
T A X O N O M Y  O F  B IV A L V E  FO SS ILS

C H A P T E R  I V

4.1. G ene ra l fea tu res o f B iv a lv ia

4.1.1. M a in  cha rac te rs  o f B iv a lv ia
The B iva lv ia  are aquatic mollusks wh ich  fundamenta lly are b ila te ra lly  

symmetrica l and la te ra lly compressed. They inva riab ly  are prov ided w ith  a shell 
consisting o f  tw o  w ho lly  or pa rtly  ca lc ified  valves ly in g  on le ft and righ t sides o f  the 
body. T yp ica lly , the tw o  valves are o f  equal convexity ; but in  some form s b ila tera l 
sym m etiy has been lost, usually as the result o f  cementation o f  one valve to the 
substrate, and the valves d iffe r in  size to a vary ing extent.

The valves are connected dorsally by an on ly  pa rtia lly  ca lc ified , elastic 
structure (lig am en t) and open and close by h ing ing  along an axis wh ich  passes 
through or close to th is (F igure 4.1). T yp ica lly , the hinge axis has an approxim ate ly  
anteroposterior d irection. The tw o  valves thus open along the ir anterior, posterior, and 
ventra l margins.

The valves are closed by the action o f  muscle (a d du c to r m uscle), tw o  or 
one in  number, attached to the inner face o f  each valve.

The animal lacks a head, radula, and jaws. Cephalic sensory organs found in  
other mollusks are thus absent.

The m on th  and anus are usually at opposite ends o f  the body (F igure 4.2). 
The month lies between tw o  pairs o f  c ilia ted , f la p -like  structures known as la b ia l 
palps, w h ich consist in  conducting food to i t  (F igure 4.3).

A  fo o t present in  most B iva lv ia  is an extensile structure w h ich  most 
com m only serves m a in ly  fo r burrow ing.

M ost forms have a pa ir o f  g ills  or c ten id ia wh ich  are suspended w ith in  the 
mantle cav ity  from  the body and are arranged sym m etrica lly  w ith  regard to the 
median plane o f  the mollusk.

F ig u re  4.1 A . Transverse section o f  a b iva lve shell, show ing antagonistic functions o f  
hinge ligaments and adductor muscles. When the valves are closed by the adductor 
muscles, the outer hinge ligament is stretched and the inner ligament is compressed. B. 
Inner surface o f  the le ft valve o f  the marine calm  M ercenaria. (A fte r Ruppert and 
Barnes, 1994).
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F ig u re  4.2. Body o f  N ucula  w ith  righ t va lve and mantle removed, shows in  latera l 
v iew  (A fte r Ruppert and Barnes, 1994).

outer labial pulp (right side)

F ig u re  4.3. Lab ia l palps o f  M ytilus edulis, anterior v iew  o f  month and lips show ing  
th e ir re la tion to palps. (A fte r Cox et al. , 1969)
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4.1.2. M o rp h o lo g y  o f B iva lve  shell
4.1.2 1. Shape

When describ ing the outline o f  b iva lve as seen in  lateral v iew , recourse is 
usually made to such terms as suboval, subtrigonal, etc. (F igure 4.4). It IS preferable  
wherever possible, however to use terms such as m y tilifo rm , pec tm ifonn , wh ich  
evoke the shape o f  w e ll-know n genera.

F ig u re  4.4. Shapes o f  b iva lve shells, illu s tra ting  terms com m only used to describe 
them ; 1,2. C ircu la r or orb icu la r.; 3,7. Subcircu lar or suborb icu lar.; 4,8. Subquadrate.; 
5,6. T rigona l.; 9. T rigona lly  suboval.; 10. Suboval.; 11. Subtrigonal.; 12. 
Sube llip tica l.; 13,14. Oval.; 15. Donaciform  or rhom boida l.; 16. E longate e llip tica l.; 
17. E llip tica l.; 18. Lanceolate or m od io lifo rm .; 19. A la te  (b ia la te) or p te riifo rm .; 20. 
Rostrate or nucu lan ifo rm .; 21.M y tilifo rm . (A fte r Cox et a i .  1969)
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4.1.2.2. T he  m easurem ent o f she ll
The length as the distance between tw o  planes perpendicular to the 

cardinal and hinge axes, and ju s t touch ing both the anterior and posterior extrem ities  
o f  shell. The height is measured perpendicular to the length. (F igure 4.5)

F ig u re  4.5. Measurement o f  b iva lve shell. (A fte r Raup and Stanley., 1971)

4.1.2.3. G ene ra l e x te rna l fea tu res o f she ll
A  typ ica l b iva lve shell consists o f  tw o  s im ila r, more o r less oval, usually  

convex valves, w h ich  are attached and articu la te dorsa lly w ith  each other. Each valve  
starting w ith  the larval shell, g row th o f  b iva lve shell proceeds by successive 
increments along the margins o f  the tw o  valves. Th is is com m only preserved on each 
va lve o f  the adult shell, fo rm ing  a small, nose-like angle termed the beak.

