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TREATISE ON INVERTEBRATE PALEONTOLOGY

Directed and Edited by RAYMOND C. MOORE

and (for supplements and revisions) CURT TEICHERT

Assistants: LAVON MCCORMICK, ROGER B. WILLIAMS

Advisers: R. C. BECKER, EDWIN B. ECKEL (The Geological Society of America), BERN­
HARD KUMMEL, J. WYATT DURHAM (The Paleontological Society), N. D. NEWELL, R. M.
JEFFORDS (The Society of Economic Paleontologists and Mineralogists), R. V. MELVILLE,
W. T. DEAN (The Palaeontographical Society), M. R. HousE, C. H. HOLLAND (The
Palaeontological Association).

PARTS

Parts of the Treatise are distinguished by assigned letters with a view to indicating
their systematic sequence while allowing publication of units in whatever order each may
be made ready for the press. The volumes are cloth-bound with title in gold on the cover.
Copies are available on orders sent to the Publication Sales Department, The Geological
Society of America, P.O. Box 1719, Boulder, Colorado 80302. The prices quoted very
incompletely cover costs of producing and distributing the several volumes, but on receipt
of payment the Society will ship copies without additional charge to any address in the
world. Special discounts are available to members of sponsoring societies under arrange­
ments made by appropriate officers of these societies, to whom inquiries should be
addressed.

VOLUMES ALREADY PUBLISHED
(Previous to 1969)

Part C. PROTISTA 2 (Sarcodina, chiefly "Thecamoebians" and Foraminiferida), xxxi+900
p., 5311 fig., 1964.

Part D. PROTISTA 3 (chiefly Radiolaria, Tintinnina), xii + 195 p., 1050 fig., 1954.
Part E. ARCHAEOCYATHA, PORIFERA, xviii+ 122 p., 728 fig., 1955.
Part F. COELENTERATA, xvii+498 p., 2700 fig., 1956.
Part G. BRYOZOA, xii+253 p., 2000 fig., 1953.
Part H. BRACHIOPODA, xxxii +927 p., 5198 fig., 1965.
Part 1. MOLLUSCA 1 (Mollusca General Features, Scaphopoda, Amphineura, Monoplac­

ophora, Gastropoda General Features, Archaeogastropoda, mainly Paleozoic Caeno­
gastropoda and Opisthobranchia), xxiii+351 p., 1732 fig., 1960.

Part K. MOLLUSCA 3 (Cephalopoda General Features, Endoceratoidea, Actinoceratoidea,
Nautiloidea, Bactritoidea), xxviii+519 p., 2382 fig., 1964.

Part L. MOLLUSCA 4 (Ammonoidea), xxii+490 p., 3800 fig., 1957.
Part O. ARTHROPODA 1 (Arthropoda General Features, Protarthropoda, Euarthropoda

General Features, Trilobitomorpha), xix+560 p., 2880 fig., 1959.
Part P. ARTHROPODA 2 (Chelicerata, Pycnogonida, Palaeoisopus), xvii + 181 p., 565 fig.,

19'55.
Part Q. ARTHROPODA 3 (Crustacea, Ostracoda), xxiii+442 p., 3476 fig., 1961.
Part S. ECHINODERMATA 1 (Echinodermata General Features, Homalozoa, Crinozoa, ex-

clusive of Crinoidea), xxx+650 p., 2868 fig., 1967 [1968].
Part U. ECHINODERMATA 3 (Asterozoans, Echinozoans), xxx+695 p., 3485 fig., 1966.
Part V. GRAPTOLITHINA, xvii + 101 p., 358 fig., 1955.
Part W. MISCELLANEA (Conodonts, Conoidal Shells of Uncertain Affinities, Worms, Trace

Fossils, Problematica), xxv+259 p., 1058 fig., 1962.

THIS VOLUME

Part R. ARTHROPODA 4 (Crustacea exclusive of Ostracoda, Myriapoda, Hexapoda),
xxxvi+651 p., 1762 fig., 1969.
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VOLUMES IN PREPARATION (1969)

Part A. INTRODUCTION.
Part B. PROTISTA 1 (Chrysomonadida, Coccolithophorida, Charophyta, Diatomacea, etc.).
Part J. MOLLUSCA 2 (Gastropoda, Streptoneura exclusive of Archaeogastropoda, Euthy-

neura).
Part M. MOLLUSCA 5 (Coleoidea).
Part N. MOLLUSCA 6 (Bivalvia).
Part T. ECHINODERMATA 2 (Crinoidea).
Part X. ADDENDA, INDEX.
Part E (revision). Archaeocyatha, Porifera.
Part F (supplement). Coelenterata (Anthozoa Rugosa).
Part G (revision). Bryozoa.
Part L (revision). Ammonoidea.
Part V (revision). Graptolithina.

CONTRIBUTING AUTHORS

[Arranged by countries and institutions; an alphabetical list follows. An asterisk pre­
ceding name indicates author working on revision of or supplement to a published Treatise
volume.]

AUSTRALIA
South Australia Geological Survey (Ade­

laide)
N. H. Ludbrook

University of Adelaide
M. F. Glaessner

University of Queensland (Brisbane)
Dorothy Hill

AUSTRIA
Universitat Wien (Palaontologisches Insti­

tut)
Adolph Papp

BELGIUM
Universite de Liege

Georges Ubaghs
Universite de Louvain

Marius Lecompte

CANADA
Geological Survey of Canada (Ottawa)

J. A. Jeletzky, A. W. Norris, G. W. Sin­
clair

Institute of Sedimentary & Petroleum Geol­
ogy (Geological Survey of Canada,
Calgary)

D. J. McLaren
National Museum (Ottawa)

A. H. Clarke, JI.
University of British Columbia (Vancouver)

V. J. Okulitch

v

DENMARK
Universitet Kl<lbenhavn

ChI. Poulsen

FRANCE
Unattached

Andre Chavan (Seyssel, Ain)
Universite de Paris (Sorbonne)

Colette Dechaseaux

GERMANY
Bergakademie Freiberg (Geologisches In­

stitut)
A. H. Muller

Freie Universitat Berlin
Gerhard Hahn

Hamburg Staatsinstitut
Walter Hantzschel

Natur-Museum und Forschungs-Institut
Senckenberg (Frankfurt)

Herta Schmidt, Wolfgang Struve
Unattached

Hertha Sieverts-Doreck (Stuttgart­
Mohringen)

Universitat Bonn
H. K. Erben, K. J. Muller

Universitat Munster
Helmut Holder

Universitat Tubingen
*Jurgen Kullman, O. H. Schindewolf

Universitat Wurzburg
Klaus Sdzuy
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ITALY
Universici Modena

Eugenia Montanaro Gallitelli

JAPAN
Tohoku University (Sendai)

Kotora Hatai
University of Tokyo

Tetsuro Hanai

LIBYA
Esso Standard Libya Inc. (Tripoli)

L. A. Smith

NETHERLANDS
Rijksmuseum van Natuurlijke Historie

(Leiden)
H. Boschma, L. B. Holthuis

Vrije Universiteit Amsterdam
A. Breimer

NEW ZEALAND
Auckland Institute and Museum

A. W. B. Powell
Dominion Museum (Wellington)

R. K. Dell
New Zealand Geological Survey (Lower

Hutt)
C. A. Fleming, J. Marwick

NORWAY
Universitet Oslo

Gunnar Henningsmoen, T. Soot-Ryen,
Leif St¢rmer

POLAND
Panstwowe Wydawnictwo Naukowe

(Warszawa)
Gertruda Biernat, Adolf Riedel

SWEDEN
Naturhistoriska Museet Goteborg

Bengt Hubendick
Rijksmuseum Stockholm

Valdar Jaanusson
Universitet Lund

Gerhard Regnerl
Universitet Stockholm

Ivar Hessland, 'liSten Schager
Universitet Uppsala

R. A. Reyment

SWITZERLAND
Universitat Basel

Manfred Reichel

UNITED KINGDOM
British Museum (Natural History)

(London)
Leslie Bairstow, 'lip. L. Cook, Isabella

Gordon, '11M. K. Howarth, S. M.
Manton, N. J. Morris, C. P. Nuttall

British Petroleum Company (Middlesex)
F. E. Eames

Geological Survey of Great Britain
(London)

Raymond Casey, R. V. Melville
Imperial College of Science and Technology

(London)
D. V. Ager

Iraq Petroleum Company (London)
G. F. Elliott

Oxford University Museum
'11M. R. House

Queen's University of Belfast
Margaret Jope, *R. E. H. Reid, *Ronald

Tavener-Smith, Alwyn Williams, A.
D. Wright

Unattached
Dennis Curry (Middlesex), R. P. Tripp

(Sevenoaks, Kent), C. J. Stubblefield
(London), C. W. Wright (London)

University of Birmingham
L. J. Wills

University of Cambridge
O. M. B. Bulman, M. J. S. Rudwick,

H. B. Whittington
University College London
*J. H. Callomon, 'liD. T. Donovan

University of Durham
*G. P. Larwood

University of Glasgow
W. D. I. Rolfe, John Weir, C. M. Yonge

University of Hull
E. R. Trueman

University of Leicester
P. C. Sylvester-Bradley

University of Reading
H. L. Hawkins

University of Wales
F. H. T. Rhodes

UNITED STATES OF AMERICA
Academy of Natural Sciences of

Philadelphia (Pennsylvania)
A. A. Olsson, Robert Robertson

American Museum of Natural History
(New York)

R. L. Batten, W. K. Emerson, L. H.
Hyman, N. D. Newell
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Armed Forces Institute of Pathology
(Washington, D.C.)

*R. J. Cuffey
California Academy of Sciences

(San Francisco)
G D. Hanna, L. G. Hertlein, A. G. Smith,

V. A. Zullo
California Institute of Technology

(Pasadena)
A. J. Boucot, J. G. Johnson, H. A.

Lowenstam
Carnegie Museum

(Pittsburgh, Pennsylvania)
Juan Parodiz

Chevron Oil Field Research Company
(La Habra, California)

A. R. Loeblich, Jr.
Continental Oil Company

(Ponca City, Oklahoma)
J. A. Eyer

Cornell University (Ithaca, New York)
W. S. Cole, J. W. Wells

Esso Production Research Company
(Houston, Texas)

H. H. Beaver, R. M. Jeffords, S. A. Levin­
son, Joan Stough, J. F. Van Sant

Field Museum of Natural History
(Chicago)

Fritz Haas, G. A. Solem
Florida Geological Survey (Tallahassee)

H. S. Puri
Florida State University (Tallahassee)

W.H. Heard
Harvard University

(Cambridge, Massachusetts)
Kenneth Boss, F. M. Carpenter, W. J.

Clench, H. B. Fell, Bernhard Kum­
mel, R. D. Staton, Ruth Turner

Illinois State Geological Survey (Urbana)
M. L. Thompson

Indiana Geological Survey (Bloomington)
R. H. Shaver

Johns Hopkins University
(Baltimore, Maryland)

Franco Rasetti
Kent State University (Kent, Ohio)

A. H. Coogan
Louisiana State University (Baton Rouge)

W. A. van den Bold, H. V. Howe, B. F.
Perkins, H. B. Stenzel

New Mexico Institute Mining & Geology
(Socorro )

Christina Lochman-Balk
New York State Museum (Albany)

D. W. Fisher

Ohio State University (Columbus)
Aurele La Rocque, W. C. Sweet

Oklahoma Geological Survey (Norman)
T. W. Amsden, R. O. Fay

Oregon State University (Corvallis)
Joel Hedgpeth

Paleontological Research Institute
(Ithaca, New York)

K. V. W. Palmer
Princeton University

(Princeton, New Jersey)
A. G. Fischer, B. F. Howell

Queens College of the City of New York
(Flushing)

*R. M. Finks
Radford College (Radford, Virginia)

R. L. Hoffman
St. Mary's College of California (St. Mary's)

A. S. Campbell
San Diego Natural History Museum

(San Diego, California)
George Radwin

San Francisco State College
(San Francisco, California)

Y. T. Mandra
Shell Development Company

(Houston, Texas)
John Wainwright

Sinclair Oil & Gas Company
(Tulsa, Oklahoma)

A. L. Bowsher
Smithsonian Institution (Washington, D.C.)

R. H. Benson, *R. S. Boardman, *A. H.
Cheetham, G. A. Copoer, T. G. Gib­
son, E. G. Kauffman, P. M. Kier,
R. B. Manning, David Pawson, John
Pojeta, H. A. Rehder

Southern Illinois University (Carbondale)
*John Utgaard

Stanford University (Stanford, California)
Eugene Coan, A. Myra Keen

State Geological Survey of Kansas
(Lawrence)

D. E. Nodine Zeller
State University of Iowa (Iowa City)

W. M. Furnish, B. F. Glenister, H. L.
Strimple

State University of New York
(Stony Brook)

A. R. Palmer
Tulane University

(New Orleans, Louisiana)
Emily Vokes, H. E. Vokes

Unattached
R. Wright Barker (Bellaire, Texas), H.

Vll

© 2009 University of Kansas Paleontological Institute



J. Harrington (Houston, Texas)
United States Geological Survey

(Washington, D.C.)
1- M. Berdan, R. C. Douglass, Mackenzie

Gordon, Jr., R. E. Grant, *0. L.
Karklins, K. E. Lohman, N. F. Sohl,
1. G. Sohn, E. L. Yochelson; Dwight
Taylor (Menlo Park, Calif.)

University of California (Berkeley)
1- W. Durham, C. D. Wagner

University of California (Los Angeles)
N. G. Lane, W. P. Popenoe, Helen Tap­

pan
University of California (San Diego, La

Jolla)
M. N. Bramlette, A. R. Loeblich III, W.

A. Newman
University of Chicago (Illinois)

J. M. Weller
University of Cincinnati (Ohio)

K. E. Caster, *0. B. Nye
University of Florida (Gainesville)

H. K. Brooks, F. G. Thompson
University of Illinois (Urbana)

H. W. Scott
University of Kansas (Lawrence)

A. B. Leonard, Lavon McCormick, R. C.
Moore, A. 1- Rowell, Curt Teichert,
R. H. Thompson

University of Massachusetts (Amherst)
C. W. Pitrat

University of Miami (Florida)
F. M. Bayer, Donald Moore

University of Michigan (Ann Arbor)
J. B. Burch, R. V. Kesling, D. B. Macurda,

C. P. Morgan, E. C. Stumm
University of Minnesota (Minneapolis)

F. M. Swain
University of Missouri (Columbia)

R. E. Peck
University of Missouri (Rolla)

Harriet Exline, D. L. Frizzell
University of Oklahoma (Norman)

C. C. Branson
Western Reserve University

(Cleveland, Ohio)
F. G. Stehli

Wichita State University (Kansas)
Paul Tasch

Woods Hole Oceanographic Institution
(Woods Hole, Massachusetts)

R. R. Hessler
Yale University (New Haven, Connecticut)

A. L. McAlester

DECEASED

W. J. Arkell, R. S. Bassler, L. R. Cox, L. M.
Davies, Julia Gardner, W. H. Hass, 1- B.
Knight, M. W. de Laubenfels, A. K. Miller,
H. M. Muir-Wood, Alexander Petrunke­
vitch, Emma Richter, Rudolf Richter, W. K.
Spencer, M. A. Stainbrook, L. \V. Stephen­
son, O. W. Tiegs, Johannes Wanner, T. H.
Withers, Arthur Wrigley

Alphabetical List

Ager, D. V., London (Imperial College)
Amsden, T. W., Norman, Okla. (Oklahoma Geo!.

Survey)
Arkell, W. J., (deceased)
Bairstow, Leslie, London (Britich Museum Nat.

History)
Barker, R. W., Bellaire, Tex. (unattached)
Bassler, R. S. (deceased)
Batten, R. L., New York (American Museum Nat.

History)
Bayer, F. M., Miami, Fla. (Inst. Marine Sci., Univ.

