TREATISE ON
INVERTEBRATE PALEONTOLOGY

Part H

BRACHIOPODA
Revised

Volume 6:
Supplement

ArwyN WirLiams, C. H. C. BRUNTON, and S. J. CARLSON with

FERNANDO ALVAREZ, A. D. ANSELL, P. G. BAKER, M. G. BasseTT, R. B. BLODGETT,
A.J. Boucor, J. L. CARTER, L. R. M. Cocks, B. L. CoHeN, PauL CoPPER, G. B. CURRY,
MAGGIE CUSACK, A. S. Dacys, C. C. EMIG, A. B. GAwTHROP, REMY GOURVENNEC,

R. E. GranT, D. A. T. HArPER, L. E. HoLMER, HOU HONG-FEI, M. A. JAMES, JIN YU-GAN,
J. G. JoHnson, J. R. LAurig, StanisLav Lazarev, D. E. LEg, CARSTEN LUTER,
SARAH Mackay, D. I. MacKiNNON, M. O. MANCENIDO, MICHAL MERGL, E. E. OWEN,
L. S. Peck, L. E. Porov, P. R. RAcHEBOEUF, M. C. RHODES, J. R. RICHARDSON,
RONG J1a-Yu, MaDIs RUBEL, N. M. SAVAGE, T. N. SMIRNOVA, SUN DONG-LI,
DEREK WALTON, BRUCE WARDLAW, and A. D. WRIGHT

Prepared under Sponsorship of
The Geological Society of America, Inc.

The Paleontological Society SEPM (Society for Sedimentary Geology)
The Palacontographical Society The Palacontological Association
Raymonp C. MOORE PauL A. SELDEN
Founder Editor

JiLL HARDESTY, JANE KERNS
MicHAEL CORMACK, DENISE MAYSE
Assistant Editors and Editorial Staff

THE GEOLOGICAL SOCIETY OF AMERICA, INC.
and
THE UNIVERSITY OF KANSAS
BouULDER, COLORADO, and LAWRENCE, KANSAS
2007



© 2007 By THE GEOLOGICAL SOCIETY OF AMERICA, INC.
AND

THE UNIVERSITY OF KANSAS

ALL RIGHTS RESERVED

Library of Congress Catalogue Card Number 53-12913
ISBN 978-0-8137-3136-0

Distributed by the Geological Society of America, Inc., P.O. Box 9140, Boulder, Colorado 80301, USA,

www.geosociety.org, from which current price lists of parts in print may be obtained and to which all orders

and related correspondence should be directed. Editorial office of the Treatise: Paleontological Institute,
The University of Kansas, 1475 Jayhawk Blvd., Room 121, Lawrence, Kansas 66045-7613, USA,

www.paleo.ku.edu.
Citation information: Selden, P. A., ed. 2007. Treatise on Invertebrate Paleontology. Part H, Brachio-

poda, Revised, vol. 6. Geological Society of America & Paleontological Institute. Boulder, Colorado, &
Lawrence, Kansas. | + 906 p., 461 fig., 38 tables.

ii



The Treatise on Invertebrate Paleontology has been made possible by (1) funding
principally from the National Science Foundation of the United States in its early
stages, from The Geological Society of America through the bequest of Richard
Alexander Fullerton Penrose, Jr., and from The Kansas University Endowment
Association through the bequest of Raymond C. and Lillian B. Moore; (2)
contribution of the knowledge and labor of specialists throughout the world,
working in cooperation under sponsorship of The Geological Society of America,
the Paleontological Society, the SEPM (Society for Sedimentary Geology), the
Palacontographical Society, and the Palacontological Association; (3) acceptance
by The University of Kansas of publication without any financial gain to the
University; and (4) generous contributions by our individual and corporate
sponsors.

iii



PART H, Revised

BRACHIOPODA

VOLUME 6:
Supplement

ArwyN WiLLiams, C. H. C. BRUNTON, S. ]J. CARLSON, FERNANDO ALVAREZ, P. G. BAKER,
M. G. BasserT, A. J. Boucor, J. L. CArTER, L. R. M. Cocks, B. L. CoHen, G. B. CuRRry,
MacaIe Cusack, C. C. EmiG, REMY GOURVENNEC, D. A. T. HARPER, L. E. HoLMER, D.
E. Leg, ALAN LoGaN, CARSTEN LUTER, D. I. MacKinNnoN, M. O. MANCENIDO, MICHAL
MERGL, L. E. Porov, P. R. RACHEBOEUF, MADIS RUBEL, N. M. SAvAGE, T. N. SMIRNOVA,
SUN DONG-11, and A. D. WRIGHT

