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ABSTRACT

The larvae of the recently discovered brown frog Rana pyrenaica differ from other Euro-
pean brown frog tadpoles by their dark brown to deep black dorsal colour with silvery white
spots on the flanks. Tooth formula of the examined specimens was 1:3+3/1+1/3. Two distinct
large and two very small lingual papillae do occur, thus representing an intermediate character
state between European Rana species with two and with four distinct papillae.

A diagnostic difference to Rana temporaria tadpoles from the Pyrenees is the gap between
both portions of the second upper tooth row, which is much smaller in Rana pyrenaica. Addi-
tionally, a multivariate morphometric comparison showed highly significant differences between
tadpoles of Rana pyrenaica and sympatric Rana temporaria regarding several morphometric
characters. A rather large interpopulational variability in several oral structures was found in
Rana temporaria tadpoles from the Pyrenees.

1. INTRODUCTION

Until recently, the taxonomic status of brown frog populations from the
Spanish and French Pyrenees was subject to controversial opinions. The pres-
ence or absence of Rana dalmatina in the Spanish part of the Basque coun-
try and in Catalonia was uncertain (Garcia-Paris, 1985), and discussions arose
on the supposed - but never evidenced - presence of Rana iberica in the Pyre-
nean mountain range (see Garcia-Paris, 1985; Bea, 1989). The classification
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poraria with long legs is certainly a R. pyrenaica.

In the present study we give a first detailed description of the larval
stages of R. pyrenaica, a species for which we propose the English common
name of Pyrenean frog. We especially focus on larval mouthpart structures
and on differences to R. temporaria tadpoles from the Pyrenees; additional-

ly we summarize some anecdotical observations on habitat and habits of the
species, and illustrate adults and larvae in colour.

2. MATERIAL AND METHODS

Field observations were carried out by the two senior authors in the area
of the Parque Nacional de Ordesa y Monte Perdido, Huesca province, Spain.
Tadpoles were observed along the Rio Arazas, which constitutes the Nation-
al Park border, and five tadpoles were captured at one locality in the imme-
diate vicinity of Rio Arazas but outside the National Park (about 1500 m above
sea level, near Mondicieto mountain).

Detailed measurements, mainly of oral disk structures, were taken from
these five Rana pyrenaica tadpoles and from two Rana temporaria tadpoles
from the Lacs d’Ayous (in the vicinity but outside the borders of the Parc
National des Pyrenées Occidentales, western central Pyrenees, France) and
one R. temporaria tadpole from the upper Vallée d’Aspe (Pool along Les-
cunriver, near Lescun, western central Pyrenees, France). Tadpoles were fixed
and preserved in the field in 70% ethanol; they were measured with a binoc-
ular with measuring device to the nearest 0.1 mm. Many more tadpoles of

both species were examined in the field and in other samples (see below) and
were found to agree in the main external characters.

Tadpole keratodont rows are described using the standardized formula pro-
posed by Dubois (1995). To enable better comparison, abbreviations of mea-
surements mainly follow Grillitsch et al. (1993). Also the terms and struc-
ture of the following description are largely based on Grillitsch et al. (1993)
which is the most detailed and complete description of a European brown
frog larva so far published.

The following abbreviations are used: SVL Snout-vent-length; TL total
length; BH maximum body height; BW maximum body width; TaL tail
length; UF height of upper (dorsal) tail fin at the point of maximum tail height;
UF1 height of dorsal tail fin at the middle of the tail; UF2 height of dorsal
tail fin at the beginning of the tail; LF height of lower (ventral) tail fin at the
point of maximum tail height; LF1 height of ventral tail fin at the middle of
the tail; LF2 height of ventral tail fin at the beginning of the tail; TM1 height
of caudal musculature at the middle of the tail; TM2 height of caudal mus-
culature at the beginning of the tail; HT maximum height of tail (including
dorsal and ventral tail fin); TW1 maximum tail width at the middle of the
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3. RESULTS

3.1. ADULT GENERAL APPEARANCE AND HABITAT OF RANA PYRENAICA

In general R. pyrenaica (pl. 1.3 and 1.4) isa rc_alatively small-sizeg Rarlzlc;
species phenetically belonging to the palearctic b.rown1 frogsd (352 5g1€:111 s
Juboi i f 33-46 mm in males and 56-

Rana: Dubois, 1992), with SVL ranges 0 1 males olmn

i ’ 1 colour typically is uniform an

in females (Serra-Cobo, 1993). Dprsa o fhe
ige to creme brown. Typical V—shapf.:d pattern ca

g(?rr;lutrf;rglzo(r)ne specimens, otherwise no distinct pattern is present. Ventrally

the colour is much lighter and goes into white. Nuptial pads of the males are
coloured greyish or brownish. In these traits our observations are much in
accordance with the findings of Serra-Cobo (1993).

