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LOWER CARBONIFEROUS SPORES FROM
NORTH-WEST ENGLAND

by MAVIS A. BUTTERWORTH and EDWIN SPINNER

Abstract. Assemblages of spores are described from coals and shales of the Lower Carboniferous (Bewcastle

Beds to the Lewis Burn Coal Group) of north-west Cumberland and Northumberland. Forty-three species are

recorded. The following new taxa are proposed: (Megaspores) Setispora gen. nov., Aneuletes reticulata , Setispora

pseudoreticulata , Triaugulatisporites? membranatus
,
Zonalesporites conacies ; (Miospores) Convolutispora plani-

muricata, Dictvotriletes plumosus, Lophotriletes plicatus, Lycospora rugulosa, Orbisporis convolutus, Tltolisporites

cumbriensis.

The samples examined occur in the Cementstone and overlying groups of the upper

part of the Calciferous Sandstone Series. Garwood (1931) classified part of this sequence

(Tuedian and lowermost Bernician), in the part of Cumberland lying between the Liddel

Water and the River Irthing, as follows:

Coral-brachiopod

zonation

Bernician Beds* (Oakshawford coal beds at base)

I Fell Sandstone

(and Kingwater Beds*

Cambeck Beds*

f
Main Algal Series (Tuedian Beds

|
Bewcastle Beds*

Lynebank Beds
j

Four samples were obtained from horizons in the formations indicated by asterisks;

the remaining three are of thin coals in the succeeding Lewis Burn (Scremerston) Coal

Group (S2 in the coral-brachiopod zonation).

The samples examined, in ascending stratigraphical order, are as follows:

(1) Three-inch coal towards the top of the Bewcastle Beds; left bank of Stack Cleugh, 200-220 yd.

upstream from the track leading from the Limekiln Inn in Bewcastle to High Grains Farm
(National Grid Reference NY585747).

(2) Black shales in the Cambeck Beds; south bank of Whitberry Burn, about 300 yd. downstream
from the point where it passes under the road from Roadhead to Crook (NY523740).

(3) Coal at least 2 ft. thick in left bank of the River Black Lyne about 100 yds. downstream from

Dodgesontown Ford (NY499754).The sample examined from this locality was representative of

the 2 ft. of coal exposed. The coal lies 170 ft. below the horizon of the Oakshawford coal (Mr.

J. B. W. Day, personal communication).

(4) Coal at least 6 in. thick, immediately below drift, north bank of Whitberry Burn, a few yards

above the footbridge below Nether Hill Farm (NY508754). This coal lies 100 ft. above the hori-

zon of the Oakshawford coal (Mr. J. B. W. Day, personal communication).

(5) Half-inch coal in shales rich in plant remains, Lewis Burn Coal Group; left bank of Lewis Burn,

approximately half-way between the Forks and the Old Bridge, opposite hut (NY631885).

[Palaeontology, Vol. 10, Part 1, 1967, pp. 1-24, pis. 15.]
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(6) 12 in. of pyritic coal lying 12 in. below coal 9 in. thick, Lewis Burn Coal Group; right bank of

Lewis Burn, bend below the Old Bridge, where the strike of the beds runs parallel to the stream

(NY630877).

(7) One inch of pyritic coal overlying coal which has been worked, Lewis Burn Coal Group; right

bank of Barret’s Sike, Lewis Burn (NY630877).

TECHNIQUES OF STUDY OF MICROFOSSILS

The pre-oxidation treatment employed in the preparation ofboth miospores and mega-
spores was the same; shales were immersed in 40% hydrofluoric acid for up to nine days

at 60° C, to remove most of the silicates. Miospores were obtained by placing the resi-

dues and the coals in fuming nitric acid for up to one hour in order to liberate the spores.

Megaspores were obtained by placing samples in Schulze’s solution for up to 3 days,

followed by washing with 5% potassium hydroxide until the filtrate runs clear. The
megaspores are mounted as ‘single grain’ slides and the miospores are on composite

mounts, the illustrated specimens being ringed. All slides are prefixed with the letter V
followed by locality and slide number and are lodged in the Reference Collection, Micro-

palaeontology Laboratory, Geology Department, University of Sheffield.

Classification. The miospores (M. A. B.) are grouped according to the supra-generic

classification proposed by Dettmann 1963. The megaspores are arranged in alphabetical

order following the miospores, as the second author (E. S.) is reluctant to place the

genera concerned in a supra-generic grouping at the present time. Miospore species

which have already been described are treated in the present paper only if sufficient

specimens were recovered to warrant a comparison with the type material.

THE MIOSPORES

Anteturma sporites H. Potonie 1893

Turma triletes (Reinsch) Dettmann 1963

Suprasubturma acavatitriletes Dettmann 1963

Subturma azonotriletes (Luber) Dettmann 1963

Infraturma laevigati (Bennie and Kidston) Potonie 1956

Genus punctatisporites (Ibahim) Potonie and Kremp 1954

Punctatisporites debilis Hacquebard 1957

Plate 1, fig- 1

1957 Punctatisporites debilis Hacquebard, p. 308, pi. 1, figs. 5, 6.

Size. 40(46)57 yLt for 25 specimens; sample 7.

Occurrence. Described by Hacquebard from the Horton Group, Mississippian, of Nova
Scotia, Canada.

Genus calamospora Schopf, Wilson, and Bentall 1944

Calamospora microrugosa (Ibrahim) Schopf, Wilson, and Bentall 1944

Plate 1, fig. 7

1932 Sporonites microrugosus Ibrahim in Potonie, Ibrahim, and Loose, p. 447, pi. 14, fig. 9.
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1933 Laevigati-sporites microrugosus (Ibrahim) Ibrahim, p. 18, pi. 1, fig. 9.

1938 Azonotriletes microrugosus (Ibrahim) Waltz, in Luber and Waltz, p. 10, pi. 1, fig. 1 and
pi. a, fig. 1

.

1944 Calamospora microrugosa (Ibrahim) Schopf, Wilson, and Bentall, p. 52.

1952 Leiotriletes microrugosus (Ibrahim) Ishchenko, p. 15, pi. 2, fig. 19.

1955 Ccilamotriletes microrugosus (Ibrahim) Luber, p. 36, pi. 1, figs. 1-3.

Size. 61(73)96 p, rays 20-28 p, for 20 specimens; sample 2.

Remarks. The ranges given by Luber and Waltz (1938; 55-80 p) and Ishchenko (1958,

p. 36; 60-65 p) for this species are rather smaller than that of the present population,

and the length of the laesurae quoted by Ishchenko (one-third the spore radius) is less.

The present figures are more similar to those of Playford (1962, p. 580; 62-104 p, mean
82 p) and of Potonie and Kremp (1955, p. 49; 70-100 p for the Upper Westphalian B
type material).

Occurrence. C. microrugosa has been recorded from many Carboniferous horizons,

particularly from the Lower Carboniferous and the Namurian.

Calamospora cf. nigrata (Ishchenko) comb. nov.

Plate I, fig. 8

1958 Leiotriletes nigratus Ishchenko, p. 35, pi. 1, fig. 5.

Description. Diameter 60(67)77 p for 25 specimens; sample 4. Amb circular, margin

smooth. Laesurae simple, one-quarter to one-third spore radius in extent. Contact

area darkened. Exine thin, laevigate; folding very frequent.

Remarks. This spore is similar in all respects excepting size to Ishchenko’s species

(Ishchenko 1958; 90-1 10 p); it has some of the characters of Calamospora , including a

thin, much folded exine, and some ofPhyllothecotriletes Luber 1955—very short laesurae

with a prominent contact area. Since most of the species assigned to Phyllothecotriletes

have a relatively thick, unfolded exine this species is assigned to the earlier genus.

Occurrence. Calamospora nigrata was recorded by Ishchenko from the Upper Devonian

and Tournaisian of the Dnieper-Donetz Basin.

Genus retusotriletes Naumova 1953

Retusotriletes incohatus Sullivan 1964

Plate 1, figs. 12, 13

1964a Retusotriletes iucohatus Sullivan, pp. 1251, 1252, pi. 1, figs. 5-7.

Size. Diameter 27(46)64 p for 26 specimens; sample 1.

Remarks. The smaller size and denser exine of the present specimens are probably due

to the use of fuming nitric acid rather than the nitric acid and caustic potash used to

macerate the type material.

Comparison. Retusotriletes iucohatus has a thicker exine and less prominent ornament
than A. multiseta. It is smaller than A. brandtii Streel (1964, pp. 8-10, fig. 2, pi. 1, figs.

6—10), which has a thinner exine.
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Infraturma apiculati (Bennie and Kidston) Potonie 1956

Subinfraturma granulati Dybova and Jachowicz 1957

Genus granulatisporites (Ibrahim) Potonie and Kremp 1954

Granulatisporites parvigranulatus Staplin 1960

Plate 1, figs. 2, 3

1960 Granulatisporites parvigranulatus Staplin, p. 15, pi. 3, figs. 8, 9.

Size. 27(31)35 p for 20 specimens; sample 4.

Remarks. Granulatisporites pipergramts Hacquebard and Barss (1957, p. 15, pi. 2, fig. 1 1)

is very similar but has a smaller size (25-30 p) and convex sides. Occasional specimens

in the present material (PI. 1, fig. 3) have a type of ornament approaching that of

Lophotriletes.

Occurrence. Described by Staplin from the Golata Formation (Upper Mississippian)

of Canada.

Granulatisporites rudigranulatus Staplin 1960

Plate 1, fig. 9

1960 Granulatisporites rudigranulatus Staplin, p. 15, pi. 3, fig. 10.

Description. Diameter 39(44)56 p for 27 specimens, sample 4. Amb triangular, sides

slightly concave, angles broadly rounded, margin crenulate. Laesurae simple, frequently

parted, about two-thirds spore radius in extent. Dense ornament of coarse granules,

less than 1 p in diameter and in height, tending to coalesce in the area of the laesurae

and on the distal surface, 70 to 80 projecting round the equator. Exine about 2 p thick,

including ornament, folding rare.

Remarks. In some specimens, which are otherwise similar to this species, the ornament

is coarser at the angles.

EXPLANATION OF PLATE 1

All specimens X 500, transmitted light.

Fig. 1. Punctatisporites debilis Hacquebard; sample 7, slide V7/4.

Figs. 2, 3. Granulatisporites parvigranulatus Staplin; sample 4, slide V4/10.

Fig. 4. Cyclogranisporites commodus Playford; sample 4, slide V4/1.

Figs. 5, 6. Convolutispora planimuricata sp. nov. 6, Holotype, sample 4, slide V4/1.

Fig. 7. Calamospora microrugosa Schopf, Wilson, and Bentall; sample 1, slide Vl/1.

Fig. 8. Calamospora cf. nigrata (Ishchenko) comb, nov.; sample 4, slide V4/4.

Fig. 9. Granulatisporites rudigranulatus Staplin; sample 4, slide V4/2.

Figs. 10, 11. Lophotriletes plicatus sp. nov. 10, Holotype, sample 5, slides V5/3, V5/2.

Figs. 12, 13. Retusotriletes incolmtus Sullivan; sample 1, slides Vl/6, Vl/2.

Figs. 14, 17. Perotrilites perinatus Hughes and Playford; sample 5, slides V5/6, V5/7.

Fig. 15. Convolutispora cf.finis Love; sample 1, slide Vl/1.

Fig. 16. Corbulispora Isubalveolaris (Luber) Sullivan; sample 4, slide V4/3.

Fig. 18. Raistrickia ponderosa Playford; sample 1, slide VI /4.

Figs. 19, 20. Orbisporis convolutus sp. nov. 19, Holotype, sample 7, slide V7/8.
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Occurrence. Described by Staplin from the Golata Formation (Upper Mississippian) of

Canada.

Genus cyclogranisporites Potonie and Kremp 1954

Cyclogranisporites commodus Playford 1963

Plate 1, fig. 4

19636 Cyclogranisporites commodus Playford, p. 12, pi. 2, figs. 3-5.

Size. 26(35)42 p for 30 specimens; sample 4.

Remarks. The peripheral arcuate folding noted by Playford is not so common in these

specimens which may have a slightly thicker exine (about 2 p thick); the reduction in the

size of sculpture at the proximal pole occurs in both populations but is not so marked in

the British specimens.

Occurrence. Playford recorded this species from the Horton Group (Mississippian) of

Nova Scotia, Canada.

Subinfraturma nodati Dybova and Jachowicz 1957

Genus lophotriletes (Naumova) Potonie and Kremp 1954

Lophotriletes plicatus sp. nov.