CONTENTS
INFORMATION ON T REATISE VOLUMES ..cuvvteutreeuseesresseenseesseesssesssessssesnsessseesnsesnseesssessssesssesnns X1V
EDITORIAL PREFACE (Paul A. Selden) .....c..ooivviiiiiiiiieeee e xvi
STRATIGRAPHIC DIVISIONS ..vtiiutiiiiiieiiesitt ettt ettt sttt et e site st e sabesbeesibeenseenanen XXix
COORDINATING AUTHORS” PREFACE (C. Howard C. Brunton & S. J. Carlson)........c..c..cu..... XXX
REPOSITORIES AND THEIR ABBREVIATIONS ....vvuveveeneeeseenseeseeseeneesseeseessesssessesssesseensessesnsesseens XXXV
OUTLINE OF SUPRAFAMILIAL CLASSIFICATION AND AUTHORSHIP
(Alwyn Williams, S. J. Carlson, & C. H. C. Brunton) ......cccceceeerevinenineneeneenenens XXXIX
ERRATA 1ttt ettt ettt et ettt et be et e s be e b e e be et e etsesseessebeeaseeseeasesssensesrseseessensens xlvi
SUPPLEMENTAL GENERA LIST..ecuttiiteetieeiiesiieeieeieeeteeieesveesieessveesseessaeeseesnseensesssseensesssnas xlviii
ANATOMY (Carsten LULEL) ..oeiivieeieeiie e eceeeeeeeeeeeeeee ettt eae e sareesetaeeseaseessnaessneeeennns 2321
INEEOAUCHION 1.tviittievee ettt ettt e ettt e et e et e etaeeeteeeaseeeteeetaeeseeeaveeseeeaseenssesnseenes 2321
Mantles and Body Walls.....c....coorioiminiiiniiiiiinicncnceneenrce e 2321
EXCIEtOry SYSTEIM ...cviiiiiiiiiiiiiiiiciicceetecce et 2328
Nervous and Sensory SYSTEIML.......eureirerieerieenieenieertetree ettt ettt seereseeresaenens 2330
Embryology and Development .......c.c.couvvvveuiininiercinnieiciineecinesieetneseneseesseneeenees 2339
THE BRACHIOPOD GENOME (B. L. Cohen)......cccocvvevuieiiiieieieecieceeceeeeeveeeenene 2356
INEIOAUCTION 1ttt ettt ettt ettt e st et eseesaesaeseese et aeseeseeseesessessensensensensan 2356
Structure, Composition, and Organization of the Nuclear Genome.........ccccovvvueueeennnee 2356
Structure, Composition, and Organization of the Mitochondrial Genome ................... 2357
Toward a Genealogical Classification of Brachiopoda............ccccccviiiiniiiinniins 2359
Population Dynamics Below the Species Level ..o 2370
Evolution and Development ........ccvrueirierieinieiniiinicinictnicesteertee ettt 2370
Achievements and Limitations of Molecular Systematics of Brachiopods ..........ccco...c... 2371
Gene Trees and IMmUNOTAXONOMY ..c.vviviuiriiirieiniiinteteeneeerteie et ene 2371
Acknowledgments. .....c.c.cucucuiuiiiiiiiiiiiiiccceecece e 2372
BIOCHEMISTRY AND DIVERSITY OF BRACHIOPOD SHELLS
(Maggie Cusack and Alwyn Williams)........c.cceeerriererirninericinineecineccnsrereeenees 2373
INEOAUCTION. ¢ttt ettt ettt ettt ettt ettt et eaeeete et e ereeteeteenseeasenseetseseessereens 2373
Organophosphatic Shell Chemistry.........ccovieeiiiniiiicinnicececcecceee 2373
Shell Chemistry of Craniids.........cccccevrieueirinieeinirinieeceee e 2383
Organocarbonate Rhynchonelliform Shell Chemistry ........ccccccovieiiininiciiininccinen 2388
CONCIUSIONS ...ttt etee ettt et ee et e e et e et e eeaeeeeeeeteeeaseeeteeesseeseseaeeenseeenseenseeeneeanes 2393
AcknOwledgments........c.cuiiiiiiiiiiiicicc s 2395



CHEMICOSTRUCTURAL DIVERSITY OF THE BRACHIOPOD SHELL

(Alwyn Williams and Maggie Cusack...........ccccovviiiiininiiiiiniccnccceeeeceene 2396
INErOUCHION L.t 2396
Juvenile Shell of Brachiopods.........cccvveiriiineininininiccccc e 2397
Mature Shell of Brachiopods........cccoceieieriiiniiiniiinicinicncnctrccecee e 2425
Organophosphatic Shell...........ccccooiiiiiiie 2426
Evolution of the Mature Organophosphatic Shell ..........ccccoooiiiiiiiiniiiiicae. 2470
Organocarbonate, Tabular Laminar Shell.........cccocoviioinniiinniiincccccen 2474
Chemicostructure of the Novocrania Shell.........cccooeicinniiinniiinncnccnen 2474
Shell Structure of Fossil Craniids.........c.ceceririereiirininieriininieeiineeccreenecseeeveeneenene 2485
Recrystallization and Degradation of Fossil Craniids..........cccceeuvvevererininiereccnnniccrnnnen 2489
Organocarbonate Fibrous Shell............ccccooiiiiiiiccccccceee 2494
Chemicostructure of Living Rhynchonellate Shells ...........ccccoooniiiiniiie 2495
Chemicostructural Diversity of Early Rhynchonelliform Shells.............cccccooniinni 2504
CONCIUSIONS vttt ettt ettt 2518
AcknOowledgments..........c.ciiiiiiiiiiiiic s 2521

STABLE OXYGEN AND CARBON ISOTOPES IN EXTANT BRACHIOPOD SHELLS:
KEYS TO DECIPHERING ANCIENT OCEAN ENVIRONMENTS

(David Parkinson and Maggie Cusack)..........ccocveuiueuiuiuiiiiiiiiiccnccccceeeenens 2522
Back@round ....c.covvvieueiiniieiciiricc et 2522
Brachiopod Isotope Research .........cccouvveueinnieieiinininieiicninieiecineeccieecceseeeecenenene 2523
The Equilibrium Debate......c.covvvieviininiiiiiiiccinnccieecceeceece e 2524
Implications for Use in Paleoenvironmental Investigations..........c.cccevvvvvevecriruerccrnnnnen 2529
AcKNOWIEdGMENTS ...ttt 2531

SYSTEMATIC DESCRIPTIONS: BRACHIOPODA: UPDATES TO VOLUMES 25 ..ceoeevvvieeeeeeirreeeeennns 2532
LINGULIFORMEA (L. E. Holmer and L. E. POPov) ....cccoueireireinieinieninienieienieieneenens 2532
Subphylum LINGULIFORMEA .......ooeeccceeeeeeccersesssceeessseeeesessseceeesssssesssssseeeeesse 2532
Class LINGULATA ....oooviiieee ettt ettt ettt eevseaeeeteeaeeeasaneeeaseneesasenseanean 2532
Order LINGULIDA ....ooiieieeeeeie ettt et e et e enae e saaessaeessnnaeas 2532
Superfamily LINGULOIDEA .......cciiiiiniinieinictncncencenteeeteeeveseeve e 2533
Family LINGULIDAE .....ccccviiiiiiiiieieeeietnieeseeseeeee e e 2533

Family PSEUDOLINGULIDAE ......cccceciniiiniiinieineineineeeeeeeeeere e 2533

Family OBOLIDAE ......cccceciriniiieiiininieiciinieetcttereieeceseeieveesesneseeesnesesesenens 2536

Family ZHANATELLIDAE .....c.cccciiiniiiiininieiciinecctneeeeneeneveieesseneveenees 2547

