
Douglas M. Gordenberg, and Donard B. zober, Departfl, lent or Botany and p ant patho ogy, oregon state un vers ty.Corva s, Oregon 97331-2902

Af focation, Growth and Estimated population Structure ot Corydalis
aquae-gelidae, a Rare Riparian plant

Abstract
ThepaI lern0Ibi0massal l0cai ionbroois.shoots lndrcp|oduct i !cpafs. l l rcg|1vthia le 'andthcp(
borh st.rges ol development and age. ivere dcte|rninen llor onlali aquue,qdli l"r,. fbe specics-hid arctatilet,v hig; a ocation
lo beb$ground \Iructures (aduil belo$groLrnd/abo!'cground rado ofabour 2) targcly in tie form nr srar.h .tniag.- ti,, ruc. it.
alloc.dion to feproducti(n $a! relalivel! ]o\i (8,t). The grorvrh f.rre uas slo|r.. u.i1b.rn esuirared 7 )eafs (6 9 ]eaf\. $ilh 9591
confldcnce) fequircd lbl reproduclive nlaturiiy. This h€rbaceous percnni.rl appcared ro hc a \rfes! lolerator. lvhose poputations
!1ouldnot feboundquicklyal iefd isturbunce. ' lhcpopular ionage\rrucrure.esi i inatedfroorrgrowrhmodetanrts izemcaiuremcnr
of_25 pl.tnls in successivc years. implied succcs\ful reproducion. The merhods de\eloped here pfo\,ided managemcnt-fetarcd
infornlrtion including estimates of growth rares. populalion srructure and cunerr repiroucr^e succes!, as we1 as probabtc
rc\pon\c to dlsturbuce and dle specics'successjonal statrs. These nrcdxrd,i rcqLrired only rlvo )ears ofdara. rnd could be used
lor other hcrbaceous Defenninl!.

Introduction

Conselvalion of rare plaDts requires undersland-
ing of their biology and populatioD status: are
they reproducing cftecti!ely. and how might they
respond to disturbance or manipuJations intended
to aid their pelsistence? Popu]ation status can be
determined using long-terrn studies that monitor
population changes (Owen and RoseDtreter 1992,
Law 1983), tbllowing changes in plant numbers.
or lhe survi\.al and reproduction of indiViduals.
Alternatively. population status can be eslimated
from currenl population age structure (Crisp and
Lange 1976); lbr exan.rplc, age strucrures can be
used to help ascefiain if adequate reproduction
has becn occurring. For naly herbaceous spe-
cies, however. estimating the age of individuals
is lcdious or impossible. Estimates ol the age of
individuals can be made. however, if plant sizes
are known and if growth rates for a given plant
size can be neasured.

The concept of plant tdaptive strategy allows
onc to use conbinations of charactcristics of a
specics to predict how it wil l respond to cnviron-
mental change or disturbance. Hypotheses about
plant stratcgy include those of r,K selection
(N'[acArthur and Wilson 1967, Pianka 1970), and
the competitive. stress-tolerant. and r.uderal strat-
cgies of Grime (1979). Plant species with differ

Current  addfes\ :  Dougl . rs Goldenberg.  pO. tso\  1,131.
Khnr lh Fal ls .  Ofegon 97arol

196 Nor thwest  Sc ience.  Vo l .  ?1 .  No.3 ,  1997
,.4 r!!rr br rl[ N.rli\ cq Sfenriijr lso.,J hn \ll rishtrreser.J

cnt strategies vary in their rates ofgrowth, and in
their allocation ofrcsources b different functions,
e.g.. lo reproduction or storage. For example,
stress-tolcrators are slow growing plants of rela-
tively unproductive environments, which allocate
relatively more lesources to storage and long-term
suryival.

We used measurements ofallocation, pLnt size.
and growth rate to estimtrte the strategy and popu-
lation status of a rare plant, Condalis aquae-
gelidae Peck & Wilson. Fumariaceae (cold-wa-
ter colydalis). that cannot be aged directly and
tbr which there is lirtlc biological infi)rmation.
Information about this species' growth rates and
allocation pattcrns indicated a stress tolerantplant
that may not respond well to disturbance, while
thc estimated population age stmcture indicated
a stable. successlul population.

