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Caecilians of the family Caeciliidae Rafinesque, 1814 
comprise two genera, Caecilia Linnaeus, 1758, with 33 
species, and Oscaecilia Taylor, 1968, with nine species 
(Wilkinson et al. 2011). They occur in the eastern parts 
of the Andes, from Costa Rica in Central America to the 
south of Bolivia in South America (Maciel & Hoogmoed 
2011, Frost 2015). Both genera occur in Brazil, represent-
ed by Caecilia armata Dunn, 1942, C. gracilis Shaw, 1802, 
C. marcusi Wake, 1985, C. tentaculata Linnaeus, 1758, and  
Oscaecilia hypereumeces Taylor, 1968 (Maciel & Hoog-
moed 2011, SBH 2014). Caecilia, with the largest number 
of species, is distributed from Panama to southern Boliv-
ia in areas with rainforest (Frost 2015). The type species 
is Caecilia tentacula ta Linnaeus, 1758, described already 
in the ‘Systema Naturae’ with ‘America’   as its type locality. 
According to Nussbaum & Hoogmoed (1979), the holo-
type was lost and two new specimens from Surinam (with-
out specific locality data) were referred to as syntypes by 
Dunn (1942). However, according to Duellman (2012), 
apparently the type was recently located. This species is 
found in terrestrial habitats and is categorized as ‘Least 
Concern’ by the International Union for Conservation of 
Nature (IUCN 2016). Until now, Caecilia tentaculata has 
been regarded as having a distribution linked to the Ama-
zon forest habitat, but here we expand the known distri-

bution to two isolated ‘brejos-de-altitude’, relict mountain 
forests surrounded by dry Caatinga scrubland in north-
eastern Brazil. Isolated ‘brejos-de-altitude’ have some-
times been considered a biogeographical link between the 
coastal Atlantic forest and Amazonian forests. Finding 
C.  tentaculata in the area might therefore suggest that it 
is likely present also in Atlantic forest habitats. Herein we 
confirm the species’ identification using both morphologi-
cal and molecular characters and use environmental mod-
elling to identify if the environmental conditions of this 
region are suitable to promote the distribution of C. ten-
taculata. 

In the state of Ceará, five separate ‘brejos-de-altitude’ oc-
cur, including the Massif of Baturité (4°05’–4°40’ S, 38°30’–
39°10’ W) and the Maranguape Mountain (3°54’–4°03’  S, 
38°32’–38°40’ W), where our specimens were found. They 
are separated by a gap of about 45 km. Four specimens 
were collected at both these sites (Fig. 1, Appendix 1) dur-
ing herpetological surveys, anaesthetised and subsequent-
ly killed by injections with lidocaine hydrochloride, fixed 
with 90% ethanol or 10% formol, and deposited in the 
Collection of Herpetology of the Universidade Federal of 
Ceará (CHUFC). Specimens were identified according to 
Taylor (1968) and Maciel & Hoogmoed (2011) by assess-
ing diagnostic morphological characters.
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To further confirm their specific identity, and to resolve 
genetic diversity between samples from widely separated 
geographic regions, two specimens, CHUFC A6775 from 
Maranguape Mountain and CHUFC A6543 from the Mas-
sif of Baturité, were sequenced for a region of the mito-
chondrial 12S rRNA gene by means of Polymerase Chain 
Reaction (PCR) amplification, using the primers 12Sa 
(CTGGGATTAGATACCCCACTAT) / 12Sb (GAGGGT-
GACGGGGCGGTGTGT) from Kocher et al. (1989). 
DNA from tissue samples (muscle or liver) was extract-
ed using standard high-salt protocols (Sambrook et al. 
1989). The PCR protocol was based on a 20-µl reaction mix 
containing 4.0 µl of Blend MasterMix (Hot Fire), 0.5  μl 
of 10 pmol primers each, 2.0 μl of DNA, and distilled wa-
ter making up the balance, following Harris et al. (1998). 
The reaction mix was amplified using the following cycles: 
94°C (13 min), 35 × [94°C (30 sec), 47°C (45 sec) and 72°C 
(1 min)], and 72°C (10 min). Positive and negative checks 
were run with each reaction. Both positive products were 
sent for sequencing to Beckman Coulter Genomics. The 
new sequences were submitted to the GenBank database 
under accession number KY745902.

