SBORNIK NARODNIHO MUZEA V PRAZE
ACTA MUSEI NATIONALIS PRAGAE

Volumen XXI B (1965), No. 2
REDAKTOR JIRI KOURIMSKY

RADVAN ). HORNY

CYRTOLITES CONRAD, 1838 AND ITS POSITION
AMONG THE MONOPLACOPHORA (MOLLUSCA)

Presented on February 15, 1965

Astract. The muscle scars of Cyrtolites CONRAD, 1838 are described in detail.
From their morphology, Cyrtolites is regarded as a representative of the Monoplaco-
phora rather than the Gastropoda. The question of Amphigastropoda, and others
concerning the phylogeny of the primitive Mollusca are discussed.

Introduction

During my visit to the British Museum (Natural History), London in
October 1965 I had an opportunity to study — although very briefly —
the rich collections of the Paleozoic gastropods deposited there. Besides
several interesting new genera of Bellerophontina, 1 found a small
collection of cyrtolitids, labelled as Cyrtolites ornatus CONRAD from
the Ordovician of Canada. Several specimens possess well preserved
muscle scars giving evidence of the morphology of the soft body, so
important in these primitive molluscs.

I am grateful to the workers of the British Museum (Natural History)
for making possible the study of this valuable material as well as for
permitting its preparation in Prague. These are Dr. W. T. Dean, Dr. L. R.
Cox and S. Ware. As far as the stimulating, critical and even sceptical
discussions are concerned, I would like to thank my friend Dr. Ellis
L. Yochelson (U. S. National Museum, Washington, D. C.). The excellent
preparation of the specimens studied is due to the extraordinary pa-
tience of Mr. F. Bastl, the assistent of the Paleontological Department,
National Museum, Prague.

The paper is divided into two parts. The first part concerns with the
morphology of Cyrtolites ornatus, as well as with its position among
the specialized monoplacophorans. The second contains a discussion
pointing out several important problems in the phylogeny of the primi-
tive molluscs, namely the monoplacophorans and gastropods, during
late Paleozoic times. The second part is rather speculative, showing the
greatest gaps in our knowledge; however, the new finds recall several
old theories, for example, the question of the existence of Amphigastro-
poda, and it seems useful to discuss several problems once more. We




should not forget that the geological record of the primitive molluscs is
incomplete; therefore, each new find is very valuable and can help us
to complete the phylogeny. There are still mistakes in our interpretation;
however, they are limited in time being depended on the number of
carefully studied finds.

The organisation of Cyrtolites

About 30 specimens have been studied in the collection of the Pa-
leontological Department of the British Museum (Natural History),
London. This material becomes from the collection of J. G. HINDE (1918),
from the Ordovician of Canada (Cincinnati Formation, Weston and Hud-
son River Formation, Humber River, Ontario). The fossils are beautifully
preserved in green-grey calcitic siltstone or cryptocrystalline limestone.
They are thick-shelled, and the lamellar shell is easily removed from the
internal casts. The preparation of 5 specimens has been done in Prague,
with the help of a Burgess Vibro-tool. These specimens are deposited
in the British Museum (N. H.) in London, under the numbers PG 3660
up 3662 and G 27635—6. The original designation of the species Cyrto-
lites ornatus CONRAD given on the labels has been compared with the
figure and the description published by ]. B. Knight (1941) and seems
to be correct. However, the collection contains several different groups
of shells; this may be due to the strong variability, which is common
among these primitive molluscs. The variability is well expressed in the
morphology of the keel and the transverse undulations of the shell which
may be absent. Such questions must be studied by American specialists.

Description of the specimens studied

1. PG 3660. Cincinnati Formation, Weston, Ontario, Canada. Max. length
26.8 mm., width 14.2 mm. Internal cast. Pl. 2, fig. 4.

Nearly adult specimen, internal cast with prepared right side. Transverse

undulation well expressed. 212 whorls. Muscle scars not visible except

the ventral ones, indicated by the different glossiness of the cast sur-

face. Keel sharp, doubled in the adult stage. Aperture not preserved.

2. PG 3661. Cincinnati Formation, Weston, Ontario, Canada. Max. length
25.2 mm., width 17.0 mm. Internal cast with partly preserved shell.
Pl. 1, figs. 1—3.

Adult specimen with prepared dorsal and right dorsolateral region so

that the internal cast is exposed; left side with preserved shell illustra-

ting the outer surface. Shell thick (max. 1.2 mm. on the lateral an-
gulation), lamellar; outer surface with numerous transverse crowded
ribs traversed by discontinuous spiral ribs; the transverse ribs pass the
main lateral angulation and the dorsal keel almost straightly; the um-
bilical wall of the whorl is interrupted by a low angulation not shown
on the internal cast; the apertural margin apparently has a very wide,
short insinuation, as shown by the shape of the transverse ribs; transverse
undulation very slightly developed; at least 2 whorls present; muscle
scars strong, easily visible on the dorsal and right dorsolateral side;
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Fig. 1.