Family PATERULIDAE ......ccovtiiiiriiieiieeieesiesie et 2549
Superfamily DISCINOIDEA .......ccocoiiiiiiiiiiininectneeceeeeee e 2552
Family DISCINIDAE .......ccccoiiiiiiiriiieiieteesie ettt 2552

Family TREMATIDARE ....ccocoiiiiiiiriieieteereee e 2556

Family Uncertain . ..co.eeveeirieinieiniiieiiece ettt 2556
Superfamily ACROTHELOIDEA ......ccccoiiiimiiniincinicinceneeeieeeieneveseee e 2556
Family BOTSFORDIIDARE .....ccooioiiiiiiieiniciniencencniceeeeeee e 2556
Superfamily and Family Uncertain ......c.ccccoevenevineinecncincnenccenecneenenens 2559
ACROTRETIDA (L. E. Holmer and L. E. POPOV)....cceiririnniniineinccnccnccncceenenne 2560
Order ACROTRETIDA ....oviiiiiteeeeeteeeeeteeeeete ettt ettt eeve et eeve e easeveens 2560
Superfamily ACROTRETOIDEA .......c.ccootmrieiiinnieieiinieeicenereieeseneeveieeneenenenes 2560
Family ACROTRETIDAE .....ccccceciririiiiiiniieiciinieicctneeeeeseeneneeeeseneneaeees 2560

Family TORYNELASMATIDAE ....cooiiiiiiieirieinieeeeeeetee e 2568

Family EPHIPPELASMATIDAE ....cooeiiiiirieinieinieceieeeee e 2568



Family BIERNATIDAE.......ccootiiiiriiieiieee ettt 2568

Family CERATRETIDAE .....ociiiiiirieieterisieieceieiee et 2568
SIPHONOTRETIDA (L. E. Holmer, L. E. Popov, and M. G. Bassett)....c.ccccoeeruereruenne 2575
Order SIPHONOTRETIDA......couiiiiotieeeeteeeeeteeeteete ettt eeve et ensereens 2575
Superfamily SIPHONOTRETOIDEA ....cc.ccoviiiniiiniiinicincinceceeeneeeneeeneiens 2576
Family SIPHONOTRETIDAE .....cccveuiirininieiiininieieciniieieenesieieiesesiereieneens 2576
PATERINATA (L. E. Holmer and L. E. POPOV) ...ccvevveuinieiniiinieinicinicincieeneeieneieneenens 2578
Class PATERINATA ...ovioiioe ettt ettt ettt eve ettt et eae et easeneeeaeeveeneen 2578
Order PATERINIDA .....ooviiiieteetece ettt ettt eve et ee e eeveeteeaeereeveeaseveens 2578
Superfamily PATERINOIDEA........ccoeiiinieiinineeetenereceseereeeseseeeeseneenenenes 2578
Family PATERINIDAE .....c.coviitiiiiiriiieieieeeeeese et 2578
INCERTAE SEDIS: ORGANOPHOSPHATIC BIVALVED
STEM-GROUP BRACHIOPODS (L. E. Holmer and L. E. Popov) ........ccccceuuueeeee. 2580
INEEOAUCHION 1.eviiettietie ettt ettt et e et e et e e e eeteeeaeeeeaeeereeeeseseneeeeseeenreensseenneanes 2580
MICKWITZIIDS oottt ettt ettt ea e eteenaeeatenasensesteeneenaean 2581
CRANIATA (L. E. Popov, M. G. Bassett, and L. E. Holmer) ...ccccccovevininncniincinnene 2590
Subphylum CRANTIFORMEA ......ccoiiiiiiiiiieiiiinieietnneiei et 2590
Class CRANTIATA ...ttt ettt ettt e e eae e ete e e ae e tseeaseeteeeaseereeas 2590
CRANIOPSIDA (L. E. Popov and L. E. Holmer) .....cccoccinieinecineinicincnicenccnecnenens 2591
Order CRANIODPSIDA ..ottt ettt et ere et et eeeeeaeeeaeeteeaeeteeereerseveens 2591
CRANIIDA (M. G. BASSELL) uvveeiurieeereeeiieeeeeeeeeeieeeeeeseeeeeteeeeeeeeeeeaeesenseeesesseseeseesenneeeens 2591
Order CRANIIDA ....oooviteeee ettt ettt ettt et ete et e eae et e eteebeete e reeasereens 2591
Superfamily CRANIOIDEA.......c.ccooviiiiiiiiieiinneetesee e 2591
Family CRANIIDAE ......ccoiiiriiiriiiriieee e 2591
TRIMERELLIDA (L. E. Popov and L. E. Holmer) .....c.cccccceviniiiiiiiiiinicieees 2592
Order TRIMERELLIDA .....ooviiiieeetee ettt ettt eeveeeaeeeneeennes 2592
Superfamily TRIMERELLOIDEA ......cccccoiiiiniiniiincincinicenceseeeieeeveseeeneeiene 2592
Family TRIMERELLIDARE .......cccoeotriiiiiiiininieieininieieie ittt 2592
CHILEATA (L. E. Popov and L. E. Holmer) ..c.coecveiniineiniiincincincecnecnecneene 2595
Subphylum RHYNCHONELLIFORMEA .....c.cccoviiiininiiininieeeinieceseeeeeeiene 2595
Class CHILEATA ...ttt ettt ettt ettt et aeeeae e s ae e etaeeaseevaeenseereeas 2595
Class OBOLELLATA ...c.uoiitiieeete ettt ettt et ve e ete e s v e evaeeaeeveeenneenee s 2595
Order NAUKATIDA ...oootiiteeeeeee ettt ettt et eeaeeteeaeereeveerseveens 2595
Superfamily NAUKATOIDEA .......cccoeeiirieeinineetenereieeseereeieseseeve e 2595
Family PELMANELLIDAE .....ccooiiiiiiiiieiieiee e 2595
KUTORGINATA (L. E. Popov and Alwyn Williams) .........cccccevveerinnneicininnecinnen 2596
Class KUTORGINATA ...ttt ete et eee ettt e eaeeeteeeaeeeaseeneeeeseeenaeenneean 2596
Order KUTORGINIDA ....ooiootiiiiieeteeeee ettt ettt et eeveseveeeneeennes 2596
Superfamily and Family UNCERTAIN .........cccccoiiiiiiiiiiiiiiicccceccee 2596
STROPHOMENIDA (L. R. M. Cocks and Rong Jia-Yu) ....ccccoovviiuciiiinniiiiiiiciee 2598
Class STROPHOMENATA .....ooovioieitieteeteeeeete ettt ettt eeve e eas e eas e eaeenaeanean 2598
Order STROPHOMENIDA .....coviiiiitietecteeeeeteeete ettt ettt ere e eae v ens 2598
Superfamily STROPHOMENOIDEA ......ccccoeoimmiieininieieiiinirenceneneeieieseneeienenes 2598
Family STROPHOMENIDAE ....ccccoiiiiininieiiininieiccinecenesencscesreneveenens 2598
Family RAFINESQUINIDAE ......cccoviiiiinieiiininieeeinnecenesnereseesneneneenees 2604