The potential model of the C. tentaculata distribution 
was assessed using sampling points in databases (Global 
Biodiversity Information Facility – Gbif 2016, Iucn 2016) 
and literature (Dunn 1942, Maciel & Hoogmoed 2011), 
using Maxent software for species habitat modeling. Fif-
ty-two points of non-redundant occurrence were plotted 
across South America, with a precision of 10’ (18.6 × 18.6 
= 344 km²), and posteriorly five non-correlated environ-
mental variables were projected on the mesh and used as 
predictors of the distribution of the studied species based 
on its ecology (mean annual temperature, temperature sea-
sonality, precipitation, precipitation seasonality, and pre-
cipitation over the warmest quarter). The environmental 
variables used were downloaded from WorldClim (2016).  

We also constructed a correlation matrix between all varia-
bles and selected only those that were not highly correlated 
(r < 0.9). The performance of the niche model was eval-
uated according to the curve between specificity (lack of 
commission errors) and sensitivity (lack of omission error) 
and AUC, that is, the point that minimizes the relationship 
between sensitivity and specificity of the model, assessing 
their ability to correctly predict the occurrence of the spe-
cies. The AUC value ranges from 0 to 1, with values > 0.75 
being considered significant (Elith et al. 2006, Phillips 
& Dudík 2008). This analysis was performed with R plat-
form (R Core Team 2016).

Borges-Nojosa (2006) recorded two specimens of 
Gymnophiona from the Massif of Baturité, but due to 
their poor state of preservation, listed these erroneously 
as Chthonerpeton aff. arii, a more aquatic caecilian species 
usually known from open areas (Cascon & Lima-Verde 
1994). Diagnostic morphological characters (following 
Taylor 1968, Maciel & Hoogmoed 2011) of the newly 
collected specimens clearly indicated that these specimens 
represented Caecilia tentaculata, a terrestrial forest spe-
cies: in particular the visible eyes, the uniform grey or blue 
natural colouration, total body length (up to 850.0 mm), 
eye–tentacle distance (ET) greater than the distance be-
tween nostril–tentacle (NT), total length 30 times larger 
than the body diameter, and numbers of primary annuli 
(PA) (112–131) and secondary grooves (SG) (12–54). A 368-
bp fragment of the 12S rRNA gene was successfully se-
quenced from each of the two specimens (CHUFC A6543 
and A6775). These proved identical for this fragment, but 
showed five differences (all transition changes) from the 
sequence of C. tentaculata from GenBank (KF540146) 
from Kaw in French Guiana (San Mauro et al. 2014). Such 
a low level of differentiation (1.4%) is typical of intraspe-
cific variation; the next most similar sequence (C. gracilis, 
KF540147) differed by 9%. Limited genetic diversity across 

Figure 1. Specimens of Caecilia tentaculata: CHUFC A6773, live specimen showing the natural coloration (A); and CHUFC A6774, 
lateral (B), dorsal (C), and ventral (D) views of the head, and cloacal opening (E). Photos: D. M. Borges-Nojosa.
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Table 1. Morphometric (in mm) and meristic data of Caecilia tentaculata from Ceará state. Legend: TL – total length; BW – body width 
at mid-body; HL – head length measured between tip of snout and posterior edge of skull; HW – head width; ET – distance between 
eye and tentacular aperture; NT - distance between nostril and tentacle; PMT – premaxillary-maxillary teeth; PPT – prevomerine-
palatine teeth; DT – dentary teeth; ST – splenial (inner mandibular) teeth; PA – primary annuli; SG – secondary grooves (= primary 
annuli bearing secondary grooves); Notes: CHUFC A6477 – immature female; CHUFC A6543 – incomplete specimen.

