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ABSTRACT

Most post-Triassic actinoptervgian fishes from Thailand are represented by
isolated scales. bony fragments and teeth. This material was obtained from several
outcrops located in three formations representing continental sedimentary sequencces,
the Khorat Group in the Khorat Plateau. Scales from these localitics were the buasis for
studying the microstructure of their ganoin surface in erder to test: 13 it thers are
differences between different parts of the body in a single fish. 2} if there are differences
within a single population and 3) to compare microstruetures of tsolated scales from
different formations. To accomplish these ob'ectives, we reed first to deseribe and
identify the articulated remains as well as the fragmentary ossification discovered in
various outerops. The usteological study reveals at [east five taxa in the Phu Kradung
Tormation comprising Thaiichiins buddhabuireiisis, Isanicinivs palusiris,

L lerthoosi. T cf. buddhabiutrensis, and new 1axon of ginglymaodian. and rragmentary
remains and isolated scales in the Sao Khua Fortation and Khek Kraat Torrratiorn.

The preliminary results of the microstructure are interesting hecause they show a
different pattern among scales from the different formations; scales tfrom the ader

Phu Kradung Formation present tubereles dispersed on the surfaces and wre smaller

in size than the tubercles from scales from the Khox Kruat Formation, which is vounger
in age. Moreover, scales frem the Sao Khua Formmation show a very tvpical patter
indicating that their probably belong to Siamamive naga. These first hypotheses on
microstructure should be tested in the furure with studics on other fishes known by

articulated specimens.
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CHAFPTER L
INTRODUCTION

1.1 Rational of Study

Concerning post- I'riassic actinepterygian fishes from Thailand, most of them
are represented by isolated scales. bony fragments and teeth, These materials were
obtained from several vutcrops occurring in several formations of continental
sedimentary sequences, the Khorat Group in the Khorat Plateau. A few studies were
basced on mostly completed and articulated fishes which were collected from the
important lovality in Thailand named Phu Nam JTun. There were preserved numerous
articulated fish specimens referred to Lepidoes buddiaburrensis (Cavin et wf. 2003),
together with a single complete clongate fish identiticd as a new genus and 4 new
species., fsanichrhivs palustriv (Cavin and Suteethomn. 20063 and a sxull roof associated
with jaws of lungfish. Ferganoceratodus marimi (Cavin er gl 28073 Although the
morphology of L. huddhabuirensis in Phu Nam Jun locality is variable, statistical
analyses showed that all specimens beleng 1o a single population (Dessri of «f, 2004,
The result allows us to assess the variability of the microstructural ornamentation of
the gancin laver at the surface of the scales. According o Gayet and Meunier 1986;
Meunier 7 /. 1987; Meunier and Gayer 1992 tie micrestrugiural ornamentation can bhe
used for classification at specitic [eve! by measuring dismeser of the whercles and
distance between the tubercles at the ganoin surfuce, 'The most interesting result of this
study is possibly to get a new technique for identificaticn semionotid fsh n several

oulcrops distributed in various pans of Mesozoie formations in Thailund.
1.2 Objectives

This study consists of four main chjectives including:

I. to study osteology of articulated «nd fragments ot the semionotiferms,
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2. w examine, whether there are microstructure ditferences between
different parts of the body in single specimen ol L, huddhabutrenyis, and between
ditferent individuals within a single population,

3. to compare microstruciure between L. buddfhiahimrensis and 1solated
scales from other arcas, and

4. to observe the evolution of the microstruciure and osteoiogy of
semicnotid fish between the different formations, and their palaespcographical

distribution.
1.3 Scope of Research

The scope ot the study is to deseribe the morpholegy and the tuberele on the
external surface of ganoin of L. buddhabutrensis by szanning electron micrescope
abservations for assessing the feature as a diagnostic specific charactar. [t includes,
the comparison of surface structure of isolated ganoid scales of this species from other
localities of different post -Triassic formations (from the Late Jurassic of the Phu Kradung
Fermation to the Farly Cretaceous Khole Kruat Formation m Kherat Platcaul, in order 19
examinge microstructural differences between different specimens and to assess the

spectfic diversity,
1.4 Significance of the Research

Because of the large amount of available isolated bony fragments and scales
which cannot be identified at a generic or a specilic level on the basis of the superficial
morphology. it is impertant 1o develop a method tor identification on the basis of
scanning gleetron microscope examination on microstructire of the seale surtace. It has
been preposed that the structural ornamentation of the scale of semicnetid fish is
diagnostic at the specitic level (Gayet and Meunier 1986: NMeunier ¢/ af., 1987 Meunier
and (ravet, 1992). This approach could be applicahle te cheernve the evolution of the
microstructure and this result could be correlation to the evolution of ostealugy of the
semionotid fish among severz! localities in Thailand. Finally, this studs ¢ould be

important for addressing palaeogeographical affinities of the taxa.
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CHAPTER 2
LITERATURE REVIEW

The objective of this research is to develop a new technigue in order to identiny
semionotid fish in several localities belonging to Mesozoic termations in Thailand. To
achieve the ubove mentioned objective, related literatures and decuments (paper and

unpublished reports) have heen cellected for preliminary study concerning:
2.1 General Geology of the Study Areas

Thailand consists of two continental blocks or microcantinents: the cusiern part
{The Khorat Platcau) belongs to the Induchina block. and the western pan {including
the southern penninsula) is called “Shan-Thai” or *Sibamasu” (Figure 1), In the Shan-
Thai block, the stratigraphy of the non-marie sediments in southern peninsular
Thailand has been revicwed by (Teerarunpsigul ¢f ¢f.. 1999 and Mecsoon ef af., 20020
These clastic red beds are known as the Trang Group, which s now subdivided into the
basal Khlong Min Formation, overlain by the Lam Thap. Sam Chom and Phun Phin
formations in ascending order. The Mab Ching locality in the Khlong Min Formation
was discoverad by L. Raksaskubwong in 1993, Field wark there in 1993, 1994 and
1996, vielded abundant vercbrate remains inziuding hybodent sharss (Cuny e al.
2009a). lungfishes (Martin er &/, 15970, temresponds [s (Butfetaut e of., 19944),
mesosuchian crocodiles and the turtle (Teng er oy, Z002)0 This format.on was dated teo
the Middle or Late Jurassic on the basis of charophytes and palvcomorphs (Lel, 1993,
Buffetaul ¢r o/, 1994b). the aze was laler confirmed by the occurrence of Sigraachel s
peninsularis (Tong ef of.. 2002). In addition the occurrence of o cuhelepedid sauropod
in the Khlong Min Formation indicaies a continental conneetion with the mainland Asia

(Buttetaut ef o/, 2006,
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The Khorat Plateau in NE I'nailand is composed of non-murine sediments
deposited during the Muesozoic. A recent stucy res'ricted the Khorat Group to five
formaticns: the Phu Kracdung, Para Wihan, Sae Khua. Phu Phan and Khox Kruat
Formations, in ascending order (Racey, 2uU09: Racey & Goodill Z009). Only three of
the five formations have vielded vertebrate bedy tossils (Figwie 2) which are Pru
Kradung. Sac Khua ard Khek Kruat formations. whereas in the Phra Wihan and Phu
Phan formations onlyv foatprints were recorded. The Phu Kradung Formation comprises
fluviz] channel sandstone, siltstone and mudstone with inermittent calerete, Overall.
mudstone and siltstone dorminate the formation. with caicrete lozalls commoen. The
formation was deposited in a mainly lake-dominated foodalain cut by meandering and
occasionally braided river channels. Thy format.on 1s sandier 1 ils upper part and
shows a gradational conformabie contact with the everlsing Phra W lhan Formation,
While the underly ing Nam Phong Formation s considered unconiormatle in the
subsurface along the SW margin of the Khovar Plateau, suggesting a possible mmaor
hiatus based on u change in ‘rierval velotiny attivis boundars. The age of this formation
on the basis of recent veriebrate discoveries s censidered to be Late Jurassic Cle.
Tithonian: Buffetaut er /., 2006: Racex & Goodall, 2009). However, the upper part of
this formation 1s now considered as bisal € retaceeus i age. The Phra Wihan Formation
compriscs fine- to course-grained sheet and chanrelled sandstone bods with rarer
varicpated siltstone and imudstene. with intermitient conglomerate heds. and was
deposited in a fluvial environment dominated av nigh-energy, shailow bratded rivers
with subordinate lower eneryy meandering river wvstems and asseciatec [Teodplains.
The tormation has a gradationz! and contformakle contact with the underivinz Phu
Kradung and overlying Suo Khua Formations. It was previousty assumed 10 be Middle
Jurassic in age based selely on the fact that the vertebrutes i the over- ana underiving
formations were thought to be Early and Late Jurassic 't age, respectivels Thz Phra
Wihan Formation s considered to be Berrlasian—cariy Barremian in age based on the
presence of palynemerphs: (Racey & Goodall 2008, Fig. 3-7.) Dicheiropalin eiruscuns.
Corellma spp., Cicatricosisporites augustus and O damplerr, O aigisfus ranges no
older than Early Cretaceous (Berriasian) whereas 2. eqruscus has its stratigraphic tep in
the varly Barremian and its base in the Berriusian. The ussemblage is very similur to trat

of the overlving Suo Khua Formation. The Sac Khua Fommration comprises dominantl:
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floodplain deposits including sandstene, siltstone and mudstone, wgether with comman
caleretes, and was deposited in a low-energy fluvial setting comprising mcandering
channels and extensive tlaod plains, The conzact with the underlving Phra W then and
overiving Phu Phan formations appears to be gradational ard conformable at cuterop.
Uhere 1s no recorded spore or pollen indicative of sediments vounger than Early
Barremian were recorded. Based on the presence of 12, efruscus. a Berriasian- curly
Barremian age is preferred for this formatton. The Phu Phan Formation comprises
deminantly medium- to coarse-grained sandstone beds {lvcally cong.omerativ) and
subordinate floadplain or jacustrine siltstore and mudstane. The overall depositional
setling was in @ high-encrgy, low-sinuosity braided viver sxstem, Racey er af, (1996)
recerded a rare. long-ranging assemblage of Coroliing spp.. O athidiies arinor,
Yodiporites ~p, plus indeterminate bisaccate pollen. This would indiczie an age no
sounger than Cenomaniar. in addition the contact with the underly ing Sae Khua
[ormation 1s locally erosive and thercfore may be uncentormable. whereas the consact
with the overlying Khok Kruat Fermation is conformable. Bused on the ages of the
over- and underlying formations. the age af the formation is considered te [al! within
the interval "mid” —Barremian to Aptian. The Khok Kruat Formation cenprises
sandsione, conglomerate, siltstone, shale and inermittent palaeosals depasited ina
dominantly fluvial environment, This formation is consiaered as Aptian in age on the
basis of palynomorphs (Sattay arak er ai., 1991} and vertebrates (Cappetta ef .. 1990;

Bufferaut & Suteethorn, 1992y,
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Thatland. Figure cowrtesy of L. CaviniMusée d'Histeire Naturelle, Geneva.,
2.2 Bony Fishes Record in Thailand

Almost thirty years age. the Thai-French expedition led by Dr. Varavudh
Suteethorn (Department of Mineral Resources, Bangkok) and Dr. Eric Buftstamn
{Centre National de la Recherche Scientifique, Paris) has focused on the Mesozoiz nan
marine vertebrate fossils trom Thailand, ranging in age from the Late Triassic to the late
Early Cretaccous. Bony fishes have been discovered through the time, mostly represents
by isolated rthombotd scales, und called semionotid-like tish scales (Buffetaut und
Suteethorn, 1998). The tirst recard of bony fish was Jescribed by Martin and Ingavar
(1982). bascd on a single teath plate of & fung fish frem the Late Triassic (Huai Hin Lat
Formation). The outerop lies near Chulabhorn Dam (formerly Nam Phrom Damn,
between Khon Kean and Phitsanuloke, where the presence of a phytosaur sample
mdicates a Norian age. This minute tcoth plate bears 3 sharp ridges which radiate from
the tip of the inner angle and was refer w0 a left upper teoth piate, On the aceount of
morphoelogy und bicmetrical results. this tcoth plate was determinate as Closely related
to Ceratodus szechuanensis (Liu and Yeh, 19571 trom China and this plate was referred

10 Ceratodus cf. scechuanensis, The oceurrence of freshwater ceratodentids from China
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and Thailand provides evidence of wrrestrial connections between China and SE Asia
during the Lalc Triassic.

In 1997, Martin er @i, described twe tooth piates of lungfish from two differen:
non marine formations. A complete one comes [rom the Southern peninsula of
Thailand, in Mab Ching locality (Nakhom Si Thammarat Province), which presents a
section of alternate clays and limestone bed supposcd 10 be middle Jurassic in age en
the busis of charophs tes (Buffetaut e/ .. 1994b1. The second one more poorly
preserved, comes from North Eastern Thailand in Ban Khok Sanam, Phu Kradung
Formation (Kalasin Province). This locality is regarded as Jurassic by the discovered ot
vertebrates assemblage. The Mab Ching specimen is a small right upper woth plate
because it bears S sharp ridges which radiate from the tip of tae inner angle. The second
is a left lower tooth plate that possesses 4 clear ridges. Comparison remaing from
Mab Ching is very similar in morpholaygy to the small Triussic tooth plate descrined
previously but it is different from the biometrical point of view, However, the standard
deviation obtained from good samples of Triassic European tooth plates. indicates a
large variability of this index ameng the Ptychoceratodontidae. I'he incomplete tooth
plate from Ban Khok Sanam is not different from the lower tooth plate of €
szechuanensis (1iu and Yeh, 1937}, Atthe spacitic lovel, it seems that the Chinese
Triassic and Jurassic tooth plates referred to C szechuanensis and the Triassic and
Jurassic teoth plates trom Thailand are similar. especially the specimens frem Mab
Ching. Since the discavery of tooth plates and isolated crantul roof bones ot lung fish
from the Callovian of Kirghizistan. Nessov and Kazny shkin (1985) described 2 new
laxon: Fergunoceratodus jurassicicus. Without the cranial element. the remains would
have been referred to Ceratodus sp. Moreover, C. szechuanensis from China present the
very deep first notch as in the callovian species suggesting regarding it as a synonym of
this species. For these reasons the generic level has been change to Ferganoceratodus
(Nessov and Kaznyshkin, 1983). F. scechuarensis is present in Thailund from the late
Triassic till to the Middle Jurassic and recorded in China by the late Triassic 1o the
Jurassic, A clesely reluted species recorded in Mungelia, Fu sharategensis (1 ate
Jurassic), and in Kirghizistan, F. jurassicicus (Callovian). as well as (7 concinus from
the Furopean late Triussic ere also referred te the venus Ferganoceraiodus. Those

geographical distributions suggest acerction of the Indochina bleck to Scuth China as
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s00n as the late Triassic and connection of South East Asian blocks with South China at
least during Jurassic times. The dipnoans discovery in Mab Ching and Khok Sanam
localities are indicate of a Jurassic age.

In 1999, Robert and Jumnengthai have described 11 species of teleosts fishes
from Miovene age deposits in a lake- bad in the Pheizhabun intermontane basin at
Ran Nong Pla in Phetchabun Province, north-central Thailand. There are six ¢y prineids.
or carp, three silurcids. or cattishes. and two perceids. Five of the carps and one of the
catish are similar to living species. One carp represents an extinet new ganus and
species. Proluciosoma pasakensis, superticially similar to the iving zenus Lucinwoniy.
Another carp is an extinct species of the living genus Fhpsibarbus. One cattizh
represents an extinet new genus and specics of the living family Pangasiidae.
Cetopangasius chactohrancihny, speciziized for teeding en plankten. The other o
cannot be distinguished from the living bagrid catfish genera Leiocassis and
Hemibagrus. The Leiocassis appears to be identical with the living species L. siamensis,
while the Hemibagrus represents a previousiy underseribed exunct species, I, major.
The two percoids. members of the family Chandidac or glassperches, are previousls
undescribed extinet species in the living genus Parambassis, P gotiath and P.
paleosiamensis. Parambassis gofiail attained nearly 27 em of standard length and may
have been larger than any living chandid specics. The mest frequenthy encountered
species in the asscmblage are Parambassis paleasicmensis and Prolusiosoma
pasakensis, both with maximum standard lengths of about 10 cm. The pangasiid catfish
C. chavrobranchns, attaining 50 om. is relatihvery commoen. but Lejocassis is represented
by asingle 12 em lony specimen, and the Hemibagries by 2 single incomplete spegimen
with an estimated standard length of nearly | m. The living carp genera are represented
by only a few incomplete or fragmentary specimens of the subfamilies Barbinae
(including Mystacoleucus sp)y and Labeoninae (a <ingle complete and one rragmertars
specimen of Bangana sp.)

Lake Phetchabun probably was a seif- contained or ¢ndorheic lake confined (o
the Phetchabun intermoentane basin. Its endemic fishes presumably died out when the
Miocene lacustrine ecosystem was replaced by the Pliccene and Recent fluvial

ecosystem similar to today’s Maenam Pa Sak.
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piscivorous, ‘semionotid’. It illustrates the great diversity and ecological adaptation of
the semionotitorms during the Late Jurassic — Larly Cretaceous.

One year later Cavin ef of. (20072) describe a new species of lungfish.
Ferganoceratodus marimi based on a single specimen discevered in Phu Nam Jun
locality. The material comprises an almost complete skull roof with associate:d upper
and lower jaws, as well as some posteranial remains. Foowiartone shows characters
unexpected and/or unknown in other Mesozole lungfishes, such as picces ot'a “hard
snout’. The microstructure of the "hard snaut’ provides support to the Bemis and
Northeutt (1992) interpretation ot the cosmine tissue of Palacozaic lungfishes as
homelogous o the complex cutaneous vasculature of the living Neoceratodis. Because
the homologies of the ossifications of the skull roof ameng lungtishes and among
piscian sarcopterygians are unsasisfactorily understood. a topological nomenclature was
used in the description of the specimen and in the discussion ot posi-Desvoniar dipnoan
skull roof characters. The main feature is the ancient dichotomy between the
Neoceratodus lineage and most of the other Mesozoic torms. including the
1.epidosirenids. The palacobiogeographical pattern shows a series of vicartant events
between Laurasia and Gondwana in the Late Triassic  Early Jurassic. follewed by a
vicariant event between Africa and Soush America.

At the same year, Cavin e/ @l (2007b) described o new taxon ot sinamiid
halccomarph, Siemamia naga on the basis of three pantly anticulated shulls and a
collecuion ot isolated ossitications {rom Phu Phok [ocality, Sakhen Nakborn Province, a
continental Early Cretacecus (Sao Khua Formation) of north-eastern Thailand.
Sinamiidae are hitherto known by two genera occurring in Early Cretucecus {reshwater
deposits in China and Japan. Altheugh a complete revision of all species within the
family is necessary, the Thal material consists of isolated skeletal remains preserved in
3D that show valuable teatures for anatomical description and it shows characters
lustifying a new genus, such as an epioccipital with a large internal cavity for the lateral
cranial canal; paired smali orbitosphenoid almost circuiar in shape; frontal deepls
excavated above the orbit with a deep notch on the amerior marging vomer bearing teeth
on its whole anterior part: fourth (?) and fitth infraorbitals (postorbitals) extending
posteriorly almost to the anterior margin of the preopercie: premaxilia with a triangular

and proportionally small nasal process; premaxilla bears teeth irregular in size. with the
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posterior ones being larger than the unterior ones; maxilia with a postmaxillary notch
present as a subtle concavity and with an elongated anterior articular process: corondid
process on the dentary posteriorly located: supratemporal sensory canal opens tirough
numerous pores on the dorsal surface of the dermopterotic. It is the first sinamiid fourd
outside eastern Asia (South and North Chinese blocks, plus small Central Asian
terranes), thus validating the close paleogeographical affinities between mainland Asia
and SE Asia in the Early Creraceous,

So far, the tishes fossils were discovered during palazontelogical fisld werks
conducted in the continental Mesozoic deposited ot Thailand for more than 20 years.
They have been mentioned in several publications, which mainly deal with descriptions
for defining new taxa, except the study of Deesri er /. (200Y9) which is an analysis of
the very rich articulated Lepidotes buddhaiurensis population depasited in Phu Nam
Jun localitv. Since 2002, {ishes from the Phu Nam Jun locality have been collected
during systematic excavation. The tish fosslis show great variations in preservation
states and body postures, which allow analysing taphenomic at features. Based on
ohservations of the general feature of the fish oy Cavin er ai. (2004) it scemed that
fishes show two ditterent shapes. The presence of narrow and deep bodied fish in the
as<emblage suggests analysing the mode ot variation of merphometric features in the
tish population, the growth mode and the relationship between morphelogy and size. In
contrast to prefliminary ficld observations, statistical unaiyses shew that all individuals
belong 10 a single Gaussian population and that gross merpholovical shape variatons
arc related only to size during fish growth, L. hbuddhabnorensis shows a positive
allometric growth for the pectoral to dorsal, and pecteral w anal {in distances. und a
negative allometric growth [or the unpaired fins (dersal and wral fins lengths). There are
no relationships between the vertical location of the fishes within the fossiliferous
deposit and the body shape of the specimens, nor petween the siate of presersation and
the taphonomy, but iitere ure significant difterences in the state of preservation
according to the position of the fishes in the fossilifercus deposit. The eccurrence of a
single Gaussian population and the absence of morphaiogical and preservational
variations through the depoesitional column are evidenee that the 1ish 2sseinblage by
probably the result of a single mass mortaiity event, The apparent diversity in

merphology is probably due to sariations in the made of preservation, The Hsh appear
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to have been oriented bv a current at the time of depesition ar the top of the fossiliferous

deposit only.
2.3 Morphology and Histology of Scales

The morpholegy and kistology ot'the scales mainly focus on the scales of
extant fish. in order to understand the transformation of ganeid sceles into clasmeid
scales. such as the study of Meunivr and Brito (2004} based on the basal ieleost scuies
from fossit and living species. The scales of fish can be divided into 1wo main types.
ranoeid and elasmoid scales.

(ranoid scales have a rhombic shape. they are thick. and display a peg-anc-
socket articulation. The gencral structure of the scales in all “ganoid™ taxa is basicaliy
similar. They all show the Jepidosteoaid features. i.¢. « bony basal plate with osteoyte
spaces {ostecestic bone of Weiss and Watabe, 1979) enveriain by a luver of garnoin of
variable thickness, generally composed of several sheet, and lacking an intercalated
dentin layer {Goodrich, 1907; Schultze, 1966, 1977, 1996 Orvig. 1977: Sire and
Meunier, 1994; Brito ef ., 2000). The external surface of the ganoin laver shews
characteristic tubercles in some groups such as in aspiderhynchids (Brito and Meunicr,
2000y which arc also found in some palazoniscold scules (Schulize, 1965, Emiaeral.
1971: Gayet and Meunijer. 1986; Richter and Smith. 1993),

The ganoin is pluri-stratified. and overlain by a mineralized. irreguiar laver:
this external layer show thin, irregular lines ot incremental growth and cantacts the
bony basal plate at the margin of the scale. In species with gunoid scales, the buny plate
has Sharpey”s fibers, whizh are interconnectad with neighbouring scales and the dermis.
The basal plate also shows a central area of woven bone (sensu Francillen-Vieillot er
al., 1990) with thin layers of lamellar bone above, and a thicker laver ol lamellur bone
below, The lamellae are between 0.3 and 2 pum in taickness, and thev are alteraatis el
bright or dark under polarized light. The woven bore shows isodiameatric osteocstes,
whereas the osteacvtes of lamellar bone are flat and located between the bene strata.

The basal platc is crossed by numerous canals of Williamson. 1.5-3 um in diameser.

0
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2.4 Scale Mineralization

Ganoid scales examined consist of two mineralized tissuvs: ganain (which is
hypermineralized) and bony basal plate. On the surface of the ganoin under observed by
scanning electron microscepy is presence of numercus small, round relicf called
tubereles which Meunier and Gayet, 1992: Gayet and Meunier (1986, 2001); Gavet ¢/
af., 2002; Brito er @f., 2000 and Schulize, 1996 have been used to studied for
recogrition of the taxa on the basis of the pattern (size and density) of tiny tubercles.
The bony plate is entirely mineralized. In contrast o that of the elasmoid scales. which

shows a difterent mode of mineralization. depending on the species (Meunier, 19840
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CHAFTER 3
MATERIALS AND METHODS

3.1 Materials

3.1.1 Reference materials: Three well preserved and articulated L
buddhabutrensts, were selected K12-42, K12-97, K12-265 (Figure 3. 4). All specimens
were collected from Phu Wam Jun, Tamboa Lao Yai, Amphoe Kuchinaril, Kalesin

Pravince.

Figure 3 The articulated of refercnce L. budaiubwirensts from Phu Nam Jun locality .

AKIZ-2, B RKI297 and € KS12-256.

3.1.2 Alternate reference materials; The alternated reference matenals
consist of one sub articulated fish (KS36-2) reterable to Isanchiviys lerthoosi. It was
collected from Phu Noi lacality in Kham Muzny District. Kalasin Province (Figure 4).
And the other alternate materials are isolated scales of Siumicmiu naga, Piw Phok

locality in Sakhon Nakorn Province.

Figure 4 Alternate reference material; L Jertbaosi from Phu Noi lecality KS36-2.,

Kuchinarai, Kalasin Province. The outcrop reveals a portien of the Khorat Group.
namely the Phu Kradung Formation (Cavin et /.. 2004: 161-167), The Phu Kradung

Formation is Late Jurassic or Basal Cretaccous in age (see chapter 21, The stratigraphic
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section studied in Phu Nam Jun is 4.5 meters thick. The slope of the tossilitercus buods
dips abou 12 degree towards the southeast. Beds consist of mudstones, siitstones and

sandstones represented by 70-80% clav and 20-30% siit.

Figure & Location map of the lecalines, 1. Mab Ching: 2, Phu Nam Jun: 3. Phu Noi;
4, Khek Sanam; 5. Chong Chat; 6. Phu Phok: 7. Phu Phan Thong;
8, Ban Saphan Hin: 9. Lam Pao Dam,; 0, Khox Pha Suam.

A
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Figure 6 Mab Ching locaiity along the road in southern Lhailand. exposes altemating

grev and brown clay interbedded limestone beds.

Iigure 7 Phu Nam Jun localits in 2004 during the beginning of the systematic

excavation. sediments consist ol mainly mudstone, siltstone and sandstone
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The color of the rock 15 marcon to purpie at the top 1o brown-gray-green at the
bottom. The lower stratum consists of sandstone with grain size tine-medium.
Roundness is rounded. The sorting 1s moderate. The fish remains are present throughouw
ca bt meter thick of mudstone and sandstone layver.

The Phu Naorlocainty tFigure #)1s located ut Phu Phan Mounwain Range in
Kalasin Province The outerop beiongs to the Phu Kradung Formation of the Khorat
Group of Northeastern Thailand. The stratigraphic section in Phu Noi locality i 7
melers thick. the slope ot the tossiliferous laver where the olated ot fish scales were
disperse dips about 10 degree towards 1o northwest. Beds consist of maroon and reddish
brown sandstones with greenish gray sandstones. very thin to thin bedded. [he laver
helow consists of siltstone interbedded with mudstones. reddish brown 1o maroon and
areenish pray, very laminated and mica rich. Fragments ot plant remains (1-2 cm) und
calerete nodules have been found. The lowest layer consists ot greenish grav siftstone
about 100 centimeters thick. interbedded with three lavers of plant remams. which
present iron oxidation thmonite). Lhe sub articulated tish was found in this laser. [o
clarify the origin of the scale microstructure from this locahity can, the site can be
separated into o areas: one scale sample weire taken from a single fish found at the
excavaled site. another scale sample were taken on the surface around the hill by hand

collection.

Firgure 8 Landscape of Phu Noi area. ¢ small hill located in Kham Muang District.

Kalasin Province.

Khok Sanam locality consists of two ¢lose outerops called Khok Sanam (K7)
and Khok Sanam «K71). Both localities (Figure 9) are located 1n the Phu Phun

Mountain Range in Kham Muang distriet. Kalasin Provinee Sediments und samples
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collection {rom both outcrops are similar. but only small outcrops can be observed on
the surface. Sediments consist of siltstone interbedded with mudstones. reddish hrown

to maroon and greenish gray. very laminated and mica nich. There are referred 1o the

Phu Kradung Formation ot the Khorat Grroup of Northeastern Thailand,

A B

Figure 9 Two localities from Khok Sanam area in Kham Muang Thstrict. Kalasin,

A- Khok Sanam k7. B: Khok Sanam K7D,

The Phu PPhok fish scales have been found on a slope of the Phu Phan
Mountain Range in Sakhon Nakhorn Provinee. The outerop reveal< o portion of the
Khorat Group. namely the Sao Khua Formation (Lauprasert er of.. 2007). The outerop
consists ol a reddish brown siltstonc. § meters thick. showing a clear sorting of the
sediments with scuttered pebbles inside (Figure 144,

Spring wav of Lam Pao Dam (Figure 11) i3 located in Kalasin Provinge. Tt
consists ol conglomeratic hmestones with pebble grain of about 2 centimeters of
diameter. purple to reddish brown. 10 centimeters thick The overlying bed consists of
reddish brown siltstone interbedded with sandstone with grain size fine-medium.
Roundness is sub-rounded. The sorting 1s moderale. thick to massive bed. Lhe locality
1s deposited in the Khok Kruat Formation ot the Khorat Group.

The Khok Pha Suam locality 1s located at Sri Chiang Mai district. Lbon
Rachathani Provinee Oniv the surface of the fayver can be obsersed in the outerop.
Sediments consist of grey and wnte clay interbedded with reddish brown and grey
siltstone. overlving by a 30 centimeters thick layer ot latente (Figure 121 Based on the
occurrence ol the hy bodont shark Thaivdus ruchae. Cappelia of af. 119901 suggested an

Aptian-Albian age tor the Khok Kruat Formation.
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Figure 11 Spring way of Lam Pao Dam in Kalasin Provinee.

Ban Saphan Hin locality s a small outerop (Figure 131 which located at a
village 1n Khok Kruat subdisirict where it close to (he city of Nakhorn Ratchasima
Provinec. The outerop is consisting of blocks of continental coarse sandstones and
conglomerates interbeded with reddish silistone or sand lens. about 3 — 4 meters thick.
Because the rock is very hard. machine rock saw was used (o remove the matenals from
the field. Based on the occurrence ot the hybodont shark Tharodis ruchae. Cappetta o7

o/ (1990) suggested an Aptian-Albian age for the Khok Krual Formation.
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Figure 12 Khok Pha Suam. U'bon Rachathani. exposes the crey and write clay

interbedded with reddish brown and grey silistone.

Figure 13 Ban Saphan Hin outcrop. Nakhomn Ratchasima, exposes the reddish coarse

sandstones and conglomerates interbeded with sand lens (the black point).
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3.3 Methods

3.3.1 Preparation and precise location of the sampled seales un the body
According to the high quality of fish preservation, the scales of L.
buddhabutrensis have been selected in the squamation of three completed fishes in an
attempt to abtain representative samples. The positions of the 9 sampled scales are

defined by their row/line cocrdinates (Figure 14).

Figure 14 Qutline drawing of a reterence L. buddhabutressis showing scaie sampling
points; numbers indicate row/line voordinate, with the sensory line as the
reference line. Figure courtesy of L. Cavin (Musce d Histoire Naturelle,

Cieneva),

3.3.2 Methol of scanning electron microscope
For scanning electron microscopy. all scales were ¢lean with ethanel and
dried up. The scales were coated with a thin layer of gold and examined with a JEOL

JSM-TZ0 scanning electron microscope condugted in Mahasarakham University.

3.3.3 Method of measuremenis
The morphometric characteristics of the tubercles are measured using the
method of Gayer and Meunier (1985). All taken orthogonally and at the same
magnification. Beundaries of distances on the scanned phetographs are drawn on the

photographs using a computer drawing program (COREL). Then measurements of
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diameters of and distances (space} between them are taken on the drawing to the conwany
of Gayet er af. (2001), we measure inter-tubercle distances from the center ef each

wbercle. and not from their margin (Figure 13).

Figure 15 Plot of boundaries of the ubcreies and distance on the scanned
photograph (x1000). A: drawing of the tubercles on SEMN phete.
B: measurement ot the tuberclzs (32 measurements) and of the
distances between them (74 imeasurcments). Figure from measurement

of scale specimen KS 12-263 (26+3).
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CHAPTER 4

SEMIONOTIFORMES FROM KHORAT GROUP, NORTH-EASTERN PART
OF THAILAND

4.1 Introduction

This chapter deals with descriptions of the ostenlogy and scale mucrestructure
of the ginglymaodian taaa from tae Late Jurassic to Farly Cretaceous cutcreps of the
Khorat Plateau ordering in age arrangement from the qutcrops of the Piwu Kradung
Formation to thuse of the Khok Kruat Formation. The osteological study of the fish
material is based mainly on material from the older Phu Kradung Formation. wherzas
very rare specimens were tound in the vounger Seo Khua und Khok Kraut fermations.
Depending on the material preservation, the descriptions focus on morphelogical
description and descriptions of the brainca<e.

Although there are many well preserved fish specimens [rom at least 4
outcraps in the Phu Kradung Formation, the microstructure examination is based
primarily on referenced specimers from Phu Nam Jun. then comparisons are made win
{ish scales from the latier two formations in order to detect the evolimionary trend ot the
scales ornamentation pattern alongsicée the changes of osteological features.

The osteological descriptions of two of the best preserved taxa., Saawichivs
buddhabuurensiy and havichtiys lertboosi, wogether with phylogeretic analyvses, are
published in two peer-reviewed arnticles. Both papers are available in appendixes 111

and IV, and consequently their contents are net included in this chapter,

Collection ubbreviations

KS (Kalasin): TF {1hai Fossil): Strindhorn Museum, Sahat Sakhan, Kalasin Prosvinee:
PRC: Palaecntological Research and Education Centre. Mahasargsham Unis ersity,
Kantarawichai, Maha Sarakham Provinge; NRRU (Nakhorn Ratchasima Ratchabhat
University): Rescarch Center of the Petrified Wood and Northeastern Minerz!

Resaurces, Suranar], Makhormn Ratchasima Province.

Mahasarakham University



"If‘;'

Anatomical abbreviations- The nomenclature used in the descriprion follow Grande
{2010).

ar; ascending ramus of the parssphenoid; Bo: basioccipital: Br: branchicstegal ray:
Cha: anterior ceratohyal; Cl: ¢leithrum: Dpt: dermoptzrotic: Dsp: dermosphenortic:

Es: extrascapular; Exo: exoccipital; Fr: frontul: fubs: basal fulera: fufr: tringing fulera,
fuun: unpaired and froked basa! fulcra; To: infraorbital; iecn: infraoroitzl sensory canal:
Iop: interopercle: na: neural arch: Op: opercle; Pa: parietal: Pas: parasphenoid; Pel:
posteleithrum: plm: middie pit line; Pop: preepercle; Pro: prootic: ptf: posttemporal
fossa: Ptt: posttemporal: Sel; sunracleithrum: Sct: scute: So: supraorhia: Snh:
suborbital; Sop:subopercle; Spo: sphenouv: st sublemporal fossa; V1N foramen for

the facial nerve; IX: foramen for glessophary geal nen ot Xo foramen for the vagus nerve.
4.2 The Phu Kradung Formation

The Phu Kradung Formation is recognized in the lower part of the Khorat
Greup (Racey and Goodall, 2009, s thickness varies from 1200 m in the basin contre
1o approximately 500 m on the basin flanks (Racey, 2009). [t camprises tluviai channel
sandstone, siltstone and mudstong with intermitient calerete and was deposited in 2
mainly lake-dominated tloodplain cut by meardering and occasionally braided river
channels and is dated as either Late Jurassic bascd on fussil vertebrate evidence
(Buffetaut and Suteethorn 2007: Tony er &f, 2009} ur Early Cretaceous on the basis of
palynology (Racey and Goodall 2009, the dewrital zircon thermochronoleey (Carter and
Bristow 2003) and the similar appearance of shark teeth, Heteropricindus sp. Irom Phu
Kradung Formation localities with those from the Early Cretaceous Matsue Group and

the Ryoscki Formation in Japun. which is Huuterivian in age (Cuny, 2012),

4.2.1 The stratieraphic position
The Phu Kradung Formation can be divided into a lower and an upper
parts, the latter is sandicr and shows a gradational conformable contact with the
overlying Phra Wihan Formation. It corresponds mostly 1o meanduring rivers
environment under a prebable twe season’s semi-arid’ humid climate (Mouret, 1994

Racey ef of., 19496; Racey, 2009). The lower part corresponds 1o 4 lacustrine deminated
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alluvial floodplain. However, a lower and an upper member have not vot been officially
established, although the uppermost part is sometime considered as a separate formation,
the Waritchaphum Formation (Muouret, 1994: Philippe er af.. 200-). It consists of
sandstone beds alternating with <ilty 1o sandy zlaystones, with pedegenetic horizons
sometime reminiscent of the massive quartzitic sandstone body of the Phra Wihan
Formatien. For the majority, the Phu Kradung Formaticn has a comfortudle contact with
the overlving Phra Wihan Formation as mention above, but R, Liard (pers. conun.)
observes a duality between low depositional energy. less mature, sandstenes ot the main
Phu Kradung Formation and high flow velecity deposits, more mature, sandstones from
the upper Phu Kradung and Phra Wihan Formations. This duality represents an event
interpreted as a progressive changas or mix toward the basin source arza. This
transitional facies was used as an untormal stratigraphic marker. Interestingly, Liard has
also found large silicilied wood-stem at the base of this tacies. Some authors assumed
that the contact betw een both formartions is a stratigraphic uncomformity (Mouret. 1994
or & possible sedimentary hiatus (Racey, 1994). They cberved thet the transitional
facies sometimes shows an irreguiar surtace, an evidence of erasion, and interpreted it
as a discontormity in deposition. The presence of a stratigraphic break asscciated with
transitional facics due to a regional shifiing in the source rule area has been confirmed
by Liard and Martin (2011}, In addition, these authors have examined the stratigrzphs
of seven vertebrate-bearing localities (i.e.; Pau Nam Jun, Chong Cha, Phu Noi, Khox
Sanam, Dan Luang, Dan Kerng and Kham Phok) in the Phu Kradung Formation and
situated them in relation with the everlving Phra Wihan Fermation (Figure 164, Interm
of stratigraphy, the Phu Num Jun locality is located just below a Phra Wihan sandstones
bed, There is less than 30 m of seciment hetween the base of the Phra Wihan sundstones
and the site of Phe Nem fun (chservations follow the bed from the cast border aleng the
mountain nearby 1o the west side until Phu Nam Jun hill), The Chorg Chat localinv s
located 10 m over to the [ast greenish-grey sandstone ted ot the upper part of the 'hu
Kradung Formation and 10 to 20 m below the contact with the Phra Wikan Formarion,
The contact itselt is net visible in that place due 1o rock falls and vegetation cover. [he
precise lecation of the Kham Phok site on a synthetic stratigraphy is difficul due to the
complex topographic expressions of the arex, rock fdls and heavy weathering that

prevent any cicar positioning. It is clearly located inside the upper part of the Phu
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Kradung Formatien, not more than 30 m below the disconformity. Dan Luung and Duan
Kerng »ites are also ditficult to precise stratigraphically, However, two vertebrate-
bearing sites at least (Phu Noi and Khok Sanam) are located far below the identified
transition and would be likely candidates for a Late Jurassic age iLiard and Nlartin.
20110).
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Figure 16 Loy ef the upper part of'the Pou Kradung Tormation. Figure courtesy of R,

Liard (Cunyeral. in press),

4,2.2 The Localities
The fish remains described below were collected in five localitics which

are located in the lowcer and the upper parts of the Phu Kradung Formation.
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The localities are ordering from the bottom to the top.

4.2.2.1 The Phu Noi Locality
42217 Introduction

In September 2008, a new excavation called Phu Not was cpanad
in the Kalasin District. ca 75 Kilometres w the NW of Phu Nam Jun. Although also locared
in the Phu Kradung Formation. this locality is situated in a Jowyer (older) stratigraphical
tevel than Phu Nam Jun. The lecality of Phu Noi is located on the flank ot a small hill at
Ban Din Chi Kam Muang District, Kalasin Province {Figure 8). Stratigraphically. the
Phu Noi lecality is sitated in the lower part of (ke Phu Kradung Fermation. which is
characrerized by sandstone beds alternating with siity 1o sandy claystones, The deposits
at Phu Not consist of greenish gray sandy depasits interbedded with marcen siltstones,
which are mica rich and contain laminated plant debris. The fish remains have been
found in two main lzyers. The upper laver consists of an accumulition of dinosaur
skeletons., which is ca 3 ineters thick and dips va 10 degrees towards the SE. The fossil
assemblage consists of fragments of skeletons of sauropod dinosaurs. iselated theropnd
bones, fragments of skelctons of crocedile, turie and shark remains, und includes two
specimens of ginglyvimodian fishes. The lower laver is wocated ca 2 meters below the
dinosaur assemblage, and has vielded two specimens ol ginglyvmoedians, However. there
are no visible differences in torm of sedimen: depoesition setween both layers. The
studied specimens have cracks filled with sediiment caused by roots from the soil wnd
were coated with a few centimeters of calcarecus sundstonz. We extracted the tussils
from the field with the plaster jacket technique in order 1o keep their fins preserved.
because they are very delicale and fragile siructures. The preparation was pertormed
using an air pen in the ‘aberatory of the Sirindhorn Museum, Sahat Sakhan, Kalasin
Province, where the specimens are housed. In the laboratory the upper part of'the
Jjackets were sawed in order to free the upper side of the specimens, which was visible
in the field. The mechanical preparation does not aim at remesing completely the
matrix trem the fossil. in particular in the fns’ region. Details ot the skulls were
preparcd under the binecular, The available sample comprises four specimens in total,

all from Phu Noi locality of Kam Muang District. Kalasin Province: KS 36-2. a large
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sub complete specimen with complete skull visible trom poth sides; KS 36-3. fragments
of the squamation of a smaller specimen with an alimost comnlete skuil except the snout

region, lying above the caudal region of KS 34-2 (this part was destrosed durin

L]

excavation) (Figure [7AY: Ky 34-281, portion ot a skull showing in part the

suspensorium; K§ 34-380. skull root with part ot the braincase.
4.2.2.1.2 Systematic Palasontoiogy
Super Division IHIOL.GSTE! sensu Grande, 2010
Division GINGLYMODI sensu Grance, 2010
Order LEPISNOSTEIFORMES sens<u Lopez-Arbarello, 2012
Genus ISANICIITHYS Cavin & Suwethorn, 2006

Tyvpe species: Isanichtivs palustris Cavin and Suteethorn, 2006

Isanichthys ferthousi Deesrier af., in press

Figure 17

Description and Discussion --- sec Deesri e/ uf. in press and appendix 111
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Figure [7 Helotype of Isanic/fys ferthausi sp. nov. (K836-2) in ledt faterul view.

A: Photograph. B: semi-interpretative line drawing.

4.2.2.1.3 Other Fish Remains
A piece consisting of dermal bones was collecied Hram the
surface ot the Phu Noi locality, Kam Muang Disurict, Kalasin Province. The specimen

described below 1s now housed in PRC collection: PRC78.

Description of Specimen PRCTS (Figure 18)

The specimen shows only the lower part of the circumorbital ring of the right
lateral side. It consists of + or 5 infraorbilals. 3 suberbitals at least located beluw and
posteriorly to the orbit. The shapes of thesc infraorbitals are approximarely rectznular,
deeper than long with their ventral portion wider than their dursal portion. The surface

of the infracrbitais is slightly rough with strong knobs. and we cannot observe the
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sensory canal on the bone. The suborbitals are poorly preserved. with only the dorsz!
part visible, The shape of the ossifications is difficult to reconstruct because of
presersation. There s one bone situated posterodorsally 1o the orbit. which is assumed
1o be the dermasphenotic. but we cannot precise its shape because it is badly preserved.
The exactly number of infraorbitals is not available bul we estimate it in between six
and eight as they are generally in [ ferthoost, The shape. size and arrangement ¢ the
infraorbital and suborbitals. as well us the origin of the spocimen. indicate that it could

be reterred swith some contidence w Isanichiny ferthoosi.
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Figure 18 Photegraph (A) and semi-interpretative hne drawing (B) of fragment of the

circumorhital bone of PRC78.

4.2.2.2 The Chong Chat Locality
4.2.2.2.1 Introduction
The lozality named Chong Chat is situated in Non Sung District,
Nong Bua Lamphu Provinee (Cuny er af.. 2003, 2007; Cavin ef ¢, 2007¢, 2009: Lauprasernt
etaf.. 2011}, The locality is located near the road connecting the Nong Bua Lam Phu
Province to Udon-Thani Province, KM. 8, countryside road number NP- 4022,
Stratigraphically. Chong Chat is located in the uppermost part of the Phu Kradung
Formation. which is characterized by sandstone beds witernaling with siity to sandy
claystones. The depesits at Chong Chat consist of greenish gray sandy clay deposits

interbedded with maroon siltstones, which contain plant dzbris. The fish remains have
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been tound very close to the top of gresnish gras sandy clays: the fish material consists
mostly of isulated ganoid scales together with 4 single articulated incomplete specimen
described herein, After preparation, the material is visible on both sides. the better
preserved being the left side, in particular in the cheek region of the skull. Details of the
skull, especially the lower jaw, were prepared under binceular microscops. TT 8026,
Sirindhorn museuwm code; is 4 large sub-complete specimen with nearly complete
dermal bones visible trom both sides. The posterior part of the body. in particular the

tail and the dorsal part, are not preserved.
4.2.2.2.2 Systematic Palacentelogs

Super Division HOLOSTEL sensu Grande, 2010
Division GINGLYMODI sensu Grande, 2010
Order LEPISOSTEIFORMES sensu Grunde. 2010
Genus THATCIITHY'S Cavin, Suteethom, Deeard, 2013 and appendin 1V

Diagnusis (emended): Ginglvmodien tish with boedy decp. ca 2.6 times longer than high:
preorbital region reduced: skull roof slight!s conzave inateral view: trental shert.
aimost quadrangular in shape; more than one pulr of extrascapulars; largy
dermosphenatic, few infruorbital (circa Y or 107 and few suberbitals 1generally 2): chesx
region completelv covered by benes. with an enlarged Infranrbital, witich contacts

the preoperculum: numerous {cirea 10). strong, slightly recurved teeth on the weil-
ceveloped premaxilla; maxilla reduced with 3-6 small cvlindrical tzeth: no supramaoxillz
mandible with an horizontal blade of hone at the symphy sis that extends laterally;
dentary bear ca 18 smell teeth held horizontally with their acrodine apes upwards
oriented; preoperculum with two limbs arranged «t an approximately right angle, the
horizontal branch is slightly shorter than the vertical one: 10 rays inthe peatoral fin, 6
rays in the pelvic fin. 12 ravs in the dorsal fin. 12 ravs in the anal fin, 1v or mare rays in

the caudal fin; 46 scales elong the latera! line,

Tvpe species: Thaiichthy s buddbabutrensis (Cavin, Sutecthem, Khansubha, Butietaut.
Tong, 2003)
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Thaiichthns of, buddhabutrensiy

Figure 19-21
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Figure 19 Photograph (A) 2nd Une drawing (BY of TF 8026, Thuiicir/ss ol

budethabuirerisis

Description

The posterior part of the skull is largely broken and better preserved on its left
side. The general cutline of the skull reof is curved in lateral view. The dimensions of
the skull are as follows: the head 1s 185 mum in length (including the opercular series),
and 110 mum in depth. The ossifications of the head have no ganoin cover and they are
smooth on their surface except for the preserved part of the skull reoland some benes

above the orbit presenting small tubercles (Figure 20C. D).

Skull roof (Figure 20). The frontal is best preserved on the right side: it is the longest
element of the dermal skull reof and it is approximately rectanguler, slightly narrowing
anteriorly. The anterior frontal extremity possibly presenis an indentation. The surface
of the ossification is ernamented wath tiny tubercles forming an irregulur patiern mainls
located on the posterior part of the bone. Several small zroaves and ridges can be szen
at mid length of the bone. Close 1o the lateral margin and at mid length of the bore. a
dorsally convex ridge beunds dorsally a shallow groove, which was possibiy everlapped
by the dermosphenotic or supraorbital vssitications (Figure 20D). We estimate that the
suture between both frontals is almost straight. The suture between the frontal and the

parietal ts slightly curved as visikle on the left side. Both parietals are completely

.___‘.
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broken. The dermopterotic is damaged with only its anterior part preseryed. and
consequently it 1s difficult to estimate the shape of this ossilication. Because the
posterior part of the skull root is completely destreved. we cannot precise the eaact limit
between the dermopteratic and parietal. The lateral margin of the dermopterdtic
contacts with the dorsal border of the preoperculum and probably overlaps the
anterodorsal corner of the opercle. The parietal and extrascapular are net preserved on

this specimen. The nasal bone is not preserved in this specimen.