In  adult shell, the beak occupies a pos ition  close to the m idd le o f  the 
length, the shell is described as equilateral (F igure 4.6 A ), bu t i f  the beak lies closer to 
one end or the other the shell is described as inequila teral. (F igure 4.6 B )

F ig u r e  4 .6 . P o s i t io n  o f  b e a k . A .  E q u i la t e r a l . ;  B . I n e q u i la t e r a l .  ( A f t e r  C o x  et a!., 1 9 6 9 )
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The umbo (p lu ra l is umbones) is the po in t o f  m ax im um  curvature, a rather 
inde fin ite  sense to denote the general region o f  the valve w h ich  surrounds this po in t 
and extends to the beak The umbonal cav ity is the part o f  the in te rio r o f  the va lve that 
lies w ith in  the umbo.

The umbones are described as prosogyrate i f  they curve in  such a manner 
that the beaks po in t in  an anterior d irection, as opisthogyrate i f  they po in t in  posterior 
position , and as orthogyrate i f  each beak points d irec tly  toward the other valve.

In many shells, one or more ridges or carinae orig inate at the beak. Most 
com m only such a ridge passes over the umbo on the posterior side o f  the umbonal 
pole and runs d iagonally across the surface o f  the valve toward an angle wh ich may 
be considered to separate the ventral from  posterior margin. Th is ridge is usually  
termed the posterior ridge or diagonal ridge.

4.1.2.4. In te rn a l ca lcareous s tru c tu re s  o f h inge
The function  o f  the hinge teeth, w h ich lie  be low  the actual axis about 

w h ich  the tw o  valve hinge, is to guide them into the exact pos ition in  wh ich  they w il l 
f i t  tig h tly  together when they are closed by the adductor muscles, and to in te rlock so 
that any ro ta tiona l or shearing movement o f  the valves are prevented.

In  many groups o f  the B iva lv ia , it  is usual to re fe r to tw o  categories o f  
teeth, card inal teeth ly in g  ju s t be low  the beaks, and lateral teeth situated close to the 
dorsal margins at some distance from  the beaks. Lateral teeth are described as anterior 
laterals o r posterior laterals according to the end o f  the shell to wh ich they are the 
more close ly situated.

The tenn pseudolateral teeth have been applied to  elongate long itud ina l 
teeth w h ich  the ir p rox im a l end is close to the beak (found, fo r example, in many 
Unionidae). M any authorities on the Unionidae apply the term  pseudocardinal to teeth 
agreeing w ith  the above de fin itio n  o f  cardinals but d iffe r in g  from  the cardinal teeth o f  
other groups in  the ir very irregu lar form .

Several terms inc lud ing  the letter “ -odont”  have been introduced in  
connection w ith  hinge dentition , and it  is im portan t to d istingu ish the ir use as 
descrip tive adjectives from  those fo r names o f  taxonom ic categories, in some cases 
w ith  de fin itions  extended beyond the ir lite ra l meaning. The type o f  dentition , 
described as fo llow s

4.1.2.4.1. Taxodont (Greek =  a single rank or line ) consists o f  a series o f  
short, s tra ight or chevron-shaped teeth occupying the entire length o f  the dorsal 
margin. (F igure 4.7) The taxodont type o f  hinge is met w ith  very early in the 
geolog ica l h is to ry o f  B iva lv ia  in  representatives o f  the Superfam ily  Nuculacea, but it  
has also arisen as a secondary development in the Arcacea.

F ig u r e  4 .7 . T a x o d o n t  h in g e  ( A f t e r  H y l le b e r g ,  2 0 0 0 )
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4.1.2.4.2. A c tinodon t (G reek =  ray) den tition  is another that appeared 
very early in  the h is to ry o f  B iva lv ia . The teeth radiate from  the beak and the outer 
ones are more or less elongate, usually d ive rg ing on ly  s lig h tly  from  the dorsal margin  
to w h ich  they are adjacent.(Figure 4.8)

F ig u re  4.8. A c tinodon t hinge. (A fte r Cox et a l ,  1969)

4.1.2.4.3. Schizodont (G reek = to sp lit) it  was o r ig in a lly  applied p rim a rily  
to the type o f  den tition  found in the Fam ily  T rigon iidae , in  w h ich  the median tooth o f  
the le ft valve, one o f  a small number rad ia ting from  the beaks, is broad and b ifid . 
(F igure 4.9) Forms belonging to the freshwater Superfam ily  บทionacea have been 
described as schizodont, as the ir dentition shows some s im ila r ity  to that o f  the 
Trigoniacea. The types o f  hinge found in these tw o  Superfam ilies probably arose 
independently from  the actinodont type. There is no clear d iffe ren tia tion  o f  the teeth 
in to  cardinals and laterals.

F ig u re  4.9. Schizodont hinge. (A fte r H y llebe rg , 2000)

4.1.2.4.4. Heterodont (Greek =  to d iffe ren t) type o f  den tition  was so 
termed because o f  the presence o f  d is tin c tly  d iffe ren tia ted  cardinal and lateral 
teeth.(F igure 4.10) The lateral teeth are obscure in  many representative o f  some 
heterodont fam ilie r. When laterals are present, they may be long to both anterior and 
posterio r categories or on ly to one.

F ig u r e  4 .1 0 .  H e te r o d o n t  h in g e .  ( A f t e r  H y l l e b e r g ,  2 0 0 0 )
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4.1.2.4.5. Pachyodont (G reek =  th ick , stout) consists o f  heavy, b lun t, 
amorphous teeth. (F igure 4.11) These m ostly correspond to the den tition  o f  cardinals, 
but certa in lam ella r teeth present.

