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Abstract:
Cretaceous radiation into marine habitats. Beginning with

Platynotan lizards underwent a dramatic Late

small-bodied forms, the lineage culminated with the mosa-
saurs, large predatory lizards with a world-wide distribution in
the Santonian—Campanian. Moreover, the marine squamate
radiations of the Cenomanian-Turonian are remarkable in
having produced a range of long-bodied, reduced-limbed
swimmers (dolichosaurs, adriosaurs, coniasaurs and limbed
snakes) that seem to have thrived in the shallow coastal envi-

ronments of the Western Tethys region. Until now, none of
these long-bodied aquatic squamates has been recorded prior
to the Cenomanian, none has been recovered from a non-mar-
ine locality and none is known from Asia. Here we describe a
small, gracile, long-bodied mosasauroid lizard from a swampy
continental deposit in the Lower Cretaceous of Japan.

Key words: Cretaceous, Tetori Group, Japan, Squamata,
Mosasauroidea, lizard.

PLATYNOTAN squamates (sensu Pregill et al. 1986)
form a conspicuous and important group with a wide
past and present distribution (including the living Var-
anus). The earliest putative stem-platynotan is Parviraptor
(Evans 1994, 1998), from the Middle Jurassic of Britain,
the Upper Jurassic of Portugal (Broschinski 2000) and the
USA (Evans 1996), and the Lower Cretaceous of England
(Evans 1994). The first recorded crown-group platynotan
is the helodermatid Primaderma (Nydam 2000) from the
Albian—Cenomanian of North America. In the Cretaceous,
one or more platynotan lineages underwent a dramatic
marine radiation. As currently recorded, this radiation
began in the Cenomanian with a series of relatively small-
bodied lizards, loosely referred to as dolichosaurs, from
the North American Seaway (Coniasaurus; Caldwell and
Cooper 1999), southern Britain (Coniasaurus, Dolicho-
saurus; Caldwell 19994, 2000a), Croatia and Slovenia
(Adriosaurus, Aigialosaurus, Mesoleptos, Pontosaurus, e.g.
Cornalia and Chiozza 1852; von Meyer 1860; Kramberger
1892; Kornhuber 1893, 1901; Nopsca 1908, 1923; Calli-
garis 1988, 1993; Caldwell et al. 1995; Lee and Caldwell
2000; Pierce and Caldwell 2004); Lebanon (Aphanizocn-
emus; Del Sasso and Pinna 1997; Dal Sasso and Renesto
1999; Pontosaurus; Caldwell and Dal Sasso 2004) and Pal-
estine (Haasiasaurus; Polcyn, Tchernov and Jacobs 1999).
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They shared these shallow coastal waters with a diversity
of limbed marine snakes (e.g. Haas 1979, 1980a, b; Rage
1984, 1988; Cuny et al. 1990; Rage and Escuillié 2000,
2002), although whether these represent part of the same
radiation or a completely separate one remains highly
contentious (e.g. Caldwell and Lee 1997; Lee 1997, 1998;
Lee and Caldwell 1998, 2000; Zaher 1998; Caldwell 19990,
20004, b, 2002; Caldwell and Cooper 1999; Lee et al.
1999a, b, Zaher and Rieppel 1999, 2000, 2002; Coates and
Ruta 2000; Greene and Cundall 2000; Rieppel and Zaher
20004, b; Tchernov et al. 2000; Caldwell and Albino 2001;
Rieppel and Kearney 2001; Lee and Scanlon 2002). One
platynotan lineage, the mosasauroids (sensu Bell 1997),
subsequently gave rise to the large predatory mosasaurs,
which made their first appearance in the Coniacian but
had spread world-wide by the Santonian—Campanian. To
date, the pre-Cenomanian history of mosasauroids has
remained unrecorded.

The Lower Cretaceous (Berriasian—Hauterivian) rocks
of the Tetori Group in north-central Honshu, Japan
(Text-fig. 1), have yielded rich and varied assemblages of
aquatic and terrestrial taxa including fish (Yabumoto
2000), amphibians (Evans and Manabe 1998; Matsuoka
2000a), synapsids (mammals and tritylodonts) (Rougier
et al. 1999; Setoguchi et al. 1999a, b; Manabe et al. 2000;
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Matsuoka 2000b; Takada et al. 2001), dinosaurs (Azuma
and Tomida 1995; Hasegawa et al. 1995; Manabe 1999;
Manabe and Barrett 2000; Manabe et al. 2000; Azuma and
Kobayashi 2003), pterosaurs (Unwin et al. 1996, 1997;
Unwin and Matsuoka 2000), turtles (Hirayama 1996,
1999, 2000), choristoderes (Evans and Manabe 1999q;
Matsumoto et al. 2002) and a diversity of Early Cretaceous
squamates (Evans et al. 1998; Evans and Manabe 19990,
2000, work in progress). The squamate assemblage
includes representatives of a new genus that shows similar-
ities to the long-bodied, limb-reduced dolichosaurs of the
early Late Cretaceous.

GEOLOGY AND MATERIAL

Rocks of the Tetori Group of central Honshu, Japan, span
an interval from the Middle Jurassic to the Early Creta-
ceous (Maeda 1961; Matsukawa and Obata 1994; Kusuha-
shi et al. 2002; Fujita 2003; Isaji et al. 2005). They are
represented by the Kuzuryu, Itoshiro and Akaiwa sub-
groups in ascending stratigraphic order (Maeda 1961). All
the fossil material described in this paper came from the
upper part of the Kuwajima Formation, Itoshiro Sub-
group, at a single locality, the Kaseki-kabe or ‘fossil-bluff’,
in the village of Shiramine (now Kuwajima District,
Hakusan City), Ishikawa Prefecture, western Honshu,
Japan (Text-fig. 1). These deposits have been variously
dated as early ‘Neocomian’ (Kusuhashi et al. 2002),
Kimmeridgian—-Hauterivian (Matsukawa and Obata 1994),
Valanginian (Isaji et al. 2005) and Late Hauterivian
(Fujita 2003). The last age estimate (c. 132 Ma, Gradstein
and Ogg 2004) is based on the finding of a Hauterivian
ammonite in a marine horizon (Kamihambara Forma-
tion) in the central part of the Itoshiro Subgroup at
another locality. This is in agreement with a zircon fis-
sion-track date of 135 + 7 Ma for the laterally equivalent
(Maeda 1961) Okuradani Formation at Shokawa, Gifu
Prefecture (Gifu-ken Dinosaur Research Committee
1992). A Berriasian—Hauterivian age for the Kuwajima
Formation is also supported by a Middle-Late Jurassic
(Callovian—Oxfordian) age for the underlying Kuzuryu
Subgroup (based on ammonites) and a Barremian (or
Late Hauterivian) to Aptian age for the overlying Akaiwa
Subgroup (based on non-marine molluscs, pollen and
spore assemblages, and zircon fission-track dates; Mats-
ukawa and Obata 1994; Fujita 2003; Isaji et al. 2005).

