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Studies on the significance of microdermatoglyphics
in viperid systematics.

I. The microdermatoglyphics of desert vipers
(Squamata: Serpentes: Viperidae)

Untersuchungen zur systematischen Relevanz epidermaler Ultrastrukturen bei Viperiden.
I. Die Schuppenultrastrukturen wiistenbewohnender Vipern
(Squamata: Serpentes: Viperidae)

PETRA BEYERLEIN

KURZFASSUNG

Die Ultrastruktur der Rickenschuppenoberfliche wurde an wiistenbewohnenden Vertretern der Viperidengat-
tungen Echis, Cerastes, Pseudocerastes und Bitis sowie an Crotalus cerastes untersucht. Im Gegensatz zu allen an-
deren Viperidengattungen, bei denen sich gattungstypische Muster finden, tritt bei Echis, Cerastes, Pseudocerastes
und Bitis peringueyi das gleiche, nimlich ein verrucates Muster auf. Das Vorhandensein eines verrucaten Reliefs bei
Crotalus cerastes macht die Kopplung des Merkmals mit dkologischen Faktoren sehr wahrscheinlich. Diese sowie die
systematische Aussagekraft von Ultrastrukturen der Riickenschuppenoberfliche werden diskutiert.

ABSTRACT

Microdermatoglyphics of dorsal scales have been investigated in desert vipers of the genera Echis, Cerastes,
Pseudocerastes and Bitis as well as Crotalus cerastes. Opposite to all other viperid genera which are distinguished by
individual microdermatoglyphic patterns each, Echis, Cerastes, Pseudocerastes, and Bitis peringueyi exhibit identi-
cal - verrucate - patterns. The outgroup taxon Crotalus cerastes shows the very same type of dorsal microornamenta-
tion strongly suggesting an ecological influence on its formation. This influence and the utility of microdermatogly-
phics for systematics are discussed.
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INTRODUCTION

Microdermatoglyphics have yet been
described in 1868 by LEYDIG who also had
the idea of their utility as a marker for
squamate systematics (LEYDIG 1872, 1873).
Enhencement of resolution and refinement
of presentation provided by scanning elec-
tron microscopy induced the application of
this technique to the analysis of dermal
surfaces (HOGE & SouzA SANTOs 1952;
PrICE 1982, 1983, 1990; BEA 1978, 1987,
STILLE 1987). But still there is no agree-
ment on whether microdermatoglyphics
can be used as a taxonomic tool or if they
just give us some information about the
ecological conditions these animals are
confronted with as RUHL & HERRMANN
(1989) claim. Though other authors do not
at all reject the possibilities these structures
provide for squamate systematics, some of
them warn of their uncritical use. BEA
(1978) notices a tendency towards the de-

velopment of more massive structures in
vipers that live in warmer areas and con-
siders this to be an adaptation to evapora-
tion. In a later paper (BEA 1986) he finds a
relationship between the complexity of the
microdermatoglyphics and the southward
extension of the species. LILLYWHITE &
MADERSON (1982) find more complex
structures in terrestrial squamates than in
aquatic ones and they also attribute this to
the structures’ role in water balance. POR-
TER (1967) has the idea that - in desert rep-
tiles - some microdermatoglyphic structures
show themselves to be an adaptation to
scatter light reducing the amount of radia-
tion penetrating into the organism.

But some systematic relevance of
these structures is obvious. BURSTEIN & al.
(1974) consider the structures to be useful
for lizard systematics on the inter- and in-
tragenera level as well as for the distin-
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guishing of species and subspecies. This is
also underlined by HOGE & SouzA SANTOS
(1952), DOWLING & al. (1972), STEWARD &
DANIEL (1975), PRICE (1982, 1983, 1990), PE-
TERSON (1984), DOWLING & PRICE (1988)
and PRICE & KELLY (1989). BEA (1978,
1987) and STILLE (1987) consider the pat-
terns to be species specific. PRICE (1982) in-
vestigates the microdermatoglyphics of snake
species from different habitat types, what
leads to the result that in none of these
habitats the dominating role is played by a
single pattern only, and that identical pat-
tern types are found in different habitats.

