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ABSTRACT

A taxonomic revision ol the Smooth Newt. Triturus vulgaris lTeads to the recognition of seven subspecies:
T v.ovulearis. T. v meridionalis. T.v. craccus, T. v, lanizi, T, voampelensis, T kosswigi and T, v schimidilerorum.
T. v. borealivand T v, raraiensis are consideredtobesynonyvms ol T v vidgaris. Anidentification key and updated
distribution map is provided These subspecies are recognised by characters which represent non-independent
patterns ol racial vartation. probably produced as a direct consequence of allopatric divergence in isolated glacial
refugia. Based on the biological species concept there can be no justification in raising these taxonomic units to

species rank.

INTRODUCTION

The recognition of subspecies has alwavs been
considered to be of importance to taxonomists
working on European Salamandrids. Many species
show clear racial differences between geographical
areas, particularly within the genus Triturus (see
Thorn. 1968). At present there are over 30 described
subspecies of Europecan newts. although this will
certainly be reduced following a full revision of the
group. The Smooth newt  Trinvus  vulgaris s
exceptional among the Trimrus species in that the
degree of secondary sexual character variation seen
between subspecies is far greater than that found in the
other 11 species. This hasresulted in the description of
many 7. vulearis subspecies and. in the past. some
considerable taxonomic confusion.

The aims of this paper are to review and revise the
subspecific taxonomy of the Smooth newt, Trinuus
vilearis, and discuss the values and applications of the
subspecies concept. This taxonomic study represents
part of a more detailed comparative investigation of
the subspecific evolution of courtship behaviour and
sccondary sexual characters in the Smooth Newt
(Raxworthy. 1989 and in prep.).

A HISTORICAL SUMMARY

Theoriginal descriptions of the T. vul/garis subspecies
were based on museum material which was considered
to show significant variation between different
geographical populations. Usually material was
available to museum taxonomists in only very small
samples, and this has sometimes resulted in subspecies
having been described based on insignificant variation.
Male secondary sexual characters have been used
extensively to recognise racial variation, indeed most
racial variation is restricted to these characters in
T. vulgaris. These secondary sexual characters include
the crest, tail tip, toe flaps, body cross section, dorso-

lateral folds and pigmentation of the male (Fig. 1.
However all these features only fully develop during
the breeding scason when newts are aquatic. Unless
fully developed they arce of little taxonomic value. This
problem is discussed by Steinitz (1965) in relation to
T. virrarus taxonomy. He found that only two of the
five described subspecies werein fact valid and blamed
earlier workers for using small samples and animals
which were clearly out of full breeding condition.

denticulation
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dorsal crest
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Fig. 1T Some
Triturus vulearis.

sexually  dimorphic  characters  of

Secondary scxual characters such as the crest. toe
flaps and tail filament may all regress over a matter of
days if animals are kept under stressful conditions or
starved. Also, these characters arc not fully developed
atthe very start and end of the aquatic breeding period
(Verrell, Halliday and Griffiths, 1986; Griffiths and
Mylotte. 1989).

T. vulgaris was originally described by Linnaeus in
1758 which he placed in the genus Lacerta with the
European lizards. His form became the first nominal
subspecies upon the discovery more than one hundred
and twenty vears later of the next subspecies,
T. v. meridionalis which was described by Boulenger
(1882). At around the turn of the century many more
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SUBSPECIES

ORIGINAL NAME AND SYNONYMS

Triturus vulearis vulearis

L acerta vulgaris (Linnacus 1758)

Triton vulgaris subsp. rvpica Yorma Kanunereri (Wolterstorft 1907)
Triton vulzaris forma Schreiberi (Wolterstorft 1914)

Triturus vulearis borealis Kauri 1959

Triturus vulgaris tataiensis Dely 1967

Molee vulearis
Molze vulzaris
Molse vulearis

Triturus vulgaris meridionalis

Triton vulzaris
Triton vulzaris
Triton vulzaris

Triturns vulsaris graccus

Triton vulzaris
Triton vulearis

Hybrid T v, vulearis < 1. v, graccus

Triturus vulearis lani zi

Triturus vulearis ampelensis

subsp. meridionalis (Boulenger 1882)
subsp. Kapelana (Méhely 1905)
Boulengeri (Dunn 1918)

subsp. gracca (Wolterstorff 1905)
subsp. gracca Yorma corcvrensis (Wolterstorft 1908)

subsp. gracca forma Tomasinii (Wolterstort 1908)

subsp. dalmaniica (Kolombatovie 1907)
subsp. inrermedia (Kolombatovie 1907)

Triturus vulzaris subsp. rypica forma Lanrzi (Wolterstortt 1914)

Triturus vulearis ampelensis Fuhn 1951

Triturus vulearis vulearis (ampelensis-Form) Fuhn and Freviag 1952

Triturus vulearis kosswiai

Triturus vulearis schotidilerorum

Triturus vulearis kosswigi Freviag 1955

Trivwrus vulearis schmidileri Raxworthy 1988

TABLE I: Original subspecific names and post-1882 synonvms of 7% vulgaris.

