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Abstract
Soil nloisture fegime\ are influenced by r complex afray of br{xic. edaphic, and topogfaphic factors. Lhderston species pro\,'ide
rhe potential10 depict lardscrpe-scale moisture patterns because ihey integrate across these influences in both tinre and space. we
examired the relatiorship betweer soil noislurc and underslory species in old-growth Douglas-fir true fir, and Douglas-fir/rue
iir lnnsili|)n lorclts in the H. J. Andrews Erperimental Foresr. locaed ir the wesGm C.rscades of Oregon. Lrsing muliiv.rriate
r!a!isric|1l analysc\. r\'c dctcmrincd that a quick survcy of undcrstory vcgclalion could pro!idc rcasonuble esdmates of relative
sparial diffcrcnccs in loil moisture. Classliication analysis separatcd rhc undcrsrory'. spccics inlo llvo comnunides thitl were
djtfcrcn!ialcd primarjlv along an clclaljon (lcmpclaturc) gradicnl. and lhc high clc\arion connunit) had werrer soil on average.
Wilhin lhcsc communidcs. indi!idual spccic\ could bc uscd as indicators of relalile moisture diiGrences. Our data \uppof the
erisrirg hrbiul ()pirg model ibr this rcgion that ele!ation (tenperalure) and noislurc are the naiD dererminants of regetation
rones and associrtions. The,"" rlso suggest that undenlory species are sensitive enough to be used as soil lnoi\tufe indicator\ e\'en
in I predominuntl) nesic watershed.

lntroduction

Plant distributions in the Westem Cascades are
thought to be primarily influenced by gradients
oftemperature. Much has been researched on the
relationship betu een temperature and diversity.
occurrcncc. and abundancc ofplants in thesc fbr-
ests (Brockway et al. 1983. Topik et al. 1986).
Dy-rness et al. ( 1974) proposed that folests in the
(enlral W(\lern Crs,..-r,. le. hrre three regetrti,rn
zones, distributed along an elevation gradient.
P l ln r .  do  no t  rq rpond d i rec t l l  ro  e le ru t ion .  per
se. but rather to temperature. which is related k)
elevation and has a direct effect on physiological
processes.

Soil moisture also varies along elevation gra
dients and can influence many ecological processes
in these forests (Bailey et al. 1998. Brockway 1998.
Franklin and Halpern 2000). Photosynthesis, rcs-
piration. and nutrient uptake. depend upon soil
Inoislure. rnd it rcl. as :r primarl consLraint to
t'oresr sitc productivity (Band ct al. I 993,Venessy
et al. 1996). Moisture levels also play a major
role in determining forest flammability and thus
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are critical to determining fire regime and fire
hazard ratings (Clark 1990. Minnich and Chou
l997). Variability in soil moisture should be con-
sidcrcd in tbrest nranagement decisions. For ex-
ample, when decisions are required regarding the
allocation of limited resources (e.g., selecting sites
for f ire hazard abatcment measures. choosing
between potential harvest units). a high quality
index of relative soil moisture would be an ex-
tremely useful nanagement tool.

Many tactors in addition to elevation influence
soil moisture, and developing a good, predictive
soil moisturc indcx and map could take several
years. Mapping soil moisture is complicated be
cause point-specific wetness depends on a multi-
tude of factors. some of which are difficult to
measure. For example, soil moisture varies with
clevation, but there are many characteristics, such
as topography, soil structure and capillary action,
which create relative differences in soil moisture
within a givcn clcvation zone (Ambroise 1995).
MethoJ .  lo re : . t imat ins  \o i l  mo i \ ru re  u . ing  pro t \ )
in,l i .er th.rt d,o not rely on direct moisture mea
surements have become increasingly common
(Grayson and Westem 2001). Field-based indi-
ccs include such variables as yearly rainlall. soil
type, hillslope. and aspect. Additional indices can
bc derivcd tiom digital elevation models (DEMs).



such as topographic convergence. which estimates
soil moisture based on potential drainage into and
out ofan area (Beven and Kirkby 1979). Knowl-
edge ol the topopruphie anJ eJaphi. prupenie.
0f an area can be combined to create soil mois-
turc maps at the landscape level (Iverson et al.
1997, Naden et al.2000). but many problems
confound these landscape-scale models. While
topography can be modeled rclatively easil)'. factors
such as soil composition and depth must actually
bc nlcasurt:d. lt can take years of work to develop
a modcl that includes all of the factors that po-
tentiall), influence soil moisture. and cven more
time to determine how to weight the dillerent tac-
tors appropdately. given that each may be more
ol less influential in different areas.

