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Introduction

Arisaig is a small village on the Northeastern shore of
Nova Scotia (text-fig. 1) adjacent to one of the best exposed and most
complete Silurian sections in the Appalachian Mountain System. Some
four thousand feet of sediments form a continuous record from the lower
Llandovery through Wenlock, Ludlow and Pridoli into the lower Gedinnian
(Devonian) (text-figs 2)s Overlying red beds contain lower Devonian
fish remains (Dineley, 1967).

The Arisaig Group has attracted the attention of geologists
for over a hundred years and a full account of the history of
exploration is given by McLearn (1924) and Boucot et al (in press).
McLearn (1924) provided full descriptions of more than two hundred
species from the Arisaig Group and his study remains the most
comprehensive survey of the general fauna to date.

AJJ. Boucot, with several associates and students, commenced
a mapping programme of the Arisaig region in 1958. Unlike most previous
workers, Boucot and his coworkers gave particular attention to inland
exposures in the deeply incised valleys of the streams flowing North
into Northumberland Strait. A series of large scale maps were prepared
as part of a memoir upon the area (Boucot et al, in press) and these
maps form the basis of text-fig. 3. Boucot et al (in press) recognised
seven formmations within the Arisaig Group with the McAdam Formation of
McLearn (1924) and earlier workers divided into three (text-fig. 2);
Strata described by Maechl (1960ms; 1961) in Pictou County, to the West
of Arisaig, were also integrated into this sequence (text--figs. 1, 2);

Comparison with faunas from European type sections
established that the Arisaig Group extended beyond the Ludlow into the
Pridoli (Berry and Boucot, 1970) while brachiopods from inland exposures

of the highest beds were considered to be of lower Gedinnian age by
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R.K. Bambach (1969ms) continued the asseciatbion of Yale
Peabody Museum with Arisaig, previously expressed by Schuchert,
Twenhofel (1909) and McLearn (1924), with a study of the palaeoecology
of the bivalve fauna of the Arisaig Group. He followed Boucot et al
(in press) in recognising seven formations but divided the Stonehouse
Formation into an Upper,and a Lower, Momber. This division is
accepted here (text-fig. 2). The sequence of stratum numbers used by

Bambach (1969ms; text-fig. 2) is discussed in the Appendix,

The gastropod fauna of the Arisaig Group has not previously
received individual attention. Hall (1860) included three new species
in his description of the fauna. McLearn (1924) described six new
spcecies and one new variety in a total of eighteen rccorded species of
gastropods, about a third of the present total (Tnblo 4) whioch includes
thirteen new species and two new gencra.

No specimens have been seen from the inland exposures which
Berry and Boucot (1970) and Boucot et al (in press) referred to the
lower Gedinnian (Devonian). Consequently, the described gastropod
fauna is entirely of Silurian (Llandovery — Pridoli) age.

Unfortunately, it was not possible to collect personally
from the Arisaig Group, all spccimens for the present study being
obtained from the collections of previous workers (see Appendix).
Details of the geology of the area arc taken almost excusively from
the, as yet, unpublished studies of Bambach (1969ms) and Boucot et al
(in press). These authors generously supplied copies of their papers

for study.

A systematic description of the gastropod fauna is followed,
in the present paper, by a discussion of the palaeoecology of the Class
in the Arisaig Group. The latter section is intended to partially

compliment the analysis of trophic group associations carried out by
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TEXT-FIG, 1

Silurian localities in Nova Scotia,

(adapted from Boucot et al, in press)
TEXT-FIG. 2

Stratigraphic divisions and correlation of the Arisaig Group.

(adapted from Boucot et al, in press)
TEXT-FIG, 3

Geography and Geology of the Arisaig area.

(adapted from Boucot et al, in press)
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Text-fig. 2

~ARISAIG REGION, NOVA SCOTIA

STANDARD
SERIES i,?g,rféu co. |NORTH PICTOU Co.+ARISAIG]  MCcLEARN {524) fff;ﬂ‘;’% évﬁ'
Li GEDINNIAN
d]
Qo\’\ STONEHOUSE FORMATION €. 342-509
\ N
<& a [316 =341
N 0 MR W OYDART FM, O T
\,O\ks AY GREEN MEMBER a ZQ| - 3!5
\’Qo FEK "%CA DIQ’\ £'1 UPPE/? 273_2 qo
' e BROOK -+ c -I-'}.q.__z.i.z_____
R V7E FM‘ -
McADAM
o) DOC TORS c
@ deles
\ G FM.
& JFRENCH
q&\" A RIVER a|lOo8-121
R FI4.
E UPPER e -
ROSS lross 41323197
= BROOXK mooLE {BROOK c {H1=3l
\fé"\ F 3N b
o M. | FM. 1M,
'Q:\i. LOWER q -
Y o .r"- g
CLELCOR|BEECHHILL | |BEECHAIL | |
FM. FM, FM.




Text-fig. J



Bambach (1969ms) on the bivalve.fauna — the most abundant element of
the Arisaig fauna.

In both the systematic and palaeoecological sections particulér
attention is given to the structure and faunal position of trilobed
bellerophontaceans of the subfamily Plectonotinae. Members of this
distinctive group are frequently conspicuous in collections from
Arisaig and form part of an association typical of shallow water deposits;
The stratigraphic distribution of this, and other gastropod associations
is discussed in relation to the sedimentary history of the Arisaig Group
and reflects the ropoated advarnce of barrier and back—barrier conditions

into the shallow marine environment of the Arisaig area during the Silurian;

Specimens and Collections

More than a thousand specimens in the collections of a number
of institutions have been examined during the present study and their
respective styles of delimiting specimens, coilections, localities and
stratigraphic horizons are varied and sometimes complicated. Individual
collections, and their associated problems, are discussed in the Appendix;>

Preservation of specimens is poor %o mediocre. As a result,
measurements of specimens are not usually given, sufficient information

i

regarding size being obtainable from the illustrations.

Specimen numbqrs:

The following abbreviations are employed in the text:
AMNH: American Museum of Natural History, New York; RM: British Museum
(Nat. Hist), London; GSC: Geological Survey of Canada, Ottaway GM:

Institute of Géological Sciences, London; GSM Geol. Soc. Coll.:

A,



Geological Society of London Collection of the Institute of Geological
Science, London; Mo: Paleozoologiska sektionen, Naturhistoriska Riksmuseet,
Stockholms SM: Sedgwick Museum, Cambridge; USNM: U.S. National Museum
of Natural History, Washington, D.C.; YPMs Yale Peabody Museum, New Haven,

Connecticut.

Photography.

The majority of specimens were painted with a thin coat of
water soluble, black photographic opaque and covered with Ammonium

Chloride sublimate from a hot tube prior to photographing.
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TAXLE 1 (cont,)o
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SYSTEMATICS

But as for stones found like Sea~fish, though in this Mediterr-
anean County, I have met with many, and of many sorts; but
chiefly resembling Shell-fish of the testaceous kinds, both
univalves and bivalvesj and of the former of these, some
not turbinated, and others again of the turbinated kind. Of
the first sort whereof, viz. Stones representing univalves
not turbinated, I had two bestowed on me by the curious
Observer the Worshipfull Walter Chetwynd of Ingestre Esqj
so altogether unlike any of the living Shell-fish, that -
alone they are sufficient to convince any unprejudiced
person, that all these formed stones cannot be shaped
in Animal molds.

(Robert Plot. 1686. The Natural History of Staffordshire)



Class GASTROPODA Cuvier, 1797
Subclaés PROSOBRANCHIATA Milne Edwards, 1848
Order ARCHAEOGASTROPODA Thiele, 1925
Suborder BELLEROPHONTINA Ulrich and Scofield, 1897
Supgrfamily BELLEROPHONTACEA M'Coy, 1851
Faﬁily SINUITIDAE Dall in Zittel-Eastman, 1913

" Subfamily TEMNODISCINAE Horny, 1962

Genus PHARETROLITES Wenz, 1943

Type species. Cyrtolites pharetra Lindstrgm, 1884 (= Temnodiscus

pharetra; Wenz, 1938; Pharetrolites pharetra; Wenz, 1943).

Diagnosis. Loosely, or open coiled with the dorso-lateral 1lip initially
curving forwards (adaperturally) from the floor of the whorl prior to

curving backwards into the median dorsal sinus.

Discussion. Wenz (1938, p. 97) considered Temnodiscus Koken, 1896 to
have a more or less distinct selenizone, as noted by Ulrich and Scofield
(1897) in their earlier description of Cyrtolitina Ulrich and Scofield,

1897, a junior objective synonym of Temnodiscus. Pharetrolites Wenz,

1943 was subsequently proposed for forms of similar shape tb Temnodiscus
but without a true slit (Wenz, 1943, p. 1491). Horny (19635 reiterated
Koken (1897) in his belief that a selenizone was not presenf in
Temnodiscus but that the sides of the emargination merely approached
parallelism. As a consequence, the criterion employed by Wenz (1938;
1943) for the delimitation of the two genera, namely the presence or

absence of a true slit, was removed and the status of Pharetrolites

cast in doubt.

Both genera are recognised during the present study but the
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criterion used to distinguish between them is the shape of the dorso-
lateral 1lip and consequent growth ornamentation in lateral @iew. In

Pharetrolites the 1lip curves forvards after leaving the flogr of the

whorl and gradually curves backwards into the median dorsal sinus (text-
fig. 4A). In Temnodiscus the shaliowly convex lip is directed obliquely
backwards from the floor of the whorl towards the dorsum and has no for-
wards curvature (text-fig. 4B). In both genera the shell may be
loosely, or open coiled. |

The shape of the inner, médian portion of the sinus in some species

of Temnodiscus and Pharetrolites is partly dependent on the degree of

development of a strong dorsal keel. A keel with vertical sides and
flat upper surface tends to produce an inner sinus with subparallel
sides and a concave termination. When the keel is subdued or lacking,
the subparallelism is reduced and the termination of the sinus may be
more acute. Since there is considerable ontogenetic and individual
variation in the degree of development of a dorsal keel, the inner
portion of the emargination will likewise vary greatly within the popu-
lation.

In the holotype of Pharetrolites bambachi sp. nov., below, there

is no keel and the deepening of the inner portion of the dorsal sinus
is greater than would normally be expected in deepening reiated only

to the presence of such a keel.

Pharetrolites bambachi sp. nov.

(P1. I, figs. 21, 24)

Holotype. Lower McAdam Brook Fm., YPM 28328 from Bambach Colln.

A3822(199).

11



TEXT~-FIG, 4

A, Pharetrolites pharetra (Lindstr¥m, 1884),

Lateral view showing growth ornamentation curving slightly forwards
from the floor of the whorl prior to curving backwards into the median

dorsal sinus (after Lindstr¥m, 1834, P1, VI, fig. 39), x6.

B, Temnodiscus lamellifer (Lindstr¥m, 1884),
View of right side showing growth ornamentation curving obliquely
backwards from floor of whorl acmss‘lateral surface and into median

dorsal sinus (after Knight, 1941, Pl. 10, fig. 3a), x2.

C. Pharetrolites murchisoni (d'Orbigny in Ferussac and d'Orbigny, 1840),

Lateral view of internal mould showing diagnostic forward curvature

of growth ornamentation (drowm from photograph of USNM 169461), x2,5.

D, Cymbularia carinata (Sowerby in Murchison, 1839), USNM 169575.
Camera lucida drawing of transverse polished section showing median

dorsal keel on inner whorl and closed umbilici, x6.,25,

E. Tropidodiscus (?) sp., USNM 169586,

Camera lucida drawing of transverse thin section showing ontogenetic

variation in whorl profile, x25,

F. Plectonotus boucoti sp. nov., USHM 169585,
Camers lucida drawing of transverse thin section showing thickening of
umbilical walls a half whorl back from apemre and closure of the

umbilicus (left side of illustration), x6.25.
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Additional material. Lower McAdam Brook Fm., Bambach collections

A3620(209), A3637(232), A3822(199), A3836(240), A3844(251).

Description. Species of Pharetrolites Wenz, 1943 with one or more

whorls. Earliest growth stages and umbilici unknown. Dorsum of final
whorl seemingly uniformly convex, increasing in curvature with lateral
passage into the umbilici; umbilical walls with sbiral folds. Aperture
poorly known; growth lines indicating a wide median sinus deepening
angularly into a narrow V-shaped inner notch. Margins of dorsal
apertural lips crenulate producing apparent polygonal ornamentation.
Umbilical folds with narrow emarginations, the umbilical areas lacking
the crenulations of the dorso-lateral margins. Ornaméﬁtation of
crenulate growth lines with transverse undulations in later growth

stages. Shell thickness and structure unknown.

Discussion. Pharetrolites bambachi is distinctive with rééﬁect to the

shape of the dorsal emargination and the nature of the ornamentation.
The apertural margin is thrown into a series of crenulations,
perpendicular to the margin, which combine to form apparent polygonal
ornamentation as successive growth stages are added. Similar

ornamentation is known in Bucania Hall, 1847 and possibly Pharetrolites

pharetra (Lindstrgm, 1884, P1 VI, fig. 39-51) but the significance of
the crenulation is not understood. The deepened inner portion of the
emargination in P. bambachi has no equivalent in P. pharetra but is

reminiscent of Temnodiscus lamellifer (LindstrSm, 1884). As

previously noted, the degree of emphasis of such an inner emargination
is partly dependent on the presence or absence of a strong dorsal keel.

In T. lamellifer a dorsal keel is commonly present and tends to produce

a U-shaped median notch with subparallel sides. In specimens without

the keel the culmination of the sinus is less noticeably deepened and
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lacks the U-shaped form. The degree of deepening of the inner part of
the emargination in P. bambachi is greater than that normally
associated with the presence of a keel, the development of which would
appear to be infrequent.

The spiral folds (Pl1. I, fig. 24) are poorly known but similar
structures seem to be developed in P. Eharetra (Lindstrgm, 1884, P1. VI,
fig. 39).

All the Arisaig specimens are crushed in shale, to a greater or
lesser extent. As a consequence, the dorsal profile is not well known
although the visible characters are considered sufficiently distinctive

to merit determination as a new species.

Pharetrolites murchisoni (d'Orbigny ig_Férussac and

d'Orbigny, 1840)
(P1. I. figs. 16-19, 22, 25, 27; Pl. II, figs. 1, 3, 5)

Bellerophon striatus Sowerby in Murchison, 1839, p. 604,
P1. 3, fig. 12e, non Bronn, 1835.

Bellerophon. murchisoni d'Orbigny ingérussac and d'Orbigny,

1840, p. 210, P1. VII, figs. 1-3.

Temnodiscus murchisoni;Reed, 1921, p. 49-51, Pl. IX, figs.

8’ 9.
Bellerophon sp.; McLearn, 1924, p. 141, P1. XX, figs. 28, 29.

non Bellerophon murchisoni; d'Archiac and de Verneuil, 1842,

p. 353, P1. XXVIII, figs. 7, 8.

Figured material. Moydart Fm., Green Member, USNM 169461, USNM

169462 from Schuchert Colln. 52B. Stonehouse Fm., YPM 28327 from
Twenhofel Colln. 19j/3032; YPM 462 from coastal section; GSC 33268

from Jones Colln. Ar S 7820.

13



Additional material. Moydart Fm., Green Member, Schuchert Colln. 52B.

Stonehouse Fm., Jones Colln. Ar S 7820. (3 specimens).

Description. Species of Pharetrolites Wenz, 1943 with about two loosely

coiled whorls. Early whorl profile unknown. At intermediate stages,
whorl profile dorso-ventrally subelliptical with grecisst wiith at just
below midheight of whorl. Later growth stages with trigonal whorl
profile; dorso-lateral surfaces gently convex and increasing in
curvature prior to passing subperipherally onto flat umbilical walls.
Umbilici phaneromphalous. Whorl impression seemingly slight producing
deep sutural indentation in later growth stages. Dorsum sinuate;
growth lines on dorso-lateral areas curving forwards from the suture
(text-fig. 4C) prior to curving backwards into the deep, wide sinus;
sides of inner portion of sinus approaching parallelism at the
culmination on the median dorsal keel. Ornamentation of sharply
defined, somewhat lamellose growth elements with crenulate margins
which produce fine, discontinuous spiral lirae. Upper surface of keel

with fine spiral striae. Shell thin; structure unknown.

Discussion. Pharetrolites evolvens (Perner, 1903) from the Ashgillian

of Bohemia is similar in profile and ornamentation to individuals of

P. murchisoni of comparable size but differs in having a deeper median

sinus. Plaster casts in the U.S. National Museum of P, cristatus

(Perner, 1903) from the Silurian Liten Beds of Bohemia indicate a
shell with more widely spaced growth elements and a wider, deeper

sinus.

Sowerby in Murchison (1839) stated that Bellerophon murchisoni
occurs at Felindre, Radnorshire. Reed (1921) commented that the
holotype (GSM Geol. Soc. Coll. 6669) is labelled 'Upper Ludlow, Horeb

Chapel' while the accompanying plate description states that the

14



specimen is from Felindre. It would appear that the specimen was
originally located on a slab from Horeb Chapel and has subsequently
been isolated. However, the species is certainly present at Felindre

also.

S

All the available specimens of P. murchisoni from the Greeﬁ'Member

of the Moydart Fm. are small internal moulds but features of the
ornamentation are preserved on the internal moulds due to the somewhat
plicate ornamentation of the thin shell. The greater tumidity of

specimens from the Stonehouse Fm. reflects their increased size.

Family BELLEROPHONTIDAE M'Coy, 1851

Subfamily PLECTONOTINAE Boucot and Yochelson, 1966

Diagnosis. Slit bearing bellerophontaceans with a raised median lobe
producing a spiral trilobation of the dorsum; the umbilici usually

open and of moderate width.

Discussion. Considerable uncertainty exists concerning the nature and
systematic position of the various lower Ordovician to middle Devonian
bellerophontacean species which exhibit spital trilobation of the
dorsum. Most are imperfectly known and have been assigned to one or

other of the two 'catch-all' species Bellerophon trilobatus Sowerby in

Murchison, 1839 or Planorbis trilobatus Conrad, 1839. However, four

genera have been proposed to accommodate some of the species showing
this distinctive dorsal modification: Bucanella Meek, 1871;
Plectonotus Clarke, 1899b; Tritonophon gpik, 1953 and Nylanderina
Boucot in Boucot, Cumming and Jaeger, 1967. The determinitive
characters of all the genera have been questioned by various authors

which in itself suggests one of the major causes of the confusion -

inadequate preservation of the type materials.
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The area of disagreement common to all four genera and to most
described species is the nature of the dorsal emargination. Is there
a true slit producing a selenizone or does the emargination take the
form of a sinus without parallel sides which consequently fails to
generate a selenizone? Since the nature of the emarginaticu hLas been
widely recognised as a character of major importance in the
classification of the Bellerophontacea (Knight et al, 1960; Horny,
1963), the determination of the feature assumes critical taxonomic
importance.

When introducing Plectonotus, Clarke (1899b) clearly stated that
the genus was to be distinguished from Bucanella Meek, 1871 by the
presence of a true slit generating a selenizone, Meek's genus being
held to have only a sinus. McLearn (1924) assigned to Plectonotus
specimens from Arisaig which carried a selenizone on the upper surface
of the broad median lobe and Straw (1933) made similar use of the
taxon for strongly trilobed specimens from the borehole at Little
Missenden, Bucks. into Downtonian strata.

Knight (1941) redescribed Plectonotus noting 'a rather narrow,
deep, V-shapad sinus in the anterior lip which does not culminate in
a slit...' and subsequently placed the genus within the Sinuitidae as
a subgenus of Bucanella (Knight et al, 1960).

Boucot and Saul in Saul, Boucot and Finks (1963) reinterpreted
Plectonotus on the basis of specimens identified by them as Plectonotus
fraternus (Reed, 1908) from the Devonian Accraian Series of Ghana,
confirming the original description of Clarke (1899b) and the presence
of a selenizone. In so doing, they suggested that a fracture in the

apertural margin of the lectotype of Plectonotus derbyi, the type

species, hdad been misinterpreted by Knight (1941) and Knight et al
(1960) as an acutely V-shaped sinus. Accordingly, Horny (1963)

transferred the genus to the subfamily Bucaniinae of the
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Bellerophontidae, following an assurance from Yochelson that a
selenizone was present in Plectonotus. During the discussion of a
lower Palaeozoic fauna from northern Maine, Boucot and Yochelson (1966)
erected the subfamily Plectonotinae of the Bellerophontidae in which

a redefined, slit-bearing Plectonotus was restricted to the ezrly and
middle Devcnian.

Examination of the lectotype of P. derbyi (AMNH 10335/2; Pl. VI,
figs. 11, 14) confirms the presence of a true slit. In oblique light
a median dorsal band with several deeply crescentic lunulae is visible
on the otherwise coarsely preserved internal mould. Similarly,

examination of the specimens referred to P. fraternus by Boucot and

Saul in Boucot, Saul and Finks (1963) demonstrates that several of
these are trilobed with true slits and are assignable to Plectonotus.
It should be noted, however, that those specimens referred to P.
fraternus and illustrated by Saul, Boucot and Finks (1963) as Pl.

138, figs. 3, 4 and 9 are not trilobed and do not posses true slits.
Although distorted by crushing, gross form and the nature of the sinus
are suggestive of Sinuitopsis Perner, 1903 which Rollins and Batten
(1968) transferred to the Class Monoplacophora.

Bucanella nana Meek, 1871, the type species of Bucanella from

the lower Ordovician of Colorado, was described by Meek (1871) as
showing no traces of a median dorsal band corresponding to a sinus in
the apertural margin. Undoubtedly, the passage of seventy years
before Knight (1941) illustrated the species for the first time
severély hampered interpretation of the genus by later workers.

The type material of Bucanella nana Meek, 1871 indicates a

trilobed bellerophontacean quite unlike P. derbyi. Whorl embracement
and the rate of whorl expansion are slight with widely phaneromphalous
umbilici being formed in contrast to the narrow umbilici of Plectonotus.

The lateral lobes carry strong transverse ribs which change suddenly
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to finer growth lines on the median lobe. Strong curvature of the
growth lines on the sides of the median lobe of the lectotype indicates
a dorsal emargination but examination has failed to demonstrate the
form of this.

Part of the small limestone slab containing the silicified type
specimens (USNM 7858) was digested in acid to provide additional
material. One of the specimens obtained in this way showed a pair of
strong spiral cords on the upper surface of the median dorsal lobe,
possibly suggestive of the margins of a selenizone. However, the
nature of the emargination could not be conclusively demonstrated and
must remain open to conjecture until better material is forthcoming.

Regardless of the outcome of such investigation, it is clear that
Plectonotus and Bucanella are unrelated forms which have independently
acquired dorsal trilobation at different instances in geologic time.
The formation of the subfamily Plectonotinae by Boucot and Yochelson
(1966) and separation of Plectonotus from Bucanella is, consequently,
quite justified.

6pik (1953) described Tritonophon to include a trilobed
bellerophontacean with prominent spiral ornamentation from the lower

Silurian of Australia. The type species, Tritonophon trimetra apik,

1953,..was held to be characterised by 'a short and wide U-shaped slit-
notch' which generated a selenizone bordered by spiral lines. apik
recognised the similarity of the dorsal profile to Bucanella and
Plectonotus but followed Knight (1941) in considering both of these
to be without a slit. Consequently, he placed Tritonophon as a subgenus
of Kokenospira Bassler, 1915 which also has a well developed
selenizone with spiral threads.

Rollins in Rollins, Eldredge and Spiller (1971) quoted Yochelson
(written communication, 1968) in saying that the type specimens of

T. trimetra were lost by fire. In fact, the holotype (Commonwealth
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Palaeontological Collection No. 674) is preserved in the Bureau of
Mineral Resources, Geology and Geophysics, Geological Section, Canberra,
Australia, although some of the specimens in the collection were
destroyed (J.M. Dickens, written communication, 1972). In view of
the delicate nature of the specimen it has not been possible to borrow
the holotype for study or to prepare a latex mould. However, judging
from the illustrations of 5pik (1953, P1. VII, figs. 52, 53), it is
unlikely that the tiny, yet coarsely preserved specimen would provide
further information. Although apik is emphatic in his description of
a U-shaped slit-notch, it is not possible to conclusively demonstrate
the nature of the emargination from the illustration. The paratype
(Bpik, 1953, P1. VII, fig. 54) undoubtedly has a dorsal band but such
a band should not automatically be interpreted as a selenizone.
However, specimens which are morphologically close to T. trimetra
are known from the Silurian and Devonian in many areas and the presence
of a selenizone has been confirmed by several authors (Moberg and
Grgnwall, 1909; Straw, 1933; Rollins, Eldredge and Spiller, 1971).
Hpik (1953) suggested that in other cases, for example Bucaniella
trilobata (Conrad) of Pitcher, 1939 from the upper Llandovery of
Shropshire, the selenizone might have been obscured by the spiral lirae
and a lack of discernible lunulae. This is the case with Pitcher's
material where a recently prepared silicon rubber impression of GSM
56907, the original of Pitcher (1939, P1l. VII, fig. 1), shows a well
developed selenizone. Additional specimens in the Yale Peabody

Museum indicate that Bucanella trilobata (Conrad) of Swartz and

Prouty (1923), from the Silurian Rochester and Rose Hill Formations
of Maryland, also has a short slit and selenizone.

On the basis of these extra observations it would seem quite
reasonable to accept the presence of a slit and selenizone in

Tritonophon as originally described by apik (1953).
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Boucot in Boucot, Cumming and Jaeger (19%57) described Nylanderina
from the lower and middle Devonian of Canada to include species that
were morphologically similar to Tritonophon but differed in the reported
presence of a V-shaped sinus. Following examination of the type

collection of Nylanderina goldringae Boucot in Boucot, Cumming and

Jaeger, 1967, the type species, it is not possible to maintain the
distinction. Available evidence concerning the emargination of the
abraded specimens is insufficient to warrant interpretation as a V-
shaped sinus and is more suggestive of a U-shaped sinus of the type
characteristic of Tritonophon. As a result, Nylanderina is considered
to be a junior synonym of Tritonophon. Boucot also assigned

Bellerophon rotalinea Hall, 1879 to Nylanderina but Rollins in Rollins,

Eldredge and Spiller (1971) considered this species to have a true
selenizone aad referred it to Tritonophon. Rollins also inferred the

presence of a selenizone in N. goldringae from Boucot's illustrations.

Knight et al (1960) regarded Tritonophon as a junior subjective

synonym of Bucanella (Bucanella) in the family Sinuitidae but the

assignment is clearly not tenable since Tritonophon is believed to
have a well developed selenizone. Rollins in Rollins, Eldredge and
Spiller (1971) allowed Tritonophon full generic status and placed it in
the Bucaniinae of the Bellerophontidae. However, Tritonophon has no
obvious close affinity to Bucania Hall, 1847 and, with due regard for
similarity in form and ornamentation, it is here considered most
satisfactory to place the genus alongside Plectonotus in the
Plectonotinae.

To summarise: Bucanella Meek, 1871, Plectonotus Clarke, 1899b,
and Tritonophon 8pik, 1953 are recognised here. Bucanella needs to be
redescribed but is clearly not closely related to Plectonotus and

Tritonophon. Tritonophon, of which Nylanderina Boucot in Boucot,

Cumming and Jaeger, 1967 is a junior subjective synonym, is placed
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alongside Plectonotus in the subfamily Plectonotinae Boucot and
Yochelson, 1966.

Trilobed bellerophontaceans are a widely distributed and common
element in the gastropod fauna of the Arisaig Group. McLearn (1924)
noted specimens from the Doctors Brook, McAdam Brook and Upper
Stonehouse Formations but referred all ;he material to Plectonotus
trilobatus (Sowerby in Murchison, 1839), though he did recognise an
additional, more laterally compressed variety in the Upper Stonehouse
Fm. During the present study specimens have been observed in
collections from all formations and have been assigned to two species
of Plectonotus and three of Tritonophon.

A discussion of the palaeoecology and functional morphology of

the Plectonotinae is given in a later section.

Genus PLECTONOTUS Clarke, 1899b

Type species. Plectonotus derbyi Clarke, 1899b.

Diagnosis. Dorsal trilobation moderate, the median lobe usually

being low and relatively wide.

”
Discussion. Tritonophon Opik, 1953 is distinguished from Plectonotus

by its more pronounced trilobation producing a highly vaulted median
lobe. In Tritomophon the median lobe is narrow with the selenizone
occupying the entire upper surface. In Plectonotus, with the

exception of Plectonotus cherylae sp. nov., below, the median lobe

is usually wide with the selenizone occupying only part of the width
of the upper surface. .

Boucot and Yochelson (1966) considered Plectonotus, as redefined

by them, to be restricted to the early and middle Devonian. The
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description of the Silurian species from Arisaig requires no material
adjustment of their diagnosis but considerably extends the stratigraphic

range of the genus.

Plectonotus boucoti sp. nov.

(Plo V, figs' 14’ 15’ 17"22; Pl. VI’ figs. 1-10’ 12, 13’

15, 17, 18)

Bellerophon trilobatus; Lindstrom, 1884, p. 80-81, P1. IV,

figs. 13-15.

Plectonotus trilobatus; McLearn, 1924, (pars), p. 140-141,

Plo xx, fig. 18’ Il_.o_rl‘ figs. 30‘320

non Bellerophon trilobatus Sowerby in Murchison, 1839,

p. 604, P1. 3, fig, 16,
Holotype. Doctors Brook Fm., USNM 169584 from USNM Colln. 10165(141).

Other figured material. Doctors Brook Fm., USNM 169583, USNM 169585,

USNM 188526, USNM 169587, USNM 169588, USNM 169591, USNM 169592, USNM
192123 from USNM Colln. 10165(141); GSC 3138 from Arisaig, locality
unknown; USNM 169589, USNM 169590 from Schuchert Colln. 52D. SM
A39164, SM A39165 from upper Llandovery of Tonlegee, Cong, Galway,
Ireland. Mo 26562, Mo 26563 from Hemse Beds, Petesvik, Hablingbo,

Gotland; Mo 26567 probably from Slite Beds, ngsne, Gotland.

Additional material. Doctors Brook Fm., USNM Colln. 10165(141),

abundant. Lower McAdam Brook Fm., Bambach Collections A3633(256),
A3635(228), A3640(263), A3844(251); Twenhofel Colln. 117/3032(258).

Upper McAdam Brook Fn., Bambach Collections A3645(282), A3646(278),
(about 130 specimens in all),
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Description. Species of Plectonotus Clarke, 1899b with about five
and a half whorls. Width greater than length in mature specimens.
Dorsal surface trilobed at maturity with median lobe elevated above
flanking lateral lobes and forming half of total width; earlier
growth stages showing gradual development of the trilobed form.

Upper surface of median lobe flattened, with selenizone forming about
one third of total lobe width at maturity. Junction of lateral lobes
with median lobe becoming progressively deepened and angular with
increased ontogeny, culminating in the devéelopment of spiral channels
in older individuals. Umbilical walls initially convex, becoming
flat in later growth stages. Umbilici deep, decreasing in width
relative to overall length with increased growth; largest specimens
commonly with one umbilicus closed by considerable thickening of the
umbilico-lateral shoulder. Whorl embracement near periphery of
previous whorl; sutural indentation deep. Aperture poorly known;
dorsal lip with a deep sinus passing into an apparently short $lit.
Selenizone obscure; ornamentation of fine spiral lirae and
irregularly spaced lunulae. Shell ornamentation of numerous fine
spiral lirae, which may be pustulose, crossed by obscure growth
lines; greatest development on the lateral lobes, commonly lacking
near the dorsal grooves. Shell of moderate thickness, structure

unknown.

Discussion. The tendency to develop deepened spiral grooves on the

dorsum distinguishes Plectonotus boucoti from P. derbyi, the latter

species also having a less strongly differentiated median dorsal lobe.

Clarke (1899a) described as Bucanella trilobata Conrad var. viramundo

a species from the Silurian of Rio Trombetas, Brazil which appears to
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be a Plectonotus closely related to P. boucoti. The holotype has a
greater rate of whorl expansion than P, boucoti but details of the
emargination and ornamentation are not visible on the otherwise well
preserved internal mould. Clarke (1899a) considered Bellerophon
trilobatus Sowerby of Lindstrom (1884) from the Hemse Beds of Gotland
to be precisely identical to the South American species but the
Gotland specimens are here referred to P. boucoti (P1. V, figs. 17, 18,

20). P. fraternus (Reed, 1908) of Boucot and Saul in Saul, Boucot

and Finks (1963) from the Devonian Accraian Series of Ghana has the
selenizone bordered by spiral lirae, fewer spiral elements in the
shell ornamentation and more pronounced growth lines.

P. boucoti occurs in the Doctors Brook Fm., where it is abundant
in USNM Colln. 10165(141), and the McAdam Brook Fm. at Arisaig. 1In
Gotland the species is rare. Apart from the two figured examples of
Lindstrom (1834) from the Ludlovian Hemse Beds (Pl. V, figs. 17, 18,
20) there are two poorly preserved internal moulds from the upper
Slite beds of Horsne, one of which is figured here (P1. V, fig. 14).
In the Sedgwick Museum there are several decalcified blocks from the
upper Llandovery of Tonlegee, Cong, Galway: Ireland which contain many
sharp internal moulds of P. boucoti (P1. VI, figs. 13, 15, 17, 18).

The pustulose nature of the spiral ornamentation is well seen in

USNM 169583 (P1. VI, fig. 7) and USNM 169588 (P1. VI, fig. 12). In
the former, the individual pustules are subcircular in plan but in
the latter they tend to be elongate with a preferred orientation.
On either side of the selenizone on the median dorsal lobe, the long
axes of the pustules are oriented approximately perpendicular to the
growth lines and point obliquely forwards from the spiral grooves in
towards the selenizone. Within the selenizone the long axes converge
upon the median dorsal line to produce a V-shaped trend closing

towards the rear. It is difficult to relate the shape of the
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individual pustules to the intersection of successive growing edges
with the spiral lirae as the long axes do not follow the growth lines,
as might be expected if this were so. The preferred orientation might
be a reflection of shell structure but general preservation of the
recrystallised shell is not immediately conducive to the determination

of this.

Ontogeny. It has been widely recognised (Thompson, 1942) that the
coiling of the gastropod shell approximates to a logarithmic spiral.
In his studies of coiling Raup (1961; 1966; 1967) developed four
parameters which enabled him to quantify the form of a shell coiled
in such a spiral. In a simplified model any particular shell form
was considered to be an unvarying logarithmic spiral with the
parameters retaining constant values throughout growth. As might be
expected, however, many gastropod shells show significant departures
from a single logarithmic spiral during growth — a familiar example is
provided by the club-shaped shell of the present day land snail
Clausilia Draparnaud, 1805 which initially increases and subsequently
decreases the width of the spire during ontogeny. In such cases, some
or all of Raup's parameters will vary but such variation enhances
rather than detracts from their value since a mechanism is provided
for the quantification of the variation in shell form during growth.
Raup's four basic parameters may be referred to as S, W, D and T
and their specific applications (S, Z, W, V and D) in P, boucoti are
illustrated in text-fig. 5A. S is a representation of the shape of
the generating curve which is often equivalent to the outline of the
growing edge of the shell. Such a curve is commonly complex and
difficult to express mathematically but even a simple expression,
such as the ratio of apertural width to apertural height, can provide

a usable measure of shape. Two ratios, S and Z, are employed in this
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TEXT~FIG. 5

Ao Camera lucidg drawing of transverse polished section of Plectonotus
boucoti sp. nov,, GSC 3138, showing standard measurements employed in
determination of the currept applications of Raupian parameters,

(for explanation see text).

Sy 2t representations of the shape of the genmerating curve, S (whorl
profile);

D: a measure of the po§ition of the generating curve relative to

the axis of coiling, D.

W, V: measures of the rate of whorl expansion, W, calculated at whole
vwhorl and half whorl intervals, respectively.

All illustrated values of Baupian parameters relate to the largest

half whorl present, (w¥+1).

B, Growth patterns in Plectonotus,
Measurements of length (1), width (w) and size (1+w) for

Plectonotus boucoti, USNM 169589, and Plectonotus cherylae,

USNM 169581, at successive half whorl intervals during growth,

The curvature of the growth traces indicates depa;ture from

simple, unvarying logarithmic increase (sec text).

The gllometric increase of w relative to 1 in P, boucoti is'not seen
in P. cherylae within the size range of available specimens, In view
of the allometry, all subsequent measurements of increased growth in

Plectonotus or Tritonophon are given in terms of 'size' (length+width)

rether than as a single linear parameter,

All measurcments are made in millimetres on the more sharply defined

shell interior (intermal mould),
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context but a number of similar ratios can be included in more complex
models (Gould, 1969). W is the rate of whofl expansion and is
computed as the ratio of a linear measurement on one whorl to the same
dimension one whorl previously. If the shell proportions change with
growth values of W computed from different sources, for example
apertural height or apertural width, may themselves differ. In such
cases it is often profitable to employ a rate of expahsion measured

at half whorl intervals, here called V, which approximates to the
square root of W. In the present context W and V are computed from
measurements of whorl width at whole whorl and half whorl intervals,
respectively. D, the position of the generating curve relative to

the axis of coiling, is here measured as the ratio, D, of the distance
from the axis to the adaxial margin of the whorl to the distance from
the axis to the abaxial whorl margin. The rate of whorl translation,
T, expresses the helicoid component of growth in the gastropod shell.
In P. boucoti, as in other planispirally coiled shells, T has a value
of zero and need not be further considered.

Raup's approach proves to be especially useful in studying the
growth of P, boucoti. A transverse section through the shell, cut so
as to contain the axis of coiling and to be perpendicular to the plane
of symmetry, shows pronounced ontogenetic change in the whorl profile
and in the nature of coiling (text-figs. 4F, 5A, 6A, 6B). Departure
from simple logarithmic increase is seen by plotting whorl width and
overall length on logarithmic scale against successive half whorls of
growth. Raup (1967) noted that an unvarying logarithmic spiral would
plot as a straight line under such conditions. This is clearly not
so in P, boucoti where width approaches and finally exceeds length
instead of the two traces being parallel straight lines (text-fig. 5B).

D, W, V, S and Z show comparable variation during growth. In

text-fig. 7, the parameters derived from a sample of six spec¢imens
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are plotted against size which is defined as the sum of overall length
and whorl width for a particular growth stage. If coiling showed
unvarying lozarithmic increase, and there were no changes in whorl
profile during growth, all the traces would be linear and parallel

to the horizontal axis.

Although the growth changes in P, boucoti are essentially
continuous rather than discrete, the sequence can be reduced to two
stages for purposes of discussion. In the earliest three whorls, up
to a size of about 2.0, S, Z, W and V diminish while D increases:. The
decrease in S and Z is brought about by a fall in the rate of whorl
expansion, shown by decreasing W and V, while widening of the
umbilici produces an increase in D. The whorl profile of the three
whorls of the first stage is transversely elliptical with the
uniformly convex dorsum showing no signs of trilobation (text-fig. 6A,
6B).

In the second stage, at sizes greater than 2.0, the earlier trends
are reversed. S and Z increase due to an increase in whorl width
relative to internal and total height .which also causes W and V to
rise. D decreases sharply as a result of a relative narrowing of the
umbilici. Finally, during the fifth whorl at sizes greater than 10.0,
the rate of whorl expansion stabilises, or decreases slightly,
although other parameters continue essentially unchanged.