Character

Locality / Voucher Number
Massif of Baturité Maranguape Mountain

A6477 A6478 A6479 A2601 A6773 A6774 A6775

Eyes visible visible visible visible visible visible visible
Coloration uniform uniform uniform uniform uniform uniform uniform
TL 286.0 268.1 200.3 405.0 363.4 362.6 321.8
BW 9.1 5.6 6.5 – 9.6 9.6 9.8
Proportion TL/BW 31.4 47.7 30.7 – 37.9 37.9 33.0
HL 9.5 10.3 8.5 11.9 12.7 11.6 11.1
HW 7.0 6.6 6 7.8 8.57 8.3 9.3
ET 3.5 4.1 4.0 4.1 4.3 4.5 5.0
NT 1.8 1.2 1.8 1.3 1.9 2.3 2.0
PMT 11 21 19 15 15 16 20
PPT 14 15 13 17 13 16 20
DT 15 19 17 16 16 17 15
ST 2 3 4 3 4 3 4
PA 125 134 121 131 123 122 114
SG 26 23 15 22 20 16 20

large geographic distances has been reported in another 
but not more closely related caecilian, Ichthy ophis bombay-
ensis Taylor, 1960, from India (Gower et al. 2007) and 
was suggested to indicate recent genetic continuity possi-
bly associated with variables such as a relatively large clutch 
size. However, as ichthyophiids have an aquatic larval stage 
(San Mauro et al. 2014, Kupfer et al. 2016) that will like-
ly contribute to the dispersal whereas caeciliids are direct-
developers lacking a larval stage, dispersal processes in 
C. tentaculata are different. Detailed comparisons between 
C. tentaculata from across its entire distribution range may 
shed further light on how environmental or other variables 
might be linked to genetic continuity. Maciel & Hoog-
moed (2011) defined three OTUs (Operational Taxonom-
ic Units) with head length and distance between nostrils 
as the most discriminant characters in C.  tentaculata, al-
though these were based on limited differentiation and 
had only 60% correctly classified. Based on the few sam-
ples available from the “brejos-de-altitude” it is not possi-
ble to infer the OTU.

The new record extend the known species range by 
about 850 km to the east of previously known localities 
(Viseu, State of Pará; Nova Vida, State of Maranhão) (Ma-
ciel & Hoogmoed 2011) (Fig. 2), and add another typical 
Amazon forest species to the herpetofauna of the brejos-
de-altitude in Ceará, similar to Amphisbaena anomala 
(Barbour, 1914) (Borges-Nojosa & Caramaschi 2003). 
These records, in association with other species that have 
a distribution corridor Amazon-‘brejos’-Atlantic, such as 
the snakes Lachesis muta (Linnaeus, 1766) (Borges-No-

josa & Lima-Verde 1999), Sibon nebulatus (Linnaeus, 
1758), Imantodes cenchoa (Linnaeus, 1758) (Nascimento 
& Lima-Verde 1989), Drymoluber dichrous (Peters, 1863) 
(Borges-Nojosa & Lima 2001), and the lizard Cercosaura 
o. ocellata Wagler, 1830 (Borges-Nojosa & Caramaschi 
2003), support the hypothesis of the Amazon and Atlan-
tic Forest being biogeographically linked. Interestingly, al-
though there is a very small region corresponding to the 
Brejos, which the model identifies as being appropriate 
(p  > 0.6), the environmental conditions required by the 
species currently seem to be missing from the Atlantic For-
est (Fig. 2). However, this does not by default invalidate the 
hypothesis that the species was widely distributed in past 
periods such as the Pleistocene during which climatic con-
ditions facilitated rainforests to expand. The model for the 
current distribution of the species had a good efficiency 
rating (AUC = 0.823). The variables that contributed most 
to it are ‘seasonality temperature’ (40.6%) and ‘precipita-
tion in the warmest quarter’ (47%).

