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ABSTRACT

The herb community of tropical forests is very little known, with few studies addressing its structure quantitatively. Even
with this scarce body of information, it is clear that the ground herbs are a rich group, comprising 14 to 40% of the species
found in total species counts in tropical forests. The present study had the objective of increasing the knowledge about
the structure and composition of the ground-herb community and to compare the sites for which there are similar studies.
The study was conducted in a tropical non-inundated and evergreen forest 90 km north of Manaus, AM. Ground herbs
were surveyed in 22 transects of 40 m2, distributed in five plots of 4 ha. The inventoried community was composed of 35
species, distributed in 24 genera and 18 families. Angiosperms were represented by 8 families and Pteridophytes by 10
families. Marantaceae (12 sp) and Cyperaceae (4 sp) were the richest families. Marantaceae and Poaceae were the families
with greatest abundance and cover. Marantaceae, Poaceae, Heliconiaceae and Pteridophytes summed 96% of total herb
cover, and therefore were responsible for almost all the cover of the community. The 10 most important species had 83.7%
of the individuals. In general, the most abundant species were also the most frequent. Richness per transect varied from 7
to 19 species, and abundance varied from 30 to 114 individuals. The community structure was quite similar to 3 other
sites in South America and one site in Asia.
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Estrutura e composição da comunidade herbácea terrestre
em uma floresta de terra-firme da Amazônia Central.
RESUMO

A comunidade herbácea das florestas tropicais é pouco conhecida, havendo poucos estudos quantitativos de sua
estrutura. Mesmo com esta quantidade escassa de informações, é possível afirmar que as ervas terrestres são um grupo
rico, representando 14 a 40% das espécies encontradas em contagens totais de espécies em florestas tropicais. O presente
estudo teve como objetivo aumentar o conhecimento sobre a estrutura e composição da comunidade de ervas terrestres
e comparar as localidades para as quais há estudos similares. O estudo foi desenvolvido em uma floresta tropical nãoinundada, 90 km ao norte de Manaus, AM. As ervas terrestres foram amostradas em 22 transectos de 40 m2, distribuídos
em cinco plots de 4 ha. A comunidade foi composta de 35 espécies, distribuídas em 24 gêneros e 18 famílias. As
angiospermas foram representadas por 8 famílias e as pteridófitas por 10 famílias. Marantaceae (12 sp) e Cyperaceae
(4 sp) foram as famílias mais ricas em espécies. Marantaceae e Poaceae foram as famílias com maior abundância e
cobertura. A cobertura de Marantaceae, Poaceae, Heliconiaceae e pteridófitas somou 96% de toda a cobertura herbácea,
e assim estes 4 grupos foram responsáveis por quase toda a cobertura da comunidade. As 10 espécies mais abundantes
somaram 83,7% dos indivíduos. Em geral as espécies mais abundantes foram também as mais freqüentes. A riqueza
por transecto variou de 7 a 19 espécies, e a abundância variou de 30 a 114 indivíduos. A estrutura da comunidade foi
bastante similar à encontrada em 3 outras localidades na América do Sul e uma na Ásia.
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INTRODUCTION
The amount of inventories of the tree strata of tropical
forests has grown in the last decades, and it is already possible
to know what can be expected from the structure and
composition of this strata for some regions and to establish
the compositional relationships among areas (Gentry, 1988;
Duivenvoorden & Lips, 1995; Terborgh & Andresen, 1998;
Ter Steege, 2000; de Oliveira & Nelson, 2001 and references
on plot inventories on these papers). Besides this increase in
the knowledge of the canopy, the understory of tropical forests
remained largely unknown. Few studies addressed its
composition and structure (Gentry & Dodson, 1987; Gentry
& Emmons, 1987) or included it in total species counts in
plots of known size (Hall & Swaine, 1976; Whitmore et al.,
1985; Gentry & Dodson, 1987; Duivenvoorden & Lips, 1995;
Ter Steege, 2000). The herb component of the understory
was examined quantitatively by just two studies all around
the tropical region (Poulsen & Balslev, 1991; Poulsen, 1996),
two other studies include herb species lists for plots of known
size, although they do not present estimates of abundance
for each species (Turner, 1996; Duivenvoorden & Lips, 1995),
and another two studies sampled the composition and
structure of the herb community in gaps (Smith, 1987; Dirzo
et al., 1992). There is a growing number of studies of the
forest herb strata in Brazil, but these are confined to the subtropical region of the south (Citadini-Zanete 1984; Cestaro
et al., 1986; Diesel, 1991; Dorneles & Negrele, 1999; Müller
& Waechter, 2001).
The understory of tropical forests is species-rich,
containing 21 to 47% of total species present in Neotropical
forests (Croat, 1978; Dodson & Gentry, 1978; Gentry &
Dodson, 1987; Dodson et al., 1985). Herbs may represent
8 to 29% (mean of 17% for 5 sites) of the species found in
total species counts in moist to wet forests, 53% in dry forest
and 0 to 6% in forests with white sand soil (Hall & Swaine,
1976; Gentry & Dodson, 1987; Gentry & Emmons, 1987;
Whitmore et al., 1985).
Given the lack of information about the understory of
tropical forests, this study aimed to increase the knowledge
about the structure and composition of the tropical
understory herb community and to compare the sites for
which there are similar studies.

