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Accurate taxonomy is essential to preservation and management of native

grasses. Four problems in fescue taxonomy were investigated: the identity of the

native fescue that dominates western Oregon and Washington prairies, the relationship

of native Festuca roemeri to closely related grasses, the status of F. howellii and F.

washingtonica, and fescue identification.

The cespitose fine-leaved fescue that dominates prairies in western Oregon and

Washington had previously been identified as F. rubra. Two fescues were found to

dominate these habitats, one introduced F. rubra var. commutata, and the other native

F. roemeri. The two differed in isozymes and subtle morphological traits.

Isozymes, flow cytometry of DNA, and leaf anatomy clarified relationships

among F. idahoensis, F. roemeri. and the northwest California fescue that shares

characters with both of them. Isozyme band patterns divided them into two groups; F.

roemeri and a mixture of populations of F. idahoensis and the northwest California

fescue. All three fescues were tetraploid. All three fescues were distinguished using

leaf anatomy. Festuca roemeri and the northwest California fescue shared leaves

elliptic to obovate in cross section and usually having three sclerenchyma bands, at

margins and midrib; F. idahoensis had leaves round to hexagonal in cross section, with

five or more sclerenchyma bands, Festuca idahoensis and the northwest California

fescue had numerous long adaxial leaf hairs; F. roemeri had few and short adaxial

hairs. Leaf shape was phenotypically plastic in F. roemeri and the northwest California

fescue, but constant in F. idahoensis. Leaf sclerenchyma development was greater in

the field than greenhouse for all three fescues.
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The northwest California fescue was recognized as F. roemeri var. klamathensis

B. L. Wilson fined.

Morphometric analysis of F. howellii and F. washingtonica revealed that the

two are distinct taxa. Festuca washingtonica appeared to be a rare species endemic to

lightly grazed and ungrazed areas of eastern Washington. The F. howellii holotype was

conspecific with F. elmeri, not F. viridula as previously thought. Because F. howellii is

an earlier synonym, F. elineri must now be called F. howellii.

Identification keys were provided for identifying fertile or sterile fescues and

ryegrasses of the Pacific coast states.
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Fescue Taxonomy in the Pacific Coast States

Chapter 1: Introduction

Effective conservation and accurate ecological studies require accurate plant

identification based on consistent taxonomy. The diversity and the morphological

simplicity of fescue grasses (Festuca L.) combine to make both classification and

identification difficult. Estimates of the number of species worldwide vary from 100

(Hitchcock et al. 1969) to 450 (Maberly 1997). Perhaps this diversity of estimates

reflects the difficulty of capturing fescue variation in a single species concept (Hackel

1882). Fescues are important species in arctic and temperate areas, where they dominate

communities as diverse as alpine ridges, shrub steppe, moist prairie, and sand dunes.

Approximately a dozen species are cultivated for forage, turf, and ornamentals (Alderson

et al. 1995, Bailey et al. 1976). Weedy annual fescues (usually segregated in the genus

Vulpia C. C. Gmel.) have spread from Eurasian and North American sources to all

continents except Antarctica.

Fescues are economically important in the Pacific coast states. The most

economically important native species here are the forage grasses, including native F.

idahoensis, F. rubra, and F. viridula, and introduced F. arundinacea. The extensive root

systems of all the perennial species reduce soil erosion. Introduced V. mvuros is an

economically harmful weed, particularly in fields of perennial fescues grown for seed.

The other species of Vulpia are minor weeds and minor sources of spring forage; their

awned fruits are of minor importance as irritants to grazing livestock. Introduced Lolium

temulentum was once a common and apparently toxic weed of wheat fields, but it has

become rare due to changing methods of grain cultivation. Oregon is a major producer

of grass seed, and introduced F. arundinacea, Lolium multiflorum, and L. perenne
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account for most of that production. Oregon is one of the world's major seed-producing

areas for fine-leaved fescue (Festuca subgenus Festuca).

Which native fescue once a dominated prairies west of the Cascade Range in

Oregon? How is it distinguished from introduced taxa of F. rubra? Answers to those

questions are prerequisites for biologically accurate prairie restoration west of the

Cascades (Chapter 2). The research reported here answers those questions, and

addresses related taxonomic issues also important for restoration projects.

An initial study (Chapter 3) focused on isozyme differences between the F.

rubra-like cespitose (bunchgrass) fescue that survived in certain prairie remnants and F.

rubra cultivars, particularly cespitose Chewings Fescue (F. rubra var. comnuttata

Gaudin). The extreme isozyme differences between these morphologically similar

grasses suggested that they were different species. The prairie taxon was eventually

identified. It was not F. rubra, as had long been assumed, but F. roemeri (Pavlick) E. B.

Alexeev, a species recently described from the Puget Sound area of Washington and

British Columbia (Pavlick 1983, Alexeev 1985, Wilson 1997).

Identifying the native prairie dominant fescue was an important step toward

biologically accurate prairie restoration, but it raised more questions than it answered.

What was the relationship between F. roemeri and closely related F. idahoensis? The

cespitose fescue dominating grasslands in southwest Oregon was morphologically

intermediate between F. idahoensis and F. roemeri; what was its relationship to the other

two? Were the taxonomic status and nomenclature of F. roemeri correct? How far

could F. roemeri seed be transferred for prairie restoration without causing genetic

degradation in remnant F. roemeri populations (Millar and Libby 1989, Knapp and Rice

1990)? How could F. roemeri be distinguished from F. rubra and other fescues?

The relationship between F. idahoensis, F. roemeri, and the fescue of southwest

Oregon was addressed in two ways. Populations of F. idahoensis and the southwest

Oregon fescue were sampled for the isozyme study (Chapter 3). Leaf anatomy appeared

to provide the most consistent traits for distinguishing F. idahoensis, F. roemeri, and the

southwest Oregon fescue, but fescue leaf anatomy is phenotypically plastic. Therefore,

leaves of all three fescues were examined in a common garden, and some consistent

differences were found (Chapter 5). These two studies suggested that the southwest



3

Oregon fescues formed a third taxon, which was described as F. roemeri var.

klamathensis B. L. Wilson fined. (Chapter 5).

Results of the isozyme study (Chapter 3), combined with the discovery that all

three taxa have the same chromosome number (Chapter 4), suggest that seed can be

transferred safely throughout the range of F. roemeri var. roemeri (the typical, northern

F. roemeri) but should not be transferred among the ranges of the three taxa. Practical

difficulties in collecting pure F. roemeri var. roemeri seed were noted (Chapter 2).

These studies clarified the biological relationships among F. idahoensis, F.

roemeri var. roemeri, and F. roemeri var. klamathensis, but some purely nomenclatural

issues remained. Fescue names applied previously to F. roemeri were researched to see

if they were earlier synonyms of F. roemeri (Chapter 1). Although the authors in some

cases intended to name the plants now considered F. roemeri, none of the type

specimens were F. roemeri. However, one of the names provided interesting

nomenclatural complexities of its own. Festuca howellii Hackel ex Beal had been

referred to F. viridula Vasey (St.-Yves 1925) but the type specimens resembled F.

elmeri Scribn. and Merr. A morphometric study of these taxa plus F. washingtonica E.

B. Alexeev supported synonymizing F. eltneri with the earlier name F. howellii, and

recognizing F. washingtonica as a separate species (Chapter 7).

Once relationships and nomenclature were clarified, there remained the task of

making that information useful to those who need to identify the fescues before they can

manage them. An identification key to fescues was developed (Chapter 8). Fescue

taxonomy is in a state of confusion and flux at many levels. Developing the key required

deciding which taxa should be included in a fescue key and which species concepts to

use for fescues, questions addressed in this chapter. Also, it required making decisions

about the status and name to apply to each controversial fescue taxon: the status and

nomenclature of F.californica ssp. parishii, F. campestris, F. howellii, F. ovina, F.

roemeri, F. rubra, F. trachvphylla, and F. washingtonica remain more or less

controversial.
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THE GENUS FESTUCA AND THE FESCUE CLADE

The Festuca genus concept has been unstable since described by Linnaeus

(1753). During the subsequent century and a half, many unspecialized grasses of

subfamily Pooideae were described in or transferred into Festuca, while many fescues

were described in or transferred into Bromus, Melica, and Poa. Gradually, the

distinctions between these genera became clearer and generally accepted, and Festuca

was restricted to a single lineage (Hitchcock and Chase 1950). However, the process of

sorting out unspecialized Pooid grasses into the proper genera continues. As the

differences between major Pooid genera have become clearer, grass taxonomy has also

become more fine-grained and that has caused a different kind of instability. Portions of

the genus Festuca have been split into their own genera. Some these genera [Leucopoa

Griseb., Schedonorus P. Beauv., Vulpia C. C. Gmel., and Zerna Panz.] are in current use

(Lonard and Gould 1974, Darbyshire and Aiken 1990, Darbyshire 1993, Darbyshire and

Pav lick MS, Stace 1991).

The most revolutionary change in Festuca taxonomy results from gradual

acceptance of the close relationship between Lolium L. and part of Festuca (Darbyshire

1993 and references therein). Festuca arundinacea, F. pratensis, and other members of

Festuca subgenus Schedonorus are vegetatively similar to Lolium. Diploid Festuca

pratensis hybridizes with the Lolium species, which are diploid. Lolium and Festuca

subgenus Schedonorus species cluster together in available DNA-based phylogenies

(Bulinska-Rodomska and Lester 1988, Darbyshire and Warwick 1992, Stammers et al.

1995). The major difference between Lolium and Festuca subgenus Schedonorus is

inflorescence morphology. Lolium species have spikes, and spikelets with only one

glume; members of Festuca subgenus Schedonorus, like all other fescues, have panicles,

and spikelets with the normal two glumes. Morphometric studies unite Festuca subgenus

Schedonorus with Lolium if the study is restricted to vegetative characters (Bulinska-

Rodomska and Lester 1988), but unite it with the other Festuca subgenera (and separate

them from Lolium) if the study includes many characters of the inflorescence (Aiken et

al. 1997).
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What is the best taxonomic response to this development? The genera Festuca

and Lolium could be united. Uniting them while recognizing other segregates of Festuca

(such as Vidpiat would make the large composite genus Festuca paraphyletic, unless all

the segregates were included (Darbyshire 1992). Festuca subgenus Schedonorus could

be transferred to Lolium, as advocated by Darbyshire (1993). This would stretch the

Lolium genus concept, because Lolium has always been defined as having spikes.

Festuca subgenus Schedonorus could be transferred out of Festuca and placed in the

resurrected genus Schedonorus. That would leave the Lolium genus concept intact, but

would also maximize nomenclatural instability, particularly because well-known F.

arundinacea would become Schedonorus phoenix (Scop.) Holub. Any one of these

solutions might be welcomed if it appeared to be the final nomenclatural transfer, but

that is not the case.

Genus name stability for Festuca and its relatives probably requires (but may not

result from) a thorough understanding of fescue phylogeny. Numerous studies report

phylogenetic trees or phenograms that might be interpreted as phylogenies for Festuca

and/or Lolium (Darbyshire and Warwick 1992, Charmet et al. 1996, and references

therein). However, few adequately sample the diversity of Festuca and its close

relatives. Most include representatives of Festuca subgenus Festuca, Festuca subgenus

Schedonorus, Lolium, and Vulpia, but other subgenera and the genus Leucopoa are

important for clarifying Festuca genus limits. Studies based on morphology essentially

restate the problem in detail (Aiken et al. 1997). Two recent molecular studies include

diverse taxa in the fescue lineage. A study based on seed proteins (Aiken et al. 1998) is

intriguing, but the taxonomic usefulness of seed proteins falls off rapidly with increasing

taxonomic distance. A phylogenetic study based on chloroplast DNA included

representatives of all North American subgenera (Darbyshire & Warwick 1992). An

interesting feature of this study was the possibility that Vulpia may arise from within the

Glade that includes most Festuca. A single study with more complete sampling of both

Old World and New World subgenera would be welcome.

In my key to fescues of the Pacific Coast States (Chapter 8), I chose to include all

taxa traditionally considered fescues and all species that appear certain to be members of

the fescue Glade. These taxa are placed in the genera Festuca, Leucopoa, Lolium, and
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Vulpia. I chose to retain Festuca subgenus Schedonorus within Festuca. I agree that

realignment of the Lolium/Festuca boundary is probably necessary, but all taxonomic

alternatives to retaining Festuca subgenus Schedonorus within Festuca have drawbacks

and none has the compensatory advantage of being widely accepted.

Approximately 30 species of fescue and allies occur in the Pacific states (Chapter

8). Native species include thirteen species of Festuca, one of Leucopoa, and two of

Vulpia. Naturalized Eurasian taxa include six species of Festuca, two of Vulpia, and

four of Lolium. Additional species of Festuca are widely planted and at least one of

these may become naturalized. Fescues occur in forests, but are more important

components of grassland habitats from coastal headlands to alpine meadows; F.

idahoensis is one of the dominant bunchgrasses in forests, shrub steppes, and grasslands

of eastern Washington, eastern Oregon, and northeast California. Three native fescues

appear rare in the region as a whole (F. brachyphylla, F. minutiflora, and F.

washingtonica). Festuca californica, F. roemeri, and F. washingtonica are endemic to

the Pacific coast states plus British Columbia. There is reason to believe that all native

grassland taxa have declined in abundance since European settlement (Habeck 1961,

1962), but such changes have been obscured by misidentification.

THE FESCUE SPECIES

Two incompatible species concepts are in current use in the genus Festuca. One

is a natural or biological species concept, based on morphology, ecology, geography, and

chromosome number. A century ago, this method produced relatively few, broadly

defined taxa in Festuca. Now that species definitions have narrowed, it produces large

numbers of finely split taxa. The second species concept is a practical method for

classifying cultivars. It is based on chromosome number, growth habit, morphology, and

it unites populations into few, broad groups.

European grass expert Eduard Hackel (1882) described the problem facing the

fescue taxonomist attempting to apply a natural or biological species concept. Fescues

display a hierarchy of variation far more complicated than can be accommodated in the
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Linnean system. Should one use broad taxon concepts and ignore important variation

within those taxa? Or should one use taxon concepts so narrow that all members are

uniform, and thus lose track of the similarities among those taxa? Hackel produced a

complicated multi-tiered taxonomic system which most later authors found unworkable,

although it was extended by St.-Yves (1925). Current practice is to recognize more

species and to avoid Hackel's proliferation of intraspecific taxonomic ranks. Most

currently recognized Festuca taxa occupy a single ecological niche and are characterized

by a single chromosome number. Morphological differences among taxa are subtle and

identification is difficult.

Festuca ovina provides an extreme example of the changing breadth of the fescue

species concept. What Hackel (1882) recognized as a single variable species was

recognized in 1980 as 92 species in Europe alone (Margraf-Dannenberg 1980, Wilkinson

and Stace 1991). The increase resulted from both the elevation of Hackel's terminal taxa

to species rank and the description of new species in F. ovina sensu lato. In the Pacific

Northwest, Hackel's broad F. ovina species concept once included what are treated here

as 8 native taxa (F. batfinensis, F. brachyphylla, F. idahoensis, F. minutillora, F.

occidentalis, F. roemeri var. roemeri, F. roemeri var. klamathensis, and F.

saximontana). The eight native members of the F. ovina complex differ in habitat; four

are alpine, one arows in forests, and the remaining three inhabit mesic to arid grasslands.

The eight also differ in morphology. The relatively distinct F. idahoensis (including F.

roemeri) and F. occidentalis were excluded from F. ovina early in this century (Abrams

1940, Piper 1906), but Hitchcock et al. (1969) recognized three of the alpine taxa as F.

ovina var. brevifolia (S. Watson) Hackel and F. ovina var. tvdbergii St.-Yves. Hackel

himself would have recognized our eight native taxa at some taxonomic level within his

F. ovina species concept.

Plant breeders have found recognition of finely split, difficult to identify,

geographically coherent fescue taxa unsuited to their needs. Geography is a useless clue

when they move plants around; the morphological boundaries become trivial if the taxa

interbreed in cultivation; and turfgrass breeders need to be able to name sterile grasses

but most taxonomic traits are in the inflorescence. Grass breeders have championed a

simplified taxonomy based in part on chromosome number and growth habit
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(Duyvendak et al. 1981, Harland & de Wet 1971). This taxonomy can be applied to

sterile plants, can unambiguously classify plants of hybrid origin, conveys useful

information about what crosses are likely to produce seed, and is to some extent

correlated with morphology.

The cultivar categories based on chromosome number are incompatible with

traditional fescue taxonomy. They ignore subtle morphological and ecological

distinctions. They lump populations that share chromosome number but not

phylogenetic history [e.g. the "Azay" cultivar ofF. huonii is lumped in F. trachyphylla

(Huff and Palazzo 1998)]. Those advocating the use of cultivar categories for F. rubra

carefully distinguished them from traditional taxa (Duyvendak et al. 1981), but

taxonomic names have become associated with these categories. Strong-creeping

octoploid plants are referred to as F. rubra var. rubra, slender-creeping hexaploids as F.

rubra var. litoralis (G. Mey.) Auquier, and cespitose hexaploids as F. rubra var.

commutata. The plants given those names by traditional taxonomists do fall into those

cultivar categories, but many cultivars placed in those three simple categories are

probably not members of those taxa.

[Taxonomic note: Festuca rubra var. litoralis (G. Mey.) Auquier is a European

grass. The name F. rubra var. littoralis Vasey ex Beal refers to our native coastal plants

(Hitchcock et al. 1969), but it is invalid.]

I prefer to apply traditional narrow species concepts to Pacific coast fescues. The

taxa I recognize appear morphologically and ecologically distinct in the Pacific coast

states. Their differences are sometimes subtle but appear consistent. However, the F.

rubra complex presents an unusually complex and inconsistent pattern of morphological

variation (Dube and Morisset 1987). I recognize all members of the complex as

intraspecific taxa within F. rubra, rather than as species. The cespitose individuals that I

call F. rubra var. commutata are all similar morphologically and appear to constitute a

single taxon in the traditional sense. I use the names F. rubra var. litoralis (G. Mey.)

Auquier and F. rubra var. rubra in the sense of cultivar categories.
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THE CASE OF FESTUCA ROEMERI

The research reported here emphasizes Festuca roemeri, a prairie dominant west

of the Cascade Range and Sierra Nevada. The taxonomic rank applied to this grass

depends on the species concept applied. Festuca roemeri is similar to F. idahoensis.

The two grasses could be recognized as intraspecific taxa within one species. However,

the grasses differ in habitat, range, morphology, and isozyme patterns (Pavlick 1983, this

study). Therefore, recognizing them as separate species would be appropriate, in the

context of the fine discrimination among fescue taxa that is current practice (Margraf-

Dannenberg 1980, Wilkinson and Stace 1991). The following taxonomic combinations

for this taxon have been published:

Festuca idahoensis Elmer var. roemeri Pavlick, 1983, Canadian Journal of Botany

61:350. TYPE: Pavlick 78-233, Canada, British Columbia, Vancouver Island,

Mt. Finlayson, 28 June 1978. Holotype: V. F. roemeri (Pavlick) E. B. Alexeev,

1985, Novost. Sist. Vyssh. Rast. (Leningrad) 22:32. F. idahoensis ssp. roemeri

(Pavlick) S. G. Aiken 1998, Canadian Journal of Botany 76: 179

A second taxonomic question about this grass is purely nomenclatural. Festuca

roemeri was described only recently, as F. idahoensis var. roemeri (Pavlick 1983). In

over a century of botany in the Pacific coast states, did no one provide a name for this

common fescue? Certain names published before 1983 have been applied to the plants

now called F. roemeri in western Washington and western Oregon. If their type

specimens were F. roemeri, these names would have priority over the name roemeri,

either at the species or intraspecific level. The following names have been applied to F.

roemeri:

Festuca idahoensis Elmer, Bot. Gaz. 36: 53. 1903. F. amethvstina L. var. asperrima

Hack. ex Beal subvar. idahoensis (Elmer) St.-Yves, Candollea 2:260. 1925.

(Abrams 688, Smith's Valley, Shoshone County, Idaho, July, 1990)
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Festuca amethvstina L. var. asperrima Hack. ex Beal subvar. robusta St.-Yves,

Cando llea 2: 264. 1925. pro pane. Type: Piper 2410, Blue Mountains,

Walla Walla County, Washington, July 1891; Isotype US!

Festuca idahoensis Elmer var. oregona (Hack.) C. L. Hitchcock, Hitchcock et al. 1963,

p. 557. F. ovina L. var. oregona Hack. ex Beal, Grasses N. Am. 2: 599. Type:

Cusick 753, Oregon, in 1884; isotype US!

Festuca oregona Vasey, Bot. Gaz. 2:126. 1877, as understood by Piper (1906) citing

Oregon World's Fair Commission s.n., 1892, as the type; not as described by

Vasey with the type Anon, no data; holotype fragment at US!

Festuca ovina var. ingrata Hack. ex Beal, Grasses N. Am. 2:598. 1896. Festuca ingrata

(Hack. ex Beal) Rydb., Bull. Torrey Club 32:608. 1905. Type: T. J. Howell 23,

Oregon, in 1880; isotype US!

Application of these names to F. roemeri as currently understood might

appropriate, depending on the type specimens chosen for these names. Results of

research into these names follows:

Festuca amethystina L. var. asperrima Hack. ex Beal subvar. robusta St.-

Yves. The leaf cross section illustrated for this plant has three sclerenchyma bundles and

probably represents F. roemeri (St.-Yves 1925 p. 264). Saint-Yves comments "Differs

profoundly from subvar. idahoensis in its leaf anatomy, but resembles the variety

asperrima in all other characters" [translated by BLW]. That would be an excellent

description of F. roemeri. However, the list of specimens examined (syntypes) includes

specimens from beyond the known range of F. roemeri. Festuca amethvstina var.

asperrima subvar. robusta was effectively lectotypified with the first in the list (Piper

2410, Blue Mountains, WallaWalla County, Washington) (Hitchcock & Chase 1950).

However, Piper 2410 was collected far from the range of F. roemeri and appears to be F.

idahoensis (pers. obs.). Because Piper 2410 is not F. roemeri, the name F. amethystina

var. asperrima subvar. robusta does not apply to F. roemeri.

Festuca idahoensis Elmer. The name F. idahoensis was applied to F. roemeri

until the latter was segregated from it (Pavlick 1983). St.-Yves apparently understood

this concept to include F. roemeri, because he listed Vancouver as in its range, and one
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of the four leaf cross section illustrations (St.-Yves 1925 p. 261) appears to depict a F.

roemeri leaf.

Festuca idahoensis Elmer var. ingrata Hackel ex Beal. The vague locality

information provided with this type specimen ("Oregon") suggests that it is might be F.

roemeri, but the type specimen (Fig. 1.1) is a pubescent example of F. idahoensis.

Therefore, the name is a synonym of F. idahoensis sensu stricto, not of F. roemeri

(Pavlick 983, B. Wilson, pers. obs.).

Festuca idahoensis Elmer var. oregona (Hack. ex Beal) C. L. Hitchcock.

Hitchcock clearly intended this name to apply to the same plants Pavlick (1983) named

F. idahoensis var. roemeri, because the plant's range is described as "alpine and

subalpine in w. Wash. and Oreg., to montane in s. w. Oreg. and adj. Calif." (Hitchcock et

al. 1963, p. 579). Grasslands in these areas are often dominated by F. roemeri.

However, the type specimen (Cusick 753, Oregon, in 1884; Fig. 1.1) is a short-morph

plant of F. idahoensis (Pavlick 1983, B. Wilson, pers. obs.).

Festuca oregona Vasey. When eager young agrostologist George Vasey

attended Oregon's display of native grasses at the U.S. Centennial Exhibition in

Philadelphia in 1876, he secured a number of specimens. His resulting publication

included the description of a new species, F. oregona (Vasey 1877).

Piper annotated two collections (Oregon World's Fair Commission S.17., 1892;

Fig. 1.1) as types of F. oregona, and his judgement has been accepted by subsequent

authors (Piper 1906, Hitchcock & Chase 1950, Hitchcock et al. 1963). These specimens

are typical of F. roemeri as it grows in Oregon's Willamette Valley (pers. obs.).

However, these lectotypes were collected fifteen years after the U.S. Centennial

Exhibition that Vasey attended, and do not match Vasey's description of F. oregona.

What is F. oregona? Rob Soreng found a specimen (now at US) from the

herbarium of C. Mohr of Mobile. Alabama, labeled "Festuca Oregona. Ex herb. Vasev"

(Fig. 1.1). This specimen consists of a single cuim with inflorescence. It is apparently a

holotype fragment. It has the form one would expect of a stem taken from a sheaf

exhibited at a fair; it has no base. Its measurements match Vasey's meticulous

description. Soreng annotated the specimen as Poa secunda J. Presl. Festuca oregona is

a synonym of Poa secunda, not F. roemeri.
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Figure 1.1. Spike lets of type specimens relevant to the nomenclature of F. roemeri. A-B
Cusick 753, type of F. idahoensis var. oregona. C World's Fair Commission s.n.,

lectotype of Festuca oregona. D-E Howell 23, type of Festuca ovina var. ingrata. E
Anonymous, s.n., type of Festuca oregona. Scale bars = 1 mm.
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In conclusion, earlier botanists were aware of a distinctive fescue in the

grasslands of western Oregon and Washington. However, the type specimens for most

of the names applied to this grass were other species. Therefore, this grass was not

validly named before Pavlick (1983) described F. roemeri. Isozyme characteristics,

chromosome number, leaf plasticity, and intraspecific nomenclature of F. roemeri are

described here (Chapters 2 6).
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Chapter 2: A "New" Native Fescue of Western Oregon Prairies

Barbara L. Wilson, Department of Botany and Plant Pathology, Oregon State University

ABSTRACT

Preserving genotypes of the native dominant fescues is one of the goals of Oregon

prairie management. Red Fescue (Festuca rubra) has long been accepted as the native

fescue in western Oregon prairies, but Eurasian Red Fescues have been introduced

extensively. The goal of this study was to determine ways of distinguishing native from

introduced fescues. Two species of fescue were found dominating western Oregon

prairies. The upland species is the Pacific Northwest endemic Roemer's Fescue (F.

roemeri), in which distinct northern and southern populations can be distinguished. The

lowland species appears to be introduced Chewings Fescue (F. rubra var. commutata).

Morphological characters for differentiating the two species are provided. Questions

remain about the appropriate taxonomic rank for recognizing the fescue that can be

called F. roemeri. In order to preserve native genotypes, F. roemeri seed should be used

for western Oregon prairie restoration projects. Seed should not be moved between

southwest Oregon and more northerly sites. For practical reasons, however, F. rubra

var. commutata may be an acceptable substitute in some restoration projects.

Key Words: Festuca idahoensis var. roemeri, Festuca rubra var. commutata, native

prairie restoration, Poaceae
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INTRODUCTION

Red Fescue (Festuca rttbra L.) has long been accepted as the dominant native

grass of western Oregon's upland grasslands (Franklin & Dyrness, 1973). However,

intentional introductions of Eurasian Red Fescues probably began by 1872, when

Simeon Reed brought forage grasses from Scotland to the Portland area (Olsen 1971).

For decades, Eurasian Red Fescues have been grown in western Oregon for forage,

erosion control, sand dune stabilization, lawns, sporting fields, and grass seed production

(Aiken, MS; G. P. Chewings, unpbl. MS; K. Doerfler, pers. comm.; Reynolds 1977;

Schwendiman 1977).

Festuca rubra in the broad sense is a polyploid complex that includes

innumerable ecotypes and cultivars. Populations are morphologically diverse, and taxa

named on morphological grounds do not correspond well with those suggested by

chromosome number (Duyvendak et al., 1981). Various populations in the Red Fescue

complex have been recognized at the level of species, subspecies, and varieties. Both

rhizomatous and cespitose members of this complex grow in western Oregon.

Needing native fescue seed for prairie restoration projects, Ed Alverson, of The

Nature Conservancy, Eugene, Oregon, became concerned about subtle morphological

differences among western Oregon's fescue populations. Did they represent introduced

genotypes? How could native genotypes be distinguished from introduced ones?

During the initial part of this study, isozyme mobility data was collected from

several Oregon fescue populations, using the methods of Soltis et al. (1983) and Wendel

and Weeden (1989). Fixed differences in isozyme mobility at 50 % of the 20 loci

resolved (unpubl. data) divided the cespitose "Red" fescues of western Oregon into two

forms. One grew in relatively undisturbed upland sites and the other in disturbed, mostly

lowland sites. Despite the great difference in isozyme mobility, the two fescues were

morphologically similar.

Taxonomy of these two fescues and morphological methods for distinguishing

between them are the focus of this report.
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METHODS

Fine-leaved fescues were collected in the Oregon's Willamette Valley, Coast

Range, and Klamath Region (Wilson collections cited in Table 2.1) and the Puget Sound

area of Washington. Voucher specimens were deposited at Oregon State University

(OSC). Fescues from thirteen of these sites (Table 2.1, plus Willow Creek Preserve,

Dorena Prairie, both in Lane County), plus F. rubra var. commutata cultivars, were

divided into two groups based on isozyme mobility (unpubl. data).

These specimens and accessioned specimens at the herbaria at Oregon State

University (OSC), University of Oregon (ORE), Willamette University (WILLU), and

University of Washington (WTU) were identified using a variety of fescue keys (Aiken

1998; Aiken & Darbyshire 1990; Hitchcock & Chase 1950; Hitchcock et al. 1969;

Pavlick 1985; Tutin et al. 1980). Because results of this effort were ambiguous,

specimens of both forms were sent to fescue researchers Susan Aiken (Canada Museum

of Nature), Martin Dub& (Universite du MonctOn, New Brunswick Province), and Leon

Pavlick (British Columbia Royal Provincial Museum) for identification.

Leaf cross sections are useful for identifying the species of fine-leaved fescues

(Aiken & Consaul 1995). Leaf cross sections were cut by hand from the center portion

of mature innovation leaves (those not on culms) of pressed specimens and plants grown

in the greenhouse. The unstained sections were examined under a compound

microscope at 100X and drawn freehand.

RESULTS

Fescues of the two forms revealed by differences in isozyme mobility are

superficially similar. They are cespitose plants of similar size and appearance. Both

have decumbent shoot bases, usually glabrous leaf sheaths, and awned lemmas.

Differences in inflorescence morphology are obscured by the changes that accompany

maturation. Although these plants look alike, they are members of two different species

in different complexes in the Festuca subgenus Festuca.



18

Table 2.1. Festuca roemeri specimens examined during this study. All are in the
herbaria (ORE, OSC, and WILLU) at Corvallis, Oregon. Specimens marked with a "+"
are vouchers for populations sampled for isozyme analysis. * = Township and range data
not on the specimen label; supplied by the author

Collection
BENTON COUNTY
Chambers 5450
Detling 7028
Lawrence 1592
Lawrence 1633
Lawrence 1645
Schoth s.n.
+Wilson 5941
+Wilson 7028
+Wilson 7378
+Wilson 7719
+Wilson 7835
+Wilson 7916

Date Location TRS

CLACKAMAS COUNTY
Scofield s.n.

CURRY COUNTY
Henderson 10324
Leach 2478

DOUGLAS COUNTY
Fredricks 278
Peck 4480

JACKSON COUNTY
Dennis 1085
Henderson 13344
Jeffers 61
Leiberg 4096
Peck 4470
Peck 9297
Peck 9307
Sipe s.n.
Waring 310
Wilson 6910

3-Jun-1989
10-Jul-1951
5-Jun-1918
5-Jun-1918
7-Jun-1918
10-Sep-1934
28-May-1993
15-Jun-1994
3-Aug-1994
12-Jun- I 995
26-Jun-1995
16-Jul-1995

McDonald Forest
Mary's Peak
Baldie, Corvallis
Baldie. Corvallis
Baldie, Corvallis
Mary's Peak
Bald Hill. Corvallis
Bald Hill, Corvallis
Mary's Peak
Wren Prairie
Carlson Prairie
Maxfield Creek

T1 1S
T I 2S
T22S
T11S
TI1S
T12S
TI1S
TI1S
T12S
Ti IS
T I OS

T I OS

R5W
R7W
R5 W
R5 W
R5W
R7W
R5W
R5 W
R7W
R6W
R5W
R5 W

S31
S31
S21
S28
S23
S19

7-Jun-1994 Table Rock Wilderness T7S R4E S18

5-Jun-1929
23-Jun-1929

10-Jun-1984
1-Aug-1916

6-Jul-1950
9-Jun-1930
23-Jun-1955
18 July 1899
17-Jul-1913
28-Jun-I909
19-Jul-1913
23-Jun-1930
22-Aug-1963
27-May-1994

Carpenterville
Snow Camp

SE of Glide
Rogue-Umpqua Divide

Ashland Peak
Rogue River at Elk Creek
T4OS

Lower Applegate Creek
Grizzly Peak
Woodville
Mount Ashland
Union Creek
Big Red Mountain
Beaver Creek

T39S R I4W *

T26S R3W S34
T3OS R3W *

T4OS
T36S
R2W

R1E
R1W
S7

T4OS R4E

T4OS
T315
T4OS
T4OS

R1E
R3E
R1W
R3W

*

*

S33
S9
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Table 2.1, Continued.

Collection Date Location TRS

JOSEPHINE COUNTY
Chambers 3947
Fredricks 285
Henderson 13339
Henderson 5949
Kagan 5118301-2
Shelley 696
White/Lillico 187
White/Lillico 210
White/Lillico 289
White/Lillico 319
White/Lillico 322
White/Lillico 336
Wilson 6834

LANE COUNTY
Alverson 1605
Christy 2240
Detling 6848
Henderson 18706
Henderson s.n.
Strel (BLW 7676)
Wagner 1279
+Wilson 7081

LINCOLN COUNTY
+Wilson 7135
+Wilson 7136

LINN COUNTY
Franklin & Dyrness 16
Wilson 7777

MARION COUNTY
Nelson 655
Nelson s.n.
Peck 7852

POLK COUNTY
+Wilson 7725

11-May-1974
II-Jun-1984
13-Jul-1930
I I -Apr-1969
11-May-1983
9-May-1984
7-Jun-1969
8-Jun-1969
20-Jun-1969
21- Jul -1969
21 -Jul -1969
26-Jul-1969
15-May-1994

9-Jun-1993
14-Jun-1978
25-May-1951
6-Jun-1938
9-Aug-1927
21-May-1995
14-Jun-1977
29-Jun-1994

29-Jun-1994
29-Jun-1994

20-Jun-1966
14-Jun-1995

7-Jun- I 916
24-Jun-1915
2I-May-1910

Fiddler Mountain
Illinois River Valley
Grayback Mountain
Selma
Eight Dollar Mtn.
O'Brien
Illinois River Valley
Illinois River Valley
Onion Mountain R.
Hoover Gulch Trail
Hoover Gulch Trail
Whetstone Butte
Sexton Mountain

Greenhill Savanna
Blue Rock
Coburg Ridge
Jasper
Bohemia Mountain
Row Point
Horse Rock Ridge
Coburg Ridge

Cape Perpetua
Cape Perpetua

Frissell Point
Kingston Prairie

Salem
Salem
Salem

T38S R8W
T38S R8W S30
T39S R5W
T38S R8W
T38S R8W
T41S R9W S4
T37S R9W S34
T38S R9W S2
T36S R8W S4
T38S R9W S30
T38S R9W S30
T38S R9W S30
T34S R6W S23

TI8S R4W S6
T21S R2W S33
T17S R3W Si
T18S R2W
T23S R I E

T2OS R2W S33
T15S R2W SI
T17S R3W S12

T15S R12W S3
T15S R12W S3

TI55 R6E S33
T9S R1E S19

T7S R3 W *

T7S R3W *

T7S R3 W *

15-Jun-1995 Baskett Butte T7S R5W S14
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The fescues of disturbed lowlands are members of the Festuca rubra complex.

In both morphology and isozyme profiles, these plants resemble Chewings Fescue (F.

rubra var. commutata Gaudin = F. nigrescens Lam.), a cultivar developed in New

Zealand in the 1880's and first shipped to North America in 1890 (G. P. Chewings,

unpubl. MS).

The similar cespitose fescue of less-disturbed uplands is not a Red Fescue at all,

but rather the recently described Roemer's Fescue (Pavlick 1983), a member of the F.

idahoensis Elmer complex. Roemer's Fescue can be considered F. idahoensis var.

roemeri Pavlick or F. roemeri (Pavlick) Alexeev (Alexeev 1982). In this paper I am

using the shorter name F. roemeri, but the plant's taxonomic status is not settled. This

native taxon is endemic to the Pacific Northwest, west of the Cascade Range.

Identifying these fescues with published keys is difficult or impossible. Once

characters are interpreted correctly and taxonomic changes are understood, a basic

problem remains; no published key explicitly includes all the taxa occurring in Oregon.

The two dominant western Oregon fescues, F. roemeri and F. rubra var. commutata, are

usually missing.

The situation is more confusing because, for easily seen traits, these two species

have character states atypical for members of their species complexes (Table 2.2).

Festuca rubra var. commutata differs from typical F. rubra so as to resemble F.

idahoensis. Populations of F. roemeri differ from typical F. idahoensis so as to resemble

F. rubra. Therefore, F. roemeri and F. rubra var. commutata do not fit well in keys

designed for their more typical relatives.

Despite this problem, several morphological characters distinguish F. roemeri

and F. rubra var. commutata (Table 2.3). Certain measurements and anatomical traits

separate the plants well in the herbarium. These include lemma measurements, leaf

sheath margins, and leaf sclerenchyma bands as seen in cross section. However, the

botanist in the field may need to rely on traits that can be seen at arm's length, although

th edistinctions are more subtle. Such traits include foliage color, color and texture of

the leaf sheaths, and density of the inflorescence. Problems with some of these traits are

discussed below.
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Table 2.2. Festttca rubra var. commutata and the northern form of F. roemeri look
superficially alike. They differ from the taxa with which they may be conspecific in
ways that make them resemble each other.