The development of trilobation characteristic of the second
growth stage is seen to commence with a slight median expansion of
the dorsum after three whorls (text-fig. 6A, 6B). Half a whorl later,
size approximately 3.5, the flattened median dorsal surface passes
with noticeable angularity anto concave dorso-lateral areas. These
dorso-lateral areas become convex laterally, with the maximum width of
the whorl at midwhorl height, and increase in curvature with passage

into the umbilici. After four whorls, with size about 7.0,.well
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TEXT-FIGe 6

Ontogenetic variation in Plectonotus Clarke, 1899b,

A, B, Plectonotus boucoti sp. nov,, USNM 169589, A, camera lucida

drawing of transverse polished section showing development of trilobation
with increased growth and closure of one umbilicus at a late growth stage

(right side of illustration), x6.25; B, inner whorls of same, x25,

Cy D, Plectonotus cherylae sp. nov., USNM 169581, C, comera lucida

drawing of transverse thin section showing development of trilobation

during ontogeny, x6.25; D, inner whorls of same, x25,

TEXT=FIGe 7

Variation in Raupian parameters with growth in Plectonotus boucoti sp. nov,

For explanation of Z, S, D, Wand V see text and text-fige. 5A.

Horizontal axis is 'size' (length+width) on logarithmic scale,

All measurements are made in millimetres on the more sharply defined
shell interior (internal mould) of transverse thin or polished sections,
1. USNM 169585 4. USNM 192123

2, USNM 188526 5. USNM 169587

3+ USNM 169589 6e GSC 3138



lext-fig. 6
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marked shoulders are in evidence on the flanks of the median lobe.
The upper surface of each flanking lobe slopes away from the median
lobe towards the axis of coiling. In the succeeding whorl the
flanking lobes become more strongly defined until, after five whorls
and at a size of about 21.0, the upper surface of each lobe slopes in
towards the median lobe. At this time maximum whorl width is at just
above the angular umbilico-lateral shoulders, below midheight of the
whorl.

With further increase in size definite channels separate the
lateral lobes from the median dorsal lobe and the umbilical walls
become increasingly flattened. The largest individuals may develop
a thickening of the umbilico-lateral wall a short distance back from
the aperture which completely closes one umbilicus (text-figs. 4F, 6A).

The two growth stages may be regarded as the initial protoconch
and the subsequent teleoconch but little developmental or ecological
significance can be attached to the recognition of this division.

Cox (1960) has noted that the earliest whorls of a gastropod may be
strongly differentiated from the later growth stages in the nature
of coiling and ornamentation., However, in terms of development or
change in life habit, such disjunctions between protoconch and
teleoconch in marine gastropods are not well understood. In many
opisthobranchs the change from the early hyperstrophic whorls to the
normal coiling of the later shell takes place when the pelagic larva
settles and starts to metamorphose. In other gastropods the change
from pelagic to benthonic habit may produce no change in shell
morphology, or ornamentation typical of the adult may be developed
prior to settling.

Gould (1969) observed similar differences in coiling between the
early and later whorls in a Pleistocene land snail from Bermuda.

He attributed this 'nucleation effect' to the necessary departure of

the first formed part of the protoconch from a logarithmic spiral.
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The mathematical spiral has its origin at a point whereas the earliest
part of the protoconch is a small cap-shaped shell. Gould (1969)
argued that this atypical coiling of the early whorls was a result
of accommodation of the initial departure within the coiling pattern
of the gastropod shell. It is clear that such an interpretation need
not necessitate any correlation with changes in life pattern or
development.

Although the development of trilobation in P, boucoti
accompanies the changes in the values of Raup's parameters during the
second growth stage, it is difficult to suggest that the acquisition
of a trilobed dorsum is the dominant force behind the evolution of
the coiling of the shell. The general increase in W and V could be
seen as an attempt to compensate for the reduction in living space
available to the snail produced by a deepening of the dorsal furrows.
The gradual encroachment of the umbilical walls upon the axis of
coiling, demonstrated by the decrease in D, might also be interpreted
in this way. However, the area of cross-section of the whorl, the
only convenient measure of available living space, shows a comparable
rate of increase per half whorl to V, making such a direct interpretation
inadequate.

Regardless of cause, the nett result of the ontogenetic changes
is a subspherical shell with narrow or closed umbilici and a strongly
trilobed dorsum which would appear to offer an increased degree of
compactness over the widely phaneromphalous, more laterally compressed

juvenile form.
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Plectonotus cherylae sp. nov.

(P1. Vv, figs. 1-13, 16)

Plectonotus trilobatus; McLearn, 1924, (pars), p. 140-141,

Pl. XX, figs. 30, 31, non figs. 18, 32.

non Bellerophon trilobatus Sowerby in Murchison, 1839, p.

604, P1. 3, fig. 16.

Holotype. Stonehouse Fm., USNM 169582 from Schuchert Colln. 53.

Other figured material. Stonehouse Fm., USNM 169573 from USNM Colln.

10206(501); USNM 169468, USNM 169471, USNM 169576, USNM 169577, USNM
169578, USNM 169579, USNM 169580, USNM 169581, USNM 183527 from
Schuchert Colln. 53; GSC 3138g from Arisaig; YPM 479 from Springville,

Nova Scotia.

Additional material. Stonehouse Fm., USNM Colln. 10206(501); USNM

Colln. 10910(496); Twenhofel Collections 19a8/3032(422), 19a13/3032
(427), 19a1%/3032(432) and 19a'%/3032(462); Schuchert Collections 49A
and 53; Jones Collections Ar S 7380 and Ar S 7820 (about 55 specimens).
Poorly preserved specimens assignable either to P. cherylae or

Tritonophon kivitalonae sp. nov., described below, have been observed

in the following collections from the Stonehouse Fm., USNM Colln.
10843(505) from Cape George; Bambach Collections A3659(459), A3671(443),
A3689(495), A3703(472) and A3888(490).

Description. Species of Plectonotus Clarke, 1899b with about five
whorls. Shell moderately compressed laterally, such that length:

width is about 4:3. Dorsum trilobed at maturity with median lobe
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elevated above flanking lateral lobes. Early growth stages showing
gradual development of trilobation. At maturity, median lobe with
flattened upper surface commonly bearing an angular relationship to
the slightly convex sides of the lobe. Dorsal grooves delimiting
the lobes of the dorsum commonly indistinct; lateral lobes merely
shoulders flanking the median lobe. Lateral areas of whorl convex;
rapidly increasing in curvature with passage into the open umbilici.
Umbilical walls convex. Whorl embracement at, or just above,
periphery of previous whorl; sutural indentation deep. Aperture
poorly known; dorsal lip with deep sinus occupying the full width of
the median lobe and passing into a short slit. Selenizone extending
over the full width of the upper surface of the median lobe; margins
obscure or bounded by spiral lirae; ornamentation of fine spiral
lirae and concave lunulae. Shell ornamentation of fine lirae and

obscure growth lines. Shell thin; structure unknown.

Discussion. Plectonotus cherylae resembles P. boucoti in the degree

of fineness of the spiral ornamentation but is distinguished from
that species by its less severc trilobation and greater lateral
compression. The narrowness of P. cherylae is further illustrated
by the way in which the selenizone occupies the entire width of the
upper surface of the median lobe whereas the selenizone covers only
half the upper surface of the wider median lobe in P. boucoti. In
this character P. cherylae is similar to Tritonophon 3pik, 1953 but
the latter genus is delimited by its more extreme trilobation
producing a strongly vaulted median lobe. The species described by

Clarke (1839b) as Bucaniella reissi from the Devonian of Brazil has

a similar profile to P. cherylae but details of ornamentation and the

emargination are not known in the South American species.
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Ontogeny. The increase of width over length characteristic of the
development of P. boucoti is not seen in P. cherylae, within the
available size range of specimens (text-fig. 5B), but variation in
Raup's parameters (text-fig. 8) reflects comparable departure from
unvarying logarithmic increase. W and V increase throughout growth
in contrast to the initial decrease and subsequent increase seen in
P. boucoti (text-fig. 7). There is slight stabilisation of V values
in the largest sizes but this is not so pronounced as in P. boucoti.
In P. cherylae S increases to a peak of about 2.7 at a size of 1.0
and subsequently decreases to about 1.6 at a size of 4.0, remaining
constant thereafter. A comparable trend is seen in Z but at lower
absolute values. This early peak is not present in P, boucoti where
S and Z also increase in larger sizes. In contrast, the initial
increase and later decrease in values of D typical of P. boucotil
is not seen in P. cherylae where D decreases throughout growth.

Below a size of 0.26 the whorl cross-section in P. cherylae is
subcircular but at greater sizes the profile becomes transversely
lenticular with the first indications of dorsal expansion commencing
at about a size of 1.6 (text-fig. 6C, 6D). It is not until the third
whorl, size about 4, that dorsal trilobation is observed with the
development of minor lateral shoulders. In some specimens the degree
of trilobation hardly increases during the next two whorls but,
more usually, the definition of the lateral shoulders is increased.
The spiral grooves delimiting the three dorsal lobes are not well
developed and are never deepened into the channels characteristic of
P. boucoti.

There is quite considerable variation in the degree of tumidity
of the whorl profile within the available sample of P. cherylae.
Rarely, the profile may be so globose as to lack all but a trace of

spiral trilobation (USNM 169468, P1. V. fig. 7). At the other extreme,
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TEXT-FIG, 8

Variation in Raupian parameters with growth in Plectonotus cherylae SPe NOV,

For explanation of Z, S, D, W and V see text and text-fig. 5A.
Horizontal axis is 'size' (length+width) on logarithmic scale.
All measurements are made in millimetres on the more sharply defined

shell interior (internal mould) of transverse thin or polished sections.

1. GSC 33280 4. USNM 169581
2. GSC 33281 5. USNM 169576
3+ USNM 188527 6. USNM 169577
TEXT-FIG. 9

"
Transverse sections of Tritonophon Opik, 1953

A, Tritonophon trilobata (Sowerby in Murchison, 1839), USNM 169593,

Camcra lucida drawing of transverse polished section showing lower

rate of whorl expansion than in B and C, below, x6.25.

B, Tritonophon kivitalonac sp, nov., GSC 3138a.

Camera lucida drawing of transversc polished scction, x6.25,.

Ce Tritonophon kivitalonae sp. nov., GSC 33279,

Camera lucida drawing of transverse polished section, x6.25.
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the degree of lateral compression may be great with accentuated
trilobation (USNM 169573, Pl. V, figs. 10-12; YPM 479, P1. V, figs.
1, 2, the specimen figured by McLearn, 1924, P1, XX, figs. 30, 31
from Springville, N.S.).

Genus TRITONOPHON Opik, 1953

Type species. Kokenospira (Tritonophon) trimetra apik, 1953.

1
Tritonophon Opik, 1953, p. 20.
Nylanderina Boucot in Boucot, Cumming and Jaeger, 1967, p. 8.

Diagnosis. Dorsum trilobed with the selenizone occupying the full

width of the upper surface of the strongly vaulted median lobe.

Discussion. Tritonophon is distinguished from Plectonotus Clarke,

1899b1by its more pronounced trilobation producing a narrow and strongly
vaulted median lobe. In Plectonotus the median lobe is usually wide
with the selenizone forming only part of the upper surface while in
Tritonophon the selenizone occupies the entire upper surface of the

narrower median lobe. In Plectonotus cherylae sp. nov., above, an

unusually narrow species of Plectonotus, the selenizone also occupies
the full width of the.upper surface of the median lobe but the degree

of trilobation of the dorsum is less extreme than in Tritonophon.
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Tritonophon trilobata (Sowerby in Murchison, 1839)

(p1. 111, figs. 13-21; P1. IV, figs. 1-9, 14)

Bellerophon trilobatus Sowerby in Murchison, 1839, p. 604,

P1. 3, fig. 16.
do. ; Moberg and Gronwall, 1909, p. 43-44,
P1. III, figs. 13, 14.

Plectonotus trilobatus;:Straw, 1933, p. 125, P1. IX, figs.

26, 27.

non Plectonotus trilobatus; McLearn, 1924, p. 140-141, Pl1.

XX, figs. 18, 30-32,

Figured material. GSM Geol. Soc. Coll. 4384 from the upper Ludlow of

Felindre, Radnorshire; BM PG5002, BM PG5003, BM PG5004 from a loose
block of upper Ludlow rotténstone at waterfall 270 yds. SW of Stone
House, Felindre, Radnorshire (Grid Ref. SO 175802). GSM 51860D, GSM
51860E, GSM 51861C, GSM 51879 in Downtonian strata from the borehole
at Little Missenden, Bucks. Arisaig, Green Member of Moydart Fm.,
USNM 169593, USNM 169594 from Schuchert Colln. 52B; YPM 28347 in USNM
Colln. 10853(292) from Sutherland River, Pictou Co.; GSC 33276 from

Jones Colln. Ar Mo 4800.

Additional material. Moydart Fm., Green Member, Common in Schuchert

Colln. 52B.

Description. Species of Tritonophon apik, 1953 with about four slowly
expanding whorls. Early whorls imperfectly known but with uniformly
convex dorsum. Later whorls showing gradual development of dorsal

trilobation with strongly vaulted median dorsal lobe. Upper surface
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of median lobe flattened, passing onto shallowly convex but steeply
inclined sides. Upper surface of flanking lobes convex, sloping
away from median lobe. Lateral areas of whorl strongly convex with
maximum whorl width at or just below midwhorl height. Umbilici
widely phaneromphalous with flattened umbilical walls. Whorl
embracement at midheight of previous whorl producing deep sutural
indentation. Aperture poorly known; growth lines on dorsal surface
sweeping obliquely backwards on sides of median lobe before passing
into a short slit. Selenizone bordered by fine spiral striae or
threads and occupying full width of upper surface of median lobe;
ornamentation of numerous concave lunulae and spiral lirae. Shell
ornamentation of closely spaced spiral lirae and fine transverse

growth lines. Shell of moderate thickness, structure unknown.

Discussion. Sowerby in Murchison (1839) described Bellerophon
trilobatus from the uppermost Ludlow of Felindre, Radnorshire. The
type series has not been recognised in the Geological Society of
London Collection of the Institute of Geological Sciences, which
houses most of Sowerby's types, and is presumed lost. Two isolated

internal moulds of B. trilobatus from Felindre are present in the

collection but are not the specimens figured by Sowerby in Murchison
(1839, P1. 3, fig. 16), the illustration being of a small block
containing several specimens. One of the these two internal moulds,
GSM Geol. Soc. Coll. 4384, is illustrated here (Pl. 1V, figs. 6, 7)
but the other, GSM Geol. Soc. Coll. 4383, is too badly abraded.
Following his studies of the stratigraphy of the area (Earp, 1938;
1940), Dr. J.R. Earp (written communication, 1972) kindly pointed
out that the original locality of Murchison at Felindre was located
270 yards Southwest of Stone House, Felindre, by a small waterfall,

Grid Reference SO 175802, Several visits to this exposure produced
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one fallen block containing many specimens of B. trilobatus

associated with the other gastropods noted by Sowerby from Felindre.

All the available specimens from Felindre are preserved as
internal and external moulds in a friable decalcified lense but
details of the shell exterior can usually be ascertained. The
recently collected material forms the basis for the redescription
of the species although charactetrs of the ornamentation are
described from the better preserved specimens from the borehole at
Little Missenden, Bucks.

Pitcher (1939) stafed that Sowerby's description of B. trilobatus

was published in Murchison's 'Silurian System' in January 1839 and
this date is also given by Sherborn (1922). Pitcher further
commented that in February of the same year Conrad (1839) described

Planorbis trilobatus from the Llandovery Medina Group of New York

State. Conrad's species is poorly known and the existence of type
materials has not been established. Similarly, specimens figured
by Hall (1843; 1852) from the Medina Graup and respectively

assigned to Bellerophon trilobatus (Conrad) and Bucania trilobatus

(Conrad) have not been traced. The precise nature of Planorbis
trilobatus is consequently unknown although the illustrations of
Hall (1843; 1852) show a strongly trilobed bellerophontacean readily
assignable to Tritonophon.

Specimens referred to Conrad's species have been described
from the Llandovery-Wenlock Rose Hill and Rochester Formations of
Maryland by Swartz and Prouty (1923). The species occuring in
Maryland seems to have a greater rate of whorl expansion than is

here associated with Tritonophon trilobata (Sowerby in Murchison,

1839) but most specimens are crushed in shale making comparison
difficult. Specimens from the Upper Ross Brook and PFrench River

Formations of Arisaig also show this increased rate of expansion
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and it is possible that this character might be a criterion for
the delimitation of a Llandovery-Wenlock species from the upper
Ludlow and Downtonian species of Sowerby in Murchison. Should this
prove to be so, it will be necessary to formulaté'a new specific

name for T. trilobata (Conrad, February 1839) due to pre-occupation

of the taxon by T. trilobata (Sowerby in Murchison, January 1839).

T. trimetra 6pik, 1953, from the lower Silurian of Australia,

is poorly known but seemingly has a wider median lobe. T. rotalinea

(Hall, 1879) of Rollins in Rollins, Eldredge and Spiller (1971),

from the Devonian of New York State, has less well defined flanking

lobes and fewer, more prominent spiral lirae, as does T. goldringae

(Boucot in Boucot, Cumming and Jaeger, 1967). Tritonophon (?) bohemica

(Perner, 1903) of Horny (1963), from the upper Ordovician of
Bohemia, has much finer spiral ornamentation and the sides of the
U-shaped emargination in the only specimen showing details of the
shell exterior are not quite parallel, thereby failing to generate
a true selenizone.

The specimens from Felindre (P1. IV, figs. 1-4, 6-8, 14) show
some of the considerable variation typical of most populations of

trilobed bellerophontaceans. As with Plectonotus cherylae sp. nov.

(P1. V, figs. 1-13, 16) the main variable is the depth of the spiral
dorsal grooves and the consequent degree of development of
trilobation.

Preservation does not allow detailed study of the development

of T. trilobata but in one example, USNM 169593 from the Moydart Fm.,

text-fig. 9A, trilobation is seen to be developed from early whorls
with an initially convex dorsum, with a decrease from 0.25 to 0.18
in Raupian D over the last whorl and a half. Decrease in S (1.9 to
1.7) and Z (1.7 to 1.4)shows the increased vaulting of the median

lobe while V also shows a slight fall (for explanation see text-fig.
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T. trilobata is common in the Greem Member of the Moydart Fm.

at Arisaig at an equivalent horizon to the Felindre occurrence.
In the borehole at Little Missenden, Bucks. the species occurs in

association with Murchisonia (Murchisonia) amii (McLearn, 1924) in

Downtonian strata but has not been found at such a high level at
Arisaig. In the Upper Stonehouse Fm. at Arisaig it is T.

kivitalonae sp. nov. which occurs in association with M. (M.) amii.

" °
T. trilobata is also present in the Oved-Ramsasa Series of Scaria,

Sweden although Moberg and Grgnwall (1909) did not consider the
specimens described by themselves to be identical to Sowerby's

species.

Tritonophon kivitalonae sp. nov.

(p1. 1V, figs. 10-13, 15-22)

Plectonotus trilobatus; McLearn, 1924, (pars), p. 140-141,

P1. XX, fig. 32, non figs. 18, 30, 31.

Holotype. Upper Stonehouse Fm., GSC 33275 from Jones Colln.
Ar S 7820.

Other figured material. Upper Stonehouse Fm., GSC 3138a, GSC

3138m, GSC 5649 from Arisaig; GSC 32782 from GSC loc. 1302,
Arisaig; GSC 33279 from Jones Colln. Ar S 7820.

Additional material. Upper Stonehouse Fm., GSC 32781, a block

from GSC loc. 1302, Arisaig with illustrated specimens of

Anapetopsis lalajae gen. et sp. nov. and A. maclearni gen. et sp.
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nov.; Jones Colln., Ar § 7820. Poorly preserved specimens assignable

to Plectonotus cherylae sp. nov., above, or T. kivitalonae have

been observed in the following Stonehouse Fm. collections: USNM
Colln. 10843(505) from Cape George; Bambach Collections A3659(459),
A3671(443), A3689(495), A3703(472) and A3888(490). Jones Creek Fm.,
Univ. of New Brunswick in Saint John, Dept. of Geology No. S1-97,

5 éingle specimen collected 0.9 miles West of Highwaf 102 on the

North side of the road to Brown's Corner, New Brunswick.

Description. Species of Tritonophon 8pik, 1953 with about four
rapidly expanding whorls. Early whorls poorly known but with
uniformly convex dorsum., Later whorls showing gradual development
of dorsal trilobation with median lobe raised above wide lateral
lobes. Upper surface of median lobe commonly flattened. Upper
surface of flanking lobes initially convex, sloping away from median
lobe, but becoming flattened in later growth stages with slight
channeling of the angulation between the median and lateral lobes.
Lateral areas of whorl strongly convex with maximum whorl width

at just below midwhorl height. Umbilical walls flat. Umbilici open,
of moderate width, becoming narrower in final whorl due to
thickening of umbilical walls. Whorl embracement at above midheight
of previous whorl producing deep sutural indentation. Aperture
poorly known; transverse growth lines on upper surface of lateral
lobes curving strongly backwards across the sides of the median

lobe and culminating in a slit of unknown depth. Selenizone
bordered by fine spiral lirae and occupying the full width of the
upper surface of the median lobe; selenizonal ornamentation of
shallowly concave lunulae and closely spaced spiral lirae, the
latter being equally developed all over the dorsal surface. Shell

thin but with thickened umbilico-lateral walls in final whorl;
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structure unknown.

Discussion. Tritonophon kivitalonae is distinguished from T.

trilobata (Sowerby in Murchison, 1839) by its greater rate of
whorl expansion. In the latter, the shell is laterally compressed

with length greater than width while in T. kivitalonae width exceeds

length in sizes greater than about 10.0. T. kivitalonae resembles

Plectonotus boucoti sp. nov., above, in terms of its increased width

and tendency in some specimens to develop channels between the
dorsal lobes. It i$ distinguished from P. boucoti by its narrower
median lobe with the selenizone occupying the full width of the
upper surface, the selenizone covering only half of the width of
the upper surface of the median lobe in P. boucoti.

Changes in coiling and whorl profile during ontogeny are not

well known in T. kivitalonae. Trilobation appears during the last

two whorls and is generally accompanied by a narrowiﬁg of the umbilici
as in the other trilobed bellerophontaceans from Arisaig. Combined
measurements on GSC 3138a (P1. IV, fig. 20; text-fig. 9B) and GSC
33279 (text-fig. 9C) indicate decrease in Raupian D from 0.38 to

0.18 with other parameters showing little variation in the
comparatively small size interval of 4.5 to 32.5 (S = 2.2; Z = 1.9;
V=23; W=5.3., For explanation see text-fig. 5A).

T. kivitalonae occurs in the higher beds of the Upper Stonehouse

Fm. exposed along the coast at Arisaig but a single specimen,
collected by Mr. Andrew Porter, University of New Brunswick in Saint

John, is known from the equivalent Jones Creek Fm: of New Brunswick.
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Tritonophon sp.

(P1. III, figs. 6, 8, 9, 12)

Figured material. Beechhill Cove Fm., GSC 33277 from Jones Colln.

Ar B. Cove loc. 4. Upper Ross Brook Fm., YPM 75 from Bambach
Colln. A3592(95); YPM 28350 from Bambach Colln. A3760(80). French
River Fm., YPM 28343 from Bambach Colln. A3775(113), French River,

Pictou Co.

Additional material. Upper Ross Brook Fm., Twenhofel Colln.

179b/3032(61). French River Fm., USNM Colln. 11247 from Pictou Co.;

Bambach Colln. A3775(113), French River, Pictou Co.

Discussion. Several crushed and poorly preserved specimens of
Tritonophon from the lower part of the Arisaig succession cannot

be referred to T. trilobata (Sowerby in Murchison, 1839) from the

Moydart Fm. or T. kivitalonae sp. nov. from the Upper Stonehouse

Fm. The short slit, selenizone and widely spaced spiral lirae of
the dorsum are well seen in specimens from the Upper Ross Brook Fm.

(P1. III, figs. 6, 12). T. trilobata has a lower rate of whorl

expansion producing narrower whorls whereas T. kivitalonae has a

similar rate of whorl expansion but more closely spaced spiral
lirae. The Arisaig specimens are close to specimens of equivalent
age from Maryland described by Swartz and Prouty (1923) as Bucanella
trilobata (Conrad, 1839). However, as noted in the discussion of

T. trilobata (Sowerby in Murchison, 1839), above, Conrad's species

is imperfectly known and cannot be confidently identified from the
descriptions of later authors. It is probably a species of

Tritonophon and, as such, would be a junior homonym of T. trilobata
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(Sowerby in Murchison, 1839).
Subfanily BUCANIINAE Ulrich and Scofield, 1897
Genus ANAPETOPSIS gen. nov.

Derivation of name. From anapetes (Gr.) = widely expanded + -opsis

(Gr.) = relating to appearance, referring to the wideiy expanded

appearance. Feminine.

Type species. Anapetopsis maclearni gen. et sp. nov.

Diagnosis. Phaneromphalous, rapidly expanding bellerophontacean
characterised by the development of transverse and lateral

thickening of the shell interior in the explanate late growth stage.
High rate of whorl expansion increasing with ontogeny to produce a
widely expanded aperture with explanate margins after about four
whorls, the extreme margin of the aperture extending posteriorly
beyond the earlier coiled whorls. Dorsal slit short. Ornamentation
of spiral lirae and intercalated threads crossed by transverse growth

lines.

Discussion. Anapetopsis is homeomorphic with Patellilabia Knight,

1945 from the upper Palaeozoic but may be distinguished by the
diagnostic tendency to produce transverse and lateral thickening
of the shell interior at mafurity. In addition, the spiral

ornamentation of Patellilabia consists of flat topped, closely

spaced lirae in contrast to the more widely spaced, cord-like lirae

of Anapetopsis. Phragmosphaera Knight, 1945, from the Silurian

and Devonian, differs in the production of a plate-like extension
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of the inductura into the aperture and the early whorls are less

strongly elevated above the plane of the apertural margins.

Anapetopsis maclearni sp. nov.

(P1. II, figs. 2, 4, 6-12, 14, 15; P1, III, fig. 3)

Bucanopsis sp.; McLearn, 1924, p. 141, P1. XX, fig. 17.

Holotype.' Stonehouse Fm., GSC 3140a from Arisaig shore,
collected by Weston in 1869.

Paratypes. GSC 3140b, GSC 3140c. Paper labels accompanying all
the type specimens give the horizon as E2, 3 and 6 (presumably of
Fletcher, 1887) which embraces the entire coastal section with the
exception of the Beechhill Cove Fm. It would appear that these
labels have been addéd at some considerable time after collection.
The nature of the preservation and the red stained matrix suggest

derivation from the Stonehouse Fm.,

Other figured material. A poor specimen (GSC 32781A) on a slab

from the Upper Stonehouse Fm. at GSC loc. 1302, Arisaig.

Description. Type species of Anapetopsis gen. nov. with about four
whorls, Profile of early whorls rounded, with slight median
expansion, becoming elliptical in later growth stages with whorl
width about twice whorl height. Dorsum gently convex at maturity,
with maximum width of whorl at below midwhorl height; umbilical
walls flattened. Late growth stage widely expanded with explanate

apertural margin, probably subcircular in plan, extending posteriorly
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beyond the earlier coiled whorls. Interior of aperture of late
growth stage with pronounced transverse thickening of the shell

just prior to the widely expanded stage; two similar thickened
areas occurring laterally, anterior to the transverse constriction
and perpendicular to it. Umbilici phaneromphalous, of moderate
width; whorl embracement at about two thirds of the height of the
impressed whorl, producing deep sutural indenfation. Growth lines
indicating a wide sinus passing into a short slit which generates

a slightly raised selenizone with a flat upper surface. Selenizonal
ornamentation of fine spiral striae and a median spiral lira
crossed by many fine lunulae; Shell ornamentation of widely spaced,
cord-like spiral lirae and intercalated threads with fine
transverse growth lines; spiral lirae obscure on explanate margins,
Shell generally thin but with thickening of the umbilical walls,
development of an apertural boss and acquisition of the diagnostic
transverse and lateral thickened areas in later growth stages;

structure unknown.

Discussion. Although the thickening of the shell interior is well
displayed on internal moulds, there is little or no indication of
their presence on the shell exterior. Consequently, it is not
possible to assign to the genus with certainty material which has
been crushed in shale, as is the case with several specimens from

the Stonehouse Fm. Superficially similar explanate bellerophontaceans
have been observed in a number of collections from the Silurian of
Britain. Several undescribed species appear to be present but the
generally poor preservation makes comparison with Anapetopsis
impossible.

The single available transverse section of A. maclearni

(GSC 3140c; text-figs. 10A, 10C, 11C) indicates a progressive

b



TEXT-FIG, 10

A. Anopetopsis moeclearni gen, ct Spe Nov., GSC 3140c.

Camera lucida drawing of transverse polished section showing apertural

boss, x6,5,

B. Anapctopsis lalajac gen. et sp. nov., USHM 169596.

Camera lucida drawing of transversc polished section showing apertural

boss, %6,5,

Ce Allometry in Anapctopsis gen. nov,
Plots of length (1), whorl width (w) and height of whorl along the

median plane of symmetry (ih) agninst growth measurcd as succescive

half whorls in Anapetopsisc maclearni gen. et sp. nov. and Anapetopsis
lalajae gen. et cpe nove The change in whorl profile ic chown by the
divergence of w and ih with increaced growth,

Meacurcments were made in mill¥imetres on the shell interior of the
specimens illustrated in A and B, above, and do not include the
imperfectly prcscrved, widely expanded late growth stoge. The numbers
applied to the succescive half whorls of the horizontal axis are arbitrary

and their cquivalence from one species to the other is not precice.
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ontogenetic increase in whorl width relative to total length
(Raupian S, Z and W increasing with growth) and an accompanying
slight relative narrowing of the umbilici (Raupian D decreasing),
prior to the widely expanded final growth stage (for explanation

of Raupian parameters see text-fig. 5A).

Anapetopsis lalajae sp. nov.

(p1. 11, figs. 13, 16, 17; P1. III, figs. 1, 4, 7, 10, 11)
Bucanopsis sp.; McLearn, 1924, p. 141, Pl. XX, Fig. 20.
Holotype. Stonehouse Fm., USNM 169595 from Schuchert Colln. 53

Paratypes. Stonehouse Fm., USNM 169596 from Schuchert Colln. S3;

GSC 3140 from Arisaig shore, figured by McLearn (1924).

Other figured material. Two specimens from the Stonehouse Fm.

tentatively assigned here: USNM 169467 from Schuchert Colln. 49A;
GSC 32781B on a slab from GSC locality 1302, Arisaig.

Additional material. Poorly preserved specimens from the Stonehouse

Fm., Baimbach collections A3700(488), A3724(415); Schuchert Colln.
49D.

Description. Species of Anapetopsis gen. nov. with four or five
whorls. Early whorls founded. Intermediate growth stages initially
with uniformly convex dorsum passing angularly at midwhorl height
onto flattened, adumbilically:sloping umbilico-lateral walls.

Whorl profile becoming subelliptical at about three whorls. Late
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growth stage widely expanded, with explanate margins probably
subcircular in plan and extending posteriorly beyond the earlier
coiled whorls. Interior of aperture with prominent transverse
thickening at commencement of the widely expanded stage. Umbilici
phaneromphalous, of moderate width; whorl embracement at about fﬁo
thirds of the height of the impressed whorl, with deep sutural
indentation. Dorsum sinuate, a deep wide sinus passing into a
short slit, Nature of selenizone unknown.,‘Ornamentatidn of
wrinkled spiral lirae and fine growth elements, the latter
dominating on the explanate margins. Shell thin but with
thickening of the umbilical walls and formation of an apertural

boss in later growth stages; shell structure unknown.

Discussion. Anapetopsis lalajae differs from the type species,

A. maclearni, in having a wider whorl profile and deeper sinus.

Internal moulds of the latter species show an apparently more abrupt
transition from the earlier whorls to the later widely expanded
stage than is seen in A. lalajae due to the more pronounced
transverse and lateral thickening of the shell interior. In GSC
3140 (P1. II, figs. 13, 16) a deep V-shaped channel is present on
the internal mould immediately posterior to the transverse
thickening and a similar, but less well developed, structure is
seen in the. holotype (Pl. II, fig. 17). No equivalent structure

has been observed in A. maclearni. In USNM 169596 (P1. III, figs.

4, 10) two pairs of depressions on the dorsal surface of the
internal mould, produced by increased deposition on the inside of

the shell, likewise find no equivalent in A. maclearni.

The significance of the constrictive shell thickenings in A.
maclearni and A. lalajae is not known. Horny (1963) observed the

occurrence of similar transverse elements in Strangulites
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TEXT-FIG, 11

A. Ontogenetic variation in Raupian parameters in Anapctopsis gens novi,
(for cexplanation of W, D, S and 3 sce text-fig, 5A and discussion in

text following description of Plectonotus boucoti Sp. nove, above)e

Measurements werc made in millimetres on the shell interior of the
spccimens illustrated in text-fig, 104, 10B and do not include the

imperfectly precerved, widely expended late growth stage.

B, Phragmocphoera spe, USNM 169600,

Camera lucida drawing of medion poliched scetion chowing the parietal

depocit within the aperture, x6.25.

C. Phrogmosphacra sp., USHM 169597,

Reconstruction of trancverce section from obliquely polished specimen,

x6.25,
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strangulatds (Perner, 1903) from:the lower Ashgill Kraluv Dvur

Beds of Bohemia but thought it unlikely that they were of any
taxonomic significance.

The only available transverse section of A. lalajae, USNM
169596, indicates a slight increase in whorl width relative to
total length (Raupian S, Z and W increasing), prior to the final
expanded stage, and a more pronounced relative narrowing of the

umbilici (Raupian D decreasing), in similar fashion to A. maclearni

(text-figs. 10B, 10C, 11A).

There are several crushed specimens in shale from the
Stonehouse Fm. which are tentatively assigned to A. lalajae. One
specimen, USNM 169467, P1. III, fig. 11, has the aperture'preserved
and shows a deep sinus passing into a short slit. There is a
shallow posterior emargination and a small scar on the floor of
the whorl is reminiscent of the better developed stfucture

characteristic of Ptomatis patulus (Hall, 1843) of Rollins (1966,

figs. 1-3) and Knight (1941, P1, 7, figs. 1ld, e).

Subfamily CARINAROPSINAE Ulrich and Scofield, 1897

Genus BUCANOPSIS Ulrich in Ulrich and Scofield, 1897

Type species. Bucanopsis carinifera Ulrich and Scofield, 1897.

Bucanopsis sp.

(P1. I, figs. 15, 20, 23)

.Figured material. Doctors Brook Fm., USNM 169465, USNM 169466

from USNM Colln. 10919.
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Additional material. Beechhill Cove Fm., USNM Colln. 10115; USNM

Colln. 10819 from Wallace Brook, Pictou Co. Upper Ross Brook Fm.,
Bambach Colln. A3592(95). Doctors Brook Fm., USNM Colln. 10919.
Lower McAdam Brook Fm., Bambach Collections A3604 (181), A3606(187),
A3607 (180), A3608(183), A3616(197), A3620(209), A3811/A3815(198),
A3820(196), A3826(226).

Discussion. Several internal moulds from the Beechhill Cove and
Doctors Brook Formations are characterised by subglobose shell
form and narrow, open umbilici. A groove on the floor of the
internal mould indicates a carina on the floor of the whorl. One
specimen (USNM 169466; P1. I, figs. 20, 23) illustrates the gently
convex dorsal 1ip with a narrow sinus passing into a short slit.

A larger example has the dorsal band consisting of a slight
depression between two spiral cords (USNM 169465; P1. I, fig. 15).
Ornamentation and characters of the shell are unknown.

Fragments of shale from the Upper Ross Brook and Lower McAdam
Brook Formations show many crushed examples of the same genus. The
selenizone varies from depressed to slightly raised and reticulate
ornamentation is prominent.

As Hornf (1963) has observed, Bucanopsis is a poorly understood
genus although the name has been widely used for species with
reticulate or spiral ornamentation throughout the Palaeozoic.
Devonian-Permian species formerly referred to the genus are now
generally considered to belong to Retispira Knight, 1945 which
lacks the carina on the floor of the whorl. The type species,
Bucanopsis carinifera, is from the middle Ordovician of Kentucky

species
but the status of many Ordovician and SilurianLis in great need

of reinvestigation.
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Genus PHRAGMOSPHAERA Knight, 1945

Type species. Phragmosphaera miranda Knight, 1945.

Discussion. Rollins in Rollins, Eldredge and Spiller (1971)

transferred Phragmosphaera from the Carinaropsinae to the

Knightitinae, as a subgenus of Patellilabia Knight, 1945. He

considered the plate-like extension of the inductura into the
aperture to be closely related to the tooth-like apertural boss of

Patellilabia and unlike the so called apertural diaphragm of the

Carinaropsinae. Inspite of Rollins' elucidation of the structure

of the inductura developed on the parietal wall of Phragmosphaera,

it is not thought that the genus is better placed within the
Knightitinae and retention within the Carinaropsinae, as proposed

by Knight et al (1960), is preferred.

Phragmosphaera sp.

(P1. 1, figs. 1-3, 6, 7, 11, 12)
Figured material. Moydart Fm., Green Member, USNM 169597, USNM
169598, USNM 169599, USNM 169600, USNM 192113 from Schuchert Colln.

528B.

Additional material. Moydart Fm., Green Member, Schuchert Colln.

528; Jones Colln. Ar Mo 4820. (15 specimens).

Description. Species of Phragmosphaera Knight, 1945 with about

three and a half whorls. Early whorls poorly known; seemingly well
rounded with slight arching of the median dorsal area. Later whorls

becoming subreniform with whorl width almost twice whorl height;
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maximum width at one third of whorl height. Dorso-lateral surfaces
uniformly shallowly convex increasing suddenly in curvature with
passage into the deep umbilici. Whorl embracement is just above
point of maximum width of previous whorl producing deep sutural
indentation (text-fig. 11C). Latest growth stage with rapid lateral
and posterior expansioh of aperture; possible anterior expansion
unknown.. Aperture poorly known; dorsum with a wide deep sinus passing
into a slit of ﬁnknown depth. Late growth stage with shell thickenings
within the aperture which produce a pair of transverse channels on
the dorsum of the internal mould. At commencement of expanded stage
an obliquely transverse thickening of the shell interior, with steep
adapertural edge and more shallow abapertural edge, converges on the
median dorsal area from each lateral margin of the whorl; parietal
inductura thickened to form apertural boss (text-fig. 11B), the
lateral areas of which form a plate-like extension into the aperture.
Selenizone wide, slightly raised; upper surface concave between

spiral cords. Ornamentation of spiral lirae dnd transverse growth

lines. Shell thin; structure unknown.