Study Area

This study was conducted in the southwest por-
tion ofthe Mount Hood National Forest, Oregon
(,15" N latirude and I 22" W longirude). wirh sam-
pling at Rhododendron Creck and nearby on the
uppcr  C l rckamr .  R i re r ' .  Veeet r r t iun  i .  re l le :<n-
tative of the Isaga hetercph-,-lla zone <tf Franklin
and Dymess (1973). u'ith streamside forests domi-
nated by Z.\rga, Tltujct plitata and, ALnus ruoru.
Growth measurements were recorded for plants
in a 7x2 m plot on a gravcl balbetween rne marn
stem and a side channel ofRhododcndron Creek.



The plot was in typical conditions lor Cot -,-dalis
tttltrue gelidue lGttldenberg 1992): nloisl! coarse
miDeral substrates in or next to thc strean. with
lew herbaceous compctitors and fairly dense h'ee
canopy cover.

S tudy  Spec ies

CorydaLi.s aquae-gelidue is locally endenic in
trofih$,estern Oregon and southwestem \lhshing
ton. It is an herbaccous perennial without yeg-
etative reproduction. The shoots arise liom Iarye.
tlcshy taproots and g|o* to over one meter tall.
Thc spccies grows in or within 2 m of t lowing
$ater. alon-s spring-fed streams with relativel)
l i tt le variation in flow rate (Goldenberg 1992).
It is a US Fish and Wildli le Service species of
concern. and a candidatc lbr l isting under the
Oregon Endangercd Species Act (Oregon Natu-
ral Heritagc Progran 1995). Its l.rabitat has been
disturbed by logging, f ish habitat improvement.
and hyclropowcr clc!elopnent. Infornation use-
lul tbr evaluating its population persistence and
reaction to streamflow reduction and streambank
manipulation is needed to aid in i1s conservlt ion.

Methods

On Septenber 5, 1990, ncar the end ofthe gro*
ing season, 25 plants were markcd b) placing a
numbered tag at a reco-ded distance and dircc-
tion lroln their base. Tbe plants were classificcl
into lbur growth stages: rcproductive rdults. non-
rcproductive adults (snaller-plants $ith a stem
but no flowers). iuveniles (very small. slcmless
plants). and seedlings (firsfycar plants wilh cot.v
ledons but usually no true leavcs). The sanple
included five reproductive adults, one non-rcprG
ductive adult, nine juveniles. and ten seedlings.
The nunbcr oflear,es, the total length ofthe leaf
blades. plant height, and the number of f iuit ing
pcciicels were recorded tbr each plant. All tiuits
*,ere dehisced ionll 'pedicels remaincd). but thc
plants had not begun senescencc.

On Septembcr 10. 1991. these plants u'ere
remeasured. Thc shoots \\ere ha$'ested and sepa
mted jnto stems. leaves (including petioles), and
racerne axes (pedicels and peduncles), and oven
died. In addition, thrcc reproductive adults (two
including roots). sir. juveniles with loots and five
seedlings with roots were collected tiom r nearby
side channcl of the Clackamas River, separated
jnto parts, and ovcn-dried. Fine roots were col
lccted to the extent possjble.

During July, 1991. thilty florvers rvere collected
fiom live plants outside the study plot at Rhodo-
dendron Creek. The flowels were dried and
weighed afterthe pistils were removcd. Ninc i'ruiLs
and twenty five seeds rvere also collected during
Augu ' t .  The numher , ' l  . iuJ :  l c r  fn r i l  \ \ i r .  rc -
corded for 122 fruiLs al Rhododendron Creek and
thc Clackamas Ri\er.

Dry nass ofreproductive stluctures was used
to estimate the dry nrass k)st l iom cach pedicel
on the plants collected in Septerrber. 1991. For
each reproductivc aduh, tolal f lower nass was
estimated as the number of pedicels multiplied
by mean sampled tlower mass, and likcrvisc for
total fruit and total seed mass. Leaves produced
early in the season do not senesce in nlid-season.
but rather at the end of the season along $ ith thc
entire plant, thereforc sampling in September only
had to account tbr reproductive structures lost af
an earlier date. An allometric regression of root
mass on totrl estimated shoot mass was usccl 10
estimate rool mass for plants whose roots were
nol sampled.