Plate 1, figs. 10, 1

1

Holotype. Plate 1, fig. 10.

Type locality. Half-inch coal in Lewis Burn Group (sample 5), Lewis Burn, Northumberland.

Diagnosis. Diameter 43(52)62 p for 20 specimens. Amb triangular, sides straight or

slightly concave or convex, angles broadly rounded. Laesurae slightly folded, about one-

half spore radius in extent. Proximal and distal ornament of tightly packed cones and

bacula, approximately 1-5 p in diameter and height, sometimes increasing in size towards

the angles, between 60 and 72 projecting around the equator. Exine 4 p thick, including

ornament, sometimes folded.

Comparison. Microreticulatisporites densus (Love) Sullivan 19646 has more concave

sides, longer laesurae, and ornament consisting of punctae separated by domed eleva-

tions.

Genus apiculiretusispora Streel 1964

Apicidiretusispora multiseta (Luber) comb. nov.

Plate 2, figs. 13, 18

1938 Azonotriletes multisetus Luber, in Luber and Waltz, p. 32, pi. 5, fig. 61, p. 23.

1955 Filicitriletes multisetus (Luber) Luber, pp. 55-56, pi. 3, fig. 52.

1955 Acanthotriletes multisetosus (Luber) Potonie and Kremp, p. 84.

1957 Acanthotriletes multisetus (Luber); Kedo, p. 1167.

Description. Diameter 43(54)70 p by 35(46)62 p for 44 specimens; sample 1. Amb



6 PALAEONTOLOGY, VOLUME 10

circular to oval. Laesurae straight, simple, two-thirds to three-quarters spore radius in

extent, connected by curvaturae, sometimes not discernible. Ornament of spines or bacula,

up to 2 /x long in the equatorial area, less than 1 p wide, less prominent in the proximal

area, about 100 projecting at the equator. Exine thin, folding frequent.

Remarks. This species is transferred to the genus Apiculiretusispora because of the pre-

sence of curvaturae joining the extremities of the laesurae, and the less prominent

ornament on the interradial areas of the proximal surface. The former feature is promi-

nent in one of the specimens of this species figured by Playford (1962, pi. 80, fig. 14)

from the Lower Carboniferous of Spitsbergen.

Comparison. Apiculiretusispora brandtii Streel (1964, p. 138, pi. 1, figs. 6-10, text-fig. 2)

differs from A. multiseta in its greater size, more prominent laesurae, and finer ornament.

Occurrence. Described by Luber from the Lower Carboniferous of the Karaganda
Basin, recorded by Love (1960) from the Oil Shale Group of Scotland, and by Playford

(1962) from the Lower Carboniferous of Spitsbergen.

Subinfraturma baculati Dybova and Jachowicz 1957

Genus raistrickia (Schopf, Wilson, and Bentall) Potonie and Kremp 1954

Raistrickia ponderosa Playford 1963

Plate 1, fig. 18.

1963b Raistrickia ponderosa Playford, p. 25, pi. 6, figs. 11, 12, pi. 7, fig. 1.

Size. 64(82)98 /x for 25 specimens; sample 1.

Remarks. The present spores are smaller than those described by Playford (69(90)1 15 p)

and have a thinner exine and slightly smaller bacula, with rather more of these pro-

jecting at the equator (35, compared with 28 recorded by Playford); otherwise they are

similar.

Occurrence. Playford recorded this species from the Horton Group (Mississippian) of

Nova Scotia, Canada.

Infraturma murornati Potonie and Kremp 1954

Genus convolutispora Hoffmeister, Staplin, and Malloy 1955

Convolutispora cf. finis Love

Plate 1, fig- 15

19636 Convolutispora cf. finis Love 1960; Playford, p. 27, pi. 8, figs. 1, 2.

Size. 69(87)113 p for 20 specimens; sample 1.

Remarks. In Convolutisporafinis Love (1960, p. 115, pi. 1, fig. 7) the muff are flatter than

in the present specimens which have a more irregular outline and appear to be identical

with the spores figured by Playford; the latter are slightly larger.

Occurrence. Playford recorded this species from the Horton Group (Mississippian) of

Nova Scotia, Canada. Love described C. finis from the Oil Shale Group of Scotland.
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Convolutispora planimuricata sp. nov.

Plate 1 , figs. 5, 6

Holotype. Plate 1 , fig. 6.

Type locality. Nether Hill coal (sample 4), near Roadhead, Cumberland.

Diagnosis. Diameter 45(51)58 p for 31 specimens. Amb oval to roundly triangular,

margin undulating. Laesurae simple, prominent, one-half to two-thirds radius of spore

in extent. Proximal and distal ornament of broad, meandering muri up to 10 p in width,

2 p in height, enclosing narrow, elongate lumina which form an irregular reticulum.

Exine 3-4 p thick, including ornament, seldom folded.

Comparison. Microreticulatisporites hortonensis Playford (19636, p. 28, pi. 8, figs. 3, 4)

has less prominent laesurae, narrower and more numerous muri, and less elongate

lumina.

Genus dictyotriletes (Naumova) Potonie and Kremp 1954

Dictyotriletes pseudopalliatus (Staplin) comb. nov.

Plate 2, figs. 8, 9

1960 Reticulatisporites pseudopalliatus Staplin, p. 13, pi. 2, fig. 24.

Description. Diameter 42(51)58 p for 30 specimens; sample 3. Amb circular, oval, or

roundly triangular. Laesurae simple, two-thirds spore radius, seldom seen. Exine with

high, narrow muri forming weak reticulum, height of muri up to 6 p , mesh up to 20 p in

diameter, frequently much less. At the equator the muri may give the appearance of a

membraneous flange when they are aligned parallel to the equator, or of radial ridges

when they cross the equator at right angles.

Remarks. This species is transferred to the genus Dictyotriletes because of Neves’s (1964)

emendation of Reticulatisporites to include only spores with a divided cingulum.

Occurrence. Staplin recorded this species from the Golata Formation (Upper Missis-

sipian) of Canada.

Dictyotriletes plumosus sp. nov.

Plate 2, figs. 10, 11

Holotype. Plate 2, fig. 1 1

.

Type Locality. Dodgesontown Ford coal (sample 3), River Black Lyne, Cumberland.

Diagnosis. Diameter 35(45)60 p for 35 specimens. Amb rounded triangular, margin

very irregular. Laesurae tectate, tecta up to 4 p high, extent about two-thirds that of the

body radius. Body thick, about 6 p, punctate. Muri up to 5 p broad at base but tapering

rapidly, with fimbriate crests; at the equator they may simulate a membraneous flange;

lumina irregular, up to 20 p in diameter. Ornament frequently obscured by thickness of

body exine. Folding infrequent.

Comparison. Reticulatisporites cheveriensis Playford (19636, p. 30, pi. 9, figs. 1-3) is
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similar to this species but differs in having a circular amb, a greater density of ornament,
and in being much larger.

Genus corbulispora Bharadwaj and Venkatachala 1962

Corbulispora ?subalveolaris (Luber) Sullivan 1964

Plate 1, fig. 16

1938 Azonotriletes subalveolaris Luber, in Luber and Waltz, pi. 5, fig. 72, p. 24.

1955 Dictyotriletes subalveolaris (Luber) Potonie and Kremp, p. 108.

1964« Corbulispora subalveolaris (Luber) Sullivan, p. 1,253, pi. 1, figs. 16-20.

Size. 58(7 1 )90 for 40 specimens; sample 4.

Remarks and Occurrence. Luber, in Luber and Waltz 1938, gives a size range of 50-90 p
for this species in the original description from the Lower Carboniferous of the Kara-

ganda Basin ; Love (1960, p. 1 16) records a range of 45-95 p for a population from the

Lower Oil Shale Group of Scotland; Sullivan (1964a, p. 1253) gives 53(66)88 p from
the Lower Limestone Shales of the Forest of Dean, and (19646, p. 368), 61(65)68 p from
the Drybrook Sandstone of the Forest of Dean. If alkali had been used by the present

authors to obtain these spores their size limits might have been greater than those

quoted by Luber and by Love. It is therefore possible that the present assemblage re-

presents a form transitional between C. subalveolaris and C. cancellata (Waltz) Bharad-

waj and Venkatachala 1962 which was given an original range of 120-30 p by Waltz,

in Luber and Waltz 1938, 75-130 p by Ishchenko 1956, and 70(99)132 pby Playford 1962.

Subturma zonotriletes Waltz 1935

Infraturma cingulati (Potonie and Klaus) Dettmann 1963

Genus orbisporis Bharadwaj and Venkatachala 1962

Remarks. Orbisporis was assigned by Bharadwaj and Venkatachala to their new Infra-

turma Crassiti which Smith and Butterworth (in press) have emended to include trilete,

cavate miospores with a crassitudinous margin not distinctly demarcated from the rest

of the spore. The present authors consider that Orbisporis, which is not cavate, is best

accommodated in the Infraturma Cingulati.

EXPLANATION OF PLATE 2

All figures X 500, under transmitted light unless stated otherwise.

Figs. 1, 2. Lvcospora rugulosa sp. nov. 1, Holotype. 2, Distal surface; sample 5, slide V5/2.

Figs. 3-5. Lycospora tenebricosa Staplin; sample 2, slides V2/7, V2/2, V2/1.

Figs. 6, 7. Lycospora noctuina Butterworth and Williams; sample 3, slides V3/2, V3/7.

Figs. 8, 9. Dictyotriletes pseudopalliatus (Staplin) comb, nov.; sample 3, slide V3/3.

Figs. 10, 11. Dictyotriletes plumosus sp. nov. 11, Holotype; sample 3, slide V3/3.

Figs. 12, 14. Vallatisporites ci/iaris (Luber) Sullivan; sample 1, slides V5/2, Vl/5.

Figs. 13, 18. Apiculiretusispora multiseta (Luber) comb, nov.; sample 1, slides Vl/1, Vl/5.

Figs. 15, 20. Didymosporites scotti Chaloner, X100, illustrating the two abortive members of the

tetrad; sample 4, slide V4/39. 20, sample 4, slide V4/39.

Fig. 16. Dictyotriletes admirabilis Playford 1963; sample 7, slide V7/2.

Fig. 17. Velosporites echinatus Hughes and Playford; sample 3, slide V3/4.

Fig. 19. Knoxisporites literatus (Waltz) Playford; sample 1, slide Vl/2.
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Orbisporis convolutus sp. nov.

Plate 1, figs. 19, 20

Holotype. Plate 1, fig. 19.

Type locality. One inch coal in right bank of Barret’s Sike, Lewis Burn, Northumberland; Lewis

Burn Coal Group (sample 7).

Diagnosis. Diameter 69(91)1 16 p for 40 specimens. Amb circular or oval, margin irregu-

larly lobed. Laesurae prominent, about two-thirds spore radius in extent with individual

tecta up to 8 /x wide, terminating against an irregular arc of thickening, 8-12 p wide,

situated on the proximal side of the equator; proximal surface otherwise devoid of

ornament. Distal surface with irregular, discontinuous, rounded muri up to 16 p wide,

variable in number and complexity; muri rarely extending beyond the thickened band

on the proximal surface. Exine thick, approximately 6 p , excluding ornament.

Comparison. O. orbiculus Bharadwaj and Venkatachala (1961, p. 30, pi. 3, figs. 45-48)

has no distal ornament; in O. muricatus Bharadwaj and Venkatachala (1961, p. 30,

pi. 3, figs. 41-44) and O. suborbiculus Bharadwaj and Venkatachala (1961, p. 30, pi. 3,

figs. 49, 50) the distal muri form a more or less regular reticulum.

Azonotriletes amplectus Naumova, in Luber and Waltz 1938 (pi. 1, fig. 7) appears to

have a similar distribution of ornament and tectate laesurae but it is smaller and lacks

the thickened band on the proximal side of the equator. Euryzonotriletes stamineus

Ishchenko (1956, p. 59, p. 10, fig. 123) may be conspecific with Orbisporis convolutus

sp. nov. but no details are given of the nature of the laesurae nor of the proximal

surface (the distal surface only is figured). Convolutispora harlandii Playford (1962,

p. 593, pi. 81, figs. 6-9) has similar distal ornament, which is stated to be bounded by a

continuous equatorial band simulating a cingulum in some specimens, but differs from

the present specimens in having simple laesurae and discrete patches of ornament in the

interradial areas of the proximal surface.

Genus lycospora (Schopf, Wilson, and Bentall) Potonie and Kremp 1954

Lycosporci noctuina Butterworth and Williams 1958

Plate 2, figs. 6, 7

1958 Lycospora noctuina Butterworth and Williams, p. 376, pi. 3, figs. 14, 15.

Size. 26(30)35 p for 35 specimens; sample 3.