RN

Figure 20 Photographs (A, B) and line drawings (C, D) of skull of TF 8026.

Thaiicithy s of. buddhabutrensis

Circumurbital and sihorbital series (Figure 20). The circumnerbital is composed of o

large dermosphenotic. two supracrbitals and at least six infraorbitals located posterioriy.

‘.
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ventrally and anteriorly to the orbit. The first and sccond infraorbitals are located abeve
the lower jaw: the four remairing infraorbitals are net preserved in situ, but we can
reconstruct this series from the right side: it shows four articulate and square in shape
bones, which were shitied and turned over. and lay undemeath the cleithrum (Figure
2003, We assumad they were originally situated below and behind the orbit. On the left
side. the dermosphenotic and two sunracrbitals are shifted and they lay completely on
the frontal, However, we can infer their original position trem the shallow groove or
the lateral edge on the other side of frental. The shape of the dermosphenatic is siighth
rounded with a waved margin visible on the dorsal margin of the bone. Its surface is
omamented with fine groove and ridges; although some part of the surface is destroyved.
we assume that the ornamentation is iocated on the centre of the bone. The
dermosphenotic was probably located on the posterodorsal part of the orbit as usual in
neoptervgians. Two supraorbitals are situsted anterodorsally to the ordit, The
anteriormost is small and rectangular in shape, the posterior one being rather elongated.
They are ormamented with small tubercles on their surfuce. There are ut least six
suborbitals, four suborbitals are amanged in two longliudinal series of bones wedged
between the posterior infraorbitals anterierly. the dermopteratic dorsally and the
preopercle posteriorly. They are squarish in shape, except the posteroventral one, which
is deeper than long, Ventral o these four suborbitals is an empty space, in which two
supplementary suborbitals at least should have been present as indicated tragments still
preserved along the horizontal limb of the precperclz. A supplementary suborbital is
preserved more anteriorly. In short. the suborbital series was probab.y mosaic-like, and

covered completely the cheek.

Jaws (Figure 21). The left dentary only is preserved on this specimen, it is a robust
ossification, An clongate crest is present along the anterior extremits, which is covered
by a row of at least 13 conical tecth, Some teatn are broken, but we can ¢ount their
number from the sockets still present. Each tooth s composed of a high ey lindrice!
base, ca 3 mm in keight, | mm in width and an acrodine cap whish is characterized by a
bulbous base and an inwardly curved and tapering apex (Figure 2100, The acrodine
bulbous cap is short (1 mm high) compared 1o its base. The ventral inargin of the

mandible is strongly concave and its postericr edpe is almost straight, Because ¢f the

Mahasarakham University



preservation, the ossification is crushed and artiticially increases its anteriorly depth,
This condition indicates that the anzerior extremity of the dentary developed laterally a
haoritontal bony blade. Because of the poor preservation, we cannot obserse the suture

between the dentary and the angular, Close 1o the ventral margin of the bonge there 1s

one row oi ca 6 small foramens for the mandibular sensory canal (Figure 21B).

fR Y

Fizure 21 Photegraphs of dentarv { A and teeth (C) and semi-interpretive ling crawing

{B)y ot snoat region of TT 8026, Thairchtin s of. buddhabunrensrs

Opercular series (Figure 20y, The opercular serivs 15 complete, formed by the
preoperculum, operculum, subeperculum and interoperculum. The preopercuium is
present only on the left side (Figure 200y its horizontal limb is shorter than the vertical
one, and both limbs are arranged at almoest right angle. The vertical brarch has parallel
margins without tapering dorsally and the ossitication ends anteriorly as a blunt spine.

The dorsal margin of the horizental branch slightly widens in its posterior part before
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4.2.2.3 The Phu Nam Jun Locality
4.2.2.5.1 latroduction
The locality of Phu Nam Jun in nertheastern Thailand 13 an
important Berriasian? continental fish locality worldwide. It is jocated 1n Tamboen
LaoYai, Kalasin Province und belongs 10 the Phu Kradung Fermation {Cavin er al.. 2004),
It has yielded Lepidotes ™ buddhabuirensis (Cavin et /., 2003) a semionotiform that was
recently referred to a new genus of Ginglymodi. Tharchiins (Cavinef al.. 2013) and a
single specimen of Isamrchirins palustris (Cavin er ¢d. 20061, The Phiu Nam Jun vuicreps
lies in the upper part of the Phu Kradung Formation. o Late Jurassic-Berriasian
geological unit, which constitutes the base of the Knorat Group as current]ly defined
(Racey, 2009). Deposit at the Phu Nam Jun consists of greenish sund at the bottom of
the excavated area and maroon-coloured mudstons at the wop. The mudstone centaing
lens of sandstone composed of 70-80 pereent ¢lay and 20-30 percent silt mica as well
as concretions that enclose most of the specimens, The tish accumulation is
approximately 1 mthick and dips approximateiv 12 degrees wowards the SE. 288
specimens comprise ditferent kinds of presenation, rangin g from complete indivicuals

with all the fins preserved to isolated 3D-preserved braincases.
4.2.2.3.2 Svstamatic Palaeontology

Super division HOLOSTEI sensu Grande, 2010
Division GINGLYMODI sensu Grande, 2010
Order LEPISOSTEIFORMES sensu Grande, 2010
Genus THAIICHTITYS Cavin, Suteethorn. Deesri, 2013

Tyvpe species: Thairchilys buddiraburensiv | Cavin, Suteathorn, Khansubha, Buffetaut
Tong, 2003)

Figure 22

Description and Discussion--- s¢e Cavin er /. 2013 and in appendix 1V,
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Figure 22 Thatichthys buddhabutrensis, recanstruction (A) external view, (B} intvrnal

view with no scaies and cheex and opercu.ar ossifications.

Cenus ISANICHTHYS Cavin & Suteethorn, 2006

Type species: Isanmichthvs pafustris Cavin and Suteethorn, 2006

Figure 23

Desceription and Diseussion--- see Cavin & Suteethorn, 2000, The species has been
described and naimed based on a single specimen, TF 7764 { Thai fossil code 2nd

specimen housed in Sirindhom collection),
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Figure 23 Isanichthys palustes, (A) Photograph and (B) line drawing of ty pe species

(TF 77064) of Isanichrys, Scale bar 30 .

4.2.2.3.3 Other Fish Remains
Recently, iselated fragmoents of skulls preserved in tae showcase
of the Wat (tempie) Buddhabutr have been stidied and previde naw informeation on the
anatemy of /. palustris. in particular of the braincase, which are net available on the

holotype. Both specimens are now housed in PRC eollection (PRC76, PRC77).

Description of Specimen PRCT6: KSI12-281

Specimen PRC76 is a nearly complete skull root with anterior half part of the frontals
missing, and with an ¢stimated head length of ca. 12 em (Figure 24). The bones of the
left side are better preserved: it consists of the posttemporal, two 1efl extrascapulars.
complete dermoprerotic and parietal, and with probably half length of the frortal.
Moreover, a dermasphenotic and a piece ol suborbital are preserved. On the right side,
only half of frontal and parietal bores are preserved. The skull is slightly dorsa-
ventrally compressed, and the bones bear rough tubercles concentrated on the centres of

ossification and radiating along ridges towards their margins, Braincase ossifications
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comprises the median orbitosphencid, basispheneid, basioccipital, and the paired
pterosphenoids, prootics, exoccipitals and the autosphenotic, which is visible enly on

the left side while the epioccipital is visible on the right side,

Skull roof. The frontal bears coarse tubercles concentrated on the centre and several
ridyes radiating towards the margins, particularly on the median and poslerior margins.
We can observe the supraorbital sencory canal on the left frontal, which is the better
preserved: it shows a series of large pores (7 pores visilile) opening cluse te she iateral
edge of the bene (Figure 24B). The troatal is sliohtly narrower anteriorhy than
pusteriorly on its preserved portion, The median suture of the frontal is straight and
aligned with the suture between both parictals, whercus the posterior margin of the
trontal sutures with the parietal aleng an interdizitated suture and with the
dermopterotic along a deep indentation. ['he parietal is rectangular in shape, about 1.6
times longer than wide, The parietal bear the same omamentation with the rental but
roughly strong tubercles, The sutures of the parietal with other bones are straight eacept
the anterior one. with the frontal, which torms a interdigitated line, There is a groove
situated on the posterior third of the fcngth which passes through the dermopteratic
along an obligue line. It indicates the middle pit line. The dermopterotic is stightly
larger than the parietal: it is rectangular in shape with the anterior margit nurrower.
The posterior suture with the lateral extrascapular is straizir and there is a short oblique
posterolateral margin with the opercle. There are twe extrasczpulars visible on the el
side; the lateral one is much larger than the imedial one. It is trapezoidal in shape und the
smaller medial one is probably rectangular in shape. According o the arrangement on
the left side, we assume that there were two pairs of extrascapulars showing the same
pattern of ormamentation as on the parietals and frontals. The opening for the
supralemporal sensory canal is not visible because of the strong ornamentation e the
external surface of the skull roof bones. The posttemporal is visible as a triangular
shaped bone with the ornamentation similar to the extrascapufare. We can also ubserve
the ventral side of the posttetnporal which overhangs the accipital region. The ventral
process of the posttemperal is well-developed and pretrudes as a slightiv bent process.
whose anterior extremity contacts the braincase ventrally (Figure 24D). We cannot

determine vet if the contact is with an independent ossified intercalar, s present in T,
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buddhabutrensis. or with the excccipital as in Mucrosemimimus fepmeri and passibly

Isarichthys.

Figure 2+ Spezimen PRC76. (A, C) Photographs und (B, 1)) semi-interpretative line

drawings of skull reof and braincase.

Endocranial braincase region {Figure 24C, D). The specimen PRC76 shows a fairly
well-ossified and well- prescerved braincase, which is slightly distorted laterally. The
basioceipital is destroyed on its ventral face but its general shape can be reconstructed.
The lateral side of the ossification shows a concavits in its mid-length. Because the
ventral surface was destroyed, we cannot ubserve the foramen (or the occipital arters.
The suture between the basioccipital and the exozcipital ossifications is almost straight.

The anterior ventral border of the basioccipital contacts the parasphenoid. According =

g
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the distortion of the braincase, especially of the lett side, neither exoccipital nor prootic
ossifications are in original position. The better presersed excccipizal s on the right side
and shows a similar arrangement to Thaiichthys: it comprises a laterallv-criented face.
extending above the basioccipital, and a horizoniaily oriented dorsat face. Both faces
are separated by a rounded ridge which spreads out laterally . A small process is lecated
on the dorsomedial edge of the bone. There are several small foramina that open in the
mid-length of the rounded ridge. placed siightly on the posterodorsal surface of the
ossification, for the dorsal and ventral roots of spinal nerves or the occipitul nerve. The
anteroventral surfuce of the eanoccipital shows a large foramen for the vagus canal (X).
On the right side. the foramen is not completely bone-enclesed and torms a netch in the
anterior margin of the ossification. The exoceipital essification meets its caunterpart
above the foramen magnum whers the posteradorsal side of the exoceipital articulates
with the first neural arch. We cannet determine with confidence if wn intercalar 15
present or not. The epioccipital is visible an the right side and forms a deep cavin.
There is o supraoccipital. The prootic is well-developed and contacts the exoccipial
posteriorly. The posterior margin ot the prootic is regularly curved. except the right one.
which shows a slight concavity on its posteroventral mergin, Prominent crests radiate
from to centre of the bone and decrease in depth towards the centre of the assification,
where opens a large pere for the hyvemandibular branch of the facial nene (VID,
Posterior ta that large epening runs a shallow crest that delimitates a groove leading
posteriorly to the small foramen for the glossopharyngeal nerve (IX). A notch, of
unknown function, is dug in the anterodorsal edge of the prootic margin, The dersal end
of a ridge running frem the facial opening to the posterior margin of the notch probably
contacts the slightly shifted autosphenotic as indicate a surface of astachment. The
anterior portion, which furms a greove between two ridges. is wedged between the
posterior main body of the parasphenoid and the ascending ramus of the paraspheneid.
The irregular in shape autosphenotic is visible only en the 12t side: it comprises a
strong ridlge anteriorly inclined and an anteromedial wing-like portion. The orbital part
ot the braincase of this specimen is formed by median basisphenoid and orbitosphencid.
whizh are visible on the right side: they arv located at the level of the posterior limit oF
the frontal. The basisphenoid is the smallest bone of the preserved series and it is

situated anteromedially to the ascending ramus of'the parasphenoid. ‘The bone is formed
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by a vertical lateral blade and a median, poorly preserved blade. The pterosphenaid has
an irregular shape with it dorsolateral margin forming a rounding rim, whereas its
medial margin is straight and the posterior margin has a noich, possibly for
accommodating the middle cerebral vein by comparison with M. lennieri (*fepidores
tombsii’, Patterson, 1973). The posteromedial cdge of the bone is sutured to the
basisphenoid and the anterior edge sutured to the orbitesphenaid. The lateral surface of
the bone is slightly concave. Only the posterior portion of the orbitospheroid is
preserved. it shows a decp noteh nearly in its mid-depth. The lateral surface of the bene
presents alternating slight grooves and ridges. The pesterodorsal half sutures with the
pterosphenoid wherzas the ventral margin contacts the perasphencid. The shape and
proportion of the parasphenoid is difficult 1o reconstruct because of its missing anterior
portion. The lateral margins of 1he bene form slightiy paraliel cdyges except ut the leve]
of the ascending rami, which present a constriction. The left ascending ramus of the
parasphenocid only is presenved: it is pesteriorly directed and contaets the anterior cdge
of the [eft prootic. Almost in the mid-length of the portion of the parspheneid and
posterior to the ascending rami is an excus atian for the recess housing origin ot
subzephalic muscles. The surface of the parasphenoid ossitication is smooth and with

no trace of teeth.

Description of Specimen PRC™7 KSI12-232

Of'the skull roof. only the parietels are preserved (Figure 23). They hear strong
tubercles concentrated on the centres of ossification and several ridges radiating and
extending into the margins of the ossifications. Howsver, the bones are poerly
preserved, especially on the Jateral edge; we assume that the bones had a rectangular
shape. The suture of the parietal with the rrental anteriorly forms a {ine interdigitute
suture, while the median suture between parictals is nearly straight. The suture between

both frontals is not aligned with the suture between boeth parietals,

Endocranial bramease and parasphenoid. A pan of the braincase is preserved, anc
slightly crushed especially on the right side. The basioccipital is damaged on the ventral
face but its general shape can be reconstructed. The lateral side of the ossification shows

a concavity in its mid-length. Because the ventral surface is destroyed. we cannot
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observe the foramen for the occipital artery. The suture between the basieccipiial and
the exoccipital ossitications is smooth. The anterior border of the basicecinisal is
situated at the same level as the anterior margin ol the exoceipital. The exoccipital is a
curved ossification. The excevipital comprises a ventral laterallyv-oriented face. located
dorsally to the basicceipital. and a concave posteriorly oriented dorsal [ace. Both faces
are separated by a rounded ridge which spreads vut laterally. Iis anteron entral surface
shows a large foramen for the vagus cenal (X). The epioceipital ossifications are
probably present but are very poarly preserved. There (s no evidence ot an intercalar
and we suspect that this ossification was absent as in some ginglymodians, in particular
Isamehths lertboosi. The prootic is better preserved on the lefl side but it is damaged
on its anterier and venral parts, and its surface has sligntly shifted under the exoccipital
ossification posteriorly. The prootic bears a large foramen for the hyomandibular branzh
of the facial nerve (VID) nearly in the centre of the lateral fuce of the bone. The foramen
tor the glossopharyngeal nerve (IX)Y is small and opens posteriorly. The parasphencid is
completely broken, with just a frapment resting ventral to the limit between the preatic

and hasioccipital: it has a very smooth ventral surface.

T,
52> Mahasarakham University



19

N B
r3nl Exo \?'{a ‘--'

-

Figure 25 Specimen PRC77, (A, C) Phetographs and (B, D) semi-interpretative line

drawings of skull roof and braincase.

4.2.2.3 4 Comparison and Discussion

PRC7E is difficult to assiyn to one of the ginglymodian species
present in the Phu Nam Jun locality. However, the shape of the parietal, the
arrangement of the prootic. the gap of ossification betw een prootic and eccipital benes,
the ¢xit of the Xth nerve through a notch indicate that this specimen like!s belongs te
Thatichiys,

PRCT™ belongs to the genus Isaniehrins becausz o shares with
the type specimen the strongly ornamented skull roof bones with tubercles and a
reticulated pattern, the arrangement of the proctic. the absence of gap of the ess:fication
between proatic and occipital bones, the exit of the Xth nerve threugh a forumen and

the possible absence of the intercalar,
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4.2.2.3.5 Microornamentation
The micreornamentation study of fish scales from Phu Nam Jun

lozality focuses on three specimens, which are regarded 4s reference material: K812-32,
K§12-97 and KS12-265. Photographs of the ganoin surface of the scales were taken
with a scanning electron microscopy: sixteen scales from 8 positions on difrerent part ot
the body of KS12-97 and K§12-265 reveal tubercles (Figurs 26-27). but not on KS12-
42 because all samples of this specimen were coated by hardener and the SEM can not
aceess to the gunoin layer. Tubercles on the ganuin scales of specimen KS12-97 have
their width range between 3.6 to 4.27 um except for the positicn 1.{26+3), which is
relatively small. nearly 3 um, and with their length range berween 2.5 to 4.2 pm. The
same condition is true for position | {26 - 3). with a shorter lenygth, 2.6 um. and the
position L{33-6) is nat much different with a length of nearly 3 pm. The average
dimensions of the tubercles of specimen KS12-97 are width and length ot 3.75 and 3.52
um respectively, indicating that the tubercles are roughly rounded in shape. The average
intertubercle distance is 7.84 pm. The scale in position L{26+3) shows apparently the
<hartest intertubercle distance, as weli as the smallest tbercles size. Contrary to the
lubercles on the ganein scales of specimen KS12-263, the width ranges from 3.0 10 4.3
pm and the length ranges trom 2.3 to 3.5 um. The average dimensions of the tupercles
of specitnen KS12-263 are width and length of 3.5 and 3.0 um respectively. indicating
that the tubercles are generally oval in shape. The average intertubercle distance is 8.1
um. The position L{23) shows apparentls the shortest intertubercle distance. as well as
the smallest tubereles size. Compared between KS12-97 and KS12-263. the tubercle
size of KS12-97 is larger than KS12-265 but the distances between the measurement is
reverse. In conclusion. when we compare microstructure between disterens pars ot'ithe
body (parameters) in a singie specimen, the parameters slightls differ. In addition there
are differences between different individual fish even if they beleng to a single
population as for samples from K812-97 and K$12-265. The measurerments and
distances batween the measurements in K512-97 und KS12-265 are swnmarized in
table | and table 2. These hypetheses will be statisticalls tested.

Photographs of plots of tubercles on a micrograph of the scale KS 12-97 and
KS§12-265 and tables of raw data of measurements of the tubercles and of the distances

between them are present in appendix [ and appendix II.
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Table | Measurement of the tubercles and of the distances between them of KS12-97

Parameter  Measurements  Number of | Average | Average | Average
‘ B distances | width lenglh i distances
(1)L3-3 !T46 l 110 3.61 3.04 799
(2)L12+1 'l T34 78 3.72 4.18 9.02
_:j3)L15-3 T3 70 377 J 3.8 ‘,"61_
(HL16+E | T33 |73 11362 '3.77 7.86
{6)L23-5 | T33 77 4.16 1334 1854
(L2653 | 134 82 2.9 2.58 651 o
(§IL30+2  T33 75 127 3.48 T4
(MHL33-6 | T2 © 83 298 2.93 T2
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Table 2 Measurement of the tubercles and of the distances between them ol KS12-265

Perameter | Measurements  Number of + Average l Average Average
distances width length distances

(OL12+1  T33 4;'?? ET ‘ 3.53 i 811 -
TBILIS3 | T3 1 B EEE 9.97
(4)L16+8 | T33 77 4 34 7.85

(HL23 | T32 74 3 2,47 | 6.94
(6YL23-5 T30 63 3.03 3.1 739
(TL26-3 | T32 74 1' 3 2.71 83 B
B130+2 | 131 E 323 33 707
(9336 ' T32 70 4.04 2.7 T?.{ﬁ
' | | 3.51 5.00 8.1
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Figure 26 Specimen KS12-97. A: Ploz of tubereles on a micregraph of the scale TL26-3,
B: measurement of the tubercles (34 measurements) and of the d srances
etween them (82 mueusurements). C: SEN view of the ganoin surtaze of te

scale, D: view of the external surface of scales.
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Figure 27 Specimen KS12-263. A: Plot of tubercles on a micrograph of the scale
L26+3. B: measurement of the tubercies (32 mueasurements) and of the
distances between them (74 measurements), C: SEN view of the zanoin

surface of the scale, D view of the external surtace of scales.

4.2.2.4.1 Introduction

Che first Mesazoic tossil locality discovered in the Nukhom
Ratchasima Province was the theropod dinesaur footprint site at Kkao Yai National Park.
which is located in the Phra Wihan Formation (Lockley er al., 2002, 2006; 1.¢ Loguffer al.,
2009). A lictle bit later, a cooperation between the Patrified Weed Museum and a
Japanese Team have excavated another site with numerous dinosaur benes und bone
fragments together with isclated teeth of the freshwater shark Thaiodus. Toe site,
located near the village of Ban Khok Kruat. was referred to the voungest Aptian Khek

Kruat Formation (Cappetta ¢f a/.. 1990), Before this excavation started in Ban Khok
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Kruat site, the Petrified Wood Museum had coilected in the Phu Kradung Formatien
two slahs of sandstones, which preserve the imprint ot an articulated tish and its
counterpart. Uniortunately. the slabs of rocx wore not located in-siu. Theyv were located
at an offering site for the spirit of Chao Phor Khun Satar. nzarby the Khun Tohn water 2ull
(Figure 28) used by the respectfil people from Ban Nong Rua and people from udjacent
villages. This discovery is the first one of a fizsh from the Phu Kraduny Formuaticn
situated so far southward from the Phu Phan Meuntain Range.

The study 1s based on a single individual {NRRU 6011-01) housed in the
Petriticd Wood Museum, Nakhorn Ratchasima Provinee, Thailand. The spacimen i<
preserved as hegative imprint with impressions of the articulated fish visible trem both
sides (Figure 293, A silicone peel provided a good-qualits copy of the positive tossil:
the cast is well observable on both sides, excepl some part of the szull especially the

roof bones and the chin area, which are unobsenvable (Figure 31A, Bl

Figure 28 Photographs of the 2 slabs of sendstore with the imprint of articulated fish

tblack arrow paint) situated in front o2 the spirit Chae Phor Khun Saren's

house of Ban Neng Rua village.

Geological settings

The locality of Ban Nong Rua is locsted in the Khao Phu Luang national forest
of Wang Nam Kheow District, hakhorn Ratchasima Province where the prasence of the
Phu Kradung cutcrop but the exact stratigraphical posilion of the slabs is unidenti{icd,
as it was not found in-situ. we assume from the thick sandy matrix containing the

imprint that it comes from the upper part of Phu Kradung Formaticn.
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Material and method

The single specimen is preserved as a negative imprint and presents the
impression of an articulated squamation with all tins and the skuli preserved. The left
and right lateral sides are preserved on two slabs of sundstone (Figure 29} Details of the
skull, especially the cheek bones, are better preserved vn the right side. NRRU 6011-
01A and B represent the silicone copies of the part and counterpart, and itlustrate the
lateral sides of the specimen with nearly all the dermal bones and zll the fins. Silicane
copies were prepared at the Petrified Wood Muscum (Figure 30}, Amphoe Muang,
Nakhern Ratchasima Province, where the slabs of specimens are housed, Details ef the
skulls need to be lighted with a nearly horizontal beam in order to reveal the fine limits

of dermal bones. The nomenclature used in the deseription toliows Grande (2010).

A - T

Figure 29 Photographs of the left and right lateral sides of the negativ e imprintin the
matrix with the articulated impression of the fish {rom Ban Nong Rua

locality.
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Figure 30 Photograph of the preparation of silicone copies at the collection of Perrified

Wood Musceum, (A). photegraph ol'a sificone peel (B).

Figurc 31 Photographs and simplitied line drawings of the silicene cast of NRRU
601 1- 01 on beth sides. A, C: NRRU 6011-01B8 {part); B. C: NRRU
6011-01A {counterpan).
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4.2.2.4.2 Syvstematic Palaeontology

Super Division HOLOSTE] sensu Grande, 2010
Division GINGLYMODI sensu Grande, 2010
Order and Family inceriae sedis

Figures 31-37

Description

General features and proportions — The general vutline of the fish shows a
cently curved ventral sorder und a dorsal border with a distinctly abrupt hump in the
nape (Figure 31B, D). The standard length (SL: the length fram the tn of <ot to the
base of the caudal fin} of the studied specimen is ca 300 mm and the maximum body
depth, measured mid-way between the insertion of the pectoral and pelvic fins is T1.3
zam. The head is 950 mm long including the opercular serivs, and 65 mm i depth. The
orbit is relatively large with a longitudinal diameter ¢f 20 mm. 1he essifications of the
head have no omamentation except the first and the secend anterior infraorbitals
bearing some tiny tubercles restricted at the ventral border of the bone, and appearance
of a ridge is visible on the surface ot the posterior most infracrbital and runs through the
dermosphenotic. indicating the path of the sensory canal. Both unpaired fins are located
close 1o caudal peduncle (predorsal ca 200 mm. preznal ca 225 mm). The Disertion ¢f
the dorsal fin is right in front of the level of the anal fin. T'he dorsal ridge scales are
large and bear an elongate posterior spine (Figure 35). The caudal peduncie 1s relatisely
narrow comparing to the body depth, approximately 2 times shallower {caudal peduncle

ca 40 mm).

Skull roof1Figure 32). The frontl, parietal. extrascapular and dermopteretic are not
cbservable. However, the trace on the counterpart of the skull shows the general outline
of the {rontal. parivtal and the extrascapulars, which is slightls concuve amerniorly.

The path of the supracrbital sensory canal is visible as a groove on the anterior portion
of the frontal. The length of the frontal is approximutels 33 mm lony. The sarfuce of the

bone from the imprint shows no trace of the ornamentation. Although, the total shape of
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the frontal is not visible. we can confirm that the fronal is quite long. probubly 4 times
longer than wide. The parietal measures ca 20 mm in length. Tts surface 1s smooth,
The shape of the dermopterotic s not visible, Details of the extrascapuiar are difficus
1o see on the specimen; our reconstruction of this bone is tentative. The nasal benwe is

not visible in this specimen.
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Figure 32 Skull of NRRU 6011-01 in left and right lateral views. A, B: Photographs;

C, Dt semi-interpretative line drawings.
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Figure 33 A: Photograph, B: semi-interpretative line drawing of the upper jaw of NRRL
6011-011.

Circumorbital und suborbital series (Figure 33), The circumorbital series ts composed
of 4 large dermosphenotic, two supraorbitals and at least six infraorbitals located
ventrally and anteriorly to the arbit. The first, anterior most infraorbital is the largest
and does not contact the orbil, except a tiny contact of its posterodorsal corner. We
consider that this infraorbital is homaeloguous to the anterior intraorbital(s) with re
contact with the orbit, which is a character shared by most ginglvmadians. It is
longitudinally clongate. roughly rectangular in shape, and about 1.7 times lenger than
deep. Its dorsal and ventral marging are gently curved while the anterior and posteriar
marging are oblique. The surfice ot this bone is smooth but close to its ventral margin is
a rarrow curved groove. Under that curved groove are several rugae regularly spaced
running to the ventral edge of the bene. The second infrzerbital is approximarzis
rectangular and 15 deeper than long with its ventral margin longer than the dorsal margin.
Regularly-spaced rugaz occur in continuation with the 1irst infraorbital, dut we cannot
observe the canal. The third infracrbital is the smallest circumorbital bones ithasa
reclangular shape. It is articulated with the neighbor infracrbital laterallv and the
anteriormost subarpital ventrally, The three remaining infrzerbitals ure approximately
square in shape, with their dorsal and ventral margins apparently curved. Their surtaces
are smooth but the dorsalmost one present « ridge running at its dorsal margin that
reaches the dermosphenotic. |he shape of the dermosphenotic is rather trapezoidal with

its anterior margin concave, following the shape of the orhit. Clese 1o the anterior
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margin. at the halt’ depth of the bone are present at least three nodes-like arranged in the
continuation of a ridge of the posteriormest infracrbital. These nodes on the
dermosphenotic and the ridge on the infraurbital indicate the presence of the path of
infracrbital sensory canal and the connection with o1z sensory canal, The
dermosphenotic is located on the posterodorsal part of the orbit. 1t articulates with the
posterior supracrbital anteriorly, the dermopterotic dorsaily, the dorsalmest suborkital
posteriorly and the posterionmost infraorbital ventrally, Uwo supraorbitels are siuzated
anterodorsally to the orbit. The anteriormost is larger. square in shape and contacts the
anteriormoest infraorbital. the posterior one being rather rectanzular and deeper than
long. It seems that they have tiny tubercles restricted only on their ventril edges. which
are most clearly visible on the anterior one. There are six suborbitals arranged ina
single row wedged between the third infraorbital and the dermosphenotic anteriorly, the
dermepterctic dersally arnd the preapercle posteriorly. The surtace of these benes lacks
ornamentation. Their shapes are rectangular but they shaw variations: the antericrmost
suborbital is subrectangulur with its ventral margin forming & curvy line while the othe
margins are straight. The second subarbital is approximately rectangular, cecper than
lonyg, with its anterior margin longer than the posterior margin, The third suborbital Is
elongated, rectangular. with a gently conzave dorsal porder and convex ventra! border,
It is ca 1.7 times longer than wide, Among the six suborbitals. the fourth and the filth
are quite similar in shape. They are sub rectangular, with the dorsal border sherter than
the ventral border and the ventral margins gently convex. The maost dersal suborbial is

ca square in shape and it is the largest one in the series.
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Figure 34 A: Photoraph. B: semi-interpretacive iine drawing of the upper jaw of NRRU
6011-01A.
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Jaws (Figure 32, 34). The dentary s partially preserved on both sides of this specimen;
only the anterior portion of the bone with a pack of teeth is visible in lareral view,

The visible part shows apparently parallel curved margins. [t seems to present fwo rows
of small foramens for the mandibular sensars cunal close to the dorsal margin of the
visible part. However, it is uncertain as they appear exactly in the broken area.
Accarding to the preservation, we cannot estimate the exact number of these Toramerns
inn addition to the exact shape of the bone. The teeth on the dentary ossification are
probably arranged in four lines, which run along the konczontal axis ot'the bone from
the posterior to the anterior margins. The arrangement of the tecth in these 4 lines shows
variation ot the size; teeth on the pasterior most line are lurge and decreasc in size
gradually, The largest tooth is ¢ca 3 mm in height. Each tooth is composed of a
cylindrical base, 1 mm high. and of a small bulbous tiny acrodine apex ¢a 2 mm high.
A bonge on the upper jaw with seven teeth visible un the counterpart of the silicone puel
is present, This bone may pessibly be referred to the maxiila: it is thin and elongates.
The dentigerous portion is restricted on its anterior margin. However, this ossification
could also be interpreted as a compound structure including part of the pren goid
ossification and the palatine. There are s¢veral teeth preserved on the premaxiila but
their exact number is unknown. The teeth are similar in shape, but slightiy smal.er, than
the tecth borne by the dentary and maxilla. The premaxillany ossification is relatively
small with its anterior rim rounded. Posteriorly, the narrow and etongate nusal process
of the premaxiila seems to extend under the frontal (Figure 34). Bused on the location of

the lower and upper jaws, it scems that this tish had a wide gane.

Opercular series. The operculer series is complete, Tormed by the preopercle, opersle.
suboperele and interopercle (Figure 32D). The preopercle is a distinetly narrow and
curved bone. The bene seems to have parallzl lateral margins, except at the postere
corner which show a gently convex contour. making slightly breader the mid depth of
bane. There is no tapering dorsally and the ossification ends anteriorls as a blunt spine.
A series of seven large pores lecated in the centre of the bone reprosent the preopercular
sensory canal. The opercuium Is relativeiy square in shape. about 1.2 times deeper than
wide {32 x 25 mm). The anterior burder is straight, while the posterior border is rathar

convex. | he dorsal margin is not ¢learls visible but we can assume it has straigh: line.
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The external surface is smooth. Ventrally, the opercle fits with the dorsal margin of the
subopercle. The subopercle is relatively shz!low, with its maximum depth abeut 7.4 of
the Jdepth of the epercle. The anterior ascending process ot subopercle is relatively low:
its height is about one third of the opercle depth, Posterior to the ascending provess, the
subopercle narrow s posterodursally, so that the dorsal border of the bone is concave
whilg the ventral border is convex, The posterior border of the subopercle follows the
slight convenity of the posterior border of the opercle. Anterioriy, the subopercle
articulates with the interopercle through a vertical suture. 'he interopercle is visible as a
large trizngular bone: its maximum depth and length are equal to the subopercie. ls
anteriorly extends up o the level of the antertor ¢nd of the preopercle. The interopercle

articulates posteriorly with the subopercle and is laterally overlapped by the ventral

portion of the preopercle.

B daraal ndges spire

sca'e aricwation darsal fin

bl
A ErElS

supradettun - —

Fizure 35 A: Photograph. B: semi-interpraiative line drawing of the squamation of
NRRU 6011-01A.

Hyoid arch and branchiostegal rays. We cannot distinguish the ceratohyals. Similarly,
the number of branchiostzgal rays is difticult to establish. but at least two can be

observed laying under the subopercle (Figure 32D).

Pecroral givdle. The postemporal and the supracleithrum are visible only from the
internal side of the couterpart (Figure 32C). The posttemporal appears as a deep
crescent-shaped bone excavated anteriorly. The supracleithrum shows a vertical groove

situated close to the anterior margin of bone. This groove possible corresponds to the
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path of supratemparal sensory canal. It is difficult 0 recognize the shape of the bene as
we cannot sce its posterior margin, The cleithrum and the pesteleithrum are visible on
the right side. Howewer, the cleithrum ossification was covered by the matrix, but we
can estimate its shape as a large crescent-shaped ossitication. Thare are four posteleithra.

all with a smooth surface. The anterior most is the smallest ot the series (Figure 32D,

Cephalic sensory canal. The supraorbital sensory canal is visible as a groove on the
internal side of frontal of the silicone copy of left side. Because we have seen only the
anterior trace of this greeve, we don't know if this canal runs through the parictal cr the
dermopterotic. Only the path of the infraurbital sensory canal and of the preopercular
sensory canal are visible on the better preserved <ide of the skull hones, L.e. on the right
side of silicone copy, as well as some evidence of the mandibular sensory canal which
is partially preserved on the left side. There {5 no evidence of a sensory canal rurning
within the supraorbital bones. The preopercular sensory canal is present as a series of
large pores located in the centre of the ossification (Figure 32D} The mandibular
sensory canal can be observed as at least three pores arranged in one line close 1 the

dorsal edge of the bene (Figure 34B),

Pectoral fins (Figure 32D).— the pectoral tin is slightly twisted anteriorly: it consists of
at least three basal fulera, the anterior ene possibhy being unpaived and twe posterior
paired ones. Because sediment partially covers the pectoral tin, we are not sure if there
are fringing fulcra or not. The visible tive ruys are very lonz, representing 3275 of the
head length (pectoral fin length = 30 mm, head length = 95 mm) and they appuar 1o be

un-segmernled.

Pelvic fins.~The pelvic fin is mostly destroyed: we know only its lacation at the level of
the 9% and 10 transverse scale rows, halfiway between the pecioral and anal fins. The
pelvic fin is vriginating at the level of the 4 vertical scale rows up trom the ventral

midline scales (Figure 314, ).

Unpaired finy (Figure 36).—The dorsa! and anal fins are almost complete. The dorsal fin

inserts a little in front of the anal tins; it is composed of 4 basal fulera. appronimately 3
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fringing fulcra and 9 rays (Figure 36A, B). The proximal un-segmented poriien is long:
it is nearly half the tin length ot the anterior ray and gradually decreases posterior]s.
The branching pattern of the Jorsal fin rays is asvmmietric, the anterior st is
unbranched and the second ray branches at least once then the following rays show four
branches and fine segmentation. [he length of the dersal fin is nearly hal{ the head
length, Althuugh we cannot see the very tips of the rays, we assume that the distal
margin ef the fin was straight.

The anal fin originates right behingd the level of the 20" transverse scale rows,
It is slightly smaller than the dorsal fin. comprising 3 basal tulera, at least 3 <t
fringing fulera, and approximately 11 anal finrays (Figure 36C). | he prosimal un-
scgmented portion represents one third of the whele length of the ruvs and desreases
progressively posteriorly. There are o Jurge pre-anal scutes, which are gbout 1w

times larger than the adjacent scales,
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Figure 36 Lnpaired fins of NRRU 6011-01. A, B: dorsal fin in left und right lateral views.

C:anal fin. D, E: caudal fin in left and right latoral views.

The caudal fin is also relatively complete (Figure 36D, E). There are 18 ravs: 8
in the ventral lobe and 10 in the dorsal lobe, separated by a deep fork. The dorsal lobe is

preceded by 4 scutes covering the body lobe of the tail. following by 2 thin ané elongate
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basal fulera (the anterior one is unpaired), and possibly 6 patred ot very thin fringing
fulcra lying un the dorsal marginal ray. The caudal fin ravs are intensively branched.
with the exception ol the two marginal rays. The proximal unsegmenied pertion is short.
Ventrally, the caudal {in is preceded by vne short unpaired basal fulerum and 3 paired

basal fulera, and at least 4 thin and small fringing fulcra on the ventral marginal ray.

Squamation (Figure 37).— the body is covered with rhombaoid scales, which have
smooth surfaces and smooth border. The anterior margin of cach abdominai scale
presents a “double-peg” articulation, with the anterior dorsal process more protruding
than the anterior ventral process (visible on the posteranium region of the counterpart).
In addition there is 2 small process protruding from the dorsal berder of the scale. which
fits in a conical socket excarated In the ventral median border of the scale hving above.
This arrangement indicates the presence of a vertical peg and socket articulation (visible
neariy in the center uf the trunk of the right side), There are 30 transverse scale sows
carrying the lateral line. There are 23 vertical rows of scales dorsoventrally and 14
inverted row scales terming the boady lobe of the tail. As usual in gingly medians, the
shape of the scales varies in Jifferent part of'the body, from rectanguiar, somewhat
deeper than leng in the anterior and central region of the flank, 1o rhomboidal in the
caudal peduncle, The dorsal ridged scales are conspicuous, very large and beur a stcut
posterior spine inclined posteriorly; they are approsimzzely 18 dorsal ridged <zales.
Ventrally, the median lateral mid line also bears a shert posterior spine directed
backward. The lateral line scales are characterized by a small pere on their surfuce.
There are two stout bones exposed jast behind the cranium iFigure 353, These two
bones are referved to supraneural vssifications. No vertebrare centrum cssifications can

be observable.
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Figure 37 Reconstruction of new taxon of ginglymedian tish based on specimen
NRRLUJ 6011-01. preserved as a negative imprint of both side of impression
from Ban Nong Rua. Wang Nam Kheew Districr, Nakhon Ratchusima

Province.

4.2.2.4.3 Comparison and Discussion

The specimen trom Wang Nam Kheow shows the following
characters, which mayv be regarded as diagnostic of a new texon. However. we wait for
the achievement of a phylogenctic analysis showing its relarionships with other
ginglymodians before coining a new name, Medium-sized semionotiform fish of up to
ca 30 cm in standard lengtn (SLy with the tollowing combination of morphelegical
features: skull roof slightly concave at the level of trontal in latera! view; nape upraised
abruptly and steeply: skull bones smooth. lacking ornementation: long frontel, ratic of
frontal by parietal lenpth ca 2.3: ratio of skull length to orbit length ca 3; closed orbital
ring; few intracrbitals (0} with an elongated antericrmost infraorbital with @ tiny contact
with the orbit: two squarish supraorbitals, the posterior one contacts the dermaepterotic:
large dermosphenotic; 6 subarbitals arranged in one row; cheek region completely
covered by bones; gently curved preapercule; large interopercule: semi-tritorial
dentition; 36 rows of ganoid scales along the lateral lire and appreximately 23 scales in
the transversc row at the deepest level ot the body: well-developed median dorsal row
of scales with posterior spine: 2 lurge preanal scales: unpaired fins located posterior!s.,
close to caudal peduncle; narrow caudal peduncle: ¢a 7 pairs of numerous konyg and

slender fringing fulcra on the dorsal lobe of caudal fin.
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So far three species of ginzlvmodian have been described and named in
'Thailand fram the Phu Kradung Formation based on well-preserved material,
Thaiichinys buddhabuternsis, hanichthys patusiris. 1 lertboosi. Among the That
ginglymodian fishes, the specimen from Wang Nam Kheow shares similar characteristic
with Isanichinys. such as the slightly curved preopercule: clesed orbita ring: check
region completely covered by bones; large interopercule: semi-tritoral dention (7
{erthoosty; 6 suborbitals arranged in onc row {7, ferthoost); unpaired [ins placed slighsly
close to caudal peduncle. But there are also some differences with Isaniciitie. s, such as
tew infraorbitals (6}, with the anteriormost infraorbital s1ill reaching the orbit; two
supraorbitals. but the enterior supraorbital does not contact two infracrkitals in the
Wang Nam Kheow specimen; skull roof bones lack ornamentation in the Wang Nam
Kheow specimen: ratio of skull length te orbit length ca & in the Wang Nam Kheow
specimen while more than 6 in Lsunicht/nes; no visible dermal compenent of the
sphenotic on the cheek. The Wany Nam Kheew specimen ditters from Thanchihns by
the long frontal, ratio of [rontal by parietal length ca 2.3: much imere suborbitals (6)
wedges between the infracrbital and the preopercule while generally 2 suboribials are
present tn Chaiichthvs; gently curved preoperculum. whilst Taiic/iehvs presents two
limbs arranged at an approximately right angle: # semi-tritoral dentition while the teeth
are much more specialised in Thaichifivs.

Conseguently. this specimen may be regarded as a naw taxon, winch showsa
combination of characters unique for ginglymedian in Thailand. and in general: a
medium size up to 30 e SL with 36 rows of ganoid scales along the lateral line
whereas the specimens of Thanchins are ca 50 em SL with 46 ganeld scales along the
{ateral line and Isanichtins 1s ca 90 ¢m S1. with 50 row of ganoid scales along the flank:
nape upraised abruptly while Tharehiins is gantlhy comves dorsalls and slight'y straight
ventrally whereas the contour is clongate and slender in fsunichtins: well-developed
median dorsal row of scales with posterior spine whereas Thaiic/i/in s shows median
dorsal scales but they bear a relatively short posterior spine and sometimes show a
slightly concave surface: narrow czudal peduncle whereas Isanicfriys, which is
clongate and slender, has a caudal pecuncle apparently broad.

The presence of conspicuous dorsal ridges scales was proposad as a

svnapomerphy shured by Lepidotes and Semionntns by Olsen & MeCunz 1991 but the
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phylogeny analysis by Arbarello (2012) shows that, except for Neosermionotus, the
relationships of whicl: are not resolved, conspicuous cdorsal ridge scales oceur only in
Semicnotiforms but ridge scales with high posterior spines are uniquely derived in
Seniionotuy. Nevertheless. the specimen trom Wang Nam Kteow shows characiers that
ditfer from the type species, Scimonorus bergeri Agassiz, 1833, such as the nuriber of
posterior intraorbitals: few in the Wang Nam Kheow specimen and more in the bpe
species: the infraorbital ar the posteroventral corner of the arbit notably larger than
adjacent ones in the ty pe species. while the Wang Nam Kheow has intraorbituls slight's
similar in size except the elongated anteriarmost one; the type speeics of Serronnfus
has a dorsal fin base adout two times longer than the anal tin base while the Wang Nam
Kheow both are relatively similar in length: presence of 4 irregulariy arranged
suborbital bones and two precpercular bones in the tvpe whereas the Wang Num Kheow
has ene row o6 suborbital with 2 genthy curve preaperculum.

In sum. the Wang Nam Kheow specimen presents sufficient differences 1o be

regarded as a new taxon of ginglymadian,

4.2.2.5 Other Localitivs {rem the Phu Kradung Fermaticon

Recently, a ncarly complete [ish was celiected {rom the Kham
Phok lecality. It is preserved in 2 greenic<h siltstone rrom the Phu Kradung cuterop just e
lew centimetres under the surface, but the specimen itself was enclosed in highly
compact calcareous fine sandstone. The calcareous sandstone that enclosed the
specimen was tirst prepared with acid, and then the specimen was mechunical prepared
under the binocular because it is small and fragile. The specimen was chemically and
mechanically prepared in the Palaeontological Research Centre (PRC) and housed in the
PRC collection with the collection number PRCS83. Atter preparation (especially the
skull part). the specimen was visible from hath sides. This is the first discovery of'a

small in size semionotid fish from the Phu Kradung Formation.

4.2.2.5.1 Descriprion of Specimen PRCS3; KP i -2
Specimen PRCE3 is a nearly complete fish with only unpaired
fins missing, and with an estimazed total lenzth of less than 20 ¢m, It show s scattered

scales in the centre of its squamation, but the dorsal and ventral portions are well

N S mewmw rmevamowd T B IR LGIIINLMGOLLG UL W T HIEGEN BN T 110
ornamentation, except small pits corresponding 10 the path of the sensory canals visisle

on infraorbitals, dermosphenciic and the precpercle. This £ish has 2 reletively siall
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head compared with the deep squamaticn: it has an approximately steep incline dorsal
vutline from the anterior tip to the row of the dorsal median scales. The ventral margin
of the squamation is slightly straight except the region between the head and the
abdominal region, which shows a concay ¢ outline. Howvever, this situztion may be
caused by the preservation, us shows the location of the pectoral fin situated backwards,
The insertion of the dorsal tin is approximately opposite o the pelvic tin. The dorsal
median scales show a unique character: a longitudinal ridge at the centre of the scale
with a posterior end seemingly bearing a short spine. There are two Large pre-anal scales
situated in front of the insertion of anal tin. The scales at the level of posteranium ure in
average squarish in shape. with those from the ventral and posterior parts of the body

extremely elongated,
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Figure 39 Photographs (A, B) and semi-interpretative line drawings (C, D) of the lefl

and right skull bones of specimen PROE3,
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Skudl roof (Figure 39). The frontal is relatively clongated and rectangular. and is slightly
broader anterioriy than posteriorly on its preserved ponion. Its anterior end hears a
constriction at the center and a zig zag posterior suture. At the level of the constriction
of the anterior part of the frontal is visible a slender tube with an open hole indicating
the path of the supracrbital sensory canal, The median suture of the frontsl is straight,
The length of the frontal is approximatelyv 20 mm long, which is a fittle more thar wo
times its width. The surface of the bene has no trace ol omamentation, The parista; #nd
the dermoapteratic are tightly connected together with a straight suture. The purietal is
rather elongated with a smooth surface. Vhe parietal is rectangular ir shape, about 2.5
times longer than its wide (measure from the shitted right one). The dermopterotic 13
relatively small compared te the parictal; it is 2 small rectangular ossification with
several pits for the sensory canal excavated at its lateral edge. Two paired of
extrascapulars are present, with the medial one much smaller thun the lateral cne.
Because they are crashed and broken, the extrascapulars are rather fragmemary and
their shapes are difficult to estimate: the luteral one shows a large rounded shape with
its margin suturing to the pesttempural pesteriorly . to the median extrasczpilar dorsally
and to the dermopterotic anteriorly, Their surface is smooth. The lateral extrascapulur
bears small pits for the path of occipilal sensory cunal that exiends threugh the
pasttemporal bone, and the medial extrascapulars bears pits for the supraiempaoral

cogumissure,

Circumorbital and suborbital serfes (Figure 39). The circumerbital series is composad
of a supraorbital, a large derrmosphenotic, and at least four infraorbitals lecated ventrally
and posteriorly to the orbit but the circumorbital is seemingly not completeiv close.

One anterior infraorbital has no contact with the orbit, The first. anterior most
infraorbital is the subrectangular in shape with its venual margin gently curved.

