A revision of the chameleon species Chamaeleo pfeili
Schleich (Squamata; Chamaeleonidae) with description
of a new material of chamaeleonids

from the Miocene deposits of southern Germany
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A revision of Chamaeleo pfeili Schleich is presented. The comparisons of the holotypic incomplete right maxilla with
those of new specimens described here from the locality Langenau (MN 4b) and of the Recent species of Chamaeleo,
Furcifer and Calumma is carried out. It is shown that the type material of C. pfeili and the material described here lack
autapomorphic features. Schleich based his new species on the weak radial striations on the apical parts of bigger teeth.
However, this character is seen in many species of extant chameleons, e.g. Calumma globifer, Furcifer pardalis and
C. chamaeleon. For this reason, the name C. pfeili is considered a nomen dubium. This paper provides detailed descrip-
tions and taxonomy of unpublished material from Petersbuch 2 (MN 4a) and Wannenwaldtobel (MN 5/6) in Germany.
The material is only fragmentary and includes jaw bits. The morphology of the Petersbuch 2 material is very similar to
that of the chameleons described from the Czech Republic. * Key words: Chamaeleo pfeili, nomen dubium, morphology,
Wannenwaldtobel, Petersbuch 2, Langenau, Neogene.
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The family Chamaeleonidae includes extant species from
Africa, Madagascar, southwest Asia and the Mediterra-
nean region of Europe — Iberian Peninsula, Peloponneses
and several islands (Estes 1983, Gasc ef al. 1997). During
the Miocene period, this family had a more northerly distri-
bution. The oldest representatives are described from the lo-
cality Merkur in the Czech Republic (MN 3a; Fejfar &
Schleich 1994, Cerflansk}’/ 2010) and Wintershof in Ger-
many (Moody & Rocek 1980). The youngest record in cen-
tral Europe comes from the Swiss locality Ornberg in the
Molasse Basin (MN 6; Bolliger 1992). Several fossil species
of the genus Chamaeleo have been described from the Mio-
cene period in Europe: C. caroliquarti Moody & Rocek,
1980 (referred to as nomen dubium in Cerflansky 2010;
MN 4, the Czech Republic and Germany), C. bavaricus
Schleich, 1983 (MN 5, Germany), C. pfeili Schleich, 1984
(MN 4b, Germany), C. simplex Schleich, 1994 (MN 5, Ger-
many), C. sulcodentatus Schleich, 1994 (MN 5, Germany)
and C. andrusovi Cerﬁansky, 2010 (MN 4, the Czech Re-
public). The recent species C. chamaeleon has been reported
from the Holocene of Spain (Talavera & Sanchiz 1983).
The German chameleons are well-known (e.g. Moody
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& Rocek 1980; Schleich 1983, 1984, 1994; Mors 2002;
Bohme 2003, 2010), one of which, C. pfeili, was named in
1984 by Schleich based on several fragments of maxillae.
The holotype is represented by a fragment of the left
maxilla, BSP 1979 XV 469. Several other fragments of
maxilla (BSP 1979 XV 470; BSP 1979 XV 471; and BSP
1979 XV 472) were included to the paratypic material. Ac-
cording to Schleich (1984), the most significant feature is
that the apical parts of the bigger teeth bear weak radial
striations. However, comparisons with extant chameleons
were limited, which prompts the present reevaluation of
the validity of the species.

Additionally, new material of chameleons has been re-
covered from three German additional Miocene localities:
Petersbuch 2, MN 4a; Langenau, MN 4b; and Wannen-
waldtobel 2, MN 5/6 (Fig. 1). Here, the occurrence of cha-
meleons was known (Sach 1999, Bohme 2010), but the ma-
terial has never been described or illustrated. Therefore, the
aims of this paper are: 1) the description of the material
of chameleons from the Miocene localities in southern
Germany; and 2) a taxonomic revision of the species
Chamaeleo pfeili Schleich, 1984.
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Figure 1. Location of the three Neogene German localities studied in
this paper.

