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TAXONOMY OF PLACELIA SECTION
MILTITZIA (HYDROPHYLLACEAE)

I. INTRODUCTION

Pha.celia Juss. is the largest genus in the family Hydrophyl-

laceae, consisting of 150-200 species. It has a wide distribution, the

greatest number and diversity of species being in the western United

States with other species occurring in the southeastern United States,

Mexico, and South America. The Phacelias are of little economic

importance. A few species are cultivated as ornamental

The species now included in Phacelia were once placed in vari-

ous genera (DeCandolle, 1845), which botanists have gradually

merged into a single genus. Many of these genera consisted of more

or less well defined species-groups, one of these being Phacelia.

section Miltitzia.

The species in section Miltitzia are confined to the desert areas

between the Rocky Mountains on the east and the Sierra Nevada and

Cascade Mountains on the west. They are found in the states of

Oregon, California, Nevada, Idaho, Colorado, Utah, and Wyoming.

While some of the species are widespread, they are only locally

abundant and restricted to specific habitats. Other species are quite

rare.



This study attempts to clarify the relationships among the

species of Miltitzia and the relationships of section Miltitzia to the

other sections of Phacelia. The taxa described in this work were

delimited by a study of comparative morphology, geographic distribu-

tion, and chromosome number. The main emphasis was on compara-

tive morphology.



II. LITERATURE REVIEW

A review of the literature shows that the species that constituted

the genus Miltitzia DC. (DeCandolle, 1845) has always been recog-

nized as a natural group. However, their proper position within the

Hydrophyllaceae has puzzled many botanist.

The first described specimen belonging to the Miltitzia group

was among a collection of plants gathered by a fur-trader, John

McLeod, in 1837 near the confluence of the Boise and Snake Rivers in

what is now Canyon County, Idaho. McLeod gave his collection to

W.F. Tolmie, who in turn gave it to W. J. Hooker and G.A. Walker-

Arnott (McKelvey, 1955). Hooker and Arnott (1840) described this

specimen as a new species, Eutoca ? lutea (sic). They questioned its

affinity with Eutoca R. Br. because of its yellow, marcescent corolla,

and they excluded it from Emmenanthe Benth. because of its growth

habit and absence of corolla scales. Alphonse DeCandolle (1845) con-

sidered the plant sufficiently different from Eutoca and Emmenanth.e

to place it in its own new genus, Miltitzia. The genus was named in

honor of Friede rich von Miltitz of Dresden, a botanical writer of the

nineteenth century.

Asa Gray (1857) when describing Emrnenanthe parviflora, the

second known species of the Miltitzia group, briefly discussed the

differences between Miltitzia and Emmena.nthe and decided the plants



should be treated as the subgenus Miltitzia within the genus

Emmenanthe. Gray maintained this position in "A Conspectus of the

North American Hydrophyllaceae' (1875) and in his Synoptical Flora

of North America (1886). Subsequently Torrey (in Watson, 1871),

Jones (1893) and Nelson (1898) followed Gray's lead.

In 1912, A.A. Heller transferred Emmenanthe glandulifera. Torr.

ex Wats. to the genus Miltitzia. August Brand (1913) followed this

interpretation and in Das Pflanzenreich raised the four other known

species of Emmenanthe subgenus Miltitzia to the generic level. Thus

Miltitzia was restored to the generic rank suggested by DeCandolle

(1845). Rydberg (1913, 1917) Macbride (1917) and Abrams (1951) in

their treatments have retained the genus Miltitzia.

Thus far the species were treated either as constituting the

larger part of the genus Emm.enanthe or making up the entire genus

Miltitzia.. Then in 1944(a) J. T. Howell, while preparing a monograph

of Phacelia sect. Microgenetes (=Euglypta), stated:

. . I was so impressed with the Miltitzia-like character
of the group that a critical study of Miltitzia was deter-
mined imperative in order that the relative positions of
Miltitzia and Phacelia sect. Microgenetes might be
definitely stated.

The close morphological similarity between Miltitzia and sect.

Microgenetes had long been noted. DeCandolle (1845) stated that

Miltitzia differed from Microgenetes in the persistent corolla. Gray

(1857) remarked that the seeds of the two groups were similar, and in



describing the subgenus Miltitzia in 1880 wrote, "Resembling

Phacelia subgenus Microgenetes . . . " and again in 1886 ". . . and

with the general characters of Phacelia subgenus Microgenetes except

the persistent corolla." Jones (1908) wrote with regard to

Emmenanthe glaberrim.a, "This would appear to belong to sect.

Microgenetes of Phacelia and probably does . . . Brand (1913) was

also aware of the similarity.

The likenesses between Miltitzia and sect. Microgenetes are

striking. Both have plump, transversely corrugated seeds, and the

lateral attachment of the ovules to fleshy placentae in Miltitzia is

characteristic also of the entire genus Phacelia (Howell, 1944b).

Section Microgenetes differs in having a deciduous corolla, but sev-

eral species in Phacelia sect. Eutoca have persistent corollas

(Howell, 1944b). The chromosome numbers as reported by Constance

(1963) also indicate the likeness of the two groups. In Miltitzia. n=11,

12, 13, while in Microgenetes n=11, 12, 13, 23.

Howell (1944b) stated that Miltitzia is not a part of Emmenanthe.

The only characteristic the two have in common is the persistent,

yellow corolla. He cited several reasons for not including Miltitzia

in Emm.enanthe: (1) there is a marked habital dissimilarity between

the two; (2) the ovules are laterally attached to fleshy placentae in

Miltitzia as opposed to the pendent ovules basally attached to the

wing-like margins of membranous placentae in Emmenanthe; (3) the



seeds of Emmenanthe are compressed and reticulate while those of

Miltitzia are plump and transversely corrugate. This position is

further supported by the chromosome numbers as reported by

Constance (1963). Emmenanthe has a chromosome complement of

n=18, which is found nowhere else in the Hydrophyllaceae.

As a result of his studies Howell (1944a) concluded that Miltitzia

should be treated as a new section in the genus Phacelia, and he

transferred the eight known species of Miltitzia to Phacelia. Howell

(1944b) also described one new species Phacelia submutica, and a

new variety of Phacelia lutea. Howell's treatment relied upon com-

parative morphology, habitat and geographical distribution. His work

was made more difficult by the paucity of collections available for

study; and, because of World War II, he was unable to obtain types

and collections from some institutions.

Howell's treatment of Miltitzia has been followed in the floras

prepared by Peck (1961), Munz (1959) and Harrington (154). Arthur

Cronquist in Vascular Plant of the Pacific Northwest (1959) reduced

one species, P. scopulina., to a variety of P. lutea. reduced P. salina

to synonymy with var. scopulina, and described a new variety of

P. lutea. Thus Howell's treatment consists of nine species of

Phacelia section Miltitzia with two varieties of P. lutea., while as a

result of Cronquist s work sect. Miltitzia has seven species with four

varieties of P. lute a.



Phacelia is one of the most intensively studied genera in the

Hydrophyllaceae. It is a large genus and exhibits great morphological

variability as well as great diversity in habit and ecology. The result-

ing difficulties within the group have stimulated numerous investiga-

tions.

The majority of papers published on Phacelia have utilized

classical methods of solving taxonomic problems: morphology,

habitat, and distribution (Voss, 1934, 1937; Dundas, 1934; Howell,

1943, 1945, 1946). These papers relied on such key characters and

criteria for differentiating species as growth habit, habitat, leaves,

vestiture, inflorescence, calyx and corolla features, stamens, style,

seeds, and capsules. These characters have been measured as to

length and width, their shapes have been determined, the amount and

location of pubescence has been analyzed, the number of seeds per

capsule and their surface features have been utilized. Almost every

morphological aspect of the plant has been studied. Some characters

are useful in every species-group, other characters are not.

With the advent of chromosomal cytology, this technique has

been incorporated into the latest studies of Phacelia. (Atwood, 1975;

Constance, 1949; Gillett, 1955,1960a, 1968; Heckard, 1960;

Kruckeberg, 1956; Murdy, 1966). The number of chromosomes of

species, or populations, has been a great help in determining rela-

tionships among species, sections, and genera.



Greenhouse studies, using uniform environments and crossing

programs, have not been used as much as other techniques for

taxonomic purposes (Gillett, 1955; Heckard, 1960; Murdy, 1966).

However, greenhouse studies were performed by Gillett (1960b, 1961,

1963,1964,1965a, b) to analyze genotypic variation in species com-

plexes and to determine flowering responses. Most of these green-

house studies have involved perennial or biennial species of Phacelia;

few annuals have been used.



III. METHODS AND MATERIALS

Cytology

For study of pollen-mother cells young buds were collected in

the field and immediately placed in a killing and fixing solution com-

posed of four parts chloroform, three parts absolute alcohol, and one

part glacial acetic acid (Cave and Constance, 1950). The solution

was mixed in the field. Upon return to the laboratory the buds were

rinsed with 70% ethyl alcohol and stored in a freezer.

Buds were stained using the technique described by Snow (1963).

The buds were placed in an excess amount of a.ceto-carmine stain and

warmed in a 60°C oven overnight. The buds were then rinsed with

70% ethyl alcohol. Anthers were dissected out of the buds and placed

on the slide in a drop of 45% acetic acid. Hoyer's solution was added

to the acetic acid to make a permanent preparation. A cover slip was

placed on the mixture and the cells were squashed by applying pres-

sure.

Herbarium Study

A major part of this study involved analysis of herbarium

material. In addition to those specimens available at Oregon State

University (OSC), a total of 595 specimens were borrowed from the

following herbaria: Gray Herbarium (GH), New York Botanical



Garden (NY), University of Idaho (ID), Rocky Mountain Herbarium

(RM), Intermountain Herbarium (UTC), Kew (K), Washington State

University (WS), University of Washington (WTU), University of

California, Berkeley (UC), College of Idaho (CC), University of

Nevada, Reno (RENO), United States National Herbarium (US), Dudley

Herbarium (DS), Missouri Botanical Garden (MO), Rancho Santa Ana

(RSA), California Academy of Sciences (CAS), Pomona College (POM),

Jepson Herbarium of the University of California (JEPS), Herbarium

of the Museum of Natural History, University of Oregon (ORE), and

the Peck Herbarium (WILLU) (Holm.gren and Keuken, 1974).

Scanning Electron Micrography

Pollen and seeds of the species of Miltitzia, some species of

Phacelia sect. Microgenetes (=Euglypta), and Emmenanthe peduli-

flora were studied using scanning electron microphotographs. Fresh

pollen from species of Miltitzia was fixed in FAA, or if removed

from a herbarium sheet was hydrated. All pollen was critical-point

dried following the procedure of Cohen, Marlow, and Garner (1968)-

All seeds used were dry, mature specimens. Pollen and seeds were

mounted on aluminum studs using conductive silver paint, coated with

approximately 200 angstroms of 60-40 gold-palladium alloy, photo-

graphed, and then examined. The photography was done by the

10



Oregon State University Scanning Electron Micrography Lab,

Department of Botany and Plant Pathology.

Edaphic Relations

Soil samples collected from habitats of Phacelia lutea,

P. glaberrima, P. tetram.era, and P. adenophora were analyzed by

the Department of Soils, Oregon State University.

Greenhouse Studies

An attempt to grow and hybridize species of Miltitzia in the

greenhouse was abandoned after attempts to germinate seeds were

unsuccessful.

Quick (1947) indicated that the annual species of Phacelia he

studied germinated readily, either without any treatment or with five

days of stratification at 5°C. In my studies, seeds subjected to

stratification, put on moist filter paper, or subjected to leaching all

failed to germinate. Seeds were also given a heat pre-treatment

(Capon and Van Asdall, 1967) without success. Seeds failed to germi-

nate in greenhouse soil or in soil from their habitat. No consistently

successful method of germination was discovered.

Seedlings of Phacelia adenophora and P. lutea were transplanted

back to the greenhouse and did flower. Transplants of mature plants

failed.

11



Reproductive Biology

In an effort to determine whether the species of Miltitzia were

xenogarnous or autogamou.s, field experiments were performed on

P. lutea and P. glaberrima. Several plants in populations of these

species were isolated from possible pollinators by surrounding the

plant with a square of stiff cardboard (milk cartons) covered with

nylon. In this way the plants were not uprooted or disturbed in any

way. Only sunlight and air could pass freely through the nylon.

Flowers which had just opened were then pollinated either with their

own pollen or with pollen from another plant in the population. After

timed intervals the flowers were fixed in the same solution used for

buds. In the laboratory the stigmas and styles were tested for the

presence or absence of pollen tube growth following the method of

Nair and Narasimhan (1963).

