su i tab le  younger  un i ts
wcrc fbund near the Little White Salmon block.

Methods

Overstory Vegetation Sarnpling

A grid system of 63 or 6;1 permanent sampling
points, spaced,l0 meters apart, was laid out within
each I .1  ha  DEMO un i t .  Mo: t  . tud1 un i t '  uere
buffered on all edges by at least:10 meters to mini
mize edge etlects (Anonymous 1996b). Within
each DEMO unit. at least 32 (of the 63 or 64)
alternately spaced sampling points wcre selected
to intensively measure the vegetation (Anonymous
1996a). ln the three additional units, a grid sys-
tenl of 36. ,12. and 64 temporary sampling points
was established. ofwhich l5 sanrpling points were
randomly selectcd to intensively neasure the veg
ctation.

AII vegetation plots werc centered on sampling
points (hereafter, refened to as plot center). In
each DEMO unit. canopy cover was measured at
plot center and six meters from plotcenter in each
e rd ina l  d i rec t ion .  u . ing  r  s f 'her i .  l l  Jcn ' i . rmeter .
In the additional units. canopy cover was mea
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and 1996 lichen plot pcrineters were about two
meters ilparl.

A11 macrolichens collected ir each plot were
cleaned and solted according to species and
Brroritt. Hypogtnrnia, and Usrrcu only accord-
ing to genus (Goward et al. 1994, McCune and
Go*ard 1995). Each species was dried at 60'C
fu 24 hours and then wcighed to the nearest mg.
Mass fbr each species, in erch of thc 15 sample
plots, was pooled at thc unit level and convcrted
to kilograms per hectare per year. Thus, our study
fbcused on intensively sampling 2l very largc (13
ha), homogenous units. nther than nlany small
areas.

Data Analysrs

Dependent Variables

Thrcc dependent vrriablcs (i.e.. l ichen biornass,
l ichen richness, and lichen conmunity composi
tior) werc used to conpare fbrcst age to lbrest
structure. Lichen richncss was calculated as the
number of l ichcn species samplcd per unit per
year. Lichen conmunity composition \\"as ana-
lyzed using detrendcd co[espondence an:r]ysis
(DCA) (Hill J979). which ordinates samplcs (study
units) based on thcir similarity and dissinilarit"v
in lichen species abundances (program PC-ORD.
M.Cunernd Med lord  Iqo7, .  L i .hcncornmuni t ]
composition (or DCA axis l) was then corelated
rvith folest age and fbrest slructure. Correlations
and nultiple regrcssions uere conducted sepa
rately tbr each year.

Forest Structure and PCA

Because fbrest structure is ambiguous and three
d i rnen. ionr l  in  n lu rc .  quun l i l \ inp  . t ru . lu re  i r
dillicult. Our goal was to devclop an index of tbrest
slmcture that took into account its multi-dimen
sional nature. Agc was excluded in ordcr 10 test
whether time or lbrest chamcteristics that nlay
change $,ith timc col'ltribute to the thrcc depen
dent variables. To develop a simple, composite
structulal variable for each unit. we createo a
srmples by stluctural-variables natdx that was
analyzed using principal components analysis
(PCA). Thc matrix consisted of 2I sanple units
and eight structural variables: the cocfficients of
variation in tree density. diametcf. and heighti
Sirnpson's index of trce diversity; pcrcent canopy
opcnncss; a snag index: nunrbcr ol snags per hect-

are; and perccnt of hardwood tree dcnsity. The
snag index was calculated as:

Sn:lg lndcx = mean di.rmeter;. mcan height class /

mean decav class

Thc first and second principal components were
then regresscd with l ichen biomass. l ichen rich
ness, and lichen communily composition. Becausc
thc risk ofa type- I elTor incrcases when conducting
nrany signilicance tests that address a conmon
null hypothesis, alpha levels u,erc adjusted using
the sequential Bont'enoni test (Rice 1988).

