PROTOCYSTITES MENEVENSIS—
A STEM-GROUP CHORDATE (CORNUTA) FROM
THE MIDDLE CAMBRIAN OF SOUTH WALES

by R. P. S. JEFFERIES, M. LEWIS and S. K. DONOVAN

ABSTRACT. Protocystites menevensis Hicks, 1872, from the Hypagnostus parvifrons Zone of the Middle Cam-
brian, near St David’s, Dyfed, South Wales, is reconstructed and redescribed. It proves to be a cornute, and
therefore a stem-group chordate, representing a plesion intermediate between that of Ceratocystis perneri (the
most primitive known chordate) and that of Nevadaecystis americana. For purposes of reconstruction, tectonic
distortion of the fossils was corrected by means of a computer program. The positions of oesophagus, stomach,
and intestine are suggested in P. menevensis on the basis of skeletal evidence. The locomotory cycle of the
animal, which probably crept rcarwards over the sea floor pulled by its tail. is deduced.

[t is argued that, on a practical definition, every plesion is fundamentally paraphyletic. The term ‘more
crownward’ is used to signify that a plesion is more closely related to the relevant crown group than is some
other plesion. The term ‘nodal group’ is proposed for all those members of a group which possessed all the
autapomorphies of the crown group but none of the autapomorphies of any of the subgroups of the crown
group.

A comparison between stem chordates and the echinoderms shows that echinoderm *dorsal’ is homologous
with chordate ventral and vice versa, so in echinoderms the use of the terms ‘dorsal” and ‘ventral’ should be
abandoned.

THE aims of this paper are to redescribe Protocystites menevensis Hicks, 1872, from the Middle
Cambrian near St David’s, Dyfed, Wales; to locate it stratigraphically; to reconstruct its skeletal
anatomy, soft parts, and functional morphology; and to determine its systematic position. The
species proves to be a stem-group chordate of the group Cornuta. It is the second most primitive
cornute known and, at present, the oldest chordate known from Britain. Other interpretations
regard P. menevensis, and all other cornutes, as echinoderms, e.g. Ubaghs (1967, 1981) and Philip
(1979). One of us has argued elsewhere why these various views are mistaken and the arguments
will not be repeated here (see Jefferies 1981a, b, 1986).

The present study of P. menevensis began in 1981 when the two junior authors independently
examined the lectotype A.1021 in the Sedgwick Museum, Cambridge, and E432 in the British
Museum (Natural History). They immediately recognized them as belonging to a species of cornute
and several small expeditions to Porth-y-rhaw in 1982 to 1984 yielded much more material. The
senior author devoted most of 1984 to reconstructing the animal in detail. The stratigraphical part
of this paper results from the work of M. Lewis.

PHYLOGENETIC METHODOLOGY

The terms ‘stem group’ and ‘crown group as applied in this paper still require explanation (although
their use seems to be spreading: Jefferies 1979; Patterson 1981; Smith 1984a; Paul and Smith 1984;
Thulborn 1984). Given two sister groups (1 and 2) with still extant members (text-fig. 1), there are
two obvious ways of delimiting both groups when extinct forms are taken into account. The
narrower delimitation of group 2, for example, would include the latest common ancestor of all
the living members, plus all its descendants, whether living or dead. This delimitation can be called
the crown group as proposed in Jefferies (1979)—a term that corresponds to the *group of Hennig
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(1969, 1981). The wider delimitation of group 2 would include all descendants of the latest common
ancestor of groups 1 and 2 except members of group 1. This delimitation can be called the total
group (‘Gesamtgruppe’ of Hennig). Now, if the crown group of 2 is subtracted from the total group
of 2, a paraphyletic ancestral grouping remains which can be called the stem group of 2.

