
243

Ichthyol. Explor. Freshwaters, Vol. 15, No. 3, pp. 243-256, 9 figs., 4 tabs., September 2004 
© 2004 by Verlag Dr. Friedrich Pfeil, München, Germany -  ISSN 0936-9902

Three new subterranean species of Ituglanis 
from Central Brazil 

(Siluriformes: Trichomycteridae)

Maria Elina Bichuette* and Eleonora Trajano**

Three new species (Ituglanis bambui, I. epikarsticus, I. ramiroi) are described from different cave systems in São 
Domingos karst area, State of Goiás, Tocantins River basin, Central Brazil. The three are distinguished from each 
other and from I. passensis, another cave species from that area, by the degree of reduction of eyes and pigmenta­
tion, coloration patterns (when present), number of opercular and interopercular odontodes, shape of maxilla, 
vomer, palatine and urohyal bones, caudal skeleton, in addition to morphometric and meristic characters. Five 
pairs of ribs were observed in adults I. epikarsticus and one cleared and stained juvenile of I. bambui. Ituglanis ramiroi 
showed unique characters: an integument fold anterior and posterior to the dorsal fin and nine pectoral-fin rays. 
Ituglanis bambui inhabits an upper vadose tributary inside Angelica Cave, where it is relatively abundant. Ituglanis 
epikarsticus and I. ramiroi are rare in cave habitats, being found respectively in a single set of rimstome pools in 
São Mateus Cave and in a side pool in São Bernardo Cave. No trichomycterid catfish has been found in epigean 
streams in the study area. Allopatric models are proposed for the origin of these species based on the local 
extinction of epigean populations and/or isolation in epikarstic habitats due to alluvial downcutting of the main 
cave drainages.

Introduction

Brazil has a diverse and abundant hypogean (sub­
terranean) ichthyofauna, with at least 18 troglo- 
bitic (exclusively subterranean) species occurring 
in different karst areas, including those described 
herein (Trajano, 1997; Trajano & Bichuette, 2003). 
In this aspect, it compares to Mexico, the Carib­
bean, China and southeast Asia (Weber et al., 1998).

The Neotropical Trichomycteridae is one of 
the most diverse siluriform family, comprising at 
least 35 genera and 200 nominal species (de Pin­

na, 1998; Wosiacki, 2002) of small-sized catfishes, 
with cis- and transandine species. The genus Tri- 
chomycterus Valenciennes, 1833 is the most speci- 
ose of the family (over 100 species) and one of the 
catfish genera best represented in the cave envi­
ronment, including several species that show re­
duction of eyes and of melanic pigmentation 
(troglomorphisms) indicating restriction to sub­
terranean habitats. Up to now, at least seven 
troglomorphic species were reported: T. chaberti 
from Bolivia; T. conraii and T. spelaeus from Ven­
ezuela; T. itacarambiensis from eastern Brazil; and
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three undescribed species, one from Colombian 
Andes (Sket, 1988) and two respectively from 
northeastern and southwestern Brazil (M. de Pin­
na, pers. comm.).

Costa & Bockmann (1993) erected the genus 
Ituglanis to include nine species previously placed 
in Trichomycterus, based on three autapomorphies 
(supraoccipital fontanel reduced to a small round 
orifice, palatine with a deep medial concavity, 
anterior extremity of sphenotic directed anterior­
ly). Ituglanis species are distributed in cisandine 
South America and include nine species (Costa & 
Bockmann, 1993). A recently described cave spe­
cies, I. passensis from Passa Três Cave, in São 
Domingos karst area, Central Brazil, represents 
the first record of the genus for the subterranean 
environment (Fernández & Bichuette, 2002).

The São Domingos region, State of Goiás, is 
distinguished by its subterranean ichthyofauna 
particularly rich in both troglomorphic and non- 
troglomorphic species. This region has the high­
est diversity of subterranean fishes among the 
Brazilian karst areas, with seven troglobitic spe­
cies reported until now (Bichuette & Trajano, 2003; 
Trajano et al., 2004), including the presently de­
scribed ones. Fieldwork carried out during the 
dry seasons of 1999, 2000 and 2001, with collec­
tions in subterranean and in epigean stream reach­
es of São Domingos karst area, yielded three 
populations of troglobitic trichomycterids other 
than J. passensis. Differences in the external mor­
phology, anatomy, ecology and behaviour were 
observed among these four populations, justify­
ing the recognition of distinct species. The aim of 
this paper is to describe the three new cave spe­
cies of Ituglanis from Central Brazil, with habitat 
and ecological data and evolutionary considera­
tions.

Study site

The three species described herein have been 
found in caves (respectively, Angélica, São Ma­
teus and São Bernardo caves) situated within the 
limits of the Terra Ronca State Park (13°30'-13o50'S 
46°10'-46°30,W), in São Domingos County, east­
ern State of Goiás, Central Brazil. This area lies in 
the Cerrado (the savannah-like Brazilian vegeta­
tion) phytogeographic domain (Ab’Saber, 1977), 
and is characterized by a tropical semi-humid 
climate with 4-5 dry months per year (Nimer, 
1979). São Domingos is a carbonate karst area

characterized by the presence of continuous linn I  
stone outcrops belonging to the Bambui Grou| ■  
crossed by several parallel streams running we| I  
wards to join the Parana River, a tributary of th I  
Upper Tocantins River, in the Amazon basil I  
Characteristically, after an epigean reach, ead I  
major stream and some of their tributaries enli jfl 
into a cave through a sinkhole, cross hundreds I I  
thousands of meters through subterranean cot I  
duits, and emerge to the surface through a resui I  
gence. A map showing the rivers and caves froi E  
São Domingos Karst area is in Trajano & BichueMg 
(2003: 1103).

