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We used multivariate analysis to study patterns of geograph ic variation in  morphology in  the 

Aesculapian snake, Elaphe longissima, in Italy and other parts of its range, in order to evaluate 

the status of the southern Italian form, h itherto known as E. I. romana. Although that taxon was 

prev iously regarded as weakly d ifferentiated, a recent study based on blood proteins showed a 

high level of differentiation, simi lar to that observed between ful l  species of European Elaphe . 

Fourteen characters relating to external morphology were recorded from 1 04 adult specimens of 

Elaphe longissima from 52 locali ties, and subjected to multivariate analysis .  The results show 

that southern Italian specimens are clearly distinct from those of other populations. The 

morphological divergence is coupled with a parapatric distribution pattern and a sharp transition 
at the contact zone in central Italy . We found the distribution l im its of the two taxa to be situated 

about I 00 km further south than previously suggested. Parapatry among morphologically 
clearly distinct forms, and differences in blood plasma suggesting considerable evolutionary 

divergence, provide reasons for considering the southern Ital i an form as a separate evolutionary 

species from E. longissima. The name Coluber romanus Suckow, 1 798 is not avai lab le for the 
southern Ital i an species, for which the oldest avai lable name is Callopeltis longissimus var. 

lineata Camerano, 1 89 1 ,  in the combination Elaphe lineata. 
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INTRODUCTION 

The Aesculapian snake, Elaphe longissima 
(LAURENTI, 1 768) (Type locality (restr.): Vienna, Aus­
tria) is the most widespread rat snake in Europe. It 
occurs in the Mediterranean and submediterranean re­
gions, from northern Spain to the Middle East. Due to 
its wide distribution, it has been an intensively studied 
species (see Behme, 1 993). However, basic aspects of 
its intraspecific classification and pattern of geographic 
variation remain uncertain or poorly defined. This ap­
plies particularly to the Italian populations, which are 
the subject of this study. 

A recent study of blood plasma proteins in European 
Elaphe species (Lenk & Joger 1 994) noted that speci­
mens from Sicily currently assigned to Elaphe 
longissima romana (Suckow, 1 798) are strikingly dis­
tinct from other European E. longissima populations, 
possibly at a higher taxonomic level than hitherto be­
lieved. 

Mertens & MUiler ( 1 928) first recognized the dis­
tinct nature of the southern Italian taxon, and applied 
the name Coluber romanus Suckow, 1 798 to this form. 
They regarded it as a subspecies of Elaphe longissima 

and restricted the range from 'warmer parts of Europe, 
Spain, France, Italy, and especially surroundings of 
Rome' (Suckow, 1 798) to ' central and southern Italy, 
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Sicily' with the type locality ' surroundings of Rome', 
but without any explicit analysis. 

Capocaccia ( 1 964) conducted the first substantial 
study of the subdivision of E. longissima in Italy. Her 
description of romana (grey belly; the shape of the tem­
poral blotches, which are united with the posterior 
submandibular blotches; a high number of ventral 
scales; and a rather light coloration) deviates consider­
ably from Suckow's, which was chiefly based on the 
occurrence of longitudinal stripes on the posterior part 
of the trunk. Further doubts on the accuracy of the type 
locality and the availability of the name romana 

Suckow ( 1 798) for the southern Italian form arose from 
Cattaneo ' s  ( 1 975) description of a melanistic popula­
tion of E. I. longissima from the Roman littoral. 

The prevailing uncertainty regarding the status of 
the southern Italian Aesculapian snake gave us reason 
to initiate the following study. Here, we consider some 
newly defined characters, as well as those used by 
Capocaccia ( 1 964), in order to re-analyse the distinct­
ness of both forms in Italy and additional localities in 
the Balkans by means of multivariate analysis of mor­
phological characters. Multivariate techniques, and 
especially ordination methods such as principal compo­
nents analysis (PCA), have been shown to be useful 
tools in revealing patterns of geographic variation in 
the generalized phenotype which are often obscured 
when characters are analysed individually (e.g. Thorpe, 
1 976, 1 980; Wiister, Otsuka, Thorpe & Malhotra, 1 992, 
Wiister, Warrell ,  Cox, Jintakune & Nabhitabhata, 
1 997). 
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MATERIALS AND METHODS 

Twenty-eight characters of external morphology and 
colour pattern were recorded from 1 04 adult specimens 
from the Italian Peninsula and other parts of the species 
range. A special effort was made to include specimens 
from the Balkans, some of which share characters with 
southern Italian populations sensu Capocaccia ( 1 964) 
(see above). 

In addition to the 1 04 specimens mentioned above, 
eight juvenile specimens were examined, but not in­
cluded in the further analyses, as ontogenetic variation 
in some colour pattern characters would have affected 
the results of the analysis. Furthermore, one adult 
specimen (LPPC 3 1 3  from Udine I Northern Italy) was 
excluded from further analyses due to highly aberrant 
scalation characters. 

In order to identify characters useful for multivariate 
analysis, a two-way analysis of variance (BMDP 2V -
Dixon, 1 99 1 )  was performed to determine which char­
acters show significant geographic variation between 
localities, sexual dimorphism, or both. For this purpose, 
specimens were grouped into six geographic test 
groups on the basis of collecting gaps, potential 
physiographic barriers, and past taxonomic subdivi­
sions. Only characters showing significant 
geographical variation were subjected to multivariate 
analysis. Most of them were qualitative, and coded in 
binary form (0, 1 ).  Progressive states (e.g. absent, in­
conspicuous, conspicuous) were coded accordingly 
(e.g. 1 ,  2, 3).  

Characters found to be invariable, unrecordable in a 
large percentage of specimens, or incompatible with 
the assumptions of PCA were not included in further 
analyses. However, some of these characters do convey 
considerable information and wi l l  be discussed below. 

