
straints on sexual selection or competition (SELANDER,
1966; DOBSON & WIGGINTON, 1996; FRAFJORD & STEVY,
1998).

Recent investigations of fishes, amphibians, reptiles,
and birds have emphasized that between geographically
separated populations climatically induced differences in
reproductive seasonality (UIBLEIN et al., 1998), thermal
ecology (NAVAS, 1996), morphology (BROWN et al., 1991;
LANDMANN & WINDING, 1995), and resource partitioning
with other species (SERRA COBO et al., 1998) may occur.
Different climatic conditions may also influence the
degree of sexual dimorphism in body size, as has been
recently shown in North American bobcat and European
fox populations (DOBSON & WIGGINTON, 1996; FRAFJORD

& STEVY, 1998). However, sexes often differ not only in
body size, but also in other traits that may be influenced
by distinct ecological factors including site-related cli-

INTRODUCTION

Sexual dimorphism facilitates mate choice based on
traits that signal fitness. Sex-specific, conspicuous mor-
phology, colouration, or behaviour may advertise good
health, good condition, and reproductive advantage.
Sexual dimorphism may also allow reduction of intraspe-
cific competition through resource partitioning mediated
by differential ecological, morphological, or behavioural
specializations between the sexes. Larger body size in one
sex, for instance, may indicate sexual selection for this
trait by the other sex or may result from intersexual com-
petition for certain food resources. If two populations live
in ecologically different areas, geographic differences in
sexual dimorphism may occur due to ecological con-
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mate conditions. One species of particular interest in this
respect is the Pyrenean salamander Euproctus asper
(DUGÉS, 1852). This species lives in climatically different
areas in the Pyrenees and in several geographically sepa-
rated localities along the northern and southern margins of
the major distribution area in brooks, lakes, springs, and
aquatic caves at altitudes between ca. 200 and 3000 m
(MARTÍNEZ-RICA & CLERGUE-GAZEAU, 1977; CLERGUE-
GAZEAU & MARTÍNEZ-RICA, 1978; SERRA-COBO et al.,
1998). The Pyrenean salamander usually shows marked
sexual dimorphism, with males having larger and more
robust bodies with larger heads and cloacal tubes and
shorter tails than females. In various earlier studies mor-
phological differences were found between populations of
the Pyrenean salamander from climatically different sites
in the Pyrenees and isolated areas in the Spanish
Prepyrenees (MARTÍNEZ-RICA, 1980; GASSER & CLERGUE-
GAZEAU, 1981). Furthermore, in specimens from the
Central Pyrenees the occurrence of melanism was
reported (SERRA-COBO, 1989).

Here we investigate two populations of the Pyrenean
salamander from two climatically different sites, the
Flumen river in the Prepyrenees and the Salto del Pis tor-
rent in the Central Pyrenees (Fig. 1). A short ecological
characterization of the two sites is followed by a uni- and
multivariate comparison of the two populations separated
into four groups according to sex and geographic origin.
Furthermore, the presence or absence of melanism was
recorded in the two populations.

Geographical variation between populations may con-
cern not only sexually dimorphic features, but also traits
that are common to both sexes. The following questions
were considered: (1) Do populations of Euproctus asper
from different geographical sites differ in morphometric
characters, and to what extent does this concern sexual
dimorphism? (2) Is this morphological variation function-
ally related to ecological differences between the two sites?
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MATERIAL AND METHODS

Study sites

The study area of the Prepyrenean population is situ-
ated in the upper Flumen river in the Sierra de Bonés
about 60 km south of the central chain of the Pyrenees
(42º20’N, 0º26’W) at an altitude of 1250 m. The other
study site is located in the Salto del Pis torrent, below a
waterfall in the upper river Ara valley near the Ordesa and
Monte Perdido National Park (Central Pyrenees, 42º43’N,
0º08’W) at an altitude of 1520 m.