Cyrtolites ornatus CONRAD. Specimen PG 3661. a— right dorsolateral, b — dorsal,
¢ — left ventrolateral views. Comp. with pl. I, figs. 1—3. X 2.5.

left anterodorsal scar corraded, the right anterolateral scar narrowing
anterolaterally, well separated from the ventral scar; the posterolateral
scars composed of two distinct particles fused in the central part; fine
irregular radiating scars diverge posteriorly from all scars, namely the
posterolateral (muscle impressions?); keel rounded except in the adult
stage between the scar zone and the aperture, where it is sharp, with
weak parallel lines passing along; whorls apparently not in contact, the
ventral groove not visible. Apertural margin not preserved.

3. PG 3662. Cincinnati Formation, Weston, Ontario, Canada.
Max. length 24.0 mm., width 16.7 mm. Internal cast. Pl. 2, fig. 8.

Nearly adult specimen with prepared umbilical regions. Transverse un-
dulations well developed. Internal cast smooth, the scars not visible
except the ventral ones, indicated by less glossy islets; keel more round-
ed in younger stages; at least 2 whorls developed; the matrix preserved
between the walls of the whorls in the umbilical area indicates that the
whorls were not in touch; the ventral groove apparently not developed
(?); aperture not preserved.

4. G 27635. Hudson River Formation, Humber River, Ontario, Canada.
Max. length 25.0 mm., width 16.2 mm. Internal cast. Pl. 1, figs. 4—7.

Adult specimen, well prepared internal cast showing the morphology of
the ventral side. No transverse undulations. The surface of the cast
smooth, the initial part of the shell recrystallized and therefore lost;
21, whorls before breakage; the dorsal whorl almost rounded in the
younger stages; profile slightly arched, the lateral angulation rounded,
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Fig. 2

Cyrtolites ornatus CONRAD. Specimen
G 27635. a — dorsal, b — right dorso-

lateral, ¢ — ventrolateral, d — right
lateral views. Comp. with pl. I, figs.
4—7. X 2.5.

the ventral side regularly rounded in younger stages, but with narrow
ventral groove with relatively sharp margins, and very slightly concave
ventrolateral sides in adult stage; muscle scars strong, sharply limited,
the anterodorsal scars flat, not absolutely symmetrical, the right one
shifted to the keel; both with well developed structures of growth;
the left anterolateral scar corraded, the right one composed of three
particles, the borders of which extend anteriorly; both posterolateral
scars composed of two particles, showing short ‘“migration scars”
located anteriorly; ventral scars nearly touching the anterolateral ones,
regular, simple, band-like, narrowing laterally, closing the anterior end
of the ventral groove; apertural margin lost.

5. G 27636. Hudson River Formation, Humber River, Ontario Canada.
Max. length 23.6 mm., width 14.7 mm. Internal cast with fragments
of shell near the aperture. Pl. 2, figs. 5—7.

Adult specimen with well prepared left umbilicus. Transverse undulations
slightly developed, the surface of the cast irregularly arched in the
dorsal region; keel more rounded in the younger stages; 32 whorls,
well exposed in the left umbilicus with perfectly prepared initial part
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Fig. 3.
Cyrtolites ornatus CONRAD. Specimen G 27636. Right
dorsolateral view. Comp. with pl. II, 5. X 2.5.

of the shell which is rather thin; protoconch
not visible but probably small; the muscle
scars, although weak, are visible, with the
exception of the right anterolateral scar
which is undoubtedly composed of at least
three particles showing gradual increase in
size; apertural margin partly preserved indi-
cating a slight tendency to flare, the anterior
part of the aperture with either slightly re-
flected (impressed) preceding whorl or the
ventral groove.

Generalized description of the species

Shell. — Lamellar, thick, the maximum thickness at the lateral
angulation (1.2 mm.). Outer surface with numerous crowded transverse
ribs crossed by discontinuous spiral grooves; two ventral keels in adult
stages indicating places of very shallow insinuations, not reflected on
the internal cast; whorls apparently free during the whole ontogeny
numbering 3. The apertural margin probably slightly flaring in geron-
tic specimens. Strong transverse undulation often developed, well re-
flected on the internal side of the shell.

Internal cast. — Internal cast completely smooth and rounded
in the young stages. The adult specimens possess well developed muscle
scars, their depth depending on age. Keel much sharper and angulate
in adult stages than before the reaching the muscle scars zone where
it is' rounded. The dorsal sides of the whorl gently arched in adult
stage, the lateral angulation rounded, the lateroventral sides sligthly
concave; narrow, relatively deep, ventral furrow may be present in
adult stage, reaching the main muscle ring where it dies out quite
abruptly.