In the Kaseki-Kabe, the Kuwajima Formation is repre-
sented by alternating beds of fine-grained sandstones,
mudstones and thick, coarse-grained sandstones. The
coarse-grained sandstones contain pebbles, muddy gravels
and driftwood and are interpreted as channel deposits
(Isaji et al. 2005). Plant and animal remains are found in
the fine sandstones and mudstones (interpreted as inter-

channel deposits), and include in situ tree trunks (0-5—
3 m in height, 0-1-1 m in diameter; Isaji et al. 2005),
rootlets and occasional coals indicative of a well-vegetated
inland floodplain. Three dominant facies can be recog-
nized among the bone-bearing rocks (Isaji et al. 2005).
The deposits of facies 1 consist of massive coarse-grained
carbonaceous sandstones. The fossil assemblage is domin-
ated by compressed and fragmented plant remains and
poorly preserved molluscs, and is thought to represent a
peat marsh environment containing sediments reworked
from other levels. Facies 2 is represented by fine-grained,
dark grey silty sandstones containing unionid bivalves
(often in life position; Isaji et al. 2005), freshwater gastro-
pods, ostracods and charophytes, and is interpreted as a
shallow lake deposit. Together facies 1 and 2 yield a pre-
dominantly freshwater aquatic vertebrate fauna including
fish, turtles and choristoderes. These taxa are also found
in facies 3 (dark greenish grey mudstones), but are rarer
and terrestrial components (tritylodonts, mammals, liz-
ards, dinosaurs) predominate. Facies 3 also contains con-
centrations of eggshell and occasional compressed eggs
(Isaji et al. 2005). Although many of the vertebrate
remains are disarticulated, this facies has produced a
number of articulated specimens, suggesting quiet condi-
tions. Molluscs and plant remains are rare, but there are
numerous in situ rootlets (200 mm or more in length;
Isaji et al. 2005). Facies 3 is interpreted as representing a
vegetated subaerial swamp environment, subject to short
periods of flooding (Isaji et al. 2005).

Specimens of the long-bodied lizard described here
come from both facies 2 and facies 3. The articulated
holotype specimen was recovered from deposits of facies
3, and has rootlets passing through it at right angles to
the plane of the skeleton. This feature, together with the
relatively undisturbed state of the skeleton, suggests the
lizard was not transported far prior to burial. However,
most of the attributed specimens were also derived from
facies 3. This material is largely disarticulated, but several
associations are known.

The fossiliferous deposits were extracted mechanically
in bulk (c. 16,700 m®) during the construction of a road
tunnel through the fossil cliff in 1997. With the co-opera-
tion of the mayor’s office and the Board of Education of
Shiramine Village, the excavated material was collected
and stored. Although much of the material was processed
for plant remains, a sample of 210 m> of facies 1, 2 and 3
was set aside for detailed examination. To date, a lit-
tle over one-third of this has been prospected and the
work is ongoing. Since the matrix is acid-resistant, each
block is broken into manageable pieces, the exposed sur-
faces are examined, and then any traces of bone are pre-
pared. This time-consuming work (mostly under the
direction of Ichio Yamaguchi and Mikiko Yamaguchi)
has vyielded more than 1000 catalogued vertebrate
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TEXT-FIG. 1. Map showing the
distribution of Tetori Group deposits
(white) in the region of Mount
Hakusan, north-central Honshu, Japan,
and the location (black star) of the
Kaseki-Kabe, type locality of Kaganaias
hakusanensis gen. et sp. nov., Kuwajima
Formation, Lower Cretaceous
(Berriasian—Hauterivian). The inset
shows the position of the main map in
relation to the rest of Japan (redrawn
from Maeda 1961).
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specimens, including many associations. Unavoidably,
some parts of associated specimens have been lost, as with
the skull and anterior vertebral series of the long-bodied
lizard described here.

To provide supplementary information on vertebral
morphology and pelvic structure, the part and counter-
part of the type specimen (SBEI 1568) and both the type
(BMNH R49002) and a second specimen (BMNH
R32268) of Dolichosaurus were imaged by the High Reso-
lution X-ray Computed Tomography (HRCT) Facility at
the University of Texas (Austin), Geological Sciences, and
then digitally reconstructed.

Institutional abbreviations. BMNH, Natural History Museum,
London; GBA, Austrian Geological Survey, Vienna, Austria;
SBEI, Shiramine Board of Education, Shiramine village, Ishikawa
Prefecture, Japan (the collection retains this name although it is
now under the auspices of the Hakusan City Council).

Abbreviations used in the figures. a.rb, ribs from vertebrae anter-
ior to the preserved section; CaV1-4, caudal vertebrae; CeV, cer-
vical vertebrae; co, condyle; cot, cotyle; d.hd, dorsal head of
quadrate; d.pr, dorsal process on rib; D.V, dorsal vertebra; fe,
femur; f.pr, facial process of maxilla; hal-3, haemal arches 1-3;
H, humerus; HL, hindlimb; hy, hypapophysis; il, ilium; is, isch-
ium; Lfe, left femur; Lil, left ilium; lpk, lateral pocket in ver-
tebra; md.lm, medial lamina of quadrate; n.sp, neural spine; ph,
phalanges; pu, pubis; pyg, pygal vertebra (first caudal without
haemapophysis); q.co, quadrate conch; b, rib; rb.ft, rib facet;
r.il, right ilium; Sal, first sacral vertebra; Sa2, second sacral ver-
tebra; sk, skull; ssp, suprastapedial process; syn, synapophysis;
un, ungual phalanx; V.ft, facet for attachment to vertebra; v.pr,
ventral process on rib; zy, zygosphene-zygantral system.

SYSTEMATIC PALAEONTOLOGY

SQUAMATA Oppel, 1811
ANGUIMORPHA Furbringer, 1900
PLATYNOTA Duméril and Bibron, 1836

KAGANAIAS gen. nov.

Derivation  of name. From Kaga, an old name for
Ishikawa Prefecture, Japan, and (Latin),

nymph.

naias a water

Type specimen. SBEI 1568 (Shiramine Board of Education), part
and counterpart of an articulated partial skeleton comprising
parts of the dorsal vertebral series, and parts of the tail, pelvis
and hind limbs. Housed in the collections of the Shiramine
Board of Education, Kuwajima District, Hakusan City, Japan
(formerly Shiramine Village).

Material. SBEI 195, partial left and right dentaries; SBEI 196—
197, 199, 258, 260-261, 567, 834, 836-838, 845, 1266, 1532,
1793-1796, 1800, 2007, 2012, blocks bearing cervical, dorsal or
caudal vertebrae and ribs; SBEI 1799, association of vertebrae,
ribs, a partial right maxilla and a left quadrate.

Diagnosis. As for type and only known species.

Occurrence. From the ‘Kaseki-Kabe’, or fossil cliff, at Kuwaj-
ima, Hakusan City, Ishikawa Prefecture, Honshu, Japan, 36°
12’ N, 136° 38" E (Text-fig. 1). The material comes from the
Neocomian Kuwajima Formation, Itoshiro Subgroup, Tetori
Group.
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Kaganaias hakusanensis sp. nov.
Plates 1-2; Text-figures 2-8, 12

Derivation of name. From Hakusan, the mountain that gives its
name to the region and to Hakusan City.

Diagnosis. A small (c. 300 mm snout—pelvis length) gracile
lizard with a bilaterally compressed body; an elongated
trunk with at least 36—46 dorsal vertebrae bearing deep lat-
eral recesses, low roughened neural spines and well-devel-
oped zygosphene-zygantral articulations in which the
zygosphene faces ventrolaterally; thickened ribs with dorsal
and ventral tubercles; a sacrum in which the second sacral
rib is broader than the first; a single pygal vertebra, haemal
arches that are fused to pedicles on the caudal vertebrae; a
long slender ilium; and hindlimbs that were small in rela-
tion to trunk length, with a straight robust femur.