Material and methods

The material presented here derives from three German
Miocene localities (Fig. 1): Petersbuch 2, MN 4a; Lange-
nau, MN 4b; and Wannenwaldtobel 2, MN 5/6. All mate-
rial was collected by screen-washing or surface prospec-
ting. The fossils are housed in the Staatliches Museum fiir
Naturkunde Stuttgart in Germany and are prefixed by the
abbreviation SMNS. These comprise isolated elements in-
cluding maxilla and dentary finds. The osteological termi-
nology of the dentary follows that of Cerfiansky (2010).
The following specimens of extant species of chameleons
of different ontogenetic stages deposited in the collections
of the Department of Ecology, Comenius University in
Bratislava, Faculty of Natural Sciences, have been used for
comparisons: Chamaeleo calyptratus — DE 65, DE 74-77,
C. chamaeleon — DE 66; Furcifer pardalis — DE 80-81;
Calumma globifer — DE 82-85. Comparisons based on the
literature included descriptions of extant species from Ma-
dagascar (Rieppel & Crumly 1997). The extant specimens
(Figs 3, 4) were photographed using a scanning electron
microscope (SEM). Chamaeleo calyptratus is a large arbo-
real species that ranges from Asir Province, southwestern
Saudi Arabia, to Aden, Yemen, where it lives on high, dry
plateaus up to 2800 m and in foothills, forests,
low-elevation maize fields, and inland river valleys (Fritz
& Schiitte 1987, Meerman & Boomsma 1987, Zari 1993,
Showler 1995, Schmidt 2001). This taxon has been intro-
duced in Florida (Krysko et al. 2004). Chamaeleo calyp-
tratus feeds primarily on insects, but its large size enables it
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to occasionally prey on small mammals and fledgling
birds. Chamaeleo chamaeleon is an insectivorous, me-
dium-sized lizard. It has the broadest distribution of all
chameleon species, found from Morocco and the southern
Iberian Peninsula over the whole of North Africa, to the
Near East, Greece, Turkey, Cyprus, and Southern Arabia
and — perhaps with a gap in Iran — to India and Sri Lanka
(Hillenius 1959, 1978; Ondrias 1968; Chondropoulos
1986). The species Furcifer pardalis, with a typical length
of around 450 mm, lives in the eastern and northern parts
of Madagascar in a tropical forest biome. Additionally, it has
been introduced to Rénuion and Mauritius (Glaw & Vences
1994, Andreone et al. 2005). Calumma globifer is endemic
to Madagascar, locally distributed in the eastern rainforest
(Brygoo 1971, Glaw & Vences 1994). It is a large, arboreal
species that can grow up to 365 mm (Brygoo 1971).

Geological settings

1. Petersbuch 2: This locality represents a karstic fissure
filling in the Upper Jurassic. It is a former quarry east of Pe-
tersbuch near Eichstitt, Bavaria, South Germany
[N 48°58” 39.008"E 11°11" 53.4037] (Ziegler et al. 2005).
The Petersbuch 2 fissure, which was discovered in 1977,
contains an exceptionally rich vertebrate fauna, detailed
descriptions of which were published in the years follow-
ing, e.g., snakes (Szyndlar & Schleich 1993), a cordylid li-
zard (Kosma 2004) and many mammals (e.g. Heizmann
1983; Ziegler 1985, 1989, 1990; Wu 1993; Fejfar et al.
1998). Petersbuch is the oldest central European locality
yielding modern cricetids (e.g. Democricetodon) and is
therefore placed in MN4a. The stratigraphy was done by
Heissig (1978) and Ziegler & Fahlbusch (1986).

