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ABSTRACT.– The actinopterygian fossil was found from the Permian carbonate succession of Tak Fa Formation, Saraburi Group, in Bueng 

Sam Phan District, Phetchabun Province, central northeast Thailand. The partially preserved body part with ganoid scales is identified as 

belonging to a ray-finned fish (subclass Actinopterygii). The squamation is composed of smooth-surfaced articulated scales with a hard-

diamond shape. The posterior part of the specimen showed some translucent ganoine covering mineralized bone layers. The microstructure of 

squamation is characterized by the presence of 3–6 ridges running parallel to the antero-ventral margin of scales on the bone layer. This 

suggests that the Paleozoic actinopterygian specimens from Phetchabun likely belong to Palaeoniscum sp. The age of the fauna is assigned to 

the Early to Middle Permian based on the presence of microfossils and invertebrates recovered from nearby areas. The paleoenvironments of 

the area corresponded to lagoons or subtidal zones with a low-energy depositional condition according to lithological, stratigraphical, and 

petrographic examinations of limestones interbedded with shales. This study represents the first record of palaeoniscids from Southeast Asia 

during the Early to Middle Permian and supported the idea that the Indochina terrane was a part of epeiric seas at that time. 
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INTRODUCTION 

 

Ray-finned fishes (subclass Actinopterygii) are one 

of the major vertebrate groups and the most successful 

fish radiations in a long evolutionary history (Nelson, 

2006; Friedman and Smith, 2015). Actinopterygian 

scales first appeared during the Late Silurian according 

to fossil records in Gotland, Sweden (Märss, 2001). 

However, the diversity of osteichthyan fishes (known 

as a bony fish) decreased during the Early Permian. In 

freshwater environments, a group of fishes was 

dominated by lungfishes and palaeopterygians, while 

other contemporaneous fish groups such as subholo-

steans and marine palaeopterygians were the major 

bony fishes living in the ocean (Romano et al., 2016). 

After the end of the Guadalupian extinction event, 

environmental changes that occurred during that time 

have been dramatically affected the world largest fish 

populations such as chondrichthyan fishes (Pitrat, 

1973; Koot, 2013). As a result, osteichthyan fishes 

became more dominant and abundant, while the diver-

sity of chondrichthyan fishes dropped towards the end 

of the Permian (Pitrat, 1973; Koot, 2013).  

In Thailand, the oldest-known vertebrate faunas (i.e., 

chondrichthyans, acanthodians, and Palaeoniscoidei 

indet.) were recorded from the Devonian limestones of 

Mae Sam Laep in Mae Hong Son Province (Long and 

Burrett, 1989). The fauna contained six taxa (Thrina-

codus (Harpagodens) ferox, Symmorium sp?, Cladodus 

sp., cf. Cladodus acutus, Phoebodus australiensis, and 

Siamodus janvieri (Long and Burrett, 1989; Long, 

1990). Later on, the fossils of indeterminate psammo-

dontids were reported from the Carboniferous massive 

limestones of Ban Pak Chom and the remains of 

Deltodus sp. were recovered from the Lower Permian 

limestones strata of Ban Na Chareon in Loei Province 

by Janvier (1981). However, the majority of vertebrate 

fossils in Thailand have so far been found from the 

Mesozoic red bed sequences. 

Abundant fossils of actinopterygians were reported 

from the Mesozoic continental red beds of the Khorat 

Group in Northeastern Thailand (Buffetaut and Sutee-

thorn, 1998). A total of 6 species of actinopterygians 

have been named, including mostly ginglymodians 

such as Isanichthys palustris (Cavin & Suteethorn, 

2006), I. lertboosri (Deesri et al., 2014), Thaiichthys 

buddhabutrensis (Cavin et al., 2013), Khoratichthys 

gibbus (Deesri et al., 2016), Lanxangichthys altice-

pha-lus (Cavin et al., 2019), and a single sinamid, 

Siamamia naga (Cavin et al., 2007). Another Palaeonis-

ciformes, cf. Ptycholepis, was also found (Cavin et al., 

2009). Other groups of actinopterygians including 

pycnodontids, sinamiids, vidalamiines and some 

ginglymodians were reported from this region but 

represented only by fragments of skins and teeth. 

https://en.wikipedia.org/wiki/Lungfish
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In 2009, an actinopterygian fossil was collected 

from the Permian limestones strata near Ban Wang Pla, 

Bueng Sam Phan District, Phetchabun Province in the 

upper central region of Thailand (Fig. 1). The outcrop 

of limestones interbedded with shales where the fossil 

was found has been correlated to the Tak Fa Formation 

within the Saraburi Group, suggesting the age ranging 

from the Early to late Middle Permian (Altermann, 

1989). 