vi



Family GLYPTOMENIDAE ...c.coeiiiiiiiiieiietienieeeieeeee e 2610

Family AMPHISTROPHIIDARE .......ocootoiiiiiiiiiiiececcceeeceeee e 2613
Family DOUVILLINIDAE ..ottt 2613
Family LEPTOSTROPHIIDAE .......ocooioiiiiiiiiiiiececcceeeceeieeeeeeeeeeeee 2614
Superfamily PLECTAMBONITOIDEA ....c.ccocoiniiiniiniiincinceneeeeneeieneeenenens 2620
Family PLECTAMBONITIDAE .......cocooiiiiiiiiiiiiecccceeececeeeeeeeeees 2620
Family TAFFIIDAE ....cccoeiiririieiiininieicictnniet ettt ettt 2620
Family BIMURIIDAE ........cccocomiiiinniieieininieictnineieectneeieieesesneseseessenesenenens 2622
Family LEPTELLINIDARE .....ccccececiiiniiiiininieicinineicectneereesesnereseesseneveeenens 2622
Family LEPTESTIIDAE ....c.cccoviiiiiririieiinnieictinieieictneeevetseeneseseesseneneeeees 2624
Family XENAMBONITIDAE .....ccccoiiiiniieiiiirieccineetneeneneieesneneneeens 2624
Family HESPEROMENIDAE ......ccocooiiiiiiiiiiiieccreeeneeeveeeee e 2624
Family SOWERBYELLIDAE ......cocootitiiiiiiiiicccteccecc e 2627
CHONETIDINA (P. R. Racheboeuf).....c..coouiiiuiiiiiiciiieeeeece e 2628
INTEOAUCTION 1.ttt sttt sttt 2628
Order PRODUCTIDA ...ttt 2628
Suborder CHONETIDINA L...c.ooiiiriiiniincineinctecetetet ettt 2628
Superfamily CHONETOIDEA.......c.c.cccoiiniiniircincncencenteeeteeeveneveseee e 2628
Family STROPHOCHONETIDAE ......cccoooiieiiininieiciininiceininieieicneneereneeens 2628
Family CHONOSTROPHIIDAE .......ccccovmieiiininieieiininieieinenerercneneereveenens 2630
Family ANOPLIIDAE ........cocooiiiiiiiiiiiiecccrecce e 2630
Family RUGOSOCHONETIDAE ......cccoooviiiiiininieiininecinineieieenreneneenees 2634
PRODUCTIDINA (C. H. C. BIURTON) ...c.eeveueveiiirieieieirineeretreseerereerereeeseseeeveeseenene 2639
Suborder PRODUCTIDINA ......ciiiiiiiiiiiiniecirieeeteeteeeeeeee e 2639
Superfamily PRODUCTOIDEA.........ccccooiiiiiiiiicieceeeeceeree e 2639
Family PRODUCTELLIDAE ......ccccoiiiiiiiiiiiiiciinccercceeeeeeeene 2639
Family PRODUCTIDAE ......ccootiiiiiiiittttcc sttt 2644
Superfamily ECHINOCONCHOIDEA .......ccccooiiiiiiiiiiiceiirceeerneeeeene 2650
Family ECHINOCONCHIDAE .......ococooiiiiiiiiiiiecceeceeceeeeeeeeeeeeene 2650
Superfamily LINOPRODUCTOIDEA ......ccoocoiniiiniiniiincineincecnecneeenenens 2652
Family LINOPRODUCTIDARE .....cccoceeiriminieiiininieieeininieieeneniereseneseeneveenens 2652
Family MONTICULIFERIDARE .......cccecermneiiinineiecinenieicenenereieneneeneveenens 2655
Suborder STROPHALOSIIDINA .....cociiiiiiiiiiiiiiiececcceeeecciececececeee 2663
Superfamily STROPHALOSIOIDEA .......cccociiimniieinneieiireeecreneeeeeneneneaes 2663
Family STROPHALOSIIDAE ......ccooviiiiiiinieiiiirieiectreeeereee e 2663
Family CHONOPECTIDAE .......cccooviiiiiiiieiiiirieccreeereeeeeeeeeieeens 2667
Family ARAKSALOSIIDARE .....ccooiiiiiiiiiit ettt 2669
Superfamily AULOSTEGOIDEA .......cccociiiiiiiiiiiciiiecececceeeeeeees 2669
Family AULOSTEGIDARE ......ccooioiiiiiiiiiietcc ettt 2669
Family TSCHERNYSCHEWIIDAE ......ccocooiiiiiiiiiicccteeceeeeceeeeeeene 2672
Order ORTHOTETIDA ..ottt ettt 2674
Superfamily ORTHOTETOIDEA.......ccccoiiniinieincinicincinceeceeieneeieneee s 2674
Family SCHUCHERTELLIDAE ......cccccoomiiiiiininieieeininieieeneseicieneneeneneenens 2674
ORTHOTETIDA (D. A. T. HaIPer) .oeeeeveeveenieineiinieenietnietereesteeereseeseseeseseeneseenens 2678
Order ORTHOTETIDA ..ottt 2678

