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R EV I EW: 
A R EV I E W  OF THE SMOOTH N EWT ( TRITURUS VULGA RIS) SUBSPECI ES ,  

I NC L UD I N G  A N  I D E NTIFI CATI O N  KEY 

C. J. R..\.'\ WO RTllY 

/)ep11rt111c111 of liiolog1·. The Open l 111ireni1r .. \/i/1011 f.:1Tlll''" ,\/A" 7 li.-1.·f. 1:"11g!ru11/. 

(·ll"Cl'f'/er/ /8.8.89) 

A BSTR A CT 

A taxonomic rev1s1on of the Smooth Newt. Tri111rns l'lllgaris leads to the recognition or seven subspecies: 
T. 11• l'lllgaris. T. 1•. 111cridio11alis. T. r. grncc11s. T. 1·. /ant::i. T. 1•. a11111c/c11sis. T. 1'. kos.1·11·igi and T. 1·. sc/1111id1/cmm111 .  
T. 1•. horcalis and T .  1•. tataicnsi.1 arc considered t o  b e  synonvms o f  T. r .  rnlgaris. A n identification kev and upd;1tcd 
dist ri but ion map is prnvicled These subspecies a re rccogn is eel bv cha r;1cters which reprcsen t non-independent 
p;1ttcrns of r;1cial 1·;1riation. prolx1hh· produced as a dirL'Ct consequence of :1llnp;1tric divergence in isolated ghc ia l 
rcfugia. Based nn the biological -;peciL'S concept there can be no _just ification in raising these t;1.xonnmic units tn 
species r;1nk. 

I NTRODUCTION 

The recognition of subspecies has ahv;1ys been 
considered to be of importance to taxonomists 

working on European Salamanclricls. Many species 
show clear racial differences between geographical 
areas, particularly wi th in  the genus Trit11rns (see 
Thorn. 1 968) .  At present there arc over 30 described 
subspecies of European newts. a l though this will 
certai nly be reduced fo l lowing a fu l l  rev is ion of the 
group. The Smooth newt Tri111ms l'lllgaris 1 s 
except ional among the Trit11rns species in that the 
degree of secondary sexual character variat ion seen 
between subspecies is far greater than that found in  the 
other 1 1  species . This  has resu l t ed i n  the descr ipt ion of  
many T. vu/garis subspecies and. in the pas t .  some 
considerable taxonomic confus ion .  

The a ims of th i s  paper are to  review and revise the 
subspecific taxonomy of the Smooth newt ,  Tri111rns 
v11/gari 1, and discuss the values and applica t ions of the 
subspecies concept .  This  taxonomic study represents 
part uf a more detailed comparat ive invest igat ion of 
the subspecific evolut ion of cour tsh ip behaviour and 
seconda ry sexual characters in the Smooth Newt 
( Raxworthy , 1 989 and in prep . ) . 

A H ISTOR ICAL  SUMMARY 

The original descriptions of the T. vulgaris subspecies 
were based on museum mater ia l  which was considered 
to show s ign ificant va riat ion between different 
geograph ical populat ions .  Usually ma terial was 
availab le  to  museum taxonom ists in only very small 
samples ,  and th i s  has somet imes resulted i n  subspecies 
having been described based on ins ignifican t  varia t ion . 
Male secondary sexual characters have been used 
extens ive ly to  recognise racial varia t ion ,  i ndeed most 
racial varia t ion i s  rest ricted to these characters in 
T. vu!garis. These secondary sexual characters include 
the crest ,  t a i l  t ip ,  toe flaps,  body cross sect ion ,  clorso-

lateral folds and pigmentation ol" the male (f'ig. 1 ) . 
However all these features only fully develop during 
the breeding season when newts arc aq uat ic . Unless 
ful l y  developed thev are of little taxonomic value. This  
problem is discussed by Steinitz ( 1 965) in relation to 
T. vi1 1a1 11s t<1xonomy.  He found that only two of the 
five described subspecies were i n  fact valid and blamed 
earl ier  workers for using small samples and animals 
which were clearly out of full breeding condit ion .  
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Secondary sexual characters such as the crest .  toe 
flaps and ta i l  fi lament may all regress over a mat ter of 
clays i f  an imals are kept under s tressful condi t ions or 
starved. Also, these cha racters are not fully developed 
at the very start and end of the  aquat ic  breeding period 
(Verrell , Halliday and Griffi ths ,  1 986; Griffi ths and 
Mylotte ,  1 989) .  

