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Resumo. — Aves da flotesta nacional do Tapajos, Amazénia Brasileira: Uma andlise preliminar. -
Este estudo descreve a avifauna da Floresta Nacional do Tapajés, uma irea situada na margem
diteita do Rio Tapajés onde ocorre exploragio controlada recursos. Nés apresentamos uma lista
quase completa das espécies da floresta de #rva firme e uma lista incompleta das espécies de hibitats
menos extensivamente amostrados, tais como a floresta de “varzea”. Nés documentamos a avifauna
nuclear da flotesta de #rra firme e caractetizamos a avifauna de sub-bosque de flotesta de ferra firme
através de amostras em redes de captura. A lista de aves da floresta nacional, obtida ao longo de
um petfodo de nove anos, compreende 342 espécies, das quais 59% foram documentadas através
de pelo menos um espécime, ou fotografia ou gravagio. Deste total, 274 espécies constituiram a
avifauna nuclear de floresta de #erra firme, uma riqueza de espécies comparavel aos totais observados
em outros sitios de floresta de ferra firme na Amazonia. Os resultados das redes de captura em floresta
de ferra firme indicam uma riqueza, baseada sobre procedimentos jackknife, da ordem de 109-149 espécies
de sub-bosque. Espécies raras predominaram nas amostras de tede, de tal maneira que 90% das 114 espé-
cies de uma amostra de 1612 individuos foram consideradas raras (definida como < 2% da amostra).
Nossa amostra foi similar as amostras de redes de outras florestas Neotropicais tanto na relagdo das espé-
cies mais freqilentemente capturadas como na organizagio tréfica. Tal como em amostras de rede de
outros sitios de floresta de frra firme na Amazo6nia, capturas de nectarivoros e frugivoros foram especial-
mente baixas. Como tem sido sugerido previamente, isto pode refletir a baixa produtividade das plantas do
sub-bosque.

Abstract. — This study describes the avifauna of the Tapajés National Forest, an area on the east bank of
the Tapajés River where controlled resource exploitation occurs. Here we provide a nearly complete spe-
cies list for %rra firme forest with an incomplete list of species from less comprehensively surveyed habitats
such as “virzea” forest. We document the core avifauna of serra firme forest and characterize net samples of
terra firme fotest understory birds. The national forest list obtained over a 9-year period includes 342 spe-
cies, of which 59% were documented with at least a specimen, photo or tape. Of this total, 274 species
constitute the cote avifauna of ferra firme fotest, a species richness comparable to totals from other Amazo-
nian ferra firme sites. Netting results from zerra firme forest indicate a total understory species richness of
109-149 species based on jackknife procedures, Rare species predominated in the net sample, as 90% of
114 species in a sample of 1612 individuals were rate (defined as < 2% of the sample). Our sample was
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similar to other Neotropical forest net samples in the most frequently captured species and trophic organi-
zation. As with other Amazon serrz firme forest net samples, nectativore and frugivore captures wete espe-
cially low. As has been suggested previously, this may reflect low understory plant productivity. Acepted 25

October 2002.
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communities.

INTRODUCTION

Detailed knowledge of the avifaunas of cont-
nental Neotropical forests is limited to rela-
tively few sites where long-term studies have
been conducted. These studies have resulted
in species lists documenting the “core” spe-
cies of a site (excluding occasional, dispersing
or wandering individuals; Remsen 1994)
thereby enabling researchers to charactetize
the avifauna’s taxonomic affinities, guild
structure, and scasonality (Bierregaard 1990,
Blake et /. 1990, Karr et 2. 1990, Robinson et
al. 2000). Although a thorough species list for
a site is a prerequisite for most biogeographic
and community studies, as well as for conser-
vation purposes, such lists for continental
Neotropical forests ate rare because of logisti-
cal constraints imposed by high species rich-
ness. This is especially true in the Amazon
basin where relatively comprehensive species
lists are available for only a few sites (e.g,
Manu National Park, Peru, Karr ez 4/ 1990;
Tambopata Nature Reserve, Peru, Parker ef a/.
1994; Manaus, Brazil, Karr ez 4/. 1990, Cohn-
Haft et @/ 1997; Jau National Park, Brazil,
Borges ¢t al. 2001), further emphasizing the
need for basic avifaunal surveys in Amazonia
(Oren & Albuquerque 1991).

The Tapajés National Forest, on the east
bank of the Tapajés Rivet, south of Santarém,
Brazil, is a site for which a basic description
of the avifauna is lacking, A description of the
national forest’s avifauna is useful for man-
agement and provides a baseline for future
comparisons, as selective logging continues
within the forest and deforestation accelerates
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along the forest’s borders. In addition, these
studies provide a basis for comparison with
other lowland Neotropical sites, particularly
upland or #rra firme forests. The purpose of
this study is to desctibe the avifauna of the
Tapajés National Forest by providing a spe-
cies list, identifying the core avifauna of #rra
Sfirme forest and characterizing the ferra firme
forest understory bird assemblage as sampled
by mist nets.

Surveys of the Tapajos birds were con-
ducted over a 9-year petiod and involved a
variety of sampling methods, resulting in doc-
umentation of species presence based on
specimens, photographs, and tape record-
ings, as well as records based on sight or
sound. Although we are confident that most
of the core avifauna of serra firme forest in the
Tapajés National Forest has been docu-
mented, the list for the entire national forest
should be viewed as preliminary given limited
sampling of the geographic extent of the
national forest and under-representation of
some habitats such as the seasonally flooded
forest.

