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(Anura: Hemiphractidae), with a key for the species of Fritziana
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ABSTRACT. Based on preserved specimens from the states of Sdo Paulo and Rio de Janeiro, Flectonotus ulei Miranda-

Ribeiro, 1926 is resurrected from its synonymy with Flectonotus fissilis (Miranda-Ribeiro, 1920) and is redescribed.

Analysis of osteological characters and brood pouch structure confirms that F. ulei belongs to Fritziana. The species is

small for the genus (snout-vent length in males, 19.2-26.9 mm, n = 2; in females, 20.3-21 mm, n = 4) and was found

in bromeliads. Flectonotus ulei is characterized by dorsal pattern consisting of interorbital pentagon or hexagon-shaped

mark delimited by heavy dark line, diameter of tympanum smaller than that of disc of third digit, and a brood pouch

covering the eggs dorsally except for a narrow longitudinal slit; eggs arranged in rosette.

KEY WORDS. Amphibia; Atlantic Rain Forest; Bromeliad breeder; Hemiphractidae; Southeastern Brazil, taxonomy.

The Hemiphractidae genera Flectonotus Miranda-Ribeiro,
1926 and Fritziana Mello-Leitao, 1937 have a confused taxo-
nomic history. Firstly, Boertcer (1893) described Nototrema
pygmeum from northern Venezuela; BoutenGer (1895) and
WanporLeck (1907) described two similar species as members
of the genus Hyla from southeastern Brazil, H. goeldii and H.
ohausi respectively. MiranDA-RiBEIRO (1920) described another
species from southeastern Brazil and placed it in a new genus,
Coelonotus fissilis, and transfered H. goeldii and H. ohausi to a
new genus, Fritzia. MIRANDA-RIBEIRO (1926) proposed a new ge-
neric name, Flectonotus, for Nototrema pygmeum, in which he
named a new species, Flectonotus ulei. MeLLo-LEITAO (1937) noted
that Fritzia Miranda-Ribeiro, 1926 was preoccupied by Fritzia
Cambridge (Arachnida) and proposed Fritziana as a substitute
name. The name Coelonotus Miranda-Ribeiro, 1920, was preoc-
cupied by Coelonotus Peters (Pisces), and was replaced by
Nototheca by BokermanN (1950). In the same paper, Bokermann
included Gastrotheca fitzgeraldi Parker (1934) in the genus
Nototheca. Lutz (1954) considered the differences between Fritzia
goeldii (= Fritziana goeldii), Nototheca fissilis, and Flectonotus ulei
to be insufficient for generic recognition, but placed only F.
goeldii in the genus Flectonotus. Furthermore, without justifica-
tion, BokermANN (1966) allocated N. fissilis to Flectonotus together
with F. pygmaeus, placed Flectonotus goeldii in Fritziana, and syn-
onymized Flectonotus ulei with F. fissilis. DUELLMAN & Gray (1983)
considered F. fissilis in the genus Fritziana with F. goeldii and F.
ohausi and recognized Flectonotus only for F. pygmaeus and N.
fitzgeraldi (these authors did not examine specimens of F. ulei).
WEeYGoLDT & CARVALHO-E-SiLvA’s (1991) reinterpretation of

DutLmaN & Gray's phylogenetic arrangement resulted in them
synonymizing Fritziana with Flectonotus. Later, both genera were
revealed to be monophyletic and were formally recognized
(DUELLMAN et al. 2011).

As currently recognized, Fritziana has three species dis-
tributed in southern and southeastern Brazil: F. fissilis, F. goeldii,
and F. ohausi (DutLLMaN et al. 2011). According to DueLLMAN &
Gray (1983), frogs in this genus have large nasals that are ante-
riorly nearly in contact with the sphenethmoid; skin folds of
the brood pouch bordering eggs laterally (extending dorsally
in F. fissilis); developing embryos with two pairs of gills, each
gill with a single stalk; and larvae with keratinized beaks and
small papillae but no denticles.

