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Abstract:
Eleven species and one naturally-occurring hybrid in the genus Aqropyron that are native to Montana
were investigated using ecological, morphological, histological, cytogenetical and serological methods
to determine their biosystematic relationships. All of the species stowed variations of the basic
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majority being tetraploid.

One species (A. spicatum) was found to exist at two levels, diploid and tetraploid, the tetraploid form
being apparently of an allopolyploid origin. Six species were found to be allotetraploids; A. albicans,
A. latiqlume. A. scribneri. A. subsecundum. A. trachycaulum, and A. dasystachyum.

One taxon, A. inerme. is considered to be a variety of A. spicatum. There are some indications that A.
albicans is a varietal form of A. dasystachyum; while A. subsecundum, which is often considered a
variety of A. trachycaulum. is a distinct species.

Two taxa, A. griffithsii and A. saxicola. were found to be sterile hybrids probably of intergeneric
origin. Original chromosome counts were determined for A. saxicola from root tip material, as plants
of this species failed to undergo meiosis. One natural hybrid of the putative parentage A. latiqlume x A.
scribneri was discovered Which proved to be a tetraploid. Meiotic examination of the hybrid disclosed
that a high degree of genome homology exists between the two parental species.

Detailed morphological information including leaf epidermal features is given for all of the species. 
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ABSTRACT

Eleven species and one natureIIy-occurring hybrid in the genus Agro- 
Pvron that are native to Montana were investigated using ecological, 
morphological, histological, cytogenetical and serological methods to 
determine their biosystematic relationships. All of the species stowed 
variations of the basic chromosome number of 7, ranging from the diploid 
to the octoploid level between species with the majority being tetraploid.

One species (A. spicatum) was found to exist at two levels, diploid 
and tetraploid, the tetraploid form being apparently of an allopolyploid 
origin. Six species were found to be allotetraploids; A. albicans, A. 
latiqlume. A. scribneri. A. subsecundum. A. trachycaulum, and A. dasy- 
stachyum.

One taxon, A. inerme. is considered to be a variety of A. spicatum. 
There are some indications that A. albicans is a varietal form of A. 
dasvstachvum; while A. subsecundum, which is often considered a variety of 
A. trachycaulum. is a distinct species.

Two taxa, A. griffithsii and A. saxicola. were found to be sterile 
hybrids probably of intergeneric origin. Original chromosome counts were 
determined for A. shxicola from root tip material, as plants of this 
species failed to undergo meiosis. •

One natural hybrid of the putative parentage A. latiqlume x A. 
scribneri was discovered Which proved to be a tetraploid. Meibtic 
examination of the hybrid disclosed that a high degree of genome homology 
exists between the two parental species.

Detailed morphological information including leaf epidermal features 
is given for all of the species.



INTRODUCTION
Aqropyron is the largest of twelve genera recognized by Hitchcock 

(1950) as comprising the tribe Hordeaeg one of ten tribes forming the 

subfamily Festucoideae„ whichg together with the subfamily Panicoideae„ 

forms the family Gramineae. < Linnaeus (1753)g recognized five genera that 

were later included in the tribe Hordeae:/ Loliuma Elymus a Secale, Hordeum 

and Triticumo The genus Aqropyron was erected in 1770 by Gaertner (No v0- 
Commo Acado Petrop0 XIV, 1770, pa 531) who described two species: A 0 

cristatum, based on the perennial Bromus crist'atus L«, and' A 0 triticeum, 

a then new annual species which was illustrated in detail» The first 

typification of the genus was made by Britton and Byown (1913) who chose 

the perennial A 0 cristatum (L0) Gaertn0 as the type species» Hitchcock 

(1920),- apparently unaware of the earlier selection, chose the annual A 0 

triticeum Gaertn0 as the generic type0 According to Jones (i960) this 

selection is in direct conflict, with the International Rules of Botanical 

Nomenclature, which state that the first choice of a lectotype shall be 

followed by subsequent workers unless there are good grouncb for disagree

ment, As the description of the genus is such that it does not apply 

more suitably to one species than to the other, it would appear that the 

selection of A 0 cristatum by Britton and Brown is the proper one on the 

basis of priorityo Aqropyron- has since been amended by Nevski (1934) who 

chose A 0 cristatum (L0) Gaertn0 as the type species„

The five original genera of the tribe Hordeae were increased to 

twelve by Bentham and Hooker (1883) who treated Aqropyrona Triticuma 

Elymus and Hystrix as separate genera but still included Sitanion as a
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section of Elymus«, In North American grass classifications Beal (1896) 

and Hitchcock (1950) fallow essentially the same classification, but 

Hitchcock recognizes Sitanion as a genus distinct from Elymus.

Bentham and Hooker (1883) also proposed that the Agropyrons be 

divided into two sections: Aqropyron proper, which would contain the 

perennial species, and Eremopyrum (Ledeb.) Jaub. and Spach0, which would 

contain the annual species„ In 1926 Holmberg divided the genus into four 

sections: l) Goulardia (Husnot) Holmberg, 2) Holopyron Holmberg, 3) 

Aqropyron Gaertn0, and 4) Eremopyrum (Ledeb0) Jaub0 and Spach0 Nevski 

(1934) also claimed that the genus is artificial and split it into four 

independent genera, but his interpretation is not widely followed by other 

workers in the field.

The name Gramineae was given to the grass family by Jussieu (Jackson, 

1893) based on the ancient term Gramina which was used but not originated 

by Linnaeus (1753). The tribal name Hordeeae (sic) was originated by 

Lindley (Jackson, 1893), based on the term Hordeaceae proposed by Kunth 

(Jackson, 1893)„

Pilger (Bowden, 1959) has shown that the earliest valid name for the 

tribe is Triticeae Dumort,, published in 1823 by Dumortier, rather than 

the commonly accepted name Hordeae„ Because of the derivation of the 

tribe name, the genus Triticum L. is automatically the type genus of the 

tribe„ The typical subtribe is Triticinae, which included Triticum. 

Aeqilops, Seca-Ie0 and others. Other subtribes listed include Hordeinae

Nevski, composed of two genera, Hordeun]. and Aqropyron0
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Godley (1951) diagrammed a comparium of the Hordeae based on 

relationships outlined by Clausen, Keck and Hiesey (1945). The eight 

genera comprising the comparium are all connected either directly or in

directly with each other by the various intergeneric hybrids which have 

■been formed artificially or found to occur naturally. Based on a classi

fication by Hubbard (Hutchinson 1934) the tribe is divided into two ,sub

families; l) Elyminae«, having two to three spikelets per node, and 2) 

Triticinae. which have one spikelet per node.' The genus Aqroovron serves 

as a connecting link between the two subfamilies in the following manner;

Secale

Haynaldia

Triticinae

■ Aeqilops

Elyminae

'Sitanion

.gropyron* -Elymus

'Hordeum

Hordeae comparium (Godley, 1951)

Based on the available evidence, Godley suggested as a general rule 

that no hybrids can be produced by normal methods between the two sub

tribes except through the genus Aqropyron. Godley also felt that should 

members of the genus Aqropyron differentiate such that crossing between 

the subtribes was no longer possible, the Hordeae comparium would be 

split and two intersterile groups would be formed.
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Parodi (cited by Connor, 1954) considered the genus Aqropyron partly 

artificial, as separation of South American representatives of Elymus and 

Aqropyron on the basis of -morphological characteristics could not be 

achieved.

Classically, Elymus and Aqropyron are separated on the basis of the 

number of spikelets occurring at each node of the rachis, the former hav

ing two and the latter one. Also, in Elymus the florets are oriented 

more or less dorsiventrally to the rachis while in Aqropyron they are 

lateral. These characteristics are easily recognized in some species, 

but are not uniformly evident throughout the two groups. Such inconsist

encies have led Gould (1947) to transfer the California species of 

Aqropyron together with members 6f Sitanion and Hystrix to the genus 

Elymus. However, such a classification contributes very little to clear

ing up the confusion surrounding the complex and therefore has not receiv

ed widespread favor. Stebbins and Walters (1949) concluded that there 

was not enough evidence to determine accurately the boundaries of the 

genus Aqropyron but felt that further attempts of classification should 

await the development of a more natural system, based on cytological as 

well as morphological characteristics.

Currently there are approximately 150 recognized ,species of 

Aqropyrono The genus, is cosmopolitan; about 30 species.are native to 

North America, 100 occurring in Eurasia, and the rest indigenous to South 

America or Australia. Since 1900 several exotic species have been 

introduced into the United States. Some, notably the Aqropyron cristatum 

complex ("Crested wheatgrasses"), have been widely used in efforts to
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rehabilitate depleted rangelands. Many have been used in breeding programs 

with the goal of incorporating desirable genes into the closely related 

domestic wheats.

In 1960 a research program was initiated at Montana State College, 

primarily concerned with the biosystematics of the genus Aqropyron. The 

program involves morphological, cytological, ecological, genetic, 

chromatographic and serological studies of existing species and inter

specific hybrids. The present study, a part of this program, is focused 

upon the Aqropyron species native to Montana, selected as a workable group, 

even though artificially delimited.
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A. MORPHOLOGICAL AND ECOLOGICAL STUDIES 

Ii GENERAL DISCUSSION

Booth (1950) listed fourteen species of Aqropyron indigenous to 
'

Montana. Eleven of these, A. albicans. A c inerme, A, dasystachyum0 

A, griffithsii0 A 0 smithii. A 0 saxic'ol'a. A 0 subsecundum, ■ A 0 Scribneri0 

A 0 Spicatum0 A 0 latiqlume and A 0 trachycaulum were located during an 

extensive statewide survey. ■ Herbarium collections at Montana State 

College, Montana State University, and the U 0 S. Forest Service, at 

Missoula, were examined and locations recorded for all of the 

Aqropyron specimens available. Three supposed species 

(A. pseudorepens„ A. bakeri and A. riparium) that are listed as oc

curring within the state could not be located by the author and no 

valid herbarium specimens were found. A. pseudorepens is listed by 

Beetle (1952) as a rhizomatous form of A 0 trachycaulum. Sterile 

hybrids apparently resulting from crosses of A. smithii and A 0

trachycaulum were found that fit the morphological descriptions of A.
C

pseudorepens given by Hitchcock (1950) and Beetle (1952). Also., 

certain specimens of A. trachycaulum were collected that exhibit weak

ly developed rhizomes and could be misidentified as A 0 pseudorepens 

unless closely examined. Specimens representing either situation 

could explain the listed occurrence of this species within the state„ 

A 0 bakeri and. A 0 riparium. listed as resembling A. subsecundum and A 0 

dasvstachyum .respectively (Hitchcock, 1950) may have been either over

looked, or if observed, considered as merely ecotypes of the latter 

two species and hence not collected. Herbarium specimens identified
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as A. riparium were found actually to be representatives of A 0 

dasvstachyum grown under low moisture conditions.

One of the Aqropyron species (A„ griffithsii) while thought to 

occur within the state (Booth, 1950) was not represented in the col

lections studied= Another species (A. saxicola) had not been col

lected since 1914 (Hawkins, MONT = 31918)= Both of these species werp 

located and collected in the present study.

In order to avoid the problems involved in collecting specimens 

for conducting a study bn such a group and to attempt to standardize 

procedures, it is a customary practice to utilize seed collections 

that are available from various supply sources = Such seed collections 

are subject to several sources of error = Natural hybridization is- 

common in the wheatgrasses, related to their proximity, similar 

phenologies, profuse amounts of wind-borne pollen, self-incompati

bility of some species and similarity of reproductive organs = These 

factors are compounded by the complexity of the species relationships 

within the group due to the large infraspecific variation that is 

prevalent in many of its members = For these reasons, a seed col

lection may not only be misidentified, but even if correctly identi

fied as to species, may actually represent just a biotype within the 

broad range of variation included within that species. Therefore, 

original collections representing large, relatively pure populations 

are needed to represent adequately the species involved, No seed col

lections were used in this study, instead mature plants of each 

species were collected from such representative populations.
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It is frequently noted that herbarium specimens are net truly 

representative of a species,,their .inclusion depending more upon ease 

of collection than upon taxonomic representation. There is also a 

tendency for herbarium collections to have an unusual number of unique 

ecotypes rather than those that are widespread throughout populations. 

By limiting collections to large, relatively pure populations, both 

the most prevalent biotypes and the range of variation within the 

species can be evaluated.

Ten plants of each species, in each case considered to repre

sent adequately, the population sampled, were potted in eight-inch 

pots and transferred to the Montana State College Greenhouses in the 

summer and fall of 1962. Pertinent habitat information, including 

soil type, slope, exposure, associated species, and general climatic 

'data (prevailing winds, precipitation, temperature) was recorded for 

each of the species. Herbarium samples of each were prepared and 

sent to the Smithsonian Institute, U. S. National Herbarium for 

verification. Voucher specimens were placed in both the National 

Herbarium and the Montana State College Herbarium at Bozeman. When

ever possible, pollen mother cell material was taken for cytological 

evaluation (Sec. B). Morphological measurements (Sec. B) were also 

made on a nqmber of typical specimens of each of the species at the 

time of collection.

Each taxon is discussed in the following manner; (l) name and 

list of synonomy, (2) history of nomenclature, (3) ecological in

formation, and (4) morphological description. The locations of the
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populations selected for this study, together with the herbarium 

numbers assigned to the specimens placed in the Montana State College 

Herbarium, are summarized at the end of this section (Table I). 

Associated species names are those used by Booth (1950).

Agropyron spicatum (Pursh) Scribn. & Smith

Aqropyron spicatum (Pursh) Scribn. & Smith, U 0 S. Department Agr.,
Div0 Agros., Bul„ 4:33. 1897.

Festuca spicata Pursh, Fl0 Amer„ Sept. 1:83. 1814.

Schedonorus spicatus Poem. & Schult., Syst. Veg. 2:707.1817.

Triticum diverqens Nees ex Steud., Syn. PI. Glum. 1:347. 1854.

Aqropyron diverqens Vasey, Desc. Cat. Grasses U. S. 96, 1885.

Aqropyron diverqens var. tenue Vasey, Desc. Cat. Grasses U. S0
96. 1885.
■ Aqropyron diverqens var. tenuispicum Scribn. & Smith, U. S.
Dept. Agr., Div. Agros. Bui. 4:37. 1897.

■ Aqropyron vaseyi Scribn. & Smith, U. S. Dept. Agr., Div.
Agros. Bul. 4:27. 1897.

■ Aqropyron spicatum var. tenuispicum1 Rydb., N. Y. Bot. Gard. Mem.
1:61. 1900.

Aqropyron spicatum var. vaseyi E. Nels., Bot. Gaz. 38:378, 1904.

- Zeia spicata Lunell5 Amer. Midi. Nat. 4:227. 1915.

Elymus spicatus Gould, Madrono 9:125. 1947.

A. spicatum was first described by Pursh in 1814 and named 

Festuca spicata. The type specimen was from the Lewis and Clark col

lection of 1806 taken along the Columbia river. It was later classi

fied in the genera Schedonorus (Roem. and Schult., 1817) and Triticum
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(Nees ex Steud3 1854). The name A. spicat.um was coined and applied 

to what is now known as A. smithii by Scribner and Smith (1897) due to 

a mis identification, which was later clarified by Rydberg (1900). 

Pursh1s original description calls for a long scabrous awn which 

clearly shows that a mistake was made when the name was applied to the 

species now known as A. smithii. Since Scribner & Smith included 

Festuca spicata in synonomy, they were publishing a new combination, 

Aqropyron spicatum (Pursh) Scribner & Smith, rather than a new name. 

According to the Rules of International Botanical Nomenclature 

(Briquet, 1956) the new combination must be retained for the species 

to which the epithet was originally applied and attributed to the 

author who first published it. Scribner and Smith originally used the 

name A. diverqens (Vasey) to describe what is now called A. spicatum. 

The first Montana collection was by Rydberg (No. 2299) in 1897.

A. spicatum. sometimes known as 11Bluebunch Wheatgrass11, is one 

of the most widespread wheatgrasses in the United States. Its range 

is from Alaska to northern California and New Mexico, including Mont

ana and most of the western states. In the Pacific Northwest and 

Intermountain Region it is a dominant herbaceous species, forming up 

to sixty percent of foliage cover in some localities (Hoover et al. 

1948). Its extensive distribution, abundance and drought resistance 

are directly related to its importance as a western range grass. In 

Montana', it is found in greatest abundance in the central and western 

mountain regions, but it commonly occurs on hillsides in all areas.of 

the state, chiefly on dry, gravelly soils in the open or in partial
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shade.

This perennial bunchgrass often begins growth early in the spring 

and remains green until late in the summer„ The new growth is palat

able to livestock, but if unused the stem and leaf material tend to 

'become wiry, affording little in the way of useable forage. On the 

bison range, at Moiese, Montana, it is utilized by buffalo chiefly as 

a winter feed after the snows have tended to soften' the previous 

summer’s cured foliage. It is heavily utilized by elk, whenever r

accessible, throughout the year.

Plant material was collected' from a dominant population oc

curring west of the C. A. A. transmission tower located east of 

Belgrade, Montana, in an enclosed area that is leased by the Animal 

and; Range Sciences Department and used for ecological investigations 

by the Botany Department of Montana State College. It has been sub

jected to only occasional accidental use ^ince 1936 and is in excel

lent condition. Located at an altitude of 4450 feet, the area is sub

jected to frequent winds. Precipitation in the area is approximately 

thirteen inches, with eight inches falling between April and October. 

Soils are Beaverton gravelly loam (De Young and Smith, 1931) With 

underlying gravels. Associated species are Koeleria cristat'a, Poa 

secunda, Carex sop., and forbs such as Phlox hoodii, Lupinus sericius 

and Delphinium bicolor<; In this area A. spicatum begins growth in 

late May, heads in mid-June and is fully mature by the middle of July. 

Between late July and September it is relatively dormant. With the 

advent of fall moisture a certain amount of regrowth is realized.
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Seed set in the area is excellent. This population is uniform, upon 

analysis all specimens showing a chromosome number of 2n=14.

A second population containing the chromosome complement of 

2n=28 was discovered near Whitehall, Montana in a Deer Lodge National 

Forest grazing area known as Wilson Park. This population is located 

along a hillside of moderate slope bordering a mountain meadow, ex

posed to fairly constant winds, at an elevation of approximately 5,200 

feet. Precipitation figures for the area are not available, but a 

majority of the moisture falls in the form of a heavy snow cover 

during the winter months =

Associated species are Poa secunda, Stipa Columbiana. and 

Koeleria cristata. The population appears to be uniform, all speci

mens collected showing the same chromosome number (2n=28).

A. spicatum is commonly found at altitudes ranging up to seven 

thousand feet, but one population comprised of a few low-stature 

individuals was located on a chromium mine dump in the Beartooth 

Plateau at an altitude of 10,200 feet. These specimens showed a dis

tinct reddish tinge in the vegetative organs as well as in the inflo

rescence. In this population, as well as in several others observed, 

awn length was extremely variable, ranging from awn-tipped to Iong- 

awned.

Agropyron spicatum (Pursh) Scribn. 8, lSrnitH ('11Bluebunch wheatgrass1')

The following description is based on the population occurring near 

Belgrade, Montana (2n=14).
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General Characteristics: Perennial bunch grass, bluish to light

green in, color„ Leaves mostly basal. Divergent awns of 
variable length, spikelets distant.

Culms: Slender, erect, 61-78 cm. tall, smooth, devoid of hairs.
Internodes 10-16 cm. long, nodes smooth, dark, vernation 
rolled.

Blades; Leaves mostly basal, flat to tightly rolled when dry,
■ 15 to 30 cm. long, 2 to 5 mm. wide. Sometimes hairy on 
upper surface, without hairs on lower surface. Upper 
surface.prominently veined, scabrous, midrib prominent on 
lower surface. Auricles absent to rudimentary.

Sheath: Round, split with overlapping scarious margins, smooth
veins, indistinct, often reddish below ground. Collar 
continuous to sometimes divided by midrib, glabrous, light 
green.

Ligule: Short, l/2 mm wide, membraneous, lacerate, truncate.

Inflorescence: Terminal, 2 sided spikes 8-20 cm. long. Spike-
lets distant, overlap l/3 to 1/2. Spike slender, divergent 
awns. Rachis smooth.

Spikelets: 6 to 8 flowered, 1-2 cm. long, disarticulating above
the glumes.

Glumes: 5 to 7 mm. long, about l/2 as long as spikelet, 3 to 4
nerved. Narrow, I mm. wide, pointed but not awned, equal.

Lemma: About 9 mm. long,the awn strongly divergent, usually'
10-17 mm. long. Rounded to keeled above, 4 to 5 nerved, 
faintly nerved, smooth, scarious margins.

Palea: Slightly longer than lemma, scabrous on 2 keels.

Fruit: Grain enclosed in lemma, adherent to palea.

Location and Abundance: Dry plains and foothills across the
state; common.
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Agropyrdn inerme (Scribn0 & Smith) Rydb.

Aqropyron inerme (Scribn & Smith) Rydb0 9 Torrey Bot0 Club 
Bui, 36:539.- 1909.

Aqropyron diverqens var« inerme Scribn0 & Smith, U 0 S 0 Dept0
Agr0, Div0 Agrost0 Bul0 4:27„ 1897«

■ Aqropyron spicatum inerme Heller, N 0 Amer0 Pl0 Cat0 ed„
2. 3„ 1900. “ .
A 0 inerme was first named A 0 diverqens var0 inerme and described 

by Scribner & Smith in 1897 as a variety of what is now known as A 0 

spicatum. The type specimen was collected by Henderson (No. 3058) in 

Idaho. The name A 0 inerme was applied by Rydberg (1909) based on 

Scribner and Smith"s type description.

Known in vernacular as "Beardless Bluebunch Wheatgrass" it is 

taxonomically differentiated from A. spicatum only upon the basis of 

the absence of awns. The validity of separating,these apparently 

closely related, taxa Into species has been questioned by some who 

regard A. inerme as only a variety of A. spicatum (Daubenmire 1939, 
Beetle 1952).

A. inerme is rare in Montana, the only previously recorded 

specimens from Montana occurring in the Poison region. Another popu

lation was located by the author in an area known as Pleasant Valley, 

near Libby, which furnished the specimens used in the present study. 