STUDY AREA

The study was conducted in the 560,000-ha
Tapajés National Forest (henceforth FLONA
Tapajos), a unit in the national forest system
of Brazil managed by Insdtuto Brasileiro de
Meio Ambiente e Recursos Naturais Ren-
ovaveis (IBAMA). The FLONA Tapajos
(20°45°S, 55°00°W) is located on the right
bank of the lower Tapajés River near the
mouth of the Tapajés River in the western
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FIG. 1. Location of the Tapaj6s National Forest, in Para

Brazil. Map of the national forest shows locations

along the Santarém-Cuiaba highway (Km 67, 83, and 177) where the national forest was entered for avian

studies.

part of the state of Para. It is bounded by the
Tapajés River to the west, the Santarem-

The climate of the FLONA Tapajés has

Cuiaba Highway (BR-163) to the east, and
Cupari River to the south (Fig, 1).

been briefly described by Parrotta e a/. 1995,
who note that the national forest has a
mean annual temperature of 25°C and a mean
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relative humidity of 86%. Annual rainfall
averages approximately 1920 mm, with a
short dry season of 2-3 months, usually
between August and Octobert, duting which
monthly ptecipitation is less than 60 mm a
month.

The forests of the region, including the
FLONA Tapaj6és and status of botanical
inventoties, have been summarized in Daly &
Prance (1989). Studies of forest structure and
flotistics in the FLONA are cited in Parrotta
et al. (1995). Several distinct moist and wet
forest types are found within the boundaries
of the FLONA Tapajos, with Zerra firme forest
constituting approximately 33% of the forest
atea. Our netting study was conducted in ferra
firme forest on gently undulating upland ter-
rain characterized by emergent species such
as Bertholletia excelsa, Couratari spp., Dinigia
excelsa, Hymenaea conbaril, Manilkara hubers,
Parkia spp., Pithecellobinm spp. and Tabebuia ser-
ratiolia (Silva et al. 1985). Canopy heights of
undisturbed forests range from approximately
30 to 40 m, with occasional emergent species
reaching approximately 50 m.

Our avian surveys were concentrated in a
few locations in the FLONA Tapajés accessi-
ble by roads entering the forest at km 67, 83,
and 117 along the Santarém-Cuiabd Highway
(Fig. 1). Some observations and recordings
were also made on the forest edge and second
growth along the Santarém-Cuiabd Highway
from km 50 to km 117. In addition, observa-
tions and recordings were made of birds in
and along a small stream (“igarapé”) with a
moderate sized open water pool with emer-
gent vegetation along the Santarém-Cuiabd
Highway, just south of km 83. However, most
of our surveys were concentrated in the #erra
firme forest that was accessible by a road
entering the FLONA Tapajés at km 83,
where a system of roads and trails provides
access to the forest. Here our surveys mostly
occurred on a 5000-ha grid (3°21°217§,
54°56°58"W) established for demonstration
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forestry in ferra firme forest. We estimate that
at least 85% of our bird watching, recording,
and netting activities occutred in the 5000-ha
grid.

As part of our avian surveys a small net
sample was obtained in the #erra firme forest at
km 117. However, our intensive netting study
occutred in the #erra firme forest on the 5000-
ha grid at km 83. Here our netting study was
conducted in two 100 ha control blocks (C-1
and C-3). The two control blocks were com-
pletely surrounded by forest and separated

'from each other by another 100 ha control

block. Low impact selective logging with a
harvest rate of 18 m?/ha occurred on the grid
in October to December 1997. The nearest
logged block was located approximately 2.5
km to the north of C-3. Each control block is
dissected by a small stream. Forests covering
the two blocks consisted of undisturbed pri-
mary forest, except for an estimated 25% of
C-1 that was old secondary growth (30—40
years old).

METHODS

Avian species inventory. A variety of methods
were used to observe, identify, and collect
birds in the FLONA Tapajés to produce a
species list (Appendix 1). Voucher specimens
of some species were collected with mist nets
ot shotgun. All specimens were deposited in
the Museu Paraense Emilio Goeldi in Belém.
Tape tecorders with directional microphones
were used to tecord and identify birds and
tape playback was sometimes used success-
fully to attract and visually identify certain
species. Tapes of all vocalizations are cur-
rently in the possession of the first author,
but will be deposited in the tape collection of
the Arquivo Sonoro Neotropical, Univer-
sidade de Campinas, Campinas, Sio Paulo.
Binoculars (10 x 40) and rarely a spotting
scope (20 x) were used to observe and iden-
tify birds as we walked slowly through the for-



est in search of birds. Although most of our
bird observations occurred in the period
shortly after sunrise (06:00 to 10:00 h), obser-
vations were made throughout the day includ-
ing seatches for nocturnal species at night.

Our initial avian obsetvations in the
FLONA Tapajés occurred during 12-15 June
1992 and 14-20 September 1993, and were
followed by visits of longer duration associ-
ated with our netting studies (see below).
During all netting sessions, both observations
and tape recordings of vocalizations were
made to verify species’ presence. A 45 m can-
opy tower, at km 67 was used for a few morn-
ing observations of canopy birds (12 July
2000; 9 December 2000, 26, 27, 28 June
2001).

Following Cohn-Haft e 4/ (1997), we
determined species’ abundance subjectively,
using status categories to reflect actual popu-
lation density in preferred habitat. This
involved subjectively combining frequency of
detection (auditory or visual) and capture rate
to derive a species’ status. As recommended
by Cohn-Haft et al. (1997), these categories
should be treated as tentative assessments of
abundance and should be wvalidated with
quantitative techniques (e.g., Terborgh ef /.
1990). The designation “common” refers to a
species believed to occur everywhere (e.g,
contiguous territories) in appropriate habitat.
The category “uncommon” refers to species
that occur in most, but not all appropriate
habitats (e.g, vacant habitat between tertito-
ties), and may have densities approximately an
order of magnitude lower than common spe-
cies. Species that are absent from more appro-
ptiate habitat than in which they occur, and
have densities an order of magnitude lower
than uncommon species are designated as
“rare”. Species in any of these three status cat-
egories are considered to be part of the “cote
avifauna” (Remsen 1994). Finally, “casual”
refets to species detected only three or fewer
times. Species designated as “casual” may be
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either low-density or sporadic residents or
vagrants. For species with seasonal changes in
abundance, the status designation is based on
the petiod of highest abundance. Those spe-
cies with seasonally variable abundance were
designated as “boreal migrant” if present only
during October—April and as “austral
migrant” if present only during April-Sep-
tember.

