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Avian Conservation and Management

Understory bird assemblage in a riparian environment dominated by
Cecropia membranacea (Urticaceae) in southwestern Amazonia

Ensamble de aves del sotobosque en un ambiente riberefio dominado por Cecropia
membranacea (Urticaceae) en el suroeste de la Amazonia

Leticia F.Silva’ and Edson Guilherme?

ABSTRACT. Studies on bird assemblage structure in pioneer environments allow us to understand the use of space, distribution patterns,
ecosystem services, and population dynamics of these ephemeral habitats. However, studies on the bird community related to these types of
habitats in the southwest of the Brazilian Amazon are rare. We compared the bird assemblage structure of an area dominated by embatba-
da-varzea (Cecropia membranacea Trécul) with the adjacent alluvial rainforest along the Chandless River, a right-margin tributary of the Purus
River, in the southwest Brazilian Amazon. Birds were captured with mist nets and banded (with a metal ring) along trails in both habitats. The
following environmental variables were measured: temperature, humidity, and canopy openness. Understory bird assemblage was similar in
the two habitats, with no influence from the environmental variables sampled. Average similarity of understory species composition between
the two habitats was 77.6%, Pipra fasciicauda being the species that most contributed to this similarity (10.76%). Despite their almost
homogeneous canopy and inconspicuous understory composed of short life cycle plants, due to the impact of river dynamics, areas dominated
by C. membranacea have an understory bird assemblage composition similar to that of the adjacent alluvial rainforest. Understory species
move horizontally and easily between these two habitats. Habitats dominated by C. membranacea on the lower Chandless River, contrary to
expected, harbor a rich bird fauna. Given its importance to biodiversity maintenance, the protection of this habitat is recommended, as well
as the undertaking of further biological studies on this unique Amazonian ecosystem.

RESUMEN. Los estudios sobre la estructura del ensamble de aves en ambientes pioneros nos permiten comprender el uso del espacio, los
patrones de distribucion, los servicios ecosistémicos y la dindmica poblacional de estos habitats efimeros. Sin embargo, son raros los estudios
sobre la comunidad de aves relacionada con este tipo de habitats en el suroeste de la Amazonia brasilefia. Comparamos la estructura del
ensamble de aves de un area dominada por embauba-da-varzea (Cecropia membranacea Trécul) con la selva aluvial adyacente a lo largo del
rio Chandless, un afluente del margen derecho del rio Purus, en el suroeste de la Amazonia brasilefia. Las aves fueron capturadas con redes de
niebla y anilladas (con un anillo metalico) a lo largo de senderos en ambos hébitats. Se midieron las siguientes variables ambientales: temperatura,
humedad y apertura del dosel. El ensamble de aves del sotobosque fue similar en los dos habitats, sin influencia de las variables ambientales
muestreadas. La similitud media de la composicion de especies del sotobosque entre ambos habitats fue del 77,6%, siendo Pipra fasciicauda la
especie que mas contribuyo a esta similitud (10,76%). A pesar de tener un dosel casi homogéneo y un sotobosque poco visible compuesto por
plantas de ciclo vital corto, debido al impacto de la dinamica fluvial, las areas dominadas por C. membranacea tienen una composicion de aves
del sotobosque similar a la de la selva aluvial adyacente. Las especies del sotobosque se mueven en sentido horizontal y facilmente entre estos
dos habitats. Los habitats dominados por C. membranacea en la parte baja del rio Chandless, al contrario de lo esperado, albergan una rica
avifauna. Dada su importancia para el mantenimiento de la biodiversidad, se recomienda la proteccion de este habitat, asi como la realizacion
de nuevos estudios bioldgicos sobre este ecosistema amazonico Unico.
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INTRODUCTION

In southwestern Amazonia, all rivers are meandering, highly
sinuous, and dynamic, yielding valuable information on the
formation of ecosystems that harbor and maintain biodiversity
and population dynamics of ephemeral habitats formed by the
influence of annual flood pulses (Junk et al. 2012). In these rivers,
during the dry season, a beach is formed on the convex side of
the channel and a cliff is formed on the concave side (Novaes
1958). Each bend in the river, on its convex side, is composed of
a sandbar where a vegetation mosaic called “pioneer formation
of fluvial influence” (PFFI; SEMA 2010) appears. In these rivers’
PFFI areas, a pioneer vegetation grows in such a way that with
its roots fixed to the soil, acts as a kind of barrier reducing river
velocity, giving way to a more complex forest because the distance
from the margin increases (da Cunha et al. 2015). As succession
stages progress, a type of pioneer forest, called open alluvial

rainforest, with palm trees and/or bamboo appears and it may
extend for several kilometers from the river margin (IBGE 2005).

