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ABSTRACT

A RE-EVALUATION OF THE JUNCUS TRIFORMIS COMPLEX (JUNCACEAE)

by Barbara Ertter
Advisor: Dr. Arthur Cronquist
The New York Botanical Garden
The City University of New York
A dissertation submitted to the Graduate Faculty in Biology in partial
fulfillment of the requirements for the degree of Doctor of Philosophy,

The City University of New York. 1983.

The Juncus triformis complex is a small group of dwarf annual rushes

in western North America. All have narrow basal leaves, inconspicuous
bracts, solitary terminal heads or flowers, 2-3 stamens, and completely
plurilocular capsules. The complex illustrates a progressive adaptation to
seasonally moist habitats, involving development of an annual habit,
reduction in size of plant to only 2 cm, reduction in number of flowers to
only 1, loss of bracts and inner stamens, transition from trimery to
dimery, and transition from out-crossing to selfing as the primary mode of
pollination. Chromosome numbers display an aneuploid reduction series
fromn =19 to n = 16.

The complex was last revised in 1948 by Hermann, who recognized nine
species. The present revision recognizes nine species and two additional
varieties, a total of 11 taxa, arranged into four informal groups.
Changes from Hermann's revision are the segregation of two new species

(J. luciensis and J. tiehmii) from J. kelloggii, the discovery of a new

variety (J. leiospermus var. ahartii), the reduction of J. abjectus to a
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variety of J. hemiendytus, and the inclusion of J. megaspermus within J.
triformis.

A combination of scanning electron microscopy of seed coat patterns
and morphological data indicate that the closest relatives of the J.
triformis complex are either a group of Southern Hemisphere perennials,
the New World perennials J. marginatus and J. filipendulus, or the South
African annuals, all in subg. Graminifolii. The association of the J.
triformis complex with the South African annuals and J. capitatus as a

segregate subg. Juncinella is rejected.
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Introduction

The Juncus triformis complex is a small group of highly reduced

annual rushes found in vernally moist areas of western North America,
centered in California. Although the complex was revised as recently
as 1948, two aspects deserve further investigation.

First is the exact circumscription of taxa within the complex.
Engelmann (1866, 1868) introduced the complex by describing J.
triformis, consisting of three varieties, and J. kelloggii. Hermann
(1948) recognized nine species, six of which he proposed as new.
Although Hermann's circumscription has been widely accepted, it was
based exclusively on morphology and contained little or no discussion of
the individual taxa to support his conclusions. The potential for
disagreement is exemplified by Cronquist's (1977) reduction of all the
Intermountain members of the complex under J. kelloggii.

The second aspect is the placement and origin of the compiex within
the genus. On the one hand the J. triformis complex may be associated
with the numerous perennial North American species of subg.
Graminifolii Buchenau. Alternatively the J. triformis complex, the
Mediterranean J. capitatus Weig., and some South African endemics
have been treated as as a natural group of annuals separate from the
perennial species of subg. Graminifolii (e.g., Buchenau, 1880;
Weimarck, 1946). While the first arrangement would indicate an origin
of the complex from perennial species in situ, the second would derive
it instead from a far-flung assemblage of annuals.

The present re-evaluation of the J. triformis complex is based

primarily on a morphological examination of a wide selection of



herbarium specimens, four summers of field work (1978-1981), scanning
electron microscopy of seed coat patterns, chromosomal studies, and
observations of cultivated specimens. As a result of these studies, 11
taxa are recognized, representing nine species and two additional
varieties. Furthermore, the closest relatives of the complex are
apparently neither the western North American perennials nor the South

African annuals, but rather the Southern Hemisphere perennials.

Unless otherwise specified, the following may be assumed:

1) References to Engelmann and Hermann are to their 1868 and 1948
works respectively.

2) Subgenus Graminifolii includes both annuais and perennials. A
synopsis of the subgenera of Juncus forms Appendix |.

3) For the most part, counties and other place names are in
California.

4) References to J. bufonius L. are sensu lato.

5) Locations of duplicates of my collections are based on records of

their distribution to different herbaria.

In addition, the following abbreviations have been used:
1) ICBN -- International Code of Botanical Nomenclature [Leningrad
Congress] (Stafleu et al., 1978).

2) Herb. Norm. -- Herbarium Juncorum Boreali-Americanorum

Normale, a set of exsiccatae distributed by Engelmann.

3) Herbarium acronyms are those specified in Index Herbariorum |,

7th edition (Holmgren et al., 1981)



To avoid confusion as to place of publication, Latin descriptions of
new taxa have been omitted from this dissertation. No new species,
varieties, or combinations are to be considered effectively published in

this work, though eventual valid publication is intended.



History

The Juncus triformis complex was initiated by George Engelmann, in

"A revision of the North American species of the genus Juncus”.
Although the first half of this work was published in 1866, the last 40
pages were not published until 1868, allowing the integration of new
material arriving from California.

in the 1866 portion of his work Engelmann referred in several places
to a new subgenus, Juncellus, which he planned to establish containing
as its sole species J. saginoides from California. Neither subgenus nor
species were actually described, and by 1868 Engelmann, having studied
additional specimens sent by Bolander, dropped the new subgenus and
specific epithet. He described instead J. triformis and J. kelloggii, the

former consisting of the three varieties a stylosus, B brachystylus,

and T uniflorus. The last-named variety was to replace the provisional
name J. saginoides. Both subg. Juncellus and J. saginocides have
appeared in subsequent synonymies and publications (e.g., Heller,
1888, 1900, 1909), but always without descriptions. They are therefore
not validly published.

When describing J. triformis, Engelmann explained his changed

decision as follows:

Only the small dimerous form was known to me when the first
part of this paper went to press, and was then considered as the
type of a distinct subgenus, Juncellus, allied through its
single-flowered stems to Rostkovia, and distinguished by its
dimerism from any other known Juncus (see pp. 426, 428 & 436).
Mr. Bolander, however, has since discovered other forms of the
plant which bear trimerous flowers, thus assimilating it to the
ordinary form of Junci and more particularly to the European J.



capitatus, and destroying the subgenus Juncellus. | am now
convinced that it must be placed with its European ally near J.
marginatus, in the section Graminei, the dimerous variety
constituting an anomaly not otherwise observed in this genus, but
again found among the allied Restiaceae and Eriocauloneae, where
dimerism and trimerism occur in the same genus--whether in the
same species, is unknown to me.

Collections of the Juncus triformis complex that formed the basis of

Engelmann’s decisions were collected in conjunction with the State
Geological Survey of California, established by an act of the California
State Legislature on April 21, 1860, and headed by Josiah D. Whitney
as Director and Geologist-in-Chief. Although concerned primarily with
geology (particulariy auriferous), the legisiative act aiso specified a
"full and scientific description of its botanical productions” (Whitney,
1876). William Henry Brewer was designated State Botanist; he
resigned after four years and was succeeded by Henry Nicholas
Bolander. Unfortunately the Survey suffered from lack of support,
both popular and financial, and was denied further funding by the
1873-1874 State Legislature. The two most complete sets of the
botanical coliections resulting from the survey were the one kept by the
State and the one sent to Asa Gray; these sets are now at UC and GH.
Undoubtedly the "small dimerous form"” available to Engeimann in 1866
was a lone Hillebrand collection cited among several of Bolander's in the
1868 protologue, as several other Hillebrand collections were cited
elsewhere in the first half of the revision. Wilheim Hiilebrand, author

of Flora of Hawaii, visited California from Honolulu in 1863. He

collected with Brewer for the Survey that year, mostly around Yosemite
Valley, Big Tree Grove, and Mount Dana (Ewan, 1955). During this
expedition he made a collection of depauperate J. capillaris. The plants

are dimerous and for the most part one-flowered, though a few stems




bear very young second flowers. Apparently Engelmann had actually
considered recognizing the plant as a new genus, as the MO sheet has
a pencilled herbarium name referring to the dimerous condition.

The Bolander collections cited by Engeimann were all made in 1866,
when Bolander collected for the Survey around the state. Bolander's
strong interest in mosses gained from an early exposure to Lesquereux
probably preadapted him for spotting inconspicuous plants.

Knowledge of Bolander’'s itinerary is critical in determining the
localities of types based on his collections. Unfortunately his fieldbook
at GH provides only a vague picture of his travels, as entries are not
made in strict order of collection, and dates are infrequently given.

As a general outline, he made two major collecting trips in 1866, the
first to Mendocino County in April and May, and the second %o the
Sierra Nevada from June to September. He first travelied north
through Petaluma and collected around Ukiah April 14-19. From here
he continued north to the Russian River Valley, Sherwood Valley, Long
Valley, and Cahto, eventually reaching Round Valley in northern
Mendocino County by the 29th. He then travelied to the coast by an
unspecified route, arriving in Mendocino City by May 8. He collected
in the general vicinity of Mendocino (Fort Bragg, Noyo, Big and Little
rivers, Anderson Valley) for at least two weeks before returning to San
Francisco.

For the second trip he was attached to an exploration of Yosemite
and the Sierra Nevada under the command of Clarence King. Starting
mid-June the group proceeded from Mariposa up the old Yosemite trail,
passing near the present-day Wawona entrance of Yosemite National

Park. After spending some time in Yosemite Valley and the Big Trees,



they followed the upper Tuolumne River to Tuolumne Meadows before

crossing the Sierra Nevada to reach Mono Lake by mid-September.
Bolander made several large collections of members of the J.

triformis complex, responding to Engelmann’s request for exsiccatae to

distribute as part of his Herbarium Juncorum Boreali-Americanorum

Normale (abbreviated as Herb. Norm. or Hb.N.). Engelmann (1866)

intended that these exsiccatae would "stand in place of expensive
plates, and . . . be far preferable to them”. It is my belief that these
collections, chosen and widely distributed by Engelmann to represent
his concept of the species, should be given preference when
designating lectotypes of species described in his revision.

While Hillebrand's and Bolander's collections formed the basis for the
three varieties of J. triformis, the other species, J. kelloggii, was
based on a single 1866 collection from San Francisco made by Albert
Kellogg, the premier resident botanist of California. These early
collections were followed by a multitude of others, so that by the end
of the century the group had been found throughout California as well
as in Nevada, Oregon, Washington, and Baja California, Mexico. One
early collection was used by Greene (1890) as the type of a new
species, J. uncialis. Others are the only collections of the complex
from Washington, the only ones from Nevada for over 100 years, and
the only record for J. capillaris outside of the Sierra Nevada. A list of
collections before 1900 is given in Appendix IlI.

