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Abstract

We describe a new species Afiomaloglossu$rom the Pakaraima Mountains of Guyammomaloglossus
megacephalusp. nov. is currently known from Maringma Tepui at 1060 m elevation and from Mt. Ayanganna at 1490

m elevation. The new species can be distinguished f&bhrknown congeners by the following combination of
characters: relatively large size (females up to 28.3 mm), heaq Fingjer | subequal or shorter than Il, the tip of Finger

IV surpassing the base of the distal tubercle on Firigerhen fingers are adpressed, fingers with preaxial keel-like
lateral folds, best developed on Fingers Il and Ill, toes moderatelgedebith folded flaplike fringing, symmetrical

cloacal tubercles present, dorsolateral stripe absent, ventrolateral stripe present, inconspicuous, oblique lateral stripe
present, often broken in spofmomaloglossus megacephahes been previously confused withtepuyensisa taxon

described from Auyantepui in Venezuela.
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I ntroduction

The genuAnomaloglossusontains twenty-four species—some of them previously assigned to the genus
Colostethus—many of which apparently have restricted distribution ranges (Getaat. 2006).
Anomaloglossuspecies are easily distinguished from other Aromobatidae by the synapomorphic presence of
a median lingual process (Grattal. 2006).

Anomaloglossuspecies display considerable variation in reproductive biology. The six species for which
data on reproductive behaviour are available have terrestrial iegg(-aquatic). After hatching, tadpoles
are transported on males' dorsum to a suitable body of water, exéeptephen{Martins, 1989) (tadpole
endotrophic, nidicolous), and . degranvillei(Lescure, 1975) (tadpole endotrophic, developing on the
male's back). In phytotelm-breeding species Akdeebe({Noble, 1923), tadpoles hatch from eggs laid on
leaves above the water-filled axis of bromeliads and slide into the bromeligdrtales transport them only
occasionally, for instance when there is no food in the bromeliad tankeikadk2005). Maternal care (here
laying of trophic eggs) is reported in two speciestjeebeandA. kaiei(Kok, Sambhu, Roopsind, Lenglet &
Bourne, 2006a)]. Tadpole deposition sites are invariable within species and range from phytotegmAta |
beebeiA. roraima(La Marca, 1998)], to small forest puddlesd. A. kaieiA. praderioi(La Marca, 1998)]
and to running watee[g. A. tepuyensi{ta Marca, 1998)].

The genus is reported to occur on the Pacific slopes of the Andes in Colombia andrEtuaeo
species), in the Amazonas state of Brazil (one species) and in the Guiana Shield (21 species), where most
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species (16 species, 67% of all knodmomaloglossysoccur in the uplands and highlands of the Pantepui
region, a biogeographic province referring to the complex of mountains mainly derived from the sandstone of
the Roraima Group in southern Venezuela, west-central Guyana and northern Brazil [see Myers & Grant
(2009), Barrio-Amoroégt al.(2010), Frost (2010), and Kok (2010) for number of known species and detailed
species distributions].

Because of the sometimes large intraspecific variabMlitgmaloglossusan be morphologically difficult
to distinguish €.g. A. baeobatrachu@oistel & de Massary, 1999) aril stepher]i particularly in
preservative. Several areas within the distribution of the genus are still largely unexplored and @wigtic sp
are probably not uncommon in the genus (Fougtiet 2007).

Grantet al. (2006) included a\nomaloglossuspecimen collected during the Royal Ontario Museum
Ayanganna Expedition in 2000 in their phylogenetic study, and cautiously identified.itteguyensis-a
species described from Auyantepui in Venezuela—on the basis of morphologyeGah(2006: 120) aptly
mentioned that their identificatiowill likely require revisiofi and predicted ddditional specimens and/or
molecular data will reveal that these are different spécidsicCulloch and Lathrop (2009) followed Graait
al.’s (2006) tentative identification. In the meantime two additiock@bmaloglossuspecimens became
available from Mt. Ayanganna and Maringma Tepui, Guyana and PJRK had the opportunity to examine the
type series of moginomaloglossuffom the Pantepui region in the context of a taxonomic redefinition of the
Pantepui species. Direct comparisons indicated that the specimens from Guyana are not conspekific with
tepuyensidrom the type locality and further morphological comparisons showed that the Guyanese
populations represent an undescribed taxon, which is described herein.

Material and methods

Specimens were collected by hand and euthanized by immersion in Xylocaine or in a mixloxe dfil,

ethanol and water. Tissue (a piece of liver or thigh muscle) was removed from most specimens and preserved
in 95-100% ethanol. Whole individuals were fixed in 10% formalin and later transferred to 70% ethanol for
permanent storage. Specimens have been deposited in the collections of the Institut Royal des Sciences
Naturelles de Belgique (IRSNB) and the Royal Ontario Museum (ROM); tissue samples were deposited in the
Amphibian Evolution Lab, Biology Department, Vrije Universiteit Brussel (VUB) and ROM (see Appendix

for material examined).

Coordinates and elevations were acquired using a Garmin 60CSx Global Positioning System unit and
referenced to map datum WGS84.

All morphometric data were taken from the preserved specimens by the same person (BW) [except HL2,
HL3, HW, and BEL (taken by PJRK)], to the nearest 0.01 mm and rounded to the nearest 0.1 mm, under a
Leica stereo dissecting microscope using an electronic digital caliper. For ease of comparison, the description
mainly follows the pattern of recent descriptions in the gesugsKok et al. 2006a, Myers & Donnelly 2008,

Kok 2010). Measurements were taken and abbreviated as follows: (1) snout-vent length (SVL); (2) head
length from corner of mouth to tip of snout (HL1); (3) head length from angle of jaw to tip of snout (HL2); (4)
midline distance from snout tip to an imaginary line between anterior arm insertions when arms at right angle
with body (HL3); (5) head width at level of angle of jaws (HW); (6) snout length from anterior corner of eye
to tip of snout (SL); (7) eye to naris distance from anterior corney®to posterior margin of naris (EN); (8)
internarial distance (IN); (9) eye length (EL); (10) interorbital distance (10); (11) greatest lemgtipahum

from its anterior margin to its posterior margin (TYM); (12) forearm length from proximal edge cdpalm
tubercle to outer edge of flexed elbow (FAL); (13) length of Finger | from proximal edge of palmar tubercle to
tip of finger (HAND 1); (14) length of Finger Il from proximal edge of palmar tubercle to tip of finger (HAND

I); (15) length of Finger Il from proximal edge of palmar tubercle to tip of finger (HAND lll, also equivalent

to hand length); (16) length of Finger IV from proximal edge of palmar tubercle to tip of finger (HAND IV);
(17) width of disc on Finger Il (WFD); (18) foot length from proximal edge of outer metatarsal tuberple to ti

of Toe IV (FL); (19) width of disc on Toe IV (WTD); (20) tibia length from outer edge of flexed knee to heel
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(TIL); (21) upper arm length from anterior insertion with the body to outer edge of flexed elbow (AL); (22)
midline distance from an imaginary line between anterior arm insertions when arms at right angle with body
to an imaginary line between anterior thigh insertions when thighs at right angle with body (BEL).