2. Langenau 1: During the construction of the A7 high-
way in 1976, a new fossiliferous locality [N 48°29” 07.908"
E 10°05° 58.645”] was found from the Lower Miocene
(Ottnangian) in the surroundings of Langenau. It is a trench
cut. According to Bottcher (1987), it was possible to recog-
nize, in descending order, three superimposed strata:
1. The “upper fossiliferous layer” (“Obere Fundstelle”)
corresponds to a yellowish to greyish marl with interca-
lated gravel layers; 2. the “black layer” (“schwarze
Schicht”); and 3. the “yellow layer” (“gelbe Schicht”),
which consists of a yellow to brownish fossiliferous sandy
marl of unknown thickness. Chameleons came from the
second layer, and their occurrence in this locality was men-
tioned in Sach & Heizmann (2001); however, the find was
never described. The “black layer”, up to 2 m thick, is made
of a dark blueish to black, partly pyritized clay, channelling
into the subjacent layer. It is rich in vertebrate remains, for
example fishes (Gaudant 2006) and amphibians (Bottcher
1987). It has also yielded some complete, though rather
poorly preserved, articulated skeletons of Clupeonella
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Figure 2. The material of chamaeleonid from the locality of Langenau SMNS 80621. ¢ A —right maxilla in lateral view. * B —in medial view. ¢« C — poste-
rior region of left maxilla in lateral view. * D — in medial view. * E — maxillary teeth in larger specimen — detail from the ventral view.

humilis (Von Meyer) (Martini 1983). The fossiliferous
strata excavated at Langenau 1 belong to the Lower Mio-
cene and more precisely to the MN4b mammal zone
(Heizmann et al. 1980, Sach & Heizmann 2001). They were
deposited in a river flowing south into the brackish sea rep-
resented by the “Kirchberg-Schichten” (Bottcher 1987).

3. Wannenwaldtobel 2: This locality consists of an out-
crop on the western slope of the Umlach rivulet, ca 2 km
south-west of Fischbach, ca 10 km south of Biberach a.d.
Riss, Baden-Wiirttemberg, South Germany. The bed that
yielded the vertebrate remains is called Wannenwaldtobel
2[N48°017 54.257°E 9°50” 05.2507] (Ziegler et al. 2005).
This bed is only 0.3 m thick and dips slightly towards the
west. It consists of light-to medium-gray marl, which is
only reinforced in the western part. It passes down into cal-
careous sandy marl clay. The layer of Wannenwaldtobel 2
belongs to the post-lithostratigraphical units in “Brock-
horizon” in this area. The fauna from the “Brockhorizont”
belongs to the transitional period MN 5/6 (latest Orleanian
to earliest Astaracian) (Sach 1999). The locality yielded re-
mains of fishes (Sach et al. 2003) and mammals (Sach
1999). The occurrence of chameleons in this locality was
mentioned in Sach (1999) or Bohme (2010); however, the
material was never described or figured.

Abbreviations of repositories. — DE — Collection of De-
partment of Ecology, Comenius University, Bratislava,
Slovakia; SMNS — the Staatliches Museum fiir Naturkunde
Stuttgart in Germany; BSP number — the Bayerische Staats-
sammlung fiir Paldontologie und historische Geologie in
Munich.

Systematic palaeontology

Order Squamata Oppel, 1811
Family Chamaeleonidae Gray, 1825

Chamaeleonidae indet. 1
Figure 2

Locality and horizon. — Langenau; the Lower Miocene
(Orleanium), zone MN 4b.

Material. — Fragment of right maxilla and posterior region
of left maxilla (all material prefixed by SMNS 80621).

Description. — The specimens are fragmentary. The descrip-
tion is based on the incomplete right maxilla and posterior
portion of the left maxilla (Fig. 2). The bone is a rather
elongated and relatively massively built with a slight me-
dial curvature at its anterior end. The nasal process (pars
nasalis) is broken and missing. The anteroventral narial
margin is only preserved. In the anterior portion, a promi-
nent medial horizontal expansion (the palatine process of
the maxilla) is preserved. It continues along the entire
length. Unfortunately, it is mostly broken posteriorly. An
essentially straight supradental shelf supports a single row
of at least 15 tricuspid, acrodont teeth (15 teeth are present
in the right maxilla and 8 teeth in the posterior region of the
left maxilla). Dorsally, the posterior portion bears the con-
cave articulation area with the jugal. The labial surface of
the maxilla is smooth, pierced only in the posterior region
by one labial foramen (Fig. 2C).
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Figure 3. Comparison of the teeth on left maxilla in medial view in
A — Chamaeleo chamaeleon; B — Chamaeleo calyptratus; C — Calumma
globifer; D — Furcifer pardalis.

