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EDITORIAL PREFACE
INTRODUCTION

Individual volumes of the Treatise on
Inyertebrate Paleontology, like other similar
compilatory works, begin to be out-of-date
while they are still in the press. That does
not mean that they should not be published,
because they incorporate the sum of knowl-
edge at a point in time. Therefore, the idea
was developed at an early stage to enhance
the value of the Treatise as a permanent
reference work by publication of revised
editions and two such revised editions have
already been published. They are of Part
V (Graptolithina) by O. M. B. Burman,
published in 1970, and of Part E, volume
1 (Archaeocyatha), by Dororay HiLr, pub-
lished in 1972.

Research on fossil groups summarized in
the various published volumes of the Trea-
tise progresses at an uneven pace. There-
fore, some sections become outdated sooner
than others, and some will retain their
value as up-to-date sources for many years.
The Treatise volume with the most hetero-
geneous content is probably Part W (Miscel-
lanea), published in 1962, which deals
with conodonts, tentaculitids, hyolithids,
“worms,” trace fossils, and problematica.

Among these groups, increase in knowl-
edge and understanding since publication
of the volume in 1962 has been most rapid
in the field of conodonts and trace fossils,
and already in 1966, need was felt for pub-
lication of a small paper containing sup-
plemental information accumulated since
1962.r Almost half of this paper was taken
up by a contribution by WarLter HANTZ-
scHEL, entitled Recent contributions to
knowledge of trace fossils and problematica.

Two and one-half years later, in Decem-
ber, 1968, Professor HanTzscHEL suggested
to me the possibility of publication of a
second supplementary paper on trace fossils
only, because “new ichnogenera were be-
ing established all the time.” When this
suggestion was discussed in an exchange of
letters during 1969, it became apparent
that new knowledge was being amassed at
such a rapid rate that a “supplement”
would soon reach the size of the entire
original chapter. Professor HANTZSCHEL
then offered to completely revise the entire

1 Ruopes, F. H. T., HiANTzscHeL, WALTER, MULLEr, K.
J., Fisuer, D. W., & Teicuert, Curt, 1966, Treatise on
Invertebrate Paleontology, Part W, concdonts, conoidal
shells, worms, trace fossils: comments and additions: Univ.
Kansas Paleont. Contrib. Paper 9, 17 p., 20 text-fig.



contribution on Trace fossils and problem-
atica and it was decided to publish this
manuscript as a Supplement to Part W.
It was judged that the time was ripe for
publication of a comprehensive, thoroughly
updated taxonomic text for trace fossils,
especially in view of the fairly recent up-
surge of interest in this group, particularly
in Great Britain and North America, but
also in such countries as the Soviet Union,
Poland, and France. In Germany, of course,
a great volume of work on this group of
fossils had been produced at a steady rate
since the end of World War II, as is de-
scribed in the text below.

After his retirement late in 1969, Hanrz-
scHEL spent much of his time on this new
task and increased the pace during 1971.
He continued to work vigorously up to
the beginning of March, 1972, when he
suddenly succumbed to an illness from
which he did not recover. He died on May
10, 1972,

Fortunately for the work, almost all ma-
jor problems of policy and general format

had been discussed by us before Warter

HANTzscHEL’s death and the author’s wishes
have been persistently respected during the
long months of laborious editorial work
that followed. Already during the winter
1971-72, HintzscHeL had submitted long
lists of required illustrations, and photog-
raphy and other art work was proceeding
in the editorial office in Lawrence. Also,
HANTzscueL had completed the chapter
Introduction, partly in German, and this
had been"translated. In June, 1972, T spent
some days in Hamburg to obtain first-hand
knowledge of the degree of completion of
the Hintzschel manuscript. Up to that
time I could not even be sure that there
was enough manuscript or background ma-
terial available to make it possible for us
to complete the job. What I found in
Hamburg was a very comprehensive card
file, consisting of a separate card for each
genus, with descriptions and discussions
written for Treatise-style publication. On
these cards, references to illustrations were
only sketchily indicated. Completed, also,
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were the introductory parts to individual sec-
tions of the manuscript and these were
mostly in German. I soon learned that Mrs.
Marianne HinTzscuer, Professor Hinrtz-
scHEL’s widow, was very knowledgeable in
her husband’s affairs, having assisted him in
his work, and she, with great fortitude,
guided me in the sifting of these materials.

We were immediately faced with the
task of having to prepare captions for nearly
1,000 individual text-figures and integrating
these with the descriptive text. Mrs.
HantzscueL undertook to provide drafts
for the captions, working mainly from
books and reprints available in her hus-
band’s library. Meanwhile, facsimile copies
of the entire card file were made and air-
mailed to the editorial office in Lawrence,
where the job of meshing text and figure
captions was begun late in 1972, At the
same time, photography continued and as-
sembly of illustrations commenced. The
bulk of this work was carried out, under
my general supervision, by assistant edi-
tors Lavon McCormick (text) and RocEr
B. WiLriams (illustrations), ably assisted
by special research assistant WiLLiam G.
Hakes who was responsible for a great por-
tion of the library research that had o be
done and who also made many contribu-
tions to the text. All photographic work
was done by MicHaEL FREDERICK.

Since Professor HintzscueL died before
he had completed, or even begun, composi-
tion of the manuscript, it was only to be
expected that many loose ends would have
to be tied up, and such was, in fact, the
case. Our greatest headache was references,
mainly because the German format of cita-
tions differs greatly from the American one,
as used in the Treatise and other earth sci-
ence publications in this country. Most
Russian references existed only in German,
French, or English translation, whereas the
Treatise requires transliteration of the Rus-
sian titles. Innumerable dates, page refer-
ences, spellings, and occurrence data had
to be obtained or verified, some necessitat-
ing interlibrary loans, but finally, by the
summer of 1973, the first draft of a more



or less complete manuscript could be put
together. After another five or six months
of checks and rechecks, corrections, changes,
and additions, the first portions of the
manuscript were finally sent to the press in
November, 1973. Completed illustrations
were sent to the engraver in December.
Anticipating a long gestation period from
the arrival of the cardfile copy from Ham-
burg in August, 1972, until production of
a press-ready manuscript, we continued to
incorporate into the manuscript file new
information, especially taxonomic, as it
came in. Many colleagues assisted us in
this task. Their names are mentioned be-
low, but I wish to single out Rosert W.
Frev, University of Georgia, for special
acknowledgment. A cutoff date for addi-
tion of new information was finally set at
about April, 1973, but exceptionally im-
portant data, especially new taxa, were
incorporated in the text up to the time the
manuscript went to press, and some even in
galley proof. However, no additional il-
lustrations could be added at that late stage.
A matter of special concern was that of
availability of names of trace fossil taxa
established after 1930. It was discovered
that, apparently due to some oversight of
the deliberating body, strict application of
the rules of the International Code of
Zoological Nomenclature adopted by the
15th International Zoological Congress and
published in 1961, led to the conclusion
that names for trace fossil taxa established
before 1931 are available, but those pub-
lished after 1930 are not. Details are
given by Warter HinTtzscHiL below. It
was immediately obvious that adherence to
such a dichotomy would lead to utter chaos
in any monographic treatment of trace fos-
sils. Names of trace fossil taxa published
before 1931 would have to be printed in
italics and all provisions of the Code would
have to be applied to them, whereas names
published after 1930 would have no stand-
ing of any kind and would have to be
treated as vernaculars to which the laws
of priority and synonymy did not apply.
Professor HinTzscHEL and 1, at an early
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stage, refused to be faced with such a
chaotic situation and agreed on an arbitrary
decision to deal with names of trace fossil
taxa in such a manner as if all of them—
not only those published before 1931—were
coming under the provisions of the Infer-
national Code of Zoological Nomenclature.
In consequence, in this volume the criteria
of availability, the laws of homonymy and
synonymy, and all other provisions of the
Code are applied equally to taxa established
before 1931 and after 1930. Suggestions to
this effect are the essence of a recommenda-
tion to the ICZN made by HAnTtzscHEL &
Kraus (1972). We have deviated from
this recommendation only in setting trace
fossil names in italics, partly because Pro-
fessor HAnTzscueL preferred this style
(written communication, March 1, 1971),
and partly in order to preserve compatibility
with other Treatise volumes. In fact, in
this volume all taxonomic names are
italicized, except those of pseudofossils.

The editorial work on this volume pro-
ceeded as part of the larger Treatise project,
supported by National Science Foundation
Grant GB-31331X with payments of §66,600
in 1972, $58,900 in 1973, and $67,100 in
1974. The Geological Society of America
supported the editorial office with grants
of $6,000 in 1972, and $7,000 each in 1973
and 1974. Additional support was received
through payment of salaries by the Univer-
sity of Kansas Endowment Association
(83,230 in 1973, $1,710 in 1974), and the
Wallace Everette Pratt Research Fund in
the University of Kansas Department of
Geology ($5,130 in 1972-73).
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ABBREVIATIONS

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

alphabetically arranged list.

Abhandl., Abhandlung(en)

Abt., Abteilung

aff., affinis (related to)

Afr.,, Africa, -an

Ala,, Alabama

Alb,, Albian

Alg., Algeria

Alta,, Alberta

Am,, America, -n

Amtl.,, Amtlicher

Anatol., Anatolia

Anis., Anisian

Ann., Anfiaes, Annali,
Annal(es), Annuaire, Annual

ant., anterior

Antarct., Antarctic

append., appendix

approx., approximately

Apt., Aptian

Arbeit,, Arbeit(en)

Arch., Archives, Archivos

Arenig., Arenigian

Ariz., Arizona

Ark., Arkansas

Arg., Argentina

Arsskr., Arsskrift

art., Art., article

AsiaM., Asia Minor

Atl,, Atlantic

auctt., auctorum (of authors)

Aus., Austria

Bajoc., Bajocian

Barrem., Barremian

B.C., British Columbia

Bd., Band

Belg., Belgique, Belgium
Ber., Bericht

Berrias., Berriasian

Biol., Biological, Biologicheskaya
Birrim., Birrimian

Biulet., Biuletyn

Bol., Boletim, Boletin, Bolivia
Boll., Bolletino

Briovér., Briovérian

Brit., Britain, British

Bull., Bulletin

C., Centigrade, Central
ca., circa

Calif., California
Callov., Callovian
Cam., Cambrian
Campan., Campanian
Can., Canada

Carb., Carboniferous

Carn., Carnian

Carpath., Carpathians
cat., catalog, catalogue
Cenoman., Cenomanian
Cenoz., Cenozoic

cf., confer (compare)
Cincinnat., Cincinnatian
cm,, centimeter (s)

Co., County

Coll., Collection(s)
Colo., Colorado

Colom., Colombia
Comanch., Comanchean
commun., communication
Commun., Communicagbes
Comun., Comunicaciones
Conn., Connecticut
Contrib., Contribution(s)
cosmop., cosmopolitan
Cr., Creek

Cret., Cretaceous

Czech., Czechoslovakia

Dan., Danian

Denkschr., Denkschrift(en)
Denm., Denmark

Dept., Department

Dev., Devonian

diag., diagr., diagrammatical
diam., diameter

diss,, dissertation

Distr., District

Dol., Dolomite

E., East
Ecuad., Ecuador
ed., editor
edit., edition
e.g., exempli gratia
(for example)
Eifel., Eifelian
emend., emendatus(-a)
Ems., Emsian
Eng., England
enl,, enlarged
Eoc., Eocene
Esmark., Esmarkian
est., estimated
Est., Estonia
et al., et alii
(and others, persons)
etc., et cetera
(and others, objects)
Eu., Europe
exfol., exfoliated
expl., explan., explanation

ix

F., Formation

fam,, family

Festb., Festband

fig., figure(s)

Finl., Finland

Forhandl., Férhandling(ar)
Forhand|l., Forhandling(er)

G.Brit., Great Britain

Ga., Georgia

gen., genus

Geogr., Geographical

Geol., Geological,
Geologicheskikh, Geologische

Ger., German, Germany

Gotl., Gotland

Gr., Great, Group

Greenl., Greenland

Guatem., Guatemala

Handl., Handling(ar)
Hauteriv., Hauterivian
Helvet., Helvetian

Herts., Hertfordshire
Hettang., Hettangian

hom., homonym

horiz., horizontal

Hung., Hungarica, Hungary

ICZN, International Commission
of Zoological Nomenclature

LG.P., Institut fir Geologie
und Paliontologie

i.e., id est (that is)

ichnogen., ichnogenus

ichnosp., ichnospecies

Ill., Illinois

illus., illustrated, -ions

Inaug., Inaugural

inc., incl., including

inc. sed., incertac sedis

ind., indeterminata

Ind.O., Indian Ocean

Ind., Indiana

Industr., Industrial, Industry

Inst., Instituz, Institute

Internatl., International

Ire., Ireland

irreg., irregular

Is., Island (s)

Jahrb., Jahrbuch
Jahresber., Jahresbericht
Jahrg., Jahrgang

Jour., Journal

jun., jr., junior

Jur,, Jurassic



Kans., Kansas

Kimmeridg., Kimmeridgian
km., kilometer

Ky., Kentucky

L., Lower

Ladin., Ladinian
lat., lateral

Lias., Liassic

loc., locality, location
long., longitudinal
low., lower

Ls., Limestone
Ludlov., Ludlovian

m., meter(s)

M., Middle

M, Monotypy

m.y., million years

Maastricht., Maastrichtian

mag., magnification

Mass., Massachusetts

max., maximum

Md., Maryland

Medd., Meddelanden,
Meddelelser

Meded., Mededeelingen

Medit., Mediterranean

Mem., Memoir, Memoria, -e

Mém., Mémoire(s)

Merxem., Merxemian

Mesoz., Mesozoic

mid., middle

Mio., Miocene

Misc., Miscellaneous

Miss., Mississippi, Mississippian

Mitteil,, Mizteslungen

Mittheil., Mittheilungen

mm., millimeter(s)

Mo., Missouri

mod., modified

Mon., Monograph,
Monographia, Monographie

Mon., Monument

Monatsber., Monatsberichte

Monatsh., Monatshefte

Mont., Montana

MS., manuscript

Mt., Mount, Mountain

Mts., Mtns., Mountains

Mus., Museum

n, new

N., New, North
Nachricht., Nachrichten
N.Afr., North Africa
N.Am., North America(n)
Namur., Namurian

Nat., Natural

Natl,, National

Naturhist., Naturhistorische(s)

N.B., New Brunswick

N.Car., North Carolina

N.Dak., North Dakota

NE., Northeast

Neocom,, Neocomian

Neth., Netherlands

Nev., Nevada

Newf., Newfoundland

nf., nova forma

N.J., New Jersey

N.Mex., New Mexico

no., number

nom. correct., nomen correctum
(corrected or intentionally
altered name)

nom., inval., nomen invalidum

nom. nov., nomen novum
(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)

nom. transl., nomen translatum
(transferred name)

nom. van., nomen vanum
(vain, void name)

Nomencl., Nomenclature

Nor., Norian, Norway

Notizbl., Notizblatt

Nouv., Nouveaux, Nouvelle

nov., novum

N.S., Nova Scotia

NW., Northwest

N.Y., New York

N.Z., New Zealand

0., Ocean

obj., objective
Occas., Occasional
OD, original designation
Okla., Oklahoma
Oligo., Oligocene
Ont., Ontario

Op., Opinion

Ord., Ordovician
Ore., Oregon
Oxford., Oxfordian

p-; page(s)

Pa., Pennsylvania

Pac., Pacific

Pak., Pakistan

Paleoc., Paleocene

Paleont., Paleontological,
Paleontologicheskiy

X

Penin., Peninsula
Penn., Pennsylvanian
Perm., Permian

pers., personal

Philos., Philosophical

pl., plate(s), plural

Plat., Platform

Pliensbach., Pliensbachian
Pleist., Pleistocene

Plio., Pliocene

Pol., Poland

Port., Portugal

Precam., Precambrian
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Skrift., Skrift(er)
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SM, subsequent monotypy

sp., species (spp., plural)

spec., special, specimen

Spitz., Spitzbergen
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8.5, SStr., sensu stricto (in the
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St., Saint

subg., subgenus

subj., subjective

SW., Southwest

Swed., Sweden
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Trias., Triassic
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T, tautonymy Republics

tang., tangential
Tasm., Tasmania

Tenn., Tennessee var., variety

Tithon., Tithonian
Trans., Transaction(s)
transl,, translated, -ion
transv., transverse
Trav., Travaux
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Univ., Universidad, Universita,
Universitit, Université,
Universitet, University

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

v., vol., volume(s)
Valang., Valangian

Vend., Vendian
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Vie., Victoria

Vierteljahr., Vierzeljahrsschrift
Volg., Volgian
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Wash., Washington
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Ypres., Ypresian
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Zeitschr., Zeitschrift
Zool., Zoological, Zoologisch
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Earlier volumes of the T'reatise were ac-
companied by selected lists of references to
paleontological literature consisting pri-
marily of recent and comprehensive mono-
graphs, but also including some older works
recognized as outstanding in importance.
Publications listed in the Treatise were then
not regarded as original sources of informa-
tion concerning taxonomic units, but rather
as guides to tell the reader where he may
find them.

A departure from this policy occurred
with publication of Part C of the Treatise
in 1964. In these volumes, for the first
time, all citations of authors and years in
the text were fully documented in the list
of references which were well in excess of
2,000. In Treatise parts published since
1964 the tendency has been toward fuller
bibliographic documentation which is espe-
cially evident in Part H, published in 1965,
and Part N, published in 1969 and 1971.

Following the wishes of the author, the
list of references in the present volume is
very comprehensive, comprising 1,720 titles.
The editors have endeavored to check the
accuracies of all entries, but this proved
not to be possible in some cases. Such titles
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are indicated by the addition of: [not seen
by the editors]. Aiming at something as
close to completeness as possible, the author
has included in the list a number of ref-
erences to which no reference is made in
the text.

The following is a statement of the full
names of serial publications which are cited
in abbreviated form in the lists of references
in the present volume. The information
thus provided should be useful in library
research work. The list is alphabetized ac-
cording to the serial titles which were em-
ployed at the time of original publication.
Those following in brackets are those under
which the publication may be found cur-
rently in the Union List of Serials, the
United States Library of Congress listing,
and most library card catalogues. In some
instances the current title is followed by the
original one in parentheses. The names of
serials published in Cyrillic are transliter-
ated; in the reference lists these titles, which
may be abbreviated, are accompanied by
transliterated authors’ names and titles,
with English translation of the title. The
place of publication is added (if not in-
cluded in the serial title).



The method of transliterating Cyrillic let-
ters that is adopted as “official” in the
Treatise is that suggested by the Geographi-
cal Society of London and the U. S. Board
on Geographic Names. It follows that
names of some Russian authors in trans-
literated form derived in this way differ
from other forms, possibly including one
used by the author himself. In Treatise ref-
erence lists the alternative (unaccepted)
form is given enclosed by square brackets
(e.g., Chernyshev [Tschernyschew], T.N.).

List of Serial Publications

Académie Polonaise des Sciences, Série des Sciences
Techniques, Bulletin, Warszawa.

Académie Royale des Sciences Coloniales, Classe des
Sciences naturelles et médicales, Bulletin seances,
Mémoires. Bruxelles.

Académie des Sciences [Paris], Comptes Rendus,
Mémoires.

Académie Tchéque des Sciences, Bulletin Interna-
tional, Classe des Sciences Mathématiques, Nat-
urelles et de la Médecine. Prague.

Academy of Natural Sciences of Philadelphia, Jour-
nal; Proceedings.

Academy of Science of St. Louis, Bulletin; Memoirs;
Transactions.

Accademia Gioenia delle Scienze Naturali
Catania, Atti; Bollettino.

[R.] Accademia dei Lincei, Classe di Scienze
Fisiche, Matematiche e Naturali, Atti; Memorie;
Rendiconti. Roma.

Accademia Pontificia dei
Memorie. Roma.

[R.] Accademia delle Scienze dell'Istituto di
Bologna, Memorie.

[R.] Accademia delle Scienze di Torino, Atti;
Memorie.

Acta Geologica Polonica. Warszawa.

Acta Geologica Taiwanica. Series 1 of National
Taiwan University, Science Reports. Taipei.
Acta Palacontologica Polonica [Polska Akademia

Nauk, Komitet Geologiczny]. Warszawa.

Acta Universitatis Lundensis (Lund Universitet,
Arsskrift).

Akademie der Wissenschaften, physikalisch-mathe-
matische Klasse, Abhandlungen; Monatsberichte.
Berlin.

Akademie der Wissenschaften in Géttingen, mathe-
matisch-physikalische Klasse, Nachrichten.

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

[K.] Akademie der Wissenschaften zu Wien, mathe-
matisch-naturwissenschaftliche  Klasse, Denk-
schriften; Sitzungsberichte.

di

Nuovi Lincei, Atti;

xii

Akademija Umicjetnosci, Krakow. Komisja fiz-
yograficzna Sprawozdania.

Akademiya Nauk Azerbaydzhan SSR, Doklady.
Moskva,

Akademiya Nauk SSSR, Doklady; Izvestiya; Trudy.
Moskva.

Akademiya Nauk SSSR, Geologicheskii Institut,
Trudy. Moskva.

Akademiya Nauk SSSR, Izvestiya, Seriya Biolo-
gicheskaya; Seriya Geologicheskaya, Byulletin.
Moskva.

Akademiya Nauk SSSR, Sibirskoe Otdelenie, Insti-
tut Geologii i Geofiziki, Trudy. Novosibirsk.
Akademiya Nauk Ukrainskoi SSR, Institut Geolo-

gicheskikh Nauk, Trudy. Kiev.

Albany Institute, Proceedings; Transactions.

Algérie, Publications du Service de la Carte Géolo-
gique, Bulletin; Mémoires. Alger.

Allgemeine Deutsche Naturhistorische Zeitung.
Dresden.

Allgemeine Schweizerische Gesellschaft fiir die
gesamten  Naturwissenschaften, Neue Denk-

schriften. Ziirich.

American Academy of Arts and Sciences, Memoirs;
Proceedings. Boston.

American Association for the Advancement of Sci-
ence, Proceedings; Publications. Washington,
D. C

American Association of Petroleum Geologists, Bul-
letin. Tulsa, Okla.

American Geographical Society, Special Publica-
tions, Folio. New York.

American Geologist. Minneapolis, Minn.

American Journal of Science. New Haven, Conn.

American Midland Naturalist. Notre Dame, Ind.

American Naturalist. Lancaster, Pa.

American Philosophical Society, Memoirs; Proceed-
ings; Transactions.

American Zoologist. Utica, N. Y.

Annales des Sciences Naturelles, Zoologie. Paris.

Annals and Magazine of Natural History. London.

Archiv fiir Fischerei-Wissenschaft. Hamburg.

Archiv fiir Molluskenkunde. Frankfurt.

Archives de Musée Teyler. Haarlem.

Archives des Sciences. Genéve.

Arkiv for Zoologi. Uppsala.

Arquivos do Museu Paranaense. Curitiba, Brazil.

Asociacién Mexicana Geélogos Petroleros, Boletin.
Mexico D. F.

Association Frangaise pour I’Avancement des Sci-
ences, Compte Rendu. Reims, Paris.

Der Aufschluss. Zeitschrift fiir die Freunde der
Mineralogie und Geologie. Vereinigung der
Freunde der Mineralogie und Geologie. Got-
tingen.

Aus der Heimat. Ohringen,

Australia Bureau of Mineral Resources, Geology
and Geophysics, Bulietin: Explanatory Note;
Report. Canberra.

Australian Journal of Science. Sydney.

Australian Museum, Memoirs; Records. Sydney.



Azerbaydzhanskoy Neftianoi Khoziaistvo. Baku.

[K.] Bayerische Akademie der Wissenschaften,
mathematisch-physikalische ~ Klasse, = Abhand-
lungen, Sitzungsberichte. Miinchen.

Bayerische Staatssammlung fiir Paliontologie und
Historische, Geologie, Mitteilungen. Miinchen.

Beitrige zur Geologie und Paliontologie. Jena.

Beitriige zur Geologie von Thiiringen. Jena.

Beitrige zur Naturkundlichen Forschung in Sid-
westdeutschland. Karlsruhe.

Biological Bulletin. Woods Hole, Mass.

Biologisches Zentralblatt. Erlangen, Leipzig.

[K.] Bohmische Gesellschaft der Wissenschaften,
mathematisch-naturwissenschaftliche Klasse, Sit-
zungsberichte. Prag.

Boston Society of Natural History, Memoirs; Occa-
sional Papers; Proceedings.

Botanische Zeitung. Berlin, Leipzig.

Brigham Young University, Geology Studies. Provo,
Utah.

British Antarctic Survey, Bulletin; Scientific Reports
(Faulkland Islands, Dependencies Scientific Bu-
reau). London.

British Association for the Advancement of Science,
Reports. London.

British Museum (Natural History), Geology, Bul-
letin. London.

British Museum, Natural History Magazine. Lon-
don.

Bulletin of American Paleontology. Ithaca, N. Y.

Bulletin of Zoological Nomenclature. London.

Burcau de Recherches Géologiques et Miniéres, Bul-
letin. Paris.

Canada, Geological Survey of, Department of Mines
and Resources, Mines and Geology Branch, Bul-
letin; Memoir; Museum Bulletin; Victoria
Memorial Museum Bulletin. Ottawa.

Canadian Journal of Earth Sciences. National Re-
search Council, Canada. Ottawa.

Canadian Journal of Science, Literature, and His-
tory. Toronto.

Canadian Naturalist and Geologist. Montreal.

Carnegie Institution of Washington, Papers; Publi-
cations. Washington, D. C.

Casopis pro Mineralogii a Geologii. Praha.

Centralblatt fiir Mineralogie, Geologie,
tologie. Stuttgart.

China, Geological Survey of, Palacontologia Sinica,
Bulletin, Memoirs. Peking.

Cincinnati, Quarterly Journal of Science.

Cincinnati Society of Natural History, Journal.

Colorado School .of Mines, Professional Contribu-
tion; Quarterly. Golden, Colo.

Comitato Geologico d'Italia, Bollettino. Roma.

Commission Géologique du Portugal, Travaux.
Lisbon.

Connecticut Academy of Arts and Sciences, Mem-
oirs, Transactions. New Haven, Conn.

Connecticut, State of, Geological and Natural His-
tory Survey, Bulletin. Hartford.

Palion-

Cuerpo de Ingenieros de Minas del Perd. Boletin.
Lima.

Current Science. Bangalore, India.

Dansk Geologisk Forening, Meddelelser (Geological
Society of Denmark, Bulletin)., Kgbenhavn,
[K.] Danske Videnskabernes Selskabs, Matematisk-

Fysiske Forhandlinger. Skrifter.

Deep-Sea Research. London.

Deutsch Akademie der Wissenschaften zu Berlin,
Abhandlungen; Monatsberichte, Geologie und
Mineralogie.

Deutsche Botanische Gesellschaft, Berichte. Berlin.

Deutsche Geologische Gesellschaft, Zeitschrift. Ber-
lin, Hannover.

Deutsche Zoologische Gesellschaft Wilhelmshaven,
Verhandlungen.

Dictionnaire Universel Histoire Naturelles. Paris.
Direcao dos Trabalhos Geologicos (do, Servigo
geologico) de Portugal, Comunigacbes. Lisboa.
Divisaio de Geologia e Mineralogia do Brasil,
Ministério da Agricultura, Departmento Nacional

da Produgio Mineral, Boletim. Rio de Janeiro.

Dublin Geological Society, Journal.

Eclogae Geologicae Helvetiae (see Schweizerische
Geologische Gesellschaft). Basel.

Edinburgh New Philosophical Journal,

Endeavour. London.

Engenharia, Mineragdo e Metalurgia. Rio de
Janeiro.

Erdol-Zeitschrift. Wien, Hamburg.

Erlanger Geologische Abhandlungen. Erlangen,
Ger.

Evolution. Lancaster, Pa.

Ezhegodnik po Geologii i Mineralogii Rossii (An-
nuaire Géologique et Mineralogique de la Rus-
sie). Novo-Alexandria.

Fieldiana, Geology. Chicago.

Finlande, Commission Géologique, Bulletin.
sinki.

Firgenwald. Vierteljahrsschrift fiir Geologie und
Erdkunde der Sudentenlinder. Reichenberg.
Flora oder Allgemeine Botanische Zeitung. Jena,

Regensburg.

Foldtani Kézlény (Magyaroni Foldtani Térsulat
Folyéirata). Budapest.

Fortschritte der Geologie und Paldontologie. Berlin.

Fortschritte in der Geologie von Rheinland und
Westfalens. Krefeld.

Fossils and Strata. Oslo.

Hel-

Frankfurter  Beitrige zur  Geschiebeforschung
(Beiheft zur Zeitschrift Geschiebeforschung).
Frankfurt,

Freiberger Forschungshefte. Berlin.

Geognostische Jahreshefte. Miinchen.

Geologia Romana. Roma.

Geologica Carpathica, Geologicky Zbornik. Brati-
slava.

Geological Journal. Liverpool.

Geological Magazine. London, Hertford.

Geological Society of America, Bulletin; Memoir;
Special Paper. Boulder, Colo.

xiii



Geological Society of Australia, Journal. Adelaille.

Geological Society of Dubhlin, Journal.

Geological Society of Glasgow, Transactions.

Geological Society of Japan, Journal. Tokyo.

Geological Society of London, Memoir; Proceedings;
Quarterly Journal; Transactions. [Now The
Geological Society.] ‘

Geologicke Price, Zprivy. Bratislava.

Geologie (Zeitschrift fiir das Gesamtgebiet der
Geologie und Mineralogie sowie der angewandten
Geophysik). Berlin.

Geologie der Meere und Binnengewisser. Berlin.

Geologie en Mijnbouw. Den Haag.

Geologija 1 Razwedka. Moskva.

Geologische Blitter fiir Nordost-Bayern
angrenzende Gebiete. Erlangen.

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

Geologische Gesellschaft in der Deutschen Demo-
kratischen Republik fiir das Gesamtgebiet der
Geologischen Wissenschaften, Berichte. Berlin.

Geologische Gesellschaft in Wien, Mitteilungen.

Geologisches Jahrbuch, Beihefte. Hannover.

Geologische Jahresberichte. Berlin.

[K. K.] Geologische Reichsanstalt Wien (see Geol-
ogische Bundesanstalt Wien).

Geologische Rundschau. Geologische Vereinigung,
Stuttgart.
Geologisches
lungen.
Geologiska Foreningens i Stockholm, Férhandlingar.

Geologist. London.

Geologists’ Association, Proceedings. London.

Geology. Geological Society of America, Boulder,
Colo.

Geologki Vjesnik. Zagreb.

Georgia, Geological Survey of, Bulletin. Atlanta.

GEOS. Universidad Central de Venezuela, Escuela

und

Staatsinstitut in Hamburg, Mittei-

de Geologia, Minas y Metalurgia. Caracas,
Venezuela.
Geotimes. American Geological Institute, Wash-

ington, D. C.
Germania. Frankfurt.
Gescllschaft zur Beforderung der Gesammten Na-
turwissenschaften zu Marburg, Sitzungsberichte.
Gesellschaft Deutscher Naturforscher und Aerzte,
Amtlicher Bericht, Verhandlungen.  Berlin,
Leipzig.

Gesellschaft von Freunden der Naturwissenschaften
in Gera, Jahresbericht.

Gesellschaft der Geologie- und Bergbaustudenten,
Mitteilungen. Wien.

Gesellschaft  Naturforschender
Magazin; Sitzungsberichte.

Gliickauf, Berg- und Hiittenminnische Zeitschrift.
Essen.

Great Britain, Geological Survey of, Palaeontology,
Bulletin; Memoirs. London.

Greifswald, Geologisch-palacontologisches
der Universitit, Abhandlungen.

Freunde Berlin,

Institut

xiv

Grgnlands  Geologiske
Kgbenhavn.

Gulf Coast Association of Geological Societies,
Transactions. Houston, Texas.

Hallesches Jahrbuch fiir Mitteldeutsche
schichte. Leipzig.

Harvard University, Museum of Comparative Zool-
ogy, Breviora; Bulletin; Memoirs; Special Pub-
lications. Cambridge, Mass.

Hebrew University, Geology Department, Bulletin,
Jerusalem.

Heidelberger Akademie der Wissenschaften, Ab-
handlungen. Heidelberg.
Hessenland. Zeitschrift fiir
und Literatur. Kassel.
Hessisches Landesamt fiir Bodenforschung, Abhand-

lungen; Notizblatt.

Himmel und Erde. Leipzig, Berlin.

Ichnology Newsletter. Savannah, Ga.

India, Geological Survey of, Bulletin; Memoirs;
Records.

Indian Botanical Society, Journal. Madras.

Indiana Department of Geology and Natural His-
tory, Annual Report. Bloomington, Ind.

Indiana, Geological Survey, Annual Report. Bloom-
ington, Ind.

Institut Géologique de Roumanie, Comptes Rendus
des Séances. Bucuresti.

Institution of Mining Engineers,
Newcastle-on-Tyne.

Instituto Ecuatoriano de Ciencias Naturales, Uni-
versidad Central, Boletin. Quito, Ecuador.

Instituto Geolégico Barcelona, Publicatiénes.

Instituto Geoldgico y Minero de Espafia, Boletin;
Memorias; Notas y Comunicaciénes. Madrid.

Instytut Geologiczny, Biuletyn; Kwartalnik Geol-
ogizny. Warszawa,

International Sedimentary Petrographical
Leiden.

International Union Geological Sciences, Commis-
sion on Stratigraphy, Second Gondwana Sym-
posium, Proceedings and Papers. Pretoria, South
Africa.

Iran, Geological Survey of, Report. Tehran.

Irish Naturalist. Dublin.

Jahrbuch fiir Geologie. Zentrales Geologisches Insti-
tut, Berlin.

Japan Academy, Proceedings. Tokyo.

Japan, Geological Survey of, Bulletin;
Kawasaki City.

Japanese Journal of Geology and Geography. Tokyo.

Jenaische Zeitschrift fiir Naturwissenschaft. Jena.

Johns Hopkins University, Oceanographic Studies.
Baltimore, Md.

Journal of Geological Education. Columbus, Ohio.

Journal of Geology. Chicago.

Journal of Paleontology. Tulsa, Okla.

Journal of Protozoology. Washington, D. C.

Journal of Sedimentary Petrology. Tulsa, Okla.

Julius  Klaus-stiftung  fiir  Vererbungsforschung,

Undersggelse, Rapport.

Erdge-

hessische Geschichte

‘Transactions.

Series.

Report.



Sozialanthropologie und Rassen-Hygiene, Archiv.
Ziirich.

Kansas Academy of Science, Transactions. Topeka,
Kans.

Kansas City Scientist. Kansas City, Mo.

Kansas, The University of, Paleontological Contri-
butions, Article; Paper. Lawrence, Kans.

Komisja Fizyograficzna oraz Materyaly do fizyog-
rafii Krajowej, Sprawozdania. Krakéw.

Korrespondenzblatt des Naturforschervereins zu
Riga.

[K.] Ceské Spole¢nost Nauk, T¥ida Mathematicko-
Piirodovédeckd, Rozpravy; V&tnik. Price.

Leidse Geologische Mededeelingen. Leiden.

Leningrad Universitet, Vestnik.

Lethaia. Oslo.

Limnology and Oceanography. Woods Hole, Mass.

Liverpool and Manchester Geological Journal.

Louisiana State University, Miscellaneous Publica-
tions. Baton Rouge, La.

Lunds Universitet, Arsskrift.

Lvovskoe Geologicheskoe Obshchestvo pri Gosud-
arstvennyi Universitet Ivana Franko, Geologiches-
kiy Sbornik, Mineralogicheskiy Sbornik, Paleon-
tologicheskiy Sbornik, Trudy. Lvov.

Lyceum of Natural History of New York, Annals.
Manchester Literary and Philosophical Society,
Memoirs and Proceedings. Manchester, Eng.

Manchurian Science Museum, Bulletin. Mukden.

Marine Geology. International Journal of Marine
Geology, Geochemistry, and Geophysics. Amster-
dam.

Maroc, Service Géologique du Division des Mines
et de la Géologie, Notes et Mémories. Rabat.

Maryland, Geological Survey of. Baltimore.

Meddelelser om Grgnland. Kgbenhavn.

Medizinisch-naturwissenschaftlichen Gesellschaft zu
Jena, Denkschriften.

The Mercian Geologist (East Midlands Geological
Society). Nottingham.

“Meteor” Forschungsergebnisse. Berlin.

Meyniana. Kiel Universitact Geologisches Institut.

Michigan, University of, Museum of Paleontology,
Contributions. Ann Arbor.

Micropaleontology. American Museum of Natural
History. New York.

Mikroskopie. Zentralblatt fiir Microscopische For-
schung und Methodik. Wien.

Mineralogisch-geologisches (Staats-) Institut Ham-
burg, Mitteilungen.

Minnesota Academy of Natural Sciences, Bulletin.
Minneapolis.

Moskovskoe Obshchestvo Ispytatelei Prirody, Byul-
letin (formerly Société Impériale des Naturalistes
de Moscou). Moskva.

Mountain Geologist. Rocky Mountain Association
of Geologists. Denver, Colo.

Musée Royal d'Histoire Naturelle de Belgique,
Annales; Bulletin; Mémoires (continued as Insti-
tut Royal des Sciences Naturelles de Belgique).
Bruxelles.

™Musco Civico di Storia Naturale di Trieste, Atti.

Museo Civico di Stdria Naturale di Verona, Mem-
orie.

Museo de Historia Natural de Mendoza, Revista.

Museo Libico Storia Naturale, Annali. Tripoli.

Muséum d'Histoire Naturelle, Annales; Nouvelles
Archives. Paris.

Museum des Koniglich Bayerischen Staates, Palion-
tologische Mittheilungen. Stuttgart.

Museum  Senckenbergianum.  Frankfurt.  (See
Senckenbergische Naturforschende Gesellschaft.)

Mycologia. Lancaster, Pa.

Nassauischer Verein fiir Naturkunde,
Wiesbaden.

National Academy of Sciences, Memoirs; Proceed-
ings. Washington, D. C.

Natur und Museum. Senckenbergische Naturfor-
schende Gesellschaft. Frankfurt. .

Natur und Volk. Senckenbergische Naturforschende
Gesellschaft. Frankfurt, (Temporary name for
Natur und Museum.)

Natura. Milano.

Natural History Society of New Brunswick, Bul-
letins. St. John.

The Naturalist. London.

Le Naturaliste, Annales. Paris.

Nature. London.

Nature. Paris.

Naturforschende
Verhandlungen.

Naturforschende Gesellschaft zu Freiburg im Breis-
gau, Berichte.

Naturforschende Gesellschaft Graubiindens, Jahres-
bericht. Chur.

Naturforschende Gesellschaft zu Leipzig, Sitzungs-
berichte.

Naturforschende Gesellschaft in Ziirich, Vierteljahr-
schrift.

Naturhistorische Gesellschaft Niirnberg, Abhandlun-
gen.

Naturhistorischer Verein der Preussischen Rhein-
lande und Westfalens, Sitzungsberichte; Verh-
handlungen. Bonn.

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

Naturhistorisch-medizinischer
berg, Verhandlungen.

Die Naturwissenschaften. Berlin,

Naturwissenschaftlicher Verein zu Bremen, Abhand-
lungen.

Naturwissenschaftlicher Verein fiir Neu-Vorpom-
mern und Riigen, Greifswald, Mitteilungen.

Naturwissenschaftlicher Verein zu Troppau, Mittei-
lungen.

Naturwissenschaftlicher Verein fiir
Thiiringen, Jahresbericht. Berlin.

Naturwissenschaftliche Wochenschrift. Jena.

Natuurhistorisch Maandblad. Maastricht.

Nebraska Geological Survey, Bulletin; University
Studies. Lincoln.

[K.] Nederlandse Akademie van Wetenschappen,

Jahrbuch.

Gesellschaft in  Basel, Bericht;

Verein zu Heidel-

Sachsen und

Xv



Afdecling Natuurkunde, Verhandelingen. Am-
sterdam.

Neues Jahrbuch fiir Geologie und Paliontologic
(Before 1950, Neues Jahrbuch fiir Mineralogie,
Geologie, und Paliontologie), Abhandlungen;
Beilage-Binde; Monatshefte. Stuttgart.

Neues Jahrbuch fiir Mineralogic (Before 1950,
Neues Jahrbuch fiir Mineralogie, Geologie, und
Paliontologie), Abhandlungen; Beilage-Binde;
Monatshefte. Stuttgart.

New Mexico State Bureau of Mines and Mineral
Resources, Bulletin; Circular; Memoir. Socorro,
New Mexico.

New South Wales, Geological Survey of, Ethnology,
Memoirs; Geology, Memoirs; Paleontology, Mem-
oirs; Records. Sydney.

New York Academy of Sciences, Annals.

New York State Agricultural Society, Proceedings;
Transactions. Albany, N. Y.

New York State Geological Survey, Natural His-
tory of New York; Palaeontology of New York;
Annual Report. Albany.

New York State Museum of Natural History, An-
nual Report; Bulletin. Albany.

New Zealand Journal of Geology and Geophysics.
Wellington.

Norges Geologiske Undersokelse, Skrifter.
Norway.

Norsk Geologisk Tidsskrift.
Forening, Oslo.

Norsk Polarinstitutt Skrifter. Oslo.

Norsk Videnskaps-Akademi i Oslo, Skrifter. Oslo.

Nova Acta Leopoldina. Halle.

Nova Scotian Institute of Science, Proceedings and
Transactions. Halifax.

Oberrheinische Geologische Abhandlungen. Karls-
ruhe.

Oberrheinischer Geologischer Verein, Jahresbericht
und Mitteilungen. Stuttgart.

Offenbacher Verein fiir Naturkunde, Bericht iiber
die Titigkeit. Offenbach.

Ohio Journal of Science. Columbus.

Oklahoma Geology Notes. Norman.

Ontario Department of Mines, Annual Report.
Toronto.

The Ore Bin. Oregon Department of Geology and
Mineral Industries. Portland.

Osterreichische Akademie der Wissenschaften, math-
ematisch-naturwissenschaftliche  Klasse, Denk-
schriften; Sitzungsberichte. Wien.

Pacific Science. University of Hawaii Press. Hono-
lulu.

Pakistan, Geological Survey of, Palacontologia Paki-
stanica, Records. Karachi.

Palacobiologica. Wien.

Palacogeography, Palaeoclimatology, Palaeoccology.
Amsterdam.

Palaeontographia Italica. Pisa.

Palaeontographica. Stuttgart, Kassel.

Palaeontographica Americana. Ithaca, N. Y.

Palaeontographica Bohemiae. Praha.

Oslo,

Norsk  Geologisk

xvi

Palacontographical Society, Monograph. London.

Palaeontologia Africana. Johannesburg.

Palacontologia Sinica, Geological Survey of China,
Peking.

Palacontological Society of India, Journal. Lucknow.

Palacontological Society of Japan, Transactions and
Proceedings. Tokyo.

Paliontologische Zeitschrift. Berlin, Stuttgart.

Palacontology. Palaeontological Association, London.

Paleontologicheskiy Sbornik, Vsesoyuznyy Nauchno
Issledovatel’skiy Geologo-Razvedochnyi Neftianoi
Institut. Moskva.

The Paleontologist. Cincinnati, O.

Pan-American Geologist. Des Moines, Ia.

Pafistwowy Instytut Geologiczny, Biuletyn. Wars-
zawa.

Pennsylvania Academy of Science, Proceedings.
Harrisburg.

Pennsylvania, Geological Survey of, Annual Re-
port; Report of Progress. Harrisburg.

Plateau. Northern Arizona Society of Science and
Art, Flagstaff.

Polskiego Towarzystwa Geologicznego w Krakéwie,
Rocznik. Krakéw.

Praktika. Athens.

[K.] Preussische Geologische Landesanstalt, Ab-
handlungen; Jahrbuch. Berlin.

[K.] Preussische Geologische Landesanstalt und
Bergakademie, Abhandlungen; Jahrbuch. Berlin.

Priroda. Akademiya Nauk SSSR, Moskva.

Provincia de Buenos Aires, Gobernacién. Comisién
Investigaciénes Cientifica, Notas. La Plata,
Argentina.

Provinzialstelle fiir Naturdenkmalpflege Hannover,
Mitteilungen. Hildescheim, Ger.

Przeglad Geologiczny, Wydawnictwa Geologczne.
Warszawa.

Queensland Museum, Memoirs. Brisbane.

Reichsstelle  (Reichsamt) fiir Bodenforschung,
Bericht; Jahrbuch. Wien.

Research Council of Israel, Bulletin; Special Publica-
tion. Jerusalem.

Revista Espafiola Micropaleontologia. Madrid.

La Revue de Géographie. Montreal.

Revue de Micropaléontologie. Paris.

Revue des Sciences Naturelles de I'Ouest. Paris.

Rivista Italiana di Paleontologia. Milano.

Rochester Academy of Science, Proceedings. Roches-
ter, N. Y.

Royal Dublin Society, Scientific Proceedings.

Royal Physical Society of Edinburgh, Proceedings.

Royal Geological Society of Cornwall, Transactions.
Penzance.

Royal Geological Society of Ireland, Journal. Dub-
lin.

Royal Society of Canada, Proceedings and Transac-
tions. Ottawa.

Royal Society of Edinburgh, Memoirs; Proceedings;
Transactions.

Royal Society of Ireland, Journal. Dublin, Edin-
burgh.



Royal Society of London, Philosophical Transac-
tions; Proceedings.

Royal Society of New Zealand, Proceedings. Tran-
sactions and Proceedings. Wellington.

Royal Society of South Africa, Transactions. Cape-
town.

Royal Society of South Australia, Memoirs; Tran-
sactions and Proceedings. Adelaide.

Royal Society of Tasmania, Papers and Proceedings.
Melbourne.

Royal Society of Victoria, Proceedings. Melbourne.

Saarbriicken, Universitit des Saarlandes (Annales
Universitatis Saraviensis), Scientia.

Saito Ho-on Kai Museum, Research Bulletin.
Sendai, Japan.

Science. New York.

Science and Culture. Calcutta,

Science Record. Chunking.

Scientific American. New York.

Scottish Journal of Geology. Edinburgh.

Sedimentologija (Yugoslavia, Zavod za Geolotka
i Geofizi¢ka IstraZivanja). Belgrade.

Sedimentology. Journal of the International Asso-
ciation of Sedimentology. Amsterdam.

Senckenbergiana Lethaea (Senckenbergische Natur-
forschende Gesellschaft, Wissenschaftliche Mit-
teilungen). Frankfurt.

Senckenbergiana Maritima. Frankfurt.
Senckenbergische Naturforschende Gesellschaft, Ab-
handlungen; Aufsitze und Reden. Frankfurt.
Sigma Gamma Epsilon, The Compass. Provo, Utah.
Skandinaviske Naturforskeres Mgte, Forhandlinger.

Kristiania.
Slovensko Akademie Znanosti in Umetnosti Razred
za Prirodoslovne Vede, Razprave. Ljubljana.
Smithsonian Miscellaneous Collections. Washing-
ton, D. C.

[R.] Sociedad Espafiola de Historia Natural, Boletin.
Madrid.

Societd Geoldgica Italiana,
Roma.

Societd Italiana di Scienze Naturali e del Museo
civile di storia naturale, Atti; Memorie. Milano.

Societd Ligustica di Scienze e Lettere, Atti. Pavia
(Univ. Genova).

Societd dei Naturaliste e Matematici, Atti. Modena.

Societd Toscana di Scienze Naturali Residente in
Pisa, Atti; Memorie.

Société Belge de Géologie, de Paléontologie et
d’Hydrologie, Bulletin, Bruxelles.

Société des Etudes Scientifiques d’Angers, Bulletin.

Société Geologique de Belgique, Annales, Mém-
oires. Liége.

Société Géologique de France, Compte Rendu des
Séances; Bulletin; Mémoires. Paris.

Société Geologique et Minéralogique de Bretagne,
Mémoires. Rennes.

Société Géologique du Nord, Annales; Mémoires.
Lille,

Société Géologique de Pologne, Annales. Krakéw.

Bolletino; Memorie.

See Polskiego Towarzystwa Geologicznego w
Krakéwie.
Société d’Histoire Naturelle de Paris, Mémoires.
Société d’Histoire Naturelle de Toulouse, Bulletin. -
Société Linnéenne de Normandie, Bulletin; Mém-
oires. Caen.
Société de Naturalistes Luxembourgeois, Bulletin.
(See Verein Luxemburger Naturfreunde, Mittei-

lungen.)

Société Paléontologique de la Suisse, Mémoires (see
Schweizerische  Paliontologische  Gesellschaft).
Ziirich.

Société de Physique et d'Histoire Naturelle de
Genéve, Mémoires.

Société des Sciences de Nancy et de la Réunion
Biologique, Bulletin; Mémoires.

South Africa, Geological Survey of, Annals. Pre-
toria. :

South African Geographical Journal. Johannesburg.

South African Museum, Annals. Capetown.

South Australian Museum, Records. Adelaide.

Southern California Academy of Sciences, Bulletin.
Los Angeles.

Spisanie na B'lgarskoto Geologichesko Druzhestvo.
Sofia.

Sprawozdania z Posiedzén Komisji Oddzialu Pan
w Krakéwie.

Stitniho Geologického Ustavu Ceskoslovenske Re-
publiky, Véstnik. Praha.

Stuttgart Universitit, Geologisch-Paliontologisches
Institut, Arbeiten.

Stuttgarter Beitrige zur Naturkunde. Stuttgart.
[K.] Svenska Vetenskapsakademien, Arkiv foér
Mineralogi och Geologi; Arkiv fér Zoologi;

Handlingar. Stockholm.

Sveriges Geologiska Undersokning, Afhandlingar;
Arsbok. Stockholm.

Tartu Ulikooli Geoloogia-Instituudi  Toimetused
(Acta et Commentationes Universitatis Tartuen-
sis, Dorpatensis). Tartu.

Tartu, Ulikooli juures oleva Loodusuurijate Seltsi
Araunded.

Természetrajzi Fiizetek. Budapest.

Texas Agricultural and Mechanical University,
Oceanographic Studies. College Station.

Texas Geological Survey, Annual Report. Austin.

Texas, University of, Bulletin; Publications. Austin.

Tohoku University, Science Reports. Sendai, Japan.

Tunisia, Direction des Travaux Publics, Annales
des Mines et de la Géologie. ‘Tunis.

United States Geological Survey, Annual Report;
Bulletin; Monographs; Professional Paper. Wash-
ington, D. C.

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

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

Universum. Natur und Technik. (Gesellschaft fiir
Natur und Technik). Vienna.

Xvii



Uppsala, University of, Geological Institution, Bul-
letin.

Ustfedntho  Ustava  Geologickeho,
Sbornik; Vé&stnik. Praha.

Utah Geological and Mineralogical Survey, Bulletin.
Salt Lake City, Utah.

The Veliger. Berkeley, Calif.

Verein der Freunde der Naturgeschichte in Meck-
lenburg, Archiv. Giistrow.

Verein Luxemburger Naturfreunde, Mitteilungen.
Luxembourg.

Verein fiir Vaterlindische Naturkunde in Wiirttem-
berg; Jahreshefte. Stuttgart.

Versammlung Deutscher Naturforscher und Aerzte,
Bericht. Mainz.

Victorian Naturalist (Journal and Magazine of the
Field Naturalists’ Club of Victoria). Melbourne.

Videnskabs-Selskabet i Kristiania, Forhandlinger;
Skrifter. Oslo.

Vlastivédného Ustavu v Olomouci, Zpravy. Olo-
mouc, Moravia.

Vsesoyuznyy Geologo-Razvedochnyy Ob'edineniya
SSSR, Trudy. Moskva.

Vsesoyuznyy Neftianoi Nauchno-issledovatelskyi
Geologo-razvedochyni Institut (VNIGRI), Trudy.
Leningrad.

Vsesoyuznyy Paleontologicheskiy Obshchestvo, Ez-
hegodnik, Trudy. Moskva. (Formerly Russkoe
Paleontologicheskiy =~ Obshchestvo, Ezhegodnik;
Société Paléontologique de Russie, Annuaire.)

Wagner Free Institute of Science of Philadelphia,
Bulletin,

Washington Academy of Sciences, Journal; Pro-
ceedings. Washington, D. C.

Wyoming, University of, Contributions to Geology.
Laramie, Wyo.

Yokohoma Kokuritsu Daigaku Science Reports,

Rozpravy;

Section II, Biological and Geological Sciences.
Kamakura, Japan.

Yorkshire Geological Society, Proceedings. Man-
chester, Leeds.

Zavod za Geolodka i Geofizi¢ka IstraZivanja, Vesnik
Primenjena Geofizika. Belgrad.

Zeitschrift fiir Angewandte Mineralogie. Berlin.

Zeitschrift fiir die Gesamte Naturwissenschaft,
Braunschweig.

Zeitschrift fiir Geschiebeforschung. Berlin. (For-
merly Zeitschrift fiir Geschiebeforschung und
Flachlandsgeologie.)

Zeitschrift fiir Morphologie und Okologie der
Tiere. Berlin.

Zeitschrift fiir Naturwissenschaften. Halle.

Zeitschrift fiir Wissenschaftliche Zoologie. Leipzig.

Zeitschrift fiir Zellforschung und Mikroskopische
Anatomie. Berlin.

Zentralblatt fiir Geologie und Paldontologie (Be-
fore 1950, Neues Jahrbuch fiir Mineralogie, Geol-
ogie, und Paliontologie). Stuttgart.

Zoological Society of London, Proceedings.

[K. K.] Zoologisch-botanische Gesellschaft in Wien,
Verhandlungen.

SOURCES OF ILLUSTRATIONS

At the end of figure captions a name and
date are given to supply record of the
author of illustrations used in the Treatise,
reference being made either (1) 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.

xviii



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 1s vari-
able and unfirm as regards smaller divisions
(e.g., substages, stages, and subseries),

which are provincial in application. Users
of the Treazise 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 some other continents, is given
here.

Generally Recognized Divisions of Geologic Column

EUROPE
CAINOZOIC ERATHEM
QUATERNARY SYSTEM
Holocene (Recent) Series
Pleistocene Series
TERTIARY SYSTEM'
Pliocene Series
Astian Stage
Pontian Stage
Miocene Series
Sarmatian Stage
Tortonian Stage
Helvetian Stage
Burdigalian Stage
Oligocene Series
Aquitanian Stage
Chattian Stage
Rupelian Stage
Lattorfian Stage
Eocene Series
Ludian Stage
Bartonian Stage
Auversian Stage
Lutetian Stage
Ypresian Stage
Paleocene Series
Sparnacian Stage
Thanetian Stage
Montian Stage (includes Danian)

MESOZOIC ERATHEM
CRETACEOUS SYSTEM
Upper Cretaceous Series
Maastrichtian Stage®
Campanian Stage®
Santonian Stage®
Coniacian Stage®
Turonian Stage
Cenomanian Stage
Lower Cretaccous Series

Albian Stage (Gault)
Aptian Stage
Barremian Stage*
Hauterivian Stage*
Valanginian Stage*
Berriasian Stage*

Xix

NORTH AMERICA
CENOZOIC ERATHEM

QUATERNARY SYSTEM

Holocene (Recent) Series

Pleistocene Series
TERTIARY SYS' 2

Pliocene Series

Foley

Miocene Serics
Clovelly
Duck Lake
Napoleonville
Anahuac

Oligocene Series
Chackasaway

Vicksburgian Stage
Eocene Series

Jacksonian Stage
Claibornian Stage
Sabinian Stage

Paleocene Series

Midwayan Stage

MESOZOIC ERATHEM
CRETACEOUS SYSTEM
Gulfian Series (Upper Cretaceous)
Navarroan Stage
Tayloran Stage
Austinian Stage
Eaglefordian Stage
Woodbinian (Tuscaloosan) Stage

Comanchean Series
(Lower Cretaccous)
Washitan Stage
Fredericksburgian Stage
Trinitian Stage

Coahuilan Series (Lower Cretaceous)
Nuevoleonian Stage
Durangoan Stage



JURASSIC SYSTEM
Upper Jurassic Series
Tithonian Stage

Kimmeridgian Stage
Oxfordian Stage
Middle Jurassic Series
Callovian Stage®
Bathonian Stage

Bajocian Stage
Lower Jurassic Series (Liassic)
Toarcian Stage
Pliensbachian Stage
Sinemurian Stage
Hettangian Stage
TRIASSIC SYSTEM
Upper Triassic Series
Rhactian Stage
Norian Stage
Carnian Stage
Middle Triassic ‘Series
Ladinian Stage
Anisian Stage
Lower Triassic Series
Scythian Stage

PALEOZOIC ERATHEM
PERMIAN SYSTEM
Upper Permian Series
Tatarian Stage®
Kazanian Stage’
Kungurian Stage
Lower Permian Series
Artinskian Stage®
Sakmarian Stage
Asselian Stage
CARBONIFEROUS SYSTEM
Upper Carboniferous Series
Stephanian Stage

Westphalian Stage
Namurian Stage

Lower Carboniferous Series
Visean Stage

Tournaisian Stage

DEVONIAN SYSTEM
Upper-Devonian Series
Famennian Stage
Frasnian Stage
Middle Devonian Series
Givetian Stage

Couvinian Stage®

XX

JURASSIC SYSTEM
Upper Jurassic Series
Portlandian Stage
Kimmeridgian Stage
Oxfordian Stage
Middle Jurassic Series
Callovian Stage®
Bathonian Stage
Bajocian Stage
Lower Jurassic Series (Liassic)
Toarcian Stage
Pliensbachian Stage
Sinemurian Stage
Hettangian Stage
TRIASSIC SYSTEM
Upper Triassic Series
Rhaetian Stage
Norian Stage
Carnian Stage
Middle Triassic Series
Ladinian Stage
Anisian Stage
Lower Triassic Series
Scythian Stage

PALEOZOIC ERATHEM
PERMIAN SYSTEM
Upper Permian Series
Ochoan Stage
Guadalupian Stage

Lower Permian Series
Leonardian Stage
Wolfcampian Stage

PENNSYLVANIAN SYSTEM
Upper Pennsylvanian Series
Virgilian Stage
Missourian Stage
Middle Pennsylvanian Series
Desmoinesian Stage
Atokan Stage
Lower Pennsylvanian Series
Morrowan Stage
MISSISSIPPIAN SYSTEM
Upper Mississippian Series
Chesteran Stage
Meramecian Stage
Lower Mississippian Series
Osagian Stage
Kinderhookian Stage
DEVONIAN SYSTEM
Chautauquan Series (Upper Devonian)
Bradfordian Stage
Cassadagan Stage'®
Senecan Series (Upper Devonian)
Chemungian Stage'®
Fingerlakesian Stage™
Erian Series (Middle Devonian)
Taghanican Stage®
Tioughniogan Stage™
Cazenovian Stage'®



Lower Devonian Series
Emsian Stage
Siegenian Stage
Gedinnian Stage

SILURIAN SYSTEM

Upper Silurian Series
Pridolian Stage
Ludlovian Stage™
Wenlockian Stage™

Lower Silurian Series"
Llandoverian Stage™

ORDOVICIAN SYSTEM

Upper Ordovician Series

Ashgillian Stage™

Caradocian Stage™

Lower Ordovician Series
Llandeilian Stage™
Llanvirnian Stage™
Arenigian Stage™
Tremadocian Stage™
CAMBRIAN SYSTEM
Upper Cambrian Series (Merioneth)

Middle Cambrian Series (St. David)
Lower Cambrian Series (Comley)

ROCKS OF PRECAMBRIAN ERAS
PROTEROZOIC ERATHEM
Dalradian, Eocambrian,
Vendian, Riphean,
and equivalents

1Por convenience Miocene and Pliocene are often
grouped as Neogene, Paleocene, Eocene, and Olig as

Ulsterian Series (Lower Devonian)
Onesquethawan Stage®
Deerparkian Stage®
Helderbergian Stage™®

SILURIAN SYSTEM

Cayugan Series (Upper Silurian)
Niagaran Series'? (Middle Silurian)

Alexandrian Series' (Lower Silurian)

ORDOVICIAN SYSTEM
Cincinnatian Series
(Upper Ordovician)
Richmondian Stage
Maysvillian Stage
Edenian Stage
Champlainian Series
(Middle Ordovician)
Mohawkian Stage
Trentonian Substage
Blackriveran Substage
Chazyan Stage
Whiterockian Stage
Canadian Series (Lower Ordovician)

CAMBRIAN SYSTEM
Croixian Series (Upper Cambrian)
Trempealeauan Stage
Franconian Stage
Dresbachian Stage
Albertan Series (Middle Cambrian)
Waucoban Series (Lower Cambrian)

ROCKS OF PRECAMBRIAN ERAS
PROTEROZOIC ERATHEM
Algonkian, Beltian,
Hadrynian, Helikian,
Aphebian, and equivalents

Curt TEICHERT

8 Equivalent to upper Autunian and part of Rotliegend

Paleogene subsystems.
2 Follows essentially Gulf Coast usage.
8Classed as division of Senonian Subseries.
4 Classed as division of Neocomian Subseries.
8 Included in Upper Jurassic by some authors.
8 Equivalent to upper Thuringian (Zechstein) deposits.
7 Equivalent to lower Thuringian (Zechstein) deposits.
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® Also known as Eifelian.

10 Applies essentially to eastern United States; in western
North America European stage terminology is used.

1 Classified as Series by many English geologists;
Tremadocian placed in Cambrian by some authors.

12 Applies essentially to ecastern North America only.
Berry and Boucor have advocated use of the English
standard scale everywhere in North America (Geol. Soc.
America, Spec. Paper 102, 1970).
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Miscellanea—Trace Fossils and Problematica

INTRODUCTION

When the manuscript of the first edition
of Part W of the Treatise (1962) was com-
pleted, it was the first of a very few such
general compilations to be published. Since
its appearance, not only have numerous
new trace fossils been described and new
ichnogenera named, but also, the results
of many new investigations in general
ichnology have been published. The sig-
nificance of trace fossils for sedimentology,
facies interpretation, and paleontology is
becoming more and more recognized, and
this branch of paleontology arouses world-
wide interest. Thus, it has become neces-
sary to revise and expand the entire edition.

It is the primary purpose of this revision
not only to give complete descriptions of
the increasing number of important ichno-
genera but also to increase the number and
improve the quality of the illustrations
selected from new literature.

This introduction, which was likewise
revised and expanded, cannot be an ex-
tensive treatment of general ichnology.
Instead, one may refer to a complete dis-
cussion of this general subject given re-
cently by Frey (1971). Presently, an ex-
haustive book on ichnology is in preparation
under the editorship of Frey (1974, in
press) with the collaboration of many pale-
ontologists. The materials in this edition
of the Treatise have been divided into
many sections, each with an expanded
introduction. Within each section, the
generic names are listed in alphabetical
order as in the first edition.

A criticism of the 1962 edition was that
unidentified trace fossils were not included.
This has been practically impossible to cor-
rect as such descriptions are generally in-
complete and are hidden and scattered in
the world literature.

In the present volume, an attempt has
been made to take into consideration all
the trace fossil literature of the world pub-
lished untl about the beginning of 1973.
As a result, the bibliography of the earlier

edition has been extensively enlarged. Be-
cause of the extraordinarily scattered trace
fossil literature, this reference list was nec-
essary, especially since the last detailed list
in Fossilium Catalogus (HANTZSCHEL, 1965)
had only limited distribution.

ACKNOWLEDGMENTS
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the world, have assisted me in the prepara-
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tion to the Treatise, Part W. Their kind
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printing.

GLOSSARY OF TERMS

ichnocoenosis, ichnocoenose (Davrrasuvini, 1945;
again proposed independently by LESSERTISSEUR,
1955, p. 10). Association of trace fossils, cor-
responding to biocoenosis; ichnocoenosis used
by DavitasuviLt only for Recent assemblages of
traces; a fossil association regarded by him as
an oryctocoenosis EFrEmov (see Rapwadiski &
Roniewicz, 1970).

ichnofossil (SeiLacuer, 19562, p. 138) (German,
Spuren-Fossil, Krneyci-Grar, 1932, p. 21). Trace
fossil.

Ichnolites (Hitcucock, 1841, p. 476). Name pro-
posed for a “class” including all sorts of tracks,
divided into “orders” (depending on number
of feet of animal that made the tracks):
Polypodichnites, Tetrapodichnites, Dipodichnites,

ichnolithology (Hircucock, 1841, p. 770). “His-
tory of fossil footmarks”; same as ichnology,
term not widely adopted.

ichnology (Buckranp, about 1830). Entire field
of lebensspuren (all tracks, trails, burrows, and
borings); in fossil state, paleocichnology or
palichnology; Recent, neoichnology.

lebensspur (Aser, 1912, p. 65) [Synonymous Ger-
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man terms: biogene Spur, organogeme Spur
(Kreyci-Grar, 1932); French, trace physiolog-
ique (D'ORBIGNY, 1849); vestige fossile de vie
(Van STrAELEN, 1938); frace de vie (Rocewr,
1962); trace d’activité animale (LESSERTISSEUR,
1955); Italian, impromte fisiologiche (Deslo,
1940); Spanish, kuella problematica (Macsoray,
1967); Russian, sled, bioglyph (VassoEvich,
1953); International Code of Zoological No-
menclature (1964) refers to “work of an
animal”]. Used for fossil and Recent tracks,
trails, burrows, and borings; fossil Lebensspur
—trace fossil, ichnofossil (German, Spuren-Fossil
Kreycr-Grar, 1932); Asen (1912) did npot
define term, but using it in a wide sense he
(ABeL, 1912, 1935) included under this head-
ing not only tracks, trails, burrows, borings,
coprolites, but also death agony, pathological
phenomena, symbiosis, parasitism, gastroliths,
etc. Shortest definition (preferred here) was
given by Haas (1954, p. 379): “Lebensspuren
are structures in the sediment left by living
organisms”; in my opinion the words “or in
hard substrates” should be added behind “in
the sediment,” thus including borings. New
definition given by Oscoop (1970, p. 282):
“Evidence of the activity of an organism in or
on the sediment, produced by some voluntary
action of that organism.” Frey (1971, p. 94)
included coprolites, fecal castings, and similar
features and excluded biostratification structures
as stromatolites, byssal mats, biogenic graded
bedding, and related phenomena. Simpson
(1957, p. 477) restricted the term trace fossil to
activity of an animal moving on or in the sedi-
ment at time of its accumulation, which ex-
cludes borings in shells or in consolidated sedi-
ment. There is still some discussion on the best
definition of this term. (Also for discussion,
see MarTinsson, 1970, p. 323-324.)
nucleocavia (RicHTER & Ricurer, 1930, p. 168).
General name (not generic) for small, winding
canals, which generally occur in form of fur-
rows on surfaces of originating steinkerns; pro-
ducers are probably worms, small arthropods,
or other animal groups. (See also RICHTER,
1931, p. 308.)

spreite. German noun, often literally translated as
“spread,” meaning structures spread between
limbs of a U-tube comparable to web of duck’s
foot ‘and representing a transverse zone of dis-
turbed sediment appearing as series of con-
centric arcs between limbs of U-tube, and
generally parallel to base of tube; produced by
shifting tube transversely through sediment.
Protrusive and retrusive spreiten are to be dis-
tinguished, indicating deepening or elevation of
bottom of tube respectively, according to ero-
sion or accumulation of sediment. Spreite plus
U-tube=spreite burrow (German, Spreitenbau);
observed as early as in Lower Cambrian sand-

stones, fossil spreite burrows may be horizontal,
oblique, or perpendicular to bedding, bladelike
or spiral-shaped. Recent spreite burrows are
very difficult to observe in unconsolidated sedi-
ment, but are known in various environments,
and are made by animals of very different
systematic position (SEILACHER, 1967b, p. 414,
fig. 1).

track, trackway. Impression left in sediment by
feet of animals; term sometimes used for iso-
lated impressions left by individual feet, but
also used for the “trackway,” or assemblages of
tracks reflecting directional locomotion.

trace fossil. Fossil lebensspur.

trails. More or less continuous grooves left by
(mostly creeping) animals as they move over
bottom and have part of their bodies in contact
with substrate or sediment surface. Packarp
(1900), Casrer (1938), NieLsen (1949), and
Oscoop (1970, p. 351) used “track” for “the
whole record of walk” of an arthropod (see also
CAsTER, 1938, p. 5, footnote 2).

vestigiofossil (R. C. Moorg, written commun.,
1956). Unpublished suggestion to replace term
“ichnofossil” because of its bilinguistic deriva-
tion from both Latin and Grecek.

