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Abstract: Leptophlebiidae is the second most diverse family within Ephemeroptera, with species distributed across 
various States in Brazil, but with gaps in distribution records in others. Currently, nine species of Leptophlebiidae 
are recorded for the state of Piauí. Based on this information gap, the objective of this study was to present an 
updated species list of the family Leptophlebiidae new occurrence records and distributional sites for the state of 
Piauí, Brazil. By analyzing 447 specimens, we have significantly expanded our knowledge about the distribution 
of Leptophlebiidae species in the state of Piauí, increasing the recorded species from nine to 17. We have also 
added new occurrence records for six species and, for the first time, documented the presence of four genera. It is 
important to highlight that there is still an extensive area within the Cerrado and Brazilian semiarid regions where 
the occurrence of Ephemeroptera is unknown, confirming that the diversity in this area is underestimated and that 
knowledge of Ephemeroptera species and their distributions can expand with increased sampling efforts in the 
coming years, reducing the Linnean and Wallacean shortfall regarding this group. Our results also demonstrate the 
urgent need for inventories in the southern part of the state of Piauí, particularly in the sub-basins of the middle 
and upper Parnaíba river, which are considered suitable for monoculture expansion in Brazil.
Keywords: Aquatic insect; Freshwater ecosystem; Parnaíba river basin.

Uma lista de distribuição atualizada de Leptophlebiidae Banks, 1900 
(Ephemeroptera: Insecta) para o estado do Piauí

Resumo: Leptophlebiidae é a segunda família mais diversa de Ephemeroptera, com espécies distribuídas em vários 
estados do Brasil, mas com lacunas no registro de distribuição em outros. Por exemplo, no estado do Piauí tem 
registrado apenas nove espécies de Leptophlebiidae. Baseada nessa lacuna de informação, o objetivo deste estudo 
foi apresentar uma lista atualizada de espécies da família Leptophlebiidae, novos registros de ocorrência e sítios 
de distribuição para o estado do Piauí, Brasil. Ao analisar 447 exemplares, ampliamos significativamente nosso 
conhecimento sobre a distribuição das espécies de Leptophlebiidae no estado do Piauí, aumentando o número de 
espécies registradas de nove para 17. Também adicionamos novos registros de ocorrência para seis espécies e, 
pela primeira vez, documentamos a presença de quatro gêneros. Destacamos que ainda existe uma extensa área do 
Cerrado e semiárido brasileiro que se desconhece a ocorrência de Ephemeroptera, confirmando que a diversidade 
nessa área é subestimada e que o conhecimento sobre as espécies de Ephemeroptera e suas distribuições podem 
se expandir com o aumento do esforço amostral nos próximos anos, diminuindo as lacunas Lineana e Wallaceana 
sobre esse grupo. Nossos resultados também demonstram a necessidade emergencial de inventários no sul do 
Estado do Piauí, principalmente nas sub-bacias do médio e alto rio Parnaíba que é considerado adequado para a 
expansão da monocultura no Brasil.
Palavras-chave: Inseto aquático; Ecossistema de água doce; Bacia do rio Parnaíba.
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the distribution of Leptophlebiidae diversity in the state of Piauí 
becomes essential to comprehend the current threats to biodiversity 
and proactively prevent damage to the natural ecosystem (Barnosky 
et al. 2011, Pimm et al. 2014, Steffen et al. 2015, Díaz et al. 2019) 
and local extinctions of species, particularly in biodiversity hotspots 
like the Cerrado.

The objective of this study was to present an updated species list 
of the family Leptophlebiidae Banks 1900 (Ephemeroptera), new 
occurrence records and distributional sites for the state of Piauí, 
Brazil.

Materials and Methods

The updated list of Leptophlebiidae for Piauí state was based on 
individuals collected and deposited in the Entomological Collection 
of the State University of Piauí, Campus Heróis do Jenipapo (CEHJ), 
Campo Maior, Piauí, Brazil; and the Invertebrate Collection of the 
National Institute of Amazonian Research (INPA), Manaus, Amazonas, 
Brazil. The collections were carried out between April 2017 and June 
2023 at 20 sites distributed within the Parnaíba River basin (Table 1).

The nymphs were collected from random samples of all visible 
substrates at each site using a D-shaped net (34 cm diameter, 250 µm 
mesh), with an average scanning time of four hours per site. The 
observed substrate types at the sites included sand, leaf banks, wood, 
roots, stones, and macrophytes. Some nymphs with well-developed 
anterior wing pads were separated to observe the transition from the 
aquatic form to the winged form. The nymphs were individually placed 
in plastic containers with water, and the opening was covered with a 
fine mesh fabric to prevent the individual from flying after emergence 
(Boldrini & Cruz 2013). After the subimago stage, the specimen was 
transferred to a dry vial until the imaginal ecdysis occurred. Once the 
transition cycle was complete, the specimen was fixed in 96% ethanol.

Some imagos were collected during the daytime, using a sweep 
net through the vegetation near the water’s edge at the site. During the 
nighttime, both active and passive collecting methods were employed 
using a light trap placed near the water. For active collection, a white 
sheet illuminated with LED lamps was set up perpendicular to the water, 
capturing all individuals that landed on the sheet between 6:00 pm and 
8:00 pm. For passive collection, a Pennsylvania trap was used, which 
remained deployed for 12 hours.

The identification of adults was performed by removing the 
wings, which were then mounted dry between a slide and a cover slip, 
sealed only with colorless enamel. The genitalia were also removed 
and mounted on permanent or temporary slides. Canada balsam was 
used to secure the structures on the permanent slides. After mounting 
the slides, they were placed in an oven with an average temperature 
of 60 °C for 2 to 3 days to ensure complete drying, following the 
procedures outlined by Waltz & McCafferty (1987). The identifications 
were based on Domínguez et al. (2006) and careful comparisons with 
the original descriptions (e.g., Lima et al. 2013, Salles et al. 2016, 
Nascimento et al. 2017).

Species distribution was consulted using the Taxonomic Catalog 
of the Fauna of Brazil database (http://fauna.jbrj.gov.br/), and the 
conservation status of the species was assessed using the Biodiversity 
Extinction Risk Assessment System (https://salve.icmbio.gov.br/#/) and 
the IUCN Red List of Threatened Species (https://www.iucnredlist.org/).

Introduction

Ephemeroptera Hyatt & Arms, 1890 is currently represented by 
approximately 3500 species, 400 genera, and 42 families (Sartori & 
Brittain 2015; Jacobus et al. 2021), occupying nearly all freshwater 
environments except Antarctica (Barber-James et al. 2013). In Brazil, 
there are 447 species distributed among 83 genera and 10 families: 
Caenidae, Euthyplociidae, Leptohyphidae, Melanemerellidae, 
Oligoneuriidae, Coryphoridae, Ephemeridae, Polymitarcyidae, 
Baetidae, and Leptophlebiidae (Salles et al. 2023). Leptophlebiidae 
Banks, 1900 is a cosmopolitan and morphologically diverse family 
(Raimundi et al. 2017), ranking as the second most diverse family in the 
Neotropical region within the order Ephemeroptera (Barber-James et al. 
2013, Domínguez & Dos-Santos 2014). This family comprises seven 
subfamilies: Castanophlebiinae, Habrophlebinae, Leptophlebiinae, 
Terpidinae, Atalophlebiinae, Choroterpinae, and Hagenulinae 
(Monjardim et al. 2020). In Brazil, the family Leptophlebiidae is 
classified into 30 genera and 146 species, with 95 species being endemic 
to the country (Salles et al. 2023).

In recent years, there has been an increase in studies on the 
Leptophlebiidae family in Brazil, especially in the Northeast region 
(e.g., Mariano 2010, Lima et al. 2012ab, 2013, 2014, 2015, 2016, 
Costa & Mariano 2013, Almeida et al. 2016, Takiya et al. 2016, Lima 
2018, Nascimento et al. 2019, 2020, Campos et al. 2022, Rodrigues et 
al. 2023). Despite these efforts, there is still an imbalance in the number 
of distribution records for Leptophlebiidae species among the nine states 
that make up the Brazilian Northeast region. While Bahia, Maranhão, 
and Pernambuco have an average distribution of 18 species, the states 
of Alagoas, Ceará, and Piauí have an average of three species, and there 
are no recorded species of Leptophlebiidae in Rio Grande do Norte, 
Paraíba, and Sergipe (Salles et al. 2023).

Currently, the state of Piauí have recorded nine species of 
Leptophlebiidae: Farrodes tepui Domínguez, Molineri & Peters 1996; 
Fittkaulus cururuensis Savage 1986; Hagenulopsis minuta Spieth, 
1943; Miroculis botafora Rodrigues, Nascimento, Raimundi & Lima, 
2023; Miroculis fittkaui Savage & Peters, 1983; Simothraulopsis 
demerara (Traver, 1947); Simothraulopsis sinuosus Lima, 2018; 
Thraulodes sternimaculatus Lima, Mariano & Pinheiro, 2013; 
and Ulmeritoides flavopedes (Spieth, 1943) (Takiya et al. 2016, 
Nascimento et al. 2017, Boldrini et al. 2018, Lima 2018, Campos et al. 
2022, Rodrigues et al. 2023). These records were obtained within a 
small area of the Parnaíba river basin, underscoring the substantial 
knowledge gap regarding the distribution of Leptophlebiidae species 
in the state of Piauí, often referred to as the ‘Wallacean shortfall’ 
(Hortal et al. 2015).