In this study, we described and identified the fossil 

specimens of an actinopterygian in order to investigate 

the paleoenvironments of the area. The taxonomic 

study of this fish fossil will contribute not only to the 

understanding of an evolutionary history of bony fishes 

in Thailand, but also to the reconstruction of paleoen-

vironmental contrasts between the Shan-Thai terrane in 

the west and the Indochina terrane in the east. In 

addition, this study will provide the first empirical 

evidence of vertebrate remains from the Permian strata 

of central Thailand. 

 

Geological Setting 

The fossil site (coordinates: 15°53’02.9”N, 100°53’ 

28.1”E) is located at Ban Wang Pla, Phaya Wang Sub-

District, Bueng Sam Phan District, Phetchabun Pro-

vince, 280 kilometers far from  Bangkok, in the upper 

central part of Thailand. Most of the Permian carbonate 

sequences in this region are members of the Saraburi 

Group (Yanagida, 1967; Sakagami, 1975; Charoen-

prawat and Wongwanich, 1976; Nakornsri, 1977, 

1981; Chonglakmani and Sattayalak, 1979; Hinthong, 

1981, 1985; Wieldchowsky and Young, 1985), and can 

be correlated to the Khao Khad and the Pang Asok 

formations in the Saraburi Province based on the 

presence of marine invertebrate faunas.  

According to Nakornsri (1977, 1981), the Tak Fa 

Formation is a part of the large carbonate facies in the 

Khao Kwang Platform (Fig. 1) containing limestones 

interbedded with shales and chert nodules. This forma-

tion covers the large area of central Thailand, expan-

ding from the western to southern part of Phetchabun 

Province to the southeastern part of Nakhon Sawan 

Province and the Khao Luak in Lopburi Province. The 

age of the formation ranges from the Early Permian to 

late Middle Permian (Murgabian or Roadian-Wordian 

age) according to the presence of fusulinid and coral 

fossils (Altermann, 1989).  

 
 

FIGURE 1. Permian carbonate platforms and siliciclastic basins along the western rim of Indochina Block. (modified from 

Chonglakmani and Fontaine, 1990) and the location of the fossil site (red star) on the area of Khao Kwang Platform (modified from 

Chitnarin et al., 2008). 
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Yanagida (1967) and Sakagami (1975) described 

invertebrate fossils collected from the Nong Phai area 

and suggested a middle Middle Permian to late Middle 

Permian age. In Bueng Sam Phan, Phetchabun, Chong-

lakmani and Fontaine (1990) proposed that the age of 

carbonate strata distributed in the area was possibly 

attributed to the Middle to Late Permian based on the 

presence of fossil rugosa (Ipciphyllum and Wentzel-

loides) and tabulate (Pseudohuangia and Sinopora) 

corals, fusulinids (Sumatrina longissimi and Verbee-

kina verbeeki), and foraminifera (Paleaeotextularia, 

Climacammina, and Pseudovermiporella nipponica) 

along with other fauna elements such as brachiopods 

(Grant, 1976; Waterhouse, 1982), gastropods (Sone, 

2010), fenestrate bryozoans, sponges, and bivalves, 

suggesting the continuous deposits within a shallow 

marine platform.  