PCA was used to reveal the pattern of morphological 
variation in the complex, with the specific aim of test­
ing whether the southern Italian populations and the 
remaining populations form two homogeneous groups 
that are distinct from each other. PCA was run on a 
computer program written by R. G. Davies ( Imperial 
College London) and modified by R. S. Thorpe (Uni­
versity of Wales, Bangor). A l l  variables were 
standardized to zero mean and unit standard deviation. 
To rule out confusion due to sexual dimorphism, both 
sexes were analysed separately. The analyses were run 
on the data from individual specimens, to avoid a priori 

assumptions of taxon membersh ip .  For al l  runs, the 
eigenvector coefficients of each character for the first 
principal  component were extracted to identify the 
characters that contribute most to the observed pattern 
of variation. 

RESULTS 

The results of the ANOV A reveal that 1 3  characters 
show significant geographical variation among males 
and 14 among females (Table 1 ). These characters were 
subjected to an initial PCA (PCA 1 )  as described above. 

TABLE I .  Characters used in the PCA. Characters 7-1 O were 
recorded as follows: Starting with the last ventral we moved 
1 0, 20, 30, etc. scales forwards and transversely counted the 
dorsal scale rows at each site. The relative positions of the 
segments where the changes occured were assessed. 

I .  No of ventrals (Arnold & Burton, 1 979). 
2.  No of pairs of subcaudal scales. 
3. Ventral colour: % ventral scale position of the transi­

tion from bright to dark ventrals. 
4. Dorsal background colour: micro-speckling on un­

damaged dorsal scales at posterior trunk 
predominantly (see. Fig 5) due to absent epidermal 
pigmentation. 

5. Presence of longitudinal stripes at m idbody. 
6. Temporal blotches fused with posterior mandibular 

blotch at least on one side. 
7. % ventral scale position of reduction from 19 to 1 7  

dorsal scale rows. 
8.  % ventral scale position of reduction from 2 1  to 1 9  

dorsal scale rows. 
9. % ventral scale position of reduction from 23 to 2 1  

dorsal scale rows. 
1 0 . % ventral scale position of addition from 2 1  to 23 

dorsal scale rows. 
1 1 .  Bright blotches, bright blotches with greyish spots 

on each scale, or absent nuchal b lotches, (at least 
above the elongation of the mouth slit). 

12 .  Keeling of dorsals of posterior body absent (0), 
present in less than 50% of scales ( I ), present in 
more than 50% (2). 

1 3 .  White dashes at m idbody absent, present in less 
than 1 0  % of scales, present in more than 1 0%. 

1 4. Presence of greyish marbling on the bright venter. 

In the males, this analysis resulted in two well-defined 
geographical groups separated along the first principal 
component: one group comprises specimens from 
southern Italy, and the other comprises specimens from 
northern Italy and the remainder of the range of the E. 
longissima complex (Fig. 1 ) .  In females, however, the 
resolution was less clear, as the first principal compo­
nent scores of some specimens from the Balkans lay 
within the range of southern Italian specimens. Reas­
sessment of these Balkan specimens showed them to be 
melanistic individuals. 

Some characters (3 and 1 1 , Table I )  recorded from 
all specimens were affected by melanism, so that char­
acter states recorded as identical in melanistic Balkans 
specimens and non-melanistic southern Italian speci­
mens may not have been homologous. Consequently, 
the PCA was repeated, with the exclusion of the suspect 
characters. This re-analysis (PCA 2) resulted in a good 
resolution in the females, as both geographical groups 
were separated along the first principal component 
(Fig. 2). In the males, a similar pattern was exhibited, as 
the first PC separates southern Italian specimens from 
the others. However, two non-melanistic individuals, 
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FIG. I .  PCA I - scatter diagram of the component scores 
(normalized vectors) of the first and second PCA factors, of 
females (a) and males (b), extracted from all characters. 
Squares indicate E. I. longissima individuals, circles indicate 
individuals of the southern Italian form. The first two 
principal components account, respectively, for 37.97% and 
1 3 .24% of the total variance in males, and 3 6.88% and 
1 2.93% in females. 

one from Castelfusano (Rome) and one from the Bal­
kans, grouped with the southern Italian form, which 
was not the case in the PCA using all characters. 

A third analysis (PCA 3) was run on all specimens 
from the Italian Peninsula and S icily .  As none ·of the 
Italian specimens was melanistic, homologies of char­
acter states in characters 3 and 1 1  were unproblematic, 
and consequently, all characters were included. In both 
sexes, this resulted in a clear separation of northern and 
southern specimens along the first principal component 
(Fig. 3 ). 

Loadings of eigenvectors reveal that, in both sexes, 
numbers of ventrals, dorsal colour, nuchal blotches, 
and positions of dorsal scale row reductions appear to 
be the most important characters in distinguishing the 
two forms (Table 2). However, the remaining charac­
ters also contribute more or less strongly to the 
separation of the two groups. 

In order to relate the separation of the two morpho­
logical groups to their distribution, the first principal 
component scores of all specimens were plotted against 
their geographical position along a latitudinal transect 
along the Italian Peninsula. Fig. 4 shows a striking mor­
phological shift between northern and southern Italian 
specimens, with no indication of clinal variation. Speci­
mens of the nominate form can be found south to 
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FIG. 2. PCA 2 - scatter diagram of the component scores 
(normalized vectors) of the first and second PCA factors, of 
females (a) and males (b), extracted from all but characters 3 
and 1 1 . Squares indicate E. I. longissima individuals, circles 
indicate individuals of the southern Italian form. The first 
two principal components account, respectively, for 34.27 % 
and 1 5 .06 % of the total variance in males and 3 1 .38  % and 
1 4.96 % in females. 

around 4 1  ° N, but are replaced by the southern Italian 
form to the south of that latitude. 