T. v11/garis was original ly described by L i nnaeus in 
1 758 wh ich he  p laced i n  the genus Laccrta with the 
European l i za rds . H is form became the fi rst nominal 
subspecies upon the discovery more than one hundred 
and t wenty years later of the next subspecies, 
T. v. meridiona/is which was described by Boulenger 
( 1 882) . At around the turn of the century many more 
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SUBSPECIES ORIGIN/\L NAME 1\1 D SYNONYMS 

Trir11rus l'lllgari.1· l'lllgaris l.accrra l'lllgaris (Linnaeus 1758) 
Triton 1•11/garis subsp. lrf1ica forma Ka111111crcri (Woltcrstorff 1907) 
Tri1011 l'lllgaris forma Schreihffi (Woltcrstorff 1914) 
Tri 111rus 1'11/garis horca/is Ka u ri 1959 
Trifllru.1· rn/garis tataimsis Dclv 1967 

Tritums rn/garis 111cridio11a/is Molgc 1•11/garis s uhsp. 111cridio11a/is (Boulen!!cr I 882) 
.\fo/gc \'11/garis subsp. kaf1clrma (Mchclv 1905) 
Mo/gc \'11/garis Bo11/c11gcri (Dunn 1918) 

Trirur11s \'11/garis graccus Tri1011 \'11/garis suhsp. gracca (Woltcrstorff 1905) 
Tri ton \'11/garis subsp. gracca form a 1·orcrre11si.1· ( \Voltc-r'1or!T 1908) 
Tritm1 1•11/gari.1 subsp. gracca forma Tonl!lsinii (vVtJltcrstorll 1908) 

1-fvhricl T r. rnlgaris x T I'. gmcrn.1 Tri1011 l'lllgaris subsp. dal111!111tirn (Kolomb;1tm ic 1907) 
Tri1011 l'lllgaris suhsp. i111cm1edia (Kolomh;1to1·ic: 1907) 

Tri111rus 1•u/gari.1· /a111::i Tri111rus ru/gari.1 subsp. npica forma f_11111::i (Woltcrstor!T 1914) 

Tri111rus rnlgaris !llllfl!'lcnsis Tri111rus rn/garis (/lllf'C/c11.1is ruhn 1951 
Tritums rnlgaris rnlgaris (;1111pclcnsis-form) Ful111 a n d  frc·1·tag 1952 

Tri111rus rn/garis kos.1·11·igi Trifllru.1· l'lllgari.1 ko.l.l'll'igi rrcytag 1955 

Tri111rus l'u/garis sclu11id1/craru111 Triturus 1·11/garis sc/1111id1/eri R a x ll'ort hv 1988 

TABLE I: Original subspecific na mes  a n d  post-1882 svnonvms of T 1·11/garis. 

subspecies were described. The most prol ific taxonomist 
of  this t i me was Wolterstorff who described i n  al l  a 
total  of five forms. al though only two are s t i l l  
recognised.  The post- 1 882 synonyms are  g iven on 
Table I for a l l  recognised subspecies. Al l  earl ier 
synonyms refer to the nominate form and a re g iven by 
Mertens and Wermuth ( 1960) .  A brief summary of 
recen t  t a xonomic changes s ince then is given below: 

Mertens and Wermuth ( 1 960) i ncl uded T. ita!iC11s as 
a subspecies of T. vulgaris, despite the deta i led and wel l 
i l l us t rated descript ion given by Peracca ( 1 898a,b) who 
righ t l y  considered this to be a good species. Mertens 
and Wermuth 's taxonomic view was fol lowed by 
Steward ( 1 969) in his review of the European Urodeles. 
However Mancino ( 1 96 1 )  provided strong evidence 
that T. ita!irns was a good species based upon h is 
hybridisat ion exper iments between T. ita!iC1 1s and 
T. vu!garis. This was supported by Thorn ( 1 968)  who 
gave T. italicus species rank i n  h i s  review of Tri/llrus 
and th i s  has been fo l lowed by a l l  mo re recent s tud ies. 

Thorn ( 1 968) recognised al l the present ly  subspecies 
wi th  the  except ion of T. v. schmidt/crorum (wh ich had 
not  been decribed t hen ) and a lso T. v.  tataiensis (which 
had only just been described by Dely i n  1 967) .  He also 
i nc luded three other subspecies :  T. v.  schreiberi. 
T. v. dalmaticus and T. v. borea!is. 

