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CARTA DO EDITOR

O sumédrio da Ultima edi¢ao de 2023 do Boletim do Museu Paraense Emilio Goeldi. Ciéncias Naturais ¢ composto
por estudos sobre zoologia, taxonomia e geologia, desenvolvidos em varias regides do Brasil.

O artigo de Delfino traz uma lista revisada e atualizada das espécies de aves registradas para o Parque Nacional
(PARNA) Lagoa do Peixe, localizado na costa do Rio Grande do Sul. Além do principal lago, a Lagoa do Peixe,
esta unidade de conservacdo possui muitos outros tipos de paisagens, desde vegetacbes herbaceas e rasteiras,
pastagens, dunas e pantanos até uma drea natural de mata atlantica. Portanto, € uma das unidades de conservagao
mais importantes para as aves migratérias e residentes da regido Sul, onde elas podem encontrar alimento e refugio.
Além disso, neste artigo foram apresentados dados sobre a distribuicdo, a alimentagdo, os habitats, o status de
conservagao e a tendéncia populacional das espécies listadas para este PARNA, representando uma rica fonte de
informacdo para a avifauna do Rio Grande do Sul.

Garey e colaboradores apresentam os resultados de um estudo sobre a eficiéncia de armadilhas do tipo pitfall,
com e sem aro na borda, na amostragem de anuros (sapos, ras e pererecas), répteis (lagartos e cobras) e pequenos
mamfferos (roedores e marsupiais) em dois fragmentos de floresta estacional semidecidual na mata atlantica de Minas
Gerais. A armadilha do tipo pitfall esta entre os métodos mais utilizados na captura de pequenos vertebrados terrestres
e é amplamente utilizada em varios tipos de estudos ecoldgicos, comportamentais e sistematicos.

Na area da geologia, o artigo de Medeiros e colaboradores objetivou a caracterizagdo morfométrica de 53 lagoas
naturais intermitentes de trés municipios (Caicé, Cruzeta e Sao José do Seridd) do Rio Grande do Norte. Esses dados sdo
de grande importancia para a elaboracao de planos de conservacao dessas lagoas, as quais sdo fontes de abastecimento de
agua, prestando inlmeros servicos aos ecossistemas e o sao também habitat de varias espécies no semiarido nordestino.

Na nota cientifica de Antonietto & Ramos, foi relatado um problema taxonémico relacionado a descricdo de
algumas espécies de crustaceos do grupo Ostracoda da regido amazdnica, baseada na designacdo de varios holétipos,
0 que ndo é permito pelo Cédigo Internacional de Nomenclatura Zooldgica. Dessa forma, os autores apresentam
procedimentos para corrigir a duplicidade de holétipos.

Ao fechar esta carta, renovo meus agradecimentos a Rafaele Lima da Silva e a Talita do Vale, que, mais uma vez,
trabalharam com empenho e profissionalismo na finalizacdo de mais uma edicdo. Também sou grato aos avaliadores
andnimos e aos editores de se¢do que trabalharam na editoragdo dos artigos desta edi¢ao: Dr. Adriano Oliveira Maciel,
Dr. Leonardo de Sousa Miranda, Dra. Milena Marilia Nogueira de Andrade e Dra. Sue Anne Ferreira Costa.

Fernando da Silva Carvalho Filho
Editor Cientifico






CARTAS DOS EDITORES

ARTIGOS

Updated bird list of Lagoa do Peixe National Park, one of the most important
South American wetlands

Henrique Cardoso Delfino

Caracterizacao morfométrica de lagoas naturais intermitentes na regiao do
Seridé, Rio Grande do Norte: uma analise preliminar

Débora de Macédo Medeiros | Didgenes Felix da Silva Costa | Silvana Barbosa de Azevedo

Augusto César de Medeiros Costa

Pitfall trap efficiency in sampling small vertebrates (Anura, Squamata, and
Mammalia) in fragments of the Southeastern Atlantic Forest, Brazil

Michel Varajdo Garey | Marcelo José Sturaro | Gabriel Spanghero Vicente Ferreira |

Vinicius Xavier da Silva

NOTAS DE PESQUISA

On the multiple holotypes of species of Perissocytheridea Stephenson, 1938
described from the Pirabas Formation (Oligo-Miocene), Brazil

Lucas Silveira Antonietto | Maria Inés Feijé Ramos






ARTIGOS CIENTIFICOS






ARTIGOS CIENTIFICOS Bol. Mus. Para. Emilio Goeldi. Cienc. Nat., Belém, v. 18, n. 3, €2023-e894, set.-dez. 2023

Updated bird list of Lagoa do Peixe National Park, one of the most
important South American wetlands

Henrique Cardoso Delfino ®
Universidade Federal do Rio Grande do Sul. Porto Alegre, Rio Grande do Sul, Brasil

Abstract: The Lagoa do Peixe National Park is an important federal protected area for migratory and resident birds located on the
middle coast of the state of Rio Grande do Sul, southern Brazil. Nevertheless, the ornithological fauna of the Lagoa do
Peixe National Park is still underestimated. The main goal of this article is to review all available ornithological records and
update the list of species that occur in the Park. Furthermore, the species with confirmed records in the National Park
were also classified based on their occurrence, diet, main habitat associated, conservation status, and populational trends,
aiming to fully characterize the ornithological fauna of the Protected Area. The primary and secondary lists recorded
349 species for the area, including 74 migratory and 13 under some level of threat. Invertebrates represented the main
prey item of the bird species analyzed. Most bird species were associated with forest environments, with a relevant
number of species exclusively dependent of wetland and coastal habitats. The number of species recorded reinforces
the importance of the area for the conservation of birds in South America. Furthermore, the list can be an important tool
for the development of conservation and management actions, environmental education, and science communication.

Keywords: Conservation. Mostardas peninsula. Ornithology. Species list. Tavares.

Resumo: O Parque Nacional da Lagoa do Peixe é uma importante unidade de conservagdo federal para aves migratérias e residentes,
localizado na costa média do estado do Rio Grande do Sul, Sul do Brasil. Apesar disso, a fauna ornitoldgica da regido
ainda é subestimada. O principal objetivo deste trabalho foi revisar todos os registros ornitoldgicos da regido e atualizar
a lista de espécies que ocorrem no Parque. Além disso, as espécies catalogadas foram classificadas de acordo com a sua
ocorréncia, dieta, principal habitat relacionado, status de conservagdo e tendéncia populacional, buscando caracterizar
por completo a ornitofauna da unidade de conservacdo. As listas primarias e secundarias totalizaram, juntas, 349 espécies
diferentes, incluindo 74 espécies migratérias e 13 sob algum grau de ameaca. Os invertebrados representaram o principal
item alimentar da dieta das aves analisadas. A maior parte das aves estd relacionada ao hébitat florestal, apesar de um
ndmero relevante de espécies ser exclusivamente dependente de areas Umidas e regides costeiras. O nimero de espécies
registrado reforca a importancia da area para a conservagao de aves que ocorrem na América do Sul. Além disso, a lista
pode ser uma importante ferramenta para agdes de conservagao e manejo, educagdo e turismo ambiental.

Palavras-chave: Conservacio. Peninsula de Mostardas. Ornitologia. Lista de espécies. Tavares.

Delfino, H. C. (2023). Updated bird list of Lagoa do Peixe National Park, one of the most important South American wetlands. Boletim do
Museu Paraense Emilio Goeldi. Ciéncias Naturais, 18(3), €2023-e894. http://doi.org/10.46357/bcnaturais.v18i3.894

Autor para correspondéncia: Henrique Cardoso Delfino. Universidade Federal do Rio Grande do Sul. Campus do Vale. Instituto de

Biociéncias. Avenida Bento Gongalves, 9500. Porto Alegre, RS, Brasil. CEP 90650-001 (henriquecdelfino@gmail.com).

Recebido em 24/01/2023

Aprovado em 24/07/2023

Responsabilidade editorial: Leonardo de Sousa Miranda

==



https://orcid.org/0000-0001-5023-273X
http://doi.org/10.46357/bcnaturais.v18i3.894
mailto:henriquecdelfino@gmail.com

Updated bird list of Lagoa do Peixe National Park, one of the most important South American wetlands

INTRODUCTION

Since the early 19th century, naturalists found themselves
attracted to the study and collection of the ornithological
fauna from the state of Rio Grande do Sul (RS) (Belton,
1984; Franz et al., 2018). August Saint Hilaire, a French
explorer, was probably the first to collect and catalog the
specimens of birds from the state, between 1820 and
1821. Nevertheless, very little information about the date,
location, and specimens’ conditions can be obtained from
the collection deposited in European museums, such as
the Muséum National d’Histoire Naturelle in Paris (Belton,
1984; Vanzolini, 1996; Aleixo & Straube, 2007; Alves et al.,
2008). The first well-recorded and detailed explorations
of the ornithological fauna of the state occurred during the
end of the 1800s and the beginning of the 20th century
by independent naturalists, many of them from European
origins: Hermann von lhering, Ernest Garbe, Rudolf Gliesch,
and Emil Kaempfer (Belton, 1984; Aleixo & Straube, 2007).
These naturalists expanded the species list of the state and
explored many different regions of RS, mainly the city of
Pelotas and the southern part of the state, the northeastern
shore of RS or the highly elevated Araucaria Forest, in the
Serra region, with specimens deposited in many museums
abroad or inside Brazil (Belton, 1984).

The Mostardas peninsula was always a region of
interest for explorers or naturalists who studied the
coast of the state, but its ornithological fauna remained
understudied and underestimated until the beginning
of the 1960s and 70s (Bencke et al., 2007; Harrison
et al., 2013). In those decades, ornithologists such as
Helmut Sick and Willian Belton started to raise attention
to the importance of areas such as Lagoa do Peixe for
migratory avian species, mainly wading birds, that often
were reported feeding and resting in the inlet of the
lagoon (Belton, 1984, 1985, 1994; Sick, 1983, 1997).
The conservation movement of the state, associated
with international pressure from organizations towards
the conservation of important wetlands, promoted
the creation, in 1986 of the Lagoa do Peixe National

Park (LPNP), a federal area of conservation destined to
protect the bird species that are found in the area and
their associated environments (Brasil, 1986). The first
ecological report and studies in the area were conducted
by Resende and Leeuwenberg (1987), defining the area
as one of the most important wetlands in South Brazil
and proving the relevance of its conservation to the
populations of wading birds that were under severe
decline and the threat of extinction.

Nevertheless, the first official list of birds of LPNP
was only published in 1995, a few years earlier than the
first management plan of the park, in 1999, reporting
181 different bird species for the area, including twenty
migratory species (Nascimento, 1995; Knak, 1999). Despite
inclusions of bird species in the list being made on several
occasions (i.e. Nascimento, n. d.; Mauricio & Bencke,
2000; Mohr, 2003, 2004; Mohr et al., 2005; Bencke et
al., 2007; Dias et al., 2010; Pereira & Poerschke, 2010;
Harrison et al., 2013; Meller et al., 2020), no complete
updated ornithological species list has been made available
since the first official list. The Lagoa do Peixe is an important
ecosystem on the middle coast of RS and it is involved
in political and local disputes since its creation, with
unresolved conflicts until today (Moraes, 2009; Benedetti,
2018). The presence of ecological and ornithological studies
in the area can be an important subsidy for preservation
and conservation actions, that involve the community,
researchers, and park staff (Rodrigues et al., 2006). An
updated list of bird species, reuniting all the species already
described for the park can be used as an important tool
for better practices in the area (Keller & Bollmann, 2004;
Moreno et al., 2007; Rojas-Soto et al., 2009).

In this way, this paper aims to provide a complete
and updated list of bird species recorded at the LPNP
from multiple sources, from the specimens cataloged at
museums, to verified records of species only documented
through images and sounds from citizen science databases.
The paper also provides for the first time a list organizing
species that were already reported for the park but are
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probably incorrectly identified and reported and a list of
species that could potentially be reported inside the area
of the LPNP in the future. Furthermore, this work also
aims to classify the species that are currently reported for
the area concerning their conservation status, habitat type,
food guild, and migratory status, providing a full assessment
of the ornithological fauna present in the area.

METHODS

STUDY AREA

The Lagoa do Peixe National Park (LPNP) (31° 15" 19” S,
50° 58" 19" W) is a conservation unit and protected reserve
of 36.7 thousand hectares on the central coast of the state
of Rio Grande do Sul (RS), Southern Brazil, named after
the main lagoon inside the area, about 40 km long, 1 km
wide and 10 to 60 cm deep, called Lagoa do Peixe (Fedrizzi

& Carlos, 2011) (Figure 1). The lagoon is connected to the
sea during most of the year and has different subdivisions
called ‘Tagamares’ by the communities nearby (Knak, 1999)
(Figure 1). The area where the lagoon meets the sea is
locally known as ‘Barra’, an area that forms a rich ecotone
because of the interaction between fresh and salt water,
attracting many migratory and shorebirds to the region,
such as terns, cormorants, and other waterbirds (Attrill
& Rundle, 2002; Fedrizzi & Carlos, 2011; Basset et al.,
2013). Nevertheless, the reserve presents a high variability
of landscapes, from herbaceous and low vegetation
grasslands, sandy formations, and dunes to flooded
grasslands, swamps, and other wet areas maintained by
the rain cycle of the region (Knak, 1999). Moreover, the
LPNP also contains an area of natural Atlantic Rainforest,
with the presence of invasive alien trees (Pinus spp.) in all
areas of the park (Signori, 2018).
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Figure 1. Map of the Lagoa do Peixe National Park (LPNP) region, between the cities of Mostardas and Tavares, on the central coast of the

state of Rio Grande do Sul, Brazil. Map: H. C. Delfino (2023).
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The park is one of the most important places for
migratory shorebirds, especially the ones from the Nearctic
region, in Southern Brazil and South America, being
designated part of the Western Hemisphere Shorebird
Reserve Network in 1990 and as a Ramsar site since
2007 (Fedrizzi & Carlos, 2011) (Figure 1). Furthermore, in
1992, the park was also considered as part of the Atlantic
Forest Biosphere Reserve and, in 1999, was classified as
Advanced Post of Atlantic Forest Reserve, recognizing its
importance to the conservation not only of wetlands but
also of associated forests (Moraes, 2009; Paludo et al.,
2022). Besides that, the park is one of the only places
in Brazil that maintains a resident population of Chilean
Flamingos Phoenicopterus chilensis Molina, 1782 that can
be seen all year round, increasing in size during the spring
(Delfino & Aldana-Ardila, 2020; Delfino & Carlos, 2022).
Other animals also live in the area, many of them related
to the wetland environments or grasslands from Southern
Brazil, including crustaceans, mammals, fishes, and turtles,
many of them also currently threatened (Knak, 1999).