subspecies were described. The most prolific taxonomist
of this time was Wolterstorff who described in all a
total of five forms. although only two are still
recognised. The post-1882 svnonvms arc given on
Table 1 for all recognised subspecies. All earlier
svnonyvms refer to the nominate form and are given by
Mertens and Wermuth (1960). A brief summary of
recent taxonomic changes since then is given below:

Mertens and Wermuth (1960) included 7. italicus as
asubspecies of T. vulgaris, despite the detailed and well
illustrated description given by Peracca (1898a.b) who
rightly considered this to be a good species. Mertens
and Wermuth's taxonomic view was followed by
Steward (1969) in his review of the Europcan Urodeles.
However Mancino (1961) provided strong evidence
that T.iralicus was a good species based upon his
hvbridisation experiments between T.iralicus and
T. vulgaris. This was supported by Thorn (1968) who
gave T.italicus species rank in his review of Triturus
and this has been followed by all more recent studies.

Thorn (1968)recognised all the presently subspecies
with the exception of T. v. schmidtlerorum (which had
not been decribedthen)and also 7. v. rataiensis (which
had only just been described by Dely in 1967). He also
included three other subspecies: T. v. schreiberi,
T.v. dalmaticus and T. v. horealis.

The situation regarding the Dalmatian coast
T.vulgaris subspecies remained confusing with five
subspecies having been described from this region of
Yugoslavia. This is especiallv evident when referring to
the descriptions given by Steward (1969) for
T.v. dalmaticus, T. v. graccus and T. v. schreiberi. The
differences he gives (based on the original descriptions)
are strikingly unconvincing. Schmidtler and Schmidtler
(1983) finally resolved the taxonomic status of these

forms by making a dctailed survev of the Adriatic
region. Theyv considered 7. v. schreiberi to be a
svnonvm of 7. v. vulzaris. which they found established
in the tvpe locality area. T. v. dalmaticus and
T. v.intermedia are considered to be forms collected in
the intergradation zone between T. v. vulgaris and
T.v. graccus. while T. v. romasinii is a svnonvm of
T. v. graccus (Schmidtler and Schmidtler 1983).

The latest subspecies to be described is
T.v. schmidtlerorum collected from Turkev (Rax-
worthy. 1988). It had been suspected earlier to descrve
subspecific status by both Eiselt (1966) and Schmidtler
and Schmidtler (1967). although this view was not
supported by Ozeti (1964). The subspecific name of
this subspecies has been changed from Trinurus vulgaris
schmidileri to Triturus vul garis schmidtlerorum. because
this subspecies was named after two people: J. J.
Schmidtler and J. F. Schmidtler and therefore the
original subspecific name was grammatically incorrect
(Raxworthyv. 1989).

A population of T. vulgaris discovered in the Sava
Vallev. north Yugoslavia. resembles the nominate
form but mav deserve subspecific status (Schmidtler
and Schmidtler 1983) following further studies. There
is also a possibility that specimens from the Danube
basin may also represent another new subspecics
(Schmidtler, pers. com.).

PROPOSED REVISION

Triturus vulgaris borealis Kauri 1959

T. v. borealis was recognised by its low crest, smaller
body spots, general marked ‘longitudinal ridges’ on
the back and in some specimens a thread like
appendage (Gilsén and Kauri 1959). The description



TRITURUS V'UILGARIS SUBSPECIES 483

was based on 11 males caught in Northern Sweden. |
have examined six specimens of 7. v. horealis kindly
loaned to me by J. Elmbergwhich were collected from
Stokiirret (Skelleftea). Alndon (Medelpad), Vindel-
gransele (Lykselle) and Strigstjirn (Sabrd). There is no
evidence of true dorso-lateral folds or a tail filament
(as defined by Raxworthy. 1988)and body pigmentation
does not differ significantly from the nominate form.
The crest however is slightly lower (mean = 1.4mm,
n = 6) than thatseenin good breeding condition males
from England (mean = 2.5mm, n = 19), although the
small sample size does not allow a firm conclusion to
be made on this. Kaurifound that this northernracceis
subject to a poor diet and has a shorter period of
activity than populations further South. Crest
development is known to be dependent upon tood
availability (Halliday, 1977) and therefore the slightly
lower crest seen in T. v. horealis might be due to local
environmental factors. Translocation experiments
would readily support or reject this hypothesis.
However based on the material examined I conclude
that these specimens bcelong to the nominate
subspecies.

Triturus vulgaris tataiensis Dely 1967

Dely (1967) described a pacdomorphic subspecics
T. v. tataiensis from Tata. Hungary. The adults had
external gills and the males had poorly developed
secondary sexual characters. This pacdomorphic
condition. which is seen in T. vulgaris is most suitably
be described as facultative partial neoteny (Raxworthy,
1989, in prep.). From the description of T. v. rataiensis
itis clear thatit is separated from the nominate form by
paedomorphicfeatures only. Paedomorphic specimens
examined during this study from Smilic. Yugoslavia,
show similar features. although theyv belong to the
nominate subspecies.

