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Abstract

The Anavilhanas islands in Central Amazonia form the world’s greatest freshwater archipelago. They are
covered with floodplain forests which are periodically inundated by the blackwater of the Rio Negro. Little
is known to date about the forest cover, and this study presents a vegetation analysis as a first step towards
describing the forest ecosystem of this unique ecosystem. In a plot of 50 x 30 m (0.15 ha), 267 trees were
inventoried. Fifty one species belonging to 50 genera of 29 families were determined. The most common
family was the Fabaceae, followed by Apocynaceae and Violaceae, both represented by a single species
(Tabernaemontana rupicola and Amphirrhox longifolia, respectively). These two species had the highest
number of individuals. The canopy structure showed three layers, the densest being at 5-8 m, the second
at 14-19 m, and the third at 25-33 m. The vegetation in the study area contains tree species which are
characteristic of the "seasonal igap¢’, but also of whitewater floodplains and/or non-flooded terra firme.
The analysed forest plot represents a mature stage of blackwater floodplain forest with a high number of
species which have a wide distribution and an ample range of ecological requirements, and a low degree
of local endemism.
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Resumo
As ilhas Anavilhanas, na Amazonia Central, formam o maior arquipélago de agua doce do mundo. Elas sdo
cobertas por florestas alagaveis as quais sdo periodicamente inundadas pelas aguas pretas do Rio Negro.
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Até o momento, pouco € conhecido a respeito da cobertura vegetal das ilhas Anavilhanas ¢ este estudo
apresenta uma analise da vegetagdo, como primeiro passo em diregdo a descrigdo do tipo florestal deste
ecossistema Unico. Em uma unidade amostral de 50 x 30 m (0,15 ha), 267 arvores foram inventariadas.
Foram determinadas 51 espécies, pertencentes a 50 géneros, divididos em 29 familias. A familia mais
comum foi Fabaceae, seguida de Apocynaceae ¢ Violaceae, sendo as duas tiltimas representadas por apenas
uma especie (Tabernaemontana rupicola e Amphirrhox longifolia, respectivamente). Essas duas espécies
apresentaram o mais elevado nimero de individuos. A estrutura do dossel apresentou trés niveis, o mais
denso compreendido na faixa entre 5-8 m, o segundo na faixa de 14-19 m, ¢ o terceiro entre 25 e 33 m.
A vegetagdo da drea estudada contém espécies arboreas consideradas caracteristicas do *igapé sazonal’,
apresentando, porém, componentes das areas alagaveis por aguas brancas e/ou das 4reas nio alagadas de
terra firme. A unidade florestal analisada representa um estdgio maduro da floresta inundavel de igapo,
caracterizado por um elevado nimero de espécies com uma ampla distribui¢do e grande amplitude de
requerimentos ecol6gicos, e um baixo grau de endemismos locais.

Introduction

The islands of the world’s greatest freshwater archipelago, the Anavilhanas in Central
Amazonia, are covered with floodplain forests which are periodically inundated by the
blackwater of the Rio Negro. As is typical for these *seasonal igap6 forests’ (PRANCE
1979), these nutrient-poor environments are subjected to flooding heights of up to 15 m
lasting for up to seven months every year. Despite the adverse conditions for tree
growth caused by prolonged anaerobic soil conditions, the forests bordering the Rio
Negro and its affluents consist of several hundred tree species and show a high diversity
(IRION & ADIS 1979; KEEL & PRANCE 1979; REVILLA 1981; WORBES 1997;
FERREIRA 1997, 2000).

Although the role of the Anavilhanas archipelago as a unique ecosystem is undoub-
ted, with its almost 200 islands comprising 100,000 ha on an area of 90 x 12.5 km, it
still is a *white spot’ concerning knowledge about the vegetation cover. In the literature,
one may find studies of fish, reptile and macroinvertebrate fauna of the archipelago
(NESSIMIAN et al. 1998; SILVEIRA & MAGNUSSON 1997, 1999; VIEIRA et al.
1999), as well as hydrochemical studies (FILOSO et al. 1999; FILOSO & WILLIAMS
2000). MOREIRA & MOREIRA (1996) collected seeds in the Anavilhanas and analy-
sed germination in a glasshouse. PIEDADE (1985) analysed the reproductive biology of
Astrocaryum jauary on the Anavilhanas islands in a non-published thesis which includes
also a floristic inventory, and other floristic data of an island may be found in a prelimi-
nary floristic inventory performed by RODRIGUES (1961). Summarizing, there is a
lack of basic information about the forest cover of the islands. The aim of the present
study is to present a vegetation analysis as a first step towards describing and analysing
the forest ecosystem of the Anavilhanas archipelago.

