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ABSTRACT

The larvae of the recently discovered brown fraog Rana pyvsencicn differ from other Euro-
pean brown frog tadpales by their durk brown 1o deep binck dorsal colour with silvery white
spots on the flanks. Tooth formulas of the examined specimens wus 113431+ 173 Two distinet
large and two very small lingual papillae do oceur, thus representing an intermedaare charneter
state between Luropean Rana species with two and with four distinet papillae,

A dugnustic diflerence w Rara iemporaria tadpoles from the Pyrenees is the wap between
both portions uf the second upper tooth row, which 15 much simaller o Ko pyrenaica. Addi-
uonully, o mulivariate morphometnc comparison <hawed hiclly siemilicunt differences harween
tudpoles of Rana pyrenaics and sympatric Rana tempaoraria regarding several morphoimelric
characters. A rather large interpopualational variability i several oral stuctires was found in
Kana temporarin ludpoles from the Pyrenees,

L INTRODUCTION

Unul recently, the taxonomic status of brown frog populations from the
Spumsh and French Pyrenees was subject to controversial opinions, The pres-
ence or absence of Rana dulmaiinag 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 iberioa in the Pyre-
nean mountan range (see Garcia-Pans, |985; Bea, 1989). The classification
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In the present study we give a hirst detinled description of the larval
stages 0ol K. pyrenarca. o species tor which we propose the Enghish common
name of Pyrenean frog. We especially focus on larval mouthpart structures
and on differences to R remporaria tadpoles trom the Pyrenees; additional-
lv we summanze some anecdotical observations on habitat and habits of the
species, and ilustrate adults and larvae in colour.

2. MATERTAL AND METTIODS

Field observations were carried out by the two senior authors in the area
ol the Pargue Nacional de Ordesa vy Monte Perdido, Huesca province, Spain,
Tadpoles were observed along the Rio Arazas, which constitutes the Nation-
al Park horder, and five tadpoles were caplured at one locality in the imme-
diate vicity of Rio Arazas but outside the National Park (about 1500 m above
sed level, near Mondicicto mountain),

Detailed measurements, mainly of oral disk structures, were taken from
these hve Rana pyrenaica tadpoles and from two Rana tempararia tadpoles
from the Lacs d"Ayous {in the vicinity but outside the borders of the Parc
National des Pyrenées Occidentales, western central Pyrenees, Irance) and
one R. fempaoraria tadpole from the upper Vallée d' Aspe (Pool along Les-
cun nver, near Lescun, western central Pyrenees, France), Tadpoles were fixed
and preserved in the field in 70% ethanol: they were measured with a binoe-
ular with measuring device to the nearest (1.1 mm. Many more tadpoles of
both species were examined in the field and in other samples (see helow) and
were Tound o agree in the main external characters.

Ladpole keratodont rows are described using the standardized formula pro-
posed by Dubois ( 1993). To enable betier comparison, abbreviations of mea-
surements mainly follow Grollitsch et al. (1993). Also the terms and struc-
tre ol the lollowing description are largely based on Grillitsch et al. (1993)
which 1s the most detailed and complete description of 2 European brown
frog larva so far published.

The following abbreviations dare used: SVL Snout-vent-length; T1 . toral
length: BH maximum body height;: BW maximum hody width; Tal tuil
length: UL height of upper (dorsal) tail fin at the point of maximum tail height;
UL height of dorsal tail fin at the middle of the tail; UF2 heizht of dorsal
tail fin at the beginning of the tal; LF height of lower (ventral) tail fin at the
poit of maximum L] height: LI'L height of ventral tail fin at the middle ol
the tail; LE2 height of ventral tail fin ar the beginning of the tail; TM 1 height
of caudal musculature at the middle of the tul; TM2 height of caudal mus-

culature at the beginning of the 1l LT maximum height of tail (including
dorsal and ventral 1ail fin): 'TW 1 maximum tail width at the middle of (he
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3. RESLULTS

3.1, ADULT GENERAL APPEARANCE AND [ARITAT OF NANA PYRENAICA

: i Alativ all-s1zed Karnda
In peneral R pyrenaica (pl. L3 and l.dhlm i rn:.lut[;u:l? E?Si:qh{liijmuﬂ
s Bt s oty Beloneine to the palearcic Drown Hss A : 3
specics, phenetically belonging ; . males and 36-51 mm
: i : ith SVL ranges of 33-46 mm in ma 20-2 1
Kaner, Dubos, 11]('}1}-. with s : i o iform and varies
- i 0073y, Dorsal colour typically 15 uml
in females (Serra-Coba, [923). wen can be found on the
: - . A 1. Typical V-shaped pattern can be 1t
from beige to creme brown. Typic o ) : , foariallvg
darsum iﬁ some specimens, otherwise no distnet pattem 1s present, Ventrally

the colour 1s much lighter and goes into white, Nuptial pads of the males are
coloured greyish or browmish, ITn these iranls our observations are much in
accordance with the findings of Serra-Cobo (1993,

In open pasture landscape of the Ordesa-valley (pl. 1.1} we observed
adult frogs during the day in slow ronning streams, sitting near or in the water,
When disturbed they unmediately tned to escape by hiding under stones and
rocks below waler surface. Vertical height was about 1800 m above sca
level.