Within this stem group, it is theoretically important to distinguish the stem lineage of 2 (Ax, in
press; ‘Stammlinie’ of Ax 1984)—this, for us, 1s the lineal sequence of ancestors and descendants
which led from the latest common ancestor of [1 4 2] up to, but not including, the first member of
crown group 2, which latter was the latest common ancestor of all living members of 2. (Our usage
differs slightly from that of Ax, who includes the latest common ancestor of the living forms in the
stem lineage as he defines 1t.) However, the stem group does not include the stem lineage alone: it
also contains the ‘side branches’—all descendants of the stem lineage which do not belong to the

TSR Present day "‘H“‘I T \';'1;‘1"“ -
\‘?T°“'" groupjlr ‘ Crown group 2

Y HTHNMm

f
]
||

TEXT-FIG. 1. Stem group, crown group, and stem lineage. Crown groups 1 and 2 are sister groups with
some members still living.

crown group. Within the stem group, it is possible to conceive of different degrees of relationship
to the crown group, and Patterson and Rosen (1977, p. 165) proposed the term ‘plesion’ for ‘fossil
groups of species sequenced in a classification according to the convention that each such group is
the plesiomorph sister-group of all those, living and fossil, that succeed it . . .. By thus arranging
plesions within the stem group in order of increasing relationship with the crown group, it is possible
to reconstruct the sequence of origin of the autapomorphies of the crown group as these evolved
within the stem lineage.

Patterson and Rosen implied, by using the term ‘sister-group’ in the definition quoted, that
plesions are monophyletic. We should like to redefine the word ‘plesion’, however, to accord more
with practical realities, as follows: a plesion includes all, and only, those members of a stem group
which, so far as can be discerned, are equally closely related to the crown group. As discussed
below, a plesion so defined, if fully known, is necessarily paraphyletic.
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TEXT-FIG. 2. The paraphyletic nature of plesions and the position of the nodal group. a, the phylogeny of
stem group 2 as it actually happened. b, cladograms of plesions 1, 2, and 3 so far as reconstructable.

The term ‘crownward’ has been proposed by Jefferies (1986, p. 13) to mean ‘more closely related
to the crown group’. Thus, within the stem group of group 2, plesion 3 (of text-fig. 2) is crownward
of plesion 2. It is less ambiguous than ‘higher’, which may indicate stratigraphy, increase in
complexity in any direction, or even moral approval; it is also clearer than ‘more advanced’ since it
implies advance towards the crown group along the stem lineage only; and it is better than ‘later’
which ought to refer only to time. As opposite to crownward, we use ‘less crownward’ to signify
position, or ‘anti-crownward’ to indicate direction.

To split a stem group into plesions we usually search for a feature shared with the crown group
by some members of the stem group, but not by others. However, the feature sought need not be
shared with all members of the crown group, since some may secondarily have lost it. And, indeed,
a feature shared with more crownward plesions may be used, even when it was later lost within
the stem lineage and is therefore primitively absent in the crown group itself. Thus the cornute
Nevadaecystis americana (Ubaghs, 1963) possesses a strut, in common with more crownward
plesions of the chordate stem group such as those of Cothurnocystis elizae Bather, 1913 and
Galliaecystis lignieresi Ubaghs, 1969 (text-fig. 26), but unlike less crownward plesions such as those
of P. menevensis and Ceratocystis perneri Jaeckel, 1900. The strut is a legitimate reason for putting
the plesion of N. americana more crownward than that of P. menevensis. The strut is absent,
however, from all mitrates, which are primitive members of the chordate crown group, and is
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secondarily incomplete in the crownmost members of the chordate stem group, such as the cornute
Reticulocarpos hanusi Jefferies and Prokop, 1972.

