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Habitat use and activity was studied in a common frog (Rana temporaria) population at an 

altitude of 2200 m in the Circo de Piedrafita, Spain, was studied during July 1 998. Adult and 

j uvenile frogs clearly selected moist microhabitats, and avoided dry substrates such as pasture 

and rocks. Marshes and puddles were the preferred microhabitat of both adults and juveniles; the 

shore and the water body itself of a larger pond were selected by adults but much less so by 

juveniles. Regular surveys over seven days indicated that adults showed both diurnal and 

nocturnal activity, whereas juveniles were more strictly diurnal. The percentage of adults 

observed at n ight in the pond was negatively correlated with the minimum air temperature. The 

rather aquatic habits and diurnal activity patterns appear to differ from low-altitude populations 

of R. temporaria. They are discussed as adaptations to the lack of humid substrates (forest leaf 

litter) at high altitudes, and to the extreme and unpredictable cl imatic conditions (low nocturnal 

temperatures, and sudden rapid temperature decreases at night) in montane environments. 
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INTRODUCTION 

The ecology and biology of the common frog, Rana 
temporaria, has been well-studied in Europe. The wide 
array of available literature (see Grossenbacher et al., 
1 988) permits geographical, altitudinal and temporal 
comparisons of common frog ecology (Miaud et al., 
1 999). The species can thus be considered as a good 
model organism to survey the impact of human activi­
ties, landscape transformations and other factors on 
amphibian populations, especially considering the re­
cently discussed trends of g lobal amphibian declines 
(e.g. Wake, 1 99 1 ;  Blaustein & Wake, 1 995). 

Publications on common frog ecology mostly con­
cern populations and their dynamics during the 
breeding season (e.g., Haapanen, 1 970; Cooke, 1 975; 
Grossenbacher, 1 980;  Pascual & Montori, 1 98 1 ;  
Hintermann, 1 984; Ryser, 1 986; Kneitz, 1 998), and 
phenology (Balcells, 1 957;  1 975; Haapanen, 1982; Bea 
et al., 1 986; Beattie, 1 987). Few papers have analysed 
the ecology of the species in its summer habitat, and the 
published studies (e.g. Loman, 1 978 ;  1 980; 1 984; 
Strijbosch, 1 980; Pasanen et al. , 1 993;  Kneitz, 1 998) 
generally refer to low-altitude populations in partly 
forested areas. Populations of R. temporaria in alpine 
environments, such as at the northern edge of its range 
or high mountain areas, have been studied in the con­
text of shifts of their breeding season (Balcells, 1 957; 
1 975), larval and breeding adaptations (Aebli, 1 966; 
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Combes, 1 967; Angelier & Angelier, 1 968; Brand & 
Grossenbacher, 1 979), adaptations to wintering under 
extremely cold conditions (Pasanen & Karhapaa, 1 997; 
Laitinen & Pasanen, 1 998; Pasanen et al. , 1 998), age 
structure (Ryser, 1 996), and time allocation during 
breeding (Elm berg & Lundberg, 1 99 1  ) . 

Many of the recently detected amphibian declines 
seem to affect montane populations of amphibians, 
such as Rana cascadae in North America (Blaustein & 
Wake, 1 995) or the genus Ate/opus in South America 
(Letters, 1 997). This may be partly due to increasing 
ultraviolet radiation, which has been demonstrated to 
be a contributory factor in the deaths of eggs and em­
bryos of several species (e.g. Blaustein et al. , 1 994; 
Pedraza & Lizana, 1 997). Knowledge of the natural ad­
aptations of high-mountain amphibian populations may 
therefore be important in developing adequate meas­
ures for the prevention of future declines. In the present 
paper, we analyse microhabitat choice and die! activity 
cycles in a population of Rana temporaria at an altitude 
of 2200 m in the Pyrenean mountain range. 

MATERIALS AND METHODS 

STUDY AREA 

Studies were centred around the Ib6n de !as Ranas, a 
medium-sized glacial pond (water surface ea. 1 70 x 60 
m; maximum depth 5 m), which is situated at ea. 2200 
m altitude in the Circo de Piedrafita, western Pyrenees, 
Aragon, Spain (42°49'N, 0° 1 7'W). All observations 
were carried out in July, 1 998.  During this period, in the 
pond, a large number of tadpoles were present which 
began to metamorphose on 29 July. Rana temporaria 
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were common in and around the pond, and could 
clearly be classified into two size/age classes: juveniles 
(snout-vent length 1 5-26 mm) and adults (snout-vent­
length >50 mm); only very few intermediate, subadult 
specimens were seen (Vences et al., 1 999). 