ADDITIONAL CHARACTERS 

Although the frequency of specimens with dark lon­
gitudinal stripes is not related to locality, the shape of 
the stripes, when present, is  highly diagnostic. In speci­
mens from southern Italy, the stripes are narrower than 
the light spaces between them. They are set off rather 
clearly by the light background colour on the posterior 
body. In specimens from the remainder of the range, the 
stripes are broader than the spaces between them. It is  
clear that the two morphs follow different genetic pro­
grams. 

DISCUSSION 

Our data suggest a marked differentiation between 
northern and southern Italian specimens of the Elaphe 

longissima complex. This is evident from the PCA 
plots, which clearly separate the two forms along the 
first principal component. The characters listed as diag­
nostic for the southern Italian form by Capocaccia 
( 1 964) can also be found in occasional specimens from 
other parts of Europe. If only Capocaccia' s characters 
are used, there is a risk of misidentifying some speci­
mens from northern Italy as belonging to the southern 
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TABLE 2 .  Normalized eigenvector coefficients of the first principal components of PCA 1 (all characters all specimens), PCA 2 
(all characters, exclusively 3 and 1 1 , al l  specimens), and PCA 3 (al l characters, Italian specimens only) in al l  females and males. 

Characters PCA 1 PCA 1 
female male 

No of ventrals 0.294 0.3 1 8  
2 No of subcaudals -0.05 1 -0.22 1 
3 Ventral transition bright/dark 0 .389 0.358 
4 Dorsal colour 0.393 0.333 
5 Presence of stripes 0.006 -0 . 1 55 
6 Temporal blotches 0.202 0.265 
7 Pos. red. 1 9- 1 7  -0.245 -0.296 
8 Pos. red. 2 1 - 1 9  -0.387 -0.337 
9 Pos. red. 23-2 1 -0.302 -0.254 

1 0  Pos. add. 2 1 -23 0. 1 68 0. 1 69 
1 1  Bright nuchal blotches 0.393 0.3 9 1  
1 2  Keeling -0.073 -0.226 
1 3  White dashes -0. 1 7 1  -0. 1 3 3  
1 4  Marbling -0.2 1 4  

Percentage o f  total variance 36.88 37.97 
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FIG. 3 .  PCA 3 - scatter d iagram of the component scores 
(normalized vectors) of the first and second PCA factor of 
Italian females (a) and males (b) extracted from all 
characters. Squares indicate E. I. longissima individuals, 
circles indicate individuals of the southern Italian form. The 
first two principal components account, respectively, for 
44.56% and I I . 38% of the total v ariance in males and 
45.45% and 1 5 .73% in females. 

PCA 2 PCA 2 PCA 3 PCA 3 
female male female male 
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FIG. 4. Scatter diagram of the ! st. PC scores of PCA 3 of 
females (a) and males (b) on a transect running along the 
Apennine Peninsula. Sardinia excluded. 
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Italian form (but not vice versa). This is especially true 
for specimens from the province of Lazio. However, if 
Capocaccia's characters are redefined and simultane­
ously analysed with additional characters, a clear 
pattern is obtained that separates two geographically 
distinct groups of snakes. This is also true for those in­
dividuals of the nominate form that show superficial 
similarities with the southern Italian form. 

A problem arises with non-homologous character 
states in the case ofmelanistic specimens. In particular, 
melanistic specimens from the Balkans exhibit conver­
gent similarities with the southern Italian form in some 
characters. However, if characters affected by melan­
ism are left out, the remaining characters clearly assign 
them to the nominate form, although the overall differ­
entiation is somewhat reduced (Fig. 2). When 
melanistic specimens are excluded, maximum resolu­
tion is gained when all characters are used, as is shown 
for the Italian samples (Fig. 3). These analyses demon­
strate a clear differentiation, with no overlap between 
northern and southern specimens along the first princi­
pal component. Variation within each group is due to 
individual differences, which can be of considerable 
magnitude, as indicated by outliers in both directions 
(Fig. 3) .  These rare specimens are responsible for the 
lack of any absolute diagnostic character for the two 
forms. 

Some non-melanistic specimens from the southern 
part of the Balkans also show superficial similarities 
with the southern Italian form (e.g. grey venter, high 
ventral scale counts). However, our PCA results indi­
cate that these can be unambiguously assigned to the 
nominate form (Fig. 2). 

To test for the occurrence of intergrades, first princi­
pal component scores ofitalian specimens were plotted 
against their origin along a latitudinal transect along the 
Italian Peninsula (Fig. 4). This approach showed no 
evidence of intergradation between the two taxa near 
their contact zone. Furthermore, variation within the 
two forms is not associated with geographical latitude. 
Thus, considerable variation exists within each group, 
but is clearly distinct from the variation representing 
the evolutionary signal of the two independent evolu­
tionary lineages. 

The contact zone between the two forms is located 
further south than hitherto believed, at least in western 
Italy. Whereas Capocaccia ( 1 964) assigned all 
populations from the coastal regions of Lazio to the 
southern Italian form, all our specimens from the sur­
roundings of Rome and Circeo (50 km S-E of Rome) 
are clearly assignable to the nominate form, as noted by 
Cattaneo ( 1 975). This is also the case with additional 
material, such as published i l lustrations (Bruno & 
Maugeri, 1 990) and juvenile snakes not included in the 
analysis (MRSN R 1 3 1 7, from Cocullo, province 
Aquila, and BM 1 9 1 4.4 1 08, from Lake A lbano).The 
contact zone identified in this study is situated more 
than 1 00 km south of that mentioned by Capocaccia 
( 1 964). 