The plesion concept has some difficulties. When a palaeontologist begins to divide a stem group
into plesions, each plesion will probably be monospecific, and therefore monophyletic as regards
its only known constituent, and this monophyly accords with Patterson’s and Rosen’s concept of
the term plesion. As study proceeds, however, this early false clarity will be lost, because more
than one species will come to be assigned to each plesion, and often these species will not share
synapomorphies with each other such as would show them to form, on their own, a monophyletic
group. Indeed, the stem group can be divided into plesions only to the extent which changes in the
stem lineage will allow. The smallest theoretically recognizable segment of a stem lineage will be
the sequence of ancestors and descendants lying between one evolutionary novelty and the next
more crownward one evolved in the stem lineage, e.g. the segment of the stem lineage within plesion
1, between novelties 1 and 2 in text-fig. 2. All side branches from this segment, together with the
segment itself, will necessarily be members of the same plesion, in so far as this term is usable in
practice. If, therefore, all members of such a plesion (all its constituent individuals) had come to be
known, the plesion would include part of the stem lineage as well as any side branches. And this
segment of the stem lineage would be ancestral to forms which did not belong to the plesion, i.e. to
more crownward plesions and to the crown group itself. But such a fully known plesion would be
paraphyletic by Hennig’s definition of paraphyly since, being in part ancestral to non-members, it
would have no ancestor common to it alone (Hennig 1966, p. 146). This would remain true, even if
the relevant part of the stem lineage was only a single generation. As knowledge advances, therefore,
a plesion will change from being monophyletic as regards its single known member species, to being
possibly paraphyletic as regards all its known members. On the other hand, as soon as a formerly
recognized plesion can be shown to be paraphyletic by demonstrating that an evolutionary novelty
evolved within it in the stem lineage, then it will be split into two plesions, one of which will be
more crownward than the other. The paradox is therefore reached that a plesion is by its nature
paraphyletic, but as soon as it can be shown to be so in the particular case, it splits. Also it is
possible to show that a particular fossil is nof a member of the stem lineage if it possesses features
which never existed in that lineage. But it is never, or almost never, possible to show that a fossil
was a member of the stem lineage.

We use the term ‘intermediate category’ (Hennig’s ‘Zwischenkategorie’) for an overtly para-
phyletic grouping of two or more adjacent plesions within a stem group. Such provable paraphyletic
groupings may sometimes be convenient to recognize. An example is the group Cornuta for the
crownward part of the chordate stem group. (It is still unknown what fossils should be placed less
crownward than the cornutes in the chordate stem group.)

We propose the term ‘nodal group’ for all those members of a monophyletic group which possess
all the autapomorphies of the crown group, but are primarily lacking any of the autapomorphies
of any of the subgroups of the crown group. Thus, with reference to group 2 in text-fig. 2, the nodal
group will show novelty 4 (the last one evolved in the stem lineage of group 2) but will lack novelties
5 and 6 (the first ones evolved in the respective stem lineages of the major subgroups of 2, i.e. 2a
and 2b). Thus the nodal group will include the latest common ancestor of the extant members of
group 2, and this gives it particular importance, but it will also contain the most crownward parts
of the stem group of 2 and the least crownward parts of the stem groups of subgroups 2a and 2b.

The word ‘calcichordate’ was proposed by one of us (Jefferies 1967) for any chordate with a
calcite skeleton of echinoderm type, and in particular for the cornutes and the mitrates. On these
definitions, P. menevensis is a calcichordate. However, in the light of Hennig’s work (1969, 1981)
the ‘Calcichordata’ form an ‘invalid stem group’ since the cornutes are stem-group chordates while
the mitrates are primitive crown-group chordates (Jefferies 1979, 1986). Consequently, the word ‘calci-
chordate’ is best abandoned or, at most, used informally. The word ‘Stylophora’ (Gill and Caster
1960) is coextensive in meaning with Calcichordata. It should be abandoned for the same reasons,
and also because the workers who use it mistakenly regard the cornutes and mitrates as echinoderms
and it wrongly implies that the cornute stylocone is homologous with the mitrate styloid.
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METHODS OF STUDY

P. menevensis was reconstructed by one of us (R.P.S.J.) on a drawing board, several projections being plotted
simultaneously as with previous such studies (c.g. Jefferies 1968, 1969). The specimens were examined by
means of latex casts to reconstruct the skeleton, and by direct observation of internal moulds to reconstruct
the soft parts. Sometimes pyrite and limonite were removed from the fossils by soaking them overnight in
10% thioglycollic acid; this cleaning allowed much better latex casts to be made.

