SHELL DEVELOPMENT IN SPIRIFER TRIGONALIS
FROM THE CARBONIFEROUS OF SCOTLAND

by GRACE M. DUNLOP

ABSTRACT. The neotype of Spirifer trigonalis (Martin) is described and a group of spiriferids from the Car-
boniferous Limestone Series of Lanarkshire, displaying wide variation in external form, is assigned to this species.

The microstructure and distribution of lamellar, fibrous, and inner columnar layers is described. Extracellular
secretion of the columnar layer is postulated. Interlayering of fibrous and columnar layers is attributed to
pauses in growth, accompanied by retraction of the mantle and a consequent change in distribution of the
layers. The distribution and development of internal plates is described. Teeth, dental flanges, delthyrial plate,
dental sockets, crura, and cardinal process appear in the neanic shell and continue to grow. The delthyrial plate
covers early dental flanges: similarly the cardinal process buries early socket cavities and crural bases. Dental
plates appear first in the ephebic shell and contribute to the apical infilling in the adult shell.

SiNcE Carpenter (1853, p. 25) described the microstructure of the spiriferid shell and
speculated on its mode of origin growth studies have been few, and microstructure has
been generally neglected in all but the punctate genera. Only Miloradovitsch (1937)
recognized the value of shell structure in reconstructing the general pattern of shell
development. The detailed study of the shell in one species, Spirifer trigonalis (Martin),
has shown that in the microstructure there is much evidence of the ontogeny of the shell
and some suggestion of its mode of origin.

As no description of the species has been given since the validation (International
Commission 1956) of the name trigonalis a systematic description follows.

SYSTEMATIC DESCRIPTION

Family sPIRIFERIDAE King 1846, p. 28
Subfamily SPIRIFERINAE Schuchert 1913, p. 410
Genus SPIRIFER Sowerby 1816, p. 125, pl. 270

Type species Spirifer striatus (Martin)

Remarks. The internal characters of the genus are unknown, not being shown in the
neotype (International Commission 1956, p. 89). The name Spirifer is retained here to
signify a costate spire-bearer with transverse form, though S. trigonalis differs from
S. striatus in the details of shell profile, rib and furrow shape, and microsculpture.

Spirifer trigonalis (Martin)
Neotype—Plate 64, 1-3

The trivial name #rigonalis was proposed by Martin (1809, pl. 36) in the combination
Concliyliolithus Anomiites trigonialis. Sowerby (1818-21, p. 117, pl. 275) assigned the
species to his genus Spirifer. Sowerby’s interpretation of the species, however, differed
from Martin’s original description. When, by the ruling of the International Commission
on Zoological Nomenclature (1950), trigonalis was invalidated, Muir-Wood (1951)

[Palacontology, Vol. 4, Part 4, 1961, pp. 477-506, pls. 64-65.]
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considered it undesirable to refer frigonalis to Sowerby and permission was sought and
obtained from the International Commission (1956) to validate frigonalis Martin 1809.

Neotype. Since the type specimen illustrated by Martin (1809, pl. 36) is lost a neotype was selected
(International Commission 1956, pp. 112-13). It is a specimen in the British Museum (Natural History)
BB 7340 (plate 64, 1-3) which was figured by Davidson (1858, pl. 5, fig. 33 and 1863, pl. 50, fig. 4).

Occurrence. The neotype is from the North Greens Limestone of the Lower Limestone Group, Car-
boniferous Limestone Series, at Cousland, Dalkeith, Midlothian. The species is thus no longer based
on material from Derbyshire.

Diagnosis. Martin’s (1809) original diagnosis deals with the general trigonal shape of the
shell and the costation of sulcus and flanks. An examination of the neotype and of
topotype material in the collections of the Geological Survey, Scottish Office (B 1735d,
B 1787d, T 3277F), reveals the following additional characters: the ribs are rounded;
very fine longitudinal striations produce a twilling of the growth-lines. Dental plates
short, dental flanges present, ventral septum low, convex delthyrial plate in apex of
delthyrium (P1. 65, fig. 7).

Description of neotype

Length 19-8 mm.
Maximum width 23-8 mm.
Hinge width 21-35 mm,
Thickness 12:8 mm.

