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Abstract
\li pfesent a ser of 151 rcgrcssion cquarion! that predict the abole-ground bioma\s of 38 herb. shrrb. ind ree specics c|)lnnon
on e.lrly \ucces\i$al (clearcul) sitcs in fic wcstcrl C'ascade ltxnge ofOfegon. For many ofthese species, bionuss rehlionships
ha\e not been modeled previouslr or hrvc nol bccn modeled lbr early successional sites. Brunass of herbaceous tara is best
predicted b) cover. while bionass |)1 $oody \pccics is belt tredicted by stem dirmetef ard/or length. nt discuss how relrtion
\hips bet$een bbmrss and plan( sizc !ar) $ illr site age among specie\ of dnefse gfo$th lbfm and ]ife history. we supplenenl
besr-fit models lviih.rhemativc cquations that are easier to implement in the field or thrt are less sersilive lo sourcc! ol variation
.rssociated $ith linc sincc disturbance. Io mininize ihe misapplicati(rn ofequrtiLrns. we rcpo thc dimcnsional rangc\ ofall planl
var iables measurcd.  $hcthcr or  nor thcy are expl ic i t ly  modeled.

Introduction

There are many ways to samplc or compare the
rclati le abundance of plant species. Frequency,
canopy covet stem dcnsity, and basal area ale
commonly used because they are simple to mca-
sure or estimate in thc field. Where taxa are of
sinri lar grou,th-form (e.9.. trees in a torest.
graminoids in a meadow), simple measures ol
abundance may etl 'ectivcly dcpict the lelative
imponancc of species. Where plants are of mark-
edly diflering stature. ho*evcr. simple neasures
of abundance may provide a poor basis tirr com-
parison among species or for describing commu
nityJevel attribules such as species diversity
(Magunan 1988). For exanple, co-occurring tbrest
helb, shrub, and tree species, cach wilh the same
clnopy covcr. are likely to differ ir horv they uti-
l ize soil water. cycle nutrients. contribute to com
munity structure. or provide resources (tbod and
habitao lbr wildlile. Above-gnrund biomass may,
1br many purposcs. rnore effectively indicate the
rclrrtr r c r rrportlnce of tara in .uch ph) .io!n,.rm-
ically diverse communities.

Directly determining plant biomass is labor
in tcnr i re .  t imr  e . ,n 'u rn ine .  and de . t ruc t i te .  re -
quidng harvesting, sorting. drying. and weigh
ing of samples. Such destructive techniques are
unacceptable in experinrental or long-term stud
ies where plants cannot bc removed fron sample
ph ' t .  4 .  "n  a l l c rn l t i re .  an  ind i rec t .  re ! re . \ i , ,n
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approach allometric or dimensional analysis-
is commonly used to predict biomass lrom at-
tributes that can be measured easily. Dimensional
analysis has been applied widely in silviculture
and mensuration to estimate tree growth and vol-
ume (e.g., Spurr 1952, Walters et al. 1985, Smith
1986. Hann et al. 1987. Husch et al. 1993), and
in ecological studies olcommunity structure and
tunction (e.g., Whittakcr and Woodwell 1968.
Whittaker et al. 197,1. Whittaker and Marks l9?5,
Grier and Logan 1977).

Although it is rarely applied in such situations,
the use ofdinensional analysis has particular value
tbr prcdicting plant biomass in permanent plot
studies of succession where destructive sampling
is  no t  posr ib le .  bu t  b iumr : . '  i s  rn  uppr , 'p r i r te  in -
dicator ofdominance. In this paper, we present a
set oflegression equations 1br estimating above-
ground biomass of plant species common on re-
cent, post harvest sites in the western Cascade
Range ol Orcgon. The equations were developed
lbr  lon ! - lenr  l ie l , J  e rper im.n t .  , ' n  .pqLtc .  in -
teractions during succession in PseudotsugLt
lrr:irrlesll (Douglas-1ir) tbrests (Halpern et al. 1992.
Halpem et al. in press). Although early succes-
sional change has been well-documented in these
fores ts  (Dy lness  l973.  Ha lpern  1988.  1989.
Schoonmaker and McKee 1988, Halpern and
Franklin 1990. Halpcrn and Spies 1995). plant
biomass has rarely been used kr describe the chang-



ing abundances of species (but see Gholz ct al.
1985). Thh nay reflect thc paucity of equations
available to predict biomass of many plant spe-
cies (Gholz et al. l979,Alaback 1986, l987,Means
ct al. 1994) and the inherent l imitations of these
equations.

A problem common to all dinensional anal)'-
sis is that regrcssion models developed fbr a par-
ticular sludy lnay be applicable only to a narrow
range of environmcnts. sland ages. plant sizes,
orphenological states (Alaback 191J6, 19117, Means
et al. 1994). Although we do not exanine all plant
species common to post-harvest sites in the Pa
ciflc Northwest. many in our list are rvidely dis
tributed in westcm Oregon aDd WashingtoD. None-
thelcss. oul equations arc most appropriatc for
low elevation, early successional ( I to 3 yr old)
sites of the central, western Cascade Rangc of
Oregon. Becausc local environments and plant
tirrm change rapidly alierlbrcst harvest. ti)r many
species we provide separatc cquations for each
successronal ) 'ear.

A second, pervasive problem exists in the l it-
crature on dimensional anii lysis. Authus com-
monly repoft thc dimensional ranges of the inde-
pendeDt vadables used in regression equations
for the phnts destructively sampled, but neglect
k) document the dimensional ranges ol other po
tentially impofiant variables. For example, the
d ia rne ter  r rnge o f thc  p lan t :  u .cd  in  cons t ruc t in !
a diamcter-based equation isreported, but the range
ofsten heights is often omitted. This creates two
problems. First, although height nray have var-
ied mininrally within the haNested population, it
may vary in other populations. Second. without
knowledge of the tull rangc of plant dimensions
lbr viiLriables other than those utilized in models.
i l  i :  c r \ )  lo  in rppropr ia te l l  upp l )  equr l i r ,n \  I i ,
other populations. To minimize the potential for
nrisapplication of our equations, we rep()ft the
dimensional ranges of all variables measured,
whethcr or not they are explicitly used.

Our primary goal is to provide researchers with
tr sct of biomass equations tbr specics that are
common afier harvest of P.re&/ol.rr,q.l forests jn

the wcstern Cascade Range of Oregon. Biomass
relationships fi)r many ofthese species eitherhave
nol been modeled previously or havc nol been
modeled firr early successional sites. We also i l-
lustrate how relationships between biomass and
other  p l ln t  a t t r ibu tes  c i rn  r  r r r l  u  i th  l i rne  rmong

species of diverse growth lbrm and lifc history.
To mget the divcrsc nceds of potential users, we
have taken two approaches. First. we identify thc
indepcndcnt variable or variables that best pre-
dict above-ground biomass firr eaclr spccics. Scc-
ond. wc develop alternative equations lbr most
species that. although less precise. are based on
vadables that ffe more easily or quickly mcasured
in the field (e.g., plorlevel cover mther than in
dividual stem diameters). Under conditions where
precise estimatcs of biomass are not crit ical or
the best predictors have not been measurcd, thcse
latter equations can be used with known explana-
lory power.

Methods

Study Site

Destructivc sa|llpling was conducted over a 3-yr
pedod on a clearcut and burned site in which we
are studying plant species' intcractions during early
succession (Halpem et al. 1992, Halpern et al. i l
press). The 4 ha study site lies on a gentle. east-
lacing slope at 730 nr clcvation in the Blue River
Ranger Dishict of the Willamette Nationrl For-
est. Oregon, ca. 25 km south ofthe H. J. Andrews
Expedmental Forest. Prior to harvest in 199 J , thc
site suppofted a mature to old-growth forest domi
nated by P.ieldorsuga nenziesii in the upper
canopy and Isugn ftercfoprrll4 (western hemlock)
afi,Thuja plicata lwestern rsd cedar) in the lower
and sub-canopies. Unde$todes were dominated
by Rhodoclendrcn nacroph;-llum (Pacrfic rhodo
dendrot). Gaulthe riu shallott (sJlal). antl Be rbe r is
ncn,osa (Oregongrape). Thc lbrest was clearcut
logged in late May and early June l99l and broad
castburned on I I Septenber 1991. In Table I we
present l iecluen! ) rnrl r ' ,,r er drtu for .pccie\ Ino:l
conrmon in the odginal forest and for the 3 yr
during which we destructivcly sampled afler har
vcst. Nomenclature follows Hitchcock and
Cronquist ( 1973).