F ig u re  4.11. Pachyodont hinge. (A fte r Cox et a l., 1969)

4.1.2.4.6. Isodont (G reek =  equal) there are tw o  equal teeth in each valve, 
placed sym m etrica lly  on e ither side o f  a triangu la r o r rounded res ilium  p it and 
received in corresponding sockets in the other valve. (F igure 4.12)

F ig u re  4.12. Isodont hinge. (A fte r H y llebe rg , 2000)

4.1.2.4.7. Dysodont (G reek p re fix  =  badly, in e ffe c tive ly ) the apparently  
feeble and re la tive ly  in e ffec tive  dentition found in  some m y til ifo rm  shells, and 
consis ting o f  small denticles situated close to the beak. (F igure 4.13)

F ig u r e  4 .1 3 .  D y s o d o n t  h in g e .  ( A f t e r  H y l le b e r g ,  2 0 0 0 )
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4.2. C la ss ifica tio n  o f  B iva lv ia
M any authors established c lassifica tion o f  B iva lv ia  such as D a li (1913), Th ie le  

(1935), Franc (1960), Cox (1960), and N ew e ll (1965). The comparison o f  
c lassifica tions is shown in  Table 4.1. This study fo llow s N e w e ll’ s c lassification.

T ab le  4.1 Comparative classifications o f  Class B iva lv ia  (A fte r Cox et a l ,  1969)

DALL, 1913 THIELE, 1934-35 FRANC, 1960 c o x ,  1960 NEWELL, 1965

TAXODONTA

<Xน
cอ

NUCULEDAE
NUCULANTDAE
MALLETIIDAE
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๓

PAL AEOT AXODONTID A

PAL
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TA SOLEMYOIDA
c*Ûh P5Oh CR YPT ODONTTD A PRAECARDIOIDA

PRIONODESMACEA < TAXODONTA EUTAXODONTA ARCOIDAน-!บZ 1 ISOFILIBRANCHIDA 1 MYTILOIDA
ANISOMYRIA ffl ANYSOMYRIA 1 PTEROCONCHIDA ริ๐2 PTERIOIDAJuü E COLLOCONCHIDA ESÊ

< SCMZODONTA SCHIZODONTA SCHIZODONTIDA < ■ i TRIGONIOIDA
Xบ <ร < NALADIDA P UNIONOIDA

EXTINCT บZ EXTINCT Ky PANT ODONTID A 1 MODIOMORPHOIDA
TELEODESMACEA ร EXTINCT ciCQ RUDISTES § P ACHY ODONT IDA cg HIPPURITOIDA.—3J HETERODONTA y HETERODONTA 8

พH
HETERODONTIDA 81 VENEROIDA

ADAPEDONTA < ADAPEDONTA ASTHENODONTIDA 1 MYOIDA
พ ANOMALODESMATA Dพ ANOMALODESMATA ร EUDESMODONTIDA Sï

i l1 1
PHOL ADOMY OID ASEPTIBRANCH1A SEPTIBRANCHIDA

4.3. System atic  desc rip tion
Freshwater b iva lve fossils had been reported from  the Sao Khua Form ation o f  

the Phu W iang area by Meesook and W ongprayoon (1999), Jearanaiwong (2000), 
W ongprayoon and Meesook (2002). F ive species were reported as Trigonioides sp., 
P lica tounio  sp., บทพ sp., N ippononaia  sp. and E xogyra  sp.

In th is study, 15 d iffe ren t morphology o f  shells and internal moulds are 
class ified and iden tified  to 2 orders, 2 fam ilies ; the 2 iden tifie d  taxa inc lud ing  2 
genera, 2 species; the 13 un iden tified  taxa inc lud ing  6 indeterm inate genera and 
species, and 7 uncertain a ffin ity .

The systematic c lass ifica tion and m orpho log ica l terms used in  th is study are 
those o f  Cox et a l  (1969). A l l linear measurements o f  specimens are in m illim e te rs  
(m m ). The descrip tion o f  b iva lve fossils in  th is study are shown be low

Phulum  M o llusca  C U V IE R , 1975 
Class B iva lv ia  L IN N A E U S , 1758 

Subclass P teriom orphia BEU R LEN , 1944 
Order M y tilo id a  FERUSSAC, 1822

Superfam ily M ytilacea RAF INESQ UE , 1815 
Fam ily  M y tilid a e  RAF INESQ UE , 1815 

Subfam ily  M y tilin a e  RAF INESQ UE , 1815
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2000 E xogyra  sp.; Jearanaiwong, p.77-78, p i.3.
2002 E xogyra  sp.; Wongprayoon and Meesook, p.29-30, fig . 18.

M a te r ia l:  Fourteen shells: P W -M -1 /3 .Î-1 4 ; and seven incomplete internal 
moulds: PW -M -1 /2 .1 -5 ; PW -M -2 .1 ; PW -M -3.1 from  fou r shell beds.