Remarks. The present spores are rather smaller than those from the type locality which
ranged from 30 to 45 p in diameter. Staplin (1960, p. 20) lists L. noctuina as a synonym
of Lycospora uber (Hofffneister, Staplin, and Malloy) Staplin and this synonomy is sup-

ported by Playford (19636, p. 636). The descriptions of L. uber given by these authors

could include L. noctuina, which differs from L. punctata in the coarseness of its distal

ornament, but in fact none of the photographs published (Staplin 1960, pi. 4, figs. 13,

17, 18, 20 and Playford 1963a, pi. 89, figs. 16, 17) shows ornament typical of L. noctuina,

and the spores figured by the first author have not the characteristic subtriangular out-

line.
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Occurrence. This species was described from the Namurian A and has been recorded by
Smith and Butterworth (1967) from throughout the Namurian and Westphalian A.

Holotype. Plate 2, fig. 1.

Lycospora rugulosa sp. nov.

Plate 2, figs. 1, 2

Type Locality. Half-inch coal, Lewis Burn Group; Lewis Burn, Northumberland (sample 5).

Diagnosis. 20(29)38 p for 60 specimens. Amb circular to rounded triangular, margin

minutely crenulate. Laesurae distinct, simple, extending almost to the equator; apical

papillae prominent. Proximal surface minutely granulose or punctate, distal surface

rugulose. Cingulum tapering, plicated, 2-3 p wide, barely discernible. Exine thin but

rarely folded.

Remarks. This species is very similar to Cyclogranisporites tripapillatus Staplin 1960

(p. 9, pi. 1, fig. 29) which that author (personal communication) considers to be a

related species, distinguished from L. rugulosa by its lack of rugulose ornament.

Occurrence. Staplin recorded large numbers of Cyclogranisporites tripapillatus from the

Golata Formation (Upper Mississippian) of Canada.

Lycospora tenebricosa Staplin 1960

Plate 2, figs. 3-5

1960 Lycospora tenebricosa Staplin, p. 20, pi. 4, figs. 15, 16.

Description. 29(36)44 p for 52 specimens; sample 2. Amb circular or rounded-triangular,

margin minutely notched. Laesurae prominent, tectate, reaching almost to the margin

of the spore body; tecta up to 3 p high. Inner thickened part of cingulum up to 3 p wide,

may have the appearance of curvaturae, outer zone very minutely granulose, plicated,

2 p wide. Exine in polar areas thick, granular, relatively unfolded.

Comparison. In some specimens the outer part of the cingulum is extremely narrow,

when the spore may be confused with Retusotriletes golatensis Staplin 1960 (p. 22, pi. 4,

figs. 21-23). In Lycospora micrograna Hacquebard and Barss (1957, p. 20, pi. 2, fig. 23)

the outer part of the zona is slightly broader and the laesurae are indistinct.

Occurrence. Staplin described this species from the Golata Formation (Upper Mississip-

pian) of Canada.

Genus vallatisporites (Haquebard) Sullivan 1964

Vallatisporites ciliaris (Luber) Sullivan 1964

Plate 2, figs. 12, 14

1938 Zonotriletes ciliaris Luber, in Luber and Waltz, p. 25, pi. 6, fig. 82.

19646 Vallatisporites ciliaris (Luber) Sullivan, p. 370, pi. 59, figs. 14, 15.

Size. 49(58)73 p for 13 specimens, sample 1. 49(58)78 p for 12 specimens; sample 2.
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Remarks. The mean diameters of the spore body in the Bewcastle (1) and Cambeck (2)

samples were 34 p and 36 p respectively. Luber gives a range of 40-50 p and Sullivan a

constant proportion of three-fifths (37 p mean); the present specimens have therefore

relatively smaller central areas than those hitherto described.

Occurrence. Described by Luber from the Lower Carboniferous of the Karaganda

Basin, and recorded by Sullivan from the Drybrook Sandstone (Visean) of the Forest of

Dean, Gloucestershire.

Infraturma patinati Butterworth and Williams 1958

Genus tholisporites Butterworth and Williams 1958

Tholisporites cumbriensis sp. nov.

Plate 4, figs. 7-9

Holotype. Plate 4, fig. 9.

Type locality. Nether Hill coal, near Roadhead, Cumberland (sample 4).

Diagnosis. 40(49)58 p for 30 specimens. Amb circular, margin slightly undulating. Lae-

surae simple, extending almost to the equator. Patina about 4 p thick at the distal pole,

expanding to form a cingulum from 10 p to 20 p wide at the equator which may be

lobed. Patina punctate or minutely spinose, frequently with a crescentic fold. Cingulum

smooth or lobate. Proximal polar area microrugulate, about 2 p in thickness; in lateral

compression, the most frequent preservation, it is commonly collapsed below the level

of the cingulum.

Comparison. Tholisporites scoticus Butterworth and Williams 1958 (p. 382, pi. 3, figs.

48-50) is a smaller species (the range 35-52 p is for specimens macerated with Schulze

solution followed by treatment with alkali) with a patina thicker in the distal area and

forming a narrower cingulum. The forms described by McGregor (1961, pp. 37, 38,

pi. 13, figs. 6, 7, 9, 10) from the Devonian of the Canadian Arctic are larger and the

patina is not thickened equatorially.

Suprasubturma perinotrilites Erdtman 1947

Genus perotrilites Erdtman ex Couper 1953

Perotrilites perinatus Hughes and Playford 1961

Plate 1, figs. 14, 17

1961 Perotrilites perinatus Hughes and Playford, p. 33, pi. 2, figs. 7-10.

Size. Diameter of spore body 40(52)68 p for 7 specimens, perine projecting 3-12 p at the equator;

sample 5, 44-90 p, mean 70 p for 80 specimens; Playford 1962.

Remarks. Apart from their smaller size the present specimens appear to be identical with

those described by Hughes and Playford (1961), and by Playford (1962), from the Lower

Carboniferous of Spitsbergen.



12 PALAEONTOLOGY, VOLUME 10

THE MEGASPORES

Genus aneuletes Harris 1961

Type species. A. patera Harris 1961.

Remarks. Harris (1961, p. 69) proposed this genus for bodies resembling megaspores,

generally more than 200 p in maximum diameter, and lacking visible haptotypic struc-

tures.

Aneuletes reticulata sp. nov.

Plate 3, figs. 5, 6

Holotype. Plate 3, fig. 5.

Diagnosis. ?Megaspores, circular to elliptical in outline varying between 355 and 475 p
in maximum diameter. Tetrad mark indistinct. Body wall reticulate, lumina circular to

angular, 20 to 50 p in maximum diameter, muri 2 to 4 p in height and width.

Description. Mean diameter 422 p (15 specimens mounted in hydrous medium). Body
wall often folded, the folds running approximately parallel to the margins of the com-
pressed body; original body more or less spherical. Wall appears to consist of single

layer, often folded, with a reticulate ornament. Mean diameter of lumina 35 p (50

measurements). Muri sharply crested, and the wall frequently ruptured along them. At
the corners of the lumina the crests of the muri may under high focus simulate a short,

weak trilete mark.

The folds of the wall curved parallel to the body margin simulate an inner central

body. However, focusing reveals that the muri are involved in the folding. On some
specimens the wall appears irregularly punctate.

EXPLANATION OF PLATE 3

All figures X 50 by transmitted light unless otherwise stated.

Figs. 1, 7. Lagenicula crassiaculeata Zerndt; sample 4, slide V4/53. 1, Lateral compression. 7, Part of

fig. 1, illustrating large and small sculptural elements, X 100.

Figs. 2, 3, 4. Lagenicula subpilosa forma major Dijkstra ex Chaloner; sample 4, slide V4/3 1 a. 2, Lateral

compression. 3, Part of fig. 2, x 100, illustrating ornamentation, irregularly thickened curvature and
laevigate contact faces. 4, Polar compression; sample 3, slide V3/31 a.

Figs. 5, 6. Aneuletes reticulata sp. nov. 5, Holotype, X 100; sample 3, slide V3/2. 6, X 100; sample

3, slide V3/2.

Figs. 8, 9, 10. Triangulatisporites membrancitus sp. nov. 8, Oblique compression; sample 3, slide V3/20.

9, 10, Specimens with outer layer of exine partly removed; sample 3, slide V3/16.

EXPLANATION OF PLATE 4

All figures by transmitted light unless stated otherwise.

Figs. 1, 3, 4, 6. Setispora pseudoreticulata sp. nov. 1, Holotype x 50, lateral compression; sample 3,

slide V3/40. 3, Capillate type laesurae x 100; sample 3, slide V3/46. 4, Part of fig. 1 X 100 illustrat-

ing ornamentation of exine. 6, Lateral compression x 50, reflected light; sample 3, slide V3/30.

Figs. 2, 5, 10. Triangulatisporites membranatus sp. nov. 2, Holotype X100; sample 3, slide V3/15.

5, Part of outer layer of exine, X 500; sample 3, slide V3/12. 10, Polar compression X 100 illustrating

loosely attached outer layer of exine; sample 3, slide V3/19.

Figs. 7, 8, 9. Tholisporites cumbriensis sp. nov. X 500. 9, Holotype; sample 4, slides V4/10, V4/1.
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Comparisons. A. reticulata sp. nov. is similar to Triletes ? obscuris (Dijkstra 1957) but

this species is smaller in overall size (220-340 p, mean 256 p) and in the size of the reti-

culation (lumina 8— 1 4 /x in diameter). Dijkstra described the haptotypic features of

T? obscuris as being obscure. Probably this species should also be placed in Aneuletes

rather than Triletes.

Remarks. The sharply crested muri along which the wall readily sutures may have been a

method of germination. The characteristic folding of the body wall probably has some
structural significance, but this is not clear.

Affinities. Unknown.

Occurrence. Sample 3.

Genus didymosporites Chaloner 1958

Didvmosporites scotti Chaloner 1958

Plate 2, figs. 15, 20

1958 Didymosporites scotti Chaloner, p. 198, pi. 1, fig. 1.

Holotype. Chaloner 1958, pi. 1, fig. 1 (description, p. 198).

Remarks. The size range of the tetrads recorded here varies between 434 p and 650 p
(longest axis of flattened tetrad; 20 specimens in hydrous medium); Chaloner gave a

range of 360 p to 582 p for his specimens. The smaller abortive spores vary between

20 p and 50 p in diameter and are often difficult to distinguish due to the darker colour

of the overlapping portions of the larger spores. This genus is unusual in that it is based

on spore tetrads; as with Chaloner (1958, p. 203), no instances of isolated spores were

observed. If found isolated the spores might possibly be referred to the miospore genera

Calamospora Schopf, Wilson, and Bentall 1944 or Punctatisporites (Ibrahim) Potonie

and Kremp 1954.

Affinities. Stauropteris burntislandica P. Bertrand (Chaloner 1958).

Stratigraphic distribution. Chaloner (1958) recorded this species from Ballycastle coal-

field, Northern Ireland (Dinantian-Namurian)
;
Fife, Berwickshire, Scotland (Dinantian)

;

Scremerston Coal Group, Cumberland, England (Dinantian).

Occurrence. Samples 3, 4. These samples are possibly from the same, or at least, very

close to Locality 4 of Chaloner (1958, p. 200) from which he reported this species.

Genus lagenicula (Bennie and Kidston) Potonie and Kremp 1954

Lagenicula subpilosa (Ibrahim) forma major Dijkstra ex Chaloner 1954

Plate 3, figs. 2-4

1933 Setosi-sporites subpilosus Ibrahim, p. 27, pi. 5, fig. 40.

1950 Triletes subpilosus forma major Dijkstra, p. 871 (nom. nud.).

1954 Triletes subpilosus forma major Chaloner p. 27, pi. I, figs. 4-8.

1957 Triletes subpilosus (Wicher) S. W. & B. forma major Dijkstra; Dijkstra and Pierart,

pp. 12-13, pi. 11, figs. 126-7.
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1957? Triletes cf. Triletes subpilosus (Ibrahim) S. W. & B. forma major, type 27 bl. Dijkstra

1957, p. 14, pi. 9, figs. 94-96, pi. 10, figs. 97-103.