For terms on arthropod (especially
trilobite) tracks, see Oscoop (1970, p. 351),
for terms on U-tubes with and without
spreite, see Oscoop (1970, p. 314), and for
further terms and their definitions see the
following chapters: Introduction, Nomen-
clature, Position of Traces in the Sediment,
and, particularly, Classification.

Until recently, the majority of the world’s
literature on trace fossils had been pub-
lished in either German or French. Be-
cause of this, Table 1 has been included
to facilitate the translation of foreign terms
into English. In addition, the Russian
language is well represented by a book by
Vyarov (1966), which describes many dif-
ferent types of trace fossils.

GEOLOGICAL OCCURRENCE
AND SIGNIFICANCE OF TRACE
FOSSILS FOR STRATIGRAPHY

AND TECTONICS

GENERAL REMARKS

Trace fossils occur in marine, lacustrine,
and continental sedimentary rocks of all
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TasLe 1.—Egquivalent Terms in English, German, and French* (after Frey, 1973,

append. 1, mod.).

{List of German terms prepared by H.-E. Reineck and G. Hertweck; list of French terms prepared by

J. Lessertisseur)

ENGLISH

active fill

back fill

biodeformational structure
bioerosion structure

biogenic sedimentary structure

biogenic structure
biostratification structure
bioturbate texture
bioturbaton
bioturbation structure
body fossil

boundary relief
burrow

burrow cast

burrow lining
burrow motte
burrow system
cleavage relief
configuration
crawling trace

dwelling burrow
dwelling structure
dwelling tabe
epirelief

escape structure
ethology

feeding structure
full relief
grazing trace
groove
hyporelief
ichnocoenose
ichnofauna
ichnoflora
ichnology
lebensspur; spoor
neoichnology
palichnology
passive fill
resting trace
ridge

semirelicf

shaft

spreite

stuffed burrows

trace; spoor
trace fossil; ichnofossil

track

trackway
trail
toponomy
wmanel

GERMAN

aktive Verfiillung
Versatzbauten; Versatzgefiige
Verformungswiihlgefiige
Bioerosion

biogenes Sedimentgefiige
biogenes Gefiige

biogenes Schichtgefiige
Verwiihlung

Verwiihlung; Bioturbation
Wiihlgefiige; Bioturbationsgefiige
Kérperfossil

Grenzrelief

Gang

Gangverfiilllung
Gangwandung

durch Ginge erzeugte Flecken
Gangsystem

Spaltrelief

Konfiguration

Kriechspur

Wohngang

‘Wohnbau

Wohnroéhre

Epirelief

Fluchtspur

Verhaitensforschung; Ethologie

Fresspur

Vollrelief

Weidespur

Furche

Hyporelief

Ichnocoenose

Ichnofauna

Ichnoflora

Ichnologie; Spurenkunde

Lebensspur

Neo-Ichnologie

Palichnologie

passive Verfillung

Ruhespur

Kamm; Grat; Riicken

Halbrelief

Schacht

Spreite

Stopfbauten; Stopfgefiige;
Stopfrunnel

Spur

Spurenfossil; Ichnofossil

Trittsiegel; (in a strict sense,
Pusspur)

Fihrte

Kriechspur

Toponomie

waagerechter Gang

FRENCH

remplissage actif

terrier (or galerie) remblayé

structure de biodéformation

structure de bioérosion

structure sédimentaire biogéne

structure biogéne

structure de biostratification

texture bioturbée

bioturbation

structure de bioturbation

corps fossile; fossile corporel

relief limite

terrier

moulage (du terrier)

paroi (du terrier)

amas (or agglomérat) de terriers

terrier composé

relief sur clivage (sur délit)

configuration

trace de locomotion (or de
reptation, in a restricted sense)

terrier d’habitaton

structure d’habitation (or, logement)

tube d’habitation

épirelief

structure d'évitement

éthologie

structure de nutrition

plein relief

wrace de pacage

sillon

hyporelief

ichnocénose

ichnofaune

ichnoflore

ichnologie

trace d’activité; trace de vie

néoichnologie

palichnologie

remplissage passif

trace de station

bourrelet

demirelief

tube; tuyau

traverse

trace

trace fossile; fossile de trace;
ichnofossile

empreinte

p@stc, (a2 a‘cpt& galcnc)
 (de reptation)

toponomie

tunnel

*Not all of these terms have exact counterparts in English, Germm, and French, but an attempt was made to

approximate a common meaning as closely as possible. Several i
such as pascich and endick

ical terms derived directdy from classical words,
in all three languages, and are not listed here.
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geologic systems from the Precambrian to
the Recent (Fig. 1). Trace fossils are most
abundant and best preserved in clastic rocks
with alternating sandy and shaly beds.

Trace fossils found in the Late Pre-
cambrian are particularly significant for
the investigation of the development of life
before the Cambrian, especially that of
metazoans. Also important is the com-
parison of lebensspuren in Late Precam-
brian sediments with those of undoubted
Early Cambrian age. Such investigations
have been made by SerLacmEr (1956a) and
GraessnEr (1969) in the United States and
Australia and have proven that trace fossils
are scarce in Late Precambrian rocks when
compared with their occurrences in lowest
Cambrian rocks. In the Ediacara fauna of
South Australia, there are perhaps six dif-
ferent ichnofossils produced by soft-bodied
organisms creating grazing trails and in-
gesting sediment (Graessner, 1971, p.
1337). Gragssner (1969, p. 381) has as-
signed one of these trace fossils to
Margaritichnus BanoeL [=Cylindrichnus
BanpiL], and the others remain unknown.

In general, the oldest lebensspuren are
somewhat uncertain finds in the Grand
Canyon Series (Hakatai Shale) and the
Belt Series of the United States. These oc-
currences are both about 1,000 m.y. old,
but whether or not they are genuine trace
fossils must be verified. A trace fossil that
is certainly of Late Precambrian age is
Bunyerichnus GLAEssNER, 1969, which was
discovered in South Australia (Brachina
Formation, Wilpena Group) (see Fig.
30,3). Bunyerichnus is a crawling trail, 2
to 3 cm. wide, produced by a bilaterally
symmetrical animal undoubtedly related to
primitive mollusks. Precambrian lebens-
spuren cannot always be definitely identi-
fied when a distinction between body fossils
and inorganic pseudofossils is difficult. This
is shown by old and new discoveries of
such fossils in the Precambrian from Can-
ada, most recently discussed by Hormann
(1971).

In several Paleozoic rocks, trace fossils
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are so characteristic and numerous that
they have furnished the names of strati-
graphic units, e.g., the Skolizhos Sandstone,
Fucoid Sandstone, and Diplocraterion Sand-
stone of the Lower Cambrian in Sweden,
the Phycodes beds of the Lower Ordovician
in Germany, the “Grés & Harlania” in the
Paleozoic of North Africa, and others (see
Fig. 37,2; 59,2; 64,2). In these types of
sediments, contemporaneous body fossils are
usually absent, but the trace fossils inform
us of the existence of large numbers of
bottom-dwelling animals. SeiLacuer (1970)
has pointed out that trace fossils can be
considered to be a useful aid in the age
determination and the stratigraphic correla-
tion of such “unfossiliferous” sediments.

Trace fossils found in flysch facies are
numerous and morphologically diverse.
These synorogenic geosynclinal sediments
have worldwide distribution and are gen-
erally deposited during orogenic times of
the earth’s history. Petrographically, flysch
deposits are characterized by rhythmic al-
ternations of coarser clastic sediments inter-
calated with pelitic sediments. Such rocks
are especially favorable for the preservation
of trace fossils. Since body fossils are rare
in flysch deposits, the only paleontological
evidence in these sediments are the ich-
nocoenoses, composed of traces of sediment
ingestion, Fressbauten, and predominantly
grazing trails, Weidespuren (see p. W32).

Also, many marine epicontinental sedi-
ments of all geological ages are rich in
lebensspuren. However, these trace fossil
associations are of different composition
and show less diversity than those in flysch
facies.

In sediments not entirely marine in origin,
for example, the Lower Triassic Buntsand-
stein, which was deposited under essentially
continental conditions, trace fossils are also
present. However, in contrast to the ich-
nocoenoses of marine environments, the
number of different types of nonmarine
trace fossils is considerably less.

Sediments without lebensspuren are rare.
There are also sediments in which some
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Lower Cambrian Ordovician-Devonian Upper Triassic
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Fic. 1. Examples of different trace fossil assemblages (modified from Seilacher, 1955). (For explanation
see p. W8.)
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Fic. 2. Radiograph of Pecten maximus with
camerate boring of Cliona vastifica (Bromley, 1970,

Miscellanea—Trace Fossils and Problematica

exogenic traces are preserved, whereas endo-
genic burrows are absent, due to ecologi-
cally unfavorable substrates. An example of
such sediments is the Solnhofen Limestone
(AsgL, 1927).

Homogeneous sediments may appear
completely devoid of lebensspuren, but this
is often only due to the fact that the
lebensspuren are not visible to the unaided
eye. Hamsrmv (1962, 1965) was the first
to recognize distinct burrows in homo-
gencous sediments by the use of X-ray
photography. X-radiography has also re-
vealed elaborate boring networks in shell
material (Fig. 2).

p. 75, in: Trace Fossils, edited by T. P. Crimes &
J. C. Harper, Geol. Jour. Spec. Issue 3, Seel House
Press, Liverpool).

Fic. 1. (Continued from page W6, 7.)

1,2, Rusophyecus, X0.3, X0.75.

34. Protichnites, % 0.75.

5. Diplichnites, % 0.75.

6. Crossopodia, X 0.75.

7a,b. Scolicia.

8. Dimorphichnus, 0.3,

9.  Dictyodora, X 0.3,

10, Teichichnus, 0.3,

11. Corophicides, X 0.3.

12, Rbhizocorallium, 0.3,

13,14. Phycodes, 0.7, % 0.3,

15. Bifungites, % 0.75.

16. Laevicyclus, 1.3,

17. ““Trilobite trails,” X0.3.

18. “Irregularly circular bilobate trails,” X0.5.
19, Paleodictyon, ¥ 0.3.

20, Nerettes, %0.3.

21. PNereites, X 0.3.

22. Crossopodia, X0.3.

23. Phycosiphon, X 0.75.

24. Lophoctenium, X 0.5,

25, “Undescribed trail similar to Oldhamia,” 1.
26, Chondrites, X 0.5,

27. Rusophycus, X 0.75.

28. Sagittichnus, X1.5.

29. Locketa, % 0.75.

30. Kouphichnium, X0.3.

31, “Unnamed bivalve trail,” % 0.3.

32, “Bilobate worm trail.”

33. “Unilobate feeding structures,” 0.3,
34. Biformiztes, X0.5.

35. Cylindricum, X0.5.

36. Gyrochorte, 0.5,

37. “Undetermined articulated trail,” »x0.2.
38. “Large tetrapod striding trail,” 0.05.
39a,b. Scolicia, 0.3,

40, Helminthoida, 0.5,

41. "Helminthoida,” % 0.25.

42. Cosmorhaphe, X 0.16.

43, Helicolithus, % 0.75.

44. Belorhaphe, % 0.75.

45. Paleodictyon, % 0.5.

46. Desmograpton, 0.5,

47, Paleomeandron, 30,75,

48. “Unnamed form,” X 0.3.

49, Helminthoida, »0.25.

50. Spirophycus, X0.3.

51. Spirorkaphe, 0.3,

52. Taphrhelminthopsis, X 0.16.

53. Zoophycos, X0.25,

54. Phycosiphon, %0.75.

55, Pennatulites, 3 0.1.

56, “Gyrophyllites;”” X 1.

57, “Chondrites,” % 0.25.

58, Hydraneylus, % 0.5.

59, Taenidinm, 0.2,

60, Chondrites, % 0.3,

61. “Unnamed form,” x0.3.

62. Lophoctenium, X 0.5,

63. Gyrophyllites, X0.3.

64, Lorenzinia, > 0.3.

65. “Unnamed star-shaped feeding structure,”
% 0.16.

66. Lockeia, 3 0.75.

67,68, Asteriacites, % 0.25, x0.75,

69. “Isopodichnus,” %0.16.

70. “Bird tracks,” X0.25.

71. Gyrechorte, X0.5.

72. Helminthoida, 3 0.5.

73. Gyrolithes, X0.16.

74. “Spongites,” X 0.05.
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STRATIGRAPHIC USE

Lebensspuren usually have little impor-
tance in stratigraphy. In restricted areas,
however, they may attain the rank of index
fossils. A burrow, Arenicolites franconicus
Trusaem, 1934, from the Muschelkalk of
southern Germany may serve as an ex-
ample: this fossil occurs abundantly in a
layer only 3 to 4 c¢m. thick and may be
followed for a horizontal distance of 26
km. (see Fig. 24,2). Another example is
a track-bearing horizon in the Eocene
Green River Formation of Utah, which is
traceable laterally for about 40 km.
(Moussa, 1968, p. 1434). It consists of
three beds containing bird and mammal
tracks associated with invertebrate trails
some of which are of very regular wave-
like shape.

A long time-range is one of the char-
acteristics of most biogenic structures, the
vast majority of which remain unchanged
throughout geologic time. This is true for
nondescript, smooth, furrowlike crawling
trails and cylindrical burrows, as well as
for more distinctive U-shaped burrows with
spreite and even for the honeycomb-like net-
works named Paleodictyon by MENEGHINI
(in MurcHison, 1850), which are known
from Silurian to Tertiary.

In some cases, ichnospecies of widely
distributed and “long-lived” ichnogenera
have been proven to be useful guide fossils
for age determinations. Species of the
ichnogenus Cruziana p’OrsieNy have been
proven to be useful guide fossils for lower
Paleozoic rocks in Wales (Cruziana semi-
plicata for Upper Cambrian, C. furcifera
for Lower Ordovician). In homogeneous
rocks of uncertain age in which body fos-
sils are absent, the generally abundant trace
fossils may be used for stratigraphic cor-
relation (Crimes, 1968, 1969, 1970; Sgkr-
LACHER, 1960, 1970). Crimes distinguished
between Cambrian and Ordovician rocks
by determining the differences in morpho-
logical characteristics between certain mo-
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tion trails (Laufspuren) and grazing trails
(Weidespuren) of trilobites. SEILAcHER
(1970) established an elaborate stratigraphic
succession for Cruziana in lower Paleozoic
rocks (Fig. 3). Some other trace fossils
have also proven themselves to be useful
for age determination, such as Oldhamia
for the Cambrian and Phycodes circinnatum
for the Ordovician. Another example is
the beaded coprolite Tomaculum Groom,
which so far has been found only in Ordo-
vician strata of England, France, Germany,
and Czechoslovakia.

USE IN STRUCTURAL GEOLOGY

In structurally complicated areas where
inverted beds may be expected to occur,
burrows and trails may be useful for dis-
tinguishing top and bottom of strata as
has been rather extensively discussed by
Surock (1948, p. 175-188) and more re-
cently by Frev (1971). Especially well
suited for this purpose are U-shaped bur-
rows, which are invariably built either
horizontally or with the curved part toward
the bottom. Burrows of the Skolithos type
are usually excavated vertical to the bed-
ding in undisturbed beds. If they are in-
clined strongly in one direction in dis-
turbed beds they may serve to determine
direction and amount of the tectonic move-
ment. Burrows or borings of pelecypods
that are enlarged and rounded at the bot-
tom may be used as reliable top and bot-
tom criteria by their shape.

By observing vertical and horizontal bur-
rows that originally had tunnels with cir-
cular cross sections and now are elliptical,
the amount of lateral and vertical com-
pression may be quantitatively determined.
PressmMaNN (1966) has measured the ver-
tical diagenetic “contraction” and the lateral
compressional forces on sediments in the
flat Upper Cretaceous deposits at the
northern margin of the Harz Mountains in
Germany and in the flysch deposits of
Sanremo in the Maritime Alps of Italy.
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CAMBRIAN ORDOVICIAN DEVONIAN

Fre. 3. Cruziana stratigraphy of Paleozoic sandstone of Europe, North Africa, and Southwest Asia (after

Seilacher, 1970, p. 458, in: Trace Fossils, edited by T. P. Crimes & J. C. Harper, Geol. Jour. Spec. Issue

3, Seel House Press, Liverpool). < and > signs indicate whether the furrow (left) or the resting track
expression (right) is more common. Forms not scparated by dashed line may occur in the same unit.
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POSITION OF TRACES IN THE
SEDIMENT, THEIR
FOSSILIZATION AND
PRESERVATION

EXOGENIC TRACES

The most remarkable forms of traces
observable in Recent sediments are lebens-
spuren made on the surface of sediments.
They originate on the sediment surface at
the bottom of flowing or stationary water
at all depths or subaerially on the land
(Hersey, 1967; Heezen & HoLLisTER,
1971). Such lebensspuren are called sur-
face, or surficial, trails, which is the same
as exogene epirelief of Semwacuer (1953a)
(Fig. 4). They belong to the group of
semi-, or demi-reliefs.

It has often been noted that surficial
trails produced in marine environments,
especially in shallow water with tidal cur-
rents, have only a very small chance of
preservation. Such trails can be destroyed
by currents or wave action, especially on
tidal flats. There is, however, a chance of
preservation under certain favorable con-
ditions, such as 1) rapid drying-up of the
sea bottom during ebb tide especially near
the shore, 2) cementation of the sediment
by mucus, or 3) by infilling of the trail by
wind-blown sand or by rapidly accumulat-
ing sediment. Preservation of trace fossils
may also be expected to be more common
in quiet, current-free, deep water. Here
grain size and consistency of the sediment
play an important role. In Recent clayey
sediments of some coherency, trails are dis-
tinctly preserved under water. Preservation
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of such features as small ripples and micro-
ripples, and especially very thin, linearly
striated groove casts and similar marks fre-
quently found on bedding planes show
that not all such features are easily de-
stroyed. In pelitic freshwater sediments,
as, for example, in the Lower Permian of
Germany, delicate arthropod tracks have
been preserved on the bedding planes of
claystone. Such trails also have been dis-
covered in Pleistocene varves in Germany
and in Upper Paleozoic varves in Natal
(Savace, 1971), and surface trail§ have
been preserved in ancient terrestrial sand-
stones. An example of this would be verte-
brate tracks in the eolian Permian Coconino
Sandstone of Arizona (United States), de-
scribed by McKee (1947). McKzE also
performed experiments with several types
of lizards moving on Recent sand dunes
and determined that preservation of tracks
was likely to occur as the sand surface,
moistened by dew or mist, was consoli-
dated and attached to dry eolian sand that
covered it.

Ethologically considered, surface trails
are either movement traces (running or
crawling traces, more seldom swimming
trails), resting traces, or sediment-ingesting
trails.

When surface trails are normally epichnial
grooves (MarTinssoN, 1965) or concave
epireliefs (SeLacuer, 1964a), they can
later become epichnial ridges or convex
epireliefs, respectively. These “relief-
tracks” may be formed from vertebrate
trails (Wasmonp, 1936) when the foot-
prints are more resistant to the wind than
the surrounding sediment. They have been

Fic. 3. (Continued from facing page.)

1,2. C. cantabrica, Spain.

34. C. fasciculata, Spain.

5. C. carinata, Spain.

6,7. C. barbata, Spain.

8,9. C. arizonensis, USA(Mont.-Ariz.).
10. C. semiplicata, North Wales.

11. C. polonica, Poland.

12. C. rugosa, Northern Iraq.
13,14. C. imbricara, Portugal.
15. C. lineata, South Jordan.

16,17. C. almadenensis, Spain.
18,19. C. flammosa, South Jordan.
20,21. C. petraea, South Jordan.
22,23. C. acacensis, Libya.

24. C. quadrata, Libya.

25. C. pedroana, Spain.

26. C. uniloba, Algeria.

27. C. rhenana, Germany,

28. C.lobosa, Libya.
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Fic. 4. Diagrammatic representation of different types of trace fossil preservation (after Webby, 1969a).

observed in snow as well as in terrestrial
and marine sediments (Tricuerr, 1934;
Linke, 1954; Seuirrr, 1951).

ENDOGENIC TRACES

Lebensspuren originating  within  sedi-
ment layers are designated as endostratal
or endogenic. They are produced by ani-
mals that either move constantly in the
sediment or live more or less permanently
in structures within the sediment. There
is also a transition between endostratal and
surface trails. It is not always discernible
whether a crawling surface trail has origi-
nated on an exposed sandy layer or
whether the sedimentary surface was cov-
ered by a layer of sediment and endo-
stratal lebensspuren were produced by the
mixing and digging of an animal at the
sediment interface in the sand beneath. If
clay is overlain by sand, a distinct endo-

stratal resting trace is produced in the clay,
and an indistinct concave form is produced
in the sandstone. Running arthropods, espe-
cially limulids and trilobites, leave behind
in the sediment surface trackways of dif-
ferent appearance, varying according to
which part of the animal’s extremities were
impressed to different depths on the sedi-
ment surface (undertracks, Gorpring &
SEILACHER, 1971, p. 424; cleavage relief type,
Oscoon, 1970, p. 292) (Fig. 5; Frev, 1973a,
fig. 5). Another transitional form between
surficial and endostratal trails are tunnel
trails (Tunnelfihrten).

Very many trace fossils occur at sedi-
mentary interfaces where sand is under-
lain by mud. They are then found on the
underside of the sandstone beds and gen-
crally are well preserved. They have been
described as convex hyporeliefs (SeiLAcHER,
1964a) or hypichnia (Martinsson, 1965).
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Fro. 5. Differential preservation of a hypothetical
arthropod track (after Osgood, 1970; mod.). Each

block is 1 mm. thick.

la. Concave epirelicf at
depositional interface; quadrifid track with an
arcuate posterior fringe. 1h. Cleavage relief 1
mm. below depositional interface; arcuate fringe
not preserved. le. Cleavage relief 2 mm. below
depositional interface; only two imprints preserved.

SeiLacHER especially called attention to this
kind of trace fossil, and employed the Ger-
man word Innenspuren.

All trace fossils on lithologic bedding
planes are semi- (demi-) reliefs. Tt is pos-
sible to distinguish between “cleavage re-
liefs” in a uniform sediment and “boundary
reliefs” between petrographically different
layers, especially between sandstone and
shale (SerLacuEr, 1953a, p. 438). However,
in practice, this distinction may be difficult
to make,

Clearly delineated burrows within one
stratum that were originally formed as
hollows (endogene full reliefs) have been
named endichnia by Martnsson (1965)
(=fossitextura figurativa, Scmirer, 1956a;
1972). Such burrows can be actively or
passively filled. Burrowing textures ( Wiihi-
gefiige) are bioturbate shapes without sharp
outlines, which may be filled in from above.
MarrinssoNn has named these structures
exichnia (=fossitextura deformativa, ScHA-
FER, 1956a).

There are still more complex endogenic
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burrows, especially in flysch sediments,
which have been described as pre-exogene
or pre-endogene. Their origin is shown in
Fig. 4 (see also p. W20).

Endostratal lebensspuren also include
dwelling burrows in the sediment having
very different morphological features, such
as vertical shafts, J- or U-shaped tubes with
or without spreite, Y- or W-shaped tunnels,
irregular and complicated tunnel systems
that may be arranged horizontally, verti-
cally, or in netlike forms, or a combination
of all three.

The walls of such Recent burrows are
usually compacted by mucus and many
animals press infltrating sand grains
against the walls, which are thereby
strengthened. Burrows constructed in this
manner have a good chance of being pre-
served as fossils. This is seen in the tidal
flats of the North Sea where the upper
end of Arenicola U-tubes may be solidified
and thus escape being washed away. The
tubes may protrude several centimeters
above the sediment surface (HintzscurL,
1938). In Recent lime muds from Florida
and the Bahamas, Smmnn (1968) has ob-
served unoccupied decapod burrows that
were still open. Covered by sediment, such
burrows could possibly remain open for
centuries. That such burrows can become
indurated relatively rapidly 1s shown by
the sedimentation of the U-shaped Spreizen-
bauten (Rhizocorallium) in the Lower
Jurassic of southern Germany (ScHuroz,
1968).

In Recent sediments, complex forms of
endostratal (Innenspuren) are
more difficult to observe than in the fossil
record. Especially fine structures of back-
fill origin (Versatzbauten) or Spreiten-
bauten, for example, in the sandy mud
flats of the North Sea, are difficult to rec-
ognize. Thus, little is known about Recent
spreiten structures, although they are com-
mon as fossils. Diagenetic processes greatly
enhance the preservation and recognition
of trace fossils in the sediment (SerLAcHER,
1957). In order to study and observe endo-

burrows
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stratal burrows in Recent sediments, special
methods must be used (Hertweck &
Reineck, 1966).

HISTORICAL REVIEW

No complete history of paleoichnological
investigations has been written. WINKLER’s
“Histoire de l'ichnologie” (1886) represents
only a chronologically arranged, annotated
bibliography covering paleoichnological pub-
lications (mainly on vertebrate tracks) for
the period 1828 to 1886. The following
section briefly describes only a few stages
of the rather discontinuous development of
this branch of paleontology.

Oscoop (1970, p. 286-291) has published
a comprehensive survey of the historical
development of ichnology, to which refer-
ence may be made. He divided the history
of ichnology into three parts: 1) the “age
of the fucoids” and 2) the “period of reac-
tion,” followed by 3) rapid advances in
paleoichnology and neoichnology since the
1920’s and continuing to the present time.
The development of ichnology is important
for paleontology and sedimentology, be-
cause it is a “development of ethological
and paleoecological approaches.”

In the early years of paleontology, many
fossils, especially cylindrical and U-shaped
burrows, now identified as lebensspuren,
were considered to be remains of marine
algae. This is apparent in names such as
Fucoides, Algacites, Chondrites, and the
many generic names having the ending
-phycus. Ramification of the burrows was
considered the most conclusive evidence for
their interpretation as plants. In publica-
tions of these “algae,” Recent Thallophyta
were commonly figured in order to show
the identity or relationship of the fossil
forms with them. Occasionally, even the
drawings of the fossils were modified so
as to make them look more like algae.

According to Oscoop, the “age of the
fucoids” began in 1828, the year that
Fucoides BroneNiart, 1822, was divided
into “sectiones,” and it ended in 188l1.

Nevertheless, in the nineteenth century,
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many “Fucoiden” were described as marine
algae. Most were labeled incerzae sedis, al-
though a few paleontologists recognized
and named traces produced by inverte-
brates. One of these paleontologists was E.
Hrrcuecock (1792-1864), geologist, astron-
omer, minister, and pedagogue. He named
the first ichnogenus with the characteristic
ending -ichnus, ie., Cochlichnus Hircn-
cock, 1858, an invertebrate meander trail.
In the same year, JarpiNE established many
genera with the same ending. Most of
these were vertebrate tracks. The oldest
established names for invertebrate trace fos-
sils are Harpagopus Hrrcucock, 1848, and
Herpystozeum Hircucock, 1848. Hirch-
cock was the first to publish a detailed
description of a trace fossil assemblage con-
sisting of numerous trails from Triassic
sandstone of the Connecticut Valley
(Hircucock, 1858, 1865).

Dawson (1864, p. 367) recognized that
the traces named Rusophycus Harr, 1853,
especially R. grenvillensis BiLLines, were
produced by trilobites as resting impres-
sions, or as cavities made for shelter. He
suggested, therefore, that the name Ru-
sophycus should be changed to the more
descriptive name Rusichnites.

Astonishingly, some ethological or gen-
eral genetic interpretations of certain trace
fossils have remained valid for nearly a
century. Nicuorson (1873, p. 288-289) re-
garded Skolizhos-structures as true burrows
of habitation, whereas he explained hori-
zontal burrows as wandering tunnels exca-
vated by worms in search for food. NichoL-
soN also declared that forms combined by
him under the name Planolites were “not
the actual burrows themselves but the bur-
rows filled up with sand or mud which the
worm has passed through its alimentary
canal.” His interpretations were repeated,
independently, decades later by subsequent
authors. These early contributions must be
recognized again, today.

Often, in the “age of the fucoids,” forms
such as Nereites MacLeay (1839) were not
considered to be trace fossils but body fos-
sils. Nereites was claimed to be a Nereis-
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type worm. Other grazing trails, such as
Helminthoida, puzzled paleontologists, but
it, too, was explained as being of plant
origin. Some of the best examples of
botanical interpretation of many trace fos-
sils are found in the important, voluminous
monograph, “Flora fossilis  Helvetiae”
(Heer, 1877), in which numerous flysch
lebensspuren are described in great detail
as plants.

The next forty years, from 1881 to about
1921, is Oscoon’s second period in the de-
velopment of ichnology, the “period of
reaction.” This period should be expanded
to begin with the publication of the classic
works by the Swedish paleobotanist
Narrorst (1873, 1881a,b). On the basis of
systematic neoichnological observations and
experiments on traces of marine animals,
he pointed out the striking similarity of
many “fucoids” and problematica to the
tracks and trails of marine invertebrates.
This evidence, together with the informa-
tion that animal trails may ramify, per-
mitted NATHORsT to challenge the doctrine
of plant origin for these fossils. The years
between 1881 and 1885 were characterized
by the violent controversy between
Natuorst and his opponents Devrcapo,
LeBescoNTE, and DE Saporta, who tena-
ciously defended the botanical origin of
these doubtful fossils. These arguments
also dealt with the origin of the genera
Cruziana and Rusophycus, which are to-
day recognized as definite trilobite lebens-
spuren, at least in the majority of Paleozoic
sediments. However, specimens of Cruzi-
ana and Rusophycus have been recognized
in Triassic sediments in East Greenland
and questionably attributed to notostracans
or conchostracans (BRrRoOMLEY & AsGAARD,
1972). Since the recounting of this em-
bittered controversy would take up too
much space and because it has only his-
torical significance, the reader is referred
to Oscoop (1970, p. 287-288) for a more
detailed account.

Independently of Naruorst and without
knowledge of his publications, J. F. JamEs
(1857-97) in the United States published
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numerous and often overlooked works pro-
testing the plant interpretation of most
fucoids of the Cincinnatian. He explained
their origin as animal trails, marks, or
body fossils, and cautioned against many
hasty publications and the assignment of
names to poorly preserved and uncertain
“fucoids.” Attention must be called to his
warning, which was long ignored but is
still valid: “When every turn made by a
worm or shell, and every print left by the
claw of a Crustacean is described as a new
addition to science, it is time to call halt
and eliminate some of the old before mak-
ing any more new species.”

Only gradually did NatHorst’s interpre-
tation of many fossil “algae” as lebensspuren
become accepted. Even today several
“genera” of lebensspuren (e.g., Chondrites,
Fucoides) are sometimes interpreted as
algae. Canadian and Indian papers from
1938 and 1949 refer typical trace fossils to
algae. Fucmt (1936, 1938), in extensive
publications, described Problematica from
the Cretaceous “Verrucano” of Toscana,
Italy, mainly inorganic markings, as plant
fossils.

Even in the beginning of this century
many forms of lebensspuren were not rec-
ognized as trace fossils, including all graz-
ing trails in Cretaceous or Tertiary flysch
sediments in Europe called hieroglyphs or
graphoglyphs. A number of these especially
peculiar forms such as the ichnogenera Paleo-
dictyon, Urohelminthoida [ =Hercorhaphe],
and Spirorhaphe were assumed by Fuchus
(1895) to be spawn, presumably of gastro-
pods. Similar interpretations are still be-
ing discussed for similar forms (e.g.,
Spirodesmos).

After several decades of stagnation fol-
lowing the turn of the century, substantial
progress was made in lebensspuren studies
by AseL and his pupils, and especially in
the course of “actuopaleontologic” investi-
gations in marine biology of the North Sea
tidal flats by RuboLr Ricurer. His studies
included 1) a survey of Recent and fossil
worm trails and burrows, 2) an elucidation
of general questions of palichnology, and
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utilization of lebensspuren for paleogeo-
graphic interpretation, and 3) an inter-
pretation of many problematica, as well as
an analysis of numerous arthropod trails
and Recent and fossil U-shaped burrows.
Until World War I, the efforts and results
of Ricuter and his collaborators at the
marine-geologic Forschunganstalt “Sencken-
berg” in Wilhelmshaven (HANTZScHEL,
ScHAFER, Scuwarz, TRUSHEIM) were fo-
cused in the same general direction.

Since the end of World War II, paleon-
tologists and geologists, especially those
from Europe and North America, have de-
veloped a tremendous interest in neoichnol-
ogy and even more in paleoichnology. This
interest was stimulated by the intensive in-
vestigations concerning the nature and
origin of depositional basins, and the in-
organic and biogenic textures of Recent and
fossil sediments. It has been shown by
trace fossil investigations that there are
types of ichnocoenoses with characteristic
elements having worldwide distribution in-
dependent of sediment age. Single lebens-
spuren, and especially ichnocoenoses, are
good facies indicators, and they give ref-
erence to paleoenvironments. Trace fossils
are usually not rare in rocks containing
them, but are the most common fossils.
Trace fossils and trace fossil associations
are of great value for sedimentology and
paleontology owing to their facies range.
This significance of trace fossils is becom-
ing more and more recognized in paleo-
ecology because they furnish direct evidence
of autochthonous life in the sediment, and
thanatocoenoses do not exist. Many types
of trace fossils remain unchanged and can
be recognized during very long periods of
time in the stratigraphic record. Such
forms, therefore, permit the evaluation of
ichnofacies.

CLASSIFICATION

The possible diversity of lebensspuren
made by an individual animal, dependent
on its activity (crawling, eating, running,

burrowing, swimming), and the depen-
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dence of traces on fortuitous preservational
properties of the sediment, make it impos-
sible to clarify lebensspuren in a manner
corresponding to a zoological pattern.

Classifications, or at least categorizing, of
similar forms into groups have been at-
tempted from many different viewpoints
based on either: 1) the shape (morpho-
logical arrangement) of the trace fossil, 2)
the kind of preservation and occurrence in
the sediment, specifically the position of
the boundary between calcareous and
arenaceous sediments (stratinomic or topo-
nomic arrangement), 3) ethological inter-
pretations, or 4) a combination of the tax-
onomic, morphologic, and stratinomic bases
(Vyarov, 1968b). In addition, an attempt
has been made to arrange lebensspuren by
taxonomic rank of the producer of the
trace. Hrrcucock (1844, p. 318) proposed
a “new order including all sorts of footless
trails made by worms, molluscs, and fishes,”
to be called Apodichnites. Lebensspuren
produced by animals with more than four
feet were called Polypodichnites (Hrrcu-
cock, 1841, p. 476). Sarter (1857, p. 204)
named long, sinuous surface trails or filled-
up burrows of marine worms without im-
pressions of lateral appendages Helminthites
(=Helmintholites Murchison, 1867, p.
514). Possibly a classification of trails pro-
duced by vertebrates will become feasible
when footprints prove to be assignable with
certainty to a particular taxonomic group
of vertebrates.

MORPHOLOGICAL-DESCRIPTIVE
CLASSIFICATION

In the early stages of paleontological re-
search, most trace fossils were interpreted
as marine algae, and were arranged ex-
clusively according to morphological char-
acters. The shape of the “thallus” was
regarded as a determining factor and fucoid
species were distinguished according to the
angle of divergence of branches. Fucus
(1895), accepting such structures to be
trace fossils, tried to arrange them into
family-like groups, determined mainly by
morphological criteria.
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Many excellent, well-preserved examples
of trace fossils can be seen in the Cretaceous-
Tertiary flysch of southern Europe. Fuchs
described the following different types:

1) GrapuocryptEN (Fucss, 1895, p. 394;
=Hieroglyphen s.., Fucus, 1895, p.

" 394). Trace fossils appearing as re-
liefs on lower surface of beds (mostly
sandstones) and resembling orna-
ments, or letters (e.g., Paleodictyon,
Paleomeandron, explained by Fucas,
however, as strings of spawn of gas-
tropods).

2) VermicLypaeN (Fucss, 1895, p. 390).
Collective name for threadlike,
straight, or variously winding reliefs
on undersurface of sandstone beds in
flysch and similar sediments; mostly
unbranched; width usually only a few
millimeters.

3) Ruasnocuyenen (Fucns, 1895, p.
391). General and informal name for
nearly straight bulges, mostly on
undersurface of sandstone beds of
flysch and similar sediments; greatest
diameter several centimeters,

Ruporr Ricuter presented good exam-
ples of a possible simple classification by 1)
the distinction of U-shaped burrows with
or without spreite (Rhizocorallidae, Are-
nicolitidae; see RicurEr, 1926, p. 211), and
2) the division of worm trails according
to “basic -architectural forms” (bauliche
Grund-Formen) on a mechanical and bio-
logical basis (Ricurer, 1927a). Similarly,
Ricuter (1941) arranged trails from the
Hunsriick Shale morphologically into the
following groups:

1) Ichnia taeniata. Regularly developed,
bandlike grooves and tunnels, not
filled by sediment.

2) Ichnia catenaria. Strings of pearl-like
trails.

3) Ichnia spicea. Spike-shaped trails.

4) Ichnia disserta. Arthropod trails of
separated rows of footprints.

However, this classification has not been
generally adopted and has enjoyed very
little use in the literature.

Kreyci-Grar  (1932) proposed a very

" in geometric groups.
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comprehensive classification based on the
life activities of the animals. He estab-
lished three division units: 1) traces of
rest, 2) traces of motion, and 3) traces of
“existence,” and defined these units with
extremely detailed subdivisions. However,
the number of minor categories makes the
application of this elaborate classification
difhcult.

Lessermissevr (1955) suggested a clas-
sification based mainly on morphological
criteria which distinguishes 1) zraces exo-
génes (simple bilobate and trilobate crawl-
ing trails, meanders, spirals, starlike trails,
etc.) and 2) traces endogénes (burrows and
tunnels of various forms, fucoids, resting
trails, U-shaped burrows with or without
spreite, and screw-shaped burrows) (Table
2).

Vassoevich (1953, p. 41) devised a clas-
sification that is strictly morphological in
content and may be called “Fucoids in a
wider sense.” Accordingly, lebensspuren
have been categorized as to whether they
are two-dimensional or three-dimensional.
These two major divisions are further sub-
divided on the basis of similarities of mor-
phology such as meanders, braids, screw
shapes, spiral shapes, U- or J-structures,
presence or absence of branches, and other
characters.

Ewing & Davis (1967, p. 265.267) de-
veloped a very detailed morphological clas-
sification of Recent trails and dwelling
structures found in the deep sea, arranged
Because the pro-
ducers of lebensspuren almost always re-
main unknown, these authors adopted a
strictly morphological classification. They
distinguished between ridges and sets of
ridges, lumps and sets of lumps, grooves
and sets of grooves, depressions and sets of
depressions and one or more grooves to-
gether, and sculptured strips. However,
because transitional forms exist and there
are problems of definition of the forms,
nomenclatural problems arise.

Horowrrz designed a new descriptive
classification of lebensspuren which has
been reproduced by Frey (1971, p. 96)
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TasLe 2.—Lessertisseur’s (1955) Proposed Classification for Traces of Activity of
Invertebrates (translated from Lessertisseur, 1955).
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(Fig. 6). This classification is similar to
LESSERTISSEUR’s in using two main groups,
ie., intrastratal and bedding-surface struc-
tures, which then are further subdivided.

PRESERVATIONAL ASPECTS

Most trace fossils are preserved at the

interface between clay and coarser-grained
clastic sediments. For example, in flysch
sediments, trace fossils are found on the
underside of the coarse-grained clastic beds.

Therefore, it has also been possible to
establish classifications based on the position
of the trace fossil relative to the sediment
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|. Intrastratal Structures
A. Shape
1. Unbranched
a. Straight
b. Curved
(1) U-shaped
(2) J-shaped
(3) Other
c. Lined
d. Flaring Sides
e. Crenulate ‘Walls
2. Branched
a. Regular
b. lIrregular
B. Filling
1. Patterned
2. Homogeneous
C. Size
D. Orientation (with respect to bedding)
1. Herizontal
2, Vertical
3. Inclined
4, Random
Il. Bedding-Surface Structures
A. Shape
1. Round or Ovate
2. Star-Shaped
3. Digitate
a. Number of Digits
4. Ridges and Furrows (systematic or
unsystematic pattern)
a. Single
(1) Straight
{2) Smooth Curves
(3) Sharp Ridges
(4) Branched
b, Multiple
(1) Branched
(2) Unbranched
B. Internal Pattern
C. Size
D. Orientation

Fic. 6. Descriptive classification of lebensspuren
proposed by Horowrirz (Horowitz in Frey, 1971).

interface. MarTivsson (1965, p. 202-203)
created a “stratinomic classification” or, as
it has also been called, a “topographic clas-
sification.” Recently, Marrivsson (1970)
has given another detailed discussion of his
trace fossil classification, which he renamed
the “Toponomy of Trace Fossils” (Fig. 7).
It is a purely descriptive terminology in-
cluding no ethological interpretation of the
trace or trace producer. Only the position
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YP-
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Fic. 7. Diagrammatic representation of toponomic
terminology suggested by Martinsson (1970) and
shown in cross section (Martinsson, 1970, p. 327,
in: Trace Fossils, edited by T. P. Crimes & J. C.
Harper, Geol. Jour. Spec. Issue 3, Seel House Press,
Liverpool). [Stippled areas are siltstones and ruled
areas, shales. For descriptive terms at right refer to
bed A.)

of the trace fossil in the sediment is im-
portant and is identified by the following
four “toponomic” terms.

1) Epicania, Traces on upper surfaces
of the main casting medium.

2) Enpicunia. Traces inside sediment
within the casting medium (in Ger-
man, Innenspuren).

3) Hyricunia. Traces in firm primary
contact with the lower surface of the
clastic bed (sole trails).

4) Exicunia. Mostly burrows in calcare-
ous sediments but consisting of coarser
materials introduced from a coarser
bed.

These four terms have the advantage
that they can be used either as adjectives
(epichnial) or as nouns (epichnion). They
may also be combined with simple morpho-
logical terms such as ridge, groove, furrow,
burrow, or cast (e.g., epichnial ridge).

In the strictest sense, such a descriptive
“system” is actually not a classification of
lebensspuren, as any descriptive system
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must be supplemented with an ethological
analysis and interpretation of trace fossils in
general.

In this connection the classification de-
veloped by SeiLacuEr (1964a, p. 254-255;
1964¢c, p. 297) must be mentioned, which
takes into consideration both the type of
preservation and the origin of the trace
fossils (but not in an ethological sense).
In an expansion of his earlier somewhat
schematic, stratinomic terms (SEILACHER,
1953a, p. 437), in his 1964 publications he
has further refined previous classification.

1) Fur. Rseuers (Ger., Vollformen).
Preservation of the entire structure
(“fills” comparable to internal molds,
“cavities”=open burrows).

2) SemirerLiers (Ger., Halbformen;
French, demireliefs). Sculptures on
sand/clay interfaces; two kinds are
to be distinguished, a) epireliefs,
grooves or ridges on the top surface
of a psammitic sediment, and b)
hyporeliefs, on the undersurface of
psammitic beds (ridges or grooves).

These forms can be produced in different
ways, and additional observations are neces-
sary. Thus, endogenic burrows may be
exposed on the surface if the overlying sedi-
ments are eroded away, after which another
layer of sediment may be deposited on the
erosional surface, filling the excavated bur-
row. This burrow will then be preserved
as “pseudoexogenic.” Therefore, it must be
determined if a burrow underwent active
or passive filling. Wessy (1969a, p. 90)
felt that the term pseudoexogenic was un-
satisfactory, and proposed that forms such
as Paleodictyon are best named “preendo-
genic.” Ichnogenera Cosmorkaphe and
Spirorhaphe, originally surface fecal casts
that have been eroded and later filled with
sand, are described as “preexogenic” (Fig.
4).

Lebensspuren from flysch sediments that
are generally interpreted as turbidites have
been differentiated as either predepositional
or postdepositional, based upon their chron-
ologic relation to turbidity currents
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RESTING TRacS

(Cubichnig)

Fic. 8. Ethologic classification of trace fossils pro-
posed by SeiLacuer (1953) (from Osgood, 1970).

(Ksiazxriewicz, 1954, p. 446). A classifi-
cation of the numerous trace fossils from
Polish flysch deposits was made by Ksiaz-
xiewrcz (1970, p. 315-317) according to
whether they were predepositional or post-
depositional in origin. A discussion of his
criteria for division and classification has
been included because some forms are im-
possible to place in either group. SEILACHER
(1962, p. 230) discussed a similar arrange-
ment for sole trails in flysch deposits of
northern Spain where similar turbidite se-
quences have been observed. Some sole
trails were obviously of endogenic origin,
and after weak compaction, were exposed
on a bedding plane, eroded and later filled
by sediment. Such trails were called “pre-
endogene” by Weesy (1969a) (see Fig. 4).
A comparison of the lists given by
Ksigzxiewicz (1970) and by SeiLacher
(1962) of ichnogenera which they regarded
as predepositional and postdepositional
shows some agreement, but also some un-
certainties of such a classification.

ETHOLOGICAL ASPECTS

A classification according to ethological
principles proposed by SeiLacmer (1953a,
p. 432-434) (Fig. 8), is based on the fact
that different groups of animals with simi-



Classification

lar life habits or behavioral patterns pro-
duce traces with similar basic characters,
even though the animals themselves have
quite different body shapes. Working out
these common basic characters, SEILACHER
distinguished five ethological ~groups:
dwelling structures (domichnia), feeding
structures (fodinichnia), grazing traces
(pascichnia), resting traces (cubichnia)
(=Ger., Ruhespuren, Ricuter, 1926, p.
223; repose imprints, Kuenen, 1957, p.
232), and crawling traces (repichnia)
(=Herpichnites GtmpeL, 1897, general
term, not used as “genus”). For each of
these groups typical features may be char-
acterized as follows:

1) Domicunia. Simple or U-shaped bur-
rows or burrow systems with hori-
zontal and vertical components, or
dwelling tubes; perpendicular or ob-
lique to the surface. More or less
permanent domiciles for most semi-
sessile suspension-feeding animals.

2) Fopinicunia. Variously shaped bur-
rows (with or ‘without spreite) and
burrow systems, at various angles to
the bedding. More or less tempo-
rarily by used semisessile sediment-
eaters simultaneously as domicile,
“mine,” or hunting-ground.

3) Pascicunia. Highly winding bands
or furrows, not crossing each other,
with intense utilization of the surface
available for grazing or feeding, com-
monly resulting in surface ornamen-
tation such as meanders or letterlike
patterns (“parqueting”).

4) Cusicania. Isolated, mostly shallow
depressions of troughlike relief, out-
lines corresponding roughly to the
shapes of their producers. Commonly
arranged parallel to each other as a
result of like orientation (rheotactic
rectification) toward currents, vertical
and horizontal repetition possible.

5) Repicunia. Furrows, trackways, trails,
and shallow crawling tunnels of vari-
able direction, linear or sinuous, ram-
ified or unramified, smooth or sculp-
tured.
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SEILACHER’s system has the advantage of
grouping ethologically similar assemblages
of lebensspuren. Questions as to identity of
their producers may be disregarded here,
for these can only rarely be answered un-
equivocally on the basis of morphological
criteria. The characterization of groups is,
also, independent of time; for example, the
assemblage termed cubichnia is equally
valid for extinct arthropods of the Paleozoic
(e.g., trilobites), as for Recent arthropods
that have a corresponding mode of life.
BercsTROM (1972) has observed that the
bend in the anterior cephalic margin of the
trilobite Cryprolithus appears to have the
same function in plowing as the limulid
prosoma.

Due to its easy application, this system
has proved useful for fossil and Recent
lebensspuren. In the literature dealing with
trace fossil associations, ichnogenera are as-
signed to one or the other of these groups.
The ethological classification makes it pos-
sible to compare different ichnocoenoses
which are characterized by giving per-
centage contribution by each group (“trace
fossil-spectra”). In this manner, SerLacHER
was able to distinguish several ichnofacies
(e.g., Nereites facies and Cruziana facies)
characterized by pascichnia in which cub-
ichnia predominate. (For a complete dis-
cussion, see p. W32-W33.)

Trace fossils reflect the behavioral pat-
terns of their producers. Therefore, in
SerLacuEer’s ethological classification, it is
not possible to assign each trace fossil to a
particular group. An example is the vertical
dwelling tube (Wohnrohre) of a polychaete
worm that produces star-shaped grazing
trails (Weidespuren) in the sediment sur-
face surrounding the opening of the bur-
row, because such structures can be de-
scribed as a combination of domichnia and
pascichnia (HAntzscuer, 1970, p. 262).
Frey (1971, p. 99) has considered trace
fossils produced by two behavioral patterns
in giving the name “combined feeding-
dwelling burrows” to burrows produced by
sediment-ingesting organisms that also
double as domiciles for those animals.
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Rusophycus Cruziana

Furrowing

Speed
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Traces of resting, furrowing and walking
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Fic. 9. Transitional relationships of trilobite traces (Crimes, 1970b}.

Another example is the transition from
resting impressions (Rahespuren) to mo-
tion trails (Bewegungsspuren) of trilobites
observed by Crimes (1970c, pl. 5, fig. ¢)
(Fig. 9). Nomenclatural problems arise
when the two forms have received names,
because they are also found singly (e.g., the
motion trail Cruziana and the resting im-
pression Rusophycus), both made by trilo-
bites. One could, of course, consider these
names to be synonyms and use only the
older one (Cruziana) as was done by
SerLacuer (1970).

Sereacuer (1953a, p. 434-435) supple-
mented his classification, especially for Re-
cent lebensspuren, by including swimming
trails, hatching structures, and functional
structures mostly for the seizure of food
(ie., nets, traps, and others).

MivrLer (1962, p. 25-28; 1963, p. 167)
expanded Semacmer’s classification (see
Fig. 10 [from Oscoop, 1970, p. 290, fig. 3]
for a complete English translation) and
distinguished four main groups: Quietich-
nia (resting traces), Cibichnia (feeding
structures), Movichnia (movement traces),

and Bioreactions (disease, parasitism, etc.),
and four subgroups: Mordichnia (biting
and gnawing traces), Cursichnia (running
traces), Natichnia (swimming traces), and
Volichnia (flying traces).

However, by the use of this expanded

Fic. 10. MiLLer's (1962) ethologic classification
of lebensspuren as an expansion of SEILACHER's
(1953) classification (from Osgood, 1970).
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system, the application of the German terms
can be misunderstood, and it also appears
that this system is not entirely correct, as
dwelling traces (domichnia SeiLacHER) are
included as a subgroup of quietichnia
MuLLer (=Ruhespuren MULLER, 1962; non
Ruhespuren RicHTER, 1926, nec SEILACHER,
1953). By strict definition, bioreactions are
not trace fossils. Swimming traces have so
far been described from the Culm of
Western Germany (Fiece, 1951) and the
Dwyka Group of South Africa (ANDERsON,
1972), but flying trails are, as yet, known
only in the Recent and are difficult to
identify as such. Therefore, I recommend
that in the future, Semwacuer’s (1953a)
classification be adopted with his original
definitions.

TAXONOMIC-STRATINOMIC-
MORPHOLOGIC CLASSIFICATION
PROPOSED BY VYALOV

Vyarov (1968b, p. 125; 1972) named all
lebensspuren zooichnia or vivichnia. Since
his classification differentiated between ver-
tebratichnia and invertebratichnia, it was
the first to classify trace fossils according to
their producers (e.g., piscichnia, amphibi-
pedia, etc.). Lebensspuren produced by in-
vertebrates were divided into two main
groups, bioendoglyphia and bioexoglyphia,
which respectively correspond to endogenic
‘and exogenic structures. VyaLov named
traces produced by the appendages of or-
ganisms podichnacea, and all others,
apodichnacea. These terms, respectively,
correspond to the terms tracks and trails.
Lebensspuren produced within a substrate
have been named either 1) foroglyphia,
produced in solid substrates such as hard-
grounds and shells, or 2) fossiglyphia, pro-
duced in unconsolidated sediments. Vyarov
(1968b, p. 126-127) introduced numerous
additional morphological subgroups with
so many new names that it is impractical to
quote them all here. The names of these
groups have endings analogous to those
used for higher taxonomic units of the

W23

VIVICHNIA
Invertebratichnia
Bioendoglyphia (traces within the sediment)
Foroglyphia (borings in hard substrate)
Lithoforida (in stones and rocks)
Coproforida (in organic substrate)
Conchoforoidea (in shells)
Arboforoidea (in wood)

Fossiglyphia (burrows in unconsolidated
sediment)

Endotubida (tubular)

Rectotubae (straight; Skolithos,
Tigillites)

Arcotubae (U-shaped; Arenicolites)

Spirotubae (spiral; Gyrolithes,
Xenohelix)

Chondritae (chondrites; Chondrites)

Crustolithida (branched, unordered;
Ophiomorpha, Rademorpha)

Helicoidida (helicoidal; Zoophycos)

Cryptoreptida (subsuperficial; Scolicia)

Fic. 11. A portion of Vyarov's (1968b, 1972)
classification of trace fossils (after Vyalov, 1968b).

zoological system (i.e., -a and -ae) and are
easy to recognize. In 1972 Vyarov sum-
marized and slightly modified his earlier
views and presented them in tabular form
(Fig. 11).

In this system, it could happen that
ethologically and meorphologically hetero-
geneous ichnogenera are placed in the
same group. For example Vyarov (1968b,
p. 127, table 3) placed the sinusoidal crawl-
ing trace Cochlichnus, the cylindrical and
horizontal burrow Palacophycus, and the
meandering, grazing trail, Cosmorhaphe,
all in the subgroup Vermiglyphidae, a sub-
division of the Unipartoidae. I maintain
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that a classification that unites so many
different forms in one and the same group
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is of little use. Even Vyavrov described his
classification as “artificial and conditional.”

NOMENCLATURE OF TRACE FOSSILS

Since about 1850 it has become customary
to use binary nomenclature for trace fos-
sils in the same way that it has been used
for body fossils. With trace fossils, how-
ever, the terms “genera” and “species”
have a meaning different from that which
is applicable to body fossils. As may be
understood from the history of palichnol-
ogy, too many finely differentiated genera
and species have been established for trace
fossils, because they originally were be-
lieved to be fossil plants, in particular,
marine algae. This is especially true for
the host of fucoids, as evidenced by the
description of the history of the “genus”
Fucoides by James (1884).

The numerous, isolated descriptions scat-
tered throughout world literature in paleo-
botanical, paleozoological, faunistic, strati-
graphical, regional geological, and strictly
palichnological papers have led to an ex-
cessive number of described genera and
species. Because of the worldwide distribu-
tion and considerable vertical ranges of
numerous trace fossils, the “new” forms
were often published without knowledge
or consideration of earlier literature.

Binary nomenclature has not been ac-
cepted universally for lebensspuren. Many
authors have declined to give even descrip-
tive informal names to trace fossils, which
is an understandable and justifiable pro-
cedure, especially with poorly preserved
forms. However, experience shows that
these unnamed forms usually escape notice
in later literature. I agree with Oscoop
(1970, p. 295), who asserts that “a form
must be named if it is not to be ‘lost’ in
the literature.”

Faur’s (1951) suggestion of a designa-
tion by formulas may perhaps be suitable
for vertebrate tracks, but it is not applicable
to trails of invertebrates.

Repeatedly, the early term Ichnium was
used as a blanket designation for undiffer-
entiated trails. This was done in connec-
tion with species names, especially for
Lower Permian vertebrate trails described
from Germany (publications by Passt
from 1896 to 1908) and later for inverte-
brate trails from the Lower Permian of
Germany (ScumipTGEN, 1927, 1928). Some
authors preferred Hrrcrcock’s general term
Ichnites for “all footmarks.” This served
as 1) a collective name, or 2) a special
description when accompanied by a specific
name describing single trails produced by
vertebrates or invertebrates. A few pale-
ontologists have generally opposed the use
of names for trace fossils. NATHORsT
(1883a, p. 34, 287) observed that in view
of the great similarity of trails produced
by totally different animals, names for fos-
sil forms were nearly worthless.

However, to make possible international
discussion about individual forms or com-
ponents of ichnocoenoses, trace fossils must
be formally named. Supposedly new names
of ichnogenera and ichnospecies should be
based only on well-preserved material with
well-defined morphological characteristics.
Names should not be given to poorly pre-
served material or obscure forms. As long
ago as 1894, JamEs drew attention to the
many useless names which did not represent
scientific progress, but were only a burden
in the literature.

Jaroine (1853) proposed that the ending
-ichnus be added to the generic names of
vertebrate trails from Scotland so that it
would be possible to distinguish names of
trace fossils from body fossils by their char-
acteristic endings. Soon after this, inverte-
brate trails were named in the same man-
ner (ie, Cochlichnus Hrrcucock, 1858).
More recently, SeiLacuer (1953a, p. 446)
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and HintzscueL (1962, p. W182) have
recommended the application of the -ichnus
ending for new ichnogenera, and this pro-
cedure is, at present, often employed.

When describing new ichnogenera or
ichnospecies, it is suggested that the ab-
breviations nov. ichnogen. or nov. ichnosp.
should follow the proposed names, not nov.
gen. or nov. sp.

A survey of ichnogenera.shows that quite
frequently the name of the animal that pro-
duced the trail or structure is incorporated
in the name of the ichnogenus. Some ex-
amples are Arenicolites SaLTER and Anne-
hidichnus Kunn. Just as often, trace fos-
sils were named because of morphological
characteristics (e.g., Asterichnites Brown
& Vokes, Cylindricum Linck, and Mono-
craterion ToreLL), or because they were
originally thought to be of plant origin
(e.g., names having the ending -phycus
and such names as Fucoides BRONGNIART
and Hormosiroidea Scuarrer). Only oc-
casionally is the age of the trace fossil
indicated by its name (ie., Archacich-
nium GrAessNER and Permichnium Gur-
HORL) or the locality where it is found
(Steigerwaldichnium Kunn).

It is unavoidable that trace fossils, which
were formerly assumed to be bodily pre-
served plants or animals and were named
accordingly, now carry inconsistent names
that have to be retained (e.g., Fucoides,
for feeding burrows of marine animals).

The question as to whether a previously
unknown trace fossil should be named as
a new ichnogenus or should be established
as a new ichnospecies of an existing “re-
lated” ichnogenus, is very difficult to
answer. Such judgments are more or less
subjective and depend entirely on the per-
sonal opinions of the investigator who es-
tablishes the new name. The same is true
in considerations of questions of synonymy
and the establishment of validity of names.
When trace fossils are described according
to the International Code, as has been
common practice, the establishment or des-
ignation of a type species is necessary, but
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the great variability of forms makes it very
difficulty to select an ichnospecies that ade-
quately represents all morphological varia-
tions of an ichnogenus. For this reason
alone, a large number of monotypic ichno-
genera have been established, and the
number of trace fossil names is dismay-
ingly large.

In view of these difficulties, it is under-
standable why Martinsson (1965, p. 204;
1970, p. 324) suggested that for trace fos-
sils the practice of formalizing generic
descriptions and designating type species
should be abandoned. He proposed replac-
ing ichnogeneric and ichnospecific names
“by adopting terms which designate eco-
logical types rather than taxia, such as
cruzianae, dimorphichnia, and halopoans”
(MarTinsson, 1965, p. 204). Undoubtedly,
a loose and unconstrained terminology has
merit since these names would not be
printed in italics and thus could be dis-
tinguished from generic names given to
body fossils. Therefore, no diagnosis of
new forms would be required. On the
other hand, without clear and concise def-
initions of such terms as “a cruziana” or
“a halopoan,” they would be impossible to
use in practice.

There are two opposing definitions of
the meaning of names of trace fossils,
which can be considered either 1) for the
trace fossil itself, as the “work of an an-
imal” (Code, Art. 16,a), or 2) for the
producer of the trace fossil. These different
points of view have been discussed quite
recently, and it is still possible to speak of
“two apparently irreconcilable schools”
(Oscoop, 1970, p. 296-297). SEILACHER
(1956b, p. 158) stated, “Ichnofossilien
werden  nicht in  Stellvertrerung ihres
Urhebers benannt” [Trace fossils are not
to be named as substitutes for their pro-
ducers] and considered trace fossils to be
features independent of their producers.
I am of a similar opinion, and believe that
a name should describe only the trace fos-
sil and not its producer. It must, however,
be taken into consideration that when only
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behavioral patterns and biogenic sedi-
mentary structures are named, one can
only guess as to the identity of the animal
that produced a particular trace fossil, par-
ticularly if the producer is an invertebrate.

For trace fossils in hard substrates, such
as borings, BromLey (1970) has emphati-
cally insisted that only the names of the
trace and not that of the animal producer
of the trace should be valid. Names such
as Cliona or Polydora should not be ap-
plied to borings because they apply to the
producer of the structure. The name of a
boring should suggest no more than that
it is a hole in a shell or some other hard
substrate. An example of the alternative
interpretation of trace fossil names is the
description of the genus Ixalichnus CaLLl-
son (1970), which by the ending -ichnus
is clearly established as a trace fossil. How-
ever, CacLison (1970) assigned Ixalichnus
as a new genus to the subphylum Trilobito-
morpha, phylum Arthropoda, adding that
Ixalichnus “spent much of his time swim-
ming. ...”

The trace fossil and its producer are
rarely found together. This situation has
been observed for trilobite lebensspuren
when a typical resting impression is found
associated with its producer in s (Os-
coop, 1970, p. 296, pl. 57, fig. 1 and pl. 58,
fig. 4,5). In a few rare cases, the producer
is found at the end of its running or crawl-
ing trail and in this manner, a definite pro-
ducer can clearly be demonstrated (e.g.,
limulid trails from the Upper Jurassic
Solnhofen Limestone) (Fig. 12).

Since the Code is inconsistent and contra-
dictory in regard to the naming of ichno-
taxa, the nomenclature of trace fossils is in
a state bordering on chaos. As regards
names established before 1931, Article 12
of the Code prescribes that, in order to be
available, such a name must be accom-
panied by a “description, definition, or indi-
cation.” Article 16 defines “what consti-
tutes an indication” and includes as one
of the definitions “the description of the

work of an animal, even if not accompanied
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Fic. 12. A Limulus preserved at the end of its
trail (Abel, 1935).

by a description of the animal itself.” It is
thus perfectly clear that names given to
trace fossils before 1931 are available under
the Code and have to be treated on an
equal footing with all other zoological
names. This is further clarified by Article
24 (b) (iii) which states that the Law of
Priority applies “when, before 1931, a name
was founded on the work of an animal be-
fore one is founded on the animal itself.”

However, for names published after 1930
a different set of rules applies. The critical
rule is that stated in Article 13 (a) (i)
which requires that such a name must be
“accompanied by a statement that purports
to give characters differentiating the taxon.”
This requirement is, of course, impossible
to fulfill in the case of trace fossils of which
the producer is generally not known.
Hence, names for trace fossils established
after 1930 are not available under the Code.

In order to clarify this situation, HinTz-
scHEL & Kraus (1972) submitted an ap-
plication to the I.C.Z.N. which has been
published in Volume 29 of the Bulletin of
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Zoological Nomenclature. In this applica-
tion, the authors asked the Commission to
issue a Recommendation (Appendix E of
the Code) that all names of lebensspuren
should be treated in the same way as pre-
scribed for categories of names presently
governed by the Code. They also recom-
mended that names of ichnogenera should
not be italicized, but for purpose of con-
formity with general Treatise style, such
names are printed in italics here. With
this exception, the trace fossil names in the
present volume are dealt with in conformity
with recommendations made by Hintz-
scHEL & Kraus (1972). (See also Editorial
Preface, p. vii.)

[As might be expected, the HantzscHeL & Kravs pro-
posal has received critical review from scientists in many
countries (Frey, 1972: Marvmissow, 1972; Teicusnr, 1972;
Vower, 1973; Lemcme, 1973; Yocmersow, 1973). All are
unanimous in their desire that the problem of the availa-
bility of trace fossil names be faced now and settled once
and for all, but not everyone has agreed on how this should
be accomplished.

Frey, Manminssonw, TeicHerr, and  YocHeisow  agreed
basically with the proposal supporting availability of all
names for trace fossils and emphasized the need for these
names to continue in italic print. Yocmeusow (p. 71) in
addition suggested a logical solution for all this confu-
sion: by removing the post-1930 restriction, the rules
will be allowed to operate for the ‘indications’ of ani-
mals, A minimum of problems results from such a course
of action.™

Lemcae (p. 70) on the other hand believed thar there
was excellent justification for the freeing of all post-1930
trace fossil names from the rules of the Code, adding that
if anybody can propose a better system ‘‘than that pro-
posed by the present applicants, he should hasten to do
s0."  Perhaps SarjEant & Kewnweny (1973) have already
answered Lemene's plea with their “Propesal of a code
for the nomenclature of trace fossils”  which would
exempt the names of trace fossils from the rules of both
the Zoological and Botanical Codes. However, as  the
title suggests, this is only a proposal, or more properly,
a “‘draft and not a finished product” which “may ar least
stimulate thought and discussion”™ (SarJEANT & KEeENNeDY,
1973, p. 465). It has no legal standing, cspecially if the
Hiwrzscuer & Kraus proposal iz accepted.—Cuorr TEICH-
Enr, W. G. Haxes.]

SIGNIFICANCE OF TRACE
FOSSILS FOR SEDIMENTOLOGY

Inorganic sedimentary structures pro-
duced by physical processes can be altered
or destroyed by burrowing, crawling, agi-
tating, and ingesting the sediment by in-
faunal elements (Fig. 13). These biological
processes produce sedimentary structures
that have been described as bioturbation or
biogenic sedimentary structures.

Vagile sediment ingestors and the more
or less stationary dwelling structures of an-
imals in the sediment interact with the
sedimentation processes in their environ-
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Fic. 13. Some examples of sedimentary structures
associated with biogenic activity (Schafer, 1956).
la. Left: Echinocardium at the bottom of
its burrow; right: after sea urchin leaves its burrow,
cavity is later filled by inorganic sedimentation.
16, Cross section of Callignassa burrow. Sed-
iment is piled at openings of burrow by the crab.
Ie. Deformation of sand layers produced by
the upward movement of the gastropod Baccinum
in the sediment (x —=sand mixed with mucus).
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Fic. 14. Relationships of burrowing structures of unisiphonal pelecypods to rates of sedimentation

(Reineck, 1958a).

fa. No sedimentation: a conical burrow forms above a growing pelecypod.

15, Rapid sedimentation: as the animal moves upward through the sediment, a burrow is formed below

1e.  Erosion:

equal to the animal’s width.

animal migrates downward in sediment producing a

burrow above it equal to its width——1Id. Very slow sedimentation: a growing pelecypod follows the
accumnulation of sediment upward creating a conical burrow beneath it.

ment. Rapid or slow sedimentation, non-
deposition, or the removal and change of
sedimentary processes can often be deter-
mined by studying trace fossils.

The paleoichnology of marine sediments
must be based on detailed knowledge of the
relationships of Recent benthonic commu-
nities to the sediment. Scuirer (1956;
1972) and Remeck (1958a,b; 1972) have
studied the influence of different benthonic
organisms on the bedding of Recent sedi-
ments by observations on the tidal flats of
the North Sea and in aquariums. How-
ever, little is as yet known about occur-
rences of lebensspuren in the neritic,
bathyal, and abyssal zones of the ocean
(Hersey, 1967; Herzen & HorLisTer, 1971;
ProueeNAT et al., 1972).

Benthonic  organisms live at specific
depths in the sediment (Fig. 14). When

excessive amounts of sediment accumulate
above an animal, it will create an escape
structure or tunnel, primarily by digging
upward, in order to raise its position in the
sediment. This upward motion within the
sediment produces a displacement or bend-
ing of the sedimentary layers above and
below the animal’s escape burrow (Fig.
13,I¢; Fig. 15,4). The very vagile Sipuncu-
lus produces upward warping of the sedi-
mentary layers during the production of
escape tunnels (Fig. 15,3). In comparison,
downward arching of sedimentary layers
has been observed mostly in the escape
tunnels of polychaetes (Fig. 15,2), some
bivalves (Fig. 14,1%), and the sea anemone,
Cerianthus (Fig. 15,1). Similar sedimentary
deformation is produced by the burrowing
of many polychaetes, echinoderms, and
brachyurans, and such bioturbate sedi-
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Fre. 15. Examples of escape structures (from Schifer, 1972),——1. Sea anemone, Cerianthus, covered
by sediment, evacuates its burrow and moves upward in the sediment (schem.). 2

2. As large polychaete,
Aphrodite aculeata, moves upward, beds sag downward behind it (schem.). 3. Sipunculus moves

upward in the sediment, and beds are pulled upward with the animal, X0.3——4. Turbate trail of
scaphopod moving upward in the sediment (schem.).
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Fic. 16. Movement pattern of Diplocraterion yoyo (Goldring, 1964). In the Upper Devonian Baggy Beds,

England, this trace occurs in various types shown in (F), where all have been truncated to a common

erosion surface. Repeated phases of erosion and scdimentation led to the development of the various types.