Larvae and about a dozen of recentlv metamorphosed juveniles wer: found
down the valley at 1600 m (pl. 1.2), in a small, slow moving branch of Rio
Arazas, which formed numerous laree pools with nearly stapnant water. The
newt Euprocius asper was very eommon in these pools ( 1-2 specimens cap-
tred per meter of examimed brook, withoor intensive searching ). lrom this
abservation it can be speculated that Enproctus may constitule an important
preduator of R, pyrenaica lurvag, although direct observations are lacking.

3.2, THE TADPOLE OF RANA PYRENAICA

By st appearance most tadpoles of Rana pyrenaica are completely dit-
terent Irom all other European brown trog tadpoles. This 15 mainly caused
by the striking black dorsal colour, which makes many larvae closely resem-
bling a Bufn 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 lamac in Gosner stages 33-358. The larvae in
carlicr stages (23-249) ditfer 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. Same addiional measurements of the specimens used for
detnled mouthpart descriptions can be found in tab. | and tab. 2. Specimens.
in the table as well as in the following texy, are referred 1o as RP1 o RPS.

The whole dorsal and lateral surface of the body is black (pl. 1.6) to dark
hrown. The dorsum 15 usually black and gels clearer towards the belly duc
o the presence ol spots which are silvery. white-yellowish or even golden
and always with irregular borders. The same spols are also present on dor-
sal and ventral caudal ins, and caudal musculature. Their diameter s (0,23

o (1.5 mm. and on the body their size increases gradually from dorsum to
bellv, as does the intensity of the spotting. The belly 18 greyish transparent,
except for the dense speckling with the white spols.

The tal, including the caudiul 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 15 arranged 1n a very ramified shape.

The tail makes up fur 54-66'% of the total length. The tail is high, with a
rounted end. At midlength of the tail, the caudal musculature accounts for
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LF 1.2 L :,3 ._,? .n.ﬂ. 5 3 individuals.
W U': ﬂ: 1-U .1 Lj; .2 .5 * The general shape of the tadpole s robust and dorsally pynilorm. The snout
T';] :.:T :. ﬂl_l':} L4 12 - - is sharp but apically runcated, The oral disk (g, 1. fg. 3)s in ventral sub-
ILFZ 0.1 (3.1 0.2 il 0.2 3 ;_? rerminal position. Marginal peribuccal pupillue (MP ) are restricted to the lat-
™I 14 27 2.6 25 21 o - eral comers and the postenor margin of the disk, reaching anteriorly more
™2 1.9 2.6 2.3 243 2.5 . R o1 less the lateral beginnings of the outermost upper woth row (UTR). In
HT 4.1 49 3.5 3.0 n3 o ' RIP'I (stage 33) they were mamly arranged m a single row, with a density of
TWI 09 12 .1 _1-4 :ﬁ * : aboul 'l per millimetre. Solitary inframarginal papillae occurred irregular-
TW?2 L9 =7 2.6 ‘i'ﬂ ;; 1;;"1 . Iy alomg the postenior margin ol the disk bur were mainly clustered in the
BW 1.3 e 2 ?3 [}J-'| ;Iﬂ. ; disk corners. No papillate ridges descending {rom the disk corners ta the beak
B :f :l? ii :4 4'_3 3.8 could be seen as distinctly in our specimens as was deseribed and shown for
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VS .4 f.7] 7.3 1.2 e j‘f’ ;ﬂ e
$18) il 249 1.6 23 . = B i T,
HEW 0. Lo 11 |0 0 ' ] “* =
NF | 8 24 2:4 2.4 &) i ' P 'T"
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D 1.3 1.5 iFa 1Y ho 13

ol |mwrm||mr||nllt_"dl?“ﬂl’“"”-fﬂ”*"”’"m‘*f .,;,- 3

: T,
' II :’ T "l ¥ i I?-1
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; _ P |!E|hw f m%wm‘ ; Lty
SV BE 10% (.92 (.42 DH_E!‘? ;i % '5—*‘1 5 %ﬁﬁﬂﬁw JFH HJWW wﬁ’ . fH
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NN/D B2 es 0A9 048 .44 0.3 : b T R o
ANl e ’ 4 _ I.;__d—.; =- T ] r P
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VLTI (.41 1735 =S [}, 34 (1, 54 4] (.32

' ' 5 s LpeCiTiens
Tuble 2. Morphometric raties of Rana pvrendied and R temporarin ladpoles. Same spe

and abbreviations o in table L

b L Drgwing of thie ool disk and ussocited structures of 2 Nane pyrenaica todpale feom near Rin
Arazas, in the vicimty of the Panque hacional de Ordesa v Monte Peodido, Hoesca provinee, Spain.
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Fig. 3, Oral disk of u Rana pyrendca tadpole from ear l:hl-la a“:m
Nacional de Ordesay Monte Ferd jido, Huesca provinoo. Sl

Kfana graeca and Rana fralica by Grillitsch et al. (1993). However, as ¢an
be recognized in fig, 3, scarsely developed ridges in the disk corners did in
tact occur in our K. pyrenaica tadpole specimens. In RP1 (stage 33) and RP3
(stage 38), number of MP was 44 and 40, number of TMP 20 and 8, respec-
fively

In all examined tadpoles the number of keratodont rows (tooth rows) was
eight, tour on the anterior lip and four on the posterior lip. Delailed keritodont
formuha was 1:3+3/1+1:5. Keratodonts were disposed as single series; their
density in RP1 (stage 33) was 50 per mallimetre in the second tooth row of
the upper lip (UTR2).