The climate is marit ime with mild. wct win-
teru and warm. dry summers. Annual precipita
tion on the nearby H. J. Andrervs Experimental
Forest averages 2302 mm, but only 67c falls be
tween June and August (Bierlmaier and McKee
1989). Average minimum tempentures mnge from
-5.5 C in January to I1.9'C in August; average
maxima range lion 5.5'C in January to 23.3'C in
July. The growing scason (frost-free period) av
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TABLE L Frcqucncy and me.rn co!er ol principalplant specie\ on tbe stud)- silc prior io (1990).rnd fofthfee gn^iin-q seasons

aiier harvesr. ODly specics $ilh lieq encie\ > 25? t'or al lclrst onc sa pling date afe |sted.

Spccies

1990
Frcq' Coler (SE)'
(",i) l:/1)

l99l  ( !e l )
Freq C0!cr  (SE)
('t t ('/;i

1993 ( , " -car 2)  199,1(yeaf  3)
Freq Co\ef  (SE) f rcq Colcr(SE)
(.,,1) t.1) (ti) i:+)

Coloniz ing Annur l  and Biennial  Hefb\

CdIotniI hetenph'"Ikl
Con\.a canddensit

Et ibbi utrL ptl I i c u I an un

Anap hd I i \ ntL r.q d ri I a. e d
Epil.h i uln d n eu stilbl iunl
Lpllt)biutn wat.\o ii
Gnaph(hrn tni.roctphdlu t

Coodldlt ohluryiMid
Hi(td(iun albiflonnn

UoLd sc rycniren\

Qulthetid shallott

I's. utlol sugd n) cn.ie \ ii
Rhodod (nd ton nat nft | t t un

Ttrya hetenph\lla

0 0.0(0.0)
0 0.0(0.0)
0 0.0(0.0)
0 0.0(0.0)
0 0.0(0.0)
0 0.0(0.0)
0 0.0(0.0)
0 0.r-)(0.0)

: l t
I  0 . 1 ( 0 . 1 )
0 0.0(0.0)
o 0.0(0.0)

28 0. r (o. r )
r 2  0 . l ( 0 . l )
l2 0.3(0.2)
12 l . l (1.81

.1 0.2(0.2)
0 0.0(0.0)
i) 0.0(0.0)
0 0.0(0.0)

,10 0.6(0.2)
0 0.0().0)
0 0.0(0.01
,1 L

Colonizing Pefenniul Herbs
0 0.0(0.0)

5l r.0(0.1)
0 0.0(0.0)
0 0.0(0.0)

20  0 .1 (0 . r )

F0fesr Hcrb!
0 0.0(0.0)
0 0.q0.0)

68  0 .1 (0 .1 )
.rs 0.2(0.1)

: l l
16 0.3(0.2)
76  r . 5 ( r . o )
: l t

100 26.9(2.3)
36  0 .2 (0 . r )

1 0 0  1 1 . 6 ( 1 . 3 )

1 2  r
100 6.0(2.3)
8,r 0.5().2)
68 0.8(0.5)
.+0  L l ( 1 .1 )

0 0.(\0.0)
l 2  0 .1 r0 .0 )
72 0.6(0.2)
.18 0.9(0.3)

76  0 .5 (0 . r )
16  2 .1 (1 .9 )
92 1.1().2)
60 1.,1(0.,1)

100 20.3(,t .9)
,18 0.9(0.5)
28  0 .1 (0 .1 )
60 0.3(0.2)

l 2  0 .3 (0 .  r )
96 5.9(2.7)
80 0.9(0.2)

100 :1.2( l . lJ l
36 0.E(0.5)

0 0.0(0.0)
60 0..1(0.1)
72 2.0(0.6)
68 0.8(0.3)

80  7 .7 (  1 .9 )
16 1.6(0..1)
: l r

12 0.r().0)
2.1 2.6( L3)
60  5 .9 (2 .  t )
1 6 t

8'1 26.9(.1.'1)
88 -19..1(6.2)
'72 1. ' ,7\I . t j
l'1 t
m 40.0(rJ.5)
36  2 .  r ( 0 .8 )
5 l  t . 7 (3 .1 )

80 ,+.?(l.0)
6.+ 0.6(0.3)
0 0.0(0.0)
0 0.0(0.0)

2 ,1  1 .8 (0 .8 )
52 .1.8(2.{l)
0 0.0(0.0)

Forest Shrubs nd Undcrslor) Trees (< 1..1 m lall)

6.1 0.8(0.1)
2,1 0.2(1.2)
0 0.0(0.0)
0 0.0(0.(,

l 6  0 .2 (0 .1 )
32 0.7(0.5)
o 0.0(0.0)

.  FfequeDcy ofoccuncncc a 'nong sample plots.  Pre har!cst  (1990) \ 'a lues.r fe based on 225 pcnnanenl .  I  nr :sample pkxsr post '

h.rnest (1992 199,11 \'alues afe based on 25 r.rndoml! chosen. unm.rnipulated (cLrn|ro]) plots.

I Nlean canop) cover (\rilh slardard error of the mean): I = racc cover (<0.Iti).

erages 134 clays. but is extremely variable
(Bierlmaier and McKee l9li9).

Fie d and Laboratory l\4ethods

We sampled during each of the first three grow-
ing seasons (1992- 199,+) after logging. Planls were
harvested on the following dates: 26-30 July and
.1 6 August 1992; 23-2,1 July and I l, l8 and 22
August 1993: and 8-10 August 199,1. Two types
of plant nreasurcments were taken: ( l) rneasure-
mcnts of single, above-ground stems to develop
individual, stem-bascd equations, and (2.) intc-
grative measurements of species fiom within 1 x
I m sample plots to develop plot-based equations.
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In many instances. plants used to develop sten-
based equations were obtained tiom thc same plots
used to generatc plol-based equations. Minimum
sample sizes for most equi,rt ions wcrc 10 per spe
cies: more comnronly, 20 or nore sarnples per
species were obtained.

We chose independent variables that we an-
ticipated would begood predictors ofabove ground
h i , 'mr \ .  i rnJ  lha l  were  fa i r l )  eas)  I i r  e : \ l im i r l c , , r
measure in the field. For individual stems, these
variablcs included visual estimates ofcanopy covet
stem basal diameter rneasured with a caliper (pri-
marily woody plants). stem length (base to tip),
and numbcr of primary shoots (main branches)



per above-ground stem. For plot-Jevel mcasurcs,
variablcs includccl caDop) cover. stenl densily,
mear basal diameter of stems (an average of the
irdividual stems measured), and rnodal stern length
(a visual cstimatc). Bccausc thc prcscncc ofllorvcrs
or l l  uiLs inlluences thc relationship between plant
sizc and biomass. wc nolcd fte phenological sttlte
ol all plants: plants rvcrc classified as all vegeta-
tivc. somc in llo$er ancl/or fruit. and all in flower
and/or fruit. Herbivory caD also influence plant
architecture and the allocation of biomass to tir-
l i r rg , .  h r . rnchcr  . rnL l  . l cm\ .  F , , r  mFst  'puc ic ' .  uc
obscrvcd little direcl evidence of herbivore dam
a-qc, howcver plants ftat were obviously browsed
lr,crc not sampled. Thus. our equations nay Dot be
appropriate lbr sites where herbivorS, is common.

Aftcr plants wcrc nrcasurcd thcy wcrc clippcd
al the ground surface, placed in paper bags. and
tr-anspor-ted to drying ovens. Samples were dried
at ca. 55-60 C 1br 5-9 d;rys. During this time t
subset of the heaviest bags rvele weighed peri-
odically to insure that stable dry wei-ehts were
obtained. Trr rninimize absorption ofmoisLurc dur-
ing cooling. paper bags and plants were placed
in large plastic bags befole they were \\"eighed.
All sanrples rvere weighecl to the nearest 0.01 g.

Ana yt ca \/ lethods

Regression equations were developed using the
linear and nrultiple l inear regression proccclures
of MGLH (Multivariatc Gcncral Linear Hypoth-
esis) of SYSTAI5.03 (Wilkinsor 1990).Wehad
two primarf objectives in our modeling approach:
( l) to identity the independent varirble(s.) that best
predicted species above-ground biomass, and (2)
to develop acldit ional equations using vari: iblcs
that l lre more ensily or quickly mcasurcd in thc
ficld (c.9., pld-lcvcl colerralhcr than stem heights
aDd diameters).

