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ABSTRACT. The genus Epithema Blume (Gesneriaceae) is revised. A key is given, all
species are described and several are illustrated. Twenty species are recognised and two
new combinations are made, Epithema philippinum (Hilliard & B.L.Burtt) Bransgrove and
Epithema pusillum (C.B.Clarke) Bransgrove. Provisional IUCN conservation assessments are
given for all species.
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Introduction

Epithema Blume is a genus of lithophytic herbs in central tropical Africa (Cameroon,
Central African Republic, Democratic Republic of Congo, Equatorial Guinea, Guinea,
Ivory Coast, Liberia, Sierra Leone and Uganda), South Asia (Nepal, India, Sri Lanka),
Southeast Asia (southern China, Myanmar, Thailand, Vietnam, Cambodia, Laos,
Taiwan), Malesia (Philippines, Malaysia, Indonesia) and the Solomon Islands.

The genus was first described by Blume (1826) with a single species, Epithema
saxatile Blume. Aikinia R.Br. (in Wallich, 1832) was published shortly thereafter for a
different species (4ikinia brunonis) but it was soon synonymised under Epithema by
Decaisne (1834). Bentham (1835) and Spanoghe (1841) added further combinations or
new taxa to Epithema but Don (1838) continued the use of Aikinia, placing Epithema
in synonymy and moving Epithema carnosum to Aikinia. Later authors, however,
correctly published treatments under the name Epithema. Major publications on the
genus include two complete treatments of Epithema (Candolle, 1845; Clarke, 1883).
Candolle (1845) included five species in his account and Clarke (1883) six species, of
which five were from Asia and one from Africa. The account by Clarke (1883) also
included eight new varieties and one new varietal combination. After 1883 there were
occasional additional regional accounts and the descriptions of new taxa (Henriques,
1892; Chevalier, 1912; Merrill, 1916; Ohwi, 1943; Burtt, 1958; Kiew, 1985; Ying,
1992; Li & Kao, 1998; Wang et al., 1998) and a set of brief but valid publications
of nine new taxa and combinations by Hilliard & Burtt (1997) in anticipation of a
revision of the genus which, sadly, never materialised.
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The classification of the Gesneriaceae into subfamilies, tribes etc. has been
rather unsettled (Weber et al., 2013) with the result that Epithema has been placed in a
number of different subfamilies, tribes and series. Burtt & Wiehler (1995) and Weber
et al. (2013) both placed Epithema in the tribe Epithemateae (Meisn.) C.B.Clarke of
the subfamily Didymocarpoideae (called Cyrtandroideae by Burtt & Wiehler (1995)).
Weber et al. (2013) further placed it in its own subtribe, Epitheminae. Mayer et al.
(2003), in a molecular phylogenetic study of the group, found that the Epithematoid
Gesneriaceae are sister to the Didymocarpoid Gesneriaceae and that Epithema is
monophyletic and sister to a clade with a single species each of Loxonia Jack and
Stauranthera Benth. The study only included four species of Epithema (E. tenue, E.
saxatile, E. membranaceum and E. taiwanense [= E. ceylanicum]) and, therefore,
provides little information about the interrelatedness of the species within the genus.

In flower, Epithema is not easily confused with other genera although some
specimens have been previously mistaken for Monophyllaea R.Br. due to a superficial
resemblance to some species. The two genera can be separated by inflorescence
arrangement, sepal shape and aestivation, placentation, the number of locules in the
ovary, seed shape and hair type.

The species of Epithema are not readily distinguished from each other. Clarke
(1883) suggested that the then known five Asian species could possibly be recognised
as only one. Many are similar and there are few good characters to separate the species
as both vegetative and reproductive characters can be variable. In particular, the species
from mainland Asia are very similar and difficult to separate.

The gender of Epithema is neuter. Clarke (1883), however, described several
new varieties with feminine endings. These have been corrected to neuter in the
revision below.