The surface of this bone is smooth, with twe pits for the infrasrbial sensory vanal
excavated on the anteroventral corner and on the centre of bore. The secord infraorbital
is approximately rectangular and is longer than deep with its dorsal margin showing a
concavity while the other margins are straight, The surflace of the vssitication is smaoth
and it bears two pits of the infracrbital sensory canal: one en the centre of the bone and

a much smaller second onv on the posterocarsal corner. 1'he third and the fouth

e
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infraorbitals on the left side are preserved above the ventral subarbital; they are
approximately rectangular with their margin apparently concave. following the shape of
the orbit. The fourth infracrbita! is the smallest circumarbital bone; it is articulated with
the adjacent infraorbital ventrally and with the dorsal suborbital posterioriy. The shape
of the dermosphenotic is roughly rectanzuiar, with its anierior margin concave,
following the shape of the erbit. At its posteroventrally corner Is apparentiv a deep
notch tor the opening of sensory eanai. Although the Ieft ossification has saifted a little
bit and is laying abeve the frontal, we can assume that it was located at the
posterodorsal corner ot the orbit as visible on the other side. Its articulate probably with
the supraorbital anteriorly, the suborbital posteriorly and the posteriormost infraorbital
ventrally, Onlv one supracrbital is preserved on this speciment it is located dorsal to the
orbit. and is laying on the ventral half depth ot the frontal on the left side. The
supraorbital is relatively clongated and rectanguiar, but its posterior portion is slightis
broader than the anierior one on the preserved portion. There are 1wo suborbitals located
in front of the vertical arm of the preepercle. Their shapes are rectangular but the dorsal
one 1s smaller than the ventral and is skightly longer than wide, while the ventral one is

much larger and it is deeper than long, The dorsal suborbital articulates dorsally with

the fronrtal.

Jaws. The snout region is very fragmentary preserved, but the dentary is apparentiy
present. The visible part shows a narrow and elengate posterior pertion whiie the
anterior portion shows a blade-like horizontal part, Unfortunately, we cannot cbserne

any teeth on the bone.

Opercular series. The opercular series is better preserved on the left side, with only the
preopercle and the opercle visible (Figure 39C). The preopercle is e distinetly {.-shaped
bone (its height is 23 mm, 10 mm long) but not on the right side which is slightly curve.
The vertical arm is narrow parallzl with lateral margins, except the posterior margin at
the halt depth of the bone which shows a little constriction. making siightly narrovwer
the mid-depth of bone. 'The ventral arm is quite short with its dorsal margin gently
concave and the posterior margin gently convexe, making a slightly broader angle

between the vertical and horizontal arms. There is no tapering dorsally and the
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vssification ends anteriorly as a blunt spine. A scries of pores located in the centre of the
hone rcpresent the preopercular sensory canal. The opercle is relatively rectangular in
shape, about 1.3 times decper than wide (9 x 14 mm). The anterior border is straight.
while the posterior border is rather convex. The dorsal and ventral margins are not
clearly abservable as it is very fragmentary but can assume that they are tapering. The

external surface is smecoth.

Hyoid arch and branchiostegal renvs. Because of preservation, the branchiostegal ruvs
are not visible. The ceratohyal is visible on the right side; it is hourglass-shaped. with its
dorsal and ventral margins gently concave. [ts anlericr portion is smaller than its
posterior portion. According te its shape we regard it as the anterior ceratchy al

(Figure 39D).

Pectoral girdie. The posttemporal is visible on both sides (Figure 39). The posttemporal
is a relatively large bone: its shape is approaimately tiangular with its anterior margin
showing a deep concave curve following the shape of lateral extrascapular, The
supracleithrum is visible on the right side: its shape is subrectungular. It sutures with the
posttemporal dorsally. and its surtace bears at least three small pits for the sensomn canal
of the lateral line, The cleithrum is seemingly present an the left side. while the
posteleithrom is visible on the right side but both of thein are vers fragmentars,
However, the cleithrum ossification is present as a large crescent-<huped ossification
whereas the postcleithrum is visible as a subrectangular with its posterior gently curved
margins. It is very difficult to estimate the number of posteieithrum as they are vary

fragmentary.

Cephalic sensory canal. The supraorbital sensors canal is visible as just one hele
opening &t the tube-like region of the unterior constriction of the frontal, then is present
as a series of small pits on the dermaopterotic. The path of the intraorbital sensery canzl
is visible as a series of small pits running close the dorsal margin of the iniraorbitals.
and then geing through the dermosphenotic. The preopercuiar sensery canal is visible
on the center of the preopercle, then at the connexion with the dermopierotic. The

supratemporal sensory canal runs through the median and lateral extrascapular, then
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extends as the lateral line o the posttemporal and through scales. where it is present as
small pit on the scales. There is no evidence of a sensory vanal running within the

supracrbital bones.

Pectoral fins (Figure 388B).- It is difficult 10 reconstruct the pecteral fin as it is
fragmentary, bui we know at leust that it presents segmented rays. Hewever, we cannot

estimate how many they were hecause of the preservation.

Pelvic fins ~The pelvic fin is located approximately at half-length berween the pectaral
and anal fins (Figure 40). According to the visible part. it sevimingly presents
unsegmented and vers clongated portion of rayvs. The (otal number ol the pelvie fin ray

is difficult 1 reconstruct.

Figure 40 Phowgraph (A) and ling drawing (B) of the pelvic fin of specimen PRCSX.

Unpuired fins.—The doral and anal fins are not preserved but we know where they are
located. The dorsal fin was situated fust opposite to the pelvic fin, but the complete
shape and total composition is difficult to estimate as it is broken. We assume the origin
of the anal fin from the presence of pre-anal scales, but its ¢xact shape and the number

of rays is very difficult ta recognize.

Squamation (Figure 38).— the body is covered with very thin and smouoth ganeid scales,

which present the typical scale articulation. The anterior margin of each scale prebably

presents only the anterior ventral process. However the vertical articuiation is seemingly

e
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present only at the dorsal hall portion of the bedy, but not in the ventral porticn, as
show very elongated scales with only an anterior spine corresponding to the antertor
ventral process. The latera] line scales present a hole on its surface but the exact number
of lateral line scales is impossible to count. Tt is the same condition with the median
dorsal scales row but we know, however, Lhat they show a very unique character, i.c. a
structure like a roof at the centre of scale with a posterior spine. Ventraily, the ventral
mid line scales also present a different pattern as they show a notch like at the centre of
posterior edge, There are definitely two larger scales compared with the adjacent ones.

which are regard as the pre-anal scales.

4.2.2.5.3 Comparisen and Discussion
The specimen from Kham Phok shows the following set of

characters, which may be possibly regarded as diagnostic of a new taxon. Small-sized
semionotiform fish of up to ¢a 15 ¢m in standard length (SL) with the following
commbination of morphological features: skull roof marks a very deep angle in lateral
view: skull bones smooth, lacking ornamentation; irontal broad anteriorly; small orbit,
ratio of skull length to orbit length ca 7; open orbital ring; few infracrbitals with
enlarged veatroposterior infraorbital contacting the preopercle; one clongate
supraorbital; large dermosphenotic; 2 suborbitals: preopercule with two fimbs arranged
at an approximately right angle, the horizontal branch is much shorter than the vertical
one; two paired of extrascapulars; large posttemporal; median dorsal row of scales with
short posterior spine; dorsal fins lecated opposite 1o the pelvic fin, two large preanal
scales. The specimen can be compared with three species of Thai ginglymodians from
the Phn Kradung Formation based on well-preserved material: Thaiichihys
buddhaburernsis, Isanichthys paluseris, I lerthoosi. Among the Thai ginglymodian
fishes, the specimen from Kham Phok shares similar characteristics with Thaiichthys,
such as preopercle with two limbs arranged at an approximatcly right angle; two paired
of extrascapulars with an enlarged lateral one; large dermosphenotic; two suborbitals:
cheek region completely covered by bones, with an enlarped infraorbital. which
contacts the preopercle; dersal fin located slightly opposite to the pelvic; slightly
conspicuous dorsal median ridge scales; two large preanal scales. But there are also

some differences with Thalichthys, such as the small size of the fish uptoca 15 ecm in
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standard length whereas the specimens of Thaiicathayy are ca 30 em in SL: the
circumorbital ring is nat completely closed: enly vne supraorbital in the Kham Phok
specimen whereas two supraarbitais in Tharichtins: frorual broader anterioriv in the
Kham Phok specimen while roughly rectengular in Thadcdqiavs. The Kham Phox
specimen difters from fsanichtiys by its muzh smaller size, ¢u 135 em in standard length
whereas ca 90 cm SL in fsandiciuins; the long frental which broadens anteriorly while it
slightly tapers anterior in fsanichtays; 2 suborbitals making some infravrbitals contact
with preopercle whilst non of infraorbitals contact with preoperele in [sanic/ufes;
preopercle with two limbs arranged «t an approximately right angle whereas it 1s gentls

curved in Jsanichthys.

4.2.3 Conclusion
The osteology of the anticulated ginglymodian tishes from the Pou

Kradung Formation reveals a high diversity. There is at leust five tana and probably a
juvenile of T0 fuddhabuternsis from the Kham Phok locality. However. in most
localities they are rare in term ol number of specimens and their preservation is not as
well as in the Phu Nam Jun locality. Although not as abundant and well preserved as in
the Phu Nam Jun locality, the distribution and diversity of the gingly modians from the
Phu Kradung Formation are unportant, and indicate that the palagoenvironment and the
palaeozcology of the Phu Kradung localitics represent widely open or wet land
ecosystems, while the Phu Nam Jun locality is probabiv restricted and corresponcds o a
drying arca from which all tetrapods ran out when the water evaporated. On the cther
hand, among the fish remains, most of them cansist of disarticulated fragments and
isolated scales., The microstructure of the surface of fish scales is not achieved yet, and

does not allow asscssing the fish diversity, on the basis of this feawure.

4.3 The Sao Khua Formation

During almost 30 yeurs of Thai-French expedition. the Sac Khua Formation

g . P

(Early Cretaccous) has vielded a rich assemblagze of continental vertiebrate faunas in the
northeastern part of Thailand. especially a rich and diverse dinosaur assembiage

(Buffetaut and Sutecthom. 1999} comprising sawopods, theropeds, prerosaur and hird
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(Buffetaut et af.. 2003, 2005) crocodiles (Buffetaut and Ingavat, 1983; Lauprasert ¢z al..
2007 turtles (Tong et al.. 2004, 2006) and the highest diversity ot freshwater sharks
from the Khorat Group (Cuny ¢ al., 2003, 2006, 2009b) but onls rare bony fish remairs
have been found. So far the only ray-finned fish known is a sinamiid halecomorph

(Cavin et al., 2007b).

4.3.1 The Stratigraphic Position

The Sac Khua Formation comprises dominantly floodplain deposits
including sandstone, siltstone and mudstone, together with common caleretes, and was
deposited in a low-energy tluvial setting comprising meandering chanrels and extensive
flood plains. The contact with the underls ing Para Wihan and the overlving Phz Phan
Formation appears to be gradational and conformable a2 outcrop (Racey and Goodall,
2008). The Sac Khua Formation is now corsidered as | ate Burremian in age en the
basis of freshwater bivalve species, Psendolyvia (Matsiomotoings somanai, the
subgenus being limited to the Late Barremian Formation of Jupan and Korea
(Tumpeesuwan ef /., 2010). These results correspond to the recent palvnelogical
analyses of samples from Phu Phan Thong and Hui 8ai localities, which have yvielded an
asscmblage dominated by Dichiefropoliis erruseuy (un important age diagnostic taxon)

indicating an age no vounger than Barremian-Aptian iRacey and Goaedall, 2009).

4.3.2 The Localitics
o articulated “semionotiforms™ nave been discovered in the Sze Khus
Formation, but isolated scales are not rare, and may be rather comman in some
localities. We focus here on the microernamentation of some ol these scales, The fish
scales used to examine microormnamentaion with SEM photographs were collected in

two localities.

4.3.2.1 The Phu Phok Locality
4.3.2.1.1 Intreduction

The Phu Paok outerop is sitzated on the top of the hill of
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Phu Phan Mountain range in the Sakhon Wakhon Province. The fossils assemblage
consists generally of isolated pieces of bone small in size spread over of an area of
approximately 500 m’ of the typical reddish sandstones of the Sao Khua Formation.

1t consists ¢f remains of sinamiid fish, a single button like crushing tcoth referable o a
probably semionetid fish. small isolated bony plates from two types of tutles. crocedile
skull {including a goniopholidid}, theropod teeth, one pterosaur tooth and several

minute lizard eggs (Ferndndez, 2010).

4.3.2,1.2 Systematic Palaeontology

Subclass ACTINOPTERYGI sensu Rosen er al., 1981
Superdivision HOLOSTEI sensu Grande, 2005
Division HALAECOMORPHI sensu Patterson, 1973
Qrder AMIIFORMES sensu Grands and Bermis, 1998
Family SINAMIIDAE Berg, 1940

Genus Siamamia Cavin et aof., 2007

Type species.-Siumamia naga Cavin et af., 2007

Figure 41

Description and Discussion --- see Cavin et ol., 2007b. The spccies has been described
and named based on two semi-articulated skulls, TT 8001, 8003 (Thai fossil code and

specimens housed in Sirindhom collection), plus tsolated ossifications.
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Figure =1 Siamania nage: A, Braoiowype, TF 3U01: semi-articulaied skull,
Photographs (1) and interpretative drawing (2} in dorsal (A) and right lateral
(B) views, Scales har equal 30 mm. C. [: TF 8003: semi-articulated skull:
Photographs (1) and interpretative drawing (2) in dersal (Ch and venral (D)

views. Scales bars equal 20 mm, The arrow indicares anterior direction.

Morphoilogy of the isotated scale

‘The isclated scales of S naga from this locality are rarely found during surface
collecting, but they are proportionally abundant when screening and washing techrigues
are used. The morphology of these scales [s reminiscent of the scales S, sdandsayi
(Stensid, 1935), The gencral shape and out-line of the scales are vaiable correspending
to thair postion of the fish body (Figure 423, They are small in size and covered with 2

thin layer of panoin, which is generally smooth except some very faint irregular ridge.
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Figure 42 Phowgraph of the scales in external view from Phu Phok lecality.

4.3.2.1.3 Microomamentation of Scales

The microornamentation study of the S, naga fish scales of the
Phu Phok ocality is based on 8 scales of different shape and out-lines, which were
located on different parts of the body. Photographs of the ganoin surface of the scales
have been taken under scanning electron microscope. The microornamentation shows a
very typical pattern with the presence of concentrated tubercles (disperse) plus one or
two lines of regular in size holes arranged along the lateral sides of the scales onlv,and
absent from the centre of the scale (Figures 43-48). Tubercles are also present where
faint ridges are observed by eyes (Figure 49). In addition, scales of the lateral line with
a pore opening, also show concentrations of'tubercles (Figure 430, E}. To conclude, the
tubercles and ornamentation pattern of the scales of' S naga from Sao Khua Formation

display a typically pattern, very different from the patterns generally observed in

ginglymodians.
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Figure 43 Photographs of the scales from Phu Phok; PP-A, A: external surface of the
scale, B: tubercle presence on the lateral edge of the seale in SEM view,

C-D: SEM view of the surface of the scale around its cartre,
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Figure 44 Photographs of the scales from Phu Phok: PP-C. A-B: tuberzle and line of
holes present on the lateral edge of the scale in SEM view, C: external

surface ot the scale, D SEM view of the cerral surlice of the scale.

Mahasarakham University



83

Figurc 43 Photographs of the scales from Phu Phok; PP-D. A: external surface of the

scale. B,C.T: tubercle and line of heles present on the lateral edge of the
scale in SEM view, D-E: SEM view of the surface scale around the opening

tor lateral sensory canal.
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Figure 46 Photographs of Phu Phok scale; PP-E. A exiernal surface of the scale,
B,D: tubercle and line of holes present on the lateral edge of the scale in
SEM view, C: SEM view of the surface of the scale approximately at its

centre,
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Figure 47 Pholographs of Phu Phok scale; PP-F. A: external surface of the scale, B-C:

tubercle and line of holes present on the lateral edge of the scale in SEM view.
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Figure 48 Photographs of Phu Phok scale: PP-G. A; external surface of the scale. B.D:
tubercle and hine of holes present on the lateral edpe of the seale in SEM

view. C: SEM view of the surface of the scale upproximatels at its centre.
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Figure 49 Photographs of Phu Phok scale; PP-H. A: external surface of the szale,

B.D: tubercles and large prominence with acute point present on the
posterior part of the scale in SEM view, C.E.F: tubercles and line of holes

present on Lhe lateral edge of (he scale in SEM view,
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4,3.2.2 The Phu Phan Thong Locality
4.3.2.2.1 Introduction
The Phu Phan Thong locality is well known by the presence of a
large number of tvbodont shark teeth of Heteraptycadus steinmani and Lonchidian
khoratensis (Cuny et al., 2003, 2006). The locality is located along the roadside

between Nong Bua Lam Phu and Udon Thani, near the village ot Phu Phan Thong.
4.3.2.2.2 Systematic Palacontology

Super Division HOLOSTEI sensu Grande, 2016
Division GINGLYMQDI sensu Grande, 2¢10

Order and Family incerfae sedis

Morphology of the isolated scales
All isolated scales from this locality were found by the screening and washing
technique. The general morphology of these scales is small lozenges, longer than deep

and covered with a thin layer of ganoin, which is generally smooth.

4.3.2.2.3 Micrcornamentation of Scales

The microornamentation study of the tish scales of the Phu Phan
Thong locality is based on a few scales. Photographs of the ganoin surface of the scales
taken under scanning clectron microscopy show many tubercles on their surface with
large in size holes along the lateral sides only, and absent from the centre of the scale
(Figure 50). To conclude, the tubercles and holes of the scales from Phu Phan Thong
locality show a similar pattern with the one on the surface of the scales of S, naga from
Phu Phok locality. In addition. they are loceted in the same formation: this probably
indicates that the scales from Phu Phan Thong belong to Siamamia. At least two species

of Siamamia are likely present in the Sao Khua Formation (Cavin et of.. 2009).
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Figure S0 SEM views of the ganoin surface (A, C, D). B: Plot of the tubercles on a
micrograph of the scale from Phu Phan Thong locality. Arrows point to the

specially large holes on the ganoin surface,

4.3.3 Comparison and Discussion

The materials from Sac Khua localities come mainly from the Pho Phok
locality, with Stamamia naga, and some scales from Phu Phan Thong locality together
with rare of button-like crushing teeth refereable to “semionotiforms” in the Phu Wiang
and Phu Phan Thong localities (Cavin et al.. 2009). The observed scales are from
different parts of the body according to the variable overall shape of the scale. The
result of the microornamentation pattern from both localities is simifar with the
presence of concentrations of tubercles and with the occurrence of lines of several holes
along the lateral edge of the scale. However, we did not measure so tar the average
diameter of these tubercles and the distances between them. Although, this abservation

dees not rest on statistical comparisons, the qualitative decriptions of the
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microomamentation of scales from both sites indicates that they are probably belongs 1o

the same taxa.
4.4 The Khok Kruat Formation

[ the past 29 vears of palacontelogical work on the Khorat Plaleau of Thailand,
within the Khorat Giroup, the Khox Kruat Formation (lawe Early Cretaceous: Aptian-
Albian on the basis of vertebrates and palynemorphs) has vielded a large number of
continenial vertebrate Yaunas, especially a rich and diverse dinosaur asseinbluge
comprising ornithischian Jdinosaur Psittacoscurys (Buftetaut and Suteethorn, 1992)
three new iguancdontian dinoszurs (ButTewaut and Suteethorn, 2011 Shibata ¢ ).
2011a, 2011b) sauroped with peg-shaped teeth which probably beleng to
nemegtosaurids (Buffetaut and Sutsethorn, 2004). theropods (Butictaut er ol 2003
theropod and omithopod trackswwavs (Le Loeuff er al.. 2003; 20035; 2009} crocodiles
(Lauprasert e /., 2009) turtles (Tong er af., 20035} and the highest diversity of
freshwater sharks (Cappetta e of.. 1990, 2006; Cuny e al. 2008 ) but rarely bony fish
remains have been found. So far § vertebral centra, fragments of a basioceipital and
jaws, & picce of a left dermopterctic and scales from the localily of Khok Pha Suam
have been recorded and they are assigned to a sinamiid fish. Mareover. at least 2
ginglymodian fishes occurred in this locality based on the presence of peg and socket
articulation at the anterior margin of two morphotypes of the scales.One taxen f
cinglymodian occurs in the lecalin of Lam Pae Dam by the presence ot a large butten
shaped crushing tooth associated with thick ganoid scales which present many parallel

rows of small pits an their surface (Cavin er af.. 2009,

4.4.1 The Stratigraphic Position
The Khok Kruat Formation is assigned to the top ol the Khorat Group as
it is separated from the basal anhydrite of the overlying unconformtably Maha
Sarakham Formation, but rests contormably on the underlained Phu Phan Fomation.
In general, the formation consists mainly of reddish brown silstones, tine- to medium
grained sandstones. mudstones and conglomerates are also present {Meesack. 2000),

The sediment deposit indicates a predominant fluvial depasitional environment
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(Ravey e al., 1996). The age of the Khak Kruat Formation is well constrained as
Aptian-Albian by the occurence of the treshwater hyvbodont shark Tharodus ricrice
which is also discovered in the Takena Formation of the Lhasa block of Tibet, which s
dated as Aptian-Albian on the basis of foraminifera (Cappetta er af., 1990). It is
considered as Aptian dased on palsnology (Racey er af., 1994, 1996, Racev & Gaadall,
2009).

4.4.2 The Localities
The fish remains described below are mainly isolated seales and bones
fragments collectad trom three outcrops. i-e. Ban Saphanhin, Nakhom Ratchasima
Province: Khok Pha Suam. Ubon Ratchathani Province und Tam Pao Dam. Kalasin

Province. These outereps are located in the Khok Kruar Formation.

+.4.2.1 Tke Ban Szaphan Hin Lozality
4.4.2.1.1 Intreduction

The excavation from Ban Saphan Hin, a village close to city of
Nakhon Ratchasima, ozeurs in a small outerep of the Khok Kruat Fermation. 1tis one of
richest assemblage from the Khek Kruat Formation in term of diversity of vertebrate
comprising dinosaurs. turtles., crocodiles. hybadon: sharks and fiskes (Shibata er ol
2011a, 2011b: Buffetaut and Suteethorn, 2011; Lauprasert er @/l 2009; Tong erar.,
2003; Cappetta ef al., 1991). The material of these assemblages is main.y fragmentan
and not articulated remains, which are embedded in the reddish conglomeratic
sandstone of the Ban Saphan Hin locality. Because the rock is very hard, machine rock
saw was used to remove the materials from the field. The preparation was performed
using an air pen in the laboratery of the Research Center of the Petrified Wood and
Northeastern Mineral Resources, Tambon Suranarn. Nakhorn Ratchasima Prosvinee,
where the specimens are housed. The rock is very hard and necessitaies. the uss of hard
tools to take out specimens. A lot of materials are damaged, but the preservation is good

as shows the material under this study.,
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4.4.2.1.2 Systematic Description

Class: OSTEICHTIIVES
Super Division: HOLOSTE!
Division: GINGLYMOD!
Order indeterminate

Figures 51-68

Material: part (NRRU-A 2435.1-2,) and counterpant {NRRU-A 2435.4 ) of the
postenior pertion of a fish, Figure 31, The split of the rock did not preserve equivalent
portion of the body in the pan and ccunterpart. The part (Figure 31A, B) consists of the
articulated fragment of a squamalion associared with a tal The counterpart {Figure S1C.
D) shows a dorsal part af caudal peduncle and a nearly complete dorsal fin. According

to the part and counterpan. the material can be reconstructed and shows the dorsal 1in,

the caudal peduncle and the caudal fin of a single wdividual (Figure S1E).

Description of Specimen NRRU-A 2435

The scaies of the preserved pertion of the body are in articulation {Figure 51
Some are complete with their yanoin cover and others a1 seratched or are missmyg
{Figure 31A). There are 16 scales aleng 2 rransverse row onginating at the postener end
of the dorsal fin. The scales in the mid-depth of the bady are rather thomoeical w1 shape
and small in s1ze near the ongins of the [ins, whereas the scales at the dorsal and ventral
midlme of the peduncle are triangular in Zateral view with their posterior end tapenrg.
Some authors define these scales as scutes (Lépez-Arbarello and Codornia 2067,
Arratia, 2009). The peduncle is 2 times longer than deepr. The caucal fin is deep in
general outline and its posterior marg:z 18 slightly concave. [here are 31 lepidotriciua,
eighteen are placed under the level of the lateral line and torms the ventral lebe of the
iin. The caudal <in rays branch a; least “our times except the twe ventral cnes. which are
not branched. The proximal unsegmented pertian is very short, this portion beng less
than 20% of the total length ot the {in ray. The basal segmerts are much longer i the
central rays than in the marginal rays. The ventral lobe of the cauda. fin is charactenized
by the posterior most scales, which ure modified and extend o length The patrern of

tulera is distinetive in both dorsal and veniral lobes. The dorsal lobe consists of a pack
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of seventh small and long basal fulcra, which are followed by 10 fringing fulcra, which
are thin and paired, On the ventral lobe, enly 3 basal fulcra and 9 fringing fulera are
visible. The dorsal fin, mostly visible on the counterpart (Figure 51C, D), is high, ca 10
cm long, and its dorsal margin outline is almost straight. It 1s compesed of' 3 unpaired
basal fulera, 4 fringing fulcra and 17 rays. The height of the rays decreases
progressively posteriorly, The basal segments represent approximately one-third of the
length of the lepidotrichia. which are finely scgmented in their dista” part and

svimmetrically branched twice,

B wme e

Figure 31 Photographs and line drawings of fragments of the tail and dorsal fin of
NRRU-A 2433,
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Material: a piece of dermal bone, identified as an opercle (NRRU-A 2437, Figure 52).

Descriprion of Specimen NRRU-A 2437

The opercle (Figure 52) is quite large and deeper than long (8 x 6.5 cm.).
Although all margins are broken, we can ¢stimate the outline from the trace of the
imprint. The dorsal, posterior and ventral margins are slightly curved, while the anterior
margin is straight. The external surface of the ossification is fully ornamented by ganoin
rugae (Figure 52A), which alternate with many grooves, which radiate frem its gancid-
frec center. The anterior margin of the opercle has o smooth surface (lack of the ganoin

covered) corresponding to the overlapped area of the preopercle.

Figure 52 Photograph {A) and line drawing (B) of the opercle bone, NRRU-A 2437.

Material: part (NRRU-A 110.1/2,) and counterpart (NRRU- A 110.2/2,} of the dermal
bone of a fish, Figure 53. The part (Figure 53A) consists of two articulated dermal
bones identified as the frontal and the parietal, with the anterior part of the frontal
missing. The limit of the anterior part of the frontal is visible on the counterpart (Figure
53B) and it shows a smooth internal face with the imprint of the omamentation of the
external face on the connecting arca, The complete shape of the ossifications can be

reconstructed with part and counterpart using Adebe HHustrator CS3 (Figure 530).
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Description of Specimen NRRU-4 110

The shape of the frontal is slightly rectangular with its anterior extremity
tapering at one-third of the ossification’s length. Its length is 2.5 times longer than its
maximum width and 1.8 times longer than the parietal length. The length of the frontal
is 8.3 ¢m long and 3.3 cm at the maximum width with 2 em at the narrowest portion.
The posterior margin of the {rontal forms a slightly crenulated suture with the parietal
and a deep notch at its medial depth. The median margin of the ossification is gently
curvedly while the lateral margin is slightly concave at it mid-length before it widens at
the level of the maximum width of the bone. The parietal is roughly rectangular with the
lateral margin shorter than the median margin. There is nc limit between the lateral and
posterior margins, which presents a serrated edge. The length of the parietal is sbout 2
times longer than wide. The surface of both ossifications bears a very strong
arnamentation consisting of several ridges radiating from the center of the bones and
covered by gancine. Due to the state of preservation, only some traces of the sensory

canal are visible along the ridges of the ornamentation,

Figure 53 Photographs (A-C) and line drawing (D) of the articulated frontal and

parietal ossifications of NRRU-A 110,
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Material: a dermal beone, identified as a dermopterotic (NRRU-A 611, Tigure 54).

Description of Specimen NRRU-4 611

The dermopterotic (Figure54) is trapezoidal in shape with its dorsal margin
longer than its ventral margin. The anterior margin and posterior margins are
approximately straight, while the lateral and madial margins are gently curved.
Although the surface of the bone is damaged, we can observe some ornamentation on its

surface, which mostly radiates from its center. Unfortunately we cannot observe the

sensory canal on this bone.

Tigure 54 Phetograph {A) and line drawing (B) of the dermopterotic bone, NRRU-A 611.

Material: a dermal bone, identified as a left subopercie INRRU-V-3003, Tigure 335).
Description of Specimen NRRU-V-3005

The suboperele (Figure 58 is visible as a deep. roughly triangular ossification
with a well-developed process visible from the internal [ace, which is smooth, The
height of the anterodorsal process equals almost kalf the subopercle depth. Although the
posteroventral corner is broken, we can assume that it had a curved edge, which makes

the ventral border completely convex while the dorsal border is straight.
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Figure §§ Photograph (A) and line drawing (B) of the internal view of the left
subopercie, NRRU-V 3005,

Material: a dermal bone, identified as a preopercle (NRRU-CY-6402, Figure 56).

Description of Specimen NRRU-CY-6002

The bone is completely broken but we can see the limit of its shape and
identify it as a left preopercle (Figurc 36). The preopercle is composed ot a narrow
vertical limb with parallel margins. The dorsal extremity is straight without tapering
and the horizonial limb, which has a tapering anterior end, forms a right angle with the
vertical arm. The vertical limb is longer than the horizental one, The ventral margin of
the ventral arm is almost steaight while its dorsal margin is slightly curved. Because of
the bad preservation, we neither observed the surface of the ossilication nor the path of

the preopercular sensory canal.
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Figure 56 Photograph (A) and line drawing (B) of the right preopercle, NRRU-CY 6002,

Material: part and counterpart of a dermal bone of the pectoral girdle idenified as a left
cleithrum (NRRU- CT-1002, Figure 57). The bone is mainly preserved on the part

(Figure 57A) while on the counterpart the vertical arm only is visible (Figure 57B).

Description of Specimen NRRU-CT-1002

The shape of the bone is roughly triangular with a high vertical limb and an
extremely short but deep horizontal limb (Figure $7). The anterior margin is gently
concave with a small prick present at its mid-depth. The posteredorsal margin presents a
straight line on its dorsal half-depth, and then the ventral part shows a median
crenulated cdge. The lateral surface of the bone is apparently smooth without ganein
covered. According to the broken part at the anterior portion of the ventral liml and the
vertical limb, a canal is apparently present, At the mid depth of the bone, which is the
narrowest portion, a large pore is present (Figure 57A). The shape of the bone is
reminiscent of a cleithrum but the possible presence of a canal is unusuat in this kind of

ossitication. Its function and structure is unknown.
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Figure 38 Photographs (A-B} and line drawing (C) of part and counterpan of the
supraorbital, NRRU-BM 4003,

Material: A picce of the dermal bone identified as an extrascapular (NRRU-A G40,
Figure 59).

Descripiion of Specimen NRRLU-A 040

The bone 15 nearly complete, excep: a little area destroved afier glued (Tigure
39). The ossification is sub rectangular with the antereventral corner narrowing
anteriorly. The posterior margin is not straight; the lateral and dorsal margins have
approximately parallel margins. The external surface ot the bone presents several ridges
of ganoin. T'he pattern of the ridges shows a regular partern with an anteroposterior
parallel arrangement of the ridges along the dorsal half and cblique arrangement of the

ridges in the ventral half.

Figure 59 Phetograph {A) and line drawing (B) of tiwe exzrascapular, NRRL-A 1040
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Material: A piece of a dermal bone identificd us a right frontal (NRRU- ZY -3011,
Figurc 60).

Description of Specimen NRRU-ZY-30]1

The bone is an extremely narrow and elongate element (Figure 60, about ~
times longer than the maximum width, with the anterior pertion narrower than the
posterior portion. The lateral and median margins are parallel, while the anterior margin
is oblique. Akhough. the surface of the bone is totally seratched. seme faine patches of

ganoin are preserved at the posterior corner of the bene. Along the lateral murgin,

several pits indicate the path of the sensory canal,
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Figure 60 Photograph (A) and line drawing (B) of the right irontal, NRRU-ZY 3011.
Material: A piece ot'a dermal bone identilicd as a right frontal (NRRU- A-612, Figure 61).

Description of Specimen NRRU-A 6]2

The bone has a roughly rectangular shape with its anterior extremity tapering
(Figure 61} its length is about 2.4 times longer than the wicth posteriorly. The antwricr
extremity of the bone presents an indentation; the posterior margin, which sutured with

the parietal posteriorly, shows a deep noteh at its mid width, The posterolateral margin
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shows a crenulated edge and Lhe posteromedial forms @ smooth curve. The artericr halt
of the lateral margin is rather straight whereas the posterior halt presents a concavity
then a convexity at the anterclateral corner. The medial margin of the bone is shightly
curved. The external surface of the bone bears a huge ridge from the lateroposterior
comer. at one-fourth of the willh, which runs to the constriction of the anterior
indentation. There is some ornamentation cansisting of ridges of ganoin present in the
posterior part; the rest is towally scratened but we can observe the trace of the path of the

SCSOTY,

A

Figure 61 Photograph (A)and line drawing (B) of the right frontal, NRRU-A 612,

Material: part and counterpart of a Jdermal bone of the pectoral girdle identified as a left
cleithrum. The bene is mainly preserved on the counterpart (NRRLU- AL 13008, Tigure
628), which shows the internal face nt'the bone. while the missing area of the

counterpart is presented on the part (NRRU-AL (35008, Figure 62A).
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Description of Specimen NRRU-AL {3008

The cleithrum is slightly crescent shaped, with its anterior margin gerzly
concave while its posterior margin is strongly convex (Tigure 62). The vertizal amm is
much longer than the ventral anm with its dorsal end, which is stightly narrower than the
ventral end. The bone is quite high; its height equats 8.3 cm. I lateral surface is smowh
and shows a huge venvex ridge running along the posterodorsal portion, as assumec
from the deep groove visible on its counterpart. This groove is possibly similar to the
sensory canal of the large cleithrum, The anterior portion of the ventral part shows a

shallow groove, which was possibly overlapped by the opercular series.
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Figure 62 Photography (A-B) and line drawing (C) of part and counterpart of the left

cleithrum, NERU-AL 15008,

Material: part ONRRU-BZ 11001, Figure 63B) and counterpart (NRRU- B/ 11601,
Figure 63A) of'a dermal bone from the pecteral girdle idertiticd as a right cleithrum.
The part presents only the imprint of the bone, which is visible as a convex surface.

whilst the counterpart shows a deep groove of the smooth internul face of the bone.

Description of Specimen NRRU-BZ 1100]

The bone is crescent shaped (Figure 63). with the verzical armm slightly longer

than the horizontal arm (3.8 x 3.0 em.). Its vertical and horizontal ends are alimoest
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straight. The anterior and posterior margins of the ossification are cured with parallel
margins, but apparently tapering at the dorsal end. The externzl surface of the bone
shows a gently convex ridge particularly at the center of the bone. as assumed from the

deep groove visible on its counterpart. Close 1o the posterior edge of the vertical arm is

present a narrow groove including at least two notches observed above this groove
(Figure 63B).

Figure 63 Photographs (A-B) and line drawing 1) of part and counterpart of the right

cleithrum, NRRU-RZ 11001,
Material: a dermal bone, identitizd as a dermopierotis (NRRU-A-333, Figure 6+

Description of Specimen NRRU-4 333

The bone is broken cspecially on its lateral and medial cdges as well as on its
external surface (Figure 64), However, we assume that the bone has a trapezoidal shape
with its anterior margin stightly curved. Although the surface of the bonz is damaged
we can pbserve some ornamentation an its surface, which mestly radiates from i<
center. Besides the shape of the bone itself, the occurrence of the sensory canal [ocated

near its lateral margin, where the bone is broken, confinms that this bong is the

dermopterotic.
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Figure 64 Phatowraph (A) and ine érawing (B) of the dermuopterotic, NRRLU-A 333,
Material: a picee of dermal bone, 1dentitied as a supraorbital (INRRU-AJ 1003, Figure 65).

Description of Specivien NRRU-AJ 1005

The bone has a sub rectangular shape with its posteroventral part broken
(hgure 63). The ossifization shows 2 shallow concaviny visible as 2 large rhombus shape
situated on the ventral half of the anterior portion of the bone. This structure is referred
1o the area that averlapped the infraorbital. Based on the visible part, on which a ganein
cover is present, the supraorbital tapers anteriorly and widens ebruptly in its posterior

portion. There is no trace of sensory canal,

Figure 65 Photograph (A} and line drawing {B) of the supracroital. NRRU-AJ 1002,
Material: a piace of a dermal bone. identified as a right nasal (NRRU-ZA 9043, Figure 66).

Description of Specimen NRRLU-Z1 013
The shape of the bone is rather triangular with its anterior part tapering (Figure

66). The ossificatiun presents a smooth internal surface with a large hole located nearly
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The fossil assemblage is mainly fragmentary and very fragile because of the highty
wheathered crosion present in a badlung nvpe landscape, deposited of reddish brown
siltstone. Most items are isolatcd teeth of crocedile, therepod. savroped dinasaurs
(Buffetaut e af., 2002, 2003) and various tyvpes of shark teeth corresponding to varicus
species of freshwater shark (Cappetia e ¢, 1990 2006; Cuny e @/, 2003; 2003, Z0u7,
2008) as well as a large number of isolated scales collected on the surface (Cavin er af..
2009). The Khok Pha Suam localiny is siteated in a wild area, near the towr, of Sri

Muang Mai District, Ubon Ratchathani Province.
4.4.2.2.2 Systematic Description

Class: OSTLICHTHYES
Super Division: HOLOSTFEI
Division: GINGLYMODI

Order imdeterminaie

Morphology of the isolated scale

‘The isolated tish scales {rom this locality are 2asily classified into two
morphotypes (Figure 69); morphotype I with a smooth surface and moerphotype [ with
ridges or several parallel lines of numerous holes on their surfaces. 'he general shape
and outline of the scales are variable because they belong to ditierent part ot the fish
body, i.e. rectangular shuped. more rhomboid and narrow. or triangalar in shape. the
latter carrelate to the meadian dorsal or ventral midline, or to the scutes on the fail
(Figure 69A). The anterior extremity of the scales shows the peg and socket arrangme::

for the articulation as common in other ginglvmodians.
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Figure 6% Photographs of the scales from Khok Pha Suam locality. A: morphotype |

with smooth surfzce. B: morphoty pe I with parallel ridges on their surfaces,

4.4.2.3 The Lam Pao Dam Loecality

4.4.2.3.1 Introduction
The outerop is siteated at the spring way of Lam Pao Dam in
Sahat sakhan district, Kalasin Province. So far isciated teeth of freshwater shark, 1ish
remains and pisees of bonas have been found in a conglomerate of clastic sandstones
laver containing calearcous pebbles. The fragments of bones are colourtul due to their

mineral compasition.
4.4.2.3.2 Systematic Descripion

Clasgs: OSTEICHTHYES
Super Division: HOLOSTET
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Division; GINGIL. YMOD!

Order indeterminare

Morphology of the isolated scafe

Sa far the fish remains discovered in this loczlity are isolaicd button crushing
teeth (Figure 70A) and verv large garold scales with its surfuce snowing several pit
arranged in parallel lines along its length (Figure 70). The general out-line of the scales

are rectangular and quite thick.

Figure 70 Photogruphs of the tooth and seales from Lam Pao Dam [ocuiity, Az baton

crushing tooth, B-D: scales examination with omamieniation on their suaces,

4.4.2.3 Microornumentation of The Khok Kruat Formation

The microomamentation study of the fish scaies of the Khok Kroas
Formation is based on specimens from three localitivs; Ban Saphan Hin, Khok Pha
Suam and Lam Pao Dam localitivs. Three scales from cach outerop were used 10
examine the microstructure; they are referred as Ban Saphan [Hinl, Ban Saphan Hin2
and Ban Saphan Hin3; Khok Pha Suam|, Khok Pha Suam2 and Khok Pha Suam3: Lam
Pao Daml, Lam Pao Dam?2 and Lam Pae Dam3. Photographs of the ganoin surfuce of
the scales have been taken under scanning electron inicroscope: only scales from two
outcrops, Ban Saphan Hin and Khek Pha Suam, present tubercles on their surtace
(Figure 71-77). The scales from these two localities show two gross morphetypes: one
with a smooth surface and the other with several paralle! lines of numerous heles or
ridges on its anterior surface. Nevertheless the tubercles on the surface of the scales

from Khok Pha Suam lecality are extremely weatherwern (Figure 74-77). Tubercles of
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the ganoin scales of specimens {rom Ban Saphan Hin have their width and length
ranging between 4 to 7 pm and 3.7 to 6.8 um respectively. The average width and
length of the tubercles are 5.6 and 3.68 jum respectively, indicating that the tuhereles are
roughly large and rounded in shape. The average intertubercle distances is 8.42 pm.
Compared to the other localities situated in the Khok Kruat Fermation, the Khuk Pha
Suum scales present a relatively smaller sice of the wiberele on their ganein surfaces.
This i correlated 1o the intertuberele distances, which is meore reduced. The range of
their width is 4.3-2.6 Lm and of their lengths is 4.53-5.7 um long. The average widih and
length of the tubercles are 4.9 and 3.1 um respectively, indicating that the wbercles are
slightly rounded in shape. The average intertubercle distance is 7.24 um. To conclude,
the wbercles of the scales from heth localities from the Khok Kruat Formation are quite
large and rounded. The mbercele size and inlertubercle distances in KS12-97 and KS12-

263 are summarized in table 3 and tahle 4.

Table 3 Measurement of the tubercles and of the intertubercie distances of t1e three

scales from Bun Saphan Hin lozality.

Parameter | Measurements | Number of = Average ! Average Average
distances ' width I length | distances
~ Ban Saphan | T34 EE 4.06 | 3.77 72
Hinl i ‘
Ban Saphan [ T30 68 3.81 .4+ 9.03
Hin2 ! l
l |
Ban Saphan  T32 75 ¢.95 "6.83 Q.03
. |
Hin3 | |
5.60 5681 §.42
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Table 4 Measurement of the tubercles and of the intertubercle distances of tie throe

scales from Khok Pha Suam localiny.

Parameter | Measurements | Number of  Average | Average | Average

Pucl

distances widti length | distances
Khok Pha . T31 63 335 136 691
Suaml ‘
Khok Pha T3! ‘ 72 5.63 j 5.71 1752
Suam? | | i
Khok Pha T25 47 473 5.04 7.3
Suam3 i ~ |

4.90 | 3.0 7.24

Figure 71 Specimen Ban Saphan Hinl. A: Plot of tubercles on micrograp,.
B: measurement of the wbhercles (34 measurements) and of the intertukercle
distances (79 measuremenss). (: SEM view of'the ganoin surface o the scale.

D: external view of the scales,

e
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Figure 72 Specinmen Ban Saphaz Hin2. A: Plot of tukercies cn micrograph,
B: measutciment of the tubercles (30 measurements) and o the nteruzercls

distances (68 measurements), - SEM view of the ganain surface of the scale,

[: external view of the scales.
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Figure 73 Specimen Ban Saphan Hin3. A: Plot of ubereles en micregraph,
B: measurement of the whereles (32 mewsurements) and of the irterturercie
distances (75 measurementsi. C SEM view of the ganein surface of the scale,

D: external view of the scales
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Figure 74 Specimcen Khox Pha Suam 1. A: Plot of tubercies on microgranit.,
B: measuremoent of the tubercles (31 measuraments) and ol the inzertubercle
distances {65 measurements), C: SENI view ¢f the ganoin surtace of the seile,

D: external view of the scales.
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Figure 75 Specimen Khek Pha Suanl. A: Plot o wiereles on micrograph,
B: measurement of the tubercles (31 measurements) and o the intertuherele
distances (72 measuremenis), C: SEM view of the panoin surtzey of the seale,

D: external view of the scales,
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Figure 70 Specimen Khok Pha Suam3. A: Plot of tubereles an micrograph.
B: measurement of the tubercies (23 measurcments) and of the intertubercle
distances (17 measurements), C; SEM vicw of the sanoin surtace of the <zale,

D: exaernal view of the seales,
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Figure 77 Scales obsernved from Khok Pha Suam F and 1. A: External suriace and
B: SEM view of scale of specimen Khok Pia Suzun F; C: External surface

and D: SEM view of the gancin surfac2 o1 the scale of Khok Pha Suam I,

4.4.3 Comparison and Discussion

The materials from localities of the Khok Kruat Formations are mainly
fragmentary and mostly isolated pieces of bones are preserved, which allow examining
the microornamentation of the scale surfaces. The scales from eonly two tocelities
present a microsiructure, and scales from both sites show a similar pattern of the
external scales referable to two morphoty pes. Concerning the Khox Pha Suam locality .
the scales are highly wheatering as revealed SEM photographs, with much crashes on
their surface and with less tubercle present. The tubercle structure on scales from both
localities show a rounded and slightly large size. with the average width and length
5/5.7 um respectively, The sample from Bun Saphan Hin show larger tubercle sice

(3/5.6 um in their width and length) whereas the sumple from Khok Pha Suam show
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4.9/3.1 um in average tubercle size. The intertubercle distances appear 10 be correlatazd
with the size of the tubercles. The Khowk Pha Suam scales have smaller tubercles size
and shorter intertuberzle distance. Finally, the Lam Pao Dam scales do net present

tubercles, probably because of the smalier sample size with only peorly preserved scales.

4.4.4 Conclusion
The osteology of the partially articulated specimens and of several

isolated dermal benes from the Ban Saphanhin locality (Nakhormn Ratchasima Provined)
of Khek Kruat Formation reveals a typical xind of ornamentation or the dernmal bones.
Compared with fishes from the older Phu Kradung Formatien. the caudz! tin and the
dermal hones are very different, especially the dermal bones. None of {ishes from Phu
Kradung localities show ganoin patches with deficated ormamartation on their dermal
bones, although fsanichictins had alse a streng ornamenzation, but in this taxen it lacks
ganoin on the dermal bones to the contrany of sumples from the Ban Saphan Hin loczliy
in the Khok Kruat Formation. It means that based on the osteology; there is at {zast one
taxon of ginglvimodian fish Khok Kruat Formation that differs from those in the oldar
formalions. 'T'he microstructure of the surface scales from the Ban Saphar Hin asd
Khok Pha Suam localities of the Khok Kruuat Formation show a similar pattern ef the
microormnament, cven through they are different merphological features inducing that

they belongs to the same species,
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CHAPTER 5§
CONCLUSIONS

5.1 Diversity of Bony Fishes in the Khorat Group (Marphology, Ornamentation of

Scales)

In 2009, Cavin e /. described the bony fishes record from the Middle Late
Jurassic Khlong Min Formation in the Peninsula of Thailand to the Early Cretaceous
Khok Kruat Tormation of the Khorat Platcau (Cavin ef al., 2009 and appendix V), At
that time. the diversity comprised at least 6 “semionotids’ and 3 sinamiids from three
formations (Phu Kradung, Sao Khua and Khok Kruat Formanons) of Khorat Group. In
the present study, the number of taxa has signiticantly increased by comparison with
this former study: in particular it shows a higher diversits of ginglvmuodian fishes in the
older Phu Kradung Fermation as skown in the table below. In an opposite way, Cavin ef
al. have identified three taxa of *semionotids’ in the voungest Khok Kraut Formation on
the basis of the morphotypes of the scales and on the evidence of button crushing teeth,
but the present study based on the microstructure of the scales reveals that these scales
belong to the same species. We question the occurrence of a distinet taxon with button
crushing teeth and thick ganoid scales from the locality of Lam Pao Dam as we have no
evidence of a different microstructure pattern on the scales. Similarly with the crushing
tecth and ganoid scales frem several localitics of the Sao Khua Formatien, we prefer 1o
retain the occurrence ot a single taxon of ginglymodi in this Formation because the
microstructure of the scales examined in this werk from two localities (Phu Phok and

Phu Phan Thong outcrops) belongs to a typical form of sinamiid, Siamania naga.
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Table § Diversity of ginglvmodicn fishes in three formations of Khorat Group.

