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SUBTRIBE MELITTIDINAE (LABIATAE) AND
RELATED TAXA

MONES S. ABU-ASAB AND PHILIP D. CANTINO!

Leaf anatomy was surveyed in 39 species of Labiatae, including represen-
tatives of all six genera of subtribe Melittidinae. When subjected to cladistic
analysis, variation in stomatal subsidiary-cell configuration, glandular-tri-
chome morphology, and leaf histology provides evidence for phylogenetic
relationships among these genera. Peculiar saclike 1dioblasts in the mesophyll
of Physostegia and Brazoria appear to represent a synapomorphy. This clade
is further corroborated by the shared absence of bundle-sheath extensions,
probably a derived state. Support for a more inclusive clade comprising Phy-
sostegia, Brazoria, and Macbridea is provided by the shared presence of a
particular type of trichome and absence of keels on the secondary veins. Two
other apparently derived states, diallelocytic stomata with four subsidiary cells
and subsessile glandular trichomes with partial radial walls, suggest that the
sister group of the Macbridea-Physostegia-Brazoria clade 1s Galeobdolon or
Synandra. Leaf anatomy provides no evidence that subtribe Melittidinae 1s

monophyletic.

There is relatively little published information on the anatomy of the La-
biatae, a rather surprising situation given the size and economic importance
of the family. We are aware of only a few works on leaf anatomy 1n particular.
The broadest in taxonomic scope are Solereder’s (1908) general anatomical
survey and Inamdar and Bhatt’s (1972) study of stomatal types in the family.
Other works, more intensive but narrower in taxonomic scope, are those of
Bokhari and Hedge (1971) on tribe Meriandreae, Rudall (1979, 1980) on sub-
tribe Hyptidinae, Azizian and Cutler (1982) on Phlomis L. and Eremostachys
[edeb., and Shah and Naidu (1983) on “tribe Ocimoideae.”

The primary focus of this paper is the leaf anatomy of subtribe Melittidinae,
but the study collection was selected to include a variety of other Labiatae so
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that 1t would be possible to evaluate the systematic significance of characters
that vary within the Melittidinae. The work was undertaken with two objec-
tives: first, to seek anatomical evidence for the monophyly (sensu Hennig, 1966)
of subtribe Melittidinae and/or i1ts suprageneric subgroups: and second, to
contribute to the body of information available on the leaf anatomy of the

[ .abiatae.

TAXONOMIC BACKGROUND

L ABIATAE

The most widely used classification of the Labiatae today is that of Briquet
(1895-1897), which 1s heavily based on a series of comprehensive treatments
of the family by Bentham (1832-1836, 1848, 1876). Briquet’s classification
differs from Bentham’s mainly in the ranking and interrelationships of supra-
generic groups rather than in the content of those groups (Cantino & Sanders,
1986). The suprageneric groups of both authors are based principally on gross
floral morphology.

An alternative classification of the Labiatae was proposed by Erdtman (1945)
on the basis of palynological features. He subdivided the family into two
subfamilies: Lamioideae, with tricolpate pollen that is shed in a two-celled
stage; and Nepetoideae, with hexacolpate pollen shed in a three-celled stage.
A variety of other characters have since been found to correlate with these
(Wunderlich, 1967; Zoz & Litvinenko, 1979; Cantino & Sanders, 1986).
Subfamily Lamioideae is characterized by albuminous seeds containing a spat-
ulate embryo, the production of iridoid glycosides, the absence of rosmarinic
acid, a low volatile terpenoid content (the leaves hence usually not aromatic),
moderately unsaturated seed oils, and a nonmucilaginous pericarp. Subfamily
Nepetoideae 1s characterized by exalbuminous seeds containing an “‘investing’
embryo (terminology of Martin, 1946), the absence of iridoid glycosides, the
production of rosmarinic acid, high volatile terpenoid content (the leaves hence
aromatic), highly unsaturated seed oils, and a frequently mucilaginous pericarp.
Erdtman’s subfamilial classification (1945), with its strong character support.
conflicts markedly with Briquet’s (1895-1897) widely used system but is highly
congruent with Bentham’s (1876) tribal classification (Cantino & Sanders, 1986).
In the present study, Erdtman’s subfamilial classification has been adopted.