MICROHABITAT CHOICE 

A study area of 250 m x 1 5 0  m (3.75 ha), with the 
pond at its centre, was divided into 60 plots of 25 m x 
25 m. Four of the plots were located in the centre of the 
pond (I 00% plot surface made up by water). These 
plots could not be surveyed and were therefore exclud­
ed from further analysis. For each of the remaining 56 
plots we estimated the percentage of surface covered by 
a certain microhabitat (type of substrate or vegetation). 
Microhabitats were classified as follows: (I) pastures 
on granitic stony soils (dominated by Festuca eskia and 
Nardus stricta, with Trifolium alpinum, Conopodium 
majus, Armeria pubinervis, Hieracium pilosella, Jas­
ione laevis and other plants); (2) scree (smaller loose 
rocks and stones, covering the surface, mainly on some 
slopes within the study area; with scattered specimens 
of Silene rupestris, Cardamine resedifolia, and Leu­
canthemopsis a/pina in places); (3) pond (surface of the 
Ib6n de !as Ranas); (4) rock surface (parts of the surface 
made up of pure rock, generally at the same level as the 
surrounding substrate and not in the form of loose boul­
ders); (5) boulders (large, loose rocks, some of more 
than 2 m diameter, covering the surface, mainly on 
some of the slopes within the study area); (6) subalpine 
shrubs (almost exclusively low (< Im) bushes of Rho­
dodendron ferrugineum, with some specimens of 
Vaccinium myrtillus); (7) pond shore (shore of the lb6n 
de !as Ranas, with a vegetation similar to that of the 
brook edges; generally, due to wind effects, the water 
scoured deep recesses under the shoreline which were 
used as refugia by amphibians and other animals); (8) 
dry brooks (very small brooks in which, during the 
study period, no water was present except after rain); 
(9) scattered pines (single specimens or small groups of 
Pinus uncinata) ; (I 0) rocky pond shore (the pond shore 
consisted of large boulders and scree in places, without 
any vegetation); (I I) brooks (very small and shallow 
brooks running to and from the pond, generally of less 
than 1 .5 m width; vegetation at the edges largely similar 
to that recorded for the marsh areas, except for the low­
er incidence of mosses); ( 1 2) marsh, including some 
small puddles (characterized by the presence of differ­
ent mosses, e.g. Cratoneuron commutatum, and other 
plants adapted to humidity such as Carex fusca, Carex 
frigida, Juncus articulatus, Catabrosa aquatica, Saxi­
fraga stellaris, Leontodon pyrenaicus, Epilobium 
alsinifolium, Dactylorhiza maculata) . 

We carried out four surveys of the entire study area 
on 1 8  July ( 1 200- 1 400 hrs), 22 July ( 1 900-2 1 00 hrs), 
27 July (2300-0 1 00 hrs) and 28 July (0700-0900 hrs). 
Plots were surveyed in a random order; each plot was 
intensively surveyed for 5 min by two researchers (but 
without looking under stones or into similar refuges). 

We recorded every frog encountered (distinguishing 
between adult and juvenile/subadult frogs) and the plot 
and microhabitat in which it was first observed. Ob­
served frogs were considered as active because (I) we 
regularly saw feeding activity during the day and night, 
and (2) it is unlikely that specimens would expose 
themselves to the risk of predators and climatic changes 
if not to actively feed, thermoregulate or migrate. Due 
to the absence of forest and dense vegetation in the 
study area, visibility of frogs was similar in most 
microhabitat types. In fact it is likely that frogs were 
only overlooked in boulder habitat during the day, due 
to the large number of holes and crevices into which 
they could escape before being recorded. However, 
during the nocturnal surveys (when frogs were gener­
ally easier to approach) no individuals were found in 
amongst boulders. This suggests that the daytime num­
bers may not have been strongly under-recorded in this 
microhabitat. 

The percentages of area covered by different 
microhabitat types in the whole study area were com­
pared statistically to the number of individuals recorded 
in each microhabitat type. We calculated the expected 
numbers of individuals for each microhabitat type (as­
suming that the number of individuals should be 
proportionally equivalent to the surface covered by the 
microhabitat type under a null hypothesis of no habitat 
selection), and compared them with the observed num­
bers using Chi-square tests (e.g. Castilla & Bauwens, 
1 992; Galan, 1 994) . To determine microhabitat prefer­
ence, we calculated Ivlev's electivity index (Ivlev, 
1 96 1 ;  see also Cock, 1 978;  Krebs, 1 989). 

ACTIVITY 

To record frog diel activity, we surveyed the num­
bers of adult and juvenile specimens along the pond 
shore over seven days ( 1 8, 1 9, 22, 23, 24, 26, 28 July) at 
three-hour intervals (eight surveys per day). We distin­
guished between frogs sitting (I) in the water, (2) on the 
shore (< I m from the water; generally frogs which 
needed only one jump to reach the water), and (3) frogs 
sitting 1 -3 m from the water. Water temperature (± 
0. 1 °C) was measured at one shallow plot (water depth 
ea. 10 cm) of the Ib6n de las Ranas at the end of each 
survey using a digital thermometer. Minimum and 
maximum air temperatures were obtained from the 
Respomuso metereological station. Each 24 hr interval 
was completed by the same researcher or team of re­
searchers (generally two people). Data are therefore 
comparable within each 24 hr period, but comparison 
of numbers among the seven days must be done more 
cautiously as different workers had different abilities to 
detect frogs. 

