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Abstract. This study is the first to present a quantitative survey of bird species occurring in the
archipelago of Anavilhanas, located in the Rio Negro in the Brazilian Amazon and is part of the
Anavilhanas Ecological Station. We asked whether bird community composition is similar among
the islands, and between islands and areas dominated by the surrounding upland terra firme forest
on the left (east) margin of the Rio Negro. The surveys were conducted in November and
December of 1988, using two complementary methods with mist nets and boat transects. A total of
232 bird species was found for Anavilhanas including a survey done in 1998. The families
Tyrannidae and Thamnophilidae showed the highest number of species (16.4% and 9.0% of the
total respectively). Some species not well known or having limited distributions are relatively
frequently encountered in the archipelago, such as Spizastur melanoleucus, Mitu tomentosa,
Phaethornis rupurumii, Xiphorhynchus kienerii, Thamnophilus nigrocinereus, Myrmotherula klagesi,
Myrmoborus lugubris, Pipra filicauda, and Cephalopterus ornatus. Hybrid Multidimensional Scaling
(HMDS) ordination analysis indicated that the bird community composition is similar among
islands. However, the bird community composition on the islands was significantly different from
that in sites of terra firme forest at Rio Negro margins. Anavilhanas is a unique ecological system in
the Amazon and has it own avifauna.

Introduction

River-created habitats make an important contribution to the stunning
diversity of bird species found in the Amazon, responsible for some 15% of the
Amazonian avifauna according to one estimate (Remsen and Parker 1983).
These habitats include periodically flooded vegetation, with unique floristics
depending on duration and periodicity of flooding and on water characteristics,
and successional vegetation forming on fresh alluvial sediments. It is generally
observed that each recognizable plant community (habitat) has some bird
species unique to it, consistent with the idea of conspicuous habitat special-
ization in the tropics (Willis 1977; Terborgh 1985; Bierregaard 1990; Terborgh
et al. 1990; Stotz et al. 1992; Sanaiotti and Cintra 2001). Nevertheless, the fine
distinctions among avifaunas in different riverine habitats have barely been
studied. In particular, suggestions that the avifauna of forests flooded by
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sediment-rich, “whitewater’” rivers differs from that of acidic, translucent
“blackwater” rivers (Remsen and Parker 1983) and that river-island avifaunas
differ from those of mainland flooded forests (Rosenberg 1990) require more
detailed examination.

The first step in such research, naturally, is the characterization of the avi-
faunas in numerous river-created sites. Unfortunately, however, very few sites
have been studied thoroughly. Rosenberg (1990) studied the bird community
of two white-water river islands in the Peruvian Amazon, one in the Amazon
River and another in the Napo River. In Brazil, a similar study was conducted
on Marchantaria island in the Amazon (Solimdes) River near Manaus
(Petermann 1997). These studies found many of the same species in common
and suggested that whitewater islands have a unique avifauna, including some
species apparently rare or absent from similar flooded habitats on the main-
land. Borges and Carvalhaes (2000), and Borges et al. (2001), studied the
avifauna of a black water river in the Brazilian Amazon and noted consider-
able differences from the whitewater sites; however, they were unable to dis-
tinguish geographic influences from water type from the importance of islands
versus mainland flooded forest.

Here, we present the first study of blackwater river islands: the Anavilhanas
Archipelago in the Rio Negro in central Amazonian Brazil. Using standardized
protocols (mist-netting and boat-based transect censuses), we examine the
following questions: Does the avifauna of the islands differ from that of the
adjacent mainland? Does the avifauna of the seasonally flooded forest differ
from that of the never-flooded terra firme forest? Because the islands in the Rio
Negro form an enormous archipelago of hundreds of different-sized islands, we
also examine the influence of island size and location on the avifauna. If island
species composition were a function of colonization from adjacent mainland,
then size and isolation of islands would be expected to influence composition as
predicted by island biogeography theory (MacArthur and Wilson 1967). That
is, islands near to one another and of similar size should have similar species
composition and richness. Alternatively, if islands have a specialized avifauna,
then they should be more similar to one another than to the mainland and
should show no consistent difference among them with respect to size and
position.