An allemative to estimating spatial soil mois-
true patterns indirectly from topographic and
edaphic variables is to neasure soil water direcdy
in thc ficld. Synoptic handheld time domain re-
llectometry (TDR) probes are popular for field
sampling. but arc expensive and time consuming
and do not capture changes over time or spacg
without multiple sampling (Noborio 2001). TDR
probe measurements are affected by fine-scale
changes in l ight level, soil composition, and to-
pography, which can present problems in rnte-
grating a few point samples to the stand level and
beyond. A mcthod is needed that not only accounts
tbr multiple inf'luences on the water balance, but
alse integrates across space and time. To cover
large landscapes. this mcthod should be simple
r , \  i rn l l cmcnr  and re lc t i ve l l  Inexpen: ive .

The analysis of ulderstory species is a pos-
s ib le  qu ick  melhod ro  measure  re la t i re  wetne :s
at the stand and landscape scales. Plants integrate
over spacc and time, and could provide a smooth,
sensitive map of an area's moisture regime. They
arc everywhere on the forest floor and, theoreti
cally, each stem acts as a natural TDR probe.
Herbaceous species that only grow within a nar-
row range of soil moisture levels are the best in-
dicators (Rowe 1956). A quick sun'ey ofthe domi-
nant vegetation growing on the lbrest floor may
be a better gauge of soil moisture pattems than
scattered TDR values or more abstract DEM-based
models. Previous studies have successfully em-
ployed this indicator species approach to a vari-
ety of ecosystems (Wang 2000, Salmela et al.
2001). We investigate whether this approach can
be used in old-growth forests of Oregon's Wcsf

em Cascades. A defining feature of the Westen
Cascades is that nearly all the forests in this area
are considered mesic. Therefbre. $'e attempt to
determine whether indicator plants may provide
an index sensitive enough to dif lerentiate these
re lu t i re l l  ' ub t le  t l i l l e ren(e .  in  rno i . tu re .

Methods

Study Slle

The H. J. Andrews Experimental Forest (HJA) is
Iocated on the west slope of the Cascade Moun-
tains (Figure l). It comprises the Lookout Creek
watershed, 80 km east of Eugene. Oregon. The
Long Term Ecological Research (LTER) site covers
6,100 ha and rangcs in clcvation from 410 m to
l630 m (McKee 1998). The watershed lies within
the Blue River Adaptive Management Area. one
of 10 such arcas devoted to the devclopmcnt and
er  a lu r t  ion  o f  p rogre . : i ve  mrnagement  . t ra tce ic r
for nofthwestem forests (Cissel et al. 1999). At
the time of its establishment in 19,+8. the HJA
was an intact forest with about 65% of the land
in old-growth tbrest (i.e..400-500 yr old). Since
that time. old-growth forest has bccn rcduccd to
40r ;  o f  the  to ta l  a rea  due to  logg ing  ac t i r  i t ie . .

Climate at HJA is characteristic of the Pacilic
Northwest, with dry summers and wet winters.
Annual precipitation ranges flom 2200 mnl at the
base station to 3400 nrm at upper elevations. with
less than 300 mm normally tall ing during the
summer growing season (Grier and Logan 1977).
Soils are mostly deep. well-drained Inceptisols.
Rooting occurs almost entirely in the upper 200
cm of soil. Textures range tiom gravelly, silty clay
loam to very gravelly. clay loam (Grier and Lo-
gan 191'7). Lower elevation soils are older than
upper elevation soils. dating back to the Oligoccnc-
Iower Miocene. Upper elevation soils are com
posed of younger andesite lava f1o*,s and High
Cascade rocks.

Zobel et al. ( 1976) argued that topograph,v is
more irnpoftant than soil differences in control-
l ing vegctation in this region. Douglas-fir
( P s e udot s ug a me nzienii), westem henrlock (Is&g.r
hete rophylla), rladwestemred cedt:r (Thujo plicutul
are the dominant species at lower elevations. while
Pacific silver fir (Abies anahi[is). noble llr (A.
p ro c e r a), and moLtntain hemlo ck (7. m e r t e n s i a n a)
dominate upper elevations (Franklin and Dymess
1988). On a regional basis, elevation and associated
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Figure | . t hc tl . J . A ndrclr s Erperimental Fore st Long Term Eco logical Rcscarch site. locarcd on the $est side of the Cascade
N{ourtains, lio krn cast oi Eugene, OregoD. Bhck cifcles represent lhe 60 stud} plors olerlaid on a i00-m contour inap.
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macroclinrate also are the major colTelates $ith
community composition throughout Oregon
(Ohnrann ancl Spies 1991i).