Muscle scars arranged in one main and one secondary ring. The
most important scars are developed on the dorsal side of the shell.

The main ring consists of three symmetrical pairs of scars: the
dorsal pair, the lateral pair and the ventral pair. The dorsal scars are
flat, nearly rounded, located close to the central angulation or keel,
and often bear lines of growth. The lateral scars are elongated, deep,
narrowing towards the lateral angulation of the shell where they die
out; they are composed of at least three particles corresponding to the
main muscle attachments. The ventral scars band-like, flat, smooth,
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narrowing laterally towards the lateral shell angulations and nearly
touching the external ends of the lateral scars. Both the ventral scars
may be continuous but when passing the median part of the whorl
they are separated by the ventral furrow.

The secondary or posterior ring is incomplete consisting of two sym-
metrical scars multiplying the dorsal and lateral scars, but much
smaller; the posterodorsal scars are usually flat, the posterolateral deep;
both seem to be composed of two particles.

There are secondary muscle structures visible on the cast. The first
one is due to the migration of scars developed anteriorly; the second
one — the ray-like scars diverging posteriorly — might be explained
as lateral impressions of the scars located close to the shell wall.

There is no doubt that the development of deep scars appears at
the moment when the shell is adult; neither scars nor structures in-
dicating their migration were observed in the younger stages of the
shell. They must have been weak and overlain by later layers of the
shell material.

The general configuration of the shell indicates that we are concerned
with heavy animals creeping on the sea bottom. The shell is perfectly
symmetrical resembling the sinuitid bellerophontaceans.,

The main features differing Cyrtolites from the bellerophontaceans
are:

1. Absence of sinus in the apertural margin in Cyrtolites.
2. No parietal inductura developed in Cyrtolites.

3. 5 pairs of muscle scars located mainly in the dorsal region of th
shell in Cyrtolites (only one pair of the columellar scars has been
observed in Bellerophontacea).

The above mentioned features distinguish Cyrtolites from the more
advanced bellerophontaceans (e. g., Sinuites and its allies). They are
insufficient for distinguishing the genus from the imperfectly known
Helcionellacea.

As no modern revision of Cyrtolites has been published in North
America, we cannot draw too many conclusions concerning the limi-
tation of the species and the extent of variability. It seems probable
that species of Cyrtolites will prove to be rather variable as far as
the coiling and external ornamentation are concerned. There will
probably be a continuous line between the “species” C. disjunctus
U. et S., 1897 and C. ornatus CONRAD, 1838. However, the paper of
Ulrich and Scofield 1897 indicates that there are several similar species
in the Middle and Upper Ordovician of North America. From the
presence of the dorsal insinuation, some of them may belong among
the true bellerophontaceans. However, the question of the presence or
absence of this insinuation in the genus Cyrtolites must be carefuly
studied in the American material, together with the muscle scars
which are the most important feature.
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Relations of Cyrtolites

According to the Treatise on Invertebrate Paleontology, Part I, 1,
Cyrtolites is distributed from Middle to Upper Ordovician. No species
are known from the Lower Ordovician.

Seeking the phylogenic roots of Cyrtolites, we must consider the bi-
laterally symmetrical shells occuring through the Cambrian and Lower
Ordovician time. There are two groups of molluscs from which the
ancestors of Cyrtolites may be derived, Helcionellacea and Archina-
cellida, and the arguments in favour of one or the other are as
follows:

1. The Helcionellacea manifested themselves phylogenetically during
Lower Cambrian times, and are believed to be primitive Bellerophonti-
na. There is as yet no evidence of their muscle scars; as they see-
mingly had undergone torsion, their muscle scars should be similar to
that of Sinuites (one pair of columellar retractors). No helcionellaceans
are known from rocks younger than Upper Cambrian. I regard the
Middle and Upper Cambrian Helcionellacea to be a not progressive
surviving group of molluscs giving no origin of more advanced groups.

2. The Archinacellida are known from the Upper Cambrian to ? Si-
lurian (probably only to uppermost Ordovician). Their family Archina-
cellidae has its acme during the Lower and Middle Ordovician. The
archinacelloid monoplacophorans represent typical cyclomyans which
have developed a more or less complete ring of muscle scars, often
fused to form a continuous band. As far as height is concerned, the
shells of Archinacella are variable and we know several species with
quite high shells. I regard, therefore, the genus Cyrtonellopsis YOCHEL-
SON, 1958 as being related to the archinacellid monoplacophorans,

Fig. 4.

