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Purposes of the Research

1. To study of the hybodont shark teeth in Khok Pha Suam, the Khok
Kruat Formation.

2. To study of the feeding Strategy of these hybodont sharks in freshwater

environments.

3. To assess the phylogenetic relationships of the Thai hybodont taxa.
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Significances of Research

1. Improve the knowledge of the phylogenetic relationships of the Thai
hybodont sharks.

2. Improve the knowledge about the feeding strategies of the hybodont
sharks in freshwater environment.

3. Improve the knowledge about the palaecogeography of South-East Asia

during the Mesozoic times.
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Search for vertebrate microremains at the outcrop of Khok Pha Suam, Sri Muang Mai
district, Ubon Ratchathani Province yielded 6 genera of hybodont sharks, Hybodus sp.,
Thaiodus ruchae, Heteroptychodus steinmani, Acrorhizodus Khoratensis and a taxon not yet
named. The Phylogenetic relationships of these sharks were analyzed using the cladistic
method and a data matrix of 20 characters and 14 taxa. The Carboniferous hybodont
Hamiltonichtys was used as outgroup to polarize our characters. The most parsimonious tree
found was 46 steps long, and showed a Consistency Index (CI) of 0.47, and a Retention Index
(RI) of 0.53. This tree indicates that the Thai hybodonts do not form a monophyletic group,
but are the result of the endemic evolution of several lineages that developed a wide array of

tooth morphology in order to adapt to various kind of diet.



Introduction

Background

The Mesozoic continental formation of the Khorat Group in northeastern
Thailand have yielded a wide array of fossil vertebrates, including freshwater sharks,
actinopterygian fishes, lungfishes, temnospondyl amphibians, crocodilians, dinosaurs,
and pterosaurs (Buffetaut et al., 2003).

Among these vertebrate fossils, several genera of freshwater hybodont sharks
have been identified (Cuny ef al, 2003). Hybodont sharks are represented by small
remains such as teeth, spines and dermal denticles, which are relatively easy to find
in quantity using sediment screen washing techniques.

These hybodonts have been found in the Late Jurassic- Lower Cretaceous of
the Indochina and Shan Thai blocks . All the materials from the Indochina block
come from the Khorat plateau and were collected in the Khok Kruat Formation, Sao
Khua Formation and Phu Kradung Formation . And the material from the Shan Thai
block has been collected in the Huai Hin Formation.

The materials from Khok Pha Suam, Ubon Ratchathani province, Khok
Kruat Formation (Early Cretaceous) has yielded at least six genera of hybodont
sharks including Hybodus, Thaiodus, Heteroptychodus and three new genera. These
fossils show that these sharks were well adapted to freshwater environments and they
have developed a wide array of diet, with both crushing and cutting dentition .
Moreover, these sharks were not only restricted to Thai freshwater environments, but
were also found in Japan, Tibet, Kirghisia, and Mongolia (Cuny et al., 2003).

Although have been found several genera of sharks in the Khok Kruat
Formation (Early Cretaceous), the phylogenetic relationships of these hybodonts are
still poorly known. Their study will help to understand the phylogenetic relationships
of Asian hybodonts and will be an opportunity to study their feeding strategy.



Purposes of the Research

1. To study of the hybodont shark teeth in Khok Pha Suam, the Khok
Kruat Formation.

2. To study of the feeding Strategy of these hybodont sharks in freshwater
environments.

3. To assess the phylogenetic relationships of the Thai hybodont taxa.
Scope of the Research

This research is a study of the morphology, phylogenetic relationships,
feeding strategies and palaeoecology of hybodont sharks from the Khok Kruat
Formation. The specimens were described and compared for a systematic analysis

using . cladistic method. Comparison and description of teeth adaptive features has

yielded the autecological characteristic of these fossil sharks.

Significances of Research

1. Improve the knowledge of the phylogenetic relationships of the Thai
hybodont sharks.

2. Improve the knowledge about the feeding strategies of the hybodont
sharks in freshwater environment. -

3. Improve the knowledge about the palaeogeography of South-East Asia

during the Mesozoic times.



Methods

1. Preparation of the specimens

2,000 kilograms of fine grained red and white sandstone have been screen-
washed using 0.5 and 1.7 mm mesh-sized sieves from the Khok Pha Suam locality (Si
Muang Mai, Ubon Ratchathani Province), Khok Sanam (Kalasin Province) and Phi Phan
Thong (Nong Bua Lamphu Province). In addition, larger teeth were surface collected
specimens from Sam Ran (Khon Kaen Province) and Phu Phok locality were mainly surface
collected from fine grained red sandstone. Nearly 200 kg of sediments were also collected
for screen-washing, but they yielded only a few teeth. The specimens were identified by

comparison with those kept in the collection of the Phu Khum Khao Dinosaur

Research Centre.