Later on, Ueno and Charoentitirat (2011) mentioned 

that the age of Tak Fa Formation ranges from the 

Latest Carboniferous to Middle or late Middle Permian 

based on biostratigraphic correlations (e.g., fusulinids, 

brachiopods, bryozoans, and conodonts). However, 

Ketwetsuriya et al. (2014, 2016a, b) proposed that the 

Tak Fa Formation is of a Yakhtashian or Artinskian 

age (late Early Permian) to a Midian or Capitanian age 

(late Middle Permian) based on the presence of 

fusulinoidean limestones from the eastern part of 

Nakhon Sawan (Napradit, 2005). Based on the study of 

fossil gastropods from Permian carbonate rocks at Tak 

Fa and Takhli Districts in Nakhon Sawan, Ketwet-

suriya et al. (2016b) suggested a Wordian age for the 

fauna. However, Chitnarin et al. (2017) re-assigned the 

age of Tak Fa Formation to the Lower Permian 

(Artinskian age) due to the presence of the fusulinids 

Pamirina sp. and Pseudofusulina sp. In addition, the 

study of fossil conodonts and ostracods by Metcalfe 

and Sone (2008) and Chitnarin et al. (2012) revealed 

that the age of Tak Fa Formation might have been 

correlated to the late Early to early Middle Permian. 

The most recent study on the diversity patterns of 

Permian gastropod assemblages and ostracods in the 

Tak Fa Formation along with the presence of fusulinids 

Verbeekina verbeeki and Parafusulina sp. has indicated 

a late Middle Permian age (Wordian to Capitanian age) 

(Ketwetsuriya et al., 2021; Chitnarin et al., 2022b). In 

this study, based on the presence of foraminifera and 

invertebrate fossils from these aforementioned chrono-

logical data in Bueng Sam Phan (Chonglakmani and 

Fontaine, 1990), Nong Phai (Yanagida, 1967; Saka-

gami; 1975), and surrounding areas in Nakhon Sawan 

(Ketwetsuriya et al., 2014, 2016a, b), the age of the 

actinopterygian fish fossil possibly ranges from the 

Early to Middle Permian.  

The outcrop is positioned on the small hill near an 

agricultural area (Fig. 2A) and consists of argillaceous 

limestones interbedded with shales, mudstones, and 

dolomitic limestones (Fig. 2B). In some parts of the 

formations, siliceous or chert nodules  and invertebrate 

fossils such as bivalves, brachiopods, gastropods, 

tabulate corals, bryozoans, ostracods, and fusulinids 

were found, suggesting a shallow marine carbonate 

platform with lagoonal environments (Altermann, 

1989; Chonglakmani and Fontaine, 1990; Chitnarin et 

al., 2008; Ueno and Charoentitirat, 2011; Ketwetsu-

riya et al., 2016a, b ). The fish fossil was found from a 

loose block containing a thin layer of laminated 

limestones interbedded with calcareous shales. Based 

on the field observation and microscopic studies, the 

lithostratigraphic section is divided into four units (A–

D) in ascending order (Fig. 3). 

 

- Unit A: argillaceous limestones with ostracod 

and bivalve fossils 

- Unit B: laminated limestones interbedded with 

laminated shales 

- Unit C: laminated calcareous shales interbedded 

with limestones lens and laminated/wavy lime-

stones 

- Unit D: laminated shales 

 

Based on the petrographic analysis, the unit A 

contains fossiliferous biomicrites, whereas the unit B is 

 
 

FIGURE 2. Views of the fossil locality (A) and the surrounding 

outcrop in the area (B) of Ban Wang Pla, Phaya Wang Sub-

District, Bueng Sam Phan District, Phetchabun. 

 

 

https://www.researchgate.net/profile/Chatchalerm-Ketwetsuriya-2
https://www.researchgate.net/profile/Chatchalerm-Ketwetsuriya-2
https://www.researchgate.net/profile/Chatchalerm-Ketwetsuriya-2
https://www.researchgate.net/profile/Chatchalerm-Ketwetsuriya-2
https://www.researchgate.net/profile/Chatchalerm-Ketwetsuriya-2
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composed of micrites interbedded with calcareous 

mudstones with a sharp-gradational contact. Some 

ostracod fossils were observed on the surface of 

limestones. The actinopterygian fossil specimen was 

collected from the middle part of the unit B. The unit C 

comprises micrites interbedded with calcareous clay-

stones and is characterized by limestones lens (pro-

bably ball and pillow structures) and lenticular-wavy 

laminations (irregular bedding). The unit D contains 

successive calcareous claystones with a sharp contact 

between each layer, up to the top of the hill (Fig. 2A). 