Stage (A4), development of burrow (1): with degradation of surface, this tube migrates downward, and

at intervals, new tubes (2 and 2) are constructed (B and C). Sedimentation follows (D and E) but some

of the tubes are abandoned. Stage (F): all tubes are abandoned and crosion reduces them to a common
base.

mentary structures occur around burrowed
tubes in Cambrian sandstone and quartzite
beds in Europe. However, it appears that
such “escape structures” have been re-
corded only rarely in the literature (Frev,
1973b). Perhaps they have been over-
looked.

Erosion can cause infaunal elements to
migrate downward through horizontal sedi-
mentary layers in order to reach their re-
quired living depth. This is especially true
of pelecypods, which also preduce similar
biogenic structures (Fig. 14,I¢).

An excellent example of the reaction of
sediment-dwellers to sedimentation proces-
ses is seen in the Upper Devonian Diplo-
craterion tubes in England studied by
soLpriNG (1962) (Fig. 16). Different types
of U-shaped tubes, normal protrusive, re-
trusive, and abandoned, with spreite struc-
tures, give an indication of the reaction of
the infauna to repeated changes from depo-
sition to erosion. For these occurrences,
the appropriate species name Diplocraterion
yoyo was coined. In the Aptian of England,
Mippremrss (1962) concluded that poorly
preserved burrows are commonly found in
highly turbated beds deposited during pe-
riods of slow sedimentation, whereas better
preserved burrows indicate rapid sedimen-
tation. In Jurassic sandstones, resting im-
pressions such as Asteriacites have been ob-
served to exhibit vertical repetition of im-
pressions within the sediment. These oc-

currences are undoubtedly the result of the
upward escape of the animal through the
sediment in response to considerable sedi-
ment influx (Seiacuzr, 1953b) (Fig. 17).

Areas of slow deposition or nondeposi-
tion provide favorable substrates for the
settlement in the sediment of burrowing
organisms and filter-feeders. For the most
part, presence of numerous excavated bur-
rows (Wiihlspuren) indicates stable sub-
strates or slow sedimentation rates.

Occasionally, during temporary nondepo-
sition of sediment the surface of fine-
grained sediments may be converted into
hardgrounds. Such occurrences are typical
for the Upper Cretaceous of western Europe
where domiciles (Wohnbauten) of crus-
taceans and echinoderms are found in such
rocks in many places. The abutment of
such burrows against an obstacle such as
a shell, or detour of a tunnel around an
obstacle, indicate that the burrow was ex-
cavated before the sediment was lithified
(Rasmussen, 1971).

Many seemingly homogeneous sediments
have completely lost their original bedding
as a result of intense bioturbation (Moore
& Scrurton, 1957, p. 2743). However, com-
plete obliteration of bedding features is
rare and occurs only if an abundant in-
fauna was present, sedimentation was slow
or absent, and if the infaunal animals had
enough time to rework the sediment.

These examples show the importance of
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Fic. 17. Starfish impressions, Asteracites lumbricalis, Lower Triassic, southern Tirol (Seilacher, 1953).

——1la. Expanded view of bedding planes showing upward migration of starfish as a result of rapid

sediment influx. 16, Composite overview of la, solid outlines indicate impressions stratigraphically
above dotted outlines,
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endogenic traces and burrows for the clarifi-
cation of sedimentological problems and
for interpretation of the depositional history
of many sediments. Further investigations
on interrelationships between Recent in-
fauna and sediments in different biotypes
are necessary to provide a sounder basis for
paleoichnological research.

SIGNIFICANCE OF
TRACE FOSSILS FOR
PALEOENVIRONMENTAL
INVESTIGATIONS

For the most part, the palecenvironment
of marine sediments can be interpreted by
investigating lithology, primary sedimentary
structures, and faunal elements. In recent
years, trace fossils and associations of trace
fossils, because of their autochthonous na-
ture, have been shown to be particularly
useful in paleogeographic investigations.
With very few exceptions trace fossils are
preserved in situ. They cannot be displaced,
and, in contrast to many body fossil assem-
blages, they form no thanatocoenoses. Le-
bensspuren provide certain evidence of life
on and within the sediment, In addition,
many trace fossils are good facies indicators.

Through worldwide comparison of ich-
nocoenoses in marine sediments of differ-
ent ages, SEILACHER (numerous publications
since: 1954) has shown that characteristic
trace fossil assemblages occur in many
places in sediments of different ages. Each
such assemblage belongs to a particular
marine environment and is composed of
specific associations of trace fossils, consti-
tuting an ichnofacies. The environment is
characterized by the composition and tex-
ture of the sediment, and by oceanographic
factors such as water depth, salinity, water
circulation, and many others.

The contrasts between different ichno-
facies are best recognized in the “ichno-
spectra,” which give a quantitative picture
of the individual trace fossil associations
according to their ethologic classification.
As a rough generalization, the differences
between trace fossil assemblages in shallow
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and deep water can be characterized as
follows: In shallow water, vertical tubes,
burrowing structures, dwelling burrows,
and resting impressions predominate. In
deep water, complicated spreitenbauten and
many, varied, grazing trails of sediment-
ingestors develop. SeiLacuer (1954, 1955,
1959) was first to call attention to different
ichnocoenoses and their time-independent
facies relationships associated with flysch
and molasse deposits. The trace fossils as-
sociated with geosynclinal flysch sediments
contain assemblages of different grazing
trails, whereas epicontinental and paralic
molasse deposits are characterized by vari-
ous resting impressions. Both of these ex-
amples have been found in Paleozoic, Meso-
zoic and Cenozoic rocks. The ichnocoenoses
in predominantly fluviatile and continental
deposits, with only periodic marine inunda-
tions, again show a different composition.
Here, all ethologic associations are repre-
sented, with the exception of grazing trails.
These associations have low diversity, but
are generally rich in individuals. The ichno-
coenoses of the Buntsandstein (“Bunter,”
Lower Triassic) and the Keuper Sandstone
(Upper Triassic) of central Europe are ex-
amples.

More recent investigations of ichnocoe-
noses of different ages and from different
geographic areas have shown the necessity
to establish additional types of trace fossil
assemblages. In some cases, small, local
“subassociations” of trace fossils have been
established. Every ichnocoenosis corre-
sponds to a defined relatively narrow, facies
range. There are no restrictions to certain
sediment types and they are named after
trace fossils characteristic for them. Ser-
LacHER (1967b) distinguished the follow-
ing ichnofacies and compared them with
their particular environments at different
bathymetric levels (Fig. 18):

1) Scoyenia facies: nonmarine;

monly redbeds.

2) Skolithos facies: littoral; rapid sedi-
mentation and frequent transporta-
tion.

3) Glossifungites facies:

com-

littoral; ero-
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Fic. 18. Bathymetric zonation of trace fossil assemblages [f = facies] (Seilacher, 1967b).

sional surfaces, restricted to single
bedding planes (erosion surfaces).

4) Cruziana facies (formerly: resting-
impression facies): deeper shallow
water, below the true littoral zone.

5) Zoophycos facies: transitional to
bathyal zone.

6) Nereites facies (formerly: grazing-
trail facies): bathyal to abyssal;
pelagic sediments and turbidites.

Cuamprirrain - (1971c)  established a

Chondrites assemblage in the Upper Paleo-
zoic of Oklahoma (United States) which
is a bathymetric zone transitional between
the Nercites and Zoophycos associations.

Almost certainly, marine trace fossil as-

semblages are not solely depth-dependent.
Seiacuer and, more recently, Oscoop
(1970, p. 403) and Frey (1971, p. 110-111)
have pointed out that in addition to oceano-
graphic conditions, factors such as nutrient
supply may influence the composition of
biologic ichnocoenoses, independent of
bathymetry. Future investigations prob-
ably will introduce additional subassocia-
tions of trace fossils, or the boundaries be-
tween ichnofacies will be less distinct.
Oscoop (1970, p. 403) believes that, for ex-
ample, a coexistence of pascichnia and
cubichnia “at some intermediate depth” is
possible and that a sharp distinction be-
tween the Cruziana facies and Nereites
facies cannot be made. He also doubted
that the Zoophycos facies was anything but
a transitional facies, because it seems that

in the United States Zoophycos occurs in
both deep and shallow water sedimentary
deposits. [See Oscoop & Szmuc (1972) for
a more detailed discussion.] Frev &
Mavou (1971) have studied the distribu-
tion of Recent decapod burrows from Holo-
cene barrier island beaches along the
Georgia coast, and according to these au-
thors, burrow orientation and morphology
reflects distance from shore (Fig. 19).

On the other hand, similarities exist be-
tween Recent lebensspuren produced at
great depths and trace fossils that were
probably produced in a similar environ-
ment. Thus, spiral lebensspuren have been
observed in the abyssal zone of the present
seas which are similar to many grazing
trails found in flysch deposits (Bourne &
Heezen, 1965; Ewine & Davis in Her-
sey, 1967; Herzen & Hoivister, 1971).
Also, very large star-shaped lebensspuren
have been found on the deep sea bottom
which resemble similar forms found in
Polish and Spanish flysch sediments. Ser-
LacHER (1967b) compared the cross section
of horizonal spreite structures found in
Recent deep sea muds to Zeophycos, which
is found in many flysch deposits.

As might have been expected, regional
geological investigations have shown that
as the depositional environment changes
with time, trace fossil assemblages vary in
vertical succession through the rock se-
quence. They reflect accurately the geolog-
ical development, especially in geosynclinal
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Fic. 19. Zonation of decapod burrows in Holocene barrier island beaches, Georgia. Diagram stresses form
and configuration, rather than size and relative abundance, of ghost crab burrows (Frey & Mayou, 1971).

areas. Successive stages are also reflected semblages are also possible in the hori-
in the lithology of the sediments and their  zontal dimension. If lithologies change
primary structures. Such investigations from one to another, the trace fossil as-
make it possible to check paleogeographic —semblages associated with them are also
conclusions drawn from observation of different. It is therefore possible by com-
changes in the ichnocoenoses (sece Ser-  bined ichnologic and sedimentologic studies
LACHER, 1963; SkiLacHer & MEISCHNER, to reconstruct the paleogeographic develop-

1965; CrmameerLamv, 1971ac). ment of large areas.
Regional comparisons of trace fossil as- In some instances, the occurrence of just
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Fie. 20. Within lithologic cyclothems in paralic deposits of Carboniferous age in the Ruhr DBasin, as

shown above, more members can be recognized with the help of trace fossils. For this purpose it makes

no difference that these trace fossils belong to rather insignificant types which in other formations may
occur in dissimilar types of facies (Seilacher, 1964c).
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a few trace fossils is sufficient to make pos-
sible deductions regarding the depositional
environment of the sediment. RupoLr
Ricurer (1931) demonstrated that the oc-
currence of Chondrites in the Hunsriick
Shale of Germany indicates that the origi-
nal sediment did possess an infauna and
was not an HS-rich sapropel as had been
believed previously. In a genuine euxinic
environment, lebensspuren would be en-
tirely absent.

Trace fossils can also help to determine
certain characteristics of the depositional
environments of sediments, especially in
the marine realm. By studying trace fossils,
lithologies, and body fossils in paralic Up-
per Carboniferous cyclothems of western
Germany, Seracuer (1963, 1964c, p. 307)
(Fig. 20) has been able to distinguish
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whether a sediment was deposited in fresh-
water, brackish water, or under marine
conditions. Some conclusions as to the
strength and direction of currents can be
drawn from the study of trace fossils. A
few examples are: 1) deviation and ob-
literation of trilobite running trails, espe-
cially by lateral currents across the trails,
2) current orientation of resting impres-
sions parallel to the direction of flow (rheo-
tactic orientation, mostly against current
direction), 3) existence of different kinds
and varying abundances of lebensspuren in
areas with strong, as contrasted with weak
currents, and 4) orientation against the
current (presumably tidal currents) of some
dwelling structures in the Jurassic of
England (Farrow, 1966).

TRACE FOSSILS

The definition of the concept “trace fos-
sil” in the Introduction indicates the kind
of fossils discussed in this section. As the
result of the very numerous trace fossil in-
vestigations undertaken since the first edi-
tion of this chapter (Hintzscuer, 1962),
the number of ichnogenera has increased
considerably. Unfortunately, many forms
lacking definite characters have been given
names when only simple morphological
descriptions were needed, In some cases,
descriptions as well as illustrations were in-
sufficient. Some of the original “generic”
diagnoses were changed by some authors,
mostly expanded, so that forms that di-
verged considerably from the early defini-
tions were listed under the old names.
Also, many transitional forms between well-
defined and well-known ichnogenera have
been recognized. This was to be expected
and it demonstrates the difficulties of iden-
tification and nomenclature of trace fossils.
It is not easy to find a compromise between
a narrow and a broad definition of trace
fossil generic concept. Frequently also, au-

thors have changed their ideas about the
definition of an ichnogenus, thus creating
synonyms. :

I have tried to list all ichnogenera pub-
lished before the end of 1971. Since good,
clear illustrations are very important in the
description of trace fossils, the illustrations
have been improved and their number has
been increased as far as possible. In many
recent ichnological publications, ichnocoe-
noses have been classified according to the
well-known “ecological” system of Ser-
LAcHER discussed above. However, in this
volume, for reasons given in the first edi-
tion, the arrangement of ichnogenera in
alphabetical sequence of names has been
preserved. Descriptions of especially wide-
spread and important ichnogenera are
given In greater detail, and following them,
expanded statements concerning former and
present interpretations. Complete references
to old and new literature about ichnogenera
are found in the reference list.

In a review of the Treatise Part W of
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1962, SeracuEr (1964b) stated that in the
section on trace fossils, about half of the
names could have been placed in synonymy.
This proportion seems too great to me.
As already indicated in the Introduction,
the placing of trace fossil mames as syn-
onyms depends very much on subjective
judgment. In the future, careful research
on individual ichnogenera based on abun-
dant and well-preserved material on a
worldwide basis is required, and so are
fundamental monographs of entire rich
ichnocoenoses, such as, for example, the
extensive investigations of trace fossils of
the Cincinnatian of Ohio by Oscoop
(1970). Such large, regional works are
not only necessary for paleoichnology; they
also contribute to understanding of the
palececology and paleogeography of sedi-
mentary basins and of animal-sediment
interrelationships generally. This is true for
Recent as well as fossil ichnocoenoses.

Acanthichnus Hrrcucock, 1858, p. 150 [*A4.
cursorius; SD Lurr, 1953, p. 40] [Includes 9
widely different “species” (Hrrcucock, 1865, p.
13-15); see also Pterichnus HircHcock, 1865, p.
14). Linear tracks consisting of 2 parallel rows
of short straight strokelike impressions mostly
slightly turned outward; tracks very different in
width, position, and length of impressions of feet.
[?Made by insects.] Trias., USA(Mass.).

Acanthorhaphe Ksiazxiewicz, 1970, p. 301 [*4.
incerta; OD)] [==Acanthoraphe KsIAZRIEWICZ,
1961, p. 883, 888; published as “nf.” without
species name]. Thin sole trails, 1 mm. in width;
winding in somewhat irregular curves of small
“amplitude”; with short lateral thornlike branches,
usually on convex side of curves, sometimes on
both sides. [See also Unarites Macsoray, 1967,
p. WI120, and Protopaleodictyon Ksiazxiewicz,
1970, p. W97.] L.Cret.(low.Neocom.Berrias.);
Tert.(low.Foc.), Eu.(Pol.). Fic. 21,1a. A.
sp., L.Cret., Pol.; X0.6(Ksigzkiewicz, 1961).——
Fic. 21,1b-e. *A. incerta, L.Cret.(Berrias.), Pol.;
X 05 (Ksiazkiewicz, M., 1970, p. 302, in: Trace
Fossils edited by T. P, Crimes & J. C. Harper,
Geol. Jour. Spec. Issue 3, Seel House Press,
Liverpool).

Aglaspidichnus Rabpwarxisk1 & Roniewicz, 1967,
p. 545 [*A. sanctacrucensis; M]. Hypichnial
trace (15.5 cm. long by 12.0 cm. wide, max.)
composed of sinuous, longitudinal axial ridge
with ovally triangular posterior ending and 8
laterally opposed, posteriorly bent ridges project-
ing from axial ridge. [Interpreted as cast of rest-
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ing place of aglaspid arthropod (very probably
of family Beckwithiidae Raasch, 1939); impres-
sion of pygidial shield preserved; no trace of
prosoma visible; only one specimen known.]
U.Cam., Eu.(C.Pol.). Fic. 21,2. *4. santa-
crucensis; 2ab, X0.5 (Explanation of 2a: &, a”
=—two small hieroglyphs, Rusophycus sp., deform-
ing ant. part; s—small synaeresis crack cutting
first three ridges on right side) (Radwafski &

Roniewicz, 1967, mod.).

Agrichnium PreirrEr, 1968, p. 671 [*Palacophycus
fimbriatus Lupwic, 1869, p. 111; OD]. Groups
of small subparallel smooth furrows of unequal
moderate length. [Probably grazing trails; see
also Schaderthalis Hunor, 1931 (nom. nud.), p.
W000, whose type species S. bruhmii has been
ascribed to Agrichnium by Pre1rrer, 1968, p.
672.] L.Carb.(Kuim), Eu.(Ger. Thuringia).
Fic. 22,1. *A4. fimbriatum (Lupwic); X1.2
(Pfeiffer, 1968).

Algites SEwarp, 1894, p. 4, emend. Sropes, 1913,
p- 254 [no type species to be designated]. Seldom
used, comprehensive generic name given to re-
place all older generic names of “algae” which
suggest relationship with living forms. [Accord-
ing to Pia (1927, p. 110), Sewarp’s “‘species”
belong to algae but other species interpreted as
algae (Jacos, 1938; ?Jur., India) represent trace
fossils (Chondrites).]

Allocotichnus Oscoop, 1970, p. 358 [*Asaphoidich-
nus dyeri MiLLeR, 1880, p. 219; OD)] [=partim
Asaphoidichnus MiLLEr, 1880, p. 217 (type, 4.
trifidus); for discussion see Oscoop, 1970, p.
359]. Wide, bifid, dimorphic track; each set con-
sisting of maximum of 4, occasionally only 3 or 2
pairs of imprints; on one side arranged as 4
long subparallel raking imprints, on other side
preserved as en echelon support imprints; only
first 4 or 5 pairs of walking legs used; body of
producer angled to right of direction of move-
ment; detailed morphology varies. [Interpreted
as crawling track of large arthropod with rela-
tively small number of walking legs, probably
made by multisegmented trilobites (Isozelus?),
but differing greatly from known trilobite tracks
by uniqueness of motion.] U.Ord.(low.Cincin-
nat.), USA(Ohio-Ky.). Fic. 23,1. *A. dyeri
(MiLLEr), Eden beds, repichnia of ?Isorelus,
convex hyporelief; Iac (Ky.), X0.56, X0.6;
15,d(Ohio), X0.45, X0.56; le (Ohio), holo-
type, X0.6 (Osgood, 1970).

Amphorichnus Myan~iL, 1966, p. 202 [*A4. papil-
latus; OD]. Fillings of cylindrical and amphora-
like hollows; length (max.) 7 to 8 cm., diameter
(max.) 3 to 4 cm.; at lower end distinct peak
similar to mamilla; perpendicular to bedding
plane. [Dwelling burrow or resting trail.] Low.
M.Ord., USSR(Est.)—Fic. 24, 3. *A. papil-
latus, Ord. Kalke, Baltic; X0.75 (Myannil, 1966).

Annelidichnium Kunwn, 1937, p. 368 [*A4. trias-
sicum; M]. Tunnel fillings with irregular sculp-
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ture; ornamented with sharp or rounded longi-
tuclinal ridges or blunt tubercles. [Type or other
specimens are lost.] U. Trias.,, Eu.(S.Ger., Ba-
varia).

Archacichnium Guaessner, 1963, p. 117 [*4.
haughtoni; M]. Fillings of cylindrical burrows
with external longitudinal striation (10 to 12
striae), faint transverse sculpture inside; diameter
{max.) about 5 mm., thickness of walls 1 mm.
[Erroneously described as  Archacocyatha by
Havcnron (in Hauchrton & MarTin, 1956;
1960), certainly a trace fossil.] Uppermost Pre-

cam.(Nama Syst., Kuibis Quartzite), S.Afr.
Fic. 244, *A. haughtoni; X1.5 (Glaessner,
1963).

Archaeonassa Fenrton & Fenton, 1937, p. 454
[*A. fossulata; OD]. Crawling trail, 1 to 7 mm.
wide, consisting of regularly convex furrow and
2 low narrow lateral ridges; furrow rarely smooth,
mostly crossed by rounded wrinkles, which are
convex 1n anterior direction. [Interpreted as
gastropod trail, similar to those made by Recent
snails on tidal flats (e.g., Illyanassa obsoleta or
small species of Littorina; trails probably belong-
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ing to “group” Scolicia QuatreEFacEes, 1849, p.
265.] L.Cam., Can.(B.C.).

Ardelia CuamserraiNn & Baer, 1973, p. 88 [*4.
soctalia; OD]. Cylindrical tunnels projecting
radially from vertical and/or oblique shafts; may
possess either smooth or nodose surfaces; straight
or curving; radial bifurcations from central shaft
may extend up to 10 cm. and can apparently
occur at different levels; no internal lining of
burrow system is apparent; diameter of total
structure 10 to 20 e¢m.; depth in sediment 0.3 to
2 meters or more. [Interpreted to have been
produced by a thalassinid decapod; judging from
original description, it is possible that Ardelia is
the same as Ophiomorpha (sec p. WH85) and
Thalassinoides (see p. W115).] U.Perm.(Wolf-
camyp.), N.Am.(USA,Utah). [Description sup-
plied by Curr Tricuert & W. G. Haxkes.]
Arenicolites SavLtTer, 1857, p. 204 [*drenicola
carbonaria Binwey, 1852, p. 192; SD RIcHTER,
1924, p. 137; sccond SD (rejecting RicHTER's
designation) by Baruer, 1925, p. 198: Arenico-
lites didymus Savter, 1857, p. 200 (=Arenicola
didyma Savter, 1856, p. 248)] [=drenicolithes
Hipesranp, 1924, p. 27 (nom. nwll.)]. Simple
U-tubes without spreite, perpendicular to bedding
plane; varying in size, tube diameter, distance of
limbs, and depth of burrows; limbs rarely some-
what branched, some with funnel-shaped open-
ing; walls commonly smooth, occasionally lined
or sculptured; burrows may reach considerable
depth. [Certainly made by worms or wormlike
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animals; in places widely distributed; TrRUsHEIM
(1934) described, from German Middle Triassic
Muschelkalk, dremicolites franconicus marker-bed,
only 2 to 5 cm. thick, which has observed lateral
extent of about 25 kilometers.] Cam.-U.Cret.,
Eu.-USA-Greenl. [Probably worldwide.] Fic.
24,22, A. sp. SavLTER; schematic (Trusheim,
1934). Fic. 24, 2b. A. franconicus TRUSHEIM,
M.Trias., Ger.; schem. cross sec. of burrow, 0.8
(Trusheim, 1934).

[Several species should not be placed in genus, e.g., 4.
didyma SALTER scems to be resting trace of the Rusophy-
cus type; A. spiralis Tomerr, 1868, is type species of
Spiroscolex Tomein, 1870; A. lunacformis Korescm, 1922,
A. zimmermanni Kovesen, 1922, 4. statheri Baruer, 1925,
and A.? lymensis Bicor, 1941, are U-shaped burrows with
spreite.]

Arthraria Biiives, 1872, p. 467 [*4. antiquata;
M]. Bars on bedding surfaces with spheroidal
expansions at each end, similar to pair of dumb-
bells. [Arthrarie biclavata Muvrer, 1875 (p.
354), from the Cincinnatian of USA(Ohio) has
been interpreted by K. E. CasTer (pers. commun.)
and Hintzscuer (1962, p. W184), as U-shaped
burrow with spreite, similar or possibly identical
with Corophioides or Diplocraterion; Oscoop,
1970, p. 323, placed this species in Corophioides,
regarding it as base of U-tube with spreite “where
the arms have been secondarily deepened below
the base of the spreite”; type specimen of 4.
antiguata  BiLvines, 1872, from Silurian of
Canada has been lost, thus this species is fncertae
sedis; as concerns A. magna Ruepemann, 1925
(U.Ord., USA), see Oscoop, 1970, p. 325; 4.
renzit Hunor, 1929 (Sil., Ger.) =nom. nud.]
?Cam., Ord.-5il., ?Penn., N.Am.

Arthrophycus Havy, 1852, p. 4 [*4. harlani; M
(=Fucoides harlani Conrap, 1838, p. 113)]
[=Harlania Goerrert, 1852, p. 98 (no type
species designated); Rauffella palmipes ULrich,
1889, p. 235; Arthrophicus HERNANDEZ-PACHECO,
1908, p. 83 (mom. null.); for synonymy see also
BassLer, 1915, p. 70]. Bundles of annulated
curved burrows, simple or branched, subquadrate
in cross section, mostly 1 to 2 ¢m. in diameter,
up to 60 cm. long, commonly bilobate with
median longitudinal depression; surface showing
strong, very regularly spaced transverse ridges;
internal chevron-shaped filling. [Feeding burrow;
for history of the genus see James (1893); at
first regarded as plant (even as late as 1952 by
Becker & Donn), inorganic (tectonic origin ad-
vocated by ScuiLLer, 1930); trails produced by
arthropods or worms; first explanation as lebens-
spur given by Nartnorst (1881a); according to
Sarie (1906a), perhaps made by sedentary poly-
chaetes;  Arthrophyeus  sometimes  considered
junior synonym of Phycodes Ricurer, 1850 (e.g.,
by SeiLacHEr, 1955, p. 386); Oscoop (1970, p.
342) agrees with author in differentiating the
two genera; similar burrows from the Lower and
Upper Cretaceous of USA (Howarp, 1966; Frey
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& Howarp, 1970) and from European Cretaceous
and Upper Tertiary deposits (Pol., Aus.) have
been compared with Arthrophycus, but are not
typical.] Ord.-Sil., N.Am.-S.Am.-Eu.-N.Afr.-Asia
M.——Fic. 254. A. alleghaniensis (Harpan),
L.Sil.,, N.Y., 0.3 (Hintzschel, 1962).
Arthropodichnus CHirLonkar & Bapwe, 1970, p.
3 [®A4. indicus; OD]. Track 1.8 to 2.0 cm. wide
- with 2 parallel rows of transverse slitlike op-
posing depressions separated by central axial re-
gion 0.25 to 0.3 cm. wide; distance between con-
secutive, marginal depressions 0.3 cm.; axial
region has serially arranged slitlike depressions,
apparently preserved in epirelief. [Probably pro-
duced by appendages of arthroped, perhaps a

myriapod or chilopod.] L.Cret., India. Fic.
24,1. *A. indicus, Nimar Ss., Amba Donger;
% 0.7 (Chiplonkar & Badwe, 1970). [Descrip-
tion supplied by W. G. Hakss.]

Asaphoidichnus Mivrer, 1880, p. 217 [*A4. trifidus;
SD Hinrzscuer, 1962, p. W184]. Large tracks,
6 to 15 ecm. wide, consisting of 2 rows of mostly
trifid imprints, about 2 cm. in length, individu-
ally varying in morphology; also combinations of
unifid, bifid and trifid impressions observed;
average per set, 9 imprints; tracks show both
oblique and straight-ahead movement. [Pro-
duced by trilobites, most likely Isorelus; A.
dyeri MiLLer, 1880, removed by Oscoop (1970,
p. 359) from genus and placed as type species
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Asteriacites

Fic. 26, Trace fossils (p. W42-43).

of Allocotichnus Oscoop, 1970.] U.Ord.(Cincin-
nat.), USA{Ohio). Fic. 24,5. *A. trifidus, loc.
unknown; X1 (Osgood, 1970).

Asteriacites von Schroruemv, 1820, p. 324 [non
voN ScHLoTHEIM, 1822, p. 71] [*4. lumbricalis;
SD Semwacuer, 1953, p. 93] [=Heliophycus
MiLLER & Dyer, 1878b, p. 2 (type, H. stelli-
forme); Spongaster Frirscu, 1908, p. 9 (non
EHRENBERG, 1860) (mem. nud.); Asterocites
Mirosunikov, 1959; Ateriacites CHAMBERLAIN,
1971, p. 212; Asteriachites CuaMBERLAIN, 1971a,
p. 217); (nom. null.)]. Impressions in form of
asteroids or ophiuroids, with transversely sculp-
wred arms; their striac produced by activity of
digging tube feet; often intersccted by traces of

neighboring animals (“horizontal repetition”) or
(as reaction to rapid sedimentation; sce Fig. 17)
“vertical repetition”; morphology dependent on
preservation as convex hyporelief or concave
epirelief. [Three different conical, subconical, or
subcylindrical biogenic structures with pentameral
symmetry on sides (ridges coarsely striated or
double rows of nodes or rounded radial ridges)
from the Pennsylvanian of USA (Okla.) were
ascribed to Asteriacites by Cuameerrany (1971a,
p. 219), who named them “'A, lumbricalis hiding
forms A, B, C” and regarded them as truc rest-
ing trace fossils; the proposal to expand the
diagnosis of Asteriacites based on these forms is
not accepted here. Regarded as body fossils of
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asteroids (ventral casts) (“stella lumbricalis”) by
Knorr & WavrcH (1769) (=="Asterias lumbricalis”
Gorpruss, 1833); interpreted by SEelLACHER
(1953b) as resting traces of Asterozoa such as
A. lumbricalis ScuLotueM, produced by ophiu-
roids, and A. gquinguefolius QUENSTEDT, pro-
duced by starfishes. The nomenclatorial status of
Astertacites is confused; the name Asteriacites
voN ScHrotHEIM, 1820, p. 324, has been inter-
preted by NEave (Nomenclator Zoologicus) as
lapsus pro Asteriatites VON ScHLOTHEIM, 1813
(p. 68, 99, 108; used for at least two different
fossils from Trias., Jur., and Cret. rocks). For
nomenclatorial discussions see Treatise, Part C
(1964, p. €796) and Part U (1966, p. U103);
however, Astertacites has been used so often in
paleoichnological papers that it is the opinion
here that Asteriacites von ScuroThemM, 1820,
should be preserved for asterozoan resting trace
fossils.] © Ord.-Tert., Eu.-USA. Fic. 264.
*A. lumbricalis, L.Jur,, Ger.; X0.5 (Seilacher,
1953).

Asterichnites Brown & Vokes, 1944, p. 658 [*4.
octoradiatus; OD]. Rows of stellate imprints,
about 6 cm. in diamecter, each consisting of un-
marked central disc and 8 radiating grooves 13
to 18 mm. long; arranged in rows on bedding
planes. [Probably produced by tentacles of
dibranchiate cephalopod as the animal appar-
ently bounced over the bottom of the sea on
the tips of its tentacles while its body was in
nearly perpendicular position.] U.Cret.(Mowry
Sh.), USA(Mont.-Wyo.). Fic. 26,2. *A.
octoradiatus, Mont.; 2a, X0.6; 25, X0.1 (Brown
& Vokes, 1944).

Asterichnus Banoer, 1967, p. 2 [non Asterichnus
Nowax, 1961, p. 227, nom. nud.; nec Asterichnus
Ksiazxiewicz, 1970, p. 310 (type, 4. nowaki)
(=Subglockeric Ksipzxiewicz, 1974, herein, p.
W112)] [*A4. lawrencensis; OD]. Starlike traces,
approximately circular in cross section; diameter
4 to 12 cm., 10 to 30 unbranched “rays” con-
sisting of grooves or tubelike ridges, 5 to 8 mm.
wide; center formed by an irregularly oval to
round knob. [According to Banorr (1967a, p.
3) subsurface traces made within sediment along
bedding planes in same way as other known Re-
cent and fossil starlike traces on the surface of
the sediment; producer probably a relatively
large organism of unknown systematic position.]
Penn., USA(Kans.-Okla.). Frc. 26,3. *A.
lawrencensis, Rock Lake Sh.,, Kans.; X0.55
(Bandel, 1967a).

Asterophycus Lesouereux, 1876, p. 139 [*A.
coxsi; M]. Large starlike trace fossil similar to
Asterosoma voN Ortro, 1854; diameter about 6
to 12 cm.; individual “rays” radiating from cen-
tral tube, oblong or obovate, 1 to 2 cm. in
diameter, cross section irregular, surface longi-
tudinally wrinkled. [At first described by
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LEesQuEREUX as plant; interpreted by Dawson
(1890, p. 603) as burrows of Pworms; no type
or other specimen of occurrences in Indiana
could be located.] Miss.-Penn., USA (Kans.-
Ind.-Ky.). Frc. 25,3. *A. coxii, Penn., Ky.;
% 0.3 (Lesquereux, 1876).

Asterosoma voN Otro, 1854, p. 15 [non Grusg,
1867] [*A. radiciforme; M]. Big stars diameter
about 20 cm., with elevated center; about 3 to
9 rays, bulbous, tapering toward ends, longi-
tudinally wrinkled, of different length, 2 of them
mostly lying in same direction and commonly
longer than other ones; rays sometimes do not
radiate in all directions but form only acute-
angled sector; longitudinally wrinkled. [Very
probably burrows with radiating feeding trails;
the Mesozoic forms suggested by AvrTtEVOGT
(1968a) and HiNTzscHEL to have been made by
decapod crustaceans. HinTzscHEL agreed with
GuraessNer (1969, p. 375) that the following
forms very probably have been incorrectly as-
signed to Asterosoma: Farrow's (1966) stellate
structures (M. Jur., Eng.); three “forms” de-
scribed as Asterosoma by Frey & Howarp (1970)
from the Upper Cretaceous of USA; and a star-
like trace fossil from the Lower Tertiary (Paleoc.)
of England (Durkin, 1968). Similar starlike
trace fossils were described from Paleozoic rocks
partly as Asterosoma (Sil., Nor., SEILACHER &
MEISCHNER, 1965, p. 616; Dev., Libya, SeiLacHER,
1969a, p. 122) and partly as Rosselia DAHMER,
1937 (L.Cam., Pak., SeiLacuer, 1955, p. 389;
LDev., Ger., Dammer, 1937, p. 532); for
Asterosoma? canyonensis (BassLer) (Precam.,
USA) see GLAEsSNER (1969, p. 375). Rosselia has
been regarded by Seracmer (1969a, p. 122) as
junior synonym, but as yet, no detailed discussion
has been published.] ?Precam., USA(Ariz.);
Paleoz., Libya-Pak.; ?Paleoz., Eu.(Ger.-Nor.)-USA
(Okla.); ?M.Jur., G.Brit.(Eng.); ?U.Jur., Eu.
(France); ?L.Cret., Eu. (Ger.); U.Cret.(Turon.),
Eu.(Ger.-Czech.), ?U.Cret., USA(Kans.-Utah).
Fic. 25,1a. *A. radiciforme, U.Cret.(Turon.),
Ger.; X0.3 (von Otto, 1854). Fic. 25,15.
Asterosoma assemblage, Cruziana facies, Dev.,
Libya; X0.67 (Seilacher, 1969a).

Aulichnites Fenton & Fenrton, 1937, p. 1079
[*A. parkerensis; OD]. Trail, 5 to 10 mm. wide,
commonly strongly curved; consisting of 2 con-
vex ridges, separated by rather deep median
groove in epirelief. [Crawling and/or grazing
trail, most probably made by gastropod.] Sil.,
USA(Ga.); ?M.Dey., Eu.(Ger.); Penn., USA
(Texas-Kans.); PPenn., USA(Ark.); ?Cret., USA
(Utah); ?Tert., S.Am.(Venez.) Fic. 26,1,
*4. parkerensis, Penn,, Texas; X1 (Howell in
Hintzschel, 1962).

Balanoglossites Hinrtzscuer, 1962, p. W185 [*B.
triadicus MAGDEFRAU, 1932, p. 153; OD] [=Ba-
lanoglossites MAGDEFRAU, 1932, p. 153, nom.
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nud., established without designation of type
species; PUnculiferus Hunpr, 1941, p. 58 (type,
U. transversus), according to MiGpErFrau (1941,
p. 526) identical to Balanoglossites]. Burrows, 1
to 3 cm. wide and up to 15 cm. deep, irregularly
branched, with several openings that are some-
times funnel-shaped (e.g., B. eurystomus MAicpE-
FraU); walls of burrows may be sculptured by
transverse ridges and delicate longitudinal stria-
tions. [Suggested by MicpErravu to have been
made by polychaetes or enteropneusts; Kazmierc-
zAk & Pszczorxowski (1969, p. 305) compared
Balanoglossites with very similar burrow systems
from the Middle Triassic (low. Muschelkalk) of
Poland, which they interpreted as made by
enteropneusts. ] ?0rd., Eu.(Ger.); M.Trias.
(Muschelkalk), Eu.(Ger.); ?M.Trias. (Muschel-
kalk), Eu.(Pol.).

Baroccoichnites Vyarov, 1971, p. 88 [*B. pomiri-
cus; OD]. Chain consisting of 2 rows of arched
cylinders, each bent in different direction—open
to outside, arranged in checkerboard pattern and
in contact with each other along their convex
lateral sides. U.Trias., C.Asia(Pamir). Fic.
25,2. *B. pamiricus; 2a,b, X0.67 (Vyalov, 1971).
[Description supplied by Curt TEICHERT.]

Beaconichnus Gevers, 1973, p. 1002 (nom subst.
pro Arthropodichnus Gevers in GEvers et dl.,
1971, p. 92 (non CHiPLONKAR & Bapwe, 1970))
[*Arthropodichnus darwinum Ggevers, 1971, p.
93; OD]. Ichnogenus comprising 3 different
types: 1) 2 narrow parallel grooves, 9 to 18 mm.
apart, absolutely linear or only slightly curving;
length up to more than 1 m.; depth and width
of grooves 1 to 4 mm.; very small closely spaced
foot imprints may be preserved in wider trails
(=*B. darwinum (GEVERs)); 2) paired parallel
rows of commonly very closely spaced footprints;
rows 2 to 4 cm. apart, usually broadly curving;
foot or claw imprints appearing as small circular
pits or in larger trails commonly elongated,
oblique to trend of tracks (=B. gouldi (Gg-
VERs)); 3) large tracks, about 30 cm. wide,
mostly straight, consisting of short parallel rows
of foot imprints, up to 3 cm. wide, regularly
arranged in sets of 3 or rarely 4, oblique (35°)
to median line representing telson drag marking;
distance between footprints averages 6 cm.; foot-
print pits show angular imprints of arrowhead
shape indicating bipartite spines (=B. antarcticum
(Gevers)). [Epichnial crawling and walking
trails; producers of B. darwinum probably shovel-
ling and burrowing arthropods (?trilobites); B.
gouldi possibly made by trilobites, the “species”
is comparable to Diplichnites Dawson, 1873 (see
p. W61); origin of the large track B. antarc-
ticum is doubtful (made by eurypterids?), some-
what resembles Palmichnium RupoLF RICHTER,
1954 (L.Dev., Ger.), a smaller track tentatively
interpreted as produced by eurypterids (see p.
W91).] ?Dev.(up.Hatherton Ss.), Antarctic
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(Victoria Land). Fic. 27,la. B. antarcticum
(GEvers); single trails, X0.17 (Gevers ef al.,
1971). Fic. 27, 1b. B. gouldi (GEvers);
large tracks in center and at left, crossed by
*B. darwinum (Gevers), also by narrow forms
of Beaconites antarcticus VyaLov, X0.11 (Gevers

et dal., 1971). Fic. 27,1c. *B. darwinum
(GEvERs); trails and burrows,” X0.3 (Gevers
et al., 1971). Fic. 27,1d. B. giganteum
GEvVERs, low.Beacon sediments; irreg. pattern

evident in each tread line (Dept. Geology coll.,
Univ. Witwatersrand).

Beaconites Vyarov, 1962, p. 728 [*B. antarcticus;
M] [=?Laminites GHENT & HENDERsoON, 1966,
p. 158 (type, L. kaitiensis); for description and
discussion see p. W78]. Large horizontal seg-
mented (“septate”) burrows, many of them of
giant size; 3 to 13 cm.(max.) wide, 8 to 10
cm. very common width; somewhat sinuous,
large forms relatively straight; rather long (up
to about 1 m.); commonly crowded; associated
with rounded pits of similar cross section; mar-
ginal welts 5 to 30 mm. wide; curving “septal”
ridges mostly remarkably equidistant; those of
giant forms usually markedly crescentic, but size,
shape, and spacing may vary considerably. [Orig-
inally doubted whether trace or body fossils
were represented; interpreted by GEvERs ez al.
(1971, p. 83) as burrows made by unknown
animals within the sediment; observed in highly
bioturbated layers; for detailed discussion see
Gevers ez al. (1971, p. 83-85)]. Dev., Antarct.
Fic. 28,1. *B. antarcticus, up.Hatherton Ss.,
Victoria Land; ca. X0.24 (Gevers ez al., 1971).
Belorhaphe Fuchs, 1895, p. 395 [*Cylindrites
zickzack HEeEr, 1877, p. 159; OD] [=Beloraphe
multorum autorum (nom. null.); Helicolithus
fabregae AzperTiA Moros, 1933, p. 32 (see
SemLacHer, 1959, p. 1068); Belorapha Dimian
& Dmmian, 1964, pl. 8 (nom. null.)]. Sharply
zigzag-shaped locomotion trails, commonly with
short protrusion at corners® [Evidently post-
depositional  trail; Micuerau  (1955) placed
Sinusia KResTew, 1928 (nom. inval.: preoccu-
pied) and Sinusites DEMANET & VAN STRAELEN,
1938(U.Carb., Eu.) in Belorkaphe, but these two
“genera” belong to regularly sinuous trail Cock-
lichnus HitcHeock, 1858, resembling sine curve.]
[Found in flysch deposits.] Cres.-L.Tert.,, Eu.
Fic. 29,2. B. sp. Fuchs, Aus.; X0.6 (Fuchs,
1895).

Bergaueria PranTL, 1946, p. 50 [*B. perata;
OD] [=PPalacactis Dorrrus, 1875 (type, P.
vetusta); see WeLLs & Hirr (1956), p. F233;
probably mom. oblit.]. Cylindrical or baglike
protrusions with smooth walls, length and di-
ameter subequal (2-4 e¢m.); lower end rounded,
with shallow depression which is sometimes sur-

1 For a discussion of the origin of these protrusions, see
Nowaxk (1970, fig. 3). [W. G. Haxss.]
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Fro. 28. Trace fossils (p. W45-46, 48).

rounded by 6 to 8 very short radially arranged
tubercles; some specimens (L.Cam., Nev.) dis-
play biradially symmetrical impressions on ventral
surface. [Probably resting burrows of suspension-
feeding coelenterate, possibly of actinian anem-
ones (Avpert, 1973); comparisons have been
made with Edwardsia or Phyllactis conguilegia;
for detailed discussion of the origin see Aral &
MeGuean (1968, p. 206).] Cam.-Ord., N.Am.
(USA-Can.)-Eu. Fic. 28,2a. B. sp., ventral
surface of colony, L.Cam., Can.(Moraine Lake,
Banff Area, Alta.); X0.17 (Arai & McGugan,
1968). Fic. 28,2b,c. *B. perata, Ord., Czech.;
2b, casts in overlying sandstone; 2¢, original bur-
row-cavities in underlying shale, X}0.3 (Prantl,
1946).

Bifasciculus Vovk, 1960, p. 152 [*B. radiatus; M].
Starlike trace fossil, consisting of many (up to
40) wnnels 2 0 3 cm. long, radiatng from
central area and ending blindly, bent slightly
upward and downward. [Feeding burrow.] Ord.
( Griffel-Schiefer), Eu.(Ger,, Thuringia), Ord.
(Arenig.), Eng.-Ire. Fia, 294. *B. radiatus,
Griffel-Schiefer, Ger.; X1 (Volk, 1960).
Biformites Linek, 1949, p. 44 [*B. insolitus; OD].
Bimorphous form, consisting of narrow section,
partly divided by longitudinal furrows, continuing
into wider section with prominent transverse
ribs; resembles shafted hand grenade; fillings
visible at lower surface of layers. [According to
Seracuer  (1955), dwelling burrow.] ?Penn.,
USA(Okla.); U.Trias.(M.Keuper), Eu.(S.Ger.).

Fic. 29,3. *B. insolitus, U.Trias.(M.Kcuper),

Ger.; 3a, ¥ 0.8; 35, X1 (schem.) (Linck, 1949b).
Bifungites Desio, 1940, p. 78[*B. fezzanensis
(=?Buthotrephis impudica Harv, 1852, p. 20);
M]. Structures dumbbell-like or arrow-shaped,
I to 5 cm. long; ends commonly hemispherical,
diameter up to 1 cm.; on bedding planes respec-
tively at erosional interfaces; preserved as positive
hyporeliefs or positive epireliefs; similar  to
Arthraria biclavata MiLLer (placed in Corophi-
oides by Oscoon, 1970, p. 323). [Interpreted by
Desio as fucoid or colonial animal; according to
Dusors & Lessertissevr (1965) filling of top of
U-shaped burrow perhaps inhabited by small
trilobite; regarded by SeiLacmer (1955, fig. 5;
1969a, p. 112) as special kind of preservation of
protrusive vertical U-tube representing feeding
burrow; Bifungites predominant ichnogenus of
ichnocoenoses in Upper Devonian of USA (Mont.)
(Ropricuez & Gurscmick, 1970, p. 418).] L.
Cam., Pak.; ?0rd., Eu.(Czech.); ?8il., USA
(N.Y.); Dev., N.Afr.-USA(Mont.). Fie, 29,1,
*B. fezzanensis, M.Dev.-U.Dey., N. Afr; x0.7
(Desio, 1940},

Bifurculapes Hircucock, 1858, p. 152 [*B.
lagueatus; SD Lury, 1953, p. 42] [=Bifurculipes,
Bifereulipes, Bifurcalipes Hitcncock, 1865, p. 13,
14 (mom. nuil.)]. Four regular rows of tracks,
commeonly resembling small forks when united at
base; may have 2 additional rows with pairs of
opposing  tracks; similar  to  Permichnium
GurrorL, 1934, and Triavestigia niningeri GiL-
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4 . Bifasciculus Biformites

Fic. 29. Trace fossils (p. W45-46).
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Fic. 30. Trace fossils (p. W49).

morg, 1927. [Interpreted by Hircmcock (1858,  Bostricophyton Soumvasor, 1890, p. 181 [*B.
1865) and Lur (1915, 1953) as probably made pantanellii; SD Awprews, 1935] [=Bostricho-
by insects.] Trias, USA(Mass.). Fic. 28,4. phyton Awprews, 1955 (nom. auil)]. Very
*B, laqueatus; 0.7 (Lull, 1953). thin threadlike burrows, spirally rolled, tfhori-
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zontal, Pbranched. [Originally described as
threadlike alga with spiral branchlets; according
to Fucns (1905, p. 366), identical to Chondrites
intricatus; possibly related to  Helicolithus
AzPEITIA MoRos; not studied for many decades
except for brief description of dubious “n. sp.”
from Precam.(U.Vindhyan) of India (VERMA
& Prasap, 1968).] [Found in flysch deposits.]
Precam.-Cam., India; Cret.-L.Tert., Eu. Fic.
28,3. *B. pantanellii, L. Tert, Italy; XO0.7
(Fuchs, 1895).

Brancichnus Doucnary, 1965, p. 148 [*B. dudleyi;
M]. Horizontal and branching cylindrical struc-
tures, maximal length 60 cm., main cylindrical
portion (“stem”) fairly straight; diminishing in
diameter distally. [Burrow systems, according to
DoucHTY, more probably *remains of branching
marine alga or some form of branching Porifera”;
name rather superfluous; resembling or identical
to Saportia SquiNasoL, 1891.] L.Jur., Eu.(Eng.).
Brookvalichnus Wessy, 1970, p. 528 [*B. ob-
liquus; OD]. Flat ribbonlike structures, some-
tmes in groups, straight to slightly curving, un-
branched, normally inclined 10 to 15° to hori-
zontal, up to 9 cm. long, uniform width 3.5 to
4.0 mm.; very thin ribbonlike part exhibits trans-
verse annulations bordered on cither side by a
thicker structureless layer, consisting of dark
shale; structures most likely originated by collapse
of tubelike dwelling-burrows. [Perhaps made by
freshwater (?) wormlike animal or insect larva.]
M.Trias.(up.Hawkesbury Ss.), Australia (NewsS.
Wales, Sydney Basin). Fic. 30,I. *B. ob-
liguus, shale lens in Hawkesbury Ss., NewsS.
Wales (Brookvale); Ie, X1.7; 15, X0.83
(Webby, B. D., 1970a, p. 529, in: Trace Fossils
edited by T. P. Crimes & J. C. Harper, Geol.
Jour. Spec. Issue 3, Seel House Press Liverpool).
Buchholzbrunnichnus Germs, 1973, p. 69 [*B.
kréneri (recte kroeneri); OD]. Precam.(Nama
Syst., Kuibis F.), SW.Afr.

Bunyerichnus Guraessner, 1969, p. 379 [*B.
dalgarnoi; OD]. Curved surface locomotion trail;
somewhat variable width, changing throughout
observed length from 2 to 3 cm.; submedian
ridge about 2 mm. wide, distance from margins
slightly variable; distincdly transverse rise-and-
groove sculpture: grooves about 2 mm. long,
separated by longer straight rises ending in pit-
like depressions. [Produced by bilaterally sym-
metrical animal employing rhythmic muscular
contractions, probably related to primitive mol-
lusks without mineralized shells; only single
specimens.]  U.Precam.(Brackina F.), S.Aus-
tralia (Flinders Ranges). Fic. 30,3. *B.
dalgarnoi; holotype, X0.67 (Glaessner, 1969).

Calycraterion Karaszewski, 1971, p. 104 [*C.
samsonowiczi; M]. Regular calyx-shaped de-
pressions; smaller ones similar to impression of
lower part of very large hazelnut; inner walls
smooth; “calyx” 15 to 40 mm. in diameter, 5
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to 15 mm. in depth; 2 or 3 small circular de-
pressions on the bottom representing outlets of
filled burrows, 2 to 5 mm. in diameter. L.Jur.
(Hettang.), Eu.(Pol.).—Fic. 30,2. *C. sam-
sonowiczi, Holy Cross Mts.; 2a, preserved in con-

cave epirelief; X0.25 (Karaszewski, 1971a); 25,
bottom of rock slab shown in 2z with molds of
calyces in convex hyporelief, %0.25 (Karaszewski,
n; I. G. 1285.11.2, Geol. Inst. Mus. Warsaw).

Capodistria Vyarov, 1964, p. 113 [*C. vettersi;
OD]. Starlike trace fossil; superfluous name for
“genus” based on only one specimen observed in
stone wall at Capodistria (Istria) and described
by Verrers (1910). [Found in flysch deposits.]
Tert.(Eoc.), Eu.(Italy-Yugosl., Istria).

Caulerpites voN STERNBERG, 1833, p. 20 [*Fucoides
Targionii BRONGNIART, 1828, p. 56 (=C. targionii
VON STERNBERG, 1833, p. 25); SD AnprEWS, 1955,
p. 130] [=Caulerpides Scuimper, 1869, p.
160 (nom. null.})]. Very heterogeneous “‘genus”
including plants (even conifers, according to
ScuimPER) as well as trails (e.g., C. marginatus
LEesQuEREUX, 1869, p. 314 = Spreitenbau similar
to “Taonurus”; C. annulatus ETTINGHAUSEN, 1863,
p. 462 — stuffed burrow similar to Keckia or
Muensteria); other “species” also classified with
Recent genus Caulerpa Lamouroux, 1809.

Chomatichnus DonaLpson & SimpsoN, 1962, p.
78 [*C. wegberensis; OD]. Small circular conical
mounds consisting of fecal castings, about 5 to
7 cm. high, connected with a vertical burrow;
somewhat similar to piles of fecal castings pro-
duced by Recent polychaete Arenicola; according
to Smvpson (1970, p. 510), these castings prob-
ably produced by the Zoophycos animal. L.Carb.
(Dibunophyllum Z.), G.Brit.(Eng.); Cret.,, USA
(N.Mex.). Fic. 31,6. *C. wegberensis, Carb.,
Eng. (Carnforth, Lancash.); 6a, vert. sec., based
on holotype, X0.67; 65, X0.4 (Donaldson &
Simpson, 1962).

Chondrites voN STErRNBERG, 1833, p. 25 [nonm
M'Coy, 1848] [*Fucoides lycopodioides BRONG-
NiART, 1828, p. 72 (=C. lycopodioides von
STERNBERG, 1833, p. 20); SD Anbrews, 1955, p.
127) [=Caulerpites voN STERNBERG, 1833, p. 20
(partim); Sphaerococcites VON STERNBERG, 1833,
p. 28 (partim); Buthotrephis Harr, 1847, p. 8
(partim); Phymatoderma BroncNiarT, 1849, p.
59 (partim); ?Trevisania bE ZicNo, 1856, p. 23;
Phycopsis von FiscHER-OosTER, 1858, p. 64
(“subg.”); Bythotrephis EicuwaLp, 1860, p. 56
(nom mnull.); Nulliporites Heer, 1865, p. 140
(non KRUEGER, 1823, nom. nud.); Chondrides
ScuiMPER, 1869, p. 168 (mom. null.); Lepto-
chondrides Scumimper, 1869, p. 171 (“subg.”);
?Theobaldia Hexr, 1877, p. 114 (partim); ? Aula-
cophycus Heer, 1877, p. 111 (type, A. sulcatulus);
Palacochondrites DE SAporTA, 1882, p. 35; Chon-
dropogon SquinaBoL, 1890, p. 180; ?Prochon-
drites Fritscu, 1908, p. 22; ?Labyrinthochorda
WelssENBacH, 1931, p. 76; Plsawaites Harar &
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Fic. 31, Trace fossils (p. W49, 52-53).

Nopa, 1971b, p. 5]. “Form genus” in widest
possible sense; plantlike dendritc patterns of small
cylindrical ramifying tunnel systems; individual
tunnels neither crossing each other nor interpenc-
trating (perhaps only between tunnels of differ-
ent systems); one or few main axes open to
surface; branching tunnels trending downward
across bedding and then (at least their distal
portions) mostly lying parallel to bedding planes;
may branch in regular or irregular patterns
(highly variable); angle of branching may also
be wariable or constant, between 25 and 40°;
branches may be arranged in pinnate or radial
patterns or form compact groups; diameter of

tunnels 0.5 to 5 mm., remaining constant within
entire tunnel system; otherwise varying from
large (e.g., “‘Buthotrephis’) to small (most
Chondrites); some tunnels with transversely
built-in  ellipsoidal pills (their probable fecal
origin doubted); preservation of fillings of tun-
nels controlled by stratinomic factors; trace fos-
sil nature convincingly proved first by Ricurer
(1927a, 1931), though earlier NarrorsT (1881a)
and Fucus (1895) had rejected the former inter-
pretation as algae; producer unknown, perhaps
worms.  Simpson  (1957) suggested sipunculoid
worms working from fixed center on the surface
of sediment and producing twnnels by an ex-
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Chondrites

Fra. 32. Trace fossils (p. W49-50, 52).



w52

tensible proboscis; branching pattern may be af-
fected by phobotaxis (Ricwrer, 1927a, p. 218;
1928, p. 226; 1931, p. 302); cthological inter-
pretation is still discussed but Chondrites un-
doubtedly belongs to Fodinichnia and is to be
regarded as feeding structures of sediment-eating
animals (Ricurer, 1927; Semacmer, 1955; Os-
coop, 1970) and not dwelling burrows of filter-
feeding annelids (Tavser, 1949); detiled studics
of the ichnogenus would certainly lead to several
additional “new ichpogenera”; some dozens of
“ichnospecies” have been described but recogni-
ton of these within Chondrites very difficult
(Oscoon, 1970, p. 489); for historical account of
many theories of the nature of Chondrites, de-
tailed treatments, and literature, see especially

Someson (1957) and Oscoop (1970, p. 328-331);
for discussion and various reconstructions of
tunnel systems of this form see Ricmrer (1931,
p. 301, fig. 2), Tauser (1949, p. 149-150, fig.
1,2), and Smvpson (1957, p. 484, fig. 2).]
?Cam., Ord.-Tert., cosmop. Fic, 32,1aef. C.
sp, U.CCret; la, reconstr. of tunnel system
(Simpson, 1957); le, large form, Aus; X0.9
{Hantzschel, 1955); 1f, small form, Maastricht,
Spain; X0.9 (Gémez de Llarena, 1946) ——F16.
32,15, Chondrites, type C, U.Ord.(Cincinnat,
Whitewater beds), USA{Ind.); X1.2 (Osgood,
1970) swmmF16, 32,Ic. C. bollensis Zieren, Lias
e Ger.(Holzmaden); schem.(Richter, 1931).
Fic. 32,1d. C. furcatus voN STERNBERG, flysch
deposits, 7Tert, Aus.; X09 (Derichs, 1928).
Chondritoides Borrerio, 1966, p. 15 [*C. in-
solitus; OD]. Superfluous mpame for poorly
figured straight burrows, 7 mm. in diameter,
bifurcating at various angles up to 60°; some-
what resembling large “species” of Chondrites
YON STERNBERG. Ord., S.Am.(Arg.).

Circulichnis Vyawov, 1971, p. 91 [*C. montanus,
p. 91; OD]. Ring-shaped trace, almost circular
(or oval), formed by some cylindrical object.
U.Trias., C.Asia(SW.Pamir). Fic. 314. *C.
montanus; X0.67 (Vyalov, 1971). [Description
supplied by Curt TEICHERT.]

Climactichnites Locan, 1860, p. 285 [*C. wilsoni;
M] [==Climachtichnites Mwrer, 1877, p. 214
(nom. null.); Climactichnides Cuapman, 1878,
p. 490 (nom. mull.)]. Very large trails, width
about 15 ¢m., maximum length 3 10 4 m, with
prominent, slightly arched or V-shaped transverse
ridges and very delicate, closely spaced arched
rills; dishlike impressions, oval, distinctly bounded
at beginning of trail.” [Crawling trail of unknown
producer; interpreted also as of plant origin
(Cuapmay, 1878); many groups of animals have
been proposed as producers: burrowing crusta-
ceans, eurypterids, large trilobites, worms, and
mollusks; according to Aser (1935, p. 242-249)
most probably made by gastropods (likely marine
nudibranchs); for history of genus see Burring
(1917, p. 390) and Aser (1935, p. 242).]
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U.Cam., USA-Can,——Fi16. 33,1a. *C. wilsoni,
Potsdam Ss., USA(N.Y.); X0.02 (Walcotr, 1912).
Fic. 33,16 C. youngi® (CHAMBERLAIN),
8t, Croix, USA(Wis.}; 15, X0.4 (Walcott, 1912};
Ie, X05 (Walcott, 1912, in Malz, 1968).
Cochlichnus Hircncock, 1858, p. 161 [*C.
anguineds; M] [==Sinusic Krestew, 1928, p.
574 (non Carapya, 1916) (nom. nud.); Sinusites
Demaner & Van  SteasLen, 1938, p. 107;
MicueLay (1956) incorrectly considered Simusia
and Sinusites to be synonymous with Belorhaphe
Pucns, 1895, p. 395 (p. W45)]. Regularly me-
andering  smooth trails, resembling sine curve.
[Found in flysch deposits.] U.Precam., Australia
{New S.Wales); U.Precam. or L.Cam., Eu.(Nor.);
?L.Cam.-M.Cam., Eu.(Eng.}; Ord.(drenig.}, Eu.
(Eng.); U.Carb., Eu.-USA; Perm., Antarct;
Trias.,, N.Am.(USA, Mass.); L.Jwr, Eu(Ger);
L.jur. {Phensbach.}, Greenl.; L.Cret., Eu.(Ger.
Eng.-Pol.); Tert.(Oligo.), Eu.(Pol.). Fis. 31,
1. €. kocki (Luowic), Carb., Ger; 1ab, X0.67
(Michelau, 1956).

Conichnus MyanniL, 1966, p. 201 [*C. conicus;
M]. Fillings of conical or conelike hollows;
mostly very regular forms with circular cross
secton; lower end round, without distinct mam-
milliform peak, thus differing from Amphorichnus
Mryannis; length {max.) 12 cm., diameter (max.)
8 ¢m., perpendicular to bedding plane. [Dwelling
burrow or resting trail.] M.Ord.-U.Ord., USSR
(Est.). Fic. 31,3, *C. comicus, M.Ord.
(?Kukruse F.), Est; X0.5 (Myannil, 1966).
Conispiron Vyanov, 1969, p. 106 [*Xenohelix
babkovi Grrxer in  Gexker, Osirova, &
BeLskaya, 1962, p. 203; OD]. Dextrally or
sinistrally coiled burrows having circular or
elliptical cross sections; diameter of spiral possibly
decreasing downward; vertical distance between
the twist also decreases downward, the entire
spiral having a conical oudine. Tert.(?mid.
Oligo.}, USSR{Crimea). [Description supplied
by Cort TEICHERT.]

Conopsoides Hrrcuicock, 1858, p. 152 [*C. far-
valis; M]. Tracks in 3 (?4) rows, divergent
from median line; foot impression linear, blunt
anteriorly; tracks straight or sharply curved.
[?Made by insect.] Trias., USA{Conn.-Mass.).

Copeza Hitcucock, 1858, p. 159 [*C. #riremis;
M]. Three rows of impressions on cither side of
median line, with main track at right angles to
that line; width of trackway 35 mm.; oblique
impressions not ousside of longitudinal ones as
in Lithographus, but inside. [?Made by podites
of imsect.] Trias, USA(Mass.). Fre. 31,2
*C. trivemis; X0.7 {Lull, 1915).

Coprinisphaera Saurzr, 1955, p. 9 [*C. ecuadorien-
sis; M]. Spherical structures with one opening;
about 6 cm. in diameter; walls about 1 cm. thick;
mostly hollow or filled with consolidated mass
similar to argillaceous excrement; found in loess-
like tuffs (cencagua). [Probable breeding places
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Fic. 33. Trace fossils (p. W52).

of scarabaeid beetles.] Pleist. (guide fossil of
3rd interglacial stage), S.Am.(Ecuad.-Colom.).
Corophioides Snrri, 1893, p. 292 [*C. polyupsilon;
M| [=drenicoloides Brawckenuorn, 1916, p.
39 (type, A. luniformis); Arenicolithes HiLpE-
BRAND, 1924, p. 27 (nom. null.); Corophyoides
Opik, 1956, p. 108 (nom. null.); Corophiodes
BorreLLo, 1966, p. 11 (nom. nuil.)]. U-shaped
spreiten burrows similar to Rhizocorallium, but
shorter and always perpendicular to  bedding
plane (Richter, 1926). Both limbs of each suc-
cessive U-tube typically show lateral displace-
ment from limbs of preceding U-tube (see Kwox,
1973, p. 135, for further discussion). [Arenico-
loides comprises crescent-shaped grooves in bed-
ding planes produced by erosion of burrows to
their basal ends.] Cam.-U.Cret., Eu.-Asia,
Tie. 31,5a,cd. C. luniformis (BLANCKENHORN),
L.Trias., Ger.; Sa, side (somewhat schem.),
% 0.67; 5S¢, lower ends of U-shaped burrows with
spreite, X0.4; 5d, side, K0.4 (Abel, 1935).
Fic. 31,56. C. sp. cf. C. rosei DapmEr, L.Cam.,
Pak.; % 0.4 (Seilacher, 1955).

Cosmorhaphe Fucms, 1895, p. 395 (misprinted
Cosmoraphe; correct spelling Cosmorhaphe twice

on p. 447) [*Helminthopsis sinwosa AZPEITIA
Moros, 1933, p. 45; SD HinrzscHrr, herein].
“Free meanders” of simple, smooth ridges, of
extraordinarily regular form, meanders commonly
in 2 orders of size; windings not physically close
to each other. [At first compared by Fuchs
(1895) with spawn strings of gastropods; how-
ever, Cosmorhaphe is typical grazing trail. For
discussion of the preservation (predepositional,
formed along bedding planes, sccondary casts of
surface trails), see Wessy (1969a, p. 84). C.
timida PrErFFeER (L.Carb., Ger.) is not typical
Cosmorhaphe.] [Found in flysch deposits.]
?0rd., Eu.(Nor.); U.Si., Australia(New 5.
Wales); ?Der., Eu.(Ger.)-USA(Mont.); ?U.Cret.,
Alaska; U.Cret.-L.Tert., Eu.; L.Tert, S.Am.,
(Venez.); M.Tert, N.Z——Fiwc. 34,3. C. sp,
low.mid.Eoc., Pol.; %0.6 (Ksiazkiewicz, 1960).

Crossopodia M’Cov, 1851, p. 395 [*C. scotica; SD
HantzscHeL, 1962, p. WI189] [=Crassopodia
Tate, 1859, p. 66 (nom. null.); Crossochorda
ScHmpEer, 1879, p. 52 (modified name for algal
interpretation);  Chrossocorda,  Chrossochorda,
Chrossocarda WiLLiamson, 1887, p. 21, 22, 29
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Fic. 34. Trace fossils (p. W53, 55).
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(nom. null.)]. Meandering, curved, or straight
trails, width about 1 cm., with broad dense fringe
on each side (formerly regarded as “‘segments”
of supposed worm), mostly with median furrow.
[Crawling trail, at first interpreted as worm or
algh; name Crossopodia should be restricted to
the type of crawling trails as figured (e.g., by

ScHIMPER or WILLIAMsON); C. tuvaensis MAsLov
(1956, p. 87) (Sil, USSR) to be excluded from
Crossopodia (markings?); concerning C. henrici
(Genrrz), see Dictyodora WEiss.] Ord.-Carb.,
Eu.-USA(Kans.); ?0rd.-Carb., S.Am.(Arg.-Bra-
zil), PU.Cret., USA(Kans.-Okla.-Towa). Fic.
34,2a. C. tuberculata (WiLLiAMsoN), Carb., Eng.;
X0.3 (Williamson, 1887). Fic. 34,26. *C.
scotia (M'Coy), Ord., France; X0.5 (Schimper
in Schimper & Schenk, 1879).