Character

Habit

Leaf color

Leaf width
7mm

F. rubra, s. 1. F. rubra var.
commutata

F. roemeri F. irlahoensis s. str.

Leaf sheath hairs

Leaf sheath color

Lemma awns

more or less
rhizomatous

green

moderate:

0.65 1.25mm

retrorse hairs

red to brown

short : 0.3-
3 .5 (5) mm

cespitose; cespitose;
decumbent base decumbent base

green

moderate:

0.4 -- 1.0 mm

glabrous, or
scabrous

red to brown

medium; 1
3 mm

green or glaucous

moderate;

0.7 1.2 mm

glabrous, or
spreading hairs

green to tan
or red or brown

medium; 2 - 4
(-5) mm

cespitose, erect

glaucous or green

narrow: 0.5 0.

glabrous, or
spreading hairs

green to tan or
brown

medium: 1 6

(- 7) ram

Table 2.3. Morphological traits differentiating F. rubra var. commutata from F. roemeri

Trait F. rubra var. commutata F. roemeri

Leaf sheaths

Leaf sheath margins

Leaf sclerenchyma
band width

Leaf sclerenchyma
band number

Outer (abaxial) leaf surface

Number of veins

Inflorescence
pedicels

lemma length

reddish to brown and
shredding to fibers

closed: margins fused

bands < 2x as
broad as thick

5 or more

slightly ribbed

7 or more

more condensed
shorter than spikelets

4.0-5.6 (-6.2) mm

paler, tan to brown.
remaining relatively intact

open in upper half:
margins overlapping

bands > 2x as
broad as thick

3 or more than 3

slightly ribbed or smooth

5 9, usually 7

more open
longer than spikelets

(5.4) 5.8-8.0 mm
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Macromorphological characters: In F. rubra var. commutata, pedicels are

shorter than the spikelets; in F. roemeri, at least some of the pedicels are longer than the

spikelets. Therefore, inflorescences of F. rubra var. commutata look more dense than

those of F. roemeri. However, this trait can be obscured by changes that occur during

ontogeny. Every young inflorescence has strongly appressed branches. At anthesis the

branches spread widely. After anthesis, the inflorescence branches often become

appressed again, although the lowest branches may remain spreading in either species.

Even sterile specimens of F. roemeri and F. rubra var. commutata can be

distinguished by differences in leaf sheath texture and color. Festuca rubra var.

commutata has red to brown sheaths. The sheaths tend to shred into fibers, though less

so than most forms of F. rubra. Festuca roemeri has tan to paler brown sheaths, which

are sometimes somewhat reddish. Festuca roemeri sheaths are relatively persistent but

often split between the fibers and occasionally shred. This difference is difficult to

explain, but it is real and, with experience, useful in the field.

Microscopic characters: The longest lemmas of F. roemeri are usually 1 to 3

millimeters longer than those of wild-collected F. rubra var. commutata (Table 2.1).

However, the largest F. rubra cultivars, as well as rhizomatous, wild-collected forms of

F. rubra, have lemmas as large as the smaller lemmas of F. roemeri, so this trait should

be used with caution.

Leaf sheath margins provide a useful taxonomic trait, but the difference is

difficult to see accurately. Sheaths of F. roemeri are open, at least in the upper half, and

their margins overlap (Fig. 2.1, J). However, margins of dried specimens are sometimes

so tightly wrapped that they appear closed. More important, the closed sheaths of F.

rubra (Fig. 2.1, E) split as the leaf within grows out, or sometimes as a result of the

observer's manipulations. Therefore, leaf sheath closure on dried specimens is most

accurately assessed by making a cross section of the sheath of the youngest mature leaf

of a shoot. With a hand lens, a plentiful supply of fescue shoots, and patience, this

character can be observed in the field.

Leaf cross sections form a powerful tool for distinguishing F. roemeri from F.

rubra. Typical F. rubra var. commutata leaf cross sections have narrow leaf

sclerenchyma bands, up to twice as wide as thick (Fig. 2.1, A-E). They always have five
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Figure 2.1. Cross sections of fescue leaves. A-E: Cespitose Festuca rubra. A-C and D:
F. r. v. commutata from Benton County. D: F. rubra from serpentine substrate in
Josephine County; note huge outer sclerenchyma bundles which fuse. E: young F. r. v.
commutata leaf in closed sheath. F-J: F. roemeri from the Willamette Valley and coast.
F: typical leaf cross section. H-J: leaves with heavy sclerenchyma, from drought-
stressed sites. J: F. roemeri leaf with heavy sclerenchyma from coastal headland, in
open sheath; note overlapping sheath margins. K-0: F. roemeri from Jackson and
Josephine Counties. K: granitic substrate. L-0: ultramafic substrates. 0: young F.
roemeri leaf in open sheath. P-R: F. idahoensis. R: F. idahoensis in open leaf sheath.
S-T: F. occidentalis. T: young F. occidentalis leaf in open sheath; note overlapping
sheath margins. See Appendix I for list of specimens from which the illustrations were
drawn.
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Figure 2.1, continued
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or more sclerenchyma bands. Plants from very dry or windy environments have

enlarged sclerenchyma bands. On serpentine substrates, the outer (marginal) two

sclerenchyma

bands on each side of the leaf often fuse, producing a single band that is wider than thick

(Fig. 2.1, D); such plants can be confusing.

Festuca roemeri leaf cross sections have leaf sclerenchyma bands wider than

thick (Fig. 2.1, F-N). Leaves often have only three sclerenchyma bands, located at the

midrib and margins, but may have more.

Fescue populations that dominate the herb layer under Pinus jeffreyi in the

Klamath Range have short, coarse, strongly glaucous leaves. Their leaf cross sections

(Fig. 2.1, K-0) differ from those of typical (more northern) F. roemeri because they

have longer hairs on the upper (adaxial) surface, usually have fewer (5) veins, and

typically have more extensive leaf sclerenchyma bands.

Nomenclature: The correct name for F. roemeri is not certain. Two earlier

names may have priority over F. idahoensis var. roemeri and F. roemeri.

The name F. idahoensis var. oregona is meant to apply to the short, glaucous F.

roemeri of the Klamath Range and ridges in the Olympic Mountains (Hitchcock et al.

1969), plants here interpreted as F. roemeri. Festuca idahoensis var. oregona would

have priority over F. idahoensis var. roemeri if its type specimen were a member of F.

roemeri. However, (Cusick 753, collected in Oregon in 1884), is a short-morph plant of

F. idahoensis s. str. therefore, the name F. i. v. oregona does not apply to the plants here

called F. roemeri.

Alexeev (1982) has revived the name Festuca oregana Vasey for certain plants

of the Pacific Northwest. A duplicate of a plant he reported as F. oregana (Kruckeberg

1861; Josephine County, Oregon) was examined at WTU and found to be the Klamath

Range form of F. roemeri. The name F. oregona would have priority over F. roemeri, if

the type specimen were F. roemeri. The collection (Oregon World's Fair commission

s.n., collected in Oregon in 1892) cited as the type (Hitchcock et al., 1969) is a specimen

of F. roemeri, but it is not the holotype, which was collected for Oregon's U.S.

Centennial Exhibit in 1876 (Vasey 1877). Vasey's description (Vasey 1877) does not
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match the Oregon World's Fair specimen. Therefore, the name F. oregona appears not

to apply to the plants here called F. roemeri.

A more difficult question about the nomenclature of this grass remains. Should

F. roemeri be recognized as a species, or is it better treated as a variety of F. idahoensis?

That issue is under study.

Ecology: Herbarium specimens, published records (Pav lick 1983) and

collections made for this study indicate that F. roemeri occurs from southern British

Columbia to northern California, entirely west of the Cascade Range (Fig. 2.2). Records

from south of Douglas County are of the Klamath Range form.

Two or more members of Festuca subgenus Festuca frequently grow at the same

locality (e.g. Fig. 2.1, A & I, B & F, and C & G). When growing together, the fescue

species are usually separated by habitat. Festuca roemeri grows in dry, sunny uplands,

while F. rubra var. commutata grows in more mesic sites in sun or open shade and F.

occidentalis Hooker grows in shade or partial shade. The native species F. roemeri and

F. occidentalis are clearly separated by habitat (although populations sometimes grow

adjacent to one another) but F. rubra var. commutata habitats overlap those of the other

two to some extent. In addition, lowland prairies occupied by F. rubra var. commutata

are sometimes also inhabited by more or less rhizomatous forms of F. rubra.

Both F. roemeri and F. rubra var. commutata appear compatible with native

prairie species. A prairie forb of particular ecological importance in Willamette Valley

prairies is the rare Kincaid's Lupine, Lupinus sulphureus Dougl. ssp. kincaidii (Smith)

Hitchc., which is crucial for preservation of the rare Fender's Blue Butterfly, Icaria

icarioides (Boisduval) fenderi (Macy) (Hammond & Wilson 1993). Festuca roemeri is a

dominant in Fender's Blue habitat at Baskett Butte (Polk County), and F. rubra var.

commutata is an important component of Fender's Blue habitat at Willow Creek Preserve

(Lane County).

When growing together, F. roemeri and F. rubra var. commutata differ in

phenology. On July 6, 1994, F. roemeri at a remnant of Yelm Prairie (Thurston County,

Washington) had ripe seed while F. rubra was at or shortly after anthesis. In contrast,

on August 3, 1994, F. rubra at Mary's Peak (Benton County, Oregon) had ripe seed

while F. roemeri was shortly past anthesis. Phenology differences may obscure the
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Figure 2.2. Distribution of Festuca roemeri in Oregon. Map based on the specimens
listed in Table 2.3. Except for the record in northeast Jackson County, plants collected in
Curry, Jackson, and Josephine Counties represent the Klamath Region form. Base map
from Oregon Natural Heritage Program (1994). Ecoregions: BM = Blue, Ochoco, and
Wallowa Mountains, BR = Basin and Range, CB = Columbia Basin, CR = Coast Range,
EC = East Cascade Mountains, HP = High Lava Plains, KM = Klamath Region, OU =
Owyhee Uplands, WC = West Cascade Mountains, WV = Willamette Valley.
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sympatry of fescue species; the observer typically collects flowering specimens, which

may not be conspecific with immature or overmature plants nearby.

DISCUSSION

This study highlights the overwhelming importance of basic taxonomic research

to conservation biology, and provides a model for cooperation between taxonomists and

ecologists. Accurate taxonomy is essential to restoration or maintenance of native

genotypes. The "Red Fescues" once widely believed to be the native dominants of

western Oregon grasslands have proved to be two species, one not native and the other

not a Red Fescue.

Lowland prairies are dominated in part by what appears to be a naturalized

population of Chewings Fescue, F. rubra var. commutata. That Chewings Fescue might

occur in the wild in North America has not been recognized until very recently (Aiken,

pers. comm.).

The superficially similar F. roemeri, a taxon previously believed confined to the

Puget Sound area (Pavlick 1983) is an important native dominant species in Willamette

Valley prairies, grassy balds in adjacent mountains, and on coastal headlands.

A short, glaucous fescue that appears to be a form of F. roemeri is dominant on

seasonally dry (often serpentine) soils in southwestern Oregon and northwestern

California. Its taxonomy is under investigation. This Klamath form is sufficiently

distinct morphologically from more northern populations of F. roemeri that seed should

not be transferred between southern and northern localities. The dividing line between

northern and southern populations of F. roemeri lies near the boundary between Douglas

and Jackson Counties.

Populations of typical F. roemeri grow in seasonally dry to very dry grasslands in

and west of the foothills of the Cascade Range. These populations include all western

Oregon plants traditionally identified as F. idahoensis, as well as several identified as F.

rubra (pers. obs.; herbarium specimens at OSC, ORE, and WILLU). Festuca roemeri is
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most common on grassy ridges and south-facing grassy balds that have many other

native grassland species.

Although F. roemeri is newly recognized as an Oregon species, it should not be

considered a rare plant. The Klamath form is a widespread community dominant. The

northern form has a fragmented range, perhaps because of succession to forest after

suppression of the historical annual fires (Habeck 1962) and conversion of prairie to

farmland (Longwood 1940, Olson 1971) but survives in appropriate habitat at several

locations (Fig. 2.2. Table 2.1).

Taxonomy: Taxonomic questions about F. roemeri remain. Typical F.

idahoensis, typical F. roemeri, and the dominant fescue of the Klamath Range have very

similar inflorescences but differ in foliage at least as much as do most fine-leaved fescue

species. Therefore, should these grasses be considered ecotypes or varieties or

subspecies of F. idahoensis, or should they be considered distinct species? There is no

simple, objective standard for ranking populations taxonomically, so this question may

never be solved in any permanent sense.

The purely nomenclatural questions will probably be resolved once type

specimens are examined. If the earlier names F. oregona Vasey and F. idahoensis var.

oregona (Hackel) Hitchcock apply to this taxon, they have priority over F. roemeri or F.

idahoensis var. roemeri, respectively.

Restoration ecology: What cespitose Festuca should be used in western Oregon

prairie restoration projects? As a genetically distinctive taxon endemic to the Pacific

Northwest, F. roemeri is the most appropriate species for revegetation and prairie

restoration projects in upland sites.

However, practical difficulties may prevent using native F. roemeri seed. First,

there is no commercially available F. roemeri seed at this time. Second, the plant is

difficult to identify. Third, it sometimes grows with F. rubra var. commutate, so that

wild-collected seed may contain both species. Finally, the absence of F. roemeri from

floodplain prairies, which may be an artifact of historical heavy grazing, might also

result from the intolerance of the species for heavy soils, a possibility that should be

tested.
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Those preferring native fescue genotypes for prairie restoration but unfamiliar

with F. roemeri may be tempted to turn to F. occidentalis. A shade-tolerant woodland

native, F. occidentalis probably never was a component of prairies.

These difficulties may suggest omitting fescues entirely from revegetation and

restoration projects, but that would be a mistake. Festuca roemeri and F. rubra var.

commutata contribute similar physiognomic structure to the grassland community. Both

are compatible with native prairie species, including Kincaid's Lupine. Both contribute

to the suppression of introduced problem plants.

Some cespitose fescue should be used. Native F. roemeri is the best choice, but

the introduced F. rubra var. commutata, though second best, is better than none. If F.

rubra var. commutata is used, varieties with relatively short, narrow leaves should be

selected.

Collecting F. roemeri seed for grassland restoration projects is complicated

because the similar F. rubra var. commutata and F. occidentalis may grow in the same

localities as F. roemeri. Therefore, certain precautions should be taken. First, become

familiar with the subtle differences between the taxa. Second, pay attention to small

habitat differences; moving from meadow to abandoned trail, or from sunny meadow to

partial shade, may mean moving from one fescue taxon to another. Third, vouchers

should be made from the same overmature plants from which seed is collected; if some

of the fescues appear to be younger and more suitable for pressing, they are likely to be a

different taxon.

CONCLUSION

Festuca roemeri, a Pacific Northwest endemic, is the native dominant fescue of

western Oregon grasslands. Although taxonomic questions remain about its rank and

appropriate name, it is clearly distinct from the superficially similar F. rubra. Festuca

roemeri should be used in revegetation and prairie restoration projects on uplands, and

its suitability for use in floodplains should be tested. Seed should not be moved between

southwest Oregon and more northern sites. Replacing F. roemeri with introduced F.
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rubra var. commutata in revegetation and prairie restoration projects, though

undesirable, is better than omitting cespitose fine-leaved fescues altogether.
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ABSTRACT

Isozyme patterns were compared for four morphologically similar, cespitose, polyploid

taxa of Festuca subgenus Festuca of the Pacific Northwest. All four were variable, with

most variation within populations. None showed evidence that they had gone through

population bottlenecks in the recent past, although some populations are very small now.

Festuca rubra var. commutata was relatively distinct. Within the F. idahoensis /F.

roemeri complex, F. roemeri var. roemeri was most distinct. Festuca idahoensis and F.

roemeri var. klamathensis could not be distinguished by their isozymes, although they

differ in leaf shape, arrangement of leaf sclerenchyma, and patterns of phenotypic

plasticity. Taking into consideration differences in both isozyme patterns and leaf

morphology, seed transfer among ranges of the three members of the F. idahoensis/F.

roemeri complex should be avoided. The similarity of isozyme patterns in the F.

roemeri var. roemeri populations suggests that seed could be transferred among them

without harm.

Key words: Festuca idahoensis, Festuca roemeri, Festuca rubra var. commutata,

Festuca nigrescens, isozyme, genetic variation, plant taxonomy, seed transfer
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INTRODUCTION

A native fescue that once dominated upland prairies in the Pacific Northwest had

been misclassified until recently. In western Washington and northwest Oregon, green

individuals were considered Festuca rubra L. and glaucous ones were called F.

idahoensis Elmer (e.g. Franklin and Dyrness 1973). In northwest California, this grass

was variously identified as F. idahoensis, F. idahoensis X F. occidentalis Hook. hybrids,

F. ovina L., and F. rubra (Copeland 1978, Frenkel & Kiilsgaard 1984, herbarium

specimens). Although taxa of the F. rubra complex occur in the Pacific coastal states

(Pavlick 1985), the native upland fescue given these many names was a different taxon,

described only recently (Pavlick 1983). Its name depends on the taxonomic rank used

for it; published names include F. idahoensis var. roemeri Pavlick, F. idahoensis ssp.

roemeri (Pavlick) S. G. Aiken, and F. roemeri (Pavlick) E. B. Alexeev (Aiken 1997,

1998; Alexeev 1985; Darbyshire and Pavlick MS; Pavlick 1983; Wilson 1997).

Misidentification of the native prairie dominant fescue has resulted in the use of

non-native grasses in grassland restoration projects, but certain questions must be

answered before the native taxon will be used extensively. Traits distinguishing it from

the morphologically similar F. rubra var. commutata Gaudin have been reported

elsewhere (Wilson 1997). The isozyme study reported here examined relationships

among fine-leaved, cespitose fescues of Pacific Northwest grasslands, evaluated isozyme

diversity in these grasses, and sought to establish boundaries of seed transfer zones.

For clarity, I apply these names for the four studied fescue taxa consistently

throughout the paper: (1) Festuca roemeri var. roemeri, Roemer's Fescue, native west

of the Cascade Range axis from Lane County, Oregon, north to southern British

Columbia; (2) F. roemeri var. klamathensis B. L. Wilson ined., Klamath Fescue, native

to southwest Oregon and northwest California, south to the San Francisco area; (3) F.

idahoensis, Idaho Fescue or Bluebunch Fescue, native east of the Cascade Range/Sierra

Nevada axis; and (4) F. rubra var. commutata Gaudin (= F. nigrescens Lam.), Chewings

Fescue, an introduced turfgrass that is now a community dominant in many grasslands

west of the Cascade Range/Sierra Nevada axis.
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METHODS

Specimens of the Festuca taxa were collected from 15 sites in Washington,

Oregon, and northern California (Table 3.1). A voucher specimen for each population

was deposited at Oregon State University herbarium (OSC). In most cases, multiple

voucher specimens were collected and at least one plant was kept alive in the

greenhouse. In general, populations were sampled by walking rough transects through

the population and collecting plants that were at least two meters apart, but sampling

methods differed in some populations. Care was taken to collect the entire range of

morphological variation present in the population. Small population size in Yelm Prairie

required denser sampling. The Bald Hill population was sampled repeatedly from 1993

through 1998 to provide standard samples for inclusion on gels. Nearly all fescues

growing in two 5 X 5 foot plots ca. 20 m apart (Wilson et al., MS), plus 24 additional

samples' collected with 6 m of the plots, comprized the Burns sample. The Burns

sample was collected for a study of clonal spread; only one ramet per clone was included

in the statistics reported here. The Beef Barn/Carlson Prairie sample included all 11

plants not growing in Poison Oak on BLM property at the Beef Barn plus 12 plants from

Carlson Prairie on the hill above. The "Cultivated sample" is a mix of Atlanta,

Countess, and Illahee cultivars of F. rubra var. commutata, from the farms of Bob

Doerfler and Terry McElhanev, Marion County, Oregon. This sample was not a

population sample, and was included only to clarify taxonomic relationships. The

number of individual plants sampled (Table 3.1) differs from the average number of

individuals per enzyme (Table 3.2) because some enzymes were not resolved

consistently. Many Bald Hill individuals were used as standards for comparison for few

enzyme systems; that caused a large discrepancy between the number of individuals

sampled and the average number of individuals per stain.

Methods of electrophoresis and staining followed Wendel and Weeden (1989).

Leafy tillers were transported to Oregon State University on ice. Leaves were stored at

4°C until ground in a Tris citrate buffer, pH 7.5 (Gottlieb 1981) and absorbed onto wicks

prepared from Whatman 3mm chromatography paper, then stored at 80°C. The
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Table 3.1 Collection localities for fescues used in this study. N = the number of
individuals used in enzyme electrophoresis.

Population Date N State County Location Latilong

F. idahoensis
Burns June 97 OR Harney Squaw Butte Experiment 43.61°N

1996 Station. near Burns 119.03°W

Coonrod Flat 21 60 CA Siskiyou Coonrod Flat. Shasta- 41.34°N
June Trinity National Forest 121.97°W
1996

Grass Lake 21 26 CA Siskiyou 3.1 miles east of Grass 41.66°N
June Lake rest area, Shasta- 122.10°W
1996 Trinity National Forest

F. roemeri v. klamathensis
Baldy Peak 2 July 48 OR Jackson Trail to Bald Mountain, 42.08°N
Trail 1996 Rogue River National 123.04°W

Forest

Fiddler 15 36 OR Josephine Fen above Illinois River 42.24°N
Mountain June on Fiddler Mountain 123.81°W

1994

F.S. Rd. 17 22 48 CA Siskiyou 0.7 mile from Gazelle 41.47°N
June Road on Shasta-Trinity 122.41°W
1996 National Forest Road 17

Indian Scotty 1 June 40 CA Siskiyou Indian Scotty 41.63°N

C.G. 1996 Campground, Shasta- 123.08°W
Trinity National Forest

F. roemeri v. roemeri
Bald Hill 4 June 134 OR Benton Bald Hill Park. Corvallis 44.57°N

1995 123.32°W

Baskett Butte 15 48 OR Polk Baskett Butte, Baskett 44.96°N
June Slough National Wildlife 123.26°W
1995 Refuge

Beef Barry 23/26 23 OR Benton BLM property and Dunn 44.69°N

Carlson
Prairie

June
1995

State Forest north and
west of the OSU Beef

123.26°W

Barns

Butterfly 15 12 OR Benton McDonald State Forest 44.61°N

Meadow June 123.34°W
1994

Habitat

Shrub steppe

Flat dry meadow
in conifer forest

shrub steppe with
junipers

Ridgeline in edge
of mixed forest

Pinus jeffreyi
savanna on
serpentine
substrate

Oak savanna

Open areas in
conifer forest, on
old terrace of river

Disturbed native
prairie, in oak
savanna

Disturbed native
prairie on top of
hill

Edge of young
Douglas -fir forest,
and highly
disturbed prairie

Native prairie
high on south-
facing slope
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Table 3.1, continued

Population Date N State County Location Latilong Habitat

F. roemeri v. roemeri, continued
Cape 29 44 OR Lincoln Cape Perpetua, Siuslaw 44.29°N Steep coastal
Perpetua June National Forest 124.12°W headland

1994

Mary's Peak 3 11 OR Benton Mary's Peak. Siuslaw 44.51°N Prairie at 1300 m
August National Forest 123.78°W elevation
1994

Weir Prairie 6 July 60 WA Thurston 1.25 mile northwest of 46.90°N Disturbed prairie
1994 Rainier 122.73°W on gravelly soil

Ye 1m Prairie 6 July 43 \VA Thurston immediately west of 46.95°N Vacant lot with
1994 Nisqually Plaza in Ye 1m 122.60 °W some native plants

F. rubra var. commutata
Cultivated
sample

1994 72 OR Marion Atlanta. Countess,
Illahee. and Waldorf
cult ivars

various Cultivated fields

Dorena 21 64 OR Lane Schwarz Campground on 43.79°N Meadow with
Prairie May Dorena Reservoir 122.96°W native forbs

1994

Willow Creek 16 70 OR Lane Eugene 44.03°N Meadow with
Preserve June 123.15°W native forbs

1995

Yelm Red 6 July 18 WA Thurston immediately west of 46.95°N Vacant lot with
1994 Nisqually Plaza in the

town of Yelm
122.60°W some native plants
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Table 3.2. Isozyme diversity statistics for Festuca idahoensis, F. roemeri, and F. rubra
var. commutata, based on 18 enzymes. N = mean sample size per locus per population.
%PE = % of enzymes stained that are polymorphic. %P* = percent of loci that are
polymorphic. A* = average number of patterns per locus. S-W = Shannon-Weaver
diversity index. #Bands = number of bands observed in the population. Unique =
number of bands unique to the population. P1= polymorphic index (see text).

Species N %PE "AP* A* S-W #Bands Unique PI

F. idahoensis

Burns 65 55% 33% 1.89 0.1666 49 0 1.3467

Coonrod Flat 46 82% 67% 2.17 0.2397 57 0 2.0867
Grass Lake 10 36% 22% 1.28 0.1307 42 0 1.0457

Mean 40 58% 41% 1.78 0.1790 49.3 0 1.4930

Standard Deviation 28 23% 24% 0.46 0.0555 7.5 0 0.5357

F. roemeri var. klamathensis

Baldy Peak Trail 35 82% 61% 2.17 0.2682 58 0 2.2339
Fiddler Mountain 29 73% 44% 1.67 0.1544 47 0 1.0455

F. S. Road 17 34 82% 56% 1.94 0.2513 55 1 2.5642
Indian Scotty C. G. 26 82% 50% 1.78 0.2476 50 0 2.1140

Mean 31 80% 53% 1.89 0.2304 52.5 0.25 1.9894

Standard Deviation 4 4.5% 7% 0.22 0.0514 4.9 0.5 0.6574

F. roemeri var. roemeri

Bald Hill 57 91% 67% 2.50 0.2913 58 1 2.6904
Baskett Butte 27 64% 50% 2.11 0.3050 53 0 3.1802
Beef BarniCarison Prairie 16 55% 50% 1.67 0.2675 46 0 2.5739
Butterfly Meadow 11 45% 33% 1.47 0.1574 46 2 1.4365

Cape Perpetua 34 64% 44% 1.78 0.2390 47 0 2.9240

Mary's Peak 10 64% 50% 1.56 0.2220 50 0 2.0240

Weir Prairie 48 64% 50% 2.00 0.2844 55 1 2.8142
Yelm Prairie 17 64% 39% 1.59 0.2389 46 0 2.3551

Mean 27.5 64% 48% 1.83 0.2507 50.1 0.5 2.4998
Standard Deviation 17.6 13% 10% 0.35 0.0475 4.7 0.8 0.5557

F. rubra var. commutata

Cultivated sample 33 55% 50% 1.89 0.2788 54 0 3.2948
Dorena Prairie 51 64% 50% 1.72 0.1686 51 0 2.4076

Willow Creek Preserve 26 40% 29% 1.62 0.1150 46 0 1.1592

Yelm Prairie, Red 6 27% 22% 1.53 0.2173 52 0 3.5336

Population Mean 29 46% 38% 1.69 0.1949 50.8 0 2.5988

Standard Deviation 19 16% 14% 0.15 0.0698 3.4 0 1.0751
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Table 3.2, continued. Isozyme variation statistics for entire taxa.

Species N %PE %P* A* S-W #Bands Unique

Overall statistics by taxon

F. idahoensis 122 91% 67% 2.67 0.2424 61 0

F. r. v. klamathensis 125 91% 67% 2.78 0.2701 67 1

F. roemeri var. roemeri 218 91% 72% 4.00 0.3658 75 4

F. rubra var. commutata 114 82% 72% 2.67 0.2726 63 6

wild F. r. v. commutata 80 82% 67% 2.33 0.1964 60 6

F. idahoensis/F. roemeri complex

Taxon mean 155 91% 69% 3.15 0.2928 50.3 1.7

Standard Deviation 55 0 3% 0.74 0.0647 5.3 2.1

Overall statistics 465 91% 72% 4.56 0.3903 77

Table 3.3. Correlation between sample size and measures of isozyme variability in
fescue populations. Burns populations omitted from the calculations.

%PE %P* A* S-W # Bands PI

F. idahoensis/F. roemeri complex 0.74 0.75 0.89 0.57 0.80 0.47
F. idahoensis, F. roemeri, & F. rubra v. commutata 0.67 0.73 0.79 0.36 0.66 0.21

Table 3.4. Percent of isozyme pattern variation among populations and taxa of F.
idahoensis, F. roemeri, and F. rubra var. commutata. Fpt = % of variation among
populations within taxa. Ftc = % of variation among taxa within the F. idahoensis/F.
roemeri complex.

Taxon

F. idahoensis
F. roemeri var. klamathensis
F. roemeri var. roemeri
F. rubra var. commutata

F. idahoensisiE roemeri complex

Fpt Ftc

15.2%
11.6%
24.1%
12.1°A

32.0% 13.1%
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following enzymes were examined: glutamate-oxaloacetate transaminase (AAT),

glyceraldehyde-3-phosphate dehydrogenase (G3PDH), isocitrate dehydrogenase (IDH),

malate dehydrogenase (MDH), phosphoglucomutase (PGM), 6-phosphogluconate

dehydrogenase (PGD), phosphoglucose isomerase (PGI), ribulose bisphosphate

carboxylase (RBC), shikimic acid dehydrogenase (SKD), superoxide dismutase (SOD),

and triosephosphate isomerase (TPI). A histidine citrate electrode and gel buffer (pH

5.7) (Wendel & Weeden 1989) were used to resolve G3PDH, MDH, PGM, PGD, RBC,

and SKD. A lithium borate electrode buffer (pH 8.3) and Tris citrate/lithium borate gel

buffer (pH 8.3) (Soltis et al. 1983) were used to resolve AAT, IDH, PGI, RBC, SOD,

and TPI.

All but 12 of the Burns samples were treated differently. They were stored as

intact leaves at 20°C until ground and immediately used for electrophoresis. This

storage method resulted in faint and often smeared bands. Some samples could not be

scored, and many samples were run two to four times to confirm band patterns.

I attempted to infer genetic interpretations directly from isozyme band patterns,

based on knowledge of the generally conserved enzyme substructure, compartmental-

ization, and isozyme number in higher plants (Gottlieb 1981, 1982; Weeden and Wendel

1989). However, the plants studied here are tetraploid (F. idahoensis and F. roemeri) or

hexaploid (F. rubra var. commutate) (Darlington and Wylie 1955; Margraf-Dannenberg

1980; Wilson unpubi. data). I observed the unequal band staining and complex patterns

characteristic of tetraploid heterozygotes (Soltis and Rieseberg 1986), but often could

not distinguish heterozygotes from individuals homozygous for different alleles at two

homoeologous loci (i.e., corresponding loci of the two genomes comprising the

tetraploid). Nonetheless, genetic interpretations are reported for three dimeric enzymes,

AAT, POI, and TPI. Among the 11 kinds of enzymes surveyed, a total of 18 scoreable

regions on the gels were observed. In studies of diploid plants, these 18 regions of

activity would be considered 18 enzymes coded for by 18 loci, and the terms loci and

enzymes might be used almost interchangeably. Because these fescues are polyploid,

each of the 18 enzyme variants is probably coded for by two or three loci. The 18

regions of activity scored included two variations of AAT, PGD, and TPI (interpreted as
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both cytosolic and plastid forms of the enzymes) and three variations each of MDH and

SOD.

Statistics describing isozyme variability were generated from a phenotypic

analysis based on banding pattern differences and band presence/absence. This

phenotypic analysis is more suitable than a genetic one for comparison with other reports

of fescue isozyme diversity, because many fescues are polyploid and produce isozyme

band patterns equally difficult to interpret (Aiken et al. 1993; Angelov 1992: Angelov

1993; Angelov and Edreva 1987; Angelov et al. 1988; Livesey & Norrington-Davies

1991; Samman et al. MS). Phenotypic diversity measures calculated from

presence/absence data were a polymorphic index (PI), based on the frequency of

occurrence of each band, and the number of bands found in each plot. For multi-band

patterns, phenotypic diversity measures included: (1) percent of stains that yield more

than one band pattern, (2) the average number of band patterns per locus in each plot,

and (3) Shannon-Weaver Diversity Index values (Shannon and Weaver 1949). The

Shannon-Weaver Diversity Index (hereafter, S-W) uses the frequency of each pattern in

each plot; the larger the S-W, the more diverse the plot. The distribution of the total

variation within and between plots was determined by partitioning the total SW (Chung

et al. 1991). The graphic method of Luikart et al. (1998) was used to test for the

possibility that the populations had undergone population bottlenecks in the recent past.

For this test, band patterns were counted as if they were alleles; see discussion.

The phenotypic relationships among populations were determined by calculating

Hedrick's similarity indices (Hedrick 1971) for band presence/absence data (Chung et al.

1991, Rolf 1987). Because the program for determining Hedrick's distances could not

accept missing data, where certain isozymes failed to resolve, the following substitutions

were made for the missing data. Plastid PGD was not resolved for the Butterfly

Meadow, Yelm Prairie, and Yelm Red populations, but was invariant within taxa; the

fixed state was entered for those populations. G3PDH was not resolved for Willow

Creek, but was otherwise constant in F. rubra and nearly so in other taxa; the common

state was entered.

Some samples were removed from data sets before analysis because they had not

been correctly identified by morphology in the field. At least 75% of the sampled
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populations of F. roemeri var. roemeri contained some plants of F. rubra var.

commutata. Mixed collections could be detected on isozyme gels because of the great

difference in F. roemeri var. roemeri and F. rubra var. commutata isozymes (see below).

Misidentified specimens were detected because they produced isozyme band patterns

typical of F. ruhra var. commutata for more than one enzyme. In cases where herbarium

voucher specimens could be associated with individual isozyme samples, these were also

consulted. Single F. rubra var. commutata samples were removed from the Beef Barn

and Mary's Peak population samples. Several F. rubra individuals were removed from

the Cape Perpetua population sample; subsequent field work revealed F. rubra

apparently had been planted around the lookout on this coastal headland otherwise

dominated by F. roemeri var. roemeri. Both isozymes and specimens revealed that the

Yelm sample consisted of two taxa. It was partitioned into a F. roemeri var. roemeri

sample ("Yelm prairie") and a small F. rubra var. commutata sample ("Yelm red"), and

these samples were analyzed separately.

RESULTS

All four cespitose fescues had variable isozyme patterns (Table 3.2). The most

striking trend was the correlation between sample size and measures of genetic

variability (Table 3.3). The Burns sample was large but collected in such a small area

that inbreeding might have affected genetic variability. When the Burns sample was

excluded, the correlation coefficient of sample size with three measures of isozyme

variability (% polymorphic enzymes, patterns/enzyme, and number of bands) exceeded

0.74 (Table 3.3). The Shannon-Weaver diversity index was less correlated with sample

size.

Within the F. idahoensis/F. roemeri complex, 11% to 24% of the isozyme pattern

variability was among populations within taxa, and 13% was among taxa (Table 3.4).

Certain isozyme patterns delimited taxa. Distinctive MDH patterns distinguished F.

roemeri var. roemeri from other members of the F. idahoensis/F. roemeri complex (Fig.

3.1). One common pattern for the fast MDH bands occurred only in F. roemeri var.
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Figure 3.1. Malate dehydrogenase band patterns in Festuca. Histidine citrate buffer, pH
5.3. Top = leading, anodal end of pattern. Bands redrawn from photographs of gels.
Note apparent heterozygotes.
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roemeri populations; the corresponding pattern common to F. idahoensis and F. roemeri

var. klamathensis occurred at a 3% rate in F. roemeri var. roemeri (Table 3.5). An MDH

band of intermediate mobility occurred in all F. roemeri var. klamathensis and 98% of F.

idahoensis; it occurred in only 7% of F. roemeri var. klamathensis. Except for MDH,

the most common isozyme band patterns were the same in all three members of the F.

idahoensis/F. roemeri complex, although frequencies of the common PGI and TPI

patterns differed (Table 3.5). Isozyme differences between F. rubra var. commutata and

the F. idahoensis/F. roemeri complex were more extreme (Table 3.5). Only 40 (41%) of

the patterns were shared between the two groups. The groups differed by fixed

differences in RBC, cytosolic PGD, and plastid TPI, and nearly fixed differences in

cytosolic AAT, IDH, and fast SOD.

Both Hedrick's distances between populations, based on band frequencies (Table

3.6), and Nei's genetic distances based on bands (not shown) divided the populations

into three clusters (Fig. 3.2, 3.3). Festuca rubra var. commutata was distinct from the

other two. One cluster in the F. idahoensis/F. roemeri complex consisted of only F.

roemeri var. roemeri populations. The second cluster included both F. idahoensis and F.

roemeri var. klamathensis populations. In the dendrogram based on Nei's genetic

distances, the Cape Perpetua population clustered with the other F. roemeri var. roemeri

populations, but in the dendrogram based on Hedrick's distances, the Cape Perpetua

population clusters with the F. idahoensis and F. roemeri var. klamathensis populations.

For most enzymes, the most common or only pattern seen on well-resolved gels

consisted of two or more bands. These include 3-banded patterns for G3PDH, IDH,

cytosolic PGI, and plastid AAT; wide bands for cytosolic AAT that probably included

three bands with similar mobility; and 2 or more bands for all SKD patterns. Patterns

usually involved one constant or nearly constant band; other bands varied.