An adult female with eggs on its back (ZUFR] 13337),
and which was found in Nova Friburgo municipality (type-
locality), does not fit the description of any species other than
Flectonotus ulei. MiranDA-RiBEIRO (1926) described this species
based on one female and considered it most similar to
Flectonotus pygmaeus. Therefore, herein we revalidate and re-
describe F. ulei, provide a new diagnosis for it, and compare it
with congeners.

MATERIAL AND METHODS

The Fritziana specimens examined by us are deposited in
the following Herpetological collections: MNRJ (Museu
Nacional, Rio de Janeiro, R], Brasil), MZUSP (Museu de Zoologia,
Universidade de Sao Paulo, SP, Brasil), UNIRIO (Universidade
Federal do Estado do Rio de Janeiro), ZUFR] (Departamento de
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Zoologia, Universidade Federal do Rio de Janeiro). Specimens
examined of species other than F. ulei are listed in Appendix 1.

Abbreviations of the measurements of adults are: SVL
(snout-vent length, distance from the tip of the snout to cloaca);
HL (head length; dorsal distance from the tip of the snout to
the tympanum); HW (head width; dorsal distance between the
tympani); NSD (nostril-tip of snout distance, interval between
the tip of the snout to the nostril); IND (internarial distance,
interval between the nostrils); IOD (interorbital distance, in-
terval between the inner edge of the orbits); ED (eye diameter,
longitudinal distance from the beginning to the end of the
eye); END (eye-nostril distance, interval between the edge of
the eye and the nostril); TYD (tympanum diameter, width of
the tympanum); ARL (arm length, distance from the shoulder
to the elbow); FRL (forearm length, distance from the elbow to
the wrist); HNL (hand length, distance from the from base of
palmar tubercle to tip of finger three); F3L (finger 3 length,
distance from base of finger to tip of the adhesive disc); DD3
(diameter of adhesive disc on third finger, width of the third
finger); THL (thigh length, distance from the cloaca to the
knee); TBL (tibia length, distance from the ankle to the knee);
FL (foot length, distance between the heel of the longest toe);
and T4L (toe length, distance from the base of toe to tip of
adhesive disc). The measurements (in millimeters) follow:
DueLiman (1970) with SVL, HL, HW, ED, IOD, IND, TYD and
TBL; Hever et al. (1990) with ARL, FRL, HNL and THL; and Narort
& Caramaschl (1998) with NSD, END, FL, and DD3. We used a
digital caliper of 0.01 mm of precision and an ocular microme-
ter in a Leica MZ-6 stereomicroscope.

The nomenclature for the shape of tubercles follows
DutLiman (1970) and the nomenclature of the position of tu-
bercles follows TarciNo & CarvaLHO-E-SiLva (2008). The webbing
formula follows Savace & Hever (1967) with subsequent modi-
fications from Myers & DuUELLMAN (1982). Males were identified
by presence of vocal slits and females by absence of them. Ad-
ditionally some females were promptly recognized by presence
of dorsal pouch. Radiographs were obtained using a Faxitron
MX-20 specimen radiography system (kV 25; 19 sec). Images
were captured with software Faxitron SR DCF 3.1.8b and ed-
ited with Adobe Photoshop CS4.

TAXONOMY

A brooding female with eleven eggs (ZUFR] 13347) was
found in the municipality of Nova Friburgo (22°20'24.0"S
042°26’50.6"W, 1316 m a.s.l.). It has a pentagon-shaped mark
on the top of the head, and the eggs are arranged in a rosette
in a brood pouch that opens longitudinally, as described and
illustrated by Miranpa-RiBEIRO (1926). Other specimens exam-
ined from the same (MNR]J 0271) and other localities (MZUSP
128088, A-75903, A-75844, A-128089) from various collections
(see Appendix 1) also show these features and are identified as
F. ulei.
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Radiographs show that all species have large nasals that
are narrowly separated from the maxillae and premaxillae (Figs
1-4). Large nasals that differ from the small nasals of Flectonotus
have been proposed as diagnostic characters of Fritziana, (see
fig. 2 in DueLLMAN & Gray 1983, DueLLMAN et al. 2011). The size
and disposition of the nasals confirm that Flectonotus ulei be-
longs to the genus Fritziana. In addition to the osteological
characters, females of Fritziana ulei (MNR] 0271 and ZUFR]
13347) have dorsolateral folds of the brood pouch covering
the eggs dorsally, but not adhering mid-dorsally over the eggs
forming an enclosed pouch, as it occurs in females of Flectonotus
(DukLLmMaAN & Gray 1983, DutLiman et al. 2011).

