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TRACING ALIENS: IDENTIFICATION OF INTRODUCED WATER FROGS IN
BRITAIN BY MALE ADVERTISEMENT CALL CHARACTERISTICS
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We have used sound analysis of male advertisement calls in a study of seven introduced
populations of water frogs in Britain. Discriminant analysis of call characters identified five
types of water frog, notably Rana lessonae, R. esculenta, R. ridibunda, R. bergeri and R. perezi.
Rana epeirotica and R. shqgiperica were not detected. Typical LE (lessonae-esculenta) systems
were found at two sites, R. ridibunda occurred alone at two sites and R. esculenta occurred alone
at one site. The remaining two sites weremore complex. One had R. ridibunda, R. perezi and R.
esculenta while the seventh site had fourtaxa of water frog (R. lessonae, R. bergeri, R. esculenta
and R. perezi). The value of call analysis for the identification of water frog populations is

discussed.
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INTRODUCTION

Until recently it was generally accepted that six spe-
cies of amphibian are postglacial natives of the British
Isles (Smith, 1951). None of the European water frogs
were included on this native list, although these amphib-
ians are common and widespread in mainland Europe.
Water frogs are a complex group and their taxonomy has
been widely studied during recent decades (Berger,
1973; Wijnands, 1977; Balletto et al., 1986; Nevo &
Filipucci, 1988; Sjogren, 1991; Sinsch & Eblenkamp,
1994; Santucci et al,, 1996). It is now clear that three
forms of water frog occur over much of northern and
central Europe. These are the pool frog (Rana lessonae),
the marsh frog (R. ridibunda) and the edible frog (R.
esculenta). Edible frogs are fertile hybrids of pool and
marsh frogs and are maintained in mixed populations of
one or both parent species by the process of
hybridogenesis (Berger, 1977, 1983). Water frogs com-
monly occur as mixed populations of R. lessonae and R.
esculenta (“LE systems”), or of R. ridibunda and R.
esculenta (“RE systems”), because R. esculenta usually
requires one of its parent species to be available for back
crossing (Graf & Polls-Pelaz, 1989). Other water frogs
occur in southern Europe, including R. perezi in Iberia,
R. bergeriin Italy, and R. epeirotica and R. shqgiperica
in the Balkans. Some of these southern species also hy-
bridize with R. ridibunda, and another hybridogenetic
cross (R. ridibunda x R. perezi) has produced R. grafiin
southern France. Because some water frogs are true spe-
cies whereas others are fertile hybrids, we have used the
term ‘taxon’ for each of the main forms listed above
(Graf & Polls-Pelaz, 1989).

Although not previously considered native, there
have been many records of water frogs in Britain since
the early nineteenth century (Smith, 1951). Recently,
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evidence has accumulated that some populations of R.
lessonae were probably true natives of eastern England
(Gleed-Owen, 2000; Zeisset & Beebee, 2001;
Wycherley et al., 2002a), though these are now extinct.
However, it is clear that the great majority of water frog
populations in Britain were introduced by humans in re-
cent times. These introductions started at least as early
as 1837 (Wolley, 1847) and some are well documented.
Thus there are detailed reports on the introduction of the
edible frog into East Anglia (Boulenger, 18844, 1884b;
Dutt, 1906; Buckley, 1986) and an introduction of the
marsh frog into Kent (Smith, 1939; Menzies, 1962; Le-
ver, 1980).

Most introductions, however, have uncertain origins
and even the species present are often unknown.
Populations of introduced water frogs in this category
certainly occur in Greater London, and in the counties of
Kent, Surrey, Sussex, Essex, Norfolk, Hampshire, Her-
efordshire, Worcestershire, Somerset and Yorkshire.
There may well be others. Snell (1983, 1984) reported
water frogs on the Isle of Sheppey in Kent and at
Birdbrook, London. Elsewhere, populations have be-
come established west of London around Heathrow
airport and Staines Reservoirs (K. Morgan, pers. com.),
the River Longford, Barnes Nature Reserve (K. Morgan
pers. com.), and to the east of London in the Lee Valley
Navigation. Surrey has had many water frog introduc-
tions. Since 1903 Beambrook Nursery near Dorking has
received repeated imports of water frogs from Belgium,
Germany, France and Italy, and possibly elsewhere
(Gillett, 1988). Another company near Redhill also im-
ported many specimens for commercial purposes. Frogs
escaped into local ponds and streams and have subse-
quently spread extensively. Other Surrey sites with
water frog populations include Pyrford, Old Woking,
the river Wey, the Royal Horticultural Society Gardens
at Wisley, Burgh Heath, Ewell, Horley, Gatwick, Capel
and Ewhurst (Wycherley & Anstis, 2001). Rana
ridibunda has extended its range in both Kent and Sus-
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sex (Beebee & Griffiths, 2000), and there are certainly
other water frog populations in both of these counties.