MATERIAL AND METHODS

(Brasil, 1978; Ranzani, 1980). The climate is warm and humid,
with mean annual precipitation of ca. 2478 mm (Ribeiro,
1976), concentrated between December and May. Mean
annual temperature is 27.6 C (IPEAAOC, 1971).

Community data collection
The herb community in this study includes only the
real herbs, plants without woody tissue, and therefore
seedlings of trees and shrubs are not considered. Only
those herbaceous species that spend their entire life cycle
on the forest floor were considered as members of the
ground-herb community. This definition excludes
climbers and fallen epiphytes. The sampled community
includes most of the “obligate terrestrial” herb group in
the definition of Poulsen & Balslev (1991). Saprophytes
were not included, because they are seasonal in
aboveground presence and could not be effectively
sampled using the same technique as the other species.
Data were collected from October 1996 to February
1997. The species composition was surveyed in 22 transects
of 80 x 0.5 m, distributed in groups of 4 transects per plot,
with the exception of one group of six transects in a plot.
Plots had 4 ha and were 50 to 1300 m apart; transects inside
plots were 25 m apart. All plots were installed in the upper
and flat portions of the topography, locally called “platôs”,
as part of an experiment by INPA’s Department of Tropical
Silviculture (Higuchi et al., 1985). Therefore, slopes and
valley bottoms were not included in the sampling.
All ground herbs in each transect, from seedlings greater
than 5 cm in height to adults, were counted and identified.
For the majority of the species, it was possible to distinguish
and count individuals. In clonal species, each clump was
counted as an individual. Plants were identified by
comparison with a field guide prepared from vouchers
collected in the same area and identified at the INPA
Herbarium, with the help of INPA’s Botany Department staff
and researchers of the Ducke Reserve Flora Project.
Identifications were cross-checked against the guide “Flora
da Reserva Ducke” (Ribeiro et al., 1999). Vouchers of fertile
material were deposited at the INPA Herbarium.
Cover was calculated for each individual as the area of an
ellipse determined by the major and minor diameters of its
crown. As this measure is not accurate, the absolute values of
cover are not provided here and only relative cover was used to
compare the species contribution to the community structure.

Study site
This study was conducted at the Experimental Forest
Management Station ZF-2 of the National Institute for
Amazonian Research (INPA), located at 2o 37’ S, 60o 11’ W, 90
km north of Manaus, Brazil. The site is covered by terra-firme
evergreen forest on a gently rolling topography which
alternates well-drained flat plateaus and wet to inundated
bottomlands. The present study was conducted on a generally
flat plateau. Soils are acidic and nutrient poor yellow latosols
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RESULTS
The sampled ground-herb community of the terra-firme
plateau was composed by a total of 35 species, distributed
in 24 genera and 18 families. Angiosperms were
represented by 8 families, of which Marantaceae (12 sp)
and Cyperaceae (4 sp) were the richest (Table 1).
Pteridophytes comprised 10 families, of which only
Selaginellaceae had more than 1 species.
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Table 1 - List of the ground-herb species sampled on the plateaus of the ZF-2 Management
Station, Manaus, AM.
Fa mily

Spec ies

PTERIDOPHYTES
Dennstaedtiaceae

Lindsaea lancea (L.) Bedd.

Dryopteridaceae

Polybotrya sp.

Hymenophyllaceae

Trichomanes pinnatum Hedw.

Lomariopsidaceae

Lomariopsis prieuriana Fée

Marattiaceae

Danaea trifoliata Kunze

Metaxyaceae

Metaxya rostrata (W illd.) Presl.

Pteridaceae

Adiantum cajennense W illd. ex Klotzsch

Schizaeaceae

Schizaea elegans (Vahl) Sw.

Selaginellaceae

Selaginella breynii Spring
Selaginella sp.