Discussion. This species differs from Phragmosphaera lyra (Hall,

1861) of Rollins in Rollins, Eldredge and Spiller (1971) from the
Devonian of New York State in having a deeper dorsal sinus and less
prominent spiral ornamentation. An internal mould described by
Sowerby ia Murchison (1839 P1. 3, fig. 15), from the Ludlovian of

the Welsh Borderlands as Bellerophon globatus, has similar

proportions to the Arisaig species and exhibits transverse channels
on the dorsum comparable to those described in the Arisaig specimens.
M'Coy in Sedgwick and M'Coy (1855) thought that there could be

'not the slightest doubt of the propriety of uniting' B. globatus
with B. expansus Sowerby in Murchison, 1839, the former being a
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juvenile of the latter. Reed (1921) commented that the type of

B. globatus was not to be found in the Geological Society Collection
(in the Institute of Geological Sciences) which contains most of
the types of Sowerby in Murchison (1839), so its rélationship with
B. expansus could not be established. Until such time as a
rgvision of Sowerby's two species is attempted, further comparison

with the specimens from the Moydart Fm. is not possibie. :
Subfamily CYMBULARIINAE Horny, 1963
Genus CYMBULARIA Koken, 1896

Type species. Cymbularia galeata Koken, 1896.

Cymbularia carinata (Sowerby in Murchison, 1839)

(P1. III, figs. 2, S)

Bellerophon carinatus Sowerby in Murchison, 1839, p. 604,

pl. 3, figs. 4, 1d.

Cymbularia carinata; Reed, 1921, p. 64-66, P1. X, fig. 12.

Bellerophon lenticularis Gronwall, 1897, p. 237, (nom. nud.).

B. lenticularis Moberg & Grgnwall, 1909, p. 43, P1. III,
fig. 12a, b,

Figured material. Moydart Fm., Green Member, USNM 169574, USNM

169575 from Schuchert Colln. 52B.

Additional material. Moydart Fm., Green Member, Schuchert Colln. 52B;

Jones Colln. Ar Mo 4820. (4 specimens).
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Doscription. Species of Cymbularia Koken, 1896 with about four whorls.
Early whorls poorly known but seemingly sublanceolate with dorso-
latero-umbilical areas uniformly convex, becoming concave immediately
adjacent to base of dorsal keel. Whorl profile of later whorls
subtrigonal with prominent dorsal keel; dorso-lateral areas shallowly
convex, becoming parallel to axis of symmetry and forming maximum
whorl width at about one third of whorl height, just above the
prominent umbilical shoulders. Umbilical walls flattened at this
stage. Whorl embracement great with much of the previous whorl and
the strong dorsal keel projecting into the body chamber of the
following whorl. Umbilici cryptomphalous; a thick inductural

deposit filling the umbilici and extending onto the lower lateral
whorl surfaces; pseudo-umbilici narrow, may be deep. Dorsum sinuate,
the deep sinus apparently culminating in a narrow slit of unknown
depth; selenizone forming the flat upper surface of the keel.
Ornamentation poorly known, seemingly of growth lines. Shell of
moderate thickness but with strong thickening of the umbilical

area by the inductural deposits; shell structure unknown.

Discussion. The type of Cymbularia carinata (Sowerby in Murchison,

1839) from the Ludlovian of Britain is an internal mould, in the
Geological Society of London Collection of the Institute of
Geological Sciences, which provides little information concerning
the shell exterior. In contrast, the material described as

"
Bellerophon lenticularis by Moberg and Gronwall (1909) from the

Oved-Ramsisa series of Scania, Sweden is finely preserved. The
Arisaig material, although poorly preserved, may provide a link
between the two in terms of shell morphology since it would appear

that specimens referred to B. lenticularis are juveniles of

C. carinata. Increase in ontogeny produces a relative increase in
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whorl width which obscures the lenticular form of earlier growth
stages. Reed (1921) noted the existence of such a 'narrow
lenticular much compressed form with ... very acute angular dorsum,
very small umbilicus and large outer whorl' associated with

C. carinata but thought that these specimens might prove to be
distinct from the latter. Moberg and Gronwall (1909) stated their
awareness of the similarity between the two species, and also of the
difficulties involved in making comparison between differeni modes
of preservation, but were of the opinion that they could detect
differences in apertural shape and coiling between their specimens

and Sowerby's illustrations. B. lenticularis is here considered to

be a junior synonym of C. carinata. If the separate idontity of

B. lenticularis is recognised it should be noted, after Reed (1921),

that the name Cymbularia lenticularis is preoccupied by a species

of Koken (1897).

Of other species, C. carinata is similar to Joleaudella
mansuyi Patte, 1929 from the Silurian or Devonian Schistes de Ban
Hom, Région de Van Yen, Tonkin. Knight et al (1960) considered

Joleaudella to be a junior subjective synonym of Tropidodiscus Meek

and Worthen, 1866 but Patte's genus is readily distinguished from

Tropidodiscus by its narrow umbilici and cymbulariinid emargination.

In contrast with Joleaudella, C. carinata has closed umbilici, is

less compressed laterally and lacks the crenulated lamellose
ornamentation.

As with other material from the Green Member of the Moydart Fm.,
the specimens of C, carinata are preserved as internal moulds in
thinly bedded limestones. Features of the emargination and
ornamentation are consequently obscure although a narrow median
band on the dorsum indicates the’®location of the selenizone. The
closed umbilici and dorsal keol . are best seen in transverse

section (text-fig., 4D).
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Cymbularia sp.
(P1. I, figs. 10, 13, 14)

Figured material. Doctors Brook Fm., USNM 169464 from USNM Colln.

10919, Lower McAdam Brook Fm., YPM 28329 from Bambach Colln.

A3623(223).

Additional material. Two specimens from each of the above collections.

Discussion. Fragmentary internal moulds from the Doctors Brook Fm.
show the typical cymbulariinid configuration of a wide dorsal
emargination, with a deepened inner portion, passing into a narrow
median slit. The dorsal profile is asymmetric and angulated at the
selenizone; the aperture is about twice as wide as high, while the
umbilici are narrow. Specimens crushed in shale from the Lower

McAdam Brook Fm. show essentially the same form but lack ornamentation,

with the exception of four spiral threads on the selenizone of one

example.

Subfamily TROPIDODISCINAE Knight, 1956

Genus TROPIDODISCUS Meek and Worthen, 1886

Type species. Bellerophon curvilineatus Conrad, 1842.

Tropidodiscus (7) sp.

(text-fig. 4E)
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Figured material. Doctors Brook Fm., USNM 169586 on a transverse

thin-section associated with Plectonotus boucoti from USNM Colln.

10165(141).

Additional material. BM PG5009, a small internal mould (not

illustrated) from a limestone band in the basal Wenlock of
Brinkmarsh Quarry, Tortworth Inlier, Gloucestershire, collected by
Mr. David J. Siveter. Doctors Brook Fm., a further specimen on

the same thin-section as the illustrated specimen and three specimens
on a transverse polished section associated with P. boucoti, USNM

188526 from USNM Colln. 10165(141).

Discussion. In the course of preparation of cross-sections of

Plectonotus boucoti sp. nov. from the Doctors Brook Fm., a number

of minute bellerophontaceans were observed on polished surfaces and
in thin section. While juveniles of P. boucoti were readily
distinguished, several specimens clearly belonged to a laterally
compressed form which has not otherwise been recognised. A maximum
of four whorls has been seen, of which the earliest two and a half
are transversly lenticular with whorl width greater than whorl
height. The third and fourth whorls show pronounced dorsal expansion
to produce a highly vaulted profile, whorl height exceeding whorl
width. At this latter stage, the umbilical walls become flattened
and considerably thickened while the median dorsal area is flat and
bears a strongly angular relationship to the dorso-lateral areas,
suggesting the presence of a selenizone.

The species is also present in samples from the basal Wenlock
of Brinkmarsh Quarry, Tortworth,Gloucestershire which were collected
and prepared in search of ostracodes by Mr. David Siveter,

University of Leicester. The gastropods are preserved as phosphatised
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moulds and form part of the residue left after acid treatment of
samples.

Microceras Hall, 1845 was proposed for a morphologiéally similar
species which may be locally abundant in rocks of Ordovician to

Devonian age. The type species, M. inornatum Hall, 1845, was

described from the upper Ordovician of Cincinnati. Ulrich and
Scofield (1897) considered many of the specimens examihe&>by
themselves to be adults of small bellerophontacean species but Knight
(1941) expressed conviction that all Hall's specimens of the type
species from Cinéinnati were embryos. In én attempt to remove the
taxonomic uncertainty, Knight (1941) sele;ted as lectotype of

M. inornatum a specimen which he considered .to be 'almost certainly

a young Cyrtolites so that Hall's name may rest comfortably in the
synonymy of Conrad's earlier name...'

The small size of the specimens from Arisaig and Tortworth
(length 1less than 2mm.) might be considered as support for an
interpretation as the nuclear whorls of some macrogastropod. However,
the well marked ontogenetic change between the second and third
whorls suggests that tHe specimens are mature individuals of some
species of microgastropod. The profile of the last one and a half
whorls is not one that would be expected in the nucleus of a
bellerophontacean, which more usually resembles the earliest whorls
of the present species.

It is clearly not possible to refer the described specimens to
Microceras. The widely phaneromphalous umbilici and lenticular

form suggest the macromorphic Tropidodiscus Meek and Worthen, 1886,

to which tentative assigment is made while recognising the

discrepancy in size.
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Undetermined bellerophontacean genera and species

(P1. 1, figs. 4, 5, 8, 9, 26)

Described and figured material. Undetermined bellerophontacean

genus and sp. A, USNM 188525 associated with figured specimens of

Arjamannia cancellatula and Longstaffia centervillensis in a small

slab from USNM Colln. 10115, Beechhill Cove Fm. Undetermined
bellerophontacean genus and sp. B, USNM 169488 associated with a
figured specimen of Longstaffia sp., USNM Colln. 10115 from the
Beechhill Cove Fm. Undetermined bellerophontacean genus and sp. C,
YPM 28348 from Bambach Colln. A3777(118), French River Fm. in
Pictou Co. Undetermined bellerophontacean gernus and sp. D, GSC

6216 from Stonehouse Fm. at Arisaig. Undetermined bellerophontacean

genus and sp. E, GSC 3139a, Arisaig, locality unknown.

Discussion. Several specimens discussed here are too imperfectly
known to merit more formal description. Species A, not figured,

is a single fragmentary internal mould with rapidly expanding whorls
and narrow umbilici. Ornamentation, other than strong growth lines
in the latest stages, is not known but the floor of the whorl bears
a deep groove presumably corresponding to a flat topped carina on
the previous whorl. An obscure band apparently represents the same
structure on the final whorl.

Species B, not figured, is a large laterally compressed form
with a rounded dorsum. The umbilici are narrow but the groove on
the floor characteristic of the previous species is not present.

Species C, P1. I, fig. 26, has a rapidly expanding shell with
many fine spiral lirae. The crushed specimen shows a shallow median

sinus culminating in a slit which generates a selenizone.
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Species D, P1, I, figs. 4, 5, was referred by McLearn (1924,
p. 141, P1. XX, figs. 13, 14) to Bucania Hall, 1847. The dorsum
is flattened with whorl height abotit half of whorl width. The
degree of whorl impression is relatively great while the umbilici
are closed, preclu&ing retention in the widely phaneromphalous
Bucania. Details of the emargination and the ornamentation are
unknown.

Species E, P1l. I, figs. 8, 9, is a poor internal mould
supposedly collected at Arisaig by Hcneyman., Its preservation in
a buff, coarsely crystalline limestone is unlike any other examined
specimen from Arisaig and, in view of the imprecise locality
information, its occurrence should be noted with caution. The dorsum
is arched medially and the aperture a little expanded just prior to

the anterior breakage.

Suborder MACLURITINA Cox and Knight, 1960
Superfamily MACLURITACEA Fischer, 1885
Family ONYCHOCHILIDAE Koken and Perner, 1925

Subfamily and Genus undetermined

'Holopea' reversa Hall, 1860

(P1. VI, figs. 16, 20)

Holopea reversa Hall, 1860, p. 154, fig. 14.

do. ; Dawson, 1868, p. 605, fig. 211
do. ; McLearn, 1924, p. 148.

Holotype. = Stonehouse Fm., AMNH 1648 from Arisaig, labelled

"Clinton Group".
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Discussion. The holotype and only known example of this species

is a partiaily embedded sinistral internal mould showing about three
whorls, probably referable to the Onychochiiidae. * However, without
evidence concerning the shell ornamentation, more precise placement

is not possible.. Mimospira abbae, below, is higher spired with

more whorls and possesses strong opisthocline costae. No such
costae can be discerned at this +time- : in the cross-section of the
thick shell visible around the margins of the internal mould in

'H'. reversa. There is some indication, from the impression of the

shell margin, that the outer lip in 'H'.reversa is convex immediately
adjacent to the suture with the previous whorl, in contrast to the

opisthocline condition in M. abbae. Versispira contraria Perner,

1903 from the Bohemian Ordovician has comparable shell proportions
and possibly a similar outer 1ip but the ornamentation is also

unknown in this species. The middle Devonian Hyperstrophomena

devonicans Horny, 1964 is comparable in gross form but has prominent

spiral ornamentation.
Superfamily CLISOSPIRACEA Miller, 1889
Family CLISOSPIRIDAE Miller, 1889
Subfamily CLISOSPIRINAE Miller, 1889

Genus MIMOSPIRA Koken and Perner, 1925

Type species. Onychochilus helmhackeri Perner, 1900.

Discussion. On the basis of undescribed specimens in the U.S.
National Museum from the upper Ordovician of Sweden, the genus
Mimospira is interpreted as a hyperstrophically coiled gastropod.

The Swedish specimens compare well with Perner's (1900) illustrations
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and show the essential characters of the basal spire, the cocncave
umbilical surface and the prominent transverse costae. There is
apparently no 'frill-like lamella' projecting from the whorl

periphery as in Clisospira Billings, 1865 or Ferrogyra Horny, 1964.

Mimospira abbae sp. nov.

(P1. VI, figs. 19, 21-23)

Holotype. McAdam Brook Fm., USNM 169489 from USNM Colln. 11183 at

Molson's Brook, Lochaber, Antigonish Co.

Other figured material. Moydart Fm., USNM 169571 from USNM Colln.

10183(315).

Description. Species of Mimospira Xoken and Perigir, 1925 wiid three
whorls., Nature of umbilicus and umbilical surface unknown.
Protoconch consisting of initial half whorl; seemingly bulbous at
first, thereafter laterally compressed with coiling axis almost
perpendicular to teleoconch axis. Teleoconch with uniformly convex
whorl face between successive sutures; whorl embracement at periphery
of previous whorl with moderate sutural indentation. Shape of
aperture poorly known; obscure growth lines paralleling
ornamentation indicatc an opisthocline outer lip. Ornamentation of
obscure growth elements on the protoconch which appear oblique to
the strong costae of later growth stages due to the change in
coiling direction. Teleoconch with opisthocline costae which take
half a whorl to traverse the whorl face between successive sutures;
costae sharp, with concave sides; ornamentation relatively most

strongly developed on penultimate whorl. Shell thickness and
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structure unknown.

Discussion., Mimospira abbae is distinguished from M. helmhackeri

(Perner, 1900) from the Ordovician of the Baltic by its lower
basal spire and fewer, more widely spaced costae. M. turrita
Koken and Perner, 1925 is a higher spired trochoidal form probably
more closely related to Trochoclisa Horni, 1964. A fragment in
the U.S. National Museum from the lower Silurian Brassfield Fm. of
Tennessee indicates a lower spired shell with more abundant, finer
costae,

The holotype of M. abbae is of interest in that the
heterostrophic protoconch is preserved. Perner (1900, text-fig. 2)
illustrated similar coiling in the typé species, whilst reference
to the previously mentioned Ordovician specimens from Sweden adds
further confirmation. The protoconch is an open coiled half whorl
which, by way of a perpendicular change in direction of the axis
of coiling, assumes the hyperstrophic form of the teleoconch.

In conjunction with the Brassfield Fm. specimen, M. abbae

represents the first Silurian record of Mimospira.
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Suborder PLEUROTOMARIINA Cox and Knight, 1960
Superfamily PLEUROTOMARIACEA Swainson, 1840
Family SINUOPEIDAE Wenz, 1938

Subfamily PLATYSCHISMATINAE Knight, 1956

Genus UMBOSPIRA Perner, 1903

Type species., Umbospira nigrans Permer, 1903,

Umbospira sp.

(P1. VIII, fig. 5)

Figured material. Upper Ross Brook Fm., YPM 28330 from

Bambach Colln. A3582(86).

Additional material., Five other specimens in the same

collection,.

Discussion. Although c¢rushed in shale, the upper surface of

the whorl of this species appears more convex than one would
expect for ﬁiosgira Ulrich and Scofield, 1897, where McLearn
(1924, Do 144) seems to have placed similar specinens.
Seversl exomples show a distinct crack parallel to the suture
due to crushing which, in the absence of growth lines, might
be misinterpreted as the upper margin of a selenizone of the
type seen in Liospira. In only one specimen (YPM 28330;

Pl. VIII, fig.S) is the apertural margin preserved ond here
the lip sweeps forwards slightly before curving into the
deep, narrow sinus. The emargination is located above the
whorl periphery and the crack parallel to the suture

ocpproximately corresponds to its upper edge.
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Family RAPHISTOMATIDAE Koken., 1896

Subfamily LIOSPIRINAE Knight, 1956

Genus LIOSPIRA Ulrich and Scofield, 1897

Type species, Pleurotomaria micule Hall, 1862,

Liospira marklondensis McLearn, 1924

(P1, VII, figs. 1=4)

Liogspira marklandensis McLearn, 1924, p. 144, Pl. XX,

.’figs. 23’ 240

Holotype. Stonehouse Fm., GSC 5654 collected at Arisaig by

Honeymaon,

Other figured mcoterial. Stonehouse Fm., USNM 169572 from

USNM Colln, 10206(501); USNM 192114 from Schuchert Colln. 53.

Additioncl naterial. Stonehouse Fu., USNM Collections

10206(501), 10910(496); Bambach Collections A3703(472),
A3708(458), A3657(457); Twenhofel Collections 12-17/3032(482),
14/3032(477), 15/3032(4T74), 195%/3032(411), 195°/3032(412),
1908/3032(423), 19a1%/3032(426), 19a1°/3032(427),
l9a;4/3032(432), 20¢/3032(395), 24a/3032(380), 24i/3032(371);

Schuchert Colln. 53, (total of 45 specimens).

Description. Species of Liospira Ulrich and Scofield, 1897

with about five adpressed whorls. Whorl profile subrhomboid
with peripherel angulation at midwhorl height sepsrating

flattened upper whorl surface from uniformly convex base;
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unbilicol wolls convex with morked angular relotionship to
base in later growth stoges. Upper whorl surfoce relatively
more convex in early growth stoages, beconing flottened with
increcase in ontogeny such that commonly slightly concave in
lerge individuals, Umbilicus closed to verying degrees by o
thick callus; funicle mney be developed on umbilicol shoulder.
Enbracement of previous whorl at, or just above, whorl
periphery producing very shallow sutural indentation; dcep
indentation of interncl suture within umbilicus. Inner lip
unknown; outer lip with deep cmerginction. Growth lines
curving forwerds with forwsrd convexity until, at two fifths
of the distimce to the periphery, commcnce to curve begk to
form the sinus which is one cigth of the fincl whorl
circumfercnce in depth. Sinuas possing into a periphercl
slit of unknown depth. Sclenizone obscure, with fine
bordcring threads; ornomentotion of fine spiral striae and
obscure concave lunulace. Shell orncmentotion of fine growth
lines ocnd spircl strice. Shell thin with thickoning of inner
lip to form funicle cnd of sutural arcc due to the odpressed

whorls. Shecll structurc unknowne.

Discussion, The prosocyrt growth lines on the upper whorl

surfoce orce choracteristic of this species and scrve to

distinguish it from Liospirs offinis (Focrste, 1885) or any
of thc specics described by Lindstrdm (1884), Iongstoff (1924)
or Pitcher (1939). In these specics, the growth lincs are
prosocline, curving obliqucly backwords below the suture
without cny forword projection.

The degrce of closurc of the umbilicus would sccm to be
voariesble. In USNM 169572 the umbilicus appeors to be
complcetely closced by o callus deposit which zlso produces

grect thickening of the columelloar lip (texte-fig., 12A). A
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TEXT=FIGe 12

A, Liospira marklandensis MclLearn, 1924, USNM 169572,

Camera lucida drawing of transverse polished section showing the close’

umbilicus, x6,25,

B, Platyceras (Platyostoma) cormutum (Hisinger, 1837), GSC 33271.

Sketch of lateral view showing irregular growth lines of outer whorl
surface, The minor emarginations probably correspond to the shape of the

echinodemm calyx to which thc gagtropoéd clung, x2,5.

Co Murchisonia (?Hommotoms) arisaigensis (Hall, 1860), USHM 192122,
Camera lucida drawing (oblique lateral view) of internal mould showing

crescentic striations of muscle attachment scar, x6.25,



lext-fig. 12




slight swelling corresponds to the funicle seen in larger
specimens., In other specimens the uabilicus is phaneromphelous

with just local thickening of the columellar lip.

Liospira cf. L. offinis (Foerste, 1885)

(P1. vII, figs. 10, 11, 14)

Liospira cf. affinis; McLearmn, 1924, p. 144, Pl. XX,

figs. 26, 27.

Figured material. Beechhill Cove Fm., YPM 4804A, YPM 480B on

o small slab from Rory McDonald's Brook of McLearn (1924) and
ecrlier suthors ( McGillivray Brook of Boucot et cl, in

press, oand current usage (text-fig. 3).

Additional mcteriale. Beechhill Cove Fm., USNM Collectioms

10114(1), 10115, (15 specimens).

Description. Species of Liospira Ulrich and Scofield, 1897

with about four whorls. Whorl profile rhomboid with o
.peripheral azngulstion ot midwhorl height forming the junction
of the flattened inclined upper whorl surface cond the
seeningly convex base, Upper whorl surface becoming slightly
concave near periphery in lotest growth stages. Whorls |
edpressed with linear sutures producing o conical spire.
Umbilical characters unknown. Aperture poorly known; outer
lip seemingly with & deep sinus passing into a slit which
generctes an obscure selenizone on the upper surface of the
peripheral angulation; growth lines below the periphery
initiclly curving strongly forwards. Ornamentation poorly

known, scemingly of fine growth lines. Shell thin, structure
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unknown.

Discussion. Liospire cf. L. affinis (Foerste, 1885) differs

from L, marklandensis McLearn, 1924 from the Stonehouse Fm.

in having = more perfectly conical spire which is relcotively
more elevated. In the latter, the incremental angle
approaches one hundred ond f£ifty degrees whereas in

L, cf. L, offinis the angle is some thirty degrees less. The
shaope of the lip sbove the selenizone is not known in the
Ariscig specimens but type materials of Foerstel's species
from Qhio show a2 prosocline lip as distinct to the prosocyrt

condition in L., merklondensis. L. cornovica Pitcher, 1939,

from the upper ILlandovery of Shropshire seems to have o less
strongly convex 'base with the periphery being conscquently
lower on the whorl.

The specimen figured by McLeoarn (1924), YPM 4804 (Pl.
VII, fig. 10), is & poor internal mould. Preparation of
cnother specimen on the same slab, YPM 480B (Pl. VII, figs. 11,
14), produced an almost complete external mould showing the

conical spire and suprzperiphercl band.
Fomily EOTOMARIIDAE Wenz, 1938
Subfanily EOTOMARIINAE Wenz, 1938
Tribe EOTOMARIIDES Wenz, 1938

Genus EOTOMARIA Ulrich and Scofield, 1897

Iype species. Eotomoriga ccnclifera Ulrich in Ulrich and

Scofield, 1897.
Botomaria sp.

(P1. VII, figs. 5, 6, 8)
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Figured moterinl. Glencoe Brook Fm., USNM 169463 from USNM

Colln. 11267, NE of Kerrowgore, Pictou Co. Middle Ross Brook

Fm., YPM 76 from Bambech Colln, A3731(1l).

Discussion. The two poorly prescrved specimens placed here

lock the apical and apertural portions but each shows parts
of two whorls. The subrhonmboid whorl profile has o slightly
concove upper whorl surfoce passing, by way of o pronounced
peripherql angulotion ot midwhord height, onto a uniformily
convex base. Whorl embracement is subperipheral producing
deep suturscl indentations Umbilical choracters ore unknown.,
Apertural detocils are obscure but prosocline growth lines on
the base indicate a decp sinus probably passing into a slit
ct the peripheral angulation. Other ornumentcl charccters
arce unknowne. There is somce degrcece of similerity with the

species described by Foerste (1923) as Lophospira chlersi fron

shales of lower Llondovery age below the Brassficld limestone
of Centerville, Onio. However, the latter is higher spired
and has zn obscure cngulation on the basc below the peripheral

selenizone,.

Fanily LOPHOSPIRIDAE Wenz, 1938

Subfenily LOPHOSPIRINAE Wenz, 1938

Genus LOXOPILOCUS Fischer, 1885

Type species, Murchisonia tropidophora Whiteaves, 1886
' Subgenus LOXOPLOCUS (LOPHOSPIRA) Whitficld, 1886

Type species. Murchisonia bicincta Hall, 1847.

Loxoplocus (Lophospira) sedewickii (Donald, 1906)

(p1. VII, fig. 19)
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Lophospira Sedgwickii * Donald, 1906, p. 562, Pl. XLIII,

figs. 11, 12,

Figured material. Beechhill Cove Fume., USNM 169481 from USNM

Collin. 10819 ct Wallace Brook, Pictou Co.

Additioncl matericl. A further specinen from the sane

collection,

Description. Relatively high spired species of Loxoplocus

(Lophospira) Whitficld, 1886 with ubout six whorls. Nature

of umbilicus and nuclear whorls not known. Whorl profile with
o flsnge ot just above midwharl hoight of the finzl whorl,
slightly below the middle of the exposed face of carlier
whorls; upper cdge of flange forming periphery of whorl.

Upper whorl surface concave with a spirzl cord immedistely
below the suture, Below periphery, flat outer surface of
flange sloping down and inwards, towords basc of whorl prior
to passing by way of obtusecly cngled lower cdge onto concave
outcr whorl surface; & prominent engulotion developing ot
Junction between outer whorl face and convex bases, Whorl
embracencnt et the cnguletion between the base and outer whorl
surface, producing little or no sutural indentation. Shape

of aperture and nature of outer lip unknown; outer surface

of flange possibly the locus of & sclenizone or
pescudosclcnizonc. Ornamenteation, structure end thickness of

shcll unknown.

Discussion. The Ariscig specimens sgrce closely with the

description of Donald {1906) exccept in the prescnce of the
Flat cliter surface of the flange of which she makes no mention.

“ponald (1906) rccorded the species from Mulloch Hill,
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Lyrshire in strato also-of lower Llcndovery age.

TLoxoplocus (Tophospira) sp. A

(1. vII, fig. 15)

Figurcd matericl. Beechhill Cove Fu., USNM 169482 from USNM

Colln. 10115,

Description. Species of Loxoplocus (Lophospira) Whitfield,

1886 with about four whorls, Early whorls unknown. ILater
whorls with prominent flange the peripheral upper edge of
which is at thrce fifths of hcight of final whorl, at middle
of exposcd face of carlier whorls. Upper whorl surface
concuve, becoming convex iuaedietely bcelow suture with
provioue whorl to produce, in dcecteil, nsrrow but deop
suturcl indentation. Uppoer surface of flange flat, sloping
out and downwerds towards the shell periphory; outer surface
of flange shallowly concave between acute peripherel edge,
above, and obtuscly angulcr junction with outer whorl
surface, beclow. Outer whorl surface concave ond passing by
way of pronounced angulation onto uniformly convex basc.
Whorl cmbrocemvnt just below angular junction of outer whorl
surfacc wnd basc. Aperturce poorly known; inner lip sccringly
thickined cnd reflexed over minute unibilical perforationg
obscure growth lines on upper whorl surfeace indicating deep
sinug, posaibly with & slit on the outer surfacc of the
flange. Ornanentation poorly known, sceningly of growth

lines. 8Shell thickness and structure unknown,

Discussion. This species differs from Loxoplocus (Zophospira)

sedgwickii (. Donald, . 1906), above, in being lower spired
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and hoving & nore strongly defined flange. In addition, in

the lattoer the periphory is lower on the whorl face.

Loxoplocus (Iophospira) sp. B

(PL. VII, fig. T7)

Figured matericl. Becchhill Cove Fm., USNM 169485 from USNM

Colln. 10114 (1).

Discussion. This spe¢cies is known only from un cexterncl
nould of part of the finel whorl, The upper whorl surfuce
is inclined but becomes horizontal on forming the upper
surfacc of the peripheral flonge. The inclinction of the
upper whorl surface is nuch less thon that sceen in

Loxoplocus (Lophospira) scdgwickii (.Donald, 1906), ubove.

The outer surface of the flenge slopes down, acnd in towards
the base and hos o spiral cord at itse upper and lower cdges.
Inncdiotely below the flange, the whorl surface is excavated
but becomes convex with passage onto the snomphalous base.

In L. (Io.) scdgwickii ond L.{Io.) sp. 4, this subperiphcral

excavatced bond is better differcntisted and forms o well
marked outer whorl surface with o prominent acngular junction
with the base, The epcrture is poorly known, growth lines on
the base scemingly indicate o deep sinus at the periphery.
Prescrved orncmentation is confined to the bagse and consists

of growth lines and obscure spirel striac.
Subfamily RUEDEM/NNIINAE Knight, 1956

Genus LONGSTALFFIA Cossman, 1908
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Type species. Pleurotomeria tubulosa Lindstron, 1884,

Discussion. Knight et a2l (1960) referred Longstaffiac to

the Subfamily ILophospirinac Wensz, 1938. The relatively

wcll developed sclenizone and the acquisition of spiral
ornomentation on the base scem more chorccteristic of the
rucdenmenniinid Iophospiridae and the genus is accordingly

tronsferred to this subfomily.

Longstaffia contervillcensis (Foerste, 1923)

(p1. vII, figs. 9, 16, 20)

Lophospirz (Rucdcmenniz?) centervillensis Foerste, 1923,

p. 84-86' :Plu XIV, fig. 180

Figured material. Beechhill Cove F., USNM 188524 from USNM

Colln. 10115. Middle Ross Brook Fm,, YPM 28349 from Bambach

Colln. £3731(11).

£dditional matericl. Beechhill Cove ., sn additional

specimen on the saume slaeb as the figured spccinmen.

Description. Spccies of Longstaffia Cossman, 1908 with an

incremental anglc of about ninety degrees and at leest four
wvhorls, Barly whorls and umbilicsel characters unknown.

Upper surfacec of later whorls flattened, inclined; divided
into three spiral concave areaes by two prominent spiral
carinae, the lowermost of which is the locus of 2 narrow
selenigone. Below the selenizone the lowest concave arca

is stecply inclined and has its basel margin delimitced by the

first of a seriecs of closcly spacoed spiral cords which occupy
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the basce, the highest of these cords forming the whorl
periphery. Whorl embracenient at just below the third basal
cord, producing a gradate profile with deep sutural indcentation.
Latest growth stage with rcduction in cmphasis of the spiral
carinase and introduction of intercelated striac. Aperture
poorly knownj growth lines sweeping strongly backwards from

the suturc to the sclenizone; selenizone narrow, secmingly
convex between sgpiral threads; growth lines curving forwards
between selenizone and first basal cord, unknown on basec,.

Shell thickness and structurce unknowne.

Discussion. Foerstc (1923) described Longsteffis centervillensis

from shales below the Brassficld P, at Centcerville, Ohio which
appear to be equivalent to the lower Llandovery Belfast
Mcnber and, hence, of comparablc age to the Beechhill Cove

Fm. Longstaffis tubulosa (Lindstrbm, 1884), the type species

from the Homse Beds of Gotland, has & smallcr incrementel
angle and only three spirel clements below the sclenizone

compared to the nine or ten of L. centervillemnsis. Pitcher

(1939) referred specimcens from the upper ILlsndovery of

Shropshirc to Gyronena octaviun (d'Orbigny) vor. multicarinata

(Lindstrdm, 1884) while noting the presence of a 'band!?.,
GSM 56878, the original of Pitcher (1939, Pl. V, fig. 1) has

a profilc reminiscent of Longstaeffia and there is some

suggestion of an emarginetion in the rather poorly preserved
specinen. This specinen is quite unlike that illustrated as
Pitcher (1939, PL. V, fig. 3) which would appcar to be a
true Gyroncme Ulrich in Ulrich and Scofield, 1897 with no

sclenizone,

Tongstaffia sp.

(p2. vII, figs. 17, 18)
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Figured meterial. Beechhill Cove Fa., USNM 169487 from USNM

Colln. 10115.

Additional materizl. Beechhill Cove M., fragment on same

g8lab as Arjamannia cancellatula, USNM 188523, from USNM

Colln. 10115.

Description. Species of Longstaffia Cossman, 1908 in which

the nature of the umbilicus and the early whorls is unknown,
Final whorl grossly convex but modificd by pronounced spiral
ornamentation; embracing penultimate whorl below the periphery
such that sutural indentation deep, oversll, but shallow in
detail due to the spiral carinae, Shape of eperture poorly
known; outer lip with a narrow sinus passing into a slit which
generates a convex sclenizone at four fifths of the whorl
height on the outer cedge of & strong cerina; selenizone
bordered above aend below by fine threads. Spiral orncmentation
pronounced; & strong carine below the suture having an acute
crest and concave sides, the upper concavity extending to the
suture to produce the detailed shallow indentation, thc lower
concavity extending to the sclenizone~bearing carina which

is the nost comspicuocus ornamentcl feature., At least twelve
spiral elenients below the selenizone grade uniformly from
caringe to cords towards the basc with concave areas between
spiral clements in proportion to their width; first carina
below sclenigone forming shell peripherye. Thickness and

structurce of shell unknown,

Discussion. Iongstaffia sp. is distinguished from the

contenporancous L. centervillensis (Foerste, 1923) by its

narrowcr incrementel angle of scventy degrecese In the

latter species, which also hes a morc gradate profile, the
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incremental angle is near ninety degrecs.

Genus ARJAMANNIA gen., nov,

Derivation of nome, An arbitrary combination of letters in

the style of the name of the closely related Ruedemannis

FPoerste, 1914, Feminine.

Iype species. Murchisonie cancellotule M*Coy in Sedgwick

end M!Coy, 1852.
Diggnosiss Ruedemenniinid gastropods with reticulate
orncmentation and e tendency to develop a conical or

subconical spire,

Discussion. This genus includes members of that group of

upper Ordovicisn end Silurien species, characterised by
well developed spirel ornementetion, which heve previously

been referred to Iophospira Whitfield, 1886, (for example,

Longstaff, 1924; Pitcher, 1939). The shell is turbiniform,
commonly with o conical spire and adpressed whorls., The
base is convex and globose such that the apertural height
in many gpecies may constitute more than half of the total
height, though in the type species it is rather less,

There is nco umbilicus but the curvature of the base may
produce a shellow pseudo-umbilicus. A true slit is present
generating & convex selenizone which typicelly cerries a
strong median cord., Ornamentetion is reticulate with many
sharply defined, closely spaced, spiral lirae and transverse
growth lines, A prominent spiral cord is commonly
developed on the upper whorl surface, The shell is usually

thick, its structure is not known.,
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In addition to Arjommonia cancellatula (M!'Coy in Sedgwick

and M'Coy, 1852), A. woodlondi (Longstoff, 1924) and

A, oulongonensis sp. nov., described below, Pleurotomaria

inexpectans Hell cnd Whitfield, 1875 from the upper Llandovexry

Brassfield limestone of Ohio is referred to this genus.
Foerste (1923, p. 96-99) gave o full description of this
species but the only published illustration is the inadequate
original figure of Hnll cnd Whitfield (1875, Pl. 5, fig. 12).
The figure ond accompanying description were based on two
specimens in the collection of U. P. Jomes of Cincinnati.
Dr. Ko E. Caster (Univ. of Cincinnati; written communication,
1970) believes thot this collection woe proboably donated
to the Cincinnati Society of Neturol History, whose collections
are now located at the University of Cincinnati. However,
the specimens have not yet been found in the relevant
collection and it is fecred thot they may no longer exist.

In view of the leock of a suitable illustration,
adventage is toaken of this opportunity to figure o well

preserved specimen of A, inexpectens (Pl. VIII, figs. 2, 3,

6, 7). The specimen (USNM 85063) was collected from the
Braosafield limestone at Whippoorwill Church, Northeast of
West Union, Ohio, and is labelled !'typical! in Foerstet's

hand.,

Arjomonnis concellatule (M'Coy in Sedgwick and M'Coy,1852)

(p2. vIIzr, figs. 1, 4, 8, 10-12)

Murchisonia cancellatula M!Coy in Sedgwick and M!'Coy, 1852,

P 292-293’ Plo lL’ figs. 20’ 208-0

Lophospira cancellcotulas Longstaff, 1924, p.419-420,

Pl. XXXIII, figsa l, 2.

/3



Holotype. SM A34829, Mulloch Sandstone, lower ILlandovery,

Mulloch Quarry, Dclquorhan, Girvan, Ayrshire.

Other figured materinl. Becchhill Cove Fm., USNM 169484

from USNM Colln. 10134(1); USNM 169480, USNM 169483,
USNM 188523 from USNM Colln. 10115. SM A34830, Mulloch

Scndstone, lower Llondovery, Mulloch Quorry, Dalquorhan, Girvan,

Additional matericl. Beechhill Cove Fm., USNM Collections

10114(1), 10115, Jones Colln., Ar B. Cove loc. 4.(10 specimens).

BM G25427, from the same locality as the holotype.

Description. Type species of Arjamannia gen. nov. with

about five whorls. Spire conical with adpressed whorls;

whorl embracement at periphery of previous whorl, commonly
covering the peripheral selenizone. Peripheral angulation

at midwhorl dividing whorl profile into upper whorl surface,
above ,and convex base, below. Upper whorl surface steeply
inclined; divided into two shallowly concave surfaces in

ecrly growth stages by o prominent spiral cord haolfway

between selenizone end suture; reduction in relief of cord

in later growth stages producing a flottening of the surface

as o whole. Whorl initially vertical below selenizone but
increaging in curvature to form inflaoted base; pseudo-umbilicus
shallow., Apcrture subquadrate; growth lines prosocline omn
upper whorl surfoce at about sixty degrees to the suture

before curving backwards into the slit of unknown depth;

growth lines curving forwards on vertical whorl surface

below selenizone prior to passing radially, with slight forword
concavity, across base and into pscudo-umbilicus. Sclenizone
convex between bordering cords; ornamcentation of numerous

concave lunuloe crossed by o medicn spirsl cord. Shell
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ocrnomentation of spiral lirse and growth elements of equal
size intersccting to form o fine reticulation with smoll
nodes ot the intersections; o promincent spiral cord is
commonly present on the upper whorl surface. Shell

scemingly thick; structure unknown,

Discussion. Arjamannia inexpectans (Holl and Whitfield,

1875) from the upper Llandovery Brassfield limestone of Ohio

is to be distinguished from A, caoncellaotula by its lower

spire and more inflated base. In USNM 85063, the illustrated

specimen of A. inexpectans (Pl. viii, figs. 2, 3, 6, 7), the

incremental angle is about eighty degrees compared with sixty

degrees in L. coancellatula. The holotype of A. concellatuls

is a rather poor steinkern with parts of four whorls prescrved,
The carlicr whorls have o rounded profile but o strong
periphercl cngulotion at midheight of thce finel whorl

delimite the convex basce from the flat, inclined, upper whorl
surface. A poratype, SM A34830, preserves the reticulate
ornomentation., No stronger spiral element is scen on this
final whorl but at least one strongser cord is present on the
upper surface of the penultimete whorl.,

One of the major sources of variation in A, cancellatulc

is the exnct position of whorl embracement. This may vary
from below the whorl periphery, as in BM G25427! o topotype
figured by Longstaff (1924), to just above the .periphery.
In the former cose the perfection of the conical spire is
lost but all details of the scelenizone in early whorls may
bc seen, In the latter, linear sutures are produccd and the
sclcenizone may be portly or completely covered by the

following whorl.
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Arjomennia woodlandi (Iongstaff, 1924)

(p1. VIII, figs. 18, 19)

Lophospirs woodlondi Longstaff, 1924, p. 418, PL.XXXIII,
figs: Ta, Tb.
do. ; Pitcher, 1939, p. 88-89, Pl. II,

figs, l-4.

