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Abstract: This study aimed to provide information on composition, abundance, and estimated snakes richness in 
an area of arboreal Caatinga (seasonally dry tropical forest) and analyze patterns of faunistic similarity between 
assemblages of snakes in the semiarid region of northeastern Brazil. The snakes found within the Fazenda Almas 
Natural Private Reserve (RPPN Fazenda Almas) were sampled during a 10-year period, with monthly monitoring, 
employing time constrained search, pitfall traps with drift fences, and donations from local collectors. Twenty-two 
snake species were recorded, with a predominance of terrestrial species with diurnal-nocturnal activity patterns. 
The species accumulation curves reached its asymptote, indicating that all possible species in the study area had 
been recorded. Our results indicated that the snake fauna in the study area is similar to other snake assemblages in 
localities with Caatinga vegetation in the Sertaneja Depression (“Depressão Sertaneja”) drylands, and that those 
assemblages constitute faunistic units typical of the interior of northeastern Brazil.
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Resumo: Este estudo objetivou fornecer informações sobre composição, estimativa de riqueza de espécies e 
abundância de serpentes em uma área de Caatinga arbórea (floresta tropical sazonalmente seca) e analisar a 
ocorrência de padrões de similaridade faunística entre as assembleias de serpentes na região semiárida do nordeste 
do Brasil. A fauna de serpentes da Reserva Particular do Patrimônio Natural Fazenda Almas (RPPN Fazenda 
Almas) foi amostrada durante um período de dez anos de monitoramento mensal, usando busca visual limitada 
por tempo, armadilhas de queda com cercas direcionadoras e doações por coletores locais. Vinte e duas espécies 
foram registradas e houve predominância de serpentes terrestres e com padrões de atividade diurna-noturna. A 
curva de acumulação de espécies atingiu a assíntota indicando que foi possível registrar todas as espécies que 
ocorrem na área de estudo. Nossos resultados indicaram que a fauna de serpentes na área de estudo é semelhante 
a outras taxocenoses de serpentes em localidades com vegetação de Caatinga nas terras áridas das “Depressões 
Sertanejas”, e que essas taxocenoses constituem unidades faunísticas típicas do interior do nordeste do Brasil.
Palavras-chave: Biodiversidade; similaridade, faunística; Serpentes; riqueza de espécies; região, semiárida.
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Introduction
The Caatinga biome extends throughout interior of northeastern 

region of Brazil and the northern part of the state of Minas Gerais 
and covers an area of approximately 852,261 km2 (Ab’Sáber 1977, 
Prado 2003, Silva et al. 2017). The predominant vegetation type is the 
seasonally dry tropical forest and woodlands (SDTFW) (Pennington et 
al. 2009, Queiroz et al. 2017). The SDTFW comprises at least thirteen 
different phytophysiognomies with elevated densities of woody plants, 
known collectively as caatingas, whose production of leaves and flowers 
are dependent on seasonal rainfall (Andrade-Lima 1981, Prado 2003).

The mean annual rainfall in the Caatinga biome varies between 200 
and 700 mm, with mean annual temperatures varying from 25o to 27o 

C (Pennington et al. 2009). An important characteristic of the Caatinga 
is its high interannual rainfall variability with severe droughts that can 
last up to two years (Nimer 1972). The strong seasonal dryness makes 
even the rainy period sub-humid, and the dry season, lasts from five to 
seven months, almost totally arid (Ab’Sáber 1977).

The Caatinga has traditionally been described as a biome with low 
species richness and low numbers of endemic species, with its snake fauna 
is composed of elements that occupy the diagonal of open South American 
vegetation formations (Vanzolini 1974, Vanzolini & Williams 1981, 
Vanzolini 1988). However, the biome has been shown to be an important 
component of Brazilian biodiversity, with a significantly diversified fauna 
comprising endemic and threatened species (Rodrigues 2003, Leal et al. 
2005, Albuquerque et al. 2012, Guedes et al. 2014a, Pereira-Filho et al. 2017).

Studies focusing on snake assemblages of northeastern Brazil have 
been quite limited and largely concentrated in coastal Atlantic Forest 
(e.g., Santana et al. 2008, França et al. 2012, Rodrigues et al. 2015, Sampaio 

et al. 2018). Although inventories of the reptiles (Squamata) in Brazilian 
semiarid regions have been undertaken in recent years (e.g., Garda et al. 
2013, Cavalcanti et al. 2014, Dal Vechio et al. 2016, Caldas et al. 2016, Costa 
et al. 2018), information concerning Caatinga snakes are generally limited 
to preliminary taxonomic lists derived from short term inventories. There 
have been few studies presenting detailed data concerning the natural history 
of the species found there (Vitt & Vangilder 1983, Mesquita et al. 2013a).

Species richness is an essential measure to evaluate local and 
regional diversities. Studies of faunistic composition contribute greatly 
to our understanding on biodiversity and are, consequently, important 
components of ecological models and conservation strategies (Gotelli 
& Colwell 2001). Within that context, regional faunistic inventories are 
indispensable for providing a better comprehension of the structure, 
functioning, and natural variability of natural communities, and 
constitute an essential tool for conservation decision-making (Quintela 
et al. 2006). As such, the present study was designed to provide 
information concerning the composition, estimated species richness, and 
abundance of snakes in an area of Caatinga SDTFW, and to analyze the 
occurrence of faunistic similarity patterns between snake assemblages 
in the semiarid region of northeastern Brazil.