We chosc these eight structurc variables be
cause they have becn shown to allect epiphytic
lichcns. Tree height atlects vcrtical stratification
in l ichen species composition (McCune 1993).
The size and variation in tree diametcr and den
sity can atfect l ichen abundance and diversity
(Neitl ich 1993), such that stands with large trees
lett fiom a previous cohod may have greater li-
chen biomass (Peck and McCune 1997). Lichcn
bionass has been negrtivcly conelated uith in-
creasing pcrcent of canopy closurc and with in
creasing stand density, presurnably bccause lo\\ '
l ight Jevels retard l ichen grotth and high tree
density retards colonization of wind-dispcrscd
lichcn species (Neitl ich 1993). The composition
of tree species and the ratio of deciduous to co
nifercus tees can also afltct lichen diversity since
somc species preter certain substrates. Higher li-
chen. l i rc r r i t l  u ls  lound in  r ' , ' n i t ' e r ' , ' us  c lnop ie .
broken up by hardwood trees and shrubs (Neitlich
and McCune 1997). Snags are thought to pro-
vide good habitat fbr cpiphytic lichens (Rosentreter
1995). Hard and tall snags are assumed to plo
vide better habitat for most epiphytic lichens be-
causc hard snags offer a sturdy substrate and tall
snags nray provide mole surface area with high
light conditions. Sotl snags provide a crumbly'
substrate, which may be difficult lbr lichens to
c0lonize.

In the samples-by-structural variables matrix,
we chose to emphasize the hetcrogeneity of the
habitat in each study unit. For each structural
variable. the lo*est number was set equal to one
and all othel numbers reprcscntthe older ofmagni-
tude higher than 1.0. This was done so that the
measurcment unit of a particular variable would
not disproponionately bias the ordination. To tcst
whcther complex structure yicldcd greater lichen
biomass and species diversity tban simplc struc-
turc. we ordered variables in thc matdx, such that
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snall values represented a simple structure and
larger !alues rcpresented increasingly complex
structurc. We based structural cotnplexity largely
on variation in stand charactcristics. The dcnsity
of large trecs and the standard dcviation in trec
diameter has bccn shown to increase with forest
. rge  (Hrn :en  e t  r l .  l99 l r .  fhu . .  in  our  mut r i \ !
h igher  r  u lue .  o i  rhe  coef t i ( ien l  r  ' t  \  d r i l i , ,n  in  t r (e
hc igh t .  Jer r . i t1 .  rnd  r l i r rmete l  re f re \cn l  inc r i i r : -
ingly greater structural complexity. Snags are
evldence of the sffuctural legacy tiom a prc-dis
turbance condition and snags promote biological
di!ersity (Hansen et al. l99l ); thus.wcassumed
that a complcx structured forest would hatc more
snags per hectarc thal] a simple structurcd tbrest.
Zenner (2000) fbund that intcrrnediate numbers
of residual trecs (those surviving a disturbance)
rnd  in te f | l teL l i r te  n ] i \ l r t rcs  , ' t  t ree  \p ic ic \  $erc
positively associatcd with structural complexity.
Hardwood trees do nol dominate the coniferous
fbrests of the Pacific Northwest. but they do add
hetcrogeneity within thesc tbrests: thus. hardwood
tree density should increase with structural com-
plexity. As a young, dcnse forest grows. gaps de
velop in the canopy clue to disease, fire. and other
causcs. Thus. a nore complex forest structure
should hlve a larger pelccnt of canopy openness,
as well as canopy patchiness.

Multiple Regression

Backward stepwise multiple regression was used
to comparc age and each struclural variable in_
dependently, in order to cvaluatc $'hat attributcs
of a mature forcst contribute 1() predicting lichen
biomass. dchness, and community composition
(SPSS, rclease 6. 1, I 99,1). Dara sets for I 995 and
1996 were analyzed separateJy. Problems with
multiple regression includc curvilineiLrity. hetero-
sccdasticity, non-normality, and outliers. which
can be assessed using plots of residutrl versus
predrclcd valucs (Hamilton 1992). Each depen-
dent variablc modcl rvas assessed tbr potential
problems, and to obtain a morc nomal distribu-
tion of the residuals. the square root of agc was
used in the l ichen biomass regrcssion, the log basc
l0 of snag index was uscd in thc lichen ncnness
rc-sression, and the squarc of snag numbcr was used
in  the  l iL  hen . , 'mr run i ry  cornpo. i r ion  re l re \ : i , ,n .