Miami)
Beaver, H. H., Begles, France (Esso Prod. Research

Co.)
Benson, R. H., Washington, D.C. (Smithsonian

Inst.)
Berdan, J. M., Washington, D.C. (U.S. Geo!.

Survey)
Biernat, Gertruda, Warszawa, Pologne (Panstwowe

Wydawnictwo Naukowe)

Vlll

*Boardman, R. S., Washington, D.C. (Smithsonian
Inst.)

Bold, W. A. van den, Baton Rouge, La. (Louisiana
State Univ.)

Boschma, H., Leiden, Netherlands (Rijksmuseum
van Natuurlijke Historie)

Boss, Kenneth, Cambridge, Mass. (Harvard Univ.)
Boucot, A. J., Pasadena, Calif. (Calif. Inst. Tech­

nology)
Bowsher, A. L., Tulsa, Okla. (Sinclair Oil & Gas

Co.)
Bramlette, M. N., La Jolla, Calif. (Scripps Inst.

Oceanography)
Branson, C. C., Norman, Okla. (Univ. Oklahoma)
Breimer, A., Amsterdam, Netherlands (Inst.

Aardwetensch. Vrije Univ.)
Brooks, H. K., Gainesville, Fla. (Univ. Florida)
Bulman, O. M. B., Cambridge, Eng. (Univ. Cam­

bridge)
Burch, J. B., Ann Arbor, Mich. (Univ. Michigan)
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'Callomon, J. H., London (Univ. College)
Campbell, A. S., St. Mary's, Calif. (St. Mary's

College)
Carpenter, F. M., Cambridge, Mass. (Harvard

Univ.)
Casey, Raymond, London (Geo!. Survey Great

Britain)
Caster, K. E., Cincinnati, Ohio (Univ. Cincinnati)
Chavan, Andre, Seyssel (Ain), France (unattached)

"Cheetham, A. H., Washington, D.C. (Smithsonian
Inst.)

Clarke, A. H., Jr., Ottawa, Ontario, Canada (Nat!'
Museum)

Clench, W. J., Cambridge, Mass. (Harvard Univ.)
Coan, Eugene, Stanford, Calif. (Stanford Univ.)
Cole, W. S., Ithaca, N.Y. (Cornell Univ.)
Coogan, H. A., Kent, Ohio (Kent State Univ.)

'Cook, P. L., London (British Museum Nat. His­
tory)

Cooper, G. A., Washington, D.C. (Smithsonian
Inst.)

Cox, L. R. (deceased)
'Cuffey, R. J., Washington, D.C. (Armed Forces

Ins t. Pa thology)
Curry, Dennis, Middlesex, Eng. (unattached)
Davies, L. M. (deceased)
Dechaseaux, Colette, Paris (Laboratoire de Paleont.

it la Sorbonne)
Dell, R. K., Wellington, N. Z. (Dominion Mu­

seum)
'Donovan, D. T., London, Eng. (Univ. College)
Douglass, R. C., Washington, D.C. (U.S. Geo!.

Survey)
Durham, J. W., Berkeley, Calif. (Univ. California)
Eames, F. E., Middlesex, Eng. (British Petroleum

Co.)
Elliott, G. F., London (Iraq Petroleum Co.)
Emerson, W. K., New York (American Museum

Nat. History)
Erben, H. K., Bonn, W. Germany (Univ. Bonn)
Exline, Harriet, Rolla, Mo. (Univ. Missouri)
Eyer, J. A., Ponca City, Okla. (Continental Oil

Co.)
Fay, R. 0., Norman, Okla. (Oklahoma Geo!. Sur­

vey)
Fell, H. B., Cambridge, Mass. (Harvard Univ.)

"Finks, R. M., Flushing, N. Y. (Queens College)
Fischer, A. G., Princeton, N. J., (Princeton Univ.)
Fisher, D. W., Albany, N. Y. (New York State

Museum)
Fleming, C. A., Lower Hutt, N. Z. (New Zealand

Geo!. Survey)
Frizzell, D. L., Rolla, Mo. (Univ. Missouri)
Furnish, W. M., Iowa City, Iowa (State Univ.

Iowa)
Gardner, Julia (deceased)
Gibson, T. G., Washington, D.C. (Smithsonian

Inst.)
Glaessner, M. F., Adelaide, S. Australia (Univ.

Adelaide)
Glenister, B. F., Iowa City, Iowa (State Univ.

Iowa)

IX

Gordon, Isabella, London (British Museum Nat.
History)

Gordon, Mackenzie, Jr., Washignton, D.C. (U.S.
Geol. Survey)

Grant, R. E., Washington, D.C. (U.S. Geol. Sur­
vey)

Haas, Fritz, Chicago, Ill. (Field Museum Nat.
History)

Hahn, Gerhard, Berlin (Freie Univ.)
Hanai, Tetsuro, Tokyo (Univ. Tokyo)
Hanna, G D., San Francisco, Calif. (California

Acad. Sci.)
Hantzschel, Walter, Hamburg, Germany (Geol.

Staatsinst.)
Harrington, H. J., Houston, Tex. (unattached)
Hass, W. H. (deceased)
Hatai, Kotora, Sendai, Japan (Tohoku Univ.)
Hawkins, H. L., Reading, Eng. (Reading Univ.)
Heard, W. H., Tallahassee, Fla. (Florida State

Univ.)
Hedgpeth, J. W., Newport, Ore. (Oregon State

Univ.)
Henningsmoen, Gunnar, Oslo, Norway (Univ.

Oslo)
Hertlein, L. G., San Francisco, Calif. (California

Acad. Sci.)
Hessland, Ivar, Stockholm, Sweden (Univ. Stock­

holm)
Hessler, R. R., Woods Hole, Mass. (Woods Hole

Oceanogr.Inst.)
Hill, Dorothy, Brisbane, Australia (Univ. Queens­

land)
Holder, Helmut, Munster, Germany (Univ. Mun­

ster)
Hoffman, R. L., Radford, Va. (Radford College)
Holthuis, L. B., Leiden, Netherlands (Rijksmuseum

van Natuurlijke Historie)
'House, M. R., Oxford, Eng. (Univ. Museum)
'Howarth, M. K., London (British Museum Nat.

History)
Howe, H. V., Baton Rouge, La. (Louisiana State

Univ.)
Howell, B. F., Princeton, N. J. (Princeton Univ.)
Hubendick, Bengt, Goteborg, Sweden (Natur­

historiska Museet)
Hyman, L. H., New York (American Museum Nat.

History)
Jaanusson, Valdar, Stockholm (Rijksmuseum)
Jeffords, R. M., Houston, Tex. (Esso Prod. Re­

search Co.)
Jeletzky, J. A., Ottawa, Ontario, Canada (Geol.

Survey Canada)
Johnson, J. G., Pasadena, Calif. (California Inst.

Technology)
Jope, Margaret, Belfast, N. Ireland (Queen's Univ.

of Belfast)
'Karklins, O. L., Washington, D.C. (U.S. Geol.

Survey)
Kauffman, E. G., Washington, D.C. (Smithsonian

Inst.)
Keen, A. Myra, Stanford, Calif. (Stanford Univ.)
Kesling, R. V., Ann Arbor, Mich. (Univ. Michigan)
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Kier, P. M., Washington, D.C. (Smithsonian Inst.)
Knight, J. B. (deceased)

'Kullman, Jurgen, Tubingen, W. Germany (Univ.
Tubingen)

Kummel, Bernhard, Cambridge, Mass. (Harvard
Univ.)

Lane, N. G., Los Angeles, Calif. (Univ. California)
La Rocque, Aurele, Columbus, Ohio (Ohio State

Univ.)
'Larwood, G. P., Durham, Eng. (Univ. Durham)

Laubenfels, M. W. de (deceased)
Lecompte, Marius, Louvain, Belgium (Univ.

Louvain)
Leonard, A. B., Lawrence, Kans. (Univ. Kansas)
Levinson, S. A., Houston, Tex. (Esso Prod. Re­

search Co.)
Lochman-Balk, Christina, Socorro, N. Mex. (New

Mexico Inst. Mining & Technology)
Loeblich, A. R., Jr., La Habra, Calif. (Chevron Oil

Field Research Co.)
Loeblich, A. R., III, La Jolla, Calif. (Scripps Inst.

Oceanography)
Lohman, K. E., Washington, D.C. (U.S. Geo!.

Survey)
Lowenstam, H. A., Pasadena, Calif. (California

Inst. Technology)
Ludbrook, N. H., Adelaide, S. Australia (South

Australia Geo!. Survey)
McAlester, A. 1., New Haven, Conn. (Yale Univ.)
McCormick, Lavon, Lawrence, Kans. (Univ.

Kansas)
McLaren, D. J., Calgary, Alberta, Canada (Inst.

Sed. & Petro!' Geology)
Macurda, D. B., Ann Arbor, Mich. (Univ. Michi­

gan)
Mandra, Y. T., San Francisco, Calif. (San Fran­

cisco State College)
Manning, R. B., Washington, D.C. (Smithsonian

Inst.)
Manton, S. M., London (British Museum Nat.

History)
Marwick, J., Lower Hutt, N. Z. (New Zealand

Geo!. Survey)
Melville, R. V., London (Geo!. Survey Great

Britain)
Miller, A. K. (deceased)
Montanaro Gallitelli, Eugenia, Modena, Italy

(Univ. Modena)
Moore, Donald, Miami, Fla. (Univ. Miami, Inst.

Marine Sci.)
Moore, R. C., Lawrence, Kans. (Univ. Kansas)
Morgan, C. P., Ann Arbor, Mich. (Univ. Michigan)
Morris, N. J., London (British Museum Nat. His-
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EDITORIAL PREFACE

The aim of the Treatise on Invertebrate
Paleontology, as originally conceived and
consistently pursued, is to present the most
comprehensive and authoritative, yet com­
pact statement of knowledge concerning in­
vertebrate fossil groups that can be formu­
lated by collaboration of competent special­
ists in seeking to organize what has been
learned of this subject up to the mid-point
of the present century. Such work has value
in providing a most useful summary of the
collective results of multitudinous investi­
gations and thus should constitute an lll-
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dispensable text and reference book for all
persons who wish to know about remains
of invertebrate organisms preserved in rocks
of the earth's crust. This applies to neo­
zoologists as well as paleozoologists and to
beginners in study of fossils as well as to
thoroughly trained, long-experienced pro­
fessional workers, including teachers, strati­
graphical geologists, and individuals en­
gaged in research on fossil invertebrates.
The making of a reasonably complete in­
ventory of present knowledge of inverte­
brate paleontology may be expected to yield
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needed foundation for future research and
it is hoped that the Treatise will serve this
end.

The Treatise is divided into parts which
bear index letters, each except the initial
and concluding ones being defined to in­
clude designated groups of invertebrates.
The chief purpose of this arrangement is to
provide for independence of the several
parts as regards date of publication, because
it is judged desirable to print and distribute
each segment as soon as possible after it is
ready for press. Pages in each part bear the
assigned index letter joined with numbers
beginning with 1 and running consecutively
to the end of the part.

The outline of subjects to be treated in
connection with each large group of in­
vertebrates includes (1) description of mor­
phological features, with special reference
to hard parts, (2) ontogeny, (3) classifica­
tion, (4) geological distribution, (5) evolu­
tionary trends and phylogeny, and (6) sys­
tematic description of genera, subgenera,
and higher taxonomic units. In general,
paleoecological aspects of study are omitted
or little emphasized because comprehensive
treatment of this subject is given in the
Treatise on Marine Ecology and Paleoe­
cology (H. S. LADD, Editor, Geological So­
ciety of America, Memoir 67, 1957), pre­
pared under auspices of a committee of the
United States National Research Council.
A selected list of references is furnished in
each part of the Treatise.

Features of style in the taxonomic por­
tions of this work have been fixed by the
Editor with aid furnished by advice from
representatives of the societies which have
undertaken to sponsor the Treatise. It is the
Editor's responsibility to consult with au­
thors and co-ordinate their work, seeing that
manuscript properly incorporates features of
adopted style. Especially he has been called
on to formulate policies in respect to many
questions of nomenclature and procedure.
The subject of family and subfamily names
is reviewed briefly in a following section
of this preface, and features of Treatise
style in generic descriptions are explained.

A generous grant of $35,000 has been
made by the Geological Society of America
for the purpose of preparing Treatise illus­
trations. Administration of expenditures
has been in charge of the Editor and most
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of the work by photographers and artists
has been done under his direction at the
University of Kansas, but sizable parts of
this program have also been carried forward
in Washington and London.

In December, 1959, the National Science
Foundation of the United States, through
its Division of Biological and Medical Sci­
ences and the Program Director for Sys­
tematic Biology, made a grant in the amount
of $210,000 for the purpose of aiding the
completion of yet-unpublished volumes of
the Treatise. Payment of this sum was pro­
vided to be made in installments distributed
over a five-year period, with administration
of disbursements handled by the University
of Kansas. An additional grant (No. GB
4544) of $102,800 was made by the National
Science Foundation in January, 1966, for
the two-year period 1966-67, and this was
extended for the calendar year 1968 by pay­
ment of $25,700 in October, 1967. Expendi­
tures planned are primarily for needed
assistance to authors and may be arranged
through approved institutions located any­
where. Important help for the Director­
Editor of the Treatise has been made avail­
able from the grant, but no part of his
stipend has come from it. Grateful acknowl­
edgment to the Foundation is expressed on
behalf of the societies sponsoring the
Treatise, the University of Kansas, and in­
numerable individuals benefited by the
Treatise project.

ZOOLOGICAL NAMES
Many questions arise in connection with

zoological names, especially including those
that relate to their acceptability and to alter­
ations of some which may be allowed or de­
manded. Procedure in obtaining answers
to these questions is guided and to a large
extent governed by regulations published
(1961) in the International Code of Zoolog­
ical Nomenclature (hereinafter cited simply
as the Code). The prime object of the
Code is to promote stability and univer­
sality in the scientific names of animals,
ensuring also that each name is distinct
and unique while avoiding restrictions on
freedom of taxonomic thought or action.
Priority is a basic principle, but under speci­
fied conditions its application can be modi­
fied. This is all well and good, yet nomen­
clatural tasks confronting the zoological
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taxonomist are formidable. They warrant
the complaint of some that zoology, includ­
ing paleozoology, is the study of animals
rather than of names applied to them.

Several ensuing pages are devoted to
aspects of zoological nomenclature that are
judged to have chief importance in rela­
tion to procedures adopted in the Treatise.
Terminology is explained, and examples of
style employed in the nomenclatural parts
of systematic descriptions are given.

TAXA GROUPS
Each taxonomic unit (taxon, pl., taxa)

of the animal and protistan kingdoms be­
longs to some one or another rank in the
adopted hierarchy of classificatory divisions.
In part, this hierarchy is defined by the
Code to include a species-group of taxa,
a genus-group, and a family-group. Units
of lower rank than subspecies are excluded
from zoological nomenclature and those
higher than superfamily of the family­
group are not regulated by the Code. It is
natural and convenient to discuss nomen­
clatural matters in general terms first and
then to consider each of the taxa groups
separately. Especially important is provi­
sion that within each taxa group classifica­
tory units are coordinate (equal in rank),
whereas units of different taxa groups are
not coordinate.

FORMS OF NAMES

All zoological names are divisible into
groups based on their form (spelling).
The first-published form (or forms) of a
name is defined as original spelling (Code,
Art. 32) and any later-published form (or
forms) of the same name is designated as
subsequent spelling (Art. 33). Obviously,
original and subsequent spellings of a given
name mayor may not be identical and this
affects consideration of their correctness.
Further, examination of original spellings
of names shows that by no means all can
be distinguished as correct. Some are in­
correct, and the same is true of subsequent
spellings.

Original Spellings
If the first-published form of a name is

consistent and unambiguous, being identi­
cal wherever it appears, the original spelling
is defined as correct unless it contravenes

some stipulation of the Code (Arts. 26-31),
unless the original publication contains clear
evidence of an inadvertent error, in the
sense of the Code, or among names belong­
ing to the family-group, unless correction of
the termination or the stem of the type­
genus is required. An unambiguous origi­
nal spelling that fails to meet these require­
ments is defined as incorrect.

