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EDITORIAL PREFACE

The aim of the Treatise on Invertebrate
Paleontology, as originally conceived and
consistently pursued, is to present the most
comprehensive and authoritative, yet com-
pact statement of knowledge concerning in-
vertebrate fossil groups that can be formu-
lated by collaboration of competent special-
ists in seeking to organize what has been
learned of this subject up to the mid-point
of the present century. Such work has value
in providing a most useful summary of the
collective results of multitudinous investi-
gations and thus should constitute an in-
dispensable text and reference book for all
persons who wish to know about remains
of invertebrate organisms preserved in rocks
of the earth’s crust. This applies to neo-
zoologists as well as paleozoologists and to
beginners in study of fossils as well as to

thoroughly trained, long-experienced pro--
fessional workers, including teachers, strati-

graphical geologists, and individuals en-
gaged in research on fossil invertebrates.
The making of a reasonably complete in-
ventory of present knowledge of inverte-
brate paleontology may be expected to yield
needed foundation for future research and
it is hoped that the Treatise will serve this
end.

The Treatise is divided into parts which
bear index letters, each except the initial
and concluding ones being defined to in-
clude designated groups of invertebrates.
The chief purpose of this arrangement is to
provide for independence of the several
parts as regards date of publication, because
it is judged desirable to print and distribute
each segment as soon as possible after it is
ready for press. Pages in each part will bear
the assigned index letter joined with num-
bers beginning with 1 and running consecu-
tively to the end of the part. When the parts
ultimately are assembled into volumes, no
renumbering of pages and figures is re-
quired.

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

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

In December, 1959, the National Science
Foundation of the United States, through
its Division of Biological and Medical Sci-
ences and the Program Director for Sys-
tematic Biology, made a grant in the amount
of $210,000 for the purpose of aiding the
completion of yet-unpublished volumes of
the Treatise. Payment of this sum was pro-
vided to be made in installments distributed
over a five-year period, with administration
of disbursements handled by the University
of Kansas. Expenditures planned are pri-
marily for needed assistance to authors and
may be arranged through approved institu-
tions located anywhere. Important help for
the Director-Editor of the Treatise has been
made available from the grant, but no part
of his stipend comes from it. Grateful
acknowledgment to the Foundation is ex-
pressed on behalf of the societies sponsoring
the Treatise, the University of Kansas, and
innumerable individuals benefited by the
T'reatise project.



FORM OF ZOOLOGICAL NAMES

Many questions arise in connection with
the form of zoological names. These include
such matters as adherence to stipulations
concerning Latin or Latinized nature of
words accepted as zoological names, gender
of generic and subgeneric names, nomi-
native or adjectival form of specific names,
required endings for some family-group
names, and numerous others. Regulation
extends to capitalization, treatment of par-
ticles belonging to modern patronymics, use
of neo-Latin letters, and approved methods
for converting diacritical marks. The mag-
nitude and complexities of nomenclature
problems surely are enough to warrant the
complaint of those who hold that zoology
is the study of animals rather than of names
applied to them.

CLASSIFICATION OF ZOOLOGICAL
NAMES

In accordance with the “Copenhagen
Decisions on Zoological Nomenclature”
(London, 135 p., 1953), zoological names
may be classified usefully in various ways.
The subject is summarized here with intro-
duction of designations for some categories
which the Treatise proposes to distinguish
in systematic parts of the text for the pur-
pose of giving readers comprehension of
the nature of various names together with
authorship and dates attributed to them.

CO-ORDINATE NAMES OF TAXA GROUPS

Five groups of different-rank taxonomic
units (termed raxa, sing., taxon) are dis-
criminated, within each of which names are
treated as co-ordinate, being transferrable
from one category to another without
change of authorship or date. These are:
(1) Species Group (subspecies, species);
(2) Genus Group (subgenus, genus); (3)
Family Group (tribe, subfamily, family,
superfamily); (4) Order/Class Group (sub-
order, order, subclass, class); and (5) Phy-
lum Group (subphylum, phylum). In the
first 3 of these groups, but not others, the
author of the first-published valid name for
any taxon is held to be the author of all
other taxa in the group which are based on
the same nominate type and the date of
publication for purposes of priority is that
of the first-published name. Thus, if author

A in 1800 introduces the family name X-
idae to include 3 genera, one of which is
X-us; and if author B in 1850 divides the
20 genera then included in X-idae into sub-
families called X-inae and Y-inae; and if
author C in 1950 combines X-idae with
other later-formed families to make a super-
family X-acea (or X-oidea, X-icae, etc.);
the author of X-inae, X-idae and X-acea is
A, 1800, under the Rules. Because tax-
onomic concepts introduced by authors B
and C along with appropriate names surely
are not attributable to author A, some
means of recording responsibility of B and
C are needed. This is discussed later in
explaining proposed use of “nom. transl.”

The co-ordinate status of zoological
names belonging to the species group is
stipulated in Art. 11 of the present Rules;
genus group in Art. 6 of the present Rules;
family group in paragraph 46 of the Copen-
hagen Decisions; order/class group and
phylum group in paragraphs 65 and 66 of
the Copenhagen Decisions.

ORIGINAL AND SUBSEQUENT FORMS OF
NAMES

Zoological names may be classified accord-
ing to form (spelling) given in original
publication and employed by subsequent
authors. In one group are names which are
entirely identical in original and subsequent
usage. Another group comprises names
which include with the original sub-
sequently published variants of one sort or
another. In this second group, it is import-
ant to distinguish names which are inad-
vertent changes from those constituting
intentional emendations, for they have quite
different status in nomenclature. Also,
among intentional emendations, some are
acceptable and some quite unacceptable
under the Rules.

VALID AND INVALID NAMES

Valid names. A valid zoological name is
one that conforms to all mandatory provis-
ions of the Rules (Copenhagen Decisions,
p- 43-57) but names of this group are divis-
ible into subgroups as follows: (1) “inviol-
ate names,” which as originally published
not only meet all mandatory requirements
of the Rules but are not subject to any sort
of alteration (most generic and subgeneric
names); (2) “perfect names,” which as they



appear in original publication (with or
without precise duplication by subsequent
authors) meet all mandatory requirements
and need no correction of any kind but
which nevertheless are legally alterable
under present Rules (as in changing the
form of ending of a published class/order-
group name); (3) “imperfect names,”
which as originally published and with or
without subsequent duplication meet mand-
atory requirements but contain defects such
as incorrect gender of an adjectival specific
name (for example, Spironema recta in-
stead of Spironema rectum) or incorrect
stem or form of ending of a family-group
name (for example, Spironemidae instead
of Spironematidae); (4) “transferred
names,” which are derived by valid emend-
ation from either of the 2nd or 3rd sub-
groups or from a pre-existing transferred
name (as illustrated by change of a family-
group name from -inae to -idae or making
of a superfamily name); (5) “improved
names,” which include necessary as well as
somewhat arbitrarily made emendations
allowable under the Rules for taxonomic
categories not now covered by regulations
as to name form and alterations that are
distinct from changes that distinguish the
4th subgroup (including names derived
from the 2nd and 3rd subgroups and possi-
bly some alterations of 4th subgroup
names). In addition, some zoological names
included among those recognized as valid
are classifiable in special categories, while
at the same time belonging to one or more
of the above-listed subgroups. These chiefly
include (7) “substitute names,” introduced
to replace invalid names such as junior
homonyms; and (8) “conserved names,”
which are names that would have to be re-
jected by application of the Rules except for
saving them in their original or an altered
spelling by action of the International Com-
mission on Zoological Nomenclature in ex-
ercising its plenary powers to this end.
Whenever a name requires replacement, any
individual may publish a “new name” for
it and the first one so introduced has pri-
ority over any others; since newness is tem-
porary and relative, the replacement desig-
nation is better called substitute name rather
than new name. Whenever it is considered
desirable to save for usage an otherwise

necessarily rejectable name, an individual
cannot by himself accomplish the preserva-
tion, except by unchallenged action taken
in accordance with certain provisions of the
Copenhagen Decisions; otherwise he must
seek validation through ICZN.

It is useful for convenience and brevity
of distinction in recording these subgroups
of valid zoological names to introduce Latin
designations, following the pattern of
nomen nudum, nomen novum, etc. Accord-
ingly, the subgroups are (1) nomina inviol-
ata (sing., nomen inviolatum, abbr., nom.
inviol.); (2) nomina perfecta (sing., nomen
perfectum, abbr., nom. perf.); (3) nomina
imperfecta (sing., nomen imperfectum,
abbr., nom. imperf.); (4) nomina translata
(sing., nomen translazum, abbr., nom.
transl.); (5) nomina correcta (sing., nomen
correctum, abbr., nom. correct.); (6) nom-
ina substituta (sing., nomen substitutum,
abbr., nom. subst.); (7) nomina conservata
(sing., nomen conservatum, abbr., nom.
conserv.).

Invalid names. Invalid zoological names
consisting of originally published names
that fail to comply with mandatory pro-
visions of the Rules and consisting of inad-
vertent changes in spelling of names have
no status in nomenclature. They are not
available as replacement names and they
do not preoccupy for purposes of the Law
of Homonomy. In addition to nomen
nudum, invalid names may be distinguished
as follows: (1) “denied names,” which con-
sist of originally published names (with or
without subsequent duplication) that do
not meet mandatory requirements of the
Rules; (2) “null names,” which comprise
unintentional alterations of names; and (3)
“vain or void names,” which consist of in-
valid emendations of previously published
valid or invalid names. Void names do have
status in nomenclature, being classified as
junior synonyms of valid names.

Proposed Latin designations for the indi-
cated kinds of invalid names are as follows:
(1) nomina negata (sing., nomen negatum,
abbr., nom. neg.); (2) nomina nulla (sing.,
nomen nullum, abbr., nom. null.); (3)
nomina vana (sing., nomen vanum, abbr.,
nom. van.). It is desirable in the Treatise
to identify invalid names, particularly in
view of the fact that many of these names



(nom. neg., nom null.) have been con-
sidered incorrectly to be junior objective
synonyms (like nom. van.), which have
status in nomenclature,

SUMMARY OF NAME CLASSES

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

Definitions of Name Classes

nomen conservatum (nom. conserv.). Name other-
wise unacceptable under application of the Rules
which is made valid, either with original or
altered spelling, through procedures specified by
the Copenhagen Decisions or by action of ICZN
exercising its plenary powers.

nomen correctumn (nom. correct.). Name with
intentionally altered spelling of sort required or
allowable under the Rules but not dependent on
transfer from one taxonomic category to another
(“improved name”). (See Copenhagen Decisions,
paragraphs 50, 71-2-a-i, 74, 75, 79, 80, 87, 101;
in addition, change of endings for categories not
now fixed by Rules.)

nomen imperfectum (nom. imperf.). Name that as
originally published (with or without subsequent
identical spelling) meets all mandatory require-
ments of the Rules but contains defect needing
correction (“imperfect name”). (See Copenhagen
Decisions, paragraphs 50-1-b, 71-1-b-i, 71-1-b-ii,
79, 80, 87, 101.)

nomen inviolatum (nom. inviol.). Name that as
originally published meets all mandatory require-
ments of the Rules and also is uncorrectable or
alterable in any way (“inviolate name”). (See
Copenhagen Decisions, paragraphs 152, 153, 155-
157).

nomen negatum (nom. neg.). Name that as orig-
inally published (with or without subsequent
identical spelling) constitutes invalid original
spelling and although possibly meeting all other
mandatory requirements of the Rules, is not cor-
rectable to establish original authorship and date
(“denied name”). (See Copenhagen Decisions,
paragraph 71-1-b-iii.)

nomen nudum (nom. nud.). Name that as origi-
nally published (with or without subsequent ident-
ical spelling) fails to meet mandatory require-
ments of the Rules and having no status in
nomenclature, is not correctable to establish orig-

xit

inal authorship and date (“naked name”). (See
Copenhagen Decisions, paragraph 122.)
nomen nullum (nom. null.). Name consisting of
an unintentional alteration in form (spelling) of
a previously published name (either valid name,
as nom. inviol., nom. perf., nom. imperf., nom.
transl.; or invalid name, as mom. meg., nom.
nud., nom. van., or another nom. null.) (“null
name”). (See Copenhagen Decisions, paragraphs
71-2-b, 73-4.)
nomen perfectum (nom. perf.). Name that as
originally published meets all mandatory require-
ments of the Rules and needs no correction of
any kind but which nevertheless is validly alter-
able (“perfect name”).
nomen substitutum (nom. subst.). Replacement
name published as substitute for an invalid name,
such as a junior homonym (equivalent to “new
name”).
nomen translatum (nom. transl.). Name that is
derived by valid emendation of a previously
published name as result of transfer from one
taxonomic category to another within the group
to which it belongs (“transferred name”).
nomen vanum (nom. van.). Name consisting of
an invalid intentional change in form (spelling)
from a previously published name, such invalid
emendations having status in nomenclature as
junior objective synonyms (*vain or void name”).
(See Copenhagen Decisions, paragraphs 71-2-a-ii,
Except as specified otherwise, zoological
names accepted in the Treatise may be
understood to be classifiable either as rnom-
ina inviolata or nomina perfecta (omitting
from notice nomina correcta among specific
names) and these are not discriminated.
Names which are not accepted for one
reason or another include junior homonyms,
a few senior synonyms classifiable as nom-
ina negata or nomina nuda, and numerous
junior synonyms which include both objec-
tive (nomina vana) and subjective (all
classes of valid names) types; effort to
classify the invalid names as completely as
possible is intended.

NAME CHANGES IN RELATION TO
GROUP CATEGORIES

SPECIFIC AND SUBSPECIFIC NAMES

Detailed consideration of valid emenda-
tion of specific and subspecific names is
unnecessary here because it is well under-
stood and relatively inconsequential. When
the form of adjectival specific names is
changed to obtain agreement with the
gender of a generic name in transferring a



species from one genus to another, it is
never needful to label the changed name
as a nom. transl. Likewise, transliteration of
a letter accompanied by a diacritical mark
in manner now called for by the Rules (as
in changing originally published broggers
to broeggeri) or elimination of a hyphen
(as in changing originally published cornu-
oryx to cornuoryx does not require “nom.
correct.” with it. Revised provisions for
emending specific and subspecific names
are stated in the report on Copenhagen
Decisions (p. 43-46, 51-57).

GENERIC AND SUBGENERIC NAMES

So rare are conditions warranting change
of the originally published valid form of
generic and subgeneric names that lengthy
discussion may be omitted. Only elimi-
nation of diacritical marks of some names
in this category seems to furnish basis for
valid emendation. It is true that many
changes of generic and subgeneric names
have been published, but virtually all of
these are either nomina vana or nomina
nulla. Various names which formerly were
classed as homonyms are not now, for two
names that differ only by a single letter (or
in original publication by presence or ab-
sence of a diacritical mark) are construed
to be entirely distinct. Revised provisions
for emendation of generic and subgeneric
names also are given in the report on
Copenhagen Decisions (p. 43-47).

Examples in use of classificatory designa-
tions for generic names as previously given
are the following, which also illustrate
designation of type species, as explained
later.

Kurnatiophyllum Tuomson, 1875 [*K. concentri-
cum; SD Grecory, 19171 [=Kumatiophyllum
THoMmsoN, 1876 (nom. null.); Cymatophyllum
THomsoN, 1901 (nom. van.); Cymatiophyllum
LaNG, SMITH & THoMas, 1940 (nom. van.)].

Stichophyma PomeL, 1872 [*Manon turbinatum
R&MER, 1841; SD Ravurr, 1893] [=Szychophyma
VosMAER, 1885 (nom. null.); Sticophyma Morer,
1924 (nom. null.)].

Stratophyllum SmyrtH, 1933 [*S. renuc] [—Eth-
moplax SmytH, 1939 (nom. van. pro Stratophyl-
lum); Stratiphyllum Lanc, SMITH & THoMAs,
1940 (nom. van. pro Stratophyllum SmyTtH) (non
Stratiphyllum ScHErFEN, 1933)].

Placotelia OppLIGER, 1907 [*Porostoma marconi
FroMENTEL, 1859; SD pELAUBENFELs, herein]
[=Plakotelia OppLIGER, 1907 (nom. neg.)].

Walcottella pELAuB., nom. subst., 1955 [pro Rho-
palicus ScHrRAMM., 1936 (non FOmsTER, 1856)].

Cyrtograptus CARRUTHERs, 1867 [nom. correcs.
LapworTH, 1873 (pro Cyrtograpsus CARRUTHERS,
1867), mom. conserv. proposed BuLman, 1955
(ICZN pend.)]

FAMILY-GROUP NAMES; USE OF “NOM.
TRANSL.”

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

xiii



Examples of the use of “nom. transl.”
are the following.

Subfamily STYLININAE d’Orbigny, 1851

[#om. transl. EpwarDs & HAaIME, 1857 (ex Stylinidae
p’ORrBIGNY, 1851]

Superfamily ARCHAEOCTONOIDEA
Petrunkevitch, 1949

[nom. transl. PeTRUNKEvVITCH, herein (ex Archacoctonidac
PETRUNKEVITCH, 1949)]

Superfamily CRIOCERATITACEAE Hyatt, 1900

[nom. transl. Wmicur, 1952 (ex Crioceratitidae HyarT,
1900) ]

FAMILY-GROUP NAMES; USE OF “NOM.
CORRECT.”

Valid emendations classed as nomina
correcta do not depend on transfer from
one category of family-group units to anoth-
er but most commonly involve correction of
the stem of the nominate genus; in addition,
they include somewhat arbitrarily chosen
modification of ending for names of tribe
or superfamily. Examples of the use of
“nom. correct.” are the following.

Family STREPTELASMATIDAE Nicholson, 1889
[nom. correcs. WebERIND, 1927 (ex Streptelasmidae
NicHoLsoN, 1889, nom. imperf.)]

Family PALAEOSCORPIIDAE Lehmann, 1944

[nom. correct. PEYRUNKEvVITCH, herein (ex Palaeoscorpionidac
Leumann, 1944, nom. imperf.)]
Family AGLASPIDIDAE Miller, 1877
[nom. correcs. StgrMER, herein (ex Aglaspidae MiLLER,
1877, nom. imperf.)]
Superfamily AGARICIICAE Gray, 1847

[rom. correct. WeLLs, herein (ex Agaricioidae VaucmAN &
WELLS, 1943, nom. transl. ex Agariciidae Gray, 1847)]

FAMILY-GROUP NAMES; USE OF “NOM.
CONSERV.”

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

Family ARIETITIDAE Hyatt, 1874

[nom. correct. Haue, 1885 (pro Arietidae Hyartr, 1875), nom.
conserv. proposed Amkeir, 1955 (ICZN pend.)]

Family STEPHANOCERATIDAE
Neumayr, 1875

[rom. correct. Fiscuer, 1882 (pro Stephanoceratinen Neu-
MAYR, 1875, invalid vernacular name), nom consery. pro-
posed AmkeLi, 1955 (ICZN pend.)]

Xiv

FAMILY-GROUP NAMES; REPLACEMENTS

Family-group names are formed by
adding letter combinations (prescribed for
family and subfamily but not now for
others) to the stem of the name belonging
to genus (nominate genus) first chosen as
type of the assemblage. The type genus
need not be the oldest in terms of receiving
its name and definition, but it must be the
first-published as name-giver to a family-
group taxon among all those included. Once
fixed, the family-group name remains tied
to the nominate genus even if its name is
changed by reason of status as a junior
homonym or junior synonym, either objec-
tive or subjective. According to the Copen-
hagen Decisions, the family-group name re-
quires replacement only in the event that
the nominate genus is found to be a junior
homonym, and then a substitute family-
group name is accepted if it is formed from
the oldest available substitute name for the
nominate genus. Authorship and date at-
tributed to the replacement family-group
name are determined by first publication of
the changed family-group name.

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



nym. The Copenhagen Decisions (para-
graph 45) take account of these considera-
tions by providing a relatively simple pro-
cedure for fixing the desired choice in
stabilizing family-group names. In conform-
ance with this, the Treatise assigns to con-
tributing authors responsibility for adopting
provisions of the Copenhagen Decisions.

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

FAMILY-GROUP NAMES; AUTHORSHIP
AND DATE

All family-group taxa having names
based on the same type genus are attributed
to the author who first published the name
for any of these assemblages, whether tribe,
subfamily, or family (superfamily being al-
most inevitably a later-conceived taxon).
Accordingly, if a family is divided into
subfamilies or a subfamily into tribes, the
name of no such subfamily or tribe can
antedate the family name. Also, every fam-
ily containing differentiated subfamilies
must have a nominate (sensu stricto) sub-
family, which is based on the same type
genus as that for the family, and the author
and date set down for the nominate sub-
family invariably are identical with those
of the family, without reference as to
whether the author of the family or some
subsequent author introduced subdivisions.

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

ORDER/CLASS-GROUP NAMES; USE OF
“NOM. CORRECT.”

Because no stipulation concerning the
form of order/class-group names is given
yet by the Rules, emendation of all such
names actually consists of arbitrarily devised
changes in the form of endings. Nothing
precludes substitution of a new name for
an old one, but a change of this sort is not

considered to be an emendation. Examples
of the use of “nom. correct.” as applied to
order/class-group names are the following.

Order DISPARIDA Moore & Laudon, 1943

[nom. correct. MoorE, 1952 95':3:; ]Disparau Moore & LaupoN,
1

Suborder FAVIINA Vaughan & Wells, 1943
[nom. correct. WeLLs, herein (ex Faviida VAucHAN &
WELLS, 1943)]

Suborder FUNGIINA Verrill, 1865

[nom. correct. WELLS, herein (ex Fungiida Duncan, 1884,
ex Fungacea VermiLr, 1865)]

TAXONOMIC EMENDATION

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

Most zoologists, including paleozoologists,
who have signified emendation of zoolog-
ical names refer to what they consider a
material change in application of the name
such as may be expressed by an importantly
altered diagnosis of the assemblage covered
by the name. The abbreviation “emend.”
then may accompany the name, with state-
ment of the author and date of the emenda-
tion. On the other hand, a multitude of
workers concerned with systematic zoology
think that publication of “emend.” with a
zoological name is valueless because more
or less alteration of taxonomic sort is intro-
duced whenever a subspecies, species, genus,
or other assemblage of animals is incorpor-
ated under or removed from the coverage
of a given zoological name. Inevitably asso-
ciated with such classificatory expansions
and restrictions is some degree of emenda-
tion affecting diagnosis. Granting this, still
it is true that now and then somewhat
radical revisions are put forward, generally
with published statement of reasons for



changing the application of a name. To
erect a signpost at such points of most sig-
nificant change is worth while, both as aid
to subsequent workers in taking account of
the altered nomenclatural usage and as indi-
cation that not-to-be-overlooked discussion
may be found at a particular place in the
literature. Authors of contributions to the
Treatise are encouraged to include records
of all specially noteworthy emendations of
this nature, using the abbreviation “emend.”
with the name to which it refers and citing
the author and date of the emendation.

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

STYLE IN GENERIC DESCRIPTIONS

CITATION OF TYPE SPECIES

The name of the type species of each
genus and subgenus is given next following
the generic name with its accompanying
author and date, or after entries needed for
definition of the name if it is involved in
homonymy. The originally published com-
bination of generic and trivial names for
this species is cited, accompanied by an
asterisk (*), with notation of the author
and date of original publication. An excep-
tion in this procedure is made, however, if
the species was first published in the same
paper and by the same author as that con-
taining definition of the genus which it
serves as type; in such case, the initial letter
of the generic name followed by the trivial
name is given without repeating the name
of the author and date, for this saves needed
space. Examples of these 2 sorts of citations
are as follows:

Diplotrypa NicroLsoN, 1879 [*Favosites petropoli-
tanus PaNDER, 1830].

Chainodictyon Foerste, 1887 [*C. laxum].

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

Acervularia ScHwEelGGer, 1819 [*4.
(=*Madrepora ananas Linnt, 1758)].

baltica

It is judged desirable to record the man-
ner of establishing the type species, whether
by original designation or by subsequent
designation, but various modes of original
designation are not distinguished.

Fixation of type-species originally. The
type-species of a genus or subgenus, accord-
ing to provisions of the Rules, may be fixed
in various ways originally (that is, in the
publication containing first proposal of the
generic name) or it may be fixed in speci-
fied ways subsequent to the original publi-
cation. Fixation of a type-species originally
may be classified as automatic if the new
genus was introduced for a single species
(monotypy), or if the names of species re-
ferred to the genus are objectively synony-
mous. In addition, fixation of a type-species
originally may be established in several ways
by original designation, as by explicit state-
ment given by an author, by use of typus or
typicus as a new specific name, and by ab-
solute tautonymy (e.g., Mesolobus mesolo-
bus). According to convention adopted in
the T'reatise, the absence of indication as to
the manner of fixing the type-species is to
be understood as signifying fixation of the
type-species in one way or another origin-
ally. Where an author wishes to specify the
mode of original fixation, however, this may
be done by such abbreviations as “M”
(monotypy), “OS” (objective synonymy),
and “OD” (original designation), the first-
and last-mentioned being most common and
the other very rare.

Fixation of type-species subsequently. The
type species of many genera are not deter-
minable from the publication in which the
generic name was introduced and therefore
such genera can acquire a type species only
by some manner of subsequent designation.
Most commonly this is established by pub-
lishing a statement naming as type species
one of the species originally included in the
genus, and in the Treatise fixation of the
type species in this manner is indicated by



the letters “SD” accompanied by the name
of the subsequent author (who may be the
same person as the original author) and the
date of publishing the subsequent designa-
tion. Some genera, as first described and
named, included no mentioned species and
these necessarily lack a type species until a
date subsequent to that of the original pub-
lication when one or more species are as-
signed to such a genus. If only a single
species is thus assigned, it automatically be-
comes the type species and in the Treatise
this subsequent monotypy is indicated by
the letters “SM.” Of course, the first publi-
cation containing assignment of species to
the genus which originally lacked any in-
cluded species is the one concerned in fixa-
tion of the type species, and if this named 2
or more species as belonging to the genus
but did not designate a type species, then a
later “SD” designation is necessary. Ex-
amples of the use of “SD” and “SM” as
employed in the Treatise follow.

Hexagonaria GiricH, 1896 [*Cyathophyllum hexa-

gonum Gorpruss, 1826; SD Lanc, SMITH &
Tromas, 1940].

Muriceides Stuper, 1887 [*M. fragilis WRiGHT &
STUDER, 1889; SM WRIiGHT & STUDER, 1889].

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

HOMONYMS

Most generic names are distinct from
all others and are indicated without am-
biguity by citing their originally published
spelling accompanied by name of the
author and date of first publication. If
the same generic name has been applied
to 2 or more distinct taxonomic units,
however, it is necessary to differentiate
such homonyms, and this calls for dis-

tinction between junior homonyms and
senior homonyms. Because a junior homo-
nym is invalid, it must be replaced by
some other name. For example, Callopora
HavL, 1851, introduced for Paleozoic trep-
ostome bryozoans, is invalid because Gray
in 1848 published the same name for Cre-
taceous-to-Recent cheilostome bryozoans,
and Bassier in 1911 introduced the new
name Hallopora to replace HaLL’s homo-
nym. The Treatise style of entry is:

Hallopora BassLer, 1911 [pro Callopora HaLrLr,
1851 (non Gray, 1848)].

In like manner, a needed replacement gen-
eric name may be introduced in the Trea-
tise. (even though first publication of
generic names otherwise in this work is
avoided). The requirement that an exact
bibliographic reference must be given for
the replaced name commonly can be met in
the Treatise by citing a publication re-
corded in the list of references, using its
assigned index number, as shown in the
following example.

Mysterium DELAUBENFELS, nom. subst. [pro Mys-
trium ScHRAMMEN, 1936 (ref. 40, p. 60) (non
Rocer, 1862)] [*Mystrium porosum SCHRAM-
MEN, 1936].

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

Diplophyllum HarL, 1851 [non Sosukina, 1939]
[*D. caespitosum].

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

Homonyms by misidentification. When
an author uses a generic name for species
not congeneric with the type-species, it is
needful to record the misuse of the gen-
eric name, even though this is only deter-
minable subjectively. In the Treatise hom-
onyms by misidentification are cited in
synonymies as illustrated in the following
example.
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Asmussia Pacur, 1849 [*A. membranacea] [=Posi-
donomya PacHT, 1852 (non BronN, 1834); Es-
theria JoNgs, 1856 (non Roeineau-Desvoiny, 1830;
nec RueppeLL, 1837)]. ...

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

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

SYNONYMS

Citation of synonyms is given next fol-
lowing record of the type species and if 2
or more synonyms of differing date are
recognized, these are arranged in chron-
ological order. Objective synonyms are

indicated by accompanying designation
“(ohj.),” others being understood to con-
stitute  subjective synonyms. Examples
showing Treatise style in listing synonyms
follow.

Calapoecia BirLiNgs, 1865 [*C. anticostiensis; SD

LinpsTrOM, 1883) [=Columnopora NicHoLsoN,
1874; Houghtonia RoMiINGER, 1876].

Staurocyclia Haecker, 1882 [*S. cruciata HaecKEL,
1887] [=Coccostaurus Haecker, 1882 (obj.);
Phacostaurus HaeckeL, 1887 (obj.)].

A synonym which also constitutes a homo-

nym is recorded as follows:

Lyopora NicxoLson & ETHEeriDGE, 1878 [*Palaco-
pora? favosa M'Coy, 1850] [=Liopora Lane,
SMmiTH & THOMAs, 1940 (non Girry, 1915)].
Some junior synonyms of either objective

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

Tetragraptus SALTER, 1863 [nom. correct. HaLr,

1865 (pro Tetragrapsus SALTER, 1863), nom.
consery. proposed BuLman, 1955, ICZN pend.]
[*Fucoides serra BrongNIarT, 1828 (=Grapro-
lithus bryonoides HaLr, 1858].

ABBREVIATIONS

Abbreviations used in this division of the
Treatise are explained in the following
alphabetically arranged list.

Abbreviations

abs., abstract

approx., approximately

Belg., Belgium, Belgique
Boh., Bohemia

aff., affinis Apt., Aptian

Afr,, Africa, -an Arenig., Arenigian
Ala., Alabama Arg., Argentina
Alb., Albian Ariz,, Arizona
Algonk., Algonkian AsiaM., Asia Minor
alter., alternate auctt., auctorum
Alta., Alberta Aus., Austria

Am., America, -n Austral., Australia

ant., anterior
Antarct., Antarctica
append., appendix

Balt., Baltic
Barton., Bartonian
B.C., British Columbia

Xviti

Bol., Bolivia

Br.I., British Isles
Brit., Britain, British
C., Central

ca., circa

Calif., California
Cam., Cambrian
Campan., Campanian
Can., Canada
Caradoc., Caradocian



Carb., Carboniferous

Carib., Caribbean

Cenoz., Cenozoic

cf., confer (compare)

Chester., Chesteran

Cinc., Cincinnatian

cm., centimeter

Co., Company

Cole., Colorado

Colomb., Colombia

Conn., Connecticut

cosmop., cosmopolitan

Cret., Cretaceous

Czech., Czechoslovakia

D.C., District of Columbia

Dec., December

Denm., Denmark

Dev., Devonian

dia., diameter

diagram., diagrammatic

Dol., Dolomite

Downton., Downtonian

E., East

Ecuad., Ecuador

ed., edition, editor

¢.g, exempli gratia (for ex-
ample)

Eifel., Eifelian

emend., emendatus (-a)

Eng., England

Eoc., Eocene

Est., Estonia

et al,, et alii

ety., etymology

Eu., Europe

F., Formation

fam., family

Famenn., Famennian

fig., figure, -s

Fin., Finland

Fr., France, French, Frangais, -e

Frasn., Frasnian

Ft., Fort

G.Brit., Great Britain

Geol., Geology, Geological,
Geologische

Ger., Germany, German

Givet., Givetian

Gotl., Gotland, Gotlandian

Gr., Group

Greenl., Greenland

horiz., horizontal

hom., homonym

Hung., Hungary, Hungarica

I.(Is.),, Island, -s

ICZN, International Commis-
sion on Zoological Nomen-
clature

i.e, id est (that is)

1IL., Ilinois

illus., illustration, -s

Ind,, Indiana

Ind.O., Indian Ocean

Internatl., International
Ire., Ireland

Ital., Italian

Jap., Japan

jr., junior

Jur., Jurassic

Kans., Kansas

Kinderhook., Kinderhookian

Ky., Kentucky

L., Lower

lat., lateral

Lias., Liassic

Llandeil., Llandeilian

Llandov., Llandoverian

Llanvirn., Llanvirnian

long., longitudinal

Ls., Limestone

Ludlov., Ludlovian

M., Middle

Maastricht., Maastrichtian

mag., magnification

Man., Manitoba

Mass., Massachusetts

Md., Maryland

Meramec., Meramecian

Mich., Michigan

Minn., Minnesota

Mio., Miocene

Miss., Mississippi, Mississippian

mm., millimeter

Mo., Missouri

mod., modified

Mont,, Montana

n., new

N., North

N.Am., North America

Namur., Namurian

N.B., New Brunswick

NC., North Central

N.Car., North Carolina

NE., Northeast

Neb., Nebraska

Neog., Neogene

Neth., Netherlands

Nev., Nevada

Newf., Newfoundland

N.J., New Jersey

no., number

nom. correct., nomen correctum

nom. imperf., nomen imperfec-
tum

nom. nov., nomen novum

nom. nud., nomen nudum

nom. null., nomen nullum

nom. subst., nomen substitutum

nom. transl,, nomen translatum

nom. van., nomen vanum

Nor., Norway

NW., Northwest

N.Y., New York

N.Z., New Zealand

0., Ocean

obj., objective
Okla., Oklahoma
Oligo., Oligocene
Ont., Ontario
Ord., Ordovician
orient., orientation
Osag., Osagian

p-s Dage, -s

XX

Pa., Pennsylvania

Pac., Pacific

Pak., Pakistan

Paleoc., Paleocene
Paleog., Paleogene
Palest., Palestine

pend.,, pending

Penn., Pennsylvanian
Perm., Permian

Philip., Philippines

pl.,, plate, -s, plural
Pleist., Pleistocene

Plio., Pliocene

Pol., Poland

Port., Portugal
Portland., Portlandian
post., posterior

Precam., Precambrian
Prot., Proterozoic

pt., part, -s

Quat., Quaternary
Que., Quebec

Rec., Recent

reconstr,, reconstructed, -ion
Rhaet., Rhaetian

Rotl., Rotliegende
Rupel., Rupelian

S., South, Sea

S.Am., South America
SC., South Central
schem., schematic

Scot., Scotland

SD, subsequent designation
S.Dak., South Dakota
SE., Southeast

sec., section, -s

Senon., Senonian

ser., series, serial

Sh., Shale

Shrops., Shropshire
Sib., Siberia

Sil., Silurian

simpl., simplified

sp., species

Sp., Spain

Spitz., Spitzbergen

$.5., SENsu stricto

Ss., Sandstone
Staatsinst., Staatsinstitut
subsp., subspecies
suppl., supplement
SW., Southwest

Swed., Sweden, Swedish
Switz., Switzerland
Syst., System

tang., tangential

Tasm., Tasmania

tech., technical, technische
Tenn., Tennessee

Tert., Tertiary

Tex., Texas

Torton., Tortonian
transl,, translated, translation
transv., transverse
Tremadoc., Tremadocian

Trias., Triassic



Turk., Turkey

Turon., Turonian

U., Upper

U.S., United States

USA, United States (America)

USSR, Union of Soviet Socialist
Republics

v., volume, -s
Va., Virginia
var., variety
vert., vertical
Vict., Victoria
Vt., Vermont
W., West

Wenlock., Wenlockian
Wis., Wisconsin
W.Va., West Virginia
Wyo., Wyoming

Z., Zone

Zool., Zoology

REFERENCES TO LITERATURE

Fach part of the Treatise is accompanied
by a selected list of references to paleon-
tological literature consisting primarily of
recent and comprehensive monographs
available but also including some older
works recognized as outstanding in im-
portance. The purpose of giving these ref-
erences is to aid users of the Treatise in
finding detailed descriptions and illustra-
tios of morphological features of fossil
groups, discussions of classifications and
distribution, and especially citations of more
or less voluminous literature. Generally
speaking, publications listed in the Treatise
are not original sources of information con-
cerning taxonomic units of various rank but
they tell the student where he may find
them; otherwise it is necessary to turn to
such aids as the Zoological Record or
Neave’s Nomenclator Zoologicus. Refer-
ences given in the Treatise are arranged
alphabetically by authors and accompanied
by index numbers which serve the purpose
of permitting citation most concisely in
various parts of the text; these citations of
listed papers are enclosed invariably in
parentheses and are distinguishable from
dates because the index numbers comprise
no more than 3 digits. Ordinarily, index
numbers for literature references are given
at the end of generic or family diagnoses.

The following is a statement of the full
names of serial publications which are cited
in abbreviated form in the Treatise lists of
references. The information thus provided
should be useful in library research work.
The list is alphabetized according to the
serial titles which were employed at the
time of original publication. Those follow-
ing it in brackets are those under which the
publication may be found currently in the
Union List of Serials, the United States
Library of Congress listing, and most li-
brary card catalogues. The names of serials
published in Cyrillic are transliterated; in

the reference lists these titles, which may be
abbreviated, are accompanied by transliter-
ated authors’ names and titles, with English
translation of the title. The place of publi-
cation is added (if not included in the serial
title).

List of Serial Publications

Académie des Sciences URSS, Comptes Rendus
[Akademiya Nauk SSSR, Leningrad].

Académie Impériale des Sciences, St. Pétersbourg,
Mémoires [Akademiya Nauk SSSR, Leningrad].

Académie Royale des Sciences, des Lettres et des
Beaux-Arts de Belgique, Bulletin. Bruxelles.

Académie Tchéque des Sciences, Bulletin Interna-
tional, Classe des Sciences Mathématiques, Na-
turelles et de la Médecine [Ceskd Akademie véd
a uméni v Praze].

Academy of Natural Sciences of Philadelphia, Pro-
ceedings.

Accademia Pontaniana, Atti. Naples.

Acta Palacontologica Polonica [Polska Akademia
Nauk, Komitet Geologiczny]. Warszawa.

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

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

Akademie der Wissenschaftlichen zu Miinchen,
mathematische-physikalische Klasse, Sitzungs-
berichten.

Akademie der Wissenschaftlichen zu Wien, math-
matisch-naturwissenschaftliche  Klasse, Denk-
schriften.

Akademiya Nauk SSSR, Leningrad, Doklady; Geol-
ogicheskikh Institut; Izvestiya, Seriya Biologiches-
kaya.

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

American Geologist. Minneapolis, Minn.

American Journal of Conchology. Philadelphia, Pa.

American Journal of Science. New Haven, Conn.

American Midland Naturalist. Notre Dame, Ind.

Annals and Magazine of Natural History. London.

Annales d’Histoire Naturelle. Paris.

Archiv fir Anatomie, Physiologie und Wissen-
schaftliche Medicin, Jahrgang. Leipzig.

Archiv fiir Naturgeschichte. Leipzig.

Archiv fiir Zoologie und Zootomie. Berlin.

Archives de Musée Teyler. Haarlem.

Arquivos do Museu Paranaense. Curitiba, Brazil.

1K, preceding a serial title stands for all forms meaning
royal, imperial, e.g., Konigliche, Kaiserliche, Kongelig, etc.



Beitrige zur naturkundlichen Forschung in Sid-
westdeutschland. Karlsruhe.

Beitriige zur Paliontologie und Geologie Osterreich-
Ungarns und des Orients. Wien.

[K.]Bohemische Gesellschaft der Wissenschaften,
Sitzungsberichten; Abhandlungen. [Ceské Spo-
leénosti Nduk, Prague.]

Buffalo Society of Natural Science, Bulletin. Buffalo,
N.Y.

Bulletin of Zoological Nomenclature. London.

Cambridge Philosophical Society, Biological Re-
views, Cambridge, Eng.

Canadian Alpine Journal. Winnipeg, Canada.

Canadian Naturalist. Montreal, Canada.

Carnegie Museum, Annals. Pittsburgh, Pa.

Challenger. Report on the Scientific Results of the
Exploring Voyage of HMS Challenger. Zoology.
Edinburgh.

[K.] Ceskd Spolenost Nuk, Prague, Ttida Mathe-
maticko-Ptirodovédeckd, Véstnik.,

Cincinnati Society of Natural History, Journal.

Connecticut Geological and Natural History Survey,
Bulletin. Hartford.

Dansk Geologisk Forening, Meddelelser. Kgbenhavn.
Decheniana. Verhandlungen des Naturhistorischen
Vereins der Rheinlande und Westfalens. Bonn.
Denison University Bulletin, Journal of the Scien-

tific Laboratories. Granville, Ohio.

Deutsche geologische Gesellschaft, Zeitschrift. Ber-
lin.

Edinburgh Geological Society, Transactions.

Ergebnisse und Fortschritte der Zoologie. Jena.

Experientia. Basel.

Fieldiana, Geology. Chicago.

Field Museum of Natural History, Publications,
Geological Series. Chicago.

Foldtani Kozlony [Magyaroni Féldtani Tirsulat,
Folyéirata]. Budapest.

Fortschritte der Geologie. Kéln & Leipzig.

Fortschritte der Paliontologie. Berlin.

Freiberger Forschungshefte. Berlin.

[K.] Fysiografiska Sillskapet, Lund, Handlingar.

Geological Magazine. London & Hertford.

Geological Society of America, Bulletin; Special
Paper; Memoir. New York.

Geological Society of China, Bulletin. Peiping.

Geological Society of London, Memoirs; Proceed-
ings; Quarterly Journal; Transactions.

Geological Survey of Canada, Department of Mines
and Resources, Mines and Geology Branch, Bul-
letin. Ottawa.

Geological Survey of Czechoslovakia,
Paleontology. Praha.

Geological Survey of Great Britain and the Museum
of Practical Geology, Memoirs. London.

Geological Survey of India, Memoirs [Palaeontologia
Indica]. Calcutta.

Geological Survey of New Jersey, Paleontology.
Trenton.

Geologie. Berlin.

[K.K.] Geologische Reichsanstalt, Wien, Jahrbuch.

Geologische Rundschau (Geologische Vereinigung).
Stuttgart, Leipzig & Berlin,

Geologiska Foreningen, Stockholm, Férhandlingar.
Geologist’s Association, Proceedings. London.

Helminthological Society of Washington, Proceed-
ings., Washington, D.C.

Sbornik.

Hessisches Landesamt fiir Bodenforschung, Notiz-
blatt; Abhandlungen. Wiesbaden.

Illinois State Geological Survey, Report of Investiga-
tions. Urbana.

Instituto Geoldgico y Minero de Espafia, Boletin;
Memorias; Notas y Comunicaciones. Madrid.
International Geological Congress, 20th Session, Ab-

stracts. Mexico City.

Journal of Geology. Chicago.

Journal of Paleontology. Tulsa, Okla.

Lund Universitet, Arsskrift.

Magazine of Zoology and Botany. Edinburgh &
London.

Maryland Geological Survey. Baltimore.

Micropaleontology (American Museum of Natural
History). New York.

Mitteilungen des Naturwissenschaftlichen Vereins
fiir Steiermark. Graz, Austria.

Moskovskogo Obshchestvo Ispytateley Prirody (So-
ciété Impériale des Naturalistes de Moscou, Bul-
letin).

Musée royal d’Histoire naturelle de
Mémoires; Bulletin. Bruxelles.

Museo de Historia Natural de Mendoza, Revista.

Museo Libico Storia Naturale, Annali. Tripoli.

Muséum National d’Histoire Naturelle, Bulletin;
Mémoires. Paris.

Natural History Society of New Brunswick, Bulle-
tin. St. John.

Naturforschende Gesellschaft in Danzig, Schriften.

Naturhistorisk Tidsskrift. Kgbenhavn.

The Nautilus. Philadelphia & Boston.

Neues Jahrbuch fiir Geologic und Palidontologie
(Neues Jahrbuch fiir Mineralogie, Geologie, und
Paliontologie), Beilage-Band. Stuttgart.

Neues Jahrbuch fiir Mineralogie (Neues Jahrbuch
fiir Mineralogie, Geologie und Paliontologie),
Abhandlungen;  Beilage-Bande;  Monatshefte.
Stuttgart.

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

New York Academy of Science, Annals. New York.

New York State Geological Survey, Palacontology
of New York. Albany.

New York State Museum, Bulletin. New York.

New Zealand Journal of Geology and Geophysics.

Belgique,

Wellington.
Norsk Geologisk Tidsskrift. Oslo.
[K.] Norske Videnskabers Selskab, Skrifter.

Trondhjem, Norway.

Norske Videnskaps-Akadami, Oslo, Skrifter.

North Carolina Geological Survey, Report [now
Department of Conservation and Development
of the State of North Carolina, Division of Min-
eral Resources]. Raleigh.

Nova Acta Leopoldina, Neue Folge. [Nova Acta
Academiae Caesareac Leopoldino-Carolinae Ger-
manicae naturae curiosorum]. Halle.

Oklahoma Geology Notes. Norman.

Osnovy Paleontologiy, Spravochnik Dlya Paleon-
tologov 1 Geologov SSSR. Yu. A. Orlov, ed.
Akademiya Nauk SSSR. Moskva.

Osterreichische Akademie der Wissenschaften,
mathematisch-naturwissenschaftliche Klasse, Denk-
schriften. Wien.

Palaeobiologica. Wien.
Palacontographia Italica. Pisa.
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Palacontographica, Abteilung A; Abteilung B.
Stutegart & Kassel.

Palacontographica Bohemiae [Ceskd akademie v&d
a uméni v Praze, Vydav4, Ttida H]. Praha.

Paleontological Society of Russia, Journal. Moskva.

Palidontologische Zeitschrift. Berlin & Stuttgart.

Pan-American Geologist. Des Moines, lowa.

[K.] Physikalisch-Oekonomische Gesellschaft zu
Konigsberg, Schriften.

Rivista Italiana de Paleontologia. Parma.

Royal Society of Canada, Transactions. Ottawa,

Royal Society of London, Philosophical Transac-
tions, Series A; Series B.

Royal Society of South Australia, Transactions;
Memoirs; Proceedings. Adelaide.

Royal Society of Victoria, Proceedings. Melbourne.

Russiche-Kaiserliche mineralogische Gesellschaft zu
St. Petersburg, Verhandlungen [Vserossiyskoe
Mineralogicheskoe Obshchestvo, Leningrad].

Schlesische Gesellschaft fiir vaterlindische Kulture,
Jahres-bericht. Breslau.

Schweizerische Palaeontologische Gesellschaft, Zur-
ich, Abhandlungen.

Science. New York.

Sciences Naturelles, Annales. Paris.

Senckenbergiana Letheae* [Senkenbergische Natur-
forschende Gesellschaft Wissenschaftliche Mitteil-
ungen] [*“‘Letheac” added to title, 1954]. Frank-
furt am Main.

Senckenbergische  Naturforschende
Abhandlungen. Frankfurt am Main.

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

Servico Geolégico e Mineralégico do Brasil, Min-
isterio da Agricultura, Monographias; Boletim.
Rio de Janeiro.

Smithsonian Institution, Harriman Alaska Series,
Geology and Paleontoloey. Washington, D.C.
Smithsonian Miscellaneous Collections. Washing-

ton, D.C.

Socictatis. R;giae Scientarum Gottingensis, Com-
mentationis.