The descriptions of the new species are base 
on specimens found in cave habitats in the va C 
dose zone (zone of vertical circulation of meteof 
ic water, in opposition to the phreatic, or satural 
ed zone) fed by epikarstic waters. The epikarsti ] 
the uppermost layer of a karstified rock (an irreg 
ular region with sinks, springs, bare limestone 7 
underground streams and caverns) in which 
large proportion of fissures have been enlarge! 
by solutional erosion allowing a rapid infiltra c 
tion and storage of large quantities of water (Drew r
1995), that may form perched aquifers. r

Methods £
t

Fishes were hand-netted, preserved in formalii 1 
and transferred to alcohol 70 % for study in labo < 
ratory. A small number of specimens were re 1 
moved from the populations for preservation ami 
behavioral studies in order to avoid importanj ( 
losses for these populations because troglobitii i 
species are intrinsecally fragile, vulnerable to dij ] 
turbance and easily threatened (Culver, 1986; Tra- 1 
jano, 2001). Moreover, troglobitic Ituglanis cat- f 
fishes are indeed rare in São Mateus and Sat 
Bernardo caves. An undetermined species of Iw 
glanis from the Tocantins River basin, in the State 
of Goiás, representing the closest epigean localit) 
available to us, was used for comparison with the 
Ituglanis populations from caves in the São Do 
mingos karst area.

All measurements were straight-line, taken 
under stereomicroscope with a dial caliper,
0.1 mm precision, on the left side of specimens. 
Measurements follow Tchernavin (1944), de Pin­
na (1992), and Trajano & de Pinna (1996). Counts 
of dorsal-, anal-fin rays and vertebrae follow de 
Pinna (1992). Specimens were cleared and dou­
ble-stained for bone and cartilage by the method
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Fig. 1. ituglanis bambui, Brazil: Goiás: Angélica Cave, a, not preserved, about 45.0 mm SL; b, holotype, MZUSP 
79860, 43.2 mm SL.

of Taylor & Van Dyke (1985). Osteological termi­
nology follows de Pinna (1989). Counts of chro- 
matophores were made under stereomicroscope 
on a 1.0 mm2 area below the dorsal fin of adults 
specimens. Counts were also made in the epi­
gean species of Ituglanis from the Tocantins river 
basin. Abbreviations: MZUSP, Museu de Zoo­
logia da Universidade de São Paulo; C&S, cleared 
and stained; TL, total-length; SL, standard-length; 
HL, head length.

Minimal population densities were calculat­
ed based on visual censuses (Krebs, 1989), taking 
into account the area of the cave streams and 
pools inspected for the present study. Spatial dis­
tribution in the natural environment was de­
scribed using the ad libitum method (Lehner,
1996).

Ituglanis bambui, new species
(Fig- 1)

Holotype. MZUSP 79860, 43.2 mm SL; Brazil: 
Goiás: São Domingos: Terra Ronca State Park: 
Angelica Cave: upper tributary of main subterra­
nean stream, formed by infiltration of epikarstic 
water, 13°31'S 46°23’W; M. E. Bichuette, 5 May 
2001.

Paratypes. MZUSP 79861, 1, 32.7 mm SL; same 
locality as holotype; M. E. Bichuette & R. H.

Santos, 7 Sep 1999. -  MZUSP 79862, 4, 30.6-
45.5 mm SL (C&S); same locality as holotype; M. 
E. Bichuette & R. H. Santos, 3 May 2000. -  MZUSP 
79863,3,35.0-41.5 mm SL (C&S); same locality as 
holotype; M. E. Bichuette, R. H. Santos & A. 
Chagas-Jr., 1 Aug 2000. -  MZUSP 79864, 4, 31.7-
46.3 mm SL (C&S); same locality as holotype; M. 
E. Bichuette & R. H. Santos, 7 Aug 2001.

Diagnosis. Ituglanis bambui is distinguished 
among its epigean and cave congeners by the 
combination of the following characters: small 
size (max. 46.3 mm SL); pigmentation pattern in­
termediate between epigean and cave Ituglanis 
species, with small light brown spots on body, 
spots twice larger than in I. epikarsticus and 
I. ramiroi (Fig. la); eyes relatively developed when 
compared to cave species but reduced when com­
pared to the epigean ones, with diameter varying 
from 0.2-0.3 mm (3.4-6.1 % HL) in adults to 0.5 mm 
(5.7 % HL) in juveniles (vs. 0.8-1.1 mm, 10.4-13.7 % 
HL in adults of epigean Ituglanis species; n=6, 
55.7-63.0 mm SL). Maxilla with proeminent me­
dial-posterior projection; fronto-lachrymal as long 
as maxilla, posteriorly pointed; posterior process 
of palatine Vi of palatine length, with medial 
concavity accentuated; vomer elongate with a 
small constriction in neck; opercle with 11 odon- 
todes and interopercle with 26 odontodes; caudal 
skeleton with upper hypural plate triangular and 
lower trapezoidal, neural spine of preural cen­
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trum with rounded extremity, dorsal procurrent 
rays 16 and ventral 14.

Description. Morphometric data of holotype and 
paratypes are given in Table 1. Body elongate, 
semi-cylindrical, becoming compressed towards 
caudal fin. Dorsal and ventral profiles of trunk 
and caudal peduncle straight (Fig. lb). Lips and 
barbels covered by papillae.

