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INTRODUCTION

Frogs of the genus Telmatobius, Wiegmann, are typical
inhabitants of high Andean aquatic environments,
such as small streams, thermal springs, lakes and lagoons
(Lavilla & De la Riva, 2005). This diverse taxon (63 species;
Frost,2023) extendsfromthe south of Ecuadortothe North
of Argentina, and its altitude ranges from 1,000 to 5,000
m.a.s.l. (Barrionuevo, 2017; Cei, 1986). The taxonomy of
this genus has been considered remarkably complex due
to low interspecific and intraspecific variations (De la Riva,
2005; Barrionuevo, 2017). Seven endemic species have
been described in the Chilean Andes Range's western
slopes: T. chusmisensis, T. dankoi, T. fronteriensis, T. halli,
T. pefauri, T. philippii and T. vilamensis. Among these
species, only the larva of T. fronteriensis is unknown,
which prevents a better understanding of the importance
of larval morphology for the systematics of the genus; so
their tadpole is described for the first time in this work.

The morphological characters of anuran tadpoles
have been successfully used for taxonomic purposes
(Larson & de S3, 1998; Aguilar & Pacheco, 2005; Aguilar
& Valencia, 2009; Aguilar et al., 2007). Thus, Lavilla (1985;
1988) and Altig & McDiarmid (1999b) redefined the genus
Telmatobius considering larvae's external characters.
Consequently, based on the oral morphology of tadpoles,
Lavilla(1985) proposedtwo pheneticgroupsin Telmatobius
species: "the meridional" and the "septentrional" groups.
On the other hand, Saez et al. (2014), based on molecular
analyses, studied the phylogenetic relationships of central
Andes Telmatobius species in Chile and Bolivia, showing
they form three phylogenetic groups: the Telmatobius
marmoratus group, widespread in the Chilean and Bolivian
Altiplano; the Telmatobius hintoni group, including the
species T. philippii, T. fronteriensis and T. huayra, occurring
in the south-western Altiplano of Chile and Bolivia; and the
Telmatobius pefauri group, a new clade which includes T.
chusmisensis, T.dankoi and T. vilamensis, restricted to the
western slopes of the Andes in Chile.

In this study, we describe for the first time the tadpole
of T. fronteriensis, a small-sized frog (mean snout-vent
length 39.28 + 2.56 mm; Benavides et al., 2002), endemic

to the type locality of Puquios (northern Chile). We also
comparatively analysed the external morphology of the
larvae of the Chilean species of Telmatobius, and we
explore the degree of similarities/inequalities that exist
among the phylogenetic groups proposed by Saez et al.
(2014) and corresponding species tadpoles. Furthermore,
the presence of Batrachochytrium dendrobatidis and
Ranavirus is explored.

MATERIALS & METHODS

Specimens

Five tadpoles and 21 adults of T. fronteriensis were
captured (permit N° 301/2015 from Agricultural and
Livestock Service) in the type locality (Puquios, Fig. 1A).
For comparative purposes we analysed the larvae of
another six Chilean Telmatobius species (data in Table
1). At the time of capture (19-20 October 2015, austral
spring), adults (Fig. 1B) and larvae were detected on the
edge or in the middle of the stream (Fig. 1C), in cavities or
among aquatic vegetation. Five tadpoles of Telmatobius
species and two adults were euthanised in a solution of
4 g/L of tricaine methanesulfonate and preserved in 10
% formalin for posterior analysis. Tadpoles were assigned
to T. fronteriensis because no further amphibian species
were found in this area and its surroundings. Collected
and examined specimens (tadpoles and adults) are housed
in the Instituto de Ciencias Marinas y Limnoldgicas,
Universidad Austral de Chile, Valdivia, IZUA. Measurement
data of tadpoles are presented in Table 2.

Methods

Larval stages were determined according to Gosner
(1960). Measurements and terminology follow Altig &
McDiarmid (1999a) for total length (TL), body length
(BL), and tail length (TAL); Lavilla & Scrocchi (1986) for
body width (BW), body width at the narial level (BWN),
body width at eye level (BWE), body height (BH), eye-
snout distance (ESD), eye-nostril distance (END), nostril-
snout distance (NSD), eye diameter (ED), narial diameter
(ND), snout-spiracular distance (SSD) and oral disc width
(ODW); Grosjean (2005) for dorsal fin height (DFH) and
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Figure 1. (A) Puquios, type locality of T. fronteriensis, (B) Adult male of T. fronteriensis, and (C) Stream where adult and

tadpoles were captured.