If a name is spelled in more than one
way in the original publication, the form
adopted by the first reviser is accepted as
the correct original spelling, provided that
it complies with mandatory stipulations of
the Code (Arts. 26-31), including its provi­
sion for automatic emendations of minor
sort.

Incorrect original spellings are any that
fail to satisfy requirements of the Code, or
that represent an inadvertent error, or that
are one of multiple original spellings not
adopted by a first reviser. These have no
separate status in zoological nomenclature
and therefore cannot enter into homonymy
or be used as replacement names. They call
for correction wherever found. For ex­
ample, a name originally published with a
diacritic mark, apostrophe, diaeresis, or
hyphen requires correction by deleting such
features and uniting parts of the name
originally separated by them, except that
deletion of an umlaut from a vowel is ac­
companied by inserting "e" after the vowel.

Subsequent Spellings
If a name classed as a subsequent spelling

is identical with an original spelling, it is
distinguishable as correct or incorrect on
the same criteria that apply to the original
spelling. This means that a subsequent
spelling identical with a correct original
spelling is also correct, and one identical
with an incorrect original spelling is also
incorrect. In the latter case, both original
and subsequent spellings require correction
wherever found (authorship and date of
the original incorrect spelling being re­
tained).

If a subsequent spelling differs from an
original spelling in any way, even by the
omission, addition, or alteration of a single
letter, the subsequent spelling must be de­
fined as a different name (except that such
changes as altered terminations of adjec­
tival specific names to obtain agreement in
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gender with associated generic names, of
family-group names to denote assigned tax­
onomic rank, and corrections for originally
used diacritic marks, hyphens, and the like
are excluded from spelling changes con­
ceived to produce a different name).

Altered subsequent spellings other than
the exceptions noted may be either inten­
tional or unintentional. If demonstrably
intentional, the change is designated as an
emendation. Emendations are divisible into
those classed as justifiable and those com­
prising all others classed as unjustifiable.
Tustifiable emendations are corrections of
incorrect original spellings, and these take
the authorship and date of the original spell­
ings. Unjustifiable emendations are names
having their own status in nomenclature,
with author and date of their publication;
they are junior objective synonyms of the
name in its original form.

Subsequent spellings that differ in any
way from original spellings, other than pre­
viously noted exceptions, and that are not
classifiable as emendations are defined as
incorrect subsequent spellings. They have
no status in nomenclature, do not enter into
homonymy, and cannot be used as replace­
ment names.

AVAILABLE AND UNAVAILABLE
NAMES

Available Names
An available zoological name is any that

conforms to all mandatory provisions of
the Code. Such names are classifiable in
groups which are usefully recognized in
the Treatise, though not explicitly differ­
entiated in the Code. They are as follows:

1) So-called "inviolate names" include
all available names that are not subject to
any sort of alteration from their originally
published form. They comprise correct
original spellings and commonly include
correct subsequent spellings, but include
no names classed as emendations. Here be­
long most genus-group names (including
those for collective groups), some of which
differ in spelling from others by only a
single letter.

2) Names may be termed "perfect
names" if, as originally published (with or
without duplication by subsequent authors),
they meet all mandatory requirements,
needing no correction of any kind, but

nevertheless are legally alterable in such
ways as changing the termination (e.g.,
many species-group names, family-group
names, suprafamilial names). This group
does not include emended incorrect original
spellings (e.g., Oepikina, replacement of
6pikina).

3) "Imperfect names are available
names that as originally published (with or
without duplication by subsequent authors)
contain mandatorily emendable defects. In­
correct original spellings are imperfect
names. Examples of emended imperfect
names are: among species-group names,
guertnz (not Guhini), obrienae (not
O'Brienae), terranovae (not terra-novae),
nllnezi (not Nuiiezi) , Spironema rectum
(not Spironema recta, because generic name
is neuter, not feminine); among genus­
group names, Broeggeria (not Broggeria) ,
Obrienia (not O'Brienia), Maccookites (not
McCookites; among family-group names,
Oepikidae (not Opikidae), Spironemati­
dae (not Spironemidae, incorrect stem),
Athyrididae (not Athyridae, incorrect
stem). The use of "variety" for named divi­
sions of fossil species, according to common
practice of some paleontologists, gives rise
to imperfect names, which generally are
emendable (Code, Art. 45e) by omitting
this term so as to indicate the status of this
taxon as a subspecies.

4) "Vain names" are available names
consisting of unjustified intentional emenda­
tions of previously published names. The
emendations are unjustified because they
are not demonstrable as corrections of in­
correct original spellings as defined by the
Code (Art. 32,c). Vain names have status
in nomenclature under their own author­
ship and date. They constitute junior ob­
jective synonyms of names in their original
form. Examples are: among species-group
names, geneae (published as replacement of
original unexplained masculine, geni, which
now is not alterable), ohioae (invalid change
from original ohioensis); among genus­
group names, Graphiodactyills (invalid
change from original Graphiadactyllis);
among family-group names, Graphiodactyli­
dae (based on junior objective synonym
having invalid vain name).

5) An important group of available
zoological names can be distinguished as
"transferred names." These comprise au-
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thorized sorts of altered names in which
the change depends on transfer from one
taxonomic rank to another, or possibly on
transfers in taxonomic assignment of sub­
genera, species, or subspecies. Most com­
monly the transfer calls for a change in
termination of the name so as to comply
with stipulations of the Code on endings
of family-group taxa and agreement in
gender of specific names with associated
generic names. Transferred names may be
derived from any of the preceding groups
except the first. Examples are: among spe­
cies-group names, Spirifer ambiguus
(masc.) to Composita ambigua (fem.) ,
N eochonetes transversalis to N. granulifer
transversalis or vice versa; among genus­
group names, Schizoculina to Oculina
(Schizoculina) or vice versa; among family­
group names, Orthidae to Orthinae or vice
versa, or superfamily Orthacea derived
from Orthidae or Orthinae; among supra­
familial taxa (not governed by the Code),
order Orthida to suborder Orthina or vice
versa. The authorship and date of trans­
ferred names are not affected by the trans­
fers, but the author responsible for the
transfer and the date of his action may ap­
propriately be recorded in such works as
the Treatise.

6) Improved or "corrected names" in­
clude both mandatory and allowable emend­
ations of imperfect names and of suprafam­
ilial names, which are not subject to regu­
lation as to name form. Examples of cor­
rected imperfect names are given with the
discussion of group 3. Change from the
originally published ordinal name Endo­
ceroidea (TEICHERT, 1933) to the presently
recognized Endocerida illustrates a "cor­
rected" suprafamilial name. Group 6 names
differ from those in group 5 in not being
dependent on transfers in taxonomic rank
or assignment, but some names are classi­
fiable in both groups.

7) "Substitute names" are available
names expressly proposed as replacements
for invalid zoological names, such as junior
homonyms. These may be classifiable also
as belonging in groups 1, 2, or 3. The glos­
sary appended to the Code refers to these
as "new names" (nomina nova) but they
are better designated as substitute names,
since their newness is temporarv and rela­
tive. The first-published substitute name
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that complies with the definition here given
takes precedence over any other. An ex­
ample is Marieita LOEBLICH & TAPPAN, 1964,
as substitute for Reichelina MARIE, 1955
(non ERK, 1942).

8) "Conserved names" include a rela­
tively small number of species-group,
genus-group, and family-group names
which have come to be classed as available
and valid by action of the International
Commission on Zoological Nomenclature
exercising its plenary powers to this end or
ruling to conserve a junior synonym in place
of a rejected "forgotten" name (nomen ob­
litum) (Art. 23,b). Currently, such names
are entered on appropriate "Official Lists,"
which are published from time to time.

It is useful for convenience and brevity
of distinction in recording these groups of
available zoological names to employ Latin
designations in the pattern of nomen nudum
(abbr., nom. nud.) and others. Thus we
may recognize the preceding numbered
groups as follows: l)nomina inviolata
(sing., nomen in violatum , abbr., nom.
inviol.), 2) nomina perfecta (nomen per­
fectum, nom. perf.), 3) nomina imper­
fecta (nomen imperfectum, nom. imperf·) ,
4) nomina vana (nomen vanum, nom.
van.), 5) nomina translata (nomen trans­
latum, nom. transl.) , 6) nomina COl"recta
(nomen correctum, nom. correct.), 7)
nomina substituta (nomen substitutum,
nom. subst.), 8) nomina conservata
(nomen conservatum, nom. conserv.).

Additional to the groups differentiated
above, the Code (Art. 17) specifies that a
zoological name is not prevented from
availability a) by becoming a junior syn­
onym, for under various conditions this
may be re-employed, b) for a species-group
name by finding that original description of
the taxon relates to more than a single
taxonomic entity or to parts of animals be­
longing to two or more such entities, c) for
species-group names by determining that it
first was combined with an invalid or un­
available genus-group name, d) by being
based only on part of an animal, sex of a
species, ontogenetic stage, or one form of a
polymorphic species, e) by being originally
proposed for an organism not considered to
be an animal but now so regarded, f) by in­
correct original spelling which is correctable
under the Code, g) by anonymous publica-
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tion before 1951, h) by conditional proposal
before 1961, i) by designation as a variety
or form before 1961, j) by concluding that
a name is inappropriate (Art. 18), or k)
for a specific name by observing that it is
tautonymous (Art. 18).

It is worthy of mention that names pub­
lished for collective groups (see later dis­
cussion under "Genus-Group Names") are
authorized by the Code (Art. 42c) for use
in zoological nomenclature and therefore
may be construed to be available names
which are treated for convenience exactly
as if they were generic names.

Unavailable Names
All zoological names which fail to com­

ply with mandatory provisions of the Code
are unavailable names and have no status
in zoological nomenclature. None can be
used under authorship and date of their
original publication as a replacement name
(nom. subst.) and none preoccupies for pur­
poses of the Law of Homonymy. Names
identical in spelling with some, but not all,
unavailable names can be classed as avail­
able if and when they are published in con­
formance to stipulations of the Code and
they are then assigned authorship and take
date of the accepted publication. Different
groups of unavailable names can be dis­
criminated, as follows.

9) "Naked names" include all those that
fail to satisfy provisions stipulated in Article
11 of the Code, which states general re­
quirements of availability, and in addition,
if published before 1931, that were unac­
companied by a description, definition, or
indication (Arts. 12, 16), and if published
after 1930, that lacked accompanying state­
ment of characters purporting to serve for
differentiation of the taxon, or definite
bibliographic reference to such a statement,
or that were not proposed expressly as re­
placement (nom. subst.) of a pre-existing
~vailable nam~, (Art. 13,a). Exa~ples of
naked names are: among speCIes-group

taxa, Valvulina mixta PARKER & JONES, 1865
(=Cribrobulimina mixta CUSHMAN, 1927,
available and valid); among genus-group
taxa, Orbitolinopsis SILVESTRI, 1932 (=Orbi­
tolinopsls HENSON, 1948, available but
classed as invalid junior synonym of Orbi­
tolina D'ORBIGNY, 1850); among family­
group taxa, Aequilateralidae D'ORBIGNY,

1846 (lacking type-genus), Helicostegues
D'ORBIGNY, 1826 (vernacular not latinized
by later authors, Art. 11 ,e,iii), Poteriocrini­
dae AUSTIN & AUSTIN, 1843 (=fam. Poterio­
crinoidea AUSTIN & AUSTIN, 1842) (neither
1843 or 1842 names complying with Art.
II,e, which states that "a family-group
name must, when first published, be based
on the name then valid for a contained
genus," such valid name in the case of this
family being Poteriocrinites MILLER, 1821).

10) "Denied names" include all those that
are defined by the Code (Art. 32,c) as in­
correct original spellings. Examples are:
Specific names, nova-zelandica, miilleri,
lO-brachiatus; generic names, M'Coyia, St¢r­
merella, Romerina, Westgardia; family
name, Ruzickinidae. Uncorrected "im­
perfect names" are "denied names" and un­
available, whereas corrected "imperfect
names" are available.

11) "Impermissible names" include all
those employed for alleged genus-group
taxa other than genus and subgenus (Art.
42,a) (e.g., supraspecific divisions of sub­
genera), and all those published after 1930
that are unaccompanied by definite fixa­
tion of a type species (Art. 13,b). Examples
of impermissible names are: Martellispirifer
GATINAUD, 1949, and Mirtellispirifer GATI­
NAUD, 1949, indicated respectively as a sec­
tion and subsection of the subgenus Cyrto­
spirifer; Fusarchaias REICHEL, 1949, with­
out definitely fixed type species (=Fusarch­
aias REICHEL, 1952, with F. bermudezi des­
ignated as type species).

12) "Null names" include all those that
are defined by the Code (Art. 33,b) as in­
correct subsequent spellings, which are any
changes of original spelling not demon­
strably intentional. Such names are found
in all ranks of taxa.

13) "Forgotten names" are defined (Art.
23,b) as senior synonyms that have re­
mained unused in primary zoological lit­
erature for more than 50 years. Such names
are not to be used unless so directed by
ICZN.

Latin designations for the discussed
groups of unavailable zoological names are
as follows: 9) nomina nuda (sing., nomen
nudum, abbr., nom. nud.), 10) nomina
negata (nomen negatum, nom. neg.), 11)
nomina vetita (nomen vetitum, nom. vet'),
12) nomina nulla (nomen nullum, nom.

XVI

© 2009 University of Kansas Paleontological Institute



null.), 13) nomina oblita (nomen oblitum,
nom.oblit.).

VALID AND INVALID NAMES
Important distinctions relate to valid and

available names, on one hand, and to in­
valid and unavailable names, on the other.
Whereas determination of availability is
based entirely on objective considerations
guided by Articles of the Code, conclusions
as to validity of zoological names partly may
be subjective. A valid name is the correct
one for a given taxon, which may have two
or more available names but only a single
correct name, generally the oldest. Obvious­
ly, no valid name can also be an unavailable
name, but invalid names may include both
available and unavailable names. Any name
for a given taxon other than the valid name
is an invalid name.

A sort of nomenclatorial no-man's-land
is encountered in considering the status of
some zoological names, such as "doubtful
names," "names under inquiry," and "for­
gotten names." Latin designations of these
are nomina dubia, nomina inquirenda, and
nomina oblita, respectively. Each of these
groups may include both available and un­
available names, but the latter can well be
ignored. Names considered to possess avail­
ability conduce to uncertainty and instabil­
ity, which ordinarily can be removed only
by appealed action of ICZN. Because few
zoologists care to bother in seeking such
remedy, the "wastebasket" names persist.

SUMMARY OF NAME GROUPS
Partly because only in such publications

as the Treatise is special attention to groups
of zoological names called for and partly
because new designations are now intro­
duced as means of recording distinctions
explicitly as well as compactly, a summary
may be useful. In the following tabulation
valid groups of names are indicated in bold­
face type, whereas invalid ones are printed
in italics.