Simple, consistent genetic interpretations were inferred for three dimeric

enzymes; these are illustrated for the F. idahoensis/F. roemeri complex (Fig. 3.4). The

illustrated isozyme patterns included all observed patterns for plastid AAT and cytosolic

TPI, and 96% of the patterns for PGI. In all three enzymes, there was one extremely

common band. The most common band occurred in 99.0% of scored individuals for

cytosolic PGI, and 100% of cytosolic TPI. For AAT, the nearly invariant "B" band
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Table 3.5. Mean frequency of isozyme band patterns that occur at frequencies of 5% or
more in Festuca idahoensis, F. roemeri, and F. rubra var. commutata. Zero frequencies
omitted for clarity. S = slow, m = middle, and f = fast locus.

Enzyme Pattern F. idahoensis F. roemeri v.
klumathensis

F. roemeri v.
roemeri

F. rubra v.
commutata

AATs A 0.757 0.902 0.859 0.061
B 0.063 0.814
C 0.231 0.077 0.056 0.125

AATf A 0.000 0.000 0.006 0.979
B 0.994 0.967 0.987 0.021

G3PDH A 1.000 0.987 0.973 1.000
IDH A 0.982 0.993 0.996 0.043

B 0.007 0.957
MDHs A 0.973 0.843 0.909

B 0.029 0.982
F 0.062 0.034

MDHm A 0.984 1.000 0.073 1.000
B 0.016 0.929

MDHf A 0.985 0.934 0.028 0.952
B 0.913
C 0.016 0.066 0.030 0.048

PGDs B 1.000 1.000 1.000
C 1.000

PGDf A 0.931 0.886 0.804 0.167
B 0.069 0.114 0.193 0.056
C 0.778

PGI A 0.696 0.763 0.335 0.231
B 0.012 0.000 0.010 0.543
C 0.046 0.074 0.042 0.017
D 0.134 0.125 0.089
E 0.077 0.021 0.434
J 0.003 0.070
0 0.062

PGM B 0.072 0.019 0.667
C 0.896 0.726 0.752 0.333
D 0.058 0.228 0.127
N 0.006 0.083

RBC A 1.000
B 1.000 1.000 1.000

SKD A 0.979 0.899 0.846 0.980
C 0.021 0.072 0.044
I 0.091

SODs A 1.000 1.000 1.000 1.000
SODm A 1.000 1.000 1.000 1.000
SODf A 0.940 0.827 0.965

B 0.032 0.141 0.005 0.021
D 0.016 0.969

TPIs A 0.057 0.080 0.597
B 0.723 0.861 0.388
C 0.185 0.008
G 0.914
H 0.086

TPIf A 1.000 1.000 1.000
B 0.989



Table 3.6. Hedrick's distances between fescue populations, based on isozyme band frequencies.

Burns Coonrod
Flat

Grass
Lake

Baldy
Peak Tr.

Fiddler
Mountain

F.S. Rd.
17

Indian
Scotty CG

Bald
Hill

Baskett
Butte

Beef
Barn

Burns 0
Coonrod Flat 0.002 0

Grass Lake 0.005 0.005 0

Baldy Peak Trail 0.003 0.004 0.009 0
Fiddler Mountain 0.001 0.002 0.004 0.003 0

F.S. Road 17 0.003 0.001 0.008 0.004 0.003 0

Indian Scotty C.G. 0.018 0.02 0.025 0.018 0.021 0.02 0

Bald Hill 0.022 0.024 0.027 0.025 0.024 0.024 0.042 0

Baskett Butte 0.039 0.038 0.043 0.043 0.039 0.036 0.058 0.014 0

Beef Barn 0.037 0.034 0.033 0.041 0.035 0.035 0.056 0.011 0.012 0

Butterfly Meadow 0.049 0.048 0.047 0.055 0.049 0.049 0.073 0.019 0.016 0.005

Cape Perpetua 0.032 0.034 0.039 0.035 0.034 0.036 0.051 0.018 0.039 0.038

Mary's Peak 0.065 0.064 0.063 0.069 0.064 0.063 0.088 0.032 0.026 0.016
Weir Prairie 0.032 0.031 0.037 0.033 0.032 0.032 0.05 0.01 0.017 0.021

Yelm Prairie 0.032 0.035 0.033 0.035 0.031 0.035 0.051 0.009 0.019 0.014

Cultivated sample 0.372 0.375 0.384 0.367 0.38 0.376 0.344 0.387 0.404 0.404

Dorena Prairie 0.372 0.373 0.379 0.37 0.377 0.375 0.354 0.393 0.409 0.405

Willow Creek 0.367 0.369 0.376 0.364 0.373 0.371 0.349 0.391 0.406 0.404

Yelm Red 0.298 0.296 0.302 0.296 0.302 0.3 0.277 0.322 0.337 0.329



Table 3.6, continued

Butterfly
Meadow

Cape
Perpetua

Mary's
Peak

Weir
Prairie

Yelm
Prairie

Cultivated
Sample

Dorena
Prairie

Willow
Creek

Ye 1m

Red

Burns
Coonrod Flat

Grass Lake
Baldy Peak Trail

Fiddler Mountain
F.S. Road 17

Indian Scotty C.G.
Bald Hill

Baskett Butte
Beef Barn

Butterfly Meadow 0
Cape Perpetua 0.049 0

Mary's Peak 0.009 0.065 0

Weir Prairie 0.029 0.03 0.041 0
Yelm Prairie 0.022 0.03 0.033 0.02 0

Cultivated sample 0.422 0.374 0.429 0.4 0.378 0

Dorena Prairie 0.423 0.386 0.433 0.406 0.384 0.058 0

Willow Creek 0.423 0.381 0.433 0.403 0.382 0.043 0.027 0

Yelm Red 0.346 0.324 0.359 0.33 0.325 0.072 0.075 0.056 0
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I Burns

K Fiddler Mt.

I Coonrod Flat

K FS Rd. 17
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R Bald Hill
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Figure 3.2. Phenogram based on isozymes in four fescue taxa. UPGMA based on
Hedrick's distances (based on band frequencies) between populations of fine-leaved
fescues from the Pacific Northwest. I = F. idahoensis, K = F. roemeri var. klamathensis,
R = F. roemeri var. roemeri, C = F. rubra var. commutata.
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Figure 3.3. Phenogram based on isozymes in four fescue taxa. UPGMA based on Nei's
genetic distances (based on diploid analysis of band presence/absence) between
populations of fine-leaved fescues from the Pacific Northwest. I = F. idahoensis, K = F.
roemeri var. klamathensis, R = F. roemeri var. roemeri, C = F. rubra var. commutata.
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Cytosolic PGI

Pattern: 1 2 2 3 4 4 4 5 6

Freq.: 0.0119 0.5986 0.1473 0.0594 0.1354 0.0119

F

A

B

C

Locust: AA AA AA AA AA AA AA AF AF
Locus 2: AA BB AB BC CC AC AC BB BC

Cytosolic TPI

Pattern: 1 2 3 4 5

Freq. 0.2346 0.7160 0.0206 0.0062 0.0226

A

B

C

Locus 1: AA AA AA AA AA AA AA
Locus 2: AA BB AB AB BC CC AC

Figure 3.4. Diagrams of the common band patterns for dimeric enzymes PGI, TPI and
AAT in the Festuca idahoensis/F. roemeri complex. Each vertical column of bands
corresponds to the pattern for one individual. Letters to the left of bands correspond to
the alleles in the genetic interpretations below the diagrams. Unlabeled bands are
interaction bands.
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Plastid AAT

2 3 4 4 5 6Pattern: 1

Freq.: 0.0258 0.8873 0.0634 0.0188 0.0023 0.0023

F

A

B

Locus 1: BB AA AF AF FF AAAC

Locus 2: BB BB BB BB BB BB AA?

Figure 3.4, continued.
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occurred in 99.8% of scored individuals in the F. idahoensis/F. roemeri complex and

100% of sampled F. rubra. The variable "A" band occurred in 99.8% of individuals in

the F. idahoensis/F. roemeri complex and 7% of sampled F. rubra. For all three

illustrated enzymes, the most common pattern was that numbered 2, with genetic

interpretation AA BB or AA AB. Even for these enzymes, distinguishing the AA BB

from the AA AB genotype was difficult because the difference in intensity of band

staining was sometimes subtle. No AA AB heterozygotes were recorded for plastid

AAT, probably because all the bands were faint. Single-banded PGI and TPI isozyme

phenotypes were scored AA AA but could as simply be AA NN, where N stands for null

(inactive) enzymes. In all three enzymes, the single band of a one-banded pattern

stained much more intensely than any band of a three-banded pattern.

The hypothesis that alleles were in Hardy-Weinberg equilibrium was tested for

the variable dimeric enzymes cytosolic PGI and TPI in the Burns population. PGI bands

were more smeared and difficult to score than TPI bands, but neither the variable TPI2

loci nor the variable PGI2 loci differed significantly from Hardy-Weinberg equilibrium

(Chi-square = 0.2924, p > 0.96 for TPI; Chi-square = 2.8058, p > 0.21 for PGI).

The most common frequency classes for isozyme patterns were very common

patterns (frequency > 0.9) and very rare patterns (frequency < 0.1) (Fig. 3.5). The Grass

Lake, Butterfly Meadow, Mary's Peak, and Yelm Prairie and Yelm Red populations

deviated from this pattern, and had relatively few rare patterns. These five populations

had mean sample sizes per enzyme lower than 12, except Yelm Prairie, which had a

mean sample size of 17.

DISCUSSION

Population genetics. The patterns of isozyme variability in the four Festuca taxa

examined indicated that these were variable, outcrossing taxa, and the low among-

population genetic differentiation suggested that their populations had not been isolated

historically. Isozyme patterns were variable, and both the overall variability in each

taxon and the average variability in each population were comparable to that reported for
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A. F. idahoensis: Burns
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E. F. roemeri var. klamathensis: Fiddler
Mountain
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F. F. roemeri var. klamathensis: F.S. Rd. 17 G: F. roemeri var. klamathensis: Indian Scotty
Campground

Figure 3.5. Abundance of isozyme band patterns with different frequencies. Vertical
axis: number of alleles. Horizontal axis: frequency.
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Figure 3.5, continued. Vertical axis: number of alleles. Horizontal axis: frequency.
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Figure 3.5, continued. Vertical axis: number of alleles. Horizontal axis: frequency.



56

other fine-leaved fescues (Tables 3.7, 3.8). The unequal band staining and complex band

patterns characteristic of heterozygous tetraploids were observed (Soltis and Reisberg

1986). When tested, allele frequencies did not deviate from Hardy-Weinberg

equilibrium, but that test was made for only two enzymes in the Burns population

(Wilson et al. MS). Most variation was within populations (Table 3.4), and few bands

were unique to single populations (Table 3.2).

Comparing phenotype data from polyploids directly with allozyme diversity data

is problematic because in polyploids each enzyme variant represents two or more loci,

and because the number of isozyme patterns tends to exceed the number of alleles that

produce the patterns. Despite these caveats, the comparison is instructive. The percent

polymorphic enzyme variants observed in this study equals the average percent

polymorphic loci reported for outcrossing wind-pollinated plants, and is slightly higher

than that for monocots in general or long-lived perennials (Hamrick and Godt 1990).

The number of patterns per enzyme variant is also about equal to somewhat greater than

the number of alleles per locus for outcrossing wind-pollinated plants, monocots, or

long-lived perennials (Hamrick and Godt 1990).

Recent population bottlenecks can often be detected because rare alleles are lost

when populations remain small for several generations. A simple graphical method can

detect this loss of rare alleles (Luikart et al. 1998). Using isozyme patterns is somewhat

different because the number of patterns tends to be greater than the number of alleles,

and the greatest excess probably occurs for rare patterns. Examine, for example, the PGI

and TPI isozyme patterns (Fig. 3.5). Four alleles produce six PGI patterns; three alleles

produce five TPI patterns. Combinations of uncommon allelic states (PGI pattern 6, TPI

pattern 5) increase the number of rare patterns without increasing the number of rare

alleles. Therefore, using this procedure with isozyme patterns could underestimate the

occurrence of population bottlenecks.

Ten of the 16 fescue populations in this study demonstrated an isozyme pattern

frequency distribution similar to the allele frequency distribution for populations without

bottlenecks, although the frequency for rare patterns was even higher than expected for

rare alleles (Fig. 3.5; Luikart et al. 1998). The graphic method for detecting population

bottlenecks is expected to detect most bottlenecks that occurred in the "past several
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Table 3.7. Overall genetic diversity statistics for taxa of Festuca subgenus Festuca,
from studies that were not limited to polymorphic alleles. Chr. # = Chromosome number
(2X = 14, etc.). ** = chromosome numbers from Markgraf-Dannenberg (1980); other
chromosome numbers were provided in the source article. Pops. = number of
populations. N = mean sample size per locus per population. Enz = number of enzymes
stained. Enz.* = total number of enzymes revealed; variants in different cellular
compartments are counted separately. Summary statistics calculated by B. Wilson: %PE
= percent of polymorphic enzymes. %P = percent of polymorphic putative loci. AE =
number of patterns per enzyme. A* = number of patterns per putative locus.

Species Chr. Pons. N Enz. Enz.* %PE %P* AE A* Source

(F. ovina complex)

F. auriculata Drobov aggr. 2X 4 20 10 15 90% 67% 1

F. baffinensis Polunin 4X 3 26 10 15 90% 67% 1

F. brachvphylla Schultes 6X 5 -)..) .
,_. 10 15 80% 67% 1

F. brevissinia Jurtzev. 2X 2_ 23 10 15 20% 13% 1

F. idahoensis Elmer 4X 8 48 11 12 82% 83% 5.17 4

F. idahoensis Elmer 4X 3 41 11 18 91% 67% 2.67 5

F. minuttflora Rydberg 2X 1 3 9 14 67% 21% 1

F. roemeri var. klamathensis 4X 4 31 11 18 91% 67% 2.78 5

F. roemeri var. roemeri 4X 8 27 11 18 91% 72% 4.00 5

F. valesiaca Schleich. ex Gaudin 2X** 3 31 10 29 82% 52% 2.91 1.76 2

(F. rubra complex)

F. amythestina L. 2X** 2 58.5 10 29 63% 38% 2.09 1.41 2

F. asperifolia St.-Yves 1 40 10 29 64% 45% 2.18 1.59 2

F. diffusa Dumont 6X, 8X** 1 40 10 29 55% 21% 1.82 1.28 2

F. heterophylla Lam. 4X** 8 37 10 29 64% 31% 2.27 1.55 2

F. perisiterea (Vetter) Markgr.-Danneb. 1 40 10 29 64% 34% 2.36 1.59 -)_

F. picturata G. Pils 3 34 10 29 64% 28% 2.09 1.52 2_

F. rubra L. 2X-10X** 3 36 10 29 73% 45% 2.55 1.69 2

F. rubra L. 6X 6 38 10 100% 3

F. rubra L. var. commutata Gaud.4X. 6X** 6 36 10 29 64% 38% 2.55 1.66 1_

F. rubra L. var. commutata Gaud. 6X 3 27 11 18 82% 67% 2.33 5

Sources:

1 = Aiken et al. 1993
2 = Angelov and Edreva 1987 (omitting anodal esterase), Angelov et al. 1988. Angelov 1992.

Angelov 1993
3 = Livesey & Norrington-Davies 1991
4 = Samman et al. MS
5 = this study
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Table 3.8. Mean isozyme diversity statistics per population for Festuca subgenus
Festuca, from studies that were not limited polymorphic alleles. Means for this study
(source 3) omit populations with N < 12. Chr. # = chromosome number (2x = 14, etc.).
Pops. = number of populations studied. N = mean sample size per locus per population.
Enz = number of enzymes stained. Enz.* = total number of enzymes revealed; variants
in different cellular compartments are counted separately. Summary statistics from
Aiken et al. (1993) calculated by B. Wilson.

Species Chr. # Pops. N Enz. Enz.* %PE %P* A* S-W Source

(F. ovina complex)
F. auriculata Drobov aggr. 2X 4 20 10 15 57% 39% 1

F. baffinensis Polunin 4X 3 28 10 15 67% 47% 1

F. brachyphylla Schultes 6X 5 23 10 15 67% 40% 1

F. brevissima Jurtzev. 2X 2 23 10 15 13% 7% 1

F. idahoensis Elmer 4X 8 48 11 12 68% 66% 3.41 2

F. idahoensis Elmer 4X 2 _ 56 11 18 68% 50% 2.03 0.2031 3

F. minufiflora Rydbertt 2X 1 2 9 14 33% 21% 1

F. roemeri klamathensis 4X 4 31 11 18 80% 53% 1.89 0.2376 3

F. roemeri roemeri 4X 6 33 1 1 18 67% 50% 1.94 0.2710 3

(F. rubra complex)
F. rubra var. commutate 6X 2 38 10 18 52% 40% 1.67 0.1414 3

Sources:

1 = Aiken et al. 1993
2 = Samman et al.. MS
3 = this study
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dozen generations" (Luikart et al. 1998). Perennial fescues can survive for decades and

perhaps for centuries (Harberd 1961, Lord 1961, Wilson et al. MS); it would appear that

these populations suffered no extreme population bottlenecks since European settlement

in the mid-1800's.

Six of the populations (Grass Lake, Beef Barn, Butterfly Meadow. Mary's Peak,

Yelm Prairie, and Yelm Red) had distorted pattern frequencies. All were represented by

samples averaging fewer than 20 individuals per enzyme. In this test, small sample size

increases the likelihood of distorted frequencies that are not associated with population

bottlenecks (Luikart et al. 1998). The Grass Lake and Mary's Peak populations are large

now and may always have been large; they probably have not undergone population

bottlenecks. The Yelm Prairie population of F. roemeri var. roemeri now consists of

fewer than forty plants in a highly disturbed vacant lot next to a shopping mall in

downtown Yelm; no statistical tests are needed to see that it experiencing in a population

bottleneck or, more accurately, dying out.

Although most observed populations did not show evidence of population

bottlenecks in their recent past, some F. roemeri var. roemeri populations are entering

bottlenecks now. The range and abundance of F. roemeri var. roemeri have declined

during the past century and a half. The acreage in prairie west of the Cascades in

Oregon and Washington has declined severely because of conversion to cultivated fields,

grazing, urbanization, and succession to forest (Harbeck 1961, 1962). Festuca roemeri

var. roemeri populations are now severely fragmented, and several consist of twelve to

fifty plants. More populations may soon experience genetic erosion.

An analysis based on band patterns is coarser than one based on genetic

interpretations. For example, plants with tetraploid genotype AA BB and AA AB are

lumped together (pattern 2; Fig. 3.4). Plants with genotype AA BC produce a different

pattern (pattern 3), and plants with genotype AA CC form a third (pattern 4). All three

patterns are analyzed as if they were equally different, although patterns 2 and 4 are

entirely different at the second locus, and pattern 3 shares an allele with each. Therefore,

I expect that phenotypic distances generated from patterns would be higher than

corresponding genetic distances, if the latter could be calculated.
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Genome organization. Isozyme patterns in these fescues usually had two or

three bands per enzymes, and at least one of these bands was constant; it occurred in all

or nearly all individuals. These observations were consistent with two hypotheses of

genome organization, which are unfortunately not mutually exclusive. First, the frequent

occurrence of two- or three-banded isozyme patterns suggests that these fescues have

allopolyploid origins. Second, the combination of one constant and one variable locus

per enzyme is consistent with the hypothesis that strong selection for optimum enzyme

performance may limit variation at one of two homoeologous loci. As long as enzymes

coded for by the first locus function, selection on the second locus is relaxed, and

mutations may accumulate.

Isozyme patterns for F. rubra var. commutata were more similar to those for the

F. idahoensis /F. roemeri complex than might have been expected, given their difference

in chromosome number. There were isozyme differences; the common five-banded

patterns for cytosolic PGI and TPI are certainly expected of the three pairs of

homoeologous loci in hexaploid F. rubra var. commutata. However, genetic

interpretations involving only two pairs of loci could account for all other scoreable

patterns, and mobility of most common bands in F. rubra var. commutata was equal to

that of corresponding bands in the F. idahoensis/F. roemeri complex.

Taxonomy. Festuca rubra var. commutata is distinguished from the

superficially similar grasses of the F. idahoensis /F. roemeri complex by subtle

morphological traits, seed proteins (Aiken et al. 1998), fixed differences for some

isozymes, and extreme frequency differences for other isozyme patterns. Festuca rubra

var. commutata and F. roemeri are not closely related.

The original separation of F. roemeri var. roemeri and F. idahoensis was based

on subtle morphological traits (Pavlick 1983), and the addition of isozyme data

reinforces the distinction between the two. Extreme frequency differences in MDH

middle and fast enzymes distinguish these (Table 3.5). There is no firm standard for

recognizing taxa as species or subspecies, but the morphological differences between F.

roemeri var. roemeri and F. idahoensis are greater than those between some European

species of Festuca (e.g. Wilkinson and Stace 1991). Recognizing these distinct taxa as
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closely related species is consistent with the current practice among fescue researchers

(Alexeev 1985, Darbyshire and Pavlick MS), and isozyme patterns support this choice.

The Klamath region of northwest California and southwest Oregon is botanically

diverse, with endemic taxa of both relictual and recent origin (Smith and Sawyer 1988),

and F. roemeri var. kiamathensis is an example. If the decision about its status depended

solely on isozymes, this grass would not be distinguished from F. idahoensis. However,

this grass consistently differs from F. idahoensis in its leaf anatomy. The shape of the

leaf in cross-section and the arrangement of leaf sclerenchyma resemble F. roemeri var.

roemeri, not F. idahoensis. The difference can be observed in the field and is consistent

despite great phenotypic plasticity in both taxa of F. roemeri (Chapter 5; Wilson 1997).

Botanists and land managers would be badly served by a taxonomy that separated F.

roemeri var. kiamathensis from F. roemeri var. roemeri, which it resembles, and united

F. roemeri var. kiamathensis with F. idahoensis, which has a distinctive leaf

morphology. Separating all three as species or uniting all three as subspecies of one

species are alternative treatments not advocated here (Chapter 6).

The coastal Cape Perpetua population confuses the isozyme distinctions between

F. roemeri var. roemeri and F. roemeri var. kiamathensis. Morphologically, the Cape

Perpetua plants resemble F. roemeri var. roemeri. The Cape Perpetua population is

isolated from all other sampled populations, which grew in inland locations. Perhaps its

isozymes are divergent from those of inland F. roemeri var. roemeri populations, but the

results may by an artifact of the small F. roemeri sample collected at Cape Perpetua.

Seed transfer. Isozyme patterns plus morphological differences divide the F.

idahoensis/F. roemeri complex into three units, F. idahoensis east of the Cascade

Range/Sierra Nevada axis, F. roemeri var. roemeri, west of that axis in Washington and

northwest Oregon, and F. roemeri var. kiamathensis in southwest Oregon and northwest

California. Seed should not be transferred between the ranges of these three taxa, for

two reasons. First, seeds planted outside their range may fail to establish viable

populations. Differences in disease resistance and the seasonality of growth seem to

prevent establishment of F. idahoensis in the habitats where F. roemeri var. roemeri is

native (D. Floyd, pers. corn.; pers. obs.), and probably also limit establishment of F.

roemeri var. roemeri east of the Cascades. Perhaps environmental factors also cause the
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sharp separation of F. idahoensis and F. roemeri var. klamathensis. Second, fescues in

the F. idahoensis/F. roemeri complex may not be reproductively isolated. Therefore

hybridization may occur, and it may have deleterious effects (Millar & Libby 1989;

Knapp and Rice 1994).

Festuca roemeri var. roemeri is the taxon of greatest conservation concern in this

complex, because of its fragmented populations and apparent decline in abundance. A

larger proportion of its isozyme variation occurs between populations than is true for

other members of the complex. The greater differences between populations may reflect

uneven sampling in two senses; some population samples collected were small, and

some populations are so small that they can represent only limited samples of genetic

variation that must once have occurred in the area. Few bands are unique to single

populations, and phenotypic distances between the most geographically separated

populations were low. Therefore, surviving populations of F. roemeri var. roemeri, at

least in the area from Lane County, Oregon, north through Thurston County,

Washington, probably represent fragments of a huge, outcrossing metapopulation that

exchanged genes through pollen and seed over a time scale of decades and centuries, as

was true for the rare prairie plant Lupinus sulphureus Douglas ex Hook. var. kincaidii

(C. P. Sm.) L. Phillips (Liston et al. 1995). Surviving populations of F. roemeri var.

roemeri apparently did not pass through population bottlenecks in the century following

European settlement, but they are entering bottlenecks or dying out now. Preventing

allele loss in these recently isolated populations should be a conservation priority. This

isozyme analysis suggests that seed transfer within most of the range of F. roemeri var.

roemeri is acceptable, because the plants are similar, and perhaps beneficial, because

recently isolated populations will lose alleles. Other traits suggest that some caution

might be in order. The heavy leaf sclerenchyma development of coastal plants and the

extremely thin leaves of Kingston Prairie, Marion County, Oregon, plants have a genetic

basis; they remain constant in a common garden despite considerable plasticity in leaf

morphology (unpubl. data). A conservative approach would limit seed transfer between

coastal and inland sites, and hold the Kingston Prairie population separate until it is

better understood. However, the obvious variations in this taxon are either the result of

phenotypic plasticity (Chapter 5) or the kind of widely distributed individual variation
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that can not be used to define seed transfer zones (pers. obs.). The choice of species and

seed sources to use in prairie restoration projects in the range of F. roemeri var. roemeri

is complex, and is often limited by economics. When alternatives are considered, using

F. roemeri var. roemeri from any source is clearly better than the alternative (Table 3.9).

Such seed transfer could establish new populations and compensate for the loss of alleles

and other deleterious effects of isolation in small, remnant populations.
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Table 3.9. Considerations for selecting fescues for prairie restorations in the range of Festuca roemeri var. roemeri. "Sheep" and
"Hard" Fescues include cultivars of F. huonii, F. ovina, F. trachyphylla, and F. valesiaca. Seed purity of wild collected F. roemeri
var. roemeri is variable because it often grows with the similar F. rubra var. commutate. I assume that the cultivated source for F.
roemeri var. roemeri is developed from non-local or mixed wild sources. Plants listed as highly compatible with native forbs can
coexist with them and not outcompete them. Festuca occidentalis is omitted because it grows in forest, not prairie.

Native in range of F.
roemeri var. roemeri?
lsozyme similarity to
local F roemeri

Morphological
similarity to F.
roemeri

Habitat preference

Survival beyond first
year

Compatability with
native prairie forbs

Weed suppression

Change genetics of
local F. roemeri
populations?

Seed purity

Cost

locally collected non-local F. r. v. cultivated F. r. v. F. men?'" var. F "Sheep" and F. rubra var.
F. r. v. roemeri roemeri roemeri klamathensis idahoen.sis "Hard" Fescue commutata

Yes Yes Yes No; Calilbrnia
Floristic Region

No; cast of
Cascades

No; Eurasian No; European;
naturalized

I igh High I 1 igh Moderate Moderate Low Very low

Very high I I igh High Moderate Low Low Low

Dry Dry Dry Dry Dry (winter
dormancy)

Dry Mesic to dry

High High High Unknown None Variable; may be
high

Very high

High High II igh High Irrelevant; it
dies

Probably high High

Moderately good Moderately good Moderately good Unknown None Moderately good Good

No Probably no: may
reduce inbreeding
depression

Probably no; may
reduce inbreeding
depression

Probably yes Perhaps yes,
but soon
dies out

No No

Variable Variable I figh if fields arc
inspected

Probably high Highigh High High

Very high High to very high High Moderate high Moderate Moderate to low Low
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66

Populations of Festuca idahoensis Elmer growing west of the Cascade

Range/Sierra Nevada axis have recently been recognized as a distinct taxon, F. roemeri

(Pavlick) E. B. Alexeev. Although F. idahoensis was known to be tetraploid (Darlington

& Wylie 1955), the chromosome number of F. roemeri was unknown. We used flow

cytometry to determine DNA content, and therefore chromosome number, in F. roemeri.

METHODS

Leaves were harvested on 2 April, 1998, from samples of F. huonii Auquier, F.

idahoensis. F. roemeri var. roemeri. F. roemeri var. klamathensis B. L. Wilson fined..

and F. valesiaca Schleich. ex Gaudin maintained in the greenhouse since collection

(Table 4.1). Voucher specimens have been deposited at OSC. The leaves were

harvested and kept on ice less than two hours until preparation. DNA content of Festuca

cells was determined using the Partec Ploidy Analyzer, a flow cytometer. Samples were

ground and stained using the manufacturer's recommended procedures (Anon. 1997).

The instrument was calibrated using the samples of "Covar" cultivar of diploid F.

valesiaca and "Azay" cultivar of hexaploid F. huonii. We estimated DNA content of our

samples by interpolating from the values Huff and Palazzo (1998) reported for "Covar"

and "Azay" to the observed measurements for the F. idahoensis and F. roemeri samples.



Table 4.1. Calculated DNA content and estimated chromosome number of fescue samples. All specimens collected by Barbara
Wilson and maintained in the greenhouse until harvested. PA = absorbance. CV = estmated cell volumes assessed. * = data
from Huff & Palazzo (1998)

Taxon Collection /4 Collection
date

Collection locality TRS Mean PA
peak

CV DNA content
(pg/cell)

Chromosome
count

F. valesiaca,
"Covar" cult ivar

7736 13 June 1995 Oregon; Benton County;
cultivated at Soil

TI IS
RO4W S07

84.26 0.0326 4.39* Diploid*

Conservation Service Plant
Materials Center

F. humid, "Azay"
cult ivar

7752 13 June 1995 Oregon; Marion County;
cultivated at Doerfler farm

TORS
RO1W SI6

226.14 0.0298 12.55* Hexaploid*

E idahoensis 8151 21 June 1996 California; Siskiyou County; T49N 161.33 0.0356 8.2 Tetraploid
Coonrod Flat RO2W S09

E idahoensis s.n. 16 August Oregon; Grant County; Table TI 4S 192.21 0.0351 9.7 Tetraploid
1995 Camp at Mt. Baldy R33E S30

F. /veined var.
roemeri

7209 6 July 1994 Washington; Thurston
County; Fort Lewis; East

T18N
RO3E S28

191.44 0.0353 9.65 Tetraploid

13th Division Prairie
F. roemeri var.
roemeri

7085 20 June 1994 Oregon; Lane County;
Coburg Ridge

T17S
RO3W S12

156.87 0.0335 7.95 Tetraploid

F. roemeri var.
klamathensis

6829 15 May 1994 Oregon; Josephine County;
Sexton Mountain

T39S
RO6W S23

181.68 0.0344 9.2 Tetraploid

F. roemeri var.
klamathensis

8175 22 June 1996 California; 2.5 miles from
Gazelle on Forest Service

T41N
RO6W SO1

185.6 0.0364 9.4 Tetraploid

Road 17
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RESULTS and DISCUSSION

DNA content of all F. idahoensis ssp. idahoensis and F. roemeri samples was

intermediate between the content of the known diploid and hexaploid cultivars (Fig. 4.1).

Mean DNA content, as calculated, was the same for F. idahoensis, F. roemeri var.

klamathensis, and F. roemeri var. roemeri (Table 4.2). Calculated DNA content of F.

idahoensis samples (Table 4.1) lay between the reported values for tetraploid F.

idahoensis (10.28 pg/cell) and the reported average for all sampled tetraploid members

of the F. ovina complex (8.53 pg/cell) (Huff & Palazzo MS).

Festuca idahoensis, F. roemeri var. klamathensis, and F. roemeri var. roemeri all

appear to be tetraploid. Therefore, chromosome number can not create a barrier to gene

flow between these taxa. Fescue taxonomists have debated whether to recognize Idaho

Fescue populations growing west of the crest of the Cascade Range as distinct species

(Alexeev 1985), or as an intraspecific taxon of F. idahoensis (Pavlick 1983, Aiken

1998). That decision must be made on much broader evidence that merely chromosome

number, but the fact that both the widespread and the western form are tetraploid does

not strengthen the argument that they should be recognized as separate species.
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Table 4.2. Mean DNA (pg /cell) content of Festuca idahoensis and F. roemeri. Mean
calculated from two samples each.

Taxon Mean Standard Deviation

F. idahoensis 8.95 1.06

F. roemeri var. roemeri 9.05 1.20

F. roemeri var. klamathensis 9.02 0.14



4.4
(2X)

8.5
(4X)

DNA content (pg/cell)

12.6
(6X)
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Figure 4.1. DNA content of cells of Festuca taxa. DNA content of "Covar" cultivar of
F. valesiaca and "Azay" cultivar of F. huonii taken from Huff and Palazzo (1998). I =
F. idahoensis. K = F. roemeri var. klamathensis. R = F. roemeri var. roemeri. See
Table 4.1 for details of collection sites.
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ABSTRACT

Leaf sclerenchyma arrangement and leaf shape in cross section distinguish Festuca

idahoensis from F. roemeri, but these traits are environmentally plastic. Plasticity was

examined by comparing field- and greenhouse-grown leaves. Plants of Festuca

idahoensis, F. roemeri var. roemeri, and F. roemeri var. klamathensis were collected in

the field, part of each plant was pressed as a voucher and part was transplanted and

maintained in the greenhouse. Leaves produced in the greenhouse were compared to

leaves of the same plant collected in the field. The three taxa responded similarly to the

environmental change, for 90% of the 21 traits evaluated. The field-collected leaves

contained significantly more sclerenchyma than leaves produced in the greenhouse, were

significantly thicker, and had significantly more and longer hairs than leaves collected in

the greenhouse. Festuca idahoensis, F. roemeri var. klamathensis, and F. roemeri var.

roemeri can be distinguished by the shape of the leaves in cross section, the number and

length of adaxial leaf hairs, and the arrangement of leaf sclerenchyma. Because leaf

sclerenchyma and leaf hairs of all three taxa responded the same way to the two

environments, these traits distinguished the three taxa as well in the common greenhouse

environment as in the field. Leaves of F. roemeri became significantly wider in the
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greenhouse than in the field, but the hair-like leaves of F. idahoensis averaged slightly

narrower in the greenhouse. Therefore, leaf shape distinguished F. roemeri from F.

idahoensis even more easily in the common greenhouse environment than in the field.

Key words: Festuca idahoensis, Festuca roemeri, Festuca rubra var. commutata, leaf

anatomy, plant taxonomy, phenotypic plasticity, common garden

INTRODUCTION

Festuca roemeri (Pavlick) E. B. Alexeev is a recently described taxon (Pavlick

1983). The grass is a community dominant in grasslands west of the Cascade Range and

Sierra Nevadas from southern British Columbia to central California (Wilson 1997).

Characteristics of leaf anatomy distinguish F. roemeri from the closely related F.

idahoensis Elmer; inflorescence measurements of the two taxa differ on average, but

overlap broadly (Pavlick 1983).

The value of leaf anatomy for fescue taxonomy has been questioned because the

characteristics are phenotypically plastic (Kjellqvist 1961). In some cases, this plasticity

has obscured the differences between closely related taxa (Al-Bermani et al. 1992,

Conner 1960). In general, fescue leaves in hotter, drier environments are narrower and

thinner, have fewer vascular bundles, and have thicker, broader, more numerous

sclerenchyma deposits (Conner 1960, Dube and Morisset 1996, Hackel 1882, Kjellqvist

1961, Oliva et al. 1993). Abaxial pubescence may become more apparent at high

temperatures, but adaxial hair characters may be more stable and patterns are species

specific (Aiken et al. 1994, Dube and Morisset 1996, Ramesar-Fortner et al. 1995).

Shade and heat seem to have greater effect on leaf anatomy than does water supply itself

(Dube and Morisset 1996, Ramesar-Fortner et al. 1995).

The major traits distinguishing F. idahoensis from F. roemeri could be strongly

affected by environmental conditions. Those traits are leaf shape in cross section, leaf

width, number of vascular bundles, and the number and length of hairs on the adaxial

surface (Pavlick 1983). A further complication is that leaves from fescues of southwest
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Oregon and northwest California appear intermediate between the two species. The

purpose of this study was to determine how leaf anatomy changes after plants were

brought into a common garden situation, and how changes affect decisions about

taxonomy of F. idahoensis and F. roemeri.

The following taxa were studied: (1) F. idahoensis, Idaho Fescue or Bluebunch

Fescue, native east of the Cascade Range/Sierra Nevada axis ; (2) Festuca roemeri var.

roemeri. Roemer's Fescue, native west of the Cascade Range axis from Lane County,

Oregon, north to southern British Columbia; (3) F. roemeri var. klamathensis B. L.

Wilson ined., Klamath Fescue, native to southwest Oregon and northwest California,

south to the San Francisco area.

METHODS

As fescues were collected for a study of Festuca taxonomy and isozyme variation

(Chapter 3), voucher specimens were prepared and often one or more plants were

transplanted to pots and kept in the greenhouse. Leaf anatomy in the field and

greenhouse were compared for all 29 individuals of 16 populations (Table 5.1) for which

both a field-collected voucher and a live greenhouse plant existed. Matching greenhouse

plants and field-collected vouchers were available only for one population of F.

idahoensis, in part because F. idahoensis plants often became infected with fungus in the

greenhouse and died. Therefore, the two surviving greenhouse plants (8103 and 8105)

from the Grass Lake population of F. idahoensis were compared with the average from

two vouchers (8105A2 and 8105A9). Throughout this paper, plants and leaves collected

in the field and dried are called field plants or leaves; plants and leaves kept alive in the

greenhouse and presumably responding to the greenhouse environment are called

greenhouse plants and leaves.

