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The phenology, floral biology and pollination ecology of Salvia arborescens Urb. & Ekman (Lamiaceae) are reported,
based on field and garden observations. The flowers of S. arborescens are white, fragrant and rich in nectar. Anthesis
begins in the late afternoon, and flowers wilt by late morning of the following day. Floral features fit the moth pollination
syndrome. S. arborescens flowers are visited by a variety of nocturnal moths in the wild, including Celiptera levinum
(Lepidoptera: Noctuoidea: Erebidae), which was observed carrying pollen of this Salvia. This is the first report of a night-
blooming, moth-pollinated Sa/via. Hummingbirds, butterflies and beetles may play a role as secondary pollinators.
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Introduction

The genus Salvia L., the sages, comprises ca. 1000
species in the tropics and temperate zones around the
world. It is well-known for the unusual morphology of
its stamens (the stamen ‘lever’) and for attracting a vari-
ety of birds, bees and flies to its flowers.[1-4] Neverthe-
less, field studies of floral biology and pollination are
strikingly few.[S] Wester and ClaBen-Bockhoff [3]
recently reviewed the literature on pollination of New
World sages and assigned nearly all American species of
Salvia to pollination syndromes. Salvia arborescens Urb.
& Ekman (subgenus Calosphace section Wrightiana)
was one of only eight species not classified, due to an
absence of data.[3]

S. arborescens has been found in the Cordillera Cen-
tral (Dominican Republic), Massif de la Selle, de la
Hotte and the Montagnes Noires (Haiti), on soils over
limestone, along seepage slopes, water courses, streams
and rivers at altitudes of 1150-1650 m.[6] It was origi-
nally collected by Erik L. Ekman in Haiti in 1925 and
named by Ignatz Urban and Ekman in 1926, after which
it disappeared from notice. It was recollected in Haiti by
Walter S. Judd in the late 1980s and a single population
was discovered in the Dominican Republic by Alberto
Veloz in the late 1990s; although in both cases, the col-
lectors were uncertain about the identity of the Salvia
and, consequently, unaware of the significance of their
discoveries. Their specimens were confirmed to be
S. arborescens during the course of a taxonomic revision
of section Wrightiana.[6] The species is now considered
critically endangered within the Dominican Republic,
with an area of occupancy less than 10 km® and a

population size estimated to number fewer than 50
mature individuals.[7] Its conservation status in Haiti is
unknown.

The senior author visited the only known extant pop-
ulation of S. arborescens and documented nocturnal
anthesis and flower visitors in the wild, while the junior
author collected floral biology data on plants in cultiva-
tion. Together, we undertook a study of its pollination
biology. As most American species of Salvia are polli-
nated by either bees or hummingbirds,[3] we expected
bees or hummingbirds to be the main pollinators.

Methods

Flower morphology, flower color and flower life history,
as well as nectar characteristics were documented in the
field (by MR) and from cultivated plants in Miami,
Florida, USA (by SZ). The field site was located at the
known population of S. arborescens in the Dominican
Republic, near Constanza in the Parque Nacional Valle
Nuevo, in the Cordillera Central.[6] Field observations
were made (by MR) on 6-14 November 2013 and again
on 18 December 2014.