TRIBE LAMIEAE

Inasmuch as a primary objective of this study is to investigate whether
subtribe Melittidinae 1s monophyletic, it 1s necessary to delimit a monophyletic
study group that includes (but 1s not limited to) the subtribe. The Melittidinae
fall within Erdtman’s subfamily Lamioideae. Although this subfamily is a
primary phenetic subgroup of the Labiatae, it has not been possible to dem-
onstrate 1ts monophyly through the identification of synapomorphies (Cantino
& Sanders, 1986). There 1s, however, a less inclusive group that includes sub-
tribe Melittidinae and appears to be monophyletic. [t iscomposed of Bentham’s
(1876) tribes Lamieae and Prasieae, excluding Anisomeles R. Br., Scutellaria
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L., and probably Salazaria Torrey. This group is similar in circumscription to
Wunderlich’s (1967) subfamily Lamioideae (“Stachyoideae™; corrected no-
menclature follows Sanders & Cantino, 1984), but if it 1s recognized at the
tribal level it must be called Lamieae. Except where otherwise stated, all future
use of the name Lamieae will refer to the group thus circumscribed.

The monophyly of tribe Lamieae is supported by one clear synapomorphy,
one probable synapomorphy, and a third congruent character, the polarity ot
which cannot currently be assessed. Hagemann and co-workers (1967) found
an allenic component, which they presumed to be laballenic acid, 1n the seed
oils of all examined members of Bentham’s Lamieae and Prasieae except An-
isomeles and Scutellaria. The allenic component was not found 1n these two
genera or in the other examined members of Erdtman’s subfamily Lamioideae,
and it was found in only four of 122 examined species of subfamily Nepetoideae.
The polarity of this character can be assessed by outgroup analysis (Watrous
& Wheeler, 1981; Maddison et al., 1984), using suprageneric taxa of the Ver-
benaceae as outgroups. (It is generally believed that the Labiatae evolved trom
the Verbenaceae, which would make the latter at best paraphyletic, but 1t 1s
unclear which members of the Verbenaceae are the closest relatives ot the
[ .abiatae. All members of the Verbenaceae must therefore be included among
the outgroups in the assessment of character polarity within the Labiatae.) In
an unpublished study, Robert Kleiman (pers. comm.) found the allenic com-
ponent to be absent from the seed oils of all 24 species of Verbenaceae ex-
amined, including representatives of three subfamilies and eight tribes. Oc-
currence of the allenic component therefore appears to be a derived trait within
the Labiatae and represents a synapomorphy of a monophyletic group com-
posed of Bentham’s tribes Lamieae and Prasieae (excluding Scutellaria and
Anisomeles). Because Salazaria appears to be closely related to Scutellaria on
morphological (Epling, 1942) and chemical (Kooiman, 1972) grounds, 1t should
perhaps be excluded from the Lamieae as well, although 1ts seed o1ls have not
been 1nvestigated.

Embryological peculiarities of the Lamieae offer two other possible synapo-
morphies. The mature embryo sac in the Labiatae tends to be two-lobed, with
distinct micropylar and chalazal sections. Genera difler in the relative size and
shape of these lobes. Wunderlich (1967) reported that the micropylar lobe 1s
much longer and broader than the chalazal one in Bentham’s Lamieae and
Prasieae (except Scutellaria and Anisomeles), whereas the micropylar lobe 1s
shorter than or equal to the chalazal in the rest of the Labiatae, except two
genera of Nepetoideae. Salazaria was not examined. Embryo-sac shape has
been reported for ten genera of Verbenaceae representing three subfamilies and
six tribes (Junell, 1934; Misra, 1939; Tatachar, 1940; Pal, 1951; Maheshwari,
1954; Khaleel & Nalini, 1972; Spies & Stirton, 1982; Spies, 1984a, 19384b;
Thirumaran & Lakshmanan, 1984). In only one species, Clerodendrum ugan-
dense Prain, does the embryo sac resemble those found in the Lamieae (Junell,
1934). In all other Verbenaceae examined, including four other species of
Clerodendrum L. (Junell, 1934: Misra, 1939), the micropylar end of the embryo
sac is usually little if at all broader (in some species narrower) than the chalazal
end; if it is much broader, it 1s shorter than the chalazal end. The characteristic
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embryo-sac shape of the Lamieae 1s thus probably derived, although more
Verbenaceae need to be studied before character polarity can be assessed with
confidence.