In open pasture landscape of the Ordesa-valley (pl. I.1) we observed
adult frogs during the day in slow running streams, sitting near or in the water.
When disturbed they immediately tried to escape by hiding under stones and
rocks below water surface. Vertical height was about 1800 m above sea
level.

Larvae and about a dozen of recently metamorphosed juveniles were found
down the valley at 1600 m (pl. 1.2), in a small, slow moving branch of Rio
Arazas, which formed numerous large pools with nearly stagnant water. The
newt Euproctus asper was very common in these pools (1-2 specimens cap-
tured per meter of examined brook, without intensive searching). From this
observation it can be speculated that Euproctus may constitute an important
predator of R. pyrenaica larvae, although direct observations are lacking.

3.2. THE TADPOLE OF RANA PYRENAICA

By first appearance most tadpoles of Rana pyrenaica are completely dif-
ferent from all other European brown frog tadpoles. This is mainly caused
by the striking black dorsal colour, which makes many larvae closely resem-
bling a Bufo tadpole by first sight. This colour pattern is the most distinctive
character which generally alone allows an immediate field identification. The
following description refers to lamvae in Gosner stages 33-38. The larvae in
earlier stages (25-29) differ in being darker and showing brighter and small-
er spots on tail and body, which are more separated from each other than in
the later stages. Some additional measurements of the specimens used for
detailed mouthpart descriptions can be found in tab. 1 and tab. 2. Specimens,
in the table as well as in the following text, are referred to as RP1 to RP5.

The whole dorsal and lateral surface of the body is black (pl. 1.6) to dark
brown. The dorsum is usually black and gets clearer towards the belly due
to the presence of spots which are silvery, white-yellowish or even golden
and always with irregular borders. The same spots are also present on dor-
sal and ventral caudal fins, and caudal musculature. Their diameter is 0.25
to 0.5 mm, and on the body their size increases gradually from dorsum to
belly, as does the intensity of the spotting. The belly is greyish transparent,
except for the dense speckling with the white spots.

The tail, including the caudal fin, is dark, sometimes black, and shows
smaller spots than the rest of the body. When observed through a binocular
microscope, the background dark colour of the tail is composed of independent
melanocytes whose pigment is arranged in a very ramified shape.

The tail makes up for 54-66% of the total length. The tail is high, with a
rounded end. At midlength of the tail, the caudal musculature accounts for



RP1 RP2 RP3 RP4 RP5 RT1 RT2
Gosner 33 36 38 38 37 36 36
SVL 12.0 12.5 14.0 14.4 13.3 11.4 10.8
TaL 17.2 22.8 20.4 22.6 222 16.2 20.4
UF 1.4 1:3 2.1 29 1.5 2.1 -
UFI1 12 1.4 1.9 2.5 1.9 - -
UF2 0.7 0.7 0.7 0.7 0.7 - -
LF 0.8 0.8 1.0 1.0 1.2 1.8
LFI1 0.7 0.7 0.9 1.0 1.2 - -
LF2 0.1 0.1 0.2 0.1 0.2 - -
™1 1.9 2.7 2.6 25 2.1 2:2 2.7
™2 1.9 2.6 2.5 2.6 25 - -
HT 4.1 49 55 5.5 55 5: 5.0
TWI1 0.9 1.2 1.1 1.4 1.5 - -
TW2 1.9 2.7 2.6 2.8 2.5 - -
BW 7.5 7.8 8.1 8.6 7.8 6.5 =
BH 5.8 6.1 6.4 6.9 6.1 49 -
ID 3.2 3.7 43 4.4 48 3.8
SS 72 7.3 6.7 6.6 6.6 6.8 -
VS 6.4 6.7 73 72 7.8 4.6 -
oD 3.1 2.9 2.6 2.5 2.5 2.4 2.0
HBW 0.8 1.0 1.1 1.0 1.0 - -
NE 1.8 23 24 2.4 2.1 - -
NN 2.3 2.4 2.1 2.1 2.1 2.1 -
ED 13 1.5 1.5 1.7 1.6 1.3 -

Table 1. Morphometric measurements (in mm) of five Rana pyrenaica (RP) tadpoles and two Rana
temporaria (RT) tadpoles which were used for detailed description and measurements of mouth-
part structure. RP specimens from near Rio Arazas, in the vicinity of the Parque Nacional de Orde-
sa y Monte Perdido, Huesca province, Spain, RT specimens from Lacs d’ Ayous, central western
Pyrenees, France. For abbreviations see the Material and Methods chapter.