 

Preliminary Taphonomic Assessment 

Although the body part of a fish fossil has been well 

preserved, it lacks key features for identification such 

as cranial and caudal elements. However, the taphono-

mic process observed in the microstructure and the 

mode of preservation of fossils allow us to have access 

to the squamation (Figs 4, 5). The ganoin layer (enamel 

layer) and ridges on the bone layer are visible through 

the specimen.  

In general, fossils of nektonic animals are extremely 

rare and are not often found in a well-preserved 

condition. The nektonic remains are usually buoyant by 

bacterial decay gases and are floated to the surface 

before sinking down to the sea floor (Elder and Smith, 

1988). In the meantime, the remains have decayed and 

disintegrated before being deposited on the sediment 

layer by wave and physical energies (Elder and Smith, 

1988). Despite the nektonic remains deposited on the 

sediment layer, they might have been disturbed by 

scavengers and oxygen reaction (Elderand and Smith, 

1988). As evidenced by the preservation of the fossil 

specimen, lithostratigraphic information, and inverte-

brate faunas, fish remains sank down to the seafloor 

and were quickly buried in soft sediments under the 

low-energy environmental condition. This allowed the 

good preservation of remains without being disturbed 

by scavengers, turbulent flow, and/or oxygen reaction. 

 
 

FIGURE 3. A lithologic column of fossil locality at Ban Wan Pla, Bueng Sam Phan District, Phetchabun. The section is divided into 

four units (A–D). 
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MATERIALS AND METHODS 

 

The specimens CUF-BSP-F01 and CUF-BSP-F02 

are stored at the Department of Geology, Faculty of 

Science, Chulalongkorn University. The specimen 

CUF-BSP-F02 is a broken and mirrored part of CUF-

BSP-F01. These two specimens were cleaned, using a 

pneumatic pen, and were prepared at the fossil labora-

tory in the Sirindhorn Museum, Kalasin Province. The 

petrographic analysis of thin sections of rock samples 

was conducted at the Division of Geo-science, Mahidol 

University, Kanchanaburi Campus. We examined the 

detailed features and sculpture of scales under the 

stereomicroscope and compared these external mor-

phologies with other previously described specimens 

achieved from the existing literature such as Agassiz 

(1833–1843), Aldinger (1937), Blainville (1818), 

Westoll (1934), Haubold and Schaumberg (1985), 

Štamberg (2010), Hoşgör and Štamberg (2014). 

 

RESULTS 

 

Systematic Paleontology 

 

Class Actinopterygii Cope, 1871 

Order Palaeonisciformes Hay, 1902 

Family Palaeoniscidae Vogt, 1852 

 

Genus Palaeoniscum Blainville, 1818 

 

Emended diagnosis.– The generic diagnosis is modi-

fied from Hoşgör and Štamberg (2014). A fusiform 

actinopterygian. The parietals of square shape. The 

frontals large, posteriorly narrower than anteriorly. 

Distinct lateral process in the middle of the frontal 

length. Interfrontal suture curved. Small epitemporal 

between the dermosphenotic and infraorbital. The 

opercular large, twice as high as long. Antopercular 

missing. The subopercular markedly lower anteriorly 

than posteriorly. The branchiostegal rays number 

approximately ten or eleven. Only one series of small 

teeth on the maxillary. Dentary bears a large number of 

teeth of two sizes but without specially prominent 

laniaries. Lepidotrichia of the pectoral fin are 

segmented from their base. One or more large scales in 

front of the base of the dorsal fin. The diamond-shaped 

ganoid scales with small pores on the anterior of scales. 

Three to six ridges running parallel to the antero-

ventral margin of flank scales on a bone layer. The 

number of maximum transverse scale rows between the 

head and the anterior part of a caudal fin varies from 

38 to 81. 

 

 

cf. Palaeoniscum sp. 

 

Material.– Two specimens CUF-BSP-F01 and CUF-

BSP-F02; CUF-BSP-F02 are broken and mirrored parts 

of CUF-BSP-F01. 

 

Horizon and locality.– Tak Fa Formation (Lower to 

Middle Permian), Ban Wang Pla, Phaya Wang Sub-

District, Bueng Sam Phan District, Phetchabun. 