O ccu rrence : Fourteen recrysta lized shells were derived from  b lock  sample o f  
mud-nodule conglomerate bed (PW -M -1 /3 ). F ive in terna l moulds were found from  
conglomeratic sandstone (PW -M -1 /2 ). One internal moulds w ith  some remains o f  
recrysta lized shell were found from  conglomeratic sandstone (PW -M -2). One internal 
m ould was found from  conglomeratic sandstone (PW -M -3).

D e sc rip tio n : Wedge-shaped, large shell elongate but small shell spatulate 
beak term ina l, b lun t Carina wh ich runs from  beak to  ventral margin, dysodont teeth on 
anterior margin, g row th line present on ventral part.

D iscuss ion : Th is species was firs t ly  reported as E xogyra  sp. from  the Sao 
Khua Form ation in  the Phu W iang area (Jearanaiwong, 2000), but to  judge from  the 
photographs in  his report, those specimens cou ld w e ll belong to  Subfam ily  M y tilin a e  
in  Fam ily  M y tilid a e  by the ir s im ila r ity  o f  shell shape. In  th is study, the to ta l number 
o f  th is species is small and moderately poor preservation, on ly  these incomplete shells 
and incomplete internal moulds, i t  is d if f ic u lt to recognize these materials to  
prev ious ly know  genera.

Furthermore, M ytilus (Pachym ytilus) rectangularis Kobayashi and Hayam i, 
1963 was described from  the specimen found in  calcareous conglomerate o f  the Sao 
Khua Form ation at K m  39.04 on H ighway from  Udon Thani to Nong Bua Lamphu. 
This taxon can be compared to the present materials, but less contrast o f  the published  
photographs. Deta ils o f  shell can not be exam ined in  th is study and need to  examine  
the type specimen in  the future.

M y t i l i n a e  getu e t sp. indeL

F ig u re  4.14 A. M y tilin ae  gen. et sp. indet:. PW -M -1 /2 .1 -5  from  the present study; B. 
Typ ica l M ytilus sp. in  Cox et al. (1969).
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Subclass Palaeoheterodonta Newe ll, 1965 
Order บทiono ida Stoliczka, 1871

Superfam ily Unionacea F lem ing, 1828 
Fam ily  Union idae F lem ing, 1828 

Subfam ily Un ion inae F lem ing, 1828 
Genus Unio Philipsson, 1788

D iagnosis : Posterior slope generally d is tinct, coarse ridges on umbo looped or 
broken, remainder o f  shell smooth, periostracum w ith  or w ithou t rays. (C ox et a l ., 
1969)

L ife  span o f  ta xon : Triassic to Recent. (Cox et a l., 1969)
D is tr ib u t io n : Europe, Asia, A fr ica , and Russia. (C ox et al., 1969)

บทพ  sp. cf. บ. sam p lan o id es  K obayash i, 1968

2000 บท 10 sp.; Jearanaiwong, p.69-71, pi. 1
M a te r ia ls : Tw o internal moulds o f  articula ted valves: PW -M -4 .1 -2  
O ccu rrence : These specimens were found as the weathering debris o f  red 

mudstone o f  Phu W iang molluscan loca lity  4 (P W -M -4 ) near to D inosaur Site 9.
D e sc rip tio n : Shell elongate, gently convex, th in , length less than three times  

o f  height; dorsal m arg in nearly para lle l to ventra l; umbo located at about one-fourth  
the length; ventra l margin s ligh tly  sinuate in  the m idd le  part; anterior m arg in tapering, 
anterior end b lun t at about m id-he ight; posterior margin rounded; one lateral too th in  
le ft valve, lam e llifo rm , very long; Pseudocardinal tooth, anterior and posterior 
adductor muscle scar, pa llia i line, and a ll characters o f  in ternal righ t valves are not 
preserved on the mould.

D iscussion: The present materials are closely related to  บทพ sam planoides  
Kobayashi, 1968, from  the Khok K rua t Formation o f  Nam  Phung Dam  site, Amphoe  
Phu Phan, Changwat Sakon Nakhon. These materials are s ligh tly  d iffe ren t from  บ. 
sam planoides in shell length, w h ich  the length o f  บ. sam planoides more than three 
times the height. A ccord ing to the less number o f  in terna l mould, w h ich  some 
characters disappear. Unio sp. cf. บ. sam planoides was used fo r the Phu W iang  
specimens fo r the tim e being.

F ig u re  4.15 internal m ou ld  o f  Unio sp. cf. บ. sam planoides : P W -M -4 .1 from  this  
study: A. le ft side, B. dorsal v iew ; Ho lo type o f  Unio sam planoides Kobayashi, 1968, 
in ternal mould, c. le ft side D. righ t side.
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Genus Nippononaia Suzuki, 1941
D iagnosis: Sube llip tica l, medium  sized, w ith  many acute V-shaped ridge  

centering on line from  beak to  m idd le o f  ventral margin wh ich in  f in e ly  crenulated
(C ox et al., 1969)

L ife  span o f ta xon : Late Cretaceous (Cox et al., 1969)
D is tr ib u t io n : Japan, N o rth  America, Thailand (Kobayashi, 1963)

N ipp on o na ia  m eko n g en sis  K obayash i, 1963

M a te r ia l: One articulated shell: PW -M -5 .1 ; and th irteen d isarticulated valves: 
P W -M -1 /3 .15-27.