DEFINITIONS OF NAME GROUPS

nomen conservatum (nom. conserv.). Name un­
acceptabre under regulations of the Code which
is made valid, either with original or altered spell­
ing, through procedures specified by the Code or
by action of ICZN exercising its plenary powers.

nomen correctum (nom. correct.). Name with in­
tentionally altered spelling of sort required or

allowable by the Code but not dependent on trans­
fer from one taxonomic rank to another ("im­
proved name"). (See Code, Arts. 26-b, 27, 29,
30-a-3, 31, 32-c-i, 33-a; in addition change of
endings for suprafamilial taxa not regulated by
the Code.)

nomen imperfectum (nom. imperf.). Name that as
originally published (with or without subsequent
identical spelling) meets all mandatory require­
ments' of the Code but contains defect needing
correction ("imperfect name"). (See Code, Arts.
26-b, 27, 29, 32-c, 33-a.)

nomen inviolatum (nom. jnviol.). Name that as
originally published meets all mandatory require­
ments of the Code and also is not correctable or
alterable in any way ("inviolate name").

nomen negatum (nom. neg.). Name that as orig­
inally published (with or without subsequent
identical spelling) constitutes invalid original spell­
ing, and although possibly meeting all other man­
datory requirements of the Code, cannot be used
and has no separate status in nomenclature ("de­
nied name"). It is to be corrected wherever found.

nomen nudum (nom. nud.). Name that as origin­
ally published (with or without subsequent iden­
tical spelling) fails to meet mandatory require­
ments of the Code and having no status in
nomenclature, is not correctable to establish orig­
inal authorship and date ("naked name").

nomen nullum (nom. null.). Name consisting of
an unintentional alteration in form (spelling) of
a previously published name (either available
nanle, as notn-o /11 ['iol., nom. perf., nom. inlnerf.,
nom. transl.; or unavailable name, as nom. neg.,
nom. nud., nom. l'an., or another nom. null.)
("null name").

nomen oblitum (nom. oblit.). Name of senior
synonym unused in primary zoological literature
in more than 50 years, not to be used unless so
directed by ICZN '("forgotten name").

nomen perfectum (nom. perf.). Name that as
originally published meets all mandatory require­
ments of the Code and needs no correction of any
kind but which nevertheless is validly alterable by
change of ending ("perfect name").

nomen substitutum (nom. subst.). Replacement
name published as substitute for an invalid name,
such as a junior homonym (equivalent to "new
name") .

nomen translatum (nom. transl.). Name that is de­
rived by valid emendation of a previously pub­
lished name as resul t of transfer from one taxo­
nomic rank to another within the group to which
it belongs ("transferred name").

l1ornel1 l'al1Unl (l1or'1. lian.). Name consisting of an
invalid intentional change in form (spelling) from
a previously published name, such invalid emenda­
tion having status in nomenclature as a junior
objective synonym ("vain name").

nomen l'etitum (nom. at.). Name of genus-group
taxon not authorized by the Code or, if first pub­
lished after 1930, without definitely fixed type
species ("impermissible name").

Except as specified otherwise, zoological
names accepted in the Treatise may be
understood to be classifiable either as nom-
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ina inviolata or nomina perfecta (omitting
from notice nomina correcta among specific
names) and these are not discriminated.
Names which are not accepted for one
reason or another include junior homo­
nyms, senior synonyms classifiable as nom­
ina negata or nomina nuda, and numerous
junior synonyms which include both objec­
tive (nomina vana) and subjective types;
rejected names are classified as completely
as possible.

NAME CHANGES IN RELATION
TO TAXA GROUPS

SPECIES-GROUP NAMES

Detailed consideration of valid emenda­
tion of specific and subspecific names is
unnecessary here because it is well under­
stood and relatively inconsequential. When
the form of adjectival specific names is
changed to obtain agreement with the
gender of a generic name in transferring a
species from one genus to another, it is
never needful to label the changed name
as a nom. transl. Likewise, transliteration of
a letter accompanied by a diacritical mark
in manner now called for by the Code (as
in changing originally published broggeri
to broeggeri) or elimination of a hyphen
(as in changing originally published cornu­
oryx to cornuoryx) does not require "nom.
correct." with it.

GENUS-GROUP NAMES

SO rare are conditions warranting change
of the originally published valid form of
generic and subgeneric names that lengthy
discussion may be omitted. Only elimi­
nation of diacritical marks of some names
in this category seems to furnish basis for
valid emendation. It is true that many
changes of generic and subgeneric names
have been published, but virtually all of
these are either nomina vana or nomina
nulla. Various names which formerly were
classed as homonyms are not now, for two
names that differ only by a single letter (or
in original publication by presence or ab­
sence of a diacritical mark) are construed
to be entirely distinct.

A category of genus-group taxa and
names for them calls for special notice.
This comprises assemblages of identifiable
species which cannot with any certainty be
placed in a known genus. Such assemblages

are recognized by the Code as valid zoologi­
cal entities called collective groups, with
names for them "treated as generic names
in the meaning of the Code" (Art. 42c).
They differ from genera in that collective
groups require no type species. Particularly
for dealing with fossil assemblages of dis­
sociated skeletal remains of echinoderms
(chiefly crinoids) proced ures based on defi­
nition of collective groups must find place
in the Treatise. Names for these will uni­
formly be labeled as applied to collective
groups with accompanying abbreviation
"coli. coli." (for Latin collectio collectiva,
collective group or assemblage), thus dis­
tinguishing them from names for genera.
An example is Pentagonopentagonalis
YELTYSHEVA, 1955 (coli. coli.), no type
species. The species P. bilobatus YELTY­
SHEVA, 1960, is available as the type species
of Obuticrinus YELTYSHEVA in YELTYSHEVA
& STUKALINA, 1963, in accordance with its
original designation as such by these authors.

Examples in use of classificatory designa­
tions for genus-group names as previously
given are the following, which also illus­
trate designation of type species as explained
later.
Kurnatiophyllum THOMPSON, 1875 ["K. concentri­

Cllm; SO GREGORY, 1917] [=Kllmatiophyllllm
THOMPSON, 1876 (nom. nllll.); Cymatophyllum
THOMPSON, 1901 (nom. van.); Cymatiophyllum
LANG, SMITH & THOMAS, 1940 (nom. ,'an.)].

Stichophyma POMEL, 1872 ["Manon tllrbinatllm
RC"IER, 1841; SO RAUFF, 1893] [=Stychophyma
VOSMAER, 1885 (nom. nllll.); Sticophyma MORET,
1924 (nom. nllll.)].

Stratophyllum SMYTH, 1933 ["S. tenlle] [=Eth­
moplax SMYTH, 1939 (nom. ,'an. pm Stratophyl­
lllm); Stratiphylilim LANG, SMITH & THOMAS,
1940 (nom. "an. pro Stratophyllllm SMYTH) (non
Stratiphyllllm SCHEFFEN, 1933)].

Placotelia OPPLIGER, 1907 ["Pomstoma marconi
FROM EN TEL, 1859; SO DELAUBENFELS, herein]
[=Plakotelia OPPLIGER, 1907 (nom. neg.)].

Walcottella DELAUBENFELS, 1955 [nom. subst., pro
RhopalicllS SCHRA~m, 1936 (non FORSTER, 1856)].

Cyrtograptus CARRUTHERS, 1867 [nom. correct.
LAPWORTH, 1873 (pro CyrtograpslIs CARRUTHERS,
(1867), nom. conserv. proposed BULMAN, 1955
(ICZN pend.) ].

Pentagonopentagona1is YELTYSHEVA, 1955 (call.
call.), for ,pecies based on crinoid-stem parts [no
type species] (ICZN pend.).

FAMILY-GROUP NAMES; USE OF "NOM.
TRANSL."

The Code specifies the endings only for
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subfamily (-inae) and family (-idae) but all
family-group taxa are defined as coordinate,
signifying that for purposes of priority a
name published for a taxon in any category
and based on a particular type genus shall
date from its original publication for a taxon
in any category, retaining this priority (and
authorship) when the taxon is treated as
belonging to a lower or higher category.
By exclusion of -inae and -idae, respectively
reserved for subfamily and family, the end­
ings of names used for tribes and super­
families must be unspecified different letter
combinations. These, if introduced subse­
quent to designation of a subfamily or fam­
ily based on the same nominate genus, are
nomina translata, as is also a subfamily
that is elevated to family rank or a family
reduced to subfamily rank. In the Treatise
it is desirable to distinguish the valid
alteration comprised in the changed end­
ing of each transferred family-group name
by the abbreviation "nom. transl." and
record of the author and date belonging to
this alteration. This is particularly im­
portant in the case of superfamilies, for it
is the author who introduced this taxon
that one wishes to know about rather than
the author of the superfamily as defined by
the Code, for the latter is merely the
individual who first defined some lower­
rank family-group taxon that contains the
nominate genus of the superfamily. The
publication of the author containing intro­
duction of the superfamily nomen trans­
latum is likely to furnish the information
on taxonomic considerations that support
definition of the unit.

Examples of the use of "nom. transl."
are the following.

Subfamily STYLININAE d'Orbigny, 1851
[nom. trans!' EDWARDS & HAIME, 1857 (ex Stylinidae

D'ORBIGNy.1851)]

Superfamily ARCHAEOCTONOlDEA
Petrunkevitch, 1949

[nom. trans!. PETRUNKEVITCH, 1955 (ex Archaeoctonidae
PETRUNKEVITCH, 1949)]

Superfamily CRI0CERATITACEAE Hyatt, 1900
[nom. transl. WRIGHT, 1952 (ex Crioceratitidae HYATT, 1900)]

FAMILY-GROUP NAMES; USE OF "NOM.
CORRECT."

Valid name changes classed as nomina
correcta do not depend on transfer from
one category of family-group units to anoth­
er but most commonly involve correction of
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the stem of the nominate genus; in addition,
they include somewhat arbitrarily chosen
modification of ending for names of tribe
~r superfamil~; Examples of. the use of

nom. correct. are the folloWIng.

Family STREPTELASMATlDAE Nicholson, 1889
[nom. correct. WEDEKIND, 1927 (pro Streptelasmidae

NICHOLSON, 1889, nom. imperj.)]

Family PALAEOSCORPIIDAE Lehmann, 1944
[nom. correct. PETRUNKEVITCH, 1955 (pro Palaeoscorpionidae

LEHMANN, 1944, nom. imper!.)]

Family AGLASPlDlDAE Miller, 1877
[nom. correct. ST¢RMER, 1959 (pro Aglaspidae MILLER, 1877,

nom. imper!.)]

Superfamily AGARICIlCAE Gray, 1847
[nom. correct. WELLS, 1956 (pro Agaricioidae VAUGHAN &

WELLS, 1943, nom. trans!' ex Agariciidae GRAY, 1847»)

FAMILY-GROUP NAMES; USE OF "NOM.
CONSERV."

It may happen that long-used family­
group names are invalid under strict appli­
cation of the Code. In order to retain the
otherwise invalid name, appeal to ICZN is
needful. Examples of use of nom. conserv.
in this connection, as cited in the Treatise,
are the following.

Family ARIETITIDAE Hyatt, 1874
[nom. correct. HAUG, 1885 (pro Arietidae HYATT, 1875) nom.

eonserv. proposed ARKELL, 1955 (ICZN pend,) J

Family STEPHANOCERATlDAE Neumayr,
1875

[nom. correct. FISCHER, 1882 (pro Stephanoceratinen NEU·

MAYR, 1875, invaJid vernacular name), nom. conserv. pro­
posed ARKELL, 1955 (ICZN pend.)]

FAMILY-GROUP NAMES; REPLACEMENTS

Family-group names are formed by
adding letter combinations (prescribed for
family and subfamily but not now for
others) to the stem of the name belonging
to genus (nominate genus) first chosen as
type of the assemblage. The type genus
need not be the oldest in terms of receiving
its name and definition, but it must be the
first-published as name-giver to a family­
group taxon among all those included. Once
fixed, the family-group name remains tied
to the nominate genus even if its name is
changed by reason of status as a junior
homonym or junior synonym, either objec­
tive or subjective. Seemingly, the Code
(Art. 39) requires replacement of a family­
group name only in the event that the nom­
inate genus is found to be a junior hom­
onym, and then a substitute family-group
name is accepted if it is formed from the
oldest available substitute name for the
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nominate genus. Authorship and date at­
tributed to the replacement family-group
name are determined by first publication of
the changed family group-name, but for
purposes of the Law of Priority, they take
the date of the replaced name. Numerous
long-used family-group names are incorrect
in being nomina nuda, since they fail to
satisfy criteria of availability (Art. 11 ,e).
These also demand replacement by valid
names.

The aim of family-group nomenclature is
greatest possible stability and uniformity,
just as in case of other zoological names.
Experience indicates the wisdom of sus­
taining family-group names based on junior
subjective synonyms if they have priority of
publication, for opinions of different work­
ers as to the synonymy of generic names
founded on different type species may not
agree and opinions of the same worker may
alter from time to time. The retention sim­
ilarly of first-published family-group names
which are found to be based on junior ob­
jective synonyms is less clearly desirable,
especially if a replacement name derived
from the senior objective synonym has been
recognized very long and widely. To dis­
place a much-used family-group name based
on the senior objective synonym by disin­
terring a forgotten and virtually unused
family-group name based on a junior objec­
tive synonym because the latter happens to
have priority of publication is unsettling.

Replacement of a family-group name may
be needed if the former nominate genus is
transferred to another family-group. Then
the first-published name-giver of a family­
group assemblage in the remnant taxon is
to be recognized in forming a replacement
name.

FAMILY·GROUP NAMES; AUTHORSHIP
AND DATE

All family-group taxa having names
based on the same type genus are attributed
to the author who first published the name
for any of these assemblages, whether tribe,
subfamily, or family (superfamily being al­
most inevitably a later-conceived taxon).
Accordingly, if a family is divided into
subfamilies or a subfamily into tribes, the
name of no such subfamily or tribe can
antedate the family name. Also, every fam­
ily containing differentiated subfamilies
must have a nominate (sensu stricto) sub-

xx

family, which is based on the same type
genus as that for the family, and the author
and date set down for the nominate sub­
family invariably are identical with those
of the family, without reference to whether
the author of the family or some subsequent
author introduced subdivisions.

Changes in the form of family-group
names of the sort constituting nomina cor­
recta, as previously discussed, do not affect
authorship and date of the taxon concerned,
but in publications such as the Treatise it is
desirable to record the authorship and date
of the correction.

SUPRAFAMILIAL TAXA

International rules of zoological nomen­
clature as given in the Code (1961) are
limited to stipulations affecting lower-rank
categories (infrasubspecies to superfamily).
Suprafamilial categories (suborder to phy­
lum) are either unmentioned or explicitly
placed outside of the application of zoolog­
ical rules. The Copenhagen Decisions on
Zoological Nomenclature (1953, Arts. 59­
69) proposed to adopt rules for naming sub­
orders and higher taxonomic divisions up to
and including phylum, with provision for
designating a type genus for each, hopefully
in such manner as not to interfere with the
taxonomic freedom of workers. Procedures
for applying the Law of Priority and Law
of Homonymy to suprafamilial taxa were
outlined and for dealing with the names for
such units and their authorship, with as­
signed dates, when they should be trans­
ferred on taxonomic grounds from one rank
to another. The adoption of terminations
of names, different for each category but
uniform within each, was recommended.

The Colloquium on zoological nomen­
clature which met in London during the
week just before the XVth International
Congress of Zoology convened in 1958
thoroughly discussed the proposals for reg­
ulating suprafamilial nomenclature, as well
as many others advocated for inclusion in
the new Code or recommended for exclu­
sion from it. A decision which was sup­
ported by a wide majority of the partici­
pants in the Colloquium was against the
establishment of rules for naming taxa
above family-group rank, mainly because it
was judged that such regulation would un­
wisely tie the hands of taxonomists. For
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example, if a class or order was defined by
some author at a given date, using chosen
morphologic characters (e.g., gills of pele­
cypods), this should not be allowed to
freeze nomenclature, taking precedence
over another later-proposed class or order
distinguished by different characters (e.g.,
hinge-teeth of pelecypods). Even the fixing
of type genera for suprafamilial taxa might
have small value, if any, hindering taxo­
nomic work rather than aiding it. At all
events, no legal basis for establishing such
types and for naming these taxa has yet
been provided.

The considerations just stated do not pre­
vent the Editor of the Treatise from making
"rules" for dealing with suprafamilial
groups of animals described and illustrated
in this publication. At least a degree of
uniform policy is thought to be needed,
especially for the guidance of Treatise-con­
tributing authors. This policy should ac­
cord with recognized general practice
among zoologists, but where general prac­
tice is indeterminate or nonexistent our
own procedure in suprafamilial nomencla­
ture needs to be specified as clearly as pos­
sible. This pertains especially to decisions
about names themselves, about citation of
authors and dates, and about treatment of
suprafamilial taxa which on taxonomic
grounds are changed from their originally
assigned rank. Accordingly, a few "rules"
expressing Treatise policy are given here,
some with examples of their application.