The presence of migratory birds is the main
attraction of the area, visited by tourists, birdwatchers,
and ornithologists for the observation of these species.
The lagoon, mainly the inlet is used for fishing and shrimp
cultivation (HCD, personal observation, 2023). Besides
that, despite the prohibition, the area is also used for cattle
raising and agricultural purposes, being the center of a land
use and territory dispute on the coast of the Rio Grande
do Sul state (Moraes, 2009; Benedetti, 2018).

DATA ASSEMBLAGE AND CATEGORIZATION

Every bird record from the LPNP presented in the literature,
online databases, and museum collections, was collected and
categorized, as follows: Museu de Ciéncias Naturais (MUCIN),
Universidade Federal do Rio Grande do Sul (UFRGS); Colegao de
Aves (CAFURQG), Universidade Federal de Rio Grande (FURG);
Museu de Ciéncia e Tecnologia (MCT), Pontificia Universidade
Catdlica do Rio Grande do Sul (PUCRS); Vert-Net Online
Database (VertNet, n. d.); Macauley Library and eBird (ML;

—

Macauley Library, n. d.); iNaturalist (n. d.); WikiAves (n. d.); and
Xeno-canto (n. d.). Every record that was nominally referred
to the Lagoa do Peixe and other areas inside the park were
included, such as Barra da Lagoa do Peixe lagoon, Talha Mar
trail, das Figueiras trail, dos Flamingo’s trail, lagoon interior,
coastal area, and every name of the lagoon’s subdivisions

(Figure 1). The bird records that did not mention the LPNP

but included GPS coordinates that indicated that the record

occurred inside the park limits were also considered.

The lists utilized the nomenclature and taxonomic
organization of the Brazilian Ornithological Records
Committee (CBRO), the committee responsible to maintain
the occurrence, the name, and the taxonomic categories of
birds that occur in Brazil updated according to the recent
literature (Pacheco et al., 2021). The subspecies, in non-
monotypic taxa, was defined based only on the current
known geographical distribution of the different subspecies,
with the help of updated scientific and ornithological literature
(Jacobs & Fenalti, 2020; Pacheco et al., 2021). Following the
CBRO recommendations, the records of Lagoa do Peixe
were organized into four different lists, according to the
accuracy of the records and the presence of evidence to
support the occurrence of the species inside the park (Carlos
et al., 2010). The lists were defined as:

. Primary List: species with at least one unequivocal
record for the LPNP well documented in digital
databases, museum collections, or previous literature,
both in the form of photographs, audio records, or
preserved specimens.

. Secondary List: species with records for the
LPNP present in the online databases or scientific
literature for the area, but with no documentation
that supports the record, despite the probable
occurrence in the region.

. Tertiary List: species with published records for the
LPNP but with the absence of evidence to support
the record, being either questionable or incorrect,
based on the low probability of the occurrence of the
species in the park.
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Potential List: species with no public record or
evidence for the LPNP but with a documented record
for areas in at least a 50 km radius from the LPNP
having the probability to also occur inside the park
limits. The radius of 50 km was chosen due to its high
coverage of the Mostardas peninsula, encompassing
a large number of areas similar to LPNP nearby. The
probability of occurrence was classified as high, in
the case of resident species with high occurrence
nearby, medium, in the case of resident species with
rare encounters, and low, in the case of vagrant and
occasional species in the region.
For every species in the primary and secondary list,
data related to regional presence, food guild, habitat type,
global population trend, and regional, national, and global
conservation status were collected. According to regional
presence and occurrence, the species were classified as
Resident (R), for species that live and breed inside the
park; Contra nuptial Migratory (V), for species that visit
the area during the non-breeding season to feed and rest;
Breeding Migratory (B), for species that visit the area during
its breeding season to breed and raise the offspring in RS;
and Occasional (O), including vagrant species or birds that
sporadically visit the area. In the case of the contra nuptial or
breeding migratory and occasional species, when possible,
the direction from where the species come was noted as
South (S) or North (N). Pelagic species (P) were classified in
a separate category and species with no distribution status
known, were classified as Unknown (U). The regional
classification of occurrence and distribution of species was
made based on the categories and information in current
ornithological literature (del Hoyo et al., 1992; Somenzari
etal., 2018; Jacobs & Fenalti, 2020; Pacheco et al., 2021).
The food guild and the habitat type were determined
based on two different databases that summarize information
from the literature about habitat preference and food guild
of all the current bird species: EltonTraits1.0 (Wilman et al.,
2014) and AVONET (Tobias et al., 2022). The food guild of
species (Simberloff & Dayan, 1991) was classified based on

the main part of the bird diet: Fruits and Flowers (including
nectar and pollen) (Fr), Grasses and Seeds (Gr), Invertebrates
(In), Vertebrates (Ve), or Omnivorous (Om). The habitat
type denotes the relationship of the species to the three
main environments of Lagoa do Peixe, including species that
live and feed exclusively in the lagoon and its dependencies,
in flooded fields nearby or on the shore and coastal areas of
the park (Wet); species more related to the natural, artificial or
bushy grasslands present in the park (Grass); species that were
more reported in forest environments (For); or even species
exclusively seen in the sea and maritime habitats, due to their
pelagic behavior (Mar). The species classification is based on
the natural history of the species and literature information,
being a simplified way to dlassify the complex and dynamic
relationship between the species and the different park areas.
Species that were common in two different environments
were classified individually in each category, meanwhile,
species that were common in all three different categories
were classified as mixed habitat (Mix) (Wilman et al., 2014).

At last, the global population trend and the global
conservation status were obtained through the IUCN
database (IUCN, 2022), classifying the populations as
increasing (1), decreasing (D), or stable (S), while the categories
of conservation status classified the species as Least Concern
(LO), Near Threatened (NT), Vulnerable (VU), Endangered
(EN), Critically Endangered (CR) and Data Deficient (DD)
(IUCN, 2022). The same levels of conservation status were
obtained for the national level (Brasil, 2022) and the regional
level (Rio Grande do Sul, 2014), with some species being
classified as Not Applied (NA), since the threatened species
list of Brazil and Rio Grande do Sul state only include species
that have a significant proportion of their population inside its
territories (ICMBio, 2018). The proportion of species in each
category was calculated using only the total number of species
in the Primary and Secondary lists.

RESULTS
In total, we found 387 avian species from 27 orders and 69
families in the review of the multiple data sources for the
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Lagoa do Peixe National Park (LPNP) and surroundings areas.
The primary list has 288 species with validated records
for the study area (Appendix 1). The secondary list has 61
species with no vouched occurrences, but were described
in the literature or databases (Appendix 1). There are six
species recorded for the Mostardas peninsula, despite
no confirmation that the records occur inside the LPNP
therefore included in the secondary list. Regarding to
the occurrence pattern of the species from primary and
secondary lists, 239 (68.48%) were classified as residents, 74
(21.20%) as migratory, 18 (5.169) occur only occasionally in
the areaand 13 (3.73%) were classified as pelagic (Appendix
1). At last, only five species (1.43%) were classified as
Unknown, in the case of Chiloe Wigeon Mareca sibilatrix
(Poeppig, 1829), White-cheeked Pintail Anas bahamensis
Linnaeus, 1758, Lake Duck Oxyura vittata (Philippi, 1860),
Wood Stork Mycteria americana Linnaeus, 1758, and
Subtropical Doradito Pseudocolopteryx acutipennis (Sclater
& Salvin, 1873) due the lack of distribution and movement
pattern information in the literature.

Regarding to migratory species, 50 of them (14.32%
of the total records) were classified as contra nuptial and
24 as breeding (6.87% of the total records). The majority
of migratory species come from the North (n = 57), for
breeding or resting and foraging in the contra nuptial areas,
but 15 species come from southern territories, exclusively
using the Lagoa do Peixe as a contra nuptial area (Appendix
1). There were two species, Cabot's Tern Thalasseus
acuflavidus (Cabot, 1847) and Royal Tern Thalasseus
maximus (Boddaert, 1783), that have populations that
breed in the Southwest coast of Brazil but also in the coast
of Argentina, thus both species being considered migrating
from north and south (Jacobs & Fenalti, 2020).

Concerning the conservation status of the species
reported for the LPNP a major part of bird species is
categorized as Least Threatened (n = 333, 95.41%) or
Near Threatened (n = 11, 3.15%), but 13 species were
reported at some degree of threat (Vulnerable, Endangered
or Critically Endangered), at international, national or

regional lists (Appendix 1). For these 13 species, Cabot’s Tern
T acuflavidus, Brown-crested Flycatcher Myiarchus tyrannulus
(Statius Muller, 1776), and Chestnut-bellied Seed-Finch
Sporophila angolensis (Linnaeus, 1766) were only considered
under threat for the state of Rio Grande do Sul, while Royal
Tern T maximus, Cinereous Harrier Circus cinereus Vieillot,
1816, and Black-browed Albatross Thalassarche melanophris
(Temminck, 1828) were also included in the Brazilian national
list. All threatened species at the international level were
also included in the other two lists (national and regional).
According to the three lists, 30 species were categorized as
Data Deficient (DD) or were not included in the lists (NA),
mainly at the regional and national levels. For the species on
the international red list, the majority of populations were
considered stable (n = 151, 43.26%), despite a significant
proportion of bird populations reported are decreasing in the
present or near future (n = 114, 32.66%) and some species
with unknown populational tendencies (n = 26, 7.44%).
Surprisingly, most species reported for LPNP were
forest birds, living in swamp forests or subtropical forest
formations of the study area (n = 146, 41.83%), mainly
Passeriformes, Psittaciformes, and Columbiformes. Eighty
species (22.92%) reported for the area are exclusively
linked to the wetland and shore environments, while
many other species can be related to both wetlands and
other forms of habitat categorization, such as grasslands
or forests (n = 40, 11.46%). The major group of birds
linked to wetlands ecosystems at Lagoa do Peixe are
the Charadriiformes and Anseriformes, with also special
attention to Phoenicopteriformes and Podicipediformes,
with distinctive species present in the area. The grassland
species were also significantly present (n = 110, 31.51%),
with the occurrence of typical species of Gruiformes and
Passeriformes associated with these environments. Seven
species (2.019%) were classified as mixed environments, due
to the occurrence in different habitats inside the park and
30 (8.59%) species were linked to marine environments,
all of them belonging to the Charadriiformes (Laridae and
Stercorariidae), Sphenisciformes, and Procellariiformes,
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because of their pelagic habits and occurrence in high seas.
Regarding the species diet in the park, the invertebrates
seem to be the main prey for the greatest number of
species (n = 170, 48.71%), despite a significant number
of birds in the park being specialized in the consumption
of grains and seeds (n = 46, 13.18%) or vertebrates (n =
68, 19.48%), mainly related to the wetland and grassland
environments. Omnivorous species (n = 52, 14.9%) were
also present, as well as species specialized in fruits and
flowers, in a smaller proportion (n = 13, 3.72%).

Ten species were included in the Tertiary list (Table 1)
since they were described for the area, but with a low
probability of occurrence, mainly due to taxonomic
changes or misidentification by the observer. Moreover,
28 species were classified in the Potential List (Table 2),

since they are confirmed and vouched for an area of
a 50 km radius from the park boundary, despite the
absence of records inside the park. In the potential list,
we included species with relatively common and frequent
records nearby the park, that use similar environments as
the ones found within LPNP such as Scaled Chachalaca
Ortalis squamata (Lesson, 1829), Turquoise-fronted Parrot
Amazona aestiva (Linnaeus, 1758) and Swallow-tailed
Hummingbird Eupetomena macroura (Gmelin, 1788).
Other species included in the potential list, like James’s
Flamingo Phoenicoparrus jamesi (Sclater, 1886) and Light-
mantle Albatross Phoebetria palpebrata (Forster, 1785),
have few records in the Mostardas peninsula, probably
being vagrant or occasional individuals, with a low
probability of being recorded inside the park.

Table 1. Tertiary list of bird species for the Lagoa do Peixe National Park, including species that were probably incorrectly reported for the
area inside the park and without any valid voucher for the record. In the table, the reasons for the inclusion of the species in the tertiary list

are included for each case.

(Continue)

Taxon English name

Reason

ANSERIFORMES

Anatidae

Cairina moschata (Linnaeus, 1758) Muscovy Duck

The reports for the area were probably from domesticated
introduced animals, or confused with other duck native species
(Rufino et al., 2017).

GALLIFORMES

Cracidae

Ortalis gutatta (Spix, 1825) Speckled Chachalaca

The reports for the area probably referred to the species Ortalis
squamata, since the O. guttata species only occur in the Amazon
(Vaurie, 1965; Jacob, 2022).

