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els such as genera, species and infraspecific categories.
Another class of compounds that has deserved much at-
tention, not only in plant but also in insect taxonomy, are
hydrocarbons, in particular alkanes (Hamilton, 1995). Both
classes of secondary metabolites combine the advantages
of universal occurrence in vascular plants, chemical sta-
bility and the availability of rapid isolation and identifica-
tion methods (Harborne, 1998).

In spite of the widespread use of secondary metabo-
lites in taxonomy they have never achieved the same sta-
tus as characters for the establishment of phyletic rela-
tionships among plant taxa as macromolecules such as
proteins and nucleic acids, which have recently received
much attention in molecular systematics (Hillis et al.,
1996). Inferences regarding the evolution of secondary
metabolites depend on comparisons with dendrograms
obtained through cladistic techniques based on wide sets
of “traditional” morphologic or molecular characters.

This paper discusses the development of secondary
metabolite patterns in taxa of three families, Eriocau-
laceae, Lythraceae and Velloziaceae, which are widely dis-
tributed in the campos rupestres, mountainous ecosys-
tems found in the Espinhaço Mountains of the Brazilian
States of Minas Gerais and Bahia. We also discuss the evo-
lution of the distribution of secondary metabolites based
on recent cladistic analyses, taking into account the dis-
tribution of secondary metabolites such as the flavonoids
of Eriocaulaceae and Lythraceae, the alkanes of the foliar
waxes of Velloziaceae and the fatty acids of Lythraceae.

FLAVONOIDS

Eriocaulaceae

The Eriocaulaceae are pantropical monocotyledons
readily characterized by congested capitulla. The family
comprises about 1100 species of which 700 occur in the
New World, particularly on higher altitude mountains in
Minas Gerais and Bahia (Giulietti and Pirani, 1988). Gen-
era particularly well represented in the campos rupestres
are Eriocaulon, Leiothrix, Paepalanthus and Syngo-
nanthus.

Our knowledge about the distribution of flavonoids in
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Abstract

Hypotheses are presented on the evolution of structural pat-
terns of secondary metabolites (flavonoids and foliar wax alkanes)
and fatty acids of families of “campos rupestres”. The distribution
of fatty acids is given for genera of Lythraceae, with emphasis on
Cuphea (supposedly more advanced) and Diplusodon. Com-
pounds with saturated short chains represent a derived condition
in Lythraceae although they are probably restricted to Cuphea. It
is suggested that evolution selected for more complex flavonoid
patterns in Cuphea, with the inclusion of C-glycoflavones and
methoxylated flavonols (rhamnetin and isorhamnetin), which are
not found in members of Diplusodon and Lafoensia. The sup-
posedly primitive groups of Eriocaulaceae (e.g., Paepalanthus)
presented more complex flavonoid patterns characterized by fla-
vones and flavonols, the latter frequently being 6-hydroxylated or
methoxylated. More advanced groups of Eriocaulaceae (e.g.,
Leiothrix and Syngonanthus) apparently possess only flavones,
C-glycoflavones are a salient feature of species with smaller habits.
In Velloziaceae, members of the primitive subfamily Vellozioideae
show distribution of alkanes of foliar epicuticular wax in which C27,
C29 or C31 predominate; members of the derived subfamily
Barbacenioideae usually show distributions with a predominance
of C33

 
or C35, while species of Pleurostima (Barbacenioideae) have

C31 as the main homologue, thus being intermediate between the
two subfamilies. It is suggested that the evolution of alkanes in
Velloziaceae follows a trend toward elongation of carbon chains.
The condition of advanced or primitive chemical patterns is inferred
from the results of cladistic analyses based on morphological char-
acters (Eriocaulaceae and Lythraceae), and morphological and
molecular characters (Velloziaceae).

INTRODUCTION

Plant secondary metabolites have been widely used
as taxonomic characters for comparisons at all hierarchic
levels (Harborne and Turner, 1984), and certain classes of
secondary metabolites such as benzylisoquinoline alkaloids,
betalaines, glucosinolates, iridoids and polyacetylenes have
had a great influence in the establishment of all recent sys-
tems of angiosperm classification (e.g., Cronquist, 1981;
Dahlgren, 1989; Takhtajan, 1997).