Between March and July in 1995-1997 both localities
were visited repeatedly. To compare the ecological condi-
tions between the two sites, measures of temperature, pH,
and water velocity were performed on the same visiting
days within an interval of a few hours. Water velocity was
measured by a current meter that was positioned 5 cm
above the bottom at selected places with reliable water
flow throughout the study season. Measures of conductiv-
ity, dry residuals, and the concentrations of Mg++, Ca++,
Na+, K+, Cl-, CO3H-, and NO3- were also obtained. The
latter analyses were done in the Instituto Pirenaico de
Ecología using EDTA titration, flame photometry and col-
orimetric techniques.

Study of newts and measures obtained

For the morphometric measurements 85 Euproctus
asper with total lengths between 87.2 and 116.6 mm were
captured by hand at the two sites. Forty seven specimens
from the Flumen river consisting of 25 males and
22 females, and 38 specimens from the Salto del Pis tor-
rent consisting of 20 males and 18 females were measured
immediately after capture, and then released at the col-
lecting sites. This method did not cause any observable
harm to the animals. In the Flumen river, all specimens
were collected at one date, whereas two visits to the Salto

Fig.1. – Black-and-white photographs of two males of the Pyrenean salamander Euproctus asper from the Salto del Pis river, Central
Pyrenees. The specimen on the left has a grey body with a contrasting yellowish dorsal band. The specimen on the right shows
melanism with a entirely black body.



del Pis torrent were necessary. To avoid repeated observa-
tions of the same specimens, only the measures obtained
from the males collected during the first visit and those
from the females collected during the second visit were
used for the subsequent comparison.

The following 13 measures were obtained (with abbre-
viations in brackets and followed by explanations where
necessary) : total length (TL); tail length (TAL): distance
between the hind margin of the cloacal tube and the tip of
the tail ; maximum tail depth (TD); head length (HL);
maximum head width (HW); maximum interorbital dis-
tance (IBE): distance between hind corners of the eyes;
internasal distance (IN); minimum interorbital distance
(IFE): distance between anterior corners of the eyes; eye
length (EL); foreleg length (FLL): distance between the
forward leg basis and distal extreme of the third finger;
finger length (TF): length of third finger of forward leg;
cloacal tube length (CL); total weight (W).

All morphometric measures were size-adjusted by per-
forming log-log regressions with TL. Body weight was
adjusted by calculation of the cubic roots followed by
regression with log TL. All regressions were strongly cor-
related (n=85, r > 0.28) and highly significant (p < 0.01).
The residuals of the regressions were subjected to a one-
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river, which usually occurs only immediately after thun-
derstorms. Water temperature ranged between 8 °C in
March and 12 ºC at the begining of July. The water of the
Flumen contains a higher concentration of salts than does
that of the Salto del Pis (Table 1). The river bed consists
of mud with partly anoxic conditions and of gravel and
stones, mostly covered by algae. The hard bottom sub-
strate is calcareous with numerous holes due to tuff for-
mation, which serve as refuges for the newts. There is
abundant aquatic vegetation, particularly in summer. The
climate is typically supramediterranean with short winters
between December and March. The precipitation is rather
low throughout the year. Together with the Pyrenean sala-
mander occur also the three amphibians Bufo bufo, Rana
perezi and Alytes obstetricans. No fishes occur in the
study area. Among the aquatic invertebrates, insects (e.g.,
Notonecta sp., Gerris sp.) and water snails are abundant.
In summer the frequent presence of cattle in this area con-
tributes to the eutrophication of the water.

The Salto del Pis torrent is situated in the beech-fir
domain. The bed of the torrent is composed of sediments
with larger grain size, mainly stones and small rocks,
which originate from avalanches or from the upper parts
of this torrent. The hard subtrate is calcareous. The width

TABLE 1

Comparative environmental parameters recorded during four visiting
days between March and July in the Flumen river and the Salto del Pis
torrent.