1959 Triletes subpilosus forma major (Dijkstra) ex Chaloner; Winslow, pp. 18-20, pi. 1, figs. 1-9.

Description. Trilete megaspores with a circular to oval body and an apical prominence

which gives a ‘bottle-shaped’ appearance to lateral compressions. Both polar and lateral

compressions are found. Maximum diameter 780 p to 1300 p, mean 1196 /x (15 speci-

mens in hydrous medium). Laesurae and apical parts of contact faces raised to form an
apical prominence up to 300 p high. Contact faces distinct, occupying approximately

one-third proximal surface of compressed spore, ornamented with small cones, spines,

and verrucae. Cones and spines 6-20 p high, basal diameter 3-\0 p, and concentrated

mainly around base of apical prominence. On the distal parts of the contact faces the

elements are more verrucose, smaller, approximately 5 p diameter, and less densely

spaced. The positions of the curvaturae are marked by a slight thickening of the exine

and the closely spaced spines which cover the remainder of the spore wall.

Distal surface covered more or less with parallel sided spines straight or slightly curved

in outline, 80-200 p long. Basal diameter of spines 20-40 p, tapering quickly to 10-20 p
along greater part of length. At the tips, spines bluntly rounded or pilose due to small

constrictions a short distance below the tips. In the region ofthe curvaturae spines smaller,

rarely more than 90 p long, and more densely placed. Wall 12-15 p thick, punctate to

vermiculate.

Comparisons. This forma is distinguished by its larger size of body and spines than

L. subpilosa (Ibrahim) Potonie and Kremp 1956. Lagenicula crassiaculeata Zerndt 1937

can be distinguished from L. subpilosa forma major by the larger apical prominence, the

presence of small (50 p long) spines, distributed between the larger (360 p long) distal

spines, which are longer than in L. subpilosa forma major. The spore wall in L. crassia-

culeata is approximately as thick as in L. subpilosa forma major. In Lagenicula horrida

Zerndt 1934 the spines generally taper from base to tip, the sides not appearing parallel

as in L. subpilosa forma major. Also both long and short spines occur on the distal sur-

face of L. horrida as in L. crassiaculeata.

Remarks. The mean size of the specimens described here is in general agreement with

those of other workers (Chaloner 1954, Dijkstra 1952, 1957, Winslow 1959) although the

range in size is considerably less than that given by Dijkstra 1952 (500-1 300 p) and Winslow

(465-1790 p). Nor were any spines observed as long as 360 p (Winslow, p. 19) on the dis-

tal surface. Although Chaloner gave no measurements for the spines in his description,

his illustrations (pi. 1, figs. 7-8) clearly show them to be approximately the same as

those described above. Dijkstra (1957) described a form, which he compared with this

forma and which should probably be included (see synonymy). However, he reported

radially running folds on the contact faces, arcuate ridges 1 5—25 broad, and distal

spines not generally swollen at the base. Such features were not seen on the specimens

described here. Similar features were described by Dijkstra and Pierart (1957) on speci-

mens from the Lower Carboniferous of the Moscow Basin.

Affinities. Lepidodendraceae (Potonie and Kremp 1954).

Stratigraphic distribution. Europe: Turkey, Namurian A, B, C (Dijkstra 1952); Ireland,

Lower Carboniferous (Dijkstra 1957); Scotland, Dinantian-Namurian Chaloner 1954,
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Dijkstra 1957, Sen 1964), Moscow Basin, Lower Carboniferous (Dijkstra and Pierart

1957). U.S.A.: Illinois, Indiana, Kentucky, Michigan, Mississippian (Chaloner 1954,.

Winslow 1959).

Occurrence. Sample 4.

Lugenicula erassiaculeata Zerndt 1937

Plate 3, figs. 1, 7

1937 Lagenicula erassiaculeata Zerndt, pp. 12-13, fig. 9.

1944 Triletes crassiaculeatus
;
Schopf, Wilson, and Bentall, pp. 21-22.

1946 Triletes crassiaculeatus ; Dijkstra, pp. 44-45.

1959 Triletes crassiaculeatus
;
Winslow, pp. 21-22, pi. 3, figs. 2, 3.

Description. See Zerndt 1937, p. 12, and Winslow 1959, p. 21.

Remarks. An insufficient number of well-preserved specimens was found in order to

warrant a detailed description. The characteristic features of this species have been

described under ‘Comparisons’ in Lagenicula subpilosa forma major.

Occurrence. Sample 4.

Stratigraphic distribution. Europe: Upper Silesia? Dinantian-?Namurian A (Zerndt

1937); Turkey, Namurian A-B (Dijkstra 1952); Scotland, Dinantian (Chaloner 1953).

U.S.A.: Indiana, Kentucky, Chester Series (Winslow 1959).

Affinities. L. erassiaculeata type spores have been obtained from Lepidostrobus alan-

tonensis (Chaloner 1953).

Genus setispora gen. nov.

Type species. Setispora pseudoreticulata sp. nov.

Generic Diagnosis. Trilete megaspores, more or less spherical in shape; no preferred

direction of compression is apparent. Laesurae distinct, straight or slightly wavy in out-

line and may extend to spore margin, characterized by dense ornamentation of a general

capillate type of appendage. Laesurae raised, but there is generally little difference be-

tween the height at the proximal pole and at the junction with the curvaturae. On lateral

compressions, the raised laesurae may project from the spore outline and simulate a low,

broad apical prominence. Spore wall may be folded giving an irregular outline to the

margin.

Comparisons and Remarks. Lagenicula (Bennie and Kidston) Potonie and Kremp 1954,

can be distinguished from Setispora by its long polar axis which results in preferred

lateral compression. However, due to the raised laesurae, lateral compressions of Seti-

spora may resemble Lagenicula. The apical prominence in Lagenicula is formed by the

expansion of part or all of the laesurae and contact faces. The raised laesurae in Seti-

spora are due to the dense capillate type of ornamentation. There are thus good morpho-
graphic grounds for proposing a new genus. Spores of the type referred here to Setispora

were first described by Chaloner 1954 as two species Triletes ecliinoides and T. cristatus

(= T. palaeocristatus Chaloner 1956) which resemble the type species of this genus..
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These species are formally recombined here to Setispora echinoides (Chaloner) comb,
nov., Setispora palaeocristatus (Chaloner) comb. nov.

;
Triletes subpalaeocristatus Alvin

1965 (based on sectioned spores only) may also be assignable to Setispora.

Setispora pseudoreticulata sp. nov.

Plate 4, figs. 1, 3, 4, 6

Holotype. Plate 4, fig. 1

.

Diagnosis. Trilete megaspores, approximately circular to elliptical in outline, maximum
diameter 875-1500^. Laesurae appear as distinct ridges, straight to slightly wavy in

outline 400-600 p long, 80-100 p width, 150-250 p height. No marked height difference

along length of laesurae. Height and width of these ridges result from dense ornamen-
tation of capillate type elements, partly fused, along the line of the commissures. Contact

faces, forming approximately half proximal surface of compressed spore, are folded and
thickened. Distal surface folded, irregularly thickened, crassitudes 30-40 p wide.

Capillate to spinose elements, 50-150 p long and 20-60 p wide, cover distal surface.

Description. Medium to large trilete megaspores, circular to elliptical in outline (oblique,

polar compressions) mean maximum diameter 1200 p (25 ‘dry’ specimens); 1050-1990^,

mean 1485 p (14 ‘wet’ specimens). The margin of the compressed spore is slightly irregu-

lar in outline. Originally the spore body was approximately spherical; lateral com-
pressions may show a slightly ‘bottle-shaped’ outline due to the protrusion of the

laesurae. Conate to baculate elements 25-70 p high, 10-25 p in basal diameter are

densely placed on the contact faces especially in the apical parts. Radial plications

(?crassitudes) extend to the curvaturae, which are formed by arcuate ridges 60 p wide

(projection from spore margin) and wavy in outline. Capillate to spinose elements are

developed in the distal surface, mainly from the thickened areas; they may be branched at

the base as well as at their apices. Some of these elements appear finely granulose. The
local thickenings and sculptural elements adpressed to the spore wall give a somewhat
reticulate appearance under transmitted light. The spore wall is often folded, 30-40 p
thick, ?finely punctate.

Comparisons. S. pseudoreticulata sp. nov. is similar in haptotypic features to S. echinoides

(Chaloner) comb. nov.
;
S. echinoides is, however, larger overall (up to 2660 p, Chaloner

1954, p. 28) and has very large spines (up to 960 p in length) covering the spore wall.

S. palaeocristata (Chaloner) comb. nov. can also be distinguished from S. pseudoreti-

culata by its larger size (1700-2200 p), and by its laevigate spore wall. Triletes pannosus

Alvin (1966) has similar haptotypic structures to S. pseudoreticulata and may be assign-

able to the same genus; however, in T. pannosus the ornamentation of the exine does not

appear reticulate (based on personal examination and photographs supplied by Dr. K.

Alvin, 12 November 1965).

Affinities. S. pseudoreticulata has not been recorded from any known fructification.

Alvin (1965) recorded T. subpalaeocristatus in association with Oxroadia gracilis Alvin.

S. echinoides has been recorded from Lepidostrobophyllum fimbriatum (Allen 1961,

Lacey 1962).

Occurrence. Localities 3, 5, 6, 7.
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Genus triangulatisporites Potonie and Kremp 1954

Triangulatisporites membranatus sp. nov.

Plate 3, figs. 8, 9, 10; plate 4, figs. 2, 5, 10

Holotype. Plate 4, fig. 2.

Diagnosis. Trilete megaspores, central body maximum diameter 450-650 /a, contact

faces laevigate, approximately three-quarters proximal surface of compressed central

body, bounded distally by narrow (40-70 p) zona. Outermost layer of exine loosely

attached to inner central body and has vermiculate-conate ornament.

Description. Trilete megaspores which are circular to rounded triangular in outline.

Spore body mean maximum diameter 539 p (15 specimens; hydrous medium). Originally,

the spore body was more or less spherical, with a small projecting subequatorial zona.

No preferred direction of compression is apparent. Tetrad mark laesurae approximately

three-quarters ofspore body radius; laesurae straight to slightly sinuous in outline, raised

40-70 p, being highest near the proximal pole. However, there is no indication of an
apical prominence. The laesurae are firmly attached to the central body. The contact

faces occupy approximately three-quarters or more of the proximal surface of the com-
pressed body. These appear laevigate, and are delimited distally by narrow thickened

arcuate ridges, which form the curvaturae. A narrow zona-like structure projects from
the arcuate ridges.

Exine structure and sculpture. At least three layers of exine can be distinguished (trans-

mitted light). Innermost layer thin, folded, rounded triangular in outline and appears to

be attached to the extremities of the laesurae. External to this layer is a thicker ( 1 5-30 p)

dark coloured, smooth layer, which might be regarded as forming the wall of the central

body. Outermost layer thin, fragile, easily removed from the remainder of the spore.

Entire specimens rare. In the region of the curvaturae outermost layer is extended radially

to form relatively narrow, zonate-type structure, which projects 40-70 p from the margin

of the central body. Distally the outer layer of exine appears to be only loosely attached

to the remainder of the spore, and on some oblique to laterally compressed specimens it

extends irregularly beyond the margin of the central body. Distal to the contact faces,

this outer layer of exine has a vermiculate type of sculptural pattern : small lumina 5—15 yu.

in diameter, with between the lumina small positive sculptural elements (cones) approxi-

mately 5 p high. The cones are seen as small light areas on the distal surface on high

focus, and as small projections at the margin of the compressed spores.

Comparisons. T. membranatus sp. nov. is similar to T. zonatus (Ibrahim) Potonie and

Kremp 1956, in over-all size, and in lacking a distinct reticulate ornamentation on the

distal surface. However, the zona is very narrow in T. membranatus , and the outer layer

of exine is loosely attached, projecting beyond the central body margin in oblique or

lateral compressions. T. triangulatus (Zerndt) Potonie and Kremp 1954 and T. regalis

(Ibrahim) Potonie and Kremp 1956 can both be distinguished from T. membranatus by

the large reticulate ornamentation on the distal surface of the spores. T. rootsii Chaloner

1959 can be distinguished from T. membranatus by its smaller spore body (300-370 p ),

larger (70-107 p) dissected zona with prominent radiating ‘bars’. The ‘irregular verru-

cose to reticulate ornamentation’ on the distal surface of T. rootsii is probably similar to

C 446G c
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that of T. membranatus, but Chaloner (1959, p. 324) described this type of ornamenta-
tion as being present on both proximal and distal surfaces of T. rootsii. In T. membrana-
tus the ornamentation is not present on the contact faces (proximal surface), which are

laevigate.

T. membranatus is also similar in general structure to Triletes catenulatus var. margi-

natus Winslow 1962. However, T. catenulatus var. marginatus has a relatively large apical

prominence (120-235 p high, Winslow 1962, p. 32) and a distal catenulate ornamentation.