RESULTS 

MICROHABIT AT CHOICE 

In the four surveys, a total of 2537 observations 
were made (677 adults, 1 860 juveniles). Rana 
temporaria used all microhabitats available in the study 



TABLE 1. Absolute and relative (as percentages) numbers of adult (Ad.) and juvenile (Juv.) Rana temporaria observed during four surveys at ( 1 )  1 200- 1400 hrs; (2) 1 900-2 1 00 hrs; (3) 2300-0 1 00 
hrs; and (4) 0700-0900 hrs in the study area, separately for 1 2  microhabitat classes as defined in Materials and Methods. 

microhabitat % Ad. I Ad. 2 Ad. 3 Ad. 4 Ad. 1 -4 Juv. I Juv. 2 Juv. 3 Juv. 4 Juv. 1 -4 Total 

type microhabitat (Ad.+ Juv.) 

pasture 39 .6% 1 6(9%) 1 2(8%) 1 9( 1 1 %) 2( 1 %) 49(7%) 1 26( 1 3 %) 1 3 ( 1 6%) 7( 1 1 %) 6(75%) 270( 1 5%) 3 1 9( 1 3%) 

scree 1 7.9% 1 (< 1 %) 0(0%) 0(0%) 0(0%) 1 (< 1 %) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 1 (< 1 %) 

pond surface 1 5 .3% 25( 1 4%) 2 1 ( 1 4%) 77(45%) 1 7 1 (96%) 294(43%) 1 (< 1 %) 1 (< 1 %) 8( 1 3%) 2(25%) 1 2( 1  %) 306( 1 2%) 

rock surface 1 2.0% 1 (<1%) 1 ( 1 %) 0(0%) 0(0%) 2(<1 %) 0(0%) 4( 1 %) 0(0%) 0(0%) 4(< 1 %) 6(<1 %) 

boulders 5 .0% 0(0%) 2( 1 %) 0(0%) 0(0%) 2(< 1 %) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 2(< 1 %) 

subalpine shrubs 4.0% 5(3%) 2( 1 %) 2( 1 %) 0(0%) 9 ( 1 %) 0(0%) 1 (< 1 %) 0(0%) 0(0%) 1 (< 1 %) 1 0(<1 %) 

pond shore 2.4% 9 1 (52%) 56(37%) 44(26%) 2( 1 %) 1 93(29%) 1 92( 1 9%) 66(8%) 1 1 ( 1 8%) 0(0%) 269( 1 5%) 462( 1 8%) 

dry brooks 1 . 1% 3(2%) 1 ( 1 %) 1 ( 1 %) 1 ( 1 %) 6( 1 %) 1 04( 1 1 %) 42(5%) 1 (2%) 0(0%) 147(8%) 1 53(6%) 

scattered pines 0 .8% 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 

rocky pond shore 0.8% 1 9( 1 1 %) 3 1 (20%) 0(0%) 0(0%) 50(7%) 8( 1 %) 2(<1 %) 0(0%) 0(0%) 10( 1%) 60(2%) 

brooks 0.7% 6(3%) 4(3%) 1 2(7%) 2( 1 %) 24(4%) 33 1 (34%) 1 02( 1 3 %) 7( 1 1 %) 0(0%) 440(24%) 464( 1 8%) 

marsh/puddles 0.4% 9(5%) 22( 1 5%) 1 6(9%) 0(0%) 47(7%) 22(23%) 456(57%) 27(44%) 0(0%) 707(38%) 754(30%) 

Total 1 00% 1 76 1 52 1 7 1  1 78 677 986 805 6 1  8 1 860 2537 
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FIG. I. Activity (total number of observed frogs, separately for adults and juveniles) of Rana temporaria as recorded during 3hr­
interval surveys on 7 days and nights around the lb6n de las Ranas pond. The upper bar gives approximate timing of light, dusk/ 
dawn and darkness, and general meteorological conditions. 

area except for 'scattered pines' .  In 'scree' and 'boul­
ders ' ,  only one or two inviduals were observed (Table 
1 ) .  Total numbers of observations (adults +juveniles) 
in the different microhabitats were not directly related 
to the area covered by each microhabitat type. This re­
sult is highly supported by the statistical analysis 
(x2=7069 1 .5 ,  df= l O, P<0.000 1 ;  microhabitat type 
'scattered pines' excluded from analysis). Considering 
adults and juveniles together, many more specimens 
than expected by chance alone were observed in the 
microhabitats 'pond shore' ,  'rocky pond shore ' ,  
'marsh/puddles ' ,  'brooks ' and 'dry brooks' .  On the 
contrary, fewer individuals than expected were seen in 
the microhabitats 'pastures ' ,  'subalpine shrubs' ,  'boul­
ders ' ,  'scree' and 'rock surface' .  Highly significant 
differences were found when comparing the numbers 
of adults and juveniles found in each microhabitat type 
(x2=2 1 250. l ,  df =8, P<0.000 1 ;  microhabitat types 
'scattered pines' ,  'boulders' and 'scree' excluded from 
analysis). Most adults were observed in the 'pond' 
microhabitat (43% of the observations) which har­
boured almost no juveniles ( l  %). On the other hand, 
juveniles were mainly observed in the 'marsh/puddles' 
(3 8%) and 'brooks ' (24%) microhabitats which were 
used only by a few adults (7% and 4%, respectively). 