CHARADRIIFORMES

Recurvirostridae

Himantopus mexicanus

(Statius Muller, 1776) Black-necked Stilt

The reports for the area probably refer to the species Himantopus
melanurus, fruit of a recent division in the Himantopus genera (Frias
etal., 2022).

PELECANIFORMES

Threskiornithidae

Mesembrinibis cayennensis

The report for the area probably referred to other similar species,

(Gmelin, 1789) Green Ibis since the M. cayennesis only occur in the northern area of Rio
’ Grande do Sul (Amorim & Piacentini, 2006).
CATHARTIFORMES
Cathartidae
Sarcoramphus papa (Linnaeus, 1758) King Vulture The species are not very common in the state of Rio Grande do

Sul (Tortaro & Rupp, 2007).
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Table 1. (Conclusion)
Taxon English name Reason

ACCIPITRIFORMES

Accipitridae

Chondrohierax uncinatus
(Temminck, 1822)

Hook-billed Kite

In the state of Rio Grande do Sul, the species only occur in the
Northwest region (Martins & Donatelli, 2013).

PASSERIFORMES

Furnariidae

Phacellodomus erythrophthalmus
(Wied, 1821)

Orange-eyed Thornbird

The record for the area was probably referring to P ferrugineigula, since
P erythrophtalmus is native to Southeast Brazil (Costa et al., 2014).

Vireonidae

Vireo olivaceus (Linnaeus, 1766)

Red-eyed Vireo

The species only occur in the Amazon biome, with few records
outside North Brazil. The record for the area was probably
referring to V chivi (Capllonch & Wagner, 2009).

Icteridae
o . The species is native to North Brazil, only occurring in the
Icterus cayanensis (Linnaeus, 1766) Epaulet Oriole Amazon biome (D'Horta et al., 2008).
Thraupidae
Microspingus lateralis Buff-throated The species is native to Southeast Brazil. The records for the park

(Nordmann, 1835)

Warbling-Finch

are probably referring to M. cabanisi (Assis et al., 2007).

Table 2. The potential list of bird species that could happen inside Lagoa do Peixe National Park but with still no reported record for the
area, based on valid records for the species in a 50 km radius of the Park. The probability of occurrence for each species was classified as

high, medium, or low, according to the number of records reported and the occurrence of the species in the region.

(Continue)

Taxon

English name Probability of occurrence

TINAMIFORMES

Tinamidae

Crypturellus obsoletus (Temminck, 1815) Brown Tinamou Medium
GALLIFORMES

Cracidae

Ortalis squamata (Lesson, 1829) Scaled Chachalaca High
PHOENICOPTERIFORMES

Phoenicopteridae

Phoenicoparrus jamesi (Sclater, 1886) James’s Flamingo Low
CUCULIFORMES

Cuculidae

Micrococcyx cinereus (Vieillot, 1817) Ash-colored Cuckoo Medium
APODIFORMES

Trochilidae

Stephanoxis loddigesii (Gould, 1831) Violet-crowned Plovercrest High
Thalurania glaucopis (Gmelin, 1788) Violet-capped Woodnymph High
Eupetomena macroura (Gmelin, 1788) Swallow-tailed Hummingbird High
CHARADRIIFORMES

Scolopacidae

Gallinago undulata (Boddaert, 1783) Giant Snipe Medium

F=¢=*



Bol. Mus. Para. Emilio Goeldi. Cienc. Nat., Belém, v. 18, n. 3, €2023-e894, set.-dez. 2023

Table 2.

(Conclusion)

Taxon

English name

Probability of occurrence

Stercorariidae

Stercorarius maccormicki Saunders, 1893 South Polar Skua Medium
Stercorarius longicaudus Vieillot, 1819 Long-tailed Jaeger Medium
PROCELLARIIFORMES

Diomedeidae

Phoebetria palpebrata (Forster, 1785) Light-mantled Albatross Low
Diomedea exulans Linnaeus, 1758 Wandering Albatross Low
Procellariidae

Procellaria conspicillata Gould, 1844 Spectacled Petrel Low
Calonectris diomedea (Scopoli, 1769) Scopoli’'s Shearwater Low
ACCIPITRIFORMES

Accipitridae

Elanus leucurus (Vieillot, 1818) White-tailed Kite High
STRIGIFORMES

Strigidae

Asio flammeus (Pontoppidan, 1763) Short-eared Owl Medium
PICIFORMES

Picidae

Veniliornis spilogaster (Wagler, 1827) White-spotted Woodpecker High
Dryocopus lineatus (Linnaeus, 1766) Lineated Woodpecker High
CARIAMIFORMES

Cariamidae

Cariama cristata (Linnaeus, 1766) Red-legged Seriema High
PSITTACIFORMES

Psittacidae

Amazona aestiva (Linnaeus, 1758) Turquoise-fronted Parrot High
Psittacara leucophthalmus (Statius Muller, 1776) White-eyed Parakeet Medium
PASSERIFORMES

Dendrocolaptidae

Drymornis bridgesii (Eyton, 1849) Scimitar-billed Woodcreeper Low
Furnariidae

Schoeniophylax phryganophilus (Vieillot, 1817) Chotoy Spinetalil High
Tyrannidae

Elaenia chilensis Hellmayr, 1927 Chilean Elaenia Medium
Contopus virens (Linnaeus, 1766) Eastern Wood-Pewee Low
Nengetus cinereus (Vieillot, 1816) Gray Monijita Medium
Hirundinidae

Progne subis (Linnaeus, 1758) Purple Martin Medium
Motacillidae

Anthus nattereri Sclater, 1878 Ochre-breasted Pipit Low
Thraupidae

Stilpnia preciosa (Cabanis, 1850) Chestnut-backed Tanager High




Updated bird list of Lagoa do Peixe National Park, one of the most important South American wetlands

DISCUSSION

Since the late 1970s, the first ornithological census and
zoological studies in the Lagoa do Peixe National Park
(LPNP) pointed out the importance of the area for bird
species from the entire American continent, especially the
migratory ones, coming from the Nearctic realm and the
southern part of South America (Belton, 1985; Resende
& Leeuwenberg, 1987; Antas, 1994; Carlos & Fedrizzi,
2011). The updated list of bird species from the park sums
a new maximum of bird species from the area, including a
hundred new species that were absent from the previous
ornithological list for the area constructed by Nascimento
(1995) and has 42 exclusive species included that were
not present in any posterior literature for the area. The
construction of the first complete ornithological list of
the LPNP is also the first attempt to construct Primary,
Secondary, Tertiary, and Potential Lists for the area. The
lists allow further development of ornithological studies in
the park that account for the occurrence of the new and
potential species or that seek to document the species
that are reported for the area but with no photographic,
sonographic or biological material voucher to account
for the record (Fitzpatrick et al., 2007; Rojas-Soto et al.,
2009). When compared to other coastal preserved areas
nearby, such as Taim Ecological Station (220 bird species)
(Méhler et al., 1996), in the southern coast of the state,
and Itapeva State Park (167 bird species) (Duarte & Bencke,
2006), in the extreme north of Rio Grande do Sul coast,
the LPNP stands out by the high ornithological diversity
and uniqueness composition. In this updated list of species,
Lagoa do Peixe concentrates 49.57% of the bird richness of
the Rio Grande do Sul state (Franz et al., 2018) and 17.71%
of the species recorded in Brazil (Pacheco et al., 2021),
reinforcing the importance of the area and its conservation
for the ornithological and wetland fauna of Brazil.

A significant proportion of the recorded species
in the LPNP are migratory, mostly from the Northern
Hemisphere, reinforcing the importance of the area as
a wintering and contra nuptial ground for species that

breed in the cold regions of North America and search
for food and refugee during the boreal winter at Lagoa do
Peixe, such as the case of the Red Knot Calidris canutus
(Linnaeus, 1758) and the Buff-breasted Sandpiper Calidris
subruficollis (Vieillot, 1819) (Melo, 2014; Silva & Hartz,
2018; Paludo et al., 2022). Another group of species often
displays the opposite pattern, coming from the southern
parts of South America to escape from the harsh and cold
weather conditions of the austral winter. They use LPNP
as a stopover or foraging area during these times, as occurs
for the Two-banded Plover Charadrius falklandicus Latham,
1790 and South American Tern Sterna hirundinacea Lesson,
1831 (Branco, 2003; Faria et al., 2021), despite some of
them, as occurred with the Two-banded Plover, already
being recorded breeding in the area (Faria et al., 2021). The
opposed regimes of migration and displacement of these
species avoid the extra competition for resources during
the year since they often use the park in different periods:
the northern species use the area during the austral spring
and summer, meanwhile, the southern species come to
the park during the fall and winter period in the southern
hemisphere (Greenberg et al., 1994; Ahola et al., 2007).

The park also presented a high number of resident
species, all year round, using the park to both forage and
rest, but also to breed and raise the offspring, often from
September to March, such as the case of Great Egret
Ardea alba Linnaeus, 1758, Greater Rhea Rhea americana
(Linnaeus, 1758), and Rufous-bellied Thrush Turdus
rufiventris Vieillot, 1818 (Bencke et al., 2010; Mauricio
et al., 2013; Somenzari et al., 2018). Nevertheless, for
many resident species, movement patterns inside Brazil
remain unknown, with probable occurrence in the park of
species that move between central Brazilian grasslands and
wetlands, mainly in the Cerrado and Pantanal ecoregions,
also seeking for better foraging conditions during the
dry season in these environments, and Southern Brazil,
for instance, probably the case of the Roseate Spoonbill
Platalea ajaja Linnaeus, 1758 and White-faced lbis Plegadis
chihi (Vieillot, 1817) (Somenzari et al., 2018).
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At last, the park presented a high number of species
with few records, indicating vagrant or occasional individuals
that arrived in the area due to bad weather conditions,
turbulent wind currents, or lost individuals, such as the case
of the Andean Flamingo Phoenicoparrus andinus (Philippi,
1854), Upland Goose Chloephaga picta (Gmelin, 1789),
Brown Booby Sula leucogaster (Boddaert, 1783) and Eurasian
Whimbrel Numenius phaeopus (Linnaeus, 1758) (Franz et
al., 2011; Bencke & Souza, 2013; Meller et al., 2020). The
richness of migratory and occasional species that occur in
different parts of the year and resident species that can be
observed during their entire annual cycle make Lagoa do
Peixe a place with high potential for ornithological tourism,
that could attract thousands of birdwatchers during different
times of the year, to observe the bird diversity found in the
LPNP (Janeczko et al., 2021). The occurrence of pelagic
species is also reported for the LPNP despite many species
still including in the Secondary List and with no concrete
documentation for the park area, such as Southern Fulmar
Fulmarus glacialoides (Smith, 1840) and Cape Petrel Daption
capensis (Linneaus, 1758) mainly due the rapid disappearance
of the carcass on the beach and the low collection effort in
some regions (e.g. Zimmerman et al., 2019).

Regarding the environments presented inside
LPNFE the list highlights the great variety of different
habitats within the area, with bird species typically from
tropical or sub-tropical forests, species that usually live
in open grasslands, and species that are intrinsically
linked to wetland environments, the lagoon, and the
ocean. The shape of the lagoon, the main element
of the park ecosystem, creates a gradient of wetland
environments, from the almost salt and brackish water
in the inlet, where the lagoon meets the sea, to almost
freshwater ecosystems both in the north and south
portion of the park, where the lagoon often inundates
the grasslands (Arejano, 2006; Schossler et al., 2018). In
the first environments, the species familiarized with higher
salinity and coastal sand beaches, such as the Chilean

Flamingo, and many species of the Charadriiformes

thrive (Gongalves, 2010; Paludo et al., 2022).
Meanwhile, in the extremes of the lagoon, there are
birds more adapted to freshwater environments, with
low salinity and more calm waters, such as representants
of the Anseriformes and Pelecaniformes (Nascimento et
al., 2006; Perello, 2006).

The lagoon’s indentations and curves also help to
create distinctive environments, usually called ‘lagamares’,
with unique and complex relationships with the surrounding
habitats, favoring the high ornithological richness of the
park (Belton, 1985; Harrison et al., 2013). Harrison et al.
(2013) described that the occurrence of different patches
of forests and grasslands among the pockets of the lagoon
can explain the high diversity of the avian community at
Lagoa do Peixe, usually hard to find and underestimated
due to the difficulties in completing surveys in the area. The
park has many areas of shrubs, dunes, wet grasslands, and
sandbanks that are only accessible by foot since inside the
park few areas have trails or roads that could be accessed
by car (Knak, 1999; Harrison et al., 2013). Furthermore,
the average depth of the lagoon of only 60 cm makes it
very hard to navigate boats or canoes in some portions
of the lagoon, increasing the difficulty of observation and
study of these areas (Knak, 1999).

Reflecting the complex and different environments
present in the park, the diet of the bird community in the park
also presented a high variation among the different groups
of species (Garcia-Nufez et al., 2020; Tu et al., 2020). For
coastal and wetland species, the invertebrates were the main
source of food, mainly from the sandy beaches and the Barra
region, an important ecotone between the lagoon and the
sea, with a high variety of crustaceans, annelids, mollusks,
and other microorganisms related to brackish environments
(Goss-Custard et al., 2007; Aldana-Ardila & Carlos, 2022).
In the outer parts of the park, where the influence of the
sea on the lagoon decreases, the main diet of the wetland
birds seems to be from vegetal origin, mainly microalgae,
plants, and seeds, coming from the nearby flooded grasslands
(Moorcroft et al., 2002; Crowley & Garnett, 2009).
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In the grasslands, there is also a large portion of birds that
feed on soil invertebrates and native grass seeds, in addition
to carnivorous species that often hunt and feed on vertebrate
species that live in the area, such as lizards, rodents, and
passerines (Kaspari & Joern, 1993; Fargallo et al., 2020). In
the coastal area and the wetland, carnivores specialized in
consuming fish or carrion on the beach can also be found
(Barrettetal., 2007). Inthe portions of Atlantic Forest located
in the park reside the main species specialized in feeding on
fruits and flowers, usually living nearby native fruit trees, such
as the Bacupari Garcinia gardneriana (Planch. & Triana) Zappi,
Ubajay Eugenia myrcianthes Nied. and Jelly Pams Butia sp.
(Becc.) Becc., which are common in the area (Knak, 1999;
Lopes & Silva, 2006).