Materials and Methods

1.	 Study area

The present study was conducted in the Fazenda Almas Private Natural 
Reserve (RPPN Fazenda Almas), which covers a total of 5,500 hectares, 
of which 3,505 hectares (63.7%) correspond to protected area (Figure 1). 

Figure 1. Schematic map showing the study site location and sampled points in the State of Paraíba, Brazil. Points 1-6 refer to pitfall traps lines, while points 7-25 
were sampled by time constrained search.
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The RPPN Fazenda Almas is located in the Cariri western region, 
municipality of São José dos Cordeiros, state of Paraíba, northeastern 
Brazil (7o28’15’’S; 36o52’51’’W, 500-800 m above sea level). The 
RPPN Fazenda Almas comprises an area of arboreal Caatinga vegetation 

(seasonally dry tropical forest) in an excellent state of conservation. The 
phytophysiognomies of that vegetation varying from dense arboreal to 
arboreal-shrub forms, intermixed with rock outcrops (rupicolous habitats) 
with hyperxerophilic vegetation (Figure 2) (Lima & Barbosa 2014).

Figure 2. Phytophysiognomies of Caatinga seasonally dry tropical forests at RPPN Fazenda Almas, municipality of São José dos Cordeiros, state of Paraíba, 
northeastern Brazil. General aspect of the Caatinga vegetation (A. rainy season, B. dry season), dense arboreal Caatinga (C. rainy season, D. dry season), arboreal-
shrub Caatinga (E. rainy season, F. dry season), and hyperxerophilic vegetation in rupicolous habitats on granitic-gneiss rock outcrops (G. rainy season, H. dry season). 
Photograph credits: Washington L.S Vieira.
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The average annual precipitation, temperature, and humidity are 560 
mm (± 230 mm), 25°C, and 65% respectively (Paraíba 1985). Rainfall 
is concentrated from February to May (Paraíba 1985, CPTEC 2018).

2.	 Fieldwork/Snake Sampling

Snakes were sampled during monthly excursions (each one of 
eight consecutive days, followed by 20-day intervals) from Jan/2008 
to Dec/2018 (totaling 132 months of monitoring). Snake sampling 
was carried out using combinations of three sampling methods: time-
constrained search, pitfall traps with drift fences, and donations from local 
collectors (sensu Sawaya et al. 2008, Martins & Nogueira 2012, Guyer 
& Donnelly 2012). Geographical coordinates of the sampled points (time 
constrained search and pitfall traps with drift fences lines) are in Table 1.

Time constrained search were performed by two experienced 
researchers walking slowly, searching for snakes in all visual accessible 
microhabitats for at least 15 hours per day (daytime corresponded to 
10 h from 06:00 to 12:00 and from 13:00 to 18:00, and night time 
corresponded to 5 hours, from 18:30 to 00:00). The sampling effort and 
encounter rate of snakes were based on person-hours of search (Martins 
& Oliveira 1998, Guyer & Donnelly 2012). The total sample effort was 
240 person-hours per month.

The pitfall traps with drift fences (Corn 1994, Cechin & Martins 
2000) were placed along six lines containing ten 60 l buckets each 
(totaling 60 buckets) that were buried to ground level, approximately 
10 m apart, and interconnected by 1 m high plastic tarps (Figure 3). 
A minimum distance of 200 m was maintained between trap lines to 
reduce the possibility of dependent sampling. The buckets remained 
open for eight consecutive days per month but were covered during 
the 20-day intervals between excursions. The total sample effort was 
11520 bucket-hours per month.

Local collectors represented a complementary method of sampling. 
Snakes were captured by local residents, reserve employees, other 
searchers, or encountered dead along access roads leading to RPPN 
Fazenda Almas (Sawaya et al. 2008, Martins & Nogueira 2012). Local 
collectors were never encouraged to kill snakes, but they usually kill the 
snakes they encounter so we simply asked them to donated the snakes 
they killed and recorded some basic information about the location 
and time. The captured snakes were euthanized with an intracoelomic 
lidocaine injection (0.25 ml of a 100 mg/ml solution), preserved in 10% 
formalin, and stored in 70% ethanol (see Foster 2012), according to 
Portaria CFBio 148/2012-Anexo IV. The specimens were collected under 
an ICMBio collecting permit (SISBIO licenses 14105 and 65948-1). 

Table 1. Sampled points used in the snake inventory in the RPPN Fazenda Almas, municipality of São José dos Cordeiros, state of Paraíba, northeastern Brazil. 
Points P1–P6 refer to pitfall traps lines, while points P7–P25 were sampled by time-constrained search. Geographical coordinates in degrees, minutes and seconds, 
based on the WGS84 datum.

Sample points Geographical coordinates Elevation Physiognomy
P1 7º28'21’’S; 36º53'40’’W 616 m Dense arboreal Caatinga
P2 7°28'29’’S; 36º53'22’’W 718 m Aboreal-shrub Caatinga
P3 7°28'33’’S; 36º53'29’’W 717 m Dense arboreal Caatinga
P4 7°28'28’’S; 36º53'14’’W 708 m Arboreal-shrub Caatinga
P5 7°28'22’’S; 36º53'08’’W 693 m Dense arboreal Caatinga
P6 7°28'32’’S; 36º53'12’’W 708 m Arboreal-shrub Caatinga
P7 7°28'23"S; 36°53'19"W 697 m Rock outcrops
P8 7°28'21"S; 36°53'22"W 693 m Dense arboreal Caatinga
P9 7°28'17"S; 36°53'14"W 681 m Dense arboreal Caatinga