Societa Geologica Italiana, Bolletine. Roma.

Société de Biologie, Hebdomadaires des Séances et
Mémoires, Comptes Rendus. Paris.

Société Géologique de France, Bulletin; Mémoires.
Paris.

Société d’Histoire Naturelle de Paris, Mémoires.

Société d’'Histoire Naturelle de Toulouse, Bulletin.

Société Impériale des Naturalistes de Moscou, Bul-
letin. [Moskovskogo Obshchestvo Ispytateley Pri-
rody].

Société Paléontologique de la Suisse, Mémoires.
Zurich.

Société de Physique et d’Histoire Naturalle de
Geneve, Mémoires.

Société Vaudoise des Sciences Naturelles, Bulletin.
Lausanne, Switz.

Société Zoologique de France, Bulletin. Paris.

Gesellschaft,

Southern California Academy of Sciences, Bulletin.
Los Angeles.

Svensk Faunistick Revy [1955, Zoologisk Revy].
Holmiae.

[K.] Svenska Vetenskapsakademien, Handlungen.
Holmiae.

Sveriges Geologiska Undersokning, Arsbok; Af-
handlingar. Holmiae.

Tartu Ulikooli Geoloogia-Instituudi Toimestused,
Acta et Commentationes Universitatis Tartuensis
(Dorpatensis). Tartu, Estonia.

Tohoku University, Science Reports, Second Series
(Geology), Institute of Geology and Paleontology.
Sendai, Japan.

U.S. Geological and Geographical Survey of the
Territories, Annual Report. Washington, D.C.
U.S. Geological Survey, Bulletin; Professional Paper;

Water-Supply Paper. Washington, D.C.

U.S. National Museum, Proceedings. Washington,
D.C.

University of lowa Studies in Natural History. Iowa
City.

University of Kansas Paleontological Contributions.
Lawrence.

University of Missouri Studies. Columbia.

University of Missouri School of Mines and Metal-
lurgy, Technical Series. Bulletin. Rolla.

University of Texas, Bulletin. Austin.

Verein fiir vaterlindische Naturkunde in Wiirttem-
berg, Jahreshefte. Stuttgart.

Videnskabs-Salskabet, Khristiania, Fordhandlingar.

Vsesouiznyi Nauch-no Issledovatel’skiy Geologo-
Razvedochoyi neftiano Institut [Paleontologi-
cheskiy Sbornik]. Moskva.

Wagner Free Institute of Science of Philadelphia,
Bulletin.

Zeitschrift fiir Geschiebeforschung. Berlin.

Zeitschrift fiir Mineralogie. Berlin.

Zeitschrift fiir Natur- und Heilkunde der K. Medi-
cinisch-chirurgische Akademie St. Petersburg.

Zeitschrift fiir Wissenschlaftliche Zoologie. Leipzig.

Zoological Journal. London.

Zoologische Jahrbiicher, Supplementen. Jena.

Zoologischer Anzeiger. Leipzig.

SOURCES OF ILLUSTRATIONS

At the end of figure captions an index
number is given to supply record of the
author of illustrations used in the Treatise,
reference being made either (1) to publica-
tions cited in reference lists or (2) to the
names of authors without indication of in-
dividual publications concerned. Previously
unpublished illustrations are marked by the
letter “n” (signifying “new”) with the
name of the author.
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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 Treatise have suggested the desir-
ability of publishing reference lists showing
the stratigraphic arrangement of at least the
most commonly cited divisions. According-
ly, a tabulation of European and North
American units, which broadly is applic-
able also to other continents, is given here.

Generally Recognized Divisions of Geologic Column

Eurore

ROCKS OF CENOZOIC ERA
NEOGENE SYSTEM'
Pleistocene Series (including Recent)
Pliocene Series
Miocene Series
PALEOGENE SYSTEM
Oligocene Series
Eocene Series
Paleocene Series

ROCKS OF MESOZOIC ERA

CRETACEOUS SYSTEM
Upper Cretaceous Series

Maastrichtian Stage®
Campanian Stage?
Santonian Stage®
Coniacian Stage®
Turonian Stage
Cenomanian Stage

Lower Cretaceous Series
Albian Stage

Aptian Stage

Barremian Stage®
Hauterivian Stage®
Valanginian Stage®
Berriasian Stage®

JURASSIC SYSTEM

Upper Jurassic Series
Portlandian Stage*
Kimmeridgian Stage
Oxfordian Stage

Middle Jurassic Series
Callovian Stage
Bathonian Stage
Bajocian Stage

NoORTH AMERICA

ROCKS OF CENOZOIC ERA
NEOGENE SYSTEM'

Pleistocene Series (including Recent)
Pliocene Series
Miocene Series

PALEOGENE SYSTEM

Oligocene Series
Eocene Series
Paleocene Series

ROCKS OF MESOZOIC ERA

CRETACEOUS SYSTEM
Gulfian Series (Upper Cretaceous)
Navarroan Stage

Tayloran Stage
Austinian Stage

Woodbinian (Tuscaloosan) Stage
Comanchean Series (Lower
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INTRODUCTION

By Raymono C. Moore

[University of Kansas]

The letter “W,” assigned to this volume
of the Treatise, indicates a position next to
last in the planned sequence of units. This
is explained readily by its intended content
of “left-overs”—mostly groups of fossils set
apart as unknown or very doubtful as to
taxonomic affinities. Such a residuum might
be expected to follow the publication of all
other units, possibly with a miscellany of
minor groups that for some reason had been

omitted from already-issued volumes in
which they would logically have found
place. Obviously, the presumption expressed
does not accord with fact, since several im-
portant divisions of the Treatise are yet un-
finished. Readers may be reminded that an
initial feature of this collaborative project
was to publish each planned volume when-
ever it could be made ready for the press.
No good end would be served by withhold-
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ing the appearance of some completed unit
while waiting on another, even though one
or more of the latter might be much more
generally sought after by paleontologists.

It is hardly appropriate for me to suggest
a rating among fossil groups that undertakes
to classify them according to what might be
considered their relative usefulness or value.
How could this be done unless the criteria
for judgment were agreed upon, and even
then would unanimity of opinions or ap-
proach to it serve any desirable purpose?
Inquiry of this sort seems to be fruitless, but
it is brought to notice again and again in
dealing with parts of the fossil record.
Among groups of organic remains or traces
treated in Part W, surely the large number
of described and named problematical fos-
sils, including many which now are judged
to be inorganic in origin (and thus not ac-
ceptable as evidence of any sort of animal
or plant life), are at least significant assem-
blages. At the same time they are most
difficult to interpret and to classify satis-
factorily. Even so, they should not be ex-
cluded from consideration; in treating them
as comprehensively and authoritatively as
possible, Dr. Hintzschel has made a valu-
able contribution to paleontology in his sec-
tion of this volume, especially because of
the widely scattered nature of records in
the literature and their many sorts of in-
adequacies.

A group of fossil remains now established
as having exceptional value for stratigraphi-
cal correlations and age determinations of
sedimentary deposits ranging from Cam-
brian to Triassic, inclusive, comprises the
very widely distributed, highly varied, and
locally very abundant conodonts. They are
assigned to Treatise Part W because no yet-
discovered evidence satisfactorily points to
taxonomic placement. Certainly they are

.
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remains of animals, but whether belonging
to invertebrates or vertebrates is unsettled.

It is a great regret for me to record the un-
timely death of Dr. WiLsert H. Hass, of
the U.S. Geological Survey, who contributed
the major article on conodonts prepared for
the Treatise. This occurred on 30 Novem-
ber, 1959. He was a foremost American
specialist in study of these fossils, benefited
by approximately two decades of intensive
studies of conodonts in the field and lab-
oratory. His death brought to an end in
mid-career his important series of contribu-
tions and what undoubtedly would have
been a greater increase in knowledge of
paleontology. Supplementary discussions of
some aspects of conodont researches have
been prepared by F. H. T. Ruobss, of the
University of Wales and Kraus MULLER, of
the Technische Universitit, Berlin.

Another group of fossils that in some ways
is comparable to the conodonts consists of
remains termed scolecodonts. These are
fairly well identified as the jaw parts of
annelid worms. They are useful strati-
graphic markers also, and, along with other
remains of various sorts of worms preserved
as fossils, are described by B. F. HoweLL.

Diverse sorts of narrowly conical shells
classed as hyolithids, tentaculitids, and some
others are probably molluscan groups. These
are assigned to Part W and described by
D. W. Fisuzr, State Paleontologist of New
York. They include stratigraphically im-
portant genera and species, which are un-
certainly classifiable taxonomically.

Finally, Part W includes a record of the
problematical fossils, already mentioned,
consisting of traces and impressions (so-
called body fossils) prepared by W. Hinrz-
scueL from widely scattered literature.
Some of these fossils are stratigraphically
useful in spite of uncertainty as to their
biological placement.
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INTRODUCTION

NATURE OF CONODONTS

The term Conodonten was coined by
CuristiaN H. Panper (52) in 1856 for some
toothlike and platelike microfossils discov-
ered by him in the Paleozoic rocks of east-
ern Europe. These fossils comprise 2 mono-
phyletic group of lamellar structures that
range from a fraction of a millimeter to
about 3 mm. in length. In their natural
state, they are composed chiefly of calcium
phosphate, are either amber or grayish-
black, and are translucent to opaque; when
weathered, many are friable and light gray.
Conodonts have a world-wide distribution,
but present knowledge is based chiefly upon

European and North American faunas.
They definitely range from the Lower
Ordovician into the Upper Triassic, and
recent finds indicate that they may range
from the Upper Cambrian into the Upper
Cretaceous. Chiefly as a result of investi-
gations since 1926, conodonts have become
an extremely useful tool of the stratigraphic
paleontologist despite the fact that there
has never been unanimity either on the
zoological affinity of the animal that bore
conodonts or on the function that was per-
formed by these structures.

Presumably, the conodont-bearing animal
was soft-bodied, bilaterally symmetrical,
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marine, and pelagic. These assumptions
seem likely because conodonts and the basal
plate to which some conodonts are still
attached appear to be the only parts of
these animals that have been preserved,
because specimens with the same form oc-
cur as rights and lefts, and because cono-
donts are found associated with many kinds
of marine fossils in all kinds of marine
sedimentary rocks. Many answers have been
given to the question “What are cono-
donts?” At one time or another they have
been assigned to such different groups of
organisms as the mollusks, worms, arthro-
pods, primitive vertebrates, and fishes; and
some or all of them have been considered
to be spines, scales, dermal denticles, copu-
lative claspers, gill-arch structures, man-
dibles, teeth and other ingestive aids, and
supports for a tissue that covered them.
Many conodonts are good index fossils.
They are durable, abundant, distinctive,
widespread in their geographic distribution,
and restricted in their stratigraphic range.
Moreover, being minute, they are well
suited for subsurface investigations; and
being present in all kinds of marine sedi-
mentary formations, they provide a de-
pendable means of correlating lithologically
different, bio-stratigraphic equivalents. Some
formations, in which the more common
kinds of fossils are either scarce or absent,
abound in conodonts, and problems con-
cerned with the age, faunal zonation, and
correlation of such formations fall to a
great degree within the province of the
conodont specialist. The Devonian and
Mississippian black shale sequence is a good
example. Portions of this sequence occur
throughout much of the interior of the
United States and a part of Canada, and
range from a featheredge to several thou-
sand feet in thickness. The age and corre-
lation of these black shales have been con-
troversial subjects for many years, but
through conodont studies it has now become
possible to correlate certain parts of this
sequence with formations in the North
American standard Upper Devonian suc-
cession of New York and Pennsylvania, and
other portions with formations 1n the lower
part of the standard Mississippian succes-
sion of the middle Mississippi Valley area.
Hence, through conodont studies, it will
be possible eventually not only to solve the
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controversial black shale problem, but also
to obtain much valuable information on the
Late Devonian and Early Mississippian
paleogeography of North America.

Some investigators have confused cono-
donts with scolecodonts—the jaw structures
of polychaete worms. Scolecodonts, how-
ever, are morphologically distinct; some of
their more obvious characteristics betng that
they are brittle, jet black, siliceo-chitinous,
and insoluble in hydrochloric acid.

The writer thanks R. C. Moore and his
staff for making editorial suggestions and
for preparing the illustrations.

Some literature reaching the writer’s desk
after March 31, 1957, has not been con-
sidered in the preparation of this paper.

METHODS OF PREPARATION

Inasmuch as conodonts occur in all kinds
of marine sedimentary rocks, the method
used to prepare a collection for study de-
pends not only upon the condition of the
specimens, but also upon the nature of the
matrix. Whole well-preserved specimens
can be recovered from calcareous rocks with
a 10 to 15 percent solution of acetic or for-
mic acid. Acetic acid (CH3COOH) is in-
expensive but works so slowly that several
weeks may be required to recover the
conodonts in a 10- to 20-pound rock sample.
The rate at which the reaction proceeds is
governed to some degree by the amount of
calcium acetate present in the solution. This
salt is but slightly soluble in water and, by
coating the undigested part of a sample,
retards the chemical reaction, so that the
solute must be replaced frequently. Formic
acid (HCOOH) digests calcareous rocks
rather quickly but, in the process, may alter
some conodont specimens to a chalky white.
Both acetic and formic acids have sharp
disagreeable odors and should be used in a
well-ventilated room. Some investigators
prefer monochloracetic acid (CH;CIOOH)
because its calcium salt, being quite soluble
in water, does not impede the chemical
reaction. But monochloracetic acid must
be used very carefully, for, on contact, it
inflames and blisters the skin. Citric and
tartaric acids have also been used to recover
conodonts from calcareous rocks.

Specimens in an indurated noncalcareous
rock are seldom recovered in good condi-
tion if removed from the enclosing matrix.
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Crushing the matrix to pebble size will free
some specimens but, as indicated above,
most of those recovered will be fragments.
Some siltstones and sandstones can be dis-
integrated either with an ultrasonic device
or with a 10 to 15 percent aqueous solution
of hydrogen peroxide. Rocks that disinte-
grate in water, with or without boiling,
should be flushed until the water is no
longer muddy.

Most conodonts will pass through a 16-
mesh sieve and will be retained on the 150-
mesh screen. As their specific gravity ranges
from 2.84 to 3.10 (ErLison, 25), free speci-
mens can be separated from grains of quartz
(2.65-2.66), calcite (2.72), and several other
constituents of sedimentary rocks by making
a heavy mineral separation with a solution
of bromoform and acetone. The specific
gravity of this solution must fall between
that of calcite (2.72) and the lightest of
conodonts (2.84). This optimum can be
achieved easily by placing a piece of calcite
in acetone and adding bromoform until the
mineral just floats. Free conodont speci-
mens can also be concentrated with an iso-
dynamic separator. This electromagnetic
device is capable of separating mineral
grains that have very slight differences of
susceptibility, and can be used to advantage
on collections containing numerous iron
sulfide grains. With this device, the writer
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has been able to extract a 0.5 gram con-
centrate of conodonts from a heavy-mineral
sample weighing over 225 grams.

Most conodonts in black shales cannot be
removed in good condition from the en-
closing matrix. Little can be done to pre-
pare such material for study, though in
some instances it is possible to expose one
side of a specimen by flaking away the
matrix with a sharply pointed needle. Ex-
cellent rubber replicas of conodonts can be
made by filling their molds with a fast-
setting, ammonia-soluble, latex compound.
These replicas may eventually deteriorate,
but for a few years, at least, each one retains
all of the minute surface features of the
specimen it represents.

Good prints of conodonts can be made
by enlarging the photographic negatives of
specimens taken with standard equipment
at 10 magnifications. Specimens to be
photographed should first be coated with
a film of ammonium chloride. Stereographs
have been used in only a few papers on
conodonts; for the most part, this method
of illustrating fossils appears to have a
rather limited use in the study of conodonts.

The introduction to BransoN & MEHL’s
(7-10) Conodont Studies contains many use-
ful suggestions on the preparation and care
of conodont samples and specimens.

MORPHOLOGY

TERMINOLOGY

Since the time of PanbEr most students
have assumed that conodonts once func-
tioned as ingestive aids, and, as a result,
a descriptive terminology has been adopted
that is highly suggestive of teeth and other
mouth parts. There is, however, no reason
for believing that the like-named parts of
conodonts and of ingestive aids had similar
origins or identical functions. Despite this,
the terminology now used is adequate even
though it has not been completely stand-
ardized. The morphological terms in use
are listed below, and the parts of the cono-
dont to which some of these terms refer
are indicated in Figs. 1-4.

GLOSSARY OF MORPHOLOGICAL TERMS
[Terms of lesser importance are printed in italics.]
a-side. Same as anterior side; also has been used

to refer to posterior side of platelike conodont.

aboral (unten). Toward underside of conodont.

aboral attachment scar. Same as pulp cavity, es-
pecially an expanded pulp cavity or one which
is larger than a small-sized pit; also has been
used to refer to that portion of aboral side to
which the basal plate was attached.

aboral cavity. Same as pulp cavity.

aboral edge (Aboralkante). Sharp edge along mid-
line of aboral side.

aboral extension. Portion of expanded base of main
cusp extending below level of posterior bar.

aboral groove (Basalfurche, Basisrinne). Groove
along mid-line of aboral side of conodont.

aboral margin. Trace of aboral side of unit in
lateral view; also has been used to refer to aboral
side.

aboral process. Same as linguiform process.

aboral projection. Same as anticusp; also has been
used to refer to aboral extension.

aboral side (Aboralrand). Side onto which pulp
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oral }

anterior side ——

costa or ridge

Aboral 1

base

Lateral view
apical denticle

<

anterior blade

Lateral view

appressed or fused denticles

posterior blade

lateral ridge

position of /

pulp cavity

Lateral view

3

Fic. 1. Distacodontid and compound bladelike
1. Distacodus  incurvws (PANDER)
(52).——-2. Ozarkodina typica Branson & MEeHL
(7)——3. Dinodus fragosus (E. R, Brawson)

conodonts.

(Hass, n).

posterior side

pulp cavity

v denticles

posterior blade

lip of pulp cavity

anterior blade

cavity opens; undersurface area to which basal
plate is attached.

aboral surjace. Same as aboral side.

aboro-lateral groove. Same as aboral groove.

accessory lobes. Nodose processes on posterior por-
tion of platform located between transverse ridges
and blade (see Fax, 27, p. 9).

anterior (vorn ). Toward front end of conodont.

anterior arch. Arch located at anterior end of
compound conodont.

anterior bar (Vorderast, vorder Hiilfte). Bar located
along antero-posterior mid-line and anterior to
pulp cavity; also has been used to refer to blade
of platelike conodont, even though this blade s
actually located posterior (not anterior) to pulp
cavity.

anterior blade. Blade located along antero-posterior
mid-line and anterior to pulp cavity.

anterior curvature. Same as anterior blade, bar,
or limb.

anterior deflection. Down-turned distal end of an-
terior blade, bar, or limb.

anterior denticles. Denticles of anterior blade, bar,
or limb.

anterior edge. Sharp-cdged anterior side.

anterior face. Same as anterior side.

anterior inner bar. Same as anterior inner lateral
bar.

anterior inner lateral bar. Anteriormost of two or
more lateral bars on inner side of asymmetrical
compound conodont.

anterior limb, Same as anterior bar or anterior
blade; also has been used to refer to anticusp.

anterior margin. Trace of anterior side of unit in
lateral view.

anterior outer bar. Same as anterior outer lateral
bar.

anterior outer lateral bar. Anteriormost of two or
more lateral bars on outer side of asymmetrical
compound conodont.

anterior process. Same as anterior bar, blade, or
limbs also has been used to refer to anticusp.

anterior projection. Same as anterior bar, blade, or
limb.

anterior side (Vorderenkiel). Front end of cono-
dont; () in distacodontid conedonts, convex side
of cusp, or side facing in direction opposite that
toward which tip of cusp points; (#) in com-
pound conodonts, convex side of cusp and
denticles; in specimens with denticles not curved,
end ncarest pulp cavity; (¢) in platelike cono-
donts, distal end of carina.

anterior wing. Enlarged anterior side of distacodon-
tid; may be denticulated.

antero-inferior process. Same as anticusp.

antero-inner-lateral flange. Lobe just anterior to
main cusp on inner platform of Ieriodella.

anticusp. Downward projection of main cusp;
commonly bears denticles.

apex. Tip of pulp cavity; also has been used re-
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denticles
o)

posterior bar ————4 77

Lateral view

main cusp

anterior side —

anticusp —— =__-

denticles

position

Lateral view

of pulp cavity

w7

main cusp

p anterior bar

T

position of pulp cavity

discrete denticles

___ posterior side

posterior bar

main cusp

anterior arch

Anterior view

Fic. 2. Compound barlike conodonts (75).——1. Hindeodella subtilis BassLER.——2. Ligonodina pectinata

BassLER.

ferring to juncture of two or more bars, blades,
or limbs.

apical cone, Same as cusp,

apical denticle, Cusp of certain bladelike cono-
donts, such as Qzarkodinag; commonly larger
than adjacent denticles.

apical lamella. Small expansion or lip on anterior
side of base of cusp of Apatognathus (see Fay,
27, p. 9.

apical lip {Apicallippe). Faint lateral ridge separ-
ating aboral side from lateral side of compound
conodont.

apical pit. Same as pulp cavity.

3. Hibbardella angulata (HiNpe).

appressed denticles, Very closely set denticles, each
partly or entirely fused to adjeining denticles.

apron. Flaring base of conodont.

arch. More or less bilaterally symmetrical structure
consisting of cusp and two backward- or down-
ward-trending  blades, bars, or limbs, each of
which is joined to base of cusp and commonly
bears denticles,

assemblage. Association of several kinds of dis-
crete conodonts presumed to be structural parts
of one animal,

attachment scar. Same as pulp cavity, especially
an expanded pulp cavity or one which is larger
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carina

outer side

blade

Oral view

keel of carina

outer side

secondary keels

keel of blade

azygous node

outer platform

blade

posterior H_“_"‘“\_,\

anterior

keel of carina

pulp cavity

inner side

keel of blade

posterior

Aboral view

anterior

pulp cavity

——— inner side

lobe

anterior

caring

secondary carina

lobe

inner platform

Oral view

F1c. 3. Platelike conodonts with lateral platforms.
3. Ancyrodella sp. (Hass, n).

1,2, Siphonodella duplicata (Bransow & MEHL)

4. Palmatolepis perlobata ULricH & BassLer (Hass, n).

(10).
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carina

expanded pulp cavity

Oral view

anterior

inner platform

expanded pulp cavity ——

posterior

carina

nodes on cup

Lateral view 5

— anterior

nodes

expanded pulp cavity
carina

transverse ridge —

inner side

outer side

——— posterior

Oral view
Aboral view

Fic. 4. Platelike conodonts with expanded pulp cavities. 1,2, Ieriodus expansus Brawson & MenL (82).
34. Cavusgnathus cristata Branvson & Meur (11).——5-7. Gnathodus pustulosys Branson & MEHL

(11).
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than small-sized pit; also has been used referring
to portion of aboral side to which basal plate
was attached.

axis. Structures located along anteroposterior mid-
line of platelike conodont.

azygous node (Zentralknétchen, Zentralknoten).
Node located directly above pulp cavity of Pal-
matolepis and Panderodella; special kind of cusp.

b-side. Same as posterior side, also has been used
to refer to anterior side of platelike conodont.

bar. Shaft of compound conodont, commonly bear-
ing denticles (see anterior bar, lateral bar, pos-
terior bar).

bar teeth. Same as denticles.

basal attachment scar. Same as pulp. cavity, es-
pecially an expanded pulp cavity or one which
is larger than small-sized pit; also has been used
referring to portion of aboral side to which basal
plate was attached.

basal canalules (parasiten Ginge). Same as cells
that are located in basal portion of distacodontid
conodont.

basal cavity. Same as pulp cavity.

basal cavity inverted. Area about pulp cavity hav-
ing striae on lateral sides of conodont, indicating
that free edge of any lamella recedes orally from
the free edges of previously accreted lamellae.

basal cone (Basistrichter). An excavated, conelike
basal plate whose tip fits into the pulp cavity;
also has been used to refer to the base of a
conodont.

basal excavation. Same as pulp cavity.

basal expansion. Same as pulp cavity; also has been
used to refer to base of conodont.

basal groove. Same as aboral groove.

basal margin. Same as aboral margin; also has been
used to refer to aboral side.

basal plate. Laminated organic substance attached
to aboral side of conodont (see basal cone and
cone filling).

base. Area adjacent to aboral side; also has been
used referring to aboral side.

basis. Same as base; also portion of conodont struc-
ture surrounding pulp cavity.

blade (Blatt, Klinge). Laterally compressed struc-
ture; (@) in compound conodonts divisible into
posterior blade and anterior blade on basis of
position with reference to pulp cavity, both blades
commonly bearing denticles; (4) in platelike
conodonts part of axis located posterior to pulp
cavity, generally compressed and bearing den-
ticles.

blade parapet. High narrow platform to which
blade is joined, as in Cavusgnathus.

buttress. Same as linguiform process.

c-side. Same as inner side; also has been used to.
refer to outer side of some species of Ancyro-
gnathus, Ancyrodella, and Polygnathus.

cancellated structure. Concentration of cells where-
by lamellar structure of conodont is obscured.
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carina. Row of nodes or low denticles on oral side
of platelike conodont (see main carina, sec-
ondary carina); also has been used referring to
portion of axis of platelike conodont flanked by
platforms; also, for that portion of bar, blade,
or limb of compound conodont flanked by flange;
also, for ridge or costa.

cavity. Same as pulp cavity.

cells. Minute spherical or tubular voids within a
conodont; in some specimens, cells so concen-
trated as to obscure lamellar structure, thereby
forming cancellated structure.

central carina. Same as main carina.

central cusp. Same as cusp.

central pit. Same as pulp cavity.

central tooth. Same as cusp.

compound conodont. Bladelike or barlike unit,
commonly bearing denticles (Coleodontidae,
Prioniodinidae, and Prioniodontidae).

cone. Same as denticle or cusp.

cone axis. Same as growth axis if referring only to
separation of lamellae along a line.

cone cavity (Trichtergrube). Excavation of basal
cone, open aborally.

cone filling ( Trichterfiillung). Portion of basal plate
of some conodonts which is red-brown to dark
brown, opaque to translucent, coarsely laminated
and occupiés cone cavity.

conical node. Same as azygous node.

costa. Long narrow raised area or ridge.

crest. Same as carina; originally proposed for high
prominent carina.

crimp. Marginal band on aboral side of plate repre-
senting area covered by last lamella accreted to
conodont structure.

cristula. Same as rostral ridge.

cup. Greatly expanded pulp cavity beneath an-
terior half of some conodonts (e.g., Gnathodus).

cusp (grosser Zahn, Hauptzahn, Zahnspitze). Spine-
like, fanglike, or cone-shaped structure located
above pulp cavity; (@) in distacodontid cono-
donts, this structure comprises entire specimen;
(%) in most compound and some platelike cono-
donts, this structure commonly called main cusp,
the apical denticle and azygous node being spe-
cial kinds of cusps.

d-side, Same as outer side; also has been used to
refer to inner side of some species of Ancyro-
gnathus, Ancyrodella, and Polygnathus.

dental plate, Complete specimen; same as unit.

dental unit. Complete specimen; same as unit.

denticle (Dentikel, kleiner Zahn, Zacken, Zahn-
chen). Spinelike, needle-like, or sawtooth-like
structure, similar to cusp but commonly smaller.

discrete denticles. Denticles of same conodont that
are not closely set, each one being separated from
adjacent denticle by open space.

distacodid. Incorrect spelling for distacodontid.

distacodontid. Type of conodont consisting of fang-
like cusp (Distacodontidae, Belodontidae).
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double keel. Keel split along its mid-line by pro-
nounced groove.

erect, Trending upward, normal to oral edge of
conodont.

escutcheon. Same as pulp cavity.

expanded pulp cavity. Greatly enlarged pulp cavity,
aboral side of conodont being partly or entirely
opened up into concavity.

fang. Same as cusp.

fibrous conodont. Specimen whose original lamel-
lar structure has been obscured or replaced by
fibrous structure through alteration.

first-order denticles (grosse Zihnchen). Larger-
sized set of denticles on same blade, bar, or limb.

flange. Shelflike structure, broader than a lateral
ridge, trending in anteroposterior direction along
inner or outer side of blade, bar, or limb.

free blade (freies Blart). Portions of blade not
flanked by platforms.

furrow. Groove along anteroposterior oral mid-line
of conodont; also, any narrow trench or long
depression.

fused denticles. Same as appressed denticles.

germ denticles. Same as suppressed denticles.

growth axis. Direction of active growth indicated
by separation of lamellae along a line or plane.

growth center. Point about which the conodont de-
veloped, that is, apex of pulp cavity.

growth lamella. Same as lamella.”

growth lines. Traces of lamellae in section; also has
been used referring to striae.

heel. Posteriorly extended base of Belodus.

height. Measurement in oral-aboral direction.

horizontal basis. Same as posterior bar.

horizontal section. Section parallel to oral side.

inferior side. Same as aboral side.

infero-anterior denticle. Same as cusp.

inner basal ridge. Same as lateral ridge; also has
been used to refer to platform.

inner face. Lateral face of denticle or cusp on
inner side of conodont.

inner lateral bar. Lateral bar on inner side of asym-
metrical conodont.

inner lateral face. Same as inner face.

inner lateral lamina. Basal portion of inner side of
cusp between anticusp and posterior bar of
Ligonodina.

inner lateral process. Lateral process on inner side
of asymmetrical conodont.

inner parapet. Parapet on inner side of axis.

inner platform. Shelf on concave side of axis of
platelike conodont; commonly flanking carina
but may flank part or all of blade as well.

inner side (Inmenseite). Portion of conodont on
concave side of anteroposterior mid-line (not
applicable to bilaterally symmetrical conodont).

interior limb. Same as lateral bar.

jaw. Same as blade, bar, or limb.

keel (Kiel). Costa or rib on aboral side of plate-
like conodont (see main keel, secondary keel);
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also has been used referring to costa or ridge of
distacodontid conodent.

keel angle. Angle opening posteriorly, between
main keel and a secondary keel.

lamella (Wachstumslamelle). One of numerous
thin layers or sheaths which constitute a cono-
dont, each consisting of minute crystals of an
apatite mineral that belongs to the dahlite-
francolite isomorphous series; it is open toward
aboral side of fossil and was accreted about the
pulp cavity.

Iamellar conodont. Specimen whose original lamel-
lar structure is not obscured through alteration.

lateral bar. Bar whose proximal end joins antero-
posterior mid-line; in asymmetrical unit, bar on
inner side designated inner lateral bar, and bar
on outer side designated outer lateral bar (see
lateral process for exception).

lateral blade. Same as lateral bar.

lateral branch. Same as limb of anterior arch; also
has been used to refer to secondary carina.

lateral carina. Ridge or costa extending from near
base to near tip.on lateral face of cusp.

lateral costae. Same as transverse ridges.

lateral edge. Sharp-edged lateral side.

lateral expansion. Large process flanking pulp
cavity.

lateral face. Portion of denticle or cusp on lateral
side of conodont (see inner face, outer face).

lateral keel. Same as ridge or costa.

lateral limb. Same as lateral bar.

lateral process (Seitenast, Seitenfortsatz, Sporn).
Lateral bar, blade, or limb whose proximal end
is joined to anteroposterior mid-line adjacent to
pulp cavity; in asymmetrical conodont, structure
on inner side of pulp cavity designated inner
lateral process; structure on outer side of pulp
cavity designated outer lateral process (see arch).

lateral ridge (lateral Kante). Ridge trending in an-
teroposterior direction along inner or outer side
of blade, bar, or limb.

lateral side. Portion of conodont between anterior
and posterior sides (see inner side, outer side).

lateral wing. Enlarged or expanded lateral side of
distacodontid conodont; commonly denticulated.

length. Measurement in anteroposterior direction.

lesser denticles. Same as second-order denticles.

limb, Term used interchangeably with bar and
blade of a compound conodont; used especially
for unit with pulp cavity more or less equidis-
tant from anterior and posterior ends (see an-
terior limb, posterior limb).

linguiform process. Tongue-shaped structure.

lip (Lippe). Small lateral expansion flanking pulp
cavity.

lobe (Lappen; inner, Innenlappen; outer, Aussen-
lappen). Shelflike process; (2) in compound
conodonts, it trends outward from mid-line, is
more massive than a bar, and may support den-
ticles or nodes; (&) in platelike conodonts, it is
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generally built up about a secondary carina as in
Palmatolepis, and may be bifurcate, as in
Amorphognathus and Balognathus.

longitudinal plication. Same as longitudinal ridge.

longitudinal ridge. Ridge on oral surface of plat-
form trending parallel to axis of conadont.

longitudinal section. Section normal to oral side
and parallel to anteroposterior direction.

lower anterior denticle. Same as cusp.

lower side. Same as aboral side.

lower surface. Same as aboral side.

main carina (Kamm). Portion of axis anterior to
pulp cavity.

main crest. Same as main carina.

main cusp. Same as cusp.

main denticle. Same as cusp.

main keel. Keel along anteroposterior mid-line of
platelike conodont.

main middle cusp. Same as cusp.

main series of denticles. Same as first-order den-
ticles.

main trough. Trough along anteroposterior mid-
line of platelike conodont.

major denticles. Same as first-order denticles.

median branch. Same as posterior bar.

median caring. Same as main carina.

median cone. Same as cusp.

median longitudinal section. Longitudinal section
directly along anteroposterior mid-line of cono-
dont.

median ridge. Lateral ridge approximately equi-
distant from oral and aboral sides; also has been
used to refer to portion of axis of platelike cono-
dont flanked by platforms.

middle cusp. Same as cusp.

navel. Same as pulp cavity.

node (Knétchen, Tuberkel). A protuberance, knob,
or bump; some denticles, especially those of car-
ina, are nodelike.

nodose denticles. Same as nodes.

oral (oben). Toward the upper side of conodont.

oral bar. Same as posterior bar; also has been used
to refer to denticles.

oral denticles. Same as denticles.

oral edge. Basal stretch of posterior side of dista-
codontid conodont; also oral side of posterior
bar, blade, or limb of compound conodont.

oral margin. Trace or outline of oral side of unit
in lateral view; same as summit line; also has
been used referring to oral side.

oral side (Oralrand). Upper surface or side oppo-
site that onto which pulp cavity opens; in com-
pound and platelike conodonts this side com-
monly supports such structures as denticles,
nodes, and ridges.

oral surface. Same as oral side.

oral trough. Same as trough.

outer anterior spur. Portion of anterior bar, blade,
or limb beyond its juncture with lateral bar, as in
Centrognathodus.
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outer basal ridge. Same as lateral ridge.

outer face. Lateral side of denticle or cusp on outer
side of conodont.

outer lateral face. Same as outer face.

outer lateral lamina. Basal portion of outer side
of cusp of Ligonodina.

outer lateral process. Lateral process on outer side
of asymmetrical conodont.

outer parapet. Parapet on outer side of axis.

outer platform. Shelf on convex side of axis of
platelike conodont; commonly flanking carina but
may flank part or all of blade as well.

outer side (Aussenseite). Portion of conodont on
convex side of anteroposterior mid-line (not ap-
plicable to bilaterally symmetrical conodont).

outward side. Same as anterior side.

parapet. Wall-like structure on platform of plate-
like conodont or on flange of compound cono-
dont; also has been used referring to narrow
platform separated from adjacent platform by
deep trough (see blade parapet).

pinnate. Transverse rows of nodes or ridges which,
together with axis, give featherlike appearance
to conodont in oral view, as in Siphonodella
duplicata duplicata.

pit. Small-sized pulp cavity.

plate (Tafel). Structure consisting of inner and
outer platforms and adjoining portion of axis of
platelike conodont; incorrectly used referring to
platform.

platelike conodont. Unit having platforms or great-
ly expanded pulp cavity (cup); some units have
both characteristics (Polygnathidae, Idiognatho-
dontidae).

platform (Plastform, Tafel). Laterally broadened
structure or shelf (see inner platform, outer plat-
form); incorrectly used referring to plate.

posterior (hinten). Toward rear end of conodont.

posterior bar (hinterast, hinter Hilfte). Bar located
along anteroposterior mid-line and posterior to
pulp cavity.

posterior blade (hinterast, hinter Hilfte). Blade lo-
cated along anteroposterior mid-line and posterior
to pulp cavity.

posterior deflection (Abbiegung, hintere Abwirt-
skriimmung). Down-turned distal end of pos-
terior blade, bar, or limb.

posterior denticles. Denticles of posterior blade, bar,
or limb.

posterior downward deflection. Same as posterior
deflection.

posterior edge (hinterer Kiel). Sharp-edged pos-
terior side.

posterior inner bar. Same as posterior inner lateral
bar.

posterior inner lateral bar. Posteriormost of two
or more lateral bars on inner side of asymmetrical
compound conodont.

posterior keel. Same as posterior side.
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posterior limb ( Ainterast, hinter Hilfte). Bar or
blade located along anteroposterior mid-line and
posterior to pulp cavity.

posterior margin. Trace or outline of posterior
side of unit in lateral view; incorrectly used for
aboral margin.

posterior oral bar. Same as posterior bar.

posterior outer bar. Same as posterior outer lateral
bar.

posterior outer lateral bar. Posteriormost of two or
more lateral bars on outer side of asymmetrical
compound conodont.

posterior outer lateral process.
outer lateral bar.

posterior platform. Same as plate.

posterior process. Same as posterior bar, blade or
limb.

posterior side (hinterer Kiel). Back or rear end of
conodont; (@) in distacodontid conodonts, con-
cave side of cusp, or side facing in direction to-
ward which tip of cusp points; (%) in compound
conodonts, concave side of cusp and denticles;
in specimens with denticles not curved, end
farthest from pulp cavity; (c) in platelike cono-
donts, distal end of blade.

posterior wing. Enlarged posterior side of dista-
codontid conodont, may be denticulated.

postero-outer-lateral flange. Lobe just posterior to
cusp on outer platform of Icriodella.

principal denticle. Same as cusp.

proclined. Cusp trending upward and anteriorly
with oral edge of unit oriented horizontally.

pulpa. Same as pulp cavity.

pulp cavity (Basalgrube, Basisgrube, cavitas pulpae,
Nabel, Schild). Pit or concavity about which
conodont was built through accretion of lamel-
lae; this pit opens onto aboral side and is pres-
ent on all true conodonts.

pustule. Minute, circumscribed elevation.

recline. Cusp trending upward and posteriorly to
marked degree with oral edge of unit oriented
horizontally.

recurved. Cusp trending upward and directed pos-
teriorly to slight degree with oral edge of unit
oriented horizontally.

restoration or regeneration of parts. Process where-
by lost parts of damaged conodont were rebuilt
by a localized separation of lamellae along one
or more growth axes.

ridge. Long, narrow, raised zone or costa.

rim. Free edge or margin of platform of plate-
like conodont.

rostral ridge (Diagonalleist). Anteroposterior trend-
ing ridge adjacent to pulp cavity on oral side
of inner or outer platform (as in Siphonodella).

rugae. Strong transverse ridges.

secondary carina (Nebenkamm). Noded or denti-
culated structure on oral side of platelike cono-
dont, trending from axis to free margin of plat-
form.

Same as posterior
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secondary keel (Nebenkiel). Keel trending from
axis to free margin of platform, on aboral side
of platelike conodont.

secondary keel angle. Angle, opening posteriorly,
between secondary keels.

second-order denticles (kleine Zihnchen). Smaller-
sized of two sets of denticles on blade, bar, or
limb.

sheath. Expanded basal portion of cusp and ad)acem
part of blade, bar, or limb; also has been used
to refer to translucent portion of blade, bar, or
limb surrounding cancellated basal portion of
denticle; also, same as lamella.

sheath lamella. Same as lamella.

sinus. Indentation in margin of plate.

slant. Pitch of posterior side of blade of compound
or platelike conodont.

spur. Short blade, bar, or limb (see outer anterior
spur).

striac (Anwachsstreifen). Free edges of lamellae,
evident on aboral. or lateral sides of conodont as
faint parallel lines, arranged about pulp "cavity
as common point.

subapical aboral cavity. Same as pulp cavity.

subapical cavity. Same as pulp cavity.

subapical excavation. Same as pulp cavity.

subapical navel. Same as pulp cavity.

subapical pit. Same as pulp cavity,

sub-basal projection. Same as anticusp.

subsidiary denticles. Same as second-order denticles.

subterminal fang. Same as cusp.

sulcus (Diagonalgrube). Trough located immedi-
ately adjacent to carina or portion of blade
flanked by platform.

summit line. Trace or outline of oral side of blade,
bar, limb, or axis in lateral view; also, same as
oral margin.

superior cusp. Same as cusp.

superior fang. Same as cusp.

superior side. Same as oral side.

supero-anterior denticle. Large denticle near an-
terior end of posterior bar of Phragmodus.

suppressed denticles ( Keimzihnchen). Aborted den-
ticles that could not develop into mature struc-
tures owing to crowded condition along growing
edge of conodont; commonly called germ den-
ticles.

suppression of parts. Process whereby some growth
axes, chiefly those of small denticles, were in-
corporated by adjoining more favorably situated
growth axes so that growth of the smaller den-
ticles ceased; this condition, which resulted
through lack of room along growing edge, is a
characteristic of many compound and some plate-
like conodonts.

suture. Free edge of last lamella accreted to cono-
dont structure.

terminal cusp. Same as cusp.

terminal denticle. Same as cusp.

terminal fang. Same as cusp.
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Fic. 5. Laminations about apex of pulp cavity of
Bryantodus sp., lateral view, transmitted light,
*420 (34).

tip. Distal end of cusp or denticle.

tooth. Same as cusp or denticle; also used to refer
to complete conadont specimen.

transverse ridge (Querrippe). Ridge on oral sur-
face of platform of platelike conodont that trends
approximately normal to axis.

transverse section. Section normal to both oral
side and anteroposterior direction; also has been
used to refer to any section normal to direction
of active growth.

trough. Furrow on oral side of platelike conodont
{see main trough, sulcus).

tubercle. Same as node.

unit. Complete specimen.

upper anterior denticle. Same as supero-anterior
denticle.

width. Mcasurement at right angles to height and
length of specimen.

STRUCTURAL FEATURES

The true conodonts of Panper are lami-
nated structures, each one of them having
been built up through the accretion of
lamellae about the apex of the pulp cavity.
In any conodont, these lamellac are open
toward the aboral side of the fossil and are
separated from each other along one or
more growth axes. The very earliest growth
stages of all conodonts were similar, for
they are now represented by a series of
cone-in-cone lamellae that cap the apex of
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the pulp cavity (Fig. 5). Later growth
stages, however, were not the same in all
specimens, for the lamellae recording them
have many different shapes—as witness the
large number of conodont species now rec-
OgniZt‘d.

Based on form, conodonts have generally
been divided into 3 large groups; the dista-
codontids, the compound bladelike and bar-
like conodonts, and the platelike conodonts.
The distacodontids are fanglike structures,
for they developed chiefly through the sep-
aration of lamellae along a single axis (Fig.
6,1). The compound and platelike cono-
donts are more variform than the dista-
codontids, for in their development, growth
took place simultaneously in several direc-
tions and along numerous growth axes and
resulted in the formation of the denticulated
blades, bars, and limbs of the compound
conodonts, and the platforms, expanded
pulp cavities, and denticulated blades of the
platelike conodonts.

Growth in the compound and platelike
conodonts is herein illustrated by the longi-
tudinal section of the blade of Gnathodus
texanus Rounoy (Fig. 7,2) and the hori-
zontal section of the plate of Siphonodella
sp. (Fig. 7,1). In the section of the blade
of Gnathodus texanus, the trace of each
lamella appears as a line that trends up-
ward from the aboral side of the fossil into
the growth axis of a denticle, where it is
angular or chevron-shaped; any of these
lines, moreover, can be traced from the
basal part of a denticle into the denticle next
closer to the proximal or anterior end. Un-
less the definition is very good, the traces
of the lamellae of a conodont cannot be
followed throughout their entire extent;
but the observed portions of these traces
invariably have a concentric or enclosing
relationship (Figs. 6,1; 7,1; 8; 9).

The characteristics of the interlamellar
areas of conodonts are herein illustrated
by the longitudinal section of the blade of
Gnathodus texanus Rounvy (Fig. 7,2) and
by the horizontal section of the plate of
Siphonodella sp. (Fig. 7,1). These sections
indicate that the interlamellar areas, in the
directions of most active growth, are wide
and either hollow or but slightly filled with
structural material; whereas in the direc-
tions of less active growth, as well as in
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the later stages of growth along any growth
axis, the interlamellar areas are either very
narrow or, for all intents and purposes,
entirely absent. The interlamellar areas are
more or less tubelike in the blades, bars,
and limbs of the compound conodonts and

Fis. 6. Morphological features of conodonts.

ing lamellar mode of growth in a distacodontid conodont, <135 (52).
view of compound conodont showing suppression of parts, transmitted light, X85 (34).
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in the blades and platforms of the platelike
conodonts; also, in the compound ceno-
donts, these tubelike areas are open to the
exterior along the aboral mid-line of the
fossil, as well as along the aboral mid-line
of any lateral blade or bar that may be

1. Oistodus lanceolatus Panper, longitudinal section show-

2. Subbryantodus sp., lateral
3,4. Neo-

prioniodus sp., lateral views of compound conodont showing effects produced by reflected {3), and trans-
mitted (4) light, X85 (34).
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Fic. 7. Morphological features of conodonts.
lamellar structure, 80 (34).

1. Siphonodella sp., horizontal section of plate showing
2. Gnathodus texanus Rounpy, longitudinal section along blade showing

lamellar structure, X 125 (34).

Fic. 8. Lonchodus sp., transverse section showing

concentric relationship of lamellae, X165 (34).

present. In the platelike conodonts, the
interlamellar areas are also open to the
exterior along the aboral mid-line of the
fossil, as well as along the aboral mid-line
of any secondary keel that may be present.
In the distacodontids, as well as in the
denticles and cusps of the compound and
platelike conodonts, the hollow interlamel-
lar areas are somewhat cone-shaped. Nodes,
pustules, ridges, and most other features of
conodonts were also formed through a
localized separation of adjacent lamellae.
The lamellae of a conodont terminate
along the aboral side of the fossil where
their free edges appear as faint parallel
lines. The position that each free edge has
on the fossil with respect to all other free

Fic. 9. Siphonodella sp., transverse section through rostral area showing concentric relationship of lamellae,
X150 (34).
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edges determines the configuration of the
aboral side of the fossil. In general terms,
the aboral side can be concave, convex, or
even. If the aboral side is concave or
grooved, it is an indication that the free
edge of any lamella extends aborally past
the frec edges of all previously accreted
lamellae; for example, the expanded pulp
cavity or cup of the Idiognathodontidae was
formed in this manner. If the aboral side
is convex or sharp-edged, it is an indication
that the free edge of any lamella recedes
orally from the free edges of all previously
accreted lamellae; e.g., the inverted basal
cavity described by Linpstrém (44) was
formed in this manner; and if the aboral side
is more or less even, it is an indication that
the free edge of any lamella neither extends
past nor recedes from the free edges of all
other lamellae (Fig. 8). Because of its mode
of growth a conodont could have been
attached to another structural hard part of
the conodont-bearing animal only aloug its
aboral side. This view is supported by the
fact that many conodont specimens are
found that still have a basal plate attached
to the aboral side. This plate is variform,
but the shape appears to be constant for any
one species; for example, in Palmatolepis
perlobata (Fig. 10) it is thin and solid,
whereas in the distacodontid of Fig. 11, 1,2,
it is not only fanglike and hollow but also
slit along the anterior side. Published views
on the nature of the basal plate are given
below:

Stewart & Sweer (71) who worked on
some Middle Devonian conodonts from
Ohio stated that in their samples the physi-
cal nature of the basal plate

. is strikingly different from that of the cono-
dont itself. In general, this substance is much
softer, opalescent to waxy in luster, and appar-
ently rather porous, for it has been conspicuously
stained throughout by secondary iron oxide in
most of our specimens.

