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THE GENERA OF MELIACEAE IN THE
SOUTHEASTERN UNITED STATES!

NORTON G. MILLER?
MELIACEAE A. L. de Jussicu, Gen. 263. 1789, ‘Meliae’, nom. cons.

(MAHOGANY FAMILY)

Small to large trees [shrubs, or rarely suffrutescent herbs]; new growth from
terminal buds or from axillary buds, if axillary, then the branch apices dying
back at end of growing season: bud scales imbricate [or absent], pubescent or
not, deciduous; pith homogeneous [or with clusters of fibers]; new growth near
leaf insertions with or without extrafloral nectaries. Leaves alternate, exstipu-
late, once or twice odd- or even-pinnate [trifoliolate, or simple]; spirally ar-
ranged [rarely decussate]; trichomes of young leaves simple and hooked, glan-
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dular, dendritic, or stellate [or peltate scales]; leaflets symmetrical or
asymmetrical, serrate or entire, deciduous with rachis or not [rachis rarely
winged, sometimes with an intermittently growing terminal “bud™]. Plants
polygamous or monoecious [or rarely dioecious]; inflorescences axillary, large
or small bracteate thyrses [panicles, or rarely spikes, sometimes cauliflorous
or ramiflorous, or flowers epiphyllous], cymules 3-flowered, the terminal (first-
opening) flower perfect or carpellate, lateral flowers staminate; staminate flow-
ers deciduous after anthesis. Flowers regular (actinomorphic); in Melia perfect
and staminate flowers similar at anthesis, in Swietenia staminate and carpellate
flowers dimorphic. Sepals [2-4 or]5(6)[or 7], separate or fused basally and calyx
then 5-(rarely 4- or 6-)lobed [or calyx circumscissile]. Petals [3, 4]5(rarely 6)[8
or 14], free [or sometimes fused below to staminal tube], in 1 [or rarely 2]
whorls, glabrous or pubescent abaxially, alternate with the sepals, the aesti-
vation convolute, imbricate [or contorted or valvate]. Stamens united into a
cylindrical or urn-shaped [cyathiform] tube [or filaments free], tube fringed [or
not] with [8 or 9]10(or 12) teeth, individual teeth deeply cleft or not; anthers
[3-]10(12)[-23], [rarely septate], in onc [rarely 2] whorl[s], sessile on inside [or
top] of tube [or with short filaments from top of tube], basifixed or dorsifixed,
glabrous [or pubescent], alternating with the teeth or seemingly opposite two
narrow teeth, dehiscence introrse, connective short [or sometimes greatly pro-
longed and filiform]; pollen [3- or] 4-colporate. Gynoccium syncarpous, the
ovary superior [very rarely inferior], [3-](4)5 or 6[-15]-locular, cach locule with
2 superposed ovules or with numerous ovules in 2 rows [ovules sometimes
few and collateral], the placentation axile [rarely parietal], ovules anatropous,
nectariferous disc annular, entirely below the ovary or extending slightly up-
ward, obscurely lobed and free from the ovary [or cyathiform, tubular, rarely
a stipe supporting the gynoecium, or absent]. Ovary in perfect flowers pyriform
and tapered into a long style, stigma rounded, scarcely wider than style; in
carpellate flowers ovary globose, style short, stigma discoidal and nearly as
wide as mouth of staminal tube [or obconical, globose-capitate, or 3-6-lobed],
anthers withered [staminodia rarely present]; in staminate flowers ovary nar-
rowly pyriform, style abruptly diffcrentiated and longer than in carpellate flow-
ers, stigma discoidal. Fruit a drupe, endocarp 5- or 6-locular, keeled, usually
one seed per locule [or endocarps separate, thin or thick walled] or a 5-locular
capsule, septicidally [loculicidally] dehiscent from base [or apex], columella
persistent, [or fruit a fleshy or leathery berry, or very rarely a nut]. Seeds retained
within the endocarp or winged and dispersed after capsule dehiscence [com-
monly with a brightly colored arillode or sarcotestal; cotyledons collateral,
longer than broad or broader than long, embryo short, straight [or curved],
plumules minute or absent; endosperm fleshy, oily or more commonly thin
and appearing absent; germination phanerocotylar or cryptocotylar. (Including
Cedrelaceae R. Brown in Flinders, Voy. Terr. Austral. 2: 595, 1814, “Cedre-
leac™; tribe Aitonieac Harvey in Harvey & Sonder, Fl. Capensis 1: 243. 1860
[Sapindaceae].) Type Genus: Melia L.