Table 1. Tadpoles of the Telmatobius species and capture localities

Species Voucher n High Localities/Province/Region Co-ordinates
(m.s.n.m)

T. fronteriensis  1ZUA 3657 5 4,104 Puquios (Type Locality)/El Loa/Antofagasta 21°00°08,70” S; 68° 22°42,40” W
T. chusmisensis 1ZUA 3662 5 3,365 Chusmisa/lquique/Tarapacd 19°40°44.92” S; 69° 10'47.26” W
T. dankoi IZUA3657 2 2,169 Las Cascadas/El Loa/Antofagasta 22°30’14.75” S; 68° 58'21.67” W
T. halli IZUA 3558 2 3,717 NearOllague/El Loa/Antofagasta 21°17°49,39” S, 68° 20'08,68"” W
T. pefauri IZUA3657 3 3,535 Chapiquifia/Parinacota/Arica y Parinacota 18°20°46.60” S; 69° 33’18.67” W
T. philipii IZUA3657 1 3,845 Quebrada de Amincha/El Loa/Antofagasta  21°11’55.10” S; 68° 20°09,30” W
T. vilamensis*  1ZUA 3082 5 3,110 Rio Vilama/El Loa/Antofagasta 22°52’05.80” S; 68° 10’54,90”” W

* Data from Formas et al. (2003)

ventral fin height (VFH). We use the configuration of the
spiracle and vent, according to Altig & McDiarmid (1999a).
The neuromast topography was named according to
Lannoo (1987). The shape of the tail tips was determined
following Savage (2002). All measurements were taken to
the nearest 0.1 mm. Collected tadpoles and additional 21
adults of T. fronteriensis were non-invasive sampled (skin
and oral swabs respectively) and tested through specific
real-time PCR assays for the presence of two pathogens:
Batrachochytrium dendrobatidis and Ranavirus, following
previously described methods (Soto-Azat et al., 2016).

Taxonomic criteria and number of specimens

To avoid nomenclatural confusion, we use the taxonomic
propositionofFiblaetal.(2017), whichsuggestsasynonymy
involving priority of the name Telmatobius pefauri over
T. zapahuirensis. Consequently, we use T. pefauri for
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the species and clade previously named Telmatobius
zapahuirensis. The presence of T. fronteriensis in this
restricted area (Puquios), and the inaccessibility of this
place during some periods of the year prevent the capture
of additional individuals. Furthermore, the critical state of
conservation of the Chilean species of Telmatobius (Lobos
& Rojas, 2020) justifies the description of the tadpoles T.
fronteriensis based on scant material (five tadpoles).

RESULTS

Thelarvae of T. fronteriensis correspond to a morphological
generalised type (Orton, 1953) and belong to the benthic
ecomorphological guild type of Altig & McDiarmid
(1999b). The body length corresponds to 40, 2 % of the
total length (BL/TL = 0.40). Body shape oval in dorsal view,
with maximum body width at abdominal region.
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Table 2. Measurements (mm) of five tadpoles of
T. fronteriensis (stages according to Gosner, 1960.)
Characters are defined in the maintext.

Specimens Stages

Character (mm) 32 34 35 36 41
TL 68.5 71.1 715 652 66.0
BL 26.0 25.5 28.1 242 238
TAL 42,5 46.2 434 41.0 42.2
BMW 12.5 15.0 18.2 19.8 14.0
BWN 9.0 90 101 94 9.0
BWE 17.0 12,5 14.8 12.0 11.0
BMH 17.5 148 149 120 111
DFH 40 40 40 28 26
VFH 30 30 28 15 20
RSD 17.0 15,5 19.0 20.0 13.9
FN 46 47 3.0 41 4.0
END 29 25 31 20 26
10 46 49 62 45 64
E 18 1.7 21 21 20
EN 21 20 30 29 28
oD 61 70 78 6.0 6.0
DG 48 49 50 39 3.2