Salto del Pis March April May July

Temperature 1ºC 7ºC 8ºC 7ºC
PH 8.08 8.25 8.25 8.13
Current velocity (m/s) 0.8 0.8 0.53 0.7
Conductivity (s/cm) 137 123 124 156
Mg++ (mg/l) 3.40 0.49 3.65 1.46
Ca++ (mg/l) 22.44 25.65 24.00 28.80
Na+ (mg/l) 0.53 0.21 0.40 0.30
K+ (mg/l) 0.11 0.06 0.10 0.10
Cl- (mg/l) 3.00 2.50 2.00 2.00
CO3H

- (mg/l) 70.20 70.20 0.80 92.70 
NO3

- (mg/l) 0 0 0.8 0
Dry residue (mg/l) 0 152 70 92

Flumen March April May July

Temperature 8ºC 10 ºC 12 ºC 11 ºC
PH 7.86 7.46 7.91 7.79
Current velocity (m/s) 0.22 0.25 0.43 0.92
Conductivity (s/cm) 508 516 527 450
Mg++ (mg/l) 2.43 4.86 5.35 4.38
Ca++ (mg/l) 94.59 96.19 99.20 100.80
Na+ (mg/l) 1.75 1.71 2.10 2.80
K+ (mg/l) 0.48 0.46 0.50 0.80
Cl- (mg/l) 4.00 4.00 2.00 5.00
CO3H

- (mg/l) 328.20 322.70 344.70 243.40
NO3

- (mg/l) 0 0 0.4 0
Dry residue (mg/l) 198 326 288 264

way ANOVA for determining possible differences
among character scores. Tukey test was used to
perform multiple comparisons among four groups,
Flumen males (Fm), Flumen females (Ff), Salto
del Pis males (Pm), and Salto del Pis females (Pm).
To determine combined sets of variables with max-
imal separation among individuals belonging to
the different groups, canonical variates analysis
(CVA) was carried out. One-way ANOVA fol-
lowed by Tukey test was used to examine the four
groups for possible differences in the character
scores produced by CVA.

Additional observations concerned the start of
the reproductive period, i.e. the first date when
amplexus formation was observed in either popu-
lation. To determine the occurrence of melanism,
the pigmentation of 61 individuals of the Salto del
Pis population and of 194 individuals of the
Flumen population was recorded. Only those indi-
viduals which were completely black were consid-
ered as showing melanism.

RESULTS

Ecological characterization of the study sites

The study area of the Flumen river is situated in
a pasture zone dominated by Pinus sylvestris with
some Crataegus monogyna. The river is about 0.4-
3.0 m wide and 20-65 cm deep and descends mod-
erately (3.5% slope) with a slow current velocity
(Table 1). The increased value obtained in July
corresponds with the maximum velocity in this
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Flumen Salto del Pis Flumen Salto del Pis
males (n=25) males (n=20) females (n= 22) females (n=18)

TL 104.36±5.87 103.63±6.49 98.95±4.83 106.64±4.69
TAL 43.59±3.13 43.16±3.75 44.32±2.81 49.37±2.55
TD 7.53±0.64 8.06±0.73 5.53±0.45 5.62±0.51
HL 13.64±0.70 13.81±0.94 12.30±0.43 12.28±0.44
HW 12.13±0.86 11.70±0.82 10.24±0.45 9.70±0.49
IBE 8.64±0.65 8.89±0.71 7.73±0.37 8.22±0.37
IN 3.59±0.30 3.51±0.26 3.01±0.24 2.95±0.23
IFE 5.81±0.48 6.00±0.51 5.24±0.31 5.10±0.37
EL 3.20±0.26 3.00±0.18 2.84±0.16 3.20±0.21
FLL 18.30±0.90 18.40±1.02 16.08±0.89 16.60±0.54
TF 4.24±0.40 4.08±0.41 3.71±0.44 4.10±0.32
CL 6.68±0.67 6.85±0.70 5.42±0.49 6.55±0.57
W 4.84±1.00 5.89±1.28 3.40±0.47 4.10±0.85

TABLE 2

Means and standard deviations of total length (TL; in mm), of 11 morphometric char-
acters (in mm; see Materials and Methods for explanations of abbreviations), and of
body weight (W; in g) in four groups of the Pyrenean salamander Euproctus asper.