For each species. raw data \\"ere graphed to
visually assess the relatiooships between biom-
ass ald the independent vuiables. Using both raw
and transtbrmed data. biornass wrs tirst nodeled
as a l inear function of each independent vrriable.
followecl by step*'ise addition of one or nrore
variablcs if Lhcy were shown to be signillcant (b)
a t statistic, p < 0.05;Wilkinson 1990). At each
step. we examined nornral probabil it l  plots of
residuals. and plots of studentized residuals vs.
predicted values to test compliance of the mod-

cls with thc basic assumptions of least-squares
regression: thal values of the dependent variable
are normally distributed about corresponding
values of the independent varirble. and that the
variance of the dependcnt variablc is homoge-
reous for values of the independent vnriable (Sokal
and Rohlf 198 I ). Transfomations of indcpcndcnt
and dependent variables were chosen subjcctivcly
using the criteria of Sabin and Stallord (1990).
Except for rare cases. logadthmic and square root
transfbrmations produced the best models (Ap-
pcndix 1). Corrections lor logarithmic bias were
made for log log equations (Baskervil le 1972,
Sprugel 1983.t.

Results and Discussion

A total of 152 rcgrcssion ccluations were devel-
oped for' 38 taxa that are common on ear'ly suc
cessional, post-haryest sites in the \\"estern Cas
cade Range ofOregon (Appendix 1 ). The species
represent seven broad groups of plants that yary
in growth tbrm and successional origin: ( 1) colo-
nizing annual and biennial herbs, (2) colonizing
perennialherbs, (3) colonizing tall shrubs. (,1) forest
herbs. (5) forest low shmbs and sub shrubs, (6)
tbrest tall shrubs and understory hardwood trees.
and (7) coniterous tree seedlings. For the lull set
ol 152 equations. the median coefficient of de-
termination (Rr) was 0.933 and the range was
0.162-0.991 (Appendix 1). For the 70 prirnary
equationsrepresenting thebestpredictors forcach
combination of species by site age by equation
type (those with rsterisks in Appendix l). the
rnedian R: was 0.951 and the range was 0.556-
0.997. For cach plant group we briefly describe
thc rclationships between plant bionrass and tbrm,
and how thcsc rclationships vary among species
and as a function of site age.

The colonizing annual and biennial hcrbs in-
clude winter-annuals that germinate in fall, over
u i n r c l  u .  r o . e  e \ .  a n d  b o l r  i n  . p r i D g  r e . g . .
Epilobium poiculatun eDd SetrcL'io sylvti(us),
spriDg-germinating annuals (e.g., Ct.,nr'.:o
c anaden.s i s): and facultative biennials that flower
theirfirst yearor remain asbasal rosettes and tlower
the second year (e.g., CirsitrnvuLgare tnd lnctuca
scrrir,,/c). Biomass equations were not previously
available tbr a number of these species: Agoscris
g rand ifl o ra, Con -t za c anadens is. C re pi s capilktris,
Lactucq serriole. and Mddio grocilis.
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For muy taxa in this group. above ground
biorlass pcr stcm is prcdictccl wcll by canopy cover
(range ofRr cf0.671-0.986, Appendix l). although
acldition of basal dialneter or stem lengLh olien
improves the relationship (range of R' of 0.886-
0.986. Appendix l). However, for some species
(Sanet:io ard C.,r'\':d ir particular). plant allom
etry changes with successional t ime producing
clillcrcnt rclationships bctwccn biomass and cover.
For example, sterr diameter and height of Scre
cio and Cont':tt dccrcasc with sitc agc (C. B.
Halpern. unpublished data) resulting in decreas-
ing plantbiomass for a given canopy cover (Fig-
ure  l ) .  Cor .equer r t l5 .  lb r  the .e  'pec ics  uc  rec
onrmend the use of cover-based equations only
on silcs wilh trgcs sirnilar to thosc tirr which cqua-
tioDS were developed. EquatioDs that model plant
biomass as a function of lcngth and diameter ale
less responsive to site age (Figure 2) and have R:
vtrlucs compalablc tr) covcr-bascd cquations (run-qc
of 0.81.1 0.978. Appendix l). Thus, they have
broader applicabil ity. Our results suggest that fbr
most annual and bicnnial colonists, cqurtionsbased
solely on stem length or basal diameter are poorer
than thosc bascd on cover. However, t irr species
&'ith greater variation in height than in cover (e.g.,
Ld.tllcd serrio LLt), length is a better prcdictor of
biomass iAppendix l). The two most common
annuals in these early successional communities.
Epibbittrn paniulutunt al,d Senecio ,sl hdll.li.r.
have beer modeled previously (Gholz et al. 1979,
Means et al. 1994). Compartbil i ty u'ith our equa-
tions vaies by species. parameter modeled, and
site age. For examplc. our first-ycar. covcr-bascd
equation fbr EpiloltiLutr predicts lbur times the
bionrass predicted bv an equation for an older site
(Merns et al. 199,1). As for .'.:rrr:t io ard Conyza,
plants on younger sites (i.c. years I and 2) have
thickcr and tallcr stcms than clo plants on older
sites, resulting in higher plant biomass lbr a given
canopy covcr. Prcdictions of our lcngth-bascd
equrtions are rnore cornparable with those ofGholz
et al. (1979) because length better crptures this
change in plant allometry with site age.

The group of colonizing perennial herbs in-
cludes relatively short-l ived species (e.g.,
Gnap ful iunt ni cnceplralrrr) and longcrJivcd taxa
that resprout t iom roots or rhizomes tbr many
years after harvest (e.g., Epikthiton urtgtrstifoliun.
lnnts t:rossilitlius. Lupinus lutifll ius. nd Pteridiott
oquiLinL!tn) l.Hal'perr l9lj l i . 1989). Biomass equa-
tions were not prcviously available for manl of
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cover (%)

Figure l. Prcdictcd lrbolc grcund biom.rss (8. ir grams) of
.t."k 1i.) r)Jr.Jrrdlr as ! iirnctiur of plant canopy
coycr (cov. percentitge 01 r I mr pld), I yr (sdid
circles) and 2 yr (open circles) afier bgging and
burDirg. Biom.rss is plotted onl) for the range of
co!ers sampled.  Dol ted l ines del iJnr t  the 959;  con
ftlence inteNrls. SeeAppendil I for sunr ar! sla
t is t ics ancl  fanges ofplanr d imension\ .
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these taxa: Agiosrls spp., Ctntpurtula scoulei.
EquiseIum tehn eia, (inaphaliurnmiorx:epholtrn,
ancl Lottrs t rass ilitl iu.s .

As with the annuals and biennials. r 'ariation
in thc abor.e-grourd biomass of colonizing pe
rcnnials is largel"- cxphined b)' calopv co\er (range
of Rr of 0.837 0.991 , Appendix 1 ). The addition
of slcm length consistently improves the model
(rarge of Rr of 0.875-0.994. Appendix l). Horv-
evcr, firr some species (e.g., thc lern Pteritlitun
atluilfuurn. Frgtrc 3). biornass is predicted equally
well or bctter by length than by covcr (Appendix
I ). Alaback ( 1987) observed a similar pattern tirr
ferns in southeastem Alaska and attdbuted the
greatcr explanatory power of lcngth to changes
in liond oricntation u'ith plant size (1.e. fronds
orient more vefi ically as thcy elongate).

associatcd with laterul bfanching. but not the varia-
tion associated with changes in allocation to stems
and branches or to changes in plant height. Thus,
these equations should be applied with caution.
For exanplc, it is unclear what accounts fbr the
-qrcater biomass predicted by our equations de-
velopcd trom shorter (l-77 cm tall). f irst- and
second-year plants (Appendix 1) comparcd with
an equation developed fbr taller plants (1:1- 178
cm) on an olcler clearcut site (S. Acker and M.
Easter. unpublished data).