1.1 Filed collection

- Phu Phok locality, Sakhon Nakhon Province (Sao Kua Formation, Early
Cretaceous)

o

Fig 2. Keep the sediments from the interesting site



- Khok Sanam Locality, Kalasin Province (Phu Kradung Formation, Late
Jurassic-Early Cretaceous)

Fig 3. Searching for large fossils on the surface and keep the sediments

- Khok Pha Suam locality, Ubon Ratchathani Province (Khok Kruat Formation,
Aptian-Albian)

Fig 4. Keep the sediments for the screen washing technique



- Phu Phan Thong Locality, Nong Bua Lamphu Province (Sao Kua Formation,
Early Cretaceous)

Fig 5. Phu Phan Thong Locality

1.2 Screen Washing Technique
Sediments were sampled for screen washing, but the largest shark
teeth were collected directly at the surface of the outcrop. After drying the sediments
under the sunlight, the sediments were screen washed in water using 0.5 mm and 1.7
mm mesh sized sieves. The sediment was then dried under the sunlight and the
fossils were picked from the concentrate under a binocular microscope. The
specimens were identified by comparison with those kept in the collection of the Phu

Khum Khao Dinosaur Research Centre.

Fig 6. Drying the sediments under the sunlight



g 8. Sediments were screen washed in water using 0.5 mm and 1.7 mm mesh

sized sieves

Fig 9. Sorted with the aid of a dissecting microscope

2. Phylogenetic analysis
Cladistic is now accepted as the best method available for phylogenetic
alysis of morphological data, for it provides an explicit and testable hypothesis of
janismal relationships. The basic idea behind cladistics is that members of a group
aring a common evolutionary ancestry are more closely related to each other than

members of other groups. These groups are recognized by sharing unique derived



features, called synapomorphies, which were not present in distant ancestors. This is
especially important to determine patterns of evolution.

The advantage of this approach is that all data that form the basis of a
postulated relationship are clearly defined and can be more readily tested. Clearly
established relationships are shown as simple 2-branching divergences, and 3 or more
branching from a single point indicates a lack of sufficient information to establish
exact relationships.

For this research, I shall focus on the hybodont sharks from Khok Pha
Suam including Hybodus, Thaiodus, Heteroptychodus, Acrorhizodus Khoratensis nov.
gen. nov. sp., new genus and species #1, new genus and species #3. Due to a lack
of complete material only dental characters are included in the cladistic analysis. The
character states in each taxa will be determined using information from the literature
and direct observation. The polarity of characters was determined by outgroup
comparison. Hamiltonichthys mapesi, the oldest complete hybodont hitherto found
(Maisey. 1989) was used as outgroup for this study.

The analysis was conducted using the software PAUP 4.1 leading to the
definition of a cladogram, showing the monophyletic groups and the evolution of

discrete characters.



Result

Diversity of the freshwater hybodonts

The Khorat plateau has yielded a rich hybodont shark fauna, although it was
deposited in a nonvironment. The diversity seem to increase from the uppermost Jurassic
Phu Kradunng Formation to the Aptian Khok Kruat Formation, 3 taxa in the Phu
Kradung Formation, 6 taxa in the Sao Kua Formation and 6 taxa in the Khok Kruat
Formation.

1. Phu Kradung Formation, Late Jurassic-Early Cretaceous

Class Chondrichthyes Huxley, 1880
Subclass Elasmobranchii Bonaparte, 1838
Order Hybodontifromes Maisey, 1987
Family Hybodontidae Owen, 1846
Subfamily Hybodontinae Owen, 1846

Genus Hybodus Agassiz, 1839

Hybodus sp.
Occurrences: Chong Chat, Nong Bua Lamphu Province; Phu Nam Jun, Kalasin
Province; Wang Din So, Phitsanulok Province.
Subfamily Acrodontinae Casier, 1959
Genus Acrodus Agassiz, 1837
Acrodus sp.
Occurrences: Chong Chat, Nong Bua Lamphu Province; Wang Din So,

Phitsanulok Province.

Family Lonchidiidae Herman, 1977
Lonchidiidae indet

Occurrences: Wang Din So, Phitsanulok Province.

2. Sao Khua Formation, Early Cretaceous
Family Hybodontidae Owen, 1846



Subfamily Hybodontinar Owen, 1846
Genus Hybodus Agassiz, 1837
Hybodus sp A.

Hybodus sp B.

Occurrences: Phu Phan Thong, Nong Bua Lamphu Province

Hybodus sp

Occurrences: Phu Noi, Sakhon Nakhon Province

Family Lonchidiidae Herman, 1977
Genus Lonchidion Estes, 1964
Lonchidion Khoratensis Cuny et al, 1964

Occurrences: Phu Phan Thong, Nong Bua Lamphu Province

Genus Parvodus Rees & Underwood, 2002
Parovodus sp.