Several of these collections were available for study by the German
expert on the morphology and taxonomy of Juncaceae, Franz Georg

Philipp Buchenau. In his Monographia Juncacearum (1890), Buchenau

generally accepted Engelmann’s evaluation of the J. triformis complex,



although he included var. uniflorus within var. brachystylus. In his
1906 revision of Juncaceae in Engler's Pflanzénreich (which contained
the first illustrations of the group), Buchenau included within var.
brachystylus not only var. uniflorus but also J. uncialis, though he did
mention that Leiberg 375 might qualify as a distinct species [see J.
hemiendytus var. abjectus]. More significant was his decision that J.
kelloggii was nothing more than an aberrant form of J. bufonius var.
pumilo Griseb, resulting in the consignment of J. kelloggii to limbo for
many years.

Both Engelmann and Buchenau were ambivalent about the degree of
distinctiveness among the components of the J. triformis complex, as
neither person had access to enough material to deternine if the
differences were of taxonomic significance. Engelmann (1868)
distinguished the varieties by a combination of style lencth and flower
number. He felt that these differences were insufficient for specific
recognition; instead he placed more importance on “the similarity of the
whole appearance of the plants and of most of their part:, and, above
all, the absolute identity of the well-marked seeds”. He further
believed that "eventually intermediate forms will dispel all doubts”.

Buchenau (1890) maintained var. brachystylus as distinct from var.
stylosus with the following commentary:

Ob die beiden als Varietiten aufgefuhrten Pflanzen (var.

stylosus und brachystylus) als Varietiten, als Arten, oder als

heterostyle Formen aufzufassen sind, k¥nnen nur Beobachtungen

in der freien Natur lehren. -- Die Verschiedenheiten in Baue der

Geschlectsorgane sind sehr gross; doch finden sich @hnliche

Verschiedenheiten bei hsher entwickelten, entomophilen Bliiten ja

nicht selten. -- Mittelformen zwischen beiden scheinen nicht
vorzukommen.




[Whether the two plants presented here as varieties (var.
stylosus and brachystylus) are to be interpreted as varieties, as
species, or as heterostylous forms can only be learned from
observations in the field. The differences in structure of the
reproductive organs are very great; however, comparable
differences are not uncommon among the more highly developed
entomophilous flowers. Iintermediate forms between the two do not
appear to occur.]

Buchenau therefore did not share Engelmann’s expectations of
forthcoming intermediates.

Subsequent floras varied in their treatment of the three varieties.
Some, such as Watson (1880), Howell (1903), Jepson (1922, 1923), and
Smiley (1921) followed Engeimann in treating all three as separate
varieties of J. triformis. In contrast Piper (1906) recognized the three
taxa at the specific level, proposing J. brachystylus and treating var.
uniflorus as a synonym of J. uncialis. Piper's arrangement was
followed by Rydberg (1917), Abrams and Ccville (1923), and Davis
(1952). Peck (1941) had an intermediate treatment; he recognized two
species, J. triformis and J. brachystylus, with var. uniflorus a variety
of the second. Munz (1935) apparently submerged var. brachystylus
into J. triformis without a trace, treating only var. uniflorus as a
separate variety.

Engelmann’s other species in the complex, J. kelloggii, was in
essence forgotten until Frederick J. Hermann by chance ran across an
isotype at US filed under J. bufonius as per Buchenau. Hermann's
realization that this specimen was decidedly not J. bufonius led him to
examine the entire complex more closely.

Hermann's revision, published in 1948, recognized nine distinct
species in the complex, six of which were proposed as new.

Engelmann’s J. triformis var. stylosus was divided into J. triformis
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s.s., J. megaspermus, and J. leiospermus. Juncus kelloggii and J.

triformis var. brachystylus were merged at the specific rank, J.
uncialis was retained but restricted in application, and J. triformis var.

unifiorus was split into J. bryoides, J. capillaris, J. hemiendytus, and

J. abjectus. The treatment contained excellent keys and descriptions,
but no illustrations and practically no discussions of the different
species.

Hermann's work was "greatly abetted by the painstaking efforts of
John Thomas Howell to search out their retreats in all his field work
during the past ten years” (Hermann, 1948). Howeil, the first person
since Bolander to actively seek out these diminutive plants, made his
collections in conjunction with his own on-going study of the flora of
the Sierra Nevada. Some of the flavor of his expeditions is recorded in

Base Camp Botany, a series of unpublished annotated checklists by

Howell. In the initial 1940 checklist, under the entry for Juncus

brachystylus (Howell 15904, actually J. capillaris), we read:

Probably Peter Friedricksen will remember this rush as the
ridiculously tiny plant which made the botanist so vociferously
enthusiastic that he (Peter) retraced his steps fully 25 feet to
look at the cause of the uproar. But what botanist wouldn't have
shouted for joy to discover this dwarf rush flourishing near
timberline at almost 11000 ft. where heretofore it has been known
no higher than middle elevations in the main forest belt and never
so far south!

This range extension was later published by Howell (1941).
The 1941 checklist also made reference to collections of J.
brachystylus, but the 1942 checklist reported additional collections only

as Juncus spp. with the comment, "According to Dr. F. J. Hermann the

material represents three unpublished species, so we cannot use his
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manuscript names yet; but aren't we gratified that all of them aren’t
the same thing although they looked superficially alike!”™ The new
names finally appeared in the 1948 checklist, the same year Hermann's
revision was published.

Hermann's arrangement was promptly and almost unanimously
accepted by subsequent authors (e.g., Munz, 1959; Peck, 1961; Howitt
t Howell, 1964; Hitchcock, 1969; Smith, 1976). The noteworthy
exceptions have been Hoover (1970) and Cronquist (1977). Hoover, in
his flora of Santa Barbara County, restricted J. kelloggii to the type
collection and resurrected the name J. brachystylus for the rest. In
his treatment of the Juncaceae for the Intermountain Fiora, Cronquist
lumped all but J. triformis, J. megaspermus, and J. leiospermus (which
do not occur in the Intermountain region and were therefore not
treated) in an &'l-inclusive J. kelloggii, with the comment:

The seaveral segregate species proposed by Hermann appear to be

mere technical variants, often locally constant as in self-pollinated

groups in other genera, but with widely overlapping ranges and
similar habitat requirements.

In the present re-evaluation of the J. triformis complex, |
recognize nine species and two additional varieties, a total of 11 taxa,
arranged into four informal groups. The archaic "triformis” group
contains J. triformis and J. leiospermus with two varieties: var.
leiospermus and var. ahartii. The ridge-seeded "kelloggii” group
consists of the four species J. kelloggii (including J. triformis var.

brachystylus), J. luciensis, J. tiehmii, and J. capillaris. Juncus

bryoides stands isolated in the third group, while the "uncialis” group

comprises J. uncialis and J. hemiendytus, the latter consisting of var.
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hemiendytus and var. abjectus.

A comparison of Engelmann’s, Hermann's and my treatments is given

as Fig. 1.

ENGELMANN, 1868 HERANN, 1948 ERTTER

J. TRIFORMIS
.+ J. TRIFORMIS . |
VAR, STYLOSUS + ¢ e eve®, Do e o Jo TRIFORMIS
* J, MEGASPERMUS -
J. LEIOSPERMUS « » » - » « +J, LEIOSPERMUS

VAR, LE]OSPERMUS

VAR, AHARTII
, +Js KELLOGG!!
VAR, BRACHYSTYLUS « » » +  » «J, KELLOGGII + ¢« o+ » Ji LUCIENSIS
Tt Tiemn
LT CRILRES - s e e o J cAPLLARIS
LT pevomDes - e e - J. BRvoIDES
St J. HEMIENDYTUS
VAR, UNIFLORUS o J, HeMIBOYTUS ¢ - e e e VAR, HEMIENDYTUS
(J. WeIALIS GREene) T J. aBUECTUS ¢ - - - - - © VAR, ABJECTUS

‘Jo UNCIALIS + =« =+ » « J, UNCIALIS

J. KELLOGGIT

Fig. 1. Comparison of taxonomic treatments by Engelmann, Hermann,
and Ertter.



13

Morphology

Methods:

Morphological observations and measurements were made primarily on
dried specimens from various herbaria and my own collections. The
latter were mainly collected from 1978 to 1981 in California, idaho,
Nevada, and Oregon. About 130 numbers were collected and significant
range extensions were located in all four states. The field work not
only resulted in the collection of large enough samples to study
intrapopulational variation, but also allowed observation of colors,
forms, flowering behavior, microhabitat preferences, and other features
best studied on living plants. Chromosomal material and viable seeds
were also collected.

Herbarium specimens of the J. triformis complex were examined from
the following institutions: A, BKL, CAS, CHSC, CIC, DAV, DS, F,
FSC, GH, HSC, ISC, JEPS, LA, LL, MICH, MO, NA, NDG, NESH, NY,
OBI, ORE, OSC, PH, POM, RENO, RM, RSA, SACT, SBBG, sSD, SFSU,
TEX, UC, UCSB, US, UTC, WILLU, WS, WTU. The loan from CAS was
by far the largest, as the first set of Howell's collections is there. In
all, about 450 collections besides my own were studied. A large
percentage of these represented mixed populations, thereby furthering
comparison of the component taxa. The holdings of NY, TEX-LL, and
GH-A were used for examination of other species in the genus.

Supplemental observations were obtained from preserved chromosomal
material, made easier by the fact that entire plants were sometimes

fixed, and from plants grown from seed.
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Results and Discussion:

Members of the J. triformis complex are small caespitose annuals
having basal leaves and solitary terminal heads or flowers. Annual
species have arisen elsewhere in the genus: in the eprophyllate
subgenera Graminifolii’ (J. capitatus Weigel, South African annuals) and
Septati (J. pygmaeus Rich.), and the prophyllate subgenus Poiophylla
(J. bufonius). In addition, several perennials are capable of flowering
the first year, such as J. planifolius R. Br. and J. caespiticus E. Mey.
(subg. Graminifolii), and J. bulbosus L. (subg. Septati). The
reduced site is also not unusual and has developed in some perennials,

for example J. antarcticus Hook. (subg. Graminifolii), J. minimus Buch.

