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Resumo

Zonas ripdrias sdo reconhecidas pela sua importancia na manutencdo da biodiversidade
regional. Diversos estudos compararam a distribui¢ao de aves em zonas ripdrias e ndo-riparias
a fim de avaliar o valor para conservagdo das zonas ripdrias. Contudo, nenhum estudo se
dedicou a estabelecer até que distancia em rela¢do ao riacho as aves reconhecem como ripdria.
N6s investigamos a distribui¢do de aves de sub-bosque ao longo dos gradientes ambientais de
distancia do riacho, contetido de argila e inclinagdo do terreno em uma floresta de terra firme
na Amazonia central. Para amostrar a comunidade de aves de sub-bosque, utilizamos redes de
neblina em 45 parcelas, sendo cada parcela amostrada trés vezes. Utilizamos Non-metric
Multidimensional Scaling (NMDS) para reduzir a dimensionalidade dos dados de composicao
quantitativa (abundancia) e qualitativa (presenca-auséncia) de espécies em um eixo de
ordenacdo multivariada. Em 9720 horas-rede, nds capturamos 1506 aves pertencentes a 98
espécies em 28 familias. A estimativa da largura da zona ripdria indicada pelas aves de sub-
bosque na Reserva Ducke dependeu do atributo da comunidade considerado: composi¢dao
quantitativa (100 m), composicao qualitativa (140 m). A distribui¢do de espécies esteve
relacionada com o conteido de argila, mas ndo esteve relacionada com a inclinacdo do
terreno. Na Reserva Ducke, distancia do riacho apresenta correlacio com o conteido de
argila, mas ndo apresenta correlagdo com inclinacao do terreno. Conteido de argila afeta a
composi¢ao de espécies vegetais, que, por sua vez, pode afetar a composicdo de aves.
Contudo, o padrao de distribuicio de aves em locais proximos e afastados do riacho €
consistente entre estudos realizados em diversas geomorfologias, tanto em regides temperadas
quanto em regides tropicais, o que indica um efeito da distancia do riacho per se. A protecdo
de faixas adjacentes a riachos constitui umas das estratégias de conservacao mais utilizadas.
No Brasil, a faixa protegida ao redor do riacho se estende até 30 m. N6s demonstramos que a
faixa protegida deve ser aumentada consideravelmente para que a legislacdo ambiental
brasileira seja eficiente em cumprir o seu papel de proteger a biodiversidade associada a zonas
ripdrias.
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Abstract

Riparian zones are recognized by their importance to maintaining the regional biodiversity.
Several studies compared the bird distribution between riparian and non-riparian zones to
evaluate the conservation value of riparian zones. However, no study aimed to establish how
wide is the riparian zone recognized by birds in relation to distance from the stream. We
investigated the distribution of understory birds along the environmental gradients of distance
from the stream, clay content and slope of the terrain in a terra firme central Amazonian
forest. We sampled understory birds using mist nets in 45 plots, sampling each plot three
times. We used Non-metric Multidimensional Scaling (NMDS) to reduce the data
dimensionality of species quantitative (abundance) and qualitative (presence-absence)
composition in one multivariate axis. In 9720 mist-net hours, we captured 1506 birds
belonging to 98 species in 28 families. Estimation of the width of riparian zone as indicated
by understory birds in Reserva Ducke depended on the community attribute considered:
species quantitative composition (100 m), species qualitative composition (140 m). The
species distribution was related to clay content, but it was not related to slope of the terrain. In
Reserva Ducke, distance from the stream is correlated with clay content, but it is not
correlated with slope of the terrain. Clay content affects the plant species composition, which
in turn could affect the bird species composition. However, the distribution pattern of birds in
places near to and away from the stream is consistent among the studies carried out in diverse
geomorphologies in both temperate and tropical regions, indicating an effect of distance from
the stream itself. The protection of strip’s adjacent to streams is one of the most used
conservation strategies. In Brazil, the protected strip around the stream extends to 30 m. We
demonstrated that the width of the protected strip should be increased considerably for the
Brazilian environmental legislation to be effective in fulfilling its role of protecting the
biodiversity associated with the riparian zones.
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Introducao

A alta especificidade das espécies ao habitat (Tuomisto et al. 1995; Jankowski et al.
2009) pode levar a formacao de assembléias de espécies distintas em uma dada comunidade
devido a heterogeneidade ambiental (Keller ez al. 2009). Contudo, a formacdo de assembléias
em ambientes heterogéneos nao se aplica a qualquer grupo taxondmico (Aguiar, Gualberto &
Franklin 2006), sendo mais claras em uns (Drucker, Costa & Magnusson 2008) do que em
outros (Kinupp & Magnusson 2005).

Em geral, aves apresentam alta especificidade ao habitat como demonstrado pela sua
distribuicao em funcdo dos estratos verticais da vegetacao (MacArthur & MacArthur 1961). A
selecao de habitat por aves pode ser determinada pela fisionomia da vegetacdo (Rotenberry &
Wiens 1980) ou, em uma mesma fisionomia vegetal, pela composi¢dao de espécies vegetais
(Lee & Rotenberry 2005) e pelas caracteristicas (Banks-Leite & Cintra 2008) e dinamica de
formacdo de clareiras (Schemske & Brokaw 1981). A distribuicio de espécies de aves
também € determinada pela distincia em relagdo a riachos (Willis 1977; Cohn-Haft,
Whittaker & Stouffer 1997; Woinarski et al. 2000; Cintra & Cancelli 2008).

