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The f irst fossil record of the codlet Bregmaceros? sp. (Thompson, 
1840) (Gadiformes, Bregmacerotidae) from the Fırat Formation 
(Early Miocene-Aquitanian - Burdigalian) of  Diyarbakır, Turkey

İhsan Ekİn* 

In this paper, a fossil fish Bregmaceros? sp. (Thompson, 1840) (Gadiformes, Bregmacerotidae) is described 
from the Fırat Formation (Early Miocene: Aquitanian - Burdigalian) of Diyarbakır, Southeast Turkey. The  
fossil specimen is the f irst record from Turkey. It is discovered in the limestone layer in Sağlam village of Eğil 
district of Diyarbakır. The specimen is found in early Miocene sediments of Anatolia and may represent B. albyi 
(Sauvage, 1880) or B. filamentosus (Priem, 1908) which have been reported from the Miocene sediments of the 
Mediterranean Sea. Due to poor preservation, it is difficult to make an identification at the species level with 
certainty. Bregmacerotidae consists of 14 extant and 2 extinct (B. albyi and B. filamentosus) species and has only 
genus Bregmaceros distributed in subtropical and tropical waters all over the world. Bregmaceros sp. is a small-
sized, pelagic species within the Gadiformes Order, and its fossils are often discovered as articulated skeletons 
or otoliths in Eocene-Miocene-Pliocene marine sediments. The present specimen is characterized by having 
an elongated body, 60 mm in length (head not fully visible). The traces of anal, dorsal, and pectoral rays are 
moderately visible. The vertebral column includes 44 vertebrae (there may be a few more since the skull part is 
not visible), 35 of which are post-abdominal (caudal). Although several studies related to their geographical and 
chronological distributions across the world have been published and well documented, there are no studies on 
their existence in the Anatolia region, Diyarbakır, South-eastern Turkey.

Keywords: Bregmaceros? sp., Early Miocene, Southeast Anatolia, Fish fossil.

Faculty of Engineering, Energy Systems Engineering, Şirnak University, Sirnak, Turkey.*Corresponding 
author’s e-mail: ekinihsan@gmail.com

Journal of the Palaeontological Society of India
Volume 67(1), June 30, 2022: 237-244

ISSN 0552-9360

JPSI

ARTICLE HISTORY

Manuscript received: 14/01/2021
Manuscript accepted: 02/03/2022

INTRODUCTION

Bregmacerotids (codlets) are small elongated fish species 
having a maximum body length is about 120 mm. The fish of 
Bregmacerotidae (Gill, 1872) family is recognized by two 
prominent dorsal fins. The first one is with a long single 
ray at the back of the head and the second is on a long base 
with rudimentary rays in the middle part of the fin. The anal 
fin has a close resemblance to the second dorsal fin and is 
located just below it. The family consists of the only genus 
Bregmaceros (Thompson, 1840), which includes 14 extant 
and 2 known extinct fossil species. The extant species are B. 
atlanticus (Goode and Bean, 1886), B. arabicus (D'Ancona and 
Cavinato, 1965), B. bathymaster (Jordan and Bollman, 1890), 
B. cayorum (Nichols, 1952), B. rarisquamosus (Munro, 1950), 
B. houdei (Saksena and Richards, 1986), B. japonicus (Tanaka, 
1908), B. lanceolatus (Shen, 1960), B. mcclellandi (Thompson, 
1840), B. nectabanus (Whitley, 1941), B. cantori (Milliken and 
Houde, 1984), B. neonectabanus (Masuda, Ozawa and Tabeta, 
1986), B. pescadorus (Shen, 1960), B. pseudolanceolatus (Torii, 

Javonillo and Ozawa, 2004) and extinct species known only 
from fossils are  B. albyi (Sauvage, 1880) (Miocene-Pliocene), 
B. filamentosus (Priem, 1908) (Eocene-Miocene) (Prikryl  
et al., 2016).