Other classes of secondary metabolites, most im-
portantly flavonoids (Woodland, 1997), have been more
frequently used for comparisons at lower hierarchic lev-
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Eriocaulaceae derives from the works of Bate-Smith and
Harborne (1969) on six species of Eriocaulon, Dokkedal
and Salatino (1992) on six species of Leiothrix, Mayworm
and Salatino (1993) on four species of Paepalanthus and
Ricci et al. (1996) on 22 species of Syngonanthus. Figure
1 shows some examples of flavonoid aglycones found in
Eriocaulaceae and the genera and some infrageneric cat-
egories in which the structural types predominate.

A cladistic analysis based on 49 predominantly mor-
phologic characters (Giulietti et al., 2000) suggests that
Paepalanthus is polyphyletic and should be divided into
smaller monophyletic genera. Eriocaulon is closely re-
lated to some groups of Paepalanthus, while Leiothrix
and Syngonanthus appear as more advanced sister groups
(Figure 2). The cladogram shows the evolution in Syn-
gonanthus at the sectional level: the Eulepis and Thysa-
nocephalus sections seem to constitute a more advanced
monophyletic group than the Carpocephalus and Syn-
gonanthus sections (Figure 2).

Some of these relationships are reflected by the
amount of phenolic substances in the capitulla of Erio-
caulaceae, with specimens of Paepalanthus and Eriocaulon
tending to have higher amounts while the more advanced
genera Leiothrix and Syngonanthus have lower amounts
(Salatino et al., 1990) (Figure 2). It seems that evolution
has selected for a reduction in the amount of phenolic com-
pounds in capitulla of Eriocaulaceae.

In the case of flavonoid distribution in Eriocaulaceae,
there seems to be a relationship between high phenolic con-

tent and the predominance of flavonols, and low phenolic
content and the predominance of flavones. In fact, in
Paepalanthus and Eriocaulon species, almost always with
more than 1% soluble phenols in their capitulla, flavonols
are highly predominant, while in Leiothrix and Syngo-
nanthus species, always with less than 1% phenols, there
are apparently only flavones (Figures 1 and 2).

Other structural aspects of the flavonoids seem to
have paralleled the evolution of Eriocaulaceae because in
the supposedly most primitive groups of the family 6-oxy-
genated compounds frequently occur, while flavonoids
with this characteristic, such as quercetagetin and patuletin
(Figure 1), are rarer in angiosperms than flavonoids like
quercetin and luteolin, which have no oxygen at position 6
(Figure 1). Evidence suggests that in the Eriocaulaceae 6-
oxygenation has been superseded during evolution: in
primitive groups (flavonol bearers), like Paepalanthus and
Eriocaulon, 6-oxygenated compounds predominate. In the
more advanced groups (flavone bearers), like Syngonan-
thus, the highly advanced sections Eulepis and Thysano-
cephalus lack 6-oxygenated derivatives, while in the more
primitive sections Carpocephalus and Syngonanthus 6-
hydroxyluteolin predominates (Figures 1 and 2). Surpris-
ingly, the advanced sections Eulepis and Thysanocephalus
show a prevalence of C-glycoflavones, a character sugges-
ted as an indicator of chemical primitivity in angiosperms
(Harborne, 1972).

So far, the available data suggest that flavonoid evolu-
tion in Eriocaulaceae has followed the path:

Figure 1 - Flavonoids typical of groups of Eriocaulaceae. I
and II, Flavonols; III-V, flavones; I-III, 6-oxygenated fla-
vonoids.
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Lythraceae

Among the Myrtales the Lythraceae represent a fam-
ily with 31 genera and about 600 species widely distributed
in tropic and subtropic regions of the Old and New World,
mainly in mesophytic and humid habitats, with the habits of
Lythraceae varying from trees to annual herbs.

Relatively little is known about flavonoid distribution
in the family. Graham et al. (1980) reported the flavonoids
of Ammania coccinea; Blatt et al. (1994) the flavonoids of
27 species of Diplusodon; Santos et al. (1995), 16 spe-
cies of Cuphea, and Santos et al. (2000), 3 species of La-
foensia. Figure 3 shows some examples of flavonoids and
the corresponding Lythraceae taxa.

