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ABSTRACT: The Talhado do Sio Francisco Natural Monument is located within the mesoregion of the lower Sao Francisco River,
in the Brazilian states of Alagoas, Sergipe, and Bahia. Data were collected at six study sites during field campaigns of three months’
duration. Visual surveys were conducted in areas of arboreal caatinga and at local aquatic environments. Specimens were also
captured using 20 ornithological mist-nets, which were set in the early part of the morning. A total of 190 species were recorded,
with estimated total species richness of 204+8 (CHAO?2) and 2084 species (Jackl). The families represented by the largest numbers
of species were Tyrannidae, Accipitridae, Emberizidae, and Thraupidae. Five of the species were classified as caatinga endemics,
while a further 29 species were considered to be typical of the Brazilian Northeast, or representatives of distinct subspecies. Overall,
187 species were classified as residents, Falco peregrinus and Tringa solitaria as migrants from the northern hemisphere, and Elaenia
chilensis as a migrant from the southern hemisphere. In all, 30 species were dependent on forest habitats. A total of 1558 specimens
representing 86 species were captured in the mist-nets. The most common species captured (representing more than 25% of the total
number of specimens) were Lanio pileatus, Columbina minuta, and Columbina picui. This inventory of the bird fauna of the Talhado
do Sao Francisco Natural Monument represents an important advance in the scientific knowledge of the bird communities of the
caatinga biome, and in particular of the bird faunas of the states of Alagoas and Sergipe, which are still relatively poorly-known.
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INTRODUCTION

The Talhado do Sao Francisco Natural Monument is
a Brazilian conservation unit created on June 5th, 2009,
by federal decree 12057 (Brasil 2009). This protected
area is located within the mesoregion of the lower Sao
Francisco River, between the town of Paulo Afonso
and the mouth of the river (CBHSF 2011). This is the
easternmost extreme of the river basin, located between
8-11° South, and 36-39° West (Costa, 2003). The lower
Sao Francisco basin encompasses a total area of 30,337
km?, which is equivalent to 5% of the whole basin, and is
thus the smallest of its four main subdivisions (Junqueira
2000). The western portion of the lower Sao Francisco is
dominated by the Xingé reservoir, which covers parts of
the municipalities of Paulo Afonso, in the state of Bahia,
Olho D’4gua do Casado, Piranhas, and Delmiro Gouveia
in Alagoas, and Canindé de Sao Francisco, in Sergipe
(CBHSF 2011). The reservoir covers a total area of
approximately 60 km?, and holds 3.8 billion cubic meters

of water. The main geological feature of this stretch of
the river is the canyon extending from Paulo Afonso 100
km downriver before being interrupted by the Xingé dam
(Silva 2009).

Until recently, the native fauna of the caatinga
biome was thought to be relatively species-poor,
although Aratjo & Rodrigues (2011) found evidence
of a much richer biota in their review of the recent
literature (Nascimento 2000, Nascimento ez 2/. 2000,
Silva et al. 2003, Olmos 2005, Olmos ez 2/. 2005, Roos
et al. 2006, Farias 2007, Lyra-Neves & Telino-Jinior
2010, Aratjo & Rodrigues 2011, Pereira & Azevedo
Janior 2011). Silva et al. (2003) recorded a total of 510
bird species in the caatinga, corresponding to 27.84% of
the 1832 species catalogued for Brazil as a whole (CBRO
2011). In addition to this considerable species richness,
15 species and 45 subspecies are endemic to the biome
(Pacheco ez al. 2004), which is thus an important South
American center of endemism (Cracraft 1985, Haffer
1985, Rizzini 1971).
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Relatively few data are available from the Sao
Francisco basin, although Olmos ez 4/. (2005) and Roos
et al. (2006) have surveyed the bird communities along
the middle stretch of the river. Virtually no ornithological
data are available from the lower Sao Francisco, however,
except for the studies of Cabral ez al. (2006), in the
Piagabucu Environmental Protection Area at the mouth
of the river in Alagoas, Ruiz-Esparza et al. (2011a), in
the Grota do Angico Natural Monument in Sergipe,
and Aradjo & Rodrigues (2011), in the municipalities
of Canapi, Alagoas, and Inajd, Pernambuco. The present
study reports on the bird fauna of a fourth area in the
lower Sao Francisco basin, the Talhado do Sao Francisco
Natural Monument, which includes parts of Alagoas,
Bahia, and Sergipe. Data are provided on species richness
and abundance.

MATERIAL AND METHODS

Description of the study area

The basin of the Siao Franciso River can be divided
into sedimentary and crystalline geological formations
(Silva 2009). The lower stretches of the river run through
a region of crystalline bedrock, with soils ranging from
sandy to clays. This region is characterized by two distinct
pedological profiles, to the west and the east. The former,
known as the Talhado do Sio Francisco, is dominated by
three main types of soil (Junqueira 2002).