Dois tipos de ambientes sdo reconhecidos em fun¢do da distancia a riachos: ripdrios e
nao-ripdrios, cada qual com caracteristicas e dindmica préprias (Naiman, Décamps & Pollock
1993). Diversos estudos reportaram diferencas existentes entre a composi¢do e a abundancia
de aves de zonas ripdrias e ndo-riparias (Bub, Flaspohler & Huckins 2004; Palmer & Bennett
2006; Lehmkuhl et al. 2007), a fim de avaliar o valor para a conservacao das zonas riparias. A
largura da zona ripéria protegida por lei € arbitrariamente definida e varidvel entre jurisdicoes.
Determinar a distancia em relacdo aos riachos que as espécies indicam como sendo ripéria €
de suma importancia para formular leis mais eficientes para proteger as espécies associadas a
zonas riparias. De nosso conhecimento, nenhum estudo se dedicou a estabelecer até que
distancia em relacdo a riachos as aves indicam como sendo ripdria.

O Codigo Florestal brasileiro (lei n® 4.771/65) considera zonas riparias como areas de
preservacdo permanente (APPs). A maior parte da Amazonia brasileira € coberta por uma
densa rede de rios e riachos (Sioli 1991). Os pequenos riachos na maior parte da bacia
amazonica tém APPs que se estendem por 30 m de cada lado dos corpos d’agua. Mesmo sem
considerar os efeitos de borda (Brosofske et al. 1997) e os processos ecossistémicos, tais

como fluxo de dguas superficiais e subterraneas, 30 m é muito menos do que a faixa em que



assembléias de ervas de sub-bosque associadas a zonas ripdrias sdo distintas das assembléias
mais afastadas do riacho (Drucker, Costa & Magnusson 2008).

O Cédigo Florestal brasileiro determina que cada propriedade rural situada em drea de
floresta na Amazonia Legal deve manter uma cobertura florestal de 80% (sem considerar as
APPs). Entretanto, existe um forte movimento rural interessado em reduzir essa drea para
50%. De qualquer forma, se a largura da faixa em relagdo ao riacho utilizada pelas espécies
associadas a zonas ripdrias é maior que 30 m, o Cdédigo Florestal brasileiro seria mais
eficiente em proteger essas espécies se considerasse a configuracdo da paisagem em relagcao
as APPs. Possivelmente, 50% de cobertura florestal contigua as APPs seria mais eficiente que
80% de cobertura, se 0os 20% desmatados isolarem as APPs da floresta circundante e a faixa
de 30 m ndo for suficiente para manter as populacdes que estao isoladas.

Neste estudo, nds investigamos a distribui¢do de aves de sub-bosque em relacdo a
distancia do riacho e a varidveis edaficas e topograficas (contetido de argila e inclinacao do
terreno), que sabidamente sdo correlacionadas com a composi¢do de espécies de plantas
(Costa, Magnusson & Luizdo 2005; Kinupp & Magnusson 2005; Poulsen, Tuomisto &
Balslev 2006; Bohlman et al. 2008; Drucker, Costa & Magnusson 2008), em uma floresta de
terra firme na Amazonia central. N6s mostramos que aves de sub-bosque indicam uma zona
riparia que se estende muito além da largura de vegetacdo adjacente a cursos d’dgua protegida

pela legislagdao ambiental.

Objetivos

e Estimar a largura da zona riparia para aves de sub-bosque em uma floresta de terra
firme na Amazdnia central.
e Determinar o efeito dos gradientes ambientais de distancia do riacho, conteido de

argila e inclina¢@o do terreno na distribuicdo de aves de sub-bosque.
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Summary

1. Riparian zones are important for maintenance regional biodiversity. Many studies have
compared bird distributions between riparian and non-riparian zones, but no published study
has been designed to establish how wide is the riparian zone recognized by birds in relation to
distance from the stream.

2. We investigated the distribution of understory birds along environmental gradients of
distance from the stream, clay content and terrain slope in a central Amazonian forest. We
sampled understory birds using mist nets in 45 plots, sampling each plot three times. We used
Non-metric Multidimensional Scaling (NMDS) to reduce the dimensionality of species
quantitative (abundance) and qualitative (presence-absence) composition to one multivariate
axis.

3. Estimation of the width of the riparian zone as indicated by understory birds depended on
the community attribute considered: species quantitative composition (100 m), species
qualitative composition (140 m). Species distributions were associated with clay content, but
were largely independent of slope.

4. Distance from the stream is correlated with clay content, but is largely independent of slope
in the study site. Clay content affects plant species composition, which in turn may influence
bird species composition. However, distribution patterns of birds with respect to distance
from the stream are consistent among studies in both temperate and tropical regions,
indicating an effect of distance from the stream itself.

