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Abstract
Morphometric variation of 11 characters was studied in 14 samples of Rana arvalis from allopatric population groups in Central Europe, repre-
senting two subspecies formerly recognised: R. a. arvalis and R. a. wolterstor�. All samples from Poland (nine) were collected from the area,
which is believed to be populated by the nominal form. In addition, the isolated population of R. arvalis from the Eastern Carpathians of
Romania was classi®ed to that form. All the Hungarian samples fall into the range of R. a. wolterstor�. No signi®cant di�erences in body size
between sexes and among the populations from the three geographic regions (Poland, Hungary and Romanian Eastern Carpathians) were
found. Multivariate analysis of the di�erences in body shape among groups showed that the populations from Hungary di�ered from the nom-
inal form mainly in the relative hindlimb length. However, substantial overlap in overall shape di�erences resulted in a relatively low percen-
tage of correct classi®cations to the respective geographic groups in the Discriminant Analysis. Large intrapopulation variation in the values of
the two ratios (SVL/TL and TL/IMT) formerly used for di�erentiate the two European subspecies of R. arvalis makes them unreliable charac-
ters for distinguishing the two forms. The pattern of morphometric variation does not match the overall genetic divergence of the R. arvalis
populations, which suggests that the body shape di�erences in this species result from the phenotypic plasticity correlated with local climatic
factors.
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Introduction

The moor frog, Rana arvalis Nilsson, 1842 is a widely distrib-

uted Eurasian species ranging from the Eastern France in the

west to the Baikal Lake in the east and from Kola Peninsula

in the north to the southern part of the Pannonian Basin

(Bannikov et al. 1977; Ishchenko 1997). In Europe the distri-

bution of the moor frog can be divided into two main areas.

The larger one extends across the lowlands north of the Alps

and north of the Carpathians and reaches the Urals in the

East, the second, smaller one covers the lowlands of the Pan-

nonian Basin. An isolated small group of populations inha-

bits the plateau in the Eastern Carpathians in Romania (Fig.

1). Frogs from the Pannonian Basin were described in 1919

as belonging to the separate subspecies, R. a. wolterstor�

(FejeÂ rvaÂ ry 1919). In contrast, the whole of the northern area

is thought to be inhabited by the nominal subspecies R. a.

arvalis (Stugren 1966). Frogs from the Pannonian Basin were

described as a separate subspecies on the basis of the rela-

tively longer legs, larger body size and `slender habit' (FejeÂ r-

vaÂ ry 1919). Yet a small, isolated group of populations from

the vicinity of Reci (Romanian Eastern Carpathians) was

assigned to the nominal form (Dely 1953; Fuhn 1962) because

they had body proportions similar to the specimens from the

area north to the Carpathians.

Some authors question the validity of R. a. wolterstor� dis-

tinctiveness, claiming that the body proportions is a phenoty-

pically plastic trait in the moor frog which shows clinal

variation parallel to the variation of climatic conditions

(Kauri 1959; Stugren 1966). Indeed, populations with body

proportions intermediate between R. a. wolterstor� and the

nominal form were reported from southern Slovakia (LaÂ c

1956). Large intrapopulation variability in body proportions

was the most probable reason for repeated reports of R. a.

arvalis and R. a. wolterstor� sympatry in southern Poland

(FejeÂ rvaÂ ry 1923; Dely 1964; NoÈ llert and NoÈ llert 1992). The

presence of R. a. wolterstor� in southern Poland is reported

also in the European Atlas of Amphibians and Reptiles (Ish-

chenko 1997), in spite of the fact, that subspecies being

de®ned as morphologically distinguishable groups of allopa-

tric populations cannot be sympatric by de®nition. On the

other hand, a sample of frogs from the surroundings of Hat-

van in Hungary, from within the range of R. a. wolterstor�,

was described as having body proportions not di�erent from

the nominal form (FejeÂ rvaÂ ry 1921). Thus the taxonomic sta-

tus of the R. a. wolterstor� remains unclear.