Bregmacerotids are neritic and found in the subtropical 
to tropical oceans and seas. Their habitats are varied 
from mesopelagic to inshore and even estuaries (Prikryl 
et al., 2016). It has been observed that the 14 identified 
Bregmaceros species are quite similar. Intra-species 
variations, making identification of the species even more 
complicated and sometimes overlapping with other species, 
have been reported. The use of conventional meristic and 
morphometric properties to distinguish species has been 
complemented by molecular research (Prikryl et al., 2016), 
and data on chromatophores. The combined approach help 
in the classification of the genus (Torii et al., 2003, 2004; 
Prikryl et al., 2016). Unfortunately, the lack of soft tissue 
features makes it very difficult to identify fossil specimens. 
Despite small body size and the criticality of morphological 
distinction, Bregmaceros has been recognized based on 
isolated otoliths, skeletal specimens, and skeletal specimens 
preserving otoliths in situ from various marine regions of 
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Cenozoic. Fossil remains of Bregmaceros species are largely 
present in the Mediterranean, Paratethys, and nearby areas. 
However, determination of the osteological properties is very 
difficult due to small body sizes, insufficient preservation, 
crushed, broken, dismembered bodies, and poor preservation 
of bone surfaces. For these reasons, the taxonomy of 
Bregmaceros fossils is often unclear. So far, five Bregmaceros 
fossil species and one monotypic Bregmacerina have been 
designated based on articulated skeletons from West Asia, 
Europe, and North Africa (Prikryl et al., 2016). More 
extensive otolith fossils show a greater number of species 
and a wider geographic distribution of Bregmaceros in Asia, 
Europe, Northern, Western Africa, Northern America, and 
New Zealand during the beginning of the Middle Eocene. 
Apart from their limited preservation within Europe during 
the Oligocene, it is believed that the Bregmaceros otoliths 
appeared in the Miocene in Australian records and show their 
global distribution in the Quaternary (Prikryl et al., 2016). 

The present paper reports a new occurrence of 
Bregmaceros? sp. from the Early Miocene sediments of 
the Eğil (Diyarbakır) region, Turkey. This is the first time 
that Bregmaceros? sp. have been found in Early Miocene 
(Aquitanian - Burdigalian) deposits in Anatolia. Besides, the 
comparisons were made with other Miocene Bregmaceros 
species found in the Mediterranean deposits, and then 
palaeobiogeographic implications are discussed.

BIOSTRATIGRAPHY AND SEDIMENTOL-
OGY OF THE FIRAT FORMATION

3 different formations are noticed around the Dicle Town 
(Diyarbakır) District. In the South, the Early Miocene age the 
Fırat Formation (Eğil town-Sağlam village: the study area); 
in the North, the Lice Formation of the Middle Miocene age, 
both belonging to the Silvan Group are exposed. The Lice 
Formation is overlain by the Şelmo Formation of the Late 
Miocene age (Yilmaz and Duran, 1997; Hüsing et al., 2009). 
Outcrops of the Fırat Formation are found in Dicle, Eğil, 
Hani, Çüngüş, Hazro and Çermik districts in Diyarbakır, 
along the right bank of Tigris River, in the valley of Zori 
Stream in Ergani district, Sason district in Batman province, 
Cizre (Şırnak), Pervari (Siirt), Şemdinli (Hakkari) and Kasrik 
Strait north of Cizre district (Yilmaz and Duran, 1997). This 
Formation consists of cream, beige, white, pinkish grey 
coloured soil, sometimes thin, or very thick rocks with red 
algae, bryozoans, corals, large benthic and echinoid fossils, 
and molluscs (mostly gastropods and bivalves) shells as well 
as reef/bench type limestone. The age of the Fırat Formation 
is considered as Aquitanian-Burdigalian (Early Miocene) 
and its depositional environment has been determined as a 
shelf edge-bank/reef (Yilmaz and Duran, 1997). The Fırat 
Formation is distinguished by the surrounding formations 
by its lighter colour, brittleness, a significant amount of 
macrofossils, and an excess of marl content. 

The Fırat Formation consists of four facies; (A) Grey-
beige coloured conglomerate Facies (incorporating the 
pebbles and stones consisting of schist, marble, quartz, 
serpentinite, radiolarite, and limestones), (B) Limestone 