In viperid systematics microdermato-
glyphics have first been investigated by
BEA (1978, 1986, 1987) who especially dealt
with Iberian vipers of the genus Vipera. He
found slight differences between V. berus
(LINNAEUS, 1758), V. seoanei LATASTE, 1879,
V. aspis (LINNAEUS, 1758), and V. latastei
BoscA, 1878, with V. seoanei being inter-
mediate between V. aspis and V. berus. In
his thesis GROOMBRIDGE (1980) included
microdermatoglyphics of representatives of
all viperid genera and BEYERLEIN (1993)

investigated the microdermatoglyphics of
most viperid species and subspecies. In
both analyses, structure differences be-
tween the genera can be found, but there
have also been some patterns indicating an
ecological correlation of scale structures,
especially for Echis and Cerastes. JOGER &
COURAGE (1998) deal with Echis and Cer-
astes. They postulate that both ‘genera’
form one monophyletic group because of
their similar microdermatoglyphics and
reject monophyly of Atheris and Echis or
Atheris and Cerastes, respectively. These
two possibilities were proposed by HERR-
MANN & al. (1998) as derived from a study in
which none of the alternatives was clearly fa-
voured owing to controversial results of
morphological and genetic analyses.

In the present paper microdermato-
glyphics of Echis and Cerastes and other
desert vipers like Pseudocerastes and Bitis
peringueyi as well as the Sidewinder Rat-
tlesnake Crotalus cerastes are illuminated
once more to analyze the question of this
structure to be of value for desert vipers
systematics.

MATERIALS AND METHODS

Scale samples of the following vipers
(preserved museum specimens) are used for
this analysis: Bitis peringueyi (BOULENGER,
1888) [ZFMK 44887, Namibia: Swakop-
mund], Cerastes cerastes cerastes (LINNAE-
us, 1758) [ZFMK 17593; Mauretania: Chai-
mi), C. cerastes gasperettii LEVITON & AN-
DERSON, 1967 [ZFMK 52419; Jordan: Wa-
di Araba), C. vipera (LINNAEUS, 1758) [NMW
27140; Isracl: Negev], Crotalus cerastes
HALLOWELL, 1854 [Priv. coll. A. MEYER,;
U.S.A.: California], Echis carinatus cari-
natus (SCHNEIDER, 1801) [ZFMK 32490;
Sri Lanka), E. carinatus sinhaleyus DERA-
NIYAGALA, 1951 [NMW 13490; Northern
Ceylon], E. carinatus sochureki STEMMLER,
1969 [ZFMK 27403, Pakistan], E. coloratus
GUNTHER, 1878 [ZFMK 50294; Egypt: Wadi
Rishrash], E. leucogaster ROMAN, 1972
[ZFMK 20257; Niger: 30 km W Dogou:

Doutch], E. multisquamatus CERLIN, 1981
[ZFMK 16381; Turkmenia: Ashabad], E.
ocellatus STEMMLER, 1970 [ZFMK 20254,
Mali], E. pyramidum leakeyi (STEMMLER &
SOCHUREK, 1969) [NMW 19387; Northern
Kenya), E. pyramidum pyramidum (GEOFF-
ROY ST. HILAIRE, 1827) [ZFMK 50285,
Egypt: Fayum: Wadi Pharaon], E. varia
REUsS, 1834 [ZFMK 54278; Djibouti], and
Pseudocerastes persicus (DUMERIL, BIB-
RON & DUMERIL, 1854) [ZFMK 13101, Pa-
kistan; Mokran coast).

The Oberhiutchen of dorsal scales is
removed with tweezers, samples are cleaned
in an ultrasound bath in water and after-
wards in acetone for five minutes each. After
drying in the air they are glued on specimen
stubs with an electron conducting glue and
gold sputter coated. Terminology of microor-
namentation is according to PRICE (1982).

RESULTS

Irrespective of systematics, epidermal
microornamentation is similar in all desert
vipers investigated in this study in that it is

characterized by a verrucate pattern and a
reticulate or porous fine structure in all
cases (table 1).
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Table 1: Types of microdermatoglyphics as found in 16 taxa of desert vipers.
Tab. 1: Die Ausprigungen der Schuppenfeinstruktur bei 16 Formen von Witstenvipern.

Taxon Type of microdermatoglyphics Figure
Typ der Schuppenfeinstruktur Abbildung
Bitis peringueyi verrucate / reticulate 1
Cerastes cerastes cerastes verrucate / reticulate 2
Cerastes cerastes gasperettii verrucate / reticulate - -
Cerastes vipera verrucate / reticulate -
Crotalus cerastes verrucate / reticulate 8
Echis carinatus carinatus verrucate / reticulate -
Echis carinatus sinhaleyus verrucate / reticulate -
Echis carinatus sochureki verrucate / reticulate -
Echis coloratus verrucate / reticulate 3
Echis leucogaster verrucate / reticulate or porous 4
Echis multisquamatus verrucate / reticulate -
Echis ocellatus verrucate / porous 5
Echis pyramidum leakeyi verrucate / porous -
Echis pyramidum pyramidum verrucate / porous -
Echis varia verrucate / reticulate or porous 6
Pseudocerastes persicus persicus verrucate / reticulate 7