Wunderlich (1967) reported the presence of what Schnarf (1918) called
“Lamium-type” glandular trichomes (1dentical to our “type 4”’; see trichome
classification below) on the outside of the integument in recently fertilized
ovules of all examined genera of Bentham’s Lamieae and Prasieae except Scu-
tellaria and Anisomeles; no such glandular trichomes were found in other
Labiatae (but Salazaria was not examined). It 1s not possible to assess the
polarity of this character because of lack of data for the Verbenaceae, but its
distribution 1n the Labiatae closely parallels that of the other two characters.

Although a strong case can be made for the existence of a monophyletic tribe
Lamieae (as circumscribed above), one must remain aware that the characters
delimiting the group have been examined 1n a minority of 1its members. Seed-
o1l chemistry was studied (Hagemann er al., 1967) in 18 of the 42 genera of
Bentham’s (1876) Lamieae and Prasieae, and the two embryological characters
cited above were studied 1n 16 genera of these tribes (Wunderlich, 1967). There
are 11 genera for which data are available for all three characters. Because the
congruence between the three characters 1s perfect in these genera, we are
assuming that the characters are highly correlated in the group as a whole.
Examination of more genera may demonstrate, however, that others besides
Scutellaria and Anisomeles are not members of the monophyletic group. Our
tentative inclusion of all of Bentham’s Lamieae and Prasieae (except Scutel-
laria, Anisomeles, and possibly Salazaria) reflects our confidence in Bentham’s
usually excellent taxonomic judgment—i.e., we are assuming that those genera
not yet examined for embryology and seed-oil chemistry really are closely
related to those that have been.

SUBTRIBE MELITTIDINAE

The historical changes in the circumscription of subtribe Melittidinae have
been summarized by Cantino (1985a). As currently circumscribed, the subtribe
comprises six genera, four of them (Brazoria Engelm. ex A. Gray, Macbridea
Elliott ex Nutt., Paysostegia Bentham, and Synandra Nutt.) North American,
one (Chelonopsis Miq.) Asian, and one (Melittis L.) European. The group is
delimited on the basis of a set of calyx and corolla characters that were proposed
by Bentham (1876) and adopted by Briquet (1895-1897): calyx broadly cam-
panulate, membranaceous or herbaceous, 3- or 4-lobed or 5-toothed, with
venation scarcely visible; corolla tube long-exserted from calyx, broad at base
or markedly dilated distally, with upper lip broad and scarcely concave.

A survey of these characters in subfamily Lamioideae (Cantino, unpublished
data) revealed that none 1s diagnostic of subtribe Melittidinae. Three states
used by Bentham and Briquet (calyx broadly campanulate, calyx membrana-
ceous or herbaceous, and corolla tube long-exserted from the calyx) are present
throughout the Mehttidinae but are also common elsewhere 1n the subfamily.
The other character states cited by these authors are not only found elsewhere
in the subtamily but also occur in only some members of the Melittidinae.
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Weak calyx venation at anthesis is characteristic of Physostegia, Brazoria, and
(to a degree) Synandra, but not the other three genera. The upper lip of the
corolla is broad and only barely concave in Physostegia, Chelonopsis, and three
species of Brazoria but markedly concave in Macbridea, Synandra, and Bra-
zoria scutellarioides. The number of calyx lobes varies from three to five, with
no two genera having the same calyx morphology. Corolla-tube shape 1s sim-
ilarly variable. It is, of course, insufficient to consider characters only singly.
In groups in which parallel and/or reticulate evolution have been common,
taxa are often distinguished by combinations of character states, with no single
state unique to any taxon (‘“‘kaleidoscopic variation’’; see Cantino, 1982). How-
ever, the combination of the three character states that occur throughout the
Melittidinae is also found in some or all species of at least ten other genera 1n
subfamily Lamioideae (Colquhounia Wallich, Gomphostemma Bentham, La-
mium L., Microtoena Prain, Phyllostegia Bentham, Scutellaria, Stenogyne Ben-
tham, Tetraclea A. Gray, Thuspeinanta T. Durand, and Trichostema L.), seven
of them in tribe Lamieae as circumscribed above.

We are unaware of any morphological feature or combination of features
that would distinguish subtribe Melittidinae from the rest of tribe Lamieae, let
alone a clearly derived feature. Nor does cytology provide evidence for the
monophyly of the subtribe. Chromosome number is extremely variable among
the genera, chromosome size is moderately variable, and other karyotypic
features are restricted to particular species or species groups (Cantino, 1985a).
The present study was undertaken to investigate whether leaf anatomy might
provide evidence for the monophyly of subtribe Melittidinae, where mor-
phology and cytology have not.