Tectariaceae

Triplophyllum dicksonioides (Fée) Holttum

A NGIOSPERMS
Araceae

Dieffenbachia elegans Jonker-Verhoef & Jonker
Dracontium longipes Engl.

Bromeliaceae
Cyperaceae

Bromelia tubulosa L.B. Smith
Calyptrocarya bicolor (H. Pfeiff.) T. Koyama
Calyptrocarya glomerulata (Brongn.) Urb.
Diplasia karataefolia Rich.
Mapania sylvatica Aubl.

Heliconiaceae

Heliconia acuminata Rich. ssp. occidentalis L. Andersson

Marantaceae

Calathea altissima (Poepp. & Endl.) Koern.
Calathea cannoides (Nicholson) Kennedy
Calathea mansonis Koern.
Calathea sp.
Ischnosiphon arouma (Aubl.) Koern.
Ischnosiphon killipii Macbr.
Ischnosiphon gracilis (Rudge) Koern.
Ischnosiphon martianus Eichl. ex Peters.
Ischnosiphon puberulus Loes.
Ischnosiphon surinamensis (Miq.) Koern.
Monotagma spicatum Aubl. Macbr.
Monotagma sp.

Piperaceae

Piper consanguineum Kunth.

Poaceae

Ichnanthus panicoides Beauv.
Pariana radiciflora Doell

Zingiberaceae

Renealmia floribunda K. Schum.
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Pteridophytes (all families
together) were the most abundant
group with 54 % of the individuals.
Marantaceae and Poaceae were the
following most abundant families,
comprising 24 and 11 % of all
individuals, respectively. In terms of
cover, pteridophytes drop to the
fourth position, but is still one of
the most important groups. The
cover of Marantaceae (55.6 %),
Poaceae (16.5 %), Heliconiaceae
(12.7 %) and Pteridophytes (11 %)
summed to 96 % of the total herb
cover, and therefore these four
groups are responsible for almost
all cover of the community.
The
community
was
dominated, in numbers, by the
small fern Trichomanes pinnatum,
which alone accounted for
38.8 % of all individuals. The
three most abundant species
in the community, T. pinnatum,
Monotagma spicatum and
Pariana radiciflora represented
60.8 % of the individuals, and the
10 most abundant species had 83.7
% of the individuals (Table 2). Only
two species were represented by
single individuals.
Trichomanes pinnatum was
also the most frequent species in the
transects (100 % frequency),
followed by Heliconia acuminata
(95 %) and Lindsaea lancea (90 %).
In general, the most abundant
species were also the most frequent
(Table 2). Six species were present
in only one transect.
The species’ rank in relative
cover was also related to the rank
of density. The three species with
the greatest relative cover
Monotagma spicatum (31.5 %),
Pariana radiciflora (16.2 %) and
Heliconia acuminata (12.7 %)
were among the most abundant
species. However, the abundant
ferns T. pinnatum and L. lancea
were only the sixth and the
thirteenth species in the rank of
cover, due to their small size.
Richness per transect (40 m2)
varied from 7 to 19 species, with a
mean of 11.5 species. The species-
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Table 2 - Summary of the structure of the herb community on the plateaus of the
ZF-2 Management Station, Manaus, AM. Species are ranked by total density.
To ta l
Density

Rela tive
Co ver (%)

Frequenc y

Trichomanes pinnatum

499

6.82

100.0

Monotagma spicatum

148

31.55

86.4

Pariana radiciflora

134

16.21

77.3

Lindsaea lancea

80

0.99

90.9

Heliconia acuminata

79

12.70

95.5

Lomariopsis prieuriana

52

3.83

81.8

Calathea mansonis

30

1.14

27.3

Monotagma sp.

27

2.88

13.6

Calathea altissima

27

1.77

54.5

Ischnosiphon arouma

27

6.82

68.2

Mapania sylvatica

24

1.12

45.5

Triplophyllum dicksonioides

18

0.73

40.9

Adiantum cajennense

17

0.41

45.5

Ischnosiphon martianus

16

2.75

50.0

Calyptrocarya bicolor

12

0.89

18.2

Calathea cannoides

12

0.67

27.3

Selaginella sp.

10

0.12

18.2

Dieffenbachia elegans

10

0.20

22.7

Ischnosiphon surinamensis

10

6.92

36.4

Ichnanthus panicoides

9

0.24

27.3

Polybotrya sp.

9

0.25

13.6

Spec ies

Dracontium longipes

5

0.11

18.2

Calyptrocarya glomerulata

4

0.19

4.5

Ischnosiphon puberulus

3

0.36

13.6

Calathea sp.

