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Trichomycteridae is a monophyletic assemblage of small
catfishes, easily diagnosed by their highly specialized opercu-
lar-interopercular apparatus bearing odontodes (DE PINNA 1998,
DE PINNA & WOSIACKI 2003, ADRIAENS et al. 2010, DATOVO &
BOCKMANN 2010). The family is one of the most interesting
groups of Neotropical catfishes, not only because of the large
number of valid species, placing it as the second richest family
of Siluriformes (after Loricariidae – ESCHMEYER & FONG 2014),
but also due to the diversity of life habits and diet types (ADRIAENS

et al. 2010, DATOVO & BOCKMANN 2010). Trichomycterids are also
successful colonizers of unusual and extreme habitats, such as
torrential, temporary, insular, high elevations, psamophilic,
interstitial, infaunal and subterranean environments (MYERS &
WEITZMANN 1966, NICO & DE PINNA 1996, DE PINNA & WOSIACKI

2003, ZUANON & SAZIMA 2004, FERNÁNDEZ & SCHAEFFER 2005, NELSON

2006, ZUANON et al. 2006, CASTELLANOS-MORALES 2007, FERNÁNDEZ

& VARI 2012).
Up to date, Trichomycteridae is the third fish family in

richness of known subterranean representatives, with 23 rec-
ognized troglobitic species (PROUDLOVE 2010). As expected by
their distribution, Brazil holds most of this diversity, includ-
ing 14 species distributed in the Copionodontinae – with
Glaphyropoma de Pinna, 1992 (one species: Glaphyropoma
spinosum Bichuette, de Pinna & Trajano, 2008) and Copionodon
de Pinna, 1992 (one undescribed species, M.E. BICHUETTE, pers.
comm.) – and Trichomycterinae – with Trichomycterus
Valenciennes, 1832 (five species, two of which undescribed –

BICHUETTE & RIZZATO 2012, CORDEIRO et al. 2013) and Ituglanis
Costa & Bockmann, 1993 (seven species including the new
described herein, and an undescribed species from the same
region – BICHUETTE & TRAJANO 2008).

Ituglanis was erected to accommodate nine species previ-
ously included in the clearly non-monophyletic Trichomycterus.
Ituglanis is a monophyletic group that was proposed based origi-
nally on three synapomorphies (COSTA & BOCKMANN 1993), and
recently WOSIACKI et al. (2012) proposed another four (but see
discussion). Currently, 23 valid species are recognized in Ituglanis
(ESCHMEYER & FONG 2014), and there are several other undescribed
(LIMA et al. 2013). Herein we describe a new species, collected
from subterranean streams in northeastern Goiás State, upper
Tocantins River Basin, from where the other five troglobitic spe-
cies of the same genus were also described: Ituglanis passensis
Fernández & Bichuette, 2002, I. bambui Bichuette & Trajano,
2004, I. epikarsticus Bichuette & Trajano, 2004, I. ramiroi Bichuette
& Trajano, 2004 and I. mambai Bichuette & Trajano, 2008. We
also provide a detailed morphological description of this new
species as an aid for future attempts to unravel the phyloge-
netic affinities within the genus.

The carbonatic karst areas of northeastern Goiás (Fig. 1)
belong to the São Domingos District (sensu KARMANN & SÁNCHEZ

1979), representing one of the regional expressions of the
Bambuí geomorphological unit, the Brazilian largest group of
limestone outcrops favorable to occurrence of caves (KARMANN

& SÁNCHEZ 1979). The region is characterized by extensive lime-

Ituglanis boticario, a new troglomorphic catfish (Teleostei: Siluriformes:
Trichomycteridae) from Mambaí karst area, central Brazil

Pedro Pereira Rizzato1,2 & Maria Elina Bichuette1

1 Laboratório de Estudos Subterrâneos, Departamento de Ecologia e Biologia Evolutiva, Universidade Federal de São Carlos.
Rodovia Washington Luís, km 235, Caixa Postal 676, 13565-905 São Carlos, SP, Brazil.
2 Corresponding author. E-mail: rizzatopp@gmail.com

ABSTRACT. A new subterranean and troglomorphic species of Ituglanis Costa and Bockmann, 1993 is described from
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stone outcrops inserted within the Cerrado morphoclimatic
domain (the Brazilian savannah-like vegetation – AB’SABER

1977), with tropical climate, hot and semi-humid, the dry-sea-
son occurring between May and September, sometimes extend-
ing to October (NIMER 1979). The karst is inserted mostly at the
eastern margin of the Paranã River, a tributary of the upper
Tocantins River, and is typically crossed by several rivers which
originate at “Serra Geral” (a mountain range delimiting the
states of Goiás and Bahia). After draining an extensive sand-
stone landscape, these rivers penetrate the limestone through
sinkholes to form predominantly horizontal cave systems. They
then reappear at the surface through resurgences and flow to
the west, to reach the Paranã River.

Two large karst areas are comparable in northeastern
Goiás. To the north, the São Domingos karst area, with large
cave systems (some with more than 20 km) inserted within a
State Park (“Parque Estadual de Terra Ronca”) in the munici-
pality of São Domingos. The subterranean fauna of the São
Domingos karst area have been intensively studied (MAJER et
al. 2003, RHEIMS & PELLEGATTI-FRANCO 2003, BICHUETTE & TRAJANO

2003, SIMÕES et al. 2013) and the region is considered an area of
high diversity of subterranean ichthyofauna, including four
troglobitic Ituglanis (Fig. 1) and many non-troglomorphic cave
fishes (BICHUETTE & TRAJANO 2003). To the southeast, the Mambaí
karst area, which includes the municipalities of Mambaí and
Posse, whose cave systems are not as developed as those from
São Domingos (the largest cave system in the region and type
locality of the new species herein described, the Gruna da
Tarimba cave system, is approximately 12 km long – União
Paulista de Espeleologia, pers. comm.). The Cerrado in the re-
gion is altered, with many plantations and cattle farms in the
surroundings of the cave systems. Recent studies are unravel-
ing the speleobiological patrimony of Mambaí karst area, which
includes many invertebrates and at least two troglomorphic
fishes, the trichomycterid I. mambai and the callichthyid
Aspidoras albater Nijssen & Isbrücker, 1976 (BICHUETTE & TRAJANO

2008, SECUTTI et al. 2011). Furthermore, several caves are in-
habited by subterranean populations of Ituglanis other than I.
mambai. At least one new species, herein described, occurs in
the area, in caves of the municipality of Mambaí.

MATERIAL AND METHODS

The specimens were hand-netted, anesthetized in ben-
zocaine or clove-oil solution until death, preserved in formalin
and then transferred to 70% alcohol. Some specimens were
brought alive to the laboratory and reared in an aquarium for
behavioral observations. Measurements were taken point-to-
point with a digital caliper under the stereomicroscope, and ex-
pressed to the nearest 0.1 mm. All the measurements are described
in Table I. One specimen (LIRP-11011) was cleared and double-
stained (C&S) for bone and cartilage, following the procedure
described by SONG & PARENTI (1995) until step 9, and two (LIRP-

11010 and LESCI-00223) were double-stained for bone and carti-
lage and dissected (S&D), following the procedure described by
DATOVO & BOCKMANN (2010). Specimens not C&S or S&D were
radiographed with a Faxitron DX device. Osteological and myo-
logical nomenclature follow WINTERBOTTOM (1974), BOCKMANN et
al. (2004), DATOVO & BOCKMANN (2010), and DATOVO & VARI (2013).
In the text and in the figures, names of muscles are graphed in
italics. In Fig. 3, laterosensory canals and branches are graphed
in bold. On the branchial skeleton, only the ossified elements
are identified as basibranchials, and the remaining cartilaginous
elements, anterior to the basibranchial 2 and posterior to the
basibranchial 3 are identified as the anterior portion of copula 1
and the copula 2, respectively, according to SRINIVASACHAR (1958).
Additionally, the cartilaginous element that connects the
ceratobranchial 4 and 5 and the epibranchial 4 is identified as
the accessory element of ceratobranchial 4 following CARVALHO et
al. (2013). Ray counts and symbols follow BOCKMANN et al. (2004).
Vertebrae counts include only free vertebrae (those fused into

Figure 1. Northeastern Goiás State, with main rivers (blue lines),
municipalities (black dots), and localities of occurrence of the sub-
terranean Ituglanis species (red dots). Only the rivers from the
eastern margin of Paranã river are shown. Gray areas represent
the Bambuí geomorphologic formations. Rivers highlighted in dark
blue are related to the localities of occurrence of the subterranean
species, and the dotted portions represent the subterranean traject
of these rivers.
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Weberian complex were not included) plus the compound cau-
dal centrum (PU1 + U1, considered as a single element).
Laterosensory-system nomenclature follow ARRATIA & HUAQUIN

(1995), but the pores of the postotic canal are treated as the
preoperculo-mandibular and the pterotic branches of the postotic
canal, following SCHAEFFER & AQUINO (2000). These two banches

correspond respectively, to the pores po1 and po2 of BOCKMANN et
al. (2004). The comparative material is listed in the Appendix 1.

Abbreviations: (SL) standard length. (HL) head length.
(C&S) cleared and stained. (S&D) stained and dissected. (LIRP)
Laboratório de Ictiologia de Ribeirão Preto. (LESCI) Coleção de
Ictiologia do Laboratório de Estudos Subterrâneos.

Table I. Abbreviation (Abb.), name and descriptions of the measurements used on morphometric analysis. Measurements marked with
an asterisk are expressed as the mean of both sides of the specimen.