Cavin er al. 2009 ‘ This work

Khok Kruat Fm - Thick & large ganoid scales with button | - Thick & large ganoid scales with button

shaped teeth ' shaped teeth

- ganoid scales with parallel grooves | - two set of swedies Wit one taxen

- smooth ganoid scales - 2 taxon with strong ornarentation of

| gunoin on the derma. bones

‘Sao Khua Fr - ganeid scales with button shaped teeth [ - ganond scales with button shaped teath
Phu Kradung Fin - “Lepidores " budahanutrensis | - Thauchrays buddnabumrensi

- Luntehili s palusmis " Isanichtin s palusieds

- Thadronckys of, Eudanabuirensts

| - Isanichthys lortboosi

i - new ginglymodian fish with hump back
| R . .
| | and tritorial dentiorn

3.2 Palaeoecology

§.2.1 Variation within the Phu Krudung Formation
The locality of Phu Nam Jun shows a maderate diversity of fishes with

two ginglymodians, Thaiichthys buddhaburensis and Isanichtiys palustris, one
dipnoan, Ferganaceratodus mariini, and one tooth of a hybodont sharx {Cuny et «f., in
press), but no evidence of tetrapod has been found so far. Petriticd wood fragiments
have not been found in situ in the vutcrop, butihey are abundant around the outerop.
Eventhough the Phu Nam Jun localiny shows a relatively high diversity of tishes. its
totul diversity is quite iow in term of (he global [Vssil assemblages comparad 1o the
ather localities in Phu Kradung Formation. The vertebrars fossils that have been
collected in other lacalities cansist of both complete and incomplete remains such as the
Kham Phok locality, which has vielded a large turtle as well as a theroped tibia
{Bufretaut and Sutcethem, 2007; Tong er af., 2009). crocodile and shark 1emains i Cuns
el al., in press) as well as> small gingly modian {describad in chaprer 45; the Chong Chat
lecality has yielded a part of a ¢f. Theriosuchus dentary (Lauprasert e ar., 201 1) and an

articulated ginglymodian fish (described in chapter 3}, as well as turtle shell, sharks and
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dinosaurs remains; and the richest and most diverse Phu Noi locality contains at least 2
taxa of turtle (11 Tong, pers.comm.). new taxon of crocodile (1. Martin, pers. comm. ).
Isanichitys lerthoosi (Decsri et af. In press), theropod (Chanthasit. 201 1), sauropod
dinosaurs, pterosaur (E. Buftetaus, pers, comm.), new taxon of shark (Cuny e wi., in

press) as well as the trunk of plant,

5.2.2 Variation between the Formartions
The vertebrate fossil assemblages of the localities frem the Sao Khua and

Khok Kruat formations are quite diverse but less fishes have been found in these
lowcalities than in the Phu Kradung Formation. $o far, fishes are preserved as fragments
and isolated scales and teeth in these localities. while in Phu Kradung lecalizies a high
number of well preserved specimens have been found (Table ). According w the
sedimentology, the sediment in Sac Khua and Khok Kruat localities are mostly
deposited in a fluvial system, whereas in the Phu Kradunyg localities, sedirnent are
mostly siltstone, mudstone and fine sandstones indicative a floedpiain — lacustrine
deposition, The difference in the sedimentology, and consequent(y in the
palaeocenvironments between the Phu Kradung and the younger two turmations may

explained. at least in part, the different modes ol preservation of the fish materia.,
5.3 Palacobiogengraphy

From a palaceblogeographic point of view, the phylogenetic analysis
{Deesri et al., in press) of the genus anichilns, wcluding Isaniclily s paiusirs, from
the Phu Nam Jun locality, Kalasin Province: fsanichthys lerthuasi, fish from Phu Noi
locality. Kalasin Province: Isanichthys latifrons {previously referred to “Lepidotes
latifrons) from the Middle Jurassic marine assemblage from Europe and fyanichirfiyy
luchowensis (previeusly reterred to “Lepidotes’ luchowensis) from the Upper Shaximizo
Formation in Sichuan, u series of continent Barly 1 Middle Jurassic deposits, provides
some interesting results. The study reveal that £ ferboosi [s the sister group of the pair /.
palustris and 1 larifrons. Although few characters have been coded for I Juchionensis it
appears 1o belong 1o the genus /sanichirhyy. From the relaticnships result, we peint out

affinities between species from Eastern Asia with one frem Europe. which werc

T,
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connected via areas situated along the nerthern margin of the Tethys during most of the
Mesozoic, The assemblage of sharks also shows a similar pattern in the Middle furassic
of both China and Europe (Cuny er al.. in press) as well as the ¢ft Theriosucius from
the Phu Kradung Formation, which alse indicates European affinity (Lauprasert e af,,
2011).

The phylogenetic position of Thauchtins buddiabuirensis. from the Late
Jurassic Phu Kradung Formation (Cavin er @/, 20713 has been resolved as the sister
group of Araripelepidotes, a fish from the Carly Cretaceous of Brazil and Plindeies, a
fish from the Lower Cretacecus of Gadoufuoua, Niger Republic. The
palaeobiogeographical parern prebably resulted from vicariant events. {irstly between
the Tharichtayy lineage in Laurasia and the Araripelepidores-Pliodetes lineage in
Gondwana some when in the Jurassic, and »econdly during the opening of the Scuth
Atlantic that split western Gondwana inte South America and Africa during the Early

Cretaceous separating Araripelepidotes and Plioderes.
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APPENDIX I

Tables of the measurements of the tubereles diameter and the distances between them.
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Table 6 Measurements of Scale specimen KS12-97(3-3) from Phu Nam Jun

measurenients and 1140 distances between them.

with 46

Measurements ! o ‘
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Table 6 (continued)

1-0

Measurements | ! ! |
— Al | A2 j A3 ‘ Ad A | A6 T Average
\mm ~ (_um]_ mm [pm)_—-l ‘
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Table 7 Measurements of Scale specimen KS12-97 (12+1) from Phu Nam Jun with 34

measurements and 78 distances betw een then.

Mrasurements \ ’
, Al | a2 | A3 | A3 | A5 | A6 | A7 | Average
omm {pm} mm  (pm)
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Table 7 (continued)

Measurements I T
Al A2 Ad Ad L AS Ab AT Averape
mim F {wm) |mm {(pm}
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Table 8 Mcasurements of Scale specimen KS12-97 (15-3) from Phu Nam Jun with 31

measurements and 70 distances between them.,

Meuwsurements Al A2 A3 Ad AS Ab AT Averane
| mm (pm) [ mm () i
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DENEESE BRI 4.:5:5«3] 53 1 772 1u.EB . 53
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Table 9 Measurements of Scale specimen KS12-97 (16-8) from Phu Nar: Jun with 33

measurements and 73 distances between them.

Measurements | Al L2 i 43 | 447 A5 ~ Ab l % l Vierage
mm (wm [ mm " um ) ' ' ) ' o R
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73 S5 483372 | 85| 3OS ER| 657 | 76 8 T SI6667
T g4 T Ee0ee U Ry T30 % 5.2A i 514 |, 383 565
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Table 10 Measurcments of Scale specimen KS12-97(23-3) from Phu Nam Jun with 33

measurements and 77 distances berween them.

4

L]

Measurementy _r [7
A2 Ad AG AT AN Average
mnm {pm} niem (um)
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Table 11 Measurements of Scale specimen KS12-97(26—3) frorm Phu Num

measurements and 82 distances betweszn them.

156

Juwith 34

Measurements ' i ‘7 ‘ ‘
Al Al A Ad AS A6 A7 Average
mm | (um) [mm | (um) [ 1 z
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Ti0 ] SE1  TeERiy 45| l0me5 | ssl [ 632 | 7 167 179 [ 651 | 62 6 165333
N R £l 27eys 309 632 A0 ARR | 5IF | 743 6.235007
T22 7 59 274086 | sAl 2511628 | ERI | SIT [ ss | 474 608 0 RS PR
TZ3 6] 2790ES8 | S| 2604651 | 334 | 674 | Tas | 436 | €14 3 H%4
T24 | 57 Z6Siie3 | SE| 2338131 GE5 | 436 | 758 | &3 6.403
128 2 [ 2RI 54 2E628 0 TG | ks | bds | 6638 €.A32%
26 6| 270089k | =&, Z604A%1 | 1059 | S3IF [ A4 T
T27 6, 2766698 [ 53| 2858131 a0y | 820 | au2 | <30
124 | s4 [ 2511628 | 4o 2139535 491 | 623 . So7 | €51 53315
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[2 Measurements of Scale specimen KS12-97 (30+2) from Phu Nam Jun with 33

measurements and 73 distances betwaen them.

Measuremenrs ’7 | ‘ T
Al A2 Al Ad A5 Ab AT Average
mm {nm) | mm (pm) \ | ‘
TI 9 ETASBIEZT 76 | 505545 565 [ 59 . | ' STasT
T2 76| 34388450 45 |2omasas ] 59 76y T 635 [ 572 ' 6415
T | 83 37T 6| 2IMI ST e et T ' ] as025
T4 98| 4484835 T 7T 381818 | F27 [ 877 1 owas 536 = T
15 | 85" 3¥63636 6] 27272737 536 27 T e | 71223
T6 9] 4050909 T 7 I'TIRISIBT 69 R | 7313
17 G 1 4090959 g ae¥edps [ 845 | 727 | TOEF L AGs | | PooT
1% 11 S 9] 400E 900 66 | | 802
1y TR 3,5454.<5L 55 25 383 TR eds eus | I . 5 6As
TG TET A 40909 5.6 535455 | 445 643 [ .45 6,34 b 795 | b5 BR1AAT
TIC| &4 38l | ST 22 6sv 67 87T [ 622 LT Tosd4 [ T8
Tz $3 ‘1863536;- 7203272727 622 | 845 | 827 | 645 1 809 B m I 7el
T30S 4372727 8.6 3:9@%\“145 777 977 T 89 682 T @53 T 03l T wogddes
TIH | 10| #545435 | 813636364 69 | 613 845 | 636 | 695 £ 053
TTiS . 85| 3863636, 3 3.5363&4} 895 [ 963 636 [ 70y T 909 ‘l ‘Lﬂ_ TT-T_
TI6 | 102 4636564 78 | 35454550803 T 682 T A05 ] ¢4 T TR J TS
TU7 ] 15 ] 909001 T 13T 5900007 632 [ 7.43 J 943 ) 09 895 N R
Ti& | 7| 3081818 1 &5 T3ROS TS ; TR | | R
M9 |75 3409091 6% | 298INET G0 F8T T B4 [ A3 T f8 5T r 7 (110067
T20 1 [02 | 463636+ | 7 SIKISIS 69 | 720 J R1E 563 | -4 ? 651 [ | 6.86
121 12 w:'msJ' $5 ] 3ss3e36 ] 639 [ 503 [ W03 | w31 6w EE |“ 7378333
TITT 95 4SINTED 8.5 ] 3%63635  9&2 | oo s [Ros e Ras T 7913333
T2 [ ps [ 4572727 | &3 SR R v TRz [0 e TR
124 v 4.Lo0908 8] 3636364 [a82 T T6 Tos [ R4l e T I 7708
25 8.3 [ 3.863636 TR ! ! Pk
T26 | 13 ] 5009091 | 143, 65| 727 ] 814 17948 T ! ’ N IRAAET
2T 83 3863836 63 ] 2863536 | 10 977 708 | | ‘ | REE
T2K | 12| 5454548 B 36363ed | 709 ] 549 Tasy 8T 5323
'ﬁ‘ 8.5 13863636 1 64 ] 29%001 1 877 T 459 r e 521213
Tao | 9.5 | 4318182 651 2usi54s 520 &3 9yl T | | ER
V1| 78] 3508055 1§35 3084533 | 62T 1 S —, v | ERRE
(32 1 5 f).fJﬁ:m;:sazJ 577103 l 545 I| | | 718
1 |
Eé Jl’).:’* t?’?’.‘!"z';[ 4 4,(;9090\]] T \ i 908 TIT | 1 R ERY]
i L2738 3.484220 I | | | ! ' Usi;
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Table 13 Measurcments of Scale specimen K512-97(33-6) from Pku Nam Jun with 33

measurements and 82 distances betweesn them.

Measurements | . J “ ) | | o “ | - ! ‘er ‘_
o A2 : : Al : Average
mm {um} ‘meT (um) ‘ | l i -
_T] 83 38GUIRE 5y :_?44530} £.74 | 514 &Il | |7 996667
T2 | 97 4A31628, 64 297Taa | 721 \ 8740 86 | (¢ ] [ 5e3™s
I3 A | 35383 S5 | 23814 59 [ o T 9dn 8 160667
T4t ] déslles :,5‘ 88372y 55 | 1068 TG | ! Foeor
T3 7.2] TIHe83T 55 254 001 [ SH . 835 | 8551 r =95
TG T5 | RT] A Jasgly [ s TIEEEE RN = $06RAT
17 87T 4050512 S 2.511013] 452, &6 3L T 6ss T R3T T e
"TR x_z'| 3.513683 55|’ JEER1T 521 [ w0 9dh | 543 1 Icsd T Te” R
CTY TS| 44B603 | 65 [ 301356 | SA4 T G41 1A0d [ 665 g 09T 5 SI1RAT
110 EERECER 55 235814 | 869 REERE T ' e
CTIL| 8B 4053023 7.5 34BB37Z RS5 | S8R T w14 0 77 | EEE
Tiz 7 3255818 | 58| 2697674 | 553 1 835 T 9.4 3 74T b4 NG
R FE R A N T TR AR T I S UR L =43 L e
TTIAT 73 3358 3772525581 668 | 547 T %és | g8r | T T i
1% ST g | 7T saseT | 857 T a7 0w 6w g T3 1296 g iossTt
Ti6 | 105 3883721 § RT3 958 | Ré&S B 588 { Y3 { ] Ex
T 8 172093 a1 2700698 ' 767 | 633 1 338 T g Thsos
TI8 ~ %5 | 3953388 7S FHNT] 628 815 wld | B S | S Taglay
IR R F =TT ERN I L S CE S 2 AT SRR
0 [ e7 | BEae | S50 34esi16 T €9 | T | G 55§85 9¢2 8153
T2l 11| 511827 i re e B N e e e Sy 0 oo 1w
12 ] 98 | assa4 " 5 | Ts6 | 93 | 538 K14 fl : \ Ty
T3] 95 4118605 | 551 3023356 837 6.,1?# s9 — - | T53T
_1'34| H 3.’-2n<)3_\ 35 28884 | enT  osiF D .54 { :5.9_7 | | b1
T 63 2o dsTamawl Sy [ e v T ] EFS
26 N EENEE R T RIS BN 567 04575
T27 | 10| a%1163 68 SINLT e T8 3 £32 ) B | | 7392
_1'23 B 17263 eS| LB e | 9nT el IR XY
T2 9 85047 67 2700evE Y | &GS 176 | 64 T w1z G183
B 87 372007 R 27T | AL 7K lﬁc.sr BRI | 737l
T 1G 4.&51153J 'fsj LT [ 63T | 65 | 84 | | | EEI
T2 104 4.33?:nﬂ 65 30518 o7 | b6y HE | § 026667
T33 O LIE0TT TS GBS R 12 TRl [ a7 | | ses
T4 T B2 3813953 L‘?”s.zjssu 6.65 | 89 | 1D |'314 | T I 537
T3 RS 4.0930:3] 68 IT0TT e T 8IS T Gos | TR

T A50066

| :.913903‘
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Table 14 Measurements of Scale specimen KS12-265(12+1} from Phu Nam Jun with 33

measurements and 77 distances between them.,

Measurements . T | _
o o mnj G l Al Al Al l A4 AS Al 47 Average

Tl 95 441mens | RS 3uiniss . Taa 72 [ 7.75
17 H 372093 TIorasza ] o [ 6T T8¢ 7313333
T3 §1 372093 3| 3ocizsc | sos [ 595 TG 7 380007
T4 75| 3aesaT2 T 3283814 358 T IL1n | 869 8.6
TS | 83| 3933388 [ 85 3es3d88| T2 a7 | 94t | ed TR
T6 9.5 1 a4lgets ¥ 372003 | 674 | g60 10&F | TS £3773
T? 9] 4186047 3 372093 1 697 | 119 [ wng | 718 N fE2E
T8 821 3813033 7T 3255814 837 79 S.1¥ 79 3Ly
T2 8.5 | 3933488 0 78] 3A883TI] 79 72 Twes | ela T 7s3 | enz T 735333
TH | RS 4135533 [ 372093 611 | 674 | 7.76 | (37 | 837 T
I v algevaT [ 65| 3023256 | 0.37 [T9ss [ 1115 | 6.51 2.3 I GOz | RuOI42G
T12 S smees [T RS eST Twey | 767 | e [ 930 T8
I 12 3583355 5.3 | 203348 ' 837 | 6.4 244 | BA9 6.6 1Ly ® 023333
TIZT | 95| 4318405 | &% | 3003256 “‘”J &6 | 083 RO | ARSI | BUG 8371667
TI5 1Z3| SE1333 | 85 3653483 | 10 871 [ net AT
Tis | 751 3qegas2 ' 75| za832 | 79 Y A
TIT | 85| 295348 | 751 32863720 o2 | 81y ' @22 "2 | w28 2444
Tig | &5 | 305343 T 37558 rv 2T TSy TR w2 | T 463 R
TI9 | 9% 485814 T 82 3NI59S3 ] T | S 723 79 n A3 S
T20 | 94, 4372083 1| 9831160 1 728 03 93 b g3 T 7T g 3535
T21 12| 5581393 87 37093 758 1 776 1119 L] oer 30 R
Py, 73| 346302 35 255RIE] eds | w9 | THE | ss8 oS " Eys
125 1 511827 91 T aasebaz | 7 J 851 115 T RT 7 T ousa R4 | & CnTies
T2 [ 0S| asB3T2r [ Ts U 3UReTY 1 [ 9l6 | G 3 06Ty
28 3 339 | TS AT A3 el | T %) 151
T | 198 5023185 o[ 413c047 [ 730 | 883 758 T 733533
127 79S| LA | g s 3053Rs C TER [ cwT o was T 7sg | ®128
T2§ 85| 3033488 TR | &3 B ) Tt ] 73328
29 [ 821 3813633 T I KO I T N N 70 nIES
130 9| 186047 O3RN TSR | sk | 86 wie | 6338 0 RTE | BIalcts
T3l Q.2 drmoor 68 1€l | 8 T A 1 \ 3 FuanAT
T2 ol 418047 65| 1aEe | 74 75 "8 | gsa T 8T
133 | 125 5813953 1 486047 T wEs [ R70 [ wait | R ibee”

| 131289 | 3,53u45% | ‘ 51 3802
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Table 15 Measuremen's of Scale specimen KS12-265(135-3) frem Phu Nam Jun with 51

measurements and 71 distances between them,

Measurements ! T e ' r
. Al Al Al Ad AS A6 | A7 Average
mm {um) mim {um) '
§l 6% | 3095238 6 285743 833 [ T | il 9653333
T2 3l zaronig TS5 | 2n1oniy | 83k 6O 89F 847 §5123
T3 71333323 [ 67 R504Te | 847 | 1237 1 Il 10.98
T4 55 [ 201904k | 65 3093238 562 | 11A6 | 334 | 11w (037
T2 T p2  ~932N1, 63 37838 109 | 93T | Y TAECE
14 | 63| 3.058238 b Lz.ssms 1023 | %87 | mes | 742 13338
17 [ a8 ] 3238083 6] 2857143 B3 [tos |45 w2 |12 4m i TR
7§ 7 3333333 | o6 2142837 ﬁlj::‘ 1257 | 962 [ 1es: Tyzss | els 178
T2 | 65| 309523k | 65| 3.09523& | 1081 | 1166 | 11.09 8 1738 1071 10.4416"
T | 6.6 | 3142857 | 6.2 | 29523R1 | 92 % 3y N6 937"%
TN 7] 3333333 | 7.5] 3.5701429 | 7% | 11 4% | 91 | Tz §.4.28
12 7] 3.33353 1 3333333 T 514 L 106s 10 BLRS | 1ion | 1125 E
I3 V68 2495238, -4 32381 | 108F 1247 1283 | UL T [0S izeY | TTed2e
1y 7| 3.333331 6] 133THE ] 109 [ 038 {1032 [ 1085 ) 1009 [ 181 571 | 10724
T15 | %9 T 4233095 9T 1285714 966 1035 | 95 | 804 96123
TTI6 8.5 4047619 | 3, 8L55c% | 9.52 | 1047 | c.4 J G 043373
T17 [ 58| 27608 ‘j 2015018 1 1247 [ 1edT | Th43 [ 1oy [ Thzx | 971 T 1ns2 | 1113837
N8 eS REGIENE 65 3OUSINE ) V128 TTeo | 1262 vE) [0 1276 s T nsang
(15 61 1857143 a1 2857143 [ 581 [ Toes | 970 | «81 | "lws 1338
129 T13535333 | TA 3 T4z 942 [ syl [ il 7833 ] 978 [ 1C38 ORI
721 6, 2857143 7 ?,33333\? 83y [ 1o | 39 [ 619 T 847 35U
T22] 63 309523 | 7K | 3704286 1 Ko | 419 | (014 | 12 A 623
IREE g1 3809528 7 w1 3goefay | 952 Ti7ur et 182333
124 | 0] 4761905 | 95| 452381 | G52 | 1152 | 953 R 1118667
125 [ 65 aousaas [ 73l 347605 0 952 Toep T 11cs 9j 983
126 ] 75| 3.571429 | 75 3570429 9 127 576 ] 10.50467
(27 551 2619048 | 6.5 | 3.09523% 1 974 w4 ] Tlet | 342 | 166 ] 11 308
T8 TS TISTI C6S T RIS | Leh LR TeT | EN) | GH17E
T29 T 33333 |8 !".476lt.j 760 s.mJ s.47 | w4, x5 | B.7A 8 760657
T D 638 [ 5005238 | 8.5 [ ~0s7ai9  1L2F | 788 38 8566667
™ & 2837143 | 7.5, 3571429 | 281 | 876 | $81 8793333
3245776 1342858 9473578
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Table 16 Measurements of Scale specimen KS12-265t16+8) from Phu Nam Jun with 33
measurements and 77 distances between them.
Measurenienly ' ‘ ‘ _
Al Az 23 Ad AS Ab 47 Arerage
nin () mn (umi

Tl 10 4741903 [ e T 2952381 [ 7.7 0.5 E | R (5
12 81 1809324 | i B A T R T N O T | 8.7 j
T3 g 3809829 7 78| 3571438 | 903 738 Q&S | 714 w105
4 B | 3809524 TTO3R3333| 711 | Bah | 888 | 833 §.1ues
75 10] 4761905 S IBu9s2i | 883 | G.04 , 033
T6 1A A7619 | b [ RI3SUNE O OE0Y | LGS | 0§ TN .32 8 756
T; TED 3THEE T AR ] 30efIRg 0 6 5§l e 592 T8
TS %8| 4047619 T 3353 [ wels es2 T agr | 633 24 Tal AR
TS 7] 3333333 6.5 3095238 6.4 7.37 | 6.38 ol 6.52 T3
TS | 83| $0=Telv | 63| 3093235 63§ K3 Bo6 708 §.85 & 03 f 7578333
TN 835 t0d7ely TS 3T 34 $E6 0 TCE 1047 506 [ REs | §.591667
TI2 ] 47eTRIs | Es 0 sCETee | 9 =52 R4 B loneT
T13 91 42887187 es | 3mes2ig | R | A | oss T oSen | R 376 TI3 0 enddRs
T14 &1 3809524 K 35005211 gy 1T 72 6l Boh 1| w62 ﬂ RRTEEE
T13 T3 6.5 309RIK| T R47 | 70t [ 638 | 933 0.5 ] 7523333
Tie | 7.8 25m429 | 75| 387429 633 Rl 8§09 | 624 [ 453 L T 200667
T17 0 & | 490376 | &3 | 300323k T 835 4T ] ERT T T A 33 [ w4 T TAS
ng | 81l 3904762 o] 2857145 s1e T st s Tl TR T Tel | "1t
TIY 11 5238055 | 98| 82381 #oS | 3571 8.47 s.ﬂj f -6
Ti0 | eS| 3uwsaag T 3333353 724 | el | 638 | Al ] 7.29 Tz
121, 7| 37lslse | 53] Zo1o0as 65 TS R T6
T2? 7T 35 55T 2ner iR 7 TTe T8 | A "z T3 A
123 B 3809524 85| 4C47I9) 665 | T2 | £ | s s g Rt
T24 T 85] LOdTely & | 38093241 652 ®7 &6 | 0.3 77 <06
T2 § | 3809520 TE| O3ITIMIG 0 w4 8y ERE) o £.23
126 ¥ 428574 RS TN R 275 Ay 7305333
T25 G 38m2 | 68| D3| a9 | wld | Tar | C8: [ =Ts
128 ¥ o3s0os2d] 7s] 3sTiow gy Vomzy Tged 83" T 304
T29 ] T4, 3.5238! 73BN To T | 73K 7,1k =g
TI0 &S| 4047619 | oS Zusshw| 3R | R3] sow | 64 F 7298
131 | 13.5 [ 628371 | 9.3 (323611 5.7 g9 | 6%« A6G | Gy
T2 § | Saces)y 61 1RSI 6dE 9IR 870 l g0
Tiz | RS 4047619 | % 3¥19524| 08 | &S nHEE

J 4.00K6358 3401154 '. TEST19
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Table 17 Measurements of Scale specimen KS12-265(23) trom Phu Nam Jun with 32

measurcments and 74 distances between them,

Measurements ' . K \ _ ’ ) . .
Tmm o Tﬂml ﬁ.um} Al Al A Ad AS \ Al 47 Awerage
.3 23514 T s ITodeuR ] 837 l 336 65 ; 0.79
”i 25540 | 2xzEss. T sl r&.}f I £y
sc.‘ LN 2.55314, 8§37 T 618 | 670 T 837 RNRRE
ST 2651363 | 52| 2418605 | 833 | 721 | 509 ﬁ_—
6| 2790698 | 54| 2501428 609 | 1042 g £l J | RIEESY:
s8] 30232560 21 2d1Rent | &4 5.2l 7 \ [ \ 7.6y
7] 3355814 | s 3.552:4l N BT ENEESE BV R 751
6.8 | 3162701 ' 5§ 355404 | &7a 8 5ol | hEs 73 507 T B54AAT
A6 2LEGT67 | S| 2311628, T4 £.5% ges | v.7A R ‘ 175
.5 3.-)2325& s T 2325581 | 465 T anm A R
| 6l z7ei s I EEE l TS T P | £as
7585 245814 5 :.3:55R1T(«_r‘5 F=e T —v i | | vT A2
6§51 30231381 %3 TR « A3 50 o4 FM | vI [ 3, 20607
51 2797593 T1OIEEss a8 | T 9u7 | 808 5Te 64 [ 1k1eés
7| 3zfs14 55J 233804 ] 68 T3 205 T God ' 353 [ sd 5965
6.5 | 15273 | 55] 18584 KRS ! s §oedt T ”4 A (4 T ol 166"
COSs] s sa zsnes [ e QQT'.I’J? REE \ oy TS
| 65 3.013256 | 53 PISEI 70T | 96 383 | 6.4 | KR S T 111667
£s 255814 5O238S8L[ Al T sTe [ g | OS2 535 | &7 [ 6206667
15T 20803 LT st TSI | R AU4 T E3S [ 688 NELIE
T4 | 1334834 £ :.79%1[ 037 | 721 | oBR T 511 ! J 5224
“L 1] 3488372 &S 2381317753 ) 976 | s04 | saxe [ ﬁ ARERE)
T23 | 5 2338580 [ ts [ 2oy | oRon | oadz G4 [ 6Td T e ' £ 5
sl 27 Ploreendss [ 458 5 [ el T ets [Ess [ 235
65| 100325 S| 2IzssRT 613 | 533 =9 | s l 314 g€ T e920ay
A 3R’ OAS :.55514% 86 A2 [ 833 558 r 6428
8 Sﬂzcm A zizessp ssy | sl .6 L [ £ 3]
T] OS] b 29069 [ 52 TR [ ez 1SR | j §3.25
0.5 T 3023250 §3 | 2465U1E T 632 [ Ear T A&E | 72 \ rTa | B30
3 75| 3.488372 6! 239%3g | 11 T 371 w8 "I_l [ 67175
31] 771 3581385 T 55 285 TsEg TATY T RE: e | 61175
R TR 255814 7.2 5.4 €.378
3026063 | 2472384 | | L } i 54T
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Table 18 Measurements of Scale specimen KS12-265(23-5) from Phu Nam Jun with 30

measurements and 68 distances between them.

Negsurements | ' o
Al Al AJ A4 A% Af A7 Average
| mn {rm) mm | {lum)
64 ] 2976733 T 65 3020256 651 7 851 | 865 | 314 T95Is
8.8 | 4.093023 70 32ssg s [0z | 93 T4l 379
85| 3053438 g1 372003 744 [ 781 738 4a 73555
& | 2.790498 6] 2ues8 [ 66 T 441 | 721 | 638 6.195
70 3055814 | 7.5 | 3a883m2 T 656 | %37 | 7R3 asl ‘l 7258
63 2930233 | a2 T 2883721 | 651 | x4 G3 36 80523
8.5 2053488 [ 75 3ds8372| 86 T 0% [ 1102 , 9793333
55 3.0232:6 [ 64| 2974744 688 [ 721 | 651 A REGHGT
1
84 | 3.906977 R 372003 x5t | e74 753 | 631 T.:j R
72| 3348637 [ 65 3023256 17674 T 865 [ 1028 3T 4 79 A1 S50
571 2651163 s 2325580 DRI ] 93 | 78D 3Kl T3 R4S 7818133
7] 3355813 | 68 | 3062791 | 581 | 73X 441 | 5% | o6 h 228
73258 T 73 TIARITL | 673 | 74 T 837 | e5L | 67 | T 103 Te9RETL
S50 2355814 5826976791 651 | 758 | 8¢ sA RS TER T 853
83| 3983488 | R 3906977 £0 N 83 shs .01 k3223
78 (3627907 [ 75 | dssTz [ lor Tags 9.l 9823353
713285814 7 3235813 TeRa | 43! | a6
7303395330 ) o7 L7 | 753 ) R13 0 | T30
27| z2est163 [ 53 2443116 | 66 I T2 6054
a5 13023286 36| 2604650 T a8l | 755 | ba 1023 650 i N 7.318333
TRL3627907 [ 73T R39530 [ 65T |79 5T [ 85T 1 R3T | 76T RS
6.5 2023234 T 68 [ 3082751 367 T 6 | 753 | 618 ¢ 70 £.5 i
55" 23581« S8 | 2697674 0 RE1 | 52 be TaT 75 | ALS 7875335
;68 3162751 | &5 T a0xnss | waes vl & 0.0 , 843
7| 3assxial sa] 2dssre] 72 LT 87 | G 7%
6.7, 3116299 | 33| 255814 480 [ 937 [ ToT |37
61 ] 2976744 6 2TO0G0R | T47 | 83T 72l | 9 | 63 267 [ 921 T30y
7.8 1 34827507 g1 372083 ) 8o 7T i A3 643 738
3 23235K0 | s D 2607674 RAT [ 621 T 5SS 732
7.5 | 34883172 76 38324k | A3 T | 338 : | 0720007
| 3234509 | 3O5TR7S | | 7390211
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Table 19 Measurements of Scale specimen KS12-263(26+3) irom Phu Nam Jun with 32

measurements and 74 distances between them.

Measurements | \ } o —
: — . Al A2 Al A4 L OAS A6 \ AT Average
mm {pm) mm {pm) | |
| S05TeTT | A3 | 1956 | 6E | v | | 321
ST 2600380 85| 288260 657 | Ll | BeE | 63 , £h228
18} 273003 | 6 ZEIES0) ] 0.8 | 1089 [ 9Ln [ 732 l ‘ REUTS
sq 2625006 | 55 258218 732 | 1183 | 859 F 179 24n087
6.5 3051635 | 6 [ 2816901 [ 859 T 274 [ 1234 [ 845 9.2%
75| 3520027 | 57| 267a0%6 [ R45 [ R T892 [ 1056 | 737 &8
55| 238206 | 33| 2488263 737 | 1065 | 7] §APRCT
63 | 2957756 | S4 7 2538210 | 741 633 1oy ey R
7| 328638% | 7| 3.28A38F [ 633 [ 10991 w68 33"
6513051643 7 621 2970798 [ 1003 T 657 [ 972 xed | 9E3 X 964
6.3 285776 [ 6 ZBISv01 | 657 [ 863 T I8y [ T84 930 [ 103 Y U2835
6.3 1 29576 [ 58 272375 TRE | 016 EESREENIE 036 | 9,563
TS5 OASZN2T A8V A1ISE | 831 wTo [ 1231 ] 85 | TR | 1159 ] 1158 | 1502286
4 [ 300I685 ] 6] INTESUL | TR | RO ATT ] T | K68 | 781
621 Zvl07s8 T 6] 2816901 577 [ 1056 | 1063 633 [ 845 [ 1103 | 915 T R8s
€3 ZITE L 6y 2Rl | 845 92 [16o7 [ 90 T s | 86 REEAE
53 | 258210 [ SE| 238216 ] 868 | 91 | 1M1 CEEERRE
6 2.816%1 5, 2347408 | wod [ 296 | 798 ! T
62| 2OIC798 | 54| 2535210 901 [ S96 T 072 ¥ q08 [ R21 | T6S 8578333
B 3735868 [ €] 2816901 | 821 | 939 [ e &3t | 975 - Tes 538
56| 2629108 [ 5| 23475 | 751 Tes | Ter 470 T ues 7854
6] 2x16801 | 55| 258206 T 670 [ 956 | 11391 727 [ 10.23 7 vto 9 236007
6513051643 s T 2816901 | 980 T 727 [ 1130 | $68 [ o1F [ 1103 5096607
62816901 | S 233NE [ 615 | 7T T 0aE | 63 o 7885
68 | 3102488 1 IR 2723005 CIn09 | 634 | 1103 aeE | 8D | wdK 9.0173333
65 1081643 CEREA S TS S R TR S TN T U & A I (U 10,2575
6 2816501 [ 55T 28826 | 798 [ 9al [ 713 [ r04
61 ZBI69IL A 216991 | T3 [ 1139 [ Tl | 821 T
0.2 29T [ 61 ZNISOL[ 821 | 505 986 | B35 50925
65 [ 3usied3 [ 53] 2382167 835 [ 1023 [ .86 ' 8.af 9.2k
7 328635 | 54 335211 788 T o9 | 1103 | el G2
&1 37ssee0 | 6] 2314001 | IS4 948 ] 783 2306667
3.001761 2715669 K83553
' \ B L _J .
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Table 20 Measurements of Scale specimen KN12-263(30-2) trom Phu Nam Jun with 31

measurements and 72 distances between them.

Measurements [ . | —
: Al Al Al Ad AS Ad Avgrage
mm {um) I min (pm)
T1L | 7.2 1 3.428871 6| 2x57143 [ 943 | 4% 7852
T2 713333333 | sR[323%es .28 | 777 | 1038 | 743 7.9%
I3 | A5 3095238 | 6.4 3.047619 [ 747 . 776 | 928 | 7.43 7973
T4 |75 357149 6] 2457193 [ 743 | 785 © 943 | %33 8.6
T5 | 56| 2666687 | 35T ZAI9S | 543 | 771 | 6.66 0 B4
16 TGN 68 [ S5es | e | Was | 776 7 [ Fi6 | 77 818
77 7 3.333333 A 2ES7143 ) 776 | 928 | 785 [ wge 928 T el 09467
T3 | 74| 3523811 65 3.093238 [ 675 943 | 619 | &24 152 743 [ 8.248333
Ta | 85 4047619 ] 50 2809524 <33 "i DIEENET |6 536067
110 jLs,:»*;«sw SE 2019048 | 80w 1 8I4 | 7.3% | 1w.2d 34878
TI1 | 757 3.571429 o | 2837143 ] 1D 776 1 %00 1133 | 037 ACE
TI2 T 3333333 | S5S12615748 8s0v | 876 | 242 'L? 0F L WE2 wfo | 5.3.507
13 e[ 2xs71a3 T 330 2atondx [ Todm | sas | a3 TIF | adad | 72 704
13 7 3333333 A BT PR e | 70N ‘ 776 | 837 [T w37 7uieis
TI5 . 39| 2809324 5 23wgesz ] w0 T o7ae | T ! §.34
T16 8 1 3800524 | 6.2 ] 203231 1057 | 714 I | 52475
TI7 1 65| 3093238 SUTERGHEY | a4 | 1A% | RAL | 595 0 9IB | v | 8983313
TI® | 65| 3.095238 53] 2610048 | 595 | 952 [ 762 643 | 35% [ 532 DANSI6SS
Tl | 62| 2.952381 sT2zx0952] <43 | ead | =37 ‘ 743 T oTA a2y 788
T20 6 2857145 1 38 27a197F1 733 xaT | T4 | 90+ | 676 7768
VU] TS 3STIAION| S5 2815048 028 | 666 W] sl R 7a3
T22 |, 6.5 3095238 | 5.5, 2019048 | 666 | 16 63 611 1071 ] NaF | seiiiu
T23 | 64 3047519 61 2837143 ' 92§ | s:2 | F le 532 | 9y | w14 | 738353
T4 TI 2857143 | 54, ¢ <714:9f 595 7 628 | 66 | oy Tas 6328
T2 TR O3.714285 713333333 6.66 | 585 | €47 | 619 [ 696 | vTA 0 7081667
726 [ 6.5 1 3.005238 6, 2837133 [ 904 | 643 T 333
TZ7 T;{ 3809524 T s ] 357120 [ a3 | 10 393 782 S
(28 | 6.6 3032837 [ 56 2656667 T.AI | a7l | w08 | 147 $.77
T29 Jﬁﬁ,SETHTv 5 25amsz | 747 ‘ 9.52 6.y $ N8 712 T4
T3u[ 65 3095238 [ s5T 2610048 7a27] 527 "9 r %36
T3] 67 310076 1 a1 30 4?6:9]1 304 sy [ ow 714
3253456 | 2300307 7975513
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Table 21 Measurements of Scale specimen KS12-265(33-6) from Phu Nam Jun with 32

measurements and 70 distances between them.

Measurcments T ' i
Al ‘ A2 A} A3 AS A6 AT | Average
mim {pum) mm {rmy) ‘

Tl R2 ] 370e296 | 35| 2536296 8735 | 9.35 ! [ | ‘ 73
T2 g3l smssigs | 587 2sap206 | 44 Ty els \ 73225
T2 07 | 4490741 1 2mmsg [ a2 T Ty 523 | T4
T4 94| 4351852 6| 2777778 523 T84T | w0 | 449 g ik
T3 B3] 34575145 5% 25462490 0 449 7.68 89.26 300 3725
T4 83 3935183 G 2.777T0R | < ke 350 725 el | 73378
7 821 3795258 T 86| 2592553 [ 670 U oaAs 23 7T
T8 vy 4259259 ) 35T 2536298 | 625 T A 66 uv.u-ﬁ! R T4
i G 4166667 | 6.5 [ 3000239 926 | 685 | 6ub | i 730
TIO G| 4168607 6 27N 68E [ TAT [ T 5T [ 6.9323
TH | 86T 3981481 T SR | 263585 | S8 Ve P 5738
Tiz | 73] 337963 52| 240707 V875 17 [ T4 i 7 3533333
TI3 | 84| 3888869 [ £3| 2453704 935 [ 111 | 731 | 707 | 249 | 772 | 717 | 847714
Tii | 9T ASS8S | S5 2S4AT00 | T3 [ i037 | S2F T3 T 9sT | 731 EER
Tis | 78T 34722227 40 2203505 787 7 827 a4 [ 456 323 f
Ti6 | 83 [ 3.842593 & 277173 870 | TeR [ sex | 981 [ 90T [ 13 T833133
T17 T 98| 3337037 55| 2546294 ] 926 | 1651 | &0t | 815 [ 1102 [ u26 | 563 | RE37143
Ti8 | 9F [ 4398198 [ 57| 2038889 | 727 [ 1965 | enh 37 112 | 0 gol
TIO | w4 3888343 B 2TTTITIC ST 05T 644 | 602 | 1004 | 702 8.1
T | 75 34722 AN I R T 35AAST
T21 §1 3703704 6] 2727578 | 671 | 8ol [ 625 T 51 21278
T2 95 | N3SBME [ TI ) 333333 vaAr | 77 [as 708
T23 | 105 7 486110 T3] 3FTIRY ST G4y 67 IERFETS
T20 [ 75| 3472222 45 2540206 [ 67 T | 98l | ez EER
T25 8] 3703703 | A5 1 2546396 | 625 | 7.3 | 835 T w2 [ 548 7322
T26 | 85| 3953185 53| 2516256 | 5468 | 981 328 | 565 7.3923
127 | 85, 351515 ST 221815 S5 nl2yp T T4 78
(28 1 78] 3600001 557 2540200 [ 815 [ 112 | 722 [ T3y [ 13| 713 §5733
T29 9| 4186607 | &3] 3.009239 [ 74 [1n1s | 749 X
T30 10 52963, 75| 3477222 59 1004 Bus [ 713 | 73w 5.04
T31 91 L156067 £ 2T TEL O od02 | Bl [ $.05 | 104 | 8,208
132 1 [ 452962 ToAn | T By ! 377

4 04735 1770 ' r J T elgsuT
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Table 23 Measurements of Scale specimen Ban Saphan Hin2 from Khok Kruar

Formation with 30 measurements and A8 distances hetwesn them.

Measurements | | | o
—— Al A2 Al A4 AS Ab AT | Average
Imm | (um) |mm . {um) ! | | | | l ‘
T 123 593, 154 62iassh | 828 | 921 1S R g
T2 [ 9, ISR 105 A8KIT2TAST 9% 73 L;TT l | BT
33 135 | 6.27907 [ 155 T 7200502 907 ﬂ_l;mj: 86| : | BEEE
T4 13T a04e512 1 (2576733186 ®6 976 u3s 10 5,533
. . . ! | _
TS ) ! 1651763 12 II 5.ER1395° 10 Te2 ‘ | [ | 881
To 126 | 5860465 B 5.";4:'_|51:J 828 | 8 | T3 wAC j ] | 8.485
T7 _13.5 CRBISOEY L 6S1I6IS 93T V31 933 e | 93 | 9% |98 WiTITM
I8 12 5".531395{ 137606512 7764 [ T8 [ 9SE [ hAT TR l 8232
To [T35 7 627907 1537 7209302 K6 [ 1125 1162 895 976 | 1Le2 6353 7 1018714
10 123581395 13 6046312 762 | 986 1 893 | 79 l l §.5775
T 0 l S116279 | 12 5381395 [ 628 [ w3 [ «7d T T TR ToseeT
TI2 1126 5860465 17.5 | 8.139535 T35 T 70 10‘7941:'7': 933 | 73 R
TTIX I3 827907 | 155 T 627907 | 1079 | 743 ] 7a1 14 AT | 8612
Ti4 | 1215381305 [ 12 | S58159s [oke THTTE T 867 TSt 553 7.5l Y 123333
s TSy 7aaRET |18 ‘ B372003° 10.79 1046 [ T3 | K83 | 962 [LIZLI6 1udTi0
TI6 14216604651 1 148 6883721 1 75 | [1.A2| 849 549 i | .9l
7 114 5309326 12?} SAI933 1RSI 113 A3 | | | 8.566G67
Tls'_lﬁ_f'mﬁﬁm 58138 6x8 [ 0.9 T 9 ‘| | ] | 8077IS
119 [ (45 Te73184 15.4",?.:5:7-;1 €37 [ 558 TTL81 978 743 1075 688 19231837
TR [ 125 TSI 13F GAlne)s AT 1043 0T s.r,x?\ TR | 078 ] 053
121 V18 SARRATI | 15 A46512 ) 907 837 | 688 | [ i ¥ 10cue?
T[S R4BKRT O ISF | 5w1E933 [ 907 1538 93 [ 13T 9% | 5.7%
T Taz2T l 5906977 | 14 6511628 | 93 | il | 967 11223 | s.L-ﬁ 342Jf ;‘-1 028333
T24 | 13.5[ 627907 | 14 | 6511628 | 9.7 11093 11036 767 1036 , m XS
I35 13| 66512 | 46511628 671 Q.hE—I Ter [eas T[T RGOS
'Tzq_ﬁ.m"sss T 1456744186 | 869 [ 1003 674 ’ ' ‘ | §785067
T27 [ 11 Sa1627 13 [6.0463127 2.5 7 514 ! | N 5,534
TI2R | 137 6.036513 LIS 69767431 814 | 113 . 81+ | %6 i | I
129 T Tsmmoss T e Tedstiny | 8 1203 S | 10,2425
T30 1128 [ 5953387 15 6974744 | 91{:0.46 Ty | | | | 938
3817054 | | {.44&517 | ' [ 9052023
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Table 24 Measurements of Scale specimen Bun Saphan Hinl from Khox Kruat

Formation with 32 measurements and 73 distances twtwean them.

Meusuremeats | r !
Al A2 A3 | a4 1 a5 A6 | Averaue
mm i} mr fum) |
Tl 16 ] 743186 | 15 978745 [ 821 o7 | lel J 9733333
1?2 171 7806977 155 | Trooml | 87 .37 067 .50 §.822%
3 Tisetsse | 181 697674 | 1 $85 | 9.6 FED 33328
T [ 153 [ 716275 :4.5J £THIRGE | 5y YT 10 | v 886667
TS 1205 9534883 17.1 8110335 11.62 | b.GY l 9.5 11.62 | 1139 10§
T6 13 [ 6976704 IS 6TET | 907 | 967 | 1023 | 939 [96? 967 | 96l6h6T
T7 1547 7162791 @* 754188 | 837 975 EX| 14 1 907 | 0.0y [ 9slee”
TS | 145 ) 67486 | 1] 6511628 | 883 | 976 | &6 | 883 | O3 94 12
Ty 15 ] 697674 15 976744 | 99 T 8% 731 5"
Mo 17, 7506977 | 165 [ 76T T 9 S 176 | iz 953 >3 | nThleeT
T T [ astieas [ s T erddise [ o3s | ooT 3 ' 9 ey T TR
TI2 f T 6211628 125 474489 | 8.1 91 yI o s NF vt Bal
Ti3 | 12| 5581393 R R 0.3 Ii:«? | 574 §.2
T4 | 145 | GFa4i90 :szl TAEATG | D23 ) 938 8.6 y §.53 [f 337 ' § 30 | F0DINEND
E 15 6.57AT44 |s.f7 209302 1 6.33 57 "7 5.50 i6 956 [ £.3731332
Tie T 135 627507 | 03 o ld6SIZ) 8.3 976 | 82K 81| 767 598 T 8753667
1= 161 T8 14.5" hTsd 84 6TH P OGLTA 5.83 | ENEEER
TI8 | 145 ) ATHIR6 [ 126 | 5953488 ) RE3 s:sj 817 NI93335
1.9 13 [f-&:om 155 | 7209302 | 883 %56 | K43 L §7TIEES
“T20 4 651623 | 128 | 59554381 837 905 | 4% 885 939 T oe
T21 , 133 627607 | 135 a27907 ] 930 EE T 337 K]
r22 171 7906977 . 165 | 7674016 7 1139 T R 533 LiTe TLARTS
T23 [ 155 [ 7298302 LR S a2 3 N 52, 93 S 330RAT
T24 | 135 ] 7200302 T 4F ETase T 920 [T 0S3 £.49 | 583 | 883 @ 2] 6.01%
T25 WRSHER T ) hsTIAR | REs 83 346 T8 §.37 3,313
Tl 115 | 5248437 12 ssKEes [T TTe [T SO T PR
T2 % TABe 105 | TeTedls Uy 9 l T 10045
28 LS| 6 Tad1se | 145 | 6Tad186 | 93 g 5% Y3 X 83 .04
29 | 155 ] 7209302 155 | 7209302 [ 8383 T 621 R 883 0ot
0 13 ) 497674 | 146 T 4790098 | B 83 383 837 8.6 N ASTS
T3U | 135 o s27907 [ 133 e ligseos | s [ &= [ =41 574 R8T
132 [ 145 ) 6743186 | 1.5 [ 6744186 - %37 0T 874 8.0
| 6957848 io.*ﬂ_‘?:‘é | l 9129375
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Table 25 Measurements of Scale specimen Khox Pha Suam| from Khok Kruat

Formation with 31 measurements and 63 distances betwesn them.

160

Measurements - b
Al A2 Al Ad A3 A6 Aserage
mnm {m) l'mm {pm}y |

11 96 440307 | 96 [ 1403870 T 648 E i 6603337
T2 94 VINS2T| L3 ATHT] A9 | 619 | T g Agnsst
T3 88 1 1.036697 10| 4387186 | 655 T 734 T .74 £.24 n8lE
14 g [ 126055 [ 1o D4 867150 T15 | &Y SnF T34 515 n372
T3 861 3834554 T 88| 103587 | 6,19 | e 642 | i A 5866467
16 9 12834 63 [ 433779 ed2 56 816 [ 795 T4
17 51 1609725 | 8.5 | 3.859083 | 55 h7d | 711 s9g T 7s7 Jf Tl AR3eAT
TS 8.5 1899083 ) 83| Igweng3yl Ty £13 T i e T 653
T9 10 [ 43587156 [ 1c2 T 167uR09 [ 711 77 | 819 635 [ 642 | b.664
Ti% 3UOAIREE 0] 4TS | o4l | 62 |2 | F ﬁ 442
TI1 7 03 | 481AST3 ] 115 | 3275229 .02 6.05 77 | e ESLERE
T2 Y| 412BH 1 S6 | 410367 | T.95 fo62 6 (3 T f T3
T3 | wa | 4311927 98| 44634131 g6 T g T o7 64T sS4 825 | 7266007
T 9s ) 43576 113 T 44T B4l 757 a1 .19 BAS 6032
TIS | 85 3899083 | 9.4 | 431037 7.21 757 6.19 594 G611 6.512
TI6 ' 85 3855083 [ 95| <337798 ) 724 | 419 77 679 | 683 . 837 ERE
TI7 ] 85] 3899083 % 95 435798 624 | & HER | J\ | &.82
TIg | 85| 385w083 | w2 | 4220183 | £ 19 g3 bG8 . [ 7136067
T1Y ol dazsar ] os T 43ETTeR ] Tar | o3 | 563 | | 651
T20 | 105 4816304 10| 4587i56 , 334 | 656 | 786 | 6597 S S
T2, we| 440367 | 921 2220183 | 436 \ 5.08 §.25 | 643 EE RN IR
122 [T 4587156 | 10| 4.587156 | g.e5 ”s.-w 5 48 [ <79 KA T.LEA
T22 1| 4387156 | 1t b aggsgma ] g9 T 727
120 | 9s | 4357738 T Ge d43RT | AT 760 711 573 | 688 8911
125 [ 173, 5183486 | 113 | 58386, 573 1 703 | s39 T 614 77 75" =108
126 | 103 | 4724771 1 951 4357798 | 679 | 61+ | 835  6.50 £.550%
T2? 1D 5045872 (1 | s.ods8ma 1 ges 75 T30 sva 64375
T28 11| sod45672 | 104 T 5220333 | 757 Pl §.35  6.L7 IR RELEES
T2 | HLE ] S816%34 0 153 ) L7277 Gy o.08 RS

Tio | B8 4038607 | 98| J403a7 | 396 ®d8 | 654 ——
130102 | +67883% | {15 ] 5275330 | 780 T e [ | PRE
N 1354859 4 350041 = i | a91500
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Table 26 Measurements of Scale specimen Khok Pha Suam2 from Khok Kruat

Formation with 31 measurements and 72 distances between them.

