

1
Supplement 2		
Fossil Record

On a remarkable new species of Tharsis, a Late Jurassic 
Teleostean fish from southern Germany: its morphology and 
phylogenetic relationships




Gloria Arratia1, Hans-Peter Schultze1 and Helmut Tischlinger2

1{1} Biodiversity Institute, The University of Kansas, Dyche Hall, Lawrence, Kansas 66045, U.S.A.} 
garratia@ku.edu; hp1937@ku.edu
[2]{Tannenweg 16, D-85134 Stammham, Germany}






		
APPENDIX S2. Character-taxon data matrix used in the phylogenetic analysis




APPENDIX S2. Character-taxon data matrix for 195 characters used in the phylogenetic analysis. Polymorphic states are represented by letters: A, [0/1]; B, [0/2]; C, [1/2]; D, [1/3]; E, [0/3]. State [N] represents the character is not applicable. Missing or ambiguous information is represented with [?]; †, extinct taxon. 

Taxon			        10         20         30         40    45		

Amia calva		0A0000000N 00100000N0 0000010000 0000000000 00001  
†Amia pattersoni	000000000N 00100000N0 0000010000 00??0?0?00 00001	
†Anaethalion		001000020N 000001?0N0 0101000110 00??2??112 ?0000
†Annaichthys		1N2000100N 00??00?0N? 0?N11010?? ?0???????? 01010
†Ankylophorus		001011000N 1???1??0N0 0?210100?? ????????02 000?0
†Ascalabos			001000020N 000?01?0N0 0101000?11 00??2?1?1? 000?0
†Aspidorhynchus		0200000N0N 00000010N0 0011100210 00???00?0? 00??0
†Belonostomus		0201000N0N 000?0010N0 00111002?0 00???0001? 001N0
†Domeykos			001000??0N 000001?0N0 0101??0?11 00??2?1?1? ?0???
†Dorsetichthys		001010000N 00000100N0 0001000010 0000000002 00000
†Ebertichthys		001000020N 000001?0N0 0101000110 00??2???12 ?0010
Elops			001000020N 00000100N0 0101000110 0011211112 10000
†Eurycormus		02A000100N 110?0000N0 0011010111 00??????02 00000
†Ichthyokentema		001000010N 10000100N0 0100000012 0011?01112 00000
Heterotis			001000000N 00000100N0 0100000011 0011201112 101NN
Hiodon			001000000N 00000100N0 0101000112 0111201112 101NN
†Hypsocormus		0?0000NN11 0000100110 000100???? 00??0?000? ?0???
†Lehmanophorus		001001?00N 1???1??0N0 0?210100?? ????????02 000?0
†Leptolepis cory.	001000020N 00000100N0 0001000110 0000100012 00000
Lepisosteus		000100000N 00110000N0 000N000000 0000010001 00001
†Lombardichthys		1N2010100N 000?00?0N1 0?N11010?1 ?0??????1? 01000
†Luisichthys		001000020N 000?0100N0 0101?00?10 00112?111? 10???
†Lycoptera			0010000?0N 000001?0N0 0101000112 01??2???1? 001NN
†Malingichthys		A12000000N 00??00?0N? 1?N00?10?? ?0??????1? 00000
Megalops			001000020N 00000100N0 0101000110 0011211112 10000
†Obaichthys		000100000N 00110000N0 000N000000 00???1?0?1 001N1
†Orthocormus		0?0000NN11 00001001A0 000100?0?? ?0??0??00? ?0???
†Pachycormus		000000NN10 0000100100 0001011000 00??010?02 0000?
†Parapholidophorus	1N2010100N 000?00?0N1 0?N10010?1 ?0??????12 A0000
†Pholidoctenus sanp.	1N2000?00N 000?00?0N1 1?N00?10?? ?0??????12 00000
†Pholidoctenus ser.	1N2000000N 000?00?0N1 1?N00010?1 ?0??????12 00000
†Pholidophorus lat.	1N201???0N ??0????0N1 0?N1?????? ?0??????12 00???
†Pholidophoretes	1N2000100N 0?0??0?0N1 0?N0A?10?? ?0??????12 0000?
†Pholidorhynchodon	1N2000110N 110?00?0N1 0?211110?1 000?????12 01000	
†Prohalecites		0A0000000N 00??0000N1 00000100?1 00??????12 A0000
†Protoclupea		0010?0??0N ??0?01?0N0 01010?0??? 00??2???12 0000?
†Siemensicht. mac.	021001000N 110?0100N0 00211?0011 00?0?00002 000?0