Results

Comparison of the ninc units that wcre sampled
1n both 1995 and 1996. showed that ncan epi-
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phytic l ichen biomass was significantly higher in
1996(13.8  kg /ha t2 .6S.E.  in  1995,  20 .3kg /ha t
'1 .7  S .E.  in  lQuo l ] .  r .O l  =  -2 .02u.  d t  =  l j ;  P  =
.030). In addition, l ichen richncss in 199-5 was
equal 10 or lower than lichen richncss in 1996 for
all units. We found lichen biomass and richness
werc significantly conelated in 1995 (rr = 0.29,
P= 0.022) and 1996 (rr = 0.34, p= 0.0,16) imply-
ing that grcater biomass can result it higher rich-
ness. However, the higher richness in 1996 was a
result of f inding minute quantit ies of a few un-
common specics (<0.5./. oftotal biomass) rather
than lugc-scale changes in dontinant species (Fig
ure 2).

Principal components analysis (pCA) or.dina-
tion showed that principal componcnts I and 2
accounted for 75.57. ofthe variation found within
thc unit sample-by-structure-variables matrix.
Specificnlly, principal componenl I accounted l'or
42.57., and pdncipal component 2 accounted for

1996
P L ^ a L A ( t 3 2 % )

Figure 2. Species composjlion ofrotat lichen lilteifall biom
ass ln 1995 and 1c)96. ALtsSAR = //r,.?drnr ,.r.
I t1e n to s a, I3t<Y = D \' I ) ti (. ESSI DA = t$hrgdf tdn.r
idahoen\ is.  CETpLA = Cettut id pt t t rph). t tu.
llYP = H'"posrm ia. PL-AGLA = ptdivndtitl

Skuca. PLAHER = Pidririrdrnr terr?r pLASTE
= Plarisnatia stenoph| a. SPHGLO = Sphuoo-
thotus glolnsus, trSN = {,Jflr,.r O r ER = spe
cie\  wi th less rhun 0. l% biomass
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33.0%. The othel six pdncipal components ac-
counted tbr the remrining 24.5'l. ofthe vadation
in the matrix and each had eigenvalues less than
1.0. CoefTicicnt ol 'variation (c.v.) in tree height.
c.r'. in tree density, percent of canopy openncss.
and percent of hardwoods $'erc thc doninant
variables in principal component I (PC l) while
c.v. in tree diameter. Simpson's index of tree di-
versity. number of snags pel hectare, and snag
index dominated principal component 2 (PC 2)
(Table 2). Principal component I of forest struc-
lure ranged fiom simple to complex with all Littlc
White Salmon units lall ing on thc complex end,
and Butte and Paradisc Hills units intermixed to
\ i l rL l \  rhe . imp le  end o l  the  grad ien t .

TABLE 2. Coeilicients ol deteminurion (rr) lor structurc
!arirble\ rcsrc!scd again!l lircst age. Factor load-
irgs ol each slruclurc \ariablc on principal com
ponents I  and 2 ai r  aho shown. CVI)UH. CVH I .
and CVTRED = coelicierl oi lanalion ilr trce
diaDreter ,  heighl .  aDd densi( , , - :  DIVERSITY =
Simfson \  index of i fee divefs i tyr  LICHT = pcr
cent  canof)  opennessr SNAG NO = snag num
bef pef hectlL|e; SNAG INDEX = snag indcxi
WOOD = perceDr h rd\ioods.

PC I of tbrest structurc was statistically signifi-
cant. These regressions indicatc that thc four al-
tributes of fbrcst slructurc thal are $e primary
correlates \a,ith PC I (c.v. trcc in density, c.v. tree
in height, percent canopy openncssi and pcrccnt
ha lduoodsr  uere  5 ign i l i c ln t  in  e rp l i r in ing  ep i -
phytic l ichen biomass. Based on regressions with
PC 2 .  i . r .  in  t r . r :  d i lmetc r .  t ree  d i rc rs i ty .  snag
numbcr, and snag index conelated poorly *ith
epiphytic l ichcn biomass.

