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PART I
MORPHOLOGY OF THE NAUTILOID SHELL WITH SPECIAL
REFERENCE TO THE PSEUDORTHOCERATIDAE

I GROSS FEATURES OF THE SHELL
The Wall of the Conch

The exterior of the shell wall of the Pseudorthoceratidae
shows no unusual features, The surface markings are not
different from“thése fouhﬁ in othef cephalopods, Addition
to the shell occurs very largely at the aperture, and
. for that reason the'form‘of the aperture is retained on
the surface in the form of lines of gro&th. This 1is

‘ frequentiy éighifiéant, fob it reveals that in some instances .

the hyponomic sinus was present throughout life, while in
other instances it was developed only in the late ephebic
and gerontic stages.

Thin sections of various fossil Nautiloidea have
thus far failed to show differentlation of shell layers
in the wall of the conch, but this is doubtléss-due to
alteration by replacement of the ofiginal shell material.
Three layers are know in Nautilus. An outer porcellaneous
layer is followed by a prismatic layer which is about
three times as thick as the porcellaﬁgous layer. The
inner layer consists of a thin nacreous film, Judging
from the amount of cariation in recent molluscs in the

texture and thickness of the shell layers it is safe to
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assume that similar variation must have occurred in
fossil Nautiloldea.
A"constriction of the lnterior of the gerontic
1iving chamber is an--Amportant feature of most _
orthoceracones, It 1s suspected that this constriction
is produced by a thickening of the inner nacreous film,
for that 1s.ths only shell layer known to be produced
proximad of the tip of the mantle lobe, The location of
the gerontic constriction and its form are important
specific ceriteria in orthoceracones,
Other markings of the interior of the shell are
~ concerned with the attatchment of the soft parts,
Nautilus possesses a pair of lateral shell muscles which
produce crescent shaped ridges on the sides of the living .
chamber, Muscle scars have been noted in a few Paleozoic
- nautllicones, but have not yet been recognized in |
orthoceracones, In addition to the muscle scars, Nautilus

1
possesses three aponeurotic bands, one dorsal and two

1. Miller, A.K,, Dunbar, C.0. and Condra, G.E., The
nautilold cephalopods of the Pennsylvanlan system of the

-

mld-continent region, Nebraske Geol., Surv,., ser, 2,

bU.ll. 9’ 1933’ p‘ 32.

ventral. The dorsal bands are without a counterpart in
fossil Nautiloidea, but the entire area subtended by the

ventral bands is represented in fossil forms by a conchlal
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furrow, which is discussed below,
The Septa

The septa are the partitions which characterize
most cephalopod shells and serve to distinguish the
chambered portion, or phragmocone, from the adoral un-
chambered portion, the living chamber, "It has been
generally known thap the septa are. secreted by the
posterior surface of the visceral mass, It has been
suspected for some time from the lack of fossil or recent
nautiloid shells. showing incomplete septa that deposition
_was rapid, but only recently haé,this'been cpnfirmed'by'
direct observation. ,Pruvot;Fol2 notéd‘thatjin-ﬂgptilﬁs-

[P .

2, Pruvot-Fol, A., Remarques sur le Nautile, G.R. XII®
~ Congress International de Zoologie, Lisbomne, 1935, |
PP. 1652-1664, Lisboa, 1937. '

forward progression in the shell is gradual, but that
gseptation 1is sudden and discohtinuous.

Three parts of the septum have-been‘recognized by

TeichértB, (Fig.l.). The free part of the septum divides

3. Telchert, C,, Der Bau der actionoceroiden Cephalopoden,
" Paleontographica, Bd. 78, Abt. A, 1933, pp. 117-119,‘figs.
l1-2,

the conch into camerae, and is properly that part of the

septum which is not in contact with any other shell structure,
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Secondarily, however, it may become incorporated in the
siphuncle. The mural part of the septum extends orad of
the free part of the septum with Which 1t 1s continuous,
to the next succeeding septum., (Fig. l1l.) The point at
which the siphon pierces the septum 1s referred to as the
Septal foramen, and at thie point the septum extends

aplcad around the siphon for some diatance; This portion
of the septum has long been known as the septal neck.

Upon its form depends the major divisions of the Nautiloidea

proposed by Hyatt4.

4, Hyatt, A., Cephalopoda, in Zittel-Eastmann Textbook
of Paleontology, lst, ed., vol. 1, pp. 586-615, 1900,

LONGITUDINAL FURROWS- OF THE INTERIOR OF THE SHELL
1., The Tﬁo Types of Furrows
The internal molds of many cephalopods bear
longitudinal carinae which are the reflections of grooves
on the interior of the shell, As carinae or ridges these

have been described by various investigators®, and have

5. Hall, J,, Paleontology of New York, vol. 5, pt. 2,
1879, pp. 240, 248, 250, 278, 287.

been variously lnterpreted. Flower6 pointed out that two

6. Flower, R.H., Cherry Valley cephalopods, Bull. Amer.
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Fig, 1. mZssential structural features of the
phrasmocone

c.~ wall of conch

m,- mural part of septum

f.- free part of sectum

n.- septal neck

b.- Dbrin

a.- area of adnation

r.- connecting ring.
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Paleont,, vol, 22, 1936, p. 268,

distinct types of structure are involved, a continuous
ventral "carina", which extends well into the living
chamber, and a ddrsal "earina" which is a metamerically
repeated structure found on the mid-dorsal region of _each
camera, This is the "false siphuncle" at least in paft

of various authors. Miller, Dunbar and Condra7 stated

T Miller, A.,K., Dunbar, C,0. and Condra, G.E., The
nautilold cephalopods of the Pennsylvanian'system'of the

mid-continent reglon, 1933, Nebraska Geol, Surv., ser, 2,

bull. 9, p. 80.

that the structure appeared to be.connected with the
accumulation of globules of limonite in the upper éide of
the shell as it lay in the matrix, and considered it an
inorganic phenomenon,

It is necessary to distingulsh between the dorsal
and ventral carlinae, PFallure to do so in the past has
lead to some errors., Hall compared the dorsal furrow of

Dolorthoceras tersum with the ventral furrow of

Striacoceras typus (Saemann) (= Orthoceras marcellense Hall)
8

and as a result described D;”tersum upside down, Loomis

8. Loomis, F.B.,’The dwarf fauna of the pyrite layer at

the horizon of the Tully limestone in western New York., New

York State Museum Bull. 69, 1903, p. 916, pl. 4, fig. 12-13.
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mistook the dorsal furrow for a marginal siphuncle and

as a result described a Michelinoceras as a Bactrites.

The types were broken in such a way that the septum and
the true siphuncle were not exposed, Additional material

shows that the specimen figured by Loomis as Bactrites 8p.

mut. pygmaeus 1s probably not distinet from his

Orthoceras subulatum Conrad mut. pygmaeum Loomis,

The ventral and dorsal furrows are very different
in origin, structure and probably in function, and for
that reason are Eest discussed separately. To prevent
the possibility of confusing the very different structures
"1t_has seemed best to express the fundamental differences
between the furrows by giving them rathef distinect names.
The;coétinuous ventral furrow 1ls called the conchiaip

rfurfow.‘ The name septal furrow is proposed for the dorsal

structure .
In every instance in which a check has been possible

it has been found that the conchial furrow is in line with
the hyponomic sinus and is therefore mid-ventral in
position. The septal furrow occurs on the opposite side on
the mid-dorsal region., It may be noted further that the
cameral deposits are concentrated ventrally, and I have
found the three criteria of hyponomic sinus, shell furrows
and the orientation of deposlis to be reliable criteria

for the orilentation of the conch, It has been possible éo

demonstrate in numerous instances that neither the dorsal
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nor the ventral furrows are connected with the orientation
of the conch in the sediments., A circular orthoceracone
with cameral deposits concentrated ventrally will normalily
come to lie with the venter below and the dorsum above.
Such specimens alone wonuld suggest an inorganic origin for
the furrows. However, by noting in the field the position
~of the conch in the sediments 1t has been possible to
demonstrate that the orlentation of the conch in the
sediments has no bearing on the position of the furrows.
This discordance has bsen especlially striking in the
writer's experience while collecting the abuﬁdant |
orthoceracones which occur in gﬂ}imestone at the toﬁ of
the Pompey membsr of the Defbnian (Hamilton group,

Skanneateles formation,) of central New York. The dis-

cordance 1s further‘illustrated by Euloxoceras of the

Permnsylvanian, which shows furrows on the dorsum and
vénter,-although the"strongly éompressed shells of this
genus are commonly found resting on a lateral surface,
2. The Conehlial Furrow

The interior of the shell of many cephalopods bears
a single mid-ventral conchial furrow. The structure is
a widespread feature in the Nautiloidea, although 1t 1s
rarely mentlioned in descriptions. It 1s rarely seen as a
furrow, but is frequently and readlly observed as a ridge

on the internal mold,
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The conchilal furrow 1s often best seen on the
pPhragmocone but in several instances it has been possible
to trace it'nearly to the aperture of the living chamber,
Th;sfshows that i1t 1s a feature of the inner surface of
the wall of the conch, and not of the mural part of the
septum,ﬁ On the phragmocone the mural part of the septum
appears to be of uniform thickness and to‘follow the
'slight emargination produced by the conchial furrow in the
shell wall, Thus %he conchial furrow may be pressrved
whether separatlion occurs between shell and matrix, or as
sometimes happens, between the wall of the conch and the
mural part of the septum. | | |

It is probable that the cbnchial furrow is to be
correlated with the entire area subtended ;y ths pair of
ventral aponeurotic bands of Nautilus.,

Miller Dunbar and condra9 noted that the aponeurotic

9. Miller; A ,K., Dunbar, C,0. and Condré G.E.,, The
Nautilold cephalopods of the Pennsylvanian system of the

mid-continent region, Nebraska Geol. Surv,, ser, 2 Rull,

9, 1933, p. 32.

bands and the area of attachmegt'between them had scarcely
any rellef, and that traces of the structures could be
expected only in perfeétly preserved specimens, In
mature Spécimens of Nautilus it is often very difficult

to determine the exact limlts of the aponeurotic bands

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



which are often faint., Also, in some speclimens there can
be seen faiqt longitudinal markings which appear to be
internal relics of longitudinal shell mgrkings, and which
have'noﬁhing to do with shell attachmenf. The presence
of such markings makes the recognition of the aponeurotic
bands almost impossibhle In some -specimens, Howevér there
| is 1nd1ca£ion that in lmmature specimens the aponeurotilc
bands are much clearer and more closely spaced-fhan in
the adults. In a speclmen ln which the whorl has a width
of 87 mm. and a height from the impressed zone of 79 mm,
the aponeurotic bands subtend a width of about 13 mm. but
lie in a 1bné;tud1nal poliéhed band 25 mm. in width, In
an immature individual where the ﬁhorl has a width of

" '45 mm, and a height of 34 mm., the bands are very clearly
‘marked énd encompass a wildth of only 1.5 mm, The increased
clarity of the bands in the early stage may not be constant,
vas only a single{immature individual was available for
study. However_it is significant that the bands are very
close together in the earlier whorls of Nautilus, and
present an appearance very similar to the conchial furrow
of fossil forms,
The wide distribution of the conchial furrow in
Nautiloides, comprisihg a series of ellipochoanitic
forms ranging fr0@ Ordovician to Tertliary, offers further
substantiation for the correlation of that structure with

the ventral aponeurotic bands othautilus. It occurs in
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a wide variety of orthochoanitic genera, both straight

and coiied, but appears .to be absent in most'cyrtochoanitic
forms, Among the cyrtochoanites the Pseudorthoceratidae
are a noteable exception. It has been ﬁoted'in -

Dolorthoceras, Adnatoceras, Pseudorthoceras and Mooreoceras.'

It is present in Buloxoceras, though it 1is difficult to
distinguish there because of faint longitudinal ridges of
the -ornament which form as longitudinal ridges on the in-
terior, In other genera 1t 1s eilther obscure by the ornament
or not preserved on specimgns known thus far owing to the

.~ coarse texture of the matrix, It 1s widely present‘in
orthochoanitic orthoceracones, being well developed in

Michelinoceras and Geigsonoceras, Thus far I have been

unabie to detect any trace oft he structure in orthochoanitic
orthoceracones -of the Chazy or Trenton limestones of the
ordivician, but the structure is not confined to forms

occuring in the later part of the Paleozoiq, for it is

well developed on "QOoceras" perkinsi Ruedemann of the

Chazy limestone, & cyrtochoanitic form of- doubtful |

affinities but possltly related to the Stereoplasmoceratidae,
Among colled cephalopods 1t is of relatively commom

occurrence, though the genera on wheih 1t has thus far

been observed make up a rather-heterogéneous assemblage.

It has been so far observed in Kephriticeras, Centroceras

and Tetranodoceras of the Devonlan, in Metacoceras,

Titanoceras, Coelogasteroceras, Domatoceras and

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



11

Solenocheilus of the Pennsylvanian, Cymatoceras and

Eutrephoceras of the Cretaceous and Hercoglossa of the

Eocene.

The genus Striacoceras Flower of the Devonian is

unique as far as is known at present in possessing a
palr of ventro-lateral furrows in addition to éhe usual
mid-ventral furrow.

The conchial furrow 1is nofmally very shallow, and
1tlis not uncommon to find it so obscurely preserved that
1t cannot be photographed from.whitened specimens, It is
rather variable within the species, as was shown in a

large series of Striacocerzas typus. The structure has not

been observed on any speclimens from coarse sandstones,
and 1t appears that a limestone sufficiently fing‘graiﬁed
thet lnternal molds from it present a polished surfac. 18
the best mediumnfor its preservation., The conchial furrow
has been noted in Devonlan and Pennsylvanian specimens
preserved under such conditions, but under different
conditions the same gene;'a. and often the same Bpecies may
show no trace of the structure.
3. The Septal Furrow

The septal furfow occupies the mid-dorsal region of
the conch. Unlike the conchiél furrow it 1is not continuous,
but is repeated on the mural part of each septum including
the last. As a conseguence, 1t can be seen on the base of

the living chamber, but only on the extreme basal part
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where the mural part of the last septum is developed.
This is sufficient to indicate that the furrow is a
structure of the mural part of the septum raf%er than of
the wall of the conch,

The septal furrow is fairiy constant in form. It is
typically seen as a groove on the interior of the shell
and a ridge on the 1nternai mold, It is essentlially lin-
ear, The adoral end extends nearly to the adoral suture,

- but 1s narrowly separated from it in well preserved speci-
mens? The furrow typlcally extends apicad for the greater
part of the length’ of the camera, always terminating, how-
ever, before the free part of the. septum-is attained.
Occaslionally it is short, extending barely apicad of the
middle of the camera, This condition is typical of
"Orthoceras" pelops Hall of the Schoharie grit of the

Middle Devonian.

Three types of preservation have beeh found. The
first, and commonest 1s that discussed above,}in which a
ridge on the internal mold fits into a groove on the in-
terior of the shell. On such specimens the groove and
ridge are regular and present smooth surfaces. A second
type is one in which the condition 1s reversed, and a
ridge on the interlor of the shell fits into a groove of
the internal mold. In such instances the crest of the
ridge and the bottom of the groove are rough, suggesting
thaﬁ there was no origilnal shell surface there to facilitate
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a smooth separation,

A third type,_one which has been observed only in
pyritized specimens;-is one in which the whole dorsal
surface of both the 1nteriof of the shell and internal
mold is smcoth. The septal furrow 1é level with the rest
of the surface., In most specimens it is outlined by a
faint suture., In a few svecimens, however, it appears only
as a varlation in color, evidently a phenomenon of weather-
tng. o

Thin cross sections of the conch have so far falled
to show any trace:Of the structure, but 1its nature can be
ascertained both by the pr"esei'vation of the fossil forms
and the existance of a similar structure in Nautilus,

whiech has largely escaped notice.

In Nautilus it can be clearly seen that this area 1s
one in which the mural part of the septum is not deve10ped.
In the first wh6r1 the furrow occuples nearly the entire
length of the dorsal wall of the camera, but 1t becomes
shortened rapldly so that in the last half whorl of a
mature individual the furrow is confined to the adoral
third of the mural part of the septum., The function of
this peculiar structure is not known., Obviously it has to
do with the structure of the posterior mantle which secretes
the. septa, but further thah that i1t 1s not possible to go
at present., Probably an investigation of the structure in

Nautilus in relation to the soft parts may yield a solutilon.
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The mode of preservation of fossil forms shows that
there. as in Nautilus, the structure represents a reglon
in which the mural part of the septum is not developed.
To demonstrate this 1t 1s necessary flrst to consider the
different_types of preservation 1nd1v1dua11y.‘ Ihe se~-called
internal molAd is not always a true Internal mold in the
Nautiloidea, because separation may occur not only between
the shell and the matrix, but also between the mural part
of the septum and the wall of the conch, This fact has not -
been generally recognized, Qulte comnionly an internal
mold, particularly a limestone, wlll show two layers of-
separation along the phragmocone, with sutures visible at
earh level., In some specimens from the Cherry Valley lime-
stone weathering was such that 1t was sometimes possible
to separate the mural part of the septum from an apparent
internal mold. Occasionally apparent internal molds, when
sectioned, show traces of the mural part of the septum.

Typical speclimens from the séhoharie grit of the
Middle Devonlan are true internal molds, all original shell
material belng dissolved away. In such specimens the
matrix rises dorsally-to form a2 well defined carina,” show-
ing cénclusively that there was no shell material at the
level of the inmer surface of the mural part of the septum.
Such a condition is shown in fig. 2B, -

When-the groove is on the internal mold and the carina

is on the interior of the shell separation of two kinds
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Fig. 2. Diagramatic sections through the dorsal
wall of the conch, showing the septal furrow.
Ce~- wWwall of conch; s.- mural part of septum
m,- matrix

A.- Normal condition, showing the shell before

separation.

B. Separation of the matrix from the mural part
of the septum results in a ridge on the internal

mold and a groove on the interior of the shell.

C. BSeparation between the mural part of the septunm
and the wall of the conch produces a smooth sur-
face, sometimes marked by a faint suture, and
sometimes perfectly smooth, the septal Ffurrow
showing as variation in color due to differential

weatherine,

D, Separation is largely as in B, except that
shearing has broken off the protruding portion

of the matrix.
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may be represented. Probably the commonest condition

is that represented in fig. 2 D, in which separation, as
before, occurs between the matrix and the mural part of

the septum, Fracture has broken-the matrix at, or centrad
of, the level qf the inside of the mural part of the septum,
producling a roughened area, A similar phenomenon may occur
with separation between the wall of the conch-and the mural
‘part of the septum, but with matrix adhering to the wall of
the conch at 1ts separation. This condition, however, has
ﬁot been conclusively recognized.

In pyritized specimens, in which only one level is
represented, separation takes place throughoutfat'the‘coné
tact of the wall of the conch and the mural part of the
septum, The carina which may surround the septal furrow
in such instances represehts the true termination of the
septum., (Fig. 2C.) Specimens in which the septal furrow
appears only as a vériation in color variation is due to
differential weathering of the matrix,

The septal furrow i1s rather widespread among ortho-
ceracones, but is known only sporadically in coiled forms.
From the similarity of the structure found in orthoceracones
to that of Nautilus, it is suabected that the‘structure is
in reality widespread if not universal in Nautiloldea.

Its apparent absence may be due in part to lack of study,
in part to preservation, and in part fo the 1naccessib11ity
of the dorsum in colled cephalopods, It is presentﬁin all
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smooth shelled Pseudorthoceratidae where the preservation
1s such -that 1t één be reasonably expected, It is unknown

in Cayutoceras and Bradfordoceras which are known only from

specimens occuring in coarse grained aandstoneé and shales
and 1n Sceptrites, which 1ls known only fromccoarse grained
limestones, It is widely present in orthochoanitic ortho-
ceracones of the Silurian and Devonian. It is remarkably
well developed in Cincinnatlan species of Ormoceras, but
has thus far not been noted in other Actinoceroidea.

The septal furrow like the conchial furrow will serve
as an accurate criterion of the oriéntation of specimens,
Previously the only certain criterion in orthdceraéonés

has been the hyponomic sinus, and too often that was absent.

Troedssonlo figured and described a normél line 1n.0rtho¢erds

10,. Troedsson, G.T. Studles on Baltlic fossil cephalopods,

I. On the nautiloid genus QOrthoceras, Lunds Univ. Arssk,,

N.F., Avd. 2, Bid. 27, Nr. 16, 1931, p. 20, pl. 3, fig. 2.

regulare Schlotheim, of the Orthoceras limestone of Sweden.
Except that the region is very narrowly closed adorally

1f at all, this is ldentieal with the septal furrow as seen
in other orthoceracones. Troedsson regarded the structure
as ventral in poslition. However, the strong similarity
with the septal furrow and the apparent lack of any definlte
conflicting evidencé, suggests that it 1s dorsal here also.

It has often been assumed that the siphuncle when eccentric
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lies ventrad of the center of the conech. That this is
not always the case is shown by EuloXxoceras. Both the
septal furrpw and the concentration of cameral deposits
show that the siphuncle is dorsal.

THE SIPHUNCLE

 Tarminologry

The sliphuncle 1s a composite structure consisting

of several distinct parts of different origin. and may

best be defined as the tube which encases the siphon,

- Two divisions have been recosnized, and gctosiphuncle

and an endogsiphuncle. The ectosiphuncle comprises the

outer wall or the siphuncle, consisting of the septal
necks-and the connecting rings in ellipochoanitice
cephalopéds;'and of the sepial nicks alone.in holochoanitic
cephalopods. The endosivhuncle comprises all structures
W1thin, which take on different forms in different groups.
.The structures are often spoken of as endosiphuncular
deposits. Since this suggests a counterpart "exosiphonal
deposits", the term siphonal deposits is preferred here,
The term has the further—édvantége of brevity; also it
1mpites the origin of the structures from the siphon.

The term endosiphuncle was first used by Hyattll

11, Hyatt, A,, Cephalopoda, in 7ittel-Eastmann Textbook
of Paleontolozy, vol, 1, 1lst, ed., 1900, p. 596.

who said: "Organiesdeposits in the form of endocones,
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and taper off at the center into a spire that is some-
times tubular and hollow, or again flattened and el-

liptical. This is the endosiphuncle." ILater in the

same work the term is used for the central cana?2 of the

lla
Actinoceroidea K

lla. Ibid., p. 608

The term was not more clearly defined until 1906 when

Ruedemann12 revised the morphological terminology as follows:

1z, Ruedemanh, R., Cephalopoda of the Champlain basin,
New York State Museum, Bull, 90, 1906, p. 403.

"The ectosiphuncle is the external wall of the siphuncle;

‘the endosiphuncle comprises all structures within the same."
The tube which Hyatt apparently had in mind in ﬁording his
short définition is not a single structure, but 1is composed

of the endosiphotube and the endosiphocoleon of Ruedsmann.
Further, as defined and used, the endosiphuncle of Hyatt

is not a structure, but the cavity remaining within several
calcareous structures. The term was employed by him for

the central canal of ihe Actinoceroldea, as well as for the
combined endosiphotube and endosiphocoleon of the Endoceroldea.

1 14
Foerste and Telchert, 3 and later Telchert, have

15, Foerste, A.¥,, and Teichert, C,, The actlnoceroids
of east-central North Amerilca. Denison Univ. Bull.,Seci.

Lab., Jour., vol. 25, 1930, pp. 201-296, pl. 27-58.
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14, Teichert, C.,, Der bau der actinoreroiden Cevhalopoden,
Paleontographica, Bd. 78, Abt. A, 1933, po. 111-230; pls 8-
15.

used the terms endnsiphuncle and endosiphuncular deposits
for the calcareous structures within the siphuncles of
Aétinoceroidea,-which comply with Ruedemann's definition.
Ruedemann's usuage has been followed in many of the more
1mportﬁ£t works oh the structure of cephalopods 1n recent
years and 1is followed here, The following of Hyatt's
usuage would lead to several difficulties. The endosiph-
uncle. of the Endoceroldea 15.3 cavity with a definite wall
which in part at least a'stfucture distinet from the'ehdo-
cones, and involves the walls of the endosiphocOléon and
the endosiphotube., The endosiphuncle Sf'the Actinoceroidea |
is the cavity within the sliphuncle not occupied by
annulosiphonate deposita, conseisting of the cavity of the
central. canal in the apical portion, to which is added
the cavity occupied by certaln unknown but possibly
parenchymal tissues 1n the adoral portion. It has no fixed
wall, |
Structure of the Ectosiphuncle

The ectosiphuncle in elllipochoanlitic cephalopods
18 a composite structure, belng made up of two distinct
parts which are very different in structure and origiln,

the septal neéck, and the connecting ring. The septal neck

(Fig. 1 n) is essentially a part of the septum with whickh
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it is continuous, and identical in structure,
It is largely upon the basis of the form of the septal
neck that the major divisions of the Nautiloldea were based.

Hyattls first divided the Nautiloldea into the Holochoanoidea

15. Hyatt, A,, Genera of fossil cephalopods, Boston Soc.
Nat. Hist., Proc., vol, 22, 1883, p. 260,

and the Ellipochoanoidea. In the Holochoanoldea the septal
necks are long, extending at least the length of a camera,
and connecting rings are absent, 1In the Ellipochoanoidea
the necks are short and the greater part of the length of
the siphuncular segment is made up of the commecting ring.
Although these groups have.been supplanted, the terms
holochoanitic and ellipochoanitic are convenient for des-

criptive purposes are’often used, Hyatt16 later divided

16, Ibid., 1900,

the Nautiloidea into Holochoanites, Schistochoanites,
Orthochoanlites, Myxochoanites and Cyrtochoanites, The
Holochoanltes contain essentially the same forms as did

the Holochoanoidea, The Schistochoanites are invalid
structurally and need be given no attention here., The
Orthochoanites are ellipochoanitic cephalopods characterized
by straight septal necks, The.Cyrtochoanites are ellipo-
choanitic forms with recurved septal necks and more or

less expanded siphuncular segments, The Myxochoanites
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constitue a small highly spsciallzed group of forms which
are orthochoanitic in thee arly stage and cyrtochoanitic

in the later stage.
Foerate and Teich.ertl7 have differentiateéd two regions

17. PFoerste, A,F. and Teichert, C., The actinoceroids of

east-central North America, Denison Univ. Bull., Sci. Lab.,

Jour,, vol., 25, 1930, p. 222,

of the septal neck in cyrtochoanitic cephalopods., (Fig. 1)
The aplcal extension of the septal neck is called the neck,
(Fig. 1n) while the recurved portion is called the brim
(Fig. 1b). Though these two régibns often overlay, the
relative development of neck and brim 1is characteristic of
a genus and is a valuable character in'all.cyrtochoanitic
cephalopods,

The connecting ring is very different from the septal

neck in structure and in origin. It is composed of
calcite spicules loosely arranced in stellate patterns in
Nautilus. Thin sections through the connecting ring in
Paleozolc Nautiloidea have thus far falled to show recog?
nizable spicular elements, Replacement may account for
this, and the discrepency may be more apparent than real:
In all Paleozoic forﬁs studied the connecting ring appears
spongy and porous under high magnification, with the open-
ings clogged with fine 6rganic matter which is at least

in part identifiable with the matrix,
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The connecting ring is the most fragile of the cal-
careous structures of the cephalopod shell, and 1s fréquent-
ly entirelly destroyed. ‘It is not known for any of the
Silurian species of Gigantoceras-HyattlB. Likewise it is

o _ - i 1
consistently absent in Leurocycloceras Foerste 9. It may

15, Hyatt, A., dephalopoda, in Zittel-Eastmann Textbook

of Péleontology, vol, 1, 1lst, ed., 1900, p. 608, See also
Foerste, A;F., Notes on cephalopod genera; chiefly colled
Silugian forms, Denison Univ.‘Bull., Sc;. Lab. Jour., vol. 21,
1925, p. 37.

19, Foerste, A.F., A restudy of American orthocon;c

Silurian cephalopods, Denison Univ. Bull., Sci, Lab., Jour.,
vol, 23, 1928, p; 272,

be~that in such forms no‘Spiculés were developed or that
_calcification was slight, and that the spicules Were too
few and too loosely arranged to be cabable of preservation.
In some of the Pssudorthoceratidae the connecting
ring is opreserved only in the aplcal part of the phragmocone
where it is strengthened by siphonal deposits. The apical
preservation alone misht suggest that the connecting ring
was developed late in the histor of the camera. However,
a study of the conditions of preservation shows that there
is a very real correllation between the destruction of the
connecting ring and the invasion of the siphuncle by

sediments, Further, the connecting ring is more often
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destroyed when the invading matirx is coarse and sandy.
Other factors, such as pressure by compaction of the sedi-
ments or the transportatior and attendant damage of the
shell prior to burial are doubtless contributogy but are'
harder to estimate. Although the frequent destruction of
the connecting ring in adoral camerae suggests a'delayed
development, the study of a considerable series of specl-
mens shows that the extent of destruction is variable
wlthin a species and that 1t is frequently erratic,
Further, in the best preserved specimens the connecting
ring is retained in the last camera.

The form.of the connecting ring is variable., 1t ex-
tends ffom the outside of the tip of one septal neck a-
picad to the,preceding neck, into which it disappears,
In<cyitochoan1tic cephalopods an area of adnation (Fig. la)

is frequently developed, where the connecting ring lles
in contaect withﬁthe free part of the adipical septum,
Frequently in‘Actinocevoidea and some other forms the
brim of the septal neck is recumbent, that 1s, recurved
so sharply that 1t lies in contact with the free part of
the septum, the connecting ring may also lie in contact
with the free part of the adoral septum. This féature
is not dgveloped in any of the Pseudorthoceratidae.
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Early Siphunciilar Stages
_ The condition of the siphuncle in the apical chamber
and djJacent camerae-has been figured and described by

Miller Dunbar and Condra-C and by Schindewolf.2T Miller

20, Miller, A.D., Dunbar, C.0. and Condra, G.E. The
nautiloid cephalopods of the Pennsyivanian systemlin the
mid-continent region, Nebraska Geol, Surv,, ser., 2, bull. 9,
1933, p. 83, pl. 1, fig. 8-9.
21, Schindewolf, 0.H., Bemerkungen zur Ontogenie der

. Actinoceren und Endoceren (Cephal., Nautilf). Neues

Jahrb, flir Mineralogie etc.,, Beill.-Bd, 74, Abt. B.,
1935, p. 96, fig. 6. |

Dunbar and Condra repért}the présence of a QubSphérical
aplical caecum which hangs freelv within the chamber wlth-
out touching the aplcal wall, The septal necks are des-
cribed as slishtly recurved throughout, Schindewolf flgures
a condition which might be considered on the border line
between orthochoanitic and cyrtochoanitic, but fails to
differentiate the septal necks and the connecting rings,

The apical caecum is subspherical and very slightly broader
that the succeeding s ipbuncular segmente., The first seg-
ment of the siphuncle beyond the caecum is shown and appears
cyrtochoanlitic at a glance, Later segments show a progressive
increase in length while the maximum and minimum dlameters

remain the same, Thé questlon arises as to whether the
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-.condition of the early siphuncular segments is to be con-
sldered as cyrtochoanitic and pointing to a cyrtochoanitic
ancestry, or whether the condit'on 1s only apparently cyrto-
'choanitic or cosenogenetic, At first glance the earliest
slphuncular segment appear to be distinetly convex in out-
line so as to suggest a cyrtochoanitic rather than an ortho-
choanitic stage. Close inspection shows that the difference
is more apparent than real and that Schindewolf was correct
in considering the form orthochoanitic,

The connecting ring 1s aligned with the outside but
not the inside of the septal neck. Consequently there is “
a faint contraction of the 1nteriof of the siphqncle at the
septal foramen. ‘In later stages the difference 1s so
slight in proporﬁion to the diameter of'thekhiphunculér
segment.that it is not apparent, (Fig. 3n) in the earlier
camerae, howevér, the siphuncular segment is so small that
the contraction 1s apparent and a cyrtochoanitic appearance
results., (Fig. 3b) The length of the séément is also
significant,'as shown in Sdhindewolf‘a drawing. In the
first three segments there 1s a marked increase 1ln length,
while the maximum and minimum dilameters of the interlor of
the segment remain the same, The increase in length alone
does much to reduce the apparent cyrtochoanitic effect.

The effect of size on the apparent cyrtochoanitlc
condition can be seen by comparing the difference between

the small apical end of Pseudorthoceras with the larger
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Fig. 3. Types of siphuncular outlines

A, Michelinoceras tyve.~- orthochoanitic condition with

cylindrical outline.

B., Nepionic Michelinoceras.~ A false cyrtochoanitic

condition of the interior results from the great dif-
ference in thickness of neck and connecting ring in pro-
portion to the siphuncle segment.

C. Anastamoceras.- A simple cyrtochoanitic condition,

with the brim vestigial and no area of adnation.

D. Nepionic Dolorthoceras.~- The brim and areca of adna-

tion is one-half the neck; the connecting ring is slightly

and nearly unifornly canvex.

E. Ephebic Dolorthoceras.- The brim increases and is

subequal to the neck; the area of adnation remains one-
half the neck. The siphuncle connecting ring tends to
be less curved in the middle of the segment, but is
still convex throughout.

F. Adnatoceras.- The brim and arca of adnation are -

subegual and slightly greater than the neck. The middle
of the segment becones straight, cutvature being confined
to the ends.

G. IEuloxoceras.- The brim and area of adnation increase

further. The expansion is confined to the ends of the
segments; the middle of each segment becomes faintly con-

cave, Expansion 1s slightly greater on the venter,
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Fig., 3 Con't.
showing on the left,

H Pseudorthoceras.- The neck, brim and area of adnation

are the same as in Dolorthoceras, but the segment be-

comes markedly convex, varying from pyriform to sob-

globular,
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apical end or.Trematoceraszz.

22, Schindewolf, Ibid., p. 91, fig. 3.

Here the early siphuncular segments are twice as wlde

as those of Pseudorthoceras and four times as long, with

such dimensions the difference in thickness between the
connecting ring and the septal neck become negligible and
an unquesﬁionablly orthochoanitic outline is produced.

It may pe further pointed out that the development of
an orthochoanitic condition following apparently cyrto-

choanitic segments in Pseudorthoceras would be difficult

to explain; 1t would 1nd1cate a change from cyrtochoanitic
to orthochoanitic, followed by a reversal of the condition
in neanic segments. The development of the orthochoanitic
condition seems to have no other explanation than the re-
capitulation of an ancestral condition. The early cyrto-
choanitic effect is mechanical and 1s the direct result

of the small size of the early portion of the conch.

Later Siphuncular Stages
The outline of the siphuncle undergoes a marked

ontogenetic progression in the Pseudorthoceratldae, and

the outline of the early stages of the more speclalized
genera recapitulates the ephebic outlines of earlied and
simpler forms from the metanepionic stage onward. It has
been found convenlent to name the types from genera in‘which
they occur as ephebic characters, and they are referred to

as such in the descriptions in the systematlic portion of
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this paper. Smooth_éhelled genera are selected as types’
for the various types of outlines, because such forma'séem
to represent the generalized stock in which siphuncular
modification took place, while ornamented or otherwise
speclalized forms show scarcely any deviation from the
types. The application of the names to other families in
which the resémblance would be purely homeomorphic is not

to be recommended, It 1s used here largely for brevity.

I. Michelinoceras type.- (Fig. 3a-b) This 1s not an
‘ephebic feature 1n anyvof the Pseudorthoceratidae which are
cyrtochoanitic by definition, but it is found 1h the eariy
-stages, The siphuncle is orthochoanitic, consisting of
vertical septal necks and connecting rings which are eigher
eylindrical or very faintly expanded within the camerae,

The interior of the siphuncle may appear to be somewhat con-
tracted at the region of the septal foramen, but this 1s
attributed to the difference 1ﬁ the thickness of the septal »
necks and;ghpvconnécting rings, which are aligned externally,
The neck is vertical, which is the essential criterion of

the orthochoanitic condition, and the outline of t he ex-
terior of the siphuncle is essentiaily cylindrical. The
condition is typical of the ephebic segments of M;che;;nocéras

Foerste, but is not found in the ephebic stage of the
Pseudorthoceratidae, It has been noted in the early pdrtions
of Pseudorthoceras, Dolorthoceras and Spyroceras, the only

genera for which sufficiently early portions of the
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vhragmocone are avallable at present,

2, Anastamoceras type.- (Fig. 3c) This is the first

of the cyrtochoanitic types found in the ephebic stage of a
member of the Peeudorthoceratidae. Siphuncular expansion is
8light and is due more to the convexity of the connecting
ring than to the septal neck. The neck is slightly re-
cunyed,vbut is without the development of a definite brim,
There 18 no area of adnation. This type of structure is
characteristic-of‘the epheblc siphuncular segﬁents of

Anastamoceras Flower, n., gen., of the Lower Devonian, It

has been noted in the early stages of Pseudorthoceras,

Dolorthoceras, Spyroceras and Mboreoceras.‘

3. Neanic Dolorthoceras type.~ (Fig. 34) This is a

shade more specialized than the preceding., The brim and

afea of adnation are developed, subequal, and are about one-
half the neck. The outline of the free part of the connect-
ing ring is faintly convex throughout . This 1s an ephebic
feature 1n the earliest known species of Dolorthocerasgs, in--

eluding D. parlenense (Williams) of the Oriskanian of Maine,

and D, rudis (Hall) of the Onondaga limestone of New York.
The separation of these speciles into a distinct genus has
not seemed adviseable in view of the gradation of the

ephebic siphuncular outlines of these forms into the typcial

ephebie leggthoceraE type of outline thch characterizes
Hamilton and younger svecles of Dolorthoceras. The neanic

Dolorthoceras type appears to be an epheblc character in

Diagoceras, although the condition of the area of adnatlion
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1s not known and the free part of the connecting ring

-seems to be slightly more convex than is typical. It is
present in epheblc Sceptirites, and 1is persistent~1n Spyrocerasg
extending farther orad in that genus than in Hamilton B

~species of Dolorthoceras. It is found in the early stages

of Hamilton and later Dolorthoceras, Petryoceras, Mooreoceras,

Pseudorthoceras, and Cayutoceras.
4, Dolorthoceras type.- (Fig. 3¢) The brim and neck

are subequal and about twice the area of édnation, for

while the brim increases beyond the neanic Dolqrthogeras

stage, the area of adnation remains static. The connecting
ring-is stronglu curved at the ends but is only.faintly con-
vex in the middle, This type of structure appears in the

ephebic siphuncular segments of Dolorthoceras,'Petnyoceras,

Palmeroceras, Spyroceras, Gelsonoceroldes, Cayutoceras,

Fusicoceras and Cryptothoceras. It is found in the early

stages of Pseudorthoceras and Mooreoceras. Indeed, some

specles of Mooreoceras can hardly be sald to pass beyond

this stage, but may be distinguished by the form of
siphonal deposits.

| Adnatocéras type.- (Fig. 3f) The brim and area of
adnatlon afe subequal and are slightly greater than'the
neck, Thils form type can be readily distinguished by the
form of the connécting ring which 1s straight over thse
middle portion and abruptly curved at the ends. It 1s

known only in the ephebic siphuncular segments of
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-Adnatoceras., -Palmeraceras is intermediate between

Adnatoceras and Dolorthoceras in the form of the siphuncular
segments.

Euloxoceras type.- (Fig. 3g) The brim and the trans-

verse part of the connecting ring are easlly three times
the neck the area of‘adnation 1ls nearly twlce the neck.
The siphuncular segments are contracted strongly at the ends,
and are faintly concave in the middle. This type is found
only in ephebic Eulo;oceras, the ontogeny of which 1s
unfortunately unknown.

Pseudorthoceras ‘type.~ (Fig. 3h) The brim and neck

are subequal as in the Dolorthoceras type. The area of

adnation is less than the brim and 18 occaslonally vestigial.
The free part of the connecting ring is more or less con-
vex, forming siphuncular segments which may vary from
pyriform to subglobular in form. This 18 found in the

epheble segments of Pseudorthoceras, Mooreoceras,

Paraloxoceras, Bergoceras and Bradfordoceras. The development

of this type of outline in Bradfordoceras 1s independant
of that of thse other genera which are closely related to

each other,
The first four types follow each other in the order
named whenever adequate early stages have been observed,

(Fig. 9) Beyond the Dolorthoceras type expansion may

occur in either of two ways, In Adnatoceras and Euloxo-

ceras the segments remain slender in form, expandlng at
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the ends, but becoming first straight and then concave in
the middle. The expanded condition 1s brough about by the
increase in the brim and the transverse part of the con-
necting ring at one end, and the increase of the area of
adnation and a free transverse part of the connecting ring
on the other end of the segment. In the Pssudorthoceras
type, on the other hand, the condition of brim, neck and
area of adnation remains largely unchanged., The condition

found is essentially that of Dolorthoceras, but expansilon

is brought about by the increased onvexlity of the free
~part of the comnecting ring. (Fig. 4)
What may be gerontic reversion to:an ancestral con-

ditlion has been noted in Adnatoceras spissum, the earliest

and simplest representative of the genus known., After

the attalnment of the Adnatoceras type of outline, ths

brim and area of adnation become gradually reduced, and
the outline of the segments becomes much more uniformly
curved, this producing in the gerontic stage fair repllicas

of the Dolorthoceras, neanic Dolorthoceras and Adnatoceras

types. This reverse the ontogenetlic progression and also
the evolution. The appearance of similar phenomena in the
- Actinoceroidea suggests another solution than ativism.
Here the earliest stages which are preceeded by a small
depressed protoconch are broadly expanded., There 18 no
evidence of any relation between the group and any cepha-

lopods with orthochoanitic siphuncles, Yet in a group of
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Fig. 4.- Development of brim, neck and area of adnation

in Pseudorthoceras and Adnatoceras,

N. 1length of septal neck

B. length of brom

A, 1length of area of adnation.

Generic stages repeated in the ontogeny are typically re-
presented at the sections indicated by vertical lines,

1. Michelinoceras stage; orthochoanitic

2., Anastamoceras stage; cyrtochoanitic, brim vestigial,
area of adnation wanting,

5. Nepionic Dolorthoceras.~ Brim and area subequal and
about one-half the neck.

4, Ephebic Dolorthoceras stage.- Brim and neck subequal,
area one-half the neck.

5. Late ephebic condition found in Pseudorthoceras. The

development of the Pseudorthoceras type of outline from
the ephebic Dolorthoceras type results in no essential
change in the relationship of neck, brim and area of ad-
nation, but only in the increased convexity of the con-
necting ring. In late ephebic individuals the brim and
area are apparently reduced; when measurements are con-
sidered the reduction can be seen to be only relative, as
gshows here.

6. Adnatoceras stage.- The brim and area are subequal

and are greater than the neck.
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Fig. 4 Con't.

7. CGerontic Adnatoceras condition.- The brim and area of

adnation become reduced in proportion to the septal neck,
However, reduction is apparent rather than real, and 1is

due to the rapid increase in the septal neck.

Pseudorthoceras is based on measurements of P. knoxense.

The first three stages of Adnatioceras are based upon

Dolorthoceras, sufficiently early stages of Adnatoceras

<eing unknown. Stages beyond 3 are known from A, spissum,
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23

Cincinnatian svecies of Ormoceras, successive segments

23, The exact generic reference is not beyound question
in view of the marked changes in the siphuncular outlines,

Doubtless specles which have been placed in Delroceras are

congeneric, and it 1s possible that some Species'feferred to

Armenoceras may also be closely related.

pass through generic stageé beginning with Armenoceras,

through Ormoceras and Delroceras, and finally attained in

segments simllar to those of.geurorthoceras a type of out-

line which 1s practically orthochoanitic. Here 1% 1is

hardly poséiblé to interpret the simplification of the
siphuncular outline to a reversion to an ancestral condi-
tion, for such an ancestral condition cannot be demonstrated.

Kobayashi24 noted the similarity between the siphuncular

24, Kobayashi, T., On the Stereoplasmoceratidae,
Japanese Jour., Geol, Geogr., vol, 13, no. 3-4, 1936 p. 234;

outlines of the Stereoplasmoceratidae and certain of the

Sactoceratidac, and suggested a common origin of Sactoceras

and Stereoplasmoceras in the genus Sactorthoceras

Kobayashi, This 18 opposed not only by the ontogeny of

the Actiﬁoceroidea, but alsoiby the fundamental differences
in the organization of the siphonal deposits, and Kobayashl's
position is hardly tenable.

The reduction of siphuncular expanslon in Actinocgras
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itself is well marked, but_it 1s confined to the gerontic
portion of the phragmocone, that part secreted during the
slight aperturai.conﬁraction'which ocecurs in the gerontic:
stage., The simplification of the siphuncle in both the
Actinoceroidea and in Adnatoceras seems to be a result of
| an increase in the rate of expansiqn of the septal foramen,
This causes the minimum diameter of the siphuncle to in-
crease more rapidly than the maximun diameter, causing a
gradual reduction in the expansion of the siphuncular seg-
ment, Attendant modifications of the outline will natur-
ally follow, but no radical changes are initiated; rather
the complexities of the outline gfadually disappear and
the result 1is one of simplification rather than atavism,
SIPHONAL DEPOSITS
Morphology

Annhlosiphonate4depoéits, the only type of siphonal
deposits which 1s relevant to a discussion of the
Pseudorthoceratidae, consist in their simplest state of
small circumférentially complete rings.formed within -the
septal foramen of nautiloid cephalopbdé; A section)through
a ring will show that it is made up of lamellae arranged
about a center of deposition which 1s adjacent to the
septal neck. Hypothetically the simplest ring is the
annulus (Fig, 5&) which is attached by uts outer surface
or some part of it to the septal neck, while the remainder

of the surfaée, which 18 free, 1is everywhere egquidistant
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from the center of -deposition., Thils conditlon is normally
found only in the earliest stage of growth of an annulo-
siphonate deposit,

Annulosiphonate deposits may vary greatly in form and

2
may be divided into several categories, Telchert 5 proposed

25. Téichert, C., Der Bau der actinocerolden Cephalopoden,

Paleontographica, Bd, 78, Abt, &, 1933, p. 127.

to divide the deposits into two groups which he termed
centripetal and centrifugal, While these groups ére'
probably of fundamental importance, the terms which were
proposed for them have been found to be somewhat confusing
and not entirelly desériptive. New terms are proposed here
which it is hoped wlll be simpler and more descriptive.
Pendant deposits, ;hich correspond to the cenﬁripetal

deposits of Teichert, originate from the septal neck and
develop markedly inward, constricting the endosiphuncular
cavity, often to a remarkable degree., These deposits

hang uvon the septal necks at which they are formed, and

are never in contact with the free part of the connecting

ring, but are separated from it by the perispatium, (Fig. 5B)
Parietal @eposits, which correspond to the centrifugal

depoflts of Telchert, origlnate at the septal necks but
never develop markedly inward, They grow mainly by the
add;tion of material to the adoral er adaplcal ends of the
deposit, and lle close against the connecting ring. No
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Fig, 5. Types of annulosiphonate siphonal deposits,

A, The annulus,- Free surface regular in growth, equi-

distant from center of deposition. Developed only against

| septal neck,
B. Pendant deposit.~ Deposit hangs free within the

siphuncle, being attached only at the septal necks.

C. Parietal devosgit.- Deposit extends along the wall

of the siphuncle, Deposits may or may not fuse to form

a continuous lining.
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perispatium is developed., (Fig. 5c)

Two distinct types of parietal annulosiphonate de-
rosits are recognized here. The first of these, the
orthoceroid deposit (Fig. 6A) consists of small annulo-

siphonate rings which are extended considerably adorally
from'the septal foramen, but are scarcely produced adapi-
cal}y. The deposit rarely extends half the length of a
caméra. This 1s because the extent of the development a-
long the 1nside of the connecting ring is limited by and
commenéurate with the development of cameral deposits out-

slde of the ring,
The second type, the pseudorthoceroid deposit

(Fig. 6B) differs from the orthoceroid deposit in appear-
ance, for the adoral extension of the deposits has pro-
ceeded to such an extent that,adjacent deposits fuse to
form an apparently continuous lining within the siphuncle.
The early stages -of the pseudorthocerold deposit.- resemble
the orthoceroid deposits in form, and'are'probably derived
from tﬁem. The fundamental change invilved 1ln the develop-
ment of the pseudorthoceroild deposit is the ability of the
siphonal deposit to extent along the connecting ring in-
dependant of cameral deposits.
Ontogeny

The development of the anpulosiphbnate deposits 1is

very different from that of the ectosiphuncle already dis-

cussed above, In serially repeated parts ontogeny may work
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Fig., 6. Diagramatic sections throug phragmocones

showing difference between (A) Orthoceroid deposits, in
which cameral and siphonal deposits develop equally along
the connecting ring, and (B) pseudorthoceroid deposits,
in which the siphonal deposit develops along the con-

necting ring independant of cameral structures,
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in twb ways., First, there is the ontogeny of‘unglterable
serial parts3~parts~which once 8ecreted must remain un-
changed, Here the oldest and earliest member of the series
.retains>the earliest stage in the ontogeny, and in trac@ng
the series from the oldest to the youngest member the
ontogeny may be reviewed. Thié is exemplified in the sutures
and siphuncular segments of cephalopods,

Second, there is the ontogeny of serial alterable
parte~which is one way or another may bé’modified.by
growth, Such modification is wldespread, It may affect
the exoskeletal parts by moulting as in the Arthropoda; it
‘may affect endoskeletal parts which may be modified by
resorvtion or addition of material;'it may affect shell
structures which may be modified by addition or resorbtion
or by both. In such a series of parts the oldest part
which has undergone the most modification shows not the
earliest but the latest stage in ontogeny, while the last
formed part may show the youngest ontogenetic stage. This

is essentially Jackson'sa6 principle of localized stages

26, Jackson, R,T.,, Localized stages of development in

plants and animals, Boston Soc. Nat. Hist., Mem., vol. 5,

1899, p. 89-153, pl. 16-25,

of development,

The siphonal deposits exhibilt only the normal series

of the ontogenetlc progression of alterable parts. The
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youngest deposit, that nearest the aperature, shows the
earliest ontogenetic stage, and as the series 1s traced
“aplcad older deposits are encountered which show more and
more advanced stages. In the Pseudorthoceratidae three |
reglions of the siphuncle can be recognized on the basis of
the developmental stages of the deposits, There is an
adoral portion of the siphuncle which has no deposits.
This may vary from one to thirty cameras, and is constant
within the growth stage of a specles, The number of vacant
éamerae is not, however, the same for neanic, ephebilc
and gerontic individuals,
There follows a region in which.deposits can be traced
- through their various stages of growth as they are traced |
apicad in the conch from‘their inception, This 1s succeeded
by a region in which the deposits have attained maturity
and do not develop farther,
Annulosiphonate Deposits of the Pseudorthoceratidae
The Pseudorthoceratidae are characterilzed by-the
pseudorthocerbid type of siphonal deposit described above,
However; within the family there is considerable variation
of the development and structure of the deposits of the
siphuncle. Some types hearken ‘back to simpler and presum-
ably ancestral annulosiphonate conditions; these are onto-
genetlic and presumably recapitulatory. Other deviatlons
are clearly coenogenetic, and may affect all stages of

growth, The following types seem significant enough to

be given names:
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Fig. 7. Types of siphonal devposits of the Pseudorthocera-

tidae. All sections are vertical, with the venter on the

richt,

<8

A, The simple annulus, the earliest stage of annulo-
siphonate deposits,

B. Michelinoceras type, the intermediate stage of siphonal
deposits in the Pseudorthoceratidae, Deposiis are ex-
tended orad but have not yet fused.

C. Dolorthoceras type, in which the deposits have ex-
tended farther orad until they have joined to make a
continuous lining within the siphuncle, Characteristic
of the ephebic stage in the Dolorthoceratinae,

D. Anastaméceras type, a gerontic devosit found only in
the genus Anastamoceras. A central canal is connected to
the Dolorthoceras type of deposit by irregular radial

pillars.

E. Cayutoceras type, confined to the Cayutoceratinae.
Discrete calcareous deposits are enclosed in carbonaceous
fused segmental deposits.

¥, Pseudorthoceras type, in which a continuous lining 1is
formed on the venter before the devosit appears at all on

the mid-dorsal region,
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1, The simple Annulus.- (Fig. 7A) This, as already'
mentioned, consists of a simple ring attached by 1its ex-
terior surface to the septal foramen., The inner surface of
the ring is free, and is everywhere equidistant from the |
center of deposition, producing a semicircular appearance
in section. This condition si found in the earlliest stages
of the siphonal deposits of all annulosiphonate nautlloids,.
and 1is suggestlve of a common origin of all such forms,
Included in the group are the annulosiphonate orthochoanites,
the Pseudorthoceratidae and the Actinoceroidea, At the.
present timé-mprphplogical and ontogenetic evidence seems
to indiecate that the Actinoceroidea may be very distinct
from the other froups and that its annulosiphonate deposits
may have been developed independantly of the others,

2, The Michelinoceras type.- (Fig.~7B) This is

essentially the orthocerold type of pavletal deposit

80 far as the form of the deposit alone is concerned,

The deposit is extended considerably orad of the.septal
neck, but 1is scarcely extended apically if at all, The
interrelation between cameral and siphonal deposits in the
orthochoanites fixes this as an ephebic feature there, but
in the Pseudorthoceraiidae'the siphonal deposlits develop
over the connecting ring independant of cameral structures,
and congquently the condltion of discrete annulosiphonate
rings 1s.a neanic feature rather than an epheblc one.

Its identity in form with the orthoceroid deposits as
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developed 1n Michelinoceras and its allles in suggestive

- of the origin of the Pseudorthoceroid deposit in the ortho-~
ceroid deposit, Inasmuch as the orthocerold type implies
an interrelationship between cameral and'81phona1 deposlits

which d4ées not exist here, the term Michelinoceras stage 1s

found desirabls,

The Michellnoceras type of deposit has been noted
in the neanic deposits of all Pseudorthoceratidae for
which the ontogeny is known, It 18 tvplcally developed
in the early stages of Anastamoceras, Dolorthoceras,

Spyroceras, Fusicoceras and Adnatoceras, and is somewhat

moaified although still recognizable in Pseudorthoceras,
Moofeoceraé}and Cayutoceras, which are speclallzed.

~3. The Dolorthoceras type.- (Fig. 7C) The end of
the.-adoral extension of the annulosiphonate deposlits of

the Michelinoceras type is attalned when adjacent deposits

meet, and a continuous lining of segmental origin is

- formed within the siphuncle. This is the Dolorthoceras

type which is characteriatic of the. subfamlily
Dolorthoceratinae in the ephebic stage. Though deposits
appear first on the venter and are thickest there, the
adjacent rings do not fuse to form a continuous lining of
the s iphuncle on the venter before they appear on the
dorsum, The deposit 1is éimple and not differentiated into

two distinct layers,
4, The Anastamoceras type.- (Fig. 7D) This type
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is derived from the Dqlorthqceras type which precedes it
in development, by the formation of a central core in each
segment, apparently about a central vascular tube. The
core 1s connected with the Dolorthoceras type of deposit
by irregular anastamosing radial processss, This is

known onlv in the genus Anastamoceras of the Dolorthoceratinae,

of whiech 1t 1s apparently a gerontic feature.
5. The Cayutoceras typs.- (Fig. 7TE) This type is

another derivative from the more generalized Dolorthoceras

type. Here the siphonal deposit has become differentiated
into two layers, A primary layer 1s'ca1careous“and~consiets
of discrete deposits of the Michelinoceras type. This 1is

covered by a carbonaceous outer layer which consists of

fused-segmental elements essentlally of the Delorthoceras
type. ‘This type of structure 18 confined to Caxutocerat;nae.
and Bradfordoceras which make up the Cayutoceratinze.
Transitional types connect:the Cayutoceras tYpe.with the

Dolorthoceras type. The structure is strongly reminiscent

of Westonoceras of the Upper Ordovician, but the demonstrable

relationship of Cayutoceras to Dolorthoceras shows that the
resemblance to Westonoceras is merely isomorphic.
6. The Pseudorthoceras type.- (Fig, 7TF) This differs

from the Dolorthoceras type in the extreme dorso-ventral

differentiation of the siphonal deposits., The annull are
incomplete, forming first on the venter. The deposit

grows orad from the septal foramen rapidly, while lateral

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



41

“growth 1s slow. The result is that a complete lining is
Tormed on the venter before the rings are completed‘dorsally.
Further growth of the deposit 1s brought about mainly by
the additioncof material o the lateral margins of the cal-
dgreous magss, and finally the two edges meet on the mid-
dorsal line, 7This type of development is found in the
Pseudorthoceratinae., The simple annulus and Michelinoceras
stage can be recognized in development, but owing to the
retardation of the secretion on the dorsum the pattern is
distorted. Nevertheless the stages can be recognized,
appearing first on the venter and only much later on the
dorsumn,

In the neanlc segments of Pseudorthoceras a further
modification appears. The deposit never becomes completed
dorsally. It is suspected, although the evidence cannot
be considered conclusive as yet, that this conditionibe-

comes an ephebic feature in Mooreoceras, at least in part.