Thc gfoup of colonizing tall shrubs are pri-
marily seed bank species that are stimulated to
germinate by removal of the tree canopy, physi-
cal soil disturbance. or f i le. Arctostaphykts
( olumbi a na. C e anothus sangui ne u s. C. ve lutinu s,
Ribes lobbii, Rubus leucoclennis. and Rribls
lton-iflorus all belong to genera in which buried
seeds lie dormant for periods ranging from de-
cades tocenturies (Quick 1956. Gratkowski 1962).
Most of the llrst year plants sampled were sced-
lings. although some stems ol Rubus paniflorus
odginated from sprouting rhizomcs present in
locally disturbed sites of the fbrmer forest. Bio-
mass regression equations had not bcen devel
opcd previotrsly for Arctostaplttlcts t:olumbittna.
Ribes lobbii, Rubus leucodemis, and Sanbucus
ceru[ea. Fot the ren]aining species. the few cx-
lsting cquations (e.g., Gholz et al. 1979. Means
et al. 1994) arc inappropriate for small-stttured
or young plants. Thus. our diameter-based equa-
t ion  lo r  l -  an . l  2 -1r . ' l d  Ctd  ,4hu '  rangr r in tus
predict half the biomass of that predicted by an
equation developed on a site with older. tallcrstems
(Mcans et al. 199,1).

Typically, above-ground biomass oftall shmbs
in these forests is best predicted by stem basal
dirmeter (e.g., Gholz ct al. 1979. Alaback 19ti6.
Means etal. 199.1). With one exccptirrr (.Ceanothus
r,e1illlr&s). the best equations ti)r predicting bio-
mass ofcolonizing shrubs in our study were based
on diameter and/or height (range of R'? of 0.945-
0.997. Appendix l). Sinple cover-based equa-
t inn .  a le  c l :o  \uF l i ( ien l  lb r  lnan)  \pcc ie \  in  )ear :
I and 2 (range of R'] of 0.625-0.990. Appendix 1)
reflecting the large proportion ofbiomass in foli
agc relative to sten for vcry young plants. How-
ever'. cover-bascd equations should not be applied
to plants older than 2 yr.

The group of common fbrest herbs contains
tour specics that tvpically occur with high
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t4@ve4; n(B)=1.124'h(cov)+0.2821

Figufe l. 1he relarionship ber\reen the .rbo\e growrd bil)
m.\\\ of I'teriltuDt dqltilir!r, pfedicred bt canrrp)
cover (X axi \ )and tota l  l iond len: th (Y.rx is) .  The
dashcdlinc is rn isoline of equal biornas! ,r\ r iunc
ri(nr ol cover a.d lcngth. The values of coler and
l.-ngth used ro generatc lhc prcdicti(nrs.l|e those ol
the 58 indi l idual  ste s u\cd lo de!elop the mod
cls.  See Appendix I  for  lummrr)  statrst rcs and
ranges of  p l . rnt  d imensio.s.

Several of the perennial herbs in this group
(Eltilrthiwn atryustifoliurn in pafticurar) are ex
trenely plastic in glowth tbr n. displaying lar-qe
'iariation in height and branching pattern (see
ranges for numbers ofshoots/plant. Appendix l).
Equations bascd on cover capture the vtuiation



l'requency, but low cover (Table 1). Following har-
vest they resprout fronl dcep root systems (14ol.r
setnpen'irerLs and Hieracitun albiflorurnl or ttt-
ber:s (.Tientdlis ltttifolia). or sulvive locally in
protected nicrosites ( C aLi un tifl o rL! tn) (McLearr
1968. Halpem 1989. J. A. Antos. unpublished data).
Existing cquations lbr these specjes are not spe-
cif ic to early successional sites: rrthcr. the! en
compass a range of scral stages (Means et al. 199:1.
S. Acker and M. Easter. unpublished data). Three
ofthe four specics show litt le variatiol in height,
thus, biomass is best predicted by canopy cover
(range ol R: ol 0.905-0.985. Appendix l). For
H ie rar: iunu whrch produces a tall tlowering strlk
tiom a basal rosette 0f leaves, covcl plus length
arc the best predickrrs of biomass.

The group ol low-growing forest shrubs in-
cludes trvo typicall-v dominant spccics, Berleris
nervosa ancl (iaultlteria slullon. and two subor-
dinate sub shrubs that are of'ten relcascd by re-
moval of the tree canopy! Rubus ursinus and
\Vh i1 ,1 ' l , t  t  m,J , . / . /  I  Hr l l ren t  I  q8qr .  Equ i r l i , ' r r \  e \ i \ l
for each species (Means et al. l!.)9;l). but these
repr-esent older clcarcut sites or mature lorest.

Berberis nen ttsa art<|Gaultheria shullott sh<tw
litt le u'ithin-population \.ariation in height dur-
ing thc first, post har'\,est growing season. trnd
bion.rass is adequately predicted by cover (R'?of
0.980 ard 0.956, respectivcly, Appendix l). In
subsequcnl yeus. hon ever. variation in plant height
increases. Thus, the addition of rnodal height
improvcs thc model (Appendix l). Because these
sclerophylloLrs. evergrccn shrubs allocate rcsources
to lcaves and stems diflercntly under open and
closed caropies (e.g., Cholz et al. I 985. Alaback
1986). application of Lhese equatiors should be
limited to clcarcLrt or burned sites of similar age,
or Lo plants of similar stature growing in fu11-sun
conditions. Covcr-based equations developed in
older clearcuts (Gholz et al. 1979) or mature/old
growth ibrcst (Means et al. 1994. S. Ackeq un-
published data) where plants are typically taller.
predict significantl l, highcr plant biomass than
d0 our equations.

Rubus tu'siruts andWhippleo tnodestu ue pros-
trate, stoloniter-ous trxr that typically show litt le
r ariation in height: biomass is uell predicted by
cover (range of Rr o1' 0.90-5-0.985. Appendix I ).
For bolh species. greater predicted biomass with
site age (l vs. 3 yr; Figure 4.) suggcsts thal on
young, open sites biomass accumulates rn wood)

312 Halpern. Miller. and Geyer'

stems with time. That equations developed tbr
significantly olclcr clcarcuts ( 17-30 yr) or nature
forest (l45 yr) (Means et al. l99rt. S. Acker and
M. Eastcr, unpublished data) predict lower bio
mass than do our equations suggests that t'actors
other than sitc age for example. light availabil
ity affect the accumulation alrd distribution of
above ground bionass.

The two most common trl l  shrub and hald-
wood tree species on orrr stte. Rhododandron
macropltt llun tnd Castanop.s is chn soph,-lla, arc
disturbaDce tolerant taxa that resprout liom ad-
veltit ious buds at the bases ol stcms. producing
dense. nrulti-stemnrcd individuals after logging
and buming (Gholz et al. 1985. Halpern 1989).
N l tu r l l l l  r cpeneru l in i  P 'eudot ' t reu  nen: ies i i
seedlings wcrc also common. For all three woody
species, basal diameter or stem length individu-
ally explain nost of the variation in stem bio-
mass (rarge of Rr of 0.845-0.971 , Appendix I ):
inclusion of both paramcte$ inproves predictioDs
(rangcof Rrof0.895 0.986,Appendix l).Although
biomass predicted by diarneter and )ength are
con.elatcd in these species, the strength of this
rclationship tends to decline with tinre (e.g., R/rodo-
dendron, Figure 51 as the allocation of resources
to diameter and height growth incrcasingly vary
with tinre sincc disturbance. Comparisons rvith
othcr equations indicate that lbr stems of equal
diameter, predicted biomass increases with site
age (cf equations inAppendix l,Gholzetal. l979,
Means et al. 199,1).

Conclusions

Simple measures of plant abundance (canopy
cover) or size (stem diameter or length) can be
used to accurately prcdict the above-ground bio-
mass ofherb. shrub, and tree species common on
ear ly  success iona l  s i t cs  1o l low ing  harves l  o f
Pscirdr-rtsrgrr forests. Bionass of herbaceous taxa
is eflectively prcdictcd by cover, and bionass of
woody species by stem diameter and/or length.
Plant tbrm changes rapidly during eally succes-
sion, thus fbr nrany species. cquations may dil lcr
fron year to year. Alternative sets of valiables
(e.g., diameter plus length rather than covcr). r)r
the addition of one or more variables to simpler
m, 'Je l \ .  f  r , ' L l l r ( r '  cqur l  i r \ns  lhc l  J rc  l c \ .  :en : i l i \  e
to the sources of va ation associated with site
age orplant tbrm. These results suppofi Alaback s
( l!187) contention thal some oIthe diff iculties in
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can be overcone by predicting biomass with
multiple variables. Additional researcb is needed
to understand ho\\" allocation of biomass to fbli-
rge .  he igh t .  rnd  t l iu r rc r r : rBr , ,u lh  r r r ;  in  re .p r 'n .e
to the rapid changes in physical and biotic envi-
ronmcnt that characterize early successional sites.
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APPFINDIX L Equrtions ($ith statistics and data runges) that prcdict lotal above ground burass of 38 post-haNes! ptart
species. Blanks in dala range columns rndicate that measurcmeDts rvefe no! appropriate for lirc specie\ ol inrer
esl. Dushes (-) indicalc parlmetef \\'as nol ncilsured. Asterisk\ (*) rdiaceni !o sire ale denore thc primrn
equations ibr c.rch species-bt silc .rge b)-equation lypc (I I B) combination that $irh lhc hilhesl coeificicnt
ol deterninatiolr (Rr) (but see footnotcj ibrAgrsei: grundtlloftl).