Data  Co l lec t ion

We collected georeferenced data on vegetation
and site characterjstics at 60 plots distributed
rhroughout the HJA (Figure 1). The 20x20 m plots
\\"ere located in Douglas-hr/western hernlock
stands, Pacilic silver fir/noble lir stands. and tran-
sition areas bet$'een these twe tbrest types. We
attempted to collect an equal number of samples
fiom each lbrest type, which skeued our collec-
tion towards the upper elevations in our study are;l
(Figure 2).

Elevalion (m)

Figure 2. Ele\ation drta fbr l8{): \ 2 ln sanple quadrats.

Clounl! arc distribulcd c\cnl)r anong thc donrinan!
lbfest t]pes in the stud) rre.r.

Topographic variablcs collcctcd on thc plots
included slope. aspect, and slope angle in each
of the fbur cardinal directions. Aspect $as trans-
fomred to a more direct measure of heat load on
a scale of -1.0 (noftheast-ticing slopes) to +1.0
(south$'est facing slopes) (Taspect = -cos(45-
Aspect)) (Beers et al. 1966). Slope measurements
in the cardinal directions were averaged to gen-
erate a Tenain Shape Index (TSI) (McNab 1989),
which rangcd from 12.75 to +14 with posil ive
numbers indicating coves and negative numbers
indicating domes. Elevation was derived liom GPS
measurements and ranged fiom;193 m t0 1439
n. A Topographic Convergence Index (TCI)
(Beven and Kirkby 1979) was calculated tiorn a
DEM bascd on thc local slopc angle and upslopc
contributing area of the plot.

Intbrmation on the soil content and structure
also was collected at 35 sites. At each sitc, soil
depth. to a nrrximum of - 100 cnr, was recorded
at I m intenals along three l0 m tl.ansects. One
soil sample was collected at a random location
along each of the three transects. These samples
were air-dried and sealed fbr laboratory analysis
ofsoil Lexture. ln thc laboratory. soil sanrples were
passed through a 2 mm screen to remove large
rocks and other debris. Soil texturc analysis was
conducted using a sedimentation method on the
2 mm fiaction (Sheldrick and Wang 1993).

A random number generatorwas used to place
three vegetation sampling quadruts in each plot.
For cach 2x2 m quadrat. wc deternrined the three
most dominant undelstory species. In most cases,
thesc spccics conlposcd ovcr 907c of the tdal
understory vegetation coverage as recommended
by Norman and Streiner (2000) for the trunca-
tion of dat to remove rare species. Each species
was assigncd a rclativc pcrccntground cover value.
and quadrats were relativized by total cover for
the three species so that the sum 0f the relative
corer values in each quadrat equaled 1.0. The
dominant spccics and pcrccnt covcr values $,ere
cross-referenced among at least tuo people to
eltsure conslsteltcy.

Volumetric soil moisture was mcasurcd with
handheld Hydrosense TDR probes from l0 23 July
2002. We chose the dry season fbr our moisture
sampling for logistical reasons and because we
wcrc intcrcstcd in soil moisture patterns at the
peak ofthe growing season. Three readings were
taken in each quadrat, and thcn avcragcd. To dc-
termine canopy coverage, spherical densiometer
readings were taken in the fbur cardinal direc-
tions, standing in the middle oI each quadrat.

Data Ana ysis

Comelation analysis was conducted to compare
the ability ofdifferent environnental proxy indi-
ces to predict soil moisture content. We aggre
gated moisture measurements liom the three quad-
rats per plot fol this analysis, because nost of
our environnrental data were available at only the
plot level. We examined the correlation between
soil moisture and the following common indica-
tor! of soil moisture: elevation. TCI, TSI. Taspect,
slope. soil propcrticsj and canopy covcr

Wc ncxt cxamincd the abil ity of understory
conmunities and individual species to predict soil
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moisture levels. Vegetation su$'ey data from the
individual quadrats q'ere compiled into a master
list of all spccics obscrvcd in thc study arca. Spc-
cies that occured in less than l0 quadrats were
discarded. For each remaining species, ve aver-
aged the TDR measurements fbr all quadrats on
$,hich the species u,as lbund b attain mean soil
moisture values fin the specigs.