In the greenhouse, plants were protected from wind and from extremes of

temperature. Temperatures varied from 7°C to 18°C at night and from 21°C to 35°C

during the day. Plants were checked twice daily and watered as needed. (The watering
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Table 5.1, continued

Population Date State County Location Location

F. memeri v. roenu'ri
Bald Hill 4 June. OR Benton Bald llill Park, Corvallis 44.568' N

1995 123.322° W

Baskett Butte 15 June OR Polk Baskett Butte, Basket 44.965° N
1995 Slough National Wildlife 123.264° W

Refuge

Butterfly 15 June OR Benton McDonald State Forest 44.611° N
Meadow 1994 123.264° W

Cape 29 June OR Lincoln Cape Perpetua, Siuslaw 44.286° N
Perpctua 1994 National Forest 124.120° W

Coburg Ridge 13 July OR Lane south end o!Coburg 44.265° N
1997 Ridge 122.874° W

Cummins 18 June OR Lincoln along Cummins Creek 44.27° N
Creek 1996 Trail, Siuslaw National 124.06° W

Forest
Ye lm Prairie 6 July WA Thurston immediately west of 46.945° N

1994 Nisqually Plaza in the
town of Yelm

122.598° W

Habitat

Disturbed native
prairie, surrounded
by oak savannah
Disturbed native
prairie on top of
hill, with scattered
juniper
Native prairie high
on south-facing
slope
Steep coastal
headland

Top of steep,
disturbed, south-
facing prairie
Small grassy bald
on ridge in Douglas
Fir forest
Vacant lot with
sonic native plants

(ill leavesIndividual It Field leaves

7691
7692

3

7727 2 3

7019 2

7020 2 3

7021 6 3

7135 4

7841 2 2

7842 3 2

7843 2 2

7081 3 4

8135 2 3

8136 2 4

7198 3 3
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pattern changed unpredictably with greenhouse personnel, but applied equally to all

fescues.) When brought into the greenhouse, most fescues were transplanted into the

Oregon State University greenhouse potting soil. In September 1997, they were repotted

into a mix of perlite, OSU standard potting soil, and high quality purchased potting soil,

in 1-gallon pots. Leaves were collected in November 1997 through January 1998.

Further samples could not be taken because some plants became pot-bound; their leaves

would not have reflected the same environment as those collected earlier. Greenhouse

leaves were air dried. Cross sections were cut by hand from the middle third of mature

leaves. At least two leaves were cut per field-collected or greenhouse specimen. Cross

sections were mounted in tap water, and photographed at 100X using a Leica DM RB

compound light microscope. In addition, a micrometer was photographed to provide

scale. It was used as a spacer between photographs of different individuals.

Various leaf anatomical traits were measured and counted directly from the

photographs (Fig. 5.1): (1) width of the leaf (distance from midrib to margin); (2)

number of vascular bundles; (3) number of sclerenchyma bands; (4) width of midrib

sclerenchyma band; (5) depth of midrib sclerenchyma band; (6) number of adaxial

sclerenchyma bands; (7) number of vascular bundles opposite sclerenchyma; (8) length

of longest adaxial trichome; (9) number of adaxial trichomes on 1/2 of the leaf; (10) depth

of marginal sclerenchyma bundle; (11) width of marginal sclerenchyma bundle; (12)

thickness of leaf through the major lateral vascular bundle; (13) thickness of leaf at

midrib; (14) number of grooves on adaxial surface; (15) length of abaxial epidermis on

1/2 of leaf; (16) sum of length of sclerenchyma deposits on half of leaf. For

measurements taken from half the leaf, the half providing the larger measurement or

count was consistently chosen, if both sides of the leaf were represented in the

photograph. Characters 1 through 9 were comparable to measurements used by Dube

and Morisset (1996) in a similar study of F. rubra; some are modified slightly because

morphology of F. rubra differs from F. idahoensis and F. roemeri. The following ratios

were calculated: (17) percent of adaxial epidermis (on one side of the leaf) lined by

sclerenchyma; (18) the fraction of lateral vascular bundles associated with sclerenchyma,

equivalent to character 7 of Dube and Morisset (1996); (19) thickness of side of leaf

divided by leaf width, trait #12/#1; (20) ratio of leaf depth at midrib to leaf width, trait
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Figure 5.1. Measurements and counts taken from leaf cross sections. (1) width of the
leaf; (2) number of vascular bundles = 5; (3) number of (abaxial) sclerenchyma bands =
4; (4) width of midrib sclerenchyma band; (5) depth of midrib sclerenchyma band; (6)
number of adaxial sclerenchyma bands = 2; (7) number of vascular bundles opposite
sclerenchyma = 4; (8) length of longest adaxial trichome; (9) number of adaxial
trichomes on 1/2 of the leaf = 12; (10) depth of marginal sclerenchyma bundle; (11) width
of marginal sclerenchyma bundle; (12) thickness of leaf through the major lateral
vascular bundle; (13) thickness of leaf at midrib; (14) number of grooves on adaxial
surface = (15) length of abaxial epidermis on 1/2 of leaf; (16) sum of length of
sclerenchyma deposits on half of leaf.
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#13/#1; (21) number of grooves/vascular bundle. The adaxial epidermis length and

extent of sclerenchyma deposit parallel to the epidermis (traits #15 and 16) were

measured using a K & E 62 0300 swivel handle map measure.

For each plant mean counts or measurements for greenhouse leaves were

subtracted from the corresponding mean measurement (or count) from the corresponding

field-collected leaves. The difference was considered the response of the leaf to the

common greenhouse environment. The number of plants per population varied. Mean

response was calculated for each population by averaging the mean responses for all

individuals. Some populations were represented by single individuals (Table 5.1).

Populations were grouped by taxon (F. idahoensis, F. roemeri var. roemeri, and F.

roemeri var. klamathensis). The hypothesis that all taxa responded the same way was

tested with a one-factor ANOVA performed using an Excel spreadsheet (Microsoft

1997). For each trait a t value was calculated:

t = (mean change of all population means zero) .

(square root of [the variance/the number of populations])

The null hypothesis was that leaf anatomical traits were the same in field and

greenhouse; mean change equaled zero. If the value oft exceeds the critical value for p

= 0.05 (Rohlf and Sokal 1960), the null hypothesis is rejected. For most traits, the

hypothesis that all taxa responded the same way could not be rejected, and therefore the

hypothesis that the response to the greenhouse was the same as the response to the field

environment was tested.

RESULTS

I use the words narrow, wide, and width to refer to dimensions parallel to a line

running from the midrib to the margin of the leaf. I use the words thick and thin to refer

to dimensions running from the abaxial to adaxial surface of the leaf (Fig. 5.1).

Festuca idahoensis, F. roemeri var. roemeri, and F. roemeri var. klamathensis

showed similar responses to being brought into the greenhouse environment. For
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nineteen (90%) of the 21 traits observed or calculated, the three taxa showed no

significant difference in response (Table 5.2). Leaf width and the ratio of leaf thickness

at midrib to the leaf width responded differently among taxa. The probability that

species specific differences existed in leaf width response was 0.06 (Table 5.2); in F.

idahoensis, measured greenhouse leaves averaged slightly narrower than measured field

leaves, but in F. roemeri, the leaves averaged significantly wider in the greenhouse (t =

2.60, p < 0.05) (Table 5.3). The species specific variation in leaf width response was

obvious in the live plants; Festuca idahoensis had almost hair-like leaves. Leaf

thickness at midrib was unchanged in other taxa, but became smaller in F. roemeri var.

roemeri (Table 5.4, 5.5). Responses of leaf width and leaf thickness interacted to cause

the ratio of leaf thickness at midrib to leaf width to differ significantly among taxa (p <

0.0002).

Significant responses to the environment occurred in three categories of traits.

Field-collected and greenhouse leaves differed in shape. Greenhouse leaves averaged

significantly thinner through the side (trait #12), particularly in F. roemeri var. roemeri.

In F. roemeri var. klamathensis, greenhouse leaves were also larger (trait #1). As a

result, greenhouse leaves of F. roemeri were significantly proportionately thinner

through both the side and midrib (trait #19). Festuca idahoensis leaf shape responded

little to the environment.

The amount and arrangement of leaf sclerenchyma (fiber) differed between field-

collected and greenhouse leaves. For seven of the nine traits related to sclerenchyma

deposits. field-collected leaves contained significantly more sclerenchyma (Table 5.4,

traits #4, #5. #10, #11, #16, #17, #18). The field-collected plants had fewer fibers (trait

#3), although the difference in fiber number was not significant. This result does not

contradict the tendency for field-collected plants to have more sclerenchyma, but reflects

the way sclerenchyma is laid down in many members of the F. ovina complex. In leaves

with extensive sclerenchyma, neighboring fibers fused to form single broad fibers. At

one extreme, some field-collected plants from Coonrod Flat had sclerenchyma deposited

thickly under the entire abaxial epidermis of the leaf, and therefore had only one fiber.
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Table 5.2. Results of Analysis of Variance to determine if mean change in leaf
anatomical traits differs among F. idahoensis, F. roemeri var. kiamathensis, and F.
roemeri var. roemeri. * = significant differences among taxa (p < 0.061).

Trait F P-value

1. Leaf Width 3.498478 0.06086*
2. # Vascular Bundles 2.007084 0.17393
3. Number of fibers 0.327685 0.72637
4. Midrib fiber width 0.566929 0.58068
5. Midrib fiber depth 2.995218 0.08514
6. Adaxial sclerenchyma bundles 0.869718 0.44209
7. Vascular bundles opposite fiber 0.205588 0.81677
8. Hair length 0.287574 0.75473
9. Hairs/side 0.625882 0.55016
10. Marginal fiber depth 2.776706 0.09906
11. Marginal fiber width 0.485787 0.62595
12. Side thickness 1.472191 0.26527
13. Leaf thickness at midrib 0.367606 0.69936
14. Number of grooves 0.334354 0.72178
15. Epidermis: circumference 2.111677 0.16064
16. Sclerenchyma near epidermis 1.528072 0.25349
17. Epidermal sclerenchyma ratio 1.169269 0.34122
18. Ratio: vascular bundles opposite fiber 0.005954 0.99407
19. Side/width (#12/#1) 0.720413 0.50499
20. Midrib thickness/width (#13/#1) 18.25756 0.00017*
21. Grooves/vascular bundles (#14/#2) 1.343524 0.29486

Table 5.3. Mean (and standard deviation) of half leaf widths (traits #1) of three fescue
taxa.

Taxon Field leaf Greenhouse leaf

Festuca idahoensis 0.58 mm (0.03) 0.49 mm (0.01)
Festuca roemeri var. klamathensis 0.70 mm (0.12) 0.82 mm (0.07)
Festuca roemeri var. roemeri 0.81 mm (0.09) 0.84 mm (0.14)



Table 5.4. Change in leaf anatomical characteristics for three taxa of fescue. See text for explanation of characters. Values in
millimeters or counts. Negative values indicate that the trait was bigger or more numerous in greenhouse plants than in field-
collected plants. V.B. = vascular bundles. m.f.d. = depth (thickness) of marginal fiber. m.f.w. = width of marginal fiber. scl. =
sclerenchyma. opp. = opposite.

Population 1. leaf
width

2. V.B. 3. fibers 4. Midrib 5. midrib 6. adaxial 7. V.B. opp. 8. Hair
width depth sel. fibers length

9. Hairs
per side

10. in.f.d 11. m.f.w

F. idahoensis
Coonrod Flat 0.0613 -0.0417 -0.5000 0.0838 0.0132 0.0000 0.5833 0.0359 2.0417 -0.0052 0.1667
Grass Lake 0.0916 0.0000 -0.3667 -0.0243 0.1023 0.0000 0.2000 0.0404 1.4500 0.0013 0.0714

h. roemeri var. khanatheasis
Baldy Peak Tr. -0.0819 -0.7619 0.2619 0.0203 0.0047 0.0000 0.7500 0.0174 0.4375 -0.0052 0.0801

Edgewood 0.0131 -0.1250 1.2500 0.0169 0.0021 0.3750 1.8750 0.0616 7.6875 0.0042 0.0561

Fiddler Mt. -0.2565 -2.0000 -2.0000 0.0518 0.0135 1.5000 -2.0000 -0.0034 2.5000 0.0110 1.1182

Idlewild -0.1845 0.0000 1.0000 0.0000 0.0225 0.0000 1.0000 0.0197 -3.1667 0.0062 0.2104
Indian Scotty -0.0495 0.0000 -1.6667 0.0838 0.0439 0.0000 0.3333 0.0563 0.6250 0.0034 0.0917
Sexton Mt. -0.1462 -0.5833 0.6667 0.0118 -0.0011 0.0000 -0.1667 0.0124 0.0000 -0.0056 0.0022
Yreka -0.1299 -0.4000 -0.5000 0.0106 0.0180 0.0000 0.0000 -0.0294 -0.0833 -0.0021 0.0471

F. merneri var. rociiieri
Bald Hill -0.1536 0.0833 -1.5000 0.0045 0.0276 0.0000 0.5000 0.0073 4.4583 0.0425 0.0590
Basket Butte -0.1980 -0.6667 -2.0000 0.0090 0.0023 0.0000 -1.0000 0.0146 1.5000 0.0225 0.0652
Butterfly M. -0.0060 0.2222 2.1111 0.0716 0.0028 0.0000 3.3889 0.0094 3.1944 0.0038 0.1069
Coburg Ridge 0.0770 0.3333 -0.4167 0.0484 0.0155 0.0000 1.5833 0.0214 1.7917 -0.0006 0.0641

Yelm 0.0495 0.3333 -1.3333 0.0720 0.0180 0.0000 0.3333 0.1035 1.8333 0.0045 0.1597
Cape Perpetua -0.0737 -0.3333 -0.5625 0.0287 0.0158 0.1250 -0.5417 0.0162 2.6458 0.0100 -0.0100
Cumm in's Cr. 0.0860 0.0000 -1.1250 0 1105 0.0428 0.0000 0.5833 0.0105 2.5000 0.0321 0.2205



Table 5.4, continued

Population 12. side
thickness

13. thickness 14. grooves
at midrib

15. epidermis 16. scl. near 17. scl
epidermis ratio

18. ratio V.B.
opp. Fiber

19. = 12/1 20. = 13/1 21. grooves/
V.B.

F. idahoensis
Coonrod Flat 0.1563 0.0227 -0.0727 1.2528 2.0280 0.2352 0.0375 1.2105 1.8852 0.2176
Grass Lake 0.0468 0.0126 -0.4667 0.4498 1.2171 0.1883 0.0500 0.0300 -0.0762 -0.1167

F. roemeri var. klamathensis
Baldy Peak Tr. 0.0447 -0.0052 -0.5893 -0.0019 1.1131 0.1447 0.2131 0.0924 0.0391 0.0181
Edgewood 0.0257 0.0308 -0.1250 -0.0992 0.7342 0.1072 0.4375 0.0311 0.0320 0.0375
Fiddler Mt. -0.0270 -0.0203 -2.0000 -2.1960 -1.0583 -0.0044 -0.1667 0.0376 0.0904 0.0000
Idlewild 0.0186 -0.0585 0.0000 -1.1906 0.3704 0.1616 0.2500 0.0955 0.0440 0.0000
Indian Scotty -0.0104 -0.0039 0.0000 -0.3440 1.5875 0.2484 0.0833 0.0041 0.0288 0.0000
Sexton Mt. 0.0062 -0.0164 0.4833 -0.6615 -0.4366 -0.0323 -0.0085 0.0438 0.0464 0.1444
Yreka 0.0140 -0.0113 0.0000 -0.6482 0.5821 0.1278 0.0350 0.0689 0.0656 0.0800

E. roemeri var. roemeri
Bald Hill 0.0197 -0.0703 -0.2500 -0.9525 0.6218 0.1322 0.0917 0.0628 -0.0083 -0.0583
Basket Butte -0.0079 -0.0315 -0.6667 -1.4552 0.1852 0.1174 -0.1944 0.0605 0.0690 0.0000
Butterfly M. 0.0368 0.0028 -0.2222 0.2028 1.3582 0.1763 0.5861 0.0424 0.0034 -0.0852
Coburg Ridge 0.0653 0.0141 0.0000 0.7541 1.0054 0.0822 0.2401 0.0557 -0.0112 -0.0556
Yelm 0.0214 0.0405 0.6667 0.1587 1.2700 0.1325 0.0000 0.0145 0.0288 0.0556
Cape Perpetua 0.0096 -0.0084 -0.4583 -0.8963 0.0364 0.0582 -0.0369 0.0260 0.0234 -0.0193
Cummin's Cr. 0.1010 0.0877 0.7500 2.3614 3.1287 0.2424 0.0972 0.0874 0.0547 0.1250



Table 5.5. Mean change in leaf anatomical characteristics in fescues brought into the greenhouse. See text for explanation of characteristics. Negative
values indicate that the trait was larger or more numerous in greenhouse plants than in field-collected plants. Units in millimeters, or counts. * = values
differ significantly from zero (p < 0.05). ( ) = invalid comparison, because taxa differ in response. V.B. = vascular bundles. m.f.d. = depth (thickness) of
marginal fiber. in.f.w. = width of marginal fiber. scl. = scierencliyina. opp. = opposite.

Population Means and Standard Deviations

Population 1. leaf 2. V.B.
width

3. fibers 4. Midrib 5. midrib
width thickness

6. adaxial 7. V.B. opp. 8. Hair
scl. fibers length

9. Hairs
per side

10. m.f.d 11. m.f.w

All plants
Mean (-0.0563) -0.2462 -0.4176 0.0375* 0.0215* 0.1250 0.4639 0.0246* 1.8385* 0.0077* 0.1568*
Variance (0.0129) 0.3308 1.4625 0.0014 0.0006 0.1438 1.4760 0.0009 5.3540 0.0002 0.0701
t= (-1.9874) -1.7124 -1.3811 3.9480 3.3907 1.3188 1.5273 3.2462 3.1782 2.2377 2.3695

F. idahoensis
Mean 0.0764 -0.0208 -0.4333 0.0298 0.0577 0.0000 0.3917 0.0381* 1.7458 -0.0020 0.1191
Variance 0.0005 0.0009 0.0089 0.0058 0.0040 0.0000 0.0735 0.0000 0.1750 0.0000 0.0045
t= 5.0510 -1.0000 -6.5000 0.5505 1.2969 0.0000 2.0435 16.9102 5.9014 -0.6116 2.5003

F. roemeri var. klamathensis
Mean -0.1194* -0.5529 -0.1412 0.0279* 0.0148* 0.2679 0.2560 0.0192 1.1429 0.0017 0.2294
Variance 0.0080 0.4928 1.6606 0.0009 0.0002 0.3147 1.4597 0.0010 11.1369 0.0000 0.1577
t= -3.5415 -2.0839 -0.2898 2.5029 2.5326 1.2632 0.5605 1.5970 0.9061 0.7193 1.5283

F. roemeri var. roemeri
Mean -0.0312 -0.0040 -0.6895 0.0492* 0.0178* 0.0179 0.6925 0.0261 2.5605* 0.0164* 0.0951*
Variance 0.0129 0.1390 1.8187 0.0015 0.0002 0.0022 2.1050 0.0012 1.0432 0.0003 0.0057
t= -0.7287 -0.0282 -1.3527 3.3983 3.3384 1.0000 1.2628 2.0083 6.6328 2.6606 3.3303

All F. roemeri
Mean -0.0753* -0.2784 -0.4153 0.0386* 0.0163* 0.1429 0.4742 0.0227* 1.8517* 0.0090* 0.1622
Variance 0.0117 0.3727 1.6868 0.0012 0.0002 0.1631 1.6965 0.0010 6.1627 0.0002 0.0803
t -2.6050 -1.7065 -1.1965 4.1614 4.2638 1.3235 1.3622 2.6465 2.7909 2.4002 2.1424



Table 5.5, continued

Population 12. side 13. thick.
thickness at midrib

14. #
grooves

15. epi-
dermis

16. scl. by
epidermis

17. scl
ratio

18. ratio V.B. 19. =
opp. fiber #12/#1

20. =
#13/#1

21. grooves
per V.B.

All plants
Mean 0.0325* 0.0009 -0.1844 -0.2041 0.8590* 0.1324* 0.1072* 0.1227 (0.1447) 0.0214
Variance 0.0020 0.0014 0.4032 1.2247 0.9703 0.0065 0.0409 0.0849 (0.2169) 0.0077
t= 2.8833 0.0967 -1.1617 -0.7377 3.4881 6.5864 2.1198 1.6848 (1.2427) 0.9776

F. idahoensis
Mean 0.1015 0.0177 -0.2697 0.8513 1.6226 0.2118 0.0437 0.6202 0.9045 0.0504
Variance 0.0060 0.0001 0.0776 0.3224 0.3288 0.0011 0.0001 0.6967 1.9235 0.0559
t= 1.8552 3.4798 -1.3690 2.1203 4.0016 9.0238 7.0000 1.0509 0.9223 0.3019

F. roemeri var. klamathensis
Mean 0.0102 0.0121 -0.3187 -0.7345 0.4132 0.1076* 0.1205 0.0534* 0.0495* 0.0400
Variance 0.0006 0.0007 0.6476 0.5750 0.8150 0.0094 0.0389 0.0011 0.0005 0.0030
t= 1.1489 1.2130 -1.0478 -2.5628 1.2110 2.9296 1.6161 4.1900 6.0450 1.9432

F. roemeri var. roemeri
Mean 0.0351* 0.0050* -0.0258 0.0247 1.0865* 0.1344* 0.1120 0.0499* 0.0228 -0.0054
Variance 0.0014 0.0026 0.2948 1.6725 1.0693 0.0037 0.0617 0.0006 0.0009 0.0054
t= 2.5160 0.2604 -0.1257 0.0506 2.7800 5.8428 1.1922 5.3874 1.9613 -0.1941

All F. roemeri
Mean 0.0227* 0.0036 -0.1723 -0.3549 0.7499* 0.1210* 0.1162 0.0516* 0.0362* 0.0173
Variance 0.0011 0.0016 0.4580 1.1925 0.9917 0.0063 0.0465 0.0008 0.0008 0.0044
t= 2.6154 0.3355 -0.9523 -1.2160 2.8174 5.7220 2.0173 6.8116 4.6526 0.9719
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The adaxial trichomes formed the third category of traits that differed

significantly between field-collected and greenhouse leaves (traits #8 and #9).

Greenhouse leaves had fewer and shorter hairs than field-collected leaves.

DISCUSSION

This study was performed with the assumption that the greenhouse environment

differed from the environment in which these plants were collected. Although no

microclimate measurements were made, most field habitats were obviously dry. The

coastal environment of the Cape Perpetua and Cummins Creek plants was mesic and

wet, but these plants grew in rocky soil on steep south- and west-facing slopes and were

exposed to strong winds. The sampled fescue populations go dormant in late summer,

but the greenhouse plants remained green all year. Three sampled populations grew on

serpentine substrates. The red serpentine soils around the roots of the transplanted

fescues were largely replaced by fertile black soil in the two to three repottings they

received in the greenhouse. Compared to their native environment, the greenhouse

environment appeared wet and wind-free, with more fertilizer and less variable

temperatures that were much warmer in winter.

The response of leaf anatomy traits to the environment was consistent with

patterns of response seen in other fescue taxa (Aiken et al. 1994, Conner 1960, Dube and

Morisset 1996, Hackel 1882, Kjellqvist 1961, Oliva et al. 1993, Ramesar-Fortner et al.

1995). Festuca idahoensis, F. roemeri var. klamathensis, and F. roemeri var. roemeri all

responded to the greenhouse environment by producing less leaf sclerenchyma than they

did in the field. Festuca roemeri leaves were wider and thinner in the greenhouse than in

the field. In all three taxa, the number and length of adaxial hairs was lower in the

greenhouse than in the field. In all these traits, the characteristics of field-collected

leaves were better able to retain moisture, and the heavy sclerenchyma development

probably helped the leaves resist wind damage and maintain form during water deficit.

Despite the great phenotypic plasticity observed, differences in leaf anatomy

distinguished the three fescue taxa. The difference between F. idahoensis and F.
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roemeri was clearer in the common greenhouse environment. Festuca idahoensis has

leaves round to hexagonal in cross section, and F. roemeri var. roemeri leaves are

elliptic to obovate (Fig. 5.2, Pav lick 1983). However, F. roemeri var. klamathensis

leaves in the field are often nearly round in cross section, and might be confused with F.

idahoensis leaves (Fig. 5.2). In the greenhouse, leaves of F. idahoensis remained small

and round or hexagonal. Leaves of F. roemeri var. klamathensis became significantly

wider, and resembled those of F. roemeri var. roemeri. Hairs on the adaxial leaf

surfaces of F. roemeri var. klamathensis resemble those of F. idahoensis, not F. roemeri

var. roemeri. Because hair characters responded similarly to the environment in all three

taxa, the initial differences between the three taxa were retained in the common

greenhouse environment (Fig. 5.2).

Leaf anatomy is a valuable tool for fescue taxonomy (Aiken and Consaul 1995).

Not only did morphological traits distinguish the taxa studied, but also phenotypic

plasticity itself distinguished F. idahoensis from F. roemeri. Festuca idahoensis leaves

remained narrow in both field greenhouse environments. Festuca roemeri, especially F.

roemeri var. klamathensis, responded strongly to environmental conditions.
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Figure 5.2. Leaf cross sections of field-collected specimens (top row) and greenhouse
plants (bottom row). A and D: Festuca idahoensis (Wilson 8151 from Coonrod Flat). B
and E: Festuca roemeri var. klamathensis (Wilson 8198 from Baldy Peak Trail). C and
F: Festuca roemeri var. roemeri (Wilson 7691 from Bald Hill).
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A dominant bunchgrass of savannas in the Klamath Region of Oregon and California has

been identified variously as F. idahoensis Elmer, F. idahoensis X F. occidentalis Hook.

hybrids, F. idahoensis var. oregona (Hack.) C. L. Hitchc., F. ovina L., and occasionally

F. rubra L; in despair. some authors simply report Festuca sp. (Copeland 1978, Dennis

1959, Frenkel & Kiilsgaard 1984, White 1971, herbarium specimens). The grass is F.

roemeri (Pavlick) E. B. Alexeev (Pavlick 1983, Wilson 1997), but differs slightly from

typical, northern F. roemeri.

Application of the names F. idahoensis and F. ovina to the southern F. roemeri

populations has resulted in using inappropriate commercial cultivars in "native"

plantings. Commercial Idaho Fescue is F. idahoensis, which is not native to the Klamath

Region. Attempts to plant Sheep Fescue cultivars as native grasses fail on two points.

First, Sheep Fescue, F. ovina, is not native anywhere in North America. Second, the

common cultivars of Sheep Fescue are not F. ovina, but rather F. trachvphvlla and F.

valesiaca, which are also Eurasian (Huff and Palazzo 1998). Nomenclatural clarification

might improve management of southern F. roemeri and the plant communities in which

it grows.

Festuca roemeri, described from the Puget Sound area (Pavlick 1983), was

apparently once a dominant species of prairies, savannas, foothills, and coastal headlands

from southern British Columbia to the San Francisco area, growing entirely west of the

Cascade Range and the Sierra Nevada. It is closely related to F. idahoensis, its

counterpart east of those mountain ranges. The differences between F. idahoensis and

the F. roemeri populations in Washington and most of Oregon are great, compared with

the subtle distinction between some other fescue species (Margraf-Dannenberg 1980,

Wilkinson and Stace 1991). The two grasses differ in leaf anatomy, average
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inflorescence measurements, and pattern frequencies for malate dehydrogenase isozymes

(Pav lick 1983, Chapter 3). The difference in leaf anatomy can be detected in the field

and on herbarium specimens.

Observations of both plants in the field and herbarium specimens demonstrated

that there were three, not two, entities among plants identified as F. idahoensis and F.

roemeri. I describe the third category as a variety of F. roemeri. Anticipating results, I

refer to F. roemeri collected south of Douglas County, Oregon, as southern F. roemeri,

and plants collected north of Douglas County as northern F. roemeri.

METHODS

Specimens of F. idahoensis Elmer, F. roemeri (Pavlick) E. B. Alexeev, and F.

rubra L. from ORE, OSC, UC, WILLU, and WTU were examined. (Herbarium codes

from Holmgren et al. 1990.) Also, plants were collected in the field, with voucher

specimens deposited at OSC. I measured inflorescence and vegetative characters from a

selection of mature plants collected in the field. Student's t-tests, calculated in an Excel

spreadsheet (Microsoft 1997), were used to determine if sampled southern and northern

F. roemeri differed significantly in inflorescence and leaf measurements.

Three aspects of biology of the F. idahoensis/F. roemeri complex were studied in

detail and are published elsewhere: isozyme patterns, chromosome number as estimated

from flow cytometry, and leaf anatomy in field and common garden (Chapters 3, 4, and

5).

RESULTS

In the sample measured, southern F. roemeri had significantly shorter panicles,

longer first glumes, longer lemmas, and shorter leaves (Table 6.1). However,

measurements broadly overlapped. The leaves of southern F. roemeri were obovate to

ellpitic in cross section like northern F. roemeri, not round to hexagonal like F.



Table 6.1. Selected inflorescence measurements of F. roemeri. N = number of individuals measured. Max = maximum value.
Min = minimum value. Probability (p) is the probability that the measurements for F. roemeri var. roemeri and F. roemeri var.
klamathensis are the same. * = statistically significant different (p<

meincri
StDev Max Min

0.05).

F. roemeri var.
N Mean

F. rocmeri var. klamathensi.s.
N Mean StDev Max Min p <

Panicle length (cm) 21 13.28 2.39 19.5 9.5 19 11.39 3.31 18.0 5.6 0.0485*
Standardized spikelet length (mm) 20 9.09 0.77 10.0 7.8 17 9.98 2.51 16.2 3.5 0.1745
Spikelet length (mm) 20 12.01 1.97 17.0 8.1 16 12.20 3.04 16.0 4.2 0.8306
Fertile florets/spikelet 20 3.93 0.65 6.0 3.0 19 3.66 0.69 5.0 3.0 0.1113
Lower glume length (mm) 21 3.42 0.66 4.9 2.0 19 3.89 0.69 5.7 3.2 0.0341*
Upper glume length (mm) 21 5.04 0.59 6.2 4.2 19 5.52 1.14 9.2 4.4 0.1135
Lemma length (mm) 21 6.95 0.42 7.9 6.5 19 7.47 0.72 8.5 6.3 0.0097*
Long awn length (mm) 21 3.94 0.89 5.3 2.3 18 3.40 0.90 4.6 1.8 0.0692
Culm length (cm) 21 67.34 21.73 101.5 18.5 19 66.80 19.85 94.5 36.0 0.9346
Leaf length (cm) 21 25.07 8.07 42.0 10.5 19 18.86 7.83 31.0 8.7 0.0182*
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idahoensis. However, the numerous, long hairs on the inner (adaxial) surface of the leaf

resembled F. idahoensis (Table 6.2, Fig. 6.1). Southern F. roemeri usually had the

malate dehydrogenase pattern characteristic of F. idahoensis, and differed from northern

F. roemeri (Fig. 6.2).

Northern F. roemeri plants were usually green or slightly glaucous in the field;

southern plants were usually strongly glaucous. Therefore, labels on herbarium sheets

showed that F. roemeri collected from Lane County, Oregon, and northward were often

misidentified as F. rubra. Plants collected from northern California and southwest

Oregon were usually identified F. idahoensis, although F. ovina and other names were

applied.

All three kinds of fescue had approximately the same amount of DNA in the

cells, and therefore all three were presumably tetraploid (Chapter 4).

DISCUSSION

Southern F. roemeri combines characteristics of F. idahoensis and northern F.

roemeri. Logically, all three fescues might be recognized at the same rank (as species or

as intraspecific taxa of F. idahoensis) or southern F. roemeri might be considered an

intraspecific taxon of either F. idahoensis or F. roemeri. Two considerations limit the

choices. First, F. idahoensis and northern F. roemeri are relatively distinct; recognizing

them as two species is consistent with current practice in fescue taxonomy. Second, the

differences between southern and northern F. roemeri are subtle, but F. idahoensis can

be more easily distinguished from either in the field. Therefore, I consider recognizing

southern F. roemeri as a variety of F. roemeri to be the most practical course.

Is there sufficient reason to recognize the southern F. roemeri variety

taxonomically? Festuca roemeri has a hierarchy of variation, but the ecological,

morphological, and isozyme distinctions between the northern and southern varieties

produce the clearest distinction among F. roemeri populations. The distinction between

northern and southern forms is basic to F. roemeri management.
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Table 6.2. Leaf and isozyme traits distinguishing F. idahoensis and northern and
southern populations of F. roemeri. Leaf anatomy measurements from Chapter 5. For
malate dehydrogenase patterns, see Fig. 6.2.

Characteristic F. idahoensis F. roemeri, southern F. roemeri, northern

Leaf cross section:
shape hexagonal to round obovate to elliptic obovate to elliptic

width of 1/2 leaf 0.4 0.8 mm 0.5 1.2 mm 0.5 1.2 mm

vascular bundles 5 (-7) 5 7 (-9) (5-) 7 9 (-11)

arrangement minor vascular bundles minor vascular bundles minor vascular bundles
usually opposite grooves opposite ribs opposite ribs

adaxial ribs

sclerenchyma
strands

midrib:leaf
length ratio

3 (-5) 5+ 5+

5+ 3+ 3+

0.37 0.75 0.3 0.5 0.3 0.5

adaxial hairs many, long hairs many, long hairs few, very short
pubescence

longest adaxial hair 0.04 0.22 mm, mean (0.01-) 0.05 0.12 0 0.05, mean 0.038
length 0.1 mm (-0. 28) mm. mean 0.09 mm

hairs/side of hand about 8 (0-) 7 15 0 5 (-10)
section

Malate dehydrogenase pattern A (rarely B) pattern A pattern B
isozyme band pattern
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Figure 6.1. Leaf cross sections of field-collected specimens (top row) and plants from a
common greenhouse environment (bottom row). A and D: Festuca idahoensis. B and
E: Festuca roemeri var. klamathensis. C and F: Festuca roemeri var. roemeri.

A

Figure 6.2. Typical malate dehydrogenase band patterns in Festuca. Histidine citrate
buffer, pH 5.3. Top = leading, anodal end of pattern. Pattern A = F. roemeri var.
roemeri; pattern B = F. roemeri var. klamathensis and F. idahoensis.
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The name klamathensis is appropriate for this fescue variety because the ancient,

varied, and botanically complex Klamath Range is the center of its distribution. The

Klamath Range in turn commemorates the Native American people who once used

controlled fires to manage the F. roemeri var. klamathensis grasslands.

Festuca roemeri (Pav lick) E. B. Alexeev var. klamathensis B. L. Wilson var.

nov. Type: B. L. Wilson 8199: Oregon, Jackson County, Rogue River National Forest,

Baldy Peak Trail, T4OS R3W S22, 2 July 1996.

F. roemeri (Pav lick) E. B. Alexeev pro parte, 1985, Novost. Sist. Vyssh. Rast.

(Leningrad) 22:32. Festuca idahoensis Elmer var. roemeri Pav lick pro parte, 1983,

Canadian Journal of Botany 61:350. Type: Pavlick 78-233, Canada, British Columbia,

Vancouver Island, Mt. Finlayson, 28 June 1978. Holotype: V.

A F. roemeri var. roemeri foliorum tricomatibus adaxialibus longioribus et

numerosioribus differt.

Like F. roemeri var. roemeri, but hairs of adaxial surface of leaves numerous [(0-

) 7 15+ in a hand section] and longer (0.05 0.22, mean 0.09 mm long), about equal to

thickness of the leaf. Malate dehydrogenase isozyme patterns [as displayed with a

histidine citrate electrode and gel buffer (pH 5.7) (Wendel & Weeden 1989)] similar to

that of F. idahoensis, and distinct from F. roemeri var. roemeri.

Festuca roemeri var. roemeri is often a larger, greener plant than F. roemeri var.

klamathensis, but inflorescence, culm, and leaf measurements and foliage color are

variable in both taxa. Festuca roemeri var. klamathensis grows from Jackson County,

Oregon, south to the San Francisco area (Fig. 6.3). Festuca roemeri var. roemeri occurs

from Douglas County, Oregon, north to southern British Columbia. Additional

populations of F. roemeri var. roemeri occur on mountains in southwest Oregon, and

along the coast at least as far south as Humboldt County, California.
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Figure 6.3. Distribution of F. roemeri var. klamathensis (left) and F. roemeri var.
roemeri (right).
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ABSTRACT

Festuca howellii Hackel ex Beal and F. washingtonica E. B. Alexeev are cespitose

perennial grasses of western North America. Festuca howellii has been considered a

synonym of F. viridula. However, the morphology of the F. howellii type collection

matches that of F. elmeri, not F. viridula. The name F. howellii has priority over and

should replace the name F. elmeri. Festuca washingtonica is a recently described

species from semi-arid shrub steppe in the Columbia Basin physiographic province. The

taxon appears to be an uncommon native species with a restricted range, perhaps

endemic to Washington. Festuca washingtonica may belong with F. howellii in Festuca

subgenus Subulatae.
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INTRODUCTION

Festuca howellii Hackel ex Beal and F. washingtonica E. B. Alexeev are large,

coarse fescues with awned lemmas and scabrous leaves. Both were described from type

specimens from northwestern North America (Alexeev 1982, Beal 1896). Both have

been sources of taxonomic confusion since they were identified, and it has been

hypothesized that the two may be synonyms (Darbyshire, in litt.).

The nomenclatural odyssey of F. howellii has been short, for a fescue. On 5 July

1887, Thomas Howell collected a fescue in what he called the Deer Creek Mountains of

Oregon's Josephine County. The wilted and overmature condition of the specimen

resulted in a century of nomenclatural confusion. A portion of Howell's collection was

sent by the U.S. Department of Agriculture to European fescue expert Eduard Hackel,

who recognized it as a new species, which he called F. howellii. Hackel, however, never

published a description of F. howellii. The U. S. Department of Agriculture

subsequently distributed the collection as F. howellii (under the number 248, assigned by

George Vasey). Citing the single collection Howell 248, W. J. Beal (1896) published the

first description of the grass. In 1925, St.-Yves reclassified the grass as F. viridula

Vasey var. howellii (Hackel ex Beal) St.-Yves, stating that this grass differed from

typical F. viridula by its scabrous. awned lemmas. However, awned, distally scabrous

lemmas occur in many F. viridula populations, and the var. howellii leaf cross section

illustrated (St.-Yves 1925, p. 266) matches that of F. viridula. Hitchcock and Chase

(1950) synonymized the variety with typical F. viridula, and there it has remained.