Professor Duncan McConnell, of the Depart-
ment of Mineralogy of the Ohio State University,
very kindly made petrographic and x-ray dif-
fraction studies of this basal material for us.
He reports (letter dated March 11, 1952) that
the x-ray powder pattern is *. . . qualitatively
identical with the pattern produced by collophane
regardless of its source of origin.” His petro-
graphic examination further indicated that the
material has a “lamellar structural arrangement
and appears to be essentially isotropic, which is
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Fic. 10. Basal plate of Palmatolepis perlobata UL-
rRicH & BassLEr, aboral side showing basal plate
attached to underside of specimen, %30 (Hass, n).

not characteristic of the conodont material itself.”
Both of these statements suggest to us that the
animal, of which the conodonts were originally
a part, had a skeletal (or exoskeletal) frame-
work of lamellar collophane. However, the pos-
sibility remains that the basal substance of the
conodonts was originally some type of tissue
(perhaps cartilagenous) which has been con-
verted to collophane during the process of fos-
silization (p. 262).

LinpstroM (44, p. 537; 45), who studied
some Ordovician conodonts from Sweden,
found two kinds of basal plates in his
material. One kind seemed to be com-
posed of the same mineral matter as the
conodont to which it is attached. He found
it to be dense, homogeneous, soluble in
hydrochloric acid, and definitely not bone.
The other kind of basal plate seemed to be
chitinous. “This plate is not soluble in
hydrochloric acid; it may be in the form of
a cone with the conodont attached to its tip.

Ruopes (59, p. 430) stated that the chemi-
cal composition of the basal plate “is es-
sentially similar to that of the conodont to
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Fie. 11.

Lateral view with basal plate partly broken away.

Characteristics of basal plate of distacodontid conodont, Scolopoa’m sp., ¥X20 (Hass, n).
2. Lateral view showing slit along anterior side of

basal plate.

which it is attached.” His conclusion was
based on the X-ray diffraction work of Roy
Puriirirs, who investigated some Silurian
conodonts to each one of which the basal
plate was still attached.

In 1957 Gross (33) reported on the basal
plates of some Upper Silurian and Upper
Devonian conodonts. Like McConNELL (in
StEwart & SweeT, 71, p. 262) Gross (Fig.
12) noted that the basal plate is laminated.
He also observed that in some of his Upper
Silurian conodonts, the basal plate is com-
posed of two parts: a basal cone (Basi-
strichter) and a cone filling (Trichter-
fiillung). The basal cone is somewhat
transparent and consists of a series of thin
conelike lamellae, set one within another.
In many specimens, this basal cone extends
far below the conodont to which it is at-
tached; that is, only the tip of the basal cone
is fitted into the pulp cavity. Also, this basal
cone is open toward the underside of the
fossil and may be deeply excavated (Fig.
11,7,2). The opening or excavation so
formed is called the cone cavity (Trichter-
grube) in order to distinguish it from the
pulp cavity. An opaque to translucent, red-
brown to dark-brown, coarsely laminated
material may occupy the cone cavity, This
material—the cone filling—is easily freed
from the inner surface of the basal cone.
In the case of his Upper Devonian speci-
mens, Gross noted that the basal plate is
indistinctly laminated, opaque, and dark
brown. Moreover, it is homogeneous and

could not be differentiated into a basal cone
and a cone filling.

It appears that the basal plate increased
in size through the aceretion of lamellae to
its undersurface. This surface is somewhat
uneven and formerly may have merged into
a softer non-preservable tissue of the cono-
dont-bearing animal. Presumably the
growth of a basal plate took place simul-
taneously with the development of the
conodont to which it was attached.

The conodont-bearing animal was able to
restore any part of a conodont structure that
had been broken away and lost. The restora-
tion of lost parts was accomplished through
a localized separation of subsequently ac-
creted lamellae along one or more growth
axes and generally resulted in an atypical
specimen, as the growth axes in the restored
parts are commonly out of alignment with
the stumps of the original growth axes
(Fig. 13). Also, the conodont-bearing ani-
mal may have been able to re-fuse or knit
the fractured parts of a conodont structure
(Ruobzs, 59, p. 431). The lost parts of a
conodont structure were commonly restored
and, therefore, it is the writer’s opinion that
they could not have functioned as teeth or
other ingestive aids. This view is held be-
cause the lost parts could have been restored
only as long as the conodont structure was
covered by the tissues that secreted the
lamellae; that is, at a time before the struc-
ture could have commenced to function as
an ingestive aid. If conodonts actually were
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ingestive aids, the only real change they
could have undergone after erupting from
the jaw would have been to wear away
through use, and the writer has found no
conodont whose present condition can be so
interpreted. Moreover, although the surface
features of some large specimens may be
weak, there is no criterion whereby a ma-
ture conodont can be distinguished from a
large immature one, and it is therefore im-
possible to determine which conodonts
could have functioned as teeth and which
could not, at the time death overtook the
animal that bore them.

Ruopes (59, p. 440, 441), who is strongly
of the opinion that conodonts are the in-
gestive aids of annelids, states that some
specimens appear to show evidences of attri-

bounding surface
of pulp cavity

base of conodont

cone filling
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tion (ELvison, 24, pl. 22, fig. 17; Branson
& MEHL, 7, p. 5; RuobEs, 58, pl. 23, fig. 259)
and that most conodonts exhibit some evi-
dences of fracturing. He admits that this
apparent wear could have resulted subse-
quent to the death of the conodont-bearing
animal through “post-depositional physical
processes”; but claims that, in any case,
wear is probably not a deciding factor in
determining the function of conodonts. He
points out that conodonts could have been
graspers of food instead of masticators.
Thus their function would have been similar
to that of scolecodonts, which seldom show
evidences of attrition, despite the fact that
they are composed of chitin—a material
much softer than the apatite of conodonts.

As for the regeneration of the lost parts

apex of pulp cavity

basal cone

bounding surface
of cone cavity

Fie. 12. Diagrammatic section showing morphological features and direction of growth of conodont and
its basal plate (arrows) (33).
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of a conodont, which the present writer
(Hass, 34) regards as evidence for indicat-
ing that conodonts were supports for a
covering tissue, Ruopes (56, pl. 26, fig. 5)
states that, with one possible exception, all
repairs to a conodont structure appear to
have involved the regeneration of missing
parts rather than the refusion or knitting of
fractured parts. In his opinion, regeneration
would most likely have occurred after the
structure had started to function as an
ingestive aid, for under that condition, the
fractured parts could easily have been per-
manently separated from each other. He
suggests “that the secondary canals recorded
by Beckmann (1), which extend to the sur-
face of the conodont, [might have had a]

Fic. 13. Morphological features of conodonts.
1. Lonchodus sp., lateral view showing restoration
of parts in compound conodont, transmitted light,
X70 (34). 2. Elictognathus sp., lateral view
showing aberrant effects caused by suppression and
restoration of parts in a fragment of a compound
conodont, transmitted light, X150 (34).
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function in the regeneration of broken
parts.”” Beckmann’s (1) ideas are given on
a later page of this paper.

Ruobes (59, p. 242) wrote: “The nature
of the basal cavity in conodonts suggests
that they were attached by the ‘aboral sur-
face, rather than being surrounded by tissue
(as an internal support would usually be).
It secems equally unlikely that they func-
tioned as supports on the body of some ani-
mal, since the plane of basal attachment is
at right angles to the plane of maximum
height of the conodont.”

Not all growth axes of a compound or
platelike conodont persisted throughout
ontogeny if room was lacking along the
growing edge. Under those conditions,
some of the growth axes of a specimen were
suppressed in favor of others, That is, dur-
ing normal growth, the larger-sized den-
ticles incorporated some of the adjoining
smaller-sized denticles into their own struc-
ture. Evidence of suppression is commonly
seen in the vicinity of the pulp cavity where
the main cusp or apical denticle is located
(see Subbryantodus sp., Fig. 6,2), but other
parts of a conodont structure are similarly
affected (see Elictognathus sp., Fig. 13,2). It
thus appears that through a restoration of
parts on the one hand and a suppression of
parts on the other, the conodont-bearing
animal attempted to maintain a maximum
number of strong effective growth axes
along the growing edge of the conodont
structure.

As a general rule each lamella of a cono-
dont is more or less transparent and has a
slight brownish or grayish tint. Hence, most
specimens range either between light tan
and dark brown or between dark gray and
grayish-black. But the appearance of some
specimens is due to other causes. For ex-
ample, some of the hollow interlamellar
areas of a compound or platelike conodont
are open along the aboral side of the fossil,
making it possible for foreign substances
to stain or react chemically with the in-
terior as well as the exterior of a specimen.
Specimens so affected commonly tend to be
friable and light gray. In some conodonts,
the lamellar structure has been locally ob-
scured by numerous small spherical or
tubular voids, which are called cells. Be-
cause of reflection from the surfaces of the
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cells, light rays cannot pass through a
cellular area, and, as a result, the same
specimen appears differently in transmitted
light and reflected light (see Neoprioniodus
sp., Fig. 6,34; Fig. 14). In transmitted
light, a cellular area is brownish-gray or
dark gray, whereas in reflected light the
same area appears very light gray or yel-
lowish-gray. In reflected light, denticles
with a cellular structure appear peglike, and
this feature has been interpreted by some
investigators as proving that the denticles
of a conodont are inserted into a blade or
bar in a manner similar to that in which
authentic teeth are set in a jaw. Actually
the peglike appearance of a denticle is
nothing more than an effect produced by
reflected light on the cellular structure of
a conodont.

The lamellar structure of some conodonts
may be obscured by a series of alternate
light and dark bands that trend outward
from the growth axis of a cusp or denticle,
or from the mid-line of a specimen (see
Cavusgnathus sp., Fig. 15,1,2). These light
and dark bands, however, are secondary
features with respect to the lamellae, for at
high magnification the lamellae can be seen
passing through the bands. PAnpER observed
these light and dark bands in some of the
specimens he studied and called such speci-
mens “obliquely layered” conodonts. It was
his opinion that the dark bands are com-
posed of cells, whereas the light bands are
composed of a homogeneous transparent
substance. Beckmann (1) believed that the
dark bands are dentine tubules (see Fig.
16,1).

Panprr (52) published a rather detailed
account of the morphology of concdonts.
The whereabouts of PANDER’s type material
is not known (Fay, 27, p. 36), though it
appears that at one time it was at Yale Uni-
versity (GriNNELL, 31, p. 229). The follow-
ing is a translation of pertinent parts of
Panper’s monograph (pages 5-8, 18, 19).
This translation was made for the writer
(34) by Mr. Avvazocrou, formerly of the
United States Geelogical Survey:

Conodonts are “minute fossils that closely re-

semble fish teeth in external form, [being] lus-

trous, elongated, sharply pointed upward or to-
ward one of the extremities, gradually or rapidly
expanded downward, more or less bent, and
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usually provided with sharp edges, one an-
teriorly, the other posteriorly. The lateral faces
are very differently shaped, being symmetrical or
asymmetrical, plain or lined along their length,
and often having a carina projecting laterally
from their smooth surface.

As in all teeth, a point and a base can be dis-
tinguished. The point is solid and the base hol-
low, forming the cavitas pulpae. The latter is
differently shaped in the various types of cono-
donts. Usually the cawitas pulpae is rounded oft
in its upper part, often it becomes narrower, and
sometimes it terminates in a blind point . . . .
In most cases the upper solid end of the tooth
is merely the gradual sharpening of the hollow
base, but frequently the base is separated ex-
ternally from the point by a constriction on the
outer and inner borders or on the inner border
only, The base, in some teeth, is extended at
the lower borders of the tooth peints in the same
direction that the tooth is inclined, without caus-
ing much change in the outline of the latter
[PANDER cites Ofsfodus as an example]; . . . in
other cases this extension increased along a hori-
zontal line [Panper cites Prioniodus]; . . . or in
an inclined or vertical line [Panpir cites Cordy-

Fic. 14. Morphological features of conodonts, Neo-
prioniodus sp., lateral view showing cellular struc-
ture of denticles, transmitted light, X220 (34).
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lodus] . . . . From this lateral clongation of the
hollow base short and successive continuations
are formed, which rise vertically, . . . obliquely,

. or horizontally . . . . The many short addi-
tional denticles originated from these extensions.
The compound teeth were formed in this man-
ner. There can be no doubt that the hollow
base was occupied by a pulp, and that a simple
pulp formed a simple tooth and a compound
pulp, a compound tooth,

The seeming slight change that conodonts have
undergone is remarkable, for apparently their
luster, color, and probably also their chemical
composition are original, so that one might be
tempted to ascribe them to the still living fishes.
This complete preservation is also surprising, be-
cause these teeth can be traced from the oldest
formations, the black slates, through all of the
Lower Silurian [Ordovician] formations up into
the Devonian limestones, that is, conodonts are
found in beds that have entirely different chemi-
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cal compositions and that certainly passed
through manifold chemical changes. It is all the
more striking that this substance appears to con-
sist almost entirely of calcium carbonate, for,
upon solution in acids, carbon dioxide is released,
and the oxalates produce a very considerable
precipitate,

The different substances of conodonts can be
divided into three classes. These classes are based
upon the external appcarance and the more or
less conformable internal structure: (1) snow-
white, opaque, with translucent borders; . . .
(2) yellow, entirely translucent, and appearing
hornlike; . . . and finally (3) white-reddish,
compact and entirely opaque . . . . We must
admit that the white ones mentioned by us
under number (1) were, during the carly stages
of their ontogeny, vellowish and transparent and
became snow-white and opaque only at maturity.
Therefore, taking the substance into considera-
tion, we might conclude that those placed in the

Fic. 15. Morphological feature of conodonts, Capusgnathus sp. 1. Horizontal section of platelike cono-

dont with expanded pulp cavity showing lamellar structure and alternating light and dark transverse bands,

transmitted light, X80 (34). 2. Enlargement of part of same specimen, transmitted light, X300
(Hass, n).
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dentine tubules

aperture of pulp cavity

pulp cavity

pulp cavity

aperture of pulp cavity

Fig. 16. Morphological features of conodonts according to Beckyanw (1), 1. feriodus symmetricus Branson
& MEeHL, transverse section showing lamellar mode of growth and darker transverse bands interpreted as

dentine tubules, > 120.

2. Bryantodus delicatus Branson & MEHL, reconstruction with part of specimen

cut away, X 90——3. Polygnathus pennata Hinpe, reconstruction with part of specimen cut away, > 90.

second category are the young of the first. This
viewpoint, however, must be discarded, because
not only are the mature forms of the second
category the most numerous of all of the teeth
found, but also they constantly differ from those
in the first category by having a long, hollow
base. The white-reddish, completely dull opague
forms are, as we shall see later, different in
every respect from these in the first two cate-
gories.

We shall turn now to the structure of these
teeth, which structure departs from any that up
till now had been considered indicative of
ichthyological character, and which principally
supplies the reason for not considering these re-
mains to be fish teeth.

We have seen that so far as the base 1s con-
cerned, it is hollow and was occupied by a pulp.
From the surface of this pulp, which persisted
for a long time, the substance of the wall of the
pulp and of the tooth peint was formed in such
a way that one lamella after another was de-
posited. A lamella formed subsequently was
placed against the inner wall of that which was
formed previously. From these cones, which are
differently shaped, which lie one over another,
and from which the name conodonts originated,
one can obtain the clearest picture of the surface
of the pulp during the formation of every single
lamella. If we compare the shape of the pulp
cavity in a conodont with that in a mature

tooth, we see great differences insofar that the
pulp cavity of a conodont does not extend very
far up into the point. Thus it does not resemble
the external form of the conodont as do the
cavities in the teeth of most living fishes.

The successive formation of the lamellae can
be clearly seen in the yellowish, transparent,
flexible, hornlike teeth, especially when both
surfaces of these teeth are slightly polished. It is
much more difficult to observe the lamellar for-
mation in the white, opaque teeth, which brealk
easily owing to their brittleness. Since they are
opaque, a much higher polish is required, and
therefore they must be handled very carefully.
A magnification of 100 diameters is sufficient
to distinguish the concentric lamellae in both
types; . . . and it scems that even at 300 diam-
eters the vellowish types do not show anything
more than homogeneous cones laid one upon
another. . . . In the white types, the lamellae, or,
more exactly, the spaces that lie between the
cones, which alone we really see, are, instead of
forming continuous interspaces, dissolved into
small cells or bubbles, which are arranged regu-
larly side by side along the length of the tooth.

In addition to the small cells discussed above,
we see in the white teeth some other correspond-
ing cells or cavities which are oval, larger, and
distributed without any regular order. In gen-
eral, they have their long axes parallel with the
long axis of the tooth.
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In the compound teeth . . . we could observe
the cellular formation of the lamellae only in
the large cusp and in the apical denticle, whereas
in the denticles we observed only cells which,
apparently, are distributed close to one another
or above one another. . . . In the structure of
the white-reddish, compact, opaque, mostly com-
pound teeth, we have found a structure that was
not clear to us, and therefore we have described
it as we have seen it. It seems that their genesis
from the surfaces of the pulp follows some other
laws, which are still of a puzzling nature to us,
namely: If we rub off both side surfaces, we
find in the central plane, . . . at low magnifica-
tions, only alternating light and dark cross-
striped areas, which are differently colored and
pass from one rim of the tooth to the other.
If a highly polished surface is studied at 300
magnifications, the dark stripes appear to be
composed of small cells or cavities, whereas the
light stripes represent the homogeneous, trans-
parent basic substance.

Although the base is hollow and in most cases
has smooth walls, at times one finds in this area
litle dark grains or cavities of various sizes,
with a dark border . . ..

Among the many thousands of teeth that we
studied with the aid of the magnifying glass and
microscope we know of only three in which a
disarrangement evidently occurred during their
growth . . . . In all three the original lamellar
formation began regularly at the point but was
interrupted sooner or later . . . . This first stage,
which did not advance farther, remained clear
and transparent, while the structure of the lower
part of the tooth which was formed subsequently
progressed together with the base and became
entirely cellular.

On pages 18 and 19 of his paper, PANDER
stated that on the basis of internal structure
he was able to

. . establish two main classes of conodonts. The
first class, the lamellar teeth, includes those
teeth that consist of cones arranged in layers,
one above the other, and nearly parallel to the
external periphery of the tooth. This class has
many representatives in the older periods. The
second class, the obliquely layered teeth, includes
those teeth in which the lamellar structure can-
not be seen. These tecth are denser and appar-
ently consist of alternating cellular and noncellu-
lar layers, which form the structure of the tooth
by lying obliquely one over the other.

Simple and compound teeth are found in both
classes. The simple teeth can hardly be sep-
arated from the class of lamellar teeth, for rela-
tively few of them are obliquely layered . . . .

There are great numbers of simple and com-
pound teeth in the first class. So far, the simple
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teeth have been found only in the lowest Silurian
[Ordovician] formations; the compound teeth,
on the other hand, pass from these beds through
the Upper Silurian [Silurian] and Devonian for-
mations into the Mountain [Lower Carbonif-
erous] limestone.

There is not sufficient reason for us to erect
a classification of these teeth that is based upon
external form, that is, whether the teeth are
straight or bent, crooked or inclined. Perhaps
this feature can be used as an aid in determining
species, but even here we had to be very cautious.

We found it more important to take into con-
sideration the outlines we obtained by sectioning
teeth through their middle part; for it can hard-
ly be expected that smooth, ribbed, keeled, and
truncated teeth could all exist in the mouth of
the same animal.

Beckmann (1) studied some well-pre-
served compound and platelike conodonts
from the Upper Devonian of Germany.
According to him, the first lamella of a
conodont was secreted by a pulp that occu-
pied the pulp cavity. This cavity in the
compound and platelike conodonts was con-
sidered to be slitlike and present along the
entire mid-line of the unit (see Fig. 16,2,3).
The primary or first deposited lamella, as
well as all others, was believed to have
been broken through by pores. BEckmMaNN
also believed that until it was fully formed,
the conodont structure was covered by a
meshlike tissue. This tissue was joined to
the pulp through a system of canals and pro-
vided the medium whereby secretions were
brought from the pulp to the outside sur-
face of the growing conodont structure,
where the fluids solidified to form the lamel-
lae. In that way a second lamella was se-
creted on the outer surface of the primary
lamella, a third lamella on the outer surface
of the second lamella, and so forth. Beck-
MANN stated that the lamellae are thickest
where the canals are most abundant, and
that during ontogeny, the pulp cavity was
gradually closed off from the aboral side of
the conodont, so that in a mature compound
or platelike unit, its opening is restricted to
a small aperture. Because of the nature of
the pulp cavity, the canal system, and the
lamellae, BEckmann assumed that the last-
deposited lamella of a conodont is not much
younger than the primary or first-deposited
lamella. To him, these features proved that
conodonts have a dentine structure.

Branson & MEnL (7) described the fib-
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rous structure of some toothlike fossils from
the Harding Sandstone of Colorado. Ac-
cording to them, these fossils, which are
commonly found crushed and frayed instead
of cleanly broken, are conodonts whose
structure is composed of bundles of fibers
instead of lamellae. “Fibrous” conodonts,
however, appear to be specimens whose
original lamellar structure has been ob-
scured through alteration, though RuopEs
& Wincarp (60) suggested that such speci-
mens, whose chemical composition approxi-
mates calcium metaphosphate, Ca(POs)s,
represent a group of primitive vertebrates
distinct from the lamellar conodonts. In
December, 1949, the writer examined Bran-
soN & MEeHL’s type specimens from the
Harding Sandstone and found remnants of
lamellae in some of the “fibrous” specimens
illustrated by them. These specimens, with
citation of their published figures, are listed
below:

Supposed Fibrous Conodonts Figured by
Branson & Mehl
Stereoconus robustus BransoNn & Meur (pl. 1, fig.

28, 29), cone-in-cone laminations at tip of cusp.
Neocoleodus spicatus Branson & Menr (pl. 1, fig.

37), free edges of lamellae of this specimen evi-

dent along aboral part of bar.

Chirognathus varians BransoN & MeHL (pl. 2, fig.

6), cone-in-cone laminations in smallest denticle.
Chirognathus varians Branson & MeHL (pl. 2, fig.

7), cone-in-cone laminations in distal part of

main cusp.

Chirognathus reversa BransoN & MenL (pl. 2, fig.

25), cone-in-cone laminations in largest denticle.
Chirognathus tridens Branson & MEenL (pl. 2, fig.

27), cone-in-cone laminations in distal part of

main cusp.

Specimens other than those listed above
have been identified with BransoN &
MenL’s “fibrous” conodonts. They belong
to several genera and species, and the pres-
ent writer believes that formerly they also
possessed a lamellar structure; if, however,
they are not laminated, they cannot be
identified with the true conodonts of Pan-
pER. It is the writer’s opinion, therefore,
that Branson & Menr’s (13) suborder
Neurodontiformes (conodonts with a fi-
brous rather than a lamellar structure) has
no place in conodont taxonomy, and that
Branson & Menr’s (13) suborder Cono-
dontiformes (conodonts with a lamellar
structure) is unnecessary, as it, like the
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order Conodontophorida, includes all true
conodonts.

PROPERTIES OF CONODONTS

Some investigators are of the opinion that
the chemical properties of conodonts tend
to align these fossils with the vertebrates
despite the fact that some invertebrates pos-
sess a somewhat similar chemical composi-
tion. Many investigators have mentioned
that conodonts consist chiefly of calcium
phosphate, and some have reported that
little or no organic matter is present. STAUF-
FER & PLuMMER (70, p. 21) have stated that
if the present composition of conodonts is
“an indication of the original composition
[then] . .. they are far removed from the
chitinous or horny teeth of the Arthropoda,
the Chaetopoda, or the Mollusca.” Scorr
(64, p. 450), on the other hand, held that
the difference in the chemical composition
of conodonts and scolecodonts had no great-
er taxonomic value than that of aiding “in
placing various forms in different orders or
families within a phylum.”

EvvisoN’s paper The composition of cono-
donts (25) is a comprehensive treatment of
that subject. His paper gives information
obtained through chemical, mineralogical,
petrographic, X-ray, and spectrographic
means. However, it should be pointed out
that according to Roy PuiLLips (in RHoDEs,
59, p. 429) some of Erison’s X-ray data
are incorrectly given. Some of the data
EvrLisoN recorded in his paper are listed be-
low:

TasLe 1. Properties of Conodonts

PHysicaL
Color: dark brown, light tan, clear amber.
Hardness:3 to 5 on Mohs scale.
Specific gravity: 2.84 to 3:10.
Fusibility: fuse with difficulty.
Indices of refraction: 1.595 to 1.612.
Birefringence: nil to weak, 0.000 to 0.003.
Crystallinity: composed of minute crystals.

CHEMICAL, QUANTITATIVE (average of two samples)

Ca0 48.05 percent
P:Os 34.96
Insoluble - 3.96
Remainder'  13.03

Total 100.00

1 Probably CO,, H,0, F,, Fe,0,, and organic and other
matter. ’
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CHEMICAL, QUALITATIVE

Water: droplets in heated closed tube.

Organic: Becomes dark gray in heated closed
tube.

Soluble in: hydrochloric, sulphuric, and nitric
acids.

Insoluble in: acetic and citric acids.

Positive test for: iron and fluorine,

Negative tests for: sulphur, chlorine, and manga-
nese.

SPECTROGRAPHIC
Conodonts consist chiefly of calcium phosphate
with iron, magnesium, sodium, and fluorine
present as traces.,

X-RAY

According to Errison (25, p. 138), the “diffrac-
tion pattern data on conodonts are very close to
those . . . . for fluorapatite, chlorapatite, dahl-
lite, and bone.” DuNcan McCoNNeLL, of The
Ohio State University, who, while at the Uni-
versity of Minnesota, did X-ray work on cono-
donts for STAUFFER (69), stated in a letter to
ErLrLison that “some conodonts are probably
dahllite, others francolite and some probably
lewistonite or dehrnite.”

Eirson (25, p. 139) concluded that
conodonts are composed of the same min-
eral matter as that present in fossil and re-
cent bones and teeth: “this mineral matter
is similar to the minerals of the apatite

group.”

Hass & Linoserc (39) presented cor-
roborative evidence on the composition of
conodonts and stated that conodonts are
composed of a mineral of the apatite group
that belongs to the dahllite-francolite iso-
morphous series. Inasmuch as the mineral
matter of conodonts contains about 1 per-
cent fluorine, it was identified as fluorine-
bearing dahllite. Hass & LinbBErc also
stated that each lamella of a conodont con-
sists of innumerable dahllite crystals. Com-
menting on the orientation of these crystal
units, they (p. 503, 504) stated that

in dahllite, a uniaxial mineral, the optic and the
crystallographic axes coincide; and as the dahl-
lite crystals in a conodont are in extinction only
when the growth axis of which they are a part
is aligned with the vibration plane of the analy-
zer or the polarizer, it follows that the crystal
units in each lamella of a conodont are oriented
in conformity with the direction in which the
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conodont grew. The wave of extinction that
moves through a conodont as the stage of the
microscope is rotated is suggested by the four
figures of the platforms of Siphonodella duplicata
(BransoN & MEeHL). Figures 1 and 3 [see Fig.
17,1,3], are similar, for they record the two ex-
tinction positions of the same group of crystals;
figures 2 and 4 [see Fig. 17,2,4] resemble each
other for the same reason. In all four figures
the darkened area along the carina is caused
partly by extinction and partly by an excessive
absorption of light,

The retardation of light by a conodont speci-
men is slight. Most specimens appear gray or
yellow between crossed nicols and only a few
show a spot of first-order red. The retarding
effect of the crystal units of a conodont on the
gypsum plate is such that the predominant color
resulting from subtraction is first-order yellow
and the colors resulting from addition are first-
order purple and second-order blue and green.
Optically, dahllite is negative, and in conodonts
the feature of subtraction results only if a direc-
tion of ontogenetic growth is aligned with the
slow vibration plane of the gypsum plate. Hence,
it follows that the c-axis of each dahllite crystal
is invariably oriented in the direction in which
the main ontogenetic growth occurred at the
place in the lamella where the crystal is located.
The color seen at any spot on a conodont is
produced by the mass effect of a number of
superimposed crystals. ‘These crystals are not in
exact alignment, but, as their birefringence is
low, the resultant color approximates that which
would be seen if the crystal units were actually
parallel.

In 1954, Roy Pumuips (i» Ruobss, 59,
p. 428-430) reported on chemical analyses
and X-ray studies of conodonts. He believed
that conodonts can be expected to show a
variable composition within the hydroxy-
carbonate—fluor apatite range of minerals,
that, other things being equal, the fluorine
content of conodonts should increase
throughout geologic time, and that one is
not justified “to apply the names of individ-
ual apatite species, such as dahlite and
francolite, to the mineral content of cono-
donts,” because the mineralogical nomen-
clature of the apatite group is in need of
drastic revision.

Although conodonts have world-wide dis-
tribution and have been known to paleon-
tologists for the last hundred years, they
were not studied extensively until ULricu
& BassLer’s (75) classification was pub-
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Fic. 17. Extinction of crystal units in platforms of Stphonodella dupiicata (Branson & Menr): 1-4.

Extinction at 45° intervals, 355 (39).
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lished in 1926. Important advances have
been made since that date but before this
group of fossils can be of the utmost use-
fulness to science, problems concerned with
the affinity of conodonts, the nomenclature
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of conodonts, and mixed conodont faunas
must be resolved; also, much more informa-
tion must be obtained pertaining to the
stratigraphic ranges of discrete genera and
species.

PROBLEMS IN CONODONT STUDIES

AFFINITY OF CONODONTS

Conodonts have few significant char-
acteristics and presumably are but one of
many anatomic parts that comprised the
conodont-bearing animal. It is not surpris-
ing, therefore, that many conflicting views
have been held concerning the zoological
position of this animal and the function
conodonts performed. Many published opin-
ions on the affinity of conodonts are briefly
stated and unsupported by data; only a few
are based on detailed morphological studies.
The many views that have been held on
this subject are summarized below. Other
summaries are given by STAUFFER & PLum-
MeR (70), Scorr (64), and Ruobes (59).

POSTULATE THAT CONODONTS BELONG
TO MOLLUSCA

It has been suggested that conodonts are
the spines, teeth, or hooklets of Mollusca,
such as the Gastropoda and the Cephalo-
poda. Loomis (46) is a recent proponent of
this view. To him (p. 663) it seemed “im-
possible that teeth so close in size, shape,
and composition as those of the conodonts
and the gastropods can belong to anything
but the same group of organisms.” He
pointed out that gastropod denticles range
from a quarter of a millimeter to a milli-
meter in length, are composed of horny or
chitinous material, and are firmly inserted
in a ribbon of like composition. He also
stated that hundreds to several tens of thou-
sands of denticles consisting of several
structural types may be present on the me-
dian and lateral rows of the radula of a
modern gastropod. Although the conodonts
Loowmis illustrated (see Fig. 18) are similar
in size and shape to the gastropod denticles
he figured, many other conodonts are quite
dissimilar, both in size and shape. More-
over, the true conodonts of PANDER are not
horny or chitinous as Loomis claimed but
rather, are composed chiefly of calcium

phosphate. According to PiLsery (53), cono-
donts most closely resemble rachiglossate
teeth, and, so far as he knew, gastropods
having such teeth are post-Paleozoic. Pivs-
Bry stated that “some conodonts resemble
certain cephalopod teeth” but gave no sup-
porting data.

POSTULATE THAT CONODONTS BELONG
TO ANNELIDA

Some of the earlier investigators consid-
ered conodonts to be the hooklets or den-
ticles of worms. ZirteL & Ronon (80), for
example, concluded that conodonts are the
teeth of annelids or Gephyrea, but, as stated
by Beckmann (1), their investigation was
limited in its scope and cannot be accepted
as correctly interpreting the nature of cono-
donts.

Recent proponents of an annelid affinity
are Scorr (64, 65), DuBors (22), and
Ruopes (56-59). They stated that natural
conodont assemblages have been found
which seem to be most closely related to
the jaw apparatus of the annelids. Accord-
ing to them, the number (14 to 22) and
kind of paired components in an assemblage
are constant and can be easily distinguished
from random groupings, including those
present in excreta. Presumably, because
conodonts are composed chiefly of calcium
phosphate, whereas scolecodonts are chitin-
ous, Scott (64, p. 455) wrote that probably
“one family of Paleozoic annelids possessed
a jaw apparatus composed of teeth which
we call conodonts; whereas, a second family
possessed teeth known as scolecodonts.”
However, he (65, p. 298) stated later that
“insofar as maneuverability is concerned, it
[a conodont assemblage] could operate with
equal ease either as the jaw apparatus of an
annelid or as gill rakers of a fish.” Scorr’s
specimens came from some black shales in
Montana. He (65, p. 295) designated the
component parts of an assemblage “by com-
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Fic. 18. Comparison of teeth on gastropod radulae with conodonts. Teeth on left belong to indicated genera

of modern gastropods. Those on right are conodonts of the following genera: 1, Cyrtoniodus; 2, Neocoleo-

dus; 3, Subcordylodus; 4, Lonchodus?; 5, Subcordylodus?; 6, Neoprioniodus; 7, Polycaulodus; 8, Pteroconus;
9, 10, Oistodus; 11, Paltodus (46).

mon nouns derived from the names of the
form genus to which similar parts have
heretofore been referred,” and described two
new genera: Lochriea, which consists of
hindeodells, prioniodells, neoprioniods, and
spathognaths; and Lewistownella, which
consists of cavusgnaths, hindeodells, neo-
prioniods, and subbryantods.

Scorr (65, p. 297, 298) published a
schematic representation of ‘“the probable
arrangement and relative position of cono-
donts in the genus Lochriea.” His draw-
ing is reproduced as Figure 42,2; Scorr had
this to say about it: “There is not much

question concerning the disposition of the
hindeodells, but the position of the prioniods
[neoprionieds], prioniodells, and spatho-
gnaths is a conjectural interpretation,
though it is believed that their orientation
is approximately correct. They probably
operated as rights and lefts, or possibly they
were placed in a circular position around an
esophageal tract. All of the denticles were
set on the soft parts of the animal . . ..
but could be moved with considerable ease.”

“Such an apparatus would not only form
an excellent screen to prevent undesirable
objects from entering, but would also pre-
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sent a formidable barrier for the escape of
desirable food once it had passed beyond
the battery of teeth.”

DuBors (22) studied some conodonts
from a Pennsylvanian black shale of Illi-
nois. It was his opinion that most conodonts
appear to be pharyngeal and buccal struc-
tures, and he suggested that they probably
are parts of annelids. His conodonts were
associated with numerous fossils assumed
to be of probable annelid origin—such as
trails, segmented impressions, and “prob-
lematic ‘parapodia’.” Most of his conodonts
were believed to be parts of an assemblage
that consisted of a pair of polygnathids
(identified as belonging to Streptognathodus
and considered to be the anteriormost unit
of the assemblage), a pair of bryantodids
(identified as belonging to Ozarkodina),
and several pairs of hindeodellids (identi-
fied as belonging to Hindeodella and con-
sidered to be the posteriormost unit of the
assemblage). He stated (p. 158) that

If it is assumed that conodonts are associated with

both the problematic parapodia and the worm

trails [mentioned above], it is possible to erect
a picture which may represent the appearance in
life of the animal which bore the teeth. The
adult was an elongate worm, seldom more than
three millimeters in width, with a length of at
least three centimeters, and probably five or
more. It probably possessed a ventral nerve cord
and resembled modern annelids in many other
internal structures. Metamerism may have been
indicated by the serial development of the jaws,
in which each type of tooth was restricted to a
separate metamere, and by the presence of regu-
larly arranged parapodia.

The anterior part of the digestive tract was
divided into buccal and pharyngeal regions. The
buccal cavity had a single (but perhaps more in
some cases) polygnathid on either side, with the
blade directed anteriorly. These jaws were
probably covered with hypodermis and cuticle
so that only the actual cusps were visible. Pro-
tractor and retractor muscles supported and
moved the teeth, Anterior to the polygnathids
there may have been one or two teeth of the
symmetrical type illustrated by Scort’s figure 3¢
(1935). [Scort’s paper (64) appears to have
been published in December 1934. The cono-
dont referred to above was identified as Prionio-
della(?).] The pharyngeal region supported the
hindeodellids which probably functioned in the
final straining or comminution of the food.

DenuaMm (20) wrote that conodonts ap-
pear to be grasping or holding organs and
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asked if conodonts might not be the copula-
tory structures of one or more groups of
extinct worms. He observed that some
“living worms, including the Nematoda and
several groups of the Turbellaria,” have
chitinous structures associated with their
reproductive organs. According to DENHAM,
these structures are paired and range from
single-spined spicules in the Nematoda to
quite complex objects in some of the flat-
worms (Fig. 19). Some worms have a
single pair of these structures, whereas oth-
ers have a group of them. These structures
are kept within the body except during
copulation, when they are extruded and
assist in the process of fertilization. DENHAM
suggested that conodonts might have per-
formed a similar function, that the accre-
tionary mode of growth in a conodont
could have been accomplished while the
conodont was held within the body of the
worm, and that if, during copulation, a part
of the conodont structure had been broken
away and lost, it could have been restored
later within the body of the worm.

The so-called micro-conodonts of WETZEL
are not related to the true conodonts of
Panper. WerzEL’s fossils are extremely
minute chitinous objects that were first
found in some Cretaceous rocks of the
Baltic region of Europe. In a recent paper
he (76, p. 803) stated that these

comb-shaped, bristty, and obviously organic
(chitinous) fragments which might be identified
with masticatory organs of annelids are found
occasionally in flints and chalks. These chaeta-
combs, as well as single and double chaetae of
pincer-like form . . . . have been classed as
micro-conodonts . . . . in contrast to Paleozoic
macro-conodonts already known for a long time.
Recently, Cretaceous micro-forms have been
. . . [classified] by American specialists as . . .
scolecodonts.

POSTULATE THAT CONODONTS BELONG
TO ARTHROPODA

A few investigators have related cono-
donts to the arthropoda. It has been sug-
gested that conodonts are the tips of seg-
ments of the exoskeleton of trilobites; that
some could be the claws of crustacea; that
they are the internal jaws of crustacea; and
that they are spines attached to the carapace
of an arthropod. Nothing similar has been
published since 1889.
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POSTULATE THAT CONODONTS BELONG
TO CHORDATA

The known range of conodonts (Lower
Ordovician-Upper Triassic) does not coin-
cide with that of any class of chordates with
which conodonts have been identified.
Hence, some investigators have been rather
noncommittal on the subject of that affinity.
Eriison (23) suggested that conodonts are
hard parts of fish or lower vertebrates;
Staurrer (69), that their composition tends
to relate conodonts with the vertebrates;
Youncouist (77), that conodonts may be
the internal supporting structures of fish;
and Staurrer & Prummer (70), that cono-
donts are the teeth, spines, and plates of an
extinct group of primitive fishlike animals.

Panper (52) regarded conodonts as fish
teeth. He admitted, however, that their
systematic position was open to question
because he had no information about the
animal that bore conodonts and because he
knew of no similar teeth in any possible
descendants or living animals. He was un-
decided as to whether conodonts were sit-
uated on the jawbone, the palate, or the
tongue. Moreover, he could not decide
whether each kind of conodont represented
a distinct biologic species or whether several
different kinds of disjunct conedonts were
present in the same animal.

Conodonts have been found associated
with some fish plates in the Harding Sand-
stone of Colorado. These plates, according
to Kirx (43), are generally referred to as
ostracoderm remains. Because the composi-
tion of these plates is identical with that of
the basal plates of the associated conodonts,
Kirk (p. 495) stated that

If the identification of the Harding sandstone
plates with the ostracoderms be accepted, this
discovery would seem to provide a new and
important clue to the real nature of these minute,
toothlike bodies. The suggestion contained in
these specimens that some conodonts, at least,
may be mouth parts of ostracoderm fishes is in
general agreement with a view that has long
been held by many authorities . . . that cono-
donts are the teeth of primitive fishes.

Kirk, however, was of the opinion that the
information he presented was insufficient
to permit a generalization being made on
the nature of all conodents.

Some workers have considered conodonts
to be the teeth of the Cyclostomata (lam-
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Fic. 19. Copulatory structures of some worms (20).

1. Chitinous copulatory structure of the turbel-

larian, Dalyellia rossi, X 285. 2. Similar strue-

ture of Dalyellia viridis, X 285. 3. Structure of

adult male nematode, Rhabditis sp., X200.——.
Various nematode spicules.

preys and hagfish) despite the fact that the
living representatives of this class have
horny teeth. Urricn & BassLer (75) be-
lieved that conodonts are the teeth of sev-
eral groups of primitive fishes and classified
the fanglike conodonts (i.e., Distacodonti-
dac) as probable relatives of the myxines.
Hupbre (42, p. 33) tentatively placed cono-
donts in “the Cyclostomata, because this
class includes the most primitive vertebrates
with similar tooth structures.”

Scuminr (62, 63) studied some conodonts
from a Carboniferous shale of Germany.
He identified them as placoderm remains
and believed that an assemblage of conedont
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Fic. 20. Scamipt's reconstruction of conodont assemblage presumed to represent mouth and gill arch struc-
tures of a placoderm, Westfalicus integer (Scumipr): Gnathodus, mandibles; Bryantodus, teeth on hyoid
arch; Lonchodus and Hindeodella, ceratobranchial and epibranchial gill arch structures, X 30 (62).

structures was present in each gnathostome,
some (Gnathodus) being mandibles, others
( Bryantodus, Neoprioniodus) teeth on the
hyoid arch and still others (Hindeodella,
Lonchodus) parts of the gill arches. His as-
semblage is now called Westfalicus integer
(see Fig. 20).

The conodonts considered to have func-
tioned as mandibles and identified as
Gnathodus (discrete conodonts in the sense
of Panper) consist of a pair of platelike
units, each of which has an expanded pulp
cavity; in this respect they do resemble a
gnathodid conodont, but Scumipt’s speci-
mens are too poorly illustrated to enable
anyone to verify his identification, ScamnT
regarded his Gnrathodus element to be the
anteriormost part of the assemblage and to
be so oriented that the distal end of the cups
of the two specimens formed the symphysis
of the jaw. The conodonts described in his
first paper and consisting of a pair of blade-
like forms identified as the Bryantodus ele-
ment, were considered to have functioned
as teeth on the hyoid arch. In his second
paper (63) he described an additional pair
of neoprioniodids present in the assemblage.
The Neoprioniodus element was presumed
to have been located dorsal to the Bryanzo-
dus element. Scummt believed that the
above-mentioned conodonts are parts of the
hyoid arch because, in his assemblages, they
are located between conodonts identified as
mandibles and others identified as parts of
gill arches. The posteriormost part of his
assemblage consists of five pairs of barlike
conodonts that were believed to be parts of
of five gill arches. These conodonts were

referred to as the Lonchodus (Hindeodella)
elements. Each one of the pair of conodonts
assigned to the first gill arch is twisted and
bears closely set denticles of one size; the
main bar of each specimen was called the
ceratobranchial and a shorter underslung
bar, the epibranchial. Conodonts assigned
to gill arches 25 belong to the genus
Hindeodella. Here again Scmmit (63)
considered the longer denticulated bar of
specimen to be a ceratobranchial and the
shorter denticulated bar to be an epibranch-
ial. He believed that the Conodontophorida
should probably be classified under the
Aphetohyoidea, a class that includes the
placoderms. .

BrckmanN (1) accepted Scumipt’s con-
clusions on the zoologic affinity and the
function of conodonts. Specimens belonging
to Polygnathus, Ancyrodella, and Icriodus
were believed to have functioned as man-
dibles; those belonging to Bryantodus to
have functioned as teeth on the hyoid arch;
and those belonging to Ligonodina and
Neoprioniodus to have functioned as cerato-
branchials.

Conodonts have been identified as the
teeth of Chondrichthyes. These fish have a
cartilaginous skeleton and their teeth con-
sist of dentine, a pulp cavity, and an enamel
cap. Urricn & BassLer (75) considered
those kinds of conodonts which in the pres-
ent paper are assigned to the families Belo-
dontidae, Coleodontidae, Prioniodontidae,
and Prioniodinidae, as being the teeth of
fish and as probably being related to the
selachians.

They concluded that each kind of cono-
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dont was characteristic of a distinct animal.
In their opinion, specimens classified as
Polygnathidae resemble the dermal denticles
of recent sharks and perhaps, therefore,
should not be identified as true conodonts.
Eicueneere (23) favored the idea of cono-
dont assemblages; he studied some recent
fish remains and became convinced that
conodonts functioned as the teeth, scales,
and gill rakers of primitive elasmobranchs
and teleosts. DEmaner (18) agreed with
ScumIpT as to the function of conodonts but
preferred to classify them as elasmobranch
remains instead of placoderm, as ScumipT
had done. Demaner (19) also found an
object believed to be a conodont on the
branchial arch of Coelacanthus lepturus
Acassiz [=Rhabdoderma elegans (NEw-
BERRY) ]; but Ruopes (58) who examined
the same specimen stated that the object in
question is probably not a conodont.

Gross (32) made a detailed histologic ex-
amination of Spathognathodus murchisoni
(PanDER), a bladelike species from the Is-
land of Oesel. He compared the structures
present in his specimens with those of au-
thentic teeth and the bones of some Paleo-
zoic Agnatha and fishes. Although he was
not able to solve the problem of zoological
relationship, he was able, in his opinion, to
eliminate some groups as possible close
relatives of the conodont-bearing animals.
His conclusions (Gross, 32, p. 79) as given
by MiLLer (50, p. 1325) are:

1) Conodonts are not formed by a cuticula, as
is the case in skeletons of arthropods and jaws
of annelids. Those organs are secreted layer by
layer from the epidermis-cells, and therefore be-
come thicker toward the base.

2) Conodonts are neither mouth-teeth nor skin-
scales of vertebrates. They are not composed of
dentine, have no pulpa nor dentine channels,
grow by outer instead of inner deposition, and
are able to regenerate lost denticles as well as
suppress others by the formation of germ den-
ticles.

3) They are not a part of the endoskeleton of
vertebrates. If so, in the case of Paleozoic
Agnatha or fishes, they would form an ossifica-
tion around a cartilaginous core, and therefore,
as a fossil, would surround a cavity, filled with
sediment. Otherwise, they would have the spongy
texture of cartilagenous tissue; such is not the
case. Also, the shape is not as would be expected
in parts of an endoskeleton.

Gross stated that conodonts probably
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were the sole preservable part of the animal
that bore them and suggested that this ani-
mal belonged to a distinct stem of the chor-
dates or jawless vertebrates.

POSTULATE THAT CONODONTS BELONG
TO UNCLASSIFIED ANIMALS

Some investigators who consider cono-
donts to be ingestive aids have stated that
the zoological position of the conodont-
bearing animal is uncertain. Others have
suggested that some conodonts could have
been parts of the armor of an unknown ani-
mal. The present writer (34, p. 71) has
published judgment that “conodonts func-
tioned as internal supports for tissues that
were located at a place exposed to stresses
upon the exterior of or within the bodies
of some genetically related group of marine
animals.”

