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ABSTRACT: Description of a new technique for microscopical study
of “Oberhiutschen; description of a new genus: Protobothrops; the
genera, Porthidium, Bothriechis and Bothriopsis are considered as
distinct from Bothrops; with a short diagnose of the Agkistrodon-
tini, and redeseription of Calloselasma rhodostoma and C. annamensis.
KEYWORDS: “Oberhiiutschen; Viperoidea; Protobothrops; Porthi-
diwm: Bothriechis; Bothriopsis; Agkistrodontini; Calloselasma rho-
dostoma: Calloselasma annamensis.

INTRODUCTION

This preliminary account on Crotalid snakes is based on the study
of a large number of specimens. Besides the classical methods in sistematic
zoology, special attention is given to the superficial structure of the skin,
In 1953 the Senior author and Souza Santos published a paper on sub-
microscopic structure of “Stratum corneum” (oberhiutschen) showing
the value of the method in taxonomy. Besides the electron microscopic
method a new method for use in optic microscopy is described. The
conclusion is that the method is extremely useful. For the moment about
90% of the species from the Bothrops Trimeresurus complex were exa-
mined. Definitions of the genera will be modified but to avoid useless
changes in nomeneclature the authors will wait to complete their studies
before introducing the changes maintaining for the moment a more con-
servative nomenclature. The solenoglyphous snakes are included in a super-
family, Viperoidea subdivided into two families: Atractaspiidae for the
primitive colubrid-like Mole false vipers; Viperidae for the vipers, with
four subfamilies: Viperinae (true vipers); Azemiopsinae (Mole Vipers) ;
Causinae (Night adders) and Crotalinae (Pit Vipers). The Crotalinae are
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Figs.: 1, 2, 3, 4 — Calloselasma annamensis holotypo @
Mus. Nat. Hist. Nat. n.® 3.323
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Fig. 5 — Callogelasma annamensis holotypo @
Mus. Nat. Hist. Nat. n.® 3.323
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divided in two tribes: Agkistrodontini for the genera Agkistrodon, Callo-
selasma, Deinaglkistrodon, Gloydius and Hypnale (Hoge and Romano Hoge,
1981), and Crotalini for the genera; Crotalus and Sistrurus (Rattlesna-
kes) : Bothrops, Porthidium, Bothriechis and Bothriopsis (American scale
snouts) ; Trimeresurus, and Protobothrops (Asiatic Pit Vipers) ; Tropido-
laemus (Chin--keeled Pit Viper) and Ovophis (The mountain and Okina-
wan pit viper). The genus Agkistrodon “sensu auctores” is considered as
formed by five genera: Agkistrodon for the American species; Calloselas-
ma for C. rhodostoma and C. annamensis; Deinagkistrodon for D. acutus;
Gloydius for the asiatic forms except Deinagkistrodon, Calloselasma and
Hypnale Tor H. hypnale, H. nepa and H. wallt.

METHODS

Besides the classical methods in systematic zoology, special attention
is paid to microscopic and ultramicroscopic structurs of “Oberhiutschen”
Pockrand 1937. (Epitrialschicht of Leydig 1873, “stratum corneum” of
Hoge et Souza Santos, 1953). Direct optical examination of “oberhauts-
chen” is very difficult due to the thickness of the preparation. A new
technique of replica is used for examination with optical microscope.
Instead of making replicas by the “stripiny method (Schaffer 1943) the
replica was done directely on the slide. The slides are from Plexiglas, a
drop of chloroformium is placed on the plexiglas and the snake scales
are pressed against leaving a perfect replica of the scale. This prepa-
rations can be stored indefinitely unlike the ones by the dry-striping
method. The examination of the replicas was made with the help of a
Siemens electron microscope type UM 100 b at original magnifications

of 1300 and 6300,

STRUCTURE OF “OBERHAUTSCHEN"

Comparing the microscopic, and or, the submicroscopic structures of
Bothrops and Trimeresurus (fig. 27, 28, 51 and 52) it is easy to distin-

guish them on the base of their pattern.