A mainly tropical family of moderate size (50 genera, 550 species, according
to recent monographic study; Pennington & Styles), with 14 genera (eight native,
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six introduced) represented in the New World. Only Cabralea A. Juss. (one
sp.), Ruagea Karsten (ca. five spp.), Cedrela P. Browne (seven spp.), Schmar-
daea Karsten (one sp.), and Swietenia Jacq. (three spp., one in our area) are
endemic to the Western Hemisphere; Trichilia P. Browne (85 spp.; largely
lowland tropical America, some species in Africa and a few in the Indo-Malayan
region), Guarea Allamand ex L. (35 spp. in tropical America, five in tropical
Africa), and Carapa Aublet (two spp.; tropical America and Africa) are dis-
junctly distributed among portions of the New and Old World tropics. Of the
introduced genera only one species of Melia L., M. Azedarach L., is widely
established in tropical and warm temperate parts of North and South America,
including the southeastern United States.

Over the past 20 years a great deal of new and important information has
been discovered about the taxonomy of the Meliaceae, mainly by botanists
associated with the Commonwealth Forestry Institute, University of Oxford,
England. Their studies have been wide ranging; those pertaining to generic
concepts are summarized by Pennington & Styles in a lengthy paper that con-
tains many original observations and new analyses and interpretations. In
addition the family has been monographed for the Flora Neotropica series
(Pennington, 1981), and many problems involving difficult species complexes
have been clarified, in part aided by the recent availability of new and more
adequate collections and a better understanding of the biology —especially the
floral biology —of the family.

The Meliaceae, excluding the Ptacroxylaceae J. F. Leroy, are a reasonably
coherent group of monoecious, dioecious, or polygamous woody plants (gen-
erally trees), mostly with alternate, pinnate leaves and regular pentamerous
flowers containing a staminal tube and a hypogynous nectariferous disc. Four
subfamilies are recognized (Pennington & Styles), two of which are represented
in our area. Subfamily Melioideae [Harms] (plants polygamous or dioecious,
ovules 1 or 2, superposed or collateral, fruit a drupe, berry, or loculicidal
capsule, seeds not winged, rays of wood usually 1 or 2 seriate) contains Melia
Azedarach, a naturalized tree in our area, in tribe Melieae [DC.]. Six additional
tribes accommodate genera represented in the neotropics, paleotropics, or both.
Subfamily Swietenioideae Harms (plants monoccious, ovules usually many in
two rows, fruit a septicidal capsule with a central columella, seeds winged,
rarely otherwise, rays of wood generally 3-6 cells wide) includes Swietenia and
eight other genera in tribe Swietenieae (A. Juss.) Spach,* plus two additional
tribes that include neotropical and/or paleotropical genera not represented in
our area. In gencral the flowers of members of the Swietenioideae are small or

JAdrien de Jussieu in his “Mémoire sur le Groupe des two families,

and Cedrelaceae, which he divided into groups of genera, providing a name for each group and Latin
diagnoses but no designation of rank. Spach (Hist. Nat. Vég. Phan. 3: 161-205. 1834) used the rank
tribe for De Jussicu’s groups. The De Jussicu “Mémoire” was published in 1832 (1830 is the
year on the title page of volume 19 of Mém. Mus. Hist. Nat. Paris in which the monograph was
published, but the volume was issued in 1832; sce Pennington, 1981, p. 4). The names and diagnoses
of the new species and the subfamilial groups proposed by De Jussicu were, however, published in
1830 (Bull. Univ. Sci. Industr. Sect. 2 (Bull. Sci. Nat. Géol.) 23: 234-241) and also prior to 1832 in
Linnaca 6(Lit.): 107-115. 1831.
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sometimes minute, in contrast to the larger, more showy flowers of members
of the Melioideac.