P10 7°28'22"S; 36°53'10"W 687 m Rock outcrops
P11 7°28'20"S; 36°53'0.4"W 659 m Dense arboreal Caatinga
P12 7°28'32"S; 36°53'15"W 706 m Arboreal-shrub Caatinga
P13 7°28'37"S; 36°53'25"W 724 m Rock outcrops
P14 7°28'13"S; 36°53'37"W 608 m Arboreal-shrub Caatinga
P15 7°28'13"S; 36°53'49"W 603 m Arboreal-shrub Caatinga
P16 7°28'32"S; 36°54'20"W 674 m Arboreal-shrub Caatinga
P17 7°29'6"S; 36°54'43"W 714 m Rock outcrops
P18 7°30'9"S; 36°54'0.6"W 637 m Arboreal-shrub Caatinga
P19 7°30'18"S; 36°54'35"W 702 m Arboreal-shrub Caatinga
P20 7°30'24"S; 36°55'9"W 684 m Arboreal-shrub Caatinga
P21 7°29'4"S; 36°54'17"W 632 m Dense arboreal Caatinga
P22 7°26'6"S; 36°55'12"W 581 m Arboreal-shrub Caatinga
P23 7°26'9"S; 36°53'26"W 582 m Arboreal-shrub Caatinga
P24 7°27'56"S; 36°53'49"W 626 m Rock outcrops
P25 7°27'47"S; 36°53'32"W 591 m Dense arboreal Caatinga
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The specimens not collected were recorded, marked with cuts on their 
ventral scales, and subsequently liberated into their natural habitat. 
Voucher specimens were deposited in the herpetological collection 
of the Universidade Federal da Paraíba (CHUFPB; Appendix 1). The 
taxa nomenclature used in the present study followed Grazziotin et al. 
(2012) and Costa and Bérnils (2018).

3.	 Data analyses

To evaluate sampling efficiency, we constructed species 
accumulation curves for snakes sampled at the RPPN Fazenda 
Almas, constructed from 1000 randomizations without replacements, 
considering individual species abundance (Gotelli & Colwell 2001, 
Magurran 2004, Colwell 2011). Additionally, we used species richness 
estimators based on abundance data (Chao 1 and ACE) and based on 
nonparametric incidence (Bootstrap, Chao 2, ICE, Jacknife 1 and 2) 
to determine the expected richness of snakes in the area (Colwell & 
Coddington 1994, Magurran 2004, Colwell 2011). Species accumulation 
curves and richness estimates were constructed in EstimateS 9.1.0 
software (Colwell 2011).

Faunistic similarity analysis was designed to compare the species 
composition at the RPPN Fazenda Almas with snake assemblages from 
other phytophysiognomies in localities of SDTFW of the Caatinga 
Ecoregions in northeastern Brazil (sensu Veloso et al. 2002, Silva et 
al. 2017) (Figure 4), as follows (alphabetically ordered by ecoregion 
and Brazilian state): Complexo Chapada Diamantina Ecoregion 
(CCD): Bahia: Chapada Diamantina National Park, Palmeiras 
municipality (Magalhães et al. 2015). Complexo Ibiapaba - Araripe 
Ecoregion (CI-A): Ceará: Chapada do Araripe (Ribeiro et al. 2012); 
Piauí: Barras municipality (Benício et al. 2015a); Castelo do Piauí 
municipality (Rodrigues & Prudente 2011). Depressão Sertaneja 
Meridional Ecoregion (DSM): Bahia: Fazenda Caraíbas, Mucugê 
municipality (Freitas et al. 2012); Juazeiro municipality (Freitas et al. 
2016); Pernambuco: Exu municipality (Vanzolini et. al. 1980, Vitt & 

Vangilder 1983); Fazenda Saco, Serra Talhada municipality (Miranda 
& Santos 2011); Floresta Nacional de Negreiros (Pereira et al. 2015); 
Parque Nacional do Catimbau (Muniz & Santos 2011, Pedrosa et al. 
2014). Depressão Sertaneja Setentrional Ecoregion (DSS): Ceará: 
Estação Ecológica de Aiuaba (Costa et al. 2018); Fazenda Vale do 
Curu, Pentecoste municipality (Mesquita et al. 2013a); Paraíba: Fazenda 
Tanque da Onça, Imaculada municipality (Pereira-Filho et al. 2017); 
Estação Experimental de São João do Cariri (Freire et. al. 2009, Pereira-
Filho et al. 2017); Rio Grande do Norte: Chapada do Apodi (Lima-Verde 
1976); ESEC Seridó, Serra Negra do Norte municipality (Freire et. al. 
2009, Caldas et al. 2016). Dunas do São Francisco Ecoregion (DSF): 
Bahia: Xique-Xique municipality (Rodrigues 1996, Rodrigues & Juncá 
2002). Raso da Catarina Ecoregion (RC): Bahia: Estação Ecológica Raso 
da Catarina (Garda et al. 2013). São Francisco-Gurguéia Ecoregion 
(SF-G): Piauí: Fazenda Paquetá, municipality of Batalha (Silva et al. 
2015); Parque Nacional da Serra da Capivara (Cavalcante et al. 2014); 
Parque Nacional da Serra das Confusões (Dal Vechio et al. 2016); 
Picos municipality (Benício et al. 2015b); Maranhão: Fazenda Varjota, 
municipality of Timon (Silva et al. 2016). Only snakes identified to the 
species level and for which no doubts existed concerning their correct 
identification were used in the analyses of faunistic similarity.

