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In his classic monograph of the genus Cardamine, Schulz
(1903) considered C. douglassii to be a variety of C. bul-
bosa. Since then, most taxonomists, including Deam
(1940), Fernald (1950), Gleason (1952), Gleason and
Cronquist (1963) and Stuckey (1962) have considered
them to be two separate species. However, the difficulty
in distinguishing these two taxa is well documented in the
literature.

Schulz (1903) split Cardamine rhomboidea, including
C. douglassii and C. bulbosa, into two major varieties.
Variety pilosa was characterized by small amounts of
pubescence at the base of the stem and on the leaf margins
while variety hirsuta had pubescence covering the whole
plant including the sepals. Each variety was further sub-
divided into two sub-varieties based on petal size. These
varieties also seemed to vary in leaf shape causing Schulz
(1903) to recognize three distinct forms. In none of these
forms or varieties was flower color or length of pubescence
mentioned. Although the name C. douglassi: and 1ts syno-
nyms (Torrey, 1822; Gray, 1848; Britton, 1889) was
known to Schulz (1903), he ignored the taxon itself. Most,
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but not all, of the purple flowered plants which Schulz ob-
served were considered as the hirsute variety with large
flowers. Most of the white flowering plants were considered
as the pilose variety with small flowers.

Fassett (1940) considered the basal leaves of Cardamine
bulbosa to be longer than wide and diagnostic in separating
that taxon from C. douglassii. While there appears to be
too much overlap between the two taxa for this to be a good
distinguishing character (Stuckey, 1962) it may be used at
times. The presence of a red-purple cast to the underside
of the basal leaves of C. douglassit and the usual lack of
this pigmentation on the leaves of C. bulbosa has also been
considered as a diagnostic character (Stuckey, 1962).
However, in this study it was found that any characters
involving basal leaves should be avoided since by flowering
time both species, especially C. bulbosa, lack theilr lower
leaves. It was also noted that under conditions of high
light intensity both species have purple undersides of the
basal leaves.

Deam (1940) and Easterly (1967) found the length of
the pod and the length of the beak too variable to be of
taxonomic value. The external morphology of the seeds
reveals no reliable differentiating characters separating
the two species (Murley, 1951).

Several workers (Gleason & Cronquist, 1963; Easterly,
1964, 1965) have separated these two taxa by flower color
with Cardamine bulbosa usually having white flowers (Far-
well, 1925; Deam, 1940; Stuckey, 1962). Hitchcock and
Standley (1919) and Stuckey (1962) report that sepal

color 1s less variable than petal color and, therefore, a
better character.

According to Braun (personal communication) these
taxa are ecologically separated. However, Stuckey (1962)
has found both taxa blooming at different but overlapping
times, and growing sympatrically in association with sup-
posed 1nterspecific hybrids.

The ranges of Cardamine bulbosa and C. douglassii are
quite similar in the northern areas. The northern boundary
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for both appears to be New Hampshire, southern Ontario
to central Michigan, and southern Minnesota (Fernald,
1950). Cardamine bulbosa extends west to eastern South
Dakota, Kansas and Missouri, and as far south as Texas
and central Florida. Cardamine douglassii, however, 1S
more northern in that its southern range is from Missourl
to Tennessee and Virginia. According to A. J. Sharp
(personal communication), C. douglassii is rather rare In
Tennessee and seems to be limited to calcareous soils in

that region.

Stuckey (1962) concluded that these two species could
best be distinguished by a combination of characters, in-
cluding their different flowering periods, pubescence length,
sepal color, number of branches, number of cauline leaves,
and height to the lowest pedicel. He suggested that the
best morphological character for separating these two taxa
is the length of the stem pubescence.

Stuckey has since considered separating Cardamine bul-
hosa into two varieties as did Schulz (1903), based on the
amount of pubescence (Stuckey, personal communication).
He has plotted the distribution of the two forms in Ohio
(unpublished data, 1966) and found that the pubescent
forms are more common in eastern and southern Ohio
while the near glabrous forms are found most often in

northern and western Ohio.

If separate taxa are to be recognized, Stuckey’s investi-
gations (1962, 1967) have clearly established the correct
nomenclature for these two species as Cardamine bulbosa
(Muhl.) B.S.P. and C. douglassit Britton. Nonetheless, the
question remains as to whether these are indeed two dis-
tinet taxa. In an attempt to answer this question we
initiated an investigation into the biosystematics and evo-
lution of C. bulbosa and C. douglassia.

CHEMOSYSTEMATICS

The distributional pattern of the flavonoid glycosides in
both Cardamine douglassii and C. bulbosa was examined
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as a possible means of differentiating between taxa and
detecting cryptic phenotypic differences. A search of the
literature has not revealed any previous chemosystematic
work on any of the North American members of Carda-
mine or Dentaria. However, Grouville, Egger and Pacheco
(1970) have identified Kaempferol glucosides in C. praten-
sis of Europe.