Cuphea is predominantly herbaceous and the largest
genus of Lythraceae, comprising 250 species of the New
World. Diplusodon is the second largest genus in the fam-
ily, with 74 shrubby or subshrubby species, all endemic to
Brazil. Lafoensia is a small South American genus, with 9
arboreal or shrubby species.

Graham et al. (1993) carried out a cladistic analysis
embracing all genera of Lythraceae. Unfortunatelly the two
genera about which most information on flavonoid chemis-

try is available (Cuphea and Diplusodon) are not closely
related, occurring in relatively distant clades (Figure 4). The
cladistic analysis reveals that the evolution of Lythraceae
followed the trend arboreal � shrubby (woody) � herba-
ceous habits (including herbs of swampy habitats), and it
can be seen that in Cuphea, an evolutionary dead end in the
cladogram (Figure 4), herbaceous habits prevail. By con-
trast, in Diplusodon shrubby and subshrubby plants predomi-
nate, suggesting a more primitive condition relative to
Cuphea. Diplusodon emerges from the base of a clade,
which has at its ends very advanced aquatic groups of flooded
areas, like Ammania, Nesaea, Peplis and Rotala (Graham
et al., 1993; Figure 4). As no more information about the
flavonoid chemistry of the family is available, we will adopt
Diplusodon and Cuphea as representatives of more primi-
tive and more advanced groups, respectively, of Lythraceae,
while Lafoensia will be regarded as more primitive and
closely related to Cuphea (Figure 4).

Chemically, Diplusodon is remarkable for the very
frequent occurrence of mono- and diglycosides of myricetin
(Figures 3 and 4). Harborne (1972) assigned to myricetin a
role of primitivity indicator because it is a characteristic
compound of woody dicotyledons, including Myrtales
(Giannasi, 1988). Perhaps even more remarkable is the fre-
quent occurrence in Diplusodon of the glycosidic combi-
nation of myricetin and glucuronic acid (Figure 3), the lat-
ter figuring as the rarest sugar in flavonoids, such associa-
tion making the glycosides relatively unstable and readily

Figure 2 - Phyletic relationships between sections and genera of Eriocaulaceae, based on morphological characters
(Giulietti et al., 2000). Numerals associated with taxa represent the content of soluble phenols from the capitulla (Salatino
et al., 1990). Roman numerals refer to flavonoid structural details presented in Figure 1. *

 
: 6-Oxygenated flavonoids; c: C-

glycoflavones; I and II: flavonols; III and IV: flavones.

6-oxygenated flavonols → 6-oxygenated flavones → C-glycoflavones

Paepalanthus, Eriocaulon Leiothrix, Syngonanthus  Syngonanthus section

section Syngonanthus and Eulepis and

Thysanocephalus Carpocephalus
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Figure 3 - Examples of flavonoids typical of Lythraceae.

Figure 4 - Cladogram of genera of Lythraceae based on morphological char-
acters (Graham et al., 1993). Roman numerals refer to the flavonoids pre-
sented in Figure 3. Note that flavonoids VI and VII are derivatives of myricetin
and are present in Diplusodon and Cuphea, but not in Lafoensia.
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liable to oxydation. Methylation may be viewed as a pro-
tection against oxydation of phenolic hydroxyls (Pugialli
et al., 1994), but no methoxylated flavonoids were found in
Diplusodon.

Assuming Cuphea as more advanced than Diplu-
sodon the following attributes could be regarded as evo-
lutionary advances of the flavonoid chemistry of the
Lythraceae: a) the absence of glycosidic combinations in-
volving myricetin and glucuronic acid; b) the rare occur-
rence of glucuronic acid; c) the presence of methoxylated
flavonoids such as rhamnetin and isorhamnetin and d) the
more frequent occurrence of galactose glycosides. How-
ever, the present knowledge of the chemistry of the Lythra-
ceae is too sketchy to accept these assumptions as defi-
nite proof of either primitivity or chemical advance in the
family because the differences observed between the two
genera might not be reproduced in other taxa with a simi-
lar distance of relative advancement.