Occurences: One articu la ted shell was collected from  weathering o f  mud- 
nodule conglomeratic sandstone bed (PW -M -5). Th irteen recrysta lized d isarticulated  
valves were derived from  b lock sample o f  mud-nodule conglomerate bed (PW -M -1 /3 ). 
These specimens comprise nine le ft valves and fou r righ t valves.

D e sc rip tio n : Shell sube llip tica l, nearly tw ice  as long as high, strongly convex  
and quite equilateral; m axim um  length and thickness ly in g  respective ly a lit t le  be low  
and above the m id-he ight; umbo small or medium  in  size, orthogyle and located at a 
distance 2/5 to 3/8 the length o f  the shell; preumbonal outline rounded more strongly  
on the ventra l than the other side; post-umbonal ou tline subtriangular, produced  
posterio rly o r posteroventra lly and subtruncated d iagona lly o r รนbve rtica lly  in  
posterior, posterior rostration developed through growth.

Test th ick ; the tendency fo r small shells that the umbo is shifted more 
in te rio rly  in  the grown stage (F igure 5.4), the post-umbonal outline looks slender in  
the young shell, but later the rostration greatly develops.

Surface ornamented by numerous fine subvertical ribs in the m idd le and 
anterior parts, and few  stout ribs in posterior alternating w ith  equally strong groove, 
both series o f  ribs jo in  together, they fo rm  acute V-shaped ridges be low  umbo pointed  
ven tra lly ; umbonal carination increase; pre and post-umbonal cardinal area depressed; 
shallow  sinuation occurs on anterior ventral margin and deep sinuation occur on 
posterior ventra l margin. (Adapted a fter Kobayashi, 1963)

D iscussion: Nippononaia mekongensis Kobayashi, 1963 d iffe rs  from  other 
known Nippononaia species by very suddenly change o f  ribs from  numerous fine  ribs  
in  anterior part to  few  strong stout ribs in posterior part behind the umbo. The 
presence o f  N. mekongensis in  the rock o f  PW -M -5 may extend the age o f  these rocks 
up to A p tian -A lb ian  corresponding to the Khok K rua t Form ation at Ban Na Yo, 
Mukdahan. However, the prev ious ly mentioned Sao Khua Formation in  th is location  
may be change to the Khok K rua t Formation according to the N. mekongensis, and 
detailed study may be need to be done in  the future.

F ig u re  4.16 A. Nippononaia mekongensis Kobayashi, 1963: PW -M -5.1 from  the 
present study; B. Ho lo type o f  Nippononaia mekongensis Kobayashi, 1963 from  the 
Khok K rua t Formation o f  Ban Na Yo, Mukdahan.
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Tab le  5.1 Measurement o f  shell dimentions in  N ippononaia  m ekongensis Kobayashi, 
1963

specimen Articulation 
(ar. or disar )

Length
(mm)

Height
(mm)

Breadth
(mm)

Preumbonal 
Length (mm)

Preumbonal
Length/LengthKobayashi(1963) 1 ar. 2425 12.20 9.00 960 040

2 ar. 34.30 17.90 15.30 10.30 0.30
3 ar. 41.50 22.80 19.50 14.80 0.36This study PW-M-1/3 1 disar.(l) 10.40 7.00 - 4.00 038
2 disar. (1) 16.๓ 9.20 - 5.70 0.36
3 disar.(r) C a  15.20 10. ๓ - C a  6.40 0.42
4 disar.(r) C a  16.60 1140 - C a  5.30 0.32
5 disar. (1) C a  16.80 11.60 - C a  7.20 0.43
6 disar.(l) C a  16.50 10.80 - C a  7.20 0.44
7 disar. (1) C a  19 40 C a  13.00 - C a  6.10 0.31
8 disar. (r) C a  22.10 16.00 - C a  7.60 0.34
9 disar.(l) 21.50 C a  15.50 - C a  9 10 0.42
10 disar. (r) C a  24.70 16.30 - C a  9.70 0.39
11 disar.(l) 25.30 18.40 - 9.30 037
12 disar. (1) 36.30 21.40 - 11.20 0.31
13 disar.(l) C a  45.10 C a  26.90 - 1030 0.23This study PW-M-5 14 ar. 33.80 19.50 13.60 11.40 0.34

F ig u re  4.17 ontogénie varia tions in  N ippononaia  m ekongensis Kobayashi, 1963 from  
PW -M -5 ( le ft be low ), and PW -M -1 /3  o f  the Phu W iang area
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M a te r ia ls : One articula ted shell, and five  disarticu lated valves: PW -M -5.2-7 .
O ccu rrence : These materials were found as weathering debris o f  mud-nodule  

conglomeratic sandstone bed in  the southern part o f  Phu N o i (PW -M -5 ).
D e sc rip tio n : Shell ear-shaped, moderately th ick , moderately convex and qu it 

equilateral; m axim um  length ly in g  be low  m id-height. Um bo small located at a 
distance about 1/5 the length o f  the shell; pre-umbonal ou tline rounded w ith  s ligh tly  
pointed at the anterior end o f  shell; post-umbonal outline subtriangular w ith  posterior 
rostration; ventral margin more sinuated at postero-ventral part;

Surface ornamented by numerous inc line  fine  ribs nan from  pre-umbonal area 
to  centro-ventral area; sharp ridge run from  umbo to the posterior end wh ich  
orig inated few  inc line  stout ribs from  the knob on the ridge run to centro-ventra l area; 
umbonal ridge short; present behind the umbo and run paralle l to  hinge line, small 
knob present

H inge plate narrow  w ith  too th -like  pseudocardinal tooth ; lateral tooth  
lam e llifo rm ; umbonal cav ity shallow.