The faunistic similarity in species composition between RPPN 
Fazenda Almas and other localities in Caatinga was investigated 
using the Jaccard coefficient, UPGMA as a clustering algorithm, and 
an ordination technique, the Nonmetric Multidimensional Scaling 
method (NMDS), with qualitative data and the Jaccard index as a 
similarity measure (Clarke & Warnick 1994, Bastazini et al. 2007, 
Legendre & Legendre 2012, Xavier et al 2015). A stress value was used 
as a representative measure of the groupings, and values <0.20 were 
considered acceptable (Clarke & Warnick 1994, Legendre & Legendre 
2012). Multivariate analyses were performed using R 3.5.0 software 
(R Development Core Team 2018), utilizing the vegan 2.5-2 package 
(Oksanen et al. 2018).

Figure 3. Pitfall trap with drift fences installed in arboreal-shrub Caatinga at the RPPN Fazenda Almas, municipality of São José 
dos Cordeiros, state of Paraíba, northeastern Brazil. Photograph credits: Washington L.S Vieira.
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Figure 4. Geographic location of RPPN Fazenda Almas (FAl), municipality of São José dos Cordeiros, state of Paraíba, northeastern 
Brazil, and other areas used in the analyses of faunistic similarity of snake assemblages in Caatinga seasonally dry tropical forests, 
northeastern Brazil. Brazilian State acronyms: BA, Bahia; CE, Ceará; MA, Maranhão; PB, Paraíba; PE, Pernambuco; PI, Piauí; RN, 
Rio Grande do Norte. Abbreviations of locality names: Car: Caraíbas-BA, Palm: Palmeiras-BA, RCa: Estação Ecológca Raso da 
Catarina-BA, Cap: Chapada do Apodi-RN, Vac: Fazenda Vale do Curu-CE, FAl: RPPN Fazenda Almas-PB, SJC: Estação Experimental 
de São João do Cariri-PB, ESE: Estação Ecológica Seridó-RN, Aiu: Estação Ecológica de Aiuaba-CE, FSa: Fazenda Saco-PE, 
FNN: Floresta Nacional de Negreiros-PE, Ima: Imaculada-PB, Pic: Picos-PI, Jua: Juazeiro-BA, Exu: Exu-PE, CAri: Chapada do 
Araripe-CE, PCa: Parque Nacional do Catimbau-PE, Xiq: Xique-Xique-BA, FVa: Fazenda Varjota -MA, FPa: Fazenda Paquetá-PI, 
Cpi: Castelo do Piauí-PI, PCo: Parque Nacional da Serra das Confusões-PI, PSC: Parque Nacional da Serra da Capivara-PI, Bar: 
Barras-PI, DSS: Depressão Sertaneja Setentrional, DSM: Depressão Sertaneja Meridional, DSF: Dunas do São Francisco, RC: 
Raso da Catarina, CCD: Complexo da Chapada Diamantina, CI-A: Complexo Ibiapaba-Araripe, SF-G: São Francisco-Gurguéia.

Information concerning habits, activity periods and continental 
distributions of the species recorded at the RPPN Fazenda Almas 
(see Table 2) was obtained from the literature (see Duellman 1978, 
Dixon & Soini 1986, Zimmerman & Rodrigues 1990, Cadle & Greene 
1993, Argôlo 2004, Martins & Oliviera 1998, Giraudo 2004, Marques 
& Sazima 2004, Santos et al. 2005, Zanella & Cechin 2006, Santana 
et al. 2008, França et al. 2008, Pereira-Filho et al. 2017, Guedes et al. 
2018, Sampaio et al. 2018).

Results

The snake assemblage at the RPPN Fazenda Almas comprised 22 
species belonging to 18 genera and 6 families: Dipsadidae, with 13 species 
(59.1%), Boidae 3 species (13.6%), Colubridae 2 species, Viperidae 2 
species (9.1% each), Leptotyphlopidae 1 species (4.5%), and Elapidae 1 
species (4.5%) (Table 2 and Figure 5). None of those species appeared 
on the lists of animals threatened with extinction (Portaria nº 444/2014) 
prepared by the ICMBio/MMA (2018) or the IUCN (2019). Only three of 
those species are endemic to the Caatinga biome, according to Rodrigues 
(2003), Guedes et al. (2014a), and Pereira-Filho et al. (2017) (Table 2).

In relation to their habits and activity periods, nine species were 
terrestrial (40.9%), six semi-arboreal (27.3%), four arboreal (18.2%), 
two fossorial (9.1%), and one cryptozoic (4.6%) (Table 2). Of all of 
those, nine were active in both periods (nocturnal - diurnal) (40.9%), 
seven exclusively nocturnal (31.8%) and six diurnal (27.3%) (Table 2).

The combination of all sampling methods recorded 22 species and 
resulted in the capture of 448 individuals (Table 2), from which, 150 
were marked and released for eventual posterior recapture. Nevertheless, 
no recaptures were recorded in this study. Considering a combination 
of all sampling methods, the most abundant species were Bothrops 
erythromelas (Amaral, 1923) (n = 58, 13.0%), Thamnodynastes 
phoenix Franco, Trevine, Montingelli & Zaher, 2017 (n = 52, 11.6%), 
Oxyrhopus trigeminus Duméril, Bibron & Duméril, 1854 (n = 50, 
11.2%), Leptodeira annulata (Linnaeus, 1758) (n = 42, 9.4%), and 
Erythrolamprus viridis (Günther, 1862) (n = 31, 6.3%) (Table 2). The use 
of time constrained search allowed the recording of 22 species and 211 
individuals (Table 2). The species with the largest number of recorded 
individuals using that sampling method were Oxyrhopus trigeminus 
(n = 32) and Bothrops erythromelas (n = 26). Philodryas olfersii 
(Lichtenstein, 1823) was only recorded using the visual search (Table 2). 