The local climate is arid or semi-arid, with irregular
precipitation, marked by a distinct rainy season, which
generally occurs between March and August, but long
dry periods are common. Mean annual precipitation is
500 mm, with temperatures varying between 17°C and
28°C (Souza & Lima 2000 apud Medeiros 2007, Santos
2000, CBHSF 2011). The vegetation is dominated by
spiny and deciduous plants, which form a steppe savanna,
with areas of ecological tension and some pastures (S4 ez
al. 2009). The structure of the hyperxerophilous caatinga
vegetation ranges from shrubby to arboreal, with varying
proportions of open (grassland) habitats. The topography
of the margins of the Xingé reservoir ranges from gently
sloping hillsides to much steeper gradients, including
rocky cliffs of up to 50 m in height, with varying amounts
of vegetation cover (Santos 2000).

Six sites were selected for the sampling of the
region’s bird fauna (Figure 1), of which, three are located
in Alagoas, on the left margin of the Xingd reservoir, with
two in Sergipe and one in Bahia, all located on the right
margin of the reservoir. Four of the sites (1-4) are located
within the limits of the Talhado do Sio Francisco Natural
Monument, while the other two, in Piranhas (Alagoas)
and Canindé de Sio Francisco (Sergipe), are adjacent
to this protected area. Two excursions of six consecutive

days were conducted at each site. Data were collected at
the sites described below using visual observations and
auditory cues (during five days), while specimens were
captured in mist-nets during four days.

Site 1 — Fazenda Baixa da Quixaba, Paulo Afonso,
Bahia (9°26°267S, 38°04°05”W): low, sparse arboreal
caatinga, pootly-preserved, with evidence of logging and
extraction of firewood (E. L. Aratjo & E. M. N. Ferraz in
lirt.). The local vegetation is characterized by the presence
of Chnidoscolus phyllacanthus and  Spondias tuberosa,
Schinopsis  brasiliensis, Mimosa tenuiflora, Caesalpinia
pyramidalis, and Commiphora leptophloeos. Pastures and
plots for subsistence agriculture can be found at a number
of locations.

Site 2 — Fazenda Luna, Delmiro Gouveia, Alagoas
(9°29'32”S, 38°04’10”W): highly degraded area of
caatinga with reduced diversity of plant species (E. L.
Aratjo & E. M. N. Ferraz in litt.). The original vegetation
was shrubby caatinga with occasional trees. All the
Aspidosperma pyrifolium trees within the study area had
been cut down. The predominant tree species were the
M. tenuiflora, Mimosa sp., Anadenanthera colubrina, and
C. phyllacanthus. A number of permanent and temporary
pools are found within the study area, at which aquatic
and semi-aquatic bird species could be observed.

Site 3 — Fazenda Mundo Novo, Canindé de Sio
Francisco, Sergipe (9°33'28”S, 37°59'43”W): dense,
well-preserved caatinga, with no evidence of ranching
activities. This site presents a unique feature not observed
at any of the other sites, where the tree species range
from typical caatinga forms, such as the S. brasiliensis,
Pilosocereus pachycladus and M. tenuiflora, to those more
typical of rainforest ecosystems, such as the Hymenaea
courbaril, Tabebuia impetiginosa,  Stigmaphyllon aff.
Paralias, Barnebya cf. harleyi, Tocoyena formosa, Cordia
insignis, as well as Ximenia americana, Caesalpinia
ferrea, Anadenanthera columbrina, and Mimosa sp.
(E. L. Aratjo & E. M. N. Ferraz in litz.). The site also
encompasses a transition zone dominated by a large area
of sandy caatinga, dominated by Caesalpinia microphyla,
Piptadenia moniliformis, Jatropha mutabilis, Cnidosculus
babianus, Arrojadoa rhodantha, Thiloa glaucocarpa, and
C. leptophloeos.

Site 4 — Fazenda Olho d’Aguinha, Olho d’Agua do
Casado, Alagoas (9°30°12”S, 37°54’50”W): late regrowth
arboreal-shrubby caatinga with areas either logged or
burned off recently (E. L. Aratjo & E. M. N. Ferraz in
lirt.). Additional area of late regrowth arboreal caatinga
adjacent to a large hill and a small watercourse, mainly
on sandy soils. This vegetation appears to have been more
diverse in the past, with a higher canopy, based on the
set of species and the size of the trees observed in the
present day (E. L. Aratjo & E. M. N. Ferraz in /irz.). The
most predominant trees are C. leptophloeos, Chloroleucon
Joliolosum, P moniliformis and S. brasiliensis, with the
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FIGURE 1. Location of the study sites at the Talhado do Sao Francisco Natural Monument in the semi-arid Brazilian Northeast.
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latter two species forming an almost continuous canopy.
Other trees recorded at the site include 7. glaucocarpa,
B. gardneriana, P pachycladus, Cereus jamacaru, C.
phyllacanthus, Guapira noxia, and C. microphylla.