The s i tuat ion regardi ng the  Dalmat ian coast 
T. vu/garis subspecies remained confusing with five 
subspecies having been described from th i s  region of 
Yugos lav ia .  This is especia l ly  evident when referring to 
the descr ipt ions given by Steward ( 1 969) for 
T. 11• dalmaticus,T v. graeC11s and T. v. schreihcri. The 
d i fferences he g ives (based on the original descript ions) 
are str ik i ngly unconvinci ng. Schm idt ler and Schmidt ler 
( 1 983) fina l l y  resolved the  taxonomic status of these 

forms by mak ing a deta i led survey of the Adriat ic 
region .  They considered T. v.  schreiberi to be a 
synonym of T.v. vu!garis, which they found establ ished 
in the type loca l i ty  area. T. v. da/maticus and 
T. l'. inll'rmedia are considered to be forms col lected in 
the in tergradat ion zone between T. v.  vulgaris and 
T.v. graecus. wh i le T. v.  romasinii i s  a synonym of 
T.v. graecus (Schm idt ler and Schmidt ler 1 983) .  

The lat est subspecies to  be described is  
T. l'. schmidtll'rorum col lected from Turkey ( Rax­
worthy. 1 98 8) .  It had been suspected earl ier to deserve 
subspecifi c  status by both Eiselt ( 1 966) and Schmidt ler 
and Schm idt ler ( 1 967) ,  a l though t h is view was not 
supported by Ozet i  ( 1 964). The subspecific name of 
th i s  subspecies has been changed from Trirurus vulgaris 
schmid1 frri to Triturus vu!garis schmidtlerorum. because 
th is subspecies was named after two people :  J. J. 
Schmidt ler  and J. F. Schmidt ler and therefore the 
orig inal subspeci fic name was grammatical ly i ncorrect 
( Raxworthy .  1 989). 

A populat ion of T. vu/garis discovered in the Sava 
Va l ley. north Yugoslavia ,  resembles the nominate 
form but  may deserve subspecifi c  status (Schm idt ler 
and Schm idt ler 1 983) fol lowing further studies .  There 
is also a possib i l i ty  that specimens from the Danube 
basi n  may also represen t  another new subspecies 
(Schmidt ler ,  pers. corn . ) .  

P ROPOSED R EVIS ION 

Trirurus vulgaris borealis Kaur i  1 959 
T. \'. horea!is was recognised by i t s  l ow cres t ,  sma l ler 

body spots, general marked ' longi tudina l  r idges' on 
the  back and i n  some spec imens  a th read l ike 
appendage (G i lsen and K au ri 1 959) .  The descr ipt ion 
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was based on 1 1  males caught i n  Northern Sweden .  I 
have examined s i x  specimens of T. v. borea/is k indly 
loaned t o  me by J .  E lm berg which were col lected from 
Stokarret (Skel leftea) ,  A lnbn ( Medelpad) ,  Vindel­
gransele ( Lyksel le) and Str igstjarn (Sabra) .  There is no 
evidence of t rue dorso-lateral folds or a ta i l  fi lament 
(as defined by Raxworthy. 1 988)  and body pigmentation 
does not  d iffer s ignificant ly  from the nominate form.  
The crest however is s l ight ly lower (mean = l .4mm, 
n = 6) than that seen i n  good breed ing condit ion males 
from England (mean= 2 .5mm , n = 1 9 ) ,  a l though the 
smal l  sample s ize does not a l low a firm conclusion to  
be made on th i s .  Kaur i  found that  th is  northern race i s  
subject to  a poor d iet and has  a shorter period of  
act iv i ty t han  populat ions further Sou th .  Crest 
deve lopment i s  known to be dependent upon food 
ava i lab i l i ty  (Ha l l iday, 1 977 )  and therefore the sl ight ly  
l ower crest seen i n  T. v. borea/is might be d ue to loca l 
environmental factors .  Translocation experiments 
would readi ly support or reject this hypothesis. 
However based on the mater ia l  examined I concl ude 
that  these specimens belong to the nominate 
subspecies. 

Triturus vu!garis tataiensis Dely 1 967 
Dely ( 1 967) described a paedomorphic subspecies 

T. v. tataiensis from Tata. Hungary. The adul ts  had 
external gi l l s  and the males had poorly developed 
secondary sexual characters. This paedomorphic 
cond i t ion .  which is seen in T. v11/gari.� is most su i tab ly 
be described as facultat ive part ia l  neoteny ( Raxworthy, 
1 989,  i n  prep. ) .  From the descr ipt ion of T. v. tataiensis 
i t  is clear that i t  is separated from the nominate form by 
paedomorphic features only .  Paedomorphic specimens 
examined during th is  study from Smil ic .  Yugoslavia. 
show s imi lar fea tures. a l though they belong to  the 
nominate subspecies. 