The force of water, a type of natural disturbance, increases river
bend curvature, altering local distribution of several biological
groups including birds, amphibians, reptiles, and mammals. This
is the result of homogenization and reduction in resources
availability, especially for the bird fauna (Silva 2000, Parolin 2002,
Wittmann et al. 2004, Chettriet al. 2005, Christianini and Martins
2015). The upper Purus River basin, in southwestern Amazonia,
is home to many rare and endemic species of plants and animals
(Silveira and Daly 2000, Guilherme and Dantas 2011). Because
of the river dynamics, the soil along the margins is unstable and
constantly reworked (Toivonen et al. 2007, Pereira et al. 2016).
For this reason, short life-cycle plants establish themselves in its
meanders (Rosenberg 1990, SEMA 2010, Laranjeiras et al. 2019),

'Programa de Pos-Graduagio em Ecologia e Manejo de Recursos Naturais, Universidade Federal do Acre (UFAC), Rio Branco, Acre, Brazil,
“Centro de Ciéncias Biologicas e da Natureza, Laboratorio de Ornitologia, Universidade Federal do Acre (UFAC), Rio Branco, Acre, Brazil


https://doi.org/10.5751/JFO-00234-940111
mailto:leticia12fs@gmail.com
mailto:leticia12fs@gmail.com
https://orcid.org/0000-0003-2680-6398
mailto:guilherme.edson@gmail.com
mailto:guilherme.edson@gmail.com
https://orcid.org/0000-0001-8322-1770

forming pioneer habitats of river influence. These habitats are
classified by Junk et al. (2012) as early secondary tree
communities. Such vegetation assemblages establish themselves
on soils exposed during the low-water periods, which are highly
fertile and viable for pioneer plants. These recently formed
habitats harbor vegetation dominated by Urticaceae species of
the genus, Cecropia Loefl, with two dominating species: Cecropia
latiloba and Cecropia membranacea (Berg 1978).

Several environmental factors alter the composition and
distribution of many bird species along Amazonian rivers, such
as: canopy and understory temperature (Almeida 2018), light
incidence, assessed by canopy openness (Novaes 1958), and
pioneer environments dominated by Cecropia trees (Rosenberg
1990). When considering temperature, it is important to note that
birds are homeothermic, i.e., organisms that maintain a constant
internal body temperature, which leads them to select their habitat
according to their adaptation capability because in many cases
they cannot withstand extreme temperatures (Abreu and Abreu
2011). Some species of forest birds adapt to the inner forest
microhabitat, with specific temperature and humidity, becoming
habitat specialists. In these cases, species become adapted to living
in the terra firme forest dark understory, which prevents them
from coexisting with species that live in habitats with a different
microclimate, such as those formed by rivers. Generalist species
constitute an exception (Remsen and Parker 1983).

The habitats formed by rivers, especially those dominated by
pioneer plants, harbor significant bird diversity, as suggested by
several studies (Novaes 1958, Marcondes-Machado and Oliveira
1988, Rosenberg 1990, Terborgh et al. 1990, Terborgh and Petren
1991, Parolin 2002, Laranjeiras et al. 2019, Del-Rio et al. 2021)
but remain fully uninvestigated in some regions of southwestern
Amazonia, such as the upper Purus River region. The Chandless
River is one of the Purus’ right-margin tributaries with little
anthropic influence (Pereira et al. 2016). The sediment deposition
zones of its meanders harbor a PFFI dominated by C.
membranacea whose understory bird assemblage structure has
never been studied.

Thus, we aim to compare the structure of bird assemblages in two
types of PFFI along an Amazonian River, within Chandless State
Park. Because human population density in the park’s area is
insignificant, habitats are highly preserved (Pereira et al. 2016).
Our main objectives are: (1) to describe understory bird
assemblage structure (composition, richness, and abundance) in
a PFFI dominated by C. membranacea comparing it to the
adjacent alluvial rainforest, and (2) to test whether the understory
bird assemblages in these two habitats are being influenced by
environmental factors such as temperature, air humidity, and
canopy cover.

METHODS

Study area

We carried out our study at Chandless State Park (PEC), 9°21”
31.26” S, 69°55°34.55” W, headquarters, a conservation unit
created by decree 10.670 dated September 2, 2004. Chandless
State Park occupies an area of 695,303 ha, corresponding to
4.23% of Acre State territory and lies within Manoel Urbano,
Santa Rosa do Purus and Sena Madureira municipalities reaching
the border with Peru (SEMA 2010).
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The Chandless State Park is crossed by the Chandless River, a right-
margin tributary of the Purus River (SEMA 2010). The park’s
vegetation is characterized by a mosaic, dominated by open
rainforest with bamboo and/or palm trees, in addition to dense
rainforest, alluvial rainforest, and high terraces of open floodplain
forest (SEMA 2010). The soil on the margins of the Chandless River
is hydromorphic gleyed, i.e., made of pure sand and more clayey
soil on terra firme (Amaral 2000, SEMA 2010).

Average temperatures in the region range between 24°C and 25°C
and may reach a minimum of 10°C depending on the time of the
year. Altitude ranges from 180 to 370 m (SEMA 2010). Total annual
rainfall varies from 1600 mm to 2750 mm, and the severe dry period
is from June to August. Relative humidity varies from 80 to 90%
(Silveira and Daly 2000, SEMA 2010).