A hicftuchica] clustcring analysis $,as conductcd
on the vegetatiol'r data to partition the data into
discrete groups or communities. Clustering ana]y-
ses identity natural breaks or groups in a data set
(Sneath and Sokal 1973). The approach sequen-
tially mcrgcs plots (agglomcratc) with similar
spccics charactcristics. These analyses are highly
dependent upon the choice of distance measure
used to assess group sirnilarity and the l inkage
critcria uscd to dctcmline thc distance between
groups for joining purposes (Legendre and
Legendre 1998). In this analysis, we relied upon
the Bray Curtis index (Bray and Curtis 1957) as
a measure ofdissimiladty for all anal.vses ofspe-
cies abundance patterns (see Legendre and
Legendre 1998 for a comprehensive discussion
of potential dissimilarity indices). Measured as
percent dissimilarity. the index provides ecologi-
cal distance bet\\"een sanples as elements of a
secondary data matdx. Unweighted pair group
mcfiod arithmctic (UPGMA) was used as the
joining criteria fbr thc analysis (Sncath and Sokal
1973). UPGMA averages all distances cqually tbr
all possiblc groups. This l inkagc method mini-
mizcd the chaining of the resultant dendrogram
(2.9%) .

We conducted an indicator species analysis
(Dufrene and Legendre 1997) on the quadrats to
identify key species fol the clusters. Indicator
species analysis identifies species with high fi
delity for a single group (i.e., an indicator of the
group). Indicator values combine information on
species relative abundance and relative frequency
in dift 'erent groups. Relative abundance is calcu-
lirted rs lhe meirn rhundanr'e r ' l 'a sper ies in a gir en
group ofquadrats divided by the rnean abundance
ofthat species in all quadrats. Relative l iequency
is calculated as the percentage of quadrats in ir
given group where a species is present. Indicator
values range tiom 0 to a maximum of 100 for a
perfect indicator Species were assigned to the
cluster fol which they had the highest indicator
score.
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For visual interyrctation of the classification
analysis. clusters werc mapped into ordination
space using canonical correspondence analysis
(CCA) (ter Braak 1986, Palmer 1993). The ob-
jcctivc of any ordination is to orient the objects
in  such a  uay  lha l  p ro \ im i r )  in  o rd ina t ion  rpace
resembles proxinity in ecological space. CCA
constrains the ordination ofspecies by a multiple
Iineal regression on a second environmental ma
trix; thus, it is not free to express all of the struc-
turc in the community data. It can be appropriate
i f  the  ob lec t i re  i s  ro  de \c r ibe  eommuni t l  ra r i r r -
tion with respect to a particular set of measured
environmental variables (McCune and Grace
2002). In this case, we were interested in testing
the relationship between the understory indica
tors and soil noisture. We included elevation in
the analysis as well, as a proxy tbr temperature
rar iab i l i t l .  Thus  ue  erpec ted  to  der i re  empi r i
cally an ordination diagram that resembles an
ordering of plantcommunities along temperature
and moisture axes (Dyrness et al. 197,1).

We tested for significant corelations bet$'een
the species data matrix and the elevation/soil
moisture data matrix along each of the axes us-
ing a Monte Carlo simulation with 1000 random
ization runs. For each run, the rows were randomly
reassigned within the environmental data matrix
destroying the relationship between the two ma
tdces. The correlation coefficients from the ac-
tual data then were compared to those derived
from the randomized matriccs.

The program PC-ORD version 4.09 (McCune
and Mctlord 1999) was used to conduct all olus-
tering and ordination analyses. S-PLUS 2000
(Mathsolt, Incorporated) was used for all other
statistical analyses. The significance level was set
at P = 0.05.

Results

Soil moisturc content varied from 5-34cl. over the
study area with a mean value of 13.47o and a stan-
dard error of 0.3 (N = 5,10). No substantial rain
events were observed during the study period and
permanent datalogger stations within the HJA
sho*ed a mean decrease of 2.3tlo over the nearly
2 wk period.

E leva t ion  uas  lhe  on l l  po ten t ia l  env i ronmen
tal proxy variable significantly correlated with
n'reasured soil moisture (P= 0.022lTablc 1). Higher
elevations. on average, had higher soil moisture.



