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A biosystematic study was made in seven populations of Mimulus

nanus Hook. & Arn. and M. cusickii (Greene) Piper (Scrophulariaceae)

in central Oregon, and a taxonomic revision was made of the four

species of section Eunanus reported from Oregon--M. nanus, M.

cusickii, M. clivicola Greenm. and M. jepsonii Grant. Mimulus nanus

and M. cusickii have a chromosome number of n = 8.

Based on their distinct genetic and morphological differences,

M. nanus, M. cusickii and M. clivicola constitute three separate

species in Oregon and surrounding regions. Members of M. nanus are

the most highly variable in their morphology and are more widely dis-

tributed geographically and ecologically. In a limited area of the

Cascade Mountains of central and southern Oregon, an ecotype of M.

nanus was discovered which differs from the typical form that is widely

distributed in Oregon and Idaho. Also, the populations that have pre-

viously been named M. jepsonii, occurring in the southern Cascade and



northern Sierra Nevada mountains, Oregon and California, are herein

treated as an ecotype of M. nanus; they are morphologically similar

to this taxon but show differences in ecology and elevational range.

The two ecotypes mentioned above appear to hybridize with typical M.

nanus at their zones of contact, thus demonstrating the ability for

genetic exchange in nature. Cross-compatibility was confirmed in

greenhouse hybridizations between the Cascade ecotype and typical

M. nanus. Therefore, based on ecogeographical and morphological

criteria, M. nanus is segregated into three subspecies: M. nanus

Hook. & Arn, ssp. nanus, M. nanus ssp. cascadensis Ezell and M.

nanus ssp. jepsonii (Grant) Ezell to include the form previously named

M. jepsonii.

Greenhouse hybridization studies show that M. cusickii and M.

nanus ssp. are genetically isolated for the most part; however, on the

basis of seed-set data, there is the potential for genetic exchange

between M. cusickii and M. nanus ssp. cascadensis. In sympatric

field populations of M. cusickii and M. nanus, no hybrids were

detected, thus implying that other isolating mechanisms, i. e. , tem-

poral factors or pollinator preference, may exist.

No consistent correlation is found between capsule length and

plant height, and capsule length and the number of seeds per capsule

in any of the experimental populations of M. nanus ssp. nanus, M.

nanus ssp. cascadensis and M. cusickii. These data suggest that cap-

sule length, plant height and seed-set vary independently of one



another, which implies that they are not developmentally linked.

Statistical analyses of capsule lengths and days from pollination to

capsule maturation reveal a greater degree of variability in M. nanus

ssp. cascadensis than in the other two taxa. This variability suggests,

in part, that populations of subspecies cascadensis may be less buffered

against environmental effects on development, or may be of more

recent origin through hybridization or introgression, which would have

to lead to greater genetic variability.
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BIOSYSTEMATICS OF THE MIMULUS NANUS
COMPLEX IN OREGON

INTRODUCTION

The genus Mimulus or Monkey Flower belongs to the Snapdragon

Family (Scrophulariaceae) and is composed of seven polymorphic sec-

tions and three to six monotypic sections (Grant, 1924; Pennell, 1951,

in Abrams). The second largest section, Eunanus, contains some 20

species found in desert, semi-desert and montane habitats of the

western United States, with four species reported from Oregon:

Mimulus nanus Hook. & Arn. , M. cusickii (Greene) Piper, M.

clivicola Greenm,. and M. jepsonii Grant (Grant, 1924; Munz, 1963;

Pennell, 1951; Peck, 1961),

Prior to the initiation of this investigation little was known of

the taxonomic and genetic interrelationships of these Eunanus species

in Oregon, or of the remaining species in California and adjacent states.

Frequently M. nanus and M. cusickii were found to be misidentified

and occasionally mixed on the same herbarium sheet. In addition lit-

tle information was available on the distribution and morphology of

M. clivicola, and there were no specimens of M. jepsonii present in

the herbarium at Oregon State University. The available data indicated

that the exact taxonomic relationship of M. jepsonii was questionable.

Therefore this biosystematic study was undertaken to understand

better the biology and taxonomy of these four species in Oregon. The
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major objectives of this investigation were to:

1, determine the chromosome numbers of the species,

2, describe the habitats and geographical distribution of these

species, especially in Oregon,

3, determine the degree of genetic exchange between these

species using artificial hybridization studies,

4. study selected biological and morphological relationships

of the species, and

5. determine the taxonomic interrelationships of the Eunanus

species in Oregon.

Characterization and Taxonomic History of Mimulus

The genus Mimulus is composed of annual and perennial herbs,

or shrubs as in section Diplacus. It occurs primarily in western

North America from the Aleutian Islands to South America, with the

center of distribution in California and a lesser concentration in Chile.

Of the 114 species cited by Grant in her 1924 monograph of the genus,

74 were found in California, with 51 being endemic to that state. In

addition to the species native in California, 16 others were found in

western North America, and three grow only east of the Rocky Moun-

tains. Six of the 19 species found in Mexico are endemic. Eight

species are reported from western South America. A few scattered

species occur in Australia, Tasmania, New Zealand, southern Africa,
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Madagascar, India, China and Japan, with no species native to Europe

though many are frequently cultivated in botanical gardens (Figure 1).

Plants of the genus have zygomorphic flowers with weakly to

strongly bilabiate corollas (personate in some species), didynamous

stamens and bicarpellate loculicidal capsules. Most members are

facultative outcrossers, in part due to the sensitive bilobed stigmas

which are elevated above the anthers and which close when physically

contacted by an insect or hummingbird pollinator, Vickery (1964)

has reported cleistogamy in some members of the Mimulus guttatus

complex. Grant (1924) stated that most are cross-pollinating but in

some cases the stigmas and anthers may be at the same level thus

favoring selling. Self-pollination can occur in normal flowers, she

believed, because the pollen matures at the same time as the stigma,

which is near enough to the anthers so that a swaying of the inflores

cence may initiate pollination within a single flower.

Linnaeus (1741, 1748) was the first to describe the genus

Mimulus, basing it on plants native to Virginia. Mimulus ringens L.

is the type species and is the only one included in the first edition of

Species Plantarum (Linnaeus, 1735). A second species, M. luteus L. ,

collected in Chile in 1710 by Feuillee (1714) was described in the

second edition of Species Plantarum (Linnaeus, 1763). A monotypic

genus, Uvedalia, was described by Brown (1810), but this was later

merged with Mimulus. Bentham (1835) made the first definitive study
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of the genus and recognized 25 species. In addition to proposing and

describing new species, some later investigators were to segregate

from Mimulus various genera. Nuttall (1838) made the first such

segregate with the publication of the genus Diplacus, to include those

species in which the plants have a shrubby habit and a separation of

the placenta into two parts. The next segregate, Erythranthe, was

proposed by Spach (1840) to include M. cardinalis Douglas. Bentham

(1846, in De Candolle) described the third segregate, Eunanus, to

include the small annual species. Another segregate was proposed by

Greene (1885b) when he created the genus Mimetanthe for Mimulus

pilosus (Benth. ) Watson. Gray (1876a) considered Diplacus and

Eunanus, along with Eumimulus and Mimuloides, to be sections of

Mimulus, a treatment which agreed with that of Bentham and Hooker

(1876) in their Genera Plantarum. Later in the same year Gray (1876b)

added a fifth section, Oenoe. It was Gray's opinion that the presence

of intermediate forms made it impossible to consider the segregates

as separate genera. "Altogether it seems necessary to regard the

whole as one polymorphous genus. . " (Gray, 1876a, p. 95);

"Polymorphous, but better retained entire under five subgenera than

divided into as many genera" (Gray, 1886, p. 442). This concept is

reflected in the philosophy of Vickery (1966, p. 118) who, on the basis

of hybridization studies and morphological data, states, "These con-

siderations suggest to the author that all seven taxa are better retained
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as sections of the same genus rather than being established as distinct

genera, but with the clear recognition that the genus Mimulus is well

advanced along the road of evolutionary differentiation into a cluster of

closely related genera. " Greene (1885a) restored Diplacus and

Eunanus to generic status.

Among recent authors, Peck (1961) and Cronquist (1959, in

Hitchcock et al. ) accepted Greene's (1885b) binomial, Mimetanthe

pilosa (Benth. ) Greene; whereas Munz (1963) and Pennell (1951) include

this species in Mimulus as the monotypic section Mimuloides.

McMinn (1951) re-elevated Diplacus to generic rank, a defendable

decision based on the consistently shrubby nature of certain species,

their aberrant chromosome number of n = 10, and their apparent

genetic incompatibility with plants of other sections (Vickery, 1966).

However, Grant (1924), Pennell (1951), Peck (1961) and Munz (1963)

treat this taxon as a section of Mimulus.

In her 1924 monograph of Mimulus, Grant followed the pattern

of Wettstein (1891) and considered that of all the segregates, only

Mimetanthe deserved generic rank. She thus recognized two genera,

Mimulus and Mimetanthe, the former being divided into two sub-

genera, Synplacus and Schizoplacus. Synplacus is characterized

as having a placenta that is firmly united, forming a central

cylinder, or that separates only at the apex. It includes four sections,

Eumimulus, Erythranthe, Simiolus and Paradanthus. The second
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subgenus, Schizoplacus, includes those forms with placentae that

divide to the base. It comprises three polytypic sections, Diplacus,

Oenoe and Eunanus, plus three monotypic sections, Tropanthus (M.

treleasei Grant), Pseudoenoe (M. pictus (Curran) Gray) and

Mimulastrum (M, mohavensis Lemmon). Also Synplacus has pedicels

that usually are longer than the calyx, while Schizoplacus possesses

short pedicels.

Pennell (1951) recognized the seven polymorphic sections of

Grant and introduced the new monotypic section Monimanthe, based

on M. breweri (Greene) Coville, a species which Grant placed in sec-

tion Paradanthus. He also restored Gray's (1876a) monotypic section

Mimuloides (Mimulus pilosus) of subgenus Synplacus. In addition he

removed M. pygmaeus Grant from section Oenoe, creating for it the

monotypic section Microphyton of subgenus Schizoplacus. Pennell

also dropped the two monotypic sections Pseudoenoe and Mimulastrum

when he included M. pictus and M. mohavensis in sections Oenoe and

Eunanus, respectively.

Characterization and Distribution of Section Eunanus

The approximately 20 species of section Eunanus are small

annuals with symmetrical capsules, pedicels shorter than the calyx,

and reddish-purple or occasionally yellow corollas which are

marcescent (i. e. , remain attached to the flower after withering).
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Annuals of the other sections have pedicels usually longer than the

calyx and non-marcescent corollas, or if they possess short pedicels,

as in section Oenoe, the capsules are asymmetrical. The members

of this section occupy desert, semi-desert and montane habitats of the_

western United States, occurring in southern Washington, Oregon,

Idaho, southwestern Montana, northeastern Wyoming (Yellowstone

National Park), southwestern Utah, Nevada and California (Figure 2),

Most of the species are centered in California; of the 24 species cited

by Grant (1924), 20 are found in that state with 12 of these native

there. Of the four previously reported Eunanus species found in

Oregon, Mimulus nanus, M. cusickii, M. clivicola and M. jepsonii,

none is confined to the state. The most widely distributed species of

the four is M. nanus, which occurs in gravelly or sandy, often pumice,

soil of the Upper Sonoran and Transition zones, ranging from Chelan

County, central Washington, to northern California, east to Yellow-

stone National Park and northeastern. Nevada (Figure 3). The second

most widely distributed species, M. cusickii, inhabits sandy or rocky

soil, often pumice, across the interior plateau of the Transition Zone

of eastern Oregon to Idaho, with a few scattered populations in south-

ern Washington, northeastern California and northwestern Nevada

(Figure 4). Mimulus clivicola is an infrequently collected species of

the Upper Sonoran Zone in the hills of the Snake River valley of north-

eastern Oregon and adjacent Idaho (Figure 5). The fourth previously
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BAJA

CALIFORNIA

Figure 2. Distribution of section Eunanus, as modified from
Grant (1924).
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Figure 3. Previously reported distribution of Mimulus nanus,
as modified from Grant (1924).



11

Figure 4. Previously reported distribution of Mimulus cusickii,
as modified from Grant (1924).
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WASHINGTON

Figure 5. Previously reported distribution of Mimulus clivicola
(crosshatching) and M. ._psonii (diagonal lines), as
modified from Grant (1924).
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reported species, M. tepsonii, is very similar to M. nanus and is

reported to range from the Transition and Canadian zones of the

Cascade Mountains, from southern Deschutes and northern Klamath

counties of Oregon, south to Nevada County in northern California

(Figure 5). The exact taxonomic relationship of M. jepsonii in

Oregon is questionable and will be discussed in the body of this paper.
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MATERIALS AND METHODS

Experimental Populations

For research towards an understanding of the ecology, biology

and genetics of M. nanus and M. cusickii in Oregon, I selected seven

populations (four of M. nanus: NN-001, NN-092, NC-108 and NC-130;

and three of M. cusickii: C-003, C-092 and C-130) from five sites

near the center of their distribution in Oregon. The numerical suffix

of each population refers to the specific location, so those with the

same three digits are sympatric. The prefix "NN-" and "NC-" are

used to distinguish two ecotypes of M. nanus, the first of which is

similar to the nomenclatural type and the second of which is found in

the Cascade Mountains above 4,000 feet.