RP1 RP2 RP3 RP4 RP5 RT1 RT2
SS/VS 1.13 1.08 0.92 0.92 0.85 1.48 -
HT/TaL 0.24 0.22 0.27 0.24 0.25 0.35 0.25
UF/HT 0.34 0.27 0.38 0.53 0.27 0.37 -
NN/ID 0.72 0.65 0.49 0.48 0.44 0.55 -
OD/ID 0.97 0.78 0.61 0.57 0.52 0.63 -
TMI/HT 0.46 0.55 0.47 0.46 0.38 0.39 0.54
SVL/TL 0.41 0.35 0.41 0.39 0.38 0.41 0.35

Table 2. Morphometric ratios of Rana pyrenaica and Rana temporaria tadpoles. Same specimens
and abbreviations as in table 1.

about 40-50% of total tail height.

’tl“he dspiraculumbis sinistral, about equidistant between the snout and the
vent and seems to be oriented to the rear part in our speci
anus oriented to the right side. ’ pectmens. The centra
The eyes are close together and dorsally ori iri

y oriented. The iris has golden pig-
ment. A poorly defined yellow-golden supercili i in somm
TSt e g perciliary stripe can be found in some
' The general. shape of the tadpole is robust and dorsally pyriform. The snout
is shgrp but gpwally trupcated. The oral disk (fig. 1, fig. 3) is in ventral sub-
terminal position. Margmaln peribuccal papillae (MP) are restricted to the lat-
eral corners and the posterior margin of the disk, reaching anteriorly more
or less the lateral beginnings of the outermost upper tooth row (UTR1). In
RP1 (stage 33) .th'ey were mainly arranged in a single row, with a density of
abc{>ut 11 per m1111rr_1etre. Solitary inframarginal papillae occurred irregular-
l){ along the postengr mar.gin of the disk but were mainly clustered in the
disk corners. No pailpl.llate ridges descending from the disk corners to the beak
could be seen as distinctly in our specimens as was described and shown for

Fig. 1. Drawing of the oral disk and i i
' associated structures of a Rana pyrenaica tadpole fi i
Arazas, in the vicinity of the Parque Nacional de Ordesa y Monte Perdido, Huescpa provirrlrlfr:1 eéSIE)?ian
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Rana graeca and Rana italica by Grillitsch et al. (1993). However, as can
be recognized in fig. 3, scarsely developed ridges in the disk corners did in
fact occur in our R. pyrenaica tadpole specimens. In RP1 (stage 33) and RP3
(stage 38), number of MP was 44 and 40, number of IMP 20 and 8, respec-
tively.

In all examined tadpoles the number of keratodont rows (tooth rows) was
eight, four on the anterior lip and four on the posterior lip. Detailed keratodont
formula was 1:3+3/1+1:3. Keratodonts were disposed as single series; their
density in RP1 (stage 33) was 50 per millimetre in the second tooth row of
the upper lip (UTR2).

Length of the four continuous rows was 2.3 mm (UTR1) in two tadpoles;

GOSNER STAGE <30

R. pyrenaica (n=17) R.temporaria (n= 33)
Variable mean std err min. max. mean stderr min. max.
SVL 8.41 023 7.0 10.0 742 034 40 11.0
TaL 14.35 041 12.0 19.0 11.94 041 8.0 17.0
HT 4.31 0.15 3.0 5.0 3.17  0.14 1.5 4.5
BH 4.02 020 3.0 5.5 328 0.15 1.2 5.0
BW 553 024 35 75 4.61 0.17 25 7.0
OD 1.81 0.04 1.5 2.1 1.97 0.10 09 3.0
NN 096 0.03 0.7 1.2 .13 006 0.7 24
ID 1.76  0.06 1.3 2.2 .76 ~ 0.10 0.9 2.8
EN 095  0.01 0.9 1.0 096 0.06 04 L7
TsE 1.92  0.05 1.6 23 202 010 09 3.0

GOSNER STAGE >30

R. pyrenaica (n=32) R.temporaria (n=10)
Variable mean std err min. max. mean std err min. max.
SVL 1094 0.14 95 13.0 12.00 .10 6.0 18.0
TaL 17.25 027 135 21.0 20.60 1.84 110 28.0
HT 448 0.12 30 55 5.00 049 30 8.0
BH 5.41 0.21 4.0 10.0 5.35 0.55 3.0 8.0
BW 7.38  0.11 6.5 9.0 8.00 076 4.0 12.0
OD 244 004 20 2.8 257 015 1.7 3.2
NN 1.36  0.05 1.0 2.0 1.82  0.18 09 2.5
ID 228  0.05 1.8 2.9 3.10 033 1.6 5.0
EN 1.41 0.05 09 2.0 142  0.13 09 2.0
TsE 246  0.05 1.6 3.0 255 023 1.7 4.0