Occurrences: Phu Phan Thong, Nong Bua Lamphu Province

Genus Isanodus Cuny et al., inpress
Isanodus paladeji et al., inpress

Occurrences: Phu Phan Thong, Nong Bua Lamphu Province

Family  Ptychodontidae Jaekel, 18938
Genus Heteroptychodus Yabe & Obata, 1930
Heteroptychodus steinmani Yabe & Obata, 1930
Occurrences: Phu Phan Thong, Phu Wat and Huai Lao Yang Nong Bua Lamphu;

Phu Noi, Sakhon Nakhon Province; Phu Wiang, Khon Kaen Province; Phu Kum Khao,

Kalasin Province; Phu Noi’ Sakhon Nakhon Province.

3. Khok Kruat Formation, Aptian-albian
FamilyHybodontidae Owen, 1846
Subfamily Hybodontinae Owen, 1846 Maisey, 1989
Hybodus sp.

Occurrences: Khok Pha Suam, Ubon Rachathani Province
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FamilyPtychodontidae Jaekel, 1898
Genus Heteroptychodus Yabe & Obata, 1930
Heteroptychodus steinmani Yabe & Obata, 1930

Occurrences: Khok Pha Suam, Ubon Rachathani Province; Sam Ran, Khon

Kean

Family incertae sedis
Genus Thaiodus Cappetta, Buffetaut, Suteethorn, 1990
Thaiodus ruchae Cappetta, Buffetaut, Suteethorn, 1990
Occurrences: Khok Pha Suam, Ubon Rachathani Province; Sam Ran, Khon

Kean; Ban Khok Kruat,Ban Sapan Hin, Nakhon Ratchasima

New genus and species #1 (Cuny et al, 2003)

Acrorhizodus Khoratensis (Cuny et al., 2003)

Occurrences: Khok Pha Suam, Ubon Rachathani Province;

New genus and species #3 (Cuny et al., 2003)

Occurrences: Khok Pha Suam, Ubon Rachathani Province;

R
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Cladistic Analysis

1. List of taxa included in the analysis

1.1 Lonchidion Khoratensis
Stratigraphic distribution: Berriasian-Barremian
Geographical range: Northeastern Thailand
Dentition type: crushing

1.2 Parvodus
Stratigraphic distribution: Bathonian-Valanginian
Geographical range: Northeastern Thailand, Europe
Dentition type: crushing

1.3 Isanodus paladeji
Stratigraphic distribution: Berriasian-Barremian
Geographical range: Northeastern Thailand
Dentition type: clutching-grinding

1.4 Hybodus sp A
Stratigraphic distribution: Berriasian-Barremian
Geographical range:
Dentition type: clutching

1.5 Hybodus sp B.
Stratigraphic distribution: Aptian-Albian
Geographical range: Northeastern Thailand
Dentition type: crushing

1.6 Heteroptychodus steinmanni
Stratigraphic distribution: Aptian-Albian
Geographical range: Northeastern of Thailand, Japan, Kirghisia,

Mongolia

Dentition type: grinding

1.7 Thaiodus ruchae
Stratigraphic distribution: Aptian-Albian
Geological range: Northeastern of Thailand, Tibet
Dentition type: cutiing

12
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1.8 Acrorhizodus khoratensis
Stratigraphic distribution: Aptian-Albian
Geographical range: Northeastern of Thailand
Dentition type: crushing

1.9 New genus and species# 1
Stratigraphic distribution: Aptian-Albian
Geographical range: Northeastern of Thailand
Dentition type: grinding

1.10 New genus and species# 3
Stratigraphic distribution: Aptian-Albian
Geographical range: Northeastern of Thailand
Dentition type: grinding

1.11 Ptychodus mortoni
Stratigraphic distribution: Cenomanian-Turonian
Geographical range: North America
Dentition: crushing

1.12 Ptychodu. decurrens
Stratigraphic distribution: Albian-Turonian
Geographical range: North America, Europe, Australia
Dentition: grinding

1.13 Priohybodus aranbourgi d’Erasmo 1960
Stratigraphic distribution: Late Jurassic — Lower Cretaceous
Geographical range: Northern Africa, South America

Dentition type: cutting

2. Definition of characters

2.1 Main cusp: low (0); high (1) (low cusp = mesio distal length > 5 time height
of the crown)

2.2 Cusplets: absence (O); presence (1)

2.3 Longitudinal crest: weak (0); moderate (1) ; well developed (2)

2.4 Basally flared lingual face: no (0); yes (1)

2.5 Labial node: absence (0); presence (1)

2.6 Relative height of the root: root lower or high as crown(0) or higher
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than crown (1)

2.7 Row of large foramina at the base of the root: absence (0);
presence(1)

2.8 Serrated teeth: absence (0); presence (1); complex (2)

2.9 Number of parallel ridges running mesio-distally: one or less (0);
more than one (1)

2.10 Short non-branching secondary ridges originating from main ridge:
absence (0) presence (1)

2.11 Deep transversal groove separating crown from root: absence (0);
Presence
(D

2.12 Dense ornamentation: presence (0); absence (1)

2.13  Omnamentation made of anastomosed ridges: presence (0); absence (1)

2.14 Ridges attaining the base of the crown on labial side: absence (0);
presence (1)

2.15 Ridges attaining the base of the crown on lingual side: absence (0);
pfesence )

2.16 Crown mesio-distal length more than five time its labio-lingual

width: absence (0), presence (1).