An intriguing aspect emerges if one attempts to in-
clude the flavonoid pattern of Lafoensia (Figure 3) into the
cladogram of Figure 4, bearing in mind the flavonoid pro-
files of Cuphea and Diplusodon already commented upon.
Despite its woody habit (arboreal in several species),
Lafoensia appears in close association with the predomi-
nantly herbaceous Cuphea in the cladogram. The flavonoid
patterns of Lafoensia and Cuphea are substantially differ-
ent (Figure 3) and up to the present, myricetin, O-methy-
lated flavonols and flavonoids with glucuronic acid have not
been reported for Lafoensia. Taking into account the exist-
ence of myricetin and glucuronic acid as constituent fla-
vonoids of Diplusodon and Cuphea, it becomes difficult
to accommodate such a simple flavonoid profile as that of
Lafoensia in the topology of the Figure 4: Lafoensia should
have some characteristics common to the other two gen-

era. The flavonoid chemistry suggests that Lafoensia be-
longs to an evolutionary line different from Cuphea, or is a
more advanced group, an alternative, however, which is not
compatible with the distribution of fatty acids in Lafoensia
(see below).

At the infrageneric level, there is an interesting as-
pect linking flavonoid chemistry and the evolution of
Diplusodon. This genus is divided into sections according
to patterns of foliar venation. The Penninerves section is
presumably the primitive group, with the more common
venation pattern, while the Palmatinerves and Diplusodon
sections (the latter with a single prominent vein in the cen-
ter of the lamina) can be regarded as derived groups. Fla-
vonols and flavones are mutually exclusive in species of
Diplusodon; yet flavones have been observed only in rep-
resentatives of the Penninerves section, and in species of
this section two flavonoid profiles are observed, exclusively
flavonols or exclusively flavones, while in representatives
of the other sections only flavonols have been found. Fla-
vonoid evolution in Diplusodon can be envisaged accord-
ing to the scheme depicted in Figure 5, where the primitive
condition (Penninerves section) is characterized by a more
complex profile, with flavonols and flavones, the two groups
of phenols probably occurring together in an ancestral group
with pennate venation. The evolution that led to derived pat-
terns of venation was paralleled by a blockage of flavone
synthesis, leading to the present patterns (Figure 5).

SEED FATTY ACIDS

Lythraceae

In the seed triglycerides of most dicotyledons, unsat-
urated fatty acids with 18 carbon atoms (C18) predominate,

Figure 5 - Hypothetical phyletic relationships between sections of Diplusodon (Lythraceae), based on venation patterns
and distribution of flavonoids. The basal penninervean group with flavonols and flavones has still not been observed. 1 -
Blockage of flavonol synthesis. 2 - Blockage of flavone synthesis.
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among which the most common are oleic (C18:1,
 
one unsa-

turation) and linoleic acids (C18:2, two unsaturations). More
rarely, species can be found with substantial amounts of fatty
acids with longer carbon chains such as arachidic (C20:0) and
behenic (C22:0), or shorter chains such as palmitic (C16:0),
myristic (C14:0) and lauric (C12:0) acids (Figure 6).

In Arecaceae (palm trees), the seed fatty acids present
short and saturated chains (C10-C14). Triglycerides with such
fatty acids have high commercial value because of their util-
ity in the production of cosmetics and shampoos. In tem-
perate countries the commercial exploitation of palm trees
is not possible, so other vegetable sources of oils with simi-
lar characteristics are important, and the discovery of spe-
cies of Cuphea with seed oils resembling coconut and palma
oils (Graham et al., 1981; Wolf et al., 1983; Graham and
Kleiman, 1987) raised considerable interest. Fatty acid pat-
terns based on palmitic (C16:0), oleic and linoleic acids are
the rule in dicotyledons and the Cuphea pattern of seed fatty
acids is regarded as a derived condition (apomorphy). All
the evidence thus far available indicates that the patterns of
seed fatty acids in Cuphea represent an autapomorphy, be-
cause similar profiles have not been found in genera of
other Lythraceae (Graham and Kleiman, 1987, Lythraceae
in general; Santos and Salatino, 1998, Diplusodon).

ALKANES OF FOLIAR EPICUTICULAR WAX

Velloziaceae

The Velloziaceae constitute a family of predominantly
South American tropical monocotyledons, with approxi-
mately 200 species, most of which occur in Brazil, espe-
cially in the campos rupestres. Other species occur in Ven-
ezuela, Bolivia, Argentina and Africa.