Presumably this conodont-bearing animal
was soft-bodied, bilaterally symmetrical,
marine and pelagic. These opinions are
held for the following reasons:

(1) The thesis that the conodont-bearing
animal was soft-bodied—that is, that the
organism consisted chiefly of structures and
tissues incapable of fossilization under ordi-
nary circumstances—is based on the fact
that conodonts and the basal plate to which
some conodonts are still attached are the
only recognizable hard parts found after
more than 100 years of research. The dark-
brown to black carbonaceous substance as-
sociated with some conodonts in black
shales may represent another part of the
conodont-bearing animal but, as yet, the
nature of this material has not been de-
termined. Additional, and perhaps decisive,
information on this subject could probably
be obtained through a thorough examina-
tion of fine-grained rocks derived from sedi-
ments deposited in quiet marine and la-
goonal environments; such rocks probably
contain recognizable impressions and films
of the softer parts. Concretions, especially
those that developed in a reducing environ-
ment, might also contain impressions, films,
and even mineralized replacements of the
animal.

(2) The conodont-bearing animal is be-
lieved to have been bilaterally symimetrical

because many species of disjunct conodonts
contain both righthanded and left-handed
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specimens. The arrangement of paired
specimens in an assemblage, as in West-
falicus integer (Scumipr) and Scotzog-
nathus typica (RuobEs), also indicates
that the animal had this type of symmetry.
Assemblages are quite scarce; they are also
difficult to interpret. All those presently con-
sidered authentic are from the Carbonifer-
ous and contain between 7 and 11 pairs of
components, assignable to three to five gen-
era of disjunct conodonts; in addition, ML-
LEr (50, p. 1326) suggests, some assemblages
may have had an unpaired bilaterally sym-
metrical element, such as a roundyid or a
hibbardellid. Nothing is known of the
composition of pre-Mississippian, Permian,
or Triassic assemblages, though it is gen-
erally assumed that the arrangement of their
components is similar to those of the Car-
boniferous. However, it is also evident that
the kinds of components in assemblages
changed greatly throughout the phylogeny
of the conodont-bearing clan.

Because some prepared collections consist
chiefly, or even entirely, of one kind of
conodont specimen, it has been suggested
that some assemblages had only one or pos-
sibly two kinds of structures. This could
be the case, though it is also possible that
such singular associations resulted through
winnowing. On the other hand, selective
sorting may have played only a minor role
in the concentration of specimens which
exhibit no evidence of excessive fracturing.

It also has been suggested that the com-
position of a conodont assemblage might be
worked out through a statistical study based
on the relative abundance of the different
kinds of disjunct conodonts in a large num-
ber of collections from the same bed, es-
pecially if the fauna of that bed consists of
only a few different kinds of structures.
The merit of this suggestion cannot be
evaluated at present.

(3) The conodont-bearing animal is be-
lieved to have been both marine and pelagic.
This view is held because conedonts have
a world-wide distribution and are found
associated with marine fossils in all of the
ordinary kinds of marine sedimentary rocks.
Conodonts, therefore, cannot be classified as
facies fossils, and the animal that bore them
must have been pelagic. The fact that cono-
donts are commonly found in black shales—
which were derived from sediments de-
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posited in an oxygen-deficient environment
—gives support to this thesis, for it indicates
that the animal lived in the oxygen-rich
surface waters and only after death sank
into the foul bottom waters.

Although conodonts are not facies fossils,
they are more abundant in some kinds of
marine rocks than in others. Argillaceous
and arenaceous limestones are more likely
to have an abundance of well-preserved
specimens than are the purer denser kinds
of calcareous rocks. Mudstones, sandstones,
and conglomerates also contain a fair num-
ber of specimens, especially if the deposits
are thin and lie directly on top of an eroded
surface. Black shales commonly appear to
contain a large number of conodonts due,
at least in part, to the fact that most other
kinds of fossils are either extremely scarce
or entirely absent. Conodonts also tend to
be more abundant in some beds of a for-
mation than in others, even though all parts
of the sequence have similar gross physical
characteristics. This uneven distribution
could have resulted through the introduc-
tion of reworked specimens into the natural
fauna of a formation, through variations in
the rate of accumulation of sediments—the
slower the rate, the greater the concentration
of conodonts—or through occasional explo-
sive increases in, or wholesale deaths to, the
conodont-bearing animal population of an
area.

NOMENCLATURE

Most descriptive papers on conodonts are
concerned with discrete specimens, but a
few, including those by Scorr (65),
ScamipT (62), and RuobEes (56), treat of
assemblages; an assemblage consists of sev-
eral different kinds of discrete conodonts
that are presumed to represent parts of one
animal (Figs. 20, 42). Most investigators
are of the opinion that a system of dual
nomenclature is needed to designate cono-
dont material adequately. They hold that
one set of names should be used in a utili-
tarian classification based on discrete speci-
mens and that a second set of entirely dif-
ferent names should be used in a biologic
classification based on assemblages; this
view is held despite the fact that such a
system is contrary to the Rules of Nomen-
clature as presently conceived.
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Between 1856 and 1934 the binomina of
disjunct conodonts were commonly treated
as the names of whole animals, and were
conceived as being subject to all of the pro-
cedures and rules of zoological nomen-
clature as laid down by the International
Commission. But since 1934 many investi-
gators have regarded the binomina of as-
semblages as referring to whole-animal taxa,
and the binomina of disjunct conodonts as
referring- to form-taxa, that is, to form-
genera and form-species, which are equiva-
lent to the partial-genera and partial-species
of MiiLLEr (50). During the past 100 years
approximately 160 generic names and over
2,500 specific names have been proposed for
discrete conodonts, and although some of
these names are obviously synonyms, they
greatly outnumber the eight generic and
nine specific names that have been given to
approximately 250 observed conodont as-
semblages. Some of these associations of
discrete conodonts, each originally described
as representing an assemblage, are presently
regarded as being accumulations that could
not have been derived from one individual.

RuobEs (56, 57) has stressed the need for
devising a system of dual nomenclature.
He intentionally proposed new generic and
specific names for some conodont assem-
blages despite the fact that his synonymies
include names of discrete conodonts which
had been proposed previously in compliance
with the Rules. Ruobks objected to identify-
ing any one of his conodont assemblages
with the earliest validly proposed name of
one of the components of that assemblage
because had he done so he would have
completely wrecked a well-established sys-
tem of nomenclature which is extremely
useful to the stratigraphic paleontologist.
Moreover, he pointed out that representa-
tives of the same genus or species of dis-
crete conodonts could be present in several
otherwise distinct assemblages, and that if
such specimens were the first-named of
the several components, the Rules would
require placing unlike assemblages in the
same generic or specific category.

SincLaIr (66), however, has pointed out
that the acceptance of a system of dual
nomenclature contravenes an important
principle, inasmuch as it would permit the
same animal to have more than one valid
name. He favored strict adherence to the
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International Rules of Zoological Nomen-
clature—that is, the Law of Priority must
prevail—and suggested that each compon-
ent of an assemblage be designated not by
a generic and specific name but by a com-
mon noun derived from the name of the
genus to which the component belongs.
For example, he would use the name
hindeodell element instead of Hindeodella;
prioniod element instead of Prioniodus; and
polygnath element instead of Polygnathus.
SiNcLAIR stated that a name does not belong
to the material described, no matter how
complete or incomplete that material may
be, but to the animal possessing that mate-
rial, and, also, that the name of a conodont
assemblage cannot be placed in a higher
nomenclatorial category than the names of
its components. Moreover, he pointed out
that all fossils are but parts of animals, even
though some fossils may represent more of
the whole of an animal than others do; also,
zoological nomenclature would become
quite transitory if the name of an animal
were to be continually changed as more
and more complete anatomical material is
discovered and made known.

According to SyLvEsTER-BrabLEY (73,
p- 333), however, “There is no legal objec-
tion to the concurrent use of the two alter-
native systems of nomenclature” as long
as the specific name of a conodont assem-
blage is not a junior objective synonym of
the name of one of the components of the
assemblage, and as long as the generic
name of a conodont assemblage is not a
junior objective synonym of the name of a
genus based on discrete conodonts. All other
names “are subjective synonyms and can
always be validly used by a taxonomist who
disagrees with the synonymy” as presented
by another investigator. However, Syi-
vESTER-BRADLEY was well aware of the fact
that any system of dual nomenclature would
invite confusion unless regulatory provi-
sions were written into the Rules.

Similar nomenclatorial problems confront
specialists working with the discrete parts
of some other groups of animals, such as
annelid jaws (scolecodonts); radular ele-
ments and opercula of gastropoda and
cephalopods (aptychi); ossicles of crinoids,
cystoids, blastoids, echinoids, and astero-
zoans; spicules of sponges, octocorals, and
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holothurians; and isolated coccoliths. An the Commission has ruled that the classi-

adequate solution to the problem, therefore,
is of concern to many zoologists and paleon-
tologists. Some investigators, including
Frizzerr and ExLiNe (29), are strongly in
favor of a system of dual nomenclature that
would function within the framework of
the Rules of Zoological Nomenclature. Con-
versely, other investigators have recom-
mended that the names of disjunct parts of
animals be treated as technical terms rather
than as zoological names. This recom-
mendation, however, solves nothing, for
should a student follow it, he must then
employ a terminology—such as the military
classification proposed by Croneis (17)—
that falls outside the scope of accepted
zoological nomenclature, thereby depriv-
ing himself and others of the protection,
regulation, uniformity, and stability that
the Rules give to students of whole ani-
mals. Obviously something must be done,
for the existing situation leads to uncer-
tainty in the application of the Law of
Homonymy and thereby affects the nomen-
clature of all groups of animals.

In an attempt to resolve these nomen-
clatorial problems, MooORE & SYLVESTER-
BrapLey (47) submitted an application to
the International Commission on Zoological
Nomenclature in July, 1958. They re-
quested that “a special category [be recog-
nized] for the classification and nomencla-
ture of discrete fragments or of life-stages
of animals which [in the opinion of the
Commission] are inadequate for identifica-
tion of whole-animal taxa.” Moore & Svi-
VESTER-BraDLEY proposed the designation
parataxa (associate taxa) for this new cate-
gory. They stated that the “nomenclature
applied to taxa and parataxa should be
mutually exclusive and independent for the
purposes of the Law of Priority, but co-
ordinate for the purpose of the Law of
Homonymy, names belonging to one cate-
gory not being transferable to the other.”
If adopted, they believed, their proposal
would provide a means of preventing “(a)
the invalidation of names applied to terms
of whole animals which are junior syn-
onyms of parataxa; and (b) the invalidation
of parataxa as synonyms by the discovery
that more than one parataxon belongs to a
single whole animal.” MooRre & SYLVESTER-
BrapLEY's application provided that *“once

fication of any group of animal fragments
shall be in terms of parataxa, that ruling
shall apply retroactively, as well as to fu-
ture publication, irrespective of whether the
author in question uses the term parataxa.”

Moore & SyLvesTEr-BrabLey (48) also
submitted to the International Commission
an “application for a ruling . . . directing
that the classification and nomenclature of
discrete conodonts are to be in terms of
parataxa.” This application gave a detailed
account of the nomenclatural uncertainties
that confront the conodont specialist under
the existing Rules, uncertainties which leave
a worker no alternatives other than the dis-
rupting of conodont nomenclature or dis-
regard of the Rules of Nomenclature.
Moore & SYLVESTER-BRADLEY’s proposals
on parataxa were rejected by the 15th In-
ternational Congress on Zoology which met
in London in July, 1958. However, the Con-
gress did pass a resolution suggesting that
the names of fragments (such as those of
disjunct conodonts) should not be required
to compete in synonymy with the names of
genuine taxa, as would be the case under a
strict interpretation of the Rules. Hence, in
the present paper, a system of dual nomen-
clature, fashioned after the Moore & Svir-
VESTER-BRADLEY proposals, is used in antici-
pation of its ultimate acceptance by the In-
ternational Commission on Zoological
Nomenclature.

In order to supply ready reference to the
many changes which must be made before
the conodont specialist is provided with a
stable nomenclature, MooRE & SYLVESTER-
BraDLEY’s proposals are given below; these
authors requested the Commission to direct
that:

(1) the nomenclature of all categories based on
types which, in the opinions of the original
authors, are discrete conodonts, shall be in
terms of parataxa and as such shall be un-
available as names of taxa based on conodont
assemblages;

(2) the names of all categories based on types
which, in the opinion of the original authors,
are assemblages of conodonts derived from
single animals, shall be unavailable for the
designation of parataxa;

(3) notwithstanding (2) above, the generic
name Polygnathus Hinoe (1879:359) (gen-
der: feminine) (type-species, by subsequent
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Problems in Conodont Studies

designation by MiLLEr, 1889: 520, Poly-
gnathus dubius HINDE, 1879) be placed on
the Official List of Generic Names in Zoology
as the name of a parataxon;

the name dubius Hinoe (1879: 362-365),
published in the combination Polygnathus
dubius Hinoe, 1879 (type-species of Poly-
gnathus Hinpe, 1879) be placed on the
Official List of Specific Names in Zoology
as the name of a parataxon, this species to
be interpreted by the specimen figured by
Hinpe as pl. 16, fig. 17, now preserved in
the British Museum (Natural History) un-
der Catalogue Number A.4211, which speci-
men is to rank as lectotype;

the following generic names introduced for
assemblages of conodonts believed by their
authors to represent single animals, are not
available as names of parataxa, and are to
be entered in the Official List of Generic
Names in Zoology;

Duboisella Ruopes (1952: 895) (gender:
feminine) (type-species, by original
designation, D. ¢ypica Ruopes, 1952);

Scottognathus Ruopes (1953: 612) (gen-
der: feminine) (type-species, by original
designation, Scottella typica RHODES,
1952);

llinella Ruopes (1952: 898) (gender:
feminine) (type-species, by original
designation, I. ¢ypica RHopEs, 1952);

Lochrica Scort (1942: 293) (gender:
feminine) (type-species, by original
designation, L. montanaensis ScortT,
1942);

Lewistownella Scorr (1942: 299) (gen-
der: feminine) (type-species, by original
designation, L. agnewi Scorr, 1942);

Westfalicus Scummt [? 1956] (gender:
masculine) (type-species, by original de-
signation, Gnathodus integer SCHMIDT,

1934).

the following specific names, type-species of
the genera listed in paragraph (5), being
based on assemblages of conodonts pre-
sumed by their authors to represent single
animals, are not available as names of
parataxa, and are to be entered on the Offi-
cial List of Generic Names in Zoology:

typica Ruopes (1952: 895), as published
in the combination Duboisclla typica
(type-species of Duboisella);

typica Ruooes (1952: 891), as published
in the combination Scorzella typica
(type-species of Scottognathus RHODEs,
1953);

9

)

)

(10)

w37

typica Ruopes (1952: 899), as published
in the combination Hlinella typica
(type-species of llinella);

montanaensis Scorr (1942: 295), as pub-
lished in the combination Lochriea
montanaensis (type-specics of Loch-
riea);

agnewi Scorr (1942: 300), as published
in the combination Lewistownella
agnewi (type-species of Lewistownella);

integer Scummt (1934: 77), as published
in the combination of Gnathodus inte-
ger (type-species of Westfalicus).

the following generic names, being intro-
duced as names of categories based on dis-
crete conodonts, are to be entered as names
of parataxa on the Official List of Generic
Names in Zoology:

Prioniodus Panper (1856: 29) (gender:
masculine) (type-species by subsequent
designation by MiLLer, 1889: 520, P.
elegans PANDER, 1856);

Gnathodus Panper (1856: 33) (gender:
masculine) (type-species, by mono-
typy, G. mosquensis PANDER, 1856);

the following specific names, having as
type specimens discrete conodonts, are to be
entered as parataxa on the Official List of
Specific Names in Zoology:
elegans PanDER (1856: 5), as published in
the combination Prioniodus elegans
(type-species of Prioniodus PANDER,
1856);
mosquensis Panper (1856: 34) as pub-
lished in the combination Gnathodus
mosquensis (type-species of Gnathodus
PaNDER, 1856);

the following family-group names, having
as type-genera conodonts classed as para-
taxa, are to be entered as parataxa on the
Official List of Family-Group Names in
Zoology:
POLYGNATHIDAE BassLer (1925: 219)
(type-genus: Polygnathus  HINDE,
1879);

PRIONIODONTIDAE (correction, first
made herein, of PRIONIODIDAE)
BassLer  (1925: 218) (type-genus:
Prioniodus PANDER, 1856);

GNATHODONTIDAE Camp, TayLorR &
WeLLEs (1942: 525) (type-genus:
Gnathodus PANDER, 1856);

the name Scortella Ruopss, 1952, a junior
homonym of Scortella ENpERLEIN, 1910, be
entered on the Official Index of Rejected
and Invalid Generic Names in Zoology:
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(11) the names PRIONIODIDAE BassLer, 1925
(an Invalid Original Spelling of PRIONIO-
DONTIDAE) and GNATHODONTIDAE
Hueng, 1929 (an unavailable name since
not based on the stem of a type-genus) be
entered on the Official Index of Rejected
and Invalid Family-Group Names in
Zoology.

MIXED FAUNAS

Two kinds of naturally-mixed conodont
faunas are recognized: stratigraphic leaks
and stratigraphic admixtures. A strati-
graphic leak involving conodonts has been
defined as “the introduction of conodonts of
one age into association with beds of an
earlier time” (Branson & MeHnL, 11, p. 206).
This kind of mixed fauna resulted through
the filling of cavities in a formation with
materials of a younger stratigraphic unit;
the filling occurred either at the time of
deposition of the younger unit or later,
through the action of geologic agents. A
stratigraphic admixture of conodonts has
been defined as “the inclusion of an earlier
assemblage of conodonts in the sediments
and faunas of a later age” (BransoN &
Mene, 11, p. 197). This kind of mixed
fauna is common because conodonts are
resistant to many kinds of chemical weath-
ering. Acetic and similar acids do not affect
conodonts, and, because these acids are
stronger than those that usually have been
active in the weathering of rocks through-
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out geologic time, conodonts generally have
remained unchanged in the resulting
residuum. Later, such conodonts were re-
worked into the sediments of a younger
formation. Hence, it is possible for speci-
mens from different sources and of differ-
ent ages to be found together, especially in
the basal beds of a formation.

Differences in the physical appearance
(color, preservation, luster) of associated
specimens are indicators of a mixed fauna;
but the recognition of a mixed fauna is
chiefly dependent upon one’s knowledge of
the true stratigraphic range of each kind
of discrete conodont. This sort of knowl-
edge can aid in correctly interpreting the
geology of an area, for some of the re-
worked conodonts in a collection could have
been derived from one or more unrecog-
nized stratigraphic units. In all probability,
when the presence of such a unit is estab-
lished, the unit will be found either to be
thin in comparison with adjacent strati-
graphic units or to have a restricted areal
distribution. It is also possible that the rocks
of a formation could have been completely
eroded from a given area. A formation
missing from the stratigraphic succession
of an area has been called a “phantom for-
mation” by Branson & Menr (11, p. 208,
209) if its former presence in the area is
postulated on the basis of finding some
conodonts that presumably could not have
been derived from any of the known for-
mations.

STRATIGRAPHIC RANGE OF DISCRETE CONODONT GENERA

At the present time there is a real need
for papers that adequately describe and il-
lustrate discrete conodonts. If possible, de-
scriptive work should be based on suites of
whole specimens collected from beds lo-
cated in known intervals of measured sec-
tions. Moreover, each conodont collection
should come from an undisturbed sequence
of rocks, preferably one containing mega-
fossils and resulting from the slow continu-
ous deposition of sediments. Through the
study of material in numerous collections
meeting these specifications, it is possible
not only to establish faunal zones in a for-
mation, and to determine the stratigraphic

ranges of discrete conodonts, but also to
recognize exotic specimens that were intro-
duced into a collection either by natural
means or by man.

Conodonts definitely range from the
Lower Ordovician into the Upper Triassic,
and recent work indicates that they may
range from the Upper Cambrian into the
Upper Cretaceous (MOLLER, 49; DieseL,
21). Conodont faunas are well diversified
in the lowermost Ordovician and it is there-
fore reasonable to believe that they also
occur in authentic Cambrian rocks. The
writer, in 1954, examined some conodont-
like objects from the Upper Cambrian
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Conaspis Zone in the Conant Creek area
of Freemont County, Wyoming, and from
the Conaspis Zone in the Dugway Moun-
tains of Utah. None of the specimens ex-
amined from these two localities has a
laminated structure, but inasmuch as these
specimens were prepared with formic acid
it is possible that the objects in question are
true conodonts with lamellar structure that
has become obscured through alteration.
It is the writer’s opinion that the strati-
graphic range of conodonts should not be
recorded as definitely extending into the
Cambrian until irrefutable, well-docu-
mented evidence has been published. Au-
thentic conodonts, including Gondolella
mungoensis (DieseL), have been reported
from the upper Cretaceous of the Came-
roons in West Africa (DieseL, 21). This
reported occurrence greatly extends the
known stratigraphic range of conodonts;
hence, before it is accepted as being a valid
record of the occurrence of conodonts, it
should be substantiated through investiga-
tions of Cretaceous rocks in other parts of
the world.

Figures 21, 21A, 23A, 32A, and 35A re-
cord the stratigraphic ranges of families and
some genera of disjunct conodonts oc-
curring in post-Cambrian and pre-Jurassic
rocks. The indicated ranges are based on
an evaluation of published information
(other than faunal lists) and on an exam-
ination of specimens in numerous collec-
tions. As considerable new information has
accumulated since Errison (26) published
the first range chart of conodont genera,
the indicated range of some of the genera
listed differs from that given by Errison
as well as from that shown in publications
of several other authors.

Ordovician conodont faunas appear to
be fairly well known, 57 genera presently
being recognized in the rocks of the sys-
tem. Many of these genera have been re-
ported as occurring in the Ordovician of
both North America and Europe, and a few
have also been found in Australia (PanpEr,
52; LinpsTrOM, 44; Ruobes, 58; Branson
& MEHL, 7, 8,9, 10; FurnisH, 30; and SweeT,
72). Also, a very large number of these
genera are restricted to the Ordovician Sys-
tem, and some of them appear to range
through only small parts of the system
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Fic. 21. Stratigraphic distribution of conodont
families (Hass, n).

(e.g., Loxodus, Leptochirognathus, Rhipi-
dognathus, Scyphiodus, Balognathus, Icrio-
della). Therefore, we find indication that
eventually many conodont faunal zones will
be recognized in the Ordovician, in addi-
tion to the four zones established by Linp-
sTROM (44), in the lowermost Ordovician
strata of Sweden. Representatives of the
Distacodontidae and Belodontidae are quite
common, especially in the Lower Ordovi-
cian.

Silurian conodont faunas are not very
well known but it appears that discrete
conodonts are less abundant in the rocks
of this system than in those of the Ordo-
vician. The known Silurian faunas consist
chiefly of bladelike and barlike conodonts,
together with a lesser number of distaco-
dontids. As would be expected, these faunas
contain some genera in common with those
from the Ordovician (e.g., Acodus, Dista-
codus, Drepanodus, Paltodus), as well as
others that range into younger strata (e.g.,
Ozarkodina, Ligonodina, Hindeodella,
Spathognathodus). To date, only three
representatives of the platelike conodonts
are known from the Silurian; one of these,
Icriodina, appears to be restricted to a part
of the Lower Silurian, and the other two,
Polygnathoides and Kockelella, to higher
beds. Except for a very few recorded oc-
currences, some or all of which may have
resulted through reworking, the Dista-
codontidae and the Belodontidae are re-
stricted to pre-Devonian rocks.
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Conodonts appear to be fairly common
in Lower and Middle Devonian, and are
extremely abundant and diversified in the
Upper Devonian. The Polygnathidae, or
platelike conodonts with a restricted pulp
cavity, are very common in most collections;
and some genera assigned to this family,
as well as their species, are considered to
be very good index fossils for restricted in-
tervals of the Devonian (e.g., Icriodus,
Ancyrodella, Ancyrognathus, Palmatolepis,
Panderodella, Polylopkodonta). The strati-
graphic importance of Devonian conodonts
has been demonstrated by the investigations
of Huppre (42) and Hass (36, 37) in the
United States and by Sannemann (61),
ZiecLER (79), Biscrorr (2, 3), BiscHoFF &
ZiecLER (6), BiscHOFF & SANNEMANN (4),
and MoLLer (51) in Europe.

Hupore (42) and Hass (36, 37) have re-
ported on the succession of conodont faunas
in the Devonian and Mississippian black-
shale sequence. They have shown that this
sequence contains many short-ranging,
easily recognized species of disjunct cono-
donts; and this, in turn, indicates that
through conodont studies, the long-standing
controversial problems concerned with the
age and correlation of the black shales can
be solved. Recent descriptive works and
stratigraphic studies based on the conodont
faunas of the German Devonian succession
are especially important, because in those
rocks conodonts are associated with mega-
fossils, including the cephalopods Maenio-
ceras (Givetian); Manticoceras (Frasnian);
and Cheiloceras, Prolobites, Platyclymenia,
Laevigites, and Wocklumeria (Famennian).
Ranges of conodonts in the German suc-
cession will thus influence biostratigraphic
interpretations  throughout the world.
Much needs to be done, but it is already
known that many genera and species of
disjunct conodonts are common to the
rocks of both Germany and the United
States. These species include such easily
recognized forms as Panderodella truncata
and P. gracilis, Palmatolepis perlobata and
P. subperlobata; Ancyrognathus asym-
metrica; Palmatodella delicatula; Spatho-
gnathodus jugosus; Branmehla inornata;
Neoprioniodus alatus; Ancyrodella rotunds-
loba; Polygnathus ordinata, P. pennata, and
P. linguiformis. A few of these species have
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also been reported from other European
countries and from Australia.

As in the Upper Devonian, conodonts are
also extremely abundant and diversified in
the Lower Mississippian; this is especially
true of the Kinderhookian Series, from
which Branson & Menr (9), Coorer (16),
Hass (38), and others have recorded several
distinctive faunas. The Lower Mississippian
faunas, moreover, are characterized by gen-
era and species that easily distinguish them
from those in the Upper Devonian. As
shown in Table 1, many genera (including
Siphonodella, Elictognathus, Pseudopoly-
gnathus, Pinacognathus, Scaliognathus,
Dollymae, and  Bactrognathus) range
throughout parts of the Lower Mississip-
pian (Kinderhookian and Osagian) suc-
cession; and Geniculatus and Kladognathus
range throughout parts of the Upper Mis-
sissippian (Meramecian and Chesteran)
succession. Gnathodus and Cavusgnathus
are representative of genera that range from
the Mississippian into younger rocks. There
are many distinctive short-ranging species
in the Mississippian; these include such
easily recognizable species as Siphonodella
duplicata, S. quadruplicata, and S. obsoleta;
Pseudopolygnathus prima; Elictognathus
lacerata; Dollymae sagittula; Genicularus
claviger; Staurognathus cruciformis; Gnath-
odus bilineatus, G. punctatus, and G. tex-
anus. Some of the species listed above, as
well as other American species, have been
reported from the Lower Carboniferous of
Germany by Biscrorr (3) and by BiscHorr
& ZiecLEr (5) and from the Lower Car-
boniferous of Austria by FLUGEL & ZIEGLER
(28). The Polygnathidae have not been re-
ported from the Upper Mississippian, though
Mestognathus is present in equivalent rocks
of Germany, and, with the exception of
Gondolella, none of the Polygnathidae has
been found in Pennsylvanian or younger
rocks. On the whole, conodonts are not
especially abundant in the Upper Mississip-
pian; several descriptive papers have been
published, including those by Rexroap (54,
55) and Hass (35).

Conodonts are fairly abundant at some
levels in the Pennsylvanian, though in many
faunas the variety of genera and species is
somewhat limited. Despite this, Pennsyl-
vanian faunas commonly contain specimens
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of a distinctive character. Portions of the
Lower Pennsylvanian, for example, are
characterized by specimens of Idiognath-
oides (=DPolygnathodella).  Collections
from the upper part of the Middle Pennsyl-
vanian (Desmoinesian) commonly contain
numerous specimens of Idiognathodus, a
lesser number of specimens of Strepro-
gnathodus, and the first few representatives
of Gondolella. In the lower part of the Up-
per Pennsylvanian, specimens of Idiognath-
odus, Gondolella, and Streprognathodus are
the dominant components of most faunas.
Idiognathodus is rarely found in the Upper
Pennsylvanian and presumably does not
range as high as the Permian (Errison,
24).

Little is known concerning Permian
conodont faunas. They have been reported
from several formations, but only a few of
them have been described and illustrated.
Youncouist, Hawrey, & MiLer (78, p.
360) have stated that “in general, the Phos-
phoria conodonts show a reduction in size,
diversity, ornamentation, and . . . abund-
ance, when compared to Pennsylvanian
faunas.” Gondolella is present in the
Phosphoria, and specimens of this genus in
the writer’s collections have a superficial
resemblance to specimens of Polygnathus;
however, the pulp cavity of these gondolel-
lids is located near the anterior end of the
unit and the keel is somewhat split along
a portion of the mid-line, thereby easily
differentiating these fossils from true speci-
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mens of Polygnathus. ELLison (24) has
treated the conodont fauna of the Permian
Big Blue group of Kansas. He did not
record the presence of Gondolella and 1dso-
gnathodus in the Permian but did note the
occurrence of Streptognathodus. However,
Gondolella must be present in early Per-
mian rocks, since representatives of this
genus have been found in older as well as
younger formations.

The presence of conodonts in the Triassic
is now well established, as they have been
found at several places in the United States,
Europe, Egypt, and Asia (Youncquist, 77;
MuULLER, 49; TatcE, 74; and Huckriepg,
41). Most Triassic specimens have been
identified with Paleozoic genera, though
some appear to be sufficiently distinctive to
permit their being placed in new categories.
Gondolella is commonly represented in
collections by numerous specimens; - this
genus is the only polygnathid so far re-
corded from the Triassic.

Huckriepe (41) studied the conodonts
of the Mediterranean Triassic. He found
that conodonts are widely distributed
throughout the Triassic, but that there are
fewer species in these faunas than in those
from the Paleozoic. The complete absence
of conodonts in the Rhaetic, Jurassic, and
Cretaceous beds of the Alps indicated to
Huckriene that the conodont-bearing ani-
mal became extinct in the Late Triassic
(Obernor).

CLASSIFICATION

Too little is known of the affinity of cono-
donts to warrant assigning them to any
class of animals. Herein, they are placed
in the order Conodontophorida, and a dual
classification is used for categories below
the rank of order, one being a utilitarian
classification and the other a biologic one.

The utilitarian classification is based on
the fact that each individual conodont was
built up through the accretion of lamellae
about the pulp cavity; the many genera and
species of discrete conodonts now recog-
nized resulted because the lamellae in any
conodont specimen are separated from each

other along one or more growth axes and
in one or more directions. In this classifi-
cation, the pulp cavity is of primary im-
portance, as the location of all other parts
of a conodont are referred to it; and species |
of discrete conodonts are broadly defined,
because the characteristics of the individual
specimen changed during ontogeny, as re-
corded by its lamellae, and because an
atypical specimen generally resulted if parts
of that specimen were either suppressed or
restored. The general trend in conodont
evolution seems to have been toward in-
creasing the surface area of the individual
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specimen. That is, the distacodontid cono-
donts, which, with the possible exception of
a few strays, are restricted to Ordovician
and Silurian rocks, appear to have evolved
into the compound bladelike and barlike
conodonts and these, in turn, to have
evolved into the platelike types, which are
especially characteristic of Middle Devonian
and younger rocks.

The biologic classification is concerned
with conodont assemblages, each of which
consists of discrete specimens that are pre-
sumed to represent parts of one animal.
These assemblages are considered to be
whole-animal taxa; and in this paper are
listed alphabetically according to their gen-
eric name. Very little of a factual nature is
known about assemblages and therefore
they are classified as incertae sedis.

The major divisions of the classification
proposed for this paper follow. For reasons
previously given, Branson & Menr’s (13)
suborders Neurodontiformes and Conodon-
tiformes are not recognized. Figures in
parentheses denote the number of genera
presently known to belong in each division.

OUTLINE OF CLASSIFICATION
Conodontophorida (147)

UTiLITARIAN (141)

Distacodontidae (11). Pulp cavity surmounted
by a single, straight or curved, undenticulated,
fanglike cusp. L.Ord.-U.Sil., ?Dev., ?Miss.

Belodontidae (6). Pulp cavity surmounted by a
single, straight or curved, denticulated, fang-
like cusp whose base may be greatly enlarged.
L.Ord.-U.Sil., ?Dev.

Coleodontidae (47). Pulp cavity beneath main
cusp at or near the anterior end of denticulated
bladelike or barlike unit. L.Ord.-U.Trias.

Coleodontinae (7). Main cusp indistinct, not
terminal; anterior bar or blade short. M.Ord.-
L.Miss.

Hindeodellinae (5). Main cusp distinct, not
terminal; anterior bar or blade short. ?L.Sil.,
M.Sil.-U.Trias.

Neoprioniodontinae (5). Main cusp terminal;
aboral side of posterior bar may he deeply
grooved but is not expanded into a concavity;
anticusp, if present, commonly undenticulated
but may support nearly or completely fused
denticles. L.Ord.-M.Trias.

Miscellanea—Conodonts

Cyrtoniodontinae (10). Main cusp terminal;
aboral side of posterior bar partly or wholly
expanded into a concavity; anticusp, if pres-
ent, may be denticulated. Ord.

Ligonodininae (5). Main cusp terminal; pos-
terior blade or bar may be grooved but is not
excavated; anticusp present, denticulated,
well-formed. M.Ord.-M.Trias.

Hibbardellinae (6). Main cusp terminal, at
apex of denticulated anterior arch; posterior
bar present. L.Ord.-U.Trias.

Chirognathinae (4). Main cusp at apex of
denticulated arch; unit tends to be palmate,
M.Ord.-M.Trias.

Lonchodininae (5). Main cusp at apex of den-
ticulated arch; unit is not palmate. L.Ord.-
U.Trias.

Prioniodinidae (10). Pulp cavity beneath main
cusp at or near the posterior end of denti-
culated bladelike or barlike unit. L.Ord.-U.
Trias.

Prioniodontidae  (22). Pulp cavity in middle
third of bladelike or barlike unit. L.Ord.-
U.Trias.

Prioniodontinae (9). Main cusp larger than
denticles of blade or bar; denticulated lateral
processes may be present; unit is not palmate.
L.Ord.-U.Trias.

Spathognathodontinae (13). Main cusp incon-
spicuous or but slightly larger than denticles
of blade or bar; unit is not palmate, M.Ord.-
M.Trias.

Polygnathidae (21). Pulp cavity greatly re-
stricted; platforms flank part or all of axis.
M.Ord.-U.Trias.

Idiognathodontidae (12). Pulp cavity not greatly
restricted, so that aboral side of unit is partly
or entirely opened up into a large concavity;
platforms may flank part or all of axis. U.
Ord.-Up.L.Perm.

Idiognathodontinae (8). Blade present, denti-
culated, well-formed; expanded pulp cavity
restricted, more or less, to the anterior end
of the unit. M.Sil.-Up.L.Perm.

Balognathinae (2). Blade present; aboral side
excavated. U.Ord.

Icriodontinae (2). Blade poorly developed or
entirely absent; aboral side excavated, or
nearly so. L.Sil.-U.Dev.

Incertae sedis, discrete forms (12).

Biorocic (6)

Incertae sedis, natural assemblages (6). [Omits
assemblages named Polygnathus dubia by
Hinoe, 1879 (40); and Prioniodus hercynicus
by ElcHENBERG, 1930 (23).]
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SYSTEMATIC DESCRIPTIONS

Order CONODONTOPHORIDA
Eichenberg, 1930

Microscopic toothlike and platelike struc-
tures belonging to an unknown monophyle-
tic group of extinct marine animals which
probably were bilaterally symmetrical, soft-
bodied, and pelagic. These structures, com-
monly called conodonts, are usually either
grayish-black or some shade of brown, com-
posed chiefly of calcium phosphate, and
consist of lamellae, open aborally, that were
accreted about an initial pit—the apex of the
pulp cavity. Separation of the aforemen-
tioned lamellae from one another—along
one or more growth axes and in one or
more directions—resulted in the formation
of fanglike structures without denticles,
fanglike structures with denticles, denti-
culated blades and bars, and platelike struc-
tures with platforms and/or a greatly ex-
panded pulp cavity. The function per-
formed by conodonts is as yet undeter-
mined. Generally accepted range, L.Ord.-
U.Trias.; possible range, U.Cam.-U.Crer.

UTILITARIAN
CLASSIFICATION

Family DISTACODONTIDAE Bassler,
1925

{nom. correce. Hass, 1958 (pro Distacodidac Bassize, 1925)]

Pulp cavity surmounted by a single,
straight or curved, undenticulated, fanglike
cusp. L.Ord -U.Sil., ?Dev., ?Miss.

The stratigraphic distribution of genera
included in the Distacodontidae and Belo-
dontidae is shown graphically in Figure
21A.

Distacodus Hinoe, 1879 (p. 357) [pro Machairodus
PanpEg, 1856 (non Kaur, 1833)] [*Machairodus
incurvus Panper, 1856; SD Miruer, 1889 (p.
313)] [=Machairodia Smrrh, 1907]. Bilaterally
symmetrical; anterior and posterior sides sharp-
edged; lateral sides with ridge along mid-line.
L.Ord.-MSil., ?U.Sil.-?L.Miss., N.Am.-Eu.
Fio. 22,lab. *D. incurvus (Panper); both lat.,
mag. unknown. Fic. 22,1c. D. ensiformis

(Panper), L.Ord.(Glaukonitsand), Balt.; diagram.

horiz. secs., mag. unknown (52).

Ord, Sit. | Dev. | M

o Acanthodus
Scolopodus
Acontiodus

o Belodus
Oistodus
Scandodus
Distacodus
Acodus
Drepanodus
Paltodus

o Cordylodus
o Ptiloconus
Ulrichoding
Stereoconus

o Microcoelodus

o Strcchanogna;hus ——
Mixoconus [}
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i1 IR HRIHII |
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IE HIOHTITE 1]
i ]

Fie. 21A. Stratigraphic distribution of conodonts

(Hass, n). Classification of genera in families is

indicated by presence or absence of symbol (Dista-
codontidae, o—Belodontidae).

Acodus Panper, 1856 (p. 21} [*4. erectus; SD
UrricH & BassLer, 1926 (p. 7)]. Resembles
Distacodus but asymmetrical, having ridge along
mid-line of one lateral side only. L.Ord.-M.Sil.,
?U.Sil-?L.Miss., N.Am.-Eu. Fic. 22,8. *A.
erectus, L.Ord.(Glaukonitsand), Balt.; 8,5, inner,
outer, mag. unknown (56). Fic, 22,8c. 4.
acutus Panper, L.Ord.(Glaukonitsand), Balt;
diagram. horiz. sec., mag. unknown (52).
Acontiodus PanpEr, 1856 (p. 28) [*A. lasus; SD
UrricH & Basster, 1926 (p. 7)] [==dAcodina
Staurrer, 1940]. Compressed anteroposteriorly;
posterior side commonly with median- ridge; in
horizontal section outline of anterior side convex
to obtuse; posterior side concave. L.Ord.-M.Ord.,
?U.0rd.-?U.Dev., N.Am,-Eu, Fic, 22,9a-c. *4.
latus, 1.Ord.(Glaukonitsand), Balt.; 9a-c, post.,
ant., diagram. horiz. sec., mag. unknown (52).
Drepanodus Panper, 1856 (p. 20) [non MENGE,
18691 [*D. arcuatus; SD Mirrer, 1889 (p. 313}]
[=Omneotodus LinpstrM, 1954]. Almost bilat-
erally symmetrical; outline biconvex to subcircular
in horizontal section; anterior and posterior sides
rounded or sharp-edged. L.Ord.-U.Sil., ?L.Dev.-
?L.Miss., N.Am.-S.Am.-Eu.-Austral.—F1c, 22,
10. D. subarcustus Fuwwisy, L.Ord.(Shakopee
Dol.), USA(Wis.); 10e,b, lat, lat. with diagram,
horiz. sec., X235 (30).
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Distacodus

2a

-

Qistodus 4b

4a 4c

Stereoconus

e Drepanodus L b

8c.

Miscellanea—Conodonts

Sb Acontiodus

11d

Paltodus Tle 1la

Fic. 22. Distacodontidae (p. W43-W45),

Mixoconus Sweer, 1955 (p. 244) [*M. primus].
Resembles Distacodus; bilaterally symmetrical or
nearly so; anterior and posterior sides rounded;
lateral sides with broadly rounded, aborally wid-
ening ridge; pulp cavity shallow. M.Ord., N.Am.
—Fie, 22,546, *M. primus, Harding Ss., USA
(Colo.), both lat,, X27 (72).

Oistodus Panper, 1856 (p. 27) [*O. lanceolatus;
SD UrricH & BassLer, 1926 (p. 7)]. Like Dista-
codus but with base greatly expanded posteriorly.
Ord., N.Am.-S.Am.-Eu.-Austral. Fre, 22.4a-c.
*0. lanceolatns, L.Ord.(Glaukonitsand), Balt.;
4a-¢, lat,, lat., aboral, mag. unknown (52).
Fic. 224d. O. acuminatus PanpeR; diagram,
horiz. sec. above base, mag. unknown (52).

Paltodus Paxper, 1856 (p. 24) [*P. subaequalis;
SD Urricr & BassLEr, 1926 (p. 7)] [=Pandero-
dus Etaivcron, 1959]. Anterior and posterior

sides truncated, rounded, grooved, or sharp-edged;
lateral sides commonly costate. L.Ord.-U.Sil., ?L.
Dev.-PL.Miss., N.Am.-Eu.-Austral. Fie. 22,
Ila-c. *P. subaequalis, 1.0rd.(Glaukonitsand},
Balt.; 1la-c, ant, lat., lat, mag. unknown (52).
Fic. 22,11d. P. truncatus Panper; diagram.
horiz. sec., mag. unknown (52).

Scandodus LinpstréMm, 1954 (p. 592) [*5. fur-
nishi]. Asymmetrical with anterior and posterior
sides sharp-edged. Base expanded on inner side.
Carina may be present along mid-line of lateral
sides. Ord., N.Am.-Eu.-Austral. Fic. 22,7, *S.
furnishi, L.Ord.(L. Planilimbata 7.), Swed.; inner
lat., %20 (44).

Scolopodus Panper, 1856 (p. 25) [*S. sublaevis;
SD UrricH & BassLer, 1926 (p. 7)]. Anterior
side rounded to sharp-edged; posterior and lateral
sides costate, grooved. L.Ord.-M.Ord., ?U.Ord.-
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?U.Der., N.Am.-Eu. Fic. 22,3. *S. sublaevis,
L.Ord.(Glaukonitsand), Balt; 3ab, diagram.
horiz. sec., mag. unknown (52).

Stercoconus Branson & Menn, 1933 (p. 27) [*S.
gracilis]. Bilaterally symmetrical, broadest near
rounded posterior side; aboral side with cordate
outline; pulp cavity at notched posterior end. L.
Ord.-M.Ord.,, N.Am.-Eu. Fio. 226. *S.
gracilis, M.Ord.(Harding Ss.), USA(Colo.); lat.,
X25 (7).

Ulrichodina Fur~isa, 1938 (p. 334) [*U. prima].
Bilaterally symmetrical; broadest near rounded
anterior  side; posterior side sharp-edged; base
indented anteriorly, L.Ord., N.Am. Fre, 22,2.
*U. prima, Shakopee Dol., USA(Wis.); 2a,b, ant.,
lat., X45; 2¢, diagram. lat. and horiz. sec. above
base, X 25 (30).

Family BELODONTIDAE Huddle, 1934

[mom. correct. Hass, 1958 (pro Belodidae Huonre, 1934) ]

Pulp cavity surmounted by single,
straight or curved, denticulated, fanglike
cusp whose base may be greatly enlarged.
L.0rd -USil., ?Dev.

Belodus Panoer, 1856 (p. 30) [*B. gracilis)

[=Multioistodus ~ Currison, 1938;  Belodina
Ernmcron, 1959; Belodella ErHincron, 1959].
Bilaterally symmetrical or nearly so; one or more
denticles along posterior side; lateral sides even,
costate, or grooved. [Belodina Ermincron has
one pulp cavity, not two. The “upper cavity” of
ErHingron is located beneath the posteriorly ex-
tended base of the cusp and is an integral part
of the pulp cavity (“lower cavity” of ETHiNGTON).
The posterior extension of the base is the “heel”
of EtHincron's terminology.] Ord., ?8il., ?Dev.,
N.Am.-Eu.-Afr, Fic. 23,6a. *B. gracilis, L.
Ord.(Glaukonitsand). Balt.; lat, mag. unknown
(52). Fic. 23,6b. B. sp., U.Ord.(Burnam Ls.),
USA(Tex.); lat, X20 (Hass, n).

Acanthodus Fumnism, 1938 (p. 336) [*4. uncina-
tus]. Like Belodus but with serrations rather than
well-formed denticles along posterior side. L.Ord.,
N.Am.——7Fic. 23,3. *4. uncinatus, Stonchenge
Ls., USA(Pa.); lat, X20 (Hass, n).

Cordylodus Panper, 1856 (p. 33) [*C. angulatus;
SD UirricH & BassLer, 1926 (p. 8)]. Resembles
Belodus but has denticles on posteriorly extended
base. L.Ord.-U.Sil., N.Am.-Eu. Fie. 23,5, *C.
angulatus, L.Ord.(Glaukonitsand), Balt; lat,
mag. unknown (52).

Microcoelodus Branson & Menr, 1933 (p. 89)
[*M. typus]. Lateral sides of expanded base denti-
culated. M.Ord., N.Am. Fic. 23,2. *M. typus
Joachim Dol., USA(Mo.); post. lat,, X25 (8).

Ptiloconus Sweer, 1955 (p. 245) [pro Pteroconus
BransoN & Menn, 1933 (mon Hmwpe in Fox,
1900)] [*Pteroconus gracilis Branson & MEnL,
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Microcoelodus

Strachanognathus

]

Cordylodus

Belodus
Fic. 23. Belodontidac (p. W45).

1933]. Anterior and posterior sides of base ex-
tended and denticulated; aboral side excavated.
L.Ord.-M.Ord., N.Am. Fic. 23,4. *P. gracilis
(Brawson & Menr), M.Ord. (Platin Ls.), USA
(Mo.); outer, X25 (8),

Strachanognathus Ruopes, 1955 (p. 131) [*S.
parvas]. Cusp with one or more denticles along
anterior side. M.Ord.-U.Ord., N.Am.-Eu. Fic.
23,1. 8. sp., U.Ord.(Keisley), Eng.; inner lat.,
X 25 (95).

Family COLEODONTIDAE Branson &
Mehl, 1944
|mom. correct. Hass, 1958 (pro Coleodidae Branson & MenL,
1944) ] [=Trucherognathidac Branson & Meni, 1944]
Pulp cavity located beneath main cusp at
or near the anterior end of denticulated

bladelike or barlike unit. L.Ord.-U.T'rias.

The stratigraphic distribution of genera
included in the Coleodontidae is shown
graphically in Figure 23A.

