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The widely dismibuted Common Frog, Rana femperaria, shows an important variation i
colow and pattern both between and within populations (Amaold and Burton 1978), One
conspicuous pattern element are the large dorsal black spots which are mainly Tound in
specimens from montane populations. ¢.2. in the Alps (NGHert and Nollert 1993 and 1n
the Pyrenees (pers. obs.), A similar wend of black pattern mereasing with altutde has
also been mentioned in the Noarh-American spedics Rana caveadae (Behlor and King
19749, Several melanic or black coloured amplubian species and morphs are known from
high altitudes (e, Vences o al. 1995), Explapatons of this ceolomeal commelate may be
found in thermorcgulatory aspects and/or 1n enhanced protection aeaimst ultraviolet
radiation, but little 15 knewn of the evolutionary and ontogenetic mechanisms leading o
mereased black colouration al high altitudes, On the other hand. the recently recognized
rends of global amphibian dechnes (g, Wake 1991: Blaustein and Wake 1995 seem ta
aftect especially montane amphibians. This may be partly due to increasing ultraviolet
radiation, which has been demonstrated o be responsible for the death ot cegs and
embryos of several species (e.g. Blaustein et al. 1994 Pedraza and Lizana [997).
Constdering this possible danger for montane amphibians, it 1s important te study then
natural adaptations to high mountain habitats, The aim of the present note s o provide 4
contribution w the knowledge of ontogenetic pattern variation in a montane Conunwon
Frog populaton.

In July 1998 we studied a large number of Rana remporario specumens atl the Cirew de
Piedrafita in the central western Pyrences, Aragon rogion, Spain, at an altitude of ¢a.
2200 m in their summer habitat. Captored specimens were measurced, and their
colouration recorded: finally, they were marked by toe-clipping and released. We
chissified specimens in 6 classes based on the amount of black dorsal pattermme (Fia. 1):
(1) haek wirthonr black spots or markings: (2) back with small black spots, but withouw
large black markings: (3) back with few black markings, covenng ca. 10-15% of the
dorsal surfiace: (4) back with a moderate number of black markings. covering ca. 15-25%
of the dorsal surface; (5) back with many large black markimgs, covering ca. 25-45% of
the dorsal surtace; (6) back lareely covered by black. at least 454 of dorsal surface. Ou
data refer 1o a total of Y15 specimens (583 males. 84 females, 248 juveniles/subadults).
Cenerallv, specimens with more (han 30 mm SVL were considered as adults, but a fow
smaller specimens could also be relinbly sexed and were thus not included in the
quventlefsubadull calegory, To understund the correlation of the proportion of black
patterning with sex or body siee, we analysed the data with the software package SPSS
tor Windows, version 7.5



Table | shows the ocenrrenee of hlack patlerning separatcly for males, Temales and
Juvenilesfsubadults, 38.7% of the males and 1'7.9% of the females, but none of the
juveniles/subadults. had a maderate (o liree amount of hlyck pattern (¢lasses 4-04. In
mides. the mean snoul-vent tength (SVL) of specimens without hlack pittern (class 1)
wan smaller, and the mean SVL of specimenys with a larze amount of black pattern (cluss
Jand 6) was larger than the overall mean valye of 66.5 mm, Clearly, in mules, SVL is
positively correlated with the amount of black patterning (lingar recression analyvsis,
P=0.001). SVL values dilfercd significantly between pattern classes (Kruskal Woallis
ANOVAL p<O001 ). In females, this correlation was less distinet. Our sample ineluded
ooy a relatively sinall number of females, and these were rather small (mean SVI. 64.9
mm). In Rowa temporaria, females are generally lurger than males (e.s. Galdn | 984,
Sperling eral. 1996: Kicity 1998). and it can therelore be assumed that our sample is
representutive for the female population of the Circo de Piedratita. A slightly sienificam
correlation of black patterning with SVL was found (linear regression analysis: p<irO3),
hut SVL values did not differ sigmificanty belween pattern classes. According to data in
Tub. 1. femules uppeared 1o huve less black patiermng thun males (Tub [.3: this was
conlirmed hy ANCOWV A amalysis with SV as covartare (influence of sex on atount of
hlack partern with highly significant, p<0.001), However. final conclusions regarding
sexual differences of black palternimg can only be drawn after lirger and more
representative sample of the female population is studied,

Fable 1. Percentages (totl number in hrackets) of male. female and
Juvenilefsubadult B tenyrororio specimens showing the different de arees of black
parterning, and the snout-vent lengths (S ednslandard deviation, range in
brackels) of the dilfercn pratterm clisses,
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Summarizing, in male and probubly also female, K. temporaria from Circo de Predrafitn,
black dursal pauern inereases with size. SVL in R temporgria is sencrally correlated
with age (g, Pintar 1982 Gibbons anmd McCurthy 1983; Ryser 1986, although this
correlation is not a disgnostic one — some adult frogs reaching lready in their second
year (in lowland habitas) sizes ypieal For three-year old and older specimens (e,
Koeitz [99K). We assume thar the presence and cxtension of black pattern is even more
eorrelated with age than with size, us it becomes apparent by the total lack of such spots
i one-year old juveniles,

Two mechanisms are a priowi comectvahle as causes of this phenomenon: the extension
Of black partern in individual frogs may increase with age or o differential survival die
lu seleelive pressures may account for 4 higher proportion of black patterned imdividualy
amung the larger (older} frogs. The fact that we nearly did not [ind black markings in the
juveniles examined in detnl (now in e 20000 additional juveniles examined sy perficially)
clearly supports the (irst Caplanation.

i bumans, 1he suntanming ¢ffect is well known: melagin production in the deep
epidermal layer increases when the skin is exposed to sunlight, and sometimes the
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Figure 1.
Schemalic drawing of the different classes of black patlern as used in this paper.
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Figure 2,
Plot of Snoul-vent lengths (SVL) in male Rana temporaria (rom Circo de
Piedrafita grouped in ong of the six pattern classes,



Plate 1.
Pyrenean specimen ol £ temporaria witheul black spots (eluss 1) Irom Aguas Tuerlis,
Aragon. Spain, photographed m 1997 by M. Vences.

Plate 2,
Pyrencan specunen ol K. rempervaria wiath small dispersed black spots (classs 21 [rom
Avuay Tuertas, Aracon, Spain, photperaphed in 1997 by M. Vences,



Plate 3.

Pyrenean specimen ol &, femprararics with many laree black markings (cluss 3) rom
Cireo de Piedrafita, Aragon. Spain, photographed in 1998 by M, Vences,
Several mutilated specimens (this one lacking the left loreleg) were found in
this Targe population,

el is secumulated in rregnlar patches which Cxlernally give rise w freckles.
A similar suntunning effect is also known in sharks (Lowe and Goadmam-Lowe 1996,
Melamn production in humany is stimulated by the MSH hormone (inhibited by MIH)
wlich acts nn the skin pigment cells (see e g, Randall et al. 1997), Lourrently there are np
data W decide whether in R femperarig the bluck pattern iy cenetcally delermined
(and the corresponding alleles have selective advantages in high mountam habitats), or if
the appearance of black pattern is an onfogenetic “suntanning” response o incregsed
ultravioler radizition or ather ceological determinants,
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