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Resumo. Duas hipéteses sobre resposta da concentragdo de polifendis foliares & gradientes fisicos foram testadas para a vegetagio
de cerrado. Foram estudadas as espécies Miconia macrothyrsa, M. albicans, e M. ferruginata a 800 m de altitude; Tibouchina
semidecandra, T. multiflora, e Lavoisiera imbricata a 1400 m. Foram feitas comparagdes intraespecificas entre habitats xéricos
e mésicos para as espécies M. macrothyrsa e L. imbricata. A Hipdtese I prevé que altas concentracdes de polifendis estd
associada com esclerofilia. Esta hipdtese foi testada comparando a concentragio total de polifendis entre as espécies estudadas,
e comparando suas concentragdes de taninos com dados publicados sobre taninos condensados em plantas escleréfilas e
ndo escleréfilas. Dados sobre taninos sao encontrados em maior quantidade na literatura do que de polifendis totais, e
taninos foram altamente correlacionados com polifendis totais. A maioria das espécies de Malastomataceae estudadas tiveram
alta concentragio de polifendis, e a concentragio de taninos condensados foi maior para plantas esclerdfilas que ndo escleréfilas
(P < 0,05), corroborando a Hipétese 1. Hipétese Il prevé que a concentragio de taninos seria independente da altitude
ou habitat porque esclerofilia seria uma caracteristica comum a todos estes ambientes. Em contraste com outros trabalhos,
a concentragio de polifendis nao variou em resposta a altitude ou gradiente higrotérmico (P > 0,05). Insctos herbivoros
foram contados diretamente sobre as folhas destas plantas. Foram encontradas baixa riqueza e abundancia de insetos por
planta. Nio foi detectado nenhuma relagdo entre concentragio de taninos e riqueza e abundancia de insetos, nem nenhum
padrio de variagdo entre habitats. A hipétese de que esclerofilia ¢ uma caracteristica dominante em habitats de cerrado foi
proposta.

Abstract. Two hypotheses concerning the response of foliar polyphenol concentration to abiotic gradients were tested in a
Brazilian cerrado. We studied Miconia macrothyrsa, M. albicans, and M. ferruginara at 800 m above sea level; Tibouchina
semidecandra, T multiflora, and Lavoisiera imbricata at 1400 m. Intraspecific comparisons between xeric and mesic habitats
at each elevation were undertaken for M. macrothyrsa and L. imbricata. Hypothesis [ predicted that high polyphenol
concentration is associated with sclerophylly. This hypothesis was tested by comparing total polyphenol concentration among
the studied species, and comparing their tannin concentration with earlier published data on condensed tannin concen-
tration in sclerophyllous and non-sclerophyllous species. Contrary to total polyphenols, data on tannin concentration are
widely available in ecological literature. Tannins were highly correlated with total polyphenols. Most of the melastome
species had high concentration of polyphenols. Condensed tannins were more concentrated in sclerophyllous than in non-
sclerophyllous plant species (P < 0.05), supporting this hypothesis. Hypothesis II predicted that polyphenol concentra-
tion was independent of altitude and habitat because sclerophylly is widespread across elevations and hygrothermal gradients,
producing high polyphenol concentrations in all plants. In contrast to previous studies, polyphenol concentration did not
vary in response to altitude or humidity (P > 0.05). Insect herbivores were directly counted on these six plant species. Low
insect herbivore species richness and low abundance per plant were found on the six plant species, and there was no detectable
influence of tannin concentration on insect species richness or abundance, and no clear trend according to habitat. The
hypothesis of widespread sclerophylly in cerrado as a dominant trait was supported. Accepted 28 July 1999.

Key words: Cerrado, insecr herbivores, Lavoisiera imbricata, Miconia albicans, Miconia ferruginata, Miconia macrothyrsa,
sclerophylly, Tibouchina multiflora, Tibouchina semidecandra.

