AN ABSTRACT OF THE THESIS OF

John Michael Miller for the degree of
in Botany and Plant Pathology

Doctor of Philosophy

presented on

March 29, 1978

Title: PHENOTYPIC VARIATION IN DIPLOID AND TETRAPLOID
POPULATIONS OF CLAYTONIA PERFOLIATA (s. 1. )
(PORTULACACEAE)

Abstract approved:

Redacted for privacy
Kenton L. Chambers

Meiotic chromosome counts from 200 populations of Claytonia

(Montia) perfoliata (sensu lato) reveal a polyploid pillar complex based

on three morphologically different, chemically distinct, and geographically defined diploids. The basic chromosome number is x=6.
Diploid C. ktEfoliata Willdenow with linear juvenile leaves and deltoid

mature basal leaves ranges southeastward from the Coast Ranges of
California, through the desert ranges of southeastern Arizona, to high
elevation fir forests of southern Mexico. In contrast, diploid C. rubra
(Howell) Tidestrorn occurs in drier montane and transmontane coniferous woodlands of the Sierra Nevada and Cascade ranges. It has

basal leaves that vary ontogenetically from rhombic to deltoid.
Diploid C. parviflora Hooker is Sierra Nevadan and its juvenile and

mature basal leaves are all linear. Another entity allied to C. perfoliata is C. perfoliata ssp. viridis (Davidson) Fellows, which has

chromosome numbers of 2n=24 and 36. Because of its linear, unfused cauline leaves, this subspecies was formerly thought to be
related to C. spathulata Hooker; however, its seed coat and elaiosomes,

viewed by scanning electron microscopy, are like those of C. per-

foliata in all significant characteristics.
Progeny of field collected tetraploids resembling C. perfoliata
and C. rubra diploids were grown under uniform regimes of light,

temperature, and moisture for comparison with their diploid counterparts. Each family of progeny was indistinguishable from its parent,

implying a high degree of self-fertilization in nature. Comparisons of
pollen-ovule ratios and observations of flower structure indicate that
diploid C. par viflora is facultatively xenogamous while the other two

diploid species are prevailingly autogamous. Phytochemical diversity
in flavonol aglycones and glycosylation pattern is greatest between

diploid species. Intraspecific variation both within and between diploid
populations is merely quantitative. Evolutionary diversification appears

to have occurred at the tetraploid level.

Phenotypic Variation in Diploid and Tetraploid
Populations of Claytonia perfoliata (s. 1. )
(Portulacaceae)
by

John M. Miller

A THESIS

submitted to

Oregon State University

in partial fulfillment of
the requirements for the
degree of
Doctor of Philosophy
Completed March 1978

Commencement June 1978

APPROVED:

Redacted for privacy,
Processor of botany
in charge of major

Redacted for privacy
Cnairman of Departrn.ent of Botany and Plant Pathology

Redacted for privacy
Dean of Graduate School

Date thesis is presented
March 29, 1978
Typed by Mary Jo Stratton for John M. Miller

ACKNOWLEDGEMENTS

I wish to convey my deepest appreciation to Dr. Kenton L.
Chambers for his guidance and support throughout this endeavor.
Without his untiring patience and instruction, my graduate schooling

would not have been so rewarding. Any merit that this study may have

achieved is largely attributable to his effort. My wife, Sandy deserves
credit for many hours spent on cartography, layout, and bud-fixing
all without complaint. Her patience throughout my graduate schooling

is appreciated. Charles Fellows, Luz del Socorro Rodriguez
(Escuela Nacional de Ciencias Biologicas), Dr. Jerzy Rzedowski

(Escuela Nacional de Ciencias Biologicas), Dr. John R. Reeder
(University of Arizona), Dr. John R. Swanson (California State

University, Northridge), Dr. Hesh Kaplan, Ginny Crosby, Dan Luoma,
and Claire Kunkel all assisted with field studies. Dr. Bruce A. Bohm
spent considerable time instructing me on the techniques of flavonoid
purification. Without his help and the help of his colleagues, espe-

cially Dr. C. K. Wilkins at the University of British Columbia,
phytochemical variation could not have been studied. Dr. Anne

Anderson and Dr. Richard Hampton provided instrumentation needed

for structure determination. Dr. Anne Anderson's patience and
instructive efforts in the analysis of sugars, was appreciated. Dr.
Dennis E. Anderson (Humboldt State University), Dr. Henrietta

Chambers, Dr. Leslie D. Gottleib (University of California, Davis),
Dr. G. Ledyard Stebbins (UC, Davis), and Dr. John R. Swanson all

helped in various ways. Financial assistance was provided by the
National Science Foundation in the form of a Doctoral Dissertation
Research Grant (DEB 76-06048), the Herbarium of Oregon State

University, and a Sigma Xi Grant-in-Aid-of-Research Award.

TABLE OF CONTENTS

Page
I. INTRODUCTION

1

II. LITERATURE REVIEW
III. MATERIALS AND METHODS

Cytological and Morphological Studies
Phytochemical Studies
Extraction and Purification of
F lavonol Glycosides
Structure Determination

IV. RESULTS
Chromosome Number
Diploid Taxa
Morphology
Habitats
Cytogeographic Patterns
Distribution of Tetraploid Populations
Polyploidy and Variation in Claytonia

perfoliata ssp. viridis
Phenotypic Variation in Diploid Populations
Breeding Systems
Morphological Variation and Plant
Development
Phytochemical Variation within and
between Diploid Populations
V. DISCUSSION AND CONCLUSIONS
BIBLIOGRAPHY

6

6
8

8
10

13

13
26
26
36
37

43
45
50
50

54
57
66

73

LIST OF TABLES

Page

Table
1

Pollen.-ovule ratios from diploid populations

of C. perfoliata (s.l. ).
2

3

53

The flavonol glycosides of diploid C. parviflora
(634).

61

Quantitation of derivatized sugars from hydrolysates of C. parviflora (634) flavonol glycosides.

62

LIST OF FIGURES

Pa e

Figure
1

3-5

7

8

Diploid Claytonia parviflora mature plant
(Miller #666; Murphy's).

29

Seedling of C. parviflora (cotyledons are not
illustrated).

29

Flowers of diploid C. parviflora showing both
temporal and spatial orientation of stigma
lobes and anthers.

29

Claytonia perfoliata ssp. perfoliata mature
plant (Rodriguez #1450-S1; Ixtaccat1).

31

Seedling of Claytonia perfoliata ssp. perfoliata
(cotyledons are not shown).

31

Two self-pollinating flowers of diploid C.

perfoliata ssp. perfoliata.
9

31

Qntogenetic basal leaf sequence of diploid

C. perfoliata ssp. perfoliata illustrating both
linear juvenile basal leaves and deltoid mature
basal leaves.

33

10

Ontogenetic basal leaf sequence of C. rubra.

33

11

Ontogenetic basal leaf sequence of C. parviflora.

33

12

Diploid C. rubra mature plant (Chambers #3385-S1;
Columbia Gorge).

35

13

C. rubra seedling (cotyledons are not illustrated).

35

14

Mature tetraploid plant of C. perfoliata ssp.
viridis (Miller #622; Big Tujunga Canyon).

15-19

Cytogeography of the North American diploid
species of C. perfoliata (sensu lato) and their
polyploid derivatives.

35

39-41

List of Figures (Continued)

Figure
20

Rags.

Scanning electron micrographs of seeds of
Claytonia perfoliata ssp. perfoliata, C.

spathulata, and C. perfoliata ssp. viridis.

48

21

Structures of kaempferol and quercetin.

60

22

Monitoring of fluorescing flavonoid compounds
on MN polyamid DC 6.6 TLC plates that were
developed in an aqueous solvent mixture.

64

Hypothetical polyploid pillar scheme for the
C. perfoliata complex

68

23

PHENOTYPIC VARIATION IN DIPLOID AND TETRAPLOID
POPULATIONS OF CLAYTONIA PERFOLIATA (s.1.)
(PORTULACACEAE)

I. INTRODUCTION

Claytonia perfoliata Donn ex Willdenow (sensu lato), commonly

known as Miner's Lettuce, is an exceedingly common and often weedy

species complex of western North America, yet its extreme polymorphism and confusing blend of environmentally and genotypically

induced variability have defied taxonomists' attempts to produce a
consistent and widely acceptable scheme of classification. Populations
comprising this polyploid pillar complex are found in disturbed habitats from elevations Of 3500 meters in the volcanic mountains of
Chiapas, Mexico and neighboring Guatemala (15° latitude), northward

and westward to low elevations near the fiftieth parallel in southern

British Columbia. Five chromosome levels have been found. The
most polymorphic population systems are found in the Greenhorn
Mountains and Klamath Region of California and in the Columbia River

Gorge of Oregon and Washington, where diploids, tetraploids, hexa-

ploids, and octoploids are sympatric. Decaploids are common in the
eastern Columbia Gorge and in north-central Oregon where they

occupy ruderal habitats, Chromosome races have been characterized
morphologically and ecologically to the extent that repetitive and pre-

dictable biological entities can be discerned. The races are

2

recognizable by their ontogenetic sequence of basal leaf shapes, and by

corolla color and length, calyx color and length, foliage coloration,

and characteristic habitat (Miller, 1976). Maintained in large
measure by their facultatively autogamous breeding system, these
entities appear to be uniform over rather wide geographical ranges.

This thesis focuses on the three wide-ranging, distinct, allopatric
diploid species--Claytonia perfoliata Donn ex Willdenow, C. parvi-

flora Douglas ex Hooker, and C. rubra (Howell) Tidestrom--each

representing, in its morphological and chemical characters, the
base of a polyploid line of evolution. Goals of the study were to

reveal the extant distribution of these diploids, to determine their
modes of reproduction, and to describe in a preliminary way their
morphological and phytochemical variability. One purpose of phytochemical experimentation was to determine the utility of flavonol

glycosides in the analysis of a polyploid pillar complex. As a part
of this thesis, an effort was made to locate tetraploid populations and
describe salient features of their morphology for comparison with
known diploids. The relationship of the polyploid C. perfoliata ssp.

viridis (Davidson) Fellows with respect to C. perfoliata as a whole is
clarified.

II.

LITERATURE REVIEW

The generic position of the species comprising the C. perfoliata

complex has been the subject of considerable controversy. The
placement of these species in Claytonia, rather than in Montia (as
M. perfoliata (Wil ld.) Howell) is based on recent numerical and
morphological studies (Swanson, 1966; Nilsson, 1967; McNeill, 1975).
Donn (1796) illegimately published the name Claytonia perfoliata as a

listing in his seed catalogue; however, two years later, Wilidenow
(1798) validly published the epithet. Claytonia parviflora and C.

rubra were first described by Hooker (1834) and T. J. Howell (1893)

respectively, and in many past taxonomic treatments these two epithets have been reduced to an infraspecific level (Jepson, 1914, 1923;

J. T. Howell, 1949; Munz, 1959, 1974). Key characters in virtually
all recent floras have been ambiguous and poorly defined. Conflicting

interpretation of these characters, when compounded by a high degree
of polymorphism in almost every entity and by our insufficient
knowledge of the polyploidy, have led to widely differing taxonomic

treatments (Miller, 1976).