DJtr  rcngc

Si le
agc'Typer' Equation'

B.rsal
Cover dianelef l-cngft
(.'/,f (cm)' (cnl

No. Stem

plant' 0o./mr)' P\{sE

Coloniz ing Annual  ard Biennial  Hcrbs
.\ga \ e ri \ lt rd t)dillo ru l|^rgc llo$ered agoserisl

3 I  ln(Bl=1 22r" ln(cov)+0.r63 0.873
i3 I  sq(B)=2.31. l ' rsr l (co\)  0.513 0.671

3 I  ln(B)=2 826*1n0en)9.611 0.162

Cir..'rfi ,rrls.r/. (common thistle)
+l  I  In(B)= |  . ,+7 8 * ln(co\ ' )+0.05 3 0.952

1 I  h(B)=0.960: ln( lcn )+0.15I  0.857

Col I o,tiI h(tc raph ).lkt (.varied lcaf collomia)
+l  P In( t t+ l )=0.82{ l ' , ln(cov)+0.717 0.921

Corr'.d .r,al,rri.r (horse$ eed)
i  I  In(B)=0.888* ln(co\ ' )+1.166 0.670

* l  I  1n(ts)=0.618+ln(cov)+ 0.886

15  0 .236  0 .1  1 .5
20 0.287 0.1 2.1
l0 0.739 0.r 2.1

1 r  0 .157  0 .8  27
1l 0.,165 0.8-27

ri 0.055 0.6 t5

27  0 .60 i  0 .2  16  0 .1 - l . l
21  0 .2 t1  0 .2  t 6  0 .1 -1 .1

26  0 .108  0 .2 -16  0 .1  t . 1
)1  0 .661  0 .2  16  0 .1 - l . r
26  0 .357  0 .2 -16  0 .1  1 .1

0. r 0.8
0 .  |  0 .8

0 .  r  1 .0
0.I Lt)

0.1-0.6
0 .1  0 .6
0 . I  0 .6

10,30'
25 79
25 79

2.0 110
2.0 l2r-)

35 165
35 165

35 -165
35  165
l5  165

9- 1,10
9- 140

9 l.l0
91 .+0
9- l l0

35 165

1.0 57
r .0  80

t5 -95
15-95

15  95

.r.0 8u

.1.0-E0

.1.0-80

l5  95

l3 -75
l3 -75

VF
VF

V F
VF

I

VF

VF

VF
VF

VI
V F
VF

I Vl.'

V F

VF
VI

V}

VF
VF

1 2  V F

VF
VF

l - l
1 , 3

1  t 0
l -  l 0

I  1 0
I  t 0
l - t { l

I  t 0

V F
V F

1.781*1l ] ( lcn)  6.3 iJ l
1 I  in(B+l)=.1280'1n(dbr+1)
I  I  In i8)=2.693* l  len) 9.679
I  I  ln(B)= 1.298* ln( lba)+

1 . 3 2 6 * 1 n ( l e n ) 3 . 1 7 7

l ) .68,1
0.61.1
0.81,t

ln(B+l )=2.988*ln(co!+1)+0.237 0.9 |  E
ln(B)=0.507*ln(cov)+ 0911

2
*2

* l  I  ln(B)= |  .  I  5 '++ln(cov+ I  )+
0.97 8* tn(dba)+0.'15 I

I  I  ]n(B)=l  81s+ln(dba)+
I  2.1.1*1n(1en) 1.678

17 0.059 0.1,1.,1
l l  0.055 0.1-1.,1

l '1 0.366 0.2-22
2 l  0 .161  0 .2  2 )

29 0.066
29 0.301
t9  0 .216

1.582*ln(len)-5.516
2 I in(B)=2.7.18*1n(dba)+3 222 0.915
2 I ln(B)=1.08t*ln(ten)-8. l9l 0.963
) |  hlB)= 1. l . ls*ln(dba )+ 0.978

1.266+ln(len)-3.668
*I P l l (B)=0.9 l9;1n(c0\ ')+ 1 . 132 0. '731

Crctis cqrlllnrl! (smoolh hawksbeard)
'1 I  ln(B)= l .  I  E2+h(cov)+0.086 0.81,1
:3 I ln(B)=0.67,1*ln(len) 1.921 u.556

I  p ' l ,  h ;w '  p -u ,  r / r ' r n - , r r  r u  n r '  $  r l l . \  hc r r
I  I  ln(B)=1.118"1n(co!)+o.351 0.872

25  0 .218  0 .1  1 . , 1  0 .1  0 .8
25 0.1,1i1 0.1 1.,1 0.1-0.8
25  0 .092  0 .1 -1 . . 1  0 .1  0 .8

2 .1  0 .559  0 .2  t 6  0 .1 - l . i

l2 0. l , l7 0.3 3.0
27 0.640

0.9.18

0.E99 ll  0.312 0.2-22 0.1-l .0

3 I sq(B)=3.597+sqr(dba) 0.811 0.8,16
I I  1n(B)=2 33s"ln0en) 8.9" 0.930

'! ,3 I  ln(B)=0.730+h(dba)+ 0.953
I 879*1n(len) 6 206

*1 P In(B)=1.097*1n(cov)+0.331 0.87,1

L.r.rl'l.d Jrfrkld (prickly lettuce)
2 I ln(B)=0.655+ln(cor')+ 1.230 0..19,1

*2 I 1n(B)=2.072+h(len)-7.132 0.861

26 0.145 0.2-t 0.1 1.0

1.1 0..159 0.1 1.5
18  0 .178  0 .1  1 .5
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Data fange

Site
agc T,vpe Equation

Basal
Coler di.rmeier Lergth

(q)  (cn) (cm)

No. Sleln
sboots/ dcnsil,""
p lant  (no. lnr)  PRl N,ISE

1.823*ln(len) 6.090

.t n".t !_r^drl.,r ($'{)od groundsel)
+1 I ln(B)=1.003+ln(cov)+1.207 0.973 17 0.090
I I  tn(B)=0.08'1*len-3.3.16 0.809 17 0.632
I I  In(B)= L 8'16 *ln(len)+ 0.963 17 0.1,10

1.2{14+h(dba) 5.385
2 I ln(B)=l.057i ln(cov) 0.28,1 0.964
2 I ln(B)=2.131:]n(dba)+2.518 0.875
2 I 1n(D)=0.061'r len - l . l2l  0.92'7
) |  ln(B)=0.851"1n(co\)+ 0.9'72

0.,191'ln(db.r)+0.191
2 I 1n(B)=0.761+h(co!)+ 0.9?3

l - J .019* l en  l . l 6 l
2 I  ln(u)=1.178*ln(dba)+ 0.936

l . 1E7* ln ( l en ) -1 .821
In(B)=0.696*l co!)+ 0.,150* 0.9E3
ln(dba)+0.5.10+h(len) 1.735

ln(B)=0.986*ln(cov)+1.189 0.97'1
ln(B)=1.067:ln(cov)-0..1.19 0.986
ln(B)=2..1.1*ln(mdb.r)+ 0.955

L,l l l* ln(num)+2.,1|5
ln(B)=2.5,t7*ln(mlen)+ 0.931

1.055*ln(num) E.520

rU.r./tu 6',u.t1;! (slendef tarweed)
+1 1 1n(B)=0.1.10*1n(co\ ' )+ 0 .820  l 5  0 .111

r't I

: t  P
* 2 P

2 P

2 P

5er../, jd.ord.d'(lansy ragwort)
* l  I  h ( B + l ) = 1 . 5 0 1 * l n ( c o v + l ) - 0 . 1 2 5  0 . 9 1 4  1 2  0 . i 1 . 1