Length of the four continuous rows was 2.3 mum (UTR 1) in two tadpoles:

CGOSNLER STAGE <30

R. pyrevaica (n=17) R.temporaria (n= 23
Variable meian std grr min. | max. mean  sid err min,  max.
SVL B4l 0:23 0 IEN 143 (3,34 4.0 [ 1.0
TaL 14,35 41 20 EFRN 1194 (hd ] =0 17.0
HT 1.3] .15 ERE 3.4 ko {114 .5 4.5
BHH 4412 (3,20 Al <, 138 {115 N 3
BW 553 .24 3.5 13 |6l {17 Xa TA
0 1.E] (.04 1.5 2.1 | .97 (L1 (1.9 141
i R {1013 (07 |2 [, 13 1,16 1.7 14
1> 176 .06 |.3 2. .76 0.1 09 28
[ LY .01 IRY i1} il (iR {1 & | 7
TsE 142 .05 [ i 23 2452 SRLY (1.9 1.0

GOSNER STACHE >3(0)

sas. in the vicinity of the Pargue

M. pyrenaica in=32) R_temporarin (n=11])
Variahie mean std err mine max. mean  std orr mine man,
SV1 in94 14 85 13.0) 12,00 110 AL 18.0)
Tul F1.35 27 135 21.0 21,60 B4 1.0 2R
HT 448 ). ]2 3. y 5,00 (kA4 EX ) &1
BH 341 .21 4,0 [y 0 535 {135 31 &0
BwW 7.38 .11 .5 il KA 076 4.4 12.0
oD a4 il 20 2.8 2.5F U5 .7 1.2
NN 136 .03 1 .() 2.0 |82 Q18 0% 25
[ B 228 RS Y | .8 29 1:14) .33 L6 5.0
FM | 41 05 {10 24 | 41 (11 ARY 2.0
TsE 2 A (.05 1.6 3.0 2.3 023 L.7 4.0

Vablie 3. Deser prive stalistics of R pyrenaica tadpoles (from Valle de Bujaruelo, Hugsca provinee,
4'1~j.'='~||n| and of & remporaria (from several localities in Lleido snd Girona provinces, eastem Pare-
nees, Spang see Material and Meatheds chapter for exact localites). Barly and lster lorval szages
are considered aeparalcly, All measurements in min.
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cull to measure, Length of one portion of the rOWS was 1.2 ﬂﬂ t At ofthe
0.2 and 0.9 m (UTR3), 0.5 and U.4 mm (UTR4), HPF‘”:I'M;‘? : m”_l-’f“-{ OFEd)
oap was (0.1 mm (U TR2), (.8 and U.'-;‘. mm {I]TREL |.1un 22 et -
X RPI (stage 33 and BP2 (stage i), E't'ﬁpﬂ:l.:'-“\.-ﬂl:f, The gap 10 i 1.n: Dt
Irl:ﬂhﬂr :«amalﬁthﬂ ratio between one portion of the row and the cap being 1.

1.3 1 | and RP2 I
ﬂﬂd’l}tfis:ﬂij:wrrupted lower tooth row [.TR-J-]_ showed I:I; :]md:il;?; :;f iﬂi
which could not always be mmediately rm:ﬂ:r__’_rjmcd. L::r{,ij]x 1:::;1:11‘”: oy
< (1.1 mm. length ol each row portion about 1.0 min in ; h“.m ‘r&w‘ ~;|‘||;:;1Lh.~i

The central horny beak was robust and dark prementec, Jave
; 10NS | i cutting edge. _ -

hdd?flirililtl;?;:cld:::hur:mc ats and counts were im“lﬂTﬁ (il ﬂ:z:l?}:}i?:ﬁ:
of the buccopharyngeal cavity “'}LICI'.:'HI mpl :m::fs thL‘rL .1I. H;ur;zt; . :Emne o
qumber and size of the lingual pi.l.]_‘ll“'éji‘_- in RPA {'“'.mlgt' f]_ j-lm e :rmhrr
and RP3 (stage 37). We detected |.-nur lingual [m_pﬂ!mi. “-Lri[.[- pm. o
lone and shm eylindric papillae 1 .-Ii:ul u:csnu"n‘!!}r* 1.“. the poste

m.nl-guc anlage. Two qdditional papillae werc very

of the interrupted upper tooth

chort and could only he

Fig, 4. Oral disk of a Rana fempargrio tadpole trom lhe Lacs
France.

d” Avious, contral weslern Pyrenves,
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detected atter careful examination. They were situated somewhat more lat-
erally than the large central papillac.

A single tadpole from the same locahity as RP1 1o RPS was reared until
metamorphosis. The metamorphosing froglet measured 11.5 mm SVL. Dur-
ing metamorphosis the body became light browmish. while the (ail or tail stump
was still black. Colouration change lirst occurred on the back, with a dis-
tinct dorsilateral border between brown back and still blackish flanks (pl. 1.5),
The silvery whitle spots were still distinet on the lanks, giving the specimens
a vivid golden appearance. Mctamorphosed young, as observed in the field,
are already completely brown and colouration soon changes o light beige.