Approximately one acre in size, it was located on a slight slope with 

a southern exposure. Elevation is approximately 4,400 feet. Soil is 

a silty loam underlain by gravel. Although plants of A. spicatum in
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the vicinity showed gradations in awn length, the population was uni

formly awnless. Associated species are A. spicatum. Stipa Columbiana 

Koeleria cristata and Poa secunda. The habitat is characteristic of 

A. spicatum, so it does not appear that the two could be separated on 

the basis of their ecological requirements. Heading dates and other 

vegetative stages of maturity are identical for the. two species based 

on the;ir growth in the field plot. Chromosome counts for all speci

mens examined were 2n=14.

Aqropyron inerme (Scribn. & Smith) Rydb. (Beardless Bluebunch 

Wheatgrass)

The following description is based on the population occurring at

Pleasant Valley, located near Libby, Montana (2n=14).

Perennial bunch grass resembling A. spicatum (Pursh=) 
Scribn. & Smith but lacking awns.

General Characteristics: Perennial bunchgrass, poor seed former
Many sterile florets.

Culms: 45-78 cm. tall, erect, often bent upward at node. Inter
nodes 12 to 17 cm. long. Culms slender, smooth, devoid of 
hairs. Nodes conspicuous, smooth.

Blades: Leaves mostly basal. Basal leaves 15-30 cm. long.
' Upper leaf 6 to 10 cm. long. Blades l-4mm. wide, flat or

rolled inward. Upper surface with or without hairs, 
prominently nerved above, without hairs on lower surface.
■Auricles are rudimentary.

Sheath: Split, margins overlapping, smooth, membraneous on
edges, not hairy, round. Collar smooth, divided by 
midrib. Vernation rolled.

Ligule: Extremely short, less than l/2 mm. membraneous,
truncate.

Inflorescence: Terminal, 2 sided spikes 8-20 cm. long. Spike-
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lets overlapping l/3 to 1/2, 15 to 22 spikelets. Rachis 
scabrous»

Spikelets: I to 2-cm., long, 6-8 flowered, many sterile florets.
Usually single at each node, side of spike'let toward 
rachis, rachilla disarticulating above the glumes and 
between the florets.

Glumes: 6 to 9 mm. long, l/3 to l/2 as long as spikelet, equal,
acute, strongly nerved, 4-5 nerves, nerves often scabrous, 
usually pubescent on inner surface of glume.

Lemma: 5 to 10 mm. long, narrowing from the base, 5 to 7 faintly
nerved, rounded on the back to slightly keeled above'.

Palea: As long or longer than lemma, bifid at apex, 2 keels
toothed.

Fruit: Grain enclosed in lemma adherent to palea.

Location and Abundance: Dry foothills and plains in western
Montana. Rare.

,Aqropyron scribneri Vasey
I

Aqropyron scribneri Vasey, Torrey Bot. Club Bul. 10:128. 1883.

Elymus scribneri Jones, West. Bot. Contrib. 14:20. 1912.

A. scribneri was named and described by Vasey (1883). It was 

named in honor of F . L. Scribner who collected it on Lone Mountain 

in the Gallatin Range in 1883. However, Vasey mentions a previous 

collection by C. G. Pringle in the Sierras in 1882 which was distri

buted as Triticum caninum L.

One of the rarest of the Montana wheatgrasses is A.' scribneri. 

called "Scribner's Wheatgrass" or "Spreading Wheatgrass". Re

stricted to the alpine zone, it has been collected in three locali

ties in Montana; the Beartooth PlSteau near Red Lodge, Lone Mountain
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in the Gallatin Range near Bozeman5 and Fairy Lake near Bozeman, It 

may well occur in many remote alpine areas but has not been widely 

collected,

A large population scattered over an area of several miles was 

located in the Beartooth Plateau near the Montana-Wyoming border, It

is one of the dominant grasses in the region that is geographically
/

centered around Boundary Lake, Representative samples were col

lected on a south slope at an elevation of IO5SOO feet. Associated 

species include Carex sop,, Trifolium spp,, Deschampsia caespitosa, 

Trisetum spicatum,- Artemisia scopulorum and Antennaria spp, The soil 

would be classified as an alpine meadow type (Retzer5 1956), These 

soils are highly organic, being black to dark brown in color. The 

texture is a loamy sand, with a rocky subsoil. Subsoil temperatures 

are comparatively low, even in the summer months. Afternoon showers 

are a daily occurrence during the summer, No precipitation records 

are available for the region, but the entire area is under snow from 

early September until mid-July, Date of maturity is approximately 

mid-August, with seed production being profuse.

Variation in growth habit is readily apparent. On fine textured 

soils composed of primarily organic matter plants are three to five 

inches in diameter with from one to three seed heads, Wherever small 

sand pockets occur the plants are much larger, the bunches being up to 

ten inches in diameter and having from eight to fifteen seed heads. 

This difference may be due to the higher soil temperatures that are 

characteristic of the coarser textured soils. A, scribneri is also
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common in the vicinity of lava outcrops in the Beartooth region. 

Johnson (1962) found A. scribneri to be most abundant on soils derived 

from redeposited volcanic material in alpine regions in Wyoming.

Aqropyron scribneri Vasey (Scribner wheatgrass)

The following description is based on the population occurring near 

Boundary Lake in the Beartooth Plateau (2n=28).

General Characteristics; Low-stature alpine perennial 
bunchgrass without rhizomes„

Culms: 20 to 40 cm. long, reclining or spreading along the
ground, usually abruptly bent upward, round, smooth, faint
ly nerved; nodes dark, glabrous.

Blades: Mostly basal, 2 to 5 mm. wide, rigid, pubescent on both
surfaces, flat or rolled tightly when dry, blades short,
5 to 10 cm. long, usually 2 to 3 blades per stem, midrib 
prominent, margins very narrow, auricles less than 1mm., 
not clasping, whitish in color.

Sheaths Round, split with overlapping scarious margins,
retrorsely short pubescent, especially on the lower sheaths, 
old sheaths very persistent, often pinkish at the base. 
Vernation rolled, collar divided, very faint.

Ligules Membranous, short,' 5 mm. long, truncate, ciliate.

Inflorescences Terminal, 2 sided spikes, flexuous, dense, 3 to 
8 cm. long, closely overlapping l/2 to 3/4, entire head 
easily broken from stalk when dry, awns very divergent, 
rachis scabrous on margins, often purple where florets 
attach.

' :
Spikeletss 10 to 15 mm. long, 2 to 5 flowered, rachilla scabrous 

on margins, disarticulating readily between florets and 
above glumes = '

Glumess 4 to 8 mm. long, narrow, Imm= wide, keeled, I slightly 
longer having more pronounced nerves, 3 to 5 nerves, both 
having- scarious margins, scabrous on margins and keel, 
tapering into a divergent -awn, 10 to 15 mm. long, the longer 
glume often having a bifid apex, the shorter awn being I to 
3 mm.
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Lemma: 7 to 10 mm. long, keeled, 4 to 5 faint nerves, scabrous

on the outer side, scarious margins, tapering into an awn 
15 to 25 mm. long, the awns very divergent when dry.

Palea: Slightly longer than the lemma, scabrous-short pubescent
on both surfaces, especially the margins of the 2 keels, the 
apex with 2 short teeth, also scabrous.

Fruit: Grain enclosed in lemma, adherent to palea.

Location and Abundance: Alpine areas. Not widely collected.

Agropyron latiglume (Scribn. & Smith) Rydb.

Aqropyron latiglume (Scribn. & Smith) Rydb., Torrey Bot. Club 
Bui. 36:539, 1909.

Aqropyron violaceum var. Latiglume Scribn. & Smith, U. S. 
Dept. Agri., Div. Agros. Bui. 4:30. 1897.

Aqropyron biflorum latiglume Piper, Torrey Bot. Club 
Bul. 32:547. 1905.

Aqropyron caninum var. latiglume Pease and Moore, Rhodora 
12:73. 1910. “ .

Roegneria Iatiqlumis Nevski, Akad. Nauk U.S.S.R. Bot. . 
Inst. Trudy I. 2:55. 1936.

A. latiglume was first described by Scribner & Smith (1897) and 

named A. violaceum var. latiglume. The type specimen was one col

lected by Tweedy (No. 1011) on Lone Mountain in. Gallatin County, 

Montana, in 1886. The name A. latiglume was applied by Rydberg (1909) 

based on this specimen.

Sometimes called "Subalpine Wheatgrass1', it and A. scribneri are 

the only alpine species of Aqropyron native to Montana. Although 

often classed as an alpine species, a large population was found well 

below timberline at 8000 feet at the head of the Stillwater River



near Cooke City. In this area it tends to assume a sod-forming habit 

instead of the ushal bunch type of growth. Two other distinct ecotype 

populations were found within the state. Cne of these populations was
i

located in the vicinity of Logan Pass in Glacier National Park. It 

occurs at 6,000 feet on a talus slope. Large forbs, sedges, and 

grasses such as Trisetum spicatum and Bromus marqinatus occur in the 

area. Collections were made the latter part of August at which time 

seed had set. • This ecotype is much larger and not as leafy as the 

second ecotype, which occurs in the Beartooth Plateau. The Beartooth 

collection was made at 10,000 feet on a south-facing slope of 10°.

A. latiglume occurs in scattered 'population’s at the higher elevations 

across the Beartooths. It is restricted to rocky outcrops in the area 

seldom occurring on the alpine turf. The soils in these outcrops are 

of decomposed granite with little to no organic matter present. Soil 

temperature appears to be a major factor, as the most vigorous plants 

grow adjacent to granite boulders, their matted roots completely 

exposed to the rock surface. Plant material was collected in early 

September, at which time seed had matured, and the plants showed the 

effect of frost. It does not appear to be as well adapted to the 

alpine zone as A. scribneri, but instead better suited to the sub- 

alpine zone. In the Stillwater area, which would be classified as 

subalpine, it makes up ten to twenty percent of the vegetation on the 

slopes about dwarf willow bottoms. These plants are much more vigor

ous than the alpine type, reaching heights of 14-18 inches as compared 

to the 8-10 inch ecotype of the alpine region. The alpine plants are
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also leaflier than the subaLpine form.

Aqropyron latiglume (Scribn. & Smith) Rydb. (Subalpine Wheatgrass)

The following description is based on the population occurring in the 

Beartooth Plateau (2n=28).

General Characteristics; Perennial without creeping rhizomes, 
bright green,-'leafy, alpine or subalpine species, forming 
leafy bunches, distinctive ecotypes in Montana.

Culms; 20 to 50 cm. tall, loosely tufted, curved or bent upward
at the base, smooth to distinctively nerved, glabrous, 
nodes glabrous, culms slender, somewhat flattened.

Blades: Bright green, numerous, 3 to 8 mm. wide, flat, 10 to
20 cm. long, lax, scabrous to short pubescent on both 
surfaces, conspicuously veined, midrib prominent towards 
base, narrow, scarious scabrous margins, tips boatshaped. 
•Auricles small to rudimentary.

Sheaths: Round, smooth to ribbed with overlapping scarious
margins, glabrous to lightly pubescent, old sheaths 
persistent, bases' often purplish, sheaths often largely- 
enclosing inflorescence at maturity with upper flag leaf 
extending vertically from the tip. Vernation rolled.
Collar divided, not distinct.

Ligule: Membraneous, .5 to I mm. long, obtuse, ciliate.

Inflorescence: Terminal, 2 sided spikes, very compact, 5 to
10 cm. long, erect, rachis smooth, margins scabrous, 
spikelets sometimes in pairs.

Spikelets: 8 to 15 mm. long, overlapping l/2 to 2/3, 2 to
■ 4 mm. wide, 3 to 5 flowered, rachilla pubescent, disar
ticulating above the glumes and between the florets.

Glumes: 6 to 10 mm. long, almost as long as the spikelet,
broad, 1.5 to 2.5 mm. wide, rounded, 3 to 5 prominent 
nerves, smooth to scabrous, with broad hyaline margins, 
margins smooth, wider on one side than the other, awn 
tipped, awn I to 2 mm. in length, tending to extend from 
side with narrower margin.

I
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Lemmas-;: 4 to 6 nerved^ the nerves becoming more prominent

at tip, 2 extending but to f6rm 2 short teeth, lemmas 8 
to 10 mm, lbng, 2 ;mfn, wide, rounded, scabrous to short 
,pubescent, with scarious margins. Some ecotypes show 
broad hyaline margins with short awn tip I to 2 mm. long.

Pa Te a: ' About as long as the lemma, scabrous on the margins 
of the 2 keels, short pubescent near the tip. Apex 
sometimes bifid.. -

Fruit; Grain, light colored, short pilose at upper tip, grain 
enclosed in lemma, adherent to palea.

Location and Abundances Alpine to subalpine areas across the 
state. Scattered around boulders and lava outcrops.
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Aqropyron trachycaulum (Link) Malte

Aqropyron trachycaulum (Link) Malte, Canada Natl. Mus. Ann. Rpt. 
1930. (Bui. 68): 42: 1932.

Triticum pauciflorum Schwein., in Keat., Marr. Exped. St. 
Peters River, 2:383. 1824.

Triticum missuricum Spreng., Syst. Veg. 1:325. 1825.

Triticum trachycaulum Link, Hort. Berol. 2:189. 1833.

Aqropyron trachycaulon Steud., Syn. PI. Glum. 1:344. 1854.

Crithopyrum trachycaulon Steud., Syn. PI. Glum. 1:344. 1854.

Aqropyron tenerum Vasey, Bot. Gaz. 10:258. 1885.

Aqropyron violaceum var. ma.jus Vasey, U. S. Natl. Herb. 
Contrib.. 1:280. 1893.

Aqropyron repens var. tenerum Beal,. Grasses N. Amer.- 2:637. 
1896. ■

Aqropyron tenerum var. Lonqifolium Scribn. & Smith, U. S. 
Dept. Agr., Div. Agrost. Bul. 4:30. 1897.

Aqropyron tenerum var. ciliatum Scribn. & Smith, U. S. 
Dept. Agr., Div. Agrost. Bul. 4:30, 1897.

Aqropyron novae-anqliae Scribn. in Brain., Jones, and Eggl., 
FI. Vt. 103. 1900.

Aqropyron tenerum var. ma.ius Piper, Torrey Bot„ Club Bui. 
32:543. 1905."

Aqropyron tenerum var = trichocoleum Piper, Torrey Bot= Club 
Bul. 32:546. 1905.

Aqropyron caninum var. tenerum Pease & Moore, Rhodora 
12: 71. 1910.

Aqropyron caninum var. tenerum forma ciliatum Pease & Moore, 
Rhodora 12: 72,. 1910.

Aqropyron caninum var. tenerum forma fernaldii Pease and 
Moore, Rhodora 12: 73. 1910.
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Aqropyron caninum var«, hornemanni, forma pilosifolium Pease 
and Moore, Rhodora 12; 75. 1910.

- Zeia tenera Lunell, Aiiner. Midi. Natl. 4; 227. 1915.

Aqropyron tenerum var. novae-anqliae Farwell, Mich. Acad. 
Sci. Rpt. 2l7 355. 1920.

Aqropyron missuricum Farwell, Amef. Midi. Natl. 12; 48.
1930.
Aqropyron trachycaulum var. tenerum Malte, Canada Natl.
Mus. Ann. Rpt. 1930 (Bui. 68): 44, 1932.

Aqroovron trachycaulum var. qlaucescens Malte, Canada 
Natl. Mus . Ann. Rpt. 1930 -('Bu1. 68): 45. 1932.

Aqropyron trachycaulum var. trichocoleum Malte, Canada Natl. 
Mus. Ann. Rpt. 1930 (Bui. 68): 45. 1932.

Aqropyron trachycaulum var. fernaldii Malte, Canada Natl.
Mus = Ann. Rpt. 1930 (Bui. 68): 46. 1932.

Aqroovron trachycaulum var. ma.ius FernaId, Rhodora 35: 171.
1933.

Aqropyron trachycaulum var. novae-anqliae Fernald, Rhodora 
35: 174. 1933. '

.Aqropyron pauciflorum Hitchc., Amer. Jour. Bot. 21:132.
1934.

Roeqneria trachycaulon Nevskl in Komarov, FI. U.R.S.S.
2:599. 19347
Roeqneria paucifIora Hylander, Uppsala Univ. Arsk. 7: 36,
89. 1945.

Elvmus pauciflorus Gould, Madrono 9s 126. 1947. .

A. trachycaulum was apparently first collected in 1824 in 

Minnesota''and given the name Triticum pauciflorum Schwein. Another 

possible collection was made in 1825 along the Missouri and given the 

name I. missuricum Spreng.. In 1833 Link gave the name I.'

I
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trachycaulum to specimens grown from seed .collected by Richardson in 

"North America"„ A. trachycaulum Steud„ was applied as a synonym to 

this material. The name A= tenerum, still used by many.workers, was 

applied by Vasey in 1885= Malte (1932), in an intensive taxonomic 

study of this species, applied the name A= trachycaulum to the type 

known as T= trachycaulum Link and used varietal names to distinguish 

other types previously collected= The name A= violaceum (Hornem=) 

Lange is often applied to alpine forms of this species =

A= trachycaulum, known as "Slender Wheatgrass",' is the most wide

ly distributed of all the native wheatgrasses, ranging from 

Newfoundland to California = In Montana it is common on most of the 

well drained slopes and river bottoms across the state = It occurs 

mostly on light, sand-loam soils, but it is also found in dry 

mountain valleys, meadows and open timberlands up to and including the 

alpine zone= It has a fairly high drought resistance and is exceeded 

in alkali tolerance among the native wheatgrasses only by A= smith!!= 

A= trachycaulum is the largest of the native wheatgrasses, 

ranging up to four feet in height with some bunches reaching .a foot 

in diameter = It is often cut for hay in the mountain valleys, being 

highly palatable to livestock= On winter game ranges that are not 

overused it is a major source of nutrition of big game populations = 

Representative plant samples were selected from a large popu

lation located on the slopes of the Bridger Range bordering Reese 

Creek in the Gallatin Valley hear Bozeman= Slopes are variable,
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ranging from five to fifteen degrees with southerly exposure„ Soils 

range from a silty loam along the stream to coarse-textur'ed decom

posed grahite on the slopes above„ Associated species include Bromus 

marqinatus, Poa sactinda, Phieum alpinum and Spiraea spp, Plants are 

of the typical lowland type, having broad glumes with the spikelets 

well separated. Seed matures in August, and seed production is 

excellent in the area, which receives little to no grazing use by 

domestic animals. In this area A. trachycaulum commences growth in 

June and remains green until damaged by frost in late fall.

Aqropyron trachycaulum (Link) Malte. (Slender wheatgrass)

The following description is based on the population occurring at 

Reese Creek near Bozeman, Montana (2n=28).

General Characteristics; Perennial, without rhizomes, often 
forming large leafy bunches.

Culms: 50 to 100 cm. tall, dafk green, round, smooth, faintly 
nerved, nodes glabrous, culms erect.

Blades; Leaves mostly basal, tufted, 3 to 10 mm. wide, 10 to 
30 -cm. long, flat to loosely rolled when dry, upper and 
lower surface smooth to scabrous, narrow margins scarious, 
somewhat scabrous, blades hairless. Auricles small, I mm. 
long and less, sometimes missing clawlike and loosely 
clasping if present, whitish to purplish in color.

Sheath: Smooth, round, split with overlapping scarious margins,
margins smooth, usually hairless but lower ones sometimes 
short pubescent, often pinkish at base. Midrib white 
rather prominent. Vernation rolled. Collar divided, not 
too distinct.

Ligule; .5 to I mm. long, membraneous, obtuse, ciliate.
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Inflorescence: Terminal,, 2 sided spikes 10 to 25 cm. long,
spikelets distant to closely overlapping, spike slender, 
erect to somewhat nodding, rachis smooth, scabrous on 
margin.

Spikelet: 10 to 18 mm. long, 3 to 7 flowered, rachilla margins
scarious and scabrous, disarticulating above the glume and 
between the floret's.

Glumes; Broad, rounded, "Beetle backed”, almost as long as the 
spikelets, ridges, 4 to 7 prominent nerves, fairly wide, 
scarious margins, glumes equal, acuminate, often awn tipped.

Lemma; 8 to 12 mm. long, scarious margins somewhat scabrous,
4 to 6 faint nerves, rounded, smooth, acuminate to awn 
tipped.

Palea; Somewhat shorter than the lemma, scabrous on the margins 
of the keels, glabrous.

Fruit; Grain enclosed in lemma, adherent to palea.

Location and Abundance; Common along mountain streams, valleys, 
parks and all areas of moderate moisture across the state.

Aqropyron subsecundum (Link) Hitchc0

Aqropyron subsecundum (Link) Hitchc., Amer. Jour. Bot. 21;131. 
1934.

Triticum subsecundum Link, Hort. Berol. 2;190. 1833.

Triticum richardsoni Schrad., Linnaea 12; 467. ■ 1838 = 

Aqropyron- richardsoni Schrad=, Linnaea 12:467. 1838 =

Cryptopyrurn richardsoni Heynh., Nom= 2:174. 1846.

Aqropyron unilaterale Cassidy, Colo. Agr. Expt. Sta. BuT.
12: 63. 1890.
Agropyron caninum var. unilaterale Yasey, U. S. Natl. Herb = 
Contrib. 1:279. 1893.

Aqroovron violaceum forma caninoides Ramaley, Minn. Bot. 
-Studies 1:108. 1894.
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Aqropyron c-gninum forma violacescens Ramaley, Minn. Hot. 
Studies 1:107. 1894.

Aqropyron violacescens Beal, Grasses N. Amer. 2:635. 1896.

.Aqropyron caninoides Beal, Grasses N. Amer. 2s 640. 1896.

Aqropyron caninum var pubescens Scribn. & Smith, U.S. Dept. 
Agr., Div. Agrost. Bul. 4:29. 1897.

Aqropyron richardsoni var. ciliatum Scribn. & Smith, U.S. 
■Dept. Agr., Div. Agrost. Bul. 4s 29. 1897.

Agropyron caninum forma qlaucum Pease & Moore, Rhodora 
12: 71. 1910. .

Aqropyron caninum var. unilaterale forma ciliatum Pease & 
Moore, Rhodora 12: 76. 1910.

Aqropyron caninum var. richardsoni Jones, West. Bot.
Contrib. 14: 18. 1912. ■

Zeia richardsoni Lunell, Amer. Midi. Nat. 4: 227. 1915.

Aqropyron trachycaulum var. unilaterale Malte9 Canada Natl. 
Mus. Ann-. Rpt. 1930 (Bui. 68): 46. 1932.