Table 3. Descriptive statistics of R. pyrenaica tadpoles (from Valle de Bujaruelo, Huesca province,
Spain), and of R. temporaria (from several localities in Lleida and Girona provinces, eastern Pyre-
nees, Spain; see Material and Methods chapter for exact localities). Early and later larval stages
are considered separately. All measurements in mm.
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1.7 mm (LTR1), 1.9 mm (LTR2), 2.0 mm (LTR3) in RP1 (stage 33). Length
of the interrupted upper tooth rows (UTR2, UTR3, UTR4) decreased in cen-
tripetal direction. In the same direction, the length of the gaps between both
portions clearly increased, although the exact length of the gaps was diffi-
cult to measure. Length of one portion of the rows was 1.2 and 1.3 mm (UTR2),
0.8 and 0.9 mm (UTR3),0.5 and 0.4 mm (UTR4); approximate length of the
gap was 0.1 mm (UTR2), 0.8 and 0.9 mm (UTR3), 1.1 and 1.5 mm (UTR4)
in RP1 (stage 33) and RP2 (stage 36), respectively. The gap in UTR2 was
rather small, the ratio between one portion of the row and the gap being 10.4
and 16.3 in RP1 and RP2.

The only interrupted lower tooth row (LTR4) showed a small central gap
which could not always be immediately recognized. Length of the gap was
< 0.1 mm, length of each row portion about 1.0 mm in RP1 (stage 33).

The central horny beak was robust and dark pigmented; both jaw sheaths
had serrations at their cutting edge.

No detailed measurements and counts were performed on the structures
of the buccopharyngeal cavity (buccal roof and buccal floor) except for the
number and size of the lingual papillae in RP3 (stage 38), RP4 (stage 38)
and RP5 (stage 37). We detected four lingual papillae. Two distinct, rather
long and slim cylindric papillae rised centrally in the posterior part of the
tongue anlage. Two additional papillae were very short and could only be

Fig. 4. Oral disk of a Rana temporaria tadpole from the Lacs d’ Ayous, central western Pyrenees,
France.
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! : B
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o N.S. 'N S
0.012 10
1.8*10-
]IEI; N.S. 0 ’
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S N.S. N.S-

Table 4. Results P B
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values) of the post hoc Scheffé’s test between R. pyrenaica and R. temporaria

considering the early and 1
ongideriy y ater larval stages separately. N.S. not significant. Refers to data shown
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TaL, HT, BW, NN and ID (tab. 4). Mean values, relative to SVL, of these
variables are given in table 6.

In fig. 5, the individuals of both species are projected over the first two
factorial axes. Tab. 5 shows the correlation coefficients between each vari-
able and these two axes for both analyses as well as the explained variance
in every case.

Beside these morphometric differences, the following general morpho-
logical features were found to be generally diagnostic between tadpoles of
the two species: 1) In R. temporaria the snout is more rounded, not truncat-
ed. 2) R. temporaria shows less and smaller silvery spots than R. pyrenaica.
3) Under the binocular microscope, the melanocytes in the tail of R. tempo-
raria are connected (not independent) forming a reticula.

3 4. PRELIMINARY DATA ON ORAL STRUCTURES OF RANA TEMPORARIA
TADPOLES FROM THE PYRENEES

The detailed study of oral structures of R. temporaria tadpoles from two
localities in the central western Pyrenees showed rather large differences
between the two samples.

Tadpoles from the Lacs d’Ayous (Gosner stage 36), which occurred in
shallow water of sun-exposed ponds, were rather small. Their tooth formu-
la was 1:2+2/1+1:3. The continuous tooth rows of one specimen (RT1 in tab.
1; stage 36) measured 1.9 mm (UTR1), 0.8 mm (LTR1), 1.5 mm (LTR2),

1.1 mm (LTR3). One row portion of the i

Gosner stage <30

nterrupted tooth rows measured 0.6

Gosner stage >30

Variable Factor 1 Factor 2 Factor 1 Factor 2
SVL 0.94%* 0.07 0.95%* 0.07
TaL 0.76* 0.42 0.81°% 0.36
HT 0.74* 0.49 0.85%* 0.11
BH 0.79* 0.31 0.70* -0.45
BW 0.76* 0.51 0.92* 0.03
OD 0.84%* -0.38 0.74%* -0.01
NN 0.50 -0.59 0.80* 0.19
1D 0.87* -0.30 0.91* 0.28
EN 0.86* -0.29 0.73%* -0.51
TsE 0.88%* -0.29 0.86* -0.24
Explained var. 64.57 15.36 69.57 7.81
Cum.Expl.var. 64.57 79.93 69.57 77.38

Table 5. Correlation coefficients betwe:
principal component analysis considerin

shown in table 3. * significant values (p < 0.01).

en the biometrical variables and the first two axes O
g the early and later larval stages separately. Refers to data
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mm (UTR2), 0.2 mm (UTR3). Gaps between interrupted upper tooth rows
measured 0.5 mm (UTR2), 1.3 mm (UTR3). The gap between both portions
of UTR2 was rather large, the ratio between the gap and one portion of UTR2
being 1 and 1.25 in RT1 and RT2, respectively. Keratodont density was 60

per millimetre in UTR2 of RT1.