Figured material., Becchhill Cove Fm., USNM 188521 from USNM

Colln. 10819, Wallacce Brook, Pictou Co.

Description. Somewhat gradate species of Arjomonnio gens nov.

with about four whorls. Eaorly whorls unknown. Whorl profile
with periphersl angulation at just cbove midwhorl height, o
littlce below the middle of the exposed whorl face of earlier
whorls., Uppcr whorl surface flattened, gently inclined, with
o prominent subsutural cord producing a slight shouldering
of the whorl and dividing the upper whorl surface into two
shollowly concave surfaces. Below periphery, outer whorl
surface flattened, sloping down and inwards towards the base
prior to possing ropidly onto the relatively shallowly

convex basec. Anomphelous. Whorl embroacement at junction
between outer whorl surface ond basci sutural indentation
deep for thce genus. Inner lip thickencd; basal lip

seemingly convex oanteriorly; outer lip deeply sinuate

with strongly prosocline growth lines on upper whorl

surface passing into o slit which generates 2 sclenizone

on the periphcrzl angulation. Ornomentation of shorply
de¢limited, regularly spoaced growth lines and spiral lirce
with o prominent subsuturcl cord and a morce subdued suprasutural

spiral elcment. Shell thickness and structure unknown.
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Discussion., Arjamannia woodlandi is distinguished from

A, cancellatula, A. inexpectans, above, and A. aulangonensis

sp. nov., below, by its greater sutural indentation and
leck of adpressed whorls. In this respect, there is

similarity in form with many species of Ioxoplocus (ILophospira)

Whitfield, 1886 but the true slit and reticulate orncmentation
seem to justify placement within Axjomcnnia. The Ariscig
specimen hos a more shollowly inclined upper surface than

the specimens illustrated by Pitcher (1939) from the upper
Llandovery of Shropshire and is o little taller than wide.

The Shropshire specimens, and the origincl specimens of
Longstaff (1924) from the middle Llendovery of Girven, are
reportedly slightly wider than t2ll. Orncmentation is poorly
preserved in the single excmple from Ariscig, the specimen

cpparently having been abraded,

Lrjomonnio culangonensis sSp. nove.

(P1. vIII, figs. 13, 14)

Holotype. Doctors Brook Fm., USNM 169469 from USNM Colln.

10919.

Additional matericl. Three frogments in the same collection.

Description. Species of Lrjomannio gen, nov. with at lecst

four whorls. Spire conicol with adpressed whorls covering
the periphercl selenizone of earlier whorls and the lowver
mergin of the selenizone of the penultimate whoxrl. Upperxr
whorl surface steeply inclined with strong spiral cord ot
just above midheight. ILower whorl surface uniformly convex,

external features unknown. Aperture subquadrate; inner and
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bosal lips unknownji growth lines prosocline on upper whorl
surface before curving backwards into a slit of unknown
depth. Selenigone relctively wide, shallowly convex between
two bordering threads; ornamentation of regularly spaced
concuve lunulae crossed by a median groove, the edges of
which are marked by fine spiral strioce. Shell ornomentation,
o, reticulation of equally develcoped spirel lirce ond growth
elements with small nodes at intersections., Shell secemingly
thin but thickened ot the sutures due to the whorl adpression;

structure unknown,

Discussion. Arjcmonnic culongonensis is distinguished from

Le concellotula ond L. inexpectans by its wider selenizone

with 2 medizcn groove. In the latter two species, from the
Llendoverion, the sclenizone is narrow with o strong spiral

cord. L, woodlandi, cnother Llandovery species, has a more

gradate profile with well developed sutural indentoation in
contrast to the conical form and flat sutural indentation of
the othcer species. The subsuturnl thickening of the shell

associcted with the adpressed whorls in L. culongoncnsis

is well illustrcoted by comporing the silicon rubber impression
of the externcl mould of the holotype (Pl. VIII, fig. 13)

with the notural internal mould of the same specimen (Pl. VIIT,

fig. 14).

Fomily PHANEROTREMATIDLE Knight, 1956

Genus PHLNEROTREM. Fischer, 1385

Type species. Plcurotomaric lcobrosa Hell, 1860.

Phonerotreme, Fischer, 1885, p. 851,

Pscudoscalites Boucot and Johnson in Boucot et _ol, 1966,

8 ﬂ P. 41.




Discussion., Boucot and Johnson in Boucot et al (1966)

erected Pseudoscalites with type species Plcurotomoric labross

Lindstrdm, 1884 non Hall, 1860, renamced by them Pscudoscclites

lindstrcemi. There are o number of similor species known

from the Silurian and Devonion and, following exocmination

of some of these, it is suggested that Psecudoscoalites falls

within the limits of the rother variablc genus Phoncerotrems

of Fischer, into thc synonymy of which it is placecd.

Phonerotreme affin, Ph. jugosum Pitcher, 1939

(p1. VII, figs. 12, 13)

Pigurcd motericl. Beechhill Cove Fm., USNM 188520, USNM

169478 from USNM Colln. 10116.

Additional material. /Lbout 30 specimens from the some

collection.

Description. Specics of Phanerotreme Fischer, 1885 probably

with four whorls. Shell gradate with flattened upper whorl
surfaoce passing vio peripheral angulotion ot two thirds of
whorl height onto strongly convex base. Final whorl
cmbracing penultimate whorl below periphery such that cexposed
whorl face of penultimate whorl overhangs the final whorl;
sutural indentoation dcep. Umbilicus norrowly phoneromphalous,
about onc twentieth of total width. Aperture poorly known;
basal lip rounded; slightly discontinuous growth lines on
upper whorl surface indicate strongly prosocline lip passing
into o slit of unknown depth which generates o seleniszone

on the upper outer edge of the angular periphery; prosocyrt

growth linces on basc. Sclcenigone varying from flush with
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surfoce to roised; surfoace flat, sloping down ond outwards
from the base; bordered by spiral lirae; orncmentation of
numerous shollowly crescentic lunulatc and o submedion spiral
groove. QOrnamentation of upper whorl surface consisting of
cbout five spiral cords and lirae; at least twelve spircl
clemcents on the bose; intersections with growth lines nodose.

Shell thin, structure unknown.

Discussion. This specics is close to Phancerotrema jugosum

Pitcher, 1939 from the upper Llandovery of Shropshire but
ig distinguished by having about five spiral cords on the
rompe Ph. jugosum has two or three strong spiral coxrds,

the American Silurian spccics Ph. occidens (Hall, 1867) has

about nine,and Ph. lindstroemi (Boucot and Johnson in Boucot

et 2l, 1966) has o smooth uppcr whorl surface. The development
of the flange carrying the scelenizone would seem to be o
fecture of maturity since it is commonly loacking in smeollexr

spcecimens.

Genus BRACHYTOMARIA Koken and Perner, 1925

Type specicse. Pleurotomaria baltica de Verneuil, 1845.

Brachytomaric sp.

(Pr. VIII, fig. 15)

Figurced moterial. Uppcr Stonchouse Fm., YPM 28326 from

Twenhofel Colln. 1%e/3032.

Discussion. The only known specimen, crushed in shale, is

epporently turbinform with o gradate profile. Umbilicel
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chorocters cre unknown. The peripheral selenizone is located
on the upper edge of the angulation between the upper whorl
surface and the base and is reoised, with the surface concave
betwean bordering spirsl lirze. Circularly concave lunulae
ore numerous, Two prominent spiral cords occur above the
sclenizone and aore crossed by shorply defined ornmamentoation
poralleling growth. This growth orncmentotion is prosocline
immediotely below the suture but, after crossing the subsutural
cord, curves forward ond is thereafter prosocyrt. A minor
cmargination, in addition to the slit, is consequently
present high on the upper whorl surface. Bifurcation of the
growth ornoment and intercalation of equally prominent
secondary ribs tokes pleoce at the deepest point of this
second emarginction. The noature of the unusual ornocmentation
perelleling growth is close to that seen in specimens in the
UeS. Notional Museum which cre attributed to the type species.

However, Brachytomaria baltica (de Verneuil, 1845), which

is apparently the only documented species, is restricted to

the Middle Qrdovician of the Baltic.

Family UNCERTAIN

Genus PLATYCONUS Perner, 1907

Type speccies. g}eurotomaria (Platyconus) incumbens Perner,1907.

Platyconus(?) sp.

(P1. X, fig. 21)

Figurcd material. Upper Stonchouse Fm., GSC 32783 from GSC
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Discussion. This large, poorly preserved specimen hos the

low spire and convex whorls displayed by Platyconus carinatus

(sowerby in Murchison, 1839) from the Imdlovian of the

Welsh Borderlands. The characteristic ornomentoation of
spiral co?ds crosscd by prominent growth elements is not
prescrved, But ¢ ramp on the lower part of the final whorl

is suggestive of the raised sclenizgone found in Sowerby's
species and in the type species from the Budnanium of Bohemica.

Prosols rium scalatum Northrop, 1939, one of three specics

described end referrcd to Prosolorium by Northrop (1939)

on the basis of poorly preserved material from the ILmdlovian
of Goapé, hos o similor profile to the Arisaig espccimen -
rather too high spired, with more convex whorls and deeper

sutural indentation than secems usual for Prosolarium,

Superfamily TROCHONEMATACEA Zittel, 1895

Fomily TROCHONEMATIDAE Zittel, 1895

Undetermined trochonematid genus and spcecies.

(p1. 1IX, fig. 24)

Figured motericl. Stonehouse Fm., USNM 192115 from

Schuchert Colln. 53.

Additional mgterial. One other specimen in the same collection.

Discusgion. The illustrated, lorger exnmplc of this
turbiniform species is an internal mould of four whorls with
adhering shell fragments. The final whorl is convex with

o peripheral flot band suggestive of o selenizone or
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pseudoselenizone. A subsutural cord is present and it would
appear that the ornamentation is formed of spiral lirae and
intervening concave areas crossed by fine growth lines,

The previous whorl, egquivalent in growth stage to tﬁé’final
whorl of the other gpecimen, lacks the convexity of the
final whorl and has a tendency to develop a trochonematiform
profile of flattened whorl surfaces bearing an angulexr
relationship to each other., There is some similarity to

Proturritellsa gracilis Koken, 1889 from the niddle Ordovician

of the Baltic in whorl proffile and ornamentation but the
imperfect preservaotion of the Ariscig specimens hinders

further comparison,
Suborder TROCHINA Cox and Knight, 1960
Superfamily PLATYCERATACEA Hall, 1859
Fomily _HOLOPEIDAE Wenz, 1938
Subfemily HOLOPEINAE Wenz, 1938

Genus HOLOPEA Hall, 1847

Type species. Holopea symmetrica Hall, 1847.

Holopeao sp.

(1. IX, figs. 18, 21)

Pigured materiale. Upper Ross Brook Fm., YPM 28333 from

Bambach Colln. A3592(95); YPM 28334 from Bambach Colln.

A3759(84).

Additional material. Upper Ross Brook Fm., abundant in

Bombach Colln. A3592(95) but also Bambach Collections A3583(72),
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A3586(78), A3759(84), A3760(80); Twenhofel Colln. 175/3032(70)%
USNM Colln. 10129(100). ILower McAdam Brook Fm., Bambach

Collections A3604(181), A3606(187), A3611(194).

Description. Species of Holopea Hall, 1847 with at least

four whorls. Nuclear whorls unknown. Iater whorls with
circulor profile. Whorl embracement at well below the
periphery of the previous whorl producing deep sutural
indentotion. Umbilicol chaoracters unknown., Aperture poorly
known, seemingly simple; growth lines indicating orthocline
outer lip. Orncmentation of growth lines onlye. Shell

seemingly thin, structure unlkmown,

Discussion. This species differs from the type species,

Holopea symmetrica Hnll, 1847 from the Ordovician of

New York State, in having a slightly greater rate of whorl
exponsion os shown by the relatively larger final whorl.

Holopeco striotella (Sowerby in Murchison, 1839) from the

upper Ordovicion of Shropshire has similar proportions to
the Ariscaig exomples and Sowerby (in Murchison, 1839, p. 642)
comments on the presence of !'fine longitudinal lines of
growth'!, such as are present here.

Undetermined holopeid genus ond spcecies

(P1. IX, figs. 19, 20)

Figured motericl. Middle Ross Brook Fua., YPM 28336 from

Bombach Colln. A3556(16).

Additional material. One other specimen in the same
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Discussion. .A ‘turbiniform, minutely phonerompholous species

from the Middle Ross Brook Fm. is characterisced by strong
spiral lirae which are located mainly below the periphery of
the rether globose whorls. Whorl embrocement is low on

the previous whorl. producing deep sutural indentaotion. The
aperture is imperfectly known but growth lines indicate a
necrly orthocline outer lip. The figured specimen shows
ports of two whorls with cbout fifteen spiral liraoe and
intervening spirol concavitics on the base of the final
whorl. In addition, the penultimate whorl has less well
pronocunced ond mare widely spaced lirac on the outer whorl

surface., Threavia gulosa Lomont, 1946 from the Ashgillion

of the Girvon district is distinguished by only hoving o
single spiral lira on the lower part of the whorl. In
Gyronema Ulrich in Ulrich znd Scofield, 1897 fewer, ond
relotively more cocrse spircl lirae ore distributed over 2ll

the whorl surfocc.

Genus HAPLOSPIRA Koken, 1897

Iype specics. Haoplospiro variablis Koken, 1897.

Discussion. Knight c¢t ol (1960) considered Hoplospira to

be o junior subjective eynonym of Holopea Hall, 1847. The
choracteristic fecture of Koken's genus is o prominent
subsutural carino which is herce considered to be sufficiently

distinctive to merit full generic rcecognition,
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Hoplospira sibeliuxeni spe. nov.

(1. 1IX, figs. 14, 15)

Holotype. Upper Stonechouse Fm., USNHM 192116 from USNM Colln,
10206(501).

Additional motericl., A specimen located on o small slab

with the holotype of 'Holopealreversa Holl, 1860, AMNH 1648,

also from the Stonchouse Fm,

Description. Species of Hoplospira Koken, 1897 with about

four whorls. Nuclear whorls unknown. Iater whorl profile
convex, with slight flaottening of the upper whorl surfoce;
periphery ot midwhorl., Whorl embracement at periphery of
previous whorl; sutural indentation shallow but somewhat
enphasised by the subsutural carina. ALperture poorly known;
growth lincs indicating a slightly prosocline, almost
orthocline, outer lip. Ornomentotion of growth lines with
e strong subsutural carina producing a slight shouldered

effect on the final ﬁhorl. Shell thick, structure unknown,

Discussion. The type moterials of Heoplospira voariablis

in the collections of the Naoturhistoriska Riksmuseet,
Stockholm have morce convex whorls and deeper sutural
indentation, with the subsutural carinc lower on the whorl

face. !'Turbo pengellii! Whidborne (1891, Pl, XVII, fig. 14;

1892, Pl. XXVII, fig. 7) from the Devonion of Southwestern
England has grossly similaor form but is too poorly known

for detailed comparison to be mede, *Cyclonema! zonctum

Lindstrdm, 1884 from the Imdlovian Hemse Beds of Gotland

rcsembles H, sibeliuxeni closely in terms of profile but is
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distinguished by its spiral ornamentation, The generic
position of Lindstrom!s species is uncertain although it
is certainly not o Cyclonema Hall, 1852,

Subfamily GYRONEMATINAE Knight, 1956

Genus GYRONEMA Ulrich in Ulrich and Scofield, 1897

Type speciess Trochonema (Gyronema) pulchellum Ulrich and

Scofield, 1897,

Gyronems haoliburtoni (McLearn, 1924)

(P1. IX, £ig. 25)

Cyclonema holiburtoni McLearn, 1924, p. 147, Pl. XXI, fig.5

Holotype. Ross Brook Fm., YPM 462B from the coastal scction,

Arisaig.

Additional materiole Common in the lower part of the Upper

Ross Brook Fm,., Bamboch Collections 43565(51), A3566(50),
43567(49), 43570(38), 43577(59), A3578(60), L3739(47=),
i£3742(48), 43743(56), 43744(57), A3885(53); Twenhofel
Collections 179/3032(62), 179b/3032(61), 180/3032(54);

Jones Colln. Ar 1900.

Description. Spccices of Gyronema Ulrich in Ulrich and
Scofield, 1897 with about five whorls. Nuclear whorls
unknown., Profile of later whorls scemingly uniformly convex
with periphery at mnidwhorl height. Whorl embracement low on

previous whorl producing deep sutural indentetion. Umbilicus
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poorly known, seemingly minutely phaneromphelous, Growth
lines indicating slightly prosocline outer lip; basal and
inner lips unknown. Ornamentation of growth lines crossing
regularly spaced spiral lirae and concave interstices, with
obscure spiral strice between the lirae. Shell thickmess

and structure unknown.

Discussion. Gyronema haliburtoni differs from most of the

vorieties of Gyronema octavia (d'Orbigny, 1850) illustrated

by Lindstrbtm (1884) and Donald (1905) by virtue of its more
convex whorls and deeper sutural indentation. The holotype
most closely agrees with Lindstrom's (1884, Pl. XVIII, fige.

31, 32) variety multicarinanta from the Mulde Beds of Gotland

in terms of profile but this form is said to have more
cbundant spiral ornomentation. Pitcher (1939) referred an

upper ILlandovery species to G. octavia var. multicarinate

end one of the specimens illustrated by him (Pitcher, 1939,
Pl. V, fige 3) ocppears to have the more circular profile

characteristic of G, haliburtoni. As previously noted,

GSM 56878, the original of Pitcher (1939, FPl., V, fige. 1) is

probably better placed within Iongstaffia sp., described

above. 8Specimens in Yole Pecbody Museum from the Silurian
near Cumberlond, Maryland, U.S.4A. are also assigned here.
The holotype has parts of three wharls prescrved, the final
onc showing seven lirce with possibly three more mnot exposed.,
Undetermined gyronematinid genus and species

(PL. IX, fig. 10)

Pigured material. Moydart Fm., YEM 28346 from USNM Colln.

10853(292), Sutherlaond River, Pictou Co.
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Discussion. This single extermal mould has three preserved

whorls indicating an overall subtrochoid form. Below the
suture the whorl profile is concave but soon becomes convex
prior to passing repidly onto the convex base. Maximum whorl
width is below midwhorl height. Whorl embracement is just
below the periphery of the previous whorl producing shallow
sutural indentation. The aperture is unknown but growth
lines show the prosocline nature of the outer lip. Ornamentatim
is of spiral lirae and intervening concave areas, becoming
finer away from the preceding suture. The final whorl has
about twelve lirae above the periphery. A4lthough assigned

to the Gyronematinoe, the generic position of this species

is uncertain. The cdpressed subsutural area and the spiral
ornamentation find no close equivalent in other members of
the subfamily but the moterial is insufficient to delimit

& new genus,

Fomily PLATYCERATIDAE Holl, 1859

Genus NATICONEMA Perner, 1903

Type species. Naticonema similare Perner, 1903.

Naoticonema koauffmani sp. nov,

(P1. IX, figs. 12, 13, 16, 17)
HOlOQeO.? Spo; MOLearn, 1924, p. 148’ Pl. XXI, fig. 2.

Holotype. Beechhill Cove Fm., YPM 462, from West Point,

Beechhill Cove, Arisaig.
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Other figured material. Beechhill Cove Fm., USNM 169479, a

small slab and counterpart with Phanerotrema affin. Ph, Jjugosum

Pitcher, 1939 from USNM Colln. 101ll6.

Description. Species of Naoticonema Perner, 1903 with about

three rapidly expanding whorls: Nuclear whorls unknown.,

Whorl profile globose, naticiform, with incised sutures;

whorl embracement at periphery of previous whorl. Anomphalous.
aperture ovate, slightly taller than wide; columellar lip
thickened with a dcep median groove delimiting the acute
pceristomial margin from a massive columella; outer 1lip
irregular, with decp emarginations, Ornomentation of

cord-like growth lines. Shell thin, structure unknown.

Discussion. This species is distinctive with regord to the

structure of the columellar lip. The massive columella is
Jongitudinally excavated on its axial side so as to be
scparated from the acutce peristomicl margin by a deep groove,
The groove narrows and disappears on approaching the parietal
and basal terminations of the lip. Immediately behind the
morgin of the peristome, a wide channel parallels the arcuate
edge of the lip from the parietal cxtremity to the base,
falsely suggesting the presence of on umbilicus,.

Neticonems similare Perner, 1903, as illustrated by

Knight (1941, Pl. 89, figs. la-d), has & plate-like columeller
lip which is also excavated medially. However, the columella
is not so magsively developed, relative to the peristomial
margin, ond the unusual chamnel behind the arcuate margin of

the lip is not present. N. similare has prominent spiral

ornamentation but Knight (1941, P 205) commented on the
cxtreme veriability of this and other characters in the sample

aveilaoble to him. In Strophostylus Hall, 1859 the outer lip
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is characteristically strongly proscocline, §J, andrewsi Hall,

1860, the type species from the Devonian of Maryland, has a
spiral plate~like extension of the columella into the shell
interior quite unlike the thickened columellar lip of

N. kauffmeni. S. cyclostomus Hall, 1863 from the Waldron

Shale of Indiana has a medially excavated columellar lip not
unlike that seen in the Ariseig species but also develops
e thick parietal deposit on the base of the previous whorl.,

No equivalent deposit has been observed in N. kauffmeni.

The holotype of N. kauffmani, YPM 462A (Pl. IX, figs. 13,

17) retains traces of the prominent growth ornamentation
which indicate two emarginations in the outer lip, one
above and one below the periphery. In USNM 169479 (Pl. IX,
figs. 12, 16) there is a single wide emargination occupying
much of the outer surface of the whorl. Such variation in
the form of the aperture is well known within the Platyceratidae
due to the adaption of many species to a sedentary life on
crinoid and cystoid calices. The conformity between the
apertural margin of the gastropod and the variable surface
of the echincderm calyx produces many irregularities in the
shape of the aperture of the former, few of which are of any

taxonomic importance.

Genus CYCIONEMA Hall, 1852

Type species. Pleurotomaria bilix Conrad, 1842.

Subgenus CYCLONEMA (CYCIONEMA)

Cyclonema (Cyclonema) parvimedium McLeaorn, 1924

(F1. X, figs. 1-4)
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Cyclonema parvimedium McLearm, 1924, p. 146, Pl. XXI,

figs. 13, 14.

Holotype. Beechhill Cove Fm., GSC 5655 from Arisaig.

Other figured material. Beechhill Cove Fm., USNM 169475,

USNM 169476, USNM 169477 from USNM Colln. 10114(1),

Additional material. Beechhill Cove Fm., about twenty five

epecimens from USNM Collections 10114(1), 10115. Jones
Colln, Ar B. Cove loc. 4;SM A3239]1 from Gasworks Mudstone

lower ILlandovery, Pembrokeshire.

Description. Subtrochiform species of Cyclonema (Cyclonema)

Hall, 1852 with about four rapidly expanding whorls. Nuclear
whorls unknown. Rinal whorl with narrow, rounded shoulder
passing onto slightly convex, inclined outer whorl surface
which becomes vertical immediately prior to curving sharply
onto the flat base. Whorl embracement at periphery of previous
whorl; sutural indentation shallow, Aperture subtrigonal;
inner lip thickened, with longitudiaal opercular groove;
basal lip simple, rounded; outer lip strongly prosocline.
Base of previous whorl covered by thick parietal deposit
entirely within the aperture of the following whorl.

. Ornamentation of alternating spiral cords and threads crossed
by strongly prosocline growth lines and undulations. Shell

thick; structure unknown.

Discussion. Cyclonema (Cyclonemsa) daytonense Foerste, 1899

from the I landovery Brassfield Fm. of QOhio, Illinois and

Missouri is very similar to C. (C) parvimedium in terms of

ornamentation although large individuals of the formexr may
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develop stronger spiral cords. In C. (C) daytonense the

rate of whorl expansion is less, producing a relatively
smaller final whorl, while the relative width is also greater.
The increased convexity of the whorls in Foerste's species
gives rise to wider, more deeply indented sutures. C. (C.
crebistria (M!'Coy) var. rugatum Pitcher, 1939 from the upper
Llendovery of Shropshire has similar ornamentatiqn but is
characterised by the lower, more vertically compressed form

of ¢. (C.) deytcnense. C. (C.) bellulum Billings, 1866, as

figured by Twenhofel (1928, Pl. XLIII, figs. 9, 10) and
Bolton (1972, Pl. XI, figs. 5, 6) from the lower Silurien
of Anticosti Is., has a similar rate of whorl expansion but

differs in its more convex profile. C.(C.) varians Billings,

1859 of Twenhofel (1928), ancther Anticosti Is. species, is
delimited by ite turbinate form.

The single specimen in the Sedgwick Museum from the
Gasworks Mudstone of Pembrokeshire referred to this species
has the subtrochiform spire and alternation of coarse and

fine spiral elements in the ornmamentation well displayed.

Cyclonemae (Cyclonemz) lydiamariarum sp. nov,.

(PloIX, figSo 5' 9’ 1—1; Pl. 'I, fig. 20)

Holotype. BM PG5000, upper Iudlow, loose block by waterfall,

270 yds. SW of Stone House, Felindre, Radnorshire (GR 175802).

Other figured moterial. Upper Stonehouse Fm., Arisoig,

YPM 28335 from Bambach Colln. A3717(437). BM PG5001 from

the same block as the holotype.

Description. Small, relatively gradote species of
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Cyclonema (Cyclonems) Hell, 1852 with about three and a

half whorls. Whorl profile with narrow subsutural shoulder;
convex outer whorl surface increasing in curvature with

passage onto the convex base; periphery of whorl below midwhorl
height, Whorl embracement at periphery of previous whorl;
sutural indentation deep. Nature of base and umbilicus
unknown. Aperture poorly known; growth lines indicating
étrongly prosocline outer lip. Ornamentation of numerous
spiral cords and intercalated threads crossed by fine growth

lines, Shell thickness and structure unknown.

Discussion, Cyclonema (Cyclonema) lydiamarisrum is

distinguished from C¢. (C.) pervimedium McLearn, 1924 from

the Beechhill Cove Fm, by its smaller size, more convex whorls
and base and greater sutural indentation, Both species have
similar ornamentation of alternating spiral cords and threads

crogssed by fine growth lines. C. (c.) daytonense Foerste,

1899 and C. (C.) crebistria (M'Coy) var. rugatum Pitcher,

1939 from the Llandovery of the Mid West and Shropshire,
respectively, have less rounded whorls with more open sutures.
Only one crushed specimen is known from Arisaig but

there seems little doubt that this is identical with the

better preserved specimens from Radnorshire.

Genus PLATYCERAS Conrad, 1840

Type species. Pilcopsis vetusta J. de C. Sowerby, 1829.

Subgenus PLATYCERAS (PLATYOSTOMA) Conrad, 1842

Type species. Platyostoma ventricosum Conrad, 1842,
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Platyceras (Platyostoma) of. B. (P1l.) humilis (Billings, 1866)

(P1. x, fig. 23)

Figured material. Middle Ross Brook Fm.,, USNM 169490 from

USNM Colln, 11291, Pictou Co.

Additionael material. Middle Ross Broock Fm., USNM Colln. 11224,

Pictou Co.; Bambach Colln. A3732(13).

Discussion. Poor specimens from the Middle Ross Broolk Fm.
show the rapidly expanding turbinate form characteristic of
Billing's (1866) species from Anticosti Is. Ornamentation
consists of somewhat irregulerly spaced and slightly rippled
spiral striae, with flat intervening areas, crossed by
prosocline growth lines. Similar ornamentation is seen in
specimens in the Fcerste Collection of the U.S. National
Museum from the Brassfield Fm. of Qhio, referred to

Platyceras (Platyostoma) clintonensis (Foerste, 1923).

Platyceras (Platyostome) cornutum (Hisinger, 1837)

(Pl. X, figs. 5, T7-12, 14)

Pileopsis cornuta Hisinger, 1837, Pl. 12, fig. 11.

Platyceras cornutum; Lindstrdm, 1884, p. 63, PlL. 2,

Diaphorastoma cornutum var. erisaigensis McLearn, 1924,

Pe. ]'-48’ Pl. XXT1, figs., 8-10.

Holopea caecistriata McLearn, 1924, p. 147, Pl. XXI, fig. 1.

Figured materiel. French River Fm., USNM 188522 from
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USNM Colln. 10158, the iron ore mine NE of Arisaig Brook.
Moydart Fm., USNM 192117 from USNM Colln. 10175; GSC 33271,
GSC 33272 from Jones Colln. Ar Mo 5500; GSC 33273 from
Jones Colln. Ar Mo 4980. Stonehouse Fm., G3SC 5656, GSC 5657

from Arisaig shore.

Additional material. Glencoe Brook Fm., USNM Colln. 11262

from Pictou Co. French River Fm.; USNM Colln, 10153, Doctors
Brock Fm., USNM Colln., 10164(123)., McAdam Broock Fm., USNM
Colln. 11217 from Pictou Co. Moydart Fm., USNM Collections
10174, 10175, 10181, 10183(315); Twenhofel Colln. 102/3032;
Schuchert Colln. 52B; Jones Collections Ar Mo 4700, Ar Mo 5300,
Ar Mo 5420, Ar Mo 5450, Ar Mo 5500. Stonehouse Fm., USNM
Collections 10211, 10910(496); USNM Colln. 11214 from

Cape George, N. Se.; Schuchert Collections 49D, 53.

Discussion. The concept applied to this species is

essentially that employed by Lindstrom (1884, p. 62) due to
the ",..almost incredible variation in its shape and growth.,"
As such, a varied and stratigraphically widely distributed
group of fossils are included. The shell is naticiform,
reflecting the rapid rate of whorl expansion, with the spire
commonly sunk below the level of top of the final whorl at
the aperture. The whorl profile is strongly convex and
usually smcoth although specimens from the Moydart Fm.
commonly develop spiral plications. Whorl embracement is
high on the whorl profile with the strong adapical convexity
of the upper surface of the embracing whorl producing deep,
channel-like sutural indentation. Apertural shape varies
conaiderably but growth lines indicate a grossly prosocline
outer lip with many irregular emarginations (text-fig. 12B).

The inner lip may be thickened but apparently not so as to
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close the minutely phaneromphalous umbilicus. Ornamentation

is of growth lines and irregular varices, sometimes with

well marked spiral threads in earlier growth stages only.

The shell is of variable thickness, its structure is unknown.
USNM 192117, an internal mould from the Moydaxrt Fmi,

shows a single, large muscle scar on the final whorl about

one quarter of a whorl back from the aperture (Pl. X; fig. 5)¢
O0f the many different shell forms illustrated by

Lindstrom (1884) from the Silurien of Gotland, those shown

as figs. 31~33 on Plate II most closely approach the

Arigsaig specimens. The holotype of Holopea caecistriata

McLearn, 1924 is merely a Jjuvenile form with well developed

spiral ornamentation,

Undetermined trochinid genus and species

(P1. VIII, fig. 9)

Figured material. Beechhill Cove Fm., USNM 169486 from

USNM Colln. 10115.

Discussion. This single fragmentary external mould preserves
the impression of parts of two whorls. The shell seems to be
subtrochiform with a convex base and moderately elevated
spire. The upper whorl surface is convex, becoming vertical
prior to passage into a deep spiral chamnel at about two
fiftha of the whorl height. A strong peripheral carina is
located immediately below this channel at the junction between
the upper whorl surface and the base, A fine reticulate
ornament of spiral lirase and growth lines is seen on the

base. The specimen is quite unlike any known Palaecozoic

specice but would appear at least superficially similar to
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certain members of the Mesozoic subfamily Proconmulinae of
the Trochidae. However, in the Arisaig specimen the growth
lines on the lower part of the whorl are orthocline as
distinct from the strongly prosocline condition characteristic

of many trochids.
Suborder NERITOPSINA Cox and Knight, 1960
Superfamily NERITACEA Rafinesque, 1815

Family NERITOPSIDAE Gray, 1847

Subfamily NATICOPSINAE S.A. Miller, 1889

Genus NATICOPSIS M'Coy, 1844

Type species. Naticopsis phillipsii M*'Coy, 1844.

Naticopeis trevorpatriciorum sp. nov.

(pr. X, figs. 1-4, 6-8; P1. X, fig. 18)

Natica gloucinoides; J. de C. Sowerby in Murchieon,

1839, p. 603, Pl. 3, fig. 14.

Naticopegis? glaucinoides; M!'Coy in Sedgwick and M'Coy,

1852’ p' 302’ Plo lK, fig. 35-

non Natica gloucinoides J. Sowerby, 1812, p. 19-20,

Tab, V, fig. 1.

Holotype. Green Member, Moydexrt Fm., YPM 28332 from

Twenhofel Collmn. 103a/3032(291).

Other figured materinl. SM A37091, Kirkby Moor Flags

sensu lato, Benson Knot, Westmoreland (seemingly Whitcliffion-

Downtonian Kirkby Mocor Flags sensu stricto and Scout Hill
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Flags of Shaw, 1971). BM BG5005, BM PG5006, BM PG5007,
BM - PG5008, from upper ILudlow, 270 yds. SW of Stone House,

Felindre, Radnorshire, (Grid Ref. S0 175802).

Additional material. Moydart Fm., Green Member, Schuchert

Colln, 52B; Jones Colln. Ar Mo 5450 (4 specimens). Upper
Ludlow of Felindre, Radnorshire, GSM Geol. Soc. Coll . 6694,

the figured specimen of Sowerby in Murchison (1839).

Description. 8pecies of Naticopsis M!'Coy, 1844 with about

five raopidly expanding whorls; apertural height about two
thirds of total, Whorl profile uniformly convex, globose,
commonly with subsutural shoulder. Whorl embracement at
periphery of previous whorl producing deep, wide sutural
indentation, Anomphalous. Aperture imperfectly known;
columellor 1lip thickened, seemingly smooth; growth lines
indicating slightly prosccyrt, almost orthocline, outer lip.
Orncmentation of fine growth lines which moy become rugose in

later growth stages. Shell thick, structure unknown.

Discussion. Notica glaucinoides wos described by J. Sowerby

(1812) from the Tertiary ILondon Clay. The misidentification
of this species in the upper Ludlow strota of Felindre,
Radnorshire by J. de C. Sowerby in Murchison (1839) wes noted
by M'Coy in Sedgwick and M'Coy (1852) when he tentotively

transferred the Silurion species to Naticopsis. However,

M*Coy retoined the apecies-group name and acknowledged

J. de C. Sowerby in Murchison (1839) as the author. Applicction
of Article 49 of the ICZN Code (1961, revised 1964) prevents
retention of the species-group name, following J. de C. Sowerby's
misidentification, even after the transfer to another genus,

It ia therefore necessary +to propose o new species nome,
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Naticopsis trevorpatriciorum sp. nov., to include the

materials of J. de C. Sowerby and M'Coy.
The species described by Lindstrdm (1884) as Helopea

transversa from the lower Wenlock Hogklint Beds of Gotland

differs from N, trevorpatricicrum in having less rapidly

expanding whorls with the apertural height being only about

half of the total height. Holopea niagarensis Winchell and

Marcy, 1865, from the Niagoron of Illineis, U.S.A., would

appear to resemble N. trevorpaotriciorum in genercl form.

However, Winchell and Marcy (1865, p. 99) note deeply impressed
sutures and the apparent presence of an umbilicus in contrast
to the peripheral. embrocement of previous whorls and

anomphalous base seen in N. trevorpatriciorum. The

incremental ongle of about ninety degrees in N., trevorpatriciorum

is considerably greater than the fifty eight degrees noted

by Winchell and Marcy (1865) for H. niagarensis.

SM A37091, the original of M'!'Coy in Sedgwick and M'Coy
(1852, p1. 1x, fig. 35), differs from the holotype of

N. trevorpatricicrum in having rugose growth ornamentation

on the last hslf whorl but this is probably Jjust an
ontogenetic difference. At equivalent size to the holotype,
the rugose character of the growth lines is much reduced.
M*Coy's specimen also has some suggestion of a slight anterior
siphonal notch (Pl. IX, fig., 8) but the presence of this
feature has not been confirmed in other available material.
The specimen figured from Felindre by J. de C. Sowerby
in Murchison (1839) is a poor intermal mould, GSM Geol. Soc.
Coll., 6694, Additional specimens from Felindre (Pl. IX,
figs, 1-4, 7) are generally larger than the Arisaig specimens
and commonly lack the same degree of shouldering of the whorls,
Ornamentation is poorly preserved but the rugoese growth

elements seen in M!'Coy's specimen are not consplicuocus.
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Suborder MURCHISONIINA Cox and Knight, 1960
Superfamily MURCHISONIACEA Koken, 1896
Family MURCHISONIIDAE Koken, 1896

Genus MURCHISONIA d'Archiac and de Verneuil, 1841

Type species. Turritella bilineata Dechen, 1832,

Subgenus MURCHISONIA (MURCHISONIA)

Murchisonia (Murchisonia) aciculata Hall, 1860

(PL. X1, figs. 1-3)

Murchisonia aciculats Hall, 1860, p. 154.

do. 3 Dawson, 1868, p. 605

Gonioastropha aciculata; McLearn, 1924, p. 142, Pl., XXI,

figs » 21, 25 s

Holotype. Stonehouse Fm., AMNH 1649 labelled "Clinton Group,

Arisaig, N.S."

Other figured material. Stonehouse Fm., GSC 5650, GSC 5651,

the figured specimens of McLearn (1924).

Additional material. Stonchouse Fm., USNM Colln. 10206(501);

Bambach Collections A3654(476), A3684(416), A3689(495),
A3699(466), A3703(472), A3730(390), A3871(396); Twenhofel
Collections 14/3032(477), 19at2/3032(426), 19a2/3032(427),
21a/3032(386), 21h/3032(384); Schuchert Colln. 49D; Jones

Colln., Ar 8 7815, (about 20 specimens in all).
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Description. Species of Murchisonia (Murchisonia) dt* Archiec

and de Verneuil, 1841 with numerous whorls, EREarly whorls and
nature of umbilicus unknown, Whorl profile of later growth
stages slightly angulated at the peripheral selenizone which
is at midheight of the exposed whorl surface. Whorl surface
subhorizontal immediately below the suture with the previocus
whorl, forming a nsrrow shoulder; upper whorl surface
flattened or shallowly concave but steeply inclined; lower
whorl surface gently convex, increasing in curvature with
passage onto the uniformly convex base, Whorl embracement
slight; sutural indentation deep, narrow. Aperture oval;
inner lip smooth, thickened; basal lip unknown; growth lines
indicating steeply prosocline lip on upper whorl surface
curving rapidly into the slit of unknown depth; below
selenizone, growth lines oblique and shallowly convex
adaperturally. Selenizone concave between strong bordering
lirae; a fine groove on the crest of each lira indicating the
margins; selenizonal ornamentation of numerous shallowly
caoncave lunulae. Shell ornamentation of growth lines and
obacure spiral strise; outer edge of subsutural shoulder
commonly slightly elevated to form a spiral cord. Shell of

moderate thickness, structure unknown.