2.17 Presence of radiating ridges on the margin of the crown: no (0);

R

yes (1)
2.18 Crown overhangs the root: absence (0); presence (1)
2.19 Basally flared labial face: no (0), yes (1)
220 Basally flared labial face: no (0), yes (1)

3. Character-taxa on matrix

Hybodus sp. B 01100 10000 00100 10000
Thaiodus o211 00110 01100 00011
Heteroptychodus 00200 01101 10001 10110
Acrorhizodus 00211 01100 00001 10000
Sp#1 00201 07200 07100 01070

Sp#3 00201 01101 00111 10110
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Hybodus sp.A 01000 00100 00111 10000
Lonchidion Khoratensis 00200 1?7700 07?110 00010
Parvodus 01100 10000 01111 00010
Isanodus paladeji 00200 10001 10110 00010
P.mortoni 10110 00000 00110 00110
P.decurrens 00200 00001 00001 10110
Priohybodus 11200 00110 00111 00000

4. Assumption and analysis

The analysis was conducted using PAUP 4.0 run on the computer to
produce the most parsimonious branching pattern. The settings were as follows:
search mployed the heuristic algorithm, using option collapse zero-length branch, all
characters were equally weighted and unordered. For each analysis, the strict

consensus was computed when more than one shortest tree was found.

5. Result

The analysis generated a single most parsimonious tree (MPT) with a length
of 45 step, consistency index (CI) of 0.47, retention index (RI) of 0.53 that there
showed three main groups of hybodontiformes: Hybodontidae, Ptychodontidae and

Lonchidiidae.

6. Tree Description
The distribution of the characters onthe trees is illustrated in Fig 11

6.1 Clade A: P.mortoni, P.decurrens, Sp#3, Acrorhizodus, Heteroptychodus
Non exclusive synapomorphy: crown overhang the root (also appear in
group B)
Exclusive synapomorphy: Presence of radiating ridges on the margin of
the crown
6.2 Clade A: P.decurrens, Sp#3, Acrorhizodus, Heteroptychodus
Non exclusive synapomorphy: ridges attaining the base of the crown on
labial side (also found in group B;), ridges attaining the base of the crown on lingual
side (appear in group By)
6.3 Clade Ay: Sp#3, Acrorhizodus, Heteroptychodus
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Exclusive synapomorphy: root higher than crown
Non exlusive synapomorphy: presence of a row of the large foramina at
the base of the root
6.4 Clade Aj: Sp#3 and Acrorhizodus
Non exlusive synapomorphy: presence of a row of large foramina at the
base of the root
6.5 Clade B: Isanodus, Parvodus, Lonchidion, Thaiodus, Priohybodus,
Hybodus sp. A, Hybodus sp.
Non exclusive synapomorphy: spare ornamentation (but not found in
Hybodus sp. and also found in Sp#3 in Group Aj)
6.6 Clade B;: Family Lonchidiidae; Isanodus, Parvodus, Lonchidion
Exclusive synapomorphy: presence of a labial node
Non exclusive synapomorphy: spare ornamentation (appear in Group By),
ornamentation not made of anastomosed ridges (also found in Group Bs), crown
overhang the root (appear in group A;)
6.7 Clade By Thaiodus, Priohybodus ,Hybodus sp.A, Hybodus spB.
Synapomorphy: presence of cusplets
Non exclusive synapomorphy: presence of a row of large foramina at
the base of the root (appear in group A4), spare ornamentation (appear in group B1),
6.8 Clade Bj: Priohybodus, Hybodus sp.A, Hybodus spB.
Non exclusive synapomorphy: Ridges attaining the base of the crown

on lingual side (appear in group Aj) f

6.9 Clade B 4: Priohybodus, Hybodus sp.A

Non exclusive synapomorphy: spare ornamentation
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Figure 10. Phylogenetic interrelationship of Hybodont sharks; showed three main

group of Thai hybodonts.

Discussion

The phylogenetic analysis revealed that there are three main group of
Hybodontifromes: Hybodontidae, Ptychodontidae, and Lonchidiidae. For sp#l, the
researcher removed it from the analysis because it makes the tree become a
multichotomy. This result may be caused by some characters in the matrix that are
missing, especially the characters of the root."The CI and RI values are low
(C1=0.47, RI=0.53) in this analysis, and the interpretation of the topologies. Most of
the taxa used in this study are know only from isolated teeth, which maybe
contributed to the high level of convergences observed in the tree (appendixes).
However, this is the most parsimonious hypothesis available for now Thai hybodont
sharks.