All five sites are exposed, open areas with loose sandy soil

having a minimum of humus. Site 001 is in a transitional area between

yellow pine (Pinus ponderosa) and western juniper (Juniperus

occidentalis), south of U. S. Highway 126, 3. 4 miles east of Sisters,

Deschutes County, at an elevation of 3,100 feet. Site 003 is south of

U. S. Highway 126, 6. 5 miles east of Redmond, Crook County, in a

juniper-sage (Artemisia) habitat, at 3,000 feet. Site 092 is in the

yellow pine forest fringing the eastern base of the Cascade Mountains,

north of U. S. Highway 20, 0.9 mile west of Sisters, Deschutes
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County, at 3,200 feet. Site 108 is at 4,400 feet in the Cascades, O. 5

mile south of the entrance to the West Davis Lake public campsite,

Klamath County, in a lodgepole pine (Pinus contorta var. murrayana)

forest. Site 130 is 22 miles south of Bend, Deschutes County, at the

northeast corner of the junction of U. S. Highway 97 and the highway to

Paulina Lake and East Lake, with lodgepole pines, at 4,200 feet

(Figure 6).

During the course of this investigation I made a taxonomic revi-

sion of the four previously described Eunanus species of Mimulus

reported from Oregon. No nomenclatural changes were found in M.

cusickii and M. clivicola, which I found to be valid species. I segre-

gated M. nanus into two subspecies, M. nanus ssp. nanus (NN) and

M. nanus ssp. cascadensis (NC), and transferred M. jepsonii to sub-

specific status, i.e. , M. nanus ssp. jepsonii.

Transplants and Field Collections

Due to lack of success in germinating seeds in the laboratory, I

found it necessary to transplant plants from the field and use these for

subsequent greenhouse hybridization studies. Transplanting was rela-

tively easy, and the degree of mortality was low. Healthy plants in all

stages of early development were removed from the dry, loose sandy

or pumice soil in which they were growing and placed in six-inch

plastic flower pots containing freshly watered soil from the field. Care



Figure 6.
1

Locations of the seven experimental populations of Mimulus nanus ssp. nanus (NN),
M. nanus ssp. cascadensis (NC) and M. cusickii (C) from central Oregon used in
this study. Populations NN-092 & C-092 and NC-130 & C-130 are sympatric.



17

was taken to obtain soil from the same area in each population so as to

eliminate as much variation in soil texture, mineral content, etc. as

possible. More than one plant would be placed in a pot, depending on

the size of the specimens, and these transplants were then transported

to the greenhouse at Oregon State University where they were placed

under Gro-Lux fluorescent lights maintained at a 16-hour photoperiod

controlled by a poultry timer. This 16-hour day length was recom-

mended by Dr. Robert K. Vickery of the University of Utah (personal

communication) who found this regime successful in his own Mimulus

studies. These plants were watered approximately every two days,

depending on the water holding capacity of the native soil and the rate

of evaporation. Continuous watering greatly extended the growing sea-

son of each species and also increased the number of flowers and

general growth form of each plant, as compared to field populations in

nature.

Pressed voucher specimens were prepared from all sites visited,

especially the experimental populations. These collections were made

at various times during the growing season throughout the summers of

1967-69, so as to have a record of the morphological variation and

growth patterns at different times of the year. Pertinent representa-

tives of these vouchers are on file at the Oregon State University

Herbarium (OSC), with the remainder of the pressed material in my

personal herbarium.
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Herbarium Study

For the determination of geographical distribution, species

boundaries and morphological variations, herbarium specimens from

the Oregon State University Herbarium (OSC) as well as interherbarium

loans from nine other herbaria were used in this study. These include

the Herbarium of the California Academy of Sciences (CAS), Dudley

Herbarium of Stanford University (DS), Jepson Herbarium (JEPS),

New York Botanical Garden Herbarium (NY), Herbarium of Pomona

College (POM), Herbarium of Rancho Santa Ana Botanic Garden (RSA),

Herbarium of the University of California (UC), Washington State Uni-

versity Herbarium (WS) and University of Washington Herbarium

(WTU).

Cytology

Chromosome Counts

Early investigations revealed that extremely small flower buds

were needed to obtain meiotic stages in pollen mother cells (PMC's).

Typically only the upper pair of buds in young plants are at the proper

stage of meiosis, preferably metaphase I, to insure countable PMC's;

these buds generally must be about 1-2 mm in length. After an initial

period of unsuccessful experimentation I found that buds at the proper

stage can be obtained by fixing small, intact plants (c, 3-4 cm tall) in
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95% ethanol and glacial acetic acid (3:1, v/v) in small screw-top

vials and storing at room temperature for 24 hours, then replacing the

fixative with 70% ethanol and storing in a freezer at -10°C until needed

for staining. Excised buds or whole plants were bulk-stained in HC1-

alcoholic carmine (Snow, 1963) for 12-24 hours at 60°C, then washed

in 70% ethanol and stored at -10°C in 70% ethanol until examined

microscopically. Usually the small upper buds were excised from the

nodes of stained plants and the four anthers containing PMC's were

mounted in a drop each of 45% glacial acetic acid and Hoyer's mount-

ing medium, and the dissected anthers squashed by applying pressure

to the cover slip. Counts were made at metaphase I, and in one case

(population NC-108) metaphase of the first mitotic division of micro-

spores, under an oil-immersion (100X) lens on a Zeiss bright-field

microscope.

Pollen Fertility

Large, unopened flower buds from field populations or green-

house cultures were fixed and stored in the manner just described for

PMC material. Pollen from fixed buds was teased into two drops of

aniline blue in lactophenol (cotton blue) on a clean microscope slide

and covered with a cover slip without squashing. One hundred grains

from the upper and 100 from the lower pair of anthers of ten flowers

for each population were randomly observed at 200X using a Vickers
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bright-field microscope, and those grains of normal shape with non-

shrunken protoplasts stained a deep blue color were scored as stain-

able and hence viable. A recent study by Hauser and Morrison (1964)

demonstrated a high correlation between aniline blue lactophenol

stainability and the results of the nitro blue tetrazolium staining

methods of indicating oxidative metabolism and pollen viability.

Pollen Diameter and Pore Number

For each population 100 cotton blue-stained pollen grains from

each of the ten flowers used in the fertility analysis were scored ran-

domly at 200X for the number of pores present. The diameters of the

five-, six- and seven-pored pollen were determined with an ocular

micrometer at 720X by measuring five grains from each of five

flowers. Five- and seven-pored grains were measured from the outer

edge of a pore to the inner surface of the opposite intine wall, and the

six-pored grains were measured between the inner surfaces of the

intine at their widest diameter. In most cases the pollen grains were

nearly circular. Bright-field microscopy was used.

Ovule and Seed Counts

In each of the seven experimental populations under intensive

investigation 25 healthy, unpollinated, mature flowers were collected

and fixed and stored in a manner similar to that of buds used for

cytological examination. Fixed ovaries were removed from flowers
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and placed in the depression of a porcelain spot-plate containing one to

two drops of dilute IKI (iodine potassium iodide) solution, gently teased

apart and allowed to stain for up to five minutes, at which time the

number of ovules per ovary was determined under 20X with a dissect-

ing microscope. From each of the seven field populations 25 mature,

undehisced capsules were randomly collected, individually placed in

small envelopes, and stored in the laboratory until the number of seeds

per capsule was later counted with the aid of a dissecting microscope.

Hybridizations

Artificial hand pollinations were performed in the greenhouse by

obtaining mature pollen from recently dehisced anthers on the blunt

end of a flat toothpick and transferring this pollen to a selected recep-

tive stigma. A carefully determined crossing scheme was followed- -

this was occasionally thwarted due to a paucity of appropriate flowers--

in order to insure a representative number of combinations. The

crossing schedule is described in the section on results of the hybridiza-

tion studies. Following pollination the corollas were excised from the

flowers, leaving only the exposed calyx, stamens and pistil, and thus

rendering the flower unattractive to any errant insect pollinator that

might enter the greenhouse. This method has been used successfully

by Vickery (1959). I also found no apparent differences in capsule

formation and seed-set between this method and flowers pollinated and
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left with the corollas intact. Emasculation of pollinated flowers was

not deemed necessary as the flowers are structurally incompatible, the

upper pair of anthers being located about 3-4 mm below the receptive

stigmatic surfaces. Flowers were tagged to identify the combination,

and mature capsules were collected just prior to dehiscence so as not

to lose any seed present. Each capsule was placed in an envelope and

stored at room temperature in the laboratory until the seeds were

counted and the capsules measured. Periodically, unpollinated, dried

flowers were collected from plants in the greenhouse with the express

purpose of comparing these observations with those from crosses in

which no mature seeds were obtained. It is found that at least pollina-

tion and probably fertilization is required to stimulate ovary develop-

ment and capsule formation. Non-fertilized ovules or early-aborted

seeds are small, shriveled and lacking in any apparent food storage

tissue.

Seed Germination

Seeds of selected species of Mimulus were exposed to various

environmental conditions to determine their germination requirements.

Seeds were first dusted with Orthocide (50% captan--N-trichloro-

methylmercapto-4-cyclohexene -1, 2-dicarboximide), a fungicide by

Ortho. On November 16, 1968, one set of seeds was planted in the

greenhouse in medium-coarse sand which had been "pre-sterilized" by
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two successive drenchings of a solution (two teaspoons per three

gallons of water) of Pano-Drench (cyano (methylmercuri) guanidine)

manufactured by Morton Chemical Company. These seeds were then

covered with a light layer of very fine sand and the substrate was kept

moist by frequently sprinkling with water. Each 5 X 12 X 19 cm plas-

tic container was covered with a rectangular sheet of 1/8th inch win-

dow glass to prevent dessication. No supplementary lights were used

until the seventh day after planting, when a 24-hour photoperiod was

maintained with Gro-Lux fluorescent lights. On March 23, 24 and 26,

1969, the soil of each pot was flooded with a solution (two teaspoons per

quart of water) of Ra-Pid-Gro, a soluble plant food containing 23%

nitrogen, 19% phosphoric acid and 17% potash, and a solution of Pano-

Drench. Two additional treatments were prepared. In the first,

seeds were pre-chilled at 6°C in a refrigerator on moistened filter

paper in sterile plastic petri plates for 60 days, after which time the

seeds were planted in three-inch plastic flower pots containing medium-

coarse sand, which had been pre-treated with Pano-Drench, and main-

tained at 24°C under a 24-hour photoperiod using Gro-Lux lights.

During the pre-chilling period the plates were in darkness except when

they were removed to be watered. The second set of plates was placed

in continuous darkness at 23°C from November 9, 1968, to January 19,

1969, at which time the plates were transferred to the 24-hour photo-

period; on February 2, 1969, they were returned to continuous
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darkness. On November 15, 1968, both sets of plates were flooded

with a solution of Orthocide (one teaspoon per pint of water), with the

excess liquid decanted off, as some fungal growth was noted.

Statistical Analysis

The Oregon State University CDC 3000 computer was used for the

statistical analyses in this study. The following Fortran programs

from the Oregon State University Statistical Analysis Program Library

were employed: *SDD (td determine mean, standard deviation and

standard error), *SIMLIN (to determine correlation coefficient) and

*GTTEST (to calculate a t-test for pairs of groups with unequal n).



RESULTS AND DISCUSSION

Cytology

Chromosome Counts

25

The gametic chromosome number of n = 8 is found in all plants

counted from the experimental populations, NN-001, NN-092, NC-

108, NC-130, C-003, C-092 and C-130. This agrees with the other

reported count in section Eunanus, M. brevipes Benth. (Mukherjee

and Vickery, 1962). All counts were made at metaphase I, with the

exception of NC-108, where metaphase of the first post-meiotic divi-

sion of pollen mother cells was used.

Pollen Fertility

The determination of pollen fertility of the seven experimental

populations was important for the following reasons: to establish the

presence or absence of chromosome or genetic aberrations in micro-

sporogenesis and microgametogenesis, and to establish norms regard-

ing male fertility so as to interpret better the degree of total fertility

(seed-set) resulting from greenhouse hybridization studies. Aniline

blue-lactophenol analysis of fixed pollen grains from these populations

indicates no major degree of male sterility, with the mean percent of

stainable grains ranging from 61. 4% in NC-130 to 94.8% in NN-092
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(Table 1). With the exception of populations NC-108 and NC-130, there

was a high correlation between the stainability of the pollen of the upper

anther pair with that of the lower pair (Table 2).

Table 1. Mean percent of viable (stainable) pollen, standard deviation
(S.D. ) and standard error (S. E.) of Mimulus nanus ssp.
nanus (NN), M. nanus ssp. cascadensis (NC) and M.
cusickii (C). Two hundred pollen grains counted from each
of ten flowers per population.

Population Mean S. D. S. E. Range

NN-001 71. 0 18.7 5.9 50.5- 99.5
NN-092 94. 8 4.2 1.3 84.0- 99.5
NC-108 87.2 16.6. 5. 3 52. 0-100. 0

NC-130 61.4 24.2 7.7 28.5- 93.5
C-003 92. 8 6.7 2.1 76.0- 98.5
C-092 71.0 19.4 6.1 40.5- 91. 0

C-130 84. 2 24.3 7. 7 25. 0- 98. 5

Table 2. Correlation of pollen viability (stainability)
between pollen of the upper and lower anther
pairs of Mimulus nanus ssp. nanus (NN), M.
nanus ssp. cascadensis (NC) and M. cusickii
(C). One hundred pollen grains counted from
each pair in each of ten flowers per population.