Calipers were used to measure flower tube length,
length of upper and lower lips, functional stamen length
(distance from the apex of the corolla tube to the point of
attachment of pollen sacs), length of pollen sacs and
length of the style. Flower and calyx colors were matched
to the RHS Mini Color Chart. A series of hourly photos
(09:00—-18:00 h on 11 August 2013, 07:00—08:00 h on 12
August 2013) provided data on flower phenology and
average number of flowers per inflorescence.
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Nectar standing crop was measured in unbagged
flowers in the field at four intervals: shortly after flowers
began to open (14:00 h), at dusk (18:00 h), at midnight
(24:00 h) and in the early morning (06:00 h). Some
flower buds were bagged, and total nectar content was
evaluated the following day at 07:00 h. Nectar volumes
were determined using calibrated micropipettes and
calipers. Small volume nectar samples were pooled to
measure sugar content. On cultivated plants, two inflo-
rescences were protected from crawling insects by a Tan-
glefoot® barrier (The Tanglefoot Company, Grand
Rapids, Michigan, USA) applied around the bases of the
inflorescences. Nectar from protected flowers was col-
lected at 07:00 h, using a pipette fitted with 10 pl round
gel-loading tips (0.58 mm outside diameter; Thermo
Fisher Scientific, Grand Island, New York, USA). The
nectar was transferred into pre-weighed 0.5 ml microcen-
trifuge tubes and weighed in a balance to determine the
mass of each nectar sample. A known volume of nectar
was weighed separately to calculate the volumetric mass
density, with which the nectar volume was calculated for
each sample. Sugar content was recorded as % sugar
(wt/wt), and was determined with a handheld refractome-
ter (Belligham & Stanley Ltd., Tunbridge Wells, UK).
Glucose test papers (Ames Clinistix, Miles Inc., Elkhart,
Indiana, USA) were used to test for the presence of
glucose in nectar. Anthers were collected at 06:30 from
flowers in cultivation. Pollen was counted with a
hemocytometer (Bright-Line 1492, Hausser Scientific,
Horsham, Pennsylvania, USA) in order to calculate the
P:O ratio.[8]

Flower visitor observations were made between
06:00 and 24:00 h in the field. Special attention was
given to Hymenoptera and hummingbirds, as the major-
ity of New World Salvia sp. is pollinated by either bees
or hummingbirds.[3] A systematic survey of flower visi-
tors was made during daylight hours, to quantify the
diversity of visitors and the temporal patterns of visita-
tion to flowers of S. arborescens. The 11.5h between
06:45 and 18:15 h were subdivided into 46 observation
periods of 15 min each. A single observation plot of nine
inflorescences was selected; every flower visitor present
in the plot at the start of the 15 min period and every
flower visitor arriving in the plot was counted.

The systematic survey was complemented by nonsys-
tematic observations in the field during daylight hours
and during the night between 18:15 and 24:00 h, and in
the garden between 12:00 and 24:00 h on the day of
anthesis and at 06:00—11:00 h on the following morning.
Photos of flower visitors were taken whenever possible.
Nocturnal observations were made in the moonlight,
aided by flash photography (EXILIM EX-ZR1000,
Casio, Tokyo, Japan) and a flashlight. Flower visitation
and pollen removal were documented from photos taken
in the field. Sequential photographs of flower visitors,

visiting a single inflorescence, were compared thor-
oughly. Pollen deposition on the visitor’s body, not pre-
sent when the visitor was first photographed on the
inflorescence but present later in the same series of pho-
tographs, was interpreted as clear signs of pollen uptake.
Pollen loads were estimated from sequential photographs
of foraging insects, and pollen identity was ascribed
based on pollen color and foraging history of the insect.
Given the rarity and small population size of this plant,
we refrained from methods having the potential to inter-
fere with its reproduction.

Results
Morphology

Flowers of S. arborescens are crowded onto dense, ter-
minal, unbranched inflorescences bearing 16-20 flowers
per verticillaster, although usually up to 10 flowers per
inflorescence are open at any one time. The flowers face
outward from the upright axis of the inflorescence at an
angle of ca. 90°. The corolla is ca. 14 mm long, which
includes the corolla tube that is 7.3 +£0.2 mm (n = 10)
long and reflexed upper lip (6.4 + 0.4 mm (n = 10)) and
lower corolla lip (7.9 £ 0.2 mm (n = 10)). Calyx color is
yellow green (44 RHS 145B), while the tips of the calyx
lobes match Dark Violet (22 RHS 83B). The corolla is
white (59 RHS 157B) and lacks visible nectar guides.
The stamens are inserted at the apex of the corolla tube,
and the elongate connectives are inflexed in buds. The
anthers are exserted 19.0 + 0.8 mm (n = 10) beyond the
mouth of the tube at anthesis. The ‘lever’ mechanism is
nonfunctional because the sterile arms of the connective
are appressed to the short, narrow floral tube leaving no
room for them to move.[2] Each pollen sac is medifixed,
versatile and 3.2 £ 0.2 mm long (n = 10). The pollen is
creamy white (60 RHS 155D). The long style also
extends 15-20 mm beyond the corolla tube. The distance
of the stigma to the base of the flower tube is 30.8
+ 0.9 mm (n=10). The pistil has four ovules, which
mature and separate to form four mericarps (nutlets).[6]
Plants in cultivation in Florida, USA, are all clones from
the same parent plant. No fruit set was observed in culti-
vated plants. Pollination by hand in the morning after
anthesis did not result in fruit set. The mean estimated
pollen/ovule ratio is 2980 + 1295 (n = 5).