Morphological di�erentiation of amphibian taxa of subspe-

ci®c and even speci®c rank is often very small and involves

mainly di�erences in body proportions. Taxa of subspeci®c

rank were described in Triturus cristatus on the basis of only

subtle di�erences in body size (Wolterstor� 1923; KalezicÂ

et al. 1990). Later, when molecular techniques were used to

asses the degree of genetic di�erentiation among these subspe-

cies, they were elevated to the speci®c rank (Wallis and Arnt-

zen 1989; Arntzen and Wallis 1994). There is no reason,

however, for the general genetic divergence, as measured by

molecular techniques, to be coupled with the morphological

di�erentiation. The morphological quantitative traits are

usually polygenically inherited and show much plasticity in

relation to environmental factors. Because of that both stu-

dies on morphological di�erentiation and genetic divergence

should be combined to assess the taxonomic status of the

taxa of uncertain rank. Here we present data on the morpho-

logical di�erentiation and relationships in Central European

moor frog populations complementing an earlier study of the

genetic divergence of this species (Ra®nÂ ski and Babik 2000.

All earlier descriptions of the morphological di�erentiation

of Central European populations of R. arvalis were based on

univariate statistics and ratios obtained from relatively small

samples from few populations (FejeÂ rvaÂ ry 1919; Dely 1953,

1964; Fuhn 1960, 1962). The aim of our study is to reanalyse

the extent of morphological variation in populations of R.

arvalis both from across Poland and from the southern parts
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of the species' distribution in Central Europe, including the
isolated populations from the Romanian Carpathians. Body
size di�erences were analysed by means of univariate statistics
and body proportions by means of multivariate methods; i.e.

principal component analysis (PCA), canonical variate analy-
sis (CVA), and discriminant analysis (DA). In order to allow
comparisons of our results with those of earlier studies and to

establish utility of the methods formerly widely used, we
investigated the variation of morphometric ratios which are
believed to be diagnostic for the two subspecies. The genetic

di�erentiation of the same samples was also studied by means
of the allozyme electrophoresis (Ra®nÂ ski and Babik 2000), so
the patterns of morphometric and genetic di�erentiation

among the populations could be compared.

Materials and methods
A total of 319 individuals of R. arvalis were collected from three geo-
graphic regions (Poland, Hungary and the Romanian Carpathians).
The collection sites and sample sizes are given in Fig. 1 and Table 1.
The frogs were anaesthetized in MS 222 and measured with callipers
with accuracy of 0.1mm (J.R.). The same specimens were later used
for electrophoresis. The details of the electrophoretic study were
given elsewhere (Ra®nÂ ski and Babik 2000). Eleven morphometric
measurements were recorded for each specimen: internarial distance
(IND), anterior interorbital distance (AID), posterior interorbital dis-
tance (PID), eye±naris distance (END), tympanum diameter (TD),
snout±vent length (SVL), femur length (FL), tibia length (TL), foot
length (F), length of ®rst toe (T1), length of internal metatarsal tuber-
cle (IMT) (Fig. 2). We performed a two-way ANOVA on untrans-
formed values of SVL to verify whether the samples from three

allopatric population groups and sexes di�ered in the overall size. In
this analysis we used specimens larger than 36mm SVL only, since
smaller individuals are not sexually mature (Ishchenko 1977; Berger
and Rybacki 1994). Since the analysis did not reveal signi®cant di�er-
ence between sexes (Table 3), we pooled males and females in subse-
quent analyses.

As there was a signi®cant heterogeneity in body size among sam-
ples (data not shown) we corrected the measurements for size di�er-
ences using the allometric method of Thorpe (1976) prior to the
analysis of shape di�erences. In a comparative study of size-correc-
tion methods this method proved to remove the size variation e�-
ciently without distorting shape information (Reist 1985). As a size
adjusted, log-transformed value we computed:

K� log[log Yÿb (log Xÿ log X
-
)]

where Y is the observed measurement; b is the common within-region
regression slope of log(Y) on log(X), X is the SVL of the specimen, X

-

is the grand mean SVL of all the individuals studied. Using the com-
mon within-groups regression slope requires parallelism of the regres-
sion lines between groups for each variable, therefore the parallelism
of each log(var) on log(SVL) between groups was tested. As variables
END and TD did not satisfy this condition, we excluded them from
further analyses.