The paedomorphic and metamorphic condition
represent the two states of a polymorphism. The
phenotypic expression of the paedomorphic condition
is known to be affected by environmental conditions
(e.g. Gabrion, Sentein and Gabrion. 1977). since
paedomorphs usually undergo metamorphosis when
subject to laboratory conditions. The unstable nature
of the pacdomorphic condition and the fact thatitonly
represents a different morph within a population
invalidate the usc of this character being used in
taxonomic studies regarding the description of
subspecies. The paedomorphic T. v. vulgaris described
by Dely (1967) as T. v. rataiensis should therefore be
rejected unless other evidence can be produced which
demonstrated clear differences between this form and
the nominate subspecies.

Gislén and Kauri (1959) for similar reasons
questioned on what basic Radovanovic (1951a)

distinguished his new paedomorphic subspecies of

T. alpestris. They presumed it was because these
animals were permanently paedomorphic, although in
fact Radovanovic (1951b) himself reports that some
captive animals did undergo partial metamorphosis
before they died. Rocek (1974), Gabrion er al (1977)
and Breuil and Thuot (1983) all have considered

paedomorphosis to be an unreliable indicator of

subspecific status for Triturus newts, and Breuil and

Guillaume (1984) have found the electrophoretic
studies were unable to separate the metamorphic form
from the pacdomorphic form.

THE TRITURUS VUIL.GARIS SUBSPECIES

A total of seven subspecies are recognised in this
study. These are:
Trinurus vulgaris vulgaris (Linnacus 1758)
Triturus vulgaris meridionalis (Boulenger 1882)
Triturus vulgaries graccus (Wolterstorft 1905)
Triturus vulgaris lantzi (Wolterstortf 1914)
Triturus vulgaris ampelenis FF'uhn 1951
Triturus vulgarts kosswigi Freytag 1955
Triturus vulgaris schmidtlerorum Raxworthy 1988

A bricf description of the sceven recognised
subspecies is presented below. Because (ully developed
male sccondary scxual characters are used to
distinguish  subspecies.  only these features are
considered here. Body size is not a diagnostic feature of
subspecies (Raxworthy, 1988). Because of the well
known differences in body size between populations of
newts (Bell. 1966. Tucic and Kalezic. 1984, Clifford.
1986) body size is considered to be largely influenced
by local environmental factors.

Triturus vulgaris vulgaris (Linnacus 1758)
Common Smooth newt
The dorsal crest is high along the body (>1.0mm at
mid-body) and deeply notched by rounded denti-
culations. There is no tail filament, the tail usually
taperstoablunt end. Thereare no dorsal-lateral folds.
The body cross section is rounded. The toe flaps are
moderately or poorly developed. Fig. 2 and Fig. 8.

Triturus vulgaris meridionalis (Boulenger 1882)
Southern Smooth newt
The dorsal crest is low and smooth edged (<I.5mm
at mid-body). Thetail tapers to a fine point but there is
no tail filament. Weak dorso-lateral folds are present.
The body cross section is square-shaped dorsally. The
toe flaps are strongly developed. Fig. 3.

Triturus vulgaris graecus (Wolterstorff)
Balkan Smooth newt
The dorsal crest is low (<1.0mm at mid-body) and
smooth edged. The tail ends in a long filament. The
dorso-lateral folds are strongly developed and the
body cross section square-shaped dorsally. The toe
flaps are strongly developed. The lower margin of the
tail fin is usually unspotted. The belly has many small
spots. Fig. 4.

Triturus vulgaris lantzi (Wolterstorff 1914)
Lantz’s Smooth newt
The dorsal crest is of medium height (>1.0mm at
mid-body) and denticulated by almost spine shaped
serrations. The tail gradually tapers to a long fine
thread (but there is no tail filament as defined by
Raxworthy, 1988). No dorso-lateral folds. The body
cross section is slightly square-shaped dorsally. The
toe flaps are moderately well-developed. Fig. 5.
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Fig. 2 T. v. vulzaris. Oxford. England. (T. R. Halliday).

Fig. 3 T. v. meridionalis. Torino. Italy. (C. I. Raxworthy).
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Fig. 4 T v. graccus. Vilusi, Yugoslavia. (C. 0. Raxworthy).

Fig. S T v. Jantzi. Thilisi. U.S.S.R. (B. Ardabyevski).
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Fig. 6 T.v. ampelensis. Valea Dosului, Rumania. (D. Cogalniceanu).

Wi,

Fig. 7 T. v. kosswigi. Adapazari. Turkey. (C. J. Raxworthy).
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Fig. & 70 v sehmidilerorum. Karvacabey. Turkev. (C. L Raxworthy).

% % RN 5 B W T

Fig. 9 Top: 7. v.vulgaris. Milton Keynes. England. Bottom: T. v. schmidilerorium. Karacabey. Turkey. (C. J. Raxworthy).
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Triturus vulgaris ampelensis (Fuhn 1951)
Apuseni Smooth newt

The dorsal crest is of medium height (>1.0mm at
mid-body) and weakly denticulated by rounded
serrations. The tail gradually tapers to a fine thread
(but there is no tail filament). There are no dorso-
lateral folds. The body cross section is slightly square
dorsally. The toe flaps are large and well developed.
Fig. 6.