This tree indicates that Thai hybodonts do not a monophyletic group. They
show differences in feeding strategies according to their dentition characters. From
the cladogram Hybodus sp B, Hybodus sp A, Priohybodus and Thaiodus, showed as a
synapomorphy the presence of cusplets. 7Thaiodus is the sister group of
Hybodontidae. Cuny (2004) considered Thaiodus as incertae sedis, because they
thought it shows characters bztween Hybodontidae and Steinbachodontidae. According
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to my analysis, Thaiodus should belong to the Family Hybodontidae, as it is the
sister group of this family. This result corresponds to the study by Cappetta and
others (1990).

The second group, Lonchidiidae including Lonchidion, Parvodus, and Isanodus
are nested in the same clade and show that Lonchiidae is a monophyletic group by
similar morphology, labial peg and low main cusp. Therefore, although Isanodus,
shows some pattern similar to the Ptychodontidae (the development of ridges parallel
to the longitudinal crest), it belong to the monophyletic Lonchidiidae, and it should
not be the origin of Ptychodus. Contrary to the claim made by Cuny (2004). Maybe
this convergen ornament suitable for diet.

The last clade, Ptychodontidae, is just a crushing including the durophagous
shark Heteroptychodus, Acrorhizodus, Sp#3, Ptychodus decurren and P.mortoni. This
study supports therefore the study of Cuny and others (in press) that
Heteroptychodus is the oldest representative of this Family. For Acrorhizodus, Cuny
and others (in press) and Cappetta and others (in press) consider is as incertae sedis
because its shares some character belonging to Steinbachodontidae (a convex labial
face and a concave, basally flared lingual face), but in well developed root
morphology is different from that of the Steinbachodontidae. According to the
analysis, Acrorhizodus belong to Ptychodontidae, because of the these character:
ridges attaining the best of the crown on lingual side, ridges attaining the base of
the crown on labial side, presence a row of large foramina at the base of the root,
root higher than crown. It therefore should be betong to this family.

This phylogenic analysis identified three main groups of hybodont sharks that
have evolved in South East Asian fresh - water in the Cretaceous. These lineages are
characterized by different feeding strategies (durophageous: Lonchidin,, Parvodus,
Acrorhizodus, Isanodus, Heteroptychodus, Sp#l and Sp#3, predation on soft bodied
preys: Thaiodus and opportunistic feeding: Hybodus sp A and Hybodus sp B) according
to their dentition (crushing: Lonchidion, Parvodu and Acrorhizodus, cutting: Thaiodus,
clutching-grinding: Isanodus and grinding: , Heteroptychodus, Sp#l' and Sp#l). In
addition, it demonstates that the fauna from the Khok Kruat Formation reveals a
decrease of diversity at supra-genetic level (so far no member of Lonchiidae have
been found in the Khok Kruat Formation). Some hybodont sharks from the Sao
Khua and the Khok Kruat Formations (Isanodus, Acrorhizodus, Sp#l and Sp #3)
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show an endemic pattern during the Cretaceous while other were more widely
distributed (Cuny ef al,, 2003; Cuny. 2004). This feature may be related to difference
in habitat tolerance (some being more ubiquitous and able to live in marine waters,
and some being more stenohaline). Maisey (1989) suggested that many hybodont
genera (Hamiltonichthy, Hybodus, Lissodus) were euryhaline. Such a mode of life
would explain the distribution of Heteroptychodus and Thaiodus around the Asian
continent, following the coastline to invade several freshwater system.
Heteroptychodus is found both in Sao Khua and Khok Kruat Formation, although
occurred some dramatic changes in the shark faunas between the deposition of these
two formation, Heteroptychodus was no affected.

Interestingly, when looking at the distribution of the characters in the tree, we
see that different group of Thai hybodonts have convergently developed similar such
as Lonchidion (crushing dentition) and the Ptychodontidae; Acrorhizodus (crushing
dentition). This indicates that we have a convergence and they have developed a

wide array of tooth morphologies in order to adapt to various kind of diet.

Conclusion

The study on morphology, feeding strategies, and phylogeny of hybodont
shark remains found in the Khok Kruat Formation of the Khok Pha Suam locality in
northeastern Thailand , revealed as follows;

1. Six taxa of hybodont sharks were recoved in the sediment of the
Khok Pha Suam. They are hybodus, thaiodus, heteroptychodus, acrorhizodus, Sp#1.
and Sp#3. These sharks had different feeding strategies; durophaglous, predation
on soft bodied prey and opportunistic feeding according to their dentition (crushing:
Lonchidion, Parvodu and Acror/tfzodus, cutting: Thaiodus, clutching-grinding: Isanodus
and grinding: Heteroptychodus, Sp#1 and Sp#3).