The ‘brejos-de-altitude’ are humid, elevated regions that 
are isolated within the dry region of Caatinga scrubland. 
With altitudes ranging between 400 and 1,000 m, they are 
typically covered with relict forest vegetation from adjacent 
humid forests (Andrade-Lima 1982, Prance 1982, San-
tos et al. 2006) with different climatic conditions. They 
contain a unique mix of flora and fauna of three different 
biogeographic regions, Amazonian, Atlantic forest, and dry 
Caatinga (Andrade-Lima 1966, Vanzolini 1981, Santos 
et al 2006, Borges-Nojosa & Caramaschi 2003). Various 
endemic amphibians and reptiles have been reported from 
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here, almost all of which are categorized as ‘Threatened’ 
as per IUCN criteria due to the relatively small expanse of 
the ‘brejos’ and ongoing environmental destruction. These 
include amphibians such as Adelophryne baturitensis and 
A. maranguapensis Hoogmoed, Borges & Cascon, 1994 
(VU), Rhinella casconi Roberto, Brito & Thomé, 2014, 
the lizards Copeoglossum arajara (Rebouças-Spieker, 
1981), Leposoma baturitensis Rodrigues & Borges, 1997 
(EN), and the snake Atractus ronnie Passos, Fernandes 
& Borges-Nojosa, 2007 (EN) (MMA 2014). The areas of 
‘brejos’ in the state of Ceará are considered ‘areas of highest 
priority’, as they represent an Atlantic Forest relict (MMA 
2000, Brasil 2004). Our new records confirm that the 
‘brejos’ contain a mix of florae and faunae of both Ama-
zonian and Atlantic origins. Finding C. tentaculata, about 
850 km from the nearest known population, highlights 
not only the uniqueness of the ‘brejos’, but also that new 
and detailed herpetological surveys are urgently needed to 
comprehensively understand the ancient link between the 
Amazon and the Atlantic forests, two of the most biodi-
verse regions of the world.

Acknowledgements

We thank the Boticário Group Foundation for Nature Protec-
tion (FBPN)/MacArthur Foundation and National Council for 
Scientific and Technological Development (CNPq) (Project PVE 
No. 401800/2013-0) for their financial support during the peri-
ods 1998–2000 and 2014–2016, respectively; the Instituto Chico 
Mendes de Conservação da Biodiversidade (ICMBio) for the col-
lection permit 10893-1, Reg. 472138; our assistants, W. Franklin-
Júnior and students of the NUROF-UFC for their collaboration 
in fieldwork, J. Kilder for the hospitality at Maranguape; A. F. 
Mesquita and R. B. Rocha for providing the map used here, 
and A. Kupfer for his critical comments on an earlier version 
of the manuscript. D. M. Borges-Nojosa thanks the CNPq for 
granting her a research fellowship (Process No. PQ 309617/2012-
0 2); and D. P. Castro thanks the CAPES for a doctoral fellow-
ship.

References

Andrade-Lima, D. (1966): Contribuição ao estudo do paralelis-
mo da flora amazônico-nordestina. – Arquivo do Instituto de 

Figure 2. Map of ecological niche modelling for Caecilia tentaculata. Squares, triangles and stars are Operational Taxonomic Units 
(Maciel & Hoogmoed 2011), circles other localities (GBIF 2016), and numbers are new records (1 – Maranguape Mountain; 2 – 
Massif of Baturité; specimens of CHUFC) used for modelling. The Maxent default output depicts probability values ranging from 0 
to 1, where higher values indicate higher environmental suitability and therefore a higher probability of species occurrence (Phillips 
& Dudík 2008).



433

Correspondence

Pesquisa Agronômica de Pernambuco, Nova Série, Publicação 
Boletim Técnico, 19: 1–30.

Andrade-Lima, D. (1982): Present-day forest refuges in North-
eastern Brazil. – pp. 245–251 in: Prance, G. T. (ed.): Biological 
Diversification in the Tropics. – Columbia University Press, 
New York.

Borges-Nojosa, D. M. (2006): Diversidade de Anfíbios e Rép-
teis da Serra de Baturité, Ceará. – pp. 225–247 in: Oliveira, T. 
S. & F. S. Araújo (org.): Diversidade e Conservação da Biota 
na Serra de Baturité. – Edições UFC, Fortaleza. 

Borges-Nojosa, D. M. & J. S. Lima-Verde (1999): Geographic 
distribution: Lachesis muta rhombeata. – Herpetological Re-
view, 30: 235.

Borges-Nojosa, D. M. & D. C. Lima (2001): Dieta de Drymolu-
ber dichrous (Peters, 1863) dos brejos-de-altitude do estado do 
Ceará – Brasil (Serpentes, Colubridae). – Boletim do Museu 
Nacional, Nova Série Zoologia, 468: 1–5.