Triturus vulgaris kosswigi (Freytag 1955)
Kosswig’s Smooth newt
The dorsal crest is smooth edged and very low on the
body (<1.0mm at mid-body) but high at the basal area
of the tail. The tail ends in a long tail filament. There
are strongly developed dorso-lateral folds and the
body cross section is square-shaped dorsally. The toe
flaps are broad and very well developed. Fig. 7.

Triturus vulgaris schmidtlerorum (Raxworthy 1988)
Schmidtler’s Smooth newt

The dorsal crest is of medium height (>2.0mm at
mid-body) and denticulated by almost spine shaped
serrations. The tail gradually tapers to an elongated
point (but notail filament). Thercare no dorsal-lateral
folds but the body is slightly square-shaped dorsally.
The tow flaps are only very weakly developed. Fig. 8
and Fig. 9.

Fig. 10 shows the geographical distribution of each
subspecies based on the distribution information given
by Schmidtler and Schmidtler (1967, 1983), Kalezi¢
(1983), Sparrcboom and Arntzen (1987) and Tark-

hnishvili (pers. comm.). A very similar distribution
map is given by Macgregor. Sessions and Arntzen (in

prep.).

AN IDENTIFICATION KEY

This key willonlyidentifvaquatic males which arcin
full reproductive condition. It is preferable that
material examined should not have been kept in
captivity for more than 48 hours prior to examination
since important diagnosticcharacterssuch as toe flaps
and crest denticulations may start to regress quickly
under some conditions. The features used in this key
can all be cxamined readily on live unrestrained
aquatic animals, but the key works equally well with
museum material provided that the secondary sexual
characters are fully developed. This can be determined
by examination of the crest and toe flaps. In all
subspecies, one of thesc characters is alwayvs well
developed for animals in full breeding condition.
Occasionally animals may have suffered natural
damage to the tail tip. Under these circumstances it is
best to avoid using the tail tip features in the keyv.

1 Thecrestis obviously denticulated along the body.

Fig. I1(a.b). 2
The crest is approximately smooth edged along its
entire length. Fig. T'1(c). 4

[89]

The tail tip gradually tapers to a fine point.
frequently with a verv fine threcad like end.
Fig. 11(d). The body cross section isslightly squares

vulgaris
m meridionalis
ampelensis
E graecus
schmidtlerorum

\“III kosswigi
m lantzi

Fig. 10 The subspecies distribution of T. vulgaris.
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shaped dorsally, Fig. 11(j). The crest denticulations

may be pointed. Fig. 1l(a), or rounded,
Fig. 11(b). 3
The tail tip usually tapers gradually to a blunt point,
Fig. 11(e). The body cross scction is rounded in the
dorso-lateral region, Fig. 11(i). The crest denti-
culations are rounded, Fig. 11(b). T. v. vulgaris

The toe flaps are not obvious, Fig. 11(g). The crest
denticulations are almost pointed and extend onto
the tail past the cloaca. Fig. 11(a).
T. v. schmidilerorum
The toe flaps can be seen easily, Fig. 11(h). The
denticulations may be rounded or pointed and
extend onto the tail past the cloaca. T.v. lantzi
The toe flaps are large and very obvious, Fig. 11(h).
Thecrest denticulations are rounded Fig. 11(b)and
usually do not extend on to the tail past the cloaca.
T. v. ampelensis

The tail tip ends in a long tail filament which is
devoid of tail fin and shows a distinct transition
from the rest of the tail, Fig. 11(f). There are
obvious well developed dorso-lateral folds on the
body, Fig. T1(k). S5
The tail tip tapers gradually to a fine point,showing
no distinct transition from the rest of the tail,
Fig. 11(d). Dorso-lateral folds may be present,
Fig. 11(k) or absent, Fig. 11(j). 6

No large dark spots tvpically touch the lower tail fin
margin and the pale pelvic line is usually very
obvious, Fig. 11(1). Only small spots on the belly
(<1.5mm dia.) T. v. graecus
Large dark spots typically touch the lower tail fin
margin and the pale pelvic line is absent or very

poorly developed. Fig. 11(m). Usually a few large
spots on the belly (>1.5mm dial). 70 v kosswigi

6 The crest is alwayvs smooth edged. There are weak
dorso-lateral folds on the body. 7. v. meridionalis
The crestmay be weakly denticulated. There are no
dorso-lateral folds on the body although this is
slightly square shaped dorsally. 7% v ampelensis

DISCUSSION

PHYLOGENETIC ASPECTS

The two most closely related species to 77 vulgaris
are T helveticus and T. montandoni. The three species
form their own monophyvletic group (Rafinski and
Arntzen. 1987. Arntzen and Sparreboom. 1987,
Macgregor et al. in prep.). Hybridisation studies
(Macgregor er al. in prep.). cvtological evidence
(Ragghianti. Bucci-Innocent and Mancino, 1978) and
clectrophoretic evidence (Rafinski and Arntzen, 1987)
all indicate that 7. vulgaris is most closely related to
T. monrandoni. Sympatric populations are known in
Central Europe and natural hvbrids have been
reported which may be common in some populations
(Hofmann. 1908, Gever, 1953, Fuhn, Sova and
Dumitrescu. 1975, Pecio and Rafinski, 1985).