161

Measurements Al A2 Al —\ Ad AS | J.ﬁT AT ’Twraae
mm | {un) Umm ipm |
Tt [1aa]s1sm0eT [ 1243785057 7 694 | 613 6 345
T 138 | 6388885 | (42 6574073 | 7.54 | 673 | 861 | 694 7153
T3 14 | 6481458 14 6481481 | w56 T 208 T 833 T 95y J TRTTS
T4 136018519 | 1316018519 | 833 [ 79 ?.efj 3.54 ' 3225
TS 1115092503 T 11 [ 5092553 | 732 Vass Vs ™ 7 $3o647
To | 105 | 532d07a | 2815787037 403 | TN Q.l 7.49 7 594
T7 JIL2RI85185 [ 1D sissins | 902 [ 073 [ 833 [ 787 | 671 | 704 | 71REGT
T8 15 6934d4s | 1837075006 | 78T 70k 796 824 T2 [ &7 7645
T 13 | 6581481 ITEARLIE] | 823 796 [ TG [ 9T [ 7HT wsE U3 wReN
TIO | 14 7 6381481 46481481 T 272 T5ay Taoy ] S
1T 0t soueser | risTaaademe [ 239 | 707 | 637 O NI
T12 12 Tsssssse - [ssissse L 07 s | Ted T 0s | T | 74| 7503
TI3 | 138 [ 6383880 [ 125 [3587037 | 708 | 671 | 87 | 662 | 7.X7 907 | 7673
TI4 | 11 ] 35092593 | 1t 8592543 | 662 | o2 ]’ﬁ 6.11 | B.54 76
TIS | 11 5092893 ) 112 [ 5183183 1 601 ' §93 0 277 Ak2 ' 64& T gL SR
1 |

Tle | 122 | 5648148 [ 128 13923526 | 824 TITJ 7T L:u | T0h
Tiz [ 1ho 1 837037 T Ins [532074 T 5T T oTa T el eu | KIS 70582
TI§ ' 123 | 5655444 13 GO18319 | 61, 1.64 g2 hihs ' A.dH .48 H 430067
139 | 13 " o005 1s | 132 (a1l | 889 [ 787 | &56 | &34 [ 602 | 832 | 885 8141470
T20 | 104 | 1813815 | 105 1386111 6.01 | 648 | 755 | w02 787 5798
T21 | 115 [ 5329074 [ 116 | 337037 754 | 662 | 750 | x89 | 754
122 [ ] 5277778 124 TSI 52 8se eT T 7A366007
T23 | 9.7 | 2590741 10 262563 [ 836 | dus 5.4ﬂ b3 | 7.8 7003 [ 712667
T24 T2 5355556 TS| 5787037 625 nlds | w89 707 T74 [ 787 7.343133
128 [ 122 [ 5787037 [ 132 6 10iitt | 707 [ 832 | 787 [ 787 | 761 | 207 705067
128 | 1G.8 S 105 | 3324074 1 BNy A2 TR7 3,002 Tus
T27 [ 105 | 4861111 | 105, 4861111 67! | 7.03 | 6.66 6 3
Tag | 12 T83sssss0 T 10| ast0s3 V86 | 73 757 22 7.0105
T20 T2.s [ 5787037 [ 138 6230 6oy T4 [ 717 RS 7,292
T30 | 034 16203700 14 | 6481481 | 879 | 764 1 @02 | 7.4 FRIRE
T3 105 | 5324074 | 125 | 5.987057 | 74 | 7.08 ‘ | TIi

5628734 5716846 ‘ J TE2i6E]
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Table 27 Measurements of Scale specimen Khok Pha Suam3 {rom Khok Kruat

Formation with 25 measurcments and 47 distances

atween them,

Measurements T
. _ Al Al Ad Ad AS AG Average
mm (1) nim ()
T 0.5 [ 4418625 1 11 [ 3016276 778 | 581 7 68K 6816657
T2 | 9614463106 103 | 4790658 | 7.76 | 683 | 521 b6
13 1] 5116279 [ 115116279 1 688 | 837 | 814 [ 907 5.0 15
Ta | 9.5 +418605 [ 65 71418608 | 837 © sxl | 683 ' 702 | 7.2 | 336 | 6818333
TS | 974511828 29 [datd6s: [ 521 [ 701 w23 [ 651 62423
T6 9.7 | 4311628 [ 40 4631163 , 907 | 7.58 §.10%
T7 | 6.5 4418505 10 [ 4630163 | 738 | %14 | 586 [ 7.21 T197R
I8 15016279 | 1130162797 721 T 702 | A23 [ 321 697 | €528
v B 3.72093 8, 37253 651 5321 | 683 ] 6 183333
]
T:o P05 [ 4883721 [ Jva [ 20302337 667 [ 6383 | 488 | 836 6.87
TH| 10] 4651163 [ 118 £488372 | 488 674 [ %28 [ 1049 76475
TIZ ] 10 5016279 | 115 § 5318837 674 | 995 | 836 8416567
TI3 | 8.4 [ 3906977 [ sx[4003023 [ wss | 828 [ 637 6.2 §.377%8
T4 [ 9.6 ad6s11a T106 [ 3930232 T w37 | 1065 | 6.5 La.:s 533 8.256
TS 1125 [ 5813953 [ 138 | 6918005, 831 | 609 73 1035 1 76823
Tid | it T5118278 [ e 4530235 | 665 . 7.81 708
Tiz| 1 5.116279\ 2236724415 78] 7.3 £.74 752
T18 ol 41x6047 [ o5 Tagissos | g7 Ty [ <18 575 53 7h2
T19 9 4180047 9F [ 418608 T iTs1 [ 95y 0 st | 76 | 72 3754
T2 0.3 [ 4318608 [ 103 [ 84370 ( 5. 576 1 744 | 70a 73 n 712
TZ1 [ 118 5488372 12.8 | 5633488 7.21 | 744 [ 747 744
22 [ 115 [ 5348837 | 13| 6046512 73 | 744 | 7.8 Ty
T2a| 1 Tsue2rsTazi] 572003 | 767 0 70s | 744 | 642 | 651 ST
T24 ] 95 aa8a03 [ 102 T4 734186 623 | ae 76 6.603333
T25 [ TLE [ 5384372 [ 128 5813553 | 6.5 6.23 6,37
N 4.?3@.74: 5.04 703
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APPENDIX II
Figures of the microornamentation of surface scales from Phu Nam Jun locality
(K5 12-97 and KS 12-265) of Phu Kradung Formution, except figures of
KS12-97 (L26+3) and K812-265 (L26+3) which are appear in Chaper 4.
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Figure 78 Specimen KS12-97. A: Plot of tubereles on a micrograph of the scale [3-3,
B: meusurement ot the tubercles (46 measurements) and o1 the distances
between them (110 measurements), C: SEM view of the sanoin surface of

the scale, DJ: view of the external surface of scales,

0

\
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Figure 78 Specimen KS12-97. A Plat of tubercles on a micrograph of the <cale 112 -1,
B: measurement of the tubercles (34 measuraments) wnd of the distances
gtween them (78 measurements), C: SEM view of the ganoin surface of the

seale, Dz view of the extermal surface of scales.
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Figure 80 Specimen KS12-97. A Plot of tubercles on a microgzraph of the scale 1133,
B: measurciment ol the tubercles {31 measurerionts) and of the distances
betwezn them (70 measurements), C: SEM view ot the ganoin surface of the

scale, D: view of the external surface of scules.
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Figure 81 Specimen KS12-97. A: Plot of whereles on a micrograph of the scale L16- 8,

B: measurement of the tubercles (33 measurcinentsy and of the distaness
between them (75 measui aments), C: SEM view of the pancin surface o' the

scale, D: view of the external surface of scales.
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Figure 82 Specimen K512-97. A: Plot of tubercles on a micrograph of the scale L23-5,

B: measurement of the tubercles (23 measuremants) and ol the distanzes
between them (77 measurements). O SCAN view ¢f the ganain surface of the

-~

scale. D; view of the external surface of scules,
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Figure 83 Specimen KS12-97. A: Plot of tukereles on a micregraph of the seale L30-2.
B: m=asurement of the tubercles (33 measurements} and ot the distunces
berween them (73 measurements), Cr SEFM view of the canein surfaze of the

scale, [ view of the external surface of scales.

A

Ny 50
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Figure 84 Specimen KS12-47. A: Plot of tubercles on a micrograph of the scale 1L323-6,

B: mieasurement of the tubereies (33 measurements) and of the distarces
between them (83 measurements), C; SEM view of the ganoin surfzec of the

scale. I view of the external surface of scales,

0

\
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Tigure 85 Specimuen K512-265. A; Plot of tubereles on a micrograph of the scale L12-

B: measurcment of the tubercles (33 measurements) and of the Sistances

between them (77 measurements), C: SEM view of the ganoin surface of the

scale, D: view of the external surface of scales.

‘.
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Figure 86 Spezimen KS12-2630 A Plot of wbercles on a micrograph of the scale L13-3,
B: measurcment of the lubercles (31 measurcments} and ol the distanzas
between them (71 measurements), C: NEN view of the ganemn surface of the

scale, D: view o1 the external surfaze of scales.
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Figure 87 Specimen KSI(2-265. At Plot of tubercles ona micregraph of the scale
L16+8, B: measurament of the tuberclos 133 muasurements) and < 2 the
distances betwaen them (77 measurements), C: SEM view of'the ganoin

surtuce of the scale, D: view ol the external surface of scales.
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Figure 88 Specimuen KS12-265. A: Plot of tubereles on a micrograph of the scale L23,
B: measurement of the tubercles (32 measurements) and of the distances
betwoeen them (74 measurements), C: SEN view of the ganoin surlace of the

scale, D view ol the eaxternal surface of scales,
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L1

Fizure 89 Specimen KS12-265. A: Plot of wbercies cn a micregraph of the scale 123-5,
B: measurement of the tubercles (30 measurements) and of the distaners
between them (68 measurements), Ci SEM view of tae ganoin sarface of the

scale, D: view of the external surface of scales,
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Fizure 90 Specimen KS12-265, Ar Piot ol tubercles on @ micrograph of the scale 13042,
B: measurcme:t of the tubheroles (31 moewsurementsd and ot the distances
between them (72 measurementsj. C: SEM view of the garoin surface of the

scale, 0 view of the external surtace of scales.
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Figure 91 Specimen KS§12-265, A Plot of tubercles vn a micrograph of the scale L33-6,
B: measurement of the tubercies (32 measuremcents) and of the distances
between tham (70 measurementsh, C: SEM view ofthe canoin surface of the

scale, I: view ot the external surtiace of scales.
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A new species of the ginglymaodian fish Lanichinys (Actinepterygit, Holostei) from the

Late Jurassic Phu Kradung Formation, northeastern Thailand
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A new species of the vinglymaodian fish Isanichidiys (Actinaptery gii. Holosteh from the
Late Turassic Phu Kradung Formation, northeastern Thailand

UITHIUMPORN DEESRI ROMSORN DAUPRASERT.N ARANVUDH sUTFFTHORN,
KAMONLAK WONGRO, and LIONLL CAVIN

Dreesrl, UL, Lauprasert. K. Suteethern, V., Wongha, Kooasnd Cavin, L, 201X A new spacies of
the ginglvmodian fish Isamichrie (Actinoptens gil, Holoswet) from the [ «te Jurassic Phu
Kradung Formation. northeastern Thailund, dova Palaernra)cerc e Polomeca SN IR -,
hitpssdaadotorg: LU2202-app. 2012001 2

A rew ainglymedizn fish, Sawcwfioy Jerrboosl 15 deseribed 1o the Pou Krewung
Formatian, north-sastern Thai.and, a freshwater deposit of probable Late Jurassic age. The
species is represented by four <pecimens, from the Phu Noi locality, asseciated with arich
Jana of sharks. turties. srovoriles, end therepad and ~avrozod dinessurs, One spaeimen s a
isolated brainease, waich providegs churacters rarely observed in extinet gingls modians. The
species is referred to the genus Husnicfirns, e tason oniginally described on e basis ot a
s:ngle specirmen 1100 the Poo Nem Jun focallty, a slighty younger site approxgaasels 77 kan
frenn Phu Noi, Jsamehrhins 1s mamly distinguished by frontals sloghtlv narrower anteriorly
inen posterier’y, two anterior intracroilals netin eonzalt with e orbit, reduce. prearsoal
region, and a small orbit anc 2 check region complately covered by bores, The naw species is
characterized. ainong otier charucters, by a dermal compenant of the ~phenote «isible cn e
cheek, ene palr of extrascapulars plus o anal. madian one, the prosence of 2w saborbitals
{circa + or B) arrangad in one row, and a median dorsal row of scales with spine Comparisons
with other ginglvinodian taxa and o eladistic analy sis indicates mat Junioirn g (Loprderes)
Latifrons from the | ate Jurassic of England, as well as probably fsanichi/nys (Lepuinies)
hichmeensis froin the Early or Middle Jurassic of Sichuan, China, form a clade with botls Thal
species of Harichtins, The mew species provides evidence of the higs diversit of
ginglymodian fishes in e Phu Kradung Formatioz and sugguests a new ns pathesis of
phvlogenetic relationships amory extinet girglymodians

Kuy words: Holostel, estoology, braincase, paylogeny, Late Jurassic, sosth-casi Asia,
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Introduction

Ginglymodi is a clade of rav-finned fishes comoris.yg the Lepisosteitonnes | gers and ennnct
relatives), and the extingt “Semionotiformes” and Mucrosemiifornes (Grande, 201
Lepisosteitormes and Macrosemiiformes are well characterized by ostzologica. churacters.
but e Samienotiformes’ are sill poorly defimed (Cavin 2010, Cavin 2t al in press). (1 these
studies. the “Semionotifiormes” are positivaed as stem 1axa to the | episosteiformes, but siow
poorly resolved intravelationships Fov moere taan a centan . only a fow species of welpreserved
*Semionotitormes’ have been described, mosths from Europe. and mumerous tasd
have been defined on the bazis of incompletz and often fragmentary rateral, Doring e last
few decades, however, re-examination ot old specimens and new tasa found warldw . de have
grewtly improved our knowiedge of the groap. Without evidence supporting the monophyly of
‘Semionatifornies” i1 the present enalvsis, we do not retain this term, and we use invread
Ginglvimadi, which represents a broader monophs I2tic provp. Recenty, Lépez-Arburello
(2012) provided important pew results about ginglvmodian relwionships, szowing that
Lepisosteitonnes includes Lepisosteidae and several stent groups, .. the Obatchiznidae,
Plioderes, Ararpeleprderes, Lepidoras (with a new definitior, and including three Farly
Juragsic species), Sehceneia with o pew dednition, and inc.uding seven species from the
Tate Jurassic and Larly Cretacevus) as well as fsomoddios podis s, Importantly. g Cade
called Semionotiforaies is reso’ved: it compiises the Semiosotilaz, the Colipurbeckiidue. and
the Macrosemiidae, The set of characters usedl in Lépez-Arba-cllo’s analysis {2012 difzrs
trom the set of characters used inanalyses of Cavin (2010, Cavin et ol (in presshznd in the
present study, We disewss anc compare cur results with those of Lopez-Arbarello (20120

n [kailand, pinglymodians constitute the moest comamen fish rentaing in the
contingntal Mesozalc deposis of the Khorat «cries in the nostheastern pant of the cowntry . and
well-preserved material has been Lncoversteings the 2020 Cavie eval, 2004, The mest

praductive locality, Phu ™Nam Jun, lacaied in Tumbon LaoYal. Kalasin provinec. exyoses the

Late Jurassic — Eariy Cretaceous Phu Kragurg Formation (Cuvin et al. 20045, It has vielded
‘Lemdaes " Anddhuburondo(Cavin etal, 200375, o dngnamedian that was reeently referred 1o a
new wenus i Cavin et al. in pressh. While Lopidores druudiafarsnas is represented inthas
locality by saveral hundreds af complete and secomplae individeals (Deesri et al 200%). a3
single specimen nas been referred to another Locon by Cavip and Surethorn 1 20060 In Septembes
2008, anew excavation at the Phu Noi locality was opened in kelasin Distriet, approvimeate’s 73
kin NW i Pra Nam Jun«Fig. 1), Altheugh also oxposing the Phu Kradung Fammation, the naw
localty s at an older strasizraphizal ies el than Phu Nam Jun. Pha Nof has vicldea an array of
tetrapeds, as well as iolated shar< teeth and somme winglvmod-an remzms, The lattzr material is
described in this paper.

Institunienat abhrevigiiens, CDUT, Palacontalogieal Musewm of sae Chengdu L orsinn o7
Technology. Chinal KS, Simndhers Museum, Sahat Sahan, Kalasin Provines: NHMUK.
Naturel Tistors Museasm, Lovdon,

Material and methods

The specimens have cracks filled with sediment causec by roots frum tha soil, and were
coated with o few ¢m of caleareous sancstore, We eviracied the fossils 1tom the ficd with tie
plaster jacket techiniqus in order * preserve their delicite and fraziie fins. Preparation was
performed using an air p2n i the faberatery of the Sirindhor: Musaws, Sahat Sakhan.
Kalasin Province, where the specimens are houszd. In the 'aboraory, the upper part of the
jackets was sawed in order to fies the aprer side of the specimens, which were visible in tie

Mahasarakham University



o]
ad

ficid. Detad’s of the ~kul}s were prepared under a hinccular microscope. [he available sanple
comprises four spectens it tetal. Nomenclature sn 3 e anaton:’cal Sescription tellows
Grande 20100,

Geological setting

The Phu Noi locality is locatad on we flank of 2 small hill at Ban Din Chi, Kam Muang
Disirict. Kamsin Prosizee (Fig, 1B). Swangraphicalls . itis in the [ower part of the Phu
Kradung Formation, which i3 characterized o sandstone beds alterzaning with =00 1o sand;
claystorwes, Vhis formation is 'ow i the Khorat Group as curvent's definzd. azove e Tpper
Nam Prhong Formation LI{acu 2009, The Khorat Group comprises poct-Triassic deposits on
the Khorat Plareac und adlacent areas. and it has long seen regarded as Late Jurassic, but
palynological studies now suggest Early Cretacecus gz for most of the vertebrate-basr- v
herizons, e, the Phra Wihar. Sao Khuz, Phu Phan and Khok Krear Soomations (Races of al,
W94 19940, The dating of the Pho Kradung Farnrwiion (s ~0il pronlematc, but a reeent
svnthesis suggests a Late Jurassic age far s lowermos: porm. i whien the Pha MNoi locality s
located, and a basal Crataceous { Berriasian) ave for the opper nart  Racey 2009

The sedimants o the Pha Kradunz Formation are flusviatile and lacustrine o orig.
and the mazin palasocurrents are oricnted towards the W Rac e 2009 At Pru ‘\'oi green=h
erey sandy deposas are interbedded with maroon t-lltstun; which 2re mica rich and contain
laminated plant deboris. The 1isirremains have hees round in two main layers. The upper layer
consi<is of an accumuiation of Zinosa.r sheletons, approxiratels 3 mthick ard dops
approximately 10 degrees towards the SE The ol asser blagz consists T fragments of
skeletons of sauropod dinesaus, 1solated theropod bones, fragments of ~keletors of
crocodiles, turtle and sherx rermains, and includzs two speciimens ot girglyinodian Hshes. The
lower laver is apareaimataly 2 p L2low the dincsau- assemmrlzpz, and has vielged the otaer
wa g,mgl\(moman spQ\.lITILUQ However. there are no visible differences ir terms of sadiren
duposition betwoen the taa jayers.

Systematic palaeontology

Superdivision Holaste: sens. Grande, 201,

Division Ginglvmodi sensu Grarde, 2010

Order Lepisosreiﬁ:rrn’s sensu Lapez-Arvarello, 2012
Genus Lepvichdfon Cavir & Sutecthom, 200D

Ipe species.—Iscoucntinys paluseris Cavin and Suteethomn, 2006

Emended dlagnesre —Uinglvmaodien fish with shull roat bones strongly omamented, with no
continuans ganoin cover trontals slightdy narrower anteriar s than postesiorhy; rano of fronal
length 1o parictal cength less than 2.5 ratio of skull lenath w orbiz lergth more than ¢, cuese
orbital ring; two anterior irsorbizuls not in contact with the orbit, anteriormaest infrucrhital
decper than longa: two supracrivitals, the anteriot voe generally elengated with anterior niargin
contacting we first and. ar the sccond infraorbital; cheek region complatels coverad ov benes,
gnadrate lies below the orbit; preopercle sligltly curved: maxilla roimed by @ posterior
reunded plate-like part and @ thin exterior pers, walch precaldes ihe articular process: one
supramaml]d. epiotic with a short and siaple postariorn dirccted process; POsSTRN OMAL T35
present; intercalar ansent: basispheroid present; presence of an oral sensors canal: 25 ravs i
caudal fin, '2 iz upper tober 50 1o 33 rows of ganoid szales aong the tlank and approximately
20 scales in tie transverse row a the duepest leve. of the bods.
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ginglymodians (see Cavin et al. in press for a revizw ). Tn gars the sphenotic s visible laterals
and separated from the dermosphenotic {Grande 20100 In fanmichtis fevthoos: the tip ot the
lateral process of the sphenotic Is separazed Tror the orbit by 2 gap, b tis closel zssoviated
with the dermosphenotic. In omaickthyds, sphenotic and dermosphenelic are fused "ogether
{Grande 20100,

[ K€34-380, she basisphenoid, prerosphenoic and orbitosghenvid surqoand the orbital
cavity, with enly 2 gap on tne s ontral margin that was oeeupied o 7o peraspasnaidl as
confirred by the presence of attachment areas on the ventra surface ot the husisphenond and
orbitospheroid (Viz. 8. The basizrhenaid is the smallest bonz 27 5e presevad seties anc is
situated ar the posterosentra. edee of wae orbit cavin, The posterier inarZin is covered with
matrix, but we can estimate i's shape. T v approniimacely wrizngolar aith 2 slights curoad
anterodorsu’ margin, whie the other marg:ns are straight. Along the poslerior marvin rins a
narrow groeve that reaches the pterospheroid A thoug! in K83 1380 the prerespienac has
shightiv shifred. it is clear <hat the pterosplienitd was sulured 1o the basisphenoid ventrally and
1o the arbitospheneid anteriorly, The dterosphenotd is wing-shaped with s derse” marzan
forming a rounded rim and its ventral merzin marking a sroad angle. camost at its mid-len gth,
The lateral surface of the bone presents alzernating ridges a:d zrooves The ereitosohany'd
has an irrepuler shape and s locatad a-teriorly w the orbit. [y postericr margin nas @ deep
notch. 1t bears a blunt process o the posteroventral corer. whicl almost reachzs the
casisphenomd, while the posteradersa, extreminy sutures with tae pterosphenoic. 1 aterals, two
grooves run anteriorly trom the centre i ossification The antarier mzrgin torms a slightl
corcave Line and the doral masgis is satuzed with the vertal e of thz frontal, e
basisphenuid is absent ir gars and in Levidotes " budabicahoreansis, while it 1s present in mos:
orier gingy madians T which thic regian {3 known Llrdmpelepidorn s, Sehzensiu manedll,
Catlipurbeckia mmuor, Lepidores semissrraius),

Circomorbiral and suborbital seres =The circumorbital fng is complate, T i< conposed of a
larze derivosphanotic forming e posterodorsal edze of'the b teo sopracrmtels chove the
orbit and six to eight infracraitels located posteriorls, ventra'ly and anteriacly te th e ordit, The
num=r of innorkitzls i 2encrally enphe Pur Ns32-2€7 comtaas v large onttaorbitzls anls
tFig. 3A) Dwoinfraorbitals anreriorly are not in conact with the orbat, The first,
atteriormast, infraoraitg ie deen and fregular in shape with a dorsal margin shamtar t-an tme
veniral margin, witien Is gently comex (Fig. 3B The second infracibital is approsimates
rectanguler or ovoid in shape, slights deeper thas [one, Tre third infrasratal, wiich ferms
the axteronventral comer of the arhit. and 1he remaining ones, situated delow and heingd the
orbit, are deeper than long, On the le? stde of KS38-3, =g mtlaorhitals are urnamentzd ik
stromg knos andd prooves in the centres of all ossificazions, eseept the large posteroyentral
une, which lacks omamentatien (Fiv, 440, The <ape of the cermosphenoic variss itis
e.ongated and trapesoidal 1 K&36-2, lerge and rectanyolar in KS36-3 ard narrow and
rectangular in K834-281, The susraorbituls consist of two targz bones The anteriormost i
glongale and rectanguiar in shape.apers anterioi v, and the pesterior onz s sinaller and
ceeper than long. In the holotvoe (KS26-20. there are 5ix suborbitals anrunged moene row
ecated batween the dermosphenotic. the .nfraorbials and <he preopercle. [n wore specimens
(KS36-3, KS34-28 1) four suborbitals enls are present (Figs. 4. ), The largest ong, simated
antzros entrasy. i~ srmegular in shape with s dorsal margin sirgight, and s verwal margin
slightly undulating. 1t articulates posteriorls to the adiazent sibarbizal ané dorsallv ta the
infreorbite’s. and coriacts vosiereverally iz blunt extremuty of the preonerile. The
dorsalmost sudorhital is large anz rectangular, longer than deep and articulates with the
dermopterativ dersally. the cermospienat.e anteriorls. the dorsa; portion of the preonercie
posteriorly and the adjacent subarbital ventrally The rerraining subarbitals ane deeper thun
long rFig. 4v On s rigat side, KS36-2 presents 2 s riangulsr suboroia) lacatec at the
anterior end of the series (Fig. 3B),
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Juws.—There are some variations in the armrangzemant ef jaw bones and i woin rorphelogy.
The maxilla is best preserved on *he leT side of K 34228, Ity an elongate hone with a i,
slender anterior part and a plate-lixe. rounded posteriar part 1ts narrow anteror pottion is
edaniulous (Figs. 34, 127, The anterior articu.ar process, proleng ng the anterian o part anc
corresponding to ane thisd o the length of the bong, {5 inward™sy curved. A supramad''a rasts
on the dorsal imargin of the posierior plate. [ts depth is nearly half the death of ke mavilla,
and it has a curved dorsal margin and a straight ventral margin that hordeis the maslla The
nasal process of the premasilia extends posterodorsally under the nasei and e rontal, and
the alvecler zortion extends jaterniy as elum processes. Oniy ene woth is preserved an the
premaxilla of KS 34-221 but e exact number of tacth on ste anterior transversal nurgin of
the bone is unxnown. Thae (ooth s similar in shiape and sis0 o the teet berne by 1he dentary
and ectoptervenid 1tis well developed. about 3 mzs in hasght wia an aorodine iz winch s
about ¢.5 mnt high (Fig~ 12017,

The lower jaw is massive The visiile ossifications zre a dentary, o7 v or tay
coronoids., u large argular. and a suranzular focated an the rosterodersal cigz of me mand'tle
and visible just anterior to the corvmaid process 1o Iateral view (Fig 53A) Theang.aiar torns

by

most of the postarior part of the mandible. 12 cuntacts the dentary alorg 3 suture, wiose
pattern vasies within the set of avatlable specimens, An elongated posierier process of the
Jentars is piesent on the holoty pe. The denian 1s robust and <lightiy taperay a7t s anterial
extreminy, which bears arow orapproximalely 13 conical 1eeth with bulbous and pointed
acrodine caps Lach oth is compuseda of a high oy hincricel base, appreximately 4 mm in
heizht and | mm in width. topped by a sulhous cap that & <hallow (0.5 iem) compared o 11s
base. All teeth are held on 3 single row wlong the aaterior portion of the dorsal rim er'the
dentary. A second row of *eeth. similar in btk shape and size to the dentary teet, Lo beanud
the anterior marginal ‘eeth. These tee*h are ~2garded as corenoic tzeth, A aecond coroneid vor
the posterior pait of the anterior oned s visible 1 a thin blace of twoth-besring bonz wedged
in a notch of the dentary, anterio®ly ‘o the corenaid process and visib'e on both sides of KS34-
281 (Figs. 11, 13),

lhe nototype, K5 36-2 (Figs 14, 151 shews a different arrarasmant of s Jows. The
premaxillac havs no preserved tauth, Posterorly. the narrow and clongate nasal procass ol e
premaxille cviends undar the frontal, and antenoriy the bone extends transversely ta tormn the
alveorar progesses (Figs, 13.4-B On this spacimen, tha lowar jaw s broker but we vhserve a
riece uf mandihle shified closc e thL 5ku CThis preve of time cears ™wo rows of crushing
teeth, The tecth, approximatcly 5 mm Righ. have a eylindrizal base with a bulbous acredine
cep, whicllis 2.5 mm high, 2 rmim mde ith's morpholegy correspuncs to ine mnioderatels
tritorial dentition® as defined by Cavin 20004, The teeth are not arvached o the dentary, wnd
we regard them as coroneid teeth (I1igs. | 5C-D3. Based o the Lacation o the anticulaten
between the lower and upper faws, it seems that this fish had @ wde ciape.

fh vpalating serres —The suspensorium is visibie on both sides ot the helotere (KS3A-2y, bus
it is poorly preserved end identification of tl¢ ossitications rerains uncertuin. Lhe
bvornandibula is partiaiy esposed: the anieroventral part anly is visible. whils the rest i
hidilen by the oparcle and sudopercie. Based or the suwrfuce of the exposed region, it seems
that the bone is @ massive 2ad relative lzrae ossification, The metapierygeid (Fig. 3A0 13
trregular in shape, witih its posterior part expuading ane with a tapering anterior axiremity. It
contacts the hyemandibula posteriorly and the *n‘ort“r‘ gc Ad anteriers, ut we cennat sue 17
there was a contact with the quadraie The enfopterveoid is a riangala Tone wod2ed between
the metapterygoid dorsally and the ectopler goid anterior]y, The ectotervzoil 18 prasened as
a crescent-shaped ossilication suturing posteriorly wi'h the mtcptcr,» coid. The arnce-ior
rostion of the ectopters goid bears et cast 7 wmali cvlindrical-tassd *eath along = vertre!
berder, E:a“h of these teeth is tipoed with a bulbous cep. In KS36-2, <he dermopalatine is
covered with teeth (g 04). The teeth are variahle (o size and irregulatly arranged. bt tag
MEIN ro%wa of Crushing teeth appear to be present [ KS34-281, the richt ectoprery ceid is also
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visible as a thin bone lving under the ixtraorhizals (Figs. 11, 1200 [t bagis 6-7 conical tecth
restricted 1o its arterior margin, Tne arrangement of the palating dentition is unsnown in other
specimens.

Opercular serics —The opercular serics is complete. formed by the preopercle. apercle.
stbopercle and interopercle.

In the hototype, KS34-2, the precpercle (Tigs. 3-5) i5 preservad enlv on tze rizhe side,
T3 1s narrow with & poorls developed ventral limb, and is slightly ben: torward. The
ossiftcation Is crescen-<haped, with no merked angle beteoe- bota lunas. fn KS34-287 the
preopercle of the right side shows ¢wo limbs turming 2 more closed angle Tien i wie
aolotype, and the nonizontal limb is shorter than the x-crriml {Fig. *8), but it is unctoer it this
arrangsment s geruine ov caused by presenvason. The veruceal branch hus parciel margins
thal do not converze dorsally, end te ossificatior ends antoriorly ey a b oot ssine, Tha
extremily of te harizora! branch slightls widens m ts antertor part detore the brant spine
The nreonereutar sensory casa. extends enclosed within the tuckenea antzter margan of e
ossitication. The opercle (Fig. 3) s reuzhly guadrargular ang slighily Zeepe- than long. butin
one specimen (K S35-281) the ossification is more rourded 1 Fig 340, The anterior berder s
straizht, white the posterior dorder Is sirongly comvex and wideiy over.aps the supracleithrun,
The dersal border reaches the dermal sholl reof, The surizee is smool i KS 2022 a0t pel
ot i some specimens. such as k836-3. the external surface is ornamented with fing croovas,
wid o KES4-281 rough subercies are present. The sudoperc.e i well dev2lopes with v serticw
limb reaching half the depth of she onergle, The anterior margin o7 the bong is venien, and
streipht, and contacts the postarior border of the intereperc!e. The veniral margin of the Lome
{5 convex, The interopercie s visiole gx a triangaiar oone wedged beta cen the subopercle ana
the pasteroventral edge ot the preaparele (lig, 3R The aresior tip tapers ad it runs toware
the ventral extrentity of the p"eoperclc I KS3A-3, however, the interoperc’e fs visib'eas &
narrow boze along the verral margin of prenpercle (Fig. 4

Ayvoid arch and prane !'?."e;'x!eg Hravs —Six thin ard eloncared tracchiostegal -2vs aie
preserved on the ledt siag of halotypo, KS36-2 (Fig. 3A Y vie posteriosmiost one (s the shortest
burt the widest. The four arterior rn s articutate with ¢ anteri. o ceratchy al and the o

post: rrior ones with the posterior ceratchy @l The anterior ceretohs al is hu.-ur;_-lﬂmxx-shnped. with
asighty convex pesterior sorder [nere is & weah groove rnning an the madian region of
tie Idreru] surface o the Lovie The posteror geretabs & is raughly 1r a=gular in sagpe. with a
regularly curved muargin coniacting the anterior ceratohs il

Dectoral givdle =Tae posttemiporal {s vistb'e as a croscent-+hapes ossification with a notch
alony its posterolateri! margin for the oxit of the sensers canz (Fia D The soprac’oithrus i
en ovoid wssification and its dorsal berder articnlates with the postertor tna=gin of the
posttempoeral. The path of tme sensory canal is indicited by throe pores Shat epen wdjacent w
the exit of the sensory canal. The cleithrum is a leny and cursod cssification, proqorenally
narrusw on its exposed pan, which 1s overlapped by the opercular serivs. Phe lateral face ofthe
c.elthrum bears traces of enamul. [he pester.on margin ol the bong is cunved, In KS31-2481.
the ventral margin of the cleithrua: shows a concavie. far e Tnsartion o7 we paatoral fir (Fig
$A). The hor.zontal limb of the ¢'eithru:n is rather short an: i deen, with itz Jatern, face marked
by asmooth ridge. One gentls cuned posteerhrum is visinle,

Cephalie xensory canad.—The anterior part of the lateral line is ind.cated v a sevies of pores
1 l:a'c\_ on e dorsal margs of the sumacleitaram, then by a pore locatea in e convavity of
tie middle part of the postterr-ror&. and by orne on e wnterevan el edge o7 T ositicatior

The oceipital sensory canul (form. g e supratemypornl conunissara) i« mcicat;:l kv senizs
of pores that open along the posierior edzes of exirescapular ossifications, The snarasrbital
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canal marks an angle at the level of the posteradersal corner of the arhit, acd <everal poros
along the lateral margin of the 7oztar and along the luteral margin of the pariztal, Toe canzl
passes through the nasal along the longitudinal axis of the boune, There is one pore visible on
the anterior T2 of the rasa) inspecimen KS 2a-2 and KS34-281 Tremidl e pithine s
indicated by a proove and pores opening hetween parietal ane dermopteretic close i the
paosterior wdze ot these bones. The _uuprat‘mpua! sensory cata estends alony the
dermopierotic twnugh the cermasphenotie, which marks the connect.en with the infraorbual
sensory canal. The infraorbital sensory canz, runs 'nthe cenre of the intraorbityd
ossiticatinns, and gives off openings iocated near the ventral and posterior murgin ot the
infraarbitals located respectively ventrally and posteros entril’v to the ovhit, There 1s no
evidence of a sensery canal running within the supraorbital sores. The preopercuinr ~ensory
canal presents several pores along the horizontal ard vertica! bruncheas of the oss'ficatton:
three elongate pores open in the curvarire of the bone mear its ventral margin anc two smallar
pores open more dorsally (K$36-3), and two pores are visible elose to the dorsal margin of
the preoperclz in KS34-28 1. The mardib.ler senson canal zives ot two o7 threg pores inthe
anbular and approximazely six pores inhe dertary arranged n two Enes in KS34-28 1, the
dorsal ane correspanding to the orel canal,

Pevtoral tins. -The pecteral fin of K836-2 s composed of threz basal tulera - the anterior ome
unpaired, :s followed by two ¢longate and paired ongs - anit two fringing Tilera {onls two
basal fulera are visible in Fig 17A because of the anpley, 7 he unseemened base) portions of
ten rays are visibe i K&36-2,

Pelvie 7ins ~Tha pelvic an consists of two basal fulcra, the entzror of waich is anoared and
the second paired (poth haives of the paired fulerum are visibie in Fig. 178), five thin fringing
fulvra and five ravs. The ray s ase ven long. resresen ng 47 "o o7 the hoad length [KS36-2, tin
lergth = 00 mm, head length = 190 mm)

Unpuired fins. The dorsal fin is visible 01 K836-2 and more completels o K836-3 1Fig. IR)
while the anal fin i lacking n all specimens. The dorsal tin is comnosad zencrally o four
basal fulera the arterior one is anpaired and the other are paired on KS36-2). approsimaely
zight fringing fuleraand 12 rave (KS826-5, Fiz, 18CT The fringing tulemn are s.ehily curnved
and very elongated, e Tirst ong being cqual to halT (he lengty of the firstrav, The first third
of the length of the ravs is not szgmented. A first longinedinal disision of the ruv ooeurs a:
mid-lenih, and a szeond division occurs approximately @ the thicd quarter of the tength of
the rays. Although the very tips ofthe ran s are usua sy not preserved, the cutline ¢f *e fin
observed in K826-3 szems o indicate tha the distar margin o1 the Min wes strapehe,

As for the other fing, the candal 4n (s poorly preserved (Fig. 19). The dorsal Tohe is preceded
by an indaerminzte number of tulerd, whose artanzemen: can-ot oe exactly descrized. The
ventral fohce is preceded by at least (wo basal fulera ard 12 sl and Sia fringing Dilera.
There zre probably 25 ruys, 12 inthe ventrg! lebe separanad v a deen tuts in she squumet-en
from the 13 in the dorsal lobe. Eack ray divides 'I‘re= times Tne ventra, lobe of the caudal tin
equals approximicely 60% o th2 head lengta and we can fnter that “ne dovsal Looe, pootis
preservec on the availablz material, was sinuiar in <ize (zhe rail is usuzlly externzli;
homocercal in ginglvinodiane).

Sguumatinn — Based on tha cewcm! oatline, we ¢an estimate thz namber of scales 2'ong the
ateran iine as approximateny 53, (2 scales aleng a row rom thz ancerior extren. sy of the
dorsal fin to the lateral line ard 25 scales in the m’d-.ne batsween the el and the dorsal fin.
Tre shape efthe seeles varies deponding or position on the hody 1Te mnerim 1*'a:gir_ of
individual scaies buers a ) peg articulatien as in most gingl .mr"dlam {nee La' el zl, f2009°
and Lépez-Arbarello [Z012] for a Lscussion o iis craracter 1 The leterel iine scalc ure
marked with a small pore on their sorface. The pasterior extrenity of e ‘«L':ll Forms a bluat

Mahasarakham University



190

spine, sometimes more weute. 2specially 1 the nosterio: part of the wrurs. In K836-2, ke
median dorsal scales are longer than bread. rhembotdal 19 shase and have aslghts concne
surface. There are very slongale spines in K536-3.

Isurichinys palusris Cavie end Suteethorn, 2006

Emendvea diwgnosis. Darichiing with the body elongated and slender, with the total legnith
5.5 times the estimaied maxium depih and 4.8 tines the head “ength vineluding the
opercular series): 8-9 suborhitals arrargsd in a mosaic pattorn: no dermeal comrorert ot the
sprenatic; infracranal a+d suborbital bones sironghy ormameniec. median dorsal row of scales
without posterior spine: two poirs of extraceasulars, toetaed mxdlla: dencars mearing
approximately 12 smal! eylindrical teeth.

Rumark ~fepuchrdy s pelusers Cavin and suteethorn, 2006 wes jdetified on the basis o
smLJL spaciman from ke Phu Nam Jun lecaliny, Tazciland, Atthouwgh from t?:u sama tormetion,

¢. the Pau Kraduny Formation, the Phu Nam Jun |0cnllt}' is somaigraphicelly higher in the
I"urmar.cn. close to s ton, and consequer 'y the fivs cssemibiage of this Teealin s likely
vounger than the assemblage from the Phu Noi loealis,

framcheing favions TWoodward, 1593

Emended diuignosis. -Iscomreinthivy with most o the dermal ossifications af <o okl
oroameried with tubercles of gunoiz: shull root preportionally short, being aparoximately 1.5
times longer shan wids; paricrals asyrmetrcal: preosboal ~epion reduced; cirea (2 s.babials
arranged in amosaic pavern: serii=tritorizl denmizon: twe pairs of svrascannlurs: toothed
mizxiila.

Remark ~fsarichiivs {arrors (Woodward, 1803 was vrigina.s deseribad as Topidone

tantons by Wondward (1893 ) on tme basis of material From the Oxiord Clay of
Northamptonshire, LXK, Woandwerd compared the siull o7 0qis spocies wo the Barly Jursssic

Dhagedies o =Dogncdieen, 1o whazh Uawas thougnt 10 be clo~ely related. Larer, Jain (1 983)
discussed some characters of this species.

Isquuchrbys faafions possesses characters of the genus fannc i s such as the srongh
vrmamentzd bores of the sxull roof, e irontal orly siightiy narrower anlerorly than
rosteriorly, the fionta’ Jezs thin 2.5 thimes .enger “~an the r'-ri-"l'] o supreornitsls, the
cheek region carnnletely covered by bones. the preopercle slightly curvad. the manilta
forming a thin blade with a pesterior rounded plate-like par a postemporsl fossa and an oral
sensory canal, ratio of sxull length to vrbit leng™ reater tu 6, and the quadiate sitwatad
below Lhe orbit. Moreover. hasad on the propertions of lhe skull ard the teconstruetio:s
figured by Juin { 1983}, the anterior initzorbital would nave been deep, and the anwerior
supraorbizal would have closed the orbiz anteriovhy end sheuld =ine conacted 7o
infraorbitaly, three other characters dingnostic of Fearichihos, In cantras 1o the vher
isandoirinys species, 4 latgrans Dears bITI:i]] tunercles of panosa of its aermal <kull tones, and
other specit'c charzcters mentioned 1n e diaznos.s chove,

e ".a,}'.m Vs fuchowensis W ang, 1974
Iig. 20

Emended diugnnsis. Lanichting with preorkital repion reduceds no triterial centitivmn, few
initaorbitals 7) and few suborbitals (6) arranged 15 o1e row: dentary and premaxilia baarirg
streng teeth with vertica! shaft end conizzl ceprre conspicacus dorsal median ricge scale,
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of new ginglymodians by Schrider et al (20123 from the Late Jurassic of Europe. On the basis
of this study, we included in the analvsis 4 new maxon front the Solnhefen locality.
Muacrosemmiimus fegerti, we altered the coding of seme characiers of Macrosemintimiw
lennieri i previously veferred W ‘Leptdores” lennieri, witn *L. ' toombsi as & jurior synanym),
and we added a new state for a character discussed in Schrider et al. (2012) concerning the
arrangement of suborbital ossifications; *two stborbitals, the ventral one much larger than the
dorsal ong’ (char. 291, We also compieted the data matrix from Cavin et al, (2010) for
Tsanichifys latifrons with information from Woodward (1893), Several states of characters Zor
this species ure based on the specimen NHMUK P.6841. 1t consists of a complete.y
disariiculated skull and posterznial elemen:s. The derinal ossifications of the skull arc well
preserved and fit to each other, which parmitted its reconstruction in 3D, The coding of some
of the characters is based o:1 this reconstruction. We altered the names of some of the terminal
taxa used in the Cavin et al.’s analysis following the recent phylogenetic analysis by Lopez-
Arbarello (2012). Finally. we added to the previous analysis Lepidetes fuckon ensis, from the
Early or Middle Jurassic of Sichuan. on the basis of direc examination of the single known
specimen, We are awzre that other Chinese species of ginglymodians represent interesting
candicates for this analysis, but a review of all this material Is beyond the scope of this paper.
Appenrdix | shows the list of characters and the data matrix.

The parsimony analysis was run in PAUPY «.0b10 (Sworford 2001). A heuristic
sgarch (using random addition sequence, 2.000 replications, 10 wees held al cach iteration,
and tree bisection and reconnection Lranch swapping) was carried cut 1o try to aveid tae
*islands of trezs” problem (Maddisor 1991). Fizure 21 shows the strict consensus iree of the
24 most parsimonious trees produced by PAUP (83 characters informative; consistency index
0.38; retention index 0.65), The main pattern of v1e consensus treg is similar to that obtained
by Cavin et al. (in press}, excupt for the nositon of the genus Sangiorgicichrhys. which s
located in a slightly more derived position: than in the Zormer cladogram. and some other
minor differences, such as the position of Lepidaes gloriaz, which was resolved in a bread
polytomy gathering several taxa and the Lepisosteiformes, whilz it is here resolvec as the
sister-group of this large clada. Although based an different se's of characters, Lépaz-
Arburcllo’s phylogenetic analysis (2012) and thz preseni one skow similar relationships for
the genus Jsanfchifiys, which s resolved togeher with the genera Scheesta and Lepidares as
stem Lepisosteiformes, The genus Lepidores includes in our cladogram 7. elversis (vegarded
here as a svnonym of L gigas) and L sepuserranes, as in Lépes-Arbarello’s analysis (20720,
but also 7. piaufy-ensis, ataxon not included in the latter study, Other narts o2 the cladograms
differ significantly berween both studies. In particular our aralvsis &id not resolve the
Semionotiformes and the Ca'lipurbeckiidae as clades. TTowever, it should be mentoned that
most branches of this part of our phylogencuc analvsis are weakly supportad, as also ir.
Lapez-Arbarello’s analysis (2012).

The aim of this paper, however, is not to discuss Lhe hypethesis of rzlationships within
the set of ginglvmodian taxa, bul to focus on “1e inter- and intrarelatiorships of the genus
Isanichtivs, I palusris and 1 latifrons are greuped together, as elready noticed by Cavin
(2010) arnd Cavin et al. {in press) (although they did not remove [ Jutifrons “rom the gerus
*Lepidares ). Fo both specics are added here two other species, I luchrwensis and [ lerthbouse,
hut the relationships between the four taxa are not resolved, Because few characters can be
coded for 1 luchowensis in 1ais phylogenetic analysis (+(95), we conducted another analysis
without this species. The strict consensus tree (Fig. 21, righty is similar to the iree with all
taxa, vxeepr that fsanseirtve is resolved gs the sister group of Scheensna manrelli —
Lepisosteoide! sensu Lopez-Arbarello (2012) (instead in a trichotomy with Lepicotes’. and
the relationships berween the three species of sanichins ave now resolved. Hanichimns
lertboast is the sister-group wi'the pair J, palisiris ~ [ Jatitrons, In this now enalvsis,
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isawtenrmr s characterized vy ' Romoplasiza wite two obsenced iv e three speces, Ui
tremtal as broad, or almoest as sread, anteriorly as posteriony (char, 149) and the ratio o skul]
length to orbit diameter greater -han 6 (char. 36). A third character, presence of a moderatels
tritorial dentition between pu‘atc and coranoids (cha~ 477 is praseny 0 T derrthocsand .
Jatifrons, sutunkrown i 7 pelreeeis, Other characters ere ciiowrn 'n one of the slhoe speciss,
or ~show a reversed state in one o the spevies Based on our amassis, Lopadusins i £
latthrons share a mosaic pattern ofs,uhorbl.ala ¢char. ..0 vund the absenca of scale wiin
posterior spinc along the dorsal micline (char, §3).