Both habitat and microhabitat associa-
tions were determined for each species. Terra
firme refers to upland primary forest. Second
growth included both young and older second
growth areas, as well as forest edge along the
Santarém-Cuiabi road. Pasture included areas
with widely scattered remnant trees. Planta-
tions included small areas of cultivated tice,
cotn, or manioc. Open areas included regions
around houses and settlements, usually with
cultivated fruit trees. A riparian area included
a small stream (igarapé) with a moderate-sized
open water pool with emergent aquatic vege-
tation. Within these six habitat categories, we
recognized eight microhabitats: terrestrial (i.e.,
ground forager), understory, midstory, can-
opy, aerial, water surface or edge, forest edge,
and treefall.

Sociality was categorized with the follow-
ing designations: solitary or in pairs, mono-
specific flocks, understory heterospecific
flocks, canopy heterospecific flocks, army ant-
followers; and leks. Species designated as
occurring in heterospecific flocks include
both obligate flock joining species as well as
casual species observed in flocks. Diet was
based on primary observations and published
literature [fruit, arthropods, mollusks, carrion,
vertebrates, fish, seeds, nectar, and a combina-
tion of fruits, seeds, and arthropods (omni-
vore)]. The substrate where food is obtained
was designated as: ground, live foliage, air,
water, bark, or in association with army ants
(ground or < 1 m from ground).

Following Cohn-Haft e 4l (1997), we
evaluated the evidence concerning the pres-
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ence of each species in a hierarchical manner;
only the highest quality evidence is indicated
in Appendix 1. The best evidence for docu-
mentation of species presence is a specimen,
followed by a permanent tecord by photo-
graph or tape recording, either of which can
be used to confirm species identifications.
The third best evidence is a capture tecord, in
which a bird is identified by sight with various
measurements (e.g, wing chord, tail, and
weight) confirming the identification. The
lowest form of evidence of species presence
is field identification based on sight ot sound
only. Thus species tallied by only sight or
sound, in the absence of higher-level evi-
dence, were listed as preliminary.

The fitst author was responsible for iden-
tification of most birds in the FLONA
Tapajés, although the second author indepen-
dently made sight and tape records verifying
species presence as well as contributing
records to the list. Additional records of spe-
cies occurrences were provided by Sidnei de
Melo Dantas and Curtis A. Marantz, as indi-
cated in Appendix 1.

Several expert taxonomic soutrces were
followed in this research. For the non-Passeri-
formes we followed Sick (1997), which was
based on Meyer de Schauensee (1966, 1970)
and American Ornithologists” Union (1983).
For Passeriformes, we followed Ridgely &
Tudor (1989, 1994), with minor modification
as adopted by Sick (1997).

Understory mist net samples. Mist nets (36-mm
mesh, 12 m x 2.8 m) were used to sample spe-
cies for the inventory, as well as provided a
sample from blocks C-1 and C-3 on the grid
for detailed analysis as desctibed below.
Although most netting was conducted on the
5000-ha grid at km 83, some mist netting
(approx. 720 net-h) occurred in the serra firme
forest in the vicinity of the IBAMA guard sta-
tion at km 117, duting 16-21 August 1997,
and from 17 August until 9 October 1999.
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In addition to our mist net study in blocks
C-1 and C-3 described below, mist netting
was also used extensively in different ferra
Jirme sites on the 5000-ha grid at km 83 and
contributed to the species inventory, by
further documenting the presence of under-
story species. Concurrently with our netting
study in blocks C-1 and C-3, we used mist
nets to capture birds in two nearby selectively-
logged blocks (T-2, T-18), using the same
sampling design and net hours as described
for the control blocks. In addition, a second
netting study conducted in control blocks C-2
and C-3 and selectively logged blocks T-2 and
T-18 was initiated in August 1999, and
involved eight 16-day netting sessions
through June 2001, totaling 24,864 net-h and
3965 captures.

Our study of blocks C-1 and C-3 involved
two rows of six parallel net lines that were
established in the center of each block. Net
lines were separated by 200 m and contained
5 nets in a line, thereby sampling each block
at 60 different net positions. A net line in each
block was located 30 m from a small stream
crossing each block. Five net lines in C-1 were
located in old second growth forest.

Six net lines (i.e,, 30 nets) in C-1 and C-3
wete operated simultaneously for two con-
secutive days of a netting session from 06:00
to 15:00 h during which time nets were
checked houtly. After the first six net
lines were operated the nets were moved
to the remaining six net line positions
in a block where nets were opened for
an equivalent duration. Thus each block
required 4 days for a complete sample of
the 12 net lines (60 nets) during a netting
session. Data were collected during five net-
ting sessions in the two blocks over a 23-
month petiod including: August-September
1997, February—March 1998, November
1998, April 1999, and June 1999. The
August—September 1997 and November 1998
session occurred during the dry season



whereas remaining sessions occurred during
the wet season.

All birds with the exception of humming-
birds, were marked with a numbered alumi-
num ot a colored plastic band. We clipped a
tail or wing feather of hummingbirds for iden-
tification during a netting session. Only one
capture per individual was counted. All birds
were identified to species, with age and sex
determined when possible. Standard morpho-
logical measurements (wing chord, tail, and
tarsus length) were taken upon first capture of
an individual. Birds wete weighed and
checked for evidence of molt and breeding
activity (brood patches) when first captured
and during subsequent recaptures. A small
voucher collection was made at the beginning
of the study. Additional specimens were col-
lected to confirm identities throughout the
course of the study.