Abb. Name Description

SL Standard length From tip of snout to base of caudal-fin rays

TL Total length From tip of snout to tip of median caudal-fin rays

PDL Pre-dorsal length From tip of snout to anterior margin of dorsal-fin base

PAL Pre-anal length From tip of snout to anterior margin of anal-fin base

PPL Pre-pelvic length From tip of snout to anterior margin of pelvic-fin base

CPVL Caudal peduncle ventral length From posterior margin of anal-fin base to base of caudal-fin rays

CPDL Caudal peduncle dorsal length From posterior margin of dorsal-fin base do base of caudal-fin rays

ABD Anterior body depth Depth of body posterior to the occipital region

MBD Middle body depth Depth of body anterior to the pelvic-fin base

PBD Posterior body depth Depth of body at posterior to dorsal and anal fins

ABW Anterior body width Width of body dorsal to pectoral fins, posterior to opercle

MBW Middle body width Width of body at the level of pelvic fins

PBW Posterior body width Width of body posterior to the dorsal and anal fins

DFBL Dorsal-fin base length From anterior to posterior margin of dorsal-fin base

DFL Dorsal fin length From anterior margin of dorsal-fin base to the posterior tip of dorsal-fin rays

AFBL Anal-fin base length From anterior to posterior margin of anal-fin base

AFL Anal fin length From anterior margin of anal-fin bade to the posterior tip of anal-fin rays

PcFBL Pectoral-fin base length From external to internal margin of pectoral-fin base*

PcFL Pectoral fin length From external margin of pectoral fin to the posterior tip of median pectoral-fin rays*

PvFBL Pelvic-fin base length From external to internal margin of pelvic-fin base*

PvFL Pelvic fin length From external margin of pelvic-fin base to the posterior tip of median pelvic-fin rays*

HL Head length From tip of snout to the occiput

POL Pre-opercle length From tip of snout to the posterior margin of opercular patch of odontodes

HD Head depth Depth of head at its midlength

MHW Middle head width Width of head at its midlength

PHW Posterior head width Width of head at is the level of the interopercular patch of odontodes

PEL Pre-eye length From tip of snout to the anterior margin of eye

ED Eye diameter Mean of transversal and longitudinal diameters of both eyes

IW Interorbital width Distance between the internal margins of eyes

PANL Pre-anterior nare length From tip of snout to the anterior margin of anterior nare*

PPNL Pre-posterior nare length From tip of snout to the anterior margin of posterior nare*

PIW Posterior internarial width Distance between the internal margins of posterior nares

AIW Anterior internarial width Distance between the internal margins of anterior nares

DPNE Distance posterior nare to eye Distance between the posterior margin of posterior nare and the anterior margin of eye*

MW Mouth width Distance between the internal margins of mouth

RW Rictus width Distance between the external margins of mouth

MBL Maxillary barbel length From origin to tip of maxillary barbel*

RBL Rictal barbel length From origin to tip of rictal barbel*

NBL Nasal barbel length From origin to tip of nasal barbel*
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TAXONOMY

Ituglanis boticario sp. nov.
Diagnosis. Ituglanis boticario sp. nov. is diagnosed by a

combination of four unusual but not exclusive characters in
the genus: body pigmentation forming longitudinal stripes,
vs. pigmentation uniform, forming regular or irregular spots
of different sizes, or reduced to absent – except for I. parahybae
(Eigenmann, 1918), I. cahyensis Sarmento-Soares, Martins-
Pinheiro, Aranda & Chamon, 2006, I. australis Datovo & de
Pinna, 2014 and I. apteryx Datovo, 2014 –; large number of
ribs, 7-8, vs. 6 or fewer – except for the subterranean species I.
passensis, I. bambui, I. ramiroi, and I. mambai; not seen for I.
guayaberensis (Dahl, 1960), I. herberti (Miranda-Ribeiro, 1940)
and I. metae (Eigenmann, 1917) –; presence of the anterior seg-
ment of the infraorbital laterosensory canal – except for the
epigean I. proops (Miranda-Ribeiro, 1908), I. paraguassuensis
Campos-Paiva & Costa, 2007, I. agreste Lima, Neves & Cam-
pos-Paiva, and I. australis –; and large number of pectoral-fin
rays, usually 8, vs. 7 or fewer (except for the subterranean I.
passensis, I. bambui, I. epikarsticus, I. ramiroi, and I. mambai).
The new species can be diagnosed from its geographically clos-
est congener, I. mambai, by the body pigmentation forming
longitudinal stripes (vs. body pigmentation homogeneous light
brown with irregular small spots distributed mainly on dor-
sum and flanks in I. mambai), smaller eyes and longer barbels,
especially the maxillary and the nasal, and by the presence of
the anterior segment of the infraorbital laterosensory canal in
most specimens (vs. absent) (see “Intrageneric comparisons”).

Description. Morphometric data of holotype and
paratypes are given in Table II.

External morphology: Take as reference Figs 2-6. Body
bulky, elongate, semi-cylindrical, becoming uniformly com-
pressed towards caudal fin (Figs 2-4). Dorsal profile of body
straight in lateral view, with slight and straight slope from tip
of snout to posterior portion of head (Fig. 2). Ventral profile of
body straight. Anterior portion of body slightly deeper than
caudal peduncle. Dorsal and ventral profile of caudal peduncle
straight, dorsal and ventral margins of caudal fin straight or
slightly divergent, similar to a brush. Urogenital and anal open-
ings on vertical through anterior end of dorsal-fin base, cov-
ered by distal portions of pelvic fins.

Head relatively wide and depressed, trapezoidal in dorsal
view (Fig. 5). Eyes small (on average 8.9% of HL), visible as small
black dots on anterior half of head, close to posterior nostrils.
Anterior nostril transversally ovoid and slightly smaller than
posterior, surrounded laterally by a tubular flap of skin continu-
ous with nasal barbels. Posterior nostril rounded, surrounded
anteriorly by a flap of integument. Mouth slightly subterminal,
straight to slightly convex in dorsal view, rictus laterally directed
and partially continuous with rictal barbel (Fig. 6). Barbels long,
especially the maxillary (on average 126% of HL) and the nasal
(113% of HL). Nasal barbel originating at posterolateral portion

of integumentary flap around anterior nostril. Maxillary and
rictal barbel originating at lateral portion of rictus. When
adpressed to body, maxillary barbel extending at least to origin
of pectoral fin; nasal barbel extending at least to opercular patch
of odontodes; and submaxilary barbel extending at least to pos-
terior portion of interopercular patch of odontodes. Opercular
patch of odontodes small, circular or slightly elliptical longitu-
dinally, in some individuals pointing upward. Interopercular
odontodes forming a slightly convex patch throughout ventral
margin of interopercle. Posterior margin of interopercular patch
of odontodes not reaching the opercular one.

Dorsal-fin origin at posterior half of body, with first
pterygiophore posterior to neural spine of 21th (9 specimens)
or 22th (3) vertebra. Dorsal fin semicircular or approximately
retangular in lateral view, distal margin rounded, with vari-
able ray count: 9 (12), rarely 8 (2) rays, the two first almost
always unbranched (except for one specimen, LESCI-00223B)

Figures 2-6. Ituglanis boticario, new species, holotype (LIRP-11010B,
69,7 mm SL). Brazil: Goiás state, Mambaí municipality, Tarimba cave
system; Mambaí karst area, upper Tocantins River Basin. Left lateral
(2), dorsal (3) and ventral (4) views of body, and dorsal (5) and
ventral (6) views of head. Scale bars: 2-4 = 10 mm, 5-6 = 5.0 mm.
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and the last occasionally unbranched; in addition, one or two
micro rays anterior to first ray. Number of rays or branching of
last ray not related to size of specimen. Eight narrow
pterygiophores at dorsal fin, basal radials with espatulate dis-
tal region curved backwards bearing one ray each, except the
last one, which bears the last two rays splitting from a poste-
rior laminar expansion.

Anal-fin origin at posterior half of body, slightly poste-
rior to dorsal-fin origin, with first pterygiophore posterior to
neural spine of 22th (6) or 23th (6) vertebrae. Anal fin rectangu-
lar or approximately semicircular in lateral view, distal margin
rounded. Anal fin with 7 (12), rarely 8 (2, LIRP-11010B and
LIRP-11012) rays, the two first almost always unbranched (ex-
cept for one specimen, LIRP-11010C) and the last branched or
unbranched; in addition, one to three micro rays anterior to
first ray. Number of rays or branching of the last ray not re-
lated to size of specimen. Six narrow pterygiophores at anal
fin, basal radials with espatulate distal region curved backwards
bearing one ray each, except the last one, which bears the last
two rays splitting from a posterior laminar expansion.

Pectoral fin triangular in dorsal view, lateral and distal
margins rounded, with wide base and variable ray count: usu-
ally 8 (I7, rarely I6I) or less commonly 9 (I8 or I7I). First ray
always unbranched, and prolonged as a short filament in some
specimens. Last ray unbranched in half of specimens. Pecto-
ral-fin ray count asymmetrical in about one-third of specimens.
Number of pectoral-fin rays not related to size of specimen.

Pelvic fin rectangular in ventral view, lateral margins
straight and distal margin rounded, usually with five rays (I3I
or I4). First ray always unbranched. Last ray unbranched in
most specimens. Pelvic-fin ray count asymmetrical for about
one-third of specimens. Pelvic-fin origin at posterior half of
body, anterior to dorsal-fin origin. Pelvic-girdle base at level of
19th vertebra. Distal margin of pelvic fins covering urogenital
and anal openings. Pelvic-fin bases adjacent to each other.

Margin of caudal fin straight or slightly rounded, with
13 principal rays, six in upper lobe attached to the hypural
plate 3+4+5, (first principal ray unbranched), seven in lower
lobe attached to parhypural + hypural plate 1+2 (first princi-
pal ray unbranched); additionally, 5 to 15 dorsal and ventral
procurrent rays.

General morphology of cranium: Anterior cranial fon-
tanel absent (Fig. 7). Posterior cranial (= parieto-supraoccipi-
tal) fontanel very small, reduced to a round orifice at the
posterior half of parieto-supraoccipital, between the insertions
for contralateral supracarinalis anterioris. Conspicuous depres-
sions at dorsoposterior portion of skull forming a ridge at dor-
sal region of parieto-supraoccipital, for insertion of supracarinalis
anterioris. Foramens of lateral accessory nerves relatively large
(larger than parieto-supraoccipital fontanel), elliptical, slightly
posterior to parieto-supraoccipital fontanel and adjacent to
posterior semicircular canal of inner ear, covered by the
supracarinalis anterioris. Parieto-supraoccipital approximately

Table II. Morphometric data of holotype and paratypes of Ituglanis
boticario. N = number of individuals.%SL = percent of standard
length.%HL = percents of head length. For measurements
abbreviations, see Table I.