3

0.16

4.5

Bromelia tubulosa

3

0.96

13.6

Selaginella breynii

3

0.08

9.1

Ischnosiphon gracilis

2

0.06

9.1

Metaxya rostrata

2

0.07

4.5

Ischnosiphon killipii

2

0.47

9.2

Renealmia floribunda

2

0.18

9.2

Piper consanguineum

2

0.09

4.5

Danaea trifoliata

2

0.02

4.5

Diplasia karataefolia

1

0.46

4.5

Schizea elegans

1

0.03

4.5
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area curve stabilized with 15 transects,
which corresponds to 600 m2 (Figure 1a),
indicating that the number of sampled
transects (22) was enough to represent the
herb composition of the plateau forest. The
curve of species by individuals stabilizes
around 1000 individuals (Figure 1b).
Total abundance in the 22 transects
(880 m2) was 1285 individuals, which gives
a density of 1.5 individuals/m 2. Mean
abundance per transect (40 m2) was 58.6
individuals, varying from 30 to 114.

DISCUSSION
At a first view, the number of groundherbs found at the terra-firme plateau of
Manaus (35 sp) seems to be low, compared
to other sites (Table 3). However, in most of
these sites several habitats or environments
were sampled and the size of the samples
varied from 0.01 to 9 ha, which makes the
comparisons difficult. Variation in
topography is a large source of variation in
composition of herbs, as was demonstrated
by Tuomisto & Ruokolainen (1994), Poulsen
& Balslev (1991) and Poulsen (1996). The
only site for which detailed information on
the topography was provided was the 1 ha
plot in Borneo. At this plot, a sub-sample of
0.08 ha had topography comparable to the
present study and yielded 31 sp, a number
close to what was found in the 0.09 ha of
the present study. The mean richness for
sub-samples of 0.1 ha at Cuyabeno, Ecuador
was 38 sp, which is also comparable to
Manaus. However, the richness of two plots
of 0.1 ha at Caquetá, Colombia (21 and 25
sp in each plot), with a soil type probably
richer than that found in the Manaus
plateaus, was well below the number found
in Manaus. At several locations in Guyana
the number of herb species in plots ranging
from 0.04 to 0.25 ha varied from 5 to 21 in
soils varying from white sands (very poor)
to more clayey and probably moderately rich
soils. One 0.1 ha sample from a rich soil site,
Rio Palenque, Ecuador, had 50 herb species.
The 0.1 ha sample at Capeira, which is a dry
forest, also had a high number of species,
but Gentry & Dodson (1987) argue that
most of them are weedy.
The amount of data available to date is
still not enough to make generalizations, but
it seems that the local richness of herbs in
similar habitats, is more or less constant
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geographically. Several authors have shown some relationship
between understory diversity and soil fertility or topography
(Gentry & Emmons, 1987; Poulsen, 1996; Duivenvoorden &
Lips, 1995). Therefore, it is expected that samples with similar
soil and topography will have the same number of herb
species, irrespective of the geographical location. Gentry &
Dodson (1987) have examined the relationship between the
richness of several plant habits with precipitation and soil
fertility for 13 sites distributed in South and Central America.
Even without a formal test, they have shown that high herb
richness was correlated with fertile soils and high
precipitation. However, most of the sites were concentrated
in western South America, which makes geographical
extrapolations doubtful. It will be necessary to sample new
areas, covering central and eastern Amazonia and using a
common sampling protocol to formally test this hypothesis.
Density of ground herbs at Manaus (1.5 individuals/m2)
was comparable to that found at Cuyabeno (1.1 ind/m2)
and Rio Palenque (1.2 ind/m2). These sites are intermediate
between the low density found at Brunei (0.6 ind/m2) and
Jauneche (0.9 ind/m2) and the high density at Capeira (2.8