The state of Piauí covers an area of 251,755.485 km² (IBGE 2020) 
and is characterized by a high floristic diversity in the transitional 
zone (ecotone) between the Cerrado and Caatinga biomes (Souza 
et al. 2017). The main basin in the state is the Parnaíba River, which 
has a drainage area of 343,000 km², with approximately 73.1% of 
its surface located within the territorial limits of Piauí (JICA 1995). 
The extensive hydrographic network formed by this basin is being 
heavily impacted by human activities and the deforestation of natural 
vegetation. In 2022 alone, there was a cumulative deforestation of 
1,188.76 km² and 2,282.04 km² in the states of Piauí and Maranhão, 
respectively (Assis et al. 2019). In this scenario, understanding 
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Results 

We collected a total of 447 Leptophlebiidae specimens, distributed 
across 11 genera and 14 species. The inventory resulted in new records 
for five genera and eight species for Piauí state (Figure 1A). Seven 
species with new occurrences, and two species with previously known 
distribution in the state. Table 1 presents the geographical information 
of the described sites (S) in the examined material. With the exception 
of Miroculis botafora, all other recorded Leptophlebiidae species in 
Piauí are classified as least concern (LC) according to the Chico Mendes 
Institute for Biodiversity Conservation (ICMBIO). 

Updated checklist and new geographical records

Farrodes carioca Domínguez, Molineri & Peters, 1996

Figure 2A–B
Previous distribution. Bahia (Lima et al. 2016), Goiás (Raimundi 

2019), Espírito Santo (Salles et al. 2010), Rio de Janeiro (Domínguez 
et al. 1996). New record for Piauí state.

Material examined. Two ♂ imagos (light trap), S8, 28.x.2017, L.R.C. 
Lima and J.A.O. Rodrigues cols. (CEHJ); same data as preceding except 
four ♂ imagos, 15.xii.2018, L.R.C. Lima col.; same data as preceding 
except 16 ♂ imagos, 01.vi.2019, L.R.C. Lima col. 29 ♂ imagos (light trap), 
S11, 29.vi.2019, L.R.C. Lima col. (CEHJ). Two ♂ imagos (light trap), S14, 
29.vi.2019, L.R.C. Lima col. (CEHJ). Two ♂ imagos (light trap), S15, 

29.vi.2019, L.R.C. Lima col. (CEHJ). Four ♂ imagos (light trap), S19, 
09.vi.2023, L.R.C. Lima, A.S. Carvalho, A.P.J. Faria cols. (CEHJ).

Farrodes tepui Domínguez, Molineri & Peters, 1996

Previous distribution. Ceará (Takiya et al. 2016), Bahia (Lima et al. 
2016), Pernambuco (Lima et al. 2012b) and Piauí (Takiya et al. 2016).

Fittkaulus cururuensis Savage, 1986

Previous distribution. Pará (Savage 1986), Roraima (Gama-Neto et al. 
2018), Bahia (Costa et al. 2018), Piauí (Takiya et al. 2016), Pernambuco 
(Lima et al. 2012b), Maranhão (Nascimento et al. 2020), Mato Grosso 
(Boldrini et al. 2009) and Espírito Santo (Boldrini et al. 2009).

Material examined. One ♀ imago (light trap), S8, 15.xii.2018, 
L.R.C. Lima col. (CEHJ); same data as preceding except one nymph 
(D-shaped net), 05.ix.2022. Three nymphs (D-shaped net), S16, 
15.viii.2022, L.R.C. Lima col. (CEHJ). 

Hagenulopsis minuta Spieth, 1943

Previous distribution. Amazonas (Peters & Domínguez 2001), Pará 
(Peters & Domínguez 2001), Roraima (Gama-Neto & Hamada 2014), 
Bahia (Lima et al. 2016), Piauí (Campos et al. 2022), Mato Grosso 
(Campos et al. 2022), Espírito Santo (Campos et al. 2022) and Minas 
Gerais (Campos et al. 2022).

Material examined. One ♂ imago (sweep net), S8, 28.x.2017, L.R.C. 
Lima and J.A.O. Rodrigues cols. (CEHJ); same data as preceding except 

Table 1. Sample sites (S) in the Parnaíba river basin, Piauí state, Brazil. Latitude and longitude represent the specific coordinates of each sample site.

Municipality Sites Location Latitude Longitude
Pedro II S1 Cachoeira do Urubu-Rei −4.32617 −41.46264
Barras S2 Longá river −4.20233 −42.23922
Piripiri S3 Açude Caldeirão −4.34794 −41.72039
Esperantina S4 Longá river −3.91436 −42.11050
Castelo do Piauí S5 Poti river −5.18797 −41.70956
Coivaras S6 Cachoeira da Campeira −5.19586 −42.25942
Esperantina S7 Cachoeira do Urubu −3.91286 −42.11336
Brasileira S8 Cachoeira do Bota Fora −4.21419 −41.66714
Novo Santo Antônio S9 Cachoeira da Coruja −5.36739 −41.99803
Pedro II S10 Cachoeira do Buriti −4.42978 −41.63139
Pedro II S11 Cachoeira das Tuncas −4.42458 −41.64311
Alto Longá S12 Nascente do Frei Pedro −5.22839 −42.17334
Coivaras S13 Parque Nacional de Sete 

Cidades
−5.19374 −42.26281

Pedro II S14 Samambaia stream −4.32794 −41.46289
Pedro II S15 Corrente river −4.43239 −41.45819
Piracuruca S16 Parque Nacional de Sete 

Cidades
−4.09708 −41.68006

Piracuruca S17 Parque Nacional de Sete 
Cidades

−4.10947 −41.72746

Floriano S18 Parnaíba river −6.763464 −43.022408
Castelo do Piauí S19 Palmeira stream −5.20356 −41.63028
Castelo do Piauí S20 Cais stream −5.203500 −41.689750
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Figure 1. A, Distribution of sites with new records of Leptophlebiidae species (Ephemeroptera) for the Parnaíba river basin, Piauí, Brazil; B, Cachoeira do 
Urubu-Rei (site 1); C, Samambaia stream (site 14); D, Parque Nacional de Sete Cidades (site 16); E, Cachoeira da Campeira (site 27). See detailed information 
in Table 1.

Figure 2. Male imagos of some Leptophlebiidae (Ephemeroptera) found in Piauí state, Brazil. A, Dorsal habitus of Farrodes carioca; B, Genitalia of Farrodes carioca; 
C, Dorsal habitus of Hydromastodon sallesi; D, genitalia of Hydromastodon sallesi; E, Dorsal habitus of Hydrosmilodon gilliesae; F, Genitalia of Hydrosmilodon 
gilliesae; G, Dorsal habitus of Leentvaaria palpalis; H, Genitalia of Leentvaaria palpalis.
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Abstract: In the core of the Atlantic Forest biome, the Serra da Bocaina National Park (SBNP) is located in the 
Atlantic Forest Southeast area of endemism for vertebrates. Filling gaps in knowledge about the spatial distribution 
and occurrence of species in national parks is of fundamental importance to know how many species are protected 
and to guide conservation initiatives. Here we updated the non-volant small mammal species list of the SBNP, 
providing new data on species list and abundance, with species identified mainly by karyotype and/or molecular 
analysis. Twelve sampling sessions with a capture-mark-recapture approach were carried out in four sites in the 
SBNP from 2013 to 2016, during the paving works of the state highway RJ-165 (Estrada Parque Paraty-Cunha), 
municipality of Paraty, state of Rio de Janeiro, Brazil. Non-volant small mammals (Rodentia and Didelphimorphia) 
were sampled using Sherman® and Tomahawk® live traps (18,987 trap-nights) and pitfall traps (4,591 trap-nights). 
Thirty-two species (11 marsupials and 21 rodents) were recorded from 1,185 captured specimens. Species richness 
ranged from 18 to 28 between sites. Ten and 11 species were exclusively captured in live traps and pitfall traps, 
respectively. The observed richness (32 species) represented 91.4% of the estimated species richness for the study 
area. Sites 2 and 4 were the most similar to each other regarding species composition, and site 3 was the most 
dissimilar. The species with highest relative abundance were Euryoryzomys russatus (14%) and Delomys dorsalis 
(14%), while six species had relative abundances lower than 1%. Fourteen and 17 species were identified by 
karyotype and molecular analysis, respectively. The present study added 22 species to the park’s non-volant small 
mammals list, which now has 37 species with confirmed occurrence. This species richness found in the SBNP 
is one of the highest ever recorded for the group of non-volant small mammals in protected areas of the Atlantic 
Forest in Brazil, corroborating the Serra da Bocaina region as a biodiversity hotspot.
Keywords: Atlantic Forest; cytb; cytogenetics; faunistic inventory; molecular identification; species richness.

Lista atualizada dos pequenos mamíferos não-voadores do Parque Nacional da Serra 
da Bocaina, sudeste do Brasil

Resumo: No cerne do bioma Mata Atlântica, o Parque Nacional da Serra da Bocaina (PNSB) está localizado 
na área Sudeste de endemismo para vertebrados na Mata Atlântica. Preencher lacunas de conhecimento sobre a 
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Introduction

The Atlantic Forest exhibits some of the highest rates of species 
diversity and endemism on the globe (Myers et al. 2000), with 8% of the 
world’s vertebrate species occurring in this biome, 3% of those being 
endemic (Figueiredo et al. 2021). The species richness of vertebrates, 
except for reptiles and bats, increases towards the core of the Atlantic 
Forest (i.e., the Serra do Mar region), a pattern often attributed to the 
great topographic variation in this region (Figueiredo et al. 2021). 
Topography is also the main factor explaining the spatial pattern of 
species richness of Atlantic Forest marsupials, while temperature 
seasonality is the most critical driver of endemic species richness 
(Delciellos et al. 2022). Species richness of South American rodents is 
correlated with latitude, but also with the existing altitudinal gradient 
on the continent (Maestri & Patterson 2016).