T. membranatus is similar to T. catenulatus var. marginatus in that in broken specimens

the laesurae tend to adhere to the spore body. As Winslow points out (p. 33) in typical

Triangulatisporites the tecta tend to be removed from broken specimens where the

outer layer of exine has been removed.

Remarks. This species is atypical of the genus in that the laesurae, or folds of exine ex-

tending from the laesurae, do not project on to the narrow zonate structure. The outer

layer of the exine is also unusual in the absence of relatively large distal reticulations

and in its loose attachment to the remainder of the spore. One specimen (Plate 5, fig. 10)

reveals a completely laevigate central body, except for small fragments of the zona re-

maining in the region of the curvaturae. This may suggest that the outer layer of exine

is only or most firmly attached to the central body in the region of the curvaturae.

Affinities. Selaginellaceae (Potonie 1956).

Occurrence. Locality 3.

Genus zonalesporites (Ibrahim) Potonie and Kremp emend. Spinner 1965

Zona/esporites conacies sp. nov.

Plate 5, figs. 1-4

1957 ITriletes brasserti
;
Dijkstra and Pierart pars, p. 10, pi. 4, figs. 66-73.

Hoiotype. Plate 5, fig. 1. The name refers to the ornamentation of the corona.

Diagnosis. Large trilete megaspores with distinct central body and corona. Central body
maximum diameter 820-1450 p, laesurae approximately three-quarters radius of central

body, straight to sinuous, raised 30-120 p, highest near margin of spore body. Corona
360-650 p wide, formed by partial coalescence of capilli, ornamented by cones with

elongate apices, 10-30 p length, 8-15 p basal diameter. Distal surface generally smooth.

Description. Central body more or less circular in outline, mean maximum diameter

1 020 p (28 specimens ;
hydrous medium). Polar compressions are most common, probably

due to the longer equatorial axis; spore body originally more or less spherical. Laesurae

approximately twice as high at distal terminations as at proximal pole. On some speci-

mens secondary folds can be seen on the equatorial structure opposite the laesurae.

Small baculate type elements 10-45 p long, 5-15 p wide, occur on upper parts of some
laesurae. No specimens were observed with a ruptured commissure. Contact faces smooth,

forming approximately three-quarters of the proximal surface of the compressed spore

body. No thickened arcuate ridges represent the curvaturae, the contact faces being

bound distally by the elements forming the proximal part of the equatorial structure.
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Exine structure and sculpture. Equatorial structure surrounding central body has the

form of a corona and is attached in a narrow zone slightly proximal to the equator of the

compressed central body. The corona width 360-650 /x ( 12 specimens, as measured from

point of proximal attachment to margin), projects 300 to 460 [x from the margin of

the spore body; maximum width generally opposite the laesurae, giving entire spores a

slightly rounded triangular outline. Corona formed by layers ofelongated elements which

coalesce near outer margin to form a continuous fimbriate rim; proximal layer of capilli

20-40 /x wide at the base and closely spaced, can be traced for approximately one-third

of corona radius before they coalesce. In the distal region of attachment the elements are

more completely fused. Outer part of corona characterized by small circular to oval

dissections, maximum diameter 10-80 /a. From the rim of the corona small cone-like

elements (10-30 /x long and 8-15 fx in basal diameter) with elongated terminals project;

similar elements are arranged more or less in rows over the fused part of the corona.

Many of these elements are atypical of conate ornament in that approximately halfway

along the length there is an abrupt decrease in width, thus giving an elongated effect

to the apex. Distal surface of central body generally laevigate, although occasional

specimens (2 during the present study), ornamented on distal surface with scattered

baculate to pilate elements, 20-50 p long, 10-20 p wide. Small cones (2-4 [x long)

project from the apices of these elements. Generally, these elements are found only in

the region just distal to the attachment of the corona. Wall of central body 35-50 [x

thick ^infrastructure); in many specimens a thin shrunken layer can be seen (transmitted

light) within the central body.

Comparisons. Z. conacies sp. nov. is very similar to Zoncdesporites ramosus (Arnold)

( Rotatisporites of Potonie and Kremp 1956) in the general structure and in the size of the

central body (580-1744 p, average 1036 /x ; Arnold 1950, p. 72). However, the marginal

rim in Z. ramosus is narrower than in Z. conacies , and the elements projecting have

‘rounded or slightly swollen tips’ (Arnold 1950, p. 73). The distal surface in Z. conacies

is generally smooth, whereas in Z. ramosus it is more generally ornamented with elements

similar to those forming the corona.

In Zoncdesporites rotatus (Bartlett) (Rotatisporites of Potonie and Kremp 1954) the

size of central body is smaller (700-998 p; Bartlett 1929, Zerndt 1937) than in Z. conacies.

Also the equatorial structure in Z. rotatus is characterized by larger dissections and less

fimbria (?1 layer) than Z. conacies.

It is difficult to compare Z. conacies with Zoncdesporites brasserti (Stach and Zerndt)

Potonie and Kremp 1954 for the limits of this species are poorly defined. Many workers,

e.g. Zerndt 1937, Dijkstra 1946, have included various forms within this species which

differ in detail. Dijkstra (1955-7) proposed several subspecific taxa within the species.

Potonie and Kremp (1956, p. 122) gave a more restricted circumscription of the species,

but did not give any detailed description of the equatorial structure which they referred

to as a cingulum. Since this structure is formed by the fusion or partial fusion of fimbria

it is here regarded as a corona, reserving cingulum for forms with an equatorial thicken-

ing such as the miospore genus Densosporites (Berry) Potonie and Kremp 1954. This

interpretation of Z. brasserti is in close agreement with that of Winslow (1959, p. 35)

and on this basis some comparisons can be made with Z. conacies. The corona in

Z. brasserti consists of several layers of fimbria, which are more completely fused than
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in Z. conacies, and the dissections in Z. brasserti are less common and restricted to the

marginal part of the corona. The elongate conate elements which characterize the

corona of Z. conacies are not present in Z. brasserti, although ‘bar-like’ processes

(?bacula) may project from the rim of the corona (compare PI. 5, fig. 15).

The differences in structure of the corona referred to above are difficult to see on dry

specimens under reflected light, especially if the specimens are insufficiently bleached.

Under such conditions, the specimens described here as Z. conacies might be included in
‘ Triletes brasserti ’ sensu Dijkstra. From the description and illustrations of Dijkstra and
Pierart (1957, pp. 9-10, pis. 3, 4), it is possible that some specimens of Z. conacies were

recorded as Z. brasserti. This has been indicated in the synonymy.
One small specimen found (PI. 5, fig. 4), shows thickened contact areas forming a

triangular platform around the proximal pole. This may be an abortive or immature
form by comparison with similar thickened specimens assigned to the genera Laevigati-

sporites Ibrahim 1933, Tuberculatisporites (Ibrahim) Potonie and Kremp 1954. How-
ever, Z. conacies-type megaspores have not been described from any fructification,

and further studies may warrant the creation of a new taxon for such a form.

Affinities. ?Lycopsida (Potonie and Kremp 1954).

Occurrence. Sample 4. ?Lower Carboniferous, Moscow Basin (Dijkstra and Pierart

1957).

Species A
Plate 5, fig. 6

Description. Megaspores? more or less circular in outline, maximum diameter approxi-

mately 450 /x (2 specimens). No haptotypic structure visible. Exine ornamented with

densely placed verrucae 5-15 /x in diameter, grading into cones 4-8 p in basal diameter,

up to 4 p. high. Exine secondarily folded.

Remarks. The specimens exhibit some similarity in exine ornamentation with Bihari-

sporites ellesmerensis Chaloner 1959 but are larger and lack visible haptotypic structures.

Occurrence. Sample 4.

THE MIOSPORE ASSEMBLAGES

Because of the fragmentary nature of the sequence examined it is not proposed to

give a detailed comparison of the present assemblages with the now considerable number
of assemblages examined from the Visean of this country and elsewhere. The distribu-

tions of the spores recognized in the seven samples examined are shown in Table 1. The

EXPLANATION OF PLATE 5

All figures by transmitted light.

Figs. 1, 2, 3, 4. Zonaiesporites conacies sp. nov. 1, Holotype, polar compression X 50. sample 4, slide

V4/16. 2, Part of corona X 100, sample 4, slide V4/21. 3, oblique compression X 50, sample 4, slide

V4/9. 4, Abortive? specimen with thickened contact faces, sample 4, slide V4/13.

Fig. 5. Part of corona of Zonaiesporites brasserti (Stach and Zerndt) Potonie and Kremp, X100;
Wernddu Clay pit. South Wales coalfield, Westphalian B; slide WD/6 (for comparison with fig. 2).

Fig. 6. Species A, x 100, sample 4, slide V4/40.
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occurrences elsewhere of the spores described are listed in the systematics section. The
following points appear to be worthy of note:

1. Species of Rotaspora, Tripartites and Diatomozonotriletes, not found by Smith

table 1. Distribution of spores in the seven samples studied.

Bewcastle Cambeck Dodgesontown Nether

Beds Beds Ford Hill Lewis Burn

Samples 1 2 3 4 5 6 7

Chcictosphaerites pollenisimilis — — — P — — P
Punctatisporites debilis C C A C C C A
Calamospora microrugosa C A C A P C C
C. cf. nigrata — — — P — — —
Retusosporites incohatus P P — — — — —
Granulatisporites parvigranulatus — — — C — P P
G. rudigranulatus — — P P P P —
Cvclogranisporites commodus — P P c P P —
Verrucosisporites baccatus Staplin — — — p — — —
Lophotriletes plicatus — — — — P — —
Anapiculatisporites concinnus — — — p — — P
Anaplanisporites baccatus — P C c P A C
Apiculiretusispora multiseta c P — — — — —
Raistrickia ponderosa p — — —

-

— — —

-

Convolutispora cf. finis p — — — — — —
C. planimuricata — P — p P — P
Dictyotriletes admirabilis — — — — — — P
D. pseudopalliatus — P P — P — P
D. plumosus — — c — P — —
Corbulispora subcdveolaris — — — p P C P
Orbisporis convolutus — — — — — — P
Pvocoronaspora dumosa — — — p — — —
Knoxisporites hederatus Ishch. — — — p — — —
K. literatus p — — — — — •—

-

Endosporites micromanifestus Hacq. p P — — — — P
Schulzospora campyloptera — — p p P — P
Velosporites echinatus — P p — — —

•

—
Densosporites regalis — — p A P P —
Lycospora noctuina A A A A c A A
L. rugulosa — A A — A P —
L. tenebricosa — P — — — — —
Cingulizonates bialatus (Waltz — — — — — P —
Vallatisporites ciliaris P P — — P -

—

—
Tholisporites cumbriensis — — — P — — —
Perotrilites perinatus P — — — P — P
Aneuletes reticulata — — C — — — —

-

Didymosporites scotti — — C P — — —
Lagenicula subpilosa f. major — — — C — — —
L. crassiaculeata — —

•

•—

•

P — — —
Setisporct pseudoreticulata — — A — P —

•

—
Triangulatisporites membranatus — — C — — — —
Zonalesporites conacies — — — A — — —

-

Species A — — — P — — —
A = abundant (more than 10%); C = common (1-10%); P = present (less than 1-0%)
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and Butterworth (1967) below the higher part of the D1 Zone, were not recorded in the

present samples.

2. Species of Chaetosphaerites
,
Anapiculatisporites, and Procoronaspora, recorded by

Smith and Butterworth (loc. cit.) in the Oakshawford Seam, were not found at lower

horizons in the present investigations but all occurred at one or more of the higher

horizons examined (samples 4-7).

3. Species of Granulatisporites and Schulzospora , and Denosporites rega/is, occurred in

the SI Zone Dodgesontown Ford coal, but not at lower horizons.

4. Cyc/ogranisporites commodus, Anaphmisporites baccatus
, Convolutispora planimu-

ricata sp. nov., Dictyotriletes pseudopallicitus , Lycospora rugulosa sp. nov., L. tenebricosa,

and Velosporites echinatus occurred in the C2 Zone Cambeck shales and at certain higher

horizons but were not found in the Cl Zone Bewcastle coal.