 

Description 

The specimen preserves only a body part with 

scales (lacking the head, fins, and tail) and is deformed 

and compressed (Fig. 4A, B). The body part has a 

fusiform or torpedo-like shape with a maximum length 

of around 30–35 cm and is covered with tiny diamond-

shaped ganoid scales without a peg or socket (Fig. 4C–

H). Ganoid scales are approximately 4–5 mm long 

(Fig. 4C). The scales have pores at the anterior margin 

on a ganoine layer (Fig. 4F, G). Thirty-eight to forty-

two scale rows are visible from anterior to posterior 

parts (with the estimation of 65–81 scale rows for the 

maximum number) (Fig. 4A, B). The center of flank 

scales in the bone layer shows characteristics of three 

to six ridges, all of which run parallel to the antero-

ventral margin of the flank scale (Fig. 4C, D, G, H). 

The center of scales is surrounded by a concentric 

growth line. Based on the degree of preservation and 

squamation structures observed in CUF-BSP-F01, we 

divided the body part of the specimen into three parts: 

I, II, and III (Fig. 4B). 

 

Part I: In this part, the ganoid layer is absent. Three 

to six ridges on the bone layer run parallel to the 

antero-ventral margin of flank scales with a 

concentric growth line.  

Part II: The ornaments and ganoid layer are eroded, 

allowing the exposure of underlying bone layers. 

The bone layer is broken away and shows 

obviously a white color with a concentric growth 

line.  

Part III: The surface of the scales is covered by 

ganoin layers (enamel layers) at the anterior part 

of scales with microscopic pores.  

 

The CUF-BSP-F02 preserves only around 15% of 

the posterior mirrored part of a body, as observed from 

the area II to III with the presence of the sculpture of 

ridges (Fig. 5A, B). This specimen is characterized by 

the absence of ornamentation on the scale surface and 

the underlying bone layer, the presence of a ganoin 

layer (enamel layer), concentric growth lines, and 

ridges on the flank scale (Fig. 5C). 
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Morphological comparisons 

During the 19th century, the family Palaeoniscidae 

has been recognized to be an early group of a ray-

finned fish. This family was typically found in Europe 

including in Germany, northern England, eastern 

Greenland, and Russia (Diedrich, 2009; King, 1850; 

Blainville, 1818; Agassiz, 1833–1843; Westoll, 1934; 

Nurgaliev et al., 2015) (Fig. 6). Within the family, the 

genus Palaeoniscum was first established by Blainville 

(1818) but was later misspelled as Palaeoniscus by 

 
 

 

FIGURE 4. Squamation structures of the specimen CUF-BSP-F01. (A) Drawing of the specimen CUF-BSP-F01; (B) The specimen 

CUF-BSP-F01; (C, D) Scales in part I with ridges; (E, F) Eroded scales in part II; (G, H) Scales in part III with a ganoid layer and 

microscopic pores. 
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Agassiz (1833–1843). Other synonyms of the species 

within the genus have been considered to be invalid 

(e.g., Palaeoniscum voltzii, Palaeoniscum angustum 

(Rzehak, 1881), Palaeoniscum landrioti (Sauvage, 

1890) and Palaeoniscum macropterum (Bronn, 1829)). 

However, some of them have been transferred to other 

different genera (e.g., Acentrophorus sp., Aeduella sp., 

Amblypterus sp., Rhabdolepis macropterus, Rhabdole-

pis saarbrueckensis) (Woodward, 1891; Sauvage, 

1890; Bronn, 1829; Gardiner, 1963; Štamberg, 2010; 

Schindler, 2018). Additionally, Pygopterus sp. (Aldin-

ger, 1937) was initially considered to belong to Palaeo-

niscum sp. (Traquair, 1877b), but the taxonomic 

identification remains ambiguous due to the lack of a 

cranial osteology. 

The specimens CUF-BSP-F01 and CUF-BSP-F02 

from the Tak Fa Formation in Phetchabun show typical 

features of palaeoniscids such as the ganoid scale and 

fusiform shape (Moy-Thomas and Miles, 1971; Schul-

tze, 1977; Janvier, 1996). The Thai specimen is larger 

than Aeduella blainvillei (Agassiz, 1833–1843) and 

Rhabdolepis macropterus (Bronn, 1829; Schindler, 

2018) (Table 1) but comparable in size to Palaeo-

niscum freieslebeni (Blainville, 1818; Traquair, 1877a; 

Aldinger, 1937: fig. 26; Hoşgör and Štamberg, 2014) 

and Pygopterus nielseni (Aldinger, 1937). 