7

Snakes in a Caatinga area, Northeast Brazil

Biota Neotrop., 20(3): e20190850, 2020

https://doi.org/10.1590/1676-0611-BN-2019-0850	 http://www.scielo.br/bn

Table 2. List of snake species recorded at the RPPN Fazenda Almas, São José dos Cordeiros municipality, state of Paraíba, northeastern Brazil. Physiognomies (PY): 
DAC-dense arboreal Caatinga, ASC-arboreal-shrub Caatinga, RO-rock outcrops, Habits: F-fossorial, T-terrestrial, AB-arboreal, SAB-semi-arboreal, C-cryptozoic, 
Activity: D-diurnal, N-nocturnal, ND-nocturnal-diurnal. Sampling methods: TCS-time constrained search, PTDF-pitfall traps with drift fences, LC-local collectors. 
N-number of individuals observed, RA%-relative abundance. Continental distribution in biomes: CE-Cerrado neotropical savannah, CA-Caatinga seasonally dry 
tropical forest, FA-Atlantic Forest, AM-Amazonia, CH-Chaco, PP-Pampas (South American lowlands), PA-Pantanal.

Family/Species PY Habits Activity TCS PTDF LC N RA% Biomes
Leptotyphlopidae
Epictia borapeliotes (Vanzolini, 1996) DAC, ASC F N 3 3 1 7 1.7 CE, CA, AF
Boidae
Boa constrictor (Linnaeus 1758) DAC, ASC SAB DN 15 9 24 5.4 CE, CA, AF, AM, CH, PA
Corallus hortulanus (Linnaeus, 1758) DAC AB N 3 2 5 1.1 CE, CA, AF, AM, PA
Epicrates assisi (Machado, 1945) ASC SAB N 4 6 10 2.2 CE, CA, AF
Colubridae
Leptophis ahaetulla (Linnaeus, 1758) DAC AB D 4 1 1 6 1.3 CE, CA, AF, AM, CH
Oxybelis aeneus (Wagler, 1824) DAC, ASC AB D 11 6 17 3.8 CE, CA, AF, AM
Dipsadidae
Apostolepis cearensis Gomes, 1915 DAC, ASC F DN 1 17 2 20 4.5 CE, CA, AF
Boiruna sertaneja Zaher, 1996 DAC, ASC T DN 4 4 8 1.8 CE, CA, AF
Erythrolamprus poecilogyrus (Wied, 1824) DAC, ASC T DN 2 4 6 1.3 CE, CA, AF, AM, CH, PA
Erythrolamprus viridis (Günther, 1862) DAC, ASC T D 6 18 7 31 6.9 CE, CA, AF
Leptodeira annulata (Linnaeus, 1758) ASC, RO SAB N 20 22 42 9.4 CE, CA, AM, CH
Oxyrhopus trigeminus Duméril, Bibron 
& Duméril, 1854

DAC, ASC, RO T DN 32 6 12 50 11.2 CE, CA, AF, AM, CH

Philodryas nattereri Steindachner, 1870 DAC, ASC T D 14 2 4 20 4.5 CE, CA, AF, CH, PA
Philodryas olfersii (Lichtenstein, 1823) ASC SAB D 2 2 0.4 CE, CA, AF, CH, PA, PP
Pseudoboa nigra (Duméril, Bibron & 
Duméril, 1854)

DAC, ASC T N 9 1 4 14 3.1 CE, CA, AF, PA

Thamnodynastes hypoconia (Cope, 1860) DAC, ASC, RO SAB DN 11 6 5 22 5.0 CE, CA, AF, CH, PP
Thamnodynastes phoenix Franco, Trevine, 
Montingelli & Zaher, 2017

DAC, ASC, RO SAB DN 19 6 27 52 11.6 CA

Thamnodynastes sertanejo Bailey, Thomas 
& Silva-Jr, 2005

DAC, ASC AB N 5 1 6 1.3 CA

Xenodon merremii (Wagler, 1824) DAC, ASC T D 7 2 6 15 3.4 CE, CA, AF, CH, PA, PP
Elapidae
Micrurus aff. ibiboboca (Merrem, 1820) DAC, ASC C DN 7 6 7 20 4.5 CA, AF
Viperidae
Bothrops erythromelas (Amaral, 1923) DAC, ASC, RO T N 26 5 27 58 13.0 CA
Crotalus durissus Linnaeus, 1758 DAC, ASC, RO T DN 6 7 13 3.0 CE, CA, AF, CH
Total 211 73 164 448

The use of pitfall traps with drift fences recorded 12 species and 73 
individuals (Table 2), with no species recorded exclusively by that sampling 
method. That method recorded the largest numbers of individuals of 
Apostolepis cearensis Gomes, 1915 (n = 17) and Erythrolamprus viridis (n 
= 18) (Table 2). Local collectors recorded 21 species and 164 individuals, 
although no species was recorded solely by that method (Table 2). The 
species with the largest numbers of records made by local collectors were 
B. erythromelas (n = 27) and Thamnodynastes phoenix (n = 27).