Aqropyron trachycaulum var. ciliatum Malte, Canada Natl.
Mus. Ann. Rpt. 1930 (Bui. 68): 47. 1932.

Aqropyron trachycaulum var. caerulescens Malte, Canada Natl. 
Mus. Ann. Rpt. 1930 (Bui. 68): 47. 1932.

Aqropyron trachycaulum var. qlaucum Malte, Canada Natl.
Mus. Ann. Rpt. 1930 (Bui. 68): 47. 1932.

■ Aqropyron trachycaulum var. pilosiglume Malte, Canada Natl. 
Mus. Ann. Rpt. 1930 (Bui. 68): 48. 1932.

Aqropyronitrachycaulum var. hirsutum Malte, Canada Natl.
Mus. Ann. Rpt. 1930 (Bui. 68): 48. . 1932.

Elymus pauciflorus subsp. subsecundus Gould, Madrono 9:
'126. 1947.

A. subsecundum was first named Triticum subsecundum by Link in 

1883, based on a garden plant raised from seed collected by
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Richardson in "Western North America". It was later thought to be the 

same species as A. caninum (L.) Beauv., an Old World species which it 

closely resembles. However, an intensive taxonomic study by Malte 

(1932) resulted in clearly showing the two to be distinct species.

The name A. subsecundum was applied by Hitchcock (1934) based on the 

type I. subsecundum Link. It is often referred to in the older 

literature as A. unilaterale Cassidy. It was first collected in Mont

ana by F. L. Scribner in 1883 (No. 422) under the name A. caninum var. 

unilaterale Vasey.

An apparently closely related species to A. trachycaulum is the 

lesser known A. subsecundum, known as "Bearded Wheatgras's". Some 

authorities (Beetle 1952) classify it as being an awned variety of A. 

trachycaulum. Although an abundance of awned A. trachycaulum was 

observed throughout the state, the author considers that A. 

subsecundum is a separate species, as its growth habit and appearance 

in this region readily distinguish it from A. trachycaulum.

A. subsecundum is common on the north slopes of the Bridger Range 

in Gallatin County at approximately 7,000 feet. It apparently has a 

high moisture requirement and seldom if ever occurs on dry southern 

slopes in the area. Representative samples were selected from a large 

population on Flathead Pass of the Bridger Range at 7,000 feet. The 

population occurs on a north slope of approximately eight percent.

The soil is a deep silty loam, showing a high moisture content. 

Associated species include Phleum alpinum, Bromus marqinatus and 

scattered plants of Koeleria cristata. Little domestic grazing
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pressure is evident, but pocket gophers, numerous in the area, 

utilize a considerable amount of the available - forage„

The area is subjected to relatively constant southwesterly winds„ 

Growth habit is distinct, the plants being more or less single stalk

ed, with two or three leaves scattered along the stalk, the sheaths 

highly pubescent. Upon maturity the spikelets twist to one side of 

the rachis, giving a definite "flagged" appearance to the plant. This 

does not seem to be a response to some environmental factor because of 

the apparent randomness of the twisting. The same characteristic is 

shown by plants in the field plot.

Aqrppyron subsecundum (Link) Hitch. (Bearded wheatgrass)

The following description is based on the population" occurring on 

Flathead Pass in the Bridger Range in Gallatin County, Montana

(2n=28).

General 'Characteristics: 'Green or glaucous perennial, without
rhizomes, long awned. The spikelets commonly twist to 
one side giving a "flagged" appearance.

Culmsi 30 to 70 cm. tall, erect, smooth, nodes glabrous, seed 
stalks conspicuous, often solitary with 2-4 flag leaves. 
Internodes short, 6 to 10 cm. Vernation rolled.

Blades; Leaves mostly basal, 15 to 25 cm. long, 3 to 8 mm.
wide, flat, tapering to a boat-tailed sharp point. Upper 
surface ridged, scabrous to pubescent, hairs I to 2 mm. 
long, margins white, densely scabrous. Lower surface 
scabrous to densely pubescent. Upper flag leaf at base 
of inflorescence.

Sheathsi Round, split with overlapping scarious margins.k
•Sheaths glabrous but often heavily retrorsely pubescent on 
primary basal sheath. Collar divided by midrib, glabrous, 
well defined, light green. Auricles if present clawlike, 
clasping, I mm. long, whitish in color.
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Ligules Membraneous, I mm» long, obtuse, lacerate, brownish 

when mature.

Inflorescence: Terminal, 2 sided spike, unilateral when
mature due to twisting of the spikelets to one side of 
the rachis resulting in "flagged" appearance„ Spike 10 
to 25 cm. long, erect to slightly nodding, dense head, 
long awned, rachis scabrous margined.

Spikelets: Rather closely imbricate, I to 2 cm. long, 4 to 8
flowered. Rachilla densely long hairy, disarticulating 
above glumes and between florets. Callus of the florets 
short-pilose.

Glumes: Broad, 2-3 mm. wide, equal, 7-15 mm. long, rigid,
rounded, 4 to 6-'prominent nerves, glumes almost as long 
as spikelet, tapering into an awn 6-10 mm. long.

Lemmas: 6 to 10 mm. long, shorter than glumes, margins scarious,
5 nerved, rounded, awns over twice as long as lemma, awns 
straight, densely scabrous.

Palea: Slightly shorter than lemma, densely scabrous on margins
of 2 keels,

.Fruit: Grain enclosed in lemma, adherent to the pa lea.

Location and Abundance: North slopes in the highbr mountain
areas of southwestern Montana. Limited occurrence within 
the state.

Aqropyron smithii Rydb„

Aqropyron smithii Rydb., N. Y. Bot„ Gard. Mem. I.:64. 1900.

Aqropyron, qlaucum var. occidentals Scribn.j Kans. Acad. 
Trans. 9: 119. 1885.

Aqropyron occidentals Scribn., U. S. Dept. Agr., Div. 
Agrost. Circ0 27:.9. 1900.

Zeia occidentalis Lunell, Amer. .Midi. Nat. 4: 226. 1915.

Zeia smithii Lunell, Arner..Midi. Nat. 4: 227. 1915.

Aqropyron spicatum'var viride Harwell, Mich. Acad. Sci. 
Rpt. 21: 356. 1920.
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EIyrriUs smithii Gould, Madrono 9; 127. 1947.

Aqrofevron smithii var. tVplca. Waterf., Rhodora 51s 21.
1949;

Aqropyron smithii var. molle (Scribn. & Smith) Jones,
West. Bot. Contrib. 14: 18. 1912.

Aqropyron spicatum var. molle Scribn. & Smith, U. S. Dept.
Agr., Div. Agrdst. Bui. 4: 33. 1897.

Aqropyron molle Rydb., N. Y. Bot. Card. Mem. Is 65. 1900.

Aqropyron occidentale var. molle Scribn., U„ S. Dept.
Agri., Div= Agros.. Giro. 27: 9. 1900.

Zeia mollis Lunell, Amer. Midi. Nat. 4s 226. 1915.

Aqropyron smithii var. palmeri Heller, N. Amer. PI. Cat.
ed. 2: 3. 1900.

■ Aqropyron spicatum var. palmer! Scribn. & Smith, U.S.
Dept. Agri., Div. Agrost. Bui. 4: 33. 1897.

Aqropyron occidentale var. palmeri Scribn., U.S. Dept.
Agri., Dlv. Agrost. Cir. 27: 9. 1900.

Aqropyron palmer! Rydb., Golo. Agr. Expt. Sta. Bui. 100:
55. 1906.

A. smithii' was originally described by Scribner and Smith (1897) 

and given the name A. spicatum. Scribner and Smith included Festuca 

spicata Pursh (1814), Triticum missuricum Sprengel and A. qlaucum 

occidentale Vasey in synonymy. The type specimen was given as Geyer, 

yUpper Missouri". However, as they included F= spicata Pursh in 

synonymy they were publishing a new combination rather than a new name, 

and therefore the new combination was retained for the original species 

described by Pursh= Rydberg (1900) was the first to notice .-that 

Scribner and Smith had confused two species and therefore renamed the 

one they described A. smithii.
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The pubescent form, A. smithii var. moIIe (Scribn0 and Smith)

Jones is based on A 0 spicatum var. moIIe Scribn0 and. Smith (1897),

The type specimen is one collected by Rydberg in Montana. (No, 3193),

A, smithii. known as "Western Wheatgrass", ranges in western North 

America from Canada to Texas, being one of the commonest of the wheat- 

grasses in the Great Plains. Its distinctive bluish color and rigid, 

upricjht growth habit are well known in Montana, Most abundant on 

well drained bottom lands, it is also common on open plains, hillsides 

and benchlands throughout the state.. It is often found on overflow 

areas along streams, being able to withstand up to a foot of soil 

deposition and still survive (Mueller, 1941), Although it produces an 

abundance of seed its major means of propagation is by rhizomes which 

reach six to eight feet in length in favorable overflow areas.

It is one of the first grasses to populate abandoned fields. 

According to Weaver and Clements (1938) this is the result of shallow 

tillage practices, which break up but do not destroy the hardy 

rhizomes. Under such circumstances complete revegetation occurs in 3 

to 5 years. Where the rhizomes have been destroyed or colonization 

is initiated, the process may take from 20 to 40 years,

Representative collections were made from two areas. A large, 

pure population was found growing on an overflow area on Slim Sam 

Creek near Radersburg, This area is a level outwash fan composed of 

a deep deposition of heavy, clayey soil overlying the normal silt 

found in the area. On the fan, scattered plants of Stlpa viridula 

and Opuntia polyacantha were present while on the neighboring non-

V
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alluvial areas A„ spicatum wg.s the dominant species, Precipitation is 

approximately eight inches in the area with little to no grazing use„ 

Many of the plants show heavy infestations of ergot and nematodes 

(Collins, 1965), Plants having two spikelets per node are common in 

the population;

The second collection was made in the Belgrade area from a popu

lation growing in the bottom of a swale. Both the typical A. smithii 

and the pubescent type known as A. smithii var. molle occur in the 

population. The soil tends to be alkaline in nature and is subjected 

to periodic runoff from the surrounding- area. Growth begins in May 

with seed maturing in August in this area, with the plants remaining 

in a green growing condition until late fall.

Aqropyron smithii - Rydberg (Western Wheatgrass)

The following description is based on the population occurring at Slim 

Sam Creek near Radersburg, Montana (2n=56).

General Characteristics % Glaucous perennial with strong, 
extensively creeping rhizomes and a deep fibrous root 
system.

Culms; 26 to 80 cm. tall, striate when dry, smooth,- rigid,
erect, glabrous with two to five glabrous, yellowish-brown 
nodes. Offshoot leaves in loose tufts, smaller than those 
of the culm, culm leaves 3 to 5, decreasing in size upwards, 
with sterile shoots from the Very base.

Blades; 5 to 25 cm. long, bluish green, 3 to 5 mm. wide, rigid
and spreading, flat or involute, prominently ridged and 
scabrous on upper surface, glaucous. Margin finely barbed, 
lower surface smooth. Auricles »2 to 1.0 mm. long, acute, 
clawlike and clasping, often purplish.

Sheath; Striate when dry, smooth, glabrous, rarely pilose,
round, split with scarious margins, veins fairly distinct.,,
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white at the base. Collar continuous, not distinct,

- glabrous, light green.

Ligule: Membraneous, very short, .5 mm. long, glabrous,
lacerate to ciliate.

Inflorescence: Terminal, stiffly erect, 2 sided spike, 7-15 cm.
long, exserted, lower four rachis nodes often sterile, 
spikelets rather closely overlapping, rachis scabrous 
on the margins.

Spikelets: I to 2 cm. long, sometimes two at a node, 2 to 12
flowered, glabrous, acute compressed, divergent when 
mature. Rachilla scabrous to short pubescent, disarticulat
ing above the glumes and between the florets.

Glumes: 6 to 12 mm. long, acuminate or awn tipped from below
the middle, l/2 to 2/3 as long as the spikelet, the first 
glume slightly longer than the second, 3 to 5 nerved, 
keeled, subcoriaceous and rigid, scabrous on margins and 
keel, margins scarious, tapering into a short awn, 
glabrous or variously pubescent, blue green.

Lemma: 8 to 12 mm. long, including the awn, lanceolate,
acuminate to short awn tipped, smooth with scabrous 
scarious margins, broad, rounded rigid, often pubescent 
at the base, obscurely nerved.

Palea: As long as or slightly shorter than the lemma, scabrous
to pubescent on the two keels, veins finely ciliate.

Fruit: Grain enclosed in lemma, adherent to palea, densely
pilose on the callus, purple-brown in color.

Location and Abundance: Common on overflow areas and heavier
soils throughout the state.

Aqropyron qriffit'hsii Scribn„ & Smith

Aqropyron griffithsii Scribn. & Smith ex Piper, Biol. Soc. 
■Wash. Proc. 18: 148. 1905»

Aqropyron albicans var. griffithsii (Scribn. & Smith) Beetle, 
Wyo. Ag. Expt. Sta, Bul. 312: 13. 1952.

A. griffithsii was first named by Scribner and Smith but de

scribed by Piper in 1905. The type specimen was collected by
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Williams and Griffiths in Wyoming. Piper notes that "the species is 

near A. albicans but readily separable by its nearly smooth flowering 

glume".

A. griffithsii. sometimes known as "Griffiths' Wheatgrass", is a 

little known species that has never before been reported in Montana. 

Sometimes classified as a variety of A. albicans (Beetle 1952) it 

differs chiefly in having glabrous lemmas. However9 several popu

lations of A. albicans were, located that were varied in the amount of 

pubescence they exhibited, often being completely glabrous, but still 

definitely identifiable as A. albicans. A small population of wheat- 

grasses was found in the vicinity of the Deep Creek Canyon near 

Townsend that was observed to be a different species. The area is 

approximately 6,000 feet in elevation. The population occurs in an 

old stream bed or overflow area that has since been revegetated. Soil 

is a sandy-silt of two to three feet in depth underlain by shale. 

Vegetational cover is excellent, with associated species predominant

ly A. traohycaulum, Phleum alpinum, Poa pratense and numerous forbs = 

Precipitation is approximately twelve•inches in the region, however 

the area receives a large amount of runoff from the upper slopes. The 

habitat is definitely not typical for wheatgrass species other than 

A. trachycaulum. Herbarium specimens were confirmed by Dr= J. R. 

Swallen as being A. griffithsii. Chromosome number, determined by 

the author, was found to be 2n=28 for all specimens.
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Aqropyron griffithsii Scribn. & Smith (Griffiths’ Wheatgrass)

The following description is based on the population occurring at Deep 

Creek near Townsend, Montana (2n=28).

General Characteristics: Perennial, with creeping rhizomes,
tends to form open tufts, leaves mostly basal, tall, 
robust seed stalks, long awned.

Culms: 35 to 90 cm, tall, dark green, round, smooth but becoming
' short-scabrous just below inflorescence, thick, rigid, 
often bent upward at the nodes, nodes glabrous, quite 
pronounced, stems erect but bending at maturity.

Blades: Mostly basal, flat to rolled inward when dry, 15 to
40 cm, long, 2 to 7 mm, wide, upper surface ridged, 
scabrous, lower surface smooth to slightly scabrous, 
midrib prominent towards basemargins scarious, scabrous,

' tips boatshaped, blades hairless. Auricles variable,, 
from rudimentary to 1,5 mm, long, clawlike and clasping 
if present, whitish,

• Sheaths Smooth, hairless, round, split with broad overlapping 
scarious margins, margins smooth, prominent midrib.
Vernation rolled. Collar divided, not too distinct,

Ligules Membraneous, short, .5 mm. to I mm. long, truncate, 
ciliate»

Inflorescences Terminal, 2 sided spikes, 10 to 25 cm. long,
spikelets overlapping l/3 to 1/2, erect to nodding, rachis 
smooth with scabrous margins.

Spikeletss 10 to 20 mm. long, narrow, 3 to 5 mm. wide, 4 to 7
flowered, rachilla scabrous to short pubescent, disarticula
ting above the glumes and between the florets.

Glumess l/2 to 2/3 length of spikelet, 7 to 10 mm. long, 1.5 
to 3 mm .-wide, unequal, ridged, 4 to 6 prominent nerves, 
smooth to scabrous, scarious margins, acuminate, tapering 
into an awn I to 3 mm. long.

Lemmas 8 to 12 mm. long, I.5 to 3 mm. wide, 4 to 6 faint nerves, 
smooth to scabrous, scarious, faintly scabrous margins, 
lemmas rounded, tapering into an awn 6 to 14 mm. long, the 
awn straight, diverging somewhat when dry.



38 -
Palea: As long as to slightly longer than the lemma, densely

scabrous on the margins of the 2 keels,

Fruits Sterile.

Location and Abundances The only population known to occur in 
Montana was found along a revegetated watercourse =
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Aqropyron saxicola (Scribn. & Smith) Piper

Aqropyron saxicola (Scribn. & Smith) Piper9 U„ S„ Natl. Herb.
Contrib. 11: 148. 1906.

Elymus saxicola Scribn. & Smith9 U„ S. Dept. Agr.9 Div.
Agrost. Bul. 11: 56. 1898.

Sitanion flexuosum Piper9 Erythea 7: 99. 1899.

• Sitanion lanceolatum J. G. Smith9 U. S. Dept. Agr = 9 Div =
• Agrost. Bul = ' 18: 20. 1899.

■ Aqropyron flexuosum Piper9 Wash. Biol. Soc. Proc. 18: 149 =
1905.

Aqropyron sitanioides J. G. Smith in Piper9 Wash. Biol.
• Soc. Proc. 18: 149. 1905=

Aqropyron saxicola was originally described and named as Elymus 

saxicola by Scribner and Smith (1898). The type specimen was collect

ed by E.- Elmer (No. 554) in 1897 on Mount Chopera9 Okanogan County9 

Washington9 at 5 g700 feet. Scribner and Smith (1898) mentioned that 

the grass was first thought to be an Agropyron. but they said9 ".... 

further examination determines its position as an Elymus. -In many of 

the spikes the spikelets are all solitary, but the position of the 

first flowering glume in being slightly turned to one side in its 

relation to the main axis is a character of the genus Elymus*1. It 

was first collected.in Montana by Rydberg in 1899 near Barker, and 

identified by J. G. Smith as Sitanion lanceolatum. The generic name 

was later changed to Agropyron by Piper (1905) after examination of 

the original type specimen.
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One of the rarest of the native wheatgrasses in Montana is the 

little known A. saxicola. sometimes called "Rock Wheatgrassli or 

"Foxtail Wheatgrass", Prior to the present study, the most recent 

collection from Montana was one dated 1914 ('Hawkins, Mont. 31918) with 

the location given only as "Lake Abundance-". However, there are 

several lakes bf that name in Montana, including some which have 

undergone name changes in recent years.’

A small population of approximately thirty plants was located 

hear the shores of the Lake Abundance that lies at the head of the 

Stillwater River near Cooke City. The population occurs at 7,800 

feet on a rocky knoll about 500 yards from the east end of the lake. 

Large boulders cover the top of the knoll,where the plants occur, 

with the plants growing in and around the rocks. Soil depth is very 

thin, with the soils being largely decomposed sandstone, with minor 

amounts of organic matter present. Although precipitation in the 

area is relatively high, the substrate complex results in an extremely 

dry site. The knoll has an eastern exposure with a slope of approxi

mately six degrees. Winds are infrequent in the area. The knoll 

shows no grazing use, although the surrounding willow bottoms are 

heavily utilized by moose. There is no grazing by domestic livestock 

in the area. The habitat is characteristic of Sitanion hystrix. 

which occurs in large numbers in the area. Other associated species 

in the area include Danthonia unispicata and Sedum spp. Somewhat 

removed from the immediate vicinity of the population of A. saxicola
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are large populations of A. Iatiqlume and A. trachycaulum. Repro

duction -of A., saxicola is accomplished by the weakly developed 

rhizomes that are present.

Aqropyron saxicola (Scribn. & Smith) Piper0 (Foxtail Wheatgrass) 

The following description is based on the population occurring at 

Lake Abundance near Cooke City (2n=28).

General Characteristics: Perennial, leaves mostly basal,
weakly rhizomatous sterile hybrid. Softly pubescent, 
slender divergent awns, rare.

Culms: 25 to 65 cm. tall, loosely tufted, erect, smooth,
glabrous to short pubescent, nodes glabrous, culms 
round.

Bladess Flat, boatshaped at tip, 2-5 mm. wide, 10 to 20 cm.
long, lax, short pubescent on both sides, margins narrow, 
scarious, scabrous, blades smooth, somewhat ridged above, 
midvein prominent on lower surface. Auricles clawlike and 
clasping, I to 1.5 mm. long, whitish.

Sheaths: -Round, pubescent, split with overlapping scarious
margins, bases often, pinkish', vernation rolled. Collar 
divided, somewhat pubescent, not distinct.

Ligule: Membraneous, short, .5 mm. long, truncate to obtuse,
ciliate.

Inflorescence: Terminal, 2 sided spike, spike lets often in
pairs, dense, overlapping l/2 to 2/3, erect, rachis 
scabrous at margins, disarticulating when mature, 
spike 5 to 10 cm. long.

Spikeletss 12 to 17 mm. long, about twice as long as the
internodes of the rachis, narrow, 3 to 4 mm. wide, 4 to 6 
flowered, rachilla densely pubescent, spikelets 
disarticulating below the glumes, falling entire.

Glumes: 6 to 9 mm. long, narrow, I to 1.5 mm. wide, tapering
into an awn, .the awn 5 to 12 mm. long,, divergent, scabrous,
3 conspicuous nerves, glumes scabrous, margins scarious,
very narrow, smooth.
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Lemmas; 7 to 10 mm. long, I l/2 times as wide as glumes, awned, 

the awn 4 to 8 mm. long, awn divergent, lemma short- 
pubescent, 5 to 6 faint nerves, scarious margins, smooth, 
the awn minutely scabrous1.

Palea; About as long as the lemma,scarious margins, scabrous 
on the 2 keels.

Fruit; Sterile*

Location and Abundance; Among boulders and rocky crevices on 
dry, sandy soils. Extremely rare.

Aqropyron dasystachyum (Hook) Scribn„

Aqropyron dasystachyum (Hook.) Scribn= Torrey Bot. Club Bul= 
10: 78. 1883.

Triticum repens var = dasystachyum Hook=, Fl= Bor= Amer =
2: 254. 1840=

Triticum repens var= subvillosum Hook., FI. Bor= Amer= 2: 
254= 1840=

Triticum dasystachyum A= Gray, Man= 602= 1848=

Aqropyron dasystachyum var = subvillosum Scribn= & Smith, 
Ui S= Bept= Agr=, Div= Agrost= Bul= 4: 33= 1897=.