The breeding system was also studied in P. lutea, P. adeno-

phora, and P. glaberrima using methods developed by Cruden (1977).

This involved the determination of pollen-ovule ratios. Flowers that

had been preserved in 70% ethyl alcohol were used. For each flower

all the pollen in a single anther was counted and then multiplied by

five to determine the amount of pollen produced per flower. The

ovary was dissected and the number of ovules were counted. It

proved impossible to use anthers from herbarium material. Dried

12
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anthers were found to be crushed open with subsequent loss of pollen.

Populations of Phacelia lutea were observed and several insect

visitors to the flowers were collected and identified by the Oregon

State University Department of Entomology.

Live material of P. adenoph.ora was used to determine if the

flowers had any ultraviolet (UV) absorption or reflectance. To test

for visible color changes, the flowers were exposed to ammonia vapor

using the procedure of Brehm and Krell (1975). To test for UV

absorption and reflectance, flowers were photographed using a filter

which screened out all wavelengths of light except the UV.



IV. RESULTS AND DISCUSSION

General Morphology

It is the purpose of this section to present the morphological

characteristics of Phacelia section Miltitzia and to indicate, in gen-

eral, the nature and extent of variation in these features.

Habit

Members of the Miltitzia group are annuals which complete

their life cycle in 2-3 months. The stems are few to many from the

top of the simple taproot and vary from prostrate to strongly ascend-

ing. The stems range from 5-30 cm long, are foliate and bear few

to several scorpioid cymes. Some species may be somewhat fleshy

and brittle.

Leaves

The leaves vary from simple and entire to deeply pinnately

lobed. This variation is found between species as well as within

species. The leaves range in size from 0.5-3.0 cm long and 0.2-

2.0 cm wide. The shape and size of the leaves are of little diagnostic

value.

14



Vesture

There are two basic types of trichom.es present in Miltitzia.:

the common unicellular tapering trichome, which is responsible for

the indumentuzn patterns; and the rnulticellular glandular-capitate

trichorne. The majority of species in Miltitzia possess both types of

trichomes.

Most plants in Miltitzia are described as being densely hirsutu-

lous due to essentially all the herbage being covered with the tapering

type of trichome. The glandular trichome is usually less common on

any individual plant than the tapering trichome but may appear to be

more conspicuous because of the purplish coloration of the capitate

gland. Within any population plants can vary from sparsely to

densely glandular. The inflorescences are generally more glandular

than the stems or leaves.

Pubescence is an important taxonomic character either by its

presence on certain organs (such as the filaments) or by its absence.

While the majority of the species are pubescent, two taxa are

described as being essentially glabrous. Phacelia glaberrima has

only a few scattered tapering trichomes at the apex of the ovary and

calyx lobes with no glandular hairs being present. P. lutea var.

calva may have a few scattered, tapering trichomes on the calyx lobes

and ovary; it may or may not have a glandular inflorescence.

15



Calyx

The calyx is 4- or 5-parted to the base, or nearly so. The

lobes are equal to subequ.al and are usually pubescent. The length of

the lobes is a taxonomic criterion in some instances and there is con-

sistent variation in flowering and fruiting calyces with those in fruit

being larger. The calyx lobes vary from 1.5-7.0 mm long in flower

to 3.0-11. 5 mm long in fruit. The relationship in length between the

calyx and corolla is also of taxonomic importance. In P. tetram.era

the calyx exceeds the corolla, in P. scopulina, P. salina,

P. inyoensis, and P. m.onoensis the calyx and corolla are approxi-

mately equal in length, and in the remainder of the species the corolla

exceeds the calyx. The calyx is persistent in fruit and usually

exceeds the capsule in length.

Corolla

The shape, size, and color of the corolla is of taxonomic

importance. The corolla is 4- or 5-lobed, usually tubular to cam-

pa.nulate, with one species having a subrotate corolla. The petals are

1.3-11.0 mm long with each species having a characteristic size

range. The corollas are yellow (rarely whitish) and marcescent, two

characteristics which segregate Miltitzia from the rest of the genus

Phacelia. The corolla may often appear to be tinged with lavender or

16
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to be pale yellow to whitish, these colors frequently being the result

of ageing and/or drying. The corolla is usually pubescent externally,

particularly on the lobes and veins. Whether or not the internal

corolla tube is pubescent or glabrous is a trait which aids in segragat-

ing species in Miltitzia. The pubescence on the inside of the tube may

or may not be conspicuous.

Corolla scales may or may not be present. In some species the

scales are consistently present, in others they are lacking; or the

trait may be variable within a single species. Corolla scales are not

as useful in delineating species as are other characters because of

their great variation.

Androecium

The filaments are attached at the base of the corolla tube and

vary in length from 1.0-5. 0 mm. Within a single flower the filaments

are unequal in size, differing by as much as 0. 5 mm. Filament

length may be used to help identify species. The filament may be

either glabrous or pubescent, appearing ciliate. The trichomes on

the filaments may be readily observable or not. Anthers are dorsi-

fixed and open by two longitudinal slits. The stamens are included

within the corolla, or nearly so.



Gynoecium.

The ovary is 2-celled due to the strongly intruded placentae,

varies in size from 0.75-1.75 mm long, is usually pubescent and is of

little taxonomic importance. The persistent, usually obviously bifid

style is of great taxonomic importance. Style length, as measured

from the base of the style to the end of the branches, ranges from

- 0.5-4.0 mm long and is quite characteristic for each species. The

style may be glabrous or pubescent for varying amounts of its length,

a trait of little diagnostic importance. A hypogynous disk is present

and varies from being prominent to inconspicuous, but it is not as

useful taxonomically as other traits. The ovules are laterally

attached to the placentae. The capsule is usually pubescent, varies in

length from 2.0-6.5 mm, and is apiculate or acute.

Seeds

The size, number per capsule, and surface markings of the

seeds are of great taxonomic importance not only in distinguishing

species within Miltitzia but also in separating the section from other

genera in the Hydrophyllaceae and other sections of Phacelia. The

first specimen of the Miltitzia group collected was placed in the genus

Eutoca (now a part of Phacelia.). The seeds of Eutoca species are

pitted (Fig. 113 and C). Miltitzia was also at one time considered to



Figure 1 Seeds of Emrnenanthe pendulifera., Phacelia pulchella.,
P. demissa, P. glandulifera, and P. bicolor.

A Emrnenanthe penduliflora. seed (53X)

Phacelia pulchella seed (211X)

C Phacelia demissa seed (54X)

Phacelia glandulifera seed (60X)

Phacelia bicolor seed (50X)

19
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be part of the genus Emmenanthe whose seeds are compressed an

reticulate (Fig. 1A). The seeds of Miltitzia are plump and trans-

versely corrugated (Fig. 2B-F, 3A-D) and are very similar to the

seeds of Phacelia section Euglypta (Fig. 1D, E, 2A). Seed characters

definitely place the Miltitzia species within the genus Phacelia and aid

in indicating the close relationship it has with Euglypta.

Within Miltitzia seed size varies from 0.8-2.0 mm long; the

number of seeds per capsule is 5-25; the number of corrugations per

seed ranges from 5-14. While all these characters exhibit a certain

degree of overlapping between taxa they are useful criteria for

delimiting species.

Pollen

The morphological diversity found in angiosperm pollen grains

makes pollen morphology a taxonomic tool which has been proven use-

ful at all levels of classification. Accordingly, scanning electron

microphotographs (S. E. M.) of Emmenanthe penduliflora, Phacelia

gymnoclada and P. bicolor, both in section Eugly-pta., and P. adeno-

phora, P. lutea, and P. glaberrima, in sect. Miltitzia, were taken to

determine if pollen morphology would be taxonomically useful in this

group.

Erdtman (1966) has described the pollen grains of the Hydro-

phyllaceae as being 3-colporoidate, oblate spheroidal-prolate, the
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Figure Z. Seeds of Phacelia gymnoclada, P. lute a, P. S copulin a,
P. salina, P. glaberrima, and P. inundata.

A Phacelia gymnoclada seed (45X)

Pha.celia lutea seed (43X)

C Phacelia scopulina var. scopulin.a seed (46X)

Pha.celia sauna seed (43X)

Phacelia glaberrirna seed (42X)

F Phacelia inundata seed (46X)
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Figure 3. Seeds of Ph.acelia tetramera, P. inyoen.sis, P. adenophora.,
and P. monoensis.

A Phacelia tetrarnera seed (93X)

B Phacelia inyoensis seed (94X)

C Phacelia adenophora seed (90X)

D Phacelia monoensis seed (87X)

24
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sexine reticulate (the pattern growing finer or entirely disappearing

towards the colpi, less often towards the poles), colpi tenuimarginate,

their membranes usually granulate. The pollen grain is binuclea.te

(Brewbaker, 1967).

Emmenanthe penduliflora pollen (Fig. 4D) is 3-colporoidate with

the colpi membranes conspicuously granulate, the grains being

32 x 33 microns in size (Erdtman, 1966). The surface reticulations

do not seem to grow finer or disappear in the direction of the colpi

and poles.

Erdtrnan (1966) has described the pollen of Miltitzia. glandulifera

(=Phacelia a.denophora) as being 3-colporoidate, subprolate, and

20 lc 17 microns in size. He describes the pollen of M. lutea as

3-colpate, 6- or 9-rugate, and 22.5 microns in size. However, the

specimen Erdtma.n called M. lutea was mis -identified and is actually

P. adenophora. This would seem to indicate that some variability

exists. The S. E. M. taken of P. adenophora pollen (Fig. 4E), P. lutea

(Fig. 4A), and P. g lab e rrima. (Fig. 4F) in general agree with

Erdtman's description of M. glandulifera; however, no specimen is

rugate. The pollen grains of the three species of sect. Miltitzia are

all very similar being 3 -colporoidate with the sexine reticulations

disappearing in the direction of the colpi and poles.

The pollen grains of Phacelia gymnoclada (Fig. 4C) and

P. bicolor (Fig. 4B) in section Euglypta are essentially identical to



Figure 4. Pollen of Emmena.nthe penduliflora, Phacelia. bicolor,
P. zymnoclada, P. lut e a, P. a.denopho r a, and
P. glaberrirna.

A Phacelia lutea. pollen (4315X)

Phacelia bicolor pollen (4230X)

C Pha.celia gyrnnocla.da pollen (4230X)

Emmenanthe penduliflora pollen (2550X)

Phacelia adenophora pollen (4285X)

F Phacelia zlaberrima pollen (4285X)
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those of section Miltitzia. However, the pollen of sections Miltitzia

and Euglypta is different from two species of Phacelia in section

Euphacelia.. Phacelia cilia.ta (Erdtrnan, 1966) and P. distans (Martin

& Drew, 1969) differ primarily in having six furrows per grain

instead of three.

Pollen morphology would not seem to be taxonomically useful on

the species level; however it would be useful at the sectional level and

above. Scanning electron photomicrographs of the pollen show the

close relationship between sections Miltitzia and Euglypta. The pol-

len of Emrnenanthe penduliflora, which differs in size and the reticu-

late patterns of the sexine, and that of section Euphacelia, differing

in the number of colpi, indicates that no close relationship exists

between these taxa and section Miltitzia.

Cytology

Cytological investigations of plants begun over half a century

ago, have become an integral part of any investigation of taxonomic

problems. The great diversity of chromosome numbers, their fre-

quent correlation with taxonomic groupings, their general constancy

within species and populations, and the relative ease of their determi-

nation have made them a useful taxonomic tool.

Cave and Constance (1947, 1950, 1959) in a series of papers

reporting chromosome numbers of the Hydrophyllaceae determined
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the number of chromosomes in most of the species of Phacelia section

Miltitzia. Their results, plus those obtained during the course of

this study, are found in Table I. All voucher specimens are deposited

at UC except for the author's, which are at OSC.

The genus Phacelia shows great diversity in the haploid condi-

tion with n=5,7,8, 9, 10, 11, 12, 13, 14, 22,23, 24,33 (Constance, 1963).