Two monotypic subfamilies, Quivisianthoideac Pennington & Styles and
Capuronianthoideae Pennington & Styles, accommodate genera endemic to
the Malagasy Republic. The poorly known Quivisianthus Baillon in Grandidier
has flowers similar to certain members of the Melioideae but differs substan-
tially from them and other genera in the subfamily in having a loculicidal
capsule and dry winged seeds. Capuronianthus J. F. Leroy is like members of
the Swietenioideae in having a septicidal capsule, but it has naked buds, de-
cussate leaves, and two superposed ovules (with two others aborting). Thus
these subfamilies have certain characteristics of either the Melioideae or Swie-
tenioideae, as well as some unique features.

Much is known about the chromosome cytology of the Meliaceae. About
100 species (of the ca. 550 species in the family) have been studied (Styles &
Khosla), and this work has revealed greater variation in chromosome numbers
(2n = 12 to ca. 360) than has been found in other woody, mainly tropical
angiosperm families. Most counts are of mitotic figures from root tips (Styles
& Khosla), although some counts are based on anther squashes. In many species
the chromosomes are minute (0.5 1o 3.5 um), even in cells of the root tip.
Accurate determination of the higher numbers has been difficult because of
staining problems (Datta & Samanta) and chromosome size. Most chromo-
somes have submedian to median centromeres. Polyploid series are present in
some genera (¢.g., Chisocheton Blume and Dysoxylum Blume of the Indo-
Malayan region south to Australia and/or New Zealand). Within species vari-
ation in chromosome number (polyploidy, ancuploidy) is also known, for ex-
ample, in Swictenia, Toona (Endl.) M. J. Rocmer, and other genera. There is
considerable disagreement about chromosome base numbers in the Meliaceae.
Some authors have suggested x = 7 (Mehra et al.). Others cite evidence favoring
two base numbers, x = 6, x = 7 (Khosla & Styles) or multiple base numbers,
x = 9,10, 11, 12, 13, 14 (Datta & Samanta). The most frequent haploid
chromosome number in the family is 25. Chromosome numbers and karyo-
types do not generally provide independent substantiation for subfamilies and
tribes defined on the basis of morphology.

Flower morphology is extremely diversified in the Meliaceae. Characteristics
of the androecium are particularly useful taxonomically at the generic level.
The filaments are generally connate into a staminal tube (the shape of which
may differ considerably among genera) or rarely are free. The anthers are
inserted in the throat of the tube or at its summit, and they either are sessile
or have short extensions of the filaments. Teeth occur along the distal edge of
the tube, and the shape of these differs in taxonomically significant ways. The
shape of the nectariferous disc, which is always located below the gynoecium,
is also variable, as is the shape of the stigma. The patterns these structures
present may be consistent within or among genera.

It has been suggested that the variability in floral structure may reflect ad-
aptations for specific inscct pollinators (White, in Pennington & Styles). How-
ever, the pollination biology of the family has been incompletely investigated.
The flowers of some species are reported to be fragrant. This suggests insect
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pollination, as does the uniform presence of floral nectaries. Flowers of Guarea
rhopalocarpa Radlk. open at night and are probably moth pollinated (Bullock
et al.). Moths were found to pollinate various species of Guarea and Cedrela
in Costa Rica (Bawa ef al., 1985), and hymenoptera have been scen to effect
pollen transfer in Trichilia havanensis Jacq. (White, in Pennington & Styles).