DISCUSSION

In contrast to all other vipers in
which one can find genus specific or even
species specific patterns (GROOMBRIDGE,
1980, BEYERLEIN, 1993), all sand dwellers
included in the present study show a verru-
cate scale surface with a reticulate fine
structure or a porous one in some Echis, re-
spectively. According to BEYERLEIN (1993)
no other vipers than the sand dwelling ones
show this character state. Though it looks
plesiomorphic it is, however, not wide-
spread in other snake families as can be
seen from the results of PRICE (1982) and
PRICE & KELLY (1989) who investigated a
large number of snakes belonging to sev-
eral families. The fact that the crotalid
Crotalus cerastes also evolved this type of
scale ultrastructure (see also STILLE 1989)
is a sound argument for some selection
pressure towards the evolution of verrucate
scale surfaces under the ecological condi-
tions these desert vipers live in.

PORTER (1967) supposes that some
regularly arranged spiny elements in the
microdermatoglyphics of desert lizards re-
duce the amount of heat penetrating into
the organism. Perhaps the simple con-
structed structures found here in the sand
dwelling vipers have a similar function; in
having a small surface they do not absorb

as much energy as and reflect more radia-
tion than more complicated ones would do.

Though PRICE (1982) seems to prove
the systematic value of microornamental
patterns in snakes, GANS (1977, 1979) sees
some correlation between life style and
scale structures in Uropeltids. P. BLANEY
(cited in PRICE 1982) assumes some eco-
logical adaptation to be possible in micro-
dermatoglyphics and this very assumption
is strongly supported by the results submit-
ted in the present paper.

Considering the results of GROOM-
BRIDGE (1980) und BEYERLEIN (1993), the
statement of RUHL & HERRMANN (l.c.) -
snake scales are not suited for systematics
at all - does not seem to be generally justi-
fied for vipers, but is true for the ecological
group investigated here. Thus, the use of
microdermatoglyphics in desert vipers sys-
tematics must be rejected.

As a consequence, the close systematic
affinity of Echis and Cerastes as derived
from similar scale patterns by JOGER & COUR-
AGE (1998), is no longer convincing. Though
the assumption of monophyly of these both
genera seems to be sensible, similar micro-
dermatoglyphic patterns can not serve as
sound argument against the cladograms
proposed by HERRMANN & al. (1998).
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Fig. 1: Ultrastructure of dorsal scale surface in Bitis peringueyi. Bar represents 50 um.
Abb. 1: Feinstruktur der Oberfliche einer Riickenschuppe von Bitis peringueyi. Balkenlange entspricht SOpum.

Fig. 2: Ultrastructure of dorsal scale surface in Cerastes c. cerastes. Bar represents 20 pm.
Abb. 2: Feinstruktur der Oberflache einer Riickenschuppe von Cerastes c. cerastes. Balkenlange entspricht 20pum.
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Fig. 3: Ultrastructure of dorsal scale surface in Echis coloratus. Bar represents 10 pm.
Abb. 3: Feinstruktur der Oberflache einer Riickenschuppe von Echis coloratus. Balkenlinge entspricht 10pum.
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Fig. 4: Ultrastructure of dorsal scale surface in Echis leucogaster. Bar represents 30 pm.
Abb. 4: Feinstruktur der Oberflache einer Riickenschuppe von Echis leucogaster. Balkenlange entspricht 30pum.
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Fig. 5: Ultrastructure of dorsal scale surface in Echis ocellatus. Bar represents 10 pm.
Abb. 5: Feinstruktur der Oberfliche einer Riickenschuppe von Echis ocellatus. Balkenlinge entspricht 10pum.

Fig. 6: Ultrastructure of dorsal scale surface in Echis varia. Bar represents 10 pum.
Abb. 6: Feinstruktur der Oberfliche einer Riickenschuppe von Echis varia. Balkenlinge entspricht 10pum.
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Fig. 7: Ultrastructure of dorsal scale surface in Pseudocerastes p. persicus. Bar represents 30 um.
Abb. 7: Feinstruktur der Oberfliche einer Riickenschuppe von Pseudocerastes p. persicus. Balkenlange entspricht 30pum.

Fig. 8: Ultrastructure of dorsal scale surface in Crotalus cerastes. Bar represents 10 pm.
Abb. 8: Feinstruktur der Oberfliche einer Riickenschuppe von Crotalus cerastes. Balkenlinge entspricht 10 pm.
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It can be concluded that though mi-
crodermatoglyphics at a first glance seem
to be a neutral and therefore useful feature
in phylogenetic and systematic investiga-
tions in squamates there is some clue for

their relation to ecological factors at least
in sand dwelling Viperidae. Therefore, the
use of scale structures as an aid for answer-
ing systematic-taxonomic questions is to be
handled with kid gloves.
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