INTRODUCTION Low levels of phosphate appear to be the most rele-
vant factor associated with sclerophylly (Loveless
1962, Fernandes & Price 1991). Other characteris-
tics associated with sclerophylly are high polyphenol
contents (Salatino 1993). Phenolic compounds, such
as tannin and lignin, result from alternative routes
in the formation of proteins, when there is inadequate
availability of phosphate and nitrogen compared with
carbon fixed by photosynthesis (Harborne 1980).
'e-mail: serviopr@mono.icb.ufmg.br These compounds are likely to contribute to basic

Sclerophylly in plants is usually associated with res-
ponse to physical factors. Sclerophyllous plants pos-
sess high carbon/nitrogen ratios, thick cell walls, and
tough leaves (Rizzini 1979, Juniper & Jeffree 1983,
Mole ez al. 1988, Salatino 1993, Turner 1994). They

are adapted to nutrient-poor and water-deficient soils.
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plant physiology in a typically sclerophyllous habitat
(Haslam 1988, Perevolotsky 1994, Turner 1994).

Independent of sclerophylly, polyphenol accu-
mulation in plants is often suggested as an effective
defense against herbivory (Janzen 1974, Coley ez al.
1985, Mole & Waterman 1988). Much research has
been devoted to the protective function of a parti-
cular type of polyphenol, the tannins, due to their
ability to precipitate with protein (Feeny & Bostock
1968, Mole & Waterman 1987b, Perevolotsky 1994).
Physiological and anatomical changes that occur in
the guts of specialist insects feeding on tannin-rich
plants suggest that tannins have negative effects on
herbivores (Bernays ez al. 1989). Nevertheless, doubts
still persist abour the function of phenols as herbivore
deterrents (e.g., Seigler & Price 1976, Blytt er 4.
1988), and there is no strong evidence to support the
view that tannins evolved as a chemical defense (Seigler
1977, Haslam 1988, Gotlieb 1990). Although there
are detectable negative effects on insects, the basic
functions of polyphenols are physiological, and hence
tests for an adaptative link between these compounds
and plant defense are not easily performed (see Has-
lam 1988).

Sclerophylly is a common trait in the poor,
lateritic soils of the Brazilian cerrado (= savannas) and
in high altitude grasslands (see Goodland & Ferri
1979). In these harsh, xeric habitats there are narrow
gallery forests in mesic conditions along rivers, stre-
ams, and washes (Warming 1908, Fernandes & Price
1988). By contrast, the mesic habitat is expected to
offer better conditions for high plant growth rates,
due to greater water availability, deeper and better
structured soils, and a climatically more constant and
milder environment (Gershenzon 1984, Fernandes
& Price 1992, Herms & Mattson 1992). Plants with
low growth rates have increased concentration of
carbon-based compounds, such as polyphenols,
which could be related to low herbivory. Conversely,
relatively high resource availability enables rapid plant
growth, and greater tolerance to herbivory than
found in slow growing species (Coley et al. 1985).
Lower polyphenol concentration and higher herbi-
vory levels are thus expected in plants from mesic
than from xeric habitats, and from low compared
with high altitudes. However, the premise of high
growth rate associated with greater resource avail-
ability has not been tested for habitat types in cer-
rado.

There are no conclusive data on plant chemical
patterns along altitudinal or humidity gradients in
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cerrado. However, low numbers of free-feeding insect
herbivores (leaf-chewing and sap-sucking insects in
contrast to those forming galls or mines) were found
in both xeric and mesic habitats, along a 700 m
altitudinal gradient in the Serra do Cipé (Ribeiro ez
al. 1998). This suggests that unfavorable conditions
could be widespread, encompassing mesic as well as
xeric habitats at any elevation. High levels of plant
polyphenols and other sclerophyllous traits may
constitute nutritional barriers to the colonization of
generalist herbivores, but specialists may overcome
them (Macauley & Fox 1980, Fernandes & Price
1988, Bernays ez al. 1989).