TABLE L Pearson product monent coffelation coefticients TABLE 2.
(r) of polential environmental influences on sorl
mc' is lurcsi lhmcasurcdsoi lmoinurc value\ .Ele
varion is lhe only \ ariablc !igniticantly corrclarcd
$'irh soil nroist re. N = 60 plots.

Indicaior valLres for major legeiaiion groups. In
dicator \'alue\ are the percent of terfect indica-
tion, based on conbining the \,alues for relarive
-hLnJJn(c JnJ r<l - r i \  c  l req,r<r , . \  inLl i . r r ( . . i i -
n i f icancc al  P < 0.1i5 lc \c l t : :  indicatcs s igni i i
cance at P < 0.005 as dctcnnincdb! Mon|e Carlo
analysrs,

Environmental Vrriables
Corelations \\' ith

Soil H.O (r)

Elc\alion
Slope
Tr.rnsibmled Aspect
Topographic Conrcrge.cc Indcx (TC1 )
Terrain Shape Index (TSI)l

Canop] Cover
Soi lDepih
Liter Depthr
Pcrccnl Silt

Indicator Rclali\. Rclrti\e
\hluc Abunddnce Frequenc)0.29

-0 . l l
-0.06
0 . 1 8
0.0:1
0.05
0.02
0.09
0 .22
0 . 1 6

tdata alrilable for only 35 plots.

Though the signs of the correlation coefficients
be lu  eer r  ru i lmu i ) tu reand lhe  o ther  en \  i runmen-
tal variables examined were in the directions pre-
dicted, none of these relationships was signifi-
cant (Table 1).

Forty-nine understory species were observed
on the plots. Eighteen met the criteria of being
present in at least l0 ofthe 180 quadrats. Twelve
ofthese were significant indicator species (Table
2). Seventy-three quadrats were assigned to both
Croup I and Group 2 by the classitrcatior analy-
sis. The nean elevation ofGroup I quadrats (1016
m) was significantly lo\i 'er than the mean eleva-
tion of Group 2 quadrats (1309 m). Group I was
also signiticantly drier than Croup 2 (mean soil
moisture contents of 12.97a and 14.37c). Twelve
quadrats clustered in close spatial proximity be-
tween I 315 m and I 333 m in elevation were as-
signed to Group 3, and the remaining 22 quad
rats had none of the 18 species included in the
ualysis.

Axis I of the CCA ordination strongly parti-
l ioned the communities (Figure 3a). The struc-
tudng of this axis was influenced primarily by
elevation (intraset conelation coeffi cient ft er Braak
1986) between elevation andAxis I = 0.99). Soil
moisture had a weaker inlluence on this axis (r =
0.32), and plots were ananged predominantly along
an elevation gradient.

Axis 2 was influenced primarily by the soil
moisture variable (correlation between soil mois-
turc and Axis 2 = 0.951 between elevation and

Gmup 1 (73 quadrats)

Dwarf Oregon grafe

Prince's pire

Salal

Slr'ord fem
Pacific blackbenv

Group 2 (73 quadrats)

Vanilla-leaf
B unchberr,""
Falsc Solomon's scal

wi ld g inger

Beaferas\
Oregon bedstraw

Pathtrndcr

5 3 *  +

35* i
26*
25' i
23, !

1

.1{)*:

3 3 *
21+
21*
2 l *
l t +
l 0
1t)

9
6

98
100
100
99
56

85
95
99
88
rJ7

12
88
85
70
57

55
36
).6
25
23
l 2

11

21
)1
t5

l, l
l l

l 2
l l

Group 3 (12 quadrats)
White-veined wintergfeen 99** 99 100

Axis 2 = 0.04). The two main plant conmuni-
ties were not differentiated along this axis, but
rathcr individual species within the comnrunities
were differentiated within the ordination space
(Figure 3b).

Thc significance of the relationship bet$een
the species data and the environmental data along
the different axes was tested through Montc Carlo
simulation. The distribution of understory spe
cies was correlated strongly with the environmental
data along both Axis I (r = 0.88: P < 0.001) and
Ax is  2  ( r  =  0 .43 ;  P  <  0 .001 ) .