The number of marginal papillae was
papillae was 16in RT1. Inframarginal papillae were disposed as parallel row

behind the marginal papillae from the disk corners to the outer fourth of the
posterior disk margin on both sides. Four distinct and large lingual papillae
were recognizable. Measurements of the examined specimens can be found
in tab. 1. The oral disk is shown in figs. 2 and 4.

One tadpole from the upper vallée d’ Aspe differed from the description
given above. SVL was 10.1 mm (tail injured), OD 2.9 mm, tooth formula
1:3+3/1+1:3. Unfortunately the stage of this specimen could not be ascer-
tained due to injuries of posterior body, but it was certainly > 30. The gap
between both portions of UTR?2 was rather large, the ratio between the gap
and one portion of UTR2 being 2.1. Number of MP was 46, of IMP 34. This
tadpole was remarkable because despite the rather good conservation of the
mouthparts we were unable to detect a second pair of lingual papillae. Only
one pair of large papillae could distinctly be seen on the central part of the

tongue anlage.

34, the number of inframarginal

4. DISCUSSION

4.1. HIGH MOUNTAIN ADAPTATIONS IN ANURAN TADPOLES AND CONSERVATION

ASPECTS

At present knowledge, Rana pyrenaica is the only European anuran
species which is restricted to high mountain habitats. It is known from alti-
tudes between 1200 and 1700 m according to Serra-Cobo (1993); after own
data it occurs up to about 1800 m along the Rio Arazas in the Parque Nacional
de Ordesa. Most of its tadpoles differ from those of all other European Rana
primarily by the striking blackish colouration. This dark colour is possibly
to be regarded as an adaptation to the cold climate and/or high ultraviolet
radiation at high elevations, what would be a new hypothetic ecological cor-
relate of tadpole colour in addition to those summarized by Altig & Chan-

ning (1993). Several examples of b
ians and reptiles are known. Besi
the Alps, the most obvious examples a
high mountain populations of Rana temporaria
of black markings and spots on the back (Nollert &
American mountain frog Rana cascadae (Behler & King, 1979).

lack colouration of high mountain amphib-
de melanistic morphs of Vipera berus, in
re Salamandra atra and S. lanzai. Also
have an increased number
Nollert, 1992) as the North

15

Other examples of black high mountai
Neoo Dot eXample gh ntain tadpoles can be f i
- rop])j:rsv(d cee(r)lrg[; ?rrzllzftésl;\;ee Lotters, 1996, for references) arcl)(linilr(il I\I/Illal(ti}zlief
e e ; alagasy species Boophis williamsi and Boophis
arentt Trom clevl s of 1500-2650 in the Ankaratra and Andringitra
mou (Blommcerlg_schfr'ltfal Madagascar are predominantly blackish on the
e i fo " ois.er. 1.979: Glaw & Vences, 1994). However, other
specializations lme.op? 1’11‘0 life shown b‘y larvae of these species, suéh asa
e Alth0u¢0h1'lt1;reflsed number of tooth rows, are not shared with R
fﬁ,g et inhqbitsc i a's.been stated (Serra-Cobo, 1993) that the Pyreneari
frog on brméh Tguntam streams, we observed the species in slow-m
cburingcthe 162?:; yer’gl(:kfk.lgr F:}[ll etrfi;nrgoral po?ds of quiet water near broo(l):;_

T ML St EALS, : enon of a possible global amphibi n
phenOme:;rll)?fr;el:ﬁrezmngly dl_scussed. Independently fiom whfatlrl):rltilhairsl
phenomeno m;)umaiz : wqudw1de. tendency or not, it remains true that in
aated.Tn the esrotis mutd Rana mseosa 03 Rt poceais o
e o s scosa and Rana cascada i

1 ee\j;rlm[tee:li) égts;ur;t}l]m’ randges:. 365 to 2300 m, and 900 to 270?)(1?10:1}1125?51?;
e V)\/m.keealvgg le)clﬂlnes, eve.n in nat.ional parks, occurred (Blaustein
poe evidenc ih ong term studies on populations of Rana cas-
the dwindling Ozf)ne shie]cti3 caitszzig: ;‘ggtt?ts Of;] llt'raViOICt B o
b, : , mortality in eggs and em 5
s Bty &, 1575, sy S ol e
ereases el ,a s ‘ xists potentially for ea i
e bedg;;;ﬁltllz?;.t hS;r?heespﬁmes may be more affected tl?an othercst,1 bhultg 12
i phenomenon will also threaten the survival of

A careful long term observation of th
I I DEEEY e status of the Pyrenean f -
ulations s 165;1; Eﬁif;(;e aquite important measure. As far as }l,<n0wn, ﬂtlreoijgglé:)s
ol i ;:rc%)ge Nacional Qe Ordesa y Monte Perdido, and there-
S Aot V‘abltat dest‘ructlon.. Nevertheless, its limited distribu-
ponand possible e s by L‘lltrawole.t r.adlation may well predispose R. pyre-
debrioburiighos bur(‘)p‘ean arlnph1b1'an species on which highest c' o
st be focused in the future. e