5. The Cl Zone Bewcastle coal is characterized by significant numbers of Retuso-

triletes ineohatus and Apiculiretusispora multiseta and is the only horizon at which
Raistrickia ponderosa, Convolutispora cf. finis and Knoxisporiles literatus ( Waltz) Playford

were recorded.
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THE INTERPRETATION OF SIZE-FREQUENCY
DISTRIBUTIONS IN MOLLUSCAN DEATH

ASSEMBLAGES

by A. HALLAM

Abstract. It has been widely assumed that water currents play a major role in determining the shape of the

size-frequency distributions of molluscan and brachiopod shells in death assemblages, by the selective removal

of small-size grades. To test this assumption, the commonest bivalve and gastropod species in two transported

death assemblages, one fossil and one forming at present, have been subjected to size-frequency analysis. The
interaction of varying growth and mortality rates among living bivalves is discussed and the results of experi-

mental work on shell fragmentation presented. It is concluded that the size-frequency distributions of the death

assemblages under consideration primarily reflect growth and mortality rates, modified somewhat by the selec-

tive destruction of smaller shells. The invocation of size sorting appears to be unnecessary, and this postulated

process has still to be demonstrated as a significant factor in controlling the shape of size-frequency distribu-

tions.

A recent palaeoecological paper by Fagerstrom (1964) contains the following state-

ment (p. 1202): ‘Large areas of the sea floor are swept by relatively weak currents of low
competence. In these areas the small empty shells of the uncemented benthonic and
pelagic species are removed by currents; the residue consists mostly of large shells which,

upon burial, become residual fossil communities. The effect of this selective removal of

larger numbers of small, empty shells is to change right-skewed (i.e. positively skewed)

size-frequency distributions of unwinnowed populations to distributions that are bell-

shaped or normal. . . . The location of the mode depends largely on the competence of

the current.’ These assertions express a common belief in the importance of size sorting

by water currents, which was reinforced by the theoretical work of Boucot (1953) and
Olson (1957). This belief lacks, however, a sound basis in empirical observations and
has been contested for particular instances by Craig and Hallam (1963) and Broadhurst

(1964).

A primary object of this paper is to investigate the validity of Fagerstrom ’s ideas with

reference to two concentrations of molluscan shells (or shell beds), one forming at the

present, the other fossil, which have been undoubtedly affected by strong current acti-

vity. Both beds contain the young and adult shells of a large number of species of widely

varying size. If size sorting is as important a factor as has been claimed it should have

had a major effect on the size distributions.

The influence on size-frequency distributions of varying growth and mortality rates

and of selective fragmentation of shells is also considered.

DESCRIPTION OF SHELL CONCENTRATIONS

Newport Bay, southern California

The lower terrace in the upper part of the bay contains an extremely fossiliferous

Upper Pleistocene shell bed. Approximately fifty species, predominantly bivalves and
gastropods, occur in a matrix of shell fragments and coarse sand with scattered stone

[Palaeontology, Vol. 10, Part 1, 1967, pp. 25-42.]
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cobbles, encrusted with serpulids, bryozoans, and barnacles. Most of the shells are

fresh and well-preserved but a few apparently reworked shells occur, notably a species

of Cardita.

A sample was collected from a part of the shell bed several yards in area and 2 ft.

deep. This sample was subsequently screened through a 1-mm. mesh sieve and complete

shells separated from fragmentary material by hand picking.

The commonest bivalves of large size were Tivela stultorum, Clinocardium nuttali,

Chlamys hastatus hericius , and Pseudochama exogyra , but small-sized species are much
more abundant. Disarticulation was complete. The numbers of right and left valves were

compared for two of the commonest occurring species, both of the genus Donax, and

also for a species of Tellina(i). There were 408 left and 426 right valves of Donax gouldi.

The corresponding figures for D. californica are 255 and 211 and for Tellina( ?) sp.

107 and 86. Application of the Chi-Square (x
2
) test showed that there is a significant

difference at the 5% level in the case of Donax californica.

Separate plots of the size frequency distributions of both right and left valves of the

Donax species give similar results. Therefore in the case of the other bivalve species

selected for study, the two valves have not been separated. Only ten species of bivalves

and gastropods were sufficiently abundant in the sample to give satisfactory size-

frequency histograms (text-fig. 1 ). Measurements of the maximum dimension were made
to the nearest millimetre but are given in terms of pairs of millimetres, as in Craig and

Hallam (1963).

In the comparison of size-frequency distributions of species of widely varying size

the straightforward plotting of numbers against length in millimetres is not entirely

satisfactory. To bring such distributions more into line, it is better to express size as a

percentage of the maximum. In text-fig. 2 the measurements have been grouped into six

frequency classes, the class interval being defined for each sample as one-sixth of the

maximum value observed in the sample. This method of plotting demands large samples

of given species, since otherwise major inaccuracies might arise in determining the

maximum size. Another disadvantage is that large species are represented by cruder

histograms than small ones. Clearly, grouping into such frequency classes should only

be used to supplement histograms of the more orthodox kind.

Text-figs. 1 and 2 indicate that the histograms may be divided into three groups:

(a) those with a strong positive skewness (Clinocardium ,
Chlamys, Chione); (b) those with

a moderate positive skewness (both Donax species, Tellina, Crucibulwn)
;
(c) those that

are more or less symmetrical (Olivella ,
Nucula, Crassinella). It is likely, however, that

the distributions of the last two bivalves are distorted, since a large proportion of these

minute shells must have escaped through the 1-mm. mesh sieve. The purpose in plotting

histograms in these cases will become apparent later. Tivela and Pseudochama were at

least as abundant as Chlamys and Clinocardium in the largest size grades of the shell bed

but were poorly represented in the sample because of a paucity of small shells.

Gosford Bay, East Lothian, Scotland

A sample containing at least twenty-five species of bivalves and gastropods was col-

lected from an area of several square yards near high-tide mark in the middle of Gosford

Bay. The rich shell accumulation at this level of the beach, containing much broken shell

material, occurs in a matrix of medium sand with small pebbles of basalt derived from
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nearby reefs. As before, the sample was sieved (this time with a 2-mm. mesh sieve) and
complete shells separated from fragments and grouped into species.

text-fig. 1. Size-frequency distributions of molluscan species from Newport Bay assemblage.

Size (in mm.) along abscissa.

Disarticulation of the bivalves was complete, with the exception of a few young speci-

mens of Mytilus eclulis. The distribution of numbers of left and right valves among the

commonest species is as follows:

Left valves Right valves

Cardium edule 57 64

Macoma baltica 31 29

Mytilus edulis 200 218

Venus fasciata 33 30



28 PALAEONTOLOGY, VOLUME 10

Application of the Chi-Square (x
2
) test revealed no significant difference for any of

these species.

Text-fig. 3 gives the size-frequency distributions of the commonest species in the

sample, with the exception of Littorina littorea. This was excluded because of the diffi-

culty of effecting a rigorous separation from two other Littorina species, L. saxatilis and
L. neritoides. L. littorea is undoubtedly by far the most abundant of the three, however.

text-fig. 2. Size-frequency distributions of the same species as in

text-fig. 1, plotted in terms of six frequency classes.

and an approximate idea of its size-frequency distribution can be obtained from text-

fig. 8, in which all three species are grouped together. All species are plotted in terms of

maximum size except for Ensis siligma. This species is so much larger than the others in

the sample that it was convenient to plot width rather than length. These two measures

are related by an approximate ratio of 1 : 7.

In text-fig. 4 these data are plotted as in text-fig. 2, and the same treatment is applied to

previously published size-frequency data on Cardium and Mytilus collected from similar

death assemblages (Craig and Hallam 1963).

Numbers being smaller than in the Newport Bay sample, it is not surprising that the

histograms are less regular. Nevertheless, it is apparent that moderate positive skewness
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is again dominant, with Macoma and Ensis approaching most closely to a symmetrical

shape. The Mytilus sample ofGosford Bay differs from those of Fernie Ness and Craigelaw

Bay principally in the greater proportion of small forms. The Littorina histograms

differ from all others in being clearly bimodal.

It is instructive to plot the position of the histogram modes for both samples against

number of the frequency class in text-figs. 2 and 4. Text-fig. 5 shows that there is a maxi-

text-fig. 3. Size-frequency distributions of molluscan species from Gosford Bay
assemblage. Size in mm.

mum at the fourth and a slight rise towards the first such class. Except for the anomalous

Littorina distribution, there are no modes at the fifth or sixth. To summarize the principal

size-frequency characteristics in the two samples, strong positive skewness and sym-

metrical distributions are less common than moderate positive skewness, and negative

skewness is absent.

The anomalous bimodal distribution of Littorina littoralis in the Gosford Bay sample

is readily explained by the occurrence of a living community of this species a few yards

away on a rocky reef. Unlike the other species in the sample, most Littorina shells have

been transported very little distance, and the death assemblage evidently reflects the

sudden death of a large number of individuals of more than one age group.

Both shell assemblages were clearly transported to their present positions by water

movements and laid down in highly disturbed conditions. The data presented here

do not support the contention that size sorting is the primary agent in shaping the
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size-frequency distributions. Symmetrical bell-shaped distributions are exceptional and
the hypothesis of size sorting offers no explanation of the widely differing size distribu-

I2J4S6 12 3 4 5b

text-fig. 4. Size-frequency distributions of the same species as in text-fig. 3,

plotted as in text-fig. 2.

10 -|

Frequency Class

text-fig. 5. Plot of modal against number of frequency class,

of species inNewportandGosford Bay assemblages. Explana-

tion in text.
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tions of species of similar size in the same sample, such as the Gosford Bay Macoma
and Venus, and the Newport Bay Tivela and Clinocardium, nor for the very similar size

distributions of certain small and large species of the same sample. It does not seem

plausible to attribute the rarity or absence of small shells of large species to removal by

currents when shells of other, small species occur in abundance in the same sample.

This is strikingly true of both samples. In that from Newport Bay, minute species of

Nucula and Crcissinellci occur in huge quantities within the size grades 1-5 mm, which

are thinly represented in some of the larger species. Similarly, although the Gosford

Bay sample contains abundant shells of less than 10 mm length there is a complete

absence of the large and elongate Ensis species in this size grade, even when only width

measurements are taken into account. (The data are even more striking, of course, if

length is considered.)

Interpretation of the size-frequency distributions is impossible without an adequate

understanding of the interaction of varying growth and mortality rates, and attention

must now turn to this topic.

GROWTH AND MORTALITY RATES IN LIVING BIVALVES
Data on growth and mortality rates are much more abundant for bivalves than gastro-

pods and attention will be confined here to the former. Such data as exist give no reason

for supposing that gastropods are appreciably different in these respects.

Growth rates. The annual growth of bivalve shells can be determined by growth-ring

analysis, each ring corresponding to a year. The reliability of this technique has been

established by direct observation by many workers (e.g. Weymouth 1923, Weymouth
et al. 1925, Orton 1926, Newcombe 1935, Mason 1957). Complications due to distur-

bance rings can usually be eliminated by taking average results from large samples.

Data for a number of representative bivalves have been plotted in text-fig. 6. This should

be studied in conjunction with Table 1, which gives the source of the information for each

species.

It will be seen that in general there is a steady decline in rate of growth with age,

though it never completely ceases during life. Careful work by Weymouth et al. (1931)

on the Pacific razor clam Siliqua patu/a has shown that the growth cannot be expressed

accurately by a simple exponential function. Such a function fails to account both for

the characteristic sigmoid shape of the growth curve, with a point of inflection near the

origin, and for the growth of the oldest clams, which is greater than calculated. Growth

7. Venus mercenaria

8. Siliqua patula, Alaska

9. Pecten maximus
10. Tivela stultorum

1 . Cardinal edule

2. Cardium edule

3. Venus gallina

4. Mya arenaria

5. Mytilus edulis

6. Cardinal corbis

table 1

(Orton 1926)

(Vogel 1959)

(Vogel 1959)

(Newcombe 1935)

(Savage 1956)

(Weymouth and Thompson 1931)

(Hopkins 1930)

(Weymouth et al. 1931)

(Mason 1957)

(Weymouth 1923)

11. Siliqua patula, California ( Weymouth et al. 1931)

12. Mytilus californianus (Coe and Fox 1944)
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is, indeed, an exponential function of time, but the exponent is a changing one, decreasing

with time in an exponential fashion. The inflection appears in fact to have no indepen-

dent biological significance. It is likely that the study of Weymouth and his co-workers

has a fairly general application to bivalves, since sigmoidal growth curves are not un-

common.

text-fig. 6. Simplified graphical plot of growth data for twelve species of bivalves. See

Table 1

.