Conclusions

The ginglymodian specimaens ‘rom Phu Noi cun e referred to a distineive new gpedics with
confiderce. However, the ahsence of completely preserved specimens and the poly marphic
condition: observed 1ot several of its characters make s Lxstyiment ©o the 2enus fuoarchining
still vncertain, [n partieclar, mew material will be necessory to assess 1P thereis ore than a
sirgle specics i this assembloye. and if all ore rzfersble to the genus Ay amickiins The
cladistic analysis providues in'crestinL_ results with the grouping of three species, Midllic
Jurassic 1o basal Cretacends in age, discovered in freshvater deposits of South-Fast Asia and

South China. The inclusion i chis clade o a spegies. § fanfrons o o MIEdHe Tumssic
rrarine assemblage from Eurepe. s more mmaspected. The results o}:t:;m:d ner2 sheulz bz
mnterpreted with causion because this elade s weaxly supperied and might easily be
challenged oy new discoveries. However, i trie, affinities between species from Eaatorn Asia
wilh one from Ewope are net so surprising if we cons.der the direct connestion botwees bota
areas along the narthern marzin o the Ternys during muest A7 e Mesazeoie, Ax curly s the
Triassic, marine actinopreny zicn snecizs Belonging to sone gereraawe huown in L oirepz and
China {for instance lintori et al. 2008: Lopez-Arharello et al, 2011 Tombearde et al, 20114
DLvanichtles fomboest is the third wmg]vmmlt an species flom the ™o Kradung Fornation to e
properly characterised. Other material Tror this fortiaten, <6l urder studs, indicures thar at
least twe on1er 2inglvmodian tasa are present, Remi.ns o ethar actinoprer: Cces a2
gxtremely rere in e Phr Kruding Fonmation, and the s nule nowniecognized texon 15 an
isolated spire referred to an indeterminate actinopters gian from the Cheng Chat localiny and
{rugments of articulated fishes from Khob Simam reterred 1o oft Prciolepis (Cavin ot al.
2009, "the avundance of ginglvrodian remains in the P o Kradung Formation, sx well as in
the overlyving formarens of the Khorat Greun desesited mosta in steshwster snvornamenis. is
cerainy ceused pardy by tamhonomic biases Garedd scales and theox dermzl oss. tications of
she skull are more prong to fossilize than nore fragile bones of most othel rav-finned fishes,
in particular teleoss,
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Fiiure captions

Fig, 1. AL Sithouette of Vhadlond was o schemane mup o7 1e lsas remon (framer shew g e
outcrops of the Phu Kracung Formation ir black and e Jocalisztion of tha «ite of PhuNoi. B
Jandscape showing the localization of the Phu Noi excavativn site [Ci"L‘;lL‘ in the hill\ fanscape
surrotnded by rice pads, C and DL Views of the excavasions i Ph. Noi in Ferroans 2000,

Fla. 2. Holotvpe of Lanchitmis leriianai sp,ney aRKS36-20 0 e e vigw AL protograpa.
B, senii-interpretative iine drawing,

Fig. 3, Photographs and semi-intarpretative line drawings of the skull o7 1he gingls ~odian
fish dsciecnrmy s leribnesi sp. nov,, KS36-2 (helon pe), Phe. kradang Formatien, Zate Tuiassic:
Kalasin Province. Nartheastern Thaland: in leftiA)y and «ighi (B "ateral sie s

Fig. 4. Photographs and ~emi-imterpretative e drava ings ol the sxull of the ningoomaedian
fish Sawmichiiys fotbonsr sp, nov., K836-3, Pl.u Kradung Formation, Late Jurassic: Ka.asin
Province, Northeastern Th111a:1J: MlafteAr end right B latersl v lows

[ig. 5. Phovegraghs and senn-imterpresaiyve ling dravvings of e skl ot the v mglymod wn
tish feapmciieny s leriboosi sponov., K834-281. Phu .\.Hd..ng Formation, Late hevassie: Kelasin
Province, Nostheastern T .iAJarAd, ir left ey and right (B jaieral views,

Fig. 6. Photozrapis and semi-interpretative iine drawings af the skull "oat of e
ginglymodian tish Jvanicheiny leerkoas) sponov o Jorsod vizws, Phu Kracun 2 Formatior.
Late Jurassie, Kalasin Province, Nostheastern Thailana. A, KS34-330. B. KS36-3.

Fip. 7. Braincase ot the ginglymodian fish Zeanrc bl fertbaoov sp, mov Phu Kradung
Formation. Late Irassics Kalosin Provines, T\:}.’thmn_;m Thailend KS32-387 invenus
view. A. Pnotograph. B. semi-interpretative line drawing

Fig. 8. Braincase of the ginglymodian fish Heanclr s leribovad sponov Pau Krawing
Formaten. Late Juressic; Kalus'n Proviace. Northeastorn Lhailar d. K334-380n tent
ventrolateral view {the dasrsul side taces down). A Photepreph. B semi-inerpresative ' re
drawing.

Fig. ¥ Braincase of the ginzlymodian fisa hemicliing Jerthoosi sp. nov, Phu Kradung
Formazion. Late Jurassic: Kalasin Proviree. Northaestern [ zasand, KSZ4-380 0 leit
posteroventral view. A. Photogrash. B, semi-interpetative line drawing,

Fig. 10. Braincase of the ginglyirodian fsh Hvwsichiving lestbocsd sp nov, Plu Kraounz
Formation. Late Jurassie; Kalasin Provinee, Wortaeastern Thaitand, KS31-380 in posterior
view. A. Photograph. B. semi-interpretative ling drawing

Fig. 1. Part of suspensorivm and mandible o the 2inglvmocian Fsh fssncins lovkooy <p
nov. Pl Kradung Formation, Late Jurassic; Ka'asio Provinge. Norheastern Thailand. KS33-
281 fnright lateral view, AL Photograph. BL semi-interpratativ e line dravwing

Fig 12, Snow region and mend.ole of the ainglymedian 053 Lokl fertnoos: sp. o
Phu Kradung Formation, Late lurassic: Kalasin Province. Northeastern Thailanc, KS34-23]
i left latera: vicw. A Phaograpia. B. semi-intorpretative Une drawing,
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Fig 13, Snour of the ginglhvmodian Nsh fsanromh e formosess sy mov Phu Rzadung
Formation, Late Jurassic; Kalaxin Provinca, Northeastern Thailand, KS34-281 in anterior
view. A, Photograph. B, semi-interpratative Dre drawng €. photograph of the tecth on
dentary.

Fig. 14, Ventral views of the snout of the ginglvmedian Mish Jsarichdivs fortboos! sp. nov,
Pru Kradung Formation, Lute Jurassic: Kalasin Prov ' nee. Northaastern Trailand, KS36-2
show vormerine and cetopterveoid teeth. A, B. Phetograph. C. semi-interprelative ime

drawing.

Fig 15 Snout rezion und coroneid danrition of the grnglyvmocian fish fsancdhiom s fovrdoas
sp. nov. Phu Kraduny Formation, Late Juressiv; l{alasin Province, ortheestern [hailand.
KS36-2. Phatograph 1 AY and sermi-interpretative "ive drow ing P B) of tha shenr r2giog iy
ventral view, Photograzh (Cy and sem:-inter p—:latiw ling drawing (D) of the covorold
dentitlor in lefl Tareral view.

Fig. 16. Lsanichiin s feribonsi sp.nev. Pnu Kradung Formation. Lare Jurassic: Kulesin
Province, Northeastern Thaiand. Recenstruction of “he shull with the path of sensory canals
A K836-3: B KS34-281.

Fig. 17, Isanichilivy lerrboos? sp. nov. KS36-2 (holots pel. Phu kracung Formation, Late
Jurassic: Kalesin Province, Northeasters Thailand. A pectoral s, B, poivic £a

Fiol 18, fsasiehnins Jeribonsi sponov, Phu Roandung Fermenon, Late Torassics Ka'usn
Province, Mortheastern Thailand. A K836-2, dorsal fin o dorsal view, B KS26-0, dersal fin
in lateral view, €. K836-3, dorsal finin laterzl view cal branchings and seumentat.ons of ine
rays dre ot drawn, although present. because they are hardly visible oa the <pecinzen).

Fiu. 19, Jseviichihys fertboost sp, oy, K836-2 (aoloty pel. Phu Kraduny Formetion, Late
Jurassie: Kalasin Provinee, Northeasterr Thailand, Cauzal 4in sorightviaw cull branchoops
and segmentatians of the ravs are not drawn, although presznt. hecause they are hardlv visible
on the specimen’,

Fig 200 Skl of fsanrcitine Jucivrenvr sponove o 002, kary ormiddle Juressic of
Sichuar. Chira A. Photograph., B, semi-interpretative line drawing, Scale bar = 20w,

Fig. 20, Strct consensus free of the 24 mast passimonious 1rae (303 steps; mnm stoney index =
0.38: retention index = 0.65) All charzeters are worderes 2nd hove cgaal wzig™n, In bracksats
are the bootstrap values of the rodes if superios to S0 (3830 repiicates) and the Breme
supports il superior to 1. On the righr side ofthe cladograss are Coured she rolatonsaips
berween the species o Fvmnichrns 177 Tnchow cisiy 15 renos e 1r0m Ihe arly 315 (5T e
censensus of three trees. 203 steps, CL= 038 RI =265 Therest ol

T r:.a_q:. W is similar
o e left side.
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APPENDIX 1V

The article has been published in the Palacontogy Journal.
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Osteology and relationships of Tharichtivs nov. gen.: A ginglymodi from the Late

Jurassic-Early Cretaceous of Thailand.
LIONEL CAVIN, UTHUMPORN DEESRI and VARAVUIDH SUTHE THORN

Cavin, L., Deesri, U. and Suteethom, V. 2013. Ostenlogy and relationships of
Thafichthns nov. gen.: A ginglymodi from the Late Jurassic — Early Cretaceous of
Thailand. Palaeontology. vol. 36, part 1, 183-208.
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ncertae sadis (aterson 1994; Grande and Bemis 1995,
to Halsodtamu fmwrtce sedis (Patterson 1973 Went
1999}, regarded as the sister group of the teleosts (Vérn
1988} or pathered wah the Lepisostodae amd the Macro-
semiidas into the Senuonotiformes (Olsen end MoCune
1921). Revently, Grande 120107 drcw aftention on the
Holostei. throughout a study in which the Semionotifor
mes, represented by Semionotus elegans, :nd Lepisosteifor-
mes form 2 monaphyletic group 1Grnde's section B),
which together is the sister group of Macrosemiiforme,
{Urande’s secdon A) constituting the ade Ginglymods.
The Ginglymodi and us sister group, the Halecomnrphi,
conztitute the Holoslei,

In 2001, one of us (v} oherned fossd ‘h remains
hept in showeasss in the War (lempie} Buddhabun n
Kalasin province, north castern Thavand, The fragments
were cullected by local peaple. Then because of suppos-
edly curse assocated with the fossils and responsibie of
the death of several of the people imvolved in the excaa-
tion, the specimens were re-buried in the ariginal site or

Ephat S‘a-\han
Kheot #aae "2aaenm
Kehasz-ghtiom

FiG. 1.

brought 10 the tempk Buddhabutr, where ther Lave been
hept nnder the superasion of the head of the momstery,
Phra Sakda Thammaratho, On the basis of thee fapmen-
rary remuns including some skulls and picees of squama-
tion, wnd to prelminay fickd observatons in the spot
where the specimens were onginally duscovered, the
spovies Lepidofes buddhaburrensis Satecthorn,
Fhansubhe, Toffetaut, Tong 2003 was crected. Smwe
207, aystemane  excavalions  hase  been  repulardy
candocted at the place where villgers 1ound the firse
specimens, £, 15 ko souwth of the Wat Buddhabutr
(Cavin & ul 20043 The localiy, calicd Phu Mam Jur
CHill of the Sprng” in “har languager,

{avin,

& heated n
Tawhoa LagYoi Amphoe Kuobinarai, Kaasin Province
1Fz 1. Up to sow, moue than 200 speamens heve been
cxcavated using the plaster- poket technigque. The neaterial
wis mechanically prepared amd stored i the Sidisdhern
Museum, Tambon Sahat Sakan, Kalasin Province The
aim of this study 15 te dowrsbe the usteology of this fish
and tn explore i phylogonrhic restivinhsgn.

tocaimanon of the ste af Pau Nam Jan, A, schonatis mep of the fsaa regicn (8F Trailand' widk suzciops of the bau

Kradurg Formanan in Hak B satebue view (Goagle Darthy bowing the lozalizatos of the sie of 'hu daia Jun (rder o a hillly
regson qurrauended by rice pads, C-D, views of the exaavation in 3002 00 and 2305 Ty
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GEQLOGICAL AND TAPHONOMICAL
SETTINGS

The fosdl hsh-bearng strata of Pho Nam Jun outcrops
in the upper part of the Phu Kradung Formanon. 2 Late
Jurassiv - Berriaslan gealogival unit, constitute the base
aof the Khorat Geoup as currently defined {Racey Z008).
The Khorat Group comprises post-Triasic Mesoroic
depesats ot the Khornt Plateau and adpcere arsas, This
sedimentary sedes has long been regarded as Late juris-
sic in ape, hut palynolopgical studies suppest now Early
Cretaceous ages for mogt of the vertebrate-bearing tor-
mations of that Group, that 5, Phe Wihan, S20 Kho,
Phu Phan and Khok Kruat focmarions (Racey of al.
1994, 1936). The dating of the Phu Zradung Formarion
is still problematic, but recent synthesis suggests a late
Jurassic gge for the lowtrmon part of the Phu Kradunyg
amd 4 early Cretaceous {Semasuan} age for the uppo
part {(Racey 2005}, which contains the Phu Nam Jun foh
assembluge.

The sedsments of the Phu Kradurg Farmavon are
fluviatile and hcwtnne in orign, and the main palicu-
currents tend to be oviented towards the south-wes
(Racey 2009). The upper part of the farmation, some-
times wgarded a5 2 dama formation - the Wanwcha
phum Formation - 1 conmsidered o5 depasited in a
welter chmate than the undestlving part of the forma
tion because of the presence wof sikeifim! woods in the
latter and its near-abserice in the tormer (Philippe o i
2004).

Deposit a1 the Phu Nam Jun consists of greenish sand
at the bottem of the excavcted area and maroon-col-
oured mudstane ot the wop. The wudstone contains kens
of sandstone composed of 70-80 per cent chy and M-
30 per cent silt, mica as well us concrerions that enclase
mast of the specimens. The Ash accumuation ¥ ¢ i m
thick and dips ¢. 12 degrees towards the SF. Ninety-rune
per cent of Lhe specimens belong to Thanchtiys buddh-
abutrensis. The remaining spraxmens consist of the “sem-
tonotiform’ [sanichthys palusens (avin and Sueethorn,
2006 and of the lunghsh Ferganaveratadus marin Cavin,
Sutecthorn, Ruffetnut and Tong 2007, The preservation
made of the specimens of T hudidhabputrenss vanies, but
statisucal  analyses showed that & single  population
occurs 1n the site and no significant difierences in tw
mode of preservation have been ohserved within the
thickness of the fish layer [Deest eral. 2008), Cavia
ef al (2004) suggested four lines of evidence that indi-
cate that most of the fish curcasses are likely to have
dried in open air before bural In partiular, several
specimens show decayed syuamatons, with the rows of
ganoid scales remaining amticulsted, but with the indi-
vidual tows parting from cach vther {Fig. 24). P'hig par-
ticular manner  of disarticulation  was  alserwed by
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Fig_ 2. Mode u pueservation of specicwns ot Thaiihthys
Buddiraburrensis in the ste of Pha Mam Jun, Arrows indicaie
features described intne Leat A, KS12-26. B, BS13-238 O
Kt 428 D, kR12 168 SCai¢ bar represent 1D mm.

weigelt (1927) an carcases af gors carnied sshaie by o
storm and lying dlonp the shoreline at Sruthers Lake in
Texas, USA. A similar reode of preservation was figured
by Grande (2010, fig. 408A) for 4 specimen of the
Eocene gzr Cwmentis cunearus fom the "Manb shaes' in
Ieh, Qther carcasses from Phu Non Jun show the
body compietely bent ventrally (Fip 2C) — in contrasg
o carcasses with the antenior pan of the column dor-
silly bent in specimens from manae Legenstiften — indi-
cating, that the hhes were in open gir when they cied
Qne specimen hes been fownd wertical w the sodiment
in the lowest part of the fwsbivrous laver (Fyp 20).
This location, aa1d 1ts posture with the poitencr part of
its body pent. nuy indicate that the Fsh was in a bar-
ww when it died, 4 smlar interpretation was postu-
lated tar the lunghsh tound in the same leslity (Cavin
et gl 2007, Finelly, several specimens show ane ar two
fodds i ther squemction a1 the vl of the abdominzt
cavity [Fig 23) probahly aused by expulsion of pgases
dllring decaw,
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MATERIAL AND METHOD

Because maost of the specimens have theie fins preserved
as very delicate and fragile structures, the mechanical
preparation does not 2im 2t remaving completely the
matrix from the fosid. Once extracted from the field, the
lower pant of plaster jackets was sealed wuh plister. In
the Isboratary, the upper parts of the jachets were sawed
to free the upper side of the speciniens, that s, the side
that was visible in tbe teld, The preparation was per-
formed using air pens, Some skolls were prepared unded
the binocular micrmscope, Several thoussnds of hours of
preparatian, mninly perfarmed by U, were necessary for
preparing 288 specimens. "Thii sampie compnoes different
kinds of preservation, ranging from complete individuas
with all the fins preserved to bolzted 30-preserved bram-
ces (Deesri eral 20091 he st of the referred spect-
mens is available i Appendx $1 of the Additionul
Supportng [nformation.

The nomenclature wed i the desripton follows
Grande (2010}, except foi (he infraosbital secios. Thie
lacrimal is generally defined o the antenormost oscifiog-
tion of the infranrintal senes, but Grande Lonskders that
gars possess several bedmaly the anteriormast anes
being fused to a senes of ‘maxillasies’ Uihe “lacrimoniex-
Uis?), This avthor elso distinguishes infravrbatals poster-
wr to the ot {'posunfraoritals’s and thase mishior 10
the orbit (‘subinfravrbials’). When desenbing gighmo-
dian Bghes, we Lice sitwabons in which thew dishnetions
are not obvlous, for instance if Jacnmals are not fused
wilh maxillae (Grande 2010, p. 49) o if the distnction
between sub- and pustinfraorbitals is aebiguow when 2
large intraorbital bane vocurs in the posteraventral cos-
aer of the orbit. These uncertaniies nay affect the
recogninon of suppesedly primary homologies and etle-
ence the definitinn of characters in the swarch of phylo-
gemetic  reltionships  Conscquemly. following  Wensz
(19499), we prefer heie (o retin only the term infraorls-
tah, and we distinguish within the swries only those
which have no direet wontact with the ot because this
defimtion rests only un topographic grounds 1 awn';
(2019} <haracter 16!, In daing s, we fllow Grande'y
(2010, p. 820) recommendation in s discussion aboet
terminclogy.

Because the ‘semionotiformes’ do not constitute o Lode
in aur plylagenctic analysis, we use throughout the rexr
the termt ‘semivnouformes’ o designate an infarmal
group gathering non-Lepisasteifarmes tnd aoo-Macro-
semilformies Ginglymodi (e, mast speues of Lepidotes’,
‘Semenotus and sone eelated taa).

Araomed abbrenarons, ab, ardcilr fcet; an, anes Ang,
argulin Ao antornital, ar, udencing ramis of the paraspber
noad; Art, articular; (b, bashranchial ‘numbered ) b apenng
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4

fus tie bucohypophysial canak Bu, navwcipital br, bran
chiostgal ray, ca, sbownmnal contrum, b, cerstuhrancaial
{numberad); Cha, anterior coratobyal, (L Jdeabrum; T3, den-
taryi Dol dermopalating Dpe, deanoporanc; Dsp, dermosphe-
notig Ecp, ectepteiyiuad; Bnp, emtopterygonl, Spa, oo il
Es extriscapubin bxo, exocdpital foer, tsramen dor spina
nervwes, Br, Irennal; i, facet for garal riby fub, hasa filoa
tufr, ringing fuira, fuul, unparred and forked tual rilox ha
haemal wihi; His, kypobranchial (oumlsred,; M horizants
blade; Hb, hypobyal, Hm, bvomandibuia: l¢. intercalar, Lo, in-
tracebital; docn, fravibral censory . lop, inmgpencle L,
latera ethemend; men, mandiouiar sensoey Lol My, el
mr, rudile radiad; N, nasab na, oeural anly e, anener
extermal mansg nop, posterior exteriwl many non, wcapaal sen-
sory wral Op, opercle ost wrd wensory Canal; Pa, pariewl:
Par, praaticulir, Pusy pamspnenoid; P pevi Lone P, post-
crithruns, dey, maddle it lices Bion. premaa’la pman;n, nasd
Frowss of the premaxEla Pop. preopen by popm preopercdr
sersary fanal, propmanal radid pre, piocew. Yo prooe
ptf. just-emiparar fosa, Pige preperypel oestfication; .
posttenpord, QL quecnate {1, quadratoiga. W myr Ka,
radial, e rostrl, S supraangaiar, Si acapul..\i S0, supralen-
threms Sty st s, dsproneural, S, sigrodund; Sab, suac-
by non, wpraecbital sesory canal; Sep. subopenls o,
IPRENOUE, stum wpraempery sEEGry A s, suMemporal
fossa; Sy, avimplesis, Vo, vomer, 1. liutors reramen, VI
foramer For the tackal erve; Yipr, seranen far palelane ramoas

af the faud v o8, fommen fur P pLarvned, Bire; X
foranen b1 *he vagas rerve
SYSTEMATIC PALAEONTULOGY
Juper Duoson HOLOSTE! sersy Grande, 2015
Bivmiun GINGLYROD sarsg Granck:, 2010
Crder LEPISDSTEIFORMES sengy Gra~wle, 2610

Geras Tr& ICHTHYS gonn, new

Tope speews Thanaithy: bPuddhasuireans  Cavin, Sulzethem,
Khansubba Hufteta £ und Torg, 2003).

Lenvuaon of nime. mm Fudiland and Croee, iy b

Lagpans. The wme o the singhe known speaies.

Tralicnthys buddhabutrenss (Cavin, Satoetyom,
Khamsiutiha, Buffetaut snd ~any, 2003)
Figures 2-19

Huolwipe Koll-Zoan clated akull {hg, 3,

cocdiny und loeon Aag Nam o jur, Limbor fad Amphoe

Kuchinarai  Haleun Prowince, NE Tulard  Top o the
Phu  KNradurg  fwinatoa,  probabh lerruckn o Yady
Cretaceoas|.
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FiG. 3. Thuodmihys budidhuabutmenas,
holotype (M512-2) Scake har representt
20 um

Dvagniosis (emended,. Body deep, oo 26 tames longer than
hugh: preorbital region reduced; skull roof slightly concave
in lateral wiew; frontal shont, almost quadrengulsr
shape;, more than une pair of extrascapulaos e dermo-
sphenatic; few infracibilali (ciren 9 or 10] amd few sub-
orbitals {generally 2}; cheek region completely covered by
bones, with an enhrged infraorbiial which ontacts the
preopercle; numerous [circa 10), strung, shgh:h- recurs o
tecth on the well-developed premaxils manila reduced
with 46 small cylindrical tecth, no supramaxilla; mand:-
ble with an harizental blade of bane at the symphysis that
extends laterally; dentary bears ¢ 18 small teeth held hori-
zontally with their nocrdine apex upwards oriented; pre-
operculutn with two limbs arzanged 2t an approvimately
right angle, the horizontal hranch i slightty sharter than
the vertical one; t0 rays in the patoral fin, & rays in the
petvic fin, 12 rays in the darsal fin, 12 rave in the amal
fin, 19 or more rays in the caudal fin; 46 scales along the
lateral line.

Comparatize deserxpiion and sucrprewaiion

Genrral body feanees and proportions. Thaildirhys budfiabuien-
us 18 4 moderate-sized semmonotform’ fixs (403 mm ol average
standard length), with a praporticnally deep body 154 mm of
average deprh of the body; bngth/depth ratie = 26; and pro-
portiondly long Bos. For further morphonietrk detils, we
Deesr e ob (2008).
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Gereral fralerrs amd praporngs o M deal The had s
1M e average kength (Incdoding the operauiar ceries) and
EA mm in average depth (Decsri ¢r al 20020, The dosal outline
of the shutl roof b sinusaidal in lateral view, with a concanty
above the ik regon aod 4 comvewly 0 the smouT reglan
i¥igs 2, The antorbital region of the head U thort and the
gipe 15 small The ossificabens of the head haw no ganoin
wover, aod sl of thern am uncoth, eawep: fane tbercles u
the pestenor region of the skull roof (pa-ietals extrascapaiars!
ad on the supraorbrals, a5 wel as rad aieg endpes fmo contre
of assfation of the froncab (Frg. 51

Skudi mrof, The tmontal is roughly recangular i shape, without
apering anterlorly, The sittation s rimdar o Phodeies igeri-
oty (Wenz 19Y9), Neoseminmiw pundenns [Lopez-Aroaredl.s
amd Codornn, 2007 ard inosoine species of Lepidoss, sach as
foveroehss (Womr 2003, L opaphowsk [Forey erall 10100,
L lafrons and L rmaor, B sl ciber senanetdda’ o dven-
s ey VAT L deean DNMM O PIC0T. L orwinreDli INEHM P
L5, L sermsermmhiy (NHM PoY2390, L tanpina Ttense J003),
Sentionomws copenss {NHAL PaBel) 3 boegen {lapwez- Arbarello
20051, & eigans (Olsen and MacCung 1999 and Tloyadmchin
rrrls tloper-Arbardle and Alvarado-Ornega 10111, the Frontal
regulady tapery antedoriy. [n pam, the Bruntal tapers anterarly,
dthough # is still proportally wider w Lawl Dres, wich as
Chaichiipn Demiepraraes, Cuneanes and MawBaseews (Grande
X10, fig 5la). Ir sopw spednmens (hSLe.ed. K3.02-20L), the
suturz between both frantiis B rot aigred with the sature
berween outl: farwtals, mur o ether specmens, the sutures
berween both pairs are almest digned. Suntady. the shape of
the suture between thee twi pars ul nssthcations is warable
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FIG. &, Thachiys Sudifuberense, sbilbof KS12-108, Soale wrt tepripent 10 Lon

wiswony, the populition, wibh 3 marked zigow e w s
specimers (Figs 5B and o7 or an wrecusr byt smeeth Lae n
othera [Fig. 547, The Literal margin of the frental «hows & par
of weak concavitic at the kevel of the aior correspending
the locatiun of the supraorhital and of the dorewesphenotic,
bt there is no marked mterorbitd constewtion, A wdl-nadal
constncivr 1s observad In 2 maprnity of “wemicnot. ke’ and
Recent gars, but not It mwat dessi gan sach & Chadining,
Denadepisostens and  Cocarns (Gramde 7010, fig. 528} The
frontal ends anteriorly not tar from e level ol the anteriar
margin of the orbit, Antedorty, the 'rontd omends a5 a thin
ventral Limuna of 5ome on whnivh was the pasal |K812.72
K812-275), and medially the bone devilups a Munt prodes
which fomis with it ccuaterpan 2 eedan pronunence A
ridge emends bterally tmm the pedin prninence  amd
detires 2 shallow notck st the level of e mat of the sapraoe-
biul wnwry candd The premmmllh extends apprendy under
the fronat (Fuy 78Y ac in vther ‘smnwnoriformes’, but i Joes
net rtcpate 1 the dernnl kvl roof cover av o gary and
in some specimens of Phoderes {Werz 3v93, The ragl b
two wings, renemscznt of a Daf boeerfly' (Pig A, K512
275). Tre kteral comavily between the two wingy marks the
opening for the posterwer oxternadl rars, while the anterie
axterral pars pwoably opened 11 oine gap Between the nasal
ard the antorbital The amobitd i 2 narmw aurved rod of
bang that corneey the anhel sxnd tubdar mehan rostral
antenarfy and the anterivrmost nfriorbital (lagimaih postei-
ady [Fgs 54, 1005 KS12-262, KS12.075),
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e uriesal woabout 13 pews lerger tha, wide The sedial,
portertor and lat-mf riarging are irrepalar hur smooth, while the
antemee margia g digitatsd, o @ag in sonie individuali come-
pare Fig. SA and 361 A smal netch & Lhased at e poseror
thrd of the aterad masgn tor tive a2tk at she muddle pr Iine
The dermoplarots, adat 1.5 Goes longer e wide, is 2 lrps
bone rouzhv ecungilar in shape thar emends posteruarcraliy
alot g e Fond, The dermoplenstc extends dong the posters-
Imeral edpe of the fronzal The fengh of the conact betwesn
huth ossifcatons vares: watiue the populativin 20 ventral view,
the dermopteron ; nay pe ventral Lange as i A iGrande ard
Bemis 19941 Thire are @nerally tree avsapulis . each
side of the skull (Fig 58, KS12-2013, bui somie spesicens huave
two paizs onty olus a pedinl oee Fig 34 K3 12-275) aml athees
povses ufpergumuerary smal ectrascapilars pogricdy wedred
botweer, the e esificanens (KSLI-2724 fn Ohaudiths Juora-
tus, a third extrascapular & wedged betwern toe laterd and the
miedial catrascapulyr o caach ude of toe skl [ Grande 0103
Bur tne csiification s present anteriorky tu Lhe seniag, net poda-
riorly as in KS12.07% The lstcraimes nee B 0w argest aod is
roug iy circudar inoshape, with an irregulyr antenoe imargin cons
tauny the dermsopterans (Fg 6, KSLI-9 The other eatraswip-
wars are smaller and irregulyr in wmape tt ther pudera:
mangn draws a regulir forwardly cunvsd e, agonst whikh
abuts the first row of scales (Fig. 5. Most Crerazeous ‘semwngt-
Hormes” and Lepusstedormes have more than owo peirs of ex-
trawapalars, whibe @ single pav ii gerevalby present in Jurassu
faxa 1t cin 20105,
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F1G. 5. Thaichilys buddnabutrenes, skal reaf in

Endocrariad bratmase und parcpicrend Tre ooddpital rguwn
forms an csufed Block scparated rrom the ote ragion by a gap
~ the metarw Bwere = that wa Bled wil artrlage dudng life
{Fig. B, K512.41, KS12-134, KNI2-Z87, KR:12-238h The zap is
widet than m L toosths, in wheh e owscapite. wache the
prootic (Pattemer 1975], but remumistent of the stuation
ubserved in taxa belanguy w the par hncage (Grande 20100,
The basocdpitul bs viibbe 1n K512-237, ¥812-134 and KS12-
288 iz lateral Bce i3 excavated. O the et side of KS12-243, a
rounded process gnuated vear Lhe posteroventrl comer of the
hateral face of e badocoiptal o regardad as the fauet lora cra-
wial nib (Fig 8D, a3 described an L dvmind, and may ndicate

Mahasarakham University

domal views A, KS1Z.I7% A NNE-Z00, Scabe bars represent 10 mum

the coaurmernce of at keast wne Yused vertebira cenirlm wih the
bewuncase |Fatterson L%/ x0. The esoeospaal macts is sounterpart
Save the foraner mapam U ocwaprises 1 ltecally urmaited
fre. extending above the basochpite, 4ad 4 konzemtaly on-
cnted doral face Both faws ame wparard by 2 ounded rivge
that tpreads oot Lueraly There is re ovidence for pared sanes
of Reramens o the dersal and ventzad tous o spinal nerves,
bur instead 3 wigle wuall feramen opers at thus place, [n the
sperimen K312-257, no vagas wul visees e cxocopital, iadi-
catng taat the vagus rerve (X shioukd have 0¥t the metotic
Assure [FAg SC) that w, the condion ¢coded For 7 Esldma buer-
ersn e Cavin's (20100 anabysis Oo the rpght sude of KSE2- 134,
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FIG, §. Thr.n‘l‘rﬁl’.'l)ﬁ bgdelfa By tresias, skoll ol ket Y Scke bars represent Mo

wnd apparendy e K512.288 {1, 812 however, o notch U pres-
ent at the anterior marpm of the oxovcipia for e eant or 2
vagi menve, and 10 KS12-41 the furamwen woms o be Zone
pletely endosed by the iniercalar thy £R) Alheagd ths part o4
the braincase is poorly preservec on the gvailable nwteny, we
consider that this character - vagus nerwe complerch erZesed
by cracipita’, reganded by Qaen and MiCune (1991 as mipar.
tant to characterize Che semiionuionae’ - i vanable within
the population of 7 Ewddhabuimnues A wnilar sinaton, toe
vagal fommen partly o omplaely endosed In bone, hag deen
desirihed 1 Lepiaosione ard A tosaws Oirande 20000 In Gia-
idrtis and Dertlepuesious, The vagas Roramen s compely
encloted in the exnccipital 1 Grande 100y, L 4760, P and
4BEC, 1, respectively). In the spounuen ¥511-187, the exacopia
develops @ posterodoral artculor Facet for the st neumt arch,
and a lateedd articubar facet that articulates with the darsad pant
{pasideral) of the Art centrum [Fig. 8 ). In K512-288, the Tat-
eral process i stll wizible, but the santact with the Cra centrum
15 tight, and the suture is barely diwcrmale {1g, 8D, This stro. -
wre comesponds tooa partial fusion of te weotrum with che
occipital condyle. We have not observed e situstion in larger
wdpnduals, and contequertiv, we canrot wubish whetber the
cenmum becarnre complatay fused with the tuse amd evocdpral
durng cntugeny, eventuily fornung o wnnceral part of the

ERd

neuracranium, The ooourrence ol an amisular facet for crania
ziby, which indicites a posssle phylogenetic fason of 4 certrum
(see amive, amd tne accurronce of o Uplitly dsweoared centmm
in KS12.285 are the evmence of partal amd or omplete Sum
of two vertebrae o the copuet. Grande LU0 oimervee P
fusarss of two wrcbme i Lepmosions v and ATr3cioalens
spatuls, while Brite and jobrson 12010; pwened twe veanidome
fusald 10 (485000 - bat aab oee in Ajeerresisg sp ia both
stdies, the Rlasen o testifec e tke tosaen oF the necral arches,
bt the Ceibra uf the e voMchrae ars never reseni dunng the
covelapriers, o the certtaey of e unnlen eherved o
7. g diabugresas

Frotanging anterout oraly 1a¢ ricge of the showgHta 15 0 sp-
araled asiroaten vasibe U B 2184 K80 30ET and KS12-254
{Fig. BCmilsy and regaded bere 2 ar Dadiedual.zee smtercalar,
The bone foms o web deve oped ~ounded literd process, or
which probably rested the ventral lb of the posttemparal
{not gbeenadi. lis anterwot purgin b corved amd lelimutares,
wien the ventral rargn ul the spiocapital (fadawing Grande'
£20101 devasuon soout the hamoalogy ane teemimalogy of this
bone i1 Holoster), a gap thar was filaed wads cartillage, An inter.
calir has been descnbed in severl “Lepidotes” species. Paclersany
LI9TS ), howews, odkrved no ntercalu w Lotogrtdsr and con-
civaed that previoys observatiors af this bane in Lepidaies were
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FIG, 7. Thutchmys buddhabmtronsy ES12-304 Srout regicn nud gart of the suspemsonum i ngal Al wad or B Lateral vaews.

scabe bar mepreseris 10 mm
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FIG. 8. Thaudithys buddiabuirensis, vicocranal beaincase and paraphenoid. A-g, K312-4:, A nght atcrad view, B venirl view; O
K512-287, leh Lateral siewn 3-8, R512.28b. 1, kft latzral view, & postenor view suale turs repeesent 20z,

wrong (p. 422). We agree with Pallensan’s argamert for gues.
tonreg, the cbservation made by Woodwand (1%16) 15 L. man-
welliand in L Luifrons, and by Basyner (19433 0 [ seemisermana,
but we pee po reason o refule the previnus shsernations of an
intercalar wn {. sz by Stensio (1930 and in L muniedn
by Gardiner 11960). Accordingly, we nepard the vecumence of an
inzercalur in L mantcly, L somserapys and T, buddhabutrasis,
at least, as Lkdy, An intercalar, frsed 1o the exocoipital and
termed ‘incralar proces’, is presant i Dennlepaosicw tanns
1Grande 2010). The sitwatvn is wnknown in Cieidhrins, The
epocapital 1 well vidble on KSIT-T88 {Fig sD-El Wi no
detached omilicatirn Liows us w 3¢ the internal marpholegy of
this ossification. which bears importunt fastures for “semionoti-
formes’ {Paterson 1975; Thigs 198%a). The bone bears o 1s
posterclateral edge 2 process (B312-40 and K812-788 Wi, KSI12.
134 right], which 11 less develuped and not digitated 21 in L. tooe
mbsi und L. gionae, but reminiscent of the structure prasenl in
gars, except in Dentiupusostens 1 which the prowcss & large and
shightly dipnied (Grande 2010, fig, 4373, Laterally, Uie epuiapital
forms 3 dallow pasttemporal foss, A pomdtempord fGssa s
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present in semmonctds’, an wahich his pan v the danax 5
visihie, bz ansent 1n Recent ard extinet pars. Both epicdpitals
are separated puosteriorly by o smarmow g4 Thete wone tmae of
opighotics, supraoeapitad v sapraasic,

Hoth peoaotics are visible 10 KS12-41 (Tig. 8A-IY) and KS12-
I3 and partly w K512-268. The vesficalion & neminescent ot
the proot of | ipomhs and of the members of the gar line
age. Teee s apparontly no coned between the interaalar anc
the procti, ai in Lepidetes secasernctus (L apl) fyared by hpen-
8¢ (1932} and an DNespdemsostes rarde 20100 bur ureliks
Amw ) oasat tlewsts The prootic has 3 regehdy carved
pimterkie horcer that was embedded In carulipe. It extendi a2 2
wingelke struciire ot cattacs the asendin, tamus of the pe-
rspaetawd wnteniady, the sphenctic dorsally and e parsphe
noid ventrally s Ammwi. the prectic doos rot oreach the
sphenotic). A eoply space hetween the proctic dursally and
the parasphenoid ventraly housed the inteniad aarctd arery
vor ol arery, Coande 20010 Armost inothe centre of the
wisification opens 2 pore for the nerve (VL aed v ugelir
zanal, Pomedor w that Lage opering upens 2 wmd Bramen
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for the phesephanmgeal nerve (BN A4 slulew mbtemporal
is cxcavated n the donal st of the osonation
(Fag, BAj. The womtk comagts sntenorhy the dwending ramus
of the pamsphencid, a. i L rgambsl, but vocs mot form stk
I the Typical tadpervgold process of gari The anteror face of
the procts 2 ot vidible, and we canna! abeerve whether o
poasior myodame w present

The sphenotic B sutyred to e vemury side of tae derropt-
erotic. 1t devesnps a Lleral blunt proces. which is viable on the
cheek I a corcavmy of the dermosphenotic (Figs 4B, 7 and 9).
A soull peification in 1 simlar podtion prbakly the Ly o th,
splenatic prows, & alse visdbie in aume specimers. of Lepudores
manich (Woodward 1916, pl. (X1, Arenprlepvones (Thies 19%h,
fig. 2A), L. elenais {Wenz 1967, p° XX1: Thies 158k, Ly 2] and
L semtigernatis [BMINH P69 and hax teen sescriwed in
Tuyuarmchin itf, o which it thows o Jermal ormamente:
tumpobent (Lapez-Ararle and Almrado-Crtega i) In all
mlant speqies of gary, the sphenonic 5 siible Lterally an the
cheek 1 the lorm of 3 nnnure ewtfication. wecged between ihe
dermaopteratic dursiliy and sulwrldtal ventrally, ol corse-
guendy, the hone s separated brom the demmosphenatic (Grands
20100, In Thassuhys the tp of the sphenots 1s separated by o
yap from the skull mof, and 1 clowly asedated with the
dermexphenntie. In obawchibyids, rphencuy and deanosshenote
arr fuseqd together (Crande 20:0;

The endouramal skmoid regunn is poorly cahod. Me laterl
etunoid has been abserved Partirscn (1975, oo 499 descringg
in the ethmokd region of L omankde i Gsricanans ‘more
wonomically interpreted as Literad cthmeids . A erd ethmedd
with a Large lteral proces was described in Shernstia app by
Loget-Arbarelo mad Serco {2001, ard the shmont region s
well osaifies] W Ararpdepedotes (Werz and Hega 199 and oy
sibly in Floudetes [we baew), Gars do ot possew lateral
ethmod (Gracude 20004, In The wimichdn gz, a senes of endo-
chondrd bones aigned in comsspondenie with the anutenor
infracebital boues have been paned paracthmeonds by Lopes-

foma

A &
/ D [
S ; PR
f‘ A - " |
y - s h —_ . —
N N C
ALY e
\\; .
]
B , Y D
— v _
! .ﬂ?*:;,_s Sob
! R, T . ey ¥
vl YT
L L
i p—
s . K b :
\{::i:_- ] !
R s

Mahasarakham University

Arbaredle wad AharaloeUntena 7001, and in Semesems roribanus
ae ctnewd ossdication has alse Seen fpured w Lonuaen amd
Tkor (2008, Ty, 20 The vomer has Doon deserbed by Cavin
Wfoul (D03 2y 2 pared weufcaten In Kil2-288, hawever, e
sabre 4 vigole, aut the ossfiaton s oparth coversd with
matron This teature = paired ve unpaired vomer - is possialy
reliwl ta artogeny, K2 28R qlio shows the aciumeade of &
leaz Fve tgeth transvemally armepad aboeg the anteraT wade
part «f the vomer plas wome other teak {(af st three) an the
pasterior gart of the bone. Tac teeth are stuct and wanicd,
smalzr than the prouadiare tzeth, The teeth Srangement
Tooks similar m LomireRis (Werr 05 L plorwe 1 Thws
19659at, L dercarensis (Jan W83, Scrmanati, efegens (Obsen and
Matune 19l and sn o sthe exting Lar Denidepswiin wevn
terande 2014, dthough in the Liter throe speciks the womers
are pawed In § smanedli and 1omavions, two speces with
crushing dentiticns, the Pumton-ike femtn ame mor namercus,
more derstly amarged wrd cxtend cnare pesienwely anotae
unpaued vomer CWoedward 916 and Jen VYRS, roapectivelyl.
[n Hecent gurs. tae pured vemers are eamereh dengated ind
St paichies ab nte feeth A wane Gegs anleriork, ceept v
Lepismtens warns which has ne tangs [Grande 20105

The posteriar Turked artremity € 1he paraspbencid witires to
the venim wce of the Sa wanial ard foros a Vodape not
that dedanitates 2 roove BF the ¢ura, 2603 siilar bo 11 one
described in Lo roosrbst [Patterson 177500 A seadl loramen tor
the Lucco-hypophsal wadd opess oo e central face of the
paraspneror 2t the nostenor bevel of the arnit [Fig dd, Wl
devdoped awerding ramu ooend trom the man wddy of the
parasphenosl at the pestenir Ivel of the arbir No hasptengeid
pronroes are preent n L toorsksg isth oneending ot apd
basipterypord process (fornmed by the panwspberosd oely) wr
present, while s pars, the dscending, rami are abeer and the
tagptenygod prneses ae present, bat wodified with a parda-
Fativn of the anterior odge of the preatic. T e orsmad regiom,
the parasphenoid lears ateral flugges Pormeniar te the asoonding

FIG. 9, [emnthys Luddhabugenss,
cheek patterrs. A andd B, KS12006s; O,
hi2-83; B RS12-20 yrmows shuw

| features disoussed in the texi, Sale bas
represent 30 .

[




TAVIN ET AL GINGTYMOQU FROYM THE MERDZOIZ OF THAIT AND 183

rart, shalow ridys are present at the sufacc of the parasphe-
naid, at nu teeth are viubie 10 that arsa 53 contrast o L teo-
misi and S elegans, bt like 1, glorue, The basisphenaid b aet
vighle in specimens where the spaerond rtegion is prosarved
{K512-41, KS12-134), and consequently, we cansuder that this
osificatinn i absent,

Cwrcimoripital and saboriniay serivs, The number and pattera of
cheek banes of the dircumorbital series vares within the popula -
don ol Pho Nam Jun, The crcemorbita nag s coplate. L is
cunposed of a large dernmosphenoln formung the posteraloral
edie of the otbn, Two large suptaorbiialy above the ofdit and
tine nr ten nfraorbitals Wcated posterorly, ventraily and anten-
wtly to the uroit. One or two infraominais border rhe postencr
magin of the arail a latge one is weated 1o the postercventral
edye of the orbiy, and the rerainiag ones, which are Jecper than
long, are situated badow and anterior o the orbit The three ar
four auteriormost mfraceditals we smal axd have no wnaa
with the orat The frst, anteriormost, irtraorhinal {lacrizall 1s
triangutas or L-shaped [Figa 54, 10A; KA12-8), K511-262), The
infraorbital forming the posteroveniral corner ol The orbit bs tne
largest one of the werics and extends posterioely 1o reach tne pre-
opercle [Fg. ¥), a5 in Aranpedrpidons (Masey 1921 and in gars
awang others The infrasshitals berdering the pasterior margin
of the orbi are generally large, deeprr than long A supplemin-

Lury sl nouided ossifivation i3 ofen prosens e the anteroven-
tal and wmeines in the antrrodomal wmer of the arge
paeterior inframbna!(s). Beth patiens - ore snad wssheation
wedped 1 dosal and ore 1R veriTa. BOSIUGH — iy oCcur
angie pedmen (higs d, A-H K512-le80 The shawe of e
dermospienic vanes, r 115 general cutline is always Lshaped
The pustrroventral margin embraces the lateral extromity oa the
slienote As nertioned above, 2 ruther similar pattern eoours
i Lepudotes manedh ane TToyuamadur. 1o Gluacndtys and Dena-
Tepasaziais, the dermosphendtic i fused with the splienatis, and
e compound esificatiin is exdadal from the urivtal ring. The
suprranals of Thaiditfys are lacfe. The pusertor one b slimasg
square o shape. and the veneral maqin of the anterior onwe
extends a0 two ur three infraorbnais Tig ¥H], a3 in gars and
in scme Lomadoes and Goscly alied Lava.

Mast specimes of T, buadivbutresss, mlacing the aluarpe.
nave fwo suborbitzls vertamlly arruped Setween the postoriar
mirasrtitals and the preatetcke Fua d o 9' I svpe spmd-
rcis, 4 thind and even a Sueth (Fig. 90 suborbital are appar-
enthy present.