In East Anglia there are water frogs in Essex near
Hadleigh Castle and Two Tree Island, at Witham, at
West Mersea (J. Cranfield, pers. com.) and at Ardleigh
near Colchester. In Norfolk there are two recent reports
of water frog populations, one at Wolterton Hall near
Itteringham, and a second, first mentioned by Buckley
(1986), adjacent to the Steam Museum at Forncett St
Mary. Isolated water frog populations occur near
Bramshill in Hampshire, Bodenham Moor in Hereford-
shire, Holt in Worcestershire (W. Watson, pers. com.),
and at Shapwick Heath and West Sedgemoor in Somer-
set (D. Westbrook, pers. com. 1996). The most
northerly reports of waterfrog populations are from
Swinemoor Common and Hedon in Yorkshire (R.
Atkinson, pers. com.).

Identification of the frogs in these introduced
populations is important if we are to understand the ori-
gins of the invaders and their likely future spread in the
UK. Although genetic analysis is possible (Zeisset &
Beebee, 1998), this is time-consuming, expensive and,
by necessity, laboratory-based. It is highly desirable to
develop a quick, inexpensive and relatively easy meth-
odology that can identify all types of frog occurring in
mixed populations. This, in turn, should enable exami-
nation of numerous populations within a relatively short
time-scale. In this paper, we demonstrate the application
of sound frequency analysis to male advertisement calls
and its value in determining the species composition of
introduced water frog populations. With this approach it
is not necessary to handle or even catch the frogs, and
identification can be carried out using only a tape re-
corder and a personal computer. The use of this
technique for identifying R. lessonae, R. esculenta and
R. ridibunda has been demonstrated previously
(Wycherley et al., 2001; Wycherley et al., 2002a).

MATERIALS AND METHODS
DATA COLLECTION

We obtained recordings of water frog advertisement
calls from a selection of British sites during May and
June 1999-2001 (Fig. 1). Several calls from each indi-
vidual frog were recorded for analysis. The following
list gives the site name, site location (as national grid
reference), the numbers of frogs and calls (x, y) ana-
lysed: Somerset Levels ST 424412 (S, 22); Bramshill,
Hampshire SU 759614 (13, 34); Newdigate, Surrey TQ
226421 (14, 31); Romney, Kent TR 08 21 (5, 10); Shep-
pey, North Kent TQ 933697 and TQ 906685 (14, 34);
Wisley, Surrey TQ 064585 (5, 29); Wolterton, Norfolk
TG 166317 (9, 26). Recordings were made using a Sony
Electronic Condenser Microphone ECM-BMS-957 and
a Sony Professional Walkman WM-D6D. The PC pro-
gram Cool Edit 96™ (Syntrillium Inc., Phoenix, AZ)
was used in “record mode” to transfer short samples of
sound from the original audiocassettes to a PC via a 16-
bit sound card (Addonics, Freemont, CA). Individual
sub-units (Wycherley et al., 2001; Wycherley et al.,

FIG 1. Distribution o f British water frog sampling sites used
in call frequency analyses. 1: Shapwick, Somerset; 2:
Bramshill, Hampshire; 3: Newdigate, Surrey; 4: Romney,
Kent; 5: Sheppey, North Kent; 6: Wisley, Surrey; 7:
Wolterton Hall, Norfolk

2002a) were selected using the editing features of Cool
Edit 96 ™ and transferred to the program IDL® (Interac-
tive Data Language, Research Systems Inc., Boulder,
CO), where they were analysed using a set of custom-
written procedures. These procedures are available free
of charge, together with instructions for use, from J.
Wycherley (julia.wycherley@virgin.net).

We previously established a reference set of calls
from R. lessonae (Gemmany), R. esculenta (France) and
R. ridibunda (France). For each of these three taxa in
turn we obtained several advertisement call repetitions
from a number of individual frogs. (Wycherley et al.,
2002b) The calls of additional European water frog spe-
cies were obtained for reference comparison from a CD
by Jean C. Roché: Au pays des Grenouilles, Sittelle™
1997. These additional calls were from Rana bergeri
(northern Corsica), Rana epeirotica (southern Albania),
Rana perezi (central Spain) and Rana shqiperica
(Durrés, Albania).