The genus contains both polyploid series (Heckard, 1960) and aneup-

loid series (Constance, 1963). Two such aneuploid series are found

in sections Miltitzia (n=11, 12, 13) and Euglypta (n=11, 12, 13,23), both

sections consisting wholly of annuals. These data support the idea

that Miltitzia is a part of Phacelia closely related to sect. Euglypta,

and as Constance (1963) writes:

The parallel series of numbers (n=11, 12, 13) afford strik-
ing confirmation of Howell's (1944a, 1944b) removal of
Miltitzia from any association from Emmenanthe and reduc-
tion of the Candollean genus Miltitzia to sectional rank
under Phacelia and next to the Euglypta species-group.
This is to say that the evolutionary relationships of Miltitzia
are much closer to the Euglypta species-group of Phacelia
than they are to the genus Emmena.nthe, within which
Miltitzia was united by earlier taxonomists.

The two species of Emrnenanthe have a haploid number of n=18,

which is unique in the Hydrophyllaceae.

Eda.phic Relations

Soil is a critical factor in a plant's environment, in that it may

determine the distribution of a species and may play a role in the



Table I. Chromosome numbers in Phacelia section Miltitzia.

Taxon
Chromosome

Number Locality Collector

P. adenophora n=12 CALIF.: Lassen Co.,
Ravend ale

Raven & Solbrig 13281

n=12 CALIF.: Lassen Co. ,
Termo

Constance 3100

n=12 CALIF.: Lassen C Halse 1198 & 1201
Term°

n=12 NEV.: Washoe Co. Halse 1195
n=12 NEV.: Washoe Co.,

Sparks
Constance 3291

P. glaberimma n=13 NEV.: Lander Co.,
Reese River Valley

Constance 3297

P. inundata n=12 CALIF.: Lassen Co.,
Eagle Lake

Constance 3097

P. inyoensis n=12 CALIF.: Mono Co.,
Long Valley

Constance & Bacigalupi 3425

n=12 CALIF.: Mono Co.,
Watterson Meadow

Constance & Bacigalupi 3432

P. lutea n=12 IDAHO: Owyhee Co.,
Sand Basin

Halse 1014

n=12 IDAHO: Owyhee Co.,
State Line

Maguire & Holmgren 26386

n=12 NEV.: Washoe Co.,
Vya

Constance, Bacigalupi & Hiroe 3635



Cited as M. scopulina (Cave & Constance, 1959).

Table I. Continued.

Chromosome
Tax on Number Locality Collector

P. lutea (continued) n=12 ORE.: Harney Co.,
Juniper Lake

Constance 3300

n=12 ORE.: Harney Co.,
Stinkingwater Pass

Halse 1018 & 1143

n=12 ORE.: Lake Co.,
Hart Mtn.

Raven & Solbrig 13350

n=12 ORE.: Lake C ,

Plush
Halse 1023 & 1025

n=12 ORE.: Malheur Co.,
Leslie Gulch

Halse 1157

n=12 ORE.: Malheur Co.,
Rockville

Halse 1017

n=12 ORE.: Malheur Co.,
Shea.ville

Halse 1016

n=12 ORE.: Malheur Co.,
Succor Creek

Halse 1153, 1154, 1295 & 1302

P. monoensis n=12 CALIF.: Mono Co.,
Bridgeport

Alexander &-Kellog 4538*

P. scopulina n=12 NEV.: Washoe Co.,
Vya

Constance, Bacigalupi & Hiroe 3636

P. tetramera 2n=22 CALIF.: Mono Co.,
Watterson Meadow

Constance & Bacigalupi 3433



process of speciation. Some species of plants are confined to a

particular type of soil. With regard to Phacelia section Miltitzia

Howell (1944b) has written: In no other group of like size in the

genus are there so many forms edaphically specialized and

localized. . "

Soil samples collected from sites of several taxa of section

Miltitzia were analyzed and the results are presented in Table II.

Phacelia adenophora, P. tetramera, P. lutea, and

P. glaberrima grow on soils which Brady (1974) characterizes as

halomorphic. Halomorphic soils develop under imperfect drainage

conditions in arid regions and often contain abnormal salt concentra-

tions in the upper horizons. These saline or alkaline soils are the

result of the accumulation of the soluble salts of sodium, calcium,

magnesium, and potassium. These conditions predominate in the

Great Basin, so it is likely that the other species of Miltitzia grow in

similar types of soils--soils with a high pH and large amounts of

soluble salts.

Phacelia,adenophora seems to be edaphic ally one of the least

specialized species in the group. Data from herbarium labels include

reference to volcanic soils, clay, gravelly and sandy soils, alkaline

soils, loam, and dried mud. It is a species usually found growing on

sagebrush (Artemisia) plains with a scattering of junipers (Juniperus).

Other woody perennials frequently associated with P. adenophora



Table II. Soil analysis.

Taxon and pH P K Ca Mg Na Salts
Accession No. Locality PPm ppm meq/100g meq/100g meq/100g mm.hos/cm

P. adenophora
1055 CALIF.: Lassen Co., 8.1 16 544 37.0 9.2 1.84 .38

Ravendale

P. glaberrima
1354 NEV. : Lander Co. 9.1 11 3580 32.0 . 59 47.0 2.7

Reese River Valley

P. lutea
1327 ORE.: Wheeler Co. , 8.9 11 672 48.0 .43 11.0 .50

Painted Hills

1331 ORE. : Baker Co. , 7.5 17 586 40.0 6.1 1.35 . 25

Unity

1345 ORE.: Malheur Co., 8.7 15 672 43.0 3.0 5.80 .62
Succor Creek

P. tetramera.
1386 CALIF. : Mono Co. , 8.5 54 1920 30.0 2.1 16.7 15.0

Watterson Meadow
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include Purshia, Atriplex, and Chrysothamn.us. Annuals growing with

this species include Cleome, Oenothera, Mentzelia., and Bromus.

Phacelia scopulina var scopulina also occupies a great range of

edaphic situations, having been collected on alkaline flats, sagebrush

flats, gravelly and sandy soils, sterile flats, clay soil, volcanic tuff,

and loamy soil. It usually grows in a sagebrush-juniper community

associated with such herbs as Lupinus, Phlox, and Bromus tectorurn.

Pha.celia scopulin.a var. submutica has only been found growing on

seleniferous gumbo clay knolls.

Pha.celia tetrarnera is commonly found growing in alkaline areas

variously described as salt flats, sandy, moist, alkaline flats, and

moist alkaline meadows. In these moist alkaline areas it is found

growing with Salicornia Suaeda, Sarcobatus, Chrysotharnnus, an

Artemisia. In Watterson Meadow, Mono County, California, it was

associated with Iris, Hesperochiron, Juncus, Carex, Monolepsis, and

Descurainia. Phacelia tetramera has also been found growing in drier

areas in Nevada described as a sagebrush-pinyon-juniper association.

Phacelia lutea characteristically occurs on alkaline, friable,

clay knolls but is also found on silt flats, alkaline flats, tuffaceous

gravel, volcanic ash, and serpentine clays. It is usually associated

with Artemisia, Bromus, Atriplex, Mentzelia, Lepidium., Cleome,

Cleomella, and Monolepsis.
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Pha.celia inundata seems to grow only in desert sinks or the

shores and margins of temporary ponds and drying lakes. It has been

found growing with Juncus and Distichlis.

Phacelia sauna most frequently grows in red clay soils usually

described as friable.

Phacelia inyoensis was thought to be found only in boggy spots in

granitic sands, but it is now also known from moist alkaline meadows

in the Sierra Nevada where it is associated with Distichlis, Cleornella.,

Chrysothaxnnus, Suaeda., Artemisia, Hesperochiron, and Chorizanthe.

Phacelia monoensis is also found in this general habitat type.

Phacelia glaberrima is most frequently found on alkaline clay

knolls and bluffs in central Nevada where it grows with Chaenactis,

Cleomella, Alliurn., and Phacelia. gyrnnoclada. It was collected once

in a saline desert sink and once on a limestone talus where it was

associated with Atriplex, Cleome, Artemisia, Eriogonum, and

Oenothera.

In general then the species of Miltitzia are characteristically

found in soils, frequently clay, having a high pH and a rather high

concentration of soluble salts. They are usually found in the

sagebrush-juniper community or in sagebrush-rabbitbrush associa-

tions. The range of soil and vegetational associations of many of the

species is surprisingly wide, however, as can be noted in the above

field observations and from data on herbarium labels. Whether or
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not these variations are due to the existence of genetically different

intraspecific edaphic ecotypes is not known. It is simplest to assume

that members of this group of Phacelias have developed a general

tolerance for alkaline soils. This has allowed them to occupy such

sites in the Great Basin region and to enjoy reduced competition from

other species, some of which are excluded from soils of high pH and

salt content. Phacelia scopulina var. submutica appears to have the

most narrowly defined edaphic specialization. The fact that most of

the other taxa can range off of clay onto sandy or gravelly soils, loam,

and meadowy sites argues against assuming that the plants are limited

by strict salt, pH, or soil texture requirements. Nonetheless,

edaphic factors should be cited as playing a role in the disjunct and

often localized distributions of several taxa of section Miltitzia.

Reproductive Biology

Moldenke (1976) states that the genus Pha.celia is genetically

self-compatible but is nearly always very heavily outcrossed.

Heckard (1960) and Gillett (1955, 1962, 1964) agree that Phacelia is

self-fertile and is commonly outcrossed. Several studies were made

to determine if the species in Miltitzia also conformed to this mode

of reproduction.

Plants of P. lutea and P. glaberrima were observed for long

periods of time in the field. Flowers of P. lutea open in the early
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afternoon; they do not appear to close during the night as they are still

open at dawn of the following day. Anther dehiscence usually occurs

two to three hours after a flower first opens. Plants whose flowers

had just opened were pollinated by hand either with their own pollen

or with pollen from other plants in the population. After timed inter-

vals the flowers were fixed, and later the stigmas and styles were

examined for the presence or absence of pollen-tube growth and pene-

tration.

Stigmas that were outcrossed showed good pollen-tube growth

and penetration to at least midlength of the style. Self-pollinated

stigmas showed pollen-tube growth; however, penetration either did

not occur or was slight, involving primarily the stigma. Flowers

were fixed at intervals of three and five hours after being pollinated.

It is possible that given a greater period of time selfed pollen-tubes

could effect penetration of the style and ultimately fertilize the ovule.

These results would indicate that outcrossing was preferred but

self-fertilization cannot be ruled out. Protan.dry is known to occur in

Phacelia linearis (Gillett, 1962), but the evidence seems to indicate

protogyny operates in Miltitzia which could be the reason for the delay

in anther dehiscence. Some form of physiological self-incompatibility

system could be operating which would cause the slowness of pollen-

tube growth and penetration in self-pollinated flowers. The same

results were obtained for P. glaberrima.
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Moldenke (1976) writes that the major pollinators of Phacelia

include the Bombyliidae, bee-flies; Masa.rida.e, pseudomasaris but-

terflies; and the Tenthredinidae, sawflies. The major bee pollinators

include the genera Anthidium., Anthocopa, Chelostomoides,

Conanthalictus, Colletes and Andrena.

Flowers of P. lutea were observed and several possible insect

pollinators were collected and identified. Table III lists the insects

collected. These insects were seen either actively moving about in a

flower or moving from one plant to another. In many cases the insects

had pollen on their bodies. All of the insects collected are known to

be either pollinators or common visitors to flowers. Adult Bomby-

liidae, bee-flies, are nectar and pollen feeders; adult Syrphida.e,

flower-flies or hover-flies, are habitual visitors of flowers and are

considered to be of importance second only to some species of bees in

cross-pollination of many economic plants; adult Tachinidae, tachina

flies, often visit flowers (Stone et al., 1965). Adults of the smaller

species of Dermestidae, dermestid beetles, are often found on

flowers feeding in pollen and nectar; the Melyridae, flower-beetles,

are carnivorous beetles often found in flowers (Arnett, 1968). The

Hymenoptera, bees, are well known as pollinators. Various Diptera.

and Hymenoptera were also seen visiting the flowers of P. glaberrima.

The label on a collection of P. adenophora from Nevada by Peter



Raven (14282) noted that the flowers were abundantly visited by

Perdita (Hymenoptera, Andrenidae).

Table III. Insect pollinators of Phacelia lutea.

Order Family Genus

Dipte r a Bombyliidae

Syrphidae Metasyrphus sp.

Tachinidae Gyrnnosoma fuliginosum R. Desv.

Coleoptera Dermestidae Anthrenus occidens Casy

Melyridae Am.ecocerus sp.

Trichochrous oregonensis LeC.

Hymenoptera Andrenidae And rena sp.

Apidae Apis rnellifera L.
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It would appear that the bright yellow flowers of the Miltitzia

group are not adapted to any one pollinator but, like the rest of the

genus Phacelia, are rather non-specific. It is possible that visitation

by insects is necessary for self-pollination. Unattended plants of

P. adenophora in the greenhouse did not set seed even though the

stigma and anthers were in close proximity.