Subfamily COLEODONTINAE Branson & Mehl,
1944
|nam. transl. Hass, 1959 {ex Coleodontidac Branson & MumL,
1944)] [=Trucherognathidae Baanson & Menw, 1944]
Main cusp indistinct, not terminal; an-
terior bar or blade short. M.Ord.-L.Miss.
(L. Osag.).
Coleodus Branson & Memnr, 1953 (p. 24) [*C.
simplex]. Bladelike; denticles closely set; aboral
side grooved posterior to pulp cavity and sharp-
edged anterior to pulp cavity, M.Ord., N.Am.
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Ord
Sil
Dev
Miss.
Penn
Perm.
[Trias.

Loxodus
Cyrtoniodus
Pachysomia

Subprioniodus
Paracordylodus
Gothodus
Tetraprioniodus
Trichonodella
Leptochirognathus
Loxognathus
Phragmodus
Plectodina
Zygognathus
Peridon
Trucherognathus
Curtognathus
Erismodus
Roundya
Chirognathus
Hibbardella
Ligonodina
Neoprioniodus
Pravognathus
Coleodus
Rhynchognathodus
Holodontus
Keislognathus
Rhipidognathus
Hindeodella
Lonchoding
Synprioniodina
Cervicornoides | mm

Euprioniodina ulnllnuummhm
Hindeodelloides
Hindeodina
Apatognathus
Metaprioniodus
Diplododella
Branmehla
Avignathus
Scutula
Elsonella
Tripodellus
Arcugnathus
Bactrognathus
Kladognathus L
Parachirognathus |lm

Fic. 23A. Stratigraphic distribution of conodonts
(Hass, n). Classification of genera assigned to fam-
ily Coleodontidae.

Miscellanea—Conodonts

Fic. 24,6. *C. simplex, Harding Ss., USA(Colo.);
lat., X15 (7).

Arcugnathus Coorer, 1943, in CoorPER & Sross (p.
172) [*A. tenuis]. Coorer’s description; ‘‘Bar
slender, regularly bowed upward; anterior end
denticulated similar to Hindeodella with alter-
nating upright teeth; posterior denticles strongly
inclined backward; bar terminating in long slender
denticle; no main cusp present.” U.Dey., N.Am.

Fic. 24,3. *A. tenuis, Can.(Alta.); lat, X30
(84).

Bactrognathus Branson & MenL, 1941 (p. 98) [*B.
hamata). Posterior bar straight; anterior bar flexed
inward. Denticles closely set. Lateral expansions
of pulp cavity variform. L.Miss.(uppermost Kin-
derhook.-lowermost Osag.), N.Am.——FiG. 24,7.
B. penehamata Hass, Chappel Ls., USA(Tex.);
7a-c, oral, aboral, outer lat., X20 (38).
Branmehla Hass, 1959 (p. 381) [*Spathodus in-
ornatus Branson & Memr, 1934]. Bladelike; an-
terior end may be flexed inward slightly; denticles
closely set; aboral side sharp-edged; lips of pulp
cavity generally prominent. U.Dev.-L.Miss.; N.
Am.-Eu.-Afr. Fic. 24,1. *B. inornata (BRrAN-
soN & MenL), U.Dev.(Houy F.), USA(Tex.);
inner lat., X20 (38).

Hindeodina Hass, 1959 (p. 382) [*H. simplaria].
Like Hindeodella but with aborted main cusp;
aboral side sharp-edged; lips of pulp cavity ex-
tremely small or entirely absent. U.Dev.-U.Miss.,
N.Am.-Eu. Fic. 24,5. *H. simplaria, L.Miss.
(Chappel Ls.), USA(Tex.); inner lat,, X25 (38).
Pravognathus STAUFFER, 1936 (p. 79) [pro Hetero-
gnathus STAUFFER, 1935 (non Girarp, 1854; nec
ScHMARDA, 1859; mec Kinc, 1864; mec Rey,
1888)] [*Heterognathus idonea STAUFFER, 1935].
Bladelike, largest denticles above pulp cavity;
aboral side grooved, broadly so at anterior end.
M.Ord., N.Am. Fic. 24,2. *P. idonea (STAUF-
FEr), Decorah Sh., USA(Minn.); inner lat., X35
(68).

Trucherognathus Branson & Menr, 1933 (p. 84)
[*T. distorta). Anterior and posterior bars aligned;
denticles irregular; those of mature specimen
may be located along inner side of massive plat-
form. M.Ord., N.Am. Fic. 24,4. *T. distorta
Joachim Dol., USA(Mo.); outer lat., X25 (8).

Subfamily HINDEODELLINAE Hass, 1959

Main cusp distinct, not terminal; anterior
bar. or blade short. ?L.Sil., M.Sil-U.Trias.

Hindeodella BassLer, 1925 (p. 219) [*H. subtilis
ULricH & BassLer, 1926; SD (p. 38)]. Bar
denticles closely set, commonly with group of
smaller denticles alternating with larger ones;
main cusp generally much larger than bar den-
ticles; pulp cavity small. ?L.Si., M.Sil.-U.Trias.;
N.Am.-Eu.-Afr——Fi16. 25,2, *H. subtilis, U.Dev.
(Chattanooga Sh.), USA(Tenn.); inner lat., X20
(75).
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Cervicornoides Stavurrer, 1938 (p. 424) [*C.
alternatus]. Resembles Hindeodella but is more
sinuous; base of main cusp expanded on inner
side; pulp cavity prominent. M.Dew.-U.Dev.; N.
Am.-Eu. Fic. 25,5, *C. alternatns, UDev.
(Olentangy Sh.), USA(Ohio); inner, x50 (69).

Kladognathus Rexroap, 1958 (p. 19) [pro Clado-
gnathus RExroan, 1957 (non BurMEisTER, 1847)]
| *Cladognathus prima Rexwrosp, 1957]. Anterior
bar aligned with posterior bar; inner lateral process
directed downward and backward, U.Miss.
{ Chester.); N.Am. Fic. 25,3, *K. prima, USA
(1L} ; 3a,®, inner lat., aboral, }40 (55).

Metaprioniodus Huporz, 1934 (p. 57) [*M. &i-
angulatis], Resembles Hindeodella but has dis-
crete denticles with largest denticles near pos-
terior  deflection. U.Dee.-L.Miss.{ Kinderhook.);
N.Am. Fic. 254, *M. biangulatus, L.Miss.
(New Albany Sh.), USA{Ind.}; 4a,b, inner lat.,
outer lat., ¥ 15 (42).

Tripodellus Sannemann, 1955 (p. 155) [*T.
flexuosus]. Posterior, anterior, and inner lateral
bars compressed, denticulated; anterior bar much
larger than posterior and inner lateral bars,
directed downward, and oriented so as to face
slightly toward outer side of unit; inner lateral
bar joined to front basal portion of main cusp,

2 Pravognathus

5 Hindeodina

Ta ol AWE e 1 5y '__. . curved backward and directed downward slightly;
. main cusp with sharp-cdged anterior and pos-

Tc terior sides, curved inward and backward slightly;
Bactrognathus aboral side sharp-edged; pulp cavity very small.

T, 24. Coleodontidae (Coleodontinae) (p. W45- U.Dev., Eu. Fie. 25,1 *T. flexuosus, L. Chei-

W46). loceras ¥., Eu.; outer lat, X40 (61).

2 Hindeodella

3b

Tripodellus
b Kladognathus

4p ’ Cervicornoides

4a Metaprioniodus

16, 25. Colcodontidae (Hindeodellinae) (p. W46-W47).
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Subfamily NEOPRIONIODONTINAE Hass, 1959

Main cusp termiinal; aboral side of pos-
terior bar may be deeply grooved but is not
expanded into a concavity; anticusp, if pres-
ent, commonly undenticulated but may
support nearly or completely fused denticles.

L.Ord -M.Trias.

Neoprioniodus Ruopes & Morrer, 1956 (p. 698)
[*Prioniodus conjunctus GunnerLr, 1931]. Some-
what pick-shaped; anticusp, if present, may sup-
port nearly or completely fused denticles along
anterior side; posterior bar or blade either straight
or slightly bowed inward; pulp cavity may have
lip, M.Ord.-M.Trias., N.Am.-Eu,-Afr. Fic, 26,
1. *N, conjunctus (GunniLL), M.Penn.(Cherokee
Sh.), USA(Mo.); lat, %30 (24). Fre. 26,2.
N. ligo (Hass), U.Miss.(Barnett F.), USA(Tex.);
lat., 30 (35).

Leptochirognathus Branson & Meuw, 1943 (p. 377)
[¥L. gquadrata|. Young specimens palmate, mature
ones bladelike; thickest adjacent to minute pulp
cavity, which, in mature specimens, 1s located be-
neath anteriormost denticle; denticles tend to be
broad, compressed, more or less fused, M.Ord.;

g lomes :
Subprioniodus

5 Neoprioniodus

6 Pachysomia

5b Loxodus

Fic. 26. Coleodontidae (Neoprioniodontinae)
(p.1W48).

Miscellanea—Conodonts

N.Am. Fic. 26,3. *L. quadrata, McLish F.,
USA(Okla.); inner lat., X25 (12).

Loxodus Furwisa, 1938 (p. 338) [*L. bransoni).
Bladelike; triangular outline in lateral view,
highest anteriorly; denticles closely set. L.Ord.;
N.Am. Fic. 26,5. *L. bransoni, Oneota Dol.,
USA(lowa); S5a, lat, x50; 554, lat, X50; 5c,
lat., diagram., }25 (30).

Pachysomia Smirrn, 1907 (p. 246) [*P. wanlocken-
sis]. Swmrra's description: “Beam thick and cury-
ing, one extremity with a knoblike termination,
the other end sharp.” Owd., Scot. Fic. 26,6.
*P. wanlockensis, Arenig.-Llandeil., Scot.; inner
lat., X25 (96).

Subprioniodus Sarth, 1907 (p. 247) [*S. pauci-
dentatus; SD Urricu & BassLer, 1926 (p. 8)].
Smirn's description: “This genus differs from
Prioniodus Panper, in that the spike at the end
of the beam is sharp-pointed above the beam,
but not below it.” [Today, Smita would prob-
ably have compared his genus with Neoprionio-
dus.] Ord.; Scot. Fia, 26,4, *S. paucidentatus
SwmitH, Arenig.-Llandeil., Scot.; lat., %25 (97).

Subfamily CYRTONIODONTINAE Hass, 1959

Main cusp terminal; aboral side of pos-
terior bar partly or wholly expanded into
a concavity; anticusp, if present, may be
denticulated. Ord.

Cyrtoniodus STaUrrFERr, 1935 (p. 140) [*C. com-
plicatus] [ =Barbarodina Staverer, 1935]. Main
cusp may be flexed inward slightly, its base ex-
panded on inner side; aboral side deeply exca-
vated. Ord., N.Am.-Fu. Fic. 27,5. *C. com-
plicatus, M.Ord. (Glenwood Sh.), USA(Minn.);
inner lat., X50 (67).

Gothodus Linpstrom, 1954 (p. 569) [*G. costula-
tus]. Similar to Cyrteniodus but with anterior and
outer sides of cusp costate, and with denticles
along basal posterior side of cusp; aboral side
excavated. L.Ord., Fu, Fre. 27,2. *G. costula-
tus, U. Planilimbata Z., Swed.; 2a,b, outer lat.,
inner lat., X 30 (44).

Holodontus RuopEs, 1953 (p. 303) [*H. superbus].
Posterior bar appears to be undenticulated; inner
lateral process with discrete denticles; denticles
on anterior side of main cusp produced aborally;
aboral side excavated., U.Ord., Eu. Fie. 27.8.
*H. superbus, Gelli-grin beds, Wales; outer post.,
90 (Hass, n).

Keislognathus  Ruopes, 1955 (p. 130) [*K.
gracilis]. Like Holodontus but with denticulated
posterior bar. U.Ord., Eu. Fic. 274. K. sp.,
Keisley Ls., Eng.; inner lat., X25 (95).
Paracordylodus Linpstrom, 1954 (p. 584) [*P.
gracilis]. Unit compressed; denticles discrete, broad
at base in anterior-posterior direction; anticusp
well formed, undenticulated; pulp cavity minute,
L.Ord., Eu. Fic. 27,3. *P. gracilis, L. Planilim-
bata Z., Swed.; lat., %30 (44).
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Plectodina

Cyrtoniodus

Rhynchognathodus

Peridon

Fic. 27. Coleodontidae (Cyrtoniodontinae) (p. W48-1#50).

Peridon Happine, 1913 (p. 33)[*P. aculeatus].
Like Plectoding but with anterior side very min-
utely denticulated; posterior bar or blade short,
its denticles partly fused and largest near the distal
end. M.Ord.; N.Am.-Eu. Fic. 27,7. *P. aculea-
tus, Swed.; 7ab, outer lat., inner lat,, X}40 (90).

Phragmodus Branson & Menw, 1933 (p. 98) [*P.
primus]. Posterior bar with large denticle near
anterior end; anterior to this denticle, posterior
bar is excavated and flexed downward; pulp
cavity beneath main cusp. M.Ord.-U.Ord.; N.Am.-
Eu. Fic. 27,10a. *P. primus, M.Ord.(Joachim
Dol.), USA(Mo.); outer lat, X490 (8). Fic.
27.10b. P. undatus Brawson & Menn, M.Ord.
(Plattin Ls.), USA(Mo.); inner lat, X30 (12).

Plectodina Stavrrer, 1935 (p. 152) [*P. dilata)
[=Subcordylodus StavrrEr, 1935]. Main cusp
flexed inward; its basal part lies beneath the
anterior part of the posterior bar. M.Ord.-U.Ord.,
N.Am.-Eu. Fie. 27,1. *P. dilata, M.Ord.
(Glenwood Sh.), USA(Minn.); inner lat, X25
(67).
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Phragmodus
Rhynchognathodus EruiNcron, 1959 (p. 1128)
[pro  Rhynchognathus Etminerow, 1959 (non

JAEKEL, 1929)] [*RhAynchognathus typica ETHING-
ToN, 1959]. Ertmincron's description: “Asym-
metrical dental units having a stout proclined
curved cusp whose base is produced posteriorly
as a shallow denticulate bar. The anterior mar-
gin of the cusp is continued posteriorly as a slen-
der aboral process, which may be denticulate in
the plane of the posterior bar. A lateral denti-
culate bar extends posteriorly, aborally, and lat-
erally from the base of the cusp. The conical, peg-
like denticles of the posterior bar alternate in size
and, in some specimens, a rudimentary hindcodellid
arrangement may be developed. The three proc-
esses are mutually connected by sheath lamellae
which enclose a hemipyramidal basal cavity ex-
tending anteriorly to a sharp point in the base of
the cusp.” M.Ord, N.Am—7Fic. 27,9, *R.
typica, Galena F., USA; 9z, inner lat, outer
lat., X100 (86).

Zygognathus Branson, Menr, & C. C. Bransow,
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Ligonodina

Fi6. 28. Coleodontidae (Ligonodininae) (p. W50).

1951 (p. 11) [*Z. pyramidalis] |=Eoligonodina
Branson, Menr, & C. C. Branson, 1951]. Like
Plectodina but with denticulated anticusp as in

Ligonodina. M.Ord.-U.Ord., N.Am. Fic. 27,
ba. *Z. pyramidalis, U.Ord. (Whitewater F.),
USA(Ind.); inner lat, X20 (14). Fic. 27,65,

Z. robusta Branson, MenL, & C. C. Braxson, U.
Ord.(Whitewater F.), USA(Ind.); inner lat., X20
(14).

Subfamily LIGONODININAE Hass, 1959

Main cusp terminal; posterior bar or
blade may be grooved but is not excavated;

anticusp present, denticulated, well-formed.
M.Ord -M.Trias.

Ligonodina Bassier, 1925 (p. 218) [*L. pectinata
Urricn & BassLer, 1926; SD (p. 12)] [=Ham-
wlosodina Coorer, 1931; Idioprioniodus Gus~eLL,
1933; and Neocordylodus Cooper, 1939]. Like
Euprioniodina but with anticusp so oriented that
its denticulated oral side faces inward, M.Ord.-M.
Trias.; N.Am.-Eu. Fi. 28,5. *L. pectinata,

Miscellanea—Conodonts

U.Dey. (West Falls F.), USA(N.Y.); inner lat.,
X 25 (75).

Euprioniodina Bassver, 1925 (p. 219) [*E. deflecta
Urricn & BassLer, 1926; SD (p. 29)]. Pick-
shaped unit with distinct, well-formed denticles
along oral side of anticusp; these denticles are
directed forward and not inward as in Ligonodina.
M.Dev.-U.Dev., ?L.Miss.-?L.Trias.; N.Am.
e, 28,4, *E. deflecta, U.Dev.(West Falls F.),
USA(N.Y.); lat,, X 15 (75).

Hindeodelloides Huppre, 1934 (p. 48) [*H. bi-
eristatus]. Differs from Ligonodina in being more
compressed and in having closely sct denticles
that may alternate in size. ?M.Der., U.Dev., ?L.
Miss., N.Am.-Eu.-Afr. Fic. 28,1. *H. bicrista-
tus, U.Dev.(New Albany Sh.), USA (Ind.); outer
lat., X25 (42).

Loxognathus Graves & Evvison, 1941 (p. 12) [*L.
flabellata]. Base of main cusp extended on inner
side into a posteriorly curved, denticulated, blade-
like anticusp. M.Ord.-U.Ord., N.Am. Fic. 28,
2. *L. flabellata, M.Ord.(Fr. Pefa F.), USA(Tex.);
inner lat., x40 (87).

Synprioniodina BassLrr, 1925 (p. 219) [*S. alter-
nata ULricH & BassLer, 19265 SD (p. 42)]. Like
Euprioniodina  but with closely set denticles.
Main cusp points toward the anterior end. L.Dev.-
L.Miss.,, ?U.Miss.; N.Am.-Eu.-Afr. Fie. 28,3.
*S. alternata, U.Dev.(Chattanooga Sh.), USA
(Ala.); outer lat, X30 (Hass, n).

Subfamily HIBBARDELLINAE Miiller, 1956
[mom. tramsl. Hass, 1959 (ex Hibbardellidac MiiLLer, 1956) ]
Main cusp terminal, located at apex of

denticulated anterior arch. Posterior bar
present. L.Ord.-U.Trias,

Hibbardella Bassier, 1925 (p. 219) |[*Priontodus
angtdatus Hinog, 1879] [=Ellisonia MULLER,
1956]. Denticles of anterior arch discrete; pulp
cavity small. Denticulated posterior bar definitely
present. M.Ord.-M . Trigs.; N.Am.-Eu.-Afr. Fic.
29,9. *H. angulata (Hivpe), U.Dev.(West Falls
F.), USA(N.Y.); ant., X25 (75)—Fic. 29,10.
H. triassica MULLER, L.Trias., USA(Nev.); oral,
x40 (49).

Avignathus Lvs & Serrg, 1957 (p. 798) [*A. beck-
manni]. Anterior arch and posterior blade with
closely set, needle-like denticles; winglike denti-
culated lateral blades located near posterior end
of unit; main cusp indistinct; pulp cavity ex-
tremely small, U.Dev.-( Frasn.), Eu. Fic. 29,8.
*A. beckmanni, Fr.; 8ab, oral, lat,, X17 (91).
Diplododella Basster, 1925 (p. 219) [*D. bilat-
eralts ULricH & BassLer, 19265 SD (p. 41)]. An-
terior arch with 2 or more rows of closcly set
denticles that may alternate in size. U.Der., N.Am.

Fic. 29,5. *D. biateralts, Chattanooga Sh.,

USA(Ala.); ant, x30 (Hass, n). Fig. 29,3.
D. sp., Houy F., USA(Tex.}; oral, %30 (Hass, nj.
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Fic. 29,2. D. sp., Houy F., USA(Tex.); lat.,

Fic. 294. *E. prima, USA(lowa); ant.,, X25

45 (Hass, n). (101).

Elsonella Youncouist, 1945 (p. 358) [*E. prima].  Roundya Hass, 1953 (p. 88) [*R. barnettana]. Like
Nearly bilaterally symmetrical; resembles Hib- Hibbardetla but with very large pulp cavity. M.
bardella but with closely set denticles on antero- Ord.-U.Trias.; N.Am.-Eu.-Afr.-Asia. Fic. 29,
posteriorly compressed anterior arch; posterior bar 1. *R. barpettana, UMiss.(Barnett F.), USA

present but characters not known. U.Der.; N.Am. (Tex.): lab, post, lat, X25 (35).

3 Diplododella
Roundya

Tetraprioniodus

9 Hibbardella

10 Hibbardella

Avignathus

Fic. 29. Coleodontidae (Hibbardellinae) (p. W50-W52).
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M.Ord.; N.Am. Fic. 30,5. *C. duodactyla,
Harding Ss., USA(Colo.); 5ab, outer, inner,
%25 (7).

Parachirognathus Crark, 1959 (p. 311) [*P.
ethingtoni]. Palmate unit resembling Chiro-
gnathus, but more compressed in the antero-
posterior direction; pulp cavity minute; aboral
side sharp-edged, straight; oral side of blade
arched. L.Trigs.-M.Trias.; N.Am.-Eu. Fic. 30,
4. *P. ethingtom, L. Trias. (Meekoceras 2.}, USA
(Nev.); ant., X 60 (83).

Rhipidognathus Branson, MenL, & C. C. Bransoy,
1951 (p. 10) [*R. symmetrica]. Unit tends to be
palmate and concave toward posterior side, though
some massive specimens may resemble Bryanto-

Seitiila dus; pulp cavity flanked by aborally trending lip;

aboral side more or less excavated. U.Ord.; N.Am.

Fic. 30,3. *R. symmetrica, Whitewater F.,
USA(Ind.); 3ab, post., ant.,, %30, X25 (14).

Scutula SanNEmMANN, 1955 (p. 154) [*S. venusia].
Anterior arch compressed, posteriorly bowed, den-

Scutula

Parachirognathus Chirognathus

Fic. 30. Coleodontidae (Chirognathinae) (p. W52).

Tetraprioniodus Linpstrom, 1954 (p. 596) [*T.
robustus]| [=0epikodus Linpstrom, 1954; Rosa-
gnathus Ruopes, 1955]. Resembles Hibbardella
but with closely spaced denticles on posterior bar,
and with anticusp which may support denticle on
its anterior side; lateral processes, if well devel-
oped, minutely denticulated. Ord.; N.Am.-Eu.
Fic. 29,6, *T. robustns, L.Ord.(L. Planilimbata
Z.), Swed.; lat,, X 30 (44). Fis. 29,7, T. sp.,
U.Ord.(Keisley Ls.), Eng.; inner lat, diagram.
®25 (95).

Erismodus

Subfamily CHIROGNATHINAE Branson & Mehl,
1944

[rom. trans!, Hass, 19539 (pro Chirognathidae Branson &
Mo, 1944 ]

Main cusp at apex of denticulated arch;
unit tends to be palmate. M.Ord.-M . Trias.
Chirognathus Branson & Menr, 1933 (p. 28) [*C. 2 Lonchodina

duodactyla]. Palmate, arched, broadest adjacent
to main cusp; aboral side somewhat excavated. Fic. 31. Coleodontidae (Lonchodininae) {p. W53).
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ticles closely set; main cusp may be indistinct,
flanked by denticulated blades, bars, or limbs on
anterior side of arch; pulp cavity minute. U.Dev.;
N.Am.-Eu. Fie. 30,1. 8. sp., Houy F., USA
CTex.); ant., x40 (Hass, n). Fic. 30,2. §.
bipennata SanNEMany, L. Chetloceras Z., Eu.;
post., x40 (61).

Subfamily LONCHODININAE Hass, 1959

Main cusp at apex of denticulated arch;
unit is not palmate. L.Ord.-U.Trias.

Lonchodina Bassuer, 1925 (p. 219) [*L. typicalis
Urrice & Bassier, 1926; SD (p. 31)]. Unit
asymmetrical, barlike; bars of arch may be offset
slightly with reference to each other; denticles
discrete. M.Sel.-U.Trigs.; N.Am.-Eu.-Asia-Afr.
Fic. 31,2. *L. typiealis, U.Dev.(West Falls F.};
USA(N.Y.); lat., X25 (75).

Apatognathus Branson & Msur, 1934 (p. 201)
[*A. varians]. Bars of anterior arch flexed so as
to trend posteriorly. U.Der., N.Am.-Eu.-Afr.
Fic. 32,1. *A. wvarians, USA(Mo.); lab, oral,
aboral, %37 (9).

Curtognathus Bransow & Menr, 1933 (p. 87) [*C.
typa]. Barlike; broadest along aboral side; den-
ticles point outward. M.Ord., N.Am. Fic. 32,
3. *C. typa, Joachim Dol., USA(Mo.); ant., X37
(8).

Erismodus Brawson & MEenL, 1933 (p. 25) [*E.
typus]. Nearly bilaterally symmetrical; main cusp
curved posteriorly, produced aborally on anterior
side, forming linguiform process. M.Ord., N.Am.

2 Erismodus

3 Curtognathus

Fic. 32. Coleodontidae (Lonchodininae) (p. W53).

4 Trichonodella

W53

Ord. Sil. Dev. M| ®| P [Trias.

s | Prioniodus
m— o Folodus
L Gyr!ognothus
= Caldiodella
L= IDicf-u:ugnl-\cnrhus.

o—Ozarkedina

1 Tortoniodus
- Bryi:miodino
s o OulcHus
=] Aphéfognmhus
B 9| Pristognathus
Spathognathodus

o Prioniodina
Plectospathodus =n
o Polygnathellus

Bryantodus
Angulodus
Falcodus

o Subbryantodus

o Palmatodella

Pandorinelling [
Centrognathodus -
o Pelekysgnathus ]

Dinodus |
Pinacognathus |
Elictognathus |&

[ ]
{ ]

Oligadus
Nodognathus
o Metalonchoding S
Geniculatus ]
Lambdagnathus ]

Furnishius _|®

Fic. 32A. Stratigraphic distribution of conodonts

(Hass, n). Classification of genera in families is in-

dicated by presence or absence of symbol (o—Prioni-
odinidae, Prioniodontidae).

Fic. 32,2, *E. itypus, Harding Ss., USA
(Colo.); ant., X37 (7). Fie. 31,1, E. radicans
(Hivpe), Can.(Que.); ant, X25 (7).

Trichonodella Branson & Menr, 1948 (p. 527)
[pro Trichognathus Branson & MEenv, 1933 (non
Bertaorp, 1827; #nee GemmINGER & Harorp,
1868)] [*Trichognathus prima Branson & MEHL,
1933]. Nearly symmetrical; main cusp curved
posteriorly, its base produced posteriorly but un-
denticulated; pulp cavity large. L.Ord.-L.Dev.,
MN.Am.-Eu. Fic. 32,4, *T. prima Brawson &
MenL, M.Ord.(Harding Sh.), USA(Colo.}; post.;
X 37 (7).

Family PRIONIODINIDAE Bassler, 1925

Pulp cavity beneath main cusp, at or near

posterior end of denticulated bladelike or
barlike unit, L.Ord -U.Trias.
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Pristognathus

Gyrognathus

8

Pelekysgnathus
Polygnathellus

Subbryantodus

Miscellanea—Conodonts

Metaloncheding

Palmatodella

QCulodus Prionioding

F1c. 33. Prioniodinidae (p. W54-W55).

Stratigraphic distribution of genera con-
tained in the families Prioniodinidae and
Prioniodontidae is illustrated graphically in
Figure 32A.

Prioniodina Bassuer, 1925 (p. 219) [*P. subcurvata
Urricn & BassLrr, 1926; SD (p. 18) ). [ =Prionio-
della Bassuer, 1925]. Denticles of posterior bar
diserete, erect; anterior bar directed downward,
its denticles discrete, curved upward; base of main
cusp expanded. L.Si#.-U.Der., Trigs., N.Am.-Eu,-
Alr, Fic. 33,10, *P. subcuwrvara, U.Dey.(West
Falls F.), USA(N.Y.); inner lat., X25 (75).

Falodus Linpstron, 1954 (p. 569) [*Oistodus pro-
dentatus Graves & Ervwson, 1941]. Base of cusp
produced posteriorly; its aboral side excavated;
anterior bar or blade denticulated; unit lacks pos-
terior bar or blade. L.Ord-M.Ord., N.Am.-Eu,

Fic. 33,4. *F. prodentatus (Graves & Fivri-
son), M.Ord.(Ft. Pefia F.), USA(Tex.); lat.,, %35
(87).

Gyrognathus  Staurrer, 1935 (p. 144) [*G.
prima). Unit sinuous; anterior bar flexed inward
and directed downward; posterior bar flexed out-
ward; aboral side entirely excavated. M.Ord.,
N.Am.-Eu. Fic. 33,1. *G. prima, Glenwood
F., USA(Minn.); 1inner lat, X30 (67).

Metalonchodina Branson & Menr, 1941 (p. 105)
[*Prioniodus  bidentatus GunneLn, 1931]. Pos-
tertor bar supports large denticle; anterior bar
trends downward, its denticles discrete; main cusp

expanded on inner side at base. L.Miss.-U.Penn.,
N.Am.-Eu. G, 33,6. *M. bidentata (Gun-
~NeLL), M.Penn.(Lexington Coal), USA(Mo.);
lat.,, 15 (24).

Oulodus Branson & Mrmw, 1933 (p. 116) [*O.
mediocris]. Anterior blade or bar flexed outward
and trending downward; posterior blade or bar
short, straight; base of main cusp expanded on
inner side; aboral side excavated. M.Ord.-U.Ord.,
N.An. Fie. 33,9, *0. mediocris, M.Ord.
(Plattin Ls.), USA(Mo.); outer lat.,, x40 (8).

Palmatodella Basster, 1925 (p. 219) [*P. delica-
fule ULricn & Basster, 1926; SD (p. 41)]
| =Telwmodina Coorrr, 1931; Ligonodinoides
Sraurrer, 1938]. Compressed anterior bar trend-
ing downward; bar denticles needle-like, directed
upward. U.Dew.-L.Miss.( Kinderhoolk.), ?L.Miss,
(Osag.), ?UMiss., N.Am-Eu.-Afr, Fie. 33,5,
*P, delicatula, U.Dev.(Houy I.), USA(Tex.); lat.,
15 (Hass, n}.

Pelekysgnathus Tuonas, 1949 (p. 424) [*P. in-
clinatg]. Cusp with expanded base, aboral side of
unit excavated. U.Der., N.Am.-Eu. Fre. 33.8.
*P. inclinata, USA (TIowa); lat, X25 (99).

Polygnathellus BassLer, 1925 (p. 220) [*P. typi-
calis UrricH & BassLer, 1926; SD (p. 53}]. Re-
sembles Bryantodus but main cusp is inconspicu-
ous or but slightly larger than denticles of the
blades or bars, and pulp cavity is located in or
very near posterior third of unit instead of ap-
proximately equidistant from anterior and pos-
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Prioniodus

Plectospathodus

Angulodus

3b

5 Geniculatus

Bryantodus

Frs. 34. Prioniodontidae (Prioniodontinae) (p. W55-W56).

terior ends of unit. L.Dep.-U.Der., N.Am.-Eu.

Frc, 33,7, *P. typicalis, UDev.(West Falls
F.), USA(N.Y.); inner lat., X30 (Hass, n).

Pristognathus Stone & Fumrwism, 1959 (p. 226)
[*P, bighornensis]. Like Gyrognathus but lacking
a distinct main cusp and having aboral side
grooved along mid-line throughout most of unit
instead of being decidedly excavated; unit not
sinuous; also resembles Polvgnathellus but its
long anterior bar is flexed inward as well as down-
ward. U.Ord., N.Am. Fic. 33,2, *P. big-
hornensis, Bighorn Dol., USA(Wyo.); inner lat,
30 (98).

Subbryantodus Branson & Menr, 1934 (p. 285)
[*8. arcuatus). Like Prioniodina but more com-
pressed; denticles more or less fused; pulp cavity
small. U.Dey.-L.Miss., N.Am.-Eu. Fra, 33,3,
*S8. arcuatus, L.Miss.(Sulphur Springs F.), USA
(Mo.); lat., X25 (10).

Family PRIONTIODONTIDAE Bassler,
1925

[#om. correct. Moore & Syivester-Braocey, 1957 (pro
Prioniodidae Bassces, 1923)]

Pulp cavity in middle third of bladelike
or barlike unit. L.Ord.-U.Trias.

Subfamily PRIONIODONTINAE Bassler, 1925

[nom. transl. Flass, 195%: mom. correct. Prioniodontidae
Moore & SYL\-’E&TER-BR.\DLEviggS? (pro Prioniodidae Bassier,

Main cusp larger than denticles of blade
or bar; denticulated lateral process’ may be
present; unit is not palmate. L.Ord.-U.
Trias.

Prioniodus Panper, 1856 (p. 29) [*P. elegans Pan-
pER, 1856; SD Mirer, 1889 (p. 315)]. Main
cusp subcentral; anterior bar, posterior bar, and
lateral process support closely set denticles; pulp
cavity small. L.Ord.-U.Ord., N.Am.-Eu. Fic.
34,1. *P. elegans Panper, L.Ord.(Glaukonitsand),
Balt.; la,b, outer lat., inner lat,, mag. unknown
(52); Ic, inner lat, X100 (94).

Angulodus Huppre, 1934 (p. 76) [*A. demissus].
Posterior bar with deflection at its distal end;
anterior bar angled downward; denticles closely
set; pulp cavity small. M.Dev.-L.Miss.( Kinder-
hook.), N.Am.-Eu. Fic. 34,8. *A4. demissus,
U.Dey.(New Albany Sh.), USA(Ind.); lat, %25
(42).

Bryantodus Bassuer, 1925 (p. 219) [*B. typicus
UrricH & BassLer, 1926; SD (p. 21)]. Bar tri-
angular in transverse section with oral side broad
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and aboral side sharp-edged; pulp cavity may
have lips. L.Dev.-M.Penn., N.Am. - Eu. - Afr. -
Austral. Fic. 34,9. *B. typicus, UDev.(West
Falls F.), USA(N.Y.); inner lat, X25 (75).

Cardiodella Branson & MEHL, 1944 (p. 237) [pro
Cardiodus BransoN & MEenL, 1933 (non Trouss-
sART, 1881)] [*Cardiodus tumidus]. Young speci-
mens barlike; mature ones somewhat platelike;
main cusp more or less aligned with posterior
bar; anterior bar joined to inner side of main
cusp; aboral side concave. M.Ord., N.Am.

Fie. 34,2. *C. tumida (BraNsoN & MEnL),
Joachim Dol., USA(Mo.); 2a,6, oral, aboral,
X25 (8).

Dichognathus Branson & MenL, 1933 (p. 35) [*D.
prima]. Bladelike; denticles closely set; posterior
bar merges into prominent main cusp which is
flexed inward slightly; anterior bar joined to outer
side of main cusp. M.Ord.-U.Ord., N.Am.-Eu.
Fic. 34,6. D. typica BransoN & MenL, M.Ord.
(Plattin F.), USA(Mo.); inner lat,, X25 (8).

Geniculatus Hass, 1953 (p. 77) [*Polygnathus?
claviger Rounpy, 1926]. Geniculate, asymmetrical
barlike unit, broadest at vertex where main cusp
and pulp cavity are located; denticles variform.
U.Miss., N.Am.-Eu. Fic. 34,5. *Geniculatus
claviger (Rounpy), Barnett F., USA(Tex.); oral,
%20 (35).

Ozarkodina Branson & MEenL, 1933 (p. 51) [*O.
typica]. Resembles Bryantodus but compressed
and bladelike; base of apical denticle slightly ex-
panded. M.Ord.-U.Trias., N.Am.-Eu.-Asia-Afr.
——Fic. 34,7. *0. typica, M.Sil.(Bainbridge Ls.),
USA(Mo.); lat., X25 (7).

Plectospathodus Branson & MeHL, 1933 (p. 47)
[*P. flexuosus]. Resembles Ozarkodina but bowed
inward slightly, and expanded on inner side of
main cusp; pulp cavity may have lip on inner
side. M.Sil.-U.Sil., N.Am.-Eu. Fic. 34,3. *P.
flexuosus, M.Sil.(Bainbridge Ls.), USA(Mo.);
3a,b, outer lat., inner lat., X25 (7).

Tortoniodus STAUFFER, 1935 (p. 154) [*T. poli-
tus]. Barlike, arched, twisted; pulp cavity promi-
nent, flared. M.Ord., N.Am. Fic. 34,4. *T.
politus, Glenwood F., USA(Minn.); inner lat,
X 30 (67).

Subfamily SPATHOGNATHODONTINAE Hass,
1959

Main cusp inconspicuous or but slightly
larger than denticles of either the blade or
bar; unit not palmate. M.Ord.-M.Trias.

Spathognathodus Branson & Menr, 1941 (p. 98)
[pro Spathodus BransoN & MenL, 1933 (non
BouLENGER, 1900)] [*Spathodus primus BRAN-
soN & MEenL, 1933] [=Ctenognathus PANDER,
1856 (non FARMAIRE, 1843); Mehlina Younec-
quist, 1945; Crenognathodus Fay, 1959]. Essen-

Miscellanea—Conodonts

tially straight in oral view; denticles along mid-
line closely set and may be flanked laterally by
one or more denticles; oral surface of lips or lat-
eral expansions of pulp cavity may support den-
ticles. L.Sil.-M.Trias., N.Am.-Eu.-Afr. Fic. 35,
9. *S. primus (BransoN & MEenL), M.Sil.(Bain-
bridge Ls.), USA(Mo.); lat, X25 (7).

Aphelognathus BransoN, MExL, & C. C. Branson,
1951 (p. 9)] [*A. grandis]. Resembles Spatho-
gnathodus, but differs in having aboral side deeply
excavated; unit somewhat expanded both about
and anterior to pulp cavity; more massive and
thicker than Bryantodina. M.Ord.-U.Ord., N.Am.-
Eu. Fic. 356. *A. grandis, U.Ord. (Rich-
mond), USA(Ky.); 6ab, oral, inner lat, X25
(14).

Bryantodina Staurrer, 1935 (p. 131) [*B. zypi-
calis]. Like Spathognathodus but with aboral side
more or less excavated and with denticles more
discrete. M.Ord., N.Am. Fic. 35,4. *B. typi-
calis, Glenwood F., USA(Minn.); inner lat., X50
(67).

Centrognathodus Branson & MEHL, 1944 (p. 240)
[pro Centrognathus BransoN & MEHL, 1934 (non
GufrIN-MEeNEvILLE, 1840)] [*Centrognathus
sinuosa BRANsON & MEHL, 1934]. Sinuous in oral
view; aboral side sharp-edged; pulp cavity small;
one or more lateral bars may be present. U.Dev.,
N.Am. Fic. 35,2. *C. sinuosus (BRANSON &
MEenL), USA(Mo.), oral, X22 (9).

Dinodus Cooper, 1939 (p. 386) [*D. leptus]. Lat-
erally compressed; anterior blade located beneath
posterior blade; unit broadest adjacent to aboral
side; denticles needle-like, closely set; main cusp
indistinct; pulp cavity small. L.Miss., N.Am.-Eu.

Fic. 35,12. D. fragosus (E. R. Branson), L.
Miss.(Houy F.), USA(Tex.); lat.,, X25 (Hass, n).
Elictognathus Coorir, 1939 (p. 386) [*Soleno-
gnathus bialata BransoN & MEHL, 1934] [=Solen-
odella E. R. BransoN & MEeHL, 1944 (pro Soleno-
gnathus Branson & MEHL, 1934; non Acassiz,
1846; nec BLEEKER, 1856-57; nec Picter & Hum-
BERT, 1866)]. Compressed, arched slightly; basal
part of posterior end may be flexed inward; in-
ner side may have narrow platform and denti-
culated parapet; pulp cavity small. L.Miss.
(Kinderhook.), N.Am.-Eu. Fi¢. 35,1. *E.
bialata (BraNsoN & MEnL), L.Miss.(Chappel Ls.),
USA(Tex.); inner lat., X20 (38).

Falcodus Huppre, 1934 (p. 87) [*F. angulus].
Laterally compressed; posterior bar straight to
near posterior deflection where 1 or 2 large den-
ticles commonly occur; anterior bar angled down-
ward about 90 degrees; denticles closely set; pulp
cavity small. U.Dev.-L.Miss.(Kinderhook.); N.
Am.-Eu. Fic. 35,7. *F. angulus, L.Miss.(U.
New Albany Sh.), USA(Ind.); outer lat, X25
(42).

Furnishius CLARK, 1959 (p. 310) [*F. triserratus].
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Spathognathodus

Oligodus 12 Dinodus

Furnishius

13

8c Lambdagnathus

Fic, 35. Prioniodontidae (Spathognathodontinae) (p. W56-W58).

Unit  “Y"-shaped, denticulated; posterior bar
aligned with anterior bar; inner lateral process
directed anteriorly; small plate with nodes and
denticles developed in vicinity of pulp cavity;
minute lobe may be present on inner side ad-
jacent to pulp cavity; aboral side of plate not
excavated; pulp cavity minute; aboral side of bars
keeled. L.Trigs.,, N.Am. Fic. 35,13. *F. triser-
ratus, Meekoeceras Z., USA(Nev.); oral, X 88 (83).
Lambdagnathus RExroap, 1958 (p. 19) [*L. fragili-
dens]. Bladelike to barlike unit with large down-
ward trending lateral process; denticles of unit
discrete; aboral side of unit more or less sharp-
edged; pulp cavity well formed, tends to be tri-
angular in horizontal section, U.Miss.(Chester.);
N.Am. Fic. 35,8. *L. fragilidens, Glen Dean
Ls.,, USA(IN,Ind. Ky.}; 8a-c, outer lat., aboral,
outer post., X23 (55).

Nodognathus Coorer, 1939 (p. 397) [*N. spicata].

Resembles Spathognathodus; blade thickened ad-
jacent to prominent pulp cavity where each lat-
eral expansion commonly supports long node or
short transverse ridge, may grade into Psexdo-
polygnathus, L.Miss.{ Kinderhook.), N.Am——
Fic, 35,3, *N. spicata, USA(Okla.); 3a,b, lar,
aboral, X 15 (38).

Oligodus Cooper, 1939 (p. 398) [*0. curtus]. Like
Pinacognathus; blade curved inward especially
posterior to pulp cavity; flange on inner side
prominent; aboral side wide, especially in pos-
terior half of unit. L.Miss.( Kinderhook.), N.Am,

Fic. 35,11. *O. curtns, USA(Okla.}; inner
lat., x40 (16).

Pandorinellina Hass, 1959 (p. 378) [pro Pandorina
STAUFFER, 1940 (znon Bory pe S1. Vincent, 1827;
nec Scacchr, 1833] [*Pandorina insita Staur-
rER, 1940]. Compressed; denticles more or less
fused; aboral side broad anterior to pulp cavity
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and sharp-edged posterior to pulp cavity. U.Dev.,
N.Am. Fic. 35,5. *P. insita (STAUFFER), Ce-
dar Valley Ls., USA(Minn.); outer lat, X25
(97).

Pinacognathus Branson & Meni, 1944 (p. 244)
[pro Pinacodus BransoN & MEeHnL, 1934 (non
Davis, 1883)] [*Pinacodus profundus BransoN &
MenL, 1934]. Short compressed; high anterior
to small pulp cavity; denticles fused. L.Miss.
(Kinderhook.), N.Am. Fic. 35,10. *P. pro-
funda (BransoN & Menr), L.Miss.(Sulphur
Springs F.), USA(Mo.); lat., X30 (38).

Family POLYGNATHIDAE Bassler, 1925

[=Polygnathinae Harris & HoLLINGSWORTH, 1933}
Pulp cavity greatly restricted; platforms
flank part or all of axis. M.Ord.-U.Trias.

Ord. Sil. Dev. M| P| P [Trias]

wommmm | Amorphognathus
1 Scyphiodus

19 Balognc.lthus

¢ oflcriodella
' Ambalbdus

o lcriodina L]
Polygnathoides mm
o Kockelella | m
Ancyrodelloides |m
o lcriodus
Polygnathus
Ctenopolygnathus
Ancyrodella
Palmatolepis
Gnathodella
Ancyrognathus
Nothognathella
Polylophodonta
Panderodella
Siphonodella
Pseudopolygnathus
o Gnathodus
© Dollymae
Doliognathus
Scaliognathus
Staurognathus

eerenl]
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]
o Taphrognathus
o Cavusgnathus

Mestognathus [ ]
o ldiognathoides |®

o |diognathodus

o Streptognathodus
Gondolella |

Fic. 35A. Stratigraphic distribution of conodonts

(Hass, n). Classification of genera in families is in-

dicated by presence or absence of symbol (Poly-
gnathidae, o—Idiognathodontidae).

Miscellanea—Conodonts

Stratigraphic distribution of genera con-
tained in the families Polygnathidae and
Idiognathodontidae is illustrated graphically
in Figure 35A.

Polygnathus Hinoe, 1879 (p. 359) ([*P. dubia
Hinope, 1879, SD MiLier, 1889 (p. 314). The
lectotype of P. dubia, selected by Rounpy, 1926,
may be ‘conspecific with specimens commonly
identified as Ancyrodella rotundiloba HinpE.
Should this observation prove to be correct, then
Ancyrodella ULricH & BassLer, 1926, is a junior
subjective synonym of Polygnathus Hinpg, and
species presently assigned to Polygnathus would
be transferred to Macropolygnathus Coorer, 1939].
[ =Macropolygnathus CoorEr, 1939]. Leaf-shaped
to lanceolate; platforms variform, commonly flank
all of carina and anterior part of blade, but in
some specimens, platforms extend to posterior
end of blade. L.Dev.-L.Miss., N.Am.-Eu.-Afr.
F1c. 36,5a. *P. dubia Hinpg, U.Dev., USA(N.Y.);
lat, X25 (40). F1c. 36,56. P. inornata E. R.
Branson, L.Miss.(U.Houy. F.), USA(Tex.); oral,
X25 (Hass, n). Fic. 36,5¢. P. linguiformis
Hinpg, Dev. (L.Houy F.), USA(Tex.); lat,, X25
(Hass, n).

Ambalodus Branson & MEnL, 1933 (p. 127) [*4.
triangularis]. Roughly triangular in oral view;
arched about pulp cavity; narrow platforms flank
axis; secondary carina may be present. U.Ord.,
N.Am.-Eu. Fic. 37,2. *A. triangularis, Thebes
Ss., USA(Mo.); oral, X37 (8).

Amorphognathus Branson & MenL, 1933 (p. 126)
[*A4. ordovicical [=Polyplacognathus STAUFFER,
1935). Depressed, irregular in outline; narrow
platforms flank axis; secondary carinae radiate
from pulp cavity. M.Ord.-U.Ord., N.Am.-Eu.
Fic. 37,5. A. ramosa (StAaurrer), M.Ord. Kimms-
wick Ls.), USA(Mo.); 5a,b, aboral, oral, X37
(8).

Ancyrodella ULricH & BassLer, 1926 (p. 48) [*4.
nodosa] [=Ancyropenta MULLER & MULLER,
1957]. Sagittate to cordate, with variform plat-
forms and secondary carinae trending from vicin-
ity of apex of pulp cavity to margin of plate;
oral surface of platforms with nodes and trans-
verse ridges. U.Dev., N.Am.-Eu.-Afr.-Austral.
Fic. 36,1. A. lobata BransoNn & MEeHL, Houy F.,
USA(Tex.); la,b, aboral, oral, X25, X20 (Hass,
n).