Ivlev 's  electivity indices are summarized in Table 2 .  
They indicate the degree to which the number of frogs 
observed in a certain microhabitat differs from the 
number expected from the area covered by this 

microhabitat when assuming a random distribution of 
frogs. In adult R. temporaria the highest values were 
those of the microhabitats 'marsh/puddles ' ,  followed 
by 'pond shore' ,  'rocky pond shore ' ,  'brooks' and 
'pond surface' .  The remaining microhabitat types were 
used less frequently than expected (lvlev 's  indices <O). 
In juveniles, 'marsh/puddles ' and 'brooks ' had the 
highest indices, followed by 'dry brooks '  and 'pond 
shore ' ;  all other microhabitat types had negative indi­
ces. The main differences between adults and juveniles 
were the negative values of 'pond surface'  and 'rocky 
pond shore' in juveniles (positive values in adults) and 
the negative value of 'dry brooks' in adults (positive 
value in juveniles). 

ACTIVITY 

During the seven survey days, we made a total of 
14755 observations (9695 adults, 5060 juveniles). The 
recorded absolute numbers of adult and juvenile frogs 
in each time interval are shown in Fig. 1 .  The percent­
ages of adults (Fig. 2) and juveniles (Fig. 3) active in 
water, at the pond edge, and at 1 -3 m distance from the 
pond edge is given separately for the six days without 
rainfall and for the single 24 hr period in which precipi­
tation was recorded. Adults were active at night as wel l  
as  during the day, with the highest numbers recorded 
during the night and early morning (before dawn). The 
number of adult frogs seen at night (sum of numbers at 
2 1 00 hr, 0000 hr, 0300 hr, 0600 hr: 5752 specimens) 
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TABLE 2 .  Ivlev's electivity index (Ivlev 1 96 1 )  of  
microhabitat types, calculated for  adult and j uvenile Rana 
temporaria in the study area (from total numbers of adults 
and juveniles in Table I ). 

microhabitat adults juveniles 

pastures - 0.69 - 0.46 
scree - 0.98 
pond surface + 0.48 - 0.92 
rock surface - 0.95 - 0.96 
boulders - 0.89 
subalpine shrubs - 0 .50 - 0.98 
pond shore + 0.84 + 0.72 

dry brooks - 0. 1 1  + 0.76 

scattered p ines 
rocky pond shore + 0.80 - 0 . 1 9  

brooks + 0.67 + 0.94 

marsh/puddles + 0.89 + 0.98 

was significantly higher (x2=3 37 .5 ,  df= l ,  P<0.000 1 )  
than that observed during the day (sum of numbers at 
0900 hr, 1 200 hr, 1 500 hr, 1 800 hr: 3943 specimens). 
At night, a higher percentage of frogs was seen in the 
water (3739 out of 5752 individuals; 65%) than during 
the day ( 1 1 92 out of 3 943 ; 30%); the difference was 
highly significant (x2=2095.8 ,  df=l , P<0.000 1 ). 

The water temperature of the pond was rather stable 
in the study period, with recorded temperatures in shal­
low areas near the shore between 1 5 .8  and 22.5 °C. 
According to the data in Table 3 ,  the difference be­
tween minimum and maximum water temperatures in 
the seven study days (mean=4 .37 °C, SD= l .37 °C, 
range=l .8-5 .0 °C) was much smaller than the difference 

Percentage of adult frogs 
• inside water • at the edge D 1-3 m from edge 

0 3 6 9 12 15 18 21 h 

FIG. 2. Percentage of adult Rana temporaria in water 
(black), at the pond edge (grey) and 1 -3 m from pond edge 
(white) recorded in each 3 h-interval survey around the Ib6n 
de !as Ranas pond. The upper bars indicate the percentages 
summarized for the six cloudless days and nights ( 1 8, 1 9, 22, 
23,  24 and 28 July) and the lower bars indicate the 
percentages on one rainy day and night (26 July). 

between minimum and maximum air temperatures 

(mean=8.94 °C, SD=3.08 °C, range=5.8- 13 .8 °C) as re­
corded by the Respomuso meteorological station 

(Mann-Whitney U-test, P<0.0 1 ). Minimum air tem­
peratures were always lower than minimum water 
temperatures (mean difference=6.5 °C, SD=2.39 °C, 
range=4.2-9.6 °C). Water and air temperatures gener­
ally reached their minimum values in the early morning 
(0600 hr) according to our personal observations. The 
percentage of adult frogs observed in the water at that 
time (Table 3) was negatively correlated with the mini­
mum air temperature (r=-0.87 ; P<0.05 ; Fig. 4). 

The highest numbers of frogs 1 -3 m from the shore 
was observed in the morning at 0900 hr on four out of 
the five cloudless days (Figs. 1 -2).  On the single rainy 
day, the activity of the adult frogs changed markedly, 
with an overall higher percentage of active frogs out of 
the water, and less difference in observed numbers be­
tween day and night (Fig. 2). 