In Paraloxoceras and Bergoceras the siphonal deposits be~

come greatly thickened and radlal canals are developed 1n

them.
CAMERAL DEPOSITSZY

29. These structures have been referred to as intracameral
deposits by various authors., Intracameral implies that
there are also intercameral or extracameral deposits which
it 1is necessary to differentiate by the use of these pre-

fixes, As there are no such deposits, the use of the prefix
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seems unnecessary, and its elimination serves to shorten
the term and, it is hoped, will tend to produce a less

formidable nomenclature than that in general use,

Organic and Inorganlic Cameral Deposits
The presence of various calcareous structures within
the camerae of cephalopods has long been recognized, but
until recently they have been given little attention,
Barrande, Hyatt, Hall and Ruedemann recognized these étruc-

tures as organic, and Hall70 discussed them in some detail

30. Hall, J.; Paleontology of New York, vol, 5, pt. 2,
1879: PPe. 240’ 245"9’ 250’ 256’ 279‘80.

and offered some speculations as to ﬂheir origins, However
the ma jority of paleontologlsts have preferred to tread on
safer ground and to leave along'structures which have no
counterpart in any living form and which might after all
turn out to be due to the deposition of infiltrated material

after the death of the organizm,

It remained for TeichertBl to point out some of the

31. Teichert, C., Der Bau der actionceroiden Cephalopoden,
Paiéontographica, Ba. 78, Abt, A, 1933, pp. 181~-188.

differences between organic and inorganic structures, It
is necessary to consider these and additional differences

before proceeding to the structure and taxonomic value of
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organic cameral deposilts,

Inorganlic deposits, of not only the camerae but also
the siphuncles of cephalopods are often difficult to dis-
tinguish from organic structures, but it can be demonstrated
that o?ganic and ilnorganic deposits differ in their mode of
occurrence., Organlic deposits are formed in accordance with
the symmetry and growth of the organizm, Inorganic deposits
bear no such relation to the shell; they are formed as
geoidal fillings of cavities,-éithér as complete fillings of
hollow camerae, or as complemental fillings of 1ncomplet;
intefﬁél molds, |

Inorganic deposits within a closed cavity such as a

camera which retains 1ts walls and siphuncle intact in-
filtrated material is deposited evenly and uniformly over
the imner surface. The first la yers are ﬁérmally thin
and cryptocrystalline., Such layers often resemble the
lamellae of growth of an organic deposit. Successive
layers become gradually thicker and of coarser texture,
and in the center of the cavity 1argé crystals of calcite
can be made out, In section this type of filling may
occasionally resemble episeptal and hyposeptal deposits
in an advanced stage of growth, but the condition can be
recognlzed as inorganic by the unliform layers formed over

the connecting ring. A false pseudoseptum3? may be

32, The term pseﬁdoseptum, a8 shown below, refers to the -

line along which organic episeptal and hyposeptal deposits
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of the camerae meet when well developed,

developed, running from the adoral outer corner of the'
camera to the central cavity occupied by coarse crystalline'
materi=l, but not infrequently another similar line may be
found running to the central adapical or adoral corner,

or both, next to the siphuncle,

The shape of the camera seems to be a factor in the
development of the false pseudoseptum,. It 18 best seen in
very shallow camerae, The princlples which govern the
distribution of such a deposit are those governing the de-
position of-crvstalline material in a hollow cavity.

There 1s only one-requirement for this type of atructure:
that the camera remain closed so that no material in sus-
pension in water can enter, Deposition is chemical and
follows saturation. Consequently this type of structure
can occur in any closed camera, regardless of its proximity
to the living chamber. Not infrequently camerae containing
such . organic deposits are found erratically spaced, alter-
nating with camerae which have become filled with sediment.

The incomplete internal mold depends upon the invaslion
of sediments which fl1ll the camerae only in part. Such
sedimente normally sink to the bottom of the camera, and
the uppermost portion remains hollow, later to be  filled -
in with calcite or othn; mineral substances after the burlal
of the conch. 'This calcite, which may often resemble or-

ganic deposits, is dependant not on the symmetry of the
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conch, but upon gravity and the position of the conch in

the sediments. The peculiar features of the lmeomplete
internal mold are to be found not only in the camerae, but
also in the siphuncle, The apparent deposit in the siphuncle

of Adnatoceras napalense Flower n., sp., is of this type,

(P1. 3, fig. 2) the dark matrix océupying the lowser part
of the siphuncle as 1t lay in the s ediments, while the
“upper part was originally left vacant and was later fil2éd
1n by calcite,

.The condition of the incomplete 1nterﬁa1 mold of the
camerae may be somewhat different 1f the invading sedimenﬁ
was introduced through'thé siphuncle., In such instances
the wall of the siphuncle, usually the connecting ring,
1s broken and 1s frequently entirelly destroyed. If this
occurrs soon after the d eath of the organism the sediments
may be washed into the camerae and arrange themselves on
the lower side in the same manner as though the break had

been in the wall of the conch, If, however, the sediments
of the siphuncle have been paftially consolidated, further
pressure, possibly derived from the weight of overlying
accunmulating sediments may force the partially solidifiled
material within the siphuncle to invade the camerae, break-
ing the connecting rings. This has been observed in a num-
ber of orthoceracones from the Richmond of Indiana and Ohio.

Teichert33 haé 1llustrated and described a specimen of
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33, Teichert, C., Einige actinoceroide Cephalopoden aus
dinischen Diluvialgeschieben und aus dem Gotléndium
Skandinaviens, Meddelelser fra Dansk Geologisk Forening,
bd, 8, hft, 4, 1934, p. 374-380, pl. 8, fig. 1-2,

Armenoceras danicum'feichert in which the invasion of such
material seems to have been stopped by some substance which
has later been destroyed and which might; as Teilchert sug-
gests, indicate that the invading material was blocked by

a tissue which later decayed, disappeared, and left a cavity
which was finally filled in by infiltrated calcite. As it
is evident that tissue must have been present in the camerae,
it 18 quite bossible that its presence at the time when
invading sediments entered the conch might account for some
of the peculiar phenomena of the relative distribution of
sediment and matrix which cannot, or at least up to the
present have not been explained 1ln any other way.

Organic deposits.- The organdé¢ deposits can be

distinguished from inorganic deposits by several char-
acteristics which indicate that they were formed in accord-
ance with laws govering the growth and bilateral symmetry
of the organism as a.who1e, and are 1ndépendani of breaks
at either end of the shell, The number of camerae which
contailn no trace.of deposits 1is constant for the growth
stage within the specles, Indlviduals in the same stage of

growth willshow a constant number of vacant camerae, but
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individuals of a specles representing different stages of
growth are not necessarily comparable, It has been found,
however, that in the greater number of orthoceraconlc
specles examined there is no perceptible variation in this
respect between neanic and ephebic individuals, and that
gerontic variation is the exception rather than the rule,
Tracing déposita apicad from their inception successive
growth stages are found, and in the é;éudorthoceratidée
there is a well defined region in whichcieposits are mature
and growth has stopped. In other orthoceracones the mature
‘region is less clearly defined, but a stage is reached in
which there is no dectable difference in the amount of de-~
‘poslt In a considerable series of apical camerae which
might not be due to variation in size of the camerae,

The inner surface of the cameral deposit shows a
bilaterally symmetrical pattern, and usually there 1is a
marked concentration of the deposits on the ventral side
of the conch. The symmetry of the cameral deposits is in
accordance with the symmetry of the conch as a whole, as
is Bhown by correlation with the dorsal furrow, the con-
chial furrow and the aperture.

Furthermore, it has been possible to demonstrate
by marking in the field the upper or lowér side of the
specimen as 1t lay in the matrix, that the dorso-ventral

- distribution of the deposit is independant of the position
of the position of the conch in the sediments, and is

therefore not affected by gravity as 1s the complemental

i
|
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filling of the incomplete internal mold. Though the ac~
cunulation of the greater part of the mass of the cameral
deposits on the venter often causes the conch to come to
rest with the venter beneath, numerous examples are known
in which the conch lay on a.dorsal or lateral surface.

Euloxoceras, because of its compressed form, is commonly

found resting on a lateral surface, but the deposits are

concentrated ventrally.

- Striacoceras typus (Saemann) of the Cherry Valley

limestone of the Middle Devonian has been an excellent
speéies in which to study the independance of cameral de-
pdsits to the orientation of the conch in the matrix, It
1s possilble to separate large slabs of the limestone
along beddling planes, exposing the upper or lower surface,
a8 the case may be, of a prolific cephalopod assemblage.
In such slabs, one of which is on exhibition in the New

York State Museum and has recently been figured by _Miller,34

34, Miller, A.K., Devonian ammonoids of America, Geol.

Soc, Ameri,, special paper, no. 14, 1938, pl. 1.

where numerous specimens are exposed and the position of
the bedding plane is evident, determination of the matter
is not difficult,

The complexlty of the lobation when consldered with
1t§ symmetry furnishes additional evidence of the organilc
hature of cameral deposits, The interior often bears a

fine and elaborate pattern which 1s constant within the
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specles, More genéral features hold throughout generic
or higher groups., In general the four regions of the
gameral deposit noted above in Pseudorthoceras knoxense
seem to hold fairly wgll throughout all stenosiphonate
orthoceracones with mural deposits.

The similarity of the fine texture of the cameral
deposlts with that of the molluscan shell offers further
evidence of the organic nature oflthe cameral deposits,
although not conclusive by 1itself, _

The independance of the cameral deposits from the
character of the surrounding sediment shows that the
structure 1s original in the shell and elimnates at least
the possibllity of geoldal filiing. Remarkably clear lm-
pressions of such deposlts are sometimes found on flattened
internal molds from the Ithaca shale, in which the original
shell material was completely dissolved. Agaiﬁ in the
Oriskany sandstone, generally a medium dnfavorable for
the preservation of fine structural detall, weil defined
cameral deposits have been found, Striacoceras typus
shows well developed deposits although différently preserved
under different conditions. The species 1s found not only
in the Cherry Valley limestone proper, but in an unnamed
arglillaceous lens in the limestone at Cherry Valley, and
in the soft black shales which are the equivalent of the
limestone in eastern New York,

Almost any specimen with deposits preserved will show

that the deposits were present before sedliments entered the
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camerae. Specimens of Pseudorthoceras knoxsnse further show

that not only did the deposits precede the breaking of the
shell, but that ﬁhey vere a determining factor in the re-
sistance to pressure during the consolidation of the sedl-
ments, The living chamber 1s not known for the specles,
Further, there has been as yet no record of adoral camerae
which contain no deposits, The species 1is known then, en-
tirely from apical portions of the phragmocone, Such speci-
mens may be broken both adaplecally and adorally, but
flattening 1s confined to the adoral end, If such a specimen
1s sectioned, it will be found that the flattening of the
camerae décreases apicad in proportion to the increase in
thé mass of the cameral deposits. The unflattened condition
of the apex 1s due to the added strength which these
structures give to thevahell.

Perhaps the best criterion of the organic nature of
the deposits is that they are not common to all chambered
'shells but are confined to a relatively small though seemlingly
heterogeneous group of forms, Furthermore, the form of the
deposit is constant within the species., The specific
character of the deposits gives them taxonomlc value,
Cephalopods known to possess cameral deposits may be grouped
as follows:

1. Orthoceracones of the Orthochoanites, Actlnoceroldea,
Pseudorthoceratidae and Stereiplésmoceratidae.

2, OCrytoceracones derived from orthoceracones of the
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above groups. This includes Troostoceras Foerste and

Telichert of the Actinoceroidea, Sceptrites Flower, n. gen.,

of the Pseudorthoceratidae and such species as "Ooceras"
perkinsl Ruedemann which are evidently cyrtoconic Stereo-
plasmoceratidae and are possibly referable to Cyrtoonoceras

Kobayashi.

5. Brevicones of several genera. Except for Poterioceras

McCoy gensu strictu, which is probably not closely related
to other brevicones, the deposits are_vestigial and appear
only in the gerontic stage. It is suspected that vestlglal
gerontic cameral deposits may be widespread among actino-
siphonate brevicones, for while they have been thus far
observed in only. a fery few genera, those genera are rather
widely distiibuted and not closely rslated, Thus far de-
posits have been noted 1n Hexameroceras, Brevicoceras,

Herkimeroceras., Acleistoceras and_Worthenoceras.

4, The only known occurrence in gyroceracones of

any kind is confined to a peculiar Middle Devonlan genus,

not in process of description, of which Gomphoceras (?)
cfuciferum Hall of the Schoharile grit of the Middlé Devonlan
is the only described representative.

Cameral deposits are not known in many early Paleozoilc
orthochoanitiec orthoceracones, They appear to be uniformly
absent in orthochoanitic longliconlic cyrtoceracones, gyro-
ceracones, and in all nautilicones and trochoceroids,

They are not known in the camerae of Holochoanites, Organic
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deposits were reported in Vaginoceras oppletum of the Chazy

35
limestone by Ruedmann. The uniform conditims of the de-~

55. Ruedemann, R,, Cephalopoda of the Champlain basin,
New York State Museum, Bul. 90, 1906, p. 413-415, pl. 4,
fig. 3; pl. 5, fig. 1-4; pl, 6, fig. 1; pl. 9, fig. 1-3,

posits on the interlior of the camera and the obviously erratic
development of several "false pseudosepta" in one camera
suggest inorganic sturctures, At the present time the
possibility of a connection between the camerae and the or-
ganism In Holochoanites seems remote.

- It should be noted that aside from the original organic
deposits and inorganic deposits mentioned above, there are
frequently found irregular patches of calcite in the shell
surrounded by sgdiment, for which neither explanation seems
entirely satisfactory. Such patches appear to represent
cameral tissue which was present at the time of burial &f
the conch and the filling of the camerae by sediments, but
was later destroyed and thebspace which it formerly occupied
became filled by inorganic material,

Morphology

6 y
Teichert3 presented a classiflcatlon and terminology

36. Telchert, C., Der Bau der actinocerolden Cephalopoden,
Paleontographica, Bd., 78, Abt, A, pp. 168-1T71.

for the cameral deposits, which is based entirely upon thelr
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distribution in the camerae as seen in longitudinal
section, Telchert's terminology is slightly modified and
supplemented here, The following types can be recognized:

1., Episeptal depgsits.- (Fig. 84,C) The episeptal

deposits, proposed by Teichert, form against the adapical
septum of the camera, both against the free and mural parts,

but do not attain the adoral septum,

2, Mural deposits.- (Fig. 8B) These are the circum-
ferential deposits of Flower.37 They are a speciallzed

57. Flower, R.H,, Cherry Valley cephalopods, Bull. Amer,
Paleont., vol. 22, 1936, p. 287. |

type of episeptal deposit developed in the absence of
hyposeptal deposits.' They form mainly against the mural
part of the septum, and may encroach on the adoral wall #Q
well as on the adapical free part of the septum.,

3. Hyposeptal deposits.- (h, Fig. 8A, C) Deposits

which form against the convex adoral wall of the camera,

4. The Circulus.- (Fig. 8D) This term is here pro-
posed for the Stutzring of Teichert., It is a speciallzed
hyposeptal deposit formed just outside the septal neck, and
tends to strencthen it. The English equivalent of Stutzring
s somewhat cumbersome, The term collar was previously

proposed by me,38 but it was found undesirable as the same

38. Flower, R.H,, Cherry Valley cephalopods, Bull. Amexr.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Fig. 8. Longitudinal sections of camerae illustrating
various types of cameral deposits. A, Early stage in
development of episeptal and hyposeptal deposits.

B, Mural deposits, modified episeptal deposits in the
absence of hyposeptal devosits. C. Advance stage of
episeptal and hyposetpal deposits showing the pseudoseptunm.
D. The curculus, a specialization of the hyposeptal
depos its,

Ce= circulus

e.- episeptal deposits

h.- hyposeptal deposits

m,- mural deposits

P.- pseudoseptum
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Paleont,, vol., 22, no. 76, 1936, p. 17.

term had been used for'the prosiphonate Ammonoid necks,
The circulus 1s never developed in the Pseudorthoceratidae,
and so far known only from the Actinoceroldea, Most of
the Pseudorthoceratidae have mural deposits, but instances
are known in which episeptal and hyposeptal deposits are

developed, This occurs in Euloxoceras, Cayutoceras and in

Adnatoceras clscoense Miller Dunbar and Condra., Bulozoceras

is derived from Adnatoceras in post-Devonlan tlme, and A,
ciscoense is closer to it stratigraphically than to any-
other known speéies of Adnaioceras. It is suspected that

the similarity of the cameral deposits represents a genetic

relationship in this instance, Cayutoceras 1s not related
to the other two, and the appearance of hyposeptal deposits,
in the presence of which mural deposits become episeptal;

is entirely independant.

Numerous authors have referred to a pséudoseptum
within the camerae of cephalppods. IJf the term 1s to be
used ét all it éhould be confined to the line running from
the outer aplcal corner of the camerea apicad and cgntrad,
which ﬁarks the point of contact of episeptal and hyposeptal
deposits when both are strongly developed., Thls line never
attains the siphuncle, as the deposits are discrete 1n the
central portion, The term pseudoseptum has been used im-

properly for a line along which inorganlic deposits meet ,
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as well as for limonitic bands which represent the margin

of episeptal or mural deposits in the camerae, (Fig, 8C)
Telchert noted that deposits were normally heavier on

the venter than on the dorsum. Cross sections of the camerae

show this unequal distribution in all forms, but it 1is

especially marked 1in orthochoanitic forms where the inner

surface of the caﬁeral deposits 18 complexly lobed. The

best specimens on which to study this lobation are those

which by weathering, exfolliation or dolomitization have

losd the shell and the cameral deposits, and which retain

the molds of the deposité. Such specimens show a characteristic

pattern of lobes,; striae and bosses on the intermal mold.

Ihe details of the sculpture are of spedific value, though

more géneral features may be éharacteristic of higher groups,

and a general pattern can be postulated whiech will hold

for most stenosiphonate cephalopods with mural deposits.

The pattern exhlbited by Striacoceras typsu‘(Saemann) of

the Cherry Valley limestone has already been desciibed and

illustrated.39

39. Flower, R.H., Cherry Valley Cephalopods, Bull, Amer.
Paleonto., vol, 22, 1936, p. 310, pl. 24, fig, 3; pl. 25,
figo 3"'5’ 7.

Hall40 has figured numerous specimens representing

40, Hall, J., Paleontology of New York, vol. 5, pt. 2,
1879, pl. 35, fig. 5-6; pl. 81, fjlg. 1';_’.2; pl. 112, fig. 11-15
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various species from the Schoharie grit of the Middle

Devonian of New York, which show similar but not identical

phenomena, and among Barrande's illustrations in his

Sjsteme Sllurien du Centre de la Boheme there are examples
- too numercus to cite,

A similar though somewhat more generalized pattern
may be seen in orthoceracones of the Richmond which are
referable to the genus Ormoceras.

The mural lobation shows several persistent features
which may be summarized as followsé

1. A persistent ventral sinus which will appear as a

ridge on exfoliated Specimené. (Fig. 8, V.)

2, Ventro~lateral masses.- These are massive and

varionsly lobed, and flank the ventral sinus. In ex-
foliated specimens these regions are often quite complexly
lobed or pitted on the surface. (Fig. 9, vl,)

3. Dorso~lateral bands.- These arer elatively thin
bands 6f deposit in comparison to the ventro-lateral
masses, and normally present a transversely banded surface
in exfolliated specimens, The translition between the dorso-
lateral bands and the ventro~latera masses is usually
abrupt, especially in the early stages of thed evelopment
of_thg mural deposit, but it is occaslonally poorly defined,
and in Ormoceras the two regions are not well differentiated,

(Fig., 9, dl)
4, ZThe dorsal hiatus.- This is a small area on the
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Fig. 9., <rogs ssctions Lhroucsh the caseran of
Pgeud.rthwoceree, showing the radial cistribution of
devosite, &, Inmsturs depoviite., B, Hature deposits,
d,~ dorsal hiatus
dl.,~ dcorso~lateral hands

vi.~ vnmetro-lsteoral nasses

v.> ventral sinus,

1,2, and 3, indicate the firet, second =2nd third pair of

lobes of the vontro-~lateral masses,
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mid-dorsal regim, not always extending the length of the
mural part of the septum, in which no deposits are laid
down, It 1s, when localized, confined to the adoral por-
tion of the mid~dorsal r eglon of the camera. In positlon
it agrees precisely with the septal furrow, but is a
structure of the cameral deposits rather than of the septum,
-(Fig. 9, 4)

In Pseudorthoceras_ knoxense the ventr-lateral masses

are obscurely trilobed in the early stages of development.
In the later stages the two outer lobes become obscured,
and the inner pair of lobes become greatly produced and
nearly surrounds the siphuncle, (Fig. 9 A-B)
It has not teen possible to make a detailed study qf
the lobation of the deposits in any of the Pseudorthoceratidae
except Pseudorthoceras knoxense, owing to the limited amount
of material available, Dorso~ventral differentiation of

the deposits is hown on exfoliated specimens of Dolorthocgggs.

Adnatoceras, and Sceptrites, and complex sculpture is in-

dicated throughout, In sectioning D._Eﬁlmerge (Flower and
Caster) it was evident that the lobes derived fromt he
ventro-lateral masses nearly surround the siphuncle, as in
Pseudorthoceras, Exfolliated specimens of Pemnnsylvanlan

gspecies of Mooreoceras have shown the four main regions

noted above., The condition of the lobatlon of the deposits

of Euloxoceras, Adnatoceras cilscoense and Cayutoceras is

unfortunately unknown, so it 18 not certain whether the
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same radial pattern is retained when hyposeptal deposits
appear in the Pseudorthoceratidae.

Investigation of the radiasl distribution of cameral
deposits in other groups of cephalopods is still very in-
complete, There is indicatlon of a considerable diversity
of structure, but data are at present.inadequate for
evaluation of the genetic significance of the characters
supplled., Quite a distinctive pattern may appear when
hypdseptal deposits appear, the main feature of which 1is
a massive mld-ventral deposit, This occurs in Elrodoceras,
where episeptal and hyposeptal deposits jJoin on the mid-
ventral region at a very early stage, In Leurocycloseras a
similar though more elaborate pattern is developed,

Michelinoceras (?) ludlowense (Miller and Faber) of the

Trenton of Kentucky, develops mid-ventral hemispherical
bosses on the mural part of the septum, and concentric
striae surround the protuberances. These will be described
and 1llustrated in detail at another time,
Ontogeny

The deposits of the camerae, like those of the
siphuncle are serially arranged structures and follow the.
ﬁnlﬁciple of localized stages of development in thier
growth, All undergo a similar development at a nearly 'un-
iform rate until a mature condition 1is attained, Thus 1in

any specles in which deposits are deveioped the phragmocone

may be divided into three regions:
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1, A region of empty camerae near the living chamber.
}2. A region in which deposits are exhibited in suc-
cessive stages of growth as they are traced apilcad.

3. An adapical region, which is increased as the
shell grows, in which deposits are mature and undergo no
further change. A similar series has been shown for the
éiphonal deposits, Two maln features hold throughtout
the deposits and are believed to be of fundamental
importance:

1. The first trace of cameral deposit is found some
distance from the base of the living chamber, and the nuﬁ-

‘ber of septa between the first trace of deposit and the
living chamber is constant for the growth stage within the
species., Often this is constant within the specles except
for the very earllest stages of érowth. " Certainly it holds
for all moderately developed individuals 1in a considerable
number of species,

2. The dorso-ventral differentiatiqn of the cameral
deposite varies directly with the distance of the siphuncle
from the venter. In species with markedly ventral siphuncles
the amount of material sevreted against the dorsal and ven-
tral walls may vary only slightly., In speciles with central
siphuncles the dorso-ventral differentiation is more marked,
but it reaches its climax in such forms as BEuloxoceras, in
which the siphuncle lies dorsal of the center of the conch.

In Actinoceroids an additional factor is to be seen, for

ot
\
J
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the dorso-ventral differentiation of the cameral deposit
varies inversely with the slze of the siphuncie.
Microscopic Structure of Cameral Deposits.

In general the aragonitic portions of the molluscan
shell show in section in thih section two kinds of markings,
lines of growth which represent successive secreting sur-
faces, and lines oblique, or perpendicular 1h some sections,
whieh represent the rows of aragonite. prisms. Such Btruc-

tures are known in the shell of Nautilus pompillius,

Algoceras planicosta, and in the guard of Belemnites;al

41, Cayeux, M.Y., Introduction a 1'étude’petrographiaue'
des roches sedimentalres, Memoires pour suivre 4 1'expli-
catlon de la carte geologique détailed de la France, Paris,

1931, p. 490-493; pl. 54, fig. 3-6.

The organic deposits of the siphuncle and camerae of

Pseudorthoceras knoxense retain similar markings under

favorable conditions of preservation. Both types of mark-
ings have been retained on specimens from the Hazleton Bridge

member42 of the Upper Pemnnsylvanian of Indiana. (P1, 1, fig. 6)

42, Mallot, C.A., in manuscript,

Normally only the lines of growth are preserved, but they
may be very clearly shown on silicified specimens,
The fine structure is not in itself diagnostic of the

organic nature of the cameral deposits, which 18 established
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on other grounds. ©Such marking in an organic structure
are apparently original and indicate that the cameral and
siphonal deposits were formed by mantle secretion as are

the wall of the conch and the septa.,
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PART II
SECRETION OF THE SHELL ELEMENTS

TYPES OF SHELL SECRETION

An attack from a physliologlcal point of view may
serve to clarify the problems relatiﬁg to the calcareous
deposits of nautliloids under dlscussion., In all Nautiloldea
calcareous material 1s sadreted in three regions:

1. The secretion of the wall of the conch at the tip
of the mantle forming the two outer layers of the shell,
and supplemented by the seéretion of the thin nacreous
layer in a slightly posterior region. | |

2, The secretion of the septa at the posterior end
of the visceral mass. ‘ |

3. The secretlon of the connecting ring by tissues

of the slphon,

In orthoceracones two other types of deposit appear:
4, The deposits of the siphuncle, secreted by siphonal

tissues,

5. The devosits of the cameras, secreted@ by cameral

tisgsues,

On the basis of compositlon, the shell elements may

be divided into two categories, mantle deposits and con-

necting ring deposits.

The connecting ring differs from all other structures

of the Nautiloid shell in being composed of loosely
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arranged spicules of calcite. It origin in Nautilus seems
to have been given no attention, However, a survey of
other spicular structures in the animal kingdom shows a
mesodermal origin throughout. The sllicious spicules of
the Porifera are the product of cells in the Jelly-like
layer; the spicules of the Alcyonaria are formed in the
mesoogloea, The spicular elements of the skeleton of the
Echinodermata are mesodermal, as are the priﬁitive elements
of- the chordate skeleton. This analogy, @ne which holds
ﬁhroughout.the animal.kiﬁgdom wherever a study of the soft
parts has been made, indlcates that the conmnecting ring of
the Nautiloidea may be of mesodermal origin. Further, this
is consistnet with what can be reconstructed of the tlssues
of the phragmocdne on the basis of a study of calcareous
structures and propitiously preserved carbonaceous rem-
nants of tissue, Whether the connecting ring of Nautllus
is still actually formed within tissue or not, is hardly
a determining factor, Nautilus is the last survivor of:a
long line which has had no need of cameral tlssue siﬁce.
the close of the Paleozoic, and possibly not since the
close of the Ordoviclan,

Yet in this long interval camerél tissues have not
been entirely lost, although they have apparently come to

42
be somewhat modified., Telchert mentions the occurrence
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42, Teichert, C., Der Bau der actinoceroiden Cepha-
lopoden, Paleontographica, 1933, bd. 78, Abt, A, pp. 186-188,

of tissue on the adoral slde of the camera, Traces of such
tissue can be seen in any recently sectioned Nautilus, and
traces of dendritic stufctures which appear to have been
blood tubes can be made out in the. Unfortunately the
origin and physiology of the "tissue in Nautilus have not
been studled, and the very exlstence of such tissue is butE
rarely mentioned, Indeed, there appears ;o have developed .
among 2zoologists a widespread conception of the:connecting
ring as a structure formed around the siphon, with appa-

43
rently no tissue outside of it. Parker and Haswell are

43, Parker, T.J., and Haswell, W.,A,, A text-book of
zoology, vol.vl, 1910, p. 776, Macmillan, London,

among the few who have not fallen into this error, Though
the connecting ring 1s not mentioned as such, they state
that the siphuncle, here used synonymously with the siphon,
has its wall supported by scattered spicules of lime,
Aturia is a significant reminder of the specilalization
which have come to pass in the Nauzilidae, which are far

from being a static group. Miller has recently shown

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



65

44, Miller, A,K., Beitrlge sur Kentniss tropischameri-
kanischer Tertilirmollusken, VI. Some Tertiary nautiloids
from Venzuela and Trinidad., Ecologae geologicae Helvetlae,

vol. 30, no. 1, 1937, p. 65-67, text fig. 3, pl. 9, fig. 5.

that in.Aturia thefe has been a remarkable elongation of
both the septal neck and the connecting ring, with the
result that for some distance the connecting ring lies
close between two septal necks. It appears impossible un-
der such condltions that there could have been‘any living
cameral tissues, Further, the connecting ring is so |
closély appressed between the two septal necks thaf its
original condition, that is, secretion within a tissue
which encloses it, would have been patently impossiblé,
Nautilus furnishes some evidence which is reassuring,
such a8 the presence of cameral tissues>and the enclosure
of the connecting ring in tissue, but it is hardly a re-
liable gulde in explaining the structures of fossil forms,.
This 1is only in part because of the meagre knowledge of
Nautilus as an organism, the lack of study of features of
the conch with special reference to their function,
origin and relation to the soft parts, and the contradictory
nature of the observations so far recorded, It 1ls very
largely because 1t 1is Dy no means as certain as we would
like ta belleve that what holds true for Nautilus should

hold true for its Paleozolc forbears., For example, the
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peculiar localizatlon of the retractile fold of the
tentacles of Nautllus 1s doubtless a specialization as was

4
suggested by Dean,:.5 and 1s hardly a valld basis for the

45, Dean, B,, Notes on living Nautllus, American Natura-

list, vol. 35, 1901, pp. 819-837.

homologlzation of the tentacles of Nautilus with the sucklng
discs of the Dlbranchiata, Nautilus is the last survivor

of a long 1ine of coiled cgphalopods which by reason of

their form and mode of life have probably never had need.

of cameral deposits, Indeed, as will be discussed later,
there 1s some reason to doubt whether such forms are directly
descend from orthoceracones with cameral deposits.,

In direct contrast to the commecting ring which is
endoskeletal and serves to support the éiphonal strand with-
in the camerae, are the mantle secretions. These are
aragonitic, showing in thin section lammellae of growth
and growth and vertical, or occasionally oblique markings,
indicative of rows of aragonite prisms perpendicular to the
surface of secretion. BSuch structures are formed outside
the membranes from which they originate, membranes which
we propose to designate as mantles, appropriating a term
which has originally a considerably broader connotation,

In this category fall all of the shell structures except

the connecting ring,

The molluscan mantle originates from the ectodermal
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epithelium of the larva. Morphologically it is the dorsal
covering of the primitive mollusc. It is differentiated
from the remainder of the ectodermal epithelium mainly by
its ability to secrete a shell., This is not constant, for
not only are there numerous examples in which the mantle
fails to secrete a shell, but there are also numerous in-
stances in which shell material is secreted by the foot,
as in the case of the gastropod operculum, Probably ap-
tychl and anaptychl of cephalopods are similarly formed.

The present discussion is concerned ﬁainly with the
physlological aspects of the mantle and 1its varlous regions
and modes of secretioni it is cdnvenient to désignate
several significant regions which may be summarized as
follows: | '

1. The terminal mantle which is responsible for the
Secretion ol tne wall of the conch, |

2. The posterior mantle which 1s responsible for the
sécretion of the septa.

3, The siphonal mantle which is responsible for the
secretion of annulosiphonaﬁe deposits within the siphuncle,

4, The cameral mantle which 1s responsible for the
secretion of cameral deposits,

Only the cameral and siphonal deposits have a direct
bearing- on the interpretation of the calcareous deposits
formed within the phragmocone. As no such material is

secreted within Nautilus or any other nautilicone for that

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



68

matter, all that 1s known of these mantle surfaces is de-
rived from the calcareous deposits in other groups and what-

ever analogies can be found with the terminal and posterior

mantles,

THE TERMINAL MANTLE

The name terminal mantle is proposed for the portion
of the mantle which is reSponsiple for the sécretion of
the shell wall, It constitutes the margin of the true
méntle, and 1s responsible for the addition of shell material
at the aperture., A bridf discussion of its rather variable
properties may serve as a basis for a knowledge of the se-
cretion of calcareous structures elsewhere in the phragmocone.,
The molluscén periostracum is commonly secreted in a
terminal groove of the mantle, The main part of the shell,
the prismatlic layer or layers as the case may be, is com-
ﬁonly secreted by the region of the mantle directly proximad
of the terminal groove. ,The thin nacreous film is secreted
over a wider area, In Nautlilus this layer is very thin.
In orthoceracones it is probably this layer which is thick-
ened to form the gerontic constriction of the internal
mold, although no orthoceracones sufficiently well pre-
served to permit a study of the shell wall at this point
by means of thin sections have yet been found, and 1t is
therefore not possible to test this suggestion.

The secretion of the shell wall may be continuous, or
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it may be more or less intermittent, In forms with fine
regualr growth lines and smooth shells it appears that the
ierminal mantle was active constantly, and at a constant
rate throughout the life of the organism,

Periodlc alternating stages of rest and secretion are

found in Geisonoceras, sensustrictu, Here prominent bands

ending adorally in slightly elevated areas and containing
on their surfaces fine lines of growth, obviously repre-
sent the product of a period of secretion,

The acme of periodicity is to be found in coiled
forms of the Devonian represented by_sugh forms as

Cophinoceras Hyatt, Rhyticerss Hyatt and Tetranodoceras

Flower., Here the aperture is produced at the end pf each
period of secretion into patteras of frills and Spines,
During the resting stage the terminal mantle is withdrawn

or resorbed, and the next cycle of secretion begins with

the addition of material within the tip of the last aperture.
Almost identical phenomena are common in the gastropoda.

Ruedemann has shown that in Orthoceras cf. trahs-

46, Ruedemann, R,, Observations on the mode of life of
primitive cephalopods, Bull, Geol, Soc. Amer., vol, 32,
1921, p. 319-320,

versum S.A, Miller, a species which probably falls in the

genus Gelsonocerina Foerste, there is a crowding of growth

lines at regular intervals which corresponds to the distances
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between the septa., The writer has noted the same pheno-

menon in an undescribed Gelsonocerina from the Onondaga

limestone of New York. In the same publication Ruedemann
called attention to the synchroniiation between septa and

internal anmnulations in Orygoceras, and between septa and

annulations in Protocycloceras, and suggested that annu-

lations may have originated on the inside of the shell by
absorption, He suggested that thls may have been due to
the necessity of gaining more room in the living chamber
for the voluminous Sexual products., The main objecﬁion’to
this hypothesis 1s that the annulations, even those of
nggoceras, are apparently formed at the aperture., Cer-
tainly they are found onliving chambers of the genus near
the averture and too far forward to have been caused by
resorbtion at the posterior end of the living chamber
where the sexual organs are located in Nautilus,

The correlation between septa and growth lines of
Geisonocerina is analagous to the development of annull
in some annulated forms. where in some instances a cor-
relation 1s possible between septa énd annuli. In many
instances however, no such correlétion is possible.
Annulations are developed independantly many times in the
Nautiloidea, They are one of the devices which are parti-
cularly characteristic of shelled forms which must have
lead an essentially pelaglc existence, though they are not

confined to thin-shelled forms,
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Annulations in most cenhalopods are clearly modifications
of ornament and shell forms, resulting in a corrugation
which adds greatly to the strength of the shell without in-
creasing its weight materially. Annulations appear many
times in the development of the Nautiloidea alone, and 1t
i1s not impossible that different physiological and ecological
factors may have produced similar resulis in different

lines of descent. The development of annulations in

Spyroceras 1s essentlally ecologlcal, for szroceras,

sensustrictu was almost ¢€ertainly pelaglc or planctonic,
as is shown by its reduced deposits of camerae‘and sliph-~
uncle, and also by iﬁs prevalence 1in strata in‘which~£he
assoclated fauna 1s made up entirely.of pelagic‘forms.

The large Dawsonoceras of the Silurian is harder to visua-

lise as an active swlmmer, but its exceptionally wlde
range, without any geographlec localizatlon of variations
is suggestive of a nectonic rather than a benthonic

organism,

THE POSTERIOR MANTLE

The posterior mantle is the surface which is res-
ponsible for the formation of the septa, As its name
implies, it occupies the posterior surface of the visceral
mass as oriented in the typlcal orthoceracone, Yet the
posterior mantle and the septa which it secretes are really

dorsal in position with reference to the orientatlion of the
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primitive cephalopod, The enteron of the cephalopod forms
a U-shaped canal which 1s indlicative of the drawing to-
gether of the oral and anal extremities., This has been
accompanied by the reduction of the true foot, the homo-
logue of the gastropod foot, to a semi-internal organ,
while the original dorsal surface is greatly increased,
The vital organs are still dorsal, and correspond in
position to the visceral hump of the gastropod. In the
gastropod, as secretlon of the terminal mantle increases
the shell, there 18 an increase In the length of the
visceral mass, In the cephalopod, however, the visceral
mass does not increase, but moves forward in the conch, or
ventrad,~if the primitive orientation isnto be retained,
-while septa are,secreted at phythmic intervals, Only the
8iphuncle 1increases matefiélly in length as the shell
grows,

It has been suggested that the large siphuncular
cavity of certain early Paleozolc cephalopods, particularly
the Endocerolds and Pilocerolds, may have served as re-
ceptacles for glandular or sexual organs, The main vital
organs of the gastropod are confined to the body whorl,
while the liver and gonads occupy the spire, Perhaps a
comparisén between the -gastropod spire and the siphuncle
of certain early cephalopods 1ls rash, but it 1ls at least
very suggestiye and tends to support this proposal.

From the complete absence of thin or incomplete
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septa at the base of the living chamber.in nautiloid
shells, it would appéar that the septum was secreted
rapldly, and that short perliods of secretion alternate
with'long periods of inactivity of the posterlor mantle,
This has recently been corraborated by a study of Nautilus.

47, Pruvot-Fol, A., Remarques sur le Nautile, C.R. x11®
Congres International de Zooligie, Lisbomne, 1935, pp.
1652-1663, Lisboa, 1937,

In general there is a definite rhythmic pattern in the
formation of the septa. The ratio of the diameter of the
conch to the‘Spacing»of_the cémerae has become an IiImportant
and extremely useful épecific criterion 1n nautiloids.

. Usually the septa are slightly farther apart in the neanic
stage in proportidn to the diameter than in the ephebic
stage, while the gerontic stage is marked by very closely
spaced septa, usually more or less irregular in arrangement,
This is suggestive of'a rapid rate of growth of the shell
in the neanic stage, and a gradual retardation in the
epheblc stage, followed by very marked and often abrupt
retardation in the gerontic stage. Such a statement can
only be made, however, on the basis of an assumption that
the septa are secreted at regular rhythmic time intervals
throughout the l1lfe of the organism, Whlle there is no

" direct evidence that this is so, it is consistent with

what can be learned of the rate of secretion by the
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spacing of the growth lines,

Though the spacing of the septa has come to be a
useful criterion for specific determination, it is not
always a rellable one. HMinor and erratic variatlions are
not uncommonly met with, but can usually be recognized as
such., The study of a large series of specimené of Stria-~

coceras typus (Saemann) of the Cherry Valley limestone has

shown that practlically all the long-used specific criteria,
such as the spacing of the septa, ther réhe of expansion,
and the position of the gerontic features of the'conch,
may vary markedly within a singleISpeéies. To what extent -
this may apply to cephalopods of otherrhorizons and regidns
is uncertain, and can only be determined by the study of
a large series of speclmens in each 1nstén¢e, a task which
18 often impossible owing to practical difficulties in the
accumulation of suitable material,

The rhythmic nature of septation has been recognized
b ut no'adequate explanation has been offered. The void-
ing of sexual elements should be periodié and might affect
the secretion of the septa; but here we might further ex-
pect to find a widespread sexual differénce owing to the
dlifferences has been found in the Nautlloldea with a very
few pogsible excéptions. In the early stages of the
Actinoceroidea there may be found such differences which
might be attributed to séxual dlmorphism as was suggested
by Kobayash1.48 According to his hypothesis forms now
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48, Kobayashi, T., Contributions to the study of the
"apical end of the Ordovician nautilold, Japanese Jour,

Geol., Geogr., vol., 14, no. 1-2, 1937, p. 1-21, pl. 1-2.

regarded as specifically distinct may represent sexes of
the same specles, Practical difficulties arise in the in-
ability thus far to correlate "species" into pairs, and
also the complete absence of one sex, and that presumably
the female, in the Cape Calhoun series of Northern Green-
land. Further, in possible sexual forms of brevicohes |
there is some difference in the depth of the camerae, but
this is involved with so many other‘variationé 1n’form
that it is hardly significant in itself, Variation of .
this sort appears to be the exception rather than the :
rule, and it appears that the explanation of the rhythmic

nature of septation must be sought elsewhere.
THE CAMERAL MANTLE

Evidence of Cameral Mantle

Once 1t is demonstrated that the deposits withlin the
camerae are organic in origin, the problem of the mode
of their seéretion arises, They are formed in closed
camerae, often far from the living chamber; they agree
with the nautiloid shell in microscopilc structure; they
are complexly lobed, the general pattern of the lobation
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is bilaterally symmetrical and 1ts f1ner details furnish
characters of specific value, |
Chemical deposition can he safely eliminated, and
will be discussed below in the section dealing with shell
morphology. There is no inherent property of the interior
of the camera which can explain the specific lobation, nor
can 1t be accounted for on the basis of any property of a
hypothetical cameral fluid., The only remaining possibility,
the one which is the simplest and the most obvious, parti-
cularly in the light of the microscoﬁid structure, is that
the deposits must have been formed by a living tissue
capable of secreting calcareous materiéi, probably in the

form of aragonite. For this tissue, which there will be

' gome occasion to discuss, the term cameral mantle is

proposed,
Evidence of the tlssue 1tseif is only rarely to be
9
met with in nautiloids, Telchert has firsured and discussed

49, Teichert, C., Einige actinoceroide Cephalopoden aus
Dinischen Diluvialogeschieben und aus dem Gotlandium
Skandinavliens, Meddelelser fra Dansk Geologlsk Forening,
Ba. 8, hefte 4, 1934, p. 374 £f., pl. 8, fig. 1-2.

a specimen of Armenoceras danicum Telichert in whlch invading

matrix has broken the connecting rings and has forced its

way into the camerae, Its progress was stopped before the

camera was completely filled, apparently by some substance
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whlch was later destroyed, for the remainder of the space
18 occupled by infiltrated calclite., As Teichert suggests,
this obstruction must have been caused by a tissue which
was 8till preserved when the conch was buried, but which
later décayed, leaving a cavity which was finally filled
in by inorganlic infiltration, I have observed almbst i-
dentical phendmena in various specimens and specles of
Ormoceras in the Richmond.

An even more striking example of the obsturction of
invadingnmatrix by cameral tissues 1s shown in an undes-

- ¢eribed species of_Rayonnoceras from the Chester of Indiana.
The conch rested on the ventral or siphonal side. The
connecting rings have been destroyed, and sedimeﬁts from
the siphuncle have invaded the camerae. Further, the wall
of the conch is broken on the dorsal side, so that sedi-
ments have entered one of the camerae from above, Gravity
would cause the sediment entering from above to mingle
with that entering through the siphuncle, but the two are
separated by an area of calcite which must, as in Teichert's
specimen, indicate the presence of a tissue which was
present at the time when the conch was buried and filled
with matrix, but which has later been destroyed. This
specimen will be described elsewhere in detaiid.

Further evidence of the cameral mantle may be found in

. unbroken camerae, &£n undescribed species of Gelsonoceras

from the Onondaga limestone of New York which has been
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figured by Teichert,So retains perfect camerae in the

50, Teichert, C,, Der Bau der actinoceroiden Cephalopoden,
Paleontographica, Bd, 78, Abt. A, 1933, p. 182, fig. 33,
pl. 13, fig. 44, 46,

adapical end, Episeptal and hyﬁoseptal deposits are pre-<
sent, and are represented by white calcite., The cavity
withlin the camerae 1is occulied by light calcite, but there
is a layer adjacent to the organic cameral deposits which
is highly carbbnaceoﬁs. The carbonaceous materlal is un-
doubtedly derived from a-tissue, and must represent a
structure present within the conch before burial and in-
filtration occurred. It may or may not be significant

that the carbonaceous band occuples the position poétulated

below for the cameral mantle or physiologlcal and morpho-

logical grounds,

Form of Cameral Mantle

It is very doubtful whether any of the calcite-filled
areas representing the position of‘the cameral mantle at
the time of burial of the conch preserve either 1ts
original form or position, Some time doubtless elapsed
between the death of the organism and the burial of the
shell, Decay had removed the visceral mass and the slphon,
The camerae were open either through the broken comnnecting

ring, the broken wall of the conch or both, and doubtless
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decay had affected the cameral mantle, separating it from
1ts deposits and altering its original form, There is
little in such specimens to indicate regularity of form
or position, Only in camerae which remained closed and in
which the probable course of the mantle is indicated by car-
bonaceous material 18 there any-reason to suppose that
either ﬁhe.original form or position have been retalned.
Certain inferehces can be drawn concerning the original
form of the mantle from the nature of the deposits of the
camerae, Gas must have been present in the camerae, or the
orthoceracone could hardly have lived as nectoh or plancton,
as some of them are known to have done. If gas waé present
in a camera, it musﬁ have lain elther in a vocﬁolate inner
layer or in a cavity surrounded by the cameral maptle.
Vacuolate tissues are generally‘primitife, as 1ls the vacuo-
late pseudocoelom of the Nemathelminthes, and are not to
be expected in such highly organized forms as the cepha-
lopods. The cameral mantle must have lain against the con-
cave adapical wall of the camera, both against the free and
mural parts of the septum, for episeptal and mural deposits
were formed in those regions, It must have lain against
the convex adapical wall, at least in those species possess-
ing hyposeptal deposits. Lastly, 1t must have lain against
the outside of the connecting ring in order that an ex-
change of metabolic materials could take place with the

siphon,
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The cameral mantle was a secreting tlissue, and as such
was active metabolically., It required ingredients for 1its
deposits, BSuch ingredients are unconsolidated; the materials
which would constitute a mature deposit such as that of

Pseudorthoceras knoxense would requlire a space larger than

- the camera, Further, were such ingredients present in the
cameral mantle, the calcareous materials should so strengthen
it that it would be frequently preserved. As has been -
seen, it is infrequently preserved, and then only poorly.
Further, the mantle itself would have required food for
nourishment, since it was highly active metabollcally, énd
all of the waste materials could not have been eliminated in
the form of calcareous deposits or as gas within the camera;
certain substances must have been eliminatgﬁ through the

usual excretory channels, Obviously the mantle must have
been connected with the rest of the orgénism. The only
possible connection is through the cqnnecting ring with the
tissues of the siphon which Join directly to the visceral
mass, That such a connection existed is Bhown by the
relationship which obtains between cameral and siphonal‘
deposits, and by the vascular system of the Actinoceroidea,
which admits of no other interpretation. The presence of
an apparently rather solid connecting ring hos seemed a
serious obstacle to the acceptance of such a belief. An
exchange of materials might take place by osmossis through

a permeable connecting ring. However, 1t may be that there
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is a much more direct and simpler connection. <+he con-
necting ring of Nautilus 1s composed of loosely placed
spicules of clacite, arranged in stellate patters and held
together by organic matter, All thin sections of connect-
ing rings of fossil forms which I have examined show a
spongy texture, and often the cavities of the connecting
ring are clogged with fine 1lnvading sedliments, It seems
probable that the pores of the connecting ring were large
enough to permit capillaries to pass directly through the
ring into the cameral mantle., The vascular system of the
siphon in its primitive condition was made up of numserous

fine tubes in a parenchymous tissue, There are no radial

tubes in any of the Pseudorthoceratidae except Paraloxogceras
which were large enough to be preserved embedded in cal-
careous deposits, The Actinoceroidea alone have a complex
system of radial canals, and thls group is admittedly

highly specialized, Most orthochoanitic forms show no
vascular structure. Only in one small group of forms is
there even a trace of a central cénal. fhe caplllary
vessles which passed through the connecting ring doubtless

continued without modfication into the cameral mantle,
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Origin Of The Cameral Mantle

Another problem which must rest to some extent up-
on conjecture is the origin of the cameral mantle., There
are two possibilities: an origin by lateral proliferation
from the siphonal strand, and an origin from the posterior
mantle at the time when the animal moves forward in the
conch, The evidence seems to favor the latter possibility.
Though cameral deposits generally appear some dlstance
from the living chamber, a few instances are known in
which well deflined deposits are present, though small,
in the last camera, next to the base of the living chamber,
It seems improbable, though it 1s not impossible since
nothing is known of the time required for the formation of
new camerae in fossil nautiloids, that a functional mantle
could have been produced so readlly from the siphon. Nor
does a hypothesis of an origin of the mantle from the
siphon explain why epilseptal deposits normally preceed
hyposeptal deposits in their appearance, Further evidence
of the origin of ghe cameral mantle from the posterior
mantle 18 found in the striking similarity between the
gseptal furrow and the dorsal hiatus., Two distinet calcar-
eous deposits are characterized by small mid-dorsal areas
where secretion does not take place; further, these areas
lie adjacent to one anoﬁher. This suggests more strongly
that any other bit of evidence that the tissue which se-
creted the cameral deposits and that which secrseted the
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gepta were one and the same, and that the cameral mantle
is developed from the septal mantle which 1is separated
from the visceral mass and left behind when 1t moves for-
ward in the conch, the new septum being secreted by a

fresh layer of cells,

As the visceral mass moves forward, a new segment of
the siphon is formed. The tissue which is to develop into
the cameral mantle is in direct contact with it, and the
two were‘doubtiess supplied by the same blood vessles,
(Fig. 10A).

A questlon arises as to whether the part of the
cameral mantle lyilng against the conmnecting ring 1is an
outgrowth of the sloughéd off posterior mantle or whether
it is derived from the siphonal strand. One fact seems
slgnificant, though 1t has been conslstently overlooked.
The connecting ring is splcular, thereby differing from
all other shell structures, Splicular deposits elsewhere
in the animal kingdom are mesodermal with exception, save
when they appear in the mesogloea or the Jelly-layer
which preceeds the mesogloea in primitive forms. There
is no information aﬁailaﬁle concerning the formation of
the comnecting ring in eilther recent or fossll cephalopods,
but by analogy it should also be of mesodermal origin,

‘It is recognized that reasoning by analogy may lead to
erroneous conslusidns; but in this instance there is little
else to serve as guldance, and an analogy 18 employed which

has been found to hold not in one instance, but in all
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Fig. 10, Growth stages of the cameral mantle,
Tissues indicated by stippling; mantle secretions by
black; connecting ring by dotted line,

A. The visceral mass has moved forward in the conch
previous to the formation of a new septum, leaving be-
hind tﬁe sloughed off posterior mantle, and a large
giphonal strand,

B. The new septum is secreted by the new secreting
surface. The connecting ring is formed within the
siphonal strand,

C. The mantle tissue of the siphonal strand extends
adorally, coming into position for the secretion of
hyposeptal deposits,

D. The growth of the mantle is completed, forming a
complete lining for the camera. Episeptal deposits

are bing secreted,.
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instances in which it can be applied and checked by a
gstudy of the soft parts of recent forms,

If the connecting ring was secreted inside the tissue,
the strand of siphonal tissue passing orad from the bud of
the cameral mantle may have formed a part of the cameral
mantle, and would not have been entirely incorporated in
the siphon. The spicules of calcite were placed about
the fine blood vessles which had preceded them in
development, (Fig. 10B).

The cameral mantle 1s already in position for the
secretlion of episeptal deposlits and for communication with
the rest of the organism through the comnecting ring. It
remains £or:the mantle to extend anteriorly from about the
S8ivhuncle, over the convex side of the newly formed septum,
thereby coming into position for the s ecretion 6f the
hyposeptal deposits, (Fig. 10C-D). This is doubtless
the explanation of the fact noted by Teichert that the
hyposeptal deposit normally follows the episeptal deposit
in its appearance in a camera., A large number of specles
never develop the hyposeptal deposits at all, This fact
leads to the question as to whether in such forms the
cameral mantle actually extends over the adoral surface
of the camera. 1In the Pseudorthoceratidae hyposeptél

deposits are developed in Adnatoceras ciscoense (Miller

Dunbar and Condra) in Euloxoceras, and in Cayutoceras.

Cayutbceras is only distantly related to the other two,
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while there is reason to belleve that Euloxoceras must

have sprung from Adnatoceras in post-Devonlan, and possibly

Penngsvlvanian time., We have, then, in the family Pseud-
orthoceratidae hyposeptal deposits appearing in two iso-
lated instances., Were the absence of hyposeptal deposits
connected with the failure of the adoral part of the
cameral mantle to develop, it would be necessary to conclude
that the break thus formed had been closed twlce iﬁdependantly.
More examples of the isolated loss and reappearance of the
hyposeptal deposit can be found in the Actinoceroidea,
and the distribution 1s womewhat erratic in the ortho-
choanites, where as yet we have no clear guide to the
phylogeny except the camefal and siphonal deposits, The

- evidence seems t6 1ndicate that the hyposeptal portion
of thé éameral mantle was present througout, but that it

was not always active as a seereting surface.

Growth Of The Cameral Mantle

Once the cameral mantle has been formed, the further
tracing of its development rests upon safer ground, It 1is
essentially that of any other tissue. It has Just been -
traced through a perlod of regional growth without any
anparent differentiation of tissues other than the elemehts
of the circulatory system which must have been present
from the beginning, After the mantle is so developed as

to completely line the camera, the cells in varlous reglons

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



86

begin to undergo functional modifications, The secreting
surfaces begin to develop; doubtless also the secretion of
gas is a function of the imner surface of the mantle.
Growth of the tissue does not cease when secretlon beglns;
rather it continues very much as before. The surface of
the mantle becomes greater, while by reason of the deposits,
the areal extent of the camera 1s typically lessened, This
is compensated for by a folding of the mantle, accompanied
by regional differentiation in the rate of secretion. In
this way the characteristic lobes and "ornamentation" of
the interior of the deposit 1s developed. At length 4dif-
ferentiation in the rate of secretlon has become so great
that secretion is going on only in a few isolated areas,

on the crest of a few lobes of the deposit, ason the

" middle pailr of ventro-lateral lobes of Pseudorthoéeras,

while it has ceaséd in other areas,

Fhe final cessation of deposition appears to be the
logical concluslon of a retardation of growth which at
first 1s apparent only in certain areas, as upon the ddrso-
lateral bands or'the ventral sinus, The apparent accele-
ration in other areas 1s-probably only relative, In the
Actinoceroidea and the Orthochoanites the retardation 1s
apvarently functional, as is the cessation of depositlion.
The siphonal and cameral tissues are not separated, and
the cessation of deposltion can only be explained on the

basis of a physiological change in the cameral mantle,
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The continuous lining of the siphuncle of the Pseud-
orthoceratidae, Stereoplasmoceratidae and Troedssono-
ceratidae presents another problem, Does this lining

serve to sever the connection between the siphonal and
cameral tissues and therby control the amount of calcareous
material secreted within a given camera? Or is it the
deposition of material around the siphon in regions in which
no exchange of metabolic materials is taking place? The
fact that cessation of deposition in other groups is ap-

51

parently to be attributed to physiological causes would

51. It has not been possible to demonstrate beyond all
possible doubt that the cameral deposits in such forms
completely cease to develop. Growth is reduced to a ne-
gligilbe quantity in the'apical camerae, apparently'be-
cause of the axial gradient, as 1s shown below in con-
nection with the discussion of the relation‘of cameral and

sliphonal deposits,

favor the latter possibility, but it 1is by no means con-
clusive., Fortunately for the solution of the problem there
is some direct evidence, In the aplical segments of

Pseudorthoceras there is typlcally a region in which the

siphonal deposit is incomplete; that is, it is not closed
on the dorsum,and a connection between the cameral and
siphonal tissues 1s never completely broken. In more ado-

rally loeatedccameral mantle is cut off from the remainder
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of the organism, A comparison of the two reglons shows

that the cameral deposits are markedly heavlier where the
siphonal deposit is incomplete; indeed, they practically
111 the cameras, leaving only small interstices among the
various lobes, and present a sharp contrast to the relatively
slight development in slightly more adoral segments,

which is too marked to be accounted for by the normal onto-
genetlic progression which is to be found in camerae with
immature deposits. Further, the closure of the dorsal wall
of the siphonal deposit 1is indicative of a mature condition.
This indicates that in the Pseudorthoceratidae the closure
of the siphonal wall 1s the controlling factor in deter-
mining the amount of stereoplasm which 1ls secreted within
the camera, From this 1t is concluded that the physio--
logical relationship between the siphonal and cameral de-
posits is different in the Pseudorthoceratidae from that

in the Actinoceroidea or "Orthoceratidae'. What condition
obtains in the Stereoplasmoceratidae and Troedsson-
oceratidae is as yet uncertain, but can @&oubtless be as-

certained by further study of the groups,
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THE SIPHONAL MANTLE

2
The annulosiphonate5 siphonal deposits were secreted

52. The present discussion 1s concerned only with annu-
losiphonate deposits, It is not certain whether actino-
siphonate deposits are formed within or outside of the
siphonal tissues, The deposlts of the endoceroids and el-
lesmerocerolds, are not considered, for while they are
probably mantle secretions also, they are very different in

structure and were probably derived independantly.

by the surface of the siphon, which 1s here called the
siphonal mantle. Teicherto- suggested that the annulo-

53. Teichert, C.,, Structures and phylogeny of actinoceroid
cephalopods, Amer. Jour. Sei., ser. 5, vol, 29, 1935 p. 1ll1.

siphonate deposits of the Actinoceroldea may represent thev
‘gradual calcification of siphonal tissues, This conclusion
is opposed by the form of the deposits, their microscoplc
structure and evidence of a mantle surface. Annulosiphonate
deposits make theilr appearance at the septal neck, the only
roint at which the surface of the composite tissues of the
phragmocone lies within the siphuncle., Elsewhere the con-
necting ring is formed within the wall of the siphonal
strand, so that part of the original strand lles within the
camera rather than in the siphuncle, The fine structure

of the siphonal deposits of Pseudorthoceras knoxense shows
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that they were similar to the aragonitic shells known to
be secreted by the surface of a membrane. No siphonal de-

- posits 1n actinocerolds have been found which show more in-
ternal structure than fine growth lines, but all availlable
gspeclmens are pseudomorphs of calcite or other material, and
recrystallization has usually proceeded to such an extent -
that the retention of the original fine structure cannot
be expected. The same loss of s tructure can be seen in

many specimens of Pseudorthoceras, and it is only rarely

“that traces of the rows of aragonite prisms are preserved.
On the basis of the form of the siphonal dendsits it
might appear that the Actlonceroidea and other annulo-
siphonate orthoceracones represent a genetic line, The
deposits of the Actinoceroldea are pendant; those of
orthochoanites and their derivatives are parietal, Dif-
ferentiation occurs upon the modification of a simple typse,
the annulus, which 1s common to thé earliest ontogenetic
stages of both types of deposit. A phylogenetic relation
18 suggested. Yet the ontogeny of the Actinoceroidea ls
such as to suggest that a relationship with other annulo-
siphonate cephalopods may be more appérent than real, and
that Teichert's suggestion of a relationship with the En-
doceroidea, made originally upon the basis of ephebilc
characters, appears to offer the most nearly adequate for
the placing of these singular forms in a plausible relatlon-

ship with other cephalopods,
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But even without a demonstrable relationship, it 5
seems highly improbable that such strikingly similar
structures as annulosiphonate deposlits of the Actinoceroidea
and those of the stenosiphonate cephalopods could have
evolved from the structures of totally different origin.
Occasionally exceptional specimens of the Actinoceroldea

54

may show evidence of a siphonal mantle, Teichert has"

54, Teilchert, C., Der Bau der actinoceroiden Cephalopoden,
Paleontographica, Bd. 78, Abt, A, 1933, pl. 12, ftg. 39.

figured a section through several radlal canals of

Crytonybyoceras barrandei Teichert, which shows two car-
bonaceous layers separated by calcite which may Be organic
or inorganic. The lnner layer I take to represent the w#ll
of the vascular tube, probably slizhtly calcified during
the 1ife of the organism. The outer layer, which is
separated from the immer one by calcite, lies at the margln
of the annulosiphonate deposits., It 1is suggestive of a
mantle surface, origlnally continuous, which has come to
be complexly lobes and folded until it comes to form a
sheath for the vascular sysﬁem. The outer carbonaceous
layer should not appear 1if only the gradual calcification
of siphonal tissues produced the deposit.