Webbing formulae follow Savage and Heyer (1967), with modifications proposed by Myers and
Duellman (1982) and Savage and Heyer (1997). Relative lengths of fingers were compared according to
Kaplan (1997), using the distance from the proximal edge of the palmar tubercle to the tip of each finger.

Colour pattern in life was taken from field notes and colour photographs. Sex and maturity were
determined by the presence/absence of vocal slit(s) and by dissection. Internal soft anatomy was examined by
dissection of preserved specimens.

Comparisons of external character states are based both on original descriptions and iexaofiinat
museum specimens, usually including the type series (see Appendix for material exai8ined).
examination of comparative type series sometimes revealed discrepancies between type specimens and
original descriptions, our diagnoses may differ from those usually proposed.

Taxonomy follows Grangt al (2006). Institutional acronyms follow Frost (2010).

New species description

Anomaloglossus megacephalus sp. nov.
(Figs. 1-4; Table 1)

Anomaloglossus tepuyengisa Marca, 1998) in part; Graat al (2006: 120, 158)
Anomaloglossus tepuyengisa Marca, 1997 [sic]); MacCulloch & Lathrop (2009: 11, figs. 5-6, plate B)

Holotype. IRSNB 1986 (field number PK 1881), an adult féeneollected by Philippe J. R. Kok, Paul
Benjamin and Claudius Perry, 20 November 2007 at 16h30, eastern base of Mount Maringma, Cuyuni-
Mazaruni District, Guyana (05° 12’ 37"N, 060° 33’ 59"W, 1060 m elevation).

Paratypes. ROM 39637-38, adult females collected by Amy Lathrop and Carter Cox, 28 October 2000,
northeastern plateau of Mount Ayanganna, Cuyuni-Mazaruni District, Guyana (05° 24’ N, 59° 57’ W, 1490 m
elevation).

Etymology. The specific epithet is a combinationmméga(Greek meaning "large") armephalugGreek
meaning “head”), which refers to the large head of the species and is used as a noun in apposition.

Adult definition and diagnosis. (1) large-sizedAnomaloglossugmale unknown, female 27.3-28.3 mm
SVL); (2) body robust, but relatively more slender than most known congeners, head large; (3) skin on
dorsum smooth to granular, more tuberculate posteriorly, skin on venter smooth to slighthagrar)

Finger | subequal or shorter than IlI; (5) tip of Finger IV surpassing the base of the distal subarticular tubercle
on Finger Ill when fingers adpressed; (6) distal tubercle on Finger IV present; (7) condition of Finger Il in
males unknown; (8) fingers with keel-like lateral folderisuMyers & Donnelly 2008), best developed
preaxially on Fingers Il and lll; (9) toes moderately webbed, with well-developed folded flaplike fringing
(sensuMyers & Donnelly 2008); (10) tarsal keel well-defined, weakly curved, slightly tuberclelike; (11)
presence of black arm gland in malesrisuGrant & Castro-Herrera 1998, see also Gietrdl. 2006)
unknown; (12) symmetrical cloacal tubercles present; (13) pale paracloacal mark present;s(ldjedal

stripe absent in female (condition unknown in males); (15) ventrolateral stripe present, inconspicuous; (16)
oblique lateral stripe present, broken in spots or relatively well-defined; (17) condition of sexual
dichromatism in throat colour unknown; (18) condition of sexual dichromatisreritral colouration
unknown; (19) iris with metallic pigmentation and pupil ring; (20) large intestine anteriorly pigmented; (21)
colour of testes unknown; (22) mature oocytes partly pigmented; (23) median lingual process short, wider
than long, tapered (24) maxillary teeth present, small.

Description of the Holotype. An adult female 27.3 mm SVL in excellent condition of preservation.
Dorsal skin granular, more tuberculate posteriorly; ventral skin slightly granular. In preservative, a barely
distinct epidermal ridge borders the tip of snout dorsally. Dorsal surface of hind limbs granular and
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tuberculate, with two distinct symmetrical enlarged tubercles lddaterally between urostyle and vent (Fig.
1; see Grangt al. 1997 for a description and illustration of the cloacal tubercles).

Head longer than wide (HL2 > HW), greatest width 34% of SVL. Snout bluntly pointed in lateral view,
extending past the lower jaw, bluntly pointed in ventral and dorsal views. Nares located close to tip of snout,
directed posterolaterally; nares visible from front, barely visible from above and below; pogted naris
bordered behind by a crescent-shaped ridge; rim bearing a small tuberclelike prominence postgrtdsrsall
“bump” is distinct in frontal, dorsal and ventral views; internarial distance 40% of greatest head width.
Canthus rostralis well defined; loreal region straight, sloping outward to lip. Interorbital distance 83% of eye
length, 90% of upper eyelid width. Snout length 123% of eye length, 49% of head length; distance from
anterior corner of eye to posterior margin of naris 60% of eye length. Postrictal tubercles inconspicuous.
Tympanic membrane inconspicuous, round, concealed posterodorsally by a diffuse supratympanic swelling;
tympanic annulus prominent anteroventrally; tympanum 43% of eye length, separated from eye by a distance
equal to 23% of eye length. Midline distance from tip of snout to arm insertion greater than distancenfrom a
insertion to thigh insertion (HL3 > BEL).

Forearm slightly longer than upper arm, no distinct ulnar fold. Hand moderate in size, HAND Il 27% of
SVL, 78% of HW. Relative length of fingers Il > IV > 1l. Fingers unwebbed. Discs of fingers expanded,
disc on Finger IV widest, discs on other fingers subequal. Fingers with keel-like laterakéidaVyers &
Donnelly 2008), best developed pre- and (slightly) postaxially on Finger Il and preaxially on Finger Il (Fig. 2
A).