Cnl^njz ine PelenniJ l  Hcrb\

22 0.111
23 0.555
13 0.321
22 0.t21

22  0 .116

23 0.301

22 0.080

19 0.087
10  0 .  l
1r 0..102

11 0.62t

t - 1  0 . l 9 l

0 .6 ,10

0 . r  32  0 .2 -1 .0
0 . l - 32  0 .2  1 .0
0 .1  32  0 .2  1 .0

0 .2  99  0 .1 -2 .1
0 .2  99  0 .1 -2 .1
0 .2  99  0 .1 -2 .1
0.2-99 0.1-2.1

0.2 99 0.r l . l

0.2-99 0.1 2.1

0 .2  99  0 .1  2 .1

0 .1  32  0 .2  1 .0
0.2-99 0.1-2.1
0.2-99 0.1 2.1

0 .2  99  0 .1 -2 .1

0.1-))

0.3-t0

0.1-,1.0

0 . ' 11 .0

0. |  3.5

0 .1 -31
0 .1 -32
0 .1 ,32

0 .1  11
0 .1 -31

0 .1 -65

3.1 80

28-85 1 l0
2 8 8 5  r r 0
28  85  l -  l 0

l 0 -11 '1
l0- I  l4
10 , I  14
10  l 14

r0- I  l . l

ILJ I l4

l 0  l l l

18 -85  l  - 10  t - 3
10  11 ,1  I  8
l0 I  l , l  I  8

10 ,11 .1  I  8

1 .0  20  1

1 5  6 0  r r 5

7.8 3l |  , l

7.8 140 1- '1 I

1 . 0 1 1  t  2
1 . 0 1 1  1 2
) .0 11 1-2

2.0-,19 l-32
1.0 :19 I 12

1 .0-11 1-2 1 9
1 . 0 ' 7 ' , 7  1 2  1 2

2.0 7l I  12 I 1,1

F
t-
F

F
F
F
f,

I

F

VF
.46'rorir species (berlgruss)
* l  P sqr(B)=1.038*sqr(cov)+0.718 0.886

Anat)hdIi s mdrsoritet t (pear1) everlasting)

1 I  ]n(B)= 1.023+ln( len)+ 0.658 11 0.12.1 VF

VF
L l  l 6 * l n ( n s ) - 2 . 8 3 1

+t P ln(B)= l .09l  " ln(cov)+0.597 0.871

CaDryanLla lco leti (Scouler's harcbcll)
* l  P ln(B+1)=1.336' l ln(co\ '+ l )+0.1l90.977

Epi I obiun unsunifu liutl tflrc\\ ee(l)

I  I  ln(u)=1.200* ln(co\ ,+ l10.212 0.962

I  I  ln(B)=1.957"1n( len)- '1.850 0.9,{0
+l  1 1n(B)=0.827*1n(cor+l)+ 0.975

l . l  l9*1n(len)- '1.267
1n(B)=1.865+ln(lcn)5.71,1 0.88,1
lD (B )=1 .71g* l n ( l en )+  0 .918
0.45 i* ln(ns)-5.576

ln(B)=1.266+ln(covl0.3,13 0.9.19
lnlB)=0.757*1n(cov)+ 0.963
0.986 *1n(mlen+ I ) 2.E.17

]n(B+ r )=1. 1.11*ln(cov+ l)-0.008 0.991

) . r
i 2  I

I P
* l  P

2 P

l 5  0 . 1 3 2

12  0 .011

26 0.054
26 0.286
26  0 .123

,11 0.441
.r1 0.321

32 0.2,11
30 0.158

l8  0 .03 r
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Drtr ftnge

Si Ie

.rge Type Equation

B.rsal
Colef diamelcr Lcngth

t + )  ( c n t  ( c m )

No. Srcn
shoots/  densi t t
p l in l  (no. /nr)  PRl M S E

"2 P ln(B+l)= l .0. l l ' r ln(co!+ l )+ 0 99,+
0. ls l t ln( 'n len) 0.155

I  P ln(B)=1.92* ln0nlen)+ 0.981
i)  902* ln(num) 5.75,1

18  0 .021

lE 0.102

0.89,1
0.889
0.9.18

0.986 l l  0.0,t1
0.986 l9 0.071
0 .963  11  0 .160

0.909 0.503

2.0 13 I l2 1 2,t

2 .0 -13  l 3 l  I  2 ,1

r2 .10
1 . 0  8 0  1 5
1 .0 -80  l - 5

0 .1 -65

r-J.I  65

0 .1 ,8 .5

0.2-8.0
0.2 8.0

0 .1  8 .0
0 .1 -15
u .L  25
0 .1 -15

lt l t)
I  l -10

1.0-17
r .0  73
1.0-73
t . 0  73

12-16
1216
1216

6 . t  2 l
1)-10
t2  t 0

t2  l o

1.0 55
3 0-55
5 .0 l , l
5.0-7.1
t.0 55
3.0,55

5.0 7.t

3.0-55

5.0-65
5.0 65
5.0 65

5.0 60
5.0 6()

l - 1 0
I  t 0

I,.11
I  1 6
l - 1 6

l , t 6

V F
VF

VI
VF
VF

EpiLobLt!Dl \  ats.ni i  \Wntson's u i l low-herb)
i ' 1  I  l n (B+ l r= r . . 131 ' ! l n ( co !+ r )+ r ) . 0980 .886  1 t  0 .112
I 1 In(B)=l. l i39'r ' l l l ( lcn+l) 7.125 0.7q3 l l0 0..1.15

*2 I ln(B)= L760*h(len+ I )+ 0.806 l l0 0., l l l
0.17,1"1n(ns)-6.971

Ett is(tunl tt!LrMtcia ({in hof\et il)
* i  P sqr(B)=1.371*sqr(co\) 0.109 0.937 15 0.069

I P h(B)=2. '196*1n(Dlen)+ 0.E21 l6 r-J.3l l
Ll lz*1n(nu'n) 6.802

Gntlt )hahin Dti I rot(phllllo, ($hite cud$ eed)

2
l

*2

l
2

+)

i . 1

+ )

2

i 1

I
+ l

2
1

* l

I  q i  nu\  l ,  r t  i f ;  I  1x '  bL, , .LLl le.  i  I '  p ine,

lD(B )=1. 1.1,1i'ln(lba)+2.582
ln(B)=1.  I  I  2* ln(  len)-6.5.11
ln( ts)=1 165* ln(dba)+

1.097"In( lcn)  2.096
P 1n(B)=0.972r ' ln(cov)+0.038
P ln(B )=l .12.1+ln(co\  )+0.086
P 1n(B)=2. .1811' ln(  dba)+

0.8,16+h(numi+3.005
P 1n(B)=2. ,17'Nln(mle.)+

1.08: l r l . (nurr ' )  7.191

1n(B)=1.281'r ln(co!)+0.1 I  8
ln(Bl=2 l9. t+ ln( len) 5 r13

1n(B)=l .  I  l l " ln(cov)+0.260
ld(B )-2. .171+l  len) 6. , t98

r i  0. r09
17 0.096
17  0 .65 l
17 0.0.13

l l  0 .  r 79
t2  0 .188
22 0.093

0.96t 16 0.1iJ2
0.888 l6 0.515
0.969 l6 0.196
0.186 22 1.0.13
0.960 l8 0.196
0 .973  l 8  0 .110

0.98,1 2l 0.050

0 .981  5

0 .811  5E
0.866 58
0.u75 58

0 .2  1 .0
0 .2 -1 .0
0.t l . t)

0.2-70
0.t 100 0.2 I 0
0 .2 -100  0 .2  r . 0

0.2- 100 0.2 r.0

0 .1 -32
0 .1  32
0 . l - 90
0 . t  90
0 .1 -32
0 .1  l l

0 . l - 90

0 .2  t . 5

0 .1  9 .0  0 .1 ,0 .7
0 .1 -9 .0  0 .1 -0 .7
0 . r  9 .0  0 .1  0 .7

sqr(B)=1.569*sqnco\ ')-0.21.1 0.912
ln(B+ l)=1.5-16+ln(co\ + l)+0.072 0.969
l n r B  E l .  L 5 l ' l  ( l r n ) - 5 . 1  |  I 0.950
In(ts+ l)= 1.23-1+ln(co!+ I )+ 0.987
0.253i ' ln( lenl{).265

. /1ri lilrlin.r (big dccr\clch)