The siphonal and cameral mantles behave very similarly
and as will bPe shown presently, the two are doubtless

closely related, both structurally and functionally. In
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both secretioq begins at a definite stage in development
and this can be estimated-in relation to the growth of the
conch by the distance from the base of the living chamber
to the first trace of deposits. Both cameral and siphonal
deposits appear at a definite distance from the base of the
living chamber, but are usually thinner when completely
formed, It is not certain whether adoral extension of
deposits in the gerontic stage is widespread or whether 1it
is confined to the Actlinoceroidea. In both siphonal and
cameral deposits depositlion is gradual, extending over a
considerable period of time, so that the developmental stages
of the deposits extend over a considerable length of the
phragmocone, » |

The growth stages of the siphonal mantle are very
similaxr to those already discussed for the cameral mantle
which have been dlscussed above:

1. Regional growth of the mantlie from its rudiments.

2. Development of a generalized secreting'surface.

3, Local variation in the rate of secretion accompanied
by folding and growth of the mantle.

4, PFinal attainment of a mature condition and

-

cessation of secretion.v

The first stage, that of regional growth, 1is accom-
plished when the siphonal strand is developed, which must
occur previous to the formation of a new camera. Deposl-

tion begins at localized areas, at the septal neck. This
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is the only point at which the surface of the tissue lies
within the siphuncle asw as pointed out above. The deposit
grows, and the secreting surface is increased. As a
necessary result of the formatlion of annulosliphonate de-
posits, the endosiphuncular cavity is reduced. Reduction
may be relatively slgith as in most orthochoanites, or it

may be great as in the Actinoceroidea. In elther case the
surface of the siphonal mantle is increased, and invagination
occurs to a more or less marked extent. This must be ac-
companlied by a.reduction in the mass of the siphonal tlssue,
probably by resorption. Lhe blood vessles remain, which

are represented by the endosiphuncular vascular system of

the Actinoceroidea, Other tissue 1s reduced, and in the
Actinoceroidea is almost completely eliminated, What this
tissue could have been can hardly be determined. It was
certainly parenchymous and generalized; it 1s just posslble
that 1t may have been glandualr and that the large sliphuhcles
of the Actlnoceroidea may have served for the storage of
food.

The end of siphonal deposition is rarely abrupt, but
may be brought about in various ways., In most Actin-
oceroidea deposition continues until further resorbtion
of tissue 1s impossible., In most Orthochoanites there can
be seen the same gradual decrease in rate of growth that

can be found in the cameral deposits., In the Pseudortho-

ceratidae a definite mature condition is attained which
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is not as easlly explained; apparently the siphonal de-
posits arralin maturity without the same gradual decrease
in rate of deppsition which is found in the Orthochoanites,
and which suggests the axial gradient as a possible phy-
siological explanation. All that can be said with
certainty is that the appearance of a definite mature con-

dition lsreached when the deposits effectively isolate the

camerae,

RELATION OF CAMERAL AND SIPHONAL MANTLES

Types of secretion patterns

Among the known annulosliphonate and related nautilolds
several groups can be distinguished on the basls of the
relations which obtain between the cameral and siphonal
deposits if considered in terms of the surfaces of the
deposits .and the variations in the development of secreting
surfaces within the phragmocone., It 18 evident that some |
of these groups are genetic, for they form compact units
of restricted range. It is too early as yet to say that
others are genetic, but they at least serve to clarify

the relationships which hold between the tissues and de-

posits of the phragmocone.
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1. ‘Group of Gelsonoceras, sensustrico

First to be considered 1is a'group in which the
development of cameral and siphonal deposits 1ls such that
there 1is a s8ingle active secreting surface 1ln the phrag-
mocone which 1s continuous from one famera to the next.
(Fig. 11) 1In all other groups the secreting surface, and
therefore the outline of the deposits, is discontimnuous, in
one way or another. The development of epliseptal and hypo-
septal deposits against the outside of the connecting ring
and the development of the Michelinoceras type of deposit
against the insdide of the connecting ring are structly
comméansurate, so that the surface of the growing deposit,
which is the surface of a ctive secretion within the phrag-

‘mocone, 1s continuous from its beginning in relatively
adoral camerae, to its termination in the apical part of the
phragmocone if not in the apical part of the shell. The
beginning of deposition in any glven camera 1s dependant
upon the development of the secreting surface of the cameral
mantle as outlines above, The cause of the cessation of
deposition is more obscure, There 1s apparently no deflinite
region in which deposition ceases entirely as 1in the
Pseudorthocératidae, or if there 1s one it has not been
possible to detect 1t. In the Pseudorthoceratidae there
are three well delimited areas, one of no secretlon, one
of devéloping secretion, and one of mature secretlon, and

the boundaries of these areas move forward in the phrag-
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Fig., 11, Form of deposits of the phragmocone, relation
of secreting surfaces, and supposced genetic relationship

of the main types. Geisonocerags.- Continuous secreting

gurface.

Dawsonoceras.- Hyposeptal deposits lost.

O. brucense.,- Siphonal deposibts lost

Striacoceras.- Siphonal and hyposeptal deposits lost

Virgoceras, a Pseudorthoceroid,~ Hyposeptal deposits

absent; siphonal deposits delayed in appearance, developed

rapidly.

Harrisoceras,- Siphonal deposits appear early, lying in

contact with ectosiphoncle only at septal neck. Central
canal developed gerontically, showing in apical end.
Episeptal deposits appear after siphonal deposits, hypo-
septal deposits appear still later or may be absent.

Actinoceras,~- Time relationship Qf appearance of devosits

as in Harrisoceras, Deposits pendant, practically fill-
ing siphuncle except for radial canal system. The

apical siphuncular segment shows the perispatial deposit.
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mocone in an orderly procession as the shell grows at the
aperture and more camerae are added at the base of the
living chamber, so that the reglon of no secretion and the
region of immature deposlts are uniform, but not mathe-
matically constant, throughtout life of the organism, and
the region of mature deposits 1s constantly being increased
in extent, 1In the group under discusslon, however, there
appears to be no sharply difined boundary between regions
of mature and immature deposits, In faect, it is question-
able whether there 1s a region in which deposition has en-
tirely ceased. It appears that deposition is rapid in

the early stages, as 1s shown by the considerable advance
in the volume of deposits in a series of adoral camerae.

A marked contrast is afforded by the lmperceptible difference
in the volume of deposits in a series of adaplcal camerae,
iIndicating that deposition there is very slow, Further,

in tracing a series of camerae from the inception of cameral
deposits apicad, the difference in volume of the deposits
of adjacent camerae becomes progressively less as the apex
1s approached. Any control which may exist over deposi-
tion in the camerae is strictly physiological, and is not
ailded by any structural device. The gradual decrease in
ther ate of deposition as a series of camerae 1is traced
aplicad indicates that the controlling factor is the axial
gradient, The tissues of the phragmocone which are nearest

the metabolically active visceral mass are the ones which
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Fig. 12, Diagramatic representation of the essential
relations between various secretions in the phragmocone,
showing their relative appearance, rate of growth, and
cessation of growth,

h, hyposeptal deposits

s. Siphonal deposits

e. episeptal deposits

Gelsonoceras.~ All three deposits are uniform and form

a single secreting surface. The relative time of appear-
ance may be variable; siphonal deposits sometimes appear-
ing slightly after the other +two.

0. brucense.- Siphonal deposits are completely lost;

hyposeptal deposits develop more rapidly then episeptal
deposits.

Dawsonoceras.- Hyposeptal deposits are lost, Siphonal

deposits normally follow episeptal deposits, which are

here modified to mural deposits.

Striacoceras.- Only the episeptal deposit develops, which

18 here mural in Torm.

Pseudorthoceras.- Hyposeptal deposits are typically a-

bsent, Episeptal deposits appear and compleie a consider-
able part of their growth before siphonal deposits appear,
Completion of the siphonal deposits isolates the camera,

and therefore stops the growth of the cameral denosits,
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Fig. 12 Con't.

Harrisoceras.- Siphonal deposits appear first and are
well developed before deposits in the camerae appear.
Hyposeptal deposits normally follow episeptal deposits,

but may be entirelly wanting.
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receive the most nourishment from the blood stream of
the siphon, and the amount of nourlishment and the speed
of development in any camera varies inversely with the
distance from the living chamber.,

This type of structure is widespread in orthochoanitic
orthoceracones, though it is far from including all forms.

It occurs in the genotypes of Michelinoceras Foerste and

Gelsonoceras Hyatt; it is present in some but not all

Protokionoceras, The type of structure is well developed

in forms of Middle Silurian age and persists at least in-

to the Middle Devonian. It is a generalized type of structure
and a simple one, but it is apparently not primitive on |
purely stratigraphlc grounds, for the structures have not
been observed in Chazy or Trenton Orthochoanites, in spilte

of careful examination of numerous indivicuals and a con-
siderable number of species with there particular features

in mind.

It should be emphasized that this type of structure
runs across genera as recognized on the basis of ornament,
and does not included all specles placed in those genera,
But there 1s little variation in the structural pattern,
and the group seems to be rather well limited strati-
graphically, suggesting that 1t may represent a closely
knit genetic group, and that the lnternal structures are

more reliable guides to gensetle relationship than the

surface ornamentation.
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The other types differ from the above in that the
continuous secreting surface is interrupted in some way,
and there are a number of different ways in which it has

been done.

2. Broup of "Orthoceras" brucense

In this group siphonal deposits are lost. (Fig. 11,
}2}) Episeptal deposits are present but are relatively
thin, while the greater part of the space within the camera
is filled by the masslve hyposeptal deposits, The forms
thus far known to fall into this group are thus far re-
latively sleander species, with deep camerae. The form
of the interior of the cameral deposits is rather charac-
teristic, being marked by many radial furrows and con-
centric lines‘of growth, This type of surface, which will
be described and illustrated 1in detail at another time,
seems sufficient to warrant the recognition of this group.
Another singular feature is the characteristic absence of
the connecting ring in all specimens so far studlied. Its
outline can be seen only where it is surrounded by cameral
deposits, and the consistency of this type of preservation
in various formations and types of sediments leads to the
belief that the connecting ring must have been either
entirely absent, or else that its spicular elements.were
so poorly integrated that it will not hold together after

the destruction of the tissue which contain them.
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The group 1s wide ranging, but not over common at any
one horizon or locality. It 1ls represented in the Laurel,
Liston Creek, Racine and Guelph of the Middle Silurian.
Specles of this horizon are commonly more or less strongly
banded or annulated, and in thls group fall species which
have been placed in Cycloceras, Leurocycloceras and
Gelsonoceras by Foerste, The presence of the group in

the Helderbergian 1is doubtful, thaugh O.paucicameratum Hall

is likely suspect, It 1is well represented in the Schoharile
grit of the Middle Devonian, and it appears again ln the
St. Louls limestone of the Mississipplan of Indiana,

3. Group of Dawsonoceras

This group 1s derived from the group of Gelsonoceras

by the loss of the hyposeptal deposits, thereby forming

a break in the continuity of the secreting surface in each
camera, The episeptal deposits are modified into mural
deposits in the absence of hyposeptal deposits, and gene-
rally preceed the siphonal annulosiphonate deposits in
appearance. This type of structure is well exemplified

in the genus Dawsonoceras. It is present also in smooth-

shelled orthoceracones,
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4, Group of Striacoceras

In this group, as in the group of O.brucense the

siphonal deposits have been lost, but hyposeptal deposits
are absent also, and the episeptal deposits are modifled
into mural deposits and are generally massive, (Fig. 11,12)
To what extent this is a genetic group 1s uncertain. It

is possible that it may have originated from several lines
of descent at different times. As a stage in the reductlon

and localization of the deposits of the phragmocone it

might be derived from the group of O.brucense, from the
group of Dawsonoceras, or independantly from the group of

Geisonoceras., Members of this group differ from that of

0. brucense, which 18 characterized by slender forms with

deep camerae and no preserved connecting ring, It 1s
more probably derived largely if not entirely from the

group of Dawsonoceras. Some smooth orthoceracones formerly

Included in Michelinoceras and Geisonoceras fall here, as

well as species of Kionoceras and Protokionoceras, and also

Striacoceras, from which the group takes its name.
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5. The Pseudorthoceroids

This group contains not only the Pseudorthoceratidae
but also theilr orthochoanitic forbears which agree with
them in the form of the siphonal and cameral deposits.

Here the continuity of the secreting surface 1s broken, but
the siphonal deposlits are preserved and put in a late ap~-
pearance (Fig. 12) The main modifications have to do with
the time of appearance and speed of development of the
various deposits. Cameral deposits appear first, and come
to be falirly well developed before siphonal deposits appear.
When the siphonal deposits are established, however, they
grow with unusual rapldity, and in a series of from six
" to nine siphuncular segments the entire development from
the youngest to the mature siphonal deposits can be

traced, The type of structure h@s been discussed so ex-
tensively in the first section of this paper, that its
repetition here is unnecessary. It‘will suffice to point
out that originally discrete segments of the annulosiphonate
deposit fuse to form a complete sheath about the siphon.

The direct result of this is the isolation of the cameral
tissue, and with the source of metabillc materlals re-
moved, the secretion of further calcareous material in the
camerae becomes physlically impossible, As has already

been stated, the marked contrast of cameral deposits in

the neanic region of Pseudorthoceras in which the
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siphonal deposit is not completed dorsally and the adoral
regions 1n which it is normally closed show that the
siphonal deposits control the extent of cameral deposits,
and that the completion of the siphonal deposits l1ls not de-
layed until the cameral deposits attain a mature condition;
rather they determine what shall constitute maturity in
this particular instance,

This group 1s apparently monophyletic, and is re-
presented in the Silurian by the orthochoanitlc forbears of
the Pseudorthoceratidae, from which the Pseudorthoceratidae
are derived in the Devonian. It is derived from the
Gelsonoceras type by the general, though not universal
loss of hyposeptal deposits, and by the speclalizations 1in
the time of appearance and rate of growth of cameral and
siphonal deposits, as well as by the development of
siphonal deposits over the connecting ring independant of
cameral structures,

Hyposeptal deposits reappear in several members of the

group., <They are found in Euloxoceras, in Adnatoceras

ciscdense (Miller Dunbar and Condra} and in Cayutoceras,

Before leaving this group 1t should be noted that
the development of siphonal deposits to control the de-
position of cameral deposits is apparently an advantageous
structure, It attained independantly in the Stereo-
plaémoceratidae and Troedssonoceratidae of the Ordovlcian

which are not annulosiphonate in origin and are not related
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to-the Pseudorthoceratidae., Further, it is a structure
which is only gradually perfected in the Pseudorthoceratidae,
as 1is shown by the progressive thinning which can bevtraced
from Silurian orthochoanitie forms to Pennsydvanian species

of Pssudorthoceras and Mooreoceras.

6. Group of Harrisoceras

Still another group is differentiated by an ac-
celeration of the development of siphonal over cameral
deposits. This is a small group for which the generic
name Harrisoceras has been proposed.55 (Fig. 11, 12)

55. Flower, R,H., Harrisoceras, a new structural type of

orthochoanitic nautiloid, Journal of Paleontology, in

press, (1939).

Annulosiphonate deposits are large and symmetrical or nearly
so. Hyposeptal deposits are thin when present and greatly
delayed in their appearance. A central canal develops
gerontically. The significant feature of the group is the
confinement of the siphonal deposits to the septal néck

as in the Actinoceroidea. They never become massive enough
to develop a recoénizable perispatium, but their size and
shape suggest the pendant deposite of the Actinoceroidea,
though without ever departing far from the simple annulus

in form. The group contains thus far only the genus

Harrisoceras which 1s world wilde in distribution in the
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Middle Silurian, and is thus far known in America only

from strata of Clinton age. Typical Harrisoceras is smooth

externally. Identical internal structure has been found
in species with cancellate ornament which would formerly

have been placed in Protokinoceras,

T. The Actinoceroides

The Actinoceroidea may be taken as representing

another group closely similar to that of Harrisoceras, but

representing an isomorphic rather than a genetic relation-
ship. The siphonal deposits are massive and usually out-
strip the cameral déposits in development. The relative
appearance of the cameral and siphonal depositslis variable,
In Cincinnatian species of Ormoceras the appearance of
Siphonal deposits 1s greatly delayed; and such deposits

are present only in the extreme apical end, while cameral
deposlts make their appearance at the usual distance of
about twelve camerae from the base of the living chamber.
In the Actinoceratidae and Armenoceratidae cameral and
Siphonal devosits may appear simultaneously, or siphonal
deposits may preceed cameral deposits 1in appearance. The
growth relations in such instances are identical with those

of Harrisoceras (Fig., 12.).

The essential characteristic of the Actinoceroidea
have to do with the specilalization of the siphonal vascular

system and the attendant modification of the siphonal
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deposits, The presence of a perispatium alone 1is diag-
nostic, and it is the presence of this empty space inside
the connecting ring which.isx*esponsible for the pendant
nature of the deposits, Although the deposits of

Harrisoceras appear to be pendant, hanging within the

siphuncle from the septal necks, they never develop far
enough to show whether a true functional perispatium is
developed in that genus. The nature of tissue in the
perispatium remains in doubt. Telchert considered it a
space in which blood could accumulate near to the con-
necting ring, a sort of haemocoel, so that osmotic ex-
change of materials could take place between the cameral
and siphonal tissues., This does not appear to take into
consideration the mesodermal nature of the connecting ring
or the high degree of specialization which is represented
by the siphonal vascular system of the Actinoceroidea.

The primitive condition of the siphon must have been
one of generalized parenchymous tissue with numberous fine
blood tubes in a rather irregular arrangement., The
Actlonceroidea represent a specilalization by reduction and
simplification of the numerous flne tubes to an orderly
and regular systz=m of large tubes. Yet the cameral tlissue
is probably a primitive feature even though cameral deposits
probably are not, and the blood vessles which nourish it
must pass through the connecting ring as fine caplllaries,

For this reason the reduction of the blood tubes of the
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siphon must}remain internal; perispherally the capillary
condition must remain in order that the blood tubes may
pass through the connecting ring into the cameral tissue.
Doubtless the perispatium was originally occupled by a
tissue 1in which rapid divislon of the blood tubes was
takkng place, as 1s suggested further by the observable
divisions of the radial canals as they approach the peris-~
- patia in many forms, There are stlill complex problems
involved in the interpretation of the siphonal vascular
system, but it 1s not necessary to discuss them further
at thls time, It will suffice to point out here that
céntral canals are kﬁown elsewhere only in the gerontic

stages of two unrelated genera, Harrisoceras of the

Orthochoanites, and Anastamoceras of the Pseudorthoceratidae,.

The Pseudorthoceratidae owe thelrd evelopment to the
ability of the siphonal tlssues to sever thelr connection
with cameral tissues, being.éut off from them by deposits
which act as a valve. It was thought that the development
of such structures as radial canals should be impossible in

the family, yet in Paraloxoceras, obviously a derlvative of

Mooreoceras, a simple series of radial canals 1is retained

throughout 1life., No perispatium, however, is evident,
It might be possible to regard all annulosiphonate
cephalopods as .originating from a common type. The ldea
is intriguing, but closer study will show that some
insurmountable obstacles are encountered, First of all,

N
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it is impossible to correlate the Actinoceroidea with any
other tyvpes on the basis of the siphonal structures. The
siphuncular outline varies sufificiently within the group

that 1t might be possible to accept such a hypothesis as

that already proposed by Kobayash156 whil regarded the

56, Kobayashl, T., On the Stereoplasmoceratidae, Japanese

Jour, Geol., Georgr., vol. 13, 1936, p. 234,

Sactoceratlidae as the ancestral radicle of the Actinoceroidea,
deriving it from the orthochoanites through such a form as

Sactorthoceras Kobayashi, and regarding it as a not distant

relative of the Stereoplasmoceratidae. The other members

of the Actinoceroidea might be derived from the Sacto-
ceratidae, This 1is opposed not only by the evidence of

the siphonal vascular system and the structure of the deposits,
but by the evidence of the siphonal vascular system and

the structure of the deposits, which were not considered

at all in buillding up that hypothesis, but by the strati-
graphic evidence which shows that the oldest Actinoceroidea
are those which possess large and markedly cyrtochoanitic
siphuncles. Further, amny of the older species which nave

been referred to Ormoceras, Sactoceras or Delroceras are

not Actinoceroidea at all, but are cyrtochoanites of
rather doubtful affinitlies which should possibly be re-

ferred to the Stereoplasmoceratidae.57
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57. The study of these forms willl be dealt with elsewhere,
I have in mind particularly specles from the Chazyan'of

the Mingan Islands recently referred to Deiroceras, particu-

larly Deiroceras diffidens (Billings) which 1s closely re-

lated to "Loxoceras'" moniliforme Ruedemann and "QOoceras"

perkinsi Ruedemann of the Chazyan of the Champlain basin,

The earliest stages of the Actinoceroldea as recently

8
reported by Kobayashi5 and the present authors? agree

58. Kobayashi, T., Contributions to the study of the apical
end of the Ordiviecian nautilold, Japanese Jour, Geol., |
Geogr., vol. 14, no. 1-2; 1937, p. 1-21; pl. 1-2.

59, Flower, R, H. , Early stages of Actinoceras (Abstract),

Geol. Soc. Amer., Bull. vol, , 1938, p.
(Abstracts of papers to be offered at the annual meeting

of the Paleontological Society, p. 76, 1937.)

in the form of the protoconch and the condition of the be-
ginning of the siphuncle, but the initlial chamber itself
18 not very revealing. The possibilities for variation in
form of an initial chamber are definitely limited.
Kobayashl saw a possible clew in the central positlon of
~the siphuncle, but the value of such aﬁ interpretation as
a basis for major divisions of Nautiloidea into Ventro-

Siphonata and Centrosiphonata is questionable. Rather it
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seems that a quite different division based on the presence
or absence of an apical caecum is mdre significant, and
such divisions will coincide exactly with the Steno-
siphonata and Eurysiphonata proposed by Teichert on the

basis of the septal necks.

General Classification of Orthoceracones

From the above evidence, which wlll be=set forth in
more detall elsewhere, it appears that the Actinoceroidea
éannot be regarded as related ﬁo the annulosiphonate
orthochoanites, though striking resemblances occur. It is
not even possible to trace the forms back to a common
anhulosiphonate ancestor, but 1t is necessary to conclude
that annulosiphonate structure has evolved independantly
in these two instances. The orthochoanitic annulo-
siphonata however appear to represent a genetic group, of
which the Pseudorthoceratidae form a part.

Further, 1t can be seen that the groups outlines above
may serve as major taxonomic divisions for the orthochoanitic
orthoceracones, Perhaps one group will have to be added
for orthoceracones which 1aqk cameral and siphonal deposits
completely. The study of a'considerable number of speci-~
mens representing various specliles of Trenton and Chazy
orthochoanitic orthoceracones have lead to the conclusion

that cameral and siphuonal deposits must have been absennt
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in such forms.

The present classification of orthochoanitic ortho-
ceracones is that of Hyatt (1900) and is based upon the
ornament. At that time if wa, s nét suspected that there
were cyrtochoanitic orthoceracones similarly ornamented.
At the present time it is possible to point to one or more
cyrtochoanitic isomorphs of orthochoanitic genera with
the exception of Dawsonoceras, as is shown by the table
at the end of this chapter. In the past it was considered
adequate to know the ornamentation of an orthoceracone to
refer it to a genus. Now it is known that the ornament
alone 1is not trustworth, but that at least the outline
of the siphuncle must be known as well. From this it
naturally follows that all similarly ornamented ortho-
ceracones .are not necessarily members of the same genetlc
group, but at first there s eemed ﬁo better criterion
avallable, One 1s now furnished in the patterns of the
deposits of the phragmocone., Its use will be complicated
by the fact that it cannot be employed for the identifi-
cation of fragments representing adoral portions of the
phragmocone in which such deposits are normally absent,
or for flattened specimens or living chambers, Practical
difficulties will tend to restrict its use. The task of
agscertaining the internal deposlts of the type specigs

of established and long used "ornament genera'" is in
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ltself no small undertaking. There is already some indi-
cation that families and genera remodeled on such a basis
wWill not only bring the classification into closer accord
with the phylogeny, which 1s the constant aim of such
revision, but that the restricted generic groups willl
become useful in unravelling the stratigraphic and
raleogeographical problems of the Paleozoic. If as has
been generally supposed, the cephalopods were more motille
than most other shelled forms, they should be the first

to invade new areas following the breaking down of land

barriers.
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DISTRIBUTION OF ORNAMENT TYPES

IN ORTHOCERACONES

I Transverse lirae and striae
A, Orthochoanitic B.

Harrisoceras
0. brueense
Geisonoceras
Leurocycloceras

Cyrtochoanitic

Pseudorthoceratidae

Dolorthoceras
Dliagoceras

Actinoceroldea

Elrodoceras
Ormoceras (pars)

II Annulations and transverse ornament

A. Orthochoanitic B.

0. brucense
Brachycycloceras
"Gyeloceras"

Cyrtochoanitic

Pseudortnoceratidae
Geisonocerolides
?Neocycloceras

Stereoplasmoceratidae
Tofangoceras
Tofangocerina

Incertae sedis
Eskimoceras

III Annulations and longitudinal ornament

A. Orthochoanitic B.

Metaspyroceras
Ordovician and Silurian
speclies referred to
"Spyroceras"

IV Longitudinal ridges
A, Orthochoanitic Be

Kionoceras
Gelsonoceras
Harrlsoceras
Virgoceras

1

Cyrtochoanitic

Pseudorthoceratidae
Spyroceras
Incertae sedis
Group of "Spyroceras
clintonl

Cyrtochoanitilc

Troedssonoceratidae
Troedssonoceras

Pseudorthoceratidae
Buloxoceras
Mooreoceras (pars)

Actinoceroidea
Deiroceras
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V Cancellate "Protocycloceras" ornament

A, Orthochoanitie B. Cyrtochoanitic
Harrisoceras Pseudorthoceratidae
‘Geisonoceras . Palmeroceras
Striacoceras Actinoceroidea
Virgoceras Deiroceras
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EXCRETORY ASPECT OF SHELL SECRETION

It 1s generally conceeded that such secretions as
fall under the general category of shells may have been
originally excretory in function, serving to eliminate
mineral wastes from the system of the organism., This has
been applied by various investigators to the molluscan
shell, the arthropod exoskeleton and to the tests of
various of the Protozoa. In the arthropoda moulting and
the secretion of a new exoskeleton are cycllc activities
which recur at regualr intervals, In the Crustacea, which
have remained generalized in many respects, mouling con-
tinues throughout the 1life of the organism and serves to
eliminate waste material to such an extent that the only
true execretory organ is the small anteriorally situated
green gland, The Insecta represent a speciallzed case,
for moulting ceases when the wings are developed. Here
the Malphiglan tubules are present and serve as speclalized
excretory organs to meet a new need.

The secretlion of septa at rhythmic intervals doubt-
less served the cephalopod Jjust as the secretion of a new
carapace served the crustacean. A problem of some interest
and importance is found in the variations in the secretion
of the septa, in the growth of the shell, or in both?

The septa are normally rather widely spaced in the neanic

portion, slizhtly more closely spaced in proportion to
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the dlameter in the epheblic portion, and very closely and
sometimes rather lrregularly spaced in the gerontic
portion of the phragmocone., The wlde spacing of neanic
septa 1s probably indicative of a rapid growth of boih
the viscéral mass and the shell wall, Relatively rapid
growth is a common feature in organisms at this stage.
In the ephebic portion the normal specific pattern is
attalned, which is held over the greater part of the
phragmocone with astonishingly little variation, The
approach of the gerontic condition is usually abrupt,
This may indicate one of three things:

1. A more frequent secretion of septa in old age,
due to more rapid accumulation of minerals in the or-
ganism, It 1s generally held, however, that such ac-
cumulations are a feature of a gerontic condition only
because completed growth has caused the normal channels
for the elimination of waste to be functionally closed.

2., A slowing up in the rate of secretion of the
shell wall, accompanled by its thickenling. If this were
all, it would appear that the gerontic septa should be
subject to the same thickening which affects the shell
wall,

5. It seems more probable that the slowing up of
growth is due to the cessation of the growth of the soft
parts of the organism. Calcareous materials accumulate

in the system as before, but with a retardation in the
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rate of growth, there is less need than before of perilodic
forward migration in the conch. Consequently though septa
are formed at the same rhythmic intervals as before, less
material is added to the aperture and forward migrations
in the conch become less extensive,

Brevicones present a rather special case., The
contpactlion of the aperture inhibits further growth of
the soft parts of the organism, and the form of the con-
tradted aperture is essentially an ephebic rather than
a gerontic feature., When the contraction of the aperture
begins, the secretion of septa at a normal rate will
necessarily result in a compression of the visceral mass
which would have to have some sort of compensation as
resorption would offer. However, proportions shows tha t
if the length of the living chamber does not vary materi-
ally, the beginning of the contraction of the camerae
and of the aperture occur at the same time. Further;
the degree of contraction of the camerae can be correlated
with that of the aperture., In forms with slightly con-

tracted apertures such as Acleistoceras or Amphicyrtoceras,

the ephebic contraction of the camerae is slight, while
it is a prominent feature where the aperture is more

completely and gradually closed, as in Hexameroceras.

In Brevicones the gerontic features may be summarized

as follows:

(1) Thichening of the shell wall interiorally be-
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fore the aperture.
(2) sSecretion of material by the posterior mantle,
This forms the impressed zone of Hall. Unfortunately

that term is better known in connectlon with coiled cepha-

lopods through the works of Hyatt, so the term basal zone
60

has been proposed for the structure of brevicones.

60, Flower, R,H., Devonian brevicones of New York and

ad jacent areas, Paleontographica Americana, vol. 2, 1938,

p. 171.

This is a gerontic feature, It consists in the thicgening
of the final septum, both in its mural and free portions.
Often an "ornamented" radial pattern is formed. This has
been little studied, but appears to be constant within a
species and may be useful taxonomically when 1t has been
given more attention.

(3) The depésits of the siphuncle. Foerste has
noted upon several occasions that the occurrence of
actinosiphonate structure is highly variable in several: "
specimens of the same species, I have found such deposits
confined to individuals showing some other trace of gerontic
features, »ut not in immature or early ephebic indlviduals,
This may well account for the variability within generilc
and ~igher groups, particularly since brevicones are 80
rare in many instances species are known from only a few

individuals,
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MODE OF LIFE AND ECOLOZICAL SIGNIFICANCE
OF SIPHONAL AND CAMERAL DEPOSITS

Problems of Gas in Camerae

The mode of l1life of fosslil cephalopods, and particu-
larly of orthoceracones, 1ls still a matter of conjecture.
However a cdnsideration of the ecological significance of
the cameral and siphonal deposits brings new evidence to
bear upon the solution of the problem, and permits the
checking and modification of previous hypotheses,.

Probably the greatest obstacle to the understanding
of the mode of life of Paleozoic cephalopods is uncertalinty
as to whether gas was present in the camerae of such forms.
Gas has been assumed to be both present and absent by

various authors. Dunbar61 assumed that gas must be absent

61. Dunbar, C.0., Phases of cephalopod adaptation, in
Organic adaptation to environment, Yale Univ, Press,

1924, p. 191.

on the basis of the horizontal mode of 1life indicated by
the color bands, yet postulated a nectonic existance.

62 .
Telilchert has assumed the presence of gas and has presented

62, Teichert, C., Der Bau der actinoceroiden Cephalopoden
Paleontographica, bd,., 78, Abt. A, 1933, pp. 186-200.
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a very convincing hypothesis of the probable hydrostatic
relations on a quantitative basis.

Although Nautilus is known to contain gas in its
camerae it does not necessarily follow that gas was present
in the camerae of primitive forms., Indeed, it has been
postulated that the development of coiling was the result
of the appearance of gas in an orthoconic shell and the
attendant elevation of the apex. However, it si evident
that the appearance of zas will not account for such a
progressively coiled series as that 1llustrated by

63

Schinderwolf from Rhynchorthoceras through Ancistroceras

63. Schinderwolf, 0.H., Paleontologie, Entwecklungslehre
und Genetik, Berlin, 1936, p. 36-38.

and Litultes to Cyclolituites where colling appears at

the apex.

Although the origin of eameralrgzslils unknown, it is
perfectly possible that even the earliest cephalopods may
have secreted gas in the camerae. Among the earliest
cephalopods there are numerous cyrtoconic forms which are
rapldly expanding and breviconic rather than longiconie.
The shortness of the shell and the wide aperture suggest
crawling forms which carried the shell with the apex di-
rected upward. This, as was shown above, is the primitive
orientation. The camerae of such forms are exceedingly

shallow, and gas would not have had a sufficiently buoyant
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effect to interfere with a benthonic mode of life,

Further, the color bands, though not known for these parti-
cular cyrtoceracones, suggest that cyrtoconic shells were
held in this position in life,

In the case of orthoceraconib forms, however, two
possibilities exlst; fhe shell may have been dragged along
the bottom by benthonlic organisms, or the shells may have |
been held more or less suspended either in crawling or
swimming forms., If we assume a continued benthonlic ex-
istance, the orthoceraconic‘form suggests a normally hori-
zontal position of the conch. Among the Gastropoda many
forms show a similar development, but the dragging along
the sea bottom of a long heavy shell of such a form as

Cerithium giganteum would considerably handicap movement.
64

Shells dragged in this manner might, as Dunbar suggested

64. Dunbar, C.O.,'Phases of cephalopod adaptation, in

Organic adaptation to environment, Yale Univ, Press, 1924,

. 191,

for orthoceracones, should show signs of wear on the ventral
side, And 1t is possible that lack of such evidence in
orthoceracones may be due to poor presservation of the

shell surface, as 1n Actinoceras. However granting that

gas was present in the camerae, 1t is conceivable that the
the weight of the shell was so lessened that it was
approximately equal to the weight of the water it displaced.
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Under such conditions the shell would have ceased to be a
handicap in movement and it would have become light enough
to preclude wear of the shell as the animal crept over the
sea floor,

Accompanyling the increass in the length of the shell
there 1s an increase in the depth of the camerae. This
implies, though it does not require that the the buoyant
gffect of the phrogmocone was increased, One would here
bear in mind that it is not altogether certain that the
entire cavity of the camerae was occupied by gas; the
available space in the camerae may have been only partially
occupied by gas and variability of theiextent of gas se-
cretion is quite possible. Increased buoyancy wou;d re-
sult in a shift of the center of gravity orad, and a shift
to the center of buoyancy apicad. As a result the shell
would tend to occupy a horizontal position, as Dunbar
suggested. Yunbar argued that since the color bands of
orthoceracones indicate a horizontal position, and since
gas in the camerae would necessitaté a vertlical position,
that gas must have been absent. However, the deposlts
of the phragmocone are developed only adapically, and
would therefore tend to weigh down the apex of the shell,
The addition of such deposits to an orthoceracone contain-
ing gas in the camerae would cause the center of gravity

to move apicad until it lay near enough to the center of
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the shell that a horizontal position is possible., Further-

more, in such an orthoceracone the buoyant effect of the

gas would not be entlirely counteractered by the weight of

the deposits, but gas would still have enough 1lifting

power to lessen the weight of the organism materidlly, and

might even permit a pelagic or planctonic existence.
Furthermore, gas wduld be necessary to an orthoceracone

which lived with its shell in a vertical position. ©Such

a condlition was suggested by Foerste65 on the basis of

65. Foerste, AJF,. The color patterns of fossil cepha-
lopods and brachiopods, with notes on gastropods and
pelecypods. Michigan Univ., Mus. of Pal.,, Contrib., vol.3,
1930, p. 140,

color bands which encompass the shell in Orthoceras

pellucidum Barrande., As 1is shown in the discussion of

the color bands below, this condition may be more wide-

spread than has generally been supposed.

Evidence of gas in the camerae

The devosits within the phragomcone are in themselves
evidence of an actlve mode of life.of orthoceracones
which would hardly have been possilble were the camerae not
occupied by gas. They quife ebviously serve two distinct
functions,

Ventral concentration supplied a stablllzing device

which tended to orient the conch with the venter beneath.
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That this device is ecological in its significance is
shown by its formation in several different ways in
different genetic lines, In the Endoceroidea the stabi-
lizing effect is produced by deposits in the form of
endocones within the large ventral siphuncle. 1In the
Actinoceratidae and most other Actinoceroidea the heavy
annulosiphonate deposits practically fill the large
ventral siphuncle, and cameral deposits, though doubtless
contributory, were of minor importance. However, when
the siphuncle becomes small, or when it 1s removed from
the venter as in the Sactoceratidae of the Actlinoceroidea,
the cameral deposits become both heavier and more markedly
concentrated on the venter. The cameral deposits of the
Pseudorthoceratidae and the Orthochoanites are the essentlal
s8tabilizing organs, and the small siphonal deposits may

be reduced, higzhly modified for other than hydrostatic
functions, or may be altogether wanting.

The second feature of the deposits of the phragmocone
which 1s significant ecologically 1s their apical con-
centration. This serves a double function. First, it
weighs down the apex, counteracting the buoyant effect of
the gas in the camerae sufficiently to permit a horizontal
mode of life. Second, the weighted apex 1s essential for
the arrow-like flight of the organism in hyponomic swimming.

The ecological importance of the apical concentration

of the deposits of the phragmocone is shown by the number
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of ways in which it has been developed in different genetic
lines, In the Endoceroidea the siphonal deposits of en-
docones alone serve to weigh down the apex., It is not
generally recognized th what extent the development of
endocones is confined to the apical part of the shell.

The author has collected a specimen of Endoceras proteiforme

Hall which attains a diameter of about seven inches at
the base of the living chamber, The first trace of en-
ocones is found more than three feet farther apicad.
Assuming a constant rate of exvansion, this would imply a
”maximﬁm length of about two and a half feet of siphuncle
filled with deposits in the form of endocones, while the
adoral three feet, followed by a living chamber of unknown
length, contains no accessory calcareous materials. Further,
in many Endoceroidea the so~called nepionic bulb will add
materially to the welght of the apex as soon as deposition
begins within the siphuncle.
In the Actinoceroidea the siphuncle is also filled
with calcareous deposits, but here the deposits are in
the form of anmilosivhonate rings r ather than endocones.
Cameral deposits are contributory, tut come to be important
only in the Sactoceratidae, where the siphuncle is too small
to be very important hydrostatically.
In stenosiphonate orthoceracones the siphonal and

cameral deposits may both serve to weigh the apex, but
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usually the cameral deposits, being much more massive, are
the more significant of the two as ballancing factors.

The apex is again weighted in the Dibranchiata, but
in an entirely new way. The mantle has grown over the
shell, and the additlion of material to the outside of the

shell forms an apical guard on the outside of the phragmocone.

Ecological Evidence

That at least some of the orthoceraconic cephalopods
“had sufficient gas in the camerae to make possible a
planctonic existence is shown convincingly by the fact
that orthoceracones appear as regular members of plancton
faunas. They are in fact, the first cephalopods to appear
in.such assoclations., It i1s quite evident that a cepha-
lopod with an external shell could not have made up a part
of a plancton association had the camerae not been occupled
be gas. That the cephalopods were an integral part of such
faunules and were not carried into those environments as
dead shells 1is shown by the absence of conspecific forms
in contmeporaneous benthonic facies., Ailr filled ortho-
ceracones should be capable of transportation from planctonic
to nono planctonic facies. Such shells might be carried
until breakage or solutlon liberated the gas withln the
phragmocone, That no planctonic Naples species are

known from the Ithaca suggests that any shell that may have

R . . .
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been thus transported were broken too badly to be recog-

nlzable,

Ruedemann?GHas found orthoceracones in the Silurian

66, Ruedmann, R., Paleozoic plancton faunas of North

America, Geol., Soc., Amer., Mem. 2, 1934, p. 34.

graptolite shales of the Prince of Wales Island. It is
not surprising that the orthoceracones of such an associa-
tion are characterized by types of ornament and shell
corrugation which have long been considered diagnostic of

the genera_Spyroceras and Kionoceras. It is not surprising

that these, the first cephalopods to occur in such an
assoclation, belong to a group, ecological rather than
taxonomic, in which the shell wall has been so modified as
to result in a structure of minimum weight and maximum
strength, Smooth orthoceracones have since been found in
Silurian graptolite shales of Belgium. The flattened
condition of the specimens and the destruction of internal
structure makes impossible a study of their genetic
relationships,

In the Devonian of New York orthoceracones are a-
bundant in vlancton associations, Here again the shells
are uusuélly flattened and generic idientification is
largely impossible. Orthoceracones occur in the Union
Springs member of the Marcellus, at the base of the Hamil-

ton stage. ©Small thin-shelled species of Spyroceras,
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such as S, idmon and S; lima are known largely if not
entirely from highly carbonaceous shales of the Hamilton

in which the other faunal elements are definitely known

to be planctonic. In the Upper Devonian smooth orthocera-
cones, sometimes of considerable slize, occur in the Geneseo

shale.67 Small forms occur in the Genundewa limestone,

67. The author has collected flattened portions of phrag-
mocones up to two inches in width from the Geneseo as

developed in the vieinity of Ithaca.

whichowes its limy condition to the presence of myriad of

Styliolina.., In higher strata orthoceracones occur commonly

in the Middlesex and Rhinestreet shales, Orthoceracones
have not been generally recognized in these formations in
the past, ahd have been apparently confused with Bactrites
which occurs in the same horizons'and assoclations,
Bactrites can be distinguished by its more slender form,

even in the flattened state.

Color Bands as Criteria of the Mode of Life

Color bands should serve as an excellent test for
the position of the conch of the orthoceracone in life,
and further, it should be possible to correlate the color
bands of a species with its siphonal and cameral deposits
and therby check the ecological importance of the deposits

of the phragmocone. In one instance, that of the Trenton
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orthoceracones described by Ruedemann, it 1s known that
color bands were confined to one side of the shell, in-
dicating a horizontal mode of life, and that deposits are
developed within the phragmocones of the several species
concerned, In other instances, as is shown below, the
color bands are much less reliable.

Color bands which were confined to one side of the

shell were first reported by Ruedemann,68 who pointed out

68. Ruedemann, R,, Observations on the mode of life of

primitive cephalopods, Bull., Geol. Soc. Amer., vol. 32,

Pe. 315"317.

that this indicated that the shell was held in a horizontal
poslition during life. He suggested a benthonic mode of
life on the grounds that the long straight conch could
hardly have been carried horizontally in swimming.

Dunbar69 accepted the ldea of the horizontal mode of

69. Dunbar, C.0., Phases of cephalopod adaptation, in
Orgénic adaptation to environment, Yale Univ, .,Press,

19524, pp., 191, 197.

life on the basis of color bands but rejected the benthonic
mode of life on the baéis of the absence of wear on the
ventral slide of the shell, The argument is a legitimate
one, but conditions of preservation may destroy such evi-

dence, Ventral wear should be best developed on a shell
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which has heavy deposits, such as an Actinoceras. An

Actinoceras which retains much of the surface 1s exceptional.
Ihe shell wall is usually recrystallized, and it only rarely
separated from the rock at the shell surface, and then

only in small patches. Again, if gas is present in the
camerae of even a form with heavy deposits, the weight

would be greatly lessened, and friction would be reduced.

Foerste7o studied the color bands of orthoceracones

70. Foerste, A,F., The color bands of fossil cephalopods
and brachiopods, with notes on gastropods and pelecypods.
Univ. of Michigan, Mus, of Geol., “ontrib., vol. 3, no. 6,
(pp. 109-150, 5 pls.) 1930; and The cephalopods of the
Hglandet afea, Skr. ut, av., Det., Norske Videnskaps-Akademie
1 0slo I Mat,-Naturv., Klasse. 1932, no. 4, pp. 149-150,

and came to the conclusion that the color patterns of
ellipochoanitic orthoceracones were ventral while those

of holochoanites were dorsal. From this he concluded

that the ellipochoanitic cephalopods must have occupieda
horizontal position with the venter upward. However a
close examination will show that the evidence of the color
bands which has been so widely accepted is not always

reliable,
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Form and orientation of color bands; Color bands
may be divided into three grzat groups on the basis of
their form: the diagonal zigzag bands typified by

Orthoceras anguliferum D'Archiac and de Vernuil, the

longitudinal bands found in Orthoceras trusitum Hall of

the Trenton, and the transverse bands typified by O.dunbari
Foerste of the Pennsylvanian. The diagonal zigzag pattern
is bilaterally symmetrical and is doubtless oriented in
regard to the symmetry of the conch. The speciemns of

Orthoceras anguliferum alpenense which Foerste figured

show no trace of the aperture, the position of the siphuncle,
cameral depositis or the furrows of the interior. There is

no dorsal or ventral in position. A Hedstromoceras with

color bands shows them only on the siphonal side which may
be ventral. The only orthoceracone in which the color

bands are indisuputably ventral is a Mooreocerag collected

1l
and described by Mr. Richard Sch.weers,7 in which diagonal

71. Unfortunately still unpublished.

color bands are present on the ventral side as shown by the

conchial furrow,

The longitudinal color bands reported by Ruedemann7

T2, Ruedemann, R.,, Paleontological contributions from the
New York State Museum, 4. On color bands in Orthoceras,

New York State Mus., Bull. 227-228, 1919, pp. 79-88.
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in Yrenton orthoceracones are unquestionably confined to
one side of the shell., Ruedemann points out that the
orthoceracone is not perfectly straight, but that the side
bearing color bands is faintly convex., This would seem
to support Foerste's proposal that the color bands are
ventral, but it is not known whether the curvature 1is
endogastric or exograstic., Thus far speciemns retaining
color bands have failed to show deposits within the phrag-
mocone, and the furrows of the interior of the shell are
either originally absent or not preserved. Consequently
there 1s no sure criterion of orientation. Mural deposits
are present in the camerae in the species concerned. Al-
though the deposits are not definitely known to be concen-
trated on the venter, it is reasonably safe to assume that
they are, for the ventral concentration has been found to
be universal wherever orientation can be checked.

The transverse bands are known from only two speciles,

O. dunbari Foerste of the Pennsylvanian, and "Orthoceras",

gp. Flower and Caster of the Conewango of the Upper
Devonian. In neither is there any means whereby 1t is
possgible to determine the relation of the color bands to
the dorso-ventral plane. The transverse black bands in

0. dunbari end laterally in densely black areas. The

dorsal condition is not known. ** thick black unmarked

band has been noted in Geisonoceroides woodae, of the
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Hamilton shales of New York where it is dorsal. The venter
is too poorly presserved to show color markings. However
there 1s a suggestive resemblance between the black band

of this form and those of Q. dunbari. It is possible that

speclies the dorsum may have been uniformly dark and the
venter transverselj banded.

Preservation of color bands. Color bands are only
rarely preserved on orthoceracbnes, and require special
conditions for preservation, The Stafford limestone which
contains orthoceracones showing faint traces of color bands,
the Trenton limestone in which color bands are not uncom-
monly preserved and the Alpena limestone are similar in
texture. PFracture and mode of preservation of the
cephalopods,

In typical specimens the distribution of color bands
depends upon the distribution of calcite in the shell.
This was recognized for Trenton specili@ns by Ruedemann,
Calcite is commonly present against the side of the v
shell which lav uppermost, and 1s the complemental filling
of an incomplete internal mold. In the Trenton ortho-
cercones good color bands can be seen where the dorsum lay
uppermost, Where a lateral surface 1is uppermost the
gradual lateral disabpearance of color bands can be seen,

Such a specimen has been figured by Ruedemann.73 Only
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753. Ruedemann, R., Paleontological contributions from
the New York State Museum, 4. On color bands in Orthoceras

New York State Museum, Bull., 227-228, 1919, fig. 23.

rarely are specimens found in the Trenton in which the
color bands are not confined to the side of the shell
occupied by calcite. In such instances they are not
actually preserved as color bands but are indicated by
elevated and depressed bands on the surface of the shell
due to differential weathering,

Ruedemann considered the inorganic factors in the
orientation of color bands and was able to show in spilte
of them that the color bands were originally present on
only one side of the shell. Other investigators have not
taken the inorganic factors into account. ihe pattern of

Orthoceras anguliferum alpenense Foerste is bilaterally

symmetrical, but the center of symmetry of the pattern

does not lie in the center of preserved part of the pattern.
This shows that other factors besides the original dis-
tribution of the pattern determine the present alignment

of the pattern on the shell. It is not surprising, there-
fore, to find that in the two specimens figured by Foerste
the colorbands are present only on the side which contains

calcite,

Calcite occurs on the ventral side of the Mooreoceras
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cited above as having ventral color markings. <from what

has been said above it follows that the present orientétion
of the color bands on these specimens need not be the
complete original pattern., It 1s quite posslible that
diagonal color bands may have extended originally completely
around the shell of orthoceracones as they did in
cyrtoceracones,

The longitudinal color bands of Trenton orthoceracones
indicate a horizontal mode of life. This 1is also suggested
by the transverse bands which give way to a dense black
dorsal area, though here the matter is not beyond dispute,
Diagnoal color bands are not conclusive, but probably ex-

" tended completely around the shell, suggesting a vertical
rather than a horiiontal mode of 1life. % vertical mode

of life is further suggested by Orthoceras pleeucidum var.

contrahens Barrande, of the Silurian of Bbhemia, which

possesses longitudinal bands which pass entirelly around
the shell., *his alone would suggest that the mode of life
i1s not the same in all orthoceracones.

Most specimens which preserve color bands fail to
show any of the internal features of the shell. For this
reason it is often not possible to identify a specimen
showing color bands with a :8pecles in a more typigal con-
dition of preservation. UConsequently most forms which

possess color bands are described as "species" of "Orthoceras."

With the generic and specific ‘identification uncertain:

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



135

all that such specimens tell us is that some ortho-
ceracones had color markings on one side of the shell,
while in others the color bands hay have extended around
the shell. This is not very satisfactory.

Only in one instance has it been possibie to estab-
lish a correlation between color bands and the deposits
of the phragmocone. The orthoceracones of the Trenton
limestone which show traces of color bands represent several
allied speceis. Preservation of the interior is rare,
but a few specimens are known which show the siphuncle is
small, orthochoanitic and subcentral, showing that the

species should be placed into genus Michelinoceras.

Mural deposits are known to be present in the camerae,
Both deposits and the':color bands suggest a horizontal
mode of life, The ventral concentration of the cameral
deposits is not known here. It may be assumed however,
from that fact that cameral deposits are not knowﬁ which
do not show ventral concentration. Likewise the dorsal
position of the color bands is an assumption, but it is
difficult to see how any other condition could have held,

In the specimen of Mooreoceras mentioned akove, on

the other hand, the diagonal color bands are known to be
ventral. Deposits are known to be concentrated ventrally,
making possitle a horizontal mode of life with the venter
down, but not with the—venter up. It is therefore

necessary to conclude that the present distribution of
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the color bands represents only a part of the original
pattern. The color bands may have passed entirely around
the shell originally, and may have been preserved only a-
gainst the side whilch lay uppermost and which was filled
in by calcite., Such a color pattern would seem to lmply
a vertical position for the shell in life, and the deposits
indicate a horizontal position with the venter down, TIwo
possible explanations for the discrepency suggest them-
selves, Nothing is known of the condition of the color
bands on the dorsum which may have been much darker than
those on the venter, Again, the original color pattern
maybe preserved only as a negative., The calcite which
represents the shell is normally white. The relatively
insoluable melanin pigment which make up the color bands
may have prevented the entry of discoloring minerals in
originally dark areas, while originally light areas may
be discolored and darkened by them. In this way the
original relationship may be reversed, That something

of that sort has happened in the Mooreocerag under dis-

cussion 1s suggested by the appearance of color bands
on the inside of the shell,

The possibilities of error in the interpretation of
color bands is so great that they can hardly be considered
reliable indicators of the mode of life of orthoceracones.
When the evidence of the color bands agreces with that of

the deposits of the phragmocone in indicating a horizontal
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mode of life, such a conclusion is safe, but too often
there is either a grave discrepency or complete inability
to compare the two lines of evidence in a species. In
cases of discrepency, it appears that the deposits are

the more reliable guides,

General conclusions and outlook

From the ecological and structural evidence it is
fairly clear that gas msut have been present in at least
the majority of orthoceracones. This may have been a
condition inherited from the earliest cyrtoconic cepha-
lopods. Changes of several sorts have come about in the
history of the cephalopods in which the presence of gas
and the hydrostatic relationship may have been significant.
A crawling ancestral form with a short cyrtoconic erect
chambered shell has een postulated. In such forms the
camerae are so shallow that the buoyant effect of the gas
could hardly compensate for the weight of the camera walls.
However, very shallow camerae are essentially an early
Paleozoic feature., Elongation of the shell and elongation
of the camerae may have gone hand in hand. This would
result in increased buoyancy of the apex of the animal.
However, cameral tissues are probably a primitive feature,
even though deposition of cameral deposits is not., <uite
probably the beginning of septation was marked by a split

in the posterior mantle forming a cameral mantle connected
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with the siphonal strand between the septal necks, This
is suggested by the obvious retention of cameral tissues
and the development of gerontic deposits in brevicones,
where such features were not only characteristic of the
gerontic stage, but were excretory in function, at a time
when the normal elimination of calcareous material from
the system by the normal processes of shell growth and
éeptation was no longer possible,.

The development of the contracted avnerture of the
brevicone is probably assoclated with a floating mode
of life which followed the increase in buoyancy of the
phragmocone, Such forms have light shells, often very
thin in proportion to the size of the conch as a whole,.
Deposits formed within the phragmocone are gerontic
features, and are never massive, as are the deposits of
orthoceracones which are useful to the organism by
virtue of their weightl

Orthoceracones may have developed at s everal dif-
ferent times in different ways, and the present indica-
tlons of the wide gaps separating the Holochoanites,
Actinoceroidea and stenosiphonate orthoceracones suggest
something of the sort. Three possible modes of life
must be considered for the orthoceracones. 1. The
orthoceracone may have developed from the primitive
cyrtoconic type by elongation of the shell, elongation

of the camerae, increased buoyancy of the phragmocone
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which was counteracted by the building of apical deposilts
In one of several possible ways which have been enumerated
above, This produces a horizontal potentially nectonic
form, 2., Again, it 1s possible that the elongation of
the camerae may have been accompanied by a reduction in
the amount of gas, and that some cephalopods may have
lived benthonic lives with the shell held hqrizontally,
with little or no gas in the camerae. 3. Again, some
forms may have developed gas without compensating deposits,
and may have lived with the shell 1in a vertical position,
as 1s suggested by some color bands 1n the absence of
deposits in some forms, If it can be demonstrated that
color bands occur on all sides of an orthoceracones which
lacks cameral and siphonal deposits, this condition would
seem to be demonstrated; at present it is only a possibility.