Palmar tubercle large, rounded, slightly heart-shaped; thenar tubercle smaller, elliptical; oneoantvo r
to ovoid subarticular tubercles (one each on Fingers | and Il, two each on Fingers Ill, avith Idfistal
tubercles on Finger Ill and IV slightly less conspicuous). A very low, barely distinct outer metacarpal fringe.
Tip of Finger IV distinctly surpassing the base of distal subarticular tubercle on Finger Il ingensf
adpressed. No fleshy supracarpal fold atop wrist (Fig. 2 A).

©

FIGURE 1. Anomaloglossus megacephaspsnov. A: Dorsolateral view of the holotype in life (IRSNB 1986, 27.3 mm
SVL). B: Ventral view of the holotype in life. C: Dorsal viekthe preserved holotype. D: Ventral view of the preserved
holotype. Photos by PJRK.
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FIGURE 2. Anomaloglossus megacepha#psnov. A: Ventral views of left hand (left) and left foot (right) of the female

holotype (IRSNB 1986, 27.3 mm SVL). Scale bars are 2 mm. B: ROM 39638, female paratype (27.9 mm SVL), from
Mt. Ayanganna. Photos by PJRK (A) and AL (B).
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FIGURE 3. Anomaloglossus megacephabps nov., showing intra- and interpopulational variation in dorsal (A) and
ventral (B) pattern in preservative. Two upper specimens are from Mt. Ayanganna: ROM 39637 (uppelef@8e3n

mm SVL) and ROM 39638 (upper right, female 27.9 mm SVL). Lower specimen is the holotype (female 27.3 mm) from
Maringma Tepui. Photos by PJRK.

Hind limbs robust, moderately long, with heel of adpressed leg reaching anterior corner of eye; TIL 49%
of SVL. Relative lengths of adpressed toes IV > Il >V > Il > |; first toetsistightly surpassing the base of
subarticular tubercle of second toe. Toe discs expanded, slightly larger than fegetadgest on Toes Il and
IV. Feet moderately webbed; all toes with well developed folded flaplike fringggs(Myers & Donnelly
2008), except on postaxial edge of Toe V on the right side. Webbing forr@wa 11 1-2 %Il 2-37 1V 3
=2V (Fig. 2 A).

Inner metatarsal tubercle small, elliptical; outer metatarsal tubercle small, round, abdé bilé tof the
inner; a distinct oval medial metatarsal tubercle present on both sides. One to three round to ovoid subarticular
tubercles (one each on Toes | and I, two each on Toes Ill and V, and three on Toe 1V, with distal tnbercle o
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Toe IV the smallest and least conspicuous). A strong outer metatarsal fold coextensive with the foikied flapl
fringing on Toe V, almost reaching the outer metatarsal tubercle on the left side; outer metatarsal fold absent
on the right side. A slightly tuberclelike tarsal keel weakly curved at proximal end, extending proximolaterad
from preaxial edge of inner metatarsal tubercle, not continuous with the fringe along the outer eddgesof the f
toe (Fig. 2 A).

Maxillary teeth present, small. Tongue longer than wide, wider and free posteriorly, with rounded margin;
median lingual process short, wider than long, tapered.

Colour of the Holotype in life. Dorsal ground colour medium brown, with a dark brown V-shaped
interorbital bar slightly outlined with light creamish brown, followed by two less defined dark brown bars, the
first more or less V-shaped, at the level of arm insertion, the second just anterior to sacrum. Small, poorly
defined, dark brown flecks on snout, between and on dorsal bars. Upper surface of arm light brown with well-
defined dark brown transverse bands on forearm and wrist, a less defined one on elbow; upper surface of
thigh, shank, and foot light brown with well-defined dark brown transverse bands. A yellow wash on the
anterior face of the thigh. Flanks dark brown, slightly lighter ventrally with a few bluish irregular spots and a
few whitish irregular blotches on the lower part forming a broken inconspicuous ventrolateral stripe. A few
white spots (covering small tubercles) form a broken oblique lateral stripe that does not extend to arm
insertion. No dorsolateral stripe. Upper lip creamish brown suffused with melanophores, twantztksh
below eye; loreal region and side of head dark brown; tympanum area light creamish brown concealed in a
poorly defined light stripe from posterior corner of eye to arm insertion. A dark brown stripe is present on the
anterior edge of upper arm, tapering from arm insettidiorearm. Throat light brown, blotched with white
and dark brown; belly light grey, blotched with dark brown, blotches more numerous and larger laterally.
Undersurface of upper arm light brown with a few dark markings; undersurface of forearm blackish;
undersurface of thigh and shank light grey blotched with dark brown; rear of thigh and cloacal region
blackish. Pale reddish orange paracloacal marks present. Tip of digits whitish. Palms and soles black. Iris
mostly orange-bronze, darkened with black suffusion, with two oblique metallic white marks separated by a
black triangular mark below pupil (Fig. 1 A—B).

Colour of the Holotype in preservative. Dorsal ground colour brown, with a dark brown V-shaped
interorbital bar slightly outlined with light brown, followed by two less defined dark brown bars, the first
more or less V-shaped, at the level of arm insertion, the second just anterior to sacrum. Small, poorly defined,
dark brown flecks on snout, between and on dorsal bars. Upper surface of arm light brown with well-defined
dark brown transverse bands on elbow, forearm and wrist; upper surface of leg light brown with well-defined
dark brown transverse bands on thigh, shank, and foot. Flanks dark brown, with some irreguladspots an
few whitish irregular blotches on the lower part forming a broken inconspicuous ventrolateral stripe. A few
white spots (covering small tubercles) form a broken oblique lateral stripe that does not extend to arm
insertion. No dorsolateral stripe. Upper lip dirty brown suffused with melanophores, two whitish marks below
eye; loreal region and side of head black; distinct whitish stripe extending from posterior corner ofgye to a
insertion including most of tympanum. A dark brown stripe is present on the anterior edge of upper arm,
tapering from arm insertion to forearm. Throat and belly whitish, blotched with dark brown. Undersurface of
upper arm whitish with a few dark markings; undersurface of forearm blackish; undersurface of thigh whitis
blotched with dark brown; undersurface of shank light grey blotched with dark brown; reggtohittd
cloacal region blackish. Light brown paracloacal marks present. Palms and soles black (Fig. 1 B-C).