Juveniles showed a distinct difference in activity be­
tween day and night. Numbers of juveniles observed 
during the six sunny days decreased by 94% from 2 1 00 
hr to 0000 hr (748 observed specimens at 2 1 00 hr; 46 
observed specimens at 0000 hr). The number of juve­
niles seen at night (sum of numbers at 2 1 00 hr, 0000 hr, 
0300 hr, 0600 hr: 1 507 specimens) was significantly 
lower (x2=989, df= l ,  P<0 .000 1 )  than during the day 
(sum of numbers at 0900 hr, 1 200 hr, 1 500 hr, 1 800 hr: 
3553  specimens). Observed number of juveniles was 
highest on the single rainy day (Fig. 1) ,  but the reduc­
tion in activity at night was similarly drastic. No 
relevant differences were observed in percentages of 
juveniles in the water, at the shore or 1 -3 m from the 

Percentage of juvenile frogs 
•inside water •at the edge D 1-3 m from edge 

0 3 6 9 12 15 18 21 h 

FIG. 3 .  Percentage of juvenile Rana temporaria in water 
(black), at the pond edge (grey) and 1 -3 m from pond edge 
(white) recorded in each 3h-interval survey around the Ib6n 
de !as Ranas pond. The upper bars indicate the percentages 
summarized for the six cloudless days and nights ( 1 8, 1 9, 22, 
23, 24 and 28 July) and the lower bars indicate the 
percentages on one rainy day and night (26 July). No 
juveniles were found during the 0300 survey on 26 July. 
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TABLE 3. Number and percentage of adult frogs observed in the water at 0600 hr (relative to total number of frogs observed at that 
time) over the seven study days. Minimum and maximum temperatures of water (own measurements in a shallow area near the 
shore of the Ib6n de las Ranas) and air (Respomuso meteorological station) are given for the preceding 24 hours. 

1 8  July 1 9  July 

T max (water) 20.9°C 2 1 .9°C 
T max (air) 1 9.0°C 1 9.6°C 
T min (water) 1 5 .9°C 1 7 . 1°C 

T min (air) 1 0.0°c 1 2 .0°c 
Total no. observed frogs (0600 hr) 204 1 8 1  

Percent frogs in water (0600 hr) 88 .7% 48 .6% 

% adults in water at 0600 
100 

• 
80 • 

60 • 
• 

40 

20 • 

0 
5 6 7 8 9 10 11 12 13 14 15 

minimum air temperature (°C) 
FIG. 4. Scatterplot of the percentage of adult Rana 
temporaria observed in water at 0600 hr vs. minimum air 
temperature as recorded by the Respomuso meteorological 
station on the corresponding night (regression analysis: 
y=I0.2 1x + 1 65 .7 ;  r2=0. 76, df=l,6; F = 1 5 .84, P<0.05). 

shore between the six cloudless days and the single 
rainy day (Fig.3).  

Some of these activity patterns of adults (higher per­
centage of specimens in the pond at night) and juveniles 
(almost exclusively diurnal activity) were also evident 
among the four surveys done for the microhabitat pref­
erence analysis (see Table I). 

DISCUSSION 

In the study area and period, adult and juvenile Rana 
temporaria were largely dependent on aquatic or moist 
microhabitat types. The poorly used microhabitats (see 
Table 2) were in a very dry condition in July 1 998. A 
temporary reduction in activity, or aestivation, may not 
be advantageous in the Circo de Piedrafita area consid­
ering the shortness of the activity period in montane 
areas (see Elmberg & Lundberg, 1 99 1 ).  The frogs were 
therefore probably forced to remain active in the brook 
and dry book areas, marshes, puddles, and in and 
around the pond. The adults especially used the pond as 
summer habitat, and showed more aquatic habits dur­
ing the night than during the day. According to the 
mark-recapture data of Vences et al. ( 1 999), about 770 
adults were present in and around the pond during the 
study period, of which by far the majority (93%) were 
males. 

Despite the rather low sample size (data only avail­
able for seven days), our results indicated that the 

22 July 23 July 24 July 26 July 28 July 

2 1 .4°C 20.5°C 1 9.5°C 22.5°C 20.5°C 

20.0°c l 7 .0°C 1 9 .6°C 20.0°c 20.0°c 

1 6.9°C 1 6.9°C 1 7 .8°C 16 .3°C 1 5 .8°C 
7.6°C 1 l .2°C 1 3 .6°C 1 2.0°c 6.2°C 
1 5 9  144 1 2 1  1 08 1 55 

79 .9% 56.3% 27.3% 1 8 .5% 99.4% 

percentage of adult frogs active in the pond at night in­
creased as air temperature decreased. Water 
temperature was less variable than air temperature, and 
minimum air temperature values were clearly lower 
than minimum water temperatures. In the Circo de 
Piedrafita, night-time temperatures may drop to values 
around 0°C even in summer. The Respomuso meteoro­
logical station recorded 3 .0°C on 2 July 1 998 .  It can 
therefore be concluded that the adult frogs appear to 
use the pond at least partly as a refuge from the cold. 
Also, the rather high degree of diurnal activity of adults 
at the lb6n de !as Ranas (not found by Loman, 1 980, in 
a low altitude population) may be explained by the rela­
tively low temperatures at night. 