Restoration of the representatives of
two convergent lines: the cyclomyan
monoplacophorans (a—c) and the
gastropods (b--d), a — Archina-
cellina, Upper Ordovician, Eu.; b
Palaeoscurria or Lepetopsis, Ordo-

vician — Carboniferous, Eu., N.
Am.; ¢ — Cuyrtolites, Ordovician, N.
Am.; d — Sinuites, Ordovician, cos-
mop. — Note the position and the

shape of the muscle scars (black).
Orig., schem.

though this presumption is not supported by the muscle scars which are
not known yet in this genus. Cyrtonellopsis is known from the Lower
Ordovician of North America and from the Llanvirnian of Central
Europe (Bohemia). If we compare this genus with Cyrtonella HALL,
1879 or Cyrtolites CONRAD, 1838 we shall find almost no differences
apart from the coiling, which seems to be a progressive feature. Thus,
if we believe that the archinacellids were untorted, we must accept
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Cyrtolites as an untorted mollusc, a suggestion which does not seem
very plausible. However, my previous opinion about the repeated tors-
ion in different groups and different time should be revised (see
R. J. Horny 1963, p. 43).

The muscle organization of Cyrtolites is very similar to that of Ar-
chinacella, with the main scars arranged in a nearly continuous
circle. The additional scars probably do not express any metamery but
repetition caused by a strongly changed, coiled shell. The scars of
Cyrtolites can be regarded as strongly specialized and the decompo-
sition of the continuous archinacellan band-like scar is probably also
due to the changed mechanism of coiled shell.

Not being torted the cyrtolitid molluscs never played an important
part in mollusc phylogeny. During their time there was strong competi-
tion between similar but torted bellerophontaceans well adapted to
different surroundings, producing rich populations and providing an
origin for several new groups of more advanced gastropods. Never-
theless, we can find several descendants of Cyrtolites or its allies
during Silurian and even Devonian times. )

The best known Silurian representative is Yochelsonia HORNY, 1962,
several species of which occur in the Silurian of Bohemia. It is dis-
tinguished from Cyrtolites by smaller, strongly ribbed shell which is
carinate during the young stages; the lateral angulations are often
lacking, the shell being more rounded in transverse section in the
adult stage. Muscle scars not known in detail; the anterodorsal ones
very similar to those in Cyrtolites, the anterolateral passing to peculiar
trilobate “migration scars“; the posterior scars
not observed. (The interpretation of the scars
of Yochelsonia illustrated by me in 1963 (p. 93)
was incomplete, strongly overemphasizing the
“migration scars®.)

The stratigraphically younger genus Cyclo-
cyrtonella HORNY, 1962, from the uppermost
Silurian, possesses one pair of scars corres-
ponding to the anterolateral scars of Cyrto-
lites. The youngest, Devonian genera are Cyr-
tonella HALL, 1879 and Neocyrtolites HORNY,
1965.

Fig. 5.
Yochelsonia fallax (PERNER). Dorsal view showing the
szars. Comp. with pl. II, figs. 1—3. X 4.

A reconsideration of the relationships of the primitive Mollusca

Considering the phylogeny of the primitive gastropods, J. B. Knight
(1952) discussed the problem of the existence of “Amphigastropoda”.
This question has been revived by the find of multiple paired scars
in Cyrtolites. As 1 will show below, there is no reason to speak about
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the monoplacophorans as direct ancestors of the bellerophontaceans.
The idea of Amphigastropoda sensu W. Wenz (1940), concentrating the
monoplacophorans and the bellerophontaceans in one subclass, is evi-
dently wrong and as such was criticized by Knight (1952, p. 50).
Cyrtolites and its allies, however, represent a beautiful sample of the
Amphigastropoda, including the coiled shells with the scars possess-
ing certains signs of monoplacophoran character. Nevertheless, we
must consider the fact that Cyrtolites and its allies represent a highly
specialized group of molluscs which never took part in any important
evolutionary trend and never led to Gastropoda. 1 do not use, therefore,
the profaned name Amphigastropoda it the present systematics.

The main differences between the classes Monoplacophora and Gastro-
poda have been clearly defined in the Treatise on Invertebrate Paleon-
tology, Part I, 1. There is no doubt that the Monoplacophora really
represent an independent, well defined class. However, it would be
quite wrong to presume that the monoplacophorans, as we know them
from the fossil record, represent the ancestors of Gastropoda. Both clas-
ses developed and existed side by side from early Cambrian. The mono-
placophorans are rare as fossils, and never underwent any important
distribution or “explosive evolution“. As far as the organisation of the
soft body is concerned, they resemble, however, the hypothetical an-
cestor of certain classes, for example the Bivalvia, Polyplacophora and
Gastropoda.

Seeking the phylogenic roots of the classes of Mollusca we must
go back to Precambrian times. This is, of course, an ideal field for
hypotheses and speculations as there are no fossils available for study
[except those which are not comparable with anything similar to
Mollusca).