On the margins of the Chandless River’s bends there are various
spots of PFFI (areas where succession is immediately above the
sandbar formed by the river bend) in which the habitats dominated
by C. membranacea and the adjacent alluvial rainforest are found
and where we set up the trails for data collection (Fig. 1).

Fig. 1. Localization of Chandless State Park (above) and details
of the sites where trails for data collection were set up along the
Chandless River (below). Illustration: W. Lima and M. Oliveira.
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Bird capture and identification

Captures with mist nets occurred from July 2020, during the low-
water period and when C. membranacea is at the final stage of
fruiting (Parolin 2002), until December 2020. We suspended our
field work during the wet period and the intense river floods,
resuming the captures in May 2021. We used five 14 x 3 m mist nets
in each habitat. To optimize captures on sampling days, we opened
the nets at dawn (around 05h45) and closed them around 16h45.
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For sampling, we randomly selected seven bends along the
Chandless River (Fig. 1). The selected bends were at least 1 km from
each other and at least 100 m in length and 70 m in width, for both
habitats studied. In each sampling locality, two 250 m-long parallel
trails were set up, 100 m from each other, where we installed 5 mist
nets in each habitat (Fig. 2). We sampled 28 trails, 14 in the C.
membranacea dominated habitat (EM) environment and 14 in the
adjacent alluvial rainforest (AF) environment, with 2 trails for each
of the 7 curves. To avoid collecting data in a transitional
environment, sampling in the alluvial rainforest started at least 100
m from the contact between the forest and the EM. Sampling effort
for each trail was 2 days/net (105.6 hours/net), repeated twice during
the sampling period. After all sites were sampled, we performed a
new round of sampling.

We identified all captured birds to the species level, with the help
of illustrated guides (Schulenberg et al. 2010, Guilherme 2016).
After banding each bird with numbered metal bands, we released
them on the same site where they were captured. Recaptures were
recorded and were not included in abundance analyses. Aluminum
bands were provided by Centro Nacional de Pesquisa e
Conservacido de Aves Silvestres (CEMAVE/IBAMA) as part of
project 4521, under the direction of Edson Guilherme (Registry
Number 324654). Banding followed CEMAVE/IBAMA protocols
(IBAMA 1994). Nomenclature followed the Brazilian Ornithological
Records Committee (CBRO; Pacheco et al. 2021).

Fig. 2. Schematic representation of (a) study area that comprises
(1) sandbar, (2) area dominated by Cecropia, and (3) alluvial
open ombrophilous forest, and (b) arrangement of mist nets on
trails installed in the Chandless State Park, Manoel Urbano-AC.
Adapted from SEMA 2010 and illustration by G. Rodrigues.
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Environmental data sampling

We used an Incoterm 7666.02.0.00 thermal hygrometer to record
humidity and temperature data. During the capture period, we
set up the hygrometer between trails and recorded the data at the
opening of the nets at noon and at the closing of the nets in both
habitats.

Canopy cover data were recorded with a vertical sighting tube,
both in the EM and AF environments (Robards et al. 2000).
Looking through the instrument, we recorded 1 for the presence
of any plant part (leaves, branches, or trunk) and 0 when plant
cover was absent and only the sky was visible. On a transect, we
scored 70 points for both habitats. We sum all presence points (1)
of each transect, divide by 70 and multiply by 100 to obtain the
percentage of canopy cover per transect (%). To obtain the canopy
cover by a curve in each habitat, we add the two percentages (%)
and divide by two. These data were recorded only once, at the
beginning of sampling for all sampled curves.

Data analysis

We constructed a rarefaction and extrapolation curve to compare
bird community richness data in the C. membranacea and in the
adjacent alluvial rainforest habitats. We then used a paired t-test
to check whether the captured species abundance means differed
between both habitats sampled along the seven river bends. The
statistical significance level used was p < 0.05.

The similarity among captured species composition between
sampled habitats was calculated through a multilevel comparison
of the data with permutational multivariate analysis of variance
(PERMANOVA). We constructed a distance matrix between
these areas and ran a principal coordinates analysis (PCoA) using
the Vegan software package and the Jaccard index.

We ran similarity percentage (SIMPER) using the Bray-Curtis
similarity index to check which taxa most contributed to the
similarity in species composition between the C. membranacea
dominated habitat and the adjacent alluvial rainforest (Clarke
1993).

A redundance analysis test, with the Bray-Curtis index, was used
to verify whether environmental factors (temperature, humidity,
and canopy openness) influenced bird species composition in the
two habitats studied. For this test, the “rda” function of the Vegan
package was used, considering 999 permutations. The RDA result
was checked by a variance analysis with the “anova” function
(Oksanen et al. 2019).

To check if the environmental variables individually influenced
species richness and abundance in the two habitats (EM and AF),
we ran a multiple linear regression using the “lm” function
available in the R program. After the model was generated, we
used the “summary” function for a general reading of the data.
Finally, we used the “step” function, with the stepwise method,
to check which variables really influenced richness and abundance
for each habitat studied.