The signi®cance of di�erences among groups for size-corrected
values of measurements was tested by means of one-way ANOVAs
complemented with Spjùtvoll±Stoline a posteriori test (Sokal and
Rohlf 1995). Size-corrected measurements were also subjected to
PCA, with subsequent ANOVA on the PC 1 and PC 2 scores.

Morphometric di�erentiation of the samples studied was also
assessed by means of CVA in which samples were taken as groups.
Correlations between adjusted measurements and canonical variates
were computed to establish the contribution of the given variable for

Fig. 1. Distribution of R. arvalis in Central Europe (Tiedeman 1979; Moravec 1994; Ishchenko 1997). Abbreviations ± see Table 1. A contour
line 500m a.s.l. is shown. Inset ± distribution of R. arvalis in Europe (Ishchenko 1997)
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the total among-group variation explained by a given canonical vari-
ate.

We used DA to create the functions which maximized the prob-
ability of correct classi®cation of specimens to their original popula-
tion. Subsequently, percentage of the proper classi®cations to the
geographical region was computed.

A two-dimensional scaling (MDS) of Mahalanobis distances
squared between samples was used to visualize the overall pattern of
morphometric di�erentiation among populations from di�erent geo-
graphical regions.

The two-dimensional scaling of the matrix Nei's (1978) unbiased
genetic distances based on Ra®nÂ ski and Babik (2000) was used to elu-
cidate the patterns of genetic di�erentiation of the samples studied.

We performed hierarchical ANOVAs on natural logarithm-trans-
formed values of diagnostic indices SVL/TL and TL/IMT for each
sex separately to establish the extent of variation in values of the
indices. They were previously used for distinguishing R. a. arvalis and
R. a. wolterstor� (FejeÂ rvaÂ ry 1919; Fuhn 1960; Dely 1964). Natural
logarithm transformation has been applied as after the transforma-
tion the distributions of the indices approached normality more clo-
sely (Shapiro±Wilk test, data not shown). Two levels of hierarchy
were distinguished: geographical region (northern and southern) and
population from which we obtained our samples. A sample from
Reci should be treated as representing a separate geographic region,
but since it came from one population only, estimating all levels of
variation for this region was not possible, so it was excluded from the
analysis.

Results

No signi®cant di�erences in adult body size were found

among the three geographical regions: Poland, Hungary, and
Romanian Carpathians (Tables 2, 3).
Analysis of variance of size-adjusted measurements showed

Table 1. Localities and the sample sizes (n)

Locality Country Abbreviation Geographical coordinates n

Kol/obrzeg Poland KOL 15�330 E 54�110 N 16
Wysoka KamienÂ ska Poland WYS 14�500 E 53�500 N 15
Bial/owiez

.
a Poland BIA 23�490 E 52�430 N 19

Rogaczewo Wielkie Poland ROG 16�500 E 52�030 N 21
ZwolenÂ Poland ZWO 21�350 E 51�210 N 30
Chel/m Poland CHE 23�480 E 51�080 N 21
Dwikozy Poland DWI 21�460 E 50�440 N 22
Jeziorzany Poland JEZ 19�680 E 50�000 N 28
Walawa Poland WAL 22�550 E 49�540 N 19
Tokaj Hungary TOK 21�240 E 48�080 N 24
FehertoÂ Hungary FEH 17�240 E 47�440 N 23
Debrecen Hungary DEB 21�390 E 47�340 N 26
TiszaaÂ lpaÂ r Hungary TIS 20�010 E 46�480 N 26
Reci Romania REC 25�450 E 45�300 N 29

Fig. 2. Morphological measurements

Table 3. Two-way ANOVA of body length of adult individuals

Factor F d.f. p

Sex 3.494 1, 248 0.063
Country 2.377 2, 248 0.095
Sex � Country 0.205 2, 248 0.815

Table 2. Mean body length of the adult (above 36mm) individuals,
and 95% con®dence intervals

Country Mean (mm) 95% con®dence intervals (mm)

Poland 46.19 44.92 Ð 47.45
Hungary 47.62 46.35 Ð 48.89
Romania 44.52 43.34 Ð 45.71
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that all variables but PID di�ered signi®cantly between the

regions (Table 4). For all these variables an a posteriori test

of Spjùtvoll±Stoline showed a signi®cant di�erence between

the Polish and Hungarian samples. The Romanian sample

did not di�er signi®cantly from Polish samples for any vari-

able. In contrast, the Romanian sample di�ered signi®cantly

from the Hungarian ones for some variables (TL, F, IMT,

T1).