Ituglanis boticario (N = 13)

Holotype Mean Minimum Maximum Standard Deviation

SL (mm)  69.7  54.0  27.4  73.5  14.2

%SL

TL  114.5  116.1  114.1  118.0  1.4

PDL  68.5  68.8  67.7  69.6  0.6

PAL  69.1  71.5  69.1  73.3  1.2

PPL  57.0  59.5  57.0  60.9  1.4

CPVL  22.6  21.5  19.5  23.2  1.2

CPDL  24.7  23.2  20.8  24.7  1.1

ABD  10.0  10.1  8.3  10.8  0.6

MBD  12.8  12.6  10.5  14.4  1.2

PBD  9.1  9.5  9.0  10.5  0.5

ABW  13.4  12.7  11.1  14.5  1.2

MBW  7.6  7.0  4.8  8.9  1.4

PBW  2.9  2.5  1.8  3.4  0.6

DFBL  9.7  10.7  9.7  11.8  0.6

DFL  15.6  16.8  15.6  17.9  0.7

AFBL  9.0  9.3  8.5  10.0  0.4

AFL  14.1  15.4  14.1  16.7  0.9

PcFBL  4.3  4.3  3.8  5.0  0.3

PcFL  13.3  13.8  12.6  14.8  0.7

PvFBL  2.5  2.5  2.1  2.9  0.2

PvFL  8.2  8.7  7.9  9.5  0.5

HL  14.6  15.9  14.3  18.1  1.1

POL  15.9  17.1  15.6  19.1  1.1

HD  7.9  8.1  7.2  8.8  0.4

MHW  14.5  15.3  14.3  16.0  0.6

PHW  17.7  18.3  17.4  19.5  0.7

%HL

PEL  44.2  41.6  39.2  44.2  1.5

ED  8.2  8.9  7.3  11.2  1.2

IW  40.3  37.8  35.9  41.1  1.6

PANL  17.7  16.8  14.9  17.7  0.8

PPNL  28.6  27.4  25.2  29.0  1.2

PIW  23.8  22.9  20.8  24.7  1.1

AIW  28.9  30.2  28.3  34.5  1.9

DPNE  12.1  12.4  11.1  13.6  0.6

MW  46.1  44.7  36.3  49.4  4.5

RW  65.8  61.8  55.6  68.1  3.8

MBL  138.3  126.4  100.9  162.0  16.4

RBL  77.4  85.6  69.0  119.9  14.6

NBL  104.2  113.7  92.4  158.2  18.9
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rectangular, connected to frontals by a straight or convex su-
ture and to complex vertebra of weberian capsule by a slightly
convex suture. Frontals wide and long, tightly joined to each
other medially except at the anteriormost portion, where they
are separated by posterior portion of mesethmoid. Lateral ex-
ternal processes of frontals at mid-length of the bone, forming
the dorsanterior portion of postorbital process of skull.

Mesethmoid long and narrow, T-shaped, with anterior
margin straight or slightly concave. Posterior half of mesethmoid
sharpening posteriorly between anterior portions of frontals and
covering the lateral ethmoids dorsally. Anterior half of
mesethmoid, posterior to cornua, wider than posterior, with
lateral flaps of bone surrounding dorsally the distal end of vomer
to form the internal borders of nasal chambers. Pre-maxilla rect-

Figure 7. Dorsal cephalic musculoskeletal and laterosensory system of Ituglanis boticario, paratype (LESCI-00223C, 73,5 mm SL). Dorsal
view, right superficial-most muscles not shown. (ampm) adductor mandibulae,  pars malaris. (ampr) adductor mandibular,  pars rictalis. (ao)
adductor operculi. (ao) antorbital. (ap) autopalatine. (asic) anterior segment of infraorbital canal. (assc) anterior segment of supraorbital
canal. (bpm) buccopalatal membrane. (cmfc) coronomeckelian fibrocartilage. (do-ps) dilatator operculi, primary section. (do-ss) dilatator
operculi, secondary section. (dpo) dorsal process of opercle. (eb) eyeball. (ei): epiaxialis inferioris. (eo) epioccipital. (es) epiaxialis superioris.
(et) extensor tentaculi. (f) frontal. (hm) hyomandibula. (io) interopercle. (ioo) interopercular odontodes. (lanf) lateral accessory nerve
foramen. (lap) levator arcus palatini. (le) lateral ethmoid. (li4) levator internus 4. (lj) lower jaw. (lo) levator operculi. (lpv) lateral process of
vomer. (m) maxilla. (me) mesethmoid. (mp) metapterygoid. (o) opercle. (oc) otic canal. (oo) opercular odontodes. (p) pterotic. (pb)
pterotic branch. (pcf) posterior cranial fontanel. (pdpc) posterodorsal process of cleithrum. (pm) premaxilla. (po) preopercle. (po) protactor
operculi. (poc) post-otic canal. (pomb) preoperculo-mandibular branch. (pops) post-orbital process of skull. (ppap) posterior process of
autopalatine. (psic) posterior segment of infraorbital canal. (pso) parieto-supraoccipital. (pssc) posterior segment of supraorbital canal.
(ptsc) posttemporo-supracleithrum. (q) quadrate. (sca) supracarinalis anterioris. (spp) sphenotic-prootic-pterosphenoid. (ss) sesamoid
supraorbital. (tc) trunk canal. (wc) weberian capsule. (wcv) weberian complex vertebrae. Scale bar: 1.0 mm.
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angular, slightly curved backwards, with internal half wider than
external half, sometimes almost triangular, with two almost regu-
lar rows of conical, sharp teeth curved backwards. Posterodorsal
margins of pre-maxilla and of lateral processes of mesethmoid
covered by a flap of elastic cartilage extending to internal lat-
eral margin of antorbital and continuous with nasal barbels,
forming the anterior margin of nasal chamber. Maxilla boomer-
ang-shaped, without teeth, covering dorsally the rictal barbel
nerve. Posterior margin of external half of maxilla covered by
an elastic cartilage continuous with maxillary barbel. Ventral
anterior margin of internal half of maxilla covered by a flap of
elastic cartilage continuous to rictal barbel. Internal tip of max-
illa adjacent and anterior to palatine, adjacent and lateral to
external margin of pre-maxilla, and connected with the
antorbital by a narrow ligament. Antorbitals small, drop-shaped,
rounded anteriorly and sharp posteriorly, connected to internal
tip of maxilla and to sesamoid supraorbital by ligaments. Sesa-
moid supraorbital very long and narrow, cylindrical, slightly
curved outwards, joined to frontal by a narrow ligament, with
small process on the external margin of its anterior half, point-
ing backwards and supporting the anterior portion of the ocu-
lar connective tissue. External margin of sesamoid supraorbital
adjacent and dorsal to trigemino-facial nerves, and continuous
posteriorly with the ocular connective tissue. Internal margin
of sesamoid supraorbital covered by a connective tissue con-
tinuous with anterior margin of frontals and posterior half of
mesethmoid, covering dorsally the lateral ethmoids and form-
ing the posterior margin of nasal chamber.

Epioccipitals pentagonal, on posterior diagonals of parieto-
supraoccipital between pterotic and weberian capsule, covering
dorsally part of the posterior semicircular canal of inner ear (Figs
7 and 8). Pterotic wide, connected dorsally to epioccipitals and
parieto-supraoccipital internally, to posttemporo-suprachleitrum
posteriorly, and to sphenotic-prootic-pterosphenoid anteriorly;
and ventrally to sphenotic-prootic-pterosphenoid anteriorly and
to epioccipital posteriorly. Posterior margin of pterotic covered
by the epaxialis. External margin of pterotic with a concavity to
which the levator operculi is attached. Sphenotic-prootic-
pterosphenoid long and wide, adjacent dorsally to parieto-su-
praoccipital and to frontals, with anterior portion directed
anteriorly forming with the lateral process of frontals the pos-
torbital process of skull from which emerges the infraorbital canal
of laterosensory cephalic system and to which attaches, ven-
trally, the levator arcus palatini. Lateral external margin of sphe-
notic-prootic-pterosphenoid covered partially by the secondary
section of dilatator operculi. Sphenotic-prootic-pterosphenoids
connected ventrally to pterotic and basiexoccipital posteriorly,
to orbitosphenoid anteriorly and to each other medially, cov-
ered by the posterior process of basisphenoid. Sphenotic-prootic-
pterosphenoid and pterotic with a ventrolateral, continuous
depression to which articulates the hyomandibula. Sphenotic-
prootic-pterosphenoid recovering dorsally and ventrally the
anterior semicircular canal of inner ear. Three rounded foramens

at ventral portion of sphenotic-prootic-pterosphenoid. Orbito-
sphenoid wide, connected dorsolaterally to frontals, anteriorly
to lateral ethmoids, posteriorly to sphenotic-pootic-pterosphe-
noid and medially to posterior portion of vomer at the anterior
half and to anterior process of basisphenoid at the posterior
half. Optic foramen small, at the lateral portion of orbitosphe-
noid. Trigemino-facial nerve foramen wide, at the lateral con-
tact of sphenotic-prootic-pterosphenoid and orbitosphenoid.
Lateral ethmoid wide, with a wide dorsal concavity covered by
connective tissue, from which emerges the olfactory tract. Late-
ral ethmoids separated from each other dorsally by mesethmoid
and ventrally by vomer, connected posteriorly to frontals dor-
sally and to orbitosphenoids ventrally. Lateral ethmoid with an
anteroventral cartilaginous articulation with palatine and
anterodorsally connected to mesethmoid and vomer by a block
of cartilage.

Vomer arrow-shaped, extending from ventral surface of
mesethmoid to mid-length of orbitosphenoids. Margins of “se-
tae” bearing cartilaginous articulations with palatine. Basisphe-
noid long, almost circular at medial portion, with two long,
narrow and sharpening anterior processes surrounding laterally
the posterior portion of vomer, and with a sharpening, wider
and shorter posterior process covering the contact of contralat-
eral sphenotic-prootic-pterosphenoids and anterior half of basi-
occipital. Basiexoccipital wide, connected to sphenotic-prootic-
pterosphenoids and pterotics anteriorly, and posteriorly to com-
plex vertebrae of weberian capsule. Complex vertebrae of
weberian capsule wide and triangular dorsally, adjacent to large,
wide, spherical capsules that enclose the gas bladder. Weberian
capsules with lateral external, tubular processes connected to
posttemporo-supracleithrum, forming a round orifice from
which emerges the trunk canal of laterosensory system.
Posttemporo-supracleithrum wide, connecting the lateral tubu-
lar process of weberian capsule to the posterior portion of
pterotic, covered dorsomedially by levator internus 4 (Fig. 8), and
with a small, narrow posterior internal process surrounding lat-
erally the posterodorsal process of cleithrum.