Flumen Salto del Pis Flumen Salto del Pis
Males (Fm) males (Pm) females (Ff) females (Pf) F-value p Tukey test

TAL -1.74 -1.88 1.50 2.67 40.81 ** (Fm,Pm)(Ff)(Pf)
TD 5.06 8.25 -6.25 -8.56 115.28 ** (Fm)(Pm)(Ff,Pf)
HL 1.70 2.40 -1.27 -3.46 67.43 ** (Fm,Pm)(Ff)(Pf)
HW 3.97 2.65 -1.71 -6.37 123.11 ** (Fm,Pm)(Ff)(Pf)
IBE 1.04 2.50 -2.01 -1.76 16.92 ** (Fm,Pm)(Ff,Pf)
IN 3.71 2.92 -2.23 -5.67 44.58 ** (Fm,Pm)(Ff)(Pf)
IFE 1.76 3.30 -1.39 -4.43 26.75 ** (Fm,Pm)(Ff,Pf)
EL 1.59 -0.92 -1.67 0.86 7.14 ** (Fm,Pf)(Pm,Ff)(Pm,Pf)
FLL 1.99 2.42 -2.12 -2.87 53.30 ** (Fm,Pm)(Ff,Pf)
TF 1.79 0.43 -2.15 -0.38 3.60 * (Fm,Pm,Pf)(Pm,Ff,Pf)
CL 1.66 3.16 -4.43 -0.40 15.32 ** (Fm,Pm)(Fm,Pf)(Ff)
W 2.25 14.76 -7.38 -10.52 55.88 ** (Fm)(Pm)(Ff,Pf)

TABLE 3

Means, F-values of one-way ANOVA, and results of multiple comparisons for the transformed values (multiplied by
102) of 11 morphometric characters and body weight in four groups of the Pyrenean salamander. Parentheses separate
those groups shown to be significantly different by Tukey test (* p < 0.02, ** p < 0.001).

is between 1.5-2.6 m and the water depth varies between
20 and 50 cm. Water velocity (Table 1) and the degree of
inclination of the river bed (29%) are higher than in the
Flumen river. The water temperature is much lower than
in the Flumen and remains usually between the freezing
point and less than 8°C till June. This is due to snow and
ice accumulation caused by avalanches, which descend
each year close to the torrent till May. Late snowfalls in
the Central Pyrenees until July may cause additional
reduction of water temperature during summer. However,
the Salto del Pis and the Flumen may both reach similar
maximum temperatures of around 20ºC.

The water of Salto del Pis is more oligotrophic and has
a slightly higher pH value than the Flumen (Table 1).
Furthermore, the aquatic vegetation and the invertebrate
fauna occur at much lower abundances. Mainly due to the

particular climatic conditions and repeated avalanche
activity, which cause high variability in river bed struc-
ture, the Salto del Pis represents a much less stable habi-
tat than the Flumen with typical alpine, high-mountain
conditions.

Morphometric comparison

The means and standard deviations of the morphometric
measurements obtained from each of the four groups are
shown in Table 2. One-way ANOVA of log TL revealed
significant differences among the four groups (F(3.81) =
7.08, p < 0.005) with the females of the Flumen being sig-
nificantly smaller than the other three groups according to
multiple comparisons by Tukey test (p < 0.05). No other
differences in TL could be found.
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Of all cases entered into the CVA, 95.29% were cor-
rectly classified. Only two males of Salto del Pis torrent
and two females of Flumen river were classified as
belonging to the other site, respectively. Sexes were cor-
rectly classified for all cases.