Multiplc rcgrcssion showed that 78% of the
variance in 1995 lichen bionass was explained
b1 percent  canop)  i )penne\ \ .  l , r res t  ugc-  , . . r .  in
tree height. and pcrccnl hardwoods, while 96%
of the variance in 1996 lichen biomlrss was at-
tributed to c.v. in tree diametcr, pcrccnt canopy
openness. forest age, and percent hardwoods (in
order of importancc) (Table 3). Thus, multiple
regression analysis supported the simple corela
tions in that structural components offbrest were
better correlates with l ichcn biomass than forcst
agc

Lichen Richness

Epiphytic lichen richness increased linearly with
increasing forest structure (PC l) complexity in
both years: \\,hercas, the relationship between li-
chen richness and forest age resulted in nearly a
flat slope (Figure,l). Principal conponent I of
lbrest structure explained nrore variation in lichen
richncss than forcst agc in 1995 (r'], i ,.,,,.= 0.53, P
= 0.017 ve$us rr,,,.= 0.06, P = 0.79,1) and in 1996
(rr.,.,.(,,." = 0.19, P = 0.75;l versus rr"." < 0.01. P =
0.996) (Figure 4). Lichen richness did not corre-
Iate with PC 2 of tbrest structure in 1995 (rr <
0.01, P = 0.996). but it did cotlelate in 1996 (r: =
0.35, P = 0.39:l). Based on the corrected P-values,
using thc scqucntitrl BonferroDi lest. only thc rc-
lationship between 1995 lichen biomass and PC I
of forest structure was significant.

Thc variables that were significant in the mul
tiplc rcgressions for lichen richness were differ'
ent froln those in the multiple regrcssions for li
chen biomass. In 1995, ,167o of the vanance rn
lichen richness was attributed to the c.v. in tree
d . n . i t r .  u h i l c  r n  l q q 6 .  r i l l  o f  t h e  r r r i a n c e  r n
lichen richness was attributed to snag index and
percent hardwoods (in order ofimponance) (Table
4). These results suppofi the multivariate analyses
in that stlrctural variables predict lichen nchness
better than age.

PC] 2

L-I';HT
CVHT
CVTREE
\YOOD
CVDB I  I
I]IVERSITY
SNAC NO
SNAC IN1 )EX

0.05
0.08
0.22'
0 . 1 2
0 . t 6
0 . l 0
0.06
f).26:

0  9 l * *  0 . 1 3
0.80*+ 0.01
0 .E  I  ++  0  15
0.8r*+ 0.t5
0.53'!  0.75:, ' ,
0 .12  0 .91++
0.,16 0.6:

- 0.02 - 0.87*' ,

': Signific.rnt at the {1.05 le\el.
' : ' :  Signi i icmt.r l  the 0.01 l . \ ' .1 .

Lichen Biomass

In 1995 and 1996, epiph)'t ic I ichen biomass in-
creased linearly with increasing fbrest age and
with PC I of forest stmcture (Figure 3). How
ever, PC I offorcst structurc explained nore varia-
tion in l ichen biomrss than did fbrest age in 1995
(rr,,,,.,,,,. = 0.3'1' P = 0 1 55 versus rr, -* = 0 -22, P =
0.394) and in 1996 (r'].,,,,.,,,,.= 0.63, P= 0.031 ver-
sus rr".,.= 0. 17. P = 0.754) (Figure 3). Lichen bio-
mass did not correlate with PC 2 of fbrest struc-
ture in 1995 (f < -0.01, P = 0.996) or in 1996
(rr= -0.15. P = 0.754). Based on the corrected P
valucs. using thc scqucntial Bonlcrroni lest, oDly
the relationship between 1996lichcn biomass and
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TABLE 3. CoellicieDl\ fin lichen hjonrass rcglc\scd rgainn structure and age lariablc! in 1995 .rrd 1996 using back\\,ard mul
liple fegressions. SQAGh = squarc root of lbrest age; CVDBH. CVHT, CVTREE = coefticient of variation in trce
diametef height. and dcnsil!l DIV = Sinpson s index of tree di|ersi!It LICHT = percent canop! opennes\t SNAC
NO = nuDrber of snags p!'r hat SNAC INDX = sn.Lg index; WOOD = pcrccnl hardwoods.