Cruziana p’OrsieNY, 1842, p. 30 [*C. rugosa;
(first?) SD BassLer, 1915, p. 292; later SD:
C. furcifera 'OrBIoNY, 1842, p. 30, by SEILACHER,
1953, p. 107] [==Bilobites p'OmsIlcNY, 1839,
expl. pl. 1, fig. 1-3 (non peKav, 1824; nec
RAFINEsQUE, 1831; mec Bronn, 1848; mec
QuensTepT, 1869), for discussion see SINCLAIR,
1951; Crusiana Dawson, 1888, p. 30 (nom.
null.); Bilobichnium KRreycl-Graw, 1932, p. 31
(no formal species name; proposed as nom.
nov.)]. Elongate bandlike furrows covered by
herringbone-shaped ridges, with or without 2
outer smooth or finely longitudinally striated
zones outside V-markings occasionally with lat-
eral grooves and/or wisp markings; variability
in size and sculpture due to varied behavior of
producer and preserved width of trail (0.5 cm.
to about 8 ¢m.); length up to more than 1 m.
(Rapwariskr & Roniewicz, 1972), commonly 10
to 20 cm.; V-angle quite variable, acute to blunt,
along length of an individual trail. V-markings
are scratch markings made by appendages of
producer, certainly mostly by digging activity of
endopodites of trilobites; V-markings grouped in
sets of distinct parallel claw markings produced
by multiple or serrate claws, thus consisting of
2 or more parallel or slightly diverging grooves.
[Interpretation was very controversially discussed
in many publications from 1881-87; some re-
garded Cruziana as plants or sponges (DELGADO,
1885; LEBESCONTE, 1883a,b; DE Sarorra 1884),
but Natrorst (188la, 1886) argued for trace
fossil nature; for a short account of this contro-
versy see Oscoop, 1970, p. 287. Occurrences in
France were regarded as “pas de boeuf’ or even
as “monument druidique” (see DESLONGCHAMPS,
1856, p. 299; Fauver, 1868; Moritre, 1879).
These forms now are generally regarded as made
by furrowing, burrowing, or shoveling trilobites
or trilobite-like arthropods, in part perhaps of
merostome origin, and have also been found in
freshwater deposits, questionably attributed ' to
notostracan  branchiopods (BRoOMLEY &
Ascaarp, 1972); originated by simple ploughing
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using all or only anterior appendages; lateral
ridges may be made by dragging of genal spines;
trails may also possess additional impressions of
coxae, pleural spines, exopodites and/or carapace
edges; produced at mud-sand interface or in
muddy sediment by burrowing beneath a sand
layer (BRKENMAJER & Brutown, 1971, p. 315).
For undertrack trails see Semacmer (1970, p.
448); V-shaped pattern points in opposite direc-
tion to that of animal’s movement, V’s gape
forward; for many conclusions from studies of
Cruziana on morphology of trilobite legs, trilo-
bite motion and behavior, gradients in digging
direction, and preservation, see SeiLAcHer (1962;
1970, fig. 1-6), Crimes (1970b,c), BIRKENMAJER
& Bruton (1971, p. 314, 317)} Intermediate
forms between Cruziana, Rusophycus, and
Diplichnites have been observed; Cruziana and
Rusophycus were often regarded as synonyms,
but Lessertissevr (1955, p. 45), SEILACHER
(1955, p. 366), and particularly Oscoop (1970,
p. 303) recommended restricting Rusophycus to
the short bilobate resting trails of trilobite origin,
naming the longer bilobate forms Cruziana;
however, SerLacHER (1970) did not follow that
suggestion and placed all “resting tracks,” “rest-
ing nests,” and “resting burrows” in Cruziana.
Owing to the difficulties in separating Cruziana
and Rusophycus, it seems best “to base the names
strictly on morphology” (Oscoop, 1970); for dis-
cussion of stratigraphic significance of Cruziana
see CriMes (1968, 1969) and Semacuer (1960,
1970); for detailed discussion of the genus see
LesesconTE (1883a, p. 59-73), pE Sarorta (1884,
p. 58-89), Drrcapo (1885, p. 27-68), Desio
(1940, p. 64-67); Lessertisseur (1955, p. 44-
47), Semacuer (1955, p. 364-366) and other
papers quoted above.] U.Precam.-Dev., cosmop.,
Trias., E.Greenl. Fic. 34,l1a. C. semiplicata,
U.Cam., North Wales(Snowdonia); 0.5 (Crimes,
1968). Fic. 34,lbc. Cruziana, Cam.; 15,
diag. showing herringbone pattern consisting” of
sets of scratch marks thought to be produced by
backward movement of trilobite appendages; Ic,
detail of the various sets (represented by letters
a-l), schem. (arrow represents direction of move-
ment of the animal) (Birkenmajer & Bruton,
1971). Fic. 34, 1d. C. furcifera, L.Ord.,
North Wales; X0.37 (Crimes, 1968).

Ctenopholeus SeiLacuer & HemvLesen, 1966, p.
47 [*C. kutscheri; M]. Long horizontal tunnel-
like burrow, straight or somewhat curved, with
vertical shafts rising at equal intervals; burrow
only rarely branched horizontally; fragments up
to 60 cm. in length. [Feeding burrow.] L.Dev.
(Hunsriick Sh.), Eu.(Ger.). Fie. 35,1. *C.

1 BerosTROM (1973, p. 52-59) discussed the above men-

tioned papers and others in an excellent summary of the
behavioral patterns of trilobites as they relate to the
formation of different species of Cruzianma and other re-
lated trace fossils. [W. G. Hakes.]
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Cycloichnus

Fic. 35. Trace fossils (p. W55-58).

kutscheri; schem., X 1.3 (Seilacher & Hemleben,
1966).

Curvolithus Frirsch, 1908, p. 13 [*C. multiplex;
SD Hiwrtzscuer, 1962, p. W189]. Ribbonlike
trails, more or less straight, flat; consisting of 3
parts: broad, usually smooth central stripe (about
0.5 to 2 cm. wide) and very narrow lateral
ridges (1 to 2 mm. wide). [Endichnial crawling
trails, also cutting bedding planes and passing
over and under each other, probably produced
by burrowing gastropods. Two varied types of
the genus described by Heinpere (1970, p. 23);
perhaps the grooved pipes described by Kery

1 See also Hewpere (1973).

(1965, p. 226) (Mio., Borneo) should also be
placed in Caurevolithus as proposed by CHaMBER-
LaiN (1971a, p. 224). Identity of the Ordovician
specimens with the Jurassic ones is not yet proved;
C. gregarius Fratsci, 1908, p. 13, differs dis-
tinctly from the type species.] ?Precam., Aus-
tralia; Ord., Eu.(Czech.); Si., USA(Ga.); Penn.,
USA(Okla.); LJur-M.Jur., Eu.(Ger.)-Greenl.;
Cret., Eu.(Ger.); Tert.(?Mio.), Borneo. Fic.
36,3a. C. sp., M.Jur., Ger.; X0.7 (Seilacher,
1955). Fic. 36,36. Curvolithus FritscH, Low.
Lias  (Hettang.), Ger. (Helmstedt}; X1.3
(Hintzschel & Reineck, 1968}.

Cycloichnus Grecory, 1969, p. 13 [*C. waitema-
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Fic. 36. Trace fossils (p. W56-57).

taensis; OD). Simple central shaft, structurcless,
diameter about 1 cm., length 2 ¢cm.; wall probably
smooth, with several saucer-shaped galleries di-
verging from it, irregularly constricted to give
small leaf-shaped impression, visible on bedding
plane with concentric markings surrounding cen-
tral shaft; galleries somewhat branching but not
interconnected. [Tentatively  interpreted by
GriGORY to be result of proboscis-bearing animal
systematically culling sediment about dwelling
shaft, An inorganic origin (except central shaft)
may be possible.] Tert.(low Mio. Waitemata Gr.),

MN.Z. Fic. 35,3. *C. waitemataensis, Whanga
Paroa Penin., Auckland, schem., X1.1 (Gregory,
1969).

Cylindrichnus Toors in Howarp, 1966, p. 45
[*C. concentricus; M| [=Anemonichnus Cram-
BERLAIN & CLaRrk, 1973; obj.] [non Cylindrichnus
BanpeL, 1967a, =Muargaritichnus Banper, 1973].
Subconical form, weakly curved, circular to oval

in cross section with diameter of 10 to 20 mm.,
most commonly 12 to 15 mm.; central core 2 to
4 mm.; exterior wall composed of concentric
layers; preserved in full relief; orientation from
nearly horizontal to vertical. [Interpreted as
permanent burrow (domichnia) of filter-feeding
organism. Considered by Frey & Howarp (1970)
as a form of Asterosoma.] L.Penn., USA(Utah);
U.Cret., USA(Utah-Wyo.-Kans.). Fic, 36,4,
*C. concentricus, Utah; 4ab, diagram. (Howard,
1966). [Description supplied by W. G. Haxkes.]
Cylindricum Linck, 1949, p. 19 [*Tubifex an-
tiquus PLisNiNGer, 1845, p. 159 (=Cylindricum
gregarinm Linck, 1949b, p. 19; see Linck, 1961,
p. 9); OD]. Plugs (fillings of tubes) shaped like
test tubes, rounded at lower end, not pointed,
walls smooth; diameter up to 5 cm.,, up to
several cm. long; preserved in groups in convex
hyporelief  oriented  perpendicular to bedding
plane. [Dwelling burrow.] ?Der., Antarct.; ?L.
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Carb.(Kulm), Eu.(Ger.); L.Trias.( Buntsandstein),
Eu.(Ger.); U.Trias.(Keuper), Eu.(Ger.); ?M.Jur.,
Eu.(Ger.). Fic. 35/4. *C. antiqguum (PLIEN-
iNGER), U.Trias.(M.Keuper), Ger.; 4a, U.Trias.
(Schilfsandst.), diagram. (after Seilacher, 1955);
4b, X1 (Linck, 1949b).

Dactylophycus MiLrer & Dyer, 1878, p. 1 [*D.
tridigitatum; SD Oscoop, 1970, p. 345). Deli-
cately annulated bilobate burrows, small, about
15 mm. long, 2 to 4 mm. in diameter; radiate
or randomly branching, number of branches vary-
ing. [Originally regarded as plant; considered by
JamEs (1884) to be fragments of burrows or of
inorganic origin; according to Oscoop (1970, p.
346), belongs to Fodinichnia, ‘“excavation of
Sedimentfresser”; as stated by James (1885) and
Oscoop  (1970) possibly identical with Palaco-
phycus radiata Orrton, particularly Phycodes fla-
bellum (MiLer & Dyer); type specimen of D.
tridigitatum not located.]  U.Ord.(Cincinnat.),
USA(Ohio). Fic. 35,2. D. quadripartitum
MiLLeEr & Dyer, Eden beds; 22, X1; 25, X1.3
(Osgood, 1970).

Daedalus Rovaurt, 1850, p. 736 [non REDTEN-
BACHER, 1891] [*Vexillum desglandi RouauLT,
1850, p. 733; SD Hinrzscuer, 1961, p. W191]
[=Vexillum Rovauvrr, 1850, p. 733 (non BoLTEN,
1798) (nom. nud.); Humilis Rovaurt, 1850, p.
738 (no type species designated); Vescillum
LEBESCONTE, 1892, p. 76 (nom. null.)]. Spreiten
structures, J-shaped at beginning, later spirally
twisted; spreiten surface may cut through itself,
as in Dictyodora Wetss. [For synonymy of type
species see Rouvaurt in LesescontE (1883a, p.
45-47).] Ord.-Sil., Eu.-Asia(Iraq)-USA. Fic.
36,1. *D. desglandi (Rovaurt); la, 15, Ord.,
France, X0.25 (Lebesconte, 1892); Ic, L.Sil,
USA, diagram showing gradation from vertical
to spiral (Sarle, 1906).

Daimonelix Barsour, 1892, p. 99 [*D. circumax-
ilis; SD HintzscHEL, herein] [==Daemonelix
Barsour, 1895, p. 517; Helicodaemon CLAYPOLE,
1895, p. 113 (“a more appropriate name”) (all
nom. van.); Daemonhelix avcrr. (non Dae-
monbhelix krameri von Ammoxn, 1900, p. 63 (L.
Tert.,, S.Ger.), see Gyrolithes DE SAPORTA); non
Daimonhelix Dusli Fritscu, 1908, p. 6 (Ord.,
Czech.)]. Large, vertical, open, spiral structure,
regular in form, mostly coiled with strict uni-
formity; transverse rhizome-like piece at base.
[Explained as freshwater sponges, or casts of
rodent burrows; some forms also resembling con-
cretions; interpretation of helical burrows as
Daimonelix and other forms by Toors (1963);
history of genus discussed by ScmurTz (1942)
and Lueny (1941). A somewhat comparable,
though more tightly coiled, spiral structure was
described by WriTEHOUSE (1934) from the Lower
Cretaccous of Queensland.] Tert.(Mso.), USA.

Fic. 36,2. *D. circumaxilis, USA(Neb.);

side view, X0.3 (Barbour, 1895).

Miscellanea—Trace Fossils and Problematica

Delesserites voN STERNBERG, 1833, p. 32 [*Fucoides
Lamourouxii BroncNiarT, 1823, p. 312 (=D.
lamourouxii voN STERNBERG, 1833, p. 32); SD
ANDREWS, 1955, p. 144] [==Delessertites BRONN,
1853, p. 110 (non RuepEMANN, 1925, p. 8=
Delesserella RuepEMANN, 1926, p. 156)]. Very
heterogeneous “genus,” including obvious trace
fossils (e.g., D. sinmosus, D. gracilis, D. foliosus
Lupwic, 1869, from Devonian and Lower Car-
boniferous of Germany) and equally obvious
plants (e.g., probably D. lamourouxii, and, ac-
cording to Pia (1927), D. salicifolia RUEDEMANN,
1925, Ord., N.Y.); Cenozoic “species” are under
name of Recent genus Delesseria LAMOUROUX.
Dendrotichnium Hinrzscuer, herein [*D. larenai
Farrgs, 1967, p. 30; OD] [=Dendrotichnium
Gé6mez DE LLARENA, 1949, p. 123 (nom. nud.,
without species designation); Dendrothichnium
Farrés, 1963, p. 105 (nom. null.); Dendrotich-
nium FarrEs, 1967, p. 30 (nom. nud., established
without type species)]. Treelike trail, 7 to 30
cm. long; straight or somewhat curved “main
stem,” with several “side-branches” on both
sides, their length quite variable, branching off
perpendicularly in type species, but obliquely in
D. haentzscheli Farrts. [Found in flysch de-
posits.] U.Cret., Eu.(Spain). Fic. 36,5a. D.
haentzscheli and *D. laremai; X0.2 (Farrés,
1967). Fic. 36,5b,d. D. haentzscheli Farrts;
56,4, %025 (Farrés, 1967). Fic. 36,5c.e.
*D. Harenai Farzts; 5c,e, X025 (Farrés, 1967).
Desmograpton Fuchs, 1895, p. 394 [no type spe-
cies named] [—=Pseudodesmograpton MACSOTAY,
1967, p. 36 (type, P. ichthyformis MACsoTAY,
1967, p. 36)]. Trail, roughly in form of long
and very narrow letter H, single patterns usually
lined up in ribbons; form variable; similar to
Paleomeandron PEruzz1 but with long appendices.
[Grazing trail. With reference to great similarity
of Pseudodesmograpton to Desmograpton and
varying pattern of latter, Pseudodesmograpton
should not be considered separate genus.]
[Found in flysch deposits.] Crez.-L.Tert., Eu.-S.
Am.(Venez.). Fic. 37,4. D. sp., PU.Cret,
Italy; X0.6 (Seilacher, in Hintzschel, 1962, coll.
Florence Geol. Dept.).

Dictyodora Weiss, 1884, p. 17 [*Dictyophyton?
liebeanum GEeiniTz, 1867, p. 288; M} [=?Nemer-
tites McLEaY, in Murcauison, 1839, p. 701 (cer-
tainly N. sudeticus Roemer, 1870, p. 33; for
discussion, see WALTER, 1903, p. 76); Myrianites
gracilis DELGaDo, 1910, p. 28, and very probably
several other “new species” of Myrianites McLEAY,
in MurcnisoN, 1839, p. 700, in DeLcapo, 1910].
Complicated three-dimensional spreiten structure,
irregularly conical, vertical to bedding; apex of
cone upward; very thin spreite (=Dictyodora
s.5.) with exterior surface delicately striated, in-
tensely “folded,” may cut through itself, con-
sising of furrowlike lamellae crescent in cross
section; irregular spiral or meandering ‘“band”
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Fucusopsis

Fic. 37. Trace fossils (p. W58, 62, 64).
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Didymaulichnus

and Problematica

Fic. 38. Trace fossils (p. W58, 60-61).

(="Palacochorda marina” Gemirz) on cleavage
planes parallel to bedding represents line of inter-
section of vertically spacious spreite; lower margin
nonhorizontal, thick, tunnel-shaped, padlike

(="Crossopodia henrici” Guinrrz); height of
entire structure (in L. Carb. of Ger.) 3 to 18
cm. [Internal meandering foraging trail; pro-
ducer unknown; Seiacuer (1967c, p. 78) ex-
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plained the different forms of Dictyodora from
Cambrian to Mississippian by anatomical changes
(increasing length of the supposed siphons?) and
behavioral evoluton of producer; for wvarious
former interpretations and for discussion sec
Weiss (1884a), Ziumermann (1889, 1891, 1892),
Aper (1935, p. 429), Sewacuer (1955, p. 379),
Preirrer (1959), A. H. Moreer (1962, 1971b),
SeiLacHEr (1967¢, p. 78).] L.Cam., Asia(Pak.);
Ord., Eu.(Ger.-Port.); Sil., Eu.(Eng.)-USA(Ga.);
U.Dey.-L.Carb., FEu.(Ger.Aus.)- Fic. 38.,2a.
D. simplex SeiLacuer, L.Cam., Pak., drawing of
a model, X0.5 (Seilacher, 1955}. Fic. 38,25,
Dictyodora trail, reconstr.: “The animal left the
upper sediment, eating its way deeper along a
corkscrew-like path and then meandering in a
restricted manner” (Seilacher, 1967) —Fic. 38,
2¢,d. *D. licheana (Gewitz), 2¢, L.Carb., Aus;
%03 (Abel, 1935); 24, L.Carb.(Kulm facies),
Wurzbach (Frankenwald); x0.5 (Miiller, 1962).
Didymaulichnus Youne, 1972, p. 10 [*Fraena
Lyelli Rovaurt, 1850, p. 732; OD] [=?Fraena
Rovavrr, 1850, p. 729; Rouaultia pE TROMELIN,
1878, p. 501, obj. (non Rowuaultia BeLraror, 1878
(?1877), p. 233); ?Cruziana rowaulti LEBES-
coNTE, 1883a, p. 67; Rowmaulite FlANTZSCHEL,
1962, p. W212 (nom. null)]. Simple, smooth,
gently curving bilobate trails (about 2 cm. wide)
preserved in convex hyporelief; parallel to bed-
ding; lobes scparated by distinct furrow; may
have 2 asymmetric “marginal bevels”; trails may
overlap and truncate one another. [Origin spec-
ulative but possibly crawling trail of molluscan
origin similar to “molluscan trails” of Graessner
(1969, fig. 9B-9C); Rouaultia rouaulti considered
by Crimes (1970b, p. 56) probably to have been
made by trilobites.] U.Precam., N.Am.(Can.)-
Australia-C.India; PU.Precam.(U.Vindhyan), C.
India; L.Cam.(U.Arumbera F.), C.Australia; U.
Cam.( Ffestiniog Stage), Eu.(N.Wales); L.Oxd.,
Eu.(France); Ord., Eu.(France-Port.-Spain); ?8il.,
N.Afr.-AsiaM. (Jordan). Fic. 38,la. D. miet-
tensis Youne, U.Precam.(Miette Gr.), Can.(B.C.,
Alta.); X0.2 (Young, 1972). Fic, 38,16, *D.
Iyelli (Rowvavrr), Ord., Port; X0.7 (Delgado,
1885). Fic. 38, le. D. rowaulti (LEBESCONTE),
L.Ord.(Arenig.), France; X0.75 (Lebesconte,
1883a). [Description supplied by W. G. Haxkgss.]
Dimorphichnus SerLacuer, 1955, p. 346 [*D.
obliguus; M]. Asymmetrical trails with 2 differ-
ent types of impressions; thin sigmoidal ones,
produced by raking movement (“Hark-Siegel”
of SemLacuer), and blunt ones, similar to im-
pressions of toes (“support imprints,” “Stemm-
Siegel” of SeiLacuir); both types arranged in
series oblique to direction of movement., [Made
by laterally grazing trilobites; for discussion of
the paleoccologic significance see Oscoon (1970,
p. 353.] Cam., Eu.(Swed.-Eng.-Pol.)-Asia(Pak.);
Ord., S.Am.(Arg.). Fic. 38A,1. *D. obliguus,

Dimorphichnus

Fic. 38A. Trace fossils (p. W61).

Jutana Dol.,, Pak.; Ia, X0.16; 15, X0.8; Ie,
* 0.4 (Seilacher, 1955).

Diplichnites Dawson, 1873, p. 19 [*D. aenigma;
M] [=deripes Marraew, 1910, p. 122 (type,
A. incertipes; SD Hinrzscuer, 1965, p. 6), for
synonymy, sce SeiLacHer, 1955, p. 343]. Mor-
phologically simple track, width about 1 to 2
cm., consisting of 2 parallel series of fine ridges
(1-5 mm. long), individual ridges clongate ob-
liquely to track axis, sometimes apparently oc-
curring in pairs (illustrating two-clawed limbs
of anmimal producing track), anterior ridge then
more prominent. |Originally interpreted by Daw-
soN as traces of large worms or crustaceans or
imprints of spines of fish; now considered loceo-
motion tracks of trilobites, walking or striding in
straightforward movement across the surface of
the sediment; Crimes (1970b, p. 57) observed
transitional  forms between  Diplichnites  and
Cruziana; Oscoop (1970, p. 352) is skeptical
about the trilobite origin and the marine environ-
ment of Dawson's type specimens of ichnogenus;
a comparable track from the Devonian of Ant-
arctica is Beaconichnus gouldi Gevers, 1971
(see Gevers et al., 1971, p. 86, 93).] L.Cam.,
Can.; Cam., Eu.(Eng.-Swed.-Pol.)-USSR(Sib.)-
Greenl.-Asia(Pak.)-Australia; ?Cam., Eu.(Nor.);
Ord., Eng.; ?0rd., Asia (Jordan); ?Dew.-Carb.,
N.Am.(Can,); L.Perm.(Dwyka Gr.), S.Afr.
Fic. 394a. D. sp., L.Cam,, Asia(Pak.); schem.,
% 1.3(Seilacher, 1955). Fre. 394b. Diplich-
nites, U.Cam., N.Wales; X? (from Crimes, T.
P., 1970, p. 120, in Trace Fossils edited by T. P.
Crimes & J. C. Harper, Geol. Jour. Spec. Issue
3, Seel House Press, Liverpool).
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Diplocraterion Torerr, 1870, p. 13 [*D. paral-
lelum; SD RicHTER, 1926, p. 213] [==Polyupsilon
Howerr, 1957, p. 151 (type, “Tigillites” habichi
Lisson, 1904, p. 41); for discussion see GOLDRING,
1962, p. 238; Diplocration Gorpring, 1964, p.
137 (nom. mnull.)]. U-shaped burrow with
spreite; vertical to bedding plane; limbs of U
parallel; both limbs of each successive U-tube
confluent with limbs of preceding U-tube (see
Knox, 1973, p. 134); openings of tubes mostly
funnel-shaped (but apparently often truncated
by erosion); commonly protrusive, but also re-
trusive forms observed; bottom of burrow semi-
circular, rarely straight; horizontal cross section
on bedding planes dumbbell-shaped; diameter of
tubes 5 to 15 mm., distance between limbs 1 to
7 cm. (average, 2-3 cm.), depth of burrows 2
to 15 cm. (max. 35). [Dwelling burrow of
suspension feeding animal, probably living in
environment of high wave energy; several stages
of erosion and sedimentation may be recognized
from various levels of tube (e.g., D. yoyo; sec
GorpriNg, 1962, p. 235, and Fig. 16); inter-
mediate forms between Diplocraterion and Rhizo-
corallium observed in the Carboniferous of Scot-
land (CuismoLm, 1970b, p. 49).] Cam., Eu.
(Swed.-Nor.-Pol.-Spain)-N.Am. (USA-Newf.)-
Australia; Cam., Pleist. drift, Eu.(N.Ger.); Ord.,
Eu.(Nor.); L.Paleoz., N.Afr.(Libya); M.Dev., Eu.
(Ger.); Sil., USA(Ga.); U.Dev., Eu.(Eng.); Carb.,
Eu.(Scot.); Jur., Eu.(Eng.-N.France-Pol.)-Greenl.;
Cret., N.Am.(USA,Colo.)-S.Am.(Peru); ?Cret.,
Eu.(Ger.). Fic. 37,2a. *D. parallelum, L.
Cam.(Mickwitzia Ss.), Swed.: X0.7 (Wester-
gird, 1931). Fic. 37,2b. D. lyelli Torery,
L.Cam., Swed.; funnel-shaped openings of U-
shaped burrow to surface, concave epirelief, X 1.5
(Westergird, 1931).

Diplopodichnus Braby, 1947, p. 469 [*D. b&i-
formis; OD]. Long, continuous trail, consisting
of 2 or 3 parallel grooves, each pair separated
by narrow, low ridge; rarely with faint foot im-
pression; somewhat similar to Gordia Emmons
[=Unisulcus Hircucock]. [Made by arthropods;
common in Coconino Sandstone.] L.Perm., USA
(Ariz.).

Diplopodomorpha CrirLoNKAR & Babpwe, 1970, p.
4 [*D. cretaceca; OD]. Trail 0.7 to 0.8 cm.
wide with clusters of 3 or 4 tubercles separated
by smooth axial region 0.35 to 0.4 cm. wide,
consecutive clusters spaced 0.15 to 0.2 cm. apart,
each cluster of tubercles composed of one large
and 2 or 3 subequal smaller impressions. [Prob-
ably produced by diplopodous arthropod.] U.
Cret., India. Fic. 37,3. *D. cretaceca, Nimar
Ss.; X0.7 (Chiplonkar & Badwe, 1970). [De-
scription supplied by W. G. Haxkes.]
Echinospira Grorrmi, 1970, p. 60 [*E. pauciradi-
ata; OD]. Similar to Zoophycos sl.; character-
ized by an “aculeate” edge; unbranched “radioli,”
30 to 40 cm. in length; “pinnulae” on only one
side of “radioli,” disappearing at their end.

Miscellanea—Trace Fossils and Problematica

[Gror11 followed PrikA’s description of these
supposed imprints of sabellid prostomia, desig-
nating Echinospira as ichnofossil, although he was
in agreement with PLI&XA’s interpretation of
Zoophycos and similar forms as “anatomical parts
of polychactes.”] U.Tert.(Mio.), Eu.(C.ltaly).
Eugyrichnites Ami, 1905, p. 291 [*E. minutus;
M]. Minute tortuous trail, about 1 mm. wide;
with fine annulations (25-30 closely set parallel
lines in 1 cm.). [Said to resemble Gyrichnites
WHITEAVES; never figured, no specimens located
in Canadian collections.] ?S#., Can.(N.B.).
Fascifodina Oscoop, 1970, p. 340 [*F. foweri;
OD]. Vertically bundled shafts; mostly preserved
as crescentic or horseshoe-shaped groups of short
concave and vermiform markings (epireliefs) sur-
rounding lower part of single shaft; upper portion
of original burrow, particularly upper part of
master shaft, very probably stripped away by
erosion. [Morphology not yet fully understood;
first described by Frower (1955), but left un-
named and interpreted as the vermicular mark-
ings produced by tentacles of orthoconic nautiloid
Orthonybyoceras grasping sea bottom for feeding
and clinging to substratum to resist motion of the
water; interpreted by Oscoop (1970) as feeding
burrow.] U.Ord.(mid.Cincinnat.), USA(Ohio).
Fic. 39,3. *F. floweri; block diagram, X0.19
(after Osgood, 1970).

Fascisichnium Ksipzkiewicz, 1968, p. 10 (Pol.),
p- 16 (Eng.) [*F. extendum; M]. Large central
area surrounded by numerous arrowlike ribs ar-
ranged like bundle of scattered rods; ribs straight
or curved, tapering to point, not diverging from
center of inner field, but lying excentrically out-
side of it; whole trail 8 to 10 c¢m. long, up to
5 cm. wide. [Found in flysch deposits.] L.Terz.
(Paleoc.-Iow.Eoc.), Eu.(Pol.). Fic. 37,1. *F.
extendum, Paleoc.-low.Eoc., Carpathians; X0.8
(Ksigzkiewicz, 1968).

Felixium peE Lausenreis, 1955, p. E36 [pro
Rhizocorallium Frrix, 1913 (non Zenker, 1836)]
[*Rhizocorallium glaseli FeLix, 1913; OD].
Elaborately sculptured, curved cylinder 5X20
c¢cm. Cret., Eu.(Ger.).

Fraena Rouaurt, 1850, p. 729 [*F. Sancti-Hilairei;
SD PinEau, 1946, p. 77]. Rarely used name for
simple trails, unilobate as well as particularly
bilobate, some smooth, some striated longitudinally
or transversely. [RouauLT combined in “genus”
seven “species” which were subsequently placed
in Cruziana, Rouaultia (type species, Fraena
lyellt), and Rusophycus; pE TROMELIN & LEBEs-
conTE (1876, p. 627), MarTHEW (1891, p. 158),
Péneau (1946, p. 77), and other authors recom-
mended restricting name Fraenz to simple smooth
unilobate trails of type of first “species” described
by Rouvavrt, F. sanctihilaires; see also Palacotenia
guilleri Crif, 1883.] Ord., Eu.(France).

Fucoides BroncNiarT, 1823, p. 308 [*F. strictus;
SD James, 1894, p. 69]. Formerly used as generic
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o
Diplichnites

Glockeria b

Fic. 39. Trace fossils (p. W61-62, 64).

name mostly for regularly branching, plantlike tologicus” (1849 listed 59 “‘species,” JamEs
tunnel structures; at present only used informally (1894), describing history of “genus,” ascertained
(“fucoid™), due to too many widely differing 85 “species’; by 1825 Fucoides had been divided
“species”  descriptions; Brown’s “Index Palacon- into “subgenera” and by 1828 into “sectiones.”
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James (1892a, p. 76) wrote “that before many
years the genus (Fucoides) began to overflow
and then, like an overloaded wagon, broke
down. . . . Among the debris we find tracks of
crustaceans, burrows of worms, trails of mollusks,
marks made by trailing tentacles of medusae,
markings made by the tide or waves, rills by
running water, and holes formed by burrowing

worms.”; Fucoides graphica Vanuxem, 1842,
common in the lower Upper Devonian of western
New York, has been used for determining trends
or directions of paleocurrents in that sequence
(CoLroNn, 1967). [See also Chondrites.}

Fucusopsis PaLIBIN in VassoevicH, 1932, p. 51
[*F. angulatus; M) [=Trichophycus sulcatum
MiLLer & Dver, 1878, p. 4 (for synonymy see
Oscoop, 1970, p. 380); Fucopsis GrossHEIM, 1946,
p. 115 (nom. null.); ?Gyrochorda fraeniformis
Farrfs, 1963, p. 116]. Stretched tubiform bur-
rows (2-10 mm. in diameter), long, straight,
sometimes branching, crossing over and inter-
penetrating; with typical threadlike sculpture;
regarded by Semacmer (1959, p. 1070) as pro-
duced by burrowing activity; interpreted by
Oscoop (1970, p. 380) as “tension faulting” in
sole of host rock; appearance depending on kind
of preservation. [Originally regarded as marine
alga or inorganic; now interpreted as burrows of
infaunal origin.] [Found in flysch deposits.]
U.Ord.(Cincinnat.), USA(Ohio); Cret.-L.Terz.,
Eu.(Switz.-Spain-Pol.-Italy-?Aus.-USSR); ?Terz.,
S.Am.(Venez.). Fic. 37,5. *F. angulatus, U.
Cret.(Senon.), USSR; X0.3 (Gekker, in
Hintzschel, 1962).

Fustiglyphus Vyarov, 1971, p. 90 [*F. annulatus
(=Rhabdoglyphus grossheimi BouCex & Erik§,
1962, p. 146 (partim), non VassoEvicH, 1951, p.
61); M]. Straight strings or narrow cylinders
of varying length encircled by ringlike “knots™ or
well-defined swellings at regular or varying in-
tervals; rosary-like. [Difficult to interpret as trace
fossil; according to Oscoop, 1970, p. 369-371),
a variety of repichnia or fodinichnia; believed
by BouZek & Erid¥ (1962) to be made by amphi-
pods or gastropods or even a holothuroid similar
to Leptosynapta; for detailed discussion of Fusti-
glyphus see Rhabdoglyphus in Oscoop (1970, p.
369-371) and (in Czech language) Boulrk &
ELA¥ (1962). See also Rhabdoglyphus Boulex
& EL1&§, p. W99, for a discussion of the nomen-
clatural history of Fustiglyphus.] U.Ord.(Cin-
cinnat.), USA(Ohio); Tert.(Eoc.), Eu.(Pol.);
Tert. (Paleog., Magura Gr.), Eu.(Czech., Car-
pathians). Fic. 39,2. *F. annulatus, Magura
Gr., Carpathians; X0.56 (Boudck & Elid§, 1962).
[Description supplied by Curtr TEicuerr and
W. G. Hakss.]

Glockeria Ksiazriewicz, 1968, p. 9 (Pol.), p. 15
(Eng.) [*G. glockeri; OD]. Starlike trace fossil
with numerous long rays, straight, pointed, com-
monly dichotomous and radiating from small
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central area; small ones between main ribs;

diameter 6 to 13 cm.; feeding burrow. [Found

in flysch deposits.] L.Cret., Japan-Eu.(Pol.); U.

Cret.(Senon.)-L.Tert.(Paleoc.),  Eu.(Pol.-Spain).

Fic. 39,5a. *G. glockeri, L.Cret.(Berrias.,
Cieszyn Ls., Pol.(Goleszéw); X0.3 (Ksigzkiewicz,
M., 1970, p. 311, in: Trace Fossils edited by T.
P. Crimes & J. C. Harper, Geol. Jour. Spec. Issue
3, Seel House Press, Liverpool). Fic. 39,556.
G. sparsicostata Ksiazxiewicz, U.Cret.(Senon.,
Inoceramian Beds), Pol.(Zawoja); X0.3 (from
Ksigzkiewicz, M., 1970, p. 311, in: Trace Fossils
edited by T. P. Crimes & J. C. Harper, Geol.
Jour. Spec. Issue 3, Seel House Press, Liverpool).

Gluckstadtella Savace, 1971, p. 231 [*G. cooperi;
OD]. “Arthropod resting impression,” 8 to 22
mm. long, 5 to 14 mm. wide; showing 6 pairs
of appendage marks; anterior 2 pairs longest,
remaining 4 pairs shorter and forming distinct
group directed obliquely backwards. [Perhaps
producer of trails described by Savace (1971, p.
225) as Diplichnites sp.; from freshwater peri-
glacial environment.]) L.Perm.(Dwyka Gr.), S.
Afr.(N.Natal). Fic. 39,6. *G. cooperi; 6a,
X 1.4; 65, X 1.7 (Savage, 1971).

Goniadichnites Mattuew, 1891, p. 160 [*G.
trichiformis; M]. Small sinuous smooth trails,
no larger than slender thread, commonly branch-
ing, apparently forking dichotomously; resembl-
ing trails of Recent Goniada as figured by
NatHorsT (1881a). Cam., Can.

Gordia Emmons, 1844, p. 24 [non MELICHAR,
1903] [*G. marina; M] [—=Palaeochorda M’Coy
in Sebcwick, 1848, p. 224 (type, P. minor
M’Cov; SD HAiNTzscHEL, hercin) (non P. marina
(Emmons) sensu  Genirz, 1867, p. 14; see
Dictyodora Weziss, 1884); Palacochordia Eicn-
waLp, 1860, p. 53 (nom. null.); Herpystozeum
Hrrcucock, 1848, p. 245 (type, H. marshii; SD
Luwr, 1953, p. 50); Helminthoidichnites FrrcH,
1850, p. 868 (type, H. tenuis; SD HANTZSCHEL,
1965, p. 45); Unisulcus Hitcucock, 1858, p.
160 (nom. nov. pro Herpystezoum HITCHCOCK,
1848); Gordiopsis Heer, 1865, p. 439 (type,
G. valdensis; M)]. Long, slender, smooth worm-
like trails of uniform thickness throughout; mostly
bent but not meandering; resembling hair-worm
Gordius. ?Precam., Can.; Paleoz.-Cenoz., Eu.-N.
Am. Fic. 39,1a,6. G. sp.; la, M.Dev.(Eifel.),
Ger.(Holzmiilheim, Eifel), X0.5 (Fischer &
Paulus, 1969); 15, schem. drawing, X0.5
(Hintzschel, 1962).

Granularia PomeL, 1849, p. 333 [*Aigacites gran-
ulatus voN ScHLoOTHEIM, 1822, p. 45; “OD”]
[non Granularia PoLETAEVA, ?1936] [=Alcyo-
nidiopsis MassaLonGo, 1856, p. 48 (no type spe-
cies designated)]. Elongated fillings of burrows;
long, diameter up to about 15 mm.; twig-shaped,
with rather regular branching; walls originally
lined with clay particles; burrows observed by
SeiLacHer (1962, p. 228) in flysch deposits of
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Spain which are up to several meters thick.
[Bater (1911, p. 555) wrote erroneously that
“Granularia was established by Pomrr (1847)
with G. repandz as genotype”; Pomer described
six “species” and he founded Granularia on

Algacites granulatus, the same species on which

BrovoniarT {1849) founded his “genus™ Phy-

matoderma; for discussion of somewhat confused

synonymy and nomenclature see also RorHpLETZ

(1896, p. 889).] [Found in fysch deposits.]

Sit., Australia; M.Jur., Eng.; Cret.-L.Tert., Eu.

~———Fi6. 40,3a. G. sp. ¢f. G. arcuata SCHIMPER,

L.Tert Alberese, Italy; X125 (Reis, 1909).

Fic. 40,36. G. lumbricoides (Heer), L.Tert.,
(Alberese), Italy; X 1.25 (Reis, 1909).
Gyrichnites Warreaves, 1883, p. 111 [*G. gaspen-
sis; M]. Trails of large size; undulating, slender,
rounded furrows marked transversely by nearly
straight, subparallel and subequidistant grooves.
[?Annelid trail; name given as “provisional and
local,” apparently never used since 1883.] ?U.
Cam., USA(N.Y.); Derv., N.Am.(Can.}——Fic.
404. *G. gaspensis, LDev., Can; XO0J3
(Whiteaves, 1883).

Gyrochorte Hzer, 1865, p. 142 [*G. comosa; SD
Hinrzscuer, 1962, p. WI196] [==Gyrochorda
ScHIMPER in ScHMPER & Scuenk, 1879, p. 51
(nom. null.); PEquihenia Mrunier, 1886, p. 567
(type, E. rugosa)]. Trace up to 5 (rarely 10)
mm. wide; in epirelief preserved as plaited ridges
with biserially arranged, obliquely aligned pads
of sediment (“Zopf-féhrten’ of German litera-
ture); in hyporelief preserved as smooth biserial
- grooves separated by median ridge; course strongly
winding and direcdon changing sharply; trace
may intersect itself or other traces; ridges and
their grooves may be separated by vertical dis-
tance of 1 em.; usually preserved in clastic sedi-
ments, [Crawling tails, similar to amphipod
trails (e.g., Corophium); doubtless made by tun-
nelling through sediment; producer unknown,
Pworms or crustaceans; for model of this trail see
Serracuer (1955, p. 380, fig. 2b); for detailed
discussion of mechanism of formation of this trail
see Harram (1970, p. 192-195) G. bisulcata
Geingrz, 1883-95 (Eoc., N.Ger.) does not belong
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Gyrolithes ps Saporra, 1884, p. 27 [*G. davreuxi;
SD Hinrtezschen, 1962, p. W200] [==“Gyro-
lithen” Dssrey, 1849, p. 10 (partim; not used
as “genus); Siphodendron pE Saporta, 1884, p.
38 (type, S. girardotiy; Syringodendron Fucws,
1895, p. 404 (Perroncously pro Siphodendron);
Daemonhelix krameri von Ammon, 1900, p. 63;
Xenohelix MansrisLp, 1927, p. 6 (type, X. mary-
landica)]. Dextrally or sinistrally coiled burrows
up to several cm. in diameter, sometimes with
rounded or elongate processes which may be
branching near upper end; diameter of whorls
mostly uniform; vertically oriented; up to several
decimeters high. Thin mantle of burrows may
be formed by network of small Chondrites;
“Xenoheliz” with Ophiomorpha-like ornament
are also known from Tertiary of Germany (Kive-
pER, 1962) and Borneo (Kery, 1965). [Probably
made by decapod crustaceans (with exception of
the specimens from L. Cam., Nor.); for discus-
sion see Fucns, 1894b; Umscrove, 1925; Hinrz-
scHEL, 1934; Kiirper, 1962; Toors, 1963.]
PL.Cam., Eu.(Nor.); Jur-Tert., Eu.-USA-S.Am.
{Venez.)-Borneo. Fic. 41,4a. G. marylandicus
(MansFisLp), Mio., Md.; X? (Mansfield, 1927).
Fia. 41,45, G. saxonicus (Hiwrtzscmer), U,
Cret.(Turon.), Ger.; X0.4 (Hintzschel, 1934).

Gyrophyllites Grocker, 1841, p. 322 [*G. kwas-
sizensis; M] [==Sargassites rehsteineri Fiscuen~
QosTER, 1858, p. 34; ?Discophorites Heer, 1877,
p. 145 (no type species designated)]. Vertical or
oblique shaft from which 5 to 20 (average 10)
club- or leaf-shaped feeding tunnels radiate at
different levels in whorled or helical arrange-
ment; rosettes up to several ¢m. in diameter,
becoming larger upward; tupnels may show
spreiten structure; shape of whole structure coni-
cal. [Definite trace fossil, producer unknown;
for description of several “species” and inter-
pretation as algae see LoreEnz von Lisurnavu
(1900, p. 568); Vonpersank (1970, p. 104) re-
constructed complete sequence of rosettes of vari-
ous sizes comnected by the central shaft and
ending in funnel-shaped aperture above highest
rosette (Tert, Spitz.).] [Found in flysch de-
posits.] Derv., Jur.-Tert,, Eu; ?Jur.-Tert.,, NZ.

to Gyrochorte, s.s., but is similar to Dregs:

VAN DER MAaRrck; “Gyrochorte” carbonaria Sk1-
racHer, 1954 (U.Carb,, Ger.) is no true Gyro-
chorte; for discussion see Smiracuer (1963, p.
83). MarTtiNssoN (1965, p. 219) has described
the relationship of Gyrochorte to Halopoa
Torerr.] S#., USA(Ga.), ?Carb., Jur-Tert., Eu.-
Greenl.; ?Carb., ?Jur-Tert,, USA-S.Am.-Antarct.
Fic. 40,1. *G. comosa, M.Jur,, Switz.; X1
{Heer, 1865).

1 Hatram’s proposed mode of origin for Gyrochorte as
a collapsed tunnel has been recendy rejected by Hzinssre
(1973}, who described vertical spreite-like seructures connect-
ing the epichnial ridges with the hypichnial grooves and felt
that Gyrockorte was produced by a polychacte-like worm
moving obliquely through the sedimeat. [W. G. Haxues.]

Fic. 40,2. G. sp, UCretr, Aus.; 2a, X1
(Fuchs, 1895); 2b, schem. (Seilacher, 1957).
Haentzschelinia Vyarov, 1964, p. 113 [*Spongia
ortoi Grinrrz, 1849, p. 113; OD]. Starlike trail
with elevated center, about 5 c¢m. in diameter;
generally 6 to 10 radiadng grooves, rather ir-
regularly and often only unilaterally developed.
[Originally described as sponge similar to Peroni-
della furcata (Gorpruss); obviously a feeding
burrow made by crustaccans or worms.] Trias,
Asia(USSR, NE.Sib.); U.Cret.(Cenoman.), Eu.
{Ger., Saxony)~Fic. 42,3. *H. ottoi (GeiNiTZ),
U. Cret,, Ger.; 32, X12.5; 35, X0.33 (Hintzschel,

1930).
Halimedides Lorenz vox Lisurnav, 1902, p. 710
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Fic. 40. Trace fossils (p. W64-65).
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Fic. 41. Trace fossils (p. W65, 67).

[*Halimeda fuggeri LorEnz von Lizurnau, 1897,
p. 177; M]. Burrow with bilaterally (“pinnate’)
arranged, kidney-shaped extensions. [Morpho-
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logically very similar to Recent alga Halimeda
Lamouroux; Halimedides proposed only for
Halimeda fuggeri; Halimeda saportae Fucus
(1894c, p. 204) identical to problematical body
fossil Halysium Swipzinski, 1934.] [Found in
flysch deposits.] Cret., Eu.(Aus.). Fic. 42,1.
*H. fuggeri; %03 (Lorenz von Liburnau, 1897).

Halopoa Torzrr, 1870, p. 7 [*H. iméricata; SD
HinrtzscHeL, herein (not Anprews, 1970, p. 99,
which was a proposal rather than a valid desig-
nation)] [=Scotolithus Linnarsson, 1871, p. 18
(type, S. mirabilis); for discussion see MaRTINS-
soN, 1965, p. 219]. Long, slightly curved trails
dug along surface; surface of trail with typical
imbricate or lycopodiaceous structure; diameter of
burrows about 0.5 to 1 c¢m. [Probable producers
epipsammonts; for the first time since ToRELL's
description in 1870, figured and discussed by
Marrinsson (1965, p. 219), who grouped “the
halopeans”  with  Zepffihrten  (=Gyrochorte
Hesr) although they show no typical plaitlike
structures,] Cam., Eu.(Swed.). Fic. 41,5. *H
imbricata; L.Cam., Lugnis, Vistergotland; X0.5
(Martinsson, 1963).

Hamipes Hrrcucock, 1858, p. 150 [*H. didacty-
ws; M]. Two paired, regular, parallel rows of
equidistant impressions of steps, curved inward,
somewhat hook-shaped; width of trackway 40
mim; foot impressions nearly parallel, may be
slightly divergent. [Arthropod trail.]  Trias.,
USA (Mass. ). Fre. 41,3. *H. didactylus; %0.7
(Hitcheock, 1858).

Haplotichnus MiLLer, 1889, p. 578 [*H. in-
dianensis; OD]. Simple trail, straight or curved,
sometimes bent sharply. [Supposed to be made
by larva of ?palaccdictyopterid.] U.Miss.(Kas-
kaskia Gr.), USA(Ind.)

Harpepus Hrrcucock, 1865, p. 16 [*H. capillaris;
M]. One or 2 rows of tracks showing slightly
curved feet impressions, somewhat sickle-like, one
end raised, blunt. Trigs.,, USA(Mass.). Fic.
41,1. *H. capillaris; %07 (Lull, 1953).

Helicodromites Brrcer, 1957, p. 540 [*H. mo-
bilis; M]. Smooth screw-shaped burrows, hori-
zontal; diameter of tunnels about 2 mm.; inter-
val between spiral turns about 5 mm. [For
discussion of similar Recent traces from marine

and terrestrial sediments, see A. H. MOLLER
(1971a).] Oligo.{Rupel.), Eu.(S.Ger.). Fic.
41,2, *H. mobilis; 0.7 (Berger, 1957).

Helicolithus  Hiwtzscuer, 1962, p. W200 [*H.
Sampelayoi Azpertia Moros, 1933, p. 48; OD]
[=Helicolithus Azrermia Moros, 1933, p. 48,
nom. nud., cstablished without designation of
type species]. Small, meandering, screw-shaped
burrows; diameter of tunnels 1 mm.; diameter of
spiral up to about 3 mm.; somewhat similar to
Helicodromites but much smaller; Helicolithus
fabregae Azperria Moros resembling Belorhaphe
Fucws, but with sharp turns. [Grazing trails, first
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Fic. 42. Trace fossils (p. W65, 67, 70).
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Fic. 43. Trace fossils (p. W70, 74).
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interpreted as algae.] [Found in flysch deposits.]
?L.Cam., Eu.(Nor.); Cret.-L.Tert., Eu.(Aus.-
Pol.-Spain-Italy). Fic. 42,2. *H. sampelayoi
Azpertia Moros; 2a, ?Cret., Italy; schem. draw-
ing, X1.5 (Seilacher, 1955); 24, U.Cret., Spain;
%1 (Azpeitia Moros, 1933); 2¢, U.Eoc. (Magura
Ss.), Carpathians; X 1.3 (Ksigzkiewicz, M., 1970,
p. 297, in: Trace fossils, ed. by T. P. Crimes &
J. C. Harper, Geol. Jour. Spec. Issue 3, Seel
House Press, Liverpool).

Helicorhaphe Ksigzxiewicz, 1970, p. 286 [*H.
tortilis; OD] [=Helicoraphe Ksipzxiewicz, 1961,
p. 885, 889; published as “n.f.” without species
name]. Very narrow sole trails resembling hori-
zontal spring with narrow turns (15/1 cm.);
differing from similar Helicolithus AzpErTia
Moros, 1933, by nearly straight course, not me-
andering and more tightly twisted. [For discus-
sion of similar Recent traces see A. H. MULLER
(1971a).] [Found in flysch deposits.] Terz.
(low.Eoc.), Eu.(Pol.). Fic. 434. H. sp.,
Pol.; X1.5 (Ksigzkiewicz, 1961).

Heliochone SeracuHer & HemLeseN, 1966, p. 46
[*H. hunsrueckiana; M]. Large, somewhat com-
plex system of burrows consisting of circular
tunnel with numerous (max., 22) vertical shafts
proceeding from it at equal intervals; shafts
connect tunnel with surface of sediment; whole
starlike system originated by congruent enlarge-
ment of ring-shaped tunnel in outward and
downward direction; diameter of burrow up to
50 cm.; probably feeding burrow. L.Dev.
(Hunsriick shale), Eu.(Ger.). Fic. 43,2. *H.
hunsrueckiana; 2a, schem. drawing; 26, X0.4
(Seilacher & Hemleben, 1966).

Helminthoida Scuarmiutr, 1851, p. 142 [*H.
labyrinthica HEER, 1865, p. 246; SD HANTZSCHEL,
1962, p. W200] [—=Elminthoida Sacco, 1886,
p. 940; Helminthoidea MaiLLarp, 1887, p. 7
(and other authors); Helminthoides Fucns, 1895,
p. 385; Helmintoidea ViNassa DE RecNy, 1904,
p. 318 (all nmom null)]. Meandering tunnel
trails; meanders numerous, very regular, parallel
and closely spaced, but may be irregular, not
always parallel, and not closely spaced; about 1
to 3 mm. wide, max. width of meanders about 1
cm., and length 10 cm.; regular meanders (par-
ticularly H. crassa) are type of the “guided
meanders” (RicuTEr, 1924, p. 153); species of
this “genus” exhibit much variability, thus
Ksipzxiewicz (1970, p. 296) introduced two
“groups” and some “formae” (e.g., H. laby-
rinthica forma lata). [Former interpretations:
plants (algae), worms, feeding traces of gastro-
pods, strings of spawn (RecH-FroLro, 1962);
now regarded as internal grazing trails of worm-
like animals. For behavioral analysis, see RICHTER
(1928) and Semwacuer (1967a,c); meanders are
probably effected by stimuli (homostrophy, thig-
motaxis, phobotaxis); Semacuer (1967c, p. 76)
described areas of disturbance created by churning
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of sediment along sides of tunnels.] [Found in
flysch deposits.] Cert.-Terz.,, Eu.-N.Am.(Alaska)-
S.Am.(Chile-Venez.-Trinidad)-Asia (Japan)-?N.Z.
Fic. 44,1a,b. H. sp.; la, schem. drawing;
16, Tert., Toscana, Italy; X0.75 (Seilacher,
1967a,). Fic. 44,Ic. *H. labyrinthica, U.
Cret., Aus.; X1 (Hintzschel, 1955). [See also
Fig. 55,1b,c.]

Helminthopsis Heer, 1877, p. 116 [non Grou-
VvELLE, 1906] [*H. magna; SD Urrich, 1904,
p. 144] [=Elminthopsis Sacco, 1886, p. 939;
Helmintopsis Vinassa pE Reony, 1904, p. 319
(nom. null.); Magarikune MiNaTO & SuvaMa,
1949, p. 277 (type, M. akkesiensis); ?Serpen-
tinichnus MAaYER, 1956, p. 8 (type, S. bruch-
saliense); Tosahelminthes Katro, 1960, p. 333
(type, T. curvata); Helmenthiopsis CHAMBERLAIN,
1971a, p. 216 (nom. null.)]. Simple meandering
smooth trails, but not as stricly developed as
Helminthoida s.s. (RicuTER, 1928); in part with
marginal ridges. [Helminthopsis involuta DE
STEFANI, 1895, and H. ?Pconcentrica AzPEITIA
Moros, 1933, p. 46, are to be placed in
Spirorhaphe Fucus; H. sinuosa AzpeirTiaA Moros,
1933, p. 45, in Cosmorhaphe Fucms; H. tenuis
Ksipzxiewicz, 1968, p. 7, should be ascribed to
the “genus” Gordia Emmons.] Ord.-Tert., Eu.-
Asia-N.Am.-Antarct.-S.Am.(Venez.). Fic. 44,
2. H. sp., UCret; 2a, Alaska, X1 (Ulrich,
1904); 25, Aus.,, X0.75 (Abel, 1935).
Hexapodichnus Hitcucock, 1858, p. 158 [*H.
magnus; SD LuLy, 1953, p. 45]. Triple rows of
tracks on ecither side of median line; inner im-
pressions parallel, outer tracks also parallel or
diverging outward; width 15 to 20 mm. [Prob-
ably made by insects.] Trias.,, USA(Mass.).
Himanthalites voN Fiscaer-OosTer, 1858, p. 54
[*H. taeniatus; M) [==?Chondrites taeniatus
Kurr, 1845, p. 16; ?Taeniophycus SCHIMPER,
1869, p. 190 (type, T. liasicus)]. Probably only
a large Chondrites; specimens from Switz. with
fewer ramifications. ?Jur., Ger.; Cret.-Tert., Eu.
(Switz.-Italy), Tert.(Mio.), N.Z.

Histioderma Kinaman, 1858, p. 70 [*H. hiber-
nicum; M]. Curved tubes, upper extremites
trumpet-shaped, lower turned up at right angle
to bedding plane; upper portion of tubes marked
by several ridges crossing each other at irregular
intervals. [Dwelling burrow.} Cam., Ire.
Fic. 45,2. *H. hibernica; 2a,b, ca. X0.7 (Hallissy,
1939).

Hormosiroidea Scuarrer, 1928, p. 214 [*H.
florentina; OD]. Hemispherical or spherical
bodies arranged on thin strings like pearls; diam-
eter of hemispheres 0.5 to 1 cm., of string 1 to
2 mm.; surface of some specimens coarsely granu-
lose. [ScHAFFER regarded Hormosiroidea (1928)
as alga similar to Recent Hormosira, explaining
the swellings as spore cases; interpreted by Se1-
racHER (1959, p. 1068) as a rosary-like trail of
unknown origin. It is doubtful whether ScHAFFER
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Fic. 45. Trace fossils (p. W70, 74).

(1928) regarded Hormosira moniliformis HEEr,
1877, p. 161 (flysch, Switz.), as belonging to
Hormosiroidea; for Hormesira see Halysium
Swinzinskl (probably a body fossil)., For dis-
cussion of possible synonymy of Hormosiroidea
with Fustiglyphus Boufex & Evrikf, see Os-
coopn, 1970, p. 369, who placed Hormosiroidea
in repichnia] [Found in flysch deposits.] Crer.-
L.Tert., Eu.(Aus.-Switz.-Spain-Italy). Fic. 43,
3. *H. florentina, U.Cret, Italy; X0.7 (Hintz-
schel, 1962, courtesy Naturhist. Mus. Wien),

Hydrancylus von Fiscuer-Ooster, 1858, p. 39
[*Muensteria geniculata von STERNBERG, 1833, p.

1 Oscoop (1970} compared his  specimens with those
figured by BouCex & Euid$ (1962); see both Fustiglyphus
Vearov, 1971, p. Wod and Rbabdoglyphus Boufrx & Eviii,
1962, p. W99, for clarification. [W. G. Haxzs.]
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32; OD] [=Hydrancilus Narrorst, 1881, p. 83
(nom. null)]. Groups of rounded leaflike im-
pressions arranged irregularly or in lyre shape.
[Feeding burrow, proposed as ‘“‘subgenus” of
Muensteria voN STERNBERG, originally interpreted
as plant; first interpretation as trace fossil was
by Narmorst, 188la, p. 83.] [Found in flysch
deposits.]  Cret.-L.Tert., Eu. Fie. 46,1. H.
oosteri von FiscHer-Ooster, ?U.Cret, Switz.;
¥ 1.5 (von Fischer-Ooster, 1858).

Fic. 46. Trace fossils (p. W72, 74-75).
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Ichnites Hirrchcock, 1837, p. 175 [=<Ichnites
Vinassa pe Recny, 1904, p. 320). Name intro-
duced as general term for all footmarks (ie,
subgroups Tetrapodichnites, Sauroidichnites, Or-
nithichnites); sometimes also wused as generic
designation with species name for several tracks
and trails of invertebrates and vertcbrates (eg.,
Ichnites lithographicus OppeL, 1862, a xiphosuran
track from the Upper Jurassic Solnhofen Lime-
stone from Bavaria, type species of Kouphichnium
Norcsa).

Ichnocumulus Sexiacuer, 1956, p. 154 [*L ra-
diatus; OD]. Small pustule-shaped bodies pos-
sessing  straight, radiate projections. [Resting
traces made by unknown animals hiding tem-
porarily in sediment.] L.Jur.-M.Jur., Eu.(8.Ger.).

Fic. 43,1. *I. radiatus, L.Lias(Angulaten-
Schichten; la, holotype, X1; 15, another speci-
men with especially thin projections, X1 (Sei-
lacher, 1956b).

Ichnyspica Linck, 1949, p. 36 [*. pectinata; OD]
[==Ichnispica LesserTisseur, 1955, p. 35 (nom.
nuil.)]. Double wack, each composed of numer-
ous “teeth” as in a comb; teeth straight and
ending in very sharp points; rows curved, parallel
and equidistant. [Type of “ear-shaped” trails
{e.g., Ichnia spicea Ricurer (1941, p. 229); ac-
cording to Linck (1956, p. 50), Ichnyspica is
sometimes difficult to distinguish from comblike
drag marks of Eguisetites.] U.Trias. (M Keuper),
Eu.(S8.Ger.) —Fi6. 44,3. *I. pectinata; X0.3
(Linck, 1949b).

Ichthyoidichnites Amy, 1903, p. 330 [*L acadien-
sis; M [Ppartim == Protichnstes carbonarius Daw-
soN, 1873, p. 16]. Two rows of dashlike impres-
sions with small ridges or montcules at posterior
ends. [Believed to be made by fin or finlike ap-
pendages of acanthodians (Ami, 1903) or by
arthropods (Assr, 1935, p. 79).] L.Dev.{Knoy-
dart F.}, N.Am.(Can., Nova Scotia).
Imbrichnus Havvam, 1970, p. 197 [*L. wattonen-
sisy; M), Sediment-filled, winding burrows 0.5
to 1.0 cm. in diameter, commonly parallel 1o
bedding plane, only locally slightly ascending or
descending, on lower surfaces of sandstones pre-
served as semirelief or full relief; characterized
by superficial imbricate structure, formed by suc-
cessive pads of sandy sediment, 1 to 3 mm. thick,
inclined at approximately 60° to horizontal,
[Produced by movement of an animal along or
below sand-mud interface, perhaps by a small
bivalve, imbrication formed by periodic extension
of the foot, the smooth-walled core by the shell.}
M.Jur.(Bathon., Forest Marble F.}, Eu.(Eng., Dor-
set). Fic. 46A,1. *l. wattonensis, Forest Mar-
ble F., Watton Cliff, Dorset; I, holotype, X0.38;
15, %0.34 (Hallam, A., 1970, p. 197, in: Trace
Fossils ed. by T. P. Crimes & ]. C. Harper, Geol.
Jour, Spec. Issue 3, Seel House Press, Liverpool).

Imponoglyphus Vvavov, 1971, p. 89 [*. torguen-
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dus, p. 89; OD]. Single trace, curved to a greater
or lesser degree, a cord with regularly spaced
constrictions, being like truncated cones invagi-
nated into one another. U.Trias., C.Asia(SW.
Pamir). Fic. 45,1. *l. torquendus, lab,
X0.67; Ic, enl. (Vyalov, 1971). [Description
supplied by Curt TricueRT. ]

Incisifex Dammzr, 1937, p. 525 [*. rhenanus;
M]. Two parallel rows of obliquely arranged
notches, stemming from 3-membered extremities;
between and outside rows smooth strips of sedi-
ment made by sliding venwral side of animal.
{Produced by arthropods, perhaps Homalonotus.]
L.Dev., Eu.(Ger.-Belg.); ?Perm., S.Afr. Fic.
46,2. *1. rhenanus, L.Dev.(Seifener beds), Ger.;
X 0.7 (Dahmer, 1937).

Irredictyon Vyavov, 1972, p. 79 [*l. chaos; OD].

Similar to Paleodictyon, but meshwork of burrows
more irregular. Tert.(low.Paleoc.), USSR (N.
Daghestan).  [Description supplied by Curt
TricHERT. }

Isopodichnus Bornemanw, 1889, p. 25, explan. pl.
I [emend. Scuinpeworr, 1928, p. 27 (non
Bravy, 1947, p. 470)] [*. problematicus; SD
Scuinpeworr, 1928, p. 27 (=Ichnium prob-
lematicum Scminpeworr, 1921, p. 21)] [==?Bi-
pezia Marruew, 1910 (type, B. bilobata); for
discussion see GrarssNer, 1957, p. 107]. Dimor-
phous trace fossil consisting of small, straight, or
curved double-ribbon trails, up to about 6§ mm.
wide, transversely striated by fine furrows; both
“ribbons” separated by median ridge; trail may
be intermittent; associated with “coffee-bean-
shaped impressions of corresponding size. [Com-
bination of ribbonlike ploughing or raking trails
{in German, Weidespuren) and coffee-beanlike
resting trails, produced by arthropods, possibly
by phyllopods or another group of entomostra-
cans. SeiacuEr (1970, p. 456) considered Iso-
podichnus to be a facies indicator for the non-
marine environment; Livex (1942, p. 253)
restricted its facies range to brackish water. Most
similar trails in marine Paleozoic beds are prob-
ably made by uilobites, thus Isopodichnus has
been regarded as a synonym of Rusophycus Harn
or even Cruziana p’OmsioNY; for detailed dis-
cussion of Isopodichnus see Lincx (1942),
GrasssNeEr (1957), and BirkeEnMATErR & Brurton
(1971, p. 311, 317, 318); Oscoop (1970, p. 303)
restricted the name Isopodichnus to short Ru-
sophycus-like imprints of non-trilobite origin.]
L.Cam., Asia(Pak.}; ?0rd., S.Am.(Arg); USi.
(?Downton.), Spitz,; ?L.Dev., Eu.(Ger.); Carb.,
Australia, Can.(Nova Scotia-N.B.); L.Perm.
(Duryka Ser.), S.Afr.; Trias., Eu.(Ger.)-USA,
[The following “species” should be excluded
from Isopodicknus: 1. sp. Seeck (1945, p. 411)
{Mio., Switz.) (according to Seracmer, 1953b,
p. 115, internal trails of creeping gastropods); I.
raeticus Lanck, 1942, p. 242 (U.Trias, 5.Ger.);
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I. sp. MbLLEr, 1955b, p. 483 (L.Trias., Ger.)
and probably also I. #ritylotos HuNcER, 1947, p.
419 (M.Trias., Ger.).] Fic. 46,3. *I. prob-
lematicus, L.Trias.(Buntsandstein), Ger.; 3a,
X0.67 (Seilacher, 1960); 35, schem., X0.3
(Seilacher, 1963); 3c-e, X0.5 (Schindewolf,
1928).

Ixalichnus Carvison, 1970, p. 20 [*I. enodius;
OD]. Short track of subrectangular shape, formed
by 2 rows of 15 to 18 impressions; 5 cm. in
length, width decreasing more or less from rear
to front. [Made by a vagile trilobite, usually
swimming rather than crawling.] U.Cam.(Dead-
wood F.), N.Am.(USA, S.Dak.). Fic. 474.
*]. enodius, W.SDak.; 4a, trackway, X1.1; 45,
trackway of holotype, X 1.4 (Callison, 1970).
Keckia Grocker, 1841, p. 319 [*K. annulata;
M]. Fillings of cylindrical tunnels with trans-
verse annulation, single ‘‘segments” bent; bur-
rows straight or slightly curved, branched, 1 to
2 c¢m. wide, of varying length, lying in bedding
plane; similar to Taenidium but much larger;
fillings probably fecal material passed through
gut of animal. [Originally described as plant,
later interpreted as stuffed burrows of sediment-
feeding animal (in German, “Stopf-tunnel”); for
discussion of the interpretation, see HANTZSCHEL
(1938) and particularly RicHTER in WILCKENS
(1947, p. 44-45). Several “species” of Muensteria
voN STERNBERG and Caulerpites VON STERNBERG
have been placed by ScmiMpPER (in SCHIMPER &
ScHENK, 1879, p. 46) in Keckia; K. andina
BorreLLo, 1966 (U.Jur., Arg.) and K. haentz-
scheli Hunpt, 1941 (L.Dev., Ger.) should prob-
ably not be assigned to Keckia.] L.Cret., USA
(Texas); Cret.-Tert., Eu.(Ger.-Aus.-Czech.-Switz.-
PUSSR). Fic. 47,2. *K. annulata, U.Cret.
(Cenoman.), Ger.; X0.16 (Glocker, 1841).
Kingella Savace, 1971, p. 299 [*K. naralensis;
OD]. Impression subellipsoidal in outline 40 mm.
long, 15 mm. wide; curved marks at “anterior”
end indicating pair of antennae (about 10 mm.
long) and perhaps one pair of antennules; at
least 4 pairs of impressions of appendages. [Only
one specimen known, defined as resting impres-
sion by Savace; undoubtedly impression of crusta-
cean living in freshwater periglacial environment,
possible producer of trails named Umfolozia
Savage. It is questionable whether such an im-
pression is still to be included in lebensspuren
though interpreted as a resting trace.] L.Perm.
(Dwyka Gr.); S.Afr.(N.Natal). Fic. 47,1.
K. natalensis, U.Carb. or L.Perm.; X1.3 (Savage,
1971).

Kouphichnium Norcsa, 1923, p. 146 [*Ichnites
lithographicus Opper, 1862, p. 121; M]
[=Micrichnium Aser, 1926, p. 150 (type, M.
scotti); Micrichnus AmEL, 1926, p. 35 (nom.
null.); Artiodactylus Asmrr, 1926, p. 52 (type,
A. sinclairt); Hypornithes Jaexer, 1929, p. 238
(type, H. jurassica); Ornichnites JaEker, 1929,
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p. 235 (type, O. caudatus); Protornis JAEKEL,
1929, p. 216 (nom MEvER, 1844) (nom. nud.);
Paramphibius WiLLarp, 1935, p. 47 (no type
species designated); Léimuludichnulus LiNck,
1943, p. 10 (type, L. nagoldensis); Limuludich-
nus Linck, 1949, p. 46 (type, L. variabilis); for
discussion of all these synonyms see CASTER
(1939, 1940, 1944), Niersen (1949), Mavrz
(1964)]. Heteropodous tracks of great varia-
bility; complete track consisting of 2 kinds of
imprints, 1) 2 chevron-like series each of 4 oval
or round holes or bifid V-shaped impressions or
scratches, forwardly directed [made by anterior
4 pairs of feet], and 2) one pair of digitate or
flabellar, toe-shaped or otherwise variable im-
prints [made by birdfoot-like “pushers” of 5th
pair of feet, with their 4 or 5 leaflike movable
blades]; track with or without median drag-
mark;.occasionally preserved in the Upper Juras-
sic, Solnhofen Limestone, leading to carcass of
producer (Mesolimulus). [These traces were
originally misinterpreted as the work of fishlike
amphibians, birds (even Archaeopteryxl), ptero-
dactyls, or bipedal dinosaurs, or jumping mam-
mals, later recognized as made by limulids, par-
ticularly by comparisons with tracks of Recent
limulids (CasTer, 1938). Some tracks are trace-
able for distances of 10 m. or more. Rarely,
burrowing activity is recorded by lunate casts
corresponding to the limulid prosoma (e.g., K.
rossendalensis, U.Carb., Eng.; see Haroy, 1970).
Incomplete patterns of well-preserved limulid
tracks were recently interpreted as “undertracks”
(duplicate imprints on lower surfaces as opposed
to “surface tracks”) (GOLDRING & SEILACHER,
1971); composite types of these tracks apparently
made by males and females during the mating
season (BanDEL, 1967b, p. 7); for interpretation
of 2 sinuous grooves with different amplitude
produced by telsons of a pair of limulids in

nuptial embrace (U.Carb., Eng.),. see King
(1965).] Dey.-Jur., Eu.-N.Am.-Greenl. Fic.
47,3a. K. didactylus (WiLLarp), U.Dev.(Che-

mung), USA(Pa.); X1.4 (Caster, 1938). Fic.
47,3b. K. graclis (Linck), U.Trias.(Schilfsand-
stein), Ger.; X 0.6 (Linck, 1949). Fic. 47,3c.
Limulus polyphemus and its tracks (schem. draw-
ing) (Malz, 1964).