Species were assigned to guilds based on
feeding, habitat and foraging substrate. This
classification was based on that of Karr ef 4/
(1990). To facilitate a comparison with the
banding study in Manaus we used the same
guild classification of Bietregaard (1990). In
addition, to examine feeding guild variation
between blocks and seasons (wet and dry), we
classified birds using the diet classification
provided in the appendix of Karr ez 4/ (1990).
These included the following categories: FR,
fruits or fruits and seeds; LI, large insects; N,
nectar and insects; SI, small insects; SO, small
insects and fruit.

Species accumulation curves wete detived
from the cumulative number of unique indi-
viduals and not from the cumulative number
of captures (which includes recaptures of indi-
viduals). A jackknife procedure, involving
sampling with replacement for 1000 iterations
was used to obtain robust estimates of species
richness for samples of different sizes in the
two blocks. A logistic equation was fit to the
jackknife estimates to determine the asymp-
totic species richness.
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Statistical analyses. Statistical analyses (Sokal &
Rohlf 1995) were executed using SPSS (Noru-
sis 1990). Rank-order abundance curves were
derived for each of the two control blocks and
were tested for independence using a row x
column test of independence with a G-statis-
tic. Log-linear models were used to test for
significant interactions between various fac-
tors and the two control blocks. For example,
interactions between species composition,
season, and block were examined in which
species composition included 22 species with
adequate sample size, and wet and dry season
captures in the two control blocks. Interac-
tions between guild, season, and block wete
examined for the five guilds following the
classification of Katr e 4/ (1990), in wet and
dry season in the two control blocks.

RESULTS

Avian species inventoty

A total of 342 species are currenty known
from the FLONA Tapaj6s (Appendix 1). Of
the 342 species, 274 species constitute the
“core” avifauna (sens# Remsen 1994) of ferra
firme forest.

Evidence. Of the 342 species listed in Appendix
1, 59% were documented by specimen (77),
tape (103), photograph (10) or tape and
photograph (10). Of the species not docu-
mented by specimen, photograph or tape,
33 were identified visually upon net capture,
90 were identified in the field by sight only,
5 were identified by vocalizations only, and 14
were identified by sight and vocalizations.

Mist net samples

After 23 months of banding (10,800 net-h) in
the ferra firme forest, 1885 captures of 1612
individuals representing 114 species were
found in control blocks 1 and 3. This repre-
sents 84.6% of the species known from net
samples from these blocks as well as an undis-
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FIG. 2. Species richness relative to the cumulative number of sampled individuals estimated from a jack-
knife procedure involving sampling with replacement for understory mist-net samples in ferra firme forest
control blocks 1 and 3 in the Tapajés National Forest, Brazil. The inserted graph shows the observed rela-
tionship of species richness and the cumulative number of individuals captured in mist nets. C1 and C3
indicate control blocks 1 and 3, respectively. Error bars represent 1 SE.

turbed and two selectively logged blocks on
the 5000-ha grid at km 83, and 41.6% of the
274 core species cutrently known from the
terra firme forest in the national forest (Appen-
dix 1).

The rate of species accumulation was
highest in C-1, the block with some second
growth vegetation (Fig. 2). The rate of species
accumulation was highest in the first 400 to
500 individuals captured. The jackknife pro-
cedure predicted a species richness of 149 and
109 species for C-1 and C-3, respectively,
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assuming an infinite number of samples (Fig,
2). The procedure further indicated that a
sample of 100 individuals from either control
block would be expected to have approxi-
mately 40 species.

As with other avian understory assem-
blages in continental Neotropical forests the
rank-ordered abundance distribution was
strongly skewed towards rare species, with
very few common species in either control
block (Fig. 3). The most common species,
Glyphorynchus spirurus, represented only 11.2%
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FIG. 3. Rank abundance distribution (1612 individuals, 114 species) of birds netted in ferra firme forest in
the Tapajés National Forest, Brazil. Data wete combined for control blocks 1 and 3.

of all individuals captured in the two blocks
(Table 1). The 10 most commonly captured
species constituted only 49.3% of all individu-
als banded in both blocks (49.5% of individu-
als in C-1, 50.1% of individuals in C-3). The
predominance of rare species is most evident
when using Karr’s (1971) definition of a rare
species (< 2% of the individuals of a sample),
which indicates that 90% (104) of the 114
species in the two blocks were rare. Moreover,
20% of the 114 species were represented by
only one individual.

Despite the fact that the rank-abundance
distribudons did not differ significandy (P >
0.05) between the two control blocks, the spe-
cies composition did vary significantly
between the two blocks (composition x block,
P < 0.001). Three species, Turdus albicollis,
Rhegmatorbina gymnops, and Dendrocincla mernla,
significantly (P < 0.05) contributed to the dif-
ferences in species composition between the

blocks (Table 1).

Seven of 21 species with adequate sample
sizes showed significant differences in cap-
tures between the two blocks. Species with
significantly (P < 0.05) higher captures in the
second growth block (C-1) than the primary
forest block (C-3) included Ghphorynchus spirn-
rus, Mionectes macconnelli, Platyrinchus coronatus,
Pipra rubrocapilla, Pipra iris, and Turdus albicollis.
In contrast, Rbegmatorbina gymnops was signifi-
cantly more abundant in the primary forest
block than in the secondaty forest block. Two
species showed significant differences in
abundance between blocks that varied with
season (block x season interaction). For exam-
ple, Dendrocincla merula was more frequently
(P = 0.03) captuted in C-1 than C-3 during
the dry season (27 captures vs. 19 captures)
and more frequenty in C-3 than C-1 during
the wet season (21 vs. 11 captures). The
opposite pattern was found in Thamnomanes
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TABLE 1. Number of individuals (rank in parentheses) for the twenty-one most frequently captured spe-
cies in a sample of 933 individuals in C-1, 679 individuals in C-3, and 1612 individuals in the combined
sample from ferra firme forest in the FLONA Tapaj6s Brazil.