Taxon			        10         20         30         40    45

†Siemensicht. sie.	???0??000N 100????0N0 0??1?????? ?????????? ?00??
†Tharsis dubius		001000020N 00000100N0 0101000111 0011C01012 10000
†Tharsis elleri		0?1000020N 000?0100N0 0??10?01?? ?0??????1? 10???
†Varasichthys		001000020N 00000100N0 01010001?1 1011211112 00000
†Vinctifer			0000002N0N 00000010N0 0111100211 00?02000?? 001N0 
†Watsonulus		001000000N 00111000N0 0000000000 000?00???2 011N1







































Taxon			   50         60         70         80         90        	
Amia calva		0N100 0030200000 0001010000 000000000N 0000000000	  
†Amia pattersoni	0N100 0030200000 0001010000 000000000N 0000000000	
†Anaethalion		0N000 0030021010 1000002000 ?10111200N 0000012110
†Annaichthys		00000 0010?10010 1100002002 101?0?110N 00?0?????0
†Ankylophorus		0N21N N0300?0010 10120??101 ?0?????10N 00??????10
†Ascalabos			0N000 0030120010 1100102001 111111200N 0000012110
†Aspidorhynchus		00000 0020A10001 0000000011 ?0000?3010 00?0000?00
†Belonostomus		00000 0020010001 0100000011 ?0000?3011 00?0000110
†Domeykos			0N?0? ?030?20010 ???0002001 111111200N 00?0?12110
†Dorsetichthys		01000 0010010010 1000002001 111101110N 10?0012110
†Ebertichthys		0N000 0030120010 1100102001 11?111200N 0000?12110
Elops			0N100 0030121010 1000002000 010111200N 0000012110
†Eurycormus		00000 0011010010 0100002001 ?01000210N 00?0001110
†Ichthyokentema		010?0 N01001N0?0 11002?0001 101011200N 0000012110
Heterotis			1N11N 0030200010 1200001NN1 010111400N 0010012110
Hiodon			1N110 0030200010 1100001NN1 010111200N 0010012110
†Hypsocormus		00000 0120210100 00?000??10 0000?0300N 00?1?00???
†Lehmanophorus		0N22N N0300?0010 10120?2001 ?0????310N ?0?0??2???
†Leptolepis cory.	01000 0010020010 1100002001 111111210N 0000112110
Lepisosteus		NN0NN N000000000 020300B003 000000100N 00?0000101
†Lombardichthys		00000 0011010010 100C002000 ?01?0?110N 11?1001AA0
†Luisichthys		?N000 0030?200?0 1??0002001 ?1?11?200N 00?0?12110
†Lycoptera			1N?1N 0030200010 1?00001NN1 ?00111200N 0010012110
†Malingichthys		?1001 1010B?00?0 1A0?01200A ?0?????10N 11?0??????
Megalops			0N000 0030121010 1000002001 110111200N 0000012110
†Obaichthys		NN0NN N020000000 0203000003 000?0?100N 00?0000101
†Orthocormus		?0000 0120210100 0000000010 ?000??300N 00???00???
†Pachycormus		00000 0120210000 ?000000010 ?00000300N 00?1?001A?
†Parapholidophorus	0A000 0011010010 1100002001 ?0100?110N 11?00??000
†Pholidoctenus sanp.	01001 10110100?0 1101012001 ?0?????1?? 11?0?????0
†Pholidoctenus ser.	01001 1011010010 110A0A2001 ?0100?110N 11?0?01??0
†Pholidophorus lat.	0100? ?0100?00?0 1000002000 ?01????10N 11?0??????
†Pholidophoretes	01000 00100?00?0 ?10101B001 ?0??0??10N 11?0??????
†Pholidorhynchodon	01000 0011010010 1000002000 101000110N 11?100???0	
†Prohalecites		0N001 10200?0010 1100001NN0 000?0?000N 00?0001110
†Protoclupea		0N000 0030?200?0 ??0?002001 111111200N 00?0012110
†Siemensicht. mac.	001A0 0030010010 1012000100 101?00310N 00?0?12110