All analyses were made with resources available in the R 4.1.1,
Microsoft Excel 2016 and past 4.1 softwares (Hammer et al. 2001,
Oksanen et al. 2019). We used each transect within each habitat
as a unit of replication to compare community composition of
birds, i.e., is it summarized over river bends within each habitat
(m=2x7=14)
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RESULTS

Bird fauna in Cecropia membranacea dominated understory in
relation to adjacent alluvial rainforest

After 5799 hours of capture effort, a total of 471 individuals were
banded (228 were captured in EM and 243 in AF). We also had
26 recaptures. The banded birds belonged to 87 species, 29
families, and 11 orders (Appendix 2). In EM, 65 species were
caught (74.7% of the species total) representing 23 families and
10 orders, whereas in AF, 61 species were caught (70.1%),
representing 24 families and 8 orders.

The rarefaction and extrapolation curve in both habitats did not
show signs of stabilization (asymptote). See Fig. 3.

Fig. 3. Rarefaction curves and data extrapolation for birds
captured in the Cecropia membranacea dominated habitat (EM)
and in the adjacent alluvial rainforest (AF) on 14 trails set on
the margins of the Chandless River, Manoel Urbano
municipality, Acre State, Brazil.
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The families with greatest abundance of individuals in the two
habitats sampled were Thamnophilidae (EM = 64.9%, AF =
52.6%), followed by Pipridaec (EM = 28%, AF = 32.3%), and
Dendrocolaptidae (EM = 21.4%, AF = 21%). The three families
with greatest species richness were Thamnophilidae (EM = 24.6%,
AF =19.7%), Dendrocolaptidae (EM = 12.3%, AF = 14.7%), and
Tyrannidae (EM = 9.2%, AF = 8.2%). See Appendix 1.

In EM, Pipra fasciicauda was the most abundant species (n = 29),
followed by Akletos goeldii (n = 18), and Taraba major (n = 17).
In AF, P, fasciicauda was also the most abundant species (n = 38),
followed by Phlegopsis nigromaculata (n = 16), and Cacicus cela
(n = 12). See Appendix 1.

The paired t-test yielded t = -0.520, df = 6, p = 0.621, non-
significant. The SIMPER indicated that species composition in
the habitats studied has an average similarity of 77.6%. This test
showed that P. fasciicauda (10.76%) was the species that most
contributed to the similarity between habitats EM and AF
(Appendix 2).
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Principal coordinate analysis, based on species composition of
the birds caught (Fig. 4), showed that the understory bird
assemblage structure in EM did not differ significantly from that
in AF (R?=0.04, adjusted p = 0.166).

Fig. 4. Principal coordinate analysis (PCoA) using the Jaccard
index, done with bird species composition in Cecropia
membranacea dominated habitat (EM) and in the adjacent
alluvial rainforest (AF) along the Chandless River, Manoel
Urbano municipality, Acre State, Brazil.
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Effect of environmental factors on abundance and richness of
understory birds

At EM, average temperature was around 25.03°C £ 1.31, average
humidity was 78.13% % 10.69, and average canopy cover was
84.99% 1 6.92. In AF, average temperature was around 23.83°C
+ 1.32, average humidity was 80.88% % 10.70, and average canopy
cover was 88.94% + 3.81.

Redundancy analysis showed that environmental factors are not
good predictors of species distribution for habitats EM and AF
(R? = 0.122). In EM areas, environmental data only explained
14.54% of the variation in bird composition, and in AF areas,
environmental data only explained 18.02% of the variation. The
ANOVA using the global test on the RDA result proved non-
significant in EM (p = 0.61, R? = 0.22) and in AF (p = 0.18, R?
=0.25), i.e., no difference in species distribution between habitats
can be explained by the variables analyzed (Fig. 5).

Multiple linear regression indicated no relation between any of
the 3 environmental variables and species richness (p = 0.09, R?
=0.45, F =2.73, df = 10) or abundance (p = 0.12, R2=0.25, F
=2.44, df = 10) for the habitats studied.

DISCUSSION

Understory species richness in the PFFIs under influence of the
Chandless River

Many bird species are associated with habitats created by rivers,
and although they are not entirely defined as specialists, the
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Fig. 5. Redundancy analysis (RDA) in Cecropia membranacea dominated habitat and adjacent
alluvial rainforest at the Chandless River, Manoel Urbano municipality, Acre State, Brazil. Note:
capture sites(©), captured bird species (+), and environmental factors humidity, canopy, and

temperature (—).
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presence of several of them is associated with specific forest
succession stages (Rosenberg 1990, Cohn-Haft et al. 2007, Smith
et al. 2014, Laranjeiras et al. 2019, Naka et al. 2020). Although
these habitats do not differ much from the adjacent alluvial
rainforest in species richness, the taxa specialized in exploiting
environments linked to water dynamics contribute to alpha and
beta diversity in the Amazon biome (Rosenberg 1990, Laranjeiras
et al. 2019).