Kulindrichnus Havrram, 1960, p. 64 [*K. langi;
M]. Stumpy, cylindrical or conical bodies with
apex directed downward; oriented subvertically
in bed; up to 13 ¢m. in length and 7.5 cm. in
diameter; composed of shell aggregates, some
aligned peripherally to margin; matrix may be
phosphatic. [Interpreted as burrow (resting trail)
produced by cerianthid sea anemone; somewhat
similar “genera” are Bergaueria PRaNTL, Conich-
nus MyanniL, and Amphorichnus MyANNIL.]
L.Jur., Eu.(Eng.-Ger.). Fic. 48,2. *K. langi,
Blue Lias., Eng.; 2a, long sec. with phosphatic
sheath; 25, long sec. without phosphatic sheath;
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2¢, reconstr, burrow indicating calcite-filled cracks formal species name nor type species designated]
in phosphatic sheath, ca. 0.3 (Hallam, 1960}. [=Cyclozoon Wurm, 1912, p. 127 (partim)].
Lacvicyclus Quenstsor, 1879, p. 577 [neither Approximately cylindrical bodies standing at right
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angles to bedding plane; diameter variable in
same specimen; perforated by central canal; visi-
ble on bedding planes as regular concentric circles
with diameter of several cm. [Interpreted by
Quenstepr (1879, p. 577) as coral, by PuiLiep
(1904, p. 59) and Wurm (1912, p. 128) as
organism of unknown affinities, by ScumipT
(1934, p. 18-27) as inorganic, made by gas-
exhalations and water under pressure within
sediment, and by SeiLacuer (1953c¢, p. 270; 1955,
p. 389) as trace fossil (feeding burrow) compar-
able with dwelling shaft and scraping circles of
Recent annelid Scolecolepis. For comparison with
Palaeoscia CasTer, 1942 (U.Ord., Ohio), see p.
W147 and Oscoop (1970, p. 396).] L.Cam.,
Pak.; ?L.Carb.(Kulm), Eu.(Ger.); Trias.-Cret.,

Eu. (Eng.-Ger.-Spain-Italy)-N.Am.USA (Kans.).

Fic. 47,5. L. sp., 5a, U.Trias.(Campiler
beds), Italy; X0.22 (Schmidt, 1934); 55, recon-
str., L.Cam., Pak.; X2.4 (Seilacher, 1955).

Laminites Guent & Henperson, 1966, p. 158
[*L. kaitiensis; OD]. Large, long burrows; sub-
circular to nearly circular in cross section; slightly
meandering or running straight for some dis-
tance; filled with fine parallel laminations convex
in distal direction; maximum width up to 7.5
cm., length up to 0.5 m.; usually parallel to
bedding plane. [Similar to Keckia Grocker,
Planolites NicrHoLsoN, or other “Stopftunnel,” but
of much larger size; Beaconites Vyavrov, 1962,
possibly is senior synonym of Laminites (see p.
W45). Interpreted as periodic filling by sepa-
rate packets of feces backwardly extruded into
burrow; probably produced by holothurians; for
discussion see GReGory (1969, p. 6) and CHam-
BERLAIN (1971a, p. 226).] Penn., PN.Am.(USA,
Okla.); Tert.(Mio.), N.Z.

Lanicoidichna CuamserLaiN, 1971, p. 223 [*L.
metulata; M) [=Lanicoidichnus CHAMBERLAIN,
1971a, p. 216 (nom. null.)]. U-shaped burrows;
vertical to bedding; 1 to 3 secondary galleries
branching at base of U from main burrow and
running parallel with it, yielding W-shaped struc-
tures; occasionally linked at bases by horizontal
or oblique burrows; most additional burrows are
smaller than primary gallery; individual burrows
2 to 7 mm. wide; interval of limbs of U- or
W-shaped structure 2 to 3 cm.; length of entire
system about 60 cm. or more. [Somewhat simi-
lar to occasional W-shaped tubes built by the
Recent polychaete Lanice (SeiLacuer, 1953a, p.
428, fig. 3).] Penn.(Wapanucka Ls.), N.Am.
(USA, Okla). Fic. 48,1. Lanicoidichna struc-
ture; la, total structure, ca. X0.1; 1b,c, lower
part of “U” structure, approx. X0.3 (Chamber-
lain, 1971a).

Lapispecus Vorer, 1970, p. 373 [*L. cuniculus;
OD]. Long cylindrical burrows, 1 to 4 mm. in
diam., winding similar to tubes of serpulid
Glomerula; preserved only as casts in cavities
which are result of partial leaching of pebbles,
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particularly small pebbles, in conglomerates,
[Bladelike thin borders on concave or convex
side of winding fillings of burrows not interpreted
as spreite; borders are discontinuous along length
of burrows; probably dwelling burrows of poly-
chaetes.] U.Cret.(Santon.) [in pebbles of U.Jur.
(Kimmeridg.) age], Eu.(Ger.). Fic. 48,5. *L.
cuniculus; S5a, spindle-like spiral form, X8; 5S¢,
X4.5; 56,d, X3 (Voigt, 1970).

Lapispira Lancg, 1932, p. 540 [*L. bispiralis; M].
U-shaped tunnel with both legs spirally curved
in same direction. L.Jur.(low.Lias.), Eu.(Ger.).
Fic. 48,3. *L. bispiralis; 3ab, wire models
of burrows, X0.2 (Lange, 1932).

Lennea KriuseL & WEevrLanp, 1932, p. 189 [*L.
schmidii; M]. Vertical shaft about 1 cm. wide,
with numerous narrower lateral tunnels branch-
ing off irregularly at right angles along whole
length of vertical shaft; lateral branches at first
approximately horizontal, then directed down-
ward; branching dichotomously. [Originally in-
terpreted as roots of plants; later recognized as
trace fossil (feeding burrow) (KriuseL & WEY-
LaND, 1934, p. 100); for detailed description and
discussion see Paurus (1957) and FiscHER &
Paurus (1969).] Dev., Eu.(Ger.). Fic. 48,7.
*L. schmid#i, M.Dev., Ger.; X0.3 (Paulus, 1957).
Lenticraterion Karaszewski, 1971, p. 886 [*L.
bohdanowiczi; M]. Lenticular depressions (7 to
12 mm. long and 4 to 8 mm. wide) in epirelief,
maximum depth 5 mm.; individual depressions
commonly display 2 funnel-shaped hollows, of
the same or different depths, at each end of long
axis but do not possess peripheral collars char-
acteristic of Calycraterion Karaszewski, 1971a
(see p. W49); convex structures on bottom of
same rock slab correspond with depressions in
epirelief. [Interpreted by Karaszewskr (1971b,
p. 889) to have been produced by an unknown
animal moving upward in the sediment.] L.Jur.
(low.Pliensbach.), Eu.(Pol.). [Description sup-
plied by W. G. Hakes.]

Lithographus Hircucock, 1858, p. 156 [*L.
hieroglyphicus; SD Lurr, 1953, p. 43]. Very
similar or identical to Copeze Hitcrcock but
having oblique markings outside longitudinal
ones. [?Insect trail.] Trias., N.Am.(USA,Mass.).
Fic. 48,4. *L. hieroglyphicus; X0.4 (Lull,
1953).

Lobichnus Kemper, 1968, p. 72 [*L. variabilis;
M]. Very small or scooped hollows which form
irregular main stem with unilateral pectinate
branches comprised of very small leaf-shaped
hollows also arranged unilaterally; systems are
highly variable with many transitions between
forms; limited to lobate configuration and thus
resembling ammonite sutures; somewhat similar
to Lophoctenium; endogenic and preserved ex-
clusively in troughs of current ripple marks.
[Interpreted as true grazing trails; Kemper be-
lieved that Lobichnus was an indicator of shallow
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Fic. 49. Trace fossils (p. W78-79).

water in the Bentheimer Sandstein.] L.Cret.(M.
Valang., Bentheimer Sandstein), Eu.(Ger.).
Fic. 49, 1. *L. variabilis; 1a,c, holotype, schem.;
1b,e, schematc examples of the wide range of
forms, all approx. X 0.5; 1d, X1 (Kemper, 1968).
Lockeia U. P. James, 1879, p. 17 [*L. siliquaria;
M) [=Pelecypodichnus Seracuer, 1953b, p.
105 (type, P. amygdaloides); for discussion see
Oscoon, 1970, p. 308-312]. Small almond-shaped
oblong bodies preserved in convex hyporelief;
tapering to sharp and obtuse points at both ends;
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surface commonly smooth; mostly symmetrical;
length varying from 2 w 12 mm. [Originally
interpreted as algae; later regarded by J. F. Janmzs
(1885) as “ovarian capsules’ of graptolites; now
considered resting trails of small burrowing pelecy-
pods, perhaps semi-sessile forms; for discussion
on mode of formation and synonymy with
“Dawsonia” NicHorson, 1873 (preoccupied by
Hartr, in Dawson, 1868), sec Oscoon, 1970, p.
208-212; regrettably, the most appropriate name
Pelecypodichnus must be replaced by a  very
rarely used one published in an obscure journal!]
Ord., Eu. (Nor.-France)-USA (Ohio-Ky.)-Can.,
?0rd., S.Am.(Arg.); Penn., USA(Kans.-Okla.);
Trias., Lu.(Ger.-Swed.-Italy)-E.Greenl.; Jar., Eu.
(Eng.-France-Ger.-Swed.);  Cret., USA(Utah);
Tert., Eu.(Switz.)}-Iraq. Fic. 48,6a. L. amyg-
daloides, M.Jur.(Dogger 8, Donzdorfer 8s.), Ger.;
(shown with Asteriacites quinguefolius (QUEN-
sTept), X0.5 (Seilacher, 1953b). Fic. 48,66.
*L. siliguarta, Ord. (up. Trenton. or low. Cin-
cinnat.), Ludlow, Ky.; X0.7 (Osgood, 1970).

Lophoctenium Ricurer, 1850, p. 199 (without
formal species name) [*L. comosum RICHTER,
1851, p. 563; SM] [=Buthotrephis radiata Lup-
wic, 1869, p. 114; Criophyens Toura, 1906, p.
159 (type, C. ramosus)]. DBunches of closely
spaced, inwardly bent “twigs” with comblike
branches, joining to form main axis. [Formerly
thought to have affinities with graptolites, ser-
tularids, or algae; without doubt a feeding bur-
row; according to SeiLacuer (1960, p. 49), L.
globulare Ginaser (1879, p. 469) is identical to
“Schaderthalia” Huwor, 1953 (obscure nonde-
script “genus™); see also Prrigrer, 1968, p. 671,
who renounced establishment of a new name for
this  “species.”] [Found in flysch deposits.]
Ord.-L.Carb., Eu.(Ger.-Port.)-N.Am.(USA,0kla.);

L.Tert., Bu.(Aus.-Switz.-Pol.). Fie. 50,1a. *L.
comosum, M.Dev.(Nereites beds), Ger.; X1.5
(Seilacher, 1954)—7F16. 50,16. L. ramosum

(Toura), low. Eoc., Pol.; X0.5 (from Ksigzkie-
wicz, M., 1970, p. 284, in: Trace Fossils edited
by T. P. Crimes & J. C. Harper, Geol. Jour.
Spee. Issue 3, Seel House Press, Liverpool).
Macanopsis Macsoray, 1967, p. 32 [*M. pagueyi;
M]. Straight or somewhat bent burrows circular
or oval in cross section, | to 3 cm. in diameter,
not branched; burrows end with hemispherical
hollow, 4 to 5 cm. in diameter; burrows perpen-
dicular to bedding; usually slightly bent before
enlarging  to  hemispherical  hollow.,  L.Tert.
( Paleoc.-Eoc.), S.Am.(Venez.). Fic. 51,1. *M.
pagueyi; lab, holotype and paratype, X0.3 (Mac-
sotay, 1967).

Mammillichnis Crameeruav, 1971, p. 238 [*M.
aggeris; M) [=Mammillichris CHAMBERLAIN,
1971a, p. 238 (nom. null); Mammillichnus
CuamsrrLaiy, 1971a, p. 217 (nom. null.)].
Subhemispherical teatlike protuberances 9 to 12
mm. wide, 7 mm. high, preserved in convex




W80 Miscellanea—Trace Fossils and Problematica

S, 3b \) 4 @
2 Mesichnium Megagrapton g Merostomichnites

Fic. 50. Trace fossils (p. W79, 82).



Trace Fossils w81

Margaritichnus

swimming
grazing

Monocraterion
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hyporelief, each mound consists of 3 to 5 mm.
hemicircular apex and wide flange. [Origin
unknown; the following three interpretations were
discussed by Cuameeriain (1971a): resting or

hiding trace of an animal in the sediment; body
fossil (“egg case”™ or juvenile deposited in sedi-
ment); cxcurrent end of burrow where animal
worked sediment for food or formed fecal pellets;
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impossible to make decision on origin of form
from CuamserLaiN’s (1971a) figures.] Miss,
(Jackfork Gr.)-Penn.(Atoka F.), USA{(Okla.).
Margaritichnus  Banpen, 1973, p. 1002 (nom.
subst., pro Cylindrichnus BanvoeL, 19672, p. 6
(non Toors in Howarp, 1966, p. 45)) [*Cylin-
drichnus reptslis Bawprer, 19673, p. 6; OD].
Vertically compressed ball structures 15 to 30 mm.
in diameter; originally spherical; commonly ar-
ranged like string of pearls; rarely connected by
ridges which show crescentic transverse grooves.
[“Balls” interpreted as fecal pellets probably
made by large wormlike sediment-eating animals
(sipunculids?, priapulids?); “trail” possibly formed
below the surface of the sediment.] U.Penn.
(Missouri.), USA(Kans.); Perm., W.Australia;
?Cret., USA. Fic. 51,5. *M. reptilis (BANDEL),
U.Penn,, Kans.; X0.1 (Bandel, 1967a). [Also
found in U.Precam., S.Australia-USSR(Sib.Plat.).]
Megagrapton Ksiazxiewicz, 1968, p. 5, 14 [*M.
irvegulare; OD] [—Megagrapton KsIAZKIEWICZ,
1961, p. 882, 888 (mom. nud.}]. Networks con-
sisting of irregular polygons and rectangles which
are never closed, formed by slighdy curved or
straight cylindrical strings, 1 to 53 mm. wide;
rather regular intervals of branching at nearly
right angles; possibly transitional to Sguamo-
dictyon VyaLov & Gorrv, 1960. [Evidently of
postdepositional origin.] L.Cret., Japan-Eu.(Pol.);
L.Tert.(low.Eoc.}, Eu.(Pol.). Fic. 50,3. *M.
iryegulare; 3a, L.Tert.(Eoc., flysch), Pol.; X0.43
(Ksigzkiewicz, 1961); 35, low.Eoc.(Beloveza
Beds), Pol.; X0.5 (Ksigzkiewicz, M, 1970, p.
307, in: Trace Fossils edited by T. P. Crimes &
J. C. Harper, Geol. Jour. Spec. Issue 3, Seel
House Press, Liverpool).

Merostomichnites Packarp, 1900, p. 67 [*M.
beecheri; SD  Hinrtzscmer, 1962, p. W205]
[==Merostomchnites Oscoop, 1970, p. 355 (nom.
nall.}]. Two parallel rows of circular bow- or
spindle-shaped feet impressions; transversely or
slightly obliquely arranged, opposite to each
other. [Paleozoic forms probably auributable to
eurypterids, Triassic forms possibly to phyllopods;
striding track Merostomichnites and burrowing
trail Isopodichnus may have been produced by
the same animal (SeiLacuer, 1963, p. 88).]
Cam.-L.Trigs., Bu.-Asia(AsiaM., Jordan)-N.Am.
Fic. 50,4. M. strandi Stenmer, Sil.-Dev.
(Downton.), Nor.(Spitz.); X1 (Stgrmer, 1934).
Mesichnium Giimore, 1926, p. 34 [*M. benja-
mini; M]. Two parallel lines of footprints with
median row of suboval regularly spaced depres-
sions; trackway about 20 mm. wide; stride (dis-
tance between depressions of median row) about
15 mm, long. [Crawling track; producer un-
known.] Perm.(Coconine Ss.), N.Am.(USA,
Ariz,). Fic. 50,2. *M. kenjamini, Ariz.(Grand
Canyon); ca. X0.37 (Gilmore, 1926).
Mesonereis Harar, 1968, p. 132 [*M. ragaensis;
M]. Name conditionally proposed. Burrow
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0.5 to 1 c¢m. in diameter, lower part curved
planispirally and upper part vertical. [Undoubt-
edly a trace fossil, considered by Harar to have
been made by “an undescribed kind of marine
worm . . . . close in morphological feature to
the living genus Nereis.”] L.Cret.{Miyakoan),
Japan(NE.Honshu), [Most likely invalid.]
Micatuba Cuaamserrain, 1971, p. 238 [*M. verso;
M]. Rather irregularly arranged tubes radiating
from a center (central gallery?), singly or muldply
bunched, straight or more or less curved, sand-
coated or flled, about 20 mm. long, 1 mm. wide.
Penn.(up.dtoka F.), N.Am.(USA,Okla.). Fia.
52,2. *M. verso; 2a, plain view; 25, cross section
and oblique view, schem. (Chamberlain, 1971a}.
Minichninm Prerrrer, 1968, p. 683 [*M. wurz-
bachense; M]. Large systems of rather long feed-
ing burrows which diverge clusterlike from a
starting point and trend slightly downward, ex-
hibiting distinct bioturbate structures. [Poorly
figured.] L.Carb.(Kulm), Eu.(Ger.,Thuringia).
Mixoteichichnus MtLLer, 1966, p. 720 [*M.
confungus; OD]. Straight or slightly curved, re-
trusively formed, wall-like back-fill (Versatzban-
ten} burrows similar to Teichichnus SEILACHER,
with simply curved and semicircular burrows that
originate from their upper parts; these smaller
burrows partly resemble Rhizocorallium and are
constructed parallel to bedding. [Trail belonging
to Fodinichnia.] Low.M.Trias. (low Muschelkalk ),
Eu.(Ger.). Fic. 51,3, *M. coniungus, low.
Muschelkalk, Ger.; 3@, schem., X0.5; 356, X0.3
(Miiller, 1966).

Monocraterion Torery, 1870, p. 13 [*M. tentacy-
latum; M) [=Lepocraterion Steamann, 1934, p.
17; no “species” name; Monocraterium VoLK,
1967, p. 98 (mom. nall.)]. “Trumpet pipes”;
funnel structure penetrated by central straight or
slightly curved plugged tube, perpendicular to
bedding plane, never branched; diameter com-
monly 5 mm., up to 8 ¢cm. (max., 16) long;
funnel simple or multiple (latter discernible in
transverse section as a series of concentric rings);
diameter of funnels usually 1 to 4 cm., greatest
depth about 2 cm.; tubes commonly abundant
but never crowded like Skolithos. Funnel ob-
viously constructed by upward migration of ani-
mal inhabiting tube is reflected by dowoward
warping of surrounding bedding planes toward
central tube. [Dwelling burrow; probably be-
longing to gregarious, suspension-feeding worm-
like organisms. Lepocraterion Srermen differs
from Monocraterion only by the occurrence of a
carbonaceous wall which is not considered to be
sufficient taxonomic reason ta establish a “genus.”
BouCex (1938, p. 249) and Hinrzscuer (1962,
p. W218), with reservation, regarded Mono-
eraterion as synonym of the commonly annulated
tubes “Tigilites”; Hairam & Swerr (1966, p.
103) properly retained Monocraterion as a valid
name for vertical funnel-shaped burrows; for dis-
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cussion of relationship to Skolithos, Histioderma,
and Micrapium, see WEsTERGARD (1931, p. 12);
also considered valid genus by FrRey & CHOWNs
(1972).] Cam. (Pleist. drift), Eu.(N.Ger.); Cam.-
Ord., Eu.(Swed.-Nor.-Eng.)-N.Am.-Asia  (Jor-
dan); ?U.Dev., Eu.(Eng.); Carb., Eu.(Scot.);
?L.Trias., Eu.(Pol.); L.Jur., Greenl. F1G. 51,4.
*M. tentaculatum; L.Cam.(Lingulid ss.), Swed.
(W.Gotl.); 4ab, X05 (Westergird, 1931).
Monomorphichnus Crimes, 1970, p. 57 [*M.
bilinearis; M]. Series of straight or slighty
sigmoidal ridges associated in pairs; 1 ridge of
each pair more prominent than the other; ridges
2 to 4 cm. long, sometimes repeated laterally;
trail resembling Dimorphichnus SEILACHER, but
without blunt markings and other markings to
suggest sideways progression. [Produced by sev-
eral clawed limbs of trilobites, perhaps members
of the Olenidae; interpreted as swimming-grazing
trail.] U.Cam.(FfestiniogStage), Eu.(Eng., N.
Wales). Fic. 51,2a. M. sp.; showing how
trace is produced by swimming-grazing manner of
trilobite locomotion (Crimes, 1970b). Fic. 51,
2b. *M. bilinearis; X 0.4 (Crimes, 1970b).
Muecnsteria voN STERNBERG, 1833, p. 31 [non
Krocerus, 1931, nec DesLoNccHaMPs, 1835] [no
type species designated]. Heterogencous “genus,”
comprising bodily preserved fossils from the Juras-
sic Solnhofen limestone as well as trace fossils,
particularly from European flysch deposits (e.g.,
M. hoessii HEERr, 1877; M. annulata ScHAFHAUTL,
1851; M. involutissima Sacco, 1888; M. bicornis
Hzer, 1877), these “species” are mostly stuffed
burrows (German, ““Stopftunnel”) with laminated
structure (‘“‘segnephtation”) originated backfilling
of the cylindrical burrows; Muensteria similar to
Taenidium Hgerr but differs by being larger; it
has been divided into “subgenera” by von
FiscHER-QosTER, 1858 (Eumuensteria, Keckia
GrockERr, Hydrancylus voN FiscHER-OOSTER).
Jur.-Cret., Eu.(Ger.-Switz), N.Am.(Greenl.).
Myriapodites Mattaew, 1903, p. 103 [published
only as “Myriapodites sp.”]. Two parallel rows of
feet impressions, about 6 mm. apart, each row 2
mm. wide; linear prints closely set, arranged in
double series of elongated scratches, mostly di-
rected from outside to inside of row. [Tentatively
interpreted as crawling track of myriapods.]
Carb., N.Am.(Can., Nova Scotia).

Neonereites SEiLACHER, 1960, p. 48 [*N. biserialis;
OD] [=Neonerites CoNYBEARE & Crook, 1968,
p. 276 (mom. null.); Neoneretites SEILACHER,
1969, p. 118 (nom. null.); former German names:
Punke-Fihrte Putzer, 1938, p. 418; Perlspur
Werss, 1940, p. 344; Perlketten-Fihrte Kunn,
1952, p. 224]. Bimorphous, shape depending on
its hypichnial or exichnial preservation; as nega-
tive epireliefs consisting of irregularly curved
chains of deep, smooth-walled dimples; chain re-
stricted in length, some bordered laterally by
flabby structures caused by burrowing; correspond-
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ing hypichnia form a median string, irregularly
curving or straight or rarely meandering, consist-
ing of single- or double-lined clay (fecal) pellets
or small plates (N. wuniserialis, N. biserialis).
[Interpreted to be internal burrow, postdeposi-
tional; according to SemLacHer (1962, p. 233),
Neonereites is possibly the irregular counterpart
of Helminthoida labyrinthica HeEr in sandy en-
vironment.] Ord., Asia (Iraq); ?L.Carb.(Kulm),

Eu.(Ger.); L.Jur.-M.Jur., Eu.(Eng.-Ger.); L.Cret.,

Eu.(Ger.)-Asia(Japan); L.Tert.(Eoc), Eu.(Spain).

Fi1c. 52,3a,c. N. uniserialis SEILACHER, 3a,
L.Jur.(Lias ay), Ger.; X0.9 (direction of move-
ment indicated by arrow in 3a) (Seilacher, 1960);
3¢, low.Lias(Hettang.), Ger.(Helmstedt); X0.9
(Hintzschel, 1968). Fic. 52,35,d. *N. bi-
serialis, M.Jur.(Dogger B), Ger.; 35,d, X0.6 (di-
rection of movement indicated by arrow in 35)
(Seilacher, 1960).

Neoskolithos Kecer, 1966, p. 22 [*N. picosensis;
M]. Similar to Skolithos but tubes not so
crowded, shorter and more irregular; 4 to 5 cm.
long, 0.5 to 1 cm. in diameter. L.Dev.(Pimenteira
F.), S.Am.(Brazil,Piaui).

Nercites MacLeay, 1839, p. 700 [non Emwmons,
1846] [*N. cambrensis; SD HANT2zscHEL, 1962,
p. W205] [=Myrianites MacLeay, 1839, p. 700
(type, M. macleait); Nereograpsus GEINITZ,
1852, p. 27 (name for the supposed “graptolite
genera” Nereites, Mpyrianites, Nemertites, and
Nemapodia; name “corrected” by Harr, 1865, p.
43, to Nereograptus); for synonymy of the type
species and N. tenuissimus see PFeirrER, 1968, p.
669, 670)]. Meandering trails, consisting of nar-
row median furrow, flanked on both sides by
regularly spaced leaf-shaped, ovate, or pinnate
lobes; closely spaced; commonly finely striated;
meanders may be densely spaced (type of
“Gefiihrte Miander” of Ricuter, 1924, p. 153);
width of trail 1 to 2 c¢m.; meanders variable in
form in width, shape, and size of the lateral lobe-
like projections. [Formerly regarded as plants,
bodily preserved worms, or graptolites or their
impressions; lateral lobes explained, as impres-
sions of the setac of a worm; now interpreted as
internal meandering grazing trails; according to
SErLAcHER (in SEILACHER & MEIsCHNER, 1965,
p. 615), Nereites occurs on top surface of thin
turbidites, thus most probably produced in deep
water environment (“Nereites facies” of Skr-
LACHER). Various producers have been suggested:
worms (e.g., RicHTER, 1928, p. 241), gastropods
(e.g., Raymonp, 1931a, p. 191; Aser, 1935, p.
237), or crustaceans (FrareonTt, 1915, p. 449);
many “species” described, particularly by Der-
capo (1910, p. 11-24), but not all of them
definitely belonging to Nereites; for “psychologic
analysis” of these meandering trails, see RicHTER

* (1928, p. 240) and SerLacHEr (19673, p. 297)].
[Found in flysch deposits.] Ord.-Carb., Eu.-USA-
S.Am.-N.Afr.; Cret., Eu.(Spain-Italy); Tert.(Eoc.),
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Japan. Fic. 52,1a,b. Nereites, from Dev. and
Carb.; schem. (Seilacher, 1967c). Fic. 52,1c.
N. loomisi EmMmons, M.Dev., Ger.; X0.3 (Richter,
1928).

Octopodichnus GiLmore, 1927. p. 30 [*O. di-
dactylus; OD]. Tracks of apparently 8-footed
animal; feet impressions arranged in 4 groups:
alternating; 2 anterior impressions of each group
didactyle, 2 posterior, unidactyle. [Various inter-
pretations have been advanced: made by crus-
taceans (GILMORE, 1927), arachnids (AsEer, 1935,
p. 265), large scorpionids (Brany, 1947, p. 469),
producer unknown (FauL & Roserts, 1951, p.
272).] L.Perm.(Coconino Ss.), N.Am.(USA,
Ariz.); ?Jur.(?Navajo Ss.), N.Am.(USA,Colo.).

Fic. 53,2. *O. didactylus, L.Perm.(Coconino
Ss.), Ariz.; 2a, X0.8; 24, diagram of trackway,
%0.25 (Gilmore, 1927).

Oldhamia Forses, 1849, p. 20 (publ. without
formal species names; first description of species
by KiNaHAN, 1858, p. 69) [*O. antiqua KiNaHAN,
1858, p. 69; SD HinrzscHEL, herein] [=Murchi-
sonites GoeppERT, 1860, p. 441 (type, M. forbesi
Goeppert)]. Bunches of fine rills, radiating from
joints of sympodial axis; representing a grazing
pattern. [Numerous explanations of origin: as
remains of algae, hydrozoans, bryozoans or of
inorganic origin; first(?) interpretation as tracc
fossil by RuepEmManN (1942) (radiating feeding
trails supposedly made by worms); prevalent in
Lower Cambrian turbidite successions; sometimes
regarded as index fossil of Lower Cambrian; the
Ordovician “0.” pedemontana of Mendoza
(Rusconi, 1956) shown by Fritz (1965) to be
bryozoan (Hallopora sp.); “0.” keithi RUEDE-
MANN (1942) (Ord., Gaspé) according to CHUR-
KIN & Bras (1965, p. D123), different in ap-
pearance and thus probably not belonging to
Oldhamia.] L.Cam.-M.Cam., Eu.-N.Am. F1c.
53,3a. O. radiata Forees, Cam., Ire.; X1.3
(Sollas, 1900). Fic. 53,3b. *0. antiqua, Cam.,
Ire.; X 1.3 (Sollas, 1900).

Oniscoidichnus Brapy, 1949, p. 573 [*Isopodichnus
filiciformis Brapy, 1947, p. 470; M] [=Isopodich-
nus Brapy, 1947, p. 470, obj. (non BORNEMANN,
1889, p. 25)]. Track with low, sinuous median
ridge and forward-pointing bractlike footprints on
cach side at intervals of about 1 mm.; width of
entire track about 1 cm. [Resembles tracks of
Recent isopod Oniscus.] L.Perm.(Cocomino Ss.),
N.Am.(USA,Ariz.). Fic. 53,1a. Trackway of
Oniscus sp.; X0.5 (Brady, 1947). Fic. 53,15.
*Q. filiciformis (Braby); X0.5 (Brady, 1947).

Ophiomorpha Lunpcren, 1891, p. 114 [non
SzepLIGET, 1905] [*O. nodosa; M] [=?Ophio-
morpha NiLsson in ManTELL, 1836, p. 25 (nom.
nud.); Cylindrites spongioides GoEPPERT, 1842
(?1841), p. 115 (partim); Spongites saxonicus
Geinrrz, 1842, p. 96 (partim); ?Halymenites
flexuosus voN Fiscuer-OosTer, 1858, p. 55;
Cylindrites tuberosus Eicuwarp, 1865, p. 8;
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Phymatoderma dienvalii WaTeLET, 1866, p. 24;
Halymenites major LEsquereux, 1873, p. 373;
?Broeckia bruxellensis Carter, 1877, p. 382
(nom. oblit. if identical with Ophiomorpha);
Astrophora Dercke, 1895, p. 167 (type, 4.
baltica); Sabellastartites Dupicn, 1962, p. 108
(type, S. arenaceus); for discussion see HAnTZ-
scHEL, 1952, p. 144-149; for detailed list of
synonyms of the type species sce KENNEDY &
MacpoucaLL, 1969, p. 460-461]. Three-dimen-
sional burrow systems, vertical and horizontal;
cylindrical tunnels (diam., 0.5-3 cm.) dichot-
omously branching, generally at acute angles;
with local swellings close to or at points of
branching; tunnels internally smooth, but outer
surface of burrow lining characteristically mam-
millate due to presence of discoidal or ovoid
pellets, which are several mm., rarely more, in
diameter; tunnels may also be only partly lined
by small pellets; longitudinal ridges occur on
outer surface of some burrow fillings. Occasion-
ally penetrating sediment for more than 1 m. in
depth. [Doubtless to be ascribed to burrowing
decapod crustaceans, particularly callianassids as
proven by Ophiomorpha-like structures produced
by Recent callianassids in modern sediments
(Wemmer & Hovr, 1964); found associated in
same rocks with Callianassa claws (Cret., Dela-
ware) (Pickert, et al., 1971); swellings of the
tunnels are “turn-arounds” of the animals; pellets
cemented by the producer and put into the sides
of the burrow; reticulate ridges on some burrows
are scratches made by the inhabitant of the bur-
row, probably during initial burrowing; passing
of warty exterior into smooth burrows observed
(KEnnEDY & SELLWOOD, 1970, p. 108). O. borne-
ensis Kery, 1965, has been observed rarely to ex-
hibit vertical, spiral burrows while in close asso-
ciation with horizontal ones, similar forms occur
in sandy Tertiary sediments of West Germany
(KiLppER, 1962, p. 57); Ophiomorpha occasion-
ally seen to pass into Thalassinoides (AGER &
WaLLACE, 1970, p. 8) and rarely into wall-like
structures similar to Teichnichnus (HESTER &
Pryor, 1972); cylindrical burrows with smooth
walls (U.Cret.,, Saltholm Ls., Denm.) sometimes
named Ophiomorpha in museum collections; gen-
erally regarded as indicator of marine environ-
ment, especially littoral, sublittoral, or upper
neritic; for discussion of interpretation of occur-
rences in apparently brackish or freshwater en-
vironments see KENNEDY & MacpoucarL (1969,
p. 467); for a list of the very extensive literature
on this trace fossil see KENNEDY & SELLWOOD
(1970, p. 101) and MorLer (1969, 1970b)].
L.Jur., Greenl.; M.Jur.-Pleist., cosmop. Fic.
54,1a. O. major (Lesquereux), U.Cret., USA(N.
Dak.); X0.5 (Hintzschel, 1952). Fic. 54,15.
*0. nodosa, PU.Cret. or L.Tert., S.Swed. (Scania);
% 0.4 (Hintzschel, 1952). [CHAMBERLAIN &
Baer (1973, p. 80) have recently extended the
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3a

2 Oldhamia

Octopodichnus

Fic. 53. Trace fossils (p. W85).

stratigraphic range of Ophiomorpha: L.Perm.  Ormathichnus MicLer, 1880, p. 222 [*O. monili-
{ Wolfeamp.), N.Am.(USA,Utah); low.U.Perm. formis; M]. According to Oscoon (1970, p. 372),
(Zechstein), Eu——W. G. Haxes.] “genus” comprising two different forms: 1) one
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Palaeophycus

3b  Palechelcura

Fic. 54. Trace fossils (p. W85-86, 88-91).

syntype is a small trail, consisting of series of mi-
nute, disconnected Rusophycus-like bodies; 2) the
other syntype was compared by MiLLER with cast
of column of Heterocrinus. [The first-mentioned
specimen, according to Oscoop (1970, p. 373) is
trail of small arthropod (trilobite?), “a combina-
tion of Cruziama and Rusophycus”; the other
syntype is certainly an inorganic tool mark (im-

pression of a rolling crinoid stem) as supposed
by JamEes (1886).] U.Ord.(Cincinnat.), USA
(Ohio).

Palaeohelminthoida Ruchuovz, 1967, p. 512 [*P.
hercynia; OD]. Very regular “guided meanders”
like Helminthoida Scuarniute, differing from it
by very narrow, median, cordlike ridge and by
close contact of meanders; trail about 4 mm.



W88

Miscellanea—Trace Fossils and Problematica

S -

wide, length of meanders 3 to 6 cm.; rounded
median ridge 1 mm. high, dividing trail into 2
smooth furrows. [Typical grazing trail.] U.Dev.,
?L.Carb., Eu.(Ger.,Hartz Mts.). Fic. 55,1a.
*P. hercynia, UDev., S.Harz Mts.,, Ger.; la,
schem., X0.7; If, holotype, X0.9 (Ruchholz,
1967) ——Fic. 55,15-¢. Schematic comparison of
Helminthoida (15, plan view; Ic, cross sec. view)
and Palgechelminthoida (1d, cross sec. view; le,
plan view) [F, trail] (Ruchholz, 1967).

'

Fic. 55, Trace fossils (p. W87-88).

Palaecophycus Havv, 1847, p. 7 [*P. tubularis;
SD BassLer, 1915, p. 939] [=PAulacophycos
Massaronco, 1859, p. 92 (as generic name only
proposed for Palacophycus simplex Harr, 1847,
p. 63); Palacospongia prisca Bornwemann, 1886,
p. 21]. Ichnogenus showing wide range of mor-
phology; cylindrical or subcylindrical burrows,
usually sinuous, oriented more or less obliquely to
bedding; commonly unbranched, though may be
branched occasionally; surface of walls smooth or
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rarely with faint longitudinal striae; up to about
20 cm. or more in length; 3 to 15 mm. in
diameter; commonly intersecting one another.
[Originally considered to be stems of “fucoids,”
interpreted by James (1885) as trace fossil; be-
longs to repichnia of infaunal origin; pathways of
various groups of errant animals; neither parts of
constructed tubes as suggested by several authors
nor stuffed burrows of sediment ingestors; “no
one has studied the genus in detail” (Oscoop,
1970, p. 375); very many “species” established
from different environments; impossible to list
all “species” erroncously placed in Palacophycus,
e.g., P. kochi Luowic, 1869, p. 110 (="Belorha-
phe” kochi MicueLau, 1955) and P. flexuosus
James, 1879 (inorganic, according to OsGoop,
1970, p. 393); genus often compared with Plano-
lites Nicuovrson, 1873, but in Palaeophycus there
is no distinct difference in lithology of the bur-
rows and the host rock as in Planolites; for discus-
sion see Oscoop, 1970, p. 375; Spongillopsis
GEiNiTZ, 1862, p. 132, established for Palaeophy-
cus in lacustrine sediments (but S. recurva FLicHE,
1906, p. 34, belongs to Rhizocorallium, perhaps
also S. friadica Fricue, 1906, p. 33).] Precam.-
Rec., cosmop. Fic. 54,4. *P. tubularis HaLL,
1847, Ord.(Beekmantown beds), USA(Amster-
dam, New York); X0.25 (Osgood, 1970).

Paleodictyon MEeNEGHINI in MurcHison, 1850, p.
484 [*P. strozzit; M] [=Palaeodictyon, Palaco-
dictyum auvcrT., non HeEr, 1865, p. 245 (=jun.
homonym of Phycosiphon voN FisCHER-OOSTER,
1858, p. 59)] [=Reticulipora Stoppan1, 1857, p.
407 (no type species designated); Glenodictyum
VAN DER Marck, 1863, p. 6 (type, G. hexa-
gonum); Cephalites maximus Eicuwarp, 1865,
p. 82; Paretodictyumn MAayer, 1878, p. 80 (no type
species designated); Palaeodyction DE STEFANI,
1879, p. 446 (nom. null.); Retiofucus KEEPING,
1882, p. 488 (type, R. extensus); Retiphycus
Urrich, 1904, p. 139 (type, R. hexagonale);
Palacopiscovum Banyar, 1939, p. 83 (no type
species designated); the following “genera” may
also be regarded as synonyms of Paleodictyon or
as subgenera: Priodictyon VyaLov & GoLev, 1960,
p. 176 (established for small Paleodictyon on
upper surfaces of beds; no formal species name);
Squamodictyon Vyarov & Gorev, 1960, p. 178
(type, S. squamosum) (established for Paleo-
dictyon with meshes in outline resembling fish
scales); Largodictyon VyaLov & Gorev, 1965, p.
111 (“subg.” of Squamodictyon); “Pleurodictyon”
Fuchs, 1895, p. 394, considered to be named
erroneously for Paleodictyon (used only in head-
ing and in explanation of figure; no description
of differences between Paleodictyon and Pleuro-
dictyon)]. Honeycomblike network of ridges in
hyporelief, consisting of remarkably regular hexag-
onal polygons; may be also 4- to 8-sided; re-
ticulate pattern of considerably varying size (in-
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complete along margins) but diameter of meshes
constant within individual net (from less than 1
mm. to about 50 mm.); walls of meshes 0.5 to
2 mm. wide and occasionally consisting of small
circular or oval “pimples” closely arranged in
rows which may cross one another regularly; net-
works may cover large areas up to about 1 sq.
m.; polygons sometimes elongated due to current
action. [One of the most famous Problematica,
discussed for more than a century; interpreted as
algae, sponges, corals, bryozoans, spawn of fishes
or molluscs, and very often as inorganic in origin
(infilled mud cracks, interference ripple marks,
raindrop imprints); interpreted by Fucus (1895)
and AseL (1935) as trace fossil; now thought to
be grazing trails (SEiLAcHER, 1954, 1955); ac-
cording to Woop & Smrra (1959, p. 167), made
by burrowing animals at interfaces of sandy and
muddy sediment; manner of preservation in dis-
pute, considered predepositional by SEILACHER
(1962, p. 229) and WEesBY (19693, p. 87) and
postdepositional by Simeson (1967, p. 512) and
Ksipzxiewicz (1970, p. 316) who believed that
“evidence is conflicting” and “still open to argu-
ment”; preservation “pseudexogene” (SEILACHER,
1964, p. 292) = “preendogene” (WesBBY, 1969a,
p. 91); for possible mode of origin discussed by
Weesy (1969a, p. 87) see Figure 54,2¢ -(worms
mining systematically in series through the sedi-
ment horizontally, regularly turning 120°, then
overturning vertically in order to rejoin the tunnel
at the last 120° section: this explanation assumes
that producer is highly sensitive to thigmotaxis);
for an explanation of polygons made by strictly
planar feeding animal (simple meander pattern
overlapping outside of each previous meander)
see CHAMBERLAIN (1971a, p. 227); incomplete
patterns and initial forms described as Prozo-
paleodictyon Ksipzxiewicz (1970, p. 303) (see
p. W97); more than 30 “species” have been
named, many of them based* on size of the
meshes, their shape and thickness of walls; oc-
currences mainly in flysch deposits of all ages
but also in facies intermediate between flysch and
molasse and even (HinTzscHeL, 1964) from epi-
continental environment; representative for “Nere-
ites facies.” The following papers discuss Paleo-
dictyon, its origin, synonymy and history; AN-
ToN1azz1 (1966); Nowak (1959); Oscoop (1970,
p. 384-386); Sacco (1939); Smvestrr (1911);
Vyarov & Gorev (1960, 1964, 1966a); WANNER
(1949); Wessy (1969a).] Ord.-Tert., Eu.-N.
Am.-S. Am.-N. Afr.-Asia-Australia-N.Z.-Antarct.
Fic. 54,2a,b. P. sp.; 2a, A-E, development
of structure, schem. [c¢, curve, v or A, angle of
convergence or divergence; pov, pseudoangle of
truncation] (after Chamberlain, 1971a); 25, L.
Cret. (Cieszyn limestones), Pol. (Coleszow),
%X 0.7 (Nowak, 1959). Fic. 54,2¢. Paleo-
dictyon (="Squamodictyon” VyaLov & GOLEV),




W0 Miscellanea—Trace Fossils and Problematica

Fic. 56. Trace fossils {p. WOl).

diagram. (Vyalov & Golev, 1960). Fic. 54,2d. P. sp., interpretation of possible origin, schem.
P. regulare Sacco, L.Tert.(flysch), Italy; X0.4 (Webby, 1969a).
(Seilacher in Hintzschel, 1962). Fic. 54,2¢.  Paleohelcura Giumore, 1926, p. 31 [*P. #ridactyla;
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M] [=Palacohelcura Braby, 1939, p. 32; 1961,
p. 201 (nom. null.)]. Long continuous tracks,
consisting of 2 parallel rows of foot imprints ar-
ranged in groups of 3; between them undulating
drag mark occasionally present; groups of foot
impressions arranged in straight line, inclined at
60° to 80° angle to median line; average width
of track 25 mm.; stride varying from 14 to 22
mm. [Cluster of foot impressions made by ap-
parently tridactyl pointed extremities, clusters
alternating on both sides; probably made by small
scorpionids as concluded by Brapy (1939, 1947,
1961) from his experiments with living scorpionid
Centruroides.]  L.Perm.(Coconino Ss.), N.Am.
(USA,Ariz.); ?L.Trias., Eu.(Ger.). Fic. 54,3.
*P. tridactyla, Coconino Ss., Ariz.; 3a, diagram
of trackway; X0.3; 35, X0.3 (Gilmore, 1926).

Palecomeandron Peruzzi, 1881, p. 8 [*P. elegans;
SD HanTzscHeL, herein] [=Palacomaeandron
Fucwns, 1895, p. 395 (nmom. null.)]. Wide first
order meanders consisting of small, mostly quad-
rangular, second order meanders with double-
pointed corners; large meanders several cm. long,
small meanders 1 to 5 mm. wide, rarely much
larger (e.g., P. robustum XKszxiewicz, 1968).
[Grazing trail.] [Found in flysch deposits.] U.
Cret.-L.Tert., Eu. (Aus.-Italy-Spain-Pol.)-S.Am.
(Venez.). Fic. 56,1ab,e. P. robustum Ksipz-
KIEWICZ, low. and mid. Eoc. (Beloveza Beds),
Pol.; 1a, X1 (Ksiazkiewicz, 1968); 1b,e, X0.5
(Ksigzkiewicz, M., 1970, p. 299, in: Trace Fos-
sils edited by T. P. Crimes & J. C. Harper, Geol.
Jour. Spec. Issue 3, Seel House Press, Liverpool).

Fic. 56,lc,d. *P. elegans, Foc., Italy; ca.
X0.67 (Fuchs, 1895, after Peruzzi, 1881).
Fic. 56,11,k P. sp. aff. P. robustum KsIAZKIEWICZ,
mid. Eoc. (Lacko Beds), Pol.; If,h, X0.5, X0.7
(1f, Ksigzkiewicz, M., 1970, p. 299, in: Trace
Fossils edited by T. P. Crimes & J. C. Harper,
Geol. Jour. Spec. Issue 3, Seel House Press, Liver-
pool; 1A, Ksigzkiewicz, 1968). Fic. 56,1g.
P. rude, Eoc., Italy; ca. X2 (Peruzzi, 1881).

Palmichnium RicuTer, 1954, p. 267 [*P. palma-
tum; OD]. Large, plantlike track, about 11 cm.
wide; opposed symmetrical rows of [leg] impres-
sions; median keel, divided at regular intervals;
bordered by longitudinally directed club-shaped
impressions distinctly set off toward interior, but
indistinctly toward exterior. [Crawling track;
made by arthropod, probably eurypterid; a simi-
lar track from Devonian of Antarctica is Bea-
conichnus antarcticus GEvErs, 1971 (sce GEVERs
et al., 1971, p. 87, 93).] L.Dey., Eu.(Ger.);
?L.Carb.(Kulm), Eu.(Ger.). Fic. 57,5. *P.
pamatum, LDev., Ger.; ca. X0.2 (Richter,
1954).

Parahaentzscheliana CraMserLAly, 1971, p. 236
[*P. ardelia; M] [=Parathaentzscheliana CuaM-
BERLAIN, 1971a, p. 236 (nom. null.)]. Numerous
small tubes, about 15 to 20 mm. long, 1 to 2 mm.
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wide, radiating vertically and obliquely from
common starting center within sediment upward
to bedding plane, producing surface pattern (15
to 60 mm. in diameter) consisting of radially ar-
ranged openings which are mostly sediment-
filled. Penn.(AtokaF.), USA(OKla.). Fie. 57,
4. *P. ardelia; schem. drawing, 44, plan pattern,
X0.9; 45, complete perforation of sediment, 0.9
(Chamberlain, 1971a).

Paratisoa GaiLrarp, 1972, p. 150 [*P. contorta;
OD]. Series of branching, straight to curved
galleries (up to 40 mm. in diam.) with a small,
characteristic axial tube (about 4 mm. in diam.);
size of entire burrow system as much as 55 cm.;
branchings can be either T- or Y-shaped; gal-
leries may also possess distinct swellings and are
commonly calcareous; axial tube commonly filled
with ferruginous material. [Considered to have
been produced by a marine burrowing annelid;
similar to Tisoa (p. W117) but Tisos does not
branch and axial tube is U-shaped.] Jur.(Ox-
ford.), Eu.(France). [Description supplied by
W. G. Hakes.]

Pennatulites pE STEFaNI, 1885, p. 99 [non Coccmi,
1870, p. 116 (nom. nud.)] [*P. longespicata; M)
[=Paleosceptron pE STEFANI, 1885, p. 100 (type,
P. meneghinii) (non Coccri, 1870, p. 116, nom.
nud.); Virgularia presbytes Baver, 1955 (Tert.
forms only)). Thick cylindrical stalk (diameter
about 4 cm.) followed by club- or ear-shaped
part, with deep median furrow, consisting of
biserially arranged overlapping rows of leaves;
surface of ear-shaped part nodose, nodes arranged
in parallel rows. [Regarded as alcyonarian by
pE STEFANT (1885); certainly branching Spreiten-
bau; interpreted as feeding burrow by SEILACHER
(1955, fig. 5). [Found in flysch deposits.] Cret.-
L.Tert.,  Eu. (Italy-Greece) -W.Indies (Trinidad).

Fic. 57,3a,b. *P. longespicata, U.Cret., Italy;
3a, model, X0.17 (Scilacher, 1955); 34, X0.4
(de Stefani, 1885).

Permichnium GuredrL, 1934, p. 174 [*P. vélck-
eri; OD)]. Two parallel, equal, and equidistant
rows of V-shaped foot impressions, open to ex-
terior; indicative of equal walking feet with 2
claws each; somewhat similar to Bifurculapes
Hrrcucock, 1858. [Running track of insect
(?blattoid).] L.Perm.(Rotl.), Eu.(Ger.); L.Trias.,
Eu.(Eng.). Fic. 57,1. *P. vpoelckeri, LPerm.
(Rotl.), Ger.; holotype, X1.2 (Guthérl, 1934).

Petalichnus MiLrLer, 1880, p. 221 [*P. multi-
partitus; M]. Simple or complex tracks of varied
morphology, consisting of numerous transversely
elongated unifid or bifid imprints, in complete
series varying from 10 to 12; about 1 to 2 cm.
wide. [Tracks indicating straight-ahead or slightly
oblique movement of producer; tentatively re-
garded by MiLLer (1880) to have been made by
cephalopods (see Tercuert, 1964b, p. K487);
most probably tracks of moderately sized trilo-
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Parchaentzscheliana

Phogophytichrus

Permichnium

5 Palmichnium

Fic. 57. Trace fossils (p. W91, 93).
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bites, perhaps particularly by Flexicalymene, also
by other trilobite genera, or even by other arthro-

pods; Oscoop (1970, p. 362) regarded the follow-
ing as synonyms of type species: Trachomatichnus

permudtus MiLLer, 1880, T. cincinnatiensis Miv-
LER, 1880, and “Merostomichnites sp.”' (CasTER,
1938, p. 34).] U.Ord.(Cincinnat.), USA(Ohio).

Fic. 57,6. *P. multipartitus; 6a, Eden beds,
Ohio; X0.9; 65, Southgate beds, Ohio (Hamilton
Co.); ea. 0.9 (Osgood, 1970).

Petaloglyphus VyarLov, GorBacH & DOBROVOLSKA,
1964, p. 94 [*P. krimensis; OD]. Starlike trace
fossil, insufficiently figured and described only in
Ukrainian language. [Grazing trace with dwelling
burrow.] L.Cret., USSR(Crimea).

Phagophytichnus vany Ameron, 1966, p. 182 [*P.
ekowskit; M]. Malformations of leaves of Newur-
opteris pracdentate and Glossopteris sp., consist-
ing of damaged margins nibbled by insects, leav-
ing hemispherical or oval scallops, sometimes also
broad concave or small uniform convex ones,
rarely reaching midrib; ridge of scallops clearly
marked and mostly thickened. U.Carb.(Westphal.
C), Eu.(N.France), U.Carb.(Stephan. B), Eu.
(N.Spain, Prov.Léon); Permo-Carb., S.Afr.-Eu.
(Spain}). Fic. 57,2. *P. ckowskii, Perm.-
Carb., Spain; 2a,5, at a leaf of Glossopteris, 0.7
(van Ameron, 1966).

Phoebichnus Bromrey & Ascaarn, 1972, p. 29
[*P. trochoides; OD]. Central shaft 6 to 8 cm.
in diam., nearly vertical to bedding, with numer-
ous, long, straight radial burrows oriented more
or less parallel to bedding; radial burrows about
1.5 e¢m. in diam. including distinct, annulated
wall lining about 5 mm. thick; mica flakes in-
filling of radial burrows oriented in discrete con-
cavo-convex planes, concave toward central shaft;
total length of shaft and tunnels unknown. [Cen-
tral shaft interpreted as dominichnia, radial bur-
rows as fodinichnia of same unknown animal;
radial burrows actively filled.]  L.Jur.-M.Jur.
( Bajoe.-Callov.), Greenl.(Jameson Land). Fic.
58,1. *P. prochoides, low.Callov.; Ig, schem. re-
constr.,, ¥ 0.15; 15, portion of holotype, X0.25
(Bromley & Asgaard, 1972). [Description sup-
plied by R. W. FrEy.]

Pholeus Fiece, 1944, p. 415 [*P. abomasoformis;
OD]. Large compactly cylindrical burrow with
longitudinal axis parallel to bedding; anterior and
posterior  ends closed and rounded with 2 or
more rounded tubes, oriented obliquely or ver-
tically to bedding, leading to surface; walls lined
with flakes. [Dwelling burrow, probably made
by decapod crustaceans.] M.Trias.(Muschelkalk);
Eu.(Ger.). Fic. 59,1. *P. abomasoformis, L.
Muschelkalk, Ger.; X0.4 (Fiege, 1944).

Phycodes Ricurer, 1850, p. 205 [non GUENEE,
1852; nec Minne-Epwarps, 1869] [*P. circin-
natum RicHrer, 1853, p. 20 (F=Fucoides cir-
cinnatts Browowiart, 1828); SM  (see MAGDE-
FrRAU, 1934, p. 260)] [=Licrophycus BiLLincs,
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Phoebichnus

Fic. 58. Trace fossils (p. W93).

1862, p. 99 (type, L. otftawaensis); Vexillum .
rouvillet pE Sapowrta, 1884, p. 43; Lycrophyeus
TwentoreL, 1928, p. 83, 99 (nom. null.); for
discussion sce MAcperrau (1934, p. 270) and
Oscoon (1970, p. 342)]. Bundled structures of
flabellate or broomlike pattern, consisting of hori-
zontal tunnels; proximal part of main tunnels
unbranched, distal tunnels divide at acute angles
into several free cylindrical tunnels showing deli-
cate annulation beneath thin smooth “bark™;
main branches may show structure similar to
retrusive spreiten  (absent in P. flabellum from
Cincinnatian of USA}; other “species” (e.g., P.
pedum and P. flabellum) vary considerably in
morphology from type species which is also wvari-
able (e.g., falcate or feathersttch-like pattern of
feeding tunnels); about 15 cm. long in entirety;
generally  preserved as  convex hyporeliefs in
quartzites. [Originally interpreted as “fucoids”
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Pholeus

Sb Planolites 3b Phycosiphon

Fic. 59. Trace fossils (p. W93, 95-97).

or even as inorganic structures; certainly feeding relations of Phycodes to Teichichnus were dis-
structure of typical flabellate pattern; probably cussed by HintzscHeL & Rremweck (1968, p.
produced by sediment-feeding wormlike animal; 26); Arthrophycus Harn, 1852, regarded by
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SeiLacuer (1955, p. 386) as junior synonym;

P. pedum SEILACHER, according to Oscoop (1970,

p. 342), should be assigned to a separate genus;

for detailed discussion see Micprrrau (1934),
SemacHer (1955, p. 383-388), and Oscoop (1970,

p. 341-343).] ?U.Precam., Australia; Cam., Eu.
(Eng.-Swed.-Nor.-Spain)-USA (Ariz.)-Asia (Pak.)-

Australia; Ord., Eu.(Eng.-France-Ger.)-N.Am.-S.

Am.-Asia(Iraq)-N.Afr.(Libya); L.Carb.,Eu.(Scot.);

Jur., Eu.(Ger.-France-Swed.); ?Tert.(Mio.), N.Z.

Fic. 59,2a. P. ¢f. P. palmatum (Hairvr), L.
Cam., Pak.; model, X0.7 (Seilacher, 1955).
Fic. 59,26,d. *P. circinnatum; 2b, L.Ord., Ger.;
model, X0.3 (Seilacher, 1955); 2d, Ord.(Galena
F.), USA(Minn.); X0.7 (Migdefrau, 1934).
Fie. 592c. P. pedum SEeiLacuer, Cam., Pak.
(Salt Range); X0.7 (Seilacher, 1955). Fic.
59,2¢. P. palmatum (HaLp), Cam., Pak.(Salt
Range); (arrow indicates direction of movement
of producer), X0.7 (Seilacher, 1955).

Phycosiphon von FiscHer-OosTer, 1858, p. 59
[*P. incertum; M] [=Palacodictyon HeEr, 1865,
p. 245 (type, P. singulare) (non Paleodictyon
MENEGHINI in MurcHisoN, 1850, often erroneously
spelled Palacodictyon); Reticulum DE STEFANI,
1879, p. 446 (type, R. textum) (nom. nov. pro
Paldeodictyon HeEr, 1865); Eterodictyon PEruzzi,
1881, p. 8 (type, E. textum); Lophoctenium
richteri Dercapo, 1910, p. 51; “Polydora?”
GémEz DE Lrarena, 1946, p. 153]. Small U-
shaped loops; frequently branched; in large num-
bers forming antler-shaped systems; similar to
asymmetrical very small Rhizocorallium; parallel
or oblique to bedding planes. [Feeding burrows;
regarded by Fiscuer & Paurus (1969, p. 90) as
true spreiten burrows, protrusively built; various
forms (L.Carb., Kulm; Ger.) have been placed
in Phycosiphon by Preirrer (1968, p. 676).]
Ord.-Carb., Jur.-Tert., Eu.-USA(Okla.-Alaska).

Fic. 59,3. *P. incertum; 3a, U.Cret., Aus.;
X1 (Seilacher, 1955); 35, Eoc., Italy; X2 (Sei-
lacher in Hintzschel, 1962).

Phyllodocites Geinrrz, 1867, p. 1 [*Crossopodia
thuringiaca Geinitz, 1864a, p. 3; SD Hintz-
scHEL, 1962, p. W210]. Curved or meandering
trails, similar to Nereszes, up to several cm. wide;
consisting of narrow median furrow (about 5
mm. wide); smooth or articulated, flanked on
either side by oval lateral markings, mostly over-
lapping one another, somewhat irregularly but
closely placed, resembling “foliaceous outgrowths.”
[Formerly . regarded as parapodia of polychaetes,
now interpreted as originating by turbation of
sediment along sides of median string (the latter
perhaps of fecal origin). Originally considered by
Geinitz (1867) to be impressions of the bodies
of polychaetes related to Phyllodoce; interpreted
by Raymonp (1931a, p. 188) as feeding trails of
branchiopods or phyllocarids; according to ABEL
(1935, p. 241), made by gastropods. For discus-
sion of Phyllodocites interpreted as endogene feed-
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ing burrows see also Pre1rrERr, 1968, p. 686-687.]
Paleoz., Eu.-N.Am.

Phytopsis Harr, 1847, p. 38 [*P. tubulosum
HaLy, 1847; SD Hintzscuer, 1966, p. 72].
Vertical inosculating tubes, straight or flexuous,
nearly circular in section (5 to 10 mm. in diam.);
variously branching, lined with dark material.
[Originally described as probably a marine plant;
according to Ravymonp (1931b, p. 195), probably
burrows of polychaetes; another *“species,” P.
cellulosum Harr, 1847, has been transferred to
the tabulate corals as Tetradium cellulosum
(Harr) (Raymonp, 1931b, p. 197).] Ord., USA
(Ky.-Tenn.-N.Y.).

Pilichnia CuameerraiN, 1971, p. 223 [*P. ellip-
tica; M] [=Pilichna CuamserLAIN, 1971a, p.
215, 224 (nom. null.)]. Large vertical or hori-
zontal burrows, about 60 mm. wide; oval or
elliptical in cross section. [Ill-defined form; name
unnecessary.] Penn.(WapanuckaLs.), USA (OKla.).

Plagiogmus Roeper, 1929, p. 51 [*P. arcuatus;
SD Hinrzscuer, 1962, p. W210]. Smooth, flat,
concave ribbon (1 to 2 cm. wide), straight or
slightly curved; with pronounced single trans-
verse ridges, mostly straight, usually not extend-
ing to sides, at regular or irregular intervals, also
occasionally closely spaced, passing into obliquely
textured band (backfill of trail) consisting of
sandy laminae; rarely faint longitudinal furrows.
[Formerly regarded as epichnial trail; according
to GraessNer (1969, p. 387), endichnial burrow
parallel to bedding; perhaps made by ancestral
mollusk with foot and mantle feeding in sediment
and backfilling its trail with rejected sediment;
smooth surface of burrow cemented by mucus.]
?L.Cam.-?M.Cam., N.Am.(USA, Wryo.); L.
Cam., Eu.(Swed.-Nor.)-Greenl.-Australia; L.Cam.
(Pleist. drift), Eu.(N.Ger.). Fic. 59,4. *P.
arcuatus, Cam.(Pleist. drift), Ger.; 4a, block dia-
gram explaining endichnial burrow interpretation,
filling shown by «cross hatching (Glaessner,
1969); 46, X0.4 (Roedel, 1929). [Also found
in U.Precam., USSR(Russ. Plat.).]

Plangtichnus MiLLer, 1889, p. 580 [*P. erraticus;
OD]. ‘Simple narrow trail, smooth, irregularly
zigzagging in every direcdon. [Made by larva or
pupa of palacodictyopterous insect?] L.Card.
(Kaskaskia Gr.), USA(Ind.).

Planolites Nicuorson, 1873, p. 289 [*P. wulgaris
NicuoLsoN & Hinoe, 1875, p. 139 (==P. vulgaris
NichHorson, 1873, p. 290, nom. nud.); SD
Howerr, 1943, p. 17)] [==PScolecites SaLTER,
1873, p. 2, 10 (without formal species name)].
Cylindrical or subcylindrical infilled burrows
(diam. up to 15 mm.), straight to gently curved,
nonbranching; usually more or less horizontal or
oblique to bedding planes, penetrating sediment
in irregular course and direction, may cross one
another. [Interpreted as infilled endichmial bur-
rows (German, “Stopftunnel”); the name Plano-
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lites explicitly established by NicmoLson (1873, mentary canal”; simple burrows showing trans-

p. 288) for “burrows filled up with the sand or verse annulation {“packing structure,” “back-
mud which worm has passed through its ali- filling”) have been placed in Planolites by several
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authors (e.g., by CmismoLm (1970, p. 24) for
trace fossils from Carboniferous of Scotland).
Planolites is often difficult to distinguish from
morphologically similar Palaeophycus Harr; for
discussion see Oscoop (1970, p. 376) (fillings of
Palaeophycus are generally regarded as apparently
not having been passed through gut of animals);
several “species” assigned to Palaeophycus, Chon-
drites, and even Arthrophycus more correctly re-
ferable to Planolites; P. rugulosus REINECK, 1955,
type species of Scoyenia WHITE; P. ophthalmoides
JesseN, 1950, type species of Oprhalmidium PrEir-
FER, 1968 (superfluous name), for discussion of
that “species” see Semacmer (1963, p. 84),
“guide fossil” for Upper Carboniferous “Augen-
schiefer” of Westphalia; Precambrian “species”
described by WaLcort (1899, 1914) were recently
interpreted by Croup (1968, p. 55) as “algal?™.]
Precam.-Rec., cosmop. Fi16. 59,5. P. montanus,
U.Carb., Ger.; 5a, transv. sec., X0.7; 55, X1
(Richter, 1937).

Polyisthmus Bartrer, 1969, p. 128 [*P. enigma;
OD]. Fragmentary burrows, long-cylindrical to
tapering; regularly widening and narrowing (3 to
9 mm. wide); intervals of constrictions sometimes
variable; cross section circular to oval; wall
smooth; greatest length of fragments observed
about 3 cm.; whole burrow consists of 2 parallel
pieces which converge V-shaped downward;
mostly only washed-out fragments of whole broken
burrows preserved. [Interpretation of construction
of burrow difficult.] U.Jur.(U.Tithon., U.Neu-
burg F.), Eu.(Ger., Bavaria). Fic. 60,3. *P.
enigma; 3a, holotype; 3b, paratype, both 0.7
(Barthel, 1969).

Polykampton OostER, 1869, p. 23 [*P. Alpinum;
M] [=Polycampton Fucms, 1895, p. 433, nom.
null.]. Central zigzag-shaped stalk, at angles of
stalk featherlike bunches grow out at both sides
with backwardly directed curvature; externally
similar to Sertularia. [Interpreted originally as
hydrozoan; explained by Fucus (1895, p. 433)
as spawn ribbons of gastropods (see also ExrEN-
BERG, 1941, p. 303); according to SEILACHER
(1959, p. 1070), feedng burrow with alternating
fanlike feeding fields.] [Found in flysch de-
posits.]  Trias.,, Cret.-L.Tert., Eu.(Switz.-Aus.-
Spain) ——F1c. 60,5. *P. alpinum, Trias., Switz.;
ca. X0.3 (Ooster, 1869).

Protichnites Owen, 1852, p. 214 [*P. septemno-
tatus; SD HinTzscueL, 1962, p. W210] [=Pro-
tichnides CrapMman, 1878, p. 490 (nom. nuil.)].
Two rows of bifid or trifid imprints and a com-
monly narrow, intermittent double drag trail in
the middle; tracks irregularly and closely set;
trackway in places connected with the resting
trace Rusophycus. [Interpreted as tracks of limu-
lids, crablike crustaceans or most probably trilo-
bites moving straight forward (Warcorr, 1912b,
p. 275; 1918, p. 174), but also of gastropods;
for discussion of the “genus” see BurLinG (1917,
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p. 387) and Oscoop (1970, p. 352); several “spe-
cies,” according to Stgrmer (1934, p. 22), belong
to Merostomichnites; see also Opix (1959, p. 8).]
L.Cam., Asia(Pak.)-Can.; U.Cam., N.Am.-Asia
M.; ?Cam., ?0rd., W.Australia. Fic. 61,15.
P. sp., L.Cam.(Jutana Dol.), Pak. (Salt Range);
trail starting from Rusophycus impression, X1.5
(Scilacher, 1955). Fic. 6l,la. *P. septem-
notatus, U.Cam.(Potsdam Ss.), Can.(Que.); track,
X0.5 (Walcott, 1912b).—Fic. 61,1lc. P. lo-
gananus MarsH, U.Cam., USA(N.Y.); track, X0.1
(Walcott, 1912b).

Protopaleodictyon Ksiazxiewicz, 1970, p. 303
[*P. incompositum; OD] [=Protopalacodictyon
Ksiazxiewicz, 1958, expl. pl. 2 (nom. nud.); Pro-
topalacodictyum Nowax, 1959, p. 119, 125;
(nom. nud.); Protopalacodictyon KsiazriEwicz,
1960, p. 737, 745 (nom. nud.); ?Unarites MAc-
soTAY, 1967, p. 38 (type, U. suleki); ?Spinorhaphe
PreIFFER, 1968, p. 681 (type, Palacophycus
spinatus GeNtz, 18673, p. 16); PPseudopaleo-
dictyon PrFEIFFER, 1968, p. 674 (type, Palaeo-
phycus hartungi Geinrrz, 1867a, p. 16)]. Ini-
tial, irregular forms of Pdleodictyon, quite
variable, less regular, not strictly polygonal pat-
tern; mostly meanders with ramifications on their
apices; sometimes representing transitional forms
from Cosmorhaphe or Belorhaphe to Protopaleo-
dictyon, therefore is a combination of features of
these ichnogenera. [Found in flysch deposits.]
?L.Carb.(Kulm), Eu.(Ger.); L.Cret., Japan; Cret.-
L.Tert., Eu.(Pol.-Aus.-Spain); ?Cret.-L.Tert., S.
Am.(Venez.). Fic. 60,la. P. sp., low.Eoc.
(Beloveza Beds), Pol. (Carpath.); X0.7 (Ksigz-
kiewicz, 1960). Fic. 60,15, *P. incompositum,
mid. Eoc. (Hieroglyphic beds), Pol.(Przykrzec);
% 0.3 (Ksigzkiewicz, M., 1970, p. 302, in: Trace
Fossils edited by T. P. Crimes & J. C. Harper,
Geol. Jour. Spec. Issue 3, Seel House Press,
Liverpool).