The juveniles differed both in microhabitat choice 
and activity from the adults. The pond was used very 
little by juveniles, and their activity was almost exclu­
sively diurnal. This corresponds partly with the 
observations of Loman ( 1980) who also found largely 
diurnal activity in juvenile R. temporaria. There are 
several possible reasons underlying this niche segrega­
tion of adults and juveniles. ( 1 )  Adults and juveniles of 
the same frog species may differ in prey preference. 
Since we did not study prey availability in the different 
microhabitat types, no statements are currently possible 
concerning this factor. (2) Predator avoidance may also 
influence juvenile activity cycles. The niche segrega­
tion may even be related to cannibalism; in several 
analysed stomach contents of adult R. temporaria from 
the Ib6n de !as Ranas, we found juvenile frogs (D. R. 
Vieites & S. Nieto, pers. obs. in 1 998). Considering the 
high population density of adults, they may constitute 
one of the most important predators of the juvenile 
frogs. (3) It also may be important that R. temporaria 
tadpoles are largely day-active (Griffiths, 1 985 ;  Pique 
et al. , in press), as with many pond dwelling anuran lar­
vae which generally show a positive phototaxis 
(Duellman & Trueb, 1 9 86). The possibility therefore 
cannot be excluded that frogs may only change later in 
development to a more nocturnal activity pattern. (4) 
Most probably, the activity patterns of juveniles are 
heavily influenced by climatic factors. Juvenile frogs 
are clearly more sensitive to rapid air temperature de­
creases with the risk of freezing (Pasanen & Karhapaa, 
1 997). Also, they are less mobile than adult frogs, and 
may thus not be able to reach soon enough larger, warm 
water bodies when temperatures begin to decrease 
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quickly. I t  may therefore b e  an advantage for juveniles 
to shelter soon after dusk to avoid the danger of freez­
ing. 

Some information is available on the fact that high­
mountain populations of R. temporaria can be aquatic 
all-year-round (Combes, 1 967; Nollert & Nollert, 
1 992; Serra-Cobo et al. , 1 998). However, often the pat­
tern observed in lowland areas (spring and occasional 
autumn migration to the breeding site; terrestrial sum­
mer habitat; see Loman, 1 978;  Strijbosch, 1 980; Verrell 
& Halliday, 1 985 ;  Hintermann, 1 984; Ryser, 1 986; • 

Kneitz, 1 998) is believed to be typical for the species 
(e.g. Esteban, 1 997). Many of the habitat types gener­
ally used by the common frog in lowlands, such as 
meadows and forest (Loman, 1 978), forest, coppice 
strips, pastures and meadows (Strijbosch, 1 980), gar­
dens, chalk, greensands, deciduous woods (Beebee, 
1 985), meadows and leaf litter (Galan, 1 989) and conif­
erous forest (Pasanen et al. , 1 993) are not found or are 
less common in alpine environments. 

As a conclusion from the results presented here, lit­
erature data, and our own, informal observations on 
many additional populations, adult common frogs at 
high altitudes tend to have rather aquatic habits during 
summer, and to show a high degree of daytime activity. 
These patterns may be a response to ( 1 )  increased arid­
ity of the terrestrial environments at high altitudes 
where no forest cover with associated leaf litter layer is 
present, and (2) the low nocturnal air temperatures and 
the danger of a sudden drop in temperature in an unpre­
dictable environment. 

The differences between montane and lowland 
populations of Rana temporaria, however, do not only 
extend to microhabitat choice and activity of adults. 
Montane populations show an accelerated larval devel­
opment at certain temperatures (Aebli, 1 966; Angelier 
& Angelier, 1 968;  Brand & Grossenbacher, 1 979) 
which probably leads to differences in tadpole mor­
phology (Vences et al. , 1 998), differences in colour 
pattern (increased number and size of black spots: 
Nollert & Nollert, 1 992), shorter hindlimbs (e.g. 
Vences et al. , 1 998), modified time allocation during 
the breeding period (Elm berg & Lundberg, 199 1  ), and 
older age at maturity (Miaud et al. , 1 999). This varia­
tion, at least in the Pyrenees, does not appear to be 
correlated with relevant genetic differentiation (unpub­
lished allozyme data of M. Veith and M. Vences). 
Detailed long-term comparative studies on neighbour­
ing high- and low-altitude populations of Rana 
temporaria will therefore probably allow the identifica­
tion of further morphological, ecological and 
ethological adaptational responses of anurans to the se­
lective pressures of alpine environmental conditions. 

ACKNOWLEDGEMENTS 

We are grateful to the Servicio Provincial de 
Agricultura y Medio Ambiente de la Diputacion de 
Aragon for the research authorizations in the Circo de 
Piedrafita area. Anna Lopez, Calia Miramontes, Neus 
Pique, Marta Puente, and Antonio Riobo helped during 

the fieldwork. The team of the Respomuso mountain 
station (Antonio Marti and Ursi Abajo) made possible 
our stay in the Circo de Piedrafita and assisted in innu­
merable respects. 

REFERENCES 

Aebli, H .  ( 1 966) . Rassenunterschiede in  bezug auf Ent­

wick lungsgeschwindigkeit und Geschlechtsdifferen­

zierung bei Rana temporaria in den Talern des Kan­

tons Glarus (Schweiz). Rev. Suisse Zoo!. 73, 1 -37. 

Angelier, E. & Angelier, M. L. ( 1 968). Observations sur le 

developpement embryonnaire et larvaire de Rana 

temporaria L. (Batracien, Anoure) . Ann!. L imnol. 4, 

1 1 3- 1 3 1 .  

Balcells, E. ( 1 957).  Datos para e l  estudio del  ciclo 

biol6gico de Rana temporaria, L. del Pirineo. Pirineos 

43-46, 327-346. 

Bal cel ls, E. ( 1 975) .  Observaciones en el ciclo biol6gico de 

anfibios de alta montai\a y su interes en la detecci6n 

del inicio de la estaci6n vegetativa. P. Centr. Pir. Biol. 