Aqropyron lanceolatum Scribn= & Smith, U= S= Dept= Agr=, 
Div= Agrost= Bul= 4: 34. 1897.

Triticum repens var. acutum Vasey ex Scribn= & Smith, U= S 
Dept. Agr., Div. Agrost. Bul= 4: 34= 1897=

Aqropyron subvillosum E= Nels=, Bqt= Gaz= 38: 378= 1904=

Zeia dasystachyum Lunell, Amer= Midi= Nat= 4: 226= 1915=

Elymus subvillosus Gould, Madrono 9: 127 = 1947 =

Elymus lanceolatus Gould, Madrono 10: 94. 1949 =

A. dasystachyum was originally named Triticum repens var. 

dasystachyum by Hooker in 1840= It was later raised to the level of
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species by Gray who named it Triticum dasvstachvum in 1848. In 1883 

Scribner gave it the name A. dasvstachvum based on Hooker’s original 

type specimen, collected by Richardson in Saskatchewan, Canada. 

Recently, Gould (1947) has given it the name Elvmus subvillosus. 

based on a synonym used by Hooker, T. repens var„ subvillosum, in 

1840.

A. dasvstachvum. commonly known as "Thickspike Wheatgrass", 

ranges from Alaska to northern California and across the Great Basin 

to the Lake States. It is widely distributed across Montana occurring 

in a variety of habitats. • Sdtnewhat resembling A„ smithii. it is the 

author’s opinion that much' of the wide distribution attributed to A. 

smithii is due to observers confusing these two species. A. smithii 

is found predominantly on the heavier soils in the state, and is not 

common on the lighter soils of the hillsides. A. dasvstachvum. how

ever, ranges from all but the heaviest of soils well into the dry, 

rocky, thin soils of the foothills across the state. It is found in 

great abundance on the sand dunes in the Red Rock Refuge in south

western Montana where it contributes to the stabilization of the area. 

Commonly a sod-former in the heavier soils, in foothill areas it 

assumes a bunch' type of habit with clumps up to ten inches in 

diameter being formed.

In altitudinal distribution it compared favorably with A. 

trachycaulum. Two distinct phenotypes are located in a limited area 

above 10,000.feet on Mt. Washburn in Yellowstone National Park. One 

exhibits typical alpine characteristics; low growth with single
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scattered seed stalks and weak rhizomes„ This type is distributed 

across the alpine sod in the area. The other grows on the disturbed 

sandy roadside that leads up to the lookout tower; it forms bunches 

up to two feet in diameter and one to two feet tall with masses of 

rhizomes extending outwards from the bunches.

The population selected for collecting was located in the Bear 

Paw Mountains near Havre on the North Montana Branch Station grazing 

allotment. It is widely distributed in the area, occurring at 

approximately 6,000 feet on the south slopes. Soils in the/area are 

lithosols, with A. dasystachyum occupying the deep sandy loams. 

Associated species include-Festuca scabrella, Festuca idahoens is, 

Koeleria cristata and A. albicans. Winds are fairly constant, with ' 

precipitation between twenty to twenty-five inches- in the area.

Growth begins in May in this region with seed maturing in late July 

to early August. Several of the plants show a lavender tinge with 

red glumes that are distinct from the normal light-green coloration 

that is typical for the species.

Aqropyron.dasystachyum (Hook) Scribn. (Thickspike Wheatgrass)

The following description is based on the population occurring in the 

Bear Paw Mountains near Havre, Montana (2n=28)„

General Characteristics: Perennial, green or glaucous, strong
creeping rhizomes.

Culms: 35 to 72 cm. tall, light green to glacous, smooth, nodes
glabrous, fairly.wide, culms erect.

Blades: Leaves mostly basal, 1-5 mm. wide, flat to tightly in-
rolled when dry, 10 to 25 cm. long, strongly ridged, very
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scabrous on upper surface„ margins scabrous, lower surface 
smooth to slightly scabrous, more so towards base, hair
less. Auricles clawlike, clasping, 1-2 mm. long, rather 
slender, whitish to light green.

Sheath: Smooth, round, split with overlapping scarious margins,
white to pinkish at ground level, basal sheath sometimes 
retrosely short pubescent, smooth or slightly scabrous on 
margins. Vernation rolled. Collar divided, hot distinct.

Ligule: Membraneous, obtuse, lacerate, very distinct, I to 1.5
mm. long.

Inflorescences Terminal, 2 sided spike, 5 to 14 cm. long, 
Tightly to densely pubescent, often reddish or purplish 
tinged, rachis scabrous-pubescent on margins.

Spikelets:, Rather closely'overlapping, 10-18 mm. long, 5 to 8 
flowered, rachilla densely pubescent, disarticulating 
above glumes and between the florets.

Glumes: Small, usually light green, acute to awn tipped glumes
4 to 7 mm. long, rounded, fairly equal, 3-4 prominent 
ridges, wide scarious margins that are pubescent but not 
as heavily as the lemmas.

Lemmas: 7-10 mm. long, I l/2 times as large as glumes, lightly
to densely pubescent, 4 to 5 nerved, faintly nerved, acute 
to awn tipped, margin scarious.

Palea: About as long as lemma, sparingly to densely pubescent
over entire outer surface, especially on margins of 2 
keels.

Fruit: Grain, small, light color, often heavily plumose,
enclosed in lemma, adherent to palea.

Location and Abundance: Foothills and mountain slopes across
the state. Common on most soils ranging from heavier soils 
along streams to the dry, rocky soils of the foothills.

Agropyron albicans Scribn. and Smith

Aqropyron albicans Scribn. and Smith, U. S. Dept. Agr., Div. 
,Agrost. Bul. 4s 32. 1897.
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A. albicans was first described and named by Scribner and Smith 

(189-7). The type specimen was collected by P. A. Rydberg (No. 3405) 

at Yogo Gulch, Montana in August, 1896. The species epithet was 

given to denote the characteristic whitish appearance of the spike 

which is due to the pubescence.

A seldom collected, apparently close relative of A. dasystachyum 

is A. albicans. known as "Montana Wheatgrass"'. This species occurs 

in limited areas east of the continental divide in Montana and may 

occur on the western side, although it is unreported. It closely 

resembles A. dasystachyum, the main difference being the presence of 

awns, which vary greatly in length. Near Francis, north of Belgrade, 

both of these species occur in a small area with all gradations of 

awns being present.

A. albicans appear to be restricted to the dry, low foothills 

and plains where it occurs chiefly on thin, rocky soils. The degree 

of pubescence is variable, apparently being correlated with the vigor 

of the plant. In areas of low moisture and rocky soil where the 

plants show little vigor, pubescence is largely lacking, while in 

areas more favorable to growth, profuse pubescence is common. The 

length of awn also tends to follow a moisture gradient, being short 

in sites of low moisture and longer in mesic areas.

The most vigorous population was found in the same general area 

that was used for the collection of A= dasystachyum in the Bear Paw 

Mountains near Havre. Collections were made at 5,800 feet on a 20° 

south-facing slope. Associated species are Festuca idahoensis.
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F. scabrella, A. spicatum and Koeleria cristata. The only habitat 

difference between A„ albicans and A. dasvstachyum is the occurrence 

of A. dasvstachyum on the heavier soils while A c albicans is more or 

less restricted to the drier rocky areas« Soils are lithosols, the 

upper portion being a grayish-brown sandy loam that varies in depth 

with an underlying stratum of rocks and gravel„ The growing season 

pattern is similar to that of A. dasvstachyum, with seed set occurring 

in early August.

Aqropyron albicans Scribn0 & Smith (Montana Wheatgrass)

The following description is based on the population occurring in the 

Bear Paw Mountains near Havre, Montana (2n=28)„

General Characteristics: Perennial, slender creeping rhizomes„
Not a strong sod former„

Culms: Spikelets pubescent with long, divergent awns 0 25-60 (
cm. tall, erect, whitish to pale green, often pinkish at 
ground level.

Blades: 18-40 cm. long, mostly 3-6 mm. wide, tapering into
boat-shaped tips. Blades fairly lax, not stiff, sometimes 
heavily pubescent on the upper surface with hairs up to 
I mm. in length. Blades flat to tightly rolled when dry, 
margins scabrous, scabrous and ridged on the upper surface. 
Nerves conspicuously raised on upper surface. Auricles 
whitish to purplish, 1-2 mm. long, not clasping, flattened.

Sheath: Smooth, round, split with overlapping scarious margins.
Old sheaths persistent. Collar smooth, divided by midribs. 
Vernation rolled.

Ligule: Short, I mm. long, membraneous obtuse, lacerate.

Inflorescence: Terminal, 2 sided spike, sparingly to densely
pubescent. Rachis short pubescent, spike 7-15 cm. long, 
spikelets overlapping l/3, slender, erect^heads.
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Spikelets; 1-2 cm. long, 4-7 flowered, rachilla sparingly to

densely pubescent, disarticulating above the glumes and 
between florets, callus of florets pilose.

Glumes: Green, small, 1-1.5 mm. wide, 3-7 mm. long, acuminate,
tapering into an awn 3-4 mm. long, glumes equal, pubescent, 
scarious, margins 4-5 nerved, rounded, awn scabrous.

Lemmas 7 to 10 mm. long, I.5-2.5 mm. wide, I l/2 times the
size of the iglumes, rounded, densely pubescent, 4-5 faint 
nerves, acuminate, tapering into an awn 1-2 cm. Ionga. 
awn scabrous, divergent when mature.

Palea: About as large as the lemma, scabrous-pubescent on the
margins of the two keels and on the upper portion of the 
palea.

Fruit: Grain, light colored, densely pilose on upper end,
enclosed in the lemma and adherent to the palea =

Location and Abundances Dry foothills and mountain slopes in 
eastern Montana on rocky, thin soils. Limited occurrence 
in the state.

Aqropyron scribneri Vasey x Aqropyron latiqlume (Scribn„ & Smith) Rydb„

Interspecific and intergeneric hybridization has furnished 

important evidence in the study of systematic and phylogenetic re

lationships within the Gramineae. Hybridization, both natural and 

controlled, is much more common in the Gramineae than in most of the 

other plant families. The determination of parentage in cases invo

lving natural hybrids is usually based on morphological similarities 

and proximity of occurrence of the species in question. Meiotic 

examination of all the species concerned is also useful in final 

determinations of such cases.

In 1963, Dr. E . Booth, of the Montana State College Botany 

Department, discovered a number of plants growing in the Bridger
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Mountain Range north of Bozeman that exhibited morphological charac

teristics intermediate to the two alpine species, A. scribneri and 

A. Iatiqlume. both of which were also .present. He informed the author 

of the location and hypothesized that these plants were natural 

interspecific hybrids of A. scribneri and A. Iatiqlume. The area, a 

pass west of Sacajawea Peak, was visited and several specimens of the 

suspected hybrid as well as the putative parents were collected by 

the author. The population is predominantly A. scribneri, with lesser 

amounts of A. Iatiqlume and the suspected hybrid being present.

v The population occurs on a pass above a large, boulder-filled 

cirque that marks the upper limits of the subalpine zone. The popu

lation also extends down the .south side of the pass for approximately 

50 yards■on slopes that vary from 5% to 30% in inclination. Elevation 

is approximately 9,500 feet at the pass. Soils are of the alpine 

meadow type (Retzer, 1956) consisting of a shallow layer of mixed

organic material and sand underlain by gravel. No precipitation 
- r
figures are available for the area. The area is subjected to constant 

winds of frequently high velocity. Associated species consist of a 

mixture of sedges (Carex) and grasses such as Trisetum spicatum, 

Deschampsia caespitosa, Danthonia unispicata, and several species of 

Poa.

The specimens of both A. Iatiqlume and A. scribneri closely 

resemble the ecotypes found in the Beartooth Plateau. The suspected 

hybrid is intermediate to A. scribneri and A. Iatiqlume in most of 

its morphological characteristics, although it bears a closer re
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semblance ,to A. Iatiqlume except for the awned nature of the inflo

rescence. All are similar in over-all size, carying from 15-30 cm. 

in height. In growth habit thp hybrid resembles A. scribneri, the 

culms being nctigeably decumbent. Î eaf characteristics of the hybrid 

and .A.. Iatjqlume arp similar, both having predominantly basal leaves 

with the old leaves persisting- The hybrid and A. Iatiqlume are also 

sijmilar in spike characteristics, except for the presence of awns. 

Both have a compact spike of a .sometimes purplish nature which is 

,often enclose^ by the sheath gpon maturity. Both the glumes and 

lemmas are awnpd ip the hybrid as well as in A. scribneri. although 

the awns in the hybrid are oply approximately l/4 as long as those 

found in the. supposed parent.■ The divergent characteristic of the 

awns that, is pronounced in A 0 scribneri is exhibited only slightly by 

the hybrid.

Aqropyron scribneri Vasey x A.'latiqlume (Scribn. & Smith) Rydb.

The following description is based on the population occurring near 

Sacajawea Peak in the Bridger Mountains, north of Bozeman (2n=28).

V
General Characteristics: Perennial, without creeping rhizomes,

stenjs sprdaBing, inflorescence compact, aWped,. purplish, 
often enclosed:in a'sheath,updn maturity, mostly basal 
leaves, old leaves persistant.

Culms: 15 to 30 cm. tall, often pinkish near base, stems
spreading, geniculate, sharply bent at the nodes, nodes 
smooth, thickened, dark, prominent, internodes 5-15 cm. 
long o
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Blades: Leaves mostly basal, flat, 4-7 mm. wide, 10-20 cm.

long, heavily ribbed on upper surface, medium to heavy 
pubescence, margins short toothed. Underside of leaf 
short pubescent, prominent midrib, rib continuous, leaf 
tips boatshaped. Stem blades flat, 3-7 mm. wide, 5-8 cm. 
long, usually 3 blades per stem, boatshape.d at tip. Under
side of stem blade smooth,- sometimes short haired with 
scattered long hairs intermixed, prominent midrib. Upper 
surface of stem blade heavily ribbed, ribs hairy, leaf 
margins serrate. Qld basal leaves persistent.

Sheaths: Split, overlapping, strongly nerved, margins entire,
translucent. Vernation rolled. Collar divided, not 
distinct. .

Ligules Thin, membraneous; flat topped, entire, less than 
l/2 mm. long.

Inflorescence; Terminal, 2 sided spike, 18-22 spikelets,
spike 7-10 cm. long, compressed, spikelets overlapping 
l/2 to 3/4 . Rachis smooth, pubescent on margins. 
Inflorescence often largely enclosed in the sheath upon 
maturity. Usually purplish tinged.

Spikelets s 8-15 mm. long, 5-7 flowered, rachilla heavily
pubescent, disarticulating above the glumes and between 
the florets.

Glumes: 6 to 9 mm. long excluding awn, 3/4 length of spikelet,
bifid near apex on lower spikelets,margins entire, 
translucent, 4 prominent nerves, mid-nerve tapering into 
an awn 3-5 mm. long, awn barbed, divergent when dry.

Lemmas: 3 to 6 nerved, nerves faint, midrib prominent, ending
. in an awn 2-4 mm. long. Lemmas 7-9 mm. long excluding 
awn, broad, 2 l/2 - 3 l/2 mm. wide, pubescent, the 

' pubescence lessening towards the tip. Lemmas keeled 
from upper end to l/2 the length, apex bifid on lower 
spikelets.

Paleas Almost as long as the lemma, smooth, toothed on the 
margins.

Fruits Sterile.

Location and Abundances Only known location is near Sacajawea 
Peak in the Bridger Mountains north of Bozeman.
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Table I„ Locations of the species collected for 

biosystematic investigations„

Species
MSC
Herbarium No« . Source

A. albicans MONT 58,689 Collected in Bear Paw Mountains, near 
Havre, Montana, in the Montana State 
College grazing allotment on August 8, 
I962o Widespread along hillsides at 
6,000 feet elevation.

Ao dasvstachyum 
(Hook) Scribnc

MONT 58,690 Collected in Bear Paw Mountains, near 
Havre, Montana, in the Montana State 
College grazing allotment on August 8, 
1962o Widespread along hillsides at 
6,000 feet elevation.

A 0 griffithsii 
Scribn0 et Smith

MONT 58,688 Collected 3 l/2 miles west of Deep 
Creek Section house East of Townsend, 
Montana, along highway on August 2, 
1962« Scattered along moist, silty 
bottom.

A 0 inerme 
(Scribn, et Smith) 
Rydb0

-MONT 60,564 Collected at Pleasant Valley near 
Libby, on- August 22, 1962. Scattered 
along south slopes at 4,400 feet on 
thin, silty soils.

A 0 latiqlume 
(Scribn. et'Smith) 
Rydb0

MONT 58,679 Collected at Beartooth Pass, between 
Cooke City and Red Lodge, Montana, 
above Boundary Lake, on July 26, 1962. 
Abundant around rocky outcrops at 
10,000 feet elevation.

A. saxicola 
(Scribn, et Smith) 
Piper

MONT 60,565 Collected at Lake Abundance near Cooke 
City, on rocky- knoll 500 yards from 
the east end of the lake, on September 
6, 1962. Population of thirty plants, 
7,800 feet.

A 0 scribneri 
Vasey

MONT 58,684 Collected along Boundary Lake at Bear- 
tooth Pass, between Cooke City and Red 
Lodge, Montana, on July 26, 1962.- 
Widespread over alpine slopes at 
10,000 feet elevation.
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Table I. Locations of the species collected for 

biosystematic investigations (cont’d)

Species
MSC
Herbarium No, Source

A. smithii MONT 58,683

A„ spicatum MONT 58,686
(Pursh) Scribn0 
et Smith

A, subsecundum . MONT 58,687 
(Link)'Hitch0

Collected in Slim Sam Creek area, 4 
miles north of Radersburg, Montana, on 
June 26, 1962. Large population over 
wide overflow bench.

Collected at the Belgrade transmission 
tower, Belgrade, Gallatin Co.,
Montana, bn July 28, 1962. Large 
population over gravely bench.

Collected at Flathead Pass, Bridger 
Mguntainp, near Bozeman, Gallatin . 
County, Montana, on September 10, 1962. 
Widespread on north slopes at 7,200 
feet elevation.

. trachycaulum 
I Link) Malta

MONT 58,685

Av scribneri MONT 60,563
Vasey x A.
Iatiglume 
(S'cribn. et 
Smith) Rydb.

Collected at Reese Creek, Bridger 
Mountains, near Bozeman, Gallatin 
County, Montana, on September 11, 
1962. Widespread along slopes above 
creek.

Collected in alpine pass west of 
Sacajawea Peak in the Bridger Range 
north of Bozeman on August 8, 1963. 
Intermingled with populations of 
A. scribneri and A. Iatiqlume atf9,500 
feet elevation in alpine sod.
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B„ HISTOLOGICAL STUDIES

Although floral morphology is emphasized in traditional taxonomic 

classifications, in recent years attempts have been made to utilize" 

characteristics of leaf epidermal tissue in plant classifications„ 

Duval-Jouve (1875) found that the diversity of the structure of the 

grass leaf together with the distribution of the chloroplasts paral

leled morphological differences between species = Simmonds (1949) 

working with Musa, found the stomata to be larger and less numerous 

in species of higher ploidy level, the relationships being approxi

mately linearo Mochizuki and Suekp (1955) in a comparison involving 

three ploidy levels in sugar beets, found the average number of 

chloroplasts per guard cell to be 12„4 in the tetraploid, 10.07 for 

the triploid and 7.27 for the diploid specimens. Dudley (1958) con

firmed these findings and suggested the procedure as a rapid means of 

determining ploidy level in other genera = However, Brown (1962) in 

an electron microscope study of 16 species of grasses involving 10 

tribes, found plastids but no developed chloroplasts present in the 

guard cells. One member of the Hordeae (Elymus virqinicus) was 

included in this study.

METHODS

Epidermal surfaces of the eleven species of Aqropyroh native to 

Montana together with one naturalIy-occurring hybrid were investigated 

for: (I) the occurrence of chloroplasts in their guard cells, (2) 

sizes of guard cells, (3) density and pattern of stomata on the lower 

and upper epidermal surfaces of the leaves, and (4) the sizes of
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epidermal cells other than the guard cells„ Photographs were made of 

the epidermal surfaces of each species„

Leaf sections of approximately 4 inches in length were removed 

from the center of mature, green leaves. These were then placed in 

water for 3-4 minutes to soften the tissue„ In some species such as 

A. smithii a mild detergent (Vel) was added to facilitate the soften

ing. The tissue sections were then placed under a dissecting scope on 

a glass plate and carefully scraped with a scalpel. When the desired 

thickness was reached, the specimens were mounted in a drop of water 

and covered with glass cover slips. ■

Stomatal density was determined by counting the number in each 

of ten randomly selected fields, averaging, and multiplying by an 

appropriate factor of 1300 to give the concentration per square centi

meter. Cell measurements were made by the use of an ocular micrometer. 

Measurements of long epidermal cells were made of the longest one 

observed for each species.

RESULTS AND DISCUSSION

No plastids identifiable as chloro'plasts could be detected in the 

guard cells of the Aqropyron species that were investigated in this 

study. Table I presents a summary of the results of the epidermal 

investigation. Guard cell lengths varied from a mean of 35.0 microns 

in A. spicatum (2n=14) to a mean of 72.5 microns in A. smithii 

(2n=5'6'). Thus, on the basis of this limited study, there appears to 

be a definite increase in guard cell size associated with the higher 

ploidy species. A. smithii, the only native octoploid species, has a
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considerably greater guard pell length than any of the other species, 

while the two diploid species, A 0 spiCaturn and A. inerme, have the 

smallest gqaird cells. The tetraploid foynrt of A. s pic a turn hap a guard 

cell length of 43.0 !microns as compared to the diploid A. spicatum 

form which has guard cells' averaging 35.0 microns. The hybrid,

A. scribneri x la.tiqlume.. has 'a noticeably larger guard pell than 

either of its parents.

The concentration of stomata on the lower epidermis varied from 

780/cm^ in A= inerme to a high of 6890/pm^ in the hybrid A. scribneri 

x latiqlume. Stomata were lacking on the lower epidermis of A. 

saxicola. It is seep from the table the;t there is no correiation be

tween stomatal size and. concentration.. Upper epidermal concentrations 

of stomata were usually 2-3 times as high as lower epidermal concen

trations for all species except the hybrid. ■ The highest concentration 

of stomata in the upper epidermis, was found in A. inerme, which had 

12,610 st.omata/cm?, es compared to only 780/cm2 in its lower 

epidermal tissue.