Head, depressed, trapezoidal in dorsal view. 
Eyes reduced in relation to epigean Ituglanis spe­
cies, but visible externally as round black spots 
covered by thin skin. Anterior nostril transver- 
sally ovoid and slightly smaller than posterior 
nostril, surrounded laterally by nasal barbels. 
Posterior nostril rounded. Mouth subterminal, 
rictus posteriorly directed. When adpressed to 
body, maxillary barbel extending almost to end 
of pectoral fin, submaxillary barbel to origin of 
pectoral fin, nasal barbel to middle of pectoral 
fin.

Pectoral fin triangular in dorsal view, with 8 
rays, first ray longer, unbranched and filamen­
tous. Dorsal fin with 10 rays (3 unbranched, 7 
branched), semi-circular in lateral view. Anal fin 
with 9 rays (4 unbranched, 5 branched), semi­
circular in lateral view, distal margin slightly

rounded. Pelvic fin with 5 rays, first ray un­
branched, rectangular in ventral view, splint 
present. Posterior caudal fin margin straight, with 
6+8 principal rays, dorsal procurrent rays 16 and 
ventral 14.

General morphology of cranium. Main body 
axis of mesethmoid with similar anterior and 
posterior widths, width of cornua % of lenght, 
cornua with acute distal extremity; posttemporo- 
supracleithrum not elongate, with dorsal limb 
lying in pterotic. Three premaxillary tooth rows. 
Maxilla with proeminent medial-posterior pro­
jection. Fronto-lachrymal as long as maxilla, pos­
teriorly pointed (Fig. 2). Branchiostegal rays six. 
Base of laminar surface of urohyal four times 
larger than distal extremity; urohyal dorsal proc­
ess short (Fig. 3a). Length of posterior process of 
palatine Vi of palatine length, medial concavity 
accentuated (Fig. 3b). Vomer elongate, neck with 
small constriction. Opercle with 11 odontodes 
and interopercle with 26 odontodes.

Postcranial skeleton. Total vertebrae 36-37; 
six pairs of ribs. Epural absent. Neural spine 
(n= l) of preural centrum with rounded extremi­
ty. Upper hypural plate triangular, lower hypural 
plate trapezoidal. Uroneural with acute distal 
extremity (Fig. 3c).

Table 1. Morphometric data of holotype (H) and 12 paratypes of Ituglanis bambui.

H

Standard length (mm) 30.6 31.7 31.9 32.0 32.7 35.0 39.0 40.8 41.5 43.2 43.6 45.5 46.3
Total length (mm) 34.9 36.6 36.6 37.3 38.1 39.5 45.0 47.1 46.8 47.6 51.0 52.3 52.9

Percentages of standard length
Body depth 10.0 9.7 11.0 10.0 9.2 10.0 9.0 10.5 10.0 9.1 9.0 10.7 10.0
Caudal peduncle length 18.0 14.5 18.0 17.0 17.4 15.0 19.4 18.6 16.0 14.8 18.0 14.9 16.0
Caudal peduncle depth 7.0 5.0 8.0 7.0 6.7 7.0 7.7 9.1 10.0 5.1 7.0 9.2 9.0
Predorsal length 66.0 69.7 67.0 67.0 56.2 64.0 67.0 72.5 68.0 66.7 69.0 70.3 68.0
Preanal length 68.0 71.9 71.0 72.0 59.3 67.0 69.4 69.8 73.0 69.2 72.0 78.0 72.0
Prepelvic length 56.0 59.6 54.0 50.0 47.4 56.0 57.0 58.1 59.0 55.1 59.0 59.3 60.0
Dorsal-fin base length 10.0 6.9 10.0 8.0 7.9 7.0 6.9 7.8 9.0 7.9 8.0 9.6 8.0
Anal-fin base length 9.0 8.2 8.0 9.0 7.6 6.0 6.7 7.4 11.0 7.9 7.0 8.6 6.0
Head length 17.0 17.0 16.0 16.0 15.0 17.0 16.7 16.2 17.0 16.2 16.0 15.2 17.0
Head width 14.4 17.4 16.3 16.3 16.5 16.6 16.4 17.2 16.6 14.3 16.3 16.9 17.1
Head depth 8.5 9.1 9.4 9.1 7.3 8.6 8.2 8.1 8.9 6.5 8.0 7.9 8.9

Percentages of head length
Nasal barbel length 90 66 90 67 77 91 106 69 84 81 65 75 83
Maxillary barbel length 116 98 108 100 100 107 120 92 103 84 91 107 84
Submaxillary barbel length 78 61 79 58 63 78 75 59 80 70 64 51 68
Mouth width 53 61 56 54 51 53 52 68 61 54 59 68 60
Internarial width 19 20 25 25 22 20 21 19 24 22 20 20 22
Interorbital 31 27 32 36 32 34 30 33 35 30 29 33 36
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Fig 2. Ituglanis bambui. Schematic dorsal view of neuro- 
I cranium and maxillae. Abbreviations: f, frontal; fl,fron- 
I to-lachrymal; le, lateral ethmoid; me, mesethmoid;
I mx, maxilla; pf, posterior fontanel; pt, pterotic; pttsc, 

posttemporosupracleithrum; s, sphenotic; soc, supra- 
ocdpital; w, weberian complex. Scale bar 1.0 mm.

Color of living specimens. Irregular light brown 
spots along dorsum and flanks (Fig. la). Eye 
black. Dorsal portion of head darker than the rest 
of body mainly between eyes. Juveniles less pig­
mented than adults, dorsal region of skull darker 
than in other parts of body.

Color in alcohol. Pale light brown in adults and 
pale yellowish in juveniles. Eye black. Fins poor­
ly pigmented, translucent. Dorsal portion of head 

I light gray. Density of chromatophores ranging 
from 6.0 to 19.5 per mm2 (n=7, mean=9.8, 
sd=4.69), chromatophores coloration varying 

! from light brown to black points.