The first attempt to study the remarkable infra- and interpopulational variation in C. perfoliata (s,1.) was made by Tillett
(1955). His inconclusive findings may be attributed to difficulties in

ascertaining chromosome number in the plants he studied. Since
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then, diploids, tetraploids, hexaploids, octoploids, and decaploids
have been discovered (H. Lewis, 1962; Raven, 1962; W. Lewis,
1963, 1967; Swanson, 1964; Nilsson, 1966, 1967; Lewis and Suda,

1968; Fellows, 1976; Miller, 1976). The most comprehensive study
of Claytonia perfoliata was the dissertation by Swanson (1964), whose

research focused on the genecology of hexaploids. Two morphologi-

cally different diploids and four tetraploid entities were discovered
in his cytological survey of 130 populations. The most recent study
(Miller, 1976) described the habitats and morphology of two geo-

graphically isolated diploids, seven tetraploids (including possible

natural hybrids), many hexaploid entities, three octoploids, and a
distinctive decaploid. Much of the so-called polymorphism in a single
population of these chromosomal races was explained by these findings: (1) populations normally consist of hundreds of plants, some

mature and others juvenile; (2) the basal leaf shape of a single plant
may change ontogenetically as the plant matures; (3) the sequence of

basal leaf maturation may be arrested in individuals growing in
II stress" microhabitats (even though these plants flower and set seed);

and (4) chromosome races frequently occur sympatrically.
Literature describing phytochemical variation in Claytonia
species is scanty, a paper by Douglas and Taylor (1972) being the
only study dealing with variation between populations per se.

Flavonoid variation was described in the pink and yellow-flowered

morphs of Claytonia lanceolata Pursh but no attempts were made to
identify the compounds detected. Standard phytochemical references

like Hegnauer (1963), Gibbs (1974), and Harborne (1975) cite only

a single paper reporting the identification of a secondary plant

substance in the family Portulacaceae. Mabry et al. (1963)
established the presence of betacyanins in several genera and
species including Claytonia perfoliata.

III, MATERIALS AND METHODS

Cytological and Morphological Studies

Dividing microspore mother cells were examined in 200 popula-

tions of C. perfoliata, C. parviflora, and C. rubra from southern
British Columbia and the western United States to southern Mexico.
Young inflorescences were fixed in the field using a mixture of
chloroformethanol:glacia,1 acetic acid (4:3:1 Wyk). Rosettes were

broken apart by hand, and young scapes bearing immature inflo-

rescences were placed in the tissue fixative. Bud samples were
transferred to 70% aqueous ethanol in the lab and were stored at

-10 C until analyzed. Permanent microslides of dividing microspore-

mother cells were prepared. Whole flower buds, prestained in
alcoholic carmine, were squashed in 45% aqueous acetic acid and

mounted in Hoyer's medium. The procedure followed was that of
Snow (1963). Voucher specimens and permanent microslides are

deposited in the Oregon State University Herbarium (OSC). Duplicate
cytovouchers of selected populations are deposited in the California
Academy of Sciences (CAS), Rancho Santa Ana Botanic Garden (RSA),

and Escuela Nacional de Ciencias Biologicas (ENCB). Meiotic

preparations were studied with a Zeiss phase-contrast microscope.
Seeds were prepared for scanning electron microscopy (SEM)

by first imbibing them in water overnight, fixing for 4 hours in 0,4%

glutaraldehyde in phosphate buffer, and by treating the preparations in

a fluid replacement series. The seeds were first infiltrated with 30%
acetone (in phosphate buffer) followed by 50%, 70%, 85%, and 100%

acetone. Preparations were then subjected to a second series, this
time with trichlorotrifluoroethane (30% TF in acetone, followed by
50%, 70%, 85%, and absolute TF). The fixed seeds were then critical

point dried in Freon 13 using a Bomar SPC 900 critical point drier.
Samples were mounted on aluminum studs using silver conducting
paint and then coated with a 200 angstrom layer of 60/40 goldpalladium by rotary vacuum evaporation on a Varian VE-10 vacuum

evaporator. Coated seeds were examined using an ISI MSM-2 "MiniSem" scanning electron microscope at 15 kv. Images were recorded
on Polaroid type 55 film.
Diploid, tetraploid, and hexaploid individuals were progeny
tested through two generations under uniform greenhouse conditions.

Seeds were germinated under a time-controlled misting device.
Pollen tabulations were obtained from anthers hydrated and stained

in lacto-phenol-aniline blue. Pollen counts and pollen/ovule ratios
were calculated according to the method of Cruden (1977). Herbarium

material was examined from CAS, DS, ENCB, JEPS, and UM.
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Phytochemical Studies

Extraction and Purification of Flavonol Glycosides

Flavonol glycosides were extracted, separated, and purified
according to the methods of Wilkins and Bohm (1976) with these

modifications: 200-gram population samples (75% mature, intact
scapes and 25% basal leaves) were placed fresh into methanol in the
field. Methanolic extracts were taken to dryness, treated with celite

and hot water (95°C), saturated with sodium chloride, and filtered.

The resulting amber liquid was treated in a separatory funnel, first
with ethyl acetate, then with n-butanol. Multiple ethyl acetate,
followed by n-butanol extractions were made until the upper phases

(initially clear and yellow) were colorless. Both the ethyl acetate
and n-butanol extracts were taken to complete dryness, redissolved in
2 ml of HOH, and pooled prior to layering on the column. Initial

separation of the polyphenolic mixture into trioside, bioside, monoside, and aglycone components was achieved using a

30

g Sephadex

LH-20 gel filtration column. Elution was initiated with 400 ml of
HOH, followed by stepwise elution with 200 ml of 25% aqueous

methanol, 50% aqueous methanol, 75% aqueous methanol, and 100%

methanol. Bands detected by long-wave ultraviolet light, were
collected in approximately 75 ml fractions; each fraction was taken to

complete dryness using a flash evaporator. Column runs were
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monitored using the p -aminoethyl diphenylborinate spray reagent
(Aldrich Chemical Co.) on MN DC 6.6 polyamid one-dimensional

ascending TLC (Randarath, 1968), developing in an "aqueous" solvent

system (HOH/n-butanol/acetone/dioxane 210:45:35:20 v/v/v/v), and by
spraying plates with the assay reagent (0.5% p - aminoethyl

diphenylborinate in 1:1 methanol/HOH. Plates were viewed under

long-wave ultraviolet light before and after spraying. Color
transparencies of the fluorescing compounds on the "Sephadex LH-20

fraction TLC maps" were made in UV light using a Micronikkor 55 mm

lens equipped with a Wratten 2B gelatain filter. Images were recorded
on Kodachrome 25 film (ASA 25).

Fractions from the Sephadex LH-20 columns which possessed

flavonoids were chromatographed on 20 g Avicel microcrystalline

cellulose partition columns using ratios of A "icel to sample of 50 to 1.

Partition columns were prepared by blending together watersaturated Avicel with 4:6 (v/v) petrol ether (b. p. 60°C) /ethyl acetate
and by packing with 1. p. compressed air. Stepwise elution of the
polyphenolic mixture was initiated with 4:6 petrol ether /ethyl acetate
followed by proportions of 3:7, 2:8, 1:9, and finally 100% ethyl

acetate. Elution was continued using increasing proportions of 2-

butanone in ethyl acetate according to the previous scheme. Final
elution was achieved with 100% 2-butanone. All elutants were water

saturated. Fractions from the partition columns were collected,
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dried, and monitored according to the procedure for Sephadex gel
filtration chromatography already described.

Final purification of

the compounds from the partition columns was achieved by banding on
MN polyamid DC 6.6 TLC plates in both aqueous and organic solvent
mixtures (Wilkins and Bohm, 1976).

Extracts were made from 50 individual plants ( a single population sample) weighing from 0.1 to 1.5 g

(dry weight) and separate

plant organs in the same manner as mass collections. Individual
plant extracts and individual plant organ preparations were chromatographed on MN polyamid DC 6.6 and on miniature (5 x 5 cm) Micropolyamid plates (Schleicher and Schuell Co. ), respectively. Plates

were developed in two dimensions using an "organic" solvent mixture
(benzene / methanol /2- butanone /HOH 55:20:22:3 v/v/v/v) and an

"aqueous" one (HOH/n-butanol/acetone/dioxane 210:45:35:20 v/v/v/v).

Micropolyamid plates were sprayed with p-aminoethyl diphenyl-

borinate as before.
Structure Determination
Aglycone identity and points of sugar attachment were determined by UV spectroscopy with the aid of spectral shift reagents

(Mabry et al., 1970). Flavonoids to be analyzed were taken to a

small volume (ca. 1 ml) using a warm air stream. Six drops of this
concentrate were added to 3 ml of spectral methanol in a quartz

it

cuvette. Using a Beckman DB-G Spectrophotometer, spectra were

obtained from a scan between 440 nm and 220 nm. Six spectra were
produced for each flavonoid sample:

(1) A spectrum of the flavonoid in methanol was first obtained.
(2) Aluminum chloride (5% in spectral methanol) was then added to
the cuvette. After the addition of 5 drops the spectrum was

determined.
(3)

Two drops of 4N HC1 were then added to the cuvette from

part 2. After the spectrum was run, the solution was discarded.
(4)

Four drops of sodium methoxide (2.5 g sodium metal added to
100 ml of spectral methanol) was then added to the cuvette
containing another sample of the flavonoid solution and the

spectrum was immediately determined. The solution in the
cuvette was then discarded.
(5)

To a third sample of the flavonoid, anhydrous powdered sodium

acetate was added until a saturated solution was obtained, then
the spectrum was determined.
(6)

To the cuvette containing the sodium acetate saturated flavonoid
solution, powdered boric acid (H3B03) was added (to neutralize

the sodium acetate) and the sixth spectrum for the flavonoid was

recorded.
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Sugar identification was accomplished by hydrolyzing the intact

flavonoid glycoside with 3 drops of trifluoroacetic acid in a boiling

water bath, recovering the aglycone (using ethyl acetate in a miniature

separatory tube), and preparing the alditol acetate sugar derivative
according to the method of Jones and Albersheim (1972). Sugar

standards, an inositol internal standard, and sugar unknowns were all
prepared in the same manner. Hydrolysates were dried and reduced
with NaBH

4. Glacial acetic acid was added to the reaction mixtures

which resulted in vigorous effervescence in each of the samples.
After washing the samples with methanol, I added acetic anhydride

and sealed the sample tubes. Acetylation was performed in an autoclave at 220°C for two hours. Derivatives were recovered from the

reaction mixture with chloroform; samples were blown dry. The vola-

tile alditol acetate derivatives were chromatographed on a commercially packed, stainless steel column filled with 100/120 Supelcoport
(coated with Supelco 3% SP-2340) on a Hewlett-Packard 5830A Gas