Figures 1-4. X-ray of the four Fritziana species: (1) F. fissilis (ZUFR]
14093); (2) F. goeldii (UNIRIO 2538); (3) F. ohausi (ZUFR] 14094);
(4) F. ulei (ZUFR] 13337). Note the narrow spaces (hatched) be-
tween the nasals and maxillae (see text). Mouths of the four speci-
mens are opened. Scale bars = 2 cm.

Fritziana ulei (Miranda-Ribeiro, 1926)
reval., comb. nov.
Figs 5-15
Flectonotus ulei Miranda-Ribeiro, 1926: 109.
Flectonotus fissilis: (part), Bokermann 1966: 41.

Holotype (MNRJ 0271) by monotypy, female from the
municipality of Nova Friburgo, state of Rio de Janeiro, Brazil,
collected by Ernesto Ule, without date (Figs 5-8). BokErRMANN
(1950) considered the specimen MNRJ A.271 (=MNR]J 0271) as
“the type” of the species. In fact this specimen is the only one
in the herpetological collection of the MNR] that fits the lo-
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cality data given by Miranpa-RiBeiRO (1926) (locality and col-
lector). Additionally the original voucher records of the speci-
men are marked “type M.Rib.” The morphological features of
MNRJ 0271, such as the shape of the interorbital pentagon
and the position and number of the eggs, correspond exactly
with the drawing in the original description.

Diagnosis. Members of the genus Fritziana can be recog-
nized by having large nasals nearly in anterior contact with
the sphenethmoid, and folds in the skin of the brood pouch
bordering eggs laterally. They can be further diagnosed by the
following characteristics: Interorbital bronze pentagon/hexa-
gon-shaped mark (in life with a dark border; Fig 9); nostrils
narrowly separated (IND/IOD = 0.6); diameter of tympanum
less than diameter of disc on third finger; subarticular tubercles
not bifid (Figs 7 and 14); venter uniformly beige; lateral folds
of brood pouch covering eggs dorsally with small longitudinal
slit middorsally; eggs arranged in rosette (i.e., some eggs lo-
cated centrally and bordered by others; Figs 5, 9, and 10).

Redescription of the holotype. Dorsolateral folds of dor-
sal pouch in females extending dorsally, leaving only a slit
medially. Eggs arranged in a rosette pattern with one central
egg surrounded by six eggs (Fig. 5). Skin on dorsal surfaces
mostly smooth, finely tuberculate on head. Snout-vent length
20.3 mm, head slightly wider (HW = 4.6 mm) than long (HL =
4.3 mm), length equaling 88% of the width (HL/HW = 0.9).
Snout acuminate in dorsal view, protruding in lateral view; tip
of the snout with sharp vertical keel (Fig. 8). Nostrils oval, lat-
eral, closer to the tip of snout (NSD = 1.0 mm) than to anterior
corner of orbit; internasal distance (IND = 1.7 mm and IOD =
2.4 mm) equivalent to 71% of interorbital distance (IND/IOD
=0.71) and 37% of head width (IND/HW = 0.37). Eye diameter
(ED = 3.5 mm) equivalent to 81% of head length (ED/HL =
0.81). Canthus rostralis distinct, rounded; loreal region concave.
Tongue oval. Vomerine teeth between choanal openings. Tym-
panum distinct, small (TYD = 0.8 mm), 24% of the diameter of
the eye and smaller than the diameter of disc on third finger
(TYD/DD3 =0.84). Supratympanic fold well developed, extend-
ing from eye to insertion of arm. Outer margins of hand, arm,
thigh, tibia, knee and tarsus are crenulate. Arms long and ro-
bust; lengths of fingers I < II < IV < III; discs on fingers well
developed; fingers not webbed; subarticular tubercles large, not
bifid; supranumerary tubercles small; palmar tubercles large;
number of subarticular and supernumerary tubercles on fin-
gers I, II, II, and IV are 3, 2, 4, and 2, respectively. Fingers I, II
and III have subarticular and supernumerary tubercles and the
finger IV have only subarticular tubercles. Legs large; toe lengths
I <II <V <1II < 1V; vestigial webbing between toes I - II; web-
bing formula, I - 112 - 3 I1I12Y; — 3V5 V32 - 2V V. The number
of tubercle for the toes I, II, III, IV, and V are 3, 3, 5, 6, and 2,
respectively, including subarticular and supernumerary tu-
bercles; two palmar tubercles. Granular venter.