Morphological Characters

Epithema 1s primarily lithophytic. In eastern and southeastern Asia it is found on
limestone and, to a lesser extent, on granite and sandstone. It appears to be restricted
to limestone in Borneo. In Africa, India and non-peninsular Myanmar it is found on
volcanic rocks and soils. It requires shaded conditions with high humidity and is
frequently found near or in cave entrances, on rocks on the forest floor, or on rocks
beside, or in, shallow streams and rivers. Information from specimen labels indicates
Epithema species will occasionally grow on fallen trees and is often collected from
road sides and road side embankments.

All species of Epithema are small herbs. Epithema, like other didymocarpoid
Gesneriaceae, is anisocotyledonous with the cotyledons withering early. The lowermost
true leaf, however, is solitary and looks rather like the macrocotyledon found in other
genera such as Monophyllaea (Weber, 2004).

The majority of species are caulescent but a few species have a very short
stem with leaves arising more or less at ground level, therefore appearing acaulescent
(Epithema dolichopodum, E. longipetiolatum, E. philippinum, E. rennellense, E.
strigosum and some specimens of E. benthamii, E. ceylanicum and E. tenue). One
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caulescent species, however, often exhibits a more sprawling rather than an upright
habit (E. sarawakense) and one is unifoliate in most of its distribution (£. horsfieldii).

The hairs on all plant parts are simple, unbranched, straight or hooked, have 3-5
cells and are from 0.02 mm to (rarely) 1.5 mm long. Hooked hairs are usually shorter
than straight hairs. The type of hairs (pubescent, strigose, setose, hispid or villous),
density (glabrous to dense), colour (hyaline to brown) and length are quite variable,
The combination of these characters is useful in some species but in others it is often
too variable to be of any taxonomic use. It is, therefore, included in the descriptions
only where it is taxonomically useful. Where ‘minute hooked pubescence’ is included
in descriptions it denotes hooked hairs of a maximum of 0.1 mm long.

The leaves of Epithema are thinly to thickly membranous and are usually
narrowly to broadly ovate, more rarely oblong to linear. The apex of the leaves is
rounded to acute, the margin entire to serrate, dentate or crenate (or variations thereof)
and the bases cordate to truncate to occasionally attenuate. The upper surface of
the leaves is green to dark or black-green and the lower surface is usually lighter in
colour than the upper surface and may dry whitish green to grey-green. Specimens of
Epithema saxatile and E. ceylanicum, and possibly others, show some green and silver
variegation on the upper surface of the leaves. The variegation has only been seen in a
small number of specimens from Thailand and Peninsular Malaysia. The indumentum
of the upper surface is variable in composition and the hairs are up to 1.5 mm long. The
indumentum of the lower surface is similar to that of the upper surface but the hairs
are usually sparser, shorter and finer. The indumentum of the leaves is occasionally
taxonomically useful and is only included in the descriptions in those cases.

The leaf venation is cladodromous with the secondary veins mostly strongly
ascending. There are often weaker intersecondaries and the tertiary venation is
mostly fairly obscure but, when visible, laxly alternate percurrent. The number and
arrangement of secondary veins is variable, between 4 and 15 and alternate to opposite
(or both within one leaf), and not taxonomically important.

Leaf arrangement is variable. Caulescent species can have opposite or solitary
leaves that in turn may be petiolate or sessile. A combination of all leaf arrangements
may be found on one plant or within a population. Most acaulescent species have
unpaired leaves. When present, solitary upper leaves are nearly always petiolate and
opposite one or more peduncles.