To add to the complexity, it 1s possible that one or
more of the three possible types of orthoceracones may
have derived from either of the other t wo. This seems a
hopelessly complicated picture, but in dealing with )
possibilities which are not yet capable of proof or dis-
missal, it must be coBsildered.

It might be pointed out that flattened orthoceracones
which were unquestionably benthonic and were probably
derived from more active ancestors, have very shallow

camerae, This is found in the Tripteroceratidae,
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particularly Allumetoceras, and in the Gonioceratidae.

It is difficult to explain why shallow camerae should de-
velop in forms which by their flattened form were ob-
viously crawlers, unless 1t was a return to the coanditlon
postulated as ancestral, in which the camerae were so
shallow that buoyant effect of the gas within them did
not compensate for the weight of the camerae walls.

The other great development of the Nautiloidea is
coiling. It is now known that coiling may be initiated
at the apex of the shell and spread anteriorly. It 1is
still highly probable on the basis of ontogeny, that the
gradual and uniform increase in shell cufvature postulated
by Hyatt may also have occurred. In the series of
gradual increase in curvature it is possible that increased
buoyancy of the apex may have played a part; in the other
series it could not, and if a single explanatlion is to be
postulated for coiling it need not be found in a response
to environmental conditions, .

It would probably be simplest to think of the ortho-
ceracone the brevicone and the coiled cephalopod as three
different responses to the development of buoyant
phrangmocones, in only one of which did the tissues of the
phragmocone develop into lime secreting organs to any
considerable extent. However the true: condition was doubt-

“less much more complex, being complicated by possible
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series of uncolling, by return of nautilicones to benthos
as trochoceroids, return of brevicones to benthos as
trochoceroids, and by complex interrelations in the three
possible ecological group of orthoceracones: gas-filled
forms with apical deposits living horizontally, gas:filled
forms living vertically, and horizontally living forms
with little or no gass, and what gas there is localized
ant8riorly. However this is entering a field of conjecture
which we are not as yet equiped to test thoroughly and in

such fields it 1s well not to venture too far,
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PART III >
TAXONOMY
A REVIEW OF THE CYRTOCHOANITES

HyattT? originally divided the Nautiloid cephalopods

T4, Hyatt, A., Genera of fossil cephalopods, Proc.
Boston Soc. Nat, Hist., vol. 22, 1884, p. 266.

into two orders, the Holochoanoidea and the Ellipocho-
anoidea. 1In the first group were included forms in which
the wall of the siphuncle is formed by long septal necks,
and in the second group were placed forms in which the
necks are short and the greater part of the wall of the
siphuncular segmeht is formed by the comnecting ring,

Later Hyatt75 replaced the order Ellipochoanoidea by

75. Hyatt, A., Cephalopoda, in Zittel-Eastmann Textbook
of Paleontology, 1lst, ed., vol. 1, 1900, p. 514 ff.,

reprinted in later editions.

four orders: Orthochoanites, Cyrtochoanites, Schistochoanites
and Myxochoanites, and changed the term Holochoanoidea to
Holochoanites for the sake of uniformity.

The Schistochoanites comprises a small group of
little understood early Paleozoic forms, The Myxo-

choanites likewise a small group, are aberrant forms.
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6 .
Miller7 has shown reason to believe that they are

76. Miller, A.K., The myxochoanitic cephalopods, Univ.

of Iowa Studies, Studies in Natural History, vol. 14,

no. 4, 1932,

derived from the Oncoceratidae of the Cyrtochoanites.

In the Orthochoanites were included forms in which
the siphuncular segments were cylindrical or nearly so,
consisting of stralght septal necks and connecting rings.
In the Cyrtochoanites, on tﬁe other hand, were placed
forms in which the septal necks are recurved, and the seg-
ments of the siphuncle are more or less expanded in the
camerae. It may be pointed out here that the validity of |
the Orthochoanites and Cyrtochoanites has not been sub-
stantlated by recent findings, for there are numerous
gradations between the groups. Some specles of Stereo-

plasmoceras Graoau77 could be placed in either group,

77f. See Kobayashi, T., On the Stereoplasmoceratidae,
Japanese Jour, Geol,, Geogr., vol, 13, no. 3-4, 1936,

ppo 229-242’ pl. 260

though on the whole the group appears to be cyrtochoanitic
rather than orthochoanitic, In the Actinoceroidea

gerontic siphuncular segments of fthree genera, Ormoceras

Stokes, Paractinoceras Hyatt and Leurorthoceras Foerste

become slender and cannot be distinguished from
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orthochoanitic forms., Many orthochoanitic forms pos-
sess sglightly inflated siphuncular segments and may be
considered as border line cases, The Pseudorthoceratidae,
as 1s shown below 1s a cyrtochoanitic family of ortho-
choanitic origin, and 1s apparently unrelated to other
cyrtochoanitic groups.

78
Hyatt divided the Cyrtochoanites into two sub-

78. Hyatt, A., Cephalopoda, in Zittel-Eastmann Textbook
of Paleontology, 1lst ed., vol, 1, pi 527 ff. 1900,

orders on the basis of organic deposits within the
siphuncle. The first of these groups, the Annulosiphonata,
is characterized by deposits which form calcareocus rings
at each septal neck. The other group, the Actino-
siphonata, comprises forms in which the calcareous deposits
of the siphuncle consist of discrete vertical almellae
arranged in a radial pattern so that the lamellae converge
toward the center., Hyatt belleved that the two types of
structure were of independant origin, and he included in
each group families and genera which wsre without any
known siphonal deposits and which he regarded as primitive.
Three families were placed in the Annulosiphonata.
The first of these, the Loxoceratidae, contained two
genera, and was erected for forms with nummuloidal

glphuneles which were either empty or contained an
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"irregular deposit." Unfortunately the genotype of
Loxoceras McCoy is so little known that no specles can be
referred to the genus with certainty. Hyatt's statement
conéerning the presence of lrregular deposits appears to
be an asumption. Neither the genus nor the famlily can

be used until the structure of the genotype has been
studied.

The second family, the Uranoceratidae of Hyatt,
contains gyroceracones and nautilicones with empty
nummuloidal siphuncles. The genera Uranoceras Hyatt and
Gigantoceras Hyatt were originally referred to the family.

These and related genera have been studied by Foerste79

9. Foerste, A,F., Notes on cephalopod genera; chiefly
coiled Silurian forms, Denison Univ, Bull,, Sci. Lab.,

Jour., vol., 21, 1925, pp. 28ff.; pl. 1-24,.

who showed that the siphuncle of Uranoceras is definitely
cyrtochoanitic., The necks are recumbent; the free part of
the connecting ring 1s essentially cylindrical, but there
is a broad area of adnation. Foerste's figures do no
clearly differentiate between the septal neck and the
connecting ring, but the two togethef are recqmbent, ap-
pearing as projections inside the siphuncle, and they are
curved sllightly apicad, so that when the free part of the

connecting ring is destroyed, they resemble orthochoanitic
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septal necks,., Thls 1s precisely the condition which is
found in all of the Silurian specimens and species re-

ferred by Foerste to Gigantoceras. Unfortunatly no

specimens of any of the species discussed by Foerste have
been found which retain the comnecting rings. Foerste
did not see the possibility of a cyrtochoanitic condition
of Gigantoceras, and suggested that the genus be placed
in the Orthochoanites,

The third family, the Actinoceratidae of Hyatt, with
gsome slight modification has become the superfamily
Actinocerolidea Foerste and Teichert.ao The group has

80, Foerste, A,F, and Teichert, C., The Actinoceroids
of east-central North America, Denison Univ. Bull, Scl.

Lab., Jour., vol, 25, 1930, pp. 201-296, pls. 27-59.

regeived careful study by Foerste and Telchert, and later

81
by Teichert.

81, Teichert, C., Der Bau der actinoceroiden Cephalopoden,
Paleontographica, Bd., 78, Abt. A, 1933, p. 11l1-234%,

pl. 8~-15, 50 text figs.

The superfamily Actinoceroidea contain numerous genera

described gince Hyatt's day, largely due to division of
Hyatt's genera. Teichert82 has shown that the genus
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82, Teichert, C., On the systematic position of the

genus Discosorous Hall and related genera. Amer, Mus.

Novitates, no. 512, 11 pp., 9 Tigs. 1931.

Discosorous Hall differs fundamentally from the Actinoceroidsa

in the structure of the siphonal deposits, and has set it

apart with its allies Stokesoceras Foerste and Endodis-

cocourus Teichert in the family Piscocouridae.

The Actinoceroidea remains the only group originally
placed in the Annulosiphonata of the Cyrtochoanites which
can still be confidently considered as included under that
group.

Aside from the Actinoceroidea the Pseudorthoceratidae
appears to be the only group of cephalopods which 1s
cyrtochoanitic and annulosiphonate, On the other hand,
annulosiphonate structure is prevalent in many ortho-
choanitic genera, particularly those of the Silurian.
Whether annulosiphonate structure is sufficient to warrant
the recognition of the Annulosiphonata as a taxonomic
group is very doubtful, though in some instances at least
the annulosiphonate deposits serve as a more reliable
guide to phylogeny than does the outline of the siphuncle.
Thé present study deals with the Pseudorthoceratidae, an
annulosiphonate family of cyrtochoanitic aspect which

- appears to have an origin in orthochoanitic
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annulosiphonate forms, the change in the siphuncular

outline taking place between Middle Silurian and Lower

Devonlan time,

THE PSEUDORTHOCERATIDAE

The family Pseudorthoceratidae Flower and Gaster83

83. Flower, R.H, and Caster, K.E., The stratigraphy
and paleontology of northwestern Pennsylvania, Pt. II,
Paleontology, Sec, A: The cephalopod fauna of the
Conewango series of the Upper Devonian in New York and

Pennsylvania, Bull, American Paleontology, vol. 22, 1935,

pO 2250

was referred to the Annulosiphonata of the Cyrtochoanites
largely as a receptacle to contain forms customarily
assigned to the uncertain LoXoceratidae, The family

Sactoceratidae was previousiy proposed by Troedsson

84, Troedsson, G.T., On the Middle and Upper Ordovician
faunas of northern Greenland, I. Cephalopods. Jubilaeumseks-
peditionen Nord om Grgnland 1920-23, Nr, 3, 1926, p. 79.
(Reprinted in Meddelelser om Grgnland, Bd. 71, 1929.)

for the same purpose, but cannot be used in that way

because Sactoceras is a true Actinoceroid, and the family

8
was placed in the Actinoceroidea by Foerste and Teichert. >
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85. Ibid., p. 208,

In the Pseudorthoceratidae were included five late
Paleozoic genera of cyrtochoanitic orthoceracones., The
siphuncles were regarded as either empty or lined with a
contlnuous lamellar deposit. The segments of the siphuncle
are variously expanded, but-never wider than long. The
statement, in the original designation of the family,
that the connecting rings do not attain the preceeding
septa 18 both erronious and misleading. The word septum
was used here 1in reference to the free part of the septum
as contrasted with the septal neck. Further, the adnate

condition of the connecting ring in Adnatoceras ciscoense

(Miller Dunbar and Condra)86 was overlooked,

86. Miller, A.K., Dunbar, ¢.0. and Condra, G.E., The
nautiloid cephalopods of the Pennsylvanian system of the

mid-continent region. Nebraska Geol. 5urv., ser, 2,

bull, 9, 1933, p. 96, pl. 1, fig. 1.

At the time of the original description of the family
the nature of the deposits of the siphuncle was not
clearly understood, nor was it known whether the
Pseudorthoceratidae were in any related to the Actino-
ceroldea, The study of Devonian orthoceracones has

brought to light numerous forms belonging to the
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Pseudorthoceratidae and representing both new and old
genera, It is largely upon thé basis of this material
that a morphological and systzmatic revision of the
family is based. The family is redescribed as follows:

The Pseudorthoceratidae contains largely ortho-
cercones, with slightly exogastric cyrtoconic apices,
although two svecialized genera attain a cyrtochoanitic
form and one is breviconic. The earliest stages of the
siphuncle are sliender and orthochoanitic, Later seg-
ments are definitely expanded and cyrtochoanitic, though
rarely wider than long. The necks are short, their length
averaging less than one-seventh the lenth of the segment.
The brims are variously developed, but are never recumbent.
Siphonal deposits are annulosiphonate and parietal, con-
slsting of rings formed at the septal foramina, extended
adorally. VWhen well developed the segmental deposits
fuse to form a continuous lining with the siphuncle.
Deposits of the camerae are mainly mural, although episeptal

and hyposeptal occur in a few specilalized forms.
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The genera of the Pseudorthoceratidae fall into
three subfamilies as listed below: (Generic characters

are shown dlagramatically in fig. 16. on p. )

Dolorthoceratidae Flower, n. subf,

Anastamoceras Flower, n. gen.

Diagoceras Flower, 1936

Dolorthoceras Miller, 1931

Spyroceras Hyatt, 1884

Gelsonoceroides Flower,n, gen.

Petryoceras Flower, n. gen.

Palmeroceras Flower, 1936

Cryptorthoceras Flower, n, gen.

Sceptrites Flower n. gen.

Fusgicoceras Flower, n. gen.

Adnatoceras Flower, n. gen.

Euloxoceras Miller Yunbar and Condra, 1933

Pseudorthoceras'Flower, n, subf,

Pseudorthoceras Girty, 1910

Mooreoceras Miller, Dunbar and Condra, 1933

Paraloxoceras Flower, n. gen.

Bergoceras Flower, n. gen

Cayutocderatinae Flower, n, subf.

Cayutoceras Flower, n. gen.

Bradfordoceras Flower and Caster, 1935

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




152

No deposits are known within the siphuncles of

Palmeroceras, Yiagoceras, Geisonoceroides, Sceptrites or

Cryptorthoceras. However, the deposits are developed

only in the adapical portion of the phragmocone, and
apical portions of species of these gehera have not as
yet been obtained 1n a good enough state of preservation
to show internal structure. These genera are placed in
the Pseudorthoceratidae on the basis of the similarity of

the outline of the siphuncle with Dolorthoceras and

Adnatoceras, from which they are set apart by variations

in the form of the conch and the ornamentation of the
exterior,

The Pseudorthoceratidae comprises the only group of
cyrtochoanitic orthoceracones known ln the Devonian of
America with the exception of a few species of Ormoceras
Stokes and related forms. In the Devonian of Europe
a few actinosiphonate orthoceracones océur, such as

Laumontoceras Foerste, Jovellania Bayle, Tripleuroceras

Hyatt,87 but these lack the generalized features of

87. Foerste, A.E., Actinosiphonate, trochoceroid and
other cephalopods, Dennison Unliv. Bull,, Sci. Lab.,

Jour.,, vol. 21, 1929, pp. 305-311,

section and form which characterize Devonian Pseudortho-
ceratidae., The family Pseudorthoceratidae is known to

range from the Lower Devonian into the Permian,
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88. I am indebted to Dr. Curt Teichert, fide litt.,

for information on the occurrence of Pseudorthoceras

in the Fossil Cliff limestone of the Irwin River district

of Australia, considered of Lower Artinskian age.

Ancestral forms are found in the Silurian, and the lower
boundary of the family has been drawn rather arbitrarily

at the appearance of cyrtochoanitic sirhuncular outlines.
Tow changes are ilnvolved: a change 1in the mode of growth
of the annulosiphonate deposits, and a change from ortho-
choanitic to cyrtochoanitic siphuncular outline. The
change in the”mode of frowth of the deposits has been
noted in Middle Silurian species which have been regarded
as ancestral., Here the annulosiphonate deposits grow

orad over the connecting ring independant of the growth

of cameral deposits, and finally fuse to form a complete
lining within the siphuncle, This 1s the pseudortho-
ceroid type of siphonal deposit. By definition only
cyrtochoanitic forms are placed in the Pseudorthoceratidae,
The abrupt appearance of cyrtochoanitic siphuncular seg-
ments in the Lower Devonian may be more apparent than real.
As yet no members of the genetic stock are known inter-
mediate in age between the Middle Silurian orthochoanitilc
forms and the Pevonian cyrtochoanitic forms. There is

very little information avallable ® ncerning the internal
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structure of Upper Silurian orthoceracones, It 1s

quite probable that when Upper Sllurian orthoceracones

are better known that intermediate stages between the

orthochoanitic and cyrtochoanitic outline will be found

in orthoceracones with pseudorthoceroid deposits. Thils

is suggested by the gradual change in the ontogeny of

the Pseudorthoceratidae and also by the gradual nature

of the change of outline in other groups of orthoceracones,
Three subfamilies may be recognized within the

Pseudorthoceratidae. Transitional features may be seen

at cerbtain points, but the groups are apparently of gene-

tic signiflcance and serve to clarify the relationships

existing within the family.

The Dolorthoceratinae is characterized by siphonal
deposits which show little dorso-ventral differentiation;

in short, of the Dolorthoceras type. £ continuous ring

is formed at the septal foramen before ad jacent segments
fuse to form a continuous ventral lining. The éiphuncular
outline is slender, the segments are never as wide as
long and are generally more or less barrel-shaped. The
genera included in this group are listed above, This is

a generalized group from which the others are derived,

and it is not surpfisiﬁg that it is the oldest, appearing
in the Lower Devonian and persisting into the

Pennsylvanian,
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The Péeudorthoceratinae is characterized by the

fusion of adjacent segmental deposits on the venter be-
fore any trace of siphonal deposit appears on the dorsum,
The segments of the siphuncle are broader than in the
Dolorthoceratinae, and are fusiform to subspherical.

Pseudorthoceras and Mooreoceras form the nucleus of the

family. Paraioxoceras develops radial canals, and 1is a

derivative of Mooreoceras, Bergoceras is a cyrtoconic

derivative of Paraloxoceras in which the dorso-ventral
differentiation in the growth of the siphonal deposits
seem to be lost, It is included tentatively in the
Pseudorthoceratinae, although as pointed out elsewhere,
i1t is possible that Paraloxoceras and Bergoceras may
evrentually be set off in another subfamily when more
matérial has been studied than 1s available at present.

The Cayutoceratinae 1s characterized by the develap-

ment of a double deposit, consisting of discrete calcareous
annulosiphonate deposits covered by a carbonaceous de-
posit which appears to be continuoﬁs when fully developed,
but which is actually composed of fused segmental elements.
This group is confined to the Upper Devonian where it is

represented by Cayutoceras and Bradfordoceras.

The essential characters of the genera of the

Pseudorthoceratidae are given in the table below,
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Generic characters in the Pseudorthoceratidae

I II III Iv. Vv VI VIiI VIII

Anastamoceras 1,2 1 1:0:0 1 1-2 1 1 1
Diagoceras (1) 2 2:1:1 1-2 2 1 1 1
Dolorthoceras 1 2-3 2:2:1 1-2 1-2 1 1 1
Spyroceras 1 2-3 2:1:1 1-2 1-2 1 245 1
Sceptrites (1) 2 2:1:1 3 1l 3 ? ?
Palmeroceras (1) F-d 2:2:2 1 1 1 344 ?
Geisonoceroides (1) 3 2:2:1 1 1 1 24 ?
Petryoceras 1 3 2:2:1  1-2 1=-2 1 6 1l
Cryptorthoceras (1) 3-4 2:1:1 2 2 2 1 ?
Fusicoceras 1 3 2:2:1 4 4 4 ?
Adnatoceras 1 4 2:2:2 1-2 1-2 1 1-2
Euloxoceras 1 5 2:3:3 '3 3 1 1-3-5 2
Pseudorthoceras 3 6 2:1:1 1 1 1 1 1
Mooreoceras 3 6 2:1:1 1-2 1-2 11-(52) 1
Paraloxoceras B 6 2:2:2 2 2 1 1 1
Bergoceras 3% 6 2:2:2 2 2 3 1 1
Cayutoceras 3 2:1:1 1 1 1 1 2
Bradfordoceras 4 6 2:1:1 2 2 1 1 1
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Key.

l. ©Siphonal deposits
1. Dolorthoceras type
2. Anastamoceras type
3. Pseudorthoceras type
4, Cayutoceras type
( ) denotes assumption. evidence lacking
* denotes development of connective rings.

2. Siphuncular outline

. Anastamoceras type

. neaniec Dolorthoceras type

ephebic Dolorthoceras type

Adnatoceras type

Euloxoceras type

Pseudorthoceras type:::

Hyphenated forms have intermediate ephebic type
of Siphuncular outline,

U W

5. Ratioof length measurement of neck: brim: connecting
ring. )
Numerical valuse approximate. intended to show ratilo
among various genera as well as within genus; hence
2:2:2 indicates equal development of neck, brim, and
area, Wwith neck equal to that designated as 2 else-
where.

4, Section of conch
1. circular
2, depressed
3. compressed
4, subtriangular, depressed, dorsum flattened,

5. Poslition of siphuncle
1. central
2. ventrad of center
3. dorsad of center
. close to ventral margin

6. Form of conch
1. orthoceracone
2. orthoceracone with contracted aperture
3. cyrtoceracone
4, Ybrevicone

7. Surface
1. smooth, or with lines of growth
annuli
longitudinal ribs
transverse lirae and striae

£
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5. longitudinal lirae and striae
6. transverse bands of zig-zag lirae

Commas indicate specific variations of ornament
in the genus; plus signs indicate patterns.

8. cameral deposits

1. mural
2. episeptal and hyposeptal
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SPECIFIC CHARACTERS

The specific characters are derived largely from
the proportions of the conch. Certain methods of ex-
pressing the proportions have been found convenient.

Rate of expansion.- This may be expressed in two

ways. The apical angle may be measured, or the rate of
expansion in a known length may be given. The author

has found the apical angle rather cumbersome, and it is
further undersilirable because the rate may vary from one

part of the conch to another., Measurements are taken,
whenever plssible in multiples of 10 mm, lengths,

Larger units are desirable particularly where the d&ifferentes
are small,

Curvature and depth of septum.~ The depth of the

septum is considered here in relation to 1ts diamesery.
Another method frequently employed is the expression of
the curvature of the septum as a portion of an arc of a
circle. %his has been found cumbersone and there is a
considerable possibility of error.

Curvature of sutures.- Subures are only slightly

modified in Nautiloidea. Obliquity is sometimes ex-
pressed as an angle made by the plane of the suture with
a transverse plane. Sinuosity 1s expressed in terms of
libes and saddles as elsewhere in the Cephalopoda.

Depth of camerae.- It has been found convenlient
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to consider the depth of camerae in connection with the
diameter of the conch. This has been conventionally ex-~
pressed in terms of the number of camsrae in a length
equal to the diameter of the conch, the number of camerae
being measured apicad (never orad) of the point at which
the diameter is taken. As the proportion may vary among
various parts of the conch it is best to give actual
measurements rather than proportions. Further, in conchs
which are not circular in sectlon it is necessary to

specify whether the dorso-ventral or transverse diameters
are .used.

Gerontic camerae are usually markedly contracted,
and their relation to the dliameter is therefore very
different from that found in the rest of the conch. The
position of the gerontic camerae in relation to the dia-
meter is often important in fixing the size of the spécies.
Siphuncle.~- The dlameter and poéition of the siph-

uncle are measured at the septal foramen, l.e., the
passage of the siphuncle through the septum. In cyrto-
choanitic forms it 1is necessary to know the relationship
of the maximum and minimum diameters of the segments and
also its length. As proportions vary from one part of the
phragmocone to another, it is desirable that the diameter
of the conch be stated for the region at which the measure-

ments of the siphuncle are taken.
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The relative length of the septal neck, the brim and
the area of adnation supply important characters which are
discussed in connection with the types of sivhuncle outlines.

Living chamber.- Immature living chambers furnish

no information other than the length in relation to the
basal) diameter and the condition of the aperture., The
mature living chamber may have different proportions.

The rate of expansion is normally greatly reduced, and in

some forms, as in the specles of Gelsonoceroides the aper-

ture may contract very slightly orad. The interior of the
shell is normally thickened constricting the interior,
usually Jjust orad of the middle. The position form and
extent of the constriction are important specific charac-
ters. The lobation of the apertufe l1s expressed in terms
of crest and sinuses, Tﬁe mid-ventral sinus, which is

often the only one developed corresponds in position with

the hyponome and 1s known as the hyponomic sinus,

Variability of the proportions of the early part of
the conch from one region to another and the relation
of the proportions of the mature living chamber to a de-
finite size make 1t necessary that the proportionsbe ex-
pressed in terms of actual measurements in most cases,
This results in rather unwieldy descriptions, but what is

lost in brevity 1s gained in accuracy.
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SYSTEMATIC DESCRIPTIONS

Subfamlily Dolorthoceratinae Flower, N, Subfam,
(For a graphic tabular presentation of the genera

see Text pg. 165, pp. )

The subfamlly Dolorthoceratinae constitutes simple
Pseudorthoceratidae characterized by the development of
a complete annulus before the segmental deposits of the
siphon fuse on the venter. The siphuncular segmeﬁts vary
from the scarcelj cyrtochoanitic conditlion found in

Anastamoceras, and the complex cyrtochoanitic segments of

FBuloxoceras. The segments are uniformly slender, never
wide than long, and with the expansion usually more or

less localized near the ends of the segment.

As a linear arrangement 1s essentially artificial,
the genera below are arranged in a somewhat empirical
sequence.

I Externally simple forms

Anastamoceras

Diagoceras

Dolorthoceras

ITI Ornamented derivatives of Dolorthoceras

Spyroceras

Palmeroceras

Gelsonoceroides
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Petryoceras

III Form deviations

Screptrites

Cryptorthoceras

Fuslcoceras

IV Internal specialization-increase in siphuncular expansion

Adnatoceras

Euloxoceras

ANASTOMOCERAS FLOWER, n. gen.

Genotype: Anastomoceras mirablle Flower

This genus contains orthoceracones of circular
section and straight transverse sutures. The central
siphuncle 1s cyrtochoanitic but the segments are slender

as In Dolorthoceras. The brims are less than half the

necks, and are sometimes obscure, the greater part of

the expansion of the siphuncle being due to the connecting
ring rather than the neck. The segments may be variously
shaped; the genotype they are fusiform with the dlameter
Increasing rapidly from the necks to a point orad of the
middle, and decreasing more gradually to the preceding
gseptum. In A. rudis (Hall) the segment is more clindrical,
The connecting ring joins the preceding septum within

the neck, so that there is no area of adnation.
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Fig, 14, Ontogenetic stages of the siphonal deposits of

Pseudorthoceras knoxense (McChesney)

A. Deposits formed as annuli at the septal foramina
appear only on the venter, and grow adorally. The de-
posits are still discrete in this stare, which represents

the Michelinoceras type of deposit.

B. Cross section of segment A at the above stage.

C. The deposits shown in A have fused alon~ the venter
forming a pseudorthoceroid deposit., This is accompanied
and followed by lateral growth of the denosit,

D. Cross section of segment A at the same stage showing
the lateral growth of the devosit,

B. The deposits have grown laterally until the lobes
meet and fuse on the dorsum. Thea dvancing edges of

the deposit are variously lobed. The deposit closed

at the ends first, Frequently, as in segment C, a lobe
in segment B, no such lobe may be present, but the de-
posit may gradually encroach on the wall of the segment

from the ends, BSegment A shows complete closure.

¥, Cross section of segment A at the above stage.
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The deposits within the siphuncle are pseudorthoceroid.
In the early stage'the deposits are somewhat thicker over
the septal necks than are those of other genera of this
family. There is some dorso-ventral differentiation in
the development of the deposits, but it is slight. The
gerontic deposits consist of irregular anastamosing pro-
cesses connecting the continuous pseudorthoceroid deposit
with a central tube which'cccupies the middle of each
segment and surrounds the central canal. This tube is
not continued through the septal foramen., (Text figz. 3,
13.)

Discussion.- The genus is unique among the Pseud-

orthoceratidae in the gerontlic development of the deposits;
it appears that siphonal secretion is ﬁncontrolled, and
that the excess material 1s deposited in portions of the
siphuncle which are not otherwise needed.

The outline of the segments of the siphuncle is ad-
equate for the identification of the genus. The necks

are less recurved than is typical of the nepionic

Dolorthoceras type of outline, and no area of adnation is

developed,
The only species which are known to belong to this

genus are from the Helderberglan of New York. The geno-

tvpe A. mirabilie Flower, n. sp. and A. rudis (Hall) are

described below. A third species, Orthoceras
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longicameratum Hall89 from the same general locality

89. Hall, J., 1861, Paleontology of New York, vol. 3,
De. 343: pl. 79’ fﬂ)g- 1 Not pl. 71, fig. 1, 5.

and horizon, will probably prove to be an Anastomoceras

when better known. Only one of the three figured types
shows the siphuncle., Its segments are consistent in out-

line with other Anastomoceras as far as can be determined

from the original illustration. I have not been able to

ascertain the locatlion of the types.

Anastomoceras mirabile Flower, n. sp.

Pl, 5, fig. 1, 4-T.

This specles is represented by a single specimen
which has been somewhat flattened by pressure. The pre-
served portion of the conch reveals an expansion of from
20 to 21 mm. in a lenght of 15 mm., which 1nd;cates an un-
usually slender conch in its undistored condition., The
section appears to have been originally circular, The
camerae and sutures are not well preserved save that one
suture at the adapertural end of the specimen shows a
transverse and straight course. The depth of the camerae
is known from the segments of the sivhuncle; there are

two and one-fourth camerae in a length equal to a hori-

zontal or greater diameter of 20 mm, The siphuncle is

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



166

large in proportion to the diameter of the conch. Where
the diameter of the conch in its crushed condition is

20 mm, at its greatest, the siphuncle is 4 mm. in diameter
at its passage throuzh the septum, and expands to 6 mm.
within the camera., *‘he length of the segment is 10 mm.
The segments are elongated and slightly pyriform, the
greatest dlameter lying orad of the center of the segment,
The necks are long, one fifth the length of the segment,
and bear obscure brims which are about one-third the
necks.,

The deposits within the siphuncle at once set this
genus apart from all others, In the adapertural end of
the speclmen two camerae show in section annulosiphonate
rings so prolonged adorally as to form a continuous
lining within the siphuncle, The devosits retain signs
of their segmental origin through?ugnd areslightly
swollen at the adoral end. (Pl 5, fig. 6) Apicad of
these segments the structure is lost by distortion in
the holotype, but it is clear in the two apical segments,
In a longitudinal section which doeslnot'quite attain the
center, an apparently central core is present in the
middle of each segment. The core does not pass through
the septal necks but terminated close to them. It is
connected with the pseudorthoceroid deposit by 1lrregular

radial anastomosing processes, These structures appear

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




167

to be uniform in texture with the original deposit. The
spaces between are represented by clearer calcareous materilal,
and appear to represent infiltrated material. & cross
section, shows that the "central core" is a part of the
wall of a hollow c¢ylinder, apparently the wall of a cen-
tral canal, which is slightly depressed in section and
filled with matrix. Obscure traces of the anastamosing
processes can also be seen in this section, together
with the infiltrated material between them,

The living chamber, aperture and ornament are unknown.

Discussion.- Even in 1ts poor state of preservation

this species can be readily distinguished from all others
by its slender section, deev camerae and relatively large
gsiphuhcle., Externally, it might be confused with

Michelinoceras pauciseptum (Hall) which occurs in the

same horizon, but that species has an orthochoanitic

siphuncle which is considerably smaller in proportion

to the diameter of the conch and its camerae are deeper.
Type.~ Holotype: Pal. Res, Inst., no. 5817.
Occurrence.- From the Helderbergian near the Indlan

Ladder, Albany County, New York. From the lithology it

appears that the specimen is from one of the more cal-

careous layers of the New Scotland.
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Anastomoceras rudis (Hall)

Pl, 5, fig. 2-3; P1. 7, fig. 12

Orthocerasg rudis Hall, J., Paleontology of New York,
1861, vol. 3, p. 346, pl. 72, fig. 4.

This 1s an orthoceracone which sometimes attains a
diameter of 40 mm, in an undistorted state. The section
is circular and the rate of expansion is about 3 mm, in a
length of 40 mm, The sutures are straight and transverse.
There are three camerae in a length equal to thé ada-
pertural diameter., The septa are about one-fifth the
diameter of the conch in depth, being 5 mm, deep where
the diameter 1is 27 mm. The siphuncle 1is central in po-
sition and is 3 mm, in diameter where the diameter of
the conch is 29 mm.

The siphuncle is poorly preserved, and the connecting
rings are usually absent. Where the depth of the camerae
is 6 mm., the septal necks are .8 mm, in length and are
bent back at an angle of about 110 degrees and only slightly
curved. The brim 1s about half the neck, The connecting
rings are partially preserved in one specimen in con-
Junction with deposits, and join the septum at the apical
end of the camera with no area of adnation. The outline
of the siphuncle 1s known for several weathered and

partly crushed specimens which are hardly adeqguate for
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measurement of the expansion. It appears that the out-

line 1s roughtly like that of Dolorthoceras, and there is

no trace of the fusiform condition of Anastamoceras

mirabile. The deposits within the siphuncle are pseud-
orthoceroid. Only an early stage of development has been
seen within the species. The first trace of deposits is
seen at the sixteenth septal neck from the living chamber.
Here the deposit is small, present only on one side,
which is assumed to be the venter, and is equally developed
orad and apicad of its center. Another specimen shows a
more advanced conditlon. Here the deposit has not increased
any apicad or centrad, but is extended orad for half the
1ength of the camera, The deposits are thick«at the-septal
necks, decreasing the diameter of the septal foramen by
gbdut one half, & trace of circumferential deposits can
be seen in a camera in this specimen.

The living chamber is incompletely known. A frag-
ment with a diameter at the base of 34 mm. 1is 68 mm. in
length, The aperture and surface of the shell are unknown.

Digcussion.- The holotype consists of a flattened

portion of the phragmocone which is not suitable for elther
the proportions of the conch or the structure of the
siphuncle, On the basis of the proportions, however, it
has been possible to refer to this specles a number of

better preserved specimens upon which the above description
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is based, In view of the variation of proportions due
to distortion, which has more or less affected every
specimen examined, it is not possible to use any finer
divisions in distingulshing species from the lower

Devonian of New York,

The outline of the septal necks and the absence of

an area of adnation are typlical of Anastomoceras. The

deposits of the siphuncle show some peculiar features,

but as a corresponding stage.®f Anastomoceras mirabile is

not available for comparison and there is no Jjustification
for the erection of a new genus for the reception of this
species,

Type.- Holotype: New York State Mus., Mo. 12401/1.
Hypotypes: Pal. Res. Inst., no., 5818, 5819, 5820.

Occurrence.- The holotype is from the "Central®

portion of the Lower Helderberg group (Helderbergian;
Lower Devonian,): Schoharie"., which 1s the New Scotland
limestone. The specles seems to be widespread, as among
the specimens examined there are several from the Helder-
berg escarpment in Albany County and others from near

Catskill, New York.
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DIAGOCERAS Flower

Genotype: Orthoceras aptum Hall

Flower, R.H., 1936, Bull. Amer, Paleont.,
vol. 22, p. 293.

This genus contains orthoceracones of circular or
depressed section with markedly oblique sutures which
slope adaperturally on the dorsum, ¥he septa are oblique

and very shallow a8 in Mooreoceras. The siphuncle 1s

located about half way between the center of the conch
and the ventral wall, and is markedly eccentric in the
neanic stage of the genotype, the earliest observed. The
neck is well developed, the brim is rudinmentary and the
free part of the comnnecting ring is faintly and nearly
uniformly convex throughout its length. The poor pre-
servation of all specimens examined leaves some doubt

as to the condition of the area of adnation. It appears
to be equal to the brim, No deposits are known within
the siphuncle. Deposits within the camerae are mural and
are normally well developed.

Discussion.~- The neplonic Dolorthoceras type of

segment is probably represented in the ephebic segments
of this genus, but doubt concerning the area of adnation

made 1t seem “inadvisable to call this the Diagoceras type.

It appears that Diagoceras is derived from primitive
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specles of Dolorthoceras in which this type of segment

was an epheblic feature. ©Such forms may be found when
better material of Onondaga and Schoharie orthoceracones
has been studied. |

The slender outline of the siphunciilar segments of

Dilagoceras led to its inclusion 1n the Orthoceratidae,

Further study has indicated that its relations are more

probably with Anastomoceras and Dolorthoceras of the

Pseudorthoceratidae, Only two species are known. The
first, the genotype, has been recently described, and no

new information has been obtained sige this redescription.

90. Flower, R.H., Ibid., p. 293, pl. 23, fig. 5-8; pl.
24, fig. 1.

The species is known only from the Cherry Valley limestone.
A new speciés from the Tully limestone is described below,
The markedly obllique sutures and the condition of
the siphuncle will s erve to separate this genus frqm all

others of the Pseudorthoceratidae., Externally it soem-

what resembles Mooreoceras, from which it can be dis-

tinguished by the segments of the siphuncle.
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Diagoceras tullium Flower, sp. nov.

plate 4, Tig. T.

Conch orthoceraconic, circular in section, with no
trace of the slichtest depression. The rate of expansion
1s between 2.5 mm, and 3 mm.,, in a length of 20 mm,, with
no gerontic decrease up to a diameter of 23 mm, The
sutures are markedly oblique, sloping adaperturally on
the dorsum. Yhere the diameter of the conch is 21 mm.
at the dorsal portion of the suture, the ventral portio n
lies 7 mm, aplcal, so that the obliquity is one-third the
diameter of the conch at that point, or equal to the
depth of two camerae. The septum has not been observed.

There are five camerae in a length equal to the adaper-

tural diameter of 5 mm., the measurement being taken at
the dorsal extent of the suture. This proportion is

found in a much youhger stage of D, aptum, but the camerae
are closer shallower at a corresponding diameter in that
gspecies, ag the increase in the depth of the camerae of
aptum is slower than in tullium.

The position and structure of the siphuncle are un-
known. Thebase of the living chamber is 21 mm. in diameter.
The length of the living chamber is unknown as are the
characters of the aperture. The external mold reveals

no trace of fine surface markings, probably lines of growth,
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such as occur in D, aptum, .

Discussion.- This species is known only from the

holoyype which represents a portion of a phragmocone and
the base of the living chamber. The species differs from
D. aptuﬁ in the circular section, the slightly greater
rate of expansion, the more rapid increase in the depth
of the camerae, and by the much more oblique sutures,
Type.~ Holotype: Pal, Res, Inst., no, 5821.

Occurrence.- From a loose block of the Tully lime-

stone along the railroad track on the east shore of
Gayuga lake, about five miles north of Ithaca, New York.
Judged by the assoclated fauna it is from the Apulia
member of the Tully. Collected by the author.

DOLORTHOCERAS Miller

Genotype: Dolorthoceras circulare Miller

Miller, A,K., 1931, Am, Jour, Sci., ser., 5, vol. 22,
p. 419.

Miller, A.X., Dunbar, C.0., and Condra, G.E., 1933,
Nebraska Geol. Surv., ser, 2, bull. 9, p. 94.

In Dolorthoceras, as here restricted, are placed

smooth orthoceracones of circular or slightly depressed
section. <Thne sutures vary from straight and transverse

to slightly oblique and sinuous. The siphuncle is central
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In the early stages, but becomes slightly ventrad of the
center in the epheblic stage of most species, though in a
few it remains subcentral throughout life, The segments
of the siphuncle are orthochoanitic at the earliest stage

observed. later segments show the Anastomoceras stage,’

the nepionic Dolorthoceras stage, and the epheblic seg-

ments are of the Dolorthoceras stage. The neck and brim

are normally equal or nearlv so. The area of adnation

ceases to develop beyond the nepionic Dolorthoceras stage,

8o that in the normal adult segment it 1s one-half the
brim, or may be even more reduced. The deposits of the
siphuncle first appear as simple annuli, These develop

into the Michelinoceras type of deposit and then into

the Dolorthoceras type. The deposit is normally completed

around the siptal foramen before the fusion of adjacent
deposits takes place along the venter, but in one frag-
ment .of undetermined relationship, the fusion of success-
lve segmentalvdeposits has been noted along the venter
before the deposit appears dorsally.

Deposits within the camerae are circumferential or
mural and are heavier on the venter than on the dorsum.

The aperture has been observed only in certain of
the Hamilton species, A hyponomic sinus is present, and
the apertﬁre may be trilobed. One of the lobes is
slightly deeper than the others and probably represents
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the hyponomic sinus, The surface of the conch may bear
transverse striae or only fine lines of growth

Discussion.~- The choice of D. circulare as a geno-

type 1s rather unfortunate, inasmuch as the presence and
form of deposits within the siphuncle are unknown; The
description of the specles was based upon a single rather
badly weathered specimen. As the specles 1s from the
Karakoram mountains of Asia, it seems unlikely that more
material can be obtained for a study of the internal
structure. On the basls of the present evidence it is
Impossible to detect any important difference between

the genotype and the Devonlan species here referred to

Dolorthoceras except the presence of deposits in most

Devonlan species. Experience has shown that it is un-
wise to assume the absence of deposits.within the phrag-
mocone of a species on the basis of a single specilmen,
particularly when the specimen is fragmentary. Should

D, circulare prove upoh further study to lack deposits

or to possess deposits of a different sort, a new name
will have to be proposed for the Devonian species here
included. However, the long ranges of other smooth

shelled genera of the Pseudorthoceratidae,_A@Hatoceras,

Pseudorthoceras and Mooreoceras, which also persist

from the Devonian into the Pennsylvanian, make it seem

probable that Dolorthoceras may also have a similarly

extensive geological range.
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In Dolorthoceras are Included species with both the

neanic and ephebic Dolorthoceras types of siphuncular

outline in the mature stage. ©Species which retain the

neanic Dolorthoceras outline throughout life are the old-

est, and are not known to extend into the Eriean of the
Middle Devonian. Gradatlon 1s such that a separation of
such species into a distinct genus would only result in
confusion,

The stratigraphic range of the know species of
Dolorthoceras may be summarized as follows:

Lower Devonian

The Moose River sandstone of Maine, which is of

Oriskanian age, contains Dolorthoceras parlenense

(Williams). The species is described below,
Middle Devonian

Ulsterian.- No species from the Schoharie grit
have as yet been recognized as members of this genus,
owing to the absence of well preserved siphuncles.

Orthoceras rudicula Hallgl of the Onondaga limestone

91, Tbid., pl. 92, fig. 1.

of New York apparently belongs in Dolorthoceras Hall's

11lustration of the siphuncle suggests the nepionic

Dolorthoceras type of outline, but is not clear enough

to permit a2 conclusive statement.
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Eriean.0 In the Hamilton of central New York D,

tersum (Hall), D. telamon (Hall) and D, exile (Hall) ar e

fairly common. It is still doubtful as to Just what

Orthoceras bebryx is, but it is certain that a large

species of Dolorthoceras has been included. The only

Dolorthoceras from western New York so far recognized 1s

D. revertum Flower, n., sp., in which the siphuncle 1is

eccentric at an early stage and becomes central ephe-

bically. Dolorthoceras has not as yet been recognized

from the Hamilton of Ontario or Maryland.

Upper Devonian

Senecan.~ The tully limestone has yilelded but one

typical Dolorthoceras, D. solitarium, Flower, n., sp.

The Ithaca has yeilded only flattened specimens, and
generic identification is largely impossible, A few
snecimens have shown Dolorthoceras-like siphuncular
outlines, but these have been unidentifiable specifically.

Dolorthoceras elegans Flower, n. sp. occurs ln the

Cashaqua shale of the Naples fauna.

Higher beds.- The only Dolorthoceras known from

higher strata of the Devonian of New York is D, palmerae

(Flower and Caster). The horizon of this species is un-

certain, It may be Conneaut or Conewango.
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Mississippian

A specimen from the Rockford limestone, Lower

Mississippian, of Indiana, Dolorthoceras cf. icarus (Hall)

is typical of the genus, No other species have as yet

been recognized as typical Dolorthoceras from the Mississi-

ppian of America., It is possible that several of the

species referred to Mooreoceras by Miller and Furnish.92

92. Miller, A.K. and furnish, W,M., Lower Mississippian
nautiloid cephalopods of Missouri, in Stratigraphy and
paleontology of the lower Mississippian of Missouri, Part
II, Univ, of Missouri Studies, vol. 13, no 4, 1938, p.
164-169,

may prove to be Dolorthoceras when the siphuncular out-

line and siphonal deposits have been made known, At the
present time only the septal necks are known for some of
the species which are not sufficent to form a basis for
generic determination,

Of the orthoceracones of the Mississippian of Belgium
described and illustrated by de Konick, only one can be

recognized as a Dolorthoceras from the descriptions and

illustrations, This is Dolorthoceras goldfussianum de
93

Konlck of the Vise limestone.

93. De Konick, L.G., Faune du Calcaire Carbonifére de la

Belgique, 2me partie, Ann, du Musée Royal d'Hist. Nat. de
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Belgique, série Palgontologique, tome V, 1880, pl 66,
pl. 38, fig. 8,9.

Pennsylvanian

The genotype, Dolorthoceras circulare Miller is from

the Pennsylvanian of the Karakoram mountains of Asia,
o4
Doloroceras clscoense Miller Dunbar and Condra of the

94. Ibid., p. 96, pl. l, figo 1-30

Cisco formation of Texas 1is removed to Adnatoceras on the

basis of the siphuncular outline., D, (?) dubium Miller

Dunbar and Gondra95 of the Weeping Water'limestone, basal

95. Ibid., p. 95, pl.l, fig. 10-1l,

Shawnee, of Nebraska as indicated in the original des-
cription is doubtfully referred to the genus owing to
the poor preservation of the holotype, which is the only

known representative of the species,
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Key to American Devonlian species of Dolorthoceras

A. Siphuncular segments not passing beyond the nepionic

Dolorthoceras stage

B, Size small; rate of expansion about 1 mm.

In 10 M., .veececosesersseaeseascsssss.pDarlenense

BB. BSize larger; rate of expansion at leaat 3 mm.

1n 10 mml.'.O.......I.."....‘....... mdicula

AA, Siphuncular segments attaining ephebic Dolorthoceras

stage.
C. Small species; maximum diameter attained 30 mm,

D. Siphuncle subcentral throughout,

E. 5 camerae in length equal to adoral
diameter; septum 1/5 diameter in depth.

F., Length; width sivhuncular segments 2:3
Rate expansion 3 mm, in 10 mm,;

Base mature living chamber beyound 16 mm.
cvevsesesesoS0litarium

® & 0 9 4 0 0 0 00 s s

FF., Length; width siphuncular segments 1l:2
Rate expansion 4 mm. in 10 mm,;

Base mature living chamber at 20 mm,
cesessa.sberSUM

LA B AN N L A A I BN BN B B B R B D ]

EE. 4 camerae in length equal to adoral
diameter; septum 1/4 “Qiameter in depth;

G. Rate expansion 4 mm, in 10 mm.

Length; width siphuncular segments 3:2
ceesessssesepalmerae

@ & ¢4 0 ¢ 0 00 09 0T 0090

GG. Length to widtn siphuncular segment 2:1
Rate expansion 1 mm,., in 10 mm.

DD. ©Biphuncle becoming eccentric at early stage
(about 7 mm, diameter)
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H., Siphuncle remaining eccentric throughout

® O & O 08 ¢ % 9% 0 0 o '....Q}.Ql.‘.‘..'OOOOOOOeXile
HH. Siphuncle becoming central adorallj

I. Gerontic living chamber at 20 mm,;
gsection subecircular; sutures stralght.

II. Gerontic living chamber beyond 27 mm;
section depressed, sutures with lateral
lobeSOQ.QQc.'.........i....._r:_ev'er’____ml.l_n_

CC. Large species; maximum diameter over 35 mm,

J. 4-5 camerae in length equal to diameter
in flattened speclimMeNe.ccetieaaesessDEDIYX

JJ. T-8 camerae in length equal to diameter
iIn flattened SpeClIMEN.eieceeesooseesCATUZD

Dolorthoceras parlenense (Williams)

Orthoceras parlenense Williams, S.G., 1916, U.S.G.S.

Prof, Paper, no 89, p. 283, -pl. 13, fig. 25.

Orthoceras cf. Orthoceras parlenense Williams, S5.G.,

1816, U,S.G.S. Prof, Paper, no 89. pl. 25, fig. 21.

The original description was based upon a fragment
of a phragmocone representing an immature portion. A
gsecond specimen was referred to the specles with doubt,
but is here regarded as conspecific on the basls of the
gimilarity of proportions with those found in the later

portion of the holotype.

The holotype is 25 mm., in length, increasing from 2 mm,
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to 6 mm, in diameter. The section is clrcular. 3Sutures
straight and transverse, Camerae increasing very slowly
in depth, so that adapically one and one-half camera
occuples a length equal to the adoral diameter of 3 mnm.,
while adorally three occur in a length equal to the dia-
meter of 6 mm. ZThe siphuncle isslightly eccentric.
Where 1t is 1 mm. in diameter it is 1.5 mm, from one side
of the shell and 2 mm, from the other., Its structure is
not shown on the holotype.

The othe» snecimen is a natural section. It lncreases
from 6 mm. to 9 mm, in 18 mm. Three camerae occupy a
length equal to an adoral diameter of 8 mm. The septum
has a depth of 3.5 mm. where the diameter is 8 mm. The
siphuncle is made up of segments which are slightly ex-
panded. * segment 3 mm. long increases from 1.4 mm., to
2 mm. in diameter. The outline avpears to be of the

nepionic Dolorthoceras type, though the condition of the

area of adnation is obscure, and the possibility of the

Anastomoceras type is not entirely eliminated. There are

obscure traces of cameral deposits, though they must be
regarded as doubtful due to the badly weathered conditlon
of the specimen. The siphuncle shows traces of parietal
annulosiphonate deposits.

Discussion.- This species occurs in a part of the

section in which the Pseudorthoceratidae are wvery poorly

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




184

known, that is, in the interval comprising the upper part
of the Lower Devonian and the lower part of the Middle

Devonian. The earliest well preserved Dolorthoceras is

Hamilton; the latest Anastomoceras is Helderbergian. A

gradation between the genera 1is suspected iIn this time
interval, a hypothesis to which this species lends some
support. E slight area of adnation is suspected, though
the poor preservation makes it necessary to admit that
the evidence 1is not conélusivé.

Types.- U.S.N.M, No, 59873.

Occurrence.~- From the Moose River sandstone of the

Oriskanian of the Lower Devonian, Detroit, Somerset

County, Maine,

Dolorthoceras tersum (Hall)

P1. 1, fig. 11; pl. 8, fig. 6; pl. 9, figs, 8 and 17

Orthoceras tersum Hall, J., 1879, Paleontology of

New York, vol., 5, pt. 2, p. 286, pl. 84, fig. 5.

This %8 a small orthoceracone of subcircular section.
Thé conch expands in a length of 27 mm. from diameters
of 7.6 mm, and 8.5 mm, to 11.4 mm. and 12, 6 mm,

The sutures are straight and transverse, The septa
are evenly curved and are slightly less than one fifth

their diameter in depth, being 2 mm. deep where the
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diameter is 11 mm., or about equal to the depth of a
camera., There are five camerae in a length equal to an
adapertural diameter of transverse diameter of 8.5 mm,
This proportion appears to lessen slightly so that where
the diameter of the conch is 11 mm., there are four and
three-fourths camerae in thaﬁ length, At the base of the
living chamber where the diameter is 14 mm., there are
five and one-third camerae in a length equal to the
adapertural diameter, indicating a beginning of the
gerontic contraction of the camerae.

The siphuncle 1s sSlightly ventrad of the center of
the conch. In an early portion it is .8 mm. in diameter
and is 2,8 mm. from the venter and 4 mm. from the dorsum.
At a later position it is 1.4 mm, in diameter and is 4 mm,
from the venter and 5 mm, from the dorsum.

In section the segments of the siphuncle are cylindrical
over the greater part of their length, and contract a-
bruptly at the apices., VWhere the diameter of the conch is
11 mm., and the depth of a camera is 2 mm., the siphuncle
is 1 mm, indiameter at the septal necks and expands with-
in the camera to 1.4 mm. The necks are short and re-
curved, with the brim slightly less than the neck, though

the proportions vary slightly from segment gg segment

The neck is about one-tenth the depth of the camerae.
The middle portion of the connecting ring is very faintly

convex though the curvature is marked only at the
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extremities., There is no area of adnation. No deposits
are known within either the camera or the siphuncle,

The internal mold of the species shows the impression
of a septal furrow. The living chamber is 12 mm, in dia-
meter at the base and is 25 mm., in length on the hypotype.
At the extremity there is a trace of contraction. ZThe
location of the contraction on this living chamber made
it possible to correlate with the species some more nearly
complete but isolated living chambers., One of these
shows dlameters at the base of 13.3 mm., and 14 mm., and is
30 mm. in length, <*he constriction begins about 18 mm,
above the base. The aperture is not preserved. A slightly
smaller specimen which appears to belong to the same species
has diameters at the base of the living chamber of 12 mm.
and 13mm., The constriction begins 20 mm. beyond the
bagse of the snecimen beyond a maximum diameter of 14.8 mm,
At the middle of the constriction the diameter has decreas-
ed to 14 mm., but 28 mm. beyond the base of the chamber
the former diameter 1s nearly resumed. None of these
Speclmens preserved a good aperture,.

A slightly larger living chamber which is referred
to this species preserves a remarkably well preserved
aperture, On the venter there is a large well ddgned
hyponomic sinus., Two dorso-lateral smalier sinuses are

present separated by a mid-dorsal crest. (Pl.9 fig. 8.)
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Discussion.~ The outline of the siphuncle of this

specles 1is typical for Dolorthoceras. No deposits are

known in either the camerae or the siphuncle for this
species, but the portion figured is only three camerae
removed from the living chamber.

The dorsal furrow present in this species is the

homologue of that found on the dorsum of Striacoceras

typum Saemann, and not the homologue of the conchial
furrow as Hall supposed. Conseguently it has been
necessary to reverse Hall's orientation of this speciles,
and the siphuncle lies ventrad of the center and not
dorsad as Hall believed.

Types.- Holotype: Amer. Mus, Nat, Hist., 4950/1.
Hyptgpes: Pal. Res. Inst., no. 5822-5825,

Occurrence.- In the Skahneateles’divisioh of the

Hamilton, Middle Devonian, The holotype and one hypotype
are from the limestone in the upper portion of the Pompey
member at Pratt's Falls, Onondaga County, New York. The

free living chambers are from the Bembexla sulcomarginata

horizon in the Delphi Falls member at Delphi Falls, New

York.
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Dolorthoceras exile (Hall)

Pl, 7. fig. 4; pl. 8, fig. 7.

Orthoceras exile Hall, J., 1862, 15th Ann. Rep.

Regents of the Univ, of the State of New York
on the condition of the Sate Cab. of Nat. Hist.,
etec,, p. 78, pl. 8, fig. 5.

--------- Hall, J., 1879, Paleontology of New York
vol. 5, pt. 2, p. 290, pl. 39, fig. 3. Not pl.
84, 85.

Conch orthoceraconic, slender, subcircular in section.
The hypotype is 107 mm, in length and represents a geron-
tiec individual which retains the basal portion of the
living chamber, The neanic and ephébic portions of the
conch possess diameters which vary by about .5 mm, and
the rate of expansion is between 1.5 mm. and 2 mm. in a
length of 20 mm. In the adapertural portion of the
specimen this 1s decreased to 1 mm, in the last 20 mm,,
the measurements being 14.5 mm. and 15.5 mm.

The sutures are stralght andare inclined about 10
degrees from the horizontal. The proportion of the depth
of the camera to the diameter varies durling the growth.

In the neanic stage, where the diameter is 10 mm. or less,
there are three cémerae in a length equal to the adaper-

tural diameter. Where the diameter is 14 or 15 mm,, there
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are three and one-third camerae in that length. In the
genontic portion of the phragmocone there are four and
one-half camerae in a length equal to the adépertural
diameter of 16 mm.

The septum is between one-third and one-fourth the
diameter of the conch in depth. VYhere the diameter is
8 mm., the septum is 2.2 mm. in depth; where the diameter
is 13 mm,, the depth has increased to 4 mm,

The siphuncle is about twice as far from the dorsum
as from the venter throughout the known portion. It isA
1.8 mm. in diameter where the conch is 8 mm, in diameter.
The septal necks are less than one-tenth the length of the
segment, and are sharply recufved forming a brim which
is slightly greater than the neck. The connecting rings
are unknown, but from the similarity of this speciles to

Dolorthoceras tersum (Hall) and Dolorthoceras telamon

(Hall) with which it is associated, it is believed that
the condition is that of Dolorthoceras rather than of

Adnatoceras. In the adapical end of the specimen the

camerae show faint traces of deposits against the outer
wall., Deposits aré not known in the siphuncle,

The mature living chamber is known from the lecto-
type, which is slightly crushed and not suitable for
measurements, and from a hypotype. The hypotype consists

of a living chamber which is 14 mm., in diameter at the
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base, and which is 41 mm. in length. The gerontic con-
striction begins 29 mm. above the base of the chamber,
and the former diameter 1is not attained at the aperture,
The surface of the shell 1s smooth and without ornament,
though fine lines of growth may have been originally

present,

Discussion.- This species differs from Dolorthoceras

tersum in the eccentric siphuncle and more slender form.