Phenology

The flowering season of plants in situ and in cultivation
during 2013-2015 was November and December. Flow-
ers opened slowly then senesced and dropped in a syn-
chronized way. A flower cohort (the flowers opening on
the same day) lasted about 28 h, with an overlap with
the next cohort of only 4 h (Figure 1).
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During anthesis, the position of stigma and anthers
changes considerably, as styles and stamen connectives
are contained in an inflexed position within the bud. As
flowers first began to open (14:00 h), the styles emerged,
followed by the stamen connectives (Figure 1). Following
emergence, styles and connectives began to straighten
(Figure 2). Shortly before sunset (local sunset was
17:36 h in Miami and 18:05 h in the Dominican Repub-
lic), the corolla opened, the connectives largely unfurled
and the flowers began to emit a sweet fragrance. The
anthers began dehiscing at this time. By 20:00 h, the
flowers were fully open and fragrant. The fragrance was
not strong (one had to be close to the flower to detect it),
but it was sweet and pleasant. By 06:00 h of the follow-
ing day, the flowers were still open (Figure 3), but the
fragrance was no longer detectable. Between 08:00 and
16:00 h of day two, the flowers (including the stamens)
withered and fell from the inflorescence.

Nectar

Shortly after flowers opened (14:00 h), nectar volume in
unbagged flowers in the wild was 0.05=+0.09 pl
(n=10), rising to 0.58+0.53 ul (m=10) at dusk
(18:00hr) and 3.23 £2.81 ul (n=10) by midnight. By
early morning of the following day (06:00 h), the nectar
crop was only 0.59 + 0.4 ul (n =10). Bagged flowers in
the wild were measured to contain 21.25+4.57 pl
(n=10) at 07:00 h on the morning following anthesis
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(but some nectar may have been lost as the flowers were
inadvertently jostled during bag removal). In cultivated
plants with Tanglefoot® barriers, nectar accumulated in
the corolla tube until it became visible as a bulging dro-
plet at the mouth of the tube. Nectar volume at 07:00 h
was 81.27 = 6.48 pl (n = 10) in unvisited flowers.

Sugar content in wild plants began at 16.8 £ 0.5%
(n=135) at 18:00 h, declining to 14.8 £1.1% (n=10) at
midnight, and falling to 12.2 +£2.9% (n = 6) by 06:00 h
of the following morning. Sugar content in unvisited
(bagged) flowers was 10.0 = 1.6% (rn = 10) at 07:00 h on
the morning after anthesis. In cultivated plants, the sugar
concentration of nectar at 07:00h was 17.3 +1.6%
(n=10). Glucose test papers revealed no glucose present
in the nectar.

Flower visitors

In the wild, members of four insect orders (Hymenop-
tera, Diptera, Lepidoptera and Coleoptera) (Figure 4) and
hummingbirds visited the flowers of S. arborescens.
The systematic survey during daylight hours found that
the non-native Western honeybee (Apis mellifera) was
the most abundant flower visitor within this timeframe
(244 recordings: 237 collecting nectar, 7 collecting pol-
len). Most honeybees were seen collecting nectar from
newly opened flowers in the afternoon or from old flow-
ers on the morning following anthesis (Figure 4). A sep-
arate cohort of honeybees was also observed around
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Figure 1. Number of open flowers per inflorescence, showing the complete lifetime of one flower cohort (cohort 2) and overlap with

the previous and the subsequent flower cohorts (cohorts 1 and 3, respectively).
Notes: Symbols = means (n = 7); vertical lines = standard deviations. Cohort 1 = flowers that opened the day before and are dropping.
Cohort 2 = flowers opening; gray circles = corollas open; open circles = corollas open and stamens exserted. Cohort 3 = flowers open-

ing for the next night.
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Figure 2. Salvia arborescens at 17:30h, in cultivation,
Florida, USA. Source: Photo by S. Zona.