1) The name of any suprafamilial taxon
must be a Latin or latinized uninominal
noun of plural form, or treated as such, a)
with a capital initial letter, b) without dia­
critical mark, apostrophe, diaeresis, or hy­
phen, and c) if component consisting of a
numeral, numerical adjective, or adverb
is used, this must be written in full (e.g.,
Stethostomata, Trionychi, Septemchitonina,
Scorpiones, Subselliflorae). No uniformity
in choice of ending for taxa of a given rank
is demanded (e.g., orders named Gorgon­
acea, Milleporina, Rugosa, Scleractinia,
Stromatoporoidea, Phalangida).

2) Names of suprafamilial taxa may be
constructed in almost any way, a) intended
to indicate morphological attributes (e.g.,
Lamellibranchiata, Cyclostomata, Toxo­
glossa), b) based on the stem of an in­
cluded genus (e.g., Bellerophontina, Nau-

tilida, Fungiina), or c) arbitrary combina­
tions of letters, (e.g., Yuania), but none of
these can be allowed to end in -idae or -inae,
reserved for family-group taxa. A class or
subclass (e.g., Nautiloidea), order (e.g.,
N autilida), or suborder (e.g., N autilina)
named from the stem of an included genus
may be presumed to have that genus (e.g.,
Nautilus) as its objective type. No supra­
familial name identical in form to that of a
genus or to another published suprafamilial
name should be employed (e.g., order Deca­
poda Latreille, 1803, crustaceans, and order
Decapoda Leach, 1818, cephalopods; sub­
order Chonetoidea Muir-Wood, 1955, and
genus Chonetoidea Jones, 1928). Worthy of
notice is the classificatory and nomenclatural
distinction between suprafamilial and fam­
ily-group taxa which respectively are
named from the same type genus, since one
is not considered to be transferable to the
other (e.g., suborder Bellerophontina Ul­
rich & Scofield, 1897; superfamily Bellero­
phontacea M'Coy, 1851; family Bellero­
phontidae M'Coy, 1851). Family-group
names and suprafamilial names are not co­
ordinate.

3) The Laws of Priority and Homony­
my lack any force of international agree­
ment as applied to suprafamilial names, yet
in the interest of nomenclatural stability
and the avoidance of confusion these laws
are widely accepted by zoologists above the
family-group level wherever they do not
infringe on taxonomic freedom and long­
established usage.

4) Authors who accept priority as a
determinant in nomenclature of a supra­
familial taxon may change its assigned rank
at will, with or without modifying the
terminal letters of the name, but such
change( s) cannot rationally be judged to
alter the authorship and date of the taxon
as published originally. a) A name revised
from its previously published rank is a
"transferred name" (nom. transl.), as illus­
trated in the following.

Order CORYNEXOClllDA Kobayashi, 1935
[nom. transl. MOORE, 1955 (ex suborder Corynexochida

KOBAYASHI,1935)J

b) A name revised from its previously
published form merely by adoption of a
different termination, without changing
taxonomic rank, is an "altered name" (nom.
correct.). Examples follow.
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Order DISPARIDA Moore & Laudon, 1943
[nom. correct. MOORE, 1952 (pro order Dispar::Ita MOORE &

LAUDON, 1943)]

Suborder AGNOSTINA Salter, 1864
[nom. correct. HARRINGTON & LEANZA, 1957 (pro suborder

Agnostini SALTER, 1864) J

C) A suprafamilial name revised from its
previously published rank with accompany­
ing change of termination (which mayor
may not be intended to signalize the change
of rank) is construed to be primarily a nom.
transl. (compare change of ending for fam­
ily-group taxa -idae to -inae, or vice versa,
and to superfamily) but if desired it could
be recorded as nom. transl. et correct.

Order ORTHIDA Schuchert & Cooper, 1931
[nom. transl. MOORE, 1952 (ex suborder Orthoidea

SCHUCHERT & COOPER, 1931)]

5) The authorship and date of nominate
subordinate and superordinate taxa among
suprafamilial taxa are considered in the
Treatise to be identical since each actually
or potentially has the same type. Examples
are given below.

Subclass ENDOCERATOIDEA Teichert, 1933
{nom. transl. TEICHERT, 1964 (ex superoeder Endoceratoidea
SHIMANSKIY & ZHURAVLEVA, 1961, 120m. transl. ex order

Endoceroidea TEICHERT, 1933)]

Order ENDOCERIDA Teichert, 1933
[nom. correct. TEICHERT, 1964 (pro order Endoceroidea

THeHERT, 1933)]

Suborder ENDOCERINA Teichert, 1933
[nom. correct. TEICHERT, 1964 (pro suborder Endoceracea
SCHINDEWOLF, 1935, nom. transl. ex order Endoceroidea

TEICHERT, 1933)]

6) A suprafamilial taxon mayor may
not contain a family-group taxon or taxa
having the same type genus, and if it does,
the respective suprafamilial and family­
group taxa mayor may not be nominate
(having names with the same stem). The
zoological Code (Art. 61) affirms that
"each taxon [of any rank] has, actually or
potentially, its type." Taxa above the fam­
ily-group level which may be designated
as having the same type genus (such desig­
nations not being stipulated or recognized
by any articles of the zoological Code) are
considered to have identical authorship and
date if the stem of names employed is the
same (illustrated in preceding paragraph),
but otherwise their authorship and date are
accepted as various. Examples showing
both suprafamilial and familial taxa in a
group of spiders follow.

Class ARACHNIDA Lamarck, 1801
[nom. correct. NEWPORT, 1830 (pro class-not family­
Arachnidae LAMARCK, 1801) (type, Araneus CURCK, 1757,

validated ICZN, 1948) J

Subclass CAULOGASTRA Pocock, 1893
[type, Araneus CLERCK, 1757]

Superorder LABELLATA Petrunkevitch, 1949
[type, Araneus CLERCK, 1757]

Order ARANEIDA Clerck, 1757
[nom. correct. DALLAS, 1864 (pro Araneidea BLACKWALL.

1861, pro Araneides LATREILLE, 1801, pro Aranei CUReK,

1757, validated ICZN, 1948) (type, Aranel/s CLERCK, 1757)]

Suborder DIPNEUMONINA Latreille, 1817
[nom. correct. PETRUNKEVITCH, 1955 (pro Dipneumones

LATREILLE, 1817) (type, Araneus CLERCK, 1757)]

Division TRIONYCHI Petrunkevitch, 1933
[type, Araneus CLERCK, 1757]

Superfamily ARANEOIDEA Leach, 1815
[nom. trans!. PETRUNKEVITCH, 1955 (ex Araneides LEACH,

1815) (type, Araneus CLERCK, 1757)]

Family ARANEIDAE Leach, 1815
[nom. correct. PETRUNKEVlTCH, 1955 (pro Araneadae LEACH,

1819, pro Araneides LEACH, 1815) (type, Araneus CURCK,
1757) ]

Subfamily ARANEINAE Leach, 1815
[nom. trans!' SIMON, 1892 (ex Araneidae LEACH, 1815)

(type, Araneus CLERCK, 1757)]

TAXONOMIC EMENDATION
Emendation has two measurably distinct

aspects as regards zoological nomenclature.
These embrace 1) alteration of a name
itself in various ways for various reasons,
as has been reviewed, and 2) alteration or
taxonomic scope or concept in application
of a given zoological name, whatever its
hierarchical rank. The latter type of emen­
dation primarily concerns classification
and inherently is not associated with change
of name, whereas the other type introduces
change of name without necessary expan­
sion, restriction, or other modification in
applying the name. Little attention gener­
ally has been paid to this distinction in
spite of its significance.

Most zoologists, including paleozoologists,
who have signified emendation of zoolog­
ical names refer to what they consider a
material change in application of the name
such as may be expressed by an importantly
altered diagnosis of the assemblage covered
by the name. The abbreviation "emend."
then may accompany the name, with state­
ment of the author and date of the emenda­
tion. On the other hand, a multitude of
workers concerned with systematic zoology
think that publication of "emend." with a
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zoological name is valueless, because more
or less alteration of taxonomic sort is intro­
duced whenever a subspecies, species, genus,
or other assemblage of animals is incorpor­
ated under or removed from the coverage
of a given zoological name. Inevitably asso­
ciated with such classificatory expansions
and restrictions is some degree of emenda­
tion affecting diagnosis. Granting this, still
it is true that now and then somewhat
radical revisions are put forward, generally
with published statement of reasons for
changing the application of a name. To
erect a signpost at such points of most'sig­
nificant change is worthwhile, both as aid
to subsequent workers in taking account of
the altered nomenclatural usage and as indi­
cation that not to-be-overlooked discussion
may be found at a particular place in the
literature. Authors of contributions to the
Treatise are encouraged to include records
of all specially noteworthy emendations of
this nature, using the abbreviation"emend."
with the name to which it refers and citing
the author and date of the emendation.

In Part G (Bryozoa) and Part D (Pro­
tista 3) of the Treatise, the abbreviation
"emend." is employed to record various
sorts of name emendations, thus conflicting
with usage of "emend." for change in tax­
onomic application of a name without
alteration of the name itself. This is objec­
tionable. In Part E (Archaeocyatha, Por­
ifera) and later-issued divisions of the
Treatise, use of "emend." is restricted to its
customary sense, that is, significant altera­
tion in taxonomic scope of a name such as
calls for noteworthy modifications of a
diagnosis. Other means of designating
emendations that relate to form of a name
are introduced.

STYLE IN GENERIC DESCRIPTIONS

CITATION OF TYPE SPECIES

The name of the type species of each
genus and subgenus is given next following
the generic name with its accompanying
author and date, or after entries needed for
definition of the name if it is involved in
homonymy. The originally published com­
bination of generic and trivial names for
this species is cited, accompanied by an
asterisk (*), with notation of the author
and date of original publication. An excep­
tion in this procedure is made, however, if

the species was first published in the same
paper and by the same author as that con­
of the generic name followed by the trivial
taining definition of the genus which it
serves as type; in such case, the initial letter
name is given without repeating the name
of the author and date, for this saves needed
space. Examples of these two sorts of cita­
tions are as follows:

DipIotrypa NICHOLSON, 1879 [*Favosites petropoli­
tanus PANDER, 1830J.

Chainodietyon FOERSTE, 1887 [*C.laxttmJ.

If the cited type species is a junior synonym
of some other species, the name of this
latter also is given, as follows:

Acervularia SCHWEIGGER, 1819 [*A. baltica
(=*Madrepora ananas LINNE, 1758)J.

It is judged desirable to record the man­
ner of establishing the type species, whether
by original designation or by subsequent
designation.

Fixation of type species originally. The
type species of a genus or subgenus, accord­
ing to provisions of the Code, may be fixed
in various ways originally (that is, in the
publication containing first proposal of the
generic name) or it may be fixed in speci­
fied ways subsequent to the original publi­
cation. Fixation of the type species of a
genus or subgenus in an original publica­
tion is stipulated by the Code (Art. 68) in
order of precedence as 1) original designa­
tion (in the Treatise indicated as OD)
when the type species is explicitly stated or
(before 1931) indicated by "n. gen., n. sp."
(or its equivalent) applied to a single species
included in a new genus, 2) defined by use
of typus or typicus for one of the species
included in a new genus (adequately indi­
cated in the Treatise by the specific name),
3) established by monotypy if a new genus
or subgenus includes only one originally in­
cluded species which is neither OD nor
TYP (in the Treatise indicated as M), and
4) fixed by tautonymy if the genus-group
name is identical to an included species
name not indicated as type belonging to
one of the three preceding categories (indi­
cated in the Treatise as T).

Fixation of type species subsequently. The
type species of many genera are not deter­
minable from the publication in which the
generic name was introduced and therefore
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such genera can acquire a type species only
by some manner of subsequent designation.
Most commonly this is established by pub­
lishing a statement naming as type species
one of the species originally included in the
genus, and in the Treatise fixation of the
type species in this manner is indicated by
the letters "SO" accompanied by the name
of the subsequent author (who may be the
same person as the original author) and the
date of publishing the subsequent designa­
tion. Some genera, as first described and
named, included no mentioned species and
these necessarily lack a type species until a
date subsequent to that of the original pub­
lication when one or more species are as­
signed to such a genus. If only a single
species is thus assigned, it automatically be­
comes the type species and in the Treatise
this subsequent monotypy is indicated by
the letters "SM." Of course, the first publi­
cation containing assignment of species to
the genus which originally lacked any in­
cluded species is the one concerned in fixa­
tion of the type species, and if this named
two or more species as belonging to the genus
but did not designate a type species, then a
later "SD" designation is necessary. Ex­
amples of the use of "SO" and "SM" as
employed in the Treatise follow.
Hexagonaria GURICH, 1896 [*Cyatllop/zyllum 11exa­

gOllum GOLDFUSS, 1826; SD LANG, S~f1TH &

THOMAS, 1940].
Muriceides STUDER, 1887 [*M. tragi/is WRIGHT &

STUDER, 1889; SM WRIGHT & STUDER, 1889].

Another mode of fixing the type species
of a genus that may be construed as a special
sort of subsequent designation is action of
the International Commission on Zoological
Nomenclature using its plenary powers.
Definition in this way may set aside appli­
cation of the Code so as to arrive at a deci­
sion considered to be in the best interest of
continuity and stability of zoological nomen­
clature. When made, it is binding and com­
monly is cited in the Treatise by the letters
"ICZN," accompanied by the date of an­
nounced decision and (generally) reference
to the appropriate numbered Opinion.

Worthy of repetition is the lack of re­
quirement of a type species for definition
of collective groups (coli. coll.), but when
differentiated and named these are treated
for convenience as genera in the meaning
of the Code (Art. 42c).

HOMONYMS

Most generic names are distinct from
all others and are indicated without am­
biguity by citing their originally published
spelling accompanied by name of the
author and date of first publication. If
the same generic name has been applied
to 2 or more distinct taxonomic units,
however, it is necessary to differentiate
such homonyms, and this calls for dis­
tinction between junior homonyms and
senior homonyms. Because a junior homo­
nym is invalid, it must be replaced by
some other name. For example, Callopora
HALL, 1851, introduced for Paleozoic trep­
ostome bryozoans, is invalid because GRAY
in 1848 published the same name for Cre­
taceous-to-Recent cheilostome bryozoans,
and BASSLER in 1911 introduced the new
name Hallopora to replace HALL'S homo­
nym. The Treatise style of entry is:

Hallopora BASSLER, 1911, nom. subst. [pro Callo-
para HALL, 1851 (non GRAY, 1848)].

In like manner, a needed replacement gen­
eric name may be introduced in the Trea­
tise (even though first publication of
generic names otherwise in this work is
avoided). The requirement that an exact
bibliographic reference must be given for
the replaced name commonly can be met in
the Treatise by citing a publication re­
corded in the list of references, using its
assigned index number, as shown in the
following example.
Mysterium DE LAUBEKFELS, nom. subst. [pro Mys­
trium SCHRAM"EN, 1936 (ref. 40, p. 60) (noll
ROGER, 1862)] [*Mystrium porosum SCHRAM­
MEN, 1936].

For some replaced homonyms, a footnote
reference to the literature is necessary. A
senior homonym is valid, and in so far as
the Treatise is concerned, such names are
handled according to whether the junior
homonym belongs to the same major taxo­
nomic division (class or phylum) as the
senior homonym or to some other; in the
former instance, the author and date of the
junior homonym are cited as:

Diplophyllum HALL, 1851 [non SOSHKINA, 1939]
[*D. caespitoSllm].

Otherwise, no mention of the existence of
a junior homonym generally is made.

Synonymic homonyms. An author some­
times publishes a generic name in two or
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more papers of different date, each of which
indicates that the name is new. This is a
bothersome source of errors for later work­
ers who are unaware that a supposed first
publication which they have in hand is not
actually the original one. Although the
names were separately published, they are
identical and therefore definable as homo­
nyms; at the same time they are absolute
synonyms. For the guidance of all con­
cerned, it seems desirable to record such
names as synonymic homonyms and in the
Treatise the junior one of these is indicated
by the abbreviation "jr. syn. hom."