4._. C()M N

Our morphometric analysis demonst
ooy morp s rates that conspicuous shape differ-
" earliz;v:faeré fg {,)) IEI‘Y(II(‘(I and R. {empomria tadpoles. R. pp\'redligfecra
o et i)e[%veé ow‘sh'orter and higher tails, more robust bodies and
oer diane t;'ai[g ChanTnodstlrlvls than tho§e of R. temporaria. Nevertheless
e sa nge drastically during the larval development. S h ’
; stages higher than 30 are conversely more short-tailed a.ndo\:vtitli
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a similar robustness in comparison with R. temporaria. Only the distance
between nostrils remains lower in R. pyrenaica than in R. temporaria. More-
over. in the advanced stages, the interocular distance - lower in the Pyrenean
frog - is a good variable to distinguish both species.

The factorial analysis (fig. 5) illustrates these differences. Factor 1 can
be considered a size dimension (see tab. 5), and factor 2 would be depen-
dent on shape. So, for Gosner stages lower than 30, both species are perfectly
separated along the shape axis. R. temporaria shows more size variation than
R. pyrenaica, possibly corresponding to different life-history strategies at dif-
ferent localities. When considering stages higher than 30, the separation is
slighter, probably because of an increment of the heterogeneity of R. tem-
poraria. Nevertheless, R. pyrenaica remains homogeneous and clearly sep-
arated from the former.

The factorial analysis shows two clearly separated groups of specimens
in the group of remporaria tadpoles in stages < 30, and a rather important
separation between populations in the small sample of tadpoles in stages >
30 (fig. 5). However, as these separations are mainly based on size differ-
ences (specimens separated along factorial axis 1), it can be stated that the
observed shape differences between R. pyrenaica and R. temporaria (see above)

are consistent, and clearly not restricted to one of possibly several different
morphs of pyrenean R. temporaria tadpoles (see also chapter 4.3.). The same
interpretation is also inferred by the very high significance levels of most of
the observed differences (see tab. 4). The clustering of R. temporaria larvae
from different localities, which was necessary due to the rather small sam-
ple size, is therefore justifiable for the purpose of comparison with Rana pyre-
naica larvae.

For field diagnosis of R. pyrenaica tadpoles, and discrimination from sym-
patric R. temporaria tadpoles, body shape differences as identified above can
have some value, but the most obvious trait is general colouration and spot
pattern. Beside this, tadpoles of R. pyrenaica can easily be distinguished from
R. temporaria tadpoles by the size of the gap between both portions of
UTR2. This gap is small in R. pyrenaica, large in R. temporaria (ratio tooth
row portion length : gap length 10-16 versus 1-2). The same character can
be used for distinction from Rana dalmatina tadpoles (own data of speci-
mens from Bonn, Germany). Moreover R. dalmatina tadpoles, as well as Rana
iberica tadpoles, generally lack UTR4 (Boulenger, 1891; Nollert & Nollert,
1992) which is present in R. pyrenaica. Nothing is known about the mouth-
part structure of R. temporaria parvipalmata; descriptions (Galan, 1982) focus
only on external morphometry and colour patterns.

In two characters R. pyrenaica tadpoles are more or less intermediate
between the character states up to now found in European Rana.

The number of lingual papillae are considered to have diagnostic value
between Central European brown and green frogs: four in the brown frogs
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Rana arvalis, Rana dalmati
S atina, and Rana temporaria; i
K K ‘ : poraria; two in the green S
of :;dRIgHa &?(l;{(’lﬂ(l .Lomplex (Viertel, 1982). The brown frogs k(ma f:'(()gs
ca ane (Garzlzlclzli:czliceat wllt}} 5\91\/;) papillae, however, do not fit into this clagésill‘fl_
sc al. 3). R. pyrenaica shows ‘ iy
‘ St P ; s two large and t
:ér(ljilclt'lmgual paplllfu_: aqd therefore represents either thebway to\v)\\//Zréery
mediatl:i]t;)tr anélmpllhcatlon of papillae number. This expression of an imsér?
media state reduces the value Aot this character for establishing species gro
- %ﬁ?er}? within Rana until data of more species become ravaila>blce UPS
~ Or;] ld?;:kse;fd}éa( 1993) considered the papillate ridges in the Corne'rs of
na graeca and Rana italica tad i
! : i ! : poles as a possibl -
f)nortwott th; s‘u‘ctorlal func.tlc.m of the disk and thus as an adaptzf)tion toeﬂsup
edgbe?f (;3rr(.3 i ; stated bylGI‘lllltSCh etal. (1993), such ridges had not been rep(())ﬁ_
anuran larvae. R. pyrenaica lar N |
: - in ) vae show weakly d
str : evel
i 'uic[trlilr:s gvh}ch clan be homologous to the ridges of R. gfraeca);lnd R ?[I()I‘;id
; ,in S]O\},:, e conc u@ed that R. pyrenaic'a tadpoles, which seem to live'mai .
a)(/ja . rpovmg s;dearms of mountain brooks and nearby pools, are | .
pted to fast flowing water than tadpoles of the two former speé;es -