Correction of distortion

Tectonic distortion made great difficulties. These were partly overcome by means of a computer-graphical
method based on suggestions by Appleby and Jones (1976) and Ramsay (1967). The bedding planes of the
shale in which the specimens occur arc crossed by stretching lineations which give the rock a slight graininess
like that of wood. All these lineations run parallel to tight parallel folds in the thinner shelled trilobites and
represent the long axis (x-axis) of the strain ellipse for the bedding plane; the direction at right angles to them
(y-axis) is the direction of greatest compression in the bedding plane. The original outline of a plate would
therefore correspond to the observed outline expanded by somc definite factor along the y-axis, perpendicular
to the lineations.
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TEXT-FIG. 3. Correction of distortion on the basis of two specimens of P.
menevensis Hicks plate g (see text-fig. 10) compressed approximately perpen-
dicular to each other. The x-axis is the presumcd major axis of the strain ellipse.
Specimen a, BM(NH) E62952; specimen b, BM(NH) E62930; #2, proportionate
increase of unit length along the y-axis, relative to the x-axis (further expla-
nation in text).
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TEXT-FIG. 4. Correction of distortion of a hind-tail ossicle of P. menevensis Hicks,
BM(NH) E432. The numbers show n? (sce text).

A computer program was devised by Mr A. J. Paterson of the Biometrics Section, British Muscum (Natural
History), to modify the observed outlines in the manner required. To use this program, camera-lucida drawings
of the specimen were placed on a digitizer with the x-axis (assumed to be parallel to the stretching lineations)
arranged parallel to the x-axis of the digitizer. The shape in the drawing was transformed into x-y coordinates
by tracing the outline with the cross-wires on the ‘puck’ (follower) of the digitizer. The y coordinates were
then multiplicd by a factor n, while the corresponding x coordinates were multiplied by 1/n. The results of
these multiplications were displayed on a visual display unit and simultancously drawn, as needed, on a
plotter. It was also possible to multiply both sets of coordinates by a uniform factor M so that the visual
output was magnified to a convenient size. The proportionate increase of the y coordinate relative to the x
coordinate was n? (since n+(1/n) = n?).

To decide the appropriate value of #2, and therefore n, was not easy. With initially symmetrical structures,
such as the obliquely distorted heads or tails of trilobites or the tail ossicles of Protocystites, the presumed’
correct value restored the initial symmetry. With asymmetrical structures, such as the head plates of
Protocystites, it was necessary to find two specimens of the same plate compressed in different directions,
preferably at right angles. The appropriate value of n? would then be the one that gave the same shape
to the two specimens. In fact, this ideal agreement was never achieved, and it was therefore necessary to use
some index of shape, such as the ratio of the length of two chosen lines on the plates or the angle of
some prominent corner. The appropriate value of #? was then the one that gave identical values for the
index.

When comparing two specimens of corresponding plates compressed in different directions, a series of
computer plots was made for both plates with #? increasing at increments of 0-05 from 1-05 to 1-70. Graphs
were then drawn of 12 against the measured value for the chosen index for both plates. The appropriate value
of n? was that at which the indexes of both plates were equal, i.e. where the lines for the two plates crossed
cach other on the graph. At this value, the computer plot was presumed to show the original shape of the
plate.

The deduced values for n? are not uniform. Three head plates (e, g, and k on text-fig. 10) gave values of n?
close to 1-20 (text-fig. 3). The same value was found to hold for an isolated hind-tail ossicle (text-fig. 4) and
for the hind-tail ossicles of the lectotype (designated below). On the other hand, two specimens of the left
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TEXT-FIG. 5. Correction of distortion for two trilobite

b cephalons. a, Ptychagnostus. b, Eodiscus. The num-
X1ax1s bers show 1?2 (see text).
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process (the process on plate 1), which was thin and is sometimes visibly crumpled, required a higher value of
n? at about 1-60. The same value was required to restore symimetry to the trilobite Fodiscus (text-fig. 5b)
whereas a specimen of the cephalon of Ptychagnostus (text-fig. Sa) became symmetrical at about n*= 1-15.
The highest values of n2, as shown by the trilobite Fodiscus, probably approach the distortion of the
matrix itself, whereas the lower values usually shown by the skeleton of Protocystites menevensis suggest
that stereom calcite or its pyritic replacement was, because of its strength, less distorted than the surround-
ing rock. Indeed many specimens of P. menevensis seem to have responded to tectonic pressure by the
plates sliding over or against cach other, as well as by changing their outline. Sometimes adjacent tail
ossicles have been pushed against each other, causing very high local pressures and non-homogeneous
distortion, as testified by highly asymmetrical outlines. It is impossible to make proper allowance for these
variations.