Discussion. Murchisonia (Murchisonia) cembria (Donald, 1905)

from the Iydlovian of Wales resembles M, (M.) aciculats in

general form of the spire and whorl profile but the selenizone
is a little lower on the whorl face. Unfortunately, the shell

ornamentation is unkmown in Donald's species. In M. (M)elegans

Scllas, 1879, from the Wenlockien of South Wales, the upper
whorl surface is concave and there is no subsutural shoulder,
The holotype is a poorly preserved intermnal mould

showing none of the ormnamental features. However, the specimens
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figured by McLearn (1924) agree exactly with the diagnosis
of Hall (1860) which cannot be satisfactorily applied to
other contemporaneous species. McLearn (1924) recorded

M. (M.) aciculata from the ILower Stonehouse Fm. but no

specimens have been seen from this unit during the present

s 'tudy .

Murchisonia (Murchisonia) amii (McLearn, 1924)

(El' XI’ figS. 4’ 5’ ll)

Hormotoma amii McLearn, 1924, p. 143, Pl. XX, fig. 22.

Hormotoma cf, articulata; Straw, 1933, p. 124, P1l. IX,

fig. 23“24 .

non Pleurotoma articulatum Sowerby in Murchison, 1839,

r. 612, Pl. 5, fig. 25.

Holotype. Stonehouse Fm., GSC 5652 from Arisaig.

Other figured material. Stonehouse Fm., YPM 28337B, a small

slab from USNM Colln. 10206(501) which also carries the

illustrated specimen of Joxonems sinucsum (Sowerbyi_-n.l"herhison,1839);

USNM 192121 from Schuchert Colln., 53.

Additional material. Stonehouse Fm., USNM Colln. 10206(501);

Schuchert Collections 49D, 53. (6 specimens).

Description. Species of Murchisonis (Murchisonia) d'Archiac

and de Verneuil, 1841 with many whorls. ZEarliest whorils
unknown. Whorl surface horizontal, immediately below suture,
producing a subsutural shoulder which may develop an obscure

spiral cord on its cuter margin; upper whorl surface steeply
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inclined, flattened ox elightly concave between the shoulder
and the peripheral selenizone; upper edge of selenizone at
Just below middle of exposed whorl face, at midheight of
finael whorlj; whorl surface below selenizone shallowly convex,
inclined towards suture with following whorl and increasing
in curvature with passage onto the convex base. Sutural
indentation narrow, deep. Aperture subquadrate; growth lines
indicating steeply prosocline, almost orthocline, margin of
lip between suture and upper edge of the short slit; growth
lines below selenizone running obliquely across exposed lower
vhorl face. Upper and lower edges of selenizone delimited
by obscure spiral grooves; selenizonal ornamentation of two
spiral cords with intervening concavity crossed by fine
cregscentic lunulae., Shell ornamentation of growth lines and
spiral strize. Shell thick; structure uwnknown but a thin
outer layer carrying the spiral corde on the selenizone is

readily lost.

Discussion. Murchisonia (Murchisonia) amii differs from

M. (M.) dudleyensis Donald, 1902 end M. (M.) cambria

(Donald, 1905) from the Wenlockian and Ludlovian of Britain,
respectively, in having a less angular whorl profile with

shouldered whorls. M. (M.) cave Lindstrom, 1884 from thé

Slite Beds of Gotland has a similar profile but lacks the
deep sutural indentation and the spirasl cords on the

selenizone. M. (M.) amii is distinguished from the

contemporanecus M. (M.) acisdulata in having a more quadrate

whorl profile with the selenizone lower on the exposed

whorl face. In addition, the two spiral cordas in M. (M.) emii

lie completely inside the margins of the selenizone while

in M.(M.) aciculata the selenizone margins are indicated by

grooves along the crests of the two cords.
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Specimens described by Straw (1933) from the marine
Downtonian of the Little Missenden Borehole, Buckinghamshire

as Hormotoma cf. articulata (Sowerby in Murchison, 1839) are

referred to M. (M.) amii. GSM 51876, the original of Straw

(1933, P1. IX, fig. 23), shows well the shouldered whorl
profile, the near orthocline growth lines above the selenizone
and the characteristic two spiral cords entirely within the
margins of the selenizone. The holotype of Sowerby!s species,
as illustrated by Donald (1899, P1l, XXII, fig. 7) has more
open sutures and greater inclination of the growth lines above
the selenizone.,

The holotype of M. (M.) emii is well preserved in that

partes of five whorls with growth ornamentation are present,
However, a thin outer shell layer bearing the cords of the
selenizone has been lost on all but the very earliest whorl
preserved. Presumably, it was the apparent absence of these
strong spiral elements which promoted McLearn (1924) to refer

the then only known member of the species to Hormotoma.

Subgenus MURCHISONIA (HORMOTOMA) Salter, 1859

Type species. Murchisonia gracilis Hall, 1847.

Murchisonia (?Hormotoma) arisaigensis (Hall, 1860)

(P1. X1, figes. 6, 7, 10, 16)

Murchisonia arisaigensis Hall, 1860, p. 154.

do. 3 Dawson, 1868, p. 604

Goniogtropha? arisaigensis; McLearn, 1924, p. 143.

Lectotype. Here designated as the larger of two specimens
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bearing the number AMNH 1650 from the Stonehouse Fm, but

labelled "Clinton Group. Arisaig, Novae Scotia." (Pl. XI, £ig.7).

Paralectotype. The smaller of the two specimens in the same

collection, (Pl. XI, fig. 10).

Other figured material. Stonehouse Fm., USNM 192118, USNM

192119, USNM 188527 from Schuchert Colln. 53.

Additional material. Stonehouse Fm., USNM Collections 10205(500,

10206(501); Schuchert Colln. 53. (17 specimens).

Description. Seemingly a species of Murchisonia (Hormotoma)

Salter, 1859 with eleven whorls. Whorl profile strongly
convex with a slight sngulation at the middle of the exposed
whorl face, a little above midheight of the final whorl,
Degree of whorl embracement slight; sutural indentation deep.
Aperture tear-shaped, with height a little greater than
width; inner 1lip thickened, curving back over the minutely
phaneromphelous umbilicus; outer lip with steeply prosocline
growth lines on upper whorl surface curving into a slit of
unknown depth; growth lines strongly oblique below selenizone.
Selenizone bounded by fine threads; surface ormnamentation
unknown. Shell ornamentation of fine growth lines., Shell

thick, structure unknown.

Discussion. Murchisonia (?Hormotoma) arisaigensis is readily

distinguished from the accompanying M. (Murchisonia) aciculata

and M, (M.) amii by its greater incremental angle of about

twenty five degrees compared to the fifteen degrees of the
two latter species, Hall's type specimens, not figured by

McLearn (1924), are intermal moulds without any indication
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of extermnal characters other than a band at the periphery
suggestive of a selenizone. Qf the other specimens pleced
here, all except USNM 192118 (Pl. XI, fig. 16) lack any
preserved shell: The latter is a partially exfoliated
Juvenile in which details of the upper surface of the
selenizone are not retained. It is, therefore, not possible
to make a precise subgeneric assignment for the species.

The importance of establishing posaible exfoliation of
part or all of a specimen is exemplified by the case of the

holotype of M. (M.) amii, described above. In that specimen,

diagnostic spiral cords on the selenizone were lost by
exfoliation causing McLearn (1924) to assign the species to

M. (Hormotoma) in preference to M. (Murchisonia).

A series of fine crescentic striations on the columellax
region of a small internal mould, USNM 188527, text-fig. 12C,

represcnts the attachment scar of a single columellaxr muscle,

Murchisonia (Hormotoma) sp. A

(p1. XI, fig. 19)

Figured material. Upper Ross Brook Fm., YPM 28339 from

Bambach Colln. A3592(95).

Additional materiel. Upper Ross Brook Fm., Bembach Colln.

A3762(91).

Discussion. The crushed figured specimen shows four whorls.
Growth lines preserved on the upper whorl surface of the

two largest whorls are steeply inclined prior to passing

into the relatively wide slit of unknown depth. The location

of the selenizone, low on the whorl, is reminiscent of

109



M. (Hormotoma) cingulatae (Hisinger, 1829) from the Silurian

of Gotland but the Arisaig species has fewer whorls with

deeper sutural indentation,

Murchisonie (Hormotoma) sp. B

(PL. XI, fig. 17)

Figured material. Upper McAdam Brook Fm,, YFM 28340 from

Bambach Collin. A3643(274).

Discusaion. A fragment of a single whorl shows growth lines
delineating a deep sinus which passes into a slit of unknown
depthe On the upper whorl surface growth lines are inclined
at about sixty degrees to the selenizone while those on the
lower whorl surface have a lower angle of obliquity. The
upper edge of the convex selenizone is at midwhorl height.
The margins of the selenizone are obscure but secemingly
grooved. This species is readily distinguished from other

species of Murchisonia (Hormotoma) and M. (Murchisonia)

known from Arisaig by its wide, deep sinus,

Subgenus MURCHISONIA (SINUSPIRA) Permer, 1907

Type species. Sinuspira tenera Perner, 1907.

Murchisonia (Sinuspira) cf. M. (S,) tenera (Perner, 1907)

(Pl. XI, fig. 9)

Figured material. ILower McAdam Brook Fm., YPM 28338 from

Bambach Colln. A3606(187).
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Additional material.. Lower McAdam Brook Fm., Bambach

Collections A3612(201), 43616(3197), A3820(196).(4 specimens).

Descrigyian.Bede to ¢ the type species of Murchisonia

(Sinusgira) Perner, 1907 with numerous whorls. Characters

of early whorls and umbilicus not known., Whorl profile |
gently convex with shallow sutural indentation. Aperture
poorly known; growth lines indicating a deeply sinuate outer
lip, the upper margin of which sweeps obliquely back at

about fifty degrees to the previous §uture before passing into
the deepened culmination of the sginus at just below midheight
of the exposed whorl face; lower margin similarly obligque.
Ornamentation of closely spaced, cord-like growth lines.

Shell structure and thickness unknown.

Discuasion., Little difference can be detected between the
Arisaig specimens and the illustrations of the holotype given
by Knight (1941, P1l. 45, figs. T7a, b) but, in view of their
moderate preservation, the assignment to Pernert's (1907)

species is tentztive, Murchisonia (Sinuspira), of which

M. (S.) tenera is the only described species, has previously

been restricted to the Budnanium of Bubovice, Bohemia.

Undetermined murchisoniid genus and s8pecies

(P1. XI, fig. 20, 21)

Figured material. Moydart Fm., USNM 169470 from Schuchert

Colln. 52B; YPM 28345 from USNM Colln. 10853(292), Sutherland

River, Pictou Co.

Additional material. Green Member, Moydert Fm., & number of
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fragments in Schuchert Colln. 52B.

Discussion. This high spired species ia of uncertain generic
affinity. The whorl is divided into upper and lower surfaces
by a pronounced peripheral angulation et midwhorl. The profile
ig concave immediately below the suture with the previous
whorl but soon becomes shallowly convex and inclined. At one
third of the height of this upper whorl surface the inclination
is steepened at a minor angulation. The lower margin of the
upper whorl surface is marked by the peripheral selenizone
which forms the shallowly convex outer surface of the flange-
like angulation. IFine striae along the edges of this upper
surface seemingly delimit the margins of the selenigone.
Lunulae are shallowly concave and are crossed by two fine
spiral grooves at the middle of the selenizone. On the lower
whorl surface, a shallowly concave surface separates the lower
margin of the selenizone from a spiral cord at about midheight
of the base., Below this cord, the lower whorl surface is
convex; umbilical characters are unknown. Whorl embracement
is at the basel cord, producing suturael indentation which is
grossly deep but shallow in detail. Ornamentation on the
upper whorl surface is of orthocline growth lines which

curve back to form a narrow sinus ond in turn pass into the
slit of unknown depth; ornamentation below the selenizone is
not known. The shell is of moderate thickness, its

structure is unknown.

The species resembles certain lophospirinid
pleurotomariaceans with regard to the angular periphery and
the subperipherol cord. However, the presence of the wide
selenizone favours assignment to the Murchigoniidae.

Betomaria confinus Perner, 1907 from the lower Devonian of

Kondéprusy is superficielly similar but the upper whorl surface
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is flat and the peripheral angulation of the Moydart species

is replaced by a well developed vertical outer whorl surface.

Pamily PLETHOSPIRIDAE Wenz, 1938

Subfamily PLETHOSPIRINAE Wenz, 1938

Genus SEELYA Ulrich in Ulrich and Scofield, 1897

Iype species. Seelye ventricosa Ulrich in Ulrich and Scofield,

1897.

Discuseion. Examination of the holotype, USNM 45996, confirms
the presence of a selenizone in this genus. Knight (1941)
stated that the feature was not certainly determinable but a
small fragment of shell adhering to one of the early whoris
clearly shows the selenizone with concave lunulae and

bordering lirae.

Seelya moydartensis McLearn, 1924

(pr. x, figs. 6, 13, 15-17, 19, 22)

Seelya moydartensis McLearn, 1924, p. 145, Pl. XXI,

figs. 11, 12,

Holotype. Moydart Fm., YPM 464 from Coastal section, Arisaig,.

Paratype. YPM 464A, same locality and horizon,

Other figured materiasl. Moydart Fm., YPM 28331, from

Twenhofel Collin. 1C2/3032; GSC 33270 from Univ. of Manchester

Colln. Ar Mo 5450; GESC 33274 from Jones Colln, Ar Mo 4900.
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Additional material. Moydart Fm., Twenhofel Colln; 102/3032;

Bambach Colln. 43849(296); Jones Collections Ar Mo 4820,

Ar Mo 4900, Ar Mo 4980, Ar Mo 5450. (4bout 30 specimens).

Description. Species of Seelya Ulrich in Ulrich and Scofield,

1897 with about four whorls. Nuclear whorls unknown. Whorl
profile with peripheral angulation at just below middle of
exposed whorl face, at midheight of final whorl. Upper
whorl surface shallowly convex, inclined towards periphery;
lower whorl surface and base uniformly convex but with
minor umbilical shoulder. Whorl embracement slight; sutural
indentation moderate overall but deep in detail due to
suprasutural spiral cord. Umbilicus seemingly slightly
phaneromphalous. Aperture subovoid with height greater than
width; outer lip deeply sinuate with growth lines sweeping
strongly back from the preceding suture into the deep sinus
which culminates in a short slit on the outer edge of the
peripheral angulation; growth lines curving strongly forward
below selenizone and reaching maximum forward extension

Jjust prior to passing over umbilicael shoulder into umbilicus.
Selenizone raised with upper surface concave between
bordering cords. Ornamentation of spiral elements crossed
by fine growth lines which become varicose in later growth
stages; upper whorl surface with fine spiral strise and as
many as three strong epiral cords; lower whorl surface

with five or six spiral plications which produce spiral

ridges on internal moulds. Shell thick, structure unknown.

Discussion. Seelya moydartensis differs from 3. ventricosa

Ulrich in Ulrich and Scofield, 1897, the type species from
the lower Ordovician of Vermont, in having more convex

whorls, greater sutural indentation and a deeper sinus. In
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both species the incremental angle is about sixty degrees,
The degree of development of the spiral cords on the
upper surface and the elevation of the selenizone vary quite
considerably within the available sample., One external
mould, GSC 33274, Pl. X, fig. 6, shows the upper whorl
surface with only fine spiral striase while in GSC 33270,
Pl. X, fig. 22, three spiral cords are present. Similarly,
a strong selenizonal band occurs in the holotype, Pl. X, fig.
19, but is much less evident in the paratype, Pl. X, figs. 13,
15. Additional variation is seen in the general form of the
shell, Most specimens have a similar whorl profile to the
paratype but increase in the incremental angle and deepening
of the sutures produces a lower spired and more gradate form

(¥eM 28331, Pl. X, fig. 16).
Order CAENOGASTROPODA Cox, 1959
Superfamily IOXONEMATACEA Koken, 1889

Family IOXONEMATIDAE Koken, 1889

Discussion. Knight et al (1960) considered Morania Hornf,

1953 to be a junior subjective synonym of Murchisonia

(sinuspira) Perner, 1907 and not a loxonematacean, as
originally suggested by Horn§ (1953). This opinion is not
accepted here end Morania is once more returned to the
Loxonematidae. The shape of the emargination in Moranie
has a loxonematid aspect and is quite unlike the more
symmetrical murchisoniid sinus of Sinuspira. Both forms
may lie morphologically between the ILoxonematacea and
Murchisoniacea but there is little evidence to suggest a
phylogenetic relationship between them. The status of
Moranis relative to ILoxonena Phillips, 1841 is, to some

extent, uncertain since the shape of the sinus in Ioxonema
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may show quite considerable ontogenetic and interspecific

variation. However, in Joxonema the emargination is normelly
wide and rounded, and culminates at or near the middle of the
exposed whorl surface. In Morania the ginus is narrow with

a deepened, angular culmination high on the whorl.

Genus IOXONEMA Phillips, 1841

Type species. Terebra? sinucose Sowerby in Murchison, 1839.

Loxonema sinuosum (Sowerby in Murchison, 1839)

(P1. XI, f£fig. 13)

Terebra? sinuosa Sowerby in Murchison, 1839, p. 619,

pl. 8’ fig. 15.

Ioxonema sinuosum; ILongstaff, 1909, p. 215, Pl. X,

figa. la, b.

do. ; Knight, 1941, p. 180, Pl. 48,

figs. 8&., be

Figured material. Upper Stonechouse Fm., YPM 28337A from

USNM Colln. 10206(501).

Additional material. Two other specimens in the same

collection.

Description. Type species of Loxonema Phillips, 1841 with

many whorls. Early whorls unknown. Whorl profile of
preserved whorls shallowly convex with periphery at just
below the middle of the exposed whorl surface. Whorl

embracement slight, succeeding whorls embracing earlier ones
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at the junction between the outer whorl surface and the
flattened base; sutural indentation moderate. Anomphalous.
Lperture poorly known, oval with height greater than width;
outer lip with sinus occupying the entire outer surface qf
whorls in the later growth stages. Culmination of sinus ot
two thirds of height of exposed whorl face with the prosocline
upper part of outer lip turning through ninety degrees to
form the opisthocline lower part; this opisthocline portion
being shallowly convex anteriorly with growth lines at about
forty five degrees to the following suture but becoming
s8tceper immediately prior to meeting the suture. Ornamentation

of fine growth lines. Shell thick, structure unknown.

Discuasion, The only well preserved specimen from Arisaig
agrees closely with the illustrations of the holotype given
by Knight (1941). Of species described by Donald (1905) and

Longstaff (1909) from Britain, Loxonema pseudofasciatum from the

Wenlock and Jower Ludlow has a less angular sinus and

reported spiral striae, L., ledburiense from the l.ower ILudlow

has a more slender spire while L, planatum and L. Eerneri

from the Wenlock and ILudlow have wider spires and shallower
emarginations, Lindstrom (1884) described five species from

the Silurian of Gotland of which L. lindstromii Longstaff,

1909 (L. sinucesum Lindstrdm, 1884 non Sowerby in Murchison,

1839) from the Mulde Beds compares most closely. However,

it may be distinguished by its shallow sinus,
Loxonema spe. A
(1. xI, fig. 14)

Figured material. Mcidam Brook Fm., GSC 33269 from Jones
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COl]-n. Ar M 34800

Description. Species of Joxonema Phillips, 1841 with at

least eight whorls, Nuclear whorls unknown. Whorl profile
Bhallowly concave immediately below suture, becoming convex
on approeching the whorl periphery which is at just above the
middle of the exposed whorl face., Whorl embracement slight,
with minor adpression against the previous whorl; sutural
indentation relatively deep. Base anomphalous. Aperture
poorly known; outer lip with growth lines indicating a deep
sinus with an inner notch culminating at the middle of the
exposed whorl face. Ornamentation of growth lines, Shell

of moderate thickness; structure unknown,

Discussion. This species is characterised by the deepened

inner portion of the sinus at midwhorl, Similar emarginations

are present in Morania Horny¥, 1953 and Murchisonia (Sinuspira)

Perner, 1907, originally described from the Upper Silurian
of Bochemia. However, in the former, the culmination of the
sinus ig much higher on the exposed whorl face while

M.(Sinusgira) has a deeper emargination somewhat lower on

the whorl. The form of the spire is typically loxonematid,

with the slightly adpressed whorls producing e shellowly

concave subsutural area. ;oxonema ginuosum (Sowerby in
Murchison, 1839) may be distinguished by its uniformly
convex whorls and by the absence of a deepened inner portion

to the emargination which is located higher on the whorl.
Loxonema sp. B

(PrL. X1, fig. 15)

Figured material. Upper Ross Brook Fm., YPM 28341 from
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Bambach Colln. A3760(80).

Additional material. Upper Ross Brook Fm., Bambach Colln,

A3592(95), (five specimens).

Discussion. Several crushed specimens from the Upper Ross
Brook Pm. have cbscure growth lines indicating a wider,

shallower emargination than that seen in Ioxonema sinuosum

or L. sp. A, above. About six whorls are present and the
whorl profile is uniformly convex, after the manner of

L. sinuosum. I, planatum Iongstaff, 1909 from the Wenlockian

end Tudlovian of Britain has similar form but differs in its

slightly greater degree of adpression of the whorls.

Genus MORANIA Horny, 1953

Type species., Morania v-sinuata Horny, 1953.

Morania(?) boltoni sp. nov.

(p1. X1, figs. 12, 18)

Holotype. Stonehouse Fm., USNM 132120 from Schuchert Colln.

49D.

Additional material. Stonehouse Fm., Twenhofel Colln.

19j/3032. (1 specimen).

e
Description. Tentatively a speciea of Morania Horny, 1953

with at least five whorls. Early whorls unknown, Whorl
profile of later whorls convex, with obscure subsutural
shoulders. Whorl embracement slight; sutural indentation

deep. Shape of aperture poorly known, seemingly ovoid with
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height about one and a half times greater than width; growth
lines indicating deeply sinuate outer lip. Growth lines
progocline below suture; convex ocuter edge of subsutural
shoulder forming the locus of the deepest part of the sinus;
below culmination of sinus, the adaperturally convex growth
lines increase in curvature so as to become almost perpendicular
to the following suture. QOrnamentation of growth lines

crossed by obscure spiral striae. Shell thick, structure

unknown.,.

Discussion. Morania (?) boltoni is characterised by the

location of the culmination of the sinus on the outer edge

of the subsutural shoulder. Morania w-sinuatg Horny, '1953

from the Budnanium of Central Bohemia has less shouldered
whorle and shallower sutural indentation. In addition, the
sinug in Horn§'s species is narrower and a little deeper with
ite lower margin less convex. To some extent M. (?) boltoni
combines features of the emargination of this latter species
with the more arcuate lower portion of the outer lip seen in

Loxonemsn sinuosum (Sowerby in Murchison, 1839). Consequently,

the assignment to Horny!s genus is tentative., ILoxonema

castulatum Perner, 1903, from the Budnanium of Bohemio, also

has less shouldered whorls and the sinus lower on the whorl,

while L. debile Permer, 1903, of similar age, haos comparable

location of the sinus but locks the deepened sutures.
Morania(?) sp.

(Px. x1, fig. 8)

Figured moterial. Lower McAdam Brook Fm., YPM 28342 from

Bambach Colln, A3809(189).
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Discussion. This specimen, crushed in mudstone, has five
whorls preserved to a total height of 6 mm., The earliest
four whorls are poorly preserved but the fifth whorl shows
ornsmentation of growth lines. These indicate a shallow
subsutural sinus similar in configuration to that seen in

Morania(?) boltoni, above. However, the latter species

is much larger and has a shouldered whorl profile producing

deeper sutural indentation. M. v-simuata Horn§, 1953 has a

deeper sinus., There is close similority between the Arisaig

specimen aond Palaeazygopleura (galaeozygqpleura) devonicans

(Perner, 1907) of Horny (1955) in terms of the shape of the
outer lip. However, the growth ornamentation in this

Devonion species is much more pronocunced.

Superfoamily SUBULITACEA Lindstrom, 1884

Fomily MEEKOSPIRIDAE Knight, 1956

Genus AURIPTYGMA Perner, 1903

Type species. Auriptygmo fortior Permer, 1903.

Auriptygma sp.

(PL. IX, fige. 22, 23)

Figured mcterial. Upper Stonehouse Fm., YPM 28344 from

USNM Colin. 10206(501).

Description. Species of Auriptyegma Permer, 1903 with about

five whorls. Nuclecr whorls unknown., Ioter whorls uniformly
convex with whorl embroacement ot periphery of previous

whorl; sutural indentation shallow. Aperture poorly known;
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basal lip seemingly with slight siphonal notch; growth lines
indicating form of outer lip are shallowly opisthocyrt on

the upper whorl surface (the exposed whorl face) but become
prosocyrt on outer and lower whorl surfaces. QOrnamentation

of fine growth lines. Shell thick, structure unknown.

Discussion. Auriptygme fortior Permer, 1903 from the

Budnamium of Bohemia, as illustrated by Knight (1941), has
more convex whorle producing deeper sutural indentsation,
The growth lines are straight and almost orthocline, in
contrast to the slightly sinuous form seen in the Arisaig

specimen,
Undetermined high spired gastropods

Material. Beechhill Cove Fm., USNM Collections 10114(1),
10115, 10116; Jones Colln,., Ar Beechhill Cove Loc. 2, Dunn
Point. Ross Brook Fm., Bambach Collections A3731(11),
A3T743(56), A3744(5T7), A3760(80); Twenhofel Collections
179/3032(62), 179b/3032(61), 180/3032(54). Doctors Brook
Fm., USNM Colln. 10165(141). McAdam Brook Fm., USNM Colln.
10809 from McLellan Brook, Pictou Co. Moydart Fm., USNM
Collections 10181, 10853(292); Bambach Colln, A3771(293);
Pwenhofel Colln. 89/3032(305); Schuchert Collin. 52B; Jones
Collections Ar Mo 4800, Ar Mo 4820, Ar Mo 5050, Ar Mo 5500.
Stonehouse Fm., USNM Collections 10202(498), 10205(500),
10206(501), 10910(496); Bambach Colln, A3685(381); Twenhofel
Collections 12-17/3032(482), 15/3032(474), l9a8/3032(422),
19a14/3032(432), 24i/3032(371), 30-40/3032(355), 67/3032(326);

Schuchert Colln. 53; Jones Colln. Ar § 7380. (150 specimens).

Discussion. Poorly preserved, more or less indeterminate
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high spired gastropods are found throughout the succession
at Arisaig. Most are known only as intermal moulds which
cannot be referred to the Murchisoniacea or Ioxonematacea
with any degree of certainty. The presence of an angulation
or obscure spiral band on the whorl of such an intermal
mould may be considered as evidence of murchisoniacean
affinity but the absence of such a feature is no basis for

placing a specimen into the Loxonematacea,

In the Stonehouse Fm. the majority of the abundant
internal moulds no doubt belong to the contemporamneous

Murchisonia (Murchisonisa) aciculata Hall, 1860, M. (M.) amii

(McLearn, 1924), M. (?Hormotoma) arisaigensis (Hall, 1860),

Ioxonema sinuocsum (Sowerby in Murchison, 1839) and Morania(?)

boltoni sp. nov. However, with the exception of the

distinctively wide M. (?H.) arisaigensis, it is impractical

to attempt to refer internal moulds to any particular member
of this morphologically similar group of species. Ae a
consequence, stratigraphicel records which are based on
positive identifications only, are considerably restricted.
Several taxa also accur in each of the Moydart and Beechhill
Cove Formations. In the former, probable murchisoniaceans
ere quite common and may attain a height of 35 mm., In contrast,
the artificially decalcified coguinas from the Beechhill
Cove Fm. collected by Boucot and his coworkers contain
smooth internal moulde which have the shallowly convex
whorl profile typical of Loxonema. It is unfortumate that
this materisl has not yielded usable external moulds after

the acid treatment process,
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Undetermined gastropod species

(P1., VIII, figs. 16, 17)

Figured material. Undetermined gastropod sp. A, YPM 466

from Stonehouse Fm., Arisaige. Undetermined gastropod sp. B,
G3C 33278 from topmost Upper Ross Brook Fm. or Doctors Brook

Fm., Jones Colln, Ar M 25,

Additional material., Beechhill Cove Pm., USNM Collections

10114(1) and 10115. French River Fm., USNM Colln. 10811(120)
from Harri Brook, Pictou Co. Lower McAdam Brook Fm., Bambach

Collections A3606(187), A3608(183), A3616(197).

Discussion. Undetermined gaastropod ap. A was figured by

McLearn (1924, Pl. XXI, fig. 21) ae Goniostropha? sp. He

commented that it was too poorly preserved for description.
The specimen is an internal mould with adherent shell
fragments. An obscure band on the whorl may suggest
pleurctomariascean affinity.

Undetermined gastropod sp. B is known only from a single
internal mould with two and a half whorls. The rounded apical
termination of the mould indicates the presence of a septum
closing off the nuclear whorls, ag is common in many unrelated
groups of gastropods. General shape is reminiscent of

Siluriphorus Cossman, 1918, species of which may be locally

abundant in the Niagaran dolomites of Illinois and Wisconsin,
U.S.A. but there is insufficient evidence to warrant further
comparison.

Poorly preserved sublenticular gastropods have been
cbserved in the Beechhill Cove Fm. with a more quadrate

profile than the contemporaneous ILiospire cf. L. affinis
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(Foerste, 1885)., In terms of profile there is some similarity

with Pycnomphalus ILindstrom, 1884, a species of which is

known to exist in the ILlandovery of Pembrokeshire and
Shropshire but the diagnostic umbilical characters have not
been seen. Lenticular specimens from the French River Fm.

in Pictou County and the Lower McAdam Brook Fm. at Arisaig

are possibly Liospira species.
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PLATE 1

Figs, 1-3, 6, 7, 11, 12, Phrngmosphoern sp,, Moydert Fm., x2,

1y 6, 7¢ UM 169598, intemal mould with transverse dorsal channels
produced by thickening of the shell interior. 1, lateral view showing
plate~-like extension of paﬁetal deposit into aperture; 6, oblique
fiorsal views '_7, dorsal view,

2, 3o USNM 169599, internal mould with one preserved dorscl channel,
2, oblique dorsa?l view showing band produced by median selenizonej

3y laterel vieve

11, USNM 169597, internal mould with transverse dorsal chamnels on each
side of median dorscl bend, Dorscl viewe

12, USNM 192113, internnl mould with adhering shell patches showing

selenizone and obscure growth lines, Dorscl view.

Figs. 4, 5, Undetermined bellerophontacean sp. D, GSC 6216, internal mould,
Stonehouse m, (?), x1.5¢ 4, laternl view showing adherent shell

closing umbilicus; 5, dorscl view,

Figse 8y 9+ Undetermined bellerophontacean sp. B, GSC 3139a, internal mould,

horizon unknown, x2, 8, dorscl view; 9, lateral view.

Figs. 10, 13, 14. Cymbulariz sp.
10, YPM 28329, Lower McAdam Brook Fm., dorsol view, x{.3%.
13, 14, USNM 169464, internal mould, Doctors Brook Fm., x3. 13, oblique
dorscl view showing obscure growth lines meeting undamnged right side
of the infilled dorsal slit; 14, dorsal view showing infilled dorsal

slit, left side (right side of figure) broken cway.

Pigs. 15, 20, 23, Bucanopsis sp., Doctors Brook Fm,, x2.

15, USNM 169465, internal mould, dorsal view showing medion selenizonnl
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PLATE I (cont.)

Bueanopsis Spees
20, 23, USNM 169466, interncl mould, 20, laterml view; 23, dorsal view

showing obscure growth lines and infilled slit,

Figs, 16-19, 22, 25, 27, Phar_etrolites murchisoni (d'Orbigny in Férussac

and d'Orbigny, 1840),

16, USNM 169462, internal mould, Moydart Fm,, oblique dorsal view with
dorscl keel forming locus of rounded culmination of simus, x3.4.

17. YPM 462, intemal mould, Stonehouse Fm,, oblique dorscl view, x2,

18, 19, 22, 25, GSC 33268, internal mould, Stonehouse Fm, 18, posterior
view, x2; 19, dorsal view, x2} 22, oblique dorscl view showing
adhering shell patch with finely cremulate growth lines, x4}
25, lateml view, x2,

21, TPM 28327, intermal mould, Stonehouse Fm,, dorsal view, x2,

Figs, 21, 24, Pharetrolites bambachi sp. nov,, holotype, YPM 28328, Lower
Mcidam Brook Fm,, x4, 21, oblique dorsnl view showing cremulate

growth lines and deepened inner sinusj 23, loteral view showing

minor emargination and spiral fold om umbilical wall.

Fige 26, Undetermined bellerophontacean sp. C, YPM 28348, French River Fm,,

dorsal view, x1.5.
PLATE II

Figs. 1, 3, 5. Phoretrolites murchisoni (d*Orbigny in Féerussac end d'Orbigny,
1840), USNM 169461, internal mould, Moydart Fm,, x3, 1, oblique
dorsal view; 3, dorsal view showing traces of growth lines; 5,

laternl view,
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PLATE II (cont.)

Figse 2, 4, 6-1_2, 14, 15. Ancpetopsis maclearni gen. et spe nov., Stonehouse
Fm., x2,

2, 4o GSC 3140c, paratype, dorsal stereo-pair showing selenizone and
om-;men*!:ation. )

6, 8, 9, 15, GSC 3140a, holotype, internal mould. 6, lateral view showing
transverse charmel produced by thickening of shell interior; 8, 9,
dorsal stereo=pair showing widely expanded aperture with transverse
and lateral channels produced by thickening of shell interior; 15,
posterio;f' View,

Ty 10-12, 14, GSC 3140b, paratype, internal mould. 7, oblique laternl
view showing transverse chamnelj 10, lateral view showing transverse
channel; 11, 12, dorsal stereo-peir showing tronsverse ond left

lateral chamnel and median selenizonal band3i4, posterior view,

Figs, 13, 16, 17, Anapetopsis lalgine gen, et sp. nov,, Stonchouse Fm,, x2,
13, 16. GSC 3140, paratype, internal mould, 13, dorscl view showing
V=shaped channel produced by thickening of shell interior parallel
to growing edge of emargination; 16, lateral view showing Veshaped
_ chamnel and later transverse channel,
17, USNM 169595, holotype, internal mould, dorsel view showing prominent

transverse channel and obscure earlier Veshaped channel,

PLATE III

Figse 1, 11. Angpetopsis lalajoe (?) gen. et spe nov,, Stonehouse Fm,
1. GSC 32781B, aperturnl view with dorso-lateral margins of aperture

‘broken awey, x1.5e

11, USNM 169467, aperturcl view of specimen crushed in shale showing

deep sims, short slit and small porietal scar, xie
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PLATE ITI (cont.)

Figs, 2, 5. Cymbularis corinata (Sowerby in Murchison, 1839), USNM 169574y

internal mould, Moydort Fm,, x4, 2, loternl views 5, dorsal view

showing narrow median band.

Fig. 3. Angpetopsis moclenrni gen. et sp. nove, GSC 327814, Stonehouse Fm.,

apertural view showing apertural boss, x2;

Figs. 4, 7, 10« pnapetopsisg lalnjae gen., et sp. nov., Stonehouse Fm,, x2,
4, 10, USNM 169596, paratype, internal mould showing transverse chamnel
and paired dorszl depressions produced by thicken:jmg of the shell
interior. 4, oblique dorszl view; 10? dorscl viewe

Te USNM 169595, holotype, posterior view,

Figs..6, 8, 9, 12, Tritonophon sp.

6, YPM 75, Upper B{)ss Brook Fm,, dorsal view showing short slit and
selenizone, X3,

8. GSC 33277, Beechhill Cove Fm., oblique dorsal view of intermal mould
showing lateral margin of slit, x3,

9. YPM 28343, French River Fm;, dorsal view of large specimen with
obscure selenizone and showing shallow emnrginations on lateral
lobes, xi,

12, YPM 28350, Upper Ross Brook Fm,, oblique dorscl view showing selenizone

with well developed lumulze, x3,

Figs, 1 3-21., Tritonophon trilobats (Sowerby in Murchison, 1839).
13+ YPM 28347, Moydart Fm,, oblique dorsal view of s:?.licon rubber
impression showing sclenizomne and short slit, x4,
14, 16, USNM 169594,‘Moydart Fn,, internsl mould, x3. 14, dorsal view;

16, lateral view,
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PLATE IIT (cont.)

Tritonophon trilobatn..e
15, USNM 169593, Moydart Fm,, dorscl view of internal mould showing

median selenizonzl band, x3,
17, 21, GSM 51879, Little Missenden borehole, internal mould, x3.
‘ 17, dorsal view; 21, lateral view,
18. GSQ 33276, Moydart Fm,, internal mould, x3.
19, 20, GSM 5‘!860E, Little Missenden borehole, internal mould showing

slit, x2, 19, oblique lateral view; 20, dorscl views
PLATE IV

Figs, 1-9, 14, Tritonophon trilobato (sowerby in Murchison, $839),

i1, 2. BM P(}5002,_Felindre, intemsl mould, x3. 1, laterct view; 2,
_dorsal viev,

3, 4, BM 1?G5004, Felindre, internal mould, x3, 3, dorscl view; 4, laternl
view}

5« GSM 51860D, Little Missenden borehole, oblique dorscl view of
~silicon mbber_impression showing selenizone with lunulae, X4

6y Te GSM Geol, Soce Coll, 4384, Felindre, internal mould, x3, 6, dorsal
n’ew; T, lateral view showing slight antero~posterior crushing,

8, 14, BM PG5003, Felindre, silicon rubber impression showing obscure
lm:mlae,_x4. 8, oblique lateral view; 14, dorsal view,.

9, G3M 51861Cy Little Missenden borehole, oblique dorsal view showing

selenizone, x4.

Figs, 10-13, 15-22, Tritonophon kivitalonne sp. nov,, Stonehouse Fm,
10-13, GSC 3138m, 10, 11, apertural and oblique apertural views showing

selenizone with lumulae, x5; 12, dorsal view, x3; 13, lateral view,
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PLATE IV (cont,)

Tritonophon kivitalonae...
15, 16, 19. GSC 32782, internal mould, x3. 15, posterior view; 16,

dorsal view; 19, lateral view,
17, 18, 21. GSC 33275, holotype, internal mould, x3. 17, lateral view;
18, posterior view; 21, dorsal view.
20, GSC 3138§, dorsal view of intermal mould showing obscure selenizonal
_ band, x2,

22, GSC 5649, dorsal view showing selenizone with lunulae, x2,

PLATE V

Figs, 1-13, 16. Plectonotus cherylse sp, nov., Stonehouse Fm,

1, 2, YPM 479, x3, 1, lateral view; 2, oblique dorsal view showing
gelenizone. )

3, 4. USNM 169582, holotype; internal mould, x2. 3, lateral view; 4,
posterior view showing fragment of selenizone marging

S5e USNM 169578, internal mould, dorsal view, x2,

6., USNM 169580, internal mould, dorsal view, x2,

Te USNM 169468, dorsal view of internal mould of umisually globose
specimen, x2,

8? GSC 3138g, internal mould, dorsal view, X2,

9, USNM 169471, juvenile, dorsal view, x5,

10-12, USNM 169573, umsually narrow specimen, 10, posterior view of
selenizone with lumlae, %4; 11, lateral view, x2; 12, dorsal view, x2,

13, 164 USNM 169579, x2, 13, dorsal view; 16, oblique lateral view showing

growth lines,
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PLATE V (cont,)

Figse 14, 15, 17-22, Plectonotus boucoti sp. nov.