The taxonomic history of F. washingtonica is shorter than that of F. howellii. On

3 June 1960, J. G. Smith collected what he called F. rubra L. in Peavine Canyon, Chelan

County, Washington. A portion of the collection was sent to Leningrad. From that lone

specimen, Alexeev (1982) described F. washingtonica, with the note (translated from the

Russian) "in habit and anatomical structure of the leaf blades this species resembles F.

rubra. However, within the limits of the very polymorphic latter species, we do not

know of a single taxon with leaf blades that are externally scabrous as in F.

washingtonica." (Alexeev 1982, p. 116). Alexeev illustrated the species description
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with two diagrams of leaf cross sections. One illustrated leaf is tightly folded and has

seven veins, the other is loosely rolled (almost flat) and has eleven veins, but both have

sclerenchyma girders through the two main lateral veins. (Sclerenchyma girders are

strips of fiber that extend from one surface of the leaf to the other, surrounding a

vascular bundle.) Alexeev's new species was largely ignored until 1995, when Beck and

Caplow collected specimens of a mysterious fescue in eastern Washington. Festuca

washingtonica has been hypothesized to be F. rubra, F howellii, F. viridula Vasey or a

hybrid (Darbyshire in Litt.; Darbyshire and Pavlick, MS).

As part of a review of Oregon fescues, isotypes of both taxa and the holotype of

F. howellii were examined. Hypotheses that F. howellii and F. washingtonica might be

synonyms of F. viridula, F. elmeri Scribn. & Merr, or each other were tested. An

expanded description of F. washingtonica was written, based on recent collections.

Although we conclude that F. elmeri and F. howellii are synonyms, and that the name F.

howellii has priority over F. elmeri, in this paper we restrict the name F. howellii to its

traditional use for the F. howellii type specimens (which we consistently refer to as the

F. howellii types) and the F. howellii taxon concept used by Pacific Coast botanists in

the late 1800's and by St.-Yves (1925), Abrams (1940), and Hitchcock and Chase

(1950).

Festuca elmeri, F. howellii, F. viridula, and F. washingtonica are relatively large,

cespitose fescues with flat leaves 1 to 6 mm wide, lemmas scabrous or pubescent, and

ovary apex typically pubescent (Aiken et al. 1997a). Festuca howellii is known only

from its type collection. Festuca washingtonica appears to be endemic to specific

seasonally moist habitats in lightly grazed or ungrazed shrub steppe communities east of

the Cascade Range in Washington, including the Hanford Nuclear Reservation. It

resembles the F. howellii type specimens in many traits, including scabrous epidermis

over the leaf veins (pers. obs., S. Darbyshire, in lit.). Festuca elmeri is an uncommon

grass of savannas and edge habitats from coastal central California north through the

Klamath Region to southwest Oregon. It was chosen for comparison because the F.

howellii type specimens resemble F. elmeri in several characters, including their strongly

scabrous lemmas. Festuca viridula is a widely distributed community dominant in

alpine and subalpine grasslands. It was chosen for comparison because F. howellii and F.
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viridula have been considered synonyms. Festuca elmeri is classified in subgenus

Subulatae; F. viridula and F. washingtonica are classified in subgenus Festuca, although

analysis of seed proteins hints at problems with that classification (Aiken et al. 1998).

METHODS

Specimens examined are listed in Appendix 2. Type specimens examined

included the F. howellii holotype (MSC) and three isotypes (ORE, US, and W), the F.

washingtonica isotype from WTU, and both the F. elmeri holotype and F. jonesii Vasey

var. conferta Hackel ex Beal lectotype (US). Data were gathered from the holotype and

three isotypes of F. howellii. Further F. washingtonica specimens were sought among

specimens labeled F. rubra and F. viridula at CAN, OSC, ORE, and WILLU and among

F. viridula specimens from WS. Festuca washingtonica specimens collected in 1995

and 1996 were examined (Appendix 2). Complete sets of F. washingtonica vouchers

were deposited at OSC and WTU, and additional vouchers were sent to CAN, WS, and

US. Herbarium codes follow Holmgren et al. 1990. Observations on F. washingtonica

habitat were recorded.

Two preliminary studies were performed. The holotype and isotype specimens

of F. howellii were compared with the original F. howellii description (Beal 1896) and

with descriptions of F. elmeri and F. viridula (Aiken et al. 1997). Also, the F.

washingtonica specimens were compared with F. rubra specimens from ORE, OSC, and

WILLU.

For a more formal comparison of F. howellii, F. elmeri, F. viridula, and F.

washingtonica, various measurements and counts (Table 7.1) were made on specimens

from CAS, CPSU, DS, HSC, JEPS, ORE, OSC, RSA, WILLU, and WTU (Appendix 2).

Initially, characters were chosen from the list of traits recorded for a large fescue

morphology database (Aiken et al. 1997b). The traits chosen for this study were those

that could be efficiently recorded from the available herbarium specimens. Additional

traits, such as white-based lemma hairs, lemma coloration, and lower culm leaves

reduced to involute points, were added because they appeared useful for distinguishing



Table 7.1. Thirty-five measurements, counts, and classes used for morphometric
analysis of Festuca characteristics. Spikelet length is the distance from base of lower
glume base to top of most distal lemma body.

Characteristic

Inflorescence

Inflorescence length
# branches at lowest node
Spreading infl. branches
Length of longest panicle branch
Spikelets/longest branch
Spikelet length
Spikelet width
Florets/spikelet
Glume surface texture
Glume margin
Length of first glume
Length of second glume
Length of rachilla internode
Purple on lemma

Length of lowest lemma body
# of lemma veins visible
White hair bases on lemma
Lemma teeth present
Average awn length
Palea length
Lemma hair uniformity
Lemma hair presence

Anther length
Ovary apex hairs

Foliage

Plant height
Leaf sheath margin fusion
Ligule length
Innovation length
Leaf width (innovation)
Leaf width (culm)
Veins/leaf (innovation)
Veins/leaf (culm)
Length of flag leaf
Culm width near base
Bladeless lower leaves present

Description

103

quantitative (cm)
count
class (0 = no: 1 = yes)
quantitative (cm)
count
quantitative (mm)
quantitative (mm)
count
class (0 = glabrous except on keel: 2 = scabrous or pubescent)
class (0 = smooth; 1 = ciliate)
quantitative (mm)
quantitative (mm)
quantitative (mm)
class (0 = 0% purple; 1 = <25% purple; 2 = 25-50% purple;

3 = 50 75% purple; 4 = 75 100% purple)
quantitative (mm)
count
class (0 = no; 1 = yes)
class (0 = no: 1 = yes)
average of 3 longest measurements
quantitative (mm)
class (0, 25%, 33%, 50%, 75%, 100% of lemma with hairs)
class (0 = glabrous; 1 = papillate: 2 = scabrous:

3 = pubescent)
quantitative (mm)
class (0 = no; 1 = yes)

quantitative (cm)
class (0 = no; 1 = yes)
quantitative (mm)
quantitative (cm)
quantitative (mm)
quantitative (mm)
count
count
quantitative (cm)
quantitative (mm)
class (0 = no; 1 = yes)
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among the taxa considered. Taking all measurements and counts from any one F.

howellii type specimen was impossible because the overmature specimens had lost most

lemmas and each is rather sparse. Therefore, data from three type specimens (MSC,

ORE, and W) were pooled to provide a single complete record for the analysis.

Specimens measured included all sufficiently complete and mature specimens of F.

elmeri that had white-based lemma hairs, all mature specimens of F. washingtonica, and

a selection of complete, mature specimens of F. viridula and more typical F. elmeri,

including specimens from all counties and herbaria represented.

The data were analyzed with Principal Components option of NTSYSpc Version

2.00 (Rolf 1997), using default settings (standardized PCA using correlation coefficients

in the cross-products matrix). The data set for the Principal Components Analysis

(PCA) contained many characters chosen for ease of measurement rather than from a

priori knowledge that they would be useful for distinguishing the taxa.

Leaf cross sections were sliced by hand from the central third of the leaf of many

specimens, viewed under 100X magnification, and drawn freehand. All illustrations

were drawn by B. L. Wilson except the leaf cross-section for the F. howellii isotype at

US; it is unsigned.

A database of label data from over 6000 Carex specimens is maintained at OSC

(Wilson et al. 1999). This database was consulted to determine precisely where Thomas

Howell was on the date that he collected the F. howellii type specimen.

RESULTS

The F. howellii type specimens. Describing F. howellii, Beal (1896) cited the

Howell 248 collection without designating one sheet that would be considered the

holotype. Piper (1906) cited the F. howellii "type" (holotype) at MSC and a "duplicate

type" (isotype) at US. There was no F. howellii specimen in the MSC type collection or

in the type register, but one was found in the general collection (M. Chamberland, pers.

com.). The specimen at the author's home institution should be considered the holotype,

when a large collection like Howell 248 is the type collection (Greuter et al., 1994,
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recommendation 9A). Therefore. the specimen originally in the general collection but

now transferred to the type collection at MSC, appears to be the holotype. This is

consistent with Piper's (1906) treatment.

The holotype and isotypes of F. howellii are similar morphologically and

phenologically. They all represent one taxon. The only exception is that the two isolated

leaves on the right side of the MSC specimen belong to a different species, probably not

a fescue (Fig. 7.1). The rest of the MSC specimen matches the three isotypes. All of the

type specimens have lost most of their florets.

On July 5, 1887, the same day he collected the F. howellii type specimen,

Thomas Howell collected Carex mendocinensis (a species largely restricted to serpentine

substrates) on Mooney Mountain, a 750 meter high mountain located about 6 miles

northeast of Selma in Josephine County, Oregon, in the Deer Creek watershed (Howell

s.n.; OSC).

Festuca howellii. All available specimens that had previously been identified as

F. howellii were checked. Except for one F. rubra, all were F. viridula (Table 7.2).

A comparison of the F. howellii type specimens and Beal's description with

recent descriptions of F. elmeri and F. viridula (Table 7.3) showed that F. howellii

resembles F. elmeri, and not F. viridula in the following characters: origin of vegetative

shoots, leaf sclerenchyma girders, shape of leaf sclerenchyma bundles, spreading of

panicle branches after anthesis, lemma veins, lemma surfaces, and lemma apices, and

measurements of glumes and lemma awns. Leaf cross section drawings prepared from

the MSC, ORE, US and W isotypes all show narrow leaf sclerenchyma bands, some of

which form sclerenchyma girders (Fig. 7.1). Such fiber arrangement is typical of F.

elmeri, and atypical of F. viridula, which has leaf sclerenchyma bundles that are more

than two times as broad as thick and sometimes touch a main vein, rarely forming

sclerenchyma girders (Aiken & Consaul 1995, pers. obs.).

Festuca washingtonica. Only one earlier specimen of F. washingtonica

was found in the herbaria searched (Hitchcock & Muhlick 22398, Yakima County,

Washington; ORE, WTU) and used in this study. Subsequently, two additional

specimens were located at WTU (Appendix 2). The type locality in Peavine Canyon,

Chelan County, Washington, was visited, and specimens were collected in the relocated
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Table 7.2. Specimens of Festuca viridula that were originally labeled F. howellii. (Flett
1397 is a mixed collection of F. viridula and F. saximontana.)

Collection Location Date Herbarium Annotated as
F. viridula by

Allen 180 Mt. Rainier, Washington 14 August 1895 CPSU C. A. Taylor
MSC, UC B. L. Wilson

Flett 1397 Mt. Adams, Washington 25 July 1899 WTU B. L. Wilson

Henderson s. n. Mt. Adams. Washington 7 August 1882 ORE P. F Stickney

[Henderson s.n.:7 Mt. Adams, Washington 10 August 1882 ORE S. G. Aiken
(No name but his
handwriting)

P. F. Stickney

Henderson 1141 Mt. Hood, Oregon 25 August 1884 OSC K. L. Chambers

Howell s. n. Mt. Hood. Oregon 29 July 1886 ORE, OSC K. L. Chambers
HSC P. F. Stickney

A. Chase

Jones sm. Mt. Hood, Oregon 3 August 1897 CPSU B. L. Wilson

Lieberg 2798 Priest River Range, Idaho 2 August 1897 ORE P. F. Stickney

Piper 2463 Powder River Mountains August 1896 US B. L. Wilson

Piper 2521 Powder River Mountains August 1896 US B. L. Wilson

Sandberg & [Nason'?] City, eastern July 1893 MSC B. L. Wilson
Leiberg 693 Washington
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Table 7.3. Comparison of selected characteristics of Festuca elmeri, F. howellh type
specimens, and F. viridula. Data on F. elmeri and F. viridula from Aiken and Dallwitz
(1997); F. howellii description from Beal (1896). Measurements of the F. howellii
specimens taken from the MSC and W specimens. * N. S. = not stated. ** Five nerves
were visible on several West Coast specimens examined by Wilson.

Character Festuca elmeri Festuca howellii Festuca howellii Festuca viridula
description

Vegetative shoots extravaginal N.S.* extravaginal

Leaf blades flat (sometimes loosely "involute" rolled up, not
rolled) involute

Adaxial leaf surfaces scabrous to pubescent "Blades of sterile strongly scabrous or
shoots .. . scabrid" pubescent
(probably the abaxial

Abaxial leaf surfaces glabrous surface) scabrous

Leaf veins 8 18 N.S. 7 and 8 (on the only
2 sectioned leaves)

Sclerenchyma present N.S. present
girders

Abaxial discrete, narrower than N.S. discrete, narrower
sclerenchyma strands thick than thick

Panicle branches spreading "spreading" spreading

Spikelets 7 10.5 mm long "8 12 mm long" 7 and 8 mm long
(most have
shattered)

Lower glume

Upper glume

Lemma body

Lemma veins

Lemma surface

2 4 mm long

3 4.6 mm long

5.5 7 mm long

"2 3 mm long"

"about 4 mm long"

"about 6 mm long"

5 distinct veins in "5 conspicuous
dorsal view (usually) nerves"

with trichomes
(minutely hispidulous)
over entire surface

"scabrous"

2. 2.9 mm long

3.9 4.3 mm long

5.6 6.2 mm long

5 distinct nerves

strongly scabrous
over the entire
surface

Lemma apex cleft N.S. cleft

Lemma awn 2 5 mm long "2 mm long" 2.0-3.0 mm long

intravaginal

involute or more or less
flat

with trichomes (finely
puberulent-scaberulous)

glabrous

7 12

absent

bands broader than thick,
or continuous

appressed after anthesis

9 12 mm long

3.5 5 mm long

4.5 6 mm long

(5.5) 6.5 -8 mm long

nerveless or with only
center vein distinct**

glabrous or with
trichomes (scaberulous)
on the upper portion only

entire

absent or 0 0.5 (-1.4)
mm long
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Figure 7.1. Leaf cross sections of F. elmeri, F. howellii, and F. viridula. All drawn by
Wilson except H, which is attached to the sheet at US. Scale bars = 0.1 mm. A E,
Festuca elmeri; F I, F. howellii type specimens (Howell 248); F MSC; G ORE; H

US; I W. J sterile shoots in the MSC sheet of F. howellii. This shoot is not F.
howellii, and would be atypical for any native Festuca at this site. K 0, F. viridula (K
is a flat culm leaf). See Appendix 1 for list of specimens drawn.
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F. washingtonica population (Beck and Cap low 96052). The known range of F.

washingtonica is confined to eastern Washington (Fig. 7.2). The description of F.

washingtonica, based on specimens collected in 1995 1996, follows. Spike lets and

leaf cross sections are illustrated (Fig. 7.3 & 7.4).

Plants deep green (to bright green or glaucous), 60 70 cm high, densely tufted

(but tufts breaking into individual tillers), tiller bases stiffly erect, bases not

purplish (or rarely purple), horizontal rooting stems absent.

Vegetative shoots arising outside, or breaking through the base of existing

sheaths. Sheaths glabrous or with trichomes (sometimes 0.4-0.7 mm long, fine

and delicate, protruding at angles of 70-90 degrees from the sheath, older sheaths

approaching scabrous), not conspicuous at the base of the plant, splitting between

the veins, closed more than half their length (young sheath observed to be closed

almost to the collar). Collars glabrous, or villous (if villous, then similar to the

leaf blade and sheath hairs). Auricles absent. Ligules 0.2 0.3 (-0.5) mm long,

cilliate. Leaf blades (13-) 15-20 (-35) cm long, erect, stiffish. Adaxial blade

surfaces with trichomes (ca. 0.1 mm long), abaxial blade surfaces glabrous or

with trichomes (scabrous on midvein and sclerenchyma strands, appearing shiny

in fresh material). Leaf blades flat (when fresh) or plicate (after drying; both

conditions illustrated by Alexeev 1982), 1.5-3 mm wide; 0.9-1 mm deep. Veins

7 11. Adaxial to abaxial sclerenchyma strands present or absent; if present

usually at the two main lateral veins, sometimes the midrib (but commonly with

sclerenchyma on the tops of the ribs adjacent to the vascular bundles). Abaxial

sclerenchyma well developed, in broad bands or continuous, some strands

heavily thickened and others relatively narrow. Ribs 7 (-9), well defined.

Uppermost culm leaf sheaths somewhat inflated (usually). Flag leaf blades 6.5-

17 cm long. Culm nodes becoming exposed 1-2; internodes glabrous.

Inflorescence 9-15 cm long. Inflorescence branches at the lowest node 1

or 2, appressed after anthesis, 0.5-4 (-6) cm long. Rachis rounded in cross

section or angular in cross section, trichomes over the entire surface. Spikelets

aggregated towards the ends of the branches; 2-9 on the longest branches; 9.5-15
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(18) mm long, 1.5-2.5 mm wide. Proliferating spikelets absent. Florets 4-6 (-

10). glumes unequal, with trichomes, vestiture at the apex only (scaberulous),

margins ciliate. Lower glume (3.4-) 4-5.6 mm long, veins 1. Upper glume

shorter than the first lemma, (5.2-) 5.5-7 (7.7) mm long, veins 3. Rachilla

internode 0.9-1.6 mm long. Lemma callus not elongated. Lemma 6.5-8 (-12)

mm long, scabrous, especially distally. Lemma awns (1-)2-4.3 mm long, arising

from between two small teeth. Pa lea 6-7 (-12) mm long, distinctly pubescent

between the keels. Lodicules with marginal teeth, glabrous, 1-1.5 mm long.

Anthers 3-4 (-4.7) mm long. Ovary apex pubescent.

A comparison of F. washingtonica specimens with F. rubra and F. elmeri

specimens showed that F. washingtonica more closely resembled F. elmeri. Festuca

rubra and F. washingtonica share the character of leaf sheath margins fused nearly to the

top. As reported by Alexeev (1982), the abaxial leaf surface of F. washingtonica was

scabrous over the veins and thus differed from F. rubra, but it was indistinguishable

from the leaf surface of F. elmeri. Festuca washingtonica leaves nearly always had

sclerenchyma girders around the two major lateral veins. This trait was rare in F. rubra.

However, all F. elmeri leaves have sclerenchyma girders. Festuca washingtonica leaves

look like very narrow, xeric-adapted F. elmeri leaves, not F. rubra leaves. In lemma

shape and prominence of lemma veins, F. washingtonica resembled F. elmeri, not F.

rubra. Most strikingly, ovaries of most F. washingtonica specimens were densely

pubescent at the apex. Festuca rubra has glabrous ovaries, and F. elmeri has apically

pubescent ones. This trait is usually constant within fescue species (Aiken, pers. obs.)

but varied among specimens identified as F. washingtonica. The isotype does seem to

have glabrous ovaries, as reported for the holotype (Alexeev 1982), but florets are

immature. Festuca washingtonica appeared to be related to F. elmeri, not F. rubra, and

therefore F. rubra was omitted from subsequent analysis.

Festuca washingtonica populations grow in semi-arid shrub-steppe in the

Columbia Basin physiographic province (Franklin & Dyrness 1973) in central

Washington. The only habitat information available with the isotype (Smith 133) is

"substrate: coarse sandstone." The Rattlesnake Mountain plants grow in a narrow strip
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Figure 7.2. Distribution of Festuca washingtonica in the state of Washington.
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Figure 7.3. Spike lets of Festuca washingtonica. Scale bars = 1 mm. A and B, spikelets;
C, lower glume; D, upper glume; E, lemma, F, palea. ). See Appendix 1 for list of
specimens drawn.
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Figure 7.4 Leaf cross sections of Festuca washingtonica and F. rubra. Scale bars = 0.1
mm. A I: F. washingtonica. A is from the F. washingtonica isotype at WTU (Smith
133). C is a culm leaf. H and I show young leaves in the sheath of the next older leaf,
and both are cut from near the top of the sheath. Note fused sheath margins in I. J N:
F. rubra. See Appendix 1 for list of specimens drawn.
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just below the top of the mountain, in rocky silt loam in the snowmelt zone, in the

Artemesia tripartita Rydb.-Festuca idahoensis Elmer plant association with Lupinus

laxiflorus Dougl. var. calcaratus (Kell.) Smith, Melica bulbosa Geyer, Poa cusickii

Vasey, P. nevadensis Vasey, and Senecio integerrimus Nutt., at an elevation of 1100 m.

These Yakima County locations are close together, both in loamy soil. One population

(Hitchcock & Muhlick 22398) grows under Pinus ponderosa Dougl., and the other

(Salstrom & Easterly 9606251) occurs within the Artemesia tripartita-Festuca

idahoensis habitat type, with Agropyron spicatum (Pursh) Scribn. and Smith, Artemesia

tridentata Nutt., Draba verna L., Phlox speciosa Pursh, and Poa cusickii at an elevation

of 750 m. Festuca washingtonica occurs in areas that are lightly grazed or are protected

from grazing administratively or by topography.

Festuca elmeri. Before any meaningful analysis could be performed, certain

specimens labeled F. elmeri had to be eliminated from the data. Specimens of F.

californica Vasey, F. occidentalis Hook., F. subulata Trin., and F. subuliflora Scribn.

with uniformly scabrous or pubescent lemmas were commonly misidentified (Table 7.4).

Several specimens of F. elmeri differed from the F. elmeri type specimens in that

they were smaller and had shorter lemmas, more purple pigment, and white-based

lemma hairs. This combination of characters occurred, with varying intensity, in F.

elmeri specimens collected from the entire range of the species. The specimen labels did

not indicate that these morphs were segregated ecologically. Two sheets (Eastwood &

Howell 2255 and Hardham 2041) had some inflorescences with lemmas with white-

based hairs and others with only transparent hairs on the lemmas. Both the F. elmeri

holotype and the F. jonesii Vasey var. conferta Hackel ex Beal lectotype are large, green

specimens with transparent lemma hairs. Festuca jonesii var. conferta is the basionym

for F. elmeri var. conferta (Hackel ex Beal) Hitchc. (Hitchcock and Chase 1950).

Comparison of F. elmeri, F. howellii, F. viridula, and F. washingtonica.

Young leaves of F. washingtonica were folded in the bud, like those of F. viridula, but

in 94% of F. elmeri specimens examined, the young leaves were rolled (Table 7.5).

Perhaps the folded young leaves in the other F. elmeri specimens were cut near the tip,

where all fescue leaves would appear folded, not rolled. One F. washingtonica and one

F. elmeri specimen had young leaves with the margins barely hooked, a condition
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Table 7.4. Characters used to exclude misidentified specimens labeled F. elmeri

Species Subgenus How distinguished from F. elmeri

F. californica Breviaristatae

F. occidentalis Festuca

F. subulata Subulatae.

F. subuliflora Subulatae

Continuous sclerenchyma under the abaxial epidermis
of leaves makes leaves stiff.

Lemmas small; leaves involute and extremely narrow.
sclerenchyma not touching veins

Lemmas typically glabrous and veinless or with only the
midrib conspicuous; lemma awns long; leaves wide

Lemma callus elongated; adaxial surface of leaves velvety-
pubescent; leaves wide

Table 7.5. Morphology of young leaves in bud. Hooked leaves are intermediate in
morphology between folded and rolled leaves.

Taxon

Festuca elmeri

Shape Specimens

Rolled Abrams 8051, Crampton 2890. Davy 7584, Elmer 4470,
Heller 6820, Hoover 7511, Keck 5497. Kilda le 286. Peck
4473, Peck 8005. Sharsmith 1087. Springer 344. Tracy 1629,
Yates 5690, Yates 6564.

Hooked Hoover 5019.

Folded Tracy 7962.

Festuca viridula Folded Fernau s.n., Sturges 461, Wilson s.n.. 4 August 1995.

Festuca washingtonica Folded Beck & Caplow 76034. Beck & Caplow 96012. Beck &
Caplow 96034, Beck & Caplow 96040. Beck & Caplow
96052, Beck & Caplow 96052B, Beck & Caplow 96088.
Beck & Caplow s.n. (Rattlesnake Mt.. 1995).

Hooked Hitchcock & Muhlick 22398.
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intermediate between folded and rolled. This trait could not be evaluated for many

specimens, including the F. howellii type specimens, due to lack of suitable tillers.

Therefore, it was omitted from the data set for Principal Components Analysis.

Festuca elmeri specimens were variable; many were tall and green, with transparent

hairs on the lemmas, but others were shorter, with more purple pigment, and had white-

based lemma hairs. Nonetheless, PCA showed that Festuca elmeri, F. howellii, F.

viridula, and F. washingtonica fell into three distinct groups on the first two principal

components (Table 7.6, Fig. 7.5). The first three principal components accounted for

47% of the variation in the specimens.The F. howellii type specimen clustered with F.

elmeri specimens. The individual in the center of the plot (Fig. 7.5A) is the immature

isotype ofd F. washingtonica. Because of its immaturity, if would have been exluded

from analysis were it not a type; however, including it proved uninformative.

Most traits that contributed strongly to the first axis of the PCA are correlated

quantitative measurements, including culm leaf width, inflorescence length, number of

spikelets on the longest branch, spikelet length*, upper and lower glume lengths*,

lemma length*, and awn length (Table 7.7). (Traits with an asterisk are correlated

negatively with the axis.) Also contributing strongly to the first axis were bladeless

lower leaves and lemma hairs, qualitative traits seen in some taxa but not others. Traits

contributing most strongly to the second axis of the PCA were lemma color class*,

lemma hair uniformity, and leaf sheath margin closure*. These qualitative traits

distinguished taxa. Traits contributing most strongly to the third axis were quantitative;

rachilla internode length and anther length.

DISCUSSION

Festuca howellii. The F. howellii type specimens belong with F. elmeri,

not F. viridula. The F. howellii type specimens differ from F. viridula in morphology,

including leaf anatomy (Fig. 7.1, Table 7.3). They also differ in habitat. Festuca

viridula grows in alpine and subalpine grasslands, habitats unavailable in the Deer Creek

Watershed. We are not aware of F. viridula specimens collected in this watershed.



Table 7.6. Morphometric statistics for Festuca holvellii, F. ehneri, F. viridula, and F. washingtonica

Character F. howellii
mean

F. ehneni
mm max SD n

F. viridula
mean min max SD n

F. washingonica
mean min max SD

Inflorescence length (cm) 13.00 16.09 7.50 24.50 3.83 36 9.66 7.00 13.50 2.05 10 11.37 9.00 14.80 1.93 7

Branch #, lowest node (cm) 2.00 1.97 1.00 3.00 0.45 36 2.20 2.00 4.00 0.63 10 1.57 1.00 2.00 0.53 7

Branch spread class 1.00 1.00 1.00 1.00 0.00 34 0.20 0.00 1.00 0.42 10 0.20 0.00 1.00 0.45 5

Long panicle branch length (cm) 5.50 8.30 4.50 12.00 1.75 36 4.28 2.80 6.30 1.18 10 4.66 4.30 5.50 0.41 7

Spike lets/ long branch 5.00 10.83 5.00 24.00 5.02 36 2.40 2.00 3.00 0.52 10 5.71 4.00 9.00 1.98 7

Spike let length (mm) 8.20 8.79 2.80 11.00 1.56 36 11.72 8.80 13.20 1.43 10 11.97 9.60 14.00 1.57 7

Spike let width (mm) 6.60 3.41 1.50 6.00 1.02 36 4.90 3.00 7.00 1.04 10 3.63 2.00 5.00 1.15 7

Florets/spikelet 3.00 3.44 2.00 5.00 0.69 36 4.20 3.00 6.00 0.92 10 5.00 3.00 6.00 1.15 7

Glume surface class 0.00 0.44 0.00 2.00 0.84 36 0.20 0.00 2.00 0.63 10 1.14 0.00 2.00 1.07 7

Glume margin class 1.00 0.50 0.00 1.00 0.51 36 0.10 0.00 1.00 0.32 10 0.00 0.00 0.00 0.00 7

Lower glume length (mm) 2.60 2.96 1.70 4.20 0.68 36 3.93 2.80 4.80 0.63 10 4.77 3.40 5.60 0.82 7

Upper glume length (mm) 3.90 4.11 2.30 5.80 0.80 36 5.24 4.20 6.50 0.69 10 6.49 5.20 7.70 0.76 7

Racilla internode (mm) 1.50 1.43 1.00 1.90 0.22 36 1.70 1.10 2.30 0.42 10 1.34 1.00 1.60 0.20 7

Lemma color class 4.00 1.67 0.00 4.00 1.60 36 3.40 3.00 4.00 0.52 10 1.14 1.00 2.00 0.38 7

Lemma length (mm) 6.00 5.99 4.80 6.80 0.53 36 7.25 6.10 8.00 0.59 10 7.84 6.20 11.90 1.89 7

Lemma vein # 5.00 4.94 3.00 5.00 0.34 35 4.60 3.00 5.00 0.84 10 5.00 5.00 5.00 0.00 7

White hair bases 1.00 0.58 0.00 1.00 0.50 36 0.00 0.00 0.00 0.00 10 0.00 0.00 0.00 0.00 7

Lemma teeth 1.00 1.00 1.00 1.00 0.00 36 0.10 0.00 1.00 0.32 10 0.71 0.00 1.00 0.49 7

Average awn length (mm) 2.75 3.56 1.00 7.25 1.31 36 0.35 0.00 1.25 0.37 10 2.65 1.90 4.25 0.82 7

Pa lea length (mm) 5.60 6.20 4.70 7.50 0.67 36 7.12 5.90 7.80 0.63 10 8.04 5.80 11.90 1.89 7

Lemma hair uniformity 1.00 0.95 0.33 1.00 0.16 36 0.09 0.00 0.33 0. I5 10 0.96 0.75 1.00 0.09 7

Lemma hair class 2.00 2.31 1.00 3.00 0.71 36 0.60 0.00 2.00 0.97 10 1.86 1.00 2.00 0.38 7

Anther length (mm) Inonel 3.02 2.00 3.90 0.54 31 3.72 2.70 4.30 0.51 10 3.96 3.60 4.60 0.38 5

Ovary apex hairs 1.00 1.00 1.00 1.00 0.00 36 1.00 1.00 1.00 0.00 7 0.71 0.00 1.00 0.49 7

Flowering culm height (cm) 64.00 86.45 58.01) 135.00 18.37 33 59.98 41.80 78.50 12.62 10 82.04 61.00 96.50 12.61 7



Table 7.6, continued

Character F. howellii
mean

F. elmeri
min max SD n

F. viridula
mean min max SD n

F. washingonica
mean min max SD

Leaf sheath opening 1.00 1.00 1.00 1.00 0.00 36 1.00 1.00 1.00 0.00 10 0.00 0.00 0.00 0.00 7
Ligule length (mm) 0.50 0.32 0.10 0.70 0.12 36 0.27 0.20 0.40 0.07 10 0.26 0.20 0.40 0.08 7

Innovation length (cm) 18.00 30.33 14.00 47.00 7.51 35 28.03 19.80 34.00 4.39 10 39.21 33.50 46.00 5.06 7

Leaf width, innovation (mm) 1.20 1.95 1.00 3.30 0.59 36 1.52 1.10 2.10 0.30 10 1.56 1.20 2.00 0.26 7

Leaf width, culm (mm) 2.50 3.31 1.70 5.80 0.91 36 2.02 1.60 2.50 0.27 10 1.91 1.40 2.30 0.27 7

Vein #, innovation leaves 8.00 11.56 7.00 19.00 2.87 36 10.30 7.00 17.00 3.06 10 9.14 7.00 11.00 1.68 7

Vein #, culm leaves 13.00 18.39 11.00 35.00 4.69 36 10.60 9.00 13.00 1.51 10 9.71 7.00 13.00 2.06 7

Flag leaf length (cm) 8.50 12.96 6.40 25.00 4.86 31 6.11 4.00 8.00 1.47 10 9.10 6.50 11.20 1.71 7

Culm width (mm) 1.80 1.96 0.90 11.00 1.60 36 1.48 1.10 2.10 0.29 10 1.54 1.10 2.00 0.30 7

Bladeless lower leaves 0.00 0.06 0.00 1.00 0.23 36 1.00 1.00 1.00 0.00 10 0.29 0.00 1.00 0.49 7
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Table 7.7. Correlation of various traits with the first three axes of Principal Components
Analysis of Festuca morphology. Values marked with an asterisk (*) are particularly
important components of the axis.

Trait Axis 1 Axis 2 Axis 3

Inflorescence length 0.6822* 0.3196 0.3426
branches, lowest infl. node -0.0157 -0.4129 0.1831

Branch spread class 0.7423* 0.1522 0.1942
Spikeletsibranch 0.7390* 0.1814 0.0224
Spikelet length -0.7386* 0.3044 0.2974
Spikelet width -0.427 -0.1422 0.4851
Florets /spikelet -0.5523 0.3079 0.0388
Glume surface class -0.0247 0.2231 -0.4207
Glume margin class 0.4508 -0.2498 -0.1238
Lower glume length -0.7329* 0.4185 0.0987
Upper glume length -0.7415* 0.4587 0.0299
Rachilla internode length -0.3243 -0.0638 0.5555*
Lemma color class -0.2691 -0.6033* -0.1108
Lemma length -0.6815* 0.4055 0.0823
Lemma veins, in dorsal view 0.0250 0.1820 -0.0953
White-based lemma hairs 0.5329 -0.3261 -0.2671
Lemma tooth length 0.7707* 0.3172 -0.1062
Average lemma awn length 0.6559* 0.2918 -0.3115
Palea length -0.6143* 0.5344* 0.1764
Lemma hair uniformity class 0.6805* 0.6055* -0.0966
Lemma hair presence 0.6099* 0.3926 0.0126
Anther length -0.3601 0.0166 0.5734*
Ovary apex class 0.4434 0.0639* 0.2035
Plant height 0.1962 0.2797 0.0880
Leaf sheath margin class 0.4555 -0.6778* 0.4162
Ligule length 0.2239 0.0542 0.1927
Innovation length -0.1412 0.4761 0.0073
Leaf width, innovation 0.3897 0.0182 -0.0310
Leaf width, culm 0.6566* 0.0921 0.3812
Vein number, innovation leaf 0.2470 0.0131 0.3506
Vein number, culm leaf 0.6872* -0.0209 0.3435
Flag leaf length 0.4378 0.3405 0.2177
Culm width near base 0.1982 0.0327 0.0553
Bladeless lower leaves present -0.7493* -0.3516 0.1395
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Although the F. howellii type specimens clustered with F. elmeri specimens in

Principal Components Analysis (Fig. 7.4), the F. howellii type specimens were shorter

than most F. elmeri specimens. Also, they had shorter, purple (rather than green)

lemmas, and had many white-based (rather than transparent) lemma hairs. However,

similar plants occur throughout the range of F. elmeri. We suspect that these short plants

were environmentally stressed. Nothing is known about the habitat of the F. howellii

type collection, but Carex mendocinensis, which Howell collected on the same day,

usually grows on serpentine substrates, which are common in the Deer Creek area. If the

F. howellii types were growing on serpentine, they might well have been depauperate.

The F. howellii type specimens have the pubescent lemmas and the adaxial leaf

surface characteristic of F. elmeri. Why was F. howellii confused with F. viridula for so

long? First, Howell's small, dark specimen and the large, green F. elmeri type specimen

represent extremes of F. elmeri variation. Both Beal (1896) and Piper (1906) describe or

illustrate the two as separate taxa, basing their work on the type specimens. Only when

the full range of variation is examined to do the critical similarities become more

obvious than the differences. Second, Howell's specimen wilted before it was pressed.

The leaves rolled up and the plant therefore appeared fine-leaved, like F. viridula.

Third, the label on the F. howellii type specimens is vague, and "Deer Creek Mountains,

Josephine County, Oregon" could easily be misinterpreted as an alpine or subalpine

location. Therefore synonymy of F. howellii and alpine to subalpine F. viridula

appeared reasonable. Actually, the lower edge of the subalpine forest is about 1900 m

elevation on both serpentine and diorite substrates in southwest Oregon (Whittaker 1960)

and the highest peaks in the Deer Creek watershed are Kerby Peak at 1690 m and Little

Grayback Peak at 1600 m. Mooney Mountain, where Howell worked on the day he

collected the F. howellii types, is 750 m high. Finally, the name F. howellii was so

consistently applied to fine-leaved subalpine plants with awns that nearly all specimens

we have seen except the F. howellii types themselves are actually awned specimens of F.

viridula, and none matched the F. howellii types (Table 7.2). Unless later botanists

sought out the type specimens, they would reasonably think that F. howellii was F.

viridula.
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When St.-Yves (1925) placed F. howellii as a variety of F. viridula, he fell into

this taxonomic trap. He cited three specimens, Allen sm., Heller 7063, and Howell 931.