Hyomandibular wide (Figs 7 and 9), with membranous
bone outgrow directed anterodorsally below trigeminal and
facial nerves, reaching the membranous bone outgrow of quad-
rate and the metapterygoid. Hiomandibular articulating with
sphenotic-prootic-pterosphenoid and pterotic dorsally by con-
vex cartilaginous margin, with processes at anterior and pos-
terior angles connected to sphenotic-prootic-pterosphenoid
and pterotic, respectively, by a short ligament. Hiomandibular
with a deep medial depression on which the levator arcus pa-
latine is inserted. Hiomandibular tightly attached to quadrate
by a block of cartilage. Quadrate rod-like, robust, articulating
with anguloarticular by a hinge joint, and with membranous
bone outrgrow anterodorsally directed below trigeminal and
facial nerves, bordered by the hyomandibular membranous
bone outrgrow posteriorly and by the metapterygoid anteri-
orly. Metapterygoid small, trapezoidal, joined to quadrate by a
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small block of cartilage, with its posterior margin reaching
hyomandibular membranous bone outgrowth, and partially
covered by the lateroposterior process of autopalatine.
Autopalatine extending from lateral-ethmoid to pre-maxilla,
articulating anteriorly with maxilla and pre-maxilla by a con-
vex cartilaginous margin, and posteriorly with vomer inter-
nally and with lateral ethmoid externally. Medial concavity of
autopalatine conspicuous to poorly developed. Lateroposterior
process of autopalatine covering dorsally the metapterygoid,
and covered by extensor tentaculi. Anguloarticular robust, ar-
ticulating with quadrate posteriorly and diverging anteriorly
to form a convex margin connected to Meckel’s cartilage.
Anguloarticular with a well developed posterior process ven-
tral to the joint articulation with quadrate, connected to
dorsanterior process of interopercle externally and to external
tip of posterior ceratohial internally by long ligaments.

Anguloarticular with a well developed dorsanterior process
bordering Merckel’s cartilage dorsally and reaching the coro-
noid process of dentary. Dentary robust, triangular externally,
with two almost regular row of conical, sharp teeth curved
backwards. Coronoid process of dentary well developed, wide,
to which attaches adductor mandibulae, and connected to max-
illary barbel elastic cartilage by the coronomeckelian fibrocar-
tilage. Ventral internal margin of dentary with a depression to
which attaches intermandibularis.

Preopercle long and narrow, curved inwards, tightly at-
tached to hyomandibular and quadrate, forming the
lateroventral border of hyomandibular arch, covered by ad-
ductor mandibulae anteriorly and from which originates pro-
tractor operculi posteriorly. Interopercle long and narrow,
convex ventrally, with three to four almost regular rows of long
odontodes, the posterior ones gradually longer than the ante-

Figure 8. Right posterolateral region of the head of Ituglanis boticario, paratype (LIRP-11010C, 57,5 mm SL). Dorsal view. (ap) anterior
process of posttemporo-supracleithrum. (asc) anterior semicircular canal (by transparence). (eo) epioccipital. (gb) gas bladder (by trans-
parence). (hm) hyomandibula. (lan) lateral accessory nerve. (lanf) lateral accessory nerve foramen. (li4) levator internus 4. (lln) lateral line
nerve. (pbo) pterotic branch opening. (pdpc) posterodorsal process of cleithrum. (pmbo) preoperculo-mandbibular branch opening.
(poc) post-otic canal (by transparence). (psc) posterior semicircular canal (by transparence). (pso) parieto-supraoccipital. (pt) pterotic.
(ptsc) posttemporo-supracleithrum. (spp) sphenotic-prootic-pterosphenoid. (tco) trunk canal opening. (wc) weberian capsule.
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rior. Dorsanterior process of interopercle T-shaped, connected
anteriorly to posterior process of anguloarticular, medially to
posterior ceratohyal and posteriorly to the ventral process of
opercle by ligaments. Another ligament also connects the ven-
tral tip of opercle to the dorsal, internal margin of interopercle.
Opercle long, reaching ventrally interopercle and dorsally the
posterior process of hyomandibula, articulating with
hyomandibula at medial anterior margin. Posterior process of
opercle robust, bearing a patch of odontodes on posterior mar-
gin. Ventral tip of opercle medial to interopercle and connected
to its internal margin by a robust ligament. Ventral process of
opercle connected to dorsanterior process of interopercle pos-
teriorly. Dorsal process of opercle with insertion for adductor
operculi medially and for levator operculi externally.

Branchial skeleton and associated structures: Urohyal
robust, with long, very narrow posterior process, very long lat-
eral sharpening processes forming a broad convex posterior
margin for insertion of sternohyoideus, and anterior T-shaped
process with condyles articulating ventrally with ventral
hypohyals (Fig. 10). Urohyal foramen ovoid. Ventral hypohyal
and anterior and posterior ceratohyals robust, tightly connected
to each other by cartilages. Ventral hypohyal with deep articu-
lar fossa for the condyles of urohyal. Anterior ceratohyal with
narrowing medial portion. External tip of posterior ceratohyal
inserted between anterior portion of dorsanterior process of
interopercle and anterior margin of interopercle. Two ligaments
on posterior ceratohyal, one inserted on dorsal portion of pos-
terior ceratohyal and connected to posterior portion of angulo-

articular, and the other inserted on posterior tip of posterior
ceratohyal, and connected dorsally to hyomandibula. Con-
tralateral hyohyoideus inferioris inserted on anteroventral mar-
gins of anterior and posterior ceratohyals, and connected to
each other by a median raphe. Contralateral interhyoideus in-
serted at ventral portion of the cartilage between anterior and
posterior ceratohyals, passing ventrally to hyohyoideus inferioris
and connected to each other by a median raphe. Seven or eight
branchiostegal-rays, connected to each other by hyohyoideous
superioris. Rays 1, 2, and 3 shorter and narrower, cylindrical,
ray 1 sometimes reduced or absent. Rays 4, 5, and 6 with en-
larged distal extremity supporting the elastic cartilage of opercle
membrane, and attached proximally to the cartilage at the
ventral contact of anterior and posterior ceratohyals. Ray 7
covered by interopercle and reaching the ventral margin of
opercular patch of odontodes.

Basibranchials 2, hypobranchials 3, ceratobranchials 5,
epibranchials 4, pharyngobranchials 2 (Fig. 10). Basibranchial
1 and 4 absent as ossified elements. Anterior portion of copula
1 cartilaginous, T-shaped, fused ventrally to dorsal margin of
anterior process of urohyal and with small lateral processes
connected to posterior, internal margins of ventral hypohyals.
Basibranchial 2 and 3 ossified, connected to each other by their
cartilaginous tips, forming a long rod. Basibranchial 3 with
concave lateral margins for insertion of obliquus ventralis 2.
Copula 2 cartilaginous, approximately hexagonal shaped. An-
terior portion of copula 2 and posterior tip of basibranchial 3
covered dorsally by cartilaginous posterior portion of

Figure 9. Right suspensorium, opercular series and lower jaw of Ituglanis boticario, paratype (LIRP-11011, 76,5 mm SL). Lateral view.
(aa) angulo-articular. (cp) coronoid process. (d) dentary. (hm) hyomandibula. (ido) insertion for dilatator operculi. (ilap) insertion for
levator arcus palatini. (ilo) insertion for levator operculi. (io) interopecle. (mp) metapterygoid. (o) opercle. (oam) origin of adductor
mandibulae. (opo) origin of protactor operculi. (po) preopercle. (q) quadrate. Scale bars: 1.0 mm.
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hypobranchials 3. Ventral margin of copula 2 with insertion
for obliquus ventralis 3. Anterior margins of copula 2 bordered
by cartilaginous posterior portion of hypobranchials 3, lateral
and posterior margins bordered by cartilaginous anterior tips
of ceratobranchial 4 and ceratobranchial 5, respectively.

Hypobranchial 1 wide with cartilaginous tips. Hypobran-
chial 2 boomerang-shaped, posterior half cartilaginous, ante-
rior half ossified, forming a long anterior process that almost
reaches the external posterior margin of hipobranchial 1 and
from which originates obliquus ventralis 1. Hypobranchial 3
almost completely cartilaginous, with only the anterior tip

ossified in a triangular shape, closely joined to anterior carti-
laginous tip of ceratobranchial 3 and slightly displaced ven-
trally, with insertion for three muscles: at its ventral margin,
for rectus comunis,  which originates at the posterior margin of
ventral hypohyal and inserts on the ventral margin of
ceratobranchial 5; at its anterior tip, for rectus ventralis 2, which
originates at the internal posterior margin of anterior
ceratohyal; and at its external margin, for rectus ventralis 4,
which originates at the internal margin of ceratobranchial 4.

Ceratobranchials slightly curved, with cartilaginous tips.
Ceratobranchial 1 with internal tip wider than external, with

Figure 10. Hyoid arch and branchial skeleton of Ituglanis boticario, paratype (LIRP-11011, 76,5 mm SL). Dorsal view. (ach) anterior
ceratohyal. (aec4) accessory element of ceratobranchial 4. (apc1) anterior portion of copula 1. (bb2-3) basibranchials 2 and 3. (br)
branchiostegal rays. (c1-5) ceratobranchials 1 to 5. (c2) copula 2. (eb1-4) epibranchials 1 to 4. (fb3-4) faringobranchials 3 and 4. (haf)
hypobranchial artery foramen. (hb1-3) hypobranchials 1 to 3. (pch) posterior ceratohyal. (tp) tooth plate. (uh) urohyal. (vhh) ventral
hypohyal. Scale bars: 1.0 mm.
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a notch at the posterior internal margin for insertion of obliquus
ventralis 1. Ceratobranchial 2 with a shallow concavity at its
posterior margin, for insertion of obliquus ventralis 2.
Ceratobranchial 3 with a pronounced concavity at its poste-
rior margin limited posteriorly by a small process, for inser-
tion of obliquus ventralis 3. Ceratobranchial 4 without notches
or processes, with a ventral depression anteriorly to which at-
taches laterally the transversus ventralis 4, connecting the con-
tralateral ceratobranchials 4. Internal margin of ceratobranchial
4 with insertion for adductor 4, which originates at the inter-
nal distal margin of epibranchial 4. Ceratobranchial 5 enlarged,
bearing a patch of small, narrow conical teeth pointed dor-
sally at its medial portion, and connected to the accessory ele-
ment of ceratobranchial 4 only by the external half of the
posterior margin. Internal posterior margin of ceratobranchial
5 with insertion for adductor 5, which originates at the inter-
nal proximal margin of epibranchial 4. External margin of
ceratobranchial 5 with insertion for transversus ventralis 5.
Obliquus posterioris connecting the external posterior margin
of ceratobranchial 5 to the cartilaginous connection of
ceratobranchial 4 and epibranchial 4, covered externally by
the accessory element of ceratobranchial 4.

