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Habitat Refations ol Corydalis aquae-gelidae, a Rare Riparian Plant

Abstract
The relationsbips bet$een the enlifon ment and rhe abundancc of Con./.r/ir .r./"d" g{,itdd., anherbaceous perennialand a USFWS
species of concem, wefe exploed. Infofmation concerning habi!a! rclaljons was pursued lo determire possible conservation
measures. Cof drilir gfows in headwrter \treams. up to 1300 nr elevation. and down 1() 585 m on the f-rfth ofder Clackama,i River,
Mt. Hood Naiion.rl Forest. Ofegon. Occupied sreams had smallcr scasonal lolv lluctualions than streams whefe the species was
absent. rnd had summer xir and subrtrate temperalurcs alcraging ll.7 C and 10.6 C, respectively. Cr^dalrJ abundance in plots
was related to the distance to the sunrmcr walcrlcvcl. substra|e Grture:md organic naiter content. and planl comnruni(y compo
silion. Optimal conditions were idcnliticdi coarsc. l1ross covered. mineral substrates within l5 cm of the sunrmcr walcr level.
Fine (<2 mm) or organic subslratc malcrial rcduccd C.,r-rddltr abundance. On the Oak Grole Fbrk. about 759; oftlrc plants grew
between the average winter high and sum erlow \,"alcr lcvcl. an estimated venical distance of25 cm. The results rvere uscful lin
nanagement. and underscored the need to mainlain slablc h,"-drological condirions. avoid sedinenration. and protect riparian

Introduction

Maintaining plant diversity has become a major
objective ofland management in the Pacilic North-
west (USDA-FS, USDI-BLM 1994). Central to
this effort is maintaining or enhancing the popu-
lations of rare species. One major cause of rarity
is that a specics may require a habitat that is it-
selfrare (Rabinowitz 1981). Thus, management
ofhirbitat should be required to maintain species
diversity. and information about habitat require-
ments of rare species may be necessary for efltc-
tlve management.

Cort'dolis oqtrae gelidtte Peck and Wilson
(Fumariaceae, c(td-water corydalis) has a lim
ited range on the west slopes of the Cascade Range,
both north and south of the Columbia Rivcr It is
considered a species of concern by the US Fish
and Wildlife Service, and is a candidate for list-
ing under the Oregon Endangered Species Act
(Oregon Natural Heritage Program l995). As an
un iornm. )n , ' id -Fr , ' r , th  us- ' , .  ia ted  .pec ie . .  i t  i s
protected under the Nonhwcst ForestPlan (USDA-
FS, USDI-BLM l991). Condalis aquae-gelidae
is restrictcd to streamside habitats, but details of
its habitat requirements are not wcll known.
Streamside plants may be particularly sensitive
b impacts from management. because they arc
affected both by changes in the stream. as well as

those in adjacent riparian and hil lslope lands.
Bccause upstream roads and clear cuts can in-
crease peak flows (Jones and Grant 1996). dis-
tant, downstream populations could be affected.
C. aquae-gelidae population size and plant de
velopment were previously studied (Coldenberg
l992, Goldenberg andZobel1997). In this study,
the environmental tactors in natural populations
within much of the species' range are described,
including hydrologic regime, temperature, sub-
strate. and associated vegetation. Based on thcse
habitat characteristics. recommendations for man-
agement of the species were developed.

Study species

Corydalis aquue-gelidzie is a large perennial herb.
Its annual stems arise tiom large, lleshy taproots
and grow to ovcr one meter tall. The species does
not spread rhizonatously, unlike the sympatric
C. scotrleri. C. ttquae-gelidae has high habitat
specilicity, and is nanowly endemic (Goldenberg
1992). It grows within the Tsuga heteropht-lla
and Abies arnabilis lorest zones of Franklin and
Dymess (1973). in Clackamas and Multnomah
Counties. Oregon, and Clark and SkananiaCoun-
ties. Washington (USDA Forest Service 1983.
Oregon Natural Heritage Program 1990). An
outlying population grows west of Mount St.
Helens, in Cowlitz County, Washington. The low-
est elevation site is at 460 m, near Tanner Creek
in the Columbia River Corge, while the upper
e leva t iona l  l im i t  i s  a t  1300 m,  near  Squaw
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Mountain. within the Mt. Hood National Forest,
the total number of reproductive adult C. a4irae-
gelidae plants was estimated at 8,400 (Goldenberg
1992). The total number of reproductive adults
throughout the range of the species is 10,000 to
15,000. Its streamside habitat has been subjcct
to disturbance by logging, fish habitat manipula
tion, and water diversion fbr hydropower
(Goldenberg 1992). Detailed habitat data are
needed to facilitate conservation of this species.