Weber (2004) described the inflorescence of Epithema as “reduced to a single
bract/inflorescence unit” which is derived from a “more elaborate thyrse, with several
bract/inflorescence units in alternate position”. The appearance is of a small, multi-
flowered, scorpioid cyme. The flowers are arranged into rows, two to three across.
The indumentum of the peduncle is glabrous to hispid with hairs to 1.25 mm long.
The flowers are collectively subtended by one bract which is green and frequently
cucullate, partially or entirely enclosing the inflorescence, but can be very small. The
uppermost margin of the bract is usually dentate but can be entire to dentate. If the
margin of the bract is lobed, the margin of the lobes may be entire, dentate or crenate.
The indumentum of the lower surface of the bract is of a short, hooked pubescence
and/or strigose to setose, straight and/or hooked hairs to 1 mm long. The indumentum
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of the upper surface is usually of one hair type only, towards the margin and to 0.6
mm long.

The flowers mature sequentially from the base of the inflorescence towards the
apex. The apex is always curved over to more or less horizontal and is often covered
by the bract which subtends the entire inflorescence. The cells at the base of the
inflorescence continue to grow so that the inflorescence changes position as flowers
mature and the open flower is presented between the horizontal and around 45°. The
number and size of the flowers in the inflorescence and the size and shape of the
bract varies between and sometimes within species but the size of the bract is a useful
character for the recognition of many species.

The pedicel is short, mostly up to only 5 mm long, and can elongate considerably
at maturity but only rarely to as long as 7.5 mm. The calyx consists of five sepals that
are fused from the base of the calyx to half or two-thirds the length of the sepals. It
1s actinomorphic, persistent and expands as it matures, providing a receptacle for the
operculate capsule that sits in the centre of the calyx. The young calyx is generally
oblong to obovate and becomes more campanulate at maturity. The lobes are linear to
triangular, often becoming broader and acuminate in maturity. The shape of the calyx
does not vary significantly between species.

The indumentum of the pedicel and calyx is similar to that on the bract and in
many species is the same on both structures. Hairs on the pedicel are to 1 mm long, to
1.5 mm long on the outside of the calyx and to 0.5 mm long on the inside of the calyx.
If present, the hairs on the inside of the calyx are usually strigose and found only on the
lobes of the calyx. The combination of type and densities of the hair on the outside of
the calyx 1s much more variable than on the inside of the calyx. Despite the variability
it can be a useful character for species differentiation (e.g. E. tenerum and E. steenisii).

The corolla consists of a tube and five free corolla lobes in two lips. The tube
accounts for approximately two thirds to three quarters of the length of the corolla.
The smaller upper lip is of two lobes and the lower of three lobes. The upper lip is
sometimes much smaller than the lower. The colour of the corolla is variable. Specimen
labels indicate that the flowers may be white or pink, but usually the tube is white or
of unstated colour and the lobes are blue to violet. The flowers of many species have
irregular darker (purple) marks at the base of the lobes or in the upper throat.

In most species there are villous hairs on the inside of the corolla tube and there
may be a minute pubescence on the outside of the lobes. The villous hairs are often in a
dense band around the perimeter of the corolla tube and are usually placed somewhere
between half way and two-thirds of the way up the tube and below the stamens. The
tube is rarely glabrous or pubescent externally with short hairs inside. The presence
and type of hairs inside the corolla is a useful character for separating some species
of Epithema, while the hairs on the outside of the corolla lobes are not. Hairs inside
the corolla can be difficult to see in rehydrated material. The hairs on the outside of
the corolla can be difficult to observe and are not necessarily persistent. They are not
included in the species descriptions.