Epibranchials 1, 2 and 3 narrow, rod-like, with cartilagi-
nous tips. Epibranchial 1 with long, narrow and sharp ante-
rior process, pointed outwards in acute angle, forming the
margin of the first gill slit. External margin of epibranchial 1
with insertion for levator externus 1. Epibranchial 2 with small,
acute process anteriorly forming the margin of the second gill
slit, and with small, poorly developed process forming the
margin of the third gill slit. External margin of epibranchial 2
with insertion for levator externus 2. Internal, cartilaginous tips
of Epibranchial 1 and 2 placed anteriorly to pharyngobranchial
3. Levator internus 3 posteriorly directed, passing internally to
levator internus 3 and 4, and inserted on the cartilaginous con-
nection of epibranchial 2 and pharyngobranchial 3.
Epibranchial 3 connected internally to external margin of
pharyngobranchial 4, with conspicuous, posteriorly directed,
uncinate process for attachment of obliquus dorsalis 3, which
originates at the lateral external margin of pharyngobranchial
3. Internal dorsal margin of epibranchial 3 with insertion for
levator externus 3, anteriorly directed, passing ventrally to
obliquus dorsalis 3. Epibranchial 4 large, curved, with a wide
dorsal margin slightly convex, covered with cartilage, joined
to posterior half of tooth plate. Dorsal posterior margin of
epibranchial 4 with insertion for obliquus dorsalis 4, which origi-
nates at the lateral external margin of pharyngobranchial 4.
Internal dorsal margin of epibranchial 4 with insertion for leva-
tor externus 4, anteriorly directed, passing ventrally to obliquus
dorsalis 4 and dorsally to obliquus dorsalis 3.

Pharyngobranchials 1 and 2 absent. Pharyngobranchial
3 elongate, narrow, rod-like, slightly depressed, with cartilagi-
nous tips. Pharyngobranchial 4 ossified, curved, with ventral
margin cartilaginous, joined tightly to dorsanterior half of

tooth plate. Tooth plate well developed, curved, with one row
of long, conic, internally curved teeth. Contralateral
pharyngobranchials 3 and tooth plates connected to each other
by transversi dorsalis 3 and 4, respectively.

Postcranial skeleton. Total vertebrae 39 (11), one speci-
men with 38 (LESCI-00258C). First complete hemal canal at
8th to 9th vertebrae. Usually 7 pairs of ribs, sometimes 8. Rib
count asymmetrical in 4 specimens (one third of total counted).
First ribs thicker, posteriormost gradually thinner.

Pectoral girdle with wide, curved cleithrum, becoming
narrower at anterior half, joined together by very narrow ante-
rolateral margin (Figs 11 and 12). Posterodorsal process of
cleithrum reaching ventral surface of skull, inserted between
the posterior internal process of postteporo-supracleithrum and
the weberian capsule. External anterior margin of cleithrum with
insertion for levator pectoralis, that attaches to ventral external
border of posttemporo-supracleithrum. Scapulocoracoid narrow,
with anterior process joined tightly to ventral surface of
cleihtrum, and lateral processes forming two arches, one with
the external margin (sometimes incomplete) and the other with
the posterior margin of cleithrum (to which attaches proximal
radial 2). External arch of scapulocoracoid separating arrector
dorsalis and ventralis. Posterior portion of scapulocoracoid carti-
laginous, articulating with the cartilaginous proximal radial 1.
Proximal radial 1 cartilaginous, surrounded by the proximal
portion of first pectoral fin. Proximal radial 2 ossified at its me-
dial portion, with a narrow cartilaginous margin anteriorly ar-
ticulating with internal depression of scapulocoracoid at the
posterior arch of cleithrum, and a convex cartilaginous margin
posteriorly for attachment of pectoral-fin rays. Distal radial 1
present as a very small, rounded cartilage posterior to the proxi-
mal radial 1 cartilage. First pectoral-fin ray robust, with rela-
tively wide proximal process to which attaches, on an external
concavity, the arrector dorsalis.

Basipterygium of pelvic girdle with external anterior pro-
cess narrower and slightly shorter than internal anterior pro-
cess (Fig. 13). Internal processes directed medially, sometimes
joined together by a small cartilage. A short medial process may
occur. Posterior margin of basipterygium with convex border to
which attaches the pelvic-fin rays. Pelvic splint present.

Hemal and neural spine of the penultimate preural cen-
trum (pu2) single, not divided, the hemal spine generally
strongly compressed and slightly enlarged (Fig. 14). Epural
absent. Neural spine of compound centrum reduced. Com-
pound centrum with conspicuous ventral triangular process
directed to but not reaching the hemal spine of penultimate
preural centrum. Neural arch of compound centrum sometimes
incomplete. Uroneural long, adjacent dorsally but not fused
to upper hypural plate and reaching its distal margin. Parhy-
pural fused to hypural 1+2, forming a trapezoidal lower hypural
plate fused proximally to compound centrum. Hypural 3, 4,
and 5 fused to each other, forming an autogenous, triangular
upper hypural plate.
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Laterosensory system. Laterosensory system reduced,
with non-dendritic tubulae and simple pores (Fig. 7). Mandibu-
lar, preopercular and supratemporal canals, and parietal branch,
absent. Supraorbital (divided in anterior and posterior seg-
ments), infraorbital (divided in anterior and posterior seg-
ments), otic, postotic and trunk canals present, with variable
number of pores.

Supraorbital divided in: anterior segment with 2 pores,
s1 and s2, and posterior segment with 2 pores, s3 and s6, in
almost all specimens. Anterior and posterior segments continu-
ous with three pores, s1, s2+s3 and s6, on left side of one speci-
men (LIRP-11010A) and on right side of four specimens. An
additional pore between s3 and s6 (possibly s4) is present in
one specimen on left side (LIRP-11010E) and in one specimen

Figures 11-14. Postcranial skeleton of Ituglanis boticario, paratype (LIRP-11011, 76,5 mm SL). (11) left pectoral girdle, lateral view. (12)
left pectoral girdle, ventral view. (13) pelvic girdle, ventral (left) and dorsal view. (14) caudal skeleton, left lateral view. (apsc) anterior
process of scapulocoracoid. (bp) basipterygium. (c) cleithrum. (caf) caudal artery foramen. (cc) compound centrum. (dr1) distal radial
1. (epbp) external process of basipterygium. (epsc) external process of scapulocoracoid. (fipbp) fused internal process of basipterygium.
(hspuc2) hemal spine of preural centrum 2. (hua) hypurapophysis. (lhp) lower hypural plate. (mpbp) medial process of basipterygium.
(nacc) neural arch of compound centrum. (nspuc2) neural spine of preural centrum 2. (pcfr) pectoral-fin rays. (pdpc) posterodorsal
process of cleithrum. (ppsc) posterior process of scapulocoracoid. (pr1-2) proximal radials 1 and 2. (ps) pelvic splint. (puc2) preural
centrum 2. (pvfr) pelvic-fin rays. (sc) scapulocoradoid. (uhp) upper hypural plate. (un) uroneural. Scale bars: 1.0 mm.

11

13 14

12
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on right side (LESCI-00223B). Another additional pore medi-
ally to s6 is present in two specimens on left side (LIRP-11010A
and LESCI-00223B). Anterior segment short and superficial,
above the skin, medially to the contralateral nares, in the space
between mesethmoid and the nasal cavity. Posterior segment
free at its anterior portion, and entering the neurocranium at
the anterior portion of frontals, running longitudinally
throughout this bone until the anterior process of sphenotic-
prootic-pterosphenoid, where it connects with the infraorbital
and otic canals.

Infraorbital divided in: anterior segment, with 2 pores, i1
and i3, in about two thirds of specimens; and posterior segment,
with 2 pores, i10 and i11, in all specimens (except on one speci-
men, LIRP-11010C, on left side). An additional pore is present
on the medial posterior diagonal of the right i11 pore, in two
specimens. Another additional pore is present on the medial
posterior diagonal of the additional pore above cited, in one
specimen (LIRP-11010B). Anterior segment short and superfi-
cial, above skin, lateral to nares. Posterior segment as a short,
tubular canal entering the neurocranium by the anterior pro-
cess of sphenotic-prootic-pterosphenoid, where it connects with
the posterior segment of the supraorbital and the otic canals.

Otic without pores in all specimens. Canal running lon-
gitudinally throughout sphenotic-prootic-pterosphenoid, be-
tween the connection with the supraorbital and infraorbital
canals anteriorly, at the postorbital process of skull, and the
preoperculo-mandibular branch of postotic canal posteriorly.

Postotic with two pores, po1 (preoperculo-mandibular
branch) and po2 (pterotic branch). One additional pore is
present between po1 and po2 in one specimen on left side
(LIRP-11010E). Canal running longitudinally throughout the
pterotic and posttemporo-supracleithrum, with two dorsolat-
eral external branches, the preoperculo-mandibular branch
anteriorly (which opens as the po1) in the contact between
pterotic and sphenotic-prootic-pterosphenoid, and the pterotic
branch posteriorly (which opens externally as the po2) in the
contact between pterotic and posttemporo-supracleithrum. The
canal extends posteriorly from the neurocranium by the shared
aperture of posttemporo-supracleithrum and weberian capsule,
forming a tubule continuous with the ll1 pore.