Despite its high variety and complexity, the avian
community found in the LPNP is under specific pressure
that exposes the populations to threats that can lead to
their decrease, especially for the species under extinction
threat internationally, nationally, or regionally (Belton,
1985; Knak, 1999; Delfino & Aldana-Ardila, 2020). The
presence of a significant number of species considered
Near Threatened, Vulnerable, Endangered, or Critically
Endangered in the area reinforces the importance of Lagoa
do Peixe for the conservation of bird species in South
Brazil, where only a few areas presented the richness and
variety of environments and species found in the park. For
wetlands species, the main current threats are exposure
to overfishing, pollution, and bad artificial management of
the lagoon, which annually dries out many flooded areas
and decreases food availability in the lagoon (Loebmann
& Vieira, 2006; Crippa, 2011; Benedetti, 2018). For the
grassland species, the recent increase in the presence
of domestic animals and the illegal invasions of land for
animal husbandry can lead to egg trampling and nest
exposure (Knak, 1999; Moraes, 2009; Sharps et al.,
2017). Furthermore, for the forest species, the growing
invasion of Pinus spp. inside the area are worrying, with
the plants often invading grasslands, dunes, and native

areas of forest, consuming soil nutrients and resources and

often competing in an uneven competition, that ultimately
can affect the bird community in these areas (Almudi &
Kalikoski, 2009; Signori, 2018; Matos et al., 2018).

CONCLUSION

Ornithological knowledge and an updated list of birds
in the area are important tools for the continuity of
ecological and conservation studies in the area, facilitating
the management of the different actions and plans towards
the conservation and preservation of all the Lagoa do
Peixe environments and their associated animal species
(Perello et al., 2010). The list confirms the importance of
Lagoa do Peixe as a stopover and contra nuptial area for a
variety of bird species, but also as an important breeding
area for resident species and southern migrants, some of
these species under threat, and most of them suffering
from population declines (Bencke et al., 2010; Harrison
et al.,, 2013). The conservation of the complex wetland
environment of Lagoa do Peixe is essential for the near and
far future of bird conservation in Southern Brazil and for
that, the integrated support of the local community, political
figures, park administration, and researchers is essential
(Almudi & Kalikoski, 2009; Delfino & Aldana-Ardila, 2020).
The ornithological list of the park can also be a subsidy for
environmental education projects in the Mostardas and
Tavares region, as well as a tool for ecological tourism and
birdwatching in the park, raising attention to its problems

and the importance of its conservation (Kaiser et al., 2022).
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Updated bird list of Lagoa do Peixe National Park, one of the most important South American wetlands
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Bol. Mus. Para. Emilio Goeldi. Cienc. Nat., Belém, v. 18, n. 3, €2023-e894, set.-dez. 2023
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Caracterizacao morfométrica de lagoas naturais intermitentes na regiao do
Seridd, Rio Grande do Norte: uma andlise preliminar
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Resumo: O presente estudo apresenta uma analise morfométrica de margens de lagoas naturais na regidgo do Serid6 potiguar,
no semiarido brasileiro. As lagoas do semiarido sdo muito importantes para a regido, visto que prestam importantes
servicos ecossistémicos enquanto habitat de vérias espécies, uma das fontes de abastecimento de agua, abrigando grande
biodiversidade. O estudo teve como objetivo analisar o padrao morfométrico das margens dessa regido. A metodologia
baseou-se no processamento digital das imagens e na classificagio e quantificacdo das classes por hectare, utilizando-se
o indice F A érea de estudo apresentou um nimero total de 53 lagoas naturais, correspondendo a uma area total de
228,3 ha, sendo que todas as lagoas apresentaram formas semelhantes (circulares/ovais). Foram estabelecidas classes
por tamanho em hectare. Essa medida foi feita através do calculo do desvio-padrédo, estabelecendo o valor maximo de
30% para cada classe, sendo divididos seis intervalos de classes. O estudo da morfometria das lagoas continentais na area
em andlise vem a contribuir para melhor compreensao da variagao das caracteristicas morfométricas desses importantes
sistemas aquaticos continentais em uma regido tdo carente de recursos hidricos durante a maior parte do tempo.

Palavras-chave: Semiarido. Indice F. Padrdo morfométrico e circulares/ovais.

Abstract: This study presents a morphometric analysis of margin natural ponds in Seridé Natal region in the Brazilian semiarid region.
The semiarid ponds are very important for the region, since that provided important ecosystems services as habitats of
various species, is one of the water supply sources, and harbor a great biodiversity. The study aimed to analyze the standard
morphometric its banks. In the methodology was based on digital image processing and classification and quantification
of classes per hectare, using the index F A study area presented a total of 53 natural lakes, corresponding to a total area
of 228.3 ha, where all had similar shapes (circular/oval). Classes were established by size in hectare, this measure was
performed using the standard deviation calculation, setting the maximum value of 30% for each class, with that were
divided into six classes intervals. The study of the morphology of the continental lakes in the area in question contributes
towards a better understanding of the variability of morphometric characteristics of these important continental aquatic
systems in a region so lacking in water resources for most of the time.

Keywords: Semiarid. F index. Morphometric standard and oval circular.
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Caracterizagao morfométrica de lagoas naturais intermitentes na regido do Seridd, Rio Grande do Norte: uma andlise preliminar

INTRODUCAO

A regido Nordeste do Brasil esta localizada na parte norte
oriental do pals, ocupando uma area de 1.219.000 km?
e abrangendo nove estados (Maranhdo, Piaui, Cear3,
Rio Grande do Norte, Parafba, Pernambuco, Alagoas,
Sergipe e Bahia). O semidrido nordestino esta inserido
em uma localizacdo onde existe um baixo volume de
escoamento das dguas dos rios. Essa questdao € possivel
de ser explanada pela variabilidade temporal pluviométrica
e também pelas caracteristicas geoldgicas predominantes,
onde prevalecem os solos rasos repousados sobre rochas
cristalinas, posteriormente havendo poucas trocas de dgua
entre o rio e o solo adjacente (Cirilo, 2010).

No que diz respeito as areas Umidas, a regidao também
apresenta um grande potencial delas, variando entre acudes,
barragens, lagoas, rios etc. Como j& definiram Junk et al.
(2014), as areas Umidas (AU) sdo ecossistemas especfficos,
Cuja presenca, extensao e caracteristicas estruturais
e funcionais dependem das peculiaridades climaticas,
hidroldgicas e geomorfoldgicas regionais. Guerra e Guerra
(2008) dizem que o Brasil ndo é muito rico em bacias
lacustres, existindo, todavia, lagos e lagoas de barragem
e de erosdo, mas isso ocorre apenas se compararmos
as areas em escala regional, pois ha regides que ndo as
apresentam e outras, no entanto, como é o caso da regiao
do Seridd, apresentam um nldmero bastante significativo.

O ambiente lacustre caracteriza-se por apresentar
agua relativamente tranquila, em geral doce, embora existam
lagos com 4gua salgada ou até hipersalina, que se situam
comumente no interior continental (Suguio, 2003). Esta
pesquisa fundamentou-se em vérias referéncias sobre o tema,
tais como Maltchik (2000), que tratou, em seu trabalho, do
inventario de lagoas intermitentes no semidrido, identificando-
se grande parte das lagoas da regido do semiarido.

Quanto a origem desses ambientes, Tundisi e
Tundisi (2008) mostram que todos os sistemas de
aguas interiores, evidentemente, originaram-se de
uma variedade de processos naturais e de diversos

mecanismos de formacdo, que variam em relacdo as

regides em cada era geoldgica. Ja Santos et al. (2009)
mostram que, no bioma Caatinga, as lagoas exercem
expressiva importancia para © homem sertanejo, servindo
de recurso para atividades de subsisténcia, bem como de
abrigo para a comunidade da biota local. Segundo Esteves
(1998), no Brasil, em geral, usa-se o termo lagoa como
referéncia a todos os corpos d’agua costeiros e mesmo
interiores, independentemente de sua origem.

Quando se fala em ecossistemas aquaticos do
semidrido, a primeira ideia que se tem sdo os agudes
ou barragens, partindo-se de uma auséncia de fontes
bibliogréficas que enfatizam a existéncia das lagoas naturais.
Dal surge um problema, visto que esses ambientes sdo
de grande importancia, tanto ecoldgica como social.
Além disso, ha razdes importantes para se estudarem
lagoas intermitentes no semiéarido do Brasil a partir de
um ponto tedrico, pois sdo raros e de natureza geral os
modelos que integram processos bidticos e com a forma
e a geomorfologia em lagoas das terras secas, ndo sendo
especificos para os sistemas intermitentes.

Ressalta-se ainda que as lagoas naturais foram os
primeiros reflgios para a biodiversidade do semiarido,
antes mesmos dos acudes e das barragens. Uma das
grandes preocupacdes com as AU € a de que, em nivel
mundial, a ciéncia vem estimando que mais de 50%
delas ja foram destruidas ou tiveram sua integridade
comprometida (Junk et al., 2014). As AU brasileiras ndo
sdo excecdo e sofrem vdrias ameagas, COmo o aumento
da densidade populacional nas diferentes regides do pals
e a acelerada transformagédo nas formas de uso da terra,
especialmente dos ambientes aquaticos (Junk et al., 2014).

Surge disso uma grande necessidade de
conservacdo desses ambientes. Considerando-se a
analise morfométrica, Suguio (2003) afirma que a
morfometria compreende a medida da forma e o
arredondamento das particulas sedimentares detriticas
que fornecem informacdo sobre os agentes e/ou os
ambientes deposicionais. Os parametros morfométricos
dependem muito do meio e do modo de transporte.
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Para analisar o padrdo morfométrico, reuniu-se
um acervo cartogréfico da area com imagens de satélites,
onde, posteriormente, foi feita a montagem de todas as
informacdes em um Sistema de Informagdo Geogréfica
(SIG), seguida da delimitagdo da bacia hidraulica de todas as
lagoas, para, assim, ser realizada a classificacio morfométrica
das suas margens. Portanto, esse trabalho teve como
objetivo analisar o padrdo morfométrico das margens
das lagoas continentais na regido do Seridé potiguar.

MATERIAL E METODOS

A pesquisa foi desenvolvida em ambientes de
areas Umidas, as lagoas naturais do semiarido, mais
precisamente em trés municipios da regido do Seridd,
Caicd, Cruzeta e Séo José do Seridd, Rio Grande do
Norte (Figura 1). O clima da regido, de acordo com a
classificacdo de Koppen, é do tipo BSWH, ou seja, seco
e muito quente, do tipo estepe, com estagao chuvosa
no verdo e com a temperatura do més mais frio superior
a 18 °C (Souza & Corréa, 2012).

A vegetacdo é compreendida pela savana estépica
(Caatinga), sendo arbustiva e herbacea, com adaptagdes ao
clima quente e seco da regido (caducifélia) (Gariglio et al.,
2010). A geomorfologia do Seridd potiguar baseia-se em
dominio das depressdes intermontanas e interplandlticas
das Caatingas, sendo constituida por quatro padrées
morfoldgicos principais: superficies de aplainamento da
depressao sertaneja; chapadas sustentadas por rochas
sedimentares; serras isoladas; e planalto da Borborema
(Pfaltzgraff & Torres, 2010).

Para o mapeamento da area de estudo, foi obtido
material do Instituto Nacional de Pesquisas Espaciais
(INPE), cedido gratuitamente. O material cartogréfico
foi elaborado a partir da banda pancromatica do satélite
CBERS 2B/Sensor HRC (resolucdo espacial de 2,7 m). O
georreferenciamento foi utilizado para atingir uma precisdo
desejada das imagens; para isso, foi empregado o software
ArcGIS 10 (versdo académica).

O georreferenciamento foi feito na grade de
coordenadas Universal Transversa de Mercartor (UTM),
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Figura 1. Mapa hidrogréfico dos municipios de Caicd, Cruzeta e S&o José do Seridd, Rio Grande do Norte. Mapa: SUDENE (2000).

Figure 1. Hydrographic map of the municipalities of Caicé, Cruzeta and Sdo José do Seridé, Rio Grande do Norte. Map: SUDENE (2000).
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utilizando a malha hidrogréfica do Rio Grande do Norte,
e através de imagens do Google Earth, para finalizar o
georreferenciamento, sendo concluido através do ArcGIS
10.2 (versdo académica), utilizando cartas topograficas
da Superintendéncia do Desenvolvimento do Nordeste
(SUDENE) — 1:100.000, Folha Currais Novos SB-24-
Z-B-1l. A montagem do mosaico foi feita no Sistema
de Informacdes Geogréfica (SIG), com delimitacio das
lagoas, tratamento digital de imagens de sensoriamento
remoto (realce de contraste e correcdo do histograma),
manipulagdo e integracdo dos geodados espaciais e ndo
espaciais no SIG. Foi elaborada uma base de dados que
determinou os intervalos e as classes, sendo calcada pelo
critério de extensdo de drea em hectare.

