
 

 

Information Classification: General 

Journal of Vertebrate Paleontology 

The extinct shark, Ptychodus (Elasmobranchii, Ptychodontidae) in the 

Upper Cretaceous of central-western Russia – The road to easternmost 

peri-Tethyan seas 

 

MANUEL AMADORI,1* SERGEY V. SOLONIN,2* ALEXEY V. VODOREZOV,2 

RYAN SHELL,3 ROBERT NIEDŹWIEDZKI,4 and JÜRGEN KRIWET1 

 

1 University of Vienna, Department of Palaeontology, UZAII, Geozentrum, Josef-Holaubek-Platz 2, 

Vienna, 1090, Austria, amadorim37@univie.ac.at, juergen.kriwet@univie.ac.at; 

2Department of Geography, Ecology and Natural Management, Ryazan State University 

named for S. Yesenin, Ryazan, 390000, Russia, soloninserg.inbox@mail.ru, 

a.vodorezov@365.rsu.edu.ru; 

3Department of Vertebrate Paleontology, Cincinnati Museum Center, Cincinnati, 45203, 

USA, ryanshell501@gmail.com; 

4Institute of Geological Sciences, University of Wrocław, Wrocław, 50-204, Poland, 

robert.niedzwiedzki@uwr.edu.pl 

 

*Corresponding author 

 

 

AMADORI ET AL.—PTYCHODUS FROM EUROPEAN CENTRAL-WESTERN RUSSIA 

  



 

 

Information Classification: General 

SUPPLEMENTARY SYSTEMATIC PALEONTOLOGY 

 

Class CHONDRICHTHYES Huxley, 1880 

Subclass ELASMOBRANCHII Bonaparte, 1838 

Order PTYCHODONTIFORMES Hamm, 2019 

Family †PTYCHODONTIDAE Jaekel, 1898 

Genus †PTYCHODUS Agassiz, 1834 

Type Species—Ptychodus latissimus Agassiz, 1835 (nomen protectum; see Giusberti et al., 

2018). 

Diagnosis—See Woodward (1912). 

 

†PTYCHODUS sp. cf. †P. ANONYMUS Williston, 1900a 

Diagnosis. See Hamm (2020:14). 

Referred Material—Seventeen tooth fragments (RSU DGE 2018 RO MP-43, RSU DGE 

2018 RO MP-45, RSU DGE 2019 RO MP-43, RSU DGE 2020 RO MP-22, RSU DGE 2020 RO 

MP-24, RSU DGE 2020 RO MP-26, RSU DGE 2020 RO MP-38, RSU DGE 2021 RO MP-15, 

RSU DGE 2021 RO MP-17, RSU DGE 2021 RO MP-18, RSU DGE 2021 RO MP-22, RSU DGE 

2021 RO MP-26, RSU DGE 2021 RO MP-27, RSU DGE 2021 RO MP-30, KP NVF 19956/216, 

KP NVF 19956/217 and KP NVF 19956/218) belonging to the fossil collections of the Ryazan 

State University and of State Darwin Museum in Moscow. 

Description—In general, tooth fragments reported in this section have dental features (e.g., 

general shape and ridge patterns) identical to those exhibited by the dental cusp of Ptychodus 

anonymus described in the present study (see above; see also Fig. 4). RSU DGE 2018 RO MP-43, 

RSU DGE 2019 RO MP-43, RSU DGE 2020 RO MP-22, RSU DGE 2021 RO MP-17, RSU DGE 

2021 RO MP-22 and RSU DGE 2021 RO MP-30 have identical features to those exhibited by the 

cuspidate crowns of P. anonymus here described (e.g., RSU DGE 2020 RO MP-20 in Fig. 4B–BIII; 



 

 

Information Classification: General 

see above). RSU DGE 2018 RO MP-45 and RSU DGE 2021 RO MP-26 are similar to the cusp 

RSU DGE 2018 RO MP-42 (Fig. 4A–AIII), whereas RSU DGE 2020 RO MP-38 shared the cusp 

shape with RSU DGE 2020 RO MP-3 (Fig. 4C–CI). The cusp fragment RSU DGE 2020 RO MP-24 

and RSU DGE 2020 RO MP-26 show the ridge ‘loops’ on the right side like those in RSU DGE 

2018 RO MP-42 (see also Fig. 4A; see above). The cusp of RSU DGE 2021 RO MP-9 (Fig. 4H–

HII) is identical to RSU DGE 2021 RO MP-15 and RSU DGE 2021 RO MP-18. RSU DGE 2021 