The paedomorphic and metamorphic cond i t ion 
represen t  the two states of a polymorph ism.  The 
phenotypic expression of the paedomorphic condi t ion 
is known to be affected by envi ronmental condi t ions 
(e .g .  Gabr ion ,  Sente in and Gabrion. 1 977) .  s ince 
paedomorphs usually undergo metamorphosis when 
subject to laboratory condi t ions. The unstable nature 
of the  paedomorphic condi t ion and the fact that i t  on ly  
represents a di fferent morph wi th in a populat ion 
i nval idate the use of th i s  character being used i n  
taxonomic st udies regard ing the  descr ipt ion of 
subspecies. The paedomorphic T. v. v11/garis described 
by Dely ( 1 967 )  as T. v. tataiensis should t herefore be 
rejected unless other evidence can be produced which 
demonstra ted clear d ifferences between t h is form and 
the nominate s�1 bspecies. 

G is len and Kaur i ( 1 959 )  for s im i l a r  reasons 
quest ioned on what basic Radovanovic ( 1 95 l a) 
d is t ingu ished h i s  new paedomorphic subspecies of 
T. alpestris. They presumed i t  was because these 
an ima l s  were permanently paedomorphic ,  a l though i n  
fact Radovanovic ( 1 95 1  b )  h imself reports t ha t  some 
capt ive animals d id  undergo part ia l  metamorphosis 
before they died. Rocek ( 1974), Gabrion et al ( 1 977 )  
and Breu i l  and Thuot  ( 1 983 )  a l l  have considered 
paedomorphosis to  be an unrel i able ind icator of 
subspecific s tatus for Triturus newts, and B reu i l  and 

Gu i l laume ( 1 984) have found the electrophoretic 
studies were unable to  separate the metamorphic form 
from the paedomorphic form .. 

THE TRITURUS VULGARIS SUBSPECI ES 

A total of seven subspecies a re recogn ised in th is  
s tudy.  These a re :  
Tri111rus v11!garis v11/garis ( L innaeus 1 758 )  
Tri111rus v11/garis meridionalis ( Bou lenger 1 882 )  
Triturus v11/garies graecus (Wolte rstorff 1 905 ) 
Tri111rus v11/garis /antzi (Wolterstorff 1 9 1 4) 
Tri111rus v11/garis a111pe/c1 1is Fuhn 1 95 1  
Tri111rus v11/garis kos.1·11·igi Freytag 1 955  
Tri111rus v11/garis sch111idtleron1111 Raxwort hy 1 988  

A brief descr ipt ion of the seven recognised 
subspecies is  presented below. Because rul ly developed 
male secondary sexual chara cters are used to 
d is t inguish subspecies. only t hese features a rc 
considered here. Body s ize is not a d iagnostic feature of 
subspecies ( Raxworthy.  1 988 ) .  Because of the wel l  
known d i fferences in  body s ize between populat ions of  
newts ( Bel l .  1 966. Tucic and Kalezic. 1 984. C l i fford . 
1 986)  body size is cons idered to be la rgely i nnuenced 
by local environmental factors. 

Tri111rus \' 11/garis v11/garis ( Linnaeus 1758)  
Common Smooth newt 

The dorsal crest is h igh a long the body (> l .Omm at 
m id-body) and deeply notched by rounded dent i­
cu la t ions .  There is no  ta i l  fi lament , the ta i l  usual ly 
tapers t o  a blunt end .  There are no  dorsal-lateral folds .  
The body cross sect ion is rounded. The toe naps a re 
modera tely or poorly developed . Fig. 2 and Fig. 8 .  

Triturus v11/garis meridiona!is (Bou lenger 1 882 )  
Southern Smooth newt 

The dorsal crest is low and smooth edged (< l . 5mm 
at m id-body) .  The  ta i l  tapers to a fi ne po in t  but  there is 
no ta i l  fi lament .  Weak dorso-lateral folds a re presen t .  
The body cross sect i on i s  square-shaped dorsal ly .  The 
toe naps are strongly developed. Fig. 3 .  

Triturus vu!garis graecus (Wolterstorff) 
Balkan Smooth newt 

The dorsal crest i s  low (< l .Omm at m id-body) and 
smooth edged. The ta i l  ends i n  a long fi l ament .  The 
dorso- lateral folds are strongly developed and the 
body cross sect ion square-shaped dorsa l ly .  The toe 
naps are strongly developed. The lower margin of the 
ta i l  fin is usua l ly  unspotted. The bel ly has many smal l  
spots .  Fig. 4. 