A partir dessa base de dados, foi realizada a tabulagdo
e a geracao de gréficos, com o uso de planilhas eletrénicas
do OpenOffice, as quais propiciaram a quantificagdo
e a classificacdo das lagoas. Para analisar o padrdo
morfométrico, reuniu-se todo um acervo cartogréfico da
area, com imagens de satélites, sendo, posteriormente,
feita a montagem de todas as informagbes em um SIG;
logo em seguida, delimitou-se a bacia hidrdulica de todas as
lagoas, para, assim, realizar a classificacio morfométrica das
suas margens. A morfometria dos lagos é peculiar a cada
distrito lacustre e, em um mesmo distrito, podem ocorrer
varios tipos de formas de lagos (Tundisi & Tundisi, 2008).
Para definir os parametros morfométricos das lagoas, foi
utilizado o indice F proposto por Libbe (1977), para, em
seguida, esses parametros serem classificados segundo suas
morfologias. Tal formula consiste em:

F=IWA*n

Tal que: F = forma, | = perimetro dado em metros
(m) e A = édrea dada em metros quadrados (m?).

A partir dos valores obtidos pelo indice F os dados
foram distribufdos em quatro classes morfoldgicas,
visando classificar as lagoas isoladamente: circular/oval,
alongada, composta e dendritica. Foi criada uma tabela

—

de atributos do ArcGis 10, com duas colunas, uma com
o perfmetro da drea em metros e outra com a drea em
hectares; esse calculo foi feito dentro do Query Builder e,
consequentemente, foi realizado o célculo do indice F, por
meio do qual nos dispomos a compreender as formas que
predominam nas lagoas continentais, sendo utilizados os
valores obtidos por Franca (2008) (Tabela 1).

Para realizar a classificagdo do indice F seguiu-
se o formato das margens, o que foi feito através do
ArcGIS; com as imagens de satélites e do Google Earth
georreferenciadas, foi realizado o perimetro observado
do nlcleo das lagoas até onde had ocorréncia do material
argiloso e onde comeca a ocorréncia da vegetacdo
incomum em ambientes aquaticos, sendo caracteristica
somente de ambientes terrestres. Apds o processamento
dos dados e a classificacdo das lagoas segundo a morfologia,
foram gerados graficos para determinar a variagcdo e a
distribuicdo das formas das lagoas da area de estudo.

No célculo do indice F quanto menor o valor, mais
préxima a lagoa serd a forma circular, onde qualquer variagdo
das margens acarretara numa alteracio do valor do indice
F (Justiniano, 2010). Devido a variedade das lagoas, foram
estabelecidas classes por tamanho em hectare; essa medida
foi feita através do calculo do desvio-padrio, estabelecendo
o valor méximo de 30% para cada classe e estabelecendo
um valor X. A férmula trabalhada foi a seguinte:

K=5
K= Vn

Paran < 25
Paran > 25

Onde: K = nlimero de classes; n = nimero total
de observacdes.

Tabela 1. Valores distribuidos em forma de F. Fonte: Franca (2008).
lable 1. Values distributed in an F-shape. Source: Franga (2008).

Formas Limiar
Circular/Oval 127 <F<26
Alongada 29 <F<3,5
Composta 35<F<50

Dendritica F>50

===

=
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O ddlculo do indice F foi feito através do resultado
obtido por Libbe (1977), onde se chega ao valor que
indica a forma das lagoas: circular/oval, alongada, composta
e dentritica.

RESULTADOS E DISCUSSAO

Com base nos dados obtidos no mapeamento e na
classificagdo das lagoas, constatou-se que os trés municipios
analisados, Caicd, Cruzeta e Sao José do Seridd, em Rio
Grande do Norte, possuem nUmero total de 53 lagoas
naturais intermitentes, o que corresponde a uma érea total
de 228,3 ha, distribuida em seis intervalos de classes (Tabela
2). Comoaamostratem 53 elementos analisados, o ndimero
de classes (n > 25) serd calculado da seguinte forma:

K= V53 =7,280.109 = 7.

Contudo, foram utilizadas apenas seis classes,
porque, como mostra a férmula, em caso de uso de
um ndmero excessivo delas, haverd alguma classe com
frequéncia nula ou com frequéncia muito pequena. Com
sete classes, a Ultima ficaria com valor nulo, impossibilitando
de serem gerados a tabela e os graficos com os valores reais.

Nao hd uma grande variacao de tamanho existente
entre as lagoas, onde a menor lagoa possui drea total de
23,2 ha e a maior lagoa compreende uma areade 575 ha,
0 que se deve também ao fato de todas as lagoas serem

Tabela 2. Banco de dados da érea total das lagoas intermitentes.

Table 2. Database of the total area of intermittent lagoons.

circulares/ovais. A partir da tabulacdo dos dados obtidos,
foi realizada a quantificacdo em forma gréfica do total da
area e de lagoas, tanto de forma métrica/numérica quanto
em porcentagem/numérica.

Quanto ao nimero de lagoas, a classe 1- 0 - 1,7 foia
que apresentou 0 maior nimero e, mesmo assim, foi a que
registrou a menor drea, ou seja, trata-se da classe onde se
encontram as menores lagoas. Por conseguinte, a classe 6-
10 + 15 foi a que apresentou o menor nlimero de lagoas e a
maior drea em hectares, onde estdo localizadas as maiores
lagoas da drea de estudo. A Figura 2 representa o total
da érea das lagoas (hectares), distribuidas em seis classes.

Pode-se observar que as lagoas com as menores
areas nao estdo em uma série ordenada, e sim em séries
alternadas, nos intervalos de classe O F 1,7 e 6 - 8; o
mesmo acontece nas lagoas com maiores areas, onde a
classe com o maior total de lagoas por dreas/hectares foi a
ultima classe, 10 15, tendo um total de 57,5 ha. Uma das
maiores lagoas esta situada proximo a um macico (Serra
da Formiga), o que foi visto in loco. Ela é uma das maiores
lagoas por ser abastecida ndo somente com chuvas, mas
também por haver canais de drenagens oriundos de agudes
localizados no seu entorno.

A Figura 3 representa a area total das lagoas
(hectares), na forma de porcentagem. Ao analisar o
grafico, é possivel identificar que as areas das lagoas
apresentam certa semelhanca, onde a diferenca da
menor lagoa, na classe O F 1,7, para a maior lagoa, na
classe 10 - 15, € de apenas 15%, o que corresponde a
média das outras lagoas.

o Classe Areatotal | Numero | Area | Lagoas
(ha) de lagoas | (%) (%) 100 an 38 575
1 or17 | 232 7| 102 | 321 7 s0{ 232 36! 3,3
2 17+4 36,1 14 15,8 26,4 ) 0
3 | 4re6 40 8 175 | 154 2 o a4
! ! 3 o N ™ [ @< '\Q‘(
4 618 33,5 147 | 9,43 <
5 8+ 10 38 4 16,6 7,55 Classes
6 10F15 57,5 25,2 9,43 Figura 2. Gréfico da area total de cada classe.
Total - 2283 >3 100 100 Figure 2. Graph of the total area of each class.
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Figura 3. Gréfico da area total das classes (%).

Figure 3. Graph of the total area of the classes (%).

Para a sua quantificacdo, as lagoas foram distribuidas
em seis classes, como citado anteriormente. Essa
distribuicio foi estabelecida através da média do nimero de
lagoas, feita por meio do calculo do desvio-padrao, sendo
determinado que os valores teriam no maximo 30% do
valor da média. Com esse calculo, pode ser observado
gue a primeira classe foi a que apresentou o maior desvio-
padrdo, 29,9%, e, mesmo sendo a classe com o maior
ndmero de lagoas, a média foi a menor, com 1,3.

Ja a Ultima classe, ou sexta classe, apresentou o
menor desvio-padrao, 1,5%, sendo a com menor nimero
de lagoas, com a maior média do valor, de 11,5. Por meio
disso, pode-se perceber que as classes com os maiores
ndmeros de lagoas sdo as que apresentam um maior
desvio-padrao e a menor média; ja as classes com os
menores nimeros de lagoas s3o as que apresentam um
menor desvio-padrdo e a maior média (Figura 4).

A Figura 5 representa o valor total do nimero
de lagos e, como pode ser observado, houve declinio
entre as classes, sendo que apenas a Ultima apresentou
valor diferenciado. Os padrdes de distribuicdo das
lagoas intermitentes sdo claramente distintos, sugerindo
diversos controles para sua existéncia e, portanto,
géneses diferenciadas. Destaca-se uma érea isolada, de
alta frequéncia destas lagoas, no extremo sul/oeste do
municipio de Caico.

A distribuicdo das lagoas mantém, assim, relativa
independéncia das direcdes impressas pelas drenagens
(Figura 5). No caso das lagoas analisadas, ndo foi necessario
fazer gréficos nem tabelas para definir a classe em cada
forma, isso porque a lagoa que apresentou valor maior no
indice F foide 2,5, e o valor estabelecido é de 1,27 < F <
2,6 para a forma circular/oval, ficando, portanto, evidente
que todas as lagoas sdo circulares/ovais. Segundo Franca
(2008), a classe circular/oval refere-se a lagos de formas
circulares, subcirculares e elipticas.

Essas classes genéticas sdo desenvolvidas proximo
aos leitos principais dos rios, comportando-se como
bacias de inundacdo, constituindo depressdes na planicie
de inundagdo e tendem a possuir formas circulares.
As classes com maiores intervalos entre os valores de
indice F influenciam na média e, consequentemente,
no desvio-padrdo. Ja nas classes que apresentam
desvios-padroes pequenos (0,37), os valores de indice F
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Figura 4. Gréfico do nimero total de lagoas.

Figure 4. Graph of the total number of lagoons.

Figura 5. Gréfico do total das lagoas (%).
Figure 5. Graph of total lakes (%).
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encontram-se concentrados proximo a média e seguem
o padrao do conjunto de dados.

Isso se explica devido ao fato de as classes com
maiores intervalos serem as que apresentam os maiores
nUmeros de lagoas, mas, em compensacio, sdo também
as que apresentam as lagoas com o menor tamanho em
hectares. Com isso, devido a esse nimero maior de lagoas,
o desvio-padrao vai ter uma maior variagao, haja vista a
maior quantidade de lagoas por classe. O oposto ao que
consta no paragrafo anterior é o que ocorre nas classes em
que o valor do desvio-padrao é pequeno. Isso porque os
valores de indice F encontram-se concentrados préximo
a média e seguem o padrao do conjunto de dados.

Apesar de ser a classe com menor nimero de lagoa,
nela se concentram as lagoas com os maiores valores
em hectares e, como o nimero de lagoas é menor, vai
haver menor variacdo no valor do desvio-padrao. Quanto
menor o valor do indice F mais préximo de um circulo

sera a forma do lago. Qualquer variacdo no contorno das
margens fard com que o valor de F aumente, sendo tanto
maior quanto mais forte for o grau de irregularidade do
contorno superficial do lago (Franca et al., 2005). Todas
as lagoas se enquadraram na formagao circular/oval, com
100% do valor total do indice F. Essa forma se assemelha
muito com um circulo, como é o caso das lagoas da 4rea
pesquisada neste estudo. Na Figura 6, podemos ver o
indice F das maiores lagoas.

Foram mapeados trés municipios (Caico, Cruzeta e Sao
José do Seridd), sendo registrado um total de 53 lagoas, das
quais 43 estao no municipio de Caicd, nove no municipio de
Cruzeta e apenas uma no municipio de S&o José do Seridd.
As lagoas naturais continentais podem ter diversas utilidades,
funcionando como ecossistemas ou como berco natural para
diversas espécies, tanto da fauna como da flora, servindo
como habitat e ambiente de reproducio. Como pode ser
visto na Figura 6, o uso do solo no entorno dessas lagoas
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apresentou uma grande drea de solo exposto, que pode ser
consequéncia tanto de acdo antrdpica na drea (desmatamento,
queimadas), como em decorréncia de fatores naturais devido
aos anos de estiagem que afetaram a regiao.

Um fato interessante é que as lagoas deveriam ter
se enquadrado na classe de corpos d'dgua, mas foram
categorizadas em duas classes diferentes, de solo exposto
e de caatinga rala — a classe de solo exposto foi assim
enquadrada em decorréncia de a imagem ter sido feita
em um ano pouco chuvoso e a lagoa estar seca, e a que
ficou na classe de caatinga rala foi assim posta por causa
da vegetacdo que resistiu a falta de dgua e conseguiu
sobreviver. lgualmente ao que foi notado nas lagoas descritas
anteriormente, pode se visto nas aqui mencionadas também
no que diz respeito a area de solo exposto, apresentando
até dreas maiores, como ¢ percebido a nordeste das lagoas,
em uma grande drea. Essa drea é decorrente da existéncia
de uma mineradora que faz extracdo de ferro préximo as
lagoas, na Serra da Formiga, que fica entre os municipios de
Caicé e Cruzeta, Rio Grande do Norte.

Isso se repete também com as classes das lagoas
da Figura 6, que deveriam ter se enquadrado na classe de
corpos d’agua, mas foram dispostas em classes diferentes,
de solo exposto e de caatinga rala, devido ao periodo de
estiagem. A necessidade de conservacio das lagoas é um
fato que deve ser tomado diante das leis, tendo em vista a
possibilidade de tornar essas lagoas possiveis unidades de
conservagao (UC). A ideia de tornd-las UC é proveniente
do processo natural que é enfrentado pela sociedade na
regido semidrida, processo caracterizado por falta de chuvas.

Em decorréncia dessa falta de 4gua, nos processos
de chuvas, as lagoas sdo responsaveis por uma parte
do abastecimento de dgua para a regido, por isso é tdo
importante a conservagdo dessas areas. E necessério
também que haja parcerias com érgdos municipais, estaduais
e federais, por exemplo. As lagoas com areas Umidas
desempenham muitos servi¢os para a sociedade, muitos
dos quais sofrem o destino dos chamados bens comuns, em
que todos se beneficiam, mas ninguém é responsabilizado

por sua manutencdo. Essa é uma pratica muito comum ndo
somente na regido do semidrido, mas em todo o mundo.