The androecium consists of two fertile stamens and two staminodes. The
staminodes are a filament with an arrow- or serpent’s-head-shaped end. They are often
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slightly shorter than the filaments of the fertile stamens. The stamens and staminodes
are glabrous. The third, medial, staminode present in many Gesneriaceae is not seen
in Epithema. The anthers are apically coherent, the thecae are divaricate and apically
confluent. The stamens and staminodes are inserted on the top of a more or less square
flap of androecial tissue which is in turn inserted on the wall of the corolla. The flap
of tissue is up to 2.5 mm wide and high. The stamens are inserted on either end of the
flap and the staminodes to the inside of each of them. The upper edge of the flap of
tissue may be rounded leaving the staminodes at a slightly higher plane than the fertile
stamens, up to 0.5 mm higher. The head of the staminode is frequently adjacent to, but
not joined to, the back of the anther or the very top of the stamen filament. The style
grows through the space between the flap and the two coherent anthers. The androecial
tissue is normally inserted about half way to two-thirds of the way up the wall of
the corolla tube, but can be placed higher in the tube. Irrespective of the position on
the corolla tube, the placement of the stamens in relation to the staminodes does not
change.

The nectary is comprised of one, two or three discrete lobes. In many species
there are two lobes, one on each side of the ovary. Sometimes the nectary lobe(s)
completely enclose the ovary, while in others the nectary is apparently absent. The
composition of the nectary is variable within and between species and is not a good
taxonomic character.

The ovary is superior, spherical to cylindrical and has one locule. The shape is
variable and is not taxonomically useful. The placentation is parietal with two ‘stalked’
placentae, one on each side of the ovary. The placentophores are fused in their lower
half to the ovary wall while the upper half supporting the placenta is free. This allows
the formation of a dehiscent operculum in fruit. The ovules are produced from, and
connected to, the placenta at the head of the placentophore by individual funicles.
The upper portion of the ovary is usually pubescent and the lower portion is glabrous.
Like the remainder of the plant, the indumentum consists of straight and/or hooked
hairs. The hairs are not always entirely persistent, but density, length and shape of the
hairs on the ovary are taxonomically useful. Unfortunately, the hairs are short (usually
0.1-0.3 mm long) and not easily observed and, therefore, are of limited use for field
identification. The stigma is bilobed and the surface is covered in minute protrusions
or papillae of c. 0.1 mm long. The style is slender and is inserted nto the ovary in
the centre of the upper margin of the ovary. The style may be glabrous to densely
pubescent, the hairs being from 0.04—0.3 mm long and placed at the base of the style.
Rarely are they up to mid-way on the style.

The fruit of Epithema is a circumscissile or operculate capsule which is oblong,
obovate or sub-spherical in shape. The indumentum on the operculum is the same as
on the ovary although it may be sparser. After fertilisation the style withers and breaks
off leaving a small portion 0.3—2.3 mm long. This remnant is persistent and seen on
the mature operculum. As the fruit matures, movement of the inflorescence brings the
fruit into a vertical position, the calyx lobes grow and open widely outwards, leaving
a basin-like structure in which sits the mature fruit. At maturity, the operculum is
lost, leaving the seeds open to the elements. The hair on the operculum is a useful
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taxonomic character, while fruit shape, size and length of the style remnant are not.

A large number of seeds is produced per capsule. The seeds are narrowly to
broadly ovoid, rarely sub-cylindrical to slightly sigmoid in shape, with acute and/or
constricted ends. They are not appendaged and they separate entirely from the funicle
by which they connect to the placenta. They vary from light to dark brown and the
ends are darker than the main body of the seed. Colour can vary between capsules of
the same inflorescence and is certainly associated with stages of maturity, becoming
darker with age. Some variation in colour might also be an artefact of drying.

The surface of the seed coat of all species of Epithema is arranged into more or
less parallel lines that, when viewed under magnification, are darker than the remainder
of the seed coat. The lines are straight to spiralled in the direction of the long axis of
the seed and are between 0.02 and 0.05 mm apart. These longitudinal lines may fork
and cross-walls are often present between the longitudinal lines. The density of the
cross-walls and the forking does vary, giving some seeds a sub-reticulate look. Older
descriptions place importance on the angle of the longitudinal lines, but angle of the
pattern varies considerably even between seeds from one capsule or different capsules
of one inflorescence. Scanning electron microscope (SEM) photographs of the seed
of a small number of species of Epithema indicate that the surface of the seed is not
taxonomically useful (Michael Moeller and Frieda Christie, pers. comm.). Further
examination of the seed by SEM was not conducted in this revision. In only a few
species 18 the length of the seed useful.