Flowers of P. adenophora were tested for ultraviolet absorption

and reflectance. Flowers were exposed to ammonia vapor to test for

visible color changes which would be an indication of UV-absorbing

flavonoid compounds. Flowers were photographed using a filter
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which allowed only wavelengths of light in the UV range to pass

through. The tests were negative for both traits, which would sug-

gest that the flowers do not possess specialized UV characteristics to

attract pollinating insects.

The breeding system of three species of section Miltitzia were

also studied using methods developed by Cruden (1977). He writes

that in closely related taxa xenogarnous flowers produce more pollen

than autogamous flowers, measured in relation to the number of

ovules per ovary. Therefore the pollen-ovule ratio (P/O) is corre-

lated with the breeding system. Cruden defines five types of breeding

systems ranging from cleistogarny to xenogarny, each with its char-

acteristic P/0 ratio.

The P/0 ratios of flowers of P. lutea, P. adenophora, and

P. glaberrima were calculated. The results are presented in Table

IV. The ratios of all three species of Miltitzia studied fall between

Cruden's facultative xenogamous category (P/0 ratio = 796 6) and

xenoga.mous category (P/0 ratio = 5859.2). This would suggest that

the Miltitzia species may self-fertilize, but that xenogarny is favored

and selfing occurs in addition to, or in the absence of, outcros sing.

The reproductive biology of the species of Miltitzia studied

corresponds with the rest of the genus Ph.acelia in that self-fertility

is present (although this has not been conclusively shown for

Miltitzia), but outcrossing commonly occurs.



Table IV. Pollen-ovule ratios.

For locality information see Taxonomic Treatment.

Phylogeny

Constance (1963) writes that the Hydrophyllaceae appear to be a

collection of morphological and geographical odds and ends, held

together by floral and capsular characters. With regard to Phacelia

he states that he is not prepared to offer a complete system for the

genus. However, Constance indicates a more natural grouping for the

genus by recognizing three subgenera; Cosmanthus, Howellanthus,

42

Taxon and No. of
Accession No. Flowers

Average
Gains per
Flower

Average
Ovules
Flower

Average
P/0 Ratio

P. adenophora
1055* 1 21915 9 2435
1195 1 12940 8 1618
1198 3 279703023 11±1.5 2516±576

Average 23753±6927 10±1.9 2320±567

P. glaberrim.a
1178 1 11925 8 1491
1354 5 12806±1179 8±1.1 1576±185

Average 12659±1114 8± .9 1562±169

P. lutea
1011 1 14675 12 1223
1013 1 16165 9 1796
1295 1 17610 11 1600
1302 2 31848±4027 14-12.1 2318±715
1319 2 11125±1117 18*1.4 618±13

Average 19199±9129 14±3.6 1498±772



and Phacelia. The latter is the largest and most varied of the sub-

genera and was subdivided by Constance into the following more or

less well defined species groups: Tanacetifolia, Crenulatae,

Whitlavia, Gymnobythus, Humiles, Pulchellae, Euglypta, and

Miltitzia..

Within the species group Miltitzia two distinct phylogenetic

trends can be hypothesized: a reduction in the size of the floral parts

and a loss of pubescence. Phacelia adenophora. and P. lutea have the

largest floral parts in the group and are considered the most primi-

tive of the extant species. The other species have flowers which get

progressively smaller with increasing evolutionary distance from

P. adenophora and P. lutea.

A loss of pubescence is shown by the loss of hairs on the fila-

ments and internal corolla tube and eventually by glabrous herbage.

Only two species possess pubescent filaments and tube:

P. adenophora and P. monoensis. Phacelia monoensis has small

floral parts; it is clearly derived from P. adenophora and, because of

the pubescence, is not closely related to other species in Miltitzia..

Using these criteria P. a.den.ophora is probably more primitive than

P. lutea, although the two species are clearly very closely related.

Pha.celia glaberrima exhibits the extreme in loss of pubescence, being

essentially glabrous. Pha.celia lutea var. calva approaches the

glabrous condition but is hthairierU than P. gla.berrima.
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Howell (1944b) in his study of Miltitzia considered P. adenophora

and P. lutea to be the primitive species in the group with the rest of

the species being derived from them. If this is the case, then n=12 is

the primitive chromosome number for the section and n.=11 and 13 are

advanced, being of later aneuploid origin. Phacelia tetramera, n=11,

was considered by Howell to be at the end of a phylogenetic line con-

sisting of P. scopulina and P. sauna. Phacelia glaberrima, n=13,

he considered to be most closely related to P. lutea. If this is true

P. tetraxnera and P. gla.berrima are advanced species of relatively

recent origin.

Other evidence suggests that n=12 may not be ancestral in

section Miltitzia, however. Of the 145 species of Phacelia for which

the chromosome number is known, 75 are characterized by n=11 and

only 15 by n=12. In their discussion on the cytological data for

Phacelia Constance (1963) and Gillett (1968) suggest that n=11 is the

basic or primitive number for the genus and that all other numbers

have been derived from this base number through aneuploidy and poly-

ploidy. Therefore, it is more likely for the ancestor of the Miltitzia

group to have had a chrom.osomal complement of n.=11. The only

extant species with a haploid number of 11, P. tetram.era, cannot be

considered as the ancestor or even as closely resembling the ancestor

of the Miltitzia group. Phacelia tetramera with its unique 4-merous

condition and very small floral parts is specialized and not closely
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related to any other species in the section. It clearly forms its own

distinct line of evolution. The ancestor of the Miltitzia group is an

unknown extinct taxon. It probably had a n=11 condition, large

flowers and was densely pubescent, perhaps resembling P. adeno-

phora. A putative phylogenetic arrangement of the species within

Miltitzia is shown in Fig. 5.

Within the remaining species of Miltitzia, P. adenophora seems

to be the most primitive. Phacelia monoensis forms one offshoot

from P. adenophora. A separate evolutionary line leads to the

closely related, but more advanced, P. lute a.

From P. lutea there appear to be three distinct evolutionary

offshoots. Phacelia inundata is quite closely related to P. lutea,

with floral parts only slightly smaller; but it is quite distinct and

separate from the rest of the species in its seeds, which have numer-

ous striae rather than transverse corrugations. Phacelia scopulina

forms a second evolutionary side branch from P. lutea, differing

primarily in its smaller floral parts. Phacelia inyoensis and

P. salina are both closely related to P. scopulina. Howell (1944b)

considered P. inyoensis to be related to P. sauna, probably because

of the similarity in size of their floral parts. However, P. inyoensis

is more likely to have evolved separately from P. scopulina, because

the number of ovules in P. inyoensis is only slightly larger than the

number in P. scopulina while P. sauna shows a great reduction in the



Figure 5. Probable phylogenetic relationships in Phacelia section
Miltitzia.
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number of ovules. Pha,celia glaberrima., with n-13, is the third

evolutionary offshoot from P. lutea; along with P. tetramera, it is

one of the most highly specialized species in the group.

Howell (1944b) states that II . the northern part of Nevada is

not only the geographic center for the distribution of the species but

is also the center for species concentration. " Of the nine species in

section Miltitzia five are found in northern Nevada while two more are

located in central Nevada. The remaining two species are found in

Mono and Inyo Counties, California, with one of these species also

occurring in adjacent Nevada. To the eastward not more than three

species are found in any one state. Five species occur in California

east of the crest of the Sierra Nevada and five species occur in central

and southeastern Oregon. Nevada is definitely the center of diversity

for these Great Basin species.

Species Concept in Pha.celia Section Miltitzia

Exactly what constitutes a species has always been a difficult

concept to define; it seems as though everybody has their own defini-

tion. Cronquist (1968) has defined the situation best:

An exact definition of the species is impossible, and the
more precise one attempts to be, the larger the number of
species which do not fit the definition. Still, the basic
concept is simple enough. A species is the smallest popu-
lation which is permanently (in terms of human time) dis-
tinct and distinguishable from all others. It is the
smallest unit which simply cannot be ignored in the scheme



of classification. It is the primary taxonomic unit, and it
may also be thought of as the basic evolutionary unit. In
sexual populations, gene exchange by hybridization within
a species is ordinarily rampant, whereas such gene
exchange between different species is restricted or even
impossible. Interspecific hybrids are not always wholly
sterile, but they are not so fertile and so competitively
adapted as to swamp out the parents. Although there are
some differences in interpretation, a reasonable degree of
reproductive isolation from other species, under natural
conditions, is an essential specific quality. Without such
isolation, the population would lose its identity through
interbreeding.

Once the species has been defined the problem of personal

interpretation arises. What constitutes a species? What traits are

important and conversely what traits are unimportant? Again

Cronquist states the problem concisely:

It is perfectly clear that natural, recognizable groups of
species, and groups of groups, exist. The ranks at which
these groups should be received are not inherent in the
nature of the group, but depend on subjective individual
judgment. The criteria on which that judgment should be
based are recondite. They come down to a personal
evaluation of the importance of the differences and the
size and coherence of the group, in the context of the sys-
tem as a whole. Since we have already pointed out that
individual characters cannot reasonably have a fixed,
inherent taxonomic value, any evaluation of the impor-
tance of the characters marking a group is likely to be
difficult and subject to unresolvable differences of opinion.

No one trait is sufficient to delimit a species. A species is

characterized by a unique set of features any one of which may over-

lap or blend with the corresponding trait of a related species. It is

the combination of characteristics which is important. Which traits

have the most diagnostic value and which are taxonomically



worthless is a matter of personal opinion, based upon the individual

scientist's knowledge of the group being studied.

The general morphology of a plant has been the primary basis

for taxonomic recognition at any rank since before Linnaeus. In the

Miltitzia group some characters are of more importance than others.

For example, the annual, taprooted, prostrate to ascending habit has

no diagnostic significance since all members of the group possess

this set of traits. The same can be said for the leaves since there is

as much variation within a species (a group of presumptively inter-

breeding populations) as between species. The important traits are

those which are fairly consistent within a species and, at the same

time, in combination with other traits, aid in delimiting one species

from another.

Pubescence is, at times, an important character mainly by its

presence on certain organs or by its absence. The presence of hairs

on the filaments and internal corolla tube aid in segregating two

species, P. adenophora and P. monoensis, from the remainder of the

species in the Miltitzia group. The essential glabrous condition of

the entire plant helps set off two other taxa.: P. glaberrima and

P. lutea var. calva. On the other hand the amount of pubescence on

the style has been determined to be of little taxonomic importance

because of the amount of intra.population variability it shows. Howell

(1944b) considered this trait to be important and used it in separating
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var. purpurascens, which had the style hairy only at the base, from

Phacelia lutea var. lutea, which had a style hairy to midlength. How-

ever, in this species the trait can range between these two extremes

not only between plants but between individual flowers on the same

plant. Howell also used style pubescence to distinguish P. submutica.

from P. sco-pulina. In P. scopulina the style is pubescent from one

third to all of its length while in P. submutica the style is pubescent

only at its base. Since this character is not a reliable one in other

taxa in Miltitzia it is difficult to justify the erection of a species from

these plants even though the trait is consistent within the population of

subrn.utica.

The relative number and size of the floral parts, the style,

filaments, calyx, and corolla, is usually of great importance in

separating taxa. For example, the consistent differences in sizes of

these flower parts separates P. adenophora. from P. monoensis. The

difference in number of floral parts, 4-rnerous versus 5-merous, is

one of the primary reasons for segregating P. tetramera from the

rest of the species in Miltitzia.. Generally the size of the floral parts

is a stable character within each taxon. One instance in which this

was not true was in Howell's separation of var. lutea from var.

purpurascens in Phacelia lutea. In var. purpurascens the style length

is 1 . 7-2. 5 mm and in var. lutea 2. 5-3.8 mm. However, the style

length shows a great deal of variability and intergradation throughout
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the range of the species and these two size classes are very

artificial.

Capsular characteristics vary greatly within and between

species, so much so that they have little diagnostic significance.

most of the species in Miltitzia the capsule is prominently apiculate,

in some it is shortly apiculate, in P. scopulina it varies between

these two extremes. Phacelia submutica, a taxon with a short a.picu-

lation, is supposed to differ from P. scopulina in this trait; however,

the range of variation is so great in P. scopulina that this character

is not completely reliable.

The size, number per capsule, and surface markings of the

seeds are of great importance in Phacelia as a. whole and in Miltitzia

as a group. For example, all the species in the group except one

have prominently transversely corrugated seeds. The seeds of

P. inundata are merely striate, a character which in combination

with its floral parts and habitat set it apart from the other species.