Facies (including beige-yellow coloured, degraded, deformed 
and chalked limestone, referred to the marine environment), 
(C) Yellow-colored limestone Facies (Representing yellow-
colored, hard limestone with clayey layers at intermediate 
levels), (D) Beige-white coloured marl Facies (thickest 
and the extensive extent of the Fırat Formation with beige-
white coloured marls and clays) (Fig. 1) (Duke et al., 1991; 
Yeşilova and Helvaci, 2012a, 2012b; Güngör and Helvaci, 
2013, 2017; Yeşilova et al., 2018). Following fossil groups, 
genera and species have been documented from the Fırat 
Formation (Yilmaz and Duran, 1997), Homotramatidae, 
Echinoidea, Acervulinidae, Ostracoda, Bryozoa, Pelecypoda, 
Bivalvia, Cnidaria, Gastropoda, Miliolidae, Rotaliidae, 
Textulariidae, Alveolinidae, Peneroplidae, Heterostegina 
sp., Neoalvepolina sp., Miyogypsina sp., Globigor spina, 
Miogypsinoides sp., Austrotrillina sp., Sphaerogypsina 
sp., Archaias sp., Peneroplis sp., Borelis sp., Elphidium 
sp., Rotalia sp., Cycloclypeus sp., Amphistegina sp., 
Lepidocyclina sp. and Nephrolepidina sp. 

MATERIALS AND METHODS

The lone fossil specimen has been found during 
fieldwork carried out in South-eastern Anatolia, Diyarbakır 
(Sağlam Village, 10 km far from Eğil Town) (Altitude: 885 
m, Coordinate: 38° 15´.57″ N/40° 08´.27″ E) in March 2020. 
The sample was collected from the upper layer deposits of 
the Fırat Formation. The fossil was cleaned and prepared by 
placing it in an alkaline solution to extract the clay material. 
With the help of palaeontologists, the classification and 
description of the sample at the genus level were made. 
Genus identification has been verified by comparison with 
Gadiformes morphology (Endo, 2002; Nelson et al., 2016). 
The above features are suitable for comparison with living 
Gadiformes. Features such as the fin pattern of a single 
long ray behind the head, bilobed dorsal and anal fins, long, 
free pelvic rays, number of vertebrae, vertebral spines, 
pterygiophores, and number of caudal fins were taken into 
consideration in the fossilized specimen. The sizes of the 
sample were measured using a precision ruler and digital 
caliper. High-resolution photos of the sample were taken in 
the lab using a Nikon Coolpix P900 camera and 83x Zoom-
NIKKOR ED Glass Lens. All dimensions of the samples are 
expressed in millimeters and shown with the scale bar on the 
photographs.

SYSTEMATICS

	 Superclass	 Actinopterygii Klein, 1885
	 Class	 Actinopteri Cope, 1972
	 Infraclass	 Teleostei Müller, 1845
	 Order	 Gadiformes Goodrich, 1909
	 Family	 Bregmacerotidae Gill, 1872

Genus Bregmaceros Thompson, 1840 
(Figs. 3, 4.1, 4.2)
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Fig. 1. Cross-section of the Fırat Formation (Approximately 130m thick). The Bregmaceros? sp. specimen is found in D Facies (modified from Yeşilova and 
Helvacı 2012a).
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Description.—The total length (with invisible head part) 
of the Bregmaceros? sp. specimen is 65 mm in length. Head 
length represents about one-fifth of its body size. The shape 
of the head is not fully visible. Due to poor preservation, 
the morphology and description of the head of the fossil 
specimen are not possible and the same is true for the fins 
and rays. The traces of dorsal, anal, and pectoral rays of the 
specimen are slightly visible. The vertebral column includes 
about 44 vertebrae, 35 of which are post-abdominal (caudal), 
9 of which are abdominal (precaudal vertebrae). The number 
of parapophyses is difficult to determine. Pterygiophores are 
extended forward over the abdominal wall. Caudal fin rays 
are moderately visible and approximately 12 and branched. 
Since the skull structure, pectoral and pelvic girdles in the 
studied specimen are not very well preserved, it cannot be 
compared with other known specimens of Bregmaceros. 
Osteology of poorly preserved fossil specimens is quite 
difficult.

Remarks.—Świdnicki (1991) conducted a skeletal 
study of the closest living relatives of the studied fossil. For 
example, in the study on Bregmaceros genus, osteology of 
four extant species of Bregmaceros houdei, B. bathymaster, 
B. japonicus, and B. macclellandi were examined. Of the 
examined species, only B. bathymaster had a variable 
number of precaudal vertebrae (13-14). In B. bathymaster, 
the number of caudal vertebrae is (34-36) close to that found 
in B. houdei (35-36), as were the numbers of its parapophyses 
(10-11 pairs) and ribs (8-9 pairs). B. japonicus differs from 

the other studied species in possessing the highest number of 
precaudal vertebrae (16), ribs (13 pairs), and parapophyses 
(14 pairs), and it had more caudal vertebrae (41) than B. 
houdei and B. bathymaster. B. macclellandi was similar to 
the latter two species in the number of precaudal vertebrae 
(14), parapophyses (12 pairs), and ribs (11 pairs). Besides, 
B. macclellandi had more caudal vertebrae (45) than other 
studied species (Świdnicki, 1991).