RO MP-27 have marginal area identical to RSU DGE 2020 RO MP-20 (see Fig. 4B–BII); the cusp 

of RSU DGE 2021 RO MP-27 is missing. KP NVF 19956/216, KP NVF 19956/217 and KP NVF 

19956/218 have shapes and ornamentations similar to those described for RSU DGE 2021 RO MP-

9 (Fig. 4H–HII), although they preserve only the tooth cusp. Among the cusp apexes described in 

this section, RSU DGE 2018 RO MP-43, RSU DGE 2018 RO MP-45, RSU DGE 2020 RO MP-24, 

RSU DGE 2020 RO MP-38, RSU DGE 2021 RO MP-15, RSU DGE 2021 RO MP-17, RSU DGE 

2021 RO MP-18, RSU DGE 2021 RO MP-22 and KP NVF 19956/217 are slightly abraded. In 

particular, wear traces are on the anterior side of RSU DGE 2018 RO MP-43 and on the rounded tip 

of RSU DGE 2018 RO MP-45, RSU DGE 2020 RO MP-24 and RSU DGE 2020 RO MP-38. 

Abrasions involve the entire cusp apex in RSU DGE 2021 RO MP-15 and RSU DGE 2021 RO MP-

18. Only the left side of RSU DGE 2021 RO MP-17 shows traces of wear. 

Remarks—Although the fragmentary specimens described in this section display a very 

similar cusp to the typical one seen in teeth of Ptychodus anonymus (see above; see also Hamm, 

2019), an unambiguous and doubtless identification is unfortunately impossible at the moment. 

 

†PTYCHODUS sp. cf. †P. POLYGYRUS Agassiz, 1835 

Diagnoses—See Hamm (2020:24). 

Referred Material—Three fragmentary specimens, RSU DGE 2020 RO MP-28, RSU DGE 

2021 RO MP-28 and RSU DGE 2021 RO MP-29 belonging to the fossil collection of the Ryazan 

State University. 
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Description—RSU DGE 2020 RO MP-28, RSU DGE 2021 RO MP-28 and RSU DGE 

2021 RO MP-29 are fragments of tooth crowns characterized by transversal ridges with thin ends 

curved anteriorly. The few marginal areas visible show randomly arranged granulation. 

Remarks—The few characters displayed by RSU DGE 2020 RO MP-28, RSU DGE 2021 

RO MP-28 and RSU DGE 2021 RO MP-29 resemble those typical of Ptychodus polygyrus (see 

Amadori et al., 2020a; Hamm, 2020a). However, the lack of the marginal area prevents an 

unambiguous identification of these specimens. 

 

†PTYCHODUS sp. 

(Fig. S1) 

Referred Material—Two worn teeth RSU DGE 2020 RO MP-16 and RSU DGE 2021 RO 

MP-5 and the crown fragment RSU DGE 2020 RO MP-23 belonging to the collections of the 

Ryazan State University. 

Description—Specimen RSU DGE 2020 RO MP-16 (Fig. 11A–AII) is an un-cuspidate, 

worn tooth with asymmetric occlusal outline. The anterior protuberance is wide and rounded, 

whereas the posterior sulcus is shallow. The occlusal surface of the crown is poorly preserved with 

the right tooth edge partially broken. No occlusal ornamentation is observable on this specimen. In 

posterior view (Fig. 11AI), the crown is slightly raised and the root is bilobate with a shallow 

antero-posterior sulcus; both lateral root sides are tilted inward. In lateral view (Fig. 11AII), the 

anterior sides of both dental crown and root are inclined forward. RSU DGE 2020 RO MP-23 is a 

tooth fragment exhibiting the anterior edge of a dental crown. On the side opposite the external 

tooth margin, two relatively thin ridges transversally cross the crown occlusal surface. RSU DGE 

2021 RO MP-5 (Fig. 11B–BIV) is a worn tooth exhibiting a rectangular crown with a marked and 

rounded anterior protuberance and a deep posterior sulcus. On the almost symmetrical crown, the 

occlusal ornamentations are almost completely missing due to the intense abrasion of the tooth 

surface. Just some transversal thin ridges are still recognizable on the center on the dental crown. In 
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anterior and posterior views (Fig. 11BI, BII), the crown exhibits a high, rounded cusp and a large 

antero-posterior sulcus characterizes the (bilobate) root. In lateral view (Fig. 11BIII), the posterior 

side of the crown is straight, whereas its anterior outline is tilted forward; the anterior side of the 

root is inclined as well. In inferior view (Fig. 11BIV), the root outline follows the rectangular shape 

of the tooth crown. 