The reconstructions are therefore based on computer plots with #?= 120 (n = 1:095) which seems to be
correct for the tougher parts of the head and tail skeleton of P. menevensis (cf. text-fig. 6). The results are
probably better than those that would be obtained using uncorrected drawings of the specimens. Neverthcless,
there is uncertainty about the shapes of the plates and the relative sizes of different parts of the animal, and
this must be remembered in considering the reconstructions.

TEXT-FIG. 6. Protocystites menevensis Hicks; uncorrected and corrected drawings of
BM(NH) E62963 (ventral aspect). The numbers show n? (sce text).

Distortion perpendicular to the bedding planes is an even bigger problem than distortion in the plane of
bedding. Thin parts of the skeleton, which originally stood almost vertical, and thus perpendicular to the
bedding plane, have sometimes becn squashed flat on to the bedding plane. This is particularly true of the
posterior wall of the head in plates f, g, j, and k (see text-fig. 10). To obtain some idea of the original shape of
these plates, replicas based on computer plots with #?>= 1-20 were cut in aluminium sheet and bent to the
likely original shape in three dimensions. Once again, the results are uncertain, so that the vertical dimension
of the reconstructions is not reliablc.

Tectonic distortion can thus be partly, but not totally, corrccted; better reconstructions will require undis-
torted material (which may never be found). It is remarkable that tectonic distortion has not destroyed the
histology of the plates, for the superficial features of different types of stereom can readily be recognized. (The
three-dimensional structure of the stereom is not usually deducible.)
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SYSTEMATIC PALAEONTOLOGY

Superphylum DEUTEROSTOMIA Grobben, 1908
Subsuperphylum DEXIOTHETICA Jefferies, 1979
Phylum CHORDATA Bateson, 1886
[Stem group of the Chordata]
Intermediate category CORNUTA Jaekel, 1901
Plesion of Protocystites menevensis herein
Genus PROTOCYSTITES Hicks, 1872

Type species. P. menevensis Hicks, 1872, by monotypy.

Systematic position. The above statement of systematic position is unorthodox. We deliberately have not
placed P. menevensis in a family because it is at present alone in its plesion. Any family which included it,
therefore, would either be: 1, coextensive with the species P. menevensis and therefore redundant; or 2, it
would include one or more of the adjacent plesions of the chordate stem group—it would thus be overtly
paraphyletic and (unlike the overtly paraphyletic grouping Cornuta, for examplc) would, in our opinion,
never be a useful grouping in practice. Another unorthodoxy is that the intermediate category Cornuta is here
given no conventional Linnacan rank. This omission is likewise deliberate and is based on the fact that nobody
has yet explained how Linnacan rank can objectively be assigned, particularly to paraphyletic groupings of
fossils (Ax, 1984, Ch. K; Ax, in press). Those ranks which are assigned above are cither hallowed, though not
validated, by long usage (superphylum, phylum) or clse are obtained by interpolation (subsuperphylum).

Protocystites menevensis Hicks, 1872
Plates 54-60; text-figs. 6, 10, 15-19, 23-25

1866  Protocystites Salter in Hicks and Salter, p. 285 (nom. nud.).

1871  Protocystites menevensis Hicks in Harkness and Hicks, p. 396 (nom. nud.).
1872 Protocystites menevensis Hicks, pl. 5, fig. 19; p. 180 (lower illustration only).
1873  Protocystites menevensis Hicks; Salter, p. 3.

1887  Protocystites meneviensis Hicks; Barrande, p. 10.

1900  Protocystis Hicks; Bather, p. 48.

1943 Protocystites meneviensis Hicks; Bassler and Moody, p. 184.

1967  Protocystites Hicks; Ubaghs, p. S493.

1967  Protocystites meneviensis Hicks; Paul in Jefferies et al., p. 567.

1979 Protocystites meneviensis Hicks; Paul, p. 453.

Conunents on synonynty. The only previous figure and description of Protocystites menevensis was that of
Hicks (1872). His illustration shows two specimens which can be identified with specimens A.1021 and A.1022
now held in the Sedgwick Museum, Cambridge. Of these, A.1022 is the operculum of a hyolithid, whereas
A.1021 is a fairly good specimen of the species described in this paper and is here designated as lectotype
(text-figs. 17 and 18; PI. 56, figs. 1-3; PL. 57, figs. 1 and 2). Hicks’s figure is very poor and the species is not
recognizable from it. Subsequent references to the species or genus, therefore, add nothing to knowledge and
are of purely bibliographic interest.