In the Serra do Mar region, the Serra da Bocaina National Park 
(SBNP) is located in one important center of endemism for small 
mammals in the Atlantic Forest (Dalapicolla et al. 2021). The Atlantic 
Forest Southeast area of endemism, as established by Dalapicolla et al. 
(2021), is the largest of the seven areas of endemism identified by these 
authors and the one with the largest number of protected areas that cover 
55% of its extension. Despite this relative high level of protection, the 
southeastern Atlantic Forest, as well as the rest of the biome, is still 
severely threatened due to intense historical and current deforestation 
pressure (Rezende et al. 2018). Additionally, existing protected areas do 
not always overlap with diversity and endemism hotspots, as observed 
for marsupials (Delciellos et al. 2022) and small mammals (Dalapicolla 
et al. 2021). Thus, filling knowledge gaps on species occurrence and 
spatial distribution is of fundamental importance to obtain a more 
complete overview of how much of the Atlantic Forest species are 

distribuição espacial e ocorrência das espécies em parques nacionais é de fundamental importância para saber 
quantas espécies estão protegidas e orientar iniciativas de conservação. Aqui atualizamos a lista de espécies de 
pequenos mamíferos não-voadores do PNSB, fornecendo novos dados sobre a lista de espécies e abundância, 
com espécies identificadas principalmente por análises cariotípicas e/ou molecular. Doze sessões de amostragem 
com uma abordagem de captura-marcação-recaptura foram realizadas em quatro áreas no PNSB de 2013 a 2016, 
durante as obras de pavimentação da rodovia estadual RJ-165 (Estrada Parque Paraty-Cunha), município de Paraty, 
estado do Rio de Janeiro, Brasil. Os pequenos mamíferos não-voadores (Rodentia e Didelphimorphia) foram 
amostrados usando armadilhas de captura viva Sherman® e Tomahawk® (18.987 armadilhas-noite) e armadilhas 
de queda (4.591 armadilhas-noite). Trinta e duas espécies (11 marsupiais e 21 roedores) foram registradas em 1.185 
espécimes capturados. A riqueza de espécies variou de 18 a 28 entre as áreas de amostragem. Dez e 11 espécies 
foram capturadas exclusivamente em armadilhas de captura viva e armadilhas de queda, respectivamente. A riqueza 
observada (32 espécies) representou 91,4% da riqueza de espécies estimada para a área de estudo. As áreas 2 e 4 
foram as mais semelhantes entre si quanto à composição de espécies, e a área 3 foi a mais dissimilar. As espécies 
com maior abundância relativa foram Euryoryzomys russatus (14%) e Delomys dorsalis (14%), enquanto seis 
espécies tiveram abundâncias relativas inferiores a 1%. Quatorze e 17 espécies foram identificadas pelo cariótipo 
e por análise molecular, respectivamente. O presente estudo acrescentou 22 espécies à lista de pequenos mamíferos 
não-voadores do parque, que passou a contar com 37 espécies com ocorrência confirmada. Essa riqueza de espécies 
encontrada no PNSB é uma das maiores já registradas para o grupo dos pequenos mamíferos não-voadores em 
áreas protegidas da Mata Atlântica no Brasil, corroborando a região da Serra da Bocaina como um hotspot de 
biodiversidade.
Palavras-chave: Mata Atlântica; cytb; citogenética; inventário faunístico; identificação molecular; riqueza de 
espécies.

protected and to guide conservation initiatives such as management and 
creation of protected areas in identified biodiversity hotspots.

The SBNP was created 52 years ago by the Federal Decree 68,172 
of March 4th, 1971 (IBAMA 2001), but a comprehensive survey of 
mammals had not been carried out until recently. From 2010 to 2016, 
we conducted a survey of non-volant small mammals in the southern 
portion of the park, in the state of Rio de Janeiro, as part of the program 
to evaluate environmental impacts of the paving works of the state 
highway RJ-165 (Estrada Parque Paraty-Cunha). Initially, from 2010 
to 2011, three sampling sessions were carried out to inventory mammal 
species in the region, culminating in the publication of Delciellos et al. 
(2012). Here, we updated the SBNP non-volant small mammal species 
list with the data obtained from 2013 to 2016, providing new data on 
species occurrence and abundance.

Material and Methods
1.	 Study area

The study was conducted in four sites along the RJ-165 state 
highway (Estrada-Parque Paraty-Cunha), traversing the SBNP in the 
municipality of Paraty, Rio de Janeiro state, Brazil (Figure 1). The sites 
encompass an altitudinal range from 731 to 1,193 m a.s.l. (Delciellos 
et al. 2018). The climate of Paraty is type Af (Tropical Rainforest) 
following Köppen-Geiger classification, the mean annual temperature 
is 23.3 °C and the mean annual precipitation is 2,284 mm (https://
pt.climate-data.org/). The super-humid season occurs from October to 
April and the humid season from May to September (https://pt.climate-
data.org/). There is no water deficit in the region (https://pt.climate-data.
org/). The vegetation is classified as ombrophilous dense montane forest 
(IBGE 2012). This study was part of the Mammal Monitoring Program 
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of the roadworks project of the RJ-165 highway (IBAMA/MMA process 
no. 02001.003937/2008-18, authorizations no. 248/2013 and 610/2015). 

2.	 Sampling of non-volant small mammals

Non-volant small mammals from the orders Didelphimorphia 
and Rodentia were sampled in twelve sampling sessions with a 
capture-mark-recapture approach carried out between June 2013 and 
December 2016 (Sampling sessions: 1 = June 2013; 2 = September 
2013; 3 = December 2013; 4 = April 2014; 5 = June 2014; 6 = October 
2014; 7 = January 2015; 8 = October 2015; 9 = December 2015; 10 = 
February 2016; 11 = July 2016; 12 = December 2016) using live traps 
(Tomahawk® and Sherman®) and pitfall traps. Two 290 m transects 
(A and B) with 30 trap stations were established at each sampling 
site. Trap stations consisted of either a Tomahawk trap (45 × 15 × 
17 cm), placed on the ground and baited with a mixture of banana, 
bacon, grinded peanut and oat, or a Sherman trap (31 × 8 × 9 cm) set 
in the understory at a height of 1.5–2.0 m above the ground and baited 
with slices of banana. An additional 10 Sherman traps were set in the 
canopy (> 3.5 m above ground) along each transect during the first two 
sampling sessions, and then in the understory from the third session 
onwards, because the ropes that suspended the traps in the canopy were 
continually stolen. All traps were activated over five consecutive nights 

Figure 1. Study area in the Serra da Bocaina National Park (SBNP), municipality of Paraty, Rio de Janeiro state, Brazil. The Digital Elevation Model (MDE) database 
from the Instituto Brasileiro de Geografia e Estatística (IBGE 2023) was used to generate the contour lines and the topographic map. Topography is represented 
by shading. The study was carried out in four sites (1–4) distributed along the RJ-165 state highway, each site with two transects (A and B; red dots) for sampling 
non-volant small mammals.

during each sampling session, and checked in the morning. The total 
sampling effort using live traps was 18,987 trap-nights.

Twenty pitfall traps (60 L plastic buckets) were set at each 
sampling site, totaling 80 buckets in the study area. In each site, 
buckets were buried in the ground, 10 m apart. A drift fence of 
plastic sheeting was set 0.5 m high, the base buried up to 0.1 m, and 
extended along the ground connecting the buckets to orientate the 
capture of wandering animals. Ideally, at each site these 20 buckets 
were installed in two transects, each with 10 buckets. Eventually, 
the 10 buckets sequence could not be done because of rough terrain, 
thus we deviate from the obstacle (e.g., rocks) and, in this case, 
the distance between buckets has become larger than 10 m. Pitfall 
traps were activated five consecutive nights during each sampling 
session. They were checked in the morning during the first seven 
sampling sessions, and then three times a day from the eighth session 
onwards to reduce mortality in the buckets by hypothermia due to 
the combination of low temperatures and high rainfall in the study 
area. Increasing the frequency of bucket checks was an imposition by 
the Instituto Brasileiro do Meio Ambiente e dos Recursos Naturais 
Renováveis. Before this imposition, animal mortality in the buckets 
was high despite all possible measures to avoid eventual deaths, 
such as holes in the buckets, styrofoam plates to avoid drowning, 



4

Delciellos A.C. et al.

Biota Neotrop., 23(4): e20231489, 2023

http://www.scielo.br/bn https://doi.org/10.1590/1676-0611-BN-2023-1489

and hydrophobic cotton pieces for the animals to warm up. The total 
sampling effort using pitfall traps was 4,591 trap-nights.

The mammal specimens captured were identified in the field to 
species or genus, sexed, weighed using a spring balance, measured 
(heady-body and tail lengths), and marked with a numbered ear-tag (at 
first capture). Unidentified specimens were collected, taxidermized, 
and deposited at the Museu Nacional, Universidade Federal do Rio de 
Janeiro, Brazil (Table 1). Some specimens were karyotyped (Table 2) 
and/or had the mitochondrial DNA sequenced and analyzed (Table 3). 
The threatened status of species followed the classifications at regional 
(states of Rio de Janeiro and São Paulo; Bergallo et al. 2000, São Paulo 
2018), national (MMA 2022) and global (IUCN 2022) levels (Table 1).

3.	 Karyotypic and molecular analysis

Karyotypes were prepared in the field and chromosomes in 
metaphases from 26 specimens were obtained by in vitro culture (culture 
of bone marrow grown in Dulbecco´s MEM with 10% fetal bovine 
serum and colchicine) plus ethidium bromide, following Geise (2014) 
with modifications – culture kept at 36.5 oC for 1h40 min. Conventional 
staining with Giemsa 5% was used to observe diploid number 
(2n), fundamental number of autosomes (FNa), and chromosome 
morphology. Microscopic analyzes were performed on the optic 
photomicroscope (Nikon Eclipse 50i), using an increase of 1,000 with 
an immersion objective of 100 plus 10 ocular lenses. Karyotypes were 
mounted, compared with those available in the literature. Chromosomes 
in metaphases were deposited at the Laboratório de Mastozoologia, 
Universidade do Estado do Rio de Janeiro (Geise & Aguieiras 2021). 
Chromosome morphology follows Levan et al. (1964).

