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Salvia (Lamiaceae), or the sages, are one of the most species-
rich and recognizable genera of flowering plants. Salvia contains
about 1000 species, is native on six continents, and has more
than 150 species in cultivation for ornamental, culinary, and/
ormedicinal purposes.While Salvia has been recognized as a ge-
nus sinceLinnaeus, it has had a tortuous taxonomic history.And
although (and perhaps because) it has recently been circum-
scribed in a broad sense to include several other small genera,
including the commonly cultivated Rosmarinus (rosemary) and
Perovskia (Russian sage), the taxonomy of Salvia remains con-
troversial (Walker and Sytsma 2007; Will et al. 2015; Drew
et al. 2017; Will and Claßen-Bockhoff 2017; Kriebel et al. 2019).
A major factor underlying the complicated taxonomic history of
Salvia is the remarkable floral diversity within the genus. The
long-standing putative synapomorphy of the genus, the“staminal
levermechanism” (Claßen-Bockhoff et al. 2004), not only has os-
tensibly evolved in parallel multiple times but also has numerous
different forms (Walker and Sytsma2007;Hu et al. 2018;Kriebel
et al. 2020). While causing some headaches taxonomically, the
myriad variations of the staminal lever mechanism have helped
make Salvia a model genus for research in pollination biology.

In this special issue, we attempt both to elucidate some of the
mechanisms underpinning the evolutionary success of Salvia
and to clarify pollination biology, phylogenetic relationships,
plastome evolution, and subgeneric classification within the ge-
nus. Three articles within this issue answer questions related to
pollination biology within Salvia. Wester et al. (2020) use spe-
cies of Salvia from several major clades to examine whether
the “bee avoidance hypothesis” (Castellanos et al. 2004) holds
with Salvia; Celep et al. (2020) investigate prezygotic isolation
mechanisms and the pollination ecology of 12 species of Salvia
growing in sympatry; and Cairampoma et al. (2020) look into
the pollination biology of S. rhombifolia, an annual species en-
demic to the Atacama Desert of Peru and northern Chile. The
other three articles in this issue reveal that two subgenera of
Salvia are indeed native to East Asia (Hu et al. 2020), explore
plastome evolution within the genus (Zhao et al. 2020), and
provide some much-needed taxonomic clarity for Salvia subg.
Calosphace (González-Gallegos et al. 2020). A brief description
of each article is provided below.
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Pollination Biology

It is not unusual to find multiple species of Salvia occurring
in proximity, but the incidence of documented cases of hybrid-
ization between sympatric species is relatively low. One expla-
nation for this low rate of hybridization is that the primary
pollinators of Salvia, bees and hummingbirds (Wester and Claßen-
Bockhoff 2007, 2011; Fragoso-Martínez et al. 2018; Kriebel
et al. 2019; Celep et al. 2020), enforce reproductive isolation be-
tween sympatric species. Two of the studies in this issue con-
sider the potential for pollinator-mediated reproductive isola-
tion. Wester et al. (2020) report on how color and an absence of
nectar guides can “discourage” bees from visiting bird-pollinated
flowers, but they suggest that mechanical exclusion is the major
factor that prevents bees from acting as pollen vectors in bird-
pollinated Salvia. Celep et al. (2020) provide detailed informa-
tion on flower and pollinator morphology and use this as a plat-
form to describe how phenological and mechanical isolation
inhibits hybridization among 12 sympatric species of Salvia in
Turkey.
Althoughmost species of Salvia seem to be pollinated primar-

ily by either bees or birds, some species of Salvia are effectively
pollinated by both (Wester and Claßen-Bockhoff 2011; Wester
et al. 2020). Cairampoma et al. (2020), using the Atacama
Desert–endemic S. rhombifolia as a case study, explore the adap-
tive value of more generalized pollination systems. They show
that both bees and hummingbirds are effective pollinators of
S. rhombifolia, and they suggest that this mixed pollination syn-
drome is a mechanism to help S. rhombifolia enhance reproduc-
tive success in the extreme Atacama Desert environment.
Phylogenetics and Genome Evolution

Although some subgenera of Salvia are geographically wide-
spread, they are usually geographically contiguous (the out-
standing exception being the informally named subg. “Hetero-
sphace”). In keeping with the taxonomic complexity of the
genus, until recently, East Asian Salviawas classified into three
different subgenera, subg. Salvia, subg. Sclarea, and subg.Alla-
gospadonopsis. However, Hu et al. (2018) demonstrated that
all species of Salvia native to East Asia are monophyletic and
formally placed them into the new subg. Glutinaria. In this
issue, Hu et al. (2020) report on the rediscovery of the rare and
enigmatic S. grandifolia from the provinces of Sichuan and
Yunnan in southwestern China. Using molecular and morpho-
logical evidence, they demonstrate that S. grandifolia is in fact
a member of subg. Sclarea, and thus Salvia has dispersed to East
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Asia at least twice. Notably, the dispersal of S. grandifolia into
East Asia apparently occurred after the uplift of the Altay,
Kunlun, and Tian Shan mountain ranges at the western edge
of the Qinghai-Tibetan Plateau; they ostensibly present a major
barrier to dispersal into or out of East Asia.
Other than putative convergent morphological evolution

within Salvia (Walker et al. 2007; Will and Claßen-Bockhoff
2017), another factor that has hindered our ability to resolve
relationships within the genus has been a lack of phylogeneti-
cally informative markers. In this issue, Zhao et al. (2020)
present an analysis of 16 plastomes of Salvia. They use these
plastomes to identify simple sequence repeats and hypervariable
regions that should prove valuable for future phylogenetic anal-
yses within Salvia. Zhao et al. (2020) then compare the efficacy
of the identified hypervariable regions with that of whole plast-
omes for phylogenetic inference using Salvia subg. Glutinaria
as a test study.

Species Richness

Because of the large number of species and wide geographic
breadth of Salvia, it has proved challenging to provide an accu-
rate estimate for the accepted number of species of Salvia that
occur both worldwide and within most subgenera. Recent esti-
mates of species numbers for the genus have ranged from about
700 tomore than 1000.Much of this uncertainty is a product of
both the broad geographic ranges of many species or species
complexes of Salvia and researchers describing new species of
Salvia in relative isolation (i.e., a lack of communication be-
tween researchers). In this issue, González-Gallegos et al. (2020)
tackle the taxonomy of the most species-rich subgenus of Salvia,
Salvia subg. Calosphace. This article brings together taxonomic
experts from across the geographic breadth of the subgenus. This
diverse group concluded that there are 580 specieswithin the sub-
genus but that 30 of these species should not yet be considered
“accepted.” Thus, there are currently 550–580 accepted species
within Salvia subg.Calosphace. Additionally, González-Gallegos
et al. (2020) provide a checklist of accepted species and synonyms
of subg. Calosphace.

Future Directions

The articles in this special issue clarify aspects of pollination
biology, biogeography, taxonomy, and evolution within Sal-
via. These articles, in concert with other ongoing research
endeavors by these authors and others, will provide a spring-
board for better articulating the evolutionary history, pollina-
tion biology, and taxonomy of Salvia. Going forward, the syn-
thesis of improved phylogenetic resolution via next-generation
sequencing technologies, detailed and broad-scale morphomet-
ric analyses of both plants and pollinators, field-based pollinator
observations, and taxonomic clarifications will provide unprece-
dented insights into Salvia evolution.
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