We tested two hypotheses regarding plant poly-
phenol concentration and plant distribution between
habitats. Hypothesis 1, considering that concentra-
tion of polyphenols in tropical vegetation is higher
in sclerophyllous plant species than in non-sclero-
phyllous species. We expected this pattern for the
following reasons. Sclerophyllous plants have a high
C/N ratio (Janzen 1974) and a positive correlation
would be expected between carbon-based secondary
metabolites, such as polyphenols, and sclerophylly
(Bryant et al. 1983, Herms & Mattson 1992). Sclero-
phyllous plants are adapted to nitrogen and phos-
phate deficient soils (Loveless 1962, Medina er al.
1990, Fernandes & Price 1991). Nutrient stress limits
protein production, and increases the availability of
phenol precursors, such as phenylalanine, and phe-
nylalanine-ammonia-liase (PAL) activity (Harborne
1980), resulting in high levels of phenol production
(Gershenzon 1984). Phenolic compounds accumu-
late as polyphenols due to a low NADPH supply and
because they have adaptative value (Gershenzon
1984, Haslam 1988, Bernays ez al. 1989). Hypothesis
I1, on the other hand, tested whether high polyphenol
concentration is independent of altitude or habitar
(xeric vs. mesic habitats). We argue that differences
in altitude, or in humidity between cerrado vegeta-
tion and gallery forest, do not influence sclerophylly,
and thus patterns of polyphenol concentration (inter-
or intraspecific) are not expected to be significantly
influenced by these physical gradients. Widespread
soil nutrient deficiency and high solar irradiation over
the whole region would guarantee similarly high C/N
rates in all habitats, producing an invariably sclero-
phyllous ecosystem (Rizzini 1979, Giullieti & Pirani
1988, Ribeiro 1992). We expected that polyphenol
production would not be affected by actual differen-
ces in drought stress, soil characteristics, or habitat
stability along these gradients.



In a related study of patterns of insect distribu-
tion along an environmental gradient in this plant
community, Ribeiro ez a/. (1998) found low species
richness and abundance of sap-sucking and chew-
ing insect herbivores. These insect feeding guilds,
hereafter called free-feeding insects, were investigated
on six melastome species, and the number of insect
species and individuals compared among host plants
in relation to tannin concentration, the group of
polyphenols most likely to affect insect herbivory.
Effects of tannins on the insect community are then
discussed in relation to sclerophylly of host plants and
its effects on free-feeding insects, which are herbivores
particularly susceptible to nutritional and chemical
barriers. By contrast, gall-forming insects can mani-
pulate the plant tissues to increase nutritional con-
ditions around the larvac and to avoid chemical
defenses (Shorthouse & Rohfritsch 1992). Parterns
of distribution of gall-forming insects on cerrado
vegetation, and aspects of plant defense against this
highly specialized herbivorous guild can be found in
Fernandes & Price (1988, 1991, 1992), Fernandes
et al. (1994), and are not considered further in this

paper.

STUDY SITE

The study was conducted in the cerrado of Lagoa
Santa District, and in the adjoining National Park
of Serra do Cipé, along the Espinhago Mountain
Range (19°15'-19°40' S and 43°30'-43°55' W), in
Minas Gerais State, south-east Brazil. The region is
situated within the Central Brazilian Plateau, which
is on average 850 m above sea level (Freitas 1951),
and is predominantly covered by cerrado vegetation.
In May 1991, we studied plant populations at two
extreme elevations: 1400 m (high altitude grassland)
and at 800-900 m (savanna = cerrado) above sea
level, for polyphenol concentrations and richness and
abundance of free-feeding insect herbivores. Detailed
site descriptions are given in Ribeiro (1992).