The transition between the two fonns is abrupt, and 
occurs over a distance of less than I 00 km between 
Rosello (Abruzzo - northern form) and Benevento 
(Campania - southern form; see Fig. 7). Although our 
comparatively coarse sampling scale does not allow the 
determination of the exact position and nature of the 
presumed contact zone, our data suggest that a sharp 
transition is far more likely than a clinal variation over 
hundreds of kilometres. Furthermore, Capocaccia 
( 1 964) mentioned specimens from the Matese region 
that clearly belong to the northern Italian form . As 
Capocaccia's description of the nominate form is reli­
able, the contact zone appears to lie within the 50 km 
separating the Matese mountains and Benevento. 

STATUS OF THE SOUTHERN ITALIAN FORM 

Our morphological results, coupled with the mo­
lecular results of Lenk & Joger ( 1 994), strongly support 
the hypothesis that the southern Italian form represents 
a separate taxon from the nominate form. The southern 
Italian form and the nominate form represent two 
clearly distinct, but reasonably homogeneous, entities. 

Morphological differences on their own do not nec­
essarily indicate that two distinct groups of populations 
represent separate evolutionary lineages: morphologi­
cal variation may simply represent an adaptation to 
some ecological parameter, and thus reflect selection 
pressure due to current ecological conditions rather 
than separate ancestry (e.g. Thorpe, Brown, Malhotra 
& Wilster, 1 99 1 ,  Thorpe, Brown, Day, Malhotra, 
McGregor & Wilster, I 994, Thorpe, Malhotra, Black, 
Daltry & Wilster, 1 995). However, this is unlikely to be 
the case in Elaphe longissima: parallel patterns of vari­
ation in plasma proteins suggest a separate h istory for 
the southern Italian form and the nominate form. In ad­
dition, the nominate form is relatively homogeneous 
across a very large range, which spans a wide variety of 
climatic and environmental conditions, and the contact 
zone between the southern Italian and nominate forms 
does not correspond to any sharp environmental transi­
tion. 

There remains the problem of the status of the south­
ern form, and, in particular, the question of whether it 
represents a full species or a subspecies of E. 
longissima. Our data provided no evidence for 
sympatry or hybridization between the two forms.  
There is no physiographic barrier likely to separate the 
two forms, and a distribution gap that divides both 
ranges into two allopatric entities is unlikely. If a hy­
brid zone exists, our results suggest that it is relatively 
narrow, with a maximum width less than 1 00 km, and 
probably less than 50 km. The distributions of the two 
species can thus be described as approximately 
parapatric. 

Parapatric contact and hybrid zones typically occur 
between closely related taxa, such as sister species or 
subspecies of one species. Although hybridization may 
occur in nature in those cases, any selection against hy­
brids results in reduced fitness of the offspring (Barton 
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FIG. 5. Character states 'dark dorsals' and 'bright dorsals' are 
defined on the 'basis of whether fine speckling is visible on 
the entire scale (right) or largely invisible due to strong 
epidermal pigmentation (left). 

& Hewitt, 1 989). Thus selection acts against the free 
diffusion of genes between both taxa and helps main� 

tain distinctness and independent evolution in different 
lineages. 

We assume a similar scenario· for the two Italian 
taxa. If no genetic break existed, a greater degree of 
morphological intergradation should be bbserved. Tak­
ing into account that, on grounds of zoogeographic and 
climatic constraints, :both taxa are l ikely to have oc­
curred together in Italy for at least several thousand 
years (or far longer), the parapatric distribution sug­
gests a considerable extent of genetic incompatibility. 
This is consistent with 'the results of Lenk & Joger 
( 1 994 ): the level of divergence in plasma protein pat­
terns between the two forms is similar to that typically 
found between uncontested full Elaphe species. 

Based on this· evidence, the southern Italian and the 
nominate form appear to be distinct lineages on differ­
ent evolutionary trajectories.· In · recent years, the 
general trend has been to recognize suclr l ineages as 
separate evolutionary or phylogenetic species 
(Cracraft, 1 989; Frost & Hillis, 1 990; Wiley, 1 9 8 1  ) . In 
view of our results, we regard the southern Italian form 
as a separate · evolutionary species, distinct from E. 

longissima. A lternatively, some may prefer the 
superspecies/semispecies terminology of Mayr ( 1 969), 
which may also be applicable in this case: in this, the 
southern Italian form would be a semi-species within 
the E. longissima superspecies. 

Further studies should be focused on the exact deter­
mination of the contact zone in middle Italy, and could 
reveal interesting insights into the extent and mainte­
nance of stable contact zones. Therefore surveys should 
be intensified in the corresponding regions, preferably 
in conjunction with a population genetic study. 

NOMENCLATURE 

The question of the correct name for the southern 
Italian species is complex, particularly due to two ma­
jor . problems associated with the name romana 
traditionally used for it. First, the restricted type locality 
of romana ( 'vicinity of Rome' - Mertens & Millier, 
1 928) lies within.the range of the nominate form. 

Second, Suckow's  description of romana ( 1 798) 
which is nearly identical with that of Lacepede's Aes­
culapian snake (Lacepede, 1 789), is  incompatible with 
the appearance of the southern Italian species or any re­
lated taxon. He mentioned a reddish brown body 
colour, a dark longitudinal stripe at each side, darken­
ing to black along its ventral edge, b lack margins on 
white scales next to the ventrals forming a lateral line of 
white triangles, head rather thick, 239 ( 1 75 ventrals and 
64 pairs of subcaudals) black and white spotted scales, 
and a length of 3 .5  - 4.5 feet ( 1 05- 1 50 cm). In the ab­
sence of

. 
a type specimen to confirm the identity of 

Suckow's intended taxon, the name Co/uber romanus 
Suckow, 1 789 must be regarded as unavailable for the 
southern Italian species. 