Identical family-group names not infre­
quently are published as new names by dif­
ferent authors, the author of the later-intro­
duced name being ignorant of previous pub­
lication(s) by one or more other workers.
In spite of differences in taxonomic con­
cepts as indicated by diagnoses and group­
ing of genera and possibly in assigned rank,
these family-group taxa are nomenclatural
homonyms, based on the same type genus,
and they are also synonyms. Wherever en­
countered, such synonymic homonyms are
distinguished in the Treatise as in dealing
with generic names.

SYNONYMS

Citation of synonyms is given next fol­
lowing record of the type species and if two
or more synonyms of differing date are
recognized, these are arranged in chron­
ological order. Objective synonyms are
indicated by accompanying designation

"(obj.)," others being understood to con­
stitute subjective synonyms. Examples
showing Treatise style in listing synonyms
follow.

Calapoecia BILLI~GS, 1865 [*C. anticostiensis; SD
LINDSTROM, 1883] [=Columnopora NICHOLSON,
1874; Houghtonia ROMINGER, 1876].

Staurocyclia HAECKEL, 1882 [*5. cmciata HAECKEL,
1887] [=Coccostaurtfs HAECKEL, 1882 (obj.);
PhacostaurtlS HAECKEL, 1887 (obj.)].

A synonym which also constitutes a homo­
nym is recorded as follows:

Lyopora NICHOLSON & ETHERIDGE, 1878 [*Palaeo­
pora? fat'osa M'Coy, 1850] [=Liopora LANG,
SMITH & THOMAS, 1940 (non GIRTY, 1915)].

Some junior synonyms of either objective
or subjective sort may take precedence de­
sirably over senior synonyms wherever uni­
formity and continuity of nomenclature are
served by retaining a widely used but tech­
nically rejectable name for a generic assem­
blage. This requires action of ICZN using
its plenary powers to set aside the unwanted
name and validate the wanted one, with
placement of the concerned names on appro­
priate official lists. In the Treatise citation
of such a conserved generic name is given
in the manner shown by the following ex­
ample.

Tetragraptus SALTER, 1863 [nom. correct. HALL,
1865 (pro Tetragrapms SALTER, 1863), nom.
conser". proposed BULMAN, 1955, ICZN pend.]
[*Fucoides serra BRONGNIART, 1828 (=Grapto­
Iitlltts bryonoides HALL, 1858)].

ABBREVIATIONS
Abbreviations used in this division of the Treatise are explained In the following

alphabetically arranged list.

Abbreviations

Abhandl., Abhandlung(en)
Abt., Abteillfng
all., affinis (related to)
Afr., Africa, -an
Ala., Alabama
Alb., Albian
Alg., Algeria
Alleghen., Alleghenian
Am., America, -n
Anis., Anisian
Ann., Aniiaes, Annales, Annual
ant., anterior
Antarct., Antarctic
append., appendix

approx., approximately
Apt" Aptian
Aquitan., Aquitanian
Arbeit., Arbeiten
Arch., Archipelago, Archives,

Archi"os
Ark., Arkansas
Arg., Argentina
art., article
AsiaM., Asia Minor
Ad., Atlantic
auctt., auctortfm (of authors)
Aus., Austria
Auvers., Auversian
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Bajoc., Bajocian
Barton., Bartonian
B.C., British Columbia
Bd., Band
Beil., Beilage
Belg., Belgique, Belgium
Bk., Book
Boh., Bohemia
Bol., Boletim, Boletin
Boll., Bolletino
Br.I., British Isles
Brit., Britain, British
Bull., Bulletin
Burdigal., Burdigalian
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C., Centigrade, Central
ca., circa
Calif., California
Cam., Cambrian
Can., Canada
Canad., Canadian
Carb., Carboniferous
Carib., Caribbean
Cenoman., Cenomanian
d., conjer (compare)
Chester., Chesteran
eire., circular
em., centimeter
Co., County
Coblenz., Coblenzian
Coil., Collections (s)
coil. coil., collcetio collectiva

(collective group)
Colo., Colorado
commun., communication
Comun., Comunicaciones
Coniac., Coniacian
Conn., Connecticut
cont'd., continued
Contrib., Contribution(s)
cosmop., cosmopolitan
Couvin., Couvinian
Cret., Cretaceous
Czech., Czechoslovakia

Dan., Danian
D.C., District of Columbia
Del., Delaware
Denkschr., Denkschrijt(en)
Denm., Denmark
Dev., Devonian
Dinant., Dinantian
Distr., District
Ditton., Dittonian
div., division
dors., dorsal

E., East
ed., editor
edit., edition
e.g., exempli gratia (for

example)
emend., emendatus( -a)
Eng., England
enl., enlarged
Eoc., Eocene
Equal., Equatorial
err., errore (by error)
est., estimated
Est., Estonia
et aI., et alii (and others,

persons)
etc., et cetera (and others,

objects)
Eu., Europe
ext., ex terior
Extr., Extract, Extrait

F., Formation
fam., family
Famenn., Famennian
fasc., fascicle, jascicule
fig., figure (s)
Fla., Florida
Forhandl., Forhandlinger
Forhandl., Forhandlinger
Fr., Fran,ais, -e, France, French
Frasn., Frasnian

G.Brit., Great Britain
Gedinn., Gedinnian
gen., genus
Geol., Geological, Geologische,

Geology, etc.
Ger., German, Germany
Givet., Givetian
Gr., Great, Group
Greenl., Greenland

Handl., Handlingar
Hauteriv., Hauterivian
Helvet., Helvetian
hom., homonym
Hung., Hungarica, Hungary

I., Isle(s)
ICZN, International Commission

of Zoological Nomenclature
i.e., id est (that it)
Ill., Illinois
iIlus., illustrated, -ions
incl., inclined, including
Ind.O., Indian Ocean
int., interior
Ire., Ireland
Is., Island (s)

Jahrb., fahrbuch
Jahrg., fahrgang
Jan., January
Jour., Journal
jr., junior
Jur., Jurassic

Kans., Kansas
Kazakh., Kazakhstan
Kazan., Kazanian
Kimmeridg., Kimmeridgian
Ky., Kentucky

L., Lower
La., Louisiana
lat., lateral
Lattorf., Lattorfiian
Lias., Liassic
Lief., Liejerung
litt., letters
long., longitudinal
Ls., Limestone
Ltd., Limited
Lutet., Lutetian
LV, left valve
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m., meter
M., Middle
M, monotypy
Maastricht., Maastrichtian
Madag., Madagascar
mag., magnification
Mass., Massachusetts
Medd., Meddelanden,

Meddelelser
Mooed., Mededeelingen
Medit., Mediterranean
Mem., Memoir(s), Memoria,

Memorie
Mem., Memoire( s)
Mex., Mexico
Mio., Miocene
Miss., Mississippi, Mississippian
mm., millimeter(s)
mod., modified
Mon., Monograph, Monographia,

Monograp/lie
Monatsber., Monatsberichte
Monatsh., Monatshejte
Mont., Montana
Mt., Mount, Mountain
Mts., Mtns., Mountains

n., new
N., North
N.Am., North America(n)
Namur., Namurian
Nat., Natural
N.Car., North Carolina
N.Dak., North Dakota
NE., Northeast
Neocom., Neocomian
Neth., Netherlands
Nev., Nevada
N.J., New Jersey
no., number
nom. conserv., nomen conserva­

turn (conserved name)
nom. correct., nomen correcturn

(corrected or intentionally
altered name)

nom. dub., nomen dubium
(doubtful name)

nom. imperf., nomen imperjec­
tum (imperfect name)

nom. neg., nomen negatum
(denied name)

nom. nov., nomen novttm (new
name)

nom. nud., nomen nudum
(naked name)

nom. null., nomen nullum (null,
void name)

nom. oblit., nomen oblitum
(forgotten name)

nom. subst., nomen substitutum
(substitute name)
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nom. transl., nomen translatum
(transferred name)

nom. van., nomen l'an/fm (vain,
void name)

nom. vet., nonlen vetitum
(impermissible name)

Nomencl., Nomenclature
Notizbl., Notizblatt
Nouv., Nouvelle
Nov., November
NW., Northwest
N.Y., New York
N.Z., New Zealand

0., Ocean
obj., objective
OD, original designation
Okla., Oklahoma
Oligo., Oligocene
Op., Opinion
Ord., Ordovician
orig., original
Ore., Oregon

p., page(s)
Pa., Pennsylvania
Pac., Pacific
Paleoc., Paleocene
Palest., Pales tine
pend., pending
Penn., Pennsylvanian
Perm., Permian
Permocarb., Permocarboniferous
Permotrias., Permotriassic
pers., personal
Philip., Philippines
Philos., Philosophical
Piacenz., Piacenzian
pI., plate(s), plural
Pleist., Pleistocene
Plio., Pliocene
Pol., Poland
Port., Portugal
post., pos terior
Precam., Precambrian
Proc., Proceedings
Prof., Professional
pt., part(s)

pubbl., pubblicato
publ., publication, published

Quart., Quarterly
Que., Quebec
Qzt., Quartzite

Rec., Recent, Record (s)
reconstr., reconstructed, -ion
Rept., Report
rev., revised
Rev., Review, Revista, Revue
Rhaet., Rhaetian
RV, right valve

S., Sea, South
S.Am., South America
Santon., Santonian
Scot., Scotland
SD, subsequent designation
S.Dak., South Dakota
SE., Southeast
sec., section (s)
Senon., Senonian
ser0' serial, series, etc.
Sh., Shale
Sib., Siberia
Siegen., Siegenian
Sil., Silurian
sing., singular
Sitzungsber., Sitzungsberichte
Skrift., Skrift( er)
5.1., senSll lato (in the wide

sense, broadly defined)
SM, subsequent monotypy
sp., species (spp., plural)
spec., special, specimen
Spitz., Spitzbergen
sq., square
Sf., senior
5.5., senSll stricto (in the strict

sense, narrowly defined)
Staffs., Staffordshire
Stephan., Stephanian
subfam., subfamily
subj., subjective
Subrec., Subrecent
superfam., superfamily
suppl., supplement

SW., Southwest
Swed., Sweden
Switz., Switzerland
syn., synonym

t., tome
T, tautonymy
Tartar., Tartarian
Tasm., Tasmania
temp., temperate
Tenn., Tennessee
Terr., Territory, -ies
Tert., Tertiary
Tex., Texas
Tithon., Tithonian
Trans., Transactions
transl., translated, -ion
transv., transverse
Trias., Triassic
trop., tropical
Turon., Turonian

U., Upper
undet., undetermined
Univ., Universidad, Universita,

Universitiit, Universite,
Uni,'ersitets, University

U.S., United States
USA, United States of America
USSR, Union of Soviet Socialist

Republics

v., volume(s)
var., variety
Verhandl., Verhandlungen
viz., t'idelicet, namely

W., West
Wash., Washington
Weald., Wealdian
Westphal., Westphalian
Wis., Wisconsin

Ypres., Ypresian
Yugosl., Yugoslavia

Z., Zone
Zeitschr., Zeitschrift
Zool., Zoological, Zoologie,

Zoologisch, Zoology

REFERENCES TO LITERATURE

Each part of the Treatise is accompanied
by a selected list of references to paleon­
tological literature consisting primarily of
recent and comprehensive monographs
available but also including some older
works recognized as outstanding in im­
portance. The purpose of giving these ref­
erences is to aid users of the Treatise in
finding detailed descriptions and illustra-

tions of morphological features of fossil
groups, discussions of classifications and
distribution, and especially citations of more
or less voluminous literature. Generally
speaking, publications listed in the Treatise
are not original sources of information con­
cerning taxonomic units of various rank but
they tell the student where he may find
them; otherwise it is necessary to turn to
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such aids as the Zoological Record or
NEAvE's Nomenclator Zoologicus. Refer­
ences given in the Treatise are arranged
alphabetically by authors and accompanied
by index numbers which serve the purpose
of permitting citation most concisely in
various parts of the text; these citations of
listed papers are enclosed invariably in
parentheses and, except in Part C, are dis­
tinguishable from dates because the index
numbers comprise no more than 3 digits.
The systematic descriptions given in Part
C are accompanied by a reference list con­
taining more than 2,000 entries; the index
numbers for them are marked by an aster­
isk.

The following is a statement of the full
names of serial publications which are cited
in abbreviated form in the Treatise lists of
references. The information thus provided
should be useful in library research work.
The list is alphabetized according to the
serial titles which were employed at the
time of original publication. Those follow-

ing it in brackets are those under which the
publication may be found currently in the
Union List of Serials, the United States
Library of Congress listing, and most li­
brary card catalogues. The names of serials
published in Cyrillic are transliterated; in
the reference lists these titles, which may be
abbreviated, are accompanied by transliter­
ated authors' names and titles, with English
translation of the title. The place of publi­
cation is added (if not included in the serial
title ).

The method of transliterating Cyrillic let­
ters that is adopted as "official" in the
Treatise is the so-called Anglo-American
method given by the Geographical Society
of London. It follows that names of some
Russian authors in transliterated form de­
rived in this way differ from other forms,
possibly including one used by the author
himself. In Treatise reference lists the alter­
native (unaccepted) form is given enclosed
by square brackets (e.g., Chernyshev
[Tschernyschew], T.N.).

List of Serial Publications

Academia Brasileira de Ciencias, Annaes. Rio de
Janeiro.

Academie Roumaine, Bulletin de la Section Scien­
tifique. Bucharest.

Academie Royale de Belgique, Classe des Sciences,
Bulletins, Memoires. Bruxelles.

Academie des Sciences de Paris, Comptes Rendus,
Memoires. Paris.

Academie des Sciences de I'URSS, Comptes Rendus;
Institut Paleontologique, Travaux; Institut Pa­
leozoologique, Travaux [Akademiya Nauk SSSR,
Doklad y]. Leningrad.

Academy of Natural Sciences of Philadelphia, Jour­
nals; Proceedings.

[R.] Accademia Pontaniana, Atti. Napoli.
Acta Adriatica Instituti Biologico-oceanographici.

Split, Yugoslavia.
Acta Geologica Hispanica. Barcelona.
Acta Litterarurn ac Scientiarum R. Universitatis

Hungarica Francisco-Josephina, Sectio Scientiarum
Naturalium. Szeged.

Acta Zoologica. Stockholm.

Akademie der Wissenschaften und der Literatur zu
Mainz, mathematisch - naturwissenschaftlichen
Klasse, Abhandlungen. Wiesbaden.

Akadernie der Wissenschaften zu Miinchen, mathe­
matische-physikalische Klasse, Sitzungsberichte;
Denkschriften.

[K.] Akademie der Wissenschaften St. Petersburg
[Akademiya Nauk SSSR, Leningrad.]

[K.] Akademie der Wissenschaften zu Wien, mathe-

rnatische-naturwissenschaftliche Klasse, Denk-
schriften; Sitzungberichte.

Akademiya Nauk SSSR, Doklady. Moskva.
Akademiya Nauk SSSR, Institut Geologicheskikh

Nauk, Trudy (Geologicheskaya Seriya). Moskva.
Akaderniya Nauk SSSR, Institut Paleontologiche­

skikh, Trudy (Paleontologischeskaya Seriya); Pa­
leontologicheskiy Zhurnal; Zoologicheskiy Zhur­
nal.

Akademiya Nauk Ukranskoi SSR, Institut Geo­
ligicheskikh Nauk, Trudy (Stratigrifiy i Paleon­
tologiy Seriya). Kiev.

Allan Hancock Atlantic Expedition, Report. Los
Angeles.

American Association for the Advancement o[ Sci­
ences, Proceedings; Publications. Washington, D.C.

American Association of Petroleum Geologists, Bul-
letins. Tulsa, Oklahoma.