Population
Correlation
coefficient

NN-001 0. 93

NN-092 0.77

NC-108 0. 47

NC-130 0.58

C-003 0.84

C-092 0.81

C-130 0. 98
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Pollen Diameter and Pore Number

While analyzing the stainability of cotton blue-stained pollen

grains, I noted that the grains were highly variable in the number of

pores, ranging from three to seven in M. nanus and four to eight in M.

cusickii (Table 3). In addition to this heterogeneity within species

there appeared to be a difference in the relative number of pores per

grain between these two taxa. Therefore, the percentage of three-,

four-, five-, six-, seven- and eight-pored pollen grains of each of the

seven populations was enumerated to determine if there is a significant

difference between the two species. There is a difference between M.

nanus and M. cusickii in the percentage of five-, six- and seven-pored

pollen grains (Table 3). The four populations of M. nanus have the

highest number of five-pored grains (66. 2-82. 5%), whereas six-pored

pollen are more abundant in the three populations of M. cusickii

sampled (55. 6-71.7%). Though I am unaware of any adaptive signifi-

cance in the number of pores per pollen grain within and between

species, I assume that this represents a genetic difference between the

two species. This difference may serve as an additional morphologi-

cal character to distinguish the two taxa.

No relationship between pollen size and taxonomic affinity is

found when the diameters of five-, six- and seven-pored grains of the

two species are compared (Table 4; Figures 7, 8). It is suggested,
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therefore, that the populations are genetically isolated from one

another and thus have different gene pools. However, it is also pos-

sible that this variability in mean pollen diameters both within and

between taxa is due to environmental or developmental factors, e. g. ,

the availability of soil moisture and nutrients, or the age of the plant

or flower, or the stage of development of the pollen grains, to men-

tion but a few explanations.

Table 3. Percentage of 3-, 4-, 5-, 6-, 7- and 8-pored grains of
Mimulus nanus ssp. nanus (NN), M. nanus ssp. cascadensis
(NC) and M. cusickii (C). One hundred pollen grains counted
from each of ten flowers per population except NC-130 where
100 were counted from each of five flowers.

Pore number

Population Three Four Five Six Seven Eight

NN-092 - 3.2 82.5 14.3 -

NC -108 0.1 3.1 76.1 20.7

NC -130 7.8 66.2 25.8 0.2 -

NN-001 1. 1 69.2 28.8 0. 2

C -003 0.5 12.3 55.6 31.3 0.3

C-092 - 28. 6 66.5 4.9 -

C -130 - 0.7 71.7 27.4 0.2
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Table 4. Mean diameters of 5-, 6- and 7-pored pollen grains,
standard deviation (S. D.) and standard error (S. E.) of
M.t-nulus nanus ssp. nanus (NN), M. nanus ssp.. cascadensis
(NC) and M. cusickii (C). Five grains measured from each
of five flowers per population. Measurements in microns.

Mean pollen
Population diameter S.D. S. E. Range

5-PORED GRAINS:

NN-001 43.5 2.6 0.5 37.8-47.6
NN-092 48.2 3.2 0.6 39.2-53.2
NC-108 46.0 2.2 0.4 42.0-50.4
NC-130 45.8 4.0 0.8 40.6-54.6
C-092 45.0 3.8 0.8 39.2-51.8

6-PORED GRAINS:

NN-001 42.6 2.1 0.4 39.2-50.4
NN-092 46.4 2. 9 0.6 42.0-51.8
NC-108 44.3 2.7 0.5 39.2-49.0
NC-130 43.1 2. 9 0. 6 36.4-46.2
C-003 42.7 2. 9 0.6 37.8-49.0
C-092 41.8 2.8 0.6 36.4-46.2
C-130 43.1 2. 9 0.6 39.2-53.0

7-PORED GRAINS:

C-003 47.0 2.6 0.5 43.4-53.2
C-130 46.3 2.2 0.4 43.4-53.2

Fertility of Field Populations

The relative female fertility was determined by comparing the

number of ovules per ovary with the number of seeds per capsule.

This varied greatly from field population to field population, even

within the same taxon. In populations NN -001, NN -092, NC-108 and

NC-130 the mean number of ovules per ovary compared to the mean
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Figure 7. Comparison of internal diameters of 5-pored pollen
grains of Mimulus nanus ssp. nanus (NN), M. nanus
ssp. cascadensis (NC) and M. cusickii (C). Range,
standard deviation and mean in microns.
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Figure 8. Comparison of internal diameters of 6-pored pollen
grains of Mimulus nanus ssp. nanus (NN), M. nanus
ssp. cascadensis (NC) and M. cusickii (C). Range,
standard deviation and mean in microns.
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number of seeds per capsule was as follows: 28.2/59.9, 24.8/86. 6,

30. 2/21. 6 and 32. 4/57. 1, with the percent female fertility being 47. 1%,

28. 6%, 135. 2% and 56.8%, respectively (Tables 5, 6, 7). The disparity

in the observed results of NC-108 is unexplained. Throughout the

course of this study, population NC-108, and to a lesser degree NC-130,

demonstrated a high degree of variation in all measurements, perhaps

indicating a more unstable gene pool or a high degree of genetic poly-

morphism. The female fertility of the M. cusickii populations, C-003,

C-092 and C-130, was 42.5/62.3, 42.2/61. 6 and 42.2/91.2, with

respective percentages of 68. 2%, 68. 4% and 46. 3% (Tables 5, 6, 7).

Table 5. Female fertility in field populations of Mimulus nanus ssp.
nanus (NN), M. nanus ssp. cascadensis (NC) and M.
cusickii (C). Twenty-five ovaries and 25 capsules counted
per population.

Population
Mean no. of
ovules /ovary

Mean no. of
seeds /capsule

Mean % of
ovules developing

into seeds

NN-001 59.9 28.2 47.1

NN-092 86. 6 24.8 28. 6

NC-108 21. 6 30.2 135.2

NC-130 57.1 32. 4 56.8

C-003 62. 3 42.5 68. 2

C-092 61. 6 42. 2 68. 4

C-130 91.2 42. 2 46. 3
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Table 6. Mean number of ovules per ovary, standard deviation (S. D.
and standard error (S. E.) in field populations of Mimulus
nanus ssp. nanus (NN), M. nanus ssp. cascadensis (NC)
and M. cusickii (C). Twenty-five ovaries counted per
population.

Population Mean S. D. S. E. Range

NN-001

NN-092

NC-108

NC-130

C-003

C-092

C-130

59.9
86.6
21.6

57.1

62.3

61.6

91.2

14.2

18.9

5.5

7.5

20.2

13.4

9.7

2.8

3.8

1.1

1.5

4.0

2.7

1.9

40- 91

56-115

12- 35

44- 70
39-125

28- 85
73-116

Table 7. Mean number of seeds per capsule, standard deviation (S. D.
and standard error (S. E. ) in field populations of Mimulus
nanus ssp. nanus (NN), M. nanus ssp. cascadensis (NC)
and M. cusickii (C). Twenty-five capsules counted per
population.

Population Mean S. D. S. E. Range

NN-001

NN-092

NC-108

NC-130

C-003

C-092

C-130

28.2

24.8

30.2

32.4
42.5

42.2

42.2

13.4

11.3

9.8
13.9

22.4

19.4

23.4

2.7 14-58

2.3 9-55

2.0 14-51

2.8 12-61

4.5 13-91

3.9 6-77

4.7 10-85
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It is interesting to note that the mean number of seeds per cap-

sule appears to be correlated by taxon, even though the mean number

of ovules per ovary and the mean number of ovules developing into

seeds demonstrate no significant relationships (Table 5). The two

M. nanus ssp. nanus populations, NN-001 and NN-092, have a mean

seed-set per capsule of 28.2 and 24.8, respectively. Populations

NC-108 and NC-130 of M. nanus ssp. cascadensis have respective

seed -sets of 30.2 and 32.4, while the means are 42.5, 42.2 and 42.2,

respectively, in M. cusickii populations C-003, C-092 and C-130.

There is no apparent explanation for this relationship, especially in

light of the high degree of variation in the potential number of seeds

that could develop.

Hybridization

The results of the greenhouse hybridization studies conducted

during the summers of 1968 and 1969, for the most part, are highly

variable. Within many combinations the number of seeds per capsule

has a great range, e. g. , 2-122 in (C-092 X C-003), 0-88 in (C-003 X

Self), and 0-87 in (NN-001 X NN-001), to mention but a few (Table 8).

In addition, these results pose some problems of interpretation,

because some capsules which appeared morphologically normal, being

either full-sized or slightly smaller than normal, nonetheless

possessed no mature seeds. I have decided to include these
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Table 8. Mean number of seeds per capsule, standard deviation (S.D. )
and standard error (S. E. ) in greenhouse hybridizations of
Mimulus nanus ssp. nanus (NN), M. nanus ssp. cascadensis
(NC) and M. cusickii (C) during summers of 1968-69.
Female parent listed first in each combination. N = number
of flowers pollinated.

Combination N Mean S.D. S. E. Range

Self -Pollinations:

NN-001 X Self 13 16.0 19.9 5.5 0-54
NC-108 X Self 12 11.7 8.9 2.6 1-28
C-003 X Self 18 26.9 24.8 5.8 0-88

Intrasubspecific Crosses:
NN-001 X NN-001 12 26.8 23.9 6.9 0-87
NC-108 X NC-108 5 12.2 9. 1 4.1 5-24
NN-001 X NN-092 12 29.4 20.2 5.8 0-79
NN-092 X NN-001 11 36.5 31.0 9. 4 7-93
NC-130 X NC-108 1 14.0 0.0 0.0 none

Intersubspecific Crosses:
NN-001 X NC-108 8 13.3 5.5 1.9 4-21
NC-108 X NN-001 9 10. 1 7.5 2.5 0-21
NN-001 X NC-130 11 21.4 15.4 4.6 4-51
NC-130 X NN-001 12 16.8 13.3 3.8 0-42

Intraspecific Crosses:
C-003 X C-003 12 28.9 24.1 7.0 0-63
C-130 X C-130 11 35.6 18.1 5.5 9-60
C-003 X C-092 12 23.5 15.7 4.5 8-60
C-092 X C-003 13 43.2 35.5 9.9 2-122

Interspecific Crosses:
NN-001 X C-003 10 5.2 6.3 2.0 0-16
C-003 X NN-001 11 0.5 0.8 0.2 0-2
NC-108 X C-003 4 8.0 4.9 2.4 2-14
C-003 X NC-108 7 0.0 0.0 0.0 none
NC-130 X C-130 9 13.9 12.2 4.1 3-41
C-130 X NC-130 16 12.9 15.2 3.8 0-45
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"zero-seed-set" capsules in the following calculations, while excluding

all those crosses in which the ovary did not develop after pollination.

In unpollinated flowers it was found that the ovary and ovules fail to

mature. Therefore, in any cross in which ovary development

occurred, regardless of a lack of mature seeds, the capsule and the

number of seeds present were scored; in those in which the ovary is

dried and shriveled, the results were not included in the totals. In

some cases this procedure reduced the recorded average seed-set per

capsule. It is impossible to know if fertilization occurred in these

seedless capsules, because it is known that in many flowering plants,

pollination without fertilization is sufficient to stimulate ovary develop-

ment and fruit formation. Tentatively, I hypothesize that in many

instances, especially those in which the capsule is large and robust,

the ovules failed to develop into seeds due to an incompatibility

between the parental genotypes.

The mean seed-set per capsule from the seven field populations

is used to determine the degree of fertility of the greenhouse hybridi-

zations. It must be noted that successful seed-set alone does not

necessarily imply normal genetic compatibility, because it is possible

that the putative hybrid seed may be genetically incapable of germinating

or developing into a mature F
1

plant, or that sterility or inviability

could appear in the F
1

or later hybrid generations (Grant, 1963).

The results of all hybridizations appear valid and reliable with
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the exception of the crosses involving M. nanus ssp. cascadensis,

especially population NC-108, in which there was a marked decrease

in seed-set as compared with the values obtained from mature cap-

sules randomly collected in the field. This is most obvious in self-

pollination and intrapopulation and interpopulation crosses of NC-108,

where the mean seed-set per capsule is 11.7, 12.2 and 14.0, respec-

tively, as compared to field means of 30.2 in NC-108 and 32.4 in NC-

130 (Table 5; Figure 9). In all the biological and statistical analyses

of these two populations, the observations and results are quite

variable, especially when compared to the data obtained from the other

five populations. Possibly one might conclude that the plants of sub-

species cascadensis did not adapt to the artificial environment of the

greenhouse, thus reducing seed formation.