Dentition. — All of the teeth are acrodont, with no evidence
of a pleurodont implantation. The five most posterior teeth
of the dental series in the right maxilla are far more
strongly developed than the remainder, which diminish in
size anteriorly. However, its posterior end is broken and
missing. In the posterior region of the left maxilla, it is pos-
sible to see that the tooth size in this portion decreases, and
the last two teeth are very small. The teeth are tricuspid,
with the central cusp being about twice the size of its me-
sial and distal accessory cusps, with the former cusp being
slightly smaller than the latter. The teeth are compressed
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medio-laterally. The sizes of inter-dental gaps are small in
the anterior region and distinctly widen posteriorly. On the
posterior region of the left maxilla, the size of inter-dental
gaps decreases again. Weak radial striations are present,
mostly on the apical parts of the tooth crowns. The long
axis of the tooth is slightly oblique to the jaw axis.

Remarks. — The material from the locality Langenau is iden-
tical to that of the species Chamaeleo pfeili Schleich, 1984
(p. 98, fig. 1-4, p. 103, pl. 1, figs 1-7), described from the lo-
cality Rauscherod/Niederbayern, whose deposits represent
the same age as the deposits in Langenau. The morphologi-
cal features common to these fossils are represented especi-
ally by large interdental gaps and weak radial striations of
the bigger teeth. Schleich (1984) determined that the weak
radial striations born by the apical parts of the bigger teeth
are diagnostic of this species (see pl. 1, figs 47 in Schleich
1984). In Recent chameleons, the anterior region of a ma-
xilla bears 10 small teeth and their size increase distinctly
posteriorly usually from 11" tooth (pers. obs). Comparison
here shows that the weak radial striations in the bigger teeth
are presented in a lot of species of chameleons, e.g. Ca-
lumma globifer (Fig. 3C), Furcifer pardalis and Chamaeleo
chamaeleon (Fig. 3A). Its intensity is variable even in one
specimen. The strongly developed striations of the apical
parts of maxillary teeth are also present on the material des-
cribed from the Merkur-North locality (pl. 1, figs 1, 2 in Fej-
far & Schleich 1994). Here, data on the maxilla are presen-
ted for four extant and one fossil species of chameleon:

1. Calumma globifer: this taxon has around 17 maxil-
lary teeth (16 in juvenile individual DE 85; 17 in DE 83;
and 18 in DE 84). The biggest one is 3™ tooth from the pos-
terior end, the last is much smaller. Significant striations of
the apical parts of the bigger teeth are present (Fig. 3C).
The sizes of the inter-dental gaps of the bigger teeth are
roughly half those of the tooth bases (Fig. 4C).

2. Furcifer pardalis: In this taxon, the number of
maxillary teeth is around 20 and the biggest tooth is ap-
proximately the 4™ (in DE 80) from the posterior end, or the
last in DE 81. In this specimen, the number of teeth is 19.
Significant strong striations of the most parts of the bigger
teeth are present (Fig. 3D). The tooth bases of the bigger
teeth are not in contact (Fig. 4D).

3. Chamaeleo chamaeleon: This specimen has 18 max-
illary teeth (DE 66). The biggest one is the 6™ tooth from
the posterior end. Significant striations of the apical parts
of the bigger teeth are present (Fig. 3A). The sizes of the
inter-dental gaps are small, and the tooth bases are nearly in
contact. In the most cases, the more anteriorly situated
teeth overlap the base of the next-most posterior tooth, be-
cause of oblique orientation of the teeth. This makes imbri-
cate alignment of the teeth (Fig. 4A).