Borges-Nojosa, D. M. & U. Caramaschi (2003): Composição 
e Análise Comparativa da Diversidade e das Afinidades Bio-
geográficas dos Lagartos e Anfisbenídeos (Squamata) dos Bre-
jos Nordestinos. – pp. 489–540 in: Leal, I., J. M. C. Silva & 
M. Tabarelle (org.): Ecologia e Conservação da Caatinga. 
UFPE, Recife.

Brasil (2004): Decreto nº 5.092, de 21 de maio de 2004 – Mi-
nistério Meio Ambiente, Brasília, Brasil. – Available at http://
www.mma.gov.br/estruturas/sbf_chm_rbbio/arquivos/Decre-
to%205092%_2ode%202004.pdf.

Cascon, P. & J. S. Lima-Verde (1994): Uma nova espécie de 
Chthonerpeton do nordeste brasileiro (Amphibia, Gymno-
phiona, Typhlonectidae). – Revista Brasileira de Biologia, 54: 
549–553.

Duellman, W. E. (2012): Linnaean Names in South American 
Herpetology. – Bibliotheca Herpetologica, 9: 87–97.

Dunn, E. R. (1942): The American caecilians. – Bulletin of the 
Museum of Comparative Zoology, 91: 439–540.

Elith, J., C. H. Graham, R. P. Anderson, M. Dúdik, S. Fer-
rier, A. Guisan, R. J. Hijmans, F. Huettmann, J. R. Leath-
wick, A. Lehmann, J. Li, L. G. Lohmann, B. A. Loiselle, 
G. Manion, C. Moritz, M. Nakamura, Y. Nakazawa, J. M. 
Overton, A. T. Peterson, S. J. Phillips, K. S. Richardson, 
R. Scachetti-Pereira, R. E. Schapire, J. Soberón, S. Wil-
liams, M. S. Wisz & N. E. Zimmermann, (2006): Novel meth-
ods improve prediction of species’ distributions from occur-
rence data. – Ecography, 29: 129–151.

Frost, D. R. (2015): Amphibian Species of the world: an online 
reference. Version 6.0 (March 31, 2016) – American Muse-
um of Natural History, New York, USA. – Available at http://
research.amnh.org/herpetology/amphibia/index.html. 

Gbif – Global Biodiversity Information Facility (2016): Free and 
open acess to biodiversity data – Copenhagen, Denmark. – 
Available at http://www.gbif.org. 

Gower, D. J., M. Dharne, G. Bhatta, V. Giri, R. Vyas, V. 
Govindappa, O. V. Oommen, J. George, Y. Shouche & M. 
Wilkinson (2007): Remarkable genetic homogeneity in un-
striped, long-tailed Ichthyophis along 1500 km of the Western 
Ghats, India. – Journal of Zoology, 272: 266–275.

Harris, D. J., E. N. Arnold & R. H. Thomas (1998): Relation-
ships of the lacertid lizards (Reptilia: Lacertidae) estimated 
from mitochondrial dna sequences and morphology. – Pro-
ceedings of the Royal Society of London, 265: 1939–1948.

Iucn – International Union for Conservation of Nature (2016): 
Caecilia tentaculata Linnaeus, 1758. – Gland, Switzerland. – 
Available at http://www.iucnredlist.org/details/05953/0. 

Kocher, T. D., W. K. Thomas, A. Meyer, S. V. Edwards, S. 
Pääbo, F. X. Villablanca & A. C. Wilson (1989): Dynamics 
of mitochondrial dna evolution in animals: amplification and 
sequencing with conserved primers. – Proceedings of the Na-
tional Academy of Sciences (USA), 86: 6196–6200.

Kupfer, A., E. Maxwell, S. Reinhard & S. Kuehnel (2016): 
The evolution of parental investment in caecilian amphibians: 
a comparative approach. – Biological Journal of the Linnean 
Society, 119: 4–14.

Maciel, A. O. & M. S. Hoogmoed (2011): Taxonomy and dis-
tribution of caecilian amphibians (Gymnophiona) of Brazil-
ian Amazonia, with a key to their identification. – Zootaxa, 
2984: 1–53. 