Statist ca Analyses

A serics ofregressions was made relating the pro
portional mass ofeach plant part to the totrl esti-
nlirted mass, using Statgraphics (STSC 1991).
Thcsc rcgressions provided a model of how bio
mass allocation varies with total mass. Scatter
diagrams and residual analyscs \\,cre used 10 de-
termine appropriate transtbrmations lnd the or-
der of thc rcgrcssion equations.

A linear relationship bet\\"een loot nass and
shoot mass was calculated (equation 4, table l).
The allometric constant is thc slopc of this r(]-
gression l inc (Hunt 1990). The root mass esti
mated lrom equation 4 tbr the lar-qest reproduc-
tive adult whosc loots were sanpled was far fron
the observed value (20.53 g. vs. I 5.91 g observed):
thcrelore. a quadratic model was lltted (equation
5, table l). Equation 5 gave a much more realis-
tic estimate (e.9. 16.36 vs. 15.91 g obscrvccl) for
thc rcproductive plants. had a higher adjusted f.
and was used to estimate root masses where roots
were not samplcd. The linear nodel is presented,
however. as this is often used as thc standard rc-
latitxship (Hunt 1990).

For those legressions that showed no statisti
cally signiticant r-elation between total biomass
and allocation t{) a particular planl pan (P>0.0-5).
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TABLE L Regfession tnodcls relating rcot and shool m.rss. All masses arc in gruns.

5 .

ln  ( rool  mrss) = 1.00 + 0.972 ln 1\hod lnass)
n=l l  P<0.0001 f=0.993 adjustcd rr=.993

ln l root  mass) = 1.09 + 0.1t68 ln (shoor mas\)  -  0.0226 (h (shoot mrss)) l
n=l :  P<0.0001 rr=0.996 adiusted r :=.995

the nethods in Neter et al. (1989) and the sug-
gcstions of Peterman (1990.) were used to dcter-
mine the detectable etlect size (DES) in the slope
of thc regression equation. The DES is a func-
tion of the chosen alpha (the significance level),
beta (statistical powel) and the degrees of free-
dom. The DES was calculated using a desired
alpha of P=0.05 and power of 95clr. and six de-
grecs of t'reedom. The DES represents the smallest
population mean slope that could be detected
(fbund to be statistically significant), given the
sample size and rnalysis method.

Be a t ionsh ips  Between Age,  S tage and
S z e

To estimate the size at first reproduction, l30 adult
plants fronr 111 population survey plots from
throughout the southwcstern Mt. Hood National
Forest (from Goldenberg l992) u'erc used to cal
culate the proportion of plants flowedng at dif-
lerent sizcs. measured by the nunrber of leaves.
Leaf number was converted to mass using an al-
lometric equation derivecl from the destructive
samples. An equation was detcrmined relating
lcaf mass to propoflion florvering. This equation
u'as used to cstimate the weight of plants where
10%.50% and 90% ofplants were Uowedng. Plant
age was estimated tiom plant rrass. using the
growth model. as the vear at $'hich plants were
prc ( l i ( leJ  to  l i r ' s t  equr  |  ,  ' r  ,  r .  eeJ  lhe  g  i r  en  r r l r . .

Growth l\,4odel

To construct a growth model, the btal mass of
cach plant in the sample plot $'as estimalcd us-
ing the plant's total leaf bladc lengths fbr both
)e i l r  onc  cn . l  ) . . r r  l$o  3nd tegrc . : ion  equ.L l ions
13 and 5 (see results). except \\"here aclual shoot
[lasses wcre sampleo.