The species closely resembles Dolorthoceras telamon, but

that specles attalins a much larger size., Of the speclmens
which Hall figured as exile, only two belong to the specles,
Of the others, one 1s clearly a living chamber of

Adnatoceras spissum (Hall)?6 and the other is a crushed

96. Type of Paleontology of New York, vol. 5, pt. 2,
pl. 85, fig. 15. New York State Museum, no, 12365/3.

tragment which cannot be identified with certainty, but

97
which appears to belong to D, telamon, No figure

97. Ibid., pl. 85, fig. 14. New York State Museum, no.

e t———

12365/2.

accompanies the original description, and it cannot be
definitely stated which of the specimens is that upon
which the original description was based. The first

specimen figured 1s recognizable and has been taken as

typical D. exile. Specimen no., 4943/1 of the American
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Museum of Natural History,'the type of pl. 85, fig. 1-2,
of the Paleontology, is an immature living chamber with

a few camerae attatched. This may be D. telamon, but

be identified generically or specifically with certainty.
The specimen is from Cumberland Maryland. In the catalogue
of the American Museum the specimen is listed as "Internal
cast which was used in the original description." Hall's

final description shows clearly that while he may have

had that specimen at the time when he described.Orthoceras
exite, it played a minor part if any in his conception or
description of the species, for under the heading of
formation and localities he says: "Hamilton group, on
the south shore of Lake Erie; at Cayuga Lake, and at
Cazenovia, Madison County, N.Y. It has also been identi-
fied in the rocks of this formation at Cumberland, Maryland.

Types.- According to the catalogue of the New York
State Museum, another specimen wasused at the time of the
original description, Thls specimen, the one figured on
plate 39, figure 3 of the Paleontology of New York,
specimen no. 12365/1 of the New York State Museum, is here-
by selected as the lectotype of the species,.

It is uncertain whether 4943/2 of the American Museum
of Natural History 1s to be regarded as a paratype of a
hypotype. The hypotypes upon which this redescription is
largely based are Pal. Res, Inst., no. 5826, 5827.
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Occurrence.- Probably widespread in the Hamilton

shales of New York. The lectotype is from Cazenovia,

New York. The American Museum specimen is from ten

miles south of Buffalo, New York., The hypotypes of the
Paleontological Research Institution were colleéted by the
author from the Pompey member of the Hamilion at Pratt's

Falls, Onondaga County, New York.

Dolorthoceras telamon (Hall)

Pl. 2, fig. 10; pl. 4, fig. 10-11;
prl. 8, fig. 9-10.

Orthoceras telamon Hall, J., 1879, Paleontology of

New York, vol. 5, pt. 2, p. 291, pl. 85, Tig.
3,4, 12,

Conch orthoceraconic, slender, subcircular in
section. The diameter increases at a rate of 2 mm. to
2.5 mm, in a length of 20 mm., The transverse diameter
throughout the late neanic and ephebic stages.

The sutures are straight and transverse in the young
but are more or less oblique in the late ephebic and geron-
tic stages. At the base of the gerontic living chamber the
diameter is 19.5 mm. and the otliquity is 5 mm., though
this appears to represent an extreme case.

The camerac vary somewhat iIn proportion, as the depth
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lncreases more slowly orad than the diameter of the conch,
There are three and one-half camerae in a length equal to
an adapertural diameter of 9 mm,, and three camerae at a
later stage where the diameter is 14 mm.

The septa are evenlycurved, and in the early stage
the depth is‘slightly more than one-fourth the diameter.
In the ephebic portion this may increase to one-third,
where the dilameter of the conch is 13 mm.

The siphuncle is nearly central in the youngest
known stage but becomes rapidly eccentric. Where the
diameter is 8 mm., the siphuncle is 3,5 mm. from one wall

and 4.5 mm, from the other. VWhere the diameter is 12.5
mm.,, the siphuncle is 1.5 mm, in diameter and is 4 nm,
from the venter and 7 mm, from the dorsum, At the base

of the gerontic‘living chamber the siphuncle is 2 mm. in

diameter and is 5 mm, from the venter and 12.5 mm. from
the dorsum,

The outline of the siphuncle is known from a frag-
ment representing a relatively early portion of the
conch., ‘here the diameter of the conch is 8 mm, the
siphuncle is .8 mm. in diameter at the septal foramen
and expands to a maximum diameter of 1.4 mm, within the

gsegment. The outline is typical of Dolorthoceras., The

brim and neck are subequal and about twice the area of

adnation. <Yhe free part of the connecting ring is
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faintly convex over the middle portion but strongly cur-
ved at the ends., No trace of any organic deposit has
been found within the siphuncle. Vell defined circum-
ferential deposits are present within the camerae, and
these are clearly better develoved on the ventral side
than on the dorsal side,.

The mature living chamber is 20 mm. in diameter at
the base and is 59 mm, in length. The aperture is un-
known., A shallow elongate constriction occupies the
outer third of the chamber on this specimen., <The sur-
face of the conch is ornamented by obscure lines of
growth which show no trace of a hyponomic sinus,

Discussion.- In its slender form this species re-

sembles Dolorthoceras exile {(Hall) from which it can be

distinguished by the more gradual increase in depth of

the camerae, the movement of the siphuncle from a sub-

central position in an early stage to a markedly eccentric

one in the gerontic stage, and in the deeper septa.

Mature living chambers are of a much larger size. The

dorsal carina 1s normally well developed in this species.
The early stage of this specles may be confused with

Dolorthoceras tersum which has shallower camerae and

septa, and which expands more rapidly.
Types.- Lectotype: New York State Museum, no. 12410/2.
Pgratype: New York State Museum, no. 1240/1. Hypotypes:
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Pal, Res. Inst., no, 5828-5834,

Occurrence.- In the Hamilton shales of New York,

apparently wide ranging. The types are from Menteth's
Point, Canandigua Lake, New York, probably from the
TLudlowville shales, The hypotypes are from the limestone
on the top of the Pompey member at Pratti's Falls, New
York and from the shales of the Delphl member at Del-

phi Falls, New York,

Dolorthoceras revertum Flower

Pl. 8, fig. 2-3; pl. 9, fig. 18.

This svnecies attains a moderate size, and 1s

characterized by the position of the siphuncle, which

is close:to the venter in the early portion, but comes
to lie only slightly ventrad of the center in the ephe-
bid pértion. The section 1s slightly devressed through-
out, with the venter moderately flattened in the ephebic
portion. The holotype expands from 10.5 mn.and 11 mm,
to 16 mm, and 17 mm, in the basal 48 mm.; to 18 mm. and
22 mm. in the next 45 mm., and to 24 mm, and 27 mm. at
theadoral end of the specimen in the next 48 mm., The
sutures are exposed only in the adoral part of the specil-
men. They are sinuate, having lateral lobes separating

dorsal and ventral saddles, and are slightly inclined
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orad on the venter, There are four and one-half camerae
in a length equal to the dorso-ventral diameter of 22 mnm.,
and this relation holds throughout the ephebic portion.
The septum has a depth of 8 mm. where the diamerters are
19 mm, and 22 mm,

The center of the siphuncle is 9 mm, from the dor-

sum and 1.5 mm from the venter at the apex, but where

the dorso-ventral diameter is 19 mm., the siphuncle 1s
8 mm., from the venter and 11 mm, from the dorsum. Here
its diameter at the septal foramen is 2mm,

The outline of the siphuncle is known for the apical
'portion of the specimen, The segments are of the Dolor-
thoceras type. Where the transverse diameter of the conch-
is 11 mm,.,, the segment is 3.2 mm. in length, and expands
from .9. mm., to 1.5 mm, The septal neck is .3 mm., the
brim is less than the neck and twlce the area of adna-

tion. Well developed deposits of the Dolorthoceras

type line the siphuncle. Heavy mural deposits occupy
the camerae.

No trace of ornament can be seen on the holotyve.
The surface of the shell must have been smooth or nearly
so. The living chamber is unknown. Up to a transverse
diameter of 27 mm., there is no trace of the living cham-
ber or of the shortened camerae which indicate a mature

conditlon.
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Discussion.- The peculiar course of the siphuncle

will serve to distingulish this from other species of

Dolorthoceras. D, revertum can be distingulshed from

other Hamilton species by its size. The siphuncle of

"Orthoceras" eriense is central, and that species is

even larger. Dolorthoceras bebryx cannot be compared,

because the undistorted section of that species 1is not
known,
Type.- Holotype: Buffalo Museum of Science.

QOccurrence.~ From the Pleurodictyum bed, Wanakah

member, Ludlowville shale Hamilton stages, Middle
Devonian., Collected at Wanakah, New York, by I. G.

Reimann.

Dolorthoceras sp. indet,
Pl, 2, fig. 8-9.

Orthoceras subulatum Hall, J., 1879, pl. 84, fig.

4’ 6-10'

Among the various specimens which Hall placed in
Orthoceras subulatum there are a number of more orless

crushed apical portions of phragmocones from Platt's
Falls, Onondaga County, New York. These occur in the
soft shales at the bottom of that section, and identical

forms are numerous at Delphi Falls, A number of the
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specimens from Delphi Falls have yielded siphuncles which
are sufficiently clear to show that the specimens are

representatives of Dolorthoceras, The distortion makes

specific ldentification impossible, It is probable

that apical portions of Dolorthoceras tersum, Dolorthoceras

telamon and Dolorthoceras exile are represented. Cer-

tainly there is variability 1in the depth of the camerae
which seems to indicate that several species may be re-
presented, One specimen, (pl. 2, fig: 9) is of interest
in that the condition of necks and brims 1s typical of
the nepionic Dolorthoceras outline, but the free part of
the connecting ring is unusually stralight in the middle.
A second specimen (Pl. 2, fig. 8) is illustrated to show

Michellnoceras stage in the development of the siphuncular

deposilt.
The specimens from Pratt's Falls and Delphl Falls

cannot be distinguished, and are regarded as conspecific.
The localities are only a few miles apart. The Delphi

Falls specimens are from the Bembexia sulcomarginata

zone of the Delphi Falls member of the Hamilton., The

Pratt Falls material is from black shales which appear

to represent the Delphi member rather than the Pompey
member, There is no good boundary between these members,
The typical Pompey consists of more arenaeous grayer shales

which increase in the amount of silicious material upward,
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passing through sandy beds which are rich in pelecypods,
and capped by a shell limestone characterized by a great

abundance of Nyassga arguta Hall, It is from this lime-

stone band that the well preserved cephalopods were col-

lected upon which the revised descriptions of D. exile,

D, tersum, D. telamon and A. spissum are based. There is

probably no faunal break,
Types.- Pal. Res. Inst., no, 5836, 5837.

Occurrence.- From the Delphl member of the Skan-

neateles division of the Hamilton, Middle Devonlan, from

Pratt's Falls and Delphi Falls, New York.

Dolorthoceras aff. exile (Hall)

Pl. 1, fig. 5.

The type consists of a portion of a phragmocone
of circular section which expands from 7 mm. to 9 mm.
in diameter in a length of 18 mm, The interior of the
camerae 1is occupied by coarsely crystalline calclte
which obscures the septa and the cameral deposits. The
length of the siphuncular segments indicates that there
were about four camerae in a length equal to an ada-
pertural diameter. At the adapical end of the specimen
the siphuncle is slightly ventrad of the center. It is

.6 mm, at the septal faéramen and is 3 mm, from the
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ventral wall of the conch. The segment expands to a maxi-
mym diameter of 1.2 mm, and is 2 mm., in length., In out-
line the segments are intermediate between the neplonic

ephebic Dolorthoceras types. The area of adnation is

less than the brim, the brim is still slightly less than
the neck, and the free part of the connécting ring is more
convex at its ends than in the middle.

The siphuncle, though distorted and broken, preserves
its internal structure well. At the adapertural end of

the specimen the Michelinoceras type of deposit is seen

on the venter only. In more ddapical segments-:successive
stages in the fusion of the deposits can be seen. In the
two adapical segments the deposits are fused along the
ﬁenter, and appear to occupy half of the interior of the
siphuncle. No deposits are noted against the dorsal wall.

Discussion.- The specific relation of this fragment

remain a matter of doubt. The depth of the camerae ex-

cludes D, telamon and D, exile. The rate of expansion is

more slender than that of D, tersum, and by the condltion
of the deposits, the fragment belongs to a species which
attained a considerably greater size than does tersum.
It may be that this belongs to the species for which I

proposed the name Michelinoceras noveboracense, The

species 1s unfortunately known from the living chamber

which is of exceptional length, and from a few gerontic
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camerae, Undistorted specimens retaining the phrag-
mocone and siphuncle are not known as yet.
The confinement of the siphuncular deposit to the

ventral side of the conch suggests Pseudorthoceras. The

thick condition of the deposit may indicate a more

@rimitiye condition. It is:possible that this species

may be directly ancestral to Pseudorthoceras which
appears in the upper Devonian.
Types.- Pal, Res, Inst., no. 5835.

QOccurrence.- From the limestone at the top of the

Pompey member of the Skanneateles of the Hamilton, at

Pratt's Falls, New York,

Dolorthoceras solotarium Flower, n, sp.
Pl1. 1, fig. 9; pl. 4, fig., 6.

This is a slender orthoceracone of slightly de-
presssed section. The dorso-ventral dliameter increases
from 11 mm, to 14 mm, in alength of 20 mm., and the
transverse diameter, as estimated, increases from 14 mm,
to 17 mm., in the same length.

The sutures are straight and transverse. The
septa are moderately convex apicad, the depth being
about one-fifth the dorso-ventral deameter throughout,

There are five camerae in a length equal to an adapertural
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dilameter of 15 mm., and four and three-fourths in a length
equal to a diameter of 13 mm,

The siphuncle is central. Where the dorso-ventral
diameter of the conch is 15 mm, and the camera 2.5 mm,
in depth, the siphuncle expands from a diameter.of 1 mm,
at the septal neck to 1.8 mm, within the camera., Necks
and brims are subequal. The area of adnation 18 slightly
less than half the brim, The free part of the connecting
ring is convex throughout, attaining its greatest dia-
meter arad of the middle of the segment,

Nothing is known of the living chamber, aperture
or ornament of this species, The holotype shows no
trace or organic deposits within the camerae or siphuncle.

Discussion.- This species may be distinguished from

all others in the Tully by the much greater relative
width of the siphuncular segments, Its markedly depressed
cross section will serve to distinguish it from any Hamil-

ton species of Dolorthoceras.

Type.- Holotype, U.S.National Museum, no. 96778.

Occurrence.- In the West Brook ﬁember of the Tully

limestone, Upper Devonian, from the north-east corner of
the Pltcher Quadrangle, New York., GCollected by J.s.

Tilliams,
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Dolorthoceras elegans Flower, n, sp.

Plo 9, fig. 15-16.

The holotype is a small orthoceracone of circular
section and of a uniform rate of expansion throughout.
In the adoral 30 mm. the conch expands from 10 mm, to 14 mm,
The sutures are apparently straignth and transvers, There
are four camerae in a iength equal to the adapertural
-diameter throughout the specimen. The septum is one-
fourth the dliameter of the conch in depth, being 2.5 mm,
where the dliameter is 10 mm,

The siphuncle 1is subcentral in position. In a nearly
dorso-ventral section the diameter of the septal foramen
is .8 mm,, and it is located 4 mm, from the venter and

about 4.2 mm, from the dorsum, The segments are of the

Dolorthoceras type in outline, Where the segment is 3.5
mm, in length it expands from .8 mm. to 1.4 mm. The
neck and brim are subequal, though their relation tends
to vary rather erratically in the small portion of the
specimen sectioned, The area of adnation is slightly
less than the brim. The most adapical segments show the

typical nepionic Dolorthoceras outline, with the brim

scarcely more than half the neck., Deposits are present
in the siphuncle., In the portion sectioned they can

be seen forming a continuous lining on the venter,
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though occasionally absent at the septal foramina., In
part this is due to the removal of the deposit at the
foramina by abrasion of invading sediments. On the dorsal
side the deposits are present, but have not developed
sufficiently to form a continuous pseudorthoceroid lining
within the siphuncle., The connecting rings are preserved
only where they are strengbthened by the deposits of the
siphuncle, a not uncommon condition.

Deposit within the camerae are mural and are well
developed being concentrated on the venter, There 1is
evidence of the progression of the ventro-lateral lobes

to the dorsal side of the siphuncle as in Pseudorthoceras.

The shell is preserved only in part. The surface
shows no trace of ornamentation of any kind, The living
chamber of the holotype is incomplete. II 1is only 9 mm.
in length and has a basal diameter of 14 mm, The adoral
camerae are not contracted, indicating that the species
attained a larger size than is indicated by the holotypé.

Discussion.~ This belongs to the ecological group

of orthoceracones which have deposits, both of the siph-
uncle and of the camerae, markedly heavier ventrally than
dorsally. This is, as usual, found in connectlon with

a subcentral siphuncle. The completion of the siphanal
deposit first on the venter is not an uncommon feature

in Dolorthoceras., The development of dorso-ventral
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differentiation is greater than usual in this species,
and suggests that it is not far removed from the

Pseudorthoceras type, which appears for the first time in

Pseudorthoceras from the same general locality and hori-

zon as this Dolorthoceras, The sectioned portion of the

specimen represents five camerae, and is separated by

seven.camerae from the base of the living chamber.
Although the size attained in a mature representative

of this species 1is not known, the uniform depth of the

camerae throughout the holotype indicates an ephebic

conditlion, and the proportions shouldr emain adequate

for the recognition of the species, It is the only species

in the Naples which can be referred to Dolorthoceras with

certainty at the present time,
Type.- Helotype: DNew York State Museunm

Occurrence,.- Parrish limestone, Cashagua shale,

Senecan stage, Upper Devonian, from Naples, New York,

Dolorthoceras palmerae(Flower and Caster)

Pl. 1, fig. 7.

Pseudorthoceras palmerae Flower and Caster, 1935,

Bull, Amer, Paleont., vol. 22, p. 227, pl. 21,
fig., 1-3,

The original description of the species is adequate,
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and the readsr 1is referred to it for specific characters.
It is now evident that the species belong in Dolorthoceras

rather than in Pseudorthoceras,
The outline of the segments of the siphuncle is of

the Dolorthoceras type. In comparable portions of Devonian

Pseudorthoceras the Pseudorthoceras type of outline is

already developed, Further, the siphonal deposits aré

of the Dolorthoceras type, showing practically no dorse-

ventral differentiation in development.
The speéies is still known only from the holotype
which is supposedly of Panama (Lower Conewange, Upper

Devonian,) age.

Dolorthoceras (?) bebryx (Hall)

Orthoceras bebryx Hall, 1876, Illustrations of
Devonian Fossils: Cephalopoda., Expl. of pl. 39,
fig. 1-2,

--------- Hall, 1879, Paleontology of New York, vol. 5,
pt. 2, p. 275, pl. 38, fig. 10; pl. 39, fig. 2;
pl. 83, fig. 14; pl. 84, fig. 11-12.

Five snecimens were flgured under this name by
Hall, All represent fairly large sized orthoceracones, and
all except one ere more or less flattened by pressure,
Only one specimen among the types preserves the outline

of the siphuncle, and it is highly improbable that
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sectioning would reveal any internal structure in the
other specimens, The first specimen figured under the
name of Q. bebryx is flattened, and is not adequate for
ldentificatlon. The rate of expansion, the sectlon, the
position and structure of the siphuncle are all unknown,
At the time of the original description two specimens
were figured as O.bebryx. The first one was later re-
figured as 0. bebryx var. cayuga, therefore the other
must be taken as the type of 0. bebryx, and is here

selected as such.

Dolorthoceras (?) cayuga (Hall)

Orthoceras Bebryx Hall, J., 1876, Illustrations of

Devonlan fossils: Cephalopoda. Explanation:of

rl. 39.
Orthoceras Bebryx, var. Cayuga Hall, J., 1879,

Paleontology of New York, vol., 5, pt. 2, p.
276, pl. 39, fig, 1; pl. 86, fig, 3-5; pl. 91,
fig. 1-5; plo 92, fj—go 1‘50

All of the representatives of this species which
are known to me are more or less flattened individuals,
and it isg not certain that there is not more than one
species concerned, Speclmens preserving the siphuncular

segments of the Dolorthoceras type. Nothing is known
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concerning the condition of the deposits within the siph-
uncle. The surface of the shellb ears prominent llnes
of growth, vhich show a broad shallow sinus on the ventral
side of the conch.

After some years of collecting in the Ithaca shales
I am convinced that it is highly improbable that an un-
erushed specimen with the internal structure well enough
preserved for section, will ever be found. Even in the
limestone lenses specimens are fragmentary and badly
flattened, The availabel evidence indicates that the

species may be placed in the genus Dolorthoceras. The

possibility of a relationship to Cayutoceras is not, how-

ever, eliminated. The ornament is such that the form

could be placed in either genus,., However, Cayutoceras
is known at present only from the Chemung, in the strict
gsense.with a possible extension of its range into the

Canadaway and Conneant, Dolorthoceras, on the other hand,

is already prolific in the Hamilton, and in general the

species of the Ithaca fauna are derived from Hamllton forms.

The relationship of D. cayuga with "Orthoceras"

bebryx cannot be determined becamse the latter species
is too little known. At present the only similarilies
in a similarity in size, and a rough and very inexact
correllation between flattened specimens,

Types.- Amer. Mus. Nat, Hist. no 4939/1. N.Y.S.M.
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no. 12349/1-10.

Occurrence.- VWidespread in the Ithaca shales,

Nunda stage, Upper Devonlan, from Ithaen, New York.

SPYROCERAS Hyatt

Hyatt, 'A., 1884, Proc. Boston Soec, Nat, Hist., vol.
22, p. 276. |
Hyatt, A., 1900, Cephalopoda in Zitel-Eastmann Testb.
Of Paleontology, 1lst ed., vol, 1, p. 519. Reprinted
in later editions,

Grabau, A.,¥, and Shimer, 1910, H.W., North American
Index Fossils, vol,., 1, p. 600,

Foerste, A.F., 1924, Denison Univ,, Bull, Jour. Sci.
Lab., vol. 20, p. 225,

Foerste, A.F. and Savage, T.E., 1927, Ibid., vol.
22, p. 38.

Foerste, A.F.. 1929, Ibid., vol. 24, p, 162,

Foerste, A.F., 1932, Ibid., vol., 27, p. 95.

Flower, R.H., 1936, Bull. Amer. Paleont., vol, 22, p., 295.

Oringinal description.- "Spyroceras, nobis, includes

the longitudinally ridged longicones, which at some
stage of their growth are also annulated. The annular

costaé are usually large, rendering the outline sinuous.

The longitudinal ridges are present in the young, and
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the annular costae are developed later., Includes groups

5, 6 of M., Barrande. Type, Spy. (Orth.) crotalum sp.

Hall. Mus, Geol. Survey, Albany, N.Y. Silurian and

Devonian."

Untll recently this genus contained all annulated

98
orthoceracones with longitudinal nrnament., Foerste

98. Foerste, A.F., Black River and other cephalopods from
Minnesota, Wisconsin, Michigan and Ontario, Part I, Deni-

son Univ. Bull, Jour. Sci, Lab., vol., 27, p. 111, 1932,

separated Metaspyroceras, based upon Spyroceras ruedemanni

Foerste, a snecies common to the Cedarville of Ohlio and
the Racine of Illinols, 1In this genus the siphuncle is
orthochoanitic, the sutures slope adorally on the venter,
while‘the annuli slope adorally on the dorsun.

More recently Shimizu and Obata99 have proposed a

99. Shimizu, S. and Obata, T., New Genera of Gotlandian
and Ordovician Nautiloids, Jour. Shanghail Science Insti-

tute, sec. 2, vol. 2, p. 3-5, 1935.

large number of genera which are summarized below,

Eospyroceras.~ Characterized by arching or undulating.

annulations and fine longltudinal striae, Genotype:

Orthoceras arcuoliratum Hall of the Trenton.

Hyposoyroceras.~ Characterized by broad slightly
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arching annulations and coarse longitudinal striae,

Genotype: Orthoceras teretiforme Hall (not Orthoceras

tretiforme, which is a misprint,) of the Trenton.

Subspyroceras.- Characterized by more prominent

annulations and coarser longltudinal striae. Genotype:

Spyroceras middlevillense Foerste of the Trenton.

Annaspyroceras.- Distinguished from Spyroceras by

its more crowded, stronger annulation. Genotype:

Orthoceras anellum Conrad from the Beloit of Wisconsin.

Gorbyoceras.- Characterized by annulations sloping

apicad and weaking on the venter. Genotype: Spyroceras

gorbyi (S.A. Miller) of the Richmond.,

All of these new genera together with Spyroceras

are placed in a new family Spyroceratlidae, characterized
ags annulated conchs with longitudinal markings and at
least so the authors hope,orthochoanitic siphuncles,

The siphuncle is not known for any of the species used

as genotypes. At present, there seems to be little jJusti-
fication for the recognition of these genera which are
established solely upon the characters of the surface of
the shell.

Spyroceras Hyatt is based upon Spyroceras crotalum

(Hall) and that species must stand as the genotype in
splte of the fact that it is falrly certain that the

specimens Hyatt had in mind were Spyroceras nuntium
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(Hall). On the basis of a study of the genotype, together

with two closely related species, S. Nuntium and S,

caelamen (Hall) it appears that Spyroceras shoud be res-

tricted as follows:

Annulated orthoceracones with slightly cyrtoconic
apices, The sutures are straight and transverse, the
annull may be straight or slightly inclined apicad on the
venter. The surface is variously marked, but longitudinal
lirae play a conspicuous part in the ornament from the
earliest stage. The siphuncle may be central or slightly
ventrad of the center. Its segments are of the neplonic

Dolorthoceras type, with brims and area of adnation equal

t0o half the neck, in the neanic stage, but the brims and
necks of the ephebic portion are subequal and greater than
the area of adnation, thus attaining the condition typical

of Dolorthoceras. Siphonal deposits are of the

Dolorthoceras type. Cameral deposits are mural. Both

cameral and siphonal deposits are more delayed in develop-
ment than in other genera of the Pseudorthoceratidae,
and are therefore confined to more apical regions of the

conch,

Discussion.- Owing to the delayed development of the

deposits of the phragmocone and the rarlity of fragments

sufficiently apicad of the living chamber, the structures

are rarely obsepved, Siphonal deposits have so far been
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observed only in one species, S. oppletum, Flower, n. sp.,

of the Tully limestone of the upper Devonian., Cameral
deposits occupy a greater proportion of the phragmocone
and are known for a greater number of species,

Of the annulated conchs which have been referred to

Spyroceras in the past, only those which possess siph-

uncles of the nepionic or ephebic Dolorthoceras types

can be considered as typical representatives of the genus.
Other generic names must be employed for orthochoanitic
Ordovidian and Silurlan forms.

Only a few of the Devonian species which possess
spyroceroid ornament have ylelded.

The condition of the siphuncular outline 1is known

for only a few of the Yevonian species of spyroceroid

aspect. These include S. crotalum (Hall), S. eaelamen

(Hall) and S. nuntium (Hall), all of the Hamilton shales

of the Middle Devonian., In additlion the siphuncular out-
line is known for most although not all of the Tully
species. There remains a large number of described spe-
cies for which the sliphuncular outline 1s not as yet
known., In view of the fact that no orthochoanitic

coanchs of spyrocerold aspect are known in the Devonian,

the referencg of these gpecies to Spyroceras as well

seems beyond reasonable doubt,

Inasmuch as the greater number of specimens of
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Spyroceras found in the Devonian of New York are more or

less completely flattened, the rate of expansion, the
spacing of the septal in relation to the diameter of the
conch and other such features which can only be ascer-
tained from undistorted specimens are of little use.
However, the spacing of the annulations and the nature
of the sculpture of the shell can be used as specific
criteria, and it 1is upon those features that the recog-
nition of svecies depends to a very large extent. Formerly
the spacing of annuli has been sued somewhat loosely,
and confusion has resulted from the very different as-
pect presented by undistorteé and flattened individuals.

As all known Spyroceras species are circular in section,

it has been apparent diameter in completely flattened
specimens and thereby restore the original proportions

of the conch,

DEVONIAN SPECIES OF SPYROCERAS

Spyroceras (?) thoas (Hall) Schoharie - Onondaga
S. (?) multicinctum (Hall) Schoharie grit

S. (?) geneva (Clarke) Onondaga - Cherry Valley
S. (?) incarceratum (GClarke) Stafford

S. (?) staffordense (Clarke) Stafford limestone

S. nuntium (Hall) Hamilton
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crotalum (Hall) Hamilton

caelamen (Hall) Hamilton

nuntioides (Clarke) Hamilton

(?) rudens (Hall) Onondaga

thestor (Hall) Hamilton
(?) idmon (Hall) Hamilton

(?) lima (Hall) Hamilton

oppletum Flower, n. sp. Tully

(/T O W />SN /> S ¢ T ¢ SR > N & W )
L ]

pvertestum Hall Ithaca,

Space does not permit an adequate illustration of

the known species of Spyroceras at this time., Only the
genotype and one new speciles, both of which are important

because of thekr known internal structure, are discussed

below,

Spyroceras crotalum (Hall)

Pl . 9 ) figo 11-12 -

Orthoceras crotalum Hall, 1861 Descriptions of

New Species of Fossils etc., p. 50.
---------- Hall, 1862, 15th Rep. New York State
Cab. Nat. Hist.,, 1862, p. 78. ol. 8, fig. 1.
---------- Hall, 1876, Illustrations of Devonian
Fossils, pl. 42.
---------- Hall, 1879, Paleontology of New York, vol,
5, pt. 2, p. 296, pl. 42, fig., 1-9, 11, 12; pl. 82,
fig. 1-6; pl. 93, fig. 13.
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A topotype agsreeing with the original description
and such of the types as have been examined, butl which
is unflattened, furnishes the basis for the following

redescription of S. crotalum:

Conch circular in section, the apex slightly and
uniformly cyrtoconic. Conch expanding from 6 mm., to 13
mm, in a length of 60 mm, Sutures straight and transverse.
Septa increasing in depth orad, depth one-fifth the dia-~
meter of the conch at a diameter of 7 mm.; slightly more
than one fourth the diameter at 12 mm,., Siphuncle sub-
central, the segments ranging from the nepionic

Dolorthoceras type at a diameter of 6 mm., to the ephebic

Dolorthoceras type at a diameter of 12 mm., Siphuncle

subcentral, the segments known only at a diameter of 6 mm.,

where they are typical of the nepionic Dolorthoceras

type. They are unusually short and broad at this stage,
having a length of 1.1 mm., and expand;ng from .6 mm. to
.9 mm., No siphonal deposits are present, but vestigial
mural deposits can be seen in the camerae at this stage.
There are four camerae in a length equal to an adoral

- diameter of 9 mm, and three and a half in a length equal
to an adoral diameter of 10 mm.

The wall of the conch is corrugated into narrow

rounded annuli with broad concave interspaces. Four

annuli occur in a length ecual to the adoral diameter of
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the conch up to a diameter of 13 mm. The surface of the
shell bears numerous fine subequal longitudinal lirae,
about eight in the width of 1 mm, Finer obscure trans-
verse lirae occur, but cannot be seen in may specimens,
Judging solely from flattened specimens, the annulil
become much more distant in the later part of the conch,
so that three and a half or even as few as two occur in
a length equal to the adoral diameter, The svacing of
annuli is evidently rather varliable in this speclies as

in many others,

Qccurrence.~ The species appears to be best develop-

ed in the Skanneateles shale of the Hamilton, and is best
represented 1h central New York in the region between
Cayuga lake and Hamilton. The Holotype is from Pratt's
Falls, Onondaga County, New York.

Types.- The first specimen figured, which is here
selected as a lectotype, is in the New York State Museun,
no. 12359/1. Hypotypes are nos. 12359/2510, in the same
museum, and Paleontological Research Institution, no,

5866,
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Spyroceras oppletum Flower, n. sp.

Pl. 9, fig. 9-10.

The holotype consists of a portion of a phragmocone

of circular section whiéh expands in a length of 18 mm.
from 6 ﬁm. to 9 mm, The sutures are straight and trans-
verse. The septa are about one fifth the diamenter in
depth. Throughout the known portion, there are four and
one-half camerae in a length equal to an adapertural
dtameter, The siphuncle is eccentric, and supposedly
ventral in position. At the apex of the specimen the
siphuncle is 2 mm, from the venter and 4 mm., from the
dorsum, while at the adapertural end it is 4 mm, from
the venter and 5 mm. from the dorsum.

In section the siphuncle is of the nepionic
Dolorthoceras type. Where the dlameter is 7 mm. and the
length of the camera is 1.8 mm,, the siphuncle expands
from .6 mm. a2t the septal foramen to 1 mm. within the
camerae, The brims are one-half the necks, and the area
of adnation is subequal to the brim, The free part of
the conncecting ring is faintly and evehly convex with-
in the camera. The siphuncle contains calcareous
material which suggests pseudorthocerold deposits in
lying close against the wall on one side, but which
ls probably adventitious inasmuch as it does not pass

over the septal necks. The camerae, however, contain
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well developed clrcumferential deposits which are more

strongly developed on the siphonal than the antisiphonal

gside.

The surface of the shell and the internal mold are
marked by low obscure annulations which appear to be
straight and transverse, These occur in a regular arrange-
ment with the septa, each annulation lying just orad of
the point at which the free part of the septum Joins the
wall of the conch. ‘he ornament consists ofr elatively
prominent longitudinal lirae of which there are two in
the width of 1 mm., and finer transverse lirae of which
there are five or six in a length equal to the width be-
tween two of the longitudinal lirae, The shell is very
thin, and the spaces between the low annuli are faintly

concave,

Discussion.- This species belongs in a very small

group of species of Spyrocerasg characterized by subcan-

cellate ornament, Spyroceras geneva (Clarke) of the

Onondage and Cherry Valley limestones has much finer

lirae and more prominent annulations., S. pertextum Hall,
of the Ithaca shales of the Upper Devonlan, has much finer
and more closely spaced lirae, and more elevated and more
distant annulations,

Type.- Holotype: Paleontolosical Research Institu-~-

tion, no. 5867.
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Occurrence.-~ In the West Brook member of the Tully

limestone, Upper Devonian, from the most easterly of the

three quarries south of Borodine, New York.

GEISONOCEROIDES Flower, n. gen.

Genotype: Geisonoceroides woodage Flower, n. sp.

This genus is erected for the reception of species

which differs from Dolorthoceras chiefly in ornament

and aperture. The conch is orthoceraconic, with simple
septa and straight transverse sutures, The siphuncle 1s
slightly ventrad of the center of the conch, and 1s of
the Dolorthocerad type of outline. As only adapertural
portions of the phragmocone are known, the deposits

have not been observed. The ornament consists of trans-
verse rounded ridges with equal concave interspaces.

The fine ornament may vary, but in the genotype consists
of fine distant transverse striae. The ridges are
glightly oblique, sloplng adapically drom dorsum to venter,
but there is no lobation to form a definite sinus,

Digcussion.~ This is another of the ornamented

derivatives of middle Devonian Dolorthoceras, and one which

bears the same relation to Dolorthoceras which Gelsonoceras

was thought to have to Orthoceras in the old semnse., G.

woodae and G. cylinoticum are the only species which can
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be placed in Geisonoceroides with certainty. It 1s sus-

pected that Orthoceras aulax Hall of the Hamilton and

Orthoceras anguls Hall of the Ithaca may be related, but

both are still known only from flattened specimens, and

retain none of the siphuncular structure. Consequently

it is not possible to refer these species to any genus.
They are both most inadequately known, even for species

of Orthoceras in the o0ld sense,

Gelsonoceroides woodae Flower, n., svp.

P1. 3, fig, 4; pl. 7, fig. 11l; pl. 9, fig.4

Conch orthoceraconic, circular in section, and re-
markably slender, The living chamber expands from 30 mm,
to 31 mm., in a length of 80 mm. The sutures are straight
and transverse, The septum has a depth of 8.6 mm where
the dlameter is 30 mm, which 1s equal to the depth of
one and one-half camerae. There are normally four camerae
in a length egqual to the diameter of the conch., There
are four and one~third camerae in a length equal to the
diameter at the base of the living chamber, indicating
approach of a gerontic condition in the plesiotype.

The siphuncle is 3 mm., in diameter near the base of

the living chamber, and is 11 mm., from the venter and
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15.5 mm, from the dorsum. The segments are of the

Dolorthoceras type. The greatest diameter of the segment

lies well orad of the midd}eand contraction is gradual
apicad and more abrupt orad of it. The brims and necks
have not been observed; they are probably subequal or
nearly so. The area of adnation is neblibible, the con-
necting ring contracting to nearly the diameter at the

septal foramen before joining the adapical septum. A

segment 7 mm. in length expands from 2,5 mm. to 3.5.mm.

The condition of the deposits 1s unknown, either for
the camerae or siphuncle, Only the eight adoral camerae
are present on the plesiotype.

The incomplete living chamber has a basal diameter
of 30 mm, and is 95 mm. in length., The ornament consists
of transverse rounded ridges with equal concave inter-
gpaces, with seven or eight ridges in a length of 10 mm,
No trace of longitudinal ornament can be made out, though
the surface is well preserved, Fine narrow transverse
striae occur sparsely and rather irregularly placed,
averaging three in the svace between the crest of two of
the ridges. The aperture is not preserved., The condition
of the ornament shows that the aperture was inclined to
the section, sloping adapically on the venter, but was
without any distinct lobatkon.

Color markings The dorso-lateral area of the shell
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of the holotype shows traces of a color pattern unlike
those previously noted on orthoceracones. A lateral or
dorso-lateral light area represented by white calcite
meets a dorsal black area on one dorso-lateral area. The
transition between the two is abrupt, forming a faintly
irregular longitudinal line. The remainder of the shell
shows no conclusive color markings. The other dorso-
lateral area shows patches of light calcite which may
represent the other light lateral area. No traces of

color are found on the venter at all,

Discussion.~- The presence of fine transverse
ornament and the absence of longitudinal ormnament distin-

guish this from Orthoceras aulax Hall of the Hamilton,

which it otherwise resembles in ornament, Hall's species
is based upon a flattened specimen, and it is impossible
to compare the proportions of the conch or the structure
of the siphuncle, Our spvecies is represented by two
specimens, both undistorted from western New York., It is
remarkable for its very slender form, Complete specimens
must have attained a length of nearly three feet, unless
the adapical portion is much more rapidiy expanding than
the portions which have been available for study.

Type.- Holotype: Buffalo Museum of Science,

Paratype: Buffalo Museum of Science.

Occurrence.- Both of the types, the only specimens
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I have seen, are from the Pleurodictyum beds of the

Wanakah member of the Ludloville shale of the Hamilton,

collected at Wanakah, New York, by Mr., Irving G. Reimann.

Geisonoceroides cylindricum Flower, n. sp.

P1. 3, fig. 5; pl. 6, fig. 7.

This species differs from G. woodae, which it re-
sembles closely, in its very shallow camerae and its
slightly depressed cross section. y

The holotype consists of a part of a mature living
chamber and one camera, the whole having a length of
65 mm. and expandiﬁg from 26 mm, and 28 mm, to 28 mm., and
32 mm, Thé markedly depressed condition of the adoral
end is probably due to pressure, The condition at the
basal end is probably normal, Here the venter 1s
slishtly flattened.

The sutures are straight and transverse., The septum
has a depth of llmm. , which is slightly more than one-
third the diameter. The only camera preserved is 4 nmm.,
but a paratyle has two such camerae showing that the con-
dition is probably not gerontic, as the shallow gerontic
camerae are rarely of equal length. There should be be-
tween seven and eight camerae in a length equal to the

diameter of the conch, The siphuncle is 4 mm. in diameter
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at the septal foramen, and is 9 mm, from the venter,
lying slightly ventrad of the center of the conch. The
living chamber of the holotype is only 62 mm. in length,
but the paratype has a living chamber, apparently com-
plete, which 1s 130 mm., in length. The transverse basal
diameter of this specimen is 28 mm., identical with the
measurement of the holotype. The specimens, as can be
seen, is badly weathered.

The ornament consists of oblique rounded ridges with
equal concave interspaces as in the genotype. There are
between seven and eight ridges in a length of 10 mm.

The aperture, as indicated by the ornament, is as in the
genotype.

Dicussion.- This specles attains a slightly smaller

size than G. woodae, from which it can also be differen-

tiated by the shallow camerae, the deep septa, and the
slightly flattened venter,
Types.- Buffalo Museum of Science. Holotype:

no. s bparatype: no. S

Occurrence.,- The holotype is from the pleurodictyum

beds of the Wanakah member, at Wanahak, New York, the
paratype from the Titchenor limestone, Smoky Creek, Win-

dom, N.Y. Both are from the Hamilton,
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Gelsonoceroides c¢f. cylindricum

PlL. 3, fig. 6.

Under this heading 1s figured a specimen believed
td represent a nearly complete living chamber of this
species, It has a basal diameter of 30 mm., and is
16.5 mm. in length. There is a broad shallow indistinctly
outlined contracted area occupying nearly a quarter of
the length and lying Jjust orad of the middle of the
specimen, The diameter at the adapertural end is 30 mm.
A part of the aperture is preserved, which appears to be
straight but oblique. The last septum is not preserved,
so the 1living chamber may have been even longer thaﬁ
is indicated by this specilimen,

Type.~ Buffalo Museum of Science.

Occurrence.~ ©South Shorezcliff, Lake Erie, From

the Tichenor limestone, Hamilton stage, Middle Devonian.

Geisonocercides aulax (Hall)

Orthoceras aulax Hall, 1879, Paleontology of New

York, vol. 5, pt. 2, p. 293, pl. 84, fig. 18,

The holotype is a portion of a flattened conch 80 mm.
in length, which is essentially cylindrical and with no

appreciable expansion of the conch. The width of the
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flattened specimen is 28 mm. The surface bears regular
low rounded riges with eqgual concave interspaces, of
which there are eight to ten in a length of 10 mm., Close
examination of the type has failed to reveal any trace

of the fine longitudinal ornament described by Hall.

Discussion.~- The type is not sufficient to warrant

the identification of this species. G.woodae and Q;
cylindricum described above do not differ from each other
or from this species in ornament or the obviously slight

rate of expansion. G. cylindricum is distinguished from

G. woodae by the much shallower camerae and the longer
living chamber. As the type of G. aulax does not retain
the camerae, and the fragment is short enough to re-
prgsent a part of a living chamber of either species,
identification is impossible.

Type.- New York State Museum, no. 22347/1.

Occurrence.- "Hamilton beds, Hamburg, Erie County,

New York," Probably from the Wanakan member of the

Ludlowville shale, Hamilton stage, Middle Devonian.,

Geisonoceroides anguls (Hall)

Orthoceras anguis Hall, 1879, Paléontology of New

York, vol. 5, pt. 2, p. 312, pl. 89, fig. 9.

The holotype is an aseptate fragment 60 mm. in length,
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flattened, expanding from 10 mm, to 12 mm. in width,
Its surface is marked with numerous closely spaced rounded
ridges with equal interspaces. These are spaced about 15
in 10 mm., They are straight, but slightly obllique.

No trace of the phragmocone is known.

Discussion.~ Though the species 1s still known only

from flattened individuals there can be little doubt

that it is a Geilsonoceroides, as is indicated clearly by

the ornamentation, It is unique in the close spacing of

the ridges.
Type.- Holotype: New York State Museum, no, 12344/1.

Occurrence.- From the Ithaca shales, Nunda stage,

Upper Devonian, The holotype is from Cascadilla Creek,

Ithaca, New York,

PETRYOCERAS Flower, n. gen.

Genotype: Orthocerag thyestes Hall

Conch orthoceraconic, circular or slightly depresses
in section. The sutures are straight and transverse, the
septa are apparently evenly curved, and the siphuncle is
subcentral in position or slightly ventrad of the center
of the conch. The siphuncle is similar to that of

Dolorthoceras in ocutline in the ephebic portion of the
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conch., The neplionic Dolorthoceras type of structure has

been observed in an earlier portion. No deposits have
been seen within the siphuncle. Mural deposits are
present within the camerae, The surface of the conch is
marked by fine bands of short oblique zig-zag striée and
lirae. There is no trace of a hyponomic sinus in the

ornamentation.

Discussion.,~ The genus is set apart from Dolortho-

ceras by the remarkable ornament which is unlike that
known from any other cephalopod. Two species are placed

in Petryoceras., Both of these are from the shales of

the Sherburne of the upper Devonian. Petryoceras is

probably a specialization of Dolorthoceras. I have

named this genus for Professor L.C. Petry of the depart-
ment of Botany of Cornell University who found the re-~
markably well preserved specimens of the genotype which
made possible a description of the genus and accurate

knowledge concerning the species.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




250

Petryvoceras thyestes (Hall)

P1, 8, fig. 15; pl. 9, fig. 13.

Orthoceras thyestes Hall, J., 1879, Paleontology

of New York, vol. 5, pt. 2, p. 306, pl. 88,
fig. 2.
Orthoceras sp. indet. Hall, J., 1879, Paleontology

of New York, vol. 5, pt. 2, pl. 89, fig. 7-8.

This is an orthoceracone which sometimes attains
considerable size but which usually occurs in a badly
crushed condition. The section is believed to have been
slightly depressed; a fragment preserved in a concretion
has diameters of 27 mm, and 28 mm., and a rate of expan-
éion of about 2 mm, in a length of 20 mm.,

The sutures are straight and transverse, The septa
are shallow and evenly curved; where the dorso-ventral
diameter of a slightly compressed specimen is 35 mm, the
septum is 9 mm. in depth. There are five camerae in a
length equal to an adapertural dorso-ventral diameter of
26 mm, Yhere the dorso ventral diameter is 36 mm., the
siphuncle is 14 mm., from the venter. Here it expands
within the camera from a diameter of 2 mm. at the septal

neck to one of 3 mm. The segment is 4.5 mm. in length,

The necks are short and sharply recurved, the connecting
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rings are faintly convex throughout the middle, contract-

ing abPuptly at the extremities. There is no area of
adnation., No deposits are known in either the siphuncle
or the camerae.

The proportions of the living chamber are not known,
all of the available living chambers being badly crushed.
The aperture is not preserved.

The ornament, often impressed upon the lnternal mold,
consists of close set transverse rows of broken zig-zag
lirae and striae of which there are about nine in the

length of 5 mm,

Discussion.- This species is very characteristic

of the Sherburne horizon of Ithaca, New York, and the
same faciles, of approximately the same age, in the Senaca
Lake section. The holotype 1s a badly flattened speci-
men which shows no trace of surface markings. Another
specimen, that figured on pl s, fig. of this paper,
retains identical proportions but show traces of the
ornament, Through this it was possible to connect the
holotype with better preserved specimens which made
possible a study of the siphuncle.

Crushed fragments of the shell are apt to bear ob-
scure traces of the ornament, and if the shell is not
preserved the markings of the sufrace may be impressed

upon the internal mold. In amny instances the continuity
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of the transverse bands of broken diagonal markings can
not be made out, and the effect is one of an oblique
cancellation. It was apparently such a specimen that
Hall mistook for an orthoceracone covered with Bryozoa.
Though Bryozoa have been found on this species, as they
have on many others of the lower and Middle Devonilan,
none are of a type which would result in such an
appearance,

The species apparently has a very short vertical
range. Numerous fragments have been obtained from the
Sherburne, but extensive collecting has failed to reveal
this species either in the overlying Ithaca or the
underlying Genesee. ’

Types .- Holotype: New York State Museum, no.
1246/1, Hypotypes: Pal. Res. Inst., no. 5843-5847.

Occurrence.- The holtype is from "the soft shales

of the Portage group near Watkins, at the south end of

Senaca Lake." Hall included in his Portage only the lower
part of the section of the Senaca and Cayuga valleys

which contained a predominance of black shale. The holo-
type is from such a facles in the Senaca section, while
the hypotypes are from the Sherburne sandstone, Nunda
stage, Upper Devonian, of Taughanock gorge on Cayuga Lake,
Numerous fragmenary specimens have been found in the upper

beds of the Sherburne at various localities near Ithaca,

New York,
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Petryoceras (2) atreus (Hall)

Orthoceras atreus Hall, J., 1879, Paleontology of

New York, vol. 5, pt. 2, p. 305, pl. 88, fig.l,
pl. 89, fig. 10,11,

The specimen first figured, and selected here as
the lectotype, represents a large orthoceracone in a
badly flattened condition. In its present condition the
conch is 280 mm, in length and expands from 66 mm. to 80
mm. in 125 mm,, which consituté&sthe phragmocone. The
living chamber is about 140 mm. in length. In the basal
110 mm., in expands to a diameter of 80 mm. and contracts
noticeablv beyond. The aperture is not préserved. There
are five camerae in alilength equal to an adapertural déa-
meter of 80 mm, in the present condition of the specimen.
The sutures are straight and transvers. The siphuncle
is not preserved on the lectotype.

The surface of the holtype bears a fine ornament

identical with that of Petryoceras thyestes, (Hall),

and is placed in Petryoceras on the basis of the ornament.

Discussion.-- Though the proportions are not accur-

ately known for this specles it can readily be distin-
guished even in a crushed condition, for the camerae are

relatively deep. Petryoceras thyestes has between seven

and one half and eight camerae in a length equal to an
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adapertural diameter in a crushed specimen. The ornament
is believed to be suffieient for the generic diagnosis.

It is known only in these two species which are assoclated
in the upper Devonian, and it would be remarkable if

they differed in internal structure.

The septum fisured by Hall and referred to Q.
thyestes with doubt probably belongs to that speciles.
Among the Taughannock material I have observed other
similar septa with eccentric siphuncles; the larger ones

are depressed in section. The siphuncle of Q. thyestes

is subcentral in position.

Types.- Lectotype: New York State Museum, no.
12346/1. Paratypes, American Museum of Natural Hiétory,
no. 4938/1. This number includes two specimens.

Occurrence.~- "In the calcareous layers of the

Portage group, at Penn Yan, Yates County, and in the
shales at Rogers' Bridge on the Genesee River, below
Portageville, N.Y." From this it would appear that
Hall's types are from the lower part of the Upper
Devonian, certainly not‘higher than the Cashaqua shales,
Other specimens have been observed in the Sherburne at
Taughannock Falls, Cayuga Lake, in associlatlion with
Petryoceras thyestes (Hall).

R . . .
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PAILMERQOCERAS Flower

Genotype: Orthoceras fustis Hall

Flower, R.H., 1936, Bull. Amer, Paleont., vol. 22,

p. 328.

This genus contains orthoceracones of cilrcular
section and straight transverse sutures. The siphuncle

is central, and 1s of the Adnatoceras type. The brim

is nearly twice the neck and the area of adnation is
nearly as great as the brim. The free part of the
connecting ring is abruptly curved at the ends, and 1is
8lightly convex over the middle portlion, and not per-
feetly straight as is normal in the Adnatoceras type of
outline. The surface of the shell bears fine cancellate

markings which recall the orientation of Protokionoceras

Grabau and Shimer. The aperture 1s trilobed. One of
the lobes is slightly deeper than the other two and
probably represents the hyponomic sinus. The mature
living chamber bears upon its interior a series of
constrictions which increase in prominence toward the
aperture, Deposits have not been noted in either the
siphuncle or the camerae,

Digscussion.- This genus is set apart from the rest

of the Pseudorthoceratidae by its ornament, which

suggests the Kionoceratidae. The outline of the siphuncle
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suggests a relationship with Adnatoceras, but the convex

free part of the connecting rings and the trilobed aperture

sugzest Dolorthoceras, and it is belleved that the condi-

tion of the brim and area of adnation represent a develop-

ment parallel to that of Adnatoceras but independant of it.

The genus 1s regarded as a derivative of Dolorthoceras.
Only one species, the genotype, 1s included in

this genus, This species is known only from the mature

living chamber and the adapertural portion of the phrag-

mocone, Deposits of the siphuncle and camerae never occur

in the adapertural part of the phragmocone and their

absence here cannot therefore be considered as of any

gienificance.

Palmeroceras fusgstis (Hall) has been recently re-

figured and redescribed, The species 1s known only
from the Cherry Valley limestone of the middle Devonian,

For further information the gstudent is referred to the
100
redescriptilon.

100, PFlower, R,H,, Cherry Valley Cephalopods, Bull. Amer,
Paleont., vol. 22, p. 329, pl. 24, fig. 4; pl. 26, fig.
1-2; pl. 29, fig. 3, 1936.
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ADNATOCERAS Flower, n, gen.

Genotype: Orthoceras spissum Hall

This genus is erected for the reception of

orthoceracones which resemble Dolorthoceras, btut differ

from that genus in possessing an area of adnation which
is at least equal to the brim.

The conch 1s orthoceracohic, normally slightly
depressed in section, The neanic sutures are straight,
and this condition may continue into the ephebic
portion of some species, but in the genotype the sut-
ures become sinuous, lateral saddles appearing which
separate dorsal and ventral lobes. When the sinuosity
is well developed the dorsal lobe becomes the deeper
of the two., The siphuncle is normally slightly ventrad
of the center of the conch though central in the early
stages. In the earliest stage available the brim is
8lightly greater than the neck, and the area of adnation
is subequal to the brim. The free part of the connect-
ing ring expands sharply from the ends, but the middle
portion is straight, In the late ephebic and gerontic
portiong of the siphuncle, this type of structure
disappears., The diameter of the septal foramen increases
more rapidly than the maximum diameter of the segment,
bringing about a marked reduction of brim and area of

adnation until the nepionic Dolorthoceras type of
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structure appears, The brim and area of adnation remain
subequal, but become slightly less than one-half the
neck. - Meanwhile the free part of the connecting becomes
more fainﬁly and uniformly curved throughout.

Deposits within the siphuncle are known from the
genotype and one other species., They are annulo-
gsiphonate in origin, only slightly better developed on

the venter than the dorsum, and are of the Dolorthoceras

type, eventually meeting to form & continuous lining
within the siphuncle. It appears to be characteristic
of the genus that the deposits are confined to the ex-
treme apical part of the phragmocone.

Deposits in the camerae are variable, All Devon-
ian species which show these structures possess mural

deposits,  Adnatoceras ciscoense (Miller, Dunbar and

Condra)lﬁés episeptal and hyposeptal deposits. It differs

101. Ibid., p. 96, pl, 1, fig. 1-3.

from the Devonian species in no other important particular,

Discussion.- 1In possessingz the Adnatoceras tyve of

siphuncular outline this genus is intermediate between

Dolorthoceras and Euloxoceras. The genus can be distin-

guished from Dolorthoceras by the equal brim and area
of adnation in all stages, as well as by the relation

of the brim and neck impléd in the Adnatoceras type
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of outline as previously defined., Euloxoceras differs

from Adnatoceras in the compressed section, the greater

development of brim and area of adnation, and by the
faintly concave outline of the middle of the siphuncular
segment.

The late ephebic and gerontic feversion to a more
primitive type of outline has so far not been noted in
any other genus of the Pseudorthoceratidae. The changes
which take place are a modificatioﬁ of the outline of
the segment, and an increase in the septal foramen at the
expengse of the brim and area of adnation.

Adnatoceras appears in the Hamilton where it is

represented only by the genotype, A.spissum (Hall).

The genus is better developed in the Upper Devonian.

The Tully limestone has yielded three species,
Adnatoceras has not been definitely recognized in the
Ithaca shalés, where orthoceracones are flattened and

the internal structures destroyed. Two species have been
recognized from the Naples fauna, and numerous fragmen-
tary specimens indicate that more were probably present.
The genus has not been found as yetigigher strata of the

Upper Devonian. The only species known as yet from the

Mississippian is Adnatoceras cf. neglectum (De Konick)

from the Tournai limestone, of the Mississippian of

Belgium. Adnatoceras ciscoense is the only known
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Pennsylvanian species. A key to the American specles

of Adnatoceras is given below,

Key to American species of Adnatoceras

A, Section depressed; camerae always shallow.

B, Difference in ephebic maximum and minimum dia-
meters 1 mm,; Sutures scarcely sinuous.

C. Cameral deposits mural..............sgissum

CC. Cameral deposits episeptai and
hyposeptal.......................ciscoense

BB, Difference in epheblc maximum and minimum dia-
meters 4 mm,; Sutures markedly sinuous..wellsi

AA. Section circular.

D. Length of brim and area of adnation greater
than length of neck at least up to a
~conchial diameter of 20 mm,

% E, 8Size large; gerontic contraction of
‘ camerae beyond a conchial diameter of
35 mm...‘..l.‘.‘.........‘..'..' naEa'lense

EE. Size small; gerontic contraction of
camerae at a conchial diameter of 23 mm,
..'."t......‘...-....‘.......I... clarkei

DD. The brim and area of adnation reduced to one-
half the length of the neck at a conchial
diameter of 20 mm.

F. Siphuncle subcentrai; 5 camerae in
diameter equal to adoral diameter of
Conch...............-'-.--....CZ:EQtum

FF. Siphuncle eccentric; 3 camerae in

length equal to adoral diameter of
conCh-'QI-oo......’.....‘Ol‘.‘coogeri
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Adnatoceras spissum (Hall)

P1. 1, fig. 8; pl. 4, fig. 8; pl. 7, fig. 10.

Orthoceras spissum Hall, J., 1879, Paleontology

of New York, vol. 5, pt. 2, p. 287, pl. 85,
| fig. 6-9.
‘Orthoceras exile Hall, J., Ibid., pl. 85,
fig. 15. not p. 290, pl. 39, fig. 3;
pl. 84, fig. 3; pl. 85, fig. 1-2.

This 1s a moderate-sized orthoceracone of slightly
depressed section. The conch enlarges at a rate of
6-7 mm. in a length of 20 mm. throughout the known por-
tion., There is a difference between the diameters of 1 mm,
from the earliest known stage, where they are 10 mm.
‘and 11 mm, The sutures are straight and transverse in
the early stages, but in the latter portion of the phrag-
mocone 8licght lateral saddles separate dorsal and ventral
lobes. The gseptum is shallow, its depth beling about
one-fifth the diameter, or 4 mm. where the transverse
diameter is 19 mm., The camerae are uniformly shallow,
In the early portion of the conch there are five in a
léngth equal to an adapertural transverse diameter of
20 mm, but the depth varies slightly erratically. The
siphuncle is subcentral where the dorso-ventral diameter

is 10 mm.,, but is ventrad of the center in the later
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portion, Where the dorso~ventral diameter is 19 mm,,
the septal foramen is 1.2 mn. in diameter as exposed at
a septum, and is located 7 mm., from the ventral wall of
the conch.