The orqumoraia, aml suborbial bone pattern B vanable
among “sricootilbrmes’ aod may alo vary ain a sngle spe-
Qes as shown here The features of tie cheea of T budidhabear.
vl wonipanek with ourer ‘wmionoatormes awd that contana
poteniul phylogeneiic signals are the tollowlag ofes. & senes of
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FIG. 10, Thanditips bud ubetrmns, aws A ard €, KSI7-762, &, ek Lrerd! view 20 anteror ewnwt [ B3 1016k, venoral view, Suae

bars represent 20 mm,
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anteriar infriorbitals with ne contact wah the orbit, 2 srmapee
morphy ol ‘semionotioriney’ as defined by Caven and SLtee-
thent 120063 a few subortitls armngad n a dngle row, 1
chatacter Bound i most Lepidoies . and Qosely alficd o
and e abachthyids (Grande 2050% and the «heck competely
wovered with dumal pones and urumordital ring canplets,
both charaiers also present in sme Lemndires spp ard Cosedy
alled taxa as welias 1 al pars

Hpepaluting sories T nuapensotium s visible on otk sidev of
KSIZ-266, but it b owurk, praserved and aderthation of the
ogfications s il uncertain thy Ti Of the byrmandibula,
orly 3 poarly preserved (an-shaped wrticular head is visibie on
the keft side of the specinen The guadmie & vuible as fragnemns
orly. The yasdratciugal rests abon,, e Jorzal becder al the hor-
izt limb of the proupercle and contats the rondyle of the
yualrate, in 3 similar urangement to Sermwanns dlegans (Ol
and MoCune 1991) aed gars The symplectic s 4 thin rad of
buee located poseriony o the quadratowcml and rests agaunt
the preopercic. This omd.cation appears 10 have no cortad with
e quadrate. The entoprerygoid is 4 twisted sinsoic ol a-
tor, under whih rests the airved octopterygoxl. On e right
anle af KS12-2eh, dhe anicrior arrennty of the ectoptery joal
saows 3 comnapler morphelegy, reminiawert of the ArTarnfermTt
present s wrienatus elegans: 2 mediaily dirated Limina articu-
Lt with the entuptervgaad, and G anterior axtremiy shows a
bowl-shaped surfice for Lne aLwopalating [Ooen md Moune
1291, p. 2TAL The larter bune, hewever, b not neen identyBed
in our materal Anteramedially ta the w ioprenygoid are twar ilat
amificibons, vable on beth side, which are internrerad witk
waition as two dezinal palatines. A sicgle try tcoth s vsile ur
the keft side of the untenor dermogulanne The owtapteryporl s
not preservend

The suspensenum of T dwddicuwrctss is more renicuacent
w the supesaium of ‘weuorord” txa swh oy SemioRchs
tlegans, Lepdares plauiyems or Tapudenchm izh; (Qlsen and
MeCune 1991 Galke 2005; Lopez-Arlurelle and Alvarade-Uruyga
001, repectivelyl, than w the wry specialzed wwpensadiam of
g {Grande 2010;

faws, The awitomy of the jaws shows severa) ~pevializitions
(Fig. 101 The jaws are Buple and e proportonaly mial
aunparad to the skull, exeept the prenuxillie thal are ratust
osif Gtions The mamlla i prewrvad oo foew spednens only
(KS12-80, K512-97, KSI2- 168, KS12-262) lis posterior half i Jn
adenmuikous thin blade of bone, with alinost stmight and pamilel
domal and ventral margins lis anterior Ralf, when & thinger
thun the postericr parion, bears “wiwesr four and six 1ecth,
Although 1ot cleady visible, the amangement ol the anteris
exremity of the maxilla indicates that a medial artiular proces
is present (K5i2-202, The teeth are 2-2 Smm long, have 2
cybndrical lame and a tp of armdine, which marks an Qper,
argle with the base, thus fomiing o otemally curved honk
LF 19A) Mo supramamlla is olserved, and s osufcation
was protmab asent, The wethbearing pocticn of the presia:ly
1 held transverselly to the long axis o the head. Cn Eie hasis of
2 ipedmen with oniy the bases of the Tecth presaved (KS12-6),
neuly 12 weeth were imtally suipected w0 he bame by ewh
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premaxils (Covin o ai, 2003). It appears hat the rnonener of
tunciioral teeth ot e wre time is s.ob'h less, o1 (KSR
176, K512-273) The propazilay etk aw srong kg than
the manillary and dentary tean (€ 3 mmv e hehti and oriy
shghtly recurved nwards. The Lateralinast woth is slighidy Ligger
thin the athor weeh [Fig. 100 A second row of weth, spaller
L6 are aikle b preent xhind the wntoror mw o of arong
teeth (K3:2-80 K312-262) lhe premandla extends poseriofy
foring 3 welldeveloped nasal proces, which 15 dug By o
CNGIVITY where opens U e cHaohory ‘emmen aud more
artenoly 4 swal foramen fur che malitine ramus ol 1he Sy
serw [Hz 7B The arture with the Tuntat appears w be water
dipatuled (K812 801

The ower nw s tughiy speadmed, 2. o several Lany Cretu-
coous frahwater sennononforsres’ (Cusie 0100 1 ha a dewp
and will-develrped corenaid process ard 3 dentigerous parion
compoitd of o haeruntal Made of bone that baars horzontalls
crented teth e 1Y This pecalar morpaciogy is not owing
e Presavalen, bolacse i1 b vk o0 several welowesmed
specunens TRE1I-a0, K312.47, KA 12-165 and K502 1aK1, The su-
praangular farms rut o the wrenmd prooss in Lizerad view, A
fragmert of preartx ular 15 apparently .wibl a'ang the antenu-
Marginn ot the Goronckd procss in RKall-Inl o0 RS2-ZeD
higs 7AL TOAL The angoar kerns most ol Ibe postersar part of
the rurdinle and contaus ke dentwry tThrougs 1 doukle
Vosnaped fLtare. Indesen dent rercarswaler and corersid osid-
cations lave no bxr oderved. (he dintan devenpm! . i
prsbrnat process This peoeess, which appeurs 1o reach the
artcalar region al the mandible, was reparied as an ingoriant
character tc revdwe the padagen of “emwenutifonne” 1 pars,
ihe dentury dacleps @ doral process abwve the anguar (Caviy
2, characer 31, A detabled descnptwin of Recent paa v
Gravde shows that the centary reaches the posencr margin of
the rundibie in same spoties i Lepuostens asens, Lospauls
althowgh a oy paved of amticilur os o 1 vidhle postesiorly
lateaal vwew)l, s not 1o hers in which the supraangular and
angular meety preventrng the dentary to roich the pogencr rur-
gin (L plarostormus, [ panlatus, Alracmsieus platrhingg, A i
torcans and A, trgwash iU s wnckear whether this difierence oo
relited to the species and/ar to the sze of the spwcmen In
Thauchrhys Buddivinarensi, u procas above the angular sems
o be precrt mosome spedmens orly toonpane Fig 1JA. K512-
W2 and Fip TA, KS1Z-I60) Cuoasegaentvy, we regad ths
patiern a5 ancerlan now. |r the dala metny, we coded far
T baddMabutieses tne most conman et thad B oa PSR
svending bedow the angutar onh.

Arterdr 1o the coranoad procest, the Jrt iy 1omss with i
counterpart a henzonta blade of bone that protrudes lxerslly
off the manditde. C. i8 small teeth, =25 nmy are borre alorg
the anterior margin of the blade 1Fig 1A~H, KS12.80. K512-97,
R51Z-le> KS12-168, K312-2620 kach oot L5 compased of 1
Cilindnical base held horizorially ard 2 bulows cap of aaodine,
which stands az rag angle with the Shindnes’ base. Then s ne
evidene fur the presence af tatand feeth w. vve rardible acd
nn the palate

The pw ard the dentibun of Ginglymods aiew a wide range
of speculizitions, sudt as the development of modermtely ur
srongy tritorul onttion i vadous TRaste to Creta sy v,
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prodatorial dentition in Recent g and raduction i the Jenti-
tion ue severy] orms from the "mid-" Cretaceous (Amrpelem-
dotes, Phodetes, chaschiliyds). 7. bddhabuiensis bdongs 1o the
laerer group. by particular, it shares with MewBosteus, Claichihys
ard Dentideprsosteus the teeth arrarged i a2 sidgle sow and con-
cenired ik the amiener portion of the mandibie.

Opercuiar serics, The proopercle abows varations witain the
population. It hai 2 horizontal bmb slightly shorer than the ver.
tizal one. The vertical branch has paral’e. vertical marngins with a
slight tapering dorsally (Fig 61, tWne specinien ar wast shows o
heeh-bive process jocated ob the anterior margia ol the bone,
jast pilow the mid-depth of sts haghe (Rg. 9C; KS12.214), The
poseroventrl margin of the proopercle is gty curvad (Fig. 9
Some spramens, Bowever, bear ot this wvd 1 mycded process
pearriding posteniorly (Fig. 61 KAL2-8, K5:i2-181. The ventuil
margin of the horieontal Limb o gendy curves!, and the assili a-
ton ends anterorly a3 2 blunt spine. The specimen K312-28,
which is large in size, shows Facturings of the cheek wmnes:
wldimion to the presence of a supplementary smal infraccbital
and suboriwial {see adove) there i another ovoid bone wedged
between the demsopterote and the lateral mest extrascapular
and, interestingly, the vertical branch of the preoperde appears
tu be divided by iwo mupplementary miure Fig 8D, Azkorgh
the ek pafications of this speciraen are damagsd by several
fractures, the futures delimhating the bomes descrdied above
appear to be penutine according to detailal ahservabions of the
mangn of the >ones. Two osifiatons Hleg the spwe of the
preuperde have been described tn 2 specimen of Sesmmnoei ber-
g oy Loper-Arwarclio (2008), buz it ix unclear wnether this
paTern reprewcht a2 chanuter of the wmow o i3 an abnermat
sondinon. In Kil-26, tne tmall ossfication preasent ai the dorul
tip of the preoperde torresponds ta the pestion. of the dermob-
val and/er aupraprooperde present in gars (Grands I0LC;, b
we have no other evidence to test Lus posdble homnlogy. The
path of the preopercular sensory canal i desuribed btlow, tau
mention & anale here of 4 nape running Jiowe the ait of the

HPSOTY Cas. PR i tome wndividualy vely (PgosC) The
openle s slaridh 1 shape, with its antersor and postenior mar-
gl #lighty cuned. Sume spocimens (KSE2-26, KSL2-208) have
an cperde prupomionaly deeper than the surish operle of
ihe Lype specimen hoompare Figs ZA, 3 The donal nurgr of
the operck o stright, the posicror mangio s inged by fue
groaves viuble on well-prevervod spocimens andy, and the veniry
margm s shghilv conver, The alwpercle is well developed wath
3 veriual lumb almost reshing the articular procas of e oper-
de, The dorsad margia of the hne bas 4 progorionally Lige
arecent-suape arid that o wanored with the aperde on artiu-
bited speamens (g $AZ) The interopende B vk & a
triangular boue wodged between the subcpenlde ang the pasiero.
venicad edze of the prenpercie

Brundhaal appardius and brascluntogal sap. S thic ard don-
geied Eranchivswepal rays are preserved an the rht side of
KS12-16d Ty, 341, Sorw ednerts of the brancnid: appamtus
are visible moospecimens KS12-201, E512-!76 and K512-287
(Fig. 1t The anioicr erarchyal is hoeur-plassshaped, with a
roal posterion mtremity and 2 coach BArOw antemor (Xrem-
ty, The posterinr cematohyul Dmt visible i Fig 110 4 roughly
wianputar in shape, wih a margin contcting the antenoar cor-
tehyal reguliriv curved e K505-287, & pair of haliwwralar hvp
ohvals 15 sutred to the antenor extmemity of the coratpnyals.
The fiesl hypobranchia b visibie in this apecimen a5 a2 red ot
hone dighily wider distaly thun proximaly. Severa specitiens
wow ceratobeanchialy, whidh are well devedoped and Jug o o
deep putter on the veutral side. Their aarm wr cannat be deter-
prwied, ot we can suppose that e were four pavs of pe-
warchub wwl tve pun of ceratobrinchios us in gars, A
and Jermgvades Spo TOLen and MCons 199 1)L In KA1 228, 0
thin medin ned of boey s vigsle just poacnor to the first par
rt hapebrandhuls, Akhough tha pit i peorhy preserved, the
demen: v reganded o the ossfied wntennr part of the second
Gawlranchial. ln Lepuedens osews aud Apeirrastons smeuls, the
woow basbranchly o5 cartdoinecs, aeept 1 setion stusted

FIG. 11 Thandhtiys hddirsbureense, KS12-207, vertral view ol the skell with elements from the Branchial apparatus, Scae bae

rprasents 20 mm,
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between the socond amd the third pos of brandmai irches
(Grande 23010), while in Thaichifys budidiaimaeniy, the ocafied
safinn seens o he loczied e aniericrly, hetween the fime
and second pairs o KSE2-176, dements of the dorsul pam of
the @it nrches are apparently presrved, but sherr determinatuonr
remaing dubtous

Pectarm gindfe. The post-tempordl is 1 crescent-shape ossifice-
ton bordermg the postgior margin of the ialeralmost eara
scapular {Figs 5, 61 The vivible part of the sypraleithrar ha
3 dorsal burder that lines the pesterior margm of the pua-ier-
poral (Fig, 61, There is no sepradeitnral process un the interngl
ide of the bone (K512-204°, and the pestenar margih =
marked by 2 halow concaviy and sorwe farm rdges a1 nong
on the hiterat fce (Fig €) The Zeithrum (Fig, 141 has a Jong,
proportionally carrow and slightlh omved veeicd oo that
ends dorsally weth a shert imveracdy curved process The Literal
face of the verucal lunb & orfanwried with riwges beariry
fainr traces of eramel, The posteroventry marpn of the bane
is srright, and ke surface bears a trargular area of ganoin
This area was exposed un the mrfice of the body on the Jning
fish, to the contrary of other parms of the deithrum thar were
covered by the epercular woriss There s 0o Trace uf @ wrmated
ofgan. The honzontad Led of the clesibrum is mthe shon and
deep, with fts Lieral fagz maded by 3 swoth ricge. On
KM2-200 awd EN2-Wde, the deithrom e viaqde n cnoernal
view (Fig 12) It shows o well-daceloped curved witemal lam-
ina that Jelimbaed the gills chamoer. tirtarde (2610, p. 780
repards e lamuia of the dezhrun in Marowrmms — Crerved
by Bartram [E9771 wsing X-rays — & homalogous w the one
of gan. The moephalogy presen: m 7, fudfhorrrensy 8 verr
simnlar, and i nsequence, we consider i as homelosuis to
the internal Bamana of pors. In Ama, the cheithaun w2 drpse
Lahaped blade of bone There are fous pastderbry Tig 43
The dorsdmos pestckithrgny & 2 gancin-free  ehongatad
slighty urwed and recangalar cesificatior wh o 2ot dersy”

FIG. 12, Thaiwhrhve buddha mareasip, &, K512-202, portan of
the pectoral gindle in intemal wew and poive gindle; o, KS13-
146, portion of d pedtord gindle Sk ba reproseats 29 mm,
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process, [he Urer venttl oues on smabier acd bear ganom o
SOMR STUNKRE

Chandral demesns ub e pecteral pIrme are Ve as trace of
boue in hS12-2C7 und in better condition in Ka!7- 146 zig. 12)
The saipula v an irregulir thaped Sone wah a veatrd am wma
dehrtales the capilar kwmer asmally o “wapular ot
There are ot cust four radub inasmp it vize actedarty
Thecause the left pecioras prdie hus stuftad, the radids are visishe
IR & reversal alignment oo kE12-1800 Two (RSLI- 140 or 3
LES1Z-202Y roundel estifications levated in the ventrpostena:
edgr of the davrum are posisly propteryrul owif atons Ty
arrugewnt and shupe of bones of e peataral gulles are emi-
mseert of e stiancn descrioen 10 Seracn e, cvging e
ard MaCur e 19910 216, o a lesier deer e patticular in the
shape of ke Cefthrim,, U grs 1Grande 20100,

Cepratsar sensary canar The sapratempord sensory  caral s
baneh wsdble onthe cpeamens (Fiy "2 auept tie enit tar the
wareettivs, with the preopen uar Janal Tis caaal eas tbe
cephalic mavery aosteriorly through a por locited i the cone
cavtv of the pesteriar W of e bupraoeiam g o)
The presence of the ocdpital sensory wnud (o1 suprtempornl
comunissare b Goirccdsd breoa senes o pers that usen along
e poserior murgpn of the eonecapulas The sepracrbits
hran:h gryes off @ cotpic ol pures an tae dermapreret near the
canraction with the fremtal Un tve Fronta, aevera! Mores are
arranged Wheng a caned hoe. One of two pores opea laterly in
thr avteror porton ef the fronal. and the come passes throuzh
the nuedd vuoa pore leated 102 smald nreh ot the frosta. The
supaaurintal canal nu akng the longitudingl azis of the nasal,
No pore is viside on the nwal of severd soeamens (K512-275,
but s athers, one o sevweral (K52 1BE? PMOres P i the ossi-
frauer, A puenor pit hoe rocs Transesat v wrorgh the
setare etween patwtd and derrweprorone RS 170w NI 200
Wu uprring is veibe on the puatencr one ot two ofraorb.
T 11 the infra wostals catec vertrally and xatersventralh w
the orm, the infraarbitet sensory canal rues ciose ta the nmizad
in ol the infrwrbeal ~sifizaon. Iogives of clwcniala
that apen Lewr vie vontrl planur of U bones 1oe number of
openings & ang the infraorlatad cane, vanes weerding o ualwid-
Lals, PO the moel Lammon patiere seerms e e 2 blowiny
e there are fin e pores near the ventrad nargr cf the g
postersventry inftaorisital, three smiall pores on the veniml mar.
sn of T aniermr st mfoitg 1ad e pures located aking

2 line stuated in the muddlc deptd of tae rext anterior irfracrs
bital On fhe atznunnast wnfraosdialy, ke upenug rin doag
a wne ldated in che dorsa haf of ossications The canal enters
the wntrhrial vii a pore ocated ot the angle of i crescente
shupe e and gnves oFf neo more soa exs ana the veatra
Linb of the gmehcation {550 2.9, K312-Bi). The cthmoid wim-
migute crosser the tubalar rostral KS13075), There 5 po avis
dene of 3 sersamry canal v within the spracrbita. sone.
Tae preaperilar sentory canal by faw puces along the vertical
Eranch ot the preopen e, and three o four sopprmeniary pores
epn in the auratire of D bone near i paswvior Macrgin,
Three or four pores open deng the hosizontal branch. in some
spenins (RS120A3. KS12-201), 198 openings am szparatec
of the posterior ores by a gap. The aanebular seisor, cana
v ot least Lo dosgated pores b wopnar e -8
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FiG. 13, Thaidihys Duddrabuirenses,
reconstruction of the skull with the path
of the sensory canads

e "
S ——
\\::F_f’/-/ icrm

potes 0 the demury along a une locoted it the vontral parg
at the bone and ortending antcriorly o tae veatrd sude, in the
muddic of ihe honzontal blade of bone. A Ew pore apen abave
the americr porior ot the mandibutar canal, mdicaung the
presence of an oral sensory waual (Fig. 10; see Cavin and hutee-
thom 2006 for a discuwion of this feiur?). An ordl sensery
canzl {5 prosent in severad ‘emionotids’ ard i the par Aasulos-
tes pancar {Grance 2010, p. 651).

One or twa pores are vuble in the inatdia of K512-30 and
KS1Z-262, It iz stitl undear whether thew openings are relared
o the sensory syaem. as ¥ was described a0 o specimien of
Lemdores elverss by Thies [198%], or whether they accommo-
dated werver 2z the fommens accorenodaving rara of the wi-
genundd nerve desarited in Amu artvad (Grande and  Bemis
1998, fig, 42];.

Axac] skeleron, Tle frst three contra 3t least are ossdied n
K512.287 {but only this part v! the cooumn s preserved on Lha
specimeens, Figs 60 £1) and appavenily the fimt Rmr contra at
fead in KS12-176 [Fig. L4Al Poseriody, e conire ane nor
more ossfied In KS12-238, vhe Bret fier comirdm opseuts to be
rstrcied oo basidersa! dement Fe, AD-E% The At nearal
arch 1t wodged between the fied contrum and tne paired artiou-
lar facems of the axoccipials tAE 8C). the neard annes of the
firt Uiree vertebraz do not extenad high, but the may be an arte
it of preservation. It s unchar worther these pearal arches ars
fused ta ther comespondy, centrum. [n the anterionuos verts.
brae (.. the first & vres), the nearal arches eipand Jomally a:
posterogy wurved processey with an enlarpod disial exieemity. In
the miore pusterior veridbras, the neucal arches are mere ¢kon-
gated and taper duially. The neurat archas ace apparenth pare
in the abdomiral reglon and certawly pawred in the coudal
regiar. The supraneurals are dotiated and siglily corved, with
& astally enlarged extromity for the first ones {Hg. 1A)L Filteen
supraneurals am visible or KSI124170 ard 17 on KS12-261. Ar
the level of the dorsl Ain, the suprancirals are nar mere presenr,
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and the neeral arche are dose o bue not ardealaueg witn, leng
and  propoructafly  wide provimal raduals pmervgiophores.
Powenor to the doral fr, the necral arches ane thin

There are a1 few amtted ribs wwibe in softe sjwrimens
[K51245, ¥512-142, KS12-180, K512-224 and KSIZ-17400 bue
thor nundter and arrangement cannod ow Cewrminal They
appear to be simmer thao 1he neural spines. In K512-175, The
fast preserved caucal elements are wisteé amd Lhe vertebeal
senes poicts furward. The weible dongated and amhed oe-
nwenrs asociated with the vertdirne are prolubly baemal anhes
tFig, 1441 Ar Teast 3] vertchrae are present in this specinwn,
but tke toul nwabher was higher. (In the aws of our rmoon-
wrLclion, we oRimate pat the total momber of verte wae was
e

{entra we qeoerady Gob cadled @ semnotuds | whie the
are abwayy strongly owified and opisthococtous in gars In Plig-
b, abdominal vermetwae huve 2 oompeete wesited g woar |
thy notechord Veny 1299, and in T aparell the anterorok st
verteb e at least show some degree of osstfoation [Weadward
19°F, fig. 1B,

Feaorai fos Tie pectons fic kas Y basal fulor K327
kst IG fningony {0wea TES12.45, KE124ad and 312,021 and
13 rays 1aT3-I70 BS54 0 s elonatnd, representing 79 per
o of the Tew! Tengh in orc specimen 1K812-165 fin
k*\g:}‘. = Fumm, bead length = W, wnd 8 pur oM oin
another  (KSI2-13. fin length length
HEN I

dmen, hew

Felew giedle and fin. Severa, speciamia 390w portimas ot theis
squanatan wiak nomerra] view, ind ther pir of peiva
hanes TRALZ-21%, KE1L-207 and EB1Z-1RY The pesy. Dones
are congatel bores with on onlargel preomal et sita-
ated wotve honzontal plam hip. 128 Posternwly, the shat
tne bone thinnen ard twiss, and s posteror ererury wides

in the vertial dan This rourded atrenu:v baars the rave,
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FIG, 14, Thaichilys Paddl agemenils,
v sckerer A, BS1Z10n in [t Luteeal
view, B, Ka12-250 0 bt laecd vew
Suale Bazk represent S ann.

three of them bemng sisible on KSIT-202 The pebvic fin bas
three bacal tulcma, six or more tnnging fulcra {KS12-233), the
basal mest being slightly longer than half the An kngrh
IRS12-72: 18 and 30 mm. sepedivey), and six rayn (KS12.97,
K§12-168), The length wf the pehic fin reprevents 47 por cent
ot the head length [K512-97- £n length — 42 mm, head
lenpih = 90 nun),

Mahasarakham University

Linpared fins, The specimen KSL-2G1 shums the firal tve pron-
inad mduls (plerrgophores) and some more posienar ores
stpporing the domal fin (Fig. 148}, Tiey are anencdy oni-
emied, robug and very dorgaied otsfuxions (Fig t48) Tu
KS12-201, the wimal sxtremdies of the proximmal radials show
enarged heuds that artculate with hour-pls-shaped midde
raduale. In mosg specimens, the unpured Grs are Ecomplete
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F46G, 1%, Thaudnthys buddnaimerenos, dosal T A, K512-75 in left lateral view., 11, K5 12-190 i Teit Literal viewe. L RSI217600
ught antermoiteral viow, [, K5§12-224 in kft anterulateral view, Scile bars repeesent M0 mm,

Thu is why only the basal kmgin o dotRl ard ara) hos was
usad in the morpbometric analyu ol tne papraton {Dest
et al 2008). However, mre spetimens show rather ¢ompicte fins
ahowing general dekcniption for the specks (Fig 15). The dorsal
fin is proportionally high, represenung 76 per cent of the head
kngth (KS12-19¢: fin lexygrh = 30 i, head lengih = 105 mmy).
lt s compnsed generally of four paired basal fuldaa {6 are Lpar-
ently visible on KS1Z-444, o W Trrgng tokra and 12 nn
[RS12-190, K582-/5L o himal view, a =noore simiar to 2
basal folorur 1 present anterioety e the four true basal fubory
in tome pedmens In KSi2-221 ued &512-237, whick have 2
shghtly twuted body, this seructure dppears to be unpaited but
praximalty forked [Fig, 1500, 1t is regarded as an unpwred basal
fulcrum accorbng to Arrata’s (2009] delinnion The basat fl-
cra, which anmkulge with radials, are homologous with the
‘rudimentary rays’ desoribed by Grande 120i0, p 12B) ;mogars
The Fringing fuleey are slighidy ourved and very ederpated, the
first une being equil 1o hatl the Lngih of the s rav. The fus
tned of the kength of the rays is not sepmented. A Lre longu-
dinal division of the ray owan at eid-length, and 2 second
divEDD oocars at the thind quarter of the lengh of the @vs
appmyimately. Althcugh the very ups of Lie rays are ttvalh rar
preserval. the onhire of the fin adwervnd in KS12-1w shaws
that the distal margie of the fin was stmyglt

As for the dorsd £n, the anal prosocal radials aee roxist and
eiongaed tae firg ane reacking 55 por cent of the head lenth
(K512.45:  merypophore  length

S ook, el

Lnigth =

an

fulr

FEG. Y6, Thauduhys buddhzbuisenss, anal £ &, K312-272

100 runy. The and £in s hou? Swed fOira (RM7.7V RRIDLET,
BS1ZHT and K312-iT2; bul we wamimd dasrss wiwtner the fra
one s anpawed and forkeds, 17 franzieg fukera (KS12-272) and
B2 mys (Fig, 16} Segmentation and division are sinilar thaa fac
the dorsal £ Acconding to she ohservation on KM 234, the
enemal murgin of the aaal o wa prahahy strught, and is
coptlt wac ¢ 4o per cent of the kead fength (KS12-38: fn
kngth - o omm, head kaggth = T8 o)

Cands!l fn Aa B Lse otler s, t1e Gical £ 3 gererdly
poarly preserval The cand L lebe 4 precaded by an indetermi-
nate namter of fulara, The ventra] fobe is proceded by oo osoute
(E5IZ-192), these unpaved aeel probably forked tasal Ggdera,
war pared Dasal fulora 1the speaimen KSIE-202 shuows 3 saper-
aurwrary wnall basal Rlorum wedged betaen, 1w lage fulim,
Tig, 10T and at dwat 04 Irogarg onra PR 72100 B512-07 0
Thear are ameally 07 ravs, > o the ventral lobe separatad by a2
stightly Lirger zap and 10 1t the dounal lebe, bot s spactmiers
apparently have wone auvs i ther vemiral lebe (g 17C; KS1z-
N1} Faca rav divides three times, The ventral hebe of U e wuwdal
fin equale ypprenimately W-48 per cert of ke Lead lengik
KA et KS12-1361 and we an suape s Tl e demal bobe
noarly promrvad en the eealdble rateru
the aanme e fine tad 15 datal ¥ cwrernally homocereal in remio-
noldi’), Senw specitens (KSLI-6s, x5L2-15s KNID-139139;
indicate that the posterntr nuwrpr of the caudat On wan regulasly
comathe bt et deeply bk

1ad aporeuraiehe

i
P sy 0

fua R’ Aus

21720 righnt Fateral vemw o, NI2-102 00 et ltera viewe O, 8310204 0

right Liferal view Scal: bars rzpresent LU mmy
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WHAdma o Accorar: o Deesri oral (1009, them arg on
average 46 scakes alung the Lwral line, 23 scaly aovg 1 row
from the antenor Sarermaty of e Jdoral inow the el ure
and 16 saules brom te antedor evtrmin of the amal 0w the
Lateral line, Twesry-three [21-25) scales are bocated on the lareral
line between tire head and the donsd Fo. The Lank xales »ear a
par of pracesses (pegt) located on the dorsal and verrad con-
ners of the anterior nurgir, a8 0 oS emanobinrmes’ 1sce
Cavin g ol 2009 for 2 discussiuo of this character). The poder-
wr extrennty of the sales formas a blunt aine somenes more
acute, copecially in the posterlor part of the trunk (KS12.54),
The median domral sales are lunger than hroad, Wermngic in
shape and womeunws with 2 dightly concve sorace (Fy, &
K$12-227), Somn spodimens show a isorphology of the mulian
dorsal scakes thar is the definition propesod by Ofser and
MeCune {1991) e the ‘Semigratdae’, whie anther sgredinens
show morpnodogy that do edt. Corscquenthy, we regard this
character & palymomphic in the phvogeetik anadvas Delow.
Scales similir to the dorsal mid-lne males, with a rather well-
devaloped wpine, ar¢ aba presact aorg the ventral muddine of
the body between the pelinc and the anal fius (K$12-97. K512-

FIG. 18. Tlanahihys buddhibutrenss, demsai ricge scala.
KS12.227. Saaie bar represents G mm,
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FIG_ 17, Thawceth i buwldichuteesss,
cauda: R A, KS12-407 B, RSLI-272
ES12 {0 Scar 38t repremers 20 min

TZa), but we caniul aacertur whrther the hature 13 present i
!l specumeni. Trne patiorn of the spanwulion ¥ reguur showing
1he typical waadd inveror in the audi] edunde (Fig 195
wth L exseptics of the base of the wipared s, Mala fom
the Frst tow nnder the dorsal An have an fmegular magprhobogy,
with the anteramoet ones showng 3 smatl process un treir
doraposenior edy- {Fig 150 The first 1w rows of scala & the
bine of the amal fin are also arreguiar (Fig. 16). The anus us yurs
rourdel oy Lirger walos, but their precice arrangement s undear
(Fig. 16}, In gars, there are ar anterier medial andl scale and
pared Wrge lcerl anal wales, and we susgact thar the patiemn is
similar i T Dol fhurbaemessls,

PHYLOGENETIC ANALYSIS

Morphenuelric parameters of the specimens of T, buddi-
aburrensis Fom the Tocality of Phu Nam Jun indicate the
ouweartence of 3 singke population representing 2 single
spectes (Deesrr of gl 2009 Usleddogicd vardations are
obeerved within ths population. Theas arer (1} pattern of
stfuFes running between hoth frentads end both paretals,
amd of the suture separating these two poins of osnfica-
trons, (2) length or the contact betwoen the dermop erotic
and the Froutah (1) oumber and wrrangerment of the
extrascapualars, [4) location of the exit of the vagal nerve
from the braincase; (3] pattern and numbder of infraorin-
tas; {6} vutine of the posterior magm of the preoperncle;
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FI1G. 19. Thaiidtthyy budihabutneus, raconstnoctons. Top,
external view; bottum, view wils o sades, and cheek and
aperaular ossificators.

(7} preseace or absence of o rddpe Along the horizntat
zrm of this bane; (B} morphology of the median dorsal
scales befare the dovsal fin; and 1Y) link vanations in
fing' rays counts. Consequently, caution should be taken
when these features are used in the phylogenetic analysis.

Cavin (2010) suggested that the par linenge routs in a
cede of Mesozoic “semuonobds’ by using o set of 43
characters. [n the meantine, Grande (2010 pubsished an
extensive descnprion of Recent and extinet gars aad
defined 105 murphological characters fo explore their
phvlogenctic relationships, Grande used Semionstes eke-
gans as the singhe reprewentuive of ‘wrmonotids’ and
found gars (Lepisosteifornwes) o the sssier group of
Scmionotifarmes (S chgans’, 2 clade named section B,
Section B is gathered with Macraseoviformes n the cade
Ginghmodi. The Gighmodi farm with the Halecomorphi
i mosgophyletic graup, the Hokstei

The descripion of T inddinbuirensis, topether with
reeent studies of new “semionatiformies’ b wnd revistan.
of several species, b an oppantunuy © re-evaluate the
relationships betwzen Lepisasteiformes and “semionotifar-
mes' using 2 combination of characens emplayed by
Crande (2010) and Cavin (2010).

The characters used in the cladistic analysis are those
used by Cavin | 2000} with the addition of Jeracters msed
by Grande (2010} tor gars when they are relewant far cur
set af taxa, We cut off Cavin's (2012) character 2 I Vagus
nerve exits thoough the metotc hsare wrsus forward
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extension of exocapiul sround vagus rerved pesadse the
fmitern is palymorphuc [see abovel Polymorphie chamc-
ters can be wsed o phylogencns studies, but this one i
known i low few specimens 2mong the compared species
w b properly vvalcated. We abo deleted Cavin's {2010
character 7 {atwence ws presence of 4 posterior my odome!
fotlowing the discussion of Grande (1010, p. 866) on thar
fegure.

Some of Crande’s $2016) charmglers are not used 10 the
analysis becawser {3 i most cses they ure not visible an
tozsil materia (Grande’s charcters 3, 78-61, 83-86, 99,
103, 1043 {7} the et of campared specics do not shaw
the conzerned features ar the character is unmformanve
(11, 34, 7€); 3 they are regarded as relsted ta other
characters (31 (ier Jdiscussion of character 8 in Cavin
(201613, 17 (sec discussion of characier 37 in the appen-
dixl, 37 1 e discusson ot character 3 in Cavin and Sulee-
tharn (20561 and 27 in Cavin (2019)), and T2) of (4)
there are oo mzny unccrulmtcs in the recopnition of
character state (27, M9, 40, 64, &) Crandc’s (2090 cher-
acters &2 — longth of ectopt.:rygmd relatise to entopteryg-
vid - and &3 - ectupterygoic participaton in palaal
surflee wrea — are regarded here as linked, as mentioned
by Grende himsetf. In his dals matnx. te distripution of
chiracter states fur these two cheracters w semlar for all
taxa twhen characters are known and cppheablel, exsept
for the ohaichtiyids which Wliaw The pleniemorphic con-
ditions for character 82 only (but the iinit between bath
staled Tests on an artbitrary vaue for both characters).
Consequently, we prefer here to retain g simgle character,
that i5, Grande's character 82 which is o clutacter presi-
uusly used :n phylapenetic studies of gars and serionoli-
formes’. The 59 retamed charzcters, mcluding comments
about their ongin and definnion. and the datz matrix are
listed in the Appendix 82 ot tie Add:tonal Supplemen-
t2ry Infarmatian,

The tuga inciuded e phdogenche analyss are tiose
wed m the woond wizdvas of Covn, that 15, the analysis
witheut the tin onbuining tou much question rarks,
Contrary ta the prevarus study, we Gid not use a theorey-
@l sutgroup here, but we indwled Polypreras smane as
attgroup with Jdate caliccted frum Grende 122140, W
modified Cavn's forawr set uf data i!..\{lr{h'xg Lo a new
description of Gleschizhys decoras by Srande 20101 On
the Basis of the Linter study, we delened '(‘)nll‘{hfﬁ_}!'ﬁq{':‘p.
ont, reganded now as an Atractustens, and we included the
type species o Atracfostens, A spatuli, and the tvpe r,[;c-
cles ot Lrpmsrms. fooossens. inatead of Lepoosiens spp. i
Cavin (2040). We abo added recemtly desenbid taxa,
Iﬂ'.l'.l.\ll.llg Cmm.t.u waleyl, Abillostrin S, i—}enhf{?-
fsostens Lievis according ta Grande (70707
tyy s cecording

Sangicrginich-
Topez-Arbareifo ol (2011,
Nayuannchin uzni accarding 10 Taper Ashardle and Al
varado-Oriwgs (2011, and Ser wlepe brenfuime o arding
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to Lombardo ang Tintor 2108 The tist nf the exarined
fossil materia and of the consulted teferences is available
in Cavin {2010} including the electronic supplementacy
matenial,

In complement to the dasaription of T, buldhaburren-
si, we caamined two aid-prepared  Araripelepidate
fepmurus speamens amd several mechanically prepared
specimens of Plodetes mgenowis kept in the Muséum
national d'Histaise Naturelk, Pans. These observauons
ked ws 10 add aew codieg or 10 siter coding in the date
mattix used in the 2010 analois, For A tewinprus, these
new abservadons are the following iFy, 200, Thies 11636
suggested that thwe anguler and suraagular’ (= supraangu-
far') in this species are ¢ither Liclang or strangh reduced,
the lower juw being formed muiely by the dentany, [
BCE 236, however, o sl rounded sssificaton 1, visible
on the teft maadinle posterior o the dentarv and 15
regarded bere as an sngaiar Moreaver. oo articalar ord
supraangular are alio apparemly present, althuuygh their
dengification 15 sull wiwertain, Consequently, the chara.
ter long posterior process an the dentary in lateral view'
~ which was regarded a5 inapplicable in the 2010 snalysis
~ 15 tegarded here a3 “abserd’ [character 56) Moreover,
we nuticed that the deatary of A wmmuns forms anien-
oy a ‘honzontad blade' reminiscent of the dentary mor-
phology of T. buddhabutrensis, This chamdter, not coded
i our analvsis, adds further weght to posible affnrics
hetween both species, The presence versis chsence of 2
preorticular and suprsangular {characters 80 and 61,
respectively, in the presend analysis) was coded a3 'nhsent
in the 2010 analysis. On the basis of the comment dbove,
we mrefer here to code bath characters with question
marks. A medial wing on the cheitlmum g present in 30
336 {characwer 75}, and conspivauus large praminent pos-
teriorh pointing spines are present un the flank waks in
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BCE 2% qlhatacr 8r) bor Phodetes mgenenss, Vhe
modined characters are the following (Fip. 21k In GDF
1314, an eedachondrl vthmord asmboatian — possuly .
lateral etheond - 4 present, Coniegquently, we ¢oded thw
charugter conceming the stale of assthaation of the eth-
mowd region (Character 93 s uncertain tquestion mark).
As mentoned By Weng (1999), e pasterior extremity of
the nasal process 1 orpamented with the typaal edon-
tades present an the skl mof in some specimens only.
We confirm this cbservation and moditied the coding of
the ¢harace: 'partcipaiion ot the promest. (o rma
swill toof coner’ tharacter 250w pelymerphi” tand not
a8 ‘present’ aa coded in the 2000 sudy) We observed @
smmall denmul component of 1the sphenaus i S0F 120y,
GDE V3w (Wharagwer 345 and the abavo. » of panticipation
ol the Jorssl surtace of the ectprervgoid formnng part of
the shall teob in GUE 1275 fWharadter 441 The proswence
versas chsence of a prearticular s unllear {chacoer 8
coded 7' nstead of T, and @ suproangalar was abserved
in GO 1275 (charwaer 61, caded 17 insterd of 101
Eventuclly, we 260 obsened thy ocourrence of CONSpiLD
ous kerge prominent posteriorly pointing spnes en rhe
Hank scales 1cnaracter 575 The data nanx woshown
Appendix 52

The pamimony toalviis was zun e PAUP® 40BIO
tiwetlord 20055 A hewristic scarch Tusing random cdid-
tion sequence, replicite 2000 Umes, 10 trees held af cach
iteeation, on:d re¢ bisection and recoanection branlt
swapping wis cazried out 10 tey to svend the siands of
trees” problem [ Maddison 1991). Fyure 22 shows the
Sthct cunsemsus tree uf the 142 mes! pasaimonous trees
produced by BAUD (BX cheracters infurmaclne consis-
tency mdex 342 retention bwlex 0.67), The gav’ 1ntrare-
Istionships vhtimee here are simdar to those vbtaned by
Grande (2000 and Cavin (2010, hecpmg in nund thet w

FIG. 2Q. Asurpciemdoiss irmitunig A,
BCE 33, loft kower wve an lateral view;
sale tar reprasents 51 mm O BCE 35,
squammaion ob the flank. sile har
cepeemerts M) mm,

A
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FIG. 21, Plodercs migeriersis, A, GO
1204, snoagt in amerndursl vew. 3,
GDF 1842, squamatior. of the flack.
Soale bars reprosent M) .

the Liter study, Quidithys was regarded a5 a volid taven
(it was synomymized with Amactostens by Grande (2010%)
and that the genus Dertilepisosteus was not vet erected.
Halasrd, resolved at node 3, are nuodezately well sup-
ported by characters (hoatstrap value eguals 56, but Ere-
mer sapport equals 1) Four charactens, premaxilla
imreavably altiched 1w the braincase by means of 3 long
masal process tightly sutured to the frontais {char. 13],
antenior portion of premaxilla hining the nasal pit and
prerced by 1 Twge focamen for the olfactary nerve (ctar
B, presswce of 4 whbular ¢anal bearing antenor am ot
the anrorbital (char, 26, <i = 1} and compaund coroncid
process {char. 39, ¢ = 1, asecond derved stae is present
in Araripdepidotes + Flicdetes), are found here and in
Grancke's analysis. Other characters defining the dade bere
differ 4 little from those found by Grande, manly be.ause
of the inclusion of mote ‘semionotid’ wia. [n the presert
analysis, a tubular rostral (zhar, 12, Grende's chamiter 5
characterized the Macrosemitformes and uniminguously
suppats tic aode gathening Seemnenie and anure detived
taxa. But this character state i plsiomorphic in Sermaf-
epis and Sangionpoichtiys and consequently does rot sup-
port the node Holoswr in our cadagram, Muoczover, the
shape of the rostral is polymarphic in halecamor phs
(Grande and Bemis 1958), and conscquenly, we do not
retain it in the diagnesis of Holoste., Other charactens
dehning Holostei by Grande show ather ditrbubon in
our analysis because of their uneven accurmence in the set
of compered ‘semivnotidy’ fchar, #1, Grande's chasates
877 char, 84, Grande's chamcter 90, char. 34, Grande's
character 23) Other differences with the list of charactess
tound by Grande are due to clirdters not retsined in
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o andlvsn (o reasons oxpuuned alwne (Grrande’s chae
o4, ¥h, ow, o dhamcters defingd an z different way
Waande'as char. 37, o) oor o Jdifterent optimabion of
Suracter Lransiommeations (G mee’s e, 33, presende ol
1osupraangu an e beller ralved io our anabvas as a
primitive state lost o the outgrocp and i Areripdeps-

doter + Phaderes . Finally, stare 0 of charactens 5 and 24
supports the Flosastei in our analysii onby, but these are
homapiasic and the recogaiton of charscter 13 in feail
forms & uflen dubious

The made 2 corresponds W the Gmgh moa a5 defined
vy Grande [2G00), that i the Macrssemitiformes, the
Sermpong fornes aml the Lepisosteilormes. This nude 1
well supported thoot-trop value cquals 83, Bremer sup-
port i3 mqua’ of superior to 43 and s defined maindy
the sme chareclers than i Grandes znamwvsis 3 woes of
infrioshituls snteior te the arcumerbita, nng {char, 10
Chie 1 Grande's Sharavter 20 and 215 the sue propartion
of the kaver jaw (zhar 35, Crande’s character g the
low of tha paisr bone tcha, 66, d = 1, Grande's curna-
ter T3 the shape of the scbopercie obar 67, o = 1,
Grande's haracter 717, and & medial wing on the o
gy tctar, 730 @ = 1, Grande's charaoer Y30 (e
eaces in characters defimng Cunglymods with Geande's
analysts cuncerne the size proporuon of the ethmuoid
region [char 8, Grande's character 13 bezuuse the Jofined
states of thu character are nat simubir o owe study to be
applicabiv 10 2 different set of speciess the quadrate in
fom of the omdit fchar 3% Grande’s charcter 43
because b @ duferent ading 1 mucroseiiuds between
bath studics fwee Grande™ consment un this charscwr
7800, the absence O mclomccet.inn buoe (dha, 63,
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characters are unordered and have aquai welght, ACCTRAN upiamuzation of «haracters is given Below wodes {single-lsed amrows men
that the tmniormation b ambygrny and coukd e differead on altermagve squally parsimorious tres or driterent sndes vhe
DELTRAN option, doutee -lined wrrows :nean the dhivge & upardiuocs) Black exes indicate chamaees with u = L Chara ters
supparimg node 16 and more denved Lepisosierdae, as well as . harazers supporing termenal taxa, are not Lgured. in brackes wdoxe
the node are the hootrap vatucs if superor to 50 (4000 eeplicates) and Bromer supparss if superive Lo 1,

Grande™s character 58, but this mandarmation 5 ambigu-
ol because the state of the character is unknown in most
of the fossil forms; enbirged fuers (char. 88; Grande's
character 90 in part} because of difierent definitions of
these cheracter states between both studics. Other Jiffer
ences between both studies are cuised by cheracters not
used i the preseny analysis 1Grande’s character 31); by a
different optinvzation {char. 44, Grande's character 707:
or by the inclusion of new taxa in the present snalysis
(char, 82, Grande's character 887,

The section B defined by Grande (2010] gathers the
Seuonotiformes (represented by Sermionotus degans only
in hig analysis) and the Lepisostotormes, Becagse we
included more “semionctiiorm’ taxa wm our analyss, sec-
tion B may correspond to three different nades in our
dedogram, that i3, nedes 3, 5 and/or 7, o Grande's anal-
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ysis, Lhe section B s supparted by the loss of the cthmaid
ossification {char, 9, Grande's char, 33), a character that
we found gt node &, with a reversien in Aranpdepidoles
ana pussibly n Mhedetes. In Tlapumchim, the chmod
regon shows 2 seies of cthmioic assthcatiors ithe “para
ethmaic bones” of !ipez-Arbarelo and Alvaraco-Onega,
DT, znd 1n Senislegs, he ethmoid regon 2lo shows
same kind of astication {(Tombarde and Dntord, 2008,
fig. 2,, Another character fuund by Grande at this node s
the siructure of the symplectic, which &5 separated Fom
the quedrate v the quadratojogal (char 48 Urande’s
char. 69) In our anzlyms, this charaster soppons the
nade 13 and is present in parallel i Semionoti eleganc,
but it & absemt flom several Leprdotes species. The symi-
plectic & lowated posteriorly to the quadrate in Araripel-
cpidotes (Weng and Britg 19596, p. 1537 and L Thatehthys
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buddhabutrensis. [n Senuonniur elegums, the structute 1s
difterent because the symplectic, akhaugh separated from
the quadrate by the quadratejugal, extends wentrally and
reaches the lewel of the quadrate. This character i gener-
2By difficudt to obscrve on Sossd material, and it will
deserve further examination. Other characters suppacting,
this node v Grande's study are uncertain because they
are alsa equally parsimoniously located at the node sup-
porting the Holoster thes chariiens €, 5 and 230 or the
Ginglymadi {hus character 33)

En Fipure 22, the nade 3 s suppared by Rour homa-
plasic characters (1, 77, 82 and ¥5), the node 5. betier
supported with 2 Bremer index af 2, s chardcterieed by
fane homaplosies (8, 9, 35 and 37}, tduding character %
lussification of the cthmotd region} discussed above, and
niwle 7 is supported by two character {12 and 561, State |
of character 36 - a ong postenor process on the deatry
ventral 1o the angular - was Jiscussed by Thies (19894)
in his search of features choracterizing the family Semio-
notidae. In Figure 22, this state 1~ present in al the terma-
nal taxz including Semriorictus and moee Jerived apecis,
except in Phiedote and Araripeicpuicta which show o
reversion (but the mandible is much denved ui this spe
cits), Gars show o second derived stzte, that 35, 2 long
pasterior provess on the dentary Jomal to the angusar,

Nade 4, mther well supponed with a Bremes suppoat
of 2 and o hootstrp value of 67, defines an Interesting
clade gathering the Late Trinsn Semadlepes and the Hanv
Cretaceous Thiynarmichie Tt b suppoarted by three homo-
plasic charactess, which are known in both generas mere
than 2, subrectangulyy extrasapulars {char, 23, state 11
maderately trtorial teeth botween palate and coranwils
{char 47, state 1) and small basal and fringing fulvra of
the fins {char, 88, state 0}, Both genera are actually very
similar and share numerows ower charactens, either ple-
siomatphic or denved for “semicnotformed’, wiich are
net induded in our analysis: the ormamenation of the
dermal bones is restaicted 1o the posterior part of the
skult toof, the frontals sre thin and elongated, the shape
and pattern of the infranrhitals are mther amiiar, the
opercular series is short, the posteleithra bave simdar
shape. serralions acoir an the postenior margin of some
scales, cte. Dach taxon shows dicgmostic Jharacters that
alloss distinguishing both species, but we questian here
the graenc status of Tlapnamciin, that might be a jumor
synonymous of Semrolepis, Further cemparisans are ni-
sseary Lo test this hypothesis

Node 6 suppocts the gemus sanporgioichting, end nade
B apparts two species of Sersienoius The type ipecies of
Semisnotus, § bagen, has been vecently re-doscribed by
Lépez-Arbarelo 120081 It &, howeser, o inzompleizlv
known ta be Incladed in our anabsis, and consequertly.
we cannot ascertain whether bLaoth “Semioncss’ species
used here actualy belong to this penus Node 9 groups
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Loy and the more derived Ginglyoodic It w sup-
parted by 3 single homoglasuc character (58). Node 1€
gathers a large polytamy, and consequenlly. the characters
supparting i are highly vanable zravng the set of most
B rshmonions dadograms and not detaved hers, Node 1,
deeady fonad in Cavin (20103 and rether well supponied
thoatsrrap value of 67), groups the Asian Late Jurassic -
Early Cretaceous isemdiihys palustrs and the Vuropean
Middle Jmasei Jepadote lanrons Charcters supporting
this nede and observed in hath faxa are o frontal 15 broad
anteriorly than posteriorly febar, 193 a vosade of suborb-
wls fchar 29, state 20 2 progorionadly soull orbir whar
36, and prosence of 2 medial process un the aupracki-
thrum {vhar, 74 sicte 1, unknown in fsaricktnys). The
chamcrer ‘rlongated bedy with the dosa and ana fins
lncated posterioaey’ tehzr 833 15 present in [samichtips and
coded a8 a4 question mark n L datifrens. A spezimen o
L tanfrons howsed in The Naturd History Muaseum, | on-
don, {RMNH Fas38) condsts of a subcomplete body.
AMthough incempkete, the bady sppears fo huve been dlan
gated and the anal fin s lacated pasteniarly tthe dorsud fa
iv ot visible), I confirmeed, this teature may represent
anather chameter shared By soth taxa, Node 12 65 weakby
suppented Dy tleer homoplase charecers ne witond
dentition Vohar 3o dentery teeth form a snpge tow and
are 1 of siimdar s, concentrated al the mlonior extoony-
iy of the muandibde char w0 state <7 and Jeeas ndge
sede B opresent Gl Rl Rade 3y rcher weld sup-
ported (:Jm.parc.i ropther aodes (Bremer suppart af 2.1
is characterized by two wnguely denived dharacters oo
contact or close agociation between the metapterygad
and the guadrate 1char 39) and the sngk between botk
ares af the preapercle are equal or wense w T deprees
{char 64). The hrat ot this charzetr was nat observed in
mast fosail reprosentatives of 1hat clade. in particular in
e pubered weder node 14 but the sweend chareser
wiated ta the shape of the preopersle was ebserved 1n
almast o1l He species mctuded in the phvlogenetic analysis
and iy regarded as sirong fur definng thes node,

Mode 14 L scpported by 7 bomapastw claracters
Among Liese charactens, one, a maxill {rev with pusteric
arly a constant depth (cha. 4y, state 1, 15 known m this
chde vy within the Singlymedi tMeaz 999, g &
Fg 2. here fur Miadetes; Thies 1996, Rp. 2 for drarlpel
cpadctes and prozent study for Thardihs) and s present
in parallet o Veleostee, Inall other Ginglymodi in which
this vwsification has been observed, the puosteriar puate of
the nanla shows . rourded outhne, except i Lopsasta-
dre which have an atrophied mazils fused with the infea-
orbimb {state 2n The well-supported node 15 (boatstrap
walue equeh o4 Heomer suppart equis 24 osupport the
sbter generz Anwcpekpidoie oml Fleacns< The nolde
chameterized by seven hooplasue characters and one
uniquety derved character Three of thewe charcters are



W6 PATAEONTOLQGY, VOLUMY 56

refared te the jow apparatux ne testh oo the maxidla
{char, 32k no posteror process of the dentary (char, 50).
and no coratoid process (char. 3, ci = 1. Node 16 and
inclusive mades are similar 10 those found by Grande
(2018) and are not discussed here,

Grande (2310) defined the leprnssteiforiees for gather
ing the LepisosteiJae and the Obaichthyidae. This clade i
supported by severa] characters, most of them Jovated in
nade 16 of our Jadogram: paticipation of the pronuxilla
in the derma) skud] oot cover 1ohar, 15, Grande's charag -
ter 7 ofas noted above, some specimens of Pliadetes clsa
shew thu character)), supraarhital cana an (ke premaxil-
lary process (char. 18, o = I, Grandds Jhamter 243,
jutiction of aupraorbitl canal with infraorhital cand in
the Jermeoplerotic bone (char M4, Grandes Jharacter 25;,
2 series of paired pramary basthyal teothplates suppacted
by a sparulated torgue [char. o4, Crande's chamoter 777,
opisthacoclous vertebral cemtra (char 77, Grande's chas-
acter 82), and posiibly the absence nf post-temperal 1osss
ichat, 2, Grande's characier 32} and ! -shoped symplechc
(char. 45, Grunde's character o8},

Recause of the inclusion of several scmivncdtorm’ taxa
in the present amalysis, the transformation of some chue-
aters  reganded 35 supporting Lepaostoifornis  in
Grande's analyis occurs in other locatdons vn pur cladn.
grum: more than twea, subrectangular extrascapuabaes (char,
23, Grandes character 13), iaterally slidsng adticuletion
between metapterygoid and the basipterygoid process
(=parasphenaid-pwootic process) in adulls (char, 3y,
Grande's chasacter 534, no quadrate/metapterygoid con-
tact or close association (char. 9, Grande's character 60,
Other  characters  dehning e Lepisasleiformes  in
Grande's analysis have rot been tiken into Jcocunt in the
prresent study far rezsons expliined above (Grande’s char-
acters 17, M, 48, 8, 64, 55}

The 'Semwonotforme’ do not comstitute 3 Jdade in our
analysis, and consequently, abl “semionotiformes” should
be regarded a5 stem [episostriformes if we conssder s
node-based definition for clades. However, because we
obtined a bad rasolution for mast of these taxa inode 10
n Fig, 22), we prefer heres (1) o tarporzary tx the dade
Lemsosteiformes at node 12 kerping in mind that 1t
might alo be fixed at node 13 ~ which is betier sup-
pocted — depending on futare studies including new daga,
and (2) to consider the “Semionouformes’ s an unre-
solved group, pending further studics.