We must try to forget the existence of Monoplacophora, and perhaps
more with the help of philosophy than phylogeny to immagine or to
restore the common Precambrian ancestor of the true molluscs. Let us
consider several assumptions:

1. The Precambrian ancestor possessed certain features characteristic
of the annelid worms. The ventral and dorsal sides were distinguish-
able, and the head was more or less separated. The body was segment-
ed, and many organs were arranged metamerically. The ventral side
was adapted for either creeping on the sea-bottom or more less active
swimming or even ploughing up the sediment. The dorsal side was not
calcified. This ancestor inhabited the newly created litorals during
several Precambrian orogenies and adapted itself to different conditions
by means of morphological differentiation. The greatest adaptation,
which took place sometime between the end of Precambrian and the
beginning of Cambrian time, was caused by deep changes of climatic,
biochemic and probably even cosmic character. It seems probable that
several groups of the “praemolluscs” were differentiated even before
these main changes. However, the emergence of the first true mollusc
depended on the formation of a shell, and the conditions suitable for
this took place sometime “between® the Precambrian and Cambrian. Thus,
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several groups of molluscs were defined even before the Cambrian,
whilst some originated during the Lower Cambrian or even later.

Of course there were several time-levels of radiation in space
during the Precambrian — Cambrian “interregnum®, though these are
poorly known stratigraphically, and this is the reason for the inequality
of the classes in the Mollusca.

As was pointed out above, some of the “praemolluscs” were adapted
for creeping, some for active swimming, and some for burrowing or
ploughing up the sediments. These three groups are shown in dif-
ferent classes of Mollusca. There is no doubt that during early Cambrian
times there existed more classes or groups of Mollusca, the organisa-
tion and morphology of which are still unknown or imperfectly known
(i. g., Cambridioidea). A careful investigation carried out in the li-
mestone facies of the Lower Cambrian should produce many new
finds concerning these “unsuccessful” extinct molluscs.

2. The most closely related groups of Mollusca are the Bivalvia, Poly-
placophora, Monoplacophora and Gastropoda, and it is useful to re-
capitulate the main features distinguishing or defining them:

Bivalvia: bivalved shell, head not developed (secondarily?);

Polyplacophora: shell consisting of several (generally 7—8) particles.
Head developed;

Monoplacophora: single shell, rudimentary metamery may be present,
head developed;

Gastropoda: single torted shell so that the anal opening becomes
anterior in position. Head developed.

3. The main feature causing a qualitative change in the evolution and
distinguishing the classes Monoplacophora and Gastropoda is the tor-
sion. As I have written elsewhere, I do not regard metamery as the
main criterion for distinguishing these classes, as we can demonstrate
gradual disappearance of metamery during the evolution of the Mono-
placophora. Further, according to E. L. Yochelson (written communi-
cation), it is difficult to speak about true metamery within the class
Monoplacophora, even in the order Tryblidioidea. Fossil material gives
us at least evidence of the muscle attachments whilst other important
features have to be inferred. The position for distinguishing both clas-
ses is complicated as the primitive molluscs are strongly homeo-
morphous. The difficulties concerned with the Cambrian Helcionellacea
are well known.

4. According to the morphology and development of the shell it is
possible to say that the shape of the shell is very important. The ani-
mal possessing a shell supporting the soft body survives much easily,
has opportunities for the widest adaptation, and, therefore, has more
possibilities of morphological differentiation which manifests itself in
the evolutionary process. Among the shell-bearing Mollusca, the mono-
placophorans were originally inadequately supported by the shell, and
this may be the reason for their minority in fossil and even Recent
assemblages.