Remarks—The asymmetrical outline of RSU DGE 2020 RO MP-16 (Fig. 11A) indicates 

that it belonging to a lateral tooth row of the left hemiarch. However, the correct identification of 

the specimen is prevented by the lack of any species-specific character recognizable (e.g., occlusal 

ornamentations). The specimen looks partially digested, as indicated by the worn surface and blunt 

and rounded dental edges. The coarse granulations randomly spread on the occlusal surface of RSU 

DGE 2020 RO MP-23 resemble those previously described for un-cuspidate species, such as 

Ptychodus marginalis, P. martini and P. polygyrus. Furthermore, the poorly preserved ridges do not 

reach the thickness usually shown by the P. latissimus teeth. However, the specimen is too 

fragmentary for any accurate identification. An original arrangement within the lower symphyseal, 

or most central, rows is here hypothesized for RSU DGE 2021 RO MP-5 based on its almost 

symmetrical crown outline and its bulged occlusal surface (see Fig. 11B). A correct identification is 

not possible for RSU DGE 2021 RO MP-5 due to the lack of species-specific ornamentation on the 

occlusal tooth surface. 
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FIGURE S1. Teeth of Ptychodus sp. from the Upper Cretaceous of Ryazan Oblast (western Russia) 

in occlusal (A, B), anterior (BI), posterior (AI, BII), lateral (AII, BIII) and inferior (BIV) views. A–AII, 

RSU DGE 2020 RO MP-16; B–BIV, RSU DGE 2021 RO MP-5. Scale bars equal 10 mm. 
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TABLE S1. Details and proposed identification for isolated teeth of Ptychodus from the Upper 

Cretaceous of Malyy Prolom (Ryazan Oblast, Russia). Abbreviations: C, cuspidate; UC, un-

cuspidate; WT, worn tooth. 

Catalogue N° Nature of the specimen WT Identification 

RSU DGE 2018 RO MP Ôäû-41 Tooth  P. polygyrus (UC) 

RSU DGE 2018 RO MP Ôäû-42 Tooth ✓ P. anonymus (C) 

RSU DGE 2018 RO MP Ôäû-43 Tooth cusp (fragment) ✓ P. cf. anonymus (C) 

RSU DGE 2018 RO MP Ôäû-44 Tooth crown  P. anonymus (C) 

RSU DGE 2018 RO MP Ôäû-45 Tooth cusp (fragment) ✓ P. cf. anonymus (C) 

RSU DGE 2018 RO MP Ôäû-46 Tooth crown ✓ P. anonymus (C) 

RSU DGE 2018 RO MP Ôäû-47 Tooth crown ✓ P. altior (C) 

RSU DGE 2019 RO MP Ôäû-43 Tooth cusp (fragment)  P. cf. anonymus (C) 

RSU DGE 2020 RO MP Ôäû-3 Tooth ✓ P. anonymus (C) 

RSU DGE 2020 RO MP Ôäû-6 Tooth ✓ P. mammillaris (C) 

RSU DGE 2020 RO MP Ôäû-7 Tooth crown ✓ P. anonymus (C) 

RSU DGE 2020 RO MP Ôäû-8 Tooth crown ✓ P. altior (C) 

RSU DGE 2020 RO MP Ôäû-9 Tooth crown ✓ P. altior (C) 

RSU DGE 2020 RO MP Ôäû-10 Tooth  P. decurrens (UC) 

RSU DGE 2020 RO MP Ôäû-11 Tooth  P. decurrens (UC) 

RSU DGE 2020 RO MP Ôäû-12 Tooth crown ✓ P. mammillaris (C) 

RSU DGE 2020 RO MP Ôäû-13 Tooth crown  P. anonymus (C) 

RSU DGE 2020 RO MP Ôäû-14 Tooth ✓ P. anonymus (C) 

RSU DGE 2020 RO MP Ôäû-16 Tooth (totally abraded) ✓ Ptychodus sp. 