Deprn! lenr\ ' . , r iJhlc
SQ CV

ACiF DBH
CV

TREE DlV
SNAG SNAG

L]CJHT ).IO INDX

CV
HT

F
WOOD constanl \ rluc R ] N

r '  =  0 . 1 7

Lichen Bionrass 1995 1.32+r -0.11

I . l e , B , . r : . .  y J o  l r , 7  . t . l l
-0.21 5.111 11.80+1, 0.78 r8
0.6.1*. rrJ.: l  17.01*' ,  0 96 t2

0.56++
0.66*+

* Signilicrrr .rt the 0.05 level.
' ! ' !  Signi t icanl  et  $c 0.01 le\e l .
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Dependent \ar idhle
CV CV CV

AC;F] DBH HT TRIE DIV
SNAG LSNAG

LIGHT NO INDX WOOD constrnt
I

value R'  N

r ' =  0 . 1 9 r " < 0 . 0 1

Lichen Richnes\  1995
Lichen Richnes\  1996

9 .03 ' , , ,  13 .70 : : 0 .16  18
3.29 7.18: 0.62 12

0.07** -

: Significanr al fie 0.05 le!el.
: :  Signi f icant  at  thc 0 01 lc !c l .
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Lichen Cammunity Composition

Forest agc cxpirined rnore r,ariation in l ichen
conrmunity composition and was signillcant (based
on the conected P-vtrlucs using the sequential
Bonferroni test) in 1995 (r: = 0.80, P <0.017),
but not si-snificant in I 996 (rr = 0.,1,1. P = 0.220)
(Figure 5). Although PC I of forest structure ex-
plained less variatiol in l ichen communily conr-
position, the correlation was signiticant (based

on the corrccted P-values using the sequential
Bonfenoni tesl) in 1995 (rr = 0.,13, P = 0.0:14)
but not significant in 1996(rr=0.35, P=0.391)
(Figu re 5 ). Principal component 2 of lbrcst structure
ua:  n , r t  r ig r r i l i Lan t l )  re l r ted  lo  l i chen compos i -
tion in 1995 (rr = -0.24, P = 0.39,1) or in 1996 (rr
= 0.17. P = 0.75,1). The distribution of study units
along the DCA ordination axis 1 was highly cor-
rclated $ith their geographic locations in 1995
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160
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r996.
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Tdble 5. Coeilicients fbr lichen coDrnlunitf compo\irion (DCA axis l) regfessed against structure and agc \ariablcs in 1995 and
1996 using backu afd ll1ultiple regfessions. AGE = fofest age; CVDBH, CVH1. CVTREE = cocfilcicnl of \aialion ir
rree diameter. heighr, and deDsit)-r DIV = Snnpson's irdex of tree dilersiryr LIGHT = perceni canopy opcnncs\t
SNAG NO I = lquarc oi snas number: S\AG INDX = snrC inder; WOOD = percent hudwoods.

Dependent Vrriable
cv cv cv

AGE DBH HT TREE DIV
SNAC] S\AC

LIGH] NO 2 INDX \\OOl) connanl
F

Composir ion-1995 -0.78" 'N

Corrposi l ion 1996

- 055*  - l  0 l : *  , r 8  50

l . 9 l * *

2 l 5 . l E  !  *  9 1 . 9 1 + +  0 9 7  1 8

r 1 7  8 r + *  1 1 . 8 0 + *  0  8 2  1 2I ] t , i  r 0  t 9 ;L *

i '  S igni l icrnt  t r t  the 0.05le!eL.
** Signilicant at the 0.01 le\,el.

(Figure 5). ln 1996 sampling cl'forts wcrc dcsigned
to  nr in rmizc  geogr rph ic  e f fcc t .  h1  pr i r rng ;oung
and old units within the same block. Although
geographic location does confbund the relation-
:h ip  be tucen lgc  lnd  l i ch t  n  comrnun i t l  compo-
s i t ion  and rhe  rc l l ionsh ip  be tueen fo re . t  . t ruc .
ture and lichen community composition. it does
not confound the comparison of age to forest
structurc.

The 1995 multiple regrcssion model attributed
9 l ' ;  o l  lhe  t r r ian , .e  in  l i chen iomlnun i ty  c ! ,n l -
p , r : i t ion  to  f t , r r ' s r  agc .  L . \ .  in  I rc (  d .  n ' i t5 .  c . r .  in
ffee height, and tree diversity (in order of inpor-
tance) (Table 5). The 1996 model attributed 8261,
ofthe variance in lichen community composition
to snag nunber. c.y. in tree density, and percent
canop,v openness (in order ofimportance) (Table
5). Thereforc. t i)rest agc was important in 1995,
but its effect diminished in 1996 where old and
young stands were si,rmpled u'ithin the same block.