1.3, MOREPHOLOGICAL COMPARISON BETWEEN TADPOILES OF RANA PYRENATCA
AND RANA TEMPORARIA

Tab. 3. shows the morphometric values obtained for those specimens which
wete considered Tor the morphometric analysis. Although the largest tudpoles
helonged to R remporaria. no ditferences in the body size (SVL) were
detected between both species neither in the early stages nor in the advanced
ones. However, significant overall differences were found in the shape of the
twor species lor the stages lower than 30 (MANCOVA, Wilks' Lambda =
03077 Rao's R =9.7479: 9, 38 d.f.. p< 10-6). The posi hoc lests revealed
significant differences, independent from body size, lor the variables Tal.
HT, BH. BW and NN (see rab. 4).

Differences were also found for the stuges higher than 30 (MANCOVA.
Wilks' Lambda = 0.3454; Rao’™s R =6.5272: 9. 3] d.f.. p=3.6%¥10-5), After
the post hoc tests, the vanables with significant differences in this case were

Yariahle Grosner < 30 Gosoer > 30
Tal. = [0 s g {
HT 0 CLONR Y
BH 5.6%10-5 NS
BwW 1.e=10-5 21#F10-4
L0 N.5, O
MM 0.012 Lu*10-5
i3 NS ]

EN NS, NS
T:E NS, N.S.

Tahle 4. Resulis (p values) of the past e SchelliE's test between R pvrenaica and R, rempararia

considering the early and laler Larval stages separately. NS nol sipnificant. Refers to dats shown
111 Lubde 9.



i2
Tal.. HT. BW. NN and 1D (tab. 4). Mean values, relative to SVL, of these
variahles are given in table 6.
In fig. 5, the individuals of hoth specics ure projecied over the first two .
fuctorial axes. Tab. 5 shows the comrelation coefficients between each Viri- |
hle and these two axes for both analyses as well s the ex plained vanance F
in every case. L
Beside these morphometnic dilferences, the following general morpho- | )
logical features were found 10 be generally diagnostic between tadpoles of
the two species: 1) In K. tempord ria the snoul is more rounded, not truncal-
ad. 2) R, remporaria shows less and cmaller silvery spots than R. pyrenaicd. : 5
3) Under the binocular microscope, the melanocyles in the tail of K, rempo- ® & 5
raria are connected (nol independent) forming a reticula. -1 - 2 ri

ot COSNER STAGE < 30

sl

FACTORZ

ﬂ'l-'-'u"'
D b

) N

A3

1 4. PHELIMINARY DATA ON ORAL STRUCTURES OF RANA TEMPUIRARIA
TADPOLES TRUM THE PYREMNEES

0

The detailed study of oral structures of R. temporaria adpules from two -3 S
localities in the central western Pyrences <howed rather large differences . a -+ 2 21 0
between the two samples,

Tudpoles from the Lacs d"Ayous (Gosner stage 36). which occurred i
challow witer of sun-exposed ponds. were rathet small, Their tooth [ormu-
Liwas 1:2+2/1+1:3. The continuous iooth rows of one specimen (RT! intab. == ==
1: stage 36) m_m-'n:aurf.:d | & mm (UTR1), 0.8 mm (ITR1), 1.5 mm (LTR2), COSNER STAGE » 30
| | mm (LTR3). One row portion of the interrupted tooth rows measured (.6

FACTORT

L

4%
(a8

Cosner stage <30 Gosner stage >3
Vuriahle Fuactor 1 Factor 2 Factor 1 Factor 2

=VL 1] oar s .07
Tl 0,76 (.42 LaI* .36
HT 0.74* 049 (hR5* 0.1
BH (L 7T9F 03l 0,70 1145 i
BW 0,76 el (U .03

00 [} HE SIp ALY {L.74% =0

M (.51 41,59 180" (.19 -
1D (187 (.30 {.91= (1.28 a5
b Gt (). 56" 4119 (). 73% {151
Tsk (1.B5* 0,29 .86 024 -3
Explamed var, (1457 15.36 fiv 37 TR
Cum.Expl vur. .57 7094 6957 77138 EACTOR?

FACTOR2

)
[y
Ly
7=
=
0

¢n
L]
Lid
|
fad
[u]

- . : Fag. 5. Plot of Ra } rerll '

Takle &, Corralation coefficients between the biometrical warinbles and the st bwo axcs af the principil -;-.:mr‘u:n.lt‘lj“”;h“-' A l'_‘l”*l ftemperraria (228 ) mdividualy en the first two sves of (

- i i i e - 1 7 ¥ ¥ o . 1 P i = FEL ‘ g 1 ‘I:I. 3 : %

priocipral cormponent anulysis considering the carly and later lurval stages separately, Relers to dat (it anulysisconsidering e carly and late layval stuges separately. Relers ”dl :L
L S } aors for dipto

Herad m tahle 3, F —

L L . i = 7 \ s . 3 x I‘l an; i : 44
<henwn 1n table 2. Y sigaifeant valuea (p (0T clipier woesplananon ol N temporceio lecality numbare see Muterioly smd Method
s i L 1 Ly & v g
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i (UTR2), 0.2 mim (UTR3), Craps between interrupted upper tooth rows
measured 0.3 mm (LUTR2). | 3o (UTR3). The gap hetween hoth portions
of UTR2 was rather large, the citio between the gapand onc p wion of UTRZ
heing | and 1.253 1m0 RT | and R12, respectively, Kerutodont density wis 60
por millimetre in LUTR2 of RT1.

The nuriber of marginal papillac was 34, the number of inframarginal
papillie was Iin RTL Inframarginal papillae were disposed as parallel row
hehind the marginal papillae from the disk carners 1o the outer fourth of the
sttt disk margin on both sides, Four distmet and large lingoal papillae
were recognizable, Measuremeants of the examined specimens can he found
in tab. 1. The oral disk is shown in fips. 2 and 4.