Genomic DNA of 87 specimens belonging to 11 rodent and two 
marsupial genera was extracted from the liver and/or epithelial tissue 
using the salt protocol and proteinase K (Bruford et al. 1992). In the 
Polymerase Chain Reaction (PCR), the primers MVZ05 and MVZ16 
(Smith & Patton 1993) were used to amplify the first 801 base pairs 
(bps) of the mitochondrial Cytochrome b (cytb) gene. Cytb is widely 
used in mammals as a species identification tool (Bradley & Baker 2001, 
Agrizzi et al. 2012). PCR was performed using 2.5 µl of 10× buffer, 
1.0 µl of MgCl2 at 50 mM, 0.5 µl of deoxynucleotide triphosphate mix 
(10 mM of each nucleotide), 0.3 µl of each primer at 10 µM, 3 units of 
Taq Platinum (Invitrogen Corporation, Carlsbad, California) and 1.0 
µl of template DNA, totalizing 25 µl of final volume of PCR reaction. 
The PCR was carried out with an initial denaturation temperature of 
94 °C for 5 min followed by 39 cycles (30 s of denaturation at 94 °C, 
45 s at 48 °C for primer annealing and 45 s at 72 °C for extension 
of the molecule) and a final extension at 72 °C for 10 min. The PCR 
products were purified using ExoSAP enzymes (GE Healthcare Life 
Sciences). The sequencing reactions were run using BigDye Terminator 
3.1 (Applied Biosystems, Inc.) and the same primers used for the PCR. 
The sequences were read in an ABI 3500 automated capillary sequencer 
(Applied Biosystems, Inc.) and aligned using Geneious Prime software 
(Biomatters Ltd, Auckland, New Zealand). After that the sequences 
were submitted to the BLAST tool incorporated in Geneious for the 
certification of the correct sequencing process.

For the molecular identification by phylogenetic reconstruction, 
additional sequences were obtained from GenBank (http://www.ncbi.
nlm.nih.gov/), together with sequences of closely related taxa, included 
as outgroups (See Data Availability). The sequences obtained during 

Table 1. Updated list of non-volant small mammals from the Serra da Bocaina National Park, municipality of Paraty, Rio de Janeiro state, Brazil. Abundance is the 
number of individuals per species during the study period, from June 2013 to December 2016. * = Previous records in the SBNP (Delciellos et al. 2012), not recorded 
from June 2013 to December 2016. Legend for type of record: CA = Capture; LT = Live trap; PIT = Pitfall trap; RO = Roadkill; VO = Visual observation. Legend for 
methods of species identification: K = Karyotype; M = Morphology; MA = Molecular analysis. Legend for status of conservation: DD = Data deficient; NT = Near 
threatened; VU = Vulnerable; EW = Extinct in the wild; IUCN = International Union for Conservation of Nature (IUCN 2022); RJ = state of Rio de Janeiro (Bergallo 
et al. 2000); SP = state of São Paulo (São Paulo 2018). Legend for voucher specimens: MN = Museu Nacional, Universidade Federal do Rio de Janeiro, Brazil.

Species Type of record Method of species 
identification

Abundance Status of 
conservation

Voucher specimens

Order Didelphimorphia

Family Didelphidae

Caluromys philander (Linnaeus, 
1758)

CA(LT), RO M 2 MN81492

*Chironectes minimus 
(Zimmermann, 1780)

VO M –  NT (RJ) Not collected

Didelphis aurita Wied 
Neuwied, 1826

CA(LT, PIT), 
RO, VO

M 72 MN83220, MN83787

Gracilinanus microtarsus 
(Wagner, 1842)

CA(LT, PIT) M 63 NT (RJ) MN81007, MN81045, 
MN83207, MN83210

Marmosa paraguayana Tate, 
1931

CA(LT) M 33 MN81032

Marmosops incanus (Lund, 
1840)

CA(LT, PIT) M 6 MN80996, MN81020, 
MN81044, MN81048, 
MN81049, MN81060

Continue...
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Species Type of record Method of species 
identification

Abundance Status of 
conservation

Voucher specimens

Marmosops paulensis (Tate, 
1931)

CA(LT) MA 1 NT (RJ), VU (SP) MN83200

Marmosops spp. CA(LT, PIT) M 138

Metachirus myosuros 
(Temminck, 1824)

CA(LT) M 15 MN81834, MN83232

*Monodelphis americana 
(Müller, 1776)

CA(PIT) M – MN77794

Monodelphis iheringi (Thomas, 
1888)

CA(PIT) MA 9 VU (SP), DD 
(IUCN)

MN81006, MN81017, 
MN81046, MN81844

Monodelphis pinocchio Pavan, 
2015

CA(PIT) M, MA 2 MN83182

Monodelphis scalops (Thomas, 
1888)

CA(PIT) MA 7 NT (RJ) MN81015, MN81040, 
MN81041, MN81481, 
MN81498, MN81840, 

MN83024

Monodelphis spp. CA(PIT) M 57

Philander quica (Temminck, 
1824)

CA(LT, PIT), RO M 39 MN83784

Order Rodentia

Family Sciuridae

Guerlinguetus brasiliensis 
(Gmelin, 1788)

CA(LT) M, MA 28 MN80992, MN81003, 
MN81009, MN81013, 
MN81026, MN81029, 
MN81057, MN81469, 
MN81471, MN81473, 
MN81486, MN83223, 
MN83783, MN83786

Family Cricetidae

Abrawayaomys ruschii Cunha 
& Cruz, 1979

CA(PIT) K, M, MA 5 MN81816, MN83192, 
MN83194

*Akodon cursor (Winge, 1887) CA(PIT) K – MN77792

Akodon montensis Thomas, 1913 CA(PIT) MA 2 Not collected

Akodon spp. or Castoria 
angustidens

CA(LT, PIT) M 54

Blarinomys breviceps (Winge, 
1887)

CA(PIT) K, M 6 EW (RJ) MN77786, MN81027, 
MN81483

Brucepattersonius nebulosus  
E. F. Abreu-Júnior, J. F. Vilela, 
A. U. Christoff, V. H. Valiati & 
A. R. Percequillo, 2019

CA(PIT) K, MA 2 MN83197

Brucepattersonius soricinus 
Hershkovitz, 1998

CA(LT, PIT) M, MA 11 DD (IUCN) MN81004, MN81809, 
MN81810, MN83198

Brucepattersonius spp. CA(PIT) M 4

Castoria angustidens (Winge, 
1887)

CA(LT) K, M, MA 1 MN77791, MN83198

Continue...

...Continuation
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Species Type of record Method of species 
identification

Abundance Status of 
conservation

Voucher specimens

Delomys dorsalis (Hensel, 
1872)

CA(LT, PIT) K, M 166 MN77787, MN77788

Drymoreomys albimaculatus 
Percequillo, Weksler, and Costa, 
2011

CA(PIT) K, M, MA 4 NT (IUCN) MN81462, MN83791

Euryoryzomys russatus 
(Wagner, 1848)

CA(LT, PIT) K, M, MA 168 MN80997, MN81008, 
MN81050, MN81811, 
MN81818, MN83235

Juliomys ossitenuis Costa, 
Pavan, Leite & Fagundes, 2007

CA(LT, PIT) K, MA 6 MMN81807, MN81847, 
MN81852

Juliomys pictipes (Osgood, 
1933)

CA(PIT) K, MA 16 MN77793, MN80998, 
MN81005, MN81841, 
MN81843, MN81863, 
MN83190, MN83217

Juliomys spp. CA(LT, PIT) M 3

Nectomys squamipes Brants, 
1827

CA(LT) K, M 10 MN81059, MN81828, 
MN83789

*Oecomys catherinae Thomas, 
1909

CA(LT) M – Not collected

*Oligoryzomys flavescens 
(Water house, 1837)

CA(LT, PIT) M – Not collected

Oligoryzomys nigripes (Olfers, 
1818)

CA(PIT) K 1 MN81014

Oligoryzomys spp. CA(LT, PIT) M 86

Oxymycterus dasytrichus 
(Schinz, 1821)

CA(PIT) M, MA 2 MN81850, MN83191

Oxymycterus spp. CA(LT, PIT) M 10

Rhipidomys itoan B. M. A. 
Costa, Geise, Pereira & L. P. 
Costa, 2011

CA(LT, PIT) K, M, MA 35 MN81016, MN83201, 
MN83221

Sooretamys angouya (G. 
Fischer, 1814)

CA(LT), RO K, M, MA 23 MN80994, MN81025, 
MN81028, MN81061, 
MN81812, MN81826, 
MN81851, MN83193 
MN83212, MN83218

Thaptomys nigrita 
(Lichtenstein, 1829)

CA(LT, PIT) K, M 57 VU (RJ) MN81812, MN81851, 
MN83193

Family Echimyidae

Phyllomys nigrispinus (Wagner, 
1842)

CA(LT, PIT) K, MA 4 MN83181, MN83183, 
MN83187, MN83196

Phyllomys sulinus Leite, 
Christoff & Fagundes, 2008

CA(LT) MA 1 DD (IUCN) MN81062

Phyllomys spp. CA(PIT) M 2

Trinomys dimidiatus (Günther, 
1876)

CA(LT) K, MA 34 VU (SP) MN81018, MN81813

...Continuation
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Table 2. Updated list of karyotyped rodent specimens captured in the Serra da Bocaina National Park, municipality of Paraty, Rio de Janeiro state, Brazil. Legend: 
F = Female; M = Male.