The outline of the siphuncle varies markedly. The
earliest stages are not available, and the typilcal

Adnatoceras tvpe of outline appears where the conch has

a dorso-ventral diameter of 10 mm., Here the siphuncular
segment i1s 2 mm., in length, and expands from a diameter

of .6 mm; at the septal foramen to one of 1.3 mm. within
the camera., The necks are very short, about .2 mm. in
length. The brim and area of adnation are subequal and
slightly over .3 mm. The free part of the connecting ring
is sharply curved to a vertical position Just aplicad of
the septal neck, so that the greater part of the segment
of the siphuncle is cylindrical, and not faintly convex

as in Dolorthoceras. The connecting ring contracts ab-

ruptly as it approaches the adapical septum which 1t
- Joins to form an area of adnation,

The later segments of the siphuncle show a very
different sort of outline. Where the diameter of the
conch is 17 mm, dorso-ventrally, the segment of the
siphuncle is 3 mm, in length. The diameter is 1 mm.
at the septal foramen and 1.9 mm, within the camera.

The brim and area of adnation are equal but less than
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one half the neck, the neck being .7 mm., and the brim
and area of adnatlion measuring .3 mm, The free part of
the conneeting ring is faintly convex throughout.

The adapilcal segments of the hypotype show the
deposits in an early stage of development, forming min-
ute annulosiphonate rings. The most apicad of these
show a slight adoral prolongation. The deposits are
slightly better developed on the venter than on the
dorsum. The siphuncular deposits are visible on the
venter on the 25th camera from the living chamber,
while the first trace of the deposit on the dorsum appears
two camerae apicad of this,

Deposits of the camerae are concentrated on the
ventral side of the conch and are circumferential., The
exact position of the first trace of deposits is not
known, but they are developed at the 17th camera.

The living chamber of the hypotype has a trans-
verse diameter at the base of 22 mm., and is 29 mm in
length. The internal mold bears a constriction 9 mm,
beyond the base which extends for 11 mm., The con-
traction is moderate; the diameter decreasing from 20 mm.
to 18 mm., and returning to its original size Just be-
fore the aperture. The aperture is straight and trans-
verse wWith not trace of the hyponomic sinus. The surface

of the shell is smooth, without even perceptible lines

of growth.
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Discussion.- The depressed section and shallow

camerae serve to distinguish this species from the other
Hamilton species, which can further be distinguished

by the differences between Dolorthoceras and Adnatoceras.

The living chamber can be recognized by its brevity
and the absence of a hyponomic sinus., The proportions
of the phragmocone and the condition of the sutures will
serve to distinguish this species from congeneric forms
of the Tully and higher horizons,

The specles attains a maximum diameter of about
20 mm,, and was probably about 150 mm, in length when
complete, The internal holds of some specimens show
a well devéloped dorsal carina, The living chamber of

this species was referred by Hall to Dolorthoceras exile,

but a specimen which retains both the phragmocone and
the living chamber has made it possible to correct this
error, The living chamber of D. exile is much more
slender and bears a well defined hyponomic sinus,
Types.- Of the two syntypes figured by Hall only
one can be located. This, upon which the first two fig-
ures of the species are based, is here selected as the
lectotype. It is no. 1948/1 in the collection of the
American Museum of Natural History. The hypotypes are

in the Paleontological Research Institution, no 5840-

5842,
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Occurrence.- From the upper limestone band of the

pompey member of the Hamilton, at Pratt's Falls, Onondaga
County, New York, and from Norton's Landing, on the

east shore of Lake Cayuga, New York. The species is
probably fairly widespread in the Hamilton, but uncrushed
specimens which can be placed in this species with

certainty are not commonly found,

Adnatoceras wellsi Flower, n. Sp.

Pl. 4, fig. 1-4.

Conch orthoceraconic, slender, slightly depressed
in section. The diameters of the holotype increase from
20 mm. and 24 mm. to 24 mm. and 28 mm. in a length of
40 mm,, giving a rate of expansion of 1 mm, in 10, The
sutures are sinuate, with low lateral crests which sepa-
rate a shallow ventral lobe and a slightly deeper dorsal
lobe. The dépth of the septum is about one-fourth the
dorso-ventral diameter throughout the known portion, which
includes only the late ephebic portion of the phrag-
mocone, There are five camerae in a length ecual to an
adapertural dorso-ventral diameter of 24 mm,, and six in -
a length equal to the corresponding transverse diameter
of 28 mm,

‘The siphuncle is ventrad of the center. At the ada-

pertural end of the specimen it is 3 mm. in diameter,
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and is located 8 mm, from the venter and 13 mm, from
the dorsum. The segments of the siphuncle are of the

nepionic Dolorthoceras type, which is characteristic of

the later segments of Adnatoceras. Where the dorso-

ventral diameter of the conch 1s 24 mm., the siphuncular
segment expands from 1.5 mm., to 3.5 mm. and is 6 mm. in
length., The neck is 1 mm,.,, one sSixth the length of the
segment, The brim ls slightly more than half the neck
and equal to the area of adnation. The free part of the
connecting ring is falntly convex. Deposits are hot
known in elther the siphuncle or camerae of this species,
The living chamber and aperture are unknown., The surface

is poorly preserved, and showg no sign of ornament

Discussion.- This species differs from A, spigsum
(Hall) in its larger size, moré depressed section and more
sinuate sutures, as well as in the proportions of the
conch. The sinuate sutures and depressed section will
gepatate it from other Tully specles placed in Adnat-
oceras, This form appears to be intermediate in size

and the sinuosity of the sutures between A. spissum of

Hamilton and A. napalense of the Naples, though it

differs markedly from the Naples species in its shallow
camerae., This species 1s named for Dr. J.W, Vells.
Type.- Holotype: ©Pal. Res. Inst., no. 5849.

Occurrence ,- In the Tully limestone, from the
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most easterly of the three cuarries south of Borodino,

New York., Collected by Dr. J.VW, Wells,

Adnatoceras cooperl Flower, n. sp.

Plo 7’ figo 6"7

Conch orthoceraconic, circular in section. The
holotype is a specimen 174 mm. in length which attains a
maximum diameter of 50 mm. The rate of expansion varies
between 2 mm. and 3 mm. to a length of 40 mm. The sut~
ures are straight and transverse. The depth of the
septum increases from one-fifth a diameter of 30 mm, to
slichtly over one-fourth a diameter of 37 mm, There are
four camerae in a length equal to the adapertural dia-
meter throughout the known portion of the phragmocone.

The siphuncle is 21 mm, from the dorsum and 16 mn,
from the venter. Where the camera is 9.4 mm. in length
the siphuncle increases in diameter from 2.5 mm, at
the septal foramen to 3.5 mm. within the camera, The
necks are about .5 mm, in length and are slightly re-
curved forming brims which are abbut half the necks. The
connecting ring 1is faintdly convex throughout its free por-
tion and is adnate to the adapical septum for an area
slightly greater than the brim.

The surface of the shell is not preserved. The out-

side of the internal mold bears longitudinal slickensides-

R . . .
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like markings which are adventitious, The aperture

is not known, The bhasal diameter of the living chamber
is 42 mm., and the chamber is incomplete and 45 mm. in
length., The aperture is not preserved. The absence of
gerontic contraction and any decrease in the depth of the
camerae indicate that the specimen is not mature.

Discussion.- The outline of the siphuncle agrees

with that found in the latest segments of A. spissum

(Hall) from which this species can be distinguished by
the much larger size and the much deeper camerae. The
reduction of brim and area of adnation is such that this
form might readily be confused with certain species of
orthochoanitic éffinities, but in such forms the necks
are shorter and there is no area of adnation. The holo-
type is the specimen listed by Cooper and Williams as

102
Protokionoceras marcellense (Hall). Striacoceras

102, Cooper, G,E. and Williams, J.S., Tully formation
of New York, Geol. Soc. Amer, Bull., vol. 46, p. 859.

1935,

The species, now properly Striacoceras typus

(Saemann) was erroniously spoken as Striacoceras typum
throughtout the study of the Cherry Valley cephalopods,

Bull. Amer, Paleont., vol. 22, no. 56, 1936.

possesses no area of adnation and is properly orthochoanitic,
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Type.- Holotype: U.S., National Museum, no. 90758.

Occurrence.~- In the Tully limestone at Carr's

quarry near Tully, New York., Collected by J.G. Williams.

Adnatoceras cryptum Flower, n. Sp.

Pl., 8, fig. 4.

This is a moderate sized orthoceracone of circular
section., The diameter increases from 20 mm. to0 24 mm,
in a2 length of 40 mm, The sutures are straicht, and are
nearly transverse, being very faintly inclined orad on
the dorsum. The septa are between one-fourth and one-~
fifth the diameter of the conch in depth. There are
five camerae in a length equal to an adepertural diameter
of 24 mm, The siphuncle is subcentral in position, and
is rather poorly preserved in the holotype. VWhere the
diameter of the conch is 20 mm,, the segment 1s 3.5 mm
in depth and expands from a diameter of 1.5 at the sep-
tal froamen to one of 2.4 mm, one-third the distance to
the preceding sepitum, where the diameter is greatest.
The neck is one-sicth the depth of the camera. The
brim is about one-half the neck , and the area of ad-
nation is slightly greater., The free part of the

connecting ring is convex throughout, but attains its
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widest point orad of mid-height.

The holotype consists of a portion of a phrag-
mocone 51 mm. in length, representing a mature or nearly
mature portion. The surface appears to be smooth,

Discussion.~ In the central position 6f the

siphuncle this is the simplest of the species referred

to Adnatoceras, This and the circular section willserve

to distinguish A. cryptum from other species of the

genus.
Type.- Holotype: Pal, Res. Inst., no 5850,

Occurrence,- In the Tully limestone at the most

easterly of the three guarries south of Borodino, New

York,

Adnatoceras napalense Flower, n. sp.

Pl. 3, fig. 2.

This is a large orthoceracone apparently of slightly
depressed section. The holotype 18 a portion of a phrag-
mocone which 1s enclosed in a concretion so that none.of
the features of the surface are shown. The specimen
has been ground down to the siphuncle, and the surface
shown appears to be slightly obligue to the dorso-ventral
plane so that more of the venter than of the dorsum i1s

removed., The specimen is 124 mm, in length and exXpands
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at a rate of 5 mm, in a length of 40 mm.

The sutures appear to be slightly oblique in section,
sloping adaperturally on the ventral or siphonal side.
The camerae occur three and one-half in a length equal
to an adapertural diameter throughout. At the apical
end of the specimen the siphuncle is 2 mm, in dliameter
'and is separated from the two walls exposed in section
by 8 mm., and 9 mm; respectively. The maximum distance
of the siphuncle from the wall of the conch is 10 mm.,
and is inclined about 50 degrees from the plane of the
gsection taken. At the other end of the specimen the
siphuncle is 5 mm, in dlameter and is 13 mm. and 17 mm,
from the two walls, and its maximum distance 1is increased
to 21 mm,

In the adapical paPt of the specimen the siphuncle
is of the Adnatoceras type, with subequal brim and area
of adnation which are greater than the neck. The connect-
ing ring is cylindrical over the greater part of its
length and contracts abruptly at its ends. In the adoral
third of the specimen the brim and area of adnation are
slightly less in proportion to the brim, and the free
part of the connecting ring becomes faintly convex in
outline. Where the camera is 10 mm. in depth the siph-
uncle expands from 3 mm, to 5 mm. in diameter., The neck

is 1 mm. in length, and bears a brim which is 1.3 mm,
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The area of adnation is slightly greater than the brim,

Organic deposits within the siphuncle and camerae
are not known. The siphuncle shows in its adapical
portion the phenomena of the incomplete internal mold
supplemented by calcite, The dark matrix presumably
represents the lower side of the conch as it lay in the
sediments, and which invaded only the adapertural portion
of the siphuncle, decreasing apicad in extent, and
.giving place there to the infiltrated calcite.

The living chamber, aperture and surface areuun=-

known.

Discussion.~ The specimen upon which this

species is based was originally labeied Orthoceras

bebryx but that species, one of uncertain affinities 1is
not known from the upper Devonian, The species which

has been called Qrthoceras bebryx var., cayvuga Hall and

which is probably specifically distinct from Q. bebryx
is discussed below, The large size, deep camerae, and

the relatively late retention of the Adnatoceras stage

will separate this species from all others, It is approxi-

mated in size only by A. cooperi, which shows the gerontic

type of siphuncular segment at a much earlier stage.
Type.- Holotype: New York State Museum.

Occurrence.- In the Naples of the upper Devonlan,

at Naples, New York; probably from the Cashaqua shale.
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Adnatoceras clarkei Flower, n., sp.

Pl. 7, fig. 2.

Conch orthoceraconic, circular in section, ex-
panding at a rate of 3 mm, in a length of 20 mm. The
sutures are straizght and transverse, The septa are
less than one third their diameter in depth, being 6 mm,
deep where the diameter is 21 mm. The depth of the
camerae increases more rapidly than the dilameter of the
conch up to the ephebic stage as is shown in the follow-
ing measurements:

diameter 17 mm, 18 mm. 20 mm. 22 mm,

camerae 42 4 33 4

The siphuncle is slightly ventrad of the center of
the conch. At the apex of the specimen it is 7 mm. from
the venter and 9 mm, from the dorsum. The outline is

tyvical for Adnatoceras., The brim is slightly less than

the neck; the area of adnation is slightly greater than
the brim. A segment whidh is 6.5 mm. in length expands
from 1,9 at the septal foramen to 4 mm. within the
camerae, In the first two camerae the deposits of the
siphuncle can be made out. They are small simple annulil,
the oldest one showing slight adoral prologation. The
deposit is only slightly heavier on the venter than on

the dorsum. The deposits of the camerae are markedly
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stronger on the venter than on the dorsum. They are
episeptal, lying mainly against the free part of the
septum.

The surface, aperture and living chamber are un-
known. The specimen represents a portion of the phrag-
mocone approaching the gerontic condition. This 1s shown
by the contraction of the adoral camerae which measure
7.5 mm,, 6 mm, and 5.4 mm. respectively.

Discusslion.,- This species recalls in proportions

A. ridpalense, but is much smaller, more rapidly ex-

panding, and the relation between the diameter and the
depth of the camerae is not constant here. The pro-

portions of the camerae recall A. cooperi of the Tully

limestone, but that species attains a much greater size,
the rate of expansion is less, and the relation between
the depth of the camerae and the diameter is leés
variable.

Type.- Holotype: New York State Museum, no.

Occurrence.~ Parrish limestone member of the

Cashaqua shales, Senecan stage, Upper Devonian, from

the Parrish gulley, near Naples, New York.

Adnatoceras cf. neglectum (De Konick)

P1, 8, fig. 1.
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Adnatoceras cf. neglectum (De Konick)
PlL, 8, fig. 1.

Orthoceras neglectum de Konick, 1880, Ann., Musée

Royale d'Hist. Nat. de Belgique, t. 5, 2 me,
partie, p. 55, pl. 34, fig. 2.

The specimen illustrated here consists of a portion
of a phragmocone 27 mm. in length, which expands dorso-
ventrally from 8 mm., to 1l.mm., The transverse diameter
is 1.5 mm. greater throughout. The specimen contains
sixteen camerae which are spaced flve to six in a
length equal to an adoral dorso-ventral diameter, The
sutures slope orad on the dorsum. The septum is shallow,
measuring 1.5 mm, in depth at a diameter of 10 mm,

The siphuncle is subcentral in the early portion,
being 1 mm., in diameter within the segment and 3 mm,
from both the dorsum and venter. The dlistance from the
venter remainsg nearly constant in the later part, while
the distance from the dorsum lincreases, so that at the
adoral end the siphuncle is 1,5 mm, in the camera and is
3 mm, from the venter and 5.5 mm, from the dorsum. 1In

form the segments are typical of Adnatoceras in outline,

but are a little broader at the septal foramen than is
usual in the genus, and the contraction at either end of

the siphuncle is more abrupt than has been noted in any
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other species. A segment 2 mm. in length expands from
1.1 mm. to 1,5 mm, The brim and area of adnation are
subequal and very slizghtly greater than the neck. The
recrystalized condition of the interior is such that
it 1s impossible to say whether any organic deposits
were originally present in the camerae 6r siphuncile,

Discussion.~ The specimen illustrated agrees in

general with deKonick's description and figure or Q.
neglectum. It has been impossible to make a critical
study of this or other species from the Belglan Misslis~
sippian on the basis of the little material available for
the present study. The sveclmen is of interest, how-
ever, in that it establishes the presence of the genus

Adnatoceras in the Tournal limestone, Middle Mississippian,

of Belgium.
Type.- The fimured specimen is no. 8776 in the
collection of the University of Cincinnati.

Occurrence.- From the Tournal limestone of the

Mountain limestone (Mississippian,) Tournai, Belgium,

Adnatoceras ciscoense (Miller Dunbar and Condra )

Dolorthoceras ciscoense Miller, Dunbar and Condra,

1933, Nebraska Geol, Surv., ser, 2, bull, 9,
p. 96, pl. 1, fig. 1-3.
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The original description and illustration of this
species is quite adequate, and the reader is referred
to it for details, The siphuncular segments are ex-
panded at the ends, but straight in the middle. The'
brim and area of adnation are both slightly greater
than the length of the neck. Siphonal devosits are of

the Dolorthoceras type. The cameral denosits are

episeptal and hyposeptal. This character alone will

distinguish A. ciscoense from other members of

Adnatoceras.

Occurrence.- Cisco formation, Pennsylvanlan,

from a locality north of Browwood, Texas.

EULOXOCERAS Miller Dunbar and Condra
Genotype: Euloxoceras greeni Miller Dunbar and Condra

Miller, A,K., Dunbar, C.0, and Condra, G.E., 1933,

Nebraska Geol. Surv., ser. 2, bull. 9, p. 97.

| In this genus are placed orthoceracones which may
be circular in the earller stages, but which differ from
most of the Pseudorthoceratidae by a laterally compressed
ephebic section which may be oval or subguadrangular,
The sutures are sinuous and slope slightly adaperturally
on the ventral or antisiphonal side. The normal suture

pattern consists of prominent lateral lobes separating
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dorsal and ventral saddles, The sutures of the mid-dorsal
and mid-ventral region may be straight and transverse or

may possess rudimentary lobes as in E, milleri n. sp.

The siphuncle is located half way between the center
of conch and the dorsal wall, The segments are sub-
cylindrical over the greater part of their length, but
contract abruptly at the septal foramen. <The brim is
more than twice the neck. The area of adnation is less
than the brim but greater than the neck. The free part
of the connecting ring is transverse at either end,
continuing the expansion of the siphuncle, The turn of
the connecting ring to a longitudinal position is abrupt.
The greater part of the length of the free part of the

connecting ring is elther cylindrical or faintly concave,

The deposits of the siphuncle are of the Dolorthoceras
type and are relatively thick, Stages leading to the
fuslion of the adjacent segmental deposits have been ob-
served, and show that the anhulosiphonate ring is com-
rlete before fusion, The thickness of the deposit and
the great constriction of the siphuncle at the septal
foramen reduce the endosiphuncular cavity to a small
pverforation at the septal neck, which enlarzes gradually
oradas the thickness of the deposit decreases, and then
decreasing rapidly in diameter as the succeeding septal

foramen is approached. The deposits of the siphuncle
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show only a slightly greater development on the venter:
than on the dorsum, Deposits within the camerae are
episeptal and hyposeptal, and are markedly heavier on
the venter than on the dorsum.

Miller Dunbar and Condra regarded the siphuncle as
ventral in position in this genus. The presence of a
well defined dorsal carina on the siphonal side of the
conch together with the greater development of cameral
and endosiphuncular deposits on the antisiphonal side of
the conch lead to the conclusion that the siohuncle is
dorsal in position.

The surface of the shell of the genotype is un-

known, E. milleri which is described below, shows low

longitudinal ridges separated by flat or slightly con-
cave interspaces. The longitudinal ornament is slightly
impressed upon the internal mold, enough so to obscure
any trace of a ventral carina which may be present,

The aperture is unknown.

Discussion.~- This genus contains but two recognized

species, The genotype, BEuloxoceras gepeeni. Miller Dunbar

and CondraloB, appears to be fairly widespreas in the

103. Ibid., p. 99, pl. 1, fig) 12-15.

Pennsvivanian of North America. Euloxoceras milleri

of the Jackborough limestone may be distinguished by
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the more nearly transverse and more sinuocus sutures, the
more quadrangular section, smaller size, and deeper

camerae,

Buloxoceras represents the climax of one type of

siphuncular enlargement, an enlargement by an increase

in the brim and area of adnation while the middle portiog
of the segment tends to become first cylindrical and

then slightly concave. An increase of brim and area of
adnation together with the straightening of the middle

of the connecting ring produce Adnatoceras from

Dolorthoceras; An accentuation of the same characters

will produce the siphuncle of Buloxoceras from that of

Adnatoceras, It must, however, be derived from a

relatively simple Adnatoceras with a subcircular section
and a subcentral siphuncle, as the genera differ markedly
in section and position of the siphuncle in the early stages.

r

Buloxoceras milleri Flower, n. sp.

Pl, 2, figs 1-3, 12-14,

This is a small compressed orthoceracone which is
8lizhtly flattened on the dorsal and ventral faces and
strongly flattened laterally, glving it a subquadrangular

section. The holotype is a portion of a phragmocone
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35 mm, in length, the adapertural portion of which is
slightly compressed by pressure. The adapical portion,
which is slightly if at all distorted, expands from 4 mm,
and 5 mm, to 6.5 mm, and 7 mm, in a length of 20 mm. The
sutures are transverse but undulate. There is a shallow
ventral lobe between ventrolateral saddles. The lateral
faces are occupied by conspicuous lobes. The dorsum is
occupied by a broad saddle which is flattened in the
middle.,

The septa are shallow, being 1 mm,., deep where the
diameters are 4 mm. and 5 mm, The number of camerae in
a length equal to an adapertural dorso-ventral diameter
increases from three at 6 mm. to three and one-half at
7 mm, The gerontic condition of the camerae has not
been observed. The siphuncle is dorsad of the center
and faintly compressed at its passage through the septun.
Where the dorso-ventral diameter of the conch is 5 mm,,
the siphuncle is 1 mm, in dlameter as shown on the septum,
and is 1,6 mm. from the dorsum.

In dorso-ventral section the siphucnle expands
abruptly on either end of the septal foramen, and 1is
slightly concave in outline within the camerae., The ex-
pansion of the segment apicad of the septum is made up
of the brim and a portidn of the connecting ring. Orad

from the free part of the septum is it made up of an
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adnate part of the connecting ring and a free transverse
portion., The sivhuncle expands from a diameter of .5 mm,
to one of 1.5 mm., where the segment is 2 mm, in length.
The dorso-ventral diameter of the conch at this point
is 6 mm. The necks are véry gshort, less than one-tenth
the length of the seément. The brim is slightly mors
than twice the neck and the area of adnation is twice the
neck., The effective expansion of the siphuncle at the
region of the brim and area of adnation which consists
of portions of the ends of the free part of the comnnect-
ing ring is three times the brim.

The deposits of the siphuncle are of the Dolor-

thoceras type, but present a slightly different aspect

than do the devposits of Dolorthoceras due to the more

marked constriction of the siphuncle at the septal
foramen, The deposits are clearly annulosiphonate in
origin, and dorso-ventral differentiation of the develop-
ment~of the deposit is slight. Some segments of the
holotype show the adjacent segmental deposits fused on
the venter but still discrete on the dorsum, Each
segment of the deposit grows thin as itg adoral end is
approached. This gives the endosiphuncular cavity a
curious appearance, It 1is widest in the adoral third of
each siphuncular segment and contracts abruptly orad

and more gradually apicad to a small perforation at the

septal foramen.
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The camerae contain episeptal and hyposeptal de-
posits. Though enough material of the species is not
available to permit a careful study of the lobation of
the deposit by means of cross sections, it is apparent
that the deposit 1s very heavy on the ventral side, al-
most completely filling the camera ventrad of the siphuncle,
while only a thin lining of the septa is present on
the dorsal side., The holotype further shows traces of
complicated lobes projecting inward, similar to the inner

pair of lobes of Pseudorthoceras. The episeptal and

hyposeptal deposits show a well defined pseudoseptum
in one specimen.

The internal mold bears a well defined dorsal
carina., The surface of the shell is ornamented by fine
raised lirae with flat interspaces, There are spaced
about .8 mm. apart in the holotype. A faint faceting
of the internal mold appears to be an internal expression
~of the ornament of the exterior., It is sufficient to
obscure any trace of a true ventral carina which may be
present, The living chamber and aperture of this species
are unknovn,

Digcussion,-= This gpecies differs from E, greeni

Miller Dunbar and Condra in the more approximate septa

the presence of obscure mid-ventral lobes, the more

aquadrangular sectlon and the transverse condition of
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sutures., E. greenl has only two camerae in a iength
equal to an adapertural dorso-ventral diameter, whereas
E, milleri has three or more in such a length,

Types.- Holotype: Pal, Res., Inst., no, 5851
Paratypes: ©Pal. Res. Inst., no. 5852-5854,

Occurrence.- From the Jackborough llmestone,

Pennsylvanian, Jack County, Texas.

CRYPTORTHOCERAS Flower, n. gen,

Genotype: Cryptorthoceras productum Flower, n, Sp.

Up to the development of the gerontic aperture
the conch is a depressed orthoceracone. The sutures are
straight and either transverse or very slightly inclined
orad on the dorsum, The septa show no unusual features,
The siphuncle is located slightly ventrad of the center
of the conch. The segments are slender, faintly ex-
panding within the camerae., The brim and area of adna-
tion are egual and less than the neck, in a gerontic
siphuncular segment., Ephebic segments unknown.

The mature aperture is turned abruptly ventrad,
the dorsal wall being arched over the normal position of
the aperture. The dorsal margin of the anerture is

broadly arched, the lateral portions strongly rounded,
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the central portion like the dorsla side laterally, but

with a prominent V-shaped hyponomic sinus in the middle.

Discussion.- This genus is erected from the re-

ception of a single srecies which, by reason of 1its
unigue aperture, can be placed in no previously described
genus, The affinities of the genus are obviously with
simple orthoceracones, The outline of the siphuncle as
known is not all that might be desired, as it probably
represents a gerontic condition. The gerontic outline

of Adnatoceras 1is similar, as 1s also the neanic

NDolorthoceras outline, The aperture, though admittedly
aberrant, suggests a relationship with orthoceracones

with trilobed apertures, such as Dolorthoceras telamon

A (Hall) or Palmeroceras fustis (Hall). Were the apertures

of such forms turned toward the venter and the form of
the lobation slightly modified the aperture of Crypt-

orthoceras would result.

The early portion of the phragmocone is unknownp,
therefore the deposits of the camerae and siphuncle have
not been observed.

The aperture and the form of the siphuncular segments
are sufficient to show that this genus is a member of the
Dolorthoceratinae of the Pseudorthoceratidae, It was

probably derived from Dolorthoceras near to the point

from which Palmeroceras and Adnafoceras sprang from the
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same genus.

Cryptorthoceras productum Flower, n. sp.

Pl. 4, figo 12-’15.

The holotype represents a mature living chamber and
part of a phragmocone of a large orthoceracone of depressed
section which 1is remarkable for the contracted aperture
which is turned abruptly ventrad.

The phragmocone, 60 mm. in length, expands from
45 mm, and 60 mm., to 50 mm, and 72 mm, at the base of the
living chamber, The living chamber is 120 mm, in length,
attaining diameters of 65 mm. and 80 mm, 75 mm, above
the base, at the level of the hyponomic sinus.

The sutures are straight and transverse. Although
the specimen is apparently mature, the last camerae are
not contracted. 1In a length equal to the transveirse
diameter of 72 mm. at the base of the living chamber
there are about four and one-half camerae; in a length
equal to the corresponding dorso-ventral diameter of
50 mm, there are about three and three fourth camerae.
The siphuncle is located ventrad of the center, Where
the diameters of the conch are 60 mm, and 45 mm., the
siphuncle is 4 mm., in diameter and is 17 mm. from the

venter and 22 mm. from the dorsum.,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




267

The siphuncle is preserved only in the earliest

segment of the type. It 1s cylindrical within the camera

and contracted abruptly at the ends as in Adnatoceras.
The condition of the septal neck is obscure, but evi-
dently the brim and area of adnation are considerably
less than the heck, as in the gerontic stage of
Adnatoceras.,

The basal 100 mm, of the living chamber eXxpands
uniformly, but at this point the dorsal wall curves over
the adoral surface, the sides contracting, so that the
aperture is on the ventral side of the specimen, The
aperture is a transverse oval with a V-shaped hyponomic
sinus interrupting the ventral side for the middle third
of its width. The sinus occurs 80 mm, above the base
of the living chamber, The aperture measures 55 mm. and
70 mm, It is surrounded by a slichtly produced lip
which bears prominent lines of growth. No ornament is
preserved elsewhere on the shell,

Discussion.- The holotype is a specimen preserved

in a concretion, and it at first seemed that the unique
characters of the aperture might represent a fortuitious
placing of septaria, but a careful working out of the
aperture revealed its symmetry and the continuity of

the shell o ver the whold of the specimen. Portions of

this species and genus not preserving the aperture
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closely resemble ordinary orthoceracones, and in fact
cannot be distinguished from them. A portion of a
specimen representing the basal part of the living
chamber and the adoral part of the phragmocone was fig-

104
ured by Hall as QOrthoceras eriense, It can be

104, Hall, J., Paleontology of New York, vol, 5, pt. 2,
plo 87, figo 1-20 18790

recognized as conspeclfic by the apparently originally
depressed section, the slightly eccentric position of the
siphuncle, and the depth of the camerae. The specimen
represents a part of a mature individual.

Type.- Holotype, Buffalo Museum of Science, no. E9013.

Occurrence.- From the Wanaka member of the Lud-

lowville, Hamilton group, collected at Bay View Creek,

Collected by Mr. I.G. Reimann.

SCEPTRITES Flower, n. gen,

Genotype: Orthoceras sceptrum Hall

The conch is s8lightly compressed throughout and
8slightly cyrtoconic. The sutures are straight and
transverse in the young, tending to develop slight
lateral lobes in the later portion of the phragmocone.

The siphuncle is subcentral in position, lying slightly
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closer to the convex side in sceptrum and closer to the
concave side in carteri., The segments are apparently of

the nepionic Dolorthoceras type. No deposits are known

in the siphuncile. 8. carteri possesses well defined

cameral deposits which are mural and concentrated against
the concave side of the conch. The aperture is unknown.,
no trace of the surface of the shell is known and the

internal mold shows no lIndication of any ornament.

Discussion.- It is uncertain whether the genus is

endogastric or exogastric in the absence of internal
carinae and apertural characters, The position of cameral
deposits suggests an endogastric dondition. The only two
species placed in the genus are both from the Onondaga

of New York. Orthoceras ohioense Hall shows a curvature

which, if natureal, suggests Sceptrities, but the a bsence

of compression is inconsistent with the genus, and it 1s

far from certain that the curvature 1is original

Key to species of Sceptrites

A, Living chamber clavate.

B. Sutures transverse; 5% camerae in length equal
to diameter; living chamber gibbous 8, claviformis.

BB. Butures sloping apicad on convex; 6% camerae in
lengthiequal to diameter; living chamber scarcely
gibbous """" ..'...........’QOOOQOOOQSO Oblious

AA, Living chamber not clavate,
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C. ©Size large; T camerae in length eqgual to diameter
of 44 mm., 6 in length equal to 73 mm,
.ol..lo.‘0..'0.0...‘Q'.....'.....'...S. Sceptrum.

CC. Size small; 4% camerae in 22 mm., 5 in 40 mm.

'.'0."'....0.....'0000‘C..OO....“;S. Cartel—,i.

Sceptrites sceptrum (Hall)

Pi. 6, fig. 3, pi. 9, fig. 1.
Orthoceras sceptrum Hall, J., 1888, Paleontology

of New York, vol. 5, pt. 2, suppl., p. 26,
pl. 117, fig. 2.

The two specimens upon which this revised descrip-
tion 1is based agree in their large size, slizghtly com-
pressed section, and subcentral siphuncle, Slight 4if-
ferences in the rate of expansion and proportions of the
camerae are attributable to the slight distortion which
has affected both specimens to some extent.

The conch is compreseed, very slightly curved
throughout. The holotype has a length of 440 mm., in
which the rate of expansion shows considerable variation.
The dorso-ventral diameter only is known. <The conch
expands 15 mm,., in the first 100mm., from 35 mm. to 50 mm/,
20 mm, in the succeeding 100 mm., 18 mm. in the next
100 mm., and 15 in the last 100 mm., attaining a maximum
dorso-ventral diameter~of 95 mm. The hypotypec, a sligntly

smaller snecimen shows the following diameters at
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intervals of 100 mm., 40 mm. and 34 mm.,, 51 mm, and 48 mm.,
68 mm, and 55 mm. and 85 mm, and 70 mm. It the adapical
50 mm, the conch expands more rapidly, increasing from
35 mm., and 30 mm. (estimated) to 40 mm., and 34 mm.

The sutures are transverse to the curving axlis of
.the conch and are straight adapically, tending to develop
8light lateral lobes in the adoral portion. The septum,
as known from the hypotype, is slisghtly less than one
fifth the dorso-ventral diameter in depth, being 9 mm,
at 41 mm. and 15 mm,., at 59 mm,

The sivhuncle is located slightly closer to the
convex than to the concave side of the conch. Where
the dorso-ventral diameter of the conch is 39 mm, the
segment is 4 mm. in diameter at the septal foramen and
is 15 mm, from the comvex and 20 mm, from the concave
side of the conch. The segment expands from 4 mm. to 6 mm,
in the camera and is 6 mm. in length. The segment is

of the nepionic Dolorthoceras type, with brimless than

neck and subequal to the slight area of adnation., No
deposits within siphuncle or camerae are yet known in
this species,

The living chamber of the holotype has a basal:
dorso-ventral diameter of 90 mm. and has a maximum length
of 156 mm., The aperture is not preserved. The hypotype,

representing a younger individual, has dilameters at the
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base of the living chamber of 78 and 68 mm., and retains
only the basal 40 mm, No trace of the surface of the
shell is retained on any specimen known,

The camerae occur six in a length ecual to an
adoral dorso-ventral diameter of 73 mm., but lncreasing
slightly in frequency apicad so that there are seven at
44 mm., in the hypotype. In the holotype the prdportion
is rather more variable, showing six and one half at
41 mm,, the same number at 50 mm,, five and one half
at 67 mm, and five at 85 mm. Whether the adoral in-
crease in depth is due to pressure or not is uncertain.

Discussion.- The very larce size and the shallower

camerae distinguish this species from S, carteri.

Types.- Holotype: New York State Museum, no,
12403/1. Hypotype: Buffalo museum of Science, no.
E8997.

Occurrence.- From the Onondaga limestone of

New York. The holotype is from Cherry Valley, Otsego
County, the hypotype is from the Federal Crushed Stone

Quarry near Lancaster, Erie County.

Sceptrites carteri Flower, n. sp.

Pl. 6, Tig. 4.

The holotype has a total length of 285 mm., and
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lacks the extreme apex and the greater part of the
mature living chamber. 39 mm,., from the apex, which is
gomewhat crushed, the diameters are 19 mm. and 22 mnm,

In 140 mm, the conch expands to 40 mm, and 28 mm,, and

in the next 120 to 55 mm, and 35 mm, Curvature is &light
and uniform, The sutures are straisght and transverse.
The septum has a depth of oneforth the dorso-ventral
diameter of 21 mm. The camerae occur four and one-half
in a length equal to a dorso-vantral diameter of 22 mm.,
but five in a length eqgual to the dorso-ventral diameter
throughout the later portion except in the region of the
last camera which shows gerontic contraction, the last
two measuring 9 mm. and 6 mm, at a dorso-ventral diameter
of 50 nmm,

The siphuncle is known only at a dorso-ventral

diameter of 22 mm. The siphuncle is 10 mm, from the
convex and 11 mm, from the concave side of the conch.
Here the segment is 4% mm. in length, and expands from

2 mm, to 3 mm., The segment is poorly preserved, but

appears to be of the Dolorthoceras tyve. HMural deposits

are present in the apical 13 camerae of the specimen,
leaving eighteen camerae without deposit, The fragment
of the living chamber is 40 mm. in lenght, and evidently
represenits not much more than the basal half,

Discussion.- The smaller size and deeper camerae
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at once distinguish this from the large Sceptrites

sceptrum (Hall) the only associated form which resembles
it remotely.

Type.- Holotype, collection of Mr, Alec Carter,
Buffalo, N.Y., to be deposited in the Buffalo Museum
of Science.

Occurrence.- Onondaga limestone, Federal Stone
Quarry, south of Lancaster, Erie County, New York. The
species was collected by Mr. A. Carter for whom it 1is

named .,

Scep trites claviformis Flower, n. Sp.

Pl, 6, fig. 2.

This Sceptrités.is differentiated by the relatively

rapid expansion of the apical.portion, to which curvature
is confined, and the fusiform condition of the living
chamber., The holotype has a length of 1340 mm. The
dorso-ventral diameter is 8 mm. gr-ater than the trans-
verse diameter is the apical part of the specimen, but
increases to 10 mm, in the adoral half. The conch expands
at a rate of about 7 mm. to 9 mm, in 40 mm. in the phrag-
mocone; this decreases to nothing over the living camber
and contraction occurs in the adoral half, IMeasure-

ments of the dorso-~ventral dizmeter taken at intervals
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of 40 mm. are as follows: 36 mm., 40 mm., 52 mm,, 60 mm.,
67 mm,, 73 mm., 75 mm., 72 mm, 70 mm., The living
chamber has a length of 140 mm, and increases in the
basal 55 mm. from 72 mm., and 58 mm, to 75 mm. and 65 mm,
and contracts in the next 85 mm, to 70 mm. and 60 mm.

The sutures described broad lateral Lrobes but are
transverse to the axis of the conch. Five énd a half
camerae occupy a length eqgual to the diameter in the
apical part up to a diameter of about 50 mm., where the
number increases to six. The last three camerae measure

12 mm. 10 mm, and 8 mm., showing a gerontic condition.

The siphuncle is not known nor is the depth of the septum,

Discussion.- The fusiform condition of the conch

and the straight condition of the living chamber charac-
terize this species. The rate of expansion is greater

than that of S. sceptrum with which it agrees most

closely in size, further, that species is more uniformly
curved and the depth of the camerae is more constant.
Type.- Holotype: U.S. National Museum, unnumbered.

QOccurrence.~ From the Columbus limestone, near

Columbus, Ohio.
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Sceptrites obliquus Flower, n. sp.

Pl, 6, fig. 1.

This species, from the same locality as the preceding,
may be distinguished by the less gibbous form of the
living chamber, and the oblique condition of the sutures.
The dorso-ventral diameter changes as follows at intervals
of 40 mm.: 41 mm,.,, 50 mm,.,, 65 mm,, 60 mm,, 75 mm., 75 mm.,
74 mm., The obscurity of the adoral sutures leaves some
doubt as to the exact position of the base of the living
chamber. Its maximum possible length is 190 mm. It ex-
pands from 62 mm, and 50 mm. to 74 mm. and 67 mm. in the
basal 120 mm., and contracts to T4 mm. and an estimated
horizontal diameter of 62 mm, at the aperture.

The sutures are straight and oblicgue, sloping
apicad on the venter in the apical portion, becoming
more nearly transverse toward the living chamber, The
depth of the camerae is the same as in the prsceding
species, ranging from}six camerae at a diameter of 50
mm., to six and a half camerae at 70 mm.,, At the avex
of the specimen the siphuncle is 4 mm. in diameter at
the septal foramen and is 18 mm. from the concave side
of the conch. No trace of cameral deposits 1s shown.

Discusgion.~- This species differs from the pre-

ceding in the less gibbous form of the living chamber ,

the larger size, and the oblique sutures, which together
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seem sufficient to warrant regarding this form as
distinct.
Type.- Holotype: U.,S. National Museum, no. 37228,

Occurrence.- From the Columbus limestone, Middle

Devonian, from Columbus, QOhio,

FUSICOCERAS Flower, n, gen.

renotype: Fusicoceras eriense Flower, n. sp.

The conch is breviconicy;,slightly curved exogastri-
cally, and subtriangular in sectlion with the dorsum
transverse. The greater part of the living chamber.is
unknown, but slight cessation of expansion is mafked at
its Ppase, which is indicative, together with the répid
expansion of the apical portion, of a breviconie
condition,

The sutures bear broad low lobes on the dorsum which
are well rounded centrally, and deeper lobes on the
venter, which are less rounded in the median portion.

The siphuncle is located close to the ventral wall and is

of the Dolorthoceras type, both in outline and the form

of the deposits. No cameral deposits are known,

Discussion.- Even the absence of the aperture this

genus can be readily separated from all other breviconic

genera by the outline and internal structure of the
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siphuncle. The genotype, the only known species of the

105

genus, resembles Endovnlanoceras Flower somewhat in

105, Flower, R,H., Devonian brevicones of New York and

ad jacent areas, Paleontographica Americana, vol. 2, no, 9,

1938, p. 53.

form, but has a subtriangular section, a marginal
siphuncle and lacks lohgitudinal markings. The section

is more angular than that of Brevicoceras Flower which

is suggested by the sutures, and the dorsal concavity

and the ventral lobes furnish other differences, as does
the structure of the siphuncle. The genus is separated
from other Pseudorthoceratidae by the marginal siphuncle
and the breviconic condition., No other genus of brevi-

cones has as yet been recognized as having affinities

with this family.

Fusicoceras eriense Flower, n., sp.

Pl. 6, fig., 5-6; pl. 7, fig. 1.

The holotype is a portion of a conch 80 mm. in
length consisting of a part of a phragmocone and the base
of a 1living chamber., The section is strongly depressed,
subtriangular, with the venter strongly arched, obscurely

keeled, and the dorsum transverse and scareely convex.
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In vertical outline the dorsum is slightly concave through-
out, becoming straighter adorally, the venter is uniformly
convex, the sides diverge uniformly to the base of the
living chamber, where the outline becomes faintly con-
vex. The conch expands from 57 mm. and 33 mm., to 69 mm,.
and 35 mm. in a ventral length of 67 mm,

The sutures bear broad shallow dorsal lobes, trans-
verse centrally. The ventral lobes are slightly deeper,
and strongly curved in the median portion. Six camerae
occur in the apical 55 mm,, increasing from 7 mm. to 11
mm, in depth. The one remaining camera 1is gerontically
contracted to a depth of 7 mm.

The siphuncle lies close to the venter, being 5 mm.
in diameter at the avex and separated from the venter
by 4 mm, A transverse section ground through the siph-
uncle, not, however, attaining its greatest dlameter,

shows segments of the Dolorthoceras type. As exposed a

segment 8 mm. long expands from 2 mm., at the septal fora-
men to 4 mm, in the camera. Neck and brim are subequal
and one-eighth the length of the segment. The aplcal

two septal necks show evidence of a deposit of the

Dolorthoceras type.

In the apical segment the lining is very nearly
continuous but in the next segment the condition is still

immature, although the Michelinoceras stage 1s past.
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Succeeding adoral segments are not preserved.

Discussion.- In proportions this species does not

agree with any described forms, and is easily characterlzed
by the development of the ventral lobes of the sutures
from other brevicones, Other distinguishing characters
are discussed under the genus, of which this 1is the only
known representative,

The absence of cameral deposits is not surprising
in a brevicone, which was apparently a floating form,
Evidently the development of deposits in the siphuncle is
more rapid than in most Pseudorthoceratidae. The speci-
men exhibits a stage indicative of early maturity, but
definitely pre-gerontic.

Type.- Buffalo Museum of Science,

Occurrence.~ From the Wanakah member of the Lud-

lowville, Idlewood Cliff, near 18 Mile Creek, Lake Erie.

PSEUDORTHOCERATINAE Flower, n., subfam,

Siphonal depocsits fuse ventrally to form a continuous

lining before appearing on the dorsum., The Pseudorthoceras

type of deposit characterizes the subfamily.

Pseudorthoceras is the simplest member of the sub-

family, and the longest ranging one. The genus persists
from the lower part of the Upper Devonian through the

Pennsylvanian and into the Permian.106 The thinning of
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106, Teichert, C. fide 1litti, 1938,

the siphonal deposit from Devonian to Pennsylvanian time

is slight. Mooreoceras makes its appearance slightly

higher in the Devonian. Devonian species possess a
rather thick siphonal deposit on the ventral side.
Closure of the denosit on the dorsum has not been ob-

. served, and may not occur. Pennsylvanian species possess
a much thinner deposit, which is scarcely thicker at the
expanded region of the siphuncular segment than at the
septal foramen, |

Paraloxoceras Flower, n. gen. is a Mississippian

derivative of Mooreoceras. The siphuncular segments be-

come more expanded and the deposits more massive. in
them can be seen traces of a radial canal system.

Bergoceras Flower, n. gen., is evidently e cyrtoconic

derivative of Paraloxoceras, and if De Konick's figures

are to be relied on the deposits develop equally on the
dorsal and ventral sides of the siphuncle. On the basis
of this character the genus cannot be sald to be typical
of the Pseudorthoceratinae. It is highly probable that

the best solution would be the separation of Paradoxoceras

and Bergoceras in a new subfamily characterized by thick

siphonal deposits in which radial canals are developed,

Material of Paraloxoceras has been limited to one specimen,
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and no material of Bergoceras was available, It has

seemed best to delay the proposal of a new subfamily un-

t11 more material can be examined.

PSEUDORTHOCERAS Girty, 1911

Genotype: Orthoceras knoxense McChesney

This genus contains slender orthoceracones of cir-
cular or subcircular section inwhich the apex shows a
very slight exogastric cyrtoconic curvature., The sutures
are straight and transverse, the septa are moderate in
depth and evenly curved, and the siphuncle 1is central or
subcentral in position., In outline the siphuncle under-
goes a marked ontogenetic development. A "false cyrto-

choanitic condition" is followed by a Michelinoceras

stage. This gives way shortly to the Anastamoceras stage.

The nepionic and ephebic Dolorthoceras stages follow in

turn and give place to the Pseudorthoceras stage. Here

the brim and neck are subequal and the area of adnation
is half the brim or less., The free part of the connect-
ing ring is convex, forming segments which vary between
pyrifqrm and subglobular in outline, The siphuncle con-
tains deposits which are annulosiphonate and pseudortho-
ceroid. Deposits fuse along the venter forming a con-

tinuous lining before being circumferentially continuous

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



283

at the region of the septal foramen.,

The camerae contain well defined mural deposits
which show remarkable circumferential lobation which has
been described in an earlier portion of this paper see
text figure 14, The internal mold retains the dorsal
carina, but I have not been able to observe the ventral

carina in any specimen of Pseudorthoceras.

Digcussion.~ The genus is characterized by the

generalized features of the phragmocone, the outline of

the siphuncle and the form of the siphuncular deposits.

The numerous specimens of Pseudorthoceras from the

Pennsylvanian are referred to P. knoxense which appears

to be a rather variable species, New species from the

Naples fauna of the upper Devonian are described below,

Pseudorthoceras knoxense (McChesney)

Pl. 1, fig. 6; pl. 2, fig. 11; pl. 8, fig. 5, 11-12,

The synonomy and a good description of this species

have been recently given by Miller Dunbar and Condrat®”

107. Ibid., p. 81.

and need not be repeated here. The absence of the living
chamber in this svecies which is revresented by abundant

phragmocones throughout the Pennsylvanian has been
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Fig. 13. Development of siphonal deposits in Anastamoceras.

The sections are dorso-ventral and show the complete ab-
sence of dorso-ventral differentiation in the develop-
ment of the deposits,

A. BSiphonal deposits have formed as complete rings at
the septal foramina and have developed orad along the

connecting ring forming the Mechelinoceras type of

deposits.

B. Further growth of the deposits orad has resulted in
the fusion of adjacent deposits to form a continuous
lining within the siphuncle. This 1s the Pseudortho-
ceroid type of deposit. The equal development of the

deposit on dorsum and venter result in the Dolorthoceras

type of devnosit.

. Turther deposition results in a central core which 1is
attatched to the pseudorthoceroid deposit of B by ir-
;égﬁlar radial pillars. The section shown is not cuite
central, and fails to show the perforation of the central
core which allowed the main blood vessels to run the

length of the siphuncle.
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commented on but not eXplained. The species seems to
characterize facies in the Pennsylvanian which are rich
in clastics, and normally occurs in a more or less crushed
condition, “* typical specimen will consist of a portion
of a phragmocone which is undistorted adapically but
which becomes progressively more and more flattened
adaperturally. Ifsuch a gpecimen is sectioned it will

be found that there exists a very définite relationship
between the extent of the deposits of the camerae and the.
degree of distortion. The adapical portion in which de-
posits are pronounced is practically undisturbed by
pressure, while the adoral portion in which the deposits
are immature has been flattened to an extent which varies
inversely with the amount of cameral deposit present. It
is now known that in orthoceracones the cameral deposits
are formed in the adpical part of the phragmocone and not
at the base of the living chamber, and that the point at
which deposits begin is separated from the base of the
living chamber Dby a considerable number of empty camerae.

It would follow that in a typical specimen of P. knoxense

not only the living chamber but also a considerable num-

ber of the adapertural camerae are lost,

For this reason the earliest stages of the development
of the deposits of camerae and siphuncle have not been

obgserved in this species. The earliest available stage
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of the siphuncular deposit shows the deposits which
originate at the septal necks markedly developed adaper-
turally so that they extend about half way to the next
adoral septal neck, Following this can be seen stages
leading to the fusion of the deposits of adjacent segments
along the venter. No deposits appears against the dorsal
wall of the siphuncle at this stage, Cross section taken
at a stage at which the fusion of the deposits along the
venter is complete shows that the structure is confined
to the ventral third of the siphuncle and is thickest at
the mid-ventral region. (Fig. 14 B) Beyond this stage
material 1is added to the sides of the deposit until they
meet along the dorsum. The advancing lateral margins

of the deposit are lobed and are rather variable.
Normally the two ends at the region at or near the septal
neck are completed first and then the middle portion, in-
dication that the lateral margins of the deposit are
trilobed. (Fig. 14 ¢) Two specimens have been seen
which in cross section show mid-dorsal mass of deposit
which is isolated from the maln mass. Enough material
showing this phenomenon has not been availlable to
demonstrate whether this dorsal body is really isolated
or whether it represents an independant adoral extension

from the deposit which is completed circumferentigily at

the septal neck.
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The lateral growth of the deposits is shown diagra-
matically in fig. 14. The characteristic features are
the fusion of adjacent segments of the deposit along the
venter followed by an encroachment of the deposit laterally
and finally dorsally. Though the completed deposits are

similar to those of Adnatoceras, Euloxoceras and Dolor-

thoceras; the:developmental stages are very different and
the annulosiphonate origin of the structure is not at

once apparent in Pseudorthoceras, as the annuli at the

septal foramen are not completed until a pseudortho-
ceratoid deposit is complete ventrally, thereby obscuring

the resemblance.

It has been noted that in several adapical portions

of P. knoxense the deposit is not closed on the dorsal

side, though normal closure occurs in more adapertural
segments of the same individual., In such specimens the
failure to develop the dorsal wall of the siphuncular
deposit is found in segments in which the cameral deposit
has nearly filled the camerae., This is of interest as

it supports the belief that the pseudorthnocercid deposit
when completed serves to sever the comnmection between

the siphon and camerae, thereby controling the extent

of the development of the cameral deposeits., 1In E.
knoxenée the heavy cameral deposits must have been im-

portant hydrostatically, while the thin siphuncular
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deposit could have had little direct significance, as it
1s not massive enough to affect the balance of the
organism to any extent.

The radial distribution of the deposits of the
camerae has been discussed in detail in morphological
section of this paper, and need not be repeated here,
(See fig. 14 p. , also pl., 1, fiz. 8.)

Of particular interest is the preservation of the
original micro structure of the cameral deposits in some

108
specimens from the Hazleton Bridge limestone of the

108, C.A. Mallot, ms.

upper Pennsylvanian of western Indiana. Although the
Specimens are now completely composed of calcite, the
original pattern is retained in considerable detail,
Iypes.- The specimens here figured are deposited
in the Paleontological Research Institution, nos. 5859-

5864,

Occurrence.~ The snecies is wildespread in the

Pennsydvanian of America, apparently occurring throughout.

Pseudorthoceras senecum Flower, n., sp.

Pl. 1, fig. 1-3.

Conch orthoceraconic, presumably originally circular
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1S

or subcircular in section. The holotvpe is badly
flattened, with one side ground away. The greater dia-
meter of the specimen increases from 8 mm. to 11.5 mm,

in a length of 26 mm. The sutures are straight and
transverse., The septa, in their present condition, are
less than one-seventh the diameter in depth, Lhere are
four camerae in a length equal to an adapertural diameter
of 10 mm,

The ground surface of the specimen represents a
nearly dorso-ventral section as is shown by the slightly
eccentric sivhuncle and the uneven distribution of de-
posits. The siphuncle is 4.5 mm, from the venter and 5.5
mm. from the dorsum, Vhere the depth of the camera 1is
215 mm., the siphuncle expands from ,6 mm, to 1.5 mm,
The necks are about one-sixth the depth of the camera
and are evenly recurved so that the brims and necks are
equal. The connecting rings are convex throughout,
though more strongly so at their apices than in the
middle portion, There is no area of adnation. <Yhe in-
terior of the siphuncle bears on the right or ventral
gide of the specimen continuous lamellar deposits. On
the left side the deposits are rudimentary.

The camerae bear well developed mural deposits
which are better developed en the ventral than on the

dorsal side of the specimen.
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Discussion.- In the organization of the deposits

and the outline of the siphuncle this species 1is a typilcal

Pseudorthoceras., It differs from the genotype in the

less pyriform outline of the segments, a character which
suggests the possibility of an origin of the genus in

some of the middle Devonian speciles of Dolorthoceras.

The asymnetrical position of the siphuncle and the
distribution of the deposits in the sivhuncle and camerae
indicate that the section shown is dorso-ventral or nearly
so, The surface is ground parallel to the plane of the
bedding, and shows that the uneven distribution of the
deposits is not due to inorganic agencies, Frequently
orthoceracones are found in which the lower portion of
the siphuncle is occupied by sedimehnts while the upper
portion which was left vacant at the time of burial was

later filled in by infiltrated material. Schindewolf109

109, ©Schindewolf, 0. H., Bermerkungen zur Ontogenie der
Actinoceren undvEndoéeren (Cephal.,, Nautil.). Neues
Jahrbuch flir Mineralogzie etc. Beil.-Bd. 74, Abt. b,

p. 96, fig. 6. 1935.

has figured a condition found in the apical end of

Pseudorthoceras knoxense which suggests such a phenomenon,

but the presence of a similar asymumetrical structure in

the Devonianspecimen shows clearly that this is
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characteristic of the stock, as such an explanation can-
not apply to a horizontally made section.

The extent of flattening of the specimen is not
known, as it came into my hands with one side ground
down to the sipvhuncle. The septa appears to be largely
undisturbved in the plane of the section which 1s in the
plane of the bedding. The depth of the camerae and the
outline of the siphuncle are not modified. It is question-
able whether flattening has increased the dorso-ventral
diameter, The septa show unusually few irregularities
for a distorted specimen and suggest that vertical
pressure may not have resulted in the usual horizontal

expansion,

The species can be distinguished from P. anomalum

the only other Devonian species of Pseudorthoceras so
far known, by the shallower camerae and the broader
siphuncular segments.

Type.- Holotype: Pal. Res, Inst., no 5858,

Qccurrence,- In the Cashaqua shales of the Upper

Devonian, Naples, New York.
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Pseudorthoceras anemalum Flower, n, sSpi

Pl. 4, fig. 9.

The holotype renresents a portion of a phrag-
mocone including the neanic and early ephebic stages,
8o that the adapical and adapertural ends of the specimen
differ markedly in proportions as well as in the form of
the siphuncle. The section is clrcular throughout. The
specimens is 70 mm, long, expanding from 5 mm, to 15 mm,,
with the conch expanding from 10 mm, to 15 mm. in the
last 25 mm,

The sutures are straight and transverse., The septum
3 mm, deep where the diameter is 12 mm,, or one-fourth
the diameter., It is shallower adapically. The camerae
are deep adapically but become rapidly shallower ador-
ally. The number of camerae in a length equal to an
adoral diameter varies from three at 6 mm,, to five at
10 mm. and seven at 14 mm, The siphuncle is subcentral
in position throughout, 1In the earliest segments the

outline is that of the Dolorthoceras type except for

the somewhat greater development of the area of adnation
which is scarcely less than the brim, The connecting’
ring is convex over its free portion, with the greatest
diameter in the adoral fifth of its length. Such a

segment is 1.8 mm. in length, and expands from.,8 mm

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




292

to 1.4 mm. Later segments retain the 1:1:1 ration of
neck, brim and area of adnation, but the converging sides
of the free part of the connecting ring apicad of the
greatest diameter become straight., This type of outline

is essentially the Adnatoceras type, except that the

straight sides converge apicad, producing a segment which
is more pyriform than cylindrical. This type of outline
is developed where the conch is 8 mm. in diameter. The
segment is 2 mm, in length, and expands from ,8 mm. to
1.4 mm, as before. Orad of this the segments become more
convex in outlihe, producing the typlcal early pyriform

segment of Pseudorthoceras. This is developed at a dia-

meter of 9 mm, The segment is 2 mm, in length, and ex-
pands from 1 mm, to 2 mm, <he segments orad of this
region are poorly preserved and fragmentary. The area
of adnation remainsg equal to the brim, but apparently
the convexity of the connecting ring increases still
further,

The deposits of the sivhuncle are well developed in
the adapical part of the specimen. The specimen is
sectloned nearly transversely, but at a point where the

section passes through the dorsal wall of the siphuncle

is is shown that the deposit is of the Pseudorthoceras

type, the adjacent sezment of the deposits fusing ven-
trally and then growing toward the dorsum. Adoral seg-

ments demonstrate the annulosiphonate origin of the
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structure, and show its ontogeny from the earliest stage.
Mural deposits occupy the camerae, The deposit can be

seen adjacent to the outside of the commecting ring in

the adapical camerae, which is taken to represent the
development of the inner pair of lobes of the ventro-lateral

masses, Transverse sections of Pseudorthoceras knoxense

show similar phehomena.