The preliminary bird species list presented here is based on our standardized
sampling protocols. Additional censuses using a variety of methods will be
synthesized and combined with these data in a separate paper for a complete
species list for the archipelago and surrounding habitats in the context of their
biogeographical significance.

Study area

The Anavilhanas Ecological Station (Estagdo Ecologica Anavilhanas, hereafter
EEA) comprises 350,000 ha, located in the eastern part of the state of
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Amazonas in and adjacent to the lower Rio Negro about 40 km northwest of
Manaus (between 02°03” S and 03°02’ S, 60°22” W and 61°12” W). The EEA is
a conservation unit administered by the Instituto Brasileiro de Meio Ambiente
e Recursos Naturais (IBAMA), including the entire Anavilhanas Archipelago
of islands within the Rio Negro (see Figure 1) as well as a large area of
mainland on the left (east) bank of the Negro. Rainfall is about 2500 mm/year
and the mean annual temperature is 25 °C. The Anavilhanas archipelago itself
has approximately 300 islands within an area of 100,000 ha, and the mainland
part of the EEA comprises 250,000 ha, mainly covered by “‘terra firme” (never

2°15's
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2°45'S

3°00'S

; i
61°00'W 60°45'W 60°30'W

Figure 1. Anavilhanas Archipelago with locations of bird surveys (see Table 1 for bird species
found at each location). Black represents the lower Rio Negro and tributaries; gray represents land,
including islands (1-20, 29—41), mainland (21-28); areas 21a and b are too close to one another to
distinguish on the map.
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flooded) forest. More information on the aquatic characteristics can be found
in Junk and Furch (1985).

The archipelago is believed to have been formed due to floculation of alluvial
silt coming from the Rio Branco, a somewhat muddy-water tributary entering
the translucent black water of the Rio Negro at the upstream end of this island
system. Most islands, which range from less than one km to ca. 50 km in
length, have interior lakes surrounded by seasonally flooded forest called
“igapd”’. Depending on elevation and flood stage, the land floods for some
3-9 months of each year during the high-water season. There is no terra firme
on the islands, although a few of the highest spots do not flood every year.

The adjacent mainland banks of the river have a transition from igapd to
terra firme, with their recognizably different forest types. Further inland from
the Rio Negro, the mainland portion of the EEA contains other vegetation
types, including campina, campinarana, and chavascal. These have a unique
avifauna, distinct from both the igap6 and terra firme. To avoid confounding
the results of our comparison, we do not include these sites, which were not
surveyed using the same methods, and will discuss their avifauna elsewhere.
More details on Amazonian habitat characteristics and descriptions are
available in Sioli (1984), Pires and Prance (1985) and Parolin et al. (2003).

Methods

Mist-net surveys — During the 1988 and 1989 surveys, we randomly-selected 8
islands (located within an 80 km long section of the archipelago), and placed
10 ornithological mist nets (12x3 m, 2.5 cm mesh) forming a continuous line
of 120 m through forest. Net lines ran perpendicular to the river bank,
beginning 10 m from the island’s edge. Mist nets were used in both forest
island habitats and terra firme forest of the river margins (see below). At each
site, nets were opened for 7 hours per day (from 06:00 to 13:00) during two
days.

In 1989, the nets were used to survey birds in many other islands and they
were opened at different times of the year. To remove “a priori” effects of
seasonality or period of sampling (different years) and also because we did not
have samples from other islands with the same sampling time, we decided to
use only data from November-December of 1988. These data represent bird
surveys from eight islands, on three of those islands 1, 2, and 3 (see Figure 1)
the nets were open between November 18 and 23, and on sites 5, 6, 7, 8, 15 and
16 —using the same sampling effort made on December 31, 1988. Two teams, of
two researchers each, simultaneously conducted bird netting in two areas of
upland terra firme forest along the left margin of the Rio Negro. The two areas
21-a and 21-b were located 1 km up- and 2 km down-river in relation to
Anavilhanas Station facilities and within 1 km of the river margins; the loca-
tion of these two areas corresponds to site 21 in Figure 1 (because they are too
close for the scale of the map). All birds captured were identified using field
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guides (Meyer de Schauensee and Phelps 1978), weighed and tagged with
numbered aluminum bands provided by CEMAVE-Center for study of
migrant birds (IBAMA).