vii



Suborder ORTHOTETIDINA.....c.coitiiiiirieirieirieieieeteet et 2678

Superfamily CHILIDIOPSOIDEA .....ccoccoiiiiniinieircineceneneeseeeieseeveseeeneaene 2678
Family EOCRAMATIIDAE ....ccooioiiiiiiieinieinieenietsesieeet e 2678
TRIPLESIOIDEA (A. D. WIgHU) ..o 2678
Suborder TRIPLESIIDINA L....ccociiiiiiiiiiiiiiciinccc s 2678
Superfamily TRIPLESIOIDEA .....ccccioiiiriinieinicinctricentcenteeetceeveseeie e 2678
Family TRIPLESIIDAE .......ccovioiiiiiiieieineentetnieeneeeieeeiee e 2678
CLITAMBONITIDINA (Madis RUDBE€) ...ooviuiiiiiiiiiceeeceeeee e 2680
Suborder CLITAMBONITIDINA ......ccooiiiiiiiiiiiicieecccccccccceeeceeeees 2680
SuperfamilyCLITAMBONITOIDEA ......ccoeiiinnieieiinecieereeceneeeeieeneeneneees 2680
Family ARCTOHEDRIDARE ......cccoiiiiiiieiietieie e 2680
Superfamily POLYTOECHIOIDEA ......ccocoiiiiiieiiieeiirnecceeeeeseeeneaes 2681
Family POLYTOECHIIDAE ......ccooiiiiiiiinieirieteeeee e 2681
PROTORTHIDA (D. A. T. Harper) co.coeeveeenenieieieieieieeeeeeeeeeseeeese e 2682
Class RHYNCHONELLATA ...oooiitiiiiiriteeteeeeeteesiet et 2682
Order PROTORTHIDA ..ottt 2682
Superfamily PROTORTHOIDEA ......ccccoiiimiincincincinicineeeiceeieneeveseee s 2682
Family PROTORTHIDAE ..ot 2682
ORTHIDA (D. A. T HaIPer) wocevvveeirieiiieieienieienieenteieneet et steeesteteteeereseeseseeseseeseseenens 2684
Order ORTHIDA ..ottt 2684
Suborder ORTHIDINA ....ccooiniiiiiininieiiiireiectreeeeresetes ettt nesenes 2684
Superfamily ORTHOIDEA ......c.cccooviiiiiiiniieiinniecineeieeseereee e 2684
Family ORTHIDAE .......cocooiiiiiiiiiiiiiiccccccc e 2684

Family ARCHAEORTHIDAE ......ccoiiiiiiiiieieeseeeeee e 2684

Family GLYPTORTHIDAE ....ccooiiiiiiiiieiieeietrie e 2690

Family HESPERONOMIIDAE ......ccooiiiiiiiieiieiniceneeeeee e 2690

Family HESPERORTHIDAE ....c.ccooiiiiiiiiiiiiinicnceeceeee e 2690

Family PLAESIOMYIIDAE ....ccoocioiiiiiiiiineeniencieneeeteeee e 2690
Superfamily PLECTORTHOIDEA ......cooiiiiiiniiinicinicincincenceeieneeicneeeneeiens 2690
Family PLECTORTHIDAE ....ccocceoiiiiiiieinieneneneeceeeeeee e 2690

Family EOORTHIDAE ......ccooioiiiiiiieiicicietnieneeeeeee e 2691

Family GIRALDIELLIDAE ....ccooioiiiiiieieeieencereeneeeeee e 2691

Family PLATYSTROPHIIDAE ....ccoccooieiiiiiiinieincnceeeeeeee e 2692
Suborder DALMANELLIDINA ....ocooiiiiiiiiiiiiiccccecccccecccceeeceeees 2692
Superfamily DALMANELLOIDEA .....c.ccoiiiiininieieiineecerereceneeeeiesesneneneaes 2692
Family DALMANELLIDAE ...c.oouiiiiiiiiieiieeiee e 2692

Family HARKNESSELLIDAE .....ccooiiiiiiiirieinienierieeieeeee e 2692

Family HETERORTHIDAE ......ccoiiiiiiiieiieiieeeeeeeee e 2692

Family PAURORTHIDAE .......ccooiiiiiiiieiieeeeneesieieteeee e 2693
Superfamily ENTELETOIDEA .oooeeooooeeeeoeceersessesseerssesessseeeeesessesseeesessessse 2693
Family DRABOVIIDAE......c.cocceoiiiiiieiicinetrieenictscesieeeeeee e 2693

Family LINOPORELLIDAE ......ccccviiiiiiiinieinieinieneneeieeeeee e 2697

Family SCHIZOPHORIIDAE .....ccoccooiiiiiiiniiinieincncneeceeeeeneeeneene 2697
PENTAMERIDA (S. J. CarlSOn)...c.cccvecuereerierieienieeieeieieeeeesieeeeesseeeessesaessesssessesssessens 2699
Order PENTAMERIDA .....ooiiiiiiiiiiiccctcccce e 2699
Suborder SYNTROPHIIDINA ......ccooooiiiiiiiiiiiicccceeccec e 2699
Superfamily PORAMBONITOIDEA .....cccoocoiciniieiinieeceneeeneneeeeeeeeeneees 2699