CV1 CV2 CV3

TAL -0.388 0.086 -0.134
TD 0.629 -0.377 0.394
HL 0.497 -0.217 -0.033
HW 0.677 0.110 -0.195
IBE 0.221 -0.220 0.259
IN 0.410 0.017 0.004
IFE 0.307 -0.202 -0.062
EL 0.032 0.267 0.369
FLL 0.435 -0.146 0.279
TF 0.081 0.081 0.237
CL 0.157 -0.149 0.524
W 0.383 -0.615 0.217

Eigenvalue 9.82 1.54 1.07
% variance 79.03 12.40 8.57
F-value 265.13 41.60 28.77
p ** ** **
Tukey test (Fm,Pm)(Ff)(Pf) (Fm)(Pm)(Ff,PF) (Fm,Pm)(Pf)(Ff)

TABLE 4

Correlations of 11 morphometric characters and body weight with
three canonical variates of the CVA based on four groups of the
Pyrenean salamander. For each canonical variate the Eigenvalue,
the percentage of variance explained, the F-values of ANOVA from
comparisons among the character scores of either group, and the
results of multiple comparisons are given. Parentheses separate
those groups shown to be significantly different by Tukey test
(** p < 0.001).

The means of the size-adjusted, transformed values of
the morphometric characters and body weight, and the
results of one-way ANOVA with subsequent multiple
comparisons are shown in Table 3. Accordingly, females
differ significantly from males in having longer tails
(TAL), and being smaller in TD, HL, HW, IBE, IN, IFE,
FLL, and W. Females of the Flumen show significantly
lower values in TAL, EL, and CL and higher values in
HL, HW, and IN than females of the Salto del Pis. Males
of the Flumen show particularly large eyes. Males of the
Salto del Pis show thicker tails and a higher weight than
all other groups.

Table 4 provides an overview of the results of the three
canonical variates generated by the CVA. The first canon-
ical variate (CV1) explains 79.03%, the second (CV2)
12.4%, and the third (CV3) 8.57% of total variance. The
individual character scores for CV1 and CV2 are plotted in
Fig. 2. The characters showing the highest correlations (r >
0.4) with CV1 were HW, TD, HL, FLL and W. One-way
ANOVA of the character scores along CV1 and subsequent
multiple comparisons revealed major differences between
sexes and among the females of either site. W was highly
correlated with CV2. Along this axis major differences in
character scores were found between the sexes and the
males of the two sites. CL showed a high correlation with
CV3. The major differences were detected between the
sexes and between the females of the two sites.

Fig. 2. Scores for the first and second canonical variate (CV1,
CV2) generated from 12 morphometric characters of males and
females of the Flumen river (Fm, Ff) and males and females of
the Salto del Pis torrent (Pm, Pf).

Further observations

In the Flumen, the first occurrence of reproductive
behaviour indicated by amplexus formation between
males and females was recorded in March. In the Salto
del Pis torrent, reproductive activity started much later
and at the earliest in the middle of April or in the
beginning of May. In the Flumen amplexus formation
was observed both in the central stream and the mar-
ginal areas while in the Salto del Pis it occurred mainly
in areas with reduced water flow. However, in most of
these microhabitats current velocity was still higher
than in the central stream areas of the Flumen.

Of the 29 males and 32 females of the Salto del Pis
examined for the occurrence of melanism, 2 (6.9%) and
6 (18.8%), respectively, showed a completely black
colouration. None of the 194 individuals of the Flumen
population showed any indication of melanism.

DISCUSSION

The Flumen river and the Salto del Pis torrent are
characterized by differences in climatic as well as in
other ecological conditions. The morphological differ-
ences between the populations of the Pyrenean sala-
mander living in these two habitats are to a considerable



extent related to sexual dimorphism and may reflect dis-
tinct influences of the conditions prevailing in the respec-
tive habitats.

The results of the univariate and multivariate compar-
isons among the four groups indicate clear site- and sex-
related variations. Sexual dimorphism concerns mainly
the following characters : females have thinner and longer
tails, smaller heads, shorter legs, shorter cloacal tubes,
and less weight than males. This dimorphism is not
equally expressed at the two study sites. Females of the
Salto del Pis show rather thin, long tails and males from
this site show a particularly high weight and thick tails. In
the Flumen sexual dimorphism was also found in body
length and eye size with higher values in males than in
females.