Shell subtriangular, biconvex, moderately inflated. Width/length ratio 1-2; maximum
width anterior to hinge-line, greatest thickness near mid-length. Cardinal angle obtuse.
Ventral umbo pointed, overhangs interarea; dorsal umbo low, rounded. Ventral
interarea delimited by beak ridges; delthyrium edged by dental ridges, delthyrial plate
at apex. Denticle tracks, about twenty-four, underlying lamellar layer. Dorsal interarea
low and notothyrium obscured by detritus.

Ventral sulcus wide and shallow, with gently sloping sides and labial extension. Dorsal
fold rises sharply from the flanks. Fold and sulcus originate at about 1 mm. from umbo.
Anterior commissure uniplicate.

Ribs on flanks, from seven to nine in number, strong, broad and rounded, separated
by rounded furrows. Weakly developed incipient ribs at cardinal extremities. The ribs
immediately adjacent to both fold and sulcus show dichotomy. Also, the third rib to the
right of the dorsal fold, and the corresponding rib in the pedicle valve, divide near the
anterior margin.

EXPLANATION OF PLATE 64

Spirifer trigonalis (Martin). All figures natural size, except 4.

Figs. 1-3. Neotype (British Museum BB 7340); North Greens Limestone of Lower Limestone Group;
Cousland, Dalkeith, Midlothian. 1, Dorsal view; 2, Lateral view; 3, Anterior view.

Figs. 4-26. Spirifer trigonalis (Martin); Douglas Main Limestone of Lower Limestone Group;
Brockley, Lanarkshire. All specimens in Hunterian Museum, Glasgow. 4, Ventral view showing
many growth-lines. L 3636. 5-7, Dorsal, lateral, and ventral views. L 3633. 8, Ventral view showing
four prominent growth-lines. L 3640. 9-11, Dorsal, lateral, and ventral views. L 3632. 12, 13, Dorsal
and lateral views. L 3637. 14-16, Dorsal, lateral, and ventral views. L 3635. 17, 18, Dorsal and
ventral views. L 3638. 19-23, Dorsal, lateral, ventral, posterior, and anterior views. L 3641. 24, 25,
Dorsal and lateral views. L 3639. 26, Posterior view showing denticle tracks on interarea. L 3634.
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In ventral sulcus, two lateral ribs split off from each of the two bounding ribs.
A median rib becomes very prominent anteriorly. The ribs on the fold correspond in
pattern, with two lateral ribs on each side and a broad central rib with a median furrow.

Many growth-lines visible, two notably prominent and several well marked near
anterior margin. Growth-lines also visible on ventral inter-area. No microsculpture is
present due probably to the state of preservation of the specimen.

Internal characters are unknown.

Comparison with other species. The field of Spirifer trigoualis became widely compre-
hensive during the nineteenth century with the result that many of the specimens assigned
to the species by Davidson (1858-63, pl. 5, fig. 28; pl. 50, figs. 5-8) and de Koninck
(1887, pl. 26, figs. 5-8; pl. 28, figs. 7, 27, 31) are quite unlike the neotype both in shape
of shell and shape and number of ribs. The specimens recognized as S. trigonalis var.
lata by Schellwien (1892, p. 46, pl. 5, figs. 10-12), Scupin (1900, pl. 9, fig. 7), and
Rakusz (1932, p. 72, pl. 2, fig. 34) are probably outside the range of variation of the
species.

The Russian specimens described by Trautschold (1876, p. 351, pl. 8, fig. 3), Lebedew
(1929, p. 256, pl. 10, fig. 5), and Rotai (1931, pp. 77 and 123, pl. 10, fig. 4) seem to be
more closely allied. Schwezow (1925, pp. 156 and 178, pl. 4, fig. 2) recognizes S. frigo-
nalis var. typica from the Moscow basin which is close to the neotype.