The phylogencte position ot Tasiichthys puddishurren-
sis found in this study differs shghtly fram e ane found
in Cavin (Z010): it is here resuived as the sister groep of
Aronpelepidotes + Pladeres, wlule @ was resolved as the
sister graup of (Angripelepiiotes ~ Pliodetes) + (Obaich-
thyidae « Leplaostaidae) in Cowvin {2010} (thae family
names wete not used then). Moreover, Lepidotes mirorhis
and Neosennouotus putitinus were resaled 3, stem Lopis-
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vatarformes, white they are resaved w2 pavtoray i the
present study. These dfferences are due to the distinet
datasets wsed 3 ooth studies, tod wovaniztoe o te dis-
tr.bution of ¢charwter transforniationa. However, though
the resalution diters between both s1udiss, commuon pat-
wems are disernabler (1) Araripeirpidaies + Piodetes 15
the sister proup 1o Obuhthyidae « Lepisosteidae wnd {23
Thaisdiitys poddealsirersts and posably Lepidots muin-
relit are stem Lepisasiciformes,

CONCLUSION

Senuonwtiformes’ fishes have zbways been rductant o
unved ther artrarchationships and eir affimibes with
other neopterygans beeause their general grosi mu phal-
agy is gonservative. Moeaver, studies based on large sam
ples show that several of their ceanial characters are
patvmorphic, making ditficelr the meeopnition of diagna
1ic characters and of characters uschil for pnylogenctic
anawsis, As noticad since the Rist studics of this group.
important leztures for cnderstanding the relationships are
related 1o the dentition and to the ;2w apparitus. The
charoctens associazed with the jaw nay be considered as
dublous for being used in phylogenerd anaiyses hecause
they are directdy reloted 1o the munde ot feeding, which en
Be highiy homoplaae Howover, their use in combination
with characters of the saull ronf and of the check alows
drawmyg wome vrends in the ewlutionary bistory of thu
graup. The present snalnis s fur fiom being completely
sausfving lecause a lage part of the trovas stll uniesalved
and becaase o the wreak support of most of the aodes.
However, it provdes a preluminany step wmen needs ta be
1ested g aew autenal and mew discussians of rhe char-
acters defined lor the phylogenets andlyais.
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The Jurassic and Cretaceous bony fish record
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Absiract: Thisfirt overview of the bomy fish record trom the Jurassic and Cretaccong continental
deposits of Thailand reveals a sigmfucid diversity, with 16 taxs in four foonations (the ¥hlong
Mip, Phu Kradung, Sao Khuz ant Kbok Kruat Fms). Four of these taxa bave afready been (hap-
nozed and described, and a couple of othen are sufficientdy well presarved 1o be diagrosed in
the future, The other taxa are represented al present by fraginentary and isolated remains The
highest diversity is observed among “semionatids’, which occur in the four famations. Sinamiids
are wpresented by al leusl three tta th nocur ondy 1k the 510 Khua and the Khok Kruat For-
mations, Pycrodont fishes are kuown by rare and isolated dentitions and teeth ot Khlong
Min and Szo ¥hua Formotions, and lungfishes meforred 10 Ferganocerarodus ooowr in the
Khlong Min and the Phu Kradung Formations, The assemblages provide few palscopaographical
imdications at present, excent for evidence of relationships with Chuna and Central Asia, However,
s cxpeced than ance e phiylogenetic relntionships oF these taxa are resolved, we will b ableto
reconstruct precise palweageographical scenarios,

Bony fish remains represent an impartant part of the
fossils discoverad during pulacentolagical field
work conducted in the contirentad jurassic and Cre-
taceous deposits of Thailund for more than 25 years.
They have been mentioned in several publications
as a component of the vertebrale assemblapes, but
hove rarely been propedy described. excepr for a
handfel of waxa known from more complets
material, No overview of the succession of the fish
assemblages throughout the Mesozoic deposits of
Thailand has ver best published. Here we describe
the fossil record of bony fishes from rhe Middle-
Lale Jurassic of the Khlong Min Formation in tha
peninsula of Thailand 10 the Fardy Cretaceous
Khok Kruat Formation in the Khorar Plateau. Trius-
sic fishes are knowrn in Thailand, but they are not
reviewed here because they belong to assemblages
separated from the Turassic assemblages by a large
straigraphic gap. All specumens described here,
unless specifiad otherwise, are housed in the Sirind-
horn Museun, Sahm S:akhan, Kalasin Provinge.

Geolagical setting

The bony fish remains deseribed below were tound
in savera localities of the Khorut Plateau in NE

Thailand and in one locaticy in southern Thailand,
Mab Ching. The main lectonic unis iy Thailand
comprise two continenlal biocks or microcontinents
(Fig. 1% the castem pari (including the Khorat
Platean) belongs to the Indochina block, and the
western part {including the southern peninsula) is
part of a block called “Shan-That® or ‘Sibumasu’.
The stratigraphy of e non-marine sediments in
southern peninsular Thailand has been recently
reviewed (Teernwrungsigul e of 1999). These
clastic ved beds are known as the Trang Group,
which s now subdivided intw A basal Khdong Min
Formation, overlain by the Lam Thap, Sam Chom
and Phun Plun Formations (Meescok «r al 2002).
The Mab Clung locality in the Khlong ¥in
Formation has yielded hybodont sharks (Cuny
et al. 20003, lunglishes (Martin ¢t of, 1997), i2mnos-
pondyls (Buffewut e i, 1994), mesasuchian croco-
dites and the wrtle Siamochelyy (Toug ef af. 2002).
This fonnation was dated to the Middle or Late
Jurassic on the basis of charophywes and paiyno-
morphs (Lei 1993; Buffetawt er al 1994), an age
confinned by the twtles (Tong er of. 2002 see
alsa Cuny er al. 2009), The occurrence of a euhelo-
podid sauropnd in the Khdong Min Formation indi-
cates 4 continental connection with mainfand Asia
(Buffelaut e ol 20003,

Frope BUFFETAUT. E, CuNy, G, LE LOBUFY, J. & SUTEETHORN, V. (ods} Fare Palieozole and Mesozoic Evosysiems
in 8E Asia. The Gealagical Sceicty, Londan, Specil Publications, 315, 125139,
DOE: 10,1 144/5F315.10 30557 19/09/5 15 U0 1 The Gealagical Society of London 2009,
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The Khorat Platecu in NE Thailand s composed
of non-marine sediments deposited dumng the
Mesozaic. A recent study (Carter & Hrisiow 2003)
restricted the Khorat Group to five formations: the
Phu Kradung, Phra Wihan. Sao Khua, Phu Phan

Mahasarakham University

and Khok Kiuat Founations, in awending order.
The main lithologies of the nxhs sre reddish
brown to light grey sandstlones, conglomernine sand-
sones, sihistones, claystones and conglomerates,
The riwks are interpreted as having been deposited
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Fig, 2. Isolated spuw of an indeternunate
stinopterygian (UF 80223, Chong Chat, Phu Kradury
Fermation. Scale bar, 15 mm.

by meandering and bruided rivers i samu-arid con-
ditons (Meesook 2000). In the Khorat Platzau, thres
of the five formations have yielded vertebrars bodv
tossils, The Phu Kradung Formation provided no
conclusive fossils for dating, but axitis conformably
overain by the Earldy Cretaceous Phm Wikan For-
marion, which contains palynomeorphs at its base,
the Phu Krudung Fonmation is regarded as Late
Jurassic or Eardy Cretaceous in age (Racey er al.
1996). Dinosaur remans fram the Phu Kradung
Formation favour a Lade Jurassic age (Butferaur &
Sutcethom 2007). The topmost formation of the
Khorat Group, the Khok Knut Farmation, is
Aptian in age bused on paynomomhs (Racey
et al. 1996) and vertebrates {Cappetly e al. 1990),
The Sao Khua Formation overlies the Phra Wihan
Forpuation und 15 separaled from the Khok Kruat
Formation by the Phu Phan Formation, Tis age is
thus conswrained o the farly Cretaccous (probably
Hauterivian to Barremian),

Mahasarakham University

Institutionad abbreviations

MHNG: voliection of the Nutural History Museum
of Geneva, Switzerland. TF: collection of the Sir-
mdhorm Musewmn, Sahat Sakhan, Kalisin Province.,
SHM: collection of the Srasuk’s House Museum,
Kheo Yaoi, Petchaburi Province.

Systomutic palacontolopy

Ostetchthyes Hualey
Actinoptenygil Cope
Indeternuinate

Phit Kradung Formation

Anisolared spine from the locality of Chong Chat i
the Phu Kradung Formation shows a spherical
artcular proximal head and parallel ridges runming
along i1s base (TF 8022, big. 2). Three mun edges
make the spine tnangular in sechon, with one
barder of the trizngle cancave in shape. There is a
race of enamel on the surface and no axis of syov
melry, indicatnp that it may comespond to a spine
bordering a pawed fin. The spherical amicnlar head
differs from the spines of chondrichthyes and the
specimen is provisionally reterred to an indetermi-
nate acunopterygian,

‘Palaconisciformes’ Huy
of. Prveholepis Agussiz

Pru Kradung Formation

Picces of an wricelaed hsh from the ocalny of
Khok Sanam were discoversd in July 1997, The
specimen comprises several slabs of fing sandstone,
with the most complete part consisting of a fragment
of 2 squamation (TF 8023, Tig. 3a) plus five preces
with a few articulated scales. Most of the scales huve
gone, leaving oniy dark imprints in the sed:iment, A
few scales. however, are sull preserved and show 2
yprcal genoin covering, Thinteen rows of soales ane
preserved, Scales of the first 11 rows are curved,
slightly sigmosdal, and elongated i shape, The
short posterior border of each scale is fringed s
the result of two or three groaves in the gupom cov-
ermg (vistole as ridges on the imprints) estending
along the posterior half of the scales. The ventral-
maost two picces of scales of the fitth row display o
peculiar ornamentation with curved aod neticubated
grooves, They are reguwded heve a3 fragments of a
cloacal seale. The nwelfth row i composed of very
shallow 2nd clonguied sczles, with o groove
ninnieg along their whole length, and a tapering
and slightly curved posterior eatrermity This row
15 separated from the more anwnor scales by u
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gap, but this is probubly due to & uphonomuc
process. The scales of the last ow have long axes
ar an angle of about 357 1o the axes of the other
scales. Although poorty preserved, the peneral
shape appears fan-like, wih o lapering proximal
erd. and a surface omamented with smooth
grooves. Because of theit orientation and mor
phology, they ure regarded as lepidotrichs.
Another semi-articuluted specimen discuvered
in February 2004 may be referred w the same
axon (TF R024, Fig. 5b-d). The marphology of
the scaies 15 varable (Fig. 3b). Elonguted seiles
with longiudinal rdges eading posteriorly as
spines are preserved on pieces of sundstone
Fragments of bones omamerted with irhereles are
presenl, but most of them are not identifiable.
Isolated scules show that the busal bony plites ae
proportonally thick, penerally with a budge in o
non-central position. A fragment of the skl
visible in internal view is pressni, but the bones
are too fractured to allow identification (Fig. 3d).
Scales wath similar morphology have been dis-
covered in the locality of Wang Din So, near Phitsa-
nulok, in the Phu Krdung Formation (P. Srisuk,
pers. comm.), Thick elongated ganou! seales with
langitudinal ridges or grooves are not common
among Holostei, but they oceur in more basal acti-
noplerygians. Prycholepis, in pardcular, has scales
with such ornamentstion (Biingin 1992). A speci-
men of P. bollenyis from the Early Jurassic of Holz-
maden, housed in the Geneva Natural History
Museum (MHNG V., 1600), shows thal scales
located in the posterior part af the body. near the
dorsal and veotral borders of the body, ane very
shallow and clongated. and slightly sigmuid in
shape. The cloacal scale, morenver, 13 proportion-
ally larger und shows patterns of ganoid ridges remi-
niscent of some of the larger scales in the Thai
speamen, although the pattern is symmetrical and
maore regular in the Genoun species. 1f the speci-
mens from Khok Sanam ure correctly intermpreted,
un important difference from Pncholepis bollersis
and the Triassic species of Poycholepis, as far as
this part of the body is hnown (Burpn 1992), is
the longer anal fin m the Thai species. Although
other basal actinopterygians display panoid scales
with stroag omamentution, Colobadus (Muter
2004y or Ameghinichifys antarciicus from the
Tithonian of the Antarcric Pensula (Amaria of @/,
2004) for instance, they ae never as shallow as in
Ptycholepis. Consequently, we reter that material
provisionally w cf. Prycholepis. Piycholepis s a
genus knowa from the middle Trussic ro the late
Early Jurassic (Burgn 1992), If it belengs o that
genus. the Thai taxon s prabably the voungest one
known so far. Other ‘palaconiscifonny’ are kuown
in the Late Jurassic and in the Yarly Cretaceoys,
such us severdl species of Cucenlepis end some
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rebuwd genera (Hilton ef af 2004, but thewe are
very dirferent from the specumens described here,
The occurrence of of. Pischolepis in the Phu
Kradung Formation supparts an ‘old’ age for that
tormation, Lae Jurassic rather than Barly Cretac-
sons, in accordance wath dmosaur remains { Butte-
it & Suleethom 2007). However, we should
keepin nund that (1) the assignation of that mawenal
to cf. Prvoholepis is ientutve. pending the discovery
of more camplete matenal. and (27 if the identiti-
cation is confirmed, the occurrence of P choleps
in the Early Creraceous is not impossible 1n fresh-
willer environments, where basal hsh raxa uppear
W persist lonper. A Cpalacorisciorm’ has been
meported from the Late Jurassic Long Rinh For-
rnation in Vietiam (Filleal & Vu Khue 20013, but
its 13t of preservagon does not allow comparisons
with material from Khok Sanao.

Holostor sedse Grande 20035
Semionouformes semvu (Hsen & MceCune 199]
‘Semionotidas' incertue sedis

Pending a better diagnosis of the taxa deseribed
bere, we nefer here to the poorly dehned ond poss-
ibly rot monophyletic family ‘Sennonotidas’ (or
‘sermionotids’y all the fish remains thit share with
Sernenows, Lepidotes and relunives similar gross
murphology of scales and, for some of them. denti-
ton. Ganoid scales (j.e. scales with a bony plaw
covered by panoin) oc¢ur in other wxy than
‘Semionotidae’. We observed the general mor-
phelogy of ganoid scales from taxa belonging 1o
several clades of busal actinopterypians (Fig. 40
Difterent micrphologics can be recognized 1n
scules Jocared in the lateral abdeminal area amony
these cades (scales bocated near the domal and
ventral marging, & well as scules trom the candai
ared have less charactenistic shape). Most taxa
huve one or two pegs locared on the dorsal marpin
of the scales (busal teleosls, aspidorhynchifarmes,
Daopediem, marcosemiids, ionoscopiforms) ar have
no pegs at 4l (ginglymodi, amittorms) ¢(personal
observations), “Semionotidae’ ( Lepidotes, Semiotio-
ms and some closely related penvru) are the only
axi we checked thar have pegs at both the domal
and vestrul edpes vl the arterior margin of the
scales (Fig, 4, arrows). This feature has been
obscrved in several spectes referred to the genus
Fepidotes housed 10 the Natural History Museuwn
in London {ie. L latifrons, 1. elveasts. {. manor
ard I semisersungs), Although a broader aurvey
will be necessury 10 assess the distnbution of this
feature, we hypothesize here thut the presence of
two pegs an the anterior margin of genaid scales is
i apomorphy shared by Lepidetes, Semionortus
crd probably some closely retated taxe This churac-
er alows  assignment of solaked  seales 1o
“Semionotidae’
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Tig. 4. Schematic vstlines of scales from the abdonuid
tHanks of various hasal acrinopicrygians mapped an a
composite phylogeny. ‘Semionatidac” (Leprdores,
Semionotus and sonx closely relaied genem} are the orly
ones Lo bear pegs at the dorsal and ventrul edges of the
amerior margin of the seales (arraws) Simensichiiys
group: Stemn deinhyz macrocephalus, redrawn from
Arrata (2000, fig. 10); Aspidorhynchiformes:
Belonosiemus genevenms, MUNG V. 1672 Dapedinm:
Dapedium sp., MHNG ¥, 1559; “Semionolicas”,
Lepidotes mantetls, redrawn from Woodward (1416,
platz VIL fig, 5% Macrosemndae Natagog:s
deaticwiatus, redmwn from Schulise (1996, Hg Sy
Ginglymod: Armedosteus afrirames, ralnwn from
Cavin et al. (1996, plate L tig. 43 Amoforne s Sewmig
rdarakyi, medrawn from Scholize € 1996, hp, 5%
lanascopiformes: Gligoplenrus sp iregardod teray vely
4o wnncapiformes herel, MHNG V. 1797

Khlong Min }ormarion

The focaluy of Mab Ching in perinsular Thaland,
on the Shan-Thai block, vielded smooth ganoid
scales and some skull fragments assigned to 2 *serm-
enotid” fish. Some scales are large, more than
2.5¢m in length, und correspond to individuals
thar were over 1 m in length. A small isolarad
toath, with a bulbous crawn and a conical cap of
acrodine, ix referred with cawtion 10 that taxon
(Fig. 5). No bunon-shaped tooth hus been reported
from the Khlong Min Formation so tar.

Phu Kradung rermation

The Phu Kmdung Formation yielded a rich
‘semionotid’ fauna, Twa species, Jezpudores bud-
dhabutrensis Cavin et al. 203 and fxamichtivs
palastris Cavin & Suteethorn 2006, have been
descnbed from the Phu Nam Jun locality on the
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basts of articulated specrmens, and will not be men-
tioned here, except far purposes of comparison,
Scules ol bolh taxa were sampled oo aniculated
specimens and are shown in Figure 5. Tt is note
worthy that L buddhabusrensis has been referred
with caution to the genils Lepidotes. bt a dudy m
progress shows that it v oot closely related 10 the
type species, L efieran (de Blainville 18187, and
it will probably be assigned w 3 new genus. Two
other localiwes of the Phu Kraduny Fomation
vield abendant semionotid’ remains Khok Sanan
and Chong Chat. Apurt from cumerous welated
thick and smooth ganoid scales and some shu!l
bones (2mong them u probable extrascapulin), the
locatity of Khok Sunam yielded fiv ¢ frugment oy o
siiple Leprdotes-Tike wndividual, Esch piece shows
turge diamond-shaped ganowd seues. The almost
compicte left opercle is preserved (TF 8025,
Fig. 6a). The bone iz 1.7 nmes decper than lonp
amd its surface is marked with fuint grooves diver-
ing from the centre of ossificauon. The articula
facet 18 large, it protrudes slightiy from the anterior
margin, znd ils external side i< marked by a thicken-
ing of the bone. The dorsal margn of the hone ts
straipht and horzontd, The posterior mamn 1
regularty corved and the bune tapers 0 a point
ventrally The amienor margin is slightly convex,
An ared ainog the antedor borde: of the bone
forma u puane, which marks an wngle with the
main body of the bone; this surtfuce was protably
covered by the preopercie. The shape of the
opercle of this Leprderes-like fish ditfers from that
of 1. buddhaburrensis, which 15 slmaost square in
shape and hus noe venwral taperirg (Fig. 6b) Tiwe
individual from Khok Sanam shows a fragiment of
an elorgated bone, shighty shifted, witt a "L
seclion mminiscent of the ¢leithmum. Anather
picee contains the ieft cleithrum. stll embedéed in
matrix with scales and fragments of bones. The
wentifivaton of these fragrmeniary specimens s ten-
rative. lsolated scales from Kliok Sanam, witl
amilar pross morphelogy t scales anached w the
operele. show the bases of twa broker anienior
pegs. which are anteriorly directed (Fig. 5,
Although most “semiorotids’ have an opercte with
a straight and iong horwontal vental margin, there
e Csemionolids’, suck a5 L femmien (Wenz
1967}, with an opercle with 1 ventral apering extre-
mity. The shape of the opercle of the specimen from
Khok Sanam differs from that of L buddiubutien-
siv, Which is wimost square in shape and has no
ventral tapenng (Kip, 6b),

Chorg Chat yielded numerous Lulated “serio-
notd” materdadd and a suh-complate specinen (TF
8026), which is cumerdy under desenptiorn. It
13 row unclear iF this specimen belongs o L
buidhabutrensis. it can be distinguibed from !
palustris by s deeper body, with at least 30 rows
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Fig. 5. Daverstty of semionotid’ remams in the Jurassic and Cretageaus of Thailard. Only o selection of logalities and
specimens is shawn, The succesuon setween tocalities within cach farmarnion does not correspond w the stratigraphic
suevession. The bwo lines of scales for Khak Pha Suam correspoad 1o the two revogmaed toa hnown in that locality
{scales with ndges and smooth scales). Astaws show beth anterior pegs. All speamens are ot the same scale, Loless

utherwise specified (scale hars: § mnr).

of rcales along # venical senies in the middle of
the body, whereas [ paiuszas has only 20, wnong
other characers,

Dan Luang. Phu Dan Kaeng, Lam Pavarg (Phu
Klang) and Wan Din So are other logalities of the
Phu Kradung Formation vielding smoet: garoid
Lepidotes-like scales. Tt is worth painting out that
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0o button-shaped crushing tecth zre hnown from
the Phu Kradung Formtion so far
Sac Kiuia Formation

The localitics of Phu Wiang, Phu Phan Thang, Phu
Mai Paw in the Suo Khus Fooation have yielded



132 LAWY EF AL
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Fig 6. (a1 | eft opencle and fragment of squamaponof a
sensionotid’ [sh{TF 8025), Khob Sinzm, Phu Kradurg
Famuatior. (b) Left npercle of fepidate <
buddhabutrensis, Phu Nam Jun, Phu Kradeng
Formation, K 12-2 tholorype 1. Scale b 30 mmy,

smooth ganoid scales and button-shaped crushing
teeth referable te “seimionotds’ (Fiy. 3) The toce-
lides of Phu Kumn Khao (K4 and Phu Phok, in the
Sao Khug Formalion, have both vielded o single
button-shapecd tooth retermadle w a ‘sermionotid’
{the Phu Phok muterial includes numerous ganoid
scales, but most of them probubly belong 1o
smamuids; see below). Cuny e al, {2006} reported
button-shaped and hook-shaped pharyngeal teath
in the £hu I'han Thong locality that are referzble
to Lepidaws. The butien-shaped teeth are rounded
or ovaid, with a smooth surface wid somelimes 2
semall gt b their apex (Fig. 5). We are not able to
distinguish several 1axa among the avatiable ‘semi-
onotid’ remains from the Suo Khua Formadon
ot present.

Khok Kruat Formaiinn

The Khok Pha Suam locality has yielded the most
abundant ‘semionotid’ materal from the Khok
Kruar Formation Thousands of isolated scales
have been collected. They can easily be separated
into two sets (Fig. 5). One set s represented by
smooth ganoid scales, with the lmtersl face
showing a narrow band wathout ganoin that was
vovered by the anterior scale. The other set consists
of slightly lurger scales an average, and the ganod
surface is vmamented with parailet or shightly diver-
ping prooves that sometines mark the posterior
edge of the gancin with a denticidate patiem.
These scales are deeper on cveryge thun huwe
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from the other set, they have berr-marked edpey.
ard the antenar ganom-Iree area thal was covered
by the preceding scale is proportonally larger. In
well-preserved scales. the anterior margin bears
dorsally and ventrally a pair of well developed
pegs. As the morphology of the seules af the two
sels is clearly distinguishable, wnd s oo scale with
intermueditte morphology between the two seis ks
been found. we regard them as belonging to o
different raxa. Darsal nidge scales ane abundant o
Khok Pha Suam ond show a grear vanety of
shigpe. These scales have been used 1o distinguish
species, or papulations. among sem.onotid assen
blages of the Late Triassic of the USA (MeCurie
1987). However, this diagnostic feature canaol be
used on the Khok Pha Suam matenial. as aticuated
specimens are pot o ailable. Adthough we cannot
completely mule out the possibifity that the scales
of Khok Pha Seam do notbelong to & “semicavtd’,
they generd nmworplolags. with a puir of weli-
developed wnterior peys, s in favolr of an assign-
ment W “sennonotids’

No button-shaped crushing teeth wre hnown from
Khok Pha Suam it present. 'This 1w probabdy nota
sampling artefzct, i these tecth wre extremely
reststunt (nd the ¢ollecting effort was constderable
al this site.

[ the locdity of Lun Pao Dam o large
Lepidates-like fish (s kenown from button-shaped
cryshing teeth and rhick gancid scales. The latier
show traces of (w0 anteriar pegs. and their surface
s omamented with parallel rows of small pits
(Fig. 5). An indeterndnate piece of bone frum the
skull shoses o rathes similar omamentition, mdical-
ing thut this padern probably covered the whoie
body. This paliern 1s unigue among "semionotids’
from Thuland und prebably comesponds 1o oo
patrcular msor.

1solated “semionomid”™ remans Sonsatome o large
component of the tossil vertebrates from Jurassic
and Cretaceous wealites of Thailand. Frgure 5 pro-
vides an overview of the main types of scaies and
teeth in the scecession of formations. Although
fow taxa are sufficiently known tw be dagnosed,
seven forms can be distnguished vn the basis of
the scales—teeth associations found amoug the
assemblages: u large semivnotformn i the Khloag
Min Formution, lwo or three laxa in ke Pho
Kradung Formnguon (two in Phu Nwn Jun, L bud-
dhaburrensie and Maniclaitvs, and possibiv one in
Chong Chat represented by a sub-complete speci-
meny, ane with crushmg teeth ia the San Khus
Formation, tluee in the Khek Kruat Fonnation
(rwo foons without cushiog teeth in Khol Pha
Suam disungoishable oo the basts of the scale
morphology, and a large ane with crishing teeth
in Lam Pao Damd A histological study of the
mwcro-grramentatiun. of  the  surace  of the
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gancin comducted by one of us (U.D.) should
allow the testing of this diversiry by using another
approach.

Hualwcomorphi sensu Grande & Bemus 1998
Caturilie Owen
cf. Catwrus Agassiz

Sao Khua Formation

Cuny et ai. {2006} reported from the " Phan
Thong locality pointed teeth with two  well-
developed carinae, which may belong to cf.
Cuturus.

Sinamiidae Berg

Sun Khua Formution

The finst cinamiid from SE Asia, Siumanue niga
Cavin er al (20076), was reported in the locality
of Phu Phok. Since then, remains of sinamiids
have been recognized in the ¢ollection of the Sitind-
hurn Museun, coming from several cther localites
in the Sao Khua Formation. An isolaled basioccipi-
w! similar in structure to the basioccoipiial from
Yiamartia naga is known from the locality of Phu
Mai Paw (TF 8027, Fig. Th). It shanes with
5. nuga lnteral sides of the ossification deeply exca-
vated. an anterior process that was embedded in the
cartiluge flooring the brain cavity, a V-shaped

concavily amd paired unfinkshed areas that were
capped with carilage on the dorsal side of the
bone. However, difterences fiom 5. nage e
observed. especially in the proportions of e
ossification. which 15 shorter, wader and flatter in
the Phu M Paw matesial. The jsolated ganod
scales fromn Pho Mai Paw may be refetred to the
sinamiid because of an almost complete cavening
of the domal surfzee by a thin laver of panoin
{there was probably ro overlupping between
scales) and because of the absence of peg anc
sockel structore,

A smull arnculated sinamiid specimen compns-
ing the head and about hatl of the squamation was
discovered in Phu Phok (THF BO28. Fig. 3). The
skull, nearly 25 mn in Iength, is preserved in three
dimensions and weakly diswarted, but the ossified-
tions are froctured, making the recognition of
sutures dirfictlt. The panetal appears to be unpaited,
which is an auwtapomorphy of the singmiids. The
recognizable shull bone pattern aprees with the
sinamiid pattern in the shape of the frontal, dermmop-
lerotic and preopercle, and the shepe of the teeth,
Tha scules are alsa reminiseent of smamtid scales
w their compler and thin ganuin covenag, Thero
are. however. significant differences from other
sinamitds, in particular from Samwiia raga. The
main differense is the lower jaw, which appeurs
1o be short and very deep, with a short antenor

Fig 7. Smamiidze. {a- ¢} Buswaccipitals in dorsal views. (0 Seartarag acec CTF SO0SL Phu Phak, 5.0 Khua
Formation; (b} sinamiid irdet (TE %027, Pho Mui Paw, Sao Khua Formation; {cp sinamnd iadet. TTF 8036), Kook Pha
Soam, Khok Kruat Formauon, {d, ¢ L2t dennoplerotics. vd} Sumamio e (TF 50058 Phu Phak, S.o Khua
Formation; {e) sinamiid iadet, (TF 3032, Khak Pha Suam, Khok Rruat Formetion; ©f, g) Kaght dentaries. [ Suunaniue
sagi, Fhe Phok, 520 Khua bormation. (2) saamiic indet. (TT 503 1), Khok Pl Suars. Khok Kruat Fomation, (b, 1,
Contm, (h) Sunmamict na2a i TF 5013), Pho Phok, Sao Khuz Formation: ) sinmiid indet, L TF 3029, Khok Pha Soam,

khok Kmoar Formation, Scale bar 18 mm,
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Fig, & Subcemplete indivicual of an ndeterndaate Sinam:idae (1F 8028, Phie Phak. Sa0 Khhua Foronaiion, {ay lateral

e (B Jorsad view. Scale bars 30 mo

toothwed area (seven cylindrzal teeth with a sham
apex are visible on the nght hemi-muandihic),
followed postenory by © Jeep coronoil priveas,
The ventral margin of the lower juw & gends
curved and the articulation with the quadrite
probably anwenor to the orbit. This specimen,
which probably belongs w a pew taxon. is curnenty
under descnption.

Khok Kruat Formanon

Five centrd. a posterior fragment of a basocapil,
fragments of jaws, a prece of a left dermoprembe
and scales from the locality of Khok Pha Seam
can be assigned with confidence to a sinumiid fish.
The centra ane ovold in shape, shom, with lateral
faces ornamenied with smail grooves in small indi-
viduals and almost smooth in large ones. One small
centrumn is pierced by 2 small bole for the notochornd
{TF 8029, Fig. 71). The frugment of basioccipital
(TF 8030) has rthe Iateral sides deeply excavated
with 2 forymen in the bottom, and pained unfinished
areas thut were capped with camilage domally. The
shape m vepral view, with diverging ndges. is
more reminiscent of the sinamiid from Phu M
Paw than of § nege from Phu Phok (compare
Fig. 7a. b and c). Pigces of jaws comprise two
fraginents of dentaries, a fragment of a premaxiila
and tweo fragments referved with caution to maxidtae,
The largest fragment of dentary is a right one antl
bearing three broken teeth (TF 8031, Fig. 7g). The
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teeth we slightly  anteropostenory conpressed,
with a cylindneal shart thar slightly cusved inward
atihe top Toommtema view g lorge V-sheped con-
cavity for the Meckel cartilage s present. The
ventrul macgin of the bone marks a thinring just
anerior to the anlerior extremily of thd concawvily,
indicating et the symphysez! region was prvbashy
shallower than the posterior regon of the mandible
Tte other trapment shows hderally tive vloagated
apenings tor the mundibular sensory canal and
domudly the sockers tor seven coripressed teeth.
The generit shape of these onsilicutions is reminis-
cent of 5. muge (in the shape of wedy, and the
opening for the sensory vanal) but 1n the Khok Pha
Suam specimen the lower jaw looks shallower at
the symphysis, and was probably shartar in kenpth,
A fruginent of 3 premaxilla, probably the posenar
pwt of o Jeft one. is present. The sockets for three
large teeth, slightly compressed anteropostariony,
are visible, There are na marked  differences
from that pan of the premaxalla o 5 naga. The
wo small fragments refemred o maxilae bear
deep sockets for the 1zeth. Qne has empty sockers,
subrectanguler in shape, and the other still has
some small pointed teern covered lazerally by a
bory lamella. The fonner specimen is reminiscent
of §. naga, wheress the lalter (5 only tentively
referred to a sinamuid here. The left dermopteratie
{TY 80323 is reminiscent of that of 5. maga with its
Hat domsad Face (shull roof) and a veniryl laming.
However, thiy laniiea s more Jeveloped thun in



JURASSIC AND CRETACTQUS BONY FISHES FRUM THAILAND 138

the Phu Phak species and the ornauentation on the
dorsal face 15 coarser (compare Fig, 7d und ¢).

As described abuve, the sinamiid remains from
Khok Pha Suam show differerces from S, nagu
from the Sao Khua Formaton of Phu Phok, and
this sinamiid probably belongs to anather tuxon.
However, more diagnosiic materisl is required to
Coin a new meme.

Pycnodontifonmes Bery
cf. Gvrodus Agussiz

262

Ehlong Min Formaiion

A sroadd preartenlae pyenodont dentitien, preserved
an a slab of sandstone, is reported from the locality
of Mab Ching (TF 8033, Fig. %1 and b). The speci
men, @ mm in fenpth, bears three nun row s of leeth.
The lateral-most row comprises nine lage ovoid
teeth decreasing in size anteriorly. The Iwo lurge
posterivr-most teeth bear two rows of fuing tuber-
cles. whereas the anterior weth ane smoath. The
medial row consists of 12 trunsversullv eloagated

Tlg. 9. Pyencdoattormes, (a-h) Tert preartivelar dentiion of ¢ Garodes (TF 5033), Mab Ching, Khlong Min
Fonnation, {2y Complete femiticn, scate bar: 3 i (b Lo up view ol the omtlingd area inta), scale ler 2 om, (0=}
Vorers {(c) TF 804 (C) TF 8025  and swolated ieeth (e, TF 823460 00 T 3037 of o, Anomwoendus, Pha PRan Thong,

Sao Khun Formauen. fe -1 Scale nars: 3 nun,

Mahasarakham University
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Tuble 1. Jurgssic and Cretoceous bony fish imea from Thalland

Semio. indat. Samio, et

Acting, cf, Sema. I /. 2 {button 3 ramooth
indet. Picholepis ndet 1 puddhabirensis palusris tecth) seales)
Khok Kruat Fm .
Suo Khoa Fo v
Phu Kmdung Fin % N < .
Khlong Min Fm ¥

tecth (one or two supplementary teeth may have
been present antensorly). Their contour is irregular
in shape, because of the farge cusps on the vechuisal
fuce. On the postenior-most woth fve cusps similar
in xze are transversally aligned. forming crenula-
tions {Fig, 9b), and on the more anterior teeth the
internal-most cusp increases in size. The anterior
teeth are smooth. The intermediate row, berween
the fateral wnd the medial rows, 5 forned by at
least 12 werh, winch are ireguizr in size and
shape. The postenor teeth higve one o three cusps,
and the anterior teeth are smooth. At the antesdor
tip of the dentition the buses of two small rosnded
teeth are visible, lateral to the lateral row of lanre
teeth. It is unclear whether they are suppiementary
tecth or awe part of o fourth tow that could have
developed during prowih (the specimen is probably
a juvenile individual)

Urenulalions on vomering and preaticuar teeth
sre present in the pycenodonts Gyrodus, Mestirus.
Micropyenadon and Tepearchthys, as described by
Poyate-Ariza & Wenz (2002). According to those
workers, Mestarws has only subcircular prearticulur
tecth, whereus the other thmee genera have ovul pre-
articular tecth; three sows are present in Tepaxichthys
on the prearticular, four mws are present in Micro-
pyerodon snd Gyredus, and more than four rows
are present in Mesnerus, although two are rregular;
Gyrodus and Tepeaichihiys have nine teeth an the
main prearticelar row. as in the deseribed specimen.
According ro these characters, defined on aticuiuted
specimens, the dentition from Mab Ching should he
referred to Tepexichihys, a genus described n the
Albun of Mexico, However, if we regard the o
laterul reeth on the preanicular as evidence of o
founth row, the specimen cin be referred to
Gyrodus, u genus known in the Late Jurassic of
Europe and Chile. We rerain here the laners identifi-
cation, but this should be regarded with caution, as
ts usual foridentificarion of isolited dentitions.

¢f. Anomovodus Forr
San Khuu Formation

Pyenodont remains have been recently discovered
in the locality of I'"hu Phan Thong (Cuny ef af
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20636, P, Snsuk, pers. cemm.). They consist of two
small incomplete vomerne dentitions, plus some
tntated teeth. The vomenne dennituns (U 8034
and TF 8035, Fig. 9¢ and Jd, respectively) kave a
median row of ovoid teeth, slightly curved waith:
the concuve magin facing anteniorty. A ridge nns
along the transvenal axis, delimitirg ertenordy o
groove, Un the Jargest teeth, some cusplets ae
present along the aterior magin ot that depression.
Lateryl 10 the median row s o palred row of teeth,
squansh in shepe on ore specimen and ovoid r
skupe on the ather i the later specimen probably gur-
responds o g mwre antenor portior of the vomer
dentizan Uian the forziert. A concavity, with icregu-
lar margin on the larges? teeth, is present on the
squarish feeth. A paued lueral row of ovoid teeth
is present un both specimees. Isolated teeth, trom
the same localicy, are neterred to o1 Anemoeodin
{TIF 8036 and TF 8037, 1%ig. % and f, respectively).
The unworn teeth are circuwlur or ovoid, with 4
contrul rounded cusp and rudisting merging ndges.
Some of these teerth are larger than weth on the
vomers, indicauny: the occurrence ol ratker large
pyvenadont fishes. P, Snsuk {pers. comm.) reterred
wointed tecth frors Phu Phan Thorg sunular
shape 10 the abave-descringd tecth o Gurodies sp.

P. Shsuk (pers. comm.} reported four ‘splenial’
(prearticary and one vomenne dentitions from
the Sac khea Formation in u locality siruated
alony the highwiy between Udon Thani and Nong
Bua Lam Phu. The gross morphology of the vomer-
ine dentition (SHM-PTS, referred 1o Nwemawiodus
sp. by Po Snisok, pers. conun) 18 renimscent of
the vomennz dentitions from Pho Phan Thong, A
preanticalur dentition (SHM-PT1, eferred to Micro-
mycriodon <p. by PO Srisuk, pers. comm.) displays
four rows of tegth. The miin wow 13 composed ot
elongated and shghrly curved ovoid teeth. The
laweral-most row shows smailer drop-shaped [eeth,
Between these rows of clonpated teeth ocours a
raw of small sub-circular reeth, and another row
with sinular feeth cecurs aiony the medial margin
of the bone.

Idemitication of these wolaed Tagmentury
remams 1 dimncult, 1 we regard this mnuernal
as belonging o a single taxon, the shape and
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Semic. Semiv. indct.

mdet. 4 5 (bton Swamud  Swmamicd
(ridged  wah & ps of Swrwmia  uew nCw cr. . Fergunocercodis
scales)  onscales) Cawres  nuge  species [ species 2 Gyrodus Anomocodus marting
] = X
N x = -
x
» xl

vrnamentation of vomerine teeth showing gmooves
and crenulations. und the armungement and shape
of prearticular weth are remumscent of the genus
Anamoeadus as defined by Kriwet (1539), a genus
known in the Eudy and Late Cretaceous, with
donbdful occurrences in the Barly Tertiary {Knwet
1999). Snsuk also referred prearticular dentitions
from Phu Phan Thong w Anamaocodus sp., and men-
tioned the occurrence of Micrapycnoden and Siem-
matodus in the locality of Phu Noi, Sakon Nakhon,
in the Sac Khun Formation (P. Srisuk pers. commn.),
We prefer here o retain the occurrence in the San
Khua Formution of of. dnemoeodis only. pending
further discovenes.

Sarceperygii Romer
Dipnoi Milller
Fergenocerarodus Kaznyshkun & Nessov

Fergunaceratodus martm was deseribad fron the
Phu Nam Jun ocality in the Phu Kradung Formation
on the basis of an atticulated skull roof and associ-
ared jaws (TF 7712, Cavin et af 2007a). A tavon
closé 10 or similar to F. mariini has been reperted
in the Triasawe Huai Hin Lat Formation (Martn &
Ingavar 1982). us well as in the Middie Jurassic
locality of Mab Ching and in Ban Khok Sanam, in
the Phy Kradung Formation {Maron ez af. 1997;
Cavin e al. 20070) on the basis of isolued tooth
plates. An isolaled lett mardibular tooth plae has
heen found in 2007 in the focalyy of Chonyg Chat,
Phu Kradung Formation {TF 3038).

Succession of the Jurassic und Cretaceous
fish assemblage in Thailand

Tabhle I shows an overviaw of the bony fish
assemblages fuom the Jurassic and Cretaceous of
Thailand. The diversity, with at least 16 raxa, s
higher than previously assumed, especally Tor
‘senticnotids’. Fishes from the Khlong Min For-
mation are still poorly known. The bony Ash fauna
provides little evidence w confirm or invalidate
dating of the Mub Ching locality or to test

Mahasarakham University

palueopenpraphical scenarios for the Midale—~Lam
Jurassic. ‘The occurrence of Ferganocerarodus s
n agreemenl, however, with a terrestrial conneclion
between southern Thailand and Central Asia at that
ume (Butfetaur er af. 2006) The Phu Kradung for-
mation contains the most diverse bony fish fauna
so for. Two or three ‘semionotds’ are present
depending on whether the taxon frem Chong Chat
15 a new species or belongs to L, buddhabuirenyiy).
At prosent, we are not able to assess the palieogeo-
graphical affinitdes of these taxa, Dinosaurs trom the
Pru Krdung Formator show offirsties with those
from the Upper Shuximiae Formanon of Sichuan
and the Shishugou Formauon ot Xinjiseg (Boffataur
et ul 2000, Buffetwut & Sawethorn 20073, and
funher swdies should allow ws o test whether
semionotids” from the Phu Kradung Formation
also show close relationships with “semionotids”
from the Late Jurassic of West and South China,
The possinle occurrence of g prliwvnscifonn o
the Phu Kradung Forraton is of Hule palucoge-
graphical imenest unyl the taxon is better known,
but i may indicate a refugivm for relidts in SE
Asty, s was suggested for the Johol ot
Tuo 1999,

Five bony rish tuxa are krewn in the Sao Khua
Formation and two of them represent the oldest
oceurrenees o SE Asia o ‘semlonotid” wath bunton-
shaped teeth and simamiids, The osweology of the
sermionond” with button-shaped weth 1w not surm-
ciertly known to assesy whother o has affinities
with other “semionotids’ with sanular teeth or
whether this patters is Jug Lo converpence. The sina-
miids, however. indicate close 1elationships with
Chinese founas, but we canact decide Jt present
whether the Thal taxa are closer 1o swauids from
the Lyeoptera faura from Norsh China, 1o sinarmbuds
from the Mesochepea fauna from south Chi, or o
the sinamiids from Korea und Japan desenbed by
Yabumato er of. (2006) (Cavin e al 200700 It is
worth mentioning that the dinoszer assemblege
froe the Sao Khua Fornution appears eather diffec
ent frum the Eardy Cretaceous dinosaur essemblage
of Chuna (Bureraut er wf. 2006), The Khok K
bony fish assemblage is differenl rom assemblages
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of the precading formations, showing a new diversi-
lication of the freshwater *sermionotds’,

Conclusion

The present study shows the poteatia. of buny fsh
remaing for biosrmtigriphic and palacogeopmaphical
studies, with very disunc faunas in each formation
{und probably differences within each formation:
however, most of the work remains to be done.
Uor instunce, Cuny et gl (2006) observed a wide
gengraphical distnbution of the hybodont taxa
from the Sao Khua Fomnation, whereas the Khok
Krual shark assemhlage appears w ke more
cndemic, although with & wide distribution within
a South Asian continentul province (Cappelts
et gi. 2006). We cannot lest this hypothesis with
the bony fish record tor the time heing. One import.
anl issue & o assess whether species from the two
main kneages repotted here. “semionotids’ and sina-
miids, romn clades endemc 0 SE Asia in the Late
Jurussic and Eurly Cretuceous, ar ure representanves
oftaxa from surrounding areas (espacially mainland
Asia) that dispersed at several times towanls 5F
Asis. Phylogenetic analyses bused on more com-
pkie osteclogical matenal, including microstruc-
ture of the omamentation of the ganoin of the
scales, are now necessary.

Ths paper is buwed on matemal collecied by the hai-
French palacontolagical 1eam for more dun 25 years,
Numerous people are involved in this work and they
cannot be named individually here. We want to thank al!
these workers, whe have participuted in the ¢ollcction
and preparation of the fossily, We thank Z. Johanson
(Tondon) far agces to e fossil fsh collection in the
Natral History Muscum, ard A, Lipcz-Arbarells
IMtinchen) andJ Kriwet {Berhing for reviewing the many.-
seript. L.C."s rescarch was partly supporied by the Swiss
Nalional Science Foundation {grant 2000 1-113980)
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