Species Voucher number Sex Diploid 
number

Fundamental number 
of autosomes

Reference

Abrawayaomys ruschii MN83194 F 58 58 Present study

Akodon cursor MN77792 F 14 20 Delciellos et al. (2012)

Blarinomys breviceps MN77786 F 28 Not determined Delciellos et al. (2012)

Blarinomys breviceps MN81027 M 28 50 Present study

Brucepattersonius 
nebulosus 

MN83197 F 52 52 Present study

Castoria angustidens MN77791 F 46 46 Delciellos et al. (2012)

Delomys dorsalis MN77787, MN77788 F 82 80 Delciellos et al. (2012)

Drymoreomys 
albimaculatus

MN81462 F 62 62 Present study (Delciellos et al. 
2015)

Euryoryzomys russatus MN80997, MN81827 F 80 88 Present study

Juliomys ossitenuis MN81807, MN81847, 
MN81852

M/M/F 20 36 Present study (Delciellos et al. 
2020)

Juliomys pictipes MN81841, MN81843, 
MN83190

F 36 34 Present study (Delciellos et al. 
2020)

Nectomys squamipes MN81828 M 56 56 Present study

Oligoryzomys nigripes MN81014 F 62 79 Present study

Phyllomys nigrispinus MN83183, MN83187, 
MN83196

F 85/84/85 – Present study  
(Delciellos et al. 2018) 

Rhipidomys itoan MN81016 M 44 50 Present study

Sooretamys angouya MN83184, MN83185, 
MN83197

F/M/M 58 60 Present study

Thaptomys nigrita MN81812, MN81851, 
MN83193

M 52 52 Present study

Trinomys dimidiatus MN81018, MN81813 M 60 116/114 Present study

Table 3. List of specimens from which cytochrome b sequence data was identified with BLAST analysis and used for phylogenetic analyses. Legend: B ID% = 
Blast Percent Identity; BOCA = Field number from collected specimens in the Serra da Bocaina National Park, municipality of Paraty, Rio de Janeiro state, Brazil; 
BQC = Blast Query Cover; MN = Museu Nacional, Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brazil.

Species Specimens number BQC% / B ID% Outgroups Model
Abrawayaomys ruschii BOCA666/MN83194 99 / 99 Delomys GTR + I+ G
Akodon montensis BOCA1509 94 / 99 Blarinomys HKY + I + G

BOCA1513 94 / 99
Brucepattersonius soricinus BOCA1143 96 / 99 Oxymycterus GTR + I + G

BOCA1163 100 / 99
BOCA1155 99 / 99
BOCA1494 97 / 99

Brucepattersonius nebulosus BOCA667/MN83197 98 / 99 Oxymycterus GTR + I + G
BOCA795 100 / 100

Castoria angustidens BOCA221 92 / 97 Blarinomys HKY + I + G
Drymoreomys albimaculatus BOCA336/MN81462 100 / 100 Cerradomys GTR + I + G

Continue...
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...Continuation

Species Specimens number BQC% / B ID% Outgroups Model
Euryoryzomys russatus BOCA1332/MN83235 100 / 99 Cerradomys GTR + I + G

BOCA1333 100 / 100
BOCA265 50 / 86
BOCA852 94 / 96
BOCA889 100 / 97

Juliomys ossitenuis BOCA357/MN81807 98 / 99 Oxymycterus GTR + I + G
BOCA365/MN81852 98 / 99
BOCA792/MN81847 98 / 98

BOCA 814 99 / 93
BOCA1324 98 / 99
BOCA1353 98 / 98

Juliomys pictipes BOCA18/MN80998 100 / 98 Oxymycterus GTR + I + G
BOCA47/MN81005 100 / 98

BOCA201 100 / 99
BOCA759/MN81841 100 / 98
BOCA766/MN81843 100 / 98

BOCA798 100 / 98
BOCA818 100 / 98
BOCA820 100 / 98
BOCA904 100 / 98
BOCA995 100 / 98
BOCA1026 100 / 95

BOCA1154/MN83217 100 / 98
BOCA1157 100 / 97
BOCA1231 100 / 97
BOCA1233 100 / 97
BOCA1355 98 / 98

Marmosops paulensis BOCA826/MN83200 100 / 99 Didelphis GTR + I + G
Monodelphis iheringi BOCA49/MN81006 100 / 99 Didelphis GTR + I + G

BOCA92/MN81017 100 / 99
BOCA241/MN81046 100 / 99
BOCA769/MN81844 100 / 99

BOCA1401 96 / 98
BOCA1403 99 / 99
BOCA1479 90 / 99
BOCA1504 99 / 99
BOCA1520 99 / 98

Monodelphis pinocchio BOCA328/MN83182 99 / 99 Didelphis GTR + I + G
Monodelphis scalops BOCA86/MN81015 100 / 99 Didelphis GTR + I + G

BOCA234/N81040 100 / 99
BOCA235/MN81041 100 / 99
BOCA404/MN81481 100 / 99
BOCA587/MN81498 100 / 99
BOCA756/MN81840 100 / 99

BOCA1034 100 / 99
Oxymycterus dasytrichus BOCA1510 100 / 99 Delomys GTR + I + G

BOCA1500 100 / 96
Rhipidomys itoan BOCA832 100 / 98 Oxymycterus GTR + I + G

BOCA1171/MN83221 100 / 99
Continue...
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this study were deposited in GenBank (See Data Availability). Bayesian 
Inference was run in MrBayes v3.2 (Ronquist et al. 2012) over 106 
generations, with one tree being sampled every 103 generations, resulting 
in a total of 103 trees. We discarded the first 10% of the samples as burn-
in and obtained a consensus from the remaining trees. Only the nodes 
with a Posterior Probability (PP) higher than 95% were considered 
robust. The jModelTest 2.1.7 program (Darriba et al. 2012) was used to 
establish the best evolutionary model for the data, using the Bayesian 
Information Criterion (BIC).

4.	 Statistical analysis

Sample sufficiency was evaluated by the calculation of the expected 
number of species (Sest) and species richness estimated using Chao 2, 
an incidence-based non-parametric estimator (Colwell & Coddington 
1994), using EstimateS 9.1 software (Colwell 2013). The similarity 
among sites in presence/absence data for non-volant small mammal 
species was assessed using the Sorensen index (Bray-Curtis, single 
link method) in a cluster analysis (Mingoti 2007). The “% Information 
remaining” (i.e., a rescaling of Wishart’s objective function; Bakker 
2023) was used for dendrogram graphical representation, in the software 
PCOrd 4.14 (McCune and Meford 1999).

Results

From 2013 to 2016, 32 species of non-volant small mammals 
(11 marsupials and 21 rodents) were recorded from 1,185 captured 
specimens (Table 1). Species richness ranged from 18 to 28 between 
sites (Site 1 = 26; Site 2 = 28; Site 3 = 18; Site 4 = 25). Ten species 
were exclusively captured with live traps (Sherman and Tomahawk) 
and 11 exclusively with pitfall traps (Table 1). The observed richness 
(32 species) was lower than the species richness estimated using Chao 
2 (Mean ± SD = 35.06 ± 3.82) and represented 91.4% of the estimated 
species richness for the study area (Figure 2). 

The genera with the highest relative abundance were Euryoryzomys 
(14%), Delomys (14%), and Marmosops (12%) (Figure 3). The 
genera with lower relative abundance (< 1%) were Abrawayaomys, 
Blarinomys, Caluromys, Drymoreomys, Nectomys, and Phyllomys 
(Figure 3). Four species are Near threatened, four are Vulnerable, 
and one is Extinct in the wild at regional level; and three are Data 
deficient and one is Near threatened at global level (Table 1). No 
species is threatened at national level (Table 1). In the cluster analysis 
comparing all sampling sites, sites 2 and 4 were the most similar to 
each other regarding species composition, and site 3 was the most 
dissimilar (Figure 4).

Species Specimens number BQC% / B ID% Outgroups Model
Sooretamys angouya BOCA356/MN83184 100 / 99 Cerradomys GTR + I + G

BOCA362/MN83185 100 / 99
BOCA677/MN83197 96 / 99

BOCA841 89 / 97
Trinomys dimidiatus BOCA59 99 / 99.87 Clyomys HKY + I + G

BOCA94/MN81018 99 / 99.87
BOCA168 99 / 99.87
BOCA225 99 / 99.87
BOCA283 99 / 99.87
BOCA383 99 / 99.87
BOCA465 99 / 99.75
BOCA528 99 / 99.87
BOCA551 99 / 99.75
BOCA576 99 / 99.87

BOCA597/MN81813 99 / 99.87
BOCA692 99 / 99.87
BOCA702 99 / 99.87
BOCA868 99 / 99.87
BOCA924 99 / 99.87
BOCA1061 99 / 99.75
BOCA1069 99 / 99.87
BOCA1134 99 / 99.87
BOCA1177 99 / 99.87
BOCA1190 99 / 99.75
BOCA1211 99 / 99.87
BOCA1220 99 / 99.87
BOCA1446 99 / 99.87

BOCA1472B 99 / 99.87

...Continuation
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Figure 3. Relative abundance (%) for non-volant small mammals’ genera (Didelphimorphia and Rodentia) recorded during twelve sampling sessions in the Serra 
da Bocaina National Park, municipality of Paraty, Rio de Janeiro state, Brazil. See Table 1 for the list of recorded species by genus.

Figure 2. Expected number of species (Sest) and species richness estimated using Chao 2 (Chao 2 Mean) for non-volant small mammals (Didelphimorphia and 
Rodentia) recorded during twelve sampling sessions in the Serra da Bocaina National Park, municipality of Paraty, Rio de Janeiro state, Brazil. Bars are the standard 
deviation.
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Figure 4. Cluster analysis of sampling sites (Sites 1 to 4) based on species composition of non-volant small mammals (Didelphimorphia and Rodentia) recorded 
during twelve sampling sessions in the Serra da Bocaina National Park, municipality of Paraty, Rio de Janeiro state, Brazil. The % information remaining is a 
rescaling of Wishart’s objective function (Bakker 2023).

Figure 5. Karyotype (stained with conventional Giemsa) of a male of Trinomys dimidiatus (MN 81813) from the Serra da Bocaina National Park, municipality 
of Paraty, Rio de Janeiro state, Brazil. Chromosome complement with diploid number (2n) = 60 and Fundamental number of autosomes (FNa) = 114. The pair of 
acrocentric chromosomes is highlighted in the box.