14, Mo 26567, Gotland, internal mould, oblique dorsal view, xi,

15. USNM 169589, Doctors Brook Fm,, dorsal view of internal mould
shgwing slit, x2.

17, 18, Mo 26562? Gotland, internal mould, x2, 17, dorsal view; 18,
lateral view, _

19, 22, USNM 169590, Docto?s Brock Fm,, internal mcuid, x2, 19, dorsal

’ views 22, lateral view,
2. Mo 26563, Gotland, internal mould, dorsal view, x2,
21. GSC 3138, Doctors Brook Fme, dorsal view of internal mould showing

slit, x1.5,
PLATE VI

Figs, 1-10, 12, 13, 15, 17, 18. Blectonotus boucoti sp. nov,

1-4, 6, USNM 169584, holotype, Doctors Brook Fm, 1, oblique dorsal view
showing selenizone, %2; 2, apertural view showing obscure selenizone,
x2; 3, late::'al view, x2; 4, dorsal view, x2; 6, selenizonal area,
as in 2, x4;

5, 10. USNM 169591, Doctors Brook Fime, internal mould, x2, 5, dorsal
views 10, lateral view,

7o USNM 169583, Doctors Brook Fm., dorsal view showing selenizone and
finely pustulose spiral lirae, x5e

8, 9« USNM 169592, Doctors Brook Fm., internal mould of juvenile, x2,
8, lateral view; 9, dorsal view,

12, USNM 169588, Doctors Brock Fm,, dorsal view showing selenizone and
pustulose spiral lirae; the V-shaped trend of the elongate pustules

within the selenizone is clearly seen, x6, )
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TLATE VI (cont,)

Plectonotus boucotieee

13, 15« M 439165, Tonlegee, Cong, Ireland, internal mould, x2, 1%, dorsal
view showing part of imfilled slit; 15, posterior views
17, 18. SM 439164, Tonlegee, Cong, Ireland, internal mould, x2.

17, dorsal view showing slit; 18, lateral views

Figse 11, 14 Plectonotus derbyi Clarke, 1899b, AMNH 10335/2, lectotype,

Devonian, Rio Maecuru, Para, Brazil, internal mould, x1. 11, dorsal
view showing broken anterior margin falsely suggesting shape of the
emargination; 14, oblique dorsal view showing median band with

obscure lumlae,

Figs. 16, 20. 'Holopea' reversa Hall, 1860, 4MNH 1648; holotype, Stonehouse
Fm,, internal mould, x4. 16, apical view of basal spire; 20, oblique

lateral view showing impression of part of apertural margine

Figs, 19, 21-23, Mimospira abbae sp. nov,
19. UM 169571, Moydart Fm,, oblique lateral view of internal mould
ghowing basal spire, x4.
21-23, USNM 169489, holotype, McAdam Brook Fm,, latex impression,
21, apical wiew of basal spire showing open coiled'protoconch, x6;

22, lateral view, x43; 23, oblique lateral view, x4.
PLATE VII

Figs, 1-4, Liospira marklandensis McLearn, 1924, Stonehouse Fm., %2,
13, GSC 5654, holotype. 1, apical view showing forward swing of growth
lines; 2, lateral viev_:; 3, oblique lateral view showing obscure
peripheral selenizone,

4, USNM 192114, apical view showing ornamentatiom.
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PLATE VII (cont,)

Figs, 5y 6, 8. Eotomaria sp.
5. TPM ’_76, Middle Ross Brook Fm,, oblique lateral view of crushed specimen,
Xl _ o
6, 8. USNM 169463, Glencoe Brook Fm., x1.5. 6, apical view; 8, lateral

view,

Fige 7+ Loxoplocus (Lophospira) spe. B, USNM 169485, Beechhill Cove Fm,, lateral

view of silicon rubber impression, x3.

Figs. 9, 16, 20, Longstaffia centervillensis (Foerste, 1923)s
9. YPM 28349, Middle Ross Brook Fm., lateral view of crushed specimen, x2,
16, 20, USNM 188524, Beechhill Cove Fn., X2, 16, lateral view; 20,

lateral view showing growth lines curving back towards selenizone,

Figs. 10, 11, 14, Liospira cfe Ls affinis (Foerste, 1835), Beechhill Cove Fm.,
X2,
10_. IPM 4804, cpieal view of internnl mould,
11, 14e YPM-4801}, silicon rubber impression showing poripheral

selenizone, 11, lateral views 14, apical view,

Figse 12, 13, Phanerotrema affin, Ph._jugosun Pitcher, 1939, Beechhill Cove
Fmey silicon rubber impressions, xi.
12, USNM 169478, oblique lateral view showing selenizone with submedian
_ spiral groove,
13, USNM 188520, oblique lateral view,

Fig, 15 Loxoplocus (Lophospirn) spe Ay USNM 169482, Beechhill Cove Fu.,

lateral view of silicon rubber impression, x3,
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PLATE VII (cont.)

Figse 17, 18¢ Longstaffia sp., USNM 169487, Becchhill Cove Fm,, silicon
rubber impression showing obscure growth lines curving into

selenizone, x2, 17, lateral view; 18, oblique lateral view.

Fig, 19. Loxoplocus (Lophospira) sedewickii (Longstaff, 1906), USNM 169481,

Beechhill Cove Fm., lateral view of silicon rubber impression, e
PLATE VIII

Figse 1, 4y 8, 10-12. Ariomannia cancellatula (M'Coy in Sedgwick and M'Coy, 1852).
1o M A34830, Mulloch Sandstone, Girvan, lateral view, x1.5.
4+ SM 434829, holotype, Mulloch Sandstone, Girvan, lateral view, x1.5
8. USNM 188523, Beechhill Cove ?&n. s lateral view of silicon rubber
~ impression of juvenile, x2,
10, USNM 169483, Becchhill Cove Fm., oblique lateral view of silicon
Tubber impressionr showing reticuletion of growth lines and spiral
_ lirae on base, x2, ‘
11, USNM 169484, Beechhill Cove Fm., lateral view of silicon rubber
imgression showing ornamentation of upper whorl surface and selenigone,
. X3
12, USNM 169480, Becchhill Cove Fm,, oblique lateral view of silicon

rubber impression of large individual, x2,

Figs. 2, 3, 6, 7. ATrjemannia inexpectans (Hall and Whitfield, 1875), USNM 85063,
Brassfield Limestone, Ohio, X145 2, basal view; 3, 6, lateral views;

T, oblique lateral view.

Fig, 5. Umbospira spe., YPM 28330, Upper Ross Brook Fm,, apical view showing

simus in outer lip and spiral crack near periphery, x2,
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PLLTE VITI (cont.)

Fige 9. Undetermined trochinid gemus and species, USNM 169486, Beechhill

Cove Fm,, lateral view of silicon rubber impression, X2

Figse 13, 14+ Arjamannia sulangonensis gen. et sp. nov,, USNM 169469, holotype,
Doctors Brook Fm., x2. 13, lateral view of silicon rubber impression
showing wide selecnizone with median groove; 14, lateral view of
internal mould with angulation at midwhorl corresponding to position

of selenizone,

Fig. 15« Brachvtomarin sp., YPM 28326, Stonchouse Fme, lateral view of crushed

specimen showing sclenizone and growth lines, x4.

Fig, 16, Undetermined gastropod spe. B, GSC 33278, Upper Ross Brook Fm, or

Doctors Brook Fm,, lateral view of internal mould, x2,

Fig, 17. Undetermined gastropod sp. A, YPM 466, Stonchouse Fm., lateral

view of internzl mould, x2,

Fig. 18, 19, Ariamannia woodlandi (Longstaff, 1924), USNM 188521, Beechhill
Cove Fm,, silicon rubber impression, x1.5. 18, apertural view; 19,

apical view showing subsutural cord and traces of growth lines,

PLLTE IX
Figs, 1-4, 6-8, Naticopsis trevorpatriciorum sp. nove

1, 2, BM PG5007, Felindre, internal mould, x5. 1, apertural view; 2,
obligue lateral vievs
3e BM PG5008, Felindre, apertural view of internmal mould, x5.

4e BM PG5005, Felindre, silicon rubber impression, lateral view, x4,
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PLATE IX (conty)

Naticops;‘g trevorpatriciorue.s _

6, 8¢ SM 437091, Kirkby Lonsdale, x4. 6, lateral view showing relatively
prominent growth lines; 8, basal viex_q showing growth lines deflected
backwards into slight anterior notch,

Te BM PG5006, Felindre, apical view of silicon rubber impression

showing growth lines on final whorl, x4.

Figs. 5, 9, 11. Cyclonems (Cyclonema) lydismarisrum spe nove., Felindre,
silicon rubber impressions, x5,
5« BM PG5001, oblique lateral view,

9, 11+ BM PG5000, holotype. 9, oblique lateral view; 11, lateral view.

Fige 10, Undetermined gyronematinid gemus and species, YPM 28346, Moydart Fm.,
lateral view of silicon rubber impression showing adpressed whorls

and spiral lirae crossed by fine growth lines, x3.

Figse 12, 13, 16, 17. Naticonema kauffmani sp, nove, Beechhill Cove Fm.,
si?_ticon rubber impression, x3,
12, 16, USNM 169479, oblique apertural and apertural views showing
columellas
13, 17« YPM 462a, holotype, oblique lateral views showing subsutural

simis in obscure growth ornamentation,

Figse 14, 15« Haplospira sibeliuxeni sp, nove, USNM 192116, holotype, Upper

Stonehouse Fm,, x4s 14, oblique lateral view; 15, lateral view.

Figs. 18, 21, Holopea spsy Upper Ross Brook Fm,
18. YPM 28334, lateral view, x2.

21, YPM 28333, lateral view, x2,2,
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PLATE XX (cont.)

Figs; 19, 20, Undetermined holopeid gemus and species, YPM 28336, Middle
Ro.fss Brook Fm., x2, 19, basal view showing spiral lirae;

X,y lateral view,

Figs, 22, 23, Auriptvema sp.y, YPM 28344, Upper Stonehouse Fm,, lateral

views, x2,

Fig, 24, Undetermined trochonematid genmus and species, USNM 192115, Stonehouse

Fn,, lateral view, x3.

Fige 25. Gyronema haliburtoni (McLearn, 1924), YPM 462B, holotype, Ross Brook

Fin,, lateral view, X3
PLATE X

Figs, 1-4, Cyclonema (Cyclonema) parvimedium McLeamn, 1924, Beechhill Cove e,

xle ]

1, 3. USNM 169475, silicon rubber impressions 1, oblique lateral view;
3y lateral view.

2, USNM 169476 and USMM 169477 (smaller specimen), silicon rubber
impression, oblique apertural views showing thickened columella
with opercular grooveQ

44 GSC 5655, holotype, worn specimen with subdued ornamentation,

Figs, 5, 7-12, 14. Platyceras (P;L_ atyostoma) cornutum (Hisinger, 1837);
5¢ USNM 192117, Moydart Fm,, oblique lateral viey: of internal mould
) showing circular muscle ati_:achment scar, X2,
Te USKM 188522, French River Fm., latex impression, apical view; xie

8, 12, GSC 33272, Moydart Fm., X2, 8, apical view; 12, lateral view,
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PLATE X (cont;)

Plam?e;gg (Platvostoma) cornutum,..
9% GSC_332'73, Moydart Fm,, lateral view showing spiral plication, x2,
10, 11. GSC 5657, holotype of Diaphorostoma cormtum vars arisaigensig
McLearn, 1924, Stonehouse Fm., x1.5. 10, oblique apertural view;
{1, apical view,
14, GSC.5656, holotype of Holopea caecigtriata McLearn, 1924, Stonchouse
Fm,, lateral view' showing irregular growth lines and fine spiral

ornamentation, x2,

Figs, 6, 13, 15-17, 19, 22, Seelya moydartensis MclLearn, 1924, Moydart Fum.

6e GSC 33274, oblique lateral view of silicom Tubber impression showing
selenizone and finely reticulate ornamentation, x1.5.

13, 15, YPM 4644, internal mould, x1. 13, lateral view showing growth
varices curving to meet selenizonal bandj 15, apertural view,

16. YPM 28331, intermal mould, lateral view of small individual with
ur.msually large incremental angle, x1. ‘

17y 19. YPM 464, holotype, imternal mowld, xis 17, basal view; 19, lateral

. view showing selenizenal band and spiral plications on base,
22, GSC 33270, internal mould, lateral view showing spiral cords on

upper whorl surface, xi,

Fig, 18, Naticopsis trevorpatriciorum sp. nove.s YPM 28332, holotype, Moydart

Fm., lateral view, x4.

Fig. 204 Cyclonema ng;clonemal lydismarigrum Spe NOVe, YPIf’i 28335, Stonehouse

Fm,, oblique lateral view of crushed specimen, x4,

Figs, 21, Platyconus (?) spe, GSC 32783, Stonehouse Fm., lateral view, xi,
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PLATE X (cont,)

Fige 23, Platyceras (Platyostoma) cf. Pe (P1.) Mumilis (Billings, 1866),

USKM 169490, Middle Ross Brook Fme, oblique lateral view of silicon

rubber impression showing fine spiral striations, x1.5.

PLATE XI

Figse 1-3. Murchisonia (Murchisonia) aciculate Hall, 1860, Stonchouse Fm,
1. GSC 5651, lateral view showing growth lines and selenizone, X4»
2 GSC 5650, lateral view of internal mould, x2.

3+ AMNH 1649, holotype, laterzl view of intermal mould, x3,.

Figse 4, 5, 11, Murchiconio (Murchisonic) omii (McLearn, 1924), Stonchouse Fme
4o YPM 28337TB, latercl view of silicon rubber impression showing two
spirel cords lying within the selenizone, x5e
5e GSC 5652, holotype, lateral view of partly exfoliated specimen lacking
the spiral cords on the selenizone, x5,

11, USNM 192121, lateral view showing selenizone below midwhorl, x5,

Figse 6y Ty 10, 164 Murchisonir (?Hormotomz) ariscigensis (Ha11, 1860),

Stonchouse Fm,
6? USNM 192119, lateral view of internal mould, x1.5.
Te AMNE 1 650,‘1ectotype, lateral view of internal mould, x2.1.
10, AMNH 1650, paralectotype, lateral view of internal mould, x2.1.
16, USNM 192118, lateral view of juvenile showing obscure band at

midwhorl, x4

Fige 8. Morania (?) sp,y YPM 28342, Lower McAdam Brook Fu,, lateral view

showing obscure growth lines on final whorl, x6.5
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PLATE XI (cont,)

Fige 9. Murchisonia (Simspira) cfe M. (Se) teners (Porner, 1907), YPM 28338,
Lower McAdam Brook Fme, lateral view of crushed specimen showing

Sinus’ x2,5,

Pigss 12, 18 Morania (?) boltoni sp. nov;, USNM 192120, holotype, Stenehouse

Fine, x2. 12, lateral view; 18, oblique laterl views

Fig. 13s Lozonema simosum (Sowerby in Murchison, 1839), YPM 283374,

Stonehouse Fm,, lateral view, x3.
Fige. 14. Loxonema sp. Ay GSC 33269, McAdam Brook Fm,, lateral view, x2,

Fig, 15, Loxonema sp, By YPM 28341, Upper Ross Brook Fm,, lateral view, x1.5.

Fige 17e Murchisonia, (Hommotoms) spe B, YPM 28340, Upper Mchdam Brook Fm,,

lateral view of a single whorl, x2,

Fig, 19, Murchisonisa (Hormotoma) sp. A, YPM 28339, Upper Ross Brook Fm,,

lateral vicw of crushed specimen, x5,

Figse 20, 21, Undetermined murchisoniid gems and species, Moydart Fm.
20, USNM 169470, lateral view showing growth lines above and below the
roised selenizone, %8,5.

21, YPM 28345, lateral view of silicon rubber impression, x3.5
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PALAFQECOLOGY

'Indeed it would seem almost difficult to name anything
which Arion ater will notieat. A specimen kept two days
in captivity was turned out on a newspaper, and
commenced at once to devour it; The same specimen ate

dead bodies of five other species of slugs, a dead Unio,

pupae of Adimonia tanaceti, part of the abdomen of a

dragon-fly, and Pear's soap, the latter reluctantly.!

(Cooke, Shipley and Reed, 1895)
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Introduction

Prosobranch gastropods show considerable ecologic diversity
in present seas. In a recent review Purchon (1968) noted that
archaeogastropods are mainly browsers on algae but some, e;g;,
Patella Linne, 1758, rasp fine algal growths from the rock surfaces
to which they cling, 'Lower'! caenogastropods (=Mesogastropoda
Thiele, 1925) may also be algal browsers but other members of
the group collect plankton, e.g., Crepidula fornicata (Lanne, 1758),
or are deposit feeders, €.8., Hipponyx Defrance, 1819; Aporrhais
Da Costa, 1778; Some are carnivores and feed on colonial animals,
e8¢y cowries feeding on ascidians, or actively hunt other
molluscs, e.g., naticids. Ianthina R8ding, 1798 and the heteropods
are pelagic predacious carnivores while a few members of the
group are parasites;

The so~-called Yhigher' caenogastropods (=Neogastropoda
Wenz, 1938) are dominantly scavengers and hunters although eone
columbellids feed on brown algae. Marine species of the subclass
Buthyneura Spengel, 1881 occupy a similar range of habitats to
prosobranchs;

In the lower Palaecozoic it is unlikely that gastropod
eating habits were so diverse. The great majority of fossil
gastropods from rocks of this age (Knight et al, 1960) belong to
the prosobranch order Archasogmstropoda Thiele, 1925 and are
presumed %0 be herbivorous, in keeping with most present day
members of the order (Keon, 1971; Purchon, 1968). The only
common caenogastropods in the lower Palaecozoic are the high
spired loxonemataceans and rarer subulitaceans which occur in
middle Ordovician and younger strata but it is difficult to
suggest that these were predators. Carriker and Yochelson (1968)

and Sohl (1969) have reviewed the occurrence of possible
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molluscan borings in palaeozoic invertebrates and concluded that
there was little evidence to justify referring these to attacks
by carnivorous gastropods.

The post Palaeozoic diversification of the Gastropoda
and increasing relative abundance of caenogastropods is further
emphasised by the changes in the structure of the archaeogastropod
fauna itself. Of nearly twenty families of archaeogastropods with
representatives in present seas, less than a quarter are known
before the Mesozoic while only four families persist at the
present of the thirty six recognised in the Palaeozoic (Xnight
et al, 1960).

The changes which have taken place in the structure
and composition of gastropod faunas from the Silurian to the
present day clearly cause problems for ecological extrapolation
in the reverse direction. There is a need to cstablish some
parallel betwecn present day and fossil morphological adaptations;
Ultimately, such comparisons come to be based on similarities in
shell morphology, with thé necessary assumption that some
relationship exists between shell form and mode of life.
Unfortunately, functional studies of present day gastropod shells
are infrequent although some of the more oxtreme morphologies
do show an oﬁvious correlation to mode of life, for exanmple, the
cap~-shaped shell of limpets adapted for clinging in high energy
environments.

However, a recent study by Vermei] (1971) demonstrates
some of the potential of a more precise approach to shell morphologye.
By utilising the geometrical methods of Raup (19663 19675 see

discussion of Plectonotus boucoti sp. nov. in the systematic

section, above), Vermeij was able to demonstrate differences

in morphological diversity between the major gastropod taxae.
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A notable example, the absenge of the high spired form in the
Archaeogasbropoda, is discussed more fully in a later section,
A much more simple domonstration of the usefulness of such an
approach for fossil gastropods is given in the final part of
this study but increased information about recent gastropods
would permit the development of more sophisticated models of

ahlysis,

A brief discussion of palaeogeography is followed in
this scction by a description of the palaeoecology of the
gastropod fauna of the Arisaig Groupe The first part is
essentially a factual record of the distribution of gastropods
and the sedimentary environment provailing during the accumulation
of the particular assemblages; In the second part; an attempt
is made to eynthcsize this information.

The open marine shelf faunas of the Beechhill Cove
and Upper Stonehouse Fommations are compared and it is concluded
that the lophospirid pleurotomariacean fauna of the Beechhill
Cove Formation was probably devcloped on a slightly firmer, more
sandy substratum than the high spired loxonematacean and
murchisoniacean dominated fauna of the Upper Stonehouse Formation.

Intervening strata may be loosely grouped into two
shallowing cycles with passage from decper water, argillaceous
sediments at the base to shallow, barrier and back~barrier
deposits at the top. A faunal sequence showing replaccnent
of holopeiform species by bellecrophontaceans and, ultimately,
by trilobed bellerophoptaceans is recognised in each cycle
and is apparently related to the shkallowing.

Trilobed hellerophontaceans of the subfamily

Plectonotinae are characteristic of much of the Arisaig Group
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and form an assemblage seemingly indicative of very shallow

water conditions. An exploratory study of gastropod faunal
composition indicates faunal development during the period of
deposition of the Arisaig Group comparable to that recorded by
Bambach (1969ms) for the bivalve fauna and suggests that geometric
analysis of shell form could prove valuable in the understanding

of gastropod palacoecology.

Silurian palacogeography.
From available palaeomagnetic data (Runcorn, 1962),

Bambach (1969ms) estimated that Arisaig lay within the tropics or
subtropics during the Silurian and he cited the high taxonomic
diversity of the bivalve fauna (text-fig. 17B) as indicative

of a warm climate (after Stehli, McAlester and Helsley, 1967).
Well preserved bivalves and nautiloids were submitted to G;
Pannella and C. MacClintock at Yale Peabody Museum, New Haven,
Can;, who noted only minor seasonal effects in the distribution
of growth lines without the extreme crowding produced by slow
growth in cold weather,

Irving (1964) drew the Silurian equator along a line
from Los Angeles to the Northern tip of the Ungava Peninsula in
Quebec which placed Arisaig at about fifteen degrees South on the
present configuration of land and sea. In a rocont ret¢onstruction
by McKerrow and Ziegler (1972) a more tenable arrangement of land
and sea has Nova Scotia scparated from the rest of North America
by a narrow Proto-Atlantic and Arisaig is located more than
forty degrecs South of the equator (text-fig. 134). However, it
should be noted that thc Niagaran reefs around Chicago, which
previous restorations (Irving, 1964) have placed near to the
equator, are located at more than fifty degrees South by

McKerrow and Ziegler (1972)%
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TEXT-FIG. 13

Ae Silurian continental distributions (after McKerrow and Ziegler, 1972).
Nova Scotia (NS) is near the Southern extremity of a peninsula, incorporetiig
England and Northwest Europe, which is separe?,ted from Gaspé and the rest of
North America by a narrow Proto-Atlantic (P).

E: Equator; SP: South Pole,

B-D, Typical reef associated gastropods not kmown from the Arisaig Group.
B? Poleumita Clarke and Ihzedema.pn, 1903, an euomphalacea{l,'xOﬂ.

C. EuomphaYopterus Roemer, 1876, a pleurotomariacean, x0.7.

De Tremanotus Hall, 1865, a bellerophontacean, x0,7.

(211 drawn after Knight et 21, 1960)
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The gastropod fauna of the Arisaig Group is quite
unlike the reef associated faunas of Gotland (Iindetrdm, 1884)
and the Chicago region where Buomphalopterus Roemer, 1876,
Poleumita Clarke and Ruedemann, 1903 and tremanotinid
bellerophontacecans are typical faunal clements (text—fig; 13B-D),
None of these genera occur at Arisaig whero the fauna is
characterised by trilobed bellerophontaceans of the subfamily
Plectonotinae (Pls., III-VI). The extent to which these differcnces
can be attributed to latitudinal or other environmental factors
is not known. A recent paper by Forney and Boucot (in press)
has attempted to elucidate the global distribution of some of
the reef associated species noted above but their information,
plotted on a present day configuration of land and sea, docs

not appear to be sufficiently abundant for the task in hand.

The Sedimentary Model 3 Stratigraphic Distribution of Gastropods

As a prelude to his study of bivalve palaeoecology,
Bambach (1969ms) attempted to reconstruct the depositional
environment at Arisaig throughout the Silurian and lower Devonian;
His observations and deductions are combined with those of Boucot
et _al (in press) to provide a base for all present discussion of

gastropod palaecoecology.

Bambach (1969ms) recognised four broad lithological
groups within the Arisaig Group. The Beechhill Cove and Ross
Brook Formations were interpreted as normal marine rocks with the
overlying French River, Doctors Brook and McAdam Brook Formations
equated with barrier and lagoonal conditions. The loydart and
Lower Stonchouse Formations accumulated as nearshore and shore

line shoal deposits, the intervening rcd beds of the Upper
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Moydart FPormation representing a brief nommarine episode. The

Upper Stonehouse Formation marked a return to open marine conditions,

Beechhill Cove Formation,

The Beechhill Cove Formation is mainly composed of hard,
grey-green quartzose siltstone and thin, micaceous shales, with
occasional lonses of fine grained sandstone (Boucot et al, in press);
Bambach (1969ms) recorded only lingulid brachiopods and crinoid
ossicles in the siltstones and shales laid down as the lower
Llandovery sea transgressed across the underlying volcanics but
noted that brachiopod rich coquinite commonly formed the basal part
of the sandstone lenscs.

With eighteen described species, the gastropod fauna of
the Beechhill Cove Formation is second only to the Upper Stonehouse
Formation in diversity (text—fig. 17G). Common species include

Cyclonema (C.) parvimedium, Liospira cfe L. affinis, Phanerotrema

affin. Ph., jugosum and lophospirid pleurotomariaceans.
Bellerophontaceans and high spired gastropods are less conspicuous

(text-figs. 144).

Ross Brook Formation.

In the sedimentary model of Bambach (1969ms) the Lower
and lower Middle Members of the Ross Brpok Formation represented
accumulation under the decpoest water conditions cxperichced at
Arisaig during the Silurian. The sediments were fine grained
with a high water content and lacked cohesion, producing a soft
substratun and turbid wator conditions unfavourable to the development
of an epifauna. It is unlikely that depth alone was a limiting
factor preventing the cstablishment of an abundant epifauna (Hallam,
1971) and, Boucot et al (in press) and Bambach (1969ms) recorded

the presence of the Eocoelia Community. As one of the most shallow
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TEXT-FIC, 14

Stratigraphic distribution of gastropods in the Beechhill Cove and Ress
Brook Formations,
Stratigraphic thicknesses and mmbered strata after Bambach (1969ms).

BC: Beechhill Cove Fm.; LRB, MRB, URB: Lower, Middle, Upper Ross Brook Fm,

A; Beechhill Cove Fm,
Datums 300ft, for contact of top of Beechhill Cove Fm, with overlying
Lower Ross Brook Fm,, exposed on West side of Beechhill Cove,

Species recorded from other horizons:

Tritonophon SPe Longstaffia spe

Bucam_:psis Spe . Arjamannia cancellatula

Undet? bellerophontacean Spe A Arjamannin wd_l‘ )

Undet, bellerophontacean sp. B Phanerotrema affin, Phy jugosum
Liospira cfs L. affinis _ Naticonems keuffmani

Eotomaria sp. (Glencoe Brook Fu,) Cyclonema (C.) parvimedium

Loxoplocus (Lophogira) sedgwickii Pl, SPlamstomal cornmuatum
Loxoplocus (Lophospira) spe A Undet, trochinid gen, and species
Longstaffia centervillensis

B, Middle and Upper Ross Brook Fne )

Datums 1025ft, for gontact of top of Middle Ross Brook Fm, with overlying
Upper Ross Brook Fm,, exposed in first prominent seaward projecting cliff
West of Mouth of Arisaig Brook,

Species recorded from other horizons in Upper Membe;-:

Gyronema haliburtoni (?) Undet, gastropod sp. B




lext-fig. 14
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water communities of Ziegler (1965); the Eocoelia Community typically
has a diverse gastropod fauna in other areas (Ziegler, Cocksand Bambaoh;
1968).

During the upper Middle and Upper Members of the Ross Brook
Formation thin bedded shoal deposits alternate with more massive silty
shales probably laid down in shallow water in the lee of offshore shoals
(Bambach, 1969ms). The shoal sediments contain only brachiopod
coquinites but a rich epifauna characterises the more massive shale beds;

Gastropods have not previously been recorded from the Lower
Ross Brook Formation and no collections were available for study during
the present examination. Only four species have been observed in the
collections from the Middle Member and two of these are represented by
single specimens. Eotomaria spe. and Longstaffia centervillensis also
occur in the Beechhill Cove Formation but the undetermined holopeid and

Platyceras (Platyostoma) cfe P. (P1.) humilis are restricted to this

member, Gyronema haliburtoni is common in collections from the lower

beds of the Upper Member of the Ross Brook Formation and is associated

with a possible loxonematacean. In the higher beds, the fauna is

dominated by Holopea spe with Tritonophon sp., Bucanopsis sp., Umbospira
spe, Murchisonia {Hormotoma) spe A and Loxonema sp. B (text-fig. 14B).

French River Formation.

Bamb~ch (1969ms) considered that the massively bedded :
siltstones of the French River Fomation represented a barrier separatigg
the lagoonal sediments of the Doctors Brook and McAdam Brook Formationg
from the open seae A thin bed of oolitic ironstone present at Arisaig’
was probably formed near the shore on the lagoonal side of the barrier
as Sheldon (19643 1970) has suggested for other Silurian ironstones in
the Southern Appalachians.

Fossils are scarce in the French River Formation at Arisaig

and, with the exception of a single specimen of Platyceras (Platyostoma)

149




cornutum from Ross Brook, all the gastropods were collected at French

River, Pictou County. The fauna is meagre with P, (P1.) cornutum

accompanied by Tritonophon sp., undetermined bellerophontacean species C

and undetermined high spired gastropods (text=fig. 154)

Doctors Brook Formation;

The irregular bedding, occasional phosphatic nodules and the
presence of oscillation and interference ripples led Bambach (1969ms)
to conclude that the Doctors Brook Formation was a back-barrier, lagoonal
deposit; Salinity was perhaps slightly reduced but the presence of a
diverse fauna indicates that restricted lagoonal conditions were not
present,

The gastropod fauna of the Doctors Brook Formation is
restricted to only six species (text-fig. 17G). Bellerophontaceans are most

conspicuous with Plectonotus boucoti and the micromorphic Tropidodiscus (?)

spe. abundant in coquinites., Bucanopsis sp;, Cymbularia sp., Arjamannia

aulangonensis, Platycerask(Platyostoma) cornutum and rare, undetermined

high spired gastropods also occur'(text-fig; 15B).

MecAdam Brook Formation.

The Lower McAdam Brook Formation is composed of dark,
sulphide rich shales which represent soft muds accumulating in the centre
of a quiet lagoon. The Upper Member is mainly massive siltstone which
Bambach (1969ms) interpreted as nearshore deposits in the almost
completely infilled lagoon.

Bambach (1969ms) undertook detailed analysis of the bivalve
fauna of the McAdam Brook Formation and was able to demonstrate a close
relationship between the evolution of the fauna and the infilling of the
lagoon; Deposit feeding bivalves dominate the fauna throughout (text—fige
18B) but closer examination revealed a gradual change from faunas with a

preponderance of nonsiphonate deposit feeding bivalves to faunas almost
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TEXT-FIG. 15

Stratigraphic distribution of gastropods in the French River, Doctors Brook
and McAdam Brook Formations, .
Stratigraphic thicknesses and mumbered strata after Bambach (1969ms).

FR: French River Fin.~

DB: Doctors Brook Fm,

LMB, UMB: Lower, Upper McAdam Brook Fm,

A. French River Fm, ) :
Datums 1530ft. for Bambach Collin, A37'76(115), on East side of French River,
Pictou %o

Species recorded from other horizons:

Tritonophon spe latye

B, Doctors Brook Fin,

Datum: 1965ft, for contact of top of Doctors Brook Fme with overlying Lower
McAdam Brook Fine, exposed at Bast side of mouth of McAdam Brook, (A 1o0cal
datun of 1850ft. was established for the faulted section at the base of the
unfaulted section);

Species recorded from other horizons:

Plectonotus boucoti Cymbularia spe
Bucanopsis spe Arjamanni nens

C, McAdam Brook Fine

Datum: 1965ft., as for 15B, above,

Species recorded from other horizons:

Mimospira abbae Loxonema sp.

Platyceras ‘Plamsm) corrutum
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exclusively composed of siphonate deposit feeders. The proportion of
suspension feeders decreased slowly from about thirty percent to ten
percent of the total,

The gastropod fauna shows comparable development (text—fig.
15C). The lowest thirty feet of strata have yielded no gastropods but the

next twenty feet (Bambach strata 180-194) contain a fauna of Bucanopsis

sp. and Holopea sp., with associated Murchisonia (Sinuspira) cf. M. (S.)

tenera and a poor lenticular species, probably Liospira or Umbospira.

Holopea sp; and the poorly preserved lenticular gastropod are not known

above this level but Bucanopsis sp. and M. (S.) cf. M. (S.) tenera continue,

with Pharetrolites bambachi coming into the fauna. M. (S.) cf. M. (S.)

tenera has not been observed higher than seventy deven feet above the base
of the formation (Bambach stratum 201) and some thirty feet higher, in the
upper half of the Lower Member, the fauna is dominated by Plectonotus

boucoti and Pharetrolites bambachi with occasional Bucanopsis &p.

and Cymbularia sp. The sequence is characterised by the gradual
roplacement of one species by another rather than by the succession of

discrete faunas;

Moydart Formatione.

The Lower (=Green) Member of the Moydart Formation
accumulated in the very shallow, almost completely filled lagoon in which
the underlying McAdam Brook Formation was deposited. The basal and upper
parts of the Graen Member represent sedimentation in relatively high
energy conditions while the middle part was deposited more slowly in a
lower energy environment (Bambach, 1969ms).

The gastropod fauna of the Green Member is distinctive

with Seelya moydartensis, Tritonophon itrilobata, Cymbularia carinata,

Phragmosphaera sp., Naticopsis trevorpatriciorum and undetermined

gyronematinid and murchisoniid species associated with numerous

undetermined high spired gastropods. Pharetrolites murchisoni continues
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into the Upper Stonehouse Formation and the widely distributed Platyceras

(Platyostoma) cornutum is frequently present in collections, The presence

of rare specimens of the hyperstrophically coiled Mimospira abbae

extends the range of the genus from the upper Ordovician to the upper
Silurian (text-fig. 164).

The Upper (=Red) Member of the Moydart Formation is a
nonmarine subaerial deposit which Dineley (1963) compared to the lower
beds of the 014 Red Sandstone of Britain. Boucot et al (in press)
recorded nodular limestones similar to the cornstones of the British

Dittonian (Devonian).

Stonehouse Formation.

The Lower Member of the Stonehousec Formation is essentially
similar to the Green Member of the Moydart Formation and represents
shoreline deposition following the readvance of the sea into the estuarine
and fluviatile regime of the underlying red beds (Bambach, 1969ms);

McLearn (1924) recorded rare specimens of Murchisonia (M.) aciculata but

no collections were available during the present study.
The diverse and abundant fauna of the shales snd siltstones
of the Upper Stonehouse Formation ennounces o return to open marine
conditions; The waters were still shallow, however, with more massive
siltstone boeds indicating periodic high energy conditions (Bambach, 1969ms).
The gastropod fauna of the Upper Stonehouse Formation is
the most varied in the Arisaig Group with twenty described species (text—

figs. 16B, 17G). High spired forms arc typical with abundant llurchisonia

(M.) aciculata, M. (M.) amii, M. (?Hormotoma) arisaigensis and less
frequent loxonemataceans. Unlike the Beechhill Cove Formation,
pleurotomariaceans are rare, with the exception of the ubiquitous Liospira

marklandensis. Six species of bellerophontaceans are present with the

trilobed Plectonotus cherylae widely distributed. Only Pharetrolites

murchisoni and Platyceras(?latyostoma) cornutum occur in other formations.
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TEXT-FIG, 16

Stratigraphic distribution of gastropods in the Moydart and Stonelwu{;e Formations,
Stratigraphic thicknesses and rumbered strats after Bsmbach {1969ms).
GMos: Green Member, Moydart Fn.; US: Upper Stonehouse Fme

A, Moydart Fm,
Datumt 2615ft, for contact of top of Green Member, Moydart Fn,with the
overlying Red Member, exposed on West side of McDonald Cove,

Species recorded from other horizonss

zl;aretmlites murchi soni atyceras (Platyosto
W SDe Undet, murchisoniid gen. and species
gm‘ bularia Corinata Seelya moydartensis

B, Upper Stonehouse Fin,

Datum: 3623ft, for bed at mouth of McEachern Brook (contact between zones

39 and 40 of Twenhofel(1909)).
Species recorded from other horizons:

Pharetrolites chiso Undet, trochonematid gen. and species

Plectonotugs cherviae Plotycoms (Platvostoma) cormitum
W&l@ﬂ Murchisonia (M,) acigulats -
W Mt.zrchisonia (M,) amii
Anapetopsis | M, (PHormotoma) arisaigensig
Undet, benez{;phontacean sp. D Morania (?) boltoni

Liospirg marklandensig Undet, gastropod sp, A

Brachytoparia sp.
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Synthesis

Faunas of the Beecchhill Cove and Upper Stonehouse Formationse.

The gastropod fauna of the Arisaig Group is wost diverse,
in terms of number of species, in the Beechhill Cove Formation (eighteen
species) and the Upper Stonehouse Formation (twenty species). In the
intervening strata fewer than half this number of species are present
in any one member (text-fig. 17G).

Examination of the faunal lists of McLearn (1924) shows
similar high diversity in the Upper Stonehouse Formation for brachiopods,
bivalves, trilobites and cephalopods (text-fige 174-F). The abundance
of species is no doubt equated with the return to full marine conditions
after the more restricted environments of earlier deposits.

The high number of gastropod species present in the Beechhill
Cove Formation is not echoed by any of the major fossil groups listed
by McLearn (1924) where even gastropods are limited to three species
against the eighteen noted here. To some extent, the paucity of previous
records can be equated with the difficulty of collecting from the
hard coquinites. This is partly demonstrated by the greatly increased
numbers of brachiopods and gastropods in collections made by Boucot and
co-workers which were decaleified by acid treatmont prior Yo detailed
examination in the laboratory. The number of brachiopod species
recorded by Boucot et al (in press) is twice that documented by McLearn
(1924) while gastropods show a sixfold increases

The gastropod faunas of the Beechhill Cove and Upper
Stonehouse Formations are quite distinct even though both formations
were deposited under shallow water, open marine conditions. In the former,
pleurotomariaceans account for more than a half of the recorded species
(text-fig. 14A) with lophospirids particularly well represented (seven
species). In the Upper Stonehouse Formation lophospirids are completely

absent and three of the four described pleurotomariaceans are rare
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TEXT-FIG, 17
Distribution eof species in the Arisaig Group.