Splash cup dispersal is the primary means of seed dispersal in Epithema. The
splash cups are formed from the persistent calyx and seeds are dispersed directly from
the capsule, usually by raindrops. Splash dispersal is usually only effective over short
distances but it is also possible that seed may be transported longer distances on the fur
or the feet of animals, or in streams.

Materials and Methods

Approximately 1400 specimens from the following herbaria have been examined: A,
AAU, ABD, BK, BKF, BM, BO, C, CAL, CALI, CMU, COl, E, G, GH, K, KEP, KLU,
KYO, L, MSC, MO, NY, P, PDA, PNH, PSU, QBG, S, SAR, SING, T1, UPM, US and
WAG (Thiers, continuously updated). These specimens were collected between the
1820s and 2014 from Cameroon, Central African Republic, Democratic Republic of
Congo, Equatorial Guinea, Guinea, Ivory Coast, Liberia, Sierra Leone and Uganda, Sri
Lanka, India, Nepal, China, Taiwan, Myanmar, Thailand, Laos, Cambodia, Vietnam,
Malaysia, Singapore, Philippines, Indonesia, Timor Leste and the Solomon Islands.
All specimens cited have been seen unless otherwise indicated. All measurements for
vegetative characters, peduncles, bracts, pedicels and calyces are from dried specimen
material. Measurements of other reproductive structures are taken from rehydrated
material. Observations on herbarium material have been augmented by observations
in the field (in Malaysia and Thailand) by both authors.

There are relatively few collections from areas such as eastern Thailand, Laos,
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Cambodia, Vietnam, Sulawesi, Maluku, The Sunda Islands, Timor and Timor Leste,
New Guinea and the many small islands of south-eastern Asia. In some of these areas
Epithema species may genuinely be absent or scarce due to the lack of ideal habitats
(e.g. absence of limestone) but collecting densities are known to be low in several of
these areas (Johns, 1995; Middleton, 2003; Newman et al., 2007). Peninsular Malaysia
and other areas of Thailand are relatively well collected.

Provisional conservation assessments are made using the methodology proposed
by IUCN (2001).

The species are presented in alphabetical order as little data is available on
relationships between the species. The dots on the maps represent the distributions of
the specimens cited in this revision.

The flowering and fruiting times given are based on the data from herbarium
specimens only and do not preclude flowering and fruiting at other times of year.

Constraints

Flowers in an Epithema inflorescence mature sequentially within the inflorescence with
only one or few flowers fully expanded at any one time. In addition, the corolla is not
persistent. It s, therefore, common for each specimen or sheet of specimens to contain
no corolla material. This means that a thorough evaluation of infraspecific variability
in corolla, stigma, style and stamen characters was limited by the availability of
flowering material. When only immature flower buds were present they were dissected
to gather character states for corolla and ovary pubescence. It is acknowledged that
character states could change during the maturation process but we still found these
bud characters useful.

For a number of species there are very few available specimens. This limits our
understanding of the variability and distribution of the species.

Plant description, expedition date and/or geography data was limited or absent
from many labels of the older specimens. For species with only small numbers of older
specimens, distributions below country level are unattainable and transient character
states such as corolla colour remain unknown.