The family is divided into two subfamilies, Vellozioi-
deae (supposedly the most primitive) and Barbacenioideae
(advanced). The number and delimitation of the genera are
controversial subjects, and two systems of classification
(Smith and Ayensu, 1976; Menezes, 1980) with several con-
flicting points have been proposed for the family (see Mello-
Silva, 1994, for a detailed discussion). The classification

of Menezes (1980) will be adopted in this paper, with the
inclusion of the genera Barbaceniopsis, Nanuza and
Talbotia from the system of Smith and Ayensu (1976). Ac-
cording to Menezes’ system, the Vellozioideae comprise
the genera Vellozia (South America) and Xerophyta, the
latter corresponding to South American and African spe-
cies, plus the genera Barbaceniopsis (Venezuela, Bolivia
and Argentina), Talbotia (Africa, monotypic) and Nanuza
(Brazil, monotypic) from Smith and Ayensu’s (1976) sys-
tem. The Barbacenioideae comprise the genera Aylthonia,
Barbacenia, Burlemarxia and Pleurostima.

Cytogenetic analyses (Melo et al., 1997) revealed that
Vellozia and South American Xerophyta are diploid, while
the Barbacenioideae Aylthonia, Barbacenia, Burlemarxia
and Pleurostima are tetraploid. Since the African groups
Talbotia and Xerophyta sensu Smith and Ayensu (1976) are
hexaploid, Melo et al. (1997) suggested that the Vello-
ziaceae originated in South America.

A cladistic analysis based predominantly on morpho-
logic characters (Menezes et al., 1994) supports the view
(evidenced by morphology and citogenetics) that the
Vellozioideae constitute the primitive group of the family,
and revealed that they are paraphyletic. The monotypic con-
dition of Nanuza and Talbotia is reinforced by the cladis-
tic analysis, as well as the inclusion of Talbotia, Barba-
ceniopsis and African Xerophyta among the Barbacenioi-
deae, which appear in the analysis as a consistently mono-
phyletic group. From the base of the Barbacenioideae,
Burlemarxia emerges, while Pleurostima is the most ad-
vanced genus and consistently monophyletic.

Phylogenetic analysis of South American Velloziaceae
(Barbaceniopsis not included), plus Talbotia elegans and
Acanthochlamys bracteata (an Asian species with close af-
finities with Velloziaceae, based on rbcL sequencing; Chase
et al., 1995), based on sequencing of the trnL-F region of
the chloroplast DNA (Salatino et al., 2001), supports some
points raised by the cladistic analysis commented on above
but disagrees with other points (Figure 7). The Vellozioideae
emerge from the base of the system and are paraphyletic.
Nanuza plicata does not group with other species, emerg-
ing from the base of the system of the Vellozioideae. How-

Figure 6 - Fatty acids of seed triglycerides and taxa of Lythraceae.
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Figure 7 - Cladogram of Velloziaceae taxa and related groups, inferred
from the trnL-F sequences of the cpDNA (based on Salatino et al.,
2001). Numerals correspond to average carbon numbers of alkanes
from foliar epicuticular waxes (based on Salatino et al., 1989). *

 
: Aver-

age for genus Pleurostima.

ever, Talbotia figures in a polytomy at the base of the whole
system, with no indication as to which subfamily it belongs.
The Barbacenioideae are monophyletic, but from its base
emerges Pleurostima rather than Burlemarxia (compare
with the results of the morphologic analysis in the previous
paragraph). Furthermore, trnL-F sequencing suggests that
Burlemarxia is a very recent group, closely related and ge-
netically indistinguishable from Barbacenia.

This section continues with comments on the pos-
sible evolutionary trends of the distribution of alkanes in
Velloziaceae. No discussion will be made relative to some
groups of secondary metabolites relatively well studied
in the family, such as flavonoids (see, for example, Will-
iams et al., 1994) and diterpenoids (see, for example,
Pinto et al., 1997).