A-F, After Mclearn (1924).

As Total fauna.

Bf Bivalves,

C? Brachiopodg.

D? Tr:i.lobites.'

E. Cephalopodg.

F, Gastropods. . )

BC: Beecthill Cove Fmej amet McLearn's (1924) zones of the Ross Brook Fm.,
see text~fig. 23 FR: French River'Fm.; DB: Doctors Brook Fm.; M: McAdam Brook
Fm,3 Mos Green Membgr, Moydart Fm.; Rt Red Member, Moydart Fme.; LS, US: Lower,

Upper Stonehouse Fn,

Ge Distribution of gastropods, present study. ‘
BC: VBeechhill Cove Fn.; IR , MR, UR¢ Lower, Middle, Upper Ross Brook Fm.;
FRs French River Fm.j DB: Doctors Brook Fm.; LM, UM: Lower, Upper McAdam Brook
Mne; Mo: Green Manb?r, Moydart Fmej; R: Red Member, Moydart Fm,; LS, US: Lower,

Upper Stonehouse Fm,
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(text-fig. 16B)s The exception is Liospira marklandensis which is widely

distributed in the Upper Stonehouse Formation and forms a possible
equivalent to L. cf. L. affinis of the Beechhill Colre Formation,

The Upper Stonehouse Foxrmation is characterised by
murchisoniaceans and loxonemataceanse. At least two species of probable
loxonemataceans are known amongst the undetermined high spired gastropods
of the Beechhill Cove Formation but high spired gastropods are never
as conspicuous as in the Upper Stonehouse Formation (text—fig. 20A).

Trochinids are equally developed, with a species of

Cyclonema (Cyclonema) accompanying Platyceras (Platyostoma) cornutum

in each fauna. Naticonema kauffmani and the undetermined trochinid genus

and species are restricted to the lower formation, however, and Haplospira
gsibeliuxeni to the upper. Bucanopsis sp. is the only common '
bellerophontacean in the Beechhill Cove Formation while the trilobed

Plectonotus cherylae and Tritonophon kivitalonae, with associated

Anapetopsis and Pharotrolites murchisoni, are typical of the Upper

Stonehouse Formation.

The dominance of lophospirid pleurotomariaceans in the
Beechhill Cove Formation, and of murchisoniaceans and loxonemabaceans
in the Upper Stonehouse Fommation, appears to be the principal difference
between the two faunas. The distribution of trilobed bellerophontaceans
is discussed later,

Lophospirids are not known in rocks youger than the Triassic
and have no close relatives amongst the depleted pleurotomariacean
faunas of the present day. There is some similarity in form between

Arjamannia and Longstaffia and recent pleurotomariids but the fourteen

living species of Entemnotrochus Fischer, 1885, Perotrochus Fischer, 1885

and Mikadotrochus Lindholm, 1927 described by Bayer (19665 1967) are

generally restricted to depths greater than fifty fathoms (Batten, 1958)

in conditions quite unlike those envisaged for the fauna of the Beechhill
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Cove Formation. As with other archaeogastropods, the lophospirids are
thought to have possessed aspidobranch ctenidia. The tendency for tﬁese
relatively complex bipectinate ctenidia to become fouled (Yonge; 1947)
effectively restricts the group to a firm substratum in clear water.

Members of the extinct superfamily Loxonematacea probably
had a single monopectinate ctenidium as is the case with other
caenogastropods. The greater efficiency of the mantle cavity associated
with the pectibranch condition, together with the modified foot and the
development of an anterior siphon, enables caenogastropods to move freely
over a soft substratum in turbid water (Yonge, 1947); The mode of life
of loxonemataceans is not known. At the phresent day, high spired
gastropods follow a number of different habits. Terebrids are active
carnivores living infaunally in sand (Wilson and Gillet, 1971), many
cerithiids are grazers on algal mats (Taylor, 1971) while turritellids
are infaunal detrital feeders (Graham, 1938; Yonge, 1946). Carriker
and Yochelson (1968) and Sohl (1969) have discussed the presence of
carnivorous gastropods in the lower Palaeozoic on the basis of bored
shells of other invertebrates but there is insufficient evidence to
demonstrate that gastropods were responsible for the attadks; It is
possibly best to presume that loxonemataceans were herbivorous, in
keeping with the great majority of coexistant species,

Regardless of feeding habits, there does seem to be some
correlation between the high spired form and low energy environments,
in a wide sense to also include infaunal occurrences. Vermei] (1971)
commented that the absence of the high spired shell form in the order
Archaeogastropoda is probably due to the group being rostrictod by the
structure of‘tho ctecnidia to hard substrata in relatively high energy
environments where a stable shell formm is a prerequisite. Only in low
energy enviromments, or infaunally, can a high spired shell develop;
The common equivalence of low cnergy environments with a soft substratum

could reasonably limit the high spired form to the pectinibranch
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caenogastropods as aspidobranch ctenidia of the type found in modern
archnreogastropods would not be able to cope with the turbid conditions;

Murchisoniaceans present ecologic and phylogenctic problems;
Knight et al (1960) tentatively placed the suborder Murchisoniina within
the Archaeogastropoda while recoghising that the high spired form and
incipient anterior siphonal notch suggested affinity with the
Caenogastropoda; A well developed slit and selenizone probably indicate
a pair of ctenidia by analogy with the Pleurctomariina and Bellerophontina
but the structure of the ctenidia of this extinct group is not known;
The stability arguments put forward by Vermeij (1971) promote the
hypothesis that the murchisoniaccans lived in low energy environments,
or infaunally, and had pectinibranch or possibly modified aspidobranch
ctenidia. This interpretation was also propounded by Bretsky (1970);

It might be argued that aspidobranch ctenidia could function
if the gastropod lived amongst the foliage of marine phanerogams above
the possibly turbid sediment—-water interface. Stratification of faunas
into foliage and sediment-water interface associations is well known
at the present day (Warmke and Almodovar, 1963; Starmihlner, 1968; 1969;
Duffus, 1969; Taylor, 1971) with several high spired cerithiid species
living high above the substratum; In a study of the relationship
between molluscs and algae in Puerto Rico, Warmke and Almodovar (1963)
noted that gastropods accounted for ninety nine percent of the molluscs
in their samples and that the great majority of these were under two
millimetres in length - very small when compared to the average size
of known fossil murchisoniaceans. Consequently, a more likely mode of
life would be as a grazer on algal mats in a low cncrgy environment as
Taylor (1971) described for several cerithiids from the Indian Oceans

Whether pectinibranch or nodified aspidobranch, the efficiency
of the respiratory system of the Murchisoniina is attested to by their
abundance from the lower Ordovician to the upper Triassic. In many cases,
specimens are prolific in sediments indicative of a soft substratum

(Foerste, 19233 Bretsky, 1970);
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The development of tho lophospirid fauna in the Beechhill
Cove Formation and the murchisoniacean and loxonematacean fauna in
the Upper Stonehouse Formabion cannot readily be explained in terms of
variation in water depth. Bambach (1969ms) and Boucot et _al (in press)
were emphatic about the extreme shallowness during the period of
accunulation of both. The gross lithology of the formations is also
comparable, with siltstones forming more than half of both the
sedimentary sequences. There is, however, a difference in the nature
of the main fossil bearing beds., In the Beechhill Cove Formation
fossils are mainly restricted to the lower part of sandstone lenses
which fill scour depressions in the upper surface of siltstone beds.
Bambach (1969ms) recorded only linguloid brachiopods and crinoid
ossicles from the siltstones and shales while disarticulated brachiopods
characterised the transported sandstone lenses, All available collections
are from the coquinite basal beds of the lenticular sandstones;

In the Upper Stonehousc Formation Boucot et al (in press)
noted that fossils were concentrated in thin siltstones and thicker
limestone lenses. The thin siltstones contained abundant brachiopods,
bivalves, gastropods, crinoids and bryozoans with many of the bivalves
articulated. Boucot et al (in press) concluded that the siltstones
were formed by the gentle winnowing out of the finer clay elements from
the sediment with minimal reworking and transportation of the shells;
The limestones occur in scours and are composed of coquinite grading
up into fine sand and silt. Brachiopods comprise ninety percent of the
fauna and are usually more fragmented than in the siltstones, with
their convex sides oriented uppermost (Boucot et al, in press). M. J.
Copeland (Geological Survey of Canada, oral communication, 1970) found
little difference between the faunas of the siltstones and the limestone
lenses in the Upper Stonehouse Formation and concluded that the degree
of transportation of the latter was slight.

It is clear that the fauna of the Upper Stonehouse Formation
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is more or less in situ but the lack of fossils in the siltstones and
shales argues against such an interpretation for the fauna of the
sandstone lenses of the Beechhill Cove Formation. In view of the
predominance of lophospirid pleurotomariaceans, it is concluded that
the fauna of the latter formation was probably derived from an area
with a firm, sandy substratum and low turbidity. It is unlikely, from
the nature of the enclosing sediment, that the assemblages were
transported far but the nature of the fauna does not require this,

It is of interest that Bambach (1969ms) noted that the few bivalves
seen by him from the Beechhill Cove Formation were quite unlike those

from other formntions of the Arisaig Group.

Bretsky (1970) recognised a similar separation of
lophospirids and murchisoniids in the upper Ordovicizan of the Central

Appalachians. Lophospirids occured in a Sowerbyella-Onniella Community

developed on outer sublittoral sands and silts while murchisoniids

were the characteristic gestropod element in an inner to outer
sublittoral Zygospira-Hebertella Community developed on calcareous muds.
Bretsky (1970) considered that the occurrence of murchisoniids in an
argillaceous environment demonstrated the affinity of the group with

the Caenogastropoda.

Faunzas of the shallowing cycles.

The strata occurring between the open marine Beechhill
Cove and Upper Stonehouse Formations can be regarded as forming two
shallowing cycles with passage from decper water fine muds at the base
of each cycle to silty shoal and barrier deposits at the top.

The first cycle commenced in the Lower Member of the Ross
Brook Formation where fissile shales probably represent the deepest
water conditions experienced during the deposition of the Arisaig Group.

Gradual passage to shoal deposition during the upper Middle and Upper
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Members was followed by the accumulation of the barrier deposits of the
French River Formation, with the Doctors Brook Formation representing
a shoal sequence in the lee of the barrier.

The second cycle occurs in the McAdam Brook Formation with
the transition from fissile shales in the lower beds of the Lower Member
to a series of shoal deposits in the Upper McAdam Brook Formation
marking the readvance of barrier conditions into the general Arisaig
area. ©Shallowing continued during the deposition of the Lower Member
of the Moydart Formation with eventual emergence for the accumulation
of the red beds of the Upper Member.

Bambach (1969ms) considered the Ross Brook Formation
to have been laid down in normal marine conditions due to the high
species diversity and similarity of the bivalve fauna to that of the
Upper Stonehouse Formation. The McAdam Brook Formation has a less
diverse fauna (text-fig.17) and was thought to have accumulated in
open lagoonal conditions behind the barrier represented by the deposits
of the French River Formation. The gastropod faunas of the two cycles
are remarkably similar and add somo supporting evidence to the
ecologic distinction made by Bambach (1969ms) whosc rcmarks appear

guito * justified when the fauna as a whole is considered.

The generalised faunal sequence present in each cycle shows
a gradual replacement of holopeiform species by bellerophontaceans and,
ultimately, trilobed bellerophontaceans of the subfamily Plectonotinée.
However, it should be noted that successive faunal elements replace
each other gradually so that occasional specimens of trilobed
bellerophontaceané may occur in scdiments characterised by holopeifomm

species. Holopea sp., Bucanopsis sp. and Plectonotus boucoti are

common to both cycles and are associated in each case with equivalent,
but different, species of Loxonematacea, Murchisoniacea and a lenticular

gastropod.
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The sequence from the Ross Brook Formation to the
French River and Doctors Brook Formations provides the fullest record
(text-rigs. 14B, 154, 15B). A fauna composed entirely of Gyroncma
haliburtoni in the lowest part of the Upper Member of the Ross Brook
Formation is succeeded in the upper part of the member by Holopea sp.,
in equal abundance, associated with Bucanopsis sp., Umbospira sp.,

Loxonema sp. B., Murchisonia (Hommotoma) sp. A and sporadic Tritonophon

spe. In the overlying French River and Doctors Brook Formations
bellerophontaceans dominate with the trilobed Tritonophon and

Plectonotus boucoti most in evidence.

The early Gyronema phase is not present in the McAdam
Brook Formation cycle (text-fig. 15C). Holopea sp. and Bucanopsis sp.,

with Murchisonia (Sinuspira) cf. M. (S.) tenera and Morania (?) sp.,

are succeeded by Pharetrolites bambachi and Bucanopsis spe. and, finally,

by Plectonotus boucoti in the lower part of the Upper Member. A rather

different fauna characterises the Grean Moydart Formation but Tritonophon
trilobata is a prominent species (see discussion in later section)e.

The absence of Gyronema haliburtoni in the McAdam Brook

Formation cycle possibly supports Bambach's (1969ms) interpretation

of a reduced connection with the open sea in the second cycle, when
compared to the initial open sea conditions of the earlier cycle of the
Ross Brook, French River and Doctors Brook Formations. An alternative
explanation could invoke differences in depth and depth related
environmental parameters. This is supported by the association of
Bucanopsis sp. with Holopea spe. in even the lowest (and presumably
deepest) collections from the McAdam Brook Formation whereas Holcpea sp.
occurs without the bellerophontacean on its first appearence in the
Upper Ross Brook Formation. The suggestion would be that the cycle of
the McAdam Brook Formation commenced at a shallower water depth than
that of the cyclo of the Ross Brook, French River and Doctors Brook

Formations, to the exclusion of the Gyronema haliburtoni phase and the
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Holopea sp. (without Bucanopsis sp.) phase of the oarlior cycles

The similarity in faunal development between the two
shallowing cycles suggested by the gastropods is also supported by
the sequence of bivalve associations (text-fig. 18).

Trophic analysis of the bivalve associations by Bambach
(1969ms) showed that epifaunal suspension feeding bivalves are dominant
in the Middle and Upper Ross Brook Formation although a fauna from
near the base of the Middle mcmber is composed almost entirely of
deposit feeders. In the overlying French River and Doctors Brook
Formations deposit fecders predominatce The general developmental
trend for this lower cycle, therefore, is towards increased abundance
of deposit feeding bivalves.(text-fig. 184).

Deposit feeders are the most common bivalve trophic element
throughout the McAdam Brook Formation (text-fig. 18B). However, an
increase in abundance from sixty percent of the total bivalve fauna
at the base to ninety percent at the top of the formation parallels

the trend seen in the previous cycle.

Functional morphology and palaeocecology of the Plectonotinae,

gBelleroghontaceaZ.

Trilobed bellerophontaceans of the subfamily Plectonotinae

are perhaps the most characteristic group in the gastropod fauna of the
Arisaig Group. Two species of Plectonotus and three of Tritonophon

are distributed through the sequence and trilobed specimens are present
in all formations. Greatest abundance is seen in the Upper Stonehouse

Formation where Plectonotud cherylae and Tritonophon kivitalonae are

widely distributed and common. Tritonophon trilobata is common in

the Green Member of the Moydart Formation while Plectonotus boucoti

is the representative species in the Doctors Brook and McAdam Brook
Formations. Specimens of plectonotinids are less frequently present

in collections from the lower beds of the Arisaig Group but Tritonophon
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TEXT-FIG. 18

Rivalve trophic associations of the shallowing cycles,

(after Bambach, 1969ms) .

As Trophic association of the shallowing gycle of the Boss Brook,
French River and Doctors Brook Formations, With the exception of
asgociation 1, the trend is towards an increase in the proportion

of deposit feeding bivalves,

1+ lover Middle Member, Ross Brook Fm.

2y 3 44 Upper Member, Ross Brook Fm,

5¢ French River Fm.

69 7y 85, 9¢ Doctors Brook Fm,

B. ’gmphic associations of the shallowing cycle of the McAdam Broock Fm,
Deposit feeding bivalves dominate throughout but increase in abundance
from 60% of the bivalve fauna at the base to 90% at the top,

1=13, McAdam Brock Fi,, mmerical sequence from stratigraphically

lowest to stratigraphically highest collection,

Percentages are based upon specimen counts
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sp. has been recorded from the Beachhill Cove, Upper Ross Brook and
French River Fommations. No specimens are known from the Middle Ross
Brook Formation and collections were not available from the Lower

Ross Brook and Lower Stonehouse Formations.

Functional morphology: Following the classic studies of J. B. Knight

(19473 1952) it is commonly supposed that bellerophontaceans are
archaeogastropods showing the same general anatomical organisation

as recent pleurotomariaceans although some authors still propose a

lack of torsion in the group (Termier and Termier in Grass§, 1968);

Knight (1947) inferred the presence of a pair of pedal retractor

muscles in the Bellerophontacea on the basis of supposed muscle scars

on finely preserved internal moulds. Similar scars have been been
described by Peel (19725 copy appended at rear) in other bellerophontacean
species and are much more common on fossil specimens than the rather
sparse literature would suggest. However, the description of the

coiled sinus-bearing monoplacophoran Sinuitopsis acutilira (Hall, 1861)

by Rollins and Batten (1968) serves to emphasise some of the problems
accompanying systematic determmination of the many remaining taxa of
belloerophontiform molluscs.

The nature of the musculature in Plectonotus and
Tritonophon has not been conclusively demonstrated but obscure
circumbilical spiral traces have been observed on several specimense.
Thin, possible myostracal deposits occur on the umbilieal walls of

transverse thin sections of Plectonotus boucoti but it has not proved

possible to equate these deposits with structures on the surface of the
internal moulds.

Of more immediate interest, in terms of life habit, is the
structure of the mantle cavity. Knight (1952) discussed the periodic

paired extensions of the dorsal 1lip in Knightites (K.) multicornutus

Moore, 1941 and concluded that the 'horns! were canals indicating
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the position of inhalant currents. By analogy with recent
pleurotomariaceans, Knight (1952) suggested that the mantle cavity
housed a pair of aspidobranch ctenidia symmetrically disposed about the
median anus (text-figs. 194, 19B). Water circulation patterns within
the mantle vavity were considered comparable to those described by
Crofts (1937) and Yonge (1947) in the living Haliotis Linn&, 1758.

The paired inhalant canals of Knightites (Knightites)

are unique amongst the Bellerophontacea where evidence of the position
1

of the presumed inhalant currents is usually wanting. However, Opik

(1953) described without comment a pair of lateral emaXginations in

13
Kokenospira trisinuata Opik, 1953 from the lower Silurizn of Victoria,

Australia (text—-fig. 19C). Horny (1963) noted similar, but better
developed, emarginations on the lateral lobes of the strongly trilobed

Tritonophon (?) bohemica (Perner, 1903) from the upper Ordovician of

Bohemia (text-figs. 19D, 19E). Horny (1963) commented on the importance
of the lateral emarginations but offered no explanation as to their
function. Occasional specimens of Tritonophon (Pl. 111, fig. 9) ana
Plectonotus from the Arisaig Group show lateral emarginations of the type
illustrated by Horny (1963) but the feature is varaiable in degree of
development and occurrence.

It is suggested that the lateral emarginations indicate
the position of the inhalant currents in the same way as the paifed

extensions of the dorsal lip in Knightitos<(Knightitea) and that the

ctenidia are located under the lateral lobes (text-figs. 19F-H).
Trilobation would then be a wodification of the shape of the mantle
cavity designed to increase efficiency. The deepening of the grooves
between the median and lateral lobes would tend to produce partial
barriers separating the clean water of the inhalant streams from the

fouled and deoxygenated exhalant current (text-fig. 19F).
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TEXI-FIG, 19
The Mantle Cavity in the Bellerophontacea,

4, B, Enightites (Knightites) mlticormtus Moore, 1941, x3,

Restoration of the mantle cavity after Knight (1952).

| . ) .
Ce Kokenospira trisimata Opik, 1953, x10,

. .
View of left side after Opik (1953) showing the lateral, inhalant emsrgination,

D, E. Tritonophon (?) bohemica (Perner, 1903), x6,

Dorsal and oblique dorsal views after Homy' (1963) BI}OWing well developed
1atem1.1, inhalant emargination on nght lateral lobe, The sides of the
median, exhalant emargination are not quite parallel so that a true slit is

not present in this specimen,

F, G, H, algges‘!:ed reconstruction of the mantle cavity in Plectonotus

and Tritonophon, F, cross-section of whorl showing location of the ctenidia
under the lateral lobes. G, dorsal view, E, lateral view with the form of
the poiled shell taken from a longitudin ol section along the plane of
symmétry rather thonm from the umbilical view as in 19]3;.

A: Anmus LE: Lateral, inhalant emargination

Ctt Ctenidium ME: Median, exhalant emargination

Inferred water currents are shown by heavy dashed lines within the mantle
cavity (finely broken line),



LE

Functional mhafant cana/s

ct ct

ME

TextTig.

Abandoned

inhalant
canals

Ct



Mode of lifes If the presence of aspidobranch ctenidia is accepted,

plectonotinids would be expected to favour a firm substratum in clear
water in the same manner as most other archaeogastropods. Alternatively,
they might have lived amongst the foliage of marine phanerogams and high
above the possibly turbid sediment-water interface. Stratification of
marine faunas in algal grass beds is well known at the present day '
(Taylor, 1971) with distinctive faunas developed amongst the foliage,

at the sediment-water intérface and infaunally.

A browsing oxistence of this type was suggested by
Brotsky (1970) for Plectonotus (?) sp. in the upper Ordovician of the
Central Appalachisns. Bretsky noted that specimens were commonly found
grouped together in patches of sedimont which were locally richer than
usual in organic debris. He argued that these assemblages rcpresented
algal fronds and their associated fauna.

The shallow water conditions operative during the
accumulation of the Arisaig Group would have been conducive to the
development of extensive algal meadows in all of the postulated marine
environments. An abundance of fucoids was observed by Bambach (1969ms)
in the Upper Stonchouse Formation and he concluded that those probable
algal remains would have provided suitable attachment sites for the
pterioid element of the bivalve fauna. The local abundance of

Plectonotus cherylae and Tritonophon kivitalonae can perhaps be

attributed to the presence of such a well devcloped algal meadowe

The plectonotinid associations Plectonotinid bellerophontaceans

are present in rocks of upper Ordovician to Devonian age throughout the
world and several authors have commented upon the commoh association
of the group with shallow water scdiments.

The elucidation of the concept of animal communities in the
upper Llandovery by Ziegler (1965) prompted Boucot, Johnson and Talent

(1969) to describe a homolanotid-Plectonotus Community from the Silurian
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and Devonian. No dotailed description of faunal composition was given
but tho community was considered to occur to the landward of the
Eocoelia Community of Ziegler (1965), in the Silurian. Cited examples
included the Arisaig Group. Boucot, Johnson and Talent (1969) gave no
indication of the relationship of the homolanotid-Plectonotus Community
to the Lingula Comwunity of Ziegler (1965) which the latter author
deseribed to the immcdiate landward of the Eocoelia Community.

Ziegler, Codsand. Bambach (1968); in a discussion of the
structure of the upper Llandovery Eocoelia Community, noted the

occurrence of Tritonophon ('"Plectonotus trilobatus") in their type sample

from the Damery Beds of the Tortworth Inlier, Gloucss The same SPGOi?S
is also present in a collection from the upper Llandovery of Anvil Bay,
Pembrokeshire which Ziogler et al (1969) referred to a diverse
Li la, bordering upon Eocoelia Community.

A detailed discussion of the occurrence of plectonotinids
was given by Bretsky (1970) in his study of the ecology of the upper
Ordovician of the Central Appalachians. Bretsky described an

Orthorhyncula~Ambonychia Community developed under inner sublittoral

and intertidal conditions, The substratum varied from muddy silt to
coarse, well sorted sand deposited in variable conditions of salinity.
The most inshore fauna, the li?uloid population, was characterised by
large numbers of Lingula (?) sp., Plectonotus (?) sp., Bucania sp. and
one species cach of nuculoid and modiomorphid bivalves. Bretsky
considered Plectonotus (?) sp. to have browsed én algal fronds which
grew on the organically rich, silty muds of extremely nearshore lagoons.
A1l presorved specimens were recorded on the seaward side of the barriers
behind which the lagoons formed but Bretsky argued that the conditions
in the lagoons were unsuited to the preservation of calcareous shells.
Bretsky appears to have considered that algal fronds were mainly
developed in the lagoonal arcas. The restriction is not easy to justify

since present day algel meadows 'occur on all but the most exposed shores'
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(Taylor, 1971) of reof platforms in the Indian Ocean and are similarly
well developed around rocky shores (Lewis, 1964).

The concept of a shallow water plectonotinid association
is supported by the distribution of Plectonotus and Tritonophon in the
Arisaig Group. Bambach (1969ms) and Boucot et al (in press) noted the
overall shallow water conditions with the period of deepest water in the
Lower Ross Brook Formation still falling within the Eocoelia Community
(Ziegler and Boucot, 1970), the second most inshore community of Ziegler
(1965). The absence of plectonotinids in the deeper parts of the two
shallowing cycles (see earlier section) and their dominance in the
shallower parts adds further confimmation.

In the Lower (=CGreen) Member of the Moydart Formation

Tritonophon trilobata is associated with Cymbularia carinata,

Pharetrolites murchisoni, Naticopsis trevorpatriciorum, an undetermined

murchisoniid genus and species and large specimens of Platyceras

(Platyostoma) cornutum, Phragmosphaera sp;, Seelya moydartensis and

possible loxonemataceans. The small bellerophontaceans, Naticopsis

trevorpatriciorum and the undetermined murchisoniid were probably algal

browsers, with most of the larger species living at the sediment-water

interface. The larger bellerophontacean, Phragmosphaera sp., has a widely

expanded aperture at maturity which possibly rclates to an unusually
large foot. The increased size of the foot could be an adaptation
enabling the bellerophontacean to move over a softer substratum than

is nommal for aspidobranch gastropods. The relationship between crinoids
and coprophagous platyceratid gastropods which live on the echinoderm

calyx is well known (Bowsher, 1955). The abundance of P. (PL.) cornutum

can be equated with the increased abundance of crinoids in the Lower

Moydart Formation where the only well articulated specimens of

echinoderms from the Arisaig Group have been recorded (Bambach, 1969ms ) «
Comparable plectonotinid associations with Tritonophon

n
trilobata occur in the Oved-Rams8sa Series of Scania, Sweden (Moberg

166



and Gr#nwall, 1909), in the borehole into Downtonian strata at Little
Missenden, Bucks., (Straw, 1933) and in the uppermost Ludlow of
Felindre, Radnorshire (Sowerby.;g‘Murchison, 1839). The close
stratigraphic relationship to fish beds at Little Missenden and red
beds at Fclindre indicates the proximity of the shore in the latter
two oxomples.,
Shaw (1971) described a similar association in the Kirkby

Moor Flags (Ludlow-Pridoli) of the English Lake District. He also

claimed that "Bellerophon trilobatus" (=Tritonophon) exhibited an

antipathetic relationship with "Gyroncma cf. octavia"e A similar

situation is present in the Arisaig Group where Tritonophon sp. succeeds

Gyronema haliburtoni in the shallowing cycle of the Ross Brook

Formation. However, Shaw maintained that "G. cf. octavia" dominated

the more stable areas of slow sedimentation with "B, trilobatus"

more typical of the possibly decper water, more rapidly sedimented
areas to the South. If a difference in depth occurs in the manner
suggested by Shaw (1971) the evidence from the Kirkby Moor Flags would
appear to contradict the currently held view of Tritonophon being
characteristic of shallow water associations, with Gyronema occurring
in deeper waters. The occurrence of "G. cf. octavia" in the relatively
slowly scdimented 'stable! conditions and the restriction of

"B, trilobatus" to the rapidly sedimented 'unstable! areas offers some

accord with the situation in tho Arisaig Group where Gyronema haliburtoni

is typical of the quiet water conditions of the lower part of the
Upper Ross Brook Formation. The plectonotinids of the French River,
Doctors Brook and Upper McAdam Brook Formations occur in the higher
energy shoal environments associated with the advance of barrier

conditions into the Arisaig areas in conditions which are perhaps

not unlike those proposed by Shaw (1971).
Shaw (1971) gave few detrils of individual asscmblages or

the palneogeographic sctting and tho faunal aspects of the study remain
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unclear. However, the similarity of the fauna of the Kirkby Moor Flags
to that of the Lower Moydart Formotion and the proximity of the two
areas in reconétfuctions of Silurian continental distributions
(text~fige 134) makes the reinvestigation of the fauna of the English
strata an attractive project;

The characteristic murchisoniacean and loxonematacean
element of the fauna of the Upper Stonehouse Formation, discussed above,
occurs in association with abundant plectonotinids and the lenticular

pleurotomariacean Liospira marklandensis. The presence of the last

named species is a point of contrast with the fauna of the Lower (;Green)
Moydart Formation where lenticular species are unknown. Morphologically
similar species are recorded from the Beechhill Cove Formation

(Liospira cf. L. affinis), Uppcr Ross Brook Formation (Umbosgira Sp-)

and the Lower McAdam Brook Formation (poor Liospira (?) sp.). The

almost planispiral form of the shell of lenticular species produces

a form of similar proportions to a laterally compressed bellerophontaceane
The low stability (Vermeij, 1971) suggcsts a browsing life amongét

algal foliage in a similar manner to plectonotinids. However, the

absence of lenticular species in the higher energy environments of the
French River, Doctors Brook and, possibly; Lower Moydart Formation

might indicate a preference for quicter weter conditiohs.

The association of abundant Turbocheilus helicites

(Sowerby in Murchison, 1839) with the transition from marine Ludlow
to nonmarine Downtonian in the Silurian of the Welsh Borderlands also
suggests a shallow water habitat for at least some lenticular speciess

The Platyschisma helicites Beds of Radnoxshire (Earp, 19383 1940)

follow strata with Tritonophon trilobata and a fauna of Lower Moydart

Formation type which probably accumulated in conditions of reduced

salinity (Allen and Tarlo, 1963),
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Bivalve and gastropod faunal devclopment § a comparisone

The apparently congrucnt development of the bivalve and
gastropod faunas of the shallowing cycles, discussed above, naturally
promotes enquiry into the relative development of the two molluscan
classes throughout the Arisaig Group.

In an exploratory investigation into faunal composition,
the gastropod fauna of each formation of the Arisaig Group was resolved
into three components on a numerical basise The components were chosen
so as to encompass the greatest possible variation in shell form with
the planispiral coiling of the Bellerophontacea and the high spired
shells of the Murchisoniacea and Loxonematacea being the two main
determinitive groups. The third group included all other gastropods
and consisted mainly of turbiniform species.

The resolution is clearly crude but the data, consisting
simply of specimen counts on the four major collections, are insufficient
to merit a more sophisticated approach.

The results are illustrated in text—fig. 20A and show a
sequence from faunas dominated by Yother gastropods! in the Beechhill
Cove Formation (1) and Middle and Upper Ross Brook Formation (2,3) to
bellerophontacean domination in the Doctors Brook (5) and McAdam Brook
(6) Formations and, finally, equal representation of the three groups in
the Grecn Member of the Moydart Formation (7) and the Upper Stonehouse
Formation (8).

The major feature is an increase and subsequent decrease
in the proportion of bellerophontaceans in the fauna. A peak is reached
in the Doctors Brook and McAdam Brook Formations (5,6) where some
seventy percent of observed specimens are bellerophontaceans. Associated
with this trend is a general reduction in the proportion of ‘other
gastropods' from seventy five pcrcent in the lower formations to near
twenty five percent in the upper stratas The proportion of high spired

gastropods is generally low until the Moydart (7) and Upper Stonehouse (8)
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TEXT-FIG, 20
Comparison of gastropod and bivalve associations in the Arisaig Group.

A, Morphological analysis of the gastropod faunae

The faunas of the respective fomati?ns are resolved into three

components of contrasting morphologys planispiral bellerophontaceans

high spired murchisoniacean and loxonematacean; ‘other gastropods',

a group .fmcluding all other species and consisting mainly of turbiniform
elements (data from Bembach, Twenhofel, Schmchert and U.Se National Museum
Collections),

Be Summation of bivalve trophic associations.

(data from Bambach, 1969ms),

‘l, Beechhill Cove Fm, .
2. Middle Member, Ross Brook Fin,
3. Upper Member, Ross Brook Fm,
4f French River Fn,

55 Doctors Brook Fb.

6? McAdam Brook Fin, ]

7? Green Menmber, Moydart Fm,

8. Upper Member, Stonchouse Fm, .

|
Percentages are based upon specimen counts ‘
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Formations, where about half tho observed spocimens belong to this
category.

The critical question relates to the amount of meaning that
can be read into this essentially morphological analysis. The three
component groups have distinctive shell form and it is to be presumed,
with support from the recent study of Vermeij (1971), that these
differences in coiling have some palacoecological significance.

As previously observed in the discussion of the gastropod
faunas of the Beechhill Cove and Upper Stonchouse Formations, above,
most archaeogastropods are rcstricted to a firm substratum in clear
water (Yongo, 19473 Purchon, 1968). VWhile high spircd murchisoniaceans
and loxonemataceans are frequently present in these conditions, they
arc moro typical of a softer substratum and more turbid water
unsuited to the aspidobranch ctenidia of archaeogastropods (Yonge, 1947
Bretsky, 1970), Two components of the analysis are thus concerned to
some extent with the nature of the substratum since the group of
Yother gastropods! is entirely composed of aspidobranch archaeogastropods;
Domination by high spired gastropods is indicative of a soft substratum
while a preponderance of 'other gastropods'! suggests a fim substratum
with clear water.

The association of plectonotinid bellerophontaceans with
extreme shallow water has been described by Boucot, Johnson and Talent
(1969) and Bretsky (1970) and is discussed in the previous sections
The high proportion of members of this subfamily in the bellerophontacean
dominated associations of the Doctors Brook (5) and McAdam Brook (6)
Formations correlates with proximity to land and the somewhat reduced
marine conditions of the barrier complex, unsuited to the establishment
of a diverse fauna. Plectonotinids are also common in the Lower
(=Green) Member of the Moydart Formation (7) and the Upper Stonechouse
Formation (8) but the prevailing open marine conditions allow the

development of a more diverse benthonic fauna in these cases. The
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bellerophontacean component is, therefore, apparently an indicator of
proximity to shore which, when dominant over other components, may
also suggest some departure from full marine conditions.

Summation of all the bivalve trophic associations given
by Bambach (1969ms) produces a comparable figure to that seen for the
gastropods (text—fige. 20B), The faunas of the French River (4),
Doctors Brook (5) and McAdam Brook (6) Formations are dominated by
deposit feeders and quite unlike the trophic associations of the
Upper Ross Brook Formation (3) in which epifaunal suspension feeders
are more abundant. Faunas from the Green Member of the Moydart
Formation (7) and the Upper Stonehouse Formation (8) show admixing of
the two extremes although Bambach (1969ms) considered the latter, in
particular, to be similar to the Upper Ross Brook Formation (3);

The single bivalve trophic association from the lower part
of the Middle Member of the Ross Brook Formation (2) represents an
apparent anomaly in having the highest proportion of deposit feeding
bivalves of any formation. However, Bambach (1969ms) noted that this
association of infaunal siphonate deposit feeders had the lowest species
diversity of any of his described trophic associations and was
developed in offshore soft muds accumulating under the deepest water
conditions oxperienced during the deposition of the Arisaig Group;

In each molluscan classg the culmination of the respective
trend coincides with the advance into the Arisaig area of the barrier
complex of the French River (4), Doctors Brook (5) and McAdam Brook (6)
Formations (text~fig. 20). Subsequent reversal of the trends accompanies

the re-establishment of open marine conditions.

The component units employed in the analysis of the
gastropod fauna (text-fig. 20A) are not trophic (i.e., feeding pattern)
groups, as is the case for the bivalves (text—-fige. 20B), It has been

noted, above, that most lower Palaeozoic gastropods were probably
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herbivores but there is little currently available infermetion which
permits recognition of more precise feeding patterns. Thé?present
inability to recognise morpholegical adaptations to different modes of
life comparable to those well known in the bivalves (Stanley, 1970;
Rhoads, Speden and Waage, 1972) necessitates the adoption of a
morphological (as distinct from trophic) analysis of the gastropod
fauna. However, it is possible to give the component shell forms some
degrec of meaning in an ecologic sense, as shown here.

The inelegance of the present model is apparent but the
measure of agreemcnt betwcen bivalve and gastropod trends in text—fig;
20 suggests that the representation of the structure of gastropod
faunas in this manner does have some validity. A more elaborate
survey of the distribution of gastropod shell forms could well prove
profitable for the increased understanding of the palaeocecology of

fossil gastropod associations,

172



APPENDIX

dollection Notes.

Bambach Collection, Yale Peabody Museum,

Form of citation: "Bambach Colln. A3606(187)}) A3606 being the Yale Peabody
Musows Collection Number and 187 the stratum mmber of Bambach (1969ms).

During 1964~65 Dr. Ri K. Bambach made detailed collections from
measured sections mainly along Arisaig shore. Each assemblage was given a
different Yale Peabody Collection Mumber and these numbers are on file in
the Division of Invertebrate Paleontology, Yale Peabody Museum, New Haven,
Conn,, with descriptions of field localities, Stratigraphic charts and maps
indicating the pogition of all collection localities are given by Bambach
(1969ms, P1, 1-5),

Bambach assigned his individual collections to a series of ngmbered
strata in a sequence 1-508 from bottom to top ofthe Arisaig section, The
stratigraphic position of each stratum was referred to a datum point for the
major stratigraphic unit in which it was located, enabling a collection to_
be precisely located relative to any other collection within the same unite.
In addition, Bambach incorporated into his scheme of numbered strata most of
the accurately documented collections made by Twenhofel some sixty years
previously, together with more recently made collections of Boucot and
collabo;ators, and thereby partly integrated the three major collections from
Arisaig.

The relative stratigraphic positiop of al; the cited numbered strata
of Bembach (1969ms) is shown in text-figs, 14~16. Precise geographic
co~ordinates are not given since this information is available at Yale
Peabody Museumy in Bambach (1969ms) and on the large scale maps of Boucot et
al (in press). Unless otherwise statcd all Bambach Collections are from the

coastal section, Arisaig shorc,
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Collections bearing U, S, National Muscum Collection Numbers.

Form of citation: "USNM Colln, 10114(1)¥ where 10114 is the U. S, National
Museum Collection Number and 1 the stratum mmber of Bambach (1969us)
where applicable,

The greater part of the material amassed since 1953.by Dr. Ae Jo
Boucot, his collaborators and students is located in the U, S. Notionol
Museum, Washington, D.C., although some material with USNM Collegtion Numbers
was donated to Yale Peabody Museun for study by Bambach (1969ms)e Full details
of field localities are filed in the Dept. of Paleobiology, U. S. National
Museum but as most of the cited localities are inland and do not have Bambach

stratum mumbers, brief details are given belows

Beechhill Cove Fm, ]

10114(1)  Shore 2050ft. NE of McGillivrey Brook in upper half of
formation, Boucot et al (in press) Pl, 3.