The body is slightly rounded in lateral view (BMH/BMW
=0.77); the ventral contour of the body is flat at the level of
the head and body (Fig. 2A). The dorsal contour is convex
from the oral disc's anterior edge to the eyes' posterior
border. In the dorsal view, the snout is slightly rounded
(Fig. 2B). The nares are oval without protuberances.
Dorsolaterally oriented and situated dorsally (BWN/ BWE
= 0.74), closer to the snout than the eye (FN/END =66.0).
Eyesrelatively small (E/BWE =0.10), situated dorsolaterally
(IO/BWE = 0.47) (Fig. 2B). The spiracle is single, lateral,
sinistral, directed posterodorsally, almost as long as broad,
and placed approximately halfway between the snout
and posterior margin of the body (Fig. 2A). Its inner wall
presents as a slight ridge and is visible in dorsal and lateral
views; its opening is oval, located below the body midline,
andits diameter is smaller than the tube diameter, opening
only visible in lateral view. The inner wall is attached to the
body but perfectly distinguishable. Vent tube dextral, with
an opening not visible laterally, concealed by a fold of vent
tube wall; right wall attached anteriorly to ventral fin (Fig.
2C). The oral discis anteroventral located and transversally
elliptical (Fig. 2D). Medium-sized (OD/BMW = 0.43), not
emarginated, and with a medium dorsal gap (DG/OD =
0.62) in marginal papillae; with mental papillae (Fig. 2D).
Marginal papillae are simple, small, and conical, arranged
in a single row in the anterior (upper) labium; placed in a
single row in the posterior (lower) labium. There are 15—
16 submarginal papillae in the anterior and posterior lip.
The papillae are small, round, or conical with rounded or
pointed tips. Submarginal papillae in mental area absent
(Fig. 2D). Jaw sheaths are robust, more expansive than
high, there are 15-17 /mm of finely serrated triangular
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Figure 2. The tadpole of T. fronteriensis (IZUA N° 3657,
stage 36) — (A) Lateral, (B) dorsal, and (C) ventral views.
(D) Oraldisc.

serrations on the upper jaw, wide and brown pigmented.
The upper jaw sheath is arc-shaped, and the lower jaw
sheath is V-shaped. The free margin of the upper jaw
sheath is widely arch-shaped, with a short lateral process.
Lower jaw sheath V-shaped. The labial tooth row formula
2(2)/3(1); A2 = A1, P1 = P2 > P3; P4; gaps in A-2 and P-1
about 1.0 and 0.5 mm respectively. A2 > A1, P1=P2 > P34;
gaps in A-2 and P-1 about 1.4 and 0.8 mm. Tooth density
on Al 23-55 teeth /mm.

The tail is large (TalL/TL = 0.43), with well-developed
musculature, almost reaching the tail tip. The tail axis
is straight and the tail tip is gently rounded. Dorsal and
ventral fins of similar height; dorsal fin not extending onto
the body; ventral fin starting at the end of vent tube; both
fins almost as high as body height (MTH/BMH = 1.1). Lines
of the neuromasts are present on the tail (dorsal and
medial) (Fig. 2A), dorsum (dorsal) (Fig. 2B), around the
eyes (anterior oral) (Fig. 2B) and belly (ventral).

Tadpole colouration

When the larvae were observed among the aquatic
vegetation, they were olive green in colour (Fig. 3). In life,
out of the water and exposed to the sun (Fig. 4A,B,C) the
body and tail are leaden blues, covered with fine golden
spots. In fixative (10% formalin) the body and tail are
greyish and the golden colouration disappears.

Natural History Notes

Puquios belongs to the Puna biogeographic province,
which is characterised by its aridity, rocky substrate, and
xerophytic vegetation: Yareta (Azorella compacta) and low
grasses and bushes (Festuca ortophylla, Stipa nardoides).
In Ollagiie, a town near Puquios (15 km), the temperature
ranges between 1.6 °C (July) and 10.2 °C (January). During
two years (1989 and 1998) of observation, no rainfall
was recorded, and in the period 1972-2014, only 69.2
mm of rainfall was recorded at the Ollagiie weather
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Figure 3. Tadpoles (red arrows) of T. fronteriensis under
aquatic plants of the genus Potamogeton.