The strongly expressed sexual dimorphism in the
Pyrenean salamander points to different trends of adapta-
tion in males and females. Males have large, heavy bod-
ies and heads, with long legs and short, robust tails that
may assist them in walking on the bottom without being
carried away by the water flow and/or in efficiently for-
aging for large and evasive prey. In a comparison of the
feeding behaviour of several populations of the Pyrenean
salamander, MONTORI (1988) showed that females fre-
quently feed on smaller-sized prey items than do males.
The smaller head size may hence induce females to select
smaller prey and allow a reduction in intersexual food
competition.

The differences in tail form may have been caused by
sexual selection for long thin tails in females and strong
robust tails in males. Observations of the reproductive
behaviour revealed that after presenting their tails in a
straight upward position as a courtship display, males
embrace approaching females at their tail thus forming an
amplexus with direct transfer of spermatophores from the
male to the female cloaca (BARBADILLO ESCRIVA, 1987;
LENGVENUS & PARZEFALL, 1992).

In an earlier comparison between the Flumen and
Central Pyrenean populations, MARTÍNEZ-RICA (1980)
found clear differences in their reproductive periods.
Amplexus formation started much earlier in the
Prepyrenean population. This finding is consistent with
our observations. The need to reproduce successfully
within a relatively short time interval may have led to
increased sexual selection in the Salto del Pis population
with the consequence of a more advanced sexual dimor-
phism. The strong tail of males enables them to efficiently
embrace the females during formation of the amplexus.
The long and thin tail of the females may facilitate the
embracement by the males. It may also assist in swim-
ming or keeping a firm position in the relatively fast flow-
ing water or provide less drag and resistence during
amplexus formation. The larger size in the females and
the heavier bodies in the males of the Salto del Pis may be
related to the particularly long or robust tails in either sex,
respectively. A large body may also entail the additional
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advantage of improving the energy conservation capabili-
ties, which may be particularly important under the
extreme climatic conditions of the Central Pyrenees.

The presence of melanism in the Salto del Pis popula-
tion concerns both sexes, but only a few individuals. It
may be a response to the lower temperatures in this alpine
habitat allowing a better thermoregulation through
absorption of more radiation leading to an increased body
temperature. Melanism has been observed in many moun-
tain-dwelling animals (MARGALEF, 1991). In the Pyrenean
salamander it has been found in several populations from
the central chain of the Pyrenees, but not in the
Prepyrenees (SERRA-COBO, 1989).

The Pyrenean salamander is considered to be a relict
species that originated in the early tertiary (HERRE, 1935;
STEINER, 1950; GASSER & CLERGUE-GAZEAU, 1981). The
ecological characteristics of the two sites reflect mainly
climatic differences, which may have exerted different
selective pressures on these two apparently isolated pop-
ulations over long evolutionary time periods. This influ-
ence should have lead to genetically manifested,
morphological, behavioural, and physiological differenti-
ation. The electrophoretic study of GASSER & CLERGUE-
GAZEAU (1981) based on the analysis of seric proteins
indicated clear genetic differences between the Pyrenean
salamander of the Flumen river and various populations
of the Central Pyrenees.

The present study provides to our knowledge the first
clear evidence for variation in sexual dimorphism among
populations of the Pyrenean salamander from geographi-
cally separated, ecologically different sites. One conclu-
sion to be derived from these data is that the extreme
climatic conditions prevailing at the Central Pyrenean site
may have exerted a high selection pressure on several sex-
ually dimorphic traits with the expected effects of
increased reproductive efficiency and reduced intersexual
competition.

ACKNOWLEDGEMENTS

The authors thank Carmen Pérez and Dr. Melchor Maestro for
assistance in the analyses of water samples. The cooperation
with the Parque Natural de la Sierra de Guara and the Dept. of
Vida Silvestre de la Diputación General de Aragón throughout
this study is gratefully acknowledged. The work was carried out
within the framework of the European project VAMPHIRE.