Within  T.vulgaris two main  groups can be
recognised (Raxworthy. 1989). The *graccus’ group is
comprised of T.v. graecus and T.v. kosswigi. The
‘vulgaris’ groupis comprised of T v. vulgaris, T. v. lantzi
and T. v. schmidtlerorum. T. v. meridionalis and
T.v.ampelensis represent intermediate forms, with
stronger affinities to the ‘graccus’ group for
T. v. meridionalis, and stronger ‘vulgaris® affinities for
T.v. ampelensis. Outgroup comparison suggests that
the ‘graecus’ group represents the ancestral state, while
the ‘vulgaris’ group subspecies show more derived
characters (Raxworthy, 1989, in prep.). Subspeciation
of T. vulgaris appcars to have occurred in the
Pleistocene, when populations during glacial periods
became fragmented and isolated into small refuges
areas. It is suggested that in allopatry these forms
cvolved independently, and that subspecific fusion was
limited to secondary contact zones only (Raxworthy,
1989. in prep.).

THe: SUBSPECTES CONCEPT

Taxonomists have always considered it useful and
practical to use subspecific names to draw attention to
interesting regional variation (Amadon and Short,
1976), and in the case of T.vulgaris, this species
exhibits clear racial differences which can be
conveniently labelled using the subspecies nomen-
clature. However the subspecies concept has been
frequently criticised, with for example Wilson and
Brown (1953) arguing that the subspecies is so
arbitrary a concept that it should be abandoned.

Regarding the situation seen in the 7. vulgaris
subspecies, all subspecies are defined, based on the
development of morphological male secondary sexual
characters, which are stable outside hvbrid zones
(Schmidtler and Schmidtler, 1983). These morpho-
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logical characters do notshow independent patterns of
distribution and therefore this Ieads to the recognition
of clearly defined (and non arbitrary) subspecific taxa.
By use of such characters subspecies boundaries
become real biological concepts represented
by intergradation zones which can be readily
identified (Fig. 12). The T. alpestris subspecies also
appear to show non-independent geographical
variation for both morphological and electrophoretic
characters. Arano (1988) has found that most of the
T. alpestris subspecies (described using morphological
criteria) are supported by electrophoretic patterns of
variability and the Yugoslavian T. vu/garis subspecies
have also been supported by clectrophoretic evidence
(Kalezi¢, 1984).

a) clinal variation

distance transect

subspecies A

b) subspecific variation

)
i)
2
c)
S
2
%
2
%
©

subspecies B

distance transect

Fig. 12 The difference between clinal variation and
subspecific variation.

The subspecific phvlogenies of T.vulgaris and
T. alpestris show a surprising level of biogeographical
congruence. based on completelv different tvpes of
data: morphological and courtship behaviour for
T.vulgaris (Raxworthy. 1989) and electrophoretic
evidence for T. alpestris (Arano and Arntzen, 1987,
Arano. 1988). Both phvlogenies have ancestral Balkan
subspecies and a more derived lineage givingrise to the
[talien and widespread Central European subspecies
(Arntzen and Raxworthy. in prep.). The T. vulgaris
subspecies appear to have arisen as a direct
consequence of climatic changes in the Pleistocene.
The glacial refugia identified by tree pollen analvsis by

Huntlev and Birks (1983) shows close correlations with
the centres of current subspecies distributions of
T. vulgaris subspecies  (Raxworthy. 1989). It is
therefore possible to propose the appropriate refugia
where most subspecies were confined during at least
the last glacial period.

The biogeographical congruence of subspecific
phvlogenies, the congruence of different taxonomic
datasctsand the correlation of subspecies distributions
with glacial refugia provide strong evidence that these
subspecics represent valid biological entities. Therefore
I conclude that these subspecies are not arbitrary
concepts. but rather represent real non-independent
patterns of geographical variation.

SUBSPECIES OR SPECIES?

Is it appropriate to consider raising the taxonomic
status of the 7. vu/garis subspecics to the specices level?
Biological species arc defined by Mavr (1942) as
‘groups of actually or potentially interbreeding natural
populations which are reproductively isolated from
other such groups’.

Natural hyvbridisation is usually rare between
Trirurus  species  (the exception being between
T. montandoni and T. vulgaris. and T. cristaus and
T. marmorarus).  When hvbridisation is induced
artificially in the laboratory. post-zvgotic isolation
mechanisms always result in unfit hvbrids. ¢.g. between
T. marmoratus and T. cristarus (Lantz. 1947). T. vulearis
and T. helvericus (Scali and Mancino. 1968) and the
T. cristarus superspecies (Callan and Spurwayv. 1951,
Wallis and Arntzen. 1989). In all these cases post-
zvgotic isolating mechanisms prevent genetic fusion
and are therefore contribute to the reproductive
isolation of each species. Gever (1953) however has
reported viable hvbrid T. vu/garis-montandoni in the
first and second generation. Although wild T. vulearis
X montandoni hybrids are well known (sce carlier).
recent studies have found mutually exclusive parapatric
distribution patterns between these two species
(Rafinski pers. comm.. in Arntzen and Sparreboom
submitted). Evidence for ccological and cthological
pre-mating isolation mechanisms have been found in
some species (Halliday. 1977, Arntzen. 1986) which
would prevent gene flow between species.