Chromatograph equipped with an electronic integrator. Aglycones

recovered from the hydrolysate were spectrally analyzed and cochromatographed with standard quercetin and kaempferol (Sigma

Chemical Co.) in four different solvent systems. Table 2 (p. 61) lists
the precise methodology and Rf values for each of the compounds

isolated.
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IV. RESULTS
Chromosome Number

Cytological studies of the C. perfoliata complex cover a wide

sample of morphological forms over a large part of the geographical

range. New chromosome counts, below, add considerably to the
variability reported previously (Miller, 1976). The known distributions of diploids, tetraploids, and octoploids have been expanded, and

a third diploid species has been discovered (see next section).
Meiosis in nearly all cases examined was completely normal, even to

the decaploid level as reported earlier. One octoploid individual
showed desynapsis of one or two bivalents in the microspore mother

cells observed. The sampled populations are listed below; tetraploid
cytotypes that morphologically resemble their respective diploid

species are accorded the same name. Tetraploids and higher

polyploids not referable to any one of the three species (with the

exception of C. perfoliata ssp. viridis) are listed under the general

category "C. perfoliata (sensu tato)." "S1" refers to the putatively
self-pollinated greenhouse-grown generation from seed parents
collected in the field. Accessions are all mine unless otherwise
indicated.
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Zn = 12 (as 6 pairs) Claytonia. parviflora Douglas ex Hooker
CALIFORNIA. CALAVERAS CO.: San Antonio Creek, 1.6 km
S of Sheep Ranch on the road to Murphy's, 666. ELDORADO

CO.: American River Canyon, 0.8 km S of the Hwy. 49 bridge,

between Auburn and Cool, 588. FRESNO CO.: Trimmer, 5 km
SE of town on Trimmer Springs Road, 634; San Joaquin River

Canyon where the road from Auberry to North Fork crosses the

San Joaquin River, 638, 640. KERN CO.: Kern River Canyon,
1.6 km upriver from Democrat Hot Springs, Hwy. 178, 526.
Bodfish, 0.8 km SW of town on the road to Havilah, 527.
2n = 24 (as 12 pairs). Claytonia parviflora
MEXICO. ESTADO BAJA NORTE: Sierra San Pedro Martir,
Me ling Ranch, 626. U.S.A. CALIFORNIA. AMADOR CO.:

Lower Mokelumne River Canyon; 1.3 km N of the bridge over the

Mokelumne River, Hwy. 49, 661. ELDORADO CO.: South Fork
Cosumnes River Canyon, 1.6 km N of County Road E-16

bridge, 589. FRESNO CO.: Slopes of Mount Sampson above

Dunlop, Hwy. 180, 556; Trimmer, 0.8 km W on the road to
Tollhouse, 635. San Joaquin River Canyon, 1.3 km SW of the

bridge over the San Joaquin River on the road from Auberry to

North Fork, 636. KERN CO.: Arrastre Creek midway between
Glennville and White River on the road to White River, 550.

MADERA CO.: Bass Lake, North Fork Campground on the
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West Bass Lake Road (road 222), 9. 3 km SE of Hwy. 41 junc-

tion, 642, 643. MARIPOSA CO.: North Fork Merced River,
0.8 km SE of its confluence with Marble Gulch, at junction of
roads 2801 and 2S05, 678. MONTEREY CO.: Santa Lucia
Mountains, Upper Arroyo Seco Canyon where road 19509 meets

the creek 1.6 km SE of Escondido Campground, 598. NEVADA
CO.: South Yuba River Canyon, 0.8 km SW of the Hwy. 49

bridge, 581. RIVERSIDE CO.: Mountain Center, 1.6 km N on
Hwy. 243, Fellows 982. VENTURA CO.: Ojai, where Hwy. 33
meets the Ortega Trail and crosses Callon Creek above Wheeler
Gorge, 516. YUBA CO.: Middle Yuba River Canyon, Moon-

shine Creek, 3.7 km downriver from the Hwy. 49 bridge on

Bullard's Bar Reservoir Road, 584. Celestial Valley, 1 km N
of Hwy. 49 bridge over the Middle Yuba River, Hwy. 49, 654,
655.

2n = 12 (as 6 pairs). Claytonia perfoliata Donn ex Willdenow

ssp. perfoliata
MEXICO. DISTRITO FEDERAL: Slopes of Cerro Ajusco, 2 km
E of Estacion La Cima on Hwy. 95, 568. ESTADO BAJA
NORTE: Santo Tomas Valley, 10.1 km SE of Santo Tomas on

Hwy. 1, 627. ESTADO MEXICO: Slopes of Popocatepetl, 12.5
km E of Amecamena on the road to Tlamacas, 570° 5.5 km W of

Paso de Cortez on the road from Amecamena to Tlamacas, 571;
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W slopes of Ixtaccihuatl, 3 km E of San Rafael, Rodriguez
1450 -S1; Slopes of Popocatepetl, 8 km E of Amecamena,
Rodriguez 1460. U.S.A. ARIZONA. GRAHAM CO.: Pinalerio

Mountains, Noon Canyon where Hwy. 366 crosses Noon Creek,

573. PIMA CO.,: Santa Catalina Mountains, Molino Basin on
the Mount Lemmon Hwy., 572, 628- Stratton Wash where the
Mount Lem.m.on road crosses the wash, 574. CALIFORNIA.
LOS ANGELES CO.: San Gabriel Mountains, Big Tujunga
Canyon; 4.3 km SW of Angeles Forest Highway on Big Tujunga

Road, 621- 4.Z km NW of Big Tujunga Rd. on Angeles Forest
Hwy., 623; Upper Arroyo Seco Watershed on Hwy. 2, 624North side of Sawmill Mountain, Lower Shake Creek Campground, 687- San Gabriel Mountains, South Fork Big Rock

Creek Canyon, 0.5 km S of South Fork Campground, 688.

MONTEREY CO.: Santa Lucia Mountains, Arroyo Seco, 2.6 km
N of the bridge over Santa Lucia Creek, 595; Upper Arroyo Seco
Canyon where road 19S09 meets the creek 1.6 km SE of
Escondido Campground, 599. SAN LUIS OBISPO CO.: Santa
Lucia Mountains, York Canyon Road, 1 km NW of Hwy. 46, 602;

Pozo Canyon Road, 6. 2 km NW of Salinas River Crossing at

Pippin Corner, 604. La Panza Range, La Panza Campground,
0.8 km E of La Panza Guard Station on road 29S01, 607.
SANTA BARBARA CO.: Santa Ynez Mountains, 0.5 km N of
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Refugio Pass on road 5N12, 6119 2.0 km N of Refugio Pass on

road 5N12, 614. VENTURA CO.: Oxnard Plain, 6.4 km NE of
Hwy. 1/Los Posas Road interchange on Hueneme Road, 502-

Ojai, where Hwy. 33 meets the Ortega Trail and crosses
Carion Creek above Wheeler Gorge, 515- Santa Monica Mountains,

Carlisle Canyon on the N side of Boney Ridge, 2.4 km up
Carlisle Canyon Road from Hwy. 23, 609- East Sulphur
Mountain, 3.5 km SW of Hwy. 150 on Sulphur Mountain Road,

618- North side of Oat Mountain, Maple Creek, 10.8 km NE of
Goodenough Road on the road to Cow Springs and the Condor

Observation Point, 620.
2n = 24 (as 12 pairs). Claytonia perfoliata ssp. perfoliata
ARIZONA. FINAL CO.: Santa Catalina Mountains, Nugget
Canyon Wash where the Mt. Lemrnon Road crosses the wash,

575, 629, 630. CALIFORNIA. SAN MATEO CO.: Purisimo
Canyon, 6. 4 km E of Hwy. 1 on Purisimo Canyon Road, 590.
SANTA CRUZ CO.: Santa Cruz Mountains; 0.8 km N of Hwy. 1

on the road from Davenport to Bonnie Doon and Felton, 591.
VENTURA CO.: Oak View, 1.6 km NE of Hwy. 33/Creek Road

junction on Creek Road, 511; West Sulphur Mountain, 6.7 km
NE of Hwy. 33 on Sulphur Mountain Road, 616; Little Sespe
Creek Canyon, 0.8 km NE of Goodenough Road on the road to

Cow Springs and the Condor Observation Point, 619.

18

2n = 12 (as 6 pairs). Claytonia rubra (Howell) Tidestrom
CALIFORNIA. BUTTE CO.: West Branch of the North Fork

Feather River Canyon, Paradise, along Feather River Place E
of Pentz Road, Fellows 961. KERN CO.: Mount Pirios, McGill
Campground on the Mount Pirios Forest Hwy., 376-S1.

PLUMAS CO.: North Fork Feather River Canyon where Opapee

Creek enters the river below Rock Creek Dam, Hwy. 70, 578.
SIERRA CO.: North Yuba River Canyon, Fiddle Creek Campground, Hwy. 49, 582. SISKIYOU CO.: Callahan, 8 km W on

Salmon River Forest Hwy., 564. Sacramento River Canyon,
Shasta Springs above Dunsmuir, Fellows 677; E side of Scott

Valley, lower Heartstrand Gulch, Fellows 954. TUOLUMNE

CO.: North Fork Stanislaus River Canyon; Calaveras Big

Trees State Park where the park road crosses the river, 670.
YUBA CO.: Middle Yuba River Canyon, Moonshine Creek 3.7

km downriver from the Hwy. 49 bridge on Bullard's Bar

Reservoir Road, 585; Celestial Valley, 1 km N of the Hwy. 49
bridge over the Middle Yuba River, Hwy. 49, 653. MONTANA.
GRANITE CO.: Sapphire Mountains, Rock Creek, 3.4 km S of

1-90 and the Clark Fork River on Rock Creek Road, 700.
MISSOULA CO.: Missoula, 16 km W at junction of County

Road 37 and Park Creek, Fellows 847. NEVADA. ELKO CO.:
Wild Horse Range, Upper watershed of the Owyhee River where

19

Badger Creek meets the river, Hwy. 51, 696° Independence
Mountains, North Fork Humboldt River where road 473 crosses

the river at the forest boundary, 697. East Humboldt Range,
Secret Canyon where Hwy. 11 crosses Secret Creek, 698.
HUMBOLDT CO.: Santa Rosa Range, Big Cottonwood Creek

Canyon, 8 km NW of Hwy. 88 on road 090, 691. IDAHO. IDAHO

CO.: Lochsa River Canyon between Bald Mountain Creek and

Castle Creek at Green Flat Campground, 49.9 km E of Lowell,

Hwy. 12, 702. OREGON. BAKER CO.: West Eagle Creek
drainage, on ridge between West Eagle Creek and Glendenning

Creek, 567. BENTON CO.: Hoskins, 2.7 km W on the road to
Summit (County Road 54) and 3.2 km S on a logging spur,

Kaplan 478. JACKSON CO.: Table Rock area, corner of Table
Rock Road and Hwy. 234, Fellows 749. LAKE CO.: South end
of Winter Ridge above Summer Lake, 3.7 km W of junction of

roads 331 and 336, 565-S1' LANE CO.: Andrews Experimental
Forest, S end of Blue River Reservoir, Fellows 670 (counted by
C.E. Fellows). WASHINGTON: KITTITAS CO.: Swauk Pass;
6.4 km SW at Swauk Campground, Hwy. 97, 645.