Methods

Data were collected 29 June to 8 September 1990,
and 9 July to 10 September 1991. Study sites
included known populations in the southwestem
pofiion of the Mount Hood National Forest. Or
egon (4,1" 55' to,15' 1 5' N latitude and 12 l " 50' to
122' l5' W longitude): this area supports most
plants of the species (USDA Forest Service I 983,
Oregon Natural Heritage Prcgram 1990). Plots
were located on and near two larger iver reachgs,
the upper Clackamas River near Big Bottom, and
the Oak Grove Fork of the Clackamas River; these
plots occurred at 600 to I()06 m elevation. Pbts
were also located on small streams and spdngs
to the northwest ofthesc rivers, near Soosap Pcak
and near Squaw Mountain. These headwater
populations occured at 840-1250 m. Most of
the sites were bordered by late successional for-
est, excapt for eight plots tiom two sites in the
Soosap Peak arca, \\, hich had been clearcut in 1971 .

ln 1990, each of 75 l-m':plots was centered
on an adull plant mndomly selected frorn each
200 encountered  JunnB i l  popu la l ion  (en .u \ .
During 199 | , tbr each of25 plots centered around
a selected adult. two additional plots were sampled,
one upstrearn and one downstream. These addi-
tional plots wcre located at a random distance
between 5 and l5 metcrs tiom the sample plant,
and betwecn 2 meters into and 3 mete$ away hom
the sfeam edge. Elcven of the additional plots
included Cortrlalis. The 39 plots without Cor-\'
ldlis werc used to compare nearby microsites that
lacked the species. There were 150 plots in btal.

To determine the abundance of Corydalis
aquae-gelidtte, we rccorded percent cover. num-
bers of individuals in each of fbur growth stages,
and average height and leaf nunbers of the larg-
est three adults. The four growth stages were
seedlings (first year plants with cotyledons, al-
most never with a tlxe. compound leat),juveniles

(plants with one or more true, compound leaves.
but no cotyledons or above-ground stems), non-
reproductive adults (plants with one ormore abor,e
ground stems), and reproductive adults. These
growth stages corresponded to obvious motpho
Iogical breaks among different sizes of plants.

For each 1-m'? plot, r'e recorded air, substrate
and water temperaturc; hodzontal distance to water;
veftical distance to water; water cover percenti
surthce cover percent of moss, mineral and or-
ganic material; surf'ace cover percent of stones
(>250 mm). cobbles (76 to 250 mm), gravel (2 to
76 mm), and lines (<2 mm. sand, silt, clay, and
highly decornposed organic material); substrate
type. including gravel andcoarse sand (GS), gravel
and sand dominant, with additional soil, mud or
organic material (GX). and soil or mud dominant
(LX); canopy cover percent: canopy species (sbrubs
and trees over I m aboye the plot); and under
story species (species with cover below I m).
Tanonomic nomenclature followed Hitchcock and
Cronquist ( 1973). Air temperature was recorded
in the sample plant's canopy, while substrate and
water temperature was recorded at about l0 cm
depth; these data were recorded at the time the
plots werc sampled. In forty plots occupied by
Corydulis aqtue-gelldae, a soil sample of about
I L was siftcd through a 2 mrn sieve. Gravel,
coarse (>2n.rm) organic material, and fine mate
rial were measured volumetrically.

Statistical Analyses

The seven variables lr'dlcatir.g Cor,vdalis aquae-
gelir]de abundance were transfomed (natural loga-
rithm or square root) to approximate bivariate
normal ity on all pailwise comparisons (scatterplots
were used to assess the relationship), and stan-
dardized as (X,- mean)/standard deviation. Prin-
cipal components analysis (using Statgraphics.
STSC 1991) was used to combine abundance
vadables into two indices of abundance: a re-
production index (combining seedling and juve-
nile numbcrs) and a biomass index (combining
cover. adult numbers multiplied by average leaf
number. and adult numbe$ times average height).
A constant was added to the indices to increase
their minima to zero, corresponding to zero tor
the original variables. The dry mass of Coryda-
lis plants was correlated with both their height
and leaf numbers (rr=0.96, 0.98. respeclively.
Goldenberg 1992); hence height and leaf nurn
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bers multiplied by the adult density colTelated with
the biomass in the plot. In addition. lealnumber
was correlated with pedicel numbers (r2=0.87),
and therefbre with seed production.