Species Guilds* C1 C3 C1&C3
Ghyphorbynchus spirnrus S-SI-B 110 (1) 71 (1) 181 (1)
Pipra rubrocapilla S-FR-F 86 (2) 39 (4) 125 (2)
Dendrocincla mernia S-LI-R 38 (4) 41 (2) 79 (3)
Mionectes macconnelli S-SO-F 52 (3) 26 (7) 78 (4)
Hylophylax: poecilinota S-LI-R 375 40 (3) 77 (5)
Thamnomanes caesins S-LI-F 34 (7) 26 (8) 60 (6)
Pipra iris S-FR-F 37 (6) 20 (9 57 ()
Myrmothernia longipennis S-SI-F 22.(9) 29 (6) 51 (8)
Rbegmatorhina gymnaps S-LI-R 14 (18) 34 (5) 48 (9)
Phlegopsis nigromaculata S-LI-R 20 (12) 19 (10) 39 (10)
Turdus albicollis S-SO-F 24 (8) 8 (26) 32 (12
Platyrinchus coronatus S-SI-A 22 (10) 10-(20) 3212
Auntomolus infuscatns S-LI-F 14 (17) 16 (11) 30 (13)
Conopophaga anrita G-SI-G 11 (20 14 (14) 25(14)
Hylophylax: naevia S-SI-F 9 (31) 15 (13) 24 (17)
Malacoptila rufa S-LI-A 13 (19) 11 (18) 24 (17)
Myiobius batrbatus S-SI-A 14 (18) 10 (21) 24 (17)
Geotrygon montana G-FR-G 16 (14) 6 (32) 22 (20)
Schiffornis turdinus S-SO-F 10 (23) 12 (16) 22 (20)
Thalurania furcata S-NI-F 15 (15) 7 (28) 22 (20)

*Classification of Katr e# al. (1990): Foraging strata: G = Ground, S = Shrub; Diet: ST = Small insects, SO
= Small insects and fruit, LI = Latge insects, FR = Fruits, NI = Nectar and small insects; Substrata: A =
Air, B = Branches and trunk, F = Foliage, live includes fruits and flowers, G = Ground, R = Army ants.

caesins, which was more frequently (P = 0.02)
captured in C-3 than C-1 during the dry sea-
son (18 vs 11) in contrast to the wet season
when it was captured more frequently in C-1
than C-3 (8 vs 23). Thus some species showed
significant differences in abundance between
the blocks, and for two species, differences in
abundance between blocks depended on sea-
son.

Guild structure. Most captured birds in both
blocks were insectivorous. Birds that feed pri-
marily on insects constituted 74.6% of the
species, 76.7% of the individuals, and 70.8%
of the biomass of all captured birds (Table 2).
Inclusion of birds that secondarily consume
insects with those that primatily consume
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insects indicates that 83.3% of all species and
82.1% of all individuals prey on insects.
Insectivorous birds differ in the degree
and nature of sociality while foraging. Espe-
cially conspicuous, are mixed species foraging
flocks of insectivorous bitds that included
25.4% of the species, 34.1% of the individu-
als, and 22.6% of the biomass in our net sam-
ples. Two common species that join mixed
species flocks were among the 10 most abun-
dant species (6™ and 8" overall, Table 1), and
one, Thamnomanes caesins, plays an important
role as a nuclear species in the flocks. Birds
that are obligate followers of army ants com-
posed only a small percentage of the species
captured (6.1%), but a larger percentage of
individuals (11.6%) and biomass (20.3%). The
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TABLE 2. Relative importance (%) of feeding guilds in combined mist net samples from blocks C-1 and

C-3 in terra firme forest, FLONA Tapajés, Brazil.

Feeding categories Numbert of species’  Individuals® Biomass’
Army ant-followets 6.1 11.6 20.3
Insectivores 333 23.6 213
Insectivore/ frugivores 5.3 14 2.5
Mixed-flock insectivores 25.4 341 22,6
Mixed-flock insectivore/ frugivores 4.4 6.0 4.0
Subtotal/Primarily insectivores 74.6 76.7 70.8
Frugivores 7.0 13.5 11.4
Frugivore/insectivores 8.8 53 11.3
Subtotal /Primarily frugivores 15.8 18.8 22.7
Nectarivores 6.1 42 0.8
Subtotal/Nectarivores 6.1 42 0.8
Piscivores 0.9 0.1 0.03
Small vertebrates/insects 2.6 0.2 5.7
Subtotal Miscellaneous 35 0.3 5.7
100.0 100.0 100.0

'Percentage of species mist-netted and assigned to feeding guilds (N = 114 species).
*Percentage of captured individuals per feeding guild (N = 1612).
*Percentage of community biomass as estimated from multiplying the number of individuals banded and

mean weight per species at study site.

higher biomass representation of obligate fol-
lowers of army ants is in part due to the rela-
tively large body mass of common army ant
followers such as Dendrocincla mernia (42.4 g)
and Phlegopsis nigromaculata (47.2 g). Obligate
followers of army ants were the third, ninth,
and tenth most abundantly captured species
in the samples from the two blocks (Table 1).

Prugivorous species or species which fed
primarily on fruit were relatively uncommon
in the understory, as they represented only
15.8% of the species, 18.8% of the individu-
als, and 22.7% of the biomass (Table 2). Two
manakin species, Pipra rubrocapilla and P. iris,
were numerically the most important frugivo-
tous species in net samples, ranking second
and seventh respectively, in abundance of
individuals (Table 1).