The earliest description that agrees with our findings 
is that of Camerano ( 1 89 1  ), who studied a specimen 
from Naples and named it Callope/tis longissimus var. 
lineata. He described it as having a grey belly, and four 

FIG. 6. Dorsal and ventral side of the holotype ofElaphe lineata (Camerano, 1 89 1 )  MZUT 942 (original number MZUT 434) from 
the type locality Naple�. 
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TABLE 3 .  The quantitative description of characters in the two species. For explanation of characters see also Table I .  

Males E. longissima (n = 35)  E. lineata (n = 23) 

Characters (no.) mean SD max. min. mean SD max. min. 

length head-trunk [cm] 87.44 1 2.39 1 1 1 .00 75 .00 8 1 .76 1 8 .22 105 .00 55 .00 
length tail [cm] 22.87 3 .24 28.00 1 5 .00 20.9 1 6.03 34 .00 10 .00 
ventrals ( I )  225 .77 4.01 236.00 2 14 .00 232. 1 3  3 .44 238.00 225.00 
subcaudals (2) 82.9 1  3 .35 94.00 78 .00 79. 3 0  2.60 82.00 72.00 
pos. red. 1 9- 1 7  (7) 82.67 8.74 69.00 100.00 9 1 .68 4.20 86.85 1 00.00 
pos. red. 2 1 - 1 9  (8) 62 . 1 6  2.83 56. 14  68.47 67.09 2 .77 6 1 .3 8  7 1 .2 1  
pos. red. 23-2 1 (9) 55 .59 2.37 50 .90 60.53 58 .03 2.33 53 . 1 9  6 1 . 54 
pos. red. 2 1  -23 ( I  0) 25 .33 5 .08 17 .03 42.99 22.60 4 .7 1  1 6.67 35 .62 

Females E. longissima (n = 3 1 )  E. lineata (n = 1 6) 

Characters (no.) mean SD max. 

length head-trunk [cm] 73 .52 1 1 .23 90.00 
length tail [cm] 1 6.69 2.62 22 .00 
ventrals ( I )  225 .06 4 .54 235 .00 
subcaudals (2) 72 .52 3 .4 1  79.00 
pos. red. 1 9- 1 7  (7) 93 .96 7.99 69. 1 6  
pos. red. 2 1 - 1 9  (8) 64.6 1  3 .47 59.83 
pos. red. 23-2 1 (9) 57.66 4.25 38 .33  
pos. red. 2 1  -23  ( I  0) 20.97 2.64 1 6 .30 

dark brown, longitudinal stripes running along the back 
and the flanks from the head to the tail. This description 
identifies his specimen as belonging to the southern 
Italian species. A lthough Camerano did not explicitly 
designate a type specimen, we assume that his type is 
identical with MZUT 942 (formerly MZUT 434) of the 
Museo di Zoologia e Anatomia Comparata Torino, 
which originates from Naples and has a note ' det. 
Camerano' .  We also examined a second specimen 
mentioned in the same publication (Camerano, 1 89 1 ), 
from Serra San Bruno (Calabria) (MZUT 935) in that 
collection. Consequently, Callopeltis longissimus var. 
lineata Camerano, 1 89 1 ,  in the combination Elaphe 

min. mean SD max. mm. 

48.00 70.28 1 3 .30 83 .50 49.00 
12.00 16.25 3 .60 20.00 1 0.00 

2 1 4.00 23 1 .88 2.58 23 5 .00 225 .00 
65 .00 7 1 .8 1  4. 12  80.00 6 1 .00 

1 00.00 99.47 2 . 1 4  9 1 .46 1 00.00 
74.03 73.87 4.57 65 .82 82.98 
63 .20 60.98 2.76 56 .90 65 .67 
30.74 1 8 .86 2.61 14 . 1 6  23 .4 1 

lineata, is the oldest available name for the southern 
Italian form, and MZUT 942 represents its holotype. 

ELAPHE LINEA TA (CAMERANO, 1 8 9 1 )  NEW COMB. 

Holotype. MZUT 942 (original number: MZUT 434; 
Fig. 6). 
Terra typica. Naples. 
Diagnosis. A European rat snake that differs from the 
most similar species, E. longissima, in usually having a 
light dorsal colour, grey ventral colour, often four dark 
longitudinal stripes that are narrower than the spaces 
between them (broader in longissima), in high average 
counts of ventral scales, sl ightly smaller size than 

TABLE 4. The frequency [%] of qualitative character states in both species. 

E. longissima E. lineata 

Character states (no.) females males females males 
(n = 3 1 )  (n = 3 5) (n = 1 6) (n = 23) 

bright nuchal blotches ( 1 1 )  89 85 5 0 

keeling ( 1 2) 1 6  60 8 37  
white dashes ( 1 3) 66 65 40 50 
venter with marbling ( 1 4) 3 5  0 
ventral transition bright/dark (3) 1 3  1 8  94 1 00 
bright dorsal background (4) 0 20 1 00 9 1  
presence of stripes (5) 32 1 7  3 8  48  
temporal b lotches (6) 39  26  94 9 1  
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FIG. 7. Locations of E. longissima and E. /ineata in central 
Italy mentioned in the text (solid squares). 

Elaphe longissima, and in not having bright nuchal 
blotches (see Table 3 and 4). 

Elaphe lineata attains at least 1 02 cm total body 
length in females, and 1 39 cm in males. It is likely that 
E. lineata may considerably exceed this length, as is 
known/or E. longissima (Bohme, 1 993;  Schulz, 1 995). 