The scale rows of the Thai specimens are similar to 

those of P. freieslebeni from Greenland, the material 

described by Aldinger (1937) and Traquair (1877a), 

and R. saarbrueckensis from Turkey (Gardiner, 1963; 

Hoşgör and Štamberg, 2014). The Thai fossils also 

differ from A. blainvillei and R. macropterus in having 

the higher number of scale rows.  

The scale of the Thai specimens is diamond-shaped, 

differing from that of A. blainvillei, but similar to that 

of P. freieslebeni, R. saarbrueckensis, R. macropterus 

and P. nielseni. For the Thai specimens, the sculpture 

on their scale is similar to that of P. freieslebeni. It 

clearly differs from R. saarbrueckensis and R. macrop-

terus in having a less-developed sculpture in which 

three to six ridges run parallel to the antero-ventral 

margin of the scale. 

Based on the comparisons with other Permian 

palaeoniscids, the morphological characters (i.e., squa-

mation and scale sculpture) and the size of the Thai 

specimens are comparable to Palaeoniscum. However, 

 
 

FIGURE 5. Squamation structures of the specimen CUF-BSP-F02. (A) Drawing of specimen CUF-BSP-F02; (B) The specimen CUF-

BSP-F02; (C) The squamation in part III, the posterior mirrored of the body between the part II and III. 

 

 

 
 

FIGURE 6. Fossil records of (A) cf. Palaeoniscum sp. between 

275 and 265 Ma and (B) Palaeoniscum sp. between 265 and 255 

Ma. The map is generated by the GPlates software version 2.3 

(Chin, 2021). 
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the specimen lacks some important parts for genus- 

and/or species-level identification (e.g., cranial and 

caudal elements). We therefore assign the Thai 

specimens to cf. Palaeoniscum sp. 

 

DISCUSSION 

 

Paleobiogeographical records 

Based on the petrographic analyses (Fig. 7) under 

the microscope, the strata contain mostly clay particles 

such as micrites and wackestones (Folk, 1959, 1962; 

Dunham, 1962). The unit A to unit D is composed of 

fossiliferous biomicrites (Fig. 7A1, A2), micrites 

interbedded with shales (Fig. 7B1, B2), shales inter-

bedded with micrites (Fig. 7C1, C2), and lamination 

shales (Fig. 7D1, D2), respectively. The sedimentary 

characteristics and structures (lamination, irregular 

bedding and lens to wavy lamination) observed in the 

unit C indicate low-energy environments (Tucker, 

1991, 2013; Flügel, 2010). The depositional environ-

ments of the strata matched the schematic represent-

ation of reef facies and associated sediments (Nicholas, 

2009), corresponding to lagoons or subtidal zones in a 

continental margin. 

As shown in the sediment structure of micrites 

interbedded with shales, the characteristics of seawater 

inlet and clastic sediment input from freshwater were 

found from some parts of strata. The limestones lens to 

wavy lamination of limestones have indicated the flood 

tide periods of sea water or weak storms in the offshore 

environments (Reineck and Singh, 1980; Dalrymple, 

2010). The structure of an intertidal zone (flooded by 

daily tides) and a supratidal zone (flooded by wind and 

spring tides) is characterized by a thin bed of fine grain 

sediments and sharp contacts (Tucker and Wright, 

1990). 

Other invertebrate faunas associated with the Tak 

Fa formation may provide some additional information 

about the paleoenvironmental context of a palaeoniscid 

fauna. For instance, gigantic bivalve alatoconchids 

preferred to dwell in soft substrate (Udchachon et al., 

2007). Furthermore, ostracod fossils were found from 

thin sections of limestones stratigraphically above and 

below the fish fossil layer. They are similar in shape 

with ostacod fossils from the Nam Phong Formation 

(Chitnarin et al., 2022a). Ostracods are members of 

zooplanktons (most typically) and benthos dwelling on 

or inside the top layer of the sediments in aquatic 

environments (Wilkinson, 1996). They are common in 

a freshwater lake, although they may have been found 

in marine or brackish water (Balian et al., 2008). Ostra-

cods generally avoid high energy water by moving into 

sediments or subtrate, although they may be abundant 

in some habitats under the high energy environments 

(Creuzé des Chatelliers and Marmonier, 1993). As a  

TABLE 1. Morphological and dimensional comparisons between the Thai specimens and other palaeoniscids. 