Site 5 — Fazenda Santa Rosa, Canindé de Sao
Francisco, Sergipe (9°36’33”S, 37°54’02”W): poorly-
preserved arboreal-shrubby caatinga (E. L. Aradjo & E.
M. N. Ferraz in litz.) impacted by logging and ranching,
but still containing a number of tree species that are
typical of pristine arboreal caatinga. A number of areas
present evidence of selective logging in the past (E. L.
Aratjo & E. M. N. Ferraz in lirt.). The most prominent
tree species include Schinopsis brasiliensis, C. leptophloeos,
Sideroxylum obtusifolium, Myracrodruon urundewva, P
pachycladus, C. jamacaru, Maytenus rigida, A. macrocarpa,
and C. pyramidalis.

Site 6 — Fazenda Mecejana, Piranhas, Alagoas
(9°35°487S, 37°47°05”W): low, open arboreal caatinga,
with evidence of logging in the past, characterized by the
low height of the canopy, indicating late regrowth (E. L.
Aratjo & E. M. N. Ferraz in lizr.). Tree species include S.
tuberosa, S. obtusifolium, G. laxa, M. rigida, S. brasiliensis,
S. obtusifolium, Erythrina velutina, C. leptophloeos, C.
ferrea and Tocoyena formosa. The vegetation at this site is
threatened by the expansion of ranching activities and the
extraction of firewood for use in local bakeries. This site
also includes a lake, at which aquatic and semi-aquatic
bird species could be observed.

Methods

Basic surveys — the dense and open caatinga, and
aquatic and anthropogenic habitats were surveyed by
walking along pre-existing trails between 05:00 h and
11:00 h, and 15:00 h and 17:00 h, the periods of the
day when diurnal birds are most active in this semi-arid
region, especially during the dry season, when daytime
temperatures are at their highest. The pools (temporary
and permanent) were investigated by walking round their
margins, whereas the Xing6 reservoir, in the Sao Francisco
Canyon, was surveyed using a motorboat, which provided
access to the remotest parts of the lake.

Birds were observed with a pair of binoculars (8
x 30 mm), and their vocalizations were recorded with
a Sony TCM5000 recorder and external Lesson MP68
microphone. Whenever necessary, the analysis of the
recorded vocalizations was aided by comparisons with the
authors’ own archives and those of other researchers, for
the reliable identification of the species. Total sampling
time was 256 hours at each site.

In addition to these records, birds were captured in
mist-nets for the collection of complementary data, in
particular on the abundance of each species. These two
approaches were combined to provide the most reliable

possible inventory of the bird species of the Talhado do
Sao Francisco Natural Monument.

Capture of specimens — birds were caught at each
of the caatinga study sites in 20 12 m x 2.5 m mist-nets
with a 36 mm mesh, which were set along two transects,
each containing 10 nets (Bierregaard Jr. & Lovejoy
1989). Birds were captured during four consecutive days,
during which the nets were opened between 05:00 h
and 10:00 h, the daylight period during which birds are
most active, resulting in a total sampling effort of 1200
hours per site. Each specimen captured was identified
and tagged with a metallic ring provided by the Brazilian
federal Avian Research and Protection Agency, CEMAVE
(Authorization: Project 1098 SNA.Net). Species were
identified according to basic references and the field guides
of Hyman (1986), Madge & Burn (1988), Dunning
(1987), Ridgely & Tudor (1994a, b), and Sick (1997).

Data analysis

The bird species classified as endemic and/or game
were identified based on the reviews of Sick (1997),
Pacheco (2004), and CBRO (2011). The species were
also classified in terms of their degree of dependence
on forested areas and their habitat use, according to the
scheme of Silva ez al. (2003). In the specific case of the
Talhado do Sao Francisco Natural Monument, species
were also classified in accordance with their occurrence
pattern (Almeida ez al. 1999) as: abundant residents
(occurrence of > 75%), common residents (50-69%),
uncommon residents, with an occurrence < 50% (species
which are commonly found in caatinga habitats, and
are not known to migrate seasonally), rare residents
(uncommon species which are difficult to observe), and
seasonal migrants, which move among areas according to
the annual variation in precipitation patterns.

The frequency of occurrence (FO) was calculated
for the species observed during the basic surveys. This
parameter is the percentage of surveys in which the
species was recorded, independently of the number
of individuals observed. Species with FO 275% were
considered to be abundant residents (Almeida ez al
1999). The relative abundance of the species captured in
the mist-nets was calculated by dividing the number of
individuals of species 7 captured by the total number of
specimens captured in the nets.