Another point brought out in this important study is that in low latitudes a relatively

high growth rate is combined with relatively early death. In high latitudes growth is

slower because of lower temperatures and hence lower metabolic rates, but longevity

and the ultimate size attained are greater. Intermediate latitudes show correspondingly

intermediate growth and mortality characteristics. The bearing of data of this type on the

problem of stunting has already been discussed elsewhere (Hallam 1965); it remains to

be noted here that where growth-ring analysis is feasible, there seems to be a promising

prospect of working out palaeotemperature gradients if fossil material is collected from

the same horizon over a large area. Much more work is required, however, on other

Recent species to determine whether these relationships have a general application.

Mortality rates. It is quite evident that larval mortality in bivalves must be enormous but,

as pointed out by Craig and Hallam (1963), this can be disregarded by palaeoecologists,
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who are only concerned with fossilizable material. Therefore the only relevant mortality

rates are those following the successful settling of spat. Data are unfortunately scant as

yet, but examination of the literature and correspondence with marine biologists has

revealed one case where there is sufficient information available for the construction of

an adequate life table and survivorship curve. The Californian Pismo Clam, Tive/a

stultorum, has considerable economic importance and hence has received detailed study

over a long period. Biological knowledge of this species was summarized by Fitch (1950),

who gave mortality data based on a census taken over several years. A life table has

been constructed (Table 2) with these basic data, using a method of calculation proposed

Age

Age as %
deviation

from mean
length of

Number dying in

age interval out

Number sur-

viving at be-

ginning of
age interval

out of 1,000

Mortality rate

per thousand

alive at be-

ginning of in-

Expectation of
life, or mean
lifetime re-

maining to those

attaining

age intervals

(years) life of 1,000 born born terval (years)

X
rX dx (r 1000qx e*

0-1 -100 550 1,000 550 2-07

1-2 -52 202 450 449 1-87

2-3 -3 72 248 290 1 99

3-4 +45 60 176 341 1 60
4-5 + 93 60 116 517 118
5-6 + 142 38 56 678 0-90

6-7 + 192 13 18 722 0-75

7-8 + 237 5 5 1,000 0-50

by Deevey (1947). From this a survivorship curve has been constructed (text-fig. 7).

The mortality rate in the first year of growth is moderately high (55%). It then declines

to 30% by the third year. The sharp increase in mortality rate after the fourth year is

due to human predation, as the clams attain marketable size. Without the interference

of man, the Pismo Clam may occasionally reach the considerable age of35 years or more,

that is, about 800% positive deviation from the mean life span of the clam population

subjected to the census.

There is a moderate amount of information available on mortality rates within the

first year of growth of bivalve species and some instances will be given of this. Hancock
and Simpson (1961) recorded a mortality rate of 66% for a population of Cardium edule,

taken from one October to the next. Ansell (1961) determined a rate of 40% for Venus

stricitida in Karnes Bay, Millport. Weymouth et a/. (1925) studied the mortality of

Siliqua patida following a heavy spatfall in the summer of 1923. The mortality rate from
August to December was approximately 66% but a heavy winter storm caused widespread

destruction, and the mortality rate calculated from August to February was 98%.
Ford (1925) also recorded a high mortality rate of 89% from July to February for a

Spisida elliptica population in Plymouth Sound. Outsell (1930) observed that mortality

in the bay scallop of American Atlantic shores is normally very high at sizes less than

10 mm.
At times of extremely high spatfall, the mortality can be enormous. Thus Smidt (1951)

recorded a case of Mya arenaria in the Danish Waddensee, in which, of 43,000 estimated

0 44 "iG D
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spat successfully settled in June, none was left in the following October. Wilson (1965)
gave further examples of very high first-year mortality. The data of Craig and Hallam
(1963) suggest fairly low first-year mortality for a population of Mytilus edulis and
fairly high mortality for a population of Cardium edule.

text-fig. 7. Survivorship curve for the Pismo Clam, Tivela stultorum.

Information is sparse on mortality rates after the first year. The data on Tivela stultorum

suggest a gradually declining rate which might have continued for a considerable period

but for the interference of man. The Venus striatula population studied by Ansell ap-

parently had a rate of about 33% in the second and third years. In the case of the scallop

Placopecten magellanicus the annual rate may drop as low as 10% after several years of

growth (Merrill and Posgay 1964). On the other hand, Weymouth et al. (1931) deduced

a gradually increasing mortality rate after the first year of growth of Si/iqua patula. It
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appears that, after the heavy first-year mortality in the case they studied, the rate dropped

to negligible proportions for the next year or two, before increasing subsequently.

Clearly, in view of the present state of knowledge, it would be unwise to risk broad

generalizations, apart from the presumption that first-year natural mortality is usually

higher than in subsequent years, at least when spatfall is heavy. This is not surprising,

since young bivalves are more prone to removal from the sediment by strong water

movements. This renders them more vulnerable to predators or to the vicissitudes of the

physical environment. Winter storms may therefore take a heavy toll. Certain predators

such as flatfish only attack young and comparatively small bivalves of a given species,

though others, such as carnivorous gastropods, are less discriminating. The latter,

however, do not destroy the shells. The importance of population density is not yet

clearly established. Intensive competition for food should result in high mortality, but

whereas some data appear to support this, it is seemingly contradicted in other cases

(Savage 1956, Ansell 1961).

In view of the wide fluctuations that take place in living populations, deductions of

fossil mortality rates will depend on the elimination as far as possible of other variables.

The next section deals with one of these.

EXPERIMENTS ON SHELL BREAKAGE

As both shell assemblages contain large proportions of fragments one is naturally led

to investigate the possibility that certain size grades are more susceptible to destruction

by physical agents than others (though obviously many fragments must be the result

of fish and bird predation). If so this will clearly have a modifying effect on the size-

frequency distributions.

Experiments on shell breakage were undertaken with four of the commonest species

in Gosford Bay, the bivalves Cardium edule, Mytilus edulis, and Venus fasciata, which
between them represent a wide range in shape, and the gastropod Littorina littorea.

The bivalve samples were collected over a wide area and no significance should be read

into the size-frequency distributions portrayed in text-fig. 8. The Littorina sample, on.

the other hand, comes from the analysed assemblage, from which it was excluded

because of the likely presence of small quantities of two other species of similar shape.

The sample is readily acceptable for the experimental work, however.

The shells of each species, following size measurements, were in turn subjected to

rapid tumbling in a closed container using a Turbula mixer-pulsator.

Periodic inspection was undertaken to determine when a substantial proportion of the

shells had been fragmented. Shell destruction proved easily determinable with the bivalves,

whose numbers were considerably reduced after a few minutes. The gastropods proved

far more resistant because of the greater strength of coiled and relatively thick shells as

opposed to shallow convex valves. The criterion used to determine destruction was punc-

ture of the early whorls or complete removal of the apertural lip (clearly the criterion of

destruction need only be consistent for one observer). Even this relatively modest
damage took several hours to be accomplished, with tumbling at the same speed as with

the bivalves.

The results (text-figs. 8 and 9) show pronounced differences between the behaviour

of the bivalve and gastropod shells. The smaller shells of the bivalves are clearly more
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susceptible to destruction in the experimental conditions, presumably because of their

thinner shells. This is most strikingly shown in the case of the weakest shells, those of

Venus fasciata. As illustrated in text-fig. 8, the histogram mode of the ‘survivors’ has

shifted appreciably to the right and the shape has changed from symmetrical to nega-

tively skewed. In the case of Mytilus and Cardium the modes have shifted only slightly

to the right but all Mytilus shells less than 19 mm. and Cardium shells less than 12 mm.

® 10 20 30 40 50 60

text-fig. 8. Size-frequency distributions of intact molluscan shells before (N 1

)

and after (N2) breakage experiments. Size in mm.

long have been destroyed. With Littorina, in contrast, the smaller shells appear to be

the more resistant. It will be seen from text-fig. 8 that the mode was unchanged after

several hours and the general shape of the size-frequency histogram not appreciably

altered.

It would have been futile to attempt to simulate natural conditions in the sea and it

may be objected that small shells, with their different hydrodynamic properties, would

not be subjected to crushing between larger shells as in the conditions of the experiment.

In the absence of precise information on the actual mechanism of post-mortem shell

fragmentation on the shore or elsewhere this can neither be refuted nor accepted. There

is, however, some empirical evidence to suggest the existence of a selective fragmentation

process among bivalves in natural conditions comparable to that observed in the experi-

ments. In a study of the production of Mactra stultorum in the western part of the
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Dogger Bank, Birkett (1959) paid attention to the quantity of dead shells in the samples

collected on successive cruises, showing an interest (exceptional among marine biolo-

gists) in the rate at which such shells break up once they have become empty. Data from

Birkett’s table 3 have been used in text-figs. 8 and 9. The larger histogram of text-fig. 8

represents a collection made in October 1958 and the smaller histogram one made in the

following May, 218 days later. The numbers of unbroken shells were considerably re-

duced during this period, with the smaller, thinner shells being more readily destroyed,

just as in the experiments described. No doubt winter storms played a major role in this
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text-fig. 9. Data of text-fig. 8 plotted as percentages

of broken shells of given species at different sizes.

destruction. To Birkett it was evident that the smallest length classes of Mactra could

not have survived for more than a few weeks in the ground. Schafer (1962, p. 550) con-

firmed that a large proportion of bivalve shells do not survive in the North Sea beyond

a few months after they become empty. Evidently, given conditions of agitated water,

the factor of differential break-up of bivalve shells of different size grades cannot readily

be discounted.

INTERPRETATION OF SIZE-FREQUENCY DISTRIBUTIONS

It was demonstrated in a previous study (Craig and Hallam 1963, text-fig. 8) that,

given linear growth, constant mortality can be represented by a size-frequency histogram

of the death assemblage rising at an increasing rate towards the origin, the mode being

determined only by the size of the class interval chosen, while a constantly increasing

mortality rate could give rise to an approximately normal distribution. Slight modifica-

tions result from the more realistic application of growth rate declining with time. Thus
the normal distribution may become negatively skewed. It is obvious that age-frequency

data, and hence approximate mortality rates, can only be derived from size-frequency
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data provided the average growth rate of the assemblage under consideration can be

worked out from growth rings. Unfortunately, this is not a practicable proposition for

many molluscs, including most of the species under consideration. Reasonable approxi-

mations are obtainable, however, if realistic models of growth and mortality rates are

constructed from existing data.

Three model bivalve growth curves are presented in text-fig. 10, one representing

simple linear growth, which is approximated by some bivalves for parts of their life

history; the second a growth characterized by a slow (approximately exponential) rate

of change, half the maximum size (attained at 10 years) being achieved at 3| years; and

text-fig. 10. Three growth models for bivalves ; case 1,

simple linear growth; case 2, slow exponential decline;

case 3,rapid exponential decline.

the third a growth characterized by a rapid rate of change, half the maximum size being

reached at 2 years. These curves are, of course, simplifications but are satisfactory for the

present purpose. The three curves seem to embrace reasonably adequately the docu-

mented cases of bivalve growth curves illustrated in text-fig. 6.

Producing a realistic mortality model is far more difficult, because of the lack of data

and the wide fluctuations in mortality rate that are known to occur. It is considered

soundest here to construct a model closely approximating to the mortality rates worked

out for Tivela stultorum in the previous section, but taking into account that mortality

among the first-year population is likely to be highest in the second half year of growth

because of winter storms and cold spells. This can be achieved by taking 50% as the

mortality rate for the first half-year, 80% for the next, 50% for the following two half-

years, and 40% each subsequent half-year. This gives a 55% mortality rate for the first

year, 45% for the second, and 36% for the third. Such a mortality distribution must

indeed approximate a large number of actual cases, judging from the data which exist.

In text-fig. 1 1 size-frequency distributions are given using this mortality model and

the three growth models of text-fig. 10. The influence of widely varying initial growth

rates is clearly shown and needs no comment, but it should be observed that each curve

has a long tail to the right. Such tails are the inevitable result of mortality rates which do
not increase notably with time, and is almost certainly the normal situation.
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Returning now to the two shell assemblages illustrated in text-figs. 1 to 4, it becomes

readily apparent that the general shapes of the size-frequency histograms must be pri-

marily due to the interaction of fairly normal growth and mortality rates. Those with

strong positive skewness signify high juvenile mortality rate, with a subsequent decline,

while the few with symmetrical distributions could signify a condition of increasing

mortality with time, or a high initial growth rate, or a combination of the two (obviously,

independent growth data are required to decide between these alternatives).

text-fig. 11. Size-frequency distributions derived from the three growth models of text-fig. 10 and a
mortality model described in the text, based on data from Tivela stultorum.