The species accumulation curves (constructed using the combined 
results of all three sampling methods) reached its asymptote at 

approximately 280 recorded individuals (Figure 6A), corresponding 
to the 75th sampling month. Time constrained search reached its 
asymptote at approximately 141 recorded individuals (Figure 6B), 
corresponding to the 80th sampling month. The species accumulation 
curves for pitfall traps and local collectors demonstrate a tendency 
to stabilize (Figure 6C and D). All richness estimators indicated the 
existence of 22 species, except for Jacknife 2, which estimated a lower 
richness than the total number of species actually encountered (Table 3). 
At the end of the study period, one doubleton (Philodryas olfersii) and 
no singletons were recorded at RPPN Fazenda Almas.
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Figure 5. Snakes recorded in the RPPN Fazenda Almas, Paraíba State, municipality of São José dos Cordeiros, state of Paraíba, 
northeastern Brazil. Leptotyphlopidae: A - Epictia borapeliotes, Boidae: B - Boa constrictor, C - Corallus hortulanus, D - 
Epicrates assisi, Colubridae: E - Leptophis ahaetulla, F - Oxybelis aeneus, Dipsadidae: G - Apostolepis cearensis, H - Boiruna 
sertaneja, I - Erythrolamprus poecilogyrus, J - Erythrolamprus viridis, K - Leptodeira annulata, L - Oxyrhopus trigeminus, 
M - Philodryas nattereri, N - Philodryas olfersii, O - Pseudoboa nigra, P - Thamnodynastes hypoconia, Q - Thamnodynastes 
phoenix, R - Thamnodynastes sertanejo, S - Xenodon merremii, Elapidae: T - Micrurus aff. ibiboboca, Viperidae: U - Bothrops 
erythromelas, V - Crotalus durissus. Photograph credits: Washington L.S Vieira.
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Figure 6. Accumulation curves for snakes sampled at the RPPN Fazenda Almas, municipality of São José dos Cordeiros, state of Paraíba, northeastern Brazil, 
constructed from 1000 randomizations without replacements, considering individual species abundance.. A - combination of all sampling methods, B - time constrained 
search, C - pitfall traps with drift fences, D - local collectors. Sobs = total number of species observed in a sample, CI = 95% confidence interval.

Table 3. Species richness estimates for snake assemblage at RPPN Fazenda Almas, São José dos Cordeiros municipality, state of Paraíba, northeastern Brazil, using 
different estimators based on the numbers of individuals recorded. CSM-combination of all sampling methods, TCS-Time constrained search, PTDF-pitfall traps 
with drift fences, LC-local collectors. Sobs = total number of species observed in a sample, CI = 95% confidence interval. The Jacknife 1 and 2, Bootstrap, ACE, 
and ICE estimators did not generate confidence intervals.

Sampling Methods
CSM TCS PTDF LC

Estimators Mean (± SD)/95% 
CI (Lower and 
UpperBound)

Mean (± SD)/95% 
CI (Lower and 
UpperBound)

Mean (± SD)/95% 
CI (Lower and 
UpperBound)

Mean (± SD)/95% 
CI (Lower and 
UpperBound)

Observed richness (sobs) 22.00 (0.00)/22.00–22.00 22.00 (0.50)/10.03–22.97 12.00 (0.96)/10.12–13.88 21.00 (1.42)/18.22–23.78 
Chao 1 22.00 (0.36)/22.00–22.87 22.00 (0.17)/22.50–23.17 12.33 (0.92)/12.02–17.90 21.99 (1.81)/21.09–31.63
Chao 2 22.00 (0.36)/22.00–22.87 22.00 (0.17)/22.51–23.18 12.33 (0.92)/12.02–17.93 21.99 (1.81)/21.09–31.61
Jacknife 1 22.00 (0.0) 22.99 (0.99) 13.98 (1.40) 23.98 (1.70)
Jacknife 2 21.02 (0.0) 22.02 (0.0) 14.00 (0.0) 24.97 (0.0)
Bootstrap 22.15 (0.0) 22.80 (0.0) 13.07 (0.0) 22.53 (0.0)
ACE 22.00 (0.0) 22.28 (0.0) 12.82 (0.0) 22.07 (0.0)
ICE 22.00 (0.0) 22.25 (0.0) 12.75 (0.0) 22.20 (0.0)
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Cluster analysis and NMDS demonstrated the same similarity 
patterns regarding the different snake assemblages (Figures 7 and 8, 
respectively). Cluster analysis (cophenetic correlation coefficient 
= 0.86) based on 70 species and 23 Caatinga localities generated 
two groups: a smaller group formed by three snake assemblages in 
different Caatinga Ecoregions, and a larger second group composed 
of the remaining assemblages (Figure 7). The larger second group 
also comprised two faunistic sets: a smaller set composed of snake 
assemblages from the São Francisco-Gurguéia and Complexo 
Ibiapaba-Araripe ecoregions, and another set composed of a group 
of snake assemblages from those same two ecoregions and of faunas 
from the Dunas do São Francisco and the Depressions Sertaneja 
Setentrional and Meridional (Figure 7).

Non-metric multidimensional scaling (NMDS, stress = 0.01) 
indicated greater similarities between the Setentrional and Meridional 
Dryland Depressions than between other Caatinga ecoregions 
(Figure 8). The snake fauna at RPPN Fazenda Almas demonstrated 
greater similarity with the faunas of Fazenda Vale do Curu and 
Chapada do Apodi (see Lima-Verde 1976, Mesquita et al. 2013a), 
all localities in the Depressão Sertaneja Setentrional ecoregion 
(Figure 8).

