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ABSTRACLT

A revision of the western North American members of Salvia L. section Heterosphace Benth. is pre-
sented. Three species are here recognized: S. roemeriana Scheele, S. henryi A. Gray, and S. summa A.
Nels. Salvia davidsonii Greenm. is treated as a synonym under S. henryi. We present a discussion of sub-
generic relationships and morphological variation of the group, as well as keys to the species, distri-

bution maps, illustrations, and a complete account of typification and synonymy for each species.

RESUMEN

Se revisan taxondmicamente los representantes norteamericanos occidentales de Salvia 1. seccion
Heterosphace Benth. Aqui se reconocen tres especies: S. roemeriana Scheele, S. henryi Gray y S.summa
A.Nels. Se trata Salvia davidsonii Greenm.como un sinonimode S. henryi. Presentamos una discusion
de las relaciones subgenéricas y variacion morlologica del grupo, claves para las especies, mapas de
la distribucion, ilustraciones y un informe completo de la tipificacion y sinonimia de cada especie.

INTRODUCTION

The genus Salvia L. (Lamiaceae) is the largest of the mint genera, consisting of
over 900 species worldwide and nearly 500 species in the New World (Alziar
1988). The present taxonomic treatment revises the western North American
members of section Heterosphace Benth., a group of closely allied species of
Salvia native to southwestern United States and northern Mexico placed by
Briquet (1897) in subgenus Leonia (LL.a Llave & Lex.) Benth. Prior to this treat-
ment, four species were recognized in this group: Salvia roemeriana Scheele, 5.
summa A. Nels., S. henryi A. Gray and S. davidsonii Greenm. All are restricted
generally to limestone substrates and to north- or east-facing cliltts or slopes.
These species produce chasmogamous, tubular flowers that are pink, red, or
purple-colored and are presumably adapted for hummingbird pollination in
the spring and tall, and produce cleistogamous flowers that are sell-pollinated
throughout the growing season.

There has been considerable variance surrounding proposed species rela-
tionships within this group of Salvia (Epling 1944, 1960; Spellenberg 1993).
Much of the taxonomic confusion has related to character polymorphisms
within the species and to unclear specitic boundaries of S. davidsonii. Three
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species are recognized in the present treatment: Salvia summa, S. roemeriand
and S. henryi. Salvia davidsonii is synonomized with S. henryi.

Infrageneric relationships within Salvia

Despite its widespread distribution and the attention the genus has received
horticulturally, there is no modern comprehensive taxonomic treatment ol spe-
cies or of infrageneric relationships within Salvia. The most recent classitica-
tion of supraspecific taxa of Salvia (Hruby 1962) lists eight subgenera and 17
sections. Many ol the subgenera and sections proposed in Hruby (1962) and
proposed in the only two comprehensive treatments ol the genus (Bentham
1848; Briquet 1897) are generally viewed as artilicial (Hedge 1974). Over 400
new species ol Salvia have been described since the last generic treatment in
1897 by Briquet.

The species studied in this treatment have been classitied in Bentham'’s sec-
tion Heterosphace by most previous workers (Briquet 1897; Fernald 1900; Neisess
1984). Section Heterosphace is notable in that it is the only one of the live sec-
tions of New World Salvia with both New and Old World members. The sec-
tion is represented in th - Old World by nine species native to South Alrica, and
one in central and eastern Africa (Hedge 1974). Heterosphace is represented in
the New World by the southwestern USA species reported here and by Salvida
[yrata .. ol the southeastern United States. Other sections ol Salvia native to
the New World are:sects. Audibertia Benth. (15 species) and Echinosphace Benth.
(4 species), both restricted to the Calitornia Floristic Province and adjacent
deserts; sect. Salviastrum Scheele (3 species), restricted to Texas and northeast
Mexico; and sect. Calosphace Benth. (ca. 470 species) which occurs primarily
in Central and South America.