2n = 24 (as 12 pairs). Claytonta. rubra (Howell) Tidestrom

CALIFORNIA: KERN CO.: Greenhorn Mountains, 1.8 km E of

Alta Sierra, Hwy. 155, 528. Tehachapi Mountains, 13.3 km S
of Tehachapi, 560. SAN DIEGO CO.: Crouch Valley, 8 km NE

20

of 1-8 on County Road S-1, 506 507° Laguna Peak, Desert View

Picnic Area on County Road S-1, 508. NEVADA. HUMBOLDT

CO.: Santa Rosa Range; Indian Creek Canyon, 4.8 km S of
Hinkey Summit on road 084, 693° Canyon Creek where Buckskin

Creek meets Canyon Creek, 694. LANDER CO.: Toiyabe
Range, Kingston Creek Canyon, Kingston Campground, 690.
= 24 (as 12 pairs). Claytonia perfoliata, (sensu lato)
CALIFORNIA. CALAVERAS CO.: San Antonio Creek, 1.6 km
S of Sheep Ranch on the road from Sheep Ranch to Murphy's,

669. KERN CO.: Lower Kern River Canyon, 6. 2 km downriver
from Upper Richbar Campground, Hwy. 178, 519; 1 km upriver
from Upper Richbar Campground, Hwy. 178, 520- Kern River
Canyon, 5.3 km upriver from Upper Richbar Campground, Hwy.
178, 524; 1.6 km upriver from Democrat Hot Springs Road,
Hwy. 178, 525- Greenhorn Mountains, 3 km E of junction of road
24S01 and highway, Hwy, 155, 540; Arrastre Creek midway
between Glennville and White River on the road to White River,

551- Tehachapi Mountains, 10.6 km S of Tehachapi, 561.
MADERA CO.: Bas s Lake, North Fork Campground on the

West Bass Lake Road (road 222), 9.3 km SE of Hwy. 41 junction,
641. SAN BERNARDINO CO.: E Mojave Desert, Kingston

Range, Horsethief Spring on the road from Tecopa Hot Springs

to 1-15, 563. SISKIYOU CO.: Scott Valley, 2,6 km S of Hwy. 3
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on East Scott Valley Road, 487. TUOLUMNE CO.: North Fork

Stanislaus River Canyon; Calaveras Big Trees State Park where

the park road crosses the river, 671. NEVADA. HUMBOLDT
CO.: Santa Rosa Range, Canyon Creek where Buckskin Creek
meets Canyon Creek, 695.
2n = 24 (as 12 pairs). Claytonia perfoliata ssp. viridis
(Davidson) Fellows

CALIFORNIA. LOS ANGELES CO.: San Gabriel Mountains,
Big Tujunga Canyon, 4.2 km NW of Big Tujunga Canyon Road on

Angeles Forest Hwy., 622. MONTEREY CO.: Santa Lucia
Mountains, Upper Arroyo Seco Canyon where road 19509 meets

the creek 1.6 km SE of Escondido Campground, 600. VENTURA

CO.: Ojai, where Hwy. 33 meets the Ortega Trail and crosses
Caron Creek above Wheeler Gorge, 514, 617- Wheeler Gorge

above Ojai, Wheeler Gorge Campground, Fellows 684.

= 36 (as 18 pairs). Claytonia perfoliata ssp. viridis
(Davidson) Fellows

CALIFORNIA. SAN BERNARDINO CO.: E Mojave Desert,

Kingston Range, Horsethief Spring on the road from Tecopa
Hot Springs to I-15, 562. SAN DIEGO CO.: Cuyam.a.ca Rancho

State Park, Green Valley Area

lower campground, 504.

= 36 (as 18 pairs). Claytonia perfoliata (sensu lato)
CANADA. BRITISH COLUMBIA: Fraser River Canyon, Hells
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Gate, 648; Fraser River Canyon, Emory Creek Provincial
Park, 6.4 km S of Yale, Hwy. 1, 649. Vancouver Island,
Victoria, Victoria KOA on Saanicton Bay, Fellows 915; Victoria,

W end of Mount Tolmie park, Fellows 931. U.S.A.
CALIFORNIA. ALAMEDA CO.: Patterson Pass, just E of
summit between Midway and Livermore, Chambers 3683-S

1'

Mines Road S of Livermore, 9.6 km S of its junction with
Tesla Road, Chambers 3686-51; Arroyo Mocho, 24.3 km S of
junction of Mines and Tesla, Roads, Chambers 3693-S1. BUTTE

CO.: North Fork Feather River Canyon, 0.6 km upriver from
Arch Rock Tunnel, Hwy. 70, 580.

ELDORADO CO.: American

River Canyon, 0.8 km S of the Hwy. 49 bridge between Auburn
and Cool, 587- South Fork American River Canyon, 3.5 km W of

the bridge over the South Fork of the American River, Hwy. 50,

659- 3 km E of the bridge over the river, Hwy. 50, 660.
FRESNO CO.: Black Oak Flat, Hwy. 180, 553, 554, 555.
KERN CO.: Greenhorn Mountains, 1.8 km E of Alta Sierra,
Hwy. 155, 529, 530- Cedar Creek Campground on Hwy. 155,

532- 1.6 km above Cedar Creek Campground, Hwy. 155, 533,
534 535

537, 538- 3 km E of junction of road 24S01 and Hwy.

155, 543- Tehachapi Mountains, 13.3 km S of Tehachapi, 557,
559- Temblor Range, 20.8 km NW of Hwy. 33/58 junction on

Hwy. 58, 608. LOS ANGELES CO.: San Gabriel Mountains,
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South Fork Big Rock Creek Canyon, 0.5 km S of South Fork

Campground, 689. MARIN CO.: Mt. Tamalpais, E summit
near parking lot, Chambers 4306. MARIPOSA CO.,: Shingle
Hill; 0.8 km W of road 2817 junction on Greeley Hill Road, 675-

North Fork Merced River; 0.8 km SE of its confluence with
Marble Gulch at the junction of roads 2801 and 2S05, 676 677-

Marble Gulch, 0.6 km upstream from its confluence with the
North Fork of the Merced River on road 2S05, 679- Merced
River Canyon where Feliciana Creek meets Hwy. 140 and the

river, 681- W end of Yosemite Valley, Upper Merced River
Canyon, 682. MENDOCINO CO.: Hopland, 8.2 km S at the

Hwy. 101 bridge over Pieta Creek, Chambers 4249, 4250,
4251. MONTEREY CO.: Pacific Grove, Kaplan 152-51; Santa
Lucia Mountains, Arroyo Seco, 2.6 km N of the bridge over
Santa Lucia Creek, 593- Ridge between Arroyo Seco and Santa

Lucia Creek Canyon where the Last Chance/Junipero Serra

Peak Trail leaves road 19S09, 596, 597; Hills on the E side of
San Antonio River Valley, 12 km NW of Bradley interchange
(Hwy. 101 junction) on County Rd. G-17, 610. Nacimiento to

Lucia road, 4.0 km E of summit, Chambers 4276; South side of
grade between Parkfield and Coalinga, 4.5 km S of summit,

Chambers 4282. PLUMAS CO.: North Fork Feather River
Canyon, where Opapee Creek enters the river below Rock Creek
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Dam, Hwy. 70, 577, 579. RIVERSIDE CO.: Dripping Springs
Campground between Aguanga and Temecula, Hwy. 79, 510.

SAN DIEGO CO.: Cuyamaca Rancho State Park, Green Valley

area - lower campground, 503- Crouch Valley, 8 km NE of 1-8
on County Road S-1, 505. SAN LUIS OBISPO CO.: La Panza
Range, Black Mountain Lookout Road, 5.6 km NE from its

junction with Pozo Road, 605; Fraser Canyon, 2.7 km W of Pozo
Summit on road 29S01, 606. SANTA BARBARA CO.: Santa

Ynez Mountains, Refugio Pass on road 5N12, 610° 1.9 km N of

Refugio Pass on road 5N12, 613- Quiota Creek Canyon, 5 km S
of Santa Ynez River bridge on road 5N12, 615. SANTA CLARA

CO.: Mount Hamilton just E of Lick Observatory, Fellows 596;
Arroyo Mocho, 36 km S of junction of Mines and Tesla Roads,
Chambers 3698-S

1'

Chambers 3699 -S1.
S1.

CRUZ CO.:

Santa Cruz, 1.8 km N of town, Hwy. 9, 592. SIERRA CO.:
North Yuba River Canyon, Fiddle Creek Campground, Hwy. 49,

650. TUOLUMNE CO.: Stanislaus River Canyon where the road

from Vallecitos to Columbia crosses the river at Parrott's
Ferry, 672. VENTURA CO.: Wheeler Gorge, where Hwy. 33

crosses Bear Creek, 513. IDAHO. ADAMS CO.: Pineridge,
14.1 km S, Hwy. 95, Fellows 867. LEWIS CO.: Kamiah, 0.3
km W of town along the Clearwater River, 703. NEVADA.
HUMBOLDT CO.: Santa Rosa Range, Big Cottonwood Creek
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Canyon, 8 km NW of Hwy. 88 on road 090, 692. OREGON.

CURRY CO.: Brookings, Harris Beach State Park, Crosby 501.
HARNEY CO.: Cat low Rim, springs at head of Three Mile

Creek, Kunkel 1. LANE CO.: Heceta Head, S at Lily Lake,
501. UMATILLA CO.: Pendleton, E end of town, Hwy. 11,

492. UTAH. TOOELE CO.: Stansbury Mountains, South
Willow Creek Canyon, 0.5 km E of Cottonwood Forest Camp on
road 171, 699. WASHINGTON. ASOTIN CO.: Grande Rhonde

River Canyon, 1.6 km NE of the Grande Rhonde River bridge,
Hwy. 129, 494. 0.3 km NE of the Grande Rhonde River bridge,

Hwy. 129, 495. CHELAN CO.: Swakane Canyon, 0.6 km upstream from Hwy. 97 and the Columbia River, just above Rocky
Reach Dam on Swakane Canyon Road, 647. KLICKITAT CO,:

Simcoe Mountains, Satus Creek Canyon, 0.8 km N of Satus

Pass, Hwy. 97, 644.
= 48 (as 24 pairs). Claytonia perfoliata (sensu lato)
CALIFORNIA. FRESNO CO.: San Joaquin River Canyon,

1.3 km SW of the bridge over the San Joaquin River on the road
from Auberry to North Fork, 637° San Joaquin River Canyon,

where the road from Auberry to North Fork crosses the river,
639. KERN CO.: Lower Kern River Canyon, 1 km upriver from
Upper Richbar Campground, Hwy. 178, 521, 522° Greenhorn

Mountains, Cedar Creek Campground on Hwy. 155, 531; 1.6 km
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above Cedar Creek Campground, Hwy. 155, 536, 5399 3 km E of

junction of road 24S01 and hwy., Hwy. 155, 541, 5429 Arrastre
Creek midway between Glennville and White River on the road to

White River, 547, 548. HUMBOLDT CO.: Orleans, 4.2 km N
on Hwy. 96, 359-S1. MONTEREY CO.: Santa Lucia Mountains,
Arroyo Seco, 2.6 km .N of the bridge over Santa Lucia Creek,

594. SAN DIEGO CO.: Julian, 1.6 km E of town on Hwy. 78,
509. SANTA BARBARA CO.: Cuyama River Canyon, 13.6 km

E of Aliso Creek, Hwy. 166, 518. TRINITY CO.: Burnt
Ranch, Burnt Ranch Campground, Hwy. 299, 490. OREGON.
DOUGLAS CO.: North Umpqua River Canyon, where the North

Umpqua River road crosses Dog Creek, Chambers 4044-S1.