METHODS

Plant species. Only Melastomataceae species were stu-
died, firstly because they are well represented in the
Serra do Cipé (Giulietti & Pirani 1988), and se-
condly to avoid phylogenetic bias by comparing evo-
lutionarily unbalanced plant families (see Harvey &
Pagel 1991). In addition, within Melastomataceae we
selected taxonomically independent species and ge-
nera between the two studied clevations. Six species
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were chosen, based on their altitudinal distribution
and abundance. Tibouchina semidecandra Cogn., T.
multiflora (Gardn.) Cogn., and Lavoisiera imbricara
Cogn. were found in high altitude grassland at 1400
m. Miconia macrothyrsa Benth., M. ferruginara DC.,
and M. albicans (Sw.) were found in savanna at
800-900 m. Populations of the six species were
dense, and patchily distributed. They are all evergreen
species, although some leaf-shedding does occur un-
der prolonged water stress in the dry season. Plants
were sampled in May, after flowering and seed pro-
duction. Since both young and mature leaves are
available in May, this month was considered an
acceptable period in which to characterize the insect
community, although it is after the end of the rainy
season and thus associated with smaller insect po-
pulation sizes in this phenological phase (see Ribeiro
& Pimenta 1991). Tibouchina semidecandra is pri-
marily riparian, whereas M. macrothyrsa and L. im-
bricata occur in both xeric and mesic habitats. The
other three species occur only in xeric habitats.
Tibouchina semidecandra is a shrub reaching a
height of 3 m. The leaves (4 cm long) are covered
with a dense aciculate trichome layer. Trichomes are
densely distributed on the leaf adaxial surface, and
on the top of the leaf veins. The population samp-
led was from a mesic habitat at 1400 m. Tibouchina
multiflora is a shrub that grows up to 1 m high. It
has a simple architecture, having four to seven bran-
ches with a few apical leaves. The leaves (10 cm long)
are very pubescent, with trichomes similar to those
of T semidecandra. The population sampled was from
a wide and continuous patch of a xeric habitat at
1400 m. Lavoisiera imbricata is a small shrub up to
0.8 m high, with reduced leaf size. Trichomes are pre-
sent on the leaf edges and main veins. Leaf epider-
mal cell walls are thick, and leaves are very sclero-
phyllous. The population sampled was found in both
mesic and xeric habitats at 1400 m, at the same lo-
cations as 1. semidecandra and T multiflora. Miconia
macrothyrsa is a shrub approaching a height of 1 m,
with very sclerophyllous leaves (10 cm long). Thick,
stellate, and tortuous trichomes are present on the
leaf abaxial epidermis. The population sampled was
from 800 to 900 m, in xeric habirtats, and from a
gallery forest at 900 m in a mesic habitat. Miconia
ferruginata is a tree up to 3 m high, with leaves 20 cm
long and that are closely imbricate, extremely sclero-
phyllous, and with stellate trichomes on the leaf aba-
xial surface. Epidermal cell walls are very thin, espe-
cially at the edges. The population sampled was from
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a small patch at 800 to 900 m in xeric habitats.
Miconia albicans is a tree up to 3 m high, with softer
leaves (5 cm length) than in the other species. The
leaves are densely pubescent and covered with a thick
cuticular layer. The population sampled was from
900 m in xeric habitats.

Test of hypotheses. To test the hypotheses, leaves from
six individuals of each species (total n = 36) were
collected for total polyphenol and tannin measure-
ments in May 1991 (Coley 1983, Haslam 1988).
Samples were composed of mature leaves, randomly
collected from the plants at different heights. M.
macrothyrsa and L. imbricata were sampled in both
xeric and mesic habitats to test hypothesis II.

Leaves were collected and dried at 40°C and gro-
und mechanically; a solution of 750 mg of powde-
red leaf material in 150 ml of distilled water was pre-
pared for each sample. The solution was boiled and
then swirled at 60°C for 30 min (see Mole & Water-
man 1987a). The solution was then made up to 250
m] and filtered to determine total polyphenol and
tannin concentrations. Five ml of filtered material
were diluted to 25 ml. One ml of aqueous solution
of phosphotungstic acid was added to 5 ml of the
filtered extract solution, and made up to 50 ml
solution of NaCOj at 15 percent m/v (see Farma-
copée Francaise 1982). Total polyphenol concentra-
tion was determined by visible spectrophotometry
(Colleman, Model 8) at 715 nm (see Farmacopée
Francaise 1982), and the result was then compared
with absorbance of the control solution (0.5 mg/ml
of pyrogallol, diluted to 100 ml).

Tannin content was measured by protein precipi-
tation followed by spectrophotometry. Protein-bound
polyphenols are considered generically as tannins
(Mole & Waterman 1987b). For each sample, 0.10 g
of hide powder (homogenised pig skin protein -
MERCK Chemical Products inc. - No 4332) was
added to 10 ml of the filtered extract (see Feeny &
Bostock 1968). This mixture was swirled vigorously
for 60 min then the filtered solution was added to
phosphotungstic acid and increased to 50 ml of
NaCOj solution, as described above. Later, the absor-
bance of the solution was measured. Tannin con-
centration was obtained by subtracting the value of
the absorbance of the filtered solution from the total
polyphenol absorbance and converting this value into
percentage foliar dry weight as a measure of con-
centration (Farmacopée Francaise 1982). This tannin
measurement was considered satisfactory by Mole &
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Waterman (1987a) (see also Perevolotsky 1994). For
recent reviews on different methods for quantifying
polyphenol concentrations, see Hagerman & Butt-
ler (1989).