DISCUSSION AND CONCLUSIONS

In recent years, studies were carried out on the living 
species of Bregmaceros sp. in Turkish seas around the 
Aegean and Mediterranean. Bregmaceros sp. is rare, even its 
existence is sometimes difficult to prove and even its report 
is very significant. For example, it has been reported that 
extant species belonging to antenna codlet, B. atlanticus, is 
found in Iskenderun Bay (Turan et al., 2011). B. atlanticus 
is distributed predominantly in circum-tropical regions and 
probably entered the Mediterranean Sea from the Atlantic 
Ocean through the Strait of Gibraltar and settled in the 
Levantine Sea, which has subtropical features. B. atlanticus 
species is reported from the eastern Mediterranean in 
Kusadasi Bay (Filiz et al., 2007), Antalya Bay (Yilmaz et 

Fig. 2. 1. Map showing Turkey, 2. Diyarbakir city and collection locality of the Bregmaceros? sp. fossil sample, 3. the collection locality illustrated with a 
black arrow, Sağlam Village of Eğil Town, Diyarbakır.
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2

3
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Fig. 3. 1. Bregmaceros? sp. (Thompson, 1840), rays 2. Details of vertebra (v), vertebral spines (vs), fin rays (fr), (The black arrows mark the pelvic fin ray 
trace) 3. Limestone fragment with the fossil specimen, 4. Close up of the tail part and caudal fin (cf)
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Fig. 4. Reconstructions of two fossil Bregmaceros species. 1. B. filamentosus 
(Priem, 1908); 2. B. albyi (Sauvage, 1880) (Prikryl et al., 2016).

al., 2004), the coast of Israel (Goren and Galil, 2006), the 
Bay of Iskenderun (Turan et al., 2011), the Izmir Bay (Aydin 
and Akyol, 2013), the Saronikos Gulf, Greece (Dogrammatzi 
and Karachle, 2015) and the Egyptian coast (Rizkalla and 
Akel, 2015). On the other hand, B. nectabanus was recorded 
in the Izmir Bay (Ӧzgul and Akyol, 2017), the Patraikos, 
and Kerkyraikos Gulf, Greece (Ketsilis-Rinis and Dimitrou, 
2018) and the Syrian coast (Othman and Galyia, 2019). In 
another study, it was reported that two individuals of B. 
nectabanus were collected from the Mediterranean, the 
Adriatic Sea, Italy (Dulčić et al., 2020). However, it was 
reported that all previously published records of B. atlanticus 
from the Mediterranean were based on misidentifications 
and those that could be confirmed were considered to be B. 
nectabanus (Harold and Golani, 2016). Among the features 
that help distinguish B. nectabanus, is its almost non-
pigmented abdomen, a thin dorsolateral longitudinal stripe 
under the second dorsal fin, and a distally fimbriate opercular 
spine (Harold and Golani, 2016).

Bregmacerotidae fossils are generally known from 
the Cenozoic marine sediments and are represented by the 
otoliths, skeletons, and otolith-containing skeletons. Although 
many studies of Bregmacerotidae have been published and 
their geographical and chronological distributions are well 
documented, the morphological information of the species 
is not sufficiently documented. In a study, it was mentioned 
that 18 fossil species, belonging to the Bregmacerotids, were 
discovered. It has been reported that 17 fossils belonging 
to the Middle Eocene Bregmaceros genus and a Miocene 
Bregmacerina antiqua species have been found. On the 
other hand, B. albyi, a species of Miocene-Pliocene has been 
found in countries such as Italy, Austria, Greece, Cyprus, 
Malta, and Algeria. Additionally, it has been reported that B. 
filamentosus, a species of Eocene-Miocene, was detected in 
Russia, Egypt, Iran, Georgia, Czech, Romania and Poland 
(Prikry et al., 2016). No fossil record of these species is 
mentioned in the Anatolia territories in the studies. 