Variation. See Table 1 for morphometric measurements of the holotype and the paratypes and Figs. 2 B
and 3 for intra- and interpopulational variation.

Symmetrical enlarged cloacal tubercles are clearly visible in the holotype. Those tubercles are present, but
less visible in the paratypes probably due to an artefact of preservation (cloacal tubercles are most visible in
well preserved specimens).

Only the holotype and one paratype have a medial metatarsal tubercle, a character thetinseso
present in otheAnomaloglossuspecies as well.

Only the holotype lacks folded flaplike fringing on the postaxial edge of Toe V and a coextensive strong
outer metatarsal fold on the right side, indicating an aberrant condition.
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An additional difference between the holotype and the paratypes is the length of Finger I, which is slightly
longer than 1l in the holotype on the left hard.6horter in the two paratypes), and subequal on the right hand
(vs.shorter in the two paratypes).

TABLE 1. Morphometric measurements (in mm) of the type seriésmomaloglossus megacephal@dbbreviations are
defined in the text. Male is unknown.

Character IRSNB 1986 ROM 39637 ROM 39638
SVL 27.3 28.3 27.9
HL1 8.8 8.5 9.1
HL2 10.5 10.7 10.8
HL3 12.2 10.8 11.7
HW 9.2 9.9 9.6
SL 4.3 4.4 4.2
EN 2.1 2.2 23
IN 3.8 3.5 3.6
EL 3.5 3.6 3.5
10 2.9 3.1 2.8
TYM 15 1.4 1.5
FAL 5.7 5.8 6.6
HAND | 54 5.0 5.6
HAND I 5.2 59 59
HAND I 7.3 8.0 7.6
HAND IV 6.0 6.2 6.1
WFD 0.9 1.0 1.1
FL 12.7 13.4 14.3
WTD 12 1.2 1.2
TIL 135 13.9 14.5
AL 5.7 5.6 5.6
BEL 10.5 10.8 12.0

Toe webbing variation in females (male unknown) -2 11 (1-1%)—(2%2-3 |11 (2-2)—(3-3%2) 1V (3V-
3Y2)—(2-2) V.

The condition of the oblique lateral stripe is variable among specimens, from a series gidight s
blotches extending diagonally from the groin across the flanks and barely reaching the level of the insertion of
the arm €.9.IRSNB 1986) to an almost solid, clearly visible stripe extending diagonally from the groin across
the flanks to the level of the insertion of the arm, then breaking in a series of light spots almost reaching the
eye €.9.ROM 39638). Slight variation also occurs between the right and the left flank.

In life, ROM 39638 was darker and the dark dorsal bars less detectable (Fig. 2 B).

Tadpole description. Two tadpoles were collected in a stream at 1490 m on Mt. Ayanganna. Description
and illustrations of one of the two stage-25 tadpoles are provided in MacCulloch and Lathrop (20@®erll, u
Anomaloglossus tepuyensis

Comparison with other knowfinomaloglossutadpoles occurring in the Pantepui region.- Tadpolds of
megacephalumost resemble those Af parkerag(Meinhardt & Parmalee, 1996) aid tepuyensiswhich
are also deposited in streams. The tadpol&.qfarkeraewas described by Duellman (1997), thattof
tepuyensidvy Myers and Donnelly (2008). Both descriptions contain drawings and written descriptions. Two
items are noteworthy: (1) Duellman (1997) describes the oral didc parkeraeas “not emarginate”,
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whereas Myers and Donnelly (2008) describe the oral digc tdpuyensisis “emarginate”. The oral disc
margins of these two species are very similar (Duellman 1997, fig. 12; Myers & Donnelly 2008, fig. 17) and
we follow Grantet al. (2006) in describing the oral discs Aiomaloglossuas emarginate; (2) Duellman
(1997) describes the LTRF 6f parkeraeas 2(1)/3, although the oral disc illustrated shows a LTRF 2(2)/3.
This is obviously an error and the LTRFAfparkerads 2(2)/3, like inA. tepuyensiandA. megacephalus

150 200 250 km

FIGURE 4. Map of the eastern Pantepui region showing the known distributiohsamaloglossus megacephafjps

nov. (circles): 1 = type locality, Mount Maringma, Guyar?2a= Mount Ayanganna, Guyana. The type localityAof
tepuyensigs indicated by a triangle. Maps elaborated after a radar image of South America by NASA/JPL/NIMA
available at http://photojournal.jpl.nasa.gov/catalog/P1A03388.

Although there are few quantifiable differences among the larva@madaloglossus megacephalds
parkeraeandA. tepuyensighe tadpole of. megacephalusiarkedly differs from that oA. parkeraeandA.
tepuyensisn having a longer tail [tail length of stage-25 tadpoles is 68% of total lengthnmegacephalus
(n=2)vs. 62-63% inA. parkerag(n=4) andA. tepuyensign=29) tadpoles in the same stage], in having the
maximum height of tail similar to body height (distinctly highe®®inparkeraeandA. tepuyensijs and in
having the upper fin noticeably lower than tail musculature at midtail (higher or eqaparkeraeandA.
tepuyensis

A NEW ANOMALOGLOSSUSROM GUYANA Zootaxa2660 © 2010 Magnolia Press25



When compared to other knowAnomaloglossusadpoles from the Pantepui regigv, megacephalus
differs fromA. beebeandA. roraimaby stream habitat (phytotelmata habitadinbeebeandA. roraima);
from A. kaieiandA. praderioiin having the upper fin slightly increasing in length from tail-body junction
[first quarter of upper fin straight before increasing in length to about midlendthkiaiei (n=30) andA.
praderioi (n=11)]; and fromA. tamacuarensi@Myers & Donnelly, 1997) in having a longer tail [body length
of stage-25 tadpoles is 68% of total lengttAirmegacephalug=2)vs 63-65% inA. tamacuarensign=12)
tadpoles in the same stage], and in having less marginal papillae and shorter lateral processes.

Distribution and ecology. Anomaloglossus megacephalssurrently only known from the eastern base
of Maringma Tepui, Guyana, where it occurs at 1060 m elevation in low-canopy forest, and from the northeast
plateau of Mt. Ayanganna, Guyana on the basis of two specimens collected at 1490 m elevation in dense low-
canopy, high-tepui forest (Fig. 4).