RSU DGE 2020 RO MP Ôäû-17 Tooth crown  P. altior (C) 

 

 



 

 

Information Classification: General 

TABLE S1. (Continued) 

RSU DGE 2020 RO MP Ôäû-18 Tooth crown ✓ P. anonymus (C) 

RSU DGE 2020 RO MP Ôäû-19 Tooth crown ✓ P. anonymus (C) 

RSU DGE 2020 RO MP Ôäû-20 Tooth ✓ P. anonymus (C) 

RSU DGE 2020 RO MP Ôäû-21 Tooth  P. decurrens (UC) 

RSU DGE 2020 RO MP Ôäû-22 Tooth cusp (fragment)  P. cf. anonymus (C) 

RSU DGE 2020 RO MP Ôäû-23 Tooth crown (fragment)  Ptychodus sp. 

RSU DGE 2020 RO MP Ôäû-24 Tooth crown (fragment) ✓ P. cf. anonymus (C) 

RSU DGE 2020 RO MP Ôäû-25 Tooth crown  P. altior (C) 

RSU DGE 2020 RO MP Ôäû-26 Tooth cusp (fragment)  P. cf. anonymus (C) 

RSU DGE 2020 RO MP Ôäû-27 Tooth cusp (fragment)  P. altior (C) 

RSU DGE 2020 RO MP Ôäû-28 Tooth crown (fragment)  P. cf. polygyrus (UC) 

RSU DGE 2020 RO MP Ôäû-29 Tooth (broken) ✓ P. anonymus (C) 

RSU DGE 2020 RO MP Ôäû-38 Tooth cusp (fragment) ✓ P. cf. anonymus (C) 

RSU DGE 2020 RO MP Ôäû-39 Tooth ✓ P. altior (C) 

RSU DGE 2021 RO MP Ôäû-1 Tooth crown ✓ P. altior (C) 

RSU DGE 2021 RO MP Ôäû-2 Tooth ✓ P. mammillaris (C) 

RSU DGE 2021 RO MP Ôäû-3 Tooth crown ✓ P. anonymus (C) 

RSU DGE 2021 RO MP Ôäû-4 Tooth  P. decurrens (UC) 

RSU DGE 2021 RO MP Ôäû-5 Tooth  Ptychodus sp. 

RSU DGE 2021 RO MP Ôäû-6 Tooth crown  P. decurrens (UC) 

RSU DGE 2021 RO MP Ôäû-7 Tooth ✓ P. anonymus (C) 

RSU DGE 2021 RO MP Ôäû-8 Tooth ✓ P. anonymus (C) 

RSU DGE 2021 RO MP Ôäû-9 Tooth ✓ P. anonymus (C) 
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TABLE S1. (Continued) 

RSU DGE 2021 RO MP Ôäû-10 Tooth crown ✓ P. cf. mediterraneus (UC) 

RSU DGE 2021 RO MP Ôäû-11 Tooth crown  P. decurrens (UC) 

RSU DGE 2021 RO MP Ôäû-12 Tooth crown ✓ P. anonymus (C) 

RSU DGE 2021 RO MP Ôäû-13 Tooth  P. decurrens (UC) 

RSU DGE 2021 RO MP Ôäû-14 Tooth crown ✓ P. mammillaris (C) 

RSU DGE 2021 RO MP Ôäû-15 Tooth cusp (fragment) ✓ P. cf. anonymus (C) 

RSU DGE 2021 RO MP Ôäû-16 Tooth crown (fragment)  P. altior (C) 

RSU DGE 2021 RO MP Ôäû-17 Tooth cusp (fragment) ✓ P. cf. anonymus (C) 

RSU DGE 2021 RO MP Ôäû-18 Tooth cusp (fragment) ✓ P. cf. anonymus (C) 

RSU DGE 2021 RO MP Ôäû-19 Tooth  P. decurrens (UC) 

RSU DGE 2021 RO MP Ôäû-20 Tooth ✓ P. mammillaris (C) 

RSU DGE 2021 RO MP Ôäû-21 Tooth ✓ P. anonymus (C) 

RSU DGE 2021 RO MP Ôäû-22 Tooth crown ✓ P. cf. anonymus (C) 

RSU DGE 2021 RO MP Ôäû-23 Tooth crown ✓ P. anonymus (C) 

RSU DGE 2021 RO MP Ôäû-24 Tooth crown ✓ P. anonymus (C) 

RSU DGE 2021 RO MP Ôäû-25 Tooth ✓ P. anonymus (C) 

RSU DGE 2021 RO MP Ôäû-26 Tooth (broken) ✓ P. cf. anonymus (C) 

RSU DGE 2021 RO MP Ôäû-27 Tooth crown (fragment)  P. cf. anonymus (C) 

RSU DGE 2021 RO MP Ôäû-28 Tooth crown (fragment)  P. cf. polygyrus (UC) 

RSU DGE 2021 RO MP Ôäû-29 Tooth crown (fragment) ✓ P. cf. polygyrus (UC) 

RSU DGE 2021 RO MP Ôäû-30 Tooth cusp (fragment)  P. cf. anonymus (C) 

SS106#-1 Tooth  P. latissimus (UC) 

SS106#-2 Tooth  Ptychodus sp. 