Remarks. Resembles mosasauroids in having well-devel-
oped zygosphene-zygantral articulations (with the zygos-
phene facing ventrolaterally rather than dorsolaterally) on
trunk vertebrae (weakest in Adriosaurus, Aphanizocnemus)
and in the general reduction of the limbs; differs from

mosasaurs and aigialosaurs, but resembles Adriosaurus,
Aphanizocnemus, Coniasaurus, Dolichosaurus and Ponto-
saurus in having an elongated dorsal series; resembles
Aphanizocnemus and Dolichosaurus, and differs from Pon-
tosaurus in having a deep, laterally compressed body in
which the ribs are weakly curved; resembles Dolichosaurus
but differs from Adriosaurus in having a sacral series in
which the first sacral rib is narrow and the second con-
spicuously broader (first sacral wider in Adriosaurus),
anterior caudal ribs that are dorsoventrally flattened and
blade-like (narrower based but more rounded in Adrio-
saurus), prominent synapophyses on the vertebrae and a
single pygal vertebra (uncertain in Adriosaurus); differs
from Adriosaurus, Coniasaurus and Dolichosaurus, and
resembles Aphanizocnemus in having almost no elevation
of the neural spines in the trunk, but differs from Apha-
nizocnemus in also lacking spines in the tail; resembles
Dolichosaurus, but differs from Adriosaurus, Aphanizocn-
emus and Pontosaurus in having an excess of 36 dorsal
vertebrae (36—46 vs. 27 for Aphanizocnemus, 29 for Adrio-
saurus, 29-30 in Pontosaurus and an estimated 38 for
Dolichosaurus); resembles Adriosaurus and Aphanizocn-

TEXT-FIG. 2. Kaganaias hakusanensis gen. et sp. nov. Type specimen, SBEI 1568. A, part. B, counterpart showing the small hind

limb (HL). Scale bars represent 10 mm.
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emus, and differs from Dolichosaurus in having less angled
ribs, narrower, less waisted vertebral neural arches, a sin-
gle short-ribbed ‘Iumbar’ vertebra and proportionally
much shorter sacral ribs; differs from Adriosaurus, Conia-
saurus and Dolichosaurus in the fusion of the first (and
presumably subsequent) haemal arch to the ventral pedi-
cels (no fusion of haemal arches in the tail of Aphanizocn-
emus). The first haemal arch (caudal 2) of Kaganaias is
also low, more like a cervical hypapophysis, and the sec-
ond and third are deep. The unique combination of char-
acters supports generic distinction for the Japanese lizard.

MORPHOLOGY

The description is based primarily on the holotype, SBEI
1568, supplemented by other specimens as relevant. The
type specimen is in two parts: a main block and a coun-
terpart block containing part of the axial skeleton and
one limb (Text-figs 2-3; PL. 1). On the main block (Text-
fig. 2A), the specimen has an overall length of 194 mm,
but this probably represents only the central third of the
body (see below). The skeleton is fully articulated and is
preserved in three dimensions. The main block was pre-
pared from the dorsal aspect, so that the exposed parts
include the dorsal vertebrae and ribs, parts of the left and
right pelvis, a right femur, a single phalanx and the base
of the tail. There is no trace of a pectoral girdle or fore-
limb and, if present, this must have been placed anterior
to the front end of the block. The counterpart (Text-
fig. 2B) bears a few ribs, the three and a half vertebrae
missing from the dorsal region of the main block (two
preserved in ventral view, three and one-half neural
arches) and a near complete left femur. The crus, tarsus
and metatarsus are missing, but the block bears traces of
the pedal phalanges and one claw. HRCT scans provide
further details of the pelvis (pubis and ischium) and of
the ventral and lateral aspects of the ribs and vertebrae.

Vertebral column

A total of 30 dorsal vertebrae are preserved, but the anterior end
of the block bears the remains of six additional ribs that clearly
belonged to more anterior dorsal vertebrae (Text-fig. 4A-B), giv-
ing a minimum dorsal count of 36. Even if the animal had a
reduced pectoral girdle and forelimb (and it may equally have
been of normal size), then 5-10 additional dorsals would need
to be added as there is no trace of the forelimb on the block.
This fits with observations made on Adriosaurus (BMNH
R2867), Dolichosaurus (BMNH R49002, R32268) and Pontosau-
rus (cast of Vienna specimen, GBA 1873/4/2 in Museo di Storia
Naturale, Milan; Pierce and Caldwell 2004). The overall length
and proportions of the ribs in the anterior part of the preserved
skeleton of Kaganaias match those of dorsals 9-10 in Dolicho-
saurus. This is the region just behind the level of the pectoral
girdle and forelimb. In Adriosaurus, a lizard of similar size to
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Kaganaias, the skeleton consists of three principal parts: the
head, neck and pectoral region (which are curved); the main
dorsal region, which is held rigid by the long, thick, overlapping
ribs; and the tail, again curved. By our interpretation, the pre-
served section of Kaganaias, which is also held straight, would
correspond to the central part of Adriosaurus. Putting these
observations together, Kaganaias had at least 36 dorsal vertebrae
(36—46). With the squamate average of seven or eight cervical
vertebrae, the total presacral count would probably have
approached 50; if the neck were elongated, the count would be
higher. This falls within the range of modern limb-reduced liz-
ards that move with a serpentine mode of locomotion (e.g. An-
guis, Ophisaurus, many scincids; Gans 1962, 1975; Hoffstetter
and Gasc 1969; Wiens and Slinghuff 2001; Caldwell 2002). How-
ever, the deep body profile suggests that the animal was at least
partially aquatic and moved primarily by lateral body undula-
tion, with the limbs used mainly for steering and stabilization.
The neurocentral sutures are closed and the vertebral arches are
well developed with low rugose neural crests. This suggests that the
animal was skeletally fairly mature despite its small size (less than
half that of the largest known Dolichosaurus specimen). However,
the collection also contains vertebrae matching those of SBEIL
1568, but about twice the size (e.g. SBEI 1799), suggesting either
further growth during life or sexual dimorphism in body size.

Cervical vertebrae. No cervicals are preserved in SBEI 1568, but
SBE1 1799 contains at least one partial cervical vertebra with a
midventral ridge (Text-fig. 5A).

Dorsal vertebrae and ribs. On SBEI 1568, the dorsal vertebrae are
generally similar to one another, but become slightly shorter
towards the sacrum. The vertebral arch is characterized by a low
neural spine that tapers to a point anteriorly where it meets, or
nearly meets, the back of the preceding vertebra (Text-figs 3-5,
6A; Pls 1-2). The spines have little elevation and they become
wider and more rugose towards the rear of the column. In the
HRCT scans, the more anterior dorsal spines appear notched an-
teriorly (Text-fig. 4C), but this is because the anterior part of
the spine is thin; more posteriorly, they develop narrow rugose
spine tables that probably contacted the overlying skin (PL 1,
fig. 1). The anterior zygapophyses are quite large and horizontal;
behind them, the arch swells into a prominent synapophysis,
posterior to which there is a slight waisting (least in the poster-
ior dorsal and sacral vertebrae). Overall, however, the arch is
rather narrow and of nearly constant width. The anteromedial
part of the arch is raised and contributed to the formation of a
well-developed zygosphene-zygantral system of accessory articu-
lations between the neural arches. This system varies in its mor-
phology amongst lepidosaurs (Hoffstetter and Gasc 1969), with
the zygapophyseal-zygosphenic angle ranging from obtuse (with
the anterior zygosphene facing dorsolaterally) to acute (with the
zygosphene facing ventrolaterally, as in Kaganaias), and with full
separation of the zygapophyseal and zygosphenic surfaces in
snakes and some large lizards (Hoffstetter and Gasc 1969). Seen
in lateral view (Text-figs 4C, 5B, 6A), the pedicel is marked by a
strong anteroposterior crest between the zygapophyses, a large
anterior synapophysis and a conspicuous posterolateral pocket.
This lateral pocket is bounded dorsally by a prominent interzy-
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gapophysial ridge (margo lateralis; Hoffstetter and Gasc 1969)
and ventrally by the edge of the depressed centrum (margo ven-
tralis; Hoffstetter and Gasc 1969). In the HRCT scans, it looks
as though the arch pedicel is sometimes perforated in the deep-
est, anterior part of the recess, but this is probably an artefact
(thin bone may not be resolved). Comparison with extant lizards
(e.g. the serpentiform scincid Feylinia; Gasc 1981) suggests these
crests and deep lateral recesses may have accommodated expan-
ded intercostal musculature.