viii



Family HUENELLIDAE ....c.ooooiiiiiiiiiieteeieeeieee e 2699

Family CLARKELLIDAE .....coooiiiiiiieieieeeeeeeieeee e 2699
Superfamily CAMERELLOIDEA ....occcccooeeeeeseeeeessescessssseesseseesssscessssreessssee 2700
Family PARASTROPHINIDAE ......cooiiiiiinieinieincincnceceesee e 2700
RHYNCHONELLIDA (part) (N. M. Savage) .......cccccveiririiiininiieiiinicccisseecens 2703
Order RHYNCHONELLIDA .....coiiiiniiiniiincincieeeeeteieeeeseetsee e 2703
Superfamily RHYNCHOTREMATOIDEA ......cccoeeinnieieiiinnecenneccneneienenes 2703
Family TRIGONIRHYNCHIIDAE ......c.ccccocveiirinimiiinieeinineicieneneereneenens 2703
Superfamily UNCINULOIDEA ........ccccooimiiiinnieieinineeeenereeeseseeneieseneeneneaes 2707
Family HEBETOECHIIDARE .......ccoooviiiiiiniieiiininiecctneeceneeneieceseeneienees 2707
Family INNAECHIIDAE.......ccccooiiiiriieiieeese et 2707
Family HYPOTHYRIDINIDARE .....cooiiiiiiiieinieiniereeeeeee e 2707
Superfamily CAMAROTOECHIOIDEA ......ccccooviiiiiiiiinecccreceeeenee 2709
Family LEIORHYNCHIDAE ......ccooiiiiiiiiieinieneeneeeee e 2709
Superfamily PUGNACOIDEA ..ot 2712
Family ROZMANARIIDAE ......oooiiiiiiiieinicnenieneeeeteeee e 2712
Family ASEPTIRHYNCHIIDAE ......ccooiiiiiniiiniiincincinceceecee e 2714
Family YUNNANELLIDAE ...c.cocioiiiiiiieiieinencncececeeeee e 2716
STENOSCISMATOIDEA (S. J. Carlson) ....ccccecveriecienieiieieieeierie et sve e eve e 2717
Superfamily STENOSCISMATOIDEA ......cccvotmmeieiirnieieiitnneceneneeieieseneeneneaes 2717
Family PSILOCAMARIDAE .......c.cccoviiirnieicinneecinneetnesereeesseseseenens 2717
Family STENOSCISMATIDARE .....cccceceiiiniiieiiininiereeineienetnesnenesenesseneneenens 2717
DIMERELLOIDEA (N. M. SaVage) ......ccoeuirieuinieiineiinecineiseeeeeeeteiee et seenens 2720
Superfamily DIMERELLOIDEA .......ccccociniiiiiiiniieiinceceeecceeee e 2720
Family PEREGRINELLIDAE .......ccooiiiiiiiiieeieiecieeee e 2720
Superfamily WELLERELLOIDEA ....cccccooeeeeesecerrssecersssceesseseessescessssseessssee 2720
Family WELLERELLIDAE .....ccooiiiiiiiirieinieinieenenesiceteeee e 2720
SYNONYMS ...ttt sttt s st 2723
NOMINA DUBIA ...ttt sttt s 2724
POST-PALEOZOIC RHYNCHONELLIDA
(M. O. Mancefido, E. E Owen, and D.-L. SUN) ..ccvviiiiiiiieieeceec e 2727
Superfamily PUGNACOIDEA .....cccociiiiniiiiinneicinneeicenereiceeseseereieseneenenenes 2730
Family BASILIOLIDAE .....ccooiioiiiiiiieieeeeetieenieenieeeeee e 2730
Family ERYMNARIIDAE ......ccoceiciiiniiiiiinineiciineectneeiereeseeneneseesseneneennens 2730
Superfamily WELLERELLOIDEA .......ccccooiiiiiinnieieiineeceneeceeeeeveeseeeneaes 2730
Family PONTISIIDAE ....cocoiiiiiiiiriiieeieee ettt 2730
Superfamily RHYNCHONELLOIDEA .......cccccooiiiiiiiiiiiieccreeceeenes 2732
Family RHYNCHONELLIDAE .....ccoiiiiiiiiinieinecneeeeseeee e 2732
Superfamily NORELLOIDEA .......ccccoiiiiiiiiiniiiiceecceee s 2734
Family NORELLIDAE ........ccovtiiiiiiiieiictneenieene et 2734
Family FRIELEIIDAE ....c.cocoiiiiiiiniieiceeeenic et 2735
Superfamily HEMITHIRIDOIDEA .....ccccciiniiiniiiniincincinceeeecneeneeeneaens 2736
Family CYCLOTHYRIDIDAE ....ccoccooieiiiiniiinieineincnceeeeeneeceneeeneene 2736
Family TETRARHYNCHIIDAE ......c.ccccooviieiiinineccinecinneicicneseneicenens 2736
ATHYRIDIDA (Fernando AIVAIEZ) ........cooovueeeuiiiiiecieeeie et eree et eaee e eevee e eenee s 2742
Order ATHYRIDIDA. .....oooiiiiiiiiiiiiccctcee e 2742
Suborder ATHYRIDIDINA L...cociiiiiriiiiiiiirieieetrneieeeeeteieeseereee s 2742



Superfamily ATHYRIDOIDEA .......ovvvoooooeioosoeooeeeeeeeooesessseeeeeeeeeeeosess oo 2742