Habitats and distributional ranges are correlated with morpho-

logical discontinuities and hence are useful characters in segregating

ta.xa. For example, P. adenophora and P. monoen.sis differ in their

ranges and habitats. A similar observation can be made concerning

P. submutica. and P. scopulina. Phacelia submutica. has a very

restricted range and habitat; P. scopulina is widespread and occurs

in many habitats. The morphological differences between these two



taxa are minor and insufficient to maintain submutica at the rank of

species, but if these are added to the differences in distribution and

habitat, submutica is distinguishable at an infraspecific rank.

The chromosome number is very useful for delimiting certain

taxa. In Miltitzia n=11, 12, 13. Only one species, P. tetraxnera, has

n=11, a haploid number which is probably primitive in the group.

Only one species has n=13, P. glaberrima. The remainder of the

taxa have n=12.

In Miltitzia all infraspecific taxa are here given the rank of

variety. They could equally well have been given the rank of sub-

species, as these two categories are frequently used interchangeably,

even though they are not considered synonymous by the International

Code of Botanical Nomenclature. The conceptual difference between

the two ranks is one that has been discussed many times and will not

be gone into here. Whether one uses subspecies or variety seems to

be a matter of personal opinion. Variety is used in this work

because Brand (1912), Cronquist (1959), and Howell (1944b) have con-

sistently used this rank. It would be confusing at this time to intro-

duce a new rank into the taxonomic history of the group.



V. TAXONOMIC TREATMENT

Phacelia Juss. section Miltitzia (DC.) J. T. Howell

Leafl. West. Bot. 4:15. 1944.

Miltitzia DC. Prodr. 9:296. 1845.

Emmenanthe Benth. subg. Miltitzia (DC.) Gray. Proc. Amer. Acad.

10:328. 1875.

Low, diffuse, prostrate to decumbent or ascending annuals

from slender taproots, usually of alkaline habitats; stems (3) 5-30

(40) cm long; herbage usually densely hirsutulous, more or less

purplish capitate-glandular; leaves entire to toothed or pinnately

lobed, 0.5-3.0 cm long, 0.2-2.0 cm wide; flowers in simple or

branched terminal scorpioid cymes, pedicellate; calyx divided nearly

to the base, the lobes subequal; corolla yellow to whitish, frequently

purplish-tinged with age, ma.rcescent; corolla scales present or lack-

ing; stamens included, subequal to unequal, equally inserted at base of

corolla tube; style persistent, 2-cleft or subentire; ovary 2-celled due

to the strongly intruded placentae; capsule loculicidally dehiscent;

ovules laterally attached; seeds 7-25, transversely corrugate or

striate.

The species comprising Phacelia section Miltitzia are found in

the alkaline areas in the Great Basin of the western United States.
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this region the center of species distribution and concentration is

northwestern Nevada and adjacent southeastern Oregon and northeast

California, five of the nine species occurring here. Only two species,

Phacelia scopulin.a and P. tetramera, can be said to be widespread,

the rest are more or less localized in distribution and vary from

being very common to very rare. Five species and one variety are

among the rarest of western plants: Phacelia glaberrima,

P. inyoensis, P. monoensis, P. sauna, P. inundata, and

P. scopulina var. submutic a.

Artificial Key to the Species and Varieties

1. Corolla tube pubescent within, at least at base; filaments

pubescent 2

1. Corolla tube glabrous within; filaments glabrous

2. Style and branches 0.8-1. 5 mm long; filaments 1. 5-2. 5

mm long; corolla 2-4 mm long Phacelia monoensis

2. Style and branches 1. 5-3. 0 mm long; filaments 2.5-4.5

mm long; corolla 3. 5-8.0 mm long . . Phacelia adenophora

3. Seeds faintly but definitely transversely striate, 18-26 per

capsule; style and branches 0. 5-1.25 mm long . Phacelia inunda.ta

3. Seeds prominently transversely corrugated . ..... . 4

4. Corolla 3. 5-9.0 (11) mm long, usually longer than the

calyx; style and branches (1. 5) 2-4 mm long



4. Corolla 1.3-4.0 mm long, if longer usually equalling the

calyx; style and branches 0.2-2.0 mm long . . . 6

5. Plants densely pubescent Pha.celia lutea var. lutea

5. Plants subglabrous, or slightly glandular in the inflorescence

OOOOO Phacelia lutea var. calva

6. Plants glabrous or nearly so; corolla subrotate . .

Phacelia glaberrima.

6. Plants densely pubescent; corolla tubular to campanulate .

7. Flowers usually 4-merous; corolla 1.3-2.0 mm long

Phacelia. tetram.era

7. Flowers 5-merous; corolla 2-4 mm long

8. Style and branches 1.2-2.0 mm long; capsules with 9-15

seeds 9

8. Style and branches 0.5-1.0 mm long; capsules with fewer

than 11 or more than 15 seeds . . . . . ...... 10

9. Style pubescent 1/3 to all of its length; capsule apiculate .

Phacelia scopulina var. scopulina

9. Style glabrous except at base; capsule nearly or quite without

apiculation Phacelia scopulina var. sulomutica

10. Seeds 18-25 per capsule, corrugations 5-8

.... . . ......... Phacelia inyoensis
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10. Seeds 7-10 per capsule, corrugations 9-13. . Phacelia salina



Phacelia adenophora. J. T. Howell

Leafl. West. Bot. 4:15. 1944.

Emm.enanthe glandulifera Torr. ex Wats. Bot. U. S. Geol. Explor.

40th Paral. 257. 1871. (Holotype: S. Watson 885, Virginia

Mountains, Nevada. July. GH! Isotype: NY! US!) Not

Phacelia gla.ndulifera Piper. Contrib. U.S. Nat. Herb. 11:472.

1906.

Miltitzia glandulifera (Wats. ) Heller. Muhlenbergia 8:20. 1912.

Miltitzia glandulif era (Wats. ) Heller var. californica Brand. Univ.

Calif. Publ. Bot. 4:224. 1912. (Holotype: Mrs. C.C. Bruce

2135, Madeline Plains, Lassen C ., California. June 1898.

UC ! Paratype: E. Applegate 895, Madeline Plains, Lassen

Co., California. 3 June 1897. US! DS!)

Stems few or several, prostrate to ascending, pubescent, ca.pi-

tate glands present or lacking; leaves pinnately lobed or divided,

rarely entire or merely toothed, hirsutulou.s; flowers 5-merous;

calyx-segments in flower 2-5 mm long, in fruit 4-7 mm long; corolla

carnpanulate, yellow or the lobes more or less purplish-tinged, (3.5)

4-7 (8.0) mm long, pubescent externally, corolla tube sparsely to

densely pubescent within; corolla scales present; filaments pubescent,

unequal, 2.5-4.5 mm long; style and branches 1.5-3.0 mm long,

style pubescent 1/3-1/2 its length; ovules 6-15; hypogynous disk



prominent; capsule 2.5-4.5 (6. 0) mm long, apiculate, pubescent;

seeds 1.0-1.6 mm long, transversely corrugate, corrugations 8-12;

n=12.

Plains and slopes of norhteastern California, western Nevada,

and southeastern Oregon (Fig. 6). April to July.

Representative specimens: CALIFORNIA. Lassen Co. : Grass-

hopper Valley, Constance 3100 (US, UC, GH, MO, NY); 1 mile S of

Ravendale, Cronquist & Holmgren 8479 (UC, WS, GH, CAS, WTU, UTC,

NY); SW of Madeline, Grant 8225 (UC, RSA, WS, UTC); 12 miles N of

Sus anville, Howell 11884 (CAS, US, WS, WILLU); between Mapes and

Secret Valley, Heller 15210 (POM, US, UC, WTU, UTC, NY); Secret

Valley, Applegate 8912 (RSA, DS); Madeline Plains, Constance 2329

(WS, UC, WTU, RM, UTC, MO, NY); near Termo, Halse 1198 & 1201

(OSC); 5 miles S of Ravendale, Haase 1055 & 1282 (OSC); Balls Canyon,

Heller 15210 (DS, WS, MO); Horse Lake, Howell 11892 & 11898 (CAS,

POM, RM, NY, GH, UTC, MO); 19 miles S of Ravendale, Munz 11872,

11871 & 11874 (RSA, WTU, DS, NY). Mod.oc Co. : 11 miles NE of

Canby, Howell 12215 (CAS); Danio Creek, Metcalf & Wilson 65-21

(RSA); canyon below Jess Valley, Payne 549 (JEPS, CAS). Plumas

Co. : Mrs. Austin s. n. (NY). Sierra C . : east slope of Sierra,

Lemm.on 215 (MO, NY, US). NEVADA. Douglas Co.: 6 miles S of

Gardnerville, Mrs. H. C . Cantelow s. n. (CAS, UC, UTC); T12N, R21E,

Sec. 18, Thomas 89 (UC). Humboldt Co. : 2 miles N of Leonard



Figure 6. Distribution of Phacelia adenophora. and P. glaberrima.

* Phacelia adenophora

0 Phacelia glaberrima
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Creek Ranch, Holmgren & Reveal 892 (NY, UTC, CAS). Ormsby Co.

Carson City, Anderson s. n. (NY, K, GH). Washoe Co : 15-1/2 miles

N of Sparks, Ba.cigalupi & Heckard 8512 (JEPS, RM, UTC, WTU);

Winnemucca Valley, Lemm.on 833 (Gil); 4 miles E of Reno, Mason

4586 (UC, DS, GH); 53 miles SE of Eagleville, California, Halse 1195

(OSC); 29 miles S of Vya, Constance, Bacigalupi & Hiroe 3638 (UC,

CAS); Squaw Canyon, Alexander & Kellogg 4636 (DS, US, UC, WTU,

UTC); 4 miles W of Reno, Archer 5146 (RENO); 2 miles N of Sparks,

Archer 5076 (RENO, UC); 7 miles E of Sparks, Constance 3291 (DS,

UC, WTU, RM, POM, UTC, MO, NY); 1-1/2 miles N of Reno, Henrichs

61 (RENO, MO, DS); Steamboat Springs, Heller 10744 (US, DS, UC, NY,

MO, GH); Reno, Heller 9595 (DS, US, GH, NY); Winnemucca Lake,

Headley 59 (RENO); Pyramid Lake, Kennedy 1037 (US, DS, RM, GH,

NY, MO, UC); 2.3 miles NE of Sparks, Raven 14282 (UC, POM, RM);

Truckee Pass, Watson 884 (US, GH, NY). OREGON. Harney Co. :

1 mile S of Blitzen, Train 90 (US, OSC, RENO); Catlow Valley,

Henderson 8690 (ORE, CAS); road to Coleman Valley, Coville &

Leiberg 68 (US). Lake Co.: Warner Lake, Mr. & Mrs. John R.

Leach s. n. (UC); Warner Mts. near Desert Lake, Lilla Leach s. n.

(ORE).

Phacelia adeno-phora is a moderately variable species as indi-

cated by the range of sizes of its vegetative and reproductive parts.

However, it is well characterized by the conspicuous pubescence on
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the filaments and within the corolla tube. In middle western Nevada

the plant is rather slender and delicate; to the northward it inter-

grades with a larger, coarser form which Brand (1912) called

Miltitzia glandulifera var. californica. However, this variant is not

sufficiently distinct to be recognized taxonomically, the characters

Brand used to distinguish var. californica being found throughout the

range of the species.

Phacelia adenophora is closely related to P. lutea. Jepson

(1943) treated them as the same species (Miltitzia lutea), but as

Howell (1944b) states ". . each is characterized . . . by its own

peculiar set of variations which do not approach each other except in

instances of suspected hybridization. " It still seems best to retain

these taxa as two separate species. However, as Howell suspected

there does seem to be some hybridization occurring between these two

taxa in northern Humboldt County (Holmgren & Reveal 892) and Washoe

County, Nevada, (Halse 1195, Alexander & Kellogg 4638 & 4679,

Constance, Bacigalupi & Hiroe 3638 & 3635) and southern Harney

County, Oregon (Coville & Leiberg 68). In these areas plants have

been found in which the filaments range from glabrous to subglabrous

to obviously pubescent. The same condition is found for the pubes-

cence on the inside of the corolla tube. All of these character states

can be found on the same plant, but usually either the filament or

corolla tube has at least some pubescence so that plants having a



mixture of these characters can usually be referred to one or the

other of the two species.