DATA ANALYSIS

We selected several sub-units from each frog call and
for each one obtained the Fourier transform (Wycherley
et al., 2002b). For each principal peak in the Fourier
transform we measured the peak frequency, peak width
at half the maximum height, and relative amplitude as
independent variables. Data from the multiple subunits
of each call were averaged and these averages then used
as data points (i.e. one datum point per variable per call)
in subsequent analyses. The data set for each call was
considered collectively as a ‘case’ (Wycherley et al.,
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TABLE 1. Differentiation among seven taxa of water frog assessed by discriminant analyses. Calls used in the analysis were from
R. bergeri, R. epeirotica, R. perezi, R. shqgiperica, R. ridibunda, R. lessonae and R. esculenta.

Eigenvalue  Canonical Wilks’
correlation  lambda x? df P
Discriminant Function 1 725.688 0.999 0.000 2522.36 70 <0.0001
Discriminant Function 2 456.289 0.999 0.000 1916.22 54 <0.0001
Discriminant Function 3 80.971 0.996 0.000 1352.69 40 <0.0001

2001, 2002a,b). All data were tested for normality of
distribution using the Shapiro-Wilks test in the
Statistix7™ Analytical Software package. No transfor-
mations were necessary and we carried out further
analyses as described below using the statistical pro-
gram SPSS, Chicago.

We analysed each British population using discrimi-
nant analysis, initially with all the independent
variables. However, the peak-width variable did not im-
prove discrimination significantly and we therefore
excluded it in the full analyses. There was therefore a
maximum of 10 variables, each having up to five peaks
and with a frequency and amplitude relative to the larg-
est peak (Wycherley et al., 2002b). However, the
number of peaks varied between species and where
peaks were absent, zero values were entered for the as-
sociated variables. For each British site we included
data from all frogs recorded using the classification
methods in discriminatory analysis to determine how
well call samples separated and could be assigned to a
particular species. We compared the call frequency
characteristics from each selected British water frog
population with those of our reference populations of R.
ridibunda, R. lessonae and R. esculenta. When we were
unable to identify all the calls from a population by com-
parison with these three taxa, we also made comparisons
with the further four water frogs on the Roché CD (see
above). Seven taxa were therefore available as standards
for comparison with British frogs. The “leave-one-out”
method of classification (Wycherley et al., 2002b),
which provided cross-validation of the success of the
classifications, gave a further measure of the effective-
ness of the analyses in differentiating water frogs.

In order to ensure that the unknown populations were
assigned to the nearest reference taxon we subjected
each data set, comprising data from the standards and
the selected unknown population, to discriminant analy-
sis using SPSS but only selected the standards for
discrimination. The unknown cases are then marked as
‘ungrouped’ but their nearest group membership is pre-
dicted. In this way the probable composition of each
British water frog population was determined.

RESULTS
SEPARATION OF REFERENCE VARIETIES

The call-data sets from seven taxa of water frog (R.
bergeri, R. epeirotica, R. perezi, R. shqiperica, R.
ridibunda, R. lessonae and R. esculenta) were pooled

and subjected to discriminant analysis as described
above. Canonical discriminant functions showed very
significant separations and results from the first three
functions are shown in Table 1. The classification suc-
cess of the discriminant functions for each of these
seven taxa was 100% in both the original grouped cases
and the cross-validated grouped cases. The extent of
separation among these reference frog calls is demon-
strated in Fig. 2a. Clear separations were achieved using
only the first three discriminant functions although
seven functions were derived in the analysis. Rana
perezi and R. ridibunda aligned particularly closely, but
were nevertheless fully resolved. These standards were
then used as references for the identification of British
water frog populations.

IDENTIFICATION OF BRITISH WATER FROGS

The advertisement calls obtained from each British
site were analysed as previously described and the re-
sulting data were compared with those from the seven
standards. By this means we allocated British frog calls
to one or more of the reference taxa. In every analysis
the standards showed 100% classification success for
grouped cases and cross validations. The nearest group
membership (to a standard) of each of the unknown Brit-
ish cases was predicted. This indicated the range of
species present at each British site. We then examined
the distribution of the ‘cases’ in each British population
to see how well they clustered with the standards. The
first three discriminant functions for each British popu-
lation analysis were plotted and the results from each
site are shown in Fig. 2b-h. A classification summary is
provided in Table 2.