Shape di�erences among groups were analysed by PCA of

size-adjusted measurements. The ®rst principal component

(PC 1) explained 36.7% of the total variance; 94.5% of the

total variance was explained by as many as six principal com-

ponents; PCs 2±6 explained similar amounts of variance

(Table 5). Leg measurements (FL, TL, F, T1) showed the

highest positive loadings for PC1. Thus, it can be concluded

that this component represents di�erences in leg proportions.

The ®rst principal component (PC) 1 di�erentiated frogs

from the three geographic groups most e�ciently. This is

shown by highly signi®cant result of ANOVA on PC1 scores

(F2;316� 72.952, p<0.0001), both for the di�erences between

the Polish and Hungarian samples (p<0.0001), and between

those from Romania and Hungary (p<0.0002). The head

measurements showed high positive loadings for PC 2,

whereas all the leg measurements had negative loadings; thus,

PC 2 emphasized di�erences in the head and leg shape. How-

ever, PC2 scores did not di�erentiate the geographic regions

signi®cantly (ANOVA F2;316� 2.631, p� 0.0736). The Polish

and Hungarian populations were separated along the PC1

axis only, although the overlap was considerable. The sample

from Romania took an intermediate position (Fig. 3).

We computed the correlations between the variables and

the canonical variates (Table 6) to ®nd out, which variables

Table 4. Results of one-way ANOVAs for di�erences in means of size-
adjusted variables among countries. Signi®cant p-values in bold

Variable F2,316 p

FL 21.966 <0.0001
TL 88.577 <0.0001
F 64.040 <0.0001
IMT 15.791 <0.0001
T1 22.164 <0.0001
IND 12.757 <0.0001
AID 6.234 <0.005
PID 2.529 0.081

IND, internarial distance; AID, anterior interorbital distance; PID,
posterior interorbital distance; FL, femur length; TL, tibia length; F,
foot length; T1, length of ®rst toe; IMT length of internal metatarsal
tubercle.

Table 5. Principal component loadings for PC 1 Ð PC 6

PC 1 PC 2 PC 3 PC 4 PC 5 PC 6

FL 0.778 ÿ0.144 ÿ0.091 ÿ0.343 0.164 ÿ0.273
TL 0.921 ÿ0.060 ÿ0.010 ÿ0.159 ÿ0.058 ÿ0.046
F 0.924 ÿ0.070 ÿ0.034 ÿ0.066 ÿ0.060 ÿ0.013
IMT 0.072 ÿ0.299 ÿ0.757 0.510 0.147 ÿ0.224
T1 0.644 ÿ0.212 0.092 0.374 ÿ0.131 0.582
IND 0.296 0.692 0.003 0.131 0.630 0.136
AID 0.338 0.666 0.094 0.347 ÿ0.463 ÿ0.301
PID ÿ0.101 0.395 ÿ0.728 ÿ0.389 ÿ0.244 0.304
Eigenvalue (l) 2.939 1.242 1.129 0.837 0.743 0.667
% of variance explained 36.7 15.5 14.1 10.5 9.3 8.3
Cumulative percentage explained 36.7 52.2 66.3 76.8 86.1 94.4

IND, internarial distance; AID, anterior interorbital distance; PID, posterior interorbital distance; FL, femur length; TL, tibia length; F, foot
length; T1, length of ®rst toe; IMT length of internal metatarsal tubercle.

Table 6. Correlations of the variables with the canonical variates 1±5 and cumulative proportion of the variance explained

Variable CV 1 CV 2 CV 3 CV 4 CV 5

FL 0.418 ÿ0.625 ÿ0.016 ÿ0.063 ÿ0.314
TL 0.858 ÿ0.271 ÿ0.038 ÿ0.388 ÿ0.072
F 0.723 ÿ0.411 ÿ0.103 0.159 ÿ0.089
IMT ÿ0.128 ÿ0.181 ÿ0.514 ÿ0.348 ÿ0.617
T1 0.457 0.453 ÿ0.240 0.085 ÿ0.360
IND 0.134 ÿ0.043 0.720 0.043 ÿ0.597
AID 0.157 ÿ0.232 0.083 ÿ0.200 0.090
PID ÿ0.177 ÿ0.123 0.356 ÿ0.558 0.176
% variance explained 62.8 75.6 86.4 90.6 94.2

IND, internarial distance; AID, anterior interorbital distance; PID, posterior interorbital distance; FL, femur length; TL, tibia length; F, foot
length; T1, length of ®rst toe; IMT length of internal metatarsal tubercle.
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contributed most to the overall among-groups di�erences.