The specimens he saw are unavailable to m, two because they were destroyed at B in

Berlin during World War II, and one because we received no response to our request

from P in Paris. However, there is reason to believe that all three specimens are F.

viridula (see Table 7.8). St.-Yves's F. viridula var. howellii description and leaf cross

section illustration depict F. viridula (St.-Yves 1925, p. 266) because the F. howellii

specimens he saw were F. viridula. However, the type specimens of F. howellii are not.

The name F. howellii, published in 1896, has priority over F. elmeri, published in

1902. Unless the name F. elmeri is conserved (Greuter et al. 1994) against the older and

consistently misused name F. howellii, the species known as F. elmeri for the last ninety

years must be called F. howellii. Conserving the name F. elmeri would stabilize the

nomenclature and exclude the name F. howellii, which has been misapplied.

We see no reason to separate taxonomically the larger, greener plants with

transparent lemma hairs from the smaller, darker, plants with white-based lemma hairs.

If they were recognized at an intraspecific level in F. howellii, the choice of a name for

the larger, greener plants would be constrained by previously published names

synonymized with F. elmeri. The type specimen of F. jonesii Vasey var. conferta Hack.

ex Beal is large and green like the F. elmeri type. We have not seen the type specimen of

F. elmeri ssp. luxurians Piper, but the description in Piper (1906) suggests that it too has

the typical F. elmeri morphology.

Festuca washingtonica. Festuca washingtonica appears to be a distinct taxon.

It is much larger and coarser than most F. rubra specimens. It can be distinguished from

the most coarse extreme of F. rubra variation by characters of the abaxial leaf epidermis,

sclerenchyma girders in the leaves, lemma awns approximately the length of the lemmas,

and the usually pubescent ovary apex. It resembles F. elmeri (= F. howellii as

circumscribed here), but F. washingtonica has leaf sheath margins fused to near the top,

narrower leaves which are folded in the bud, a smaller panicle, and longer glumes and

lemmas (Table 7.5, 7.7). Festuca washingtonica has little resemblance to F. viridula,

except that both are cespitose
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Table 7.8. Evidence about the identification of Festuca howellii specimens cited by St.-
Yves (1925).

Specimen

Allen s.n.

Heller 7053

Label data cited Evidence about the identity of the specimen

Mr. Rainier.
Washington

California; Truckee
River: labeled
F. scabrella

Allen 180 was labeled F. howellii and collected at Mt.
Rainier. It is F. viridula (Table 7.2)

Heller 7154, also from the Sierra Nevada of California, was
originally labeled F. scabrella, and is F. viridula. At that
time, Heller misunderstood F. scabrella, which does not
occur in California (Aiken 1993).

Howell, Oregon; Howell distributed specimens in his "Pacific Coast Plants"
Howell's Mt. Hood series without collection numbers but with many individual
Pacific Coast sheets numbered in pencil. His 29 July 1886 collection from
Plants #931 Mt. Hood, distributed in this series as F. howellii, is F.

viridula (Table 7.2).
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fescues and their brown leaf sheaths are to some extent fused along the margins (Table

7.7, Fig. 7.1, 7.3). Festuca washingtonica and F. viridula grow near one another but F.

washingtonica and F. howellii are entirely allopatric (compare Fig. 7.2 and Fig. 7.6).

Our description of F. washingtonica differs from that of Alexeev (1982) in some

respects. (1) Alexeev reported the leaf sheath closed from one third to one half its

length, but we found that sheaths of the youngest mature leaves were closed almost to

the top. However, the sheaths readily split and therefore may appear open. (2) The

range of measurements for most characters is greater in our description than in that of

Alexeev (1982) because more individuals were measured for our description. Most

striking are the differences in spikelet measurements. Alexeev reported spikelets 9-9.5

mm long with 3-5 florets, a description that fits the isotype (Smith 133). However,

spikelets of more mature plants of other populations were 9.5-18 mm long, with 4-10

florets. (3) We found that lemma awns of live plants were often about 3-4 mm long

(rather than 1.5-2.5 mm long), but the awns were broken easily during pressing and

drying. (4) Alexeev reported the ovary apex to be glabrous. Fescue ovaries start out

smooth and may become pubescent during development (Aiken, pers. obs.). We found

the ovary apices of the isotype to be smooth, but the ovaries were so immature that we

could not evaluate that character with confidence. In more mature specimens, the ovary

apex was pubescent.

Festuca washingtonica appears to be an uncommon plant. Our preliminary

examination of herbarium specimens revealed only three F. washingtonica specimen we

were unaware of before the search (Hitchcock 17323, Hitchcock & Muhlick 22398, and

Hitchcock & Muhlick s.n.). Despite extensive field work in the region, we have

observed it only in limited areas. Most sites where it grows are protected from livestock,

either administratively or topographically. Festuca washingtonica appears common

within its limited habitat in the Hanford Nuclear Reservation, the L. T. Murray Wildlife

Area, and the Yakima Training Center, and it occurs in at least two other locations

(Appendix 2). Therefore, we do not feel the plant warrants formal protection at this

time. However, management changes in its few known strongholds might place it at risk

in the future.
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Figure 7.6. Distribution of Festuca howellii (left) and F. viridula (right). Circles
represent specimens examined at the herbaria DS, HSC, JEPS, ORE, OSC, RSA, UC,
US, WLLU, and WTU, Triangles represent sight records from the Oregon Flora
Database at OSC and specimen records in the the SMASCH database at UC.
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CONCLUSION

Festuca howellii is not a synonym of F. viridula, but rather of F. elmeri. The

name F. howellii has priority over the later name F. elmeri and should replace it.

Festuca washingtonica appears to be a distinct taxon, restricted in habitat and range.
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This identification key includes all native or naturalized taxa in the closely

related genera Festuca, Lolium, Leucopoa, and Vulpia that grow in Washington, Nevada,

Oregon, and California (Table 8.1), as well as cultivated taxa in the F. ovina complex.

Common names and a list of synonyms in current use are provided (Table 8.2). The

information is organized in four parts. The first contains notes on name changes, and

definitions of some descriptive terms. The second contains the keys. The third has

illustrations of leaf cross sections of fine-leaved fescues. The fourth has range maps plus

habitat information.

Four fescue identification keys are presented. Key #1 identifies specimens that

have inflorescences and were collected at or after anthesis. Key #2 identifies vegetative

plants with morphology typical of their species. It must be used with caution; if the

vegetative plant is not a fescue, the name determined through the key will be wrong.

Key #3 identifies selected members of the Festuca rubra complex, and uses both of the

species concepts applied to fescues (Chapter 1). For additional information on the

difficult F. rubra complex, consult Pavlick (1985) and Darbyshire and Pavlick (MS).

Key #4 identifies seven cultivated taxa of the F. ovina complex, and includes species (F.

glauca, F. huonii, and F. ovina) not yet known outside cultivation in our area.

Elements of this identification key are derived from other floras (Aiken 1993,

Aiken and Lonard 1993, Margraf-Dannenberg 1980, Munz and Keck 1965, Stace 1991,

Terrell 1968, Wilkinson and Stace 1991), and from a large database of North American

fescue traits (Aiken et al. 1997). These elements have been extensively modified to fit

the combination of species found in the Pacific coast states.
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Table 8.1. Classification and checklist of ryegrasses and fescues of the Pacific states.

Festuca L.
subgenus Schedonorus (P. Beauv.) Peterm.

F. arundinacea Schreb.
F. pratensis Huds.

subgenus Subulatae (Tzvelev) E. B. Alexeev
F. howellii Hackel ex Beal
F. subulata Trin.
F. subuliflora Scribner.
F. washingtonica E. B. Alexeev

subgenus Festuca
section Breviaristatae Krivot

F. campestris Rydb.
F. californica Vasey

ssp. californica
ssp. parishii (Piper) Hitchc.

section Festuca
taxa not in complexes

F. occidentalis Hooker
F. viridula Vasey

"the F. rubra complex"
F. rubra L.

ssp. arenicola E. B. Alexeev
ssp. commutata Gaudin
ssp. litoralis (G. Mey.) Auquier
ssp. pruinosa (Hack.) Piper
ssp. rubra
ssp. vallicola (Rydb.) Piper

"the F. ovina complex"
F. brachvphylla Schultes & Schultes f.

ssp. brachyphylla
ssp. coloradensis Frederiksen

F. filiformis Pourret
F. glauca Vil.
F. huonii Auquier
F. idahoensis Elmer
F. minutiflora Rydb.
F. ovina L.
F. roemeri (Pavlick) E. B. Alexeev

var. klamathensis B. L. Wilson, fined.
var. roemeri

F. saximontana Rydb. var. purpusiana (Saint-Yves) Tzvelev
F. trachvphylla (Hackel) Krajina
F. valesiaca Schleicher ex Gaudin
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Table 8.1, continued.

Leucopoa Griseb.
subgenus Leucopoa

L. kingii (S. Watson) W. A. Weber

Lolium L.
L. perenne L.
L. multiflorum Lam.
L. rigiduni Gaudin
L. subulatum Visiani
L. temtdentum L.

Vulpia C. C. Gmel.
bromoides (L.) S. F. Gray

V. microstachvs (Nutt) Munro ex Benth.
V. myuros (L.) K. C. Gmel.

octoflora (Walt.) Rydb.
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Table 8.2. Fescue synonyms and common names. Names accepted here are in boldface
type. The list of synonyms includes only names once accepted for Pacific Northwest
species, plus names in common use at this time. More extensive synonymy is available
elsewhere (Hitchcock and Chase 1951, Hitchcock et al. 1969, Lonard and Gould 1974,
Terrell 1968; Missouri Botanic Garden 1999). * = introduced. *) = perhaps native. ** =
known only from cultivation. = not yet recorded in the four states, but recorded
nearby. "Misapplied" means that the name has been used for this taxon in error.

Festuca altaica Trin. ssp. scabrella (Torr. ex Hook.) Hu hen = F. campestris Rydb.
Festuca amethvstina L., misapplied to F. glauca Vil.
Festuca ammobia Pavlick = F. rubra L. ssp. arenicola E. B. Alexeev
Festuca arida Elmer = Vulpia microstachys (Nutt) Munro ex Benth.
Festuca arundinacea Schreb. [Tall Fescue]
Festuca baffinensis Polunin+ [Arctic Fescue]
Festuca brachyphylla Schultes & Schultes f. ssp. brachyphylla Frederiksen [Alpine Fescue]
Festuca brachyphylla Schultes & Schultes f. ssp. breviculmis S. Frederiksen = F. brachyphylla Schultes &

Schultes f. ssp. coloradensis Frederiksen
Festuca brachyphylla Schultes & Schultes f. ssp. coloradensis Frederiksen [Alpine Fescue]
Festuca brevipila R. Tracey = Festuca trachyphylla (Hackel) Krajina
Festuca bromoides L. = Vulpia bromoides (L.) S. F. Gray*
Festuca californica Vasey ssp. californica [California Fescue]
Festuca californica Vasey ssp. parishii (Piper) Hitchc. [San Bernardino Fescue]
F. campestris Rydb. [Great Basin Rough Fescue]
Festuca capillata Lam. = F. filiformisPourret
Festuca cinerea Vil. =F. glauca Vil.
Festuca confinis Vasey = Leucopoa kingii (S. Watson) W. A. Weber
Festuca confusa Piper = Vulpia microstachys (Nutt) Munro ex Benth.'
Festuca dertonensis (All.) Asch. & Grabn. = Vulpia bromoides (L.) S. F. Gray*
Festuca eastwoodae Piper = Vulpia microstachys (Nutt) Munro ex Benth.
Festuca elatior L. = F. arundinacea Schreb.. misapplied to F. pratensis Huds.
Festuca elatior L. ssp. arundinacea (Schreb) = F. arundinacea Schreb.
Festuca elatior L. ssp. pratensis (Huds.) Hackel = F. pratensis Huds.
Festuca elmeri Scribn. and Merr. = F. howellii Hackel ex Beal
Festuca fihformis Pourret* [Hair Fescue]
Festuca glauca Lam. = F. glauca Vil.
Festuca glauca Vil. [Blue Feseuej
Festuca hitchcockiana E. B. Alexeev = F. californica Vasey ssp. californica
Festuca howellii Hackel ex Beal [Elmer's Fescue]
Festuca huonii Auquier. [Sheep or Hard Fescue;]
Festuca idahoensis Elmer [Idaho Fescue]
Festuca idahoensis Elmer, misapplied to F. roemeri (Pavlick) E. B. Alexeev
Festuca idahoensis var. oregona (Hackel) C. L. Hitchc. = F. idahoensis Elmer, misapplied to F. roemeri

(Pavlick) E. B. Alexeev
Festuca kingii (S. Watson) Cassidy = Leucopoa kingii (S. Watson) W. A. Weber
Festuca longifolia Thuill., misapplied to F. trachyphylla (Hackel) Krajina*
Festuca megalura Nutt. = Vulpia myuros (L.) K. C. Gmel.
Festuca microstachys Nutt. = Vulpia microstachys (Nutt) Munro ex Benth.
Festuca microstachys var. ciliata (Beal) Lonard & Gould = Vulpia microstachys (Nutt) Munro ex Benth.I
Festuca microstachys var. pauciflora (Beal) Lonard & Gould = Vulpia microstachys (Nutt) Munro ex

Benth.
Festuca minutiflora Rydb. [Tiny Fescue]
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Table 8.2, continued

Festuca myuros L. = Vulpia myuros (L.) K. C. Gmel.
Festuca nigrescens Lam. = F. rubra L. ssp. commutata Gaudin*
Festuca occidentalis Hooker [Western Fescue]
Festuca ovina L. [Sheep Fescue]
Festuca ovina L. var. brevifoha S. Wats. = F. brachvphylla Schultes & Schultes f. misapplied to F.

minutiflora Rydb.
Festuca ovina L. var. capillata Alefeld = F. filiformis Pourret*
Festuca ovina L. var. ingrata Hackel ex Beal = Festuca idahoensis Elmer
Festuca ovina L. var. ovina, misused for cultivated F. huonii, F. ovina L.4. F. trachyphylla, and F.

valesiaca
Festuca ovina L. var. rydbergii St.-Yves = F saximontana Rydb. var. purpusiana (Saint-Yves) Tzvelev
Festuca pacifica Piper = Vulpia microstachys (Nutt) Munro ex Benth.
Festuca pratensis Huds. [Meadow Fescue]
Festuca pseudovina Hack. ex Wiesb = F. valesiaca Schleicher ex Gaudin*
Festuca reflexa Buckl. = Vulpia microstachys (Nutt) Munro ex Benth.
Festuca roemeri (Pavlick) E. B. Alexeev var. klamathensis B. L. Wilson, fined. [Southern Roemer's

Fescue]
Festuca roemeri (Pavlick) E. B. Alexeev var. roemeri [Northern Roemer's Fescue]
Festuca rubra L. ssp. arenicola E. B. Alexeev [Beach Fescue]
Festuca rubra L. ssp. commutata Gaudin [Chewings Fescue]
Festuca rubra L. ssp. litoralis (G. Mey.) Auquier 5 [Slender Creeping Red Fescue]
Festuca rubra L. ssp. mediana (Pavlick) Pavlick. perhaps = F. rubra L. ssp. arenicola E. B. Alexeev
Festuca rubra L. ssp. pruinosa (Hack.) Piper [Coastal Red Fescue]
Festuca rubra L. ssp. rubra 6 [Strong Creeping Red Fescue]
Festuca rubra L. ssp. vallicola (Rydb.) Piper [Montane Red Fescue]
Festuca rubra L. var. littoralis Vasey ex Beal invalid name applied to F. rubra L. ssp. arenicola E. B.

Alexeev and F. rubra L. ssp. pruinosa (Hack.) Piper
Festuca saximontana Rydb. var. purpusiana (Saint-Yves) Tzvelev [Rocky Mountain Fescue]
Festuca scabrella Torr. ex Hooks = F. campestris Rydb.
Festuca subulata Trin. [Bearded Fescue]
Festuca subuliflora Scribner. [Crinkle-awn Fescue]
Festuca tenttifolia Sibth. = F. filiformis Pourret*
Festuca trachyphylla (Hackel) Krajina [Sheep or Hard Fescue']
Festuca travci A. S. Hitchc. = Vulpia microstachvs (Nutt) Munro ex Benth.
Festuca valesiaca Schleicher ex Gaudin*9 [Sheep Fescue-3]
Festuca viridula Vasey [Green Fescue]
Festuca washingtonica E. B. Alexeev [Washington Fescue]
Hesperochloa kingn(Wats.) Rydb. = Leucopoa kingii (S. Watson) W. A. Weber
Leucopoa kingii (S. Watson) W. A. Weber
Lolium arundinaceum (Schreb.) Darbyshire = Festuca arundinacea Schreb.
Lolium multiflorum Lam. *10 [Annual Ryegrass]
Lolium perenne L. *10 [Perennial Ryegrass]

Lolium perenne ssp. multiflorum (Lam.) Husnot = Lolium multiflorum Lam.
Lolium perenne var. multiflorum (Lam.) Thuill ex Bast. = Lolium*multiflorum Lam.
Lolium pratense (Schreb.) Darbyshire = Festuca pratensis Huds.
Lolium rigidum Gaudin 10
Lolium subulatum Visiani"
Lolium temulentum L. [Darnel]
Schedonorus phoenix (Scop.) Holub. = Festuca arundinacea Schreb.
Schedonorus pratensis (Huds.) P. Beauv. = Festuca pratensis Huds.
Vulpia arida (Elmer) Henrard = V. microstachvs (Nutt) Munro ex Benth.1
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Table 8.2, continued

Vulpia bromoides (L.) S. F. Gray* [Rattail Fescue]
Vulpia confusa (Piper) Henrard = V. microstachys (Nutt) Munro ex Benth.'
Vulpia dertonensis (All.) Go la = V. bromoides (L.) S. F. Gray*
Vulpia eastwoodae (Piper) Henrard = V. microstachys (Nutt) Munro ex Benth.I
Vulpia grayi Henrard = V microstachys (Nutt) Munro ex Benth.'
Vulpia megalura Rydb. = V. myuros (L.) K. C. Gmel.
Vulpia microstachys (Nutt) Munro ex Benth. I [Small Fescue]
Vulpia microstachvs var. confusa (Piper) Lonard & Gould = V. microstachys (Nutt) Munro ex Benth. I
Vulpia myuros (L.) K. C. Gmel. [Rattail Fescue]
Vulpia myuros var. hirsuta (Hackel) Asch. & Graebn. = V. myuros (L.) K. C. Gmel.
Vulpia octoflora (Walt.) Rydb. 11 [Six-weeks Fescue]
Vulpia octoflora (Walt.) Rydb. var. hirtella (Piper) Henrard = V. octoflora (Walt.) Rydb.
Vulpia octoflora Walt. = V octoflora (Walt.) Rydb.
Vulpia pactfica (Piper) Rydb. = V. microstachys (Nutt) Munro ex Benth.'
Vulpia reflexa Buckl. = V microstachvs (Nutt) Munro ex Benth.'
Vulpia tracvi (A. S. Hitchc.) Henrard = V microstachys (Nutt) Munro ex Benth.

Four varieties ofF. microstachys have been recognized based on pubescence of glumes and lemmas
(Aiken and Lonard 1993), but lemma pubescence can vary among the offspring of an individual plant (T.
Adams, pers. corn.). Recognizing such variants as taxa appears inappropriate.

2 Festuca hitchcockiana is a recently described taxon (Alexeev 1982). The one specimen I have seen is
strikingly odd, but such plants may be extremes of variation in F. californica. They lack the villous leaf
collars characteristic of most F. californica.

3 The names Sheep and Hard Fescue are used indiscriminately for F. huonii, F. ovina, F. trachvphylla, and
F. valesiaca, and perhaps other similar cultivated species.

Festuca ovina var. ovina is diploid. The only F. ovina cultivar identified with certainty from North
America is the tetraploid cultivar "Quatro," which may be F. ovina ssp. hirtula (Hackel ex Travis) M.
Wilkinson.

5 This name, as used here, is a cultivar category (Chapter 1) associated informally with hexaploid plants
that have slender rhizomes.

6 This name, as used here, is a cultivar category (Chapter 1) associated informally with octoploid plants
that have relatively robust rhizomes.

7 This name is invalid due to the earlier publication of Festuca rubra L. ssp. litoralis (G. Mey.) Auquier
for a European taxon.

8 The name F. scabrella has been used for a group of closely related plants now usually recognized as F.
altaica, F. campestris, and F. hallii (Vasey) Piper. The identity of the F. scabrella holotype is unclear
(Harms 1985, Pavlick & Looman 1984), and F. scabrella may be a synonym ofF. hallii. However, F.
scabrella has certainly been applied to F. campestris in the region covered by this key.

9 The cultivar "Covar" apparently originated from Turkish populations showing introgression between F.
valesiaca and F. callieri (Hackel ex St. Yves) F. Markgraf apud Hayek.

I° See Terrell (1968) for extensive synonymy and for problems with species limits in Lolium.
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Table 8.2, continued

I I
Varieties of V. octoflora are difficult to apply to our plants, and two references (Aiken & Lonard 1993:

Lonard & Gould 1974) disagree on which varieties occur here. Therefore. this key does not include
varieties. However, the varieties of V. octoflora, unlike those of the three other Vulpia species, may
represent biologically meaningful, geography- or habitat-based units.
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NOTES ON NOMENCLATURAL INSTABILITY

Fescue nomenclature is in a state of flux. Several names used in this key differ

from names used in familiar accounts of fescues and ryegrasses of the Pacific coast

states (Aiken 1993, Hitchcock and Chase 1950, Hitchcock et al. 1969, Peck 1941). A

list of the most common synonyms is provided (Table 8.2). Certain names are likely to

remain unstable: brief explanations and major references are provided below.

Technical, nomenclatural problems surround F. campestris, F. rubra var.

arenicola, and F. trachyphylla. (1) The correct name for F. campestris depends in part

of the identity of the holotype of F. scabrella Torn ex Hook. The specimen is

depauperate, immature, collected from an ambiguous locality (traced to the Jasper Park

area of Alberta) in a region where all three relevant taxa are sympatric (Harms 1985). It

has been variously identified (Harms 1985, Pavlick & Looman 1984). (2) The name F.

rubra var. densiuscula Hack. ex Piper has priority over F. rubra var. arenicola if the

holotypes of the two names are specimens of the same taxon. The type specimens, both

collected at Crescent City, California, have contrasting growth habit, but the F. rubra

var. densiuscula holotype is unlike any normal fescue of the Pacific coast and may be a

waif or a trampled runt. Treatments for the two names vary from considering them

synonyms to considering them two separate species (Aiken et al. 1997, Alexeev 1982,

Darbyshire and Pavlick 1997). (3) If the name F. trachyphylla (Hackel) Druce, referring

to a South American fescue, was validly published, the name F. trachyphylla (Hackel)

Krajina, referring to most cultivated Sheep or Hard Fescue, must be replaced by F.

brevipila R. Tracey. Interpretations vary (Darbyshire and Pavlick 1997, Wilkinson and

Stace, 1991).

More substantial problems involve the circumscription of genera in the fescue

Glade. (1) The close relationship between F. arundinacea, F. pratensis, and the species

of Lolium has resulted in realignment of genus boundaries. This changes the name of F.

arundinacea to Lolium arundinaceum (Schreb.) Darbyshire or Schedonorus phoenix

(Scop.) Holub. (2) Segregation of annual fescues in the separate genus Vulpia has long

been controversial, and molecular phylogenies may induce taxonomists to return the

plants to Festuca (e.g. Darbyshire and Warwick 1992). (3) Leucopoa kingii has had
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more genus names (5) than species names (3) (Hitchcock et al. 1969). Although its place

in Leucopoa is widely accepted at present, it may be treated as a Festuca (Aiken et al.

1997), or placed in monotypic Hesperochloa (Piper) Rydb. (Hitchcock et al. 1969).

Varying concepts of fescue species rank contribute to nomenclatural instability

for fescues of the Pacific coast states. Should F. campestris be considered a species, or a

variety of F. altaica Trin.? Should F. parishii be treated as a species, a variety of F.

californica, or an ecotype unworthy of recognition? Is F. hitchcockiana E. B. Alexeev

an aberrant form F. californica, or a taxon? Is F. minutiflora a species, or a variant of F.

brachyphylla? Festuca ovina in the strict sense is not native in North America, but

should some of the arctic and alpine taxa be considered varieties of F. ovina? What

combination of species, subspecies, and/or varieties should be used to classify variation

in the F. rubra complex? Festuca rubra presents a particular problem because

morphological variation is extreme but intermediates abound and the pattern of variation

is too complex to fit in our simple taxonomic hierarchy (Dube and Morisset 1987). The

available taxonomic treatments of the F. rubra complex in the Pacific coast states

(Darbyshire and Pavlick MS, Pavlick 1985) are difficult to apply, but calling all variants

F. rubra obscures important differences.

The taxa treated as species in this key deserve recognition at some level, and

treating them as species is consistent with current practice among fescue taxonomists.

Judgements expressed in Table 8.1 seem reasonable, but will not prove final.
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CONVENTIONS USED IN THE KEYS

Material in brackets [ ] is auxiliary material useful for confirming the identification of

the taxon involved, but variable among taxa under the alternative lead.

See Figure 8.1 for leaf anatomical traits.

"Awn length" is the length of the longer awns of fertile florets. "Average awn length" is

the average of lengths of awns on all fertile florets on three to eight spikelets.

Collar is the outer (abaxial) surface of the leaf where the leaf blade meets the leaf sheath.

Leaf width. Measure either the flattened or the normally folded leaf; species that could

easily be misinterpreted come out in two or more places in the key. However, wide flat

leaves roll up when wilted. If a specimen has leaves more than three millimeters wide

(as measured from one margin to the other through the midrib) and the leaves rolled up

tightly and appear less than two millimeters wide, misidentification may result.

Lemma length is the length of the lemma body, excluding awn. Measure the lowest or

second lowest lemma.

Sclerenchyma girders are bands of sclerenchyma (fiber) that extend from the abaxial

(lower) surface of the leaf to the adaxial (upper) surface.

Spikelet length is the distance from the base of the lower glume to the tip of the fourth

fertile floret (excluding awns). If fewer than four fertile florets are present, extrapolate

using the distance between the second and third fertile florets.

Veins are vascular bundles. In lemmas, count only veins easily visible on the outer

surface.
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Figure 8.1. Leaf anatomy of fine-leaved fescues. Black areas represent sclerenchyma
(fiber); in unstained cross sections, sclerenchyma is white. Circles represent vascular
bundles, often called veins in the key. A and C have sclerenchyma bundles more than
two times as broad as thick. ("Broad" is in the dimension parallel to the epidermis; thick
is perpendicular to the epidermis.) D has sclerenchyma bundles less than two times as
broad as thick. B has sclerenchyma touching the main lateral veins, a sclerenchyma
girder, and sclerenchyma on the adaxial surface of the ribs. C could key as having
sclerenchyma bundles three, at midrib and margins (with small auxiliary bundles). A
and B have adaxial hairs many and long; C has hairs few and short. A F. idahoensis.
B F. washingtonica. C F. roemeri var. roemeri. D F. rubra. See Appendix 1 for
list of specimens drawn.
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KEY # 1 PLANTS WITH INFLORESCENCES, COLLECTED AT OR AFTER FLOWERING

1. Inflorescence a single terminal spike; spikelets oriented edgewise to the rachis; spikelets (except
terminal one) with only one glume Lohum

2. Glumes equaling or usually exceeding the mature spikelets, at least on the upper spikelets

3. Mature spikelets attached to the rachis at an angle; inflorescence not appearing cylindrical;
mature caryopsis only 2 3 times longer than wide; [weed in grain and flax crops]

L. temulentum

3. Mature spikelets so deeply sunken in the rachis that the inflorescence appears cylindrical;
mature caryopsis > 3 times as long as wide; [habitats various, often roadsides]

4. Spikelets with only 2 4 florets; florets large, 6.3 12.0 mm long, 1.0 2.4 mm wide:
spikelets with long (2.2 - 6.3 mm) rachilla segments; glumes usually acute or acuminate

L. subulatum

4. Spikelets with 2 11 flowers; florets smaller, 3.2 8.5 (- 9.8) mm long, 0.9 2.0 mm
wide; spikelets with short (1.0 -3.5 mm) rachilla segments; glumes obtuse to acute

L. rigidum

2. Glumes shorter than the spikelets on all mature spikelets; [mature caryopsis > 3 X as long as wide]

5. Plant a delicate annual, [ 2 11 floretsispikelet; lemmas usually awnless]
L. rigidum

5. Plant relatively coarse, annual or perennial. if annual then with >10 florets/spikelet; [lemmas
awned or awnless]

6. Perennial, with tillers at flowering and fruiting time; leaves in folded in bud
L. perenne

6. Annual or biennial, lacking tillers at flowering and fruiting; leaves rolled in bud (i.e.,
edges of immature leaves much overlapping)

L. mulhflorum

1. Inflorescence a panicle or raceme; spikelets oriented variously, each with two glumes

7. Plants annual (no remnants of last year's leaves present; plant easily pulled from the ground with
roots attached)

Vulpia

8. First glume 0.6-2.5 mm long, less than half as long as the second glume
V. myuros

8. First glume usually >3 mm long, always half or more the length of the second glume

9. Florets usually (5-) 7-12 per spikelet, awns shorter than (or equaling) lemmas
V. octoflora

9. Florets usually 1-5 (-7); awns equaling or longer than the lemma

10. Branches of mature inflorescence (at or after anthesis) typically spreading or
reflexed, with pulvini (swellings) at the base

V. microstachvs
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10. Branches of mature inflorescence ascending, lacking pulvini
V. bromoides

7. Plants perennial (remnants of last year's leaves present; plant difficult to pull from the ground with
roots)

Festuca

11. Leaves more than 2 mm wide, flat or loosely rolled

12. Leaves with laterally expanded or claw-like or clasping auricles; [lemma awns <4 mm long,
<<lemmas]

13. Lower glumes mostly < 3/4 as long as upper glumes; anthers usually indehiscent;
[spikelets often oriented edgewise to the rachis; inflorescence often a raceme or a panicle of
racemes]

Festuca X Lolium (Festulolium) hybrids

13. Lower glumes mostly > 3/4 as long as upper glumes: anthers usually dehiscent;
[spikelets not oriented edgewise to the rachis; inflorescence always a panicle]

14. Auricles cilliate-margined (sometimes just a single cilium can be found; cilia wear
off in old plants); lemma awns usually 0.5 - 1.5 (-4) mm long; [leaves 3-12 mm wide;
lowest panicle node with 2-3 branches, these with >1 (usually >4) spikelets; plants
usually densely cespitose, but some rhizomatous cultivars have been naturalized]

F. arundinacea

14. Auricles lacking cilia; lemma awns <0.5 mm or absent; [leaves 3 5 (-7) mm wide:
lowest panicle node with 1-2 branches, if two then one of these with only 1 (-3)
spikelets; plants loosely cespitose to rhizomatous, with or without rhizomes]

F. pratensis

12. Leaves without auricles. or auricles represented by inconspicuous swellings or small upright
flaps; [lemma awns various] (If you didn't actually look at the auricles. you may be sorry.)

15. Plant with long rhizomes

16. Leaf sheaths brown with contrasting white veins, shredding; leaf sheath margins
fused: plants with perfect flowers: [habitat moist to somewhat dry; leaf sheaths often
with spreading, retrorse hairs; widespread]

F. rubra complex

16. Leaf sheaths pale. veins about the same color, not shredding; leaf sheath margins
overlapping; plants dioecious; [habitat dry; east of the Cascade Range and Sierra
Nevadas]

Leucopoa kingii

15. Plant loosely to densely cespitose;

17. Leaf sheaths pale (white or tan, sometimes red), with veins about the same color;
leaves involute or folded (flat in Leucopoa

18. Collars of leaves typically villous; [lemmas 7.5 11 mm long; leaf
sclerenchyma forming girders and also a nearly continuous layer under the
epidermis; west of the Cascade Range and Sierra Nevadas]

F. californica
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19. Leaf sheaths glabrous or scabrous; range north of the San Bernardino
Mountains

F. californica ssp. californica

19. Leaf sheaths pubescent; range in and south of the San Bernardino
Mountains

F. californica ssp. parishii

18. Collars of leaves glabrous: lemmas 5.5 to 10 mm long

20. Lemmas awnless or with a point up to 1.5 mm long; range east of the Cascade Range
and Sierra Nevadas

21. Plant with perfect flowers; leaf blades involute and typically densely scabrous; leaf
sheath persistent from year to year but blades deciduous; leaf sclerenchyma forming
both girders and nearly continuous under the outer (abaxial) epidermis; plant densely
cespitose

F. campestris

21. Plant dioecious; leaf blades flat (or rolled) and not densely scabrous: leaf sheaths
and blades equally deciduous; leaf sclerenchyma forming girders but not continuous
under the outer epidermis; plant growing as single shoots or bunches from rhizomes
which are rarely collected

Leucopoa kingii

20. Lemmas awned; range west of the Cascade Range and Sierra Nevadas
F. roemeri

22. Hairs on inner (upper) surface few, short; plants growing from Douglas County,
Oregon northward, and also along the coast south to northern California

F. roemeri var. roemeri

22. Hairs on inner (upper) surface many, longer: plants growing in the Klamath region
of southwest Oregon and south at least to the San Francisco area

F. roemeri var. klamathensis

17. Leaf sheaths brown with white veins, shredding; leaves flat and lax (but rolling when wilted), or
folded

23. Leaf sheath margins fused; [lemma awns 0 4.3 (-8) mm long]

24. Ovary apex pubescent after anthesis: lower (outer) surface of leaves with densely
scabrous over the veins; leaf sclerenchyma usually extending through major lateral veins,
from abaxial to adaxial surface of leaf; [local east of and close to the Cascades in
Washington]

F. washingtonica

24. Ovary apex glabrous; lower (outer) surface of leaves lacking glabrous to pubescent but
not scabrous, or scabrous uniformly over the surface; leaf sclerenchyma not extending
through major lateral veins; [widespread]

F. rubra complex

23. Leaf sheath margins overlapping; [lemma awns (1-) 3 20 mm long; ovary apex densely
pubescent]
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25. Callus ( lemma base) elongated (ca. 0.5 mm long); upper (adaxial) surface of leaves
velvety-pubescent

F. subuldlora

25. Callus (lemma base) not elongated (ca. 0.1 mm long); upper surface of leaves glabrous
to pubescent but not velvety

26. Lemma veins 1 (-3): lemma awn long, 5-8 (-20) mm long and often bent; lemma
glabrous (or sparsely scabrous mainly in distal third); leaves lax and flat, usually (3-) 4

10 mm wide. typically glabrous (or nearly so) on upper surface; [widespread]
F. subulata

26. Lemma veins 5 (sometimes obscure); lemma awn shorter (1-4. rarely 8. mm long),
straight; lemma (papillate to) scabrous over entire surface; leaves flat in life but readily
rolling when wilted, those of vegetative shoots usually <3.5 mm wide, those on culms to
5 mm wide, leaves pubescent on upper surface

F. howellii

11. Leaves less than 2 mm wide, involute or folded

27. Collars typically villous AND lemmas 7.5 12 mm long; [plant usually scabrous; leaf
sclerenchvma forming sclerenchyma girders and extending in a thin layer under the epidermis]

F. californica

28. Leaf sheaths glabrous or scabrous: culms usually 0.6 1.5 m tall; lemma acuminate to short-
awned: range north of the San Bernardino Mountains

F. californica ssp. californica

28. Leaf sheaths pubescent: culms usually 0.4 0.6 m tall; lemma awned. the awn 3 4 mm
long; range in and south of the San Bernardino Mountains

F. californica ssp. parishii

27. Collar typically glabrous (if pubescent, then lemma < 7 mm long)

29. Leaf blades typically scabrous over the entire surface (feel with fingernail): leaf sheaths from
previous years persistent and somewhat stiff, forming a dense tuft of split tubes 4 7 mm long (if
you wonder if you are seeing this character, you aren't): leaves stiff because leaf sclerenchyma
forms both sclerenchyma girders and a layer under the epidermis; [lemmas awnless or with tiny
awns to 1.5 mm long: dry upland habitats east of Cascades]

F. campestris

29. Leaf blades typically glabrous or pubescent (or scabrous over the veins); leaf sheaths from
previous years splitting, shredding, or crumbling (sometimes persisting as fibers but not forming
tufts of intact sheaths); leaves not stiff; [lemma awns various; habitat and range various]

30. Leaves very narrow, readily spinning between the fingers because they are round to
hexagonal in cross section; [leaves typically glaucous: lemmas (5-) 6-8 (-10) mm long;
lemma awns 1-6 mm long, shorter than or equal to the lemma; inflorescence open: common
in upland habitats of east of the Cascades and Sierra Nevadas, but not alpine]. (If you are
unsure your plant belongs here, take the alternate lead, where this taxon is identified by more
technical features)

F. idahoensis

30. Leaves either not rolling between the fingers or turning with angles that are readily felt;
[leaves green or glaucous; lemmas, awns, and habitats various]
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31. Habitat alpine: plants dwarfed: anthers < 2 mm long: [leaves usually < 10 cm. but up to 25 cm long in
sheltered places; lemma awns =;< 1/2 length of lemma body; [lemma body 2-5 (5.6) mm long]

32. Culms crisp-puberulent. anthers 0.3-0.5 mm long when dry
F. baffinensis

32. Culms glabrous to scabrous; anthers 0.4-1.8 mm long

33. Anthers < 2 mm long; lemmas 3.3 5 (-5.6) mm long; [awns <1= 1/2 length of lemma body]

34. Anthers (which are usually retained long past anthesis) 0.4-0.8 (-0.9) mm long when dry,
0.9-1.2 mm long when fresh or rehydrated; leaf sclerenchyma bundles (except at midrib)
<2X as broad as thick; [lemmas 2-5.5 mm long]

35. Lemmas (3-) 3.7-5.5 mm long; branches at lowest node 1; ovary apex glabrous
F. brachyphylla

36. Cu lms usually more than twice as along as the basal leaves: spikelets (4.5-) 5-7
mm long; well-developed lemmas 3.5 4 5 mm long; 2n = 42

F. brachyphylla ssp. brachyphylla

36. Cu lms usually twice as long as basal leaves or shorter; spikelets up to 5.5 mm
long; well-developed lemmas to 4.0 mm long; 2n = 28

F. brachyphylla ssp. coloradensis

35. Lemmas 2 3.4 (-4) mm long; branches at lowest node (1-) 2 -3; ovary apex with a
few hairs

F. minutiflora

34. Anthers (which may or may not be retained) 0.9 - 1.2 mm long when dry, 1.2 - 1.8 mm
long when fresh or rehydrated; leaf sclerenchyma continuous or in bundles >2X as broad as
thick; [lemmas 3.6-5.6 mm long]

F. saximontana var. pwpusiana

33. Anthers > 2 mm long; lemmas 4-8 mm long; [awns ca. 1/2 > as long as lemma body]

37. Lemmas (5-) 6-8 mm long: hairs on inner (adaxial) surface many and long; native
F. idahoensis

37. Lemmas 4-5 (-5.5) mm long; hairs on inner surface various, sometimes short: introduced
species planted on roadsides, ski areas, and dry or high-altitude pastures

See Key #4

31. Habitat alpine or not; plants usually not dwarfed; anthers > 2 mm long; lemma bodies 4-8 mm long;
[plants typically larger and/or growing at lower altitudes]

38. Awns on many of the lemmas longer than the lemmas; [inflorescence open, with the lowest
branches often reflexed at maturity; habitat usually shade to partial shade, but plants persisting in
clearcuts; ovary apex densely pubescent; leaf sheath margins overlapping]

39. Leaves folded or involute. 0.25 0.6 mm wide; lemma veins typically 0 (-1); lemmas
normally glabrous; common and widespread

F. occidentalis
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39. Leaves flat or rolled, >1 mm wide when flattened; lemma veins 5 (sometimes obscure);
lemmas (papillate -) scabrous: uncommon in California and SW Oregon

F. howellii

38. Awns about equal to or shorter than the lemmas or none; [inflorescence open or relatively closed, with
the lowest branches usually not reflexed; habitat various but not in full shade and usually in full sun]

40. Plant rhizomatous or stoloniferous (the rhizomes or stolons bearing scales, which are bladeless
leaf sheaths), [young shoots arising perpendicular to the parent shoot and bursting through the leaf
sheath: leaf sheath usually with retrorse hairs]

F. rubra complex

40. Plant cespitose [young shoots arising parallel or perpendicular to the parent shoot]

41. Lemma awnless or with a mucro < 1/10 the length of the lemma

42. Lemma 2.3 4.0 (-4.4) mm long; naturally folded leaves 0.3- 0.6 mm wide on longest
axis: leaf sclerenchyma continuous

F. filiformis

42. Lemma 4 or more mm long: naturally folded leaves 0.5 > 1 mm wide on longest axis:
leaf sclerenchyma typically in bundles

43. Lower leave blades reduced to small points; leaf sheath margins overlapping in
upper third of sheath: ovary apex hairy; [plant cespitose: dry to mesic, open habitats near
or above timberline]

F. viridula

43. Lower leaf blades not reduced; leaf sheath margins fused entire length of sheath:
ovary apex glabrous: [rhizomatous or cespitose; mesic to moist habitats, rarely near
timberline]

F. rubra complex

41. Lemma awned

44. Lemmas tapering very gradually to the awns; lower glume often ca. 1,'2 as long as upper
glume; inflorescence narrow and little-branched: anthers indehiscent and more or less empty

Festuca X Vulpia (Festuvulpia) hybrids

44. Lemmas acute (sometimes acuminate in coastal taxa) but tapering less gradually to
awns: lower glume > 3/4 as long as upper glume; inflorescence more branched. and
spreading at anthesis: anthers dehiscent and containing pollen

45. Lemma bodies (excluding awns) <5.8, usually < 5.5 mm long. CAUTION: Lemmas
grow; this measurement is trustworthy only if the spikelet is at or after anthesis.
Immature plants. and those with fungus infection of the lemmas, must be keyed in Key
#2, Lead 23.