Pha.celia glaberrima (Torr. ex Wats. ) J. T. Howell

Leafl. West. Bat. 4:15. 1944.

Emmena.nthe glaberrima. Torr. ex Wats. Bot. U. S. Geol. Explor.

40th Paral. 257. 1871. (Lectotype: S. Watson 886, Reese

Valley, Nevada. July 1868. GH! Isolectotypes: NY! US!

RSA! UC! Syntype: S. Watson 886, Humboldt Mountains,

Humboldt Sink, Nevada. May 1868. UC ! GH! NY ! )

Miltitzia glaberrima (Wats.) Brand. Das Pflanzenr. IV. 251:131.

1913.

Stems several, decumbent, glabrous; leaves entire to subentire

to rarely lobed, glabrous or with a few hairs on the margins and

apex; flowers 5-merous; calyx-segments in flower 2.5-3.0 mm long,

in fruit 4-5 (6) mm long, glabrous or with a few hairs at apex;

corolla subrotate, glabrous, 2.5-3.5 (4.0) mm long; corolla scales

lacking; filaments 2.5-3.0 mm long, glabrous; style and branches

1-2 mm long, glabrous; ovules (4) 7-10; hypogynous disk prominent;

capsule 3-5 mm long, glabrous or with a few scattered hairs at apex,

apiculate; seeds 1.1-1.5 mm long, transversely corrugate, corruga-

tions 8-10 (12); n=13.
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Localized endemic on alkaline clay bluffs or alkaline sinks o

north central Nevada (Fig. 6). May to July.

Representative specimens: NEVADA. Lander Co. : Reese

River Canyon, 37 miles N of Austin, Constance 3297 (RM, WS, UTC,

RSA, CAS, POM, US, WTU, MO, NY); Reese River Valley, 30 miles N

of Austin, Ripley & Barneby 6186 (CAS, GH, US, NY) and Haase 1178,

1180 & 1354 (OSC).

This is one of the rarest species in section Miltitzia being known

from only two localities. P. glaberrima is also one of the most

highly specialized species in the section due to its small size, gla-

brous condition, and chromosome number of n=13.

Phacelia inundata J. T. Howell

Leafl. West. Bot. 4:15. 1944.

Emmenanthe parviflora Gray. U. S. Pacif. R. R. Reports 6:84.

1857. (Holotype: J. S. Newberry s. n., Klamath Lake, Oregon.

GH!) Not Pha.celia parviflora Pursh. Fl. Amer. Sept. 1:140.

1814; nor Pha.celia parviflora Phil. Anal. Univ. Chile 90:226.

1895.

Miltitzia pa.rviflora (Gray) Brand. Das Pflan.zenr. IV. 251:131. 1913.

Stems several, prostrate to ascending, pubescent, glandular;

leaves subentire to pinnately lobed, hirsutulous; flowers 5-me rous;
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calyx segments in flower 3-4 mm long, in fruit 5.5-8.0 (10) mm long;

corolla tubular to campanulate, yellow, 3-5 mm long, pubescent

externally, glabrous internally; corolla scales present or obsolete;

filaments glabrous, 1.5-2.5 (3.0) mm long; style and branches 0.5-

1.0 (1.25) mm long, style pubescent half to all of its length; ovules

20-25 (30); hypogynous disk prominent; capsule 4-6 (7) mm long,

apiculate, pubescent; seeds 1.1-1.5 (1.8) mm long, tending to be

flattened, transversely striate, striations 12-14; n=12.

Dried edges of alkali lakes and sinks, from south central Oregon

to northeast California and adjacent Nevada (Fig. 7). May to July.

Representative specimens: CALIFORNIA. Lassen C . : Eagle

Lake at Spaldings, Constance 3097 (WS, GH, US, UC, MO, UTC, NY);

Eagle Lake, Grant 8374 (UC, RSA); Spaldings Resort, Eagle Lake,

Howell 12510 (CAS, POM, WILLU). Modoc Co.: sink along Malin to

Canby Hiway, Baker 8307 (CAS); Clear Lake, Grant 8316 (UC); Clear

Lake, Howell 12357 (US, CAS). NEVADA. Washoe Co.: Swan Lake,

Charles Sheldon Antelope Refuge, Train 3006 (WTU, UTC, RENO, UC,

NY); Franktown, Ripley & Barneby 5947 (CAS); Washoe Lake,

Jones s. n. (POM, CAS). OREGON. Harney Co. : Steen's Mts. above

Albersons, Peck 14217 (WILLU, NY). Lake Co. : Silver Lake,

Lawrence 2496 (OSC); Silver Lake, Cusick 2727 (UC, RM, US, POM,

GH, MO, ORE, NY); 8 miles S of Adel, Peck 25089 (WILLU)



Figure 7. Distribution of Phacelia inundata, P. inyoensis, and
P. sauna.

* Phacelia. inundata

* Phacelia inyoensis

0 Phacelia sauna
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This species is unique in its habitat, occupying sandy alkali

sinks and summer-dried alkaline lake margins. It is also unique in

having seeds which are not prominently transversely corrugate but

instead are merely striate. It is one of the rarest plants in Miltitzia.

Phacelia inyoensis (Macbr. ) J. T. Howell

Leafl. West. Bot. 4:16. 1944.

Miltitzia inyoensis Macbr Contrib. Gray Herb., new ser., 49:41.

1917. (Holotype: A. Heller 8324, foothills west of Bishop, Inyo

County, California. 23 May 1906. GH! Isotypes: DS! US!

MO! NY!)

Stems few to several, ascending to erect, pubescent, capitate-

glandular; lea.ves entire to pinnately few-lobed, pubescent, glandular;

flowers 5-merous; calyx segments in flower 2-3 mm long, in fruit

3.5-4.5 (6.0) mm long; corolla tubular to carnpanulate, pale yellow,

becoming purplish-tinged, 2-3 mm long, pubescent externally, gla-

brous internally; corolla scales lacking; filaments glabrous, 1.5-2.5

mm long; style and branches 1 mm long, style glabrous, or with a

few hairs at base; ovules 16-21 (27); hypogynous disk relatively promi-

nent; capsule 3-4 mm long, apiculate, pubescent; seeds 0.5-1.0 mm

long, transversely corrugate, corrugations 5-8; n=12.
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Alkaline meadows in northern Inyo and adjacent Mono County,

California (Fig. 7). May to July.

Representative specimens: CALIFORNIA. Inyo Co.: Lone

Pine, Brandegee s. n. (POM, CAS); Big Pine, Brandegee s. n. (UC,

POM); 3.5 miles W of Lone Pine, Barneby 11329 (RSA, NY). Mono

Co. : Watterson Meadow, Benton Range, Constance & 13a.cigalu-pi 3432

(UC, RM, UTC, CAS, GH, WS, WTU, NY); near Lake Crowley, Constance

& Bacigalupi 3425 (UC, RM, CAS, GH, WS, WTU, NY).

This is a local endemic of alkaline meadows in the foothills and

mountains around the Owens Valley and is one of the rare species of

sect. Miltitzia.

Phacelia lute a (H. & A.) J. T. Howell

Leafl. West. Bot. 4:15. 1944.

Stems several, prostrate to decumbent, glabrous to hirsutulous,

capitate-glandular to eglandular; leaves usually entire or some

coarsely toothed to pinnately lobed, glabrous to pubescent; flowers

5-merous; calyx-segments in flower 2.5-6.0 mm long, in fruit 4.5-

10.0 mm long; corolla tubular to campa.nulate, yellow, the lobes often

purplish-tinged with age, (4) 4.5-9.0 (11.0) mm long, pubescent

externally, glabrous internally; corolla scales present or obsolete;

filaments glabrous, 2.5-5.0 mm long; style and branches (1.5)
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1.75-4.0 mm long, style hairy only near the base to above the middle;

ovules 7-15 (20); hypogynous disk prominent; capsule (3) 4-6 (7) mm

long, apiculate; seeds 1. 0-1. 6 (2.0) mm long, transversely corru-

gate, corrugations 9-12; n=12.

Alkaline areas, usually clay and ash slopes and banks, from

central Oregon east to southwestern Idaho and south to northwestern

Nevada (Fig. 8). April to July.

This is the type species for section Miltitzia and is the most

variable species in the group, but it is felt that only two varieties

deserve taxonomic recognition. Both taxa vary widely in the lengths

of their corollas, calyces, styles, filaments, and capsules; they differ

chiefly in pubescence.

Phacelia lutea (H. 8r A.) J. T. Howell var. lutea

Eutoca lutea H. & A. Dot. Beech. Voy. 373. 1840. (Holotype: Mr.

Tolmie, Snake Fort, Snake Country, California. 1837. K!)

Miltitzia lutea (H. & A. ) DC. Prodr. 9:296. 1845.

Emmenanthe lutea (H. & A.) Gray. Proc. Amer. Acad. 10:328. 1875.

Phacelia lutea (H. & A.) J. T. Howell var. typica. Proc. Calif.

Acad. Sci. 4th. ser. 2.5:364. 1944.

Phacelia lutea. (H. & A.) J. T. Howell var. pur-purascens J. T. Howell.

Proc. Calif. Acad. Sci. 4th. ser. 25:365. 1944. (Holotype:



Figure Distribution of Phacelia lutea and P. monoensis.

* Phacelia lutea var. lutea

* Phacelia lutea var. calva

Phacelia monoensis
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L. Henderson 5092, Humphrey' s, Grant County, Oregon.

30 April 1925. CAS! Isotypes: GH! DS! ORE!)

Herbage densely hirsutulous, from eglandular to densely

purplish capitate-glandular, especially in the inflorescence; style

hairy near the base to above the middle.

Range of the species (Fig. 8).

Representative specimens: IDAHO. Canyon Co.: Caldwell,

Tucker s.n. (ID). Owyhee Co.:Macks Creek Road, 13ratz B117A-56

(CC); SE of Hootnanny Ranch, Bratz B117A-47 (CIC); 29 miles S of

Regina, Christ 51-26 (ID); edge of Sand Basin near McBride Creek

Station, Halse 1014 (OSC); Lower Squaw Creek, Packard 72-10 (CIC);

Squaw Creek Mesa near Marsing, Tucker 543 (CAS, ID, NY, CIC)

NEVADA. Humboldt Co. : Virgin Valley, Kellog s.n. (POM); 34

miles W of Denio, Stage 62-52 (UC). Washoe Co.: Long Valley,

Alexander & Kellogg 4679 (DS, US, UC, UTC, GH); 7 miles E of Eagle-

vile, California, Alexander & Kellogg 4638 (UC, DS, IN'TU, UTC);

Long Valley, Alexander & Kellogg 4686 (DS, UC ). OREGON. Baker

Co.: 3 miles E of Unity, Halse 1331 (OSC); 1 mile W of Unity,

Hitchcock 20577 (NY, WTU); 62 miles NW of Vale, Maguire &

Holmgren 26627 (CAS, NY, GH, UC, UTC, US). Crook Co. : 20 miles

above Prineville, Peck 24131 (ID, WILLU); Cusick 2634 (POM, UC, US,

RM, MO, NY, GH). Grant Co.: John Day River Valley NW of Dayville,
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Ripley & Barneby 6624 (CAS, NY). Harney Co.: Blitzen, Leach 5156

(ORE, OSC); 15 miles SE of Blitzen, Applegate 5591 (DS, WILLU);

Folly Farm, Baker 1691 (ID); 10 miles SE of Princeton, Baker 1678

(ID); Juniper Lake, Constance 3300 (US, UC, UTC, WS, NY, GH); 8. 4

miles E of Stinkingwater Pass, Halse 1018 & 1143 (OSC); 10.5 miles

E. of Stinkingwater Summit, Howell 28652 (US, CAS, WTU, WILLU,

OSC); 7 miles E of Buchanan, Peck 20536 (WILLU, TIC). Jefferson

Co.: 2 miles S of Willowdale, Cronquist 6937 (UC, CAS, WS, WTU,

NY) and Halse 1776 (OSC). Lake Co.: N of Guano Lake, Andrews 749

(ORE); 4-7 miles S of Plush, Halse 1023,1024 & 1025 (OSC); 3. 5 miles

E of Plush, Head & Stewart 757 (OSC, CAS, WS, GH); Hart Lake, Peck

25163 (WILLU, US,CAS) and Willets 169 (DS). Malheur Co.: Blue

Mtn. Pass, Detling 8143 (ORE); Barren Valley, LeilDerg 2191 (ORE);

3 miles SW of Harper, Cronquist 8171 (DS, CAS, RSA, TIC, WTU, ID,

NY, RM); near Rome, Cronquist 8422 (WS, UC, UTC, NY, CAS); 1/2

mile W of Rockville School, Halse 1017 (OSC); 7.8 miles N of

Sheaville, Halse 1016 (OSC); Leslie Gulch, liaise 1157 (OSC); Camp-

ground, Succor Creek State Park, liaise 1011, 1154, 1295 & 1345

(OSC); along Succor Creek Road between State Hwy. 201 and U.S.