Triturus vulgaris lantzi (Wolters torff 1 9 1 4) 
Lantz's Smooth newt 

The dorsal crest i s  of med i um height (> I .Omm at  
mid-body) and dent iculated by a lmost sp ine shaped 
serrat i ons .  The ta i l  gradual ly tapers to a long fine 
thread (but there i s  no tai l  fi lament  as defined by 
Raxworthy, 1 988 ) .  No  dorso-latera l  folds .  The body 
cross sect ion is  s l ight ly square-shaped dorsal ly .  The 
toe naps are moderately wel l-developed. Fig. 5. 
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Fig. 2 T. 1·. vu/garis. Oxford. England. (T. R. Hallidav). 

Fig. 3 T 1'. 111eridio11a/is. Torino. Italy. (C. .I. Raxworthy). 
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Fig. 4 T. I'. gra1·rns. Vil11si. Yugoslavia. (C. .I. Raxwnrthy). 

Fig. 5 T. I'. !ant::i. Tbilisi. U.S.S.R. (B. Ardabyevski). 

485 
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Fig. 6 T v. ampe/cnsis. Valea Dosului, Rumania. (D. Cogalniccanu). 

Fig. 7 T v. kos.migi. Adapazari. Turkey. (C. J .  Raxworthy). 

-.. 
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Fig. X T. 1·. 1·chl/lidrl<'rnrt1111. Karacahcv. Turkcv. (C. . 1 .  R:IX\\'<lrthv). 

Fig. 9 Top: T. 1·. rn/garis. Milton Kevnes. England. Bottom: T. 1•. sc/1111id1/eran1111. Karacabcy. Turkey. (C. .I. Raxworthy). 
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Triturus vu/garis ampelensis (Fuhn 1 95 1 )  
A puseni Smooth newt 

The dorsal crest is of med ium height (>l.Omm at 
mid-body) and weakly dent icu lated by rounded 
serrat ions .  The tail gradual ly tapers to a fine  thread 
(but t here is no ta i l  fi lament) .  There are no dorso­
lateral folds. The body cross sect ion is s l igh t l y  square 
dorsal ly .  The toe naps are large and wel l developed. 
Fig. 6 .  

Triturus vulgaris kossirigi ( Freytag 1 955)  
Kosswig's Smooth newt 

The dorsal crest is  smooth edged and very low on the 
body (< 1 .0mm at  mid-body) but h igh at the basal area 
of the ta i l .  The ta i l  ends in a long ta i l  fi lament .  There 
are s trongly developed dorso-lateral fo lds and the 
body cross section is square-shaped dorsa l ly .  The toe 
naps are broad and very wel l  developed. Fig. 7 .  

Triturus vu!garis schmidtlerorum ( Raxworthy 1 988) 
Schmidt ler's Smooth newt 

The dorsal crest is of med ium height (>2.0mm at 
mid-body) and dent iculated by a lmost spine shaped 
serrat ions .  The ta i l  gradual ly tapers to an e longated 
point (but no ta i l  fi l ament ) .  There are no dorsa l-latera l 
folds but  the body is s l ight ly square-shaped dorsal ly. 
The tow naps are only very weak ly  developed. Fig. 8 
and Fig. 9 .  

Fig .  10 shows the  geographical distribu t ion of each 
subspecies based on the distribut ion information given 
by Schm idt ler and Schmidt ler ( 1 967 ,  1 983) ,  Kalezic 
( 1 983), Sparreboom and A rntzen ( 1 987) and Tark-

� L:...:...:l 
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vulgaris 

meridionalis 

� ompclcnsi.r 

E3 graccus 

1�: j � j � (I schmidc/uorum 

ITIIill kosswigi 

�la1111i 

Fig. 10 The subspecies distribution of T. 1•11/garis. 

hnishvi l i  ( pers. comm. ) .  A very s imi lar distribution 
map is  given by Macgregor, Sessions and Arntzen (in 
prep. ) .  

A I DENTI FICATION KEY 

This key w i l l  on ly  ident ify aquatic males which are i n  
fu l l  reproductive condi t ion .  I t  is preferable that 
material exami ned should not have been kept in 
captivi ty for more than 48 hours prior to examinat ion 
since important diagnost ic characters such as toe naps 
and crest dent iculat ions may start to regress qu ickly 
under some condi t ions .  The feat ures used in  this key 
can al l be examined readi ly on l ive unrestrained 
aquat ic an imals ,  but  the  key works equal ly wel l with 
museum material provided that the  secondary sexual 
characters are fu l l y  developed. This can be determi ned 
by examinat ion of the crest and toe naps .  In a l l  
subspecies, one of t hese characters is a lways well 
developed for an imals  in fu l l  breed ing condi t ion .  
Occasiona l ly  animals may have suffered natural 
damage to the ta i l  t i p .  Under these circumstances it is 
best to avoid using the tai l  t ip  features in the key. 