Hypothesis [ was tested by comparing the total
polyphenol concentration among the six species, and
by comparing their tannin concentrations with earlier
published data on condensed tannins of sclerophyl-
lous and non-sclerophyllous species. Tannins are
those polyphenols that precipitate with protein. Al-
though the quantitative method used cannot distin-
guish types of polyphenols beyond their precipitation
activity, phytochemical color tests indicated that the
studied species have predominantly condensed tan-
nins. Concentrations of tannin were highly correlated
with total concentration of polyphenol (Pearson r?
= 0.97), and represented an average 70.5 % of the
plant’s total polyphenol. In contrast to tannins, total
polyphenol data are not so easily found in the lite-
rature, and therefore the former was used to compare
our results with published data. Comparison of tan-
nin concentration should be considered with caution
since different methodological chemical assays were
used by different authors. Nevertheless, it is still pos-
sible to compare results from the published data (see
Mole & Waterman 1987a). We expected similar va-
lues for species growing under similar physical con-
ditions. Average tannin concentrations are available
for several different tropical species (i.e. growing
under high solar irradiation). Comparisons of tannin
concentration among species were made by one-way
analysis of variance and Fisher multiple comparison
tests on the arc-sine-transformed values (SYSTAT
5.0 INC., Wilkinson 1989).

The studied plants were contrasted with species
adapted to both poor and rich soils, referred to as
sclerophyllous and non-sclerophyllous species. Mea-
sures of tannins in sclerophyllous species were taken
from African rainforest species in Mole ez a/. (1988),
Australian Eucalyptus species in Macauley & Fox
(1980), Panamanian persistent species in Coley
(1983), and African species in acidic white sand forest
in McKey ez al. (1978). Data for non-sclerophyllous
species were taken from pioneer species in Panama
in Coley (1983), and African species on fertile late-
ritic forest in McKey et a/. (1978). Comparisons of
melastome species with published data were under-
taken using non-parametric Mann-Whitney tests
(Zar 1984). First, we tested whether the studied
plants were similar to sclerophyllous species. Se-



condly, sclerophyllous species (melastomes included)
were compared to non-sclerophyllous species.

For hypothesis II, we compared polyphenol con-
centration in three species in the cerrado with three
species in the high altitude grassland in order to test
altitudinal gradient effects. Intraspecific comparisons
of polyphenol concentration between xeric and mesic
habitats were undertaken for M. macrothyrsa and L.
imbricata, thus providing comparisons between gal-
lery forest-cerrado (800-900 m) and gallery forest-
high altitude grassland (1400 m), respectively. Arc-
sine transformed values of polyphenol concentration
were compared among all studied species and bet-
ween altitudes using nested analysis of variance. Si-
milarly, arc-sine transformed values of polyphenol
concentration of M. macrothyrsa and L. imbricata
were compared between individuals in xeric and
mesic habitats, using a two-way analysis of variance
(Wilkinson 1989).

Insects were counted, by the same person, during
periods of 10 min on each of 20 individuals of each
plant species, and separated into morphospecies. Al-
though the plants have very different heights and leaf
dimensions, 10 min of observation gave us a uniform
leaf surface area searched per individual plant. No
clear effect of plant species architecture on insect
richness or abundance was found (see Ribeiro 1992).
In addition, we did not find a significant correlation
between insect richness or abundance and total leaf
biomass sampled across species (total leaves counted,
multiplied by mean leaf biomass: Pearson for rich-
ness P = 0.260, and abundance P = 0.384; n = 6,
P> 0.05). The search on 20 individuals of each plant
species allowed us to reach a constant number of
herbivore species sampled per host plant, since on
most of the plants no insect species were found at
all.

In an attempt to describe insect distribution
patterns among individual plants within populations,
insect abundance was investigated by analysis of
deviance with a Poisson error structure, which is the
best fit distribution for the data, using a general linear
model procedure in GLIM 3.77. Hence, the one-way
ANOVA was tested by chi-square instead of the
F-test, thus fitting the assumption of the model’s dis-
tribution (Crawley 1993). Total insect richness was
low on all plant species, and insect distribution was
better quantified from abundance data. In addition,
comparisons of insect abundance among plant spe-
cies were carried out by Kruskal-Wiallis test, and non-
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parametric multiple comparisons based on mean
ranks R (Zar 1984).

For both insect abundance and tannin concen-
tration, the Type I error probabilities were corrected
by the Bonferroni technique, to k = 2 and k = 4 com-
parison, respectively (Sokal & Rohlf 1995).