CV 1 accounted for 62.8% of the total among-groups var-

iance and was highly correlated with positive values of TL, F,

T1, and FL. T1 was positively correlated with the CV2

(which explained 12.8% of variance), whereas the other leg
measurements were negatively correlated. In total, 94.2% of

the total variance was explained by the ®rst ®ve canonical

variates.

Discriminant functions developed for the samples correctly

classi®ed 42.3% cases to the corresponding samples. How-

ever, the percentage of correct classi®cations of individuals to

a geographical region based on the same discriminant func-

tions was much higher, being 75.9%.
Two-dimensional scaling of the generalized multivariate

distances (Mahalanobis distances squared) showed a clear

separation of the samples from Hungary and Poland. The

Fig. 3. Scatterplot of principal component scores PC2 (PC1)

Fig. 4. Two-dimensional scaling
of Mahalanobis distances squared
between populations for size
adjusted data. Stress � 0.0849.
Abbreviations ± see Table 1
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sample from Romania was placed in the middle of the Polish

group (Fig. 4). Genetic data gave di�erent groupings of popu-

lations. The population from Romania clustered together

with the Hungarian samples after the MDS analysis (Fig. 5).

Nested ANOVA of the values of the SVL/TL index showed

that the variation at all levels, i.e. among regions, among

populations within a region and within populations, was con-

siderable (Table 7). For both males and females more than

half of the total variance was explained by the di�erences

between regions (Poland versus Hungary), but as could be

seen from Fig. 6(a), the overlap of values of the SVL/TL

index among geographic regions was substantial. The values

of the Reci sample were intermediate, but closer to those of

the Polish populations.

A di�erent pattern emerged from the analysis of the values of

the TL/IMT index. There was no signi®cant variance compo-

nent added by the interpopulational level within regions neither

for males nor for females. Regional di�erentiation was signi®-

cant but slightly lower than for SVL/TL; it was noticeable that

the intrapopulational variation was very high, especially for

males (Table 8). As with the former index, the sample fromReci

took a position closer to the Polish samples (Fig. 6b).

Discussion

Our analysis of the body length variation in R. arvalis popu-

lations studied did not con®rm earlier descriptions, which sta-

ted that the samples from Danube plains, attributed to R. a.

wolterstor� showed larger body size than samples classi®ed

as the nominal form (FejeÂ rvaÂ ry 1919; Fuhn 1960, 1962; Stug-

ren 1966). Most probably the few and small samples, which

were at the disposal of the earlier authors were not represen-

tative of the total variation in body size of R. arvalis present

in Central Europe. A sample of frogs collected north of the

Carpathians was much larger and showed that the interpopu-

lational di�erences in body size were considerable in this

region. The mean body size in the Polish samples ranged

from 39.8 to 50.2mm, whereas the Hungarian samples ranged

from 42.2 to 50.1mm. Body size of R. arvalis individuals

from the extensive areas in Russia also showed much varia-

tion (Ishchenko 1977). The only geographic pattern, which

emerged from the extensive data of Ishchenko (1977) was

that the frogs from the most northern localities grew larger.