Protovirgularia M’Coy, 1850, p. 272 [*P. dicho-
toma (=P?Cladograpsus nereitarum RICHTER,
1853, p. 450; Triplograpsus nereitarum RICHTER,
1871, p. 251); M] [=Provirgularia GUMBEL,
1879, p. 469 (nom. null.)]. Small keel-like trail,
a few mm. wide, mostly straight or slighdy
curved, may branch dichotomously; consisting of
an elevated median line and lateral wedge-shaped
appendages, alternating on both sides. [Re-
garded by M’Cov as octocoral because of its simi-
larity to the Recent octocoral Virgularia; as late
as 1952 considered an octocoral incertae sedis by
Avvorteau (1952, p. 415); ascribed to graptolites
by Ricurer (1853a, 1871); undoubtedly a trail
as recognized by Narnorsr (1881a, p. 85), be-
longing to “group” Ichmia spicea RupoL¥ Rich-
TEr (1941, p. 229); for detailed discussion see
HinTtzscuer, (1958, p. 84) and Vork (1961);
producing animal unknown.] Ord., Eng.; L.Dev.-
M.Dev., Eu.(Ger.); L.Carb.(Kulm), Eu.(Ger.).

Fic. 61,2. P. nereitarum (RicuTER), M.Dev.




(“Nereiten-Schiefer”),
K225 (Volk, 1961}.
Psammichnites Torerr, 1870, p. 9 [*Arenicolites
gigas TorELL, 1868, p. 34; SD Fiscusr & PauLus,
1969, p. 91] [=?Cymaderma Duns, 1877, p. 352
(no formal species named)]. Large ribbonlike
trails with narrow longitudinal median ridge;

Ger.(Thuringia);  2ab,
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convex upper surface; mostly very flexuous, about
2 to 5 cm. wide; with very fine transverse ridges
closely spaced. |Usually interpreted as trails made
by burrowing gastropods; according to GLAESSNER
(1969, p. 389) by mollusks without shells; be-
longing to the “group™ Scolicia DE QUATREFAGES,
1849; interpreted by Héceom (1926) as sandy
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excrements of worms or content of their in-
testines; regarded by Habpine (1929, p. 58) as
worm trails.] L.Cam., Eu.(Ire.-S.Swed.)-Can.;
L.Cam.(Pleist.drift), Eu.(Ger.-Denm.); ?M.Dey.,
Eu.(Ger.); ?Penn., USA(Okla.). F1c. 62,2a,b.
P. sp., L.Cam.; 2a, Swed., X0.25; 25, loc. un-
known, X0.7 (Hintzschel, 1964b).—F1c.
62,2c. *P. gigas (TorerLr), L.Cam., S.Swed.;
X 0.7 (Torell, 1868).

Pseudobilobites KenNepy, 1967, p. 153 [*P. jef-
feriesi Kennepy, 1967, p. 154; OD] [=Pseudo-
bilobite Barrois, 1882, p. 175; Pseudobilobites
Barrors (in LEesserTissEUr, 1955, p. 45 (nom.
nud.))]. Ovoid or rounded masses of shell frag-
ments and sand-size microfossils cemented by
calcite; 3 to 7 cm. long; upper surface mostly
flat or slightly concave, smooth or somewhat
granular; lower surface convex, covered by groups
-of short more or less parallel ridges inclined to
long axis of structure. [Apparenty surface trace
made by crustaceans; for discussion see KENNEDY,
1967, p. 155.] [Author of this ichnogenus is
neither Barrors, 1882 (intended by him as a
vernacular name) nor LesserTisseur, 1955, p. 45,
as attributed by Kenneoy (1967, p. 154); Les-
SERTISSEUR neither published a diagnosis nor desig-
nated a type species; conditions for the establish-
ment of a valid generic name were fulfilled only
by Kenneoy (1967).] U.Cret., Eu.(Eng.-France).
——F1c. 60,2. *P. jefferiesi, mid.Cenoman.(Lower
Chalk), S.Eng.(Buckinghamsh.); holotype, X0.7
(Kennedy, 1967).

Pterichnus HitcHcock, 1865, p. 14 [*Acanthichnus

tardigradus Hitcucock, 1858, p. 151; OD]. Two
rows of numerous [foot] imprints, turned out-
ward from median line at angle of 15 to 20
degrees; width of track about 12 mm., foot im-
prints 3 mm. long. [?Myriapod track.] Trias.,
USA (Mass.). Fic. 60,4. *P. rardigradus
(Hrrcucock); %0.7 (Hitchcock, 1858).

Pteridichnites CLARKE & Swartz, 1913, p. 545
[*P. biseriatus; M]. Two rows of small pits
bordered by narrow elevated margin; about 4
mm. wide; median ridge crenulated; pits nearly
equidimensional, alternating in position; some-
what similar to Nereites. [Interpreted as crawling
trail of arthropod or annelid.] U.Dev., USA
(Md.). Fic. 62,3. *P. biseriatus, Jennings F.;
X1 (Clarke & Swartz, 1913).

Quebecichnus Hormann, 1972, p. 196 [*Q. lau-
zonensis; OD]. Large, uniformly branching bur-
row systems along bedding planes; containing
cylindroidal to ellipsoidal fecal pellets. Branches
generally nearly rectlinear, fairly uniform in
length (10-30 em.) and width (1.5 cm.), de-
veloped by repeated equal, distally directed, lat-
eral forking from opposite points along distal
half of individual segments. Burrows show mul-
tiple laminations indicative of upward displace-
ment of burrows during successive stages of
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occupation, similar to Teichnichnus. [Possible
interpretation as being produced by one or several
worms systematically traversing sediment.] L.
Ord., Can. F16. 62,4. *Q. lauzonensis, Quebec
Gr.; X0.16 (Hofmann, 1972b). [Description
supplied by W. G. Hakzs.]

Radiichnus Karaszewski, 1973, p. 159 [*R.
staszic; M]. Starlike trace fossil preserved in
convex hyporelief; 6 to 7 cm. in diameter, maxi-
mum thickness (11 ecm.) in central region (diam.
6-10 mm.) from which radiate approximately
30 ridges (1.5 mm. wide, 2-4 mm. in relief)
grouped in “bundles”; ridges commonly bifurcate
toward margins and occasionally reach margins.
[Mold of a structure produced in sand by the
movement of the antenna of a worm living
buried in the sediment or the accumulation of
undigested mud arranged by worm.] Jur.
(Bathon.), Eu.(Pol.). [Description supplied by
W. G. Hakes.]

Radionereites GREGory, 1969, p. 10 [*R. ballances;
OD]. Featherlike structures of uniform size, ar-
ranged in radiating clusters consisting of sand-
filled tubes; single burrows with narrow central
rounded axis 2 to 4 mm. wide and about 10 cm.
long; flanked bilaterally by closely set, opposed,
leaf-shaped, lobate extensions, each up to 1 c¢m.
long, arranged regularly at equal intervals and
diverging at acute angles. [In first description
by BartrRum (1948, p. 489) ‘*“fucoid” or sponge
affinities were suggested; later interpreted as feed-
ing burrows by BaLrance (1964, p. 492) and
Grecory (1969, p. 10).] U.Tert.(low.Mio.,
Waitemata Gr.), N.Z. Fic. 62,1. R. sp.,
Auckland; X0.3 (Bartrum, 1948).

Radomorpha Vyarov, 1966, p. 72 [*R. ferganen-
sis; OD]. Straight, curved, or branching burrows,
either single or forming complex patterns, char-
acterized by longitudinal furrows. Tert.(Oligo.),
USSR (Ferghana). [Description supplied by Curt
TEICHERT.]

Rauffella UrricH, 1889, p. 235 [*R. filosa; OD]
[=Raufela Sarpeson, 1896, p. 78; nom. null.]
Only R. palmipes ULricH a true trace fossil simi-
lar to Arthrophycus HaLr; other species sponges
or incertac sedis (see pE LauBeNnfeLs, 1955, p.
E107). U.Ord., USA.

Rhabdoglyphus Vassoevich, 1951, p. 61 [*R.
grossheimi; M]). Cylindrical tubes consisting of
short, closely spaced, invaginated “calyces,” some
with short branches; preserved in convex hypore-
lief. [Trail of uncertain origin; considered post-
depositional by Ksiazkiewicz (1970, p. 315-316).
Fucus (1895, p. 391) described “Rhabdoglyphen”
from Austrian flysch deposits, several of his forms
similar to paper bags packed one inside another.]
Cret.(Cenoman.), USSR (Azerbaidj.). Fic. 61,
3. R. grossheimi, U.Cret., Caucasus; X1 (Vyalov,
1971).

[This trace fossil has a somewhat confused nomenclatural
history. HANTzscHEL (1965, p. 78) felt that an adequate
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description of Rhabdoglvphus had not been provided by
VassoevicH in cither 1951 or 1953, He therefore claimed
that the conditions of availability for the name had subse-
quently been met by Boufex & Eudf (1962, p. 146)
nearly a decade later. However, after inspection of a
rare copy of Vassoeview (1951), kindly lent to us by

M. Ksiairiewicz, it was found that an adequate descrip-
tion appears in the explanations of Flate V, figure 3 and
Plate VI, figures 3 & 4, both on p. 219, Boulex & Euihd
seem to have only expanded the deseription of Rhabdo-
glyphus Yassoevicn and complicated matters by figuring
specimens much different from the material described by
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Vassorvicet originally, This has been pointed out by
Ksiazxtewicz (1970, p. 286-287). As a result, the figured
specimens of BouCEk & Evri¥ have been mistakenly con-
sidered Rhabdoglyphus by HAntzscuen (1965, p. 75; 1966,
p. 15) and Oscoop (1970, p. 369).

Vyarov (1971, p. 90) finally clarified mauters by intro-
ducing the new name Fustiglyphus for the material figured
by Boulex & ELik¥ and restricting the name Rhabdoglyphus
to the material described by Vassosvicur (see Fussiglyphus,
p. W6ty —Corr Tricmerr, W. G. Haxss.]

Rhizocorallium Zenker, 1836, p. 219 [*R. jenense
(=Spongia rhizocorallium Grinrrz, 1846, p.
695); M] [==?Lithockela Gimaer, 1861, p. 411
(type, L. problematica); Glossifungites LoMNICKI,
1886, p. 99 (wype, G. saxicava); ?Myelophycus
Urrich, 1904, p. 145 (type, M. curvatum);
Spongillopsis  recurva Fricme, 1906, p. 34;
PSpongillopsis triadica Fricug, 1906, p. 33; Lis-
sonites DouviLrg, 1908, p. 367 (provided for
Taonurus saportai DEwALQUE, 1882, to be ascribed
to Rhizocorallium); Glossofungites FriterL, 1925,
p. 35 (nom. null.); Cavernaecola Bentz, 1929, p.
1181 (type, C. baertlingi); Upsiloides Byrne &
BransoN, 1941, p. 261 (type, U. permiana);
Rhizocorallum SuvLLvan & Orix, 1951, p. 13
(nom. null.}); Rhyzocorallium Hary, 1969, p.
120 (nom. null.); for discussion of Cavernaecols
see Hamm, 1929, p. 105, and Kemerr, 1968, p.
64-67)]. Simple U-tubes with spreite, generally
protrusive, or somewhat oblique to bedding;
“arms” more or less parallel, several cm. apart;
very rarely branched, occasionally with lateral
flaps; tubes relatvely thick (1 c¢m. or more),
commonly initially vertical for several cm. down-
ward, then sharply bending at right angle; outer
side of many tubes often marked by numerous
striae interpreted as scratch markings indicative
of crustaceans (see WerceLt, 1929); pills of
ellipsoidal excrements may be incorporated in
walls or within tube; median line of U often
curved; horizontal forms on bedding planes char-
acteristically winding. [Tentatively interpreted
originally as sponges or corals; now regarded as
burrows of deposit-feeding animals, or perhaps
as dwelling burrows of plankton-feeding anirnals
(Veevers, 1962, p. 10: “protective nest”) for
discussion of mode of life of Rhizocorallium
animal see SerLwoop, 1970, p. 494; parallel
orientation of Rhkizocorallium tubes observed in
Jurassic of England (AGER & Wavrracs, 1970, p.
14); interpreted by Farrow (1966, p. 132, 146)
as orientation in response to tidal currents, oblique
or horizontal position possibly depending on water
depth (see Acer & Warrace, 1970, p. 15); hori-
zontal tubes of 70 ¢m. and more long have been
observed (Jur., Eng.; see Farrow, 1966, fig. 7-9);
very large screwlike form (30 cm. in diam.)
described by Firtion as R. uliarensis (Firrion,
1958; U.Jur., France); other specimens (M.Trias.,
Ger.) consist of one vertical limb surrounded
spirally by the other (Mbrier, 1956b, p. 405);
sometimes also vertically retrusive forms have
been assigned to Réhizocorallium (e.g., RIOUET,
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1960, p. 8; Szriwoop, 1970, p. 492); for transi-
tions to Teichichnus see SeLrLwoop, 1970, p. 494;
reworked burrows rarely observed (Scuvroz, 1968,
p. 697; LJur, $.Gec.).] Cam.Tert., cosmop,—
Fic. 63,1. R. sp.; la, UCret, France, X0.8
(Abel, 1935); 154, L.Cam., Pak., model, X0.6
{Seilacher, 1955).

Rosselia Danmer, 1937, p. 532 [*R. socialis; M}.
Cylindrical pencil-thick burrows, commonly ob-
lique (30° or more) to bedding; lower end not
observed; opening expanded and filled with con-
centric layers of matrix which as a rule are
strongly weathered, [According to Daumer
(1937, p. 533), dwelling burrow; interpreted by
SerLacuer (1955, p. 389) as feeding. burrow,
recently regarded by him (1969, p. 122) as a
junior synonym of Asterosoma von Orro, 1854
(see Pig. 25,1).] L.Cam., Asia(Pak.), L.Dev.,
Eu.(Ger.); ?Penn., USA(Okla.); ?Jur., Eu.{Ger.};
U.Cret., N.Am.(USA, Utah). Fic. 63,2. *R.
socialis, L.Dev.(low. Taunus Quartzite), Ger.;
2ae, opening, X0.5; 25, upper end of dwelling
burrow with opening, X0.5 (Dahmer, 1937).
Rusophycus Havr, 1852, p. 23 [*Fucoides biloka
Vanvxem, 1842, p. 79; “OD”] [=Rhyssophycus
Eicuwarp, 1860, p. 54 (nom. null.); Rusichnites
Dawson, 1864, p. 367 (nom. van.); Rysophycus
pE TroMEeLIN & LesrscontE, 1876, p. 627 (nom.
null.); Rhysophycus SCHIMPER, in SCHIMPER &
Scuenk, 1879, p. 54 (nom. null.); Rhizophycus
Bursav, 1900, p. 148 (nom. wan.)]. Short bilo-
bate bucklelike forms, resembling shape of coffee
beans; lobes transversely wrinkled by anterolater-
ally directed coarse of fine strise; with deep
median furrow; outline mostly elliptical; gen-
erally width equal to one-half to two-thirds
length; bilobate pits deeply excavated or only
shallowly dug; quite variable in size and shape
(size of Cincinnatian specimens from 1-25 cm.);
morphology variable and dependent on mechanics
of burrow excavation, and therefore difficult fo
render an unobjectionable “diagnosis.” [“The
most famous of all the ‘fucoids’” (Oscoop,
1970, p. 3061); originally interpreted as of plant
origin;. undoubtedly resting excavations made by
trilobites digging in sediment to rest there tem-
porarily, interpretation given by Dawson (1864,
p. 365, 366: “for shelter or repose” or “places
of incubation”); other less probable interpreta-
tions: feeding structures or egg depositories;
well-preserved specimens may show imprints of
segments, pygidia, pleural spines, and other parts
of the wrilobite; in several cases (U.Ord., USA,
Ohio) the producer of the burrow has been found
preserved in situ (sec Rusophycus pudicum Harr
with Flexicalymene meeki (Oscoop, 1970, pl. 57,
fig. 6)). Crimes (1970¢, p. 114) has shown that
several “forms” of Rusophycus have restricted
time range (U.Cam. or L.Ord.) and thus are
usable as guide fossils, Many ‘“species” were
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established only on small differences in shape;
for discussion of nomenclatural status of Rusophy-
cus see Oseoon (1970, p. 303); with regard to
intermediate specimens between Rusophycus and
Cruztana, Rusophycus was often regarded as syn-
onym of Cruziana, but Lessertisseur (1955, p.
45), Semacuer (1955, p. 366), and Oscoop
(1970, p. 303) recommended Rusophyeus for the
short bilobate resting trails of trilobite origin,
and this is approved by the present author. How-
ever, SeiLacuer (1970, p. 455) recently proposed
combining all presumable “resting tracks,” “‘rest-
ing nests,” and “resting burrows” of trilobites
in the one ichnogenus Cruziana; for detailed
discussions sce Seieacuer (1955, p. 358-364)
and Oscoop (1970, p. 301-305).] U.Precam.-
Dev., cosmop. Fie. 63A,1a. *R. bilobatus
(Vanuxem), L. Cam., Pak.; 0.5 (Scilacher,
1955). Fic. 63A,1b,c. R. didymus (SALTER),
L.Cam., Pak.; 1b, X05; Ic, X1 (Seilacher,
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1955). Fic. 63A,1d-f. R. pudicum Havrvr, 1852,
U.Ord.(Corryville beds), Ohio (Cincinnati area);
1d, convex hyporelief, X1; Ie, the originator of
the trace, Flexicalymene meeki, in sitn, X0.9
(Osgood, 1970); 1f, Mt. Hope beds, convex hypo-
relief associated with 6 specimens of Lockeia
siliguaria, 0.9 (Osgood, 1970). Fic. 63A,1g.
R. carleyi (J. F. JamEs), loc. unknown; convex
hyporelief, X 0.6 (Osgood, 1970).

Sabellarifex Ricuter, 1921, p. 50 [*S. eifliensis;
M] [=Sabellarites Ricuter, 1920, p. 226 (non
Sabellarites Dawson, 1890, p, 605)]. Similar to
Skolithos, but individual tubes less straight and
not as crowded; mever branched. [Regarded by
Ricurer (1920, p. 226; 1921) as constructed tubes
comparable to those of the Recent annelid Sabel-
laria alveolata Lamarck; according to WESTER-
cirp (1931, p. 14-15), forms intermediate be-
tween Sabellarifex and Skolithos have been
observed in Lower Cambrian of Sweden; “Sabel-
larifex dufrenoyi (Rovaurr)” (=Tigilites dufre-
noyi Rouaurt) described from Lower Paleozoic
of Jordan (Huckrieoe in Benper, 1963, p. 253-
254) differs from Sabellarifex by its distinct
annulation; these forms should be named Tigidl-
lites.] L.Cam., Eu.(Swed.}-?N.Am.; L.Dev., Eu.
(Ger.). Frc. 64,5. *S. eifliensis, LDey., Ger.;
Sa, %0.65; 56, 0.6 (Richter, 1921).
Sabellarites Dawson, 1890, p. 605 [non RicHTER,
1920, p. 226] [*S. trentonensis Dawson, 1890, p.
608; SD Haiwrzscuer, 1962, p. W215]. Some-
what tortuous tubes, 1 to 3 mm. in diameter,
about 3 em. long; walls thick, composed of grains
of sand and minute calcarcous organic fragments
cemented by organic substance; some in groups
of 2 or more attached together. [Similar to Re-
cent genus Terebella.] U.Precam., Eu.(Eng.);
U.Ord.(Trenton.), Can.; ?M.Dev., Eu.(Ger.).
Sacrichnites Brivines, 1866, p. 73 [*S. abrupius;
M]. Track consisting of 2 parallel rows of semi-
circular or subquadrate pits, about 15 mm. in
diameter; alternating with cach other uniformly;
somewhat curved in outline on outer margin;
anterior and posterior margin  nearly straight.
[Very tentatively interpreted by Birines as made
by mollusks, perhaps cephalopods (see TEicHERT,
1964b, p. K487); according to Twennorer (1928,
p. 100), also comparable to impressions of fucoids
(giant kelp of the North Atlantic),] Ord., Can.
(Anticosti) . Fic. 64,7. *S. abruprus, English
Head F.; X0.1 (Twenhofel, 1928).
Sagittichnus SriLacner, 1953, p. 115 [*S. lincki;
M]. Trails suggestive of arrowheads with median
keel; up to 5 mm. long. [Resting trail; producer
unknown, belonging to epipsammonts; occurring
in masses equally oriented rheotactically.] U.
Trias.(mid Keuper, Schilfsandstein), Eu.(S8.Ger.};
PTert.(Oligo.), Eu.(Pol.)- Fic. 65,5. *S.
lincki; X2 (Scilacher, 1953b).
Saportia Souinasor, 1891, p. XX [*Zonarides
striatus SouiNaBoL, 1888, p. 554; M] [=Saportaia
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Wirckens, 1947, p. 47 (nom. wvan.); Palaco-
saportia BorrELLO, 1966, p. 20 (type, P. loedeli)].
Long large cylindrical burrows, 1 to 2 cm. in
diameter, commonly in dendriform arrangement,
branching dichotomously; surface with rhombic
pattern produced by delicate arched parallel stria-
tions in 2 systems. [Interpreted by Ricuter (in
WiLckexns, 1947) as fillings of burrows made by
animals and deposited posteriorly after passing
through alimentary canal; in German, “Stopftun-
nel mit Kotfiillung.”] [Found in flysch de-
posits.] L.Tert.(Eoc.), Eu.(N.Italy). Fic. 64,
4. *S. striata (SouiNasor); X0.3 (Squinabol,
1891).

[Borxerro (1966, p. 20) observed that there are only

small differences in shape between his Palacosaportia from
the Ordovician of South AmericalArg.} and Saportie
from the Tertiary of Italy. In my opinion, a new
generic name is not required for such burrows which
vary considerably in shape.]

Scalarituba WEeLLER, 1899, p. 12 [*S. missourien-
sts; M. Subcylindrical burrows, 2 to 10 mm.
(max.) in diameter; sinuous; parallel, oblique or
nearly vertical to bedding; marked by transverse
“scalariform” ridges situated at average distances
of 2 to 3 mm., which may be only poorly pre-
served or lacking in argillaccous rocks. [In “un-
believable abundance” in silty sequences (e.g.,
the Hannibal F. of Missouri}, to be interpreted
as internal trail; according to Hewzest (1960,
p. B383) and Conkin & Conkin (1968, p. 5),
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Saerichnites

Fic. 64. Trace fossils (p. W102-103; 106-108).

made by sediment-eating worm or wormlike
organism living in shallow roarine, possibly
estuarine, or even (Conkmv & Conxin, 1968)
tidal-flat environment; SeiLacurr (1964c, p. 309)
listed occurrences of this ichnogenus from all of
his three trace fossil communities (Cruziana,

Zoophycos, Nereites facies) related to depth,
which would mean occurring from epicontinental
to  geosynclinal environments; SEILACHER &
MerscaNer (1965, p. 615) compared Sealarituba
with Nereizes and Neonereites, referring to the
similar general structure.] Ord., Eu.(Nor.)-USA
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(1iL.); M.Dey., Eu.(Aus.)-USA; Miss.-Penn., USA
(Ala.-Ky.-Ind.-Mont.-N. Mexico-I1l.-Ohio-Mo.-Ark.-
Okla.-Utah); Perm., Mexico. Fic. 654. *S.
missouriensis, L.Miss.(Kinderhook), USA(Mo.);
X 0.8 (Hintzschel, 1962).

Scolicia DE QUATREFAGEs, 1849, p. 265 [*S. prisca;
M] [The following ichnogenera belong to the
“Scolicia group” but are not classifiable as true
synonyms: Nemertilites Savi & MeNecHINI, 1850,
p. 421 (type, N. strozzii); Nereiserpula STOPPANI,
1857, p. 334 (no type species designated);
Psammichnites ToreLL, 1870, p. 9 (see p. W98);
Cymaderma Duns, 1877, p. 352 (no formal spe-
cies named; ?jun. synonym of Psammichnites);
?Phyllochorda ScHIMPER in SCHIMPER & SCHENK,
1879, p. 50 (no type species designated); ?Bolonia
MEUNIER, 1886, p. 567 (type, B. lata); Scolithia
KinpeLaN, 1919, p. 187 (nom. null.); Palacobul-
liz GOTZINGER & BEecker, 1932, p. 379 (no
formal species named); Subphyllochorda Go1zZ-
INGER & BECKER, 1932, p. 380 (no formal species
named); Olivellites FEnToN & FENnTON, 1937, p.
452 (type, O. plummeri); Paleobulla CLINE,
1960, p. 92]. Horizontal bilaterally symmetrical
gastropod trails of great variability, long, band-
like; morphology depending on their origin as
surface trails or internal trails; varied sculpture
caused by different methods of burrowing, creep-
ing, and removing sediment; up to about 4 cm.
wide; two main types: 1) type species (Scolicia
s. str.==“group” Palacobullic GOTZINGER &
BECKER, 1932) representing a “true trail” as
surface trail of negative cpirelief, consisting of
variably shaped median axis, ribbonlike or ridge-
like, ribbed; lateral parts transversely striated
(the striae slanting backward from the midline)
or of “gill-like” structure, width larger than or
equal to median axis; type species briefly de-
scribed by DE QUATREFAGEs represents this type;
2) internal trails as sole trails, varied full relief
burrows (“‘group” Subphyllochorda GOTZINGER &
Becker, 1932); bandlike, trifid, with varied
longitudinal markings; on both sides of the
median ribbon characteristic narrow carinate
ridges common; both of these types occasionally
traceable over great distances. [Originally in-
terpreted by DE QuaTREFAGES as long annelid
about -2 m. long; now regarded as creeping or
feeding trail (or both) of burrowing gastropods;
of wide facies range (Nereites and Cruziana
facies); large bedding planes of European flysch
deposits furrowed by countless trails of Palaco-
bullia type; nomenclatural treatment of these
variable trails difficult (e.g., Ksiazxiewicz, 1970,
p. 289, used Scolicia only for the Palacobullia
type, and retained Subphyllochorda GOTZINGER &
Becker); for detailed discussion of Scolicia see
Go1rzINGER & BeckErR (1932, p. 377-384; 1934,
p. 82-84); AzpErria Moros (1933, p. 9-17); ABEL
(1935, p. 219-237); Semwacuer (1955, p. 373-
376)]. Cam.-Tert., cosmop. Fic. 66,1a-1.
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Palaeobullia; schem. drawing of different forms
(Gotzinger & Becker, 1934). Fic. 66,2a-d.
Subphyllochorda, schem. drawing of different
forms (Gotzinger & Becker, 1934). Fic. 66,2¢.
Subphyllochorda striata, low.Eoc.(Beloveza Beds),
Pol. (Lipnica Wielka); X 0.4 (from Ksigzkiewicz,
M., 1970, p. 291, in: Trace Fossils edited by T.
P. Crimes & J. C. Harper, Geol. Jour. Spec. Issue
3, Seel House Press, Liverpool). Fic. 66,3.
*Olivellites plummeri FentoNn & FENTON, Penn.
(Cisco F.), Texas; X0.48 (Fenton & Fenton,
1937b). Fic. 66,4. *S. prisca, 4a, low.Eoc.
(Beloveza Beds), Pol.(Zubrzyca Gorna); X0.4
(from Ksigzkiewicz, M, 1970, p. 291, in: Trace
Fossils edited by T. P. Crimes & J. C. Harper,
Geol. Jour. Spec. Issue 3, Seel House Press, Liver-
pool); 4b, Eoc.(flysch), Aus., Italy; X0.4 (Sei-
lacher, 1955).

Scoyenia WwiTE, 1929, p. 115 [*S. gracilis; M]
[=¢f. Spongillopsis dyadica GeNiTZ, 1862 (n0n
Poronif, 1893, p. 18); Planolites ragulosus
REeINECK, 1955, p. 79; for discussion see REINECK,
1955, p. 81-82]. Slender burrows with ropelike
sculpture; 2 to 10 mm. (max. 20) in diameter;
in half or full relief or flattened; linear and com-
monly curved, not branched, often crossing each
other; parallel or vertical or oblique to bedding;
sometimes showing slight “peristaltic” thicken-
ings; outside covered by fine clustered wrinkles
densely arranged; inner structure as on stuffed
burrows with backfilling, visible if preserved in
full relief. [According to MoLrLer (1969c, p.
926, 927), probably made by same animal (poly-
chacte worm?) or one similar to that making
ichnogenus Tambia MULLER; Scoyenia, index trace
fossil for “Scoyenia facies” (SEiLacuEr, 1967, p.
415), representing nonmarine sand and shales,
commonly red beds.] Perm., Eu.(France-Ger.)-
USA (Ariz.). Fic. 64,3. *S. gracilis, Hermit
Sh., Ariz.; ca. X0.7 (White, 1929).

Siphonites DE SaporTa, 1872, p. 110 [*S. heberti;
M]. Tubes, several cm. long and about 1 cm.
in diameter, with sandy lining, mostly washed
out and collapsed on bedding planes. [For de-
tailed description and discussion see GARDET,
LAuGIER, & LEsserTisseur (1957); regarded er-
roneously by some authors as synonym of Palaco-
phycus Harn.] U.Trias.(Rhaet.), Eu.(France).

Fic. 65,2. *S. heberti; X0.35 (Laugier in
Hintzschel, 1962).

Skolithos HarpeEmann, 1840, p. 3 [*Fucoides
Plinearis HALDEMANN, 1840, p. 3; M] [=Scolithus
HaLy, 1847, p. 2 (and all later authors dealing
with this “genus” till Howerr (1943, p. 6)
who detected HaLpEMANN’s spelling Skolithos)
(type, S. linearis); Scolecolithus F. RoEMER, 1848,
p. 171 (nom. van.); Scolites SaLTER, 1857, p.
204 (no species name) (nom. null.); ?Haughtonia
Kinanan, 1859, p. 119 (type, H. poecila)].
“Ordinary pipes”; straight tubes or pipes perpen-
dicular to bedding and parallel to each other,
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subeylindrical, unbranched; 1 to 15 mm. in diam-
eter, constant for each tube; few cm. up to 30
c¢m. (max. 100) long; inner walls may be finely
annulated; tubes commonly closely crowded (par-
ticularly the Skolithos in the Cambrian of
Sweden), but also may show widely spaced grada-
tions; frequent in arenaccous sediments; forming

Cambrian “pipe rocks” of Scotland. [For a de-
tatled discussion and treatment of ichnogenus see
Jantis (1892b), Ricmrer (1920, 1921), Fenrton
& Fenrton (1934d), Westercarp (1931}, HoweLL
(1943); originally interpreted as marine plants
in  situ, but Scottish occurrences referred to
“Sabella or other marine worm” by McCurrocu
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(1814, p. 461); interpreted as made by annelids
(e.g., NicuoLson, 1873, p. 288) or by brachiopods
(Perry, 1872, p. 139), phoronids (Fenton &
FEnTON, 1934d, p. 348), or even as of inorganic
origin (e.g., HécroMm, 1915). HarLram & SweTT
(1966, p. 104) rejected RICHTER’s interpretation
as “reefs” built by colonial worms, proposing that
Skolithos tubes were made during periods of
negligible sedimentation by the same animal that
produces Monocraterion tubes by upward move-
ment due to influx of sand. Sabellarifex RICHTER,
1921, regarded by FentoN & Fenrton (1934d, p.
344) as synonym of Skolithos; other authors
(PéNEAU, 1946, p. 78; SEILACHER, 1969b, p. 118)
considered Tigillites RouauLT a synonym of
Skolithos; this question not yet cleared up, par-
ticularly due to cursory descriptions of Tigillires
and Skolithos itself, along with missing type spe-
cies and figures in the first descriptions. There-
fore, in agreement with Oscoop (1970, p. 326):
“at present the genus remains in a state of con-
fusion . . . it is badly in need of a monographic
study”; this concerns the “species” of Skolithos
as well as its synonyms.] U.Precam., N.Australia;
Cam.-Ord., Dev., cosmop.; U.Penn., USA(Texas);
U.Carb., S.Afr.; L.Cret., USA(Colo.); L.Jur.,
Greenl. Fic. 64,2. *S. linearis, L.Cam.; 2a,
Swed. (Oland), X0.6; 25, Swed., X0.5 (Wester-
gard, 1931).

Spirodesmos ANDREE, 1920, p. 85 [*S. interrup-
tus; M]. Large spiral-shaped form, diameter up
to about 30 cm.; consisting of individual parts 2
to 3 cm. long and up to 10 mm. wide; in outer
coils parts are displaced toward interior with re-
spect to each other; S. archimedeus HUCKRIEDE
(1952) differs from type species by uninterrupted
spiral band; type species possibly part of large
double spiral such as Spirophycus. [Interpreted
by Anprée (1920) and Huckriepe (1952) as
strings of spawn of gastropods; more likely trace
fossil (see PrEIFFER, 1968, p. 674); HOULSEMANN
(1966, p. 455) discussed similarity of Spirodesmos
to some large Recent trails in the form of coiled
or spiral pattern observed on abyssal sea floor of
the Pacific and other oceans (Bourne & HEeEzEN,
1965).] L.Carb.(Kulm), Eu.(Ger.). Fic. 64,
6a. *S. interruptus; X0.17 (Andrée, 1920).—
Fic. 64,66. S. archimedeus Huckriene; X0.2
(Huckriede, 1952).

Spirophycus Hintzscuer, 1962, p. W215 [*Mu-
ensteria bicornis Heer, 1877, p. 165; SM Hinrz-
scHEL, 1962, p. W215 (=Muensteria caprina
Heer, 1877, p. 163; M. involutissima Sacco,
1888, p. 168)] [=Ceratophycos SCHIMPER in
SCHIMPER & ScHENK, 1879, mon FiscHER DE
WaLpneiM, 1824]. Cylindrical bulges, about 5 to
20 mm. thick, transversely folded or rugose;
curved like horns or bent spirally at ends; similar
to Taphrhelminthopsis Sacco, 1888. [Grazing
trail, according to SeiLacuer (1962, fig. 1), pre-
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depositional.] [Found in flysch deposits.] Miss.-
Penn., USA(Okla., Ouachita Mts.); Cret.-L.Tert.,
Eu.(Aus.-Switz.-Spain-Italy-Pol.)-S.Am. (Venez.).
Fic. 64,1. *S. bicornis; la, Eoc., Aus., ca.
X0.4 (Seilacher, 1955); 15, Eoc., Switz., ca.
X 0.3 (Heer, 1877).

Spirophyton HaLr, 1863, p. 78 [*S. zypum HarL,
1863, p. 80; OD (ScHIMPER in SCHIMPER &
ScHENk, 1879, p. 55, incorrectly designated S.
cauda-galli (HaLL, 1863, p. 79) as type species;
see Art, 68(b) ICZN)] [=Zoophycos MassaLONGO,
1855, p. 48 (partim, see p. W120); list of true
synonyms only possible after thorough mono-
graphic treatment of closely related cosmopolitan
ichnogenus Zoophycos]. Similar to spirally coiled
forms of Zoophycos but differing by smaller size
and by circular outline of laminae (spreite) which
are also composed of lamellae; laminae (=whotls)
not tending to lobate forms, 1 to 4 mm, thick,
sloping outward from axis, then flattening and
bent upward to margin in dextrogyrate or sinistral
spirals, curving ridges on laminae convex in the
sense of the rotation; diameter of last whorl up
to about 10 cm., central axis J-shaped. [For
older and newer interpretations (plants, inorganic,
feeding burrows) see Zoophycos; it is difficult to
decide which forms described as Spirophyton
belong to Zoophycos and vice versa (S. cauda-
galli HaLr, 1863, to be ascribed to Zoophycos);
Simpson (1970) is correct in regarding Spiro-
phyton as a separate ichnogenus, with the name
Spirophyton s. str. maintained for forms such as
S. eifeliense Kavser, 1872 (Dev., Ger.); this
“species” placed in the Recent polychaete genus
Spirographic Viviani, 1805, by PLiika (1968, p.
843); for discussion of Spirophyton see ANTUN
(1950) and Simpson (1970).] 2Si.,, N.Afr,;
Dev.,Carb., Eu.-Afr.-N.Am. Fic. 67,la-c. S.
eifeliense Kayser; la, schem. (Antun, 1950); 15,
Dev. (Ems.), Luxembourg; tang. sec., X0.7
(Antun, 1950); Ic, L.Dev.(Eifel.), Ger.(Priim);
a sinistral specimen viewed from above, X0.47
(Pli¢ka, 1968, after Kayser, 1872, pl. 28, fig.
lc). Fic. 67,1d. Zoophycos crassus (HaLL)
[“Spirophyton crassum” HaLrL], UDev,, USA;
X2.7 (Hall, 1863).

Spirorhaphe Fucns, 1895, p. 395 [*Helminthopsis
involuta pE STEFANI, 1895, p. 16; SD Hinrz-
scHEL, herein] [=Gilbertina Urricu, 1904, p.
140 (non MorLeT, 1888; nmec JorRDAN & STARKS,
1895) (nmom. nud.); Helminthopsis? concentrica
AzrEITIA MoRros, 1933, p. 46 (see SEILACHER,
1959, p. 1068); Spiroraphe of many authors
(nom. null.); “Spirodictyon ABEL” Oscoop, 1970,
p. 386 (mom. null.)]. Spirally coiled threads,
0.5-3 mm. thick, running from outside inward,
with diameter of spiral 5 to about 30 c¢m., turning
at center and looping backward between primary
whorls; simple closely coiled spirals not reversing
direction at the center have been assigned to




Trace Fossils

Strobilorhaphe

w109

Stipsellus

Fic. 67. Trace fossils (p. W108-109, 111-112).

Spirorhaphe (c.g., . minuta Ksipzxiewicz, 1970,
p. 305). [Grazing trail; for a new interpretation
as a multifloored three-dimensional tunnel, sec
SeiLacHEr (1967¢, p. 75-76).] [Found in flysch
deposits.] Cret.-L.Tert., Eu.(Aus.-Spain-Italy-Pol.-
Greece)-N.Am. (Alaska)-?Asia  (Japan). Fic.
65,1. S. sp.; Ia, Tert.(Greifensteiner Ss.), Aus.;
ca. X0.5 (Abel, 1935); 15, (“Gilbertina’), U,
Crer.(Yakutat F.), Alaska; X1 (Ulrich, 1904).

Spongeliomorpha pe Saporta, 1887, p. 298 [*S.
iberica; M] [=Spongiliomorpha Darprr, 1945,

p. 405 (nom. null.)]. Thick, congate burrows,
cylindrical; suggestive of antlers; with ramifica-
tions and lateral tapering offshoots; surface with
network of fscratching traces crossing each other
at acute angles. [Originally regarded as sponges
(ve Lausenrers, 1955, p. E36); according to
Rews (1922, p. 231), burrows similar to Rhfeo-
corallium; “a rather unsatisfactory ichnogenus”
(Kennepy, 1970, p. 272); most probably arthro-
pod dwelling burrows; for synonymy and dis-
cussion of the relations to Thalassinoides sce
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Kenneoy, 1967, p. 150-151.] Trigs.-Tert., Eu.;
PTrias.-Tert., L.Cret., USA. Fie, 67,2, *8.
iberica, ?Tert., Spain; 2ab, 0.7 (de Saporta,
1887).

[Fiiestcsr (1973, p. 928) considered Ophiomorpha and
Thalassimoides to be subjective synonyms of Spemgeliomor-

pha.—Curt TEICHERT. ]

Steigerwaldichnium Kuuw, 1937, p. 366 [*S.
heimi; M| [=Steigerwaldichnites Kunw, 1937,
p. 368 (mom. null.)]. Straight, rarely curved,
tunnel traces parallel to bedding with distinct
longitudinal rows of tiny projections and impres-
sions from doubtful parapodia. [Probably made
by polychaetes; holotype lost, no other specimens
preserved.] U.Trias., Eu.(S5.Ger., Bavaria).
Fie. 65,3, *S. heimi, M. Keuper; ca. X1.5
{Kuhn, 1937).

Stellascolites Erneripce, 1876, p. 109 [*S. radi-

atus; M]. Radiate or stellate disclike impression
with 16 rays of nearly equal length radiating
from central round space, becoming broader at
their extremities which are not clearly defined;
diameter 20 to 25 cm. [Name only very rarely
used.] L.Ord., Eu.(Eng.); ?Miss., N.Am.(USA,
Mont.)- Fic. 68,4, *S. radiatus, Ord,, Eng,;
X 0.17 (Etheridge, 1876).

Stelloglyphus Vvyavov, 1964, p. 112 [*5. turko-
manicits; OD)]  [=Stelleglyphus Vyarov, 1968,
expl. pl. 2 (nom. null.)]. Large rosette-like trace
fossils, consisting of about 25 very closely spaced
“rays,” without central smooth fleld; diameter
about 7 cm. PPenn., N.Am.(USA,Okla.); Perm.,
S.Afr.; U.Cret, (Santon.-Turon.), USSR (Turk-
menistan-Crimea). Frc. 69,1a. *S. turkomani-
ctts, U.Cret.(Turon.), W.Kopet Dag, Turkmen.;
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X1 (Vyalov, 1968). Fic. 69,1b,c. S. gigan-
teus VyaLov, U.Cret.(Turon.), Kopet Dag; X0.25
(Vyalov, 1968).

Stipsellus Howerr, 1957, p. 18 [*S. annulatus;
OD] [=Stripsellus HowerL, 1957b (correct spell-
ing only in the title of HowerLL’s paper; B. F.
HoweLL, pers. commun., 1957) (nom. null.)].
Perpendicular, cylindrical burrows, spaced about
2 cm. apart in sediment, diameter about 1 cm.;
differing from Skolithos by distinct ringlike ex-
panded belts regularly distributed throughout
length of tube; perhaps identical with Trachy-
derma serrata SALTER, 1864. Cam.(Tapeats Ss.),
N.Am.(USA, Ariz.); ?Penn., USA(Md.)-?Arabia.
Fic. 67,5. *S. annulatus, Tapeats Ss., Ariz.;
X1 (Howell, 1957b).

Strobilorhaphe Ksipzkiewicz, 1968, p. 8 (Pol.)
and 15 (Engl.), [*S. clavata; OD]. Short narrow
string, with 3 to 4 ranges of small pearl-like
knobs about 7 mm. long, laterally protruding
from string; entre trail cone-shaped, usually 3
to 4 cm. long, 1 to 1.5 cm. wide. [Found in
flysch deposits.] Tert.(low.Eoc.-mid.Eoc.), Eu.

(Pol.). Fic. 67.4a. *S. clavata, low.Eoc.
(Beloveza Beds), Pol.; X1.1 (Ksiazkiewicz,
1968). Fic. 67,4b. S. pusilla Ksiazxiewicz,

low. Eoc.(Beloveza Beds), Pol.; %2.2 (Ksiaz-
kiewicz, 1968).

Subglockeria Ksmzxiewicz, 1974, nom. subst.,
herein, pro Asterichnus Ksuzxiewicz, 1970, p.
310 (non BanDEL, 1967a) [*Asterichnus nowaki
Ksiazxiewicz, 1970, p. 310; OD] [=dAsterichnus
Nowak, 1961, p. 227, nom. nud.]. Rosetted
trace, up to 16 cm. in diameter, fairly structure-
less central area (4 to 6 cm. in diameter sur-
rounded by an aureole of ribs, variable in length,
which always point outward; central area may
possess a central knob. U.Jur.(Tithon.)-L.Cret.
(Hauteriv.), Eu.(Pol.). [Description supplied by
W. G. HakEs.]

Sublorenzinia Ksiazkiewicz, 1968, p. 10 (Pol.)
and p. 15 (Engl.) [*S. plana; OD]. Similar to
Lorenzinia pa GaBeLLi; midfield large and flat,
encircled by ring of 12 to 20 knobs; diameter 3
to 6 cm.; differing from Lorenzinia by irregular
(not circular) form of ring and by different shape
of knobs, which vary from round to elongate.
[Found in flysch deposits.] U.Cret.(Cenoman.-
Turon.), Eu.(Pol., W.Carpathians). Fic. 67,3.
*S. plana; 3ab, X0.7 (Ksigzkiewicz, 1968).
Sustergichnus CuaMBERLAIN, 1971, p. 231 [*S.
lenadumbratus; M]. Carinate burrows, irregularly
sinuous, 1 to 10 mm. wide, 1 to 7 mm. high;
numerous fine striae crossing exterior surface
obliquely and converging near lower apex; this
outer structure not always present; inner struc-
ture consisting of sand rod with smooth external
surface, almond-shaped in cross section; preserved
as hyporelief and full relief. [According to
CHAMBERLAIN, made by animal pulling itself
through the sediment following the sand/mud
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interface, disturbing it by feeding and pulling,
then forming the smooth-walled tunnel when
drawing its body forward; inner sand-packing
perhaps fecal; fossil named “Arkansas Razorback”
by petroleum geologists.]  Miss.-Penn., USA
(Okla.). Fic. 68,1. *S. lenadumbratus, Oua-
chita Mts.; la, Penn.(?Johns Valley Sh.), XI;
15, L.Penn.(Atoka F.), X1 (Chamberlain,
1971a).

Syringomorpha NatHorst, 1886, p. 47 [*Cordaites
?nilssoni ToreLL, 1868, p. 36; OD)]. Cylindrical
sticks several cm. long and 1 to 2 mm. wide
lying close together; slightly arched; touching
each other along whole length and forming com-
plete slab; occurring in large numbers independent
of bedding. [Interpretation difficult; according to
Rrcuter (1927b, p. 267), perhaps work of gre-
garious worms on flat substratum.] L.Cam., Eu.
(Swed.-Nor.-N.Ger., Pleist. drift). Fic. 68,3.
*S. milssoni (Torerr), L.Cam., drift boulder,
Berlin; 34,6, X1 (Richter, 1927b).

Taenidium Heer, 1877, p. 117 [*T. serpentinum
Heer, 1877, p. 117; SD Hinrzscuer, 1962, p.
W218] [The following ichnogenera are not
strictly considered as synonyms of Taenidium but
all are stuffed burrows (German, Stopftunnel)
that exhibit transverse annulations (some names
are invalid and others are less frequently used
than Taenidium): Muensteria VON STERNBERG,
1833 (partim); ?Eione TatE, 1859 (non RAFIN-
EsQUE, 1814) (nmom. nud.); Volubilites Lorenz
voN LiBurNau, 1900; Pseudocrinus ANELLI, 1935
(non PEearce, 1843, mec Grinrrz, 1846, nom.
nud.); Notaculites KoBavasui, 1945 (=Notaku-
lites Kosavasni, 1945, nom. null.); Scolecocoprus
Brapy, 1947 (=Scolecoprus Hiwtzscuer, 1965,
nom. wnull); Tebagacolites Martmieu, 1949;
?Rhizocorallites MULLER, 1955]. Cylindrical bur-
rows with distinct stuffed structure, mostly
branched, typical Taenidium (T. fischeri HeEr,
1877) umbellated, rootlike system of burrows
radiating downward; burrows with transverse
segmentation reminiscent of “Orthoceras”; seg-
mentation may also be observed on outside as
annular constrictions; similar to Keckia GLOCKER
and (partim) Muensteria VON STERNBERG (see p.
W75, W84) but commonly smaller. [Taenidium
was originally interpreted as alga (see LorENZ VoN
Lisurnau, 1900, p. 528-567), but originates in
feeding burrows by periodic filling of wnnel in
backward direction; it occurs in wide range of
environments. Stuffed burrows have been dis-
cussed by RicuTeER in WiLckens (1947, p. 44-
45) and by Toors (1967).] ?Carb., Perm.-Tert.,
Eu.-N.Am.-(Japan)-?N.Z.-Antarctic. Fic. 70,1.
T. sp., U.Cret., Aus.; le, X0.7 (Papp, in Hintz-
schel, 1962); 15, X0.27 (Seilacher, 1955).

Tambia MoLLEr, 1969, p. 924 [*T. spiralis
(=gen. inc. spiralis MULLER, 1956a, p. 149);
OD]. Spirally coiled structures with circular out-
line; diameter 2 to 3 cm.; surface covered by
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Fic. 70. Trace fossils (p. W112-115, 117).

streaks either running parallel to periphery of
circular outline or arranged in subspiral fanlike
manner; streaks sometimes transversely annu-
lated. [Probably part of feeding burrow dipping
into sediment at low angle.] L.Perm.(up. Rot-
liegendes), Eu.(Ger., Thuringia). Fic. 70.4.
*T, spivalis; 4a,b, ¥0.9, X1.4 (Miller, 1969c).
Taphrhelminthopsis Sacco, 1888, p. 170 [*T.
auricularic; SD Hintzscurr, 1962, p. W218].

Bilobate trails, 1 to 3 cm. wide; mostly very long:
morphology varying: more or less straight (7.
recta Sacco), freely winding (T. awricularis
Sacco), or even meandering with distinct rather
large median furrow 3 to 10 mm. wide, flat;
lateral ridges may be transversely striated; trails
varying in size and relief. [Most probably gastro-
pod grazing trail, description of Taphrhclminthop-
¢fs as having tightly coiled spirals and meanders
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(HinTtzscuer, 1962, p. W218) was based on
drawing given by Semwacuer (1955, fig. 5, no.
76), which does not represent true T. auricularis
as described and figured by Sacco, 1888, p. 172,
pl. 2, fig. 3; see also Ksmzxiewicz (1970, p.
290); coiled spirals or meanders named Taphrhel-
minthopsis have been figured only by Ksiazxie-
wicz (1968, pl. 6, fig. 3) (“T. sp. ind.”) and
by MuLLer (1962, p. 16, fig. 12) (“T. auricu-
laris”).] [Found in flysch deposits.] Cret.-Tert.,
Eu. Fic. 70,6a. *T. auricularis (Sacco), low.
Eoc.(Beloveza Beds), Pol.(Lipnica Mala); X0.08
(Ksigzkiewicz, 1970). Fic. 70,6b6. T. con-
voluta (Heer), low.Eoc.(Beloveza Beds), Pol.
(Sidzina); X0.08 (Ksigzkiewicz, 1970) (64,5,
from Ksigzkiewicz, M., 1970, p. 293, 297, in:

Trace Fossils edited by T. P. Crimes & J. C.
Harper, Geol. Jour. Spec. Issue 3, Seel House
Press, Liverpool).

Tasmanadia Cuapman, 1929, p. 5 [*T. twelye-
treesi; M]. Double row of very sharp transverse
imprints, commonly single but some joined in-
ternally or rarely externally to form bifid impres-
sions. [Originally interpreted by CrHaPMaN
(1929) as bodily preserved worm with its bristles
preserved as sets of imprints. GragssNer (1957,
p. 103) conclusively proved it to be arthropod
track. The age of the Australian representatives
of this ichnogenus, originally reported as Cam-
brian by CHapmaN, is now known to be Late
Carboniferous  (GurriNg, 1967; GLAESSNER,
1973b).] Precam.-Cam., India; U.Carb., ?L.Perm.,
Australia(Tasm.). Fic. 68,2. *T. rwelyetreesi,
U.Carb., Tasmania; part of holotype, X0.8
(Glaessner, 1957).

Tasselia pE Hemnzerin, 1965, p. 505 [*T. ordam
(=T. ordamensis; nom. correct., herein); M].
Sideritic and phosphoritic concretions of cylin-
drical, pyriform or subspherical shape with an
axial straight unbranched tube; concretions 3 to
30 cm. long, 2 to 15 cm. wide, primarily found
with vertical orientation in fine marine sands and
usually occurring in groups; tube 1 to mostly 3
mm, in diameter, with segmentation intervals of
25 to 6 mm, each segment exhibits very fine
transverse annulation with striae at intervals of
about 0.2 mm,, tube ending in small flat cham-
ber near bottom of concretion, but lower part of
tube often continues more indistinctly downward
several decimeters into underlying sediment.
[Tubes tentatively interpreted as made by
Pogonophora.]  L.Pleist.(Merxem.), Eu.(Belg.).

Fic. 70,3. *T. ordamensis; 3a,b, concretion
and long. sec., X0.8; 3¢, fine transverse annula-
tion in the tube, diagram. (all van Tassel, 1965);
3d, holotype, X1.4 (de Heinzelin, 1965).

Teichichnus SeiLacHEer, 1955, p. 378 [*T. rectus;
M]. Spreiten-bauten formed by series of long
horizontal burrows stacked vertical to bedding,
resembling stacked flat U-shaped roof gutters with
pipe at top; wall-shaped laminar body straight
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or slightly sinuous; generally not branching;
commonly retrusive built but can also be pro-
trusive; up to about 50 cm. long (in M.Cam. of
Oland up to 135 cm.), about 10 cm. or more in
height.  [Endogenic burrows, belonging to
fodinichnia; producer unknown, but, due to the
very long time range of this ichnogenus, certainly
made by different groups of animals; comparable
modern structures made by the Recent polychaete
Nereis diversicolor (see SeiLacusr, 1957, p.
203); MarTinsson (1965, p. 216) explained
Cambrian specimens as combinations of retrusive
and protrusive digging activity; transitional forms
to Rhizocorallium (L.Carb,, Scotland) were de-
scribed by Crismorm (1970b); as shown by
SeLLwoop (1970, p. 494), a limb of a vertically
retrusive Rhizocorallium may be mistaken for
Teichichnus; tunnels of Ophiomorpha have been
observed to grade into Teichichnus-like structures
(Eoc., N.Am., Miss.) (Hester & Pryor, 1972, p.
686); the relationships of Teichichnus to Phy-
codes were discussed by HANTzsCHEL & REINECK
(1968, p. 26).] Cam., Eu.(Nor.-Swed.-Spain)-
N.Am.(USA,Ariz.)-Asia(Pak.); Ord., Eu.(Ger.-
Eng.)-N.Am.(Can.)-Asia(Iraq); U.Dey., Eu.
(Eng); L.Carb., Eu.(Scot.-USSR); M.Trias., Eu.
(Ger.); Jur., Eu.(France-Ger.-Swed.)-Greenl.; U.
Cret.,, USA(Kans.-Utah); Tert., Eu.(Eng.-Belg.).
Fic. 71,4a,c. *T. rectus, L.Cam. (Kusak F.),
Pak.(Salt Range); 44, model, X0.4; 4¢, X0.7
(Seilacher, 1955). Fic. 71,46. T. sp., Cam.
(Tapeats Ss.), Ariz. (Grand Canyon); X0.7
(Seilacher, 1956). Fic. 71,4d. Large teich-
ichnian burrow, M.Cam., Swed. (Aleklinta,
Oland); X0.3 (Martinsson, 1965).

Teratichnus MiiLEr, 1880, p. 221 [*T. confertus;
M] [=Tetraichnus FLower, 1955, p. 857 (nom.
null.)]. Complex track, sickle-shaped; 17 mm.
wide; consisting of numerous bifid imprints, 9
per set arranged in elliptical pattern; in part very
confused, probably resulting from rotation of
body of animal; 3 sharply defined median grooves
visible between the 2 series, indicating medial
posterior terminal spine or appendage. [Only
type specimen is known; originally interpreted
by MiLer (1880) as made by cephalopod (see
TeicHERT, 1964b, p. K487); detailed interpreta-
tion as crawling track of an unknown small
arthropod with bifid dactyls (?trilobite, aglaspid
such as Neostrabops CAsTER & Mackg, 19527)
given by Oscoop (1970, p. 368-369).] U.Ord.
(Cincinnat.), USA (Ohio).

Tetraichnites pE STEFANI in DE STEFANI, ¢ dl.,
1895, p. 15 [*T. majorianus; M]. Flexuous trail,
2 cm. wide; consisting of 4 parallel ridges,
smooth, 3 mm. wide; 1 to 3 mm. wide furrows
between ridges. [Regarded by pE STEFANI as
probably made by crustaceans; placed by Skr-
racHEr (1955, p. 374) in group Scolicia DE
QUATREFAGES, interpreted as creeping trails of
burrowing gastropods.] L.Tert., Eu.(Medit., Isle
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Tigillites

Fic. 71. Trace fossils (p. W114, 117).

of Kdrpathos). Fic. 70,5. *T. majorianus; onicus, ¢f. T. suevicus, and T. paradoxicus sce
X 0.47 (de Stefani in de Stefani ez al., 1895). Kenneny, 1967, and MiLLer, 1970]. Cylindrical
Thalassinoides Enreneerc, 1944, p. 358 (emend. burrows forming 3-dimensional branching sys-
Kennepy, 1967, p. 132) [*T. callianassae; OD] tems consisting of horizontal networks connected

[For detailed synonymy of the “species” T. sax- to surface by more or less vertical shafts; burrows
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Torrowangea

5 Triavestigia

Fic. 72. Trace fossils {p. W117-118, 120).
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1 to about 20 cm. (typically 10-15 mm.) in diam-
cter; regularly branching, Y-shaped bifurcations;
in horizontal systems forming polygons; typical
swellings at points of branching or elsewhere;
rare transitional forms with tuberculate structure
of Ophiomorpha have been described (MOULLER,
1970b). [Formerly interpreted as algae or horny
sponges (Ceratospongidae); undoubtedly feeding
and dwelling burrows of crustaceans; sometimes
associated with actual remains of callianassids
(EHRENBERG, 1938; MERTIN, 1941, GLAESSNER,
1947, MOLLER, 1970b), described with Glyphea
crustacean inside burrow (SeLLwoop, 1971); Re-
cent lebensspuren comparable to T. saxonicus
described from modern burrows of callianassids;
producers most likely living in sublittoral environ-
ment; burrows and burrow systems in hard-
grounds more irregular (lacking widenings,
branching) than those in soft chalk; for discussion
of filling mechanism of such crustacean burrows
(fill channels on their crests) see SEILACHER,
1968, p. 200.]1 Trias.-Tert., Eu.-Asia(Iraq)-Tai-
wan-USA (Kans.-Utah)-Australia (Vic.); L.Jur.,
Greenl.-G.Brit.; L.Cret., USA(N.Mex.-Texas); U.
Cret.(Cenoman.), Eu.(Pol.). Fic. 70,2a. T.
sp., Mio.(marine molasse), Switz.; ca. X0.07
(Seilacher, 1955). Fic. 70,2b. T. saxonicus
(GEinrrz), U.Cret.(up. Cenoman.), Ger.(Sax.);
% 0.08 (Miiller, 1970b).

Tigillites Rovaurt, 1850, p. 740 [*T. dufrenoyi;
SD Hinrzscuen, 1962, p. W218] [—=Foralites
RouvauvLr, 1850, p. 742 (type, F. pomeli; SD
HinTzscHEL, 1965, p. 36)]. Simple vertical
burrows without special lining; smooth or regu-
larly annulated; openings may be funnel-shaped;
not crowded. [Dwelling burrow; e.g., Tigillites
habichi Lisson (1904, p. 41) (Jur. or Cret.; S.
Am., Peru) is U-shaped burrow with spreite and
type species of Polyupsilon Howerv, 1957, p. 151
(according to GorpriNg, 1962, p. 238, junior
synonym of Diplocraterion ToreLL); whether
Tigillites is to be regarded as a synonym of
Skolithos HaLpeEmaN, 1840, or Monocraterion
ToreLL, 1870, has been under discussion for
more than a century—see SaLTER (1864b, p.
289), Boudexk (1938, p. 249), Pineaw (1946, p.
78), HaLram & Swerr (1966, p. 103), SEILACHER
(1969a, p. 118, 122); thorough studies of many
specimens of these three ichnogenera are required
before questions of synonymy will be resolved.]
Cam.-Jur., Eu. (G.Brit.)-N. Am.-?S. Am. (Arg.)-
Antarct.-Arabia; ?L.Cret., Eu.(Ger.); U.Cret.,
USA(Kans.); ?Tert., N.Z. Fic. 71,2. T. sp.,
Ord., France (Normandy); X0.7 (Haug, 1911).
Tisoa pE SERres, 1840, p. 6 (emend. FrREY &
CowLEs, 1969, p. 21) [*T. siphonalis; M} [=?Tis-
soa REYNEs, 1868, p. 65 (nom. null.)]. Vertcal
U-shaped cylindrical tubes with closely appressed
limbs; individual tubes 2 to 3 mm. in diameter,
lying 1 to 15 mm. apart, rarely branched; prin-
cipally form axis of elongated conical concretions
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1 m. or more long; basal part of “U” commonly
not preserved; burrow walls usually lined, oc-
casionally striated; transitional forms difficult to
distinguish from Arenicolites. [Dwelling burrow;
according to Frey & Cowres (1969, p. 20; 1972)
probably made by a shrimp or amphipod-like
arthropod rather than by worm; for history of
various interpretations (e.g., siphons of pelecypod
having extremely degenerate valves, worm bur-
row, or algal origin), see Frey & Cowres (1969,
p. 20); for bibliography see Gorris (1954, p.

190).1 Jur., Eu.(France-Ger.)-Madagascar; L.

Cret., USSR; Tert., N.Afr.(Tunisia)-USA(Wash.-

Ore.). Fic. 71, 3a,b. *T. siphonalis, L.Jur.
(Lias), France; 34,6, ca. X0.7 (de Serres, 1840).

Fic. 71,3¢c,d. T. sp., Eoc.(Numidian), Tu-
nisia; 3¢, individual, ca. X0.7; 34, colony, ca.
X 0.7 (Gottis, 1954).

Torrowangea WEsBY, 1970, p. 99 [*T. rosei; OD].
Trails, sinuous to meandering, 1 to 2 mm. wide;
characterized by crudely transverse annulation
produced by irregularly spaced constrictions,
mainly at 1 to 4 mm. intervals; trails tending to
form random meshwork. U.Precam.(up.Torro-
wangeeGr.), Australia(NewS.Wales). Fic. 72,
4. *T. rosei; 4a,b,d, paratypes, X1; 4c, holotype,
X 0.7 (Webby, 1970b). ‘

Trachomatichnus MiLLer, 1880, p. 219 [*T.
numerosus; SD MiLLER, 1889, p. 454]. Trackway
consisting of 2 rows of crowded, poorly defined
polydactylous imprints, ?9 to 11 per set; width
about 5 to 15 mm.; track straight ahead; no
dimorphism in the 2 rows of imprints; morphol-
ogy of trackway varying along its length resulting
from different types of movement. [Tentatively
interpreted by MiLLER (1880) as made by cephalo-
pod (see TEicHERT, 1964b, p. K487); for detailed
discussion and interpretation as trilobite tracks,
probably made by Cryprolithus GREEN, see Os-
coop (1970, p. 367-368); T. permultum MILLER
and T. cincinnatiensis MiLLER lacking sufficient
features; according to Oscoop (1970, p. 362),
possibly tracks of Flexicalymene SHIRLEY and
belonging to Petalichnus multipartitus MILLER.]
U.0rd.(Cincinnat.), USA(Ohio). Fic. 71,1.
*T. numerosus, Eden Gr.; convex hyporelief,
movement from bottom to top, X0.7 (Osgood,
1970).

Treptichnus MiLLEr, 1889, p. 581 [*T. bifurcus;
OD] [=“Feather-stitch trail” WiLson, 1948, p.
57]. Straight or curved row of short individual
burrows of equal length, arranged alternating to
right and left, tending upward, resultng in a
zigzag featherstitch pattern, comparable to sym-
podial ramification of plants. [Feeding burrow
(SEmacHer & HeMLEBEN, 1966, p. 49).] L.Cam.
E.Greenl.(Bastion F.)-Eu.(N.Nor.)(Breivik F.);
Cam., USA(Ariz.); Ord.(Trenton.), Can.; L.Dev.
(Hunsriick Sh.), Eu.(Ger.); L.Carb., USA(Ind.);
L.Jur., Eu.(Ger.); L.Cret.(Valang., Bentheim
Ss.), Eu.(N.Ger.). Fic. 68,5. “Feather-stitch
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trail” Wison; 54, schem. drawing (Wilson,
1948); 56, schem. reconstr.; Se, L.Dev., Hunsriick
Sh., Ger.; X1.7 (5b,, Seilacher & Hemleben,
1966).

Triavestigia Gimorg, 1927, p. 32 [*T. ninigers;
M]. Trackway consising of 3 rows of [foot]
impressions between 2 of which faintly impressed
“rail” drag; longer axes of foot markings slightly
diagonal to direction of movement, alternating;
feet Punidactyl. [Origin of third row with most
distinct imprints dubious; arthropod (finsect)
trackway.] L.Perm.(Coconino Ss.), N.Am.(USA,
Ariz.). Fie. 72,5. *T. niningeri; X 0.6 (Gil-
more, 1927}.

Trichichnus Frey, 1970, p. 20 [*T. linearis; OD].
Threadlike, cylindrical burrows, 10 mm. to 35
mm. long; diameter less than 1 mm.; straight or
very slightly curved; branched or unbranched;
typically wvertical but also inclined to bedding
plane or horizontal; with distinet walls, com-
monly lined with diagenetic minerals such as
pyrite or rarely calcite. [Possibly combined feed-
ing-dwelling burrow of very small deposit-feeding
animal.] U.Cret.(Niobrara Chalk), USA(Kans.).
Fic. 73,1. T. sp.; X2.6 (from Frey, R. W,
& Howard, J. D., 1970, p. 147, in: Trace Fos-
sils edited by T. P, Crimes & J. C. Harper, Geol.
Jour. Spec. Issue 3, Seel House Press, Liverpool).
Trichophycus MiLLer, & Dvyer, 1878, p. 1 [*T.
lanosus; M]. Large cylindrical burrows showing
slight constrictions, 15 to 25 cm. long, diameter
1 to 3 cm.; floor of burrow ornamented by fine
striae radiating from midline; some forms (e.g.,
T. venosus MiLLEr, 1879) with a few vertically
directed secondary branches; backfll structure of
burrows similar to Teichichnus or Pennatulites;
type species T. lanosus consists of sinuous trails
ending (?anteriorly) in buttonlike depression from
which radiate fine striac; the ichnogenus better
typified by more common ichnospecies T. venosus
(=Cyathophycus siluriana Jamrs, 1891). [Inter-
preted by SeiLacHEr & Crimes (1969, p. 148)
as feeding burrows probably made by small
trilobites  (trinucleids?}, stuiaton of burrows
(=scratches) indicate lateral movement of animals
in burrows. For history and interpretation of
trace fossil (originally described as alga, later as
inorganic in origin), including a very detailed
discussion of synonymy, see Oscoop (1970, p.
346-350). Entire morphology of the two ichno-
specics, however, still requires some study; par-
ticularly of T. lanosus, now regarded by Oscoop
(1970, p. 347) as perhaps “a behavioral variant of
the same organism that produced T. wenosum.”)]
Ord., Eu. (Ger.-Nor.)-N.Am. (Ohio-Newf.)-Asia
(Iraq)- Fic. 72,2a. T. venosus MiLLEr, loc.
unknown; X0.4 (Osgood, 1970). Fic, 72,25,
*T. lanosus, U.Ord.(Eden Gr.), Ohio; x02
(Osgood, 1970).

Trisulcus Hitcucock, 1865, p. 18 [*T. lagueatus;
M]. Sinuous trail, about 1 cm. wide; consisting
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Fic. 73. Trace fossils (p. W118).

of 3 continuous grooves with intermediate ridges.
[Originally interpreted by Hircrcock (1865} as
made by annelids; according to Lurr (1915, p.
69) perhaps mollusk trail.] Twigs.,, USA(Mass.).
Tuapseichnium Vyarov, 1971, p. 86 [*T. ra-
mosum, p. 86; OD]. Paired traces occurring as
2 rows of short cylinders that do not touch and
give off long freec branches. U.Cret., Eu.{?Aus.)-
USSR (Caucasus). Frc. 72,3. *T. ramosum,
Caucasus; (.8 (Vyalov, 1971). [Description
supplied by Curt TEICHERT.]

Tylichnus Oscoop, 1970, p. 371 [*Rusophycus
asper MILLER & Dyer, 1878a, p. 25; OD]. Weakly
bilobate burrow, preserved in convex hyporelief
subquadrate in cross section; showing an unusual
pustulose ornamentation consisting of 3 tw 9
parallel rows of transversely elongated nodes in
form of zipper-like pattern; nodes may in additon
be distributed randomly over surface. [Uncom-
mon crawling trail.] U.Ord.(Cincinnat.), USA
(Ohio). Fic. 74,2. *T. asper (MILLER &
Dyer), Eden Gr., Ohio(Cincinnati); 2a, enl,
diagram., X5; 28, several superimposed trails, loc.
unknown, X1.8; 2¢, X1 (Osgood, 1970).
Uchirites Macsoray, 1967, p. 37 [*U. triangularis;
M]. Elevated ribs of triangular cross section; with
sharp edge projecting over the bedding plane;
about 3 mm. high; both sides very finely striped;
both ends gradually tapering. L.Tert.(Paleoc.),
S.Am.(Venez.) Fic. 73,2, *U. triangularis;
2a,b, dorsal view, three-dimensional diag. (after
Macsotay, 1967).