Oinie tudpole from the upper Vallée o Aspe differed trom the descripon
given ahove. SVL was 101 mm (tail injured), QD 2.5 mm, wooth formula
1-34+4/ 14 1:3. Unfortunately the stage of this specunen could not be asccr-
Liined die to injuries of posterior hody. Bl it was cortainly = 30, The gap
hetween hoth portions of UTR2 was rather large, the rulio between the gap
and e portion of UTRZ heing 2.1, Nu mber of MP was 46, of IMP 34, his
pud pole wirs remarkable because despite lhe rather good canservation of the

a4 sccond pair ol lingual papiliae. Cnly

mouthparts we were urtable o deteet
lv he seen on the cential part of the

one pair of large papitlac could distinct
toneue anluge.

4. DISCUSSION

A 1. HhicH MOURTALN ATIAFTATIONS IN ANTTRAN TATIFOLES AND CORSERVATTOMN

ASUFCTS
Al present knowledge, R prenetica 18 the ontly European anurin
iricted 1o high mountain habitals. I is kaown rom ali-
tdes berweer 1200 and 1704 m aecording 1o Serra=Cobo | 903 ); ufter owl
(1t along the Rio Anwsas in the Pargue Nacionadl

duta 1t peeurs up Lo about 180
de Ordesa. Most of its tadpoles differ from those of all other Europeat Rt
primarily by the siriking blackish colouration, This durlk colour is prssibly
L e regarded s an adaptation 1o the cold ¢limate and/or high ultraviolet
rudiation at high elevalions, whatl would be
relate of tadpole colour 1 3
g (L9930, Several examples ol bl
ians and reptiles are Known. Beside melin
the Adps, the most obvinns examples ar
high mountiin populations ol Keala temporearia haye an mnered
of Black niarkings and spots on e back (Nolle
American mountain frog Rere cascadae (Behlor & King. 1974).

spiecies which is res

anew hypothetic ccologeal cor-
Idition (o those summarized by Altig & Chan-
ek colouration of high mounsain amphib-
istic morphs ol Vipera berus, Ln
o Seelamandlra atrg amd 8. lanzal. Also
sed pumber
(1 & Nollert, 1992) as the North

Other examples af
s 0l black hieh mountain L .
N L Ao w;i 4 .IHHI..:;:;EL.[;.]FI.HEH can be found in the
s gl & see Lotlers, 1996, for references
casear. Larvae of the relat erences) iand in Mada-
= ; ated Malugasy specics LT s
| e i = el ks SPCCICs ﬁrJf.lll,l'jf;l;l.~||,-;||"l” A ;
! |'-I'”'I' .rl| - P F = - ? 1 Fflll'il.ll."lr I.-LT
! 1”' rrom elevations of 1300-2650 in the Ankaratra i ﬁlh.|dff._mr;,f.fu_~.
PEAEALATI ALty ran e . . J : = . Andr B
i H]i lnllg_l_._a :|1J Lﬂlnlr-;ll Madagascar are predominantly hlackish 1.Hgl1r|.
; -._L] E11ﬁ111115—.'3(;1111}:;;5,ur_ 1979: Glaw & Vences. 1994 “{L sh on the
spectlliz: ; : T ' Ay Ak s ever, olhe
I1J|n-| i 11[:"]'1“ LT rheaphilic lile shown by larvae ol these species *::.I I””"”
e T 1and an nereased number ol woth rows, are Fpron AL A
pyrenaica, Adthough il has been si : 5 not shared with R,
froo only inhabits as been stated (Serra-Cobo, 1993) that the Pyrene:
s side braincl % |1.1::Uluu|n streams, we observed the species in slow Llnmn
¢ s1de branches o z s ok M -mov-
During the j--,:r l».,- ,.m.”h’ orin lemporal ponds of quiet water near brooks
o h-:;-, i .' [ years, the r.-h_r:]m]ncnnn ol o poszible alobal am .uhihi-m
11|ﬂ| i cl® LTL.“ JnL]ﬂ“?‘]ngl'}- ﬂ]lﬁl:ll‘ih;g'{_il l“df_]jendc]][!}r [L:i'l'HII "l"'"l'll;:|.|.h I‘I:[-l
L 1 i o : ] o
baces }:._I‘nl s really a worldwide tendency or nod, it remains true ;f[: Il].“’
everal hieh mountan species drastic = ) . dab
strated. In the n -r1:'i.|,lj'] e LL{]L;.' drastic population declines have been demon
: : circhc rinds Ko peeveov ! ‘ -
7 , and Ranes cosieed - -
restricled e ceasiaedie (hoth species
fovic] : * E“I]."”t”“"t““ ranges: 365 w 2300 . and 900 to 2700 m m;{:ﬂldb
o O Y e T F B BT Y g = ' - ‘ C-5CA
& Wake P;;Lj%_ ‘b{"j;k:ng; *-L[ leclines. even in national parks, vceurred 151_-1[1.;@;
P S '}:Jﬁhﬂjlg lll:rm studics on populations of R b,
Tt P L at higeh amoeunts of aluraviols S '
the i e : wltraviolet radia -
| - ;lmdim;,f_ azome shicld caused o ereater mortality 1 t-..,u. Llimn tiuc to
see Blaustein & Wake. 1995, for : it £Es dnd embrvos
st '|II':|::];':- |.J~.f:&._rm a summary). Since ultraviolet radiation
e hi'.h'— c. i :ﬁmn!tfr danger exists potentially for f‘ﬂtil'[]i }
o bt l:""-“Ell,Jl 'il‘:;’ﬂ“‘“'ﬁ‘: '?‘17']-"-3'&‘“ may be mote affected than others buiﬁi:
, xeluded thar the phenome | o
. ! 14 e G \
R. pvremiiea, I nwill also threaten the survival of
A carctul long | :
i ¢ lerm observation ol the sb;
kstiame wae AR 12 shitus of the Pyrenean frow <
. win]h 'I[hL.'L_Tl'}I‘E GquITe improriant measure. As Lar as known, the 2 IH:.'F
: N |. l.:_.'i.' . ks . o - el . I.' 5 Tl 1I'
s _fmrlhn.. P_EMLLUL Nacional de Ordess v Monte Perdido Imgl[lll-l-l.lu
15 sate tran habitat Jdestrucn Sl i i
- : : ull § o, Nevertheles imi :
Homand i S ‘ crieless, s himated .
”E”.--:- :l |:n.-,.-|h|t!:r :hn.cL'[:-, by ultraviolet radiwtion mav w-:]’l predispos ‘:;;lllbl!—
san one of the Furoisean s RN, WIS M re-
VAT PrioELy 5 EL“'".JIJ‘ an ammphibian species on which higl If :
: priority must be focused in the future Bl