Figure 7. Dendrogram of cluster analysis (UPGMA, cophenetic correlation coefficient = 0.86) based on snake species compositions in 24 localities in Caatinga 
seasonally dry tropical forest ecoregions, northeastern Brazil. Abbreviations in Figure 4.

Figure 8. Non-metric multidimensional scaling (NMDS, stress 0.01) ordination 
of snakes assemblages in 24 localities in Caatinga ecoregions in northeastern 
Brazil. Complexo da Chapada Diamantina (yellow), Complexo Ibiapaba-
Araripe (brown), Depressão Sertaneja Meridional (blue), Depressão Sertaneja 
Setentrional (red), Dunas do São Francisco (orange), Raso da Catarina (pink), 
São Francisco-Gurguéia (green). Abbreviations in Figure 4.
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Discussion

The snakes at RPPN Fazenda Almas were largely terrestrial and 
semi-arboreal, with wide distributions throughout the Caatinga biome 
as well as other Brazilian biomes. The predominance of xenodontines 
and species with wide geographic distributions in the study area makes 
it similar to other neotropical snake assemblages (e.g., Vitt & Vangilder 
1983, Strüssman & Sazima 1993, Rodrigues 1996, , Sawaya et al. 2008, 
Mesquita et.al. 2013a, Pedrosa et al. 2014, Rodrigues et al. 2015, Pereira-
Filho et al. 2017, Sampaio et.al 2018) and follows a pattern of snake 
composition described for the Caatinga biome, including endemic species, 
such as Bothrops erythromelas, Thamnodynastes sertanejo, and T. phoenix 
(Guedes et al. 2014a, 2014b). In relation to the activity periods of those 
snakes at RPPN Fazenda Almas, greater numbers of diurnal-nocturnal 
and exclusively nocturnal species were recorded, being different from a 
study undertaken by Vitt & Vangilder (1983) and Mesquita et al. (2013a) 
who reported a dominance of strictly diurnal species in the Caatinga 
biome. The absence of aquatic/semi-aquatic species in the study area was 
probably related to the existence of only temporary bodies of water there 
(such as small streams, lakes, pools, and artificial waterholes) with very 
short periods of water retention and long periods without any standing 
water. Those temporary aquatic habitats do not favor the occurrence of 
snakes that are dependent on permanent bodies of water, and explains 
why aquatic/semi-aquatic species represent only a small component of 
the snake fauna of the Caatinga biome (Guedes et al. 2014a).

The snake assemblage at RPPN Fazenda Almas was rich in species 
as compared to other localities in the Caatinga biome (e.g., Miranda 
& Santos 2011, Muniz & Santos 2011, Garda et al. 2013, Cavalcante 
et al. 2014, Pedrosa et al. 2014, Benício et al. 2015a and b, Pereira et 
al. 2015, Silva et al. 2015, Pereira-Filho et al. 2017, Costa et al. 2018). 
The high species richness recorded at RPPN Fazenda Almas may reflect 
the long-duration study period (10 years of monthly monitoring) and the 
fact that the area represents the most well-preserved remnant of Caatinga 
vegetation in the state of Paraíba (see Lima & Barbosa 2014). Species 
records in faunistic studies can be influenced by the sampling efforts 
employed (duration of the study), the size of the area, as well as habitat 
heterogeneity and structure (Strüssman & Sazima 1993, Ugland 2003, 
Mesquita et.al. 2013b, Rodrigues et al. 2015). Conserved environments 
are generally more heterogeneous and structured, providing adequate 
habitats for wide varieties of species as compared to homogeneous (and 
consequently less structured) environments (Lieberman 1986, Viana et 
al. 2001, Pardini & Umetsu 2006, Macedo et al. 2008).

Snake abundance in the study area is similar to that found in other 
Caatinga localities, with a dominance of the species Bothrops erythromelas, 
Thamnodynastes phoenix, Oxyrhopus trigeminus, and Erythrolamprus 
viridis. Those species are generalists and demonstrate significant plasticity 
in terms of their diets and habitat uses (Vanzolini et al. 1980, Vitt & 
Vangilder 1983). They occur in forested and shrub environments, as well 
as in perianthropic areas (Pereira-Filho et al. 2017) and are widely distributed 
throughout the Caatinga biome (Guedes et al. 2014a). Unfortunately, most 
studies of the snake fauna of the Caatinga have been short-term inventories 
that produced only preliminary species lists (Guedes et al. 2014a). Very few 
publications contain abundance data (e.g., Borges-Nojosa & Arzabe 2005, 
Borges-Nojosa & Santos 2005, Borges-Nojosa & Cascon 2005, Freire et. 
al. 2009, Garda et al. 2013, Cavalcante et al. 2014, Dal Vechio et al. 2016) 
and even then, usually significantly underestimate true snake abundances, 
which prevents any secure comparisons between different Caatinga sites.

Time-constrained search and the use of local collectors are efficient 
methods for determining the richness and abundance of species in a given 
area, as opposed to pitfall traps with drift fences. Although snakes are 
often rather difficult to encounter (as compared to lizards and anurans) 
as many species demonstrate cryptic or secretive behaviors (Sazima & 
Haddad 1992, Sawaya et al. 2008), time-constrained search and local 
collectors have proven to be adequate methods for sampling snakes in 
many other herpetofaunistic inventories undertaken in the Caatinga and 
other Brazilian biomes (e.g., Sazima & Haddad 1992, Sawaya et al. 2008, 
Santana et al. 2008, Freire et al. 2009, Pontes et al. 2008, Mesquita et al. 
2013b, Caldas et al. 2016, Pereira-Filho et al. 2017, Sampaio et al. 2018). 
While visual search represents a low-cost technique, their strength will 
depend on the sampling effort and experience of the researchers involved 
(Mesquita et al. 2013b). The same is true for the use of local collectors, 
who largely record only the most generalist species (in terms of habitat 
use), which have less propensity to flee (Sawaya 2003).