60 (as 30 pairs). Claytonia perfoliata (sensu lato)
WASHINGTON. KLICKITAT CO.: Wishram, 8.8 km W on

Hwy. 197, 319-Si.

Diploid Taxa
Morphology

Each entity of C. perfoliata (s.1.) displays a distinctive ontogenetic basal leaf sequence (Swanson, 1964; Miller, 1976) and this

trait was confirmed in progeny-tested diploids. It is interesting to

note that taxonomic treatments of Miner's Lettuce, in the past, have
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ignored this potentially useful key character, and I speculate that
this was due to over-reliance on poorly prepared herbarium speci-

mens. Of all the basal leaf sequences studied, three stand out as
representative of the extremes of variation in the complex: (1) linear
juvenile leaves and deltoid mature basal leaves (Fig. 9); (2) rhomboid
juvenile basals with deltoid mature leaves (Fig. 10); and (3) both

linear juvenile and mature basal leaves (Fig. 11). When other
characters such as petal length, foliage coloration, growth habit,
and leaf tip morphology are considered, diploid populations easily

fall into three assemblages. These assemblages, which I will refer

to as the three species C. perfoliata, C. rubra, and C. parviflora,
are illustrated in Figures 1-13. Diploid C. parviflora, unlike the
other two species, has petals 5-6 mm in length and is facultatively
xenogamous (see section on "Breeding Systems"). Claytonia parvi-

flora has both linear juvenile and mature basal leaves and, as in the

case of C. perfoliata diploids, the species grows as an erect herb
(Figs. 1,

3, 4, 5, 11). Claytonia rubra differs in having a

flattened ("depressed") basal rosette, often decumbent scapes, and
rhomboid juvenile basal leaves (Figs. 10, 12, and 13). The mature

basal leaves of both C. 2erfollaL. and C. rubra are deltoid, but the
leaf tips are generally mucronate in the former taxon and obtuse in

the latter (Figs. 6,

7, 8, 9).
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Fig. 1.

Diploid Claytonia parviflora mature plant (Miller #666;
Murphy's). Scale at left = 8 cm.

Fig. 2.

Seedling of C. parviflora (cotyledons are not illustrated).

Figs. 3-5. Flowers of diploid C. parviflora showing both temporal
and spatial orientation of stigma lobes and anthers.
Bottom scale = 6 mm,

Fig. 3.

Flower in the morning of the first day of
opening (side view).

Fig.

Flower in the evening of the first day.

Fig. 5.

Second morning of flowering (oblique top view).
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Fig. 6.

Claytonia perfoliata ssp. perfoliata mature diploid plant
(Rodriguez #1450-S1; Ixtacci.huat1). Right-hand scale =
8 cm.

Fig. 7.

Seedling of Claytonia perfoliata ssp. perfoliata (cotyledons
are not shown).

Fig. 8.

Two self-pollinating flowers of diploid C. perfoliata ssp.
perfoliata. Left-hand scale = 6 mm.
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Fig. 9.

Ontogenetic basal leaf sequence of diploid C. perfoliata
ssp. perfoliata illustrating both linear juvenile basal leaves
and deltoid (mucronate) mature basal leaves. Scale = 8 cm.

Fig. 10. Ontogenetic basal leaf sequence of C. rubra. Scale = 8 cm.
Fig. 11. Ontogenetic basal leaf sequence of C. parviflora.
Scale = 8 cm.
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Fig. 12. Diploid C. rubra mature plant (Chambers #3385-S1;
Columbia Gorge). Scale = 8 cm.

Fig. 13. C. rubra seedling (cotyledons are not illustrated).

Fig. 14. Mature tetraploid plant of C. perfoliata ssp. viridis
(Miller #622; Big Tujunga Canyon).
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Habitats

Polyploid populations of C. perfoliata {s.1.) frequently occur in

human-disturbed habitats, including areas under cultivation. Diploid
populations, on the other hand, are usually encountered on scree,

talus, or dirt slides, these sites being particularly characteristic of
diploid C. perfoliata (sensu stricto). On Popocatepetl. and Cerro
Ajusco in southern Mexico this species was found on dirt slides in

forests of Abies religiosa and Pinus sp. at elevations of 3000 meters.
Diploid plants discovered in the Santa Catalina and Pinalelio
Mountains of southeastern Arizona were found on moist canyon-bottom

banks under Platanus and Quercus at mid-elevations. Populations
discovered on the north side of the San Gabriel Mountains of southern
California were composed of livid beet-red plants growing under

Pseudotsuga macrocarpa on steep north-facing slopes of granitic scree
and talus. In the northern section of its range, especially at low
elevations in the Santa Monica, Santa Ynez, Topa Topa, La Panza,

and Santa Lucia ranges, plants were found on moist, disturbed ground

in riparian woodland or under Quercus agrifolia at the chaparral edge.
Swanson (1964) reports these diploids from the Channel Islands.

Claytonia parviflora diploids were consistently found in the
Pinus sabiniana/Quercus douglasii foothill woodland of the Sierra
Nevada. Populations were encountered on granitic or limestone scree

or on moist metamorphic rock shelves.
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In contrast to the species just described, C. rubra occupies a
number of montane plant communities including Pinyon-Juniper

woodland, Yellow Pine Forest, Mixed Coniferous Forest, Lodgepole

Pine Forest, and Douglas-fir Forest (Swanson, 1964). At its southern
limit, on Mount Pirios in southern California, diploid populations of

this species were found under Pinus jeffreyi and Quercus kellogii.

Farther north in the Sierra Nevada, North Coast Ranges, Siskiyou
Mountains, Cascade Range, and Columbia River Gorge, diploid
populations were found in disturbed soil under Pinus ponderosa and

Pseudotsuga menziesii. One population of this species was found in

river silt under Populus in western Montana. Claytonia rubra was
also encountered in the dry and relatively barren ranges of the
northern Great Basin under Amelanchier and Salix next to creeks.
Cytogeographic Patterns
The locations of known diploid populations, when plotted on

distribution maps, reveal interesting cytogeographic patterns.
Figures 15-19 illustrate more than 400 published and unpublished

chromosome counts for C, perfoliata (s.1.). The southern range of
Miner's Lettuce is dominated almost exclusively by diploid C. perfoliata.
(Elgs.16, 17,19), Mexican herbarium collections which had similar leaf and

floral morphology to meiotically analyzed plants, reflect a montane

distribution of putative diploids from a moist mid-elevation pine, fir,
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Figs. 15-19. Cytogeography of the North American diploid species of
C. perfoliata (sensu lato) and their polyploid derivatives. With a few exceptions (those undocumented
chromosome counts which made the collection locality
impossible to plot) all counts in the literature are

recorded (see Miller, 1976, for citations). One

hundred and thirty chromosome counts from Swanson's
doctoral dissertation (1964) are plotted here with his
permission. Because of layout limitations a single
symbol may represent several counts made by one or
more authors at a particular locality. Large black
dots = diploid Claytonia rubra° solid squares = diploid
C. parviflora; solid triangles = diploid C. perfoliata
ssp. perfoliata; open triangles with dotted centers =putative diploid herbarium material of C. er212liaa
ssp. perfoliata with similar morphology to counted
populations; small black dots - tetraploid C. rubra,

C. parviflora, C. perfoliata ssp. perfoliata, and
C. perfoliata (sensu lato); capital "V's" = tetraploid
C. perfoliata ssp, viridis lower case "v's" = hexaploid C. perfoliata ssp, viridis- open stars = hexaploid
C. perfoliata (sensu lato); solid stars = octoploid
C. perfoliata (sensu lato); blackened circles with openstarred centers = decaploid C. perfoliata (sensu lato),
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Fig. 15. Map of southern British Columbia, Washington,
Oregon, western Montana and Idaho, and northern
portions of California and Nevada.
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Fig. 17. Southeastern Arizona, portions
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and cypress forest in Estado Durango (ESTADO DURANGO: Estacion

Coyotes, 80 km N at Guachichilas, Breedlove 18822 (CAS)), to eleva-

tions exceeding 3000 meters on slides and disturbed slopes of volcanic

soil in forests of Abies religiosa and Pinus sp., as far south as
Volcafn Tacanl in Estado Chiapas (Fig. 19) (ESTADO CHIAPAS:

Volcan. Tacana, Breedlove 29324 (DS, ENCB). ESTADO JALISCO:

Nevado Colima, below Canoa de Leoncita, McVaugh 12831 (UM).

ESTADO PUEBLA: NE slopes of Ixtaccihuatl, Ern 316 (ENCB)).

Guatemalan collections exist in the herbarium record (QUEZALTENANGO DEPARTMENT: Cuesta El Caracol, Barranco Buena

Vista, Williams, Molina, & Williams 22803 (DS)). In contrast,

C. rubra is more northern in distribution (Fig. 15,

16, 18) and

where C. rubra and C. perfoliata diploids are in geographic proximity,
at least a 1000 meter elevational difference between them exists.
Claytonia parviflora appears to be limited to the Sierra Nevada

Mountains (Fig. 16), but its localities are few, and future research
may show that it occurs elsewhere as well. Unlike C. rubra, which
exists at mid-elevations along the Sierra Nevada axis, diploid
C. parviflora is' principally found at lower elevations in the foothills,
and in no instance were diploid populations of these two species

sympatric.
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Distribution of Tetraploid Populations

Tetraploids are more common than previously suspected and

generally parallel the geographic distribution of their diploid counter-

parts. Linear-leaved tetraploid C. parviflora, with small selfpollinating flowers, is common in mid-elevation mixed coniferous

forests of the Sierra Nevada and usually grows with deltoid-leaved

C. rubra diploids on disturbed sites or in needle accumulations under
conifers. Tetraploid C. parviflora was also found at two localities in
the central Coast Range of California on dirt slides, growing with, but

completely distinct from, deltoid-leaved diploid C. perfoliata ssp.

perfoliata and tetraploid C. perfoliata ssp. viridis.
In contrast to linear-leaved tetraploid C. parviflora, tetraploid
C. perfoliata ssp. perfoliata with linear juvenile leaves and deltoid
mature basal leaves was never found in the Sierra Nevada. Rather,
its Coast Range distribution followed that of its diploid counterpart.
Deltoid-leaved tetraploid populations were common on beach fore-

dunes in Humboldt County (#364. Miller, 1976), in disturbed sites of
the Santa Cruz Mountains, and in over-grazed Quercus agrifolia woodlands in the south Coast Ranges of California. Individuals of this

species frequently had reniform leaves lacking a mucro, although

some plants were impossible to tell apart from diploids. One
deltoid-leaved tetraploid population was discovered in the Santa
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Catalina Mountains of southeastern Arizona in a wash under cotton-

woods, only 1 km from morphologically similar diploids.