Color in preservative (70% ethanol). Dorsal pattern char-
acterized by interorbital hexagon-shaped mark, beige, delimi-

Figures 5-8. Holotype of Fritziana ulei MNR] 0271: (5) Dorsal and
(6) ventral views; (7) ventral view of left hand; (8) lateral view of
head. Scale bars: 5-6 =10 mm, 7-8 = 1T mm.

ted by strong dark line. Posterior edge of the hexagon reaches
beyond level of eye, reaching tympanum level. Hexagon top is
near to tip of nose. Dark dorsal discs. Thigh and tibia beige.
Arms with same pattern as legs. Venter beige.

Measurements of holotype. SVL 20.3, HL 4.3, HW 4.6,
NSD 0.99, IND 1.7, 10D 2.4, ED 3.5, END 1.7, TYD 0.8, ARL
3.7, FRL 3.8, HNL 5.6, F3L 4.6, DD31.0, THL 10.6, TBL 11.6, FL
13.0, T4L 8.0.

Color pattern of recently collected specimens. The dor-
sal pattern consists of interorbital pentagon/hexagon-shaped
mark delimited by prominent dark line; mark beige in preser-
vative and bronze in life (Figs 9, 10 and 11). Dorsal surfaces of
discs on fingers can be dark black. In preservative thighs,
shanks, and forearms beige with brown spots in living indi-
viduals. Dark brown line extending from orbit across
supratympanic to just posterior to arm insertion.

Variation. Males and females approximately the same size
(Table I) and with same dorsal pattern. Males with snout-vent

ZOOLOGIA 31 (4): 393-399, August, 2014
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Figure 9. Female Fritziana ule)' (ZUFRJ 13337). Note the dorsal éblo-
ration pattern and the arrangement of the eggs.

length 19.2 to 26.9 (SVL: X = 22.7 + 3.6), head almost as wide
(HW: X =8.4+1.7) as long (HL: X = 7.9 + 1.4), length 89% of
width (HL/HW: X =0.9 + 0.0). Internasal distance (IND: X = 1.6
+0.3and IOD: X =2.7 £ 0.5) 58% of interorbital distance (IND/
I0D: X =0.6 +0.1) and 22% of head width (IND/HW:X=0.2 +
0.1). Eyes large, (ED: X = 4.0 £ 0.4 mm) 59% of head length
(ED/HL: X = 0.6 = 0.1). Male vocal sac single, median, and
subgular. Tympanum distinct and small (TYD: X = 1.1 + 0.1),
more than one quarter of eye diameter, corresponding to 26%
of eye diameter (TYD/ED: X = 0.3 £ 0.1), and smaller than di-
ameter of digit on third finger (TYD/DD3:X=0.8 £ 0.1). Num-
ber of subarticular and supernumerary tubercles per finger very
variable in males and females, and may be: I -3, 5 or §; II - 2,
3,4 or 5; Il - 4, 6 or 7. Number of tubercles per toe very vari-
able in males and females, including subarticular and super-
numerary, and may be: -3 or 5;I1-3 or4;1l1 -4, Sor 7; IV -
6or7.

Comparisons with other species. Fritziana ulei has an in-
terorbital bronze pentagon/hexagon-shaped mark bordered by
black, whereas F. fissilis has an interorbital brown hourglass/
trapezium-shaped mark, extending to the sacral region; F. goeldii
has a brown interorbital hourglass-shaped mark extending to
middle of body; Fritziana ohausi has a marbled dorsal and lat-

ZOOLOGIA 31 (4): 393-399, August, 2014

Table I. Measurements (in millimeters) of Fritziana ulei.
Abbreviations of the measurements are defined in the Material and
Methods. The mean * standard deviation is followed by the
(range).