Nectarivores were rare in understory nets

where they represented only 6.1% of the spe-
cies, and 4.2% of the individuals. Nectarivores
constituted slightly less than 1% of the biom-
ass; this is not surprising given the small body
mass of hummingbirds that compose the nec-
tarivore guild. The rarity of nectarivorous spe-
cies in the net sample is evident in the
rankings by abundance curves (Thalurania fur-
cata, 20" Phaethornis superciliosus, 30“').
Seasonal differences in diet guild compo-
sition (G x S, df = 6, x> = 20.82, P = 0.002)
were consistent in both blocks (3-way interac-
tion, df = 3, x* = 4.04, P = 0.258). This find-
ing was robust, as significant (P = 0.004)
differences in dietary guild composition
occurred between season when using six of
the Karr diet categoties for the captured birds
(Fig. 4). Changes in diet guild composition are
largely attributable to increased wet season
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FIG. 4. Percentage of individual birds captured in
different diet guilds in the dry and wet season in
control blocks 1 and 3 in the Tapajés National
Fotest, Brazil. Diet guilds are after Karr of 4/
(1990) and include the following categories: FR,
fruits ot fruits and seeds; N, nectar and insects; SI,
small insects, LI, large insects; SO, small insects
and fruit; LI, large insects. Sample size (N) indi-
cates the number of individuals captured in the
indicated season.

captures of small omnivores (P = 0.01) and
frugivores (P = 0.04) and increased dry sea-
son captures of both large (P = 0.03) and
small insectivores (P = 0.01). Nectarivore cap-
tures did not change significantly between wet
and dry seasons.

Slight but significant (G x B, df = 6, ¥ =
36.36, P = 0.001) differences in guild compo-
sition were found between blocks (Fig. 4),
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which were seasonally consistent. Total cap-
tures of nectarivores and frugivores were sig-
nificantly (P = 0.04; P = 0.01, respectively)
higher in C-1 than in C-3. In addition, total
captures of small insectivores was signifi-
cantly higher in the secondary forest block, C-
1, than in C-3.

DISCUSSION

Avian species inventory. The total list of 342 spe-
cies for the FLONA Tapajés should be
viewed as preliminary, given that about 42%
of the listed species have inadequate docu-
mentation (e.g,, no specimen, photograph, or
tape recording) and require verification. In
addition, habitats such as ‘varzea” forest,
river edge and marshes, and liana forests have
not been sampled adequately and more obser-
vations in the canopy are needed. Moreover,
most field work has been concentrated in the
eastern portion of the FLONA and surveys in
the western and drier southern portions are
needed. With more thorough coverage of the
geographic extent and constituent habitats,
we expect the list to easily reach 450 species
for the entire national forest.

Given geographical ranges of Amazon
bitd species (Ridgely & Tudor 1989, 1994,
Sick 1997), it is evident that some expected
species are currently absent from our
FLONA Tapajos list and are likely to be
found with more extensive surveys. For
example, more canopy observations in diffet-
ent forest types are likely to add species such
as Cotinga cotinga, Cyanerpes nitidus, Dacnis fla-
viventris, Hemithranpis flavicolis, and Euphonia
chrysopasta. Aquatic birds are mostly absent
from our list and surveys along waterways
will increase the numbers of species in
Atrdeidae as well as species in families not cur-
rently represented on the list (Podicipedidae,
Anhingidae, Ciconiidae, Threskiornithidae,
Anatidae, Eurypygidae, Charadriidae, and
Scolopacidae). River edge and islands are



expected to contribute passerines such as
Xenops tenuirostris, Sakesphorus luctuosns, Thamno-
philus nigrocinerens, Myrmotherula assimilis, Myr-
moborus lugnbris, Elaenia pelzelni, Cephalopterus
ornatus, Conirostrum speciosum, Cacicus solitarius,
and Gymnemystax mexicanus. We expect future
surveys of “varzea” forest in the FLONA to
document species such as Pipra anreola, Schiffor-
nis major, Heterocercus lineatus, Hypocnemoides me-
lanopaogon, Hypocnemoides macnlicanda, Xiphorhyn-
chus obsoletus, Turdus fumrigatus and Eucometis
penicillata. Finally, we expect the list to be aug-
mented by the addition of species characteris-
tic of open or second growth habitats as
deforestation continues along the national
forest’s borders.

In contrast to the total list, our confidence
is higher for the documentation of the core
avifauna of the ferra firme primary forest in
which most efforts were concentrated.
Although about 35% of 274 species constitut-
ing the core ferra firme avifauna had inadequate
documentation (i.e., below level 2), 31 species
were captured in mist nets and subsequently
measured and identified in the hand. We do
not expect future studies to substantially alter
this total.

The core avifauna total (274 species) in
the Tapajos ferra firme primary forest is similar
to species richness from serra firme ptimary
forest elsewhete in Amazonia. For instance,
the ferra firme forest north of Manaus has a
total of 266 core species (Cohn-Haft ez /.
1997). An analysis of the Manu data of Tet-
borgh and colleagues (in Karr e 2/ 1990) by
Cohn-Haft ez 4/ (1997) indicated a ferra firme
total of 271 species. However, Cohn-Haft ¢#
al. (1997) cautioned that the Manu figure
might include some extremely rare or acciden-
tal species that are not part of the core total.
The lowest terra firme total (200 species)
occurs in Tambopata, Peru (Patker et 4l
1994), but this may represent undersampling
(Cohn-Haft et 2/ 1997). Thus, the results for
Tapajos are consistent with a growing body of

BIRDS OF THE TAPAJOS NATIONAL FOREST

evidence indicating a remarkable consistency
in avian species richness in #rra firme forests
across the breadth of the Amazon basin
(Cohn-Haft e a/ 1997). This consistency in
species tichness exists even though ferra firme
forests differ considerably in annual rainfall
and primary productivity, suggesting that vari-
ation in avian species richness among sites
may be independent of these factors in ferra
firme fotest.