American Geologist. Minneapolis, Minn.
American Journal of Science. New Haven, Conn.
American Microscopical Society, Transactions. Lan-

caster, Pa.
American Midland Naturalist. Notre Dame, Ind.
American Museum of Natural History, Novitates;

Memoires; Bulletins. New York.
American Naturalist. Lancaster, Pa.
Anatomical Record. Philadelphia.
Annales de la Faculte des Sciences de l'Universite

de Dakar.
Annales des Mines (Bureau de Recherches Geologi­

ques, Geophysiques et Minieres). Paris.
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.'. nnales de Paleontologie. Paris.
Annals of Philosophy. London.
Annales des Sciences Geologiques. Paris.
Annales des Sciences Naturelles, Zoologie. Paris.
Annales de la Societe Geologique de Belgique.

Liege.
Annales de la Societe Geologique du Nord. Lille.
Annals and Magazine of Natural History. London.
Annotationes Zoologicae Japonenses. Tokyo.
Arbeiten der Biologischen (Hydrobiologischen) Sta-

tion zu Kossino.
Arbeiten der Nord-Kaukasischen Assoziation Wis­

senschaftlicher Institute. Rostov.
Arbeiten aus den Zoologischcn Instituten Zooto­

mischen Wurzburg.
Arbeiten aus den Zoologischen Instituten der Uni­

versitat Wien und der Zoologische Station in
Triest. Wien.

Archiv fur Hydrobiologie (und Planktonkunde).
Stuttgart.

Archiv fur Mathematik og Naturvidenskab. Kris­
tiania.

Archiv fur Naturgeschichte. Berlin, Leipzig.
Archiv Naturwissenschaftliche Landesdurchfor-

schung von Bohmen. Praha.
Archives de Zoologie, Experimentale at Generale,

Paris.
Arkiv for Zoologi. Uppsala.
Australian Museum, Memoirs; Records. Sydney.
[K.] Bayerische Akademie der Wissenschaften,

mathematisch-physikalische Klasse, Abhand-
lungen; Sitzungsberichte. Munchen.

Bayerische Staatssammlung fur Palaontologie und
Historische, Geologie, Mitteilungen. Munchen.

Beitrage zur Petrefacten-Kunde. Bayreuth.
Bernice Pauahi Bishop Museum, Bulletin. Honolulu.
Biological Bulletin. Woods Hole.
Biological Reviews (see Cambridge Philosophical

Society). Cambridge, Eng.
Bollettino di Zoologia, pubblicato dall' Unione

Zoologica Italiana. Napoli.
Boston Society of Natural History, Memoirs; Occa­

sional Papers; Proceedings.
Brazil, Divisao de Geologia e Mineralogia, Notas

Preliminares e Estudos (Departamento Nacional
da Produ~ao Mineral). Rio de Janeiro.

British Antarctic Survey, Bulletins; Faulkland Islands
Dependencies Scientific Bureau, Scientific Re­
ports. London.

British Museum (Natural History), Bulletins. Lon-
don.

Buffalo Society of Natural Science, Bulletin.
Bulletin of American Paleontology. Ithaca, N.Y.
Bulletin Biologique de la France et de la Belgique.

Paris.
Bulletin des Sciences Naturelles et de Geologie.

Paris.
Bulletin of Zoological Nomenclature. London.
Cahiers de Biologie Marine. Paris.
California, University of, Publications in Zoology.

Berkeley.

California, University of, Scripps Institution of
Oceanography, Bulletin, Technical Series. La Jolla.

Cambridge Philosophical Society, Biological Re­
views and Biological Proceedings. Cambridge,
Eng.

Canada, Geological Survey of, Department of Mines
and Resources, Mines and Geology Branch, Bulle­
tins; Memoirs; Museum Bulletins; Victoria Me­
morial Museum Bulletins. Ottawa.

Canadian Journal of Research. Ottawa.
Canadian Naturalist and Geologist. Montreal,

Canada.
Carnegie Institution of Washington, Papers; Publi­

cations. Washington, D.C.
Carnegie Museum, Annals; Memoirs. Pittsburgh,

Pa.
Centre National de la Recherche Scientifique, Groupe

Fran~ais des Argiles, Bulletin. Paris.
Challenger, Report on the Scientific Results of the

Exploring Voyage of HMS Challenger, Zoology.
Edinburgh.

Comite Geologique, Memoires. St. Petersbourg.
Connecticut Academy of Arts and Sciences, Mem­

oirs; Transactions. New Haven.
Conseil Permanent International pour l'Exploration

de la Mer, Journals. Copenhagen.
Crustaceana. Leiden.
Dansk Geologisk Forening, Meddelelser. Koben­

havn.
Decheniana. Verhandlungen des Naturhistorischen

Vereins der Preussischen Rheinlande und West­
falens. Bonn.

Deutsche Geologische Gesellschaft, Zeitschrift. Ber­
lin, Hannover.

Deutsche Zoologische Gesellschaft Wien, Ver-
handlungen.

Discovery. London.
"Discovery" Reports, Cambridge, Eng.
Dusenia; publicatio periodica de scientia naturali.

Curitiba, Parana, Brasil.
fclogae Geologicae Helvetiae (see Schweizerische

Geologische Gesellschaft). Basel.
Egyetem. Acta Universitatis Szegediensis, Sectio

Scientiarum Naturalium. Szeged. (See Acta
litterarum ac scientiarum R. Universitatis Hun­
garica Francisco-Josephina.)

Entomologist's Monthly Magazine. London.
Eos, Revista Espanola de Entomologia. Museo Na·

cional de Ciencas Naturales. Madrid.
Ergebnisse der im Atlantischen Ozean Plankton­

expedition der Humboldt-Stiftung. Kiel.
Evolution. Lancaster, Pa.
Ezhegodnik Vsesoyuznogo Paleontologicheskogo

Obshchestva. Moskva.
Falkland Islands Dependencies Survey, Scientific Re­

ports. London. [See British Antarctic Survey.]
Fauna und Flora des Golfes von Neapel (see Sta-

zione Zoologica di Napoli). Berlin.
Faune de France. Paris.
Fieldiana, Geology. Chicago.
Fisheries Research Board of Canada, Journals.

Ottawa.
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physiques et naturelles. Ser. 2, Sciences his­
toriques archeologiques et philosophiques.

Institut Fran,ais d'Afrique Noire, Bulletins, Cata­
logues. Paris; Dakar, Senegal.

Institut Oeeanographique de Monaco, Annales;
Bulletins.

Instituto Geologico y Minero de Espana, Boletin;
Memorias; Notas y Comunicaeiones. Madrid.

International de l'Academie des Sciences de Boheme.
Bulletins. London.

Internationale Revue der gesarnten Hydrobiologie
und Hydrographie. Leipzig.

Istituto Italiano di Idrobiologie Dott. Marco de
Marchi, Memorie. Pallanza, Italy.

Japan, Geological Society of, Journals. Tokyo.
Japanese Journal of Geology and Geography (Science

Council of Japan). Tokyo.
Johns Hopkins University Circulars. Baltimore.
Journal of Experimental Biology. Cambridge, Eng.
Journal of General Biology. Moscow.
Journal of Geology. Chicago.
Journal of Marine Zoology and Microscopy. Jersey.
Journal of Morphology. Philadelphia.
Journal of Paleontology. Tulsa, Okla.
Journal de Physique, de Chimie, d'Historie Natur­

elle Elementaires. Paris.
Kansas Academy of Science, Transactions. Topeka,

Kans.
Kyoto Imperial University, Memoirs of the College

of Science.
Lavoura. Soeiedade Nacional de Agricultura, Bole­

tim. Rio de Janeiro.
Linnean Society of London (Zoology), Journals;

Proceedings; Transactions.
Linnean Society of New South Wales, Proceedings.

Sydney.
Lund Universitet, Arsskrift.
Marine Biological Association of the United King­

dom, Journals. Cambridge, Eng.
Marine Science of the Gulf and Caribbean, Bulle­

tins. Miami, Fla.
Maryland Geological Survey. Baltimore.
Mathematikai .os Termeszettudomanyi Ertesftii.

Budapest.
Mathematikai .os Termeszettudomanyi Kiizlemenyek,

vonatkozolag a hazai viszonyokra. Budapest.
Mathematische und Naturwissenschaftliche Berichte

aus Ungarn. Leipzig.
Michigan, University of, Museum of Geology, Con­

tributions; Museum of Paleontology, Contribu­
tions. Ann Arbor.

Micropaleontology. American Museum of Natural
History. New York.

Ministere des Travaux Publics, Memoires. Paris.
Missouri, University of, School of Mines and Metal­

lurgy, Bulletins; Technical Series. Rolla, Mo.
Mitteilungen der Geologische Landesanstalt von

Elsass-Lothringen. Strasbourg.
Mitteilungen aus dem Mineralogisch-geologischen

(Staats) Institut in Hamburg.
Mitteilungen des Naturwissenschaftlichen Vereins

fur Steiermark. Graz.

Comite
Lenin-

Tarsulat
Ungari-

Trudy (see
Petersbourg) .

Florida Academy of Sciences, Quarterly Journal.
Gainesville.

Fiildtani Kiizliiny (Magyaroni Fiildtani
Folyoirata). Budapest. (Zeitschrift der
schen Geologischen Gesellschaft.)

Fortschritte der Geologie und Palaeontologie. Ber­
lin.

Fortschritte der Geologie von Rheinland und West­
falens. Krefeld.

Geologica Hungarica. Series Geologica; Series
Palaeontologica. Budapest.

Geological Magazine. London, Hertford.
Geological Society of America, Bulletins; Memoirs;

Special Papers. New York.
Geological Society of China, Bulletins. Peking.
Geological Society of London; Memoirs; Proceed­

ings; Quarterly Journal~; Transactions.
Geological Survey of [see under name of country,

state, or province].
Geologicheskogo Komiteta,

Geologique Memoires. St.
grad.

Geologie des Pays Catalans. Association pour
l'Etude Geologique de la Mediterranee Occi­
dentale. Barcelona.

Geologie (Zeitschrift fur das Gesamtgebiet der
Geologie und Mineralogie sowie der angewand­
ten Geophysik). Berlin.

Geologisch-palaeontologische Institut der Univer­
stat Greifswald, Abhandlungen.

[K.K.] Geologische Bundesanstalt Wien, Abhand­
lungen; Jahrbuch; Verhandlungen.

Geologische Rundschau Internationale Zeitschrift fur
Allegemeine Geologie (Geologischen Vereini­
gung). Stu ttgart.

Geologists' Association, Proceedings. London.
Gesellschaft Naturforschender Freunde Berlin,

Magazin; Sitzungsberichte.
Gesellschaft der Wissenschaften zu Giittingen,

mathematisch-physikalische Klasse, Abhandlun­
gen; Nachrichten.

Gewasser und Abwasser. Dusseldorf.
Giornale di Scienze Naturali ed Economiche di

Palermo.
Gluckauf, Berg- und Hu ttenmannische Zeitschrift.

Essen.
Giiteborgs K. Vetenskaps- och vitterhets Samhalle

Handlingar. Gothenburg.
Great Britain, Geological Survey of, Palaeontology,

Bulletins; Memoirs. London.
Harvard University, Museum of Comparative Zool­

ogy, Breviora; Bulletins; Memoirs; Special Publi­
cations. Cambridge, Mass.

Hokkaido University, Journal of the Faculty of
Science. Sapporo.

Hydrobiologia, Acta Hydrobiologica, Limnologica,
et Protistologica. s'Gravenhage.

Illinois State Geological Survey, Bulletins; Memoirs;
Monographs; Reports of Investigations. Urbana.

Imperial Academy [of Japan], Proceedings. Tokyo.
Indian Museum, Memoirs; Records. Calcutta.
Institut. Paris. Ser. I, Sciences mathematiques,
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Monitore Zoologico Italiano. Firenze.
Morphologisches Jahrbuch. Leipzig.
Moskovskoe Obshchestvo Ispytatelei Prirody, Byulle­

tin. Moskva.
Musee du Congo Belge, Annales. Sciences Geologi­

ques; Sciences Zoologiques. Tervueren.
Musee Royal d'Histoire Naturelle de Belgique,

Annales; Bulletins; Memoires (continued as In­
stitut Royal des Sciences Naturelles de Belgique).
Bruxelles.

Museo de Historia Natural de Mendoza, Revista.
Museo Libico Storia Naturale, Annali. Tripoli.
Museo Nacional de Buenos Aires, Anales; Comuni-

caClones.
Museu Goeldi (Museu Paraense) de Historia Natural

e Ethnographia, Boletim. Para, Brazil.
Museu Nacional de Rio de Janeiro, Boletim.
Museum Godeffroy, Journal. Hamburg.
Museum d'Histoire Naturelle, Annales; Nouvelles

Archives. Paris.
Museum (National) d'Histoire Naturelle, Bulletin;

Memoire; Sciences de la Terre. Paris.
National Academy of Sciences, Memoirs; Proceed­

ings. Washington, D.C.
Natur und Museum. Senckenbergische Natur-

forschende Gesellschaft. Frankfurt.
Nature. London.
Nature. Paris.
Naturhistorischer verein der Preussischen Rheinlande

und Westfalens, Sitzungsberichte; Verhandlungen
(see Decheniana). Bonn.

[K.K.] Naturhistorisches Hofmuseums, Annalen.
Wien.

Naturwissenschaftliche Gesellschaft Isis, Dresden,
Sizungsberichte.

Nautilus. Philadelphia, Boston.
Nedra Arktiki. Moscow.
Netherlands, Geologische Stichting, Mededeelingen,

Serie C (Uitkomsten van nieuwe geologisch­
palaeontologische onderzoekingen van den onder­
grond van Nederland). Maastricht.

Neues Jahrbuch fur Geologie und Palaontologie
(Before 1950, Neues Jahrbuch fur Mineralogie,
Geologie, und Palaontologie), Abhandlungen;
Bei1age-Bande; Monatshefte. Stuttgart.

Neues Jahrbuch fur Mineralogie (Before 1950, Neues
Jahrbuch fiir Mineralogie, Geologie, und Palaon­
tologie), Abhandlungen; Beilage-Bande; Monat­
shafte. Stuttgart.

New Jersey State Museum, Annual Report. Trenton,
N.J.

New Mexico State Bureau of Mines and Mineral
Resources, Bulletins; Circulars; Memoirs. Socorro,
N.Mex.

New York Academy of Science, Annals.
New York State Geological Survey, Natural History

of New York; Palaeontology of New York, An­
nual Reports. Albany.

New York State Museum of Natural History, An­
nual Reports; Bulletins. Albany.

New Zealand Department of Scientific and Indus­
trial Research, Bulletins. Wellington.

New Zealand Geological Survey, Palaeontological
Bulletins. Wellington.

Niedersachsischer Geologischer Vereins, Jahresber­
icht. Hannover.

Norsk Geologisk Tidsskrift (Norsk Geologisk Foren­
ing). Oslo.

[K.] Norske Videnskabernes Selskabs Matematisk­
naturvidenskapelig Klasse, Forhandlinger; Skrifter.
Trondheim, Oslo.

Norske Videnskaps-Akademi i Oslo, Skrifter.
!':orth Carolina Geological Survey, Report. Raleigh.
Nova Acta Leopoldina, Neue Folge. (Kaiser Leo-

poldina-Carolina Deutsch Akademie der Natur­
forscher , Abhandlungen.) Halle.

Nova Acta Regiae Societatis Scientiarium Upsalien­
sis. Uppsala.

Ohio, Geological Survey of, Bulletins; Reports.
Columbus, Ohio.

Osnovy Paleontologii Spravochnik Dlya Paleon­
tologov i Geologov SSSR. Yu. A. Orlov, ed.
Akademiya Nauk SSSR. Moskva.

bsterreichische Akademie der Wissenschaften,
mathematisch - naturwissenschaftliche K I ass e ,
Denkschriften; Sitzungsberichte. Wien.

bsterreichische Botanische Zeitschrift. Wien.
Palaeobiologica. Wien.
Palaeontographia Italica. Pisa.
Palaeontographica. Stuttgart, Kassel.
Palaeontographical Society, Memoirs; Monographs.