(subg. Alpini), and J. duranii Ewan (subg. Septati). Because of the
capacity for further depauperization under adverse conditions, maximum
sizes and numbers of parts are of considerably greater importance than
are minimums in the J. triformis complex.

Like other species in the genus, members of the J. triformis complex
are glabrous and often suffused with an orange to reddish pigment,
perhaps glycosides of luteolinidin (Fregda et al., 1978), especially in
the capsules, tepals, and leaf bases. The degree of pigmentation is
genetically determined to a certain extent, but it is also a function of
maturity and environmental exposure. Whether the plant dries
stramineous or reddish is of some systematic significance.

The leaves are strictly basal and so crowded that the internodes are
usually not discernible. The main exception involves plants growing in

moss mats, as is frequently the case with J. capillaris. Here a distinct

1 For synopsis of infrageneric categories see Appendix |.
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axis or stem several millimeters long is often visible between the
uppermost lateral root and the lowermost leaves. This feature is
strongly environmentally dependent and is therefore of limited taxonomic
importance.

From the cluster of leaves a number of stems or culms arise, each
bearing a solitary terminal head or single flower. Culms, branches,
and new leaves arise within the sheaths of older leaves. A
well-developed plant on bare ground forms a complete hemisphere, with
leaves and cuilms pushing out in all directions, while a young or

depauperate plant may consist of a single culm and leaf.

ROOTS--Roots of the J. triformis complex are even smaller, weaker,

and more inconspicuous than are those of J. bufonius, to the extent

that the two can be told apart by the amount of effort needed to pull
them up. Other than that | have not found the morphology of the

roots to be of taxonomic significance.

LEAVES--Except for slight differences in length, the leaf is uniform
within the complex. It consists of an ill-defined blade and sheath.

The filiform to linear, terete to canaliculate blade terminates in a
usually darkly pigmented apex tipped with an acute to acuminate
inconspicuous callosity. The lower third or fourth of the leaf is
flattened with broad membranous margins which enwrap the culm.
Neither auricles (which are important taxonomically in some perennials,
including many North American members of subg. Graminifolii) nor
ligules occur at the juncture of blade and sheath. Reduced scale-like '

leaves called "cataphyils” at the base of the culm are also lacking.
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CULMS--Because of the highly reduced nature of the plants in the J.
triformis complex, it is difficult to ascertain whether "stem”, "culm”, or
"peduncle” should be applied to the axis that bears the inflorescence.
Although both Engeimann and Hermann u.ed the term "peduncle”,
according to Coffey (pers. comm.), "culm” would be more in line with
the standard terminology presently in use for the family as a whole.

The culms vary within and between species in the complex in
number, length, width, and color. The maximum number is dependent
in large part on environmental conditions, as plants will continue
producing new culms as long as adequate water, light, space, and
nutrients are available. There is some genetic component as well,
however, in that uniflorous species more often have large numbers of
cuims than do species with several flowers per head.

The length, especially maximum length, is of greater systematic
significance, though here too environmental factors can be influential.
This is especially noticeable in J. triformis, where culms of plants
growing in the center of dense stands can be several times longer than
those of isolated plants at the edges of the same stands. In general,
the culms are at least twice the length of the leaves. The most
noteworthy exception is the type of J. kelloggii, in which the culms
hardly developed at all, so that the flowers nestle in a clump of leaves.
| have not found this extreme in any other collections of the "kelloggii"
group, though it occurs in occasional specimens of J. bryoides and
populations of both varieties of J. hemiendytus at higher elevations in
the Sierra Nevada.

Thickness of culm can vary as much in a single plant as between

species. Nevertheless, this character is of some systematic significance
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in that most of the culms of a species are within a certain range, and
maximum width is also useful. For example, J. tiehmii tends to have
more consistently narrow culms than does J. capillaris, to the extent
that this character can aid in sorting plants from mixed populations.
Color of cuim generally matches that of the plant as a whole. in J.
capillaris sections of the culm will often turn dark red or black,
perhaps due to damage, insects, disease, or normal aging. Whatever

the cause it can aid in distinguishing J. capillaris from J. tiehmii.

INFLORESCENCE--The structure of the inflorescence is of fundamental
importance in Juncus systematics. Buchenau, in several papers (e.g.,
1865, 1871), emphasized the dichotomy between those subgenera (e.g.,

Poiophylli, Genuini) characterized by single flowers, each subtended by

two bracts called "Hiullblitter” or "prophylis”, arranged cymosely in

drepania; and those subgenera (e.g., Graminifolii, Septati) with

eprophyllate flowers clustered into centripetal indeterminate heads.
Both groups have additional bracts ("Zwischenblitter” or "hypsophylls”)
which subtend each pedicel and branch or head of the inflorescence.

As befits its placement in subg. Graminifolii s.l., the J. triformis
complex falls cleariy in the latter subdivision of the genus. One of the
most distinctive trends within the complex, however, is the reduction of
the typical branched many-headed inflorescence, so that even the most
archaic species in the complex have strictly solitary terminal heads.
This simplification is not unknown elsewhere among the eprophyliate
rushes, both annual and perennial, and in fact characterizes the entire
subg. Alpini and some species in subg. Septati, such as J.

chlorocephalus Engelm. and J. mertensianus Bong. in the western
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United States. In subg. Graminifolii reduced specimens of J. planifolius
from Chile with only 1-3 heads have been named var. demissus (Steud.)
Buch. Among the other annuals in this subgenus, solitary heads

predominate in J. scabriusculus Kunth., J. obliquus Adams., and J.

capitatus. Other annual and perennial species that normally have
several heads per inflorescence will often have solitary heads on
depauperate plants. |n contrast | have seen auxiliary heads in the J.
triformis complex extremely rarely, only on a few exceptionally vigorous

plants of J. triformis (Ertter &€ Strachan 3070, NY) and J. tiehmii

(Ertter & Strachan 2987, NY).

A further reduction, the loss of flowers in the head until a solitary
flower remains, is well-illustrated independently by the three main
lineages in the J. triformis compiex. Indeed, were it not for their
capitate relatives it would be difficult to determine if the
solitary-flowered species were derived from capitate eprophyllate species
or single-flowered prophyllate species, perhaps even J. bufonius. In
.fact Buchenau (1906) associated the type of J. kelloggii with this
ubiquitous species, although he had earlier (1890) concluded that
Kellogg's specimen was a member of subg. Graminifolii because of its
few-flowered heads.

Unlike monocephaly, uniflory is rare in the eprophyllate subgenera
except on depauperate plants. Apparently only the J. triformis complex
has species that are strictly solitary-flowered; it was in fact partly this
character which led Engelmann (1866) to propose a new subgenus.

Even the most reduced South African species have two or three flowers
as often as one (e.g., J. parvulus E.Mey. & Buch., J. polytrichus

E.Mey. & Buch.), and Mauve (pers. comm., 1981) treats these as
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depauperate versions of other more floriferous species. Similarly both
Buchenau (1890, 1906) and Snogerup (1980) considered the

predominantly one-flowered J. capitatus var. physcomitrioides Baen. to

be nothing more than the depauperate extreme of the species. Among
eprophyllate perennials the only species with a similar reduction is J.
pelocarpus E. Mey., a member of subg. Septati of eastern North
America, which is also unusual in that the single or paired flowers are
in an arrangement otherwise characteristic of the prophyllate
subgenera.

Because of the limited material available to them, both Engelmann
(1868) and Buchenau (1890, 1906) were uncertain of the exact
significance of uniflory in the J. triformis complex. Engeimann
assigned all solitary-flowered plants to var. uniflorus, which Buchenau
did not recognize at all but which Hermann (1948) split into several
distinct species. The main difficulty with uniflory as a taxonomic
character is that even in many-flowered species the culms are initially
one-flowered and may remain so on depauperate plants. The question
is whether additional flowers will develop under favorable conditions.
Fortunately most collections of the complex contain a large enough
sample to answer this question. Figure 2 is based on a sample of 100
plants (5 plants randomly selected from each of 20 different populations
as represented by herbarium collections) from each of the four species
in the "kelloggii” group. In 2a, the first column represents the
number of plants with strictly solitary flowers, while the second is the
number of plants with at least one culm bearing two or more flowers.
In 2b, the populations in which all 5 sample plants were strictly

uniflorous are contrasted with those in which at least one culm on one
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[ e | —
kelloggi ciensis tiehmii capillaris

a = plants with only solitary flowers
b = plants with at least one culm bearing more

2° than one flower
cld c| d ¢c|d cld
kelloggii luciensis tiehmii copitiaris

a = samples in which all 5 plants had omly

2b solitary flowers
d = gsamples in which at least one plant had at
least one culm with more than one flower

Fig. 2. Uniflory in the '"kelloggii' group. a, based on 100 plants
from each species. b, based on S5-plaut samples from 20
populations of each species.
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of the five sample plants had more than one flower.

Even with such an apparently tenuous distinction, the difference
between J. kelloggii and J. luciensis is undeniable. The results are
less conclusive for J. tiehmii and J. capillaris, but at least some plants
in the majority of populations have some several-flowered culms. This
would have been more pronounced if a larger sample had been taken
from each population. What is important here is the almost total lack of
multiple flowers in J. luciensis, even on plants with over 100 culms. It
is worth noting that in the few exceptions only a couple of culms at
best had paired flowers, and these came from populations mixed with J.
tiehmii, possibly indicating a low level of gene flow.

The fact that absence of multiple flowers was one of the characters
used to assign collections to J. luciensis admittedly makes the difference
somewhat less cogent, but it is nevertheless only one of several
characters that support the recognition of four geographically defined
species distinguished by a suite of correlated morphological characters.

In contrast, the uniflory of J. leiospermus var. ahartii is not as
consistent as that of J. luciensis, nor is it correlated with as many
characters. This is why | treat the former as only a variety.

The unifiory of J. bryoides and the "uncialis” group is so fixed that
out of all the specimens | examined | found only a few fascicled and one
normal culm of J. hemiendytus bearing paired flowers. A single plant
in an otherwise normal population of J. triformis from San Diego County
(Gander 3392, SD) is almost completely single flowered, even though it
possesses a large number of culms. | accept this merely as an

indication of the inherent diversity within the species.
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PEDICELS--The only pedicel characters which proved useful in the
complex were orientation and length, measured from the subtending

bract to the base of the tepals. Juncus hemiendytus var. abjectus, not

having a subtending bract, was not considered to have a pedicel. In
the "triformis” group the pedicel is at least visible, though still only a
few millimeters long, and in more derived species the pedicel is even
shorter. The pedicels on the horizontal culms are sometimes bent,
thereby supporting the flowers in an erect position. This is most

noticeable in J. tiehmii.