4.3. SYSTEMATICS OF RANA TEMPORARIA FROM THE PYRENEES

rem’]:;ia%l]t;é;[eln[izsiEte:(:\(ljii[;ifﬁ t\f/léz[;lorfzgcz populations of the Pyrenees are
>m e ready summarized the most i :
ilcff;ler;?: Sv;/lf(;l\;gd\at/ﬁre up to now detected in adult frogs. Our r;(jrrgﬁgfrtldertlf
i locai R at the studied sample of zemporaria tadpoles (from sev-
tadpoles (fro‘m one ?éiilﬁtl)firg/iitﬂztfrg%?ei'ty thi_m L 17.\”’5”;11'6(1
bet\geen populations, a smaller shap%: corlligcs)r:ziltnz:lysgtiit;j Sl
acterngfcgl(}l)l; (r)zn(a:;klable are the dlfferqnces in generally rather constant char-
iy ol a mo'rphology‘whl‘ch we detected in western pyrenean
i u.n COr,nmras.pemﬁc variation in tooth row number is known but is
b onin most taxz} (Altig & Johnston, 1989). The tadpole tooth
e t0.On}:)porarzla, especially the development of UTR4, is known to
N e tge?;:t;c changes. (Grlllitsch & Grillitsch, 1989). However.
ST e 0 ] Qrmula differences are rather constant within an(i
S ﬁeldp(;[i);ln gltlor(?, as we observe_:d in a rather large number of spec-
i preéenc 1 afrUlfferences (mainly interpopulational differences
prem el eg TR4) are also known for grass frog populations
. pes in : rance and were used to diagnose the subspecies R
ok 1996:;0;;1” (lsee Heron—Roy.er, 1881; Arillo & Baletto, 1966 Sper:
differencés) quotéd ?:pg?tgse(;f glz(zll;?eenccted 1il [tJ%IZ(I(Q)ZomiC e 01’: o
i ‘ ‘ eo in specimens fr -
threeyseri(l Stlz)efAlps, he glso stat’t’:d that '“British specimerlljs usually h;)i?e (()}elr
upper labial teeth” (but pictured mouthparts of a specimen frrolrr);
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near London with four upper labial tooth rows). Balcells (1956) already had
noted that tooth row number in R. temporaria from the Pyrenees was simi-
lar to R. t. honnorati.

We did not attempt to correlate differences in oral structures with mor-
phometric differences. Such an analysis lies beyond the scope of the present
paper, and would have required a much larger sample of R. remporaria lar-
vae: we will treat this subjectin a forthcoming study. Nevertheless our data
show that regarding several traits there is considerable variation in tadpole
morphology of Rana temporaria from the Pyrenees, and we can advance two
possible explanations of this phenomenon:

A) Different well differentiated parapatric and probably even sympatric
and syntopic brown frog morphs could co-exist in the Pyrenees. In fact
Arano et al. (1993) did not consider R. temporaria populations from the Pyre-
nees in their study of genetic variation of Tberian brown frogs; nothing is there-
fore known about possible genetic differentiation between these popula-
tions.

B) The tooth formulas (and morphometric traits) could depend on aute-
cological and synecological factors such as climatic conditions, pool depth,
temperature, food availability and tadpole density. Such a correlation has
already been demonstrated by Hillis (1982) for the number of oral papillae.
Especially an autecological correlation with the climate seems possible,
since in R. temporaria the speed of the development from egg to metamor-
phosis seems to increase with lower durations of the vegetation period at the
spawning sites. In Switzerland development takes only two months in sam-
ples from 2000 m altitude, but 5 months in samples from 400-600 m altitude
(Aebli, 1966). This could result in a heterochrony of the development of dif-
ferent organ systems in high mountain populations, the tadpoles metamor-
phosing with a paedomorphic feature such as a lower number of tooth rows.
However, Balcells (1956) found no differences in developmental rate between
pyrenean and prepyrenean R. temporaria populations.

Conclusions from our data concerning interpopulational differences in the
number of lingual papillae must be drawn carefully, since only a small num-
ber of specimens was studied and only one aberrant specimen recorded. Cen-
tral European R. temporaria tadpoles have four distinct lingual papillae
(Viertel, 1982 and own data from populations around Bonn), as we found
them in the tadpoles from the Lacs d’Ayous. If, however, further studies would
corroborate a constant number of two lingual papillae in tadpoles from the
upper Vallée d’Aspe, this difference in a character which was used for intra-
generic species grouping (Viertel, 1982; Grillitsch et al., 1993) could even
be one argument to support a distinction at the species level between two R.
temporaria morphs from the Pyrenees.