Family ATHYRIDIDAE ......ccoviiiiiriiiieeerte et 2742
Superfamily MERISTELLOIDEA ......ccccceeeeeesseceersescessseceesseseessesresssseessssee 2760
Family MERISTIDAE .....cocoiiiiiiiiiieiceceieenc et 2760
Family UNCERTAIN .....ccoocotiiiiiiiiieie ettt e 2762
Superfamily RETZIELLOIDEA ....cc.cccoiiniiiniiinieincinicencenteeereeereseeieseeeneenens 2768
Family RETZIELLIDAE ....ccooeoiiiiiiiiicineenietneeneeeeeeee e 2768
Suborder RETZIIDINA ....ocoiiiiiiiiiiiiicctccccce e 2769
Superfamily RETZIOIDEA ......ccccoviiieioinirieiiininieeieneieiceseereeeeseseeeieseneeneneaes 2769
Family NEORETZIIDAE ......ccooceiiiiriiiiiininieciineiecineeievetseeneseseesseneveeenens 2769
SPIRIFERIDA AND SPIRIFERINIDA (Rémy Gourvennec and J. L. Carter)................ 2772
Order SPIRIFERIDA ......ooiitiiiiiiieiiniei ettt 2772
Suborder SPIRIFERIDINA ....c.coiiiiiiiiieirieirieireiete ettt 2772
Superfamily ADOLFIOIDEA ....ooccoovoeoeerseseessecerssseesessseesseseessssessssseessssee 2772
Family ADOLFIIDAE ......cocoimiiiiiiiieie ettt 2772
Superfamily CYRTOSPIRIFEROIDEA .....cccocoiniiiiiiniiinicincinceeeneeicneeeneeaens 2772
Family CYRTOSPIRIFERIDAE ......cccceoiniiiniiinieincincincieceece e 2772
Family CONISPIRIFERIDAE .....ccoccioiiiiiiinieinicinicincnceceeee e 2774
Superfamily AMBOCOELIOIDEA .....c.cccoveiiinnieieirineieeenireeiccseneeieieseneenenenes 2775
Family AMBOCOELIIDAE ....c.c.ccoiviiiiieieineinctneneeeeeeeee e 2775
Superfamily MARTINIOIDEA .....ccccocciiiimiieiininieicineeicenereeeseseeeieseneenenenes 2776
Family ELYTHYNIDAE .....ccooiiiiiriniieiininieceinrerectneeereeseeneseseesneneseeeens 2776
Family MARTINIIDAE .....cccooiiiiiiiiiciinineciieeeeeseeeieeseeneseeeene e 2776
Family INGELARELLIDAE ...c.ooeoiiiiiiieiieeieeie e 2778
Superfamily SPIRIFEROIDEA .......coccciiiiiiiiiiiicicceeeecceee s 2779
Family SPIRIFERIDAE .......ccootiiiiiiiiiiieeeeienie et 2781
Family CHORISTITIDAE ......ccoviiiiiiinieiriceieereeresieeete e 2781
Family TRIGONOTRETIDAE ......ccooiiiiiiiiiinieincncnceceeeeseeeeveee 2781
Family SPIRIFERELLIDAE ....ccoccioiiiiiiiieinieinieinicnenieeeee e 2785
Superfamily PAECKELMANNELLOIDEA ....c.ccccciniiiniiniineeneeeneeeneeenenens 2786
Family STROPHOPLEURIDAE ......cccoiiiiiniiinieincincinceeeeeeee e 2786
Superfamily BRACHYTHYRIDOIDEA .......ccccvvieieininieieiiinneecneneeeieneneeienenes 2789
Family BRACHYTHYRIDIDAE ......cococooiiiiiiiiiiiccccceccccceeceeeee 2789
Suborder DELTHYRIDINA ......ccooiiiiiiiiiiiiiiccccccceee e 2789
Superfamily DELTHYRIDOIDEA ......ccccoviiiiiininieicineeiceneeceeee e 2789
Family HYSTEROLITIDAE ...c.oouiiiiiiiiieieeieeie e 2789
Family ACROSPIRIFERIDAE .....ccccooiiiiiiiieinieinieeeeeeee e 2791
Family CYRTINOPSIDAE .....ccoiiiiiiiiiiieieeieenesesieeetee e 2791
Superfamily RETICULARIOIDEA ......ccccooiiiiiiiiiiiiiiccccccceeeeeeeees 2791
Family RETICULARIIDAE ....ccoocioiiiiiiiiiinienieinieenieeieeeeteieee e 2791
Order SPIRIFERINIDA ....cuioiiiiiiiirieiriciricincstctetet ettt 2792
Suborder CYRTINIDINA .....cooiiiiiiiiiiiiciiie s 2792
Superfamily CYRTINOIDEA ......c.cccouviiiiimieiiinnieiecrenieieicesereieieseseeies e 2792
Family CYRTINIDARE ........cocooiiiiiiiiiiii et 2792
Suborder SPIRIFERINIDINA ......ocooioiiiiiiiiiiiicceecceciec e 2792
Superfamily SYRINGOTHYRIDOIDEA .....ccccoviiieininieiiinieceneneeeeneenenenes 2792



Family SYRINGOTHYRIDIDAE .....ccoccoriiiniiinieinieinenieeeeeseeeseeieee 2792

Family LICHAREWIIDAE ....ccocooiiiiiiiiiiecccc et 2796
Superfamily PENNOSPIRIFERINOIDEA ........coconiiiiiiiiiiieeeeeceeeeeeene 2796
Family SPIROPUNCTIFERIDAE .......ccocioiiiiiiiiiiiceccteeeceeieeeeeeeeeeeee 2796
THECIDEIDA (P. G. BaKEL) c..euiiiiiiie sttt 2797
Order THECIDEIDA ..ottt 2797
Superfamily THECIDEOIDEA .....coccccioiniiieiiinnieieinneieiceneeieieseseeieeseneenenenes 2797
Family THECIDELLINIDAE ......ccocoiiiiiiiiiiiiiiicccccccecceceneeeeeeee 2797

Family THECIDEIDAE .......ccooiiiiiiiiiiiiiccctcccecee e 2797
TEREBRATULIDINA (D. E. Lee, D. 1. MacKinnon, and T. N. Smirnova)................... 2801
Order TEREBRATULIDA ....ooiiiiiiiiiiiiitceecccecc e 2801
Suborder TEREBRATULIDINA ......coctiiiiiiiitiiteit et 2801
Superfamily DIELASMATOIDEA ......ccooiviiiiiiiiiiietttccecteeee e 2801
Family DIELASMATIDAE ..ottt 2801

Family BEECHERIIDARE .......cocooiiiiiiiiitccccttceeccee e 2801

Family UNCERTAIN......ccoctitiiiiiiiiittet et 2801
Superfamily TEREBRATULOIDEA .....cccociiniiniiinicincincinceeeeieneeieneeeneiens 2803
Family UNCERTAIN.......cociiiiiiiiiiiicte et 2803
Superfamily LOBOIDOTHYRIDOIDEA ......ccooveieininiiieiiininieiccnnieieicreneenenenes 2805
Family UNCERTAIN.......cociiiiiiiiiiiic e 2805
Superfamily DYSCOLIOIDEA ......cococooiiiiiiiiiiiiiciccceccccececcceeceeeeeee 2805
Family UNCERTAIN.......cocooiiiiiiiiiiiiiecccccceccce e 2805
Superfamily UNCERTAIN ......c.cccciiiniiiiiiiiecinineeteseteeeseese e 2805
Family ORTHOTOMIDAE .....cocooiiiiiiiiiiiittt ettt 2805
Superfamily UNCERTAIN ........cccoiiiiiiiiiiiiiiiieceeeeeeeees e 2807
Family UNCERTAIN......ccoctititiiiiititt ettt ettt 2807
Suborder TEREBRATELLIDINA .....cocooiiiiiiiiiiietieeceeieceeeeeeeiesee e 2808
Superfamily ZEILLERIOIDEA ......ccociiiiiriiinieinicinctnicesicenteeeteeeiese e 2808
Family ZEILLERIIDARE ......ocooiiiiiiiiiiiec e 2808
Superfamily KINGENOIDEA ......ccccoiiiniinieiieincncnceneeeceeeseeieseeeneenens 2810
Family UNCERTAIN.......cocoiiiiiiiiiicccce et 2810
Superfamily TEREBRATELLOIDEA .....ccocoeuiinnieieininieiciienineiccneneeieieseneenenenes 2810
Family TEREBRATELLIDAE .....c.ccoviiirinineicininieiccneeeiceneneneseesneneveenees 2810