Jaccard’s index of similarity (Magurran 2004) was
used to compare the composition of species between sites.
Total species richness was estimate using CHAO 2 and
Jacknife 1, which were run in the EstimateS program,
version 8.2.0 (Cowell 2005). These estimators are based
on the incidence of species and use the number of species
recorded in only one or two samples to estimate the total
number of species present within the study area.
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RESULTS

A total of 190 bird species were recorded in
the Talhado do Sao Francisco Natural Monument,
representing 48 families. The rarefaction curve did
not reach the asymprote, and the statistical estimators
CHAO2 (2048 species) and Jackl (2084 species)
indicated that the number of species was underestimated
slightly during data collection (Figure 2). The families
represented by the largest numbers of species were the
Tyrannidae, Accpitridae, Emberizidae, and Thraupidae
(Figure 3,Table 1). Sites 3, 5, and 6 returned the highest
estimates of species richness (Figure 4), with site 3 having
the largest number of species recorded during the study
(160). However, the estimates of species richness are still
increasing at all six sites (Figure 4). Sites 5 and 6 had the
most similar sets of species (Table 2).

Sixteen of the species were identified as Brazilian
endemics (Table 1), of which, five are endemic to the
caatinga, while a further 29 species were represented by
forms typical of the Brazilian Northeast, some of which are
recognized as subspecies. Twenty-six of the 190 recorded
species were considered to be abundant residents, with
a frequency of occurrence (FO) equal to or above 75%.
A further 31 species were considered to be common
residents (FO = 50-69%), while 15 were recorded rarely.
Overall, 29 species were classified as being dependent on
forest habitats, of which, 24 occurred at site 3, and 17 at
site 5. Site 2 had the smallest number of species in this
category (Table 1).

Some of the species recorded in this study can be
classified as migrants, which move between sites according
to the seasonal variation precipitation. Ten of these species
are aquatic, including the anatids, and species such as
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FIGURE 2. Rarefaction curve (Sobs) and species richness estimated by CHAO2 and Jackknife 1, by all methods combined in this research.
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FIGURE 3. Species richness of the bird families recorded in the Talhado do Sao Francisco Natural Monument.
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——Sobs Mean ~ «+++- Chao 2 Mean = -Jack | Mean

Podilymbus podiceps, Phalacrocorax brasilianus, Gallinula 250 4 .
galeata, and Himantopus mexicanus (Table 1). A further 5
eight species were considered to be migrants, including E 200 4

. . . . z
Micrococcyx cinereus, ZVI)/wdynastes maculatus, Empldmamus 5 150 |
varius, and Turdus amaurochalinus (Table 1). g

Visual observations and recordings (excluding “ oo -
bodies of water) resulted in the confirmation of 181
species, which correspond to approximately 95% of 50 -
the total number recorded in this study. However, the ;
0

species richness estimators (Figure 5) indicated a total of
193 (CHAO 2) or 198 species (Jackl). While a larger

number of species was expected in theory, in practice, the

1 3 5 7 9 11 13 1517 19 21 23 25 27 29
Samples

FIGURE 5. Rarefaction curve (Sobs) and estimated species richness

rarefaction curve for this sampling method had virtually
stabilized by the end of the study.

(CHAO?2 and Jackknife 1) for the results of the visual and auditory
surveys recorded in the Talhado do Sio Francisco Natural Monument.
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A total of 32 aquatic species were recorded in the
Xing6 reservoir and adjacent bodies of water. All of these
species were observed during the dry season, but only
72% during the rainy season. Dendrocygna bicolor, Anas
bahamensis, Nomonyx dominica, Podilymbus podiceps,
Laterallus viridis, Porzana albicollis, Porphyrio martinica,
Himantopus mexicanus, and Tringa solitaria were recorded
only during the dry season.

Site 1 had the greatest species richness for aquatic
birds, corresponding to 71% of the total number of
aquatic species recorded in this study, followed by
sites 5 and 6 (Table 1). Dendrocygna bicolor, Nomonyx
dominica, Porzana albicollis, and Porphyrio martinica
were recorded exclusively at site 1, Laterallus viridis only
at site 4, Anas bahamensis at site 5, while Podilymbus
podiceps and Rostrhamus sociabilis were exclusive to site
6 (Table 1). The most abundant species recorded in the
surveys were Bulbucus ibis (N = 2000), Egretta thula (N
= 128), Tachycineta albiventer (N = 192), and Nycticorax
nycticorax (N = 20).