I Juvenile. One cleared and stained juvenile of 
I. bambui (21.5 mm SL, non type) differs from the 

1 adults by: posterior fontanel wide and directed 
I anteriorly, like a window; seven branchiostegal 

rays; five pairs of ribs.

Ecology and behaviour. Ituglanis bambui inhab- 
I its an upper vadose tributary of Angelica stream 
I inside Angélica Cave, near the sinkhole end 

(where the epigean stream sinks into the cave).

I Ichthyol. Explor. Freshwaters, Vol. 15, No. 3

247

b

Fig. 3. Ituglanis bambui. a, ventral view of urohyal; b, left 
palatine; c, left lateral view of caudal skeleton. Abbre­
viations: dp, dorsal process; hy, hypural; Is, laminar 
surface; ns, neural spine; ph, parahypural; pp, poste­
rior process; pu, preural centrum; u, uroneural. Scale 
bars 1.0 mm.

This tributary is characterized by slow-moving 
waters, 10-150 cm deep on average, and bottom 
formed basically by silt and clay with some rocky 
blocks. Based on visual censuses and on the area 
of the accessible fish habitat (approximately 250 m 
long and 4.5 m wide in average), minimum pop­
ulation density in the studied site was estimated 
around 0.04 indiduals per m2. Environmental 
variables measured in May, July and August 2000 
(dry season): water temperature 23.6, 19.9 and
21.6 °C; pH 7.9, 8.6, and 8.0; dissolved oxygen 
8.2, 7.7 and 6.6 mg • l-1. The pH values are typical 
of a subterranean karst drainage (Culver, 1982). 
In all occasions the individuals were observed 
solitary, with swimming activity on the bottom,
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in midwater and sometimes extending to the 
surface. No observed fish displayed cryptobiotic 
habits, never trying to hide or bury into the soft 
bottom when disturbed. Specimens of Ituglanis, 
probably also I. bambui, have been observed (but 
not collected) in a second upper tributary situat­
ed at the opposite end of the cave, near the stream 
resurgence

Distribution. Ituglanis bambui is known from two 
upper tributaries of the main stream in the Angéli­
ca Cave which are 7,000 m far apart, indicating a 
wide distribution in the epikarst.

Etymology. The specific name makes reference 
to the carbonate geological unit, the Bambui 
Group, where it occurs, and it is also a recognition 
to the Brazilian speleological association, Grupo 
Bambui de Pesquisas Espeleológicas (GBPE), for 
its contribution to Brazilian speleology.

Ituglanis epikarsticus, new species 
(Fig. 4)

Holotype. MZUSP 79869, 26.0 mm SL; Brazil: 
Goiás: São Domingos: Terra Ronca State Park: 
São Mateus Cave: rimstone dams (travertine ba­
sins) fed by infiltration of epikarstic water (13°40'S 
46°22’W); M. E. Bichuette, 11 Aug 2001.

Paratypes. MZUSP 79870, 1, 34.0 mm SL; same 
locality as holotype; M. E. Bichuette & F. C. T. 
Lima, 15 July 1999. -  MZUSP 79871, 2, 29.2 and
30.6 mm SL (C&S); same locality as holotype; M. 
E. Bichuette, 24 May 1999. -  MZUSP 79872, 1, 
29.9 mm SL (C&S); same locality as holotype; 
M. E. Bichuette & F. D. Passos, 11 Aug 2001.

Diagnosis. Ituglanis epikarsticus is distinguished 
from its epigean and cave congeners by the com­
bination of the following characters: small size 
(max. 34.0 mm SL); the higher degree of reduc­
tion in body pigmentation and in eyes size, 2.0- 
2.1 % HL (Figs. 4a-b); supraoccipital fontanel very 
reduced or absent; base and distal extremity of 
laminar surface of urohyal with similar widths, 
dorsal process short; posterior process of pala­
tine as long as palatine length, medial concavity 
slightly rounded; maxilla with discrete medial- 
posterior projection; fronto-lachrymal % length 
of maxilla, anteriorly and posteriorly pointed; 
opercle with 9 odontodes and interopercle with

20-21 odontodes; 5 pairs of ribs (also observed in 
a juvenile of I. bambui); caudal skeleton with up­
per hypural plate triangular and lower one rec­
tangular, neural spine of preural centrum with 
acute extremity, dorsal procurrent rays 14 and 
ventral 10.

Description. Morphometric data of holotype and 
paratypes are given in Table 2. Body elongate, 
semi-cylindrical, becoming compressed towards 
caudal fin. Dorsal and ventral profiles of trunk 
and caudal peduncle straight (Fig. 4b). Lips and 
barbels covered by papillae.

Head trapezoidal in dorsal view. Eyes ap­
pearing as very small round black spots covered 
by thin skin. Eyes diameter around 0.1 mm in 
two individuals. Anterior nostril rounded, sur­
rounded laterally by nasal barbels. Posterior nos­
tril semi-circular. Mouth subterminal, with rictus 
slightly straight. Maxillary barbel extending to 
origin of pectoral fin, submaxillary barbel to end 
of interopercle, nasal barbel to end of interoper­
cle.

Pectoral fin triangular in dorsal view, with 8 
rays, first ray longer, unbranched and filamen­
tous. Dorsal fin with 11 rays (3 unbranched, 8 
branched), trapezoidal in lateral view. Anal fin

Table 2. Morphometric data of holotype (H) and 4 
paratypes of Ituglanis epikarsticus.