Claytonia rubra, too, has morphologically similar tetraploid
derivatives. Tetraploids with narrowly rhomboid juvenile basal
leaves and deltoid (obtuse) mature basal leaves, flattened rosettes,
one-sided fusion of cauline leaves, and livid beet-red coloration,
particularly of the abaxial leaf surfaces were found at two widely
scattered localities under Am.elanchier and Populus along creeks in
the Intermountain Region; the Santa Rosa Range in north-central

Nevada, and the Toiyabe Range in the central part of the state.
Farther south in Pinyon-Juniper woodlands of the Greenhorn and
Tehachapi Mountains of California and Jeffrey Pine forest of Laguna

Peak in the Peninsular Mountains, other tetraploids were collected
that strongly resembled diploid C. rubra but had nearly linear
juvenile basal leaves ("Peninsular Mountains" tetraploid of Miller
(1976); "Great Basin" tetraploid of Swanson (1964)).

Certain tetraploid cytotypes such as the "Coastal/Obligately
Autogamous" tetraploid (Miller, 1976) or the "Scott Valley" tetra
ploid (e.g. #487. Swanson, 1964) did not resemble any single diploid

species but are clearly distinct geographic entities probably worthy of
taxonomic recognition. Along the Mojave Desert edge and in the Kern
River Canyon one such entity (keyable to var. utahensis Rydberg) with

linear juvenile leaves, green foliage, and variable mature basal
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leaves (som.ettines spatulate or ovate) was encountered (#'s 286 in
Miller, 1976; 519 520, 524 525, 551, 561, 563). Another tetraploid

population composed of rhombic-leaved, beet-red, pink-flowered

individuals intermediate between C. parviflora and C. rubra (#540)
was discovered with a population of deltoid-leaved, green-foliaged,
white-flowered octoploids (#541). The latter graded from robust

plants in deep shade under oaks to "sun morphs" having arrested

basal leaf shape. Hexaploid cytotypes with intermediate morphology
were found among the tetraploid and octoploid plants at this locality.
Tetraploids with morphology intermediate between diploid C. parvi-

flora and C. rubra were found in the Central Sierra Nevada (#'s 540,
641, 669, 671), and in the Klamath Mountains (Swanson, 1964).
Polyploidy and Variation in Claytonia

perfoliata ssp. viridis
First described as Montia spathulata var. viridis by Davidson
(1907), this variety was eventually elevated to subspecific status and

transferred to the genus Claytonia (Fellows, 1976). At first glance,

this plant (Fig. 14) bears striking resemblance to C. spathulata
Hooker, which also may lack fusion of the cauline leaves. Unlike

C. spathulata, however, C. perfoliata ssp. viridis has a chromosome
base number of xz-6, whereas the former has x=8. When seeds are

compared, particularly the elaiosomes, the two taxa are completely
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distinct (Fellows,

1976).

Seeds of C. spathulata, C. perfoliata, and

C. perfoliata ssp. viridis were observed by scanning electron
microscopy (SEM) and the conclusions of Fellows

(1976)

were con-

firmed. Elaiosomes in both C. perfoliata and C. perfoliata ssp.
viridis are conspicuous (1 mm long) (Fig. 20 a, d, f) and this

character can be visualized using a hand-lens in the field. On the
other hand, C. spathulata has only a tiny elaiosome, wedged in a wide
notch of the seed coat (Fig. 20b). Higher magnifications reveal even
more differences between the x=6 plants and the x=8 individuals.

Both C. perfoliata (s.1.) and its ssp. viridis have minute, parabolic
depressions on the surface of each tubercule (Fig. 20 c, f) while

tubercles of C. spathulata are completely smooth (Fig. 20e).
Claytonia perfoliata ssp. viridis may represent a polyploid complex in its own right, although diploids have not yet been discovered.

Tetraploids have been reported in the literature (Fellows,
Miller,

1976)

1976;

and hexaploids were discovered during the course of

this study, from two widely separated localities. Members of this
complex are not particularly common the Peninsular, Transverse,

and Desert Ranges of southern California. Herbarium records exist
for both the Panamint Mountains of Death Valley (Jepson #19705) and

the Sierra San Pedro de Martir Mountains of the Baja Peninsula
(Moran #10954).

47

Fig. 20. Scanning electron micrographs of seeds of Claytonia
perfoliata ssp. perfoliata, C. spathulata, and C. perfoliata ssp. viridis,
a.

A tetraploid seed of C. perfoliata ssp. perfoliata
(Miller #364) magnified 50 times actual size.

b.

Seed of C. spathulata (unknown chromosome number)
magnified 100 times (Miller #340).

c.

C. perfoliata, same seed as Fig. 20a, magnified
350 times.

d.

C. perfoliata seed magnified 100 times (see Fig. 20
a, c).

e.

Seed of C. spathulata (same as Fig. 20b) magnified
350 times.

f.

Seed of tetraploid C. pezioliala ssp. viridis (Fellows
#684) magnified 350 times.
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Hexaploids of C. perfoliata ssp. viridis were found in stands of
Pinus coulteri in the Peninsular Mountains and in moist pockets among
quartz-monzanite boulders in the Kingston Range, eastern Mojave

Desert. In both cases hexaploid plants of C. perfoliata ssp. viridis
were growing with perfoliate-disced individuals (#'s 503/504° 562/

563, respectively). Bright-green-foliaged tetraploid plants were also
found with perfoliate-disced diploid C. perfoliata ssp, perfoliata in
riparian woodlands at the chaparral edge in the central Coast Ranges
of California. Livid beet-red plants of C. perfoliata ssp. viridis

having linear mature basal leaves and absolutely no fusion of the

cauline leaves were found side-by-side with perfoliate-disced,

reddish, deltoid-leaved diploids on scree slopes of granite and gneiss
in the San Gabriel Mountains. In some instances, red-foliaged tetra-

ploid ssp. viridis intergrades with tetraploid C. rubra cytotypes,
Jepson (1914) reports such an intergradation display between what he

erroneously believed to be C. spathulata and C. perfoliata on Mount

Palomar. One population of C. perfoliata ssp, viridis sampled by
Fellows (his #984° 1976) had nearly deltoid mature basal leaves, quite

unlike the characteristic linear-leaved conditions for this subspecies,

but similar to that of C. rubra. Morphological and ecological observations (K, L, Chambers, pers. comm..) suggest that the look-alike and
sympatric, but unrelated Claytonia spathulata Douglas ex Hooker

(x=8) favors open slopes and bare soil, rather than the moist, often
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shady habitats of. C. perfoliata ssp. viridis ( =6). The complete
spectrum of cauline-leaf perfoliation, from linear cauline leaves
lacking fusion to perfoliation of the caulines shown by C. perfoliata

(sensu lato) is paralleled both in the C. spathulata/C. gypsophiloides

complex (K. L. Chambers, pers. comm. ) and in C. sibirica Linnaeus
versus C. arenicola Henderson (Miller and Chambers, 1977).
Phenotypic Variation in Diploid Populations
Breeding Systems

Observations of flower structure, comparisons of pollen/ovule

ratios, and results of progeny testing experiments indicate that
populations of diploid C. rubra and C. perfoliata are prevailingly

autogamous. Flowers of these two species are less than 0.5 cm
across with petals generally 2.5-3.5 mm long (Fig. 8); calyces are

a millimeter or so shorter than the petals. The most extreme
reduction in petal size was reported in tetraploid and hexaploid
plants from the Columbia River Gorge (Miller, 1976) in which corollas

were included within the calyx, resulting in a cleistogamous condition.

Progeny testing of these plants and several diploid parents of C. rubra
and C. perfoliata resulted in S1 and S 2 generations identical in every

respect to the P 1. In contrast to the diploid, tetraploid, and hexaploid floral types just described, flowers of diploid C. parviflora were
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the largest seen in wild populations, with petals 5-6 mm in length

and floral diameters of 1 cm (Figs. 3-5). This showy floral condition exceeds that of decaploid populations described earlier

(Miller, 1976) and, in other Claytonia species, it usually indicates

adaptations for outcrossing. One of these adaptations is protandry, a
feature observed in populations of C. parviflora. Flowers of this
species, particularly diploid plants and large-flowered hexaploid
individuals, show both temporally and spatially separate orientations

of stigma lobes and anthers. On the first day of flower opening
(Fig. 3), the stamens are located midway between the petal surfaces
and gynoecium, with stigma lobes in a closed, vertical position. At

this time, anthers dehisce extrorsely. At night the flower closes
(Fig. 4) but upon opening the following morning, the stigma lobes are

fully spread radially, with the papillate stigmatic surface exposed,
while the stamens are reflexed and appressed to the petal surfaces
(Fig. 5). Observations of flowering behavior in Claytonia species
date back to the eighteenth century, and Swanson (1964) has reviewed

the subject in detail. Studies of numerous plant species from diverse

families and genera reveal that pollen-ovule ratios are correlated
with breeding systems in flowering plants; hence, cleistogarnous

flowers have the lowest number of pollen grains per flower, autogamous flowers have correspondingly more, and xenogarnous flowers
have the highest number (Cruden, 1977). The average number of
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pollen grains per flower and pollen-ovule ratios of four populations

each of diploid C. perfoliata, C. rubra, and C. parviflora was determined (Table 1). Flowers of diploid C. parviflora produce on the

average 1600 or more stainable pollen grains per flower, much
exceeding the other two self-pollinating, facultatively autogamous

diploid species. When floral diameter and protandry are also considered, C. parviflora diploids compare with the other facultatively
xenogamous species studied by Cruden (1977),

The three diploid taxa are at present allopatric and no evidence
of natural hybridization between them exists, nor have I attempted

synthesis of interspecific diploid hybrids. However, interspecific
hybridization between Claytonia sibirica and C. perfoliata (s. 1.) at
the tetraploid level has been documented and studied (Fellows, 1971)

and visits to flowers of C. perfoliata (s.l. ) by various Hymenoptera,
Diptera, and Hemiptera have been observed (Swanson, 1964; Miller,