I
I
I

1n(B)= l . l l0 i ' ln(cov)+0.287
P ln(B)=0.907+ln(co!)+

0.709'rLr(mlenl1.503
P  1 n ( B + l  ) =  l . l 9 l * l n ( c o \ +  l l

0.0,11

1-2
l 2

t -8

VF
VF
VF
VI
VF
VF

V F

Zrixld.rrrle.rr-lr (field $1ndrush)
* l  I  ln(B)=1.851* ln(co!  )+0.761

PteIidiu I uquiIitun ltracker)
I
I

>,1

I P
P

ln(B)=l .12, l iLn(co\ ' )+0.181
1n(B)=2 091 * ln( len) 6.  190
1n(B)=0.389' ! ' l l l (co!  )+

1 . 1 1 5 * l n ( l c n )  . 1 . 1 2 1

ln(B)=l .  168*1n(co\ , )+O.1 l  8
In(B)=1.  1 l3* ln(mtcn)+
0.951*1n0mln)-6.16,1

0.069

0.187
0.216
0.223

0 .2E5  0 .1  15  0 .1 -0 .7
0.2.19 0.1 l5 0.1 t).1

0.E82
0.900

36
36
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Site
age Ttpc tiquation N'{SE

Basal

( , t )  (cm)

No. Slcn
Length !hoo!s/ densit,v

(cm) plant (no.hn') P

Arctastaph\Ios oI tnhid,zr (bfi\tlr- manzanita)
I I  sq(B)=1.591:\q(cov) 0.261 0.956 1l 0.010
1 I ln(B)=l. . l2l* ln(dbl)+3.506 0.931 13 0.0lJl)

* l  I  ln(B)=1.198+ln(dba)+ 0.963 l3 0.0'17
1.15-lr ln( lenl 0.821

i '2 I  sqr(u)=2.671"sqr(co!) 1.569 0.950 l l  0. '173
I 1 ln(B)=2.025*ln(dba)+l.5l l  0.901 l1 0.100
2 B ln(B+l)=5.389+ln(bdba+l) 0.899 8l 0.080

0.133
2 l t  ln(B+l)=,1.,188i ' ln(bdbr+l)+ 0.911 13 0.012

0.017+nsb 0.29.1
: B ln(B)=2.590*ln(bien+1) 7.1,t9 0.909 8l 0.276

*l B 1n(B)=2.181"]n(blcn+11+ 0.9'15 71 0.110
0.162+nsb 6.736

Colonizing Tall Shrubs

0.367
l0  0 .091
23 0.,166
21 0.tt  I
23 0.1.16

5 0.06l
5  0 .0 r3

5 0.006

0.2 r.8 0.1-0..1 5.0 19
0 .1 -1 .8  0 .1  0 . . 1  5 .0  r9
0 .1 -1 .8  0 .  |  0 .1  5 .0 -19

2.0-25 0.5 2.1 2t 55
1 .0 ,25  0 .5  2 . r  2 l  55

0.1 0.9 t.0 50

0. r 0.9 1.0-50

0.1,0.9 2.0 5t)
0 .10 .9  2 .0 -50

0.1 0.9 0.1-0.1 2.()-21
0. r 0.,1 0.1-0.3 1.0 17

0 .1 ,0 .6  1 .0 ,+5
0.1 0.6 1.0 ,15
0.I 0.6 3.0-,15

0.1-8.0 0.2 0..1 7.0 30
0.1-8.0 0.2 0.,{ 7.0-30

0.2-8.0 0.2 0.1 7.0-10

0 . l  0 .5  0 .1 -0 .2  3 .0  l l
0.3-5.0 0.2 0.6 |r . l l

0.3 5.0 0.2 0.6 1l-.13

0.1-11 0. |  0.9 ,1.0-45

0.1 ,t .0 0.1 0.5 ,1.0-,15

lJ. l  l l  0.1-0.9 .1.0 ,15

0 .1  l l  0 .1 -0 .9  . t . 0 ,15

0.1 I I  0.1-0.9 '1.0 .15

0.1 ,1.0 0.1-0.5 ,1.0 '15

0 .1 -15  0 .1  1 .1  5 .0  85
0 .1 -15  0 .1  r . l  5 .0 -85
0 .2  r5  0 .1 - l . l  5 .0  85
0 .2 -15  0 .1  1 .1  5 .0  r J5

I
I
I

l -  l . l
l - l . l
1 , 1 2

I  1 2

I  1 2
t - 1 2

I
I

1 1
1-7
1 7

1-1  r ' ,7
t - 1  t ]

t-1 1 1

C?a othus sLttry i |Lt\ (redstem ceanothusl
1 I lD(B)=2.815+ln(dba)+3.13'1 0.759

"l I  h(B )=l.8EE*ln(1en)-5.572 0.9,16
2 I ln(B)=2.,1?6"1n(dba)+2.87.1 0.821
2 | ln(B)=1.878*ln(len) 5., l l l  0.916

'! l  l  1n(B)=1.588;1.(1en)+ 0.9,+7
0 .173 ' ! ns  5 .3 .1 l

2 P ln(B)=0.917"In(co\ )+0.135 0.913
2 P sq(B)=s .1811+sqr(mdbal+ 0.99.1

0.17:f inuln 2.069
+2 P sq(B)=0.309+sqr( lenl+ 0.997

1.159+sqr(nu ) l . , l7l

Rtb.r.l rtt)ii (gunnn,r- gooscbcny)
I I  In(B)=1.261+ln(co\ ' l+0.- l l0 0.90E I1
I I  ln(B)=2.50,1'! ' ln(dha)+2.932 0.E77 l6
I I  ln(B)=1.819+ln(1en)-,1.867 0.l i -1.1 t '7
1 I 1n(B)=0.619*ln(co!)+ 0.960 11

Cearrlrrr r,.,//rirurr ( src!vbrush)
*t I  B=1.038'cov-0.088
+2 | ln(B)=0.879*l co\)+0.6.10
2 I In(B)=0.05,1+lcn+0.190*n\

1.3.16*ln(dbr)+1.69,1
I I  ln(B)=0.859*ln(co!)+

0 .101* l n ( l en ) -  1 .716
* l  I  l  B )= | . , 11g* l n (dba )+

0.939*ln(len)- 1.032

Rubu s I e ut od\,ni \ (black mspberry)
1n(B)=1.285* ln(c0!)  0.056
ln(B)=1.33.1+ln(dba)+3.0 I  2

ln(B )= 1.7 I  2* ln( len)- .1. '152
ln(B)= l . l29" ln( lba)+

0.88'1"1n(1en10.802

0.8.17 7 0.005
0.625 19 0.2.11
0.553 r9 0.107

0.215
0.253
0..12.1
0 . 1 1 1

+ 1 I
I
I
I

0 .939  l 7  0 .168

0.985 l6 0.03,1

0.990 11 0.0,1t)
0 .917  1 t  0 .311
0 .9  r5  l 2  0 .319
0 .956  l 2  0 .186

;
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D.Lf . r  runge

Sirc
.1ge Tlpe Equ.rdon

Ilasal

Cover diameter Lcnslh

l t ( , )  (c ,n)  (cm)

N0. Slcm

plant 010.lnr) PM S E

/i,rth p.lnilTr,.rll (ihimbleberLy)
+ 1  I  l n ( B ) = 2 . 8 1 3 " h ( c o \ + l ) 2 . 1 1 6  0 . 9 1 7

I  I  l . ( ts)=2.198"1n( len) 5.500 0.786
+1 P In(B)=1.1.10i ' ln(co\)+0.0,L1 0.935

S.r,nb".!r.pi',1.d (blue eldcrbcrfy)
I  I  sqr(B)= |  .2,18=sqt(cov10.339 0.9,12

*1 1 ln(B)= 1.27.1* ln(c0!)+ 0.953

2 l  0 . I  l , l  0 . 1  3 .5
2l 0.295 0.1 3.5
29 0.1,19 0.1 21

l ]  0 .011  0 .2  t . 0  0 .2  0 .6
l3 0.086 0.2 2.0 0.2-0.6

l3  0 .157  0 .2 ,2 .0  0 .2  0 .6

0 .1 .12  0 l - . 1 .5

0.2.!1 0.1 /.0
0 .111  0 . , 1  7 .0

0.039 0.1-2.1

0.039 u.l  5.5

5.0 20
5.0 20
5 .0 l4

3.0- 1.1
3.0 1,1

3 .0  l 1

1 -  l 0

I 1 5  V F

I  6  V F
I  6  V l

l - 1 8  v

I 11 VF

l -36
I ,10
| .10

1.,10

I  6 l

I ,12

I l,l
V

0.636*ln(len) l .57lt
I  I  1n(B)=1.891+ln(dba)+

1 .218+h { l cn )  1 .019
0 .913

C d I u u ti r' ifh I un t ( s\\,eerscented bcdnraw)
+ I  P ln(B)=0.98r i+ ln(cot ' )  0.602 0.910 )1