46. Leaf sheath margins fused: leaf sheath brown, usually shredding between
white veins. [Habitats various; man-made and natural]

Festuca rubra complex

46. Leaf sheath margins overlapping; leaf sheaths pale. sometimes pink or purplish,
generally not shredding. [Habitats man-made]

See Key #44
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45. Lemmas > 5.8 mm long.

47. Leaf sheaths dark brown with contrasting whitish veins, splitting or shredding; leaf sclerenchyma
typically < 2X as broad as thick

48. Leaf sheath margins overlapping; [ovary apex densely pubescent]
F. howellii

48. Leaf sheath margins fused

49. Ovary apex glabrous; lower (outer) surface of leaves not scabrous. or scabrous over the
entire surface; [habitat mesic to moist; widespread]

F. rubra complex

49. Ovary apex sparsely pubescent; lower (outer) surface of at least some leaves with
densely scabrous over the veins: [habitat dry to seasonally dry: Washington cast of the
Cascades

F. washingtonica

47. Leaf sheath paler (white. pink. light brown), usually lacking contrasting veins, usually crumbling
or somewhat splitting but not shredding; leaf sclerenchyma typically > 2X as broad as thick; [ovary
apex glabrous]

50. Leaves spin readily in the fingers because the leaves are thin (round or hexagonal in cross
section), veins typically 5. the smaller veins often not opposite ribs; ribs typically 3 (-5);
sclerenchyma bands 5 or more (one per vein) or confluent; hairs of inner surface of leaves many
and long: plants growing east of the Cascade Crest. east of the Klamath Mountains (but present
on Mt. Shasta), or in or east of the Sierra Nevada

F. idahoensis

50. Leaves do not spin or if they do, the angles readily apparent because the leaves in cross
section are ellipsoid to obovate; veins typically 5-7, the smaller veins typically opposite ribs; ribs
typically 5-7: sclerenchyma bands various but often 3 and distinct; hairs of inner surface of leaves
few or many, long or short: plants growing west of the Cascade Crest, in and west of the Klamath
Mountains

F. roemeri

51. Hairs on inner (upper) surface few, short: plants growing from Douglas County, Oregon
northward, and also along the coast south to northern California

F. roemeri var. roemeri

51. Hairs on inner (upper) surface many, longer; plants growing in the Klamath region of
southwest Oregon and south at least to the San Francisco area

F. roemeri var. klamathensis
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KEY # 2 STERILE PLANTS AND PLANTS COLLECTED BEFORE FLOWERING

This key includes annuals and mature perennials. Seedlings are excluded. Typical plants and common
variations are included, but occasional unusual plants will be misidentified.

CAUTION! If you key grasses not closely related to Festuca in this key, you will probably get a name,
but it will be wrong.

1. Ligules > 3 mm long AND/OR acute to acuminate AND/OR with a fringe of hairs which exceed in
height of the membranous portion of the ligule AND/OR if tips of leaves shaped like the prow of a boat,
then leaf sheaths margins also fused for most or all their length

not Festuca or allies

1. Ligules < 3 mm long (usually < 1.5 mm long), blunt to truncate, entire. erose, or ciliate: tips of leaves
acute (or if prow-shaped. leaf sheath margins overlapping)

MAYBE it's a Festuca relative

2. Claw-like or clasping auricles present on at least some leaves, sometimes only 1 per leaf

3. Annual: lacking traces of dead leaves or culms from previous years; root system small (and
therefore plant is easily pulled from the ground); [rhizomes absent]

Lolium sp.

3. Perennial; with traces of dead leaves or cuhns from previous years at base: root system larger
(and therefore plant difficult to pull from the ground with roots); [rhizomes sometimes present]

4. Auricles ciliate (sometimes only one cilium found: cilia wear off from older
F. arundinacea

4. Auricles lacking cilia

5. Plant rhizomatous F. pratensis

5. Plant cespitose Lolium

6. Annual weed L. rigidum, L. subulatum. or L. tenudentum

6. Perennial, or cultivated annual

7. Leaves folded in the bud (margins not overlapping); seedlings do not
fluoresce under ultraviolet light

Lolium. perenne

7. Leaves rolled in the bud (margins much overlapping); seedlings fluoresce
under ultraviolet light

Lolium multiflorum

2. Auricles lacking, erect, or represented by inconspicuous swellings

8. Annual; lacking traces of dead leaves or culms from previous years; root system small (and
therefore plant is easily pulled from the ground); [leaf blades thin, involute. 0.5 1.5 mm broad;
rhizomes absent]

Vulpia

9. Ligules often highest (longest) on the sides V. myuros, V. octoflora
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9. Ligules usually highest in the center (opposite the throat)
V. bromoides. V microstachys

8. Perennial; with traces of dead leaves or culms from previous years at base; root system larger (and
therefore plant difficult to pull from the ground with roots); [leaf blades flat to filiform; rhizomes
sometimes present]

10. Leaf blades > 2 mm wide

11. Lower leaf blades reduced to small points at the top of the blades; [leaf sheath and blade
decaying equally, the sheaths shredding to reveal pale veins: habitats alpine to subalpine; plant
cespitose and green; leaf sheaths open in upper third]

F. viridula

11. Lower leaf blades not reduced; [other characters various]

12. Leaf sheath closed; leaf sheaths more or less brown and shredding to reveal white fibers

13. Leaves glabrous to pubescent, but not scabrous on the veins and glabrous between
them; leaf sclerenchyma usually confined to the dorsal surface and even if present on
both surfaces, only rarely extending through the leaf around the veins; widespread

F. rubra

13. Leaves scabrous on the veins and glabrous between them; leaf sclerenchyma usually
extending from dorsal to ventral surface around the major veins; sagebrush habitats east
of the Cascades in Washington

F. washingtonica

12. Leaf sheath open. the margins overlapping; leaf sheaths brown or pale. shredding or not

14. Leaf sheaths pale and not shredding; plants densely cespitose (or tillers clustered
from buried rhizomes); leaves clustered at the base of the plant, blades of innovations all
arising at approximately the same height; habitat dry sites in sun or savanna

15. Collars pubescent to villous [west of the Cascades & Sierra Nevadas; leaves
stiff, involute]

F. californica

16. Leaf sheaths glabrous to scabrous; widely distributed east of the Cascade
Range and Sierra Nevadas

F. californica ssp. californica

16. Leaf sheaths pubescent; San Bernardino Mountains and south
F. californica ssp. parishii

15. Collars glabrous

17. Plants west of the Cascade/Sierra axis

18. Leaves coarse and stiff, usually scabrous; leaf sclerenchyma
arranged as a continuous or nearly continuous layer under the
epidermis, plus bands that extend through major veins from abaxial to
adaxial surface; outer (abaxial) leaf surface typically ribbed)

F. californica ssp. californica



18. Leaves thinner and softer, glabrous or pubescent but not scabrous: leaf sclerenchyma
arranged in separate bundles (often three bundles at midrib and leaf margins), not forming
sclerenchyma girders: outer (abaxial) leaf surface typically lacking ribs and glabrous (or
pubescent)

F. roemeri

19. Hairs on inner (upper) surface few, short; plants growing from Douglas County,
Oregon northward, and also along the coast south to northern California

F. roemeri var. roemeri

19. Hairs on inner (upper) surface many, longer; plants growing in the Klamath region
of southwest Oregon and south at least to the San Francisco area

F. roemeri var. klamathensis

17. Plants east of the Cascade/Sierra axis

20. Plant densely cespitose: leaves involute. densely scabrous (rough); leaf sclerenchyma
usually forming a nearly continuous thin ring just under the epidermis, as well as extending
from dorsal to ventral surface around the veins [leaves 2 4 mm wide]

F. campestris

20. Plant producing single shoots or small clusters from buried rhizomes; leaves flat to
rolled, not densely scabrous; leaf sclerenchyma extending from dorsal to ventral surface
around the veins. but not extending along the inside of the epidermis [leaves 2 6 mm wide]

Leucopoa kingii

14. Leaf sheaths brown with pale veins, shredding; plants densely to loosely cespitose: leaf blades
arising at various heights along the shoots; habitat usually partial shade, in forest to savanna.
occasionally meadows.

21. Adaxial (upper) surface of leaf with a dense velvety pubescence [leaves 3 8 mm wide; dry
woodland. sometimes meadows, west of the Cascades]

F. subuliflora

21. Adaxial (upper) surface of leaf glabrous to sparsely pubescent [savanna or moist to dry
woodland]

22. Adaxial (upper) surface of leaf sparsely pubescent; leaves 0.5 4 mm wide: savanna;
California and SW Oregon

F. howellii

22. Ventral surface of leaf usually glabrous; leaves 4 - 10 mm wide; moist to rather dry
woodland: widespread

F. subulata

9. Leaf blades < 2 mm wide

23. Lower leaf blades reduced to small points; [green, cespitose plant of subalpine and alpine
habitats]

F. viridula

23. Lower leaf blades normally developed
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24. Collars pubescent to villous, in contrast with the glabrous, scabrous. or short-pubescent dorsal surface
of the blade and sheath: west of the Cascades and Sierra Nevadas

F. californica

25. Leaf sheaths glabrous to scabrous: lemma awns 0-3 mm long; widely distributed east of the
Cascade Range and Sierra Nevadas

F. californica ssp. californica

25. Leaf sheaths pubescent: lemma awns 3 4 mm long; San Bernardino Mountains
F. californica ssp. parishii

24. Collars glabrous

26. Leaves stiff; leaf sclerenchyma arranged as a nearly continuous band under the dorsal surface
AND forming sclerenchyma girders; leaf surface usually densely scabrous

F. campestris

26. Leaves not stiff: leaf sclerenchyma in discrete bundles or if arranged as a nearly continuous band
under the dorsal surface, then not extending through the major veins; [leaf surface various but not
conspicously and uniformly scabrous]

27. Rhizomes or stolons present and bearing scales (leaves reduced to bladeless sheaths)
F. rubra

27. Rhizomes absent

28. Leaf sclerenchyma forming sclerenchyma girders, or strongly developed near major
veins on both the inner and outer (adaxial and abaxial) leaf surface

29. Leaf sheath margins fused in upper half [ovary apex glabrous or pubescent]

30. Lower (outer) surface of leaves not scabrous, or scabrous uniformly over the
surface; leaf sclerenchyma very rarely forming sclerenchyma girders: ovary apex
glabrous; [habitat mesic to moist; widespread]

F. rubra complex

30. Lower (outer) surface of at least the larger leaves with densely scabrous over
the veins; leaf sclerenchyma typically forming girders around two major lateral
veins and the vein at the midrib; ovary apex sparsely pubescent; [habitat dry to
seasonally dry; Washington east of Cascades]

F. washington ca

29. Leaf sheath margins overlapping [ovary apex pubescent]

31. Sclerenchyma bundles thicker than broad, nearly all forming sclerenchyma
girders (i.e., extending from outer to inner epidermis around a vein); [southwest
Oregon]

F. howellii

31. Sclerenchyma bundles broader than thick, almost never forming sclerenchyma
girders

go to lead 32

28. Leaf sclerenchyma not touching the veins and not strongly developed on the inner
(adaxial) leaf surface
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32. Dwarf alpine plants with leaves usually < 10 mm long but up to 25 cm long in sheltered places

33. Most sclerenchyma bundles < 2 times as broad as thick (though the midrib may be broader):
anthers when dry < 0.9 cm kin;

34. Cu lms crisp-puberulent. anthers 0.3-0.5 mm long when dry
F. baffinensis

34. Cu lms glabrous to scabrous: anthers 0.4-0.9 mm long when dry, 0.9-1.2 mm long when fresh
or rehydrated

35. Leaf cross sections of dry leaves triangular to diamond-shaped in outline; leaves 0.2
0.45 mm wide. 0.4 0.55 mm deep

F. minutiflora

35. Leaf cross sections of dry leaves oval to hexagonal in outline; leaves (0.25) 0.3 0.6 (-
0.8) mm wide. 0.35 0.95 mm deep

F. brachvphylla

36. Culms usually more than twice as along as the basal leaves; 2n = 42
F. brachvphylla ssp. brachyphylla

36. Culms usually twice as long as basal leaves or shorter; 2n = 28
F. brachvphylla ssp. coloradensis

33. Most sclerenchyma bundles more than 2 times as broad as thick;

37. Hairs on the adaxial (inner) surface long but few; plant native, hexaploid: anthers 1 1.8 mm
long when fresh or rehydrated (0.9-1.2 mm when dry )

F. saximontana var. purpusiana

37. Hairs on the adaxial (inner) surface usually numerous and long, sometimes numerous and
short; plant either a native tetraploid or introduced

38. Plant a native tetraploid; leaves hexagonal to round in cross section ; hairs on inner
(adaxial) surface many and long; lemmas >5.5 mm long, usually >6 mm long; [anthers >2
mm long, when dry (>2.5 mm long when fresh or rehydrated)]

F. idahoensis

38. Plant introduced, diploid to hexaploid; leaves elliptic to round in cross section; hairs on
inner surface variable but sometimes short; lemmas <5.8 mm long

See Key #4

32. Plants larger, typically of lower altitudes; anthers >1 min long

39. Leaf sclerenchyma bundles less than 2 times as broad as thick; [sclerenchyma bundles 5 or more]

40. Margins of leaf sheath fused (section the leaf sheath to see this)

41. Lower (outer) surface of leaves not scabrous, or scabrous uniformly uniformly over the
surface; ovary apex glabrous; [habitat mesic to moist; widespread]

F. rubra complex

41. Lower (outer) surface of at least the larger leaves densely scabrous over the veins; ovary
apex pubescent [habitat dry to seasonally dry; northern eastern Oregon]

F. washingtonica
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40. Margins of leaf sheath overlapping

42. Leaf cross section more or less diamond-shaped, with 4 grooves; the cross section widest
nearer the margin than the center of the leaf; leaf thickness through the midrib clearly << half
(usually < 1/3) the length of the cross section; plant growing in shade, widely distributed

F. occidentalis

42. Leaf cross section typically hexagonal or round (sometimes flattened on old herbarium
specimens), with 2 (-4) grooves; the cross section widest near the middle; leaf thickness through
the midrib typically =/> the depth of the cross section; plants growing in sun east of the
Cascades and Sierras:

F. idahoensis

39. Leaf sclerenchyma bundles more than 2 times as broad as thick; [sclerenchyma bundles 3 or more]

43. Leaf sheath margins fused in upper third; [sclerenchyma strongly developed, the marginal fiber
fused with the fiber over the adjacent veins, but the fiber at midrib usually less than 2 times as broad
as thick; plant from very moisture-stressed environment, or on serpentine soils]

F. rubra complex

43. Leaf sheath margins overlapping, at least at least in upper third; [sclerenchyma at midrib typically
>2X as broad as thick, or sclerenchyma continuous under the entire abaxial surface]

44. Leaf cross section 0.3- 0.6 mm wide on longest axis; lemma 2.3 - 4.0 (-4.4) mm long;
[sclerenchyma forming a thin, continuous or nearly continuous band just below the epidermis;
cultivated plant, rarely escaped but long persistent in lawns]

F. filiformis

44. Leaf cross section larger; lemmas >3.5, usually >4.5 mm long

45. Leaves spin readily in the fingers because the leaves are terete (round or hexagonal in
cross section); the smaller veins often not opposite ribs; ribs typically 3 (-5): [sclerenchyma
bands 5 or more (or confluent); hairs of inner surface of leaves many and long: plants
growing east of the Cascade Crest. east of the Klamath Mountains and on the east side of Mt.
Shasta. or east of the Sierra Nevadas]

F. idahoensis

45. Leaves do not spin readily in the fingers because the leaves arc elliptic or obovate in
cross section; usually all veins opposite ribs; ribs typically 5+; [sclerenchyma bands 3 7 or
confluent]

46. Hairs on adaxial (inner) surface of leaf both short and numerous
See Key #4

46. Hairs on inner surface long or few or both long and few

47. Plants introduced, diploid or hexaploid; [lemmas usually < 5.5 mm
long]

See Key #4

47. Plants native, tetraploid, [lemmas exceeding 5.8 mm long]
F. roemeri
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48. Hairs on inner (adaxial) surface few, short; plants growing from
Douglas County, Oregon northward, and also along the coast south to
northern California

F. roemeri var. roemeri

48. Hairs on inner (adaxial) surface many, longer; plants growing in
the Klamath region of southwest Oregon and south at least to the San
Francisco area

F. roemeri var. klamathensis
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KEY # 3 THE F RUBRA COMPLEX

NOTE: Festuca rubra is a polyploid complex with numerous ecotypes and cultivars. We have at least
two native forms and three or more introduced ones. Attempting to name most members of F. rubra is an
exercise in futility. Those determined to name most variants should consult Pavlick 1985 or Darbyshire
and Pavlick MS.. Following is a key to the names I apply to Oregon taxa. The key below will seem
somewhat vague; that is an appropriate.

I. Plants strictly cespitose, leaf sheaths usually without obvious retrorse hairs; [lemmas awned]
F. rubra var. commutata

1. Plants rhizomatous or loosely cespitose. leaf sheath often with retrorse hairs

2. Plant strictly coastal in sand dunes or cliff faces; inflorescence dense; inflorescences base
sometimes enclosed in the relatively loose sheath of the flag leaf but often strongly exerted from it;
foliage glaucous or green (both morphs found in most populations)

3. Lemmas acute and awnless (or with a mucro less than 0.5 mm long); habitat sand dunes,
beaches

F. rubra var. arenicola

3. Lemmas acuminate and some with awns 0.5 2 mm long; habitat cliffs
F. rubra ssp. pruinosa

2. Plant usually inland but planted nearly everywhere: inflorescence more open. inflorescence base
not enclosed in sheath of flag leaf; foliage usually green

4. Plants strongly rhizomatous, the shoots arising few together, rhizome thicker, leaves often flat;
octoploid: introduced, at least in part

Strong Creeping Red Fescue,
for which the name F. rubra var. rubra is often used

4. Plants forming a dense turf: rhizomes thin, often short: usually hexaploid

5. Plants of man-made habitats: culms not extremely delicate: introduced
Slender Creeping Red Fescue,
for which the name F. rubra var. litoralis is often used

5. Plants of montane meadows; culms very delicate (<< 1 mm wide); native
F. rubra var. vallicola
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KEY # 4 CULTIVATED FESCUES OF THE F. OVINA COMPLEX

Important: "Standardized spikelet length" is the length from the base of the lower glume to the tip
(excluding awn) of the fourth fertile lemma. If only three fertile lemmas are present. the spikelet length is
extrapolated to where the tip of the fourth lemma would be if it were present. "Average awn length"
calculated by averaging awn lengths of all fertile lemmas in the spikelet; several spikelets should be
measured. This key is modified from Wilkinson and Stace (1991).

* Plants keying to Festuca valesiaca at this lead are probably "Covar" Sheep Fescue, a cultivar derived
from Turkish populations showing introgression between F. valesiaca and F. callieri (Hackel ex St. Yves)
F. Margraf. This cultivar is widely planted and may be naturalized. Sterile plants probably can not be
distinguished from F. roemeri var. klamathensis.

KEY 4A specimens with known chromosome number

1. Diploid

2. Leaf sclerenchyma bundles 3. at midrib and margins
F. valesiaca

2. Leaf sclerenchyma continuous or bundles more than 3

3. Standardized spikelet length up to 5.2 (-5.5) mm; lemmas up to 3.2 (3.5) mm; average awn
length 0 0.3 (-0.6) mm: [leaves glabrous]

F. filiformis

3. Standardized spikelet length more than 5.2 mm: lemmas more than 3.2 mm; average awn
length (0-) 0.2 >1.6 mm; [leaves hairy at base or glabrous]

4. Leaf sclerenchyma in a continuous or somewhat interrupted) ring of uniform width
F. ovina

4. Leaf sclerenchyma in an interrupted (rarely continuous) ring of uneven width, thickened
at the midrib

F. valesiaca*

1. Polyploid

5. Tetraploid

6. Lemmas >5.5 mm, often >6.5 mm; panicle relatively interrupted and open at anthesis
F. idahoensis

6. Lemmas <5.5 mm; panicle relatively dense
F. ovina

5. Hexaploid

7. Average awn length usually less than 1.2 mm and rarely more than 1.6 mm; leaves green to
slightly glaucous. with 5-7 veins, with 2 (-4) groves on adaxial surface; [leaf sclerenchyma in an
narrow complete or somewhat broken ring]

F. huonii
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7. Average awn length usually more than 1.2 mm and often more than 1.6 mm: leaves sometimes
strongly glaucous. with 5-9 (-10) veins. with 4 (-6) grooves on adaxial surface.

8. Panicles very dense; leaf sclerenchyma forming a thick unbroken ring 3 -4 cells thick;
cultivated ornamental

F. glauca

8. Panicles moderately dense; leaf sclerenchyma forming a broken ring or in three bundles
(at midrib and margins) or if continuous, then thicker at the midrib than along the sides;
commonly cultivated for turf, pasture. erosion control, or as an ornamental

F. trachvphvlla

KEY 4B specimens with unknown chromosome number

1. Lemmas >5.5 mm. usually >6.5 mm; [awns 1/2 > lemmas]
F. idahoensis

1. Lemmas <6 mm. usually <5.2 mm; [awns various]

2. Lemma 2.3 3.5 (-3.5) mm long; [awn 0 0.3 (-0.8) mm]

3. Leaf sclerenchyma forming a continuous ring; plant typically green
F. filifortnis

3. Leaf sclerenchyma forming three bundles (at midrib and margin) or sometimes with additional
bundles; plant typically glaucous

F. valesiaca
2. Lemma (3.2-) 3.5 5.5 mm long

4. Average awn length usually less than 1.2 mm and rarely more than 1.6 mm: leaves green or
slightly glaucous. with 5-7 veins, with 2 (-4) groves on adaxial surface, rarely with bulliform cells

5. Spikelets 4.7 7 mm long; awns 0 1 mm; leaf blade diameter usually < 0.57 mm;
panicles generally less than 8 cm, with fewer than 26 spikelets; lowest two panicle nodes less
than 2 cm apart: [leaves glabrous or scabrous]

6. Leaf sclerenchyma uneven in thickness and interrupted, sometimes forming three
bundles, at midrib and margins

F. valesiaca *

6. Leaf sclerenchyma narrow and uniform in thickness, forming a continuous or
interrupted ring

F. ovina

5. Spikelets often more than 7 mm, rarely less than 6 mm long, with awns usually > 1 mm:
leaf-blade diameter > 0.57 mm; panicles up to 13 cm. with up to 40 spikelets: lowest two
panicle nodes up to 3.7 cm apart (some spikelets perpendicular to panicle branches, some
parallel.) [Leaves glabrous]

F. huonii

4. Average awn length usually more than 1.2 mm and often more than 1.6 mm; leaves sometimes
strongly glaucous. with 5-9 (-10) veins, with 4 (-6) grooves on adaxial surface, usually with bulliform
cells
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7. Leaf sclerenchyma variously interrupted (or if forming a continuous ring, uneven in
thickness): panicles less dense: [leaf sheaths hairy or glabrous]

8. Diploid: leaves 0.4 0.6 (-1) mm wide; leaf veins 5 7: panicle branches hairy only on
ridges

F. valesiaca*

8. Hexaploid: leaves 0.5 1.1 mm wide; leaf veins usually 7; panicle branches sometimes
hairy or scabrid between and well as on ridges

F. trachyphylla

7. Leaf sclerenchyma usually forming a broken or continuous ring of uniform thickness (1 -4
cells thick): [panicles somewhat to very dense]

9. Leaf sclerenchyma forming a ring 3 4 cells thick; panicles very dense: ornamental
F. glauca

9. Leaf sclerenchyma forming a ring usually 1 2 cells thick: panicles less dense: turf.
forage. and ornamental grass

F. trachvphylla
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FESCUE LEAF CROSS SECTIONS

Fescues are diverse but have few taxonomically useful macromorphological

traits. Therefore, taxonomists working with this group have employed leaf anatomical

traits for more than a century (Hackel 1882). Despite environmentally induced variation

(Aiken et al. 1994, Conner 1960, Dube and Morisset 1996, Hackel 1882, Kjellqvist

1961, Oliva et al. 1993, Ramesar-Fortner et al. 1995; Chapter 5), leaf anatomy, in

combination with biogeography, identifies fine-leaved North American fescues (Aiken

and Consaul 1995, Key #2 above).

The leaf cross sections shown here were chosen to represent the range of

variation within each taxon. Morphological extremes are illustrated, although some are

rarely seen. Some illustrations show young leaves in the sheath of the next older plant;

leaf sheath closure is a useful taxonomic trait. Scale bars = 0.1 mm. See Appendix 1 for

the list of specimens drawn.

Leaf cross sections were cut from the center third of fresh or dried leaves. The

leaf was placed on a microscope slide, its broken end in a drop of water. Under a

dissecting microscope at low power, the broken end was trimmed off, and then thin

sections were sliced by hand using a razor blade. Sections were observed with a

compound microscope at low power (40X 100X) and drawn freehand.

With experience, you can usually observed the critical leaf anatomical traits

under the dissecting microscope at high power, but determining the structure of atypical

leaves requires the higher magnification of a compound microscope. Observing leaf

anatomy in the field, with help of a razor blade and high power hand lens, is not

completely impossible but it is usually impractical.
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Figure 8.2. Leaf cross sections of Festuca brachyphylla ssp. coloradensis. Scale bars =
0.1 mm.

Figure 8.3. Leaf cross sections of Festuca californica. Note sclerenchyma nearly
continuous under epidermis, and many sclerenchyma girders. Scale bars = 0.1 mm.

Figure 8.4. Leaf cross sections of Festuca campestris. Outer (abaxial) surface may be
smooth. Scale bars = 0.1 mm.
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Figure 8.5. Leaf cross sections of Festuca,filtformis (A), F. glauca (B-C), F. huonii (D).

Figure 8.6. Leaf cross sections of Festuca howellii. E G = immature leaves in sheaths
of older leaves. Note overlapping sheath margins. Scale bars = 0.1 mm.
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Figure 8.7. Leaf cross sections of Festuca idahoensis. H = immature leaf inside broken
leaf sheath. Note overlapping sheath margins. Scale bars = 0.1 mm.

Figure 8.8. Leaf cross sections of Festuca minutiflora (A) and F. occidentalis (B-D). D
= immature leaf in sheath of older leaf; note overlapping sheath margins. Compare F.
occidentalis with F. rubra. Scale bars = 0.1 mm.
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Figure 8.9. Leaf cross sections of Festuca roemeri var. klamathensis. Scale bars = 0.1
MM.

Figure 8.10. Leaf cross sections of Festuca roemeri var. roemeri. G = immature leaf in
sheath of older leaf. Note overlapping sheath margins. Scale bars = 0.1 mm.
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Figure 8.11. Leaf cross sections of F. rubra. G, L, M, and N = immature leaves in
sheaths of older leaves. Note fusion of leaf sheath margins (closed leaf sheaths); sheath
usually have downward-pointing hairs. When sclerenchyma is heavily developed, outer
fibers may fuse (E, K, M). Leaves may be flat (I). Scale bars = 0.1 mm.
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Figure 8.12. Leaf cross sections of F. saximontana ssp. purpusiana. Scale bars -= 0.1
mm.

Figure 8.13. Leaf cross sections of F. trachvphylla. Scale bars = 0.1 mm.

Figure 8.14. Leaf cross sections of F. trachvphylla and F. valesiaca. A = immature leaf
of F. trachvphylla in sheaths of two older leaves. Note overlapping sheath margins. B
D = "Covar" cultivar of F. valesiaca. D = immature leaf of F. valesiaca in sheath of
older leaf. Scale bars = 0.1 mm.
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Figure 8.15. Leaf cross sections of F. viridula. Scale bars = 0.1 mm.

Figure 8.16. Leaf cross sections of F. washingtonica. G-H = immature leaves in sheaths
of older leaves. Note fused sheath margins (closed leaf sheaths). Scale bars = 0.1 mm.
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DISTRIBUTION AND HABITAT OF FESCUES AND RYEGRASSES IN THE
PACIFIC STATES

The distribution maps presented here (Fig. 17-51) were generated from three

kinds of data; herbarium specimens I examined, databases of herbarium specimens at UC

and UNLV, and sight records in the atlas database at OSC. I mapped most fescues and

ryegrasses at ORE, OSC, WILLU, and WTU, plus F. howellii and F. viridula from DS,

HSC, JEPS, RSA, and UC, F. roemeri from UC and US, and F. rubra ssp. arenicola

from V. (Herbarium codes from Holmgren et al. 1990.) To decrease the uncertainty

associated with records in herbarium databases and sight records, I excluded all F.

idahoensis reported from the range of F. roemeri, and reports of F. altaica and F.

scabrella from California. The F. ovina species concept has changed so greatly (Chapter

1) that the name on herbarium specimens is meaningless; I excluded all reports.

County dot maps such as those presented here can be misleading because plant

distributions follow geographic and climatic limits, but county boundaries often do not.

The problem is worst in Douglas and Lane Counties, Oregon, which extend from the

coast to the crest of the Cascade Range. A dot in the center of the county may represent

a widespread species of moderate altitudes, a grass restricted to coastal sand dunes, or an

alpine species. For this reason, habitat information is provided below each map. A

purely technical problem results from the extreme variation in the sizes of counties. In

California, San Francisco County is 236 km2 in area and San Bernardino County is

52,225 km2 in area (Donley et al. 1979). A single dot size must be chosen for the maps,

but no single dot size fits all counties. County dot maps have one advantage over other

map styles; they are easy to generate from the data available on herbarium labels.

The introduced taxa F. glauca, F. huonii, F. ovina, and F. valesiaca are not

mapped because they are not known outside cultivation. At least F. valesiaca will

probably become naturalized. Festuca rubra as a whole is mapped and, in addition, four

intraspecific taxa of F. rubra are individually mapped.

Symbols used on maps: = herbarium specimen I examined. = other record:

atlas database at OSC (Oregon), SMASCH database at UC (California), or UNLV

herbarium database (Nevada).
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Figure 8. 17. Counties of Pacific coast states. Unlabeled counties: 1 = Columbia; 2 =
Washington; 3 = Multnomah; 4 = Hood River; 5 = Marion; 6 = Sacramento; 7 = Storey;
8 = Carson City; 9 = Douglas. Redrawn from Little (1971).
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Figure 8.18. Distribution of Festuca
arundinacea. Habitat: introduced and
naturalized in mesic meadows and fields
throughout our area.

Figure 8.19. Distribution of Festuca
brachyphylla ssp. brachyphylla.
Habitat: dry alpine ridges. Data from
Frederiksen (1982).



Figure 8.20. Distribution of Festuca
brachyphylla ssp. coloradensis. Habitat:
dry alpine ridges.

Figure 8.21. Distribution of Festuca
californica ssp. californica. Habitat:
savanna, edge of forest, on moderately
dry slopes.
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Figure 8.22. Distribution of Festuca
californica ssp. parishii. Habitat:
savanna.

Figure 8.23. Distribution of Festuca
campestris. Habitat: dry shrub steppe.
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Figure 8.24. Distribution of Festuca
filiformis. Habitat: introduced in lawns;
long persistent but rarely flowering in
lawns, and an occasional waif
elsewhere.

Figure 8.25. Distribution of Festuca
howellii. Habitat: savanna rocky
openings in woodland.
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Figure 8.26. Distribution of Festuca
idahoensis. Habitat: shrub steppe.

Figure 8.27. Distribution of Festuca
minutiflora. Habitat: alpine grasslands.



Figure 8.28. Distribution of Festuca
occidentalis. Habitat: dry forest.

Figure 8.29. Distribution of Festuca
pratensis. Habitat: introduced and
naturalized in moist meadows.

174



Figure 8.30. Distribution of Festuca
roemeri var. klamathensis. Habitat:
grassland and open savanna, often on
serpentine soils.

Figure 8.31. Distribution of Festuca
roemeri var. roemeri. Habitat:
grasslands and prairies, edges of grassy
balds, coastal headlands.
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Figure 8.32. Distribution of Festuca
rubra. Habitat: moist (or seasonally
moist) to mesic meadows, fields, sand
dunes, sea cliffs, salt marshes, montane
valleys, lawns, roadsides, cultivated
fields. Introduced and native forms
exist.

Figure 8.33. Distribution of Festuca
rubra ssp. arenicola. Habitat: beaches,
sand dunes.
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Figure 8.34. Distribution of Festuca
rubra ssp. commutata. Habitat:
introduced and naturalized in meadows,
roadsides, prairies.
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Figure 8.34. Distribution of Festuca
rubra ssp. pruinosa. Habitat: introduced
and naturalized in meadows, roadsides,
prairies.



Figure 8.35. Distribution of Festuca
rubra ssp. vallicola. Habitat: moist
valleys and springs in mountains.

Figure 8.36. Distribution of Festuca
saximontana var. purpusiana. Habitat:
alpine and subalpine grasslands.
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Figure 8.37. Distribution of Festuca Figure 8.38. Distribution of Festuca
subulata. Habitat: forest. subuliflora. Habitat: dry forest.
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Figure 8.39. Distribution of Festuca
trachyphylla. Habitat: introduced to
roadsides, ski areas, and dry pastures.

Figure 8.40. Distribution of Festuca
viridula. Habitat: alpine and subalpine
grasslands.
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Figure 8.41. Distribution of Festuca
washingtonica. Habitat: ungrazed or
lightly grazed, seasonally moist areas in
shrub steppe.