Ancyrodelloides BiscHoFF & SANNEMANN, 1958 (p.
91) [*A. trigonica]. Like Ancyrodella. but with
oral surface of smooth platforms and aboral side
of blade distinctly grooved along mid-line. L.Dev.,
Eu. F1c. 36,6a-c. *A. trigonica, Siegenian,
Ger.; 6a-c, oral, aboral, lat,, X17 (4).

Ancyrognathus Branson & Menr, 1934 (p. 240)
[*4. symmetrica] [=Ancyroides MiLLER &
Younceuist, 1947]. Asymmetric, with platforms
flanking main carina and part of blade; outer
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platform with lobe formed about anteriorly trend-
ing secondary carina, U.Dey., N.Am.-Eu.-Afr.-
Austral. Fic. 37,7. 4. bifurcata (ULricH &
BassLer), Houy F., USA(Tex.}; oral, X30 (Iass,
nj. Fic. 37,8. A. sp., Houy F., USA(Tex.);
aboral, <30 (Hass, n).

Ctenopolygnathus MiLLEr & MiLLer, 1957 (p.
1084) [*Polygnathus angustidisca YouNGouisT,

1945]. Characteristics indicate relationships with
Spathognathodus and Polygnathus; platforms not
extended to anterior end of unit. M.Dev.-L.Miss.,

Polylophodonta Nothognathella

W59

N.Am.-Eu. Fic, 374. C.
oral, aboral, diagram, (93).
Doliognathus Branson & Menr, 1941 (p. 101)
[*D. lata]. Resembles Ancyrognathus; platforms
extend to posterior end of blade; denticles of axis
and secondary carina low and fused. L.Miss.(zp-
permost Kinderhook -lowermost Osag.), N.Am.-
Eu. Fic. 36,3. *D. lata, Pierson Ls., USA
(Mo.); 3a,b, oral, aboral, X 15 (8).

Gnathodella Matern, 1933 (p. 16) [*G. angulata).
Translation of author’s description: Compressed,

sp.; #a-c, inner,

X

;‘j.“'\.'f.}
ol
e S .
| N

6 Ancyrodel Ioides

Scaliognathus Palmatolepis

Fic. 36. Polygnathidae (p. W58-W6l).
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Stgurognathus

Ancyrognathus

Miscellanea—Conodonts

Ancyrognathus  Gondolella

F 5. 37. Polygnathidae (p. W58-W61).

blunt, high blade which merges int  heavy sym-
metrical or truncated process. U.D. «, Eu.
Fie. 36,7, *G. angulata, Ger.; lat, X0 (92).

Gondolella Staurrer & Prummer, 192 (p. 41)
[*G. eleganinla]. Linguiform to somew 1t spatu-
late; platforms generally flank entire ax *; main
cusp cither terminal or located very near nterior
end; keel and pulp cavity prominent. M.Penn.
(Desmoines.)-U.Trigs.,, N.Am.-Eu.-Afr.-Asia.
Fic. 37,9, G. curvate STAaurrerR & Prummser, M.
Penn.(Labette Sh.), USA(Okla.); %&b, oral, ab-
oral, X 37, X60 (70).

Mestognathus Biscuorr, 1957 (p. 36) [*M. beck-
manni]. Like Cavusgnathus except aboral side not
excavated; pulp cavity small. L.Carb., Eu. Fic.
36,8, *M. beckmanni, Ger.; oral, 20 (3).

Nothognathella Brawson & Menr, 1934 (p. 226)
[*N. typicalis]. Resembles Bryantodus but has
lateral platforms; denticles of axis tend to vary in
size and shape. U.Der., N.Am.-Eu.-Afr. Fic.
36,11, *N. typicalis, USA(Mo.), inner lat., X25

(9.

Palmatolepis ULkicH & BassLer, 1926 (p. 49) [*P.
periobata] [ =Manticolepis MULLER, 1956]. Asym-
metric; axis generally sigmoid with carina con-
cave toward outer platform and blade concave
toward inner platform; azygous node located
above minute pulp cavity; inner platform with
lobe which may be built up about secondary
carina and secondary keel, U.Der., N.Am,-Eu.-
Afr. Fic. 36,13. *P. perlobata, Houy F., USA
(Tex.); oral, 25 (Hass, n).

Panderodella BassLer, 1925 (p. 220) [*P. truncata,
SD UrricH & BassLir, 1926 (p. 52) (=Palmatole-
pis glabra ULricH & BassLer, 1926)] [=Deflec-
tolepis MULLER, 1956]. Like Palmatolepis but plate
tends to be narrow and inner platform lacks lobe
as well as secondary carina and secondary keel.
U.Der., MN.Am.-Eu.-Austral. Fig. 36,10, *P.
truncata, Houy F., USA(Tex.); oral, 30 (Hass,
nj.

Polygnathoides Branson & Menr, 1933 (p. 50)
[*P. siluriea). Axis straight to slightly angled in-
ward anterior to pulp cavity; flanked by narrow
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platforms; denticles of axis nodelike; pulp cavity

centrally located. M.Sil.-U.Sil., N.Am.-Eu. Fic.
36,4, *P. silurica, M.Sil.(Bainbridge Ls.), USA
(Mo.); 4a,b, oral, aboral, X25 (7).

Polylophodonta Branson & Menr, 1934 (p. 242)
[*Polygnathus

gyratilineata

] Ta 1§
Streptognathodus

7b
ol Gnathodus

Fic. 38. Idiognathodontidae (Idiognathodontinae)
(p. W62).

Hovmes, 1928

wel

(=Polygnathus confluens ULricH & BassLER,
1926)]. Oral surface of plate with rows of nodes
and ridges commonly arranged concentrically
about apex of pulp cavity; carina generally sup-
pressed; inner platform with short narrow trough
adjacent to blade. U.Der., N.Am. Fic. 36,9,
*p. confluens (Urricn & BassLer), Chattanooga
Sh., USA(Ala.); oral, X25 (89).

Pscudopolygnathus Brawson & Menc, 1934 (p.
297) [*P. prima]. Oral surface of platforms with
nodes and sturdy transverse ridges; pulp cavity
prominent, its longer dimension, in aboral view,
generally transverse to axis. L.Miss.(Kinderhook.-
lowermost Osag.), N.Am.-Eu. Fic. 37,3. *P.
prima, Sulphur Springs F., USA(Mo.); 3a,b, oral,
aboral, X22 (10).

Scaliognathus Branson & MenL, 1941 (p. 101) [*S.
anchoralis]. Anchor-shaped; pulp cavity near an-
terior end; axis and carinae flanked by narrow
platforms. L.Miss.{uppermost Kinderhook.-lower-
most Osage.), N.Am.-Eu. Frc. 36,12. *S. an-
choralis, Pierson Ls.,, USA(Mo.); 12ab, oral, ab-
oral, %30 (38).

Scyphiodus Staurrer, 1935 (p. 617) [*S. primus].
Differs from Ieriodus in having aboral side grooved
instead of excavated, and in having main cusp
distinctly set off from rest of fossil. M.Ord., N.Am.
— Frc. 37,1. *S. primus, Decorah Sh., USA
(Minn.); lat., X37 (68).

Siphonodella Branson & MenL, 1944 (p. 245) [pro
Siphonognathus Branson & Menr, 1934 (non
RicuarpsoN, 1858)] [*Siphonognathus duplicata
Branson & Menr, 1934]. Carina, with reference
to blade, tends to be slightly angled downward
and inward; posterior end of plate with rostral
ridges; pulp cavity small. L.Miss.( Kinderhook.),
N.Am.-Eu. Fic. 36,2a. *S. duplicata (Bran-
soN & MzenL), Sulphur Springs F., USA(Mo.);
oral, X15 (10}. Fic. 36,25, 8. sexplicata
(BransoN & MeHL), Sulphur Springs F., USA
(Mo.); aboral, X 15 (10).

Staurognathus Branson & Menr, 1941 (p. 102)
[*S. cructformis]. Cruciform; aboral side grooved;
pulp cavity fairly large; oral surface ornamented
with low nodes and ridges. L.Miss.{uppermost
Kinderhook -lowermost Osage.), N.Am.-Eu.
Fic. 37,6, *S. cruciformis, “Sycamore Ls.”, USA
(Okla.); 6a,b, oral, aboral, X22 (11).

Family IDIOGNATHODONTIDAE
Harris & Hollingsworth, 1933

[nom. transd, Hass, 1959, et correct. Hass, 1958 (pro ldio-
gnathinae Hanris & Hortiwosworts, 1933)] [=Gnathedonti-
dae Came, Tavion & Weries, 1942 (smoa Gnathodontidae
von Huene, 1929, invalid designation of rhynchocephalian
reptiles because not founded on a type genus); Gnathodonti-
dae Brawson & Meun, 1944, mom. correct. herein  (pro
Gnathodidae Branson & Mrui, 1944)]

Pulp cavity not greatly restricted so that
aboral side of unit is partly or entirely
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opened up into a large concavity; platforms
may flank part or all of axis. U.Ord.-Up.L.
Perm.

Subfamily IDIOGNATHODONTINAE Harris &
Hollingsworth, 1933

[mom. correct. Hass, 1958 (pro ldiognathinac Harris &
HorLINGsworTH, 1933)]

Blade present, denticulated, well-formed;
expanded pulp cavity restricted, more or
less, to anterior end of unit. M.S:.-Up.L.
Perm.

Idiognathodus GunnEeLL, 1931 (p. 249) [*I. dlavi-
formis]. Carina partly or completely suppressed;
oral surface of cup, especially in anterior half,
transversely ridged. L.Penn.-U.Penn., N.Am.
Fic. 38,3. *I. claviformis, M.Penn.(Ft.Scott Ls.),
USA(Mo.); 3a,b, oral, aboral, X28, X15 (24).

Cavusgnathus Harris & HorrinesworTH, 1933 (p.
200) [*C. alta). Lanceolate, steep-sided, and
troughlike in oral view; blade joined to outer
platform; carina indistinct. U.Miss.(Meramec.)-
lowermost Perm., N.Am.-Eu.-Afr. Fic. 384.
C. cristata BransoN & MEeHL, U.Miss.(Caney Sh.),
USA(Okla.); 4a-c; oral, inner lat, aboral, X25
(11).

Dollymae Hass, 1959 (p. 394) [*D. sagittula].
Sagittate unit consisting of blade, terminal main
cusp, and both inner and outer secondary carinae;
cach secondary carina joined to main cusp and
flanks a lateral side of the blade; pulp cavity very
large, its apex located very near anterior end
of unit. L.Miss.(Kinderhook.), N.Am. Fic. 38,
1. *D. sagittula, Chappel Ls., USA(Tex.); lab,
oral, aboral, %X20 (38).

Gnathodus Panper, 1856 (p. 33) [non FiEBER,
1866] [*G. mosquensis] [=Dryphenotus CooPER,
1939]. Carina evident; cup variform; its oral
surface plain or ornamented with nodes and/or
ridges. L.Miss.(Kinderhook.)-U.Penn., N.Am.-Eu.-
Afr. Fi1c. 38,6. G. pustulosus BRANsoN & MEHL,
U.Miss.(Caney Sh.), USA(Okla.); 6a-c, oral, lat.,
aboral, X25 (11).

Idiognathoides Harris & HoLvLiNesworTH, 1933 (p.
201) [*1. sinuata] [=Polygnathodella HarLTON,
1933]. Blade joined to outer platform; oral sur-
face transversely ridged; trough of mature speci-
men restricted to posterior part of cup. L.Penn.,
N.Am. F1c. 38,5. 1. corrugata (Harris & Hor-
LINGSWORTH), L.Penn.(Wapanucka Ls.), USA
(Okla.); oral, X25 (88).

Kockelella WavrLiser, 1957 (p. 34) [*K. variabilis].
Like Gnathodus but with aboral side of blade ex-
cavated. M.S:.-U.Sil., Eu. Fic. 38,2. *K. varia-
bilis, M.Sil.(basal Orthocerenkalk), Ger.; 2a-c,
outer lat., oral, aboral, X35 (100).
Streptognathodus STAUFFER & Prummer, 1932 (p.
47) [*S. excellsus]. Differs from ldiognathodus in
having trough along oral mid-line of cup. L.Penn.-

Miscellanea—Conodonts

Up.L.Perm., N.Am. Fic. 38,7. *S. excellsus,
U.Penn.(Graford F.), USA(Tex.); 7a,b, oral, ab-
oral, X25 (33).

Taphrognathus Branson & Menr, 1941 (p. 181)
[non WELLEs, 1947] [*T. varians). In oral view,
plate lanceolate, steep-sided; trough split at pos-
terior end by blade. Miss.(Keokuk-Kinkaid), N.
Am. Frc. 39,1. *T. varians, L.Miss.(Keokuk
Ls.), USA(Mo.); la-c, oral, aboral, lat, X37
(10a).

Subfamily ICRIODONTINAE Miiller & Miiller,
1957
[nom. transl. et correct. Hass, 1959 (pro Icriodidae MOULLER
& MiLLer, 1957)]
Blade poorly developed or entirely absent;
aboral side excavated or nearly so. L.Sil.-
U.Dev.

Icriodina BransoN & C. C. Brawnson, 1947 (p. 550)
[*1. irregularis]. Differs from Icriodus in having
irregularly arranged nodes on oral side; short,
poorly developed blade, and a less expanded aboral
side. L.Si., N.Am. Fic. 39,2. *l. irregularis,
Brassfield Ls., USA(Ky.); 24,5, oral, aboral, X37
(81).

Icriodus Branson & Menr, 1938 (p. 159) [*I. ex-
pansus (non I, alternatus BransoN & MenL)] [In
1934, Branson & MEHL erected the genus Icriodus
and designated Icriodus expansus, a nomen nudum,
as the type species. Branson & MeHL validated
the generic name in 1938 when they published
the characteristics of Icriodus, designated I. ex-
pansus as the type species, and described the char-
acteristics of that species. In 1944, BransoN &
MEeHL incorrectly cited I. alternatus as the type
species of Icriodus]. Lanceolate, steep-sided in oral
view; carina flanked on each side by a row of
nodes or short transverse ridges; lateral process
may trend outward from pulp cavity which is
located at the expanded posterior end of the unit.
L.Dev.-U.Dey., N.Am.-Eu.-Afr. Fic. 39,3a. *I.
expansus, U.Dev.(Snyder Creek Sh.), USA(Mo.);
oral, X37 (82). Fic. 39,35. *l. expansus, M.
Dev., USA(Mo.); aboral, X37 (82).

Subfamily BALOGNATHINAE Hass, 1959

Blade present; aboral side excavated. U.

Ord.

Balognathus Ruobes, 1953 (p. 284) [*B. expansa].
Resembles Amorphognathus but aboral side com-
pletely excavated; blade may rise above remainder
of oral surface. U.Ord., N.Am.-Eu. Fi1c. 40,2.
*B. expansa, Gelli-grin Ls., Wales; 2a-c, oral, oral,
aboral, X30 (58).

Icriodella Ruopss, 1953 (p. 285) [*1. superba). Unit
clongate; main cusp stout; blade transversely
ridged; apex of pulp cavity in middle third of
unit, U.0Ord., Eu. Fic. 40,1a. *1. superba, Gelli-
grin Ls., Wales; oral, X30 (58). Fic. 40,15.
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Cornuramia Smrry, 1907 (p. 246) [*C. monodonia;
SD Urric & Bassier, 1926 (p. 42)]. Sarra'’s
description: a “double-pointed, horn-like beam.”
Ord., Scot. Fre, 41,2, *C. monodonta, Arenig.-
Llandeil., Scot.; lat., 225 (96).

Distomodus Brawson & C. C. Brawsow, 1947 (p.
553) [*D. kentuckyensis]. Original description:
“Dental units are simple, curved or straight cones,
with sharp or blunt anterior and posterior margins.
One side nearly flat to gently convex in cross sec-
tion, convex longitudinally; the other side gently
convex in middle in cross section, gently concave
longitudinally but curving out strongly near base.
Outline of base triangular, one side of the cone
turning in abruptly from the convexity to a plane
to form one edge of the triangle. The front margin
projects downward as a fragile prong but in most
specimens this has been broken away, A depres-
sion, shaped like a hollow triangular pyramid, ex-
tends one-fourth to one-fifth the length of the cone
from the base.” L.Si., N.Am. Fic, 41,8. *D.
kentuckyensis, Brassfield Ls., USA(Ky.); 8ab,
inner lat., outer lat.,, 25 (§1).

Goniodontus EtHingTon, 1959 (p. 278) [*G. super-
bus]. Resembles the anterior end of Phragmodus.
ErHINGTON's description: “Complex dental units
having a stout cusp, an anterior outer denticulate
basal process, and posterior and anterior inner un-
denticulate processes. Basal outline of the cusp is
triangular, Cusp has plane anterior face, convex
posterior face, and sharp anterolateral edges re-
sulting in a subtriangular cross section. Steeply
inclined anterior process bears stout ercct denticles

3b

lcriodus

3a

Fic. 39. Idiognathodontidae (Idiognathodontinae,
Icriodontinae) (p. W62).

Icriodella
*1. superba var. acuta Ruoprs, Gelli-grin Ls,,
Wales; lat., X 30 (58).

Family UNCERTAIN

Genera included in this division are not
classified into families because their rela-
tionships are obscure, being based either on
inadequate material or on eccentric speci-
mens.

Coelocerodontus EtHincron, 1959 (p. 273) [*C.
trigonius], ETHiNeTON's description: “Simple hol-
low horn-shaped cones. Lateral walls are thin and
enclose a central cavity which extends to the tip
of the tooth. Edges of tooth are keeled.” The
above description suggests that this genus is based
on the basal cones of conodonts (basistrichter of
Gross) rather than upon the conodont. M.Ord., N.

Am——TFre. 41,10. *C. trigonius, Galena F, Fic. 40. Idiognathadontidae (Balognathinae)
USA (Towa); lat., X80 (86). (p. W62).

Balognathus
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Coelocerodontus

2 Sagittodontus

Nericodus

Distomodus

Scotlandia Neacoleodus

Fic. 41. Family Uncertain {p. W63-W65).

alternating with one or two germ denticles. Inner
anterior process is short. Posterior process has
sharp oral edge which is continued as a sharp carina
up the posterior face of the cusp and merges with
the outer lateral edge at mid-height. A large
hemipyramidal basal cavity beneath the cusp is
extended as a wide shallow groove beneath each
of the three processes.”” M.Ord., N.Am. Fic. 41,
6. *G. superbus, Galena F., USA (Iowa); 6a,5, outer
anterolat., inner posterolat,, 80 (86;.

Lonchodus Panper, 1856 (p. 80) [pro Centrodus
PanpEr, 1856 (non Gieper, 1847; nec M'Coy,
1848) ] [*Centrodus simplex; SD Urricu & Bass-
LER, 1926 (p. 42)]. Straight or bowed bladelike
and barlike fragments with discrete or closely set
denticles. L.Ord.-U.Trias., cosmop. Frc, 41,3,
*[.. simplex (Panprr), Carb.(Bergkalk), USSR;
lat., mag. unknown (52).

Neocoleodus Bransonw & Menr, 1933 (p. 24) [*N.
spicatas]. Barlike fragment curved inward at pos-
terior end; aboral side deeply grooved; denticles
discrete, decreasing in size posteriorly. M.Ord., N.
Am. Fic. 41,12, *N. spicatss, Harding Ss.,
USA(Colo.); inner lat., X 17 (7).

Nericodus Linpstrdm, 1954 (p. 570) [*N. capilla-
mentum |, LinpstrOom’s  description:  “Dome-

shaped conodonts with numerous, mostly irregu-
larly distributed little nodes that may fall into
winding rows but are never developed as rows of
denticles.” Pulp cavity shallow. L.Ord., Swed.
Fic. 41,7. *N. capillamentum; 7ab, inner lat.,
outer lat., 330 (44).

Ptilognathus Evias, 1956 (p. 114) [*P. fayi]. Pos-
terior bar with closely set, broadly compressed,
posteriorly directed denticles. “Transverse bar”
(?=anterior arch) present. U.Miss., N.Am.
Fic. 41,5. *P. fayi, Goddard Sh., USA(Okla.);
aboral, %20 (85).

Polycaulodus Branson & MenL, 1933 (p. 86) [*P.
inclinatus]. Barlike or platelike; denticles discrete,
aligned; aboral side even. M.Ord., N.Am. Fra.
41,4. *P. inclinatus, Joachim Dol., USA(Mo.);
inner lat., %25 (8).

Sagittodontus RHones, 1953 (p. 310) [*S. robustus].
Ruopes’ description: “General appearance barb-
like; single, large, stout denticle, triangular in
cross-section with three more or less flattened faces
and sharp dividing edges, the lower part of each
face usually having a wide, shallow depression.
Unit expanded at base into hemi-pyramidal form.
Edges gently curved. Irregular aboral margin;
aboral surface deeply excavated so that whole unit
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is hollow.” U.Ord., Wales. Fic. 41,9. *S. ro-
bustus, Gelli-grin Ls., inner lat,, X50 (58).

Scotlandia Cossmann, 1909 (p. 68) {pro Valentia
Smrth, 1907 (non Stiv, 1856; nec Smirn, 1901)]
[*Valentia morrochensis Smrrn, 1907]. Smurw’s
description: “From a deep, thin plate a few long,
slender teeth spring.” Ord., Scot- Fic. 41,11.
*S. morrochensis (SMiTH), Arenig.-Llandeil.; lat.,
X 40 (56).

Trapezognathus LinpstroM, 1954 (p. 597) [*T.
quadrangulum]. Compound conodonts with a
cusp and four denticulated edges or processes, two
of which are anterior and two posterior. L.Ord.,
Swed. Fic. 41,1, *T. quadrangulum, Limbata
Z.; lat,, X30 (44).

BIOLOGIC CLASSIFICATION

Natural Assemblages—Family
UNCERTAIN

Genera included in this division are not
grouped taxonomically. These genera are
considered by their authors to represent nat-
ural associations of several kinds of discrete
conodonts. Each natural assemblage is said
to consist of 14 to 22 discrete parts, assign-
able to 3 to 5 genera of disjunct conodonts.
Duboisella Ruopes, 1952 (p. 895) [*D. iypical.
Considered to be a natural conodont assemblage
composed of discrete specimens belonging to the
genera Ligonodina, Lonckodina, Hibbardella, Meta-
lonchodina, and Neoprioniodus., U.Penn., N.Am.
Fic. 42,4. *D. typica, McLeansboro F., USA
(1iL.); diagram., approx. X15 (59).

Hilinella Ruopes, 1952 (p. 898) [*l. typica]. Con-
sidered to be a natural conodont assemblage com-
pased of discrete specimens belonging to the gen-
era Gondolella, Lonchodina, and Lonchodus. M.
Penn., N.Am. Fic. 42,3, *L. typica, USA(1ll.);
diagram., approx. X135 (59).

Lewistownella Scorr, 1942 (p. 299) [*L. agrewi].
Considered to be a natural conodont assemblage
composed of discrete specimens belonging to the
genera Hindeodella, Neoprioniodus, Subbryanto-
dus, and Cavusgnathus. UMiss., N.Am. Fic.
43,1, *L. agnew:, Heath F., USA(Mont.), X15
(59).

Lochriea Scotr, 1942 (p. 298) [*L. monzanaensis].

weé5

Considered to be a natural conodont assemblage
compaosed of discrete specimens belonging to the
genera Hindeodella, Spathognathodus, Neoprionio-
dus, and Prioniodella [=Prioniodina). U.Miss., N.
Am; Fic. 42,2. *L. montanaensis, Heath F,,
USA(Mont.), diagram., X30 (65).~—Fic. 43,
2. *L. montanaensis; alter. orient.,, X15 (59).

Scottognathus Ruooes, 1953 (p. 612) [pro Scottelia
Ruopes, 1952 (non EnperLEIN, 1910)] [*Scottella
typica Ruopes, 1952]. Considered to be a natural
conodont assemblage composed of discrete speci-
mens belonging to the genera Idiognathodus, or
Streptognathodus, QOzarkodina, Synprioniodina,
and Hindeodella, U.Penn., N.Am. Fic. 42,1.
*S. typica (Ruopes), McLeansboro F., USA(IIL);
diagram., approx. X 15 (56).

Westfalicus Scumint /2 MooRe & SYLVESTER-BRAD-
LEY, 1957 (p. 21) [pro Gnathodus Scrmmr, 1934
(non Panber, 1856)] [*Gnathodus integer
Scaminr, 19341, Composed of discrete specimens
belonging to Gnrathodus, Bryantodus, Hindeodella,
Neoprioniodus, and “Lonchodus.” U.Carb.(L.
Namur.) Ger. Fros. 20, 43. *W. integer
(ScuminT), Westphalia; diagram., X30 (62),
X15 (59).

REJECTED GENERIC NAMES

The following names, published in articles
on conodonts, do not refer to conodonts.
[See Fay (27) for bibliographic information
about names published prior to 1950.]
Archeognathus CuLLison, 1938.

Astacoderma Harvey, 1861.

Bransonella Hagrvron, 1933,

Clavehamulus Furnisy, 1938,

Dermatolithis EureENBERG, 1854,

Fortscottella GunneLy, 1931,

Holmesella GunneLy, 1931,

Icthyodus Harris & HoLringsworTH, 1933,

Lepodus E. B, Branson & Mz, 1933,

Lepegnathodus MenL sz Fay, 1959,

Multidentodus HarvrTon, 1933.

Prionognathus Panper, 1856 [non Ferri-Sénic-
TERE, 1851 (==Prionognathodus Fay, 1959)].

Prionognathodus Fay, 1959.

Pygodus Lamont & LinpstréM, 1957,

Scolopodella Staurrer & PLummer, 1932,

Stephanodella MaTERN, 1933,
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INTRODUCTION

Since conodonts were first described by
PanDER in 1856 almost 700 papers have been
devoted to them. Because of the vagaries of
fossilization and the techniques employed
in the extraction of microfossils, the great
majority of conodonts are known as single
isolated specimens. They have proved to
be a varied and stratigraphically useful
group, and a binominal system of classifica-
tion established upon these isolated speci-
mens includes about 2,000 species. These
taxa are distinguished in the present paper
by the use of quotation marks (“genera” and
“species”).

Systematic treatment of conodont “gen-
era” and “species” is given in the preceding
chapter by WiLeert H. Hass. Most cono-
dont workers have recognized that the iso-
lated conodonts upon which such “taxa”
have been established may be fragmentary
fossils, but the nature and distribution of
conodonts is such that this method of classi-
fication has proved to be both readily ap-
plicable and stratigraphically useful. Some
“genera” and “species” have a short strati-
graphic range accompanied by wide geo-
graphic distribution and hence have great
value in stratigraphic paleontology. A num-

ber of “suprageneric taxa” have also been
established.

Several workers (e.g., Scumt, 17, 18;
Scort, 19, 20; EicHenBERG, 7; DuBois, 6;
Ruobes, 12, 13, 15, 16) have described what
they claim to be natural conodont assem-
blages, and have shown that a single as-
semblage, which they interpret as repre-
senting the remains of an individual ani-
mal, may contain discrete elements classified
in as many as five conodont “genera.” A
number of different genera have been based
upon the recognition of these natural as-
semblages as taxonomic units, and there has
therefore grown up a second taxonomic
framework. The consequent taxonomic
problems are complex and are discussed
later. Most conodont students have accepted
the interpretation of such remains as nat-
ural assemblages but a few (e.g., Branson
& MeEHL, 2; Branson, 1; Fay, 8) have sug-
gested that they may be coprolitic in origin.

The purpose of the present paper, writ-
ten at the invitation of Dxr. R. C. MoorE as
an addendum to Dr. Hass’s main contribu-
tion, is to describe these conodont assem-
blages and to examine the problems of their
interpretation and taxonomic treatment.
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DESCRIPTIONS OF CONODONT ASSEMBLAGES

POLYGNATHUS

The first conodont assemblage recorded
was one from the Devonian Genesee Shale
at North Evans, New York, described by
Hinoe in 1879 (9, p. 361-364, pl. 16, fig. 6-
18). HinpE proposed the genus Polygnathus
for “an animal possessing numerous minute
and variously formed Conodont teeth and
similarly minute tuberculated plates
grouped together, but of which the natural
arrangement is not at present known” (9,
p. 361). Hinpe observed that the single
specimen of the genus contained “about
twenty-four entire and fragmentary teeth
and six plates . . . crushed together in a
small patch of about one fourth of an inch
in diameter in black shale” (9, p. 361). He
agreed that, although no indication could be
seen of the natural position of the teeth
and plates, it could “hardly be doubted that
they all belonged to one individual, as it
would be beyond all reasonable probability
that so many diversely formed teeth, of
such delicate structure, could have been thus
brought together into so small a space by
mechanical means, more particularly when
it is a very rare circumstance to find, in the
same rock, even two detached teeth at all
close together” (9, p. 362).

Hivoe did not figure the single assem-
blage on which he based his conclusions,
and he noted that the single specimen “in
which the teeth of this remarkable form are
grouped together has been crushed to such
an extent that individual teeth and plates
can be only partially distinguished, but the
various kinds are met with in a very perfect
condition, as so many separate specimens
scattered through the rock” (9, p. 362).
Three main types of conodonts were de-
scribed in the assemblage: (1) pectinate
teeth (arched blades such as ozarkodinids
and bryantodids, illustrated in his pl. 16,
fig. 6-9, and bar types, some of which seem
to be broken posterior bars of ligonodinids);
(2) fimbriate teeth (hindeodellids, pl. 16,
fig. 13, 14); and (3) crested teeth of two
varieties (one probably a spathognathodid
and the other a polygnathid, pl. 16, fig. 15-
17). The small plates, six of which Hinog
described in the assemblage (e.g., pl. 16, fig.

18) are apparently the broken posterior plat-
forms of these polygnathids.

Bryant (4, p. 22-23) suggested that
HinpEe’s assemblage may have been copro-
litic in origin, and Scummt (17, p. 76) con-
sidered that the forms represented in
HinpE’s assemblage represented the remains
of different individuals.

BransoN (in Branson & MEnL, 2, p. 136-
137, 140, 142-143, 146-147, 152-153) re-ex-
amined and redescribed HinDE’s specimens.
He illustrated the isolated specimens inter-
preted by HinpE as similar to the compon-
ents of Polygnathus dubius and referred
them to the “genera” Lonchodina, Hindeo-
della, Polygnathus, Bryantodus, and Spatho-
dus.

Bryant (4, p. 9-23) and ULricH & Bass-
LER (22, p. 43) revised HinpE’s generic de-
scription of Polygnathus and restricted it to
bladed-platform type conodonts, in which
the platform is ornamented by a straight
median carina and lateral, transverse ridges.

Dr. H. W. BaLL of the Palaeontology
Department of the British Museum (Nat-
ural History) has kindly allowed me to
examine the “assemblage” specimen
(BMNH no. A4305-6) described by Hinpe
(9, p. 361). It occurs in a dark shale mat-
rix and consists of about 48 individual cono-
donts. These show no alignment or paired
relationship to one another, and they are
not confined to a single horizon in the
shale. Numbers of them are broken and
most are difficult to identify with any cer-
tainty. Some forms which, if the assem-
blage were natural, would be comple-
mentary, show very considerable variation
in size. Only one specimen of Hindeodella
is present. The remaining specimens repre-
sent the “genera” Neoprioniodus, Hibbard-
ella?, Lonchodina, Polygnathus (as used for
a discrete conodont), Ozarkodina or Bryan-
todus and possibly other “genera.” 1 be-
lieve that the assemblage is fortuitous, and
not “natural,” in the present sense.

It therefore seems proper that the “gen-
eric’ name Polygnathus Hinoe, 1879, type-
species P. dubius (recte P. dubia}) HinDE,
by subsequent designation of BassLer, 1915,
should be restricted to isolated conodonts
as defined by ULricH & Bassier (22, p. 43).
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PAIRED CONODONTS

BryanT (4, p. 24) was one of the earlier
workers to recognize the presence of right
and left forms of conodonts, and to appre-
ciate that this implied that they must have
been paired structures in the body of the
conodont-bearing animal.

WESTFALICUS

Scumipt (17) described nine conodont
assemblages from the lower Namurian, Up-
per Carboniferous, of Germany. He de-
scribed them as containing one pair of
Gnathodus, one pair of Bryantodus, and a
number of pairs of Lonchodus (including
Hindeodella). Tt is difficult to check
Scumint’s determinations from his figures,
but his Bryantodus seems to be Ozarkodina,
and the Lonchodus blades include Hindeo-
della and Synprioniodina. The determina-
tion of the polygnathid component is im-
possible from the figures. Scumir (18)
later amplified his descriptions and offered
detailed interpretations (see Hass, this vol-
ume).

LOCHRIEA and LEWISTOWNELLA

Scorr (19, 20) described 180 conodont
assemblages from the Heath Shale (Upper
Mississippian or Lower Pennsylvanian) of
Montana, which he interpreted as repre-
senting two distinct genera. These he
named, and he described their component
discrete conodonts by reducing their “gen-
eric” names to nouns (e.g., “Hindeodella”
became “hindeodells”). Lockriea comprised
pairs of conodonts representing the “gen-
era” Spathognathodus, Prioniodella, Prionio-
dus, and Hindeodella. Lewistownella con-
tained pairs of Cavusgnathus, Subbryanto-
dus, Prioniodus, and Hindeodella. Scorr
recognized two species of Lochriea, which
he based on minor variations in the form
of the component conodonts.

Miscellanea—Conodonts

SCOTTOGNATHUS, DUBOISELLA,
and ILLINELLA

Ruopes (12, 13) described three genera
of assemblages from the Pennsylvanian of
Illinois. Scottognathus (initially published
as Scottella, a junior homonymous name)
contained paired discrete conodonts belong-
ing to the “genera” Idiognathodus or Step-
trognathodus, Ozarkodina, Synprioniodina,
and probably four pairs of Hindeodella.
Duboisella contained two pairs each of
Ligonodina and Lonchodina and one pair
each of Hibbardella, Metalonchodina, and
Neoprioniodus. Illinella contained four
pairs of Lonchodus, two pairs of Loncho-
dina, and one pair of Gondolella.

PRIONIODUS HERCYNICUS

Eicueneerc (7) described a collection of
conodonts from the Culm (Lower Car-
boniferous) of the Harz Mountains, Ger-
many. The material was poorly preserved
and his description suggests that it was
collected from a number of horizons. It is
difficult to identify all the specimens illus-
trated by EicHENBERG, but representatives
of the following discrete conodont “genera”
are included: Hindeodella, Neoprioniodus,
Ozarkodina or Bryantodus, Falcodus?, An-
cyrodella and other platform types. EicHen-
BERG's description does not suggest that he
regarded these “genera” as representing a
natural assemblage in the present sense of
the phrase, although he presumably as-
sumed them to have come from a single
animal, to which he gave the name Prion;o-
dus hercynicus. Existing knowledge of
conodont assemblages is inadequate to de-
termine with certainty whether or not this
assumption is correct, but it seems unlikely,
and EicHENBERG does not record any inti-
mate association of the various components.

CHARACTERISTICS OF CONODONT ASSEMBLAGES

A study of the various assemblages de-
scribed above permits the following gen-
eral observations.

1. Conodonts are paired, the right and
left forms being mirror images of one an-
other. They are alike in major morphologi-

cal features, but show minor differences,
which are of only “infraspecific” value. In
addition to such difference as this, com-
plementary differential curvature and re-
versed ornamentation or node development
are often characteristic of the opposed pairs.
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2. The number and arrangement of many
conodonts in assemblages suggest lateral
opposition (as left and right forms), rather
than the duplication and opposition char-
acteristic of elements of upper and lower
“jaws',’

3. Assemblages contain components re-
presenting a number of distinct “genera.”
Most have four such “genera,” but lllinella
has three and Duboisella five.

4. The same “genus” may be present in
more than one natural assemblage. Thus
the Hindeodella component is present in
four genera of assemblages, and a form
structurally analogous to it (Lonchodus) in
a fifth. This clearly implies a functional
similarity both within and between these
assemblages.

5. Where the same “genus” is not present
in two distinct genera of assemblages, it is
sometimes found that it is represented by
a similar “genus” of the same structural
type. Thus in four assemblage genera, a
closely similar platform “genus” of cono-
dont is present: Cavusgnathus in Lewis-
townella, Spathognathodus in Lochriea,
Streptognathodus or ldiognathodus in Scot-
tognathus, and Gnathodus in Westfalicus.
This close structural analogy of components
in some assemblages is best illustrated by
the tabular representation below.

I have revised some of the discrete cono-

dont “generic” names in the table, to con-
form with existing nomenclature. For the
sake of convenience I shall refer to these
four similar (assemblage) genera as Class A.

6. lllinella shows some resemblance to
the four related Class A genera described
above. It has, for example, an arched-blade
component (Lonchodina) analogous to
those of Class A genera. It has paired plat-
form-type components (Gondollella), but
they are not closely analogous in structure
to the platform blades of Class A. It has a
battery of elongated blade components, but
they are not the typical Hindeodella type of
Class A. It apparently lacks the pick-shaped
blades of Class A assemblages, though this
may be the result of nonpreservation in the
known specimens of the genus.

7. Duboisella appears to be quite distinct
in general structure from both Class A as-
semblages and Illinella. As known at pres-
ent, it lacks any obvious battery of elon-
gated blades and platform-type components.
This difference should be an important fac-
tor in any attempt to interpret the function
of assemblages on the basis of analogy of
form with structures in known organisms.

8. It is difficult to determine with cer-
tainty the numbers of individual component
conodonts and the total number of the
various component conodonts present in
conodont assemblages. The following num-

Discrete Conodont “Genera” as Components of Assemblages

Com;pgncnt Lochriea Lewistownella Westfalicus Scottognathus
conodont
type Scorr ScoTr ScHMIDT RHODES
Elongated 4 pairs 4 pairs 4 pairs 4 pairs
blades Hindeodella Hindeodella Hindeodella Hindeodella
Arched .. . . .
blades Prioniodella Ozarkodina Ozarkodina Ozarkodina
Pictl,(l-aséxeasp ed Neoprioniodus Neoprioniodus Synprioniodina Synprioniodina
Streptognathodus
Pla;lfo:im Spathognathodus Cavusgnathus Gnathodus or
ades Idiognathodus
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bers are provisional. The total numbers
range from a minimum of 12 to a maxi-
mum of 22. lllinella has 12; Scortognathus,
Lewistownella, Duboisella, and probably
Westfalicus have 14, and Lochriea 22.

9. The Hindeodella components are re-
presented by a battery of four pairs of dis-
crete conodonts. Other “genera” are repre-
sented by one or two pairs.

10. Data are inadequate with respect to
the extent of variation in component cono-
donts both within and between species of
natural assemblages. Scott (20, p. 297) has
distinguished two species of the genus
Lochriea, L. bigsnowyensis and L. montana-
ensis, in both of which the same “generic”
components are present, but in which they
are “specifically” distinct. Ruopes (12) has
given details of extensive “specific” varia-
tion in components of Scottognathus, lili-
nella and Duboisella, but has suggested that
such variation may represent the extent of
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infraspecific variation within a single as-
semblage. Further collecting and study are
needed to assess the true taxonomic sig-
nificance of this “specific” variation of as-
semblage components.

11. The general alignment and arrange-
ment of conodonts within assemblages tend
to suggest an anteroposteriorly elongated
arrangement within the animal.

12. The overall size of assemblages is
small. The largest are about 9 mm. in
length and 2 to 3 mm. in width.

13. No assemblages yet discovered contain
conodonts attached to any basal bonelike
substance. This basal material is common
in neurodontiform conodonts and is rarely
present in true conodonts (Ruopes 14, p.
325). In view of the undisturbed condition
of the assemblages, it seems unlikely that
such material was present in their com-
ponent conodonts.

INTERPRETATION OF CONODONT ASSEMBLAGES

That conodont assemblages occur is in-
disputable. They are not common, but
more than 300 have been recorded from
black shales of Carboniferous age in both
North America and Europe (for details see
Ruopgs, 12, p. 886-887). Their apparent
restriction to black shales is probably the
result both of the quiet conditions under
which such strata frequently accumulated,
and of the fact that fissility of the shales
lends itself to study of their bedding planes
under a binocular microscope. Other strata
from which conodonts have been collected
(such as limestones and sandstones) com-
monly accumulated under more disturbed
conditions and are invariably subjected by
paleontologists to such violent chemical and
physical methods of disintegration, that
there is little hope of recovering from them
the conodonts which they may contain in
anything but an isolated condition. The
present lack of assemblages from strata
other than those of Carboniferous age is
probably more apparent than real, although
there is perhaps a relatively higher propor-
tion of black shales in the Carboniferous

System than in other systems (Cambrian-
Triassic) in which conodonts occur. Need
exists, however, for careful study of such
rich conodont-bearing black shales as those
of the Upper Devonian of eastern and cen-
tral North America.

Those who deny the validity of conodont
assemblages do so, not because they deny
their existence, but because they regard
them as fortuitous rather than “natural”
associations. The word “natural” could, in
one sense, be used to describe any occur-
rence (whether random or not), but it is
used here to describe an association which
is the direct result of the original associa-
tion of a variety of individual conodonts
within the body of one conodont-bearing
animal. I propose to examine the evidence
which supports the recognition of natural
conodont assemblages and then to consider
the arguments of those who reject such an
interpretation.

There are at least seven distinct aspects
of the occurrence of conodont assemblages
which support their interpretation as nat-
ural assemblages.
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ASSOCIATION OF “GENERA” IN
ASSEMBLAGES

The same genera (founded, that is, on
“natural assemblages”), both from the same
and from different localities and horizons,
prove to contain the same component “gen-
era” of isolated conodonts. Assemblages (at
present undescribed) from upper Carbonif-
erous Coal Measures of Britain, for ex-
ample, are exactly similar to those described
from the Pennsylvanian of Illinois and
Kentucky (12). Thus, in both occurrences
the assemblage Scozrognathus contains com-
ponent conodonts representing the same
five “genera.” This is not to imply that
every assemblage studied contains all five
components, for the degree of completeness
is very variable. Sometimes, for example,
only a single pair of components is found.
The degree of resemblance is best illustrated
by the uniformity of association rather than
its completeness. In a detailed study of more
than 200 assemblages, Ruopes (12) found
that only two of them revealed the admix-
ture of genera not commonly associated to-
gether in the same natural assemblage. It
should also be noted that the overall num-
bers of components in these various assem-
blages are broadly consistent. The “specific”
identities of component conodonts from
British assemblages agree closely with com-
parable assemblages from the Pennsylvanian
of North America (Ruobss, 12, p. 891-895).
In these latter the individual components
are variable in “specific” form, but it is not
yet possible to assess the significance of this
in the character of the assemblage variation
and taxa.

It has been noted that the same “genus”
may be present in more than one kind
(genus) of natural assemblage. Thus,
Hindeodella is present in Scottognathus,
Gnathodus (Scumiot non Hinoe), Lewis-
townella, and Lochriea, although it appears
that the “species” of Hindeodella repre-
sented are different in each case. This com-
plicates the evaluation, but in no way de-
tracts from the importance of the regu-
larity of association discussed above.

RATIOS OF ISOLATED
COMPONENT “GENERA”

If component discrete “genera” occur in
a fixed proportion within a natural cono-

w75

dont assemblage, it is probable that iso-
lated “genera” would also be found in fixed
proportions. There is a conspicuous lack of
published data on this subject.

Scort (20, p. 295) studied 3,000 isolated
conodonts from the Heath Shale and noted
that “most of the different kinds of individ-
ual conodonts can be recognized in the as-
semblages; furthermore, the kinds found as
individuals are proportional in numbers to
those represented in the assemblages, ie.,
hindeodells are found approximately three
times as often as spathnognaths.” DuBois
(6, p. 157) studied 479 isolated conodonts
from the fissile black shales below the
La Salle Limestone (Middle Pennsylvanian)
of Ilinois. Of these he identified 108 poly-
gnathids, 67 ozarkodinas, and 304 hindeo-
dellas, or a ratio of roughly 1.6: 1: 4.5. This
contrasts with the ratio 1: 1: 4 which Du
Bors established by analysis of the conodont
assemblages. He explained the apparent
anomaly by the “differential ability of the
teeth to withstand fragmentation.”

The results of Du Bors’ analysis are dif-
ficult to evaluate, but the deviation from
the predicted ratio could be explained by
the differential hazards of preservation. The
more massive polygnathid components are
undoubtedly more resistant to abrasion and
probably less liable to transportation than
the more delicate components. Indeed, the
vagaries of fossilization are such that it may
be doubted whether any consistent ratios
should be expected. The ratio obtained
from a limestone, for example, may be
quite different from that obtained from a
black shale. My own preliminary studies
of the ratios between isolated components
are not conclusive. There is a need for an
extensive study of the ratios of isolated
“genera.”

PAIRED OCCURRENCE OF
COMPONENTS AND THEIR
ALIGNMENT

Assemblages are frequently readily recog-
nizable by the paired arrangement of their
components. These components are not only
of the same size and general form but may
sometimes be shown to be paired in such a
way that one is the mirror image of the
other. Sometimes other very minor morph-
ological differences are observable between
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two such paired components, but these are
no greater than those found, for example,
between comparable complementary teeth
in craniate skulls. No similarity of function
is implied by this analogy, but it is useful
in indicating the extent of this variation.

These paired components are frequently
aligned with others in such a way as to
form an elongated series. It would be diffi-
cult to account for such alignment, and
virtually impossible to account for the
paired relationship, except by the accep-
tance of these associations as natural assem-
blages.

STRUCTURAL SIMILARITY
OF ASSEMBLAGES

Six genera of assemblages, all of Car-
boniferous age, are now known in suffi-
cient detail to provide a comparison of
their components. Of these assemblages,
four are closely similar in their general
make-up, another is broadly similar to them,
and one is quite different. It is unnecessary
here to discuss these resemblances in detail
but they are illustrated diagrammatically in
Fig. 43. Such similarity is very difficult to
explain if the assemblages are interpreted
as random associations.

OPINIONS OF INDEPENDENT
STUDENTS

The first assemblages to be described were
those from the Heath Formation of Mon-
tana (ScotT, 19, 20) and the lower Namur-
ian of Germany (Scumipr, 17), which were
described in simultaneous but entirely in-
dependent publications. Scorr and ScaMmipT
differed in their interpretations of the
zoological affinities of the conodonts, but
both were in complete agreement that the
assemblages which they described repre-
sented natural associations. Du Bois’ (6)
study of conodont assemblages from the
McLeansboro Formation (Pennsylvanian)
of Illinois convinced him that they were
natural, rather than random. RuobEs was
originally unwilling to accept the inter-
pretation of natural conodont assemblages,
but became convinced of its validity as a
result of a study of Pennsylvanian assem-
blages from Illinois and Kentucky (12).

The independent conclusions of these
workers who have studied conodont as-
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semblages are thus in agreement in regard-
ing them as natural associations.

GEOGRAPHICAL DISTRIBUTION OF
ASSEMBLAGES

The assemblages described above come
from thie western and midwestern United
States, from Germany, and (in the case
of some still undescribed forms) from Eng-
land and Wales. This widespread geo-
graphical distribution is another factor
which supports their interpretation as nat-
ural associations. One occurrence of an
assemblage might perhaps be accepted as
fortuitous, but the occurrence of several
hundred assemblages, composed of similar
components, many of them paired, in
broadly similar numbers, in similar align-
ment, described by half a dozen workers,
from different parts of the column, in dif-
ferent continents, makes it difficult to
maintain such a conclusion.