Plant community ordination scores were cal
culated for each l-mr plot. separately for canopy
and understory species (cxciusive of Corythlis
aquae-gelidae) using PC-Ord (McCune l99l).
Because of the wide vrrriety of sites sampled and
the small plots, the species by sample data matri,
ces u,ere largely zerocs (94'lr fbr the understory,
89cl for thc canopy). Therefore. the data matri-
ces were transformed using the sociological
favorabil ity index (Beals 1984), which uses bi-
naly data. Bray-Curtis ordination (using city-block
distance and variance-regression endpoint selec-
tion, Beals 1984) then extracted 487c of the un-
derstory variation on the first three axes. Ordi-
natron on the canopy species extracted 77qo of
the variation on the first three axes. A non-met-
ric multidimensional scaling ordination analysis
(NMS, Kruskal 1964) was run on the Bray-Curtis
ordination scores. For the understory, both Blay-
Cudis and NMS results are reponed here. The
rc:ult\ l  ft rm NMS were u.cJ lhr rhe cunopl specier.

A smoothing procedure was used to relate
environmental variables to Corydulis aquae-
gelidae abutdance indiccs. Reproduction and
biomass index scores were ordered based on the
scores lbr each of the environmental variables.
The resulting ordered series (of reproduction or
biomass index) wcre put through a smoothing
procedure. Running arrrages were calculated using
values fiom varying "windows" \\"ithin the range
of dcpendent variable data. with the average y
value calculated where the x value is within +/- a
chosen percent of the x range. For example, if
the independent (x axis) variable ranged from I
to 100, and a 10% window u'as chosen. all y val-
ues coresponding to x values between.l0 and 60
were used to calculatc the average v value at x =
50. Different windows were used to tind an ap-
propnate smoothed line, i.e.. a l ine that removes
excess scatter without beconring excessively flat.
A visual basic algorithm was written in Excel
(Microsoft l993) lt l  calculate the avenges. This
procedure produced a better tit to the data than a
standard running averagc. This variation on thc
classic moving average is similar to LOWESS
smoothing (Cleveland l98l), in that an average
ot y values is calculated based on the associated
x values.

Spearman's rank correlation was used to test
tbr statistical significance. Coefficients were cal
culated separately above and below optima. which
were located by inspection of graphs generated
using the smoothing procedurc.

Time dependency was tested graphically and
by linear regression; sample date or time of day
was not corelated with the other variablcs, ex-
cept as mentioned below.

The above statistical methods, snoothing and
rank  cor reh l i , ,n .  were  chorcn  orer  paramet r ic
regression techniques because of the variability
and complexity ofthe relationships. AIso, regres-
sion could not be applied without violaring the
assumptions. The non-plrameffic methods cho-
sen have few assumptions or limitations. Some
measure of subjectivity is inherent in smtxrthing
procedures, however, as the level of smoothing
is chosen by the researcher The rank correla-
tions are limitedto monotonic relationships. hencc
the separate analyses on different sides of the
graphically chosen optima.

Results

Cory d al i s aquae-gelldae Abundance
Ind ices

The two indices calculated to represent the bio-
mass andrcproductive success of Corldalls a4lae
gelidae accounted for most of the variance in the
input variables: the reproduction index (first PCA
axis). 867c, and the biomass index, 967o. The
two indices were correlated (rr=0.,18. P<0.0001)
but graphing showed that reproduction was not
necessarily high where adult biomass was high.
The average values of the original variables that
conesponded to given index values were calcu-
lated (Table 1). There was a gap in the values for
the biomass index. due to few samples with small
adults.