H

Standard length (mm) 26.0 29.2 29.9 30.6 34.0
Total length (mm) 30.0 34.0 35.2 35.4 38.6

Percentages of standard length
Body depth 8.5 7.9 7.7 7.5 9.4
Caudal peduncle length 17.0 12.7 15.1 10.5 18.5
Caudal peduncle depth 5.4 7.2 4.7 6.2 4.4
Predorsal length 65.0 72.6 67.2 69.3 71.2
Preanal length 70.4 73.6 74.2 76.5 70.3
Prepelvic length 54.6 58.2 59.3 57.6 55.9
Dorsal-fin base length 10.0 11.6 8.4 8.8 10.6
Anal-fin base length 11.2 6.8 9.7 7.2 8.5
Head length 15.4 16.1 17.7 16.3 16.5
Head width 17.3 17.5 15.1 17.6 13.2
Head depth 9.6 7.9 7.0 8.2 7.4

Percentages of head length
Nasal barbel length 82 55 58 60 62
Maxillary barbel length 110 115 102 104 106
Submaxillary barbel length 72 51 56 54 59
Mouth width 61 53 52 50 49
lnternarial width 20 21 22 22 14
Interorbital 30 25 22 26 26

Bichuette & Trajano: Three new subterranean Ituglanis



249

Fig. 4. Ituglanis epikarsticus, Brazil: Goiás: São Mateus Cave, a, not preserved, about 29.0 mm SL, in natural habitat; 
b, holotype, MZUSP 79869, 26.0 mm SL.

with 8 rays (2 unbranched, 6 branched), trapezoi­
dal in lateral view. Pelvic fin with 5 rays, first ray 
unbranched, rectangular in ventral view, splint 
present. Posterior caudal fin margin straight, trun­
cate in dorsal and ventral edges, with 6+8 princi­
pal rays, dorsal procurrent rays 14 and ventral 
10.

General morphology of cranium. Main body 
axis of mesethmoid with anterior and posterior 
portions with same width, base of cornua % of 
length, distal extremity acute; posttemporosupr- 
acleithrum elongate with dorsal limb lying in 
pterotic. Three premaxillary tooth rows. Maxilla 
with discrete medial-posterior projection. Fron- 
to-lachrymal % length of maxilla, anteriorly and 
posteriorly pointed (Fig. 5). Base and distal ex­
tremity of laminar surface of urohyal with simi­
lar widths, dorsal process of urohyal short 
(Fig. 6a). Posterior process of palatine as long as 
palatine length, medial concavity slightly round­
ed (Fig. 6b). Vomer short when compared to 
I. bambui. Opercle with 9 odontodes, interopercle 
with 20-21 odontodes.

Postcranial skeleton. Total vertebrae 36; five 
pairs of ribs. Epural absent. Neural spine (n= l) 
of preural centrum with acute extremity. Upper 
hypural plate triangular, lower hypural plate rec­
tangular. Uroneural straight, with rounded ex­
tremity (Fig. 6c).

Fig. 5. Ituglanis epikarsticus. Schematic dorsal view of 
neurocranium and maxilla. Abbreviations: f, frontal; 
fl, fronto-lachrymal; le, lateral ethmoid; me, mes­
ethmoid; mx, maxilla; pi, posterior fontanel; pt, pter­
otic; pttsc, posttemporosupracleithrum; s, sphenotic; 
soc, supraoccipital; w, weberian complex. Scale bar 
1.0 mm.

Ichthyol. Explor. Freshwaters, Vol. 15, No. 3
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Fig. 6. Ituglanis epikarsticus. a, ventral view of urohyal; 
b, left palatine; c, left lateral view of the caudal skele­
ton. Abbreviations: dp, dorsal process; hy, hypural; 
Is, laminar surface; ns, neural spine; ph, parahypural; 
pp, posterior process; pu, preural centrum; u, uro- 
neural. Scale bars 1.0 mm.

Color of living specimens. Pinkish-white, trans­
parent in one individual. Dorsal region of skull 
darker than other parts of body. Eye spot black. 
Fins not transparent (Fig. 4a).

Color in alcohol. Pale yellowish with very few 
scattered chromatophores (very small black points) 
distributed along dorsum and flanks of body. 
Density of chromatophores 6.0 to 7.5 per mm2 
(n=2).

Ecology and behaviour. Ituglanis epikarsticus has 
been found in pools in a set of rimstone dams 
(wall-shaped barriers of calcite, aragonite or oth­
er chemical deposits that impound water pools), 
10-30 cm deep and with rocky bottom.These pools 
are fed by epikarst waters percolating from the 
ceiling. Density of fish in the rimstone pools (about 
20 m2) was estimated around 0.08 individuals 
per m2. Environmental variables measured in May 
1999 (dry season) in the rimstone pools: water 
temperature 24.8 °C; pH 7.7 and dissolved oxy­
gen 7.7 mg ■ I-1. Different values were obtained in 
this occasion at the main cave stream: tempera­
ture 21.9 °C; dissolved oxygen 9.3 mg-I-1. The 
rare fishes seen were solitary, swimming on the 
bottom, along the walls and sometimes at the 
surface of the pools. Like I. bambui, and contrast­
ing with 7. passensis, I. epikarsticus did not exhibit 
any cryptobiotic habits.

Distribution. Ituglanis epikarsticus is known from 
a single set of rimstone dams in São Mateus Cave.

Etymology. The specific name, epikarsticus, makes 
reference to the type of aquifer where the species 
occurs. An adjective.

Ituglanis ramiroi, new species
(Fig- 7)

Holotype. MZUSP 79865, 27.1 mm SL; Brazil: 
Goiás: São Domingos: Terra Ronca State Park: 
São Bernardo Cave: side pool fed by small water 
inlet (13°49'S 46°21'W), for about 700 m from cave 
entrance; M. E. Bichuette, 12 Aug 1999.