The very large number of species already examined permit us to
conclude that very distinct patterns permit the use of this structure for
the distinction of genera for ex.: Boa; Xenoboa; Eunectes; Corallus;
Lystrophis; Conophis; Ditaxodon; Python ete. (figs. 31 to 39 and 44, 45).

Between Viperidae the distinction of: Atheris, Echis, Vipera, Both-
rops, Trimeresurus, Tropidolaemus ete. is possible on the base of the
ultrastructure.

A very large number of genera and species are already examined
and the results will be published in a fortecoming paper.

Here we will limit us to a few genera and species of Crotalinae.

Using the replicas prepared for optical microscopic examinations
the shape of cells and microornamentation is easely observed (fig. 46
and 62).
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Figs. 6 and 8 — Calloselasma annamensis
Mus. Nat, Hist. Nat. n.® 1920 — A 215

Figs. T and 9 — Callosclagma rhodostoma
Mus. Nat. Hist. Nat. n.® 1970-583
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Figs. 10 and 11

Callogelasma rhodostoma

Mus. Number: MNHN n.® 1970 — 583
Locality: Plantation Krek, Cambodge
Collector: Saint Giron
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Before discussing the results it seem interesting to observe that,
sometimes different patterns appears in the same genus (sensu auctores)
but till now the different patterns are always associated with other

characters.

Although the use of the scanning microscopic give the best results,
the optic technique here described, is very usefull, simple and permit a
quick observation.

Bothrops: a pattern of allongated and generally keeled cells (fig. 51
and 27 and 29).

Trimeresurus: a pattern of large, not or nearly not allongated cells
(fig. 28 and 52).

Tropidolaemus: a pattern of rounded cells, strongly covered with
complicated keells and stripes (fig. 53 and 58).

In Ovophis the pattern observed (only O. okinavensis and O. chaseni
studied) is quite similar to Trimeresurus (fig. 62).

A distinet pattern was observed in flavoviridis, mucrosquamatus and
jerdoni. This pattern together with other characters permit to put them
in a distinet genus.

Protobothrops Gen. Nov.
DIAGNOSIS

A pit viper with allongated, not forked, and generally edentulous
palatine (fig. 80). The maxillary without the projection on border of
cavity, similar to Bothrops; the anterior border of ectopterigoid not
enlarged as in Trimeresurus and Ovophis. Splenial and angular distinct;
structure of paraventral with fingerlike projections; structure of dorsals
showing a striated pattern (fig. 41). The median wing of the prefrontal,
unlike in Trimeresurus and Tropidolaemus, present, but small in size.

RELATIONSHIP

Related to Bothrops by the pattern of paraventral structure (fig. 42).
Easely distinguished from Trimeresurus by the structure of dorsals,
paraventrals (fig. 40 and 41) ; the different shape of palatine, maxillary,
ectopterygoid, and prefrontal (figs. 80, 81).

Type species: Protobothrops flavoviridis.

Species here considered as belonging to the genus Protobothrops:
P. flavoviridis (Hallowell 1860) : P. jerdoni (Giinther 1875) and P. mu-
crosquamatus (Cantor, 1839).

Bothrops

The genus Bothrops as here defined can be characterized by:

Palatine deeply forked (fig. 68), internal border of maxillary not
provided with projection; ectopterygoid with anterior part not large and
square; splenial and angular present; structure of dorsals showing allon-
gated and keelled cells (figs.: 75, 27, 29 and 55).
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Figs. 12 and 13
Calloselasma annamensia Angel

Locality: Cap. Saint Jacques, Sud Vietnam
Mus, Number: MNHN — 1920 A 215
Col.: Mignon.
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Fig. 14
Calloselagma annamensis

Locality: Plantation Krek, Cambodge
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A few species of Bothrops “sensu auctores” d? not S]l::}[‘E all those
characters: undulatus, bicolor, schlegeli, lateralis, nigroviridis, nummifer
and lansbergii.