Principal component analysis on size-adjusted data

revealed that the main di�erence in body shape among the

three groups of populations resulted from the di�erences in

Fig. 5. Two-dimensional scaling
of Nei's (1978) genetic distances
between the populations studied
(stress � 0.0418). Abbreviations ±
see Table 1

Table 7. Nested ANOVA of the SVL/TL index for adult individuals. Signi®cant p in bold. Error degrees of freedom (d.f.) was computed using
the Satterthwaite method

Level F df p
% of variance attributed
to a given level

Males
Between regions 14.425 1, 9.904 <0.005 51.7
Among populations within region 5.250 11, 102 <0.0001 16.2
Within populations (error) 32.1
Females
Between regions 10.909 1, 10.53 <0.01 51.5
Among populations within region 9.010 11, 97 <0.0001 24.0
Within populations (error) 24.5
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the relative hindlimb length. Di�erences in measurements

describing the head shape did not contribute signi®cantly to

the among-group variation. Our analysis showed that in spite

of much variation in the relative leg length and a substantial

overlap with the samples from other regions, frogs from the

Hungarian populations had on average relatively longer legs

than individuals from the Polish or Romanian samples. This

result con®rms earlier descriptions of the morphological dif-

ferences between northern and southern populations of R.

arvalis (FejeÂ rvaÂ ry 1919; Dely 1953, 1964; Fuhn 1960, 1962).

Furthermore, our discriminant analysis showed that despite

some overlap, the frogs from the Polish and Hungarian popu-

lations were classi®ed in most cases to the proper geographic

region. Di�erent results were obtained from the analysis of

the diagnostic indices. In spite of substantial regional di�er-

ences, there was a broad overlap in the ranges of these indices

Fig. 6. Box and whiskers plots of the values of the SVL/TL (a) and TL/IMT (b) index for the individuals above 36mm SVL. Minimal and
maximal values are given
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among the three geographic regions, which was mostly due to

large within-population variation. This questions the validity

of the indices as diagnostic characters.

A functional interpretation of di�erentiation in the relative

hindlimb length found for the R. arvalis populations studied

is not easy. One can expect that the relative leg length may

in¯uence the locomotive performance of frogs. However,

experimental studies showed that only relatively large di�er-

ences (>10%) can a�ect the jumping performance (Stokely

and Berbarian 1953; Emerson 1978). On the other hand, dif-

ferences in the relative hindlimb length may be the result of

the unequal growth and developmental rate during the larval

period (Emerson 1986; Emerson et al. 1988). A negative cor-

relation between the relative length of legs and the duration

of the larval period was found for both Rana sphenocephala

and Hyla crucifer (Emerson 1986; Emerson et al. 1988).

Shorter larval period resulted in a smaller body size at meta-

morphosis but relatively longer legs. The experimental data

for H. crucifer indicate that di�erences in relative hindlimb

length were largely due to phenotypic plasticity. However the

in¯uence of the duration of the larval period on the relative

hindlimb length was studied for newly metamorphosed frog-

lets only, so it is not known if it persists later in life (Emerson

1986). No relationship between length of the larval period

and relative leg length was found for H. cinerea (Blouin and

Loeb 1991).

One of the main factors in¯uencing the length of the

amphibian larval period is temperature (Wilbur and Collins

1973). Experiments on larval development of the ranid frogs

demonstrated that growth and di�erentiation were separable

developmental processes with di�erent temperature sensitiv-

ities (Smith-Gill and Berven 1979). Low temperature

depresses rates of di�erentiation to a greater degree than

growth rate so we can expect that in lower temperatures frogs

develop slower and metamorphose at a larger size. That dif-

ferences in water temperature during larval period may be

responsible for the variation in the hindlimb length in Central

European R. arvalis is indicated by the observation that

shorter legs of frogs from the Polish samples correlate with

the generally much cooler climate of the area north of the

Carpathians than in the Pannonian Basin. Frogs from the

Romanian Carpathians also have relatively short legs. Pre-

sumably the cooler climate of this locality (Stugren 1966) also

in¯uences the body proportions by lengthening the duration

of the larval period. The data from the Reci population

strengthen the view that the leg length di�erences are the

result of phenotypic plasticity. Genetically, the population

from Reci clusters close with the Hungarian samples (com-
pare Figs 4 and 5). Thus, similar body proportions in Polish
R. arvalis and the sample from the Eastern Carpathians of

Romania probably developed independently. There are, as
far as we know, no comparative data on the mean size at
metamorphosis for R. arvalis from the northern and southern
part of the species distribution in Central Europe, but we

expect it to be lower in the long-legged populations.
The di�erences in body proportions of R. arvalis from dif-

ferent parts of the species distribution were already attributed

to the phenotypic plasticity by Kauri (1959). In fact, a general
tendency for R. arvalis having relatively longer legs in the
south was found for the samples collected along the north±

south transect in the eastern part of the species distribution
(Ishchenko 1977). The notion that relative hindlimb length is
in¯uenced by climatic factors, most probably temperature, is
also supported by the observation that long-legged forms of