Trunk canal with two pores, ll1 and ll2 in all specimens
(except one specimen, LIRP-11010A, on right side). Trunk ca-
nal as a short, superficial tubule above the skin connecting the
pores ll1 and ll2, in some specimens surrounded by a tubular
ossification.

Coloration. Body background mostly yellowish to brown-
ish on dorsal and lateral regions, gradually brighter ventrally.
Brown to grey melanophores distributed on dorsal and lateral
profiles, but absent on ventral profile. Melanophores aggre-
gated on spots, that can vary in size from small dots (smaller
than eye diameter) to big blotches (bigger than eye diameter),
scattered throughout the body, aligned longitudinally and coa-
lescing in longitudinal lateral stripes in all specimens. Dorsal

central region of head darkened by concentration of melano-
phores, both superficial (above skin) and profound(above skull,
below skin, seen by transparence), forming a conspicuous dark
blotch, more visible in some specimens. Two small, dark
blotches laterally external to the nares, sometimes barely vis-
ible. Fins translucent, with scattered melanophores on the base
of fin-rays, except for the pelvic fin, on which melanophores
are absent. Barbels usually with scattered melanophores, mostly
at the base. In alcohol, coloration similar to life but becoming
gradually paler (Figs 2-6 and 15-16).

Type material. Holotype. BRAZIL, Goiás: Mambaí (Gruna
da Tarimba cave system, main entrance, river conduit,
14°24’42.9"S, 46° 10’29.7"W, elevation 742 m), upper Tocantins
River Basin, 69.7 mm SL, 29 Apr 2013, Bichuette, M.E., Gallão,
J.E., Von Schimonsky, D.M., Rizzato, P.P., Borghezan, R. leg., LIRP-
11009). Paratypes. BRAZIL, Goiás: Mambaí (Gruna da Tarimba cave
system, main entrance, river conduit, 14°24’42.9"S, 46°10’
29.7"W, elevation 742 m), upper Tocantins River Basin: 4 speci-
mens (3 alc, 1 S&D) collected with the holotype, 47.1-68.9 mm
SL, LIRP-11010; 3 specimens (2 alc., 1 S&D), 55.2-73.5 mm SL,
27 Oct 2012, Bichuette, M.E., Simões, L.B., Sorbo-Fernandes, C.
leg, LESCI-00223; 1 specimen, 71.1 mm SL, 27 Oct. 2012 (death
in 10 Feb 2013), Bichuette, M.E., Simões, L.B., Sorbo-Fernandes,
C. leg, LESCI-00228; 1 specimen (C&S), 76.5 mm SL, 27 Oct.
2012 (death in 13 Nov 2013), Bichuette, M.E., Simões, L.B., Sorbo-
Fernandes, C. leg, LIRP-11011. Mambaí (Gruna da Tarimba, pas-
sage 2, 14°24’42.9"S, 46°10’29.7"W, elevation 742 m), upper
Tocantins River Basin, 3 specimens, 29,1-62,8 mm SL, 30 Apr.
2013 (death in 10 Feb 2013 Bichuette, M.E., Gallão, J.E., Von
Schimonsky, D.M., Rizzato, P.P., Borghezan, R. leg., LIRP-11012.
Mambaí (Nova Esperança cave system, 14°25’54.1"S, 46°09’
16.4"W, elevation 743 m), upper Tocantins River Basin: 1 speci-
men, 53.9 mm SL, 31 Oct 2004, LESCI-00041; 1 specimen, 46.1
mm SL, 31 Oct 2004, LIRP-11013.

Distribution. Ituglanis boticario sp. nov. is known only
from subterranean streams on the Mambaí karst area, belong-
ing to the Rio Vermelho sub-basin, a tributary of Rio Paranã,
upper Tocantins River Basin, on the northeastern region of
Goiás state. Its presence was reported for at least two cave sys-
tems on the Mambaí municipality region (from north to south):
the Tarimba cave system and the Nova Esperança cave system.

Etymology. The specific epithet – boticario – is in honor
of Fundação O Boticário de Proteção à Natureza (FBPN) which
financially supported a project for effective protection of
Tarimba cave system, including the proposition of a Conser-
vation Unit at Goiás State. A noun in apposition.

DISCUSSION

Taxonomic assignment. The genus Ituglanis was proposed
by COSTA & BOCKMANN (1993) based on the presence of three
autapomorphies: the parieto-supraoccipital fontanel present
as a small orifice at the posterior portion of the parieto-su-
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praoccipital bone, sometimes absent (in I. apteryx, in the min-
iaturized I. macunaima Datovo & Landim, 2005, and in some
specimens of the subterranean I. epikarsticus and I. mambai, at
least – DATOVO & LANDIM 2005, BICHUETTE & TRAJANO 2008, DATOVO

2014); the presence of a concavity at the median portion of
the autopalatine, sometimes shallow (in the subterranean I.
mambai, at least – BICHUETTE & TRAJANO 2008); and the anterior
extremity of sphenotic-prootic-pterosphenoid anteriorly di-
rected. All three synapomorphies are present in the new spe-
cies, justifying its inclusion in the genus.

WOSIACKI et al. (2012), based on a sample of Ituglanis, pro-
posed four additional characters as synapomorphies for the
species included in the genus. Two were confirmed in the new
species: five or more abdominal vertebrae and two or fewer
vertebrae between the first pterygiophores of the dorsal and
anal fins. The first may be in fact a synapomorphy for Ituglanis
(DATOVO 2014), but the latter occurs also in other members of
Trichomycterinae and in some members of Glanapteryginae
and Vandelinae (DATOVO & DE PINNA 2014).

The third character, the parapophysis of the first four
free vertebrae directed medially, is dubious since only some,
but not all, of those parapophysis in I. boticario are likewise
directed. The same was observed by DATOVO & DE PINNA (2014)
for the species of Ituglanis examined by them.

The fourth character, presence of 23 or more free verte-
brae anterior to the first pterygiophore of the dorsal fin, is also
dubious. As pointed out by DATOVO & DE PINNA (2014), besides
occurring in the more derived glanapterygines, stegophilines
and vandelines, and at least in the trichomycterine Trichomycterus
paolence (Eigenmann, 1917), this character is not present in many
Ituglanis species: at leastin I. nebulosus de Pinna & Keith, 2003, I.
paraguassuensis, I. parahybae, and some individuals of I. austra-
lis, I. macunaima, and I. proops. The character was absent in the
new species herein described, and also in the following species
analyzed by us: I. passensis, I. bambui, I. ramiroi, and I. mambai.

Other characters proposed by COSTA & BOKMANN (1993) as
useful to identify species of Ituglanis,  although not exclusive,
are also present in the new species: mouth subterminal, barbels
well developed, eyes of moderate size, parasphenoid with a long
posterior process (absent on the species of the TSVSG clade) and
vomer with a long posterior process. DATOVO & BOCKMANN (2010)
proposed as synapomorphy for Trichomycterinae strictu sensu
(excluding the “T.” hasemani group and including Ituglanis) the
levator internus 4 originating from the dorsal face of the
posttemporo-supracleithrum. This character state is present in
the new species, and also in the following species analyzed by
us: Ituglanis passensis, I. bambui,  I. epikarsticus,  I. ramiroi,  I.
mambai, Ituglanis sp. 1 and Ituglanis sp 2, in addition to other

Figures 15-18. Comparison of body pigmentation between I. boticario (15, 16) and I. mambai (17, 18). Notice the longitudinal stripes
on the lateral of the body, present in I. boticario, but absent in I. mambai. Lateral view of the specimens, on the left side. (15) LIRP11010,
68,9 mm SL, paratype.(16) LIRP11012, 62,8 mm SL, paratype. (17) LISDEBE2047, 64,7 mm SL, paratype. (18) LISDEBE2014, 50,3 mm
SL, paratype. Scale bars: 10.0 mm.
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species of Ituglanis and Trichomycterus cited in DATOVO et al. (2012),
DATOVO (2014), and DATOVO & DE PINNA (2014).

Intrageneric comparisons. The new species herein de-
scribed exhibits a set of character states that are unusual in the
genus, including some of the highest counts for some charac-
ters, for example, the number of ribs, 7 or 8, and the number
of pectoral-fin rays, 8 or 9. The presence of the anterior seg-
ment of the infraorbital laterosensory canal is another very
unusual condition in the genus, shared only by four other spe-
cies: I. proops,  I. paraguassuensis, I. agreste and I. australis. Fi-
nally, the pigmentation forming longitudinal stripes is shared
only by I. parahybae, I. cahyensis, I. australis, and I. apteryx. Taken
in combination, these characters can be used to differentiate
the new species from all congeners.

The pigmentation forming longitudinal stripes differs the
new species from all congeners except for I. parahybae, I. cahyensis,
I. australis and I. apteryx. From I. parahybae, I. cahyensis and I.
apteryx, the new species differs by the absence of the anterior
cranial fontanel (vs. presence), the presence of the anterior seg-
ment of the infraorbital laterosensory canal (vs. absence) and
by the pectoral fin mostly with 8, sometimes 9 rays (vs. 5 or
fewer rays). From I. parahybae,  it is further distinguished by the
presence of the supraorbital laterosensory canal (vs. absence).
From I. cahyensis,  it is further distinguished by the presence of
the anterior segment of the supraorbital laterosensory canal (vs.
absence), the number of vertebrae, 38-39 (vs. 40) and the num-
ber of ribs, 7-8 pairs (vs. 4 pairs). From I. apteryx, it is further
distinguished by the presence of the pelvic girdle and fin (vs.
absence), the number of vertebrae, 38-39 (vs. 43-45) and the
interruption of the supraorbital laterosensory canal in two seg-
ments, anterior and posterior, with four pores (vs. supraorbital
laterosensory canal complete, with three pores). From I. austra-
lis, it differs in the greater number of pectoral-fin rays, 8-9 (vs.
6), the number of ribs, 7-8 (vs. 4-6 pairs) and the presence of a
single upper hypural plate (vs. two upper hypural plates)

The number of ribs, 7-8 pairs, differs from the condition
found in all congeners (6 or fewer; not seen for I. guayaberensis,
I. herberti and I. metae) except for the subterranean species I.
passensis, I. bambui, I. ramiroi and I. mambai. From the subterra-
nean I. passensis, I. bambui, and I. ramiroi, it differs by the pres-
ence of well developed pigmentation (vs. absence), the presence
of the anterior segment of the infraorbital laterosensory canal
(vs. absence) and the larger eye, more than 7.0%, on average
8.9% of HL (vs. smaller than 8.0% of HL). From I. passensis and
I. bambui, it is further distinguished by the presence of the su-
praorbital laterosensory canal (vs. absence). From I. ramiroi, it is
further distinguished by the number of vertebrae, 38-39 (vs.
36-37).