Discussion

Our results suggest that predictions of epiphytic
l i chen b jo rnar r  lnd  'pec ie .  r i chne 's  in  mature
fi)rests are improved by incorporating attribules
of structure rather than by relying solely on for
est age. This supports the statement of Peck and
N{cCune (1997) that vadation in the structure of
young stands has been largely neglected as a fac-
tor controll ing the rate and type of epiphyte de-
velopnent. Our results also agree with a study of
young. managed coniferous stands in which epi-
phytic lichen abundance and diversity was linked
to their structural diversity (Neitl ich and McCune
1991).

Because epiphytic lichen conrnunities may be
slow to establish and some nitrogen-tixing l ichens

nay be slow to disperse (Sil lctt ct al. 2000), l i-
chens may accumulate in biomass and numbers
simply as a functiol'r of forest age (Sillett and
Neitlich 1996). Howevet fbrests that arc similar
in age can devclop substantially difTerent struc-
tures (Latham 1996). Environmental and biotic
tactors interact $'ith forest age causing stlrctural
developnent to accelerate, stagnate. or cycle
(Latham 1996). Therefbre, the diversity and abun
dance of old growth-dependentmacrolichens may
actually be an indicator of how long a forest has
developed without a major disturbance (lbrcst
continuity) rather than the fbrcst's true age (Goward
199,1). Forested stands growing on similar sites
t i . c . .  parcn t  .o i l  mr le r iJ l \ .  lopogr rph ie  por i t ion t
were found to have large differences in species
composition and these difftrcnces were attributed
to histodcal events (e.9. fire. timing ofgood sccd
crops with weather) (McCune and Allen 1985).
In Oregon. t$,o attributes of forest structure (i.e.,
number of snags, abundance ofericaceous shubs)
were found to develop independently of forest
age (Carey 1995). Although forcst age nray be a
convenient summary of aspects of tbrest struc-
ture, it is not a direct mgasure and may be mis
lcading in describing mature, f lre-regenerated
forests of similar ages on similar sites.

HaJpern and Spies (1995) studied plant diver-
sity along a chronosequence ofnatural and man-
aged forests in which forest structure complexity
increased with forest age. Thev proposed three
mechanisms that could account for the greater
species divcrsity or the close affinity of certain
plant species lound within old-growth ibrests:
changes in forest resources (a mosaic of l ight
conditions. greater soil rnoisture, higher humid-
ity); greater complexity of the vertical and hori-
zontal components of the forest; and a high
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sensitivity of associated plant species to l irc dis-
turbtlncc, such as having slow re-establishment
rates after-disturbance. All of these mcchanisms
are likely tobe conelatcd with structur l attributes
ol fbrcsts.

ln this study the nultivariate and multiple rc-
gression approachcs ured to compare the impor
tance of forest age and struclurc F,ere very com-
plinentary. The variitbles that contdbuted the most
to predicting lichen biomass were fivc structural
components. ln orclcr of their importance. these
were: (l) greater canopy openness! (2) higher
percentagc of hardwood trees, (3) higher coeffi-
cient ofvariation in trec hcight. (.1) higher coeili-
cient of variation in tree diameter, and (5) higher
coefficient of variation in tree density. Although
not consistent between years, thrce structuml vari-
ables contribuied the most to predicting lichen
dchncss: (l) coefl icient in tree density, (2) snag
index. and (3) percent hardwoods.