Twenty-six specimens belonging to 14 rodent species were 
karyotyped (Table 2; See Data Availability). Undescribed chromosomal 
variation was found in Trinomys dimidiatus (MN 81813), that presented 
a distinct fundamental number of 114, composed by 28 pairs of biarmed 
and one pair of acrocentric chromosomes (Figure 5). The sexual pair is 
composed by X large submetacentric, and the Y is a small metacentric 
chromosome. The karyotypes of the other 13 species do not differ from 
the literature (Table 2). 

Seventeen species were identified by molecular analysis, belonging 
to three families (Cricetidae, Echimiydae and Didelphidae) and  
13 genera (Table 3; See Data Availability). Three genera were recorded 
with more than one species occurring in sympatry (Brucepattersonius 
soricinus and B. nebulosus; Juliomys ossitenius and J. pictipes; 
Monodelphis iheringi, M. pinocchio and M. scalops). The most common 
evolutionary model was General Time-Reversible (GTR + I + G) 
followed by Hasegawa-Kishino-Yano (HKY + I + G) (Table 3). The 
cytb gene was efficient in recovering the monophyly of the species and 
all species are formally described in the literature. Also, the blast tool 

of NCBI platform showed a great potential for the first screening of the 
analyzed specimens (Table 3).

Discussion

Thirty-two species were recorded in the present study, adding  
22 species to the park’s non-volant small mammals list. Most of these 
new records probably are due to the large sample effort carried out during 
a long period of time in the study area; species identification using a 
variety of methods, such as karyotypic and/or molecular analyses (e.g., 
Juliomys (Delciellos et al. 2020), Phyllomys (Delciellos et al. 2018)); 
or to species recently described, such as B. nebulosus (Abreu-Júnior 
& Percequillo 2019), D. albimaculatus (Percequillo et al. 2011), and 
M. pinocchio (Pavan 2015). Adding five species (Akodon cursor, 
Chironectes minimus, Monodelphis americana, Oecomys catherinae, 
and Oligoryzomys flavescens) exclusively recorded in a previous study 
(Delciellos et al. 2012), we obtain a list with 37 species of non-volant 
small mammals with confirmed occurrence in the SBNP (Table 1). 
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The species richness found in the SBNP (37 species) is one of 
the highest ever recorded for the group of non-volant small mammals 
in protected areas of the Atlantic Forest in Brazil, corroborating the 
region as a biodiversity hotspot (Dalapicolla et al. 2021, Delciellos  
et al. 2022). Similar species richness (37 species) was found for the Serra 
dos Órgãos National Park (Cronemberger et al. 2019), but in this park 
several areas were sampled and a higher sampling effort was carried 
out, including the longest small mammal monitoring study in Brazil 
(Gentile et al. 2023). The Bananal Ecological Station (BES) is located 
about 60 km from the study area in the SBNP, both protected areas being 
part of the same large remnant of Atlantic Forest in the Serra do Mar 
(Abreu-Júnior & Percequillo 2019). Thirty-two species were recorded 
in the BES, including rare endemic rodent species, such as Phaenomys 
ferrugineus, Phyllomys kerri and Rhagomys rufescens (Abreu-Júnior 
& Percequillo 2019), which were not registered within the SBNP. In 
other protected areas, species richness was frequently lower than that 
found in the SBNP, as in the Tinguá Biological Reserve (21 species; 
Travassos et al. 2018), Desengano State Park (21 species; Modesto  
et al. 2008), Morro Grande Forest Reserve (23 species; Pardini & 
Umetsu 2006), and Foz do Iguaçu National Park (24 species; Brocardo 
et al. 2019), but it is important to highlight that differences among 
methods used and sampling effort were not taken into account in this 
comparison among studies.

The use of pitfall traps in the Atlantic Forest is challenging, because 
of both the rough terrain with many rocks that make it difficult to install 
large buckets and the difficulty of keeping the animals alive once 
trapped in the buckets. The last situation is usually associated with a 
combination of low temperatures, high rainfall, and predators (Barros 
et al. 2015). However, the use of pitfall traps is highly recommended, 
as in the present study 13 out of 37 species were recorded exclusively 
using this method. Furthermore, in addition to capturing the most 
common species in the non-volant small mammals community, this 
sampling method was also helpful in capturing arboreal (e.g., J. pictipes 
and J. ossitenuis, Delciellos et al. 2020; Phyllomys nigrispinus and  
P. sulinus, Delciellos et al. 2018), rare (e.g., D. albimaculatus, Delciellos 
et al. 2015; M. pinocchio), and threatened species (e.g., B. breviceps, 
Delciellos et al. 2012).

Species richness and composition differed among the four sampling 
sites in the SBNP. Site 3 had the lowest species richness and it was 
the most dissimilar regarding species composition. The biotic and 
abiotic factors that cause this variation among sites were not evaluated 
in the present study. One of the possible explanations for the pattern 
we found is the large altitudinal gradient that exists in the SBNP.  
A large altitudinal gradient can be associated with a great variability in 
topography (Eisenlohr et al. 2013), which in turn can promote habitat 
heterogeneity (Rodrigues et al. 2020) and species diversity (Rodrigues 
et al. 2019). Topography (i.e., surface roughness) can also promote a 
higher species richness by providing a higher area availability and 
favoring speciation by restricting dispersal of individuals (Janzen 1967, 
Johnson et al. 2003, Delciellos et al. 2022). In the Atlantic Forest, a 
positive relationship between topography and species richness was 
found for tetrapods (Figueiredo et al. 2021) and marsupials (Delciellos 
et al. 2022). 

Our study carried out at the SBNP revealed one of the highest 
diversities of non-volant small mammals ever recorded in the Atlantic 
Forest. If we add to the SBNP species list the species recorded 

exclusively in the BES, we obtain a surprisingly even higher species 
richness (42 species) for Serra da Bocaina region. However, despite 
being a center of endemism and a diversity hotspot for non-volant small 
mammals (Dalapicolla et al. 2021, Delciellos et al. 2022), the area of 
the SBNP located in the municipality of Paraty has been suffering with 
at least two main anthropic pressures in the last decade that are clearly 
identifiable. The first is an irregular and diffuse anthropic expansion 
in the park’s surroundings in the municipality of Paraty, quantified by 
loss of forest cover and an increase in built-up areas or pasturelands 
(Welerson et al. 2021). The second is the paving of the RJ-165 road that 
crosses the SBNP, which provided increased traffic and vehicle speed, as 
well as easier access for humans and domestic animals to the park, and 
an increase in the number of wild animals being run over (Rodrigues 
2020, Aguieiras 2021). The impact of these factors specifically on 
non-volant small mammals remains to be evaluated in future studies.
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Abstract: Protected areas play a fundamental role in the preservation of species, environmental education, and 
ecosystem services maintenance. Most of the world population live in urban areas, which highlight the importance 
of preserved areas in urban centers. However, many urban protected areas in Brazil lack species surveys, which 
limits biodiversity conservation and implementation of management plans. In this study, we surveyed the species 
of medium and large mammals of Chico Mendes Municipal Natural Park (MNP) and Canal das Taxas corridor 
through camera traps, thus providing the first comprehensive in situ survey of terrestrial mammals for the area. 
We also verified whether there was mammalian fauna exchange between the Chico Mendes and Marapendi MNPs 
through the vegetation corridor formed by the Canal das Taxas. Between November 2020 and July 2021, with a 
sampling effort of 1,334 trap-days, we recorded five native and five exotic species in the studied areas, including 
one Vulnerable species in the Municipality and State of Rio de Janeiro (Cuniculus paca). We also confirmed 
that Canal das Taxas works as a wildlife corridor for native species. Finally, we highlight that species checklists 
based on secondary information for the region are of limited usefulness and recommend in situ surveys even in 
small, urban protected areas of Rio de Janeiro city.
Keywords: Camera trap; conservation unit; ecological corridor; terrestrial mammals; urban areas.

Mamíferos de médio a grande porte de uma Unidade de Conservação urbana e seu 
corredor ecológico na cidade do Rio de Janeiro, Brasil

Resumo: As áreas protegidas têm papel fundamental na preservação das espécies, na educação ambiental e na 
manutenção dos serviços ecossistêmicos. A maior parte da população mundial vive em áreas urbanas, o que evidencia 
a importância das áreas preservadas nos centros urbanos. No entanto, muitas áreas protegidas urbanas no Brasil 
carecem de levantamentos de espécies, o que limita a conservação da biodiversidade e a implementação de planos 
de manejo. Neste estudo, inventariamos as espécies de mamíferos de médio e grande porte do Parque Natural 
Municipal Chico Mendes e do corredor do Canal das Taxas por meio de armadilhas fotográficas, fornecendo assim 
o primeiro levantamento in situ abrangente de mamíferos terrestres para a área. Também verificamos se houve 
intercâmbio de fauna de mamíferos entre os parques Chico Mendes e Marapendi através do Canal das Taxas. Entre 
novembro de 2020 e julho de 2021, com um esforço amostral de 1.334 armadilhas-dia, registramos cinco espécies 
nativas e cinco espécies exóticas nas áreas de estudo, incluindo uma espécie Vulnerável no município e estado do 
Rio de Janeiro (Cuniculus paca). Confirmamos que o Canal das Taxas funciona como um corredor de fauna para 
espécies nativas. Por fim, ressaltamos que listas de espécies baseadas em informações secundárias para a região 
são de utilidade limitada e recomendamos levantamentos in situ, mesmo em pequenas Unidades de Conservação 
urbanas da cidade do Rio de Janeiro.
Palavras-chave: Armadilha fotográfica; Unidade de Conservação; corredor ecológico; mamíferos terrestres; 
áreas urbanas.
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Introduction

Protected areas play a fundamental role in the preservation of species, 
since they promote the protection of endangered species, the preservation 
and restoration of biodiversity, environmental education, and ecosystem 
services maintenance (Henry-Silva 2005, Hummel et al. 2019, Kabisch 
et al. 2017). However, in Brazil, basic information on the biodiversity 
of these parks, such as from fauna species surveys, is often lacking, 
which limits the proper formulation and implementation of management 
strategies. In fact, many protected areas do not have management plans 
proposed or implemented in the country (Barros & Leuzinger 2019). For 
example, in the state of Rio de Janeiro, 83.4% of protected areas – called 
conservation units – still did not have published management plans in 
2019 (CNUC 2023), and in the city of Rio de Janeiro, only  27% of 
conservation units have these plans (De Mattos Bezerra & Lira 2020). 
Moreover, several of these protected areas have species checklists based 
on secondary information, without adequate in situ surveys.