2. The phylogenetic tree show three main groups of hybodont sharks
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including: Hybodontidae (Hybodus, Hybodus sp A, Priohybodus and Thaiodus),
Lonchididae (Lonchidion, Parvodus, Isanodus) and Ptychodontidae (Heteroptychodus,
Acrorhizodus, Sp#3, P.decurrens and P.mortoni)

3. The phylogenetic analysis confirms that Thai hybodonts do not form a
monophyletic group, but are the result of the endemic evolution of several lineages
that developed a wide array of tooth morphology in order to adapt to various kind
of diet.

Suggestion

1. Suggestion for this study
The methodology used in the present study can be applied for
Paleaobiological study of the other fossil taxa of the Khok Kruat formation
2. Suggestion for further study
Future studies should focus to identify additional characters in order to test

whether convergence may not bias the work of this study.
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Phylogenetic Relationship of Hybodont Shark From Khok Pha Saum, Khok Kruat
Formation (Aptain) of Thailand.
S. Khamha', G. Cuny’, V. Suteethorn® and J. Suksringram’
'Department of Biology, Faculty of Science, Mahasarakham University, Mahasarakham, 44150
skhamha@yahoo.com
*Geological Museum University of Copenhagen, Oster Voldgade 5-7, 1350 Copenhagen K,
*Department of Mineral Resources, Rama VI Road, Bangkok 10400

Abstract: Search for vertebrate microremains at the outcrop of Khok Pha Suam,
Sri Muang Mai district, Ubon Ratchathani Province yielded 6 genera of hybodont sharks,
Hybodus sp., Thaiodus ruchae, Heteroptychodus steinmani, Acrorhizodus Khoratensis
and a taxon not yet named. The Phylogenetic relationships of these sharks were analyzed
using the cladistic method and a data matrix of 20 characters and 14 taxa. The
Carboniferous hybodont Hamiltonichtys was used as outgroup to polarize our characters.
The most parsimonious tree found was 46 steps long, and showed a Consistency Index
(CI) of 0.47, and a Retention Index (RI) of 0.53. This tree indicates that the Thai
hybodonts do not form a monophyletic group, but are the result of the endemic evolution
of several lineages that developed a wide array of tooth morphology in order to adapt to
various kind of diet.

Key words: Chondrichthyes, Hybodontiformes, Thailand, Early Cretaceous, Phylogenetic

Introduction

The Mesozoic continental formation of the Khorat Group in northeastern

Thailand have yielded a wide array of fossil vertebrates, including freshwater
sharks, actinopterygian fishes, lungfishes, temnospendyl amphibians, crocodilians,
dinosaurs, and pterosaurs (Buffetaut et al, 2003).

Among these vertebrate fossils, several genera of freshwater hybodont
sharks have been identified (Cuny ef al, 2003). Hybodont sharks are represented
by small remains such as teeth, spines and dermal denticles, which are relatively
casy to find in quantity using sediment screen washing techniques.

These hybodonts have been found in the Late Jurassic- Lower Cretaceous
of the Indochina and Shan Thai blocks . All the materials from the Indochina
block come from the Khorat plateau and were collected in the Khok Kruat
Formation, Sao Khua Formation and Phu Kradung Formation . And the material
from the Shan Thai block has been collected in the Huai Hin Formation.

The materials from Khok Pha Suam, Ubon Ratchathani province, Khok
Kruat Formation (Early Cretaceous) has yielded at least six genera of hybodont
sharks including Hybodus, Thaiodus, Heteroptychodus and three new genera. These
fossils show that these sharks were well adapted to freshwater environments and



they have developed a wide array of diet, with both crushing and cutting dentition
. Moreover, these sharks were not only restricted to Thai freshwater environments,
but were also found in Japan, Tibet, Kirghisia, and Mongolia (Cuny et al, 2003).

Although have been found several genera of sharks in the Khok Kruat
Formation (Early Cretaceous), the phylogenetic relationships of these hybodonts are
still poorly known. Their study will help to understand the phylogenetic
relationships of Asian hybodonts and will be an opportunity to study their feeding
strategy.

Methods

2,000 kilograms of fine grained red and white sandstone have been screen-
washed using 0.5 and 1.7 mm mesh-sized sieves from the Khok Pha Suam locality (Si
Muang Mai, Ubon Ratchathani Province), Khok Sanam (Kalasin Province) and Phi Phan
Thong (Nong Bua Lamphu Province). In addition, larger teeth were surface collected
specimens from Sam Ran (Khon Kaen Province) and Phu Phok locality were mainly
surface collected from fine grained red sandstone. Nearly 200 kg of sediments were also
collected for screen-washing, but they yielded only a few teeth. The specimens were
identified by comparison with those kept in the collection of the Phu Khum Khao
Dinosaur Research Centre.