5. Synthesis and applications. The protection of riparian zones is one of the most widely used
conservation strategies. Under Brazilian law, the protected strip around small streams extends
to 30 m. We show that the protected strip should be much wider and we recommend that
Brazilian environmental legislation be changed to fulfill its role of protecting biodiversity

associated with riparian zones.



Key words: biodiversity conservation, ecological boundaries, environmental legislation,
species distribution, environmental gradients, tropical forest, riparian zones, Neotropical

birds, mist nets

Introduction

Habitat specificity at the species level (Tuomisto er al. 1995; Jankowski et al. 2009) can
generate distinct species assemblages within a given community due to environmental
heterogeneity (Keller er al. 2009). However, this phenomenon is not universal among
taxonomic groups (Aguiar, Gualberto & Franklin 2006), being stronger in some (Drucker,
Costa & Magnusson 2008) and weaker in others (Kinupp & Magnusson 2005).

Birds typically show high habitat specificity, as shown in the classic study of their
distribution in vertical vegetation strata (MacArthur & MacArthur 1961). Habitat selection in
birds may be determined by vegetation type (Rotenberry & Wiens 1980), or, within the same
vegetation type, by plant species composition (Lee & Rotenberry 2005) and treefall-gap
characteristics (Banks-Leite & Cintra 2008) and dynamics (Schemske & Brokaw 1981). Bird
species distributions also vary in relation to distance from streams (Willis 1977; Cohn-Haft,
Whittaker & Stouffer 1997; Woinarski et al. 2000; Cintra & Cancelli 2008).

Ecologists typically recognize two habitat types along the gradient of increasing
distance from the stream: riparian and non-riparian, each with its own characteristics and
dynamics (Naiman, Décamps & Pollock 1993). Many studies of the conservation value of
riparian zones have documented differences between the species composition and abundance
distributions of bird communities in these two habitat types (Bub, Flaspohler & Huckins
2004; Palmer & Bennett 2006; Lehmkuhl et al. 2007). Since the width of riparian zones as
defined by environmental legislation is typically arbitrary, and varies between jurisdictions,

making that legislation more effective will require studies to determine the true width of



habitat that species recognize as riparian. To our knowledge, no published study has been
designed to establish how wide is the riparian zone recognized by birds in relation to distance
from the stream.

Brazil’s forestry code (law n°® 4771/65) designates riparian zones as areas meriting
permanent protection (hereafter referred to by the Portuguese acronym APP). In most of the
Brazilian Amazon, where the landscape is criss-crossed by a dense network of rivers and
streams (Sioli 1991), APPs for small streams are defined as strips 30 m wide on each side of
small streams. However, Drucker, Costa & Magnusson (2008) showed that understory-herb
assemblage associated with riparian zones extends much farther from streams than this. Also,
30 m may not account for edge effects (Brosofske er al. 1997) and ecosystem processes, such
as above- and below-ground water flow.

The Brazilian forestry code mandates that all rural landholdings in the country’s
Amazon region must maintain at least 80% forest cover (not including APPs). A strong
political movement is currently pressuring the government to reduce this to 50%. If the width
of the riparian zone used by riparian-associated species is greater than 30 m, then the spatial
arrangement of the forest cover which rural landholders must maintain might determine the
effectiveness of APPs. For example, maintaining 50% of forest cover that is contiguous to
APPs could be more efficient than maintaining 80% of forest cover that is not contiguous to
APPs, since the latter arrangement would strand populations of riparian species in narrow,
isolated strips of forest extending 30 m to each side of streams.

In this study, we examined the distribution of understory birds in a ferra firme forest in
central Amazonia in relation to both distance from the stream and edaphic and topographic
variables (clay content and terrain slope), which are known to be related to plant species
composition (Costa, Magnusson & Luizdo 2005; Kinupp & Magnusson 2005; Poulsen,

Tuomisto & Balslev 2006; Bohlman et al. 2008; Drucker, Costa & Magnusson 2008). We



show that understory birds recognize a riparian zone that extends much farther than the width

of strips of riparian vegetation protected by environmental legislation.

Materials and methods

STUDY AREA

This study was carried out in the Reserva Ducke, administered by Instituto Nacional de
Pesquisas da Amazodnia (INPA), in Manaus, central Amazonia (02°55°-03°01" S, 59°53’—
59°59° W). The reserve protects 10,000 ha of well-drained relatively undisturbed terra firme
forest that is not subject to long-term floods (Ribeiro et al. 1999). The understory is
dominated by sessile palms and shaded by a closed canopy approximately 30-37 m high, in
which occasional emergent trees reach 40—45 m (Ribeiro et al. 1999).

Topography at the site is a mosaic of plateaus and valley bottoms, the latter with
riparian areas (Ribeiro et al. 1999) along streams that are typically less than 10 m wide. The
elevational difference between the highest and lowest points in the reserve is 87 m (Drucker,
Costa & Magnusson 2008), while the difference between plateaus and adjacent valley bottoms
is generally 30 m (Castilho et al. 2006). The clay content of soils varies with elevation, such
that soils in higher areas contain more clay (Chauvel, Lucas & Boulet 1987). The strong
correlation between clay content and elevation (r; = 0.916, P < 0.001) means that elevation is
an effective proxy for clay content (Costa, Magnusson & Luizdo 2005). Distance from the
stream is correlated with clay content (r; = 0.764, P < 0.001) but not with slope (r, = — 0.055,
P =0.773). There is a rainy season at the site which typically extends from November to May,
and a dry season from July to October (Marques Filho et al. 1981). Between April 1965 and
November 1980, mean annual temperature was 26 °C and mean annual precipitation was 2362

mm (Marques Filho ef al. 1981).