The crest is obviously dent iculated a long the body. 
Fig. I l (a,b) . 2 
The crest is approx imately smooth edged along its 
ent ire length. Fig. I l (c ) .  4 

2 The ta i l t i p  gradua l ly  tapers to a fi ne point .  
frequent ly with a very fi ne thread l ike end.  
Fig. 1 1  (d) . The body cross sect ion is s l ight ly squares 

. -·� . · . . � . 
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shaped dorsally, Fig. I I (j) . The crest dent icu lat ions 
may be poin ted. Fig. 1 l (a), o r  rounded, 
Fig. I l (b) . 3 
The ta i l  t ip usual ly tapers gradual ly to a blunt  poin t ,  
F ig .  I l (e) .  The body cross section is rounded in the  
dorso-lateral region,  Fig.  I l ( i ) .  The  crest dent i­
cu la t ions are rounded, Fig. 1 l (b). T. v. vu!garis 

3 The toe flaps are not  obvious,  Fig. I I (g) .  The crest 
dent iculat ions arc a lmost poi n ted and extend onto 
the ta i l  past the cloaca. Fig .  I ! (a) .  

T. v .  schmidtlerorum 

The toe flaps can be seen easi ly, Fig. l l (h ) .  The 
dent iculat ions may be rounded or pointed and 
extend onto the ta i l  past the cloaca. T. v.  lan tzi 

The toe flaps a re large and very obvious ,  Fig. I l (h ) .  
The  crest dent icu lat ions are rounded F ig .  I l (b)  and 
usua l ly  do not extend on to  the  ta i l  past the  cloaca. 

T. v. ampelensis 

4 The ta i l  t ip ends i n  a long ta i l  fi lament which is 
devoid of ta i l  f in and shows a d is t inct  t ransit ion 
from the rest of the tai l ,  F ig .  1 1  (f). There a re 
obvious wel l  developed dorso-lateral folds on t he 
body, Fig. I l (k ) .  5 
The ta i l  t ip tapers gradua l ly  to a fine po in t ,  showing 
no d is t inct  transi t ion  from the rest of the  ta i l ,  
F ig .  I l (d ) .  Dorso-lateral folds may be present ,  
Fig. 1 1  ( k )  o r  absent, Fig. 1 1  (j). 6 

5 No  large dark spots typical ly touch the  lower ta i l  fin 
marg in  and the  pal e  pelv ic l ine  is usua l ly  very 
obvious,  Fig. I !( I) .  Only smal l  spots on the bel ly 
(<I.5mm d ia . )  T. v .  graecus 

Large dark spots typical ly touch the  l ower ta i l  fin 
margin and the pale pelv ic l i ne is absent  or very 

poor ly developed . Fig. 1 1 ( 111) .  Usual ly a few large 
spots on t h e  bellv (>I . 5 111111 d ia . ) .  T. 1•. ko.\'.\'ll'igi 

6 The c rest is always smooth  edged. There arc weak 
dorso-lateral folds on the body .  T. "· 111eridio11a/is 

The crest may be weakly den t icu lated.  There arc no 
dorso-latera l folds on t h e  body alt hough t h i s  is 
s l igh t ly square shaped dorsal l y .  T. v. a11 1pele11sis 

D I SCUSS I ON 

PHYLOGENETIC ASPECTS 

The t wo most closely re la tcd species to T. v11lgaris 
are T. hefrcric11s and T. 1110111m1do11i. The th ree species 
form t he i r  own monophyle t ic  group ( Rafinsk i  and 
Arntzen. 1 987 .  A rn tzen and Sparrcboom.  1987 ,  
Macgregor et al. i n  pre p . ) .  H ybridisat ion s tud ies 
( Macgregor er al. i n  p re p . ) .  cytological evidence 
( Raggh ian t i ,  B ucci- I nnocent and Mancino, 1 978) and 
elect rophoret ic  evidence ( Rafinsk i  and Arntzen,  1 987) 
a l l i n d icate t hat T. vulgaris is most  c losely related to 
T. 111onrando11i. Sympatr ic  popu la t ions arc k nown in 
Cen t ra l  Europe and nat u ral hybrids have been 
reported which may be common in some popu lat ions 
( Hofman n, 1 908,  Geye r , 1 95 3 ,  Fuh n ,  Sov;1 and 
Dumi t rescu. 1 975 ,  Pecio and Rafi nsk i ,  1 985 ) . 