COPROLITIC ASSOCIATIONS

Coprolitic associations of conodonts are
known, and indeed are described from
strata which also yield natural assemblages.
They are generally characterized by three
features: (1) The very large number of
isolated conodonts which they contain (up
to 150 in comparison with a present maxi-
mum of 22 described from natural assem-
blages). (2) These conodonts show no
alignment or obvious pairing, and may
sometimes (but not always) represent more
than one natural genus. (3) There may
sometimes be a slight discoloration asso-
ciated with the matrix around coprolitic
associations. These criteria provide dis-
tinctive features by which two types of
assemblage, one natural, the other coprolitic,
may be differentiated.

It is now proper to consider the objec-
tions of those who do not accept the inter-
pretation ot natural conodont assemblages.

C. C. Branson (1, p. 169), in discussing
the establishment of parataxa, writes:
“Scort’s assemblages are coprolite [copro-
litic] associations. The validity of other
assemblages is not demonstrated.” He thus
makes two distinct claims, the second of
which may be assessed in the light of the
detailed discussion above. The first state-
ment—that ScorT’s assemblages are coproli-
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tic associations—is curiously dogmatic in
that it is unsupported by any evidence. The
burden of data outlined above is very
strongly in support of Scorr’s interpreta-
tion of the assemblages as natural, rather
than coprolitic in origin. Scotr (20, p. 296)
concluded “. . . it would be strange indeed
to find a group of animals with such a bal-
anced diet that the excretal material would

Lewistownella

Scottegnathus Ilinella

Lochreia
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consist time after time of one pair of
prioniodids, one pair of spathognaths, one
pair of prioniodells, and approximately four
pairs of hindeodells” (the components of
the natural assemblage genus Lochriea). It
would be of the greatest interest to know
the evidence which persuades some other
students to the contrary.

Westfalicus

Duboisella

Fic. 43. Diagrammatic illustrations of natural conodont assemblages: 1, Lewistownella agnewi Scorr; 2,

Lochriea montanaensis Scorr; 3, Scottognathus typica (Ruoves); 4, Westfalicus integer (H. Scumint); 5,

Hlinella typica Ruoves; 6, Duboisella typica Ruobes; all X 15 (approx.) (1,24-6 after Rhodes, 1954; 3,
mod. from Schmidt, 1934).
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Branson & MEeHL (3) wrote: “An appar-
ently insurmountable difficulty to the group
assemblage is the fact that the involved
genera are not co-extensive in their strati-
graphic range.” But, as other workers
have already remarked, the addition or sub-
traction of certain kinds of “teeth” would
be a normal consequence of the evolution
of the group, and some component “genera”
are present in more than one genus of nat-
ural assemblage. If the validity of the asso-
ciation of component bones in vertebrate
skeletons were determined by the co-ex-
tensive ranges of the “genera of bones in-
volved,” our interpretation of vertebrate
palacontology would be in need of drastic
revision. But most paleontologists accept
the fact that parts of an organism may
evolve at differential rates, and that such
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parts (“genera”) as a pelvis or a scapula
may be present in more than one species
of organism.

Branson & Menr (3, p. 233) further
commented, “Doubt is cast on the assem-
blage finds as normal associations because
the analysis of one, or many, samples from
a productive zone . . . fails to show pro-
portional numbers of kinds supposedly
found in one animal.” This is the only
objection to the natural assemblage inter-
pretation which has any weight. As shown
above, however, the present evidence is not
conclusive and to expect absolute constancy
of ratios of isolated components is to under-
estimate the hazards, vagaries, and selective
nature of the processes of both fossilization
and micropaleontological extraction.

ZOOLOGICAL AFFINITIES

Workers who have studied conodont as-
semblages are divided in their interpretation
of their zoological affinities. Scorr (19, 20)
and Du Bois (6) regarded them as char-

acteristic of the annelids. Scummr (17, 18)
favored an association with fish. Hass has
discussed these interpretations in the pre-
ceding chapter.

TAXONOMIC PROBLEMS

One of the most difficult problems raised
by the acceptance of natural conodont as-
semblages is that of their nomenclature.
I propose to consider this in some detail.

PRESENT TAXONOMIC POSITION

It has already been noted that an ex-
tensive “taxonomy” has been established
upon isolated conodont specimens. This
nomenclature, which includes about 2,000
“species,” has been established by workers
who have rigidly observed the code of
zoological nomenclature. The suggestion of
Croness (5) for an independent “military
classification” has not been generally fol-
lowed.

The acceptance of natural conodont as-
semblages, containing up to five component
“genera,” has led some workers (Scorr, 20;
Scummr, 17, 18; EicHENBERG, 7; RHODEs,
12) to propose a new classification, based
on the recognition of conodont assemblages
as the remains of individual organisms, and
consequently as natural taxonomic units.

Therefore, two classifications exist and it is
necessary to consider their implications.

The nomenclature of natural conodont
assemblages has been established in three
more or less distinct ways.

Method 1. Assemblages have been named
after the earliest applicable name of any
component which they contain (e.g., Eicn-
ENBERG, 7; ScHMIDT, 17; SiNcLAIR, 21).

Method 2. Assemblages have been given
new binomina, and the component cono-
donts have been designated by descriptive
technical terms. Scorr (20) followed essen-
tially this practice, identifying the “genera”
(but not the “species”) represented in two
genera of natural assemblages, and describ-
ing the components by common nouns
coined from the “generic” names. Thus
specimens of Hindeodella were termed
hindeodells, etc. Scorr emphasized, how-
ever, that he considered it desirable that the
earlier “form-classification” should be re-
tained (20, p. 295), even though he found
it inconvenient to employ it for assemblages.
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Method 3. Assemblages have been given
new binomina and the component cono-
donts have been designated by their pre-
viously established “generic” and “specific”
names (if any) (e.g., Raopes, 12).

PROBLEMS OF DUAL CONODONT
CLASSIFICATION

These problems have been discussed in
detail by Moore & SyLvestEr-BrabLey (10,
Supplemental Application “A”). It is use-
ful to summarize them for the present dis-
cussion.

(1) The existence of two systems of
nomenclature is illegal under the Rules
and consequently confusing and unstable.
Both are necessary and useful, but they can
only exist because conodont workers are
forced to ignore the Rules.

(2) In some cases the same generic and
specific names have been applied both to
assemblages and to some of their isolated
components (e.g., Grathodus, Prioniodus,
and Polygnathus dubius). This is clearly
undesirable. The application of Article 27
leaves one or the other taxon without a
name. [The problems of applying new
names are discussed subsequently.]

(3) In cases in which new generic names
have been used for assemblages there are
also serious problems if the Rules are ap-
plied. Thus, the genus Duboisella Ruopks
(type-species, D. zypica) contains compon-
ents representing five “genera” of previous-
ly described component conodonts, If
Article 27 is applied, these five genera and
species should be placed in synonomy with
D. typica, which name should itself be re-
placed by that of the earliest described com-
ponent. But generic identity between dis-
crete conodonts and natural assemblages
can only be recognized if the type species
of the discrete genus is present in an assem-
blage of the genus. In the case of Duboisella,
the type species “Neoprioniodus conjunc-
tus” and “Metalonchodina bidentata” have
been recognized in assemblages. According
to the Rules, the name “Neoprioniodus”
should therefore take priority over Dubois-
ella, and “Metalonchodina” would also be
regarded as a junior subjective synonym of
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“Neoprioniodus.”t The specific name
“typica” would also be replaced by its
earliest synonym. New names would be
needed to designate all the other discrete
conodonts represented in the assemblage.
The type “species” “Metalonchodina biden-
tata” is present in the assemblage named
Duboisella, but other species of the “genus”
have not been so identified. They may or
may not be congeneric with D. zypica, and,
unless they are found intimately associated
with an assemblage, they cannot be placed
in an assemblage genus. The rarity of nat-
ural asemblages may mean that it will never
be possible to identify the other named
“species” of “Metalonchodina” with whole-
animal taxa. What name is to be used for
them?

NEED FOR REVISION OF EXISTING
TAXONOMY

I have used the examples cited above to
illustrate the illegal and unstable nature of
the present position, the drastic revision
and utter confusion that would result from
application of the Rules, and the fact that
in some cases their rigid application would
lead to a nonsensical taxonomy.

Any solution to the problem must pro-
vide freedom of taxonomic expression to
those who work with natural conodont as-
semblages and to those who work with
discrete conodonts. Such a solution must
satisfy five requirements: (1) It must pro-
vide a method for the recognition and clas-
sification of natural conodont assemblages.
(2) It must provide a name to differentiate
each of the diagnostic forms of individual,
isolated conodonts, which are of value in
stratigraphy. (3) Homonymy between these
two systems of nomenclature must be
avoided. (4) Both systems must exist with-
in the legal framework of the International
Code, and must derive the protection, sta-
bility, and uniformity which the Code pro-
vides. (5) Any changes in procedures
should be such as to produce the minimum
possible disturbance in the existing nomen-
clature.

1 Since Metalonchodina BraNsoN & MeML was introduced
in 1941, with Prioniodus bidentatus GunNeLL, 1931, as type
species, and Neoprioniodus RHopEs & MULLER was first pub-
lished in 1956, with Prioniodus conjunctus GunNNeLL, 1931, as
type-species, Metalonchodi bid should replace Du-
boisella typica according to the Rules. Metalonchodina clear-
1y has priority over Neoprjoniodus.—EpIToR.
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PROPOSALS FOR TAXONOMIC
REFORM

The following remarks are intended as
a generalized but critical review of each of
the three possible methods of naming as-
semblages outlined above. This is based
partly on comments published in Docu-
ment 1/47 of the Bulletin of Zoological
Nomenclature (Ruobes, 16).

(1) Of the three ways of dealing with the
present taxonomic problem previously in-
dicated, Method 1, in which the assemblages
are named after the earliest applicable name
of any discrete conodont which they con-
tain is the “legal” solution under the ex-
isting Rules (Article 27). However, it in-
volves serious difficulties of two main types.

(a) What name is correctly applicable to

an assemblage? Clearly the name
that must be applied to an assemblage
is that given to the first-named part
of the animal. If this is done, the
following considerations arise:

(i) Objective identification with a
natural genus can therefore only
be made if the type-species is
present in the assemblage.!

(ii) One “genus” may be present in
more than one type of natural
assemblage (i.e., in more than
one natural genus).

(iii) It might be suggested that this
problem could be overcome by
a modified application of the
Law of Priority, according to
which the name of a unique
“genus” among the component
discrete conodonts would be
chosen to be the type of the
natural assemblage  selected.
Conodont assemblages are rare,
however, and it is quite impos-
sible to predict whether or not
any such component “genus”
would prove to be peculiar to a
single type of assemblage.

(iv) Conodont specialists find it con-
venient to distinguish the two
discrete conodont  “genera,”

11t is important to take note of the fact that the asserted
presence of the type-species of a discrete conodont genus is
a subjecive identification.—EpiTor.

Streptognathodus and  Idio-
gnathodus, on minor morpholog-
ical features, in spite of the fact
that these two “genera” are
transitional. Ruopes (12, 13)
has shown, however, that Scoz
. tognathus, a genus represented
by natural conodont assem-
blages, may contain either one
or the other of these “genera,”
which are transitional within
the assemblages. Similar cases
may also exist, and it would be
misleading if one of these “gen-
eric” names were applied to as-
semblages in which the “genus”
itself was not present. It may be
argued that the “genera,” if tran-
sitional, must ipso facto be syn-
onymous, but practicing paleon-
tologists would reserve the right
to dispute this principle. Chron-
ological fossil sequences show
all grades of transition, and in
the most complete successions
taxonomic units are more or less
arbitrary subdivisions of more or
less continuous fossil sequences.

(v) Similar problems to the three
noted above arise in the choice
of a specific name. Other aspects
of the problem of the choice of
a specific name have been dis-
cussed by Moore & SYLVESTER-
BrabLey (10).

(b) What name is correctly applicable to

an isolated conodont?

(i) If the earliest applicable name
of a discrete conodont contained
in an assemblage should be ap-
plied to the whole assemblage,
all other differently named “gen-
era” and “species” of discrete
conodont identified within the
assemblage would be junior
synonyms of the name given to
the assemblage. This would re-
quire drastic revision in the
nomenclature of isolated cono-
donts. Some names must be
available to designate the differ-
ent kinds of isolated conodonts,
which are of great stratigraphic
importance.
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(ii) Some writers (e.g., SINCLAIR,

21, p. 489) have argued that, if
this method were adopted, it
would be possible to designate
individual conodonts as (for ex-
ample) the “subbryantod ele-
ment of Streptognathodus ele-
gans” (where the binomen is
that given to a natural assem-
blage). The term “subbryantod”
is coined from the name of the
discrete conodont “genus” Sub-
bryantodus. This might appear
satisfactory for conodont com-
ponents which show little varia-
tion in natural assemblages.
Some elements, however, are
present in more than one genus,
so that two or more names
are applicable. This results
in three possible “states of
synonomy,” which are at three
categorical levels. In any given
case all three might apply. Thus,
two “species” of isolated cono-
donts, Xognathus aa and Xog-
nathus ba, may be regarded as
synonymous. Both might be
shown to occur in the same as-
semblage, to the selected name
of which one or possibly both
would then be synonymous. But
thirdly, they might also be found
to be present in more than one
type of natural assemblage, in
which case the descriptions
“xognathid element of Ailpha-
gnathus beta” and “xognathid
clement of Gammagnathus del-
ta” would be synonymous at a
third (quite different) taxo-
nomic level. One need not elab-
orate the taxonomic confusion
that would result from such a
situation.

(iii) This would be only the begin-

ning of confusion, for only such
isolated conodonts as show little
variation in natural assemblages
have so far been considered. In
many cases variation is consid-
erable and a “specific” qualifica-
tion would be necessary to desig-
nate any particular form (e.g.,

/43!

“the subbryantod type 23 ele-
ment of Streptognathodus ele-
gantulus”). This would not only
involve a complete revision of
conodont terminology and the
substitution of a clumsy, very
unsatisfactory system of nomen-
clature for that now used, but it
would deprive the new system
of nomenclature of uniformity
and protection which the Rules
are designed to afford.

(iv) Even if, in spite of this, the sug-
gested solution were accepted,
one insurmountable problem
would remain. Only a very few
“genera” and “species” (perhaps
fewer than 5 percent of the
“species”) are at present known
as components of natural assem-
blages. For the great majority of
isolated conodonts, therefore, 7o
names would be available.

(2) It may be suggested that in order to
avoid confusion, all conodont “genera” and
“species” not based on natural assemblages
should be regarded as invalid. This would
mean that zoological names should be ap-
plied only to assemblages, and suitable tech-
nical terms then would be employed to
designate isolated component conodonts
(Method 2, previously outlined). Such a
solution would reduce problems of synon-
ymy, but all the other major problems dis-
cussed above would remain.

(3) The third possible method would be
to give new names to natural conodont as-
semblages and to retain the existing system
of nomenclature for isolated conodonts
(Method 3, previously suggested). In view
of the problems discussed above, this is
clearly the most desirable solution. Indeed,
it is the only solution that will permit satis-
factory continuation and development of
conodont studies.

This is the method suggested and cogent-
ly supported by MooRE & SYLVESTER-BRADLEY
(10) in an application to the International
Commission on Zoological Nomenclature for
establishment of parataxa. Their carefully
reasoned document proposed that discrete
conodont “taxa” should be designated as
parataxa and should exist as categories
within, subject to, and protected by the
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Rules. They urged that parataxa should be
regarded as a special taxonomic category,
and that use of them should be restricted
to discrete fragments or life stages of ani-
mals which are inadequate for identification
of whole-animal taxa. They considered that
such a system of nomenclature would be
useful in the classification of coccoliths,
sponge and octocoral spicules, holothurian
sclerites, ossicles of crinoids, cystoids, blas-
toids, echinoids and asterozoans, scoleco-
donts, gastropod radular elements and oper-
cula, and cephalopod aptychi. Detailed safe-
guards, such as the mutual nonavailability
for parataxa of taxonomic names employed
for whole animal taxa, and vice versa, were
included in the proposals.

The proposals were presented at meetings
of a Colloquium on Zoological Nomen-
clature held at the Fifteenth International
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Congress of Zoology in London in 1958.
After very brief consideration the Colloqu-
ium rejected the proposals, yet offered no
alternative solution. This action leaves
conodont nomenclature in a confused and
unstable position. Presumably students of
discrete conodonts will ignore the decision
and continue to use a binomial system of
nomenclature for the isolated conodonts
which they study. But the continuing study
of assemblages will show that more and
more discrete “species” and “genera” are
parts of whole animals, and therefore are
synonyms of whole-animal taxa. It is hoped
that students of conodonts and other dis-
crete fossil fragments will continue to press
for the recognition of parataxa or whatever
other means may be devised for practicable
classificatory and nomenclatural procedure
not in conflict with the International Rules.
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TAXONOMY, EVOLUTION, AND ECOLOGY OF
CONODONTS

By Kraus J. MULLER

[Technische Universitit Berlin, West Berlin, Germany]

CONCEPTS IN TAXONOMY OF
DISJUNCT CONODONTS

Species are to be defined empirically,
by observation. Illustrations of the varia-
tion of conodonts within a single animal,
as demonstrated by a conodont assemblage,
have been given by Ruobes (11).

The range of variability within a popu-
lation is quite wide, but differs considerably
from one to another. The most advanced
forms within a branch of evolution gen-
erally are more stable morphologically than
the primitive ones.

In establishing species, ontogenetic trans-
formation has to be considered. The growth
lamellae of conodonts are not exactly paral-
lel to each other, but are variable in their
width. New denticles originate and in some
specimens denticles are overgrown, thus
forming germ denticles. The number of
denticles on a conodont, therefore, is also
dependent on its size, and for comparison
not just the number of denticles has to be
given, but also the measurements. Sculpture
on the plate of platform types also changes
during growth. In Polygnathus and Palma-
tolepis the smallest growth stages are un-
sculptured, whereas later stages more or less
suddenly exhibit a distinct sculpture, which
in the most mature stages is somewhat
smoothened off again. This can be observed
by comparison of the different growth stages
in a population, as well as of growth lines

seen in a thin section through a mature
specimen.

In other species a direction of most promi-
nent growth has been observed. The outline
(e.g., Ancyrognathus triangularis Younc-
QuisT) changes considerably during growth,
because in the anterior portion the growth
lamellae are much wider apart than on the
rest of the unit. For comparison, therefore,
it is necessary to select specimens of the
same size or at least to take account of
transformation by observing the growth
lines.

Occasionally populations contain a few
atypical specimens, which do not fall in the
range of species present. The differences are
due to abnormal growth. Redefinition of
species in order to include these specimens
would blur the picture and would make it
difficult to recognize the species elsewhere.
Therefore, these specimens should be re-
garded as indeterminable.

Subspecies based on minor differences
have been erected by some authors. How-
ever, at the present stage of description no
agreement exists as to what may be re-
garded as minor differences suitable for sub-
specific distinction only. Therefore, some
established species deserve subspecific rank
only and units defined as subspecies by some
authors are regarded as species by other
students.

Genera have been abstracted to assist de-
termination. For grouping a number of
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species into a form-genus, features have to
be found which are present in all species
thus grouped together. These features do
not necessarily have to be the most ebvious
ones, for only their persistence within the
group is important.

Genera of disjunct conodonts are arti-
ficial, even if they are based on natural re-
lationship in an increasing number of cases.
Monotypic genera in conodonts have little
meaning, for they will be of no help in de-
termination. Proposal of them only rarely
is justified (e.g., if a rather common species,
generally of short vertical range, is consid-
erably different from established genera).
However, it is of no advantage for develop-
ment of a clear system if four of seven new
genera erected in 1957 are respectively
based on a single species only.

Families and subfamilies of conodonts
recognized by Hass in this volume are de-
fined mainly on a single feature—position
of the basal cavity in relation to other parts
of the conodont structure. This detail is
easily recognizable in nearly every specimen,
but dependence on it for systematic arrange-
ment leads to assignment of closely related
genera with intergrading species to differ-
ent families (e.g., Prioniodina to Prioniodi-
nidae, Prioniodus to Prioniodontidae, Neo-
prioniodus to Coleodontidae). Besides, it
has little meaning as a help for determina-
tion.

For most platform and single-cone types
of conodonts, I judge that a more natural
system can be attained by grouping genera
according to phylomorphogenesis. How-
ever, such a system hardly can be established
for all conodonts, because many bars and
blades of similar form occur in different
assemblages. In an artificial system, such as
that proposed by ULricH & BassLer and
accepted by Hass, the bar and blade types
are grouped in families also. Then various
parts of the same animal may belong to
different “families” and “subfamilies.”

The various conodont elements in an as-
semblage do not have equal meaning for
taxonomy. Some are inconstant even in
closely related assemblages, whereas others
are seen to be quite stable in unrelated as-
semblages and thus are believed to have lit-
tle significance for systematics (and as a
consequence for stratigraphy). For ap-
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proach to a natural system of conodonts it
is necessary to take account of this observa-
tion. Taxonomy needs to be based mainly
on features which exhibit change during
evolution, stable elements having only
minor systematic value.

At present, conodont assemblages are de-
scribed only from the Pennsylvanian and
beds of equivalent age. When more com-
plete knowledge of the assemblage occur-
rences is attained, it should be possible to
sort out the “good” and “inferior” form-
genera of disjunct conodonts in the entire
system. Taxonomy could be simplified con-
siderably by suspending the generic names
of stable elements (through action of the
International Commission on Zoological
Nomenclature) and recoining them as
morphologic terms (e.g., hindeodellids). It
is believed that such a system would not
differ from a system of natural assemblages,
which thus would be named like the dis-
tinctive disjunct parts.

EVOLUTION

Although conodonts comprise parts of an
animal yet unknown, they are nevertheless
well suited for tracing evolution. ErLison
(2) stated: “Conodonts are among the best
fossils for family-tree studies.” Similar to
solitary corals and ammonoids, the preserved
hard parts give evidence of ontogeny. Their
structure is composed of growth lamellae
which center around a nucleus. By observa-
tion of these lamellae changes of morpho-
logical features such as outline, pattern of
sculpture, and mode of insertion of denticles
during ontogeny can be observed. Many
specimens show that the earliest growth
stages of related species are quite similar—
indeed, only the more mature ones can be
distinguished, a fact which can be observed
quite frequently in etching residues.

Furthermore, many genera and species
of conodonts are linked together by transi-
tional form types, some of which are excel-
lent markers for certain time intervals. An
example is the link between Polygnathus
dubius Hinoe and Palmatolepis transitans
M@uLLer. Samples of several sequences in
cephalopod-bearing limestones at the Mid-
dle-Upper Devonian boundary have yielded
intermediate forms in abundance (see Fig.
47, bottom).
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Some difficulty in establishing a natural
system of disjunct-conodont classification
arises from the fact that certain tendencies
of development occur in different groups
independently, thus producing homeo-
morph “genera” and “species.” The most
striking example is the similarity between
the Devonian-Lower Carboniferous genus
Polygnathus and some Upper Triassic spe-
cies. There are no representatives similar to
Polygnathus in the long time interval from
carly Pennsylvanian until Middle Triassic,
and the branch which leads to Polygnathus
mungeonsts DieseL evolves from Gondo-
lella, as is demonstrated by species of this
form-genus.

The genus Taphrognathus was erected by
Branson & Menr, 1941, who stated in the
original description: “Little can be offered
in the way of generic analysis to separate
[it from Streptognathodus| satisfactorily.
We interpret these two groups as parallel
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developments, originating at two entirely
different times, probably from the same
stock.” As was pointed out by Rexroap
(10), Taphrognathus gave rise to Cavus-
gnathus, and in uppermost Chesteran beds
transitional forms between Cavusgnathus
and Swreptognathodus have been observed.

Another example of homeomorphy is the
striking similarity in many features ex-
hibited by leriodus pesavis Biscuorr & San-
NEMANN, from the Lower Devonian, and
Staurognathus anchoraria Hass, from the
Mississippian (Fig. 44). These forms are
widely apart systematically and it is not
clear whether the convergence is due to
some functional reason or merely to reitera-
tion because of the limited possibilities in
form varicty within the group, as scen in
some Ammonoidea. The latter seems to
me more probable.

As is true also in evolution of the Am-
monoidea, repeated features may have a

Fra. 44. Homeomorphy in conodonts.

specimens demonstrating interspecific variability, %35 (Hass, 1959).

leriodus

A-C. Stanrognauthus anchoraria Hass, Miss., USA(Tex.), three

D-E. leviodus pesavis BISCHOFF &

Sanneman, L. Dev,, Ger., two specimens, X 27 (Bischoff and Sanneman, 1958). Both forms, phylogenetically
of quite different origin, are considered to be index fossils for narrow zoncs. Similar forms are unknown
in the long interval from the upper part of the Lower Devonian to lowermost Mississippian strata.
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Fic. 45. Intraspecific variation of conodonts illus-
trated by three specimens of Polygnathis unicornis
MiLLER & MOLLER, with secondary carinae or keels
in different positions; only 5 percent of the avail-
able specimens have secondary keels or carinae, a
feature which would put them into Ancyrognathus
if it were stable. U.Dev., USA(lowa), X30 (9).

different taxonomic meaning in various
phylogenetic lines. Ancyrognathus is dis-
tinguished from Polygnathus by the pres-
ence of a secondary branch on the “pos-
terior” portion. The same feature occurs in
the intraspecific variation of Polygnathus
unicornis MULLER & MowiLer (Fig. 45).
Only 5 percent of the specimens have a sec-
ondary keel or carina, or both, a feature
which would put them into Ancyrognathus.
However, the position of the secondary ele-
ments is different in nearly every specimen,
and therefore the feature has no bearing on
taxonomy.

Close examination of homeomorphic
forms generally reveals that only a part of
their observed features are duplicated, while
other more stable (though not always easily
recognizable) features are distinct. Careful
study of these features (e.g., crimp, mode
of insertion of denticles) will help to attain
a more natural classificatory arrangement
of these fossils.

Simple cones (Distacodidae) have been
little studied as yet in regard to their
morphogenesis, but possibilities of finding
connections between many form-genera
scem to be good. General developments,
which most probably have been attained in
different branches within this group are
(1) reduction in size of the basal cavity,
which can be observed in specimens rang-
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ing from Cambrian to Devonian; and (2)
differentiation of the sides by keels, carinae,
and furrows, leading to the peak develop-
ment of the Distacodidae in Ordovician
time but decreasing somewhat in impor-
tance during the Silurian.

The simple cones gave rise to bar and
blade types of conodonts by addition of
denticles to the basic cone. Obviously, this
happened in different branches of evolution
independently at various times and in a dif-
ferent manner by (1) bowing flanges of
the cone upward (e.g., Westergaardodina);
(2) sudden reiteration of the denticle (e.g.,
Loxodus); (3) forming an extension on one
side, later adorned by new and more or less
widely spaced denticles (e.g., Cordylodus);
(4) differentiation of a carina or keel to
form a thin lamella which breaks up into
rather small, somewhat irregular, closely
spaced denticles (e.g., some Silurian form-
species referred to “Belodus™).

The bars generally seem to be quite stable
and therefore their value as index fossils is
much smaller than that of platform types.
They have only a few features which are
suited for establishing morphogenesis with-
in the group. Convergence has been ob-
served frequently. However, even here it
may be possible to recognize gradational
forms between bar and platform types. ELLi-
soN demonstrated perfect transition between
the bar type, Prioniodina, and the platform
type, Gondolella.

The blades gave rise to platform types in
different lines of evolution. The latter are
best suited for tracing the morphogenesis,
since they possess many features which un-
derwent gradual change during evolution.
This is particularly true of form-genera de-
rived directly or indirectly from Spatho-
gnathodus. Their probable relationship, as
demonstrated by intergrading form-species,
may be represented diagrammatically (Fig.
46). Within this group a natural system
can be attained with the present state of
knowledge.

Not only between form-genera but also,
within some of them, transitional stages be-
tween species and subspecies can be estab-
lished. Diagrams showing the morphogene-
tic development of Palmatolepis have been
published by MiiLLer (6), Scorr & CoLLIN-
son (12), and Herms (5), the last repro-
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duced here (Fig. 47). This example demon-
strates excellent suitability of a widely dis-
tributed, common form-genus for tracing
evolutionary developments, as well as for
subdivision of an epoch.

ECOLOGY

Conodonts have not yet been found in
sediments which are thought to be non-
marine. In Upper Carboniferous coal mea-
sures of England, Western Germany, Kan-
sas, and Illinois, their presence is regarded
as proof that the containing beds were de-
posited in a paralic environment.

Quite commonly they are associated with
cephalopods, tending to be particularly
abundant in cephalopod-bearing limestones.
Further, they are often associated with fish
remains and ostracodes. However, in most
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Paleozoic sediments the distribution of
conodonts is much wider than that of these
other fossils. They can be secured also from
black shales, in which few fossils are pre-
served.

Bioherms and biostromes composed large-
ly of corals, stromatoporoids, sponges, and
calcareous algae, contain very few cono-
donts. Fusulinid-bearing limestones almost
nowhere yield conedonts, as demonstrated
by many samples from North America,
South America, and Europe.

That conodont-bearing animals had a
pronounced bilateral symmetry, is con-
cluded from the following ebservations. (1)
The majority of conodonts occur in “right”
and “left” specimens, which have mirror-
image similarity. (2) The “right” and “left”
specimens of most species occur in statis-

ORDO- LOWER UPPER
S DEVONIAN
VICIAN [ SILURIAN |~ w | | cARBONIF.| cARBONIFEROUS PERMIAN
\ Pelecysgnathus
Ctenopolygnathus
! > Cavusgnathus
Streptognathodus
—~Folygnathodella
Polygnathoides (=59 Idiagnathodus
chkemlla.
Gnathodus
lta
2 &ncylroides
‘: Palmalolepis
Fic. 46. Systematic relationship between genera derived from Spathognathodus as demonstrated by

morphological intergrading. Spathognathodus includes the subgenera Pandorinellina and Branmehla;
Aneyrotdes includes Ancyrolepis. (Data from Branson & Mehl, Bischoff & Sannemann, Miiller, Rexroad,

Thomas, Walliser, Ziegler, and others) [Miller, n].
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Basal Plate

tically equal numbers in washed residues.
Only in certain species of Polygnathus has
deviation from the symmetry been de-
scribed. In these cases the “right” and “left”
specimens which most probably belonged
to the same animal are different, which is
regarded as secondary adaption. (3) A mi-
nority of conodonts do not occur in pairs
but show more or less pronounced bilateral
symmetry in themselves (e.g., Hibbardella,
Roundya). These elements might have been
arranged along the median line of the ani-
mal.

The pronounced bilateral symmetry sug-
gests that the conodont animal was able to
move about actively. This is suggested also
by the shape of many platform types, which
must have supported movable soft parts,
particularly in the unsculptured grooves on
one or both sides of the blade. In some “gen-
era” (e.g., Ancyrodella, Palmatolepis) the
“anterior” part of these grooves is fortified
by much thickening, which is only under-
standable if this portion was subject to con-
siderably more strain than the remainder
of the conodont.

Conodonts commonly are not confined
to sedimentary facies, since the same species
is found to occur in different lithologies
(e.g., limestone, shale, sandstone). This
fact is of great advantage in using conodonts
for correlation. The independence of litho-
facies suggests that the conodont animals
were free-swimming creatures. Because
many species have a world-wide distribu-
tion, they may be interpreted as having been
pelagic.

However, there are some exceptions which
probably denote a change in habitat. Some
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form-genera are fairly abundant in a certain
facies only (e.g., near-reef), and it may well
be that these became adapted to a benthonic
mode of life, or at least lived near the bot-
tom (e.g., most species of Icriodus, “Belo-
dus” from the Silurian). This may explain
why a given species of Icriodus seems to
have divergent ranges in different areas
(e.g., 1. latericrescens BransoN & Memni,
which disappeared from middle Europe in
late Early Devonian but is present in Mid-
dle Devonian and probably even earliest
Late Devonian strata of North America).

CHARACTERS OF BASAL
PLATE

Some discussion of characters of the basal
plate of platelike conodonts, additional to
that given by Hass, seems desirable. As has
been proved by X-ray analysis of platelike
conodonts and their basal elements or or-
gans from the same specimens of various
localities and ages, there is no difference in
mineralogical composition between these
parts. The obvious variation in hardness
and texture between the conodont and basal
plate most probably is the result of differ-
ences in infrastructure, which also may
account for diverse receptability of coloring
agencies.

The histology of basal plates has been
studied from oriented thin sections, mainly
of Palmatolepis and Polygnathus, by Gross
(3). This author has introduced a term
holoconodont for the fossil consisting of
conodont proper and basal plate.

In first stages the growth lamellae of the
conodont are concentric and surround a

Fic. 47. Phylomorphogenesis of Palmatolepis. This genus is among the best of all fossils for subdivision
of Upper Devonian deposits. The dotted field symbolizes variability of form, width of black lines relative
abundance (Helms, n). The figured species are as follows:

1, Polygnathus dubia dubia HINDE. 2, P. dubia asymmetrica BISCHOFF & ZIEGLER. 3, Palmatolepis (Manticolepis)
transitans MULLER.——4, P. (M.) martenbergensis MULLER. 5, P. (M.) foliacea (YouNcouist).——6, P. (M.} unicornis
(MILLER & YOUNGQUIST). 7, P. (M.) proversa (ZIEGLER). 8, P. (M.) subrecta (MILLER & YOUNGQUIST). , P.
(M.) coronata MULLER. 10, P. (M.) hassi MULLER & MULLER. 11. P. (M.) rhenana (BISCHOFF). 12, P. (M.)
linguiformis MULLER. 13, P. (M.) triangularis (SANNEMANN). 14, P. (M.) delicatula (BraNsoN & MEHL). 15,
17, P. (M.) subperlobata (BRANSON & MeHL) (2 subsp.) . 16, P. (M.) quadrantinodosalobata (SANNEMANN). 18,
P." (Panderolepis) tenuipunctata (SANNEMANN). 19-23, P. (Pand.) serrata (Hinpe) [=P. glabra UiricH & BassLer] (5
subsp.) - 24, P. (Pand.) elongata (HoLMes). 25, P. (Pand.) serrata pectinata (ZIEGLER). 26,27, P. (Pand.)
distorta (BrANsON & MEHL) (2 subsp.). 28,29, P. (Pand.) rhomboidea (SANNEMANN) (2 subsp.). 30,31, P. (Pand.}
regularis (Coorer) (2 subsp.). 32, P. (Deflectolepis) subgracilis (BISCHOFF). 33,34,36, P. (D.) minuta (BRANSON
& MeHL) (3 subsp.). 35, P. (D.) schleizia HEeLMS. 37,38, P. (D.) gracilis deflectens MULLER. 39, P. (D.)
gonioclymenise MULLER——40, P. (Palmatolepis) sp. 4,———41,48,52,53, P. (P.) perlobata ULRicH & BassLEr (4 subsp.),
42, P. (P.) crepida SANNEMANN.———43, P, (P.) termini SANNEMANN.—44,45, P. (P.) cymbula HupoLe (2 subsp.).
46, P. (P.) perlobata maxima MULLER —47, P. (P.) perlobata perlobata ULRICH & BASSLER———49, P. (P.) humboldti
HELMS. 50, P, (P.) ampla MULLER. 51, P. (P.) rugosa BRANSON & MEHL. 54,59,60,62, P. (Panderolepis)
marginifera (ZiecLEr) (4 subsp.). 55,56, P. (Pand.) inflexa (MOLLER) (2 subsp.). 57, P. (Pand.) quadrantinodosa
(BRANSON & MEHL) . 58, P. (Pand.) elegans HeLms.———61, P. (Pand.) marginifera marginifera (ZIEGLER).

s
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nucleus (“Erstanlage”) (Fig. 48). Later
lamellae are also formed by concentric ap-
position on the upper side and laterally, but
they are cut off on the lower side of the
conodont. Fine ridges and furrows com-
monly have been observed on this surface.
They are the result of periodical resorption,
and their position is in accordance with the
growth lines of the basal plate. Although
obvious on Palmatolepis and Polygnathus,
it is not yet clear that resorption takes place
on all other conodonts also.

The basal plate is developed only beneath
the area of resorption of the conodont and
is loosely attached (“Busishaftfliche”). The
basal plate is formed at a later stage of
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development than the conodont and scems
to be related to resorption of the lower por-
tion of the conodont, since it has been ob-
served only in growth stages after the be-
ginning of resorption. The growth nucleus
of the basal plate lies beneath the growth
nucleus of the conodont. The basal plate is
thickest near the rim and somewhat thinner
toward the middle. The underside of ma-
ture basal plates is marked by a furrow that
runs beneath the growth nucleus (Fig.
48C).

Growth of the basal plate has taken place
by outer apposition of lamellae, in a similar
fashion as on the conodont. The basal plate
is formed by an independent set of growth

Fic. 48. Platelike conodonts showing features of conodont and basal plate (Gross, 1960).

A. Palmato-

lepis foliacea Youncouist; vertical section through portion of platelike conodont which shows growth

nucleus of conodont (Cgn), X125. B-D. Palmatolepis hasss MULLER & MuiLLEr; B, lower side of
conodont with attachment area of basal plate, primary keel, and sccondary keel, % 35; €, lower side of
platelike conodont- showing basal plate, %35; D, vertical section through platelike conodont crossing
azygous node, X125 (3). E. Palmatolepis, hypothetical diagram showing vertical section with cells
that formed it, X200 (3). [Expranation: a, attachment area of conodont and basal plate; B, basal
plate; Bec, basal plate epithelial cell; Bgn, basal plate growth nucleus; &/, blade: C, conodont; Cec, conodont
epithelial cell; Cgn, conodont growth nucleus; f, furrow on underside of basal plate; g, growth line on
attachment area; K, keel, primary; k&, keel, secondary; /, lamella; #, lamella (lower); Im, lamella (median);
lu, lamella (upper); m, margin of attachment area; », reverse-curved surface of conodont; re, resorbing
cell at edge of basal plate.]
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lamellae, which, however, are harmonic
with those of the conodont. They stand more
or less perpendicular to the attachment
plane and are closed on the lower surface
of the organ.

The conodonts, as well as basal plates,
thus increase in size by growth in all direc-
tions, except on the lower side of the cono-

Wl

donts and the upper side of the basal plates.
The attachment plane between them is a
distinct area, marked by resorption of the
conodont. This characteristic mode of
growth undoubtedly has considerable im-
portance for comparison of conodonts with
other groups of animals as regards their
systematic relationship.
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CONODONT CLASSIFICATION AND NOMENCLATURE

By Raymonp C. Moore

[University of Kansas]

INTRODUCTION

The subject of classification and nomen-
clature of conodonts has been dealt with
rather fully by Hass, Ruopes, and MLLER
in preceding chapters of this volume. Also
it has been discussed by various workers
previously (6-11, 13, 15). Why add any-
thing more? I venture to extend discussion
because these authors have left essential
questions unresolved. We are still faced
with the problem of how to handle the con-
flicts that arise from an illegal dual sort of
nomenclature which they favor, one set of
names being applied to discrete conodonts
and the other to assemblages of conodonts
presumed to comprise the remains of in-
dividual animals. Definition of genera and
species based on the assemblages is asserted
to distinguish “natural” taxa, whereas gen-
era and species based on discrete conodonts
are explicitly or implicitly interpreted to
be arbitrary, artificial, and “unnatural”
units which are acceptable because of their
practical value to stratigraphic paleontology.
Some authors have employed the designa-
tions “form-genera” and “form-species” in
referring to taxa defined on the basis of dis-
crete conodonts, although the Rules recog-
nize no such categories for classification of
animals (10, 11, 15). MtLLEr (9) has used
the terms “partial-genera” and “partial-
species” for classificatory arrangement of
discrete conodonts. RuobEs classes conodont
assemblages in terms of genera and species
but refers to discrete conodonts in terms of
“genera” and “species” (Treatise, this vol-
ume). This is not helpful, since any dis-
crete conodont undeniably constitutes a
fossil record of some “natural” conodont-
bearing animal and as such is fully entitled
to first-class treatment at hands of zoological
taxonomists. The only admissible distinc-
tion between conodont assemblages and dis-
crete conodonts is the degree of their com-
pleteness (or rather, incompleteness) as fos-
sil remains of onceliving creatures. No
difference in application to them of zoologi-

cal classificatory and nomenclatural pro-
cedures specified by the Rules is allowable.
Of course, here we encounter the real
dilemma.

Following this preamble, I draw atten-
tion to the seeming fact that difficulties are
all or nearly all of our own making. If we
can undo what has been done, on the
grounds that it lacked acceptably authorita-
tive basis, problems vanish. If we revise our
approach to the questions introduced by
fossil conodonts, both assemblages and dis-
crete individuals, our supposedly urgent
need for a system of dual classification and
nomenclature disappears. I propose to ex-
plore the possibility of undoing what has
been done and achieving the suggested re-
orientation of approach to conodont classi-
fication and nomenclature. I shall try to
show that a dual system of procedures is
quite unnecessary. Seemingly, the sole re-
quisite for success in removing difficulties
is readiness on the part of a majority of
workers to reject inadequately supported
taxonomic conclusions, that is, those which
depend on doubtful assumptions.

FACTUAL FOUNDATION

Let us begin by constructing a founda-
tion of facts. A few are very elementary
but not to be overlooked on this account.

(1) Each known kind of animal has only
a single valid zoological name, which is
binominal in form and different from the
name of any other animal.

(2) The first-published zoological name
that meets stipulations of the Rules is the
accepted valid name of an animal, taking
precedence over all other names that may
be proposed.

(3) Innumerable discrete, disjunct, in-
dividually ~well-separated conodonts are
found widely distributed as fossils in marine
or semimarine sedimentary deposits rang-
ing in age from Cambrian to Triassic.

(4) Many of these discrete conodonts
have been demonstrated to possess great
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value for stratigraphic zonation and corre-
lation and for age determination of the en-
closing sediment.

(5) These discrete conodonts have been
classified and named in terms of species
(called form-species or “species” by some
authors), genera (called form-genera or
“genera” by some authors), and families.

(6) Classification and scientific nomen-
clature in manner compliant with interna-
tional Rules are requisite as applied to dis-
crete conodonts in order to serve practical
needs of stratigraphic paleontology.

(7) Assemblages of several kinds of
conodonts have been found in such asso-
ciation as reasonably to indicate their deri-
vation from a single conodont-bearing ani-
mal.

(8) These conodont assemblages have
been assigned generic and specific names
intended to designate the conodont-bearing
animal thus represented by the fossil re-
mains.

(9) Component individual conodonts of
conodont assemblages have been designated
by some authors using generic or generic-
and-specific names derived from discrete-
conodont classification and nomenclature.

(10) The use of different zoological
names for a conodont assemblage and its
several components has been challenged on
the ground that it clearly disregards zoologi-
cal Rules if such nomenclature is main-
tained and that it gives rise to intolerable
confusion if effort is made to comply with
the Rules by synonymizing the names which
are in competition.

(11) A proposal to allow a limited sort
of dual classification under sanction of in-
ternational Rules by establishing a category
of parataxa which would be independent
of natural taxa for purposes of the Law of
Priority but not of the Law of Homonymy
(7) was rejected by the 1958 Zoological
Congress which met in London. Therefore,
such classification applied to discrete cono-
donts and conodont assemblages has been
and is now illegal.

ASSUMPTIONS

In relation to the subject here discussed,
the following two statements must be classi-
fied as assertions that only express assump-
tions.
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(1) Some, if not all, conodont assemblages
which have been designated by generic and
specific names are trustworthy of interpre-
tation as the composite fossil remains of in-
dividual conodont-bearing animals. This
is reasonable and now so well documented
that few paleontologists are unwilling to
give it at least qualified assent. According-
ly, names given to the assemblages in com-
pliance with the Rules are acceptable, pro-
vided conflict between them and names of
disjunct conodonts is removed.

(2) Many, if not all, individual discrete
conodonts found to occur as components’ of
conodont assemblages are reliably identi-
fiable as belonging to named genera and
species of disjunct conodonts distinguished
on the basis of specimens not originally
found in assemblages. This is a critical, far-
reaching assumption which demands close
scrutiny, because it touches the very heart
of our problem. Even so, it has been so
long taken for granted rather thoughtlessly
by paleontologists that they have not recog-
nized its status as a quite unproved—pos-
sibly unprovable—assumption. In what-
ever degree the premise is discredited, no-
menclatural problems diminish and they
can disappear entirely.

EXAMPLE OF DUBOISELLA TYPICA

Let us test the line of thinking suggested
by consideration of a chosen example. Al-
most any of the described and named taxa
based on conodont assemblages are suitable
for inquiry, except for the fact that com-
ponent discrete conodonts in some assem-
blages are identified only to the generic
level, without discrimination of species.
Duboisella typica Ruopgs, 1952, which is
the type-species of Duboisella, is a preferred
example because all but one of its com-
ponent discrete conodonts have been identi-
fied to the specific level and two of these
are type-species of discrete conodont genera
(10). The entire assemblage is illustrated in
Figures 42,4 and 43,6. The identified dis-
crete conodont constituents are Ligonodina
typa (GunNELL), 1933; Meralonchodina bi-
dentata (GunneLL), 1931, which is the
type-species of Metalonchodina BraNson &
MenL, 1941; Neoprioniodus conjunctus
(GunneLL), 1931, which is the type-species
of Neoprioniodus Ruopes & MULLER, 1956;
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Metalonchodina 1b

Ligonodina
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Fic. 49. Species of discrete conodonts identified in the assemblage named Duboisella typica; all X25.

1. Metalonchodina bidentata (GunweLL); la, as
identified in D. typica assemblage (10); 15, holo-
type from Fort Scott Limestone, Missouri (3); I,
specimen  from Cherokee Shale, Missouri (2,
mod. by Hass); 1d, specimen from Lexington

coal caprock, Missouri (1); lef, specimens from
Cherokee Group, Kansas (2); Ig, specimen origin-
ally identified as Prioniodus dactylodus by GuangLL
(4)- 2.  Neopriomiodus conjunctus  (Gun-
NELL); 2@, specimen identified in D. #ypica as-
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Lonchodina clarki (GunneLr), 1931; and
Hibbardella sp. Figure 49 furnishes illustra-
tions of these individual conodonts, both as
alleged to be found in the assemblage
named D. typica and as recorded in isolated
occurrence in various deposits; in order to
facilitate comparisons, all are shown at
the same magnification (X25).

It is unnecessary to pursue the nomen-
clatural complexities encountered in trying
to apply the Rules if we should accept the
stated identifications. The situation then
becomes truly chaotic. Not only would the
name Duboisella typica have to be replaced
by one of its three 1931-dated components
as the valid name of the conodontophorid
animal represented by the assemblage, but
all of the identified discrete components,
being parts of the same animal, would be
synonymous; their synonymy would be ob-
jective except for the fact that they have
been subjectively identified, and therefore
the synonymy is subjective. Further, be-
cause Mezalonchodina bidentata and Neo-
prioniodus conjunctus are type-species of
their respective genera, other species of
these genera not belonging to the assem-
blage could be left without a generic name.