FLOWERS--The typical Juncus flower is trimerous and perfect, with
three outer and three inner tepals, six stamens opposite the tepals, and
a tricarpellate multi-ovulate ovary bearing a single style with three
long-papillate stigmas. As one variation, gynodioecy is known in J.
roemerianus Scheele (Buchenau, 1906; Eleuterius, 1978). | have
observed flowers with undeveloped anthers on cultivated specimens of
J. leiospermus, especially on young depauperate plants, but | do not
know if such also occurs in the wild.

A more common variation is the loss of the anthers opposite the
inner tepals. Except for occasional monstrosities, ail members of the J.
triformis complex display the reduced number of anthers. This
character is common in Juncus and can be present or absent in
different populations or individuals of J. ensifolius Wikst. s.l. (subg.
Ensifolii) and the annual J. pygmaeus (subg. Septati). Even the
normally six-anthered J. bufonius has been reported to occasionally

have only three anthers (Buchenau, 1871). In subg. Graminifolii, J.

marginatus Rostk. s.l., J. filipendulus Buckl., J. planifolius, J.
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antarcticus, and occasionally J. dregeanus Kunth. have only three
anthers; otherwise the perennial species have six. The annual species
J. capitatus and J. obliquus are also three-anthered, but the rest of
the South African annuals are six-anthered.

A strong dichotomy exists in the complex between those species with
flowers modified for anemophily and those which are inste;d modified for
self-pollination. The flowers of the former open widely at anthesis and
have long styles, long stigmas, large anthers, and short filaments.
The flowers of the latter do not open as widely at anthesis and have
short styles, short stigmas, small anthers, and long filaments. Only a
few populations of J. leiospermus and J. triformis have styles and

anthers of intermediate length (one of these, Ertter & Strachan 3060,

may represent introgression from J. capillaris). Further discussion is
postponed for the Flowering Behavior section.

The phenomenon that Buchenau found most interesting in the J.
triformis complex was the frequent occurrence of dimery, to the extent
that he devoted a section of one of his numerous papers to the subject
(Buchenau, 1871). He reported dimerous flowers on depauperate plants
of J. bufonius, usually at the tips of the inflorescence branches.
Dimery is also known on the depauperate specimens of J. capitatus that

have been named var. physcomitrioides, but Snogerup (1963) noted that

seeds from these plants can give rise to normal offspring. | know of
no reports of dimery in the South African annuals. Even those species
capable of producing dimerous flowers do not come close to the
condition found in some members of the J. triformis complex, in which
dimery can be the normal condition. Even the typically trimerous

species display a greater proportion of dimerous flowers than is found
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outside of the complex.

One might think that the transition from trimery to dimery would be
an example of a discrete evolutionary change; a species would have to
be either dimerous or trimerous. In reality the situation is more
compiex. For one thing, there is a continuum involving the percentage
of dimerous flowers on a plant and in a population. Apparently the
phenomenon first appears as an option for depauperate plants of
normally trimerous species, as in the case of J. bufonius and J.
capitatus. This sporadic dimery is not uncommon in the J. triformis
complex, where it most often is expressed in depauperate or very
young plants. The frequency of dimery can then increase, so that
whole plants and entire populations are predominantly dimerous.
Examples of the latter are three populations of the normally trimerous
J. triformis from Butte County (Jokerst 0830), Kern County (Hardham
3680A), and San Diego County (Ertter & Strachan 3521). Ultimately

dimery reaches the level found in J. tiehmii and J. hemiendytus, where
it is consistently associated with a cohort of other features,
morphological and otherwise.

Another aspect of the non-discrete nature of the transition from
trimery to dimery is that not all cycles of the flower are reduced
lock-step. For example, although flowers of J. uncialis usually have
six tepals, they often have only two anthers, and | have found several
flowers of J. hemiendytus with four tepals surrounding a trilocular
capsule. In addition, five-tepaled flowers occur sporadically in most
species. In such cases it is difficult to say if the flower is dimerous
or trimerous.

Figure 3 illustrates the relative occurrence of different degrees of
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dimery in the short-styled members of the complex, based on the
number of flowers having four, five, and six or more tepals out of a
total of 100 flowers selected from approximately 20 populations of each
taxon. In most species there is a clear dominance of either trimery or
dimery, thus justifying its use as a diagnostic character. The obvious
exception is J. capillaris, which may therefore be an example of a
species caught in the middle of the transition. Note that in all species
at least a few flowers vary in tepal number from the norm.

The segments at the top of the six-tepal column in J. bryoides and
J. uncialis represent flowers with seven or eight tepals. This
"hypermery"” is most often encountered in J. leiospermus, in which |
found a few flowers with as many as ten tepals, but none with only
four or five. Pentamerous flowers have been reported elsewhere in

Juncaceae in Luzula campestris (L.) DC. (Buchenau, 1871).

TEPALS--The tepals of the perianth (called sepals of the calyx in some

treatments) provide an abundance of potential taxonomic characters,

but many of these deal with shape, color pattern, texture, and other
features which are subject to a range of variation and difficult to
communicate effectively. In general:

1) Inner and outer tepals are of similar size, shape, color, and
texture. |f they are not equal, the inner are more likely to be
longer, especially if the flowers are not fully developed. This is
particularly noticeable in J. capillaris, J. triformis, and J.
leiospermus. On the other hand, some populations of J. luciensis
(e.g.,Pollard s.n.}, have long-acuminate outer tepais. In J.

capitatus the inner tepals are much shorter, thinner, and
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Fig. 3. Dimery in the short—styled members of the J. triformis
complex, based on 100 flowers from each species.

a = flowers with 4 tepals.

b = flowers with 5 tepals.

c = flowers with 6 tepals (segments at top represent
flowers with 7 or 8 tepals).
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differently shaped.

The shape varies from almost linear to nearly ovate, with the apex
obtuse to attentuate. Much of this variation can occur between
species, within species, or even on the same plant. Juncus
triformis in particular is highly variable in this regard. Obtuse to
acute tepals are most characteristic of the "uncialis” group, while
those of J. capillaris are the most attenuate. Typically the tepals
are straight or somewhat recurved, but in J. bryoides they usually
curve inwardly, aimost concealing the capsule.

Tepals consist of a herbaceous central band and membranous
margins, which are clearly delimited in most but not all species.
The central band may have nearly parallel sides, as in the
"uncialis” group, or it may taper evenly. In J. bryoides it is
sometimes greatly reduced or even absent so that the entire tepal is
membranous. Most frequently each margin is about as wide as the
central band, which extends beyond the margins at the apex.
However, especially on the inner 'tepals, the margins may surpass
the central band, running the length of the tepal and meeting at
the apex.

The tepals are thin and delicate, similar to those of some South
African annuals and quite unlike the firm ones of J. capillaris and
most perennials. They also lack the longitudinal ridges that tend
to develop on the firmer tepals of many species, including J.
bufonius. Hitchcock (1969) referred to the "minutely roughened
tips" of the tepals of J. capillaris, but | have not found this to be
particularly noticeable. They are certainly a far cry from the

distinctive papillate tepals that characterize most western North
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American perennial representatives of subg. Graminifolii.

The color pattern has certain drawbacks, which prevents its use as
a primary character. It varies within a species, reddens with
maturity, fades with age, and is difficult to describe exactly.
Nevertheless, each species in the complex has a color pattern
characteristic enough to be used as an important secondary
character. The pattern involves the pigmentation of and contrast
between central band, margins, and capsule. When young the
central band is dark olive-green except for the darkly pigmented
tip. Later it often becomes suffused with a light or dark reddish
pigmentation, especially at the top and bottom. The central bands
of the tepals of J. tiehmii are further distinctive in that they
usually have pinkish edges bordering the light green middle.

The time of development of the reddish pigmentation is somewhat
significant. The central bands of the tepals of J. kelloggii usually
become strongly suffused by the time of anthesis, while those of J.
{uciensis usually remain light yellow-green until the capsule is
nearly mature.

The membranous margins of most species in the "kelloggii” and
"uncialis” groups are usually unpigmented and clearly demarcated
from the herbaceous central band. This is not always the case in
J. capillaris, J. bryoides, and the "triformis” group. In these
species the inner part of the margin may be darkly pigmented and
merge with the central band without a distinct break. | believe
that this condition, best exemplified by J. leiospermus and J.
bryoides, is the primitive tepal pattern in the complex.

The contrast between central band and margins can give the
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flowers a striped appearance, most noticeable in J. bryoides and to
a lesser extent J. tiehmii. In J. capillaris most of the distal part
of the tep'al is usually black or at least darkly pigmented and
contrasts strongly with the largely unpigmented light green
capsule. In the other species, however, the tepals and capsules
are similar enough in shade to have a uniform cast to the naked
eye, although closer inspection will reveal the patterns described

above.

ANTHERS--As previously mentioned, members of the J. triformis
complex normally have three (two in the dimerous species) anthers,
which are relatively large (1-2 mm) or relatively small (ca 0.5 mm).
The large anthers are linear and become distinctly twisted after
dehiscing. They are sometimes sagittate at the base with flaring lobes.
The small anthers are oval and only insignificantly twisted. Both kinds
are yellow, basifixed, and laterally dehiscent. | found an interesting

aberration in some cytological material of J. triformis (Ertter & Strachan

3942), in which one side of the anther was sterile and tepaloid.

PISTIL--The main taxonomic characters of the pistil at anthesis are the
length of the style and stigmas, both absolute and relative to the
anthers and tepals. At one extreme the style is over 3 mm long so that
the equally long stigmas are well-exserted even before the tepals
spread. At the other extreme the style is essentially lacking and the
short stigmas are situated just above the small anthers. Both extremes
and intermediates are found throughout the genus and can vary even

within the same species (e.g., J. scirpoides Engelm., J. capitatus).



Buchenau (1906) rejected the idea that the long- and short-styled _
species in the J. triformis complex might be only heterostylic forms of a
single species.