Family DALLINIDAE .......ccociiiiiiiiiiiiicccccccccceece e 2810
Superfamily UNCERTAIN ......c.cccciriniiieiiiniieinineetesree e 2810
Family UNCERTAIN......ccootrtiriiiiiitetttt ettt ettt 2810
UNCERTAIN (AL J. BOUCOL) cutttitieiiiiiiieeieeieeete ettt eiveeeteesveeveessveesaeesaseessaessnaenns 2817
Order and Superfamily UNCERTAIN........cccooiiiiiiiiiiciicceeeceeeees 2817
Family UNCERTAIN......ccoctittiiiiittttt ettt 2817
UNCERTAIN (N. M. Savage) ......ccccuriiiiiiiiiniiiciiiinicieii e 2820
Order UNCERTAIN .....ooiiiiiiiiiiiici s 2820
Family CARDIARINIDARE .......ococociiiiiiiiiiicccttcceccceneecee e 2820
UNCERTAIN (D. A. T Harper) ..ceeeceneinieineinicineeeieeeeeeteseeieseeeseeessessseeesenenes 2820
Order UNCERTAIN ..o 2820
Superfamily UNCERTAIN .......ccccirmiiieiiininieieininieetenereieeseereseeeseseeseseseseenenenes 2820
Family TROPIDOLEPTIDAE .....ccccoviiiiiieiiinnieecineeieeeneeneieeeseeneiennees 2820

xi



AFFINITIES OF BRACHIOPODS AND TRENDS IN THEIR EVOLUTION

(Alwyn Williams and S. J. Carlson) ...c..cccoeereineinieinieircineeece e 2822
INTEOAUCTION 1ottt ettt sttt e 2822
Brachiopod AffINITES ...cvevereeverieiinieiire et 2823
Monophyly and Intraphylum Groupings of the Brachiopoda .........cccccooviiiiiiiiiiins 2830
Trends in Brachiopod Evolution .........c.ccoveoinioiniiiniiniiiciccncncesccees 2833

RECENT RESEARCH ON BRACHIOPOD EVOLUTION (S. J. Carlson) ............... 2878
INTEOAUCHION 1ottt st 2878
Relationship of Phoronids and Brachiopods..........ccccecnrieeinniecnnnecnineccnen 2880
Relationship of Craniiformea to Other Brachiopods ..........cccccovieirnineccnnnccinnen 2883
Relationship of Thecideida to Other Brachiopods.........ccoeueeeiniiecrininieicnirieccinen 2885
Relationship of Brachiopods to the Tommotian (and Atdabanian) Fauna...................... 2887
Relationships among all Brachiopods..........cccuiiiiiiiiininiiciiicccccrecceens 2896
Concluding Synthesis .........cccviiiiiiiiii e 2898

STRATIGRAPHIC DISTRIBUTION OF BRACHIOPODS

(G. B. Curry and C. H. C. Brunton) «....coceceveeenieinieinieinicinieinieeeeeeereseereneeeseenens 2901
INTEOAUCHION 1ottt sttt 2901
Stratigraphic Nomenclature ...........ccccoiiiiiiiiiiiiicces 2901
Stratigraphic Subdivisions ..........cccoooiiiiiiiiiiiiie 2903
Absolute Geologic TIme. ...c.ooveirieirieiiiiiiccc e 2906
MeEthOdOLOZY .envviviiiiciiiiisicictr ettt ettt 2908
Estimates of BIOIVEISIEY? .....evveuirieiriiieieieieieteetestet ettt 2910
Overall DISEEDULION «...ouvieviiiicieiirccerree et 2912

xii



Extinctions and RadIations .......eoeeeiiioeiieiiiie ettt st e et e e eane e s 2917

CambBIian SYSTEIML «.veuvviieiiieierieiirtei sttt ettt sttt 2918
Ordovician SYSTEIM ....c.ccviuiuiiiiiiiiiiiiccc e 2922
SHlUFIAN SYSTEML vttt e 2928
Devonian SYSTEM ....c.ccueiiiiiiiiiiiiictieetetete e et 2932
Carboniferous SYStEM ....c.evuiiriiiriiiricircirc ettt 2936
Permian SYStEM ..cueoiiuirieiiniiirieiricerece ettt 2940
Permo-Triassic EXtinction EVENt .....ccciiviiiiiiiiiiiiiciiciecce e 2943
THIASSIC SYSTEIML .ttt ettt n e enes 2947
JUEASSIC SYSTEIMIc .ttt ettt e eae 2950
CretaceoUS SYSTEIML ....eiuriiieiiiiieieeeete ettt ettt ettt et e sbe e s enesaeenesanenneene 2955
Paleogene, Neogene, Pleistocene, and Holocene ........ccooeeiiniicciininccccnnnccee 2959
AcKNOWIEdGMENTs......c.cvviiiiiiiiiiicc s 2964
RANGES OF TAXA ...ttt ettt e e et e etae e eteeeaeeeaeeenreeetesenneeeneeennas 2966
GEOGRAPHIC DISTRIBUTION OF EXTANT ARTICULATED BRACHIOPODS
(Alan LOgan) ......c.cuiiiiiiiiiiiiiicici et 3082
INEEOAUCHION 1.vveiittieiie ettt ettt ee et e e eete e etveeeteeeaseeeteeetaeeteestveeseeeaseeesseenseenes 3082
Order Rhynchonellida ........c.coviiieiininiiiiiniiciicccee e 3084
Order Thecideida.....uioviiciieiiiiciieeie ettt et ere e eaaeeane e 3089
Order Terebratulida .......eccveeeiiiiiieciieiece et re e e 3094
CONCIUSIONS 1.uteeettieeiie ettt ettt et e e et e e s b e ete e s tveeteesaseebeesaseenseesabeessessseensaensseanes 3115
REFERENCES. ... tetteuteettenteeseetesetessesseesseessessesssesseessesseensanseensenseessesseansesssensesssensesnsessennsessens 3116
5035 QOSSPSR 3169

xiil