The discovery of such a distinct species as R. pyrenaica in 1993 and the
progress in the knowledge of pyrenean mountain lizards (one endemic sub-

e e e e ——
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speciesdlﬂc.erm mo_nn’c‘o‘/a bonnali at the end of the eighties [Barbadillo, 1987];
2w0‘ eTl emic species with one subspecies, Lacerta b. bonnali, L. b a’runica’
acerta aurelioi today [Arribas, 1993a; 1993b; 1994]) shows that'surprises’

and new discoveries can still b
e expec - s
region. pected from the herpetofauna of this
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RIASSUNTO

E stato condo studi i ice i
R iy rii;ﬁ%;i?:ﬁ;ﬁ fxrlle 3'1 carat’terlz_zqre Ieilarve di Rana pyrenaica, una specie
B e r();ge., eure(; n base al.l analisi dell”aspetto esteriore esse si differenziano
by &m puntegieia?lrllncllgalnlente per la co!orazi()ne del dorso, variabile
gegli esemplari esaminati & l:3+3/]:—b1/?' :zntidirllli)(l)t_rae:riergiaeft'&clil ﬁanCh'il.lLa i £
i L/ ' senti due papille grandi e disti
aus gu]; ;i C(;))n ;3;?&2%?;?{5% percliatnto mterm.edlo fr'a quello delle specie europee dinlrel;i(el
S eeicbe 0 B fe;n/)ora'-[;( ) r;a i tew»nza glagnpstlca rispetto ai girini delle popolazioni
§iPAe brmertons o Cheramdom'e a presenza di uno fato fra ambedue le porzioni della secon-
hirlod beaiongiiore eViden;izltgnét"lfcfanvamer'ne plil pjccolo in Rana pyrenaica. Un’anal-
qei i ooz s s en;) ifferenze mgmﬁcz}tw@ in diversi caratteri morfometrici
S rjsco'mmta ar A\iriab'g;‘q\u?“l di popolgzmm simpatriche di Rana temporaria.
e ( : 1.1t§ interpopolazionale relativamente elevata in diverse
girini di popolazioni di Rana temporaria provenienti dai Pirenei
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NOTE ADDED IN PROOF

While the present paper was in press, we became aware of a recent study
in which morphological variation of Rana temporaria in the Spanish Pyre-
nees (Aragon province) is discussed [Palanca Soler A., Rodriguez Vieites D.
& Sudrez Martinez M., 1995. Contribucion al estudio anatomico del género
Rana L.. 1758 en el Alto Aragén.- Lucas Mallada, Huesca, 7: 227-247]. The
authors mention the identification of two distinct, syntopic brown frog
morphs which clearly differ from Rana dalmatina, R. pyrenaica and R. iber-
ica, respectively. They attribute one of these morphs to Rana temporaria and
name the second one Rana aragonensis. This observation corroborates our
observation of interpopulational variability of Pyrenean R. temporaria; it can
thus not be excluded that Pyrenean populations hitherto attributed to R. tem-
poraria may refer to at least two different species. Unfortunately, the authors
use the name R. aragonensis, which was originally meant as preliminary name
for a morphotype, together with a rather detailed diagnosis, so that the name
must be considered as valid in the sense of the International Code of Zoo-
logical Nomenclature. A publication in preparation by M. Vences, A. Palan-
ca, D. Rodriguez Vieites & S. Nieto Roman will therefore stabilize the name
by designation of a lectotype. Karyological and morphological studies, as
well as molecular investigations on mitochondrial DNA sequences, are also
in progress to ascertain the status of R. aragonensis.
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Al . Habitat of Rana pyrenaica
in the Parque Nacional de
Ordesa y Monte Perdido,
Huesca province, Spain,
along Rio Arazas. Altitude
ca. 1800 m.

2. Breeding habitat of Rana
pyrenaica in the Parque
Nacional de Ordesa y Monte
Perdido, Huesca province,
Spain. Altitude ca. 1600 m.
Tadpoles were common in this
sidearm of the Arazas river.

8 d 8] a pyrenait (8} t € 4 d € e ¢ enaica from (‘a ity f red
L enaica fi n locali
3. Adult male of Ran f& y higu d in Adul male of Rana pyrenaica from local ty gure:

in 1. Ventral view

5. Met: sing j ile of '
& Xttlfll().rphoslng_|pyelllle of Rana pyrenaica from near
gy erdm.s. in th.e vicinity of the Parque Nacional de Orde-
4y Monte Perdido, Huesca province, Spain.

6: Tadpolg of Rana pyrenaica from near Rio Arazas, in the
vicinity of the Parque Nacional de Ordesa y Monte Perdi-
do, Huesca province, Spain.