Bird species composition in the Reserva Ducke is well known. Avifaunal studies
conducted during the last 40 years were listed by Cintra (2008). Since the first bird species list
(Willis 1977), nearly 50 species were added by Cohn-Haft, Whittaker & Stouffer (1997),
Naka (2004), and Banks-Leite & Cintra (2008), summing to more than 340 species recorded

in the reserve and its surroundings.

SAMPLING DESIGN

As Site # lof Brazil’s Long-term Ecological Research program (PELD), Reserva Ducke
possesses a standard RAPELD sampling grid (Magnusson et al. 2005) established by the
Brazilian Biodiversity Research Program (PPBio). This 25-km” grid is composed of six north-
south trails and six east-west trails, each measuring 5 km long and spaced from adjacent trails
at 1-km intervals (Fig. 1). This trail system provides access to 45 plots measuring 250 m long,
whose widths vary depending on the taxonomic group being studied (Magnusson et al. 2005).
Thirty of these 45 plots are evenly spaced on the grid at 1-km intervals and 15 are close
(3.7£1.2 m) to stream margins and thus classified as riparian. Plots are not rectangular, but
follow landscape features. The evenly spaced plots follow topographic contour lines in order
to minimize edaphic variation within each plot (Magnusson et al. 2005), while the riparian

plots follow the course of streams.

DATA COLLECTION

We sampled bird communities in three discrete periods in 2009: 10 January to 25 May, 12
July to 7 September, and 19 September to 19 November. We sampled each of the 45 plots
once in each sampling period. We used 16 9-m mist nets arranged in pairs along the 250-m

length of each plot, such that each pair was separated from adjacent pairs by 10 m. As



sampling effort is usually measured as net-hours (i.e., one 12-m mist net open for one hour;
Keyes & Grue 1982), we converted our sampling effort with 9-m mist nets to those units. In
the first sampling period, we used eight mist nets with 50 mm mesh and eight mist nets with
70 mm mesh. In the later sampling periods, all mist nets had 32 mm mesh.

Mist nets were left open from 06:00 to 12:00 h and revised hourly. Captured birds
were identified using the field guide of Restall, Rodner & Lentino (2007) and banded with
standard CEMAVE bands (ICMBIO/SNA permission n° 3052). Birds that could not be
identified in the field were collected (IBAMA/SISBIO permission n°® 17229-1) or
photographed and later identified by specialists. All collected birds were deposited in the
INPA Bird Collection.

The distance between each plot and the nearest stream was measured at six points
spaced at 50-m intervals along the central line of each plot with a measuring tape, and the
mean distance was used in analyses for plots whose starting point was less than 30 m from the
stream. For the other plots, the linear distance between the geographic coordinates of the plot
center and the nearest stream was used. A soil sample was collected to a depth of 5 cm at each
of the same six points per plots. These samples were mixed to form a composite sample for
each plot, 500 g of which was analyzed for clay content in INPA’s soil laboratory. Slope was
measured with a clinometer on a 3-m line perpendicular to the central line (1.5 m to each side)
at each of the same six points per plots. The mean of the six values for each plot was used in
analyses.

Data on distance from the stream were obtained for all 45 plots, while data on slope
and clay content were obtained for the 30 evenly spaced plots. Distance from the stream was
measured in previous studies and the data provided by R. de Fraga, F. R. C. Costa, and J.
Schietti. Slope and clay-content data, as well as information on the collection methods and the

researchers involved are available online at the PPBio website (http://ppbio.inpa.gov.br).



DATA ANALYSIS

Dissimilarity in species composition between plots was calculated with both abundance data
(referred to hereafter as quantitative composition) and presence-absence data (qualitative
composition). Patterns in quantitative data are typically driven by common species, which
tend to have large differences in abundances between plots. Qualitative data give more weight
to rare species, because common species occur in most plots and contribute little to between-
plot differences.

We used Non-metric Multidimensional Scaling (NMDS) to reduce the dimensionality
of species composition data to one axis of a multivariate ordination, in order to describe the
major patterns in understory bird community (McCune & Grace 2002). The ordinations with
quantitative data were based on a matrix of similarities calculated with the Bray-Curtis index.
Abundance of each species in each plot was standardized by converting it to relative
abundance prior to analysis. Abundance of a given species in a given plot was calculated as
the total number of individuals captured in the three sampling periods, excluding recaptures of
banded birds in the plot where they were originally captured. Ordinations of qualitative data
were based on Sgrensen’s index.