With the exception of the above-mentioned variations in NC-108

and NC-130, the intraspecific intrapopulation and interpopulation

crosses of M. nanus ssp. nanus and M. cusickii yielded normal or near

normal seed-set (Figures 9, 10). Though the seed-set is reduced in all

combinations involving M. nanus ssp. cascadensis, seed-set from the

reciprocal crosses between subspecies cascadensis and subspecies

nanus are comparable to the intrasubspecific results within NC-108

(Figure 9). Therefore, it may be concluded that there is no apparent

reduction in seed-set of crosses between M. nanus ssp. nanus and M.

nanus ssp. cascadensis, which may be extended to state that there is
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C NN- 092

t29.4 36. 5
(12) (11)

1

C-092

t
43.2 23. 5
(13) (12)

Figure 9. Mean seed-set per capsule of greenhouse hybridizations in Mimulus nanus ssp. nanus (NN),
M. nanus ssp. cascadensis (NC) and M. cusickii (C) during the summers of 1968-69.
Circles represent populations. Arrows indicate the direction of pollination. Numerical
values enclosed in parentheses and those not in parentheses refer to the number of flowers
pollinated and mean seed-set per capsule, respectively, for each combination. A line
connecting two circles indicates crosses between plants of that population.
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Figure 10. Mean seed-set per capsule of additional hybridizations of Mimulus nanus ssp. nanus (NN),
M. nanus ssp. cascadensis (NC) and M. cusickii (C) during the summers of 1968-69.
Circles represent populations. Arrows indicate the direction of pollination. Numerical
values enclosed in parentheses and those not in parentheses refer to the number of flowers
pollinated and mean seed-set per capsule, respectively, for each combination. A line
connecting two circles indicates crosses between plants of that population.
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no significant genetic barriers between these two taxa. The presence

of morphological intergrades in nature, at the zones of contact of

these two ecotypes, tends to support this conclusion.

There is a marked reduction in seed-set from crosses between

M. nanus ssp. nanus (NN-001) and M. cusickii (C-003). Reciprocal

crosses average 5.2 seeds per capsule with M. nanus ssp. nanus as the

female parent and only 0.5 seeds per capsule when M. cusickii is the

female parent; this compares with a mean seed-set of 26.8 and 28. 9

in intrapopulation crosses involving greenhouse cultures of populations

NN-001 and C-003, respectively (Figure 9). Field populations of these

taxa average 28.2 and 42.5 seeds per capsule, respectively (Table 5).

There is also a similar reduction in seed-set between M. nanus ssp.

cascadensis (NC-108) and M. cusickii (C-003), with reciprocal crosses

yielding 0. 0 and 8. 0 seeds per capsule (Figure 9). However, the

results from reciprocal crosses between NC-130 and C-130 had a

much higher mean seed-set per capsule, being 12.9 and 13.9 (Figure

10). Based on seed-set data from this latter combination, it appears

that there may be a potential for gene exchange between these two taxa.

However, at all field sites where either subspecies of nanus was found

to occur sympatrically with M. cusickii, no detectable hybrids were

noted. Therefore, in addition to genetic barriers, there may be other

interspecific isolating mechanisms present, e. g. , pollinator preference

and temporal factors, as flowers and pollen matured earlier in plants
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of M. nanus than those of M. cusickii, even though there was a degree

of overlap in the two reproductive cycles. These isolating mechanisms

are discussed in detail by Grant (1963).

Plants of these three taxa have flowers adapted for outcrossing,

i. e. , the receptive stigmas close when physically contacted by an insect

visitor and the stigmatic surface is elevated above the anthers. Green-

house cultures of NN-001, NC-108 and C-003 were self-pollinated by

hand and produced fruits with a mean seed-set per capsule of 16. 0,

11.7 and 26. 9, respectively, which may be compared with artificial

outcrossed intrapopulation mean seed-sets of 26.8 in NN-001, 12. 2

in NC-108 and 28. 9 in C-003 (Figure 9). Periodically, withered,

intact flowers that had not been pollinated in the greenhouse were col-

lected at random to check for spontaneous seed-set. In general, the

ovary and ovules of each flower were dried and shriveled, thus

indicating that self-pollination had not occurred. Those capsules that

did possess mature seeds were very infrequent and randomly distributed

throughout the three taxa so as to indicate that an insect pollinator may

have entered the greenhouse. It may be concluded, therefore, that the

plants of these taxa are insect-pollinated facultative outcrossers.

Correlation Study

In an attempt to understand and delimit genetic variation both

within and between taxa, I analyzed the seven experimental populations
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to determine their seed-set per capsule, capsule lengths and plant

heights. It was found that there is no consistently significant correla-

tion between the length of the capsule and the number of seeds per

capsule (correlation coefficients ranging from 0. 08-0.72, Table 9).

Also there was no uniformly significant correlation between plant height

and capsule length in the seven populations (Table 10). To determine if

there was any variation due to the age of the plant and/or the seasonal

conditions, samples, collected in different years and at different times

during the same year, were analyzed. With the exception of popula-

tions NN-001 (collected June 19, 1968, Ezell 85) and C-003 (collected

July 19, 1969, Ezell 138), which had correlation coefficients of 0.84

and 0.76, respectively, the correlations ranged from 0. 03-0.54.

Table 9. Correlation of capsule length to number of seeds
per capsule in field populations of Mimulus nanus
ssp. nanus (NN), M. nanus ssp. cascadensis
(NC) and M. cusickii (C).

Population
Number
of pairs

Correlation
coefficient

NN-001 8 0.29

NN-092 25 0. 19

NC-108 25 O. 21

NC-130 25 0.56

C-003 25 O. 72

C-092 21 0.08

C-130 25 0.31
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Table 10. Correlation of plant height to capsule length in field popula-
tions of Mimulus nanus ssp. nanus (NN), M. nanus ssp.
cascadensis (NC) and M. cusickii (C).

Population
Date of

collection
Number
of pairs

Correlation
coefficient

NN-001 6-18-67 10 0.54

NN-001 6-19-68 10 0.84

NN-001 7-18-69 10 0.13

NN-092 7-18-69 10 0.10

NC-108 7-12-68 10 0.52

NC-108 8-1-69 10 0.31

NC-108 9-11-69 10 0.37

NC-130 7-19-69 10 0.13

NC-130 8-1-69 10 0.03

C-003 6-18-67 10 0.18

C-003 7-19-69 10 0.76

C-092 7-18-69 10 0.30

C-130 8-1-69 10 0.18

Based on mean values, the range of plant height of M. nanus ssp.

nanus was 52.2-56.7 mm, that of M. nanus ssp. cascadensis was

50.2-82.7, and that of M. cusickii 93.8-160 0 mm (Table 11; Figure

11). Even though plant height is influenced by environmental con-

ditions--being very depauperate under xeric conditions and taller with

more nodes, branches and flowers during periods of abundant rainfall-

these data suggest that M. cusickii has the genetic potentiality for

greater size.
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Figure 11. Comparison of plants heights in field populations of
Mimulus nanus ssp. nanus (NN), M. nanus ssp.
cascadensis (NC) and M. cusickii (C). Date of col-
lection enclosed in parentheses. Range, standard
deviation and mean in cm.
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Table 11. Mean plant heights, standard deviation (S. D.) and standard
error (S. E. ) in field populations of Mimulus nanus ssp.
nanus (NN), M. nanus ssp. cascadensis (NC) and M.

(C). Ten plants measured per population.
in mm.Measurements

Population
Date

collected Mean S.D. S. E. Range

NN-001 6-18-67 52.2 12.5 4.0 36-76

NN-001 6-19-68 58.4 31.7 10.0 24-134

NN-001 7-18-69 65.0 19.0 6.0 40-110

NN-092 7-18-69 56.7 15.1 4.8 35-85

NC-108 7-12-68 50.2 12.1 3.9 32-70

NC-108 8-1-69 62.4 19.6 6.2 35-98

NC-108 9-11-69 53.1 13.6 4.3 33-75

NC-130 7-19-69 82.7 15.2 4.8 53-110

NC-130 8-1-69 80.2 28.6 9.0 55-142

C-003 6-18-67 93.8 23.9 8.0 55-120

C-003 7-19-69 103.9 31.7 10.0 64-164

C-092 7-18-69 119.0 32.0 10.1 70-180

C-130 8-1-69 160.0 20.7 6.5 132-200

Capsule lengths within populations of M. nanus ssp. nanus and M.

cusickii, collected in different years and at different times during the

same growing season, were relatively constant within each taxon

(Table 12; Figure 12). Samples of M. nanus ssp. nanus (NN-001) col-

lected in 1967, 1968 and 1969 had mean capsule lengths of 7.4 mm,

7.2 mm and 7.1 mm, respectively, which compares with a mean of

7.0 mm for M. nanus ssp. nanus (NN-092) collected in 1969. Collec-

tions of the three populations of M. cusickii had mean capsule lengths
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Figure 12. Comparison of capsule lengths in field populations
of Mimulus nanus ssp. nanus (NN), M. nanus ssp.
cascadensis (NC) and M. cusickii (C). Date of col-
lection enclosed in parentheses. Range, standard
deviation and mean in mm.
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of 7. 4 mm (C-003, 1967), 6. 9 mm (C-003, 1969), 7. 3 mm (C-092,

1969) and 7. 7 mm (C-130, 1969). Student's t-tests of the means failed

to show any significant difference at the 0.1 level between the means

of the various samples of M. nanus ssp. nanus (Table 13). The com-

binations of M. cusickii demonstrated no significant difference at the

0. 1 level in the means of four of the six combinations, but two means

were significantly different, one at the 0. 1 level and another at the

0. 05 level (Table 14).

Table 12. Mean capsule lengths, standard deviation (S. D.) and
standard error (S. E. ) in field populations of Mimulus nanus
ssp. nanus (NN), M. nanus ssp. cascadensis (NC) and M.
cusickii (C). Ten plants sampled per population. Measure-
ments in mm.

Population
Date

collected Mean S.D. S. E. Range

NN-001 6-18-67 7.4 1.0 0.3 6. 0-9. 5

NN -001 6-19-68 7.2 1.4 0.4 6. 0-10. 0

NN-001 7-18-69 7.1 0.6 0.2 6. 3-8. 3

NN-092 7-18-69 7.0 0.8 0.3 6.0 -8. 6

NC-108 7-12-68 6.1 0.9 0.3 4. 5-7. 4

NC-108 8-1-69 5.8 0.4 0.1 5. 2-6. 2

NC-108 9-11-69 5. 1 0.5 0. 1 4. 4-5. 8

NC-130 7-19-69 6. 4 0. 5 0. 2 5. 8-7. 2

NC-130 8-1-69 6.8 0.6 0.2 5. 6-7. 4

C-003 6-18-67 7. 4 0. 5 0. 2 6. 5-8. 0

C-003 7-19-69 6.9 0.7 0.2 6. 0-7. 8

C-092 7-18-69 7.3 0.8 0.3 6. 0-9. 0

C-130 8-1-69 7.7 0.5 0.2 7. 0-8. 8
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Table 13. Results of Student's t-test of significance of differences
between mean capsule lengths in field populations of Mimulus
nanus ssp. nanus (NN), and M. nanus ssp. cascadensis (NC).
Collection numbers and dates in parentheses. Degrees of
freedom = 18.
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(6-18-67)

NN-001 (85)
(6-19-68)

NN-001 (137)
(7-18-69)

NN-092 (135)
(7-18-69)

NC-108 (108)
(7- 12 -68)

NC-108 (145)
(8-1-69)

NC-108 (151)
(9-11-69)

NC-130 (142A)
(7-19-69)

NC-130 (147A)
(8-1-69)

0 0

0

0

0
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3
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0

0 = no significant difference between means at the 0.1 level of
significance

1, 2, 3 = significant difference between means at the 0.1, 0. 05 and
0.01 level of significance, respectively.
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Table 14. Results of Student's t-test of significance of differences
between mean capsule lengths in field populations of M.
cusickii (C). Collection numbers and dates in parentheses.
Degrees of freedom = 18.

C7`

00

N

CS,

00

C-003 (3) 1 0 0

(6-18-67)
C-003 (138) 0 2

(7 -19 - 69)

C-092 (136) 0

(7-18-69)
C-130 (147B)
(8-1-69)

0 = no significant difference between means at the 0.1 level of signifi-
cance

1, 2 = significant difference between means at the 0.1 and 0.05 level
of significance, respectively

Variation in capsule length, from population to population and

within populations at different times, was much greater in M. nanus

ssp. cascadensis than in the populations of M. nanus ssp. nanus and

M. cusickii just discussed. There was no significant difference at

the 0.1 level between the mean capsule lengths of the two populations

of NC-130 collected at different times during the growing season

of 1969 (Table 13). However, population NC-108 was found to be

highly variable when comparisons were made between the 1968

and 1969 seasons and within the 1969 season, with two of the three
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combinations having significantly different means at the 0. 01 level

(Table 13). Of the six combinations between samples of NC-108 and

NC-130, one was significantly different at the 0.1 level, two at the

0.05 level and two at the 0.01 level (Table 13). Also, there were

highly significant differences between the mean capsule lengths of

representatives of populations of M. nanus ssp. nanus and M. nanus

ssp. cascadensis. There were 20 combinations between these two

subspecies, and only five of the means were not significantly different

at the 0.1 level; one combination was different at the 0. 1 level, four

at the 0.05 level and ten at the 0.01 level (Table 13)., These intra-

subspecific differences of M. nanus ssp. cascadensis and intersub-

specific differences suggest a high degree of genetic variability within

subspecies cascadensis. This variability is presently unexplained,

but it may be the result of one or more factors. The morphological

heterogeneity may be the result of many minor atmospheric and

environmental fluctuations which are responsible for a high degree of

phenotypic plasticity. This variability between the two subspecies,

nanus and cascadensis, and within cascadensis, may indicate a recent

origin of M. nanus ssp. cascadensis, with the possibility of intro-

gression, past or present, with plants of M. nanus ssp. nanus, M.

nanus ssp. jepsonii or M. cusickii, all of which are found to be adjacent

to or sympatric with cascadensis at occasional localities throughout its

range in Oregon. Population NC-130 is close to the zone of
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intergradation with M. nanus ssp. nanus, thus enhancing the chances

of hybridization between the two forms. When Student's t-tests of the

paired means of capsule lengths of the two subspecies, nanus (NN-001

and NN-092) and cascadensis (NC-130), are compared, a much higher

degree of homogeneity is noted, in that of the eight possible paired

combinations, five are not significantly different at the 0.1 level, one

is different at the 0.1 level and two differ at the 0.05 level (Table 13)0

The mean lengths of capsules derived from the following green-

house crosses--(NN-001 X Self), (NN-001 X NN-001), (NC-108 X Self),

(NC-108 X NC-108), (C-003 X Self) and (C-003 X C-003)--and the field

populations of NN-001, NC-108 and C-003 were subjected to Student's

t-test of significance of differences between means. General trends,

similar to those of the field populations noted in the above paragraph,

were obtained (Tables 15, 16).