Species richness recorded in the habitats dominated by C.
membranacea and in the adjacent alluvial rainforests (87 species)
was 35.4% greater than the 57 species reported by Novaes (1958)
in the varzea forest of the higher Jurua River, Acre State. However,
it was 62.34% and 75.29% lower, respectively, than the species
richness reported by Rosenberg (1990) from floodplain areas and
fluvial islands in northern Peru and southern Colombia, and by
Laranjeiras et al. (2019) from the Negro River basin. Recently,
Del-Rio et al. (2021) recorded 128 species in varzea forests and
along river margins on a tract of the middle Jurua River,
Amazonas State, a result 32% greater than the one found in the
Chandless River tract herein studied.

The presence of the austral migrants Elaenia spectabilis and
Lathrotriccus euleri and of the Nearctic migrants Catharus
swainsoni and Empidonax alnorum was recorded in the study areas.
These birds arrive from northern South America to use Amazon
habitats as wintering grounds for food, rest, and shelter during
migration (Beja et al. 2010, Guilherme 2016). According to
Rosenberg (1990), habitats formed by rivers in western Amazonia
are used as migratory pathways for Nearctic species from August

RDA1

to April, which coincides with the period when both C. swainsoni
and E. alnorum were mist netted in this study.

Two species associated with riparian habitats in western
Amazonia and very rarely sampled, Eubucco tucinkae and
Crypturellus bartletti, were captured during the present study. In
addition, 13 species endemic to Acre State were found in the
habitats studied, representing 37% of the 35 bird species endemic
to the state (Guilherme 2016), reinforcing the idea that these areas
are important for maintaining species of interest for conservation
and require attention in terms of management and preservation
policies (DeLuca 2012).

Understory bird community structure and environmental
variables

The structure of the bird community in the low understory (0-3
m) does not differ significantly between the two habitats studied
along the Chandless River, and it seems not to be affected by
environmental variables (temperature, humidity, canopy cover).
Bird species show no preference for either, as foraging areas.
According to Jahn (2011), heterogeneous vegetation formations
significantly affected bird communities of terra firme habitats, a
result quite different from what we found in the PFFIs, i.e., in this
pioneers environment bird community, dynamics seem to follow
a different pattern from that observed in mature terra firme
forests.

Because both habitats studied are adjacent, a constant seed rain
occurs stemming from AF and transported by a number of
dispersal agents to EM, favoring the presence of pioneer plants
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like the Vismia and Miconia species. Also, the incoming waters
bring more seeds to EM during the annual floods. In the
understory of the C. membranacea dominated areas, this pioneer
formation certainly attracts some bird species that live in the
adjacent AF understory, such as Phaethornis hispidus,
Dendrocincla fuliginosa, and Xiphorhynchus obsoletus, commonly
associated to varzeas (Beja et al. 2010) and which we recorded in
both habitats, without showing any specific preference.

Four species, Pipra fasciicauda, Phlegopsis nigromaculata, Taraba
major, and Akletos goeldii, accounted for 25.18% of the similarity
between environments (Appendix 3). Although it cannot be said
that these species are intimately associated with the low EM
understory because there was no significative difference in
captures between the two habitats studied, it is likely that they use
this habitat regularly and find adequate conditions for foraging
and for other biological activities therein. In other words, these
species possess some type of specialization for living in the
understory of habitats dominated by Cecropia species in
Amazonia (Novaes 1958, Remsen and Parker 1983, Rosenberg
1990, Borges and Carvalhaes 2000, Smith et al. 2014, Junk et al.
2020).

CONCLUSION

The small tracts of pioneer formation of fluvial influence
dominated by C. membranacea found in narrow-margin rivers of
southwestern Amazonia, such as the Chandless River, harbor an
understory bird assemblage structure not distinct from that found
in the adjacent alluvial rainforest. Only now are these Amazon
habitats becoming the subject of ecological studies, and it seems
advisable to expand the scope to include wider rivers, such as
Purus, Jurua, and Madeira, which have much more extensive
pioneer formations along their meanders than the Chandless
River. The aim s to check whether or not the patterns found herein
are the same, or whether in more extensive areas covered by C.
membranacea, the bird assemblage structure differs from the one
found in the adjacent alluvial rainforest because of the
specialization of some species for exploiting this environment.
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Appendix 1. List of bird species captured in two habitats: Cecropia membranacea-
dominated understory (EM) and adjacent alluvial rainforest (AF).

Order/family/species?
Tinamiformes
Tinamidae

Crypturellus bartletti (Sclater & Salvin, 1873)

Columbiformes
Columbidae
Geotrygon montana (Linnaeus, 1758)

Leptotila rufaxilla (Richard & Bernard, 1792)

Cuculiformes

Cuculidae

Coccycua minuta (Vieillot, 1817)
Coccyzus melacoryphus (Vieillot, 1817)
Caprimulgiformes

Caprimulgidae

Nyctidromus albicollis (Gmelin, 1789)
Apodiformes

Trochilidae

Phaethornis hispidus (Gould, 1846)

Thalurania furcata (Gmelin, 1788)

Chionomesa lactea (Lesson, 1832)

Coraciiformes

Momotidae

Momotus momota (Linnaeus, 1766)
Strigiformes

Strigidae

Glaucidium brasilianum (Gmelin, 1788)

Trogoniformes
Trogonidae

Trogon curucui (Linnaeus, 1766)

Galbuliformes

Galbulidae

Galbula cyanescens (Deville, 1849)
Bucconidae

Monasa nigrifrons (Spix, 1824)

Popular name!

