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Abstract:
							                           
The Serra de Itabaiana National Park (PARNASI) is known as an important conservation area in the ecotone between the Atlantic Forest and Caatinga in Northeast Brazil and is one of the main areas of fauna and flora studies in Sergipe. For this reason, there are some studies on its avifauna, which date back to its creation in 2005. However, after 15 years of establishment of PARNASI, an update of the inventory of birds is necessary due to adjustments in the management of the park. The present study aimed to update the bird inventory of the Serra de Itabaiana National Park, chronologically comparing the new ornithological records obtained, aiming to contribute to the knowledge and conservation of Sergipe's avifauna. The data were compiled from scientific publications, personal files and from documented records on a specialized website. The resulting list includes 227 bird species belonging to 49 families, including Thraupidae (28 species; 12.4%), Tyrannidae (25 species; 11.1%) and Accipitridae (17 species; 7.5%) as the most representative. The most representative guilds were insectivorous (87 species; 38.3%) and omnivorous (60 species; 26.4%), and by species independent of the forest environment (87 species; 38.3%). Fourteen bird species are threatened with extinction. Nine species are endemic to the Caatinga biome, eight to the Atlantic Forest and one to the Cerrado. We added 104 species to the first checklist produced for the PARNASI created in 2005, including Nyctibius grandis (Nyctibiidae), a new record for the state of Sergipe. PARNASI's updated list of bird species allows for a better assessment of its effectiveness in the conservation of the local avifauna, facilitating management actions that allow the coexistence and perpetuation of species over time.
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Introduction

In Brazil, conservation units have been created to ensure the existence of minimum areas for the protection of biodiversity (Bensusan, 2006). The Serra de Itabaiana National Park conservation unit (PARNASI), located in the central region of the Sergipe State (Northeast Brazil), when created in 2005 became part of the National System of Conservation Units (SNUC) and, consequently, brought with it the obligations to: preserve ecosystems; enable scientific research; the development of environmental education; and ecological tourism activities (Brasil, 2005).

The unique characteristics of PARNASI relate in part to its situation in a transition zone between the Atlantic Forest and the Caatinga (Carvalho & Vilar, 2005). This allows the occurrence of a rich avifauna composed of species belonging to both ecosystems, including endangered and endemic species (D'Horta, Gouveia, & Rocha, 2005). For this reason, the Serra de Itabaiana National Park is considered an important area for the preservation of birds (Important Bird Area or IBA) (Bencke, Maurício, Develey, & Goerck, 2006). However, despite its importance, the park suffers from several anthropogenic activities that may compromise its biodiversity, including: the risk of burning due to inappropriate agricultural practices in its surroundings; biological contamination by agrochemicals; removal of wood, sand and clay; introduction of exotic species and poaching; the recreational use of trails without visitation control; and inappropriate garbage disposal by tourists (Sobral et al., 2007).

Despite the considerable level of information on Brazilian biodiversity, there are still many gaps that need to be filled for effective conservation action (Brandon, Fonseca, Rylands, & Silva, 2005). As PARNASI is one of the main areas for scientific study in Sergipe, some studies on aspects of its avifauna have been published (D'Horta et al., 2005; Sousa, 2009; Silva, Gois, Santos, & Almeida, 2014; Silva & Carmo, 2015, 2016; Silva, Dias, & Carmo, 2016; Silva, Azevedo, Ruiz-Esparza, & Ribeiro, 2020). However, an update of the PARNASI bird list is necessary to better understand its avifauna and to allow an assessment of the park's role in protecting the birds and what management measures are necessary to protect the local avifauna. The present study, thus reviews and updates the bird inventory of the Serra de Itabaiana National Park from 2005.