SS106#-3 Tooth  P. cf. marginalis (UC) 
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TABLE S1. (Continued) 

SS106#-4 Tooth ✓ P. mammillaris (C) 

SS106#-7 Tooth crown  P. mammillaris (C) 
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TABLE S2. Details and proposed identification for isolated teeth of Ptychodus from the Upper 

Cretaceous of Varavinsky ravine (Moscow Oblast, Russia). Abbreviations: C, cuspidate; UC, un-

cuspidate; WT, worn tooth. 

Catalogue N° Nature of the specimen WT Identification 

KP NVF 19956/16 Broken Tooth crown ✓ P. decurrens (UC) 

KP NVF 19956/214 Broken Tooth crown ✓ P. anonymus (C) 

KP NVF 19956/215 Broken Tooth crown ✓ P. cf. polygyrus (UC) 

KP NVF 19956/216 Broken Tooth crown  P. cf. anonymus (C) 

KP NVF 19956/217 Tooth cusp (fragment) ✓ P. cf. anonymus (C) 

KP NVF 19956/218 Broken Tooth crown  P. cf. anonymus (C) 
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TABLE S3. Summary of the European record of Ptychodus with original (OTI) and reviewed (RTI) 

taxonomical identification. Abbreviations: Alb, Albian; Cam, Campanian; Cen, Cenomanian; Con, 

Coniacian; Ref, references;; San, Santonian; Tur, Turonian; UCr, Upper Cretaceous. 

OTI RTI Age (Ref) Locality Country Ref 

P. granulosus P. polygyrus  Cam  Vienna area  Austria 
(eastern) 49 

?P. polygyrus  ?P. polygyrus  Tur Vorarlberg area  Austria 
(western) 49 

?P. mammillaris  ?P. mammillaris  Tur  Brest area Belarus 
(southern) 39 

?Ptychodus sp. ?Ptychodus sp. Cen  Brest area Belarus 
(southern) 39 

P. elevatus P. altior Con  Hainaut province Belgium 
(western) 25 

P. mammillaris var. 
anonymus P. anonymus  Tur  Hainaut province Belgium 

(western) 25 

P. latissimus  P. latissimus  Con-San  Namur province Belgium 
(western) 25 

?P. decurrens ?P. decurrens Cen-Tur Hainaut province Belgium 
(western) 25 

P. mammillaris  P. mammillaris  Cen  Hainaut province Belgium 
(western) 30 

P. mammillaris var. 
mammillaris P. mammillaris  Tur  Hainaut province Belgium 

(western) 25 

P. elevatus P. cf. P. 
marginalis  Con  Hainaut province Belgium 

(western) 25 

P. mortoni  P. mortoni  Con-San  Namur province Belgium 
(western) 25 

P. polygyrus  P. polygyrus  Con-San  Namur province Belgium 
(western) 25 

P. paucisulcatus P. polygyrus  Con  Hainaut province Belgium 
(western) 25 

P. rugosus  P. rugosus  Con-San  Namur province Belgium 
(western) 25 

?P. rugosus  ?P. rugosus  San  Hainaut province Belgium 
(western) 25 

P. mammillaris  P. cf. P. 
anonymus Tur  Úpohlavy area 

Czech 
Republic 
(northern) 

54 

P. anonymus  P. anonymus  Cen  Březina area 
Czech 
Republic 
(northern) 

51 

P. cf. P. decurrens P. cf. P. 
decurrens Cen  Březina area 

Czech 
Republic 
(northern) 

51 
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TABLE S3. (Continued) 

P. latissimus  P. latissimus  Tur  Úpohlavy area 
Czech 
Republic 
(northern) 

54 

P. latissimus  P. latissimus  Tur  Benátky nad 
Jizerou 

Czech 
Republic 
(northern) 

8, 
50 

P. mammillaris  P. mammillaris  Tur  Lysá nad Labem 
Czech 
Republic 
(northern) 

8, 
50 

P. polygyrus  P. polygyrus  Cen  Březina area 
Czech 
Republic 
(northern) 

51 

P. cf. P. occidentalis P. cf. P. 
decurrens Cen  Březina area 

Czech 
Republic 
(northern) 