Semichatova (1941, p. 156 in translation) erected the species S. pseudotrigoualis for
forms which ‘could be probably regarded as a local variety of Spirifer trigonalis’ (p. 157).
She shows that there are some small differences in external shape between her specimens
and Martin’s holotype. Now that the internal characters of the pedicle valve in the
topotype material of S. trigonalis are known (Plate 65, fig. 7), and it is found that they
closely resemble those of S. pseudotrigonalis (Semichatova 1941, pl. 8, figs. 1a, b, 2, 3a, 4;
pl. 9, figs. 1, 2) in the details of the dental plates, dental flanges, septum and delthyrial
plate, the similarity of the two species is more striking and the question of their
synonymity arises. S. pseudotrigonalis, by original diagnosis (Semichatova 1941, p. 156),
has non-dichotomous ribs, whereas the neotype of S. trigonalis shows dichotomy; but
S. pseudotrigonalis var. furcata Semichatova (1941, p. 157) is distinguished by ‘the
bifurcation of plications taking place both in the sinus and on the lateral portions of the
shell’, and it seems probable that in this wider sense S. pseudotrigounalis is a synonym
of S. trigonalis. In external form S. pseudotrigonalis is no less like S. trigonalis than
are some of the variants of S. frigonalis now demonstrated. Indeed several of the other
species distinguished by Semichatova (1941), in the S. pseundotrigonalis group, on the
basis of size, shape, shape of fold and sulcus, and details of rib patterns present a range
of variation in external form similar to that now shown in S. trigoualis and their validity
is therefore doubtful: they may be no more than named variants of S. trigonalis.

SPECIMENS FROM BROCKLEY

The specimens used in the study of the development of the shell (Plate 64, figs. 4-26)
are from the Douglas Main Limestone of the Lower Limestone Group, in the Poneil
Water, at Brockley, 11 miles south of Coalburn, Lanarkshire. One hundred and
seventeen specimens were collected and are now in the Hunterian Museum, Glasgow
(figured specimens nos. L 3632-L 3641).
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Ninety-six of the specimens are sufficiently well preserved to be studied biometrically.
They were all collected from one exposure but they were distributed through about 20
feet of limestone so they cannot be regarded as strictly contemporaneous members of
a single population. Also, the presence of separate valves shows that the specimens
were probably transported before burial and do not represent successive populations.
The specimens show wide variation in shell shape, the variation being continuous (text-
fig. 1b-e). The statistical measures of the sample are given in Table 1 ; the high coeflicients

TABLE 1. Statistical measures of the specimens of Spirifer trigonalis (Martin) in the
collection from Brockley, Lanarkshire

Number of Standard
Character specimens Range Mean | deviation
Hinge width (mm.) 72 9:5-39-3 20-4 7-46
Maximum width (mm.) 53 11-0-39-3 21-3 698
Length (mm.) 72 7-2-28-1 156 579
Thickness (mm.) 87 5-2-18-2 10-8 3-59
Maximum width 51 111-198 | 146 | 0179
Length
Thickness 87 0-59-0-82 069 | 00477
Length
Number of ribs 71 064189 | 111 | 0232
Length (mm.)

hinge-width 077
length

Coeflicient of correlation thlck__ness 0-90
length

Coeflicient of correlation

of correlation showing that it is probable that a single species is represented. The
scatter diagram and the unimodal histograms (text-fig. 1) present the same evidence.

EXPLANATION OF PLATE 65

Microstructure of shell in Spirifer trigonalis (Martin).

Figs. 1-3 and 5-7 are thin sections photographed under crossed nicols. Figs. 1-6: specimens from
Douglas Main Limestone, Brockley, Lanarkshire.

Fig. 1. Transverse section showing growth-line in columnar layer, x 30.

Fig. 2. Oblique transverse section showing dental flanges and enveloping dental plates, X 36.

Fig. 3. Longitudinal section showing external lamellar layer and interlayering of fibrous and columnar
layers, > 50.

Fig. 4. Cellulose peel of oblique transverse section in apex of pedicle valve showing dental plates and
apical infilling, x40.

Fig. 5. Longitudinal section of ventral interarea showing fibrous and columnar layers and a remnant
of lamellar layer, x 25.

Fig. 6. Longitudinal section showing external growth-line and corresponding internal growth-line in
fibrous layer, > 17.