C om pa rison  and D iscuss ion : Th is species has hinge characteristics 
belonging to fam ily  Unionidae. A lthough, the presence o f  its too th -like  
pseudocardinal too th can be compared w ith  genus Contradens, Ensidens, E longaria. 
Ptychorhynchus, and Rectidens, it  shows im portan t differences in  its shape, w h ich  less 
elongate, th ick  and stout, contrary to  genera mentioned above. Acco rd ing  to the small 
number o f  availab le materials, reference, tim e lim ita tio n  and d if f ic u lty  o f  fossil 
preparation, the fine  ornamentation and muscle scar can not be assessed. Therefore, 
these specimens are le ft in  open nomenclature fo r the tim e being.

บ ท io n id a e  gen . e t sp. in d e t  ( 1 )

F ig u re  4.18 Union idae gen. et sp. indet. (1 ); A -B : P W -M -5 .2; A. Externa l v iew  o f  
shell; B. Internal v iew  o f  shell; C -D : P W -M -5 .3; c . Externa l v iew  o f  broken shell; D. 
Internal v iew  o f  broken shell.
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M a te r ia l:  One disarticulated le ft valve: PW -M -5 .8
O ccu rrence : One disarticulated le ft valve was found as weathering debris on 

the weathering mud-nodule conglomeratic sandstone bed (PW -M -5 )
D e sc rip tio n : shell subtrigonal, rather drawn out behind strongly convex, th ick ; 

anterior end round, posterior margin perpendicularly truncated, nearly straight; 
posterior slope crossed by long inc line  tubercles o rig ina ting at posterior ridge and run  
toward posterior margin; pseudocardinal teeth th ick  and furrowed, consist o f  anterior 
set and umbonal set, anterior set w ith  h igh too th like  teeth outside and compressed 
aux ilia ry  teeth inside, umbonal set compressed triangu la r shape w ith  4 fu rrows; Two  
lam e llifo rm  lateral teeth, sharp, w ith  deep socket between them; interdental interval 
short and arcuate; umbonal cav ity deep.

C om pa rison  and D iscussion: The hinge characteristic is c losely related to  
genus P soronaia  in Subfam ily Quadrulinae, but it  shows b ig  d ifference in  
pseudocardinal teeth wh ich  can not separate from  subset like  present material as w e ll 
as lateral teeth, and interdental in terva l show contrary to Psoronaia. A cco rd ing  to  
small number o f  available materia l, th is specimen is le ft in  the open nomenclature, 
and w a it fo r more discoveries o f  available materials.

U n io n id a e g e n .  et sp. indet. ( 2 )

F ig u re  4.19 บทionidae gen. et sp. indet. (2 ): PW -M -5 .8 ; A. In terna l v iew  o f  shell; B. 
External view .
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บ ท io n i d a z g e tu e t s p .  indeî. ( 3 )

M a te r ia l:  Tw o disarticulated le ft valves: PW -M -5 .9 -10  
O ccu rren ce : Tw o  disarticu lated le ft valves were found as weathering debris 

on the weathering mud-nodule conglomeratic sandstone bed (PW -M -5 )
D e sc r ip tio n : shell subtrigonal, rather drawn out posterior, strong ly convex, 

th ick , anterior end round but posterior end rather pointed; posterior slope crossed by  
tuburcles o rig ina ting  on b lun t posterior ridge; grow th lin e  present. One too th -like  
pseudocardinal tooth , th ick ; tw o  lam e llifo rm  lateral teeth, s ligh tly  sharp w ith  deep 
socket between them; interdental in terva l short and arcuates; umbonal cav ity  deep.

C om pa rison  and D iscuss ion : Acco rd ing  to hinge characteristics, these 
materials belong to Fam ily  Un ion idae and are c losely related to Subfam ily  
Quadrulinae. However, the generic level can not recognize the ir a ff in ity  w ith  the 
known genera. A cco rd ing ly , these specimens are le ft in  open nomenclature, and wa it 
fo r the d iscovery o f  more w e ll preserved fossils, especially the righ t valves.

F ig u re  4.20 Unionidae gen. e t sp. indet. (3 ): PW -M -5 .9 -10 ; A . In terna l v iew  o f  shell; 
B. External v iew  o f  shell.
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2000 Trigom oides sp.; Jearanaiwong, p.72-76, p i.2.
M a te r ia l:  Fourteen disarticu lated righ t valves and fou r d isarticu lated le ft 

valves: P W -M -5 .11-28
O ccu rrence : These shells were found as weathering debris on the weathering  

mud-nodule conglomeratic sandstone bed (PW -M -5 )
D e sc r ip tio n : shell triangu lar, strong ly convex, th ick , anterio r end s ligh tly  

round posterior end s ligh tly  pointed; posterior slope crossed by inc line  plicate  
m orphology w h ich  consists o f  fou r b lun t ridge and the ir in tervals; g row th line present. 
R igh t valve w ith  one large too th -like  pseudocardinal tooth , one sharp lam e llifo rm  
lateral tooth , interdental in terva l s ligh tly  short and arcuates; le ft va lve w ith  large and 
deep socket o f  psudocardinal and one broad and deep socket o f  lateral teeth; umbonal 
cavity deep.