Complications of the sorts just noted are
not in themselves important problems to
be solved, since they are merely conse-
quences of assumptions which may be un-
sound. The basic question is whether one
nominal species (defined from a conodont
assemblage) can be composed of or incor-
porate a number of other nominal species
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(defined from discrete conodonts). Of
course, we must say “No,” since such a
concept is entirely inadmissible. We are
sure that every sort of discrete conodont
was derived from a once-living species of
whole animal, but it does not follow that
all conodonts having more or less similar
shape are records of the same species of
living animal. This is a crucial point. It is
reasonable to suppose that quite different
species of conodont-bearing animals pos-
sessed among their hard parts somewhat
similar, or even exactly similar, discrete
conodonts. Such components, naturally,
would lack diagnostic value, whereas other
components might be clearly distinguish-
able. For example, prioniodid, hindeodellid,
or hibbardellid elements in conodont as-
semblage could well be less trustworthy in-
dicators of specific distinctions among cono-
dontophorid animals than associated plate-
like elements. In the same way, a group of
horse teeth found together is likely to in-
clude incisors lacking in distinctive features
along with highly diagnostic kinds of
molars. Crinoid plates and columnals of
generalized pattern, unidentifiable even as
to family or order, are rather commonly
found associated with some distinctive kinds
of remains, although rarely in circumstances
pointing to natural assemblages derived
from single individuals. Unique types of
echinoid spines may be trustworthy indi-
cators of genera and species, whereas plates
occurring with them are not similarly usable.

In addition, it is reasonable to postulate

semblage, illustrated by Ruopes in pl. 128, fig. 5
(10); 24, holotype from Fort Scott Limestone, Mis-
souri (3); 2¢, specimen from Cherokee Group, Mis-
souri (2, mod. by Hass); 2d, specimen from Chero-
kee Group, Kansas, identified as Prioniodus cacti
by GuNNELL (4); 2e, specimens of N. conjunctus
termed senile by Errison, from Cherokee beds of
Missouri (2); 2f, specimen identified as Prioniodus
cacti from early Pennsylvanian of Iowa by Younc-
QuistT & Downs (16); 2g, specimen from Quivira
Shale (Missourian) of Kansas City area (2).
3. Ligonodina typa (GUNNELL); 3a, as identified in
D. typica assemblage (10); 35, holotype from Win-
terset Limestone, Missouri (4); 3c¢,d, specimens from
Quivira Shale (Missourian) of Kansas City area
(2); 3e, specimen from Galesburg Shale (Mis-
sourian) of Kansas City area identified by GuNNELL
as Prioniodus? galesburgensis (4); 3f, specimen
from early Pennsylvanian of Iowa identified as

Lonchodus? sp. by Youncouist & HEeezen (17);
3g, L. pectinata ULRICH & BassLER, type-species of
Ligonodina, from Rhinestreet Shale, Upper Devon-
ian, New York (Hass). 4. Lonchodina clarki
(GUNNELL); 44, as identified in D. typica assem-
blage (10); 45, holotype from Fort Scott Limestone,
Missouri (3); 4c, specimen from East Mountain
Shale (Desmoinesian) of Texas identified as
Prioniodus clarki by Staurrer & PLummeR (14);
4d.e, specimens from Quivira Shale (Missourian)
of Kansas City area (2); 4f, specimen from Hush-
puckney Shale (Missourian) of Kansas City area
(2); 4g, specimen from Graford Formation (Mis-
sourian) of Texas identified as Prioniodus cornutus
by STAUFFER & PLummERr (14); 44, L. typicdlis
ULricH & BassLER, type-species of Lonchodina,
from Rhinestreet Shale, Upper Devonian, of New
York (Hass). 5. Hibbardella sp., as identified
in D. typica assemblage (10).
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that a given species of conodont-bearing
animal may be represented not only by
differently shaped discrete conodonts but
that each of these components may ex-
hibit variations within certain limits. Evi-
dence supports this postulate (2, 5, 11). In
view of variability judged to characterize
many discrete conodonts that are classed
as conspecific and the similarity of some
discrete components of unlike conodont
assemblages, it is hazardous to undertake
firm identifications of the components of
assemblages. Yet, if they are made, we
must deal with their implications.

Turning again to Duboisella, if the as-
semblage component distinguished as Meta-
lonchodina bidentata (Fig. 49,1a), for ex-
ample, is considered to be unquestionably
the same (on the basis of identity in form)
as GUNNELL's type specimen of this species
from the Fort Scott Limestone (Desmoines-
jan) of the Kansas-Missouri border (Fig.
49,1b), the species of conodont-bearing ani-
mal represented by the Duboisella typica
assemblage (holotype) in black shale just
below the La Salle Limestone (Missourian)
of Illinois may be the same as the cono-
dont-bearing animal that manufactured the
Fort Scott specimen(s) of M. bidentata. It
does not follow that the species represented
respectively by the discrete conodont from
Missouri and by the conodont assemblage
from Illinois must be the same, because
quite different animals may possess indis-
tinguishable components of their hard parts.
Thus, synonymization of M. bidentata and
D. typica depends on unproved—and prob-
ably unprovable—assumptions, It is as-
sumption of the validity of assumptions con-
cerning identity (assumption multiplied by
assumption) that makes trouble. The Rules
demand that an author who accepts identity
of the differently named genera and species
shall abide by the Law or Priority, recog-
nizing the first-published name and sup-
pressing the junior synonym. Of course,
other authors are not required to follow
suit, and so may reject the synonymy.

If an assemblage component of Duboisella
is only doubtfully considered to be equiva-
lent to the discrete conodont from the Fort
Scott Limestone named by GuUNNELL, no
conflict arises and both names may stand.

Miscellanea—Conodonts

Any paleontologist who questions identifi-
cation of the Duboisella component as really
an example of M. bidentata can accept both
names as designations of species which are
judged or assumed to be different. Examples
of M. bidentata reported by ErLison (1941)
from the Cherokee Group (Fig. 49,I¢) and
by Branson & MenL (1941) from the cap-
rock of the Lexington coal in Missouri
(Fig. 49,1d) if correctly identified, may
(not must) represent occurrences of the
D. typica conodont-bearing animal. Like-
wise, all correctly identified examples of
Ligonodina typa, Neoprioniodus conjunctus,
and Lonchodina clarki must constitute rec-
ords of the presence of the D. zypica ani-
mal, if we are certain beyond doubt that
these various taxa (using the word ad-
visedly) are really synonymous with D.
typica (because some of their diagnostic re-
mains are exactly equivalent to a part of
the remains of D. typica). Doubt concern-
ing the identity of one or more named dis-
crete conodonts with Duboisellea compon-
ents would not help, if others should be ac-
cepted. Finally, it 1s evident that if we did
not have to deal with assertedly definite
identifications of the conodont-assemblage
components, the whole problem would not
exist.

DEDUCTIONS

If homeomorphic duplications of discrete
conodonts exist, identity of form fails as
indication of possible taxonomic identity.
Among conodonts near-identity or unrec-
ognizable homeomorphy of parts may re-
late to different species or even to different
genera of animals. Little harm is done if
isolated disjunct conodonts are incorrectly
determined, whereas utmost trouble ensues
from assertedly definite identifications of
the discrete components of assemblages.

DUAL CLASSIFICATION
AND NOMENCLATURE OF
CONODONTS UNNECESSARY

The foregoing discussion indicates that
dual classification and nomenclature are
really unnecessary for application to cono-
donts. An individual isolated conodont is
as truly the fossil representative of some
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species of animal as an assemblage of cono-
donts. Generic and specific names employed
for these animals, whether based on dis-
junct conodonts or on assemblages, do not
conflict unless and until effort is made to
indicate the components of assemblages by
names published for discrete  conodonts
which they may resemble. It is entirely ap-
propriate and may be very useful to desig-
nate elements of an assemblage as Hindeo-
della-like, Prioniodus-like, and so on, or to
employ such terms as hindeodellid, prionio-
did, and others, for these are taxonomically
noncommittal. Further, no valid objection
could be offered to describing Duboisella
typica as having components that closely
resemble Ligonodina typa, Metalonchodina
bidentata, and other mentioned species of
disjunct conodonts. Characterization is as
precise as though the respective components
were explicitly affirmed to be specimens be-
longing to these species and the omission of
definite identification is likely to prove
more accurate from scientific viewpoints.

What about supposedly firm identifica-
tions of discrete conodont components of
assemblages, as in Duboisella typica, which
already have been published? Is it neces-
sary that these should stand? By no means.
Ruopes may agree that his identifications
should all be modified by treating them as
doubtful, or as indicative only of close
resemblance. If he does not want to do
this, he should spell out just what changes
in zoological designations are needed for
all affected genera and species. In any case,
other paleontologists are free to reject the
subjective synonymies which others may
advocate. Accordingly, dual nomenclature
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is not only unacceptable and illegal, but it
is unnecessary.

CONCLUSION

As summary, I point out that (1) all
fossil remains are varyingly incomplete as
records of the species which they represent;
(2) with little doubt, “natural” assemblages
of conodonts are more complete fossil rec-
ords of conodont-bearing species of animals
than individual discrete conodonts, but oc-
currences of both sorts are co-ordinate in
taxonomic considerations; (3) the com-
ponent discrete conodonts of assemblages
should be discriminated only in terms of
their resemblances to named discrete gen-
era and species, and not as firmly identi-
fied individuals belonging to these taxa,
because such identification is actually un-
provable and because ramifying complexi-
ties in nomenclature can be avoided by
omitting allegedly firm identifications which
really depend on subjective assumptions.

Let us agree, then, on adopting a con-
servative, unassailable course which takes
us around or away from conflict between
names of genera and species respectively
based on discrete conodonts and conodont
assemblages. Bold workers who wish to
proceed differently may do so, but then
they are enjoined to tread carefully and
follow through to ends that accord with
the Rules. In my own view, the species,
genera, and families distinguished on the
basis of discrete conodonts, as described by
Hass in this Treatise, are to be regarded
as “natural” taxa, and the species and gen-
era defined on the basis of conodont assem-
blages likewise,
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INTRODUCTION

Included in this section are the coleolids,
cornulitids, hyolithellids, hyolithids, tenta-
culitids, and some miscellaneous conoidal
shells which have sometimes been grouped
with the aforementioned forms or with the
“Pteropoda,” or which show some similarity
to them.

The creation of acceptable classifications
of these fossils is gravely hampered by our
lack of knowledge of the animals which
inhabited the shells. The biologic impor-
tance of the existent structures is largely
speculative; consequently, the taxonomic
principles that can be applied to these long
extinct groups are limited. Most skeletal
structures must be appraised by circuitous
methods. Such indirect avenues furnish the
bases for most of the practical aspects of
the classifications, but by themselves are
apt to result in a high measure of artificial-
ity. In selecting taxonomic criteria in fos-
sils without living representatives, the value
of a character usually is determined by its
constancy in an aggregate of forms. Thus,
a structure or characteristic that exists
throughout a group of evidently different
forms is considered to be a more significant
taxonomic indicator than another structure
or characteristic that is observed in only
a few of the forms. The dependability of a
character is increased if it is accompanied
by other characters that exist in the identical
grouping of specimens. It is frequently
necessary to acknowledge one character as
of prime significance and subordinate the
others for the purpose of presenting a single
taxonomic arrangement. However, purely

subjective suppression of definitive taxo-
nomic characters is assuredly not a valid
basis for a natural classification.

Acknowledging that established biologic
principles can be employed in problems of
taxonomic appraisal, preferential decisions
can be made with the expectation of ap-
proximating the natural grouping. For ex-
ample, in the cornulitids study of external
ornamentation contributes vital data to the
understanding of ontogeny and polymorph-
ism. Although Cornulites and Tenitaculites
possess homeomorphic casts of the body
cavity, wall construction confirms that they
are not even remotely related. This type of
systematic approach coupled with distribu-
tional studies in time and space furnish
data for the evaluation of more realistic
concepts of taxa.

Regrettably, scarcity of adequate study
material strongly handicaps application of
the foregoing for many of the genera dis-
cussed here. Moreover, relative simplicity
of form and paucity of characters have not
inspired paleontologists to investigate these
groups.

HISTORICAL REVIEW

It seems best to treat the probable bio-
logic affinities of each group separately, for
it is unlikely that any of the five major
categories here discussed are related except
at a phyletic level. However, so as to avoid
repetition, whenever two or more of these
groups have been united, they will be re-
viewed in these preliminary remarks.
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ScuroraeiM (60), the nomenclator of
Tentaculites, and Ercawarp (10), the no-
menclator of Hyolithes, considered them
to be crinoid arms and problematica, re-
spectively. Together with Conularia, these
two genera were grouped under the Ptero-
poda by Barranoe (1) and Harn (17).
Earlier, Austin (1845) had placed Tenza-
culites in the Pteropoda. This disposition
has been followed by most paleontologists.
However, some have variously regarded
tentaculitids as worms, spines of brachio-
pods, scaphopods, young cephalopods, spines
of echinoids, or crinoid arms; whereas hyo-
lithids have been considered to have also
been worms or cephalopods. Many have
avoided even tentative decisions and have
assigned tentaculitids and hyolithids to the
“waste basket,” incertae sedis.

PeLseneer (54) was apparently the first
openly to deny the pteropod assignment of
the hyolithids and tentaculitids. He stated,
“I...am firmly of the opinion that Ptero-
poda do not occur as fossils until the end
of the Lower Tertiary.” NeuMayr earlier
(1879) had considered hyolithids to be an
extinct group, undoubtedly molluscan, but
not related to pteropods. Were he to have
stopped there, much of the later confusion
might have been avoided. Regrettably, he
united the hyolithids with the conulariids—
two very different groups.

This denial of pteropod affinities prompt-
ed the setting up of a new niche for conu-
lariids, hyolithids, and tentaculitids. Fol-
lowing Marraew (1889), most North
American workers grouped them with the
tube worms. Nevertheless, Warcorr and
many European workers continued the
pteropod assignment, no doubt influenced
largely by ZirteL’s widely used text (1913,
1937). HoLm’s classic work (20) on the
Swedish hyolithids and conulariids left them
both without assignment but stated that
they were not pteropods. Tentaculites was
grouped under Annelida.

Naer (48) was probably the first to re-
alize the need for a separate name for these
fossils without a “home” and, accordingly,
he proposed the name Odontomorpha to
include Conularia, Hyolithes, and Stylio-
lina. No diagnosis of this assemblage was
offered and Tentaculites and Nowakia were
excluded. Similarly, Henrr and GeNEviEvE
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TerMIER (66) proposed the name Eoptero-
poda to accommodate the conulariids and
tentaculitids; the Eopteropoda were re-
garded as ancestral to the Pteropoda. In
1950 they removed the conulariids from the
Eopteropoda, and in 1953 the name Eoptero-
poda seemingly went into oblivion when
they placed tentaculitids (and hyolithids)
in “Groupes d’affinités incertaines.” Thus,
Odontomorpha and Eopteropoda were es-
sentially stillborn attempts to remove the
cloak of obscurity from these “pteropod-
like” fossils.

Several years earlier, KniguT (26) intro-
duced evidence that Conckopeltis (a conu-
lariid) was a coelenterate, rather than a
mollusk. He further suggested that the
Tentaculitidae bear some similarities to
the coelenterates, possibly as part of a new
class that would include the Conulariidae.
In the same year, KipErLEN convincingly
demonstrated that conulariids were related
to the Scyphozoa. Subsequently, Knicur
(27) firmly rejected conulariids, hyolithids,
and tentaculiids from classification with
the gastropods, stating, “. . . all names of
genera commonly referred to the Hyo-
lithidae, Tentaculitidae, Torellellidae, and
Conulariidae are omitted. These, in fact, I
do not regard as even molluscan. Some,
such as the Hyolithidae, may be mollusks,
but they are more likely representatives of
some phylum otherwise unknown and now
wholly extinct; their resemblances to mem-
bers of any living phyla are not impressive
and may well be superficial. The Tenta-
culitidae, Torellellidae, and Conulariidae,
with their radial and even four-fold sym-
metry, may possibly be related to the Scypho-
zoa, as suggested independently by Kiper-
LEN) (1937) and by Knicur (1937A, p.
188).”

SHIMER & SHRrock (1944) placed Coleol-
oides, Coleolus, Helenia, Hyolithellus, Hyo-
lithes, Orthotheca, Tentaculites, and Stylio-
lina in Mollusca incertae sedis. In 1953,
Surock did not regard the uniting of
Conularia, Hyolithes, and Tentaculites, as
the Termiers had done, to be an improve-
ment and therefore he reverted to placing
all three in incertae sedis. Following
KNiut’s proposal, Moore (1953) ques-
tionably referred the Tentaculitidae to the
conulariids, whereas the hyolithids were
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classed as doubtful pteropods. Conulariids
have now been rejected from the hyolithids
and tentaculitids and unequivocally ranked
as a subclass (Conulata) in the Class Scyph-
ozoa in the Phylum Coelenterata (Treatise,
Part F, 1956).

G. P. Lyasuenko (31) made a noteworthy
step forward by proposing the Class Coni-
conchia for the tentaculitids, questionably
referring it to the Phylum Mollusca. Re-
grettably, no diagnosis was published until
1957, when according to my opinion a
backward step was made by inclusion of the
hyolithids in Coniconchia. Unification of
two such basically different groups as hyo-
lithids and tentaculitids in a single class is
unfortunate and not supported by the evi-
dence. It is disputable whether the two
even belong to the same phylum. Whereas
hyolithids were probably mollusks, they are
distinct from any of the recognized mol-
luscan classes. On the other hand, the oc-
currence of tiny pores in the tentaculitid
shell wall and their lack of anything but
radial symmetry casts some doubt on their
molluscan affinities. However, like scapho-
pods, their shells may appear quite unlike
those of mollusks, exhibiting only radial
symmetry.

With increase in knowledge there has
been a corresponding increase in the num-
ber of recognized major taxonomic cate-
gories. Following the discovery of a liv-
ing monoplacophoran, Neopilina, the Mono-

lacophora were elevated to class rank
within the Mollusca and have received wide
acceptance in zoological texts and in this
Treatise (Part 1, 1960). Separately, the hyo-
lithids and tentaculitids are no less dis-
tinct. Accordingly, it is here suggested that
the hyolithids may be included in the new
class Calyptoptomatida (with hyolithellids
divorced from them) and that the tenta-
culitids and their allies may be grouped in
the new class Cricoconarida. Each 1s con-
sidered to be an extinct class of the phylum
Mollusca. This dichotomy emphasizes the
uniqueness of each major group, a situation
not implied by use of the inclusive names
Coniconchia, Eopteropoda, Odontomorpha,
or incertae sedis.
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CLASSIFICATION
The tabular summary that follows shows
the arrangement of taxa treated in this
chapter. The numbers in parentheses indi-
cate number of genera known in each
taxon.

Divisions of Small Conoidal Shells of
Uncertain Affinities
Mollusca (phylum)

Cricoconarida (class) (13). L.Ord.-U.Dev.
Tentaculitida (order) (9). L.Ord.-U.Dev.

Tentaculitidae (2). L.Sil.-U.Dev.
Homoctenidae (3). M.Dev.-U.Dev.
Uniconidae (4). L.Ord.-U.Dev.

Dacryoconarida (order) (4). M.Sil.-U.Dev.
Nowakiidae (3). U.Sil.-U.Dev.
Styliolinidae (4). M.Sil.-U.Dev.

Calyptoptomatida (class) (26). L.Cam.-M.Perm.

Hyolithida (order) (18). L.Cam.-M.Perm.

Hyolithina (suborder) (17). L.Cam.-M.Perm.
Hyolithidae (2). L.Cam.-M.Perm.
Ceratothecidae (1). U.Sdl.-L.Dev.
Orthothecidae (7). L.Cam.-M.Dev.
Sulcavitidae (5). L.Cam.-Ord.
Pterygothecidac (2). Dev.

Matthevina (suborder) (1). U.Cam.
Mattheviidae (1). U.Cam.

Globorilida (order) (1). M.Cam.
Globorilidae (1). M.Cam.

Camerothecida (order) (2). Cam., Sil.

Camerothecina (suborder) (1). Cam., Sil.
Camerothecidae (1). Cam., Sil.
Diplothecina (suborder) (1). Cam.
Diplothecidae (1). Cam.
Order and Family Uncertain (5).

Phylum, Class Uncertain
Hyolithelminthes (order) (6). L.Cam.-Ord.
Hyolithellidae (3). L.Cam., M.Cam.?
Torellellidae (3). L.Cam.-Ord.

Phylum, Class, Order Uncertain
Coleolidac' (7). L.Cam.-Carb.
Cornulitidae (4). M.Ord.-L.Carb.

Phylum, Class, Order, Family Uncertain (3).
Supposed “Pteropoda” assigned to other groups (12).
Unrecognizable genera (6).
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CRICOCONARIDS

Cricoconarids (tentaculitids, nowakiids,
styliolinids) are small, narrow, straight,
ringed true cones. As many unrelated ani-
mals have been given similar names (e.g.,
Tentaculata, Tentacularia, Tentaculatiana,
Tentaculina), I believe that the use of a
similar name for the supra-ordinal level of
tentaculitids and its allies only magnifies
confusion. To apply a name that implies
the existence of tentacles, when their pres-
ence has not been demonstrated, is in-
defensible. However, the continuation of
such names for subordinal taxa is man-
dated by previous wide usage.

Cricoconarids are exclusively Paleozoic,
first encountered in the Early Ordovician
(Lower Canadian—Tremadocian). The
oldest known species is Tentaculites (s..)
lowdoni Fisuer & Younc (12), from the
Lower Ordovician Chepultepec Limestone
of Virginia. It has since been found in cor-
relative strata in Pennsylvania and New
York State. Cricoconarids are uncommon
throughout the Ordovician but become in-
creasingly abundant during the Silurian.
They attained their maximum diversity and
numbers during the Middle Devonian
(Emsian-Eifelian-Givetian) only to become
extinct during the Late Devonian (early
Famennian). The last survivor is Styliolina
sp., from the Gowanda Formation (lower
Canadaway) of western New York. The
youngest recorded form in the Eastern
Hemisphere is Uniconus livenensis Lya-
SHENKO, from the Liven Formation (upper
Frasnian) of the Central Russian Platform.
Their occurrence in post-Devonian strata is
in cobbles of conglomerates derived from
earlier Paleozoic formations.

MORPHOLOGY

Cricoconarids are gradually tapering,
small, narrow cones with transverse rings,
ringlets, and striae (Fig. 50). Either asym-
metrical or symmetrically angulate, rounded,
or ripplelike rings occur. Longitudinal
striae or ridges may be present. The shell
consists of calcium carbonate, except where
secondarily replaced by silica. Cricoconarid
shells range from less than 1 mm. to 80 mm.
in length, with a maximum diameter of 6.5
mm. The smallest recorded species are

Styliolina domaniscense L.yasHENKo, from
the Domanik beds (U.Dev., M.Frasn.) of
southern Timan, with a length of 0.8 mm.
and diameter of 0.17 mm., and Homoctenus
nanus LyasHENKO, from the Semiluk beds
(U.Dev., M.Frasn.) of the Russian Plat-
form, wtih a length of 1 mm. and diameter
of 0.12 mm.; the largest are Tentaculites
elongatus Harr, from the Helderbergian
(L.Dev.) of New York, with a length of
80 mm. and diameter of 6.5 mm., and Ten-
taculites reedsi Vokges, from the Shriver
Chert (L.Dev.) of Pennsylvania, with a
length of 75 mm. and diameter of 6 mm.
Growth angles range from 2 to 18 degrees.
Some reports of larger growth angles may
be attributed to shell flattening.

The cricoconarid shell is morphologically
divisible into four parts: (1) embryonic,
(2) juvenile, (3) adult, and (4) apertural.
The embryonic chamber, hollow in thin-
shelled forms and hollow or solid in thick-
shelled forms, either tapers to a blunt point
or is expanded into a teardrop-like bulb.
The juvenile portion shows extreme regu-
larity of the rings, both in size and spacing,
and is commonly septate, dividing this re-
gion into as many as nine camerae. Thick-
shelled forms have more and thicker septa
than thin-shelled forms. The adult region
exhibits greater variation in kind and spac-
ing of rings and has a growth angle of 2 to
7 degrees less than the adjacent juvenile
portion. No notches or projections occur
on the periphery of the aperture, which is
at right angles to the shell axis. No oper-
culum or siphon (connective passage be-
tween camerae) has been found.

Transverse and longitudinal thin sections
and polished surfaces disclose that the walls
consist of many laminae. These laminae are
straight or gently undulating nearest to the
internal cavity, but become more undulating
within the shell wall and repeat the exterior
sculpture in the outermost layers. The shell
wall is prismatic. The wall interior may be
smooth, or nearly so, ringed in manner re-
peating the exterior, or ringed differently
from the exterior. The thicker-walled forms
are pierced by a multiplicity of tiny radial
canals which only penetrate to the internal
cavity near the aperture. Constructionally,
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Fic. 50. Morphological features of cricoconarids (Fisher, n).

the shell wall resembles that of some brachi-
opods. It appears that the thickening of
the shell takes place from the inside—the
added layers having been produced by the
mantle. As the animal tends to outgrow
its living chamber, the mantle constructs
additional shell material to accommodate
the enlarged animal body. In response, the
animal seeks to establish a new line of at-
tachment. The old one is released and the
animal slips forward. This leaves an empty
space at the rear, which is soon closed off by
construction of a septum. If the animal had
communication through the shell, it is only
evident in the most adapical mature region.
Possibly the animal occupied only a rela-
tively small portion of the large living
chamber proximal to the aperture.

PALEOECOLOGY

Cricoconarids are found exclusively in
marine rocks. They occur in all types of

limestones but are especially prolific in
lagoonal shallow-water deposits. They are
common in all types of shales and argillace-
ous siltstones excepting red ones. They are
less common in sandstones, occur sparingly
in reef rock, graywacke, and dolomite, and
are absent in saliferous and gypsiferous
rocks. Generally speaking, cricoconarids
were tolerant of many diverse environ-
ments. Careful study of the shell and man-
ner of occurrence in the rock permits one
to derive clues regarding their mode of life.
Figure 51 illustrates several possible living
habits, not all of which are equally plausible.

In general, cricoconarids occur in the
rocks in two different ways: (1) extreme
proliferation of complete specimens, com-
monly oriented similarly; (2) isolated speci-
mens that commonly are incomplete apically
or aperturally or both. This twofold man-
ner of occurrence is inferred to signify a
relatively quiet shallow-water environment
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with unidirectional oceanic currents in the
former case and rough water in the latter
case. It is curious that when bedding planes
are replete with cricoconarids, little range
in shell size is observed. Juveniles and
adults are not haphazardly mixed. Mechan-
ical size-sorting of dead shells is requisite
to explain the phenomenon of three of four
cones inserted within one another. When
in immense numbers, relatively few species
of other phyla are present, and these are
customarily abundant and diminutive also.
The usual faunal associates are: ostracodes,
conodonts, small brachiopods, small pelecy-
pods, and small bryozoan colonies. A pure-
ly mechanical distributional effect may ex-
plain this assortment, although this lack of
diversity, associated with local abundance of
individuals, is characteristic of waters with
abnormal salinities, very muddy bottoms, or
boreal environments. By contrast, whenever
isolated cricoconarids are found, the faunal
association is varied as to kind, size, and
number of different representatives of many
phyla.

Cricoconarid shells always lie parallel to
bedding of strata that enclose them (Fig.
54). This implies a pelagic habit and
strongly denies a fossorial one. Radial sym-
metry suggests a basic “up-and-down” dif-
ferentiation of the animal. However, if the
shell were upright, balancing on the bulbar
or pointed apex, one would expect these
comparatively fragile tips to be broken off.
This is seldom the case. A possible reversal
of this orientation, namely, with mouth
directed downward and the organism hover-
ing over the sea bottom, merits attention.
A benthonic existence, with the long side
of the cone in contact with the sea bottom,
is refuted by the circular cross section of
the fossils and lack of any wear of their
prominent encircling rings. Moreover, the
absence of an operculum, which would pro-
hibit infiltration of mud and silt, would
make a benthonic habit unfeasible.

A pelagic life is most compatible with
accumulated evidence, which is insufficient,
however, to resolve the question as to
whether a nektonic or planktonic existence
was more plausible. The multiplicity of
shells and their preferred orientation in
some strata might influence one to presume
that some members of this class may have
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been distributed by oceanic currents. The
relatively rapid world-wide dispersal of the
dacryoconarids  (nowakiids, styliolinids)
lends credence to this view. There is no
proof, however, that cricoconarids ever ex-
perienced an epinektonic or epiplanktonic
existence.

Though a nektonic life appears most rea-
sonable, it might be argued that the pres-
ence of rings on the shell exterior, especially
rings of an angulate type, would impede
swimming. It is noteworthy that the dacryo-
conarids possess ripple-like rounded rings,
abortive ones, or none at all, thereby re-
ducing surface friction. Probably the rings
developed as a strengthening structure that
served to combat the forces of agitated
water. The development of thicker shells
seems to have been a response to rough
waters or elevated temperatures. It is diffi-
cult to comprehend how relatively heavy,
thick-shelled cricoconarids (Tentaculitidae,
Uniconidae) could have moved very far off
the sea bottom. Perhaps these families were
nektobenthonic, moving slowly about with
the apical end upward and mouth directed
downward, scavenging on the bottom.
Coincidentally, these heavier types have the
greatest number of camerae to compensate
for their lesser buoyancy. These camerae
must have functioned hydrostatically, per-
mitting habitation in the pelagic realm.
Since no connection existed between cham-
bers, this hydrostatic capacity was fixed,
prohibiting the versatility of rapid up-and-
down movement—if they possessed any at
all! The likelihood of cricoconarid bathy-
metric zonation is compelling. Since the
septa are slightly concave toward the aper-
ture, as in cephalopods, a moderate amount
of reciprocal animal movement is presup-
posed. Lack of any operculum suggests the
ability to move sufficiently fast to obviate
the need for a protective lid for the soft
parts.

Aside from the numerically superior nau-
tiloid cephalopods, cricoconarid dominance
of the pelagic realm went unchallenged un-
til the Middle and Late Devonian, when the
great development of goniatite cephalopods
and fishes (acanthodians, arthrodires, os-
teichthyans) was introduced. Not being
able to cope with the ecologic rivals, which
were more active swimmers and predators,
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Fic. 51. Possible ecologic adaptations of cricoconarids (Fisher, n).

the cricoconarids diminished in an inverse
ratio to the pronounced increase of the in-
vaders. During the Silurian and Early
Devonian, the incursion of bottom-dwelling
fishes (ostracoderms, antiarchs) seemingly
offered no serious competition to the crico-
cenarids’ supremacy. Surely, if cricoconarids
were benthonic, the effect of the co-existent
fishes would have retarded their develop-
ment. In contrast, cricoconarids experi-
enced their optimum during the Silurian
and Early and Middle Devonian.

In summary, it is suggested that the
dacryoconarids were pelagic (principally
planktonic) indigenous inhabitants of the
upper reaches of the oceans, achieving rela-
tively rapid world-wide dispersal via trans-
oceanic currents. Had they been able to
govern their movements, they might easily
have escaped this distributive agent. Their
nonseptate, thin shells suggest an inability
to transgress bathyal zones or to live in
areas of strong breaking waves. Among
the tentaculitids (sensu stricto), the mult-

septate, thick-shelled Tentaculitidae and
Uniconidae very likely were nektobenthonic
scavengers in relatively warmer, more agi-
tated waters, whereas a somewhat later
stock, the Homoctenidae, with fewer septa
and thinner walls, may have migrated to
intermediate bathyal zones or more boreal
environments.

CLASSIFICATORY STATUS

Ever since Waren (69) first illustrated
the fossils which ScurormEm (60) later
named Tentaculites (Fig. 52), these curious
fossils have defied taxonomic assignment,
Since nothing is known of the organism
which inhabited these shells, and since
seemingly they have left no living descend-
ants, cricoconarids cannot be placed with
confidence in the scheme of zoological ne-
menclature.

Von Bucn (1830) thought that specimens
of Tentaculites were spines of the brachio-
pod Leptaena lata (actually a chonetid).
Failure to find chonetids or any other spine-
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bearing brachiopods in strata where crico-
conarids are most prolific refutes such an
assignment. Like reasoning may be ap-
plicable to consideration of Tentaculites as
representing the spines of echinoids (Earox,
1832) or crinoid arms (60).

Miscellanea—Small Conoidal Shells

From gastropods, cricoconarids differ in
possessing a straight septate calcitic shell
with an untwisted embryonic chamber.
Superficially, scaphopods resemble crico-
conarids in that both display radial sym-
metry, and in this respect they are not mol-

2b

Tentaculites

Fic. 52. Early illustrations of cricoconarids.

teriors, X 2; le, casts of internal cavity, enlarged (74).

1. “Tentaculites” figured by Wavcu (1773); Iab, ex-

2, Tentaculites figured by ScurorHEmM (1820);

2a, exteriors, X 23 2b, casts of internal cavity, X2 (65).
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lusk-like. Basic differences are clearly
marked, in that scaphopods have an apical
aperture, well-defined longitudinal ribbing
(usually), an absence of transverse rings, a
nonseptate shell, and placement in living
position at oblique angles to bedding. A
considerable fundamental similarity to
cephalopods may be seen in the mutual ex-
istence of a many-layered shell, presence of
an embryonic bulb, and septate nature of the
shell. Lack of a siphuncle and sutures in
cricoconarids, however, reveals basic differ-
ences. Although it has been customary to
group cricoconarids with the pteropods,
cricoconarids lack certain fundamental char-
acteristics of the latter group, namely, (1)
an exceedingly thin shell, (2) a notch or
projection on the apertural brim, and (3)
presence of pteropodia or a swimming ap-
paratus. Bilateral symmetry, a feature of
true pteropods, cannot be demonstrated in
the cricoconarids. A pseudobilateral sym-
metry is present in some forms (especially
styliolinids) marked by a longitudinal de-
pression caused by fracture of the thin shell
during compaction. Thus, I reject the name
Eopteropoda (66, 67) for tentaculitids, no-
wakiids, and styliolinids, because this name
implies that the group was ancestral to liv-
ing pteropods, which is an unconfirmed
phylogenetic alliance. If such a relationship
were real, it would be difficult to explain
the long stratigraphic gap (Devonian to
Tertiary) in which no fossil pteropods have
been found.

Many paleontologists have identified
cricoconarids as tubicolar worms. The pres-
ence of an embryonic chamber, multilayered
wall, straight, septate shell, and free mode
of living (tubicolar worms are usually
curved and attached) seems to preclude any
affinity with the worms.

Formerly it was customary to group crico-
conarids with the conulariids. Now that the
conulariids, with their quadrilateral radial
symmetry and flexible chitinous wall, have
become recognized as an extinct group of
coelenterates, the basis for any supposed
relationship vanishes. Nevertheless, the oc-
currence of tiny pores in cricoconarid walls,
coupled with nothing but radial symmetry,
does not preclude a coelenterate affiliation.
Cricoconarids might be free-swimming
hydroids.
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Owing to their obscure biologic rela-
tionship, cricoconarids are frequently placed
in incertae sedis. Such disposition masks
the uniqueness of this fascinating group.
Cricoconarids display many characteristics
of the phylum Mollusca. LyasHENKo (1955-
1960) provisionally placed them here but
denied their association with pteropods. I
agree with Lyasnenko and can see no better
disposition than to give them separate phy-
letic rank, and that seems unwarranted.
Accordingly Cricoconarida are here re-
garded as an extinct class of the phylum
Mollusca. '

CRICOCONARID CLASSIFICATION

To date, about 150 species of cricoconarids
ranging from Early Ordovician to Late
Devonian in age (Fig. 53) have been
named, of which about a third have been
described in detail by Lyasuenko (1954-
1959). Unfortunately, many earlier-named
species supply inadequate data for modern
generic assignment. Most of them will
have to remain in Tentaculites (sensu lato)
pending restudy, particularly of their in-
ternal structures. It is hoped that Lva-
SHENKO’s recent excellent work will stimu-
late others to test the stratigraphic and
palececologic usefulness of these fossils
which have not received monographic treat-
ment since the days of Barranpe (1) and
Harww (17, 18).

Inasmuch as nothing is known of the
relationship of the animal to its shell, the
sole recourse is to select a classification
based on geometric configuration of the
shell, with major features taken as a re-
flection of basic morphologic structures. The
deficiencies of adopting such a scheme are
obvious. The species concept becomes a
typological one, unless variation within
populations is carefully scrutinized and the
modifying effects of diverse ecological fac-
tors are analyzed.

Gurica (15) was the first to attempt a
division of the tentaculitids. He first con-
sidered both Cornulizes and Tentaculites
as members of the family Tentaculitidae
under Vermes. Tentaculites was subdivided
on the basis of the type of exterior orna-
mentation into four groups designated
Clathrati, Annulati, Annulosi, and Co-
arctati. He further noted that the last
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Fic. 53. Stratigraphic and geographic distribution of the Cricoconarida, with indication of comparative
abundance (Fisher, n).

three groups stood close together and were
linked by transitional forms. It is of inter-
est that GoricH's four groups correspond
approximately to four of my five recognized
families of cricoconarids, namely, the No-
wakiidae, Uniconidae, Homoctenidae, and
Tentaculitidae, respectively. His Seyliolites
would constitute the fifth, the Styliolinidae.
Whereas GoUrica  utilized exterior orna-
mentation for his subfamilial groups, I em-
ploy wall interior configuration for familial
distinction, with surprisingly duplicated end
results.

Some basic differences may be observed
between Lyasuenko’s (1954-1959) and my
classification. The relative taxonomic value
of some features is increased and that of
others is decreased. Only time and usage
will determine which (if either) will prove
to be a practical workable arrangement. A
summary of the criteria used and compari-
son of the two classifications follows.

The uniform shape of the fossils is of
foremost importance. All are small (less
than 80 mm. in length, averaging 20 mm.),
narrow (averaging 1 to 3 mm.), tapering

straight ringed cones (as they are true
cones, they exhibit a circular cross section},
terminating in a blunt point or expanded
bulb. Here, then, is a2 major point of dif-
ferentiation. Unquestionably, the type of
apical termination, the embryonic stage, is
of primary importance and, accordingly,
this is the criterion for dividing the class
into orders—(1) cricoconarids tapering to
a bluntly pointed conical embryonic cham-
ber forming the order Tentaculitida, and
(2) those with expanded teardrop-like em-
bryonic chambers constituting the new
order Dacryoconarida.

It seems that the nature of the inner sur-
face of the shell wall would, because of its
proximity to the animal, naturally follow
as a criterion of secondary importance.
Therefore, I choose this feature for family
differentiation. In the Tentaculitida, three
types of wall interiors are known: (1) un-
pressed-ringed, but different from the ex-
terior surface (Tentaculitidae); (2) de-
pressed angulate-ringed, repeating features
of the exterior surface (Homoctenidae);
and (3) smooth, different from exterior
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(Uniconidae). In the Dacryoconarida, two
types of wall interiors are known: (1) un-
dulatory ripple-like rings (Nowakiidae);
and (2) smooth (Styliolinidae).

Genera are based on the type of exterior
wall ornamentation, the most obvious char-
acter, though not necessarily the most basic.
Species differentiation is based on minor
details of the ornamentation and difference
in growth angle of similar types.
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Thickness of shell wall, uniformity or
nonuniformity of rings and size differentia-
tion of otherwise similar forms are consid-
ered ecological variants,

Class CRICOCONARIDA Fisher,
n. class

[ety., krikos=ringed; konarion=small cones] [=Superorder
Tentaculitoidea Lyassenxo, 1958 (emend.)]

Small, narrow, straight, ringed true cones
belonging to various animals which possibly

Criteria Used in Classification of Cricoconarids (Tentaculitids, sensu lato)

G. P. Lyasuenko (1954-1959)

D. W. Fisrer (herein)

No fundamentals given Crass Rincep Narrow Smarr STRAIGHT CONES
Radial symmetry (Cricoconarida)
Characteristics of tentaculitids and hyo- Hyolithids (sensu lato) placed in separate
lithids lumped (Coniconchia) class (Calyptoptomatida)
SYMMETRY SUPERORDER No division
Radial (Tentaculitoidea)
Bilateral (Hyolithoidea)
CHARACTER OF EXTERIOR ORDER SuaPE of EMBRYONIC CHAMBER
Annulated (Tentaculitida) Blunted point (Tentaculitida)
Swellings (Novakiida) Teardrop-like (Dacryoconarida)
Smooth (Styliolinida)
MANNER OF ARRANGEMENT OF RiNGs oN FaMiLy CHARACTER OF INTERIOR SIDE OF WALL
EXTERIOR
Uniform (Homoctenidae) Ringed, but different from extetior
Nopuniform (Tegtaculitidae) (Tentaculitidae)
Uniform (Novakiidac) Ridged, repeats the exterior
No rings (Styliolinidae) (Homoctenidae, emend.)
Smooth, different from exterior
(Uniconidae, nom. transl.)
Smooth (Styliolinidae, emend.)
Rippled, same as exterior (Nowakiidae,
nom. correct.)
TrIcKNESS OF SHELL WALL and CHARACTER SUBFAMILY No division
oF MARGIN oF INTERNAL CaviTy (Ho-
mocteninae, Uniconinae, Novakiinae,
Crassilininae)
MiINOR CHARACTERISTICS OF SCULPTURE GENUS TypE oF EXTERIOR ORNAMENTATION,
and TYPE oF SHELL GROWTH GROWTH ANGLE
DETAILS OF SCULPTURE, SIZE AND GROWTH SPECIES FiNE DETAILS OF ORNAMENTATION, DIFFER-
ANGLE ENCES IN GROWTH ANGLE
None? EcoLocicaL TuicKNEss OF SHELL, UNIFORMITY OR
VARIANTS NonuNiForMITY OF RiINGs, SIZE oOF

OTHERWISE SIMILAR ForMs
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are distantly related; presumably tentacle-
bearing. [Includes tentaculitids, nowakiids

and styliolinids.] L.Ord.-U.Dev.

Order TENTACULITIDA
Lyashenko, 1955

[=Superfamily Tentaculitacea TERMIER & TERMIER, 1950
(partim)]

Cricoconarids with conical embryonal
chamber terminating in a blunt pointed
apex. Length, 1 to 80 mm., usually 15 to
30 mm.; shell wall thick or thin, with tiny
radial canals piercing thick-walled forms;
shell wall laminate, usually 2 to 5 layers.
Juvenile portion of shell septate, forming
several chambers distinct from large aper-
tural cavity. Exterior covered by transverse
rings of various size and spacing. Longi-
tudinal striae rarely present. Interior wall
surface ringed or smooth. About 110 species
have been described. L.Ord.(Tremadoc.)-
U.Dev. (Up.U.Frasn.).

Family TENTACULITIDAE Walcott,
1886

[=Coarctati Girich, 1896 (partim)]

[nom. correct. MiLLER, 1889 (ex Tentaculidae WarcorT,
1886, nom. imperf.)]

Inner wall surface with depressed rings
spaced at proportionately increasing inter-
vals toward aperture; internal mold appear-
ing as series of inverted invaginated cones.
Walls thick, multilayered, and pierced by
tiny radial canals. Juvenile portion septate,
septa slightly concave toward aperture. Ex-
terior rings more uniform in juvenile por-
tion than mature region. L.Sil.(L.Llandov.)-
U.Dev. (Mid.M.Frasn.).

Tentaculites ScHroTHEIM, 1820 (p. 377) [*T.
scalaris; non T. ornatus Sowersy, 1839 (fide
LyasHENKO, 1955-1959)] [=Dentalium (partim)
SCHROETER, 1784; Lonchidium Eicuwalrp, 1857;
Styliola LupwiG, 1864 (partim)]. Medium-size
(15 to 30 mm.) cone, exterior with coarse trans-
verse rings which are less uniform in spacing to-
ward aperture; inter-ring area usually with trans-
verse ringlets or striae noticeably developed only
in adult region. Embryonic portion conical, hol-
low or solid. Growth angle, 7 to 12 degrees in
juvenile portion, 3 to 7 degrees in mature portion.
?L.Ord., L.Sil.(Llandov.)-U.Dev.(Mid.M.Frasn.),
N.Am.-S.Am.-Eu.-Asia-Afr.-Austral. Fics. 54,
1, 55,1. T. bellulus HaLrL, M.Dev.; 54,1, bedding
surface of Arkona Sh., Arkona, Ont., with many
well-preserved specimens, X2; 55,1¢,b, specimens
from Menteth Ls., Canandaigua Lake, N.Y., X7
(Fisher, n). Fic. 54,2. T. anglicus SALTER,
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M.Ord.(Caradoc.), Eng.(Marshbrook); specimens
subparallel in orientation, X3 (Fisher, n).
Fies. 54,3, 55,7. T. gyracanthus (Eaton), L.Dev.;
54,3, bedding surface of Manlius Ls., Sharon, N.Y.,
with abundant nearly parallel specimens, X2; 55,
7, specimen from same horizon and locality at-
tached to bryozoan, X8 (Fisher, n). Fic. 55,
6. T. arenosus Harr, L.Dev.(Oriskany Ss.); 6a,
cast of interior (Cayuga, Ont.), X4; 65, cast of
interior within external mold (Glenerie, N.Y.),
X1 (Fisher, n). F1c. 55,8. T. sp., Sil., Swed.
(Gotl.), 10 specimens showing variation at a single
locality (Klinteheim), X4 (Fisher, n). Fic.
56,1. T. sp., Dev., USSR; diagram. sec. showing
chambers in apical region and external rings,
X6 (39, mod.).
Volynites Lyasuenko, 1957 (p. 87) [*V. russien-
sis]. Medium-sized (10 to 15 mm.) cone with
external various-sized rings, transverse striae
usually present. Interior wall surface of adult
region with irregularly spaced depressed rings
different from exterior rings and spacing. No
longitudinal striae. Growth angle, 10 to 13 de-
grees in juvenile portion, 6 or 7 degrees in ma-
ture portion, U.Sil.-L.Dev., USSR-W.Eu.-N.Am.
Fi. 56,2. *V. russiensis, U.Sil.(Ludlov.),
USSR; diagram. sec. showing apical chambers and
external rings, X7.5 (39, mod.).

Family HOMOCTENIDAE Lyashenko,
1955
[=Annulosi GiiricH, 1896]

Inner wall surface with angulate de-
pressed rings repeated on exterior surface
as angulate crests; wall relatively thin,
usually only 2 or 3 layers; no radial canals.
Internal septa thin or absent or few in num-
ber (usually 1 or 2). M.Dew.(Eifel.)-U.Dev.
(Low.U.Frasn.).

Homoctenus LyasHENko, 1955 (p. 13) [*H. kres-
tovnikovi]. Small cone with exterior covered by
angulate rings, size and spacing of which increase
proportionately toward aperture; concave inter-
ring areas wider than rings. Embryonic portion
conical and separated from rest of internal cavity
usually by a single septum; but 2 or 3 septa in
some shells. No transverse or longitudinal striae.
Growth angle 9 to 15 degrees in juvenile portion,
6 to 12 degrees in mature portion. U.Dev.(L.
Frasn.-Mid M. Frasn.), Eu.(USSR)-N.Am.(N.Y.)

Fic. 57,1. *H. krestovnikovi, USSR; diagram.
sec., X25 (39, mod.).

Denticulites Lvasuenko, 1957 (p. 87) [*Tenta-
culites lyashenkoi Lyasuenko, 1957]. Small cone
with fine and coarse rings, both rings and inter-
ring areas covered with longitudinal furrows; wall
thicker than in other homoctenids and consisting