Note: Styles and elongate connectives (functionally equivalent
to filaments) are beginning to unfurl from buds.

noon collecting pollen from withering flowers (Figure 4).
Nectar-collecting honeybees did not carry pollen, and
flower morphology of S. arborescens prevented them
from touching anthers or stigma during their visits.
Pollen-collecting honeybees carried loads of pollen on
their hind legs and were observed collecting more pollen
from S. arborescens anthers.

Most of the Diptera recorded during the systematic
survey (44 recordings) were small hoverflies (Syrphidae).
No clear peak of activity was observed. Most syrphid
flies landed directly on the anthers and consumed pollen.
Syrphid flies were not seen carrying the easily visible
pollen of S. arborescens.

Several species of Lepidoptera were observed during
the systematic survey (74 recordings). The most abun-
dant species being the endemic Hispaniolan King butter-
fly, Anetia jaegeri (Ménétriés) (Nymphalidae: Danainae),
with 66 recordings. Activity of the Hispaniolan King
peaked on old, withering flowers before noon (Figure 4).
Individuals of this Hispaniolan endemic butterfly were

Figure 3. Salvia arborescens at dawn, in cultivation, Florida,
USA. These flowers were not visited by any animals. Source:
Photo by S. Zona.

Note: Nectar droplets pooling at the mouths of the flowers.

seen transporting on their wings and antennae pollen that
matched in color the pollen of S. arborescens. Field
observations on pollen uptake and pollen transport by
A. jaegeri were also documented by photos. Several ser-
ies of photographs of single butterflies visiting single
inflorescences show pollen deposits on the butterflies that
increase during the visits, which indicates that A. jaegeri
took up and carried pollen of S. arborescens. Another
diurnal visitor to S. arborescens was the Violet-banded
skipper, Nyctelius nyctelius (Latreille) (Hesperiidae: Hes-
periinae), for which there were two recordings. We
obtained no conclusive evidence for pollen uptake or
pollen transport by this rare visitor.

Diurnal visits of moths were also rare (six record-
ings), and no pollen uptake and pollen transport was
documented in their diurnal visits. Moth activity
increased at dusk (four recordings), just prior to the end
of the systematic observation period (Figure 4). More
moths were seen in the non-systematic survey, during
dawn and at night in the moonlight, hovering at or near
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Figure 4. Numbers of insects visiting Salvia arborescens flowers during systematic observation periods (afternoon of the first day of

flowering; morning of the second day).

Notes: Black squares = Western honeybees (A4pis mellifera) gathering nectar; white squares = Western honeybees gathering pollen;
black circles = Hispaniolan King butterfly (4netia jaegeri); white circles = hoverflies (Syrphidae); white diamonds = moths. Local

sunset was ca. 18:05 h; sunrise was ca. 06:45 h.

the inflorescences of S. arborescens. Some moths landed
on inflorescences and were directly observed probing the
flowers for nectar. Different kinds of moths were spotted
in the light of the flashlight, and the reflective eyes of
moths were observed in the red light of the optical dis-
tance sensor of the camera; however, most moths fled
artificial light sources and could not be identified further.
We were able to make a series of photographs of a set-
tling moth, Celiptera levinum (Stoll) (Noctuoidea: Ere-
bidae), visiting an inflorescence of S. arborescens. The
position and color of the pollen on the first photo of the
series strongly suggest that it came from S. arborescens.
In addition, the area covered with pollen on the moth’s
left forewing (Figure 5) increases with time in this series
of photos. This documents that this moth was taking up
and transporting pollen of S. arborescens. An unidenti-
fied species of ground beetle (Coleoptera: Carabidae)
was another nocturnal flower visitor, pollen was also
observed on this beetle.