Alkanes of foliar epicuticular wax

Plant cutinized organs present a surface coating
formed by amorphous or crystalline deposits of waxes

(Baker et al., 1982), which are termed epicuticular, as op-
posed to the intracuticular waxes which impregnate the
cutin lattice of the external cell walls. Epicuticular waxes
may have rather complex composition, and different clas-
ses of substances such as hydrocarbons, esters, ketones,
aldehydes, alcohols, free carboxylic acids, triterpenes and
flavonoids may occur in different combinations (Bianchi,
1995). Among these classes of constituents, the alkanes
(a class of hydrocarbons) are the most efficient as barri-
ers against water loss, and are seemingly universal in vas-
cular plants.

Alkanes are obtained from epicuticular waxes in gen-
eral as mixtures of substances with normal carbon chains.
Depending on the plant, the alkane distribution can vary from
compounds with 15 (C15) to compounds with 37 (C37) car-
bon atoms, but in most angiosperms the most abundant com-
pounds are C27, C29 or C31.

An inventory of the alkane distribution of foliar epi-
cuticular waxes and its contribution to the taxonomy of
Velloziaceae has been produced by Salatino et al. (1989)
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and Figure 8 (a, b) shows the distribution of alkanes of two
species of Velloziaceae, where a predominance of homo-
logues with odd numbers of carbon atoms is clearly no-
ticed. The distribution relative to Vellozia fruticosa, with a
peak at C29, is in agreement with the general trend in an-
giosperms, although the alkane distribution of Burlemarxia
pungens, which peaks at C35, represents a remarkable de-
viation from the general tendency. Table I presents the av-
erage and confidence interval for alkane distribution for
groups of Velloziaceae. Groups within the Vellozioideae
have alkanes with numbers of carbon atoms significantly
lower than those of Barbacenioideae groups. Among the
Vellozioideae there is no significant difference between
Vellozia and the South American Xerophyta. In Barba-
cenioideae, two groups stand out: Pleurostima, with shorter
alkane chains than the average (with peaks predominantly at
C31), and Burlemarxia which has longer chains (two out of
three species of the genus presenting peaks at C35).

Taking into account the alkane distribution of Vello-
ziaceae and the evidence on the evolution of the family, there
seems to be a tendency of elongation of the carbon chains
which parallels the evolution of the group. Among the
Barbacenioideae the direction of elongation of the carbon
chains - Pleurostima → Barbacenia/Aylthonia → Burle-
marxia (Table I) - is more coherent with the phylogeny in-
ferred from chloroplast DNA sequencing (Figure 7) than
the phylogeny obtained from morphologic evidence (see

above for the conflict between the relative positioning of
Barbacenia and Pleurostima between both phylogenies).

In the case of Velloziaceae it is interesting to specu-
late on the adaptive meaning of longer chains for constitu-
ents of foliar waxes. A high proportion of the representa-
tives of the family consists of xerophytic plants, many of
them growing on rocky or extremely sandy soil, and in
such cases it is reasonable to assume that efficient waxes
act as barriers against water loss and are important adap-
tive attributes, which tend to be strongly fixed genetically,
which is probably one of the reasons for the low intraspe-
cific variation of alkane patterns among Velloziaceae
(Salatino et al., 1991; Salatino, 1998). It has also been
shown that the elongation of carbon chains increases the
efficiency of wax constituents as waterproofing agents
(Schönherr, 1982), thus alkanes with longer carbon chains
could be viewed as a biochemical adaptive advantage re-
lated to the reduction of cuticular transpiration, which
evolved preferentially in the advanced groups of the family
in habitats with limited moisture availability. Perhaps this
is the reason for the existence of alkanes with relatively
long carbon chains (peaks at C33

 
or higher) in foliar waxes

of other obviously xerophytic families, such as Crassulaceae
(Eglinton et al., 1962), Portulacaceae (Tuloch, 1974) and
Euphorbiaceae (Proksch et al., 1981). It is noteworthy that
the leaves of some South American Vellozioideae, like
Nanuza plicata (syn. Xerophyta plicata), dehydrate under

Carbon atoms

Carbon atoms

Carbon atoms

Carbon atoms

a b

c d

%
%

%
%

Figure 8 - Distribution of alkanes of foliar epicuticular waxes of representatives of Velloziaceae (monocotyledons, a and b) and
Zamiaceae (Gymnospermae, c and d).
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prolonged water stress and remain biologically inactive until
they receive water (Meguro et al., 1977).