General bird surveys in 1988 — The bird species general surveys were con-
ducted during ten trips to Anavilhanas varying from 3 to 10 days each. We
started in 1988 in areas of terra firme forest and in the forest surrounding the
lakes on the islands.

General bird surveys in 1989 — An aluminum outboard boat (15 HP) was
used to run transects of 10 km each (10 km/h) about 20 m from and along the
island borders. All birds species recorded were identified using binoculars
(Zeiss 8 x30) or a Nikon Scope (30x). In 1989, two of us (RC and MC) and a
field assistant conducted a 9-h survey in one day, visiting almost the entire
upper half of the archipelago, completing about 80 km of transects. Bird
species and abundance were plotted on a map (1:100,000) showing the location
of all islands.

General bird surveys in 1997 — In 1997, we conducted surveys on islands and
sites that were not previously visited. The surveys, using a boat for transects,
covered island borders, river and lake margins, and a few visits were also done
to the streams (igarapés) of the upland “terra firme’ forest where possible. At
this time we started to use a GPS (Geographical Position System) to record the
geographical coordinates for each bird species recorded.

All bird species recorded, both through quantitative surveys and scattered
observations, are presented in Table 1. However, only species recorded in the
net surveys were included in the statistical analysis to compare bird community
composition from islands with those from areas in terra firme forest.

To give a general view of the bird abundance of EEA, we considered two
types of abundance based on the frequency of records at a given moment of the
observations. We used r (=rare) for species recorded <5 times during the
whole period of surveys, and ¢ (=common) for species observed > 5 times in a
given period, or every day, or participating in large flocks. For these data we
use a summarized version of the classification commonly used in bird lists
available in ornithological publications (see Terborgh et al. 1984; Cintra and
Yamashita 1990; Cohn-Haft et al. 1997).

Statistical analysis

In order to investigate the degree of similarity in the bird community com-
position (richness and abundance) among islands the general survey data on
species composition from the islands surveyed were subjected to a multivariate
analysis with an ordination technique called semi-strong Hybrid Multi-
dimensional Scaling (HMDS) that is available in the program PATN (Belbin
1982). This analysis can summarize more information on one or two axes than
some other indirect ordination techniques and is more robust to non-linear
effects (Minchin 1987). We constructed a quantitative matrix with species/
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abundance in relation to sites (islands). The matrix was constructed with all
bird species observed on the eight islands in which we ran eight 10 km tran-
sects. The MDS analysis was used to generate a single ordination of bird
species within sites. To reduce the multidimensionality of the raw data matrix,
the ordinations were based on the Bray—Curtis coefficient from PATN program
(see Belbin 1982) that generates the Bray—Curtis association (similarity) dis-
tance matrix among all sites. The Bray—Curtis coefficient has been recently
recommended and used in ecological studies (Minchin 1987; McNally 1994). It
has also been used in some studies conducted near our study area with plants
(Costa 2000; Magnusson et al. 1999), insects (Lima et al. 2000), and birds
(Cintra 1997; Guilherme and Cintra 2001). It is calculated according to the
following formula:

D = X|%ik — Pjic| /Z{"ik — jk}

where Pik = the data value for the i row and k" column of the data matrix;
Djk = the data value for the /" row and kth column of the data matrix.

We also used HMDS analysis to compare the bird community among the
same eight areas, the islands mentioned above, and between the islands and the
two upland “‘terra firme” forest areas on the left bank of the Rio Negro (areas
21a and 21b). In this case the qualitative (presence/absence) and quantitative
(species/abundance) data came only from bird captures using 10 ornithological
nets opened in each area.

Results

We recorded 232 bird species for the Anavilhanas Ecological Station including
the data from visual surveys of many 10 km transects by boat, netting transects
on islands and the mainland, and the results of sporadic surveys conducted in
1998. In the entire Anavilhanas Station area the families Tyrannidae and
Thamnophilidae showed the highest richness with 38 (16.4%) and 21 (9.0%) of
the species respectively.