A total of 1558 specimens were captured in the
mist-nets, representing 86 different species. Total species
richness estimated by CHAO?2 and Jackl was 92 and
99 species, respectively (Figure 6A). Relatively similar
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representing 23 families at site 4, 41 species in 17 families
atsite 5, and 41 species in 20 families at site 6. Overall, the
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The most abundant species captured (representing
more than 25% of the specimens netted) were Lanio
pileatus (N = 147; Ar = 0.0944), Columbina minuta (N =
145; Ar = 0,0931), and Columbina picui (N = 105; Ar =
0.0674) (Figure 6B). There were some differences between
the margins of the river/reservoir, with Columbina picui
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representing almost 29% of the birds captured. On the
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minuta (N = 95; Ar = 0.1334), Lanio pileatus (N = 78;
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Ar = 0.0534), and Myiarchus tyrannulus (N = 32; Ar =
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DISCUSSION

The number of species recorded in the present
study was relatively high, corresponding to almost two-
thirds of the 348 caatinga species recorded by Pacheco
(2004). Similar numbers of species have been recorded
at a number of caatinga sites, such as Serra da Capivara,
Piauf, where Olmos (1993) reported 208 species, and
Ceard and Pernambuco, where Olmos er a2/ (2005)
identified 209 species. Similarly, Lyra-Neves & Telino
Junior (2010) listed 186 bird species from the caatinga
of the state of Paraiba, while Farias ez 2/ (2006) recorded
193 species at Serra das Almas, and Nascimento (2000)
found 158 species in the Aiuaba Ecological Station (both
sites in Ceard).

Lower numbers of species have been reported from
other caatinga sites, however. Aratijo & Rodrigues (2011)
recorded only 105 at a site in Alagoas, while Santos (2004)
found 115 species in southern Piaui. Ruiz-Esparza ez .
(2011a) recorded a total of 140 species in the Grota do
Angico Natural Monument in Sergipe, also on the lower
Sao Francisco River, while Farias (2007) listed 141 species
in Pernambuco. However, all the other studies were also
based on relatively limited sampling effort, with Santos
(2004) and Ruiz-Esparza et al. (2011a) collecting data
only during the rainy season, and the results of Aradjo
& Rodrigues (2011) and Farias (2007) being based on
a rapid survey approach. In addition, while Olmos ez 4/.
(2005) recorded the highest total species richness, the
largest number of species recorded at any given locality
was 125, with the values at other sites ranging from 72
to 109, reflecting the relatively short duration of the
sampling effort at each site. It seems likely, then, that the
number of species has been underestimated at most, if
not all of the caatinga sites surveyed to date.

The rarefaction curve indicated that the collection
of additional data would further expand the number of
species recorded for the Talhado do Sao Francisco Natural
Monument, a conclusion also supported by the CHAO2
and Jackl estimators. The total number of species would
increase to 196-212 according to CHAO?2, and to 204-
212, based on Jackl, indicating that the true number
of species was underestimated by no more than 10%.
With some variations, the richest families in terms of the
number of species were the same as those recorded at other
caatinga sites (Santos 2004; Olmos ez al. 2005; Roos ez al.
2006; Farias 2007, Lyra-Neves & Telino Junior (2010),
Aratjo & Rodrigues (2011), Pereira & Azevedo Junior
(2011) e Ruiz-Esparza et al. (2011a). The Tyrannidae
corresponded to almost 15% of the species recorded in
the present study, and this family was the most species-
rich in all other studies.

Site 3 presented the highest species richness (143),
which was expected due to the relatively well-preserved
and heterogeneous habitat found at this site, where

the vegetation included not only arboreal caatinga
interspersed with tree species typical of more humid forest,
but also shrubby-herbaceous caatinga on sandy soils.
With 135 and 132 species, respectively, sites 5 and 6 were
also relatively species-rich, despite local anthropogenic
impacts, probably because of the availability of some
well-preserved habitats at both sites. Pereira & Azevedo
Junior (2011) recorded 138 species in the caatinga of the
municipality of Altinho (Pernambuco), and emphasized
the negative effects of deforestation (for cattle pasture) for
the conservation of the local avian fauna.

The lowest species richness was recorded at sites
1 and 2, which have suffered extensive anthropogenic
impacts, resulting in the disturbance of most of their
areas of natural vegetation. Even so, the smallest number
of species (117) recorded at these sites was still larger
than the total number reported by Santos (2004) and
Aratjo & Rodrigues (2011), although it seems likely
that the difference was related to variations in sampling
procedures and effort, and the duration of the study
period, given that, as mentioned above, these studies were
based on a single sampling method and were restricted to
the rainy season.

Only five endemic species were recorded in the
present study, just a third of the total number (15)
recorded for the caatinga by Pacheco (2004). This
number was nevertheless much higher than the values
recorded in some other caatinga studies, such as that
of Santos (2004), who reported an endemism rate of
15.5% in southern Piaui. The endemic caatinga species
include Aratinga cactorum and Anopetia gounellei, which
are classified as semi-dependent and dependent on
forest habitats, respectively. Aratjo & Rodrigues (2011)
recorded seven of the species classified here as typical
of the Brazilian Northeast. Some of these forms are
recognized as subspecies (Pacheco 2004), and 29 species
were included in this category in the present study.