The centra on the main block are mostly obscured, but where
they have been prepared from the underside, they are seen to be
dorsoventrally depressed with a deep procoelous intervertebral
articulation. The posterior dorsal centra are also visible on the
second, smaller, block. The articular surface of the condyle is
mostly dorsal and that of the cotyle is mostly ventral; thus the
articulation is strongly oblique. Centrum morphology is seen
most clearly in the HRCT images (Text-fig. 4A; Pls 1-2). They
show that the condyles are not waisted at their boundary with
the centrum and that the ventral margins of the centrum are
subparallel, tapering slightly towards the rear, with the condyle
forming the apex. The centra broaden slightly towards the sacral
region. Subcentral foramina are not obvious in the exposed ver-
tebrae close to the sacrum, but are visible in more anterior dor-
sals (HRCT images), lying in grooves that begin on either side
of the cotyle and converge towards the centre.

SBEI 1799 includes an association of disarticulated vertebrae
that match those of the holotype block in having well-developed
zygosphene-zygantral articulations, a deep lateral recess behind
the rib facet and a dorsoventrally compressed centrum with an
oblique condylar surface. However, the neural spines are taller,
suggesting a more anterior position in the column (perhaps
associated with the pectoral girdle) and the elements are about
twice the size of the vertebrae on the holotype, indicating that
Kaganaias could grow to a larger size. The zygosphene system is
preserved very clearly in these elements (Text-fig. 5D).

The ribs are robust and thick-walled with a reduced central
cavity suggesting at least incipient pachyostosis. Isolated ribs on
the SBEI 1799 block may come from the anterior part of the
dorsal series. The proximal ends are unicapitate but they bear a
distinct ventral flange that creates a triangular process below the
rib head, and a smaller dorsal tubercle (Text-fig. 5SE-H). These
rib features are more pronounced in the anterior part of the hol-
otype skeleton. The longest rib preserved (in the anterior part of
the specimen) is between five and six vertebral lengths. These
ribs extend ventrally with only a weak medial curvature (Text-
fig. 3; Pl 1), giving the animal a narrow, deep cross-sectional
profile. More posterior ribs associated with the holotype replace
the ventral flange with a smaller tubercle (Text-fig. 6B). The last
eight ribs anterior to the sacrum are more slender than those
preceding them, with the last two presacrals bearing short Tum-
bar’ ribs, although they are not fused to the centrum.

Sacral vertebrae. There are two sacral vertebrae (Pl 2). The first
has a narrow, backwardly directed rib with a circular cross-sec-
tion; the second is about twice that width. The second sacral rib
is broken on the left but complete on the right. It is expanded
distally and applied against the medial side of the iliac blade.
Both sacrals have short, wide, neural arches and low rugose
spines that notch into one another. The spine tables on these
vertebrae are wider than those on the dorsal vertebrae, forming
distinct, anteriorly tapering triangles (Pl 2, fig. 1). The centrum
of the first sacral is hidden by the pelvis, but that of the second
is visible (HRCT, PL 2, fig. 2) as a broad, flattened body with a
small posterior condyle.

Caudal vertebrae. Four caudal vertebrae are preserved in articula-
tion after the sacrum, and two more are displaced further back.
The vertebrae are shorter than those of the dorsal series, but
retain the low, anteriorly tapering neural spines. The zygasphene-
zygantral articulation is still present, but is less developed than in
the trunk. These vertebrae are characterized by dorsoventrally
flattened caudal transverse processes that taper distally. The first
transverse process is directed laterally and is broad-based, but
broken. The second is angled anteriorly; it widens slightly before
tapering at the tip, but also twists about the long axis so that part
of the blade angles posteroventrally. The third transverse process
is narrower but also has the anterior curvature. The more poster-
ior transverse processes are directed laterally.

The first caudal lacks any trace of a ventral haemal arch and
therefore meets the definition of a pygal vertebra (marking the
position of the cloacal outlet). It is, however, grooved on the
underside (HRCT, Pl 2, fig. 2; Text-fig. 6C) with a least one sub-
central foramen. Behind it, the second caudal vertebra bears shal-
low ventral pedicels fused on either side of the midline, but it is
not clear whether these are rudiments or whether a larger haemal
arch has broken away. It resembles the condition in Lanthanotus
(Rieppel 1980) where the second caudal has a pedicel onto which
a haemal arch attached. The third caudal has a strong, deep, fully
fused haemapophysis, angled posteriorly. These processes would
have deepened the ventral part of the tail but there is no corres-
ponding elevation of the neural spine. However, the zygapophyses
are particularly well developed in this region, with a larger overlap
than in the presacral region. The last two vertebrae on the holo-
type are too poorly preserved for description (and are omitted
from the HRCT images because they provided no information).

Isolated caudal vertebrae resembling those on SBEI 1568
are found on several blocks. SBEI 197 (not illustrated) is an
anterior caudal retaining transverse processes, but with fused
haemapophysial flanges (open distally) and a more rounded
posterior condyle than that of presacrals. There is a low neural
spine that projects posteriorly. None of the attributed caudals
shows any trace of an autotomy septum.

EXPLANATION OF PLATE 1

Figs 1-2. Kaganaias hakusanensis gen. et sp. nov., Kuwajima Formation, Lower Cretaceous, Japan. Type specimen (SBEI 1568), high-

resolution X-ray computed tomography reconstructions of the skeleton. 1, ventral view, hidden surface. 2, dorsal view, as partially

exposed. Scale bar represents 10 mm.
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7 Pelvis and hind limb
: > SBEI 1568 exposes the right ilium, parts of the right and left pubes,
7 pA and a fragment of the left ilium (Text-fig. 7; Pl 2). In addition,
part of the right femur is preserved as a short, straight bone frag-
ment that runs ventral and subparallel to the iliac blade. On the
4 second block, an almost complete left femur is preserved, as well
i as a small group of pedal phalanges (Text-fig. 7A). The HRCT
; scans permit a view of the underside of the specimen, showing the
74 ,_;.f : : pubes and ischia in greater detail (Pl 2, fig. 2). Unfortunately, no

/ additional parts of the hind limbs were revealed.