Understory mist net samples. Our netting results
are consistent with the general patterns found
in previous understory netting studies in four
Neotropical continental forests (Katr ef 4.
1990), despite minor differences in analyses.
Our analyses were based mostly on total num-
bers of individuals captured in both the wet
and dry seasons, in contrast to the summaries
in Karr ef a/. (1990) which are restricted to net
captures in the dry season. Their comparison
of net samples from La Selva (Costa Rica);
Barro Colorado Island (BCI) and Soberania
National Park or Pipeline Road (Panama),
Manu (Peru), and Manaus (Brazil) demon-
strated high species richness, many rare spe-
cies, and similarities among sites in the
taxonomic identity of the most frequently
captured species and trophic ofrganization.
Not surprisingly, our findings were most com-
patable to patterns for the Amazon sites
(especially Manaus, 590 km from our site, but
opposite side of the Amazon River), reflecting
the close geographic proximity.

Although species accumulation curves
based on the cumulative number of unique
individuals rose at a faster rate than did curves
based on the accumulation of captures, our
results provide a similar range of values to
those derived from net studies using the latter
method. For instance, a sample of 600 indi-
viduals yields 80 species from combined
blocks at Tapajés (90 species in C-1; 74 spe-
cies in C-3) in comparison to a range of 40 to
88 species (BCI vs Manu) from samples of
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600 captures (Katr ¢f al. 1990). Jackknife esti-
mates of 40 species in a sample of 100 indi-
viduals from Tapajés is similar to the
jackknife estimate of 41 species from 100 cap-
tures in Manu. This latter estimate seemed
low (vs 55 and 56 species in La Selva and
Manaus, respectively) to Karr et al (1990) who
attributed the low estimate to a high number
of species with only one ot two captures. This
suggested a weakness of the jackknife proce-
dure to them. Finally, a composite sample of
1000 captures from the two combined Tapa-
j6s blocks (500 captures each) yielded 96 spe-
cies, compared with 76 species in Manaus,
and a range of 70 to 111 species from La
Selva and Manu, respectively. The high avian
species richness of Tapajos net samples is
comparable to samples obtained in other
Neotropical forests.

A preponderance of rare species as evi-
dent in the extended tail of our rank-abun-
dance curves from net captures is typical of
avian communities of mainland tropical for-
ests (e.g, Karr 1971, Lovejoy 1974, Pearson
1977, Wong 1986, Karr ef al. 1990). However,
rarity in net samples often represents an arti-
fact of the sampling technique, as mist nets
are not random samples of the avian commu-
nity, and many species are under represented
in net samples, often being common based on
other sampling methods (e.g, Karr 1981,
Bierregaard 1990, Remsen & Good 1996).
Previous workets noted that under-represen-
tation of common species in net samples
results from a variety of traits: 1) species that
walk rather than fly are captured rarely,
2) very small or very large species are not
captuted effectively, 3) sedentary species
are less likely to be captured compared to
active species, and 4) species common in
other habitats or strata which infrequently
encounter the nets.

Net samples under-represented the abun-
dance of at least 42 (36.8%) of the 114 species
tallied in the two blocks, because of the fac-
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tors contributing to sampling bias. Visual
observations or detection of vocalizations
indicated that these species are not rare. For
example, vocal detections of antpittas and
antthrushes, such as Formicarius analis, F. colma,
and Myrmothera campanisena, indicate that such
species that forage while walking are not as
rare as net samples indicate. Large body size
and foraging height likely contributed to the
net sample rarity of Monasa morphoens, Cryp-
turellus variegatus, Leptotila rufaxilla, Trogon rufus,
Micrastur gilvicollis, and Celens jumana. At the
other extreme, small species, such as hum-
mingbitds, likely were under represented in
net samples because of relatively large mesh
size.

Some species are rare in net samples
because they infrequently enter the forest
understory, although they are more common
in nearby habitats ot in higher strata. This is
the case for canopy or subcanopy species that
infrequently descend to the understory (A#la
spadicens, Xiphorhynchus guttatus, Lipaugus vocife-
rans, Rbytipterna simplex, Hylophilus hypoxanthus
and Tachyphonus cristatus). Gap specialists (e.g,,
Myrmeciza bemimelaena) likely were under-rep-
resented because net lines did not adequately
sample gaps. Species common in nearby early
second growth (Chiroxiphia pareola, Manacus
manacus, Thryothorus lencotis, Ramphocelus carbo)
ot forest edge (Hypocnemis cantator) only rarely
passed through the forest interior understory.
Finally, proxitmity to a stream likely accounted
for the captures of Schistocichla lencostigma, Scla-
teria naevia, and Hylophylax punctulata, species
of streamsides ot “varzea” forest.

Whereas mist net samples may under-rep-
resent the abundance of some common spe-
cies, net captures may also over-represent the
abundance of others, particularly species that
have large home ranges and actively fly
through the understory (Bierregaard 1990).
As others have pteviously suggested, actively
moving foragers such as army ant followers
and members of mixed species flocks will be



over-represented in net samples in contrast to
more sedentary sit-and-wait predators. Even
though net samples are unlikely to be repre-
sentative of the avian community as a whole,
they likely have value for comparative pur-
poses with other net samples from similar
habitats or long-term studies.