Measurements Females (n = 2) Males (n = 3)
SVL 20.3-21.0 22.7 £3.6 (19.2-26.9)
HL 4.3-7.0 7.9+1.4(6.3-9.0)
HW 4.6-7.9 8.41+1.7(6.5-10.4)
ED 3.3-35 4.0 £ 0.4 (3.6-4.3)
10D 2.4-3.0 2.7+£0.5(2.2-3.2)
IND 0.8-0.9 1.6+0.3(1.3-1.9)
TYD 0.8-0.9 1.1+0.4(0.7-1.6)
TBL 11.0-11.6 12.4+£1.5(11.1-13.9)
ARL 3.6-6.3 6.5+1.2(54-7.7)
FRL 3.8-4.7 4.5+5.6 (3.8-5.1)
HNL 5.6-6.5 6.7 £1.2(5.4-8.1)
THL 9.6-10.5 10.8 £1.0 (10.0-12.2)
END 1.6-2.2 1.9 +0.4(1.5-2.3)
NSD 0.9-0.9 1.0 £0.2 (0.9-1.3)
FL 13.0-15.0 16.6 + 2.8 (14.1-19.5)
F3L 4.6-5.5 5.6 £1.2(4.3-6.5)
DD3 1.0-1.1 1.3+0.4(1.0-1.8)
T4L 8.0-8.2 8.6 + 2.1 (6.2-10.0)

eral pattern, and the interorbital brown ob triangle-shaped
mark is connected to two stripes, which can be long and diver-
gent, extending to the sacral region, short and divergent, or
short and fused. As in F. goeldii and F. ohausi, F. ulei has normal-
shaped subarticular and supernumerary tubercles and differ-
ent from F. fissilis, which has bifid distal subarticular tubercles
on the fingers. The venter is uniformly beige in F. ulei and F.
fissilis and different from F. goeldii and F. ohausi, in which brown
small flecks are present on the venter. In F. ulei, F. ohausi, and
F. goeldii the diameter of the tympanum is less than the width
of the disc on the third finger, whereas in F. fissilis the diam-
eter of the tympanum is equal or larger than that of the disc.
The brood pouch of F. ulei extends dorsally and encapsulates
the eggs, resulting in a median longitudinal slit similar to F.
fissilis. The eggs of F. ulei are organized symmetrically, giving a
rosette shape to the clutch, differing from F. fissilis by having
eggs not organized symmetrically. In F. goeldii and F. ohausi the
dorsolateral folds are low so as to leave the eggs exposed dor-
sally.

Natural history. One individual (ZUFR] 13347), a female
carrying 11 eggs, was found in a terrestrial bromeliad in the
garden of a house. The house is located in a disturbed area in
the mountain at about 1,300 m, in Lumiar (22°20’30.43"S
42°26'49.54"W), Nova Friburgo, state of Rio de Janeiro. Pre-
sumably, the eggs hatch into non-feeding tadpoles, as in other
members of the genus. This assumption is based on the large
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Figures 10-15. Fritziana uleifemale, ZUFR) 13337 (10, 12, 13 and 14); F. uleimale, MZUSP A-128089 (11 and 13): (10) dorsal view, note the
eggs arrangement; (11) dorsal view; (12) lateral view of the head; (13) ventral view of right foot; (14) ventral view of right hand; (15)
ventral view of right hand of Fritziana fissilis, note the bifid shape in the subarticular tubercles on Fingers lll and IV. Scale bars: T mm.

yolk amount found in the eggs of the female’s back (ZUFR]J
13347). The advertisement call is unknown.

Distribution. Southeastern Brazil, state of Rio de Janeiro,
municipalities of Resende and Nova Friburgo; state of Sdo Paulo,
municipality of Sdo José do Barreiro, Parque Nacional da Serra
da Bocaina (Fig. 16).