STOMATAL TERMINOLOGY

Because of the variety of stomatal classifications now available and the
sometimes conflicting use of terms contained therein, a brief review of the
situation is necessary if the reader is to understand our adopted terminology.
For a more comprehensive and very enlightening review, see Rasmussen (1981).

Stomata have been classified on the basis of three criteria: the configurations
of neighboring and subsidiary cells in mature stomata (Vesque, 1889; Metcalfe
& Chalk, 1950: Payne, 1970), stomatal ontogeny (Pant, 1965; Stevens & Martin,
1978: Payne, 1979), and a combination of the above (Fryns-Claessens & Van
Cotthem, 1973: Stevens & Martin, 1978).

The first criterion is relatively uncomplicated and has the advantage that 1t
can be applied when one is working with mature leaves. Its principal disad-
vantage is that the same stomatal morphology may develop through different
ontogenetic pathways in different plants and may therefore not be homologous
(Rasmussen, 1981, and references cited therein). Classifications based partly
or completely on stomatal ontogeny are more difficult to apply, and some of
the terms used are defined differently by difierent authors.

Pant (1965) classified stomata on the basis of their ontogenetic pathways:
mesogenous stomata, in which the guard-cell mother cell and all subsidiaries
are derived from the same meristemoid; perigenous stomata, in which all
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neighboring and subsidiary cells are derived from protodermal cells other than
the meristemoid that produces the guard-cell mother cell: and mesoperigenous
stomata, in which the surrounding cells are of dual origin, some mesogenous
and others perigenous.

T'he guard-cell mother cell 1s the immediate progenitor of the guard cells.
Subsidiary cells surround the guard cells and clearly differ from other epidermal
cells; neighboring cells immediately surround the guard cells but do not differ
1n shape from the remaining epidermal cells (Fryns-Claessens & Van Cotthem.
1973; Rasmussen, 1981). Unfortunately, the ambiguity of the term ‘‘meri-
stemoid”™ has rendered Pant’s and other ontogenetic classifications difficult to
use.

Stomatal ontogeny starts with the unequal division of a protodermal cell.
The smaller daughter cell, which contains a denser cytoplasm, divides again
unequally or directly produces (by an equal division) the pair of guard cells
(Fryns-Claessens & Van Cotthem, 1973; Payne, 1979; Rasmussen, 1981). The
term “meristemoid” was used by Fryns-Claessens and Van Cotthem (1973)
and Rasmussen (1981) to refer to the smaller daughter cell of the original
protodermal cell, whereas Payne (1979) referred to the protodermal cell itself
as the meristemoid. If the latter usage i1s adopted, there is always at least one
neighboring or subsidiary cell that is derived from the meristemoid (i.e., me-
sogenous), SO a true perigenous type cannot exist (Fryns-Claessens & Van
Cotthem, 1973; Payne, 1979). A consequent disadvantage of Payne’s termi-
nology 1s that it 1s less precise; 1.e., a wider variety of ontogenetic pathways
1s necessarily subsumed under the same term, mesoperigenous (see fig. 3 in
Rasmussen, 1981). For this reason, and because the meristemoid sensu Payne
can only be recognized after 1t has divided and hence no longer exists (Ras-
mussen, 19381), the ontogenetic terminology of Fryns-Claessens and Van Cott-
hem (1973) rather than that of Payne (1979) is adopted in this study. The more
complex system of Stevens and Martin (1978) i1s even more precise but is not
used here because of the difficulty in distinguishing “agene” cells (Rasmussen.
1981) from perigene cells sensu Rasmussen.

MATERIALS AND METHODS

Leal material was obtained from 53 specimens representing 39 species (see
APPENDIX 1), including all species of Brazoria, Macbridea, Melittis, and Syn-
andra, seven of the 12 species of Physostegia, and two of the approximately
16 species of Chelonopsis. Leaf material of most species was collected from
living plants, with herbarium specimens prepared as vouchers. Leaf material
of Chelonopsis, Melittis, and some species of Physostegia was obtained directly
from herbarium specimens.

Fresh leaves were fixed 1n Carnoy’s solution (3 parts ethanol to 1 part acetic
acid). Dried leaves were revived by soaking them in 5 percent sodium hydroxide
for three days at room temperature. Both types of material were then stored
in 70 percent ethanol. To prepare the material for study, we used the whole-
mount method as well as transverse sectioning of the lamina. In the former
method leaves or leaf pieces were stained with ferric tannate (2.5% tannic acid























































