MMA (Ministério do Meio Ambiente) (2000): Avaliação e ações 
prioritárias para a conservação da biodiversidade da Mata 
Atlântica e Campos Sulinos. – Conservation International do 
Brasil, Fundação SOS Mata Atlântica, Fundação Biodiversitas, 
Instituto de Pesquisas Ecológicas, Secretaria do Meio Ambien-
te do Estado de São Paulo, SEMAD. – Instituto Estadual de 
Florestas, Brasília.

MMA (Ministério do Meio Ambiente) (2014): Portarias MMA no. 
444/2014 e no. 445/2014 – As listas das espécies da fauna bra-
sileira ameaçadas de extinção. – Ministério Meio Ambiente, 
Brasília, Brasil. – Available at http://www.icmbio.gov.br/por-
tal/_biodiversidade/fauna-brasileira/lista-de-especies.html. 

Nascimento, F. P. & J. S. Lima-Verde (1989): Ocorrência de ofí-
dios de ambientes florestais em enclaves de matas úmidas do 
Ceará (Ophidia: Colubridae). – Boletim do Museu Paraense 
Emílio Goeldi, Série Zoologia, 5: 95–100.

Nussbaum, R. A. & M. S. Hoogmoed (1979): Surinam caecili-
ans, with notes on Rhinatrema bivittatumand the description 
of a new species of Microcaecilia (Amphibia, Gymnophiona). 
– Zoologische Mededelingen, 54: 217–235.

Phillips, S. J. & M. Dudík (2008): Modeling of species distribu-
tions with Maxent: new extensions and a comprehensive eval-
uation. – Ecography, 31: 161–175.

Prance, G. T. (1982): Forest refuges: evidence from woody an-
giosperms. – pp. 137–244 in: Prance, G. T. (ed.): Biological 
Diversification in the Tropics. – University of Columbia Press, 
New York. 

R Core Team (2016): R: A language and environment for statisti-
cal computing. – R Foundation for statistical computing, Vi-
enna, Austria. – Available at https://www.R-project.org.

Sambrook J., E. F. Fritsch & T. Maniatis (1989): Molecular 
cloning: a laboratory manual. – Cold Spring Harbour Press, 
New York. 

San Mauro, D., D. J. Gower, H. Muller, S. P. Loader, R. 
Zardoya, R. A. Nussbaum & M. Wilkinson (2014): Life-his-
tory evolution and mitogenomic phylogeny of caecilian am-
phibians. – Journal of Molecular Phylogenetic Evolution, 73: 
177–189.

Santos, A. M. M., D. R. Cavalcanti, J. M. C. Silva & M. Taba-
relli (2006): Biogeographical relationships among tropical 
forests in north-eastern Brazil. – Journal of Biogeography, 
2006: 1–10.

Sbh – Sociedade Brasileira de Herpetologia (2014): Lista de an-
fíbios do Brasil 2014. – Sociedade Brasileira de Herpetologia, 



434

Correspondence

São Paulo, Brasil. – Available at http://www.sbherpetologia.
org.br/index.php/anfibios.

Taylor, E. H. (1968): The caecilians of the world: a taxonomic re-
view. – University of Kansas Press.

Vanzolini, P. E. (1981): A quasi-historical approach to the natural 
history of differentiation of reptiles in the tropical geographic 
isolates. – Papéis Avulsos de Zoologia, 34: 189–204.

Wilkinson, M., D. San Mauro, E. Sherratt & D. J. Gower 
(2011): A nine-family classification of caecilians (Amphibia: 
Gymnophiona). – Zootaxa, 2874: 41–64.

WorldClim – Global Climate Data (2016): Free climate data for 
ecological modeling and Gis. – Museum of Vertebrate Zoolo-
gy, University of California, Berkeley. – Available at http://
www.worldclim.org/.

Appendix 1

Caecilia tentaculata (8 specimens) Brazil: Ceará: Serra de Ma-
ranguape, Maranguape Municipality: CHUFC A2601 (s/nc); 
CHUFC A6773 (b086); CHUFC A6774 (b284); CHUFC A6775 
(B285), Maciço de Baturité, Pacoti Municipality: CHUFC 
A6477 (DMB916); CHUFC A6478 (DMB483); CHUFC A6479 
(DMB684); CHUFC A6543 (BAT03). 