/ T : The right ilium is relatively long (three vertebral lengths) and
o ' slender (PL 2). Overall, the complete bone is L-shaped, with a
i/ 4 ANESR smooth, curving anterior margin that lacks any trace of an
§ 2 s | anterior iliac tubercle. The iliac blade is horizontal, deepest ante-
riorly but tapering to the rear (incomplete). On the medial sur-
face there is a strong anteroposterior ridge that marks the
position of the sacro-iliac joint (second sacral rib in articula-
tion). The left ilium adds little to this description (Text-fig. 7B—
C). Tt is broken both anteriorly and posteriorly, so that only the
central portion of the blade, with the medial ridge, is preserved.
The right pubis is badly damaged and provides no useful infor-
mation. The left pubis (HRCT, PL 2) is damaged proximally
and distally, but shows several important features. It is directed
anteriorly and tapers into the symphysial region. The lateral edge
is in-turned and bears a small inflected pectineal process that is
closer to the proximal head. The ischia are both preserved
(HRCT, PL 2, fig. 2), but the left bone is the more complete.
The element is strongly built, with a relatively narrow neck and
a well-developed ischial tuberosity. The bone is widest in its
midsection, but then tapers obliquely towards the anterior
symphysis. Overall, the pubo-ischiadic plate in Kaganaias covers
three vertebral lengths (four in the living Varanus, two in some
aigialosaurs; Carroll and deBraga 1992).

Fragments of a right femur are associated with the right pelvis
on the main block, but nothing else of this limb remains except
for the distal part of a penultimate phalanx bearing prominent
condyles for articulation with the ungual. On the left side, a pro-
nounced rounded condyle in the region of the acetabulum may
be the femoral head (Text-fig. 6C). The remainder of the bone
is on the counterpart block. It is a robust bone with expanded
proximal and distal ends (paired condyles) but no sigmoid cur-
vature. The shaft is comparatively thick (c. 50 per cent of prox-
imal width as compared with 27 per cent in Varanus). The
femur as preserved (Text-fig. 7) is 14 mm in length (c. 4 dorsal
vertebral lengths vs. 6 in Varanus salvator, c. 3 in aigialosaurs;
Carroll and deBraga 1992), while there is a gap of 115 mm
between its distal end and the small group of pedal phalanges
(Text-fig. 7A). No trace of the crus, tarsus or metatarsus
remains, but given the general preservation of the skeleton, these
elements were presumably accommodated roughly within this
short gap. Remains of two very short pedal phalanges are pre-
served in what appears to be a life position, curving towards the
axial skeleton and with one bearing a short ungual phalanx

Y C”'I. TEXT-FIG. 3. Kaganaias hakusanensis gen. et sp. nov. Type
specimen, SBEI 1568, drawing of skeleton on main block. Scale
bar represents 5 mm.
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(note that because of their size and thin walls, these elements
are not visible in the HRCT scans). A gap of 165 mm exists
between the tip of the ungual and the distal end of the femur. If
this was roughly the length of the crus and foot combined,
then the total hind limb length was about 31 mm, less than one-
quarter of the length of the trunk (c. 8 dorsal vertebral lengths
vs. 15 in Sphenodon).

Skull remains

SBEI 1799 consists of an association of disarticulated vertebrae
matching those of the holotype (see above). Preserved with them
are a quadrate and a partial maxilla (Text-fig. 8A-C). The max-
illa is represented by the anterior part of a right bone, preserving
two long, slender, strongly recurved teeth (allowing for break-
age) (Text-fig. 8A). The maxilla resembles that of living vara-
noids in having a long anterior subnarial margin. Tooth
implantation is a modified pleurodonty with the teeth set in
deep recesses separated by interdental laminae formed from
bone of attachment (Text-fig. 8A). The large, clearly squamate,
left quadrate lacks a medial pterygoid wing and has a small (but
damaged) lateral conch and a large, posteriorly extended, head
with a small suprastapedial process (Text-fig. 8B—C). The ventral
condyle for the articular is a single saddle-shaped surface rather
than the double condylar structure found in many lizards.

SBEI 195 is an association of left and right dentaries (Text-
fig. 8D-E) referred to Kaganaias on the basis of the similarities
in tooth implantation with SBEI 1799. The jaws are not com-
plete but the left bone preserves seven small tooth recesses separ-
ated by interdental ridges (all teeth are missing), and a ventrally
sloping subdental shelf. The Meckelian canal is displaced to a
ventral position. On the right side, only a small section of the
jaw is present but it contains a single tooth base without basal
plicidentine.

DISCUSSION
Phylogenetic position within Squamata

The combination of procoelous vertebrae, strong
zygosphenoidal joints, and a pelvis with a large thyroid
fenestra and anteriorly tapering pubis identifies Kaganaias
as a squamate, a conclusion supported by the attributed
quadrate and maxilla.

All recent cladistic analyses of squamates using mor-
phological characters have recognized two major clades,
Iguania and Scleroglossa (e.g. Estes et al. 1988; Evans and

TEXT-FIG. 4. Kaganaias hakusanensis gen. et sp. nov. Type
specimen, SBEI 1568, High-resolution X-ray computed
tomography reconstructions giving details of the vertebral
column. A, ventral aspect of anterior dorsal vertebrae showing
ribs and articular condyles. B, as A, in dorsal view showing
reduced neural spines and accessory articulations. C, right lateral
view of more posterior dorsal vertebrae showing the pockets in
the sides of the vertebral arches. Scale bars represent 1 mm.
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TEXT-FIG. 5. Kaganaias hakusanensis gen. et sp. nov. Specimen
SBEI 1799, association of bones. A, partial cervical vertebra in
ventral view. B-D, anterior dorsal vertebra in B, lateral, C, ventral,
and D, anterior views. E-H, anterior dorsal ribs in E and G,
lateral, and F and H, proximal views (respectively) to show dorsal
tubercle and ventral crest. Scale bars represent 1 mm.

TEXT-FIG. 6. Kaganaias hakusanensis gen. et sp. nov. Type
specimen, SBEI 1568. A, lateral view of posterior dorsal
vertebrae, main block. B, mid-dorsal ribs in ventral view on the
counterpart block. C, sacral and anterior caudal vertebrae, left
lateral view to show development of haemal arches. Scale bars
represent 1 mm.

Barbadillo 1997, 1998, 1999; Evans and Chure 1998; Lee
1998; Reynoso 1998; but see Townsend et al. 2004). Scle-
roglossa incorporates all gekkotan, scincomorph and
anguimorph clades, as well as the derived amphisbaenians
and snakes. The absence of a skull makes a comprehen-
sive cladistic analysis of Kaganaias difficult, as skull char-
acters play a major role in classification. However, no
known iguanian or basal squamate shows a long-bodied
limb-reduced morphology: this is confined to Scleroglossa
(the gekkotan pygopodids, dibamids, amphisbaenians,
snakes, and various scincomorphs and anguimorphs). The
oblique intercentral articulations of Kaganaias resemble
those of anguimorphs more than scincomorphs. Similarly,

EXPLANATION OF PLATE 2

Figs 1-3. Kaganaias hakusanensis gen. et sp. nov., Kuwajima Formation, Lower Cretaceous, Japan. Type specimen (SBEI 1568), high-

resolution X-ray computed tomography reconstructions of the pelvic region. 1, dorsal view. 2 ventral view. 3, right lateral view.

Scale bars represent 1 mm.
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TEXT-FIG. 7. Kaganaias hakusanensis gen. et sp. nov. Type specimen, SBEI 1568, counterpart block, left hindlimb and tail. A,
photograph of the specimen. B-C, High-resolution X-ray computed tomography reconstructions of the femur and ilium, in B, ventral

and C, dorsal views. Scale bar represents 1 mm.

if the jaw elements are correctly attributed, the tooth
implantation resembles that of anguimorphs (little or no
subdental ridge, posterior replacement) more than that of
scincomorphs (strong subdental shelf, medial replace-
ment).