There is also some variation in stigmatic coloration, ranging from
white to pink. This is best observed on living plants, which limits its

taxonomic utility.

CAPSULE--The mature capsule of Juncus supplies a great number of
diagnostic characters involving size, shape, color, texture, and
placentation. In the J. triformis complex the capsules may be longer or
shorter than the tepals and range from almost round to obovate to
narrowly oblong in outline. The apex is uniformly blunt, either
rounded or retuse; no species in the complex has the tapering beak
found in some other members of the genus. The style may or may not
be persistent. As a broad generality the color at maturity tends to be
comparable to that of the tepals, with the apex often darker or more
intensely pigmented. The most conspicuous exception is J. capillaris,
as previously mentioned.

The capsules are thin-walled, and the valves can be almost torulose,
most notably in the long capsules of J. tiehmii. Within subg.
Graminifolii some South African annuals have comparably delicate
capsules, but J. planifolius, which otherwise has many similarities with
the J. triformis complex, has hard, shiny, thick-walled capsules.

The placentation is of considerabie interest, as this is a character
that is both relatively constant within a species and also different
between species or species-groups. The capsules range from completely

plurilocular with axial placentation to fully unilocular with parietal
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placentation. Within the J. triformis compiex the capsules are fairly
uniform in being fully plurilocular with the placentae fused proximally.
At dehiscence the upper valves above the area of fusion spread wide
open, sometimes nearly at right angles. The valves of the long
dimerous capsules of J. tiehmii and J. hemiendytus may even become
recurved. | know of no other species of Juncus with comparable
dehiscence, though it appears that the Southern Hemisphere
representatives of subg. Graminifolii come closest. In contrast, most
North American eprophyllate perennials are imperfectly triseptate at
best (i.e., the septa are not fused at the center), and many are
completely unilocular.

For the most part one to several indistinct rows of two to 12 seeds
occur in each locule. The maximum numbers of rows and seeds can be
taxonomically useful, though like almost all other characters they are
limited by the vigor of the plant and the individual flower. The rows
are not well-defined, but from total counts of seeds per capsule
compared to seeds per row the "kelloggii” group tends to have only two
rows per locule while the "uncialis” group has four. The same
comparison holds between J. triformis and J. |eiospermus, emphasizing
the connection between the long-styled and short-styled members of the

ridged- and smooth-seeded lineages respectively.

SEEDS--The seeds range from 0.3 to 0.8 mm long. {n general seed size
makes a good supplementary character, but in J. triformis almost the
entire range occurs, even within the same capsule. Salisbury (1974)
found that seeds from a single population of J. tenuis showed great

variation in required dormancy period; perhaps the diversity of seed
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size in J. triformis is also related to dormancy. It is worth noting that
in both the "kelloggii” and "uncialis” groups the taxa with the largest
seeds (J. capillaris and J. hemiendytus var. abjectus) grow mainly at
high elevations with short growing seasons and harsh winters.

The shape can be characteristic but is easily distorted by adjacent
seeds. |t ranges from nearly globose to oblong-ellipsoid. There is
often a distinct umbo at the chalazal end and/or a smaller apiculus at
the micropylar end, so that a seed may be umbonulate (Fig. 6a),
apicuiate (Fig. 8h), or both (Fig. 7e).

A thick outer layer is found on the seeds of many species of
Juncus, including most North American and South African members of
subg. Graminifolii. In some species this coat has been attenuated into
tai's, a feature that appears to have arisen independently several times
within the ger us. 1In contrast, the seeds of many other species,
including those in the J. triformis complex, have an exceptionally thin
outer layer. This may explain why the seeds of the complex do not
become noticeably mucilaginous when wet, as reported in some species
such as J. tenuis (Salisbury, 1974).

In species where it is not completely obscured by the thick outer
layer, the pattern of the seed coat has proven to be one of the most
reliable taxonomic characters. However, it is difficult to appreciate
fully except at high magnifications (the details of the seed coat pattern
as observed using scanning electron microscopy form a separate
section). Nevertheless, even at 10x the seeds of some species in the
J. triformis complex display distinct longitudinal ridges while those of
others appear to be essentially smooth.

Buchenau (1867, 1906) described the color of the seeds in great
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detail, but Engeimann discounted the importance of this character. In

the J. triformis complex, seed color ranges from golden brown to very

dark brown and has a certain specific constancy. | noted white seeds
on one plant from an otherwise normal population of J. kelloggii from

Marin County (Howell 21980, NY).
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Flowering Behavior

Buchenau (1892) devoted an article to flowering behavior in
Juncaceae. He had no living members of the J. triformis complex to
study, but my own observations of plants in the field and in cultivation
show that the flowering behavior of the group is consistent with that
described by Buchenau.

The most noteworthy phenomenon in the J. triformis complex is the
occurrence of two classes of style length, which can be labelled simply
"long” (1-3 mm) and "short” (0-0.5 mm). Flowers with long styles
have relatively large anthers (1-3 mm), while short-styled filowers have
small anthers (0.2--0.5 mm). Intermediates do occur, as in
depauperate representatives of long-styled species, but the great
majority of plants in the complex can be assigned unequivocally to the
long-styled or short-styled categories. Outside of the complex both
long-styled and short-styled extremes occur, along with a number of
species with medium length styles. Buchenau (1906) illustrated both
long-styled and short-styled forms of J. capitatus, although this
phenomenon has not been mentioned in modern floras (e.g., Snogerup,
1980) .

Neither Engelmann nor Buchenau was certain of the relation between
the long-styled and short-styled members of the J. triformis complex.
Engelmann assigned the phenomenon varietal significance, while

according to Buchenau (1890):
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Heterostylie scheint bei den Juncaceen nicht vorzukommen; die
sehr verschiedene Linge des Griffels bei J. triformis, Luz.
campestris u. a. Arten beruht vieimehr wohl auf Variabilitit und
dient, soweit wir bis jetzt wissen, nicht zur Herbeifiihrung der
Kreuzbefruchtung.

[Heterostyly does not appear to occur in Juncaceae; the large
difference in style lengths found in J. triformis, L. campestris

and other species is probably indicative more of variability and

does not, as far as we presently know, serve to bring about

cross-fertilization. ]

Hermann treated the differences in style length at the specific level;
the present study supports such an arrangement.

Flowers of Juncus are uniformly protogynous and usually open in the
morning. This is easily observed in the long-styled representatives of
the J. triformis complex, which are clearly chasmogamous and primarily
out-crossing. The stigmas are well-exserted and are available for
cross-pollination for about a day before the tepals spread and the
anthers dehisce. The tepals spread at about 90 degrees, giving the
flower an attractive if inconspicuous star-like appearance (Fig. 4a), and
remain open for about a day or so. Some flowers in cultivation never
did open, or eise possessed rudimentary anthers. 1| do not know if this
phenomenon occurs under natural growing conditions. No insect
visitation was observed, so anemophily is probably the primary mode of
pollination in the long-styled species.

In contrast, the short-styled species are clearly primarily
autogamous, as the short stigmas rest directly upon the small anthers,
which dehisce only an hour or so after the flowers open (Fig. 4b).

The tepals do not spread as widely as in the long-styled species, and

the flowers remain open for only a few hours. Buchenau (1906) called
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Long-styled and short-styled flowers.

Fig. 4.

b, J. tiehmii

a, J. triformis.
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the short-styled extreme of J. capitatus cleistogamous and applied the
term to several other species as well, including J. repens in subg.
Graminifolii. | have observed flowers that have opened, if only

slightly, in some short-styled species: J. tiehmii, J. luciensis, J.

bryoides, J. uncialis, and J. hemiendytus. It is likely that flowers in
the other short-styled species also open under proper conditions. | do
not, however, know if some flowers set seed without ever opening;

i.e., if they are truly cleistogamous.

Hybrids are well-documented in Juncus; examples would be those
listed by Moore and Edgar (1976) in New Zealand, and the one
described by Reinking (1981) as J. x stuckeyi. | believe that
hybridization experiments could prove highly relevant for evaluating the
relationship of J. leiospermus var. leiospermus, var. ahartii, J.
uncialis, and J. luciensis; or of J. triformis and J. capillaris. The
long-styled species, especially plants in which the anthers fail to
develop, are well-suited for hybridization experiments, and | did in fact
place some J. luciensis pollen on a male-sterile J. leiospermus flower in
the course of my cultivation experiments. (The experiment was

unfortunately prematurely terminated by voracious pigeons).



SEM of Seed Coat Patterns

Features of the seed have long been incorporated into the taxonomy
of Juncus, due perhaps to the limited number of reliable characters
otherwise available. Probably the most useful character has been the
pattern of the seed coat, commented on by both Engelmann (1866) and
Buchenau (1867) and included in their descriptions.

According to Engelmann (1866), "The seeds, when perfectly ripe,
furnish some of the most interesting and constant characters”. In
those seeds where the pattern was not obscured by a thick coat, he
noted 8 to 40 or more longitudinal lines connected by transverse ones.
If both longitudinal and transverse lines were equally faint he referred
to the seeds as "semina transverse lineolata”. Seeds with prominent
longitudinal ribs (costae) connected by numerous delicate cross-lines
(lineolae) he called "semina costata”. He applied the term "semina
reticulata” to seeds with prominent ribs and equally prominent
cross-bars. The rectangular mesh of this last pattern often contained
numerous delicate transverse lines. Engelmann divided each of these
three main types into a total of eight categories:

1. SEMINA RETICULATA, vix seu distincte apiculata.
1. Semina levissime irregulariter reticulata seu laeviuscula,
non costata nec lineolata.
2. Semina regulariter reticulata, areis laevibus seu levissime
longitudinaliter lineolatis.
3. Semina regulariter reticulata, areis tenuiter transverse
lineolatis. '
1. SEMINA TRANSVERSE LINEOLATA, levisseme costata; vix seu
distincte apiculata seu breviter caudata.
1. Semina areis latioribus fere transverse reticulata.

2. Semina areis angustissimis transverse lineolata.
. SEMINA COSTATA, plus minus caudata.
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1. Semina inter costas plerumque pauciores conspicuas
lineolata; apiculata seu breviter caudata.