The living chamber and surface of the shell are un-
known, The ventral side of the specimen has been re-
moved by grinding. It was studied previous to grinding.
The shell was removed by weathering, also the mural part
of the septa., The deposits had partly been weathered,
and were less resistent than the matrix of the camerae,
with the result that the ventral sinus of the deposits
could be seen. The lobation of the ventro-lateral
masses was indistinct.

Discussion.~ On the tasis of the outline of the

latest known segments of the siphuncle and the form of
the giphuncular deposits this species is referred to

Pseudorthoceras. It is unique in the retention of the

strong area of adnation throughout. This feature might

e carried through from a nepionic Dolorthoceras stage.

In view of the fact that the area of adnation is strong

where the segments are of the typical Dolorthoceras out-

line, it appears that it represents the fallure to
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suppress the neplonic character of the area of adnation

in the ephebic Dolorthoceras type of segment, and that

the feature is merely continued.
The imperfect similarity of later segments to

Adnatoceras appears to be accldental, Rather 1t seems

that the straight form of the apically converging por-
tions of the connecting ring are the logical origin of

the Pseudorthoceras pyriform outline, The stage has not

been observed in P. knoxense, but accelleration might

cause it to be ommitted in this later form. Sufficiently

early stages of P. sSenecum to determine whether there is

& similar condition in that species, are lacking. However,
the holotype of senecum does show suggestions of the
flattening of the siphuncular outline,

This species can readily be dis£inguished from P.
Ssenecum by the much shallower camerae in the ephebic
portion, The shallow camerae of the asdapertural end
seem to indicate that this was originally a small species,
though the gerontic condition has not been observed.

Type.- Holotype, New York State Museum,

QOccurrence.- PFProm the Parrish limestone member of

Cashaqua shales, Upper Devonian, Parrish gulley, Naples,

New York.,
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MOOREOCERAS Miller Dunbar and “ondra

Genotype: Mooreoceras normale Miller Dunbar and Condra

Miller, Dunbar and Condra, Nebraska Geol. Surv,

ser, 2, bull, 9, p. 85.

In this genus are placed orthoceracones which are

similar to Pseudorthcceras, but differ from that genus

in having a depressed section, obligue or sinuate sutures

and an eccentric siphuncle. The section is circular in

the young and in some species may remain so in the ephebic
stage, though typical specimens are definitely depressed.

The sutures in the early portion are straight and trans-

verse but later normally slope adaperturally on the

dorsum and are more or less sinuous, showing faint lateral
saddles separating dorsal and ventral lobes. The sep-

tum is very shallow even in the younger stages, and

serves as a good criterion to distinguish early fragments

of Mooreoceras from Pseudorthoceras., The siphuncle is

central in position in the younger stages but is ventrad
of the center in the ephebic portion of the conch. The
outlins of the ephebic segments varles among the speciles.,
in some forms it is subglobular,'but it is more typlically
pyriform, with the greatest diameter orad of the center
and contracting more gradually apicad than orad.

Occasionally the segments are slender enough to resemble
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those of Dolorthoceras, but they can ve distinguished

by the pyriform condition, which is not known in typical

Dolorthoceras.

Siphonal deposits are of the Pseudorthoceras type.

Thus far stages up to and including the fusion of adjacent
deposits on the venter have been noted, but no specimen
has been found which shows the closure of the deposits

on the dorsum, It is possible that in Mooreoceras the

deposits may not be developed dorsally at all, but at
the present time enough material has not been examined
to justify such a conclusion.

The denosits of the camerae are concentrated on the
ventral side of the conch. One internal mold has been
observed which retains the dorsal hiatus and the ventral
sinus, but the differentiation between the dorso-lateral
bands and the ventro-lateral masses is not marked.

The surface of the shell is smooth. Mooreoceras
appears to have a thicker shell than Pseudorthoceras,
The internal mold bears well defined impressions of the
conchial furrow and the septal furrow.

Discussion.- Mooreoceras is probably derived from

Pseudorthoceras as is shown by the similarity of the

siphonal deposits and the siphuncular outlin es, The
depressed section, and the eccentric siphuncle and the

sinuous sutures represent a more specialized condition
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than that of Pseudorthoceras. The similarity between

Mooreoceras and Dolorthoceras in section, sutures and

occasionally in the form of the siphuncular segments is

due to isomorphism,

The oldest known representatives of Mooreoceras are
two species M., bradfordoides Flower n. sp. and M.
ruedemanni Flower, n. sp. described below, from the Wells-
burg monothem, which constituties the upper half of the
Chemung stage of the Upper Devonian of New York.

Mooreoceras is present in the Mississippian of

America, though apparently not well developed there,
A fragmentary specimen from the Salem limestone of the
Middle Mississippian 1s described and illustrated below,

110
Miller and Furnish have desctibed and illustrated

110, Miller, A.X. and Furnish, W,M,, Lower Mississippian
nautiloid cephalopods of Missouri in Stratigraphy and
paleontology of the Lower Missippilan of Missouri, Univ,.

of Missouri studies, vol. 13, no. 4, pp. 164-169. 1938.

several new and old species which are referred to

Mooreoceras. Fusiform siphuncular segments are reported

for M. chouteauense (Swallow) and M. cliftonense Miller

and Furnish,

111 d112

Several species figured by de Konick and Foor
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111. De Konick, L, G., Faune du calcaire carbonifere de
la Belgique Ann. de Musee Royal d'Hist. Nat. de Beligique,
Serie Paleontologique Tome V, 2 me partie, 1880.

112, Foord, A. H., Monograph on the Carboniferous
Cephalopoda of Ireland, Part I, Family Orthoceratidae (in
part), Paleontographical Soc., vol., 51, p. 12, pl. 5,

fig. 4a-c. 1897.

from the Mississippian of Belgium and Ireland respectively .

recall Mooreoceras in section, sutures and the eccentric

Siphuncle. In particular 0. hindeil Foord appears to be a

Mooreoceras, for the siphuncular outline as shown is

correct for the genus. It is doubtful, however, whether
the continuous lining within the siphuncle figured by
Foord represents an organlc or an inorganic deposit.
Without knowledge of the siphuncle outline it is not
possible to determine the generic posgition of the other

species firmured. Paraloxoceras can be distinguished by

its much more expanded siphuncular segments, even in the

absence of siphonal deposits.
I have made no attempt here to redescribe the

Pennsylvanian species of Mooreoceras, and such as are

figured are used here for purely morphological purposes,
All of the Pennsylvanian species known to belong to

Mooreoceras have been recently and quite adequately
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described., These and many new ones are at present being
studied by Mr. Richard Schweers of the University of
Indiana. I am indebted to Mr. Schweers for an opportunity
to study his undescribed material and to figure such

specimens as were required.

Mooreoceras ruedemanni Flower, n. sp.

Pl, 1, fig. &4; pl, 7, fig. 3; pl. 8, fig. 8.

The holotype consists of a portion of a phragmocone
containing seven camerae, 22 mm. in length. It has been
ground so as to expose a surface inclined about twenty
degrees from the dorso-ventral plane. Conch depressed
in section, expanding from 9 mm., and 14 mm, to 12 mm., and
18 mm, as nearly as can be estimated. ©Sutures oblique,
sloping strongly orad on the dorsal or antisiphonal side,
Septa shallow, having a depth of 1,5 mm, 'on the venter
and 3 mm, on the dorsum, <‘here are three and one half
camerae in a length equal to the adapertural dorso-
ventral diameter of 12 mm., and six camerae in a length
equal to the corresponding transverse diameter of 18 mm.

Siphuncle fusiform in outline, located ventrad of
the center of the conch, Its distance from the venter
increases from 4 mm, to 5,5 mm. in 22 mm. Septal neck

strongly recurved, the neck slichtly greater than the
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brim, VWhere the segment is 4 mm, in length the diameter
at the septal foramen is .8 mm. This increases to a
meximum diameter of 3 mm., one-third the distance to the
preceding segment, then contracting gradually apicad,
producing a strongly fusiform outline, Area of adnation

minute, about one-half the brim.

The deposits of the siphuncle are of the Pseudortho-
ceras type and are well developed on the ventral side,
but can not be distinguished clearly on the dorsal side.

Deposits of the camerae are mural and well developed.

The surface, aperture and living chamber are un-

known,

Discusgion.~ The holotype, the only representative

of this species which has come to my attention, represents
an adapical portion of the phragmocone, as is shown

by the development of the deposits. It ie an internal
mold, originally badly weathered, so much so that ths
measurements of the conch are only approximate, The

outer part of the mural deposits of the camerae have been
for the most part removed. Nevertheless, the Species

can be recognized by the very shallow camerae, which will

distinguish it from the species of Bradfordoceras which

also occurs in the Upper Devonian with the exception

of B. gompnoides Flower and Caster, the siphuncular struct-

ure of which is unknown,
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The cameral spaces of the holotype are filled with
white calcite; the cameral deposits are strongly limonitic.
The deposits of the siphuncle appear to be some greenish
iron compound, and have partly been dissolved. They
can be distinguished from the matrix of the siphuncle
only with difficulty. |

Type.- Holotype, New York State Museum no. 1753.

Occurrence.- '"From iron ore bed in the Chemung,

Austinville, Bradford County, Pennsylvania." Dr. K.E.
Caster has very kindly supplied a statement as to the
horizon which is quoted: "Prom the matrix of the material
from the Upper Devonian of Bradford County, Pennsylvania,
I would judge that it came from one of the local iron-
limes or coguinites in the Wellsburg monothem., The iron
ore bed near Austinville apparently lies near the hori-
zon of the "Burlington limestone" of the Second Survey
(Pa.) reports, for which Willard, 1936, suggested the

name Luthers Mills coguinite,"

Mooreoceras bradfordoides Flower, n, sSp.

Pl, 7, fig. 7.

Conch orthoceraconic, depressed in section, with the
venter more flattened than the dorsum and a ventral

siphuncle, The conch expands from 5.5 mm, and 7 mm. to
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9 and 11 mm. in the first 20 mm. of the holotype. In
the next 20 mm., the conch expands to 135 mm, and 17 mm.
The sutures are straight and transverse in the earliest
part of the conch but develops lobvate pattern consisting
of dorsal and ventral crests separated by lateral lobes.
The dorsal crest-is the higher of the two, giving the
suture and septum a.slightly oblique aspect., The septa
are shallow. At diameters of 9 mm. and llmm, the depth
is 2.5 mm,

Throughout the known portion of the conch there are
five camerae in a length equal to an adapertural dorso-
ventral diameter, and six in a length equal to the
corresponding transverse diameter,

The siphuncle is close to the ventral wall of the
conch, Vhere the dorso-ventral diameter is 5.5 mm, the
siphuncle is .6 mm., in dlameter and 1.6 mm., from the
venter. Where the diameter has increased to 9 mm,., the
siphuncle is 1.5 mm., in diamter and 2 mm, from the venter.
In section the segments are fusiform, expanding to their
greatest diameter orad of the center of the segment. The
brim appears to be considerably less than the neck, and
there is no area of adnation. A segment which is 24 mm.
in length expands from .6 mm. at the septal foramen to
1.4 mm, Depésits within the siphuncle are of the

Pseudorthoceras type, ahd have been observed only on the
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ventral side. The anterior of the sectioned camerae
show the segmental deposits yet unfused; in the more
apical portion adjacent segments have joined and their
‘boundaries cannot be made out., The deposits is thick in
the interseptal space, and it occupies nearly half of
the siphuncle, so that the endosiphuncular cavity is
nearly straight on the ventral side. Deposits within
the camerae are mural, They extend along the free part
of the septum nearly to the siphuncle on the venter, and
are not massive peripherally. The internal mold shows
little lobation, but the ventral hiatus is well preserved.
Deposits have not been observed on the dorsum. & well
defined dorsal carina is present.

The living chamber, aperture and surface are not
known.,

Discusgsion.- The species is remarkable for its re-

semblance to Bradfordoceras in the lobation of the sutures,

and suggests that some of the specimens referred to

Bradfordoceras by Flower and Caster without knowledge of

the siphuncular structure may eventually prove to belong

to Mooreoceras instead. The specimen is of interest first

for the heavy concentration of the deposits of camerae
and siphuncle on the venter, and second for the effect
that this had on the conch after the death of the

organism. The specimen was still imbedded in its matrix
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when it came into my hands, and was contained in a small
block one side of which showed considerable evidence of
weathering. This appears to be the upper side., The

conch rests with the venter on the opposite or lower side
of the block, which is just what'is to be expected in
view of the condition of the cameral deposits. The
devosits of the siphuncle are strongly replaced, and the
margin of the deposit is irregular in the adapical end of
the specimen, VYere it not for the segmental condition

of the deposit in the anterior portion, and were there

no indication of the position of the conch in the sedi-
ments, such structures might be interpreted as the supple-
mental infiltration to an incomplete internal mold of

the siphuncle, The specimen occurs inla highly ferruginous
and micaceous sandstone, and is replaced with calcite,
limonite and some unidentified iron silicates.

The svecies differs from M. ruedemanni in the more

sinuate and less oblique sutures. BSo far as can be de-
termined from the other species, the depth of the camerae
is about the same.

Type.~- Holotype, New York State Museum, no.

Occurrence.- This bears the same locality number

as the preceeding, and like it, is probably from the
Wellsburg monothem. The matrix sent to Dr. Caster 1is

from this specimen. Both are undoubtedly from the same
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horizon as is indicated by the preservation, matrix, and

the minerals in the siphuncles,

Mooreoceras sp.

Pl, 4, fig. 5.

This consists of a small fragment of an orthoceracone
which does not furnish enough information to merit the
use of a new specific name., Only three camerae are
preserved, and these are too fragmentary to furnish
either the section of the conch or therate of expansion,
The total depth of the camerae is 6.2 mm., and the adaper-
tural diameter is 12 mm. The curvature of the septum in
Ssection is equal to the depth of a camera. VWhere the
camera is 2 mm. in depth the siphuncle expands from 1 mm.
at the septal fof;men to 2 mm., within the camera., The
necks are short and recurved, the brim appearing slightly
less than the neck, and the connecting ring is convex
throushout, not more curved at the ends than in the middle,
and meeting the preceding septum with no area of ad-
nation. Deposits are not known in either the camerae or
the siphuncle.

Discussion.~ This species is referred to iooreoceras

for the outline of the siphuncle is similar to that of

certain species referred to thet genus, though in many
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species the siphuncle is more expanded, The outline of

the connecting ring is too convex for Dolortnoceras, or

other Mississippian limestone of Indiana agree with this
species in the outline of the siphuncle or in the very
shallow camerae, The specimen is of interest in that it
established the exlstance of Mooreoceras in the
Mississlpplan; previously described species are of
Pennsylvanian age.

Type.- Pal. Res. Inst.,, no. 5865,

Occurrence.- From a loose block of Salem limestone

on the campus of the University of Indiana, collected

by the author. The block is one of several which was
removed when digging the foundation of the Blélogy build-
ing, which would place it in the lower or middle part

of the Salem, probably not over 40 ft. above the top of

the Harrodsburg limestone.

Pennsylvanlian species of Mooreoceras

Mooreoceras normale Miller Dunbar and Condra

Orthoceras colleti ilorse, 1931, (not S.A. Miller)

Kentucky Geol. Surv., ser, 6, vol. 36, pp. 300,
325, 326, pl. 54, fig. 1-2.

Mooreoceras normale Miller Dunbar and Condra, 1933, Nebraska

Geol., Surv., ser. 2, bull, 9, p. 87, pl. 2, fig. 5-7.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




307

SMooreoceras normale var. angusticameratum
ng

Miller Tunbar and Yondra

Mooreoceras normale var, angusticameratum Miller, Dunbar

and Condra, 1933, Nebraska Geol. Surv., ser. 2,

bull, 9, p. 89, pl. 2, fig. 8-10.

Mooreoceras tuba Miller Dunbar and Condra

Mooreoceras tuba Miller, Dunbar and Condra, 1933 Nebraska

Geol, Surv., ser. 2, bull. 9, p. 90, pl.2, fig, 2-4,

Mooreoceras bakeri Miller Dumnbar and Condra

Mooreoceras bakeri Miller Dunbar and v.onclr-a., 1953, Nebraska

Geol. Surv,, ser., 2, bull. 9, p. 92, pl. 2, fig. 11-13.

Mooreoceras conradl Newell

Mooreoceras conradi Newell, N.D., 1936, Jour. Paleont.,

vol. 10, p. 483, pl. 69, fig,.3a-e.

Mooreoceras sp. (1)

Pl. 7, fig.

A fragment of a Mooreoceras from the Winterset

limestone 1s illustrated to show the form of the siphonal
deposits which are developed at the s tage illustrated on
the ventral side only. Mural deposits appear in the
camerae. This specimen belongs to a species soon to be
described by Mr. Richerd Schweers, formerly of the

University of Indiana, where this specimen is deposited.
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Mooreoceras sp. (2)

Pl. 2, fig. 4-7.

A sectioned svecimen of a Mooreoceras from the

Kansas city group, Pennsylvanian, of Kansas City Missouril,
is illustrated to show the ontogeny of the siphuncular
outlines, which can be seen grading from the Michelinoceras
condition to the Pseudorthoceras outline typical of

mature Mooreoceras. This species belongs to a group

in which the siphuncilar outline remains fusiform through-

out, University of Cincinnati, no. 22251,

PARALOXOCERAS Flower, n. gen.

Genotype: Paraloxoceras konincki Flower, n. sp.,

Conch orthoceraconic, slightly depressed in section.
Sutures oblique, sloping slightly orad on the dorsum and
generally faintly sinuate. The siphuncle is ventrad of
the center in the ephebic stage, though possibly central
in the early stage. Its segments are subspherical,
slightly broader than long in the genotype. The Dbrim is
slizhtly shorter than the neck and egual to the area of
adnation. Siphonal devosits are typical of the Pseud-
orthoceratinae in their mode of development, i.e.

forming a continuous lining on the venter and then
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growing toward the dorsum, but differ in form. The de-
posits are massive, leaving as a cavity within the ‘
siphuncle only a cylindrical central tubular cavity when
complete, The inner free margins of the complete de-
posit are essentially stralght. On the ventral side of
the deposits of the genotype radial canals can be seen,
& single one in each siphuncular segment, which pass

obligquely apicad from the central canal to the connecting

ring.

Paraloxoceras konincki Flower, n. Sp.

Pln 5, fig. 8"90

cf. Orthoceras breynii de Koninck, 1880, Ann. Mus. Royal

M€ partie, p. 73,

d'hist. Nat. de Belgique, T, 5, 2
pl. 38 fig. lla-c,

Non Orthoceratites breynii Martin, 1809, Petrifacta

Derbiensia fig. 17-18, pl. 39.

Conch orthoceraconic, slightly depressed in section.
The holotype is 38 mm. in length and expands from 13 and
14,5 mm, to 19 mm. and 21 mm. in that length. The speci-
men was faintly compressed by flattening adorally, re-
sulting in a slight decrease from normal of the transverse
diameter and also in a slight ﬁodification of the course

of the adoral septa. The sutures are faintly inclined
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orad on the dorsum. No ginuate suture pattern is apparent,
The septum has a depth of about one-sixth the dorso-ven-
tral diameter throuchout the specimen. There are five

to six and one-half camerae in~-a length equal to an adoral
dorso-ventral diameter throughout.

The siphuncle is located ventrad of the center, and
becomes more eccentric adorally. At the apical end it
is 1 mm. at the septal foramen and is 4 mm. from the
venter and 7 mm. from the dorsum. At the adoral end it
is 1.5 mm. in diameter and is 5 mm,., from the venter and
12.5 mm, from the dorsum,

The siphuncular segments are numuloidal, slightly
broader than long. A segment 3.2 um. in length expands
from 1.5 mm, to 4.5 mm, The brim and area of adnation
are in successive adapical camerae the space becomes
progressively smaller, and is finally reduced to the
proportions of a radial canal such as is found in the
Actinoceroidea, (Pi. 5, fig. 9.) subegual and slightly
less than the neck, which is about one eighth the
length of the segment. Siphonal deposits are annulo-

siphonate, pseudorthoceroid, and of the Pseudorthoceras

type by their manner of growth. The first trace of a
deposit on the dorsum appears in the third camera from
the adoral end of the specimen, and on the venter in

the same segment the adjacent deposits are barely
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discrete., The deposit is massgive on the venter. In the
earliest stage observed it extends for about two thirds
in length of the segment in the form of a broadly rounded
lobe extending orad from the septal neck. The vacant
space remaining is semi-crescent shaped in section. 1In
the two apical segments the radial canal bifurcates

just before reaching the connecting ring. It is not known
how many radial canals there may have been nor how they
may have been distributed radially. As the radial canals
do not show in every segment, they were probably dis-
crete., The deposits on the dorsum increase from the
third to the sixth segments. Apicad of the sixth seg-
ment, the deposits vary slightly in size, but vériation
is erratic. This suggests very strongly that the de-
posit does not close on the dorsum. An identical con-

dition has been found in the neanic stage of Pseudorthoceras.

Cameral deposits are mural, moderate in development
and are seen only in the four apical camerae of the
holotype. The surface of the shell is smooth and without

ornament.

Discussion.- The whole interior of the specimen has

been recrystalized and the original structures are some-
what obscured. It is doubtful whether a slight variation
in color of the crystaline material close to the con-

necting ring on the venter represents a perisgpatium or
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not. If so, this genus shows a remarable parallelism
in structure with the Actinoceroidea. The strong
dorso-ventral differentiation and mode of growth of the
gsiphonal deposit 1is opposed to an Actinoceroid origin,
The strong resemblance of the structure of this genus

to that of Mooreoceras has already been discussed,

The only specimen available for the present study
1s the one figured and described above, Its specific
name involves several problems, It is closely allied if
not conspecific with a species which de Koninck de-

scribed as Orthoceras breynii Martin, The camerae in de

Koninck's specimens are slightly shallower, but they
represent slightly later portions of the conch than
does the specimen studied.

O. breynii, the genotype of Loxoceras McCoy 1is

known only from the original description and figure,.
Although various authors have attémpted a redescription,
it appears that until and unless the original type 1is
examined, no specimen can be referred to the species
with any certainty. Further, the lack of knowledge of
what O, breynii 1s makes it impossible to refer any
species to the genus Loxoceras McCoy which was based
upon it, and further the family Loxoceratidae 1s one to
which no genus other than Loxoceras can be referred,

It is evident that on purely nomenclatorial grounds
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a new name must be proposed for de Koninck's specimen.

Further, if Martin's original drawing of O, breynii was
accurate, de Koninck's specimen is not conspedific, for
there is a clear difference in the depth of the camerae,

those of Q. breynii Martin being considerably longer

than those of O. breynii de Konlncek,

De Koninck's species differs from O, breynii as

originally illustrated by Martin in having much shallower
camerae and less sinuate sutures, and the two are prob-
ably quite distinct.

Type.- Holotype, University of Cincinnati, no 8738.

Occurrence.- From the Visé limestone, of the Upper

Mississippian, Visé, Belgium;

Bergoceras Flower n, gen,

Genotype: Cyrtoceras antilope de Koninch 1880,

ann, Mus. Royal d'Hist. Nat. de Belgique, vol,
me

5, 2 partie, p. 36, pl. 37, fig. 1. Visé

limestone, Mississippian, Visé, Belgium,

PL, 9, fig.

Conch cyrtoconic, exogastric, depressed in section.
Sutures straight and transverse to the curving axis of

the conch. Siphuncle ventrad of the center, composed
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of subspherical segments which are broader than long,

and closely resemble the condition found in Paraloxoceras.

Annulosiphonate deposits are as in Paraloxoceras except

that dorso-ventral differentiation is not apparent.
Surface with rounded longitudinal lirae separated
by fine striae. Aperture unknown.

Discussion.- This is presumably a curved derivative of

Paraloxoceras. The curvature, ornament, and the lack of

dorso-ventral differentiation of the deposit distinguish
the genué. From other cyrtoceracones it can be separated

by the nature of the siphonal deposits,

Subfamily Cayutoceratinae Flower, n. subfam.

This subfamily is characterized by a siphonal de-
posit which is differentiatied into two layers. An
outer layer consists of discrete calcareous annull of

the Michelinoceras type. The inner layer, apparently

originally carbonaceous, consists of fused segmental
deposits which form a continuous lining within the
siphuncle,

Two genera, both simple orthoceracones, are placed
here. The subfamily appears in the Cayuta shale, lower

Chemung, Upper Devonian where it 1is represented by
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Cayvutoceras. Bradfordoceras is characteristic of the

Conewango, of the Upper Devonian, where 1t is represented
bya variety of species. As yet the subfamily had not

been recognized outside of the Penn-York Embayment.

CAYUTOCERAS Flower, n. gen,

Genotype: Cayutoceras casteri Flower, n. sSp.

Conch orthochoanitic, circular or slightly depressed
in section. YThe sutures are straight and transverse and
the septa are evenly curved., The diameter of the siph-
uncle in section is slightly less than one-seventh that
of the conch, In the early portion it is central; in
later portions it may lie slightly ventrad of the center.

The segments are of the Dolorthoceras type, (see p. )

though slightly broader than in tvpical Dolorthoceras.
The brim and neck are equal and the area of adnation is
less than half the brim. The free part of the connecting
ring is strongly curved at the ends and faintly convex

in the middle., The segments are more or less barrel-
shaped, The necks are short, less than one-ienth the
length of the segment. The interior of the siphuncle
bears a doublt deposit. Calcareous annuli develop into

the Michelinoceras type of deposit, The adapertural end
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of the deposit may continue orad for over half the length
of the segment, but the adjacent deposits are not known
to fuse, The calcareous deposit is covered by a car-
bonaceous deposit which appears to be continuous, though
its segmental origin can be made out. This appears first
as a thin black coating of the calcareous annulus. Where
well developed it is continuous,lining the inside of
the siphuncle, and is thickenéd markedly orad of the
greatest development of the calcareous deposits, where
it is massive and rather irregular. Both deposits are
much heavier on the venter than on the dorsum, but the
deposits appears on the dorsal side before the carbon-
aceous deposit is continuous on the ventral side from
segment to segment,

The aperture of this genus is not known, <‘he sur-
face is poorly preserved in all specimens examined, but

show no trace of any ornament.

Discussion.- The deposits within the siphuncle are
unlike those of any Actinoceroid, but the double mature
of the deposit suggests the type of structure which

113
Teichert has figured for Viestonoceras. In view of

113. Teichert, C., Untersuchungen an actinoceroiden
Cephalopoden aus Nordgrbnland. Meddlelser om Grgnland
udgivne af Kommisionen for videnskabelige undersggelser

i Grénland, bd. 92, nr. 10, v. 36, fig. 18, 1934,
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the very different structure of the septal necks and the
difference ih the position of the break between the seg-
mental deposits it is probable that the resemblance 1is
isomorphic and is not indicative of any relationship.

The genus suggest a relationship with Bradfordoceras if

the deposgits within the siphuncle of that genus have been
interpreted correctly.

Cayutoceras 1s monotype. It is known only from the

Cayuta shale of the Upper Devonian.

Cayutocerasgs casteri Flower, n., sp.

Pl. 1, fig. 10; pl. 3, fig. 1.

This is a moderate sized orthoceracone of subcir-
cular section. ~The conch enlarges at a rate of 3-4 mm.
in length of 20 mm., No gerontic cessation of enlargement
has been noted, though specimens with a diameter of 50 mm.
have been found.

The sutures are straight and transverse, There are
five camerae in a length egual to an adapertural diameter
of 23 mm. The septa are evenly curved and moderate in
depth. Vihere the diameter of t he conch is 21 mm, the
septum is 4 mm, deep, slizhtly less than the depth of a

camera. The siphuncle is subcentral in position in the
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earlier stages and is very slishtly eccentric in the later
portion, so that where the diameter of t he conch is 40
mm., the siphuncle is 4 mm. in diameter at the septal fora-
men and is 17 mm. from the supposed venter,

Where the conch is 21 mm, in diameter the camera 1is
5 mm. in depth. The siphuncle at this point 1is central.
It expands from 2.5 mm., at the septal neck to 3 mm., with-
in the camerae. The neck is about one-sixth the depth of
the camera and the brim is equal to the neck. The connect-
ing ring is faintly convex in the middle and curves
more rapidly at its ends. The area of adnation is about
one-half the brim, but the connecting ring is only nar-
rowly separated from the septum for a greater distance,
giving an appearance of a much greater area of adnation
than is actually present., The internal deposits of the
siphuncle have been described under the generic discussion.
The camerae contain well defined episeptal and hyposeptal
deposits which are concentrated on the ventral side.

The largest fragment of a living chamber observed
for this svecies has a diameter at the base of 40 mm. and
is 90 mm, in length. ©No trace of the aperture has been
found, Several fragments of the shell which adhere to
the internal mold show no trace of ornament,.

Discussion.~ This specles appears to be wldespread

in coguinites of the Cayuta shale, but most of the

R . . .
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specimens obtained represent relatively small fragments

of phragmocone.

So far as known Cayutoceras casteri is the only re-~

presentative of Cayutoceras, although it is possible that

114
Orthoceras palmatum Hall may belong here also., That

114, Hall, James, Paleontology of New York, vol. 5,
pt. 2, p. 312, pl., 90. fig. 9-10. 1879,

gpecies has a depressed section and much deeper camerae

than C, casteri, The horizon and locality of 0. valmatum

are virtually unknown. Hall recorded it from "semi-
calcareous beds of the upper member of the Chemung group,
in southern New York,"

Types.- Holotype: Pal, Res, Inst., no. 5855.
Paratypes: Pal, Res., Inst., no, 5856-5857.

Occurrence.- In coquinites of the Cayuta shale from

2 miles south of Owego, New York, and from a road cut

three miles west of Bainbridge, New York.
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BRADFORDOCERAS Flower and Caster

Genotype: Bradfordoceras transversum Flower and Caster.

This genus contéins orthoceracones of slightly de-
pressed section, The sutures slope adaperturally on the
dorsum and are more or less sinuous. When the sinuosity
is well developed the suture pattern consists of lateral
gaddles which separate a shallow ventral lobe from a
deeper dorsal lobe. The septum is shallow as 1in

Mooreoceras.

The siphuncle is located ventrad of the center of
the conch., The condition of the early segments has not
been observed. The ephebic segments are of the Pseud-
orthoceras type of outline, and may be pyriform or
globular., In the genotype the segments are as wide as
long. |

Deposits within theAsiphuncle are of the Cayutoceras

type, consisting of discrete annulosiphonate rings which
are only slightly better developed orad than apicad.
These rings are overlaid by an apparently continuous de-
posit of calcite which is believed to correspond to the

carbonaceous devosit of Cayutoceras.

The surface of the shell bears obscure lines of

growth, The aperture bears a broad shallow hyponomic
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sinus.

Discussion,- Bradfordoceras resembles Mooreoceras

somewhat in section, sutures and position and outline of
the siphuncle, The genera can readlly be distinguished

by the endosiphuncular deposits; those of Mooreoceras

are of the Pseudorthoceras typewhile thoseof Bradfordoceras

are of the Cayutoceras type. Each genus represents the

end development of a different line; Mooreoceras being

a specialization derived from Pseudorthoceras, while

Bradfordoceras 1s probably more closely related to

Cayutoceras than any other genus.

Bradfordoceras 1s definitely known only from the

Conewango series of the upper Devonian. ©Seven specles
were referred to the genus when it was first descriibed.
In the Salamanca conglomerate there are numerous frag-
mentary specimens which were described as variants of
B. hector (Hall). It is hichly probable that when
these forms have been studied from additional material
they mav prove to be of specific rank.

The structure of the deposits of Bradfordoceras 1is

known only from a few propitiously preserved fragments
of the genotype. The structures present were recognized
as organic, but the continuous devosits which were at

first compared to the devpcsits of Pseudorthoceras are more

probably the homologue of the carbonaceous deposits of
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Cayutoceras.

Bradfordoceras transversum Flower and Caster
Pl1, 5, fig., 10-11.

Bradfordoceras transversum Flower, R,H. and Caster ,

K.E,, 1935, Bull, Amer, Paleont., vol.22, p. 230,
pl. 17 fig. 1-5; pl. 18, fig, 1; pl. 19, fig. 1;
pl. 20, fig- 3; plo 22’ fig. 3"’40

The portion of the original description dealing with
the external features and general proportions of the conch
needs no revision; however, the internal structure needs
further comment.

The internal structure is preserved in four specimens
the camerae of which are completely filled with crystal-
line calcite. The éndoisiphuncular cavity is occupied
for the most part by matrix, and the septa, margins of
the deposits and the connecting ring are variously repre-
sented by calcite and limonite.

A paratype, Pal. Res, Inst., no 5023, shows the
simpliest condition, Here the siphuncle is filled with
calcite, The annulosiphonate deposits are not developed,

but the second deposit, that corresponding to the
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continuous carbonaceous deposit of Cayutoceras is repre-

sented by a limonitic band., In another specimen, like-
wise a paratype (Pal. Res. Inst., no 5015,) the siphuncle
is occupied for the most part by a matirx of yellowish
sand. In the adapical part of this specimen the annulo-
siphonate rings are still calcareous, and they are covered
by a thin layer which is carbonaceous adapically, limonitic
adaperturally and in places seems to be destroyed by the
invading matrix.

Unfortunately the holotype, which was selected
largely because of the undistorted section and the out-
line of the siphuncle, represents an atypnical condition,

The carbonaceous deposit of Cayutoceras is here repre-

sented by a band of calcite lined on elilther side with
limonite. This encloses spaces which correspond to the
annulosiphonate deposits but which are occupied by a
red sanGstone, apart of the matrix, his must be
broken at some point to permit‘the entrance of the sand
into the annulosiphonate spaces.

It seems impossible that the structures present here
could be of inorganie origin, even when not considered
in the light of the two paratypes mentioned above, The
band of calcite enclosing annulosiphonate spaces filled
with sand camnot be explained in terms of any sedimentary

process of the filling of the siphuncle with matrix;
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rather it must represent a space which could not be
filled with sand because it was occuplied by some tissue
or some devposit. After burial the original structure
was dissolved out and replaced by calcite, doubtless
from percolating waters.

Types.- Holotywve: ©Pal. Res. Inst., no 5014, Para-
types: Pal. Res, Inst., no 5015-5023, and Acad, Nat. Sci.
Philadelphia, Second Geol. Survey Pennsylvania Coll.,

no. 9602,

Occurrence.- Lewis Run sandstone member, Venango

stage, Conewango series, Upper Devonian, from Lewis+Run,
Bradford County, Pennsvlvania, and in the Salamanca

sandstone of northern Pennsylvania,

Bradfordoceras moderatum Flower, n. Sp.

Pl‘ 3’ fj—g. 8.

The holotype represents a portion of a mature
specimen including most of thne living chamber and several
attatched camerae. The conch is slightly flattened, the
pressure beilng directed about 25 degrees from the dorso-
ventral diameter. Flattening is slight. The conch ex-

~pands from 20 mm. and 27 mm., to 29 mm. and 35 mm. in

the first 40 mm,, which includes the lower part of the
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living chamber. Just beyond this there is a marked de-
crease in the rate of expansion, The phragmocone is 24 mm,
in length and contains six camerae, The sutures are only
partially preserved. A Dbroad evenly rounded dorsal saddle
and lateral lobes can be seen., A ventral saddle shallower
than the dorsal one must have been present, and is indi-
cated by the slight anterior direction of the ventro-
lateral part of the suture. The camerae increase rapidly
in depth, except the last which is contracted. The last
four'measure 3 mm,, 4,4 mm., 5 mm., and 4 mm, respectively.
There were seven camerae in a dorso-ventral diameter of
26 mm, at the base of the living chamber, and eight or
nine in a corresponding transverse diameter of 32 mm,
The sivhuncle is the present specimen is 2 mm. in dilameter
at the base, the only point where 1t can be seen, and is
3> mm, from the ventral wall, Oblique distortion results
in the siphuncle being 12 mm., from one side and 13 mm.
from the other,

The living chamber has dlameters at the base of
26 mm, and 32 mm., and is 67 mm, in length. A small por-
tion of the aperture 1s preserved. A little below mid-
height, the rate of expansion decreases abruptly, glving
the conch a faintly gibbous aspect. A marked constriction,
probably only internal, appears in a region 55 mm. to 60 mm.

from the base of the living chamber. Only the lateral
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part of the aperture is preserved. The constriction of
the interior preserves the apertural pattern, a rather
unusual feature, showing a well developed hyponomic sinus
and a shallower and narrower lateral sinus,

Discussion.- The species is unique in the proportions

and characteristic constriction of the internal mold of
the living chamber, The sutures and the depth of the

camerae are intermediate between B, transversum Flower

and Caster and B. sinuatum Flower having a better de-

veloped ventral saddle than typical transversum, and

lacking the mid-dorsal flattening of ginuosum to which
it is closer in size and cameral proportions.
Type.- Buffalo Museum of Science, no. .

Occurrence.- In the Lewis Run sandstone, at Lewis

Run, Pennsvlvania, Collected by I.G. Reimann.

Bradfordoceras giganteum Flower, n. sp.

Pl. 3, fig. 7.

The holotype is a large specimen which has been
crushed dorso-ventrally in such a way as to produce a
transverse fold in the septa throughout. The dorso-ven-
tral diameter is decreased, but the transverse diameter

has apparently not been increased. The conch expands in
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the first 56 mm, from 32 mm., and 25 mm, to 37 mm. and 44
mm,, and in the next 60 mm., to 60 mm, and 51 mm,

The depth of the septa has been destroyed and 1is
of no value. The sutures are sinuous, producing rounded
ventral and dorsal lobes, the ventral lobe low and well
rounded, the dorsal lobe higher and less flattened in the
median region. The depth of the camerae is uniform
throughout the phragmocone, There are nine to ten camerae
in a length equal to the transverse diameter, and eight
t0o nine in a length equal to the dorso-ventral diameter.
The siphuncle, as exposed at the septa is 3 mm. in dia-
meter and 10 mm, from the venter at the base of the
specimen where the diameters are 25 mm, and 32 mm. At
the base of the living chamber the siphuncle is 4 mm. in
diameter and is 16 mm, from the venter, measuring in
each case the distance along the distorted septum. The
form of the segments 1s unknown,

The living chamber has dlameters at its base of
60 mm, and 51 mm, It is incomplete, but 70 mm. arepresent.
One side of the adeapertural end is missing. The dorso-
ventral dismeter is 62 mm. The estimated transverse dia-
meter is 80 mm,

The internal mold shows traces of irregular growth

lines as in other gpecies of Bradfordoceras.

Discussion.- This species 18 unique both for 1its
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large size and its rapid.rate of expansion. The shallow

camerae recall Bradfordoceras multicameratum Flower and

115
Caster of the Salamanca, but the holotype of that

115, Flower, R.H. and Caster, K.E., Ibid., p. 234,

pl. 21, fig. 6.

species is much smaller and represents the gerontic portion
of the phragmocone. Further the rate of expansion is not
as large as it appears, for the specimen is badly flattened,

while B, giganteum is only slightly falttened. The

reference to Bradfordoceras rests upon the marked sinuosity

of the sutures and the prominent growth lines, both of

thege features are absent in Mooreoceras with which

Bradfordoceras is easlly confused.

Types.- Holotype: Buffalo Museum of Science no.

Occurrence,.- The specimen is labeled as follows:

Conewango group? From Allegheny State Park. Donated

by J.%W. Ruobloch. Collector unknown, The form 1is pre-
gserved in a light colored very hard sandstone, normally
yellowish but weathering lishter, which recalls the

Salamanca very strongly.
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Bradfordoceras fusiforme Flower, n. sp.

Pl. 7, fig. 9.

The holotype is a fragment 110 mm, long consisting
of a mature living chamber and twelve camerae. The conch
is depressed in section expanding in the apical 40 mm.
from 15 mm. and 17 mm. to 24 mm. and 28 mm. The conch
expands at a nearly uniform rate to the middle of the
living chamber which is slightly inflated, and the aper-
ture is contracted,

The sutures described broad lobes on the dorsum,
rising orad on the ventro-lateral area as far as observed.
The mid-ventral part of the suture has not been preserved,
The septum has a depth of 5 mm. where thetransverse
diameter is 24 mm., and the estimated dorso~-ventral dia-
meter is 22 mm, The siphuncle has not been observed, but
must lie well ventrad of the center. The camerae occur
five in a2 length equal to a transverse adoral diameter of
26 mm. The last two camerae are slightly shorter.

The living chamber has basal diameters of 25 mm.
and 28 mm, and is 60 mm. in demgth. In the basal 30 mm,
the conch expands to 28 mm, and 32 mm., beyond which 1t
contracts and is nearly cylindrical to the aperture

where the diameters are 28 mm, and 28 mm., The apertural
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margin is not preserved,

Digscussion.~ The gibbous form of the livinz chamber

suggests B, gomphoides, which is amuch larger species

with much shallower camerae,
Type.~ Holotype: Buffalo Museum of Scilence, no.

Occurrence.- From the Lewis Run sandstone, Lewis

Run, Pennsylvania,
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PART IV
PHYILOGENY
Relationship Of The Pseudorthoceratlidae

1. The outline of the mature segments of the siphuncle
and the annulosiphonate nature of the slphonal deposits
suggests that the Pseudorthoceratidae might be allied to
the Annulosiphonate of the Cyrtochoanites 1n wh1ch may be
included the Actlinoceroldea and a few forms of doubtful af-
finities,

The Pssudorthoceratidae and the Actinoceroidea poSsess
several features in common, but the differences are such
ﬁhat the two groups are believed to be merely 1somorphic.
The following features are common to the two famililes:

(1). Cyrtochoanitic adult siphuncular segments. So
far as the outline of the siphuncle is concerned it might
be possible to derive the Pseudortoceratidae from the
Sactoceratidae of the Actinoceroidea.

(2). Deposits within the siphuncle are annulosiphonate.
Here the resemblances cease. The followling differences
are found:

(1). The nepionic segments of the siphuncle approach
the orthochoanitic form in all Pseudorthoceratidae and
‘attain it in the earlier and slimpler genera. The earlliest
slphuncular stages of the Actlinoceroidea are greatly expanded
and definitely cyrtochoanitic. Simplification of the slph-

unecilar outline ih the Actinoceroldea occurs in the latest
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not the earliest segments.

(2). Deposits withing the siphuncles of Actinoceroid
foms are pendant and are normally extended about equally
orad and apicad of the center of deposition at the septal
foramen, The deposits of the Pseudorthoceratidae are
prarietal, scarcely developed aplicad, and elongated orad for
the length of the segment.

(3). The central and radial canals of the siphonal
vascular system together with the perispatium are charac-
teristic of the Actinoceroidea but are absent throughout
the Pseudorthoceratldae. It 1s believed that this indicates
a fundamental difference in the organization of the siphon, .

(4). The dorsal hiatus, well developed in all of the
Pseudorthoéeratidae is largely absent in the Actinoceroidea,
being known only in a speclalized group of Upper Ordovican
Ormoceras.

(5). The apical end of the siphuncle i1g open in the
Actinoceroidea but is closed by a siphonal caecum in the
Pseudorthoceratidae, in which that family agrees with
other stenosiphonate cephalopods,

2. Another cyrtochoanitic annulosiphonate group 1s
comprised in the famlly Westonoceratlidae Telchert., Here
again the resemblances with the Pseudorthoceratlidae seem
to be isomorphic. The segments are cyrtochoanitic, the
deposits are annulosiphonate. But the perispatium 1s lack-

ing and there 1s no! trace of the radial canal system of
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the Acpinoceroidea. The deposits resemble those of the
Pseudorthoceratidae in that they a re parietal and consist
of two layers, the outer layer calfareous and the inner one

carbonaceous, The condition recalls that of Cavyutoceras

Flower and Bradfordoceras Flower and Caster.

The condition recalls ﬁhat of the Cayutoceratinae.
However, the calcareous deposits of the Westonoceratidae
are recumbent and both ends of t he connecting ring are
broadly adnate to the free part of the septum, features
which are opposed to anything known in the Pseudorthocera-
tidae. Further, it may be noted that the Westonoceratidase
are confined to the Ordivician, while the Pseudorthoceratidae
do not put in an appearance until the Devonian. The
Pseudorthoceratidae which are closest to the Westonoceratldae
stratigraﬁhically are those which have slmple and slender
siphuncular segments, Euloxoceras approximates the condition
of the Westonoceratidae in its siphuncular outline more
ciosely than does aﬁy other genmus of the Pseudorthoceratidae,
and this genus is known only from the Pennsylvanian. The |
structural and stratigraphic discrepencies between the two
families seem to indicate that the resemblance between them
has no genetlc significance,

3. Among the cyrtochoanitic cephalopods which are
not annulosiphonate there are several posslible relatives

117
‘'which must be considered. One 1s Troedssonoceras Foerste
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117. Foerste, A, F., American arctic and related cepha-
lopods. Denison Univ, Bull., Sco. Lab,, Jour., vo. 23,
p. 40, 1928,

which possesses longitudinal ornament like that of Klonoceras,
but which has remarkedly cyrtochoanitic siphuncular segments,
The siphuncle contains lamellar deposlits which superficially
resemble the completed deposits found in the Pseudortho-
ceratlidae, Telchertll8 has figured the siphnncle of .

118, Teichert, C,., Untersuchungen an Actinoceroiden
@ephalopoden aud Nordgronland, Meddelelser om Grgnland,
bd, 92, nr. 10, p. 41, fig., 20. 1934,

Troedssonoceras gtriatum (Troedsson), His figure shows

lamellar deposits in which super imposed layers can'be ma.de
out, while the layers are sligﬁtly‘irrggular they are
apparently not of segmental ofigin but seem to extend un-
broken from segment to segment. The structure suggests

rather that of Stokesoceras balticum Teichert and seems to

support Teichert'sttd suggestions that the genus may be

119. Teilchert, B,, Elnige actinoceroide Cephalopoden aus
dinischen Diluvialgeschieben und aus dem Gotlandium
Skandinaviens, Meddelelser fra Dansk Geologisk FBrening,
bd. 8, hft., 4, p. 387, pl. 8, fig. 3. 1934,

related to the Discosouridae.
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It might be noted in passing that Troedssonoceras 1is

based upon Orthoceras turbidum Hall and Whitfieldlao of the

120, Hall and Whitfield, Geol, Surv. Ohio, vol.2, pt. 2,
Paleontology, p. 100, p. 3, fig. 1.1875.

Maysville,

At the time of the origlinal description of the genus,
Foerste referred to it two species from the Cape Calhoun
bed of the Middle Ordoviclan of Greenland, Sactoceras (?)

lineatum Troedsson and S, (?) striatum Troedsson.121

121, Troedsson, G,T., On the middlg and upper Ordovician
faunas of northern Greenland, I., Cephalopods, Jubilseks-
psditionen nord om Grgnland 1920-23, nr. 3., 1926, p. 79, 80,
pl. 1, fig. 7; pl. 47, fig. 1-7.

More recently Shimizu and obatal®2 nave made_S. striatum

122, Shimizu, S,, and Obata, T., New genera of Goltlandlan
and Ordovician nautiloids, Jour. Shanghal Sci. Inst., 1935,
sec. 2, vol, 2, p. 6-7. |

the type of a new genus Striatdceras which is placed in a

new family Ohloceratidae, based upon the new genus QOhloceras

of the same paper, while S, lineatum 1s made the genotype

of the new genus Greenlandoceras which is placed in the
new family Greenlandocerstidae of which it is the solitary

member., From the descriptions it appears that the genera
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and families are ceparated because the segments of

Striatoceras are "ormoceratoid" while those of Greenland-

oceras are "actinoceratoid." Troidsson's figures show that
the differences in the outlinés of the siphuncle are‘mainly
concerned with the width of the siphunéle at the septal
foramen., In S, lineatum the area of adnation 1s slightly
greater and the segment on the whole is slightly broader

in proportion to its length. The differences between the
genera are such as might occur between different parts of
the same speciés, though 1t is apparent here that the
specles are distinet. The differences are not however suf-
ficient to warrant'generic or family distinctions.‘ Both

genera are here regarded as synonyms of Troedssonoceras

Foerste of which Shimizu and Obata appeér to be ignorant.
Kobayashi?'a3 has proposed the famlly name Troedssonoceratidae

123, Kobayashi, Teiichi, On the Stersoplasmoceratidae,
Japanese Jour. Geol, Geogr., vol, 13, no. 3-4, pp. 230-242,
pl. 26, 1936,

and suggested that the family might be rslated to the
Stereoplasmoceratidae, rather that to the Discosourldae.
A relation between all three famllies is not 1lmpossible.

4, Kobayashi's family Stereoplasmoceratidae presents
another possible relationship., In a revision of the family

by its author124 it is defined as follows:
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"Longiconic orthoceracone(s), smooth or annulated;
siphuncle elliphchoanolidal, more or léss expanded between
the septal necks; intracameral stereoplasmic deposit pre-
sent; and if the stereoplasmic deposit 1s present in the
siphuncle it is more or less tubular,"

The siphuncular outline of the family ranges from a
nearly orthochoanitic type of outline which recalls the

primitive pseudorthoceroid condition of Anastamoceras

thraugh forms with nummuloidal and definltely cyrtochoanitic
segments, Deposlits within the siphuncle are continuous and
not segmental, as far as can be determined from published
figures, and in this respect differ from the Pseudortho-
ceratidae, There 1s a wide stratigraphic gap between the
two families, -The Stereoplasmoceratidae appear to be
largely 1f not entirely confined to the Lower and Middle
Ordovician. The Pseudorthoceratidae appear in the Devoﬁian.

Kobayash1125 referred Pseudorthoceras to the Stereoplas-~

125. Kobayashi, T., Ibid., pp. 233-234,

moceratidae on the bagls of the similarity of the siphun-
cular outlines and the continuous deposits within the
siphuncle, However, 1t was not apparent at that time that

the deposits of Pseudorthoceras and its allies were of

annulosiphonate origin. Now that this has been demonstrated, -
it appears that the Stereoplasmoceratidae and Pseudortho-

ceratidae are perfect isomorphs, 1if only portions of the
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phragmocone containing mature siphonal deposits are con-
sidered.

5. The remaining possibility for the origin of the
Pseudorthoceratidae seems to be the Orthochoanites, and
‘Indeed the majority of the evidence favors such a hypothesis:

(1). The early segments of Dolorthoceras and Pseud-

orthoceras and indeed the segments of all Pseudorthoceratidae

for which the ontogeny of the siphuncular outline is known,
are consistent with the origin of the family in the Ortho-
choanites and the "Orthoceratidae" in the old sense.

(2). The annulosiphonate deposits are parietal in

the Pseudorthoceratlidae and also in Michelinoceras Foerste
126

and Gelsonoceras Hyatt of the "Orthocerntidne",

126, Teichert and Miller. What is Orthocerns? Amer., Jour.
Sei., vol, 31, 1936, pp. 352-362, The authors have shown
that the genotype of Orthoceras was probably a Rudlstid and
Orthoceras and Orthoceratidae cannot be used legitimately

for cephalOpods. Their proposal of the use of the 0ld name

Orthoceros and the proposal of a new family name Ortho-

cerotidae seems inadlivseable, inasmuch as the name suggests
on the part of the original author a typographical error.
Further it appears that the slightness of the change wlll

cause more confusion than it will eliminate.

(3). The Pseudorthoceroid deposit is the ultimate

development of the orthoceroid deposit, and in all
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Pseudorthoceratidae the deposit passes through an onto-

genetic Michelinoceras stage ldentical with the condition

found in many orthochoanitic genera.

(4). The conchinl furrow and the septal furrow are
typically developed in both the "Orthoceratidae" and the
Pseudorthocerat idas,

(5). Species are known which form a transition be-
tween the two familles, exhibiting the pseudorthoceroild
type of siphonal deposit in conjunction with an ortho-
choanlitlic siphuncular outline, One 1s Orthoceras palemon

> . .
Barrande1 7. The deposits are parietal as in the

127, Barrande, J., System Silurien du centre de la Boheme,
vol, 2, Cephalopodes, 4th ser., pl. 394, fig. 6. 1870,

' Pseudorthoceratidae and show the Dolorthoceras type of

structure. Their primitive condition is shown by the
clarity with which the segmental nature is evident from
the outline of the mature deposits., Related speéies are
not uncommon in the Middle Silurian of America, though be-
cause internal structures have not been closely studied in
past they have gone unrecognized, These include not only
smooth orthoceracones referred in the past to Orthoceras,
but also forms referable on the basls of ornament to

Protokionoceras,

The points upon which the families differ are as follows;

(1). The ephebic segments of the siphuncle of the
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Pseudorthoceratidae are cyrtochoanitic.

(2). The deposits of the siphuncle of the ortho-
choanites are limited in extent, as is discussed elsewhere,
being cammensurate with the development of the cameral
deposits against the connecting ring. The pseudorthoceroid
deposit is not thus confined,

| Summary

From the evidenc reviewed here it appears that the
closest affinities of the Pseudorthoceratidae are with the
orthochoanitic annulosiphonate cephalopods. Indeed, so
close is the similarity thaﬁ there 1s probably not a good
genetic break between the groups and the position of the
boundary might be questioned. For convenience in definition
and recognition the Pseudorthoceratidae are limited to
cyrtochoanitic forms. At the present time there 1is a good
break between the orthochoanitic Silurian forms and the
cyrtochoanitic Lower Devonian forms, But there 18 a
stratigraphic break also, and it 1s qulte possible that
when Upper Silurlan cephalopods are better known both will
be elminated. Certainly there 1is ontogenetlc and adult
gradation in the siphuncular outlines of Devonlan species,
and there is not reason to assume that the gradational
nature of the development of the siphunéular segments should
be confined to the Devonlan in the Pseudorthoceratidae and

thelr immedlate ancestors.
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EVOLUTION OF THE PSEUDORTHOCERATIDAE

The changes which took place in the development of
the Pseudorthoceratidae had to do mainly with the modi-~
fication of the siphuncular outline and the specliallizatlions
of the siphonal deposits. The section of the conch and the
position of the siphuncle are sometimes helpful, but seem
to be matters of secondary importance which vary too much
within a2 genus to serve as reliable criterlia by themselves.
Oblique and sinuous sutures are isomorphic characters, and
accompany any modification from the generalized subelrecular
section. The aperture is of use only in rare instances,
largely because 1t is unknown for many of the genera,
_ The outline of the siphuncle of various representatlives
of the family can be arranged in a series of stages rang-
ingf}rom the simple orthochoanitic type to the‘variou; ex-
panded cyrtochoanitec types, These have been described in
detall under the discussion of the siphuncle and are shown
in text fig. 3. They need only be summarized here, The

slphuncular:outlines seen 1in the Michellinoceras, Anastamoceras,

neanic Dolorthoceras and ephebie Dolorthoceras types re-

present an evolutionary sequence, Beyonid the Dolorthoceras

type there 1s a division of the stem, One line passes

thraigh the Adnatoceras type to the Euloxoceras type, while

two others show an almost 1dentical change from the Dolor-

thoceras to the Pseudorthoceras type. The following table

summarizes what is known and what 1s suspected of the vari-

ous siphuncular outlines of the various genera,
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Known and assumed changes of sliphuncular

outline in the Pseudorthoceratidae

Anastamoceras
Diagoceras
Spyroceras
Dolorthoceras
Sceptrites
Fusicoceras
Cryptorthoceras
Palmeroceras
‘Petryoceras
Gelsonoceroldes
Adnatoceras
Euloxoceras
Cayutoceras
Bradfordoceras
Mooreoceras
Pseudorthoceras
Paraloxoceras

Bergoceras

1. 2. 3. 4. 5. 6. T
XXXXXXXXX =

? 22229292 2AXXXXXX

29 ? PXXXXXXXXXXXX

XXXXXXXXXXXXXXXKXXKXXX

-----------

-------------

oooooooooo

2929?2777 TAXXXXKXXXXXXX

---------------

? 2 7 XXX XXX XXX XXX XXKKK == o == mom = = XXXXX

XXXXXXXXXXKXXXKXXKXK XK == = = == === = XX XXX

——————— --——-—‘—--—-——-——-—-—-‘—xxxxx

Michelinoceras type

Anastamoceras type

‘Neanic Dolorthoceras type

Ephebic Nolorthoceras type

Adnatoceras type

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




343

6. Euloxoceras type
7. Pseudorthoceras type
X= observed outline 7%= supposed outline (early stages not

known) == outline type absent.

The structure and development of the siphonal deposits
have likewlse been discussed 1in an earlier part of this
paper, The following types are recognized:

Iy~ The primitive annulus, which occurs in the early
stages of all genera,

2., The Michelinoceras type, which occurs in the early

stages in all genera.