Evolutionarily, the alkanes of Velloziaceae and other
xerophytic groups represent the extreme of a biosynthetic
development that must have begun with the algae. The latter
present alkanes with carbon chains C15-C19, without a clear
prevalence between homologues with odd and even num-
bers of carbon atoms (Blumer et al., 1971). In these groups,
alkanes are formed from decarboxylation of fatty acids C16-
C20. In land plants, the development of the elongation-de-
carboxylation system ensued (Wettstein-Knowles, 1995),
leading to the synthesis of C28-C32 fatty acids, which give
rise, after decarboxylation, to C27-C31 alkanes, with a clear
predominance of odd over even homologues, this being the
general rule in the angiosperms. The Cycadales form an in-
termediate step between the more primitive condition of
the alkane patterns of the algae and the more advanced pat-
tern of the angiosperms. In these gymnosperms, complex
patterns covering the range C18-C33 are common, sometimes
bimodal (Figure 8c, d), and without a clear predominance
of odd over even alkanes (Osborne et al., 1989, 1993).

In Velloziaceae and some other groups, the elonga-
tion system added some additional steps, leading to the syn-
thesis of fatty acids up to C38, which consequently gave rise
to alkanes of up to C37 (Figure 8b). Taking all the evidence
into consideration, it seems reasonable to assume that, in
Velloziaceae, alkanes with longer carbon chains in the fo-
liar waxes represent an evolutionarily advanced state.

CONCLUDING REMARKS

Although phylogeny reconstruction has not been at-
tainable through analyses of the distribution of secondary
metabolites, it is scientifically exciting and taxonomically
useful to know the evolutionary trends of these plant sub-
stances. In addition to plant taxonomy, other areas can ben-
efit from the progress in studies about the evolution of sec-
ondary metabolites. Evolutionary ecology is one of these
fields, since it takes into account aspects of the evolution
of the organisms in connection with the processes of their
adaptation to the environment. A particularly fruitful area in

evolutionary ecology refers to plant-insect relationships,
and studies in this field frequently reveal that secondary
metabolites play a key role as intermediaries in mutualistic
and parasitic interactions. In this way the understanding of
the evolution of secondary metabolites in plant groups has
the potential to help achieve a better understanding of the
evolution of such interactions and, consequently the evolu-
tion of herbivorous insects.
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RESUMO

Hipóteses são apresentadas sobre a evolução de padrões
estruturais de metabólitos secundários (flavonóides e alcanos de
ceras foliares) e ácidos graxos, em famílias bem representadas nos
campos rupestres. A distribuição de ácidos graxos é comentada no
confronto entre os gêneros de Lythraceae, com maior ênfase em
Cuphea (supostamente mais avançado) e Diplusodon, com a
proposta de que compostos saturados com cadeias curtas repre-
sentam uma condição derivada em Lythraceae, embora restrita
provavelmente a Cuphea. A evolução deve ter gerado perfis fla-
vonoídicos mais complexos em Cuphea, com a inclusão de C-
glicoflavonas e flavonóis metoxilados (ramnetina e isoramnetina),
ausentes em representantes de Diplusodon e Lafoensia. Ao
contrário, grupos supostamente primitivos de Eriocaulaceae
(Paepalanthus, por exemplo) apresentam perfis flavonoídicos mais
complexos, caracterizados por flavonas e flavonóis, estes últimos
freqüentemente com hidroxilação e metoxilação no carbono 6; alguns
grupos mais avançados da mesma família (Leiothrix e Syn-
gonanthus) aparentemente possuem apenas flavonas, com uma
tendência ao maior acúmulo de C-glicoflavonas nas espécies de
menor porte. Em Velloziaceae, os representantes da subfamília
supostamente primitiva (Vellozioideae) apresentam preferen-
cialmente distribuições de alcanos da cera foliar epicuticular com
modas em C27, C29 ou C31; os representantes da subfamília derivada
(Barbacenioideae) apresentam modas preferencialmente em C33

ou C35. No entanto, no gênero Pleurostima (Barbacenioideae) as
modas recaem geralmente em C31. As condições de avanço ou
primitividade dos perfis de metabólitos secundários são comparadas
com resultados de análises cladísticas baseadas em caracteres
morfológicos (Eriocaulaceae e Lythraceae) e morfológicos e mole-
culares (Velloziaceae).
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