Mean rclrtive growth rate (RGR) was calcu
latcd tor each of the 25 sarnple plants using the
ecluation (Hunt 1990. p. 26):

RGR = ( .1n  M.  -  1 i  M) ) l ( . t . t ) .  ( t )

rvhere M, is dry mass at tlte timc r,. This equa
tion was used to givc a mean growth ratc for the
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year. To determine RGR as a function of plant
mass, RGR was regressed against the natural loga-
r i thm r r l  lear  one mc: \  t , ,  ; ie ld  the  rcere . . i , ,n
equation:

RGR.,,= tt a $111 7'1, (2)

We used the iterativc exponential prowth modeJ:

M*,= M,exp (RGR.',) (3)

where R(;R.// = a + b ln M. The obserued
mean seedling mass was used for M,. If RGR
decreases with increasing plant mass. the model
yields a sigrnoidal curve; growth is exponential.
but as Mlapproaches exp (-olD). RGR,/, approaches
0, and M,., approaches M . Equation 3 may be
derived from equation I, with t,-t,=1. !qu.1io')
3 is also similar to the general modcl tbr expo
nential growth (Hunt 1990, p. 84). M = M exp
(,. ,. with r=RCft and F1.

Popuiat on Age Structure

The population structure of 2615 plants in the
population survey plots (Goldenberg 1992) rvas
calculatcd as the percentagc of plants in each of
the tbur growth sta-qes: reproductive adults, non,
reproductive adults. juvenilcs, and seedlings. A
hypothetical age sffucture was genented with these
pefcentagcs. and the age rangc tbr each stage cs-
timated from the growth model. An cxponential
decay lunction was fitted i gebmicall)' to the rc-
sulting histogram.

Results

Al ocation

The regression equations in table 2 were uscd to
build a model ol Corlulalis aqutte-gelidae allo-
cation pattems. The regressions for Lhe replo
ductive parts were not significant (table 2, equa-
t ions  9-12) ,  wh ich  imp l ies  the  poss ib i l i t y  o f
constant reproductive allocation. Because tlte
regrcssion slope detectable eftect sizes (DES) \'",ere
large for equations 9-12, a conclusion ofno bio-
logicallv significant change in reproductive allo-
cation with increasing total mass was not war



TAul-E 2. Regfession mftlcls dcscribing.rllocation to planl sructures ai a function of

tot t r l  mas\ .  Equar ion\  7 io I Iappl iedonly toadul ls .  l tacemes includedonly
pcduncles and pedicels lhe iupporting smrctlnes. All masses are in granrs.

6. foot nrss/tot l l  mass = 0.117 - 0.0115 ln (tolal mass) 0.0050,1(ln (td.r l  mass))l
n=-17 P<0.0001 i=0.91

7. srcm nass/roral mass = 0.125 0.06,t2ln (total mass) + 0.013U (]n (|o|al nass)l :
n=8 P=0.0002 rr={1.91

8. lcafnrass/toial l l ras\ = 0.0708 + 0.0378 in (Iotal mas\)
n=8 P={J.003E r =0.71t

9. f .Lceme mass/bul ass = 0.000681 + 0.0011 ]n ( lolal nassl
n=8 P=0.1.1 i=0.31

10. f lot\ef mas\h)tr l  nass = 0.0116 0.000697 ln (totaL lnass)
n=8 P=0.66 r:=0.0'1

11. f iui t  ntrss/ronlnlass = 0.0215 - 0.00085.1]n (otalmass)
n=8 P=0.66 rr=0.01

l:.  seeds Dra\Vlolal mas\ = 0.0510 {1.00:03 ln (otal mas\)
n=E P=0.66 a={).0,1

ranted, houcvcl. Therefore, the equalions are
prcsented as hypotheses which require nore data
[o r  e ra luu l i . rn .  A l l  , \ l  l he  re [ : re . . ion  equ. r l i , \n :
u'ere used in the allocation model (table 3), so
that thc lotal allocation proportions always added
to about one, regardlcss of total ntass. The larg-
est planl sampled cornpletely had 23.9 g total mass.