Etymology. The species ulei, is a patronym in honor of
botanist Ernesto Ule, who collected the holotype.

DISCUSSION

The X-rays showed that F. ulei, as well as the other spe-
cies from southeastern Brazil (Figs 1-4), have large nasals and
consequently the spaces between their nasals, maxilla and pre-
maxilla are small. Therefore, we place the F. ulei in the Fritziana.

MiranDA-RIBEIRO (1926) identified similar features between
Fritziana ulei (as = Flectonotus ulei) and Flectonotus pygmaeus (e.g.,

ZOOLOGIA 31 (4): 393-399, August, 2014
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Figure 16. Geographic distribution of Fritziana ulei. Acronyms:
(SBC) Parque Nacional da Serra da Bocaina, (RSD) Resende, (NF)
Nova Friburgo, type-locality.

skin of the head adhered to the skull, and a few large eggs). He
placed both species in the same genus, Flectonotus. Now all
species from southeastern Brazil are placed in genus Fritziana
(F. fissilis, F. goeldii, F. ohausi, and F. ulei), and the species from
northern South America are placed in Flectonotus (F. fitzgeraldi
and F. pygmaeus; DUeLLMAN et al. 2011). The relative size of the
nasals is an important osteological feature distinguishing
Flectonotus from Fritziana (DurLLMAN & GRrAY 1983, DUELLMAN et
al. 2011).

BOKERMANN (1966) gave no reasons for considering
Flectonotus ulei to be a junior synonym of F. fissilis. The few speci-
mens of Fritziana ulei probably precluded the examination of
this species in subsequent revisions of the genus (e.g., DUELLMAN
& Gray 1983). Although all specimens identified by us as F. ulei
are from localities where several historical collecting expeditions
have taken place, Fritziana species are difficult to find in the
field. During daytime they hide in bromeliads or among bam-
boos (Cocuran 1972, PomsaL & Happap 2005) and at night they
call from inaccessible places high up in the forest.

Females of Fritziana ulei and F. fissilis are peculiar among
species of the genus in having a brood pouch nearly complete
(only a longitudinal slit remaining). This similarity between
them may be signal that they are phylogenetically closely re-
lated. A phylogenetic study including F. ulei is lacking.

Key for the identification of the species of Fritziana
based on external morphology

1. Presence of bifid subarticular tubercles on finger or toe (Fig.
15); dorsal pattern formed by interorbital dark brown hour-
glass/trapezoid-shaped mark, extending to the sacral region

................................................................................ F. fissilis

ZOOLOGIA 31 (4): 393-399, August, 2014

1’. Tubercles not bifid, both subarticular and supranumerary,
on fingers and toes (Fig. 14); dorsal pattern not hourglass/
trapezoid-shaped mark, not extending to sacral region . 2

2. Tympanum diameter equal to, or greater than, width of disc
on third finger (TYD/DD3 = 1); interorbital a brown hour-
glass-shaped mark, extending to mid-length of body; dark
brown half-moon-shaped spot, in sacral region; median
transverse dark brown stripes on thighs, shanks, and feet...

................................................................................ F. goeldii

2'. Tympanum diameter equal to, or smaller than, width of
disc on third finger; interorbital brown hourglass-shaped
mark absent; dark brown half-moon-shaped spot in sacral
region, absent; median transverse dark brown stripe ab-
sent or not crossing thighs and feet ..........ccccccceveiniene. 3

3. Marbled dorsal and lateral pattern; throat and/or chest with
brown spots; interorbital brown inverted triangle-shaped
mark, with two stripes, (long and divergent, extending to
sacral region; short and divergent; or short and fused);
brooding females with dorsolateral folds only bordering
eggs, leaving them exposed dorsally.................... F. ohausi

3’. Without marbled dorsal and lateral pattern; throat and/or
chest beige; interorbital bronze pentagon/hexagon-shaped
mark delimited by a heavy black line; brooding females
with dorsolateral folds extending dorsally, enclosing eggs,
with median longitudinal slit; eggs in arranged symmetri-
cally in rosette shape (Figs 5, 9, 10) ...c.ccoeieien. F. ulei
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