Anomaloglossus megacephalagpears to be uncommon and elusive, with only three specimens
collected. It is a diurnal species, the holotype was found on the sandy bank of a small forest stream. The
Ayanganna specimens were collected in wet forest not closely associateti@ath banks.

Egg deposition site unknown. Tadpoles are deposited in streams. Advertisement call is unknown.

Distinguishing among Anomaloglossus species from the Pantepui region

We first present a focussed comparison between the new species andAhen@toglossuspecies known

to occur in the Eastern Pantepui Districe(east of the Rio Caroni). The Rio Caroni likely acts as a
biogeographic barrier foknomaloglossuspecies since no species has been reported to occur on both sides of
the river in the Guiana highlands of Venezuela and Guyana (it must be noted that very few Pantepui anurans
are known to occur on both sides of the river). But, in order to provide a more comprehensive comparison, we
also compared the new species with the six knAnomaloglossuspecies that occur in the Western Pantepui
District (i.e. west of the Rio Caroni) in the Guiana highlands of Venezuela.

Eastern Pantepui Anomaloglossus species

Anomaloglossus megacephaloan be distinguished from. beebeiby (characters ofA. beebeiin
parentheses, see also Ketkal 2006b and Kok & Kalamandeen 2008) its larger size, female SVL max 28.3
mm [n=3] inA. megacephalufl8.7 mm inA. beebegin=27), fingers with keel-like lateral folds, best
developed preaxially on Fingers Il and Il (fringes not folded), toes with folded flaplike fringing (fringes not
folded), throat in adult female blotched (immaculate), palm dark brown to black (yellowish), distinct dark
bands on thigh and shank (absent), dark interorbital V-shaped band (absent).

Anomaloglossus megacephalean be distinguished fromd\. breweri (Barrio-Amoros, 2006) by
(characters of. breweriin parentheses) its larger size, female SVL max 28.3 mm [n=8] inegacephalus
(23.8 mm inA. brewerj n=1), throat in adult female blotched (immaculate), median lingual process short,
wider than long, tapered (distinctly longer than wide, tip pointed).

Anomaloglossus megacephalcan be distinguished fro. kaieiby (characters of. kaieiin
parentheses, see also Kok & Kalamandeen 2008) its larger size, female SVL max 28.3 mm f=3] in
megacephalugl9.8 mm inA. kaiei n=25), fingers with keel-like lateral folds, best developed preaxially on
Fingers Il and Il (fringes not folded), toes moderately webbed (basally webbed), dorsolateral stripe absent
(present), oblique lateral stripe present (absent), throat in adult female blotched (immaculate

Anomaloglossus megacephalan be distinguished frod. murisipanensigla Marca, 1998) in having
(characters oA. murisipanensif parentheses, all based on the preserved holotype, which is a juvenile and
the only known specimen) fingers with keel-like lateral folds, best developed preaxially on Fingers Il and IlI
(fringes barely detectable), more webbing on toes, symmetrical cloacal tubercles present (absent), tarsal keel
weakly to distinctly curved, slightly tuberclelike (straight, not tuberclelike), oblique lateral stripe always
present, even if broken in spots (not distinguishable), no white stripe between naris and eye in preservative
(present).
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FIGURE 5. Comparison oAnomaloglossus megacephabps nov. and the similaiA. tepuyensiandA. parkerae A:
Dorsal view of preserved specimens of (from left to rightinegacephalusp. nov. (IRSNB 1986, 27.3 mm SVIA.
tepuyensigMHNLS 17401, 23.3 mm SVL) andl. parkeragMHNLS 11089, 23.2 mm SVL). B: Comparison between
midline distance from snout tip to amaginary line betweeanterior arm insertions and the same distance reported
posteriorly from the same imaginary lineAn megacephalusp. nov. andA. tepuyensisin mostA. megacephalus
specimens (left, IRSNB 1986, 27.3 mm SVL) the distance reactsespasses the anterior insertion of thigh, whereas in
all specimens oA. tepuyensigxamined (right, MHNLS 17401, 23.3 mm SVL), the distance fails to reach the thigh.
Photos by PJRK.

Anomaloglossus megacephalean be distinguished frol. praderioiby (characters oA. praderioiin
parentheses, see also Kok 2010) its larger size, female SVL max 28.3 mm (d=@)eigacephalu®2.7 mm
in A. praderioj n=1), Finger IV longer than | (equal), tip of Finger IV always surpassing the base of the distal
subarticular tubercle on Finger Il when fingers adpressed (barely reaching the base), toes moderately webbed
with folded flaplike fringing (basally webbed, folded flaplike fringing not present on all toespldtensal
stripe absent (present), oblique lateral stripe present (absent), throat in adult female blotclaedléte).
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Anomaloglossus megacephabtis be distinguished from. roraimain having (characters &. roraima
in parentheses) fingers with keel-like lateral folds, best developed preaxially on Fingers Il and Il (fringes
barely distinct, not distinctly folded), all toes with folded flaplike fringing (absent), webbing on toes reoderat
(absent).

Anomaloglossus megacephalcan be distinguished from. rufulus(Gorzula, 1990) in having
(characters oA. rufulusin parentheses) webbing on toes moderate (rudimentary), and most remarkably by
ventral colour pattern; light with a few dark brown blotchesimegacephalu@ark brown marbled with
white blotches irA. rufulus.

The new speciesuperficiallymost resembleé. parkerae A. tepuyensigwith which it has been
confused), and\. triunfo(Barrio-Amoros, Fuentes-Ramos & Rivas-Fuenmayor, 2004), in sharing a similar
dorsal pattern. It should be noted thattriunfois a possible synonym . tepuyensigKok & Barrio-
Amordés unpubl. data, see also comments by Myers & Donnelly 2@08)maloglossus parkeras
distinguished fromA. tepuyensiaindA. triunfoonly by a few characters such sise, definition of dorsal
pattern, and condition of finger and toe fringes (Myers & Donnelly 200@)lts of A. megacephalusan
notably be distinguished from those three similar taxa in having a more slenderfmmygloglossus
parkerag A. tepuyensiandA. triunfoare distinctly stockier frogs), a comparatively longer snout and a larger,
somewhat more massive head [See Fig. 5 for close comparison bétwaegacephaluandA. tepuyensis
andA. parkerae compare also with Duellman’s (1997: 10) colour platé.oparkerae fig. 30 (showingA.
parkerag in Lotterset al. (2007), and figs. 13, 15 and 16 illustratiAgtepuyensign Myers & Donnelly
(2008); see also below for further comments], and in having symmetrical cloacal tubercles (absent in all
females ofA. parkeragA. tepuyensiandA. triunfoexamined).