The name Protocystites must not be confused with Proteocystites Barrande, 1887 which is a diplorite cystoid
(see e.g. Kesling 1967, p. S248) and an echinoderm.

Material, horizon, and locality. The material examined is as follows:

(a) Sedgwick Museum, Cambridge: A.1021 (here chosen as iectotype) ex Hicks Collection, locality Porth-
y-rhaw near St David’s, Dyfed, horizon Menevian. Figured by Hicks (1872, pl. 5, fig. 19, lower figured
specimen only) (text-figs. 17 and 18; PL. 56, figs. 1-3; P1. 57, figs. 1 and 2).

(b) British Museum (Natural History), London: i, old material, E432 ex Hicks Collection, locality St
David’s, horizon Menevian (text-fig. 19; PL. 58, fig. 1); ii, new material, E62912-E62921, E62923-E62925, all
from loc. 1, Porth-y-rhaw (text-figs. 7 and 8), horizon middle part of Hypagnostus parvifrons Zone, Middle
Menevian; iii, also new material, E62926-E62934, E62937-E62939, E62942-E62945, E62950, E62952, E62955-
E62966, E62968-E62981, E63006-E63056, all from loc. 2, Porth-y-rhaw (text-fig. 7), horizon nearly or exactly
the same as for loc. 1.
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(¢) National Museum of Wales, Cardiff: NMW.80.34G.948-958, all from loc. 1, Porth-y-rhaw, same
horizon as BM(NH) material from that locality.

Most of the material consists of dissociated plates. All of it is tectonically distorted. Articulated spccimens
include SM A.1021 (lectotype) and BM(NH) E432, E62950, E62952, E62963 (the most instructive specimen;
text-figs. 6, 15, 16; PL. 54, figs. 1-3; PL. 55, figs. 1 and 2), E62977, E62979.

Porth-y-rhaw, from which all the recently found material came (our locs. 1 and 2; text-figs. 7 and 8) (as also
did one, or perhaps both, of the two ninetcenth-century specimens), is a small inlet situated on the coast of
Dyfed, Wales, about 3-6 km east-south-cast of the cathedral of St David’s and about 1-5 km west of Solva
Harbour (text-fig. 7). The east side of Porth-y-rhaw (including our loc. 1) is the type section (text-fig. 8) of the
Menevian Group of Hicks and Salter (1866). It was on this castern side that Salter discovered Paradoxides
davidis Salter, 1863 and its associated fauna in 1862, by chance, as a result of misnavigation. Text-fig. 9 shows
the now accepted stratigraphical divisions for the Middle Cambrian near St David’s.

Loc. 1 is on the eastern cliff section, Porth-y-rhaw (NGR SM 78596 24235), middle part of H. parvifrons
Zone, at shore level, stratigraphically ¢. 22-24 m below the basal contact of two, almost vertical, 4 m thick
sills and approximately 10-12 m stratigraphically below the local base of the Prychagnostus punctuosus Zone
(text-figs. 7 and 8). The nature and distribution of the fauna is shown in text-fig. 8.