The longest epidermal cell observed in each sppcies varied great

ly from a high of I,084' microns ip A. IatjqTume to 230 microns in 

A. ■ smithii. No- correlation can be made between plo'idy level and 

maximum epidermal cell si%e.

; One noticeable morphological' feature of the epidermis is the 

interdigitate appearance of the cell walls of many of the species 

(Fig. I). Interdigitate cell wall structure was observed in A._ 

spicatum, A. inerme, A. saxicola, A. smithii, A. qriffithsii and



Table II. Compiled data on the 11 species and I hybrid of Aqropyron investigated in this study.
All the data is from lower epidermal tissue, with measurements in microns„ Chromosome
numbers are shown to the left.

Species
’ Chromosome 
No o Stomatai Placement -•-

Guard Cell 
-Lenqth... Stomata/cm

Size Of Large 
Epidermal Cell

A. inerme n- 7.. I. r.qw on e,a.Gh. side of 
midrib 37.0 780 255 x 12

A. soicatum n= 7 I row between veins 35.0 2080 280 x 14

A. soicatum n=14 2 rows between veins 43.0 1720 300 x 25

A. albicans n=14 I row between veins 43.0 2015 305 x 18

A. dasvstachyum n=14 2 rows between veins' 50.0, 2925 475 x 21

A. qriffithsii n=14 I row between veins 43.0 3640 731 x 26

A. Iatiqlume n=14 I & 2 rows, variable 47.0 1430 1084 x 18

A. saxicola Lacking On lower 
epidermis

37.0*** 260 x 30

A. scribneri neT4 Scattered rows,random 42.0 4030 312 x 15

A„ subsecundum n=l4 Variable, I & 2 rows h-
1 O 4120 408 x 14

A. trachycaulupi pHIlC Variable, I & 2 rows 39.0 4810 468 x 17

A. scribneri-latiqlume n=14 2 rows between veins 
with alternate indi
vidual stomates offset

56.0 6890 143 x 19

A. smithii COC 2 rows between veins 72.5 3250 230 x 25

- _*** Upper epidermis
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Ao albicans. A. saxicola also exhibits distinctive "bone-shaped" 

short cells over the veins of thq lower epidermis (Fig, 2), All of ■ 

the species except the diploid and tetraploid forms of A, spicatum 

exhibit single celled hairs called short cells on both epidermal 

surfaces, A.« apicatum and Av inerme, which are very similar in

epidermal morphology, can be differentiated on this basis; A, 

inerme has a number of short cells on the lower epidermis while A 0 

spicatum has none.
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Fig. I Lower epidermal cells of A. smith!i
showing interdigitate cell walls. Note 
guard cells.

Fig. 2 Lower epidermal cells of A. saxicola show
ing distinctive "bone-shaped" cells and 
interdigitate cell walls.



C. CYTOGENETIC STUDIES 

REVIEW OF THE LITERATURE

The field of cytogenetics, developed since the beginning of this 

century, has markedly affected the systematics of the Gramineae by 

offering a new approach to problems of phylogenetic relationships.

When cytogenetical studies support previous classic studies based on 

morphological characteristics they supply confirming evidence. But, in 

cases where cytogenetical evidence conflicts with morphological classi

fications, new concepts leading to a more thorough understanding of the 

group in question may be formed.

The first work on the cytogenetics of the Gramineae dealt largely 

with cultivated crops such as the cereals. Kuwarda’s (1919) work with 

Zea mays and Bremer's (1923) work on Saccharum are two early studies. 

Eyan (1926) first reported on other grasses, giving a few chromosome 

counts in Lolium and one in Festuca. Within a few years a multitude of 

papers dealing with the cytogenetics of the non-cultivated grasses were 

published. For excellent reviews of these works the reader is referred 

to lyers (1947), Tateoka (1960), or Carnahan and Hill (1961). ■

The genus Aqropyron has been the subject of considerable cyto

genetic work, primarily because; of its close relationship to economi

cally important species of wheat. Early workers suggested that A. 

triticeum was the source of the B -genome of the tetraploid and hexa- 

plpid. wheats, ■ a hypothesis-which has since been disproven. However, 

the possibility-of incorporating-desirable characteristics from wheat-" 

grasses, such as a perennial habit and draught resistance into a wheat
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breeding program is currently a goal of a number of plant breeders - 

throughout the world. Almost all of the species that have been suc

cessfully used in such breeding programs have been from areas other 

than North America; therefore the native species have received little 

attention other than the recording of their chromosome numbers.

Peto (1929, 1930) published the first cytogenetic treatment of the 

Aqropyrons. giving the chromosome counts for eighteen species occurring 

in Western Canada, Russia and Denmark. He found the eighteen species 

investigated formed a polyploid series with a basic number of seven 

chromosomes. The entire series ranged from diploids to decaploids, 

although the species from Canadh were found to be only diploid, tri- 

ploid, tetraploid or octoploid. The only triploid was thought to be a 

hybrid, although it was morphologically similar to A. trachycaulum. 

Meiosis was very irregular, with thirteen to seventeen univalents com

monly observed. Original counts were given for A. smithii (20=56),

A. dasystachyum (2n=28), A. griffithsii (2n=28), A. spicatum (2n=14),

A. subsecundum (2n=28), and A. trachycaulum (2n=28). One species,

A. smithii var. molle was found to have both tetraploid and octoploid 

forms, but later investigators have failed to verify the tetraploid 

count. Root tip studies of. A. spicatum revealed satellite chromosomes, 

chromosome constrictions, and chromosome segmentations■to be common.

The presence or absence of satellite chromosomes was found to be var

iable even in the same plant. ' ' : _ '

Robertson and Weaver (1942) discovered and collected a tetraploid 

form of A. spicatum in Nevada that was almost twice the size of normal" I
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diploid plants in the area. Hartung (1946) considered the distribu- . 

tion of the tetraploid form of A. spicatum to be limited to eastern 

Washington and the adjacent area of northwestern Idaho, while the di

ploid type was widespread. The Roberts on and Weaver (1942) collection 

was felt to be an isolated colony of local origin and of no widespread 

significance. A. inerme was also found to have both the diploid and 

tetraploid chromosome complements, and was felt to be nothing more than 

a variety of A. spicatum. A. dasystachyum and A. subsecundum were both 

found only in the tetraploid form, while one plant of tetraploid A. 

smithii was found as well as the usual octoploids. Senn et al. (1947) 

in a study of the chromosome numbers of Canadian Aqropyrons found A. 

spicatum tq have triplpid as well as diploid and tetraploid chromosome 

complements. They also listed A. smithii as having triploid and tetra

ploid complements as well as the usual octoploid number. However, in 

a later publication (Gillett and Senn,.1960) the tetraploid count is 

listed as a mis identification, the actual plant being a specimen of A. 

dasystachyum. No mention is made of the triploid count, although the 

authors doubt the existence of any form except the octoploid. This 

study is based on 62 cultures 6f A, smithii collected from throughout 

western North Americh. Mention is also made of a count by Myers (1947) 

based on an unpublished report by Stebbins giving a count of 2n=42 for 

A. smithii. A plant of' this material was obtained by Bowden and found 

t.o have a somatic chromosome number of 2n=56 (cited by Gillett and 

Senn, I960)-.

In a study extending over a period of several years, Stebbins has
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investigated genome relationships in a number of species of Aqropyron. 

with particular emphasis on A. spicatum. Stebbins and Singh (1950) 

found A. inerme to be very regular in meiosis, with 98% of the cells 

showing seven closed bivalents. First anaphase was nearly always 

normal, although cells with laggards and bridges were occasionally 

found. They concluded that A. spicatum and A. inerme have similar 

genome formulas, which they designated as A^Ai. On the basis of pair

ing configurations involving hybrids they also felt that Elymus qlaucus- 

had a more or less homologous genome, designated as A2A2• They also
i ; ■

agreed with Hartung (1947), who concluded that A. inerme should be re

garded as an awnless variety of A. spicatum. To further clarify this 

relationship, Stebbins and Pun (1953) crossed A. inerme and A. spicatum 

and observed the meiotic configurations of the resulting hybrid. Using 

A. inerme as the female parent 59 florets gave 3 via'ble seeds, while 

the reciprocal cross yielded 9 seeds out of a total of 75 florets. The 

parent A. spicatum showed 97% of the meiotic cells with seven closed 

bivalents, -with the remainder hhving six bivalents and two univalents. 

Using A. spicatum as the male parent, the resulting hybrid showed 

almost identical pairing. When the reciprocal cross was made only 78% 

of the cells showed seven bivalents, the rest of the cells having from 

two to four univalents present. ; Although the second combination had a 

higher number of univalents, later stages' showed no more abnormalities 

than the parent; with pollen; and seed fertility comparably high in all 

cases. It was concluded that separation of the two entities into 

species was not justified upon the basis of this cytological evidence.
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A high degree of homology was also found between A. spicatum and 

a species from southwestern Asia, A. caespitosum. From this and the 

preceeding study Stebbins concluded that the A. spicatum genome (AiAi) 

is widespread throughout the diploid, non-rhizomatous species of Agro- 

pyron and has also played an important role in the formation of many of 

the polyploid species of Aqropyron and related genera. Schulz-Schaef- 

fer and Jurasits (1962) in a karyological study of the genus involving 

25 species typified the genus Aqropyron on the basis of satellite 

chromosomes. They found 15 of the 25 species to have satellite chromo

somes of the type which they designated as F-I or F -2. This type was 

thought by the authors to be the indicator chromosome for the A. spica

tum genome designated as AiAi by Stebbins.

Stebbins and Snyder (1956) continued the investigation into the 

distribution of the A. spicatum genome among other Species by the use 

of triploid hybrids. In the triploid hybrid resulting from the cross 

A. trachycaulum x A. spicatum 16% of the cells showed pairing in excess 

of 7 bivalents, with 3 to 4 of these being of the closed type. A 

similar situation was found to exist in hybrids resulting from the 

cross A. caninum x A. spicatum. On the basis of this and prior work
I

they concluded that the genetic and phylogenetic relationships between 

the species of the tribe Triticeae^ could be most easily represented if 

all were placed in a single large genus. Such a drastic revision, how

ever, should await a more thorough understanding of these relationships 

in the opinion of'the authors. The tendency of some workers to split 

the conventional genera into smaller sections was felt to be
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detrimental.

Another native species of Aqropvron that has been utilized in 

crossing programs is A. trachycaulum. Stebbins and Love (1941) con

cluded that A. trachycaulum was an allopolyploid. In a study on Cali

fornia range grasses they found an increase in heat and drought toler

ance associated with increased ploidy levels. Other workers have found 

a similar correlation between cold tolerance and ploidy levpl, all of 

which may be a result of the effects of allopolyploidy. Stebbins et 

al. (1946) in a study involving a natural hybrid between A. trachy- 

caulum and Hordeum nodosum found a surprising amount of pairing in 

meiosis. It was believed such pairing was related to the basic number 

(7) of the parents, resulting in gutosyndetic pairing. In autosyndetic 

pairing the pairing is between two genomes of one parent, rather than 

pairing between one genome of each parent. As all of the species in

volved were tetraploids, homology could well be due to the parents 

having two genomes of seven chromosomes each in their haploid comple

ment.

Boyle and Holmgren (1954) found Elymus macounii Vasey to be an E^ 

sterile hybrid between A.•trachycaulum and Hordeum jubatum. They also 

found A. trachycaulum to be highly self-fertile and without meiotic 

.abnormalities. They concluded that, in all probability,' A. tr.achy- 

caulum is an allotetraploid. Nielsen (1961) thought the parentage of 

the putative hybrid Aqroelymus turner! to' be A. dasystachyum and - 

Elymus innovatus but it is not clearly proven. Boyle (1963) in a study 

of a controlled hybrid between A. trachycaulum and Sitanion hystrix
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found a high degree of quadrivalent pairing, indicating that homologies 

exist between the parental species resulting in allosyndetic pairing. 

The hybrid was completely sterile, however, In another recent study, 

Dewey (1963) investigated a naturally occurring hybrid with the sus

pected parentage being: A. trachvcaulum x.A. scribneri. Meiotic 

chromosome behaviour of the parents was consistent with the hypothesis 

that both are strict allotetraploids, Chromosome pairing relationships 

in the hybrid suggest that 10 or 11 of the chromosomes of A. trachv

caulum and A. scribneri are completely homologous. The major dif

ferences between the parental genomes apparently consist of structural 

rearrangements of the component chromosomes. Dewey also mentions the 

apparent close relationship existing between A. scribneri and A. Iati- 

qlume. a possibility which is bofne out in this thesis.

Lastly, Dewey, in a recent article (1964), reported on a synthetic 

hybrid involving the OldWorld A. cristatum and the New World A. spica- 

tum in the tetraplpid form. In the tetraploid A. spicatum every cell 

examined at diakinesis and metaphase I contained 1-5 quadrivalents, the 

average being 2.98 per cell. On the basis of this multivalent pairing, 

Dewey considered A. spicatum to be an autotetraploid arising from the 

occurring diploid, form; The tripIpid hybrid arising from diploid A, 

cristatum and" the tetraploid A. spicatum indicated virtually complete 

homology between the A. spicatum genomes, with 99% of the cells show^ 

ing complete pairing between the A: spicatum chromosomes. No pairing 

wqs found "between"the A", spicatum and the A." cristatum chromosomes, 

with 7 bivalents and 7 univalents being the most common chromosome
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association found in the hybrid. Lagging chromosomes, common in every 

cell of the hybrid, were attributed to the A. cristatum parent. Dewey 

suggested genome formulas for the two parents A. spicatum and A. 

cristatum to be BBBB and AA respectively, while their hybrid was desig

nated ABB. Mention was also made of the successful hybridization of A. 

spicatum with A. repens. A. riparium. A. dasvstachyum. and Sitanion 

hystrix.. No information on these is available at the present time, 

however, and it is not known whether the diploid or the tetraploid 

strain of A. spicatum was used.
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II. MATERIALS AND METHODS

Plant collections consisting of ten plants of each of the eleven 

species and the interspecific hybrid were obtained in the field and 

placed in the Montana State College Greenhouse in the fall of 1962.

The following spring these plants were transplanted into a prepared 

seedbed at the author's ranch one mile west of Bozeman. One row was 

used for each of the species with the rows planted three feet apart.

The plot was kept cultivated and adequately watered. Care was taken so 

that none of the rhizomatous plants could spread out into adjacent 

areas.

Head samples for pollen mother cell cytological analysis were 

collected from each plant and recorded as to plant number.and species, 

date and time of collection, and stage of morphological development.

The heads were preserved in Newcomers solution of 6 parts acetone: 3 

parts propionic acid: I part petroleum ether: I part acetone: I part 

p-dioxane. These were then stored under refrigeration at IpC. until 

analyzed. _

Due to the large variation among species, samples of varying 

stages of morphological development were collected and immediately 

analyzed so that maximum meiotic activity could be observed. As a 

general rule, maximum activity was found at the stage of growth where 

the spikes were either in the late "boot" stage or just beginning to 

emerge. However^ in the two alpine species, A. Iatiqlume and A. scrib- 

jieri, maximum meiotic activity was found to occur at a much earlier 

stage, particularly in A. scribneri. In order to obtain maximum
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activity in A- scribneri, spikes must be collected when the inflores

cence swelling is first distinguishable within the sheath. The other 

alpine species, A. Iatiglume, has a more variable phenology. Although 

it is necessary to collect the spikes while they are still deep, in the 

boot, the anthers can be considerably larger than those of A. scribneri 

and still be in the same stage of pollen development. Phenologically, 

A. smithii was found to be the latest of all the species, undergoing 

meiosis well after the head had fully emerged.

In making the collections it was found that the early morning 

hours just after sunrise gave the maximum meiotic activity. It seems 

possible that the onset of cooling temperatures in the evening resulted 

in a majority of the meiotic cells entering the metaphase stage, in 

which they remained until the temperature rose after sunrise. A 

similar phenomenon is observed and utilized in mitotic studies, where 

root tips are chilled to obtain a maximum number of metaphase con

figurations.

Slide preparations were made using Selling's (1926) method by 

placing the anthers in a drop of 5% acetocarmine and squashing with a 

set of dissecting needles. Heating was not required to obtain satis

factory results, and orcein (5%) was also found to give excellent 

staining. After squashing; excess tissue material was removed and a 

covers lip applied. Tapping-with the blunt end of a grease pencil 

resulted in an increased dispersal of the chromosomes as well as re

moval of excess'stain. The edges of the cover slip were sealed with 

clear fingernail polish. A modification of this technique was used to
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determine rapidly which spikelets of a spike were in the desired mei^„ 

otic stage. This technique consisted of squashing the anthers in the 

acetocarmine and immediately, observing the resulting preparation under 

a IOX objective without applying a covers Iip. If the proper stages 

were present, preparation of the slide was continued in the previous 

manner. If the desired stages were not present, the slide was wiped 

clean and a different spikelet selected for preparation. This method 

results in a considerable saving of time, which is particularly nec

essary at the preliminary stages of the collection, when a large amount 

of material must be observed rapidly and accurately. As in most of the 

grasses, the oldest spikelets are those in the middle of the spike, 

with progressively younger ones toward each of the ends. Within a 

spikelet the oldest florets are those at the base, the upper florets 

being progressively younger. Several photomicrographs were made of 

pollen mother cells of each species. As a-general rule, photomicro

graphs were taken of each of the major stages of meiosis. Additional 

pictures were taken of cells with irregular divisions, such as those ■ 

showing-bridges, univalents, etc. Drawings' were also made of-a number 

of irregular cells. In most cases 200 to 300 cells were observed in 

each of the major stages of meiosis for each of the species. An 

attempt was made to study cells of as many plants as was possible for 

each of the specids in order to get some idea of the variation within 

the species. Unless a particular, plant showed a noticeable number of. 

abnormalities the results were pooled. Results from highly irregular 

plants are reported separately.
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Two species, A. smithii and A. albicans. failed to flower in 1963. 

Plants of both flowered in 1964, however, and cytological data was 

obtained at that time. All species flowered profusely in the plot 

regardless of their origin. Although a number of species flowered 

while in the greenhouse before they were transferred to the field, none 

of these heads were collected, as a number of workers have found mei- 

osis to be irregular and not typical for the species while under green

house conditions.

One species, A. saxicola. failed to undergo meiosis. Inflores

cence samples from all ten plants were collected several times at 

varying stages of development both in the greenhouse and the field plot 

with: no trace of anther development observed. The somatic number of 

2n=28 was determined by root tip examination.
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III. EXPERIMENTAL RESULTS

A. spicatum (Pursh) Scribn. and Smith

Meiosis in the diploid strain of A. spicatum was found to be

very regular. Chromosome counts were made in the diakinesis stage

from a total of 108 cells from each of the ten plants. All of them

showed 2n=14. A total of 278 cells examined at diakinesis failed to

show any irregularities. At metaphase I, of 315 cells studied all had

seven bivalents ̂ GPig. 3, a & b) 307 of which were closed bivalents.

Three cells had one open bivalent, 4 cells showed two and one cell

three open bivalents. Anaphase I (Fig. 4a) was also regular, a total

of 327 cells examined showed only one irregularity, a chromosome

bridge. No irregularities were found in any of the later stages.

Four pollen cells were found undergoing mitosis (Fig. 4b). The mei-

otic chromosomes of A. spicatum and A. irierme were found to be the

smallest of all the Aqropyron species examined.

The tetraploid form of A.- spicatum proved to be somewhat more

irregular in meiosis. Of 52 cells examined at diakinesis, 22 showed

14 closed bivalents; 17 cells had 13 closed and one open bivalent;

9 cells showed" 12 closed and 2 open bivalents; and 4 cells showed 11

closed and 3 open bivalents. A study of 86 cells at metaphase I

failed to. show any irregularities (Fig. 5a). However, all later

stages were markedly irregular. Of 164 cells observed at anaphase I
v

(Fig. Sb) 6% (10) showed"the presence of one laggard. Anaphase II 

showed almost 8% irregularities in 289 cells studied. The most common

i
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Fig. 3 Meiotic chromosomes of A- spicatum: 
a and b) metaphase I.

Fig. 4 Meiotic chromosomes of A. spicatum;
a) anaphase I and b) mitosis in pollen
cells.
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Fig. 5 Meiotic chromosomes of tetraploid A.
spicatum; a) metaphase I and b) anaphase 
I.

Fig. 6 Meiotic chromosomes of tetraploid A.
spicatum; a) anaphase II with bridge 
and b) bridge and laggards.
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irregularity, found in 13 cells, was One laggard, while 7 cells 

showed 2 laggards. Three cells showed bridges, two of which had no 

other abnormality (Fig. 6a). In the third cell with a bridge four 

laggards were also present (Fig. 6b). Micronuclei, up to 2 per 

quartet, were observed in 17 of 240 quartets. Multivalent associa

tions were never observed at any stage in either the diploid or tetra- 

ploid forms of A. spicatum.

A. inerme (Scribn. and Smith) Rydb.

Meiosis in A. inerme was also regular. Eighty-nine chromosome 

counts were made from cells in the diakinesis stage taken from the 

ten plants, all of which were diploid (2n=14). A total of 305 cells 

studied in the diakinesis sthge showed seven bivalents, all of which 

were of the closed type. Of 325 cells observed at metaphase I all 

showed seven bivalents, with only minor irregularities present (Fig. 7, 

a & b). Out of 320 cells observed at anaphase I, one showed a lagg&rd. 

No irregularities were found in metaphase II. Chromosome disjunction 

in both anaphase I and II was consistently regular (Fig. 8a). Bridges 

were found in six of 300 cells observed in anaphase If, with two of 

the bridges occurring in the same cell (Fig. 8b). Micronuclei were 

not observed in 250 quartets. Although the minuteness of the meiotic 

cells of A. spicatum and A. inerme readily differentiate them from. 

the remaining species of'-Aqropyron. there are no detectable cytologic 

cal differences between the two species at the diploid level.
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Fig. 7 Meiotic chromosomes of A. inerme: 
a and b) metaphase I.