10115 McGillivray Brook 50ft. upstream of contact with\
underlying volcanics, Boucot ¢t al (in press) Pl. 3.

10116 Shore 2175fte NE of McGillivray Brock, Boucot gt al
(in press) Ple 3, o

10819 - Wallace Brook, Pictou Co.; Maehl (1960ms) map figs 6.

Glencoe Brook Fm,

11262 Brock 2 miles E of Sunnybrae, Pictou Co., Maehl (1960ms)
map fig. 14. _

11267 Boac.i NE_of Kerrowgare, Pictou Co.y Maehl (1960ms) map
fige 14

Ross Brook Fm, (Middle Member) o
11224 French River, Pictou Co,, Maehl (1960ms) map figs 14,
11291 Pictou Cos, Machl (1960ms) map fige 4.

Ross Brook Fm. (Upper Member)'

10129(100) Shore 10ft, SW of French Brook, Boucot et al (in press)
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French River Fm,
10153  Ross Brook, South Branch, Boucot gt al (in press) Pl. 6e
10158 Iron ore mine NE of Arisoig Brook, Boucot et ol (in press)
Ple 7. o
11247  Pictou Coey Moehl (1960ms) map fige 6e
Doctors Brook Fme )
10164(123) Shore 440ft. SW of French Brook, Boucot gt al (in press)
Pl, 4. )
10165(141) Shore 1450ft, NE of McAdom Brook, Boucot et al (in press)
P1. 4e '
10919 Doctors Brook, Boucot et al (in press) Pl, 5.
McAdam Brook Fm,
11183 'Molsonts Brook!, Lochabers )
11217 Harri Brook, Pictou Co., Machl (1960ms) mop fige 8e
Moydart Fm, (Green Member) _
10174 Smith Brook 280ft. NNW of Route 45 bridge, Boucot et 2l
(in press) Pl. 4.
10175 Seith Brook 190ft. N of Route 45 bridge, Boucot et 2l (in
press) Pl. 4e
10181 Shore 1380ft., SW of McAdom Broak, Boucot gt 2l (in press)
Pl. 4. _
10183(315) Shore 270ft. W of McDonald Brook; Boucot et a} (in press)
Pl, 4. '
10853(292) Sutherland River, Pictou Co., Maehl (1960ms).
Stonehouse Fnm, (undifferentiated)
10843(505) Cape George, collected by Griffin, 1959,
11214 doe
Stonehouse Fm, (Upper Member)
10202(498) McAdam Brook, Boucot et al (in press) Pl. 8.
10205(500) do.
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10211 Arisaig Brook, Boucot et al (in press) Ple T,

10910(496) Arisaig shore, collected by Boucot, 1953.

Geological Survey of Canada Collections.

Form of citation: "GSC loc, 1302%,

Precise locality details for the old collections of Honeyman, Ami,
Fletcher, Willicms (1914) and Mci;earn (1924) are not known, Most specimens
are referred to "Aricaig" of "Arir:aig shore" without accompanying stratigraphic
information, Some specimens collected by T. .C. Weston in the middle of the
last century have paper lebels stating that they were collected from E2, 3
and 6, presumably of Fletcher (1887), These three units embrace the entire
Ariseig Group with the exception of the Beechhill Cove Fm, It is clear that
the labels were added some considerable time after collection. Collections
made recently by M. J. Copelend ore acmmtel}_/ localised,

GSC loc. 1302 Arisaig, Nova Scotia. T. C. Weston, 1867.

GSC loc. 39089  Blocks from ditch 400ft. NE of North Brench of

Meadom Brock, 10ft. SW of Highway 245. M. J.

Copcland, 1959.

Jones Collecction, Manchester Univercity.

Fom of citation: "Jones Colln, Ar S 7820" where S indicates Stonehouse Fm.
and 7820 ic the paced distance in feet along the chore frozﬁ the origin,

0. ’I‘, Jones made a largely uncurated co;lection which is now preserved
in the Dept, of Geology, Menchester University, Individual collection mmbers
refer to o cketch section of the coast baced on o paced traverse along the
ghore, There were pocsibly two such sections but only one concerning Western
outcrops is preserved, Explanatory notes have not been found.

The stated origin ie 300ft. Southwest of the prosent (1925) mouth of
Ariscig Brook and the distance along the shore to the end of the Stonehouse
Fm, outcrop is given as & little more thon 8,000f%., compared to some 11,000fte

noted by Bambach (1969ms). Jones indicated the base of the Moydart and
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Stonehouse Formations on the slcetch and alco named the Stonehouse Brook
(=MacEachern Brook of current usage, coe text~fig, 3)« These points are
accurately located relative to the Southwest extremity of the section (as
dictinct from the stated origin) and it'would appear that Jones mistakenly
identified Smith Brook ac Ariseig Brook, A copy of the section is lodged with
the Geological Survey of Canada, Ottawe, to accompany figured specimens from
the Jones Collection which hove been kindly donated to the Canadian Survey
by Manchecter University,

' Localities cited in text but not located on sketch cection:
Ar B, Cove Loc, 2, Dunn Point, Beechhill Cove Fh}., Dunn Point, precise

locality unknown,.

Ar B, Cove Loc: 4. Beechhill Cove Fm,, locality unknown,
Ar 1900 Upper Roso Brook Fm. (from preconce of

Gyronema haliburtoni), precice locality

unknowns
Localities cited in text and located on cketch sections
0 Origin redefined as about 300ft, SW of Smith Brook, Ansalg

chore, mistakenly idcntified as Ariseig Brook by Jones,

ArM 25 Probably top of Upper Ross Brook Fm., but poscibly Doctors
Brook Fm,
2800 Base of McAdam BI‘OQk Fm, )
Ar M 3480 McAdam Brook Fm,, about 400ft, SW of McAdam Brook,
4550 Base of Moydart Fm,

Ar Mo 4700, Ar Mo 4800, Ar Mo 4820, Ar Mo 4900, Ar Mo 4980, Ar Mo 5050,

Ar Mo 5300, Ar Mo 5420, Ar Mo 5450, Ar Mo 5500,..a211 Moydart Fm., Green Member,

5620 Mouth of McDonald Brook,
5940 Base of Stonchouse Fme
Ar S 7380 Stonehouse Fm,, Upper Meober,
7800 Mouth of MacEc}chem Brook,
Ar S T815 Stonehouce Fm.? Upper Member,
Air S 7820 doe
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Schuchert Collection, U. S. National Museum,
Form of citation: "Sclmuchert Colln, 539

Charles Schuchert vicited Arisaig in 1900 and his collections contain
a large mumb.r of well preserved specimens not seen by McLearn (1924) or
Bambach (1969me) . Usfertunately, locality informetion is imprecise although
it is uoually possible to determine the fommation from which tl_qe specimens
wore collected, Details of localities are recorded at the Us S. National

Museum, Dept. of Paleobiology, and the following are relevant abstracts:

Schuchert Colln, 49, Ariscig zone D of Honeyman = Ludlow, Arisaig shore and
near Stonehouse Brook, Nove. Scotia.

494, In beds 30ft, from the top of the serics,

49D, In beds 70ft., from the top of the series,

Comment: The !'Stonehouse Brookf is thet currently referred to as the
MacEachern Brook (see text-fige 3) and the collections are from the Upper

Stonehouse Fnm,

Schuchert Colln, 52. Arisaig zone C of Honeyman. Arisnig shore in region of
Mcaden Brook, N, S.

52B, Bed 7 (upper half) of Fletcher (1837), NE of McPherson's Brook,
Comment: The pole grey-grecn limestone of this collection is clearly from
the Green Member of the Moyda?t Fm, The brook referred to is apparently the
McA:_ms Brook of present usages

52D, Loose limestone pebbles along the shore but apporently from zone C of

Honeyman,

Comment: The presence of Plectonotus boucoti and the lithology of this

coquinite suggest Doctorg Brook Fm,

Schuchert Colln, 53, arisaig zone B! of Honeyman, Arisaig shore N of Arisaig
Brook, N, S.

Comment: Notes accompenying Schuchert's collection state that the base of B!
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occurs at the mouth of Arisnig Brook, B! would consequently outcrop along
the shore to the_Smthwest of the broock with zone B of Honeyman outcropping
to the Northecct, This contradicts the stated locality information although
it should bc not-l that the mouth of the Arisaig Brook is now located some
300ft, to the Southw.ot of the pre~1897 course. It is not kmown %o which position
of the mouth of the brook Schuchert referrcd his comments,

Honeymzn's zones B and B' are zpproximately equivalent to the Ross
Brook Fu, However, the lithology and fauna of Schuchert Colln, 53 sugsests
derivation from the Stonehouse Fm, Dr, Jean Berdan (oral communication, 1969)
considered the ostracodes to be of Stonchouse Fm, type while Dr, R« Ke
Bambach (oral communication, 1970) noted the presence of Nuculites
concentricus (Hnll, 1860), Pteronitelln vermsto Billings, 1874 and other
bivalves indicating the same source. The gastropod fauna contains only
Stonehouse Fm, species and is quite unlike the fauna of the Ross Brook In.

It is presumed that the collection has becn incorrectly labelled and,
in view of the palceontological evidence, it is considered quite justifiable

to regard the Stonehouse Fm, as the stratum of origin.

Twonhofel Collection, Yole Pecbody Museum.

Fom of citation: " Twenhofel Colln, 240/3032(380)" being the assembloge
from We H, Twenhofcl locality 24e, Yale Peabody Museum Accession No. 3032,
The stratum mumber of Bambech (380) is given where applicable,

Twenhofel (1909) amassed a large cnd cecurately documented collection
from the Ariscig coastel section, Locality details are filed in the Division
of Invertebrote Paleontology, Yale Peabody Museum ond are not given here, The
mojority of Twenhofel's individunl assemblages have been given stratum mmbers
by Bambach (1969ms) and their stratigrmphic positions are illustroted in
text-figss 14-16, Some localities are shown on the large scale maps of

Boucot et al (in press).
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OBSERVATIONS ON SOME LOWER PALAEOZOIC
TREMANOTIFORM BELLEROPHONTACEA
(GASTROPODA) FROM NORTH AMERICA

by JOHN S. PEEL

ABssTRACT, Muscle scars are described in Salpingostoma buelli (Whitfield 1878) and Tremanotus alpheus Hall 1865
with reference to finely preserved specimens of Bellerophon spp. The taxon Salpingostomatidae Koken 1925 is
abandoned with transferal of Salpingostoma Roemer 1876 to the subfamily Bucaniinae of the Bellerophontidae.
A new subfamily of the Sinuitidae, the Tremanotinae, is proposed to accommodate Tremanotus Hall 1865 and
Boiotremus Horny 1962. Brief discussion is given of described species of the three genera from the Silurian of
North America.

IT is over a hundred years since F. B. Meek (1866) discussed the affinity of the family
Bellerophontidae M’Coy 1851 and gave °. . . as nearly a positive demonstration of . . .
the affinities of the Bellerophon-group, as we can probably ever expect in such a case’.
In so doing, he ended much of the controversy that had developed regarding the
systematic position of this extinct molluscan group since von Hupsch first noted their
existence in 1781. By reference to Tremanotus chicagoensis (McChesney 1859), Meek
reiterated de Koninck’s (1842-1844) interpretation of the bellerophontaceans as proso-
branchiate gastropods. The presence of tremata was held to indicate that Tremanotus
‘. .. bears exactly the same relations to Bucania, that Polytremaria does to Pleurotomaria,
and Rimula to Emarginula’.

Since that time there have been considerable advances in our knowledge concerning
the bellerophontiform molluscs. A notable contribution was the demonstration by Wenz
(1940) of the tryblidiid affinity of the coiled Cyrtonella mitella (Hall 1862) which, of
necessity, cast doubt upon the status of the remaining members of the group. Wenz
(1940) presumed that all bellerophontaceans possessed similar musculature indicating
a lack of torsion and placed the superfamily alongside the Tryblidiacea in the subclass
Amphigastropoda. However, the description by Knight (1947) of muscle scars, sugges-
tive of torsion having taken place, in Bellerophon gibsoni White 1882 and Sinuites
cancellatus corrugatus (Hall 1847) clearly indicated that the Amphigastropoda of Wenz
(1940) was not a homogeneous unit. Furthermore, the Bellerophontacea of then current
usage could itself no longer be maintained as a single entity.

The distinction between the coiled Cyclomya (Monoplacophora) and the Bellero-
phontacea (Gastropoda) is now well recognized, principally through the works of Horny
(1962, 1963a, 1963b, 1965a, 1965b, 1966). Recent summaries are given by Yochelson
(1967), Rollins (1969), and Starobogatov (1970). Muscle scars are known in an increasing
number of bellerophontiform molluscs, though the description by Rollins and Batten
(1968) of the sinus-bearing monoplacophoran Sinuitopsis acutilira (Hall 1861) serves to
emphasize some of the problems accompanying systematic determination of the many
remaining taxa.

The intention of this paper is to describe structures of the shell interior in the Ordo-

[Palacontology, Vol. 15, Part 3, 1972, pp. 412422, pl. 79.]
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vician Salpingostoma buelli (Whitfield 1878) and a specimen of Tremanotus alpheus Hall
1865 from the Niagaran (Silurian) dolomites of Illinois. Owing to the coarseness of
preservation, interpretation of these structures is attempted with reference to well-
preserved specimens of Bellerophon spp. of Carboniferous age. It is of historical interest
that the conclusions reached by Meek (1866) after examination of one member of this
group of dorsally perforate molluscs receive further support, the described internal
structures being interpreted as muscle scars of gastropod type. On the basis of general
morphology the suprageneric classification of Tremanotus, Salpingostoma, and Boio-
tremus Horny 1962 is revised and a brief discussion given of the described species of
those genera from the Silurian of North America,

Repositories. The following Institutions are denoted by abbreviations in the text: USNM, U.S. National
Museum, Washington D.C.; AMNH, American Museum of Natural History, New York; GPM,
Greene Paleontology Museum, Univ. of Wisconsin at Milwaukee; YPM, Yale Peabody Museum, New
Haven, Conn.; OUM, Oxford University Museum.

MUSCLE SCARS IN BELLEROPHON

The most readily observed indication of the position of supposed rectractor muscles
of the type described by Knight (1947) is a fine spiral ridge on each umbilical shoulder
of natural internal moulds of the shell. Under exceptional conditions of preservation
a series of fine crescentic striae can be seen on the mould at the adapertural extremity
of each ridge. The crescents are convex adaperturally and coalesce dorsally at the spiral
ridge. Each spiral ridge was interpreted by Knight (1947) as forming the dorsal margin
of a muscle attachment scar, with successive positions of the adapertural scar margin
producing the crescentic striae. In some cases a groove on the mould may replace the
spiral ridge while a number of minor structures are commonly developed in association
with the general muscle attachment area. The latter include local swellings of the mould,
corresponding to slight hollows on the shell interior, and changes in the degree of
angularity of the umbilical shoulders.

Two internal moulds assigned to Bellerophon show well-preserved muscle scars. The
larger specimen (USNM 169475), apparently from the Pennsylvanian of the U.S.A. and
hereafter referred to as Bellerophon specimen A, lacks the apertural margin, though the
last preserved growth stage is almost certainly less than one tenth of a whorl back from
the true aperture (P1. 79, fig. 1). Three whorls are present, the nuclear whorls having
been lost. Although the shell infilling is rather coarse the surface of the mould is
smooth and polished.

A well-marked spiral ridge is observed on each umbilical shoulder with crescentic scars developed
at the adapertural extremity of the ridges. The crescentic scars liec half a whorl back from the final
preserved growth stage. Both spiral ridges terminate abruptly one half whorl back from their anterior
extremities. In detail, the nature of the spiral ridges is seen to vary over the half whorl extension.
Abaperturally, each spiral ridge has greater relief and is overturned towards the dorsum. As a conse-
quence, a narrow well-defined channel exists between the acute overturned crest of the spiral ridge and
the dorso-lateral surface of the mould. In terms of the shell interior, this channel equates with a
low-angled projection of shell towards the umbilical shoulder.

Proceeding adaperturally, the relief of each ridge decreases, the crest becomes less acute and the
channel is lost. However, the general form of a gently convex slope on the umbilical side of the ridge
and a steep surface on the dorsal side, is retained. A series of grooves occupies the crest of each spiral
ridge, the various grooves being continuous with the several crescentic scars.
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A broad, elongate swelling is seen on the dorsal side of each spiral ridge. This structure, representing
a hollow in the inner side of the shell, is subparallel to the ridges but commences at a slightly earlier
growth stage. Proceeding towards the aperture, the swelling and spiral ridge diverge. It is not possible
to trace the swelling beyond the midpoint of the spiral ridge on either shoulder.

The second internal mould, Bellerophon specimen B, is from the Carboniferous Lime-
stone of Armagh, Northern Ireland (OUM E2214). The apertural margin is not pre-
served and the left side is obscured by coarsely recrystallized calcite [left and right are
used in the sense of Knight (1947). In lateral view with the aperture facing to the left,
the side visible is the left side]. The muscle scar on the right side is visible (P1. 79, fig. 2)
and is of particular interest in that the abapertural margin of the muscle attachment area
can be observed. In addition, the scar shows notable morphologic differences from the
form seen in Bellerophon specimen A.

TEXT-FIG. 1. Lateral view of the right muscle scar of Bellerophon
specimen B (OUM E2214). The arrow indicates the direction of
growth. For explanation see text (X 6).

The spiral ridge (text-fig. 1 ; ) is symmetrical with a convex upper surface in contrast to the ad-dorsally
overturned acute ridges of the previously described specimen. The abapertural termination is sudden
and a faint scar passing around the extremity indicates the margin of the muscle attachment area.
The umbilical margin of the scar is visible for about one-third of the length of the spiral ridge and
encloses a spirally striated muscle attachment area. Dorsally, the scar margin is continued as the acute
dorsal edge of a flat topped swelling (p) which parallels the abapertural third of the spiral ridge. The
swelling has a concave slope passing from this dorsal edge to the normal surface level of the dorsum
and fades away suddenly when the dorsal edge converges with, and meets, the spiral ridge. Two
obscure swellings (s;; 5.) diverge from the spiral ridge at this point at approximate angles of 30° and
45° and pass obliquely across the dorsum, almost to the median plane. Approach of the spiral ridge
towards the umbilical shoulder causes an increase in the angularity of the mould shoulder which
reaches a maximum at the point of divergence of the oblique transdorsal swellings.

Proceeding adaperturally, the spiral ridge increases in relief but loses the initial strong delimitation
from the dorsal surface by the acquisition of more gently sloping sides. The upper surface is marked
with a prominent median groove (g) from which adumbilically concave striae diverge in the direction
of the umbilical shoulder. After a total length of half a whorl, the spiral ridge gradually disappears and
obscure crescentic striae (c) are developed with the median groove forming their dorsal margin.

The muscle scars in Bellerophon specimen A are essentially identical to those described
by Knight (1947, pl. 42, figs. 2, 3a, b) in B. gibsoni White 1882. The scar in Bellerophon
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specimen B retains the over-all form but differs with regard to expression of the detail.
In the absence of variation studies of bellerophontacean muscle scars it would be unwise
to attempt any assessment of the importance of the differences.

The spiral ridges were interpreted by Knight (1947) as the dorsal margins of muscle
attachment scars, the crescentic grooves marking successive ontogenetic positions of the
adapertural margin of the scars. Although not observing the umbilical and abapertural
margins of the muscle attachment areas, Knight (1947, p. 266) considered the length of
the spiral ridges to approximate to the length of attachment of the retractor muscles.
While the abrupt abapertural termination of the spiral ridges in many observed speci-
mens of Bellerophon tends to support this view, the evidence available from Bellerophon
specimen B, above, adds direct confirmation.

However, this would not appear to be the case in all bellerophontaceans and, as a
general rule, the spiral ridges are best regarded as the locus of the muscle attachment
scars unless detail of the scar margins permits additional qualification.

Both of the described specimens of Bellerophon have swellings variously associated
with the spiral ridges, though the equivalence of these structures is uncertain. The
prominent flat-topped swelling seen in specimen B is closely related to the ridge itself,
and lies within the muscle attachment area. The swellings on specimen A lack this specific
association with the spiral ridges and the embedded nature of the dorsal margin of the
retractor muscles, indicated by the overturned spiral ridges, suggests that the swellings
were outside the muscle attachment areas. It is more probable that the oblique trans-
dorsal swellings which diverge from the spiral ridge in specimen B are comparable to the
structures seen in the North American example. While the location of the various
swellings on the moulds demonstrates some connection with the musculature, the nature
and purpose of the structures is quite unknown.

MUSCLE SCARS IN SALPINGOSTOMA BUELLI (WHITFIELD 1878)

A full description of this species is given by Ulrich and Scofield (1897, pp. 900-901).
The two specimens discussed here are internal moulds from the Middle Ordovician
(Black River) Plattville Fm. at Beloit, Wisconsin. The more complete (USNM 15641)
shows the bell-shaped final growth stage and explanate aperture characteristic of the
genus (PL 79, figs. 3, 6, 8) but in the other (USNM 169472) the explanate stage is not
preserved. The median dorsal slit is represented by a raised spiral ridge on each
specimen.

Circumbilical spiral ridges have been observed in both specimens but crescentic scars
of the type noted above have not been seen (Pl. 79, figs. 3-5). In view of the relative
coarseness of the matrix, it is unlikely that such delicate structures would be preserved.
Specimen USNM 15641 shows the right and left spiral ridges but the former is rather
obscure. Each ridge is located on the umbilical wall about halfway between the whorl
periphery and the suture with the previous whorl. The adapertural extremity of each
ridge lies vertically above the plane of the aperture, high on the side of the bell-shaped
final growth stage. A low callosity is developed on the floor of the whorl at this point.
It is difficult to ascertain the length of the spiral ridges but it would appear that the left
ridge (text-fig. 2B, r) extends over at least half a whorl.

In USNM 169472 only the right spiral ridge is seen, the left umbilical wall being
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damaged. The ridge is essentially identical with those visible in the more complete
specimen but is only observable over about one quarter of a whorl.

The spiral ridges in Salpingostoma buelli differ from those in Bellerophon specimens
A and B with regard to position, relief, and relationship to the slit. In S. buelli the ridges
are located on the umbilical walls, well within the umbilicus, while in specimens 4 and B
of Bellerophon the ridges are situated on the umbilical shoulders, essentially at the
‘maximum width of the whorl. The positional differences can be partly accounted for by
change in whorl profile. The latter specimens have whorls which are reniform in cross-
section with relatively high impression of the earlier whorl and a deep, narrow umbilicus.

TEXT-FIG. 2A. Lateral view (X 1) of Tremanotus alpheus Hall 1865 (GPM 21123) showing the position of
the left swelling. The cross indicates the point of maximum relief of the structure. Numbers around
the periphery mark the location of the tremata though an earlier probably incomplete trema noted in
text-fig. 3 is omitted. The origin of the radial scale employed in text-fig. 3 is shown.
B, lateral view (X 1) of Salpingostoma buelli (Whitfield 1878) (USNM 15641) illustrating the left
spiral ridge (7). The extent of the open dorsal slit which is partly infilled with matrix is denoted by the
dashed line. The fine dotted line indicates maximum whorl width.

S. buelli is evolute with minor impression of the previous whorl and a lenticular whorl
profile. The relatively acute nature of the junction between the dorso-lateral and umbili-
cal surfaces in S. buelli possibly affords a less suitable site for muscle attachment than
the corresponding more convex site in Bellerophon Specimens 4 and B.

It is difficult to assess the effects of acquisition of the bell-shaped late growth stage

EXPLANATION OF PLATE 79

Fig. 1. Bellerophon specimen A4 (USNM 169475), Pennsylvanian, U.S.A. (non loc.); lateral view of
internal mould showing right muscle scar, the arrow indicates the obscure anterior margin crescentic
scar, X 1.

Fig. 2. Bellerophon specimen B (OUM E2214), Armagh, N. Ireland; lateral view of internal mould
showing right muscle scar, X 1.

Figs. 3-6, 8.  Salpingostoma buelli (Whitfield 1878), Beloit, Wisconsin, U.S.A. 3, 6, 8 (USNM 15641);
3, oblique umbilical view showing circumbilical ridge, X 1; 6, dorsal view, X 0-75; 8, posterior view,
X0-75; 4,5 (USNM 169472); oblique views illustrating the circumbilical spiral ridge, X 1.

Figs. 7, 9-11. Tremanotus alpheus Hall 1865 (GPM 21123), Hawthorne, Illinois, U.S.A. 7, oblique
lateral view showing ridge on ad-dorsal margin of swelling, x0-75; 9, posterior view showing swell-

- ings, x0-75; 10, lateral view, X0-75; 11, dorsal view illustrating the dorsal tremata, x0-75.
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upon the musculatory requirements of the individual. It is probable that the more
central position of the retractor muscles in S. buelli enabled better control of the body
mass than muscles situated peripherally. The relationship between the presently observed
musculature and that prior to attainment of the bell-shaped shell is unknown.

The spiral ridges in S. buelli are much broader than those in Bellerophon specimens
A and B and lack the strong delimitation from the normal steinkern surface typical of
their development in the Carboniferous examples.

Although the adapertural extremities of the ridges are comparable distances back from
the aperture, there is variation with respect to position relative to the dorsal emargina-
tion. In Bellerophon specimen A the slit is very short, the deepest portion being half a
whorl forward from the ends of the spiral ridges. In S. buelli the deepest part of the long
slit lies one quarter of a whorl back from the apertural termination of the ridges. The
importance of this dissimilarity is unknown since studies into the nature, particularly
depth, of the bellerophontacean or pleurotomariacean slit have not been made. Anatomi-
cal differences are presumably involved but, at present, there is no way of resolving these.
Indeed, neither is it possible to make analogies concerning the slits for there is no reason
to presume that the respective anal openings bore similar relationships within those
structures.

MUSCLE SCARS IN TREMANOTUS ALPHEUS HALL 1865

An internal mould of Tremanotus alpheus Hall 1865 from the Niagaran dolomites at
Hawthorne, Illinois (GPM 21123) shows paired swellings on the umbilical shoulders
(PL 79, figs. 7, 9-11). The specimen differs from the holotype and materials described
by Clarke and Ruedemann (1903) and Knight (1941) in its lack of a well-developed
flared aperture. However, measurement of gradients of growth (text-fig. 3; a, b) indicates
the characteristic rapid expansion of the later portions of the whorl and, since the
development of the feature is cyclic, it is probable that the specimen represents a growth
stage intermediate between successive flared stages. The form of the tremata (text-fig. 3;
d) is in close agreement with the holotype and other specimens in the large sample
available at Milwaukee do have flared apertures preserved.

The structures take the form of a discrete swelling on each umbilical shoulder pro-
ducing a slight increase in the total whorl width (text-fig. 3; ¢). The increase commences
suddenly at the beginning of the final whorl (text-fig. 24) and the internal mould has
returned to normal width by the appearance of the first trema, a fifth of a whorl later.
An increment of 2 mm is added to the width by the swellings. Similar swellings are
apparently present at approximately one quarter of a whorl earlier.

The left side is slightly damaged, but on the right side a crude spiral marking forms
the dorsal limit of the swelling (P1. 79, fig. 7). The specimen has no structures comparable
to the fine spiral ridges and crescentic scars which characterize the muscle attachment
areas in the described specimens of Bellerophon but the nature of the matrix precludes
preservation of these. However, equivalence can be suggested between the undamaged
right swelling in the specimen of T. alpheus and the similar swelling located on the
abapertural portion of the right spiral ridge in Bellerophon specimen B. The strong dorsal
margin to the swelling in 7. alpheus favours comparison with the latter-mentioned struc-
ture rather than with the more subdued paired swellings of Bellerophon specimen A.

Wing (unpublished Ph.D. thesis, 1923, The Silurian Gastropoda of northeastern
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Illinois, University of Chicago) in his description of Tremanotus umbonus nom. nud.,
commented on intermittent expansion of the final whorl causing development of distinct
shoulders. The description and the illustration do not permit precise comparison with
the swellings observed here, but Wing’s comment that three expansions appear on the
last half whorl must surely cast doubt on any interpretation as muscle scars. As noted
in the final section of this paper, the holotype is too poorly preserved to warrant
description.

5 1 1 :DqC:DDF

0 90 180 270 360
——>degrees

TEXT-FIG. 3. Growth gradients in Tremanotus alpheus Hall 1865 (GPM 21123).

a, Radial vector from axis of coiling to periphery of final whorl showing increased rate of expansion
in latest growth stage.

b, Radial vector from axis of coiling to suture between final and penultimate whorls. The discrepancy
in time of commencement of the increased rates of expansion in g and 5 is an apparent effect produced
by the radial method of measurement. Since the lines of growth are opisthocline, a point on the whorl
periphery lies on a different radius than an ontogenetically equivalent point on the suture.

¢, Increase in whorl width during the final whorl illustrating the paired swellings.

d, Location of the dorsal tremata. The tremata are represented in diagrammatic form at their frue
width (not scale width). Incomplete rectangles denote damaged tremata.

The vertical scale is logarithmic. The horizontal scale is an angular measure of growth stage from
an arbitrarily selected point on the final whorl (text-fig. 2A).

SUPRAGENERIC CLASSIFICATION OF TREMANOTUS, BOIOTREMUS,
AND SALPINGOSTOMA

Horny (1962) elevated the subfamily Salpingostomatinae Koken 1925 to familial status,
placing his new genus Boiotremus therein. In a later discussion (Horny 1963) he considered
the family containing Salpingostoma Roemer 1876, Tremanotus Hall 1865, and Boiotremus
to lie close to the Sinuitidae but to have certain connections with the Bellerophontidae.

In discussing Tremanotus Horny (1963a, p. 97) noted that the genus developed tremata
only in the later growth stages and that early growth stages had no such openings or
sign of them ever having been present. The tremata were considered to be related to the
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periodic development in late ontogenetic stages of the flared aperture and did not occur
prior to the acquisition of this feature. Boiofremus was erected by Horny (1962) to
include those species previously assigned to Tremanotus which developed tremata and
an associated flaring aperture throughout ontogeny.

The type species of Salpingostoma is the poorly known S. megalostoma (Eichwald
1840) from the Ordovician of Esthonia. Following the generally accepted interpretation
of the genus by Ulrich and Scofield (1897), Salpingostoma is characterized by the
possession of a slit in all stages of growth but the very latest. The slit is deep and narrow
and generates a true selenizone. An open slit is not present in the latest portions of
the bell-shaped expansion typical of the genus, or in the explanate part of the aperture.

In terms of the characters of the emargination, Tremanotus prior to the development
of the flared aperture and its associated tremata has affinity with the Sinuitidae in its
possession of a V-shaped sinus. As Ulrich and Scofield (1897) have observed, prior to
attainment of the flared aperture, Salpingostoma agrees in all aspects with Bucania Hall
1847. The two forms are comparable only in the development of a flared aperture which
produces a closing of the emargination. In Salpingostoma the apertural portion of the
true slit is closed while in Tremanotus the deepest part of the sinus is left as an open trema
at the commencement of apertural expansion. Boiotremus is closely related to Tremanotus,
differing in its production of tremata and flared aperture throughout ontogeny.

Accepting the differences in the nature of the emargination it is not possible to uphold
the family Salpingostomatidae and relocation of the three genera previously placed there
is necessary. A new subfamily—Tremanotinae—of the family Sinuitidae is proposed
to contain Tremanotus and Boiotremus. Salpingostoma is transferred to the subfamily
Bucaniinae of the family Bellerophontidae.

Class GASTROPODA
Subclass PROSOBRANCHIA Milne-Edwards 1848
Order ARCHAEOGASTROPODA Thiele 1925
Suborder BELLEROPHONTINA Ulrich and Scofield 1897
Superfamily BELLEROPHONTACEA M’Coy 1851
Family sINUITIDAE Dall in Zittel-Eastman 1913
Subfamily TREMANOTINAE nov.

Diagnosis. Essentially sinuitid bellerophontaceans developing dorsal tremata in associa-
tion with a widely expanded aperture.

Discussion. This taxon is proposed to accommodate Tremanotus Hall 1865 and Boiotremus Horny 1962,
The latter genus represents the endpoint of a sequence more clearly seen in Tremanotus whereby dorsal
tremata are developed in relation to rapid expansion of the shell aperture. In Tremanotus the periodic
expansions are commenced only in later ontogenetic stages, while in Boiotremus they occur throughout
ontogeny. It is presumed that the successive flared apertures are resorbed with continuation in growth.

SILURIAN SPECIES OF TREMANOTUS, BOIOTREMUS, AND
SALPINGOSTOMA FROM NORTH AMERICA

Bassler (1915) recorded the following described species of Tremanotus, all of Silurian age:
T. alpheus Hall 1865 T. crassolare (McChesney 1861)

T. angustata (Hall 1852) T. pervoluta (McChesney 1861)
T. chicagoensis (McChesney 1859) T.? trigonostoma Hall and Whitfield 1875
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to which may be added:

T. longitudinalis Lindstrom 1884 T. minutus Northrop 1939.
of Northrop 1939

T. alpheus is well known from the works of Clarke and Ruedemann (1903) and Knight (1941) and
need not be further discussed. The holotype of T. angustata (AMNH 2235) is a rather poorly preserved
internal mould from the Guelph Formation of Ontario. Although the general form is moderately well
displayed, there is no indication of the nature of the dorsal emargination. This is possibly the reason
for some of the confusion that has arisen concerning the relationship of this form to 7. alpheus (see
Whiteaves 1895, pp. 70-71). Comparison of the two holotypes shows that T. angustata is more laterally
compressed, with a much wider umbilicus. A specimen in the U.S. National Museum (USNM 67088),
referred with confidence to T. angustata, has the dorsal tremata clearly preserved. Much of the expanded
portion of the shell is missing but there are at least ten open tremata borne on a raised median ridge
on the mould. External shell characters remain unknown but the tremata justify transferal to Boio-
tremus. The genus is typified by abundant, short, and closely spaced tremata, while in Tremanotus the
dorsal openings are numerically fewer, elongate, and more widely spaced.

The type of T. chicagoensis is lost, but a plastercast in the U.S. National Museum (USNM 67594),
purporting to be of that specimen, agrees exactly with McChesney’s (1867, pl. 8, fig. 5) illustration.
The very slowly expanding whorl profile prior to the bell-shaped final growth stage seems to be
characteristic. Details of the dorsal emargination are not visible, but internal moulds from Huntington,
Indiana (USNM 67128) show elongate, widely spaced tremata of Tremanotus-type, carried on a dorsal
ridge. A fragmental external mould has some suggestion of the distinctive tremanotinid ornament of
prominent spiral cords and posteriorly directed growth lines.

McChesney’s Bucania crassolare and Bucania pervoluta are imperfectly known. The original descrip-
tions (McChesney 1861) are unaccompanied by illustrations and provide no definite criteria for
delimitation from co-existent species. In the absence of type specimens, it is not possible to make any
reliable determination. Wing (1923 MS.) referred forms with a broad whorl profile to T. crassolare but
failed to recognize Bucania pervoluta. T. ?trigonostoma is similarly in need of reinvestigation.

One of the major problems in determination of the Niagaran species of Tremanotus is a lack of
knowledge concerning variation. This would appear to be considerable in terms of whorl tumidity
and apertural shape. As a consequence, determination of such poorly defined forms as the three
previously mentioned species must at best be delayed and might prove to be undesirable,

Horny (1963) considered T. longitudinalis Lindstrom 1884 to be a typical Boiotremus. Although the
specimen assigned to that species by Northrop (1939) has not been examined, an example from the
Gascons Formation of the Port Daniel area, Quebec (USNM 169474) would appear comparable to
Lindstrém’s species. The dorsum is partly damaged but shows at least eleven tremata of Boiotremus
aspect.

Northrop (1939) mentioned the presence of tremata in T. minutus, but his descriptions and illustra-
tions do not demonstrate the form of the openings sufficiently to permit assignment to either Tremanotus
or Boiotremus.

In an unpublished thesis Wing (see above) described a new species of Tremanotus from the Niagaran
of Illinois under the name 7. umbonus (above). The name was included in the published abstract of
that thesis (Wing 1925) without description, illustration, or reference to the earlier manuscript descrip-
tion and is consequently a nomen nudum. The specimen, in the collections of the University of Chicago
at the Field Museum, Chicago, is in a thoroughly fragmented state and is not considered worthy of
description. Gross form suggests 7. chicagoensis.

Four recorded species of Salpingostoma from the Silurian of North America have been noted:

S. boreale Whiteaves 1904 S. inornatum Northrop 1939
S. dilatus (Sowerby 1839) of S. orientalis Twenhofel 1928
Northrop 1939

S. boreale is a diminutive form unusual in its subcircular whorl profile. Type material in the collec-
tions of the Geological Survey of Canada, Ottawa indicates a selenizone of Salpingostoma-type. In the
specimen examined, the expanded apertural portion has no slit while earlier growth stages show a
narrow selenizone with lunulae. Damage has removed the portion of the dorsum where the open
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emargination might be expected to occur. The depth of the slit must be considerably less than that
seen in S. buelli.

The two species recorded by Northrop (1939) from Gaspé are each known only from a single
specimen. S. dilatatum (Sowerby 1839) of Northrop 1939 cannot be placed in Sowerby’s species if it
is a true Salpingostoma. In his description of the holotype Reed (1921, p. 82) commented on the distinct
traces of foramina (tremata) which are indicative of Tremanotus or Boiotremus rather than Salpingo-
stoma. The specimen, in the Yale Peabody Museum, is a fragment of the aperture rather too poor for
comparison.

The holotype of S. inornatum (YPM 13314) is of particular interest because of Northrop’s (1939,
p. 207) claim of ‘two curious bodies, probably opercula . . .” which occupy the aperture. Examination
©of the specimen reveals that the bodies are respectively a trilobite cephalon and a bivalve of Paracyclas-
type. The holotype is badly abraded, comparison at generic and specific levels being hardly possible.
However, the aperture can be examined and a median dorsal groove is present for a short distance just
within the edge of the smooth lip. The structure was apparently interpreted as a selenizone by Northrop
{1939). Specimens of Salpingostoma, Tremanotus, and Boiotremus often show a raised dorsal band on
the mould, the tremata being situated upon it in the last two named forms. Such a ridge would
correspond to a groove on the inside of the shell of the type seen here. There is some suggestion of
tremata on the dorsum but the evidence is inconclusive.

The type of S. orientalis from Anticosti Is. has not been examined but referal to Salpingostoma would
seem justified, on the basis of Twenhofel’s (1928) description and illustrations.
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Abstract

A fauna of more than sixty species of Silurian Gastropoda

is described from the Arisaig Group of Nova Scotia. Two new genera,

Anapetopsis and Arjamannias, are proposed and thirteen new speciess

Pharetrolites bambachi, Plectonotus boucoti, Plectonotus cherylae,

Tritonophon kivitalonae, Anapetopsis maclearni, Anapetopsis lalajae,

Mimospira abbae, Arjamannia aulangonensis, Haplospira sibeliuxeni,

Naticonems kauffmani, Cyclonema (C.) lydiamariarum, Naticopsis

trevorpatriciorum and Morania (?) boltoni.

Particular emphasis is given to the systematics, ontogeny,
functional morphology and palacoecology of members of the subfamily
Plectonotinae (Bellerophontacea) which characterise much of the
Arisaig Group.

The palacoecology of other gastropod associations
from the Arisaig Group is discussed and the sequence of faunas is
related to the advance of barrier conditions into the shallow

marine environment prevailing at Arisaig during the Silurian.