Methods
The study area was located between the Parana Anu and the Lago do Prato, Anavilhanas archipelago (2°
00’ and 3°02’S of latitude and 60°27" to 61°07°'W of longitude). The soils of the Anavilhanas islands are
mainly loam and aggregated silt (LEENHEER & SANTOS 1980). Mean monthly temperature in Central
Amazonia ranges from 26.3 to 27.2 °C. The area is subject to a rainy season (December-May: average
precipitation 1550 mm; 258.8 + 36.8 mm/month) and a "dry" season (June-November: average precipita-
tion 550 mm; 91.8 + 43.8 mm/month, each month with some rain events; cf. RIBEIRO & ADIS 1984).
Variation of water level of the Amazon river and its affluents is markedly seasonal. The rising phase lies
between December and June, and the receding period between July and November. The flooded period can
last 210 days (JUNK 1989). In the period of data collection (April 1985), maximum flooding height in the
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inventoried stand was 1.70 m.

In a plot of 50 x 30 m (0.15 ha), with the side of 50 m being parallel to the river bed, all trees were
inventoried. Tree height was measured with a yardstick, and tree circumference and diameter at breast
height were measured with a measuring tape. The ’family importance index’ (FIV) was calculated as
relative dominance ("basal’ area at breast height in %) + relative tree density + relative frequency (ex-
cluded here, because it is 100 % for all species).

The collected material was identified by Luis F. COELHO, Dionizio F. COELHO, Marlene Freitas da
SILVA and Iéda Ledo do AMARAL and deposited at the INPA herbarium in Manaus.

Results

Floristic composition.

Two hundred and sixty seven trees were inventoried, with 51 species in 50 genera of 29
families (Table 1). The most common family was Fabaceae with a FIV of 86, followed
by Apocynaceae with a FIV of 19 and Violaceae with a FIV of 15. These latter families
are both represented by only one species, Tabernaemontana rupicola and Amphirrhox
longifolia, respectively (Table 1). These species also had the highest numbers of
individuals (Table 2).

Forest structure.

Most trees had diameters at breast height (DBH) below 10 cm (Figure 1). Mean DBH
of all trees was 10.5 cm. Some species had high mean DBH (Table 2), for example
Erisma calcaratum (mean = 54.8, n = 1), Vatairea guianensis (mean = 39.5, n = 3), and
Mabea sp. (mean = 39.2, n = 1). The tree with the largest DBH was Aldina latifolia
with 117.8 cm.

Most trees were 5-10 m tall (Fig. 2), and average tree height was 9.3 m, with a
maximum height of 34 m (Swartzia polyphyila). Most individuals (125) and species (31,
+ indetermined species with 26 individuals) were found between 5-8 m (Fig. 3). Emer-
ging trees, with heights between 24 and 34 m, belonged to 11 species, with Aldina
latifolia being one of the most striking and typical.

The two most abundant species, Tabernaemontana rupicola (Apocynaceae) and
Amphirrhox longifolia (Violaceae), had few individuals taller than 8 m, with DBH
below 10 cm (Fig. 4). Most individuals were within a small range of height and DBH-
classes. This was not the case for Aldina latifolia which was represented by a wide
range of DBH and height classes (Fig. 4).

Discussion

According to the floristic categories of Amazonian forest types subjected to flooding
(PRANCE 1979, 1980), the vegetation in the study area contains tree species charac-
teristic of the ’seasonal igap6’. The species with more than 10 individuals in the plot,
and also the three most characteristic and abundant tree species, Tabernaemontana
rupicola, Amphirrhox longifolia, and Aldina latifolia, are all typical representants of
black-water floodplains (igapd; Table 2), although Tabernaemontana rupicola is cited
as typical for vegetation on whitesand soils (campina; PRANCE 1978; KLINGE 1985).
In fact, a high number of species is also represented in whitewater floodplains (virzea)
and/or non-flooded uplands (terra firme; Table 2). Seven species of vérzea and terra
firme have not been reported to occur in blackwater floodplains to date.

Non-flooded terra firme forests are absent on the islands of the archipelago, but it
may be possible that upland species get established within the upper, shortly flooded
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areas of the igapo, especially if they have preadaptations to periodical flooding (KU-
BITZKI 1989). Species of the nutrient-rich varzea may find a suitable environment in
the Anavilhanas archipelago because of the influence of the Rio Branco: this large
whitewater river enters the Rio Negro close to the Anavilhanas archipelago and in-
fluences the igapo vegetation (RODRIGUES 1961; AMARAL et al. 1997).