Fig. 8 Meiotic chromosomes of A. inerme: a) 
anaphase II and b) telophase II.
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A. scribneri Vqsey

\

Chromosome pairing relationships were observed in 264 cells at 

diakinesis, all of which showed A. scribneri to be a tetraploid 

(2n=28). Pairing was complete in every cell with 14 bivalents formed 

in all cases, 93% of which were closed at both ends. The remaining 

bivalents were open at one end. One noticeable feature of meiotic 

prophase is the large nucleolus (Fig. 9a). At metaphase I, of 282 

cells examined, 14 bivalents were regularly formed and no irregulari

ties were observed (Fig. 9b). A study of 307 cells at anaphase I 

revealed 14 cells with a single laggard and one cell with two laggards. 

One cell was found in which 13 tetrads and a fragment moved to one 

pole and 14 tetrads and a fragment moved to the other (Fig. 10a). No 

irregularities were found in metaphase II. Examination of 259 cells 

at anaphase II showed 15 with a single laggard. Bridge formations or 

multivalent configurations were not observed at any stage. Micro- 

nuclei were observed in 14 quartets out of 315 examined.

A. Iatiqlume (Scribn. and Smith) Rydb.

The other alpine species, A. latiqlume, also proved to be a 

tetraploid, with a 2n=28 chromosome complement. The meiotic cells of 

this species were the largest meiotic cells observed in the native 

Aqropyrons.- The-meiotic divisions are also'apparently unsynchronized, 

as stages varying from diakinesis- to anaphase II-can be found in a 

single floret in many of the plants. Another distinguishing feature 

is the large, persistant nucleolus (Fig. 10), which is also noticeable
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Fig. 9 Meiotic chromosomes of A. scribneri; 
a) diakinesis and b) metaphase I.

Fig. 10 a) A. scribneri. anaphase I and b) 
A. latiqlume. diplotene.
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in the other alpine species, _A. scribneri.

Meiosis was found to be regular in this species. A s^udy of 325 

cells at diakinesis revealed that 14 bivalents were regularly formed, 

almost all of which were closed bivalents. Figure IOb shows a cell in 

the diplotene stage which clearly shows the number of bivalents formed. 

Metaphase I was also regular, with 14 bivalents regularity formed, 92% 

of which were closed rings. Chromosome disjunction was normal at ana

phase I and telophase I (Fig. Ila &  b) with no laggards or other

irregularities observed in.the 295 cells examined. Metaphase II also
(

proceeded normally, with 188'cells observed showing no irregularities. 

However, of 289 cells examined at anaphase II, 11 cells showed single 

laggards, the only type of irregularity found in this species. No 

irregularities were observed in the quartets examined.

A. trachvcaulum (Link) Malte

A. trachvcaulum proved to be a tetraploid, with a qount of 347

cells at diakinesis showing 14 bivalents, almost all closed at both

ends (Fig. l2a). Multivalents were never observed. In one cell

(Fig. 12b) 7 bivalents in the metaphase I stage are clearly visible,

all of which are closed at both ends. The rest of the cell is still

in pachytene with the nucleolus and chromatin threads readily apparent.1
Several early prophase cells showed 2 nucleoli present which failed to 

fuse to form one as is normal in early prophase. Almost one-third 

(103 of 316) of the cells in metaphase I showed the presence of a 

single fragment, while 9 cells had 2 fragments present (Fig. 13a).
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Fig. 11 Meiotic chromosomes of A. Iatiqlume; 
a) anaphase I and b) telophase I.

Fig. 12 Meiotic chromosomes of A. trachycaulum;
a) metaphase I and b) cell showing both
metaphase I and early prophase stages.
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Anaphase I, however, showed less than 10% of the cells (29 of 324) 

with laggard fragments. Three cells were found with non-disjunction, 

15 tetrads moving to one pole while 12 tetrads and one chromatid moved 

to the other, the remaining chromatid lagging at the equator of the 

cell. (Fig. 13b). Of 189 cells in anaphase II only 11 showed a 

single laggard. No other irregularities were found. Chromatin 

bridges were not observed in any stage. Micronuclei were found in 11 

of 216 quartets.

A. subsecundum (Link) Hitch.

A. subsecundum is qlso of a tetraploid nature, with 229 cells 

studied in diakinesis all showing 14 bivalents, almost all of them 

closed. However, in metaphase I, 3 cells were found with I quadri

valent each, out of a total of 307 observed. One cell was found which 

showed 6 closed bivalents, 3 open bivalents, two univalents and one 

octivalent (Fig. 14a). Metaphase I showed a high number of open bi

valents with 89 of the 307 exhibiting sdme degree of open pairing. 

Twenty-three cells showed 10 closed and 4 open bivalents (Fig. 14b) 

which was the highest number found. Anaphase I was markedly irregular 

with 16% (49) of 315 cells observed containing laggards. Those with 

two laggards were the most common, occurring in 10% of the cells 

(31). Six ceIIs-showed I laggard, 3 cells 3 laggards, 7 cells 4 

laggards, and 2 cells 7 laggards. An irregular cell is shown in 

Figure 15a, with 6 univalents and 2 open bivalents lagging'in the 

equatorial plate of telophase I . Anaphase II also exhibited laggards,
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Fig. 13 Meiotic chromosomes of A. trachvcaulum: 
a) metaphase I and b) anaphase I show
ing unequal disjunction.

Fig. 14 Meiotic chromosomes of A. subsecundum;
a and b) metaphase I.
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with I to 3 occurring in 9 cells of 123 observed. Of 484 quartets 

observed, 174 showed one nucleolus, 291 showed 2 and 19 had 3 nucleoli. 

Figure 15b shows a quartet where three of the four cells show 2 

nucleoli. One plant -had over 25% of the cells showing some type of 

irregularity and was not included in the above results. Although A. 

subsecundum is markedly irregular compared to A. trachvcaulum. in its 

general cell and chromosome size, it is very similar.

A. smithii Rydb.

A. smithii was found to have the highest ploidy level of all. the 

species, being an octoploid with a 2n-=56 complement. A study of 58 

cells at diakinesis showed 2.8 closed bivalents to be the most common 

situation, but occasionally I open bivalent was found (Fig. 16a).

Normal pairing was exhibited in all of the 162 cells observed at meta

phase I . In anaphase I, chromosome disjunction was very regular 

(Fig. 16b) with univalents observed in less than 3% of the cells (4 

cells of 156 examined). Of 128 cqlls observed at metaphase II no 

irregularities could be detected, In anaphase II 86 cells-were ex

amined, three of which showed the presence of a single laggard (Fig. 

17a).. Chromatin bridges were not observed in any of the stages. A 

few cells were observed in the second meiotic division with the two 

haploid sister nuclei in different meiotic stages. In these cells one 

of the nuclei was found to be in the metaphase II stage while theJ
other nucleus was in the telophase II stage (Fig. 17b). A study of 

62 quartets revealed 16 with 2 micronuclei and 3 with 3 micronuclei.
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Fig. 15 Meiotic chromosomes of A. subsecundum;
a) telophase I showing laggards and b) 
quartets.

Fig. 16 Meiotic chromosomes of A. smith!i;
a) diakinesis and b) anaphase I.
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A. griffithsii Scribn. &  Smith

A. qriffithsii. which was found to be a tetraploid, (2n=28) was 

the most irregular meiotically of all the Aqropyrons examined. In 

early prophase. one large and one smaller nucleolus were consistently 

formed (Fig. 18a), but several cells with up to 5 nucleoli per cell 

were observed. Of 300 cells examined at diakinesis all exhibited, some 

type of irregularity. Chromosome associations were found to be im

possible to determine at this stage due to the stickiness and clumping 

of the chromosomes. Because of this difficulty, chromosome pairing 

was determined at metaphase I where such conditions no longer existed. 

Of 300 cells observed at metaphase I, 287 showed some type of'chromo

some irregularity. In most cases, 6-7 closed bivalents were formed, 

while the rest of the chromosomes formed combinations of open biya-i
lents, univalents, or multivalent associations. These associations 

included trivalents, quadrivalents and pentavalents. Quadrivalents 

were the most common, occurring in 18% of the cells observed in meta

phase I. Eight closed bivalents were thq maximum number of closed 

bivalents observed,in any one cell. In one cell, in addition to the 

closed bivalents, 2 open bivalents, one quadrivalent, and one fragment 

could be observed (Fig. 18b). Univalents, up to 4 per cell, were also 

common in metaphase I: Precocious bivalent separation is apparently

a factor in the occurrence of these univalents. Anaphase I showed a 

decided increase in regularity with 50%'of■ the 300 cells observed 

showing no abnormalities (Fig.^ 19a). Lagging chromosomes were the
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Fig. 17 Meiotic chromosomes of A. smithii; a)
anaphase II with laggard and b) "sister 
cells" in metaphase II and telophase II.

Fig. 18 Meiotic chromosomes of A. griffithsii;
a) early prophase with nucleoli and b)
metaphase I.
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Fig. 19 Meiotic chromosomes of A. griffithsii;
a) anaphase I and b) anaphase I with 
laggards.

Fig. 20 Meiotic chromosomes of A. griffithsii;
a and b) irregularities at anaphase I.
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most common type of irregularity, ranging in frequency from 0-8, with 

two laggards being the most frequent number observed (Fig. 19b). 

Precociously dividing chromosomes were also prevalent in anaphase I 

(Fig. 20a). Sister chromatids of the lagging chromosomes often 

separated at this stage rather than at anaphase II where such separa

tion normally occurs. Numerous bridge-fragment formations were also 

observed in anaphase I (Fig. 20b). Of 156 cells examined at metaphase 

II 62 showed irregularities, with fragments being the most common type 

observed. Anaphase II was also irregular, with bridges, fragments or 

laggards occurring in 109 of 243 cells examined. Micronuclei were 

found to be present in 149 cells of the 200 quartets examined, ranging 

in frequency from'0-5. Of the total quartets examined, 60% showed 2 

micronuclei.

A. dasvstachyum (Hook) Scribn.

The tetraploid A. dasvstachyum was found to be the most regular 

of all of the species examined. In over 1500 cells examined no 

irregularities were detected. In 306 cells examined at diakinesis 

perfect pairing was exhibited, all having 14 closed bivalents.- Meta

phase I was also- found-to be lacking in irregularities, with 287 cells 

showing perfect pairing (Fig. 2la)-. Of 273 cells examined at anaphase 

I no irregularities were found- (Fig. 21b)-. Ietaphase II cells 

(Fig. 22a) also exhibited perfect chromosome behaviour. Three hundred 

and seventeen cells observed at anaphase II all lacked irregularities 

as did 187 quartets. Eight of the ten plants collected were used in
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Fig. 22 Meiotic chromosomes of a) A. dasystachyum.
metaphase II and b) A. albicans. diakinesis.
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this compilation, the other two plants having failed to flower. This 

was the only species investigated that failed to show some type of 

meiotic irregularity.

A. albicans Scribn. and Smith

A. albicans was found to be a tetraploid, with cells taken from 

all ten plants at diakinesis having a count of 2n=28. Of 174 cells 

observed at diakinesis, all showed 14 bivalents, with no multivalents 

occurring (Fig. 22b). Of these, 54% (97) of the cells showed 14 

closed bivalents, 36% (63) had one open bivalent, and 8% (14) had 2 

open bivalents per cell. A study of 163 cells at metaphase I failed 

to show any irregularities other than open bivalents (Fig. 23a). 

Anaphase I was marked by the presence of laggard fragments in 40 of 

the 102 cells examined. Of these, 29 showed one laggard fragment 

(Fig. 23b) and 11 showed 2 laggard fragments per cell. Chromatin 

bridges were also present in two of the cells observed. The presence 

of these fragments resulted in continued irregularities in the later 

stages of meiosis. Anaphase; II was also typified by laggard fragments, 

observed in 33 of 129 cells examined (Fig. 24a). • This figure (25%) is 

only slightly higher than what one would expect to find based on the 

anaphase I figure of 40%. Three cells containing chromatin bridges 

were also found. TMicronuclei were present in 46 of the 159 quartets 

examined (Fig. 24b) and varied from I to 2 per quartet.



i

91 -

Fig. 23 Meiotic chromosomes of A. albicans; a) 
metaphase I and b) anaphase I.

Fig. 24 Meiotic chromosomes of A. albicans;
a) anaphase II and b) quartets.
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A. scribneri Vasey x A. Iatiqlume (Scribn. and Smith) Rydb.

The natural hybrid thought to result from the cross of two tetra- 

ploid species, A. scribneri and A. latiglume, was also found to be of 

a tetraploid nature (2n=28). Chromosome associations could not be 

determined in most of the cells at diakinesis due to the stickiness of 

the chromosomes, a feature that persisted into metaphase I in some 

cells (Fig. 25a). In the diakinesis cells that were determinable 39 

showed 12 closed bivalents and 4 univalents; 14 showed 11 closed, 2 

open and 2 univalents; and 4 showed IO closed, 2 open and 4 univalents. 

In the majority of the metaphase I cells, chromosome stickiness had 

disappeared and pairing relationships were readily observable. In 215 

cells observed at metaphase I 69% (148) showed 12 closed ring biva

lents. In this group 97 cells had one open bivalent and 2 univalents 

while 51 cells had 4 univalents present. Most of the remaining meta- , 

phase I cells had 11 closed bivalents with varying numbers of uni

valents also present. No cells were found with less than 9 bivalents 

and none were found with 14 bivalents present. Five cells were found 

containing single trivalent chains (Fig. 25b). In 226;cells examined 

at anaphase I 47% (106) showed no irregularities. Laggards, preco

cious chromatid separations and Bridge fragment formations were found 

in all the others. Lagging univalents-were the most common irregular

ity, with 57 cells (25%)- showing one lagging dyad and 29 cells (13%) 

with 2 laggards- (Fig.' 26a). The lagging univalents frequently under

went sister chromatid separation (Fig. 26b) in the anaphase I stage
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Fig. 25 Meiotic chromosomes of A. scribneri x
A. Iatiqlume hybrid a and b) metaphase I.

Fig. 26 Meiotic chromosomes of A. scribneri x
A. Iatiqlume hybrid a) anaphase I and
b) early telophase I.
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with the resulting chromatids lagging and appearing as fragments,, in 

the later stages of meiosis. Thirty-eight cells with bridge-fragment 

formations were also observed at anaphase I (Fig. 27a). In five cells 

at anaphase I, unequal chromosome disjunction occurred, with 15 

tetrads migrating to one pole and 13 tetrads moving to the other 

(Fig. 28b). Seven cells'displayed 2 bridges in each cell, (Fig. 28a). 

Of 263 cells examined in anaphase II, 113 cells showed lagging chromo

somes. Bridges were observed in only 5 cells at telophase II (Fig. 

27b)., Of 200 quartets examined 27 showed I micronucleus, 68 showed 2 

micronuclei and 19 had 3 micronuclei present.

Table III indicates the percentage and types of meiotic irregu

larities observed for each species in metaphase I,anaphase I and II, 

and the quartet stage.

/
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Fig. 27 Meiotic chromosomes of A. scribneri x
A. Iatiglume hybrid; a) anaphase I showing 
bridges and b) telophase I showing bridges.

Fig. 28 Meiotic chromosomes of A. scribneri x
A. Iatiqlume hybrid; a) anaphase I with
double bridge and b) unequal chromosome
disjunction.



Table III. Meiotic irregularities observed in Agropyron species investigated in this study.

Species Metaphase I Anaphase I' Anaphase IT Quartets

A. albicans None
40% laggards 
2% bridges

25% "fragments 
3% bridges

29%
micronuclei

A. dasystachyum None None None None

A. qriffithsii
99%.irregular
univalents-
multivalents

50% irregular 
(laggards. a_ bridges)

47% irregularities 
(bridges, laggards ,etc.)

75#
micronuclei

A. inerme" ' None .3% laggards '(I) 2% bridges' . None
A. Iatiqlume None None 4% laggards None''
A=' saxTeola** — -- — —

A. scribneri •None 5% laggards 6% laggards 4#
micronuclei

A. smith!! None 3% univalents 3% laggards 30%/
micronuclei

A."spicaturn (14) None . .3% bridges'- (l) None— None
A. s pi c a turn (28) None' . "6% laggards 8% laggards 

'1% bridges.
75%
micronuclei

A. subsecundum 1% irregular 
Quadriyalents 16% laggards 8% laggards 100%

micronuclei
A. trachvcaulum 30% fragments 10% fragments 

1% non-dis.iunction
6% laggards 5%

micronuclei.

Hybrid 100% univalents
38% laggards 
17% bridges 43% laggards 57% "

micronuclei

** Did not undergo meiosis.



D. SEROLOGICAL STUDIES 

REVIEW OF THE LITERATURE

Serological techniques were first employed by Nuttall (1901) to 

demonstrate the relationship of hundreds of animal species by the use 

of the precipitin test. The application of these same techniques to 

the problem of vascular plant systematics was undertaken in the same 

year, 1901, by Kowarski. Kowarski, working with the heat-resistant 

albumoses of wheat injected into rabbits, found that the resulting 

serum reacted weakly or not at all with rye, barley, oat and pea ex

tracts. Magnus and Friedenthal (1906), while studying seed extract 

reactions in the Gramineae. confirmed Kowarski's findings. Bertarelli 

in 1903 applied the cross precipitin method to legumes to demonstrate 

that the strongest serum reactions occurred when the serum reacted 

with its own seed extract rather than with any other legume extract.

Relander (1908) using similar techniques differentiated representa

tives of barley and Vicia at the variety level. The problem of non

specific, normal serum reactions that often clouded results was solved 

by Magnus in 1908, who used absorption techniques to restore the 

specificity of the tests. Bullner and Burow (1910) working with 

legumes and grains showed rye to be serologically closer toywheat than 

either barley or oats. The legumes tested were found to separate into 

four subgroups: ~Pisum, Phaseolus. Vicia and Lens. Zade (1914) used 

the precipitin test to plot the genealogical arrangement of a number of 

Avena and Triticum species and varieties. The resulting order agreed

with the systematic arrangement based upon morphology and was also
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correlated with susceptibility to certain parasitic fungi.

Prior to this, in 1913, pohlke (Chester, 1937) founded the 

Konigsberg school that was to become a center of controversy in plant 

systematics. Its purpose, the construction of a "Stammbaum", or phylo

genetic tree of the plant kingdom based upon serological data, was 

achieved in 1926. The main serological subdivisions were delineated by 

Gohlke and then subjected to intensive research by one or more co- 

workers. Under the guidance of Me% (1926) plant families of varying 

complexities were investigated between 1913 and 1933 (see review by 

Chester, 1937). These results were severely criticized by systematises 

whose phylogenetic schemes based upon morphological data showed little 

correlation to the serological "Stammbaum". Stolley (1925-27) was one 

of the most bitter of these critics, possibly in defense of his own 

unique phylogenetic classification which did not agree with the 

"Stammbaum". However, some of the most violent criticism arose from 

another school of serology located at Berlin that attempted to dupli

cate the "Stammbaum", using modifications of the Konigsberg technique. 

Two of the representatives of the school, Gilg and Schurhoff (1926), 

stated that the serodiagnostic method was completely useless for the 

investigation of plant relationships. Others such as Wettstein (1924) 

felt that serology could be useful if the findings were tempered by the 

use of comparative morphology. "Due to unfavorable publicity resulting 

from the dispute involving the two schools;," serologicalymethods were, of 

limited importance in the field of plant systematics for the next two

decades.
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In Japan, Koketsu (1917) found the Dicotyledonae to be widely 

separated from the Gymnospermae, with the Cycads forming the connecting 

link through Magnolia. Artz (Chester, 1937) continuing the work on the 

cereal grains, found barley to be closer serologically to oats than to 

wheat. Rives (1923) applied serological techniques to the study of 

grafting compatabilities involving grape varieties in France. A 

positive correlation was found between serological affinity and graft

ing success. Green (1926) studying Citrus. Rosaceae and Solonaceae 

grafting compatibilities, confirmed Reves conclusions that grafting 

success could be predicted on the basis of serological affinity. 

Baldwin, Fred and Hastings, (1927) found a similar correlation between 

serological affinities in the legumes and differential susceptibilities 

to strains of nodule bacteria. Groups of legumes inoculable with the 

same nodule bacteria were serologically homogeneous. Some workers 

such as Earner and Helwig (1927) found serological techniques not 

suitable for phylogenetic studies although family relationships could 

be demonstrated. Nelson and Birkeland (1929) using globulins of wheat, 

found their serological characterization to be correlated to a certain 

extent with'genetic characteristics such as stem-rust resistance and 

yield. Edgecombe (Chester, 1937) found that serological affinities 

reflected resistance or susceptibility to strains of Puccinia, while 

chromosome’ number was not correlated with either.

Serology received its greatest emphasis in the period of 1920 to 

1930. Many-felt’ it ’would 'provide the answer to phylogenetic relation

ships, being completely objective in approach. Following the
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Konigsberg-Berlin dispute it gradually declined in use, receiving only 

sporadic application by plant systematists until the late 1940's.

In 1949, Hyun investigated the serological relationships of 15 

species of Quercus and found the results largely correlated the phylo

genetic scheme based on classical morphology. One noticeable exception 

was the evergreen Ouercus phylliraeoides which was found to be of 

closer serological affinity to the deciduous £). acutissima and Q. 

variabilis than to other evergreen species.

Systematic serology at Rutgers University was initiated by Baum 

(1954) on the Cucurbitaceae and Johnson (1953-54) on the Maqnoliaceae. 

Johnson found that Magnolia. Michelia and Talauma formed a natural 

group at the genus level, while Liriodendron was relatively distant 

serologically. Illicium, which has been removed from the Maqnoliaceae 

by some systematists on anatomical grounds, was found to give no sero

logical reaction with other members of the Maqnoliaceae. Illicium also 

gave no reaction with'Disenthus. a member of the family Hamamelidaceae 

in which it had been placed by some taxonomists. A closer serological 

relationship- was found at the species level between Magnolia obovata. 

an Asiatic species and the American species M. tripetala than between 

M.■tripetala and the other two American species,-M. acumenata and M. 

virqiniana. It was found also that interspecific differences in

Magnolia often surpass intergeneric differences, a phenomenom observed
. . . .

in Baum's (19541 work. - ;

The Ranunculaceae were investigated serologically, morphologi

cally and cytologically by Hammond (1955-56). He found the family to
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be serologically close-knit. On the basis of his. findings he placed 

Hydrastis. often classed as a member of the Berberidaceae. within the 

Ranunculaceae.