While hummingbirds were not observed visiting
flowers during the systematic survey, 11 visits of hum-
mingbirds at S. arborescens flowers were noted during
10 days of non-systematic observations. Two species
were observed: the Antillean Mango (Anthracothorax
dominicus) and Hispaniolan Emerald (Chlorostilbon
swainsonii). Visits by hummingbirds to the flowers of

Figure 5. Celiptera levinum (Lepidoptera: Noctuoidea: Ere-
bidae) visiting Salvia arborescens in the Dominican Republic.
Source: Photo by M. Reith.

Note: Pollen is visible on the leading edge of the left wing.
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S. arborescens were very rare, and they often occurred
at dusk. We obtained no evidence for pollen transport by
hummingbirds.

The most frequent nocturnal visitor to flowers culti-
vated in Florida was the carpenter ant (Camponotus flori-
danus), which collected nectar. An unidentified
coleopteran (Scarabaeidae; possibly Euphoria sepul-
cralis) was observed one time feeding on nectar at night.
By early morning, the flowers were visited by Western
honeybees (Apis mellifera), which readily drained the
flowers of remaining nectar. All of these insects entered
the flower at its base, either by landing on the edge of
the corolla (bees) or climbing up from the outside of the
calyx and corolla (ants, beetle). In doing so, none of
these insects came in contact with the anthers or stigma;
all were nectar thieves. A single Ruby-throated hum-
mingbird (Archilochus colubris) was twice observed vis-
iting the flowers at 07:00 h, but its function as a pollen
vector could not be ascertained.

Discussion

This is the first report of a Salvia species that flowers at
night. Many species of Salvia have flowers that last sev-
eral days and are thus open during the night; others (e.g.
Salvia costaricensis Oerst.[9]) open in the darkness of
predawn. S. arborescens is the only known species with
flowers that begin to open in the late afternoon, reach
full anthesis after sunset, and senesce and fall in follow-
ing morning.

Our phenological observations suggest that pollina-
tion and fertilization occur at dusk, at the earliest, or
later in the night. By morning of the following day, the
flowers lose their fragrance and begin to senesce. Polli-
nation at this late stage may not lead to fertilization,
given the length that the pollen tubes must grow before
the flower falls. Miyajima,[10] working on Salvia splen-
dens Sellow ex Schult., another species with a long style,
showed that pollen requires 3 h to fertilize ovules, and
pollen deposited on the stigma in the last third of a flow-
er’s lifetime contributes significantly less to seed set than
pollen deposited earlier. If this finding applies to other
long-styled Salvia, such as S. arborescens, then pollina-
tions in the morning do not significantly contribute to
reproductive success. Our own experiments with hand
pollination of S. arborescens in Florida point in this
direction. While no self-incompatibility is known to
occur in Salvia,[11-13] hand pollination of flowers near
the end of their lifetime, in the morning after anthesis,
did not result in any fruit or seed set.

The floral visitors to S. arborescens include several
potential pollinators. Pollen thieves (e.g. syrphid flies) and
nectar thieves (e.g. honeybees) can be excluded from con-
sideration, as they were not observed contacting both

anthers and stigmas. Several other visitors (e.g. the Violet-
banded skipper) were rare and unlikely to be significant
pollinators. The remaining visitors can be assessed as to
their ability to affect pollination based on their frequency,
behavior, timing and observed pollen loads.

Diurnal flower visitors that were observed transport-
ing pollen of S. arborescens in the wild are the Hispan-
iolan King butterfly, Anetia jaegeri, (most abundant) and
pollen-collecting honeybees (rare). Butterfly visitors to
Salvia flowers are usually regarded as poor pollinators or
nectar thieves.[9,14] The activity of the Hispaniolan
King peaked between 11:00 and 12:00 h, when half of
the flowers from the previous night have already dropped
and one-half to two-thirds of the remaining flowers will
drop within the next three hours. Hardly any newly
opening flowers are available at this time. This means
that any pollen transferred by the Hispaniolan King dur-
ing its peak activity was among old flowers that were
about to drop. Pollen-collecting honeybees were
observed between 11:15 and 13:15h, and all of the
above arguments against pollination by the Hispaniolan
King also apply to pollen-collecting honeybees.