RESULTS

Hypothesis I: Polyphenol concentration in sclerophyllous
plants. The six melastome plant species varied widely
in polyphenol concentration (One-way ANOVA,
F430 = 25.0; P < 0.01; Fig. 1). Similarly, significant
differences in tannin concentration were found bet-
ween plant species (ANOVA Fs 50 = 19.1, £ < 0.025,
Table 2). Miconia albicans contained more tannins
than any other species (ANOVA multiple compari-
sons test, Fi 30 = 60.7, P < 0.025). Tibouchina multi-
Sflora, T. semidecandra, and M. macrothyrsa contained
higher concentrations than did L. imbricata and
M. ferruginata (ANOVA multiple comparisons test,
Fi30 =5.0, P <0.025).

However, except in L. imbricata, the concentra-
tions of tannins were high in comparison to those
found in other studies. Tannin concentrations in
melastome species were generally higher than in non-
sclerophyllous species (Mann-Whitney U = 28, n =
53, P< 0.01), but similar to those in sclerophyllous
species (Mann-Whitney U = 189, n = 43, P> 0.05;
Table 1). Hence, sclerophyllous species (melastome
species included) contained higher tannin concen-
trations than did non-sclerophyllous species (Mann-
Whitney U = 470, n = 90, P < 0.01; Table 1), thus
supporting our first hypothesis.

Hypothesis II: Polyphenol concentration between habi-
tats. Polyphenol concentration was not related to al-
titude or habitat (xeric or mesic). Polyphenol con-
centration did not differ between the three species
in cerrado and the three species in high altitude gras-
sland (Nested ANOVA, F,4=1.2, P> 0.05), and
also did not differ between xeric and mesic habitats
in the intraspecific comparisons for M. macrothyrsa
(xeric: x =7.28 + 1.49, n = 6; mesic: x = 6.14 + 1.87,
n = 6), and L. imbricata (xeric: x = 0.71 + 0.16, n = G;
mesic: x = 0.5 + 0.37, n = 6) (Two-way ANOVA,
Fi19 = 1.23, P > 0.05). Hence, these data support
the hypothesis that polyphenol concentration is high
in sclerophyllous plants within each habitat type.

Insect herbivore community and tannin concentration
of host plants. Low insect species richness was found
on the six melastome species, and no direct relati-
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onship was observed between tannin concentration
and insect species richness (Table 2).

A total of 25 insect species was found on the six
plant species. The numbers of insect species per host
plant species were not statistically different (ANOVA,
x? =0.015, P > 0.05, Table 2). Only one morpho-
species, of whitefly (Aleyrodidae, Hemiptera), was
found on more than one plant species (M. macro-
thyrsa, M. ferruginata, and M. albicans).

In 26% of the plants, we did not find any in-
sects at all, reflecting a high overdispersion of abun-
dance within each host plant species. Total insect
abundance displayed a slightly negative binomial dis-
tribution (G test = 9.784, P < 0.05), which indica-
ted that most plant studied were poorly colonized.
Although the proportion of non-attacked plants
differed among species (2 = 22.323, P < 0.05), the
differences were not related to tannin concentration
(Table 2).

Insect abundance varied among host plants
(Kruskal-Wallis H = 55.64, P < 0.001), but was not

related to concentration of tannin. 7. multiflora and
M. machrotyrsa (both species with intermediate levels
of tannin concentration) supported the highest abun-
dance of insect herbivores (Mean ranks R = 95.95
and R = 86.22 respectively; non-parametric Tukey
test, P < 0.13), followed by M. albicans (the species
with the highest level of tannin concentration), M.
ferruginata, and T semidecandra (Mean ranks R =
58.3, R = 54.4, and R = 36.1 respectively; non-
parametric Tukey test, P < 0.13). L. imbricara had
the lowest abundance of insects (Mean rank R =
32.10; non-parametric Tukey test, P < 0.13), despite
the fact that no tannins were found in extracts of this
species.