In all species ol Salvia, only two stamens are [unctional; the other two sta-
mens typical ol the majority ol Labiates are reduced to staminodes. In sect
Heterosphace, the upper two stamens are reduced to staminodes, and the lower
two are fertile with the two thecae ol each anther separated by an elongated
connective. Whereas the majority ol New World Salvia have sterile posterior
anther thecae, sect. Salviastrum and sect. Heterosphace are unique in the New
World because their posterior thecae consistently produce viable pollen. Sec-
tion Salviastrum is distinguished [rom sect. Heterosphace by a dense annulus
in the calyx and by simple leaves. Although the presence of an annulus was not
noted in the initial description ol sect. Heterosphace (Bentham 1832-1836), S.
henryiand S.summa have a thin annulus, which may indicate a close relation-
ship between sects. Heterosphace and Salviastrum. Section Salviastrum has been
described as “..nearest Heterosphace, trom which it ditlers in habit and in the
calyx closed by hairs” (Torrey 1859). Further investigations into the relation-
ship between these two groups are necessary based on their sharing of an an-
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nulusand the lertile posterior anther thecae. The relationship of speciesin these
two sections to the Texas endemic Salvia penstemonoides Kunth & Bouche,
which shares characters of both sections, has not been resolved.

MORPHOLOGY AND CHARACTER ANALYSES

Morphological investigations were conducted on 537 herbarium specimens
trom 13 herbaria (ARIZ, ASU, GH, MEXU, MO, NMC, NY, OKL, RM, RSA, SRSC,
TEX, UTEP; Holmgren et. al. 1990) and on live plants collected from 29 native
populations (listed with specimens examined). Each population collection was
based on material from 5-10 individuals. Analyses of morphological variation
were conducted on individuals or collections representing a total of 59 locali-
ties: 13 localities for Salvia summa, 22 localities for S. roemeriana. and 24 locali-
ties lor S. henryi. Localities were selected to represent the geographic range and
extent ol morphological variation of each species. The specimens examined
are indicated in the list of representative specimens examined for each species.

Morphological data were scored for thirty-seven characters that had been
used previously to classify and identify species in the group. Results were tabu-
lated and morphological characters were evaluated for their utility to discrimi-
nate among species in the group. Representative characters employed by past
authors to distinguish among species include: height of plant, petiole length,
leal length, leallet number, leal shape, calyx length, calyx lip length, calyx
pubescence, calyx tube length, corolla color, corolla length, corolla lip length.
corolla shape, corolla throat width, exsertion of stamens, and symmetry of style
branches (Epling 1960; Peterson ined.; Correll & Johnston 1970). The characters
we lound most useful in differentiating among species in this treatment are leaf -
let size, calyx length, calyx tube length, corolla length and color, and corolla lip

length (Table 1).

Habit

Each speciesisa mildly aromatic perennial herb from a woody caudex; the stems
generally die back to the rootstalk or to basal leaves in the winter. Height of the
plant ranges [rom 1-9 dm; number of stems ranges from one to many. Observa-
tionsamong natural populations and plants cultivated in greenhouse conditions
suggest that habit is variable and affected by environmental factors such as
exposure to sun and availability of water. It is not unusual to [ind two plants of
the same population demonstrating distinctly different growth habits, one with
simple leaves and tlowers in the axils of leaves, and the other with compound
leavesand a distinct inflorescence. Such differences usually are associated with
occurrence at the edge of a stream or on a cliff face above it. Individuals dis-
playing such characteristics that are transplanted and grown in a greenhouse
under equivalent environmental conditions assume similar growth forms.
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Taste 1. Variation among diagnostic morphological characters in three species of Salvia sect.
Heterosphace.

;

S.roemeriana (N=22) S. henryi (N=24) S. summa (N=13)
mean (range) mean (range) mean (range)
A S S S e S e R S e M SR
Calyx Length (mm) 11.8(8-15) 10.2(7-13) 3.5(8-11)
Calyx Tube Length (mm) 6.8(5-9) 4.2(3-6) 3.1(2-=5)
Corolla Length (mm) 33(24-47) 34(28-39) 39(26-48)
Corolla Lower Lip Length (mm)  7.1(6-9) 4.4(2-6) 5347 —12)
Ratio of Lateral Leaflet Length/ 0.23(0.05-0.31) 061(0.44-1.16) 0.54(0.43-0.75)
Terminal Leaflet Length
Corolla Color Red/Scarlet Red/Scarlet Pink/Purple