Bartlett's Tinamou

Ruddy Quail-Dove
Gray-fronted Dove

Little Cuckoo
Dark-billed Cuckoo

Common Pauraque

White-bearded Hermit
Fork-tailed
Woodnymph
Sapphire-spangled
Emerald

Amazonian Motmot

Ferruginous Pygmy-
Owl

Blue-crowned Trogon

Bluish-fronted Jacamar

Black-fronted Nunbird

Habitats

AF

EM/AF
EM/AF

AF
EM

EM

EM/AF
EM/AF

AF

EM/AF

EM

EM

EM/AF

EM/AF



Nonnula ruficapilla (Tschudi, 1844)
Nonnula sclateri (Hellmayr, 1907)

Cyphos macrodactylus (Spix, 1824)

Piciformes
Capitonidae

Capito auratus (Dumont, 1816)

Eubucco richardsoni (Gray, 1846)
Eubucco tucinkae (Seilern, 1913)

Picidae

Picumnus rufiventris (Bonaparte, 1838)
Picumnus subtilis (Stager, 1968)
Veniliornis passerinus (Linnaeus, 1766)
Celeus spectabilis (Sclater & Salvin, 1880)
Celeus elegans (Statius Muller, 1776)
Colaptes punctigula (Boddaert, 1783)

Passeriformes
Thamnophilidae

Myrmotherula axillaris (Vieillot, 1817)
Myrmotherula longipennis (Pelzeln, 1868)

Isleria hauxwelli (Sclater, 1857)

Thamnomanes schistogynus (Hellmayr, 1911)

Thamnophilus schistaceus (d'Orbigny, 1835)

Thamnophilus murinus (Sclater & Salvin, 1868)

Cymbilaimus sanctaemariae (Gyldenstolpe, 1941)
Taraba major (Vieillot, 1816)

Hylophylax punctulatus (Des Murs, 1856)
Myrmelastes hyperythrus (Sclater, 1855)
Myrmoborus lophotes (Hellmayr & Seilern, 1914)

Rufous-capped Nunlet

Fulvous-chinned
Nunlet

Chestnut-capped
Puffbird

Gilded Barbet
Lemon-throated Barbet

Scarlet-hooded Barbet

Rufous-breasted
Piculet

Fine-barred Piculet

Little Woodpecker
Rufous-headed
Woodpecker
Chestnut Woodpecker

Spot-breasted
Woodpecker

White-flanked
Antwren

Long-winged Antwren

Plain-throated Antwren

Bluish-slate Antshrike
Plain-winged
Antshrike
Mouse-colored
Antshrike
Bamboo Antshrike
Great Antshrike
Dot-backed Antbird
Plumbeous Antbird
White-lined Antbird

EM

EM/AF

EM/AF

AF
EM
AF

EM

AF
EM/AF
EM
EM

EM/AF

EM

EM/AF

EM

EM/AF
EM

EM

EM
EM/AF
AF
EM/AF
EM/AF



Myrmoborus myotherinus (Spix, 1825) Black-faced Antbird

Myrmoborus leucophrys (Tschudi, 1844) White-browed Antbird
Akletos goeldii (Snethlage, 1908) Goeldi's Antbird
Chestnut-tailed

Sciaphylax hemimelaena (Sclater, 1857) Antbird

Yellow-breasted

Hypocnemis subflava (Cabanis, 1873) Warbling-Antbird

Phlegopsis nigromaculata (d'Orbigny & Lafresnaye

1837) Black-spotted Bare-eye

Oneillornis salvini (Berlepsch, 1901) White-throated Antbird

Rhegmatorhina melanosticta (Sclater & Salvin,
1880)

Formicariidae

Hairy-crested Antbird

Formicarius analis (d'Orbigny & Lafresnaye, 1837) Black-faced Antthrush

Dendrocolaptidae

. o - Olivaceous
Sittasomus griseicapillus (Vieillot, 1818) Woodcreeper
Dendrocincla merula (Lichtenstein, 1829) White-chinned

Woodcreeper

. . - Plain-brown

Dendrocincla fuliginosa (Vieillot, 1818) Woodcreeper

Dendrocolaptes juruanus (Ihering, 1905) Jurua Woodcreeper

. . . Black-banded

Dendrocolaptes picumnus (Lichtenstein, 1820) Woodcreeper
Xiphorhynchus obsoletus (Lichtenstein, 1820) Striped Woodcreeper
Xiphorhynchus elegans (Pelzeln, 1868) Elegant Woodcreeper

. . Lafresnaye's
Xiphorhynchus guttatoides (Lafresnaye, 1850) Woodcreeper

Campylorhamphus  trochilirostris  (Lichtenstein,
1820)

Furnariidae
Philydor pyrrhodes (Cabanis, 1848)