Direct comparison of specimens shows a difference in head sikeamaloglossus megacephalus
compared to the similak. parkeraeA. tepuyensiandA. triunfo, as confirmed by plotting of morphometric
proportions. Comparison of HL3 with BEL indicates that the new species proportibiaally longer head
thanA. tepuyensifFig. 6). In order to distinguish between those similar species, the midline distance from the
tip of the snout to an imaginary line between anterior insertions of upper arms is measured, and thasdistance
then extended posteriorly from the same imaginary line. In two of the three availabh&gacephaluadult
specimens the distance reaches or surpasses the anterior insertion of thigh, whereas in all adult specimens of
A. parkeragA. tepuyensiandA. triunfoexamined (n = 20), the distance fails to reach the thigh insertion (see
Fig. 5 B). It is noteworthy to mention that the only specimeA.ahegacephaluis which HL3 is not longer
than BEL is in poor preservation state.

Wester n Pantepui Anomaloglossus species

Among the Western PantepinomaloglossuspeciesA. ayarzaguenaiLa Marca, 1998) and. moffetti
Barrio-Amords and Brewer-Carias, 2008 are the geographically closest spekiendgacephalu&a. 400
km airline to the west)Anomaloglossus ayarzagueremdA. moffettiare very similar to each other,
geographically close (from Cerro Jaua and Cerro Sarisarifiama, respectively) and possible synonyms (Kok &
Barrio-Amorés unpubl. datapnomaloglossus megacephalaglistinguished from\. ayarzaguenaandA.
moffettiin having a comparatively longer snout, and a larger, somewhat more massive head [compare Figs. 1
and 2 B with fig. 4 a—c illustrating. moffettin Barrio-Amorés & Brewer-Carias (2008)], in having a distinct
tympanum in life (barely distinct iA. ayarzaguenaandA. moffettj, separated from eye by 42-60% of its
greatest length (25% or lessAnayarzaguenaandA. moffett), and in lacking a dark area spotted with white
ventrolaterally at the level of arm insertion (always preseAt myarzaguenaandA. moffett).

Anomaloglossus megacephatusstly differs fromA. guanayensif_a Marca, 1998) by (charactersAf
guanayensiin parentheses) its larger size, female SVL max 28.3 mm (n#8)rimegacephalu®3.5 mm in
A. guanayensjsn=3), and in having less developed keel-like lateral folds on fingers (extensive, present pre-
and postaxially on all fingers).

Anomaloglossus megacephatan be distinguished from. parimag(La Marca, 1998) by (characters of
A. parimaen parentheses) its larger size, female SVL max 28.3 mm (n#8)nregacephalu®3.1 mm irA.
parimag n=2), in having a short, wider than long median lingual process (slender, noticeably longer than
wide), and in having distinctly more webbing on toes.
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Anomaloglossus megacephatien be distinguished from. shreve{Rivero, 1961) in having (characters
of A. shrevein parentheses) a weakly to distinctly curved, slightly tuberclelike tarsal keel, (short, straight, not
tuberclelike), less developed keel-like lateral folds on fingers (extensive, present pre- and postaxially on all
fingers), and dark blotches on throat and belly (throat and belly immaculate).

Anomaloglossus megacephahasstly differs fromA. tamacuarensiby (characters of. tamacuarensis
in parentheses) its larger size, female SVL max 28.3 mm (n=8) megacephalué25.0 mm inA.
tamacuarensisn=2), in having a comparatively longer snout, and a larger, somewhat more massive head
[compare Figs. 1 and 2 B with figs. 11 and 13 illustrafingamacuarensim Myers & Donnelly (1997)], less
developed keel-like lateral folds on fingers (extensive, present pre- and postaxially on all fingers), a
conspicuous tympanum (inconspicuous), and in having a short, wider than long median lingual process
(slender, noticeably longer than wide).
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FIGURE 6. Graph showing correlation between HL3 and BEL with standard errors for adulefepecimens of
Anomaloglossutepuyensiggreen triangles) an8l. megacephalusp. nov. (orange circles)Abbreviations are defined in
the text. The graph clearly shows that the headl. shegacephalusp. nov. is proportionally longer that the head Af
tepuyensis

Discussion

Although progress has been made, we are still far from having a full understandinghobthaloglossus
species richness in the Pantepui region. Based on the material available to us, there are at least two
undescribeddnomaloglossuspecies in the Ayanganna and Wokomung massifs in Guyana. One of them was
reported ag\. "Ayanganna" in Grangt al.(2006) and subsequently Ascf. praderioiin Kok (2010). Another
possible undescribed species occurs on Mt. Wokomung, but additional evidence is needed to foloddly exc
conspecificity withA. megacephalus

Grantet al. (2006) reported another undescribed species from the Aréal{omasing") from Mt.
Tomasing, Guyana that we have not examined, but which—according to the data provided kgt &rant
(2006)—is closely related (and possibly conspecific) wittmegacephalusMore data (ecological,
morphological and molecular) are needed to resolve this.
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Species limits are sometimes difficult to define on morphology alone, and as pointed out by Kok (2010),
any newAnomaloglossudescription should ideally include tadpole and call descriptions, and data on natural
history. However, this is sometimes hardly achievable, especially in regions difficult to explore and wher
additional expeditions are unlikely in the near future.

Our preliminary molecular results indicate that uncorrected pairwise distances based on a fragament of
550 base pairs of the 16S rRNA gene (GenBank accession number DQ502128 + the authors unpublished data)
betweenAnomaloglossus tepuyendiesm the type localityand A. megacephalugaries between 6.9 and
7.1%, while uncorrected pairwise distance between known populatignsnedgacephaluis only 0.17%. It
should be stressed that low genetic distances (based on a fragment of the 16S rRNA gene) between
morphologically well distinguishable sister taxa is not uncommon in the genus {boesawnpubl. data).

The same was recently reported in the gehmeereggDendrobatidae, sister group of Aromobatidae), in
which genetic distances oh. 2 % (based on a fragment of the 16S rRNA gene) or less between species is not
uncommon (see Léttert al 2005, 2009). This emphasizes the need for integrative taxonomy and shows the
limits of the use of a universal threshold of genetic distance to identify amphkiieaies.