/

Leaf shape, division and texture
The plasticity of leaf characters also has been examined in experiments con-
ducted under uniform greenhouse conditions. Individuals of 5. summa with
compound leaves of 5-7 leaflets in natural populations, consistently produce
simple leaves when grown in the greenhouse with a daily watering regimen.
Salvia roemeriana exhibits less plasticity than the other species, and consis-
tently produces either simple leaves or leaves with 2-4 small lateral leallets,
Regardless of growth and environmental conditions. the terminal leaflet ol S.
roemeriand maintains a reniform to cordate shape; if lateral leal lets lorm, they
are consistently less than 1/3 the length of the terminal leallet (Table 1). The
leaves of S. henryi and S. summa are rarely simple, and the lateral leallets are
oreater than 1/3 the length of the deltoid terminal leatlet

Salvia roemeriana is distinctive among the species examined due to the
close resemblance of the basal and cauline leaves (Fig. 3). Salvia henryi and 5.
summa generally demonstrate dimorphic leaves; the basal leaves are compound.
and the cauline leaves of ten simple and graded into the bracts of the inflores-
cence. In all three species, pubescence type varies between cauline and basal
leaves. This variation is particularly evident in S. summa where the compound
basal leaves generally have a thick vestiture of grayish trichomes and the simple
cauline leaves are more sparsely pubescent. Whereas the basal and cauline leal
marginsof S. roemeriana are generally crenate, those ol S henryiand S.summa
are irregularly-toothed.

Pubescence

Pubescence is always present on vegetative and reproductive structures in these
species, although indumentum is variable and includes pilose, setose, hirsute.
densely rusty pubescent, white tomentose, and sparsely pubescent. The only
pubescence character we find to be reliable in distinguishing species is that of
the calyx; consistently hirsute in S. henryi and S. summa contrasted to a
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puberulous vestiture in S. roemeriana. Resinous dotting is always represented
on stems, leaves and calyces, although it varies considerably between popula-
tions. Vegetative pubescence varies similarly and is not used to differentiate
species in this treatment.

Intlorescence

Theintlorescence ot S. roemeriana is well-defined and raceme-like, with bracts
to nearly 1.0 cm long and with 2-6 tlowers/verticillaster. Salvia henryi and S.
summa occasionally exhibit a well-defined inflorescence, but more often there
1s a gradation from solitary flowers in the axils of cauline leaves to a raceme-
like intlorescence with 4-6 tlowered verticillasters and bracts of 0.5 ¢cm in
length. Flowers borne in the axils of cauline leaves always are cleistogamous,
whereas fully chasmogamous flowers are only borne in the verticillasters. In
all species, the persistence and size of bractsis variable.

Cleistogamy and Polymorphism in Corolla Size and Shape

Two of the most taxonomically significant characters in sect. Heterosphace are
corolla polymorphism and cleistogamy. Cleistogamy has been documented in
the species studied here, as well as in the closely related S. lyrata ot the south-
eastern USA (Uttal 1963) and in African species of the genus (Hedge 1974). In-
[lorescences of each of the species observed throughout a growing season un-
der greenhouse conditions produce fertile tlowers ranging from fully closed
cleistogamous [ lowers less than 0.5 cm long, to barely open flowers of 1.0 cm in
length, to tully developed flowers of 3.5 cm or more. With the initial flush of
growth in the early spring, tully developed chasmogamous tlowers are produced.
As the season progresses, progressively smaller tlowers are produced from the
same indeterminate intlorescence. This was observed among S. henryi, S
roemeriana,and S.summa, and consisted of chasmogamous [ lowers grading to
smaller tlowers continued until exclusively cleistogamous flowers were pro-
duced in late spring and summer. In the tall, the sequence is of ten reversed; cleis-
togamous {lowers grade into small chasmogamous tlowers until eventually
tully developed chasmogamous tlowers are produced. In wild populationsof S.
henryi, S. roemeriana and S. summa, the only time of year when plants were
not observed with cleistogamous flowers was in spring. All flowers, regardless
ol size, have fertile pollen and can produce tour viable nutlets, although pre-
[iminary observations tound a lower number of nutlets produced in fully
chasmogamous tlowers than in cleistogamous [ lowers. Despite variation in size
and shape ot the corolla, calyx and nutlet charactersremain relatively constant.