The situation is slightly different for very early morn-
ing visits of the Hispaniolan King, or for the rare late
visit of this species. Very early morning Hispaniolan
Kings might encounter flowers that are few hours
younger; late visiting Hispaniolan Kings might visit a
newly opened flower and transfer pollen collected previ-
ously from an old flower. Such visits may contribute to
seed set. Both early morning and late visits of the His-
paniolan King are, however, very rare. The large number
of honeybees searching for nectar on freshly opened
flowers in the afternoon might exclude or out-compete
other visitors. Prior to the introduction of the honeybee,
butterflies like the Hispaniolan King may have com-
monly visited the flowers of S. arborescens in the late
afternoon, and they may have been more likely to affect
pollination than they are now. We therefore conclude that
visits by the Hispaniolan King butterfly, though abundant
at 11:00-12:00 h, are of minor importance for the repro-
duction of S. arborescens. Visits by pollen-collecting
honeybees are even less important, as they were rare to
begin with, observed only on old flowers and were
restricted to a timeframe in which pollination is least
effective.

Several very rare diurnal flower visitors, like the
Violet-banded skipper, diurnal moths and hummingbirds
were not observed transporting pollen of S. arborescens,
but they have the potential to do so. Due to their rarity,
they are unlikely to be of major importance for the
reproduction of S. arborescens. It is worth noting,
however, that the peak of activity for diurnal moths and
hummingbirds was close to dawn, so they did not visit
young, freshly opened flowers. This makes them
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potential pollen vectors of minor importance for
S. arborescens. As mentioned above, the introduction of
the non-native Western honeybee may have changed the
pollination dynamics for S. arborescens. The present-day
abundance of nectar-foraging honeybees may alter the
behavior of native hummingbirds; if their dusk visits
were more abundant, they might play a greater role in
the pollination of S. arborescens.

Nocturnal flower visitors, on the other hand, are
active within a timeframe in which pollination is likely
to be most effective, within the first two-thirds of a flow-
er’s lifetime. At night, the flowers are fully open, and
the stigmas and stamens occupy a similar position. Noc-
turnal flower visitors therefore have, if they contact
anthers and take up pollen, a much greater chance of
depositing pollen on receptive stigmas. All nocturnal
flower visitors that we observed in detail in the wild
were shown to transport pollen. These include the set-
tling moth Celiptera levinum and an unidentified ground
beetle. The taxonomic range of nocturnal moths visiting
S. arborescens could not be fully explored due to the
fact that most moths could not be identified in the field,
as they fled every light source. While both nocturnal
moths and beetles might be pollinators, we assume that
moths are qualitatively better pollinators, as they were
actively flying from inflorescence to inflorescence, in
contrast to the ground beetle that was sedentary.

Observations on cultivated plants largely confirmed
observations in the wild. Nectar collecting honeybees,
while being the most abundant diurnal flower visitors,
did not contact anthers and stigmas and did not transport
pollen. Visitation of hummingbirds was very rare in cul-
tivation. No moths were observed visiting cultivated
plants, but observations of flower-visiting moths are
infrequent generally.[15-19]

The moth-pollination syndrome (phalaenophily), as
summarized by Rosas-Guerrero et al.,[20] includes the
following features: anthesis nocturnal, color white, odor
sweet and moderate to strong intensity, flower bell-,
brush- or tube-shaped, symmetry radial, size medium-
to-very large (corolla length 15 mm or more in length),
orientation upright, horizontal or pendant, nectar guides
absent, sexual organs enclosed, and nectar reward pre-
sent. The flowers of S. arborescens meet all of these
criteria, with the exception of odor intensity (weak in
S. arborescens), corolla symmetry (zygomorphic), corolla
length (small) and sexual organs enclosed (strongly
exserted). Nevertheless, the suite of characters from
S. arborescens comes closer to phalaenophily than to
any other syndrome outlined in Rosas-Guerrero et al.[20]