2. Semina inter costas plures distincte reticulata; apiculata
seu plus minus caudata.

3. Semina inter costas numerosissimas tenues seu tenuissimas
transverse lineolata seu laevia; caudata.

Engelmann (1866) placed J. saginoides in his category I1-2 with both
prophyliate and eprophyllate species representing almost every
subgenus. In 1868 he specified that J. kelloggii belonged near J.
marginatus (subg. Graminifolii) in category Ili-1, a group otherwise
composed of J. longistylus Torr., J. filipendulus (both subg.
Graminifolii), J. roemerianus, J. maritimus Lam., and J. acutus L. (all
subg. Thalassii). According to Engelmann the seeds of J. kelloggii
were "similar to the seeds »f the last species [J. triformis], but with
much more prominent dark ribs". He did not assign J. triformis to any
category, so presumably it would take the place of its nomenclatural
predecessor, J. saginoides. Apparently he felt that the "prominent
dark ribs" were different enough to warrant placing the two closely
related species far apart in his seed pattern classification.

In an article on seed coat patterns of German Juncaceae, Buchenau
(1867) independently confirmed most of Engelmann’'s observations,
though he emphasized the honeycomb-like nature of the pattern. He
also introduced the term "transtilla” for the prominent cross-bars of the
"semina reticulata”. His 1906 treatment contains detailed drawings of
the seeds of many species of Juncaceae, including some of the J.
triformis complex.

Critical to Engelmann’s treatment of his three varieties of J.
triformis as one species was "the absolute identity of the well-marked

seeds”. When Greene (1890) discovered similar plants whose seeds were

not prominently ridged, he described them as a new species, J.
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uncialis. Starting with Brandegee (1893), subsequent workers paid
little attention to seed differences in the J. triformis complex,
attributing them simply to degree of maturity. Only with Hermann's
revision was their importance re-emphasized and used to help delimit
new species. Hermann (pers. comm.) would have liked to include
drawings of the seeds in his revision but was prevented from doing so
for a number of reasons.

The taxonomic significance of seed coat patterns in Juncus has also
been discussed by other workers (e.g., Satake, 1933), but these are at
best peripheral to the J. triformis complex and are not discussed

further in this paper.

Engelmann and Buchenau illuminated the seeds with strong incident
light and magnified them 50 to 75 times. Greene and Hermann also
relied on light microscopy. More recently scanning electron microscopy
(SEM) has allowed a sharper view showing greater and more exact
detail. | am aware of the application of SEM to seeds of the European
J. bufonius aggregate (Cope & Stace, 1978), the Minnesota Junci
(Clemants, 1979), the neotropical Juncaceae (Balslev, 1982), the
Australian Juncaceae (Coffey, pers. comm.), and the South African
Juncaceae (Mauve, pers. comm.). A concordance of all these
micrographs could be extremely illuminating, not only for their present
systematic value but for palececological studies as well.

Because seed coat pattern has proven to be a good character for
Juncus in general and the J. triformis complex in particular, |
investigated SEM of seeds as an aid both for determination of taxa

within the complex and for comparisons with potentially related groups.
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Methods:

Engelmann (1866) stated, "It may not be useless to caution botanists
not to be deceived by seeds loosely lying about with the specimens, as
they very often will be found mixed”. This is particularly relevant to
the J. triformis complex, as single collections often represent mixed
populations. Seeds were therefore preferentially taken directly from
capsules.

Seeds were examined from several collections of all members of the J.
triformis complex, as well as from 32 other eprophyllate and 12
prophyllate species, representing almost all subgenera. Most were
taken from my own collections and pre-existing herbarium specimens at
NY, supplemented by loans from other institutions. [f only a few seeds
were present they were returned to the sheets after being examined.

A print war mounted on the sheet of certain critical collections (e.g.,
the type of J. kelloggii).

Air-dried seeds were coated with a 200 nm layer of gold using a
Technics Humer Il. They were examined with a JEOL-U3 scanning
electron microscope and photographed using Polaroid Type 55
positive/negative film. No attempt was made to remove outer seed
layers, though in some instances layers were incidentally removed
during preparation. The inner layers thus exposed were aiso

examined.

Results:
| confirmed that two major seed patterns do indeed occur in the J.
triformis complex. The first, a faint more or less transversely

elongated honeycomb (Figs. 5a, 6, 7), characterizes J. leiospermus, J.
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bryoides, and the "uncialis” group. At the ends of the seeds
longitudinal ridges may develop, but otherwise the pattern is of low
relief, so that the seeds appear smooth under low magnification. In
contrast, seeds with the second pattern (Figs. Sb, 8, 9) possess
prominent long ridges the entire length of the seed, apparently formed
by the thickening of the vertical edges of the transversely elongate
honeycomb. The fainter transverse lines connecting the ridges are
more closely spaced than in the first type. This second pattern
characterizes J. triformis and the "kelloggii” group, though it is often
faint in J. capillaris. Both patterns are usually overlain with a
network of finer lines (see Fig. 7d, 8b), and yet another system of
underlying faint ridges can be seen at high magnifications on some
seeds (e.g., Fig. 7f). An additional peculiar feature on some seeds, in
particular those of J. bryoides and J. hemiendytus, is the occurrence
of nodules such as those in Fig. 6e and Fig. 6f. | do not know if
these nodules are an integral part of the seed coat pattern or represent
an infection of some kind.

Elsewhere in the genus a diversity of other patterns occurs. The
first (Figs. 5¢c, 10h, 11i) is essentially a smaller more compact version
of the honeycomb pattern with deeper relief. This pattern, often much
less regular than drawn, is common throughout the genus. More
complicated is the pattern (Figs. 5d, 1la,d,g,h) that prevails in the

eprophyliate subgenera Septati, Ensifolii, and some Graminifolii. In this

pattern prominent longitudinal ridges are connected by widely spaced
prominent cross-bars. The ridges are often more or less beaded, and
the areoles frequently contain numerous fine transverse lines. A

variety of intricate patterns (Fig. 11b,c), mostly in subg. Graminifolii,
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are in my understanding derived from this last pattern. | also
observed several other patterns in the genus, but as these were mostly
from prophyllate species they are not pertinent to the present study.

It should be mentioned that the basic patterns blend one into the other,
although the pattern is relatively stable within and characteristic of a
given species.

In many species a thick outer layer obscures the underilying pattern,
which could only be observed on seeds where the layer was partially
collapsed or had been removed. In contrast, in the J. triformis
complex and other species with distinct patterns the comparable outer
layer is very thin and collapses like wet tissue-paper to enshroud the
underlying relief.

Table 1 lists the specimens examined and their seed coat patterns.

A supplementary list of species studied by Clemants (1979) and Baislev
(1982) is provided as Appendix IiI.




Fig. 5.

Seed coat patterns in Juncus subg. Graminifolii.
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Seeds of Juncus leiospermus, J. bryoides, and Southern
Hemisphere perennials.

leiospermus var. leiospermus (Ahart 1644, Butte Co., CA)

leiospermus var. leiospermus
(Ahart s.n., Red Bluff, Tehama Co., CA)

leiospermus var. ahartii (Ertter et al. 3267, Butte Co., CA)

. bryoides (Ertter & Strachan 2972, Riverside Co., CA)
. bryoides; seeds with nodules

(Ertter & Strachan 3893, Mono Co., CA)

bryoides; enlargement of nodules
(Ertter 220/5, Gooding Co., ID)

dregeanus (Bayliss 8450, South Africa)

. planifolius (Belcher 1546, Australia)

i - J. planifolius (Eyerdam 10603, Chile)

Bar = 0.1 mm except in 6f, where bar = 0.01 mm
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Fig. 6. Seeds of J. leiospermus, J. bryoides, and
Southern Hemisphere perennials.
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Fig. 7. Seeds of the "uncialis" group and J. antarcticus.

a - J. uncialis (TYPE: Greene s.n., Solano Co., CA)

b - enlargement of a.
¢ - J. hemiendytus var. hemiendytus
(Ertter & Strachan 3933, Tuolumne Co., CA)
d - enlargement of c.
e - J. hemiendytus var. abjectus

(Ertter & Strachan 3782, Elko Co., NV)
f - enlargement of e.
g - J. antarcticus (Kirk s.n., New Zealand)

h - enlargement of g.

Bar = 0.1 mm
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Seeds of Juncus triformis and J. capillaris.

triformis; detail of seed (Smiley 739, Tuolumne Co., CA)

. triformis; detail of seed

(Ertter & Strachan 3070, Fresno Co., CA)

. capillaris; detail of seed with unusually pronounced secondary

network of finer lines (Howell 20487, Tuolumne Co.,
CA)

. triformis; type of J. megaspermus

(Hall ¢ Chandler 558, Fresno Co., CA)

. triformis; unusually smooth (Eastwood s.n., Fresno Co., CA)

. triformis; unusually large and smooth

(Ertter & Strachan 3060, Fresno Co., CA)

. capillaris (Raven 3235, Madera Co., CA)

capillaris (Howell 15564, Mariposa Co., CA)

i - J. capillaris; unusually smooth

(Keck & Clausen 528b, Tuolumne Co., CA)

Bar = 0.1 mm
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Fig. 9. Seeds of the "kelloggii" group.

a-d: J. kelloggii. a: TYPE (Kellogg s.n., San Francisco,
CA). b: (Ertter & Strachan 3369, Monterey Co., CA).

¢! (Suksdorf 2571, Klickitat Co., WN)., d: (Tracy 16592,
Monterey Co., CA). e-f: J. luciensis. e: (Ertter &
Strachan 3886, Plumas Co., CA). f: TYPE (Ertter & Strachan
3360, Monterey Co., CA). g-i: J. tiehmii. g: (Howell
20441, Tuolumne Co., CA). h: (Ertter & Strachan 3397, San
Luis Obispo Co., CA). 1i: (Ertter 4289, Elko Co., NV).

Bar = 0.1 mm.
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Fig. 10. Seeds of Southern Hemisphere Juncus subg. Graminifolii and

J. capitatus.

a - J. dregeanus (Werdermann & Oberdieck 2131, South Africa)
b - J. capensis (Kuntze s.n., South Africa)

c - J. lomatophyllus (Meebold 12251, South Africa)

d - J. cephaiotes (Harvey 353, South Africa)

e - J. cephalotes (Diimmer 106, South Africa)

f - J. caespiticus (Melville ¢ Wakefield 2762, Australia)

g - J. rupestris (Meebold 12249, South Africa)

h - J. capitatus (Prout 145, California)

i - enlargement of h.