Figure 1 - Species-area (a) and species-individuals (b) curves for
the samples of ground-herbs at the ZF-2 Management Station,
Manaus, Brazil.
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ind/m2) and Los Tuxtlas (13.3 ind/m2). Capeira is a dry and
disturbed forest, which is, according to Gentry & Dodson
(1987), the cause of its high herb density. At Los Tuxtlas the
herb community was sampled in gaps, which may have
increased the density estimate. Comparisons of density
estimates are difficult because definitions of an “individual”
are not standardized and are especially sensitive to the
number of clonal species.
The number of Angiosperm families found in Manaus
(8) was the lowest compared to all other sites, except the
two plots in Acri-Ferralsol soil in Colombia, where only 4 to
5 families were present in 0.1 ha. Even the comparable 0.08
ha sub-sample of Borneo had 2 families more than Manaus,
and two samples of 0.1 ha in Ali-Acrisol soil in Colombia had
3 to 5 families more than Manaus. The number of families
was not very variable among sites, ranging from 8 to 14.
The rank of family representation at Manaus was quite
similar to Cuyabeno (Ecuador), and to a lesser degree to
Caquetá (Colombia). Marantaceae was the most important
family in species numbers both in Manaus (12 sp) and
Cuyabeno (9 sp). Poaceae was the second richest family in
Cuyabeno (8 sp) and the third in Manaus (2 sp), while
Cyperaceae was the second in Manaus (4 sp) and the third in
Cuyabeno (4 sp). Marantaceae was also the richest family in
the upland plots in the middle Caquetá region of Colombia,
with 3 to 5 species per 0.1 ha plot, and a total of 11 species in
the summed sample of 0.4 ha. Cyperaceae was the second
richest family at Caquetá, with 0-2 species in 0.1 plots and a
total of 3 species in 0.4 ha sample. Poaceae was not an
important family in Caquetá, with only 1 species in the total
sample of 0.4 ha. In Manaus, the regional pool of Poaceae
species is low, since the complete flora of the Ducke Reserve
(50 km far from the present study site) registered only 4 forest
grasses, and one of these is restricted to the forest margins.
Restriction of the samples to the upland well-drained areas
may be another possible cause of the low number of Poaceae
species at Manaus and Caquetá.
The rank of family cover was also highly similar, with
Marantaceae (56 % in Manaus, 18 % in Cuyabeno), Poaceae
(16 %, 25 %), Heliconiaceae (13 %, 17 %) and Pteridophytes
(11%, 23 %) being the groups with the greatest cover. In
Manaus these four groups summed 96 % of relative cover
and Marantaceae accounted for half of the total cover, while
in Cuyabeno they summed 73 %, indicating that dominance
was higher in Manaus.
There were also a high similarity in the species rank of
cover in Manaus and Cuyabeno. The 3 species with greatest
cover at the two sites were one Poaceae (Pariana
radiciflora, at the two sites), one Heliconiaceae (Heliconia
acuminata in Manaus, Heliconia velutina in Cuyabeno)
and one Marantaceae (Monotagma spicatum in Manaus,
Ischnosiphon puberulus in Cuyabeno), although the order
was not the same.
The study at Borneo does not present cover values for
species. The density rank of species in Borneo has a
Zingiberaceae as the most abundant species, while in
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(a) Values in parenthesis indicate the number of "obligate terrestrial" species, when the total number of species included fallen epiphytes, hemiepiphytes, climbers and saprophytes.
(b) Range of species number found in two plots in Acri-Ferralsol soil and two plots in Ali-Acrisol soil.
(c) Estimate based on calculations done by Gentry & Dodson, 1987.
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Table 3 - Sites for which there are samples of ground-herbs. The last column represents the percentage of terrestrial herbs (including hemiepiphytes) in total counts of species.
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Manaus the first in the rank is a
Marantaceae species. However, the second
most abundant species in Borneo is one
Trichomanes, the same fern genus to which
pertains the most abundant species in
Manaus. Another fern and one Cyperaceae
are the third and fourth in the abundance
rank, while in Manaus the third was a grass
and the fourth a fern. Due to the
biogeographical history, Marantaceae is not
an important family in Borneo, and
Zingiberaceae is not an important family
at Manaus – in fact there is only one ginger
species reported for the Manaus region.
However, these families are very similar in
morphology and could play similar
ecological roles, being “ecological
equivalents”. Cyperaceae and Poaceae can
also be considered equivalents. Therefore,
the structure of the herb community of
these very distant forests can be considered
ecologically similar.
A common feature in the structure at
family level in 5 sites (Manaus, Cuyabeno,
Caquetá, Brunei and Singapore) was that
only two families accounted for around half
(40 to 67 %) of the number of species in
the community. There is some reason to
believe that this dominance increases as the
soil fertility decreases, as the samples at
Manaus and one of the soil types at Caquetá
(the Acri-Ferralsol group), which are
probably the poorest soils in this sample,
had the greatest values of dominance (0.67
and 0.6, respectively).
In conclusion, there is a high degree
of similarity in the structure of the sites
compared, despite their geographic
distance. Patterns of variation in richness
and composition are probably related to
gradients in soil fertility and
precipitation, as some studies are
showing for selected understory groups
(Gentry & Emmons 1987, Tuomisto &
Ruokolainen 1994, Tuomisto & Poulsen
1996), but much more data are necessary
to reach a definitive conclusion.
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