We tested the effect of distance from the stream on species quantitative and qualitative
composition, represented by NMDS scores. To identify discontinuities in community
attributes with increasing distance from the stream, we used piecewise regression, a statistical
technique useful to identify ecological thresholds (Toms & Lesperance 2003). Piecewise
regression identifies the two lines which best characterize variance in the data. The
intersection point of these two lines was considered as an indicator of the size of the riparian
zone for understory birds. The piecewise regression was performed using the statistical
package SiZer (see Sonderegger et al. 2009) in the program R, version 2.8.1. We used direct

gradient analysis (McCune & Grace 2002) to illustrate in a compound graph (developed in the
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program R by C. S. Dambros) the distribution of species in relation to distance from the

stream, based on qualitative data.

Results

THE UNDERSTORY BIRD COMMUNITY

In 9720 net-hours in the 45 plots, we captured 1506 birds belonging to 98 species in 28
families. In the 30 evenly spaced plots in 6480 net-hours, we captured 918 birds belonging to
80 species and 24 families. We captured two species (Glaucis hirsutus and Neopipo
cinnamomea) not previously recorded for the Reserva Ducke (Willis 1977; Cohn-Haft,
Whittaker & Stouffer 1997; Naka 2004; Banks-Leite & Cintra 2008). The number of species
captured in each plot varied from 10 to 28 (18.31 £+ 3.85) and the number of individuals
captured varied from 15 to 58 (33.47 = 9.64). The 20 most-captured species (n > 23)

accounted for 72% of all captures. Twenty-five species were captured only once (Table 1).

THE EFFECT OF ENVIRONMENTAL VARIABLES ON THE DISTRIBUTION OF

UNDERSTORY BIRDS

For the ordination of quantitative data from the 45 plots, one NMDS axis explained 40% of
the variation in the matrix of original differences between plots. The quantitative composition
of birds, represented by the NMDS axis, showed turnover throughout the gradient of
increasing distance from the stream (Fig. 2a). The piecewise regression indicated that the
effect of distance from the stream on the relative abundance of species extended to
approximately 100 m (CI =45.5 — 492.9) from streams (72 = 0.213, d.f. =42, P = 0.002).

For the ordination of qualitative data from the 45 plots, one NMDS axis explained

36% of the variation in the matrix of original distances between plots. The qualitative
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composition of birds, represented by the NMDS axis, showed turnover throughout the
gradient of increasing distance from the stream (Fig. 2b). The piecewise regression indicated
that the effect of distance from the stream on the presence-absence of species extended
approximately 140 m (CI = 50.5 — 429.1) from streams (72 = 0.359, d.f. =42, P < 0.001).

Based on the distance from the stream at which qualitative composition showed a
distinct turnover, we consider riparian plots to be those within 140 m of streams and non-
riparian plots to be all others. Using this criterion, 26 of all 45 plots were in the riparian zone
and 19 in the non-riparian zone (Fig. 3). More species were captured in riparian plots (n = 81)
than in non-riparian plots (n = 69; t = 2.769, d.f. = 43, P = 0.008). Most species (n = 52) were
captured in both riparian and non-riparian plots. The number of species captured per riparian
plot was greater than the number per plot captured exclusively in non-riparian plots (t =
3.334, d.f. = 60.981, P = 0.001). The number of individuals captured was also greater in
riparian plots than in non-riparian plots (t = 3.979, d.f. =43, P < 0.001).

For the ordination of quantitative data from the 30 evenly spaced plots, a single
NMDS axis explained 45% of the variation in the matrix of original distances between plots.
Clay content and slope are not highly correlated (r; = — 0.096, P = 0.612) and were used in a
multiple regression model. Together, the two variables predicted 14% of the variation in
scores on the NMDS axis (quantitative composition = 0.143 — 0.004clay + 0.002slope, 12 =
0.14, d.f. =27, P = 0.049). Variation in scores on the NMDS axis was related to clay content
(t = 2.508, d.f. = 27, P = 0.018), but was independent of slope (t = 0.198, d.f. = 27, P =
0.845).

For the ordination of qualitative data from the 30 evenly spaced plots, a single NMDS
axis explained 35% of the variation in the matrix of original distances between plots. Both
clay content (t = 0.753, d.f. =27, P = 0.458) and slope (t = 0.677, d.f. =27, P = 0.504) were

not related to variation in scores on the NMDS axis (72 = - 0.04, d.f. =27, P = 0.653).
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Discussion

Understory bird assemblages in sites closer to streams were more diverse overall and had
more habitat-restricted species than those farther from streams. More birds were captured at
sites closer to streams, and both quantitative and qualitative compositions were distinct from
assemblages farther from streams. These patterns are similar to those documented for bird
assemblages in riparian and non-riparian zones throughout the world (Woinarski et al. 2000;
Catterall et al. 2001; Bub, Flaspohler & Huckins 2004; Palmer & Bennett 2006; Lehmkuhl e?
al. 2007; Chan et al. 2008), and confirm that riparian zones play an important role in
maintaining regional biodiversity (Naiman, Décamps & Pollock 1993).

Previous studies comparing bird assemblages in riparian and non-riparian zones used
arbitrarily defined thresholds between these two habitat types. Riparian zones have been
defined as anywhere from the stream banks themselves to 30 m, while non-riparian zones
have been proposed at anywhere between 100 and 750 m from streams (Catterall e al. 2001;
Bub, Flaspohler & Huckins 2004; Palmer & Bennett 2006; Lehmkuhl ez al. 2007; Chan et al.
2008). Although all of these studies report differences between sites that are very close to
streams and sites that are distant from them, a rigorous comparison of riparian and non-
riparian zones is difficult without a standard definition of the size of the riparian zone.