3. The Dolorthoceras type. This occurs in all

Dolorthoceratinae where deposits are known, In Anastamoceras

1v is epheblc, and 1s modified gerontically into the

Ansstamoceras type. Owing to the lack of sultably preser-

ved parts of the phragmocones,git has not been noted in

Sceptrites, Cryptorthoceras, Palmeroceras or Diagoceras.

4, The Anastamoceras type. Confined to gerontic

Anastamoceras.

S. The Pseudorthoceras type. This is characteristic

of the genera placed in the Pseudorthoceratinae, Pseud-

orthoceras and Mooreoceras,

6. The Cayutoceras type. In the Cayutoceratinae,

comprising Cayutoderas and Bradfordoceras.
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The first two appear in all genera, but are modifled
in the Pseudorthoceratinae, A complete ring 1s not formed
there in the early stage of a deposit, because of the great
retardation of development of the deposit on the dorsum,
The incomplete ring on the venter, however, recaplitulates
these stages, These two types are nbt epheblic characters
in any members of the famlly, but are the ontogenetic ex-~
pression of the ancestral condition of the family, as is
discussed elsewhere,

Anastamoceras is the earliest of the true Pseud-

orthoceratidae, belng the only representative of the
family known from the Helderbergian of the Lower Devonian.
By its siphuncular outline it 1is the-most primitive genus
of the famlly, but the gerontic siphonal deposits are
complex. The'deposits in the ephebic stage are those of

the Dolorthoceras type. In the gerontic stage, however, a

central sheath and irregular radlal pillars are added,

which result in the more complex Anastamoceras type. (Fig.3,

13.)
So far as the famlly Pseudorthoceratidae 1s concerned

the Anastamoceras type of deposit might be taken as the

logical beginning of a progressive thinning of the siphonal
deposit, In the transition to Middle Devonian Dolorthoceras

the excessive gerontic deposits are lost. In contempor-
aneous and later forms there 1s noted a thinning of the

deposit at the septal foramen, a necessary accompaniment
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to the increase in expansion of the siphuncular segments.
In later forms the:'remainder:iof the deposit thins, so that
all that remains 1s a very thin uniform siphuncular lining,
the segmental hature of which 1s not at once apparent to
the eye. This 1s a gradual and continuous process, and
can be well seen by comparihg Devonian and Pennsylvanian

species of Mooreoceras or Pseudorthoceras, This is a

8ignificant process and 1is one indicative of some inter-
esting changes of the functlions of deposits,

The primitive annulosiphonate devosit had a dual
function. Fipst 1t apparently served as a depository for
excess calcareous material, and was excretory in this sense,
Second, the deposits were significantly heavy. Being con-
centrated apically, they undoubtedly served to weigh down
the apex of the shell. -This permitted active typonmic
swimming by welghting the tip of the shell. Further, by
both ventral and apical concentration, it counteracted
the buoyant effect of gas in the camerae and pérmitted e
horizontal mode of 1ife. Thls was the function of the
deposits of the phragmocone taken as a whole. The relative
importance of caméral and siphonal deposits as excretory
and especially hydrostatic factors varied with thelr mass,
as is explaned in another section of this paper. When
the continuous lining of the siphuncle developed it Dbe-
camed a controlling agent for the development of camersal

depo«its, for cameral deposition could not continue after

!
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the cameral tissues had been separated from the siphonal
tissues by the pseudorthoceroid deposit. The gradual thin-
ning of the siphonal déposit, which can be traced from the
Middle Silurian through the Pennsylvanlan, indicated that
the siphonal deposits gradually came to be more and more
exclusively devoted to their new function. The very thin
siphuncular lining found in Pennsylvanlan Mooreoceras
could have had little significance due to its own weight,
but its main function was that of a valve, separating thé-
siphonal and cameral tissues when growth was complete in
any siphuncular segment,

Yet it does not follow that the development 6f the
Anastamocerag type of deposit 1s the beginning of this

gseries, That it may not be is suggested by two lines of
evidences. ﬁirst, it must be remembered that the gerontic

Anastamoceras type of deposit is developed only 1in the

genotype, A, mirabile. $here is not enough evidence to
show whether it is really absent in other Helderbergian
species or whether the apparent absence is due only to

128
meagre material,

128, A nomenclatorial problem is also involved, If the
gerontic deposits should prove to be confined to only a

part of Anastamoceras as here delimited, a new genus might

be proposed for species lacking the gerontic deposit. The
practical difficulties involved as well as the uncertainty

of the interpretation under discussion make such a step
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undesirable at the present time.

A consideration of the ancestral Silurian types shows
that 1t 1s not necessary to include the gerontic Anas-
tamoceras type of deposit in the direct line indlcated by
the orthogenetic thinning of the siphonal deposits, The

group of O.palemon Barrande is well represented in America,
alihough it has not previously been noted owing to the lack
‘of study of the internal structures of Silurilan Orthochoanltes.
Such forms are now being__}st'udied,’ and are found to include
both smooth and ornamented species in the Laurel limestone
of the Middle Silurian of Indiana, and Judging from the
affinities of assoclated cephalopods, it will be remarkable
if this groupuis not found to be widely distributéd in the
Middle Silurlan of East-Central North America, The siphonsal
deposits form a continuous lining of segmental origin, and
the deposits are thicker at the region of the septal
foramina than elsewhere in the segments, fhis thickening

is a2 primitive condition which hearkens back to the
Michelinoceras type of deposit from which it ﬁas derived.

In the ephebic deposits of Anastamoceras the foraminal

thickening is eliminated; in Dolorthoceras the deposits

become thinner at the septal foramina than elsewhere, and

general thinning follows in later forms, The Anagtamoceras
type of deposit might be an independent offshoot from
this line, It is the type of variatlon which 18 met with

again and again in the early history of genetic groups:
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erratic development of a structure which later becomes
stabliliged and subject to only minor variation.

Dolorthoceras and its immediate relatives follow,

The siphuncle becomes more expanded in the camerae, largely
by virtue of the increase of the brim and the development
of a slight area of adnation,and the slipvhonal deposits are

becoming thinner and more regular, In Dolorthoceras the

Anastamoceras type of outline, which is without definite
brim or area of adnation, 1is followed by the neanic
Dolorthoceras type, in which the brim and area of adnation
are slightly and subequally developedi; The transition

to the ephebic Dolorthoceras type is marked by an increase

in the brim while the area of adnation remains stationary.
The earliest well preservéd and abundant material of
Dolorthoceras which has been available for study is of

Hamllton age. There Dolorthoceras 1is prolific, and further

with it are assoclated several of 1its ornamented or other
wise specilalized derilvatives, suggesting that the_origin of
the genus must be looked for in Ulsterlan or more probably

Oriskanian strata, Further, it is to be expected that in

pre-Hamilton species the neanic Dolorthoceras type of out-
line may be found to appear as an epheblec character,

Dolorthoceras parienese (H.S.Williams) of the Moose River

sandstone of the Oriskanian of Maine, shows in general a
tvpe of outline which 18 very similar to that shown 1in the

neanic stages of later Dolorthocerags. The poor preservation
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of the only specimen known which shows the siphuncle
leaves some doubt as to the exact condition of the area

of adnation and the extent of the brim, but 1is adeguate to
show that this species must be conslidered as an advanced

Anastamoceras or a primitive Dolorthoceras. Dolorthoceras

rudis (Hall) of the Onondaga seems to represent a typical

neanic Dolorthoceras condition,

In the Middle Devonlan, and more particularly in the

Hamilton, Dolorthoceras gave rise to many specializations,

which find thelr expression 1in a varlety of form and orna-
ment. Probably each of these specializations 1s qulite in-
dependant of the others, The variations of ornament will
be considered first:

Two genera proclaim theilr early development from

Dolorthoceras by the retention of the neanlc Dolorthoceras

type of siphuncular outline, Diagoceras 1s specialized

in section, sutures and in the development of a pattern of
fine rhythmically spaced striae., It appearance in the
Cherry Valley limestone in the basal Hamlilton and its re-
appearnance in the Tully limestone at the top of thse
Hamilton suggest that it 1s a form which favors a limestone

facies, Spyroceras, characterized by annulations and longl-

tudinal ornament, is prolific in the Hamilton, is well de-
veloped in the Tully and the latest known specles are found
in the Ithaca shales of the Upper Devonlan in assoclation

with a fauna the other members of which are also presumably
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of Hamiltonian affinities and origin., Ulsterian species
which agree in form and ornament are probably congeneric,
though thelir internal structure is not known, Whether the
one Helderbergian annulated orthocerasone, "Orthoceras"

2
tenuiannulatum Ha.ll,1 9 which was referred to Spyroceras

129, Hall, J., Paleontology of New York, vol, 3, p. 345,
pl. 72, flg. 1. 1861,

by Foerste,130 really is a representative of the genus i1s

130. Foerste, A, F., American orthoconic Silurian c¢epha-
lopods, Denison Univ, Bull,, Sci, Lab., Jour,, vol.23,
p. 285, 1928,

very doubtful though not impossible., If so, an even earller
origin than 1s here suggested must be accepted.

Geisonoceroides possesses siphuncular segments show-

ing the ephebic Dolorthoceras condition. The genus is
characterized by low annull and transverse striae, suggest-

ing both Cycloceras and Geisonoceras, The genus 1ls doubt-

fully present in the Onondaga, ié typlcally developed in
the Hamilton of western (but not eastern,) New York, and

persists into the Ithaca.
Palmeroceras suggests by its siphuncle that 1t ori-

ginated close to the point at which Adnatoceras developed

from Dolorthoceras., Its trllobate aperture suggests

Dolorthoceras rather than Adnatoceras. <Lhe ornament is

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



2ol

essentially that of the Silurlan Protokionoceras, and

strangely enough Palmeroceras 1is associated with the De-

vonian development out of that genus, namely Striacoceras

Flower, in which the longitudinal ornament is lost in the

ephebic stage.

Petryoceras is the last of the ornamented derivatives,

and the most singular of them all, 1its surface being marked
wlth transverse bands of'zig-zag striae and lirae, Although
known only from the Sheburne sandstones and shales of the
Upper Devonian, the siphuncular outline shows that the genus

is derived from Dolorthoceras.

Three Middle Devonian genera serve to show that form

is not more constant than ornament. Sceptrites of the

Onondaga differs from Dolorthoceras is beling a compressed

cyrtoceracone, The orientation is not definitely known,
but the cameral deposits suggest endogastric curvature. |

Fusicoceras of the Hamilton is a derivative of Dolorthoceras

by the form and deposits of the sipvhuncle., It 1is a brevi-

cone and is strikingly simllar to Brevicoceras Flower131 in

131, Flower, R, H,, Devonian htrevicones of New Y§rk and
adjacent areas, Paleontographica, vol. 2, no. 9, p. 24,

1938.

form and sutures, The siphuncular segments of Brevicoceras

are subspherical and contain actinosiphonate deposits,

Cryptorthoceras is the most singular of the form types
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produced in the family and 1s without a duplicate elsewhere
in the Nautiloidea. It 1is clearly derived from some such

trilobate Dolorthoceras as D. tersum (Hall) by exaggeration

of the mid-dorsal crest of the aperture, slight inflation
of the living chamber, and a revolving of the aperture so
that it opens on the ventral side,

The Middle Devonlan development of the Pseudortho-
ceratidae 1is essentlally one of the ornament and form.
Most of the ornament patters known for orthoceracones are
developed. The ornament is notlonger adequate for the re-
ference of a speclies to a supposedly orthochoanitic genus.
Further, one cyrtoceracone and one brevicone develop.

None of these specialized types survived the last develop-
ment of the Hamllton faunas, namely that of the Ithaca

facies of the Upper Devonlan. Dolorthoceras itself lived on

into the Mississinplan and Pennsylvanian apparently without
chance, but it never again attained the variety or abun-
dance of species which 1s found in the Hamilton,

A continuation of the siphuncular expansion which has

been already noted produces Adnatoceras from Dolorthoceras.

The increase in the brim is slight, the increase in the
area of adnation 1s great. The expansion of the siphuncular
segment becomes concentrated at its end and the middle part

looses the faintly convex outline found in Dolorthoceras

and becomes essentlally straight. Adnatoceras appears in

the Hamilton, but does not become prolific until Upper
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Devonian time, It is the most abundant genus of the Tully
and the fragmental evidence suggests that it is also the
dominant orthoceracone in the Ithaca fauna.. The genus 1s not
met with in higher strata until the Pennsylvanian A, cis~
éoense Miller Dunbar and Condra is reached. Here the

oniy new feature developed is the appearance of hyposeptal
deposits, Euloxoceras carrilies the siphuncular expansion

by marked increasge at the ends of the segment to tis final

development, The genus agrees with A, ciscoense in having

episeptal and hyposeptal deposits, but is unique in its com-
pressed form and dorsal siphuncle. Further, fragments of
the shell suggest a Kionoceroid ornament.

In the entire line which has been traced, which.
constitutes the Dolorthoceratinae, there 18 no essentlial
change in the structure of the siphonal deposits. In the
Upper Devonian two new stocks develop which are charac-
terized by modifications‘oftthe'pseudbrthoceroid deposit,

The Pseudorthoceratinae are characterized by a dorso-
ventral differentiationvin the development of the siphonal
deposits, In many orthoceracones with central siphuncles
the annulosiphonate deposits are more strongly developedo
on the venter than on the sorsum; further in such forms
the deposit in any given segment appears on the venter be-
fore it appears on the dorsum and an important feature of
growth of the annulosiphonate ring is the addition of

material to its lateral extremetles until they meet and
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fuse dorsally. The development of the extreme differen-

tiation found in Pseudorthoceras would doubtless not ha ve

been possible 1In a series of forms with siphuncles close
to the venter, The ventral concentration of deposits 1is

well marked in some Hamilton Dolorthoceras but the condltlion

in which the ventral lining is completed before any deposit
appears on the mid-dorsal region is hot attained until

Upper Devonlian time, where it 1s accompanied by an increase
in the convexity of the comnecting ring, thersby prbducing

Pseudorthoceras., It 1s apparently true that wherever a

subcentral siphuncle occurs there is some ventral concen-
tration of the siphonal devosit, but the condition is rarely
advanced, and the condition camnot be traced as a permenant
dharacter through any considerable series. The causes
bringing it about are partly, at least, mechanical. But

in the Pseudorthoceratinae the conditlion has become a

genetlc factor, for it is retained in Mooreoceras, a deri-

vative of Pseudorthoceras in which the siphuncle 1s relatively

close to the venter, aﬁd in which there 1s no mechanical

reason for the r etention of the unusual mode of growth. The

peculiar modificatlon of the ontogeny has all the earmarks

of the genetic preservation of an aquired characteristic.
Before such a hypothesis can be accepted it 1is necessary

to examine the=evidence more closely. Yirast of all it must

be determined whether the dorso-ventral differentiation

can be explained as a mechanical modiflcation which is
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the necessary accompaniment of the form of the conch and
the subeentral position of the siphuncle, It is a fact
that among orthoceracones wherever the siphuncle lies close
to the venter little dorso-ventral differentiatlon is
found, but where it becomes central a marked ventral con-
centration is to be expected. This 1s found in the
Orthoqhoanites as well as in the Actinoceroidea. Probably
more than a hydrostatic factor 1s involved here. In the
Pseudorthoceratidae the cameral deposits are more affected
by the position of the siphuncle than are the siphonal de-
posits, and while 1% is probably ture that the changes

producing the Pseudorthoceras type of siphonal deposit
could not have occurred in an orthoceracone with a ventral
siphuncle is the essentlal factor. The other great dif-

ference between Dolorthoceras and Pseudorthoceras, namely

the dgvelopment of the pyriform siphuncular outline from
the barrel shapped one, suggests no solution to the

problem,

Possible the apprearance and retention of the character
are cue to coinciding but independant elements., In a
stock of forms with central siphuncles inherent variation
might evolve a type in which dorso-ventral differentiation
of the siphonal ségments we.s marked, The development of

coenogenetic character already noted in Pseudorthoceras,

the failure of the deposit to complete the slphonal lining

dorsally in neanic segments, might be a factor 1in the
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retention of the mode of growth, From this it would

appear that the explanation of the origin is not entirely
satisfactory, as it invokes a generalization which is known
not to hold in the later members of the Dolorthoceratinae
to any great extent., However, if by chance thils structure
was developed, and we have evidence that it was, it is quite
possible for another character, for the appearance of which
we have no really convinecing explanation, to form a pattern
of which the fifét éharacter is an essentlial part, re-
sulting in its genetlc preservation.

Pseudorthocerés appears in the Naples fauna of the

Upper Devonian., In Chemung time it glves rise to

Mooreoceras, which is now definitely known from the Wells-

burg monothem of the upper Chemung, as not restricted.
Both genera persist into the Pennsylvanlan, with a thin-
ning of the siphonal deposit the only apparent change.

Paraloxoceras, which appears in the Misslssipplan, re-

presents a new speciallzation derived from Mooreoceras.

It differs from that genus 1in the more expanded siphuncular
segments, a thickening of the siphonal deposits, and the

development of a radial candl system. Bergoceras 1is a

cyrtoconic derivative of Paraloxoceras, which shows no
trace of the ventral coneentration of the slphonal de-

posits in thelr growth stages,
The Cayutoceratinae are characterized by the dif-

ferentiation of the siphonal deposits into a primary and
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a secondary layer. This 1s again foreshadowed in

Hamlilton Dolorthoceras, Cayutoceras 1s known only from

the Chemung. The siphuncle 1s essentially of the Dolor-
thoceras type, though slightly broader than usual. The
inner layer of deposits 1s irregular and.the camerae con-

tain episeptal and hyposeptal deposits,

Bradfordoceras is definitely known only from the
Conewango, though its presence 1h the Conneaut is suspected
on the basis of the similarity of the suture‘patterns of
crushed specimens in the Chadokoin shale to those of crushed

specimens of Bradfordoceras transversum Flower and Caster, -

BradSordoceras 1s more specialized than Cayutoceras in the

depressed section, eccentric siphuncle, and the development

of oblique and sinuous sutures. Mooreoceras 1s developed

from Pseudorthoceras in the same way.  Bradfordoceras is

- further speclalized in the’dévelopment of subspherisal
siphuncular segments, It is generalizedbin that the de-
posits are mural, as in most Pseudorthoceratidae, and not

opiseptal and hyposeptal as in Cayutoceras, Doubtless

forms combining the simpler features of the two genera

await discovery.

It 1is significant that in this stock the dorso-ventral
differentiation of siphonal deposits 1is essentially

mechanical., It is to be found in Cayutoceras where the

siphuncle 1s central, and 1s quite pronounced there. No

dorso-ventral differentiation has been noted in Bradfordoceras
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where the siphuncle lies close to the venter,
The accompanylng diagram illustrates the phylogeny

and known distribution of the genera of the Pseudorthoceratidae,
The three groups typifiled by the three main types of
siphonal deposits lend themselves well to subfamily groups.
Known and assumed range are differentiated, and some attempt
has been made to designate the relative abundance of the
various groups in different times, Although our knowledge
of the Pseudorthoceratidae is as yet very lincomplete there
is a r emarkable correlation between the appearance of the

genera in the stratigraphic column and the phylogeny as
‘based on the structures. (Text figs.§14, 15..)__‘).. |

+ POSSIBLE DERIVATIVES OF THE PSEUﬁORTHOCERATIDAE

It is the purpose of this sectionAto call attehtion
to several groups which 1t has not been possible to in-
vestigate‘thorbughly, but which 18 1is suspected may be
closely related to the Pseudorthoceratidae.

Among orthoceracones the genus Neocycloceras

Flower and Caster132 of the Upper Devonian, a genus

132, Ibid., p. 210.

which 1s posslibly alsd present in the Lower Mlississippilan,
possesses annulations and transverse ornament,., The
siphuncle of the genotype 18 known only in the ephebic

portion. The segments are subspherical., In the apical end
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of N. harrisi the segments are tublar and apparently

orthochoanitic. The poor preservation of all specimens
in Upper Devonian sandstones has made it impossible to
determine whether any organic deposits a re present in the
s8lphuncle, On the basls of stratigraphic occurrence it
appears probable that the genus may belong to the
Psseudorthoceratidae, for no 6ther stenosiphonate cyrto-
choanitic orthoceracones are known in the Upper Devonilan,
or ln any strata after the Ordovician for that maﬁter.
Originally the Pseudorthoceratidae were concelved
as a.family of orthoconic forms, However in the Devonian

Sceptrites is a cyrtoceracone which by the form of the -

sipvhuncular segments can hardly be placed ahywhere élse.

Fusicoceras 1ls evidently a breviconic-derivative of

Dolorthoceras and the aberrant Cryptorthocéras, an ortho-~

ceracone wlth the aperture contracted and bent ventrad, 1is

probably a derivative of the same genus.

1l
Cyrtospyroceras Flower 53 may easily belong to the

133. PFlower, R.H., Devonian brevicones of New York and
ad jacent areas, Paleontographica Americana, vol. 2, 1938

P. 212.

family as well, and may represent a sSpecialization out of

Spyroceras from which it differs mainly in curvature, de-

pressed”section, and the ventral position of the siphuncle,
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The Mlssissippian of Ireland and‘Belgium contains
& large number of cephalopods which are of uncertain af-
finities. Pome of these poasess slender cyrtochoanitic
‘siphuncles and may belong to the Pseudorthoceratidae.

Dolorthoceras, Adnatoceras Pseudorthoceras and

Mooreocerasg are to be expected, as these genera extend in

range from the Devonian into the‘Pennsylvanian. Our material
has been meagre and the illustrations of internal structure
are few in number and not always sufficlently detalled.

Adnatoceras 1is represented by A, ef. neglectum (De Konick),

Gescribed and illustrated in the systematic portion of the
) 134

present paper, Orthoceras sollasli Foord may be an

134, ¥oord, A, H., Monograph of. the Carboniferous Cepha-
lopoda_of Ireland, Part I, Family:OrthOceratidae (in part),
Paleontographical Society, vol, 51, 1897,pl. 8, fig. 1

Adnatoceras or a Dolorthoceras, by the outline of the

siphuncle.

Paraloxoceras Flower n. gen., and Bergoceras Flower

n, gen., show that the Mississlppian development of the
Pseudorthoceratidae 1s characterized by new developments
of both form and internal structure. There are numerous
cyrtoconic specles described the internal structure of

135
which has not been sufficiently investigated., Foord

135. Ibid., pl. 15.
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Fig. 15. Genetic relationship and geolozgical range of
the genera of the Pseudorthoceratidae. The know occur-
rence of the genera is indicated in black; the inferred
range is indicated by oblicue lines, Solidilines connect
genera where the genetic relationship and the time of
development are beyond reasonable doubt. Broken lines
are used where the time element is uncertain,

1. Development of cyrtochoanitic siphuncular outline.

2. EBarly derivatives of Dolorthoceras, retaining the

nevionic Dolorthoceras siphuncular outline.

3. Cayutoceratinae,

4, Pseudorthoceratinae.
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has figured a section of Poterioceras fusiforme (Sowerby)

which shows a continuous lining within the siphuncle and
mural deposits within the camerae, Both features sug-
gost the Pseudorthoceratidae, and indicate that

Poterioceras may represent another deviation from the

generallzed orthoceraconic fornm,

At the present time it appears that the development
of the Pseudorthoceratidae was centeredAin Europe in
Mississippian time and that only occasional strays
reached America., A restudy of the Nautiloidea of the
Mississippian of Europe should yield rich morphologlcal
and taxonomic results, and may serve to disclose modi-

fications of the Pseudorthoceratidae in form, structure

and ornament of which the two genera Paraloxoceras and

Bergoceras already show some indicatlion.
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CONCLUSIONS

I Morphological

1. The deposits of the camerae and siphuncle
are laid down upon the suffaces of specialized secreting
tissues, functional mantles, similar to the mantles which
secrete the shell wall and the speta. On structural
grounds the connecting ring appears. to be mesodermal and
to be laid down with the tissues.

2. The tissues of the camerae and siphuncle may be
traced through similar cycles of (1) areal growth with-
out differentiation of tissues, (2) development of se-
creting surfaces, (3) increase in surface and folding and
invagination of the tissue, sometimes with resorbtion,
and regional diffefentiation of secretion of calcareous
deposits terminating in a cessation of deposition.

3. GCessation of deposition of the cameral and
siphonal deposits appears to be controlled by the axial
gradient in generalized forms,

4, In the Pseudorthoceratidae the continuous lin-
ing within the siphuncle serves to sever the connection
between the cameral mantle and the rest of the organisn,
thereby controlling the extent of development of the

cameral deposits. This is advantageous, as 1is shown by
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the development of such a lining in the Ordovician in
the Vestonoceratidae, Troedssonoceraiidae, Discosouridae
and Stereoplasmoceratidae, and in the Devonlan in the
Pseudorthoceratidae.

5. Deposits may have had originally an excreitory
function, but have been modified to serve a hydrostatic
function. The apical concentration permits the ortho-
ceracone vith air-filled camerae to0 occupy & horizontal
position; further the weighted tip of the shell permits
effective hyponomic swimming. The concentration of de-
posits on the veniter serves to orient the conch with
the venter beneath,.

6. Orthoceracones without deposits may have oc-
cupied a vertical position, or may have lived horizon-
tally with little or no zas in the camerae,

7. The relation of color bands to the dorsum or
venter is at present not conclusive., In most instances
the complemental filling of the internal mold by calcite
dictates the region of the conch on which color bands
are preserved, and for that reason they are commonly
found only on one side of the shell.

8. In generalized orthochoanitic orthoceracones
of the Silurian there is a continuous surface of se-
cretion of degosits in the phragmocone, partly in the

gipnuncle and partly in the camerae. It is conceivable
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that all other types may have been derived by the up-
setting of this relation, permitting excessive development
of cameral or siphunal deposits with numerous variations
and specializations,

9. The relationships of tissues within the phrag-
mocone and their déposits are of grsat systemic value,
inasmuch as they reflect fundamental physiological and
morphological conditions.

10, The cameral depoéits are bilaterally symmetkical.
Details of lobation are specific. They have not as yet
been used in the definition of zenera, which purpose 1is
served by the siphonal deposits, but in many instances
thev appear to be constant in generic or highef groups.

11. On the basis of siphonal deposits, siphuncular
outline, and gross features of the shell a total of
‘eizhteen genera of Pseudorthocératidae are recognized,

12, Orientation even of fragmentary shells is
possible on the basis of continuous evonchial ventral
furrow which corresponds to the ventral aponeurotic

bands of Nautilus, or the dorsal discontinuous septal

furrow,

II Systematic

1. In the obtogeny of the siphuncle and annulo-

siphonate deposits the Pseudorthoceratidae show indications
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of a derivation from the Orthoceratidae (in the old
sense) in Silurian time.

2., The cyrtochoanitic cephalopods are polyphyletic
isomorphs and the term cyrtochoanitic is useful for
systemic purposes, but is without taxonomic value,

3, Even with the present incomplete data the
genetic secquence of genera corresponds to a remarkable
degree with the anpearance of the genera in the strati-
graphic column., The family can be traced from the Silurian
anceBtors through the development of most of the generic
types in Devonian time, to the disappearance of the
family in the early Permi=an,.

4, The development of the family is orthogenetic
in regard to (1) the development of a thin continuous
siphuncular lining from a series of thick annulosiphonate
deposits, and (2) the development of expanded cyrtochoanitic
segments, The Middle Devonian types are remarkable for
divergence in form or ornament; the Upper Devonian types
for modifications of the siphonal deposits,

5. ©Siphonal deposits in the Pseudorthoceratidae
are isomorphic with the Troedssonoceratidae and Stereo-
plasmoceratidae of the Ordovician, but differ in being
of segmental origin. The deposits of the Cayutoceratinae
arealmost perfect isomorphs with the Vestonoceratidae of

the Ordovician.
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EXPIANATIONS OF PLATES
Note.,- Original plates are made 6%x10. Slight

reduction has been necessary for incorporation

in the present form.
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PLATE I

flgures

1-3, Pseudorthoceras senecum FloWwer, NN, SPDecceccccsoocs

Three views of the holotype: (1) dorso-ventral sec-
tion of the specimen, with plane of section parallel
to bedding, x 3; (2) fourth siphuncular segement
from apical end, x 14; The siphonal deposit (white
calcite) is thick against the ventral wall, on right.
The two adjacent deposits shown on the opposite side
of the siphuncle, have not completely joined on the
dorsal wall. The deposit is veveloped more than
usually apicad of the septal neck. (3) Second seg-
ment from apical end of the same svecimen, x 14.

In this segment the siphonal deposit is only very
meagerly developed on the dorsal wall. Pal, Res, Inst.,
no. 5758, Cashaqua shale, Senecan series, Upper De-
vonian, from Naples, New York.

4, Mooreoceras ruedemanni FlOWer, N, SPD..ccoseccscoceca

Portion of the siphuncle.of holotype, x 14. The ven-
ter is on the left. The light material in the siph-
uncle represents the organic deposit, which is pre-
sent here only on the ventral slde. BSe also plate

7, fig. 3, and plate 8, fig. 8. New York State
Museum no. « Wellsburg monothem, Chemung stage,
Chautauquan series, Upper Devonian, from Austinville,
Bradford County, Pennsylvania,

5. Dolorthoceras aff. EX1lE. .ceeeecessecovsososscncocess

Dorso-ventral section through siphuncle, with venter
on the right, x 14, The siphonal deposits are un-
like those of typical Dolorthoceras; in their extreme
ventral concentration. They resemble the Pseud-
orthoceratinae, while the apparent differentiation in-
to a calcareous (light) and a carbonaceous layer (dark)
suggests the Cayutoceratinae. Pal. Res. Inst., no.
5855. Pompey member, Hamilton stage, Middle Devonian,
Pratt's Falls, Onondaga County, New York.,

6. Pseudorthoceras knoxense (McCheSNeY)eeesoeeeooeces

Cross section through a camera, about x 20. The siph-
uncle in the center shows mature siphonal deposits.
Beneath the sivhuncle the ventral sinus of the cameral
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deposits is seen. The two processes of the ventro-
lateral masses are assymmetrical and partially em-
brace the siphuncle. The cameral deposits show
traces of the original structure, although the speci-
men is a calcite pseudomorph. Pal. Res, Inst. no. ’
585%, Hazelton Bridge limestone, Pennsylvanian,
Ylest Indiana.,

7. Dolorthoceras palmerae (Flower and Caster)........

Enlargement of siphuncle of holotype, x 14. Horizon-
tal section. Antioch College, Yellow Springs, Ohio,
Horizon doubtful, lowermost Conewango or upper
Conneaut, Upper Devonian, Howard quarry, Eiie County,
Pennsylvania.

8. Adnatoceras spissum (Hall)..l..............o.l..’.

Hypotype: siphuncular segments showing outline and
the Michellnoceras stage of the siphonal deposits,

x 14, Pal, Res. Inst., no 5840. Pompey member,
Hamilton stage, Middle Devonian, from Pratt's Falls,
Onondaga COunty, New York.

9. Dolorthoceras solitarium Flower, N. SPecescsscecas

Holotype: enlargement of siphuncle, x 14. See also
plate 2 fig. 6. U.,S,., National Museum no. 98778.
Viest Brook member, Tully limestone, basal Upper De-
vonian, from the northeast corner of the Pitcher
Quadrangle, New York.

10. Cayutoceras casteri Flower, N. SPeecceccccseccascons

Holotype: enlargement of 5th and 6th siphuncular
segments of the dorso-ventral section, venter on
left, showing differentiation of siphonal deposit in-
to two layers, one dark and rich in organic matter,
the other light and calcareous, about x 9. Pal. Res,
Inst., no. 5855. Cayuta shale, Chautauquan series,
Upper Devonian, two miles south of Owego, New York.

11. Dolorthoceras tersum (H2ll) ..eeeeoococecoscccccoeses

Hypotype: portion of phragmocone showing siphuncular
outine, x 3. BSee also pl. 8, fig. 6; pl. 9, fig. 8.
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Pal. Res, Inst., no 5822, Pompey member, Hamilton
stage, Middle Devonian, Pratt's Falls, Onondaama
County, New York.

Note: 1In these and all succeeding longitudingl
sections the conventlonal orientation is
retained, with the adoral end at the top.
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PLATE II

Figures

1-3, Euloxoceras milleri FloWer, . SDP.seeccccceccscssses

(1) Dorso-ventral section of holotype showing siph-
uncular outline, siphonal and cameral deposits, x 9
Venter on right. Pal. Res. Inst,, no 5851. (2) Dorso-
ventral section of paratype at a slightly layer stage
Pal, Res., Inst., no 5852, (3) Enlargement showing
detail of siphuncular outline of the preceding, x 15.
See also fig. 12-14 below. Jackborough limestone,
Caddo formation, Canyon group, Pemmsylvanian, Jack
County, Texas,.

4—70 Mooreoceras sp...oCc'a.-ooccaail..odoo.n.no.ocaolt

(4) Late siphuncular segments, 6th and 7th from a-
doral end of specimen, showing typical fusiform out-
line of Mooreoceras. No siphonal deposits, x 16.
(5) 12th and 13th segments from adoral end. The
siphuncular outline is of the Dolorthoceras type.
Siphonal deposits present only on ventral side(right)
x 16, (6) 20th and 21st segments from adoral end,
The Adnastamoceras type of siphuncular outline, con-
taining well defined deposits on the venter (right)
x 16. (7) The complete specimen sectioned dorso-
ventrally of which the above three figures are en-
largements, x1%. University of Cincinnati, no.
22251, Kansas City group, Pennsylvanian, Kansas
City, Missouri., Note: The white lining of camerae
and siphuncle is of morganix nature. The siphonal
deposits shows in black in the adapical end; the
well developed cameral deposits do not show in this
fipure.

8—9. DOlOI"'tthOC}eI'aS sp..o-....o..-n..o.-.clu-..o.“..0..

Early stages of unidentifiable fragmentary specimens,
showing early siphuncul r stages x 14, (8) Siphuncular
outline intermediate between the Anastamoceras and

the Michelinoceras types. Siphonal deposits of Miche-
linocerasg type. (9) Siphuncular outline of the
nepionic Dolorthoceras type; siphonal deposits of
Michelinoceras type. Pal. Res. Inst., no. 5836, 5837.
Delphi member, Hamilton stage, Middle Devonilan,

Delphi Falls, Onondaga County, New York.
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Dolorthoceras telamon (Hall)..ceeeeocevecesesncens

Enlargement to show form of ephebic siphuncular seg-
ments, x 10, No siphonal deposits are developed.

Same specimen as pl. 4 fig. 10, Pal. Res. Inst.,

no. 5831. Pompey member, Hamilton stage, Middle
Devonian, Pratt's Falls, Onondaga County, New York. _

Pseudorthoceras knoxense (McChesSney)eeeececececcascee

Dorso-ventral section with venter on right, showing
outline of ephebic sivhuncular segments and the
concentration of denosits first on the venter, x 10,
Pal, Res, Inst,, no 5859, Hazelton Bridge limestone,
Pennsylvanian, southwestern Indiana,

Buloxoceras milleri Flower, N. SDeceecvecococacess

(12) Holotype, lateral aspect. (13) Holotype, dorsal
aspect. (14) Paratype, lateral aspect, Pal. Res,
Inst., no., 5851, 5852, Jackborough limestone,
Pennsylvanian, Jack County, Texas,
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PIATE III

FPigures

1., GCaguoceras casteri, FlLoWeEr, N. SPesececrocesscncsse

Holotype: vertical section with venter on right x 2%
Septa are destroyed on right, but the margins of epil-
septal and hyposeptal devosits can be traced, See
also pl. 1, fig. 10, Pal., Res, Inst,, no 5855,
Cayuta shale, Chautauguan series, Upper Devonian,

two miles south of Owego, New York,

2. Adnatoceras napalense Flower, N. SPeccessssccocccsse

Holotype: ©Note the pnenomenon of the incoaplete in-~
ternal mold shown in the siphuncle indicating in-
vasion of mud (black) from adoral end, x 2/3., New

York State Msueum no. Cashagua shale, Nunda
stage, Senecan series, Upper Devonlan, Naples,
New York.

3. Vircoceras palemon (Barrande)..eccececesecoscscsces

Reproduction of Barrande's original illustration of
a dorso-ventral section through the phragmocone
showing pseudorthoceroid siphonal deposits, x 1.
Venter on left Etage E, Middle Silurian, from Lock-
now, Bohemia,

4, Geisonoceroides woodae Flower, N. SDeeecessceccecs

Natural section through phragmocone of holotype, X 13
See also pl. 7, fig. 10 pl. 9, fig. Buffalo

Museum of Sclence, no E9013. Strophalosia bed,
Wanakah meber, Ludlowville shale, Hamilton stage,
Middle Devonian, sore of Lake Eire, Wanakah, Erile
County, New York.

5. Gelsonoceroideg cylindricum FloWwer, N. Scecveecccses

Horotype, X 1 Butitalo Museum ot Scéence, no.
See pl. 6, fig., 7. Tichenor Limestone, Hamilton
stage, Middle Devonian, Smoky Creek, Windom, New York.
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6. Geisonoceroides cf. cylindricum Flower, n. Sp.....

Margin of aperture of living chamber apparently com-
plete. Referred with doubt to the preceeding species,
x 1. Buffalo Museum of Science, no, Tichenor
limestone, Hamilton stage, Middle Devonian, South
Shore cliffs, on Lake Erie, Erie County, New York.

T. Bradfordoceras giganteum Flower, N, SD.cececescocecsss

Holotype, x 5. Ventral aspect. Buffalo Museum of
Science, no. . A sandstone of the Conewango
series, Upper Devonian, Allegheny State Par, New York.

8. Bradfordoceras moderatum FLOWEr, N. SDeeecoscceces

Holotype, x1, Ventral aspect. Buffalo Museum of

Science, no, Lewis Run sandstone, Conewango
series, Upper Devonlian, Lewis Run, Bradford County,
Pennsvlvania,
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PLATE IV

Figures

1~-4. Adnatoceras wellSe FloWer, N. SDeeeecceccocoennnnn.

Holotype: (L) ventral aspect, x 1; (2) 1left lateral
aspect x 1; (3) adoral asvect,xl; (4) vertical
section through s iphuncle, x 2%, Pal Res. Inst.,

no. 5849, West Brook member, Tully limestone, basal
Upper Devonian, Bordino, New York.

5. Mooreoceras sp..qo..'.o....'.o.d.i...“t.c.c.v.coc

Section of phragmocone shoeing siphuncular outline,
X 2%. Section horizontal. Pal. Res. Inst., no.
5865, Salem limestone, Middle Mississippian, Uni-
versity of Indiana campus, Bloomington, Indiana.

6. Dolorthoceras solitarium Flower, N. SPecescscccscs

Holouvyre: horizontal section, x 1. See also pl. 1,
fig. 9. U.S. National Museum, no 96778. Vest

Brook mewber, Tully limestone, basal Upper Devonlan,
north east corner of the Pitcher qguadrangle, New
York,

7. Diagoceras tullium Flower, N. SPeeeecscsoccccscssse

Holotype: ventro-lateral aspect, x1l. Pal. Res,
Inst. no 5821. Looee block of Tully limestone
basal Upper Devonian, east shore of Cayuga Lake
hear Portland Point, New York.

8. Adnatocer‘as Soissum (Hall)-..‘.‘"OC.'..O.....'...

Hypotype: adapical portion, vertical section with
venter on 18ft, about x 25. Pal Res. Inst., no,
5840, ©See pl. 7, fig. 10. Pompey member, Hamilton
stage, Middle Devonian, Pratt's Falls, Onondage
County, New York.

9. Pseudorthoceras anomalum Flovar, N, SPesecececssss

Holotype; vertical or nearly vertical section,
venter on left, BSlightly more than x 2, The sides
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of the specimen are weathered below the plane of the
gsection, obscuring the form of the cameral deposits,
New York State Museum, no. . Parrish limestone
Nunda stage, Upper Devonian, Naples, New Yor.

10~
11l.Dolorthoceras t81amon [(Ha1l)e.uo . eeeeeeorocaoeooncse

Hypotypes: (10) dorso-ventral section, venter on

right x 2; Pal. Res., Inst. no 5831. (11) exterior
of phragmocone of another specimen, x 1. Pal. Res.
Inst., no 5830, See pl2, fig. 10; pl. 8, fig. 9-10.
Both specimens are from the Pompey member, Skaneateles
shale Hamilton stage, Pratt's Falls, Onondaga County,
New York.

12~
15. Cryptorthoceras productum FloWer, N.SP.ceesceccceoce

Holotype: (12) adoral aspect, x %; (13) ventral as-
pect, showing hyponomic sinus x %; (14) adoral
portion right lateral aspect, x 1; (15) left lateral
aspect, x%. Buffalo Museum of Science, no. E9013.
Wanakah member, Ludlowville shale, Hamilton stage,

Bay View Creek, Erie County, New York,
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PLATE V

Filgures

1. Anastamoceras mirabile Flower, Y. SPecesccccsosecso

Holotype: internal mold, x 1. See also figs. 4-7,
below., Pal. Res. Inst., no. 5817. Helderbergian,
New Scotland or Kalkberg(?) series. Lower Devonian,
Albany County, New York,

2""3. Anastomoceras I’udis (Ha’ll).c..-.oo.o.ﬁoooonao.o..‘

Hypotyep: (2) weathered surface x 1; (3) enlarge-
ment of anterior end after grinding, shoving traces
of siphuncular outline and cameral and siphonal de-
posits, x 1%. Pal. Res. Inst., no 5818, New Scotland
Helderbergian series limestone, Lower Devonian,
Schohaire, New York.

4-7. Anastomoceras mirabile Flower, N. SDecececsoccosoe

Holotype: (4) anterior two siphuncular segments,
showing Dolorthoceras type of siphonal deposits,

X 2; %5) enlargement of apical five. siphuncular
szgments after grinding, x 2; (6) Enlargement of
septal foramen of fig. A, showing septal necks and
the point of fusion of adjacent devosits, x 14;
(7) second segment from apex showing the wall of
the central canal and the radial pillars, x 14.
See Tigure 1, above.

8-9. Paraloxoceras konickl Flower, N. SDeececscescsocss

Holotype: dorso-ventral section showing siohuncle

and siphonal deposits, x 2%; (9) ehlargement of a
segment of the same specimen, showing the septal

necks, the broad area of adnation and the radial

canal penetrating the siphonal deposit, x 14, Univ.

of Cincinnati, no., 22253, Visé limestonej Mississippian
Visé, Belgium.
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10~
11. Bradfordoceras transversum Flower and Caster....e..

Holotype: (10) sedtion of siphuncle, showing
character of siphonal deposits, x 5; (11) enlarge-
ment, showing spetal neck, area of adnation and con-
necting ring, x 20, Pal. Res, Inst., no. 5014.
Lewis Run sandstone, Venango stagze, Conewango series,
Upper Devonian, Lewis Run, Bradford County,
Pennsylvania,

120 L’Iooreoceras spo.ooo...O-oc..-.o.o.lco'00-0000-'000

Dorso-ventral section through siphuncle showing
siphonal deposits on the ventral side (left) only.
Note absence of commecting ring on dorsum. Ventral
wall of conech lost, About x 6. Collection of Mr.
Richard Schweers, Univ. of Indiana. From the Winter-
set limestone, Kansas City group, Pennsvlvanian,

Kansas City, Missouri.
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PILATE VI

Figures

1. Sceptrites obligquus Flower, N, SPeseccccssssccssssns

Holotype: 1lateral aspect, x 3/5. U.S. National
Museum, no 37228, Columbus limestone, Middle De-
vonian, Columbus, Ohio,

2. BSceptrites claviformis Flower, N. SPiccecccscoscss

Holotype: lateral aspect x 3/5. U.S. National
Museum unnumbered. Columbus limestone, Hiddle De-
voina, Columbus, Ohio

30 Sceptrites Sceptmm (Hall).o--oc.ooo'-o.caoooo-.cn

Holotype: lateral aspect, x %¥. Buffalo Museum of
Science, Onondaga limestone, liiddle Devonian,
Federal stone quarry, Lancaster, Erie County, New
York.

4, Sceptrites carteri Flower, n. sp..................

Holotyve: 1lateral aspect, x 3/5. Collection of Mr.
Alec Carter, to be deposited in the Buffalo lMuseum of
Science. Onondaga limestone, Middle Devonian, Federal
stone guarry, Erie,County, New York,

5"6. FUSiCOCGI’aS el"iense FlOWGI’, n. Spcooooo-oo-tooccno

Holotype: (5) right lateral aspect, (6) ventral
aspect, Sivhuncle retouched, x1l. Buffalo Museum of
Science, no. Wanakah member, Ludlowville shale
Hamilton stage, Idlewood cliff, shore of Lake Erie,
near eighteen mile Creek, New York,

7. Geisonoceroides cylindricum Flower, N. SPleecesecees

Holotype: 1lateral aspect, x 1. Buffalo Museum of
Science. Wanakah member, Ludlowville shale, Hamil-
ton stage, Middle Devonian, Wanakah, New York.
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BLATE VII

Figures

1. Pusicoceras eriense FlowWer, N. SPecescscescsccscses

Holotywe; enlargement of horizontal section through
siphuncle x 2, See also plate 6, fig. 5-6. Buffall
Museum of Science, no. . Wanakah member,
Hamilton stage, Middle Devonian, Wanakah, New York.

2. Adnatoceras clarkel FloWwer, N. SD.cecoscssacsecscces

Holotype: Section, slightly oblique from horizontal,
x 13. New York State Museum, Parrish limestone,
Nunda stage, Senecan series, Upper Devonlina, Naples,
New York,

3. Mooreoceras ruedemanni Flower, N, SDPDesececscesccoas

Holotype: vertical section, venter on left, x 23.

The ventral wall 1s missing owing to solution of

both the shell wall and the cameral deposits. See

pl. 1, fig. 4; pl8, fig. 8. New York State Museum,

no. . Same horizon and locality as the preceeaing.

4, Dolorthoceras €xXile (H2ll)..eeveeoorecoeasaocscenss

Phragmocone and base of living chamber of a mature
individual, x 1. Pal, Res. Inst., no 5826. Pompey
member, Skaneateles shale, Hamilton stage, Middle

Devonian, Pratt's Falls, Onondaga County, New York.

5"6. AdnatocePaS COOpeI’iFlOWGI‘, n. Spco.ooo.oooo.o.ooot

Holotype: (5) showing proportions, x%; (6) ver-
tical gsection showing position and outline of siph-
uncle, x }¥. U.S, National Museum, no. 90758.
West Brook member, Tully limestone, Upper Devonian,
Tully, New York.

7. Mooreoceras bradfordoides Flower, N. BDeecececeses

Holotvpe: sectioned surface, slightly inclined from
the vertical., Venter on right, x 2%. Cameral deposits
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are clearly shown, as are the outline and deposits
of the siphuncle. New York State Museum, no. .
Wellsburg monothem, Chemung stage, Chautacuan series,
Upper Devonian, Austinville, Bradford County, Penna.

8. Geisonoceras teicherti Flower, N, SPeccecccccocccss

Holotype: phragmocone sectioned showing organization
of cameral and siphonal deposits, x 2/3. See pl. 9,
fig., 19. New York State Museum, no, . Onondaga
limestone, Middle Devonian, western New York,

9. Bradfordoceras fusiforme Flower, N. SDeseccsecccssss

Holotype: dorsal asvect, x 1; Buffalo Museun of
Science, no. » Lewls Run sandstone, Venango stage,
Conewango series, Upper Devonian, Lewis Run, Bradford
County, Pennsvlvania.

10. Adnatoceras SpisSSUM (HAll) . .eeeeeoooocossoccecosss

Hypotyep: a nearly complete unflattened individual,
X 1. The basal portion of the living chamber has
been partially restored. Ventral aspect. Pal, Res,
Inst., no 5840. Pompey member, Skaneateles shale,
Hamilton stage, Middle Devonian, Pratt's Falls, On-
ondaga County, New York.

1ll, Gelsonoceroldes woodae FloWEYr, N. SPececsscssescss

Holotype: 1living chamber, dorso-lateral c 1.
Buffalo Mus, of Sci., no E901l3, Strophalosia bed,
Wanakah member, Ludlowville shale, Hamilton stage,
Middle Devonian, shore of Lake Erie, Vanakah, Erie
County, New York.

12, Anastomoceras rudis (Hall)eeeeesscaceoccseacsasaanse

Hypotype: Largest and most complete specimen ob-
gserved, x 1, The living chamber extends for an
additional 40 mm,., in a lfattened condition. Pal.
Res. Inst,, no 5819. New Scotland limesbone,
Helderbergian Series, Lower Devonian, Catskill,
New York.
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PIATE VIII

Figures

1. Adnatoceras cf. neglectum (de Koninck)eeeeeeoooeo.

Vertical section, venter on left, x 2%. Univ. of
Cincinnati, no 2252. Tournai limestone, Lower Mississi
ppian, Tournai, Belgium,

Dolorthoceras revertum Flower, N, SPeccecseccscssos

\N ol

Holotype: adoral portion x 1; (2) rizht lateral
aspect, x 1; (3) dorsal aspect, x 1. Buffalo
Museum of Science no. . Pleurodictyum bed,
Wanakah member, Ludlowville shale, Hamilton stage,
Middle Devonian, Wahakah, New York.

4., Adnatoceras cryptum Flower, N. SPec.ccoccccsacssocs

Holotype: right lateral aspect, x 1. ©Pal. Res.
Inst., no 5850. West Brook member, Tully limestone,
Upper Devonlan, Borodina, New York,

5. Pseudorthoceras knoxense (McCheSNeY )eeosesecsoosess

Vertical section through phragmocone, showing the
relatively thin cameral deposits (light) on the dor-
sum (left), x 10, The devosits on the venter are
massive and extend almost t06 the siphuncle but are
poorly defined owing to crystalization (they are
largely dark). Siphonal deposits are mature. Pal,

- Res, Inst., no. ,5860, Hazelton Bridge lime-
stone, Pennsrlvanian, southwestern Indiana,

6. Dolorthoceras tersum (Hall)..eeeeeeooeaocoeveeasons

Internal mold of living chamber, showing position
and characger of internal constriction, x 1. Pal,.
Res. Inst., no. 5823, Delphi member, Skaneateles
gshale, Hamilton stage, Middle Devonian, Delphi Falls,
Onondapa County, New York.
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T. liooreoceras ruedemanni FloOWET, N. SDeeeecocseaceses

Holotype: 1lateral aspects, x1., Same speciems as
pl. 1, fig. 4; pl. 7, fig. 3. New York State luseunm
no, . Welsburg monothem, Chemung stage, Upper
Devonian, Austiaville, Bradford County, Pa,

8. Dolorthoceras exile (Hall).eeoeee ccvevrescocssossas

Hypotype: 1living chamber preserving the aperture,
x 1. Pal., Res, Inst., no 5827. Pompey member,
Skaneateles shale, Hamilton stage, Pratt's Falls,
Onondaga County, New York.

10.Dolorthoceras telamon (Hall).seeeoeseoecooaccccocse

Hypotype: 1living chambers, X 1; (9) a partially
crushed specimen showing the surface of the shell;
(10) an internal mold of a mature living chamber
showing the gerontic coustriction. Pal. Res. Inst.,
nos. 5831, 5832. Delphi member, Skaneateles shale,
Hamilton stage, 1Middle Devonian, Delphi Falls, On-
ondaga County, New York.

11, Pseudorthoceras knoxense (MCChesney).....ececeseese

Hypotype: dorso-ventral section not attaining the
siphuncle, showing the extent of the ventro-lateral
masses (on left side) beyond the middle of the
camerae, X 1%. Pal. Res, Inst., no 5364. Jack-
borough limestone, Pennsylvanian, Jack County, Texas.

12, Cf. Pseudorthoceras knoxense (McChesSney )...c.eeeeeo

A pvritized specimen showing the septal furrow, x 1%
Pal. Res. Inst., no 5863, Pennsylvanian, southern
Indiana. Egact locality and horizon unknown,

13. Striacoceras typusS (SacCmManil) .ee.eeececce cocseccseses

Ventral aspect showing the three conchial furrows
unusually well developed, x1. New York State Museum
no, 12381/2. Cherry Valley limesonte , Hamilton stage,
Middle Devonian, Manlius, New York,.
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14. Virgoceras cancellatum Flovwer, N. SD.e.eceeccscsess

Longitudinal section of adoral end of specimen,
showing the pseudorthoceroid decosits in the ortho-
choanitic siphuncle, x 2%, Laurel limestone, Middle
Silurian, Westport, Indiana.

15. Petryoceras thyestes (Hall)e...oveeeeeoeoovoooocssse

Hypotype: flattened individuals showing characteristic
appearance and proportions, x 4. Pal. Res, Iast.,

no. 5845. See also pl., 9, fig. 13. BSherburne sand-
stone, Nunda stage, Upper Devonian, Taughannock

Falls, New York.
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PLATE IX

-

Figures

1., Sceptrites sceptrus (Hall)es.eeocecoreooooccssenes

Hypotype: dorso-ventral section through siphuncle,

x 13, same specimen as pl, 6, fig. 3. Onondaga lime-
stone, Middle Devonian, Federal Stone quarry, Erie
County, New York.

2"3. Nautilus pombilius Linna-eus. @ o6 0 0 00 00 0 90 st eereee e

(2) enlargement of a portion of the base of the
ventral side of the living chamver showing the
aponeurotic bands(below), which disappear beneath

the mural part of the septum (central zone of figure)
above which the concave part of the septul is seen.
(3) enlargement of dorsal wall of phragmocone, wihh
septa removed, showing the septal furrows, x 2, Univ,
of Cincinnati, no B4390.

4, Geisonoceroides woodae Flower, N. SDeieecceceocccces

Holotyve: 1lateral aspect, natural color, showing
traces of the original color pattern, slightly less
than x 1. Note abrupt but irregular transition from
dark on the left to light on the right of the speci-
men at the center, Buffalo Museum of Science, no.
E9013. Same specimen as pl. 7, fig. 10 and pl, 3,
fig., 4. Strophalosia bed, Wanakah member, Ludlowville
shale Hamilton stage, Middle Devonian, from the shore
of Lake Erle, VWanakah, New York.

5-7. BeI‘gOCer‘aS antilope (De Koninch) PEF IR I I R N IS SN N B I A

Reproduction of De Koninck's original figures. (5)
exterior, x %; (6) section, x 1; enlargement of
two camerae, x 2. Visé limestone, Mississippian,
from Visé] Belgium.

8. Dolorthoceras tersium (HaLll) .. eeeoeonsconsoscesocses

Ventral aspect of a living chamber preserving the
hyponomic sinus, x 1, Pal, Res. Inst., no 5825,
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Pompey member, Hamilton stage, Middle Devonian,
Pratt's Falls, Onondaga County, New York.

9..
10. Spyroceras opvnletum Flower, 7. SPe.ceseccsccsccsas

Holotype: (9) exterior, showing ornament, x 23,
(10) section through siphuncle, showing neanic
Dolorthoceras siphuncular outline and siphonal de-
posits of the Dolorthoceras type, x 14, Pal. Res,
Inst., no 5867. West Brook membper Tully limestone,
Upper Devonian, from Borodina, New York,

11~
12, Spyroceras crobalim (Hall)e.eoeeeeeeeeeooaoccaaaans

Hypotype: (11) phragmocone directly orad of the
portion sectioned, x 1; (12) enlargement of early .
siphuncular segments showing nepionic Dolorthoceras
type of outline, Pal. Res, Inst., no 5866, Pom-
pey member, Skaneateles shale, Hamilton stage,
Middle Devonian, Pratt's Falls, Onondaga County,
New York.

13, Petryoceras thyestes (H21l).e.eeoescecccsccossscee

Hopotype: a flattened specimen showing the ornament
characteristic of the genus, x 2, Pal, Res., Inst.,
no 5847. See also pl. 8, fig, 15. Sherburne sand-
stone, Nunda stage, Upper Devonian, Taughannock
Falls, New York.

14, Cavutoceras casteri Flower, 1N. SPeccocssceccsccscss

Paratype: Veathered section, showing siphuncular
outline, x 1, Pal, Res, Inst., no. 5857. From a

a coquinte in the Cayuta shale, Chemung stage,
Chautauquan series, Upper Devonian, Bainbridge, New
York.

15-
16.Dolorthoceras elegans FlOWEY, N, SPececsacsccsvsce

Holotype: (15) adoral portion of phragmocone, X 1;
(16) vertical section through siphuncle, withventer
on left, showins outline and the greater developmant
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of giphonal devosits on the venter, x 14. New York
State Museum, Parrish limestone, Nunda Stage,
Senecan series, Upper Devonian, from Naples, New York.

17. Dolorthoceras tersul (H2ll)..ecococesvsoecoccscoccanss

Hypouiype: a nearly complete internal mold of a living
chamber showing the internal constriction. Pal. Res,.
Inst., no.5824, Delphi member, Hamilton stage,

Middle Devonian, Delphi Falls, Onondaga County, New
York.

18, Dolorthoceras revertum FlOWer, N. SPDecescosvcccasss

Holotype: =<=ection (see alsoc fiz. 8 above) through
siphuncle showing early (Michelinoceras) stage of
the siphonal deposits, x 14, Buffalo Museum of
Science, unnumbered, See also pl. 8, fig, 2-3.
Pleurodictyum beds, Wanakah member, Hamilton stage,
Middle Devonian, from Wanakah, New York,

18, Gelisonoceras telichertl Flower, Ne SPececccsvcsscces

Holotype: enlargement of apical end of the specimen
shown on pl. 7, fig. 8, showing the continuity of
the surface of the cameral and siphonal deposits,
and the carbonaceous band representing the original
position of the cameral mantle, in part., New York
State Maseum, Onondaga limestone, Middle Devonian,
"western New York",
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