Paratypes. MZUSP 79866, 2, 30.2-30.9 mm SL 
(C&S); same locality as holotype; M. E. Bichuette 
& R. H. Santos, 21 May 1999. -  MZUSP 79867, 3, 
25.4-31.3 mm SL (C&S); same locality as holo­
type; M. E. Bichuette & R. H. Santos, 27 May 
1999. -  MZUSP 79868,1,29.3 mm SL; same local­
ity as holotype; M. E. Bichuette & R. H. Santos, 12 
July 1999.

Diagnosis. Ituglanis ramiroi is distinguished from 
its epigean and cave congeners by the combina­
tion of the following characters: small size (max.
31.3 mm SL); reduced body pigmentation, with 
very small chromatophores, dorsal region of head 
darker than remaining body parts; small integu­
ment fold anterior to dorsal fin and proeminent
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posterior to dorsal fin (Fig. 7a); eye size interme­
diate between I. bambui and I. epikarsticus, 3.7-
4.7 % HL; nine pectoral-fin rays; base of laminar 
surface of urohyal 1.5 times larger than distal 
extremity dorsal process long; posterior process 
of palatine % of palatine length, with medial 
concavity slightly rounded; maxilla straight, with­
out medial-posterior projection; fronto-lachrymal 
as long as maxilla, posteriorly pointed; opercle 
with 12-13 odontodes, interopercle with 24-25 
odontodes; caudal skeleton with the upper hy­
pural plate trapezoidal and the lower trapezoidal 
to rectangular, neural spine of preural centrum 
with acute extremity, dorsal procurrent rays 16 
and ventral 12.

Description. Morphometric data of holotype and 
paratypes are given in Table 3. Body elongate, 
cylindrical, becoming compressed towards cau­
dal fin. Dorsal and ventral profiles of trunk and 
caudal peduncle dislodged, with the caudal pe­
duncle not broad like the trunk (Fig. 7b). Lips 
and barbels covered by papillae.

Head trapezoidal in dorsal view. Eyes appear 
as very small round black spots covered by thin 
skin. Eyes diameter 0.2 mm in three individuals. 
One paratype with eyes not externally visible. 
Anterior nostril rounded, surrounded laterally

by nasal barbels. Posterior nostril semi-circular. 
Mouth subterminal, rictus accentuatedly direct­
ed posteriorly. Maxillary barbel extending to or­
igin of pectoral-fin; submaxillary barbel extend­
ing to end of opercle; nasal barbel extending to 
end of interopercle.

Pectoral fin triangular in dorsal view, with 9 
rays, first ray unbranched and filamentous. Dor­
sal fin with 9 rays (3 unbranched, 6 branched), 
trapezoidal in lateral view. Anal fin with 6 rays 
(2 unbranched, 4 branched), rectangular in later­
al view. Pelvic fin with 5 rays, first ray unbranched, 
triangular in ventral view, splint present. Posteri­
or caudal fin margin straight, slightly rounded in 
dorsal and ventral edges, with 6+7 principal rays, 
dorsal procurrent rays 16 and ventral 12.

General morphology of cranium, anterior 
portion of main body of mesethmoid % of poste­
rior portion, basis of comua approximately Vi of 
length, with rounded distal extremity; posttem- 
porosupracleithrum elongate with a short dorsal 
limb lying in pterotic. Three premaxillary tooth 
rows. Maxilla without medial-posterior projec­
tion, straight. Fronto-lachrymal as long as maxil­
la, posteriorly pointed (Fig. 8). Base of laminar 
surface of urohyal 1.5 times larger than distal 
extremity, dorsal process of urohyal long (Fig. 9a); 
posterior process of palatine % of palatine length,

Table 3. Morphometric data of holotype (H) and 6 paratypes of Ituglanis ramiroi.

H

Standard length (mm) 25.4 27.1 29.3 30.2 30.5 30.9 31.3
Total length (mm) 30.3 31.9 33.5 34.4 34.1 36.0 36.4

Percentages of standard length
Body depth 10.0 14.0 14.0 10.0 12.0 11.0 13.0
Caudal peduncle length 15.0 17.0 16.0 17.0 15.0 10.0 16.0
Caudal peduncle depth 6.0 6.0 4.8 9.0 6.0 8.0 6.0
Predorsal length 66.0 69.0 66.0 71.0 66.0 72.0 67.0
Preanal length 71.0 70.0 69.0 73.0 68.0 75.0 69.0
Prepelvic length 58.0 58.0 56.0 56.2 53.0 57.5 56.0
Dorsal-fin base length 9.0 11.0 11.0 9.0 9.0 8.7 10.0
Anal-fin base length 11.0 8.0 9.0 8.0 9.0 8.1 10.0
Head length 14.0 15.0 15.0 17.0 16.0 17.0 17.0
Head width 16.1 18.1 16.0 17.9 14.8 16.5 18.2
Head depth 9.0 11.0 10.2 9.0 9.5 10.0 8.0

Percentages of head length
Nasal barbel length 86 85 88 81 84 81 79
Maxillary barbel length 125 120 123 98 99 108 102
Submaxillary barbel length 67 63 74 54 56 50 62
Mouth width 57 51 51 46 45 51 51
Internarial width 25 24 25 19 20 19 22
Interorbital 31 31 32 25 30 27 28
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Fig. 7. Ituglanis ramiroi, Brazil: Goiás: São Bernardo Cave, a, not preserved, about 33.0 mm SL; b, holotype, 
MZUSP 79865, 27.1 mm SL.

medial concavity slightly rounded (Fig. 9b); 
vomer shorter than in I. bambui, with an enlarge­
ment in medial region; opercle with 12-13 odon­
todes, interopercle with 24-25 odontodes.