Perennials: a-c; f

Annuals: d-e; g-i

Bar = 0.1 mm except 10i, where bar = 0.05 mm
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Seeds of Southern Hemisphere Juncus subg.

10.

Fig.

capitatus.

Graminifolii and J.



Fig. 1.

bufonius.

subg. Graminifolii

a-J
b-J
c - J.
d-J
e - J.
f - J.
subg.
9 - J.
h - J.
subg..
i-J.

. covillei (Ertter 4300, Idaho)

. macrophyllus (Fosberg & Ewan 55527, California)

falcatus; outer coat removed (Wilkes 1515, California)

. cyperoides (Castellanos 114288, Argentina)

longistylus (Bolander, Hb. N. 43, California)
marginatus (Tharp 948, Texas)

Septati

duranii (Duran 3527, California)
pygmaeus (Steetz s.n., Europe)
Poiophyili

bufonius (Ertter et al. 2705, Baja California)

Bar = 0.1 mm

Seeds of Juncus subg. Graminifolii, subg. Septati, and J.
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Table 1. SEM Patterns and Sources of Juncus seeds.

KEY:
coat -- * = thick outer coat present, obscuring underlying pattern
t = outer coat sometimes present but not obscuring
underlying pattern
- = outer coat thin, not obscuring pattern
pattern -- letters correspond to patterns in Fig. 5
dv = variations of 5d
duration -- a = annual
p = perennial

Unless otherwise indicated, vouchers are at NY

EPROPHYLLATE
source
subg. Graminifolii
J. triformis -b a Butte Co., CA: Ahart 2474
Jokerst 0830 (CHSC)
El Dorado Co., CA: Smiley 363a (GH)
Fresno Co., CA: Eastwood s.n. (CAS)
" Ertter & Strachan 3060
" ”" 30“
" ! 3070
" Hall &€ Chandler 558 (UC)
Madera Co., CA: Brock 233 (RSA)
" Eastwood & Howell 5454 (US)
Marlposa Co., CA: Bolander 4864 (UC)
" s.n. (MO)
Congdon s.n. (MO)
" Jepson 4414 (JEPS)
San Diego Co: CA:
Ertter t. Strachan 3521
N 3538
" Gander 3392 (SD)
" " 3706 (US)
" B 4064 (SD)
" " 7215 (SD)
Tulare Co., CA: Hardham 12090 (CAS)
Purpus 5683 (UC)
Tuolumne Co., CA:
Ertter & Strachan 3935
" Mason 11939 (UC)
B " 11981b (UC)
" Munz 7364 (POM)
" Smiley 739 (GH)
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Butte Co., CA: Ahart 1645 (Ahart)
" 1895 (Ahart)
" Jokerst 0699 (CHSC)
Shasta Co., CA:
Baker & Nutting s.n. (UC)
" Holland 289 (Holland)
" Hoover 2270 (UC)
Tehama Co., CA: Ahart s.n. (CAS)
Heller 12326

Butte Co., CA: Ahart 1692 (Ahart)
Ertter et al. 3267

Butte Co., CA: Ahart 2263 (CAS)
Humboldt Co., CA: Tracy 4431 (WTU)
Marln Co., CA Howell 21980
" 42549
Monterey Co., CA:
Ertter & Strachan 3369
" Tracy 16592
San Francisco, CA: Kellogg s.n. (MO)
Santa Cruz Co., CA:
Ertter & Strachan 3333
Sonoma Co., CA:
Eastwood & Howell 7866 (MICH)
Josephine Co.,OR:
Henderson 13033 (ORE)
Marion Co., OR: Hall 543
Klickitat Co., WN:
Suksdorf 2571 (MICH)

Monterey Co., CA:

Ertter & Strachan 3366
Plumas Co., CA:

Ertter & Strachan 3886
San Diego Co., CA:

Ertter & Strachan 3529

Fresno Co., CA: Raven 4299a (CAS)
" 7142a (CAS)
Los Angeles Co., CA:
Ertter £ Strachan 3439
Riverside Co., CA:
Ertter & Strachan 2971
" 3481
San Diego Co., CA:
Ertter t. Strachan 3517
" 3518
" " 3530
" " 3541
San Luis Obispo Co., CA:
Ertter & Strachan 3397
" Hoover 9907 (OBI)
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Tulare Co., CA: Hardham 12090 (CAS)
" Howell ¢ True 43131 (CAS)
Tuolumne Co., CA:
Ertter & Strachan 3927
Y Howell 20441 (GH)
Boise Co., 1D:
Ertter & Strachan 3796
Owyhee Co., ID: Ertter et al. 4484
Humboldt Co., NV: Ertter 4322
Elko Co., NV: Ertter et al. 4289
Harney Co., OR: Leiberg 2525 (US)
Baja Callfornla, MEX: Moran 27464
" 27740 (SD)

Alpine Co., CA: Hardham 21821b (CAS)
Fresno Co., CA: Howell 33948 (CAS)
Madera Co., CA: Raven 3235 (CAS)
Mariposa Co., CA: Bolander 6034 (MO)

" Ertter 8 Strachan 3075

" 3076

" Howell 15564

" Sharsmith 2171
Mono Co., CA: Ertter & Strachan 3896
Tulare Co., CA: Howell 15904 (CAS)

" 17336 (CAS)

" " 25682

" " 27956
Tuolumne Co., CA: Howell 20487 (CAS)

" Keck & Clausen 5289 (DS)
Harney Co., OR: Leiberg 2525 (US)

Mono Co., CA: Ertter & Strachan 3693
Riverside Co., CA:

Ertter & Strachan 2972
Moffatt Co., CO:

Weber & MaclLeod 12561
Gooding Co., |D: Ertter 220/5
Franklin Co., ID: Magire 21628
Elko Co., NV: Ertter & Strachan 3784

Butte Co., CA: Ahart 1695 (Ahart)
" 3401
San Luis Obispo Co., CA:
Eastwood & Howell 4197
Solano Co., CA: Greene s.n. (NDG)
Harney Co., OR: Ertter 4430
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. planifolius
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. lomatophylius
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58

Lake Co., CA: Ertter & Strachan 3086

B Mason 14037
San Bernardino Co., CA:

Ertter & Strachan 3004

Sierra Co., CA: Ertter et al. 2765
Trinity Co., CA: Howell 13213
Eimore Co., ID: Ertter 4179
Jackson Co., OR: Chambers 2453
Klickitat Co., WN: Suksdorf s.n.

Mono Co., CA: Munz 20041
Sierra Co., CA:
Ertter & Strachan 3695
Elko Co., NV: Ertter & Strachan 3782
Harney Co., OR:
Ertter & Strachan 3113

California: Ahart s.n.
" Prout 145

Oregon: Correll € Correll 37804(LL)
Chile: Eyerdan 10603
Australia: Belcher 1546

" Boorman 19897

New Zealanc: Kirk s.n.
" no collector
South Africa: Bayliss 98
" " 8450
" Fries 163
" Werdermann & Oberdieck
2131 (A)

Australia: Melville ¢ Wakefield
2762 (A)
New Zealand: Healey s.n.

South Africa: Burchell 438b (GH)
" Kuntze s.n.

South Africa: MacOwan s.n.
" Meebold 12251

South Africa: Dregé 2472b

" Dimmer 106 (GH)

" Harvey 353

" Meebold 12253
South Africa: Meebold 12249
Texas: Tharp 948

California: Fosberg S5527
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p California: Bolander, Hb.N. 43

California: Wilkes 1515

Y

Oregon: T. Howell s.n.

he)

p |Idaho: Ertter 4300
p |ldaho: Ertter 3973

p South Carolina: Ravenal, Hb.N. 29
p Argentina: Castellanos 114288

p Himalaya: Kuntze 6742

Oregon: Ertter 3846
California: Morley 157
California: Duran 3527
California: Sharsmith 4086
California: Howeli 14300
Montana: Kirkwood 2495

Abyssinia: no coll.

Y v v v vV ©v VvV 9

Massachusetts: MacKeever 1060
- dp Ceylon: Jayasuriya 184

p South Africa: Kuntze s.n.

a Europe: Steetz s.n.

p |daho: Ertter 143/3

p Idaho: Ertter 4532

p California: Dudiey 612



PROPHYLLATE

subg. Poiophylli

J. bufonius

. dichotomus

J. gerardii

J. homalocaulis
J. imbricatus
J. salsuginosus
J. setaceus

J. vaseyi

subg. Genuini

J. balticus

J. pallidus

subg. Subulati

J. subulatus

"

a/c

a’/c

c?

v v v v v © v
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Nevada: Tiehm 4398
Baja California: Ertter

North Carolina: Godfrey s.n.
Connecticut: Hill 9322
Australia: Melville 2775
Australia: McKee 6812

Altai: Krylov s.n.

New Jersey: Mackenzie 6752

Michigan: Bigelow s.n.

New Mexico: Crutchfield 2381
Australia: Melville 3202

Egypt: no coll.
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Discussion:

| did not investigate internal seed anatomy in my study, but this

aspect was included in Clemants' (1979) work on the Minnesota rushes.

He examined sections of rehydrated seeds using light microscopy and

compared them to the patterns revealed by SEM of their conterparts,

from which the outer layer had been removed by sonication. Comparing

our results, | found that if the outer layer is thin enough, as is the
case in the J. triformis complex, removal of this layer does not
significantly alter or improve recognition of the basic pattern. This
conclusion is shared by Balsiev (1982).

According to Buchenau (1906) and Clemants (1979), the basic
pattern is imprinted on the outer surface of the lignified tegumen,

which is derived from the inner integument, while the outer layer that

is removed by sonication is the testa, consisting of one or two layers of

mucilaginous cells. Clemants did not attempt to correlate seed sculptu

with cell arrangement, but it appears that the inner cells of the testa

re

nestie in the depressions of the pattern. If so, the pattern correlates

with the arrangement of cells in the testa and not the tegumen. The
secondary network that overlays the basic pattern is removed by
sonication and corresponds to the longitudinally oriented cells of the

outer layer of the testa.

In relation to Engelmann’s categories, the patterns illustrated in Fig.