Um exemplo de lagoa conservada é aquela que
apresenta as margens contendo vegetacio fechada e com
porte elevado, na qual hd predominio de diversas espécies
de flora endémica, como a jurema-preta (Mimosa tenuiflora)
(G. Maia, 2004), o angico (Anadenanthera colubrina) (G. Maia,
2004), o pereiro (Aspidosperma pyrifolium) (Sousa & Lorenzi,
2005), ofeijao-bravo (Canavalia brasiliensis) (Sousa & Lorenzi,
2005) e o mofumbo (Combretum leprosum) (G. Maia, 2004).
Na érea de inundagdo da lagoa, foi encontrada apenas uma
vegetacdo de gramineas (herbéceas), como no periodo
retratado na Figura 1, em que a lagoa estava sem dgua e essa
foi a vegetacdo presente; em periodos de cheia, entretanto, a
vegetacdo encontrada sdo as macrdfitas, além das ora citadas.

Essa distribuicao por nimero de lagoas nos municipios
deixa evidente que a distribuicdo delas foi influenciada pelo
tamanho da area dos municipios, pois Caicé foi o que
apresentou © maior nimero de lagoas e é o que tem a
maior area (122.900 ha); Cruzeta foi o segundo municipio
com maior nimero de lagoas e tem a segunda maior area
(29.582,900 ha); por Ultimo, Sao José do Seridd foi o que
apresentou menor nimero de lagoas e é também o de
menor area (17.450,400 ha). De modo geral, observa-se
que o sistema lacustre presente no semiarido é diversificado,
possuindo particularidades em seus ambientes.

Essa diversidade presente nas lagoas pode ser vista
também em um dos trabalhos de pesquisa de Maltchik
(2000), com um inventario de lagoas intermitentes
no semidrido que pode ajudar em decisdes sobre sua
conservacio. O trabalho dele foi um pouco mais amplo,
visto que abordou todos os estados do Nordeste, incluindo
o Rio Grande do Norte, onde ficam os municipios
pesquisados, apresentando o quinto maior nimero de
lagoas, 993. Este trabalho de mapeamento das lagoas
também sera importante para a atualizacdo da malha
hidrogréfica da Superintendéncia do Desenvolvimento
do Nordeste (SUDENE), onde serdo observadas quantas
das 53 lagoas mapeadas constam na cartografia oficial do
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Seridd. Esse mapeamento serd de suma importancia, uma
vez que o servico da SUDENE foi feito em uma escala de
1:100.000 e, neste trabalho, 0 mapeamento serd em uma
escala de 1:25.000, ou seja, havera um detalhamento da
area quatro vezes maior. Foi realizada a revisdo da Politica
Nacional de Recursos Hidricos (PNRH), uma vez que a
questdo de identificacdo, atualizacdo e mapeamento das AU
do Brasil jd esta sendo trabalhada em outros ambitos como
forma de priorizar as iniciativas que sdo importantes para
a implementacdo da PNRH para o quadriénio 2012-2015
(Brasil, 2011 citado em Junk et al., 2014).

Por meio da definicdo e classificagdo das AU
brasileiras, podemos observar o pulso de inundagdo, que
pode ser classificado como monomodal ou polimodal,
previsivel ou imprevisivel e com amplitude alta ou baixa.
As lagoas naturais sdao definidas como ecossistemas
imprevisiveis, isso porque podem sofrer alteracdes em
curto prazo, com frequéncia multianual, pois, durante
uma parte do ano, € um ecossistema aquatico e, durante
outra parte, um ecossistema terrestre. E, por Ultimo,
apresenta baixa amplitude. A alternancia entre as fases
secas e Umidas representa um estresse significativo para os
organismos vivendo nas AU. Pulsos previsfveis favorecem
o desenvolvimento de adaptacbes de organismos e
endemismos. Deste modo, organismos aquéticos sao
beneficiados durante a fase aquatica, e os organismos
terrestres, durante a fase terrestre (Junk et al., 2014).

Esse € um exemplo bem comum das lagoas, visto
que elas sdo efémeras, ou seja, passam uma parte do
ano com agua e outra parte, secas; dessa forma, tanto os
organismos aquaticos como os terrestres sao beneficiados.
O tipo de solo predominante nas lagoas é o vertissolo,
constituido por material mineral, apresentando horizonte
vértico e pequena variagdo textural ao longo do perfil,
nunca suficiente para caracterizar um horizonte B textural.

A distribuicdo das lagoas dentro dos municipios
ndo é homogénea, ou seja, estdo distribuidas em locais
distintos, cuja maior concentragdo esta na porcio sul/
oeste, mais precisamente no municipio de Caicd, mas isso

ndo impede que haja maiores concentracdes em outras
porg¢des, até porque foi analisada apenas uma pequena
porcdo do Seridd. Outra 4rea que apresentou nimero
significativo de lagoas foi a nordeste do municipio de Caicé,
mais precisamente no municipio de Cruzeta.

Essa area fica proxima ao macico Serra da Formiga
e este talvez seja um dos motivos de maior abrangéncia
de lagoas, uma vez que é influenciada pelo planalto
e, consequentemente, pela depressdo. As lagoas sdo
consideradas como bacia sedimentar, que, conforme
Suguio (2003), corresponde a uma drea deprimida, em
geral, de origem tectnica. A geometria final de uma bacia
sedimentar depende bastante dos padrées de tectonismo
que a afetam durante ou apds a sedimentacao.

As bacias de inundacio sdo depressdes decorrentes
da subsidéncia do terreno, que passa a receber sedimentos
provenientes das areas altas que a circundam. As lagoas
sao consideradas bacias de inundacio por serem pequenas
depressdes e, no caso do semidrido, elas estdo sendo
inundadas e recebendo a carga sedimentar das areas que
a circundam. A partir da inundacio da bacia, ha inicio do
aclmulo de sedimento; com esse processo, inicia-se a
formacio de depressdes na planicie, que podem ser as lagoas
ou os lagos. Por conseguinte, essas depressdes ocasionam
outro processo que da inicio as bacias sedimentares, as quais,
de acordo com Guerra e Guerra (2008), sdo depressdes
enchidas com detritos carregados das areas circunjacentes.

A estrutura dessas areas é geralmente composta
de estratos concordantes ou quase concordantes, que
mergulham normalmente da periferia para o centro
da bacia. As lagoas naturais da regido do Seridé sao
consideradas um ciclo de sedimentagdo, o que se explica
em razdo de elas terem surgido em dreas que ja eram
sedimentadas e foram sendo modeladas até entrarem
em contato com a rocha. Esse ciclo continua, pois elas
vdo sendo depositadas novamente. As lagoas do Seridd,
por exemplo, surgiram em areas que ja haviam sido
preenchidas, mas, como estavam sobre um embasamento
cristalino, que é resistente, as dreas foram sendo carreadas
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e acabaram se tornando depressdes, que formaram as
lagoas e agora estao sendo preenchidas mais uma vez,
A conservacao das lagoas tem como beneficio principal a
manutencao de um ambiente equilibrado, onde possam
ser encontradas espécies comuns a esses ambientes, como
plantas e aves aquaticas, ja que as lagoas servem como local
de reflgio e reproducgdo dessas espécies.

O predominio maior das superficies aplainadas,
retocadas ou degradadas é justamente onde ha maior
ocorréncia das lagoas, cuja drea € a de depressao sertaneja,
que, segundo Ab'Saber (1969 citado em R. Maia et al., 2010),
sdo zonas aplainadas onde os processos denudacionais
suplantaram os agradacionais, formando vastas superficies
erosivas. Os processos de dissecagdo sio comandados,
sobretudo, pelas correntes fluviais que seguem as direcdes
tectOnicas marcadas por estruturas rupteis e dlcteis do
embasamento aflorante. As elevadas taxas de erosdo,
desencadeadas, sobretudo, pelo contexto climatico
semiarido, limitam a pedogénese, tornando os solos da
depressao sertaneja rasos. Neste contexto, comumente,
a rocha matriz (embasamento) aflora (R. Maia et al., 2013).

Na depressdo sertaneja, a dissecagdo também ¢é
notoriamente condicionada por zonas de falhas. Nesse
aspecto, os vales se formam segundo essas dire¢des e a
drenagem passa a expressar a complexa trama estrutural
vigente. As deformacdes dlcteis associadas as zonas de
cisalhamento, por vezes, tém penetrabilidade nas bacias
sedimentares cretdceas e até nos ambientes sedimentares
cenozoicos (R. Maia et al., 2013).

Conforme o novo sistema de classificagdo dos
principais tipos de AU brasileiros proposto por Junk et
al. (2014), e tendo como informagdes-base a dindmica
hidroldgica, os parametros fisicos e quimicos, e a composigao
e estrutura botanica, as AU brasileiras foram separadas em
trés niveis: 1. sistemas; 2. unidades definidas por fatores
hidroldgicos; 3. unidades definidas por plantas superiores.

No caso das lagoas continentais, elas se encaixaram no
primeiro nivel hierarquico de sistemas, como AU interiores,
que sdo todas as AU naturais, permanentes ou temporarias,

com agua doce, salobra e salgada, que se encontram dentro
do pais e fora da influéncia direta ou indireta do mar; é
justamente nesse tépico que as lagoas da drea de estudo se
enquadram. Ainda segundo Junk et al. (2014), o conceito de
‘pulso de inundacgdo’ define, analisa e explica o intercambio
lateral de dgua, os nutrientes e os organismos entre rios ou
lagos e as respectivas areas alagaveis conectadas, definindo
processos e padrdes de assinatura hidroldgica na mudanga
das condi¢des ecoldgicas entre as fases terrestre e aquatica.

CONCLUSAO
A utilizacdo do software ArcGis permitiu gerar com grande
facilidade os valores de indice F para os ecossistemas
lacustres, e posteriormente classifica-los segundo sua
morfometria. De acordo com a classificacdo do indice F; o
padrao morfométrico das margens das lagoas enquadra-se
em todas na forma circular/oval. Isso mostra que as lagoas
mapeadas no Seridd vdo apresentar formas circulares,
mas ndo implica dizer que sao influenciadas pelo tamanho
pequeno delas; a forma se explica apenas pelo fato de
apresentarem o valor do fndice F pequeno. Dentro do
SIG, ficou armazenado um acervo cartografico com
informagdes sobre as lagoas, principalmente sobre a
bacia hidraulica das mesmas. Depois de delimitar a bacia
hidraulica e estabelecer o tamanho das lagoas, foi realizada
a classificacdo morfométrica, como citado anteriormente.

Portanto, pode-se concluir que as lagoas naturais
intermitentes sdo de grande importancia para © meio em que
estdo inseridas, e o presente trabalho pode trazer diversos
beneficios para as estratégias de conservagdo delas. Entre
esses beneficios, estd a criacdo de uma base de dados sobre
lagoas intermitentes, o estabelecimento de outras fontes de
agua, o desenvolvimento de uma rede de informacdes de
zonas Umidas, a produtividade no semidrido brasileiro e a
localizacdo exata de manchas de biodiversidade.

Por Ultimo, este trabalho propde como sugestao
estratégias de valorizacdo da importancia ecoldgica dessas
lagoas para a sociedade, como tornar essas localidades

areas de conservagdo, para que possam ser mais
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preservadas, tendo em vista o fato de serem consideradas
importantes areas Umidas para o semiarido, as quais
desenvolvem valiosas funcdes, além de mencionarmos
que o semiarido possui um ndmero significativo de lagoas.
Portanto, pode-se concluir que este trabalho apresenta-
se como vulneravel, pois alguns aspectos ndo foram
abordados, como a importancia biogeogréfica das lagoas, e
também porque ndo foram alcancados todos os objetivos
previstos, visto que se esperava ser possivel tornar as lagoas
unidades de conservagao, o que nao ocorreu e serd um
objetivo ainda a ser buscado.
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Abstract: Pitfall traps are a sampling method broadly used in studies with small terrestrial vertebrates. In this paper, we compared the
efficiency of modified pitfall traps in sampling anurans, squamates, and mammals. In two forest fragments of the Seasonal
Semi-deciduous Atlantic Forest, we set up 26 arrays of drift fences and pitfall traps, composed of four 30-liter buckets,
each set up arranged in a Y’ shape linked by a fence of 4 m in length and 0.5 m in height. We tested for the effect of an
internal rim on the border of the buckets by comparing buckets with and without a rim on capture efficiency. In general,
we did not observe any effect of the rims in capture efficiency, independently of the bucket position where the rim was
present. Still, terminal buckets with rims were less efficient in capturing rodents. We hypothesized that the use of buckets
with rims did not increase the capture of small vertebrates due to the animal’s ability to perceive the rim due to substrate
instability. However, the pitfall trap efficiently captures small vertebrates, and we do not recommend using the internal rims.

Keywords: Amphibians. Lizards. Mammals. Sampling method. Snakes.