Based on the classification of Almeida ez 2/ (1999),
abundant resident species are those which have a
frequency of at least 75%, and 26 species (13.7%) were
included in this category in the presentstudy. A further 31
species returned frequencies of between 50% and 69%,
and were classified as common residents. An additional
96 species were identified as uncommon residents, with
a frequency of less than 50%. These species are typical
of the caatinga, and do not present distinct seasonal
movements which would warrant their classification
as seasonal migrants, nor can they be considered to be
rare within the study area. In many cases, the reduced
frequency of occurrence may simply be the result of
random sampling effects.

Some of the species recorded in the present study are
more dependent on well-preserved caatinga habitats, and
are difficult to observe in disturbed vegetation. In this case,
15 species were classified as rare residents, in particular
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Sarcoramphus  papa, Urubitinga wurubitinga, Lurocalis
semitorquatus, Trogon curucui, and  Campylorhamphus
trochilirostris, which were recorded only at site 3, and
Geranospiza caerulescens, Micrastur ruficollis, Geotrygon
montana, Anopetia gounellei, and Herpsilochmus atricapillus,
which were observed only in the well-preserved forest
habitats found at sites 4, 5, and 6.

Many species can be observed in the semi-arid
Brazilian Northeast only during specific periods, and the
occurrence of most seems determined by precipitation
levels (Azevedo Junior & Larrazdbal 2002, Pereira &
Azevedo Janior 2011). These species were classified
as seasonal migrants in the present study, and include
Tachybaptus dominicus, Podilymbus podiceps, Gallinula
chloropus,  Zenaida  auriculata, and  Chrysolampis
mosquitus. Whereas some aquatic species were absent
from the study area during the rainy season, the opposite
pattern was recorded for the terrestrial species, which
tended to emigrate during the dry season. Some species,
such as Dendrocygna bicolor, D. viduata, D. autumnalis,
Sarkidiornis sylvicola, Tachybaptus dominicus, Podilymbus
podiceps, Phalacrocorax brasilianus, and Gallinula galeata,
may migrate within the South American continent during
the flooding cycle of the Brazilian Pantanal wetlands
(Nunes & Tomas 2008). Species such as Myiodynastes
maculatus, Empidonomus varius, Progne tapera, P chalybea,
Turdus amaurochalinus, and Sicalis luteola, present a
similar pattern of behavior. These same authors identified
Amazonetta  brasiliensis, Nomonyx — Dominica, and
Chrysolampis mosquitus as nomads. This category refers to
species that migrate between areas or sub-regions, based
on the availability of resources, in particular the supply
of nutrients.

Some aquatic species migrate at the beginning of
the rainy season, when temporary bodies of water start to
form, attracting a variety of species (Pereira 2010, Passos
Filho 2012). This process may be related to the availability
of refuges in the area surrounding these lakes, in which
the birds can reproduce. This is especially important for
the anatids, which also molt during this process.

Most of the species recorded during the present
study are either independent or only semi-dependent of
forest habitats. A similar pattern was observed by Santos
(2004), Silva et al. (2003), and Pereira & Azevedo Junior
(2011). This is typical of most caatinga species, which
also tend to be relatively tolerant of habitat disturbance
(Stotz et al. 1996, Santos 2004 e Silva et al. 2003). Of
the 29 species classified as dependent of forest habitats,
almost 83% were recorded at site 3, followed by sites
5 and 6, which are characterized by tracts of relatively
dense, undisturbed arboreal-shrubby caatinga, which is
favorable to these species.

The combined use of visual observations and the
recording of vocalizations proved to be a useful approach
for the collection of data on the occurrence of bird species

in the present study, given that 95% (181) of the species
were recorded through these methods. However, the
capture of specimens in mist-nets was also essential for
the confirmation of the occurrence of less conspicuous
species, which are often difficult to observe in dense
forested habitats. The capture of specimens also provided
additional biological data that can only be obtained from
the manipulation of the animals. The estimated species
richness based on mist-nets captures — 193 (CHAO2)
and 198 species (Jackl) — was similar to the number
recorded during observations.

The 32 aquatic species recorded in the present study
represents a species richness similar to that recorded by
Lyra-Neves & Telino Janior (2010) and Passos-Filho
(2012) in the caatinga of Paraiba state. While Olmos
et al. (2005) recorded a much larger number of species
(49), this number includes species associated with aquatic
environments, such as Columbina spp., rather than
truly aquatic species. Considering only these aquatic
species, the total recorded by these authors was 34, a
number similar to that obtained in the present study. In
comparison with other sites, however, a relatively large
number of aquatic species was recorded at Talhado do
Sdo Francisco, especially at other reservoirs on the Sio
Francisco River. Ross ez al. (2006), for example, recorded
18 species at the Sobradinho hydroelectric reservoir,
while Farias (2007) recorded 16 at the Itaparica reservoir.
Pereira (2010) recorded 18 aquatic species associated
with natural lakes in Rio Grande do Norte.