Except for one individual from Modica, S icily 
(MZUT 940), nuchal blotches are always absent in E. 

lineata. In E. longissima, the blotches (yellow to orange 
in males, ivory to yellow in females) are usually appar­
ent, except in strongly melanistic individuals. This 
character is not subject to ontogenetic variation: both 
juvenile snakes and adults of E. longissima exhibit 
nuchal b lotches, whereas juveniles and adults of E. 
lineata do not. 

The background dorsal body colour is usually rather 
light, showing a fine speckling on the scales (Fig. 5) .  
The dorsum often carries four dark longitudinal stripes, 
which are narrower than the spaces between them on 
the posterior part of the body. The white dashes on indi­
vidual dorsal scales, known from E. longissima, are less 
developed in E. lineata and usually restricted to the 
dark stripes. In E. longissima, the dorsal ground colour 
is comparatively dark, especially on the posterior part 
of the body (Fig. 5) .  Striped specimens are also fre­
quent in E. longissima. 

The ventral colour of E. lineata is yellowish under 
the head and neck, and usually uniformly grey under 
the trunk and tai l .  Light spots on the lateral edges of the 
ventrals m ark a l ine that is  running along the whole 
trunk. Only one female from Modica, Sicily, mentioned 
above, exhibits a totally l ight venter. In contrast, the 
ventral colour of E. longissima is  uniformly yellow, es­
pecially in males after ecdysis. The ventral colour of 
females is pale yellow. Some specimens (particularly 
females) exhibit grey spots or marbling on the posterior 
part of the venter, but l ight colours always predominate 
on each scale. Predominantly dark ventral scales are 
very rare. Some specimens from the Caucasus region 
lack yellow colours but show merged dark and l ight 
marbling on their venter in equal proportions on each 
scale. In melanistic specimens from the Balkans, the 
posterior two-thirds of the venter is  covered by dark 

grey pigmentation. However, a few small bright spots 
of the size of a dorsal scale usually remain visible. 

In Capocaccia ( 1 964), the shape of the dark temporal 
and mandibular blotches is used for discriminating be­
tween the two forms. In our specimens from southern 
Italy, the temporal blotches are usually connected with 
the posterior submandibular blotches, whereas in E. 
longissima these blotches are usually separated. How­
ever, we found that a notable number of E. longissima 
specimens depart from that rule (Table 4). 

The number ofventrals in E. lineata (mean=232) ex­
ceeds that of E. longissima (mean=225; see Table 4). 
The dorsal scale row reduction from 21 to 1 9  rows is 
displaced caudally in E. lineata compared with E. 
longissima. In males the reduction is located at a ventral 
scale position corresponding to 67% (mean) of the 
trunk in E. lineata and 62% (mean) in the nominate 
form. In females, the corresponding values are 73 % 
(mean) in the southern Italian form and 65 % (mean) in 
the nominate form. 

Finally, living E. lineata have a reddish iris (Schulz, 
1 995), whereas the iris of E. longissima is brown or 
greyish in life. In our personal observations, a red iris 
colour was never seen in l iving specimens of the nomi­
nate form, (n>> 200), but present in all E. lineata 
(n=20). 

Juvenile specimens of E. lineata can be recognised 
by the lack of bright nuchal blotches, the reddish iris, 
and often a marked dark pattern on the pileus. Dark 
spots are always present on the dorsal parts of the trunk 
in hatchlings but often disappear during early youth. 
On the neck, they are fused into several larger spots. 

While many characters showed geographic varia­
tion, and in particular differentiation between E. 
longissima and E. lineata, other characters were chiefly 
affected by sexual dimorphism, with parallel trends in 
both species. This was manifested in the relative length 
of the tail, the number of subcaudals, number of dorsal 
scale rows, ventral colour (see above) and the extent of 
keeling (see Tables 3 and 4). 

ACKNOWLEDGEMENTS 

We thank the curators and staff of the following mu­
seums for the loan of specimens: Staatliches Museum 
ftir Tierkunde, Dresden; Museo Zoologico de La 
Specola, Firenze; Museo Zoologico dell '  Universita di 
Torino, Museo Regionale di Scienze Naturali ,  Torino; 
Forschungsinstitut und Naturmuseum Senckenberg, 
Frankfurt; Zoological Institute of the Russian Academy 
of Sciences, St. Petersburg; Zoologisches Museum und 
Forschungsinstitut A lexander Koenig, Bonn; and the 
British Museum ofNatural History, London. We are in­
debted to Domenico Capolongo, Antonio Capolongo, 
Vincenco Ferri, Luca Luiselli, Mario Pellegrini, Orfeo 
Picariello, and Carlo Utzeri for supporting this study, 
and to Roger Thorpe for providing computer programs. 
Ulrich Joger helped us to get material and commented 
on an earlier version of this article. The study was sup­
ported by a grant from the Deutscher Akademischer 
Austauschdienst e. V .  (D/96/0 1 070). 



SYSTEMATICS OF E. LONGJSSIMA COMPLEX 1 6 1  

REFERENCES 

Arnold, E. N. & Burton, J .  A. ( 1 979). Pareys Reptilien­

und Amphibienfiihrer Europas. Hamburg, Berl in;  
Parey. 

Barton, N. H. & Hewitt, G. M.  ( 1 989). Adaptat ion, 

speciation, and hybrid zones. Nature 34 1 ,  497-503. 

Bohme, W. ( 1 993 ) .  Askulapnatter (Elaphe longissima 

LAURENTI, 1 768). I n :  Bohme, W., (Ed) .  Handbuch 

der Reptilien und Amphibien Europas. Wiesbaden; 
Aul a. 

Bruno, S. & Maugeri, S. ( 1 990). Serpenti d 'Italia e 

d 'Europa. Milano; G. Mondadori. 