Geomorpho ogy

Coryddis urluae-gelldae grew in a narrow band
(in the active channel of Gregory et al. 1991) along
streams of many sizes. Occupied headwater
streams (smaller than first order) were mainly at
high elevations in thc Squaw Mountain and Soosap
Peak areas. The largest streanr was the fifth or-
der channel of the upper Clackamas Rivel, with
Corydalis occurring do*n to 585 m clevation.
Where Cor_rr/a/is was present. adult abundance
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TABLE 1. Correspondsncc of original Corylalis aquae-qelidue abundance vari.rbles lvnh abundrnce indices. The equarions

defining these indices were:

l )  Reproduct ion index = 0.71 ln(seedl ings.no. /mr+l)+0. l l ln( ju leni lcs.no. /mr+l l
2) Biomass indcx = 0.57 (cover 7n)": + 0.58 In(height. cm * adults, no./m: + ll + 0.58

ln(no. ofleaves * adulrs. no./n: + l)

Rcproduction

Bionass

Seedl ioe numbers

Height  (cm)

Co!ef{

u
r-)
t)
u

0
U
5

5 .5
7.5
I

)
)a
l 5

t 3
330
128

,ll

l l

:lL)

8 2
60

15 .6
23.8
2
1

3,1

+ The rcproduction index does not exceed:1.

(the biomass indcx) varied significantly among
strearn orders (ANOVA. P=0.03), but the rcpro-
duction indcx did not. The largest, densest plants
(high biomass index) grew along the largest
streams. Condalls abundance indices did not vary
significantly with sample plot elevation.

Fiver F ow Fluctuat ons

Streans occupied by CorydaLis atluae-gelidae
exhibited littlc bare gravel and rock above the
summer water level.less than nany sterms without
thq .pec ic . .  5 t re i rm.  \upp( , r l ing  Ihc  \ l cc ic \  rp -
parently had less scasonal flow fluctuation. Gaging
station data flom the southuest Mount Hood
Natienal Forest supporLed this hypothesis. The
coefficient of variabil ity for annurl and growing
season strcam flow [luctuation (standard devia-
tion/meaD of mean monthly flows) was lower tbr
occupied stream reaches (0.2;1 k) 0.35) than for
unoccupied streams (0..10 to 0.73. P=0.01. n=8.
one-tailed rank sum tests). The averrge annual
stream llow (i.e., strcanr size) did not differ sig
nificantly between reaches occupied by Coryda-
/l.r and othcr reaches, nor did the difference be-
tween high and lor, llow in cubic nreters per
second.

The relationship of Cor1-daIis at1uae-gelidae
to seasonal river levels was explored. River flow
data (Bingharn Engineering 19115) tir l the Oak
Grovc Fork below Stone Creek were transformed
into river surface levels using thc relalionship for
the gaging station. This relationship varies down-
stream. depending on the bed shape. These dis-
tances were relativized to thc mcan July water
level. Data points for each month in Figure I

include the mean of monthly means for 25 years.
and 25-year maximum and minimum monthly
means. The growing season is generally late May
through early September. This reach of the Oak
Grove Fork is downstream from a dam, which
regulates the stream flow

During July. 1990, on the Oak Grove Fork,
the lowest plant was rooted at 14 cm below the
$'ater surface. the median was 7 cm above (n=97),
95% ofthe plants were within a vertical range of
25 cm, and the highest plant \!as at 95 cm above
the  uu ter .u r f i cc .  Vc l ru rcJ  p l ln t  loc l l ion .  ucre
used to estimate the number of C.)ryda1ls plants
that would be submerged (at least partially) un-
der the river levels in Figure 1. yielding Figure 2,
which shews that about 757" ofthe plants occupy
the zone between average summer low and win
ter high water level.

l\,4icrosite Temperature Patterns

Corydttlis aquae ,gelldae grew in a cool environ
ment. During field sampling. water temperature
averaged 9.7"C (SD 2.0, range 5.2 to l4.l), sub
strate temperature averaged 10.6"C (SD 2.3. range
5..1to 18.9). and air temperature averaged 17.7"C
(SD 3.8, range 8.9 to 29.8). Because the sub-
strate was otien submerged, many plots had a simi-
lar water and substrate tempemture. A regres
sion model was built f irr temporal changes in air
temperature:

Airtenrp.("C)=-20 8-0025(drte)+5.,lt ine)-0 1lt(tnner)
R:=0.15 P<0.0001 n=l50

Date was calculated as days since June 21. Time
is in hours; minutes were tnnslbrmed to decimals
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of hours. The prcdictcd July average maxlmum
air temperature was l9.l "C. cooler than July
mrrx ima L ' r 'uc r lher . l J t ions  in  lhe \e  fo re . l  /one \ .
which are 2 | to 27 "C.