Only a very limited amount of work has been
undertaken concerning hvbridisation experiments
between the 7. vu/garis subspecies. Lantz (1947) noted
that intra-specific crosses between various subspecies
of T.vulgaris were obtained without difficulty. vielding
offspring which are normal in everv respect.
Observations made during this study found both
reciprocal mixed pairs of 7. v. wvulgaris and
T. v.meridionalis showed successful courtship with
sperm transfer.

T. vulgaris subspecific intergradation zones have
now been recognised and described throughout much
of Europe. Intergradation zones have been found in:
Yugoslavia: T. v. vulgaris x T. v. meridionalis and
T.v.vulearisx T. v. graecus (Schmidtler and Schmidtler,
1983). Rumania: T. v. wvulgaris x T. v. ampelensis
Cogalniceanu pers.comm.)and in Turkey T. v. vulgaris
and T. v. kosswigi (Tabrizi, 1980).
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The size of some of these intergradation zones (up to
160km in length along the Dalmatian coast) and the
reported normal fitness of hvbrids do not provide any
evidence of reproductive isolation between  these
subspecies. There is obvious gene tlow occurring at
these secondary contact zones. although subspecitic
fusion may be veryslow ifmigration is low and there is
some degree  of subspecific  assortative  mating
(Raxworthy, 1989). Clearly. there can be no question
of raising these taxonomic units to species rank based
on the biological species concept.

ACKNOWLEDGEMENTS
! should like to thank all the following colleagues
who have contributed information and advice. In
particular I should like to mention Begona Arano. Pim
Arntzen. Franco Andreone. Nick Arnold. John Baker.
Terry Burke. Barry Clarke. Dan Cogalniceanu. Johan
Elmberg. Cristina Giacoma, Richard Griffiths, Tim
Hallidayv. Lottic Hosic. Milos  Kalezic, Herbert
Macgregor, Giorgio Malacarne. Giorgio Mancino,
Phil McGowan. Jan Rafinski. Julie Roberts. Joseph
Schmidtler. Max Sparrcboom. David Tarkhnishvili,
Paul Verrell and Robert Vignali. This study was
supervised by Tim Halliday and funded by the Science
and Engineering Research Council. 1 am grateful to
Pim Arntzen and Joseph  Schmidtler for their
comments on an carlier version of this work.

REFERENCES

Amadon. D.and Short. L. L. (1976). Treatment of subspecies
approaching the species status. Syse. Zool. 25, (2).
161-167.

Arano. B. (1988). Aspectos filogenceticos del genero Triturus
con especial consideracion a la evolucion del complejo
Triturus alpestris. PhD Thesis. Madrid. Departamento
de Zoologia. Museo Nacional de Ciencias Bioldgicas.

Arano. B.and Arntzen. 1. W (1987). Genetie differentiation

in the Alpine newt Triturus alpesiris. In Proceedings of

the fourth Ordinary General Mecetine of the Societas
Fuopaca Herpetologica. 212240 van Gelder. 10 T
Strijbosch. H. and Bergers. Pl M. (Eds). Nijmegen.
Faculty of Sciences. Nijmegen.

Arntzen. J. W, (1986). Notes sur la coexistence d'espece
sympatrique de tritons dugenre Triturus. Bull. Soc.
Flerp. France. 37. 1-8.

Arntzen. I, W.and Sparrchoom. M. (1987). The use of bio-
chemical and behavioural data for the phylogeny of
Old World newts. genus Trinrus. In Proceedings of the
fourth Ordinary General Meeting of the Societas Fuopaca
Herpetologica. 25-28. van Gelder. . 0. Strijbosch. H.
and Bergers. PoJ0 Mo (Eds). Nigmegen. Faculty of
Sciences. Nijmegen.

Bell. G. A. C. (1966). The size of a series of Leicestershire
newts. Brir. J. Herp. 3.279-284.

Boulenger. G. A. (1882). Catalogucof the Batrachia Gradientia
s. Caudara and Barrachia Apodain the collection of the
British - Musceum. Second Edition. London. British
Muscum.

Breuil. M. and Guillaume. C. P. (1984). Etwude electro-
phoretique de quelques population de Tritons alpestres
neoténiques (Tritrus alpestris. Amphibia. Caudata.

Salamandriadae) du sud de Ta Yougostavie. Bull. Soc.
Zool. I'r. 109 (4), 377-389.

Breuil. Moand Thuoto ML (1983), Etho-ccology of neotenie
alpine  newt  (Tritrus alpesiris — montenegrinus
Radovanovie, 1951 in lake Bukumir (Montenegro.
Yugoshavia): Examination ol take communities features
and proposal of an ecological determination for neoteny.
Glas. Republ. Zavoda  Zagst. Priode  Prirodnjackog
Muczeia. Titogradu. 16, 85-96.