Two dimensional paper chromatography was applied to

populations of both Cardamine douglassii and C. bulbosa
as a possible means of differentiating between the two taxa
(Table 1). Three to five (about 0.2 g) air dried cauline
leaves from mature plants were soaked overnight in 50%
acidified aqueous methanol. The total methanolic extract
was then spotted directly onto Whatman No. 3 MM paper
(46 X BT em). Sixty-two chromatograms representing
14 populations were included in this study (Hart, 1972:
Appendix 5).
- The descending method was used to develop the chro-
matograms. They were first developed in the long direction
using tertiary-butyl alcohol, acetic acid, and water (3:1:1,
v/v; TAW) and then in the short direction in acetic acid
and water (5:95, v/v; HOAc) (Mabry, Markham &
Thomas, 1970). After drying, the chromatograms were
examined under transmitted long wave ultraviolet light
with and without ammonia vapors. Most flavonoid glyco-
sides appear as dark purple light absorbing spots in ultra-
violet light and fluoresce yellow to vyellow-green with
ammonia vapor in ultraviolet light (Mabry, Markham &
Thomas, 1970).

Partial characterization of the flavonoids was attempted
with Benedict’s reagent which distinguishes between mono-
hydroxy and orthodihydroxy flavonols by forming a copper
complex between adjacent hydroxyls (Seikel, 1962). This
flavonol-copper complex appears dark in reflected ultra-
violet light while flavonoids lacking adjacent hydroxyls
appear as various shades of yellow to yellow-green.

Hydrolysis and analysis of methanolic extracts for oly-
coflavone (O-glycosyl flavonoid) determination followed
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TABLE 1. POPULATIONS STUDIED

MORPHOLOGICALLY (M), ECOLOGICALLY (E),
AND CHEMICALLY (C)

Species L.ocation and characteristics (M) (k) (C)
C. bulbosa*™ Mammoth Cave, Kentucky 1 L RaceA

growing in cold spring water

C. bulbosa Pulltight Springs, Missourl 2 Race B
growing in cold spring water

C. bulbosa Buckeye Lake, Ohio g U
edge of floating acid bog

C. bulbosa Blue Ash, Ohio (near Cincinnati) 4 P RaceC
swamp and moist woodland

C. bulbosa Hueston Woods State Park, 5 H RaceA
Oxford, Ohio; moist woodland
C. douglassit nearby

C. bulbosa Madeira, Ohio (Cincinnati Country 6 O Race C

Day School)
wet woodland

C. bulbosa Spring Valley, Ohio 7 Q RaceC
swamp
C. bulbosa Spring Valley, Ohio 8 R RaceC

open marsh

C. bulbosa Cedar Bog near Springfield, Ohio 9 T RaceA
swamp (northern tendencies)

C. bulbosa™ Mammoth Cave, Kentucky 10 N
moist woods (very dry when com-
pared to other C. bulbosa habitats)

C. bulbosa Pymatuning State Park, 11 V
Andover, Ohio
C. bulbosa Bowling Green, Ohio; wet woodland 12 A  Race A

(large numbers of C. douglassu
nearby and putative hybrids)

C. bulbosa Mammoth Cave, Kentucky M
drainage from a cold spring
(Cooper Springs)
C. bulbosa Camp Hook, Franklin, Ohio S
(Hybrid) swamp (C. douglassii nearby)
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Species Location and characteristics (M) (E) (C)

C. bulbosa Madeira, Ohio (Cincinnati Country \WY%
Day School) mowed (periodically)
moist field not used in analysis
of woody plants

C. douglassii/ Bowling Green, Ohio B
C'. bulbosa wet woodland (HYBRIDS) Race A

C. douglassii* Bowling Green, Ohio; wet woodland 13 A  Race A
(some C. bulbosa nearby
with putative hybrids)

C. douglassit  Camp Hook, Franklin, Ohio 14 C RaceA
wet to moist woodland (C. bulbosa
nearby, one putative hybrid found)

C. douglassii* Bedford, Ohio 15 E
moist woodland
C. douglassii  Spring Valley, Ohio 16 F RaceA

woodland along lake shore
C. bulbosa nearby

C. douglassit  Rush Run Wildlife Area, 17 G
Somerville, Ohio
disturbed woodland

C. douglassit  Hueston Woods, Oxford, Ohio 18 H RaceA
moist woodland
(C. bulbosa nearby)

C. douglassit  John Bachelor Preserve, 19 J RaceA
Oxford, Ohio; moist-dry woodland
(C. bulbosa and one clump

putative hybrids found)

C. douglassit  Spring Valley, Ohio 20 K
moist lake shore
C. bulbosa nearby

C. douglassiz  Camp Hook, Franklin, Ohio 14 D
wooded hillside (C. bulbosa at
bottom of hill)

C. douglassit  John Bachelor Preserve, I
Oxford, Ohio; wooded hillside

(12) ‘this population was not included in th; morphological study
*  m = 48, all others presumably n — 32
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Wagner’s (1966) method and standard spectroscopic meth-
ods were used for the characterization of key compounds
(Mabry, Markham & Thomas, 1970; for details see Hart,

1972).
The chromatographs representing the fourteen popula-

tions of Cardamine douglassii and C. bulbosa studied reveal
eichteen putative flavonoid glycosides. These spots are
numbered arbitrarily in Figure 1. The composite chro-
matograph (Fig. 1) also reveals that the spots can be
segregated in such a fashion as to reveal three or four

distinct categories or races.