In the present study, the sites with the largest
numbers of aquatic species — 1, 5, and 6 — were those
adjacent to inlets of the reservoir, characterized by
relatively flat terrain, virtually at the same level as the
water. Fewer aquatic species were recorded at the sites
which included canyon cliffs, which appear to be an
unfavorable environment for many of these species, in
particular because of the lack of aquatic vegetation along
the margins of the body of water, which is used as a
refuge by some species, in particular the rallids, which
were absent from these sites, and the anatids, which were
represented by a single species, Sarkidiornis sylvicola.

Some species were recorded only during the dry
season. Olmos ez 4l (2005) recorded an increase in
the number of aquatic species during the rainy season,
although other studies, such as those of Alves & Pereira
(1998) and Passos Filho (2012) recorded the opposite
tendency, that is, increased species richness during the
dry season, a pattern also observed in the present study.
This may be related primarily to two factors (Passos Filho
2012). One is methodological — as water levels decrease,
the area of the lake margin increases, resulting in better
conditions for the observation of birds. The other is the fact
that many temporary bodies of water dry out completely,
forcing many species to migrate to more permanent sites,
such as lakes and reservoirs. An additional factor is the
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seasonal migrations observed in many species, which are
determined by precipitation patterns.

The relatively large numbers of Bubulcus ibis recorded
during the present study were due to the presence of
a breeding colony of this species in May, 2005, on the
right bank of the Sao Francisco, near the Fazenda Santa
Rosa. The species Egretta thula and Nycticorax nycticorax
were observed in the vegetation bordering the reservoir,
whereas other species, such as Certhiaxis cinnamomeus,
Megaceryle torquata, and Chloroceryle americana were also
observed in the vegetation on the cliffs.

A total of 86 species were captured in the mist-
nets, corresponding to approximately 45% of the species
richness of the study area. The rarefaction curve had
virtually stabilized, although the estimators indicated
that an additional 13 species would, theoretically, be
recorded if additional captures had been carried out. The
estimate of 99 species reinforces the conclusion that mist-
netting provides a potentially important complementary
approach to the surveying and monitoring of bird
species, together with observations and the recording of
vocalizations.

The largest numbers of bird species were captured
at sites 4 and 5. At all sites, the family with the most
species captured was the Tyrannidae, followed by the
Thraupidae, Trochilidae, and Columbidae. A very similar
taxonomic composition, with some minor variation, has
been recorded at other sites in the region (Nascimento
2000, Roos ez al. 2006, Ruiz-Esparza ez al. 2011a). The
most abundant species at all the sites were generalists that
are relatively tolerant of habitat disturbance, once again,
a pattern observed at other sites (Nascimento 2000, Roos
et al. 20006). Species dependent on forest habitats were
captured rarely, and their relative abundance was low.

Some of the species recorded in the present study
are of special interest, for a number of different reasons.
For example, Urubitinga urubitinga, Parabuteo unicinctus,
Geranoaetus albicaudatus, Amazona aestiva, Sarcoramphus
papa, Micrastur ruficollis, Micrococcyx cinereus, Lurocalis
semitorquatus, Trogon curucui, and  Campylorhamphus
trochilirostris were recorded exclusively on the left bank
of the Xingé reservoir, primarily at sites 3 and 5, which
are located in the state of Sergipe. The caatinga habitats at
these sites are relatively well-preserved, which appears to
be a requirement for the presence of these species, which
are dependent or semi-dependent on forest habitats.

A number of species were also associated with the
rocky cliffs of the Sao Francisco canyon. These included
Sarcoramphus papa, Buteo melanoleucus, and Hirundinea
ferruginea. In the case of S. papa, nests and a nestling were
observed.

A number of other species are migrants, coming
from either the southern or the northern hemisphere.
Falco peregrinus and Tringa solitaria are migrants from the
North. Falco peregrinus was recorded in May, 2006, while

1 solitaria was observed between February and March,
2006, which coincides with the overwintering period
of this species in Brazil. Elaenia chilensis, a southern
visitor, was captured in large number in May, 2006, and
was sighted between May and August, indicating that it
migrates to the Brazilian Northeast during the local rainy
season. The species was recorded on a similar time scale
at other sites in the region, such as the Raso da Catarina,
in Bahia, where Lima ez al. (2003) reported the greatest
numbers of this species between April and June, and
the Grota do Angico Natural Monument, in Sergipe,
where Ruiz-Esparza ez al. (2011b) also recorded increased
numbers of E. chilensis between March and July. In both
cases, the period coincides with the rainy season. Marini
& Cavalcante (1990) reported that E. chilensis migrates to
northern Brazil, including the Northeast, between May
and July.

One other species, Himantopus mexicanus, is
associated with aquatic environments, and during the
present study, it was recorded only during the dry season.
This species is not considered to be a migrant by many
authors, but the distinct seasonal pattern of occurrence
recorded in the present study indicates that it disperses
seasonally within the caatinga. Nunes & Tomas (2008)
have classified the species as an intercontinental migrant.