The vegetation of the inventoried forest plot was clearly dominated by two species,
Tabernaemontana rupicola (Apocynaceae) and Amphirrhox longifolia (Violaceae). The
genus Tabernaemontana is common in varzea and terra firme forests throughout
Amazonia, and less in igapo forests. Amphirrhox longifolia is common in floodplains
along the Rio Negro (WORBES 1983, 1986; KUBITZKI 1989; KLINGE et al. 1990)
along the Rio Caura in Venezuela (ROSALES et al. 1997, 2001) and on terra firme
(PRANCE et al. 1976; BRAGA 1979; RIBEIRO et al. 1999). They may belong to those
trees which originated in non- or seldom-flooded areas and migrated into flooded areas
representing a first step towards the evolution of typical floodplain species (KUBITZKI
1989). According to RIBEIRO et al. (1999) and ROSALES (pers. comm.), both genera
and species are typical understory trees. In the present study, Tabernaemontana rupicola
and Amphirrhox longifolia are very frequent in the lowest stratum and are absent in the
middle and high strata.

Summarizing, the analysed forest plot represents a mature stage of blackwater
floodplain forest with a high number of species which have a wide distribution and an
ample range of ecological requirements. Species number and diversity are lower than in
terra firme forests (PRANCE et al. 1976; PRANCE 1982; RANKIN-DE-MERONA et
al. 1992) because of flood stress in the floodplains (ADIS & JUNK 2002). Furthermore,
the degree of local endemism seems to be low: high speciation, typical for archipelagos
(KANESHIRO 1995), is diminished by the high dynamics of the system and lack of
isolation of the islands. The distances between the islands are small and allow pollina-
ting insects to cross the river barriers, and water, fish, birds, bats and monkeys enhance
dispersal of the diaspores (GOULDING 1983; AYRES 1993; KUBITZKI & ZIBURSKI
1994).
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Table 1: Tree families in the study plot of 50 x 30 m including trees 210 cm DBH in the floodplain of
the Anavilhanas archipelago. FIV = family importance value index = relative dominance (basal
area in %) + relative tree density + relative frequency (excluded here, because it is 100 % for all

species).
Number  Number Relative
of of Number  basal area Relative tree
Family genera species of trees (%) density (%) FIV
1 Fabaceae 5 6 43 70,15 16,10 86,25
2 Apocynaceae 1 1 48 0,87 17,98 18,85
3 Violaceae 1 1 35 1,75 13,11 14,86
4 Annonaceae 2 2 8 9,32 3,00 12,32
5 Caesalpiniaceae 4 4 21 2,32 7,87 10,19
6 Undet. b 1 1 22 0,46 8,24 8,69
7 Undet. e ? ? 11 2,87 4,12 6,99
8 Lecythidaceae 2 2 12 1.15 4,49 5,65
9 Clusiaceae 3 3 9 1,07 3,37 4,44
10 Chrysobalanaceae 2 2 8 0,53 3.00 3,53
11 Vochysiaceae 1 1 1 2.99 0,37 3,36
12 Mimosaceae i 1 7 0,37 2,62 2,99
13 Elaeocarpaceae 1 1 2 1,36 0,75 2,11
14 Euphorbiaceae 1 t 1 1,53 0,37 1,90
15 Meliaceae 1 1 1 1,34 0,37 1,71
16 Lauraceae 2 2 4 0,20 1,50 1,70
17 Myrtaceae 2 2 4 0,18 1,50 1,68
18 Tiliaceae 1 1 2 0,88 0,75 1,63
19 Boraginaceae 1 1 4 0,09 1,50 1.59
20 Sapindaceae 3 3 4 0,06 1,50 1,56
21 Undet. a 1 1 2 0,06 0,75 0,81
22 Undet. c 1 1 2 0,06 0,75 0,81
23 Styracaceae 1 1 2 0,05 0,75 0,80
24 Undet. d 1 1 2 0,04 0,75 0,79
25 Ebenaceae 1 1 2 0,03 0,75 0,78
26 Arecaceae 2 2 2 0,01 0,75 0,76
27 Lacistemaceae 1 1 i 0,11 0,37 0,48
28 Linaceae 1 1 1 0,08 0,37 0,45
29 Bombacaceae 1 1 1 0,03 0,37 0,40
30 Melastomatacae 1 1 1 0,02 0,37 0,39
31 Flacourtiaceae 1 1 1 0,02 0,37 0,39
32 Moraceae i 1 1 0,01 0,37 0,39
33 Rubiaceae 1 1 1 0,01 0,37 0,38
34 Myristicaceae 1 1 1 0,01 0,37 0,38
Total 50 51 267 100 100
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Diameter =lasaas [am)

Fig. I:
Diameter classes of 267 trees inventoried in a floodplain stand of the Anavilhanas archipelago.

Fig. 2:
Height classes of 267 trees inventoried in a floodplain stand of the Anavilhanas archipelago.
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Frequency of tree height of 267 trees inventoried in a floodplain stand of the Anavilhanas archipelago.
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Fig. 4:

Height plotted against diameter at breast height (DBH) for the typical emergent Aldina latifolia var.
latifolia and the two most frequent species in the analysed floodplain stand of the Anavilhanas archipelago,
Tabernaemontana rupicola (Apocynaceae) and Amphirrhox longifolia SPRENG. (Violaceae).
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