Resumo: Armadilhas de interceptagdo e queda é um método de amostragem amplamente utilizado em estudos com pequenos
vertebrados terrestres. Neste artigo, comparamos a eficiéncia de armadilhas de interceptacdo e queda modificadas na
amostragem de anuros, squamatas e mamiferos. Em dois fragmentos de Floresta Estacional Semidecidual na Mata Atlantica,
foram instalados 26 conjuntos de cercas e armadilhas de interceptagao e queda, compostas por quatro baldes de 30 litros,
cada conjunto disposto em forma de Y’, ligados por uma cerca de 4 m de comprimento e 0,5 m de altura. Testamos
o efeito da presenca de um aro interno na borda dos baldes, comparando baldes com aro e sem aro na eficiéncia de
captura. Em geral, ndo foi observado nenhum efeito dos aros na eficiéncia de captura, independentemente da posicdo
dos baldes onde o aro estava presente. Ainda assim, baldes terminais com aros foram menos eficientes na captura de
roedores. Hipotetizamos que o uso dos aros nos baldes ndo aumentou a captura de pequenos vertebrados devido a
capacidade do animal de discernir o aro ao perceber instabilidade do substrato. Ainda que a armadilha de interceptacao
e queda seja um método eficiente para capturar pequenos vertebrados, ndo recomendamos o uso de bordas com aros.
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INTRODUCTION

Pitfall traps are frequently used in worldwide ecological
studies to capture a variety of ground-dwelling animals,
e.g., invertebrates and vertebrates, such as spiders (e.g.,
Privet et al., 2020), grasshoppers (e.g., Szinwelski et al.,
2012), harvestmen and millipedes (e.g., StaSiov et al.,
2021), amphibians (e.g., Fiorillo et al., 2018), squamates
(e.g., Menezes etal., 2018), and mammals (e.g., Edwards &
Jones, 2014; Palmeirim et al., 2019). Pitfall traps are buckets
buried in the ground that can be linked by drift fences
(Corn, 1994). Strait-line drift fences are usually used for
terrestrial vertebrates and function as barriers that intercept
and guide animals moving in the environment to fall into
buckets (Cechin & Martins, 2000). This method is useful for
long-term monitoring, as it can be left closed on the ground
during non-sampling periods (Corn, 1994). Moreover, it has
advantages in capturing seldom sampled animals (Campbell
& Christman, 1982; Palmeirim et al., 2019), and many areas
can be sampled simultaneously, reducing temporal-related
variation activity (Bury & Corn, 1987). On the other hand,
animals that are good climbers, jumpers, and/or relatively
large to escape are not adequately sampled using this trap
technique (Dodd Jr., 1991; Ali et al., 2018).

The capture success is influenced by species-specific
factors, including morphology, home range, and diel activity
period (Crosswhite et al., 1999; Ali et al., 2018), but also
by environmental factors, such as climatic variables (e.g.,
temperature and precipitation — Bury & Corn, 1987,
Enge, 2005; Todd et al., 2007; Spence-Bailey et al.,
2010). In complex structural habitats, such as rainforests,
these factors are often inflated due to high ecological
and morphological diversity. The Atlantic Forest exhibits
considerable structural heterogeneity, thus leading to
noteworthy levels of species diversity and functional variety
among terrestrial vertebrates. The Atlantic Forest contains
approximately 320 species of mammals, 300 species of
reptiles, and 600 anurans (there is no representative of
Caudata) (Monteiro-Filho & Conte, 2017). Indeed, the

highest richness and endemism of anurans from Brazil

are also in the Atlantic Forest (Rossa-Feres et al., 2011).
Where the highest species diversity and morphological and
ecological characteristics are concentrated, there is a need
to reinforce the design and evaluate different methods to
capture vertebrates and improve our sampling capacity.
Some studies have provided information regarding
the efficiency of pitfall traps in tropical forests (e.g., Ribeiro-
JUnior et al., 2008; Santos-Filho et al., 2015); however,
studies that propose alternative modifications to the
traditional pitfall trap method are almost absent (Greenberg
et al., 1994). Therefore, studies aiming to propose
modifications to the traditional pitfall trap structure are
important to maximize the sampling efficiency of capturing
animals that can escape from the trap. We proposed to
evaluate the efficiency of an additional obstacle adjacent
to the edge of the buckets, focusing on the capture and
trapping of anurans, squamates, and small mammals. We
hypothesized that the use of an internal rim would increase
the pitfall efficiency by preventing individuals from escaping.

MATERIALS AND METHODS

STUDY AREA

The study was conducted in the Reserva Particular do
Patriménio Natural (RPPN) Fazenda Lagoa (21° 23" S, 46°
15" W, 840 m.a.s.l.), located in the municipality of Monte
Belo, southern State of Minas Gerais, southeastern Brazil
(Figure 1). The region is inserted in the Atlantic Forest biome
(Ab’Saber, 1977). According to the K&ppen-Geiger climate
classification (Peel et al., 2007), the climate of this region is
Cwb (cold with day winter and temperate summer). The
study site has been substantially modified by agriculture
(Garey & Silva, 2010), with the reserve maintaining eight
fragments of Seasonal Semi-deciduous Forest (sensu
Morellato & Haddad, 2000). Seasonal Semi-deciduous
Forests are characterized by two main seasons, one wet
and warm from October to March and another dry and
cold from April to September. Based on previous surveys
at Fazenda Lagoa and in nearby areas, approximately
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63 species of mammals (Laurindo et al., 2017), 16 reptiles
(Sturaro & Silva, 2005), and 24 anurans (Garey & Silva,
2010) are recognized in the region.

SAMPLING DESIGN

We installed 26 arrays of pitfall traps in two fragments,
one called Olaria Forest with 17 ha and the other as Lagoa
Forest with 124 ha (Figure 1). An ecological corridor nearly
entirely interconnects these forest fragments; jointly, they
encompass an area of approximately 144 ha. In addition
to variations in size and shape, the forest fragments exhibit
distinctions arising from a lotic water body coursing through
Lagoa Forest, whereas Olaria Forest lacks any lotic habitat.

We chose the areas to install the traps according to the
natural conditions of the forest floor (presence of trees with
a minimum of 15 m in height, slope lower than 30°, and
at least 10 m apart from water bodies). The traps were
installed in a Y’ shape, with three terminal buckets and
one central bucket (n = 104 plastic buckets) buried in the
ground linked by plastic drift fences (Figure 2A). The plastic
drift fence was 50 cm in height, and 4 m in length separating
the terminal of the central bucket. The buckets were 30
L, with 40 cm in depth and 36 cm in diameter (Figures 2B
and 2QC). In every bucket, we made small orifices (1-2 mm
in diameter) on the bottom to drain the water of rainfall
(Cechin & Martins, 2000).
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Figure 1. Map of the study area showing the South American countries and Brazilian states (light gray), State of Minas Gerais in dark gray. In
detail, a satellite image displays the two forest fragments studied at Fazenda Lagoa, located in the municipality of Monte Belo. The circles

on the map denote the positions of the pitfall traps.
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Figure 2. Representation of the pitfall trap used in the present study
design. A) Scheme of the two sets of pitfall trap array (Y’ structure)
- black circles represent the buckets with rims and the white circles,
the buckets without rims, B) Lateral view of a bucket with rim, and
C) perspective view of a bucket without rim and with rim and the
dimensions comparing both types of buckets.

We installed rims on the bucket border to evaluate
the effect on the abundance of anurans, squamates, and
small mammals trapped. The internal rims were composed
of plastic, fourteen centimeters in width, and were fixed
with wire on the internal borders of buckets, reducing their
diameter to 22 cm (Figures 2B and 2C). The pitfall arrays
were divided into two groups with 13 traps each: in the
first group, the internal rim was installed on the central and
in one terminal bucket; in the second group, the internal
rims were installed on two-terminal buckets (the black
circles in Figure 2A represent rim). This design totalized 13
central buckets with rim, 13 central buckets without rim, 39
terminal buckets with rim, and 39 without rim. We chose
this sampling design to exclude the possible effects of the
variation in environmental heterogeneity among the areas
where pitfalls were installed and to reduce the effects of
species with aggregated distribution in capture rates.

Our study was conducted monthly between March
2004 and May 2005, except for June 2004, August 2004,
and February 2005, when no sampling was performed due
to logistical difficulties. The buckets remained closed all the

time when we were not sampling. In each sampling month,

buckets remained open up to six days in a row, totaling 32
days of sampling (2.5 = 1.2 days per month). All pitfall traps
were checked once a day (between 8 AM and 2 PM) to
reduce the mortality rate. The captured anuran individuals
were individually marked using a pelvic ring, constructed
using a black polyester thread, adorned with a combination
of one to three colored beads (Narvaes & Rodrigues, 2005),
and released three meters away from the traps. This marking
configuration allowed the individualized identification of the
specimens. All captured mammals and some reptiles were
released into the environment without individual marking.
Thus, the same individual may have been captured more
than one time. The recapture of the same individual only
biases our results if the individual consistently has fallen into
the same bucket within the same trap. However, since our
sampling design encompassed buckets both with and without
rims within the same trap and considering an equal probability
of anindividual moving to the right or left upon encountering
the drift fence, we believe that specimen recaptures did
not influence the capture rates between buckets with and
without rims. Some trapped specimens of amphibians and
reptiles were collected as voucher specimens of the study
area. These specimens were anesthetized and euthanized
with a solution of 5% benzocaine, fixed (formalin 10%),
preserved (ethanol 70%), and deposited in the collection of
the Colecdo Herpetdlogica Alfred Russel Wallace (CHARW),
Universidade Federal de Alfenas, municipality of Alfenas, in

the state of Minas Gerais, Brazil.

STATISTICAL ANALYSIS

All analyzes were performed in R software with RStudio
(R Development Core Team, 2017), while the graphics
were made in the Windows version of GraphPad Prism
(version 9.0.0, GraphPad, n. d.). Before evaluating the effect
of the rims on the pitfalls, we verified the normality of the
data using the Shapiro-Wilk test and data homoscedasticity
by Levene’s test, assuming a significance level of 0.05. We
square rooted data with non-normal distribution to better
fit. To evaluate the efficiency of the rims, we compared
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the average abundance of individuals captured in the pitfall
buckets with and without rims.

Analyses were conducted using two approaches.
First, we adopted the General Linear Model (GLM) in
the two-factor repeated measures ANOVA design using
the ez package (v4.4; Lawrence & Lawrence, 2016). We
evaluated the effect of different combinations of predictors
on the overall abundance sampled, thus checking the effects
of months evaluated, rim presence, and the interactions
between months and rims on individuals captured
(dependent variables). Following our sampling design, our
measurements were not temporally independent (i.e.,
pseudo-temporal replicate). Therefore, we incorporated
time (i.e., month) as a factor that could account for the
variation in capture rates between buckets with and without
rims. Afterward, we implemented a t-test or Wilcox test
(if data was not homoscedastic) to compare the number
of individuals captured between buckets with and without
internal rims in two separate analyses: one with only the
terminal buckets and only central buckets. Additionally,
we evaluated the efficiency of the buckets with rims by
individualized taxa order: Anura, Squamata, Rodentia,
and Didelphimorphia. Moreover, we conducted separate
analyses for the frog Physalaemus cuvieri Fitzinger, 1826
because of its high abundance among the trapped Anura
species. We assumed an alpha of 5% in all hypothesis tests.

We assumed an equal probability for the animal to
go 1o the right or left after encountering the drift fence
(Enge, 2001). Hence, the probability of capturing with radial
buckets was three times greater than the central buckets.
For that reason, we did not compare the radial and central
buckets’ efficiency, thus focusing strictly on the effects of the
rims. Animals that died inside the traps were not included
in the analyses to avoid sampling bias, i.e., animals with
climbing abilities could have escaped if they had not died.

RESULTS
The trapping effort totalized 13,056 hours by trap, and
the average days of operation of pitfalls were 21 (range:

12-32 days). In total, we captured 676 individuals,
consisting of 171 from the Anura order (13 species, six
families), 11 from Squamata (five lizard species and one
snake species, from five families), and 494 mammals
from Rodentia and Didelphimorphia orders (unidentified
species) (Table 1). The capture rate was 0.211 specimens/
bucket/day overall, 0.16 for mammals, 0.05 for
amphibians and 0.003 for squamates. Representatives
of mammals, order Didelphimorphia and Rodentia
together, were the most abundant (Rodentia = 71.4%
of the total captured, Didelphimorphia = 1.6%). Anura
was the second order of most captured animals (25.2%),
and Physalaemus cuvieri was the most captured species
(10.6% of the total and 42.1% of the anurans captured).
Squamata was the least captured group (1.6%), with
Enyalius perditus (45.4 % of Squamata) the most
captured species.

The use of rims did not improve efficiency in
sampling medium-sized animals (Figure 3). Buckets
with rims, independently from the position of the rims
and taxonomic group, did not increase the number of
individuals trapped (Table 2, Figure 3). Abundance varied
accordingly to month as expected due to seasonality,
but it was independent of rim being present or absent.
However, the interaction between the month and the
presence of the rim did not explain the difference in
the number of individuals trapped (Table 2). Moreover,
when comparing only the central buckets, the abundance
of total animals trapped was not different accordingly
to the presence of rims (t-test; P = 0.89). The same
pattern was observed for each separated taxonomic
group (See Table 3 for the results of individualized
groups). On the other hand, when comparing only the
terminal buckets, we found that the presence of rims
reduced the efficiency by 34.3% (Figure 3) in capturing
individuals of Rodentia (t-test; P = 0.01). For all other
taxonomic groups and all groups together, the presence
of rims did not relate to the abundance of individuals
trapped on central buckets (Table 3).
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Table 1. Individuals of the orders Anura, Squamata, Rodentia and Didelphimorphia collected in pitfall traps at the RPPN Fazenda Lagoa,
municipality of Monte Belo, Minas Gerais, Brazil. Legendas: CR = central bucket with rim, CNR = central bucket without rim, TR =
terminal bucket with rim, TNR = terminal bucket without rim.