 

Taxon Specimen No. 
Body size 

(cm) 

Squamation 

(scale rows) 
Shape and scale sculpture References 

cf. Palaeoniscum sp. CUF-BSP-F01 

CUF-BSP-F02 

30–35 38–42 (with the 

maximum 

estimation of  
65–81) 

diamond shape, 3–6 ridges 

running parallel to the 

antero-ventral margin of 
scales 

This study 

Palaeoniscum freieslebeni  Text figs 3–5 30 - - Blainville (1818) 

Palaeoniscum freieslebeni  Text pl. 1, fig. 1 15–45 cm (with 

an average of 
30 cm) 

68–70 - Traquair (1877a) 

Palaeoniscum freieslebeni  Text fig. 26 28 68–70 - Aldinger (1937) 

Palaeoniscum freieslebeni  MTA-TTM 2014–744 30 53 small scales with peg and 

socket articulation. The 
surface of scales is 

ornamented with one or 

more ridges (2–4 ridges) 
passing anteroposteriorly 

across the scale. 

Hoşgör and Štamberg 

(2014) 

Aeduella blainvillei  UNISTA.2013.0.133 
UNISTA.2013.0.136 

UNISTA.2013.0.135 

5–20 37–40 long and more rhombic-
shaped scales 

Agassiz (1833–1843) 

Rhabdolepis macropterus  BMNH P3453 

BMNH P6196 

25 up to 40 field of ridges running 

parallel to the dorsal 
border of scales 

Bronn (1829), 

Schindler (2018) 

Rhabdolepis 

saarbrueckensis  

BMNH 32576 

NMP SC 95 

34 64 small and numerous scales. 

The outer surface of scales 
bears striae, which run  

from the anterior-superior 

corner to the  posterior-
inferior corner. 

Gardiner (1963), 

Štamberg (2010) 

Pygopterus nielseni  Text-figs 37 30 135 small diamond-shaped 

scales 

Aldinger (1937) 

 



KUMPITAK ET AL.—RAY-FINNED FISH FROM LOWER TO MIDDLE PERMIAN 147 

  

 
 

FIGURE 7. Petrographic analysis of rock samples from units A–D. A1. Fossiliferous biomicrites, A2. Fossiliferous biomicrites with 

ostracods, B1. Ostracods in fossiliferous biomicrites, B2. Micrites interbedded with calcareous mudstones showing a gradational 

contact, C1. interbedded with calcareous claystones, C2. Ostracods in claystone matrix, D1. Lamination of calcareous claystones, D2. 

Matrix of calcareous claystones. 
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result, the paleoenvironments of the Tak Fa formation 

where the paleoniscid fossil was found likely 

corresponded to a lagoon and/or subtidal zone with a 

low-energy depositional condition, as supported by 

petrographical, stratigraphical, and faunal information. 

 

CONCLUSIONS 

 

In this study, the first actinopterygian fossil from 

the Tak Fa Formation, Ban Wang Pla, Phaya Wang 

Sub-District, Bueng Sam Phan District, Phetchabun has 

been described. The Thai palaeoniscid specimen is 

morphologically close to Palaeoniscum freieslebeni. 

The age of invertebrate faunas associated with the 

paleoniscid fossil strata suggested an Early to Middle 

Permian age, contemporaneous with most of previo-

usly described palaeoniscid specimens from Europe 

and Russia. The paleoenvironments of the area corres-

ponded to lagoons or subtidal zones in epeiric seas 

with a low-energy depositional condition according to 

lithological, stratigraphical, and petrographic exami-

nations of limestones interbedded with shales. This 

study highlights the importance of exploring additional 

marine vertebrate fossils in the Permian strata of 

Thailand in the future. 
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