1976). Morphological equivalents of the three diploid species exist at

the tetraploid and hexaploid levels, and intermediate forms are
observable in the field. Results of artificial hybridization and progeny
testing (Swanson, 1964) suggest that natural hybridization between
deltoid-leaved hexaploid populations of shaded oak canopies and linear-

leaved populations of nearby open, sunny sites is possible. Analysis
of synthetic hybrids will in the future play an important part in
ascertaining putative origins of tetraploid populations.
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Table 1. Pollen-ovule ratios from diploid populations of

C. perfoliata (s.l. ).

Species, location,
and accession
number

n1

Pollen grains
flower
SD

Pollen/ovule
ratio 2
3E

SD

C. perfoliata
Molino Basin #572

97 + 32

8

291 + 95

8

353 + 51

118 +

17

6

319 + 51

106 +

17

6

328 + 38

109 +

13

6

365 + 179

122 + 60

8

322 + 73

107 + 24

6

483 + 150

161 + 50

8

406 + 100

135 + 33

8

1607 + 133

536 + 37

4

1684 + 397

561 + 132

4

1692 + 166

564 + 55

4

1628 + 324

543 + 108

C. 22/19liata
Popocatepetl #571

C. perfoliata
Santa Lucia Mtns. #599

C. perfoliata
Maple Creek #620

C. rubra
Mt. Shasta #F675

C. rubra
Santa Rosa Range #691

C. rubra
Sisters #335

C. rubra
Calaveras Big Trees #670

C. parviflora
Murphy's #666

C. parviflora
Democrat Hot Springs #526

C. parviflora
Trimmer #634

C. parviflora
San Joaquin R. Canyon #638
1

2

n = number of individual plants (one flower /plant was sampled).
ovule number = 3 (in all cases)
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Morphological Variation and
Plant Development

Diploid populations of C. parviflora, C. perfoliata, and C. rubra
normally consist of hundreds or even tens of thousands of plants;

some individuals are mature and others juvenile. These diploid
species have distinctive ontogenetic basal leaf sequences which fall

into one of the three categories illustrated in Figs. 9-11. Subtle differences from population to population in the numbers of linear or
rhomboid juvenile basal leaves produced, were observed both in the
field and in greenhouse-grown progeny. Progeny from single mother

plants of C. perfoliata collected in the mountains of southern Mexico
(Miller 568 -S1; Rodriguez 145(:)-S

1'

1460 -S1) formed one or two linear

juvenile leaves followed by one or two rhomboid ones, and a multitude

of deltoid (mucronate) mature basal leaves. On the other hand, the
S1 generation of seed parents found in the California Coast Ranges by
Fellows (1976) (Fellows 685-S1; 686-S1), initiated several linear juve-

nile leaves, and only one or two deltoid mature basal leaves. Such
variation was commonplace both in greenhouse-grown plants and in the

field in other populations of C. perfoliata or C. rubra. It is a wellknown fact that basal leaf shape in single C. perfoliata (s.l. ) plants
changes ontogenetically (Swanson, 1964; Miller, 1976). This sequence

of basal leaf maturation can be arrested in individuals growing in
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"stress" microhabitats, even though these plants proceed to flower
and set seed.

The most dramatic case of arrested basal leaf sequence was
observed in decaploid plants growing on localized edaphic sites (road-

tar, sand pile, and humus) only two or three meters apart (Miller,
1976). In the spring of 1976 ap.d 1977 (seasons of severe drought

along most of the Sierra Nevada axis) many diploid, hexaploid, and

octoploid individuals of the deltoid-leaved C. perfoliata had basal leaf

rudiments, usually a single centimeter in length, which succeeded the

normal series of deltoid "mature" basal leaves. Basal leaf rudiments were first reported by Tillett (1955). The adaptive nature of
arrested basal leaf maturation (which might function to conserve water

and intracellular materials in order to maximize fecundity) in pheno-

types of pioneer species such as C. perfoliata or C. parviflora
deserves serious study.
Temporality of flowering within populations of C. perfoliata
(s.

) has been documented in the deltoid- and linear-leaved hexa-

ploid populations of oak canopies and their fringes (Swanson, 1964).

In populations encountered during the course of my study, variation
in flowering-time among sympatric individuals was common, and this

usually indicated the coexistence of different intraspecific or interspecific cytotypes. Sierra Nevada populations of linear-leaved hexa-

ploids were distinctly later-flowering when compared with sympatric,

56

linear-leaved tetraploids or with diploid C. rubra. Where diploid
C. rubra or tetraploid C. parviflora plants were growing together,

the former was earlier to flower. At one site in the Greenhorn
Mountains of California, three coexisting cytotypes were discovered

in an area of a few square meters. Under Quercus were hundreds of
robust-green-foliaged, white-flowered, and deltoid-leaved octoploid
plants (541) which graded into the adjacent glade as depauperate "sun

morphs." In the open were large patches of small, beet-red-foliaged,
pink-flowered, and narrowly-rhomboid-leaved tetraploids (540), com-

pletely distinct from the octoploid individuals. Also present in this
population mosaic were distinctly later-flowering hexaploid plants
(543). In contrast to the examples just described, diploid C. _perfoli-

ata ssp. perfoliata from southern Mexico (Rodriguez 1450 -S1,
1460-S1; Miller 568-S1) and the California Coast (Fellows 685-S1,

686-S1), and morphologically indistinguishable tetraploids from the

northern California coast (364-S1), when brought together in green-

house culture, flowered at the same time (wild populations from the
mountains of Mexico were collected in bud in early October while

California populations were at the same stage in early March).
Lewis (1976) suggested there are temporal flowering adaptations cor-

related with differences in ploidy level in intraspecific populations of

Claytonia virginica Linnaeus. The situation in C, perfoliata seems

far more complicated, however, since rates of floral maturation may
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be an expression of differentially adapted genomes in coexisting interspecific cytotypes.

In diploid populations "beet-red" or betacyanin foliage morphs
can be found among otherwise green plants. Betacyanin morphs

occasionally occur in relatively homogeneous assemblages, as in
two of the sampled C. parviflora populations (5E, 638). The complete spectrum of betacyanin polymorphism exists in diploid C, rubra

populations, which may consist entirely of beet-red plants, mixed
populations of green and red plants, or pure stands of green-foliaged
individuals. Polymorphic coloration of the calyx is common in both
diploid and polyploid populations. Individuals and sometimes entire

populations have been found with green calyces, beet-red calyces,

betacyanin-striped calyces (vertical striping), calyces with horizon-

tal zones of green, red, and chlorotic tissue; green calyces with

chlorotic tips, or green calyces with "beet-red" tips.
Ph tochemical Variation within and
between Diploid Populations
Of all the biomolecules of secondary plant metabolism, flavone
and flavonol glycosides have been the most useful in the analysis of
polyploid complexes and their population systems (Smith and Levin,

1963; Stebbins et al., 1963; Levy and Levin, 1974). For this reason,
flavonoids were examined in populations of Miner's Lettuce,
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Individual plant organ extracts from separated petals, calyces, scapes,
cauline leaves, and basal leaves of decaploid plants were chromatographed and run two-dimensionally on Whatman 3 mm paper in the

standard way (Mabry et al., 1970). Large quantities of UV-absorbing
flavonoid glycosides were detected in pure petal extracts, with
visually lesser amounts (detected before and after fuming the chromatograms with ammonia) in calyx extracts (Miller, 1975). Similar

results were obtained with extracts from separate diploid plant organs
chromatographed on 5 x 5 cm micropolyamid TLC plates, developed
two-dimensionally in staining dishes, and sprayed with p -aminoethyl
di phenylborinate.

Mass collection extracts of three populations of diploid C.

perfoliata, two of C. rubra, and one of C. parviflora were made from
living, field collected material (75% mature, flowering scapes; 25%

basal leaves and meristems). Before analyzing these extracts I
scanned a single population of the facultatively xenogamous diploid

C. parviflora, collected on a scree slope near Trimmer in the Sierra
Nevada foothills (634), for intrapopulational variation in the flavonol
phenotype. Individual plant extracts, when chromatographed and run

two - dimensionally on MN polyamid DC 6. 6, showed considerable

variation in the intensity of fluorescing spots (after spraying with
p -aminoethyl diphenylborinate), but compounds were in similar

positions on the plates and sprayed-up with characteristic color.
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Structures of the major compounds of population 634 above, were
determined (Tables C and 3). This included analysis of the glycosidic

moieties and their points of attachment to the flavonol ring systems

(the order of attachment and the stereochemistry of sugar linkages
were not determined). This inflorescence-enriched extract of diploid
C. _p_azyiflora yielded five different flavonol -3-0-biosides based on

two aglycone types, kaempferol, and quercetin (Fig. 21). These
include both kaempfero.1-3-0-(glucose, rhamnose), quercetin -3 -0-

(glucose, rhamnose); and kaempferol-3-0-(glucose, arabinose),

quercetin-3-0- (glucose, arabinose) pairs. Quantitation of sugars from
hydrolysates suggests the presence of kaempferol-3-0-(glucose,
glucose) in partition column fractions 11F" and "G" (Table 3). Four

chromatographically distinct flavonoid monoglycosides were detected,

but only one, kaempferol-3-1-glucoside was present in large enough
quantity for complete spectral analysis of both the intact glycoside
and aglycone. A third aglycone type was visualized on column

fraction monitoring maps but, unlike the kaempferol- and quercetin3-0-glycosides just described, this unknown did not react with the
spray reagent and remained intensely UV-absorbing.

Similar green-fluorescing, yellow-orange-fluorescing, and
absorbing putative flavonol glycosides from other diploid populations
were detected in column fractions although these compounds have not

been identified (Fig. 22 b, c, d). Nevertheless, comparisons of these
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Fig. 21. Structures of kaempferol and quercetin.

Table 2. The flavonol glycosides of diploid C. parviflora (634).

Fluorescence by

Initial Purification 1
Major Compound

Sephadex LH-20
column fractions
(5-8)
(9-14)
(15-18)

R f x 1002

(3 -aminoethyl
diphenylborinate
TLC assay
long-wave
spray

I

II

III

IV

17

41

12

18

absorb

green

11

48

22

39

absorb

green

UV

rea ent

kaempferol-30- glucoside

kaempferol-3-0(glucose, rhamnose)
kaempferol-3-0(glucose, arabinose)
quercetin-3-0(glucose, rhamnose)
kaempferol-3-0(glucose, glucose)
quercetin-3-0(glucose, arabinose)

D

de

D

EF

Ef

12

49

24

41

absorb

green

G

FG

6

27

26

51

absorb

yellow - orange

F

Gh

13

48

33

42

absorb

green

4

27

32

49

absorb

yellow-or ange

gH

1Letter.s denote Avicel microcrystalline cellulose partition column fractions; smaller case denotes
2

minor component; parentheses around LH-20 column fractions indicate pooling.
Solvent systems used for Rf determination on MN polyamid DC 6.6: I) benzene:methano1:2butanone:water 55:20:22:3 (v/v/v/v); II) chloroform:acetic acid :isopropanol :2 - butanone 50:20:15:15
(v/v/v/v); III) water:ethano1:2-butanone 7:2:1 (v/v/v); IV) water:n-butanol:acetone:dioxane
210:45:35:20 (v/v/v/v).