An ordination analysis on only the Group 2
data revealed that the influences ofelevation and
soil moisturc were more orthogonal for these highcr
elevation sanples than fbr the Group I samples
(Figure ,1). The ordering of species along Axis 2
in Figure 4b closely resembled the gmdient in
mean soil moisture fiom Oregon bedstraw (Gallanr
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Figure 3. Canonical Corrcspondence ADalysis constrained by clcvadon (an estimator of tem
perature) and mean measurcd soil moisture. cfoup labels corrcspond lo the gfoups
described in Table 2. Figure Jb pro!ides rhe mean bcarion of specics obserladon\ in
lhis odination space. Species labeh arc llrst lwo lettefs of genus name ibllo\!ed b)
first t$'o lcltcrs of species name.

o regqnum) al'id pathfrnder (Adenocat otr bico I or)
to inside-out-t'lower ( Vancouv eria hexanclra) re-
ported for the uppcr elevation species in Table 3.
The ordering of lower elevation species along Axis
2 (Figure,la) did not corespond as directly to

220 Lookingbil l, Goldenberg. and Will iams

the overall moisturc gradient observed for these
species. because soil moisture also varicd with
the elevation gradient (Axis | ) in these plots. The
differences in mean soil moisture fbr the indi,
vidual specics were significrurt (Table 3; P < 0.001).
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cation.rnrlvsis and the species idcntificd bt ihe indicator spccics aralysis rre included in thc CCA of a 8i!en group.

Discussion

Our analysis contributes to the growing body of
lesearch in thc use of understory species as soil
moisture indiclrtors. Thc multivariate results sug-
gest that the two major understory colnmunltles
in our study area are separated pdmarily along
an clevation (ternperature) gradient (Figure 3a),
but because elcvation is correlated with soil mois-
ture (Table l), the distribution of communities
(Figure 3a) and species (Figure 3b) along the el-
evation gradient is also infbrmative of spatial
patterns in soil moisture. Soil moisture was not
imponrn t  loA\ i \  I  i  ' r the  uppere le r  l ion  Proup
(Figule,lb). howcver, and others havc shown that
lbrest plant diversity in the Westem Cascades is
primarily influenccd by gradjents of tcmpemturc
and secondarily by moisture (Brocku'ay 1998).

Axis 2 of the ordinations lbcused on the van-
abilit,v in moisture alter controlling for elevation
(temperature). In other words, the indicator spe-
cies listed in Table 2 provide a small subset of
the dozens of understory species lbund in the
Westen Cascadcs that could be uscd to identify
major vegetation zoncs as proposed by Dymess
et al. ( 197,1). Our study shows that in addition to
hrin6l wrrmer. lhc lou er eler rt iun /one i\ gener-
ally drier than the upper elevation zone dunDg
the sunrmer. Funher r\\e.\menl of relati\ e lnoi.lure
levels could be made by comparing the individual

species found at diff'erent locations within a veg-
etation zone. For example, species trorn the up-
per elevatjon vegetation zone are arrayed along a
soil moisture gradient on Axis 2 of Figurc ,1b.

The mean soit nroisture for the species vithin this
group ranges l ion 12.4% to 16.87c. Table 3 pro-
vides a summary of the general moisture affini-
ties of each of these plants as described in thlee
popular vcgetation guides and compared to our
measured values. To our knowledgc. our stud,v is
the first to offer relative affinities lbr the under-
story species of this region derivcd empidcally
from moisturc measurements.

Wc conclude that understory species indicate
complex spatial pattems in soil moisture better
than any single topographic or cdaphic soil mois-
ture proxy tbr the central Wcstern Cascades. Of
thc standard proxies that $c considercd, only el-
evation was significantly correlated with soil
moisture in our study (Table 1). Factors such as
soil texture, aspccl, and dninage are clcarlf im
pofiant components of the water balancc. and we
have shown elsewhere how these tactors can be
combined in more sophisticated modcls to re
produce spatial pattens of soil nloisture in the
HJA (Lookingbil l and Urban 200.1). A rapid
survey of understory species provides an al-
ternative means ofintegrating the eftects ofthese
nrultiple influences.
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TABLE L A compJlison of our mea\ured elelation (E) and soil noisturc (SN4) values (nean v.rlues lbr quadrat\ containing

species) and those given ir three conrmonlt used plant idendfication books: Poiar and lvlcKinnon (1991). Halverson

er a l .  (191t6) .  and Hi tchcocl  and Cronquist  (1973).

Specle\

Pqar and
NicKinnon (  l99. lJ

E SNI

H r-h.ocl  t rnJ \ l ( .  . r r re.

' f, rq!!j!gj \ d 1.,e.