Camerano, L. ( 1 89 1  ) .  Monografia degli Ofidi italian i .  
Parte 1 1 .  Colubridi. Mem. R .  Accad. Sci. Torino, ser. II. 

Capocaccia, L. ( 1 964 ). Variabi l ita e sottospecie di 
"Elaphe longissima" (Laur.) in Ital ia. Ann. Mus. civ. 

stor. na/. Giacomo Doria. Genova 74, 353 -387. 

Cattaneo, A. ( 1 975) .  Presenza di Elaphe longissima 

longissima (Laurenti ,  1 768) melanica a Castelfusano 
(Roma). Alli Soc. ital. Sci. Nat. , Milano 3, 25 1 -262. 

Cracraft, J. ( 1 989) .  Speciation and its ontology : the 

empirical consequences of alternative species concepts 

for understanding patterns and processes of 

differentiat ion.  I n :  Otte, D. & Endler , J .  A., (Eds). 

Speciation and its consequences. Sunderland, Mass . ;  

S inauer Associates. 

D ixon, W. J. ( 1 99 1  ) .  BMDP Statistical Software. Los 

Angeles: BMDP Statistical Software Inc.  

Frost, D. R. & Hi l l is, D.  M .  ( 1 990). Species in  concept and 

practice: herpetological appl ications. Herpetologica 

46, 87- 1 04. 

Lacepede, F .  d .  ( 1 789). Histoire nature/le des quadru­

pedes ovipares et des serpents. 2. Histoire nature/le 

des Serpents. Paris; Hotel de Thou. 

Laurenti, 1. N. ( 1 768) .  A ustriaci Viennensis specimen 

medicum, exhibens synopsin rep/ilium emendatum 

cum experimentis circa Venena et antidota rep/ilium 

A ustriacorum quod authorita/e et consensu (reprint in 

1 966 by A. Asher & co., A msterdam) . Wien; Joan. 

Thomae, Caes. Reg. Aulae Typographi .  

Lenk, P .  & Joger, U .  ( 1 994). Genetic relationships be­

tween populations and intraspecific subdivision of 

Elaphe longissima (LAURENTI, 1 768)  as suggested 
by p lasma protein electrophoresis and DNA finger­

printing. A mphibia-Reptilia 15, 363-373 .  

Mayr, E .  ( 1 969) .  Principles of systematic zoology. New 

York; McGraw-Hi l l .  

Mertens, R. & MUi ler, L. ( 1 928).  Die  Amphibien und Rep­
t i l ien Europas. Abhandlungen der Senckenbergischen 

Naturforschenden Gesellschaft 41, 1 -62.  

Schulz, K. D. ( 1 995). A monograph of the colubrid snakes 

of the genus Elaphe Fitzinger. Konigstein; Schulz. 

Suckow, G. A. ( 1 798). Anfangsgrunde der theoretischen 

und angewandten Naturgeschichte der Thiere. 

Leipzig; Weidmann ' sche Buchhandlung. 

Thorpe, R. S .  ( 1 976) .  B iometric analysis of geographic 

variation and racial affinit ies. Biological Reviews 51,  
407-452. 

Thorpe, R. S .  ( 1 980). A comparative study of ordination 
techniques in numerical taxonomy in relation to racial 
variation in the ringed snake Natrix natrix ( L. ) .  
Biological Journal of the Linnean Society 1 3 ,  7-40. 

Thorpe, R. S., Brown, R. P., Day, M., Malhotra, A . ,  
McGregor, D. P .  & Wtister, W.  ( 1 994). Testing 

ecological and phylogenetic hypotheses in 

microevolutionmy studies: an overview. In Eggleton, 
P. & Vane-Wright, R .  (Eds), Phylogenetics and 

Ecology. London; Academic Press. 

Thorpe, R. S . ,  Brown, R .  P., Malhotra, A. & Wllster, W. 
( 1 99 1  ) .  Geographic variation and popu lation 

systematics: distinguishing between ecogenetics and 

phylogenetics. Bolletino di Zoologia 58, 329-335 .  

Thorpe, R. S . ,  Malhotra, A . ,  Black, 1-1 . ,  Daltry, J .  C. & 

Wtister, W. ( 1 995) .  Relating geographic pattern to 

phylogenetic process. Phil. Trans. R. Soc. London B 

349, 6 1 -68. 

Wi ley, E .  0.  ( 1 98 1 ) . Phylogenetics. The theory and 

practice of phylogenetic systematics. New York; John 

Wi ley and Sons. 

Wllster, W., Otsuka, S., Thorpe, R. S. & Malhotra, A .  
( 1 992). Morphological variation i n  Russe l l ' s  viper in 

Burma and Thailand. Herpetological Journal 2, 99-

10 I .  

Wtister, W. ,  Warre l l ,  D. A. ,  Cox, M .  J . ,  Jintakune, P. & 

Nabhitabhata, J .  ( 1 997) .  Redescription of Naja 

siamensis Laurenti ,  1 768 (Serpentes: E lapidae), a 

widely overlooked spitting cobra from Southeast Asia: 

geographic var iat ion, medical importance and 

designation of a neotype. Journal of Zoology 243, 
77 1 -788. 