4.2, CoMivrse

e ARISON WITH TADPOLES

m T / ' 1] l'.l?."'.."'n.".'l T [ ;
RUEROPMLAN BROWN FROGS [PORARIA AND COTHER

Cur morphometric analvsis demonsio '
enees ocenr bitwe dribansy ites that comspicuous shupe diffier-
lurvae in n._':||'li:1l‘:;-::::‘};.'I:;“%JTH: -H and R. temporaria tadpoles. £, f'-'{”';f::f:'lﬂ
Hbbaeiipllie |1E[i1-;;1| LT ..u “i" leT and h[ghc! tat s, more robust hl_-ﬁdil:s and
somie of these traits L"!;'kll1 T”UTET]_?T l{mn those of K. wwmporuria. Nevertheless
B e ik ha %#L!:LHEECJII}' during the larval development. So 1j
stages hipher than 30 ave conversely more short-lailed .'1111:;1:'..-'1:]‘-31
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4 sirmilar roBUsLEss i comparson witl R femporaria, Only the distance
berween nostrils remains fowel in R, pyrenaira thin in R temporaria. More-
over in the advanced stages. the inlerncular distance - lower in the Pyrencan
froe - is a good vagable 1o distinauish both species.

he Lactorial analvsis (hg, 3) Mustrates these ditfercoces, Factor | can

e considered a size dimension (see tah. 51, and factor 2 would be depen-
dent on shape. So. for Gosndr slages lower than 30, both specics are perfectly
separated along the shape qxis, R rempoteiia Shows more size variation than
R. pyrenaica, possibly corresponding to different life-history stratcgies ol dif-
Feront localities. When considering Stages mgher than 30. the separalion is
slighter, probably because of an increment of the heterogencily of K. rem-
povarice. Nevertheless, K. pyrencdod remains homaogencous and clearly sep-
arated from the former,

The factorial anulysis shows Do clearly separated groups of specimens

i the group of femporaria tdpoles m stuzes < 30, and @ rather important
separation between populations in the simall sample of tadpoles 10 Sges =
() (fig. 5). 1Towever, as these separutions are mainly hased on size differ-
ences (specimens separatcd along factorial axis 1), it cun be stated that the
uhserved shape diffcrences betwoen R, pyrenarca and R tempcrdiTet [ee ahove)
are consistent, and clearly not rostricted w one of possibly several different
morphs of pyrenean K. temporaria tadpoles (see alsochapter4.3.). The same
mierpretaton is also inlerred by the very hizh significance levels of most of
the ahserved differences (see tah. 4, The clustering of R rentporaria Jarvae
from ditfereat localities, which was necessary due lo the ruther small sam-
ple size. 18 therctore i stifinble for the purpose ol corpirison with Ranea pyvre-
rrafeo barvig.

For field diagnosis of R. pyrenaicd tadpoles, and diserim nation from syin-
patric R. femporaria tadpeles, body shupe diflerences ds identified ahove can
have some vuloe: but the most ahyvious trait is gencral colouration and spot
pattern. Beside Mis, tidpoles of R, pvrengicd can pasily be distinguished from
R, iemporata tadpoles by the size of the gap hetween hoth portions of
UITR2. This gap is small in K. e, luree in K. femporarid {ratio tooth
pow partion length @ pap length 10-16 versus | 7). The same character Can
he used for distinetion fron Kend dalmarine vadpoles (own data ol spect-
miens from Bonn, Gy b, Moreaver K. datmatine tadpoles. us wiell as Ker
iberica tudpoles, sencrally ok UTRS (Boulenger, 1891 nivtlert & Nollert,
10621 which is present in K. perenaicd. Nothine is known abour the mouth-

it strueture of K rempararia parvipalmar deseriptions (Galan, | 082 focus

only on externl orphometry and colour pallerms.

In two characters R pyrenaica rlpoles are muare or less intermediate
between the character states up Lo now found 10 Furapean Rend.