Discriminant analysis of calls recorded from the
frogs at Bramshill (Fig. 2b) indicated the presence of a
mixed R. lessonae and R. esculenta population (i.e.a LE
system). Close affinity to both R. lessonae (23.5% of
calls) and R. esculenta (70.4% of calls) was observed in
the two dominant clusters, with a few samples more
typical of R. perezi. At Newdigate (Fig. 2c), the calls
separated into four main clusters, including R. perezi
(13.5%), R. bergeri (16.3%), R. lessonae (35.5%) and
R. esculenta (34.8%). This combination could never oc-
cur without human intervention, because two of these
frogs (R. perezi and R. bergeri) have widely separated
natural distributions in Europe. Frogs on Sheppey were
discriminated into three types (Fig. 2d), allocated to R.
perezi (36.6%), R. ridibunda (19.5%) and R. esculenta
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FIG2. (a) Separation of frog taxa by call frequency analysis. RB (solid circles), R. bergeri; Rep (solid squares), R. epeirotica; RP,
(circles) R. perezi; RS (inverted triangles), R. shqiperica; RR (squares), R. ridibunda; RL (triangles), R. lessonae; RE (diamonds),
R. esculenta. (b-h) Scatter plots of discriminant functions 1, 2 and 3 derived from British water frog calls. Species eliminated by
initial analyses [R. epeirotica and R. shqiperica) were not included in these scatter plots. References (open circles): R. bergeri, R

perezi, R. ridibunda, R. lessonae, R. esculenta; sample population (filled circles): b, Bramshill, Hampshire; ¢, Newdigate, Surrey;
d, North Kent (Sheppey); e, Romney, Kent; f, Somerset Levels (Shapwick); g, Wisley, Surrey; h, Wolterton, Norfolk.
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FIG 3. Advertisement call oscillograms ofthe five water frog
taxa identified in Britain.

(43.9%). This is similar to an RE system, since R. perezi
and R. ridibunda are closely related, and is a combina-
tion that could occur naturally in parts of south-eastern
France. The introduction of R. ridibunda to the Romney
Marsh area in 1935 was well documented. Discriminant

analysis (Fig. 2e) confirmed that probably only R.
ridibunda was still present at this site, although one indi-
vidual was statistically assigned to R. perezi. By contrast
there is no record of the source of the frogs introduced to
the Somerset Levels, where they were first reported as
recently as 1996. Canonical discriminant functions (Fig.
2f) placed all these call samples as R. esculenta in keep-
ing with the morphology of individuals seen there. It is,
however, very unusual to find R. esculenta by itself and
this site clearly warrants further study. Rana ridibunda
was first reported from Wisley about five years ago. The
scatter-plot (Fig. 2g) of discriminant functions con-
firmed that this is indeed the species present in the Royal
Horticultural Society gardens. Finally, call analysis
showed that two distinct taxa of frog were present at
Wolterton Hall in north-east Norfolk (Fig. 2h). These
were R. lessonae (56.8%) and R. esculenta (43.2%), evi-
dently constituting another LE system.

DISCUSSION

Thisstudy extends our previous analyses (Wycherley
et al., 2002a,b) by successfully distinguishing seven
rather than three taxa of European water frog on the ba-
sis of male advertisement calls. Earlier studies on the
identification of water frog populations used other tech-
niques including genetics (Graf et al., 1977; Spolsky &
Uzzell, 1986), morphology (Juszczyk, 1971; Ogielska
et al., 1998; Sinsch & Schneider, 1999), and sound
analyses based on the call pulses and repetition rate
(Schneider, 1997; Gerhardt et al., 2000). We have also
shown that identification of unknown populations is
possible by using call frequency analysis followed by
the ‘predicted group membership’ and ‘display casewise
results’ facilities of discriminant analysis. Frogs previ-
ously identified on morphological grounds or by
knowledge of the introduction history (Wisley and
Romney) were classified in the expected way, giving in-
dependent support to the accuracy of call analysis.
However, at both these sites a single sample was classi-
fied as R. perezi. Further examination of the call data
showed that both of these samples had lower peak fre-
quencies that were well above the population average,
and close to the lower range of R. perezi. Visual inspec-
tion of the call oscillograms indicated that these frogs

TABLE 2. Statistical assignment of British water frog populations. In this analysis the cases from each population were assigned to

the nearest taxon.