It has only recently been realized that genera characterized by perfect flowers
are unusual in the Meliaceae (Lee, 1967; Styles, who mentioned that this
condition was restricted to Turraea L. and a few related genera; suspected also
in some species of Guarea (Pennington, 1981)). What numerous authors in the
past have described as perfect flowers are in reality either functionally staminate
or functionally carpellate. In some cases (c.g., Swietenia) the carpellate and
staminate flowers are conspicuously dimorphic, in others (e.g., Melia) the sta-
minate and perfect flowers are superficially similar but can be told apart by
inspection of the ovules, which appear aborted even in young staminate flowers.
Poor staining quality of pollen or withered anther sacs characterize the func-
tionally carpellate flowers, which only rarely have obvious staminodia.

It may be necessary to study plants in the field to ascertain whether a species
is monoecious, dioecious, or polygamous. The reason for this, as Pennington
(1981) points out, is that the staminate flowers are deciduous soon after an-
thesis, and they may not be present in herbarium specimens. In some dioecious
species (e.g., Trichilia Poeppigii C. DC., of northwestern South America) not
only are the flowers dimorphic, but the inflorescences are as well. A Costa
Rican population of the dioecious Guarea rhopalocarpa, carefully followed for
two years (Bullock et al.), showed complex patterns of flowering and fruiting
in discrete episodes at irregular intervals during the study period, with two or
three episodes per year per tree. Flowering occurred discontinuously over nine
months of the year, and certain individuals flowered more or less at the same
time. Trees with staminate or carpellate flowers were in about even proportion,
but the number of staminate inflorescences during the census period was nearly
always much greater.

Mechanisms of fruit and seed dispersal are also varied in the family. In many
members of subfam. Melioideae the outer integument of the ovule becomes
claborated into a small or large sarcotesta, which can be rich in oils. The details
of development of this structure are poorly known in most genera, but in some
species it appears to originate from a specific part of the ovule. The meliaceous
sarcotesta does not seem to be a proliferation of the funiculus, and therefore
it is not exactly equivalent to an aril. In species with dehiscent fruits the
sarcotesta is red or orange, and it contrasts with the black or brown unmodified
sced coat. Such bright colors attract bird or mammal disperal agents.

Seed disperal in Guarea glabra Vahl, an understory tree producing abundant
fruit, has been studied in Panama (Howe & De Steven). Seventy percent of the
visits and 60 percent of the seeds removed involved four North American
migrant birds (great crested flycatcher, Swainson’s thrush, red-cyed virco, and
Tennessee warbler). Fruiting and the northward migration of these birds were
synchronized. Of ten species of Aglaia Lour. studied by Pannell & Koziot in
Malaysia and Indonesia three had dehiscent fruits revealing seeds with a red
sarcotesta (bird-dispersed), and seven had indehiscent fruits and seeds with a
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yellow, white, or translucent sarcotesta (five of these were primate-dispersed).
More lipids were present in sarcotestas associated with bird dispersal; the
coverings of the primate-dispersed seeds were gelatinous, low in lipid content,
and high in sugars.

Bats are likely to disperse the fleshy fruits (and endocarps) of Azadirachta
indica A. Juss. in West Africa (Ayensu) and perhaps elsewhere in the tropics.
Fruits of Melia Azedarach are caten and dispersed by birds in the United States
and by birds and fruit bats in South Africa (White, 1986). Seeds of Carapa
guianensis Aublet are eaten by rodents, monkeys, and wild pigs, which may
be agents of dispersal (White, 1983). The buoyant seeds of this species, which
prefers swamp forests in at least part of its range, are transported by water
(ibid.). In Amazonia several kinds of fish have been observed to eat the seeds
of C. guianensis, but the seeds appear to be destroyed in the process (Gotts-
berger). Wind is the presumed dispersal agent for those species (mainly mem-
bers of subfam. Swictenioideac) with dry, winged seeds.

Published morphological and anatomical studies of the Meliaceae have dealt
mainly with wood anatomy and aspects of vegetative structure that are unusual
in sced plants.