. C. douglassii
race A
% C. bulbosa

race A
C. bulbosa

race B
D C. bulbosa
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Fig. 1. Diagrammatic sketch of the chromatographic patterns
shown by the chemical races in Cardamine bulbosa and C. douglass.
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Absorption maxima and colors for the spots studied have
been characterized (Table 2). These data indicate that they
are 1Indeed flavonoids. Acidic hydrolysis of the compounds
1s easily accomplished indicating that all spots studied are
flavonoid O-glycosides. Authentic samples of a few flavo-
noids were available for comparison with the experimental
compounds. Mabry, Markham and Thomas (1970) illus-
trated a large number of flavonoid spectra obtained by
these techniques which reinforced the identification of
these compounds.

Spot 10, which is found in very large amounts in the
populations of Cardamine bulbosa (Race C), is tentatively
identified as a Quercetin 3 glycoside. The compound ap-
pears dark in Benedict’s indicating two hydroxyls on the
B-ring. The presence of 7-hydroxyl is shown by the batho-
chromic shift of Band II in sodium acetate. Both Band 1
and II show a shift in sodium hydroxide which is indica-
tive of a free 5-hydroxyl. Since this compound is stable
in alkaline solutions and exhibits a methanolic peak at
260 nm. it is a flavonol, with the sugar attached at the
3-position. Spot 17 has a similar spectrum (Table 2) and
may also be a Quercetin 3 glycoside, possibly differing
from spot 10 by having an additional or different sugar.

Spots 3, 4 and 8 have the same spectra in Cardamine
douglassit and in C. bulbosa (Race A). Since these com-
pounds have one hydroxyl in the B-ring (light in Benedict’s
solution) and a methanol Band I maxima of 349 nm. they
are most likely Kaempferol derivatives. The lack of shifts
of Band II in the sodium acetate spectra is evidence that
the 7 positions are blocked. As the compounds do not break
down in sodium hydroxide, the 3-position must be substi-
tuted. Therefore, spots 3, 4 and & are tentatively identified
as Kaempferol 3-7 glycosides which probably vary from
each other in the number and types of sugar substitution.
Spots are found in the same location in Race B and are
probably the same compound.

Spot 11 in Race C has tentatively been identified as
luteolin-7-glycoside. This compound is dark in Benedict’s
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solution indicating the presence of two hydroxyls on the
B-ring. The lack of a shift of Band II in sodium acetate
1s Indicative of a blocked 7-position. The methanolic Band
I maximum of 340 nm. indicates that the compound is a
flavone.

The Cardamine bulbosa/C. douglassii complex may, un-
der further investigation, turn out to be highly variable
chemically. Present work reveals as many as three chemi-
cal races present among the plants studied (Fig. 1). The
absence of one or two spots may, in this preliminary study,
be looked upon as inconclusive. Since only 62 chromato-
grams were Included in this study with as few as five
chromatograms examined in one race, the lack of a spot
may be due to its presence in a small undetected concen-
tration.

All Cardamine douglassii populations studied and many
midwestern C. bulbosa populations (Race A) appeared to
have similar patterns of flavonoid constituents. One addi-
tional spot (no. 7) may be present in C. douglassii; how-
ever, 1ts absence in C. bulbosa (Race A) has not been satis-
factorily substantiated.

It 1s assumed that compounds 1 and 2 are different from
compounds 15 and 16. This is indicated for compounds
1 and 15 (Table 2) which shows that the aglycones derived
from spot 1 in Cardamine douglassii and C. bulbosa (Race
A) have similar aglycone spectra while the aglycone from
compound 15 of C. bulbosa (Race C) appears different.
A similar situation occurs with compounds 2 and 16 (Table
2). In addition, C. bulbosa (Race C) differs from the
other races in the presence of 7 dark absorbing compounds
having a placement completely different from the spots in
the other races (Fig. 1). Spot 10 (Quercetin 3 giycoside)
of C. bulbosa (Race C) is always very concentrated, so
much so that it normally stains the paper yellow in white
light.

Cardamine bulbosa (Race B) 1is characterized by the
presence of two dark absorbing compounds (Fig. 1) not
found in the other races (nos. 5 and 6). Spectral analysis
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