The presence of the anterior segment of the infraorbital
laterosensory canal differs from the condition found in all other
congeners except for the epigean I. proops, I paraguassuensis, I.
agreste and I. australis. From these species, it can be distinguished
by the large number of ribs, 7-8 pairs (vs. 6 or fewer), the num-

ber of vertebrae, 38-39 (vs. 39-41 for I. proops and I. australis, 36
or fewer in I. paraguassuensis and I. agreste) and the pectoral-
fin ray count, usually 8, less commonly 9 (vs. 7 or fewer). From
I. proops,  I. paraguassuensis and I. agreste, it can be further dis-
tinguished by the pigmentation forming longitudinal stripes
and the absence of the anterior cranial fontanel (vs. presence;
not seen for I. australis).

The number of pectoral-fin rays, 8, less commonly 9,
differs from the condition found in all other congeners (7 or
fewer) except for the subterranean I. passensis, I. bambui, I.
epikarsticus, I. ramiroi, and I. mambai. From I. epikarsticus, it
differs by the presence of well developed pigmentation (vs.
absence), the presence the supraorbital and infraorbital
laterosensory canal (vs. absence), the larger eye, more than
7.0%, on average 8.9% of HL (vs. smaller than 3.0% of HL), the
number of ribs, 7-8 pairs (vs. 5), the number of vertebrae, 39
(vs. 36) and the larger body, reaching more than 70 mm SL (vs.
maximum 45.7 mm SL).

The geographically closest congener of Ituglanis boticario
is the subterranean I. mambai. Both species occur in the tribu-
taries of the Rio Corrente, an affluent of Rio Paranã, in the
neighborhood of Mambaí municipality. However, the caves in
which these species occur are located in different sub-basins:
the Lapa do Sumidouro cave-system, type-locality of I. mambai,
in the Rio dos Buritis sub-basin, and the Gruna da Tarimba
and Nova Esperança cave-systems, type-localities of I. boticario,
in the Rio Vermelho sub-basin (Fig. 1). Although adjacent, these
two river basins are parallel to each other and separated by
areas of higher elevations, precluding transversal migrations
between them. Additionally, morphological differences be-
tween I. boticario and I. mambai enable the distinction of the
former as a new species.

The main differences between I. boticario and I. mambai
are the pigmentation pattern, and eye and barbel size. In I.
boticario, all specimens analyzed exhibit longitudinal stripes
on the body, which are absent from all specimens of I. mambai
analyzed (compare Figs 15-16 with Figs 17-18). In both spe-
cies, the pigmentation pattern (longitudinal stripes in I.
boticario; homogeneous light brown with irregular small spots
distributed mainly on dorsum and flanks of I. mambai) is on-
togenetically stable (juvenile specimens of I. mambai may only
be less pigmented than adults; BICHUETTE & TRAJANO 2008). The
eyes of I. boticario are also conspicuously smaller when com-
pared to I. mambai, whereas the barbels are longer (Fig. 19).

A fourth character could be used to differentiate I. mambai
and I. boticario, the presence of the anterior segment of the
infraorbital laterosensory canal. In I. boticario, this segment is
present in most specimens (about two thirds of the specimens
analyzed), whereas in I. mambai it is absent, except for the left
side in three specimens. This variability in the presence of the
anterior segment of the infraorbital laterosensory canal was
also reported for I. australis (DATOVO & DE PINNA 2014) and may
occur in other trichomycterines. In I. proops, however, it was
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present in all specimens analyzed by us. In other species of
Ituglanis, the anterior segment of the infraorbital is present
only in I. paraguassuensis and I. agreste, but no information
about variability is presented by the authors. Although the
presence/absence of laterosensory canal segments is useful to
differentiate and diagnose species within Ituglanis (DATOVO &
LANDIM 2005, SARMENTO-SOARES et al. 2006, CAMPOS-PAIVA & COSTA

2007, WOSIACKI et al. 2012, LIMA et al. 2013, DATOVO 2014, DATOVO

& DE PINNA 2014), informations about variability should be pro-
vided in order to reinforce the utility of these characters.

Comments on the phylogeny of Ituglanis
Up to date, the relationships between the species of

Ituglanis are still obscure. The only attempt to identify mono-
phyletic groups within the genus was made by DE PINNA & KEITH

(2003), who suggested a separation in two distinct clades, one
encompassing species from northern South America (from
Amazon to Guyana) which share a small number of ribs, three
pairs or fewer, and the other encompassing species from south-

ern South America (Paraná/Paraguay, Ribeira do Iguape, Paraíba
do Sul and Southeastern drainages in Brazil and Uruguay) which
share a greater rib count, more than five pairs. The species de-
scribed subsequently (BICHUETTE & TRAJANO 2004, DATOVO &
LANDIM 2005, SARMENTO-SOARES et al. 2006, CAMPOS-PAIVA & COSTA

2007, BICHUETTE & TRAJANO 2008, WOSIACKI et al. 2012, LIMA et al.
2013, DATOVO 2014, DATOVO & DE PINNA 2014) conformed to that
distribution, giving partial support for the hypothesis of DE

PINNA & KEITH (2003).
The two described epigean species of Ituglanis from the

Rio Tocantins Basin, I. macunaima (Araguaia River Basin, a tribu-
tary of Tocantins river) and I. ina Wosiacki, Mendonça & Dutra,
2012 (lower Tocantins River Basin) have fewer ribs, being more
closely related to the northern South American species of
Ituglanis. However, all species from the upper Tocantins River
Basin have a greater number of ribs, including the new species
herein described. Therefore, all species from the upper Rio
Tocantins basin are probably more closely related to the south-
ern South American species.

Figure 19. Comparison of eye diameter (ED) and maxillary, rictal and nasal barbels length (MB, RB and NB, respectively) between
Ituglanis sp. 1 (black dots) and Ituglanis boticario (white dots). Dashed lines represent the confidence interval for the linear regression of
each species. Gray area represents the superposition between the confidence intervals of both species.
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The reduction in the number of ribs was interpreted by
DE PINNA & KEITH (2003) as an apomorphic condition of Ituglanis,
since basal trichomycterids have nine or more pairs of ribs.
The extreme reduction to three or fewer, seen in the northern
South American clade, should be interpreted as a derived char-
acter within the genus, and therefore the large number of ribs
of the southern South American species must be considered a
plesiomorphic condition for Ituglanis. Other possibly
plesiomorphic conditions are also seen in some species from
the southern South America (see below), suggesting that they
represent the most basal members of the genus.

The anterior segment of the infraorbital laterosensory
canal is present only in five species of Ituglanis, all of which
are from the southern South American group: I. proops, I.
paraguassuensis, I. agreste, I. australis, and I. boticario. Since the
anterior segment of the infraorbital laterosensory canal is
present in the most basal subfamilies of Trichomycteridae,
Copionodontinae (DE PINNA 1992, CAMPANARIO & DE PINNA 2000,
BICHUETTE et al. 2008) and Trichogeninae (DE PINNA et al. 2010),
and also in many trichomycterines (ARRATIA & HUAQUIN 1995),
it is more parsimonious to interpret its absence as a derived
condition shared by most Ituglanis species, and its presence as
a plesiomorphic condition shared by the six species cited above.
Accordingly, those species (except I. australis) also exhibit other
putatively plesiomorphic character states, for example, greater
number of pectoral-fin rays, lower number of vertebrae and
insertion of the first pterygiophore of the dorsal-fin before the
23th vertebrae, besides the large number of ribs. Therefore, it is
possible that those five species are some of the most basal
members of the genus, and a more detailed analysis of the char-
acters exhibited by them would be useful to investigate the
evolutionary relationships between the species of Ituglanis.

Troglobitic status
Since the discovery of the first cave animals, many au-

thors have been trying to apply a useful classification of the
subterranean fauna that reflects their evolutionary and ecologi-
cal relationships to their environment (for a critical review – see
TRAJANO 2012). Currently, the most used and useful classifica-
tion is the so-called Schiner-Racovitza, which after important
contributions from BARR (1967) and TRAJANO (2012), can be pre-
sented as follows: animals with source populations in epigean
environments using the hypogean environment as part of their
habitat, but which must leave it in order to complete their life
cycles, are called “trogloxenes”; animals with source popula-
tions both in hypogean and epigean habitats, and whose indi-
viduals commute from these habitats, thus maintaining the gene
flow between the populations, are called “troglophiles”; and
animals with source populations exclusively in hypogean envi-
ronments, even when having sink populations in epigean habi-
tats, are called “troglobites”. This classification provides a useful
scheme to analyze the ecological relationship of the popula-
tions/species to the subterranean environment even in the ab-
sence of accentuated troglomorphisms, typical (but not

exclusive) of troglobites and generally used to identify them in
the absence of other lines of evidence. Following this scheme,
the new species herein described can be classified as a troglobite,
since it is found only in subterranean streams of two contigu-
ous cave systems of the Mambaí municipality, neither of which
connected directly with epigean streams (through sinkholes or
resurgences, for instance).

When compared with other troglobitic fish species from
all over the world (ROMERO & PAULSON 2001, PROUDLOVE 2006),
even from other Brazilian regions (TRAJANO & BICHUETTE 2010),
the troglobite fishes from northeastern Goiás are much less
specialized, exhibiting low degree of troglomorphism (BICHUETTE

& TRAJANO 2003, 2008, TRAJANO et al. 2004, TRAJANO & BICHUETTE

2010). It has been argued that there is a positive correlation
between the time of isolation in the subterranean environment
and the degree of specialization (troglomorphisms) of a given
species, in such a way that species isolated for longer periods
of time have more developed and less variable troglomorphic
characters (WILKENS 1982, TRAJANO 1995, BICHUETTE & TRAJANO 2008
– but see also TRAJANO 2007). From this, it can be concluded
that the subterranean ichthyofauna of northeastern Goiás has
been isolated for a shorter time when compared with other
Brazilian regions (TRAJANO et al. 2004).