Allocation to roots was large but declined as
plants incrcased in size (table 3). Allocation to
roots peaked in iuveniles at 0.2 grams total dD/
nr lss .  \ \  h ich  \  J \ . rh , 'u l  Ihc  lh i rd  ! [n \ \  inp  .c i l \ , \n .
according to thc gro\\,{h model. The thickened
roots functioned as storage tissue: they had a starch

TABI-F- L Propofi()llal .rllocruon of dr,v malter estimated

for a0ry/.rli' aquue qelidat oi var,"iig total

rllsscs. Calculated using equalions 6 ihrough

ll. Cro$'th stages include seedlngs (0.009 g).
ju!cni les (0. :  g)  and tno s iz.s o l  reproduct i le

adul ls  (10 and 25 g) .

g].llin concentration conparable to that ofpotatocs.
Fibrous root mass u,as small compared to that of
the thickeDed storage roots. As tolal plant mass
increased. the mass of the leaves and stems increased
at the expense ofroots: stems increased at a greater
rate than leaves. Larger plants apparently rcquired
relatively more suppofling shncture.

Growth  Mode l

Relative growth rate (RGRl peaked injuveniJes,
rather than seedlings. and then declined as plant
mass increased (figure l). Outliers with low or
negative RGR were removed. due to their poor
growth; thc intention of this model was to illus-
trate the growth of hcalthy plants in favorable
microsites. The iterative model given in the meth
ods (equation 3) yieidcd a time course ofdry mass
gain (figure 2). Values for the conlidence limits
for the slope and intercept terms in the regres
sion (figure l), as rvell as the nean values, were
used in the model to show the possible variation
in the growth rates. Thc mean regression model
did not reach an asymptote with any realistic size;
this retlects the tact that sone ofthe largest plants
sampled grew substantially. Larger plants must
be sanpled in order to estimate a maximum slze
for the species.

Figure 3 sho*s the relationship between the
actual and predicted rnasses firr the plants in year
two. Because th(] actual year two masses were
used to determine the model paramete$. this plot
can not be used as model validation. The plot
does support the validity of the general lbrm of
thc growth model. however

Total  mrss (g) 0.009 0.1 l 0

Shoots

R00l/Shool ratlo

Stems

Fruir\

Sccd!

Reprcducr j !c  to la l

0.73 0.19 0.71

0.27  0 .2 r  0 .19

2.10  3 .16  1 .15

0.67

0.l l

2.0i

0.053

0 . t 9 1

0.006

0 .015

0 .019

0.01,1

0.08.1

0.016

0 .158

0.007

0 .016

0.020

0.016

0.089
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Relationships Between Age, Stage and S ze

The mass ofplants at growth stage lransitiots was
estimated. Seedlings are. by detinit ion, only tirst
year plants. The size of seedlings at the cnd of
their l lrst gfowing season averaged 0.009 g (n=5.
mnge 0.00,+5 to 0.0150). Onc plant in fic ptor
changed from juvenile to non-reproductive adult
between the san]plcd years, with estimated total
mass ir year two being 2.6.1 grams, which was
t t r . r l  . r .  l l t<  s iz .  , ' l ' l i r s t  . tem l rod t re t i  n .

Total mass at u'hich 10./,r, 507 and 907c ol
the plants were flowcring was calculated as,1.2.
l . l {  rnd  6 . - l  g rum. .  rcspeer i re ly .  u ' i r r : :  equar io r r
l5  r ( : tb l r  I  r .  The non- l inear  regrc \ . iL rn  i l )  equ r -
tion l5 was run using data points lbr leaf nun
bers of ,1 to 1.1 with lcaf nunber being converted
t , ,  m i r \ \  r t r inge( lu l ion  lJ .  \op lunr iucre  f lou-
ering at ,1 leaves. while all plants were flowering
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-,t-4-4

at l0 leaves and above. Estimates lbr ages of
ditTerent sized plants were calculated (tab1e 5).
Using thc growth nodel. it is estimated that rhe
first stem would develop in the sixth year, and
reproductron would begin about the seventh ycar.

Popu at on Age Structure
Population survey plots (n=l I l) contained 2615
Corydalis aquae gelidae plants, with 38% seed

TABLF]. l .  Regfes\ ion nodels used in lhe growrh anat) \ is .
Al1 m\ses arc in grams.