4. Chamaeleo calyptratus: In specimen DE 67, the
number of maxillary teeth is 21 and the biggest is 3" tooth
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Figure 4. Comparison of the maxillary teeth in ventral view of A — Chamaeleo chamaeleon —right maxilla; B — Chamaeleo calyptratus — right maxilla; C —

Calumma globifer — right maxilla; D — Furcifer pardalis — left maxilla.

from the posterior end. The radial striations of apical parts
are lacking (Fig. 3B), or only very poorly developed (in
DE 75). Conversely, the total lacking of the striations could
be caused by teeth wear in this case (Blain, pers. com.). Un-
fortunately, the teeth wear is very strong in every specimen
of this taxon observed here (except of DE 75). In specimens
DE 74 and DE 76, the number of teeth is 18. Here, the big-
gest teeth are approximately in the middle region of the tooth
series. The sizes of the inter-dental gaps are small, tooth
bases are in contact. The tooth alignment is in one line
(Fig. 4B). In specimen DE 75, the number of teeth is 19.
Here, the imbricate alignment of the last teeth is present too.

5. Chamaeleo pfeili: The first 10 teeth, situated in the an-
terior region of the maxilla, are small. Their size increases dis-
tinctly posterior to the 11" tooth. The significant striations of
the apical parts of the bigger teeth are present. The teeth num-
beris 11 on biggest maxillary fragment described by Schleich
(1984) and 15 in the material described here. Unfortunately,
neither of them is completely preserved. Therefore, we have
no exact knowledge about the number of the maxillary teeth.
The sizes of the inter-dental gaps of the bigger teeth are
roughly half those of the tooth bases (Fig. 2E).

The material described by Schleich as a new species
of the genus Chamaeleo, C. pfeili, lacks autapomorphic
characters. The only proposed diagnostic feature — striated

tooth crowns — is also seen in Calumma globifer and
C. chamaeleon, among examined species. For this reason I
consider this name as a nomen dubium. In fact, it is difficult
even to prove attribution of that fragmentary material to the
genus Chamaeleo.

Chamaeleonidae indet. 2
Figure 5

Locality and horizon. — Petersbuch 2; the Lower Miocene
(Orleanium), zone MN 4a.

Material. — Fragment of right dentary and anterior region
of right dentary (all material cataloged as SMINS 57885).

Description. — This dentary material is very fragmentary.
The dentary gradually increases in height posteriorly.
There is a series of rough-surfaced, antero-ventrally ori-
ented, interdental grooves on the labial surface of the jaw
parapet. On the lingual side, a well-developed dental groove
is situated below the parapet. The most prominent feature
on the lingual side of the dentary is a deep Meckel’s groove
(sulcus Meckeli) (Fig. 5A, C), which is roofed by a well-
developed supraalveolar ridge and floored by a slightly
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Figure 5. Chamaeleonidae indet. 2 from the locality Petersbuch 2 SMINS 57885. ¢ A — anterior region of right dentary in medial view. * B —right dentary

in lateral; and C — medial views.

thickened ventral edge (crista ventralis) along its entire
length. The Meckel’groove continues anteriorly, most li-
kely directly across the lower portion of the symphysis
(Fig. 5A). The supraalveolar ridge is well developed and
widens a little bit posteriorly.

Dentition. — All of the teeth are acrodont, with no evidence
of a pleurodont implantation.

Remarks. — The morphology of the Petersbuch 2 material is
very similar to that of the chameleons described from the
Czech Republic (Moody & Rocek 1980, Cerilansky 2010).
The Czech material can be divided into two dentary morpho-
types. In the first the symphysis is oval, the anterior end of the
Meckel’ groove of the dentary turns ventrally, and the crista
ventralis continues dorsally and crosses the supraalveolar
ridge close to the symphysis (penetration of the symphysial
region can only be seen in the ventral view. Here, on the ven-
tral side, the Meckelian groove continues only as a shallow
furrow and it is not bordered ventrally). This type of dentary
morphology can be seen in many recent chamaeleons, e.g.
C. calyptratus and Calumma globifer. The second type has a
square symphysis, and the anterior end of the Meckel’ groove
is straight and penetrates the lowermost portion of the sym-
physis in the medial view. This type can be seen in the recent
species C. chamaeleon (see Ceriiansky 2010), for example.
The material from Petersbuch 2 has a straight Meckelian
groove. From the medial view, it is possible to see that the lo-
wermost portion of the symphysis was most likely penetrated
by the Meckel’s groove (Fig. 5A). However, data about the
shape of the symphysial facet are missing because this struc-
ture is not preserved.