Postcranial skeleton. Total vertebrae 36; six 
pairs of ribs. Epural absent. Neural spine (n = l) 
of preural centrum with acute extremity. Upper 
hypural plate trapezoidal, lower hypural plate 
trapezoidal to rectangular. Uroneural straight, 
with acute extremity (Fig. 9c).

Color of living specimens. Pale yellowish with 
scattered chromatophore spots along dorsum and 
flanks of body Eye spots black. Fins without 
pigments, with translucent aspect (Fig. 5a).

Color in alcohol. Pale yellowish to white. Eye 
spots black. Density of chromatophores ranging 
from 9.0 to 12.0 per mm2 (n=3), chromatophores 
coloration varying from light brown to very small 
reddish points.

Fig. 8. Ituglanis ramiroi. Schematic dorsal view of neuro­
cranium and maxilla. Abbreviations: f, frontal; fl, fron­
to-lachrymal; le, lateral ethmoid; me, mesethmoid; 
mx, maxilla; pf, posterior fontanel; pt, pterotic; pttsc, 
posttemporosupracleithrum; s, sphenotic; soc, supra- 
occipital; w, weberian complex. Scale bar 1.0 mm.

Ecology and behaviour. Ituglanis ramiroi has been 
found in a side pool five meters above the main 
stream level, formed by water percolating from 
the rock. The water current in the pool was slow, 
depth varied from 10 to 40 cm and the bottom 
was formed basically by silt and gravel, with
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Fig. 9. Ituglanis ramiroi. a, ventral view of urohyal; b, left palatine; c, left lateral view of the caudal skeleton. 
Abbreviations: dp, dorsal process; hy, hypural; Is, laminar surface; ns, neural spine; ph, parahypural; pp, poste­
rior process; pu, preural centrum; u, uroneural. Scale bars 1.0 mm.

some boulders. Density offish in the pool (around 
18 m x 1.3 m) was estimated around 0.3 individ­
uals per m2. Environmental variables measured 
in May 1999, July 2000 and August 2001 (dry 
seasons): water temperature 23.1,23.0 and 22.5 °C; 
pH 6.76, 7.5 and 7.3; and dissolved oxygen 5.1,
4.7 and 5.4 m g-l_l. The relatively low values of 
dissolved oxygen are probably related to the slow 
movement of water in the pool. In all occasions, 
the individuals were observed solitary, swim­
ming on the bottom and displaying rare events of 
surface swimming. Ituglanis ramiroi showed weak 
cryptobiotic habits, sometimes hiding under boul­
ders, but not burying in the silt.

Distribution. Ituglanis ramiroi is known only from 
a pool formed by infiltration of water in the São 
Bernardo Cave (13°49'S 46°21'W).

Etymology. The specific name honours Ramiro 
Hilário dos Santos, local inhabitant and guide in 
Terra Ronca State Park, who discovered these 
catfishes and an enthusiastic supporter of the 
protection of caves in the area.

Discussion

According to Costa & Bockmann (1993), Ituglanis 
is defined by three autapomorphies: supraoccip- 
ital fontanel reduced to a small round orifice, 
palatine with a deep medial concavity and ante­
rior extremity of the sphenotic directed anterior­
ly; all of them are present in the three species 
herein described.

Ituglanis bambui, I. epikarsticus and I. ramiroi 
may be distinguished from the epigean Ituglanis 
sp. from Tocantins river basin mainly by the re­
duction of eyes, the lower density of chromato­
phores (respectively, 6.0-19.5, 6.0-7.5 and 9.0-12.0 
per mm2, vs. 58.0-119.0 in six specimens of epi­
gean Ituglanis sp., MZUSP 53222), and the small­
er body sizes (see diagnoses). In general, epigean 
species of Ituglanis have dark chromatophores, 
with coloration patterns ranging from chocolate 
brown, with few darker spots, to dark brown 
with numerous spots on the body (Eigenmann, 
1918; Costa & Bockmann, 1993; Fernández, 2001). 
The troglobitic status of the three new species is 
further supported by the fact that no specimen of 
Ituglanis has been so far found in the epigean 
streams in the area, in spite of an intensive col­
lecting effort. Therefore, the troglobitic species of 
Ituglanis, including I. passensis, from São Domin­
gos karst area, may represent geographic or dis­
tributional relicts (sensu Holsinger, 1988).

Table 4 summarizes the differences between 
the three new species and I. passensis, showing 
the mosaic distribution of characters among these 
species. A1 thought the degree of body pigmenta­
tion and eyes sizes are the most evident diagnos­
tic characters for the subterranean species of Itu­
glanis, the combination of morphometric and os- 
teological characters are also diagnostic.

Several authors advocate a correlation be­
tween time of isolation in the subterranean hab­
itat and degree of reduction of eyes and of pig­
mentation, with the populations showing less 
reduced and/or variable eyes and pigmentation 
isolated for shorter times than those homogene­
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ously anophthalmic and unpigmented (Wilkens, 
1982, 1986; Trajano, 1995). From this, it may be 
concluded that I. bambui, which presents a lower 
degree of regression of body pigmentation and 
eyes, has been isolated in the subterranean envi­
ronment for a shorter time than 1. passensis, 
I. ramiroi and I. epikarsticus. However, I. bambui 
exhibited the most reduced cryptobiotic habits 
and an important midwater and surface activity, 
which are considered apomorphic, advanced 
traits for troglobitic catfishes (Trajano & Bock­
mann, 1999).