Taxon Family Species N (tota) CR CNR TR TNR
Anura Brachycephalidae Ischnocnema juipoca (Sazima & Cardoso, 1978) 2 0 0 2 0
Bufonidae Rhinella icterica (Spix, 1824) 18 6 1 7 4
Rhinella crucifer (Wied-Neuwied, 1821) 23 2 4 6 11
Rhinella diptycha (Cope, 1862) 13 4 4 2 3
Craugastoridae Haddadus binotatus (Spix, 1824) 4 0 1 1 2
Cycloramphidae Odontophrynus asper (Philippi, 1902) 2 0 1 0 1
Odontophrynus cultripes Reinhardt & Lutken, 1862 22 3 5 6 8
Proceratophrys boiei (Wied-Neuwied, 1824) 1 0 1 0 0
Leiuperidae Physalaemus cuvieri Fitzinger, 1826 72 15 19 22 16
Leptodactylidae Adenomera bokermanni (Heyer, 1973) 3 0 2 1 0
Leptodactylus fuscus (Schneider, 1799) 1 0 1 0 0
Leptodactylus mystacinus (Burmeister, 1861) 2 1 0 0
Microhylidae Elachistocleis cesarii (Miranda-Ribeiro, 1920) 1 0 2 1
Subtotal 171 35 39 50 47
Squamata Colubridae Elapomorphus quinquelineatus (Raddi, 1820) 1 0 0 0 1
Leiosauridae Enyalius perditus Jackson, 1978 5 1 0 3 1
Urostrophus vautieri Dimeril & Bibron, 1837 1 0 0 1 0
Gymnophthalmidae Heterodactylus imbricatus Spix, 1825 1 1 0 1 0
Scincidae Notomabuya frenata (Cope, 1862) 1 0 0 1 0
Teiidae Salvator merianae Duméril & Bibron, 1839 1 0 0 0 1
Subtotal 11 2 0 6 3
Rodentia 483 83 86 M6 198
Didelphimorphia " 4 0 3 4
Total 676 158 164 230 302
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Figure 3. Mean abundance = standard error (SE; vertical lines) of the animals sampled in the central and terminal buckets, with and without
the internal rims for all individuals trapped and by taxonomic group. Black bars = buckets with rims; gray bars = buckets without rims.
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Table 2. Data of Repeated Measures ANOVA expressed in degrees
of freedom, the sum of squares in the numerator, F ratio, and P-value
of the total abundance of individuals captured by month and the type
of bucket used (with and without internal rims). Asterisk indicate
interaction term. Bold values highlight statistical significance.

df SSn [ P
Month 8 41.75 11.06 0.01
Rim 1 0.63 0.93 0.34
Month* Rim 8 3.40 1.30 0.24

Table 3. T-test results comparing the presence and absence of rims on
the abundance of specimens captured depending on bucket position
and taxonomic group. Bold values highlight statistical significance.

Group df t P

Central

All 121.43 -0.12 0.89

Anura 22.45 -0.29 0.76

Physalaemus cuvieri 20.18 -0.65 0.51

Squamatas " 1.48 0.16

Didelphimorphia 23 1.94 0.06

Rodentia 21.99 -0.12 0.90
Terminal

All 307.76 -1.68 0.09

Anura 75.97 0.37 0.71

Physalaemus cuvieri 75.87 0.88 0.38

Squamatas 69.94 1.05 0.29

Didelphimorphia 69.87 -0.36 0.71

Rodentia 58.59 -2.51 0.01

DISCUSSION

Pitfall traps are frequently used to sample mammals (Pardini
& Umetsu, 2006), squamates (Ribeiro-Jdnior et al., 2008),
and amphibians (Gascon, 1996; C. Rocha et al., 2001)
in several forest environments around the globe, e.g.,
Amazon Forest in Brazil (Santos-Filho et al., 2015; Ardente
etal., 2017; Palmeirim et al., 2019), Atlantic Forest in Brazil
(Bovendorp et al., 2017), Uzungwa forest in Tanzania
(Lyakurwa et al., 2019), Wologizi in Liberia (Mamba et al.,
2020). Still, this is the first study to evaluate the efficiency
of pitfall traps with internal rims on the bucket border for

sampling terrestrial vertebrates. Our results indicate that
modifications implemented in the pitfall traps (rims) did not
affect their capture efficiency in sampling ground-dwelling
and semi-arboreal species of anurans, lizards, and mammals
in the Seasonal Semi-deciduous Forest.

The pitfall traps exhibited efficiency in sampling
amphibians, notably more efficient for the ground-dwelling
species. Specifically, they recorded 46.4% (n = 13) of the
potential species known to inhabit the area, while capturing
76.9% of the ground-dwelling species (Sierra Ramirez, 1998;
Garey & Silva, 2010). The efficiency of pitfall traps in sampling
ground-dwelling anurans is congruent with other studies
(e.g., C. Rocha et al., 2001; Ribeiro-Junior et al., 2008; R.
Rocha et al.,, 2015) but there are exceptions (see C. Rocha
et al., 2004; Hutchens & DePerno, 2009). The capture of
terrestrial frogs is expected because these animals inhabit the
forest leaf litter; hence, they are pruned to be oriented by
the drift fences when moving on the ground (Ali et al., 2018).
As ground-dweller anuran species are poor climbers, we did
not expect that the rims would affect the smaller species, like
the microhylid Elachistocleis cesarii. However, large-bodied
species, like some species of Bufonidae, have relative climbing
ability that could enable them to escape when tree branches
fall within the buckets (Noronha et al., 2013).

We found that pitfall traps represent an efficient
method for lizards in the Semi-deciduous Forest but less
efficient for snakes. Snakes corresponded to 5.26% of
the richness of species found, and the only snake that was
trapped was the colubrid Elapomorphus quinqguelineatus, a
small-bodied species. Compared with lizards and anurans,
snakes are the least sampled group using pitfall traps,
particularly in forested environments (Bernarde, 2012). This
is particularly true for large and arboreal species that can
easily climb out of the buckets. Arboreal or semi-arboreal
species, like the colubrid snakes Chironius quadricarinatus
Boie, 1827 and Spilotes pullatus (Linnaeus, 1758), are
present in the study area (Garey et al., 2014). However,
we cannot be sure if snakes have fallen and escaped or

never fallen in the traps. Other sampling techniques might
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provide better results when sampling snakes (Ali et al.,
2018; Richardson et al., 2018). Active search has been
demonstrated to work in regions where snakes are more
abundant, e.g., Amazon Forest and Western Australia,
whereas funnel traps are a good option for capturing aquatic
or semi-aquatic species (Tietje & Vreeland, 1997; Graham
et al., 2007; Masseli et al., 2019).

Here, mammals made up the largest portion of the
total of individuals trapped, indicating that this method
is efficient for small ground-dwelling and semi-arboreal
mammals in the Semi-deciduous Forest. This supports
other studies indicating that pitfall traps yield better
performance than capture methods, such as Sherman or
Tomahawk traps (Umetsu & Pardini, 2007; Abreu-Jdnior
& Percequillo, 2019). However, different from reptiles and
anurans, using internal rims led to a slight reduction in the
efficiency of capturing rodent individuals in some cases
and, consequently, in the total of mammals trapped. We
postulated that the animals could perceive the rims — an
unstable substratum — and so forth as avoiding the fall,
which is indirectly related to the reduction in the size of
the bucket opening (Gibbons & Semlitsch, 1982).

Innovations in trapping techniques of terrestrial
vertebrates are necessary to gain better sampling results.
Still, studies that evaluate modifications on pitfall traps have
focused mainly on the drift fence design, e.g., linear, radial,
or grid, and on the size of the buckets, varying from 5 to
100 litters (Ribeiro-Junior et al., 2011; Bovendorp et al.,
2017). Larger buckets seem more efficient in capturing
snakes, whereas bucket size is less significant for amphibians
and other reptiles (Cechin & Martins, 2000; Maritz et al.,
2007). still, in several cases, drift fence design does not
affect the capture efficiency of small mammals, reptiles, and
amphibians (Ribeiro-Junior et al., 2011; Rocha & Passamani,
2013). Investigations on maodifications of the pitfall structure,
such as approaches that prevent escape, could potentially
enhance trapping efficiency, especially for larger animals.

We suggest that the use of pitfall trap for small

vertebrates sampling could benefit from similar pitfall

modifications implemented in entomological sampling.
Several factors can affect pitfall efficiency in small vertebrate
sampling, and some of these factors also acts over the smaller
pitfall traps used in entomological sampling. For example,
escape can be facilitated by vegetation that falls within the
buckets. In this case, pitfalls with a suspense roof structure
over the buckets could prevent this from happening.
Similarly, buckets with entrances with a funnel could make
it difficult for individuals to escape (see Lange et al., 2011,
Csaszar et al., 2018). The functionality of entrance with a
funnel would be analogous to the funnel trap but as a pitfall.
Bait is often used in beetles and butterflies sampling in pitfall
or Vann Someren-Rydon traps (Hughes et al., 1998; Knapp
etal., 2016). Baiting within pitfall could be an efficient method
to attract mammals and snake predators. We also propose
to evaluate if rubbing Vaseline (petroleum jelly) within the
bucket wall testing could prevent animals, like snakes, from
climbing out. Nevertheless, more investigations on pitfall
trap modifications are necessary to verify which modifications
could increase pitfall efficiency in vertebrate sampling.

CONCLUSION

The pitfall trap proved to be an efficient method to capture
lizards, amphibians, and mammals but less efficient for
snakes, like other studies. Our hypothesis that using
internal rims would increase the efficiency of capture of
terrestrial vertebrates, in general, was not corroborated.
Instead, using rims decreased the traps’ efficiency, especially
for the high capture rate of mammals Rodentia species.
Considering the efficacy and the cost-benefit relationship,
we do not recommend using 30-liter buckets with internal
rims to sample small vertebrates. However, more studies
that evaluate for integrated pitfall trap modifications, for
example, the presence of rims on different bucket sizes,
could be interesting. In conclusion, investigations on the
relationship between pitfall modifications focusing on
taxonomic or functional groups, such as terrestrial versus
arboreal or Rodentia versus Didelphimorphia, could reveal
trap specifications during sampling.
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Abstract: The purpose of this nomenclatural note is to correct type designation procedures that resulted in duplicity of holotypes for

several species belonging to the ostracode genus Perissocytheridea, described from the Oligo-Miocene Pirabas Formation
in northern Brazil.

Keywords: Perissocytheridea. Taxonomy. Holotype duplicity.

Resumo: O objetivo desta nota nomenclatural é corrigir procedimentos de designagdo de tipo que resultaram em duplicidade de

holétipos para varias espécies pertencentes ao género de Ostracoda Perissocytheridea, descritas no Oligo-Mioceno da
Formacdo Pirabas, Norte do Brasil.
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On the multiple holotypes of species of Perissocytheridea Stephenson, 1938 described from the Pirabas Formation (Oligo-Miocene), Brazil

Four new species of the genus Perissocytheridea
Stephenson, 1938 were described by Nogueira
and Ramos (2016) from the Pirabas Formation,
deposited during Oligo-Miocene times under brackish
paleoenvironmental conditions in the Marajé-Basin at the
State of Pard, northern Brazil. Three of these new species
were named by the authors as Perissocytheridea colini
Nogueira and Ramos, 2016, Perissocytheridea pirabensis
Nogueira and Ramos, 2016 and Perissocytheridea
punctoreticulata Nogueira and Ramos, 2016. However,
when assigning a holotype to these taxa, they mistakenly
designated more than one specimen of each as their
‘holotypes’, which is contrary to what the Article 73.1
of the International Trust for Zoological Nomenclature
(ICZN) (Ride et al., 1999) states: “a holotype is the single
specimen upon which a new nominal species-group taxon
is based in the original publication”. Therefore, based
on Article 73.1.5 — "if a subsequent author finds that a
holotype which consists of a set of components [e.g.

disarticulated body parts] is not derived from an individual
animal, the extraneous components may, by appropriate
citation, be excluded from the holotype”. For this reason
the specimens numbers MPEG-516-M, MPEG-524-M,
MPEG-528-M and, MPEG-529-M are no longer part
of the type series and the specimens numbers MPEG-
515-M of Perissocytheridea punctoreticulata, MPEG-
523-M of Perissocytheridea colini, and MPEG-527-M of
Perissocytheridea pirabensis will be kept as holotypes of
the respective species.
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ERRATA

Na pdgina 2, onde se lia: “Four new species of the genus Perissocytheridea Stephenson, 1938 were described
by Nogueira and Ramos (2016) from the Pirabas Formation, deposited during Oligo-Miocene times under
brackish paleoenvironmental conditions in the Marajé-Basin at the State of Pard, northern Brazil.”

Leia-se: “Four new species of the genus Perissocytheridea Stephenson, 1938 were described by Nogueira
and Ramos (2016) from the Pirabas Formation, deposited during Oligo-Miocene times under brackish
paleocenvironmental conditions in the Bragantina platform at the State of Pard, northern Brazil.”
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ERRATA Bol. Mus. Para. Emilio Goeldi. Cienc. Nat., Belém, v. 18, n. 3, €2023-e002, 2023

ERRATA

Na nota “On the multiple holotypes of species of Perissocytheridea Stephenson, 1938 described from the Pirabas
Formation (Oligo-Miocene), Brazil”, com nimero de DOI: https://doi.org/10.46357 /bcnaturais.v18i3.919, publicada
no periddico Boletim do Museu Paraense Emilio Goeldi. Ciéncias Naturais, v. 18, n. 3, 2023: e2023-e919,

Na pagina 2:

Onde se lia: “Four new species of the genus Perissocytheridea Stephenson, 1938 were described by Nogueira and
Ramos (2016) from the Pirabas Formation, deposited during Oligo-Miocene times under brackish paleoenvironmental
conditions in the Marajo-Basin at the State of Para, northern Brazil.”

Leia-se: “Four new species of the genus Perissocytheridea Stephenson, 1938 were described by Nogueira and Ramos
(2016) from the Pirabas Formation, deposited during Oligo-Miocene times under brackish paleoenvironmental conditions
in the Bragantina platform at the State of Para, northern Brazil.”

Errata. Boletim do Museu Paraense Emilio Goeldi. Ciéncias Naturais, 18(3), e2023-e002.
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