Figure 4. Colour of live larvae. (A) Lateral and (B) dorsal
views of tadpoles of T. fronteriensis (stage 31). (C) Tadpole
of T. fronteriensis (stage 39).

station (Sarricolea et al., 2017). On 19 October 2015, in
Puquios during fieldwork, between 1230 h and 1300 h the
temperature was 20 °C and the humidity was 23.4 %.
Adults and tadpoles of T. fronteriensis were captured
among the aquatic vegetation (Potamogeton sp) of a low-
flow stream (3 km long, 1 m wide, and 40 cm deep) (Fig. 3);
the water temperature was 22 °C. The bottom consisted of
mud (<1 mm), (0.5-2.0 mm) and was large (11-100 mm).

Disease screening

The five collected tadpoles and additional 21 adults,
all gave negative results for both B. dendrobatidis and
Ranavirus.

Variation

Among the tadpoles examined we found one (Fig. 4C)
that differed from the rest. From the posterior third of the
caudal fin, its edge drops steeply. In the other tadpoles,
this edge descends gently. During the fieldwork, we found
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larvae in different stages of development (Gosner, 1960)
which may be evidence of a larval development period of
more than one year.

DISCUSSION

Diaz & Valencia (1985) studied the external morphology
of four Telmatobius species (T. halli [specimens from
Vilama river now T. vilamensis), T. pefauri, T. marmoratus
and T. peruvianus) present in Chile, and noted the
remarkable homogeneity of their external morphological
characteristics. So, the bauplan of these larvae corresponds
to a lentic type, e.g. their larvae have in tendency a
globular body, median to high fins, a non-robust tail
musculature, and a pointed tail end (Altig & McDiarmid,
1999a; Laudor et al., 2021) (See Figs. 2 & 5). In northern
Chile, these prevailing morphological traits are frequently
found in lentic and lotic environments. Probably because
lotic environments do not present great differences in
flow compared to lentic environments (generally streams
1 m wide and 20 cm deep, see Fig. 1). This situation differs
from those of lotic environments with fast running waters
(mountain streams) where highly modified reophilous
tadpoles are found, such as T. espadai and T. sanborni
(suctorial oral disc, and tail muscle more robust) (Aguilar
et al., 2007). However, in this work, we found variations
in some of their external characters. For example, the
tadpoles T. halli differ from the analysed tadpoles in
the following characteristics: the spiracular aperture is
rounded, the inner wall is wholly attached to the body wall
and the dorsal fin originates in the anterior third of the
tail. On the other hand, the BL/TL index ranges between
0.36 (T. chusmisensis) and 0.51 (T. halli). This comparative
analysis showed that at the interspecific level, some
characters are "variable" (e.g. spiracle, the tip of the tail)
and others "more constant" (e.g. tooth row formula, oral
disc emarginate/not emarginate). Thus, to improve the
interspecific comparisons of Chilean Telmatobius tadpoles,
it would be helpful to standardise the characters to be
considered (variable/constant, developmental states)
so that comparisons help to establish their taxonomic
identity and the morphological patterns involved. Some
characteristics of those tadpoles are presented in Table 3.

Amongthegeneralised (sensuOrton, 1953) Telmatobius
tadpoles, Lavilla (1985) recognised two well-defined
phenetic groups: the first, with only one row of sub-
marginal mental papillae ("meridional" group), whereas
the second ("septentrional") lacks this row. All species
examined in this work belong to the "septentrional"
group. Barrionuevo & Baldo (2009) and Barrionuevo
(2017) questioned the phylogenetic validity of Lavilla's
hypothesis. However, the significance of these structures
should be evaluated appropriately.

Sdezetal. (2014) studied the phylogenetic relationships
of 19 Telmatobius species from the central Andes of Chile
and Bolivia, including individuals from 12 undescribed
populations of Chile. This analysis based on mitochondrial
DNA 16S and cytochrome b shows that the Chilean
endemic species belong to two groups (clade) species:
(a) the T. hintoni (T. fronteriensis and T. philippii) and
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Figure 5. Dorsal view of body and tail tips of seven Chilean endemic Telmatobius tadpoles — (A) hintoi group, and (B)
pefauri group. (C) T. halli not in Sdez et al. (D) Body shape criteria (frame from inside out): rounded, ovoid, rectangular.
Drawings (not to scale) taken from original publications, except T. fronteriensis and T. pefauri. SG Subgroup.