Hwy. 95, Halse 1013, 1150, 1152, 1153 & 1302 (OSC); 2 miles S of

Snake River, along Hwy. to Ontario, Hitchcock & Muhlick 21017 (WS,

WTU, NY); 15 miles S of Vale, Hitchcock 20659 (WS, NY); 7 miles SE

of Folly Farm, Maguire & Holmgren 26402 (POM, TIC, DS, CAS, MO,
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WS, US, WTU, UTC, GH, NY); Juniper Gulch off Leslie Gulch, Packard

74-61 (CC), 10 miles SE of Huntington, Peck 25948 (WILLU); 15

miles SW of Rome, Peck 25891 (CAS, WILLU).

As has been mentioned in the discussion of P. adenophora.,

hybridization between P. adenophora and P. lutea does occur. In

addition, in Lake County, Oregon, (Halse 1023,1024 & 1025; Willets

169; Peck 25163) the leaves, which are entire in typical P. lutea

become pinnately lobes, as is typical of P. adenophora. The floral

characters, however, remain constant. There is a definite intergra-

datiori from the usually entire to slightly toothed leaves of P. lutea in

northeastern Malheur County, Oregon, to the pinnately lobed leaves

of P. lutea in Lake County.

Another character showing a great deal of variability is the

amount of pubescence on the style, typical P. lutea having a style

hairy to midlength. Howell (1944b) used this character to help

describe P. lutea var. purpurascen.s, which has a style hairy only

near the base. However, the style ranges from pubescent at the base

only to pubescent to midlength on the same plant, as it does on the

type specimen (Henderson 5092). Style length and glandular-villous

pubescence are used by Cronquist (1959) to segregate this variety, and

although the style does tend to be shorter in central Oregon, these two

traits are also unreliable. It is better to treat var. purpurascens as

part of the variable var. lutea.



Phacelia lutea (H. & A.) J. T. Howell var. calva Cronq.

Vasc. Pls. Pacif. NW. 4:168. 1959.

(Holotype: B. Maguire & A. Holmgren 26386, roadside bank along

U.S. Hwy. 95, 4 miles NE of the Idaho-Oregon state line,

Owyhee County, Idaho. 12 June 1946. NY! Isotypes: UC!

MO! DS! CAS! US! WS! GH!)

Herbage essentially wholly glabrous, or slightly purplish-

glandular in the inflorescence; style glabrous.

Northern Owyhee County, Idaho, and adjacent Malheur County,

Oregon (Fig. 8).

Representative specimens: IDAHO. Owyhee Co.: Blackstone

Spring, Packard 70-200 (CC); 24 miles S of Marsing, Baker 13041

(NY, ID); 2 miles from Oregon state line on U.S. Hwy. 95, Davis 4512

(NY); edge of Sand Basin near McBride Creek Stage Station, Halse

1014A (OSC); along U.S. Hwy. 95, 7.9 miles NE of Oregon Line,

Raven 13390 (CAS, NY); along U. S. Hwy. 95 about 2 miles from Ore-

gon state line, Davis 4471 (DS, CAS, NY); 26 miles SW of Marsing,

Cronquist 8382 (RSA, WS, UC, CAS, WTU, UTC, GH, NY); 6 miles NE of

Idaho-Oregon state line, U.S. Hwy. 95, Maguire & Holrngren 26379

(UTC, NY). OREGON. Malheur Co.: Succor Creek, Trueblood &

Packard 71-15 (CIC); 7.8 miles N of Sheaville, Halse 1016A (OSC);

0.5 miles W of Rockville School, Halse 1017A (OSC).
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This variety is distinguished from var. lutea only by its

glabrous condition. Four mixed populations of var. lutea and var.

calva have been found (HaIse 1016 & 1016A, 1017 & 1017A, 1014 &

1014A; Packard 70-200). At the time of collection it was not noticed

that these were mixed populations, this being discovered only later.

In these samples there is no intergradation of the amount of pubes-

cence, the trichomes either being present in the typical amount or

absent. Whether or not this condition is also true for other popula-

tions is unknown. However, if no intergradation occurs, the pubes-

cent versus glabrous condition could be due to a single segregating

Mendelian gene, and there would be no justification for recognizing

var. calva as a separate taxon. At the present time it seems best to

maintain var. calva., until the nature of the mixed populations can be

studied in greater detail.

Phacelia monoensis Halse, sp. nov.

Floribus 5-meris; segmentis calycis per anthesin 2-4 mm longis,

ad maturitatem 4-6 mm longis; corolla luteola, 3-4 mm longa, extus

et intus pubescenti; filamentis pubescentibus, 1.5-2.5 mm longis;

stylo cum ramis 0.5-1.5 mm longo; ovulis 7-10; capsula 2.5-4.0 mm

longa; seminibus 1.1-1.5 (1.7) mm longis, manifeste transverse cor-

rugatis, rugis 8-11.
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(Holotype: A. Alexander & L. Kellogg 4346, in red clay,

Mormon Ranch, 8.5 miles SW of Bodie, Mono County, California.

30 June 1945. UC ! Isotypes: POM! US! WS! DS! NY! WTU! CAS!

UTC !RSA!)

Annual herb; stems few or several, prostrate; herbage hirsutu-

lous, more or less purplish capitate-glandular; leaves entire to

toothed or pinnately lobed; flowers 5-merous; calyx-segments in

flower 2-4 m_mi long, in fruit 4-6 mm long; corolla tubular to cam-

panulate, yellow, 3-4 mm long, pubescent externally and internally;

corolla scales obsolete; filaments pubescent, 1.5-2.5 mm long; style

and branches 0. 5-1.5 mm long, style pubescent to midlen.gth; ovules

7-10; hypogynous disk prominent; capsule 2.5-4. 0 rnm. long, a.picu-

late, pubescent; seeds 1. 1-1. 5 (1.7) mm long, transversely corrugate,

corrugations 8-11; n=12.

Alkaline mountain meadows of central Mono County, California,

and adjacent Nevada (Fig. 8). June to July.

Representative specimens: CALIFORNIA. Mono Co. : 3.2

miles E of Bodie, Alexander & Kellogg 4378 (UC, W'TU, UTC, DS, GH);

NE of Bridgeport along Masonic Road, Alexander & Kellogg 4538

(CAS, US, UC,DS, GH, UTC); Sweetwater Mtns., E of Swamp Meadow,

Alexander & Kellogg 4563 (CAS, US, DS, GH); road to Masonic, NE of

Bridgeport, Alexander & Kellogg 3841 (UC, US, DS, CAS, UTC, WS, GH,

MO, WTU). NEVADA. Lyon C . : Wassuk. Range, Alexander &
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Kellogg 5308 (UC, GH, UTC,RM); Mickey Wash, Pine Grove Hills,

Alexander & Kellogg 5318 (WS, UC, GH, WTU, RM); 6. 6 miles NW of

Masonic, Hoffman 3910 (UC, NY). Mineral Co. : road to Basalt, 1/2

mile N of Pinchot Creek, Duran 3262 (UC); 9 miles W of Fletcher,

Hoffman 3969 (UC).

Phacelia monoensis might be considered a pubescent version of

P. scopulina because of the similarity in sizes of the floral parts, or

as a smaller version of P. adenophora because of the pubescence pre-

sent on the filaments and inside the corolla tube. It would be unlikely

for P. monoensis to have evolved from P. scopulina as that would

entail the return of pubescence on the filaments and inside the corolla

tube from a glabrous condition. Phacelia monoensis is probably more

closely related to P. adenophora because of the similarity in floral

pubescence; both also have a conspicuous hypogynous disk, which

P. scopulina lacks. The two species differ in the size of the floral

parts, the presence of corolla scales, and the number of ovules. The

two species also occupy quite different habitats. Pha.celia.monoensis

is found in alkaline mountain meadows; P. adenophora occurs in the

sagebrush-juniper plains at lower elevations. These characters

differ consistently and easily distinguish the two species.



Phacelia sauna (A. Nels. ) J. T. Howell

Leafl. West. Bot. 4:16. 1944.

Emmenanthe foliosa M. E. Jones. Zoe 4:278. 1893. (Holotype:

M. E. Jones, Deep Creek Valley above Furber, Tooele County,

Utah. 8 June 1891. Accession Number 72887, POM! Isotypes:

DS! UC! CAS! MO! POM! US!) Not Phacelia foliosa Phil.

Anal. Mus. Nac. Chile 53. 1891.

Emmenanthe salina. A. Nels. Bull. Torr. Bot. Club 25:381. 1898.

(Holotype: A. Nelson 3105, Bitter Creek, Sweetwater County,

Wyoming. 2 June 1897. RM! Isotypes: MO! CAS! NY! GH!

US!)

Miltitzia foliosa (M. E. Jones) Brand. Das Pflanzenr. IV. 251:131.

1913.

Miltitzia salina (A. Nels. ) Rydb. Bull. Torr. Bot. Club 40:479. 1913.

Stems few to several, prostrate to ascending, pubescent,

capitate-glandular; leaves entire to pinnately lobed, hirsutulous;

flowers 5-merous; calyx-segments in flower 2-3 (4) mm long, in fruit

4-5 (6) mm long; corolla tubular, yellow, sometimes purplish-tinged,

2-3 (4) mm long, pubescent externally, glabrous internally; corolla

scales present or absent; filaments glabrous, 1.0-1.5 (2.5) mm long;

style and branches 1 mm long, style pubescent at base only, rarely

pubescent to midlength; ovules 7-10; hypogynous disk prominent;
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capsule 3-4 mm long, a.piculate, pubescent; seeds 1.1-1.5 (2.0)mm

long, transversely corrugate, corrugations 9-13.

Alkaline flats and clay slopes in southern Wyoming, western

Utah, and central and eastern Nevada (Fig. 7). May to June.

Representative specimens: NEVADA. Lander Co. : Reese

River Valley, 6 miles N of Austin, Ripley & Barneby 5926 (CAS, NY);

Railroad Pass, Ripley & Barneby 5932 (CAS). White Pine Co.: 5.1

miles S of U.S. Hwy 50 on road to Hamilton, Raven 13546 (CAS);

Little Antelope Summit, Ripley & Barneby 6262 (NY); White Pine

Mtns. below Little Antelope Summit, Ripley & Barneby 3592 (RSA,

CAS); White Pine Mtns. N of Hamilton, Ripley & Barneby 9289 (CAS).

WYOMING. Sweetwater Co.: Bitter Creek, Nelson 4786 (NY).

Phacelia salina has been considered nothing more than a form of

P. scopulina by Cronquist (1959) and even Howell (1944b) suggested

that it might be an ecologically specialized variant of P. scopulina

with smaller parts. However, its characters are quite stable over its

entire range showing no overlap with P. scopulin.a, and so it merits

species status. Its nearest relative, however, is undoubtedly

P. scopulin.a. It is one of the most rarely collected species in

Miltitzia.



Phacelia scopulina (A. Nels. ) J. T. Howell

Leafi. West. Bot. 4:16. 1944.

Stems few to several, prostrate to ascending, hirsutulous,

sparsely glandular; leaves entire to toothed to pinnately lobed, pubes-

cent; flowers 5-rnerous; calyx-segments in flower 2.5-4.0 mm long,

in fruit 5-8 (10) mm long; corolla tubular to campanulate, yellow,

becoming purplish-tinged, 3-4 (5) mm long, pubescent externally,

glabrous internally; corolla scales inconspicuous or obsolete; fila-

ments 2-3 mm long, glabrous; style and branches 1-2 mm long; ovules

9-15; hypogynous disk inconspicuous; capsule 3.5-5.0 (6.0) mm long,

pubescent; seeds 1-2 mm long, transversely corrugate, corrugations

9-12.

From southeastern Oregon to central Nevada, eastward to west-

ern Colorado and southwestern Wyoming, disjunct in southwest

Montana and north central Arizona (Fig. 9). May to July.

This is the most widely distributed species in section Miltitzia,

but traits which define this species are quite stable over its entire

range. Only two varieties are recognized which differ chiefly in the

amount of pubescence on the style and in the capsule apiculation..
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Figure 9. Distribution of Phacelia scopulina.