The early investigations of Kribs and of Panshin into the secondary xylem
of representatives of the family yielded character sets that for many years were
thought to be diagnostic for genera. However, wood of about one-half of the
known species of Mcliaceae has now been cxamined (Pennington & Styles),
and some of the conclusions drawn by Kribs and Panshin are no longer tenable.
Few genera of the Meliaceae can be distinguished on the basis of wood anatomy
alone, but anatomical characters sometimes correlate with other morphological
ones in taxonomically significant ways. Wood provides characters (e.g., fibers
scptate, terminal bands of apotracheal parenchyma absent vs. fibers nonseptate,
apotracheal parenchyma present) that are helpful in delimiting subfamilies,
and within the Melioidcae in placing genera in tribes.

Leaves (as well as the bark and secondary xylem) of many Meliaceae have
secretory cells. In leaves they are located in the mesophyll and with back lighting
arc visible as translucent dots. (Secretory cells are evidently lacking in Melia
Azedarach and Swietenia Mahagoni, however.) The pinnate leaves of species
of Guarea are unusual (Skutch) because they exhibit intermittent, indeterminate
growth from a crozicr-like “bud” at the rachis apex, which remains meriste-
matic. On the basis of anatomy and development such “leaves’ are leaf homo-
logs, although in their continuous growth (including increases in secondary
xylem thickness) they are analogous to branches (Steingracber & Fisher). Ex-
periments performed by Fisher showed that leaflets in . Guidonia (L.) Sleumer
cxhibited either a “sun” or a “shade” morphology and that within a given leaf
the expression of one form or the other was plastic and related to whether the
leaflets were initiated in the shade or in the sun, Leaves of G. rhopalocarpa are
estimated to be 7-11 years old at abscission (Skutch). Such indeterminate leaves
are also found in specics of Chisocheton, a few species of which also have few-
flowered, epiphyllous inflorescences. Vascular bundles supplying such inflo-
rescences arise from the stele of the rachis with no evidence that the bundles
are adnate to the rachis vasculaturc (Mabberley, 1979).
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Basal leaflets in some Meliaceae are modified into stipule-like structures that
arc appressed to the leafbase-stem junction. The point of attachment is, how-
ever, the leaf rachis. Pseudostipules of varying form occur in species of Trichilia
(Pennington, 1981), and they are known also in some other families of the
Rutales (c.g., Sapindaceac; Weberling & Leenhouts). Sac domatia occur on the
abaxial surfaces of leaves of Dysoxylum Fraseranum Benth. of Australia (Met-
calfe & Chalk, 1979).

The palynology of the Meliaccac has been summarized by Pennington &
Styles on the basis of studies of about two-fifths of the species in the family,
including representatives of all genera. The family is stenopalynous, with little
variation from the basic pattern (pollen subprolate or prolate-spheroidal, 3- or
4-colporate, psilate, sometimes verrucose) among genera or even subfamilies.
Pollen has been helpful in the placement of certain genera once included in the
Meliaceae, for example Flindersia R. Brown in Flinders to the Rutaceae and
Ptaeroxylon Ecklon & Zeyher (which has neither meliaceous or rutaceous pol-
len) to the Ptaeroxylaceae (with Cedrelopsis Baillon). Turraea and allied genera
(pollen generally oblate-spheroidal, 3-colporate, exine scabrous to verrucose)
are the most disparate elements in the family palynologically. Pollen is of
limited value in defining genera.

Chemotaxonomic studies of the Meliaceae have focused largely on the dis-
tribution and systematic significance of limonoids, a group of oxidized triter-
penes otherwise known to occur in the Rutaceae and Cneoraceae. These sec-
ondary metabolites impart a bitter taste to the plant tissues in which they occur.
A mixture of limonoids is present in most species, and different limonoids may
be present in different parts of a plant (Taylor, 1983). Sometimes limonoids
occur in only one plant organ. Only the most highly oxidized limonoids appear
to be significant taxonomically. Various kinds of limonoids are partitioned in
mostly nonoverlapping patterns among the Meliaceae, Rutaceae, and Cnco-
raceac, and within the Meliaccac between subfamilies Mclioideae and Swie-
tenioideae, but less clearly among the tribes recognized by Pennington & Styles.
Melia and Azadirachta A. Juss. (both in tribe Melieae) have many limonoids
in common, although Azadirachta has some that are lacking in Melia (Taylor,
1983). Alkaloids are reported from only five members of the Meliaceae (Mester),
and coumarins are known in relatively few genera (Gray). Flavonoid chemistry
has not been much used as a chemotaxonomic tool in the family (Harborne),
and it is unclear how much potential it has.