Although more data has to been computed before further subdividing
the Bothrops group a few genera can already be revalidated.

Porthidium Cope

This genus related to both Bothrops and Trimeresurus differs from
Bothrops by the structure and ultraestructure of dorsals wich are closely
related to the ones observed in Trimeresurus (fig. 46).

From Trimeresurus by shape of maxillary and ectopterygoid wich
are similar to the ones observed in Bothrops (figs. 66, 72).

The shape of palatine is somewhat intermediate between Bothrops
and Trimeresurus. Differs from Bothrops and Trimeresurus by having
splenial and opercular fused (figs. 70 and 76).

The genus Porthidium as here defined is diferent from Burger’s
conception of the genus Burger states that all but nasufus have splenial
and angular separated. The specimens of lansbergii examined all have
splenial and angular fused.

Type species: Porthidium lansbergii (Schlegel), 1841.
The following species are included in this genus: P. brachstoma,
P. dunni, P. nasutus, P. ophryomegas, and yucatanicus (not seen).

Bothriechis Peters

This genus already recognized by Savage is really different from
the genus Bothrops by the structure of “oberhdutschen” (fig. 57).
Type specimes : Bothriechis nigroviridis species here included in the genus

B. nigroviridis subsp. (including rowleyi?).
Bothriopsis Peters

This genus already recognized by Burger is here restricted to B.
castelnaudi and B. lichenosus.

Diagnosis will be given in a forthcoming paper.
Type species: B. castelnaudi.

Species here included B. castelnaudi with B. lichenosus either as a
species or subspecies.

Genera inquerendae

undulatus, bicolor, schlegeli, lateralis, pictus, nummifer, supraciliaris,
till now in the genus Bothrops ‘“sensu auctores”. Some species, specially
bicolor, are closely related to Trimeresurus. (Fig. 43).

The species T. kaulbacki and T. kanburiensis still need to be studied.
T. capitetriangulatus although having the maxillary and palatine
of the Trimeresurus shape, a distinet striped pattern of dorsal scales the
shape of ectopterygoid also is quite unusual. More specimens are needed
before conclusion.
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Fig. 16

Calloselasma rhodostoma
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ultrastructure of “Oberhiiutschen™ in

Fig. 16 and 18 — Hypnale nepa Q - MNHN Pariz — N.© 4.042

Fig. 1T — Deinagkistrodon acutua
Fig. 19 — Callogelasma annamensia type
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Aglkistrodontini (Historical)

In 1896 Boullenger included in the same genus Agkistrodon the genera
Hypnale Fitzinger, 1843, Halys Gray, 1849 (non Fabricius, 1803) and
Calloselasma Cope (nom. nov. pro Leiolepis Duméril, 1853) (non Cuvier,
1829), nearly no attempt was made for the revival of those genera,
except by:

1957 Chernov who removed Calloselasma from the synonymy and
gave additional reasons for the revival of the genus.
Unfortunatelly he was not followed by the authors.

1971 Burger in his doctor thesis (l.c.) revived Calloselasma and
Hypnale. Burger used Agkistrodon for the American species,
Calloselasma for the species rhodostoma and acutus and
Hypnale for the other Asiatic species.

1977 Gloyd revived Hypnale (without mention to Burger’s thesis
or to Dissertation Abstract International 32 (10)1972 but
restricted to Hypnale only the species H. hypnale; H. nepa
and a new species H. walli, giving a good diagnosis.

1978 Gloyd describes a new genus Deinagkistrodon for the single
species acutus.

1981 Hoge and Romano Hoge conclude that Agkistrodon ‘“sensu
auctores” is a complex of five genera: Agkistrodon Beauvois,
Calloselasma Cope, Deinagkstrodon Gloyd, Hypnale Fitzinger
and a new genus Gloydins. They subdivide the subfamily
Crotalinae in two tribe: Crotalini and Agkistrodontini.

TRIBE Agkistrodontini

Rattleless pit vipers with large symmetrical shields on top of the
head; sometimes the internasals and prefrontals broken up into scales
of scalelike shields. When broken up in scales dorsals in 17 row at midbody.