Loc. 2 (text-fig. 7) 1s on the western cliff section, also in the H. parvifrons Zone at or near the same horizon
as loc. 1, just above the cliff top near the southern end of Porth-y-rhaw (NGR SM 78492 24252). Here the
beds are less cleaved and more suitably weathered for yielding fossils than at loc. 1. In addition to Protocystites
menevensis, the fauna here comprises the trilobites Prychagnostus ciceroides (Matthew, 1896), P. davidis (Hicks,
1872), P. punctuosus affinis (Brogger, 1878), P. punctuosus s.1. (Angelin, 1851), Cotalagnostus lens (Gronwall,
1902), Phalacroma bibullatum (Barrande, 1846), Peronopsis scutalis scutalis (Hicks, 1872), P. fallax depressa
Westergard. 1946, Phalagnostus cf. nudus (Beyrich, 1845), Eodiscus punctatus punctatus (Salter, 1864), Agrawlos
longicephalus (Hicks, 1872), Jincella applanata (Hicks, 1872), Hartshillina spinata (1lling, 1916), Clarella salteri
(Hicks in Salter, 1865), Acontheus n. sp. aff. A. inarmatus Hutchinson, 1962, and a pagctiid (new genus); and
the non-trilobite fossils Linnarssonia sagittalis (Davidson, 1871), Lingulella sp., Hyolithes corrugatus (Salter,
1864), Stenotheca cornucopia Hicks, 1872, Protospongia fenestrata Salter, 1864, and Ctenocystis sp. The record
of Ctenocystis sp. 1s of interest as being the only known occurrence of the genus in Britain.

In the western cliff section, where loc. 2 is situated, the stratigraphically overlying punctuosus Zone seems to
be unrepresented and the base of the parvifrons Zone could not be located cxactly. However, evidence of the
underlying Tomagnostus fissus-Ptychagnostus atavus Zone was found 40 m stratigraphically below loc. 2. As
already stated, some 12 m of the parvifrons Zone exists in the eastern cliff section above the horizon of loc. 1
(text-fig. 8). If the horizons of locs. 1 and 2 are identical, therefore, the greatest possible thickness of the
parvifrons Zone at Porth-y-rhaw is 12440 = ¢. 52 m.

In biostratigraphic terms, ‘Menevian’ (text-fig. 9) conventionally refers to the traditional zones of Paradox-
ides hicksii and P. davidis and possibly other zones. References covering the most important faunas in the
Menevian Group include Salter (1863, 1864, 1865), Salter and Hicks (1867, 1869), Hicks in Harkness and
Hicks (1871), and Hicks and Jones (1872). Most of the trilobites were redescribed by Lake (1906-1946) and
they indicate the presence of the fissus, parvifrons, and punctuosus zones of Scandinavian terminology.

The term ‘Lower Menevian’ is equivalent to the hicksii Zone of authors, which can be equated approximately
with the fissus-atavus Zone of Sweden. P. hicksii is here considered a probable senior subjective synonym of

TEXT-FIG. 8. Stratigraphic log of the beds exposed on the foreshore on the castern side of Porth-y-rhaw,
between points X and Y of text-fig. 7, and a complete list of the fossils found in that section. The profile is a
composite, built up from three separate sections as shown in text-fig. 7. Locality 1 is at 22-24 m below the
lower dolerite sill and is just above mean high-water mark. Abbreviations: M, mud; S, silt; FS, fine sand; MS,
medium sand; CS, coarse sand; MHW, mean high water; MLW, mean low water; 1, Hyolithes sp.; 2,
Ptychagnostus punctuosus affinis; 3, Protocystites menevensis; 4, pagetiid gen. et sp. nov.; 5, Linnarssonia
sagittalis; 6, centropleurine fragments; 7, Meneviella sp. indet.; 8, Ptychagnostus punctuosus s.l.; 9, Aconthens
sp.nov.; 10, P. davidis; 11, H. corrugatus; 12, Jincella applanata; 13, Peronopsis fallax depressa; 14, Protospongia
sp.; 15, conocoryphid gen. et sp. indct.; 16, Peronopsis sp.; 17, M. cf. venulosa; 18, ‘Leperditia’ hicksi, 19, P.
scutalis scutalis; 20, Eodiscus punctatus punctatus; 21, Cotalagnostus lens (s.1.); 22, Ptychagnostus ciceroides;
23, M. venulosa; 24, Clarella sp.; 25, P. punctuosus punctnosus; 26, Anopolenus henrici; 27, Peronopsis ex gr.
fallax; 28, Pleuroctenium cf. bifurcatm; 29, Holocephalina of. primordialis; 30, Phalagnostus cf. nudus; 31,
Solenopleurina variolaris; 32, Pseudoperonopsis sp.; 33, Paradoxides davidis.
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