Callan. H Gooand Spurway, FL (195D A study of meiosis in
inter mediate hvbrids ol the newt Trinrus cristatus.
Journal of Geneties. 50, 235-249.

Clifford. T. (1986). Notes on the morphometries and spot
patterns of female Smooth newts (Trinrus vl caris) at
coastal site in Lincolnshire. Herpetological 1.1, 93-96.

Delve O0 G (1967). Neuere Angaben zur Kenntnis des
Neotenischen  Teichmolehes  (Triturus vulearis 1.).
Acta ool hung. 13 (3-4), 253-270.

Dunn. RO (1918). The collection of Amphibia Caudata
of the Muscum of Comparative Zoology. Bull. Mus.
comp. Zool. Harv. 62 (9). 445-471.

Eiselt. J. (1966). Ergebhnisse zoologischer sammelreisen in
der Tirkeir: Amphibia Caudata. Aanl. narrh. Mus.
Wien. 69, 427-445.

Frevtag. G EC(1955). Ein ncuer Teichmoleh aus der Tirkel.
Zool. Anz. 154, 195-200.

FFubn, 10 EC (1951, Conributiuni Ta sistematica salamaz-
drelor din republica populara Romanana 1. Stadiul
catorva populatii de Trinerus vulgaris. 1.0 Buletin sti,
Acad. Repub. pop. rom. Ser. geol. geog. biol. st. 1eh. ag.
Secr. St biol: agron. geol. seoe. 3 (3)501-512.

Fuhn, [ E.o Sova, Cooand Dumitrescu. M. (1975). Une
population  hybridogéne  Trimrus v vulearis X
T montandoni- Boul. du lac Crauele (Mts. Nemira,
Depart. Bacauw). Swd. Com. Mus. Stint. Namr. Bar. 8,
225-230.

Gabrion. I Sentetn. P, and Gabrion. C. (1977). les
populations neotenique  de Triturus helvericus  des
causses ¢t du o bas-languedoc 1. Repartition et
characteriques. Terre Vie 31, 489-508,

Gever. H. (1953). Uber Bastarde zwischen Karpatenmolch
(Tritwrus montandoni) und Teichmolch (Trinrus vul garis
vulearis)y und thre Fi.-Nachkommen. Min. Narrk.
oraeesch. Mus. Kult.-Geseh. Maadeb. 3, 185-195.

Gislen. T.and Kaurt, HL(1959). Zoogeograpiw of the Swedish
amphibians and reptiles with notes on their growth and
ceology. Adcta Verr. 1(3).196-397.

Griffiths, Ro A and Mylotte. Vo 1L (1989). Observations on
the development of secondary sexual characters of male
newts Triturus val caris and Triturus helevericus. J. Herp.
22, 476-480.

Halliday. T. R.(1977). The courtship of European newts. An
evolutionary perspective. In The Reproductive biology
of amphibians. 185-232. Tavlor. D. H. and Guttman
(Eds). New York. Plenum Press.

Hofmann. Q. (1908). Uber Triton Montandoni Blg. in Galizien.
Wschr. Aquar. - u. Terrarienk. 1908, 65-66.

Huntlev. B. and Birks. H. J. B. (1983). An Atlas of past and
present pollen - maps for Furope: 0-130000 yvears ago.
Cambridge. Cambridge University Press.

Kalezic. M. L. (1983). Geographical aspects of genetic
variability in the Smooth newt (Triturus vulgaris).
Cienetika 15 (1), 93-103.

Kalezic. M. L. (1984). Evolutionary divergences in the
Smooth  newt  Tritwrus  vulearis  (Urodela.  Sala-
mandridae):  clectrophoretic  evidence.  Amphibia-
Reptilia 5, 221-230).



492 C. 1. RAXWORTHY

Kolombatovic. G. (1907). Contribuzioni alla fauna dci
vertebrati della Dalmazia. Glasn hrv. narodost. Drust.

19, 1-24.

Lantz. L. A_(1947). Hybrids between Trinerus eristarus Laur.
and Triturus marmorais Latr. Proc. Zool. Soc. Lond.
117, 247-258.

Linnacus. C.(1758). Svstemanaturae perregna tria natrae 10).
Stockholm.

Mancino. G. (1961). Anomalic mciotiche nella spermato-
genesi dell” ibrido Trinveus iralicus female x Triturus
vulearis male. Boll. Zool. 28, 691-701.

Mavr. E. (1942). Svsiemaries and the origin of species. New
York. Columbia University Press.

Mavr. E. (1963). Animal species and evolution. Cambridge.
Mass.: Belknapp Press.

Méhely. .. (1905). Dic herpetologischen Verhiiltnisse des
Mecsek-Gebirges und der Kapela. Ann. Mus. Nar. Hung.
3, 256-273.

Mertens. Roand Wermuth, H. (1960). Diec Amphibien und
Reptilien Furopas 3. Senchenbera. biol: 38, 1-264.
Ozeti. N. (1964). [Studies on the morphology. taxonomic
position. scasonal activity and thermotaxis behaviour of
Triturus vulgaris (Linnacus) in the Acgean region.|
Sci. Rep. Fuc. Sci., Fge Univ. No. 15 1-49. [in Turkish

with English summary|

Pecio. AL and Rafinski. . (1985). Sexual behaviour of the
Montandon’s newt Tritrus montandoni (Boulenger)
(Caudata. Salamandridace). Amphibia-Reptilia 6, 11-22.