Calyx

The calyx provides reliable characters by which to distinguish species (Fig. 1,
A,D,G). The upper lip of the calyx is two or three-lobed and the lower is two-
lobed. The calyces of all species are persistent, and the previous year’s calyces
are ol ten lound on the dried intlorescences adjacent to flowering inflorescences.
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Fic. 1. Morphological features of western North American species of Salvia section Heterosphace. Floral morphology of
Salvia henryi (A—C), Salvia roemeriana (D—F), and Salvia summa (G-1): A,D,G.Oblique view of calyx.B,E,H. Lateral view of
corolla. C,Fl. Frontal view of corolla.

Salvia summa always has a shorter calyx tube than S remeriana, but calyx
length and calyx tube length overlap between S. summa and S. henryi (Table 1).
Salvia roemeriana and S. henryi are not signiticantly ditferent (p > 0.05) in ca-
lyx length, but these species exhibit consistent ditferences in calyx pubescence
and structure.

The calycesof both Salvia summa and S. henryi are hirsute pubescent, with
ciliate nerves and a bearded sinus resulting from a thin annulus present in the
calyx throats. The calyx ot Salvia roemeriana is unitormly puberulous on the
exterior ol the calyx and naked within.

Salvia roemeriana has a repressed (0-0.2 mm) middle upper lobe of the
calyx, compared to the larger middle upper calyx lobe in 5. summa (average =
[.2mm)and S. henryi (average = 1.0 mm). In addition, the apices of each calyx
lobe of S. henryi and S. summa are generally rigid and spine-tipped, whereas
the apices of S.roemeriana are less rigid.

Corolla

The corollas ol these species are tubular and bilabiate; the upper lip has two
lobes which are olten lolded together at the apex, and the middle lobe is the
largest of the three lower lobes. Cleistogamy and polymorphism in corolla size
and shape complicates the use of corolla characters in identification and clas-
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sification. Because of size variation among corolla characters, only fully devel-
oped, chasmogamous flowers provide reliable morphological characters by
which to classify and identity species.

The corolla characters most useful in distinguishing S. summa {rom the
other species are differences in corolla length and color. Fully chasmogamous
flowers of S. roemeriana and S. henryi average 3.4 cm long and are scarlet or
red, whereas those of S.summa average 4.2 cm and are purple or pink (Table 1.
Fig1 B,E,H). Additionally, the corolla throat of S. roemeriana and S. summa is
taller than wide, compared to S. henryi which is wider than tall (Fig. 1, C.EL.
Whereas S. henryi has a straight corolla, the corolla of S. roemeriana and 5.
summa is arcuate. Finally, although the length of the upper lip of the corolla
does not significantly differ among the three species, the lower lip of S.
roemeriana (avg. 7.1 mm)and S. summa (avg. 8.3 mm) is equal to or longer than
their respective upper lips,and the lower lip of S. henryi(avg 4.4 mm)isshorter
than its upper (Table 1, Fig. 1). With fresh material, when the two lobes of the
corolla are pressed together, only in S. henryi will the upper lobe exceed the
lower.

Androecium

One of the diagnostic characters of Salvia section Calosphace is the fusion ot
the sterile posterior anther thecae into a rudder which blocks the throat of the
corolla. In sect. Calosphace this rudder acts as a lever, which is pushed by the
pollinator as it attempts to access the nectary at the base of the corolla (Serna
& Ramamoorthy 1993). This action deposits the pollen on the head or back of
the pollinator; the fulcrum of the lever is the junction of the filament and the
elongate connective. A similar floral mechanism is shared by members ot sect
Heterosphace except that the posterior thecae are fertile and not tused. In
chasmogamous flowers, the posterior thecae block the throat of the corollain 5
henryi and S. summa, but do not block the throat of S. roemeriana, thereby af-
fecting the lever mechanism of pollen deposition in the latter. The ditterence in
thecal placement and mechanism is only visible in [resh material and is not
observable on herbarium specimens. In fully chasmogamous tlowers ot S
roemerianad, the two staminodes develop to 5 mm in length; anthers were never
observed to develop on the staminodes.

Gynoecium

Style characters, such asexsertion from galea and symmetry ol stylar branches,
have been used in previous treatments (Peterson, in ed.) to diflerentiate species,
but our observations indicated these characters were not informative taxonomi-
cally. Whereas the upper style branch had previously been reported to be ab-
sent or less than 0.5 mm in S. henryi (Peterson, in ed.), our observations found
considerably more variation (0 to 4.1 mm) in the upper branch of the style both
in fresh and dried material. Symmetry of stylar branches was not found to vary







