Wit h i n  T. vulgaris two mai n gro u ps can be 
recognised (Raxwort hy. 1 989). The 'graecus' group  is 
comprised of T. v. graecus and T. v. ko.1·.1wigi. The 
'vu lgaris' group is com prised of T. v. vulgaris, T. v. lantzi 
and T. v. schmidrlerornm. T. v. rneridionalis and 
T. v.  ampelensis represe n t  i n t ermediate forms, w i th  
stronger affi n i t ies to t h e  'graecus ' gro u p  for 
T. v. meridionalis, and st ro nger 'vu lgaris ' a ffin i t ies for 
T. v. ampelensis. Ou tgroup com parison suggest s  t hat 
t he 'graecus' group represents t h e  ancest ral state, whi le 
the 'vu lgaris' group subspecies show more derived 
characters ( Raxworthy, 1 989,  in p rep . ) .  Subspeciat ion 
of T. vulgaris appears to have occurred in  the 
Pleistocene. when popu lat ions during g lacial per iods 
became fragmented and isolated into smal l  refuges 
areas. I t  is suggested that i n a l lopa t ry these forms 
evolved i ndependent ly, and that subspccific fusion was 
l im ited to  secondary contact zones on ly ( Raxworthy, 
1 989 , in prep. ) .  

THE SUBSPECIES CONCEPT 

Taxonomists have a lways considered it usefu l  and 
pract ica l  to  use subspecific names to draw attent ion to  
i nterest ing regiona l  variat ion (Amadon and Short ,  
1 976) ,  and in the  case of T. vulgaris, th is species 
exh ib i t s  clear racial d ifferences which can be 
conven ient ly label led us ing the  subspecies nomen­
c lature .  However the subspecies concept has been 
frequen t ly cr i t ic ised, with for example Wilson and 
Brown ( 1 953 )  argu ing that the  subspecies is so 
arbit ra ry a concept that i t  should be abandoned. 

Regarding the s i tuat ion seen i n  the  T. vulgaris 
subspecies ,  a l l  s ubspecies are defined, based on the 
development of morphological male secondary sexual 
characters, which are stable ou ts ide hybrid zones 
(Schm idt ler and Schmidtier , 1 983) .  These morpho-
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logical characters do not show independent patterns of 
dis tr ibut ion and therefore th is  leads to the recogn it ion 
of clearly defined (and non arbi trary) subspecific taxa .  
By use of such characters subspecies boundaries 
beco m e  rea l b i o l o g i c a l  c o n cepts  r epres e n t ed 
by intergradation zones which can be readi l y  
iden t ified ( Fig. 1 2 ) .  The T. alpcs1ris subspecies also 
appear to show non-i ndependent geograph ica l 
variat ion for both morphological and elect rophoret ic 
characters. Arano ( 1 988) has found that most of the 
T. a/peslris subspecies (described using morphologica l  
criter ia) are supported by elect rophoretic patterns of 
variab i l i ty  and the Yugoslavian T. vu/garis subspecies 
have also been supported by electrophoret ic evidence 
( Kalezic, 1 984) .  

a )  clinal variation 

chararacter state 

distance transect 

subspecies A 

b) subspecific variation 

chararacter st:1te 

subspecies B 

distance transect 

Fig.  1 2  The d i fference between cl i na l  v a r i a t i o n  a n d  
subspecific  variat i o n .  

The subspecific phylogen ies of T. vulgari.� and 
T. alpesrris show a su rpris ing level of  biogeographical  
congruence. based on complete ly d i fferent types of 
data :  morphological and courtship behaviour for 
T. vulgaris ( Raxworthy.  1 989) and electrophoretic 
evidence for T. a/pesrris (A rano and Arntzen.  1 987. 
A rano .  1 988) .  Both phylogenies h ave ancestra l  Ba lkan 
subspecies and a more derived l i neage giv ing r i se  to the 
I ta l ien and widespread Centra l  E uropean subspecies 
( Arntzen and Raxworthy. in prep. ) .  The T. vu!garis 
subspecies appear to have a risen as a d irect 
consequence of cl imat ic changes in the Ple istocene.  
The g lac ia l  refugia i dent i fied by t ree pol len  analysis by 

Hunt ley and Birks ( 1 983 ) shows close correlat ions with 
the cen t res of current subspecies distr ibut ions of 
T. vu!garis subspecies ( Raxworthv .  1 989 ) .  I t  is 
t herefore possible to propose the appropriate refugia 
where most subspecies were confined during at  least 
the last glacial period . 