Figure 8.42. Distribution of Leucopoa
kingii. Habitat: dry shrub steppe.
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Figure 8.43. Distribution of Lolium
multiflorum. Habitat: introduced and
naturalized in lawns, roadsides,
meadows, and disturbed areas.

Figure 8.44. Distribution of Lolium
perenne. Habitat: introduced and
naturalized in lawns, roadsides,
meadows, and disturbed areas.
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Figure 8.45. Distribution of Lolium
rigidum. Habitat: introduced and
naturalized in disturbed areas, often
along roadsides. The similar L.
subulatum was collected in the early
1900's in waste ground near Portland,
Oregon.

Figure 8.47. Distribution of Lolium
temulentum. Habitat: introduced as a
weed in grain crops; occasionally
collected in other disturbed areas.
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Figure 8.48. Distribution of Vulpia
bromoides. Habitat: introduced in
disturbed areas.
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Figure 8.49. Distribution of Vulpia
microstachys. Habitat: disturbed areas.



Figure 8.50. Distribution of Vulpia
myuros. Habitat: introduced in
disturbed areas.

Figure 8.51. Distribution of Vulpia
octoflora. Habitat: disturbed areas.
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Chapter 9: Summary

The research reported here clarified aspects of Festuca taxonomy in the Pacific coast

states. One of the most puzzling problems of fescue taxonomy had been the identify of

grassland plants west of the Cascade Range and Sierra Nevada. Plants with green leaves

were traditionally identified as F. rubra and those with bluish leaves were called F.

idahoensis, but they presented a nearly continuous range of variation. Analysis of isozymes

and micromorphological traits revealed that these plants formed two taxa, both with variable

leaf color (Chapters 2 and 3). One was the recently-described native F. roemeri (Pavlick

1983), and the other the introduced F. rubra var. commutata. Methods for distinguishing the

two taxa were developed (Chapters 2 and 8). Collecting pure seed of F. roemeri var.

roemeri is difficult because this grass is difficult to distinguish from the sympatric and

superficially similar, naturalized F. rubra var. commutata (Chapter 2).

The close relationship between F. roemeri and F. idahoensis was examined using

isozymes (Chapter 3), chromosome number (Chapter 4), and leaf anatomy (Chapter 5). This

study demonstrated that F. idahoensis and F. roemeri var. roemeri are distinct. The plants of

southwest Oregon and northwest California combine characteristics of both taxa, and these

populations were given taxonomic recognition as F. roemeri var. klamathensis (Chapter 6).

Seed should not be transferred between the range of F. roemeri var. roemeri and F. roemeri

var. klamathensis, but seed can be transferred throughout most of the range of F. roemeri

var. roemeri (Chapter 3).

Two other native grasses were examined in detail. The type specimens of F. howellii

were found to be depauperate individuals of F. elmeri (Chapter 7). Because the description

of F. howellii was published before F. eltneri (Beal 1896, Scribner and Merrill 1902), this

grass should be called F. howellii, although it has been known as F. elmeri for more than

ninety years. Certain fescue specimens from central Washington differ from F. howellii

because the Washington specimens have fused (rather than overlapping) leaf sheath margins,

narrower leaves (usually with only three sclerenchyma girders), leaves folded (rather than

rolled) in the bud, longer lemmas that are scabrous only distally, and less dense pubescence

on the ovary apex. These plants have been called F. washingtonica. The morphological
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differences, different habitat (shrub steppe rather than savanna), and completely allopatric

range suggest that F. washingtonica (Alexeev 1985) represents a distinct taxon that appears

to belong in Festuca subgenus Subulatae with F. howellii (Chapter 7).

A set of four identification keys (Chapter 8) was developed to distinguish those

members of the fescue Glade that grow in California, Nevada, Oregon, and Washington.

Writing the key required making decisions about the status and nomenclature of the Pacific

Coast fescues and allies. Those decisions were summarized in a checklist and list of

synonymy (Chapter 8). Two groups presented serious problems. Several cespitose fescues

related to F. ovina have been introduced to the Pacific Coast states, and at least two are

widely planted and may be collected from the wild (Chapter 8, Key 4). The extensive

variation in the Festuca rubra is difficult to divide into species or varieties (Chapter 8, Key

3).

RECOMMENDATIONS FOR FUTURE WORK

Taxonomic problems remain to challenge fescue researchers. The basic problem is

the phylogeny of the fescue Glade and thus the status of genera in the Glade. A DNA-based

study that includes representatives of many Old World as well as New World subgenera

would be useful. Three local taxonomic problems are particularly obvious. First, the status

of F. hitchcockiana should be clarified. Are these plants just aberrant F. californica or a

distinct taxon? Second, the identity of cultivated Sheep and Hard Fescues should be

examined more closely. Traditional identifications were often incorrect (Huff and Plazzo

1998). At least one taxon in addition to those accepted here may be present; plants

occasionally collected on roadsides represent F. longifolia or another European taxon, rather

than F. trachyphylla (pers. obs.; specimens at OSC). Third, a better method for classifying

variation in the F. rubra complex would be valuable. Pavlick's intensive study of plants of

British Columbia and northern Washington reveals a great diversity of Red Fescues

(Derbyshire and Pavlick MS, Pavlick 1985), but applying his taxon concepts at lower

latitudes is difficult. Among the more obvious questions: What happens to the differences

between coastal F. rubra growing on sand dunes, salt marshes, sandstone cliffs, and basalt
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cliffs, if the plants are grown in a common garden? Do these plants all have the same

chromosome number? Does the F. rubra growing in serpentine soils in the Siskiyou region

attain the morphology of a coastal F. rubra if the plants are grown in a common garden?

Should the unnamed serpentine F. rubra be recognized as a taxon?

Conservation problems needing further work include the following: Which variations

of F. rubra are native, and which are introduced? Does preserving the endemic grass

Festuca washingtonica require limitations on grazing? How can vegetative plants of the

widely planted "Covar" cultivar of F. valesiaca be distinguished from native taxa? Are

introduced Sheep and Hard fescue becoming naturalized? Exactly which taxa are becoming

naturalized? To what extent do they compete with native fescues and other grasses?

Managing native fescue populations requires applying both taxonomic and

ecological concepts. Festuca ovina and F. rubra var. commutata are not native and should

not be planted in projects calling for use of native plants. The native grassland fescue of

western Washington and Oregon and northwestern California is F. roemeri, not F.

idahoensis. Using F. roemeri in prairie restoration projects will require establishing

cultivated sources of seed. The role of fire in grassland ecosystems is too large a topic to

review here, but it is known that the grassland fescues are fire tolerant. The abundance of

both F. howellii and F. roemeri appears to be limited by succession to woodland, and

preserving grassland ecosystems usually requires some type of active management (e.g.,

controlled fire, mowing, logging) to prevent succession to forest plant communities. Finally,

although native fescues provide valuable forage for livestock, they decrease under heavy

grazing or trampling.
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Appendix 1. Sources for Illustrated Leaf Cross Sections

Specimens drawn for Figure 2.2 All specimens collected in Oregon. A: Wilson 7776. 14 June 1995, Kingston
Prairie, Linn County. B: Wilson 7380. 3 August 1994, Mary's Peak, Benton County. C: Wilson 7910, 16 July
1995. Maxfield Creek Drainage. Benton County. D: Keck 6529. 27 June 1953, Rough & Ready Creek.
Josephine County. E: Wilson 7380. 3 August 1994. Mary's Peak, Benton County. F: Wilson 7322. 13 July
1994. Mary's Peak. Benton County. G: Wilson 7916, 16 July 1995, Maxfield Creek Drainage, Benton County.
H: Wilson 7079, 20 June 1994. Coburg Ridge, Lane County. I: Wilson 7777, 14 June 1995. Kingston Prairie,
Linn County. J: Wilson 7843, 22 June 1995, Cape Perpetua, Lincoln County. K: Henderson 13339, 13 July
1930, Grayback Mountain. Josephine County. L: White/ Lillico 322. 21 July 1969, Hoover Gulch Trail,
Josephine County. M: White/Lillico 189. 7 June 1969. Illinois River Valley, Josephine County. N: Waring
310, 22 August 1963, Red Mountain. Jackson County. 0: Wilson 6936. 28 May 1994, Canberry Campground,
Jackson County. P: Dryness 8, 16 June 1956. Weyerhaeuser Antelope Unit. Lake County. Q: Shelly 632. 14
July 1983, Bryant Mountain. Klamath County. R: Lawrence s.n.. 22 June 1932. The Da lles. Wasco County. S:
Howell 401. April 1886, near Portland, Multnomah County. T: Wilson 6842, 15 May 1994. Cantrell-Buckley
Park; Jackson

Specimens drawn for Figure 7.1: A Hoffman 1735; B Yates 6564; C Hardham 2041; D Peck 4473; E
Kilda le 5286. F F. howellii holotype (Howell 248) from MSC; G F. howellii isotypes (Howell 248) from
ORE (G), US (H), and W (I). J sterile shoots in the MSC sheet of F. howellii. K Ingram 1585; L Kagan
7249006; M Sturges 661; NDetling 161; 0 Sturges 461.

Specimens drawn for Figure 7.3: A. Beck and Caplow 96040; B, Beck and Caplow 96052; C F, Beck and
Caplow 96036.

Specimens drawn for Figure 7.4: A Smith 133; B and C Beck and Caplow 95088; D Beck and Caplow
s.n., 1995; E Beck and Caplow 96036; F Beck and Caplow 96052; G Beck and Caplow 96040; H Beck
and Caplow 96052; I Beck and Caplow 96052B. J Chambers 5155; K Wilson 7904; L Laine and Laine
s.n.; M Thompson 12864; N Wilson 7315.

Specimens drawn for Figure 8.1. A A. Liston s.n., June 1996, Squaw Butte Experimental Station, Harney
County. Oregon, individual 247. B K. Beck and F. Caplow s.n., June 1995, Rattlesnake Ridge, Hanford
Nuclear Reservation. Benton County. Washington. C B. L. Wilson 7691, 4 June 1995, Bald Hill Park.
Corvallis. Benton County. Oregon. D P. F. Zika 12753, Crater Lake National Park. Klamath County. Oregon.

Specimens drawn for Figure 8.2. A J. R. Swollen s.n., 31 July 1928. Marshall Pass, Colorado. B L. E.
Jackson 219, 23 August 1980. Mono County, California.

Specimens drawn for Figure 8.3. A B. L. Wilson 8426, 12 June 1997, T2OS R1W S2, Lane County, Oregon
B Jeffers 21, Jackson County, Oregon.

Specimens drawn for Figure 8.4. A K. Faegri s.n., 25 July 1965. Steens Mts., Harney County, Oregon. B
C. Hansen 590, Harney County, Oregon. C C. Sharpe 11, 30 May 1931. Oakdale, Washington. D P.
Sticknev 3336, Wallowa County, Oregon. E P. Sticknev 3338, Wallowa County, Oregon.

Specimens drawn for Figure 8.5. A M. E. Peck 9850. 24 June 1921, Wyeth, Hood River County, Oregon. B
& C B. L. Wilson 9655, 22 July 1998, Prineville, Deschutes County, Oregon. E B. L. Wilson 7749, 13 June
1995, "Azay" cultivar, Doerfler Farms, Marion County, Oregon.

Specimens drawn for Figure 8.6. A Yates 6564, 31 May 1937. Sonoma County, California. B Bolander,
s.n., 1886, Oakland. California. C Heckard 58108, 1 August 1981, Lake County, California. D M. E. Peck
4473, 28 June 1913, Josephine County, Oregon. E Yates 5690, 17 June 1936, Buck Mtn., Humboldt County,
California. F Tracy 7962, 8 May 1927, Humboldt County, California. G M. E. Peck 8005, 27 June 1918,
Josephine County, Oregon.
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Specimens drawn for Figure 8.7. A A. Liston s.n., June 1996. Squaw Butte Experimental Station, Harney
County, Oregon. B -A. Liston s.n., June 1996, Squaw Butte Experimental Station, Harney County, Oregon. C
-J. B. Leiberg 482, 19 July 1893, Peshastin, Washington. D K. L. Chambers 5199, 16 August 1984. Mount
Howard, Wallowa County. Oregon. E W. Bridge Cook 11217, 15 July 1938. Mt. Shasta. Siskiyou County,
California. F R. Sprague s.n., 26 May 1938, above Lyle, Klickatat County, Washington. G -A. Liston s.n.,
June 1996, Squaw Butte Experimental Station, Harney County, Oregon. H H M. Gilkey s.n., 16 June 1940,
between Imnaha and Hat Pt., Wallowa County, Oregon. I-A. Liston s.n., June 1996, Squaw Butte
Experimental Station. Harney County, Oregon. J- Conrad EC062, 6 July 1958, 11 miles SE of Princeton,
Harney County. Oregon.

Specimens drawn for Figure 8.8. A -J. Macoun s.n., 1890, British Columbia. B -E. T Applegate 3161, 4
June 1904, Swan Lake, Klamath County, Oregon. C Howell 401, D B. L. Wilson 6903, 27 May 1994,
Beaver Creek Road. Jackson County, Oregon.

Specimens drawn for Figure 8.9. A -B. L. Wilson 6938, 28 May 1994, Beaver Creek Road, Jackson County,
Oregon. B -B. L. Wilson 8162, 21 June 1996. Edgewood-Weed Road, Siskiyou County, California. C B. L.
Wilson 8117, 1 June 1996, Idlewild Campground, Siskiyou County, California. D -B. L. Wilson, 8162,
Edgewood-Weed Road, Siskiyou County. California. E -B. L. Wilson 8117,1 June 1996, Idlewild
Campground, Siskiyou County. California.

Specimens drawn for Figure 8.10. A -B. L. Wilson 7726, 13 June 1995, Baskett Butte, Polk County, Oregon.
B L. E. Detling, 27 June 1951. Saddle Mountain, Clatsop County, Oregon. C B. L. Wilson 7183, 29 June
1994, Cape Perpetua, Lincoln County, Oregon. D B. L. Wilson 7777, 14 June 1995, Kingston Prarie, Linn
County, Oregon. E -B. L. Wilson 8838, 24 July 1997, Stone Chair Trail, Curry County, Oregon. F B. L.
Wilson 7180, 29 June 1994, Cape Perpetua, Lincoln County, Oregon. G -B. L. Wilson 8474, 19 June 1997,
intersection of Highway 101 and Hunter Creek Road, Curry County, Oregon. H- W. J. Everdam 1730, 20 July
1937, Clover Creek, Pierce County, Washington. I C. Chappell 15, August 1997, Puget Sound. Washington.

Specimens drawn for Figure 8.11. A -B. L. Wilson 7249, 2 July 1995, Mary's Corner. Lewis County,
Washington. B E. Jovial 614, 23 June 1983, T7N R6E S12, Skamania County, Washington. C B. L. Wilson
7910, BLM property in Maxfield Creek drainage, Benton County, Oregon. D B. L. Wilson 7235, 7 July 1995,
Kalama River floodplain. Cowlitz County, Washington. E -D. Thysell 527, 13 July 1993, Pt. Salinas Prairie,
Ft. Lewis, Washington. F B. L. Wilson 7840, 22 June 1995, Cape Perpetua, Lincoln County, Oregon. G B.

L. Wilson 8074, Baskett Butte, Polk County. Oregon. H- Anon. s.n., 28 April 1997, Sublimity, Marion County,
Oregon. I- Anon. s.n., 28 april 1997, sublimity, Marion County, Oregon. J- L. Leach 3493, June 1932, road
to Big Craggy, Curry County. Oregon. K- C. Chappell, August 1997, Puget Sound, Washington. L F. P.
Sipe s.n., no date [July 1935]. near Mitchell. Wheeler County. M Tracy 3741, 7 June 1912. Eureka,
Humboldt County, California. N B. L. Wilson, 1994. Dorena Prairie, Lane County, Oregon.

Specimens drawn for Figure 8.12. A -Fiker 407, Okanagan County, Washington. B -M. E. Peck 6997, 28
July 1920, Paulina Mountains, Deschutes County, Oregon. C Cole 219A, 29 August 1975, near Ice Lake.
Wallowa County, Oregon. D -M. E. Peck 14683, 4 July 1926, Mt. Hood, Oregon. E Clokey 8281, 27 July
1939, Lee Canyon, Clark County, Nevada.

Specimens drawn for Figure 8.13. B. L. Wilson 7679, "Reliant" cultivar, Oregon. B P. F. Zika 12953, 24
July 1996, Deschutes County, Oregon. C -B. L. Wilson s.n., 7 May 1998, Central Oregon Training Site east of
Redmond, Deschutes County, Oregon. D -B. L. Wilson 7732, 13 June 1995, "Durar" cultivar. NRCS farm,
Benton County, Oregon. E B. L. Wilson 7103, 24 June 1994, Fern Ridge Reservior, Lane County, Oregon.

Specimens drawn for Figure 8.14. A -B. L. Wilson 9127A, 26 August 1997, Seed Research Farm, Linn
County, Oregon. B-D, -B. L. Wilson 7744, 13 June 1995, "Covar" cultivar, NRCS fields. Benton county,
Oregon.

Specimens drawn for Figure 8.15. A-1 Kagan 7249006, T4OS R1W S25 Jackson County, Oregon. B -R.
Fernau 501, 4 September 1997, Big Ridge, northern California. C -R. Fernau, 25 August 1996, northern
California. D -Sturges 461, Wallowa County, Oregon.
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Specimens drawn for Figure 8.16. A K. Beck and F. Caplow 96040, 7 June 1996, Umtamum Ridge, Yakima
County, Washington. B K. Beck and F. Caplow 95088B, Rattlesnake Ridge, Benton County, Washington. C

K. Beck and F. Caplow 96052, 26 June 1996, Peavine Canyon, Chelan County. Washington. D K. Beck and
F. Caplow 96032, 6 June 1996. Umtamum Ridge, Yakima County, Washington. E K Beck and F. Caplow
96036, 6 June 1996, Umtamum Ridge, Yakima County, Washington. F C. L. Hitchcock I1323, 15 June 1948,
Nehahum Creek, 2 miles north of Cashmere, Chelan County, Washington. G K. Beck and F. Caplow 96052,
26 June 1996, Peavine Canyon, Chelan County, Washington. H K. Beck and F. Caplow 96052B. 26 June
1996, Peavine Canyon, Chelan County, Washington.
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Appendix 2. Specimens Examined for Chapter 7

Specimens with an asterisk (*) were measured for the Principal Components Analysis of morphological traits.
Listed specimens of F. californica, F. occidentalis, F. subulata, and F. subuliflora have atypical pubescent
lemmas.

Festuca californica: California: San Mateo Co.; Santa Cruz Mountains, above Woodside, 3 May 1930,
Benson s.n. (CPSU); Siskiyou Co.; near Bald Mountain; 41°24'20"N, 123°34'00"W. 20 June 1980, Baker 2225
(HSC).

Festuca elmeri: California: Alameda Co; Oakland, in 1886, Bolander 6073* (UC); Anthony Chabot
Regional Park; A. Chabot/Columbine Trail, 10 June 1981, Stratford s.n. (JEPS); east side Cedar Mt., on Holm
Ranch, 28 May 1939. Stebbins 2724* (UC); Butte Co.; Jordan Creek Marble Creek Road (23N60) between
Spoon Ravine and Marble Creek, east side of Oro Quincy Highway, ca. 0.5 air miles northeast of Junction
House, T22N R6E S23. 27 June 1990, Oswald and Ahart 4325* (UC): Marysville Buttes, 16 May 1902, Heller
5562* (CPSU, DS); Contra Costa Co.; Mount Diablo; Sloan Road, 3 May 1935, Bowerman 2963 (UC); near
spring 4.5 mi from Summit Mt. Diablo, 25 May 1921, Abrams 8051* (DS); Del Norte Co.; Old Gasquet Toll
Road, T17N R2E S21. 24 May 1975, Barker 482 (HSC); Humboldt Co.; Fort Seward, 25 May 1935, Tracy
13877 (UC); Alder Point, on Eel River, 23 May 1903, Tracy 1899* (UC); Garberville, 16 May 1942. Tracy
17339 (UC); Horse Mountain, 24 June 1924, Kildale 5286* (DS); Phillipsville, facing south fork of Eel River, 8
May 1927, Tracy 7962* (RSA, UC); Lake Co.; foot of grade west of Middletown. on road to Kelseyville, 11
May 1941, Hoover 5019* (UC); Highland Springs, 30 May 1900, Davy 6648* (UC); in hills about Scotts
Valley, 6 mile northwest of Lakeport, 28 May - 2 June 1902, Tracy 1734* (CAS, UC); ridge northwest of west
branch of Frog Creek. southwest side of Snow Mt., 1-Aug-1981, Heckard 5810B (JEPS); Marin Co.; Black
Canyon, San Rafael Hills. 4 May 1965, True 1874* (CAS, RSA); Bootjack. Mt. Tamalpais, 27 May 1945, J. T
Howell 20878 (CAS); Camp Handy, Mt. Tamalpais, 7 July 1944, J. T. Howell s.n. (DS); Deer Park near
Fairfax, 16 May 1943, Leschke s.n. (RSA); Deer Park, near Fairfax, 22 May 1943, J. T. Howell 18121 (CAS.
UC); Fish Grade between Phoenix and Lagunitos Lakes, 7 July 1944, J. T. Howell 19674 (CAS); head of
Drake's Estero, 21 May 1941, Hoover 5193 * (UC); Mount Tamalpais, slope above Phoenix Lake, 22 May
1948, J. T Howell 1534* (UC); near Olema, August 1898, Davy s.n. (UC); near Olema, August 1898, Davy
4326 (UC); Sausolito, 8 May 1947, J. T. Howell 23148 (CAS); Mendocino Co.; 2.8 miles north of Willits, on
road to Sherwood, 25 May 1941, Stebbins 3097* (UC); 5 miles from Willits on Fort Bragg Road. 1 July 1920,
Abrams 7532 (DS); Long Valley, 27 May 1923, Tracy 6224 (UC); Osbornes, Forest Reserve, 8 June 1928,
Eastwood 15336 (CAS): Outlet Creek, 17 May 1946, Hoffman 1735* (UC); Sherwood Valley, 2 June 1899,
Davy 5154 (UC); Sherwood Valley, 3 June 1899. Davy & Blasdale 5219 (UC); Ukiah, May - August 1899,
Davy & Blasdale 5029 (UC); Monterey Co.; Frances Simes Hastings Natural History Reservation, upper
Carmel Valley about 2 miles northeast of Jamesburg, 14 June 1942, Jameson, Jr. s.n. (DS); grade east of
Carmel-Salmon Divide. 10 June 1901, Dudley s.n. (DS); hillside above Big Sur, 28 May 1933, Springer 344*
(RSA); intersection of Carmel Valley and Cashagua Roads, Santa Lucia Mts., 14 June 1953, 1 T. Howell 29061
(CAS); near Monterey on the Carmel road, 5 June 1903, Heller 6820* (CPSU, DS); Tassajara Hot Springs,
June 1901, Elmer 3322* (DS, ORE); Tassajara Hot Springs, June 1901, Elmer s.n. (ORE); Napa Co.; 3 miles
south of Pope Valley, 17 May 1970, Smith & Sawyer 3778* (HSC); 5 mi. N of Calistoga, Mt. St. Helena grade,
3 May 1928, Wolf 1813 (DS, HSC, RSA); head of Moore's Creek, 3-4 miles east of Angwin's, 22 May 1902,
Tracy 1629* (UC); State Highway 37 between Capell and Wooden Valley, 6 May 1954, Crampton 1834*
(UC); western edge of Calistoga, 5 May 1957, Raven 10759 (RSA); Placer Co.; Junction Iowa Hill - Forest
Hill Roads, 2.5 miles north Yankee Jim's, 15 June 1955, Crampton 2890* (UC); San Luis Obispo Co.; 1.5
miles E of Templeton, 24 May 1929, Wiggins 3747* (DS, RSA); Fair Oaks Ranch, south road to Adelaida, 30
May 1957, Hardham 2041* (CAS, DS); Hillock, May 1887. [Lemmon Herbarium] 4654 (UC); See Canyon, 3
May 1948, Hoover 7511* (UC); Serrano Canyon near San Luis Obispo, 7 May 1936, Eastwood and J. T.
Howell 2255 (CAS, OSC); Templeton, May June. 1901, Davy 7584 (UC); San Mateo Co.; San Francisco
Watershed Reserve; Sawyer Ridge, "5/6/50", Oberland 875 (DS); Santa Barbara Co.; Colson Canyon, 24
May 1966, Smith 9356 (RSA); McKinley Mt., San Rafael Mts., 9 June 1929, Hoffman s.n. (OSC); Santa Clara
Co.; near Los Gatos, 3 May 1904. Heller 7471 (DS, UC); Santa Cruz Mountain Peninsula; below Clarita
Vineyard, Page Wall Road, Black Mountain, 14-Apr-1990, Dudley s.n. (DS); Santa Cruz Mountain Peninsula;
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Hidden Villa near Black Mountain. 3 June 1900. Dudley s.n. (DS); by old road from Madrone Springs to
Summit West. 30 May 1895, Dudley 4085 (CAS. DS); Santa Cruz Mountain Peninsula: Hidden Villa near
Black Mt., 3 June 1990. Dudley s.n. (DS); Standford University, May 1903, Elmer 4660 (DS. RSA, ORE);
Stanford University. May 1901, Abrams 1646 (DS): Vicinity of Murietta Springs, eastern side of Copurnicus
Peak near summit, Mount Hamilton, 11 June 1934, Sharsmith 1288 (UC); Vicinity of Smith Creek. western
side of Mount Hamilton. 20 May 1934. Sharsmith 1087 (UC); Bear Creek Canyon. 8 June 1956. Hesse 1920
(DS); Santa Cruz Co.; between CA 1 (Cabrillo Highway) & Swanton Rd., SE of Greygound Rock and W and
NW of old Seaside School, Swanton, approx. 17 miles NW of Santa Cruz; , 20 June 1982, Buck & West 27
(JEPS); Santa Cruz, Anderson s.n. (DS [3 specimens]); Santa Cruz. "1887". Anderson s.n. (DS); Sonoma Co.; 1
mile southwest of Petrified Forest. T8N R8W, 31 May 1937. Yates 6564* (UC); Mark West Road - 5 mi. from
Mark West, 20 May 1936, Bufford 315* (UC); Mark West Road. 31 May 1935, Focht 75 (UC): top of Wagon
Rock Quarry, 5 miles west of Sebastopol. 22 May 1939, Wagnon 217 (CAS): Trinity Co.; 1.5 mi. E. of Forest
Glen. in canyon of Post Creek, 10 July 1944, Keck 5479* (DS); near Long Ridge; 40°04'04"N, W123°19'55",
24 May 1980, York 677 (HSC); no county given; 3 March 1909. Anderson (DS); 1868 - 1869, Kellogg &
Hatford 1116 (CAS) 4 miles W of Lakeport. TI4N R1OW S20. 1 June 1937. Bradshaw 35* (RSA); Lower NW
slope of Buck Mtn., T1N R5E S16. 17 June 1936, Yates 5690* (DS, RSA, UC); Trinity National Forest,
Summer, 1912, Gray 195 (CAS). Oregon: Douglas Co.; 1 mile N of Canyonville. 17 June 1927. Peck 14935*
(WILLU); Josephine Co.; 1 mile S of Takilma. 27 June 1918. Peck 8002* (WILLU); near Grants Pass. 28 June
1913, Peck 4473* (WILLU); Oregon Caves. 15 July 1918. Peck 4479 (WILLU); Eight Dollar Mountain. 12
June 1904. Piper 6672 (US): no county given; head of Elk Creek at Abbott Butte. 4 July 1899. Leiberg 4199
(US).

Festuca howellii: Oregon: Josephine Co.; Deer Creek Mountains, 5 July 1887, T. Howell 248 (MSC, ORE,
US, W).

Festuca jonesii: Utah; 1880. Jones S.11. (US).

Festuca jonesii var. conjerta: California: Normal School. San Jose. U.S. Department of Agriculture (US).

Festuca occidentalis: California: Humboldt Co.; Horse Mountain. 27 June 1934. Parks 11045 (DS).

Festuca rubra: Oregon: Benton Co.: Corvallis, 5 July 1995, B. L. Wilson 7904: Mary's Peak, 13 July 1994,
B. L. Wilson 7315: Curry Co.: 22 June 1936. Thompson 12864: Chambers 5155: Washington: Chehalis Co.;
near Montesano, 28 June 1898. A. A. & E. Gertrude Heller 3979 (US). Norway: Finmark. 17 July 1980, Unto
and Kaija Laine s.n.

Festuca subulata: California: Humboldt Co.; near Bell Swamps: 41°00'18"N, W123°28'00", 20 July 1980,
Newton 1632 (HSC): Oregon: Wallowa Co.; bank of E. Eagle Creek. 2 July 1900. Cusick 2434 (JEPS);
Josephine Co.; Deer Creek. 18 June 1926, Henderson 7271 (ORE): Lane Co.; Horse Pasture Mt., 2 July 1914,
Peck s.n. (WILLU).

Festuca subuliflora: California: Trinity Co.; north slope between Mad and Trinity Rivers on Eureka Red
Bluff Road; 22 July 1916. Abrams 6705 (DS); Oregon: no county given; Cascade Mountains. Oregon, 1902,
Cusick 2895 (US).

Festuca viridula: California: Alpine Co.; 1/8 mile south of Lake Alpine. 19 July 1935. Howden s.n. (UC);
Winnemuca Lake. 24 July 1937, Peirson 12219 (OSC): Nevada Co.; above Donner Lake. June 25-30 1897,
Davy 3222 (UC); ridge south of Donner Pass at 8500 feet, 12 August 1903, Heller 7154* (ORE. UC); no
county given; Big Ridge, 4 September 1997, Fernau 501 (not accessioned) Big Ridge. 4 September 1997,
Fernau 501 (not accessioned): Placer Co.; 3/4 mile NE of Palisade Lake. T17N R14E S28, 21 June 1934,
French 437 (UC); Mt. Lincoln south of Summit Valley, 14 August 1917, Heller 12926 (UC); no county given;
Mt. Lincoln. vicinity of Truckee, 15 July 1913, Hitchcock 485* (UC); Lake Tahoe Region. Lake Lucile Trial
above Grass Lake, 23 July 1907, Pendleton & Reed 1062* (UC); Colorado: Sierra Co.; Webber Lake, 4
August 1900, Leiberg 5262 (ORE); Idaho: no county given; w. slope Priest River Range, 8-2-1897, Leiberg
2798 (ORE); Nevada: Washoe Co.; north end of west ridge in Little Valley, 29 July 1975, Tiehm 1781 (OSC);
Oregon: Baker Co.; Wallowa Mts. near Cornucopia, 18 July 1936, Thompson 13346 (WILLU); Clackamas
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Co.; Mt. Hood. 9 august 1914, Jackson 30 (OSC); near Government Camp, Mt. Hood. 4 July 1926. Peck 14686
(WILLU); Mt. Hood Meadows, 4 August 1995, Wilson s.n. (not accessioned); Deschutes Co.; Paulina Mts., 23
July 1928, Detling 161 (ORE); trail to Green Lakes, south of South Sister, 22 June 1931. Henderson &
Andrews 13939 (ORE); Paulina Lake, 29 July 1894, Leiberg 594* (ORE. UC); Douglas Co.; Diamond Lake. 9
July 1930, Henderson 13340 (ORE); Jackson Co.; Summit of Mt. Ashland, 27 July 1949. Baker 6197 (UC);
McDonald Peak. T4OS RlE S19, 10 July 1997. Chambers 4347 (OSC); Siskiyou Peak. T4OS R1W S25. 24 July
1990, Kagan 7249006* (OSC); summit of Mt. Ashland, 15 July 1913, Peck 4663 (WILLU); Lane Co.; Skyline
Trail west of Sisters, 17 July 1934, Andrews 313 (ORE); Wikiup Plain, 17 July 1934, Henderson 16744 (ORE);
Frog Camp, McKenzie Pass, 3 June 1934, Henderson 16794 (ORE); Scott Mountain, T I5S R7E. 18 July 1945,
Ireland 2130 (ORE); White Branch Creek, Three Sisters Wilderness, 3 September 1950, Ireland 2995 (ORE);
White Branch Trail from Frog Lake to Three Sisters. 28 August 1960, Munz 24217 (UC); along McKenzie
Pass, 15 July 1914, Peck 6536 (WILLU); Horse Pasture Mt.. 1 July 1914, Peck 9292 & Peck s.n. (WILLU);
near McKenzie Pass. 7 August 1920. Peck 9816 (WILLU); west slope of Three Sisters. 15 July 1914, Peck s.n.
(WILLU); NW side of Eagle Cap Peak. 24 September 1938, Sharsmith 3887 (WILLU); Lake Valley, 21 July
1903, Sheldon 12594 (ORE): cliff west of North Sister, August 1959, Van Vechten 233 (OSC): Wallowa Co.;
near Frazier Lake, T5S R45E S6, 2 September 1975, Cole 222B (ORE); Horton Pass. T44E R4S S34, 13
August 1957, Head 1451 (OSC); Aneroid Lake area. Wallowa Mts., 10 July 1950, Kruckeberg 2239* (UC);
Mirror Lake, 25 July 1961. Mason 1428 (OSC); Lostine Canyon. 20 miles above Lostine. 18 July 1933, Peck
17740 (WILLU); Aneroid Lake. 27 July 1933, Peck 17898 (WILLU); near Ice Lake, 16 July 1934. Peck 18575
(WILLU); below saddle 0.7 mile SSE of Mt. Howard. T3S R45E S34, 21 August 1975, Sticknev 3337 (OSC);
21 miles south and 5 miles east of Lostine. T4S R44# S27, 12 August 1956. Sturges 629 (OSC): 21 mile south.
5 miles east of Lostine. T4S R44E S27, 16 August 1956, Sturges 650 (OSC); 21 miles south. 5 miles east of
Lostine, T4S R44E S27, 21 August 1956, Sturges 661 (OSC); no county given; Eagle Cr. [Wallowa] Mts.. no
date. Cusick s.n. (ORE); Wallowa Mts., 28 August 1898, Cusick 2114 (ORE, UC); Wallowa Mts.. 2 July 1900,
Cusick 2431 (ORE, UC): source of Little Minam River, Wallowa Mts., 28 July 1908. Cusick 3290 (, ORE, UC);
Wallowa Mts., 29 July 1908. Cusick 3295C (ORE, OSC); Duffy Lake, 13 September 1916. Flory s.n. (OSC);
Mt. Hood, 25 August 1884. Henderson 1141 (OSC); Tumalo Ranger Station, Sisters Sparks Lake, 2 August
1931, Henderson 14164 (ORE); north side of Mt. Hood, 29 July 1886, T. Howell s.n. (ORE. OSC); Olalla
Ranger Station, 12 July 1924, Ingram 1595 (ORE); Black Butte. Jefferson & Deschutes Counties. 30 August
1960, Johnson 621 (OSC); Mt. Hood. 3 August 1897, Jones s.n. (CPSU); Washington: Chelan Co.; Nason
Creek. 4 August 1893, Leiberg 693 (ORE); Nigger Creek, 25 June 1932, Thompson 8568 (UC); Kittitas Co.;
just below w. face of Mt. Hawkins. 13 July 1963, Kruckeberg 5657* (UC); Okanogan Co.; Sawtooth Ridge,
Valley of War Creek, 22 July 1921, St. John, Courtney, & Parker 3793* (UC); Pierce Co.; Mount Rainier
Naitonal Park. Mystic Lake Trail. August 1935. Bailey 228 (UC); Spokane Co.; summit of Mt. Carleton. 21
July 1902. Kreager 276 (UC); Yakima Co.; alpine slopes of Mt. Aix, 15 July 1940. Thompson 15009* (UC);
no county given; Mt. Rainier, 14 August 1895. Allen 180* (, CPSU. UC); Mt. Adams. 7 August 1882,
Henderson s.n. (ORE): Mt. Adams. 10 August 1882. [no collector, Henderson's handwriting] S.17. (ORE); Mt.
Adams, 11 August 1882, Henderson 1173 (OSC); Mt. Eagle Peak, Rainier National Park. 19 August 1914,
Hitchcock 484 (UC); Yakima Region, Washington Territory, 1882 [no collector, Brandegee herbarium] (UC).

Festuca washingtonica: Washington: Benton Co.; Hanford Site. T11N R26E S30, 29 May 1996. Beck &
Caplow 96026 (OSC); Chelan Co.; Peavine Canyon, T22N R19E S27, 26 July 1996. Beck & Caplow 96052A*,
96052B* (OSC); Nahahum Creek. 15 June 1948, Hitchcock 17323 (WTU); Peavine Canyon. T22N R19E S27.
3 June 1960. Smith 133* (WTU); Okanagan Co.; Muckamuck Hill, T36N R24E S21. 15 July 1996. 13jork s.n.
(OSC); Yakima Co.; 9 miles south of Ellensberg on Umptanum Ridge, 24 May 1963. Hitchcock and Muhlick
22391 (WTU); 15 miles south of Ellensberg, 24 May 1963, Hitchcock and Muhlick (ORE, WTU); Yakima
Canyon. L. T. Murray Wilidlfe Area, T16N R19E S29, 6 May 1996, Beck & Caplow 96012 (OSC); Umtanum
Ridge, T16N R18E S15, 23 May 1996, Beck & Caplow 96025 (OSC); Umtanum Ridge, T16N R18E S33, 4
June 1996, Beck & Caplow 96031, 96032 (OSC); Umtanum Ridge, T15N R18E S2, 6 June 1996, Beck &
Caplow 96034*, 96036* (OSC); Umtanum Ridge, T16N R18E S33, 7 June 1996. Beck & Caplow 96040*
(OSC).