66

!
il corHoRrA
\
|

BIVALVIA POLYPLACOPHORA MO GASTROPODA
I T ‘ I ) | M
| ! TERGOMYA CYCLOMYA ) ' T :
z 1 ! | | | :
g-' : | Cyrtonella : : : |
| ! ~— Neocyrtolites ! | | ] |
I | Kotysium 1 | i H |
M i Il 4
i i ' |' i | ! | i
| | ! 3
| | Trybl.idnum 'y [} ] | | | |
I | ’ | | | | | |
<Z( | | - Cyclocyrtonella | | | | |
< ! |
4 | | | | [ |
=) 5§ ol [}
5 : : ? Archaeo| (% Q‘ 1C | § < |
) | | ‘ 0 | = Z |
] | 1~ ) - Z ™ |
! | Yochel:oma \ 2z 9 ; '
: v [ (@) <
n i L - e -
| l ” = = < 5
| | 0 = > 3
! I ' < e b &
< ' ] ] z @ a =
a1 = ! : [ [ | ! n
2 < ! | Archinad R\ | | | | I
=] 3 I i X i I I
I I I : U I f ' i
b o ) | ] Cyreolites | | I |
Q [ @ | | A
™ ! | ! il | ‘
(& ' " : e | | :
) ] 2 Pygmaeoconus A | |
| ] Archinacellopsis | Cyrtonellopsis . ' ' 3 :
' | I J | Patelliconus | Sinuites o
| | o | | 1 _-
" | 1 I 4 1 | [ [P
+ ~ M "
H T F s | : .
) Py, | H .»‘v
‘ | | L L QP
| l freve [y | . oy Sinuopea
| l Hypseloconus Scaevogyra \\\ 'L ’1’
Z | ] L
2 ’ | l_J Y,
§ not I;nown %5‘. | ' ”' : ':,{', P A
6 | Chelodes : :’ | Strepsodiscus
| | Nt
| | | Qe -
| (,'\,P* S
| ! | | 128~
: : | Helcionella | ,”
| - ? Pelagiella
. ==w &
v R e etk S
origin (1IN | I i "'h;; == R —- first coiling ~ —% ‘l torsion
of shell ﬂion_d_ap-e: ————— 1 eduction of scars + elongation © s
Y —— o
< - 5
\V{ E < ploughing == “creeping
3 < Bivalvia TTTT b
6 i—“ Scaphopoda 1
> L | e enee IR
:‘(J 8 4 swimming b
Pa -4
a a Hyolitha
. Cephalopoda




Recapitulation

The possible evolution of the phyllum Mollusca (mainly the “creep-
ing groups) is illustrated in the table. The class Monoplacophora is
emphasized in order to show the probable phylogeny. It is necessary to
point out that the ,boundary“ between Precambrian and Cambrian is, for
technical reasons, rather widened, and indicated by ‘“origin of shell®.
During this time a great radiation of the “praemolluscs” took place, and
we can speak about a great “expansion into space”. Several groups of
Mollusca have evolved, since that time: the creeping (or ‘“monoplaco-
phoran”) stem, the more or less swimming stem (Hyolitha;, Cephalo-
poda), the ploughing stem (Scaphopoda; ? Bivalvia) and the burrowing
stem, not recorded (Aplacophora-like). During the end of the Pre-
cambrian-Cambrian “interval“ representatives of these stems developed
solid shells and then' continued their molluscan evolution. The origin
of Gastropoda was apparently somewhat later, as they were derived
from molluscs with an existing shell, at about the Lower Cambrian
boundary. Even the origin of Bivalvia, may have similar character. The
groups of the monoplacophoran molluscs known above the Precambrian-
Cambrian boundary have never manifested themselves in the praemol-
luscs — gastropods phylogeny. They represent surviving specialized groups
of molluscs having no occasion and no possibility for more dynamic
evolution and depending on quantitative changes only (e. g., fusing of
scars, elongation of the shell, etc.). Only the torsion can be treated as
a new, progressive qualitative change causing the origin of a new class.
However, each surviving group (Tryblidiida, Archinacellida etc.) had
an ancestor, which had existed before the beginning of Cambrian time
and which belonged to the main phylogenic trend leading to the Gastro-
poda. This is why we cannot speak about the true monoplacophorans as
the direct ancestors of Gastropoda.

The main evolutionary stem from the “praemollusca’” towards Gastro-
poda is shown by the following points:
I. origin of a flat shell in the dorsal region (‘‘tergomyan stage”),

II. centralization of the apex according to the muscle zone (primitive
“cyclomyan stage”),

III. elongation of the shell + reduction and specialization of the
muscle scars (more advanced or specialized “cyclomyan stage”),

IV. torsion (= origin of Gastropoda),
V. next development of shell.

One of the most important points in gastropod evolution was the
centralization of the apex according to the more or less cyclical muscle

Fig. 6.
Development of the scar zone in Cyclomia (a — Drahomira)

b and Tergomya (b — Archinacellina). Schem.
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zone, and this made possible the next development of an elongated,
high shell. The typical monoplacophorans have the muscle scars ar-
ranged in a more or less complete circle located posteriorly towards
the apex which remains above the head of the animal [Tergomya). The
position of Scenella and Archaeophiala is not yet clear, but they are
representatives of Cyclomya, having the apex inside the muscle scar
zone. The more advanced cyclomyan molluscs of Patelliconus-like or
Hypseloconus-like shell were probably the molluscs standing just before
the torsion, which took place together with the first signs of coiling.