13.  in ( \hoot  mass) = 6.3{ l+ l . .17ln(rot .  b ladc tcr ! th\ ,  cm)
n=11 P<0.0001 rr=0.98

l , l .  h ( toral  a\s)  = -0 287 + 1.23 ln ( leafno. /

n=l I P<0.0001 r:=0 9.1
15.  propof ton f lo$er ing = I  6, l .56exp( l .01,1tot . r lma\s)

n=l l  P<0.0001 i=0.91
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specilied masscs. Estiln.rtes $,efe calculaled us
rng the mean regrc\sion \alues lllld 95ta confi-
clence inter,al limits tor lhc \lope .rnd iniercett
in the i terat ive gfo$th modcl .  The combirat ion
oi slope .rnd intercepi confidcncc linits givirg
thc $idcsl conlidence inteNal are displa) cd.

I -orcn Highcst
Nluss (g)  Nlear e\ i :ma1e cst inralc

l ings..19% jLrvcniles, 3% oon reproducti\.e adults
an , - l  l { ) ' ,  r . ' l r , ' duL t i re . rdu l t . .  Thcr .  uere  n , ' . ig
nit ' icant dil lerences in thcsc pelcentages among
tbur geographic subareas (Goldenberg 1992). The
duration of each stage \\'ils cstimated tron tltc
r r , ru  th  tnoJe j .  r r  i th  u  h l  p , r the . izeJ  rnar in tunr  r l r
of 25 years (this mrximum age is entircll hypo,
thctical. but appears reasonablc, as the age of the
largest plant was csrimated lrt t7 yea$ (lable 5)).
Thc durations include one \car ti)r seedlitgs. four
yeals forjuveniles, one year for non-reproductir,e
adults, and 19 ycars firr idults. A densit\ histo-
gram depicting the age structure rvas fbnned bV
d i r  id ing  thc  pcr .en t r ' ;e . ; i r<n : rbore  br  rh rJur . ,
ti(D in each stage. and an cxponential curve \\as
fined to the histogram to appr orimate a sur!ixrrship
cuwc (tigure:l). The age structure, with its liirge
number of sccdl ings. suggests successlil reproduc
tion and populalion naintenance. Fecundity and
nronality appeu'ed to be consistent. because ofthc
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descending cufve ofthe age structure (thc data fits
an exponential decay curve). and because of the
lack ofdifferences arnong the geographic arcas.

Discussion

Growth and Age Structure l\,4ethods

Infonnation valuable ti)r rarc plaIrt n]anagement.
rates of growth and development and a popula-
tion age structure, vas obtaincd with only two
seasons of data collection. In contrast, other
mcthods of obtaining this jnfbrmation, e.g., by
constructing lif'e tables, would require the col-
lcction of many years of data on a much larger
number of plants. The methods developed here
should be useful to resource managers with a lim
ited budget, who need relatively quick results.

The extrapolation of the data pr.esented here
to  Cur td , t l t '  oEnt  -v ( l t JL t t  lh roughou l  i t .  range
must be viewed as tentative. Additional sampling
would be ncccssary io give results that could be
validly applicable to the plant throughoutits range.
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Iijgure I Relrtionship between rclLral year r$o nrasses and predicted year two nasses brsed on )c.rr onc nasscs and lhc grolvlh

nnrdel equ.llions. A logarjthmic scale $as used io show the pattems at smallcr sircs. Thc linc represents equality of

actual und prcdiclcd \'alues.

A larger sarnple size. with randomly selected
samples taken lrom throughout the area of inter-
est, rvould be necessary to capture possible re-
g i r \n r l  \  c r i  ion  rn  g rou  th  rnd  r l loca l inn  nr t te rn . .
With a rare plant. destructive sampling must of
course be n.rinimized, and calculating relative
growth rate as a function of plant size (e.g., total
Iength of leaves) rather than wcight, rcmovcs thc
necessity to haNest the plants. Retaining data
fiom some plant populations 1'or independent model
validation would additionally help to test the broad
applicabil ity of the results.