Umfolozia Savace, 1971, p. 221 [*U. sinuosa;
OD]. Biserial trackway, 20 to 25 mm. wide, con-
sisting of paddle-shaped impressions, indicating
repetition every 4 pairs; cross-interval of first
pair smaller than that of fourth pair; between
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the 2 rows of imprints a series of small oval
marks [according to Savace, telson marks],
closer to one side than the other, arranged in
regularly sinuous pattern with 6 marks to each
curve. [Belonging to “Diplichnites group”; sug-
gested to have been made by crustaceans, perhaps
syncarids or peracarids, probably half swimming,
half walking, living in freshwater periglacial en-
vironment.] L.Perm.(Dwyka Gr.), S.Afr. (N.
Natal). Fic. 74,1. *U. sinuosa; la, tracing
of trail, X0.78; 15, holotype, X0.8 (Savage,
1971).

Unarites Macsoray, 1967, p. 38 [*U. suleki; M]
[=Cylindrites submontanus AzpeiTiA MoRos,
1933, p. 44; placed in Palaeochorda McCoy by
Ksiazriewicz (1970, p. 302)]. Very irregular
winding and branching trail, may be straight or
broadly curving; strings 1 to 3 mm. wide, circular
in cross section; commonly with rather short
thornlike ramifications. [Grazing trail similar to,
perhaps even identical with, Protopaleodictyon
Ksiazxiewicz, 1970, and Acanthorhaphe Ksiaz-
xi1Ewicz, 1970; Gémez peE Lrarena (1946, p.
141) regarded Cyiindrites submontanus AzZPEITIA
Moros as an irregular net of Paleodictyon.)
[Found in flysch deposits.] L.Tert.(Paleoc.), S.

Am.(Venez.). Fic. 74,6. *U. suleki; X0.6
(Macsotay, 1967).
Urohelminthoida Sacco, 1888, p. 183 [*Hel-

minthoida appendiculata Heer, 1877, p. 168; SD
Hinrzscuer, 1962, p. W219] [=Hercorhaphe
Fucss, 1895, p. 395 (no type species designated,
no formal species name established)]. Threadlike
reliefs forming meanders with tail-like appendage
at each turn; forking strings 1 mm. to about 2
mm. thick. [Grazing trail.] [Found in flysch
deposits.]  Cret.-L.Tere., Eu.(Aus.-Switz.-Italy-
Spain-Pol.)-S.Am.(Venez.). Fic. 72,1. *U.
appendiculata (Heer), Eoc., Switz.; X0.3 (Heer,
1877).
Volkichnium Prrirrer, 1965, p. 1266 [*V. volki;
M]. Starlike trace fossil, about 5 cm. in diameter;
consisting of 6 to 8 tunnel-shaped “rays”; vertical
shaft not observed. [Feeding burrow; very simi-
lar to Bifasciculus Voux; ?made inside sediment].
?L.Cam., Eu,(N.Nor.); L.Ord.(Phycodes beds),
Eu.(Ger.); ?L.Carb.(Kulm), Eu.(Ger.). Fic.
74,3. *V. volki, Phycodes beds, Thuringia; 3a,
holotype, X0.8; 35, X0.7 (Pfeiffer, 1965).
Walpia Wrrte, 1929, p. 117 [*W. hermitensis;
M]. Tunnels lined with flattened, lenticular,
smooth pellicles of rather leathery texture; ir-
regularly crowded or imbricated; probably rep-
resenting excrement packed against walls of bur-
rows. [?Made by worms or crustaceans.] Perm.
(Hermit Sh.), USA(Ariz.). Fic. 744. *W.
hermitensis; %0.9 (White, 1929).
Yakutatia HinTtzscuer, 1962, p. W220 [*Gyro-
dendron emersoni Uirich, 1904, p. 140; M]
[=Gyrodendron Urrich, 1904, p. 140, obj.(non
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QuensTeDT, 1880, p. 797)]. Cylindrical burrows,
varying in thickness from 2 to 6 mm.; bifurcating
1 to 3 times, forming 1.7 volutions about acumi-
nate inner extremity; outer end obtuse. [Originally
interpreted as of plant origin, undoubtedly trace
fossil.] U.Cret.(Yakuta:F.), N.Am.(Alaska).
Fic. 74,5. *Y. emersoni (UrLricr); X0.5 (Ulrich,
1904).

Zoophycos MassaLonco, 1855, p. 48 [Type species
questionable; “genus” first published by Massa-
LONGO, in 1851, p. 39 (without description), and
founded on Zonarites? caputmedusac = Zoophycos
caputmedusae MassaLonco, 1855, p. 48; Pridxa
(1968, p. 840) regards Fucoides circinnatus
BroNGNIART, 1828, p. 83, as type species; TayLor
(1967, p. 4), *“Zoophycus laminatus SimpsoN”
(nom. nud.); other authors, Fucoides brianteus
Virra, 1844, p. 22] [Due to lack of a thorough
monographic treatment of the “genus,” its con-
fused nomenclature, and the many discussions of
it still in flux, it is impossible to establish a list
of valid synonyms; several of the following genera
and species are certainly synonyms but some of
them will probably be retained as separate ichno-
genera if the “genus” is subsequently subdivided
(see SimpsonN, 1970, p. 506): PUmbellularia
longimana FiscHErR DE WaLbHEM, 1811, p. 31;
Zoophycos MassaLoNco, 1851, p. 39 (nom. nud.);
Chondrites scoparius THioLLiERe, 1858, p. 718;
Taonurus voN FiscHer-OosTer, 1858, p. 41
(partim) (type, Fucoides brianteus ViLLa, 1844,
p. 22); Spirophyton Harr, 1863, p. 78 (partim,
for discussion see Simpson, 1970, p. 506, and
herein, p. W108); Sagminaria TrauTscHoLD, 1867,
p. 46 (=Umbellularia longimana FiscHER DE
WaLpHEIM, 1811, p. 31); Alectorurus ScHIMPER,
1869, p. 203 (type, Fucoides circinnatus BroNG-
NIART, 1828, p. 83); PPhysophycus ScHIMPER,
1869 (partim) (type, Caulerpites marginatus
LEsQUEREUX, 1869, p. 314); Zoophycus SCHIMPER,
1869, p. 210 (and several subsequent authors)
(nom. null.); Cancellophycus pE Saporta, 1872,
p- 126 (type, Chondrites scoparius THIOLLIERE,
1858, p. 718); PGlossophycus DE SAPORTA &
Marion, 1883, p. 103 (type, G. camaillae);
?Flabellophycus Squinasor, 1890, p. 198 (type,
F. ligusticus SQuiNaBoL); Zoophicos VASSOEVICH,
1953, p. 41 (mom. null.); Palacospira PLIEKA,
1965, p. 1 (type, P. ensigera); Spirographis
carpatica PLIEKA, 1968, p. 843 (Spirographis—
Recent genus!); Palacospirographis PLidxa, 1962,
p. 359 (type, P. hrabei) (regarded by Priéxa
(1968, p. 840) as synonym of Zoophycos)].
Complex spreiten stractures with numerous mor-
phological variations; divided into 2 basic forms:
1) helicoidal, and 2) flat or planar. Shallowly-
conical, spiral form, consisting of 3 main parts:
spirally coiled spreite (=lamina, plate), major
and minor lamellae contained within the lamina,
and a cylindrical tunnel (marginal and axial);
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Fic. 79. Trace fossils (p. W120-122).

axis of spiral vertical to bedding; height small;
single volutions conelike, sloping outward; diam-
eter of successive whorls generally increasing
downward; occasional inverse direction of coil-
ing; basal diameter of structure (particularly in
flysch deposits) up to 60 cm. or more (max,,
1.45 m., Tert,, N.Z.); whorls comprising lamina
variable in outline: circular, arcuate, or lobate
{broadly based or tonguelike); occasionally first
volutions lobate and larger and decper ones

nearly circular in outline; laminae exhibit major
and minor lamellae (ridges), appear lunate in
cross section, and curve radially from axis of
spiral; major lamellac branch at acute angle to-
ward axis forming minor lamellae; cylindrical
tunnel with axial and marginal part forms the
axis of spreite, has same thickness as spreite, may
continue for a part or for whole length of lamina
and then may be open to sediment at both ends.
Planar forms of Zoophycos similar to closed spiral
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spreite, may also be antler-like; thickness 1 to 7
mm. [One of the most discussed problematic
fossils; originally interpreted as imprints of
marine algae, later as body fossils (sponges,
corals), as of inorganic origin (produced by
eddy currents); as trace fossils (by Aser, 1935;
SEILACHER, 1954; LEsserTisseur, 1955, and
others), tentatively regarded as feeding burrows
made by soft-bodied wormlike animals, produced
by systematic helicoid mining and foraging
through sediment which shifted lobes of burrow
(SEILACHER, 1967c, p. 80); other interpretation
as imprints of discarded prostomial parts of sedi-
mentary polychaetes (Sabellidac) (PLigka, 1962,
and especially 1968, 1969) accepted by only few
authors; for new interpretation as of plant origin
see PLumstEAD (1967); “no single interpretation
has yet found general acceptance” (TAvLow,
1967, p. 11) and “much remains to be discovered”
(SmpsoN, 1970, p. 505) as may be seen from
many controversial discussions during recent years;
for Recent “Zoophycos burrows” from great depth
of the Pacific see SEILACHER, 1967b (cross section
with lunate lamellae as in fossil Zoophycos, pl.
1, fig. E); complex spiral forms mostly in deep
Nereites facies (SEiLacmer, 1967b, p. 421), flat
forms typical of Zoophycos facies, but also occa-
sionally in neritic or even shallower marine en-
vironment (Oscoop, 1970, p. 403); nomenclature
very confused, the “cauda galli” (Spirophyton
canda-galli HarLr, 1863) according to SimpsoN
(1970, p. 506) undistinguishable from Zoo-
phycos; Biscror (1968) proposed to restrict name
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to Z. brianteus (ViLLa), for other proposals see
Tavror (1967, p. 19); for the older history see
Barsantt (1902); (see also BiscHor, 1968; Simp-
soN, 1970; Lewis, 1970).] Ord.-Tert., cosmop.
Fic. 75,1a. Z. crassus (HaLL) [“Spirophyton
crassum” Harr], UDev., USA; schem. drawing
(Sarle, 1906b). Fic. 75,16,c,f. Zoophycos; 15,
schem. drawing, antler-shaped form, X0.08 (Sei-
lacher, 1959); Ic, schem. drawing, regular spiral
form, X0.05 (Secilacher, 1959); If, Tert. (prob-
ably Mungaroa Ls. = Kaiwhata Ls.), N.Z.; X0.5
(Webby, 1969b). Fic. 75,1d,h, Z. circinnatus
(BroNGNIART), Czech. (Carpath. flysch); 14,
Paleoc., long. sec., imprint of prostomial lobe
with gill rays, X0.3; 14, Eoc., spiral imprint of
gill organs, X0.25 (Plitka, 1968). Fic. 75,1e.
Z. sp., Cret., Czech.(Carpath. flysch); planar im-
print of an uncoiled spiral of the gill rays; X0.27
(Pli¢ka, 1968). Fic. 75,1g. Z. brianteus
(ViLra), Eoc., Italy; X0.4 (Massalongo, 1855).
Fic. 75,1i. “Zoophycos,” prob. up. Mio.(up.
Tongaporutan beds), N.Z.(Gower R.); dextral
specimen, X0.08 (Stevens, 1968) (from Pli¢ka,
M., 1970, p. 367, in: Trace Fossils edited by T.
P. Crimes & J. C. Harper, Geol. Jour. Spec. Issue
3, Seel House Press, Liverpool).

[BrabLey (1973, p. 118-122) has proposed that Zoophycos
could have been produced by the feeding activities of a
sea pen or similarly related animal, Such an animal
would be positioned so that its calyx remained in a
relatively stationary position necar the scdiment water inter-
face and its tubular rhachis protruded into the sediment,
free to move. The volution and accompanying lateral
movement of the rhachis would account for the charac-
teristic spiral structure of Zoophycos—W. G. Haxes.]

BORINGS

Borings in shells, bones or other hard
parts of invertebrates or vertebrates, in sedi-
mentary rocks or in wood, occupy a special
position among trace fossils, which entitles
them to a chapter of their own. Borings
are known as far back as the early Paleo-
zoic, and may be produced by plants or
by animals. Those of plant origin are
made by algae, fungi, or lichens. Within
the animal kingdom, boring organisms are
known from the following groups: Porif-
era, Bryozoa, Phoronidea, Sipunculidea,
Polychaeta, Turbellaria, Brachiopoda, Gas-
tropoda, Amphineura, Bivalvia, Cephalo-
poda, Arthropoda (Isopoda, Amphipoda,
Insecta), Cirripedia, Echinoidea, and per-
haps also Foraminiferida.

In the fast few years, Recent and, espe-
cially, fossil borings have attracted much

interest among paleontologists. New and
important publications are by BromLEY
(1970, with many bibliographical refer-
ences), Boekscuoren (1966, 1967), and
Cameron (1969b). For additional papers,
one may refer to CARRIKER, SMiTH, &
Wirce (1969). These papers were pre-
sented at the International Symposium
Penetration of calcium carbonate substrates
by lower plants and invertebrates, which
was held in Dallas in 1968. However, as
the title suggests this symposium was re-
stricted to borings and their producers only
in calcareous substrates. In this symposium,
Carriker & Smrra (1969, p. 1012) intro-
duced the following concepts:
Calcibiocavitology. 'The study dealing
with the hollowing out of spaces in hard,
calcareous substrata by organisms.
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Calcibiocavite. An organism that hollows
out a space (burrow, borehole, caries) in
hard, calcareous substrata (calciphytocavite,
plant; calcizoocavite, animal).

Calcibiocavicole. An organism inhabiting
a self-excavated space in a hard, calcareous
substratum,

Calcicavicole. An organism inhabiting a
space excavated by another organism or by
nonbiogenic forces in a hard, calcareous
substratum.

Communities of boring organisms in
lithified sediments have been named lizho-
phocoenoses by Rabwariskr (1964).

According to Martinsson’s (1970, p.
326) suggested toponomic (stratinomic)
classification of trace fossils, most borings
in lithified sediments have to be placed in
his Endichnia, although some can be classi-
fied as Exichnia. However, these concepts
are not applicable to borings in pebbles or
hard parts of organisms such as shells. If
some general terms should be needed, Mar-
tinssoN (1970, p. 328) proposed the terms
Ichnidia or Endichnidia for these types of
borings.

For the paleontologist, it is generally
difficult, if not impossible, to find the cre-
ator of the boring and often it cannot be
determined if a boring is of plant or animal
origin. GartraLL and Gorusic (1970), with
the help of stereoscan pictures of Jurassic
and Recent material, have been the first to
find characteristics that make it possible to
distinguish between algal and fungal bor-
ings. In some cases, it is not even clear
whether an organism found in a boring is
the actual borer (e.g., borings containing
shells). Even for many Recent borings, it
is still unknown if they are due to chemical
or mechanical processes. Likewise, it is
often not certain what purpose the borings
serve. Most were made as dwelling cham-
bers, but in other cases, such as borings
made by predatory snails, they were made
in the search for food.

Some fossil borings have been given the

names of their supposed makers (e.g.,
Cliona cretacea). 1 agree with BroMLEY
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(1970, 1972) who has emphasized that bor-
ings should not be given the name of the
actual or supposed boring organisms. Espe-
cially names of Recent borers should be
used only for the organisms themselves.
For their borings special ichnological names
are necessary, as BromrLey (1970) showed
on the example of the application of the
name Entobia Bronn to all borings pro-
duced by sponges. Also, his new proposal
(BroMrey, 1972) is aiming in the same
direction, e.g., that all pocket-shaped bor-
ings with a single opening should be' named
Trypanites Micperrau (Fig. 76).

Recently HoLpEr (1972) published an ex-
cellent study of endozoans and epizoans on
belemnite rostra. HiLMmer & Scrurz
(1973) have described Upper Cretaceous
polychaete borings, some of which possess
secondary excavated cavities. These sec-
ondary cavities have been interpreted as
brood chambers. The authors believed that
the presence and absence of these cavities
with relation to overall boring size is an
expression of sexual dimorphism of the
borings’ producers (see Ramosulichnus, p.
wi31).

Evolution of the boring habit in Recent
gastropod taxa can be traced only as far
back as the Upper Cretaceous. Borings at-
tributable to predation in pre-Upper Cre-
taceous and Paleozoic brachiopod and some
mollusc shells do not exhibit the tapering
sides and countersunk features character-
istic of gastropod borings. Their origin is
considered unknown. This situation has
been given particular attention by CARRIKER
& YocueLson (1968) with respect to cy-
lindrical borings in Middle Ordovician
brachiopod shells. If these and other Paleo-
zoic borings are considered to be the work
of predatory gastropods, then a boring habit
for gastropods must have evolved inde-
pendently long before the ancestors of the
present day groups appeared in the geologic
record (Somr, 1969, p. 733).

Abeliella HintzscureL, 1962, p. W228 [*4. ric-
cioides MiAGpEFRAU, 1937, p. 60; OD] [=Abeli-
ella MicpErrau, 1937, p. 60, nom. nud., estab-
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Trypanites

Fic. 76. Various morphologic variations of Trypa-

nites (A to I). B shows boring in wood; D and

E show calcareous lining (mod. from Bromley,
1972).

lished without designation of type species].
Dichotomously branching starlike borings in fish
scales; width of individual borings 4 to 8 mi-
crons, of whole system 0.25 to 0.5 mm. [/Pro-
duced by algae or fungi] U.Jur.-Oligo.,, Eu.
(Ger.-Eng.). Fic. 776. *A. riccioides MAGDE-
Frau, Oligo.,, Ger.; (in fish scale), X110
(Migdefrau, 1937).

Anobichnium Linck, 1949, p. 185 [*d4. simile;
OD]. Smooth cylindrical perforations in fossil
wood, 1 to 1.5 mm. in diameter, with numerous
openings to cach gallery; very similar to borings
of Recent beetles of genus Anobium. U.Trias.,
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Eu.(Ger.)——Fic. 78,5. *4. amile,
Ger.; (in wood), X0.7 (Linck, 1949a).

Bascomella MorninesTaR, 1922, p. 156 (emend.
Cownpra & FErias, 1944, p. 538; emend. Evrias,
1957, p. 390) [*B. gigantea; OD]. First described
as ctenostome parasitic, boring bryozoan char-
acterized by large egg-shaped “vesicles” connected
by narrow tubular “stolons.” [Cowpra & Erias
(1944, p. 538) doubted that interpretation, classed
genus incertae sedis and pointed out great simi-
larity of the “vesicles” to borings, particularly to
the immature development of Caulostrepsis
CrarkE; FErias (1957, p. 390) restricted diagnosis
of Bascomella to oval to pear-shaped “vesicles”
which he regarded as excavations and compared
with borings made by Recent cirriped Alcippe;
according to Erias (1957), “stolon-like part of
Bascomella should be placed in Condranema
BassLer, 1952: for discussion of combination of
two borings of different origin see BROMLEY
(1970, p. 58); sce BassLEr (1953, p. G36, fig.
9,5).] Penn.-Perm., USA(Pa,-Ohio).
Brachyzapfes Copez & pe Saint-SeiNg, 1958, p.
706 [*B. elliptica; OD]. Short and broad borings;
longitudinal cross section elliptical; depth half
length; observed in belemnoids and pelecypods.
[Borings of barnacles.] L.Cret.,, Eu.(Francc)-
Antarct. Fic. 77,3. *B. elliptica; schem. draw-
ings, 3a-d, long. sec., opening, tang. sec. (max.),
chamber (Codez & de Saint-Seine, 1958).
Calcideletrix Hintzscmer, 1962, p. W222 [*C.
flexuosa Micpesrau, 1937, p. 57; OD] [=Cdl-
cideletrix Micperrav, 1937, p. 57, nom. nud.,
established without designation of type species].
Cavity systems in belemnoids; one or more open-
ings, shrublike, ramified; sometimes dendritic net-
works of tunnels; diameter of branches 0.02 to
0.1 mm. [Probably made by algae. MarciNow-
sk1 (1972) interpreted this form as result of hard
substrate borers in abandoned belemnite rostra.]
Jur.-U.Cret., FEu.(Eng.-Ger.-Pol.). Fig, 774a.
C. breviramosa Micperravu; (in Actinocamax),
®8 (Migdefrau, 1937). Frc. 77,46, *C.
flexuosa  Micperrau;  (in Belemnitella), X8
(Migdefrau, 1937).

Calciroda Maver, 1952, p. 455 [*C. kraichgoviae;
M]. Cylindrical boring tunnels up to 1 mm. wide;
usually constructed parallel to outer surface in
shells of mollusks or in stalk members of
Encrinus; may be ramified, cutting through or
crossing each other. [According to MULLER
(1956b, p. 410) and present author, probably
identical with Trypanites MAcpEFraU (p. W136).]
M. Trias.( Trochiten-Kalk), Eu.(Ger.).
Caulostrepsis Crarxe, 1908, p. 169 [*C. taeniola;
M] [=Polydorites DouvviLLE, 1908, p. 365 (“ge-
nus” without species name; according to BaTHER
(1910), not intended as an independent generic
name)]. U-shaped tunnels with spreite, corre-
sponding to tiny Rhizocorallium, sometimes radi-
ating inward from commissure of brachiopods;

Keuper,
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Clionoides

Calcideletrix  4b

3a
Brachyzapfes

Fic. 77. Borings (p. W124, 126-127).
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Entobia

Fic. 78. Borings (p. W124, 126-127, 129).

up to 2 cm. long and 5 mm. wide; commonly
found in shells of brachiopeds, mollusks, and
echinoids. [Interpreted tentatively as borings of
worms (Spionidae) (Cameron, 1969b); according
to Bromrey (1970, p. 50), possibly not true bor-
ings but embedment cavities; named “pseudo-
borings” by Conpra & Evms (1944, p. 549) and
thus placed in “Problematica.””] L.Der., Eu.
(Ger.); Penn.-Perm., USA; U.Trias., ?L.Jur., Eu.
(Eng.), Tert., Eu.(Port.)-Australia. Fic. 77,5.
*C. taeniola, L.Dev., Ger.; Sa, in shell of

Stropheodonta, X0.75 (Clarke, 1908); 54, up.
Ems., Ger.{Taunus), ca. X 1.9 (Hausel, 1965).

Chactophorites Pratye, 1922, p. 301 [*C.
gomontoides; M]. Ramifying tunnels in rostra of
belemnoids and shells of brachiopods and mol-
lusks; usually straight; diameter less than 0.02
mm.; located close to surface of shell. [Probably
made by algac or (as supposed by BromLEy,
1970, p. 55) fungi; according to E. Voier (pers.
commun., 1971), C. cruciatus Micperrau, 1937,
belongs to boring bryozoans.] [Jur.-Tert.(Plio.),
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Eu. Fic. 78,4. *C. gomontoides, L.Jur.(Lias
8), Ger.; (in pelecypod shell), X106 (Prate,
1922).

Clionoides Fenton & Fenrten, 1932, p. 47 [*C.
thomasi; OD]. Tubular borings, widely spaced,
somewhat flexuous or straight, irregularly
branched; 0.5 to 1.5 mm. in diameter; round
perforations extending throughout length of tubes.
Generally excavated in brachial valves of thick-
shelled specimens of Afrypa. [Origin by sponges
related to Recent Cliona has been suggested; re-
garded by Jux (1964) as produced presumably by
polychaetes living in commensalism with brachio-
pods; according to Erias (1957, p. 381), Clio-
noides is possibly junior synonym of the bryozoan
genus Vinella UrricH, 1890 (BassLer, 1953, p.
G35).] U.Dev., Eu.(Ger.)-USA(Iowa). Fic.
77,2. *C. thomasi, Dev., Iowa; upon the brachial
valve of Atrypa waterlooensis WEBSTER; 2a, tubes,
2b, tubes and perforations, PX1 (Fenton &
Fenton, 1932).

Clionolithes CrLarkE, 1908, p. 168 [*C. radicans;
SD FentoN & FENTON, 1932, p. 43] [=Pyrito-
nema? gigas Frrrscu, 1908, p. 10 (non M’Coy,
1850); Olkenbachia SoLrx, 1938, p. 156 (type,
O. hirsuta); for discussion see TeIcHERT, 1945,
p. 202]. Bent or cracked borings, generally radi-
ating in one plane to all sides from very small
central cavity; commonly branching dichotomously;
diameter several mm.; always etched into shell or
some host animal. [Made by sponges (e.g., C.
querens RUEDEMANN, 1925, p. 38), algae, or
worms; according to Jorban (1969), certain
astrorhizae of Stromatoporoidea (M.Dev.,Ger.)
are morphologically identical to C. radicans and
might be made by parasitic boring organisms;
nomenclature of the “species” pot yet resolved;
C. reptans CLARKE, 1908, and similar forms may
be placed in the “genus” Filuroda Sorre, 1938;
see also pE LausenreLs, 1955, p. E40.] Ord.,
Eu.(Czech.); Devy.-Carb., Eu.(Ger.)-USA-China.
Fic. 77,1. *C. radicans, U.Dev.(Chemung
Ss.), USA; la, in Atrypa shell, X6; 15, in shell
of Dalmanella superstes, X 0.5 (Clarke, 1921).

Conchifora GiseLa MoLrer, 1968, p. 68 [*C.
gylindriformis  zylindriformis; OD]. Variously
shaped straight or slightly sinuous tunnels in
shells of brachiopods, seldom in pelecypods or
gastropods; not branched; walls smooth; com-
monly with 1 or rarely 2 openings; sometimes with
enlarged ends or conical; ends rounded or some-
what acute; 1 to 30 mm. long, diameter 0.1 to
1.4 mm., diameter of openings 0.2 to 0.5 mm.;
seven ‘“‘varieties” named, but these names are un-
available (Code, Art. 15). [?Made by poly-
chaetes.] L.Dev.(mid.Siegen.-low.Ems.), Eu.(W.
Ger.). Fic. 78,1. *C. zylindriformis; 1la-h,
infillings of seven “varieties”; la-c, X7; 1d, X5;
lef, X4.7; 1g, X9.5; 1h, X1.3 (Gisela Miiller,
1968).
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Conchotrema TEricuerT, 1945, p. 203 [*C. tubu-
losa; OD]. Narrow tubular borings in shells
(diameter about 0.2 mm), communicating with
surface, but buried completely in shell of host;
straight or gently curved; branching. [Probably
made by worms; according to TeicuerT (1945),
Clionolithes canna Price, 1916, may also be
placed in this “genus.”] U.Dev., USA(N.Y.);
L.Carb., Eu.(Scot.); Miss.-Penn., USA(Ark.-W.
Va.); Perm., W.Australia; ?U.Cret., Eu.(Eng.).

Fic. 79,7. *C. tubulosa, Perm. (Wandagee
F.), W.Australia; in Taeniothaerus valve, X2
(Teichert, 1945).

Condranema BassLer, 1952, p. 381 [*Heteronema
capillare ULricH & BassLer, 1904, p. 278; OD]
[=Heteronema ULricu & BassLer, 1904, p. 278
(type, H. capillare) (mon DujyarpiN, 1841)].
Straight or somewhat curved cylindrical borings
in shells, immersed tunnels very close to surface
of shell; zooecial scars present. [Interpreted as
creeping stolons of ctenostome bryozoan; see
BassLER, 1953, p. G35.] Ord.-Perm., Eu.(Swed.)-
USA. Fic. 78,3. *C. capillare (UrricH &
BassLer), Sil., Gotl.; X10 (Ulrich & Bassler,
1904).

Dendrina QuensTept, 1848, p. 470 (published
without species name) [*Talpina dendrina Mor-
ris, 1851, p. 87 (=Dendrina belemniticola Mic-
DEFRAU, 1937, p. 55); SD Hinrtzscuery 1965, p.
30]. Borings just below surface in brachiopods
and in rostra of belemnoids; without aperture;
forming rosettes 1.5 to 6 mm. in diameter; rami-
fying intensely and irregularly; diameter of bor-
ings about 0.05 mm. [?Made by algae. Rap-
waNsk1 (1972) interpreted Dendrina as result of
hard substrate borers on abandoned belemnite
rostra.] Ord., (Pleist. drift), Eu.(Ger.); M.Trias.
(low. Muschelkalk ), Eu.(Ger.); U.Cret., Eu.(Eng.-
France-Ger.-Pol.). Fic. 78,7. D. belemniticola
MicpEFRAU, U.Cret., Ger.; in Belemnitella, X5
(Migdefrau, 1937).

Dictyoporus Micperrav, 1937, p. 55 [*D. nodosus;
M]. Borings in rostra of belemnoids; without ex-
terior aperture; distinctly netlike; canals about
0.07 mm, wide. [Producer unknown.] ?L.Jur.,
Eu.(8.Ger.); M.Jur., Eu.(Pol.); U.Cret., Eu.(Eng.-
Ger.-Pol.). Fic. 78,6. *D. nodosus, U.Cret.,
Ger.; in Belemnitella, X5 (Migdefrau, 1937).

Electra Lamouroux, 1816 (see BassLer, 1953, p.
G157) [Borings of this Recent cheilostome bryo-
zoan have been observed in bivalve and gastropod
shells from Pliocene of Belgium (BOEKSCHOTEN,
1966, p. 366; 1967, p. 322); Recent species
Electra monostachys (Busk) lives in brackish
environments and tidal flats.]

Entobia Bronwn, 1838, p. 691 [*E. cretacea Port-
Lock, 1843, p. 360; SD Haintzscuer, 1962, p.
W230]. Borings consisting of globular chambers
(max. diam. about 1 cm.), mostly crowded, con-
nected by very short slender canals (diam. 0.1-1.0
mm.); walls of chambers with few small surface
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pores and penetrated by canals and by more
slender holes, in steinkern preservation appearing
as spines radiating from chambers; occurring in
brachiopods, pelecypods (particularly Inoceramus),
ammonites, and belemnites. [Made by sponges of
family Clionidae; for selected synonymy of the
type species (known as Cliona cretacea since
1854), see BromLey, 1970, p. 78; borings in
trilobites of Silurian age also placed in this genus
by PortLock, 1843 (E. antigua).] ?Sil., Eu.

(Ire.); U.Jur.(low.Tithon.)-Tert., Eu.(Ire.-Eng.-
France-Ger.-Pol.). Fic. 78,8. *E. cretacca
PortLock, Cret.(Chalk Rock, Turon.), Eng.

(Herts.), X2.7 (Bromley, R. G, 1970, p. 81, in
Trace Fossils edited by T. P. Crimes & J. C.
Harper, Geol. Jour. Spec. Issue 3, Seel House
Press, Liverpool).

Filuroda SorpE, 1938, p. 158 [*Clinolithes reptans
CLARKE, 1908; OD] [=Clionolithes CLARKE,
1908, p. 168 (partim) (type, C. radicans); for
discussion see TEicHERT, 1945]). Threadlike,
strongly curved borings in shells, running closely
below surface of shell. [Possibly made by boring
sponges; see also DE LauBEnreLs, 1955, p. E40.]
L.Dev.-M.Dev., N.Am.(USA)-Eu.(Ger.) Fic.
79,4. *F. reptans (CLARKE), L.Dev.(Oriskany Ss.),
USA; in Leptostrophia, ca. X2 (Clarke, 1908).

Graysonia STEPHENsON, 1952, p. 52 [*G. berg-
quisti; OD]. Borings in shells of pelecypods and
gastropods, preferentially in  thicker  shells;
“zoarium” consisting of a compound system of
“tubular stolons” and “vesicles (internodes)”;
“stolons” rather irregularly distributed, forming
connected series of little arches which may form
complicated meshworks, “vesicles” irregularly
subovate, ranging in size from microscopic to
45 mm., often crowded together but also widely
scattered, intermingled with the “stolons.” [In-
terpreted as a boring bryozoan of the family
Vinellidae, perhaps living commensally rather
than parasitically; regarded by Bromrey (1970,
p. 58) as a compound genus (“mixture of acro-
thoracican borings and thread borings”) appear-
ing to include worm borings or embedment traces;
according to E. Voier (pers. commun. 1971),
certainly no boring bryozoan; Graysomia anglica
Casey (1961, p. 573) from the Aptian of England
represents only the “stolon”-like part of the fos-
sil.] L.Cret.(Apt.), Eu.(Eng.); U.Cret.(Ceno-
man., Woodbine F.), USA(Texas). Frc. 79,6.
*G. bergquisti, Cenoman.(Woodbine F.), Texas;
holotype, in Gymnentome valida (gastropod),
X 1.5 (Stephenson, 1952).

Iramena BorxscHoTEN, 1970, p. 45 [*I. danica;
OD] [=?Terebripora antillarum Fiscuer, 1866,
p. 300; for discussion see BOEKSCHOTEN, 1970, p.
45]. Diminutive borings of “Penctrantia”-type in
oyster shells, gastropods (Buccinum), and coral
branches producing irregular network of long
stolon tunnels 3 microns wide; reniform or circular
apertures with diameters of 0.03 to 1.0 mm,
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situated in alternating positions laterally and at
distance of 0.01 to 0.1 mm. from stolon tunnels;
apertures spaced 0.5 to 2.5 mm. from each other.
[Probably made by ctenostome bryozoans.] L.
Tert.(mid.Dan.), Eu.(Denm.); U.Tert.(Plio.), Eu.
(Belg.); Rec.(Neth.-France-Ire.). Fic. 78,2. *I.
danica, Dan., Denm.; camera lucida tracings of
the type zoarium borings of Iramena, X11
(Bockschoten, G. J., 1970, p. 46, in: Trace
Fossils edited by T. P. Crimes & J. C. Harper,
Geol. Jour. Spec. Issue 3, Seel House Press,
Liverpool).

Maeandropolydora Voicr, 1965, p. 204 [*M.
decipiens; OD]. Long, meandering furrows sunk
into outer or inner side of Cretaceous oysters and
pectinids; width 0.5 to 1.2 mm.; resembling
U-shaped tubes of Polydora but without spreite.
[Probably made post-mortem by polychaete worms
of family Spionidae.] U.Cret., Eu.(Ger.-Neth.-
Swed.). Fic. 79,5. M. sulcans Voier, U.Cret.
(L.Santon.), W.Ger(Gross Biilten); in Neithea
quinguecostata (Sowersy), X 1.8 (Voigt, 1965).

Martesites VitiLis, 1961, p 6, 16 [*M. vadaszi;
M]. Very closely crowded borings of pelecypods
(probably Martesia sp.) in driftwood, lying
approx. 45° oblique to the annual rings; clayey
fillings of borings with circular rills produced by
animal’s boring activity; 5 to 7 cm. in length,
diameter of opening of boring 1.0 to 1.5 cm.
L.Tert.(low.Mio.-mid Mio., low.Helvet.J, Eu.(N.
Hung.). Fic. 79,1. M. sp., low.Mio., Hung.;
la, in wood (concentric stripes on steinkerns of
boreholes correspond to given rings of the wood),
%0.4; 15, in wood, steinkern of a borehole, X1
(Abel, 1935).

Mycelites Roux, 1887, p. 246 [*M. ossifragus; M].
General ecologic name for various irregularly
branching tunnels about 2 to 6 microns wide in
hard parts (shells, bones, teeth, scales) of in-
vertebrates and vertebrates. [According to BERN-
HAUSER, 1953, 1962, made by green algae; in-
terpreted by W. J. Scumipt, 1954, as borings of
fungi; for detailed discussion, sce PEvER, 1945;
for similar borings in Paleozoic fossils from fresh-
water sediments, Bystrow, 1956, used name
Paleomycelites.] ?8il., Carb.-Rec., cosmop-
Fic. 80,3. M. conchifragus SCHINDEWOLF; 34,
U.Jur.(up.Volg.), USSR (Moscow); hyphae of
fungi in the dissolved shell of Craspedites sp. cf.
C. okensis (p'Oreiony), X30 (Schindewolf,
1963); 3b, L.Jur., Ger.; in Coroniceras rotiforme
(SowERBY), schem. reconstr. [a, horizontal bor-
ings parallel to overlying layer; &, layer containing
cavities almost perpendicular to overlying layer;
¢, horizontal borings parallel to underlying layer]
(Schindewolf, 1962).

Myzostomites CLARkE, 1921, p. 58 (published
without species) [*M. clarkei; SD Howerr, 1962,
p. WI167]). Galllike protuberances on crinoid
stems, with a central perforation. [Compared
with modern worm Myzostomum causing similar
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cysts or swelling on its host; see Howerr (1962},
p. WI167.] Ord.-Perm., USA. [According to
HoweLy (1962, p. W167), also found in Trias.-
Jur. and cosmop.]——Fic. 79,3. M. sp. CLARKE,
Carb., loc. unknown; x1 (Clarke, 1921).

Nygmites HinrzscHeL, 1962, p. W230 [*Talpina
solitaria von Hacexnow, 1840; OD] [=Talpina
von Hacenow, 1840 (partim) (type, T. ramosa;
SD Hiwtzscuer, 1962, p. W231); Nygmites
Micperrau, 1937, p. 56, nom. nwud., cstablished
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without designation of type species]. Simple,
unbranched tunnels in rostra of belemnoids;
oblique to surface, open to exterior, leading from
outside inward. [Type species perhaps made by
algae or fungi; according to E. Voier (pers.
commun., 1971), Nygmites pungens (QUEN-
stepT) (=Talpina pungens QUENSTEDT) prob-
ably identical with boring bryozoan Spathipora
prima Vorer, 1962.] L.Jur., Eu.(Ger.); U.Cret.,
Eu.(France-Ger.-Pol.-USSR) . Fic. 79,2. *N.
solitarius (voN HaceNow), UCret, Ger.; in
Belemnitella mucronata; A, Talpina cf. T. ramosa
von HaceEnow; B, N. solitarius; C, Terebripora
pungens (QuensteDT), X0.87 (Voigt, 1972b).
Ostreoblabe Voier, 1965, p. 200 [*O. perforans;
OD]. Tubes in shells of Cretaceous oysters, sunk
into shell material; straight or slightly curved;
directed centripetally toward muscle scar, proceed-
ing from round external opening perforating
shell; resembling mud blisters of Recent oysters;
[Obviously made by parasitic polychaete worms
and representing intr@ vitam deformation of
shell.]  U.Cret.(Turon.-Santon.), Eu.(W.Ger.).
Fic. 80,5. *0. perforans, mid.Turon.,, W.
Ger.; in Lopha semiplana Sowersy, X 1.4 (Voigt,
1965).

Palaeachlya Duncan, 1876, p. 210 [*P. perforans;
M]. Small tubes, average diameter 0.2 mm.,
usually straight, rarely flexuous; running inward
in all directions to surface or parallel to it; some-
times branching. [Interpreted as made by para-
sitic algae; observed particularly in corals.] Sil.-
Dey.; Tert.; Eu.-N.Am.(Can.)-Australia.
Palacosabella Crarkg, 1921. p. 91 [*Vios prisca
McCov, 1855, p. 260; M] [=Paleosabella
CLARKE, 1921, p. 91 (nom. null.); Paldosabella
Sorre, 1938, p. 157 (nmom. null.)]. Possible
synonym of Topsentopsis pE LauBENFELs, 1955,
p. E4.

Palacopede ETHERIDGE, 1899, p. 127 [*P. white-
leggei; M]. Borings in Favosites; consisting of
chains of moniliform cells(?); longest chain 0.5
mm. [Referred to an endophytic alga similar to
Nostoc.] Dev., Australia(NewS.Wales).

Palacoperone ETHERIDGE, 1891, p. 97 [*P. endo-
phytica; M]. Pinshaped, straight, tubular, tapering
to ?distal end, Pproximal end inflated into globu-
lar chamber; observed in Stemopora crinita Lons-
DALE, occurring in matted clusters and irregularly
arranged bundles. [Tentatively interpreted as
fungi.] Perm., Australia(NewS.Wales).

Palecbuprestis HinTtzscueL, 1962, p. W230 [*P.
maxima WALKER, 1938, p. 138; OD] [==Paleco-
buprestis WALKER, 1938, p. 138, nom. nud., estab-
lished without designation of type species]. Chan-
nels under bark of Araucarioxylon arizonicum;
diameter 2 to 10 mm.; recognizable all around
tree; channels resembling work of Recent bupres-
tids. Trias., USA(Ariz.). Fic. 8l,1a. *P.
maxima WALKER, Chinle F., Petrified Forest
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Natl. Mon.; X0.54 (Walker, 1938). Fic.
81,15. P. minima WaLKER, Chinle F., Petrified
Forest Natl. Mon., X0.5 (Walker, 1938).
Paleocipidus HiNTzscHEL, 1962, p. W230 [*P. per-
foratus WaLkER, 1938, p. 140; OD] [=Paleo-
ipidus WALKER, 1938, p. 140, nom. nud., estab-
lished without designation of type species]. Tun-
nels and burrows penetrating heartwood of
Araucarioxylon arizonicum (see also Paleobupres-
tis and Paleoscolytus); diameter 2 to 5 mm.;
boring near bark or through wood. Trias., USA
(Ariz.).
Paleoscolytus WALKER, 1938, p. 139 [*P. divergus;
M]. Channels under bark of Araucarioxylon
arizonicum; diameter 5 mm.; running in all
directions; not filled with castings; resembling
channels of Recent bark beetles of family Scolyti-
dae. Trias., USA(Ariz.). Fic. 81,3. *P. di-
vergus, Chinle F., Petrified Forest Natl. Mon.; ca.
X 0.7 (Walker, 1938).

Penetrantia SiLfN, 1946 (sce BassLer, 1953, p.
G37). [Recent boring bryozoan; the genus Pene-
trantia has been based on the anatomy of the
producer, and not the morphology of the boring;
Voier & SouLk (1973) described first fossil Cre-
taceous species P. gosaviensis from Upper Cre-
taceous, Austria(Gosau); according to BoEKscHo-
TEN (1970) name should not be applied to fossil
borings of Penetrantia type, thus BOEKSCHOTEN
(1966, 1967) described such borings from the
Pliocene, Netherlands, and Pleistocene, Europe
(England), as “Penetrantia.”)

Podichnus BromMLEY & SurLyk, 1973, p. 363 [*P.
centrifugalis; OD]. More or less compact groups
of pits or cylindrical holes in hard, calcareous
substrates; pits at center of group more or less
perpendicular to surface, more peripheral pits
typically deeper and larger, entering substrate
obliquely, centrifugally; size of pits up to ca.
200 mgp. [Recent examples are produced by
brachipod pedicles; see BromLeYy (1970, p. 61).]
L.Cret.-U.Cret., Eu.(Eng.-Swed.-Ger.); Rec., Eu.
(Nor., N.Sea). F1c. 60,6. *P. centrifugalis, U.
Cret., Eng.; X80 (Bromley & Surlyk, 1973).
[Description supplied by R. G. BroMLEY.]

Pseudopolydorites Grazex, MarciNowski, & WIERZ-
Bowskl, 1971, p. 441 [*P. radwanskii; OD}. U-
shaped burrows without spreite; limbs rather
closely spaced, circular in cross section, highest
parts near openings somewhat curved; 3 to 5 cm.
long; 6 to 8 mm. in diameter. [Borings in hard-
grounds.] U.Cret.(low.Cenoman.), Eu.(Pol.).
Fic. 81,5. *P. radwanskii, Sudét; 5a, X0.7;
5b,, showing two sides of the same section of
“Potamilla” type B containing opening of boring,
X 0.7 (Glazek, ez al., 1971).

Ramosulichnus Hirimer & Scuurz, 1973, p. 9
[*Polydora biforans Griep, 1967; OD]. Long,
unbranched, commonly weakly curved borings,
gradually expanding distally and ending blindly;
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about 1 to 4 mm. in diameter and 1 to 5 cm,
long; small aperture commonly connected to sur-
face by numerous, diverging grooves or furrows;
transverse section is nearly circilar near aperture
becoming oval to weakly dumbbell in outline
toward the distal end; specimens representing the
jarger members of the genus have 4 rows of
dimple-like chambers while the smaller ones do
not. [Type species divided into two morphological
groups which were thought by the authors to ex-
press the sexual dimorphism of the producers.
The cavities near the apertural end of the larger
borings were interpreted as brood chambers pro-
duced by female polychactes while the smaller
borings without these secondary cavities were in-
terpreted to have been produced by males (see
p. W123); produced in belemnite rostra.] U.Cret.
(Santon.-low. Maastricht.),  Eu. (Denm.-Eng.-N.

Ger.-USSR). [Description supplied by W, G.
Haxes.]

Repentella Gisera MULLER, 1968, p. 86[*R. maior;
OD]. Netlike arranged tunnels in shells of brachi-
opods {e.g., Spirifer, Stropheodonta), forming ir-
regular polygons; tunnels straight or slightly
sinuous, branched; walls smooth; 0.2 to 0.5 mm.
in diameter, enlarging to 2.5 mm. on ramifica-
tions. L.Dev.(mid Siegen.), Eu.(W.Ger.). Fro.
81, 4. R. fragilis; schem. drawing, X2.7 (Gisela
Miiller, 1968).

Rodocanalis Scuroz, 1972, p. 164 [*R. reticulatus;
OD]. Netlike pattern of grooves on outer surface
of pelecypod shells; grooves nearly as deep as
wide, about 0.1 to 0.3 mm., which do not seem
to connect with other borings. [Interpreted as
being produced by ewhing.] L.Jjuwr.(Hettang.-
Sinemur.), Eu.(Ger.). Fic. 81,2. *R. reticu-
latus on Plagiostoma giganteum Sowrrsy, Het-
tang.-Sinemur. boundary, S8.Ger; 2a, X0.6; 25,
upper part, R. reticulatus; lower, R. sp., X2.2
(Schloz, n, LGP, Stuttgart, cat. no. S.1121);
2¢, arrows point to Talpina remosa Hacewow,
X3 (Schloz, 1972). [Description supplied by
W. G. Hakss.]

Rogerella oe Sant-Seing, 1951, p. 1053 [*R.
lecontrei; OD] [=Rodgerclla NewmaN, ZurLo &
Wirsers, 1969, p. R252, R272 (nom. null.)].
Very deep borings of barnacles; cross section short
and broad; observed in shells of corals, brachio-
pods, bivalves, gastropods, and echinoids. Perm:.,
USA(Texas). [According to Bromrey, 1970, p.
69, Clionites mantelli WrTHERELL, 1852, is iden-
tical with Rogerella mathieui pE SaINT-SEINE,
1956.] M. Jur-U.Cret., Eu.(Eng.-France-Ger.-
Pol.)-USA; Tert.(Mio.), Eu.(France); Tert.
(Plio.), Afr.(Morocco) . Fic. 80,1. R. mathieui
pe Saint-SEiNg, Cret, France; Igb, schem.,
various kinds of openings and tang. secs.; I¢, long.
sec.; 1d, chamber (Codez & de Saint-Seine, 1958).

Seminolithes Hyoe, 1953, p. 215 [*S. kmi; M].
Thin lenticular cavities in shells of brachiopods;
usually perpendicular or inclined to surface, rarely
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almost parallel to it; shape and size variable,
similar to flax seed; 2 mm, long, 0.3 to 0.5 mm,
wide; somewhat resembling Caulostrepsis and
Bascomella. [Producer unknown.] Miss., USA
{Ohio-Okla.-?Mo.) . Fic. 80,4, *S. linii, Logan
¥., Ohio; 44,5, sediment-filled borings from shell
of Spirifer striatiformis, both X1 (Hyde, 1953).
Simonizapfes Coprz & pr SaiNT-Szing, 1958, p.
704 [*S. elongata; OD]. Long, narrow borings
of barnacles; length (max.) 45 mm., width
{max.}) 1.1 mm.; shallow; observed in hard parts
of corals, oysters, gastropods, belemnoids and
other fossils. Jur., Eu.(Eng.-France-Ger.-Pol.).
Fic. 80,2. *S. elongata, France; 2a-d, schem.,
opening, tang. sec. (max.), long. sec., chamber
(Codez & de Saint-Seine, 1958). '
Spathipora Fiscuer, 1866, p. 986 (see BassLexr,
1953, p. G37). [Borings of bryozoans; according
to Boekscroren (1970, p. 44) and Bromiry
(1970, p. 57), to be regarded as ichnogenus. The
taxonomy is confused; a few Recent species have
been erected on strength of anatomical criteria
only, others are based on pattern of their borings
system. ]
Specus StepHENSON, 1952, p. 51[*S. fimbriatus;
OD]. Small club-shaped borings in shells of
gastropods and pelecypods (Breviarca, Ursirivus),
straight, curved, or irregular in trend, circular in
cross section, diameter increasing to rounded end
(from 0.2 to 0.75 mm.); maximum length about
8 mm. {[Possibly made by sponges, questionably
referred to Clionidae, commensal rather than
parasite?; interpreted by Voier (1970, p. 377)
as made by worms or wormlike organisms; per-
haps not borings, according to Bromrry (1970),
who noted that distribution and orientation re-
semble embedment structures.] U.Cret.(Cenoman.,
Woodbine F.), USA(Texas). Fic. 82,3. *S.
fimbriatus; ferruginous casts of sponge borings in
shells of bivalve mollusks (shell substance re-
moved in solution), X3 (Stephenson, 1952).
Stichus Eruerivce, 1904, p. 257 [*S. mermisoides;
M]. Borings in pelecypod Fissilunula clarkei
{Moore), related to Palaeopede Evrnrripog, 1899,
[Made by ?algac or fungi.] U.Crer., Australia
(New S.Wales).
Talpina von Hacewow, 1840, p. 671 [*T. ramosa;
SD HanTtzscHEL, 1962, p. W231]. Straight tunnel
systems in rostra of belemnoids, commonly
branched, diameter cz. 0.2 mm.; numerons oval
or circular openings toward exterior. [According
to Mornis (1851) and Lresserrisseur (1955, p.
81), produced by boring bryozoans; Vorer con-
sidered only Talpina pungens probably identical
with boring bryozoan Terebripora prima (Voier,
1962); type species T. ramosa interpreted as
phoronid, not bryozoan, boring (Voier, 1972);
T. solitaria voN Hacenow, 1840 == type species
of Nygmites Hintzscurr, 1962, p. W230; T.
dendrina Mornis, 1851 (=Dendrina belemniti-
cola Micperrau, 1937, p. 55) == type species of
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Dendrina Quenstept, 1849 (SD HinTzscHEL,
1965, p. 30).] Plur.,U.Cret., Eu.(Eng.-France-
Ger.-Pol.-USSR); U.Cret.(Campan.), Eu.(Ire)).
Fic. 82,4. *T. ramosa, Danian-Montian(?),
France(Vigny, ncar Paris); steinkerns of tunnel
systems, shell dissolved, 5.7 (Voigt, 1972).
Tarrichnium Wanner, 1938, p. 398 [*T. balano-
crini; M]. Irregularly branched, ribbonlike, sharply
entrenched traces on stalks of Balanocrinus; sur-
face of ribbons slightly convex, some divided by
1 or 2 very thin longitudinal furrows; with fine
bowl-shaped impressions. [Made by Fhydrozoan;
sce Hir & Werns (1956, p. F88).] U.Ters.
(Mio.), E.Indies. Fic. 83,1. *T. balanocrini;
Ia, X2.5; 15, ¥ 1.4 (Wanner, 1938).
Terebripora p'Orereny, 1842, p. 22 (see BassLegr,
1953, p. G37). [Borings of bryozoans; according to
Borxscaoren (1970, p. 44) and Bromury (1970,
p. 57), to be regarded as ichnogenus; taxonomy
of Terebripora and that of Spathipora, p. W133,
similarly confused.] Jur.-Rec., Eu.-Asia-Atl.-Pac.
Teredolites Leymenis, 1842, p. 2 [*T. cdlavatus;
OD]. Clusters of clublike tubes, about 2 em.
long. [Apparently made by bivalves; name based
on tubes only. See Turwer, 1969, p. N740 and
Fig. E214.] Cret., Eu.(France).
Thalamophaga Ruumerer, 1911, p. 229 [*T.
ramosa; SD Lorsricw & Tarepan, 1964, p. C183]
[For synonymy with Orbithophage ScHLUM-
BERGER, 1903; Marsupophaga, Tubophaga, Num-
mophaga Ruuvmsrer, 1911; Arthalamophagum
RuvmerLEr, 1913, see Loesricu & Tarpan (1964,
p. €183)]. Very small borings in tests of fora-
minifers, consisting of irregular “chambers” 2
to 8 microns in diameter and connected by stolon-
like tubes. [Regarded by Ruumerer (1911, p.
228) as of doubtful systematic position, possibly
representing  boring  foraminifer  morphologically
maodified by its parasitic mode of life; Loesricu
& Tarran (1964, p. C183) placed it in the
Foraminiferida (family Allogromiidae RuumerEr),
mentioning only Recent occurrences (Atlantic),
whereas Ruumsrer (1911, p. 229-230) cited
descriptions of similar borings in fossil shells and
tests which he suggested as made by Thalamo-
phaga or other (synonymous) gencra; according
to BorrscHorEN (1966, p. 344), Thalamophaga
probably belongs to group of algal or fungal
borings.| ?fur., Eu.(Ger.}, Rec., Atl.-Medit.
Topsentopsis o Lavsenrers, 1955, p. E4l [*Top-
sentia devonica CLARKE, 1921, p. 88; M] [=Top-
sentia CLaRkE, 1921, p. 88 (obj.}) (mom Berg,
1899); Palaeosabells Crsrke, 1921, p. 91
(partim) (type, Viea priscca McCoy, 1855, p.
260); for discussion of the confused nomenclature
and synonymy, see Tricaert, 1945 (p. 200) and
Cameron, 19692 (p. 189)]. Borings of quite
variable size, consisting of cavities and tubes or
channels; cavity central, irregularly spheroidal or
ovoid; tubes radiating from it, simple or branch-
ing, sometimes enlarging distally; diameter of cen-
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tral cavity 1 to 10 mm., of tubes (L5 to 3 mm.
[Interpreted as sponge borings; according to DR
Laveenrers (1955, p. E41), sponge affinities
doubtful; observed in many stromatoporoids.]
?8il., USA: Dev., USA——Fic. 82,2, *T. devonica
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CrLarkg, Dev., lowa; on lower surface of a
stromatoporoid, 24, from Shellrock stage, reduced;
2b, Cedar Valley beds, 0.2 (Fenton & Fenton,
1932).

Trypanites MiGDEFRAU, 1932, p. 151 [*T. weisei;
M] [=?Calciroda Maver, 1952, p. 455 (type,
C. kraichgoviae); see A. H. MiLLER, 1956b, p.
410]. More or less straight tunnels, usually
vertical, 1 to 2 mm. wide, without ramification;
closely spaced; occasionally contain excrement of
producer (see Fig. 76). [Made by rock and
hardground borers; apparently polychaetes.] L.
Ord., USSR; Sil. (Pleist. drift), Eu.(Ger.); U.
Dev., USSR; M.Trias.(Muschelkalk), Eu.(Ger.);
U.Jur., Eu.(Pol.).

Vermiforichnus Cameron, 1969, p. 190 [*V.
clarkei; M] [=Gitonia Crarkg, 1908, p. 154
(Ppartim) (type, G. corallophila); for discussion
of this and the additional synonyms Clionolithus
priscus (McCoy) and Palacosabella prisca (Mc-
Coy), see CaMEeroN, 1969b, p. 692]. Borings,
straight to slightly curved; rarely irregular, hooked
or coiled; unbranched, smooth; nonintersecting;
sometimes with subclavate termination; diameter
0.05 to 3 mm., commonly 0.2 to 2 mm. [In-
terpreted as worm borings, perhaps of Spionidae,
possibly by the worm Vermiforafacta rollinsi
CameroN, 1969, which has been found in such
a boring (see CamEeroN, 1969b, p. 694); observed
in calcareous algae, corals, bryozoans, brachiopods,
mollusks; best known from Devonian strata.]
Ord.-Perm., cosmop. Fic. 82,1a-c. *V. dlarkei
(=Palacosabella prisca (McCoy)), USA(N.Y.);
1a, M.Dev.(Hamilton Gr.), portion of thickened
substance of shell of brachiopod (Leptostrophia),
flattened form in thinner part, X?; 15, L.Dev.
(Oriskany Ss.), hook-shaped boring in cast of
brachiopod, X?; I¢, MDev.(Hamilton Gr.),
sketch to show bend in tube where shell is thickest,
X? (Clarke, 1921). Fic. 82,1d. Vermifo-
richnus tubes in Meristella, L.Dev.(Oriskany Ss.),
USA; X2 (Clarke, 1921).

Zapfella pE SAINT-SEINE, 1956, p. 449 [*Z. pattei;
M]. Saclike bore holes, 1 to 4 mm. long, 0.5 to
1 mm. wide, and up to 3 mm. deep; slitike
opening. [Made by barnacles (Acrothoracica);
found in corals, brachiopods, mollusks, echinoids,
and solid rock.] Jur.-Tert., Eu.(Eng.-France-Aus.-
Hung.-Italy-Pol.)-N.Afr.(Alg.)-N.Z. Fic. 83,2.
Zapfella borings in Galeodes (Volema) cornuta
Acassiz, Mio., Hung.; 24, long. sec., schem.; 24,
chamber, schem.; 2¢, X0.9; 2d, X4.5 (Codez &
de Saint-Seine, 1958).

GENERIC NAMES OF RECENT
BORING ORGANISMS USED
FOR FOSSIL BORINGS
PORIFERA
Cliona GranT, 1826, p. 78. The name of the widely
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distributed marine boring sponge Cliona has often
been used for similar borings observed in Meso-
zoic and Tertiary, and even Paleozoic fossils.
Names of Recent species of Cliona or new species
names have been applied to fossil borings ap-
parently made by clionids (e.g., from the Upper
Palcozoic of USA (Er1as, 1957), from the Cre-
taceous of USA (StepHenson, 1941, 1952) and
Europe (NESTLER, 1960; ScHREMMER, 1954), and
from the Tertiary of Europe (BoexscHoTEN, 1966;
Rapwarskr, 1964)). However, as shown recently
by Bromrey (1970, p. 77), the suitable ichno-
generic name for such Mesozoic and Tertiary
borings is Entobia BronN, 1838 (emend. Brom-
LEY, 1970). This name alone should be used (for
Paleozoic sponge borings other ichnogeneric names
are available). A detailed description of Recent
clionid borings, their morphology and ecology,
and their significance as agents of erosion and
sedimentation has been given by Bromrey (1970,

p. 70-77).

BRYOZOA

The question of whether borings of bryo-
zoans are to be regarded as ichnofossils is
still a matter of dispute. BoEKscHOTEN
(1970) and Bromrey (1970) are undoubt-
edly correct for considering them to be
true ichnofossils. As Bromrey (1970, p.
57) has stated, Terebripora p’OrsieNy and
Spathipora Fiscuer “are in reality ichno-
genera, since they were erected for empty
borings, and they therefore rightly belong
to the ichnologist rather than to the zoolo-
gist.” The criteria employed in establishing
these two ichnogenera were based entirely
on the morphology of the borings and not
the soft-body morphology of the producers.
BoexscrHoTEN and BromLey further empha-
sized that the names of Recent boring
Bryozoa such as Immergentia SN and
Penetrantia SiLén should be used for only
the Recent animals and not their borings.
Ichnogeneric names should be used for all
fossil bryozoan borings even if they are
morphologically congruent with these Re-
cent Bryozoa.

The opposing viewpoint has been most
recently expressed by Voier & SourE
(1973). They have pointed out that the
tunnel systems made by bryozoans corre-

spond well to the soft-body morphology of
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the animals, particularly to the structure of
the zooids. In their opinion, bryozoan bor-
ings can not be compared with other bor-
ings generally regarded as trace fossils with
ichnogeneric names. (See also Ponmowsky,
1974.)

Bryozoan borings may have an excep-
tional position among all the other borings.
However, they are also cavities for which
generic names based on the anatomy of the
producer should not be applied.

Because of these two differing opinions,
there now exists a regrettable state of tax-
onomic confusion with respect to the es-
tablishment of names for Recent and fossil
bryozoan borings. Several genera are com-
posed of both “biospecies” (zoological spe-
cies) and ichnospecies (species determined
solely on the morphologic pattern of the
tunnel system). This situation has been
recently emphasized by Boekscroren (1970,
p. 43-44). It is hoped that future studies
employing modern techniques (casting-
embedding procedure, scanning electron
microscopy) will help to clear up this un-
fortunate circumstance.,

Harmeriella? cretacea Voisr, 1957, p. 348, Very
small borings in the cheilostore brvozoan Strick-
omicropora membranacea (von Hacevow, 1839),
oblong, about 0.05 mm. long, ca. .03 mm. in
diameter; away from apertures of bored zooecia;
longitudinal axes of borings often arranged parallel
to one another or even aligned. [Probably made
by a colony of sessile organisms, presumably by
a Pparasitic ctenostome bryozoan; according to
Voier, 1957, p. 354, has doubtful affinities with
Recent boring bryozoan Harmeriella Bora, 1940.]
U.Cret.(low Maastricht.), Eu.(Ger., Isle of Ri-
gen). Fic. 84,1. Harmeriella? cretacea bor-
ings in Stichomicropora membranacea {Von
Hacenow); fa, schem. drawing, borings connected
by lines; 15, X 10 (Voigt, 1957).

Immergentia Sién, 1946, p. 6 (see Basser, 1953,
p. G37). Ree. [Single Immergentia-like fossil
described (Immergentia? lissajousi WavLTER, 1965,
from Oxfordian of France) does not belong to
this genus (Boekscuoten, 1970, p. 44, and E.
VoisT, pers. commun., 1971).]

BIVALVIA

Recent bivalve borings in rocks are rather
well known, thus their identification is rela-

Harmeriella

Fic. 84. Borings (p. W137).

tively simple. Such borings or their stein-
kerns have commonly been named after
their producer. This concerns mainly the
following genera known from the Upper
Cretaceous or Lower Tertiary to the Recent
which are distributed all over the world:
Aspidopholas Fiscurr, 1887 (T'urner, 1969,
p. N712); Gastrochaena SreNcLEr, 1783
(Kzen, 1969b, p. N699); Jouannetia Drs
Movurins, 1828 (Turner, 1969, p. N718);
Lithophaga Roping, 1798 (Soor-Ryen,
1969, p. N276); Petricola Lamarck, 1801
(Kezn, 1969a, p. N689).

Rapwakskr (1964, 1965, 1969) has
studied the “lithophocoenoses” of Miocene
littoral sediments in Poland. His publica-
tions serve as excellent examples of the
description and environmental interpreta-
tion of bivalve borings produced by the
genera listed above. (See also Kaurrman,
1969, p. N168-N170, and especially Brom-
LEY, 1970, p. 64.)
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POLYCHAETA

Dodecaccria Oexrstep, 1843, p. 44. Voier (1970,
p. 375) described small borings in boulders of
Upper Cretaceous (Santonian) limestones in North
Germany (Lower Saxony). Similar borings have
been found in the Upper Maastrichtian
“Tuffkreide” of Holland (Voier, 1971). They
are slightly clubshaped, straight, or somewhat
curved, with a faint median depression, oblong
or oval in cross section, 5 to 15 mm. long, 2 to
4 mm. in diameter, resembling the tubes of the
Recent genus Dodecaceria Oerstep. The San-
tonian specimens were named Dodecaceria(?) sp.,
and later were united with the Dutch borings in
a new species D. cretacea (Voicr, 1971).

The borings of the Recent species Dodecaceria
concharum from the North Sea occur in soft
sandstones and limestones, in shells of mollusks
or in calcareous algae. Another modern species,
D. fistulicola ExLErs, described from Upper Ter-
tiary and Pleistocene rocks of the United States
(Ore., Calif.) lives in colonies only and represents
a nonboring species of this genus (HoweLy, 1962,
p. W163; ReisH, 1952).

Very small meandering borings (0.5 mm. in
diameter) have been observed in shells of Cypri-
cardia from the Pliocene in Italy. Roverero
(1901, p. 228) named them “Dodekaceria”(?)
sp. According to Voier (1970, p. 373), these bor-
ings should be placed in the genus Maeandropoly-
dora VoiGrT.

Polydora Bosc, 1802, p. 150. Small U-shaped bor-
ings with spreite (diameter of tubes cs. 0.5 mm.)
as made by the Recent spionid Polydora ciliata
(Jounston) have sometimes been placed in the
ichnogenus Polydora (e.g., P. biforans in Upper
Cretaceous belemnites found on the beach of the
Baltic Sea) (Gripp, 1967). Borings of the Poly-
dora type have commonly been observed partic-
ularly in shells of Tertiary mollusks and in rocks
(DouviLLE, 1908; Gekker & UsHakov, 1962;
Papp, 1949; Rapwaxski, 1964; Tauser, 1944,
and others); see BoekscHoTEN, 1966, p. 357.

Some Recent species (e.g., Polydora hoplura)
live in “pseudo-borings” or blisterlike cavities.

Differences between true borings and pseudobor-
ings originated by embedment have been dis-
cussed by Bromrey (1970, p. 50); see also
Brake & Evans (1973).

The paleontologic history of Polydora up to
1908 was reviewed by Batuer (1909); for a
later discussion see Voict (1965, p. 206).

Potamilla MaLmcrEN, 1865, p. 401. Isolated cylin-
drical borings, several cm. long, 1 to 6 mm. in di-
ameter, straight or somewhat curved, not
branched, with rounded end “like a glove
finger,” vertical or oblique to the bedding plane,
have been compared with borings of the Recent
polychaete genus Poramilla and sometimes given
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the same name. They have been observed in
Carboniferous and Jurassic hardgrounds (e.g.,
Eng., Switz.; see HoLDER & HoLLMANN, 1969),
Rhaetic-Liassic dolomite pebbles (Poland, Tatra
Mts.; Rapwariski, 1959), Upper Cretaceous hard-
grounds (France; ELLENBERGER, 1947), and Mio-
cene littoral sediments (Poland; RapwaNski,
1964-69).

SIPUNCULIDEA

A boring (narrow entrance tunnel and
expanded inner chamber) in the test of an
Echinocorys (U. Cret., Isle of Wight) has
been tentatively interpreted by JowsEy
(1959, p. 398) as made by an echiuroid
and compared with burrows of Thalassema
neptuni VoN GAERTNER,

Sabella Linn%, 1767, p. 1268. Branched cylindrical
borings (3-5 cm. long, 3-5 mm. diam.) in shells of
Cypricardia (Plio., Italy) have been named Sa-
bella? sp. by Roverero, 1901, p. 228. [Sabella
is more favorably compared with tubes of Pota-
milla. Recent species of Sabella (in the present
sense of the genus) do not bore.]

PHORONIDEA

Phoronis WricHT, 1856, p. 167. A branched burrow
system in the test of an Upper Cretaceous echinoid
(Echinocorys) from the Isle of Wight has been
compared by Joysey (1959, p. 398) with borings
of Phoronis ovalis WricHT which are known to
occur in shells of Recent mollusks. The Cre-
taceous burrow system has not been named.

Phoronopsis GiLcarist, 1908, p. 153. Straight or
slightly curved vertical borings (length up to 3
cm., diam. 0.1-1 mm.) in Maastrichtian and,
rarely, Tertiary limestones of Israel have been
interpreted by AvNIMELEcH (1955) as made by
phoronids, particularly the genus Phoronopsis.

Small vertical borings (diam. 0.5-2 mm.) ob-
served in hardgrounds of the Upper Maastrichtian
“Tuffkreide” of Maastricht (Netherlands) have
been compared by Voicr (1970) with tunnels of
Recent phoronids. They have been named (?)
Phoronopsis sp. Their upper ends are frequently
surrounded by agglutinating foraminifers (e.g.,
Bdelloidina vincetownensis HOFKER).

CIRRIPEDIA

Trypetesa Norman, 1903, p. 369. TomrinsoN (1963,
p. 164) described fan-shaped burrows with elon-
gate slitlike apertures which he observed in shells
of myalinids from Pennsylvanian and lowermost
Permian rocks of USA (Kans., Texas, Okla.).
He recorded them as the largest fossil acrothoraci-
can burrows (length about 1 c¢m., width ca. 5
mm.) and compared them with those made by
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the Recent cirriped Trypetesa Norman (1903)
and thus named them T. caveata. However, SEI-
racHER (1969b, p. 709) interpreted them as bor-
ings of the Polydora type.

Ulophysema oecresundense BrarrstrROM, 1936, p. 1.
Conical borings (outer diam. 0.8-0.9 mm., inner
diam. 4-5 mm.) in the Upper Cretaceous echinoid
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Echinocorys from North Jutland (Denmark) have
been ascribed by Mapsen & WoLrr (1965) to the
Recent cirriped Ulophysema oeresundense BRaTT-
stTrRoM. These borings are morphologically iden-
tical with those made by Ulophysema living para-
sitically in the echinoids Echinocardium and
Brissopsis of the North Sea.