REFERENCES

BARBADILLO ESCRIVA, L.J. (1987). La Guia de Incafo de los
anfibios y reptiles de la peninsula Iberica, Islas Baleares y
Canarias. INCAFO, Madrid.

BROWN, R.P., R.S. THORPE & M. BÁEZ (1991). Parallel within-
island microevolution of lizards on neighbouring islands.
Nature, 352: 60-62.

CLERGUE-GAZEAU, M. & J.P. MARTÍNEZ-RICA (1978). Les dif-
férents biotopes de l’urodèle pyrénéen: Euproctus asper.



Bulletin Société d’Histoire Naturelle Toulouse, 114: 461-
471.

DOBSON, F. & J.D. WIGGINTON (1996). Environmental influ-
ences on the sexual dimorphism in body size of western bob-
cats. Oecologia, 108: 610-616.

FRAFJORD, K. & I. STEVY (1998). The red fox in Norway: mor-
phological adaptation or random variation in size? Z.
Säugetierkunde, 63: 16-25.

GASSER, F. & M. CLERGUE-GAZEAU (1981). Les proteines
sériques de l’urodèle Euproctus asper (Dugès). Elements de
différentiation génétique dans les Prepyrénées espagnols. Vie
et Milieu, 31: 297-302.

HERRE, W. (1935). Die Schwanzlurche der mitteleocänen (ober-
lutetischen) Braunkohle des Geiseltales und die Phylogenie
der Urodelen unter Einschluss der fossilen Formen.
Zoologica, 87: 1-85.

LANDMANN, A. & N. WINDING (1995). Adaptive radiation and
resource partitioning in Himalayan high-altitude finches.
Zoology, 99: 8-20.

LENGVENUS, W. & J. PARZEFALL (1992). The role of the visual
reaction in the behaviour of an epigean and a cave living
population of Euproctus asper Duges (Salamandridae,
Urodela). Mém. Biospéol., 19: 111-115.

MARGALEF, R. (1991). Ecología. Ed. Omega, Barcelona.

MARTÍNEZ-RICA, J.P. (1980). Algunos datos sobre las pobla-
ciones meridionales de tritón pirenaico, Euproctus asper
Dugès. Studia Oecologica, 2: 135-154.

Geographic variation in salamander sexual dimorphism 45

MARTÍNEZ-RICA, J.P. & M. CLERGUE-GAZEAU (1977). Données
nouvelles sur la répartition géographique de l’espèce
Euproctus asper (Dugès). Bulletin Société d’Histoire
Naturelle Toulouse, 113: 318-330.

MONTORI, A. (1988). Estudio sobre la biología y ecología del
tritón pirenaico Euproctus asper (Dugès, 1852) en la
Cerdanya. PhD thesis, Univ. Barcelona.

NAVAS. C.A. (1996). Implications of microhabitat selection and
pattern of activity on the thermal ecology of high elevation
neotropical anurans. Oecologia, 108: 617-626

SELANDER, R.K. (1966). Sexual dimorphism and differential
niche utilization in birds. Condor, 68: 113-151.

SERRA-COBO, J. (1989). Presencia de tritón melánico (Euproctus
asper) en el Parque Nacional de Ordesa y Monte Perdido.
Lucas Mallada, 1: 203-204

SERRA-COBO, J., G. LACROIX G. & S. WHITE (1998). Comparison
between the ecology of the new European frog Rana pyre-
naica and that of four Pyrenean amphibians. J. Zool., 246:
147-154.

STEINER, H. (1959). Die Differenzierung der paläarktischen
Salamandrinen während des Pleistozäns. Rev. Suisse Zool.,
57: 590-603.

UIBLEIN, F., F. BORDES, R.CASTILLO & A. RAMOS (1998). Spatial
distribution of shelf- and slope-dwelling fishes collected by
bottom longline off Lanzarote and Fuerteventura, Canary
Islands. Marine Ecology, 19: 53-66.

Received: June 9, 1999
Accepted: September 13, 1999



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue true
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