Taxon			   50         60         70         80         90

†Siemensicht. sie.	?01?? ??30??00?0 1000000100 10??00?10N 00?0?12110
†Tharsis dubius		0N100 0030120010 1100002001 101111200N 0000012110
†Tharsis elleri		0N100 ?030110010 1100002002 ?01?1?200N 00?2012110
†Varasichthys		0N000 0030120010 1101002001 201111200N 0000012110
†Vinctifer			00000 0020110001 01000010N1 100?1?3010 0N?0001000
†Watsonulus		0000N N0300?0000 0001011000 000000000N 00?0000000









































Taxon			       100        110        120        130   135        

	
Amia calva	     0000000010 0001N0?000 001000NN00 0200000001 010N0      
†Amia pattersoni    0000000010 000?N0?000 001000NN0? 0200000001 010N0	
†Anaethalion	     1100000000 0000003221 1011111010 1231011101 010N0	
†Annaichthys	     ??00001000 00???01000 ?????????? 001?1????0 0010?	
†Ankylophorus	     ??0?000000 00???0???? ????????0? ?0???????0 00???
†Ascalabos		     1100000000 0010103221 1111110110 1231011?01 010N1
†Aspidorhynchus	     0000010000 0A1?N02000 10A000NN00 2N?10?0?01 000N0
†Belonostomus	     0000010000 0A1?N02000 101000NN00 2N?100??01 010N0	
†Domeykos		     ??01100000 00??003221 10111100?? 11310???11 01100	
†Dorsetichthys	     ?000000100 000?N01000 0011?0NN?0 00?1011100 00100	
†Ebertichthys	     1100000000 001?103321 1111110110 1231011001 010N1
Elops		     1100A00000 0000003221 1011111011 1231011111 01120	
†Eurycormus	     0000000000 0000N01000 101110NN00 0N10110110 0?0N0
†Ichthyokentema	     ??00000010 000??0?0?0 1??000N000 00310????0 000N?	
Heterotis		     0100000001 0010?03221 101N20N012 02310110?1 0???0	
Hiodon		     1100000001 0010003221 101110N010 1231011011 01120	
†Hypsocormus	     ??00000000 000?N0000N N0A000NN0? 02???00?0? 110N0	
†Lehmanophorus	     ??00000000 00???????? ?????????? ?0???????0 00???	
†Leptolepis cory.   1100000000 0000?03110 1011110011 1221011101 01110	
Lepisosteus	     0010000000 0101N1?000 10A000NN00 0000000000 000N0	
†Lombardichthys		0000000100 000?N01000 0?1000NN00 00101?0110 0010?
†Luisichthys		??01100000 0000003221 1?1111001? 11?1??1?11 0110?
†Lycoptera			??00000001 000?00DCCA 1?1110N0?0 12310????1 01??0
†Malingichthys		??00000000 00??N????0 ?000??0N?0 ?0????1?00 ?010?
Megalops			1100000000 0000003221 1011111010 1231011111 01120
†Obaichthys		0010000000 0001N1?000 1?1000NN00 0?00000000 000N?
†Orthocormus		??00000000 000?N0000N N01000NN0? ??????0?01 110N0
†Pachycormus		0000000000 000?N0000N N01000NN0? 0????0011A 1N0N0
†Parapholidophorus	?000001000 000?N01000 001000NN00 00101?0110 0010?
†Pholidoctenus sanp.	??0000A000 100??????? ???????N00 00101??1?0 0010?
†Pholidoctenus ser.	0000000010 010?N01000 001000NN00 00101?0110 0010?
†Pholidophorus lat.	??00000100 000?N?1000 ??????N??? 001??????0 00???
†Pholidophoretes	??00000010 000?N01000 ?????????? 001??????0 00???
†Pholidorhynchodon	0000001100 000?N01000 0?1000NN00 0010110110 00100	
†Prohalecites		0000000010 00??N01000 001100NN00 0????1??00 000N0
†Protoclupea		1?01100000 00??003221 1011110011 11?10??111 01100
†Siemensicht. mac.	?000100000 000?N02000 10111????0 00310?0100 000?0