Two other species, Myiodynastes maculatus and
Empidonomus varius, also presented an apparently seasonal
pattern of abundance, with the vast majority of specimens
being captured between May and August, although there
were two records of E. varius in November, and one of
M. maculatus in February. Turdus amaurochalinus was
also abundant between May and the end of August, but
absent during all other months, except for two specimens
captured at the end of February and beginning of March.
During the region’s rainy season months (May-August),
the specimens captured had completely yellow beaks,
which is a breeding trait, whereas during the other
months, the beaks of the specimens were plain brown.
A similar seasonal reproductive pattern was recorded in
the same region of the lower Sao Francisco River by Ruiz-
Esparza et al. (2011b), who emphasized the presence of
migrant populations of Turdus amaurochalinus during
the rainy season in the caatinga. Nunes & Tomas (2008)
classified all three species as intracontinental migrants,
which move to and from the Pantanal wetlands according
to the flooding cycle and variation in water levels. The
results of the present study confirm the role of these three
species as seasonal migrants in the semi-arid Brazilian
Northeast.

Micrococcyx  cinereus was recorded on only one
occasion in May, 2006, at site 3, in Canindé de Sio
Francisco, Sergipe. This cuculid species is distributed
primarily in central Brazil, ranging as far east as the
caatinga habitats of western Bahia (Sick, 1997). Prior
to the present study, this was the eastern limit of the
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geographic range of the species (Mata e al. 2006, Sigrist
2009, Van Perlo 2009). Sick (1997) classified this species
as a migrant, which occurs as far North as the Amazon
basin. This species is associated with more humid arboreal
caatinga habitats, including upland enclaves of humid
forest (brejos de altitude), a type of vegetation found at
site 3.

The species Zenaida auriculata presented a reduced
frequency of occurrence between March and August,
which coincides with the rainy season in the study
area, when seeds are more available, supporting the
reproductive process, and resulting in larger numbers of
individuals moving within the study area, facilitating the
observation of the species. This species migrates seasonally
within the caatinga, accompanying precipitation patterns
and the availability of Crozon spp. seeds (Azevedo Janior
& Antas 1990, Souza et al. 2007).

Sites 3 and 5, which are located in the municipality
of Canindé de Sao Francisco, in the state of Sergipe, were
characterized by the highest species richness and the
largest number of species dependent on forest habitats (e.g.
Anopetia gounellei, Trogon curucui, and Campylorhamphus
trochilirostris). These sites are characterized by relatively
well-preserved tracts of arboreal caatinga, which is an
essential prerequisite for the occurrence of these birds. The
principal plant resources include the murici (Byrsonima
gardneriana), baratna (Schinopsis brasiliensis), imburana
(Commiphora  leptophoes),  quipembe  (Piptadenia
monoliformis), aroeira (Myracrodruon urundeuva), and
angico de carogo (Anandenanthera macrocarpa), trees
which provide both feeding resources and breeding sites.

While the other sites were less well-preserved
in general, and some have suffered considerable
anthropogenic impact, a few forest-dependent bird
species were still present at all sites. This reinforces the
need for the implementation of effective measures for the
conservation of these species within the study area.

The Xing6 reservoir, located within the Sao Francisco
Canyon, and the permanent lakes and temporary pools
found in adjacent areas, form a network of bodies of
water appropriate for resident and migratory species of
aquatic and semi-aquatic birds, including some, such
as Amazonetta brasiliensis and Aramides cajanea, which
are highly sensitive to habitat disturbance (Parker III
et al. 1996).

The loss of the original vegetation cover is a
consequence of extensive ranching (cattle, sheep, and
goats), agriculture, and the extraction of firewood for the
production of charcoal. These anthropogenic pressures
are less intense at the two sites in Sergipe (3 and 5), in
comparison with those in Bahia (site 1) and Alagoas (sites
2, 4, and 6), although site 4 still has some relatively well-
preserved tracts of caatinga habitat. The conservation of
the local bird species is directly related to the preservation
of these natural habitats. In addition to the recently-

created Talhado do Sao Francisco Natural Monument,
a state protected area, the Grota do Angico Natural
Monument was decreed in 2007 in Sergipe. These two
units undoubtedly constitute a major step towards the
conservation of the natural ecosystems of the lower
Sdo Francisco River. However, the maintenance and
management of such protected areas is more important
than their creation. In particular, pristine habitats require
intense monitoring and protection, while impacted areas
need effective recuperative measures.

The inventory of the bird fauna provided by the
present study (190 species) provides a baseline for the
development of biological surveys and monitoring in the
areas being restored around the margins of the reservoir.
These studies will provide important insights into the
colonization of the caatinga biome by different bird
species or groups. The analysis of these data in the context
of the different stages of habitat regeneration can provide
important insights for the development of effective
policies for the recuperation of areas of anthropogenic
impact throughout the region.
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