H i? fttt i un d I bifl orwn $rhite-flo$efed ha\{k\!ccd)

I  P ln(Bj= |  .222*1n(co\ ' )+0.559 0.119 2l
* l  P hiB)=0.872*1n(co\ ' )+ 0.905 21

0.109* ln( I l l len)-0.266

Ii ie tdIis IatiloIie (\\e\rern (adlo\rer)
+ I  P \qr(Bl=o 873*sq(co\ ' )+0.05.1 0.7,10 l , l

Vnla \( nF rr i rc t1s (c\ crgrcen violei)
" l  P ln(B)=0.917* ln(cov)+o.583 0.915 1l

0 . 1 - 1  1
0.1 30
0 . r  30

0 .1  30

0 . 1  1 l
0 .1  32

0 .1 -31

0.2 80

0.3 90

4 .2  i 2
0.6 36

2.0,1 l0
2.0-1 t0

4.5-33
'1.5,33

.1.5-t l

2.O-40

2 .0 :10

Foresr Lo\\' Shrubs and Sub shrubi

,.,"r"ri! n(,rf,!d (Oregongrupe)
+l P sq(B)=1.698+sqr(co!) 0.3.10 0.980 21 0.051
.r P ln(B)=1.161*ln(co\ ')+1.389 0.937 2t 0.212

1'- l  P ln(B)=0.990*1n(co\,)+ 0.955 l l  0.161

G\ulIheria shd|\o Isalalj
+ l  P ln(B)=1.3, l l r l r (co!)+0. .18i  0.956 l3 0.2-16

I  P ln(B+l)=l . l l3*1n(co\ '+ l )+ 0.95,1 19 0.125

0.'126

0.695"ln0nlen) 0.21,1
3 P ln(B)=1.5.16: ' \qr0nlen)+

0.16'1+l1u 2.76.1

+3 P ln(B)=1.081+ln(co!)+
0.629* ln i  lenf0.0l7

0 .891  2 l  l . 190

0.9u2 19 0.01,1

l3  0 .029

l9  0 .1 ,11

Rlrlll r/irir?rr (Pxciic blackberr) )
.Nl p tn(B+t)=t.068:tn(co!+1)- 0.985

0.0,1E
"3 P ln(B+ 1)= 1.006"1n(co!+1)+ 0.905

0.186

whtn eu nodesta (\\hipp)c\ lneJ
*1 P l  B)=1.065*ln(co\ ')+0.513 0.955 1,1 0.102
+3 P In(ts)=1.053"1n(co!)+1.129 0.9',72 17 0.056
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I)ata ringe

Sirc
rge Type Equrtio|

Basal
Co|ef  d iametef  Length

(./, ) (cm) (c'n)

No. SILJI)

planr (no.hn') PMSI

R hodotlt nl nrt nuc n p hrtLm (Pacific fln)dodendron)
I  I  sq(B)=6 0.13".qr(dbr)- '  678 0.699

" l  I  h(B)=2.119* ln( len) 5.673 4.917
I  I  ln(B)=2.6,10+ln(dba)+l  , l l l  0 .957
2 |  In( ts)=2.660* ln( len)-7.299 0.96,1

*2 I h(B)=l.117+tn(( ib.r)+ 0 .9E1

3 t
3 1

tr3 1

| , t  t , , h . ' t ' ; '  h ,  ,  ! t , ' / / , ,  f .  l J ( | . l , ' n q u r p .

1.,171+llr( lcn) 2.503
ln(B)=l.5, l l ' ! '1n(dba)+-].130 0.918
ln(B)=0.051+len+0.1:16 0.915
ln(B)=1.561*ln(dbal+ 0.955
0 .021* l en+1 .876

rn(B)=2.197*rn(dba)+].289 0.lJ, l5
In(B)=2.197+lnidba)+3.289 0.8.15
In (B )=5 . . 111*dba+  0 .895
0.025*len- 1.969

Forest Tdl Shrubs ard Undebbr)- Hxrdlood Tr.cs

0 . l 8 l
0 .  | ] 6
0 . r00
0.083
0.0.1.1

0 . 1 r 2
0 . 1 5 1
0.08.1

0.1,10
0. l,l0
0 .100

l2
l2
t2

l l
23
23

Cnni lL:rou'  Tree ScrJ l i r !s

l 8
]E
l l
3 1
l l

0.2 0.8 3.0 15
0.1 0.8 3.0 35
0 .1 - l . l  9 .0 -61
0 .2  L l  9 .0  63
0 .2  r .  r  9 .0  63

0.3-1.7 7.0-90
0.t-1.7 7.0-90
0.3-1.7 7.0-90

0 .2  0 .6  11 -50
0 .2-0 .6 1 I -50
0.2,0.6 11-50

Pse Ldots u gd nc E ic sii lDouglts lirl
I  I  sq(8)=3.701*sqr(dbal-0.s16 0.971 l l  0.017
I I  1n(B)=2.355*ln(Len)-6.030 0.9.1.1 1l 0.210

+l I  ln(B)=0.1i70*ln(dba)+ 0.986 l l  0.05,1
1.577*ln(len) 2.903

0 . l - 1 .0  0 .1 -0 .7  3 .0 -2 ,1
0 .1  1 .0  0 .1  0 .7  3 .0  2 ,1
0 . r  1 .0  0 .1  0 .1  3 .0  2 : l

'S i !c  agcr number of  growing sexsons afrer  c leafcut  l { rgging and s lash burning.

" EqLration lr-pc: I = i dividual stem based equation. P = plot based equation. A branch'based (B) equation was developed for
Ardo\tutpbbs olumbit id because it brancher pfol-usely from a point ai the ground surface after the llrsi gro\r'ing reason.

' Prcdicted biornass, B. is in units of gramVsten (l equations). gramsrrr (P equationt. of gfams/bfanch (B equations).

J Co\cr lcor ): ocular esri Jn ate of prol ecied canopt cover (pe rcentage of a I mr plot both fof ind i\ iduxl ste 'n- [I] rnd p lot- based lPl

' Basal dirneter (dba, mdbtr, bdb.r): lor indivxlual ncm bascd (l) cqLrations. thc diamcrcr (dba) ar lhc ground surlacc in ccntinc
ter\l lbr plot'based (P) equations. the me.rn dianetcr 0ndba) o1 all abo!c ground stcns: and lbr branch based (B) equations. the
diameter (bdba) ofthe branch ut the poinr \ihere irjoins the nxin rris oi thc plant.

rLength (len. mlen. blen): fbr indilidual stem-based (l) equations. the lengrh (len) of the prinary stem liom base io tip in
centimeters (ifphenology = V) or to the tip oI the ilower or inllorclcencc (if phcnologr- = VF or F)i lbr plot based (P) equutiurs.
rhe modal length (mlen) ol all abo!e Srcund !rcms (as abolc lor \'. VR and Flt ior branch bascd (B) cqualions. thc lcngd ol lhc
brrnch (blen) lionl lhe poirr whcrc i( joins $c ain a\is oflhc plant 1o llre tip oflhe branch.
q Numbef of ,ihootvplanr (n\. nsb): number of pfim.ll.y shoots h\) per above ground stem; fbr branch-based (B) equations the
number of secondar]'. or side branches (nsb) pef primary bfanch.

' Srcm dcnsiry (num): numbcr of above ground stenrs per I mr plot; for flot'based (P) equations onlv. Based on point of emer
gcncc liom thc ground sLrriacc.
'Pr Phcnological natct V = all planls !.getati\e. VF = some planis in flo\\er xnd/or iruil, F = all plants in flower and/or fruit.

,Plan!s $irh basal rosc(cs ofleaves onl,vi lengrh is 'nodal leaflength. For Aqoftri! gtroldil.)ftr.hecause ihir equation represents
non f lorcr ing plants on1,v,  i t  uas not  chosen as apr imary equat ion.

I Somctilnes a biennia! or lhort lj\.'ed perennial.
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