'Kable 3. Quantitation of derivatized sugars from hydrolysates of C. parviflora (634) flavonol

glycosides.

Avicel Partition
Column Fraction
D

Sephadex LH-20 Column Fractions
(5-8)

Amount Su ar Percent
4.0
glu
99

rha

+

57.0
28.0
6.0

glu

63

rha

7

163.0

glu

65
35

+

F

89.0
G

119.0
114.0

7.0
H

165.0

74.0
'Amount

(9-14)

2

ara
ara

31

rha

50

glu

48

ara

3

glu

69

ara

31

(15-18)

Amount Sup ar Percent
17.0
glu
68
32
8.0 rha
95.0
glu
65
52.0
ara
35
31.0
24.0
3.0
464.0
182.0
102.0
2.0
85.0
34.0

glu

rha
ara
glu

rha
ara
man
glu

ara

Amount Sugar Percent
48.0 glu
100

53
41
5

62
24
14
+

71
29

units = p, g / 2 5 0 µ1 (derivatized hydrolysate in 250 Ill acetone); peak in test samples amount

was integrated against a 500 µg inositol acetate internal standard; sugar-derivative peaks in test
samples were within 5% of the sugar-derivative standard retention times.
2

glu = glucitol acetate; rha = rhamnitol acetate; ara = arabinitol acetate; man = mannitol acetate;
"+" = trace quantities.
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Fig. 22. Monitoring of fluorescing flavonoid compounds on MN
polyamid DC 6.6 TLC plates that were developed in an
aqueous solverit.mixture. Compound at the extreme right
of each block is a'standard, quercetin-3-0-glucoside.
TLC map represents successive fractions from a
Sephadek LH-20 gel filtration column, spotted 1-14 from
left to right. Compounds at the leading edge of each
fraction were yellow-green fluorescing. Other compounds
below the leading edge were blue-fluorescing (putative
phenolic acids).
a.

b.

c.

d.

LH-20 column fraction map of diploid C. parviflora
(634) from the Sierra Nevada foothills near Trimmer,
California.
LH-20 column fraction map of diploid C. perfoliata
from the Santa Monica Mountains of southern
California (609).
LH-20 column fraction map of diploid C. perfoliata
from the Santa Catalina Mountains of southeastern
Arizona (628).
LH-20 column fraction map of greenhouse-grown
progeny of diploid C. perfoliata (Rodriguez 1460-S1)
from Popocatepetl in southern Mexico.

A

22
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LH-20 column fraction maps provides tentative measure of interspecific and intraspecific variation in diploid populations. Fig. 22a

illustrates the LH-20 column fraction map of the C. parviflora pop-

ulation characterized above. The succeeding three frames (Figs, 22
b,

c, and d) are column fraction maps of diploid C. perfoliata popula-

tions that were geographically separated from each other by several

hundred kilometers. As in C. parviflora, the major compounds were
either green and yellow-orange-fluorescing or absorbing, but in
contrast to the former, a third (putative trioside-) level of glycosyla-

tion was resolved (Fig. 22 b, c, d). Variation between diploid C.
perfoliata populations was seemingly- limited to relative amounts of

aglycones or monosides present. All populations had abundant puta-

tive biosides and triosides. Two populations of C. rubra, one from
Secret Canyon in the East Humboldt Range of Nevada (698); and

another from the mid-Cascades near Sisters, Oregon (335), were
examined in this way but their fraction maps are not illustrated here.
Like diploid C. perfoliata populations, C. rubra populations had three

levels of glycosylated flavonoids. However, unlike C. parviflora or
C. perfoliata, only green-fluorescing compounds were detected.
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DISCUSSION AND CONCLUSIONS

Known diploid populations of the aggregate species Claytonia

perfoliata (s. l. ) can be grouped provisionally into three morphologi-

cally and chemically distinct taxa, all of which merit species status.
Upon this diploid base can be envisioned a hypothetical polyploid

pillar-complex of populations at higher chromosome levels, whose

relationships are graphically presented in Fig. 23, At some time in
the past, perhaps during the Pliocene or Pleistocene, diploid species

were sympatric and cross-fertilization occurred. The resultant F1
progeny, which are assumed to have had some meiotic irregularities,
might readily have formed unreduced gametes. These 2x gametes
could have backcrossed to either diploid parent to produce natural

triploids. Although triploids of C. perfoliata have never been found,

their rare occurrence cannot be ruled out. Such triploids, upon selffertilization of unreduced gametes, would have synthesized hexaploids.

Similarly, tetraploids may have been formed directly by fusion of two

unreduced gametes from semisterile diploid hybrids. In the scheme

illustrated in Fig. 23, other levels could have been synthesized by the
functioning of unreduced gametes. Indeed, chromosome doubling via

unreduced gametes in other species of angiosperms is probably the
rule rather than the exception, as pointed out by Harlan and DeWet
(1975).
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Fig. 23. Hypothetical polyploid pillar scheme for the C. perfoliata
complex. Asterisks denote flow of unreduced gametes;
question marks indicate hypothetical existence of a
chromosomal race (both triploids and diploid morphological
equivalents of C. perfoliata ssp. viridis have not been
found). Dotted lines indicate full cross-compatibility.
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Morphological evidence supports the scheme depicted in Fig. 23.

For example, three octoploids are illustrated, one with the genomic
constitution DDDDDLLL, a second with DDDLLLLL, and yet a third

with the combination LLLRRRRR. In the field I have found many
octoploid populations with deltoid mature basal leaves ("DDDDDLLL"),

others with both linear juvenile and mature basals ("DDDLLLLL")

and still others with linear juvenile leaves, but with foliage and mature

leaves resembling the C. rubra line ("LLLRRRRR"). Tetraploids and
hexaploids represent the complete spectrum of variation in the complex, This feature is indicated by dotted lines which illustrate full

cross-compatibility (Fig, 23), Claytonia perfoliata ssp. viridis is
treated in Fig. 23 as a separate pillar of the polyploid scheme
1!

II

(labeled as C. viridis ) and the existence of a diploid base for this line

of polyploidy is postulated. This two-dimensional scheme however,

does not provide for possible C. rubra/C. perfoliata or C. "viridis " /
C. perfoliata combinations. Polyploid complexity in C. perfoliata (s.1)
may in fact defy presentation by any simple graphic system.

Claytonia parviflora, C. rubra, and C. perfoliata are allopatric
and thrive in naturally disturbed habitats within their respective
geographic ranges. The southern portion of the polyploid complex's
distribution is dominated by diploid C. perfoliata. This species ranges

southeastward from the California Coast and Transverse ranges,
through the mountains of southeastern Arizona, to elevations
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exceeding 3000 meters in the mountains of southern Mexico. In a
number of other organisms, including Berberis pinnata Lagasca y Segura

(Berberidaceae) (Standley, 1922), Cupr ssus spp. (Cupressaceae),
(Wolf and Wagener, 1948), Sedum spp. (Crassulaceae) (Clausen,

1959, 1975), and the Santa Cruz phylad inversion race of Drosophila
pseudoobscura (Dobzhansky and Epling, 1944), there are populations

having a geographic pattern of California coast--Sonoran Desert
mountains--Sierra Madre OccidentaleGuatemala Iiighlands, which
is similar to the distribution of diploid C. perfoliata. Rather than
indicating rare long-range dispers-al, this pattern may reflect
ancient north-south migration during a pluvial period, when rainfall

was greater in these now arid regions.
Claytonia rubra is northern in distribution and occurs almost
exclusively in drier coniferous woodlands of the western Rocky
Mountains, Cascade Range, Siskiyou Mountains, North Coast Ranges

and Sierra Nevada; to a southern limit at high elevations on Mount
Pinos. Populations of this diploid species were also found in the dry

and relatively barren ranges of the northern Great Basin.
Diploid C. parviflora is presently known only from Digger Pine/
Blue-Oak woodlands of the Sierra Nevada foothills, elevationally

distinct from C. rubra. I speculate that populations of this taxon may
occur elsewhere as well; the Peninsular Mountains of southern
California and northern Baja would be a likely place to find them.
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Tetraploid populations often resemble their diploid counterparts,
but morphologically intermediate forms also have been found at this
chromosome level. Claytonia parviflora tetraploids are Sierra
Nevadan and commonly occur with C. rubra diploids in mixed-

coniferous forests. Tetraploid C. perfoliata is generally more
ruderal than its diploid counterpart and has been found on the northern

California coast in foredunes, in the Santa Cruz Mountains, in overgrazed Quercus agrifolia woodlands of the South Coast Ranges, and in
the Santa Catalina Mountains of southeastern Arizona. Tetraploids

resembling C. rubra have been found in both the Peninsular Mountains

and in the northern Great Basin. Tetraploid and hexaploid C.

perfoliata ssp. viridis was encountered in the South Coast, Transverse,
Peninsular, and Mojave Desert Ranges. In the South Coast Ranges

this subspecies was sympatric with C. perfoliata diploids and linear

leaved C. parviflora tetraploids. In the Peninsular and San Jacinto

Mountains, tetraploid C. perfoliata ssp. viridis intergrades with
tetraploid C. rubra cytotypes.
Comparison of pollen/ovule ratios of diploid individuals revealed

interspecific differences in breeding systems. Claytonia parviflora
with its relatively large, protandrous flowers, produced several
hundred more stainable pollen grains per flower than the other two

facultatively autogamous diploid species. Circumstantial evidence

from studies of species from several plant families suggests that
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petal flavonoids play a role in pollination biology (Brehm and Krell,
1975).

It is not surprising, therefore, that C. parviflora, which is

facultatively xenogamous, produces major quantities of three
kaempferol- and two quercetin -3 -0- biocides in inflorescence tissue.

The inflorescences of diploid C. perfoliata contain flavonoids with a

third level of glycosylation. As in C. parviflora, these include both
green- and yellow-fluorescing compounds (as visualized by the p
aminoethyl diphenylborinate assay on polyamid TLC). Monitoring of

Sephadex LH-20 column fractions revealed relatively little variation

in diploid C. perfoliata, even though the populations were separated
by hundreds of kilometers. In contrast to the two species just

described, C. rubra populations from two widely separate localities
had only green-fluorescing (putative kaempferol) flavonoids at three

levels of glycosylation. Perhaps C. rubra in general lacks the ability
to biosynthesize yellow-orange-fluorescing (putative quercetin)

compounds. The chemical differences among diploid species correlate
with ontogenetic basal leaf sequences and cytogeography. Variation
in both diploid and polyploid populations is due not only to environ-

mentally arrested basal leaf sequences (and the presence of juvenile
plants in populations of mature individuals), but also to the common
occurrence of coexisting cytotypes which presumably have differentially adapted genomes.
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