Contains five genera: Agkistrodon Beauvois, 1799: Calloselasma
Cope 1859; Deinagkistrodon Gloyd 1978; Gloydius Hoge and Romano
Hoge 1981 and Hypnale Fitzinger, 1843.

Range: Asia from the borders of Caspian Sea Eastwards to Japan and
southwards to Sri-Lanka and Indonesia; North and Central America.

DIAGNOSIS OF THE GENERA

Aglkistrodon Beauvois, 1799

A rattleless Pit Viper; nine large symmetrical shields on the upper
surface of the head; internasals and praefrontals well developed; dorsals
keeled; anterior subcaudals single; upper labials usually forming the
anterior border of the loreal pit; snout not produced in a dermal appen-
dage; skull short and broad; supratemporal (tabular) extending beyond
the braincase. Skull very broad, as broad or nearly as broad as the
distance of praefrontals from posterior and of braincase; palatine not
deeply forked; ectopterygoid not hooked; broad and strongly curved,
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Fig. 20 — Callogelasma rhodostoma
Fig. 21 — Calloselasma annamensis
Fig. 22 — Calloselagma rhodostoma

Fig. 28 — Deinagkistrodon acutus
Fig. 24 — Agkistrodon contoririz

Fig. 26 — Gloydius blomhoffii blomhoffi
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articulated with pterygoid on both internal and external side angular
and splenial separated (fig. 77) (except for A. bilineatus fide Marx,
1972).

The structure of “Oberhiutschen” shows allongated cell contours,
(fig. 59).

Not related to any asiatic or european genera of Agkistrodontini,
charing only a single character with the monotypic genus Deinagkis-
trodon, in not having angular and splenial fused.

Contains: Three species, all viviparous.
Range: From North to Central America.

Calloselasma Cope 1860

A rattleless Pit Viper with; dorsal scales smooth loreal pit separated
from the labials; subecaudals paired, palatine very peculiar with a long
anterior process toothles or provided with a single teeth, ectopterygoid
slender, hooked and not strongly curved; braincase broad, supratem-
poral not or nearly not extending beyond braincase; angular and
splenial fused (fig. 82). Structure of oberhaiitschen nearly structurless
not related with any of the other genera of Agkistrodontini.

Contains: Two species: C. rhodostoma and C. annamensis, oviparous.

Range: From Laos to Djawa.
Deinagkistrodon Gloyd, 1978

A rattleless Pit Viper related to both Agkistrodon and Calloselasma.
Dorsal scales keeled: snout with a distinet dermal appendage; scales of
the lowermost row near the tip of the tail distingtly higher than wide,
(upper head shields finely granulated; loreal pit bordered by the second
upper labial; palatine with a dorsal process, deeply forked in front and
provided by =5 teeth ectopterygoid slender not hooked, even more
strongly articulated with pterygoid than in Agkistrodon. Oberhidutschen

with rounded cells (fig. 61).

Angular and splenial not fused; (fig. 78)
Contains: a single species. Viviparous.
Range: South China, Tong-King, Taiwan.
Gloydius Hoge and Romano Hoge 1981

A rattleless pit viper different from, Agkistrodon, Calloselasma
and Deinaglkistrodon by eranium wich is long and narrow scales of the
lowermost row near the tip of the tail not distingtly higher than wide,
from Calloselasma by the keeled dorsals and not hooked ectopterygoid;
from Deinagkistrodon by the absence of produced dermal appendage
on snouth: from both Agkistrodon and Deinagkistrodon by very short
supratemporals not extending posteriorly beyond the braincase. Angular
and splenial fused or not (Fig. 83). The M. O. different from all other
Aglistrodontini but remembering both Protobothrops (Crotalini) and

Agkistrodon (Aglkistrodontini).
Contains: Seven species. Viviparous.
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Fig. 27 — Bothropa pradoi (Scan. Micr. x 530)
Fig. 28 — Trimeresurus gramineus (Scan. Mier. x 530)
Fig. 29 — Bothrops pradei (Scan. Micr. x 4,600)