Capsule Development

A study of the mean number of days from pollination to the

development of mature, but undehisced, capsules in the greenhouse

provided additional information regarding the genetic diversity among

the three populations of NN-001, NC-108 and C-003, . Only capsules

of normal size and morphology, producing one or more seeds, were

counted, with no undersized ones (based on the range of capsule lengths

in field samples) used in computing the mean days from pollination to
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Table 15. Results of Student's t-test of significance of differences
between mean capsule lengths in greenhouse hybridizations
and field populations of Mimulus nanus ssp. nanus (NN)
and M. nanus ssp. cascadensis (NC). Female parent listed
first for each pollination. Collection numbers and dates in
parentheses. Degrees of freedom variable.
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0
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0 = no significant difference between means at the 0.1 level of signifi-
cance

1, 2, 3 = significant difference between means at the 0.1, 0.5 and
0.01 level of significance, respectively
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Table 16. Results of Student's t-test of significance of differences
between mean capsule lengths in greenhouse hybridizations
and field populations of Mimulus cusickii (C). Female
parent listed first for each pollination. Collection num-
bers and dates in parentheses. Degrees of freedom
variable.
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0 = no significant difference between means at the 0.1 level of signifi-
cance

1, 2 = significant difference between means at the 0.1 and 0. 05 level
of significance, respectively
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capsule maturation (Table 17). Capsules from the following combina-

tions were analyzed statistically using a paired t-test of the means of

the 15 possible combinations between (NN-001 X Self), (NN-001 X

NN-001), (NC-108 X Self), (NC-108 X NC-108), (C-003 X Self) and

(C-003 X C-003). Using a 0.1 level of significance, the only signifi-

cant difference between combinations of M. cusickii and M. nanus ssp.

nanus was between (NN-001 X Self) and (C-003 X Self), while all paired

combinations between M. nanus ssp. cascadensis-M. cusickii and M.

nanus ssp. cascadensis-M. nanus ssp. nanus were significantly dif-

ferent (Table 18). There was no significant difference between the

means of (NC-108 X Self) and (NC-108 X NC-108). These data are

somewhat subjective, since all capsules were picked before dehiscence.

Because a few days may elapse prior to the splitting of the fruit, it is

possible that the time could vary by one to three days, a subjective

factor not necessarily obvious to a computer or a mathematical model.

The mean number of days from pollination to capsule maturation

in greenhouse cultures of M. nanus ssp. nanus is 22-23 days, in M.

nanus ssp. cascadensis 16-17 days, and in M. cusickii 16-21 days

(Table 17). Again, it is demonstrated that there is a significant dif-

ference in a genetically controlled characteristic of the two subspecies

of M. nanus, thus further indicating a genetic and taxonomic difference

between the two ecotypes.
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Table 17. Mean number of days from time of pollination to capsule
maturation, standard deviation (S. D. ) and standard error
(S. E.) in greenhouse hybridizations of Mimulus nanus ssp.
nanus (NN), M, nanus ssp. cascadensis (NC) and M.
cusickii (C). Female parent listed first in each combina-
tion. N = number of capsules sampled. Data from summer
of 1969.

Combination N Mean S. D. S. E. Range

NN-001 X Self 4 23 1.4 0.7 22-25

NN-001 X NN-001 7 22 3. 6 1.4 19-26

NC-108 X Self 7 16 0,5 0.2 15-16

NC-108 X NC-108 2 17 0.0 0.0 none

C-003 X Self 10 20 1.5 0,5 17-22

C-003 X C-003 10 21 2.4 0.7 19-26

C-130 X C-130 11 16 0.0 0.0 none

Seed Germination

These experiments demonstrate quite emphatically that the

seeds of Mimulus, section Eunanus, have a specific dormancy that is

difficult to overcome using certain combinations of low temperatures,

light and leaching. The highest percentage of germination occurred in

seeds of M. nanus (Ezell 68) from Weed, California, which had been

pre - chilled for 60 days at 6°C then planted in pots and maintained at

room temperature (24° C) under a 24-hour photoperiod (Table 19).

However, these results (six of 25, or 24%), are very low. Seeds
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Table 18. Results of Student's t-test of significance of differences
between mean number of days from time of pollination to
capsule maturation in greenhouse hybridizations of
Mimulus nanus ssp. nanus (NN), M. nanus ssp. cascadensis
(NC) and M. cusickii (C). Female parent listed first for
each pollination. Data from summer of 1969. Degrees of
freedom variable.
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NN-001 X Self

NN-001 X NN-001

NC-108 X Self

NC-108 X NC-108

C-003 X Self

C-003 X C-003

0 3

3

3

3

0

3

0

3

3

0

0

3

3

0

0 = no significant difference between means at the 0.1 level of signifi-
cance

3 = significant difference between means at the 0. 01 level of signifi-
cance
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Results of seed germination experiments in the laboratory.
Seeds pre-chilled at 6°C from 11-9-68 to 1-8-69 in the dark;
transferred to 24°C and a 24-hour photoperiod, 1-8-69.
Figures in first column refer to field collection numbers.

No. of
Population seeds

No. of seeds
germinated

Days to
germination

Percent
germination

M. nanus
25
25
25
25
25
15
25

0

0

0
0

6

0

3

76, 80

76, 80

24. 0

12. 0

15
16
54
61

68
80

110

M. cusickii
25 011

60 15 1 98 6.7
79 10 0

62 25 0

96 25 0

M. densus
25 2 78 8. 049

50 25 1 60 4. 0
52 25 0

53 25 0

M. me hiticus
113 25 0

M. spissus
123 15 0

M. bigelovii

25 0

var. bigelovii_
83

M. bigelovii

10 0

var. cuspidatus
45



58

maintained in the dark, with no pre-treatment, also yielded little

or no germination (Table 20). The most logical conclusion appears

to be that a low temperature pre-treatment is required followed by

germination at temperatures lower than 20-25°C. This is supported

by the work Griesel (personal communication, 1969) who germinated

seeds of M. bigelovii Gray from the Mojave Desert after pre-treating

hydrated seeds for 20 days at 1°C in the dark, then transferring these

seeds to 11°C in the dark. In all cases the seeds were kept damp.

In 20 days or less, 60% germination was noted, and these plants were

grown to maturity in a growth chamber. In my studies the pre-chilled

seeds (6° C) were transferred to a lighted environment, either under

Gro-Lux lamps or the artificial incandescent lights of the laboratory

at 24° C.

It is unlikely that a chemical inhibitor is present which can be

leached out, because those plants planted in the greenhouse were

watered constantly and the sandy-soil substrate allowed adequate

drainage to leach any inhibitory chemical compound(s) present in the

seeds. In these greenhouse experiments, germination was noted in

only seven of 44 pots, and the percent germination was extremely low

(2. 5 -10. 0 %, Table 21). No M. cusickii seeds germinated, and

germination occurred in only two of 11 pots of M. nanus, both from

northern California (Ezell 68, 110), with one out of 25 seeds (4. 0%)

germinating in each. The "most successful" germination results in
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T able 20. Results of seed germination experiments in the laboratory. No pre-treatment. Seeds
placed in the dark at 23°C on 11-9-68; transferred to 24-hour photoperiod at 24°C,
1-19-69; returned to dark (23°C), 2-2-69. Figures in first column refer to field
collection numbers.

No. of

Population
No. of
seeds

seeds
germinated

Date of
germination

Days to
germination

Percent
germination

M. nanus

15 25 1 3-29-69 141 4.0
16 25 0
61 25 0
68 25 1 6-22-69 226 4.0
80 15 0

110 25 0

M. cusickii

25 3 3-15-69 127 12.011

62 25 0
96 25 0

M. densus

25 049
50 25 0

52 25 2 3-15-69 127 12.0
1 6-22-69 226

53 25 1 1-9-69 61 12.0
1 1-12-69 64
1 1-24-69 76

M. mephiticus

25 1 1-21-69 63 4.0113

M. bigelovii

25 1 12-4-68 25 16.0

var. cus idatus

45

1 12-11-68 32
2 12-13-68 34
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Table 21. Results of seed germination experiments in the greenhouse.
No pre-treatment. Seeds planted, 11-16-68, with a 16-
hour photoperiod; increased to 24 hours, 11-23-68. Green-
house temperatures ranged from 51-66°C. Figures in first
column refer to field collection numbers.

No. of
Population seeds

No. of seeds
germinated

Days to
germination

Percent
germination

M. torreyi
26 40 1 115 2.5
27 40 0

30 40 0

33 40 2 138 5.0
35 50 1 73 2.0

114 100 0

116 60 0

M. whitneyi
15 078

M. coccineus
40 017

44 30 0

M. parryi
25 082

M. mephiticus
113 25 0

118 15

M. dens us
10 042

49 25 1 96 4.0
50 25 0

52 25 0

53 25 0

M. layneae
122 15 0

M. brevipes
10 069

M. leptaleus
25 073

74 100 0
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Table 21. (Continued)

No. of
Population seeds

No. of seeds
germinated

Days to
germination

Percent
germination

M. bigelovii
var. bigelovii

83 10 1 28 10. 0

M. bigelovii

25 0

var. cuspidatus
45

M. spissus
123 15 0

M. nanus
15 04

15 25 0

16 25 0

54 25 0

61 25 0

68 25 1 138 4. 0
80 15 0

81 5 0

98 15 0

110 25 1 28 4.0
124 15 0

108 15 0

M. cusickii
25 011

13 15 0

58 15 0

60 15 0

62 25 0
79 10 0

96 25 0
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the greenhouse involved M. torreyi Gray where germination occurred

in three pots (Ezell 26, 33, 35); however, the percentages again were

very low, one of 40 (2.5%), two of 40 (5.0%) and one of 50 (2. 0%).

All of the M. torreyi populations were from the Sierra Nevada

Mountains, Calaveras County, California. The other two greenhouse

pots that had any germination included M. bigelovii var. bigelovii from

Ventura County, southern California (one of ten, or 10. 0%) and M.

densus Grant from Lassen County, northern California (one of 25,

or 4. 0%). To check further for the presence of a chemical inhibitor,

I selected some untreated seeds in the laboratory plus seeds that had

been pre-chilled at 2°C for 56 hours. These seeds were soaked in

distilled water and the leachate decanted; then the washed seeds were

placed on filter paper in a funnel and rinsed with repeated washings

of distilled water for one to two hours. These rinsed seeds were then

incubated on moist filter paper discs in petri plates maintained at

room temperature in either a dark or lighted environment; no germina-

tion occurred.

Distribution and Taxonomic Relationships

During the course of this investigation M. nanus was found to be

widely distributed both geographically and ecotypically and to possess

considerable morphological variation. The form that is morphologi-

cally similar to the type specimen ranges throughout much of eastern
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Oregon and Idaho, plus certain areas of southern Washington, south-

western Montana, Yellowstone National Park, northern Nevada and

northern California (Figures 13, 14). The habitats vary from open

sites of the yellow pine (Pinus ponderosa) forests, juniper (Juniperus

occidentalis)-sage (Artemisia) associations, and desert sage associa-

tions of central and eastern Oregon, to higher elevations in the Blue

Mountains, Wallowa Mountains and Steens Mountain, on into the open

habitats of Idaho and adjacent states. In Oregon and northern Califor-

nia there are at least three ecogeographical subspecies of M. nanus.

The identification of M. nanus in Nevada and California is more

difficult than in the other regions due to the close morphological

similarities between it and M. mephiticus Greene, M. densus Grant,

and M. coccineus Congdon. My field and herbarium studies to date

lead me to believe that the taxonomic relationships between M. nanus

and these three taxa are too close to justify their present status as

separate species. In the mid-1950's Rimo Bacigalupi of the Jepson

Herbarium, University of California, Berkeley, proposed (unpublished)

a taxonomic revision giving varietal status to each of the above four

taxa, i. e., M. nanus var. nanus, M. nanus var. mephiticus, M.

nanus var. densus and M. nanus var. coccineus. The ecological and

geographical data, as well as the morphological data, support the need

for a future taxonomic revision of this present four-species complex.