Nectar volumes of flowers exposed to nocturnal visi-
tors in the wild were much lower than the nectar vol-
umes of unvisited flowers. This finding indicates that
nocturnal flower visitors consumed ample amounts of
nectar. The mean nectar concentration (17.3%) is in line

with values reported for hawkmoth-pollinated plants, ca.
15-30%.[21-25] Of the three sugars most commonly
found in nectars, two are hexose monosaccharides (glu-
cose and fructose) and one (sucrose) is a disaccharide.
Baker and Baker [21] summarized their extensive
research in nectar sugars and found the following: glu-
cose occasionally is the sole sugar in nectar but more
commonly co-occurs with fructose and/or sucrose;
sucrose may occur as the sole sugar source but never
co-occurs with only fructose. Fructose never occurs as
the sole sugar. Our partial analysis of nectar sugars indi-
cated an absence of glucose and, by implication, an
absence of its frequent partner fructose. We thus infer
that the primary nectar sugar in S. arborescens is
sucrose. This conclusion is in line with the observation
that the Lamiaceae typically produce sucrose-rich nec-
tars.[24,25] Among nocturnally pollinated plants,
sucrose-rich or sucrose-dominant nectars are typical of
moth-pollinated plants, in contrast to the hexose-rich
nectars of species pollinated by nocturnal, non-volant
mammals and Neotropical bats.[21]

Floral fragrance is rare in Salvia.[3] The fragrance of
S. arborescens is not strong, so it is unlike that of many
familiar moth-pollinated flowers (e.g. species of Nico-
tiana, Brunfelsia, Cubanola). The scent of S. arborescens
is not detectable by morning. Scent production at dusk
and into the night suggests that it plays an important role
in attracting nocturnal floral visitors.

The P:O ratio of S. arborescens (2980 £ 1295) is
higher than mean P:O ratios for bee-pollinated species of
Salvia (mean P:0 = 1400.8; n = 12), higher than that of
perching bird-pollinated species (mean P:O =740.7;
n=2) but lower than that of hummingbird-pollinated
species (mean P:0=6113.2; n=6) (Supplement 1).
High P:O ratio may be related to a large pollen-bearing
(source) area and a small stigmatic (target) area.[26]
Exserted stamens deposit pollen on the head, body and
wings of moths [15,19]; thus pollen-bearing moths may
present a large source area relative to the target. The
stigma of S. arborescens is small — an acute terminus of
a slender style. The lower probability of pollen reaching
the stigma may explain, in part, the high P:O ratio.[8]
The P:O ratio of S. arborescens is in the range of pre-
dominately outcrossing taxa.[8,27]

The flower shape, position, color, sweet fragrance,
nectar reward, composition and crepuscular/nocturnal
anthesis suggest pollination by moths (phalaenophily).
Field observations confirmed nocturnal visits by moths
and that nocturnal moths were transporting pollen of
S. arborescens. While pollen deposition by moths was
not shown, the evidence strongly suggests that moths
play an important role as pollinators of S. arborescens.
This is the first and only putative case of moth pollina-
tion in the genus Salvia, the only case of moth pollina-
tion of Lamiaceae in the Neotropics, and only the third
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case globally.[28] Nocturnal beetles, dusk visits by hum-
mingbirds and moths, or early morning and late after-
noon visits by butterflies may contribute to pollination
assurance.

Further study of S. arborescens in its natural habitat
would clarify the relative importance of the beetles,
hummingbirds, butterflies and moths in affecting pollina-
tion. We did not directly sample pollen loads from these
organisms, nor did we make visitor observations
throughout the night. Other laboratory observations, such
as additional P:O ratio counts, examination of stigmas
for wing scales of moths, and analyses of fragrance
chemistry, would also be helpful in understanding the
roles of animals, especially moths, in the pollination of
this species of Salvia.
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