Currently, 55% of the world’s population lives in urban areas, and 
this proportion is expected to increase to 70% by 2050 (United Nations 
2019). Protected areas located near or within large urban centers may 
be more susceptible to certain anthropic impacts (Mcdonald et al. 2008, 
Filho et al. 2017), such as high number of visitors, hunting and fishing, 
pollution, and introduction of exotic species (SMAC 2016, Gibaldi 
2019, Gibaldi et al. 2020, Pacheco et al. 2020). On the other side, they 
may offer a good opportunity to implement environmental education 
projects due to the large number of visitors. The city of Rio de Janeiro 
has 59 protected areas (CNUC 2023). Among them is the Chico Mendes 
Municipal Natural Park (Chico Mendes MNP), a small protected area 
inserted in the urbanized landscape of the Recreio dos Bandeirantes 
district that was created with the goal of preserving, protecting, and 
restoring the area’s landscape heritage, the coastal sand dune (restinga) 
ecosystem, and the Lagoinha lagoon, as well as providing green spaces 
for leisure (FUNBIO et al. 2014). However, this park faces problems 
such as water pollution by sewage and solid waste, presence of exotic 
species, loss of the restinga ecosystem, impact on the trails generated 
by excessive visitors, among others (FUNBIO et al. 2014).

Knowledge about the mammals that inhabit the area of Chico 
Mendes MNP is incipient (FUNBIO et al. 2014). The management plan 
of Chico Mendes MNP was published nine years ago and was based 
on a three-day primary data survey, being mainly complemented by 
potential species occurrences based the scientific literature (FUNBIO 
et al. 2014). Therefore,  in situ  sampling is necessary to adequately 
characterize the biodiversity of the park, including their mammalian 
fauna. Furthermore, there may be fauna exchange between the Chico 
Mendes and Marapendi MNPs through a vegetation corridor that 
connects both parks, so sampling such corridor (Canal das Taxas) can 
help define whether it functions as an ecological corridor between the 
two parks. Ecological corridors are one of the main processes for forest 
defragmentation, thus being important to preserve biodiversity (Seoane 
et al. 2010). In small protected areas, the connection promoted by 
ecological corridors with other areas of natural habitat can be essential 
to the long-term viability of some populations, especially for species 
of medium to large size.

The survey of the mammal fauna of Chico Mendes MNP and Canal 
das Taxas corridor is also important to identify the presence of exotic 
species that may become or are invasive alien species (IAS), i.e., species 

that have been introduced – accidentally or intentionally – outside their 
natural range and that pose a risk to biodiversity conservation (Zalba & 
Ziller 2007); IAS can cause several types of impacts on native species 
and ecosystems, such as predation and herbivory of native fauna and 
flora; competition with and exclusion of native species; changes in the 
original habitats; physical environment and ecosystem processes; and 
hybridization with native species, among other impacts (Sampaio and 
Schmidt 2013).

In this context, the objective of this study was to survey the species 
of medium and large mammals of Chico Mendes MNP and Canal das 
Taxas corridor and identify the potential fauna exchange between the 
Chico Mendes and Marapendi MNPs through Canal das Taxas, thus 
contributing to the update of the management plan of the protected areas.

Material and Methods

1.	 Study area

Chico Mendes Municipal Natural Park (23°01’23.3”S; 
43°28’15.2”W) has 40.65 hectares and was created in 1989 by 
Municipal Decree 8.452. It has areas of restinga vegetation, shrubs 
and closed tree formations and flooded forests, serving as habitat for 
several endemic and endangered species (FUNBIO et al. 2014). A water 
body (Lagoinha) occupies much of its area (Figure 1) and, in the rainy 
season, its volume increases via flooding additional land. Chico Mendes 
MNP faces problems such as pollution of the water body, presence of 
exotic species, human invasions, and impacts on the trails generated 
by visitors (FUNBIO et al. 2014).

Chico Mendes MNP is connected to Marapendi MNP (23°01’1.58” S; 
43°26’34.59” W) by Canal das Taxas, which connects Lagoinha and 
Marapendi lagoons in Marapendi MNP (Figure  1). The Canal is 
approximately 1.5 kilometers long and is bordered by vegetation that 
extends no more than 50 meters from the edges. Canal das Taxas is 
included in the Green Corridor project, an initiative of the municipal, 
state and federal governments that involves actions to replant native 
species, improve basic sanitation, and provide environmental education 
(SMAC 2015). However, the importance of Canal das Taxas as an 
ecological corridor has not been properly evaluated yet in relation to 
the mammal fauna.

The Chico Mendes MNP, Canal das Taxas, and the Marapendi 
MNP, along with the Barra da Tijuca MNP, Nelson Mandela MNP and 
Marapendi Environmental Protection Area form a complex of 359 hectares 
of protected areas inserted in the urban area. Marapendi MNP (23°01’01.8 
“S 43°26’58.6 “W) covers 152 hectares, with predominantly restinga forest 
and mangrove vegetation bordering Marapendi Lagoon (SMAC 2016). It 
is negatively impacted by solid waste, the presence of exotic species, and 
human occupation. Marapendi Lagoon is also impacted by raw sewage 
discharge and by unregulated fishing and water transport (Gibaldi 2019). 
The Marapendi MNP headquartes is nearby Canal das Taxas and this area 
is also fenced, like the Chico Mendes MNP. However, other areas of the 
park are relatively less protected and apparently are more impacted by 
anthropic activities (Gibaldi 2019).

2.	 Data collection

Between November 2020 and July 2021, nine Scoutguard ® SG560C 
White LED camera traps were arranged to cover most of Chico Mendes 
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MNP, as well as the Canal das Taxas and the border of Marapendi MNP 
(Figure 1). The minimum spacing between traps was approximately 
150 meters. Two of the traps were set along Canal das Taxas and one trap 
was set at the border of Marapendi MNP and next to Canal das Taxas, 
to verify the potential interchange of mammals between Chico Mendes 
and Marapendi MNPs (Figure 1).

The cameras were inspected every month to change batteries and 
memory cards. The traps were baited with a small quantity of banana, 
bacon, and peanut meal on the first day of trapping only. Baits were 
renewed whenever the traps’ batteries were checked (roughly once a 
month). The procedures were carried out according to authorization 
from the Municipal Environmental Secretariat, permit number 10/2020, 
process number 14/000.632/2020.

3.	 Data analysis

To verify the sampling sufficiency of the survey for Canal das Taxas 
and Chico Mendes MNP, the species accumulation curve for medium 
to large-sized mammals was calculated using the first-order jackknife 
richness estimator and its standard deviation (“Jack 1 Mean” and “Jack 1 
SD”) and 1000 randomizations, using the EstimateS program version 9.1 
(Colwell 2016). The curve was generated based on the frequency of 
species’ photographic records, considering each field excursion (month) 
as a sampling unit. Records of medium to large-sized exotic species 

(Felis catus, the domestic cat; see Table 1) and the black-eared opossum 
(Didelphis aurita) were included. 

The relative frequency of species occurrence was based on 
independent photographic records of species: consecutive pictures 
of the same species within a one-hour interval were disregarded to 
minimize pseudo-replication in the analyses (Hurlbert 1984). Because 
distance between cameras was small and individuals might have been 
photographed in more than a camera within one hour, we considered 
photographic records as if they had been obtained by a single camera, 
thereby not discriminating between cameras in distinct places. For the 
relative frequency of occurrence, records of non-volant, smaller species 
(rodents, marsupials and primates) were also considered, although the 
methodology employed was not the most appropriate for small mammals 
or arboreal species. Finally, the camera-trap on Marapendi MNPs was 
not considered in these analyses, since data of this camera-trap was 
used only to verify potential interchange between parks through the 
Canal das Taxas. 

Results and Discussion

With a total sampling effort of 1,334 trap-days, ten species of 
mammals were recorded in Chico Mendes MNP, Canal das Taxas 
and/or Marapendi MNP, distributed in nine families and five orders 

Figure 1. Map showing camera traps (yellow marks) in Chico Mendes Municipal Natural Park (Chico Mendes MNP), Canal das Taxas corridor, and Marapendi 
Municipal Natural Park (Marapendi MNP). The map at the upper, left side of the figure shows the location of the study area in Brazil. The map at the upper, central 
part of the figure shows the overall location of the study area on a regional scale; green color is vegetated areas, pink is urbanized areas and blue is water bodies.
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Table 1. Mammals detected through camera traps in protected areas in the city of Rio de Janeiro. Site: CM = Chico Mendes Natural Municipal Park; CT = Canal das 
Taxas corridor; MA = Marapendi Natural Municipal Park. Data for MA came from one camera trap placed at the limits of this park with Canal das Taxas (see Figure 1).

Order Family Species Common name Site
Didelphimorphia Didelphidae Didelphis aurita Wied-Neuwied, 1826 Black-eared opossum CM, CT, MA
Cingulata Dasypodidae Dasypus novemcinctus Linnaeus, 1758 Nine-banded armadillo CM, CT, MA
Rodentia Cuniculidae Cuniculus paca (Linnaeus, 1766) Paca CM, CT, MA

Caviidae Hydrochoerus hydrochaeris (Linnaeus, 1766) Capybara CM, CT, MA
Muridae Rattus rattus (Linnaeus, 1758) Black rat CM, CT, MA 
Muridae Rattus norvergicus Berkenhout, 1769 Norway rat CT

Primates Callitrichidae Callithrix jacchus (Linnaeus, 1758) White-tufted marmoset CM, CT, MA
Procyonidae Procyon cancrivorus (Cuvier, 1798) Crab-eating raccoon MA

Carnivora Canidae Canis lupus familiaris Linnaeus, 1758 Domestic dog MA
Felidae Felis catus Linnaeus, 1758 Domestic cat CM, CT, MA

Figure 2. Species accumulation curve of terrestrial medium to large-sized mammals of Chico Mendes Municipal Natural Park and Canal das Taxas corridor, with 
data from camera traps set between 2020 and 2021. The richness estimator used was the first-order Jackknife. The “Observed” curve corresponds to the accumulated 
number of species observed in the study area. The bars correspond to the standard deviation.