The distribution of species along a given environmental gradient may reflect changes
in factors correlated with that gradient (Whittaker 1972). The distribution of understory birds
along the gradient of increasing distance from the stream was related to clay content but not
with slope. In Reserva Ducke, distance from the stream is correlated with clay content but not
with slope. Earlier studies in Reserva Ducke have shown that plant species composition is
related to clay content (Costa, Magnusson & Luizdo 2005; Costa et al. 2008). However, the
effect of clay content should be due to its correlation with distance from the stream, since

distance from the stream (Drucker, Costa & Magnusson 2008) and soil moisture (Catterall et
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al. 2001) were also found to be related to plant species composition. Vegetation is an
important determinant of bird species composition (Rotenberry 1985; Lee & Rotenberry
2005; Fleishman et al. 2003). A relationship between bird species composition and clay
content documented in a tropical savanna in Australia, for example, was more likely driven by
changes in vegetation structure (which varied with soil texture) than by intrinsic soil
characteristics themselves (Woinarski, Fisher & Milne 1999). Moreover, in a subtropical
eucalypt forest in Australia, where plant species composition was independent of clay content,
bird species composition was not related to clay content (Catterall et al. 2001).

Bird species may respond differently to the gradient of distance from the stream. Some
species, such as Schistocichla leucostigma (Willis 1977), are more associated with streams,
while others, such as Willisornis poecilinotus (Cintra & Cancelli 2008), are more often found
away from streams. However, the distributions of many species, such as Dendrocincla
fuliginosa and D. merula (Cintra, Maruoka & Naka 2006), are independent of distance from
the stream. At the community level, distributional patterns of birds with regard to distance
from the stream are comparable in studies carried out in temperate (Bub, Flaspohler &
Huckins 2004; Lehmkuhl et al. 2007) and tropical regions (Palmer & Bennett 2006; Chan et
al. 2008). This indicates that distance from the stream itself may exercise an effect on bird
species distributions, rather than specific local effects, such as changes in soil. Areas close to
streams have more insects and consequently attract more insectivorous birds (Iwata, Nakano
& Murakami 2003; Chan et al. 2008). In addition, species, such as kingfishers (Chloroceryle
aenea and C. inda), depend on streams for the fish they eat. However, it is difficult to
untangle the effects of distance from the stream itself from the effects of environmental
variables correlated with that gradient (see Catterall e al. 2001). Studies carried out in
discretely defined habitats complicate the interpretation of the individual effects of correlated

variables, while studies carried out in continuously defined habitats allow for more detailed
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interpretations, since correlated variables may vary in different ways along a given
environmental gradient. Since measures to protect riparian zones are based on distance from
the stream, more studies are needed to clarify the effects of distance per se on bird community

structure.

IMPLICATIONS FOR CONSERVATION

Understanding how biological communities vary at increasing distances from the stream is
vital for designing effective conservation strategies, because preserving strips of riparian
vegetation is one of the most commonly used conservation strategies (Marczak et al. 2010). It
is difficult to establish a single riparian strip that protects all species associated with riparian
zones, because the optimal width may vary among streams and taxonomic groups (Spackman
& Hughes 1995). In order to determine the width of the riparian strip to be protected it is
important to consider the specific community attributes used to define the strip which species
recognize as riparian (as in this study) as well as the width of the stream (Drucker, Costa &
Magnusson 2008).

In Brazil, the strips of riparian vegetation required by law to be retained vary with
river size. For streams or rivers less than 10 m wide, mandated strips are 30 m wide. The
Brazilian forestry code (law n°® 4.771/65) has established permanent protection areas (APPs)
in order to “protect hydrological resources and the surrounding landscape, as well as
geological stability, biodiversity, and the gene flow of plants and animals, in addition to
preserving soils and assuring the well-being of human populations”. Studies carried out in
Reserva Ducke, where streams are typically less than 10 m wide, have shown that this 30 m
definition is too small to protect understory herbs (Drucker, Costa & Magnusson 2008),

snakes (Fraga 2009) and understory birds (this study) associated with riparian zones.
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The most efficient width of a riparian strip for protecting riparian-associated species
depends on the adjacent vegetation (Peak & Thompson III 2006) and on the edge effects that
influence populations in riparian zones (Marczak et al. 2010). In addition, the specific
community attribute used to determine the width of the strip which species recognize as
riparian can affect estimates of that width. Since common species tend to occur widely, and
are thus poor indicators of specific assemblages (Strong & Bock 1990), qualitative
composition may be a more useful attribute for quantifying the distances to which riparian-
associated species assemblages extend.