Taxon			       100        110        120        130   135


†Siemensicht. sie.	0000100000 000??????? ?????????? 00???????0 00???
†Tharsis dubius	   	1100000000 0000003221 1111110010 1231011101 010N0
†Tharsis elleri		???0000000 00??003221 1?11110?1? ?23101???1 010N1
†Varasichthys		1101100000 0000003221 1?11110011 1131011111 01100
†Vinctifer			000001000? 0110N02000 101000NN00 2N11010?01 010N0
†Watsonulus		0000000001 000?N0???? ???000NN00 0010000?00 000N?

	




































Taxon			  140        150        160        170        180        	
Amia calva		?0101 00000N0010 N0NNN00000 0011N10202 0000000010   
†Amia pattersoni	?0101 00000N0010 N0NNN00000 0011N10202 00?0000010	
†Anaethalion		10101 111ANN1110 1311100001 11A11A0102 0031112101
†Annaichthys		10000 ?????????? ?????????? ??00?01000 1020000100
†Ankylophorus		1100? ?????????? ?????????? ??00?0?000 ?020??010?
†Ascalabos			10101 1A11101010 1100000001 ?100011202 0031111101
†Aspidorhynchus		00001 N0C0010031 040001110? 0100N10000 1020000001
†Belonostomus		00101 N020010031 0400011100 0100N00111 0000000001
†Domeykos			10101 1011101010 1101000001 1111011202 002111??01
†Dorsetichthys		10000 01101000A0 1?00?00000 1100001000 1020100100
†Ebertichthys		10101 1A11101010 1?00000001 0100100202 0031?12101
Elops			10101 0110NN1110 1310110001 1111110202 0031012101
†Eurycormus		10000 0120010001 0100000000 1100101000 1020110100
†Ichthyokentema		10000 ?????????? ?????????? ??00???101 ?03???0?00
Heterotis			00101 1000002030 ?00N011101 1111110202 0001010101
Hiodon			00101 1001101020 1300?10001 1111110202 0001010101
†Hypsocormus		10?1? 0000NN2N01 00NNNNNN1N N200N00200 ?140?00111
†Lehmanophorus		11001 ?????????? ?????????? ??00?0?000 ?020??0100
†Leptolepis cory.	10101 1111101010 1100000001 0101000002 0031101101
Lepisosteus		00000 0000100000 N0NNNN0000 0000N00000 0000000000
†Lombardichthys		10000 ?????????? ?????????? ??00?01000 1020000100
†Luisichthys		10101 0110011010 131010000? 1111111202 00?1???101
†Lycoptera			00101 100110A020 120001000? 1111110202 0001000101
†Malingichthys		10000 ?????????? ?????????? ??00?01000 ?02000010?
Megalops			10101 1011NN1110 1310110001 1111110202 0031012001
†Obaichthys		00000 0??00?0000 N0NNN???00 0000N00000 0000000000
†Orthocormus		10011 0000NN2N01 00NNNNNN1N N200N00200 ?140100111
†Pachycormus		1?111 0000NN2N01 00NNNNNN1N N200N00200 ?140?00111
†Parapholidophorus	10000 00?01000?0 ?0NNN???00 0?00?01000 ?020000100
†Pholidoctenus sanp.	10000 ?????????? ?????????? ??00?01000 102000010?
†Pholidoctenus ser.	10000 00101000?0 ?0NNN???00 0?00?01000 10E0000100
†Pholidophorus lat.	1?000 ?????????? ?????????? ??00?0?000 ?020000100
†Pholidophoretes	00000 ?????????? ?????????? ??00?0??0? ?020000100
†Pholidorhynchodon	10000 ?????????? ?????????? ??00?01000 ?020000100	
†Prohalecites		10000 0110100000 NNNNN00000 0100N01000 1000000000
†Protoclupea		10101 0110?11010 130010000? 1111011202 0021?1?101
†Siemensicht. mac.	11000 0?????00?? ??000????? ?100?00000 0020?10100