T. vilamensis (SG 3)

Table 3. External morphological comparisons among the tadpoles of seven Chilean Telmatobius species. Stages according
to Gosner (1960). BL = body length, LT = total length.

Species Stage BL/ Spiracle: Dorsal fin Bodyform Tip tail form and Source
TL direction and origin pigmentation
shape of its
aperture
T. fronteriensis 36 0.39 posterior, ovoid contactthe  ovoid gently rounded,  This paper
body pigmented
T. philippii 33 0.42 posterior, ovoid  contactthe  rectangular gently rounded,  Cuevas & Formas,
body gently pigmented 2002; This paper
T. pefauri 36 0.39 posterior, ovoid  contactthe  ovoid gently rounded,  This paper
body pigmented
T. chusmisensis 36 0.40 posterior, ovoid contact the  rectangular gently rounded,  Formas et al., 2006;
body pigmented This paper
T. dankoi 37 0.36 posterior, ovoid contact the ovoid rounded, Formas et al., 1999;
body pigmented This paper
T. vilamensis* 35 0.44 posterior, ovoid  contactthe  ovoid rounded, gently  Formas et al., 2003
body pigmented
T. halli 33,34 0.51 |lateral,rounded anterior third approximately bluntly pointed,  Cuevas et al., 2020;
tail rounded gently pigmented This paper

* Data from Formas et al. (2003)
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(b) the T. pefauri, the latter having three subgroups: the
first, T. chusmisensis, the second, T. pefauri; and the third
includes, T. dankoi and T. vilamensis. This group (b) is
restricted to the western slopes of the Andes. In this work
tadpoles of the six exclusive Chilean Telmatobius species
(T. fronteriensis, T. philippi, T. chusmisensis, T. pefauri,
T. dankoi and T. vilamensis) were distributed in each
group proposed by Sdez et al. (2014) (Fig. 5AB), and their
external morphological characteristics compared (Table
3). As a result of this exercise, we observed differences
between the members of different groups. For example,
the members of the “hintoi” group differ in body shape:
ovoid in T. fronteriensis and rectangular (elongated) in
T. philippii. Among the tadpoles of the “pefauri” group,
in T. chusmisensis (subgroup 1) and T. pefauri (subgroup
2) differ just in body form, ovoid (T. chusmisensis) and
rounded (T. pefauri). Finally, both members of subgroup
3 share the body and tail form (ovoid and rounded
respectively), however, the tail is gently pigmented
in T. vilamensis, and strongly pigmented in T. dankoi,
being the more consistent group respecting Saez et al.
proposition. Telmatobius halli (not in Sdez et al., 2014)
(Fig. 5C) is the most dissimilar tadpole (body rounded
with snout acuminate, tail shape bluntly pointed and the
opening of the spiracle tube directed perpendicular to the
body wall). These observations showed the differences
that exist among the external characters and suggest
that heterogeneity is a frequent phenomenon in these
tadpoles. Although our observations are preliminary, they
suggest that the revision of the criteria of morphological
homogeneity should be reconsidered in species of the
genus Telmatobius tadpoles (and adults).

Telmatobius spp. has been one of the most impacted
groups of amphibians by B.dendrobatidis (Scheele et
al., 2019) and no published information exists on the
impacts of Ranavirus to this amphibian group. It is likely
that the apparent absence of both pathogens (all 26
samples negative) is due to the isolation of the stream
used by this species. It is therefore useful to assess the
potential threat posed by an unwanted introduction of
both emerging pathogens to T. fronteriensis. Finally, to
increase knowledge of the biology of Telmatobius species
on the western slope of the Andes in northern Chile, it is
convenient to determine the taxonomic identity of the
populations analysed by Saez et al. (2014), describe their
tadpoles for a better understanding of the taxonomy of
this genus, and thus be able to address future conservation
actions.
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