Substrate Analyses

Three types of substrates occurred in thc sample
plots. Graveland sand (GS) substrates wefe stream
sediments. Substrates contajning gravel. sand and
other materials (GX t)'pe substrates) represented
nostly strcambed deposits with additional silt-
atien or or-ganic matter deposition. Various loams
or nud substmtes (LX types) represented forcst
soils with litter Jayers, ordeposits within the strean
bed, often in marsh or swamp areas. Substrate
conponents differed among the substrate types
(Table 2).

Co- r  ur i ry Co-pos t 'o^ O d;na ions

The positions of sample plots on axes produced
by the understory and canopy community ordi-
nations were corrclatcd with environmental vari-
ables, especially elevation (Spearman rank cor-
relation. r,. .51 to .53), strean order (r. .57 to .66),
proximity to water (r, .21 to .29), and suhstrrtc
conrposition (r,.01 to.36). The Bray Culis method
gave rcsults similar to the NMS ordinatien method.
High values on the lirst understory axis indicated
species ofthe wettcst habitats (e.g., Gl_\'.cri./ ?/.]ra,
Veronita anterit:atru. Oendnlhe surnentosq,
Stuc l^ s coole)-ae, and Petasites fri gidus), pattlLcrtr
larly on the larger. low elevation streams. Low
understory axis values indicated species ofeither
wet habitats with tine substrates er moist ti)rcst
habitats (e.g., Blechnunt spic. 1t, Treu^,etterio
ctt rol irt iert s i.t, C ornus ttn aden sis, and Tiu re ll a
rrifoll.rt r.); these latter species were ofien ofhigher
elevations. The most frcquent understory spe
cies were Epilobiutn gluntluloston and Minulus
g,l/tul!.r, \e,hich indicated intermediate axis val-
ues. Other species that had intermeditrtc under-

story axis values inclutle Circaea alpina, Caliunr
triJktnun, Mitella ovalis, Montitt sibirica, and
Tolmieamenziesii. Forthe canopy axis, high values
indicated dense Tsuga lrcterophylln and high el-
evation canopy species (e.g., Ahies annbilis, Alnus
sinuatal,low values indicated less dense cano
pies lbund on the larger ivers (e.g.,Thuja plicata,
Alnus rubra).

Fesponse to l\,4icrosite Variables

The abundance indices differed significantly among
the substrate types (Table 3). 34 of 6,1 correla-
tions between the eDvironmental variables and
Condulis aquue ,qelidae abundance indices were
statistically signiticant at alpha =0.05 (Table 4.
5). CorytL is aqutte-ge1ir./zie abundance was related

TABLE 3. Vedian !ahc! 01 lhc rcproducrion and bionass
indiccs for the thrce iypes ofsubstrates (described

in Table 2) .

A. For all Plots. Sjgnificantly difterent anrong the substrate

lypcs (P=0.0002, reproduct ion index.  P<0.0001. b ioma\s
inder. Kruskal-Wallis rest).

'I,\ pe

Mcdian Mcdian
Iieproduction Biomass

Irdex Index

CS
CX
I -X

7 l
,{0
l 6

1.64
t . 04
0.0

3.53
3 . l l
0.0

B. For plots within the optimal runge of water lelels. Sig-
nific ntl)- difierent among the subslra[ t]pcs (P=0.006.reprc

duclion indcx. P=0.0001. bionrass inder, Kruskal Wallis lest).

N{edian Median
Refroduction Bnnnass

Index Index

CS
GX
LX

3.1
1.06
I
0.19

3.63
3.23
0.09

TABLE 2. Subsltutc conponcnt\ (tl) by \ubstrate t)fe. Components were mersured \'olumetricrlly in:10 samplcs. within plols

*ith Corv! lis uquue-q?1/dd,. GS substrates consis(ed ol onl! gravcl and sand. GX substrates are mostl,v gravel and
sand. lvith othef materials pre!alent. LX substraics are nrosrl! soil or mud. \\'ith oiher material\ additionall)- Fines

are all marerirls lcsi rhan I rnm. including sand. \ilt. clay and organic mrtter. Strndard deviations iD parentheses.