The recapitulation presented above illustrates only the present stage
of our knowledge, and no doubt new finds will eliminate the specula-
tive hypotheses.
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CYRTOLITES CONRAD, 1838 A JEHO SYSTEMATICKA POZICE MEZI PRILIPKOVCI
(MOLLUSCA, MONOPLACOPHORA)

V anglické casti prace je zevrubné& popsdna morfologie vnitini stény schrdanky druhu
Cyrtolites ornatus CONRAD, 1838 ze svrchniho ordoviku Severni Ameriky. Svalové
vtisky byly nalezeny na né&kolika exemplafich, které jsem mé&l moZnost studovat
v roce 1964 ve sbirkdch British Museum (Natural History) v Londyn&. Rod Cyrtolites
CONRAD byl dfive povaZovan za primitivniho belerofontida, jako typicky predstavitel
teledi Cyrtolitidae. Analyza pdrovych svalovych vtiskli (celkem p&t pari zrcadlové
soumérnych vtiskii), uspofddanych v kruhu obemykajicim cely obvod schrédnky
a nejsilnéji zakotvenych v dorzalni oblasti, potvrdila mij dFfv&j8f predpoklad, ¥e rod
Cyrtolites CONRAD piedstavuje zdstupce vysoce specializované vyvojové vétve pii-
lipkoved, u kterych nastala nésledkem prodlouZeni a stoten{ ulity redukce a specia-
lizace svalovych dponi. Diisledky plynouci z t&chto poznatkii pro fylogenezi a syste-
matiku jsou popsdny v anglickém textu, kam odkazuji.
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Kromé& uvedenych zjisténi vyplynula ze studia je§td8 fada velmi zajimavych po-
znatki, které dosti podstatn& pozmé&iuji nase dosavadni nazory na vyvoj primitivnich
mékkysh. Pro paleogeografické zavéry je diileZité zjisténi, Ze rod Cyrtolites skutetné
v Ceském ordoviku neni znam. Pokud byl odtud uvadén, Slo vesmé&s o0 zdménu s né-
kterymi skutednymi primitivnimi belerofontidy, jako je napf. rod Sinuitopsis a Tem-
nodiscus, a se specializovanym rodem Yochelsonia.

Pravdépodobny vyvoj &asti téidy Mollusca je graficky znazorn&n na priloZené
tabulce. Trida Monoplocophora (prilipkovci) je zakreslena nejpodrobnéji, vzhledem
k zaméfeni celé prdce. Hranice mezi prekambriem a kambriem je zobrazena
z grafickych divodd mnohem 3ir3f; je v tabulce oznadena ,vznik schrdnky“. B&hem
nejvyssiho prekambria uskutefnila se rozsahld radiace ,predm&kkysi“; mbZeme zde
hovofit o typické ,expansi do prostoru“. N&které pozd&jsi tridy mékky3t byly pre-
disponovany jiZ od této doby: lezouci me&kkysi (monoplakoforniho charakteru),
volné pohyblivi nebo plovouci (hyoliti a hlavonoZci), ryjict (kelnatky a snad mlZi)
a vrtajici v nezpevnéném sedimentu, jejichZ zastupci se nezachovali ve fosilnim
stavu (aplakoforniho charakteru). Teprve na samém konci prekambria tito mekkysi
predchtidci ziskali pevnou schrdnku a pokradovali ve vyvoji jako pravi m&kkysi. Vznik
gastropodii a snad i mlZi je zFeteln® pon&kud mladiiho data, protoZe byli odvozeni
od mé&kkysh s jiZ existujici pevnou schrédnkou, a to patrné v nejranéjsim kambriu.

Monoplakoforni mékkysi, které zname poéinaje nejspodnéjSim kambriem, se ve
vyvoji m&kkyst jiZ nikdy neuplatnili; to znamend, Ze Zadny z nich netvofi vyvojovou
fadu vedouci ke tFidé Gastropoda. Predstavuiji pieZivajici specializované skupiny
mékkysl, kteri nikdy nemé&li ani subjektivni, ani objektivni predpoklady k dyna-
mictéjsi evoluci; jejich dalsi existence byla zévisld pouze na kvantitativnich morfo-
logickych zmé&néch (napf. na splyvani a redukci svalovych vtiskdl, prodluZovani
a staceni schranky, apod.). Jedind torze miiZe byt povaZovana za novou progresivni
kvalitativni zmé&nu, ktera vyvolala vznik nove, vyvojeschopné tiidy — Gastropoda.
Nicméné& je naopak jisté, Ze vétSina z pteZivajicich reliktnich skupin méla svého
predka, ktery existoval pfed poddtkem kambria a ktery skutedn& patFil k hlavni
vyvojové linii, vedouci od primitivnich ,predm&kkysi“ ke gastropodfim. Toto je
divod, pro¢ nemiiZeme hovofFit o prilipkoveich jako o pfimych vyvojovych predcich
gastropodii.