There are many similarities between these species in vegetative
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Figure 14. Distribution of Mimulus nanus ssp. nanus ( "), M. nanus ssp. cascadensis
and M. nanus ssp. jepsonii ( 4 ) in Oregon.
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characteristics (i. e. , leaf shape, calyx form and general habit) and

corolla morphology, most being strongly bilabiate with unequal lobes

and lips. Therefore, in my opinion, many of the forms now treated

as belonging to species mephiticus, densus or coccineus should be

included within M. nanus. Those remaining forms with weakly

bilabiate flowers, which are somewhat rotate due to their equal to

subequal lobes, possibly would constitute a second species.

The manifold habitats in northern California allow for much

ecogeographic diversification. Typical M. nanus is seldom found

sympatrically with the other "species"; in general, M. mephiticus

replaces M. nanus along the western slope of the Sierra Nevada Moun-

tains in northern California, and M. densus replaces typical M. nanus

in the desert and semi-desert regions of northern California and

Nevada east of the Cascade and Sierra Nevada mountains. Mimulus

coccineus is a high-altitude ecotype restricted primarily to between

7,000-11,000feet in the Sierras, where typical M. nanus is not found.

In Oregon a morphologically distinct ecotype of M. nanus is

present in the lodgepole pine (Pinus contorta var. murrayana) forests

in the Canadian Zone between 4,000-6,000 feet along the eastern slopes

of the Cascades from Deschutes County south to Klamath and Lake

counties of southern Oregon and possibly as far south as the Cascade

regions of northern California (Figure 13). In addition to its ecologi-

cal differences, this ecotype of M. nanus can be distinguished pri-

marily by its corolla, which is uniformly reddish-purple, and its

broadly elliptic to obovate leaves. In contrast, the ecotype
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morphologically similar to the nomenclatural type has a corolla that

is reddish-purple with a yellowish tube, and leaves that are narrowly

elliptic to oblanceolate. At the limited zones of contact of typical M.

nanus and the Cascade ecotype in central Deschutes County (Ezell 100,

140), intergrades, as well as typical parental types of each, occur

sympatrically, thus indicating that natural hybridization takes place

(Figure 14). Greenhouse studies support this hypothesis of gene

exchange, because artificial crosses between these two forms yield

a seed-set comparable to that of controlled intrapopulation and 'inter-

population crosses of the Cascade ecotype. Details of the crosses are

given in the previous section on Hybridization (Table 8; Figures 9, 10).

The taxon that was described by Grant (1924) as M. jepsonii

appears to be best classified as a high-elevation ecotype of M. nanus,

based on its vegetative morphology and its corolla form and pigmenta

tion. This ecotype is centered in northern California at elevations

usually greater than 6, 000 feet, ranging from Nevada County in the

Sierras north into the Cascades of California and southern Oregon,

with the northern-most limit being Davis Lake, Klamath County

(Figures 13, 14). A large number of collections are available from

higher elevations in Lassen Volcanic National Park, northern Califor-

nia. From this point northward, there appears to be intergradation

with typical M. nanus and possibly with the Cascade ecotype discussed

above. The forms which one finds described as M. jepsonii, both in
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Oregon and northern California, are very similar morphologically to

depauperate forms of typical M. nanus as it occurs in central and

eastern Oregon. Other than a difference in its length (9-14 mm long,

compared to 18-25 mm long in subspecies nanus), the corolla of the

two ecotypes is similar in form and pigmentation (i.e., a yellowish

tube, reddish-purple lobes and dark purple patches in the throat). In

addition, the following reductions in size are demonstrated: plants up

to 6 cm tall vs. up to 14 cm tall, calyces 2-5 mm long vs. 6-9 mm

long, and capsules 4-6 mm long vs. 6-10 mm long. All of the speci-

mens of M jepsonii occurring above 6,000 feet elevation appear to

have the potentiality to self-pollinate, because the upper pair of

anthers is exserted from the throat of the corolla and is at the same

level as the stigma. The lower-elevation forms of M. jepsonii are

more like typical M. nanus in their breeding system, in that the upper

anther pair, although exserted from the corolla, is at least 1-2 mm

below the receptive surface of the stigma. The ability for facultative

self-pollination would seem to be of adaptive significance for these

high-altitude ecotypes, due possibly to the limited number of insect

pollinators at higher elevations and the very brief life cycle of the

plants.

The available data suggest, therefore, that at least two ecogeo-

graphic races of M. nanus occur in Oregon, and a third is centered in

northern California. These three races are here formally considered
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to constitute three subspecies, as follows: M. nanus Hook. & Arn.

ssp. nanus, M. nanus ssp. cascadensis Ezell for the Oregon Cascade

ecotype, and M. nanus ssp. jepsonii (Grant) Ezell to include those

forms previously named M. jepsonii. The relationships among these

three taxa appear similar to the several ecotypes of Potentilla

glandulosa, which Clausen, Keck and Hiesey (1940, 1958) treated as

subspecies. Clausen, Keck and Hiesey (1940, 1945), Stebbins (1950)

and BOcher (1967) state that ecotypes may taxonomically approximate

geographical subspecies, especially when they are morphologically

distinguishable. In this paper the term ecotype is used in the sense

of Clausen, Keck and Hiesey (1945, p. 63), who described ecotypes

as follows:

Species that occupy a series of contrasting environments
develop genetically and physiologically distinct ecologic
races, ecotypes, which are suited to these environments.
Ecotypes of one species have the same internal balance,
for there is no genetic obstacle to a free interchange of
their genes when they meet and hybridize. Each of such
ecotypes, however, strikes a different balance with the
environment and is prevented from free migration to other
environments by natural selection.

Earlier investigators in Mimulus, such as Grant (1924) and Pennell

(1941, 1947, 1951), were concerned primarily with describing the

morphological variation within groups of plants, with little or no

attention given to their breeding systems, genetics or ecology.

Mimulus jepsonii (Grant, 1924) and M. microcarpus (Pennell, 1941)

were described as new species differing from M. nanus on the basis
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of relatively minor morphological differences (i. e. , a general reduc-

tion in the lengths of the calyx, corolla and capsule). These differences

do exist; however, when these morphological variants are analyzed in

relation to their geographic distribution and ecology, definite patterns

are revealed, with typical M. jepsonii found at elevations above 6, 000

feet and M. nanus generally below 5, 000 feet. At altitudes of 4, 000-

6, 000 feet, forms are found which are morphologically similar to both

M. jeasonii and M. nanus, but are intermediate as to the dimensions

of the calyces, corollas and capsules. The intermediate forms (e. g.

Baker 125 and Nutting s. n. ) have created taxonomic problems, in that

A. L, Grant annotated the above as M. nanus, whereas Rimo

Bacigalupi annoted each M. jepsonii. It appears that this variation is

clinal. It is my opinion that the morphological and ecological dif-

ferences which mark M. nanus ssp, cascadensis were not noted by

Grant, Pennell and others because of the lack of concentrated study

in this particular area.

Mimulus cusickii is morphologically much less variable than

M. nanus and has a more restricted geographical and ecological dis-

tribution. This species occurs in sandy or rocky soil in exposed areas

across the interior plateau from central Oregon to western Idaho, with

one reported collection from Klickitat County, southern Washington,

and limited populations in Modoc County, northern California, and

Washoe County, northwestern Nevada. The center of distribution is
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approximately Deschutes County, Oregon. Unlike M. nanus, M.

cusickii does not occur at higher elevations in the Blue Mountains and

Wallowa Mountains of northeastern Oregon (Figures 15, 16). Field

studies, supported by greenhouse hybridizations, have revealed no

genetic exchange between M. nanus ssp. nanus and M. cusickii in

central Oregon, where they commonly occur sympatrically.

Mimulus clivicola, as its name implies, is restricted primarily

to hillsides; it occurs in the Snake River valley of Wallowa and Baker

counties, eastern Oregon, and in Kootenai, Latah and Idaho counties

in the Idaho panhandle (Figure 15). This species differs distinctly

from both M. nanus and M. cusickii in its slightly serrate leaves,

long pedicels (up to 10 mm long) and expanded calyx with a cuneate

base. This species is very limited in its distribution and is infre-

quently collected. Though no genetic data are available, M. clivicola

appears to be a valid species, judging from its distinctive morphology

and relative geographical isolation from M. nanus and M. cusickii.

The results of the greenhouse hybridizations and the observa-

tions of morphological variations in field populations of M. nanus ssp.

nanus and M. cusickii indicate that there is little or no potential for

gene exchange between these two taxa. On the other hand, there is the

possibility of genetic compatibility between M. nanus ssp. cascadensis

and M. cusickii, because. artificial interspecific crosses produced

mature seeds; however, no morphologically discernible intergrades
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were noted in sympatric field populations. Perhaps natural hybrids

have differences too subtle to be detected. There is the additional

possibility that partial isolating barriers (i. e. , temporal factors and

pollinator preference) exist between these two taxa. Field specimens

of M. nanus ssp. cascadensis, like subspecies nanus, germinate two

to four weeks earlier and end their growing season four to six weeks

earlier than those of M. cusickii. Plants of the latter have a growing

season of about three to four months as compared to two to three

months for M. nanus. However, there is an overlap in the growing

seasons of the two species during which time interspecific pollination

could occur, but there are differences in the form and pigmentation of

the corollas of each taxon, and M. cusickii, unlike M. nanus, has a

mephitic odor, thus adding credence to the suggestion that a dis-

similarity in insect pollinators may be present. The only insect visi-

tors that I noted in any of the seven experimental populations were

syrphid flies (order Diptera, family Syrphidae). This particular species

putatively would make a poor pollinator due to the lack of appreciable

external hairs and bristles. Those that were collected after visiting

a Mimulus flower possessed no pollen. Bee pollinators, usually of

genus Bombus, have been reported in M. alatus Ait., M. lewisii

Pursh., M. luteus L. and M. ringens L. (Muller, 1883; Robertson,

1928; Nobs, 1954), and it has been demonstrated that M. cardinalis

Dougl. is pollinated by hummingbirds (Nobs, 1954; Grant and Grant,
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1968).

Statistical analyses of capsule lengths and days from pollination

to capsule maturation demonstrate the presence of additional dif-

ferences between M. nanus ssp. nanus and M. nanus ssp. cascadensis.

The high degree of variation for these features between different

samples of the two experimental populations of M. nanus ssp.

cascadensis (NC-108 and NC-130), as compared to the greater intra-

specific uniformity between population samples of both M. nanus ssp.

nanus and M. cusickii, suggest that subspecies cascadensis is less

stable genetically than either M. nanus ssp. nanus or M. cusickii.

More than one explanation can be offered for this variability in

cascadensis; that is, it is more heterozygous as a result of intro-

gression or recent hybrid origin, or its populations differ due to

isolation and genetic drift, or its gene system is less buffered against

environmental variations. This lack of uniformity in mean capsule

lengths appears to exist between different populations, and between

samples of the same population collected at different times in the

same growing season and in different years. The assumption that this

variation is between, and not within, population samples is based on a

comparison of the standard deviation and standard error of the mean

capsule lengths and the range of these lengths in all samples of the

three taxa studied. These three parameters indicate that the variance

is relatively similar within each population sample (Table 12).
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The pattern just described does not appear to be the case in M.

nanus ssp. jepsonii, especially in northern California, where there is

a very low degree of phenotypic variation and where the principal dif-

ferences are quantitative ones of over-all plant dimensions. This

homogeneity is most apparent in those forms inhabiting elevations

above 6, 000 feet in the Sierras and Cascades, where the plants are

uniformly small. In part, this may be due to the fact that their grow-

ing season is delayed by the presence of snow in late spring and early

summer, thus leading to a shorter growing season, which could favor

selection for genes for rapid maturation. A shorter growing season

could contribute to smaller over-all plant dimensions, because more

energy would be diverted to flower maturation and capsule formation

than to vegetative growth. Also, these high-elevation forms struc-

turally have the capacity to self-pollinate, and populations of self-

fertilizing plants tend towards homozygosity and a greater degree of

uniformity. The presence of more heterogeneity in plants at altitudes

less than 6,000 feet may be due to their presumed greater degree of

outcrossing and to genetic exchange with M. nanus ssp. nanus, which

is in geographical and ecological proximity to subspecies ,jepsonii

at lower elevations (Figure 13). The collections of Robinson s. n.

and Chisaki & Newcomb 1149, which I have annotated as M. nanus ssp.

jepsonii, illustrate this intermediacy. Specimens of M. nanus ssp.

jepsonii (Dennis 2849) collected near Island Lake, Klamath County,
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Oregon, possess a sufficient degree of morphological intermediacy to

indicate the possibility of hybridization between all three subspecies

of M. nanus. The small linear leaves are characteristic of subspecies

jepsonii, the uniformly-pigmented corolla is similar to subspecies

cascadensis, and the shorter and subequal corolla lobes and the dark

purple lateral spots in the throat are similar to those forms of sub-

species nanus found in the Siskiyou Mountains, southwestern Oregon.