The number of lingual papillae are comsidered 1o have diagnostic valoe
belween Central Buropea brown and green frogs: four i the brown Lrogs

Ra valiy
i-,;':;:,i. r;_i:nf.l'r.*»", hl'r.'njri' ..r?'u{nrm.f}i.:e: L]TIIl.:! Nerriel temporaria; two o Py P
e iHIrIII::r: -;;:;::EI.'.H:.II[IJEEH'I'I]']]EI lf"-"lli._‘llt.‘]., 1982). The brown (Towry }t‘:'m.:.' wt'ffl-_
cation I'GriIlil‘:L'h::‘i 'Tllt ;L;f':?jpumpllllhm‘ however, du not it into this classifi
<l lfnﬂ'u'- I. | ”.L. 5 " T pyrenaica shows bwo large und two very
mall lingual papillac and therefore represents either the way towirds ¢
: If'l.t‘iiliu_-'ltn an1 or an amplification of papillae number, This ﬂmu“h?{: ”l ;n,ul.,;:r[uiiw a
m-: ul:, :,;:t;ﬂ lctj:;rh_fk. ;16 value ol this -.f.'h_;lrm:m[ for estublishing E]Hi'i':'."? urmﬁ;
[_]rjl_llj;q--[: 1:;[. Ilm “;:';;:a u:ml_dam ol more species become iWﬂllﬂ]‘ch |
the oral L'l1't:k~'-. L'rf"‘! R’f:”” I—-Ia". u_ﬁlﬂrlﬂd-._:rf:a.l rlml [,TLIE}IHELIE ridecs in the corners of
i A und Rana italico tadpoles as o possible s
.pml of Ihcﬂmmtm'ml function ol the disk and thus us an 'Id'i[;[‘[tslj:gl; 'Lﬂmp-
me waler, As stated by Gollitseh et o Y whkdn oo o How
Edl'l"":i’ul's: i Jnl::{i';" I?r]:r::ém;j :} :Hff};r:f:u such ridees had not been report -
i . i : e ; £iw

m“.’:”’m-‘ﬁ' lwhi::h cian be homplogous 1o l|:l:' l'tll:l:;i ;lskgﬁ E:r:fanh:u];i:]ﬂ;::lim'tl
ceds 1L may be conc 1 the _ . - - Jraeced | v ftali-

Iy in H‘]i}:; :‘::Ltl:lf'_l'::“l llLifth‘[lldJ!:_:L[ R prenaica tadpoles, which seem o live main
e £ 8 : 1= OF mountain broeks and nearby pools, are less
adapted to fast flowing water than tadpoles of the two foormiet prRies s

3, Sy ATIC ¢
4.3, SYSTUMATIOS OF KANA FEMPORARIA FROM 111 PYRENELRS

The dille o . ;
r:'.murkubicl_ti 'I:;”[‘J-IL:L;.';LLZELE:R wiu{mwu'm papulations of the Pyrenees are
D i I::m “,ﬂ ilready summarized the most important
rie analvsis showed tlm?ltE ui Iliﬂf['] de tected in adult frogs. Our morphomet-
eral localities) contains a Lur }u I? : sample of femporaria tadpoles (from sev-
tadpbles (from O ]mm]“;L][L:JH_:I:‘Llrldr.tr:griﬂjtfllt}' rlla_m the sample of pyrenica
hﬂ‘g‘?"f Pi';g‘li_liﬂlinn:-;. A sh-np%: u{:f]:,;:;.]:;:]]llnﬁ:ﬂi i[;;:.-;r: differences
spectally remarkable R o - bt
.ur.-terjnf tmlirul: 1:::—-[‘5{?1:?["? ﬂ:L Flﬁfm”"c“ m generally rather constant clur-
Spacimehs. So intr:;q P1_71311‘7"”%!-'Iwhl_l:h we detected in western pyrenean
it unc:n'n'mnm; 'lE] ]n..annna:.{ ‘:f.]1:1._.].[ll{}1? in tooth row number s known but is
formula of R. femporaric., es LD{.L-], [Allig & Johnston. 1989} The tadpole tooth
in the Pyrenees 10 el ol 6 o rillitseh. 1954). However,
iriors in A Reld. Biailay dl:ids we uhur:rw.jﬁ Lt rilher large number of spec
in absence or DTt?'allfﬂGE rc;l‘ L"[‘r[-:f — (rmeamly interpopulational differences
of the Basses Ao/ 1—-‘1-3;; - [ iarv.: dalso Known |.ﬂ-]' orass frog populitions
termpaoraria oo radi (see | ce undd were used to diagnose the subspecics R,
ling et al., 1996). Fii.nuil::‘:im nlml.[;-:m.}_}.-dﬂ |881: Arillo & Baletto, 1966: Sper
dit¥erences) quated oe :-:'.:n:-b-r (who rejected 4 Lixonomic relevance ol these
many and the Alps; hﬁlm'&_f‘ U!l? :;hLl' uhr-:r‘.r.][.tcl of UTRA in specimens [rom Ger-
thee series of upper | h-.'!”h.'lfl that “British specimens usually have only
pper labral leeth™ (bu pictured routhpurts of a specimen !“rnn'l
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near London with four upper labial tooth Tows). Baleells (195367 alrcady bad
noted that tooth row nurmber in K. reinporaria from the Pyrehees wis S
lar tor Rt levenerant,

We ¢id not attempt o correlate ditlerences in oral structures with mor-
phomeltric ditferences. Such an wnalysis lics beyond the scope of the present
paper, and would have required & m wh lareer sample of Ko fempordrid lar-
vae: we will treat this subject i a (rtheoming study. Nevertheless ow data
show that repurding several rais there ‘s considerable variation in tadpole
morphology of K remporaria from the Pyrenees. and we can advance fwo
possible caplanations of this phenomenon.