Red-billed Scythebill

Cinnamon-rumped
Foliage-gleaner

Chestnut-crowned
Foliage-gleaner
Brown-rumped
Foliage-gleaner

Automolus infuscatus (Sclater, 1856) Olive-backed Foliage-

Automolus rufipileatus (Pelzeln, 1859)

Automolus melanopezus (Sclater, 1858)

AF

EM/AF
EM/AF
AF

EM

EM/AF

EM/AF

EM

EM/AF

EM/AF

EM/AF

EM/AF

EM/AF

EM/AF

EM/AF
AF

EM/AF

EM/AF

EM

EM/AF

AF
EM



Pipridae
Neopelma sulphureiventer (Hellmayr, 1903)

Pipra fasciicauda (Hellmayr, 1906)
Ceratopipra rubrocapilla (Temminck, 1821)
Tityridae

Pachyramphus polychopterus (Vieillot, 1818)
Onychorhynchidae

Terenotriccus erythrurus (Cabanis, 1847)
Pipritidae

Piprites chloris (Temminck, 1822)
Rhynchocyclidae

Leptopogon amaurocephalus (Tschudi, 1846)

Corythopis torquatus (Tschudi, 1844)
Rhynchocyclus olivaceus (Temminck, 1820)
Cnipodectes subbrunneus (Sclater, 1860)
Tyrannidae

Elaenia spectabilis (Pelzeln, 1868)

Attila bolivianus (Lafresnaye, 1848)

Attila spadiceus (Gmelin, 1789)

Ramphotrigon megacephalum (Swainson, 1835)
Ramphotrigon fuscicauda (Chapman, 1925)

Myiarchus ferox (Gmelin, 1789)

Lathrotriccus euleri (Cabanis, 1868)
Empidonax alnorum (Brewster, 1895)
Corvidae

Cyanocorax violaceus (Du Bus, 1847)
Hirundinidae

Stelgidopteryx ruficollis (Vieillot, 1817)

Turdidae

Catharus swainsoni (Tschudi, 1845)
Turdus hauxwelli (Lawrence, 1869)
Passerellidae

Ammodramus aurifrons (Spix, 1825)

Icteridae

gleaner

Sulphur-bellied
Tyrant-Manakin

Band-tailed Manakin
Red-headed Manakin

White-winged Becard

Ruddy-tailed
Flycatcher

Wing-barred Piprites

Sepia-capped
Flycatcher
Ringed Antpipit
Olivaceous Flatbill
Brownish Twistwing

Large Elaenia
Dull-capped Attila

Bright-rumped Attila

Large-headed Flatbill
Dusky-tailed Flatbill
Short-crested
Flycatcher
Euler's Flycatcher
Alder Flycatcher

Violaceous Jay

Southern Rough-
winged Swallow

Olive-backed Thrush
Hauxwell's Thrush

Yellow-browed
Sparrow

EM/AF
EM/AF
EM

EM

AF

AF

EM/AF

EM
EM/AF
AF

EM
EM/AF
EM/AF

AF
EM

EM/AF

AF
EM

AF

EM

AF
AF

AF



Cacicus solitarius (Vieillot, 1816)

Cacicus cela (Linnaeus, 1758)

Cardinalidae

Cyanoloxia rothschildii (Bartlett, 1890)
Thraupidae

Loriotus luctuosus (d'Orbigny & Lafresnaye, 1837)

Ramphocelus carbo (Pallas, 1764)

pacheco et al. (2001)

Solitary Black Cacique
Yellow-rumped
Cacique

Rothschild's Blue
Grosbeak

White-shouldered
Tanager

Silver-beaked Tanager

EM/AF
AF

EM/AF

AF
EM



Appendix 2. List of birds with information obtained by the Similarity percentage
analysis (SIMPER) with the contribution of each species to the similarity/dissimilarity
in relation to area Cecropia membranacea-dominated understory and adjacent aluvial
rainforest in Chandless State Park, Manoel Urbano-AC. SD: Standard deviation; MD:
mean contribution of each species to similarity; CE: Contribution of each species in
percentage; CC: cumulative contribution percentage by species.

Species SD MD CE (%) CC (%)

Pipra fasciicauda 0.074 8.331 10.76 10.76
Phlegopsis nigromaculata 0.050 4.594 5.94 16.7
Taraba major 0.035 3.472 4.49 21.18
Akletos goeldii 0.025 3.091 3.99 25.18
Veniliornis passerinus 0.033 2.860 3.70 28.87
Monasa nigrifrons 0.030 2.616 3.38 32.25
Automolus rufipileatus 0.025 2.253 2.91 35.16
Myrmoborus leucophrys 0.030 2.244 2.90 38.06
Cacicus cela 0.058 2.231 2.88 40.94
Momotus momota 0.022 1.906 2.46 4341
Thamnomanes schistogynus 0.022 1.905 2.46 45.87
Leptotila rufaxilla 0.022 1.866 2.41 48.28
Galbula cyanescens 0.029 1.833 2.37 50.65
Cyanoloxia rothschildii 0.019 1.749 2.26 52.91
Xiphorhynchus guttatoides 0.019 1.565 2.02 54.93
Dendrocincla fuliginosa 0.019 1.231 1.59 56.52
Thalurania furcata 0.030 1.144 1.48 58