51 

P. cf. P. latissimus P. polygyrus  Cen  Březina area 
Czech 
Republic 
(northern) 

51 

P. altior P. altior Con  Bornholm Island Denmark 21 

P. cf. P. rugosus P. cf. P. 
anonymus Alb-Cen (22) Bornholm Island Denmark 44 

P. latissimus  P. latissimus  Con  Bornholm Island Denmark 21 
P. mammillaris  P. mammillaris  Con  Bornholm Island Denmark 21 

P. altior P. altior “Sen”  Sussex England 
(southern) 55 

P. mammillaris  P. anonymus  Cen (18) Kent  England 
(southern) 32 

?P. anonymus  ?P. anonymus  Tur-Con Kent  England 
(southern) 25 

P. decurrens P. decurrens Cen-Tur (18) Kent, Sussex England 
(southern) 55 

P. latissimus  P. latissimus  Tur (18) Hertford, Kent, 
Suffolk, Sussex 

England 
(southern) 

53, 
55 

?P. latissimus  ?P. latissimus  Cen-San 

Buckinghamshire, 
Hampshire, 
Hertfordshire, 
Kent, Norfolk, 
Suffolk, Surrey, 
Sussex, Wiltshire 

England 
(southern) 32 

?P. mammillaris  ?P. mammillaris  Cen-Con (18) 

Bedfordshire, 
Devon, Dorset, 
Hertfordshire, 
Wight Island, 
Kent, Lincolnshire, 
Sussex, Surrey, 
Wiltshire, 
Yorkshire  

England 
(central and 
southern) 

25, 
32 

P. mammillaris  P. mammillaris  Tur  Sussex England 
(southern) 55 
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TABLE S3. (Continued) 

P. concentricus P. marginalis Cen  Kent  England 
(southern) 32 

P. polygyrus var. 
marginalis P. marginalis Tur (18) Kent, Sussex England 

(southern) 55 

?P. marginalis ?P. 
marginalis Tur-Con Kent  England 

(southern) 32 

P. mortoni  P. mortoni  UCr Sussex England 
(southern) 16 

P. polygyrus  P. polygyrus  Con-San  Kent, Surrey England 
(southern) 

8, 
55, 
56 

?P. polygyrus  ?P. polygyrus  Con-Cam 
Essex, Greater London, 
Hampshire, Kent, Surrey, 
Wiltshire 

England 
(southern) 32 

P. rugosus  P. rugosus  Con-San 
(18) Kent, Surrey England 

(southern) 55 

P. rugosus  P. altior Tur-Con Hauts-de-France  France 
(northern) 

30, 
40 

P. rugosus  P. altior Tur-Con Grand Est 
France 
(northern) 23 

P. mammillaris  P. cf. P. altior Cen  Normandy 
France 
(northern) 42 

P. anonymus  P. anonymus  Cen-Tur  Normandy 
France 
(northern) 

8, 
38 

P. mammillaris  P. anonymus  Tur  Grand Est  
France 
(northern) 23 

P. rugosus  P. anonymus  Cen  Le Havre area France 
(northern) 26 

P. concentricus P. cf. P. 
anonymus Cen (18) Hauts-de-France 

France 
(northern) 25 

P. mammillaris 
var. anonymus P. anonymus  Cen (18) Hauts-de-France 

France 
(northern) 25 

Ptychodus sp. P. decurrens Cen  Normandy  
France 
(northern) 26 

P. decurrens var. 
decurrens P. decurrens Cen  Hauts-de-France 

France 
(northern) 25 

P. decurrens var. 
multiplicatus P. decurrens Tur  Hauts-de-France 

France 
(northern) 25 

P. decurrens P. decurrens Cen  Hauts-de-France 
France 
(northern) 30 

?P. decurrens ?P. decurrens Cen  Bourgogne-Franche-Comté 
France 
(central) 42 

?P. decurrens ?P. decurrens Cen  Provence-Alpes-Côte d’Azur  
France 
(southeastern) 42 

?P. decurrens ?P. decurrens Con-San  Pays de la Loire France 
(central) 42 

P. multistriatus P. decurrens Cen  Normandy  
France 
(northern) 30 
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TABLE S3. (Continued) 

?P. decurrens ?P. decurrens Alb-Tur (9) Hauts-de-France France 
(northern) 