The larger size of I. bambui, intermediate in 
relation to I. passensis (that lives in a base-level 
cave stream), may be related to life in more spa­
cious cave conduits, supplied by water from the 
epikarst, when compared to the putative habitats 
of I. ramiroi and I. epikarsticus, probably largely 
restricted to small epikarstic spaces. We hypoth­

esize an evolutionary decrease in body size in the 
latter (small size as apomorphic condition), pre- 
or post-colonization of subterranean non-cave 
habitats.

There are evidence that the four troglobitic 
Ituglanis species from São Domingos region orig­
inated independently from one or more epigean 
ancestors, based not only on differences on mor­
phological character states, which show a mosaic 
distribution in these species, but also on geolog­
ical data. Subterranean dispersion by troglobitic 
fish between these caves seems to be highly im­
probable, precluding population interchanges. To 
test this hypothesis, a phylogenetic analysis is 
necessary.

The vadose tributary, the rimstone pools and 
the pools fed by epikarstic waters where I. bam­
bui, I. epikarsticus and I. ramiroi have been respec­
tively found are nowadays mostly isolated from

Table 4. Comparative data of subterranean species of Ituglanis from São Domingos karst area, Central Brazil. Data 
for I. passensis from Fernandez & Bichuette (2002) and preserved specimens.

I. passensis I. bambui I. epikarsticus I. ramiroi

Maximum SL 62.6 mm 46.3 mm 34.0 mm 31.3 mm

Body pigmentation yellowish to 
light gray

pale light brown pale yellowish pale yellowish 
to white

Chromatophores per mm2 8.0-11.0 6.0-19.5 6.0-7.5 9.0-12.0

Eye diameter (% of HL) 0.4-0.5 mm 0.2-0.3 mm 0.1 mm 0.2 mm
(3.9-5.2) (3.4-6.1) (2.0-2.1) (3.7-4.7)

Odontodes
[opercular / interopercular]

16/24 11/26 9/20-21 12-13/24-25

Pectoral fin rays 8 8 8 9

Maxilla shape no medial- preeminent medi­ discrete medial- no medial-
posterior al-posterior posterior posterior
projection projection projection projection

Fronto-lacrhrymal bone % length of max­ Vi length of max­ % length of max­ equal to length of
illa, posteriorly illa, posteriorly illa, anteriorly and maxilla, posteriorly
pointed pointed posteriorly pointed pointed

Vomer shape elongate, elongate, short, short,
enlargement 
in medial region

constriction 
in neck

no constriction enlargement 
in medial region

Palatine shape medial concavity medial concavity medial concavity medial concavity
rounded accentuated rounded rounded

Caudal skeleton 
(extremity of neural spine 
of preural centrum)

acute rounded acute acute

Caudal skeleton 
(dorsal and ventral 
procurrent rays)

15 and 11 16 and 14 14 and 10 16 and 12

pairs of ribs 7 6 (one juvenile: 5) 5 6
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the main, base-level drainage by differences in 
topographic level, as a consequence of alluvial 
downcutting resulting in a regional lowering of 
the water table. Epigean Ituglanis ancestors prob­
ably lived in water courses at the preterite base 
level, directly flowing into caves and allowing 
for the establishment of cave populations. As a 
consequence of alluvial downcutting, such for­
merly running-water streams would become 
perched and fed by infiltration water from the 
epikarst. Therefore, differences in topographic 
level may account for (at least partial) isolation of 
fish populations surviving in perched water bod­
ies, On the other hand, there is evidence of local 
extinction of epigean relatives due to some un­
known factor. At this point, it is not possible to 
know which (if any) isolation event, extinction of 
epigean populations or spatial, topographic iso­
lation, represents the main speciation factor for 
the troglobitic Ituglanis.

Conservation remarks. Troglobitic species are 
fragile, highly vulnerable to environmental dis­
turbance, due to their generally high degree of 
endemism, low population sizes, high sensitivity 
to stressors, and a K-selected life style leading to 
slow population turnover (Trajano, 2000). As a 
matter of fact, many hypogean fishes are consid­
ered as endangered by different types of threats 
(Proudlove, 2001)

The three type-localities of the presently de­
scribed Ituglanis species are within the bounda­
ries of a State Park, the Parque Estadual de Terra 
Ronca. Nevertheless, control of visitation in caves, 
the only threat currently identifiable, is poorly 
enforced and does not guarantee full protection 
for these (and other) species.

Ituglanis bambui has a relatively large popula­
tion (MEB unpubl.), and the vadose tributary 
where it occurs is outside the main visitation 
pathway in Angelica Cave. Therefore, unless vis­
itation greatly increases, this population seems 
to be relatively safe. In contrast, I. epikarsticus is 
extremely rare in the cave habitat (there is no 
data on the situation in non-cave, epikarstic hab­
itat), and the number of observed specimens con­
spicuously decreased since the 1970’s (ET, pers. 
obs.). So far, it has only been found in a set of 
rimstone pools situated right in the pathway for 
visitors reaching the far end of the cave. Thus, 
there is reason for major concern about the future 
of this endemic species. A strict control of visita­
tion is urgently needed to assure its protection,

until evidence appears that the species is safe in 
non-cave habitats. The situation is less clear for
I. ramiroi. It is rare in the cave habitat, but the side 
pool where it was found is easily avoided by 
visitors, once properly advised by the guides.

Comparative material. Ituglanis sp.: MZUSP 53222, 6; 
Brazil: Goiás: Minaçú: tributary of Rio Tocantinzinho. 
I. passensis: MZUSP 80097,3, Brazil: Goiás: São Domin­
gos, Passa Três Cave. Trichomycterus sp.: MZUSP 60205,
10, Brazil: São Paulo: Barra do Turvo, Ribeirão Fria.
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