I conclude that on the basis of their distinct genetic and mor-

phological differences, M. nanus, M. cusickii and M. clivicola con-

stitute three separate species in Oregon. Of these three taxa, mem-

bers of M. nanus are the most highly variable in their morphology and

are more widely distributed both geographically and ecologically. The

segregation of this species into at least three subspecies is justified by

ecogeographical and morphological differences. Plants presently des-

cribed as members of species M. mephiticus, M. densus and M.

coccineus in northern California and northern Nevada probably should

be included within M. nanus. They are generally similar in morphology

to this species and differ in ways that suggest a pattern of ecogeo-

graphic races parallel to those known in M. nanus in Oregon. How-

ever, there is insufficient experimental evidence at present for a

formal taxonomic revision of these heterogeneous forms in California

and Nevada.
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TAXONOMY

After studying the morphology, geographical distribution,

ecology, crossing relationships and cytology of representative field

populations of M. nanus and M. cusickii in Oregon, plus the morphology

and geographical distribution of over 1,000 specimens borrowed from

ten major herbaria, I have elected to revise the taxonomy of the

Eunanus species of Washington, Oregon, Idaho, Montana and Wyoming,

plus selected regions of northern California and northern Nevada. As

stated in the section on Distribution and Taxonomic Relationships, the

genetics, ecology and taxonomy of M. nanus in northern California

are very complex and heterogeneous, and there is much ambiguity

regarding the interrelationships of M. nanus, Me mephiticus, M.

densus and M. coccineus. Therefore, I have confined my taxonomic

treatment of M. nanus in northern California and northern Nevada to

those forms that are similar to the type subspecies of that species.

Previous taxonomic discussions of Mimulus (Grant, 1924;

Pennell, 1951; Cronquist, 1959; Peck, 1961) state that four Eunanus

species are found in OregonM. nanus, M. cusickii, M. clivicola and

M. jepsonii. Though I have studied only the first two species bio-

systematically, all four are treated here taxonomically. My findings

are that the taxon generally described as M. jepsonii occurs very

infrequently in Oregon (its center of distribution being in the Cascades
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and Sierra Nevadas of northern California) and that it is best classified

as a subspecies of M. nanus. Morphologically the two are very

similar, their differences being consistent with an interpretation of

subspecies jepsonii as a high-altitude ecotype of M. nanus. Two addi-

tional subspecies of M. nanus are found in Oregon, subspecies nanus

and subspecies cascadensis. Both M. cusickii and M. clivicola appear

to constitute relatively homogeneous and distinct species.

The following discussion includes an artificial key to the Eunanus

species and subspecies in Oregon and surrounding regions, a descrip-

tion of these taxa, lists of synonyms, and a citation of representative

specimens that are noted on the distribution maps (Figures 13, 14,

15, 16) contained in the previous section of the thesis. An exclamation

mark (!) following the citation of a holotype or isotype indicates that

it has been studied by this investigator. The fifth edition of Index

Herbariorum compiled by Lanjouw and Stafleu (1964) is the reference

for herbarium abbreviations in the citation of specimens.

Artificial Key to the Species and Subspecies of Eunanus

A. Leaves serrulate; pedicels 2-10 mm long; plants of northeastern

Oregon and adjacent Idaho.

1. Mimulus clivicola

A. Leaves entire; pedicels 0.5-4 mm long.

B. Corolla not strongly bilabiate, 18-35 mm long, lobes nearly
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equal, somewhat rotate; pedicles 1-4 mm long; leaves acute

to acuminate.

2. Mimulus cusickii

B. Corolla strongly bilabiate, 9-25 mm long, upper lip erect and

longer than lower lip; pedicels 0.5-2 mm long; leaves obtuse.

C. Leaves broadly elliptic to obovate or oblanceolate, 4-15

mm broad, 5-30 mm long; corolla 12-25 mm long, tube

not usually filiform.

D. Leaves elliptic to oblanceolate; corolla tube yellowish,

lobes and throat purple; calyx 6-9 mm long, teeth not

broadly triangular when capsule mature; capsule 6-10

mm long, slightly if at all exserted...

3. Mimulus nanus ssp. nanus

D. Leaves broadly elliptic to obovate; entire corolla

purple; calyx 4-7 mm long, teeth somewhat triangular

when capsule mature; capsule 5-8 mm long, exserted.

4. Mimulus nanus ssp. cascadensis

C. Leaves narrow, linear-oblong to narrowly elliptic, 1-6

mm broad, 4-18 mm long; corolla 9-14 mm long, tube

filiform.

5. Mimulus nanus s sp. jepsonii
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Description of Species and Subspecies

1. MIMULUS CLIVICOLA Greenm., Erythea 7:119, 1899. Eunanus

clivicola (Greenm. ) Heller, Muhlenbergia 1:60. 1904.

Lectotype by Heller: Sandberg, MacDougal & Heller

586, slopes near the foot of Weissner's Peak, Kootenai

County, Idaho, July 5-7, 1892 (GH; isotypes, PH,

CAS!).

Annual, glandular-pubescent herb; stems erect, up to 15 cm

tall; leaves narrowly to broadly elliptic or obovate to oblanceolate,

3-13 mm broad, 10-25 mm long, obtuse to slightly acute, serrulate to

rarely entire, 1-veined or occasionally 3-veined, the base cuneate or

constricted into a winged petiole; pedicels 2-10 mm long; calyx

campanulate with the base cuneate when the capsule matures, 6-10

mm long, the teeth equal, nearly 2 mm long, triangular, acute to

acuminate; corolla bilabiate, 15-20 mm long, the lobes and throat

reddish-purple, the tube yellow, the throat with a large yellow patch

with red spots below the lower lip; stigma exserted from the throat;

anthers generally included, with the upper pair near the opening of

the throat; capsule 8-13 mm long, exserted, curved at apex. Known

only from northeastern Oregon and adjacent Idaho.

Representative collections: IDAHO: Idaho Co., bank of the

Middle Fork of the Clearwater River, between the mouths of Three



82

Devils and Squaw creeks, 3 miles below Lowell, Constance & Rollins

1 628, May 31, 1936 (WS). Latah Co. , hillsides, Piper 1657, July 14,

1893 (WS). OREGON: Baker Co.,, near the Snake River, Cusick

1891, May 25, 1898 (POM, UC, WS). Wallowa Co., Imnaha-Snake

divide, 23 miles above Imnaha, Peck 17491 (OSC).

There has been some confusion as to the type of M. clivicola be-

cause Greenman cited four different collections (syntypes) when he

described the species. He states in the introduction of his article

that the taxa to be discussed are represented by specimens in Cusick's

collection that either are range extensions of previously described

species or are new species, although specimens of other collectors

are cited later in the text. Referring to Cusick's collection, Greenman

(1899, p. 115) states,

The collection is particularly noteworthy in containing,
in addition to certain species new to science, a number
of specimens which extend materially the geographical
range of several species. . . . Descriptions of the newly
characterized species and brief notes on the extension
of ranges are given.

The only Cusick collection cited under M. clivicola is Cusick 1891;

three non-Cusick collections are listed, with the first cited and oldest

being Sandberg, MacDougal & Heller 58 6. In the absence of a definite

holotype,Heller (1904) chose Sandberg, MacDougal & Heller 58 6 to be

the type, which in modern usage is a lectotype, with Cusick 1891 and

the other two collections becoming paratypes.
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2. MIMULUS CUSICKII (Greene) Piper, Contr. U. S. Nat. Herb.

11:508. 1906. Eunanus cusickii Greene, Pittonia 1:36. 1887.

Type: Cusick 1262, Malheur River, eastern Oregon,

1885 (UC!; isotype, GH).

Mimulus bigelovii Gray var. ovatus Gray, Syn. Fl. N. Am.

ed. 2, 21: Suppl. 445. 1886. Lectotype by A. L.

Grant: Torrey 372, Lake Washoe, Nevada, 1865 (GH).

Annual, glandular-pubescent herb, somewhat mephitic; stems

erect, up to 30-40 cm tall; leaves broadly elliptic-ovate, occasionally

obovate to oblanceolate, 4-20 mm broad, 10-40 mm long, acute to

acuminate, entire, 3-5-veined, cuneate to sessile at the base; pedi-

cels 1-4 mm long; calyx cylindrical to somewhat campanulate, the

teeth unequal, 1-6 mm long, acute to subulate; corolla 18-35 mm

long, slightly bilabiate, the nearly equal lobes seemingly rotate, the

upper and lower lips nearly equal, the tube yellow and the lobes and

throat rose-pink to reddish with no dark purple lateral patches in the

throat, one or two large yellow patches spotted with red below the

lower lip; stigma and at least the upper pair of anthers exserted, with

the stigma lobes exceeding the anthers; capsule 7-15 mm long, usually

exserted, straight to slightly incurved. Common in central and eastern

Oregon and western Idaho, frequently sympatric with M. nanus s sp.

nanus and M. nanus ssp. cascadensis in central Oregon.

Representative collections: CALIFORNIA: Modoc Co. , Conklin
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Canyon, Warner Mountains, Hanna s. n. , September 20, 1952 (CAS,

JEPS). IDAHO: Boise Co., 20 miles south of Idaho City on Boise

Road, Hitchcock & Muhlick 9933, July 15, 1944 (CAS, DS, POM, WS,

WTU). Elmore Co. , Arrowrock Dam, 25 miles east of Boise,

McCall 4896, July 7, 1938 (DS). Idaho Co. , Salmon River just north

of Riggins, Kruckeberg 3214, August 3, 1952 (CAS, DS, OSC, RSA,

UC, WS). Owyhee Co. , Poison Creek, 10 miles south of Grand View,

Maguire & Holmgren 26274, June 5, 1946 (DS, UC). Washington Co. ,

Burnt River Canyon, Cleburne s. n. , no date (POM). NEVADA:

Washoe Co. , Steamboat Springs, Brown s.n., July 29, 1907 (CAS).

OREGON: Baker Co. , Snake River, 1 mile above the mouth of the

Powder River, Ownbey & Ownbey 3070, July 22, 1946 (CAS, RSA,

WS). Crook Co., hillsides of the Ochoco, Cusick 2997, September 3,

1902 (DS, POM, UC). Deschutes Co. , 6 miles south of Bend, Munz

14437, August 17, 1936 (CAS, DS, POM, UC, WS); 3 miles west of

Sisters, 3,200 ft., Hitchcock & Martin 4824, June 21, 1939 (DS, POM,

UC, WS, WTU). Grant Co., 9 miles northeast of Mt.. Vernon, Maguire

& Holmgren 26622, June 29, 1946 (CAS, DS, POM, UC, WS). Harney

Co., Diamond Craters, 4,500 ft., Train s, n. , August 12, 1935 (OSC).

Jefferson Co., 4 miles east of Gateway, Peck 13796, June 19, 1925

(DS). Josephine Co., Cave Junction, Scullen s.n., June 29, 1948

(OSC). Klamath Co. , Crescent, 4, 450 ft., Demaree 41410, July 30,

1959 (RSA). Lake Co. , Fort Rock, Lawrence s.n., July 8, 1922 (OSC).
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Malheur Co. , Cottonwood Creek near the Malheur, Cusick 1951, June

20, 1898 (UC, WS). Wasco Co. , near Maupin, Abrams 9547, July 28-

30, 1933 (DS, POM). Wheeler Co. , 2 miles east of Mitchell,

Sutherland & Spellenberg 1252, August 19, 1966 (CAS, DS, OSC, RSA,

UC, WS, WTU). WASHINGTON: Klickitat Co. , bottomlands, Bingen,

Suksdorf s. n. , August 15, 1895 (WS).

3. MIMULUS NANUS Hook. & Arn. , Bot. Beechey's Voy. 378. 1839.

ssp. NANUS. Mimulus nanus a pluriflorus Hook. & Arn. ,

loc. cit. Eunanus tolmei Benth. , in DC, Prodr. 10:374.

1846. Eunanus nanus (Hook. & Arn. ) Holz. , Contr.

U. S. Nat. Herb. 3:244. 1895. Mimulus tolmei

(Benth. ) Rydb. , Mem. N. Y. Bot. Gard. 1:351. 1900.

Type: Tolmie s. n. , "land of the Snake Indians, "

probably in southern Idaho, date uncertain (K).

Mimulus microphyton Pennell, Proc. Acad. Phila. 99:169.

1947. Type: Thompson 8280, Turnwater Canyon, near

Leavenworth, 1,000 feet elevation, Chelan County,

Washington, May 21, 1937 (DS).

Annual, glandular-pubescent herb; stems erect, up to 14 cm

tall; leaves usually elliptic to oblanceolate, 2-15 mm broad, 5-30 mm

long, obtuse, entire, 1-5 veined, cuneate-attenuate to sessile at the

base, the lower surface frequently red; pedicels 1-2 mm; calyx some-

what cyclindrical with a rounded base, 6-9 mm long, the teeth equal,
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1-3 mm long, triangular to acute or occasionally subulate; corolla

bilabiate, 15-25 mm long, the upper lip erect, usually longer than the

lower lip, the tube yellow without purple pigmentation, the throat and

lobes reddish-purple, the throat dark purple on either side with two

yellow ridges with reddish spots below the lower lip; stigma and the

upper pair of anthers exserted, with the stigma lobe exceeding the

anthers; capsule 6-10 mm long, usually only slightly exserted, straight

or curved. Widely distributed in the Pacific Northwest, east of the

Cascade Mountains to Idaho and Wyoming.