Exp. 7, 55- 1 53 .  

Bea, A. , Rodriguez-Teijeiro, J .  D. & Jover, L L .  ( 1 986). 

Relations between metereolog ical variables and the 

initiat ion of the spawning period in populations of 

Rana temporaria L. in the Atlantic regions of the 

Basque Country (Northern Spain). Amphibia-Reptilia 

7, 23-3 1 .  

Beattie, R.  C .  ( 1 987) .  The reproductive bio logy of 

common frog (Rana temporaria) populations from 

different altitudes in northern England .  J. Zoo!. , 

London 21 1, 387-398. 

Beebee, T. 1. C. ( 1 985) .  Discriminant analysis of 

amphibian habitat determinants in south-east England.  

Amphibia-Reptilia 6, 35-43.  

Blaustein, A. R . ,  Hoffman, P.  D. , Hokit, D. G. ,  Kiesecker, 

1. M., Walls, S. C. & Hays, 1. B. ( 1 994). UV repair and 

resistance to solar UV-B in amphibian eggs: a l ink to 

population declines? Proc. Natl. Acad. Sci. USA 9 1 ,  
1 79 1 - 1 795 .  

B laustein, A. R.  & Wake, D.  B. ( 1 995) .  The puzzle of 

declining amphibian populations. Scientific American 

272, 56-6 1 .  

Brand, M. & Grossenbacher, K .  ( 1 979). Untersuchungen 

zur Entwicklungsgeschwindigkeit der Larven von 

Triturus a. alpestris (Laurenti, 1 768), Bufo b. bufo 

(Linnaeus, 1 758) und Rana t. temporaria (Linnaeus, 

1 758) aus Populationen verschiedener Hiihenstufen in 

den Schweizer Alpen. Dissertation, Universitat Bern. 

Castilla, A. M. & Bauwens, D. ( 1 992). Habitat selection 

by the lizard Lacer/a lepida in a mediterranean oak 

forest. Herpetological Journal 2, 27-30. 

Cock, M.  1.  W. ( 1 978) .  The assessment of preference. J. 
Anim. Ecol. 47, 805-8 1 6. 

Combes, C. ( 1 967).  B io logie, ecologie des cycles et bi­

ogeographie de Digenes et Monogenes d' Amphibiens 

dans I 'Est des Pyrenees. Unpublished thesis, Faculte 

des Sciences de Montpel l ier. 

Cooke, A. S. ( 1 975). Spawn site selection and colony size 

of the frog (Rana temporaria) and the toad (Bufo 

bufo). Journal of Zoology, London 1 75, 29-3 8.  



56 M. VENCES ET AL. 

Duellman, W. E. & Trueb, L .  ( 1 986).  Biology of 

Amphibians. McGraw-Hill, New York. 

Elmberg, J. & Lundberg, P.  ( 1 99 1 ) . Intraspecific variation 

in  cal l ing,  t ime allocation and energy reserves in 

breeding male common frogs Rana temporaria. Ann. 

Zoo!. Fennici 28, 23-29. 

Esteban, R. ( 1 997). Rana temporaria. In: Distribuci6n y 

biogeografia de Los anfibios y reptiles en Espana y 

Portugal, 1 69- 1 7 1 .  Pleguezuelos, 1. M .  (Ed . ) .  

Granada, Universidad de Granada y Asociacion 

Herpetologica Espafiola. 

Galan, P. ( 1 989). Diferenciacion morfologica y seleccion 

de habitats en las ranas pardas del noroeste iberico: 

Rana iberica y Rana temporaria. Treb. Soc. Cat. 

lctio. Herp. , Barcelona 2, 1 93-209. 

Galan, P .  ( 1 994). Seleccion del microhabitat en una 

pobl acion de Podarcis bocagei del noroeste iberico. 

Donana, Acta Vertebrata 2 1, 1 53 - 1 68 .  

Griffiths, R.  A. ( 1 985) .  Die l  pattern of movement and 

aggregation in tadpoles of the common frog, Rana 

temporaria. Herpetological Journal l, 1 0- 1 3 . 

Grossenbacher, K. ( 1 980).  Beitrag zur 

Populationsdynamik des Grasfrosches Rana 

temporaria, nebst Bemerkungen zur Erdkrote Buja 

bufo (Amphibia, Anura). Jb. Nat. hist. Mus. Bern. 1, 
1 77- 1 93 .  

Grossenbacher, K . ,  Herrmann, H . J .  & Ryser, J .  ( 1 988).  

Bibl iographie des Grasfrosches (Rana temporaria, 

L.) .  Veroff Naturhist. Mus. Schleusingen 3, 75-9 1 .  

Haapanen, A. ( 1 970).  Site tenacity of the common frog 

(Rana temporaria, L.)  and the moor frog (Rana 

arvalis, Nilss.) .  Ann. Zoo!. Fennici 1, 6 1 -66. 

Haapanen, A .  ( 1 982). Breeding of the common frog (Rana 

temporaria, L.) .  Ann. Zoo!. Fennici 19, 75-79. 

Hintermann, U .  ( 1 984 ). Populationsdynamische Untersuc­

hungen am Grasfrosch Rana temporaria Linnaeus, 

1 758 .  Salamandra 20, 1 43- 1 66.  