Peracca. M. G (1898a). Descrizionine di una nuova specie di
Tritone Itahano. Boll. Musei. Zool. Anar. comp. R. Univ.
Torino. 13 (317). 1-6.

Peracca. M. G. (1898b). Note on an ltalian newt. VMolue
italica. Proc. Zool. Soc. ond. (1898). 482-487.

Radovanovic. M. (1951a). Fodozemeii gmizavei nase zemlje.
Srpsko biolosko drustro. Beograd. Nanena Kmjiga.

Radovanovic. M. (1951b). A new race of Alpine newt from
Yugoslavia. Brit. 1. Herp. 1 (5). 93-97.

Rafinski. J. and Arntzen. 1. W, (1987). Biochemical aspects
of the Old World newts. genus Triturus. Isozyme data.
Herperologica 43 (4). 446-457.

Ragghianti. M., Bucci-Innocent. S and Mancino. G. (1978).
Karvology of the Carpathian newt Triturus montandoni
and cvtotaxomic considerations on the species group
T. vulgaris (Urodela: Salamandridae). Carvologia 31(2).
243-256.

Raxworthv. C. .1 (1988). A description and study of a new
dwarf sub-species of Smooth newt Tritirus vul zaris
from Western Anatoha. Turkeyv. /. Zool. Lond. 215,
753-763.

Raxworthy. C. 1. (1989). The subspecific evolution of court-
ship behaviour and sexual dimorphism in the Smooth
newt Trinous vulgaris. PhD) Thesis. Milton Kevnes. The
Open University.

Rocek. Z. (1974). Biometrical investigations of central
European populations of the alpine newt Tritirus
alpestrisalpestris (Laurenti, 1768). (Amphibia: Urodela).
Acta Univ. Carol. Biol. 1972, 295-373.

Scali. V. and Mancmo. G. (1968). Observazioni sulla
spermatogencesi di ibridi poliploidi Tritrus helvericis
vl caris temale x T vulearis male. Memorie Arti. Soc.
tosc. Sci. nat. 75, 8-18.

Schmidtler. 1. 1 and Schmidter. 1. . (1967). Uber die
Verbreitung der Molchgattung Trimrus in Kleinasien.
Salamandra 3. 15-36.

Schmidtler. 1. and Schmidtler. (1L 17 (1983). Verbreitung.
Okologie und inncrartliche Gliederung von Trirurus
vilgaris in den adriastischen Kiistengebieten. Spiviana
6 (3).229-249.

Sparreboom. M. and Arntzen. P.(1987). ("ber dic Amphibicen
in der Umgebung von Adapazari. Turkei. /erpetofanna
9 (50). 27-34.

Steinitz. H. (1965). Trinrus virares (Jenvns), geographic
distribution and taxonomic subdivision. /srael 1. Zool.
14, 234-240.

Steward. J W, (1969). The railed amphibians of Furope.
Newton Abbot. David and Charles.

Tabrizi. F. H. (1980). [On some new material of Tritruys
vulgaris (1) from the arca between Abant (Bolu) and
Bosphorusin NW Anatolia| Ege Univ. Fen. Fak. Der. (B).
4. 115-140. [in Turkish with English summary].

Thorn. R. (1968). Leys salamandres d'Furope. dAsie et
d"Afrigue du Nord. Paris. Lechavalier.

Tucic. N.and Kalezie. M. 1. (1984). Morphological variation
within and among populations of the Smooth newt.
Tritrus vul garis. Biosistematika 10 (1), 45-58.

Verrell. Po AL Hallidav. T. R and Griffiths, M. (1986). The
annual reproductive evele of the South newt (Triturus
vilgarisy in England. 1. Zool. Lond. 210, 101-119.

Wallis. G. P.and Arntzen. W (1989). Mitochondrial DN A
variation in the Crested newt superspecies: limited
cytoplasmic genetlow among species. Evolution 43 (1).
88-104.

Wilson. O. E. and Brown., W. L. (1953). The subspecies
concept and its taxonomic implications. Svyr. Zool. 2,
97-111.

Wolsterstorft. W. (1905). Uber Triton vulgaris. 1. subsp.
araccaWolt, n. subsp. Zool. Anz. 29 (5). 137-139.

Wolterstorff,  W. (1907). Uber ncue  Tritonenformen
Osterreichs, insbesondere Triton (vMolee)  vul caris
subsp. typica forma KNammereri n.f. Zool. Anz. 31,
310-216.

Wolsterstorff. W, (1908).  Ein ncue  Tritonenformen
Dalmatiens. Wsehr. Aquur.- w. Terrarienk. 5, 23,

Wolsterstorff, W. (1914). Zwei neue Tritonenformen der
paliarktischen region, Ab/i Ber. Mus. Natwrk. VVorgesch.
Magdeh. 2 (4. 371-38 1