Gel, Hawkes and Wright (1960) utilized the immunoelectrophoretic 

technique to study 15 Mexican and 22 South American species of the 

genus Solanum. Using gel diffusion patterns they were able to separate 

the 15 Mexican species into four groups. A close correlation between 

morphological characteristics and serological affinity was found. The 

technique was ineffective in separating the South American species. A 

somewhat similar study on the genus Phaseolus was performed by Kloz 

(1962).

The serological distinctness of different organs ,of a single plant 

was proven by Kloz et al. (1960). By comparing the antigenic substan

ces from cotyledons, seedling roots and mature leaves of Phaseolus-. it 

was found that differences in organ reactions often exceeded differ

ences in species reactions. As an example, a serological comparison of 

the individual organs of the same species (P. vulgaris) as against 

different species reactions showed the following precipitin results:

(I) Organ interactions: . ' ' .

(Antiserum against cotyledons tested against sera from 
the following sources):

Source Reaction. (Percent)

Cotyledons 
Seedling roots 
Mature leaves

100.0 % 
8.9% 

, 5.2 %
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(2) Species interactions:

Phaseolus vulgaris (Antiserum of leaves against sera 
from leaves of following species):

P. vulgaris 
P. coccineus 
Glycine soia 
Vicia faba

100.0 %
89.7 %
41.7 % 
19.9 %

Recently, Creel (1964) working in the same laboratory as the 

author, compared the species of Agropyron and found that, based on 

serological data, not all of the four sections proposed by Holmberg 

(1926) were valid.

Serological studies of hybrids have resulted in some major syste

matic discoveries. In 1914 Zade made a serological comparison of three 

clovers, Trifolium repens. T. pratense and their, supposed hybrid, T. 

hybridunr. Zade concluded that serum interactions supported the view as 

to, the origin of T. hybridum. This, was based on the observation that 

T. hybridum reacted strongly with both. As Alston and Turner (1963) 

point out, however, if; there had been no prior hypothesis as to the v 

relationship of the three species the data might have been interpreted 

as indicative that T. hybridum was actually the most primitive of the 

three. Moritz and Berg (1931) investigated the disputed hybrid Vicia 

sativa. The serological reactions of the hybrid were found to be 

intermediate to that of the two parents. Moritz concluded that the 

protein complex of the hybrid represents combinations of all or part of 

the proteins of- the parents without the formation; of any new proteins 

as a result of hybridization. Moritz (1958) found that hybrids
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involving species of Triticum. Secale and Aeqilops followed this 

hypothesis. Hull (1959) used immuno-electrophoretic techniques to 

study allopolyploid ryewheat and its parental species. Using the 

appropriate antisera, absorbed and unabsorbed, he was able to determine 

the antigens that each had in common. It was found that wheat and rye 

share many proteins in common and that the hybrid ryewheat contains all 

of the wheat proteins and all of the rye proteins except one. On the 

basis of this Hull concluded that the protein composition of the rye

wheat originated by the more or less complete addition of the proteins 

of the parental .species. Beckman et al. (1962) found a similar situa- 

t.ion in the protein makeup of canaries, finches and their hybrids.

However, Irwin (1951) in his studies on the serology of the ring 

dove, Streptopelia risoria. the pearlneck dove, (S. chinensis). and 

their hybrid, found the hybrid contained all of. the antigens of the 

parents plus a "hybrid antigen" not found in either of the parents. 

McGibbon (1944) also found a specific hybrid antigen in hybrids 

originating from inter-specific crosses of ducks. He was able to pro

duce antibodies in the parents upon injection of the hybrid antigen. 

Miller (1956) detected a hybrid substance in the blood cells of pigeon- 

dove hybrids. The hybrid antisera after being absorbed by pooled cells 

of each of the parental species still showed reactions with several 

related"species; Scheinburg (1960) used starch-gel electrophoresis to 

test serum antigens of bison, cattle and their hybrids, and found pro

teins in the hybrid that were not found in the parents/ Bacharach 

(1960) also found a "hybrid substance" in hybrids of domestic fowl and
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pheasants. Fox (1961) in a study of toads and their natural hybrids, 

using starch-gel electrophoresis found the hybrid contained the 

differences of the parents but no new hybrid substances. Schwartz 

(1960) using enzymes extracted from the endosperm presented proof of a 

"hybrid protein" using inbred and hybrid lines of maize. Creel (1964) 

testing the theory that Aqropvron sibericum is a hybrid, resulting from 

the cross of A. repens and A. cristatiforme found the supposed hybrid 

to have antigens not found in either of the parents. However, only 

representatives of the species were used and not the actual parents

involved.
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II. MATERIALS AND METHODS

Composite samples of plant material consisting of healthy, 

immature leaves from all of the plants within a species were collected 

from the field plot. An attempt was made to collect plants of all of 

the species at the same stage of growth. Leaf samples were placed in
>
" labeled bags and taken to the laboratory where they were washed, 

chopped and subjected to 5000 pounds of pressure to facilitate the 

removal of the crude plant extract following the method described by 

Creel (1964). One ml. aliquots of extract of each species were placed 

in sterile 2 dram vials and immediately frozen at -20°C until used.

Two sources of antibodies were used in the experiment. In order 

to obtain the widest range in plbidy levels a diploid species, A. 

spicatum and the octoploid species, A. smithii were selected for anti-
j

body production. The diploid A. spicatum was, specifically selected 

because of the alleged widespread occurrence of its genome in other 

Aqropyron species.

New Zealand White rabbits were used for antibody production. ■ The 

amount of protein extract injected and the injection schedule were the 

same as those used by Creel (1964). All injections were given sub

cutaneously in the lumbar region. Bleeding techniques and treatment of 

the serum were also those used by Creel (1964).

Agar plates were prepared according to the method of OuchterTony 

(1948) which'was modified by Creel (1964), except for the substitution 

of-ion^agar at a .5% level for the 1%-biological agar/ The .5% ion- 

agar was found to be superior to the biological agar in both
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precipitate line separation and individual line distinctness.

Each of the plates contained three antigen wells on both sides of 

the antiserum trench. The total number of precipitate lines formed for 

each species were counted and their inter-relationships as determined 

by the joining or crossing of the lines recorded. All tests were run 

in quadruplicate.

Antigen comparisons were made by plating extracts of three species 

in adjacent wells and allowing them to react with the same antiserum, 

which was placed in a central trench. In observing the precipitate 

lines which resulted, all lines that were joined in a smooth curve and 

without the formation of a spur were considered to be the result of the 

reaction of identical antigens. The formation of a spur instead of a 

smooth curve where lines joined was taken to be indicative of the 

presence of similar but non-identical antigens in the species tested. 

Lines that did not join were felt to reflect the presence of different 

antigens in the species being considered. In determining phylogenetic 

relationships, it is argued that the greater the number of antigens 

that two species have in common the closer their relationship. 

Theoretically, no extract can react to produce more precipitate lines 

than the extract of the species used for the production of the anti

body. ' „

Five groupings, each consisting of three taxa and delineated - on 

the basis of morphological similarities were formed for serological 

testing. In addition, a sixth group was artificially formulated; to 

allow serological comparisons of the morphologically distinct species,
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A- saxicola. All of the species were investigated using both sources 

of antiserum. Antigen comparisons were made by varying the placement 

of the extracts of the species from one plate to another so that 

extracts of each species could be plated adjacent to the others within 

the group..

111. SEROLOGICAL RESULTS..

Group I was set up to investigate the serological relationships 

involving A. inerme (2n-14) and A. spicatum at the diploid and tetra- 

ploid levels. When extract of diploid A. spicatum was allowed to. 

react with its own antiserum, 9 precipitate lines were formed. In one 

series of plates A. spicatum antiserum C2n=14) was placed in the cen

tral trench and allowed to react with antigens from the three species 

in the group. Investigations of the precipitate lines that formed 

revealed that A. spicatum at the diploid level and A. inerme had 7 

lines in common. All of these joined in a smooth curve with no observ

able spur formations. Diploid A. inerme formed only the seven lines 

in common with diploid A. spicatum and lacked any unique lines. A. 

spicatum at the tetraploid level formed 6 lines in common with both A. 

inerme and the diploid strain of A. spicatum. The tetraploid strain 

of A. spicatum failed to form agy other lines except these 6.

When these species were allowed to react with antiserum derived 

from A- smithii. it was found that all three species:formed 6 lines, 

as compared to the maximum 9 lines formed when A. smithii reacted with 

itself. Five of the six lines formed were common to all three species.
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In addition, diploid A. spicatum and A. inerme formed a sixth line in 

common, while tetraploid A. spicatum formed a sixth line not shared by 

the other two.

Group II consisted of A. subsecundum. A. trachycaulum and A. 

latiglume. three species that are morphologically very similar. When 

allowed to react with the diploid A. spicatum antiserum, all three 

species formed 6 lines in common. In addition, A. trachycaulum formed 

I unique line that was lacking in the other two species for a total of 

7 lines. Using this source of antiserum, A. latiglume and A. subsecun

dum could not be serologically separated. However, when plated against 

A. smithii antiserum, the two were readily separated. All three 

species in the group formed 4 lines in common. When A. trachycaulum 

was plated adjacent to A. subsecundum it formed 4 lines in common plus 

an additional 2 unique lines for a total of 6. A. subsecundum formed 

I unique line for a total of 5. All 5 of these were shared by A. 

latiglume. which also formed 2 unique lines for a total of 7. Of these 

7 lines 5 lines were formed in common with A. trachycaulum. Again A. 

trachycaulum formed I unique line, while A. latiglume formed 2 unique 

lines.

Group III was composed of A. albicans. A. smithii and A. dasy- 

stachvum. all bearing a close morphological similarity to one another. 

When plated against A. spicatum antiserum all three species showed four 

lines in common. In addition, A, dasystachyum formed I unique line, A. 

albicans formed I unique line and A.- smithii formed 2 unique lines.

None of these unique lines were found in any of the other two species,
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regardless of the plating arrangement. A. smithii therefore, had a 

total of 6 lines, while A. dasystachyum and A. albicans both had a 

total of 5. When the group was allowed to react with A. smithii anti

serum 7 lines were formed in common by all 3 of the species. In addi

tion, A. smithii formed 2 unique lines for a total of 9. A. dasy- 

stachvum and A. albicans could not be differentiated using this source 

of antiserum, while they were readily separated using A. spicatum anti

serum.

Group IV was designed to determine the serological relationships 

existing between A. scribneri. A. Iatiqlume and their naturally-occurr

ing hybrid. When allowed to react with A. spicatum antiserum 5 lines 

were formed in common by all three. In addition, A. scribneri and the 

hybrid formed a sixth line not found in A. latiqlume. A. Iatiqlume 

formed one unique line hot found in the other two. When the group was 

plated against A. smithii antiserum, again 5 lines were formed in 

common by all three. However, A. latiqlume and the hybrid formed 2 

additional lines in common for a total of 7 lines, while A. scribneri 

failed to form any unique lines. ■

Group V was designed to determine the relationships existing be

tween A. griffithsii and two previously examined species, A. albicans 

and A. dasystachyum. ■ Fdur lines were formed in common by the entire 

group when reacted with A. •spicatum antiserum.- Each species formed an 

additional single unique line not shared by either of the other-two 

species, giving each species a total of 5 lines. When the group was 

allowed to react with A. smithii antiserum 5 lines were formed in
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common by all three species. In addition, A. albicans and A. dasy- 

stachyum formed 2 unique lines in common for a total of 7. A. 

griffithsii formed only the 5 lines common to the group using this 

source of antiserum.

Group VI was formulated artificially to allow a serological com

parison of A. saxicola and other members of the genus. A. griffithsii 

and A. trachycaulum were the other two species selected for the com

parison. When plated against A. spicatum antiserum all three species 

formed 4 lines in common. A. griffithsii formed I unique line for a 

total of 5 lines. A. saxicola and A. trachycaulum shared 5 lines in 

common, one of which was lacking in A. griffithsii. In addition, A. 

trachycaulum formed 2 unique lines for a total of 7 lines, while A. 

saxicola formed a sixth unique line not found in the other species.

When plated against A. smithii antiserum all three species within 

this group showed 4 lines in common. These 4 lines were the only ones 

formed by A. saxicola. A. griffithsii and A. trachycauIum formed a 

fifth line in common that was not found in A. saxicola. In addition, 

A. trachycaulum formed a sixth unique line lacking in the other two 

species. -

The number of precipitate lines shared in common by two species 

when their extract was allowed to react with the two sources of anti

serum is shown in Table IV.
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Table IV., Serological comparisons of the number of precipitate lines 
1 shared in common by the native Aqropyron species and one 

interspecific hybrid.

• albicans

dasystachyum

griffithsii

inerme

latiqlume

saxicola

scribneri

smithii

spicatum 14

spicatum 28

subsecundum

trachycaulum

hybrid

In <B, the upper number "A" refers to the number of precipi
tate lines shared in common when reacted with A. spicatum
(2n=14) antiserum and the; lower number "B" indicates the
number of precipitate lines shared in common when reacted
with A. smithii (2n=56) antiserum.



DISCUSSION

The taxa investigated in this study exhibit some extremely complex 

interrelationships. Within the group there are several sub-groups each 

composed of 3-4 species forming polymorphic series. Examples of these sub 

groups include the so-called "Slender Wheatgrass" complex composed of A. 

trachvcaulum. A. subsecundum and A. latiglume. the sub-group composed of 

the diploid and tetraploid strains of A. spicatum and the diploid A. 

inerme. and the sub-group which includes A. dasystachyum. A. albicans and 

A. griffithsii. In an attempt to evaluate these relationships, biosyste- 

matic comparisons were made between some of the members within these sub

groups to supplement information yielded by the analysis of the individual 

species. These comparisons involve the incorporation of ecological, mor

phological, histological, serological and cytological data, resulting from 

this and previous studies.

Diploid A. spicatum vs. A. inerme

Morphological features unique to species which are determined by 

genetic factors are indicative of the amount of genetic variability that 

exists. However', wide-ranging species are composed of populations of 

randomly breeding individuals, each population being adapted to a particu

lar environment and, as such, differing genetically and morphologically 

from all other populations within the species: For this reason, the sepa

ration. of; one species from another on the basis.of a few purely quantita

tive morphological characteristics such as the length of awn or degree of
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pubescence cannot be justified systematically, because such separations 

may only reflect population differences rather than species differences.

Two species of Aqropyron investigated in this study serve as an illus

tration of this problem. The diploid strains of A, spicatum and A. inerme 

are by prior taxonomic tradition morphologically inseparable except for the 

presence or absence of awns, awns being present in A. spicatum and absent 

in A. inerme. However, variation in the length of the awn of A. spicatum 

is readily apparent, both within and among populations. It is felt by the 

author that the limits of this variation are determined only by the extent 

of the morphological survey that is conducted and that all gradations of 

awned to awnless•forms occur. Therefore, based on this gross morphologi

cal characteristic, the separation 6f these two species cannot be justi

fied. In leaf morphology the two species vary in only one characteristic, 

the presence of short, single-celled hairs on the lower epidermis, observ

able oh A. inerme and lacking on A. spicatum. Ecologically, the two 

species cannot be separated, as both appear to have the same habitat re

quirements. Their meiotic cells are morphologically identical; both cells 

and chromosomes are minute and readily differentiated from other species 

of Aqropyron. The meiotic behavidur Of both is regular, with only minor 

irregularities observed. Serologically, the two species are very similar, 

as shown by thp data, y  ■ •;

The validity of separating these two taxa into species was first 

questioned by Heller (1900) who regarded A. inerme as only a varietal form 

of A. spicatum. This classification was later supported by Daubenmire • - ■

(1939), Hartung (1946) and Beetle (1952). In 1950 Stebbins and Singh found
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relatively normal pairing in controlled hybrids of the 2 species and con

cluded that both had the same genome, which they designated Al A%.

Godley (1949) working with A. repens. found that the length of awn was 

determined by a single gene pair. Perhaps the two species in question, A. 

spicatum and A. inerme, are also differentiated only on the basis of a 

single gene pair.

It is the author's conclusion that based on this study and the results 

of previous work the separation of these two species cannot be justified 

and that A. inerme should be regarded as only a varietal form of A. spica

tum.

Diploid A. spicatum vs. tetraploid A. spicatum

Although the meiotic behaviour of the diploid strain of A. spicatum 

has often been investigated, very little meiotic information is available 

about the tetraploid strain. The first cytogenetic study on the 'tetra

ploid s was conducted by Dewey (1964)-who evaluated the parents and the 

synthetic hybrids arising from the crossing of diploid A. cristatum and 

tetraploid A. spicatum. Dewey found every cell of the tetraploid parents 

at the diakinesis and metaphase I stages contained 1-5 quadrivalents, 

averaging 2:98 per cell. In the synthetic hybrids, chromosome pairings 

indicated virtually complete homology between the A. spicatum genomes, with 

complete pairing between the 2 genomes occurring in 99.2% of the cells at 

metaphase I. On the basis of these cytological observations Dewey conclud

ed that the tetraploid- strain was an autotetraploid, arising from the 

readily available diploid form, with the genome formula BBBB1 or, using
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Stebbins and Singh's (1950) designations, .

In the tetraploid strain of A. spicatum investigated in this study 

multivalent pairing associations were never observed in any stage of 

meiosis. Of 52 cells examined at diakinesis only bivalent pairing was 

observed, with the majority of the bivalents forming a closed ring. 

Although not as meiotically regular as the diploid strain, only minor 

irregularities such as laggards (6-8/0 or occasional bridges were found.

Serologically, the tetraploid strain investigated in this study did. 

not appear to be of an autopolyploid nature. It would be expected that an 

autopolyploid series should show somewhat serologically similar reactions. 

Such is not the case, as the tetraploid strain formed only 6 lines in 

common with the diploid strain when plated against diploid A. spicatum 

antiserum. When allowed to react with its own antiserum, diploid A. spica 

turn antigen formed 3 additional lines for a total of 9. When both the 

diploid and the tetraploid strains were plated against A. smithii anti

serum, bbth shared 5 lines in common and each formed an additional unique 

line not found in the other.

On the basis of the complete lack of multivalent pairing associations 

in meiosis, coupled- with the apparent serological distinctness of the 

diploid and tetraploid forms,the strain of tetraploid A. spicatum invest! 

gated in this study_is considered .to be allopolyploid. As the tetraploid 

exhibits gnly bivalent pairing there is apparently no synaptic homology 

between the chromosomes nf the different genomes involved, a condition 

resulting in strictly autosyndetic pairing.■ It is assumed that one of the 

parental species involved is the diploid form of A. spicatum. This
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assumption is based on both the morphological similarities of the two forms 

and the serological relationships which they exhibit. Based on the genome 

formula proposed by Stebbins and Singh (1950) this tetraploid form would

have a genome formula of A^A^X^X^, the X^ genome being contributed by some
• ;

presently unknown species.

A. scribneri vs. A. Iatiqlume

Dewey (1963) in a study of suspected natural hybrids involving A_. 

trachvcaulum and A- scribneri conducted the only previous cytological 

investigation of the alpine species A_- scribneri. Meiosis in 4 of the 5 

plants observed was found to be highly regular, with 14 closed bivalents 

occurring in 85% of the cells at metaphase I. One plant exhibited con

siderable meiotic irregularity at the anaphases, chiefly in the form of 

bridges and fragments. Multivalent pairing associations were never formed, 

leading Dewey to hypothesise that the species was an allotetraploid.

In the present study, 93% of. the 264 cells examined at diakinesis 

showed 14 closed bivalents, with the remainder having bivalents open at one 

end. No multivalent associations were observed, which tends to support 

Dewey's hypothesis that the species is an allotetraploid. Serologically,

A. scribneri appears to be somewhat more closely related to A. spicatum 

than to A. smithii, forming 6 lines when reacted with antiserum from the 

former and only 5 lines with antiserum from the latter species.

Although its chromosome number has been known for some time (Senn et 

al., 1947) the meiotic behaviour of the other alpine species, A. Iatiglume

has not been previously investigated. In the present study, diakinesis
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pairing configurations revealed that 14 closed bivalents were formed al

most exclusively. At metaphase I, 92% of the bivalents formed were closed 

rings. The complete lack of multivalent pairing indicates that A. Iati- 

Cflume is an allotetraploid. Serologically, A. Iatiqlume is apparently 

closely related to A. subsecundum and somewhat more distantly related to 

A. trachvcaulum.

Dewey (1963) mentioned a number of characteristics such as self

fertility, small anthers, meiosis in the very early boot and pollen 

shedding in the morning that are exhibited primarily by the members of the 

"Slender Wheatgrass complex" which includes A. trachvcaulum. A..latiglume, 

and. A. subsecundum. As these distinctive characteristics are also found in 

A. scribneri. Dewey concluded that a close relationship exists between 

members of the complex and A. scribneri. This conclusion is verified in 

the present study by the finding of the naturally-occurring hybrids 

apparently resulting from the crossing 6f A. latiglume and A. scribneri.

The original assumption as to the parentage of the hybrids was based on the 

morphological characteristics which the hybrid displayed, plus the fact 

that the hybrids were found only in the immediate vicinity of the area 

where; the supposed parents occurred. The serological comparisons of the 

two species and their hybrid tend'to substantiate this'hypothesis. All 

three extracts formed 5 lines in common regardless of the antiserum used. 

When reacted with A. spicatum antiserum A. scribneri and the hybrid 

displayed identical reactions, forming 6 lines, all in common, while A. 

latiglume formed a sixth unique line hot found in the other two species. 

When reacted with A. smithii antiserum A. latiglume and the hybrid
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displayed identical reactions, forming 7 lines, all shared in common.

Using this source,. A. scribneri formed only the five lines in common.

Thus it would seem that in general the hybrid possesses all of the antigens 

of both the parental species, with the total number of precipitate lines 

formed depending upon which of the parental species is the closest sero

logically to the antiserum u.sed for comparison. As A. Iatiglume is sero-r 

logically closer to A. smith!i than A. scribneri the hybrid extract formed 

more lines than A. scribneri. However, this does not explain why the

hybrid extract failed to form the unique sixth line formed by A. Iatiglume
; ;

extract when reacted with A. spicatum antiserum. The most plausible 

explanation appears to be that most of the parental antigens are accumula

ted in the hybrid with certain exceptions, of which this particular one is

an example. ;i
Meiotically the hybrid exhibits a high degree of bivalent pairing, 

with 69% of the metaphase I cells showing 12 closed rings. As both of the 

parental species are apparently strict allopolyploids chromosome pairing 

cannot be of an autosyndetic nature. This pairing can only be due to a 

high degree of homology between the genomes of A. scribneri and A. Iati- 

glume. with approximately 11 to 12 chromosomes of the 2 species completely 

homologous. In addition 45% of the cells formed a 13th bivalent which was 
open at one end, indicating at least partial homology. No cells were 

found with less than nine bivalents.