Our boat and mist-net surveys were more concentrated on the islands. A
total of 162 bird species (69.8%) was recorded for 33 islands and 135 bird
species (58.2%) for the 9 mainland sites (Terra Firme) surveyed (Table 1). For
some islands only one bird species was recorded (sites 18, and 19) and a
maximum of 49 bird species was recorded for a given island (site 1). A mini-
mum of one bird species was recorded at mainland sites (site 25) and a max-
imum of 88 bird species (site 21-b). There were 97 bird species recorded
exclusively for the islands (41.8% of the total for EEA) and 70 bird species
recorded exclusively for the mainland (30.2% of the total for EEA).

In our data, only two bird families (Tinamidae, 2 species) and Formicariidae
(2 species) were restricted to uplands, the terra firme sites. Four bird families —
Ciconiidae (1), Rallidae (2 species), Rynchopidae (1 species) and Parulidae
(1 species) were restricted to the islands. For the upland sites the families
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Tyrannidae (14 species), Thamnophilidae (10 species), and Dendrocolaptidae
(5 species) were the most representative in species richness. For the island sites
the families Tyrannidae (16 species), Thamnophilidae (9 species) and Thra-
upidae (9 species) were the most representative in species richness (See also
Table 1).

The majority of bird species are permanent residents and less than 5% are
neotropical and austral migrants, some of them coming from the northern
hemisphere (such as Osprey — Pandion haliaetus, and the Purple Martin —
Progne subis) and others from the Central and Western regions of Brazil (such
as Lined Seedeater — Sporophila lineola, Fork-tailed Flycatcher — Tyrannus
savana, and Streaked Flycatcher — Myiodynastes maculatus).

The results of the Multiple Dimensional Scaling Ordination analysis HMDS
(data from boat transects) performed on the quantitative matrix with bird
species abundance (using Bray—Curtis coefficient) indicate that the bird com-
munity composition among islands was very similar, irrespective of island size
and position in the archipelago (Figure 2).
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Figure 2. Multidimensional Scaling ordination (MDS) of islands in the Anavilhanas Archipelago,
based on 10 km visual transects (see Figure 1). Numbers inside symbols refer to islands on which
the bird species were sampled. Symbol size corresponds to island size: small (5-10 km long),
medium (10-15 km), large (>15 km). Symbol color denotes position in archipelago: black
(northern third), gray (central third), white (southern third). The closer points are to one another in
the graph, the more similar are their bird species composition.
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The results of the HMDS analysis (data from bird captures using ornitho-
logical nets) performed as above also suggests the same pattern found for the
results using data from boat transects. The islands showed similar bird com-
munity composition among themselves, but very different from that of the
“terra firme” forest areas (Figure 3). Although species composition based on
boat transect surveys did not differ between mainland (areas 23-27) and islands
(areas 6, 12, 13, 17, 29, 30, 34, 37, 40) as strongly as that sampled by mist nets,
probably because boat-based transects alongside the mainland confounded
adjacent flooded and terra firme habitats, the two types of sites nevertheless
can be distinguished (Figure 4).

Discussion

Some bird species not well known or with a limited distribution in the Amazon
region are relatively frequently encountered in Anavilhanas, among these are
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MDS 1

Figure 3. Ordination (MDS) of islands (open circles) and mainland sites (black circles), based on
mist net captures (see Figure 1 for area locations). Bird community composition was similar among
islands but different from that of the ““terra firme” forest areas on the mainland.
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Figure 4. Ordination (MDS) of island (open circles) and mainland river margins (black circles;
sites 24-26 overlapped in the analysis and are shown together), based on 10 km transect (see
methods). Bird community composition was not especially similar among mainland sites, but these
differed from all island sites.

Spizastur melanoleucus, Mitu tomentosa, Phaethornis rupurumii, Xiphorhynchus
kienerii, Thamnophilus nigrocinereus, Myrmotherula klagesi, Myrmoborus lu-
gubris, Pipra filicauda, and Cephalopterus ornatus. Situations like this where
some island bird species exhibit geographical restriction also occur in some
other rivers in the Amazon.