Given that edge effects can extend 30-60 m into riparian zones (Brosofske et al. 1997),
and given that the effect of distance from the stream on qualitative composition extended for
140 m in this study, we hypothesize that 170-200 m are needed to protect understory birds in
the Reserva Ducke. This distance is more than five times the current width for protection of
riparian areas as defined by Brazilian environmental legislation. In 2010, the Brazilian
parliament is considering modifications of the law that would reduce the width of the
protected strips for small stream less than 5 m wide to 15 m. If Brazilian environmental
legislation is to effectively protect biodiversity associated with riparian zones, either the width
of APPs must be increased considerably, or APPs must be contiguous with other conservation

units.
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Figure legends

Fig. 1. Topography and streams at the study area in the Reserva Ducke, showing the trails and
plots of the RAPELD sampling grid. White dots indicate the location of the evenly distributed
plots and yellow dots indicate riparian plots. The lighter regions indicate lower areas, whereas

darker regions indicate the highest areas. Modified from Ribeiro et al. (1999).

Fig. 2. Effects of distance from the stream on (a) quantitative and (b) qualitative composition

of understory birds in the Reserva Ducke.

Fig. 3. Occurrence of understory bird species in relation to distance from the stream in 45

plots in the Reserva Ducke. The vertical line indicates the estimated distance from the stream

up to which streams influence species qualitative composition.
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Fig. 3.
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| Monasa atra
_m Corythopis torquatus
|| || Myrmotherula axillaris
H B Topaza pella
H Bu Glaucis hirsutus

[ I [ ] Philydor erythrocercum
|| Myrmornis torquata
| Lophotriccus vitiosus
T. Leucopternis melanops
I |

Ramphotrigon ruficauda
Caprimulgus nigrescens

| || Platyrinchus saturatus
____Hm Corapipo gutturalis
|
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Heliothryx auritus
Arremon taciturnus
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Table 1. List of understory bird species recorded in the Reserva Ducke, Manaus, Brazil. OR =

number of riparian plots where the species was recorded (n = 26), TR = total number of

individuals captured in riparian plots, OU = number of non-riparian plots where the species

was recorded (n = 19), TU = total number of individuals captured in non-riparian plots, T =

total number of individuals captured, summed over riparian and non-riparian plots (n = 45).

Species names follow CBRO (2009).

Species OR TR ouU TU T

Accipitridae

Leucopternis melanops 1 1 1
Alcedinidae

Chloroceryle aenea 7 7 7

Chloroceryle inda 5 5 5
Bucconidae

Bucco capensis 1 1 1

Bucco tamatia 2 2 2 2 4

Malacoptila fusca 1 1 1

Monasa atra 1 1 1
Caprimulgidae

Caprimulgus nigrescens 1 1 1
Cardinalidae

Cyanoloxia cyanoides 13 20 3 3 23
Columbidae

Geotrygon montana 14 20 5 8 28
Dendrocolaptidae

Campylorhamphus procurvoides 1 1 1

Deconychura longicauda 1 1 8 12 13

Deconychura stictolaema 8 10 7 8 18

Dendrocincla fuliginosa 15 21 10 22 43

Dendrocincla merula 12 21 13 20 41

Dendrocolaptes certhia 3 3 2 2 5

Dendrocolaptes picumnus 1 1 1

Glyphorynchus spirurus 22 67 18 46 113

Hylexetastes perrotii 4 5 3 4 9

Sittasomus griseicapillus 1 1 1

Xiphorhynchus pardalotus 19 39 14 25 64
Emberizidae

Arremon taciturnus 1 2 2
Formicariidae

Formicarius colma 9 11 9 13 24
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Furnariidae
Automolus infuscatus
Philydor erythrocercum
Philydor pyrrhodes
Xenops minutus
Galbulidae
Galbula albirostris
Jacamerops aureus
Grallariidae
Grallaria varia
Myrmothera campanisona
Icteridae
Cacicus haemorrhous
Momotidae
Momotus momota
Picidae
Celeus elegans
Pipridae
Corapipo gutturalis
Dixiphia pipra
Lepidothrix serena
Manacus manacus
Pipra erythrocephala
Tyranneutes virescens
Polioptilidae
Microbates collaris
Scleruridae
Sclerurus caudacutus
Sclerurus mexicanus
Sclerurus rufigularis
Strigidae
Glaucidium hardyi
Thamnophilidae
Epinecrophylla gutturalis
Frederickena viridis
Gymnopithys rufigula
Hypocnemis cantator
Myrmeciza ferruginea
Myrmornis torquata
Myrmotherula axillaris
Myrmotherula guttata
Myrmotherula longipennis
Myrmotherula menetriesii
Percnostola rufifrons
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Pithys albifrons
Schistocichla leucostigma
Thamnomanes ardesiacus
Thamnomanes caesius
Thamnophilus murinus
Willisornis poecilinotus
Thraupidae
Lanio fulvus
Tachyphonus cristatus
Tachyphonus surinamus
Tityridae
Schiffornis turdina
Trochilidae
Amazilia versicolor
Campylopterus largipennis
Florisuga mellivora
Glaucis hirsutus
Heliothryx auritus
Phaethornis bourcieri
Phaethornis ruber
Phaethornis superciliosus
Thalurania furcata
Topaza pella
Troglodytidae
Microcerculus bambla
Pheugopedius coraya
Trogonidae
Trogon rufus
Turdidae
Turdus albicollis
Tyrannidae
Attila spadiceus
Corythopis torquatus
Hemitriccus zosterops
Lophotriccus vitiosus
Mionectes macconnelli
Mionectes oleagineus
Myiobius barbatus
Neopipo cinnamomea
Onychorhynchus coronatus
Platyrinchus coronatus
Platyrinchus platyrhynchos
Platyrinchus saturatus
Ramphotrigon ruficauda
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Rhytipterna simplex