For the Cladistic analysis, the author shall focus on the hybodont sharks from
Khok Pha Suwam including Hybodus, Thaiodus, Heteroptychodus, Acrorhizodus
Khoratensis nov. gen. nov. sp., new genus and species #1, new genus and species
#3. Due to a lack of complete material only dental characters are included in the
cladistic analysis. The character states in each taxa will be determined using
information from the literature and direct observation. The polarity of characters
was determined by outgroup comparison. Hamiltonichthys mapesi, the oldest
complete hybodont hitherto found (Maisey. 1989 ) was used as outgroup for this
study.

Result ~

The Khorat plateau has yielded a rich hybodont shark fauna, although it was
deposited in a nonvironment. The diversity seem to increase from the uppermost Jurassic
Phu Kradunng Formation to the Aptian Khok Kruat Formation, 3 taxa in the Phu
Kradung Formation, 6 taxa in the Sao Kua Formation and 6 taxa in the Khok Kruat
Formation.

The phylogenetic relationships of these sharks were analyzed using the
cladistic method and a data matrix of 20 characters and 14 taxa. The
Carboniferous hybodont Hamiltonichtys was used as outgroup to polarize our
characters. The analysis generated a single most parsimonious tree (MPT) with a
length of 45 step, consistency index (CI) of 0.47, retention index (RI) of 0.53 that
there showed three main groups of hybodontiformes: Hybodontidae, Ptychodontidae
and Lonchidiidae.
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Figure 1. Phylogenetic interrelationship of Hybodont sharks; showed three main
group of Thai hybodonts.

Discussion

The phylogenetic analysis revealed that there are three main group of
Hybodontifromes: Hybodontidae, Ptychodontidae, and Lonchidiidae. For sp#l, the
researcher removed it from the analysis because it makes the tree become a
multichotomy. This result may be caused by some characters in the matrix that
are missing, especially the characters of the root. The CI and RI values are low
(C1=0.47, RI=0.53) in this analysis, and the interpretation of the topologies. Most
of the taxa used in this study are know only from isolated teeth, which maybe
contributed to the high level of convergences observed in the tree (appendixes).
However, this is the most parsimonious hypothesis available for now Thai
hybodont sharks.

This tree indicates that Thai hybodonts do sot a monophyletic group. They
show differences in feeding strategies according to their dentition characters. From
the cladogram Hybodus sp B, Hybodus sp A, Priohybodus and Thaiodus, showed
as a synapomorphy the presence of cusplets. Thaiodus is the sister group of
Hybodontidae. Cuny (2004) considered Thaiodus as incertae sedis, because they
thought it shows characters between Hybodontidae and Steinbachodontidac.
According to my analysis, Thaiodus should belong to the Family Hybodontidae, as
it is the sister group of this family. This result corresponds to the study by
Cappetta and others (1990).

The second group, Lonchidiidae including Lonchidion, Parvodus, and
Isanodus are nested in the same clade and show that Lonchiidae is a
monophyletic group by similar morphology, labial peg and low main cusp.
Therefore, although /Isanodus, shows some pattern similar to the Ptychodontidae
(the development of ridges parallel to the longitudinal crest), it belong to the
monophyletic Lonchidiidae, and it should not be the origin of Ptychodus. Contrary



to the claim made by Cuny (2004). Maybe this convergen ornament suitable for
diet.

The last clade, Ptychodontidae, is just a crushing including the durophagous
shark Heteroptychodus, Acrorhizodus, Sp#3, Ptychodus decurren and P.mortoni.
This study supports therefore the study of Cuny and others (2004) that
Heteroptychodus is the oldest representative of this Family. For Acrorhizodus,
Cuny and others (2004) consider is as incertae sedis because its shares some
character belonging to Steinbachodontidae (a convex labial face and a concave,
basally flared lingual face), but in well developed root morphology is different
from that of the Steinbachodontidae. According to the analysis, Acrorhizodus
belong to Ptychodontidae, because of the these character: ridges attaining the best
of the crown on lingual side, ridges attaining the base of the crown on labial
side, presence a row of large foramina at the base of the root, root higher than
crown. It therefore should be belong to this family.