The biogeographical congruence of subspecific 
phylogen ies, the congruence of different ta xonomic 
data sets and the correlat ion of subspecies distr ibut ions 
with glacia l  refugia provide strong evidence that these 
subspecies represent va l id biological entit ies. Therefore 
I concl ude that t hese subspecies are not arb i t rary 
concepts .  but ra ther represent rea l non-i ndependent 
patterns of geograph ica l  variat ion .  

S U BS PECI ES OR S PECI ES') 
Is it appropriate to consider ra i s ing the taxo nomic 

status of the T. l 'lllgaris subspecies to the species lcveJ'l 
B iological species a rc defined by Mayr ( 1 942) as 
'groups of act ual ly or poten t ia l ly in terbreeding natural 
popu lat ions which are reproduct i vely isola ted from 
ot her such groups' .  

Natura l  hybridisa t ion is usual ly rare between 
Tri11ir11s species ( the except ion being between 
T. 1110111andoni and T. l'lllgaris. and T. cris1a111s and 
T. 111armora111s ) .  When hybridisat ion 1s  induced 
a rt i ficia l ly  in the laboratory. post -zygot ic isolat ion 
mechanisms always resu l t  in unfit hybrids. e .g .  between 
T. 111ar11 1ora111s a nd T. cris1a111s ( Lantz.  1 947). T 1•11(�aris 
and T hcfre1irns ( Scal i  and Mancino.  1 968) and the 
T. cris1a111s superspec ies (Ca l lan and Spu rway.  1 95 1 .  
Wal l i s  and Arntzen. 1 989) .  I n  a l l  these cases post­
zygot ic i so lat ing mechanisms prevent genet ic fusion 
and a re therefore contribute to the reproduct ive 
isolat ion of each species . Gever ( 1 953 )  however has 
reported viable hybrid T. v11/garis-1110111andoni in the 
fi rst and second genera t ion .  Al though wi ld T. vulgaris 
x 1 1 1011 /andoni hybrids a re wel l k nown (see ea rl ier) .  
recent stud ies have found mutual ly exclusive parapat ric 
distr ibu t ion  patterns between these two species 
( Rafinsk i  pers . comm . .  in Arntzen and Sparreboom 
submitted ) .  Evidence for ecologica l and ethological 
pre-mat ing  isolat ion mechanisms have been found in 
some species ( Hal l iday.  1 977. Arntzen. 1 986) which 
would preven t  gene now between species. 

Only a very l im ited amount of  work has been 
undertaken concern ing hybrid isat ion experiments 
between the T. v11/garis subspecies . Lantz ( 1 947) noted 
that  i n t ra-specific crosses between various subspecies 
of T F11/garis were obtained without d i fficu l ty .  y ie lding 
offspring which are normal 1 11 every respect. 
Observat ions made dur ing th is  study found both 
reciproca l  m i xed pai rs of T. v. 1'11/garis and 
T. 1 • .  111cridiona!is showed successfu l courtship with 
sperm transfer .  

T. 1111/garis subspecific intergradat ion zones have 
now been recognised and described th roughout much 
of Eu rope. I n tergradat ion zones have been found i n :  
Yugoslavia : T. 11• vulgaris x T. v. meridionalis and 
T v.  F11/garis x T. F .  graecus (Schmidt ler and Schmidtler , 
1 983) .  R uman ia :  T. v. vu!garis x T. v. ampe!ensis 
Cogaln iceanu pers. comm . )  and i n  Turkey T. v. vulgaris 
and T. "· kossirigi (Tabr iz i ,  1 980) .  
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The s i ze of some of t hese in tcrgradat ion  zones ( u p  to 
1 60 k m  i n  length a long the  Da lmat ian  coas t )  and the 
reported norm a I fi t ness of  hybrids do not provide a n y  
ev idence of reproduct i ve i so la t ion b e t  wccn t hcsc 
subspecies. There is  obvious gene now occu rri n g  at 
t hese secondary contact zone� . a l t h ough subspe� i fic 
fus ion  mav  be very s low if m igra t ion  i s  low and t here is  
some degree of subspcc i fi c  assort a t ivc m a t i ng 
( Ra x wo rt h y .  1 989) .  Clear ly .  t here ca n be no quest ion 
of  ra i s ing  t hese ta xonomic u n i t s  to  species rank based 
on  the b iologica l species concept . 
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