COPROLITES

The term coprolite has been defined in
different ways (Amsturz, 1958, p. 498).
The shortest definition, “fossilized excre-
ments of animals,” seems to be best because
it is independent of size and chemical
composition of the “fossils” in question.
It includes larger excrements, small fecal
pellets (composing “coprogene sediments™),
and microcoprolites.

In regard to their “systematic position”
within paleozoology, ABeL (1935) classified
them as lebensspuren, together with tracks,
trails, borings, and other structures. How-
ever, coprolites do not correspond entirely
to the widely accepted definition of trace
fossils as structures left by living organisms
in the sediment or on hard substrates.
Thus, the special position of the coprolites
requires them to be considered separately.

General questions about coprolites (size,
shape, composition, occurrences, preserva-
tion, fossilization) are briefly discussed in
the introduction to the annotated bibliog-
raphy of coprolites (HANTzZscuEL, Er-Baz,
& Amsturz, 1968). This work lists nearly
400 publications dealing exclusively or in
part with coprolites.

This section describes only those copro-
lites that are identified by generic and spe-
cific names, and which are of undoubted
invertebrate origin. For all other forms
that have not been named, the reader is
referred to the above-mentioned bibliog-
raphy.

Names have been given mostly to micro-
coprolites observed in thin sections of sedi-
mentary rocks. Especially, crustaceans of
the order Anomura produce readily dis-
tinguishable excrements of which Recent

and fossil examples are known (BRrONNI-
MANN, 1972). According to BRONNIMANN,
transverse sections of different anomuran
coprolites such as Favreina, Helicerina,
Palaxius, Parafavreina, and Thoronetia re-
veal internal canals with different mor-
phologies and arrangements. A single
name Tibikoia (Haral, Koraka, & Nopa,
1970) has been introduced for larger fecal
particles up to 5 mm. in length.

The term Coprolichnia, proposed by
Macsotay (1967) for all coprolites is ety-
mologically incorrect, because the ending
-ichnia means tracks, and should not be
used for coprolites. Besides, the term is
superfluous.

Vyarov (1972a) ceined the term Copro-
lithidii for “coprolites proper” which he
further subdivided into genetic groups ac-
cording to their makers.

Aggregatella Erviorr, 1962, p. 40 [*A4. pseudo-
hieroglyphicus; OD]. Microcoprolites forming
clusters or tangles of pellets, 0.5 to 1.0 mm. long,
similar to but smaller than those of Recent
ophiuroids or brittle stars. U.Jur., SW.Asia(Iraq).
Fic. 85,2. *A. pseudohieroglyphica, Najmah
F.,, Duliam Liwa; thin section, X13 (Elliott,
1962).

Bactryllium Heer, 1853, p. 117 [*B. canalicula-
tum; SD HANTzscueL, herein] [=Bactryllum
AzpErTia Moros, 1933, p. 52 (nom. null.);
Bactrydium EMBERGER, 1968 (nom. null.)]. Small
rounded or flat bacilliform bodies, few mm. to 1
cm. long, about 0.6 mm. wide; smooth or mostly
with delicate transverse striations and 1 or 2

longitudinal furrows; ends rounded; material
siliceous. [Interpretation as ?diatoms (HEER,
1853, 1877; Fricmg, 1906) very improbable;

STEINMANN's interpretation (1907) as small dorsal
plates of predatory worms has escaped notice;
most probably are fecal pellets (excrements of
gastropods, RorrpLETZ, 1913; ArLasiNaz, 1968).]
Trias.-Jur., Eu. Fic. 86,1a. *B. canaliculatum,
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L.Trias.(Carn.), Italy(Lago del Predil); X6 (Al-
lasinaz, 1968). Fic. 86,15, B. heeri ALLasINAZ,
L.Trias.{(Carn.), Italy{Lago del Predil); X6 (Al-
lasinaz, 1968). Fic. 86, Ic. B. striolatum
Heer, U.Trias.(Rhaet.), Italy(Vedeseta); 12
(Allasinaz, 1968). Fic. 86,1d. B. deplanatum
Heer, U.Trias.(Rhaet.), Italy(Gerosa); 12
(Allasinaz, 1968).

Coprolithus Panfyas, 1948, p. 512. Name used
for coprolites of crustaceans, proposed as informal

term, not a ‘“‘genus”; necvertheless, three “species”
(C. salevensis, C. prusensis, and C. decemiunu-
latus) have been erected and deseribed by Parfyas,
1948; see also Favreina BrOwNiManw, 1955.

Coprulus Ricuter & Ricuter, 1939, p. 163. Me-
chanical-ecological subsidiary name, proposed as
neutral and informal name for excrement in form
of isolated, loose pills, but designated as Coprulus
“n.g.” without a species name; used as “genus”
by Maver (1952) with “species” C. oblongus
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and C. sphaeroidens from Middle Triassic (up.
Muschelkalk) of southern Germany.
Discotomaculum CHipLONKAR & Bapwe, 1972, p.
2 [*D. wariabilis; OD]. Zigzag burrow, 0.4 to
1.0 cm. wide, preserved in convex cpirelief, filled
with tiny discoid flakes of variable orientation
(crisscross, parallel to subparallel, or transverse)
to length of burrow. No evidence of burrow
lining. Similar to Tomaculum but flakes may
not be fecal in origin. [Interpreted as domichnia.]
L.Cret., India. Fic. 85,1. *D. variabilis, Bagh
Beds; 31 (Chiplonkar & Badwe, 1972). [De-
scription supplied by W. G. Haxgs.]
Favreina DBrénnmmanw, 1955, p. 40 [*F. jou-
kowskyi (=*Organisme B” Jourowsky & FavrE,
1913, p. 315; “Coprolithus” salevensis Pariyas,
1948, p. 512); OD]. Subtriangular and rounded
dark organic remains of apparently homogeneous
texture; 0.5 to 1.5 mm. long, 0.2 to 0.4 mm.
wide; longitudinal section showing long, thin,
straight and parallel canals distributed in regular
but intermittent pattern; transverse section show-
ing minute pores either arranged in 2 or more
flattened, oblong rings or distributed irregularly;
diameter of pores 12 to 40 microns. [Interpreted
by Parfyas (1948) as coprolites of crustaceans,
by CuviLrier (in CuviLLIER & Sacarn, 1951) as
primitive Charophyta, by Bronnmaann (1955) as
microfossils #ncertae sedis, and by BRONNIMANN
& Norron (1960) as coprolites of crustaceans
(Anomura). KEeNNEDY, JakomsoN, & JoHNsON
(1969) described an association of Thalassinoides
with the microcoprolite Favreina from the Great
Oolite Scries of England.] M.Trias., SW.Asia
(N.Iraq); L.Jur.-U.Tert.(mid.Mio.), Eu.(France-
Eng.-Switz.-Yugosl.-Hung.-Romania-S. Italy-Tur-
key-?USSR)-N. Afr. (Morocco-?N. Alg.-Libya) -Asia
(Arabia-Israel-N.Irag-Qatar-Iran)-USA (Texas)-C.
Am. (Guatemala)-Gulf Mexico-W. Indies (Cuba-
Trinidad). Fic. 87,2a,b. *F. joukowskyi, U.
Jur.{mid.Portland.), W.Indies(Cuba); 24,5, transv.
sec., long. sec.; X26 (Bronnimann, 1955).
Fic. 87, 2e. F. asmarica Erviorr, mid.Mio.(up.
Asmari F.), Iran(AsmariMt., Masjid-i-Sulaiman);
20 (Elliott, 1962). Fic. 87,2d. F. martel-
lensis BRONWNIMANN & Zawmwerri, M.Trias,, S.
France; diag. transv. sec. (Bronnimann, 1972).
Helicerina BrONNIMANN & Massg, 1968, p. 154
[*H. spinosa; OD]. Rod-shaped coprolites, up to
0.5 mm. long, oval in cross section and provided
with groovelike depression; with 1(?), 2, 3, or
5 longitudinal canals showing bilaterally sym-
metric pattern, “upper” canals interconnected by
fissural spaces; median canal of forms with 3 or
S canals with spinelike extension breaking through ' i .-
to exterior; much shorter extensions developed on e do Boctryllium
lateral canals of coprolites with 5 canals; similar
to Favreing and Palaxius but differing from both by
angular shape of canals and by spinelike extensions
sometimes connected with exterior. [Produced by
Anomura.] L.Cret.(uppermost Barrem. or lower-

Fic. 86. Coprolites (p. W139-140).
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most Apt.), Eu.(S.France).
spinosa, up.Barrem. or low. Apt.; [1, basal canals;
2, lat. canals; 3, median canal; 4, spinelike “dor-
sal” extension of median canal; 5, spinelike ex-
tension of lateral canals; S, plane of bilateral sym-
metry; &, “ventral” median groove], ez X330
(Brénnimann & Masse, 1968). Fic. 87,56, H.
alate BRONNIMANN & Massg, up.Barrem. or low.
Apt; [1, lat. canals; 2, median canal; 3, spinelike
“dorsal” cxtension of median canal; § and G as

Fic. 87.5z. *H.

in Sa], ca. X330 (Bronnimann & Masse, 1968).
Lumbricaria MionsTer (in Govpruss), 1831, p.
222 [*L. imtestinwm; SD HAntzscuer, 1962, p.
W202] [=vermiculites Parximnson, 1811, p. 93
(name not intended for genus); Medusites
GerMar, 1827, p. 108 (long unused name seem-
ingly intended for rare, very thin tangles}),
Cololithen Acassiz, 1833, p. 676 ({clearly not
intended as generic name); Lumbricites (GovLp-
Fuss:  “auctt.”)]. Entangled intertwined strings,



Coprolites

cross section somewhat round, diameter 1 to 4
mm.; length (max.) up to 170 cm., sometimes
narrowed at irregular intervals; calcitic, rarely
(e.g., L. recta) phosphatic; surface rough; strings
consisting of very small fragments of planktonic
crinoid Saccocoma pectinata (Gororuss). [Inter-
preted as disgorged guts of fish and other animals
(Acassiz, 1833; Friscumann, 1853; O. Kumw,
1966) or ejected entrails of holothurians (GIEBEL,
1857; Fenrton & FEnTON, 1934c), as worms or
wormlike animals (MoNsTER [in Gorpruss],

1831; pE QUATREFAGES, 1846), as coprolites
(EnvLers, 1868), as Pexcrements of annelids
(BroiL1, 1924), partly of fish (Mayr, 1967;
MiLLer, 1969); intestinal fillings of worms

(Mayr, 1967); according to JanickEe, (1970) cer-
tainly coprolites of cephalopods (Ammonoidea or
more probably Teuthoidea) as earlier suggested
by GoiLpruss (1862). In the opinion of JanickE
(1970) the rare species Lumbricaria coniugata
and L. filaria (=Medusites Germar, 1827) are
not coprolites but perhaps conglobated filaments
of algae; L. antigua and L.? gregaria PorTLOCK
(1843, p. 361) from the Silurian of Ireland
identified as trails or ?burrows; L. flexuosa and
L. spiralis Savi & MeNEecHINI (in MURCHISON,
1850, p. 491) from the Tertiary (Macigno) of
Italy are unrecognizable.] L.Jur.(up.Lias.), Eu.
(8.Ger.); U.Jur.(low.Tithon., Solnhofen Lime-
stone), Eu.(S.Ger., Bavaria). Fic. 87,6. *L.
intestinum, UlJur.; X0.8 (Goldfuss, 1831).
Palaxius BrONNIMANN & Norrtown, 1960, p. 838
[*P. habanensis; OD]. Coprolites of oval to sub-
pentagonal or subrectangular shape; width 0.5 to
2 mm., breadth about 0.5 mm.; pierced by crescent
or hookshaped longitudinal canals (max. length
45-140 microns, width 15-35 microns), arranged
in 2 symmetrical groups. [Structurally closely
related to coprolites of Recent thalassinid Axius
stirhynchus.] L.Cret., Eu.(Hung.); L.Tert.(Eoc.),
C.Am.{(Guatemala); U.Tert.(Mjo.), W.Indies
(Cuba)-N.Afr.(Libya). Fic. 85,3zd. *P.
habanensis, Mio., Cuba; X26 (Bronnimann &
Norton, 1960). Fic. 85,3b,c. P. petenensis
BrONNIMANN & NortoN, Eoc., Guatemala; X26
(Bronnimann & Norton, 1960).

Parafavreina BRONNIMANN, CARON, & ZANINETTI,
in BRONNIMANN, 1972, p. 100 [*P. zhoronetensis;
OD]. Rod-shaped, about 250 microns in diameter,
“ventral” side slightly compressed; perforated by
two bilaterally symmetric groups of longitudinal
canals, which in transverse section resemble
isosceles  triangles.  [Interpreted as anomuran
coprolites. ] Trias.(Nor.-Rhaet.)-L.Jur.(M.Lias),
Eu.(Aus.-France-Spain)-N.Afr. (Alg.). Fic. 87,

W143

4. *P. thoronetensis, Trias.(Rhaet.), S. France;
4a, diagram. transy. cross sec. (BRONNIMANN,
1972); 45, transv. cross sec., X116 (BROSNNIMANN
et al., 1972b). [Description supplied by W. G.
Haxkes.]

Prethocoprolithus Erviorr, 1962, p. 38 [*P. cen-
tripetalus; OD]. Rodlike, elongate cylindrical
bodies, hollow, tapering to rounded ends, circular
in cross section, straight or curved, with central
tubular cavity; 0.75 to 1 mm. long, 0.25 to 0.5
mm. in diameter; resembling the coprolites of
Recent gastropod genera Patina, Trochus, and
Gibbula. U.Jur., Asia(Iraq). Fic. 87,1. *P.
centripetalus, Najmah F., Iraq(Dulaim Liwa);
thin section, X24 (Elliott, 1962). '
Thoronetia BRONNIMANN, CARON, & ZANINETTI,
in BrRONNIMANN, 1972, p. 100 [*T. gquinaria;
OD]. Rod-shaped, about 300 microns in diameter,
possessing “ventral cap” of denser material than
rest of coprolite; in transverse section, internal
canals appear subcircular to tear-shaped in out-
line. [Interpreted as galatheid anomuran copro-
lite.] Trias.(Rhaet.), Eu.(France). Fic. 87,3.
*T. quinaria; 3a, diagram cross sec. (BRONNIMANN,
1972); 3b, holotype transv. sec., X90 (BrONNI-
MANN ¢f al., 1972a). [Description supplied by
W. G. Hakes.]

Tibikoia Hatar, Koraka, & Nopa, 1970, p. 8 [*T.
fudoensis; M]. Oblong fecal pellets, cylindrical,
sometimes ovoid or of short rodlike shape; circular
in cross section; both ends bluntly and flatly
rounded; surface smooth; about 1 mm. long,
diameter 0.5 mm. [Regarded as excrements of
worms.] Cenoz., Asia(Japan). Fi1c. 854. T.
sp., Kogata F.; upper view of fecal pellets, X4
(Hatai, Kotaka & Noda, 1970).

Tomaculum Groom, 1902, p. 127 [*T. prob-
lematicum; M) [=Syncoprulus RICHTER &
RicHTER, 193%, p. 164 (type, S. pharmaceus)].
Strands of elliptical fecal pellets (=“Coprulus”
RicHTER & RicHTER, 19393, p. 163) up to 10
c¢m. long and 1 to 2 cm. broad; lying on bedding
planes; within strands pellets commonly lumped
together in clusters; length of pellets 1 to 5 mm.,
diameter 0.5 to 1.5 mm. [Interpreted by Bar-
RANDE (1872) as “oeufs d’origine indéterminée,”
by Groom (1902) as eggs, possibly of trilobites,
and by RicHTER & RicHTER (19392a) as coprolites.
Similar structures have been described by Cuam-
BERLAIN & Crark (1973, p. 677) from the
Oquirrh Formation (Pennsylvanian-L. Permian of

Utah).] Ord., Eu.(Eng.-Ire.-France-Spain-Ger.-
Czech.). Fic. 85,5. *T. problematicum, Her-
scheid slates, Ger.; X2.5 (Richter & Richter,

1939a).
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Miscellanea—Trace Fossils and Problematica

TRACE FOSSILS OR MEDUSAE INCERTAE SEDIS

Starlike fossils reminiscent of medusae
are known since the early Paleozoic.
Their affinities are uncertain, and most of
them have been described as “medusoid.”
Some have been placed in the Trachylini-
dae incertae sedis (HarriNeTON & MOORE,
1956c, p. F73), some in Medusae sncertae
sedis, and others were regarded as unrec-
ognizable (HarriNncToN & Moore, 1956e,
p. F153).

Probably some of the controversial forms
are body fossils that may be related to
medusae or may even represent genuine
medusae. However, the suspicion exists
that in other cases we are dealing with
trace fossils. This is true especially for
some starlike fossils found in Mesozoic to
Cenozoic European flysch deposits. For
example, many authors have regarded the
genera Arollites Maas, Bassaenia Renz, and
Lorenzinia pa GaseLLr as trace fossils.
Nowak (1957) has looked upon these gen-
era as starlike feeding burrows of crusta-
ceans (Pbrachyuran). The large unnamed
“star,” from 30 to 50 cm. in diameter,
found in Polish flysch has been compared
by Nowak (1957) and HintzscueL (1970)
with grazing trails of worms. However,
no extensive investigations regarding this
abundant fossil material have as yet been
made.

On the other hand, the interpretation of
some of these forms as medusae is un-
certain and very controversial. This is in-
dicated by the example of the previously
mentioned genera Atollites and Lorenzinia.
Kiestineer (1939) suggested that both are
perhaps medusae and that Atollites may
be a synonym of Lorenzinia. Contrary to
this, HarriNGTON & Moore (1956b, p. F43;
1956c, F73) considered Lorenzinfa as be-
longing to the Scyphomedusae and Arollites
to the Hydrozoa.

Considering the scarcity of body fossils
in flysch deposits, which for the most part
have been interpreted as turbidites, it is
unlikely that such delicate animals as me-

dusae, even if abundant in this type of
environment, would be preserved. The in-
terpretation of these forms as trace fossils
seems more acceptable, since these prob-
lematical fossils occur together with many
proven trace fossils on the same bedding
planes.

All authors interpreting Jurassic starlike
fossils such as Palacosemaeostoma have had
to offer interpretations which were either
improbable or unproven. Thus, it was sup-
posed that the animals died from desicca-
tion after a rapid, tectonically controlled
retreat of the sea. An interpretation as
trace fossils presents no difficulties although
we do not yet have well-documented Recent
counterparts of such stellate imprints. It is

‘to be hoped that a better knowledge of the

biology of sessile medusae will help to solve
these problems.

Under these circumstances, it seems best,
in the author’s opinion, to treat all these
problematical fossils in an individual sec-
tion, as is done below.

Atollites Maas, 1902, p. 320 [*A4. ziteeli; SD
KIESLINGER, 1939, p. A88] [=4Artolites Lucas &
RecH-FroLro, 1965, p. 167 (nom. null.)}. Star-
like but of varying morphology; central area
small, circular, surrounded by 12 to 14 narrow,
radial bands changing into an external zone of
pyriform lobes, thicker and wider at periphery.
[Originally described as medusa; according to
HarriNgTON & Moore (1956¢, p. F73), belonging
to hydrozoan medusae (?Trachylinida incertae
sedis); however, interpreted by Nowak (1957)
as trace fossil, explained tentatively as feeding
burrows made by crustaceans; likewise, SEILACHER
(1959, p. 1070) and Vyarov (1968a, p. 332)
mentioned the genera Atollites and Lorenzini
among trace fossils, which seems logical. Some
“species” of Lorenzinia have been placed in
Atollites and vice versa; KiesLinGer (1939, p.
A88) considered Arollites a junior synonym of
Lorenzinia or at least as subgenus, but most
authors distinguish between the two genera;
Grusié¢ (1970, p. 185) regarded Atollites as
“undoubtedly true fossil medusae” but (Grusié,
1961; 1970, p. 187) interpreted Lorenzinia as a
true trace fossil (see Fig. 88, 44).] [Found in
German flysch deposits.] Cam., USSR(Sib. Plat.),
M Jur., USSR; L.Cret.-Tert., Eu.(Ger.). Fic.
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Lorenzinia

6b Palaeosemaeostoma

Fie. 88, Trace fossils or medusae incertae sedis (p. W144-148).

88,3. *A. zitteli, L.Cret, Ger.; X1 (Kicslinger, saenia) moreae; M]. Very similar to Lorenzinia
1939). pa Gasernl, differing from it by a second circle
Bassaenia Renz, 1925, p. 222 [*Lorenzinia (Bas- of 22 separated small knobs. [Originally described
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as problematic imprints of medusae; regarded by
Renz (1925) and Kiestivcer (1939, p. AB8) as
“subgenus” of Lorenzinia; HarrineToN & MooRE
(1956b, p. F43) hesitatingly assigned Bassaenia
to Scyphomedusae (?family Callaspididae); inter-
preted as rosetted trail by Hinrtzscuer (1962, p.
W185), Vyarov (1964a, p. 113), Grumé (1970,
p. 187), and Ksmzxiewicz (1970, p. 313).]
[Found in flysch deposits.] U.Cret.-L.Tert., Eu.
(Greece-Pol.). Fic. 88,5. *B. moreae REnz,
U.Cret., Greece; X0.5 (Renz, 1925).
Brooksella canyonensis BassLer, 1941, p. 522 [for
genus Brooksella Wavrcorr, 1896 (p. 611) and
its synonym Loeotira Wavrcorr, 1896 (p. 613),
see Harrmvgron & Moore, 1956a, p. F23]. Stel-
late disclike structure, 7 cm. in its major diameter;
consisting of 8 to 10 radiating lobes of fairly
equal size, rather uniformly arranged, terminating
with a distinct edge; most lobes with a few
radial grooves, [Various interpretations have been
1) body fossil: supposed jellyfish (BassLzr, 1941);
Protomedusa (HarrincTon & Moorg, 1956a);
2) inorganic: reverse imprint of a subradial
fracture system of unknown origin (Croup,
1960); resembling structures produced by gas
evasion from sediments or by compaction around
compressible or soluble objects such as gas domes
or crystals (Croup, 1968, 1973); 3) trace fossils:
perhaps  starlike feeding burrow (SEiLACHER,
1956a); result of metazoan life process, probably
sediment-feeder, perhaps an annelid, better named
Asterosoma?  canyonensis  (GLarssNer, 1969).]
U.Precam.( Nankoweap Gr., Grand Canyon Ser.),
N.Am.(USA); M.Cam.-U.Cam., USSR(Sib.Plat.)-
USA(Ala.-Wyo.). Fis. 89,1. B. canyonensis,
Precam., Ariz.; X0.48 (van Gundy, 1951).
Conostichus Lrisourreux, 1876, p. 142 [*C. or-
natus; M) [=Conostychus Lusgueriux, 1880, p.
14 (nom. null.); ?Ducdecimedusing Kine (in
HarriveTron & Moorg), 1955, p. F154 (uype,
D. typica); Conostiches Pocur & Parxs, 1958, p.
1629 (nom. null.); for discussion of several spe-
cies of Conostichus as synonyms of Duodecime-
dusina see Brawsow, 1960, p. 195 (as Duodect-
medusa, erroncously); Consotichits CHAMBERLAIN,
1971a, p. 242 {nom. nall.)]. Biogenic sandstone
structures of variable shape, 4 tw 9 cm. high, 3
to 14 em. wide; mostly conical or subconical but
also high forms with flat or rounded twelve-lobed
basal discs and nearly parallel sides; bodies com-
monly fluted by transverse constrictions and longi-
tudinal furrows and ridges; internally concentric
conical sand laminae. [Regarded as of plant
origin by Stout (1956); compared with sponges
by Lesouereux (1880); according to Fucus
(1895, p. 411), probably a member of the
“group” Alcctoruridae representing  strobilation
stage of medusa (for this interpretation sce also
Bransow, 1960, p. 195; 1961, p. 134); according
to Brawsonw (1959, 1960, 1961), scyphomedusa
or at least of scyphomedusan affinity (order
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Rotam;‘ks:a
Fic. 89. Trace fossils or medusae incertae sedis
(p. W146, 148).

Coronatida, fam. Conostichidae); Hensest (1960,
p. B384} considered Conostichus trace fossil {with
apex down, sand-filled trace of a sedentary bur-
rowing animal); interpreted as trace fossil by
Caster (oral commun. in MareLg, 1956, p. 29);
Cuamsercain (1971a, p. 220) regarded Conosti-
chits as dwelling burrow of animal having greater
affinities with Actinaria than with Scyphomedu-
sac: Conostichus-like  structures from Devonian
of Bolivia have been interpreted as the feeding
cones of an Arenicola-like worm (BarTier &
Barri, 1972, p. 579); for detailed discussions
see Brawsonw (1959, 1960, 1961, 1962) and
CHaMEERLAIN  (1971a, p. 220).] Der., S.Am.
(Bol.); ?Carb.-L. Perm. (Singa F.), NW.Malay;
Penn., USA(Okla.-Mo.-Ohio-Ill.}; ?L.Perm., USA
(Texas) ——7Tic. 88,1a. *C. ornatus, Penn. (Potts-
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ville ser.), Ohio; X0.3 (Marple & Stout, 1956).

Fic. 88,1b. C. pulcher Branson, Penn.

(HoldenvilleSh.), Okla.; X0.7 (Branson, 1961).

Fic. 88, Ic. C. sp., Penn., Ohio; X0.3
(Marple & Stout, 1956).

Dactyloidiscus Staczra, 1965, p. 470 [*D. beski-
densis; M]. Discoid starlike impressions, 2 to 5
cm. in diameter; convex, consisting of 14 to 18
radiating transversely wrinkled lobes of mostly
unequal length. [Regarded as medusa; convex
upper surface interpreted as exumbrella; similar
to the “medusa” described by ZamArxa (1957)
(U.Cret., Czech.) and compared by him with
Palacosemacostoma RUGER & RUGER-Haas; de-
scription of Dactyloidiscus up to 1971 only in
Polish language, not yet figured.] [Found in
flysch deposits.] U.Cret.(Istebna Ss.), Eu.(Pol.).

Dactyloidites Harr, 1886, p. 160 [*D. bulbosus
(=Buthotrephis? asterioides Frrch, 1850, p. 862);
M]. Starlike impressions of varying sizes and
shapes, with 4 to 7 (commonly 6 or 7) “rays.”
[Interpreted as algae or sponges (Harr, 1886;
RUEDEMANN, 1934; Resser & Howerr, 1938), as
imprints of medusae (Warcorr, 1890), as bodily
preserved medusae (Warcorr, 1898), and as
worms or starlike worm trails (RUEDEMANN,
1934). Distinctly rosette-like “species” D. edsoni
(RUEDEMANN, 1934) in all probability is a starlike
trace fossil (very similar to unnamed starlike trace
fossils from Paleozoic of North America and
Bohemia).] L.Cam., N.Am., USA(N.Y.); ?M.
Cam., N.Am.(USA,Vt.).——Fic. 88,7. *D. aster-
foides (Fircn), L.Cam., N.Y.; X1 (Walcott,
1898).

Gakarusia Havcuron, 1964, p. 258 [*G. addisoni;
M]. Central disc, 2 cm. in diameter, somewhat
elevated, with 10 or 11 short “rays” of different
width and trapezoidal cross section, beginning
some distance in from margin of disc. [Interpreted
by HaucHroN as “medusoid.”] U.Precam.(Trans-
vaal Syst., Pretoria Ser.), S.Afr. Fic. 88,2. *G.
addisoni; %0.73 (Haughton, 1964).}

Kirklandia Caster, 1945, p. 175 [*K. texana;
OD]. Problematic starlike fossil described in de-
tail by HarrineToN & Moore (1956¢c, p. F70,
fig. 54). [Interpreted by Caster (1945) as be-
longing to Hydromedusae; according to Harring-
TON & MooreE (1956¢c, p. F69) ‘“‘unquestionable
trachylinid medusa”; specimen of “?Kirklandia
sp.” from the M.Jur. of Germany (HARRINGTON
& Moorg, 1956¢, p. F72, fig. 55) was at first
described by Lorcuer (1931) as Medusina sp.
and assigned “rather certainly” by Rticer (1933,
p. 39) to Palacosemaeostoma RUGER & RUGER-
Haas (1925); Caster (1945, p. 198) called
“genus” “a perplexing fossil”; Kirklandia multi-
loba Sraczxa (1964, p. 482) (Paleoc., Pol.) simi-
lar to Atollites zitteli Maas; possible interpreta-
tion of these various starlike Problematica as trace

1Considered a concretion by Croun (1968). [W. G.

HAKkEs.]
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fossils (feeding and dwelling burrows) was re-
cently discussed by Hainrzscuer (1970, p. 206-
208); more thorough investigations of these prob-
lematic medusoid “genera” are required to clarify
their true nature.] M.Jur., Eu.(Ger.); L.Cret.
(Comanch. Ser.), USA(Texas); L.Tert.(Paleoc.),
Eu.(Pol.). Fic. 90,2, *K. texana, L.Cret.
(PawpawF.), Texas(Denton Co.); X0.7 (Caster,
1945).

Lorenzinia pa Gaserir, 1900, p. 77 [*L. apen-
ninica; M). Starlike; circular or elliptical rings$
consisting of 16 to 26 (20 on an average) cylin-
drical -or spindle-shaped ribs of equal length or
small roundish knobs encircling smooth flat cen-
tral area; ribs or knobs rather regularly spaced
or arranged; diameter of star 2 to 5 cm.
[Originally, and by many authors today, regarded
as medusa (listed by Grusié, 1970, p. 187; see
also - HarriNeTON & Moore (1956b, p. F43),
where described as Pscyphomedusa). Divergent
opinions for interpretations as feeding burrows,
see SeiLacHer (1955, fig. 5, no. 88, without dis-
cussion; 1962, p. 229), Nowak (1957), Grusié
(1961), Sraczxa (1964), Vyarov (1968a), and
Ksiazriewicz  (1970); supposed to have been
made by crustaceans; according to SEILACHER
(1962, p. 229), predepositional, not surface trail;
questionable whether Atollites Maas, 1902, should
be regarded as synonym of Lorenzinia as sug-
gested (e.g., by KIEsLINGER, 1939, p. A88); see
also Hintzscuer (1970, p. 208, 210, and p.
W144).] [Found in flysch deposits.] ?0rd., Eu.
(Ire.); ?L.Carb.(Kulm), Eu.(Ger.); Cret.-Tert.
Eu.(Pol.)-Japan. Fic. 88,4a. *L. apenninica,
?Cret.-Eoc., Italy; holotype, X0.7 (Gortani,
1920). Fic. 88,4b. L. gabelli Vyarov, U.
Cret., Carpath.; X1 (Vyalov, 1968a). Fic.
88,4c. L. sp. aff. L. kulcynskii (Kuzniar), U.
Cret., Carpath.; X0.84 (Vyalov, 1968a).
“Medusina” tergestina MaLaroDa, 1947, p. 57.
Feeding burrow, according to SeiLacuer (1959,
p. 1070). [Discussion on confused situation and
nomenclatorial status of Medusina WavLcorT, 1898,
has been offered by Caster (1945, p. 196, foot-
note 7) and HARrRINGTON & Moore (1956e, p.
F153).] [Found in flysch deposits.] U.Cam.,
Sib.; L.Tert.(Eoc.), Eu.(Aus.-Spain-Italy).
Nimbus Bocacuev, 1930, p. 103 [jr. hom.; non
MuLsaNnT & Rey, 1870] [*N. helianthoides; M].
Large starlike fossil with 32 rays; central elliptical
field, 6 and 9 cm. in diameter; somewhat re-
sembling Atollites and similar forms. [Explained
as belonging to Trachymedusae or Narcomedusae.]
[Found in flysch deposits.] L.Tert.(low.Eoc.),
USSR.

Palacoscia CasTer, 1942, p. 26 [*P. flowers; OD].
Disclike impressions, circular in outline, composed
of series of regular or irregular circles; several ecm.
in diameter; small porelike depression in center;
about 16 slightly impressed grooves (ca. 1 cm.
long) may radiate from center of depression.
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2
Kirklandia

Staurophyton ) T

Frc. 90. Trace fossils or medusac incertac sedis
(p. W147-148).
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[Originally interpreted as belonging to order Si-
phonophorida, family Porpitidac (FlarriNGTON &
Moore, 1956d, p. F150); according to Oscoop,
1970, p. 395-397, perhaps partly feeding traces
similar to those of Recent Scolecolepis, somewhat
resembling sweep marks comparable to “Dystacto-
phycus” MiLLER & Dver, 1878b.] U.Ord., USA
(Ohio).——Fic. 90,I. ®P. floweri, Corryville
beds, Ohio (Stonelick Creek, Clermont Co.);
lab, concave epireliefs, X0.5, X0.53 (Osgood,
1970).

Palacosemacostoma Rilcer & Ricer-Haas, 1925,
p. 17 [*Medusina geryonides von Hueng, 1901,
p. 1 (=Medusa gorgonoides Wacner, 1932, p.
163, nom. null.); M]. Starlike, about 5 ¢m. in
diameter; rosette of 10 to 12 pillowy sectors
sharply defined by grooves (for description see
HarrineToN & Moore (1956¢c, p. F76)). [Re-
garded by most authors as body fossils belonging
to medusac; according to RiGER & Rilcer-Haas
(1925), sessile scyphomedusa; assigned by Har-
RINGTON & Moore (1956¢, p. F76) with some
doubt to order Trachylinida (incertac sedis} of
the Hydrozoa. Fucms (1901) did not consider
Medusina geryonides a medusa but rather related
to Gyrophyllites GLocker. SerLacuer (1955, fig.
5) interpreted it as feeding burrow and also re-
ferred it to the ichnogenus Gyrophyllites; for dis-
cussion of interpretation as medusa or trace fossil
see Hintzscuer (1970, p. 206-208).] M.Jar.,
Eu.(Ger.); U.Cret., Eu.(Czech.). Fic. 88.,6.
*pP. geryonides (von Huewe). M.Jur., Ger.; 6a,
holotype, X1 (von Huene, 1901); 65, another
specimen, X 0.5 (Kieslinger, 1939).

Rotamedusa Smveson, 1969, p. 698, 700 [*R.
roztocensis; OD]. Subcircular imprints  (max.
diam. 1-2.5 cm.); consisting of a central circular
depression, featureless, surrounded by 2 low con-
centric ridges, innermost ridge flat, symmetrical in
cross section and covered by up to 24 very narrow
radial ribs mostly terminating abruptly at margins;
outer ridge intermittent. [?Starlike trace fossil
interpreted by SiMpsoN as the counterpart of a
medusa [outer wall = velum, narrow ribs = coun-
terparts of radial canals, surface = exumbrellar,
central depression = central orifice]; provisionally
placed incertae sedis in hydrozoan order Trachy-
linida (see HarringToN & Moorg, 1956¢, p. F68-
76); probably deposited by a suspension current,
together with silt-size sediment fraction.] L.Ters.
(mid.Eoc., Hieroglyphic Beds, Magura Ser.), Eu.
(Pol.). Fic. 89,2, *RE. roztocensis, mid.Eoc.,
Pol.(Stryszawa-Roztoki); 26, X1.5, X1.8
(Simpson, 1969).

Staurophyton Meunier, 1891, p. 134 [*S. bagno-
lensis; M]. Similar to Radiephyton MEUNIER
(1887, p. 59). [Originally described as of plant
origin; ftrace fossil; see HarrineTonw & MoorE
(1956¢, p. F23), also Hintzscuer, 1965, p. 18.]
Ord., Eu.(France). Fic. 90,3. *S. bagnolensis,
L.Ord.; »1 (Meunier, 1891).
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BODY FOSSILS

This chapter contains descriptions of
“genera” of doubtful or completely uncer-
tain classificatory status. Many of them
were described only once and never dis-
cussed again. Additional “genera” of this
type may be found in the section on “un-
recognizable genera.” Hormann (1972a,
p- 28) suggested that the term dubiofossil
be used for fossils whose taxonomic origin
is uncertain or unknown. With this usage,
dubiofossils occupy a place intermediate be-
tween body fossils with an assigned tax-
onomic position and pseudofossils (see p.

W168).

Some genera, which were considered to
be body fossils in the first edition of Part
W of the Treatise, have now been included
in the new chapters Microproblematica and
Coprolites. .

Precambrian Metazoa, most of which
long to the Ediacara fauna, are not being
considered here. Their position in the
zoological system is, for the most part, no
longer problematical because it has now
been demonstrated that they are coelen-
terates, annelids, and arthropods. These
forms will be fully discussed in Part A of
the Treatise by M. F. GrassNer (Ade-
laide).

Anthonema WaALTHER, 1904, p. 142 [*4. prob-
lematica; M]. Small oblong bodies, finely serrated,
5 to 7 mm. long; tapering to one end, broad end
1.5 mm. (max.) wide. [Interpretation left un-
decided by WALTHER; according to JANICKE
(1967, p. 82, R. FORSTER, pers. commun.), very
probably larvae of crustaceans.] U.Jur.(Solnhofen
Limestone), Eu.(S.Ger.).

Anzalia Termier & TERMIER, 1947, p. 65 [*A4.
cerebriformis; M]. Reef-forming organisms of
brainlike aspect, with large central cavity and
very numerous small apertures resembling oscula
of sponges. [For new discussion of systematic
position see TERMIER & TERMIER (1964).] Cam.,
Afr.(Morocco). Fic. 91,7. *A. cerebriformis;
X 0.4 (Termier & Termier, 1947).

Ceramites LieBMANN in ForcHHAMMER, 1845, p.
162 [non MassaLonco, 1859, p. 111 [*C. his-
ingeri; M]. Described from Alum Shale (U.Cam.)
of southern Sweden and Bornholm as a “fucoid,”
probably represents species of Dictyonema Havrv,

1851, perhaps D. flabelliforme Eicuwarp (Dr.
CHRISTIAN POULSEN, pers. commun., 1956).
Cestites CasTer & Brooks, 1956, p. 183 [*C.
mirabilis; M). Fringed ribbon reduced to carbo-
naceous film, with longitudinal lines. Regarded
as lobe of fossil cestid ctenophoran, but identifica-
tion questionable. Ord., USA(Tenn.). Fc.
91,3. *C. mirabilis; X2 (Caster & Brooks, 1956).
Charniodiscus Forp, 1958, p. 213 [*C. concen-
tricus; OD]. Disclike structure, 5 to 30 cm. in
diameter; central area rough-surfaced; smooth
flange with or without concentric corrugations.
[Possibly associated with frondlike fossil ,Charnia
Forp; interpreted by Forp (1958) as basal part
of Charnia, and by GrasssNER (1959) as medusa-
like base of coelenterate related to the Pennatula-
cea.]  Precam., Eu.(Eng.); U.Proteroz.(low.
Vend.), USSR(Russ. Plat.).

Chuaria Warcort, 1899, p. 234 [*C. circularis;
M). Disclike bodies resembling conical shells of
discinoid or patelloid shape, 2 to 5 mm. in
diameter; concentrically wrinkled; dark bituminous
matter covering surface. [Originally interpreted
as brachiopod-like fossils (remains of a compressed
conical discinoid shell); according to SCHINDEWOLF
(1956) possibly small, wrinkled clay galls or
concretions; Croun (1968) regarded the type spe-
cies and Chuaria wimani BroTzEN as algae;
Eisenack (1966) considered C. wimani (Precam.,
Swed.) unrecognizable, neither gastropod nor
brachiopod, nor eggs of trilobites, nor hystricho-
sphaerid, nor megaspore, but perhaps ?Pchitinous
foraminifer; Hormann (1971, p. 24) considered
the genus to be compressed globular bodies of
biologic or nonbiologic origin. Gussow (1973,
p. 1111) considered Chuaria to be of definite
organic origin, cither a large planktonic organism
or a cyst or spore sac. Forp & Breep (1973a, p.
1257; 1973b, p. 547) regarded Chuaria to’ be
algal in origin and classified it as a sphaero-
morphid  acritarch.]  Precam., USA-Can.-Eu.
(Swed.)-USSR. Fic. 91,6. *C. circularis; U.
Precam., USA(Ariz.); 64,6, X12 (Walcott, 1899);
6¢c, X7 (Gussow, 1973); 6d, X7 (Ford & Breed,
1973b).

Curculidium HanprirscH, 1907, p. 665 [*‘Curcu-
lionites senmonicus” Korse, 1888, p. 136; M]
[=Curculionites Korse, 1888, p. 136 (non
Heer, 1847; nec GiepeL, 1856); nom. nud.].
Name proposed for burrow of curculionid, pre-
sumably in wood; recognized by QUENSTEDT
(1932b, p. 182) as belonging to Doratoteuthis
syriaca Woopwarp. U.Cret.(Senon.), SW.Asia
(Lebanon).

Diorygma BiernaT, 1961, p. 20 [*D. atrypophilia;
OD]. Protuberances growing upward from floor
of pedicle valves of Desquamatia subzonata
(BI1ERNAT) on either or both lateral margins of
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ventral diductor muscle field, enclosing 2 con-
tiguous tubes united along their entire length,
with round or somewhat elliptical apertures; tubes
straight or slightly sinuous, opening into mantle
cavity region of brachiopod; ventral tube larger
than the dorsal; tubes probably developed by
simultancous growth of their inhabitants and
brachiopod. [First interpreted as a boring made
by annelid-like parasite; Mackinnon & BIERNaT,
1970, regarded Diorygma cohabitant of Desqgua-
matia subzonata living within shell, probably to
be placed within the Phoronidea.] M.Dews., Eu.

Chuaria

(Pol.). Fic. 92,2. *D. atrypophilia, in Des-
quamatia  subzonata (BierNaT); 32 (Biernat,
1961).

Emmonsaspis Resser & Howrin, 1938, p. 233
[ *Phyllograptus? cambrensis Wavcorr, 1890, p.
604; OD]. Oval-shaped impression, more blunt
at one end than other, with rod beginning about
one-third of way back and extending almost to
posterior end, mostly with ribbing beginning at
about center line and extending to outer margins.
[Possibly a chordate.] L.Cam., USA(Vt.).
Fic. 91,4. *E. cambrensis (Warcort), RomeF.
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(Olenellus Z.); mag. unknown (Resser & Howell,
1938).

Endosacculus Voier, 1959, p. 219 [*E. moltkiace;
OD]. Globular, gall-like deformations in inter-
nodes of octocoral Moltkia minuta NigLsEN; diam-
eter about 5 mm.; with narrow ventral slitlike
opening, about 2.5 mm. long; interior of “cyst”
smooth. [Interpreted as made by barnacles
(Ascothoracida); according to Bromrey (1970,
p. 67), not borings but more probably result of
embedding.] U.Cret.( Campan.-U.Maastricht.), Eu.
(Neth.-Swed.-FUSSR). Fic. 91,2. *E. molt-
kige, Maastricht., Neth.; 2a, cyst with somewhat
damaged opening, X3; 28, cyst opened, showing
the thin walls, 3 (Voigt, 1959).

Escumasia Nrreckr & Sorem, 1973, p. 903 [*E.
roryi; OD]. Bilaterally symmetrical, flattened
body (75 to 205 mm. in length) consisting of 2
arms, a trunk, stalk, and attachment disc; arms
protrude from trunk, are long, slender, rounded,
and commonly equal in length, and are located
at each end of a slidike opening; trunk (longer
than wide) possesses “‘anal opening” on one side
and tapers rapidly to stalk at basal end; attach-
ment disk rounded and expanded basally. [Not
assigned to any phylum by authors who wery
tentatively suggested that Fscumasia may have
been derived from the Coelenterata as an unsuc-
cessful lineage; unequal length in arms con-
sidered to be the result of predation.] M.Penn.,
USA(IIL) - Fic. 92A,1. *E. roryi, Carbon-
dale F. (Francis Cr. Sh.); reconstr., X1 (Nitecki
& Solem, 1973). [Description supplied by W. G.
Haxes.]

Halysium Swipzinskr, 1934, p. 146 [*H. prob-
lematicum; M) [=Halimeda saportae Fucwus,
1894, p. 204; Arthrodendron Urricn, 1904, p.
138 (non Stwanp, 1898; nec Scorr, 1900) (nom.
nud.); perhaps = Hormosira moniliformis Heer,
1877, p. 161]. Ovate capsules, commonly flat-
tened, smooth or minutely granulated, consistency
differing from matrix; some specimens with car-
bonaceous lining; capsules forming branching
rows. [PAlga.] [Found in flysch deposits.] U.
Cret.-L.Tert.,, Eu.-N.Am.(Alaska). Fie. 92,3.
*H. problematicum, U.Cret.,, Italy; X0.6 (Sei-
lacher, 1962).

Leckwyckia Termier & Texmier, 1951, p. 187
[*L. aenigmatica; M]. Smooth, sharply pointed,
acutely conical tube; upper end widening regularly
and showing transverse units separated by con-
strictions. [Originally regarded as problematic in
origin; interpreted by Destomees (1964) as rachis
of trilobite, perhaps of Dalmanitina.] Ord., Afr.
(Morocco).

Lonchosaccus Ruepemanw, 1925, p. 84 [*L. wuni-
canus; M]. Formed like bent bag, length more
than twice width, with thick, substantial wall,
now carbonized; 2 ‘“extremities” drawn into
apertures. [Systematic position unknown, Panne-
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lid.] Ord., USA(N.Y.)- Frc, 91,8. *L. uti-
canus, Utica Sh.; holotype, X? (Ruedemann,
1925).

Margaretia Warcorr, 1931, p. 2 [*M. dorus; OD].
Thin membranous sheet with elongate oval per-
forations arranged on longitudinal and obliquely
transverse lines; tegument presumably leathery.
[Compared with algae and alcyonarians.] M.
Cam., N.Am.{Can., B.C.)-USA(Idaho}. Fic.
91, 1. *M. dorus, Burgess Sh., B.C.; holotype,
X 0.7 (Walcott, 1931).
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Palaeobalanus schmidi  “von  SeEmacm, 1876.
Name sometimes used erroncously for borings in
Lower Muschelkalk of Thuringia; for details see
MicpeFrau, 1932, p. 150-151.

Porocystis Craciv, 1893, p. 165 [*P. praniformis;
(=Siphonia globularis Giener, 1853; Araucarites?
wardi Hir, 1893); M]. Spheroids, generally
prolate, with flattened, slightly protuberant area;
whole surface covered with ridges and oval or
circular depressions; commonly arranged rather
irregularly in rows; diameter about 2 ¢cm. [Inter-
preted by Gieser (1853) as alga, by Hiun (1889-
93) as fruit of Goniolina, Parkeria, or Araucarites,
by Cracin (1893) as cheilostomatous bryozoan,
by Raurr (1895) as calcarecous alga, by Jamvis
(1905) as gigantic monothalamian foraminifer.
For bibliography see Apxins, 1928, p. 57-58.]
L.Cret., USA(Texas). Fie. 92,1. *P. pruni-
formis, L.Alb. (large specimens)-M.Alb. (small
specimens); la-d, X1 (Hintzschel, 1962).

Taitia Crookarr, 1931, p. 175 [*T. catena; M].
Small chains commeonly composed of 6 to 7
(max., 11} circular or oval bodics; adjacent bodies
united by thin isthmus 1 mm. long and 1 mm.
wide; bodies generally constant in size (diam., 1
cm.), some progressive diminution in size toward
extremity; characteristic but problematical fossil of
Scottish Downtonian rocks. U.Si#., Eu.(Scot.}.
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Fic. 91,5. *T.
(Crookall, 1931).

Tullimonstrum Ricuarpson. 1966, p. 76 [*T.
gregarium; M]. Bilaterally symmetrical soft-bodied
animal with head region, trunk, and tail; complete
specimens very rare; total length of longest and
smallest individuals known, estimated from frag-
mentary material, ranges from 8 to 34 c¢m.; head
tapering to long proboscis bearing at its distal
end jaw-like apparatus; jaws bearing minute
stylets; entire proboscis constitutes one-third of
animal’s length but rather rarely preserved; head
region poorly defined; transverse bar delimits head
and trunk, consisting of medial plate and thin
rod terminating in small ovoid bodies; trunk
mostly segmented, narrowing to spatulate to nearly
circular tail which shows 8§ to 12 segments; tail
lobe laterally expanding into flexible, triangular
ribs. [Probably marine organism; impossible to
assign Twullimonstrum to any known phylum al-

catena; Sab, X0.7, %1

Tullimonstrum

Fic. 93. Body fossils (p. W152-153).
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though several thousand specimens with a docu-
mented geographical range of 200 miles have been
investigated; ? a relic in the Pennsylvanian of a
more ancient group.] M.Penn., N.Am.(USA,
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11L). Fic. 93,1. *T. gregarium, Francis Creek
Sh., Ill.; Ia, concretion, X 0.6 (Johnson & Richard-
son, 1970); 1b,c, proboscis, and spadelike tail,
both X0.53 (Johnson & Richardson, 1969).

MICROPROBLEMATICA

In the first edition of Treatise, Part W
(HANTzZscHEL, 1962), and in the supple-
ment to that volume (Ruobes, ez al., 1966),
only very few microfossils of uncertain
taxonomic position were included in the
section on Body Fossils. However, in this
revised and expanded edition, a separate
section is devoted to Microproblematica, ex-
cluding microcoprolites, which are covered
in the section on coprolites. A complete
record of all the Microproblematica, such
as originally proposed by Erriorr (1958),
is neither intended nor practical. For such
a goal to be attained, the entire micropale-
ontological literature of the world must be
reviewed. The author wishes to thank Dr.
G. Derranpre (Paris) and Dr. A. Eisenack
(Reutlingen) for help in supplying refer-
ences.

Many problematical microorganisms are
known only from thin sections of sedi-
mentary rocks as, for example, the many
genera which Frower (1961) described
from the Ordovician of the United States.
Photomicrographs do not completely and
accurately reflect the three-dimensional
shape of these fossils, and definite identifi-
cation with some plant or animal group is
very difficult. The same problem is en-
countered with forms having less charac-
teristic shapes, such as small pellets of cal-
careous, siliceous, or pyritic composition.
Furthermore, the state of preservation can
make the interpretation of such microor-
ganisms very difficult, e.g., that of the
chloritic pellets from the Ordovician of
France described as a Papinochium by
DerLANDRE & TErs (1966).

Numerous forms are in dispute which
may be of either plant or animal origin or
which may be inorganic. For example,

Distichoplax Pia (1934) was regarded by
P1a and by EvLiorr (1962) as an alga, but
LemoiNe (1960) interpreted it as belonging
to the Rhabdopleuridae or a closely related
family. In spite of the uncertainty of their
position in the system, these microprob-
lematica have proven to be, in some cases,
stratigraphically useful fossils. In France,
Derranpre & Ters (1966) determined
the age of previously undifferentiated
Lower Paleozoic . rocks as Ordovician by
studying certain microorganisms (very
probably Acritarcha). In Lower Cretaceous
limestones of Cuba, microproblematica have
been wused in stratigraphic correlation
(BronNNIMANN, 1955).

It is hoped that in the future the sys-
tematic classification of many microprob-
lematica will be clarified through electron
microscope and stereoscan investigations.

Acolisaccus EvviorT, 1958, p. 422 [*4. dunning-
toni; OD]. Small thin-walled tubes, slightly ir-
regular or somewhat curved, hollow, gently taper-
ing, probably open at both ends; maximum length
1.7 mm., diameter commonly 1.0 mm.; walls ¢on-
sisting of crystalline calcite, with septate or
camerate structure(?) [Probably pelagic organism;
doubtfully interpreted as shells of small extinct
pteropods; compared with the calcareous alga
Tubulites BeiN, 1932 (U.Perm., Ger.), by Hecur,
1960.] Perm., SW. Asia(S.Turkey-Arabia); U.
Trias.-M Jur.,, SW.Asia(NIraq); U.Jur.(Kimme-
ridg.-Portland.), L.Cret. (Alb.)-U.Cret. (Maas-
tricht.), Eu.(Yugosl.). Fic. 94,5. *A. dun-
ningtoni. UPerm., Arabia; 5a, approx. long. sec.
of irregular elongate tube; 55, sec. showing nu-
merous individuals; both X350 (Elliott, 1958).
[Also occurs in M.Trias.-U.Trias, (Anis.-Nor.),
Eu.(Czech.).]

Ampcelitocystis Deuner, 1957, p. 1 [*4. feuguerol-
lensis; OD]. Chitinous shell, oviform or of wide-
bellied or bulgy shape, with one opening; 4 to 7
spinelike processes (50-200u long) attached to its
thickened margin in rather symmetrical arrange-
ment; shell (max.) 50 to 90 microns in diameter,
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120 to 170 microns high (without spines).
[Systematic position unknown; morphologically
somewhat similar to certain Ciliata.] M.Sd.
(Wenlock.), Eu.(France). Fic. 94,1. *A. feu-
guerollensis, Calvados; Ia-c, X195 (Deunff,
1957).

Ampulites FLower, 1961, p. 115 [*A4. vasiformis;
OD]. Short, simple, vase-shaped tubes, 1 mm.
long, circular in section, basally broad, contracting
to a neck; wall thin, calcitic; attached to corals;
observed only in thin sections. [Systematic posi-
tion unknown.] Ord., USA(N.Mex.).

Ancestrulites Frower, 1961, p. 115 [*4. tubi-
formis; OD]. Cylindrical, thick-walled tubes, 1
mm. long, about 0.5 mm. wide, calcitic; forming
small colonies attached to corals; known only
from thin sections. [Systematic pesition un-
known.] Ord., USA(N.Mex.).

Ancientia Ross, 1967, p. 39 [*4. ohioensis; OD].
Small, hollow, calcitic structures, about 0.4 mm,
long, 0.3 to 0.5 mm. high, diameter about 2 mm.;
tubes having well-defined longitudinal series of
imbricate rings that extend distally and partially
overlap; externally prominent longitudinal costae
or striae; proximal region smoothly - rounded;
longitudinal section displaying 2 longitudinal
series of dentate imbricate scgments whose micro-
structure consists of inclined fine laminae; tubes
occurring only as fragments (greatest length ob-
served 6.5 mm.); external features resembling
Cornulites sterlingensis MEER & WORTHEN, dif-
fering from it by much smaller size, cylindrical
tube, and more strongly developed striation.
[Phylum, class, order uncertain.] U.Ord.(Cincin-
nat., Richmond Gr., Waynesville F.), USA(Ohio).

Fic. 94,6a. A. sp.; reconstr. of external as-
pect, X7.5 (Ross, 1967). Fic. 94, 6b. *A.
ohioensis; long. sec., X7.5 (Ross, 1967).

Bacinella Rapoié1é, 1959, p. 89 [*B. srregularis;
OD]. Aggregate (3 by 10 mm. in size) of ir-
regularly shaped or polygonal chambers (0.1-0.4
mm. wide); walls of chambers composed of mi-
critic calcite. [Systematic position unknown.] M.
Jur.(Anis.)-L.Cret.(Barrem./Apt.), Eu.(Czech.);
Cret., Eu.(Yugosl.). [Description obtained from
JasLonsky (1973, p. 418) by W. G. Haxes.]

Bicornifera LINDENBERG, 1965, p. 22, emend. KEiy,
1969, p. 243 [*B. alpina; OD]. Calcareous shells
consisting of 2 chambers of different size separated
by double wall, with small round tube of un-
known original length at both ends or at one
end only; walls of shell hyaline, externally
smooth; length 0.5 mm., height 0.3 mm. [Syste-
matic position unknown.] L.Tert.(Oligo.), Eu.
(S.Ger.-SW.France-W. Aus.-NW.Yugosl.-Turkey)-

USA(Ala.). Fic. 94,2. *B. alpina, Oligo.,
Aus.; 2a-c, different views, X75 (Lindenberg,
1965).

Birrimarnoldia Hovasse & CouTturg, 1961, p. 1054

[*Arnoldia antiqua Hovasse, 1956; OD] [=dAr-
noldia Hovassg, 1956, p. 2584, obj. (non MAayER,
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1887, nec Kierer, 1895, nec Viasenko, 1931)].
Siliceous or iron oxide globules, 35 to 800 microns
in size; wall 12 to 20 microns thick, apparently
consisting of arenaceous matter; probably without
openings; obviously consisting of several chambers
arranged in row. [Interpretation as foraminifer
is questionable, according to DrrLaNDRE, 1957;
LoesLicH & Tappan (1964, p. C786) believe it
to be inorganic.] L.Proteroz.(Birrim.), Afr.(Cbte-
d’ Ivoire).

Calcisphaera WiLLiamson, 1881, p. 521 [*C. ro-
busta; SD S. A. MiLLER, 1889, p. 155] [=Granu-
losphaera DerviLpe, 1931, p. 132 (type, Calci-
sphaera laevis WiLLiamson, 1879, p. 521);
Calcisphaerula Boner, 1956, p. 44 (type, C. in-
nominata, p. 56; OD)]. Hollow calcitic spheres,
ranging in size from less than 0.1 to 0.5 mm.;
thickness of shells varies from 3 to more than
200 microns. [Technically, Granulosphaera may
be valid name; similar objects have been described
as Cytosphaera, Diplosphaerina (=Diplosphaera),
Palaeocancellus (—=Cancellus), and Polyderma by
DerviLre (1931, 1950); as Asterosphaera, Radi-
ina, and Radiosphaera by ReiTLINGER (1957); as
Fibrosphaera by pE Lapparent (1924); as Ca-
dosina and Stomiosphaera by WannNerR (1940).
Of uncertain affinities, variously interpreted as
foraminifers, acritarchs, and algae (?charophytes,
Pdasycladaceans); not all objects necessarily of the
same affinities; for discussion and literature refer-
ences see Kownismr (1958), Tricuerr (1965),
Ruprp (1966), Stanton (1966), Wray (1967),
Fricer & Hérzr (1971).] Cam.-Rec., cosmop.
[Description supplied by Curt TEICHERT.]

Cayeuxipora GrainDor, 1957, p. 2075. Established
without designation of type species for small
siliccous bodies with a reticulate surface orna-
mentation; about 10 microns in diameter. [Re-
garded as foraminifer by Grainpbor (1957), and
regarded by DerLANDRE (1957) as resulting from

bacterial  activity.]  Proteroz.(Briovér.), Eu.
(France). [Description supplied by Curr TEI-
CHERT. ]

Cayeuxistylus Gramvoor, 1957, p. 2077. Proposed
without species for form similar to Cayeuxipora
but having a long spine. Prozeroz.(Briovér.),
Eu.(France). [Description supplied by Curr
TEICHERT. ]

Checilosporites Winner, 1903, p. 100 [*C. tirolen-
sis; M]. Large arborescent colonics, only frag-
mentarily preserved; height of single shrubby
colonies about 5 cm., “branches” composed of
uniserial but branching rows of chambers (diam-
eter 0.6 to 4.0 mm. max.), penetrated by axial
siphon; chambers enlarging and altering their
shape distally from casklike to bowl-like and
finally in uppermost parts of “branches” vaselike;
wall 0.01 to 0.04 mm. thick, consisting of calcite
grains 0.01 to 0.02 mm. in diameter; probably
guide fossil for Rhaetian, [Winner (1903),
Leucus (1928), Sieser (1937), and LoEsLicH &
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Tappan (1964) regarded Cheilosporites as alga;
Pia (1939) compared it with Sphinctozoa re-
sembling Amblysiphonella; tentatively referred by
Fiscuer (1962) to Foraminiferida, representative
of new family Cheilosporitidae; see also LorsLicn
& Tappaw, 1964, p. C786.] U.Trigs.(Rhaet.),
Fu.{Ger.-Aus.-N.Alps-Yugosl.,  S.Alps). Frc.
94,4, *C. tirolensis, Trias. (Rhaet.), Aus.; X2.5
(Fischer, 1962}.

Cheneyella Frower, 1961, p. 113 [*C. cdawusa;
OD]. Low-arched tiny body, 0.7 mm. long, 0.2
mm. high, covered with a rather thick plate;
broadly attached to Catenipora; observed only in
thin sections. [Systematic position doubtful.]
Ord., USA(N.Mex.).

Chisibyllites DEFLANDRE, 1961, p. 126 [*C. kergue-
lenensis; M]. Lenticular bodies, calcareous, nearly  Lombardia
always with ellipsoidal inclusions of unknown
nature and origin; observed only in limestone
and only in thin sections. [Systematic position
questionable, somewhat similar to radiolarians or
foraminifers.] In limestone of unknown age;
Ind.O.(Kerguelen 1.).

Chotecella Onrmer, 1964, p. 217 [*C. leiotheca;
M]. Small hollow globules with smooth surface,
diameter 500 to 800 microns; wall 85 to 170
microns thick; formed by several very thin ir-
regularly adjacent layers; globules showing organic
structure consisting of carbonaceous matter; some-
what similar to Leiosphaeridia Eisenack, 1958,
and Tasmanites Newton, 1875. [Origin un-
known, plant or animal.] Uppermost Sil.-lower-
most Dev., Fu.(Czech.). Fic. 94,7. *C. leto-
theea, Dev., Czech. (Choted, near Prague); holo-
type, thin sec., X50 (Obrhel, 1964).

Claviradix Frrcuson, 1961, p. 140 [*C. ashi;
OD]. Small cone-shaped bodies with small cen-
tral elevations on upper surface; size about 2
mm.; 8 to 10 tapering radii growing from edge;
stem projecting from underside of body and
terminating in root which may be hollow; whole
finely striated and pitted; similar to Palacocoryne
Duncan & Jenkins, 1869 (emend. Frrcusow,
1961). [Neither hydrozoan nor algal nor bryo-
zoan in origin.] U.Carb.(low.Namur.), Eng.
Fic. 95,2. *C. ashi; 2a, lower surface; 28, upper
surface; 2¢, body, stem, and roots, all X17
(Ferguson, 1961).

Clistrocystis Kozrowskr, 1959, p. 273 [*C.
graptolithophilins; M]. Padlock-like chitinous
forms bearing very small cone about 0.5 mm.
long; individuals side by side on stipes of
Mastigograptus sp. and embracing them; longi-
tudinal axis perpendicular to graptolite stipes.
[Systematic position unknown; possibly cysts of
aquatic invertebrates; compared by Kozrowsgl
(1965) with egg capsules of Sepia and explained
as those of cephalopods.] M.Ord. (Pleist. drift),
Eu.(Pol.}. Fic. 94,3, *C. graptolithophilius;  Fic. 95. Microproblematica (p. W156-157, 161).
on a stipe of Mastigograptus sp., X25 (Kozlowski,

1959).
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Coclenteratella Korpg, 1959, p. 627 [*C. antiqua;
M] [=Coelenterella, nom. null. in translation of
KorbE's paper, no. 2233, by the Bureau des
Recherches Géologiques et Miniéres, Paris]. Small
cuplike bodies; height about 7 mm., wall thick-
ness ca. 0.15 mm.; fixed by foot about § mm.
long. [Questionable coelenterate.] M.Cam., USSR
(Sib.).

Coptocampylodon Erriorr, 1963, p. 297 [*C.
lineolatus; OD]. Calcareous cylindrical bodies,
solid, slightly curved or irregular, mostly up to
3.0 mm. long (incomplete), 0.25 to 1.0 mm. in
diameter, ends irregularly rounded; outer surface
commonly smooth but with 5 to 8 deep equidis-
tant longitudinal grooves; transverse section re-
sembling stellate structure with truncated rays.
[Often regarded as remains of dasyclad alga
Acicularia but certainly not alga or spicular ele-
ments of calcareous sponges; great similarity to
calcareous joints of octocoral Moltkia; probably
dissociated calcareous skeletal remains of small
octocoral.]  L.Cret., Asia(Iraq-Borneo). Fic.
95,4. *C. lineolatus; 4a, NEIraq (Sulaimania
Liwa); lat. view, X37 (Elliott, 1963); 45, L.
Cret., Iraq(Dulaim Liwa); thin section, X37
(Elliott, 1963).

Cucurbita Jasronsky, 1973, p. 420 [*C. infundi-
buliforme; OD]. Club-shaped structure (0.1-0.3
mm. long; 0.05-0.1 mm. max. diam.) with a
curved, convex funnel-like collar (0.2-0.3 mm.
max. diam.) projecting from narrow end; funnel-
like collar creates an opening to a central
“cavity”; walls of structure composed of dark,
micritic calcite. [Systematic position unknown;
may be related to the tintinnids.] ?M.Trias., U.
Trias., Eu.(Czech.). [Description supplied by
W. G. Hagss.]

Cystosphaera FLowER, 1961, p. 113 [*C. rotunda;
OD]. Round body, 1 mm. in size, covered by
numerous small thin plates; thin walls enclosing
round calcitic bodies with dark carbonaceous cen-
ters; broadly attached to Catenipora; known only
from thin sections. [Systematic position un-
known.] Ord., USA(N.Mex.).

Dicasignetella Ke1y, 1969, p. 21 [*D. eocaenica;
OD]. Calcareous test, ovate or globular in front
view, consisting of thick solid shield, enclosing 2
unequal chambers connected by large pore; height
about 0.45 mm., width 0.3 mm., frontal shield
0.15 mm. wide; frontal shields of chambers orna-
mented by 2 rows of costae; on shields a frontal
circular orifice flanked by paired blunt perforated
spines; distal chamber smaller than proximal one.
[Systematic position unknown; several features
(e.g., scparate chambers) in common with
cheilostomatous Bryozoa, but other ones (e.g., the
thick shield) uncharacteristic of Bryozoa.] L.Tert.
(up.Eoc., Barton.), Eu.(Belg.). Fic. 96,1. *D.
cocaenica; lab, holotype, dorsal side, frontal
shield of proximal chamber, X120 (Keij, 1969b).
Draffania Cumwmings, 1957, p. 407 [*D. biloba;
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OD]. Flask-shaped or pyriform rounded, “hol-
low” bodies, consisting of two unequal hemis-
pherical globes with an elongate neck 0.25 mm.
long originating between them; aperture of neck
circular in outline, internal diameter 0.02 mm.;
walls calcareous, relatively thick (0.06 to 0.12
mm.), layered, commonly perforate; greatest di-
mension, 0.85 mm.; maximum transverse cross
section 0.75 by 0.65 mm. [Origin unknown.

Originally compared with Foraminifera or other
protozoans, pedicellaria of Echinodermata, and
several plants, notably the Charophyta, with no
systematic assignment; see BeLrorp (1967).]
L.Carb., Eu.(G.Brit.-Belg.)-W. Australia. Fic.
96A,1. *D. biloba, Broadstone Ls., Scot; la-c,
lat. side, and apertural views, all X45; 14, vert.
sec., diagram., X55; le, horiz. transv. sec., X70
(Cummings, 1957). [Description supplied by
W. G. Hakss.]

Eliasites FLower, 1961, p. 112 [*E. pedunculatus;
OD]. Spherical body, 0.8 to 0.9 mm. in size;
wall thick, fibrous, composed of few plates; with
central cavity; attached to Catenipora; observed
only in thin séctions. [Systematic position doubt-
ful.] Ord., USA(Texas).

Eotacniopsis Eisenack, 1955, p. 184 [*E. articu-
lata; OD]. Rectangular chitinous integuments,
flattened, black or brown; joined to short “chains”
of 2 or 3 links; 90 to 470 microns long, 50 to
215 microns wide; single links of unequal size;
corners rounded; surface smooth, bright. U.Sil.
(Beyrichia limestone, Pleist. drift), Eu.(N.Ger.).

Fic. 96,4. *E. articulata; 4a-f, ca. X45
(Eisenack, 1955).

Fentonites FLowEr, 1961, p. 117 [*F. irregularis;
OD]. Small planispiral shells or tests, 1 mm. in
diameter, calcitic, thick-walled; internal cavity
small and greatly reduced; surfaces irregular; at-
tached to corals; observed only in thin sections.
[Systematic position unknown.] Ord., USA(N.
Mex.).

Gochtia Eisenack, 1968, p. 305 [*G. rete; M].
Finely meshed network of irregular 4- to 7-sided
polygons formed by very thin rounded ribs 20 to
50 microns thick, with an axial channel; polygons
180 to 500 microns long; attached to thin flat
basal plate; only fragments up to 2 mm. in size
found, consisting of dahllite. [Systematic position
unknown.] U.Sil.(up.Ludlov.) (Beyrichia lime-
stone, Pleist. drift)