5a & ¢ would collectively correspond to his "Semina transverse
lineolata”. Fig. 5d fits the description of his “"Semina reticulata”, but
he placed many species with seeds of this pattern in his "Semina

costata” along with those more comparable to Fig. 5b.
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In some cases there is a discrepancy between my observations and
the descriptions of Engelmann and Buchenau. Of special interest in
this respect are J. planifolius and J. marginatus. In Buchenau (1906)
the former is drawn to show a pattern like Fig. 5d, while Engelmann
compared the pattern of J. marginatus with J. kelloggii. These two
species and their seed coat patterns play a significant role in the
infrageneric Relationships section.

Although both Engelmann (1866, 1868) and Buchenau (1890, 1906)
included seed coat patterns in their species descriptions, neither
correlated patterns with natural groups or phylogenetic trends. This is
not surprising, considering the confusing assemblage of species grouped
by the seed patterns defined in their treatments. | believe that this
resulted from the limitations of the patterns observed using light
microscopy, as | find that Junct.: seed coat patterns, at least of the
eprophyllate subgenera, can be arranged in a credible evolutionary
sequence. For a starting point, | agree with Balslev (1982) that the
pattern in Fig. Sc is probably primitive in the genus. Not only is it
common in both the prophyllate and eprophyliate species of Juncus, but

it is also the pattern that occurs on the seeds of Luzula denticulata

Liebm., the only species of this related genus that Balslev examined
after removal of the thick outer layer that covers most Luzula seeds.
This basic pattern was then modified by longitudinal compression of
rows, lateral elongation of cells, and differential thickening of walls, all
of which are probably easily accomplished by relatively straight-forward
changes in the timing and sequence of developmental controls.

If this interpretation is correct, it holds considerable significance for

understanding the evolution of the J. triformis complex. | believe that




63

within the complex the transversely elongate version of Fig. 5a is the

ancestral type, retained in J. leiospermus and J. bryoides. From this

pattern were derived the more regular honeycomb that characterizes the

"uncialis” group and the ridged pattern (Fig. Sb) of J. triformis and
the "kelloggii" group. The ancestral pattern of the J. triformis
complex can in turn be easily derived from the generalized ancestral
pattern postulated for the genus (Fig. 5c).

At the same time, an examination of possible transitional stages
suggests that the pattern of Fig. 5d is derived from 5c by an entirely
different route, with only the main cross-bars in the former
corresponding to the transverse lines of the latter. If this
interpretation is correct, the ancestral pattern has been retained in
perennial eprophyllate rushes only in the Southern Hemisphere, while
the main thrust of seed pattern evolution in the Northern Hemisphere
perennials species has been toward the pattern of Fig. 5d and
elaborations thereupon. The implications of this will be further

discussed in the Iinfrageneric Relationships section.
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Cytogensetics

Although the Juncus triformis complex itself has not previously been

studied cytogenetically, chromosome counts have been made for many
other species in the genus (see Appendix IV). Within Juncus a diploid
number of 2n = 40 is most common, especially in the eprophyliate
subgenera. Polyploidy and aneuploidy are important, and several
species have chromosomal races. Diffuse centromeres, which have been
much studied in Luzula (e.g., Malheiros ¢ de Castro, 1947; Brown,
1954), are thus far unreported in Juncus. This phenomenon, known
also from some Cyperaceae and certain arthropods, is characterized by
chromosomes that lack distinct centromeres. Instead the spindle fibers
are attached at a number of points along the chromatids, so that at

anaphase the chromosomes appear as "u's” with their ends toward the
poles instead of as inverted "v's”. Diffuse centromeres play a
significant role in both aneuploidy and polyploidy, as both halves of a
broken chromosome retain centromeric capabilities.

Snogerup (1963) made somatic counts on root-tips of both annual and
perennial species of Juncus. He observed that the genomes were
separable into two categories: those with very small, uniform,
spherical or shortly rod-shaped chromosomes; and those with slightly
larger, more variable chromosomes, some of which were noticeably
two-armed even at somatic metaphase. For the most part the two
groups corresponded with the prophyllate and eprophyllate subgenera
respectively.

Harriman and Redmond (1976) also relied on root-tips in their survey
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of North American perennials. Unlike Snogerup they pretreated with
colchicine and were therefore unable to determine centromere position,
satellites, or other chromosomal details. The chromosomes thus treated
were 1--1.5 uym in size.

In their study of chromosomal races of Juncus bufonius s.l., van

Loenhoud and Sterk (1976) used the primary leaf meristem of seedlings.
They discovered that "it is usually not at all easy to obtain good

chromosome counts of Juncus bufonius s.1. The chromosomes are not

only minute (0.4-1.0 um) and numerous, but often present in a globular
arrangement or in dense clusters. For this reason observational errors
are bound to occur”.

Members of the J. triformis complex do not provide a good selection
of root-tips, but fortunately they produce new flower buds for as long
as conditions are favorable. Meiotic material could therefore be
collected from specimens that had mature capsules for positive
identification. | had good results with Snow's stain (Snow, 1963), also
used successfully on Juncus pollen mother cells by Riebe (1978) and

Reinking (1981).

Methods:

Individual young elongating culms or whole plants, either from the
field or cultivated, were fixed in Farmer's solution (absolute
ethanol:glacial acetic acid, 3:1) or Newcomer's solution (isopropyl
alcohol:proprionic acid:petroleum ether:acetone:dioxane, 6:3:1:1:1).
Langlet's modification of Navashin's solution was also tried but with
unsatisfactory results. Fixed material was stored refrigerated either in

the fixative or in 70% ethanol.
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Staining was accomplished by placing the fixed material in vials
partly filled with Snow's stain and incubating at 60* C until good
staining was achieved, usually three to seven hours. Stained material
was stored in 70% ethanol. Hoyer's solution was used as the mounting
medium. Snow (1963) recommended overstaining and then destaining in

45% acetic acid, but | did not find this approach satisfactory.

Results:

Only a few counts were obtained from the | and |l meitoic divisions,
but fortunately both mitotic divisions in the formation of the mature
pollen grain were clearly visible. In addition, somatic counts were
often available from the meristem of the elongating culm.

Like van Loenhoud and Sterk, although | am confident in the
correctness of most of my counts, | must confess to a relative amount
of uncertainty in others due to the difficulty of working with such smalil
chromosomes. Table 2 lists the number | encountered most frequently
with the greatest assurance for each species, along with a range of
variation that may or may not be due to observational error. Known
numbers of other species in subg. Graminifolii are included for
comparison. Selected micrographs and accompanying interpretations are
presented as Fig. 12, and drawings of less photogenic figures are in
Figs. 13-15. Most of the latter are freehand drawings, as the smali
size of the chromosomes reduced the efficacy of the camera lucida.

| noticed some size variation but could otherwise discern little or no
chromosomal details, including whether or not the centromere was
diffuse. Small stained bodies were sometimes present, but as they

occurred randomly | believe that they were fragments broken off by too

L e e
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Table 2. Chromosome numbers of subg. Graminifolii

Annuals:
n 2n

J. triformis 18

J. leiospermus var. |eiospermus 16

J. kelloggii 17 (21)

J. luciensis 16

J. tiehmii 17 (£1)

J. capillaris 18 (=22)

J. bryoides ca 38
J. uncialis 16

J. hemiendytus var. hemiendytus 16

[

capitatus 18!

Perennials:

[ L L S L

covillei 38!
dregeanus ca 35, ca 40’
. falcatus 38?
filipendulus 40
marginatus 38!, 40%
Sources:

! - Snogerup, 1963
2 . Harriman & Redmond, 1976
} . Index to Plant Chromosome Numbers
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Fig. 12. Micrographs and interpretations of chromosomes in the J.
triformis complex.

a. J. triformis (Ertter &€ Strachan 3521, San Diego Co., CA)
prometaphase | n =18

b. J. triformis (cult. from Ertter & Strachan 3942, Fresno Co., CA)
1st pollen metaphase n =18

c. J. capillaris (Ertter & Strachan 3076, Mariposa Co., CA)
2nd pollen metaphase n =18

d. J. luciensis (Ertter & Strachan 3529, San Diego Co., CA)
1st polien metaphase n =16

e. J. bryoides (Ertter & Strachan 3482, Riverside Co., CA)
mitosis in culm 2n = 38

f. J. leiospermus var. leiospermus (Ertter et al. 3309, Putte Co., CA)
anaphase | n =16

g. J. leiospermus var. leiospermus (Ertter et al. 3309, Butte Co., CA)
metaphase || n =16

h. J. uncialis (Ertter 4430, Harney Co., OR)
1st pollen metaphase n =16




Fig. 12, Micrographs and interpretations of chromosomes in the
J. triformis complex. a-b, J. triformis. ¢, J. capillaris,
d, 3. Tuciensis. e, J. bryoldes. f-g, J. leiospermus var.
leiospermus. h, J. unciaIEs. -




Figs. 13-15. Chromosome drawings of the J. triformis complex.
J. kelloggii

Ertter & Strachan 3333

Monterey Co., Calif.

70

3395 Monterey Co., Calif.
J. luciensis
Ertter ¢ Strachan 3366 Monterey Co., Calif.
" 3886 Plumas Co., Calif.
J. tiehmii
Ertter et al. 2766 Sierra Co., Calif.
Ertter ¢ Strachan 3439 Los Angeles Co., Calif.
" 3927a Tuolumne Co., Calif.
J. capillaris
Ertter & Strachan 3076 Mariposa Co., Calif.
" 3897 Mono Co., Calif.
J. leiospermus var. leiospermus
Ertter at al. 3309 Butte Co., Calif.
J. uncialis
Ertter 4430 Harney Co., Oregon
J. hemiendytus var. hemiendytus

Ertter & Strachan 3004 San Bernardino Co., Calif.
" 3770 Elko Co.. Nevada
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Fig. 13. Chromosome drawings of J. kelloggii and J. luciensis.
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Fig. 14, Chromosome drawings of J. tiehmii and J. capillaris.
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Fig. 15, Chromosome drawings of J. leiospermus var. leiospermus,

J. uncialis, and J. hemTendztus var. hemiendytus.
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much pressure during preparation of the slides, rather than

B-chromosomes, which have not been reported from Juncus.

Discussion:

As diagrammed in Fig. 16, the most immediately noteworthy feature
is the aneuploid reduction series paralleling the progressive
morphological specialization found in the complex. This is especially
well-illustrated by the ridge-seeded species (J. triformis and the
"kelloggii” group). Starting with n = 18, which is near the n = 19-20

that characterizes the perennial species of subg. Graminifolii, the

chromosome nu