C om pa rison  and D iscuss ion : These trigona l shells were prev ious ly reported  
as Trigom oides sp. (Jearanaiwong, 2000). A fte r redescrib ing the specimens in  Phu 
Kum  Khao D inosaur Museum and photographs o f  Jearanaiwong’ ร report, the 
specimens show the hinge teeth w ith  no crenula tion w h ich  is d iffe ren t from  fam ily  
Trigon io id idae. However, the hinge characteristics o f  th is species can be recognized  
as be longing to fam ily  Un ion idae w h ich  can be related to sub fam ily Quadrulinae by  
the ir short and heavy pseudocardinal tooth, one short lem e llifo rm  lateral tooth , and 
w ide smooth or the same pos ition w ith  teeth in  the opposite valves. Acco rd ing  to  
present materials, these specimens are lea f in  open nomenclature, and w a it fo r the 
discovery o f  more w e ll preservation o f  shells and spend more tim e to  ca re fu lly  clean 
specimens to  f in d  out fine  sculptures fo r descrip tion and nom ination in  the next 
publication.

U n io n id a e  gen . e t sp. indet. ( 4 )

F ig u re  4.21 Un ion idae gen. e t sp. indet. (4); A -B : P W -M -5 .11; A . In terna l v iew  o f  
r igh t valve; B. Externa l v iew  o f  r igh t valve; C: P W -M -5 .12-13; In terna l v iew  o f  le ft 
valve.
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M a te r ia ls : Sixty-seven disarticu lated valves: PW -M -1 /3 .28-94.
O ccu rrence : Sixty-seven d isarticu lated valves were derived from  b lock  

sample o f  mud-nodule conglomerate bed (PW -M -1 /3 ).
D e sc rip tio n : Shell subtrigonal, strongly convex, hinge teeth were covered by  

the matrix.
C om pa rison  and D iscuss ion : The outline o f  these shells s im ila r to Unionidae  

gen. indet. (2-4) mention before. Bu t hinge teeth were covered by the m atrix , that 
the ir a ff in ity  can not be examined. These fossils are le ft in  un ionids group, w h ich  may 
comprise a ll o f  3 taxa o f  trigona l shape Un ion idae gen. et sp. indet and w a it fo r 
exam ination and d iscovery o f  key characters to iden tity  by on ly  ou tline o f  shells.

I J n io n id s  gen . e t sp. indet.

F ig u re  4.22 Un ion ids gen. e t sp. indet. '. P W -M -1 /3 .28; Externa l v iew  o f  righ t valve.
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Subclass incertae cedis  
Order incertae cedis

Superfam ily incertae cedis 
Fam ily  incertae cedis 

Subfam ily incertae cedis

incertae cedis (1 )

M a te r ia ls : Eighteen disarticu lated valves: P W -M -1 /3 .95 -112.
O ccu rren ce : Eighteen recrystalize disarticu lated valves were derived from  

b lock sample o f  mud-nodule conglomerate bed (PW -M -1 /3 ). These specimens 
comprise nine le ft valves and nine righ t valves.

D esc rip tio n : Shell subtrigonal, quite compressed, beak prom inent, anterior 
end truncate, posterior part round, posterior end rather po in t at postero-ventral area.

C om pa rison  and D iscuss ion : The outline o f  these shells is s im ila r to  
P soronaias and A m blem a  (P sonu la ) in sub fam ily Quadrulinae o f  fam ily  Unionidae. 
Because o f  internal shell covered by th ic k  m atrix , the details o f  hinge teeth and 
muscle scar cannot be examined. Therefore the c lassifica tion and iden tifica tion  be low  
class B iva lv ia  is impossible fo r the tim e being

F ig u re  4.23 incertae cedis (1 ): PW -M -1 /3 .95; External v iew  o f  r igh t valve.
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M a te r ia ls : Seven d isarticu lated incomplete valves: P W -M -1 /3 .1 13-119.
O ccu rren ce : Seven recrysta lize disarticu lated valves were derived from  b lock  

sample o f  mud nodule conglomerate bed (PW -M -1 /3 ), these specimens comprise five  
le ft valves and tw o  righ t valves.

D e sc rip tio n : Shell trapezoid, quite convex, beak prom inent, both anterior end 
and posterior end truncate, one ridge present from  umbo to postero-ventral margin.