T)pc S.rni l  Al l  i i r res Org.rn ic (> lmm)

GS
GX
LX

11
11
6

7 5  ( r 2 )
57  ( r2 )
r 9  ( 2 r )

25  (D )
NA
NA

NA
32  (11 )
1) (19)

NA
11  (10 )
8 ( l)
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TABLE '1. Theabu.danceolCt)trduli\dqtkt( Reliddd correlated !o sn!ironmental variablesr rcsulrs fbf rhe reproducrior index.
r and P values reiir 1() Spearman rank corrcladons. Bra]-Cunis (BC) and NMS are alremari!e ordinarion merhods.
Variable s with siSnificant corrclalions (alpha=0.05 ) arc rcpoted. Optim a werc dclemined by inspection of scalrerplots.
Generallt. abundance increases to thc oprima (positive r). and decreases after the oplima (negarive r).

\ ] r iahle Opt i rnunr <oplrqun
n f P

>Optimum

P

\t ical Distance (cnrl

Ntoss Covcr ( -'l., )

Mineral CoYer (7.)

Organic Cover (%)

Cobble Cover (./.)

Gralcl Covef (7.)

Fines Cover (tr)

NNIS Undcrslor) Axis

BC Understory Axis

CanopY Corer (7.)

Associated Specics Cover (q.)

1

l0

50

4U

20

15
,10

0

0.5

60
,10

95

r00

9L)

l, l5

100

100

68

86

39
:11

0.,15

0.33

0.39

0.32

0.0:1

0.26

0.38

0.04

0.,18

0 . l l

0.1-l

0.34

65

10

66

l ( l

58

19

62

l

l 1 3

-0.,18

0 .17

0.,15
-0.11

0.26

0.03

0.211
-0.30

-0.0.1

0 .21

<0.0001

0.001

0.0001

0.0u3

o .11

0.002

0.0001

o.1)

0.0001

0.0025

0.0,1

0.03

0.0001

0.0001

0 . 1 6

0.0002

0.0002

0..13

0.80

0.0001

0 .0 t5

0.02

0.6.1

0.01

TAB t-11 5 . The abund.rnc e of ( a \rlali s a q ae- qeli./ae corrclated to envirorr mental variables: resu lls ibr |he biomrss index. r and
P values reier to Spearman rank correlations. Bray Cufiis (BC) and NMS are alternative ordinalion nethods. Vari
ables rith signilicant coffelations (alpha=0.05) are reported. Optima were determincd by irspecrion ofsca erylots.
Cenef.rlly. abundancc increases io rhe oprima (positive r). and decrcases afrer the oprima (negatile r).

V L r i l b l e Oo!imum <Optimuln
n r P

>Oplimuln
n . P

Vefical Dinancc (cm)

Horizontal Dislance (cm)

Nloss Cover (q.,)

Mireral Cover (tt)

Organic Cover (9t )
Cobbie Colef (% )
Cralc l  Co\er  (%)

Fines Cover ('/i )
NN{S Canop\ Ais
NMS Undefstory Axi!
BC Lindclst0r] Axis
Associated Spccics Co\,er (ti )

1 5
.lt,
30
80
:15
l 5

35
,15

0 .5
0.55

r0 l
109
108
116
96
8.1
] ] 9
92
100
50
I l . l
105

0.23
0.0,1
0.33
0.36
0.11
0.03
0.32
0.50
0.05
0.08
1J.11
0..11
0 . 1 8

11
,18
26
60
68
25
62
51

33
,!1
r36

0.02
0.70
0.0007

<0.0001
<0.0001
0 .81
0.0003

<0.0001
0.6,1
0.57

<0.0001
<0.0001
0.,+6

0.68 <0.0001
0.,15 0.001

-0.26 0.07
0 . 3 1  0 . 1 3
0.31 0.01
o.,rs 0.0003
0.17 0..t0

-0.02 0.89
-0.55 0.0001
0.20 0.0,18
0.,18 0.006

-0 .19  0 . )2
,0.18 0.0.1

to the distance to water, to the quality and texture
of the substrate, and to the presence ofotherplants
(Tables 3. 4, Figures 3-7). Several variables rep-
resented each of these four environmental fac-
tors; only the effects ofthe most significant vari-
ables are illustrated. Abundance peaked near the
edge of the summer water levels (Figures 3, :l).
Co,1/alls abundance was reduced in organic and
hne textured subsffates (Figures 5,6)i substrate

100 Goldenberg and Zobel

types became increasingly unfavorable trom types
GS ro GX to LX (Table 3). The effect of warer
level varied among substrate types (Figure 6).
Abundance varied with understory conpositiolr
(Figure 7) andwith the density ofassociated planrs.
and was werLkly corelated with canopy cover
(Table 4, 5).