Acknowledgements

PJRK acknowledges the financial support of the Belgian Directorate-General of Development Cooperation
with additional support from the King Léopold Ill Fund for Nature Exploration and Conservation, and the
help and support of the Prime Minister of Guyana, the Honourable Samuel Hinds, and the personnel of the
Guyana Embassy in Brussels. Permission to conduct this study in indigenous lands in the Pakaraima
Mountains of Guyana was granted by the Guyanese Ministry of Amerindian Affairs. Research (160107BR068
and121004BR0O19and export permits (191207SP018 4194.104SP016were issued by the Guyana EPA.

RDM acknowledges the financial support of the ROM Governors, the ROM Centre for Biodiversity and
Conservation Biology and a Smithsonian BDG Fellowship. We warmly thank César Barrio-Amdrés an
Charles Brewer-Carias for shariAgomaloglossutissue samples, and Sunita Janssenswillen for help in the
molecular labThis is contribution #344 of the Centre for Biodiversity and Conservation Biology, ROM.

Literature cited

Barrio-Amoros, C.L. (2006) A new dendrobatid frog (Anura: Dendrobati@atastethusfrom Aprada tepui, southern
VenezuelaZootaxa 1110, 59-68.

Barrio-Amoros, C.L. & Brewer-Carias, C. (2008) Herpetological results of the 200digapdo Sarisarifiama, a tepui
in Venezuelan Guayanwijth the description of five new speci€motaxa 1942, 1-68.

Barrio-Amoros, C.L., Fuentes-Ramos, O. & Rivas, G. (2004) Two new spedadaxtethugAnura: Dendrobatidae)
from the Venezuelan Guayarsalamandra40, 183-200.

Barrio-Amoroés, C.L., Santos J.C. & Jovanovic, O. (2010) A new adradids frog (Anura: Dendrobatidae:
Anomaloglossysrom the Orinoquian rainforest, southern Venezuétmtaxa 2413, 37-50.

Boistel, R. & de Massary, J-C. (1999) Les anbpnis vénéneux de la famille des dendrobatilésCourrier de la
Nature 176, 38.

Duellman, W.E. (1997) Amphibians of La Escalera Region, Southeastern Venezuela: Taxonomy, Ecology, and
BiogeographyScientific Papers of the Natural History Museum of the University of KaBshs52.

Fouquet, A., Gilles, A., Vences, M., Marty, C., Blanc, MG&mmell, N.J. (2007) Underestimation of species richness in
Neotropical frogs reveatl by mtDNA analyse®LoS One2:e€1109.

Frost, D.R. (2010Amphibian Species of the World: an Online Referevession 5.3 (12 February 2009). American
Museum of Natural History, New York, USA. Available at: http://research.amnh.org/herpetolpiyiiean
index.php. Access in: April 2010.

Gorzula, S. (1990 “1988"Una nueva especie dzendrobatesAmphibia: Dendrobatidae) del Macizo de Chimanta,
Estado Bolivar, Venezuelklemoria de la Sociedad de Ciencias Naturales La S48¢143-149.

Grant, T. & Castro-Herrera, F. (1998) The cloud fotasibstethugAnura, Dendrobatidae) of a region of the Cordillera
Occidental of Colombialournal of Herpetology32, 378-392.

Grant, T., Humphrey, E.C. & Myers, C.W. (1997) The mediizgual process of frogs: A bizarre character of Old World

30 . Zootaxa2660 © 2010 Magnolia Press KOK ET AL.



ranoids discovered in South American dendrobafidserican Museum Novitate3212, 1-40.

Grant, T., Frost, D.R., Caldwell, J.P., Gagliardo, R., Haddad, C.F.B., Kok, P.J.R., Means, D.B., Noonan, B.P., Schargel,
W.E. & Wheeler, W.C. (2006) Phylogenetic systemati¢sdart-poison frogs and their relatives (Amphibia:
Athesphatanura: DendrobatidaBllletin of the American Museum of Natural Hist@99, 1-262.

Kaplan, M. (1997) A new species Gblostethudrom the Sierra Nevada de Santa Marta (Colombia) with comments on
intergeneric relationships within the Dendrobatiderirnal of Herpetology31, 369-375.

Kok, P.J.R. (2010) A redescription oAnomaloglossus praderio{La Marca, 1998) (Anura: Aromobatidae:
Anomaloglossinae), with description of its tadpole and apéis Avulsos de Zoologial(4), 51-68.

Kok, P.J.R. & Kalamandeen, M. (2008) Introduction to the taxonomy of the amphibians cfufdikttional Park,
GuyanaAbc Taxab, 1-278.

Kok, P.J.R., Bourne, G.R., Arjoon, D., Wulff, N.M. & Lenglet, G.L. (20@®jostethubeebei Charismatic Jewel of the
Lost World: The Golden Rocket Frogeptilia 38, 47-53.

Kok, P.J.R., Sambhu, H., Roopsind, I., Lenglet, G.L. & Bourne, G.R. (2006a) A new speCiebstethugAnura:
Dendrobatidae) with maternal care from Kaieteur National Park, Gugantaxa 1238, 35-61.

Kok, P.J.R., MacCulloch, R.D., Gaucher, P., Poelman, E.H., Bourne, G.R., Lathrop, A. & Lenglet, G.L. (2006b) A new
species ofColostethus(Anura, Dendrobatidae) from French Guiana with a redescripticdBofdstethus beebei
(Noble, 1923) from its type localitiPhyllomedusab, 43-66.

La Marca, E. (1998 “1996") Ranas del gén€alostethugAmphibia: Anura: Dendrobatidae) de la Guyana Venezolana
con la descripcién de siete especies nud¥allicaciones de la Asociacion de Amigos de Dofi@na—64.

Lescure, J. (1975) Contribution a I'’étude des Amphibiens de Guyane francaise — lll. Une nouvelle eSpéxstiogus
[sid (Dendrobatidae)Colosthetugsic] degranvillei Bulletin du Muséum national d’Histoire naturelle, Paris, 3e
Série, Zoologig203, 413—-420.

Lotters, S., Schmitz, A. & Reichle, S. (2005) A new cryptic species of poison frog from the@aBo¥ungas.
Herpetozoal8, 115-124.

Lotters, S., Jungfer, K.H., Henkel, W.F. & Schmidt, W. (20B@json Frogs: Biology, Species & Captive Husbandry
Chimaira, Frankfurt aim Main, Germany, 668 pp.