C om pa rison  and D iscuss ion : The ou tline is s im ila r to  บทio (H eterunio) in  
Subfam ily บทioninae and P eudodonto ides in  Subfam ily Anodontinae, both are 
Fam ily  Unionidae. However, the small number o f  incomplete valves in  th is study is 
d if f ic u lt to ascertain in c lass ifica tion and iden tifica tion  be low  class level.

incertae  cedis  ( 2 )

F ig u re  4.24 incertae cedis (2): P W -M -1 /3 .113; External v iew  o f  r igh t valve.
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M a te r ia ls : One fragment o f  umbo part: PW -M -1/3 .120.
O ccu rrence : One fragment o f  recrysta lization o f  umbo part was derived from  

b lock sample o f  mud -nodule conglomerate bed (PW -M -1 /3 )
D e sc rip tio n : Um bo th ic k ^w id e  angle; the estimation o f  shell is sube llip tica l 

shape; hinge teeth is unclear.
C om pa rison  and D iscussion: Because o f  on ly one strange poor preservation 

o f  umbo at hand, the c lassifica tion and iden tifica tion  is therefore impossib le and w a it 
fo r the d iscovery o f  more materials. Th is specimen is le ft in open nomenclature.

incertae  cedis  ( 3 )

F i g u r e  4 .2 5  incertae cedis ( 3 ) :  P W - M - 1 / 3 . 1 2 0 ;  E x te r n a l  v ie w .
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M a te r ia ls : S ix incomplete disarticu lated valves: P W -M -1 /3 .121-126.
O ccu rrence : S ix incomplete d isarticulated valves were derived from  b lock  

sample o f  mud nodule conglomerate bed (PW -M -1 /3 ). A l l  shells are righ t valves
D e sc r ip tio n : Shell tr ig ona lly  ovate, qu it convex, beak prom inent, anterior 

s ligh tly  concave, posterior convex.
C om pa rison  and D iscussion: W ith  on ly s ix  incomplete shells at hand, the 

outline o f  these materials is s im ila r to Seaphotrigonia  and Vaugom a (O rthotrigonia) 
o f  Fam ily  T rigon iidae. However, hinge teeth cannot be examined, c lass ifica tion and 
iden tifica tion  IS therefore impossible, these specimens are le ft in  open nomenclature  
fo r the tim e being.

incertae  cedis  ( 4 )

F i g u r e  4 .2 6  incertae cedis  ( 4 ) :  P W - M - 1 / 3 . 1 2 1 ; E x te r n a l  v ie w .
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M a te r ia ls : E igh t disarticu lated incomplete valves: P W -M -1 /3 .127-134.
O ccu rrence : E igh t recrysta lize d isrticu la ted valves were derived from  b lock  

sample o f  mud nodule conglomerate bed (PW -M -1 /3 ). These specimens comprise two  
moderate le ft valves and six small un iden tified valves.

D e sc rip tio n : Shell oblong, convex, beak prom inent, anterior margin rather 
round w ith  b lun t po in t at the anterior end; ventral margin concave, posterior margin  
narrow , rather round, and po in t to  postero-ventral d irection ; w inged dorsally from  
umbo to posterior margin.

C om pa rison  and D iscussion: The strange m orpho logy o f  these shells cannot 
compare to fo rm er known bivalves. W ith  the specimens at hand, on ly  tw o  moderate 
size were recognized and six young shells were recognized as same species by oblong  
and convex shell shapes. However, the small number and poor preservation o f  these 
materials cannot classify and iden tify . Therefore, these specimens are le ft in open 
nomenclature, and w a it fo r the discovery o f  more and complete shells.

incertae  cedis ( 5 )

F ig u re  4.27 incertae cedis (5 ): P W -M -1 /3 .127; External v iew  le ft valve.
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M a te r ia ls : E leven disarticu lated incomplete valves: P W -M -1/3.135-145.
O ccu rrence : Eleven recrysta lize d isrticu la ted valves were derived from  b lock  

sample o f  mud nodule conglomerate bed (PW -M -1 /3 ).
D e sc rip tio n : Shell e llip lic , quite compressed; beak small, orthogyle and 

located about m idd le o f  the length o f  the shells, anterior, posterior, and ventra l margin  
round and s ligh tly  round.

C om pa rison  and D iscuss ion : The outline o f  these shells is s im ila r to genus 
Tutuella in  Fam ily  Pseudocardiniidae, Subclass Palaeoheterodonta, and Genus 
H eterodon  in  Fam ily  Te llin idae , Subclass Heterodonta. However, the details o f  hinge 
teeth and other fine  sculptures cannot exam ine fo r the tim e being, because o f  the th ick  
m atrix  cover. Therefore] these specimens are le ft in  open nomenclature, and w a it fo r  
the d iscovery o f  more shells.

incertae  cedis  ( 6 )

F ig u re  4.28 incertae cedis (6 ): P W -M -1 /3 .135; Externa l v iew .
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M a te r ia ls : Seven articu la ted internal moulds. : PW -M -1 /2 .6 -9 , PW -M -2.2-3 . 
PW -M -3.2.

O ccu rren ce : Four specimens from  PW -M -1 /2 ; tw o  specimens from  PW -M -2 , 
and one specimen from  PW -M -3.

D e sc rip tio n : Shell e llip lic , quite compressed; beak small, orthogyle and 
located near anterior end, many small ribs run from  umbo to ventra l margin.

D iscussion: The detail o f  hinge teeth cannot be exam ined fo r the tim e being. 
Therefore, these specimens are le ft in open nomenclature.

incertae  cedis  ( 7 )

F ig u re  4.29 incertae cedis (7 ): PW -M -1 /2 .6; External v iew .
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