Representative collections: CALIFORNIA: Lassen Co., 3.5

miles southwest of Patterson Mountain, 5, 650 ft. , Simontacchi 718,

May 14, 1940 (UC). Modoc Co., junction of road to Tieneste and Glass

Mountain with Canby-Klamath Falls Highway 139, 28 miles west of

Canby, Wiggins & Wiggins 1 6498, June 15, 1961 (DS, RSA). Siskiyou

Co., between King's Castle and Black Mountain, 6,000 ft. , Hitchcock

& Martin 5318, July 9, 1939 (DS, POM, UC, WS). IDAHO: Camas

Co., Corral, 5,700 ft. , Macbride & Payson 2930, June 28, 191 6

(CAS, DS, POM, UC). Canyon Co. , Falk's Store, 2,200 ft. ,

Macbride 59, May 17, 1910 (DS, UC, WS). Boise Co.,, 20 miles east

of Lowman, Hitchcock & Muhlick 9783, July 10, 1944 (CAS, DS, WS).

Butte Co. , 1 mile south of Craters of the Moon, Hitchcock & Muhlick

22717, June 18, 1963 (CAS, WS). Blaine Co. , 3 miles west of Carey,

Davis s. n. , May 13, 1941 (RSA). Custer Co. , 12 miles northeast of
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Stanley on road to Challis, Hitchcock & Muhlick 9597, July 5, 1944

(CAS, DS, POM, WS). Elmore Co. , near Smith Creek, 2 miles east

of Prairie P. O. , Hitchcock 15471, June 18, 1947 (DS, RSA, UC, WS).

Fremont Co. , Ashton, 5,100-5,200 ft. , Pennell 6042, July 9, 1915

(WS). Gem Co. , Freeze Out Hill above Emmett, Davis s. n. , May 4,

1947 (RSA). Idaho Co. , Selway River, Pennell 3763, July 2, 1941

(UC, WS). Lemhi Co. , Salmon River, Keefer s.n. , May 17, 1936

(WS). Nez Perce Co. , Lake Waha, 3,500-4, 000 ft. , Heller & Heller

3324, June 25, 1896 (UC). Owyhee Co. , 1 mile west of Silver City,

Hitchcock & Muhlick 22587, May 31, 1963 (WS). Valley Co. , 4 miles

southeast of Deadwood Mine, 20 miles south of Landmark, Hitchcock

& Muhlick 14096, June 27, 1946 (DS, RSA, UC, WS). Washington Co. ,

Weiser, 2,200 ft., Jones s.n., July 7, 1899 (POM). NEVADA: Elko

Co. , 70 miles northwest of Elko on Jack Creek, 6,700 ft. , Nichols &

Lund 203, June 26, 1937 (UC). Ureka Co. , south-facing slope between

Bald and Summit mountains, Monitor Range, Holmgren, Maguire &

Maguire 10552, June 14, 1954 UC). Humboldt Co. , 10 miles north of

Leonard Creek, Pine Forest Range, 7, 000 ft. , Holmgren & Reveal

1220, June 30, 1964 (RSA, UC, WS). Lander Co., Bunker Hill above

Mahogany Canyon, 0.5 miles west of the Kingston Ranger Station,

Toiyabe Range, 8,200 ft. , Sharsmith 4785, May 20, 1960 (RSA, UC,

WS). Lyon Co. , Silver City, 5,200, Ripley & Barneby 4481, May 15,

1942 (CAS). Mineral Co. , Cat Creek, Wassuk Range, 9,000 ft. ,
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Alexander & Kellogg 4433, July 11, 1945 (DS, UC). Nye Co. , Pine

Creek Canyon, Toquima Range, 8, 500 ft. , Holmgren & Reveal 1397,

July 11, 1964 (RSA, UC, WS). Ormsby Co. , Eagle Valley, 1,446 m,

Baker 1027, June 7, 1902 (UC). Washoe Co. , west side of

Winnemucka Lake, 11 miles north of Nixon, 3, 900 ft., Cronquist 9851,

May 12, 1963 (CAS, DS, OSC, RSA, UC, WS). OREGON Baker Co. ,

East Eagle Trail, 4,800 ft. , Mason 5960, May 31, 1963 (OSC). Crook

Co. , 7 miles east of Paulina, 4, 000 ft. , Cronquist 7367, July 3, 1953

(UC, WS). Deschutes Co. , between Sisters and Redmond on U. S.

Hwy. 26, 3, 000 ft. , Barkley 54, May 26, 1956 (CAS, DS, OSC, WS);

Lava Butte, 5 miles south of Bend, Kruckeberg 2051A, July 1, 1950

(RSA, UC, WS). Grant Co. , near Canyon Creek, 16 miles southeast

of John Day, 4,200 ft. , Cronquist 7084, June 5, 1953 (CAS, DS, OSC,

RSA, UC, WS). Harney Co. , base of King Mountain, 5, 000 ft. ,

Thompson 12033, July l2, 1935 (CAS, DS, POM, UC, WTU).

Jefferson Co. , Madras, Gorman s. n. , June 14, 1925 (WS). Josephine

Co. , Lake Mountain Trail, 4 miles east of Oregon Caves, Siskiyou

Mountains, 6, 400 ft. , Hitchcock & Martin 5142, July 3, 1939 (DS, UC,

WS). Klamath Co. , near Chiloquin, Thompson 12191, July 19, 1935

(CAS, DS, POM, UC, WS, WTU). Lake Co. , Fort Rock, Lawrence

2278, May 29, 1919 (OSC). Malheur Co. , 11 miles southwest of Vale

on road to Harper, 2,500 ft. , Cronquist 8182, May 4, 1959 (RSA, UC,

WS). Union Co. , south of Starkey, Hitchcock 19748, July 17, 1952
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(RSA, WS). Wallowa Co., 7 miles north of Enterprise, Murphy 79,

June 30, 1946 (WS, WTU). Wheeler Co. , 7 miles north of Service

Creek, Blue Mountains, 3,500 ft., Constance & Beetle 2712, May 30,

1940 (DS, POM, UC, WS). WASHINGTON: Asotin Co., Zindel,

St. John & Brown 4157, May 20, 1922 (WS). Columbia Co. , Poverty

Flat, Darlington 52, July 15, 1913 (WS). Klickitat Co. , Klickitat,

Howell s. n. , May 16, 1882 (OSC). Skamania Co. , flat above Trapper

Creek, Wind River Valley, Ingram 1859, June 6, 1925 (OSC).

WYOMING: Teton Co. , Upper Geyser Basin, Yellowstone National

Park, Nelson & Nelson 6256, July 31, 1899 (CAS, POM); north

of Yellowstone Lake, Yellowstone National Park, 7,000 ft. , Porter &

Rollins 5787, July 28, 1951 (DS).

Throughout its distribution in Oregon and Idaho, M. nanus ssip

nanus is very uniform in its vegetative morphology as well as corolla

form and pigmentation (i. e. , strongly bilabiate with the lower lip and

lobes shorter than the upper lip and lobes, respectively, and the tube

non-pigmented (yellowish) and with two very dark purple patches along

the sides of the throat). Two major exceptions are noted, one in the

Siskiyou Mountains, Josephine County, southwestern Oregon, and the

other in the mountains of southeastern Oregon. The form from the

Siskiyous has a corolla in which the two relatively small lips are nearly

equal, especially in young flowers, though the three lower lobes are

slightly smaller than the two upper lobes. Similar morphological types
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continue southward into Siskiyou County, northern California. In

southeastern Oregon, in addition to the typical forms of M. nanus ssp.

nanus, there are specimens with corollas that have nearly equal lobes

and lips, and the dark purple lateral patches in the throat become less

pronounced though still present. Unlike the form from the Siskiyou

Mountains, that from southeastern Oregon has much larger and

rounder corolla lobes. Forms similar to the latter morphological type

are common in northern Nevada and California.

The collection by Howell s. n. from Klickitat County, Washington,

listed in the representative specimens, was cited in Grant (1924, p.

303) as M. stamineus Grant.

4. MIMULUS NANUS Hook. & Arn. ssp. CASCADENSIS Ezell, ssp.

nov. Type: Ezell 108, 0.5 mile south of the entrance to

West Davis Lake public campsite, in the lodgepole pine

forest, 4,400 feet elevation, Klamath County, Oregon,

July 12, 1968 (OSC!).

Differt a ssp. nanus corolla omnino purpurea fauce raro

atropurpurea bimaculata, foliis late ellipticis vel obovatis, calyce

4-7 mm longo dentibus tandem triangulatis, capsula calyce excedenti.

Annual, glandular-pubescent herb; stems erect, up to 12 cm

tall; leaves broadly elliptic to obovate, occasionally oblanceolate, 4-

13 mm broad, 9-25 mm long, obtuse, entire, 1-3-veined, cuneate-

attenuate to sessile at the base, the lower surface frequently red;
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pedicels 1-2 mm long; calyx somewhat cylindrical with a rounded

base, 4-6 (rarely 7) mm long, the teeth equal, 1-2 mm long, triangular

and acute, generally broadly triangular in fruit; corolla bilabiate, 12-

18 mm long, the upper lip erect and longer than the lower lip, uni-

formly reddish-purple including the tube, the throat occasionally with

lateral dark purple patches and commonly with two yellow ridges with

red spots below the lower lip; stigma and the upper pair of anthers

exserted, the stigma lobes exceeding the anthers; capsule 5-8 (rarely

9) mm long, exserted, not curved. In the Cascade Mountains,

Deschutes, Klamath and Lake counties, above 4,000 feet; generally

found in lodgepole pine forests or in open pumice flats and screes.

Representative collections: OREGON: Deschutes Co. , 2 miles

south of Lapine, Munz 14428, August 17, 1936 (CAS, DS, POM).

Klamath Co., 10 miles south of Crescent, Peck 9577, July 19, 1920

(DS, POM, WTU); Sentinel Point, Crater Lake National Park, Baker

6293, August 12, 1949 (OSC, RSA, UC, WS, WTU) Lake Co. , Long

Prairie north of Silver Lake, Ferris & Duthie 431, June 21, 1919 (DS).

Mimulus nanus ssp. cascadensis can readily be distinguished

from M. nanus ssp. nanus by the corolla pigmentation patterns, the

entire flower, including the throat, being reddish-purple in the

former, while in subspecies nanus only the throat and lobes are

reddish-purple, with the tube being yellowish. Occasionally, sub-

species cascadensis may have dark purple patches in the throat, as
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in subspecies nanus, but this is the exception rather than the rule.

5. MIMULUS NANUS Hook. & Arn. ssp. JEPSONII (Grant) Ezell,

comb. nov. Mimulus jepsonii Grant, Ann. Mo. Bot. Gard.

11:306-307. 1924. Type: Jepson 4112, Twin Lakes

(Grassy Lake), 7,300 feet elevation, Lassen County,

California (UC!; isotypes MO, CU).

Mimulus microcarpus Pennell, Notulae Naturae 71:1 -2.

1941. Type: Pennell 15551, pine forest, Davis Lake,

Klamath County, July 10, 1931 (PH; isotype WS!).

Annual, glandular-pubescent herb; stems erect, up to 8 cm

tall; leaves linear-oblong to narrowly elliptic-oblanceolate, 1-4

(rarely 5-6) mm broad, 4-14 (rarely 15-18) mm long, obtuse, entire,

1-veined to slightly 3-veined, attenuate to slightly petiolate at the

base; pedicels 0.5-1.5 mm long; calyx somewhat cylindrical with the

base slightly rounded, 2-3 mm long, up to 4-5 mm long when the

capsule matures, the teeth equal, up to 1 mm long, triangular

especially in fruit; corolla bilabiate, 9-14 mm long, the upper lip

erect and longer than the lower lip, the yellowish tube filiform, the

throat and lobes reddish-purple, the throat usually with two dark

purple lateral patches and two yellow ridges with reddish spots

below the lower lip; stigma exserted and up to as long as the upper

lobe of the corolla; anthers exserted, in high-elevation forms (6, 000-

8,000 feet) the upper pair of anthers at the same level as the stigma
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lobes; capsule 4-6 mm long, exserted, not curved. Generally found

in the southern Cascade and northern Sierra Nevada mountains above

6, 000 feet, occasionally between 4, 000-6, 000 feet.

Representative collections: CALIFORNIA: Modoc Co. , Egg

Lake, Baker & Nutting s, n. , June 8, 1894 (UC). Nevada Co. , Soda

Springs, 7, 000 ft. , Jones 2459, July 22, 1881 (DS, POM). Plumas

Co. , Mt. Harkness, Lassen Volcanic National Park, 7,700 ft. ,

Gillett 893, July 23, 1957 (CAS, JEPS). Shasta Co., , Summit Lake,

Lassen Volcanic National Park, 6, 600 ft. , Gillett 275, July 14, 1953

(CAS, DS, JEPS, RSA, UC, WS). Sierra Co. , North Yuba River, 2

miles west of Yuba Pass, 6,300 ft. , Bacigalupi 1625, July 4, 1927

(DS). Siskiyou Co. , Medicine Lake, Applegate 3882, August 18, 1923

(DS, RSA), southwest slope of Mt. Shasta, 5. 4 miles from Mt.

Shasta City on Wagon Camp Road, 4, 000 ft. , Wolf 6005, July 6, 1934

(RSA, UC, WS). Trinity Co. , Scott Mountain, 5,350 ft. , Cantelow

2687, June 9, 1939 (CAS). OREGON: Douglas Co. , southeast shore

of Diamond Lake, Robbins 3600, July 19, 1953 (JEPS). Klamath Co. ,

1 mile west of Davis Lake, Hitchcock 20252, June 25, 1954 (WTU);

Island Lake, 5,906 ft. , Dennis 2849, June 25, 1966 (OSC).
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