Fig.7. Specimen from North Greens Limestone, Cousland, Dalkeith, Midlothian. T3277F Geological
Survey Collections, Edinburgh. Transverse section of pedicle valve showing dental plates, dental
flanges, and a remnant of delthyrial plate, % 8.
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TEXT-FIG. 1. Spirifer trigonalis (Martin) from Brockley, Lanarkshire. a, Scatter diagram, x=neotype
of species. b-e, Histograms showing frequency distribution of various shell ratios; b, 95 specimens;
¢, 96 specimens; d, 75 specimens; e, 58 specimens.
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Variation in such characters as the number of ribs on fold and sulcus (text-fig. 2), the
height and width of fold and sulcus, and the shape of cardinal angles are considered to
be intraspecific.

Comparison of neotype with Brockley specimens. When plotted on the same diagram the
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TEXT-FIG. 2. Variation in the ribs of fold and sulcus in Spirifer trigonalis (Martin). a-c, Ribs on fold;

a, median rib undivided; b, median rib with longitudinal furrow; ¢, median rib divided. d-e, Ribs

in sulcus; d, median rib prominent; e, median rib not prominent. Broken lines indicate faint ribs, and
heavy lines indicate prominent median ribs.
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neotype of Spirifer trigonalis lies on the fringe of the scatter diagram of the Brockley
specimens (text-fig. 1a), though it falls within the range of variation of the Brockley
specimens as shown by the histograms.

Table 2 shows a comparison of the neotype with the Brockley sample, in which the
neotype is regarded as a sample of size 1, with mean values those of the neotype. Since ¢,
difference between means/standard error of difference of means, does not exceed 1-96,
the means do not differ significantly at the 5 per cent. level. The Brockley specimens are
thus regarded as belonging to Spirifer trigonalis.
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TABLE 2. Comparison of the specimens from Brockley with the neotype of Spirifer
trigonalis (Martin)

Standard error of
difference of means
1.1 - Difference between means
Character g M, " Standard error of difference of means
Maximum width 0-1938 134
Length
Thickness
e 0-0498 08
Number of ribs
e 0-297 1-02
Length 2L

DEVELOPMENT OF EXTERNAL FORM

The study of external growth-lines reveals changes in shell ratio (hinge width/length)
during development. The shell becomes longer relative to its width in the later growth
stages (text-fig. 3a). This change in growth ratio is found in both brachial and pedicle
valves and in the interareas (text-fig. 3b). There is also some evidence of an opposite
change in growth ratio during early growth stages.

There is considerable variation in the size and proportions of the shell of different
individuals when the second change in growth ratio occurs; the width varies between
9-8 mm. and 25-2 mm. and the shell index between 1-5 and 2-1. The graph (text-fig. 3¢)
illustrates the growth of thirty-one specimens. In a few specimens no change occurs and
extremely transverse shells are formed (pl. 64, fig. 14). These produce the skewness in
the histograms (text-fig. 1c, d).

In contrast to the variable width/length ratio is the constant thickness/length ratio
(text-fig. 1h) which is shown by the high coefficient of correlation (Table 1) and indicates
an allometric relationship. Similarly, the ratio hinge width/number of ribs is constant
both in the individual and in the collection as a whole (text-fig. 34) except when dichotomy
occurs.

MICROSTRUCTURE OF THE SHELL

Terminology of shell layers. The shell is composed of three layers, all impunctate, the
lamellar layer, the fibrous layer, and the columnar layer (text-fig. 4a).

Lamellar layer: this outer, non-fibrous layer, about 0-02 mm. in uniform thickness,
extends over the whole surface of the shell.

Fibrous layer: immediately underlying the lamellar layer is the fibrous layer, of
variable thickness, composed of long slender fibrous calcite crystals about 0-007 mm.
in width. The fibres are perpendicular to the valve margins and are inclined inwards, in
an anterior direction, at a low angle.