Anguimorphs are widely recognized as a monophyletic
group (e.g. Estes 1983; Borsuk-Bialynicka 1984; Estes
et al. 1988; Evans and Barbadillo 1998; Evans and Chure
1998; Gao and Norell 1998; Lee 1998; Caldwell 19994, b;
Macey et al. 1999), comprising the anguids and the platy-
notans (helodermatids, Lanthanotus, varanids and related
fossil groups); the status of ‘xenosaurs’ (Xenosaurus and
Shinisaurus) is more problematic (see review by Bever
et al. 2005) with some authors recognizing them as sister
taxa (e.g. Estes et al. 1988; Gao and Norell 1998) and oth-
ers arguing against a close relationship (e.g. Conrad 2004;
Townsend et al. 2004). There is also general agreement
among morphologists that snakes were derived from
within Platynota (but see the recent molecular trees of

Townsend et al. 2004; Vidal and Hedges 2004). The posi-
tion and affinities of amphisbaenians remain controver-
sial, the main recent hypotheses being gekkotan (e.g. Lee
1998), teioid (e.g. Wu et al. 1993, 1996; Townsend et al.
2004) and snake (Zaher and Rieppel 1999, 2000) relation-
ships.

Platynotans are a distinctive group characterized by a
range of features including: retracted nares; sharp
recurved teeth (except Coniasaurus and perhaps Dolicho-
saurus; Caldwell 2000a); interdental ridges formed by
bone of attachment; tooth replacement from behind;
reduction of the nasals; reduction or loss of the subdental
shelf on the lower jaw. Within Platynota, Kaganaias is
strikingly different from members of the Varanidae that
have plicidentine on the teeth, lack zygosphenes and have
waisted vertebral condyles, strong hind limbs, a shorter
dorsal vertebral series, and strong triangular ilia with
anterior tuberosities. Among living taxa, the pelvis of
Kaganaias is closer to that of Lanthanotus and Heloderma
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TEXT-FIG. 8. Kaganaias hakusanensis gen. et sp. nov. A-C,
SBEI 1799, association of vertebrae, ribs, maxilla and quadrate.
A, medial view of right anterior maxilla. B-C, left quadrate, in
B, lateral and C, anterior views. D-E, SBEI 195, associated
dentaries. D, medial view of anterior region of left bone.

E, lateral view of fragment of right bone and partial tooth. Scale
bars represent 1 mm.

in having a long, slender ilium. In terms of vertebral
structure (low spines, waisted vertebrae, ventrolaterally
facing zygosphenes, elongate dorsal series), Kaganaias
most closely resembles the long-bodied marine taxa of the
Cenomanian—-Turonian — Adriosaurus, Aphanizocnemus,
Coniasaurus, Dolichosaurus (Text-figs 9-10) and Pontosau-

CRETACEOUS LONG-BODIED LIZARD FROM JAPAN
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TEXT-FIG. 9. Dolichosaurus longicollis, type specimen, BMNH
R49002. High-resolution X-ray computed tomography
reconstruction with vertebral column partially cut-away to show
vertebral articulations (centrum) and cervical hypapophyses.
Scale bar represents 10 mm.

rus — loosely called dolichosaurs, although they may not
be a monophyletic group (Caldwell 2000a).

Most recent authors have recognized dolichosaurs as
relatives of mosasaurs and aigialosaurs within a larger
platynotan clade, Mosasauroidea (e.g. Bell 1997; Lee 1998;
Caldwell 1999a, b, 20004, b; Rieppel and Zaher 20004, b).
At the present time, opinions as to the relationships
between this clade, varanoids, snakes and amphisbaenians
are divided between authors who regard snakes as being
mosasauroid derivatives (e.g. Caldwell and Lee 1997; Lee
1997, 1998; Lee and Caldwell 1998, 2000; Caldwell 19994,
b, 20004, b; Rage and Escuillié 2000, 2002; Caldwell and
Albino 2001; Lee and Scanlon 2002) and those who place
snakes closer to amphisbaenians (Zaher 1998; Zaher and
Rieppel 1999, 2000, 2002; Rieppel and Zaher 20004, b;
Tchernov et al. 2000; Rieppel and Kearney 2001; Rieppel
et al. 2003). The two different relationship hypotheses are
linked to ecological hypotheses, and thus the environment
in which snakes developed their unique body form, as
marine swimmers (mosasauroid ancestry) or burrowers
(amphisbaenian relationships).

Kaganaias is clearly not a snake (vertebral morphology,
limb morphology) but as a long-bodied, dolichosaur-like
lizard, it impacts on some aspects of the current debate.
In order to maintain a relatively neutral position, we
coded Kaganaias into three data matrices: those of Lee
(1998), Lee and Caldwell (2000) and Rieppel and Zaher
(2000b). We ran branch and bound analyses using PAUP
version 3.1.1 (Swofford 1993). Some taxa not immediately
relevant to the discussion were deleted from each matrix
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TEXT-FIG. 10. Dolichosaurus longicollis, BMNH R32268.
High-resolution X-ray computed tomography reconstructions of
the posterior dorsal vertebrae and pelvic region. A, right lateral
view. B, right ventrolateral view. C, dorsal view. D, ventral view.
Scale bars represent 10 mm.

to shorten the running time (up to 4 weeks), but only
after repeated heuristic searches to ensure as far as poss-
ible that their removal did not affect tree topology. The
results are shown in Text-figure 11.

The first analysis used the matrix of Lee (1998), but
with characters unordered. Text-figure 11A shows a strict
consensus of 16 MPTs (maximum parsimony trees) (L =
809, CI = 0-74, RC = 0-5). Kaganaias emerged as the sis-
ter group of Amphisbaenia, with this clade as the sister
taxon of mosasauroids and snakes. This is the only analy-
sis that placed Kaganaias with Amphisbaenia. When the
character states actually coded are examined, the only
derived states shared by Kaganaias and Amphisbaenia are

the dorsal and ventral tubercles on the rib heads (also
found in snakes).

The second analysis used the matrix of Lee and Cald-
well (2000), with some modifications to the coding for
the Lebanese Aphanizocnemus (Dal Sasso and Pinna,
1997) based on a re-examination of the specimen (see
Appendix). The Lee and Caldwell (2000) matrix is closely
similar to that of Lee (1998) but includes a greater range
of fossil taxa. The difference in the position of Kaganaias
in the resulting trees highlights the effects of the differen-
tial incorporation of taxa in analyses. Text-figure 11B
shows a strict consensus of 66 MPTs (L = 471, CI =
0-57, RC = 0-38) resulting from the second analysis. Kag-
anaias is nested within Mosasauroidea as the sister taxon
of Aphanizocnemus. However, of the derived characters
that can be coded for both Kaganaias and Aphanizocn-
emus, only one (185, ridge-like dorsal neural spines) actu-
ally links these two genera. We left the original coding of
the fossil Sineoamphisbaena unchanged in the Lee and
Caldwell (2000) matrix, but it should be noted that sub-
sequent work by Kearney (2003b) has failed to support a
relationship between Sineoamphisbaena and amphisbae-
nians.

The third analysis used the matrix of Rieppel and
Zaher (2000b), again slightly reduced. Text-figure 11C
shows a strict consensus tree obtained from two MPTs
(L = 475, CI = 0-566, RC = 0-399), in which Kaganaias
is placed as the sister taxon of mosasauroids. We then
added Adriosaurus (Lee and Caldwell 2000; SEE, pers.
obs.), Aphanizocnemus (SEE, pers. obs. 2004), Dolichosau-
rus (Caldwell 2000a; SEE, pers. obs. 2004), aigialosaurs
(Carroll and deBraga 1992) and mosasaurs (based on
Platycarpus; Russell 1967), and re-ran the analysis. The
strict consensus of 60 MPTs (L = 447, CI = 0-58, RC =
0-4) left the mosasauroid taxa, including Kaganaias, in an
unresolved polytomy. Text-figure 11D shows the 50 per
cent Majority Rule Consensus tree from the same analy-
sis. The inclusion of Kaganaias within Mosasauroidea is
well supported, but its position in relation to other mem-
bers of the group is poorly resolved. Given the absence of
skull or neck characters for the Japanese lizard, and the
equally limited information on dolichosaur skull anatomy
generally, this is hardly surprising.