An estimation ofpopulation age stmctrue which
uses these nethods requires cefiain plant behar-
iors. Consistent fecundity and rnorlaiity nray be
a requircment. lfgood seedling ploduction only
occur .  in  cern in  )e i ' r : .  lu r  e \ r rn f le .  in te rpre lu -
tion ol a single )'ear's data may be difficult. This
problem can be identit ied if a largc nunber of
growth stages or size classes were used to pro
duce the age structure: inconsistent mofiality and
lecundity would produce a numbcr ol pctrks and
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Figurc ,l. 1l-'potlrcsircd rge slructufe lbf Cdl.lzrlis aqme gelid* on rhc Nll. Hood Ntrlioml Fore\t. From a sample of 26t5

plants lhroughout the Mt. Hood N.rtional Fofe\i. The curve !las produccdby the erponentirldeca] funciion: ficqucnc,,-
= 0.6-l l,l exp ( 0.5078 ycar). \Llich w.rs titted to the histogram data.

val)eys in the age structure. Cortdttl is atluae-
gclldrit: appeared to lit this rcquirement of con-
sistency: all plants with l: l  or more leaves flow-
ered. many scedlings were observed during both
study yeals. and the agc sLructure showed a mono-
tonic declire.

P ant Strateg es

Grime (1979) prcdicts that plants of relativelv
resource poor environments rvil l  bc intrinsically
slow-glorving, with high allocation to storage.
rather than rcproductive or resource-gathedng
organs. Cor_r'r1a1ls uquae-gelidue had the rela-
tirely high root/shoot ratio (about 2.:l-3.8, table
3) and low rcproductive allocation of a strcss-
toleralor (about l l%). Apprrently, molt of the
photosynthate produced by seedlings their f irst
ycar is stored as starch in the tuberous root: seed-
lirgs rarely produccd any true leaves their llrst

year. These aliocation pattems u,ould lead to a
high root/shoot ratio. Many other plants have
relativeJy less biomass allocation to belowground
structures. For example, eight perennial Com-
positae and Umbcll iferae species had a mean
belowground/aboveground bionrass ratio of
0.7.1 (range 0.22 k) 2.89. Lovett Doust 1980.
Abrahamson and Caswell 1982); rhizornes were
included with roots. Harper ( 1 977) suggests that
herbaceous perennials allocate 5 to 257. to re-
production.

Condalis aquae-gelllac also had thc compara-
tively slow growth and 1ong non-reproductive
period of a stress-tolerator. Shade-tolerant tem-
perate forest herbs cited by Bierzychudek (1982)
requirc one k) ten years 1br first reproduction:
Cor.r'dalis, at 7 years (or bctween 6 ald 9 years)
according to the growth modcl, was at the high
end ofthis range. Cor-r'drlis was generally found

1  2  3  4  5  6  7  8  9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  2 0  2 1  2 2  2 3  2 4  2 5
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in cold. wet. shaded conditions, with a coarse,
mineral substrate, i.e.. relatively unproductive
habitats. Catastrophic disturbances during floods
are ref atively infiequ ent in Cot -''dali.s atluae-gelidae
habitat (Goldenberg 1992).

Managernent lmpl cat ions

Thc rcsults imply that Contlalis aquue-gelidae
populatiors u'ould rot rcbound vigorously after
disturbancc. duc to its slow growth and a long
pr-e-reproductive period- Disturbance due to land
manage[renl would, insteacl, favor more ruderal
or competitive species. Ruderal species are fast-
growing species with high reproducti\c alloca-
l i t ,n .  ! \  h i lu  , ' rnpc l  l i r c .pcc i r . l r r  f r . t  g r rou  ine .
but * ith allocation to continued vegetative growth
(Grimc 1979). Prcscrvatior ofthe habitat should
be adequate fbr preserving the species. however.
Human intcrvention seems uDnecessan/. as the
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populations appear to be reproducing successfully.
as based on the estimated age structure.

Condttlis oquue gclirlae is generally consid-
ered to be associated with late successional or old-
growfi lorcst (USDA-FS, USDI-BLM 1994). and
this work confirms that view. Grime(1979)con-
side$ that stress toleraDt plaDts are typical oflatc-
successional tbrcst understories. These plants must
tolerutc deep.hade rrd r hck of frec nutrients.
Disturbance due to fire or timbef harvest would
increase available sunlight and rutrients, and
should lavor other species.
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