Accepted 5.5.99 

APPENDIX 

The specimens of this study were provided by the 
following collections: 

MTKD Staatliches Museum ftir Tierkunde Dresden 
MZUF Museo Zoologico de La Specola,' Firenze'. 
MZUT Museo Zoologico del l '  Universita di Torino 
MRSN Museo Regionale di Scienze Naturali, Torino'. 
SMF Forschungsinstitut und Naturmuseum 
Senckenberg, Frankfurt, ZIN Zoological Institute, Rus­
sian Academy of Sciences, St. Petersburg, ZFMK 
Zoologisches Museum und Forschungsinstitut Alexan­
der Koenig, Bonn, BM Museum Natural History. 
London, LLPC Luiselli, Luca, private collection, LPPC 
Lenk, Peter, private collection, EONAR Exhibition 
Oasi Naturale WWF Abetina di Rosello 

Elaphe longissima 

Adult specimens: Albania -I l lyria (BM 
1 920.1 .20 .466) Bosnia -Herzegovina, Capolj ina  (BM 
96.9.5 . 1 0) -Travnik (BM 9 3 . II . 1 3 . I )  Bulgaria -? 
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(MTKD 6 1 77, MTKD 3 350, MTKD 1 5656) -Bistrica 
(MTKD 28560) -Sandanski-Bistrica, Liljanova 
(MTKD 25440, MTKD 28285) -Pirin mountains 
Bansko (MTKD 2549 1 )  -Baile Herculane (MTKD 
28808, MTKD 29 1 08, MTKD 29 1 07, MTKD 26622, 
MTKD 28807) -Arkutino (MTKD 273 1 6, MTKD 
1 95 3 5 ,  MTKD 25493, MTKD 1 9386) -Harmanli 
(MTKD 6802, MTKD 7 1 14 ,  MTKD 4699, MTKD 
4 1 35 ,  MTKD 4698) -Primorsko (MTKD 8855) Geor­
gia-Abchasia, Pizunda (ZIN 1 7070, ZIN 1 1 847, ZIN 
1 7068, ZIN 1 7069) -Novyy Afon (ZIN 1 2964) Greece 
-Vernon, Vitsi (MZUF 30862) -Mt. Olympus (BM 
1 93 1 . 1 2. 1 5 .2) Italy -Trentino, Caldaro (SMF 70693) -
Trentino, Primolano (SMF 70478) -Trentino, Jenesien 
(SMF 1 843 1 ,  SMF 1 8432) -Friuli, Udine (LPPC 3 1 3) -
Lombardia, Mori (MTKD 44259) -Liguria, Albenga/ 
Allassio (ZFMK 23 1 1 1 ) -Liguria, Laigueglia (ZFMK 
5 8 1 55 )  -Emilia-Romagna, Bologna (RR. 1 964. 1 558� -
Toscana, Viterbo, Farnese (MZUF 1 5647) -Umbna, 
Perugia, Mt. S.  Maria Tiberina (MZUF 7960) -Umbria, 
Perugia, Collazone (MZUF 2660 1 )  -Lazio, 1 0  km south 
of Roma (LLPC), -Lazio, Monte Circeo, Commune 
della Marsione (2 x LLPC) -Lazio, Roma, Via Ada 
(LLPC) -Lazio, Castelfusano (LLPC) -Lazio, 1 5  km 
north ofVeio (LLPC) -Abruzzo, Pacentro (LPPC 3 1 2) -
Abruzzo, Rosello (EONAR) Yugoslavia -? (MTKD 
3 1 46) Romania-?(MTKD 32629, MTKD 32626, 
MTKD 32628, MTKD 3 2627 ) Russia -Sochi (ZIN 
1 5303 ,  ZIN 1 1 608) Switzerland -Ticino, Mte. Bre, 
Locamo (SMF 44 1 3 1 )  -Ticino, Arcegno (SMF 23989) 
-Ticino, Maggia (SMF 52979, SMF 59280, SMF 
48243)  

Juveniles: Italy Lazio, Lago Albano (BM 
1 974.4 1 0 8), -Aquila, Cocullo (MRSN R 1 3 1 7), 
Toscana, Campagnatico (MZUF 5 5992) 

Elaphe lineata 

Adult specimens: Italy -Campania, Benevento, 
Pannarano (MRSN 1 362) -Campania, Napoli (ZFMK 
5950, ZFMK 23 1 1 2, ZFMK 5949, ZFMK 5948, MZUT 
942) -Campania, Roccarainola (MZUF330 1 7, MZUF 
330 1 9, MZUF33005,  MZUF3 3002, MZUF 3 30 1 8, 
MZUF 33007, MZUF 3299 1 ,  MZUF 330 1 6, LPPC295) 
Campania, Vesuvio (MZUF 33020, MZUF 3 3 02 1 )  -
Campania, Sarno, Pianta Marina (MZUF32992, 
MZUF32993) -Campania, Salerno, Laurino (MRSN 
1269) -Campania, Salemo Giffoni Valle Piana (MRSN 
1422) -Basilicata, Potenza, Viggiano (MZUF 3 1 666) ­
Basilicata, Potenza, Cazzavella (MZUF 1 8733)  
-Calabria, Jozzo, Cardinale (MZUF 3 1 206, MZUF 
30859,MZUF 30698, MZUF 3 1 960, MZUF 30699, 
MZUF30529) -(MZUF 30087) -Calabria, Mellara 
(MZUF 22498) -Calabria, Delianuova (MZUF 3 5 1 75) -
Calabria, Serra San Bruno (MZUT 935) -Sardegna, 
Santu Lussurgiu (SMF 65083) -Sicil ia, Modica (MZUT 
940) -Sicilia, Dioppo Monreale (ZFMK 1 6557) -
Sicilia, Acireale (SMF36390) -Sicilia, Agrigento (SMF 
47 1 00) -Sicilia, Palermo (SMF 54226) -S-Italy (ZFMK 
52264) 

Juveniles: Italy Calabria, Novalba di Cardinale 
(MZUF 30087), -Campania, Avella (MZUF 32995), -
Campania, Roccarainola (MZUF 33003 , MZUF 
33004), Calabria, Delianuova (MZUF 3 1 1 76). 