Material and methods


Study area

Located in the central region of Sergipe State the PARNASI (10° 46' 9.174" S, 37° 20' 12.113" W) is formed by a complex of three mountain ranges (Serra do Cajueiro, Serra Comprida and Serra de Itabaiana) (Figure 1), which together form an area of approximately 8,000 ha, presenting 659 m of maximum altitude, in the Serra de Itabaiana (Carvalho & Vilar, 2005). The matrix surrounding PARNASI is composed of an anthropogenic landscape, formed mainly by pastures and agriculture (Instituto Chico Mendes de Conservação da Biodiversidade [ICMBio], 2016). The predominant climate in the region is tropical with dry summer and moderate hydric surplus in winter, with an average temperature ranging from 21°C to 26°C and annual rainfall between 900 to 1200 mm (Alvares, Stape, Sentelhas, Gonçalves, & Sparovek, 2013).
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Figure 1. Location of the Serra de Itabaiana National Park (PARNASI) in the state of Sergipe, Northeastern Brazil. PARNASI is formed by the Serra de Itabaiana, Serra Comprida and Serra do Cajueiro mountain ranges.















In PARNASI, contact between the Atlantic Forest and the semiarid Caatinga establishes an ecotone in which species of fauna and flora of both ecosystems coexist, in these closed and more open vegetational formations, respectively (Carvalho & Villar, 2005). The closed areas are constituted by secondary forests, located mainly on the slopes and streams (riparian forests) of the mountains (Dantas & Ribeiro, 2010). The open areas, which also occur on the slopes and in the higher altitudinal areas, develop on sandy soils and have vegetation composed mainly of grasses, shrubs and small and medium-sized trees, which, when grouped together, resemble the vegetation of Cerrado, rupestrian fields, and restingas (Carvalho & Vilar, 2005; Dantas & Ribeiro, 2010).




Sampling

The first checklist list of birds of the Serra de Itabaiana National Park (D'Horta et al., 2005) served as a starting point for this review. In this publication, 123 bird species were registered occurring in PARNASI. Based on this source, new records from scientific publications were incorporated, based on scientific publications (Sousa, 2009; Silva et al., 2014, 2016, 2020; Ruiz-Esparza et al., 2015a; Silva & Carmo, 2016), personal bird observation records of local ornithologists and records documented on the WikiAves website (www.wikiaves.com) up to 2020. Although no specimens of PARNASI birds were found in scientific museum collections and no recordings were found in sound archives from the Xeno-Canto website (www.xeno-canto.org), these sources were also consulted.




Data analysis

Bird species were categorized according to their dependence on forested areas, into three categories: 1) forest-independent (species associated with open areas); 2) semi-dependent (species that occur in mosaics formed by the contact between forested and open and semi-open areas); and 3) forest-dependent (species that occur predominantly in forested, closed areas) (Silva, 1995). The taxonomic and systematic sequence of bird species follows the recommendations of the Brazilian Ornithological Records Committee (Pacheco et al., 2021). The species diet was determined through literature searches (Motta Junior, 1990; Sick, 1997; Toledo-Lima et al., 2004; Telino-Júnior, Dias, Azevedo Júnior, Lyra-Neves, & Larrazábal, 2005). The diets considered were: Carnivorous (CAR): the bird feeds mainly on vertebrate animals (e.g., rodents, birds, lizards, snakes); Detritivorous (DET): the bird feeds mainly on carrion; Frugivorous (FRU): the bird feeds mainly on fruits; Granivorous (GRA): the bird feeds mainly on seeds; Frugivorous/Granivorous (FRU/GRA): the bird feeds mainly on fruits and/or seeds; Insectivorous (INS): the bird feeds mainly on insects and other invertebrates, except snails; Nectarivorous (NEC): the bird feeds mainly on nectar; Omnivorous (ONI): the bird feeds on a wide variety of foods; Malacophagous (MAL): the bird feeds mainly on snails; Piscivorous (PIS): the bird feeds mainly on fish. The categorization of endangered species followed the Red Book of Brazilian fauna threatened with extinction (Instituto Chico Mendes de Conservação da Biodiversidade [ICMBio], 2018) and the list of the International Union for Conservation of Nature (International Union for Conservation of Nature [IUCN], 2020). The list of endemic species from the Caatinga, Atlantic Forest and Cerrado was compiled according to Stotz, Fitzpatrick, Parker III, and Moskovits (1996), Pacheco and Bauer (2000), Silva and Bates (2002) and Pacheco (2004).