Taxon			  140        150        160        170        180        

†Siemensicht. sie.	1?000 ?????????? ?????????? ??00?00000 0020010?0?
†Tharsis dubius		11101 0110101010 1101000001 0101100102 0031111101
†Tharsis elleri		10101 1011101010 1?01000001 010?101102 0031111101
†Varasichthys		10101 0?001110?0 11010??001 111111?202 0021?11101		
†Vinctifer			00101 N010102030 1400111101 0101N10?0? ?000010001
†Watsonulus		?0000 ?????????? ?????????? ?000?0?000 00?0?00?00





































Taxon			       190      198        	

Amia calva		1NNNN0N100 00000000  
†Amia pattersoni	1NNNN0N10? ?00??000	
†Anaethalion		200NNNN10? ?00??000
†Annaichthys		0NN011100? ?00??0??
†Ankylophorus		0NN210100? ?00??0??
†Ascalabos			200NNNN10? ?00??000
†Aspidorhynchus		0NN011100? ?00??000
†Belonostomus		0NN010100? ?10??000
†Domeykos			211NNNN10? ??00????
†Dorsetichthys		0NN000000? ?00??000
†Ebertichthys		2??NNNN10? ?00??000
Elops			200NNNN101 10011000
†Eurycormus		1NNNNNN10? ?00??000
†Ichthyokentema		0NN000000? ?00??000
Heterotis			200NNNN101 10011000
Hiodon			200NNNN101 10011000
†Hypsocormus		4NNNN0N?0? ?00??0??
†Lehmanophorus		0NN211100? ?00??0??
†Leptolepis cory.	200NNNN10? ?00??000
Lepisosteus		0NN0000010 00000000
†Lombardichthys		0NN011100? ?00??0??
†Luisichthys		211NNNN10? ?00??000
†Lycoptera			200NNNN10? ?00??000
†Malingichthys		0NN100000? ??0??0??
Megalops			200NNNN101 10011000
†Obaichthys		0NN010001? ?00??0??
†Orthocormus		NNNNN0N00? ?00??000
†Pachycormus		NNNNN0N?0? ?00??000
†Parapholidophorus	0NN000100? ?00??000
†Pholidoctenus sanp.	0NNA00000? ??0??0??
†Pholidoctenus ser.	0NN100A00? ?00??000
†Pholidophorus lat.	0NN000100? ?00??0??
†Pholidophoretes	0NN0001?0? ?00??0??
†Pholidorhynchodon	0NN011100? ?00??000
†Prohalecites		NNNNNNN10? ?01??000
†Protoclupea		211NNNN10? ?00??000
†Siemensicht. mac.	0NN110000? ?00??000




Taxon			       190      198

†Siemensicht. sie.	0NN000000? ?00??0??
†Tharsis dubius		200NNNN10? ?00??111
†Tharsis elleri		20?NNNN10? ?00??111
†Varasichthys		211NNNN10? ?00??000	
†Vinctifer			0NN0A0100? ?00??000
[bookmark: _GoBack]†Watsonulus		0NN000000? ?00??0??


Abbreviations—†Leptolepis cory.: †Leptolepis coryphaenoides;
†Pholidoctenus sanp.: †Pholidoctenus sanpellegrinensis;
†Pholidoctenus ser.: †Pholidoctenus serianus;
†Pholidophorus lat.: †Pholidophorus latiusculus;
†Siemensicht. mac.: †Siemensichthys macrocephalus;
†Siemensicht. sie.: †Siemensichthys siemensi.