E  S M  E  ( m )  S N 1 1 7 l
d9861

E SN'I

Lo$er Elevation Sp€cics

Salal ]o\!/nrld

D$'arf Oregon grapc lo$/m

P.rciljcblackberr) low/mid

S$ord fern lowrnid

Pfince s pinc lowhnid

T* inll0$cr .rll

Upper Elevaf ion Species

Oregon bedsrra\i all

Palhiinder lowhnid

Bcargrass all
Vine n.rplc lo\\'/m

Foamllo\rcr low/subalpn
Wild ginger lo$/rnid

Bu.chbent' all

Sno\rbery' loq/mid

VanillrL-leai lo$/nid

False Solomon s seal ull
Inside'out-flo$er lo\\'/mid

.r lo$lnd/lower mln

n/r coasynlid mtn

moist n/a

dn' .r

dr) \ca./ onEne
moist se'nid m(n
moist up ro 1067n
moisl lo$/montane
molsl nla

dr! lo{/mid mtn

oist n/a
molst ua
lnorst n/a

dr."- |o noisl 753 I l .1
n/a 1001 11.9

a  1215  l l . 3
moirt 968 13.3
n /a  I  115  11 .6
n/a 969 l3. l i

r,/r 1291 1).1
moisr 1320 12.9

dry ro moisr 1380 13.2
n / a  l l 1 2  1 3 . 2

nnist 1285 l l .8
moin 1278 1.1.0
i loisl  1269 1.1.1
rlla 1259 1'1..1

moist 126.1 14.6
moist 13.11 I6.1
mo is r  l l 52  16 .8

dry
dr!

i1ois1

d.j-

moist

all
all

This study focused only on dominant species
and did not consider rarc/non-dominant specjes,
which may be important constituents of the un-
dentory community. To evaluate the potential effe{t
on  our  o rd in i r l  i , ,n : '  ,  \ f  inc lud ing  mure  \pcc ie : .  \ r  e
conductcd our analyses again using all recorded
species and attained results similar to our initial
analysis. A larger sampling effon may be required
to cvaluate more tully the potential of some of
the .e  le \ .  \u tnmon p lan t .  i l \  inJ iCa l r r r  \pec ies .
This would require a morc efficient sampling
method to reduc(] the time elapsed bctween mea-
surements. Even within the relatively shoft 2-wk
period of this study, measurements from perma-
ncnt dataloggers at thc HJA showed a sizable
declease in mean soil moisture (2.37c). This tem-
poral variability points to a major challenge to
dircct sampling of soil moisture. that the effort
required to nove across a large landscape will
continue to bc an obstacle to cdlecting large soil
noisture samples synoptically using a handheld
devlcc.

While the measured soil moisture values are
rcpresentative of this small window of time in
mid-summer. the obseNed patterns in understory
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species have greater ecological implications.
Conffols on root zone soil moisture often lre not
generalizable across time (Grayson and Westem
2001). Spatial soil nroisture pattems can differ
lbrdifferent seasons for systems charactedzed by
seasonal raintall (Grayson et al. 1997). Becausc
we arc interested in dil]'erences in soil moisture
as they may afl'ect summer tree growth and be-
cause the soils, for the most paft. are saturated
everywhere dudng the winter months, we con-
ducted ow sampling in July. An advantage ofusing
understory species as moisturc indicators is that
they integratc soil watel levels over time. The
pattems that are observed in these species, there-
fore. should reprcsent pattems in the soil water
regime that are important to plants.

We show that understory species are sensitive
enough to be used as soil moisture indicators in a
predominantly mesic watershed. Vegetation in-
tegrates over time and over multiple topographic
and edaphic features. Once the general ordering
of wet and dry associations and individuals has
been determined, a synoptic sample can be col-
lected over a much longer time period than with
direct measurements of dynamic soil moisture.



At thc HJA, we lound that maior vegetation com-
munity types represent large-scalc clevation gra-
dients dominated b,v temperature variability, but
with an underlying noisture trend. Individual
species can be used to deternrine tine-scale mois-
ture diff'erences within a given community type.
Thc  obrer rcd  re l l ionsh ip .  be lueen reget r l iun
and soil moisture account fbr the multitudc of
lictors that influence point specific wetness. To
better understand the moisture regimc within our
lorest we should look to these understory plants.
otherwise we may trample the wealth of infor
rnation that lies beneath our leet.
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