To verify if the additions made to the list of birds of PARNASI resulted in a significant increase in the number of bird species recorded between the years 2005 and 2020, a paired t-test was used in the PAST version 3.07 software (Hammer, Harper, & Ryan, 2001).






Results

This compilation of the birds of PARNASI resulted in a list of 227 bird species belonging to 49 families (Table S1), of which Thraupidae (28 species; 12.4%), Tyrannidae (25 species; 11.1%) and Accipitridae (17 species; 7.5%) were dominant in terms of number of species.  (Error 1: La referencia: Table S1 está ligada a un elemento que ya no existe)

Regarding the trophic structure of the avifauna, a predominance of insectivorous species (89 species; 39.2%) was observed, followed by omnivores (58 species; 25.5%) and granivores (23 species; 10.1%) (Table S1). Nearly thirty-two per cent (31.7%; 72 species) of the species were classified as dependent on forested areas, 29.9% (68 species) were semi-dependent on forest, and 38.3% (87 species) were independent of forest (Table S1).

Fourteen species (6.2%) were threatened with extinction, according to the ICMBio (2018) and IUCN (2020) lists of endangered species (Table S1). Of the total bird species registered in 2020 (227 species), nine (4%) were endemic to the Caatinga, eight (3.5%) to the Atlantic Forest and one to the Cerrado biomes (Table S1).

Scientific publications were the sources that contributed most to the registering of new species, with 98 documented new species (94.2%); the data published in WikiAves contributed three species (2.8%) and the data obtained from personal files contributed three species (2.8%) (Figure 2).

During the update and revision of the bird species registered for PARNASI, some species needed to be corrected: (1) the species Leptodon forbesi (Swann, 1922), recorded in 2016 by Silva and Lima (2016), was not considered because it was not properly identified; in fact, it is the Gray-headed Kite (Leptodon cayanensis Latham, 1790) (Lima, Menq, & Pallinger, 2020), later confirmed by Silva et al. (2020); (2) Ortalis guttata (Spix, 1825) was considered in the list because it was registered for the state of Sergipe by Pacheco and Whitney (1995) and for PARNASI by Sousa (2009); (3) the identification and inclusion of Thamnophilus pelzelni (Hellmayr, 1924) and Thamnophilus ambiguus (Swainson, 1825), two species of Thamnophilidae with subtle differences in vocal and plumage patterns, by analyzing the sonograms and photo records available on the WikiAves website and in personal files; (4) the replacement of Polioptila plumbea (Gmelin, 1788) by Polioptila atricapilla (Swainson, 1831), previously considered a subspecies of the first (Pacheco et al., 2021); and (5) the replacement of Hylophilus poicilotis (Temminck, 1822), recorded only in D'Horta et al. (2005), by Hylophilus amaurocephalus (Nordmann, 1835), because PARNASI is not part of the occurrence area of H. poicilotis (Raposo, Parrini, & Napoli, 1998).

There was a significant increase in the number of species and bird families recorded for PARNASI between the first published list in 2005 and the present updated list in 2020 (species: t = -13.82, p < 0.005, N = 227; families: t = -3.06, p < 0.005, N = 49) (Figure 3).
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Figure 2. Accumulation curve of bird records for the Serra de Itabaiana National Park (Sergipe, Brazil). Source: 1 - D’Horta et al. (2005), 2 - Sousa (2009), 3 - Silva et al. (2014), 4 - Ruiz-Esparza et al. (2015a), 5 - Silva and Carmo (2016), 6 - Silva et al. (2016), 7 - Silva and Lima (2016), 8 - Silva et al. (2020), 9 - WikiAves, 10 - Personal archives.
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Figure 3. Comparison between the number of bird species and bird families records for the Serra de Itabaiana National Park (PARNASI), between the years of 2005 and 2020.
