The paleobotanical record of the Meliaccac consists of pollen, leaves, seeds,
and fruits, mainly of Tertiary age. A few Cretaceous fossils have been attributed
to the family (e.g., Graham, 1962). Structurally preserved wood from the Ter-
tiary of Europe and North Africa is similar to that of the extant genera Carapa,
Entandrophragma C. DC., and Lovoa Harms (Louvet, 1973, 1975; Midel;
Selmeir, 1983, 1987), and these occurrences are cited as examples of tropical
or subtropical elements in pre-Quaternary paleofloras of the Mediterrancan
Basin region. Cedrela is represented by leaves, fruits, and pollen in the Eocene
and Miocene floras of the western United States (MacGinitie; MacGinitie et
al.). Dispersed pollen of Cedrela and/or Guarea has been recovered from Oli-
gocene and Miocene sediments in the Caribbean Basin (Graham & Jarzen;
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Graham, 1977). These occurrences suggest possible migrational tracks and
temporal limits for the migration of neotropical plant elements occurring in
the Tertiary paleofloras of the southeastern United States. The absence of
palynological diversification and distinctive pollen types in the Meliaceae may
limit how much information can be obtained from studies of dispersed fossil
pollen.

Most members of the Meliaceae are forest trees, usually reaching the canopy
or subcanopy, but sometimes only the understory. In the Neotropics the family
is especially well represented in nonflooded lowland rain forest (terra firma)
and in seasonally flooded lowland forest (varzea). Various genera are also
represented in montane forests and sometimes in the cloud forests of central
and northern South America. Certain species grow on drier sites, especially in
the West Indies where species of Trichilia, Guarea, and Cedrela occur on dry
(sometimes mesic) soils over limestone hills. Xv/ocarpus granatum Koenig and
X. mekongensis Pierre, are mangroves, occurring in parts of the area from East
Africa to tropical Australia and Polynesia (Tomlinson).

The family is of considerable commercial importance, primarily as a source
of valuable timbers that are used to make high quality furniture. Khaya A.
Juss., African mahogany, species of Swictenia, the true mahoganies, and species
of Entandrophragma of tropical Africa yield perhaps the most valuable hard-
wood lumbers. A limonoid, azadirachtin, extracted from the seeds of Azadi-
rachta indica A. Juss., neem tree, has elicited much interest as a growth inhibitor
and an antifeeding agent against insects. Azadirachtin is presently under study
for possible use in the control of insects that cause damage to food and other
crop plants (Schmutterer & Ascher). Oil is extracted from seeds of species in
a number of genera (Vaughan). Fruits of Lansium parasiticum (Osbeck) Sahni
& Bennet (L. domesticum Jack), langsat, and Sandoricum Koetjape (Burm. f.)
Merrill, santol, are caten in Southeast Asia. The former is considered to be one
of the best fruits of the Malayan region (Popenoe).

The Meliaceae are placed in the Rutales (Dahlgren et al., Takhtajan, Thorne)
or Sapindales (Cronquist), both of which are variously circumscribed. There
is gencral agreement, however, that these orders are allied and form a distinct
evolutionary line, linked directly to magnolioid ancestors (Meeuse). Phyto-
chemical markers (triterpenes), in addition to morphological criteria, indicate
close cvolutionary relationships among the Meliaceae, Simaroubaceae, and
Rutaceae. Limonoids are known from the Meliaceae and Rutaceae, whereas
quassinoids, which are biochemically derived from them, are restricted to the
Simaroubaceae (Seigler), suggesting that the Simaroubaceae are advanced, at
least in this character.
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