25, 
30 

P. decurrens P. decurrens Alb Auvergne-Rhône-Alpes  France 
(southeastern) 

20, 
43 

P. cf. P. latissimus P. latissimus  Cen-Tur  Normandy France 
(northern) 

8, 
38 

P. latissimus  P. latissimus  Tur  New Aquitaine France 
(western) 53 

P. latissimus  P. latissimus  Tur  Hauts-de-France France 
(northern) 41 

P. latissimus  P. latissimus  Cen (18) Hauts-de-France France 
(northern) 25 

P. latissimus  P. latissimus  Tur  Hauts-de-France France 
(northern) 30 

?P. latissimus  ?P. latissimus  Con-Cam 
(47, 11, 25) Hauts-de-France France 

(northern) 30 

?P. paucisulcatus ?P. latissimus  Con-San Hauts-de-France France 
(northern) 25 

P. mammillaris var. 
mammillaris 

P. 
mammillaris  Cen (18) Hauts-de-France France 

(northern) 25 

P. mammillaris  P. 
mammillaris  Tur  Grand Est  France 

(northern) 23 

P. mammillaris  P. 
mammillaris  Cen  Normandy  France 

(northern) 42 

?P. mammillaris  ?P. 
mammillaris  Tur  Bourgogne-Franche-Comté France 

(central) 42 

?P. mammillaris  ?P. 
mammillaris  Tur  Pays de la Loire France 

(central) 42 

?P. mammillaris  ?P. 
mammillaris  Con (25) Hauts-de-France France 

(northern) 30 

?P. mammillaris  ?P. 
mammillaris  Con-San Normandy France 

(northern) 42 

P. marginalis P. marginalis Cen (18) Hauts-de-France France 
(northern) 25 

P. concentricus P. marginalis Cen (18) Hauts-de-France France 
(northern) 

25, 
30, 
31 

?P. marginalis ?P. marginalis Tur  Hauts-de-France France 
(northern) 25 

P. polygyrus  P. 
mediterraneus Con  Hauts-de-France France 

(northern) 30 

P. polygyrus var. 
marginalis 

P. 
mediterraneus 

Cam (47, 
11) Hauts-de-France France 

(northern) 30 

?P. belluccii ?P. polygyrus  Cam (47, 
11) Hauts-de-France France 

(northern) 25 

P. latissimus  P. polygyrus  Tur  Hauts-de-France France 
(northern) 25 

P. polygyrus  P. polygyrus  Con  Hauts-de-France France 
(northern) 30 
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?P. polygyrus  ?P. polygyrus  ?Alb Auvergne-Rhône-Alpes  France 
(southeastern) 43 

?P. polygyrus  ?P. polygyrus  Cen  Pays de la Loire France 
(central) 42 

?P. polygyrus  ?P. polygyrus  Con-San Bourgogne-Franche-Comté France 
(central) 42 

?P. polygyrus  ?P. polygyrus  Con-San Normandy France 
(northern) 42 

?P. polygyrus  ?P. polygyrus  Con-San Hauts-de-France France 
(northern) 42 

?P. polygyrus  ?P. polygyrus  Cen  Hauts-de-France France 
(northern) 31 

P. rugosus  P. rugosus  Con  Hauts-de-France  France 
(northern) 

40, 
30 

?P. rugosus  ?P. rugosus  Con-San Normandy France 
(northern) 

25, 
30, 
42 

?P. rugosus  ?P. rugosus  Con-San Hauts-de-France France 
(northern) 

25, 
30, 
42 

?P. rugosus  ?P. rugosus  Con-San Centre-Val de Loire France 
(central) 42 

?P. rugosus  ?P. rugosus  Tur  Hauts-de-France France 
(northern) 30 

?P. rugosus  ?P. rugosus  ?Con-San New Aquitaine France 
(western) 43 

P. mammillaris  P. altior Cen-Con Saxony  Germany 
(eastern) 17 

P. decurrens P. decurrens Cen-Con Saxony  Germany 
(eastern) 17 

P. latissimus  P. latissimus  Cen-Con Saxony  Germany 
(eastern) 17 

P. paucisulcatus P. latissimus  Con  Saxony  Germany 
(eastern) 25 

P. decurrens P. decurrens Cen  Westphalia Germany 
(western) 15 

P. latissimus  P. latissimus  Tur  Westphalia Germany 
(western) 

8, 
15, 
48 

?P. latissimus  ?P. latissimus  Cen-Con Westphalia Germany 
(western) 