Epithema Blume

Bijdr. 737 (1826); C.B.Clarke in A.DC. & C.DC., Monogr. Phan. 5(1): 176 (1883);
C.B.Clarke in Hook.f., Fl. Brit. Ind. 4: 369 (1884); King & Gamble, J. Asiat. Soc.
Bengal, Pt. 2, Nat. Hist. 74(2): 783 (1909); Ridl., Fl. Malay Penins. 2: 539 (1923);
Gamble, F1. Madras 2: 991 (1924); Pellegr., Fl. Indo-Chine 4: 558 (1930); Kanjilal et
al., F1. Assam 3: 399 (1939); Barnett, F1. Siam. 3(3): 205 (1962); Backer & Bakh.f.,
Fl. Java 2: 527 (1965); W.L.Theob. & Grupe in Dassan. & Fosberg, Revis. Handb.
FI. Ceylon 3: 102 (1981); Pham-Hoang HO6, Cayco Vietnam ed. 3, 3(1): 24 (1993);
W.T.Wang et al., Fl. China 18: 400 (1998); B.L.Burtt, Thai For. Bull. (Bot.) 29: 93
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(2001); Hilliard in Grierson & D.G.Long, Fl. Bhutan 2(3): 1328 (2001); A.Weber in
Kubitzki, Fam. Gen. Vasc. P1. 7: 129 (2004). — TYPE: Epithema saxatile Blume.
Aikinia R.Br. in Wall., Pl. Asiat. Rar. 3: 65 (1832). — TYPE: Aikinia brunonis Wall. (=
Epithema brunonis (Wall.) Decne.).

Carpocalymna Zipp., Alg. Konst- Lett.-Bode 1: 297 (1829), nom. nud.

Herb, caulescent or acaulescent, occasionally only one leaf developing. Leaves: lowest
leaf petiolate and solitary, upper leaves petiolate or sessile, opposite or alternate; blades
thinly to thickly membranous, usually ovate to cordate, more rarely elliptic to orbicular,
if asymmetrical then the wider side up to 1.75 times as wide as the narrower side, apex
rounded to acute, base mostly cordate or sub-auriculate to obtuse, inserted evenly or
unevenly on petiole, margin entire to crenate, serrate or (bi-)dentate, venation pinnate,
upper surface pale to black-green, sometimes variegated, lower surface light to mid-
or olive-green or purplish. Inflorescences 1-15(—many) per plant; peduncles usually
originating from the leat axils, occasionally from the petiole and/or the midrib of the
blade; singular bract subtending each inflorescence, cucullate and enclosing the entire
inflorescence to reduced, margin entire to dentate. Calyx cylindrical to campanulate,
consisting of a tube and 5 lobes, with an embedded gland towards the apex of each
lobe. Corolla tube usually white, lobes pale pink to blue or purple, commonly with
darker markings on either lip; tube cylindrical to narrowly fluted, occasionally slightly
constricted at the apex; lobes with margins entire to fimbriate. Stamens and staminodes
inserted on top of flap of androecial tissue which is inserted in corolla tube; fertile
stamens 2; anthers coherent at thecae tips or along entire thecae; staminodes 2, third
staminode absent. Nectary apparently absent or one- to three-lobed, margin entire to
undulate. Ovary cylindrical to spherical, glabrous to densely pubescent, unilocular,
placentation parietal; style short; stigma bi-lobed, papillate, glabrous. Fruit (sub-)
cylindrical to (sub-)spherical; operculum circumscissile or irregularly dehiscing at
maturity, indumentum as ovary; surrounded by persistent calyx. Seed usually narrowly
ovoid to broadly ovoid, ends acute and/or constricted, light to dark brown with darker
ends, pattern straight to spiralled, walls of pattermn usually splitting and merging and
with cross-walls, occasionally walls of pattern appear thickened and rigid.

Twenty species from central tropical Africa, India, Sri Lanka, Nepal, southern China
and through Southeast Asia and Malesia to the Solomon Islands.

Key to Epithema species

la.  First leaf arising more or less at ground level or from a very short stem ...... 2
Ib.  First leaf arising above a definite stem .................cocoiiiiiiiiiiiinn.. 10
2a. Indumentum on ovary/operculum straight or primarily straight ............... 3

2b. Indumentum on ovary/operculum hooked or primarily hooked, operculum
rarely glabrous ... ... 8
































































































































































