Considering all subterranean species of Ituglanis collec-
tively, there is a wide range of interspecific variation in their
degree troglomorphism: in I. mambai the eyes are comparable
to those of epigean species but the pigmentation is slightly
reduced; in I. boticario, the pigmentation is comparable to
epigean species but the eyes are slightly reduced; in I. bambui,
the pigmentation and eyes are reduced, but are still intermedi-
ary between the epigen Ituglanis and the more troglomorphic
I. passensis, I. epikasticus and I. ramiroi,  which have very re-
duced pigmentation and eyes. This particular situation, in
which several related troglomorphic species exhibit a range of
troglomorphism from less to more specialized, is very rare, and
is known to occur only in the North American amblyopsids
(POULSON 1963, NIEMILLER & POULSON 2010). Still, the case of the
subterranean Ituglanis is remarkable, since its range is very re-
stricted, and there is geological and morphological evidence
(e.g., the mosaic of characters exhibited by the species – see
Table III) that the colonization of the subterranean environ-
ment occurred independently in each species (BICHUETTE &
TRAJANO 2008). This particularity makes Ituglanis an excellent
model to test several hypotheses on the origin and evolution
of subterranean animals.

Conservation remarks
BICHUETTE & TRAJANO (2008) expressed concern about the

conservation of the Mambaí karst area, where I. boticario oc-
curs. The authors described, for the same region, the subterra-
nean I. mambai, which occur in a relatively large population at
the Lapa do Sumidouro cave. In contrast, I. boticario occurs in
small population densities, about 0.05-0.3 inds.m-2, and at the
Tarimba cave system its distribution is restricted to the upstream
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part of the cave system. The fish inhabit base level streams,
with small depths (less than 0.80 cm) and no more than 1m
width, with moderate water current (Figs 20-27). The bottom
of the river is formed mainly by pebbles and silt. The micro-
habitats specificity exhibited by I. boticario makes it vulnerable
to continuous cave usage (e.g. touristic visitation) or alterations
or interferences of the epigean areas nearby the subterranean
system (e.g., deforestation, pollution). Furthermore, the cave
system recharges are apparently far from the surroundings of
the cave system, which implies that the cave is very fragile,
since there are many deforested areas in the region.

The Tarimba cave system is one of the most important
caves in Goías and it is the largest in the Mambaí region, ex-
tending for about 12 km (União Paulista de Espeleologia, pers.
comm.). However, Mambaí is a poorly developed region, with
native vegetation altered by deforestation, and there are no
short- to medium-term conservation projects for the area. The
only conservation unit in the region is the “Área de Proteção
Ambiental (APA) das Nascentes do Rio Vermelho”, created in
2001, but which has not been effective to ensure the preserva-
tion of the subterranean systems and the epigean areas nearby.

The occurrence of a troglobitic species is considered suf-
ficient to elevate the cave system to the higher relevance cat-
egory predicted by the current Brazilian legislation. Besides the
troglobitic I. boticario, the cave system is also inhabited by at
least one species of characin (Astyanax aff. fasciatus), two spe-
cies of bats and a diversity of troglobitic and non-troglobitic
invertebrates (M.E. Bichuette, unpubl. data), representing an
area of high diversity for subterranean fauna in Brazil. Based
on this, we strongly recommend the creation of a conserva-
tion unit of higher category including at least all the Tarimba
cave system and its areas of influence, in order to ensure the
integral protection of the subterranean system and its
biospeleological patrimony.
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Appendix 1. Comparative material.

Ituglanis amazonicus: BRAZIL, Rondônia: Porto Velho, Amazonas River Basin, tributary of São Sebastião river, 19 Jul 2004, TCE leg., MCP-
36257 (13 specimens; 23.8-52.7 mm SL). Mato Grosso: Canarana, Amazonas River Basin, Cascalheira stream, tributary of Rio Turvo,
tributary of Rio Saia-Miçu, 16 Oct 2004, MZUSP-86821 (8 specimens of 12; 24.3-45.0 mm SL). Mato Grosso: Canarana, Amazonas
River Basin, tributary of Água Limpa stream, 15 Oct 2004 MZUSP-86804 (2, 30.4-35.4 mm SL). Ituglanis bambui: all specimens from
Goiás: São Domingos, Upper Tocantins River Basin, Lapa da Angélica cave. 20 May 1999, Bichuette, M.E. leg., LESCI-00004 (2
specimens, 16.6-22.4 mm SL). Jul-Aug 1999-2001, LESCI-00009 (2 specimens, 34.3-34.4 mm SL). Jul-Aug 1999-2001,  LESCI-00010
(6 specimens, 21.3-34.6 mm SL). 11 Mar 2004, Bichuette, M.E., Santos, R.H. leg., LESCI-00034 (6 specimens, 29.2-39.8 mm SL). 5
May 2010, LESCI-00117 (6 specimens, 29.1-48.9 mm SL). 4 Apr 2006, Trajano, E., Secutti, S. leg., LESCI-00151 (10 specimens, 31.6-
49.4 mm SL). 5 Mar 2001, Bichuette, M.E. leg.,  MZUSP-79860 (1 specimen, holotype, 43.2 mm SL). 7 Sep 1999, Bichuette, M.E.,
Santos, R.H. leg., MZUSP-79861 (1 specimen, paratype, 32.7 mm SL). 3 May 2000, Bichuette, M.E., Santos, R.H. leg., MZUSP-79862
(4 specimens, paratypes, 30.6-45.5 mm SL). 1 Aug 2000, Bichuette, M.E., Santos, H., Chagas Jr, A. leg., MZUSP-79863 (3, 35.0-
41.5 mm SL). 7 Aug 2001, Bichuette, M.E., Santos, R.H. leg., MZUSP-79864 (4 specimens, paratypes, 31.7-46.3 mm SL). Ituglanis
epikarsticus: all specimens from Goiás: São Domingos, Upper Tocantins River Basin, São Mateus cave. 23 Apr 2010, LESCI-00300 (1
specimen, 45.7 mm SL). 23 Apr 2010, LESCI-00302 (1 partial skeleton, not measured). Travertine pools fed by epikarstic water, 15Jul
1999, Bichuette, M.E., Lima, F.C.T. leg., MZUSP-79870 (1 specimen, 34.0 mm SL). Ituglanis ina: all from Paraná: Canaã dos Carajás,
Lower Tocantins River Basin. Igarapé Ilha do Coco, 16 Jul 2010, Loeb, M., Varella, H. leg., MZUSP-107065 (1 specimen; 26.8 mm SL).
23 Jun 2010, Loeb, M., Varella, H. leg., MZUSP-107066 (1; 23.4 mm SL). Ituglanis mambai: all specimens from Goiás: São Domingos,
Upper Tocantins River Basin, Lapa do Sumidouro cave. 21 Jul 2012, Secutti, S. leg., LESCI-00239 (3 specimens, 53.1-66.4 mm SL). 1
Sep 2004, Bichuette, M.E., Trajano, E., Barbosa, A.C. leg., LISDEBE-2047 (6 specimens, paratypes, 32.7-64.7 mm SL). 1 Sep 2004,
Bichuette, M.E., Trajano, E., Barbosa, A.C. leg., MCP-42537 (1 specimen of 3, paratype, 57.9 mm SL).31-Mar 2007, Bichuette, M.E.,
Trajano E., Secutti, S. leg., MZUSP-94719 (4 specimens, paratypes, 26.6-66.1 mm SL). Ituglanis passensis: all specimens from Goiás:
São Domingos, Upper Tocantins River Basin. Passa Três cave, travertines, upper galery, 10-14 Jun 1990, LESCI-00003 (1 specimen of
2, 11.6 mm SL). Passa Três cave, Jun-Aug 1999-2001, Bichuette M.E. leg., LESCI-00008 (19 specimens, 30.4-60.1 mm SL). Termas
São Vicente cave, travertines, upper galery, 29 Jun 2000, Bichuette M.E. leg., LESCI-00016 (1 specimen, 15.6 mm SL). Termas São
Vicente cave, 29 Aug 2000, Bichuette, M.E. leg., LESCI-00019 (1 specimen, 15.4 mm SL). Passa Três cave, 24 Apr 2010, LESCI-00189
(1, 30.5 mm SL). Passa Três cave, 27 Jul 1978, Ferrari, R. leg., MCP-27436 (3 specimens, 30.5-65.8 mm SL). Passa Três cave, 24 Apr
2000, Bichuette, M.E., Moeller, D leg.,  MZUSP-80090 (3 specimens). Passa Três cave, 20 Jul 1999. MZUSP-80099 (2 specimens).
Ituglanis proops: São Paulo: Barra do Turvo, Rineira do Iguape River Basin, Córrego da Onça, 23 Mar 2000, Oyakawa, O. leg., LIRP-
9313 (8 specimens; 45.6-82.2 mm SL). Paraná: Cerro Azul, Ribeira do Iguape River Basin, Bonito stream, 20 May 2002, Oyakawa, O
leg., MZUSP-79576 (15 specimens of 30; 40.4-65.8 mm SL).Ituglanis ramiroi: all specimens from Goiás: São Domingos, Upper
Tocantins River Basin, São Bernardo cave. 25 May 1999, LESCI-00006 (2 specimens, 34.9-36.6 mm SL). 21 Oct 2008, LESCI-00149
(1 specimen, 38.5 mm SL). 28 Jul 2006, Trajano, E., Secutti, S. leg., LESCI-00150 (5, 32.1-47.8 mm SL). May-Jul 2000-2001, LESCI-
00188 (1 specimen, 41.3 mm SL). LESCI-00214 (1 specimen, 35.0 mm SL). 11 Feb 2012, LESCI-00215 (8 specimens, 17.3-38.7 mm
SL).May-Jul 2000-2001, LESCI-00224 (1 specimen, 40.0 mm SL). 27 May 1999, Bichuette, M.E., Santos, R.H. leg., MZUSP-79865 (1
specimen, holoype, 27.1 mm SL). 27 May 1999, Bichuette, M.E., Santos, R.H. leg., MZUSP-79867 (1 specimen, paratype, 25.4-
31.3 mm SL). 12 Jul 1999, Bichuette, M.E., Santos, R.H. leg., MZUSP-79868 (1 specimen, paratype, 29.3 mm SL).