7, 
35 

P. mammillaris  P. 
mammillaris  Tur  Westphalia Germany 

(western) 15 

P. latissimus  P. cf. P. 
mediterraneus  Tur  Westphalia Germany 

(western) 15 

P. polygyrus  P. polygyrus  ?Cen-Tur Westphalia Germany 
(western) 15 

?P. belluccii ?P. polygyrus  Cam Westphalia Germany 
(western) 35 
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P. decurrens P. decurrens Cen  Veneto region Italy 
(northeastern) 2, 6 

P. decurrens P. decurrens Cen  Marche region Italy (central) 10 

P. altior P. altior Tur  Veneto region Italy 
(northeastern) 3 

P. rugosus  P. rugosus  San  Veneto region Italy 
(northeastern) 3 

P. latissimus  P. latissimus  Tur-?Cam Veneto region Italy 
(northeastern) 2, 5 

P. decurrens P. decurrens ?Cen-Tur Sicily region Italy 
(southern) 45 

P. mediterraneus  P. 
mediterraneus  Tur  Veneto region Italy 

(northeastern) 2, 4 

P. polygyrus  P. marginalis UCr Veneto region Italy 
(northeastern) 12 

P. mammillaris  P. mammillaris  UCr Veneto region Italy 
(northeastern) 12 

P. mortoni  P. mortoni  UCr Veneto region Italy 
(northeastern) 12 

P. polygyrus  P. polygyrus  UCr Veneto region Italy 
(northeastern) 12 

?P. mammillaris  ?P. mammillaris  ?Cen-Tur Kaunas  Lithuania 
(central) 

1, 
13 

?P. elevatus ?P. altior ?Tur-Con 
(37) Skirsnemunė  Lithuania 

(central) 25 

?P. rugosus  ?P. rugosus  San-Cam Kaunas  Lithuania 
(central) 13 

P. latissimus  P. latissimus  UCr Kaunas  Lithuania 
(central) 13 

?P. decurrens ?P. decurrens Cen  Kaunas  Lithuania 
(central) 13 

P. mammillaris  P. cf. P. altior  UCr Opole  Poland 
(southern) 46 

P. cf. rugosus  P. cf. P. altior  Tur  Opole  Poland 
(southern) 44 

P. mammillaris  P. anonymus  Tur  Opole  Poland 
(southern) 

27, 
36 

P. decurrens P. decurrens Cen  Glanow  Poland 
(southern) 44 

P. latissimus  P. latissimus  Tur  Opole  Poland 
(southern) 

27, 
36 

P. polygyrus  P. latissimus  ?Tur  Opole  Poland 
(southern) 

27, 
36 

P. mammillaris  P. mammillaris  Cen  Sobkow  Poland 
(southern) 44 

P. mammillaris  P. mammillaris  Tur  Opole  Poland 
(southern) 

27, 
36 

?P. mammillaris  ?P. mammillaris  Cen-?Tur  Bladen (now 
Włodzienin) 

Poland 
(southern) 29 
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P. polygyrus  P. polygyrus  Tur  Mydlniki  Poland 
(southern) 44 

?P. polygyrus  ?P. polygyrus  ?Tur  Opole  Poland 
(southern) 29 

?P. polygyrus  ?P. polygyrus  Tur  Cracow  Poland 
(southern) 44 

?P. rugosus  ?P. rugosus  UCr Cracow  Poland 
(southern) 44 

P. rugosus P. altior Tur-Con Ormeniş  Romania 
(central) 52 

?P. mammillaris  ?P. mammillaris  Tur-Con Peştera  Romania 
(southeastern) 19 

P. aff. mammillaris P. anonymus  UCr Ferriol-Elche  Spain 
(southeastern) 34 

P. aff. mammillaris P. decurrens UCr Ferriol-Elche  Spain 
(southeastern) 34 

Ptychodus sp. P. cf. latissimus UCr Ferriol-Elche  Spain 
(southeastern) 34 

?Ptychodus sp. ?Ptychodus sp. Cen  western Pyrenees  Spain 
(northern) 33 

P. decurrens P. decurrens UCr Annetorp, Oretorp Sweden 
(southern) 14 

P. mammillaris  P. rugosus UCr Annetorp, Oretorp Sweden 
(southern) 14 

P. mammillaris  P. altior Cen-San Oberriet  Switzerland 
(northeastern) 28 

P. marginalis P. marginalis Cen-San Oberriet  Switzerland 
(northeastern) 28 

P. cf. P. polygyrus  P. cf. P. 
polygyrus  Cen-Tur  St. Gallen  Switzerland 

(northeastern) 24 
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