Morphological comparison

Although the precise position of Kaganaias within mosa-
sauroids cannot be determined at this stage, a suite of
characters supports its attribution to Platynota. From the
data set of Rieppel and Zaher (2000b) these are: 146
(shallow thecodont tooth implantation, with interdental
bone and wide tooth spacing); 165 (the oblique articula-
tion of the vertebral condyles); 172 (the increased number
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TEXT-FIG. 11. The phylogenetic position of Kaganaias hakusanensis based on four phylogenetic analyses. A, strict consensus of 16
MPTs using the matrix of Lee (1998). B, strict consensus of 66 MPTs using the matrix of Lee and Caldwell (2000). C, strict consensus
of two MPTs based on the matrix of Rieppel and Zaher (2000b). D, 50 per cent Majority Rule Consensus Tree from 60 MPTs based
on the extended Rieppel and Zaher (2000b) matrix.
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TEXT-FIG. 12. Tentative life reconstruction of Kaganaias
hakusanensis, allowing for the absence of information on the
anterior region of the body.

of presacral vertebrae); 183 (the presence of pedestals on
caudal vertebrae for the attachment of haemapophyses);
185 (the posterior position of the haemapophysial attach-
ment); and 207 (the lack of fusion of pelvic elements).
Another smaller suite supports the attribution to mosa-
sauroids: 168 (the low ridges on dorsal vertebrae); 169
(the well-developed zygosphene-zygantral system); 212
(the short robust femur); and 213 (the straight femur).
The quadrate referred to Kaganaias differs from that of
aigialosaurs and mosasaurs in having only a small supras-
tapedial process. In the more derived taxa, a large
recurved suprastapedial process contributes to the conch
of the middle ear (deBraga and Carroll 1993). The quad-
rate of the dolichosaur Pontosaurus (Pierce and Caldwell
2004) also approaches this shape, but the bone remains
unknown in the other basal mosasauroids (Dolichosaurus,
coniasaurs, Adriosaurus, Aphanizocnemus) making it diffi-
cult to plot the evolutionary history of mosasauroid
quadrate structure.

Character 172 separates snakes and amphisbaenians
clearly from fully limbed squamates, but the range of ver-
tebral numbers (27-50) given for character state 1 does
not separate the long-bodied dolichosaurs from aigialo-
saurs and mosasaurs. Aigialosaurs have 7-8 cervicals and
20 dorsals (Carroll and deBraga 1992; deBraga and Car-
roll 1993), while mosasaurs have 7-8 cervicals and 22-35
dorsals (Russell 1967). Dolichosaurus has around 18 cervi-
cals and 32-38 dorsals (Caldwell 2000a; SEE, pers. obs.
2004), Aphanizocnemus has 10-11 cervicals and 25 dorsals
(Dal Sasso and Pinna 1997; SEE, pers. obs. 2004), while
Adriosaurus has c. 11 cervicals and 29 dorsals (Lee and
Caldwell 2000; SEE, pers. obs. 2004), and Pontosaurus has
11 cervicals and a maximum of 30 dorsals (SEE, pers.
obs. 2004). The cervical count in Kaganaias is unknown,
but with a dorsal count in excess of 36, the only taxon
that it approaches in overall presacral length is Dolicho-
saurus (Text-figs 9-10).

Kaganaias also resembles Dolichosaurus in the shape
and thickness of the ribs (elongate, not strongly curved,
reduced cavity, 5-6 vertebral lengths). These ribs differ
from those of Adriosaurus and Pontosaurus where the
stronger curvature gives the body a more circular profile.
Aphanizocnemus resembles Kaganaias and Dolichosaurus
in rib shape (even less curvature than Kaganaias), but dif-
fers in that the ribs are very gracile. However, this feature,
with the thin skull bones and weakly developed pelvis,
suggests that the Aphanizocnemus holotype may be juven-
ile. The size, shape and orientation of the zygosphene-
zygantrum, the rib facets and the mid-vertebral waisting
are broadly similar in Kaganaias and Dolichosaurus, but
Dolichosaurus has wider neural arches, with more anterior
and posterior flaring and a greater difference in size
between anterior and posterior trunk vertebrae (Text-
fig. 10C-D). However, none of the other dolichosaur taxa
has the deep lateral vertebral recesses found in Kaganaias.
The posterior neural spines of Kaganaias are shorter than
those of Adriosaurus or Dolichosaurus (Text-fig. 10A), but
resemble those of Aphanizocnemus in being little more
than ridges. In Dolichosaurus, the sacral ribs are longer
and narrower than those of Kaganaias (Text-fig. 10C-D),
but both taxa (and Aphanizocnemus) have wide and dorso-
ventrally compressed transverse processes on the anterior
caudals. Kaganaias resembles Aphanizocnemus, Dolicho-
saurus and Lanthanotus in having a single pygal vertebra,
but differs from Aphanizocnemus in that the first haemal
arch in that genus is long. In Adriosaurus the first visible
haemal arch is between caudals 3 and 4, so the state of
any more anterior element is not known. Unlike Kagan-
aias, however, the haemal arches of Aphanizocnemus do
not seem to be fused to the centra (although again this
could be age related).

In Kaganaias, the femur is 14 mm long but the space
left for the rest of the limb between the end of the femur
and the terminal phalanges is about 11-5 mm. This sug-
gests that the femur was at least 50 per cent of total limb
length. This is different from the situation in mosasaurs
and aigialosaurs (femur c. 33 per cent of entire limb) and
Varanus (femur c. 27 per cent), but it does resemble
Aphanizocnemus, as reconstructed by Dal Sasso and Pinna
(1997), in which the tibia and fibula are strongly reduced,
the foot is short and simple, and the femur is rather slen-
der but short and flattened. The phalanges of Aphanizocn-
emus are short and broad, but differ from those of
Kaganaias in that there is no differentiation between head
and shaft (although again this might be a juvenile fea-
ture); the claws are thick, short and triangular. The femur
of Dolichosaurus is poorly preserved, but appears robust
without obvious waisting or sigmoid curvature; nothing is
known of the more distal parts of the limb. The femur of
Kaganaias is roughly four dorsal vertebral lengths (VL).
This is short relative to the femur of Varanus (6 VL), but
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relatively long compared with the femora of Adriosaurus
(3 VL), Aigialosaurus (27 VL), Aphanizocnemus (2-4 VL)
or mosasaurs (2-2-5 VL).