This phylogenic analysis identified three main groups of hybodont sharks
that have evolved in South East Asian fresh - water in the Cretaceous. These
lineages are characterized by different feeding strategies (durophageous: Lonchidin,,
Parvodus, Acrorhizodus, Isanodus, Heteroptychodus, Sp#l and Sp#l, predation on
soft bodied preys: Thaiodus and opportunistic feeding: Hybodus sp A and Hybodus
sp B) according to their dentition (crushing: Lonchidion, Parvodu and
Acrorhizodus, cutting: Thaiodus, clutching-grinding: Isanodus and grinding: ,
Heteroptychodus, Sp#1 and Sp#1). In addition, it demonstates that the fauna from
the Khok Kruat Formation reveals a decrease of diversity at supra-genetic level
(so far no member of Lonchiidae have been found in the Khok Kruat Formation).
Some hybodont sharks from the Sao Khua and the Khok Kruat Formations
(Isanodus, Acrorhizodus, Sp#1 and Sp #3) show an endemic pattern during the
Cretaceous while other were more widely distributed (Cuny. 2003 ; Guny. 2004).
This feature may be related to difference in habitat tolerance (some being more
ubiquitous and able to live in marine waters, and some being more stenohaline).
Maisey (1989) suggested that many hybodont genera (Hamiltonichthy, Hybodus,
Lissodus) were euryhaline. Such a mode of life would explain the distribution of
Heteroptychodus and Thaiodus around the Asian continent, following the coastline
to invade several freshwater system. Heteroptychodus is found both in Sao Khua
and Khok Kruat Formation, although occurred some dramatic changes in the shark
faunas between the deposition of these two formation, Heteroptychodus was no
affected.

Interestingly, when looking at the distribution of the characters in the tree,
we see that different group of Thai hybodonts have convergently developed
similar such as Lonchidion (crushing dentition) and the Ptychodontidae;
Acrorhizodus (crushing dentition). This indicates that we have a convergence and
they have developed a wide array of tooth morphologies in order to adapt to
various kind of diet.



Conclusion

The study on morphology, feeding strategies, and phylogeny of hybodont
shark remains found in the Khok Kruat Formation of the Khok Pha Suam locality
in northeastern Thailand , revealed as follows;

1. Six taxa of hybodont sharks were recoved in the sediment of the
Khok Pha Suam. They are hybodus, thaiodus, heteroptychodus, acrorhizodus, Spitl.
and Sp#3. These sharks had different feeding strategies; durophaglous, predation
on soft bodied prey and opportunistic feeding according to their dentition
(crushing: Lonchidion, Parvodu and Acrorhizodus, cutting: Thaiodus, clutching-
grinding: Isanodus and grinding: Heteroptychodus, Sp#l and Sp#l).

2. The phylogenetic tree show three main groups of hybodont sharks
including: Hybodontidae (Hybodus, Hybodus sp A, Priohybodus and Thaiodus),
Lonchididae (Lonchidion, Parvodus, Isanodus) and Ptychodontidae
(Heteroptychodus, Acrorhizodus, Sp#3, P.decurrens and P.mortoni)

3. The phylogenetic analysis confirms that Thai hybodonts do not form a
monophyletic group, but are the result of the endemic evolution of several lineages
that developed a wide array of tooth morphology in order to adapt to various
kind of diet.
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Appendix

Character-taxa on matrix

Hybodus sp. B 01100 10000 00100 10000
Thaiodus 01211 00110 01100 00011
Heteroptychodus 00200 01101 10001 10110
Acrorhizodus 00211 01100 00001 10000
Sp#1 00201 0?2?00 0?7100 010?0
Sp#3 00201 01101 00111 10110
Hybodus sp.A 01000 00100 00111 10000
Lonchidion Khoratensis 00200 1?2200 0?2110 00010
Parvodus 01100 10000 1111 00010
Isanodus paladeji 00200 10001 10110 00010
P.mortoni 10110 00000 00110 00110
P.decurrens 00200 00001 00001 10110
Priohybodus 11200 00110 00111 00000

Definition of characters:

. Main cusp: low (0); high (1) (low cusp = mesio distal length > 5 time height of the crown)

. Cusplets: absence (0); presence (1)

. Longitudinal crest: weak (0); moderate (1) ; well developed (2)

. Basally flared lingual face: no (0); yes (1)

. Labial node: absence (0); presence (1)

. Relative height of the root: root lower or high as crown(0) or higher than crown (1)

. Row of large foramina at the base of the root: absence (0); presence(1)

. Serrated teeth: absence (0); presence (1); complex (2)

. Number of parallel ridges running mesio-distally: one or less (0); more than one (1)

10.Short non-branching secondary ridges originating from main ridge:absence (0) presence (1)
11.Deep transversal groove separating crown from root: absence (0);presence (1)

12.Dense ornamentation: presence (0); absence (1)

13.0rnamentation made of anastomosed ridges: presence (0); absence (1)

14.Ridges attaining the base of the crown on labial side: absence (0); presence (1)

15.Ridges attaining the base of the crown on lingual side: absence (0); presence (1)
16.Crown mesio-distal length more than five time its labio-lingual width: absence (0), presence (1).
17. Presence of radiating ridges on the margin of the crown: no (0); yes (1)

18.Crown overhangs the root: absence (0); presence (1)

19. Basally flared labial face: no (0), yes (1)

20. Basally flared labial face: no (0), yes (1)
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