Pitfall traps with drift fences are widely used for sampling amphibians 
and reptiles (Corn 1994, Greenberg et al. 1994, Cechin & Martins 2000, 
Fisher & Rochester 2012), but were not found to be very efficient in the 
present study, recording only smaller numbers of species and individuals 
(with the exception of Apostolepis cearensis and Erythrolamprus 
viridis). Although the use of pitfalls traps is quite common, this method 
should only be considered as a complementary sampling technique 
associated with other sampling methods in long-duration studies of snake 
assemblages (Cunha & Nascimento 1993, Greenberg et al. 1994, Cechin 
& Martins 2000). As such, comparing the deficiencies of each sampling 
method and considering financial and time investments in relation to the 
numbers of species and individuals recorded, the use of pitfall traps in 
short-term studies of snakes in Caatinga areas with shallow rocky soils 
is not indicated (Cechin & Martins 2000, Mesquita et al. 2013b).

The combination of three sampling techniques and extended fieldwork 
efforts (10 years of monthly monitoring), the absence of singletons, and 
species accumulation curves reaching their asymptotes, made it possible 
to affirm that probably all of the snake species occurring in RPPN Fazenda 
Almas were recorded in the present study. The Jacknife 2 estimator 
predicted a richness less than the actual total number of species recorded. 
Such unusual result may indicate the inefficiency of that estimator for 
snake inventories in Caatinga sites. Sampling is considered complete 
in biodiversity studies when each species is represented by at least two 
individuals, without any singletons, as there will only be an extremely low 
probability of any additional species being recorded even with additional 
sampling efforts (Chao et al. 2009). The performances of the richness 
estimators here, the absence of singletons, and the shape of the species 
accumulation curves allowed a secure interpretation of each sampling 
method, and indicated the extremely reduced probability of encountering 
more species in the snake assemblage with greater additional sampling 
efforts (Colwell & Coddington 1994, Chao et al. 2009).

The snake fauna in the study area demonstrated high similarity with 
typical assemblages found in Caatinga sites in crystalline terrains of 
the Sertaneja depressions. Localities with similar phytophysiognomies 
and at identical latitudes likewise demonstrated similarities in terms of 
their snake faunas. Faunistic similarities tend to appear as a function of 
geographic proximity between localities but decrease along latitudinal 
gradients (Nekola & White 1999, Willig & Bloch 2006). Stochastic 
processes and the evolutive and biogeographic histories of species 
lineages can also affect assemblage compositions (Cadle & Greene 
1993, Martins & Oliveira 1998, Fraga et al. 2011).
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The Caatinga snakes demonstrate species distribution patterns that 
suggest the occurrence of regionalization of assemblages in diverse 
habitats throughout that biome (Guedes et al. 2014b). Similarities among 
the assemblages analyzed in the present study were noted between most 
of the areas in the Sertanejas Meridional and Sententrional depressions, 
which form a large group composed of localities whose snake fauna 
is composed of very common and widely distributed species in arid 
landscapes dominated by xeromorphic vegetations. This snake fauna 
can be considered typical of interplateau depressions, corroborating 
that lowland semiarid Caatinga regions constitute a faunistic unit 
characteristic of the interior of northeastern Brazil (Guedes et al. 
2014b). A study employing parsimony analysis of endemism evidenced 
that dryland Sertaneja depressions have large similarities in terms of 
their lizard faunas, and those faunas are largely composed of widely 
distributed species plus relictual elements generally related to less arid 
climates along the edges of those ecoregions (Mesquita et al. 2017). As 
such, the areas included within Sertaneja depressions have very similar 
Squamata reptile faunas that constitute important components of the 
Caatinga biota, in spite of the fact that Meridional and Sententrional 
Sertaneja depression ecoregions demonstrate distinct climatic, 
geological, and physiognomic parameters (Velloso et al. 2002).

The RPPN Fazenda Almas demonstrates an elevated snake species 
richness and constitutes an important conservation area for snakes of the 
Caatinga, reflecting its very well-preserved Caatinga vegetation (Lima 
& Barbosa 2014), in spite of the fact that is located in a region that has 
been greatly impacted by deforestation, mining, extensive cattle grazing, 
predatory hunting, and with susceptibility to desertification (Souza et al. 
2004, Alves et al. 2012). It should be pointed out that RPPN Fazenda 
Almas is located in an area considered to have priority for conservation 
efforts and is of extreme biological importance to the semiarid region 
(sensu Veloso et al. 2002, MMA 2002, Tabarelli & Silva 2003). In spite of 
the growing number of herpetofaunistic inventories in the Caatinga biome 
during the last 10 years (Guedes et al. 2014a, Mesquita et al. 2017), there is 
still a need for long term studies in all Caatinga ecoregions. Further studies 
would complement and/or corroborate the species distribution patterns 
already published for the different Caatinga ecoregions, and will increase 
our understanding on the ecology, species richness, and biogeography 
of snake assemblages in the Caatinga seasonally dry tropical forests.

Supplementary Material

The following online material is available for this article:
Appendix 1 - Voucher specimens of snakes collected at the 

RPPN Fazenda Almas, municipality of São José dos Cordeiros, 
state of Paraíba, northeastern Brazil.
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