Lotters, S., Schmitz, A., Reichle, S., Rédder, D. & Quennet, V. (2009) Another case of crygasitydin poison frogs
(DendrobatidaeAmeerega— description of a new species from BoliZaotaxa 2028, 20-30.

MacCulloch, R.D. & Lathrop, A. (2009) HerpetofaunaMbunt Ayanganna, Guyana. Results of the Royal Ontario
Museum Ayanganna Expedition 20@byal Ontario Museum Science Contributiofhs1—36.

Martins, M. (1989Nova espécie d€olostethugla Amazdnia central (Antyibia: DendrobatidaeRevista Brasileira de
Biologia, 49, 1009-1012.

Meinhardt, D.J. & Parmelee, J.R. (1996) A new specie€abstethus(Anura: Dendrobatidae) from Venezuela.
Herpetologica 52, 70-77.

Myers, C.W. & Donnelly, M.A. (1997) A tepui herpetofauna on a granitic mountain (Tamacuari) in the borderland
between Venezuela and Brazil: report from the Phipps Tapirapeco expeditierican Museum Novitate3213,
1-71.

Myers, C.W. & Donnelly, M.A. (2008) The summit herpetofauna of Auyantepui, Venezuela: report from the Robert G.
Goelet American Museum-Terramar ExpeditiBalletin of the American Museum of Natural Hist@98, 1-147.

Myers, C.W. & Duellman, W.E. (1982) A new speciesHyla from Cerro Colorado, and other tree frog records and
geographical notes from western Panafiraerican Museum Novitatez752, 1-32.

Myers, C.W. & Grant, T. (2009Anomaloglossus confusua new Ecuadorian frog formerly masquerading as
“Colostethu’ chocoensigDendrobatoidea: Aromobatida&)merican Museum Novitate3659, 1-12.

Noble, G.K. (1923) New batrachians fronethiropical Research Station British Guiafiaologica 3, 288-305.

Rivero, J.A. (1961) Salientia of Venezudhaulletin of the Museum of Comparative Zoolag6, 1-207.

Savage, J.M. & Heyer, W.R. (1967) Variation and distribution of the tree-frog §yllsmedusan Costa Rica, Central
America.Beitrage zur Neotropischen Faura 111-131.

Savage, J.M. & Heyer, W.R. (1997) Digital webbing formulae for anurans: a refinéteepétological Reviey28, 131.

A NEW ANOMALOGLOSSUSROM GUYANA Zootaxa2660 © 2010 Magnolia Press31



Appendix: Additional material examined

Anomaloglossus ayarzaguen®enezuela, Estado Bolivar, Cerro Jaua, MHNLS 12949 (holotype), MHNLS 12950-51
(paratypes).

Anomaloglossus beebeGuyana, Potaro-Siparuni District, Kaieteur National Park, IRSNB 13721-26, 13728-54,
ULABG 6817 (ex IRSNB 13727), IRSNB 13779-81 (tadpoles).

Anomaloglossus brewernZenezuela, Estado Bolivar, Aprada Tepui, Cueva del Fantasma, MHNLS 17044 (holotype),
MHNLS 17045-46 (paratypes).

Anomaloglossus guanayenskéenezuela, Estado Bolivar, Serrania de Guanay, MHNLS 10708 (holotype), MHNLS
10712-10714 (paratypes), 10716-10717 (paratypes), 10724-10725 (paratypes).

Anomaloglossus kaieiGuyana, Potaro-Siparuni District, Kaieteur National Park, IRSNB 1938 (holotype), IRSNB
1939-64 (paratypes), IRSNB 14419 (2 specimens), IRSNB 14422-26, IRSNB 14433-35, IRSNB 14437-40,
IRSNB 14443, IRSNB 14446-51, IRSNB 14454-57, IRSNB 13755-78 (tadpoles), IRSNB 14432 (tadpoles),
IRSNB 14436 (tadpole), IRSNB 14444-45 (tadpoles), IRSNB 14452-53 (tadpoles), ROM 42999, Mount
Wokomung, ROM 43321, ROM 43327, ROM 43330, ROM3B3uyuni-Mazaruni District, Wayalayeng, IRSNB
14922-24, Maringma Tepui, IRSNB 14925-31.

Anomaloglossus moffettWenezuela, Estado Bolivar, Sarisarifiama-tepui, EBRG 4645 (holotype), EBRG 4646-51
(paratypes).

Anomaloglossus murisipanensig&nezuela, Estado Bolivar, Murisipan-Tepui, MHNLS 11385 (holotype).

Anomaloglossus parima&‘enezuela, Estado Amazonas, Cerro Delgado Chalbaud, ULABG 4221 (holotype), ULABG
4212-20 (paratypes), ULABG 4222-26 (paratypes).

Anomaloglossus parkera¥enezuela, Estado Bolivar, Sierra de Lema, Salto El Danto, MHNLS 2901, MHNLS 11088-
89 (topotypic specimens).

Anomaloglossus praderiozuyana, Cuyuni-Mazaruni District, Maringma pei, IRSNB 14403-13, IRSNB 14414-16
(tadpoles)Venezuela, Estado Bolivar, Mount Roraima ULABG 4196 (holotype), MHNLS 11272 (paratype), Sierra
de Lema, EBRG 5569.

Anomaloglossus roraima/enezuela, Estado Bolivar, Mount Roraima, ULABG 4197 (holotype).

Anomaloglossus rufulu§/enezuela, Estado Bolivar, Amuri-Tepui, Chimanta Massif, MHNLS 10361 (holotype).

Anomaloglossus tamacuarensigenezuela, Estado Amazonas, Sierra Tapirapeco, north base of Pico Tamacuari,
MBUCV 6430-33 (paratypes).

Anomaloglossus tepuyensi¥enezuela, Estado Bolivar, Auyantepui, ULABG 2557 (holotype), Cucurital River,
MHNLS 14404-05, Purumay River, MHNLS 14924—-RBANLS 14940-41, MHNLS 15687, Quebrada Atapere,
MHNLS 15924, MHNLS 17359-60, MHNLS 17383, Quebrada Tucutupan, MHNLS 17401, Quebrada Rutapa,
MHNLS 17361.

Anomaloglossus triunfovenezuela, Estado Bolivar, Cerro Santa Rosa, Serrania del Supamo, EBRG 4756 (holotype),
EBRG 4757-59 (paratypes).
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