Fig. 30 — Trimeresurus gramincus (Scan. Mier. x 4,6500)
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Fig. 31 — Boa conslriclor constrictor amarali (Dorsal Electron Micr. x 6,200)
Fig. 32 — Xenoboa cropanii (Dorsal Electron Micr. x 6,200)

Fig. 83 — FEunecctes murinua (Dorsal Electron Mier. x 6,200)

Fig. 34 — Tropidophis paucidena (Dorsal Electron Mier. x 6,200)

Fig. 36 — Corallus caninus (Dorsal Electron Mier. x 6,200)

Fig. 36 — Lystrophia nattereri (Dorsal Electron Miecr. x 6,200)

Fig. 87 — Conophis villatus — Type specimen — (Dorzal Electron Micr. x 7,200)
Fig. 38 — Python reliculatus (Dorsal Electron Micr. x 6,200)

Fig. 39 — Crotalus durissus terrificus (Dorsal Electron Mier. x 6,200)
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Range: Eastern Europe; Continental Asia southwards to Indonesia and
westwards to Japan.

Hypnale Fitzinger 1843

Distinet from, Agkistrodon, Calloselasma, Deinagkistrodon and
Gloydius by the praefrontals and internasals which are broken up in
scales by the dorsals which are in 17 rows; by the presence of a very
short and strongly hooked ectoperygoid (only slightly hooked in rhodos-
toma) ; from Agkistrodon and Gloydius by the pattern of M.O., angular
and splenial fused, (Fig. 84).

Contains: Three species. Viviparous.
Range: Sri-Lanka and India, Western Ghats as far north as 16.° L.N.

ANNAMENIAN AND MALAYAN PIT VIPERS

During a stay at the “Laboratoire of Reptiles et Amphibiens” of the
“Museum National d’Histoire Naturelle” in Paris, a very distinct pattern
in some specimens of Calloselasma called our attention.

The fine collection of Reptiles and superior library of the Paris
Museum; the large series of specimens in the British Museum and
Rijksmus. Nat. Hist. at Leiden besides the previous notes on specimens
in several other institutions, enabled us to conclud that two taxons are
included under the name of Agkistrodon rhodostoma.

In march 1981 a visit to the Knoll-Twyford laboratories at Ludwigs-
hafen allowed us, not only to observe the largest known series of live
Malayan pit vipers, but also complete the data on geographical distribu-
tion. The Twyford laboratories maintain several hundreds of Calloselas-
ma rhodostoma to produce the venom necessary for the elaboration of a
commercial anticoagulant.

A drawing in Seba (1736) seems to be the first reference to a speci-
men of the actual genus Calloselasma but the poor quality of the fig.
turns identification doubtfull, almost impossible.

The first good description of a specimen of C. rhodostoma belongs to
Patrick Russel 1801-1809, pl. XXI1:24-25. This description and drawing
was based on a specimen from Java. No scientifical or vernacular name
was given.

Reinwardt in Boie (1827) was the first to name the species as
Trigonocephalus rhodostoma,

For ﬂ.bﬂut. twenty years this species was consecutively included in
the genera: Vipera; Trigonocephalus and Tisiphone.

Dumeéril (1853) created a separate genus for rhodostoma, Leiolepis,
unfortunately preocupied by Leiolepis Cuvier (Lizard).

Cope (1860) gives a subst. name, Calloselasma for Leiolepis Duméril
18563.

Boulenger (1896) puts Calloselasma in the synonymy of Ancistrodon
in his Catalogue.
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Fig. 40 — Trimeresurus albolabria (Dorsal Electron Mier. x 2000)
Fig. 41 — Trimercsurus jerdoni (Dorsal Electron Mier. x B000)
Fig. 42 — Fothrops jararacussu (Paraventral Electron Micr. x 8000)
Fig. 43 — Bothrops bicolor (Paraventral Electron Miecr. x B000)
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