DISCUSSION

We found high polyphenol and tannin concentrati-
ons in most Neotropical melastome species across ve-
getation types in both xeric and mesic habitats. The
analysis of data from the literature showed that high
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FIG 1. Polyphenol concentrations (mean percent dry weight + SE, n = 6) in Miconia macrothyrsa, M. fer-
ruginata, and M. albicans at 800-900 m and in Tibouchina semidecandra, T. multiflora, Lavoisiera imbricata

at 1400 m, in the Serra do Cipé.
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TABLE 1. Mean concentration (percent dry mass) of tannins in plant species. Standard errors and ranges
are given when they are available from the literature. Species values given are for sclerophyllous species, together
with means for persistent species in Panama, and for species from acid white sand forest species in Africa.

Means for pioneer species in Panama, and for species from fertile lateritic forest species in Africa represent

non-sclerophyllous species.

Plant species Mean = 1Ise Range Reference
Sclerophyllous

Lavoisiera imbricata 0 0 This study

Miconia macrothyrsa 4.40 £ 1.05 2.86- 5.18 This study

M. ferruginara 1.97 + 0.66 1.00 - 2.50 This study

M. albicans 12.90 + 5.38 6.60 - 21.60 This study

Tibouchina semidecandra 6.44 £ 1.19 4.68 - 7.85 This study

I" mulriflora 7.68 + 1.74 4.46 - 9.57 This study

Acacia pannata 13.29 3.83-31.37 Mole ez al. 1988
Cynimetra leonensis 13.16 6.27 - 25.59 Mole ez al. 1988
Diospyros thomasii 5.57 2.94-12.73 Mole et al. 1988
Eucalyptus blakelyi 0.77 £ 0.09 0 - 230 Macauley & Fox 1980
E. macrorhyncha 1.50 + 0.07 0.90 - 2.90 Macauley & Fox 1980
E. mannifera 16.78 + 8.48 10.00 - 33.30 Macauley & Fox 1980
E. pauciflora 2.55 £ 0.05 2.20- 290 Macauley & Fox 1980
Trema guineensis 8.23 1.59-17.99 Mole er al. 1988
Persistent species: Panama (24 spp.)® 4.80 0.07 - 13.20 Coley 1983

Acid white sand forest species: Africa (16 spp.)? 4.60 0.40 - 27.30 McKey ez al. 1978
Non-sclerophyllous

Pioneer species: Panama (24 spp.)* 1.7 0 7.5 Coley 1983

Fertile lateritic forest species: Africa (14 spp.)* 2.6 0 9.5 McKey et al. 1978

a Separated species values available in the original papers.

tannin concentration is commonly found in sclero-
phyllous species or in species growing on poor soils.
With the exception of L. imbricara and M. ferrugi-
nata, the mean concentration of tannins was similar
to or higher than other sclerophyllous species in the
literature (Table 1). In addition, the data range for
a species showed that all individuals of M. macro-
thyrsa, M. albicans, T. semidecandra, and T. multiflora
had high levels of tannin concentration (Table 1). In
Table 1, the highest reported individual values for a
species were for Eucalyptus mannifera (33.3 %.)
Acacia pannata (31.37 %), and Cynimetra leonensis
(25.59 %), and, from this study, M. albicans (21.60
9%). Reciprocally, compared to data from known non-
sclerophyllous plants, namely pioneer plants of gap
forests (n = 22, Coley 1983), and trees in an African
rainforest on fertile lateritic soil (n = 14, McKey ez 4/.
1978), our plants had higher concentrations of
tannins, thereby supporting our first hypothesis.
Polyphenol concentrations were similar between
xeric and mesic habitats, and at the ewo elevations.

Mesic habitats were narrow and restricted within the
widespread xeric habitats, which are well known nu-
trient-poor habitats. A possible explanation of the
similarity is that few nutrients are carried to the mesic
habitats, and are quickly washed downriver by strong
tropical storms. Stream waters in the Serra do Cipd
are generally black, suggesting high concentrations
of semi-degraded phenols (see Janzen 1974).

Botanical studies in the Serra do Cipé showed
sclerophylly to be a common characteristic of this
plant community (Goodland & Ferri 1979, Rizzini
1979, Giullieti & Pirani 1988). The widespread poor
soil and high solar irradiation may result in plants
with low nutritional quality and chemical similarity
across altitudinal and moisture gradients (Gershen-
zon 1984, Medina et 4/. 1990, Fernandes & Price
1991). Other physical factors associated with these
gradients apparently do not affect polyphenol pro-
duction. Certainly, further studies are needed.