Some confusion exists about the naming of this shell layer. Thus, Williams (1953,
p. 280) refers to the ‘fibrous layer’ while Cooper (1944, p. 281) uses the term ‘prismatic
layer’ for the same structure. Carpenter (1853, p. 25), who first described this particular
microstructure, states that “the shell is found to consist of flattened prisms’ but he does
not refer to a “prismatic layer’. Later, Hall (1867, p. 186) states simply that in Spirifer
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TEXT-FIG. 3. Growth of the shell in Spirifer trigonalis (Martin). a, Graph of growth stages in one

individual, showing a change in growth ratio at 24 mm. width. b, Graphs of growth stages in one

individual—a, pedicle valve, b, brachial valve, ¢, ventral interarea. ¢, Graph of growth of the shell

in 31 individuals showing changes in growth ratio during ontogeny. d, Scatter plot showing the direct

relation between number of ribs and width of hinge in those specimens with no dichotomy of ribs.
x=neotype of species.
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‘the shell substance is fibrous’. The indiscriminate way in which the terms have been
used is illustrated in Schuchert’s (1913, p. 357) discussion of shell structure. First he
mentions a ‘thick prismatic layer’, then ‘fibrous prisms’, and finally, referring to the
same structure, the ‘fibrous layer’. With the description now of another type of
prismatic layer in brachiopods, the columnar layer, it is preferable that the term fibrous
layer be used for that microstructure in which the slender prisms are arranged at a low
angle to the shell surface.

Columnar layer: this term is proposed for an inner prismatic layer which lies over the
fibrous layer in some parts of the shell. It is of variable thickness and is composed of
short, calcite prisms up to 1 mm. in length and 0-05 to 0-06 mm. in width (text-fig. 4a).
The crystals are orientated normal to the shell surface and are elongate in this direction,
which is the c-axis of the crystal. Their prismatic form is seen in tangential section (text-
fig. 4b).

The columnar layer is frequently traversed by lines parallel to the surface of the shell
(text-fig. 4¢), marked in some cases by inclusions of a fine textured brown substance
(pl. 65, fig. 1) and in other cases by cavities in the crystals. These discontinuities are
considered to result from pauses in growth; the lines are regarded as growth-lines. They
were recorded in Russian spiriferids by Miloradovitsch (1937, p. 526).

Relation of fibrous and colummar layers. The lamellar layer forms a thin film over the
entire external surface of the shell and beneath it lies the fibrous layer, very thin at the
umbones and increasing in thickness anteriorly. In contrast the columnar layer is con-
fined to the posterior region (text-fig. Sa, b). Internal to the fibrous layer, it is distinctly
separate from it, with no gradation between the two (text-fig. 5¢). It is concluded that
the columnar layer formed later than the fibrous layer, a distinct break occurring
between the secretion of the two layers.

The columnar layer is present in shells not fully grown so its deposition was not merely
a gerontic phenomenon. In the neanic shells its distribution is the same as in the adult
shell. The deposition of the two types of shell material therefore occurred concurrently
in different parts of the shell, the columnar layer gradually spreading anteriorly over the
fibrous layer.

The fibrous layer continued to grow in thickness until it was covered by the columnar
layer. Its thickest development therefore occurs immediately anterior to the columnar
layer (text-fig. 5a4). The columnar layer, on the other hand, continued to increase in
thickness throughout growth and attains its maximum posteriorly.

The fibrous layer, growing anteriorly, paralleled the margin of the valve and reflected
all the undulations of the surface of the shell. The anterior margin of the columnar layer
thus filled in the grooves before extending in an unbroken sheet across the width of the
shell. This gradual infilling of the hollows is especially well seen on the flanks of the
sulcus where the columnar layer tends to thin out against the fibrous layer before finally
overlapping it (text-fig. Se—-g).

The columnar layer thus differs from the fibrous layer in its growth pattern.

In some cases the inner shell layers alternate with each other, fibrous layer occurring
internal to columnar layer and columnar layer internal to that again (Pl. 65, fig. 4,
text-fig. 6a). Rarely several alternations occur (text-fig. 64). Such interlayering may occur
in any part of the shell where columnar layer normally occurs, and while it is limited in
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TEXT-FIG. 4. Microstructure of the shell and the internal plates of the pedicle valve of Spirifer trigonalis
(Martin). a, Lamellar, fibrous, and columnar layers in longitudinal section. b, Columnar layer in
tangential section. ¢, Columnar layer in transverse section, showing growth-lines. d-g, Internal
plates of pedicle valves in transverse section; d, ventral septum; e, dental flanges and dental ridges;
f, dental plates, dental flanges, and dental ridges; g, delthyrial plate, dental flanges, and dental ridges.



















