Dewey (1963) found a similar situation in the natural hybrid of A. ■ 

trachycaulum and A. scribneri. with the meiotic pairing configuration-of

the hybrid suggesting 10-11 chromosomes of the parents being completely
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homologous. However, a high degree of multivalent pairing was found, indi

cating that the parental chromosomes differed primarily on the basis of 

heterozygous translocations. Dewey concluded that the two parental species 

differed only by gross structural rearrangements in some of their chromo

somes. Designating the genome formula of A. trachycaulum as AABB and that 

of A. scribneri as A]A]B]B;l he assigned the genome formula of AA^BB^ to the 

hybrid.

Multivalent associations were almost non-existant in the hybrid 

studied in this -thesis, only occurring in 5 cells, each exhibiting a single 

trivalent chain. Lacking such associations it can only be concluded that 

2-3 of the chromosomes of A. scribneri and A. Iatiqlume are sufficiently 

different to preclude pairing, resulting in sterility of the hybrid. Using 

Dewey's genome designations for A. scribneri as A^A^B^B^ the genomes of A. 

Iatiqlume could be represented as A1A1B2B2, A2A2B-|B̂  or A2A2B2B2... As there 

is no way of knowing at the present time if the chromosome differences are 

limited to one genome or found in both, the most logical genome designation 

for A. Iatiqlume would be A2A2B2B2. The genome formula of the hybrid would 

then be A ĵ B jB^. .

■ It is-interesting to note that in addition to the other characteris

tics mentioned by Dewey as being shared by these two species one can add 

the presence of a large meiotic nucleolus.

A. trachycaulum vs. A. subsecundum

Beetle (1952) and other authorities have often classified A; subsecun

dum as merely an awned varietal form of A. trachycaulum. However, the two
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species show distinct habitat requirements and exhibit pronounced morpholo

gical differences in Montana.

A. trachvcaulum is common across the state on a variety of sites, 

including well drained bottom lands, foothills and mountain valleys up to 

and including the alpine zone. It exhibits its greatest vigor on light, 

sandy loam soil's but occurs under a wide variety of edaphic conditions.

A. subsecundum, however, is restricted to the upper north slopes of moun

tain ranges at approximately the 7,000 foot level, and occurs chiefly on 

deep, silty loam soils of high moisture content.

Growth habits of the two species are completely dissimilar. A. 

trachvcaulum forms large clumps of up to one foot in diameter and four 

feet in height, with an abundance of long, basal leaves. A. subsecundum 

plants usually display a single flowering stalk with only a few basal 

leaves present, if any. The solitary stalk has from 2 to 3 leaves 

scattered up the stem, the upper leaf being located just below the spike. 

The twisting of the spikelets at maturity imparts a definite "flagged" 

appearance to the plant, a characteristic unique to this species of wheat- 

grass. _ . :

Cytologicqlly, in their general cell and chromosome size they are 

closely similar, although A. subsecundum is decidedly more irregular 

meiotically than A. trachvcaulum. Serologically, they do not appear to be 

closely related, especially when plated against antiserum derived from A. 

smithii. ; ;

A. trachvcaulum has been the subject of meiotic investigation by a 

number of workers (Stebbins et. al., 1946; Boyle and Holmgren, 1954; Gross,
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1960; Dewey, 1963). As mentioned by Dewey, although the species complex 

is composed of a number of morphological and ecological types all appear 

to be of an allotetraploid nature.

This same condition was observed in this study, all specimens
I

exhibiting strict bivalent pairing, with multivalent associations never 

observed. Of interest was the finding of one cell (Figure 12b) which 

exhibited 7 bivalents in the metaphase I stage and the rest of the chromo

some complement clearly in the pachytene' stage, with the nucleolus promi

nent. This would further tend to substantiate the concept of two separate

 ̂ genomes which, under certain conditions, can apparently differ slightly in
>  '

the timing of their meiotic processes. The phenomena of non-synchronized

genome divisions within a single cell hbs been recorded prior to this study 

by Zchege (1963).. In a meiotic study tif chemically induced, mutations in 

hexaploid spring wheat, 22% of 183 cells (40) observed in prophase showed, 

diplotene and .pachytene stages within- the same cell. The reasons for this 

asynchronous division are not known at the present tithe. The conclusions 

of former researchers as to the allotetraploid nature of A. trachvcaulum 

is further substantiated by the results of this study.

A. subsecundum has not received the attention given A. trachvcaulum,- 

the root tip studies by Peto (1930) apd Hartung (1946) being the only prior

available publications on the species. Ieiotically, A, subsecundum was
/

found to behave as an allotetraploid. Only 3 cells of a total of 307 

showed any quadrivalent pairing at metaphase I . Anaphase I was markedly 

irregular with 16%' of the cells showing 1-7 laggards; the most common 

being 2. The meiotic irregularity of the species was reflected in the high
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amount of sterility found in the spikelets of the plants examined, with 

less than 10% of the total number of spikelets containing seed.

On the basis of the differences in ecological requirements, gross 

morphological differences, serological and cytological differences there 

does not appear to be any justification to reducing A. subsecundum to a 

varietal form of A. trachvcaulum. It is the author's opinion that the 

awned forms of A. trachvcaulum which do exist have led some taxonomists,to 

doubt the validity of a species designation for A. subsecundum. It is felt 

that such confusion could be clarified by recognising that A. trachvcaulum 

should not be distinguished from A. subsecundum strictly on the basis of 

awns; instead, more emphasis should be plqced on the obvious differences in 

growth habit.

At the present time the reason for the unilateral twisting of the 

rachis in A. subsecundum is not known. It is interesting to note, however, 

that such twisting does not appear in the awned populations of A. trachv

caulum which the author has frequently observed. It is not felt.that this 

is a response to some environmental factor since twisting occurs randomly 

in the field, plot which is subjected to more or less uniform conditions. 

Even the heads of a single plaht are seldom oriented in the same direction. 

The "flagged" appearance which the' twisting imparts.to the mature plants 

is certainly one of the major identifying field characteristics of the 

species.
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A. dasvstachvum vs. A. albicans

Two species which show a close relationship as determined by this 

study are A. dasvstachvum and A. albicans. By traditional taxonomic con

cepts they are separated on the basis of awns, a situation similar to that 

found in A. inerme and diploid A. spicatum. In this case A. albicans is 

the awned species while A. dasvstachvum is usually classified as awnless. 

Both show Varying degrees of glume pubescence, the degree exhibited 

apparently feffecting ,the fayorability of the habitat. Populations of both 

species which appear to be lacking in vigor show only sparse pubescence, 

while plants from populations exhibiting vigorous growth are densely 

pubescent.

Both species have approximately the same ecological requirements; how

ever, A. dasvstachvum has a considerably wider range than A. albicans. The
I

latter is found only in limited amounts on thin, rocky outcrops in the dry 

foothills of eastern Montana. A. dasvstachvum is one of the most wide

spread of the wheatgrasses in-Montana-, occurring across the state in a 

variety of habitats ranging from the plains to the high mountain areas.

All populations of A. albicans observed were growing in close proximity to 

populations of A.- dasvstachvum. the- only difference being the restriction 

of A. albicans to. the more rocky, drier sites' in the area.

- Separation of the two as species strictly on the basis of the absence 

or presence of awns is not valid as- A: dasvstachvum populations commonly 

contain plants exhibiting varying degrees of-awn-length, ranging from awn- 

tipped to short-awned. Awri length in A. albicans is also variable, - - 

apparently reflecting moisture availability. In low moisture areas the
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awns are much shorter than those found on plants of the same population 

growing on more mesic sites. Phenological data for the two species are 

identical.

Serologically the two species show an extremely close relationship.

When plated against A. spicatum antiserum the two can be separated as each 

forms one unique line not formed by the other. However, when allowed to 

react with A. smithii antiserum the two show identical reactions, both 

forming 7 lines, all in common. Using both sources of antiserum the two 

share 11 lines in common out of the total number of 12 lines that they 

f orm.

Cytologically, little previous • work has been done on either of theI
two species. Root tip counts have been given for A. dasvstachyum (Peto,

1930; Hartung, 1946; Senn, 1947), but no prior meiotic information is 

available. A. dasvstachyum behaved as a strict allopolyploid, with over 

300 cells showing only closed bivalent pairing. No multivalent configura

tions were ever observed. It was the only species investigated which 

failpd to show any irregularities in any stage of meiosis,

No prior cytological data of any kind, is available for A. albicans, 

but it is also a tetraploid (2n=28). It is also apparently an allopoly

ploid, as no multivalent associations were; observed in the 174 cells 

examined at diakinesis. A. albicans, is highly irregular meiotically 

compared to A. dasvstachyum. with laggard fragments occurring in 40% of the 

cells in anaphase I. Later meiotic stages also show irregularities; most 

of which are laggard fragments. Seed set is much lower in A. albicans. 

being approximately 40% as compared to approximately 90% in A. ddsvstachvum. .
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Based on the present study, the separation of the two species does 

not appear to be justified. However, before A. albicans can be reduced to 

a varietal form of A. dasystachyum, genome homologies using hybridization 

techniques must be determined. These techniques will be applied in the 

near future in an attempt to resolve the problem. It may be postulated 

that the chromosomes of A. albicans have undergone structural rearrange

ments which have effectively prevented, in general, natural interbreeding 

With A. dasystachyum. which is the probable ancestor. Whether these 

rearrangements are of a sufficient magnitude to preclude artificial 

hybridization attempts is not known. If ^he two species will hybridize 

successfully, thus indicating genome homology, the continued separation 

of the two into distinct species would no longer appear to be justified.

A. smithii

A. smithii is unique in being the-only species of Aqropyron native to 

Montana with a chromosome complement greater than the tetraploid level, 

being an octoploid (2n=56).. Although a number of attempts have been made 

to hybridize A.-smithii with other species of Aqropyron, none have been 

successful,■which indicates the presence of effective sterility barriers. 

It is also considered to be self-sterile (Smith, 1944; Gillett and Senn, 

1960) apparently persisting by vegetative reproduction and cross pollina

tion. Somatic chromosome counts have been reported by a number of workers 

(Peto, 1930; Nielsen and Humphrey, 1937; Hartung, 1946; Myers,' 1947; 

Gillett and Senn, 1960) with the majority of the reports listing the 

species as an octoploid. Gillett and Senn (1960), in a comprehensive
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cytotaxonomic treatment of the species, found only the octoploid number

in the 62 cultures examined from various geographical locations. They

also investigated meiotic pairing configurations and found the species

formed 28 bivalents with only minor irregularities in metaphase I.

Meiotic information for stages later than metaphase I was not reported.

The present study confirms the octoploid nature of the species. A.

smithii is also apparently an allopolyploid, as strictly bivalent pairing

was observed with no indications of multivalent associations being formed.

Meiotically the species is very regular, with only minor irregularities . ' !
observed in apy of the stages.

Serologically, A. smithii shows a closer relationship with A. albir- 

cans. A. dasvstachvum. A. Iatiglume and the hybrid A. Iatiqlume x A. 

scribneri than with the other species investigated. The close serologi

cal relationship that is indicated from the present study between A. 

smithii. A. Iatiqlume and its hybrid is somewhat surprising. Morphologi

cally the two species bear very little resemblance to each other and are 

completely dissimilar in their growth habit. However, all of these . 

species form 7 lines when allowed to react with A. smithii antiserum, as 

compared to the 9 lines formed by A. smithii when allowed to react with 

itself. Serologically, A. smithii is not as closely related to the rest 

of the Aqropyrons as is the other source of antiserum, A. spicatum. -

Gillett and Sennt1960)'mentiqn that A. smithii probably arose by one 

of two ways, either by doubling of a native tetraploid species or by the 

hybridization of two tetraploids with subsequent doubling to form an" 

allopolyploid species. Based on the cyto.logical data of this study and
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of their own it would appear that the latter is the more logical choice. 

They theorized that if this were the case the ancestoral species may well 

be A. dasvstachvum and some unknown species of Elymus. If this is the 

case this would explain the serological distinctness exhibited by the 

species as well as the failure of artificial hybridization attempts. At 

the present time, however, this is nothing more than a theory, although 

it may well indicate an area in which hybridization attempts should be 

made.

A. griffithsii

A. griffithsii is one of the least known of all the. Agropyron 

species, and has never before been collected in Montana. It has. never 

been meiotically investigated previous to this study, a fid the only cyto- 

logical examination is a somatic chromosome count by Peto (1930) who found 

it to be tetraploid. Beetle (1952) classifies it merely as a variety of 

A. albicans. "differing only in having glabrous lemmas and broader leaf 

blades". However, the population examined in this study bears very little 

resemblance to A. albicans. Ecologically, the habitat is almost the 

opposite of that commonly associated with A. albicans. The population of 

A. griffithsii was located on an overflow site in a fairly high moisture 

area, while A. albicans is seldom found on any but the driest sites. In 

growth habit there is almost no resemblance between the two species. In 

both its ecological requirements and growth habit it closely resembles 

Av trachvcaulum. a species growing in close proximity. Morphologically, 

however, the 2 species are distinct.
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Meiotically it was the most irregular species studied in this 

investigation. In metaphase I, which was the earliest stage in which 

pairing relationships could be determined, approximately 50% of the 

chromosomes formed closed bivalent associations. The remainder formed 

open bivalent, univalent and multivalent associations up to and including 

pentavalents, with 18% forming quadrivalents. Univalents, which were 

found in most of the cells at metaphase I, may well be the result of 

precocious bivalent separation or multivalent associations, as anaphase 

I was decidedly more regular. This would indicate that many of the meta

phase I univalents underwent normal polar migration during anaphase I, a 

condition characteristic of precociously separating bivalents. Bridge- 

fragment formations which probably arose from heterozygous inversions 

were also numerous at this stage. Bridges, fragments and laggards were 

also common at anaphase IT. All plants examined were found to be sterile 

with reproduction dependent on rhizomes.

On the basis of- the cytological information it is evident that A_. 

griffithsii is a sterile hybrid of unknown parentage. It is the author's 

opinion that one of the parental species involved is A. tr.achycaulum.

This opinion is based on similar habitat requirements, a somewhat similar 

growth habit, and the fact that A- trachvcaulum, is the only other species 

of Aaropvron growing in the area.

■ Serological results of tests designed to determine this proved to be 

inconclusive. ■ Two groups containing-A. griffithsii were set up. In one 

group, JL griffithsii was plated adjacent to L  -dasvstachvum and A- "albi

cans in order to test Beetle's (1952) classification of treating it as a
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varietal form of _A. albicans. In the second group, Ai griffithsii was 

plated adjacent to _A_. trachycaulum to test the serological relationship 

between these two species. No differences were found among the number of 

lines formed in common by JL griffithsii and the other three species.

When plated against /Ll soicatum antiserum A. ariffithsii formed 4 lines 

in common with the other three species. It is interesting to note that 

4 lines is the minimum number of lines formed by any of the Agropyron 

species when plated against _A. spicatum antiserum and may represent the 

genus relationship. When reacted with A. smithii antiserum all three 

species formed 5 lines in common with _A. griffithsii.

One important point may be indicated by this test. Based on the low 

number of lines which JL griffithsii forms when reacted with the two 

sources of antiserum it does not appear to be closely related to the other 

Agropyron species investigated and may well be an intergeneric hybrid. 

Whatever it's parentage, the continued designation of the sterile hybrid 

known as Ai griffithsii as a species does not appear justified.

A,- saxicola

A . saxicola was the only species of Agropyron investigated in this 

study that failed to undergo meiosis. Inflorescence samples which were 

collected from each of the ten plants a number of times both in the field 

and in the greenhouse at varying stages of spikeletydevelopment failed to 

show any indication of- anther development; Root tip techniques were 

employed to determine the somatic chromosome number of the species:

In the two years since the plants were collected from their natural
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habitat and transplanted to the field plots they have undergone a notice

able phenotypic change. In their natural habitat the glumes were long- 

awn ed, the awns becoming divergent upon maturity. At the present time 

plants both in the field plot and the greenhouse display a much shorter 

awn which diverges only slightly upon reaching maturity. This condition 

is probably related to the available moisture, as the natural habitat is 

extremely dry while both the field plot and the greenhouse are kept under 

fairly high moisture conditions.

A. saxicola is almost a completely unknown species. It is highly 

probable that the population located in the present study is composed of 

descendants that have arisen vegetatively from the original population 

located by Hawkins (Mont. 31918) in 1914 in the same area. Noticeably 

lacking in vigor, the population appeared to be little more than main

taining itself by means of weakly developed rhizomes. There are no 

previous chromosome counts so the somatic number of 2n=28 that was deter

mined by this study is the first chromosome count recorded for the species.

The species is probably a sterile intergeneric hybrid with one of 

the parents apparently being Sitanion hystrix. which it closely resem

bles both morphologically and ecologically. The habitat is characteristic 

of Sitanion hystrix. which occurs in large numbers in the area. The other 

parent may possibly be VL trachycaulum. which is abundant in the vicinity. 

Serologically _A; trachycaulum and A- saxicola show a certain degree of 

relationship, as each share 5 lines in common when plated against JL '' 

spicatum antiserum although they only form 4 lines in common when reacted

with A. smithii.
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However, Boyle (1963) reported on a controlled hybrid between 

hystrix and JV. trachvcaulum in which the hybrid, though sterile, showed 

a high degree of vigor, readily undergoing meiosis. Morphologically the 

hybrid in Boyle's study and A- saxicola show little resemblance. It does 

not seem logical that the same crosses would yield such dissimilar results, 

■however, the population studied in this thesis may have resulted from the 

reciprocal cross where A. trachvcaulum served as the female parent.

Regardless of the parentage, it does not seem biologically sound to 

give species status to a sterile hybrid that fails to even undergo meiosis.
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GENERAL DISCUSSION

The results of this and previous investigations would seem to indi

cate that the eleven1 species of Aaropvr-on native to Montana require a 

certain amount of taxonomic revision. The separation of _A. iherme and 

A., spicatum cannot be biologically justified; A_- inerme should be reduced 

to a varietal form of A. spicatum.

The parentage of the tetraplpid strain of A., spicatum which was 

investigated in this study has not been determined. However, it does 

serve to illustrate the dangers involved in applying cytological results 

obtained by investigating only one population to the entire species. The 

population investigated in this study was apparently an allopolyploid, 

while Dewey's (1964) population was apparently an autopolyploid.

Based on this study, _A. subsecundum should no longer be classified as 

a variety of _A. trachvcaulum but recognized as a distinct species. The 

final classification of JL albicans must await attempts at hybridization 

with A. dasvstachvum. but preliminary results obtained from this study 

would seem to indicate that it may be merely a varietal form of A. dasy- 

stachvum. ( ■

The occurrence of the natural hybrid apparently resulting from the 

crossing of JL scribneri and JL latialume indicates the existence of a " 

closer genome relationship than what was previously supposed between these

two alpine species. " .......  ' _

The two sterile hybrids of probable intergeneric origin, JL saxicola 

and A. griffithsii should no longer be classified as species and should 

be designated as JL x saxicola and A. x griffithsii. The classification
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of A- griffithsii as a varietal form of JL albicans should also be discon

tinued.

The present study also indicates areas in which further research
! 'i . ‘

should be performed. Hybridization procedures involving JL albicans and 

A., dasvstachvum should be attempted to clarify the status of JL albicans. 

Hybridization should also be attempted between A_. scribneri and JL Iati- 

glume to validate the putative parentage of the naturalIy-occurring 

hybrid. The areas surrounding the localities where the populations of A_. 

x saxicola. JL x griffithsii and the tetraploid strain of JL. spicatum 

were found should be intensively searched in an attempt to discover the 

parental species involved. Such species, when found, should be incorpora

ted in a controlled hybridization program so that the parentage can be 

conclusively proven.
i

Taxonomic keys should be modified to recognize the above changes 

plus other minor modifications indicated by this study. These include 

listing both JL trachycaulum and JL dasvstachvum as being awnless to 

short-awned and placing more emphasis on the growth habit of A- subsecun

dum to facilitate its separation from A- trachycaulum.

Above all, taxonomic workers should be aware of the large ecotypic 

variation that exists within all of the more widely distributed species 

of Agropvron found in Montana. By being aware of this variation, many of 

the problems which have resulted from the placing of undue emphasis on 

minor quantitative characteristics such' as awn length and degree of 

pubescence should no longer cloud future taxonomic classifications.



SUMMARY

Eleven species and one naturally occuring hybrid in the genus Agro- 

pyrOn that are native to Montana were investigated to determine their

genetic relationships. Ecological, morphological, histological, cytogene-
! ■ ■

tic and serological methods were incorporated in the study. All of the 

species investigated show variations of the basic chromosome number of 

seven ranging from the diploid to the octoploid levels.

One species, A- spicatum. was found to consist of diploid and tetra- 

ploid races. Upon meiotic examination the tetraploid race was hypothe

sized to be of an allopolyploid origin, with one parent obviously being 

the diploid race which it closely resembles and the other parent unknown. 

As the two races cannot be separated morphologically except on a purely 

quantitative basis there appears to be no justification in classifying 

them as separate species. A third species, A- inerme. was found to inter 

grade with A- spicatum and based on the results of this and previous 

studies it should be recognized as only a varietal form of A  spicatum.

There are several indications that A. albicans is only a variety of 

A. dasvstachvum. but final classification must await results from hybrid! 

zation.

One species, A. subsecundum, which is often classified as a variety 

of A- trachvcaulum. showed distinctive morphological and ecological 

characteristics that establish it as a separate species.

Two species, A-x saxicola and A  x griffithsii. were found to be 

sterile hybrids of probable intergeneric origin. Original chromosome 

counts were given for A- saxicola. which does not undergo meiqsis and
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closely, resembles Sitanion hystrix both morphologically and ecologically. 

A., griffithsii is definitely not a variety of A. albicans as it is often 

classified.

A new natural hybrid was discovered with the putative parentage 

being A. scribneri and A. latiglume. Meiotic examination showed that a 

higher degree of genome homology exists between the two species than what 

was previously supposed. Serologically the hybrid is intermediate to the 

parental species.

Detailed ecological and morphological information, including synonymy 

lists and leaf epidermal features gre included in the study. Serological 

comparisons are made of a number of the species in morphologically homolo

gous groups, the results paralleling morphological similarities in general 

Areas requiring future research are also indicated.
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