Low species richness and population sizes of free-
feeding herbivores were found on the six melastomes
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TABLE 2. Total insect species richness and abundance per host plant species, and proportion of non-frequented
individual plants within each species. Species ordered according to decreasing tannin concentration (mean

value per species, detailed tannin data in Table 1).

Plant species Percent of Insect species Insect Percent of
tannin richness abundance non-frequented
plants

non-frequented plants

Miconia albicans 12.9 5 60 25
Tibouchina multiflora 7.68 b) 410 0
Tibouchina semidecandra 6.44 3 35 45
Miconia macrothyrsa 4.40 6 785 10
Miconia ferruginata 1.97 5 102 25
Lavoisiera imbricata 0 5 21 50

studied. Price ez al. (1995) found low population sizes
and low plant infestations in a study of lepidopteran
fauna on Erythroxylum spp. in the cerrado of Brazil.
Similar patterns were also described for the free-feed-
ing insect community in tropical rainforest canopies
(Basset 1992). However, contrary to our results, other
tropical insect communities are generally very diverse
in species richness. Compared to other plant species,
the Melastomataceae studied supported very low
numbers of insect herbivores (see Southwood 1960,
1961; Strong 1974; Strong er al. 1977; Basset 1992;
Basset et al. 1996; Basset & Samuelson 1996), and
this may well be a consequence of low foliage qua-
lity (Ribeiro 1992; but see Fernandes & Price 1991).
Despite their low nutritional quality and high che-
mical defense, sclerophyllous plants are rich in gall-
forming herbivores (Fernandes & Price 1988, 1991).
Gall-forming species are highly specialized herbivo-
res and widespread in harsh and sclerophyllous eco-
systems.

No direct effect of tannin concentration on richn-
ess and abundance of insect species was detected in
this study. Perevolotsky (1994) did not find any re-
lationship between tannin levels and browsing on
sclerophyllous Mediterranean plants. In addition, Fox
& Macauley (1977) and Macauley & Fox (1980) did
not find a clear direct effect of tannins on major in-
sect herbivore species on Eucalyptus. Moreover, they
showed that for these species only a small proportion
of polyphenols detected were tannins (Macauley &
Fox 1980).

High total polyphenol and tannin concentrati-
ons are important chemical characteristics of sclero-
phylly, which may increase the plant's defense to her-
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bivores (see Salatino 1993). Nevertheless, sclerophylly
may impose other barriers to insect herbivory and
mask a direct effect of tannins. For instance, in
sclerophyllous plants, trichomes are very complex,
and sometimes contain as many secondary com-
pounds as the leaf tissues (see Ribeiro er al. 1994,
M.M.M. Braga, pers. comm.). In this study, tricho-
mes of M. albicans could be separated while grinding
leaves, and 5.25 % of trichome dry weight was tan-
nins. Trichomes have been shown to be a very im-
portant defense against insect herbivores (Juniper &
Jeffree 1983, Woodman & Fernandes 1991). Moreo-
ver, the lack of a correlation between tannins and ins-
ect herbivores may result from the fact that pheno-
lics function in roles other than herbivore defense.
For example, high polyphenol concentrations may
provide protection against the deleterious effects of
ultraviolet radiation (Klein 1978, Robberecht et al.
1980), or simply be used in diverse chemical path-
ways in plant metabolism (Haslam 1988, Gottlieb
1990, Salatino 1993, Turner 1994).

Our results cannot be explained by current hypo-
theses regarding relationships between phenolics and
environmental conditions, or between phenolics and
herbivory. Variation in the concentration of chemi-
cal defenses is due to the relative availability of fixed
carbon and nutrients (Bryant ez a/. 1983). Since low
growth rates and high light conditions are thought
to favor increased amounts of carbon-based defen-
ses, species in xeric habitats should have higher levels
of polyphenols than species in mesic habitats. Never-
theless, our data offer a possible exception, where
xeric versus mesic conditions did not result in such
physiological differences. Moreover, similarly high



tannin concentrations among species in several ha-
bitats, growing on poor soils from different geogra-
phical and physical environments, and apparently
under similarly low herbivory pressure, suggest a
trend toward a primary physiological role of poly-
phenols. Nevertheless, a comprehensive view of the
evolution and adaptative significance of tannins to
plant-herbivore interactions will depend on detailed
experimental studies.
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