Discussion

The total number of bird records for the Serra de Itabaiana National Park in this review (227 species) is significantly higher than that of the first study carried out in the area by D'Horta et al. (2005) (123 species), and also differs from the data in the management plan for PARNASI, which records 205 bird species (ICMBio, 2016), based on D'Horta et al. (2005) and Sousa (2009). PARNASI’s management plan list includes a bird species without any local record, Xipholena atropurpurea (Wied, 1820). Although X. atropurpurea occurs in other Atlantic Forest remnants in the state of Sergipe in the municipalities of Santa Luzia do Itanhy (Sousa, 2009) and Itaporanga d’Ajuda (WikiAves), it has not been reported in PARNASI and was thus deleted from this updated list.

The 227 bird species recorded for the PARNASI area correspond to 33.2% of the total avifauna of Sergipe (682 species) (Avibase, 2020). PARNASI's species richness is higher than that of the Mata do Junco Wildlife Refuge (129 species) (Ruiz-Esparza et al., 2015b) and that of the Grota do Angico Natural Monument (140 species) (Ruiz-Esparza et al., 2011), two other important areas for the preservation of birds in Sergipe State (Bencke et al., 2006). This result reinforces the importance of PARNASI for the conservation of Sergipe’s avifauna.

Of the bird species incorporated in the new list, Asio stygius (Wagler, 1832) and Nyctibius grandis (Gmelin, 1789) called attention. Asio stygius was identified at the Instituto Parque dos Falcões (Intangible Cultural Heritage of Sergipe), located near PARNASI (Figure 1) based on two eggs in PARNASI by local residents taken to the Institute. There, the eggs were incubated, and the chicks were hatched and developed (Ruiz-Esparza et al., 2015a). Nyctibius grandis (Figure 4), on the other hand, is a new record for the state of Sergipe. Its geographic distribution covers regions of Mesoamerica and the Amazon, where inhabits humid forests, lowland and upland forests, the Central Brazil, in the riparian forests, and in the states of southeastern Brazil, in the Atlantic Forest (Del Hoyo, Elliott, Sargatal, Christie, & De Juana, 2020).
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Figure 4. Great Potoo (Nyctibius grandis) recorded at Serra de Itabaiana National Park, Sergipe State, Northeast Brazil.







Source: personal archive.








The dominance of the families Thraupidae and Tyrannidae at PARNASI, both in areas of the Atlantic Forest and in other environments, is a common pattern in the broader region (Fitzpatrick, 1980; Hasui et al., 2018). The great richness of the Accipitridae family (17 species) illustrates how important is PARNASI for bird conservation, since these species are of great biological value, since they are at the top of the food chain and contribute to the balance of the ecosystems they inhabit, controlling the populations of numerous species of vertebrates and invertebrates (Donázar et al., 2016; Buechley et al., 2019). The presence of raptors, especially forest-dependent and anthropogenic-sensitive species, such as Leptodon cayanensis (Latham, 1790), Accipiter bicolor (Vieillot, 1817) and Spizaetus ornatus (Daudin, 1800) (Silva, 1995; Stotz et al., 1996), reinforces the importance of the conservation of PARNASI for the maintenance of these populations (Silva et al., 2020).

Similar data regarding the predominance of insectivorous and omnivorous bird species in the Neotropical region were found by Pereira and Azevedo-Júnior (2011), Silveira and Machado (2012), Ruiz-Esparza, Rocha, Ribeiro, and Ferrari (2012), Toledo-Lima et al. (2014) and Ruiz-Esparza et al. (2015b). The predominance of insectivorous species seems to be a pattern in the Neotropics (Sick, 1997). According to Sekercioglu et al. (2002), some insectivorous birds are sensitive to environmental changes, as is the case with some representatives of the Picidae and Dendrocolaptidae families. Some species of these families tend to disappear more quickly than other insectivorous birds, as their foraging area decreases (Anjos, 1998). Thus, due to the large number of insectivorous birds recorded in the present study, especially species of Picidae and Dendrocolaptidae, PARNASI shows itself as an important conservation area that still allows the occurrence of families more sensitive to environmental disturbances.