Ecological niche

Remains of Kaganaias are found in both the aquatic and
the swampy terrestrial facies of the Kuwajima Formation
at Shiramine, although they are more abundant in the lat-
ter. However, the depositional environment need not be
the life environment, and morphology has to be the arbi-
ter. The deep, narrow body profile of Kaganaias, com-
bined with thickened ribs and relatively small hind limbs,
suggests a predominantly, though not exclusively, aquatic
lifestyle (Text-fig. 12). The low, ridge-like neural spines
may seem inconsistant with this, but a similar morphology
is found in other dolichosaurs. Long-bodied terrestrial
taxa, both burrowers and surface taxa, are typically roun-
ded in cross-section (e.g. amphisbaenians, dibamids, feyli-
nids, limbless anguids, Anniella; SEE pers. obs.). Based on
sedimentary evidence, Kaganaias is interpreted as having
lived in a well-vegetated, freshwater swampy environment
on a continental floodplain (Isaji et al. 2005). It presuma-
bly used lateral body movements (strong ribs, strong inter-
costal musculature as suggested by accessory rib processes
and deep lateral cavities on the vertebrae) to swim, with
the limbs used to steer. However, the limbs, although rel-
atively small, are strongly built, as is the pelvis to which
they are attached. The ends of the small pedal phalanges
have strong joint surfaces and the claw has attachment
points for flexor muscles. This suggests that the limbs
could also have been used actively on land, perhaps to grip
a muddy substrate and provide additional leverage. The
presence of a large ischium with a well-developed poster-
ior tuberosity suggests that this element was still import-
ant for muscle attachment. In living lizards, the ischial
tuberosity provides a surface of origin for the flexor tibia-
lis (flexor of knee) and the ischiotrochantericus (which
raises the femur upwards; Romer 1956), while the inner
and outer surfaces of the plate itself give origin to the
puboischiofemoralis internus and externus, abducting and
adducting the femur. Thus Kaganaias was probably an
amphibious wetland lizard, but without information on
skull and forelimb morphology, total body length or neck
length, we cannot speculate further on lifestyle.

Implications

To date, all known long-bodied platynotans and aquatic
limbed snakes have been recovered from Late Cretaceous
(Cenomanian-Turonian) nearshore or shallow-marine
deposits in the North American Seaway and the western
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Tethys Basin (Britain, North Africa, Portugal, France,
Croatia, Slovenia, Lebanon, Palestine). Kaganaias is the
first representative from the Early Cretaceous (Valangin-
ian/Hauterivian), showing that this morphotype had
arisen some 20—-40 myr earlier than previously recorded.
It is also the first from an eastern Asian locality, and the
first from a non-marine facies. At the time of deposition
of the Kuwajima Formation, Japan lay on the eastern
edge of the Asian continent, but Ishikawa Prefecture was
some distance (at least 100 km) from the sea.

In reality, the recovery of an early long-bodied platyno-
tan in swampy floodplain deposits is not surprising.
Extant varanid lizards frequently swim in both freshwater
and saltwater environments. The ancestral mosasauroid
presumably had a niche similar to that of modern taxa,
becoming increasingly amphibious (freshwater/brackish)
before entering the sea, initially in warm shallow coastal
waters and then, with the mosasaurs, in deeper oceans
(deBraga and Carroll 1993). Kaganaias may represent an
early stage in that transition (or a relict of that stage), or
an independent radiation with a similar body plan. More
data are needed on platynotans from Upper Jurassic and
Lower Cretaceous deposits, but perhaps the appearance
and apparently sudden diversification of marine platyno-
tans in the western Tethys region in the Late Cretaceous
followed the Early Cretaceous re-association of Asia and
Euramerica, with continental aquatic or semi-aquatic
squamates emerging into new shallow-marine habitats.
The presence of a basal platynotan lizard (Parviraptor)
in the Middle Jurassic of Britain (Evans 1994) suggests
that the group had evolved prior to the separation of Asia
from Euramerica and, perhaps, of Laurasia from Gond-
wana. If early platynotans were globally distributed (or
even if they were limited to Laurasia), then there was
scope for more than one radiation. Again, more informa-
tion is needed on skull and limb morphology (in Kagana-
ias but also other long-bodied taxa), in order to gauge
the degree or likelihood of convergent evolution. At
the very least, Kaganaias demonstrates that there is still
much to learn about the early history and radiation of
these specialized long-bodied squamates; that they were
more widely dispersed than recent evidence suggested;
and that not all Cretaceous long-bodied platynotans
were marine.
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APPENDIX

Matrices of characters used in phylogenetic analyses

The MPTs shown in Text-figure 11 were derived using the matrices of Lee (1998), Caldwell and Lee (2000) and Rieppel and Zaher
(2000b). Each of these matrices is large in terms both of characters and of taxa used. Rather than repeat each matrix and its character

list, reference is made to the original papers. Below are listed the codings for Kaganaias in each of these matrices, with Aphanizocnemus
added under Caldwell and Lee (2000) since our codings for this genus have been changed slightly after examination of the specimen.
We added several mosasauroid taxa to the Rieppel and Zaher (2000b) matrix in order to explore the relationships of Kaganaias fur-
ther: Adriosaurus (Caldwell and Lee 2000), Aphanizocnemus (Dal Sasso and Pinna 1997; SEE, pers. obs. 2004), Dolichosaurus (Caldwell

1999b; SEE, pers. obs, 2004), aigialosaurs (Carroll and deBraga 1992), and Platycarpus (mosasaurs, Russell 1967).

Codes for variable or uncertain states: A = 0/1; B=1/2; C = 0/2; D = 3/4.

Caldwell and Lee (2000)

Aphanizocnemus

122727 22227 22?2720
Farararars s Farararars
227?727 2272727 2?2227
s 227727 s
Farararars s Frararars
Kaganaias

s 0?2727 s
Farararars 11?11 Frararars
2272727 2272727 212722
R 2727727 2?2220
Farararars 22777 A2111
Lee (1998)

Kaganaias

22220 022722 222727
227?727 2272727 2?2227
R 227727 s
00000 1D2°2? 20?727
2772727 2772727

Rieppel and Zaher (2000b)
Adriosaurus

2?2201 012727 ?0?0?
212727 227727 22727
Earararars 222727 222727
2217?27 2327?27 2?20?20
0?272°? 207?72 22?201
Aigialosauridae

22?201 01007 201?22
10107 222727 s
20227 22010 22220
01022 13000 000?22
02272? 20?272 22001
Aphanizocnemus

s 227727 s
Earararars 220?72 Earararars
27272727 222727 222727
?2?2117? 2?3277 220?20
02272? 222727 2?2201
Dolichosaurus

Farararars s e
Earararars 222727 222727
27272727 22220 222727
0112°? 13212 20020

02202

?2?2?207?

122 00-

000?22
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Kaganaias

??2?20? 222727 arararars ENrararars 222727 222727 ERrararars Earararars 222727 ??21?72 21?2?27
Earararars 222727 Farararars Earararars 222727 222727 Earararars Earararars 222727 arararars Earararars
?2?27272°7° 22227 222272 2772727 2272727 222272 7272727 20012 222727 22227 22202
01122 1322? 2227?72 2?2111 21122 227272 2?9027 2?2227 01121 01122 00272?
Earararars 222727 2?2201 0227272

Platycarpus (Mosasauridae)

21001 01000 00121 10002 20211 10101 10001 00000 10011 10112 01201
01100 01011 10000 00011 10000 01001 12210 2?2120 20?200 00011 11101
00201 12010 21011 01107 00011 21011 11000 21111 10100 01112 01200

11020 13000 00020 12100 00000 01002 20100 20200 12120 01100 0002?
0?27272°? 2?2227 00001 00000

NOTE ADDED IN PROOF

After acceptance of the manuscript our attention was drawn to the following record of a dolichosaur vertebra from the
upper Cenomanian—Turonian horizon of Kazakhstan. Although clearly Asian, at the time of deposition this region was
on the fringes of the western Tethys, and thus within the same biogeographical region as other contemporaneous early
Late Cretaceous dolichosaurs.

AVERIANOV, A. O. 2001. The first find of a dolichosaur (Squamata, Dolichosauridae) in Central Asia. Paleontological Journal, 35,
525-527.