?Chamaeleonidae indet. 3
Figure 6

Locality and horizon. — Wannenwaldtobel; the Middle
Miocene, zone MN 5/6.
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Material. — Fragment of right maxilla, prefixed by SMNS
85709.

Description. — The maxilla is very fragmentary. Just two
acrodont, slightly tricuspid teeth are present here (Fig. 6).
The fragment is likely to have come from the relatively
huge and massively built maxilla. Except for the antero-
posteriorly oriented shallow grooves above the teeth, the
rest of the labial surface of the preserved portion of the
bone is smooth.

Discussion and conclusion

The material, which was described by Schleich (1984) as a
new species Chamaeleo pfeili, is only fragmentary preser-
ved. There, only the incomplete maxillae are known. As
described above, the maxilla of this taxon has the following
significant features: 1) the presence of weak radial striations
on apical parts of bigger teeth; 2) the tooth bases of the
bigger teeth are not in contact. However, e.g. the species
Calumma globifer compared here, has the same maxillary
characters. For this reason, the material described by
Schleich (1984) as new species lacks autapomorphic featu-
res. There is no legitimate reason, which allows to describe
this material as a new species. Therefore, this taxon is spe-
cies inquirenda and the name C. pfeili is a nomen dubium.
Unfortunately, the material described here from the lo-
cality Wannenwaldtobel lacks anteriorly situated teeth. In
contrast with chamaeleonids, agamids retain a trace of
the primitive pleurodont condition (often in caniniform
anterior teeth) by ankylosing their teeth slightly towards
the lingual side of the jaw rather than directly on the jaw
edge (Moody 1978, Moody & Rocek 1980; “sub-
pleurodont” of Averianov & Danilov 1996). Based on ab-
sence of this formal proof, the attribution of the
Wannenwaldtobel material to the family Chamaeleonidae
could be questionable. Although the last occurrence of
chamaeleonids in central Europe is known from the zone
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Figure 6. ?Chamacleonidae indet. 3 from the locality Wannenwaldtobel 2 SMNS 85709: fragment of right maxilla in lateral (A); and in medial views (B).

MN6 (Bolliger 1992), the Wannenwaldtobel material
could represent the stratigraphically youngest record of
such large chameleonids in Europe. The identification of
chameleons using only isolated dentary and maxilla is
questionable. All of the chamaeleonids from the European
region might have belonged to the genus Chamaeleo, to
which genus they are referred. However, it is impossible to
demonstrate this based on available material. Within the
Recent chameleons, the exact identification of the individ-
ual species (or in many cases, even the genus) merely on
the basis of the morphology of fragmentary jaw bits is
in most cases impossible (Cerfiansky 2010). If material
lacks autapomorphic features, we can only identify
morphotypes. The material of chameleons described here
most likely belongs to this genus. However, without the
preservation of diagnostic characters, it is better to identify
this material as Chamaeleonidae indet.

On base of the comparison study presents here, it seems
that tooth bases of chameleons living in closed habitats are
not in contact (larger interdental gaps of bigger teeth),
while chameleons with wider heads from open habitats
have tooth bases in contact or nearly so (imbricate teeth
alignment). However, the general applicability of this
hypotetical result can only be confirmed or denied by fur-
ther comparison studies of other taxa. According to
Measey et al. (2009), open habitat males had wider heads,
biting harder than closed habitat males.
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