Although substrate cover and substrate type
were correlated with the u'aterposition variables.
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they also had an independent eff'ect on Coryddli.t
aquue-g,elidae. Spearman rank co[elations be
tween the substrate cover variables, water posi-
tion variables, and the abundance indices wcrc
calculated, using only the samples that were be-
tu een -5 and 20 cm venical distancc to lhe wa-
ler, the optimal range (Table 6). Within this range.
the slrbsfate cover variables were no longer sig-
n i l i c rn t l l  eur re l r teJ  u i th  thcur r tc rp , ' . r l i on  rc r i
ablcs, yet mosl remained correlated with the Con'

dalls abundance indiccs. Thc substrate types were
also signific;urtly di1l'erent within this vertical range
(Table 3).

Discussion

^ l  / - ^ . ,  ^  , 1 , ^  , ^ . , - ^  ^ ^ , , ^  , ^
v  v w l  y e Q r  >  Q q u a - - 9 - t l q a -

Co"].dulis uquae-gelldce gre*' in stream reaches
with small seasonal f lou' f luctui,rt ions. Lar-ge

TABI-E 6. Response of Corvlulis uquu*gel|tue to environmentd !arirbles \'here \!aterpos(ron
xas optimrl. Sperm n raDk corclarions $crc calcularcd. using thc l0:l \amplcs be
r$een 5 Itnd l0 cm \crtical distance to \|arer. All correlations bet\{een the en\ir\,ll-

ncnla l !ar i lb lcsandthe\err icald istancelor latef$efenot , i la t is t ic . r l l ! \ igni f icant(P>
0.05): no r lalucs arc given.

\ loss cover (?)

\lincral co!cr (%)

Organic covef (%)

Cobble covef ('/.)

Grarel cover (.1)

Fines colef  (7.)

Vefiic.r1
ltepedlqllllt lltdql Biomrss nldex Distance
r P r P P

0.28 0.005 0.l t  0.0.1 0.60
0.01 0.11 0.07 0..19 4.91

-0.lil 0.005 0.29 0.00,1 0.5,t
o. l t  0.0.1 0.-10 0.001 0.19
0 .1 I  0 .28  0 .12  0 .21  0 .66
0.16 0.008 0.29 0.001 0.56
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changes in flow would submerge plrnts in win-
ter, and subject plarts to drought in sutrmer. In
addition. high wintcr stream flows may physically
disturb the substrate, burying or uprooting plants.
Corydalls grew in latc-succcssional riparian for-
est, mostly in areas notrecentl)' subjected to cata
strophic floods. Elevational limits may have been
more affected by hydrologl,than temperature:
elevational limits coincided with the disappear-
ance of stable stream flow regimes.

Maximum abundance occurrcd tiom 5 cm
belou' to 20 cm above the summer water level
(Figurc 3). and within,10 cm hi)rizontal distance
to the nearest water surface (Table 4, 5). Opti-
mal water cover was l0 to 30 7o (Table 4, 5). The
upper l imit of Condalis distribution along strearn
banks might be explained by drought. substmte
diff'crcnccs. or a lack ofthc mild disturbance which
could reduce conpetit ion. Corldalis aquae
gelldae seedlings had small root systems, with
few fine roots, and died when they gemrinated in
dq, habitats (personal obseryation). Other plant
species u'ere denser au'ay fiom the stream, which
could increase soil dlyness and competition. In
addition, lack ofcovcr by stream flow in the $'inter
could allou'the substmte to freeze: in cultivation.
dormant plants wcrc kil lcd by $,inter substrate
freezing. while plants kept indoors sun'ived (per-
sonal obselvation).

Cortrltlis uqwre gelidue was rarely lbund in
watcr dccpcr than 20 cm. Seedl ings were only 2-
4 centimeten tall. iind rarely ifever survived grow
ing completely submerged. The few adults found
in switt u'ater deeper than 20 cm grew horizon
ttrlly. underwater and appeared stunted. Substrate
iDstability was also a problem in deeper watcr
(personal observations).