Granivorous birds appeared as the third most rich avian group at PARNASI, and this may be related to the vegetation structure found in the study area. Among the vegetation formations found in PARNASI, open formations and grassy fields are the most abundant, occupying 41% (3,289 ha) of the area (Dantas & Ribeiro, 2010). The abundant presence of grasses in these areas contributes to the greater presence of some granivorous birds which use these areas for foraging (Anjos 1998), such as Columbina spp., Volatinia jacarina (Peale, 1848), Sporophila spp. and Ammodramus humeralis (Bosc, 1792).

Large frugivorous birds were recorded in PARNASI, such as Crypturellus soui (Hermann, 1783), Ortalis aracuan (Spix, 1825), Penelope superciliaris (Temminck, 1815) and Ramphastos vitellinus (Lichtenstein, 1823). These species are demanding in terms of the conservation status of habitat and food resources, in addition of being sensitive to environmental (Morante-Filho, Faria, Mariano-Neto, & Rhodes, 2015, Bovo et al., 2018) and hunting pressure (Bernardo et al., 2011; Vidal et al., 2014).

PARNASI's vegetation cover is formed by remnants of forest formations and open areas (Dantas & Ribeiro, 2010). Thus, the avifauna is heterogeneously distributed in this landscape, in relation to their forest dependence and to the ecological characteristics of each species (D'Horta et al., 2005). Forest-dependent and semi-dependent bird species represented over half (61.6%, 140 species) of the total species. Although altered, the forested areas of PARNASI still supported bird species typical of these types of environments, which are now very scarce in the nearby areas (Tabarelli, Aguiar, Ribeiro, Metzger, & Peres, 2010).

In addition, that the geographical position of PARNASI supports the occurrence of birds from different biomes, like Atlantic Forest and Caatinga. Endemic species from the Atlantic Forest, such as Thalurania watertonii (Bourcier, 1847), from the Caatinga, like Penelope jacucaca (Spix, 1825) and Herpsilochmus pectoralis (Sclater, 1857), and from the Cerrado, such as Porphyrospiza caerulescens (Wied, 1830), were registered for PARNASI. Of the 18 endemic bird species recorded for PARNASI, nine corresponded to Caatinga endemic species (39.1% of the 23 endemic species that occur in the Caatinga biome; Olmos, Silva, & Albano, 2005); eight correspond to Atlantic Forest endemic species (3.7% of the 213 endemic species occur in the Atlantic Forest; Moreira-Lima & Silveira, 2017); and one is a Cerrado endemic species (3.1% of the 32 endemic species occurs in the Cerrado; Silva & Bates, 2002).

Although the number of bird species recorded has increased significantly for PARNASI from 2005 to 2020, it is important to highlight the possibility that many of these species have had their populations reduced or may have already become extinct locally, especially due to habitat fragmentation, hunting and capture. Species of Tinamidae and Cracidae, Spizaetus ornatus (Daudin, 1800), Paroaria dominicana (Linnaeus, 1758), Cyanoloxia brissonii (Lichtenstein, 1823), Sporophila spp. and Spinus yarrellii (Audubon, 1839) are candidates for local extinction. To confirm this information, long-term and frequent avifauna inventories should be conducted at PARNASI.






Conclusion

The review of the bird species lists of the Serra de Itabaiana National Park has increased significantly since the publication of the first list in 2005. This result corroborates the important role of PARNASI for the conservation of birds. However, further field studies are needed to allow a temporal assessment of bird species that may have had their populations reduced or that have already disappeared from the park, mainly due to habitat fragmentation and hunting. In the meantime, this study provides subsidies for better management of the park, as well as material for researchers to consult for future studies in the area.
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