(Table 1). The species accumulation curve for Chico Mendes MNP 
and Canal das Taxas stabilized on the seventh fieldwork (Figure 2), 
showing that sampling effort was adequate for terrestrial medium to 
large-sized mammals. 

Five exotic species were recorded: Callithrix jacchus, Rattus rattus, 
Felis catus, R. norvergicus, and Canis lupus familiaris. The first three 
occurred in all the areas sampled, whereas R. norvergicus was recorded 
in Canal das Taxas only and C. familiaris in the Marapendi MNP camera 
trap, next to the Canal das Taxas (Table 1; Figure 1). In addition, human 
presence was also detected at one point in Chico Mendes MNP where 
access by people was temporarily prohibited. Except for Cuniculus 
paca, all species recorded were mentioned in the Chico Mendes MNP 
management plan as species with “probable occurrence” in the area, since 
that previous survey was largely based on potential records instead of in 
situ observations (FUNBIO et al. 2014). Cuniculus paca is classified as 
Vulnerable both in the state of Rio de Janeiro and city of Rio de Janeiro 
(Tanizaki-Fonseca et al. 2000, SMAC 2022), although all the species are 
of Least Concern according to the IUCN RedList (IUCN, 2022).

Three native species of medium-sized mammals that were listed in 
the management plan as “likely to occur” were not recorded in the present 
study: the spiny tree porcupine (Coendou spinosus), brown-throated sloth 
(Bradypus variegatus), and agouti (Dasyprocta leporina) (FUNBIO et al. 
2014). The two first species are arboreal and commonly found in parks 
within the urban area of Rio de Janeiro and were seen at Chico Mendes by 
park employees in the last ten years (Fernanda G.M.P Lima, Pers. Comm). 
They may occur in the park even though we did not record them in the 
camera traps because the method used was not adequate to sample arboreal 
species. The agouti has also been seen by park employees (Fernanda 
G.M.P Lima, Pers. Comm) although we did not record this species in 
camera traps, even having applied a large sampling effort. Since rescued 
agoutis have been translocated and released in the Marapendi MNP 
(Fernanda G.M.P Lima, Pers. Comm), such visual record by employees 
might be of one of the translocated individuals that reached MNP Chico 
Mendes through the Canal das Taxas. Under this scenario, an established 
population of agoutis might not occur in the area. In addition, according 
to park employees, a crab-eating fox (Cerdocyon thous) has also been 
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seen in the park in 2021. This is certainly the single (male) individual that 
was released in Marapendi MNP (Fernanda G.M.P Lima, Pers. Comm) 
and is using Chico Mendes MNP area as well. 

The species with the highest frequency of occurrence were D. aurita 
and H. hydrochaeris, which occurred in both Chico Mendes and 
Marapendi MNPs, as well as in Canal das Taxas (Figure 3). Didelphis 
aurita is a synanthropic species that can reach high population densities 
even in urban areas (Gentile et al. 2018), whereas capybaras adapt well to 
secondary or disturbed forests, reproduce throughout the year, with litters 
that can reach up to eight pups (De Oliveira & Bonvicino 2006), besides 
being closely associated with the water bodies in both parks and triggering 
the camera traps more easily. The capybara and black-eared opossum are 
considered generalist species that are tolerant to disturbances and favored 
by forest fragmentation (Fonseca & Robinson 1990, Olifiers et al. 2005).

The three species of rarest occurrence were exotic species: the house 
cat (Felis catus), the white-tufted marmoset (Callithrix jacchus) and the 
Norway rat (Rattus norvergicus). The presence of domestic cats, stray or 
feral, inside a protected area can cause several negative impacts on native 
fauna, such as competition with other species, disease transmission, and 
predation (Loss & Marra 2017). Animals preyed upon by cats include 
birds, invertebrates, small mammals, amphibians, and reptiles (Baker 
et al. 2005, Mella-Méndez et al. 2022). The presence of exotic marmosets 
poses a risk mainly to the region’s avifauna, due to the predation of bird 

eggs and chicks by marmosets and potential competition for resources 
with other species (Lyra-Neves et al. 2007). Callithrix jacchus and 
C. penicillata adapt easily and exhibit great ability to occupy new habitats; 
they are generalists, possess behavioral flexibility and high reproductive 
rate (Reis et al. 2008), which make them potential invaders (Traad & 
Weckerlin 2012). Callithrix penicillata (black-tufted marmoset) was also 
recorded as probably occurring in Chico Mendes MNP, according to the 
management plan (FUNBIO et al. 2014), although we could not detect 
it in this study. This species, as well as hybrid forms, are likely to occur 
in the area. The presence of Rattus species also deserves attention, since 
they are reservoirs of important diseases such as leptospirosis and are 
potential vectors of bubonic plague (Carter & Cordes 1980).

The management plan of Chico Mendes MNP indicates two native 
species that transit between Chico Mendes and Marapendi MNPs through 
Canal das Taxas: capybaras and brown-throated sloths (B. variegatus) 
(FUNBIO et al. 2014). With the exception of the crab-eating raccoon 
(P. cancrivorus) and the domestic dog (C. l. familiaris), which were 
recorded only in Marapendi MNP border, all other species occurred in 
both parks and/or in Canal das Taxas, indicating potential exchange of 
these species between the parks. Indeed, when we analyzed the pelage 
pattern of pacas recorded in the camera traps, we found the presence 
of the same individual in Chico Mendes MNP, Canal das Taxas and 
Marapendi MNP, confirming the interchange of individuals of native 

Figure 3. Number of records and relative frequency of occurrence of mammal species in Chico Mendes Natural Municipal Park and Canal das Taxas corridor using 
camera traps between 2020 and 2021. Records of non-volant, smaller species (rodents, marsupials and primates) were also shown. Data obtained in the single camera 
trap placed within the Marapendi Natural Municipal Park was not included.

Figure 4. Photographic records of the same individual of Cuniculus paca in Chico Mendes Municipal Natural Park (Chico Mendes MNP), Canal das Taxas corridor, 
and Marapendi Municipal Natural Park (Marapendi MNP).
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mammal fauna between the parks (Figure 4). However, the presence 
of white-tufted marmosets, cats, and rats in Canal das Taxas is also an 
indication that these exotic species are using the corridor, although they 
also occur around the parks in unforested areas. Although the presence 
of the ecological corridor is important for the transit of native species 
between the parks, it may also facilitate the movement of exotic species. 
Therefore, the management of this corridor and of Chico Mendes MNP 
should take exotic species into account.

Although domestic dogs were not recorded in Chico Mendes MNP 
in this study, they were identified in the park during the survey for the 
management plan (FUNBIO et al. 2014). The fencing of Chico Mendes 
MNP is relatively intact, which may explain the absence of domestic 
dog records in the current study. Several researches have reported that 
small and medium-sized mammals are most preyed upon by domestic 
dogs, especially the opossum D. aurita (Galetti & Sazima 2006, 
Campos et al. 2007, Rangel & Neiva 2013, Lessa et al. 2016). Both 
domestic dogs and cats tend to hunt either by instinct and/or by lack 
of care – such as proper feeding – negatively influencing the behavior, 
feeding, and reproductive success of native fauna (Young et al. 2011, 
Silva‐Rodríguez  & Sieving 2011). Fencing maintenance in Chico 
Mendes MNP is therefore an important management action which were 
highlighted in the management plan (FUNBIO et al. 2014).

Finally, several municipal parks in Rio de Janeiro do not have in situ 
surveys. This study showed that a checklist based on secondary sources 
for the region (that is, potential occurrence of species) is misleading, 
at least for mammals, because it has missed important species while 
listed others that do not seem to occur in the park (except perhaps 
for occasional translocated individuals). Municipal parks that have 
management plans but no in situ mammals surveys include: Catacumba 
MNP (26.5 ha), which has two native species of medium to large-sized 
non-volant mammals that are likely to occur (SMAC 2008); Serra do 
Mendanha MNP (1,444.86 ha), with 21 species of probable occurrence 
(FUNBIO & SEA RJ 2012a); Grumari MNP (804.73 ha) and Prainha 
MNP (146.93 ha), which potentially have 17 species each (FUNBIO & 
SEA RJ 2012b); Bosque da Barra MNP (53.65 ha), with 10 species 
(SMAC 2014); and Paisagem Carioca MNP (159.82 ha), which has 
five species of probable occurrence (SMAC 2013); for all these parks, 
D. aurita was included in the species richness counting. We believe that 
in situ surveys should always be performed for the management plan of 
protected areas, preferable employing an array of available techniques 
for sampling terrestrial as well as arboreous species.

Conclusion

Chico Mendes MNP and Canal das Taxas have a mammalian fauna 
that is probable a subset of the species in Marapendi MNP, including 
with respect to exotic species. Although small, Chico Mendes MNP 
is mostly fenced, with public access controlled. Thus, although it does 
not have a very distinct mammalian fauna, Chico Mendes MNP may be 
helping to compose an additional and relatively more protected area –  
like a refuge – for native species that use the region’s park complex. The 
finding that Canal das Taxas, in the stretch between Chico Mendes and 
Marapendi MNPs, might be effectively contributing to the exchange 
of native mammals species corroborates its importance for the long-
term maintenance of these populations and underscores the need to 
effectively implement the Recreio Green Corridor Plan in the region. 
Finally, we believe that adequate, in situ surveys are a requirement for 
the management plan of protected areas. 
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