Population Taxon allocation at individual UK sites (%)
R. bergeri R. epeirotica  R.perezi R. shqiperica R. ridibunda R.lessonae R. esculenta

Bramshill, Hampshire 0 0 6.1 0 0 235 70.4
Newdigate, Surrey 16.3 0 13.5 0 0 35.5 3438
Sheppey, North Kent 0 0 36.6 0 19.5 0 439
Romney, Kent 0 0 7.1 0 92.9 0 0
Shapwick, Somerset 0 0 0 0 1.9 0 98.1
Wisley, Surrey 0 0 9.6 0 90.4 0 0
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were probably R. ridibunda, but it will be important to
make further corroborative tests of our call analysis
method at other sites in future.

Two LE systems were identified by our analysis, as
well as one population with a mixture of four taxa (R.
lessonae, R. bergeri, R. esculenta and R. perezi) prob-
ably not found together anywhere else in the world. Of
particular interest was the Somerset site where only R.
esculenta was detected. This hybrid normally requires
sympatric populations of one or other parent species and
can only survive in isolation as a triploid (Graf & Polls-
Pelaz, 1989). Such triploid populations are known in
parts of northern Europe, and it will interesting to dis-
cover whether the Somerset frogs are triploid or whether
other water frogs occur as yet undiscovered in the area.

Call analysis by our method is sufficiently sensitive
to resolve local dialects in R. lessonae (Wycherley et al.,
2002a) and R. ridibunda (Wycherley et al., 2002b).
This means that classifications at the species level might
vary slightly in their concordance with reference sam-
ples, according to the population source of the
reference. This probably explains why clustering (Fig 2)
did not always show unknown samples precisely super-
imposed on the references. However, the sensitivity of
our analysis also means that with more comprehensive
reference material it might be possible to ascribe intro-
duced populations not just to taxon but to likely areas of
‘origin.

It is particularly interesting to note the variable distri-
bution of the hybrid R. esculenta populations in the 3-D
scatter plots of discriminant functions when compared
to the standard for this taxon obtained from-a population
in France. We have previously shown that both R. lesso-
nae and R. ridibunda demonstrate phylogeographic
variation in call characteristics across Europe (W ycher-
ley et al., 2002a,b). This may also be true of R.
esculenta, since British populations were probably
founded by frogs from various origins across Europe.
These may well include a variety of different ridibunda
hemiclones in the hybrids (Semlitsch er al., 1997).

The use of call analysis should enable further sites to
be examined relatively easily, and therefore extend our
knowledge of water frogs present in Britain. However,
the number of frog taxa identified at any site is obvi-
ously limited by the range of advertisement calls
recorded. Where mixtures are suspected, successful
identification of all the frogs present requires repeated
site visits to ensure that sampling is comprehensive. Our
sample sizes were rather small and therefore these re-
sults may not reflect the total range of frogs present at
every site. Nevertheless, the range of European water
frogs identified in Britain now includes R. ridibunda, R.
lessonae, R. esculenta, R. bergeri and R. perezi.
Oscillograms of the advertisement calls of these five
taxa are shown in Fig. 3. This study has sampled only a
very small proportion, probably less than 5%, of the
water frog introduction sites in Britain. It has become
apparent that many more populations exist and are

widely distributed across England, since new sightings
are a regular occurrence.

The future prospects of water frogs in Britain will no
doubt depend on many factors. Perhaps the most signifi-
cant of these are the recent climate changes that have
been reported due to global warming effects (IPCC,
2001). These changes have already impacted upon many
ecosystems (Walther et al., 2002). Amphibians, includ-
ing water frogs, can be susceptible to changes in spring
temperatures (Beebee, 1995) because higher tempera-
tures advance the breeding season. This in turn
improves reproductive success and may enable some
species to expand their ranges. This has already oc-
curred in the case of the British water frog populations.
Records from localities radiating from the introduction
sites at Romney and Newdigate have shown steady out-
ward advance (Menzies, 1962; Beebee & Griffiths,
2000; Wycherley & Anstis, 2001). This has been par-
ticularly apparent at Newdigate during the 1980s and
1990s. Prior to this there are few records of outward ex-
pansion since the first introductions began in the earliest
decades of the last century. Opinions differ on the risks,
if any, that these expansions might pose to native fauna.
It seems likely, though, that introduced water frogs will
continue to spread in Britain for the foreseeable future.
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