Phaethornis hispidus 0.018 1.112 1.44 59.43
Nonnula sclateri 0.018 1.105 1.43 60.86
Cacicus solitarius 0.021 1.097 1.42 62.28
Colaptes punctigula 0.019 1.089 1.41 63.69
Formicarius analis 0.019 1.033 1.33 65.02
Cyphos macrodactylus 0.014 1.007 1.30 66.32
Rhynchocyclus olivaceus 0.028 0.991 1.28 67.6
Coccyzus melacoryphus 0.020 0.929 1.20 68.8
Dendrocolaptes juruanus 0.016 0.886 1.15 69.95
Dendrocincla merula 0.020 0.868 1.12 71.07
Leptopogon amaurocephalus 0.017 0.861 1.11 72.18
Myrmoborus lophotes 0.021 0.831 1.07 73.25
Myrmelastes hyperythrus 0.018 0.805 1.04 74.29
Sittasomus griseicapillus 0.014 0.766 0.99 75.28
Ramphocelus carbo 0.019 0.756 0.98 76.26
Sciaphylax hemimelaena 0.014 0.688 0.89 77.15
Myiarchus ferox 0.014 0.664 0.86 78.01
Oneillornis salvini 0.019 0.663 0.86 78.86
Terenotriccus erythrurus 0.013 0.617 0.80 79.66
Neopelma sulphureiventer 0.018 0.617 0.80 80.46
Attila bolivianus 0.013 0.607 0.78 81.24

Campylorhamphus 0.012 0.591 0.76 82



trochilirostris
Ceratopipra rubrocapilla
Dendrocolaptes picumnus
Geotrygon montana
Turdus hauxwelli
Pachyramphus polychopterus
Piprites chloris
Myrmotherula longipennis
Eubucco tucinkae
Rhegmatorhina melanosticta
Nonnula ruficapilla
Xiphorhynchus obsoletus
Attila spadiceus

Picumnus rufiventris
Celeus elegans

Catharus swainsoni
Capito auratus
Cymbilaimus sanctaemariae
Corythopis torquatus
Automolus infuscatus
Automolus melanopezus
Cyanocorax violaceus
Crypturellus bartletti
Lathrotriccus euleri
Hylophylax punctulatus
Cnipodectes subbrunneus
Celeus spectabilis
Hypocnemis subflava
Ramphotrigon fuscicauda
Coccycua minuta

Trogon curucui
Thamnophilus schistaceus
Philydor pyrrhodes
Chionomesa lactea
Xiphorhynchus elegans
Ramphotrigon megacephalum
Picumnus subtilis

Elaenia spectabilis
Myrmotherula axillaris
Thamnophilus murinus
Nyctidromus albicollis
Isleria hauxwelli
Stelgidopteryx ruficollis
Glaucidium brasilianum
Eubucco richardsoni
Ammodramus aurifrons
Myrmoborus myotherinus

0.015
0.015
0.015
0.014
0.014
0.013
0.013
0.012
0.011
0.016
0.011
0.010
0.009
0.009
0.012
0.012
0.011
0.011
0.011
0.010
0.010
0.010
0.010
0.009
0.008
0.008
0.008
0.008
0.008
0.008
0.008
0.008
0.008
0.007
0.007
0.007
0.007
0.007
0.007
0.006
0.006
0.006
0.006
0.006
0.006
0.006

0.585
0.551
0.542
0.532
0.530
0.530
0.483
0.439
0.430
0.429
0.398
0.375
0.358
0.344
0.312
0.312
0.299
0.286
0.286
0.273
0.273
0.273
0.273
0.243
0.227
0.222
0.222
0.222
0.219
0.215
0.215
0.208
0.206
0.194
0.194
0.194
0.186
0.186
0.186
0.172
0.172
0.172
0.172
0.172
0.155
0.155

0.76
0.71
0.70
0.69
0.69
0.68
0.62
0.57
0.56
0.55
0.51
0.48
0.46
0.45
0.40
0.40
0.39
0.37
0.37
0.35
0.35
0.35
0.35
0.31
0.29
0.29
0.29
0.29
0.28
0.28
0.28
0.27
0.27
0.25
0.25
0.25
0.24
0.24
0.24
0.22
0.22
0.22
0.22
0.22
0.20
0.20

82.76
83.47
84.17
84.86
85.54
86.23
86.85
87.42
87.97
88.53
89.04
89.53
89.99
90.43
90.84
91.24
91.63
92
92.37
92.72
93.07
93.42
93.78
94.09
94.38
94.67
94.96
95.24
95.52
95.8
96.08
96.35
96.61
96.87
97.12
97.37
97.61
97.85
98.09
98.31
98.53
98.76
98.98
99.2
99.4
99.6



Loriotus luctuosus 0.006 0.155 0.20 99.8
Empidonax alnorum 0.006 0.153 0.20 100
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