Bregmaceros sp. fossils are found in abundance from 
the Eocene to the Quaternary. As it is known from the Early 
Miocene, B. albyi (Fig. 4.2) was recorded from the Tethys 
Sea. There is a possibility that the sample examined in this 
study may have been either the extinct species B. albyi or 
B. filamentosus (Figs. 4.1, 4.2). Both the species lived during 
Miocene. However, since there is no information about the 

skull bone, orbits, and otoliths of the fish, it is very difficult to 
state the fossil belongs to which species. In the study of Prikry 
et al. (2016), it was mentioned, fossil records of B. albyi have 
been reported from the Miocene of Algeria (Arambourg, 
1927; Gaudant, 2002), Italy (Leonardi, 1959; Bedini et al., 
1986; Landini and Sorbini, 1992; Gaudant et al., 1996), 
Greece (Symeonidis, 1969; Symeonidis and Schultz, 1973; 
Gaudant et al., 1997, 2005; Gaudant, 2002), Malta (Pedley, 
1978), Austria (Bachmayer and Weinfurter, 1965) and Spain 
(Gaudant, 1995, 2002) as well as from the Pliocene of Italy 
(Landini and Menesini, 1986; Sorbini, 1988; Landini and 
Sorbini, 1992, 1993). Additionally, B. filamentosus have 
been reported from the Oligocene of Poland (Kotlarczyk 
et al., 2006), Russia (Daniltshenko, 1960) and Romania 
(Jonet, 1958; Constantin, 1999) and from the middle 
Eocene (Bartonian) Dabachanian Formation in the North 
Caucasus of Georgia (Daniltshenko, 1962; Bannikov, 1993; 
Bannikov and Parin, 1997). Poorly preserved skeletons of 
B. cf. filamentosus are reported from the lower Miocene and 
Oligocene-Miocene of Czech (Brzobohatý et al., 2003) and 
Miocene of Egypt (Gaudant and Rouchy, 1986). The species 
from Lebanon is identified as B. filamentosus and ranges from 
Middle Eocene to Early Oligocene and has been reported from 
the Mediterranean region and surrounding areas including 
Georgia (Middle-Late Eocene) and Iran (Middle Eocene) 
(Clark, 2020). The detailed otolith record for Bregmaceros 
sp. shows a wide geographic distribution including Northern 
America, Europe, New Zealand, Asia, Northern and Western 
Africa starting from the Middle Eocene. While it was confined 
to Europe during the Oligocene, otoliths of Bregmaceros sp. 
came to light in the Australian records, and it appears that 
they continued their global spread into the Miocene as well 
in younger Quaternary strata (Prikryl et al., 2016).

It has been claimed that only two fossil species (B. 
filamentosus and B. albyi) (Figs. 4.1, 4.2) are identifiable 
(Prikryl et al., 2016). The fossils of B. filamentosus and 
B. albyi are both known from skeletons whose otoliths are 
in situ, and B. albyi has a large record of isolated otoliths 
dating back to the Pliocene. However, up to the present, 12 
nominal Bregmaceros fossil species have been identified 
based on isolated otoliths from the middle Eocene to the 
middle Miocene, such as B. antiquus (Late Eocene-Kaiatan); 
B. felkeri (Middle Eocene-Lutetian); B. minimus  (Middle 
Eocene-Bartonian) and (late Eocene); B. luellingensis (Early 
Miocene and Middle Miocene - Reinbekian); B. troelli 
(Middle Eocene); B. brihandensis (Late Eocene-Priabonian); 
B. deklaszi (Oligocene-Aquitaine), (Early-Miocene - late 
Burdigalian) and  (middle-late Miocene); B. catulus (Lower 
Oligocene -Rupelian) B. oblongus (Early Oligocene-
Lattorfian); B. prosoponos (Early Miocene-Altonian); B. 
hybridus (Miocene); B. minutus (Middle Miocene) (Prikryl et 
al., 2016). Skeletal fossils of these species have not been found. 
Identifications of the species were made only based on otolith 
records. Skeletal fossil records indicated B. filamentosus was 
spreading across Southern Tethys and the Paratethys oceans 
from the middle Eocene into the Early Miocene, and then 
the species shows a post-Eocene shift towards western areas. 
The Miocene spreading of B. albyi follows the early trend 
with further southwest shifts and delimiting this form to the 
Mediterranean region. B. albyi dispersal widens from the 
Early Miocene (Burdigalian) to the Middle Pliocene, with 
existing in the Mediterranean (Prikryl et al., 2016). As the 
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