Moss cover in Condalls habitat u'as optimal
at 50 to 80% (Table 4, -5). Low moss cover was
associated u'ith a high degree ofscouring and low
canopy cover. Habitats with higher moss covcr
rvere generally pret-erable lbr establishment. evi
dently because they were moist, only mildly dis-
tu lbcd .  r rnJ  u  r lh ' \u l  Inuch l i t te r  hu i ldup , ' r  r  ig , , r -
ous existing herbaceous cover.

Substrates rich in organic matter. silt or clay
were poor habitat for Oorydalis aquae-gelidae.
The physicrl properties of these substrates may
account lbr this corrclation. Thc bulk flow of
water (as long as the substrate is fairly wet). air.
and solutes decreases uith snaller particle size

10,1 Goldenberg and Zobel

(Hil lel 1982). Coarse mineral substratcs would
allow lastsr water l'low when near saturation. and
taster air flow when drier Organic matter in the
less optimal soils would dccrease their 02 con-
centration turther. due to increased decomposi-
tion rates. Anacrobic processes, both chemical
and b ioehetn ica l .  can  producc  .uh \ t rn \ 'e \  lu \ i c
to plants. e.g., ethylene. organic acids, and t'er-
rous sulfide (Hil lel 191t2), and low pH can lead
to metal toxicity. Substrates rich in clays and fine
organic matterhavc ahighercapacity to hold toxic
substances: greater water flow through coarscr
substrates would lcach out these substances.

Corydalis aquae-gelldae abundance was re-
lated to plant community composition (Figure 7).
Although the ordination axes provided no intirr-
n ra t ion  fo r  rnechan i \ t  ie  e r f lunu t ion . .  , .  onmu n i ty
composition was a good indicator of habitat
favorability for Con r/alls. Spccies that had a re-
sponse curve to the first understory axis similar
to thc rcsponse curve ol Corl'tlalis aquaa gelifur
(Figure 7) includ,e: Epilobium glunduloswn.
Minulus gLtttotLts, Circaea dlpina, Galiun
triflorunt Mitella ovalis, Montia .sibirica, and,
Tolnieu nen-i, ' l i .  Th<.< specie. uere a.., 'ei-
ated with favorable corditionsfor Conclalis uquae
gelldae. although they also glow in other condi-
tions.

The relationships of CortdcLlis otltrue gelidae
abundance to enyironment varied from a mono-
tonic, nearly Iinear slope (Figure 5) to a complex
curve (Figures 3, 7) reminiscent ofthe classic bell
curve of niche theory (Austin et al. l990). As-
pects ofthis complexity includcd thc large amount
of variability. the lack of normally distributed
residuals, and the interactions ofthe type evident
in Figure 6. where thc cffect ofwater level vaded
depending on substrate type. The statistical meth-
ods were chosen bccause of the complexity of
the relationships.

lvlanagement lmp cations

The rclationships described here can be used to
predict where Corydalis aquae-gelidae mightbe
tirund during additional surveys, whele it would
be successful if it were to be introduced or natu-
rally dispersecl. rnd $'hat etlects natural or hu,
man induced environmental changes could have
on its abundance. To allow persistence and rc-
gcncration of Cor.r'd4 l is.tq uae - gelidue. Iand ma'/jl
agers should maintain canopy cover. and prevent



sedimentation or other additions offinc or organic
materials to streams. Percent canopy cover had a
significant ellect in this study. and Coryrfulls zrq&ar:-

.qelldar: abundance is signiticantly reduced in
clearcuts compared to othcr sites: plants with no
protcction in clearcuts experience severe solar-
ization. i.e., yellowed and browned leatlets
(Goldenberg 1992). Clearcuts along small streams
of'ten rcsulted in deposition of soil and logging
slash in Corldnll.i habitrt (personal obscNations).
Contlalis may also be damaged by streilm flow
reductions. increased scasonal 1'1ow fl uctuations.
rnd (i lrJ\lrophi( f lood.. H5 dropou er pr, ' je. tr L un
modifl' stream l1ow and upstrcam timber harvest
may destabil ize hyclrologic conditions and colt
tributc to scdimentation. Upstream road buildilg
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and clear cuts can increase peak discharges by
up b 100c/c (Jones and Grant 1996). Coordina-
tioD of steam and fblest land management ac-
tivitics is critical to maintain optimal habitat con
ditions tbr Corlddis aq uae - ge l idae.
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