Ivlev, V .  S .  ( 1 96 1 ) . Experimental Ecology of the Feeding 

of Fishes. Yale University Press, New Haven, Conn. 

Kneitz, S. ( 1 998).  Untersuchungen zur Populationsdy­

namik und zum Ausbreitungsverhalten von Amphibien 

in der Agrarlandschaft. Laurenti Verlag, Bochum. 

Krebs, C .  1. ( 1 989).  Ecological Methodology. Harper 

Collins Pub., New York. 

Laitinen, M. & Pasanen, S. ( 1 998).  Wintering site 

selection by the common frog (Rana temporaria) and 

common toad (Buja bufo) in Finland:  a behavioural 

experiment. Ann. Zoo!. Fennici 35, 59-62. 

Loman, 1. ( 1 978).  Macro- and microhabitat distribution in 

Rana arvalis and Rana temporaria during summer. 

Journal of Herpetology 12, 29-3 3 .  

Loman, J .  ( 1 980). Annual and daily  locomotor activity of 

the frogs Rana arvalis and Rana temporaria. British 

Journal of Herpetology 6, 83-85 .  

Loman, 1.  ( 1 984). Density and survival of Rana arvalis 

and Rana temporaria. Alytes 3, 1 25 - 1 34.  

Lotters, S .  ( 1 997). The Neotropical toad genus Ate/opus. 

Vences & Glaw, Verlag, Kain. 

Miaud, C., Guyetant, R. & Elm berg, 1. ( 1 999). Variations 

in l ife-history traits in the common frog Rana 

temporaria: a l iterature review and new data from the 

French Alps. J. Zoo!. , Land. 249, 6 1 -73 .  

Nollert, A. & Nollert, C. ( 1 992). Die Amphibien Europas. 

Bestimmung, Gefiihrdung, Schutz. Stuttgart, Franckh­

Kosmos. 

Pasanen, S. & Karhapaa, M.  ( 1997). Can boreal common 

frog (Rana temporaria, L.) survive in  frost. Ann. Zoo!. 

Fennici 34, 247-250. 

Pasanen, S., Laitinien, M.  & Alhonen, T .  ( 1 998). Effects 

of pH on the wintering of the common frog (Rana 

temporaria, L. ) .  Ann. Zoo!. Fennici 35, 29-36.  

Pasanen, S . ,  Olkinuora, P .  & Sorjonen, J .  ( 1 993 ) . 

Summertime population density of Rana temporaria 

in a Finnish coniferous forest. Alytes ll, 1 55 - 1 63 .  

Pascual, X .  & Montori, A. ( 1 98 1  ) .  Contribucion a l  estudio 

de Rana temporaria L. (Amphibia, Ranidae) en Sta. Fe 

de! Montseny (Barcelona). I. Descripcion de la zona y 

estima de la poblacion. Misc. Zoo!. 7, 1 09- 1 1 5 . 

Pedraza, E. M. & L izana, M. ( 1 997). Primeros datos sob re 

el efecto de la radiacion ultravioleta en el declive de 

los anfibios espanoles. Quercus 137, 1 5- 1 7 . 

Pique, N., Lopez, A. ,  Rodriguez, D., Nieto, S. & Vences, 

M.  (in press): Tadpole die! migrations in  a Pyrenean 

population of Rana temporaria. Boletin de la Sociedad 

Herpetol6gica Espana/a. 

Ryser, J. ( 1 986). Altersstruktur, Geschlechterverhaltnis 

und Dynamik einer Grasfrosch-Population (Rana 

temporaria, L.)  aus der Schweiz. Zoo!. Anz. 217, 234-

25 1 .  

Ryser, J .  ( 1 996). Comparative life histories of a low- and a 

high-elevation population of the common frog Rana 

temporaria. Amphibia-Reptilia 17, 1 83 - 1 95 .  

Serra-Cobo, J . ,  Lacroix, G.  & White, S .  ( 1 998). 

Comparison between the ecology of the new European 

frog Rana pyrenaica and that of four Pyrenean 

amphibians. J. Zoo!., London 246, 1 47- 1 54.  

Strijbosch, H .  ( 1 980). Habitat selection by amphibians 

during their terrestrial phase. British Journal of 

Herpetology 6, 93-98. 

Vences, M.  A .  Kupfer, A., L lorente, G., Montori, A. & 

Carretero, M .  ( 1 998). Description of the larval stages 

of the Pyrenean frog, Rana pyrenaica Serra-Cobo, 

1 993 (Amphibia :  Ranidae). Bolletino de! Museo 

Regionale di Scienze Naturali, Torino 15, 1 -23 . 

Vences, M. ,  P ique, N. ,  Lopez, A . ,  Puente, M. ,  

Miramontes, C .  & Rodriguez, D.  ( 1 999).  Summer 

habitat population estimate and body size variat ion in 

a high altitude populat ion of Rana temporaria. 

Amphibia-Reptilia 20, 440-443 . 

Verrell, P. A. & Hal l iday, T. R. ( 1 985) .  Autumnal 

m igrat ion and aquatic overwintering in the common 

frog, Rana temporaria. British Journal of Herpetology 

6, 433-434. 

Wake, D. B .  ( 1 99 1 ) . Declining amphibian populations.  

Science 253 , 860. 

Accepted: 4. 10. 99 