Strong similarities between forest sites in
the most frequently captured species are evi-
dent in a comparison of the 20 most common
species captured in Manaus (Bierregaard
1990) and the 21 most common species (addi-
tional species due to ties) captured in FLONA
Tapajés (Table 1), when the analysis is
restricted to species with geographic ranges
that include both sites. The Amazon River
acts as a major barrier for many species (Haf-
fer 1969, 1990), as evident in approximately a
third of the species in each list that are
restricted to one side of the Amazon. For
example 7 of the 20 most frequently captured
species in Manaus are found only north of the
Amazon River (Pithys albifrons, Gymmnopithys
rufignla, Thamnomanes ardesiacus, Xiphorhynchus
pardalotus, Myrmothernia gutturalis, Percnostola
rufifrons, Microbates collaris) and 6 of the 21
most frequently captured species in the Tapa-
jos are found only south of the Amazon (Rbeg-
matorhina  gymnops, Pipra iris P. rubrocapilla,
Myrmotherula  lencophthalma, Malacoptila  rafa,
Phlegopsis nigromaculata).

Of the 20 or 21 most frequently captured
species at a site, approximately half the spe-
cies (11) were among the most frequently cap-
tured at both Manaus and Tapajés, including
Ghpherbynchus  spirnrus, Hylophylax poecilinota,
Mionectes macconnelli, Turdus albicollis, Dendrocin-
cla merula, Myiobins barbatns, Myrmo-therula lon-
gipennis, Automolus infuscatus, Schiffornis turdinus,
Thamnomanes caesins, and Geotrygon montana.
Differences in abundance between Manaus
and Tapajés were suggested for shared spe-
cies that were frequently captured at one site
but only infrequently captured at the other
site. For instance, four species on the fre-
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quently captured list for Tapajés were present,
but not among the 20 frequently captured
species for Manaus (Platyrinchus  coronatus,
Thalurania furcata, Conopophaga anrita, Hylophy-
lax: naevia). However, the latter two species are
distributed in a patchy fashion and can be
common in some net samples in Manaus
(Stouffer, pers. comm.). Conversely, two spe-
cies of the 20 most frequently captured spe-
cies in Manaus were rare or infrequently
captured in Tapajos (Pipra pipra, Hypocnemis
cantator). Thus for species with ranges encom-
passing both sites, approximately 75% of the
most frequently captured species also were
captuted commonly at both sites. Generally,
species common in Manaus were common in
Tapajos.

Analysis of feeding guilds based on diet
classification of captured birds was consistent
with previous tropical forest netting studies,
in demonstrating a preponderance of insecti-
vores, few frugivores, and even fewer nectari-
vores (e.g., Karr et al. 1990, Bierregaard 1990,
Blake ¢z al 1990). Especially low numbers of
frugivores and nectarivores were characteristic
of the Manaus net samples, as well as those
from Tapajés. Although a somewhat larger
percentage of frugivorous species was cap-
tured in Manaus (27.8%) than Tapajés
(15.8%), closer similariies were evident
between the two sites in percentage of frugi-
vores based on numbers of individuals (13.7%
vs 18.8%) and biomass (22.3% vs 27.7%).
Relative scarcity of frugivores in Manaus and
Tapajos is evident in comparisons of frugivo-
rous species in the ten most common species
in samples of 1000 captures at the four forest
sites studied by Karr ef a/ (1990). Frugivores
represented 17.2%, 15.2%, 14.8%, and 9.1%
of the species at La Selva, Pipeline Road,
Manu, and Manaus, respectively, but only
8.3% at Tapajos.

Nectarivores were relatively rare in net
samples and constituted similar percentages
of the samples at Manaus and Tapajés in
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terms of the numbers of species (5.6% vs.
6.1% in the two respective sites), individuals
(4.6% vs 4.2%) ot biomass (0.9% vs 0.8%). In
addition, both Manaus and Tapajés lacked
nectarivores in the top ten most common
species in 1000 capture samples, in contrast to
net samples elsewhere (La Selva, 8.1%; Pipe-
line Road, 5.9%; Manu, 3.9%; Bierregaard
1990, Karr e 2/ 1990).

Previous studies have indicated that frugi-
vore and nectativore abundance is greater in
second growth than primary tropical forests
(e.g, Blake ef a/ 1990, Levey 1988). Captures
of frugivores and nectarivores were expected
to be lower in the primary forest block (C-3)
relative to the block with old second growth
(C-1). Our findings were mostly consistent
with this, although the differences between
blocks were small or absent. For instance, fru-
givote captures in C-3 were less than in C-1 in
terms of the representation of primatily fru-
givotous species in net samples of species
(15.0% vs 15.5% in the two respective sites),
individuals (14.9% vs 21.7%) and biomass
(20.3% vs 24.8%). Nectarivores constituted
virtually the same levels of abundance in C-3
and C-1 for samples of species (6.3% vs.
6.8%), individuals (3.2% vs. 4.9%), and biom-
ass (0.5% vs. 1.0%).

Our findings further support previous
mist netting results indicating that the under-
story of mature Amazonian serra firme forest
has low densities of frugivores and nectari-
vores relative to Central American forests
(Bierregaard 1990). Moteover, recent mist net
samples from the Ferteira Penna Research
Station in the Caxiuand National Park in the
eastern Amazon (400 km west of Belém,
1°41°30”S and 51°31°45”W, Lisboa 1999) fur-
ther indicate rarity of frugivores and nectari-
vores in the understory of serra firme Amazon
forests. A small mist net sample (720 mist net
hours, 477 individuals, 54 species) at Cax-
ivani, by Melo Valente (1999) shows that fru-
givores constituted only 6.8% of the captures
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in the top ten most frequently captured spe-
cies (Turdus albicollis, 4*; Pipra pipra 77). As
with net samples from Tapajés and Manaus,
nectarivores were absent from the ten most
frequently captured species at Caxivani, and
the most commonly captured nectarivore,
Thalurania furcata, ranked 15" in captutes.
Whether this rarity of understory necatari-
vores and frugivores corresponds to a paucity
of food resoutces due to diminished under-
story plant productivity hypothesized for
Amazon ferra  firme forests (Gentry &
Emmons 1987) remains to be tested.
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