Terenotriccus erythrurus

Tolmomyias assimilis
Vireonidae

Hylophilus muscicapinus

Hylophilus ochraceiceps
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Conclusoes

A estimativa da largura da zona riparia ndo depende apenas do local do estudo, do
grupo taxondmico ou da largura do riacho, mas também do atributo da comunidade
considerado. A composicdo qualitativa de espécies provavelmente é o atributo da
comunidade mais util para estabelecer a distancia em relag@o ao riacho que delimita a
assembléia de espécies associadas a zonas ripdrias.

A distribuicdo de aves de sub-bosque esteve relacionada com a distancia do riacho e
com o conteido de argila, mas ndo esteve relacionada com a inclinagdo do terreno.
Apesar de distancia do riacho apresentar correlacdo com o conteido de argila na
Reserva Ducke, o padrao de distribuicdo de aves em locais proximos e afastados do
riacho € consistente entre estudos realizados em diversas geomorfologias, tanto em
regides temperadas quanto em regides tropicais, o que indica um efeito da distancia do
riacho per se.

Para que o Cdédigo Florestal brasileiro seja eficiente em cumprir o seu papel de
proteger a biodiversidade associada a zonas ripdrias, a largura das Areas de
Preservacao Permanente (APPs) deve ser aumentada consideravelmente ou as APPs

devem ser associadas de forma contigua a outras dreas de conservagao.
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Avaliacao de dissertagcao de mestrado

Titulo: Distribuicdo de aves de sub-bosque ao longo de gradientes ambientais na
Amazénia central

Aluno: ANDERSON SALDANHA BUENO

Orientador: William Ernest Magnusson Co-orientador: -----

Avaliador: James J. Roper

Por favor, marque a alternativa que considerar mais apropriada para cada item abaixo, e marque seu
parecer final no quadro abaixo
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bem como a cépia anotada da tese e/ou arquivo de comentarios por e-mail para
pgecologia@gmail.com e claudiakeller23@gmail.com ou por correio ao enderego abaixo. O
envio por e-mail é preferivel ao envio por correio. Uma cépia digital de sua assinatura sera valida.

Endereco para envio de correspondéncia:

Claudia Keller
DCEC/CPECI/INPA
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Avaliacao de dissertacao de mestrado

Titulo: Distribuicdo de aves de sub-bosque ao longo de gradientes ambientais na
Amazénia central

Aluno: ANDERSON SALDANHA BUENO

Orientador: William Ernest Magnusson Co-orientador: -----

Avaliador: Philip Stouffer

Por favor, marque a alternativa que considerar mais apropriada para cada item abaixo, e marque seu
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Avaliacao de dissertacao de mestrado
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pgecologia@gmail.com e claudiakeller23@gmail.com ou por correio ao enderego abaixo. O envio por
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INPA

PGECO'NPA INSTITUTO NACIONAL DE

POS-GRADUACAO EMECOLOGIA PESQUISAS DA AMAZONIA

ATA DA DEFESA PUBLICA DA
DISSERTACAO DE MESTRADO DO
PROGRAMA DE POS-GRADUACAO EM
ECOLOGIA DO INSTITUTO NACIONAL DE
PESQUISAS DA AMAZONIA.

Aos 29 dias do més de julho do ano de 2010, as 10:00 horas, na sala de aula do
Programa de Pés-Graduagdo em Ecologia PPG-ECO/INPA, reuniu-se a
Comissdo Examinadora de Defesa Publica, composta pelos seguintes
membros: Dr. Bruce Walker Nelson, do Instituto Nacional de Pesquisas da
Amazdnia, Dr. Thierry Ray Jehlen Gasnier , da Universidade Federal do
Amazonas, Dr. Renato Cintra Soares, do Instituto Nacional de Pesquisas da
Amazdnia, tendo como suplentes o Dr. George Henrique Rebélo, do Instituto
Nacional de Pesquisas da Amazoénia, e o Dr. Paulo Estefano Dineli Bobrowiec,
do Instituto Nacional de Pesquisas da Amazonia, sob a presidéncia do(a)
primeiro(a), a fim de proceder a arglicdo publica da DISSERTACAO DE
MESTRADO de ANDERSON SALDANHA BUENO, intfitulada “Distribuicdo de aves
de sub-bosque co longo de gradientes ambientais na Amazdnia central”,
orientado pelo Dr. Wiliam Emest Magnusson e co-orientacdo da Dra. Tania
Margarete Sanaiotti, do Instituto Nacional de Pesquisas da Amazdnia.

Apds a exposicdo, o(a) discente foi arglido(a) oralmente pelos membros da
Comissdo Examinadora, tendo recebido o conceito final:

[X ] APROVADO(A) [ | REPROVADO(A)

[ ] POR UNANIMIDADE ] POR MAIORIA

Nada mais havendo, foi lavrada a presente ata, que, apds lida e aprovada, foi
assinada pelos membros da Comissdo Examinadora.
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