* Pha.celia scopulina var. scopulina

Phacelia scopulina var. submutica.
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Phacelia scopulina. A. Nels. ) J. T. Howell var. scopulina.

Emmenanthe scopulina A. Nels. Bull. Torr. Sot. Club 25:380. 1898.

(Lectotype: A. Nelson 3056, Green River, Sweetwater County,

Wyoming. 31 May 1897. RM! Isolectotypes: US! NY! MO!

GH! Syntype: A. Nelson 3026, Green River, Sweetwater

County, Wyoming. 30 May 1897. RM! US!)

Miltitzia scopulina (A. Nels. ) Rydb. Bull. Torr. Bot. Club 40:479.

1913.

Miltitzia lutea (H. & A. ) DC. var. scopulina. A. Nels.) Brand. Das

Pflanzenr. IV. 251:131. 1913.

Phacelia. lutea (H. & A.) J. T. Howell var. scopulina (A. Nels. )

Cronq. Vasc. Pls. Pacif. NW. 4:168. 1959.

Fruiting calyx 5-7 ram long; style 1-2 mm long, pubescent half

to all of its length; capsule apiculate; n=12.

Alkaline flats and slopes from southwestern Wyoming to central

Nevada, north to southeastern Oregon and adjacent Idaho, disjunct in

southwest Montana (Fig. 9). May to July.

Representative specimens: IDAHO. Owyhee Co.: 5 miles S of

Grasmere, Baker 14057 (ID); 2 miles E of Reynolds School, Bratz

B117B -78 (CIC ). MONTANA. Silver Bow Co.: Melrose, Rydberg

2771 (US, NY). NEVADA. Elko Co.: E of Wells, Eastwood & Howell

30 (CAS, DS, US); 8 miles SE of Elko, Holmgren 1106 (UTC); 25 miles

N of Wells, Holmgren 955 (UTC, CAS, UC); Cobre, Jones s. n. (POM,

CAS); Wendover, Jones s.n. (POM, RM); 10 miles N of Currie,

Ripley & Barneby 6446 (CAS, NY). Eureka Co.: S of Lone Mtn.,
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Ripley & Barneby 6203 (CAS, NY); 11 miles W of Eureka, Ripley &

Barneby 6235 (CAS, NY), Humboldt Co.: SE of Quinn River Crossing,

Ripley & Ba,rneby 4557 (CAS, RSA); southern Jackson Mtn.s. ,

Holmgren & Holmgren. 4013 (UC, US, RSA, UT C, WTU, NY). Lander

Co.: Reese River Valley, 32 miles N of Austin, Ripley & Barneby

6187 (CAS, NY). Washoe Co.: S of Vya, Constance, Bacigalupi, &

Hiroe 3636 (CAS, UC, WTU, RM). White Pine Co.: S of Layes Station,

Ripley & Barneby 6444 (CAS); Schell Creek Range, Ripley & I3arneby

6305 (CAS). OREGON. Harney C . : 30 miles NE of Denio,

Cronquist 8426 (NY); 22 miles NE of Wagontire, Howell 28717 (UC, US,

CAS, OSC, WTU, RSA, RM, WILLU); Harney Lake, Henderson 8688

(CAS, ORE); Narrows, Peck 4260 (WILLU); Wagontire, Peck 208 44

(WILLU); Trout Creek, Train 63 (US). Lake Co.: 8 miles W of

Lakeview, Peck 15243 (WILLU). Malheur Co.: Scots Butte,

Hitchcock & Muhlick 223 04 (WS, WTU, UC, NY); 15 miles SW of Rome,

Peck 25714 (WILLU); 25 miles N of McDermitt, Peck 25699 (WILLU);

24 miles SW of Rome, Peck 21768 (WILLU, CAS); 15 miles N of

McDermitt, Ripley & Barneby 9372 (CAS, NY). UTAH. Tooele Co.:

Dutch Mtn., Jones s. n. (POM). WYOMING. Lincoln Co.: 10 miles

E of Opal, Ripley & Barneby 7861 (CAS). Sublette Co.: Between

Eden and Big Piney, Payson & Payson 2576 (UC, US, POM, MO, GH,

RM, NY). Sweetwater Co.: 44 miles S of Green River, Ripley &

Barneby 7901 (CAS, NY); Green River, Nelson 4712 (UC, US, CAS, WS,
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POM, MO, GH, RM, NY); Green River, Jones s. n. (CAS, UTC , US,

POM, MO, RM, NY ); Granger, Jones s. n. (POM). Unita C . : Cum-

berland Exclosure, Fisser 21-1901 (RM).

Both Brand (1913) and Cronquist (1959) have considered

P. scopulina a variety of P. lutea, but there is, as Howell (1944b)

writes, ". . . no reason for following so conservative a procedure.

P. scopulina is very distinctive and is characterized by stable traits

over its range. The reason for submerging P. scopulina into

P. lutea is that in eastern Oregon, where their ranges overlap, plants

may appear to be intermediate; but from examination of the critical

characters of the flower parts such plants are definitely referable to

one species or the other. P. scopulina has the corolla slightly

shorter than to equalling the calyx. It rarely exceeds the calyx and

never by more than 0.5 mm. In P. lutea the corolla usually exceeds

the calyx by 0. 5 mm or more. The style in P. scopulina does not

exceed 2 mm in length while in P. lutea the style is usually over 2 mm

long. No indication of hybridization has been found.

One collection of P. scopulina which exhibits noticeable varia-

bility is Ripley & Barneby 4557 from Humboldt County, Nevada. Two

types of plants comprise this collection; one is normally pubescent

throughout, and one is essentially glabrous except for a few scattered

hairs on the leaves, calyx-segments and ovary. In this respect the

two plants show the same kind of relationship as P. lutea var. lutea

and P. lutea var. calva do to each other. Since this glabrous collec-

tion is known at this time from only one locality and collection, it is

felt that it does not deserve taxonomic recognition.



Phacelia scopulina (A. Nels. ) J. T. Howell var. submutica.

(J. T. Howell) Halse, stat. nov.

Phacelia submutica J. T. Howell. Proc. Calif. Acad. Sci. , 4th ser.

25:370. 1944. (Holotype: G. Osterhout 4458, DeBeque, Mesa

County, Colorado. 19 May 1911. Accession Number 163032.

RM! Isotype: Accession Number 70313. RM!)

Fruiting calyx 6-8 (10) mm long; style 1.0-1.5 mm long, pubes-

cent at the base; capsule not apiculate or insignificantly so.

Local endemic on clay knolls in Mesa County, Colorado, near

DeBeque, and disjunct along the Little Colorado River near Winslow,

Arizona (Fig. 9). May to June.

Representative specimens: ARIZONA. Little Colorado River

near Winslow, Newberry s. n. (NY). COLORADO. Mesa Co.:

DeBeque, Osterhout 5978 & 4726 (RM, CAS); DeBeque, Weber &

Murray 12344 (WTU, CAS, WS, UC, DS, RM, NY); DeBequ.e, Barneby

12738 (CAS, NY).

This taxon is not well enough differentiated to deserve species

recognition, but it does merit varietal status. The primary charac-

ters by which Howell (1944b) separated it from P scopulina were the

pubescence of the style and the lack of apiculation of the capsule. The

amount of pubescence on the style is not a very stable character. In
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var scopulina the style may be pubescent from one third to all of its

length and in var. submutica the style is pubescent at the base only.

The apiculation on the capsule is the best character distinguishing the

two taxa, although some intergradation is indicated; in var. submutica

the style base on the capsule may be muticious and in var. scopulina

the apiculation may be very small.

A collection of this plant from Arizona, near Winslow, forms

the basis for the reported occurrence in Arizona of P. glaberrima.

When the plant was collected by Newberry on the Ives' Expedition it

was first identified as Eutoca a.retioides. When the type description of

P. glaberimrna was written, Newberry's plant was identified as that

species. As far as is known this is the only collection from Arizona

of any species in section Miltitzia.

Phacelia tetram.era J. T. Howell

Lean. West. Bot. 4:16. 1944.

Em.menanthe pusilla Gray. Proc. Amer. Acad. 11:87. 1876.

(Lectotype: S. Watson 878, in part, Steamboat Springs, Nevada.

May. GH ! Syntype: J. Lemrnon s. n. N. W. Nevada. May

1875. GH! UC !) Not Pha.celia pusilla Buckl. Amer. Jour.

Sci. 45:172. 1843; nor Phacelia pusilla. Torr. ex Wats.

Bot. U.S. Geol. Explor. 40th Paral. 253. 1871.



Miltitzia pusilla. (Gray) Brand. Das Pflanzenr. IV. 251:132. 1913.

Miltitzia pusilla. (Gray) Brand var. flagellaris Brand. Das Pflanzenr.

IV. 251:132. (Lectotype: W. Cusick 1946, sterile alkaline

soil of the Malheur River, Oregon. 20 June 1898. US! Iso-

lectotypes: UC ! MO! RM! GH! ORE! Syntype: W. Cusick 758,

dry alkaline soil, Union County, Oregon. 1879. US! GH NY!)

Stems several, prostrate to decumbent, somewhat mat forming,

pubescent, glands present or absent; leaves entire to shallowly pin-

nately lobed, pubescent; flowers 4-merous, rarely 5-merous; calyx

segments in flower 1.5-3.0 mm long, in fruit 3.5-4.5 mm long;

corolla cam.panulate, whitish, 1.3-2.0 mm long, pubescent externally,

glabrous internally; corolla scales lacking; filaments glabrous, 1.0-

1.5 mm long; style 0.2-0.4 mm long, the branches indicated only by

an emargination at the apex of the style, glabrous; ovules 12-20 (24);

hypogynous disk inconspicuous; capsule 2.5-4.0 mm long, shortly

apiculate, pubescent; seeds 0.7-1.0 mm long, transversely corrugate,

corrugations 6-9; Z 22.

Alkaline flats, washes, and meadows of Nevada, adjacent

California, eastern Oregon and north central Utah (Fig. 10). May to

June.

Representative specimens: CALIFORNIA. Modoc Co.: valley
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Figure 10. Distribution of Phacelia tetrarnera.

* Phacelia. tetrarnera
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Meadow, W base of Benton Range, Constance & Bacigalupi 3433 (RM,

CAS, UC, WS, WTU, GH); Watterson Meadow, Halse 1386 (OSC); Long

Valley, Howell 14382 (UTC, CAS, US, RSA, OSC, GH); 3.7 miles NW of

Bridgeport, Raven 18553 (DS). Plumas Co. : Chat, Jones s.n. (POM,

CAS). NEVADA. Elko Co.: 8 miles N of Twin Bridges, Holmgren

871,871A UTC); Snow Water Lake, Ripley & Barneby 6449 (CAS,

NY). Lander Co. : Grass Valley, Ripley & Barneby 5920 (CAS, NY).

Nye Co.: Kawich Range, Beatley 12906 (RENO, RSA, UC); Eden Creek

Road, Kawich Range, Beatley & Reveal 11197 (RENO, NY, UC);

Toquina Range, Ripley & Barneby 3696 (CAS, RSA). Ormsby Co. :

Empire City, Jones 3987 (UTC, CAS, UC, POM, MO, RM, NY, US).

Washoe Co. : Washoe Lake, Jones s. n. (POM, US, CAS); Pyramid

Lake, Lemmon 27 (UC); SE of Vya, Ripley & 13arneby 6026 (NY, CAS).

OREGON. Harney C . : 2 miles SW of Narrows, Peck 13968 (WILLU);

Wagontire, Peck 20844 (WILLU); 2 miles N of Denio, Peck 25590

(WILLU). Lake Co. : 5 miles N of Alkali Lake, Howell 28736 (CAS);

Abert Lake, Peck 25073 (WILLU, CAS, UC); 8 miles W of Lakeview,

Peck 15243 (CAS, WILLU, NY). Malheur Go.: 40 miles from Fields,

Hitchcock & Muhlick 22293 (RM, UC, WS, WTU).

This species is unique in Phacelia in being 4-merous. Howell

(1944b) writes that the reduction from the usual 5-m.erous condition

seems to be due to the suppression of one part of the androecium,

calyx, and corolla rather than the union of adjacent parts. This



reduction, plus the very small sizes of the flower parts, the whitish

corolla, and the chromosome number of 2n=22, make it one of the

most specialized species in the section. It does not form part of a

distinct phylogenetic line composed of P. scopulina and P. sauna as

suggested by Howell (1944b), but instead is part of its own distinct

line, not being closely related to any other extant species.
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