Lichen bionass and richness may reflect the
fbrest's vertical and hodzontal architecture, tree
and shrub spccies conrposition. and the forest's
available resources. High coefticients of varia-
tion in tree heighL and diameter generally indi
cale thc presence ofvery tall and large ftees, which
have been found to suppon higher quantities of
epiphytic l ichens (McCune 1993). The distribu-
tion ol l ichcn'groups" change along a tree's ver-
tical profile. fiom top to boltom: green algal tbli-
osc l ichens (e.g.. Hypo gtmniu, P lttt ismttia\,
green-algal pendent l ichens (.c.g., ALectoria
sarnrc tosa), cyanolichens (nitrogen-lixing l i
chens), tutied fruticose lichens (e.g.. S)hrierpha-
rus nnd Cladonia)- ttnd brvophytes (McCune 1993,
McCune e t  a l .  l99rh  r .  C)  ano l i r 'hen  spee ies  con-
centrate in the 'light transition zone" ( 1 3 to 37 m
in height), that area marked by an abrupt change
tiom bright I ight to dark (McCune et al. 1997b).
Creen a lga l  l ru t i co .e  an . lc )  ano l i (hen :pe \  ie .  a re
morc abundant in stands that retain remnant trees
from a previous cohon (Peck and McCune 1997).
Remnant ffees may influence the forcst stand in
two ways: (1) They mav maintain a penistant
source oflichen propagules. Rccent studies dem-
onstratc that the old-growth-associared cyano-
lichen, Lobariu oreganu. is capable of growing
on both young and old trces, but disperses itself
poorly (Sil lett et al.2000). Thus.large trees con-
taining Loharia oregana tacrlitate its coloniza-
tion by innoculating surrounding trees (Sillett et
a1.2000); (2) Dense stands oftrees may suppress
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lichen establishment (Peck and McCune J997).
High branch density may block the movement of
wind-dispersed lichen propagules and reduce light
penetration, adyersely affecting Jichen establish
ment and growth ofcetain species (Neitlich 1993).
Thus. as lbrest density becomcs more vaLriable.
l ight penetration increases, and suitablc habitat
is created forotherlichen species. Hardwood trccs,
especially within coniferous dominated fbrests.
increase spccies diversity because some lichcn
species appear to prefer their less acidic bark
(Ne i l l i ch  lqq3r .  Dcc i , - luou .  t ree .  l l ro  inc rease
lichen biomass bv allowing precipitation and light
to reach surrounding trees and shrubs during the
winter and spdng (Neitl ich 1993).

High lichen diversity and abundance can have
positivc cft'ects on other fbrcst species. Epiphytic
lichens provide food and sheltcr to a variety of
canopy invefiebratcs; this physical structure cre-
ated by l ichens can influence spidcr communr-
ties (Uetz I991). In northern Sweden.lichen abun-
dance has been strongly conelated with the number
and mass ofinvenebrates (Pettersson ct al. 1995).
Declines in many non-migratory birds. that rely
on thesc inveftebrates. may be a result of dcgraded
(lichen) feeding habitat (Pertersson et al. 1995).
The epiphytic lichen, Br_rorlc. provides impor-
tant wirter food for deeq flying squirrels, and
caribou (Edwards et al. 1960, Roscntreter et al.
1997, ward 1999).

lmplications for Forest Management

Many studies have compared the flora and launa
of old growth stands to that of natunlly young
stands and various degrees of managed stands
(Mannan and Meslow 1984, Hejl and Wood 1991,
Lesicaet al. 1991, Hyvirinen et al. 1992, Neitl ich
1993, Halpern and Spies 1995). These studies
demonsffate that old-growth fbrests contain im-
portanl components of biological diversity and
therefbre serve as a standard of comparison for
othcr fbrests. As old-growth forests are logged or
set aside as rescrves, young and mature forests
(70-200 years old) will supply an even greater
pofi ion ofour timber needs (Hansen et al. 1991).
Yet this age gloup, which covers a large propor
tion of our national fbrests. is often undercsti-
mated in its potential to harbor biological diver
sity (Hansen et al. 1991). If we ale to marntain
flora and fauna diversity at regional scales, ma-
turc tbrerts l11ust be managed to balance resource
use and biological diversity.



.[nventodcs of the complete biodiversity in
tbrests are expensir,e and exceedingly difTicult;
hou'ever, relatively simple measurements of for-
es1 stlucture may serve as a good surogate tbr
the direct measluements of biological diversity
(Kuuluvainen et al. 1996). Our data indicate that
attdbutes ol forcst structure mav serve as an as
sessment tool in niddle-agcd forests, as has been
sho*'n forold-growth tbrests (Warren 1990). Bailey
and Tappeiner (1998) suggcst that to achieve old
growth ch.uactedstics in younger stands, the spatial
amangement and heterogeneitv of stand structure
mustbc managed andcan be accomplished through
iiltedng the uniformity of thinning. O'Hara ( 1996)
hrs shou'ed that multiaged stands (structurally
complex) c;in supply continuous u'ood produc-
t i . ,n .  u r  we l l r \  p rov ide  hab i t l t  fo rmar r l  .peL ie .
and aesthetic quality, if sustainable age/size class
distributions are maintained. Our study supports
the conclusioDs ofothcr research. suggesting that
retaining hardwoods, snags, and remnant (large
or old) trees during logging would promote struc-
tural complerity and crcate a nrosaic oflight con
ditions. tree densities. and multi-canopv layering
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