A Different well differentiated parapatnc and probably even SYIPALTIC
and synlopic brown frog morphs could co exast in the Pyrences. In facl
Arana et al. (1993 did not consuder R temporaric populalions tronn the Pyre-
nees in their stady ol genetic varaion of 1herian Brown frugs; nothing is there-
fore known about possible genetic dilTerentiation between these popula-
Timns.

B3 The tooth formulis tand morphometric traits) could depend on auti-
cological and sy necological factors such as climatic conditions, poel depth.
emperature, food availability and tadpole density. Such correlation hus
aleeady been demonstrated by Hillis ( 1982) for the number of oral papiilae.
Especially an autecolpgical correlation with the climate seems possible,
Ginee in K temporaria the speed of the development from egg 1o metumor-
phosis seems 1o HCrease with lower durations of the vegetatian period at the
spawning sites. In Swilzerland development takes only two manths 1 sam-
ples trom 2000 m Altitade. but § modnths in samples from A00-600 m alttude
(Achli. 19663, This could resultina heterochrony of e development of dil-
ferent organ systems in high mountain populations. the tadpoles metamor
phosing with 2 pacdomorphic feature cuch as o lower mumber of Thoth TOWws.
Hawever. Baleells [ 1936) [ound no differcnces in developmental rate between
pyrenean ind prepyrencan R. tempararic papulations,

Conclusions Lrom our dati concerning interpopulational differences i the
quniher of lingwal papillae must be drawn care fully, since only a small nuni-
ber of specimens was studied and only one aberrant specimen recorded. Cen
ral Buropeun K. temporarid tadpules have Tour distinet himgual papillie
(Wiertel, 1982 and own data from ypulations around Bonnl. as we found
them in the tadpoles trom the Lacs d7Ayous. if, however, [urther studies would
carroborate @ constant number ol two lingual papillae in tadpoles trom the
upper Vallée d"Aspe. this i fference in a character which was used tor P
OCTIETIC SPECiey prouping (Viertel. 1982; Grillitsch @t al., 1993) could even
he one argument 16 support a distinction at the specics leyvel between Lwo f.
remporgrie morphs from the Py reices.

The discovery of such a distine species as R pyrenaicam 1993 and the
progress in the knowledee ol pyrencan mountain lizards (one endenue sub-

| &

SIS I-F acerte monricola benmeali at the end of the cighties [Barbadillo, 1987
two cndemie species with one ; - et ' . . !
i i stibspecies, Lacerta b, b '

i ok s, ! : M. L bennadi, Lo b cramicn
L‘“}”-f' L“;f“t fioi today [Arribas, 1993u0; 1993h: 1994]) shows thit surprises
and vew diseovenes ¢ : : ] R LR i

coveries can sull be expected from the herpetotfauna ol this
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NOTE ADDED IN PROOE

Whilc the present paper Was 111 press, Wwe hecame aware of i n,urlu ;:miv
i which morphological varation ul"lfhmu teanporaria in he S'_l"-..ll:‘l"- 1 jhf1{::I
nees { Aragon provines) 15 discussed |1'-'uj_¢=!1uu Soler =‘-& HULIH;JH'-.,-E, ‘mrcjw 2,
& Sudres Martines M., 1993, Contribucién ul estudio Lunattﬂmf:rd_nl.l_;;umn
Rena L. 1758 ¢n el Alto Aragdn.- Lucas Malladi. Huesca, r.-l_- .-—-4.. |-T1L¢
authors mention the identificanon ol wo di:ﬂ\tincl_ syntopic I_'rn?xl:ﬁ _1llr4J1__L_-_
morphs which clearly differ lrom Ru.ru_a dalmaring, R, pyerenaica um{ : r ?-e :.1
ic, respectively, They attribule ane of these s_numha' (o !{rmu wu.J,r_mr iur‘n ane
name the sccond one Reaa aragonensts; | I'nﬂy. nhﬁcr\.-a[n;'.n ;unnbu!‘uLﬁﬂ u}lr
ahservilion of interpopulational variability of Pyrencan £, tENIpOrari; ]L\,'..H
rhus not be excluded that Pyrencan populations hulu:nTu attributed 1o K. nm.
oorearia may reler o at least two different species, Linfor LL1I‘|EL|.L-_'].}'. r_hﬂ authors
iLL~.|.- the name B, aragomensiy, which was uripil?;tlly meunt i prelimmn |"_: nflmi
for a morphotype, together with a rather :In:lfuh.::i iagnosis. .»emputl i _n;m
must be considered as valid in the sense of the Internatonal Code “l-.. .Tn-
lneical Nomeneluture, A publication in |".nr|::|mr_;||1'm1 by M. Venees, A.‘L ,1_111111
ca. D, Rodrigues Vieites & 5. Nieto Roman will therelore ‘.15|.:L|EIJL1I.T"Lj the r11...mr|L.
by desionation of a lectotype. Karvological amld morphological :amu.iuinl. s
well s molacular investigations on milochondrial !JNA sequences, are also
1 progress to ascertain the status ol R. aregoneisis.
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