R. temporaria (Schuster 1950; Dubois 1982), and R. macro-
cnemis (Eiselt and Schmidtler 1971) are found close to the
southern borders of these species' distribution. A clinal varia-

tion in the relative leg length along the north±south axis was
reported for the North American species R. sylvatica
(Schmidt 1938). The altitudinal cline for body proportions

found in R. macrocnemis, frogs from higher altitudes being
relatively short-legged (Ishchenko 1977), also indicates that
the temperature may be the most important factor in¯uencing

the relative hindlimb length in ranid frogs.
Our former study of genetic di�erentiation in R. arvalis

showed that populations from Hungary and Romania were
very close and clearly di�erent from the Polish samples

(Ra®nÂ ski and Babik 2000). Results of this study indicate that
morphometric di�erentiation is not concordant with genetic
di�erentiation and is most likely a result, at least to some

extent, of phenotypic plasticity. In view of the above results
distinguishing the subspecies R. a. wolterstor� as a separate
taxon solely on the basis of the body size and body propor-

tions should be abandoned and the name should be treated as
a synonym of R. arvalis Nilsson, 1842.
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Table 8. Nested ANOVA of the TL/IMT index for adult individuals. Signi®cant p in bold

Level F df p
% of variance attributed
to a given level

Males
Between regions 65.566 1, 3.76 <0.002 37.4
Among populations within region 0.652 11, 102 0.6523 0.0
Within populations (error) 62.6
Females
Between regions 35.260 1, 8.24 <0.001 49.4
Among populations within region 1.442 11, 97 <0.167 2.6
Within populations (error) 48.0
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Zusammenfassung
Morphometrische Di�erenzierung beim Moorfrosch (Rana
arvalis Nilss.) in Mitteleuropa

Die morphometrische Variation von 11 Merkmalen von Rana arvalis
wurde in 14 Stichproben aus allopatrischen Populationsgruppen Mit-
teleuropas, die fruÈ her als zwei Unterarten (R. a. arvalis und R. a. wol-
terstor�) angesehen wurden, untersucht. Alle Stichproben aus Polen
(9) waren in einem Gebiet gesammelt worden, von dem angenommen
wurde, daû es von der Nominalform bewohnt wird. Auch die isolierte
Population von R. arvalis aus den Ostkarpaten RumaÈ niens wurde die-
ser Form zugeordnet. Alle ungarischen Stichproben fallen in das Ver-
breitungsgebiet von R. a. wolterstor�. Es wurden jedoch keine
Unterschiede in der KoÈ rpergroÈ ûe in beiden Geschlechtern und
zwischen den drei geographischen Regionen (Polen, Ungarn und
rumaÈ nische Ostkarpaten) gefunden. Eine Multivariatanalyse der
Unterschiede in der KoÈ rperform zeigte vielmehr, daû sich die Popula-
tionen aus Ungarn hauptsaÈ chlich durch die relative LaÈ nge des Hinter-
beins von der Nominalform unterscheiden. Bei einer
Diskriminantenanalyse der Unterschiede in den Gesamtmerkmalen
der KoÈ rperform ergab sich eine wesentliche UÈ berlappung mit den
Klassi®kationskriterien der entsprechenden geographischen Gruppe
nur relativ selten. Eine starke Di�erenzierung zwischen den Popula-
tionen bezuÈ glich von zwei VerhaÈ ltniswerten (SVL/TL und TL/IMT),
die fruÈ her zur Unterscheidung der beiden europaÈ ischen Unterarten
von R. arvalis benutzt wurden, macht diese fuÈ r eine Zuordnung zu
den beiden Formen unzulaÈ nglich. Das Muster der morphometrischen
Variation paût nicht zu einer genetischen Divergenz zwischen den
Populationen von R. arvalis und weist darauf hin, daû die
Unterschiede in den KoÈ rperformen in dieser Art das Ergebnis einer
phaÈ notypischen PlastizitaÈ t sind, die mit den lokalen klimatischen
Faktoren in Korrelation steht.
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