Rosenberg (1990) studied the bird community of two islands in a natural
environment of white water river islands, one from the Amazon river and
another from the Napo river in the Peruvian Amazon. He found a similar
pattern of distribution for island birds in northeastern Peru and he suggested
that the majority of most habitat specialized species were obligate island spe-
cies. Rosenberg (1990) also presents a list of 231 bird species occurring in river
islands in eastern Peru and southern Colombia. From those only 3% were also
recorded in ‘“‘terra firme” forest, 40% occurred in aquatic environments
including rivers, lakes, stream margins, beaches and swamps, 25% occurred in
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“varzea” forests, and 14% were migrant transients and birds that use sec-
ondary habitats created by the action of rivers.

In the Brazilian Amazon, a similar study was conducted at the Marchantaria
island in the Solimdes river. Of the 204 bird species recorded, 57 (28%) bred in
the area and one third were species suggested by Remsen and Parker (1983) as
having originated from habitats created by rivers (Petermann 1997).

In the communities of 12 (7-year-old) forested land-bridge islands created by
the construction of the Guri Dam in Venezuela, Terborgh et al. (1997) found
that 58 species of forest-nesting birds on eleven small and medium islands
supported respectively only 9 and 12 resident species after islands isolation.
They found the bird species composition on islands to be highly variable and
no species was found in all islands. Populations on the majority of 1-ha islands
had just one pair of bird per species which they think was the result of colo-
nization to replenish individuals that had dispersed or died. Terborgh et al.
(1997) concluded that changes in bird community composition seems to be
governed by biological (predation on nests) and stochastic processes (high
turnover).

The Anavilhanas Islands are dynamically affected by the river, and this
creates a mosaic of habitats such as forests, lakes, floating grass, inundated
areas, successional forests, swamps with dead trees, etc. Although the forest
structure on the islands seems complex, they do have a lower number of tree
species than the terra firme forest (Parolin et al. 2003). Also many resources,
such as higher types of microhabitats, an abundance of leaf litter, the presence
of army ants, abundance of epiphytic plants, may contribute to foraging spe-
cialization among bird species in mainland terra firme and not on the islands
because those resources are absent on the islands.

The islands are also used by migrant birds (e.g. sandpipers — Tringa melanol-
euca., Calidris fuscicollis; ducks — Dendrocygna; terns — Phaethusa, Sterna;
skimmers — Rynchops; egrets — Ardea, Egretta, Bubulcus; — hawks — Pandion,
Ictinea; nighthawks — Podager nacunda; tyrant-flycatchers — Tyrannus spp.,
Myiodynastes, Myiarchus, Syristes; swallows — Progne spp. Tachycineta; black-
birds — Leistes; and finches — Sporophila spp.); and by some species from main-
land terra firme forest to forage and roost (¢.g. macaws — Ara spp., parrots —
Amazona spp., oropendulas — Psarocolius; caciques — Cacicus) (see also Stotz
et al. 1992).

The difference in avifaunas between mainland and islands provides an
additional possible causal factor for the celebrated species endemism found on
opposite banks of large Amazonian tributaries (Haffer 1974, 1992; Cracraft
1985). Not only are the rivers themselves formidable barriers to the dispersal of
small forest birds, but also competition with species adapted to the flooded
forest habitat along the river courses may make that habitat more difficult to
colonize even after successful dispersal from the mainland. Thus, the islands,
rather than serving as stepping stones between opposite banks, could be as
inhospitable to terra firme species as the open water itself. The biogeographic
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implications of this differentiated species composition will be explored in more
detail in a separate paper.

The archipelago is relatively rich in species and seems to have a bird com-
munity composition (richness and abundance) as high as other river archi-
pelagos located 500 km from Manaus up the Negro river (Barcelos) and
900 km up the same river (Sao Gabriel da Cachoeira, RC Pers. Obs).

The same can be said in relation to the bird community composition from
the terra firme forest, with a high number of species and many typical species
from areas in the Central Amazon surrounding Anavilhanas (Cohn-Haft et al.
1997). However, the Anavilhanas archipelago is unique in the Amazon, and
has its own avifauna, which is distinct from the neighboring forests and also
distinct from other island systems studied in the region. Because of this it
should be protected and preserved to guarantee the pristine habitats that
maintain high diversity of bird species and those endemic of the Amazon
region.
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