Hlavni vyvojovd vétev vedouci ke gastropodiim miiZe byt dokumentovdna témito
hlavnimi stadii nebo znaky :

I. vznik ploché schréanky v dorzéalni oblasti (tergomyové stddium),

II. centralizace vrcholu vzhledem ke svalovému poli (primitivni cyklomyové
stddium),

III. prodluZovédni ulity + redukce a specializace svalovych vtiskli (pokrocilé
cyklomyové stadium]),

IV. torze (=vznik gastropodi),
V. dalsi vyvoj schranky, umoZn&ny torzi.

Jednim z nejdileZit¢jSich momentii ve vyvoji gastropodovych predki je centralizace
vrcholu vzhledem k vice & méné& kruhovité uspofddané zoné svalovych vtiski. To
byl zdkladni pfredpoklad pro vznik prodlouZené vysoké schranky. Typidti p¥ilip-
kovci maji svalové vtisky uspordddny ve vice & méné iplném kruhu umisténém
posteriorné vzhledem k vrcholu, ktery zfistdvd nad hlavovou &asti zviFete. Pozice
rodiit Scenella a Archaeophiala neni zcela vyjasnéna; nicméné& je ziejmé, Ze to jsou
zastupci cyklomyové vétve, majice vrchol umistény uvnit¥ z6ny svalovych vtiskii.
Pokrocilejsi cyklomyarni prilipkovei se schrankami patelikonového nebo hypselo-
konového tvaru stali se pravdépodobn& pFimymi predky gastropodli a byli postiZeni
torzi, kterd se objevila zaroveil s prvnimy symptomy stadeni ulity.

Uvedeny prehled dokumentuje pouze souCasny stav na$ich v&domosti, které ne-
mohou byt podepieny studiem mékkych ¢&asti tsla. Nelze pochybovat o tom, Ze
nové objevy (zejména ve vapencovém spodnim kambriu) pfinesou mnoZstvi novych
poznatki, které pomohou eliminovat chyby a spekulativni hypotézy.
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EXPLANATION OF PLATES

PLATE 1

Cyrtolites ornatus CONRAD, 1838

Specimen No. PG 3661. Internal cast with partly preserved shell. X 2.5. 1 — Right
dorsolateral view showing the dorsal and lateral muscle scars. Note the ray-like
structures diverging posteriorly from the posterolateral muscle scar. 2 — dorsal
view. The left anterodorsal scar corraded. The dorsal keel is sharpest between the
muscle area and the apertural margin. 3 — left ventrolateral view showing the left
side with preserved shell. The ventral keel as well as the fine tranverse striation
are well visible.

Specimen No. G 27635. Internal cast. X 2.5. — Right dorsolateral view showing the
dorsal and lateral muscle scars. The lateral scars composed of several particles.
5 — dorsal view. The left anterolateral scar slightly corraded; note the lines of
growth on the anterodorsal scars. 6 — ventrolateral view showing the right ventral
scar and the ventral groove. The median processus of the ventral scar does not
belong to the scar itself (comp. fig. 2, page 60). 7 — Right lateral view showing
the mutual relationship of the lateral and the ventral scars. The initial part of the
shell is broken off.

Cyrtonellopsis elevata (PERNER, 1903)

Specimen No. 3070, Museum of Dr. B. Hordk, Rokycany. Internal cast. Loc.: Osek
near Rokycany, Sdrka Beds, Llanvirnian, Ordovician. 8 — right lateral view showing
high, strongly curved shell. X 2.5.

PLATE 2

Yochelsonia fallax (PERNER, 1903)

Specimen No. NM L 5586 (National Museum Prague). Internal cast.

Loc.: Barrandian Area (locality unknown), ,Orthoceras“ limestone of the Kopanina
Beds, Silurian. X 4. 1 — Right dorsolateral view showing the doubled median
keel, the rounded dorsal and the lateral scar composed of several particles. The
diverging grooves or scars probably corresponds to the migration of scars. 2 — dorsal
view showing both lateral and dorsal scars, as well as the ,migration“ grooves. Note the
scar-like structures posteriorly of the dorsal scars (comp. fig. 5, page 64). 3 — left
dorsolateral view. The lateral scar and different ,migration” structures well visible.

Cyrtolites ornatus CONRAD, 1838

Specimen No. PG 3660. Internal cast. X 2.5. 4 — dorsal view showing slightly
doubled dorsal keel. g

Specimen No. G 27636. Internal cast X 2.5. 5 — right dorsolateral view showing weak
dorsal and lateral scars. The right anterolateral scar composed of at least three particles

showing structures of growth. 6 — apertural view. Note the slight reflection of the
ventral groove inside the aperture. 7 — left lateral view showing the initial part of
the shell.

Specimen No. PG 2662. Internal cast. X 2.5 8 — left lateral view. Note the trans-
verse undulation of the shell.

All specimens whitened with ammonium chloride. Photo R. Horny.
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R. J. Horny: Cyrtolites Conrad, 1838.

Plate 1




R. ]J. Horny: Cyrtolites Conrad, 1838. Plate 2
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