London.
Palaeontological Society of Japan, Transactions &

Proceedings. Tokyo.
Palaeontologische Mitteilungen aus dem Museum

des Koniglich Bayerischen Staates. Miinchen.
PaLiontologische Zeitschrift. Berlin, Stuttgart.
Palaeontology (Palaeontological Association). Lon­

don.
Paleontologicheskiy Zhurnal (see Akad. Nauk

SSSR). Moskva.
Philomathic Journal and Literary Review. London.
[K.] Preussische Geologische Landesanstalt, Ab­

handlungen; Jahrbuch. Berlin.
Quarterly Journal of Microscopical Science, Mem-

oirs. London.
Quarterly Review of Biology. Baltimore, Md.
Queensland Museum, Memoirs. Brisbane.
Ray Society Publications. London.
Records of the Queen Victoria Museum. Launceston.
Revista de Biologia Tropical. San Jose.
Revista del Museo de La Plata.
Revue d'Entomologie de l'URSS. Leningrad.
Rivista Italiana di Paleontologia. Parma, Milano.
Royal Irish Academy, Proceedings. Dublin.
Royal Society of Canada, Proceedings and Trans­

actions. Ottawa.
Royal Society of Edinburgh, Memoirs; Proceedings;

Transactions.
Royal Society of London, Philosophical Trans­

actions; Proceedings.
Royal Society of New Zealand, Proceedings; Trans­

actions. Wellington.
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Royal Society of Tasmania, Papers and Proceedings.
Melbourne.

Royal Society of Victoria, Proceedings. Melbourne.
Schweizerische Geologische Gesellschaft. Basel.
Science. New York.
Scientia. Bologna.
Scientific Reports, John Murray Expedition, 1933-34.

London.
Scottish Journal of Geology. Edinburgh.
Scottish Natural History, Annals. Edinburgh.
Scripps Institute of Oceanography. See University

of California.
Senckenbergiana Lethaea* (Senckenbergische Na­

turforschende Gesellschaft Wissenschaftliche Mit­
teilungen) [*"Lethaea" added to title, 1954].
Frankfurt.

Senckenbergische Naturforschende Gesellschaft.
Frankfurt.

Service de la Carte Geologique d'Alsace et de Lor­
raine, Memoires. Strasbourg.

Service des Mines de Cameroun, Bulletin. Paris.
Servi~o Geol6gico e Mineral6gico do Brazil, Min­

isterio da Agricultura, Industria e Commercio,
Boletim; Monographias. Rio de Janeiro.

Seto Marine Biological Laboratory, Publications
(Kyoto University). Sirahama.

Siboga Expedition, Monographs. Leiden.
Smithsonian Miscellaneous Collections. Washington,

D.C.
Sociedad de Historia y Geografla de Cuyo, Revista.

Mendoza, Arg.
Societa Geologica Italiana, Bolletini; Memorie.

Rome.
Societa Italiana di Scienze Naturali, Atti; Memorie.

Milano.
Societatis Regiae Scientiarum Gottingensis, Com­

mentationis.
Societe Entomologique de France, Annales. Paris.
Societe Geologique de France, Comptes Rendus des

Seances; Bulletin; Notes et Memoires; Paris.
Societe Geologique du Nord, Annales; Memoires.

Lille.
Societe d'Histoire Naturelle d'Autun, Bulletin.
Societe d'Histoire Naturelle de Paris, Memoires.
Societe d'Histoire Naturelle de Toulouse, Bulletin.
Societe Imperiale des Naturalistes de Moscou, Bulle-

tin (see Moskovskoe Obshchestvo Ispytatelei
Prirody).

Societe des Naturalistes de Leningrad, Section de
Geologie et de Mineralogie, Trudy. Leningrad,
Moskva.

Societe Philomathique de Paris, Bulletin.
Societe des Sciences Naturelles du Maroc, Bulletins;

Memoires. Rabat.
Societe des Sciences Naturelles de Tunisie, Bulletin.

Tunis.
Societe Vaudoise des Sciences Naturelles Bulletin,

Memoires. Lausanne, Switz.
Societe Zoologique de France, Bulletin; Memoires.

Paris.
Society for British Entomology, Transactions. South­

ampton.

Society for Experimental Biology, Symposia. Cam-
bridge, Eng.

South African Museum, Annals. Capetown.
Station Zoologique de Wimereux, Travaux. Paris.
Stazione Zoologica di Napoli, Monografla.
[K.] Svenska Vetenskapsakademien, Arkiv for

Mineralogi och Geologi; Arkiv for Zoologi;
Handlingar. Stockholm.

Sveriges Geologiska Undersokning, Afhandlingar;
Arsbok. Stockholm.

Systematic Zoology. Lawrence, Kans.
Tartu Rukliku Dlikooli Toimetused, Uchenye Zapi­

ski.
Tartu Dlikooli Geoloogia-Instituudi Toimestused

[Acta et Commentationes Universitatis Tartuensis
(Dorpatensis)] .

Termeszetrajzi Fiizetek. Budapest.
Texas Journal of Science. San Marcos.
Texas, University of, Bulletins; Publications. Austin.
Tierreich. Berlin.
Tijdschrift voor Entomologie. 's Gravenhage, Am­

sterdam.
Tokyo, University of, Faculty of Science, Journals.

(From 1887-1925, Tokyo Imperial University,
College of Science.)

Tulane Studies in Geology. New Orleans.
Umschau. Dbersicht iiber die Fortschritte u. Be­

wegungen auf d. Gesamtegebiete d. Wissenschaft,
Technik, Literature u. Kunst. Frankfurt, Leipzig.

United States Fish Commission, Bulletins. Wash­
ington, D.C.

United States Geological and Geographical Survey
of the Territories, Annual Reports. Washington,
D.C.

United States Geological Survey, Annual Reports;
Bulletins; Monographs; Professional Papers. Wash­
ington, D.C.

United States National Museum, Bulletins; Pro­
ceedings. Washington, D.C.

Universitat Rostock, Wissenschaftliche Zeitschrift,
rna thematische-na turwissenschaftliche Reihe, Jahr­
gang.

University of Missouri Studies. Columbia, Mo.
Ustrednfho Ustavu Geologickeho, Rozpravy; Sbornfk;

Ves lnik. Praha.
Victorian Naturalist; the Journal and Magazine of

the Field Naturalists' Club of Victoria. Melbourne.
Videnskabelige Meddelelser fra Dansk Naturhis·

torisk Forening. Kobenhavn.
Videnskabs-Selskabet i Kristiania, Forhandlingar;

Skrifter. Oslo.
Vsesoyuznyi Nauchno-Issledova telskii Geologicheskii

Institut, Trudy (VSEGEI). Moskva.
Wagner Free Institute of Science of Philadelphia,

Bulletins.
Washington Academy of Sciences, Journals, Pro­

ceedings. Washington, D.C.
Washington, University of, Publications in Biology.

Seattle.
Washington, University of, Publications in Ocean­

ography. Seattle.
Wichita, University of, Bulletins; University Studies.
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Wissenschaftliche Ergebnisse der Deu tschen Tiefsee­
Expedition auf dem Dampfer "Valdivia," 1898­
99. Jena.

Zeitschrift fur die Gesamte Naturwissenschaft.
Braunschweig.

Zeitschrift fur Geschiebeforschung. Berlin.
Zeitschrift fur Hydrologie, Hydrographie, Hydro­

biologie, Fischereiwissenschaft. Aarau.
Zeitschrift fur Induktive Abstammungs- und Verer-

bungslehre. Berlin.
Zeitschrift fur Mineralogie. Berlin.
Zeitschrift fur Naturwissenschaften. Halle.
Zentralblatt fur Mineralogie (Before 1950, Neues

Jahrbuch fur Mineralogie, Geologie und Pabon­
tologie). Stuttgart.

Zoological Journal. London.

Zoological Society of London, Proceedings.
Zoologicheskiy Zhurnal. Moskva.
[K.K.] Zoologisch-botanischen Gesellschaft in Wien,

Verhandlungen.
Zoologische Annalen. Wurzberg.
Zoologische Jahrbucher, Abteilung I-Systematik

(Okologie), Geographie und Biologie; Abteilung
2-Anatomie und Ontogenie. Jena.

Zoologische Jahrbucher, Supplementen. Jena.
Zoologische Verhandelingen. Rijksmuseum van

Natuurlijke Historie te Leiden.
Zoologischer Anzeiger. Leipzig.
Zoologiska Bidrag fran Uppsala. Uppsala, Stock­

holm.
Zoologist. London.

SOURCES OF ILLUSTRATIONS

At the end of figure captions an index
number is given to supply record of the
author of illustrations used in the Treatise,
reference being made either (I) to publica­
tions cited in reference lists or (2) to the

names of authors with or without indication
of individual publications concerned. Pre­
viously unpublished illustrations are marked
by the letter "n" (signifying "new") with
the name of the author.

STRATIGRAPHIC DIVISIONS

Classification of rocks forming the geo­
logic column as commonly cited in the
Treatise in terms of units defined by con­
cepts of time is reasonably uniform and
firm throughout most of the world as re­
gards major divisions (e.g., series, systems,
and rocks representing eras) but it is vari­
able and unfirm as regards smaller divisions
(e.g., substages, stages, and subseries),

which are provincial in application. Users
of the Treatise have suggested the desir­
ability of publishing reference lists showing
the stratigraphic arrangement of at least the
most commonly cited divisions. According­
ly, a tabulation of European and North
American units, which broadly is applic­
able also to other continents, is given here.

Generally Recognized Divisions of Geologic Column

EUROPE

ROCKS OF CENOZOIC ERA
NEOGENE SYSTEM1

Pleistocene Series (including Recent)
Pliocene Series
Miocene Series

PALEOGENE SYSTEM

Oligocene Series
Eocene Series
Paleocene Series

ROCKS OF MESOZOIC ERA

CRETACEOUS SYSTEM

Upper Cretaceous Series

Maastrichtian Stage'
Campanian Stage'
SanIonian Stage'
Coniacian Stage'

XXX11l

NORTH AMERICA

ROCKS OF CENOZOIC ERA
NEOGENE SYSTEM1

Pleistocene Series (including Recent)
Pliocene Series
Miocene Series

PALEOGENE SYSTEM

Oligocene Series
Eocene Series
Paleocene Series

ROCKS OF MESOZOIC ERA

CRETACEOUS SYSTEM

Gu1fian Series (Upper Cretaceous)

Navarroan Stage
Tayloran Stage
Austinian Stage
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Turonian Stage
Cenomanian Stage

Lower Cretaceous Series

Albian Stage

Aptian Stage

Barremian StageS
Hauterivian StageS
Valanginian StageS
Berriasian StageS

JURASSIC SYSTEM

Upper Jurassic Series
Portlandian Stage'
Kimmeridgian Stage
Oxfordian Stage

Middle Jurassic Series

Callovian Stage (or Upper Jurassic)
Bajocian Stage
Bathonian Stage

Lower Jurassic Series (Liassic)

Toarcian Stage
Pliensbachian Stage
Sinemurian Stage
Hettangian Stage

TRIASSIC SYSTEM

Upper Triassic Series

Rhaetian StageS
Norian Stage
Carnian Stage

Middle Triassic Series

Ladinian Stage
Anisian Stage (Virglorian)

Lower Triassic Series

Scythian Stage (Werfenian)

ROCKS OF PALEOZOIC ERA

PERMIAN SYSTEM

Upper Permian Series
Tartarian Stage"
Kazanian Stage 7

Kungurian Stage
Lower Permian Series

Artinskian StageS
Sakmarian Stage
Asselian Stage

CARBONIFEROUS SYSTEM

Upper Carboniferous Series

Stephanian Stage

XXXIV

Woodbinian (Tuscaloosan) Stage
Comanchean Series (Lower

Cretaceous)

Washitan Stage

Fredericksburgian Stage
Trinitian Stage

Coahuilan Series (Lower Cretaceous)
Nuevoleonian Stage

Durangoan Stage

JURASSIC SYSTEM

Upper Jurassic Series
Portlandian Stage
Kimmeridgian Stage
Oxfordian Stage

Middle Jurassic Series

Callovian Stage (or Upper Jurassic)
Bathonian Stage
Bajocian Stage

Lower Jurassic Series (Liassic)

Toarcian Stage
Pliensbachian Stage
Sinemurian Stage
Hettangian Stage

TRIASSIC SYSTEM

Upper Triassic Series

(Not recognized)
Norian Stage
Carnian Stage

Middle Triassic Series

Ladinian Stage
Anisian Stage

Lower Triassic Series

Scythian Stage

ROCKS OF PALEOZOIC ERA

PERMIAN SYSTEM

Upper Permian Series
Ochoan Stage
Guadalupian Stage

Lower Permian Series
Leonardian Stage
Wolfcampian Stage

PENNSYLVANIAN SYSTEM

Kawvian Series (Upper
Pennsylvanian)

Virgilian Stage
Missourian Stage
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Westphalian Stage

Namurian Stage

Lower Carboniferous Series
Visean Stage

Tournaisian Stage
Strunian Stage

DEVONIAN SYSTEM

Upper Devonian Series

Famennian Stage

Frasnian Stage

Middle Devonian Series

Givetian Stage

Couvinian Stage

Lower Devonian Series

Emsian Stage
Siegenian Stage
Gedinnian Stage

SILURIAN SYSTEM

Ludlow Stage

Wenlock Stage

Landovery Stage

ORDOVICIAN SYSTEM

Ashgill Stage

Caradoc Stage

xxxv

Oklan Series (Middle Pennsylvanian)
Desmoinesian Stage
Bendian Stage

Ardian Series (Lower Pennsylvanian)
Morrowan Stage

MISSISSIPPIAN SYSTEM

Tennesseean Series (Upper
Mississippian)

Ches teran Stage

Meramecian Stage
Waverlyan Series (Lower

Mississippian)
Osagian Stage
Kinderhookian Stage

DEVONIAN SYSTEM

Chautauquan Series (Upper
Devonian)

Conewangoan Stage
Cassadagan Stage

Senecan Series (Upper Devonian)

Chemungian Stage
Fingerlakesian Stage

Erian Series (Middle Devonian)

Taghanican Stage
Tioughniogan Stage
Cazenovian Stage

Ulsterian Series (Lower Devonian)

Onesquethawan Stage
Deerparkian Stage
Helderbergian Stage

SILURIAN SYSTEM

Cayugan Series
Includes age equivalents of middle
and upper Ludlow (in New York)

Niagaran Series
Includes age equivalents of upper
Llandovery, Wenlock, and lower
Ludlow (in New York)

Medinan Series
Includes age equivalents of lower
and middle Llandovery (in New
York)

ORDOVICIAN SYSTEM

Cincinnatian Series (Upper
Ordovician)

Richmondian Stage
Maysvillian Stage
Edenian Stage

Champlainian Series (Middle
Ordovician)

Mohawkian Stage
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L1andeilo Stage
Llanvirn Stage

Arenig Stage
Tremadoc Stage"

CAMBRIAN SYSTEM

Upper Cambrian Series

Middle Cambrian Series
Lower Cambrian Series

EOCAMBRIAN SYSTEM

ROCKS OF PRECAMBRIAN AGE

1 Considered by some to excl ude post-PI iocene deposits.

j Classed as division of Senonian Subseries.

3 Classed as division of Neocomian Subseries.

4 Includes Purbeckian deposits.

r; Interpreted as lowermost Jurassic in some areas.

Trentonian Substage
Blackriveran Substage

Chazyan Stage

Canadian Series (Lower Ordovician)
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6 Includes some Lower Triassic and equivalent to upper
Thuringian (Zechstein) deposits.

7 Equivalent to lower Thuringian (Zechstein) deposits.

8 Equivalent to upper Autunian and part of Rotliegend
deposils.

v Classed as uppermost Cambrian by some geologists.
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