There is a strong suggestion that there has been selective removal of small shells, how-
ever, in at least some cases, because the approximate mortality rates that may be de-

duced from the histograms do not appear to correspond sufficiently closely with the

more directly derived data reviewed earlier, which indicate high rates ofjuvenile mortality

as the common condition. This difference is brought out clearly in text-fig. 5. In the case

of the bivalves at least (to which may be added with reasonable confidence the thin-

shelled limpet Crucibulum
,
though not the coiled gastropods Olivella and Littorina),

there is a ready explanation available, namely selective fragmentation in an agitated

aqueous environment. While such fragmentation has in all likelihood removed a con-

siderable proportion of the smaller shells, it is unlikely that it has succeeded in doing

more than altering the degree of skewness. It certainly cannot explain the rarity of small

specimens of, for instance, Pseudochama and Tivela in the Newport Bay sample, which
must be largely attributable to low juvenile mortality. Nor can it account for the

virtual absence of small Ensis shells in the Gosford Bay sample. This must principally
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be due to an exceptionally high initial growth rate compared with the smaller-sized

species, together with only slight mortality during the first few months of growth. Lack
of information about mortality in the period just after settling of spat, and about growth
rates in specific cases, provide limits to the confidence of interpretation.

None of this proves, of course, that size sorting has played no role whatever, but

its invocation appears unnecessary and the burden of proof in these and similar cases

rests squarely upon those who would insist upon its importance. It is not sufficient to

reiterate the obvious, that shells of different size and thickness have different hydro-

dynamic properties. In regimes subjected to tidal action, for instance, oscillating

currents are likely to return what they have removed, and the net effect may be negligible.

Even in cases in which a size-sorting effect has been experimentally demonstrated,

the results may not be readily predictable. Thus Lever et al. (1964) found that large

valves of Donax vittatus are actually transported more readily than small valves.

DISCUSSION

Although information is unfortunately insufficient for the rigorous disentanglement

of the several variables involved, it can be claimed with reasonable confidence that the

present study lends little support to the hypothesis that size-frequency distributions of

transported and highly disturbed shell assemblages primarily reflect size sorting, but are

rather the result of the interaction of normal growth and mortality rates, somewhat modi-
fied in all probability by the selective destruction of smaller shells.

The Newport Bay Pleistocene assemblage may represent a strandline accumulation

like the Gosford Bay assemblage, and consists of fossils which in life inhabited inter-

tidal or shallow subtidal waters. Accumulation on the strandline is, together with the

formation of lag concentrates in channels, by far the most important way of forming

transported shell concentrations around our present shores. It is apparent from the work
of Schafer and others that the duration of complete shells in a disturbed aqueous

environment is limited to brief periods in most cases, and assemblages such as those

described are most probably the result of only a few years of growth; in the case of

species with small fragile shells they may represent only one year of growth.

In reply to the contention that because most strandline accumulations are destroyed

quickly they are insignificant in the fossil record it may be pointed out that they have

a chance of preservation comparable with ripple marks or similar ‘ transient ’ sedimentary

structures. A certain proportion of such shell beds must be preserved following ultimate

burial of a sedimentary accumulation of the appropriate type.

Fossils are often concentrated, of course, as a result of slow sedimentation. Condensed
shell beds formed in this way should exhibit wider scatter in the size-frequency distribu-

tions of their component species, because of the mixing of forms which grew at varying

speeds at widely differing times. Diagenetic solution of small, thin shells is more likely

to be of importance in this type of shell bed than any other. If the selective destruction

of small, thin shells in agitated water is a major factor then argillaceous deposits should

contain higher proportions of juveniles than arenaceous ones. Black shales usually

signify deposition in stagnant or near-stagnant water in which water disturbance was
at a minimum. Such deposits frequently contain minute shells of given species which

have been widely interpreted, with some justification, as stunted adults (Hallam 1965).
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A condition of declining mortality rate with age, combined with lack of selective destruc-

tion, may give rise to a strong juvenile peak and a very small number of much larger

adults. Unless large samples are collected, of the order of hundreds of specimens for each

species, these adults may easily be missed. It is clearly desirable to undertake thorough

size-frequency analyses of a number of species in a fauna when stunting is suspected.

Acknowledgement. I am indebted to Dr. G. Y. Craig for his helpful comments.
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ON THE STRUCTURE AND PHYLOGENETIC
RELATIONSHIPS OF THE FERN RADSTOCKIA

KIDSTON

by THOMAS N. TAYLOR

Abstract. Raclstockia kidstonii sp. nov. is described from compression specimens contained in ironstone con-

cretions discovered at the Mazon Creek (Illinois) locality. The botanical affinities are suggested as being close to

marattiaceous ferns.

The genus Radstockia Kidston (1923) was originally described on the basis of Upper
Carboniferous fertile fern-like foliage initially designated as Schizostachys spheno-

pteroides Kidston (1888) and Hymenotheca beyscldagi Potonie (1890). Forms placed in

the genus are characterized by elliptical fructifications that display a superficial seg-

mented appearance. In R. sphenopteroides the fructifications are described and illus-

trated as being borne either sessile or on short stalks along non-foliar laterals. They may
occur singly, in pairs, or in definite clusters at lower levels on the frond.

Two foliar specimens referable to the genus Radstockia contained in an ironstone

concretion collected at the famous Mazon Creek locality represent the material described

in this account. Several additional specimens collected from the same locality and pre-

sently deposited in the palaeontological collections at the Chicago Natural History

Museum and Illinois State Museum at Springfield were also examined.

The present contribution is concerned with the description of a new species and the

interpretative problems which it presents.

SYSTEMATIC DESCRIPTION

Genus radstockia Kidston 1923

Radstockia kidstonii sp. nov.

Plate 6, figs. 1-4; Plate 7, figs. 2, 3, 5

Diagnosis. Foliar units at least bipinnate, rachis straight, longitudinally striated; foliar

laterals alternate, lanceolate to oblong-lanceolate, free on lateral margins. Fructifica-

tions elliptical, 2-0 mm long and 1-0 mm wide, pendant and partially embedded in

abaxial surface of foliar units; spores spherical, 40-60 p; exine thin, levigate.

Holotype. Plate 6, fig. 1. Peabody Museum of Natural History; Yale University, Paleobotanical

Collections, No. 1004.

Type Locality. Mazon Creek, Will County, Illinois (U.S.A.).

Stratigraphic occurrence. Francis Creek Shale, Carbondale Formation, Kewanee Group.

Age. Middle Pennsylvanian.

(Palaeontology, Vol. 10, Part 1, 1967, pp. 43-46, pis. 6-7.]
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DESCRIPTION OF SPECIMENS, AND DISCUSSION
The nodule contains portions of two foliar segments (PI. 6, fig. 1); one specimen

shows features of more distal parts, while the second displays characters at more proxi-

mal frond levels. From the limited extent of the two specimens it is impossible to deter-

mine the branching level represented by the material, although the parallel relationship

exhibited between the two foliar parts (PI. 6, fig. 1) suggests that at least secondary

pinnae are represented. Because of the uncertainty, however, the branching foliar axes

will be referred to arbitrarily as ultimate, penultimate, and antepenultimate throughout

the description that follows.

Foliage. The larger, more distal foliar specimen consists of an antepenultimate axis

approximately 9-5 cm. long bearing 1 5 alternately arranged penultimate axes (pinnatified

pinnules) (PI. 6, fig. 1). These pinnules are broadly lanceolate to oblong-lanceolate and are

constricted where they are attached to the primary (antepenultimate) rachis (PI. 6, fig. 3).

Margins are deeply lobed and free from surrounding foliar units (PI. 7, figs. 2-3). The
rachis is straight and characterized by longitudinal striations (PI. 6, figs. 1-3) that may
represent vascular strands or accompanying sclerenchyma fibres.

The second foliar unit displays features of lower frond levels and consists of a pri-

mary axis bearing 7 alternately arranged penultimate axes (PI. 6, fig. 1). Each of these in

turn gives rise to small ultimate axes (pinnules). Lower units of this foliar segment bear

alternately arranged, decurrent, obovate pinnules, each of which is subdivided into 3-6

spatulate lobes (PI. 6, fig. 2). Lobes are uniform in size and each bears a single fructifica-

tion on its abaxial surface.

Each penultimate axis is supplied by a single prominent vein that departs from the

primary rachis, enters the foliar unit, and is further subdivided into smaller veinlets.

Whether the individual veins continue to the margin of the lamina cannot be deter-

mined from the material. No pinnule lobe contains more than a single vein.

At some levels of the specimen it appears that both fertile and sterile pinnules are

present. This, however, is not the case when one carefully removes the matrix surround-

ing these units. From the present material on hand it appears that fructifications were

produced on all of the foliar units.

Fructifications. The fructifications of R. kidstonii consist of elliptical bodies partially

embedded in the abaxial surface of marginal foliar lobes (PI. 6, fig. 4; PI. 7, figs. 2-3).

Each unit measures approximately 2-0 mm long and 1 -0 mm wide in its greatest dimen-

sion. Externally each fertile structure is marked by a single conspicuous longitudinal

EXPLANATION OF PLATE 6

Figs. 1-4. Radstockia kidstonii. 1, One half of ironstone concretion showing upper (left) and lower

(right) portions of two leaves; X 1. 2, Pinna showing lobed configuration of individual pinnules

x 3; note striated rachis and pinna base. 3, Fertile pinna near tip illustrating marginal position of

synangia, X 3-5. 4, Surface view of two synangia showing linear arrangement of sporangia, X 22.

EXPLANATION OF PLATE 7

Figs. 1, 4. Mamttia alata. 1, Fertile pinnule; nearly all of the sporangia at the right have dehisced,

while those at the left are still intact, x6. 4, Fertile pinna, x3; compare with Plate 6, fig. 3.

Figs. 2, 3, 5. Radstockia kidstonii. 2, Single pinnule showing marginal position of the synangia, x 13.

3, Tip of fertile pinna showing partial fusion of sporangia (arrow), X 12. 5, Spore showing numer-
ous folds of the thin-walled exine, X 1000 (Slide No. 17).
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furrow that appears to divide the entire unit (PI. 6, fig. 4). Arising at right angles from

this median cleft are smaller furrows that give the entire unit a segmented appearance.

Because of the almost complete replacement of the original organic material nothing

is known of the structure of the fructifications. In his description of/?, sphenopteroides ,

Kidston (1923) regarded the entire unit as a single sporangium. According to this

interpretation the longitudinal and transverse furrows that mark the surface represent

features involved in sporangial dehiscence.

An examination of the Mazon Creek specimens produced evidence for another inter-

pretation. This author regards the fructifications of R. kidstonii as clusters of partially

fused sporangia in a linear arrangement. Figure 3 (PI. 7) shows one of these synangia

slightly flattened in a lateral plane and illustrates the partial fusion (arrow) of the

individual sporangia. Additional support for this point of view can be obtained from the

nature of the longitudinal furrow on the surface of each fructification. Figure 4 (PI. 6)

clearly demonstrates that the furrow is in fact a suture formed by the linear arrangement

of the individual sporangia, and is not itself a structural feature of a sporangium.

Spores. Isolated spores and fragments of spore masses were obtained by chipping away
several synangia and subsequently macerating these in dilute hydrochloric acid. Spores

of R. kidstonii are spherical, smooth-walled, and range in size from 40 to 60 p.. In the

fossilized condition (PI. 7, fig. 5) they are distinctly flattened and appear circular to sub-

circular in outline, but they are typically distorted owing to the numerous folds of the

very thin spore wall. Haptotypic features are absent. If encountered in the dispersed

state, spores of R. kidstonii would most closely correspond to forms presently placed in

the genus Laevigatosporites (Schopf, Wilson, and Bentall 1944).

Discussion. At present the systematic position of R. kidstonii is debatable. There are,

however, several striking similarities to be found between R. kidstonii and certain genera

placed in the Marattiaceae, both fossil and living. The discussion that follows serves to

illustrate several of these comparisons, while at the same time demonstrating the unique

position presently occupied by this form.

In its linear soral organization R. kidstonii differs markedly from other fossil forms

regarded as having marattiaceous affinities (e.g. Asterotheca , Ptychocarpus, Sco/ecop-

teris). There are, however, several linear soral arrangements in forms of approximately

the same age as R. kidstonii.

Pecopteris marattiatheca Grand’Eury (1877, pp. 77-78, pi. 7, figs. 6, k-o) is charac-

terized by linear synangia partially embedded in the abaxial surface of pecopterid foliage.

Each fertile unit consists of eight partially fused sporangia which are believed to have

opened by an apical pore. No information is provided about the spores.

Two other forms displaying the linear soral arrangement are Danaeites Goeppert

(1836, pi. 19, figs. 4-5) and Parapecopteris Grand’Eury (1890, pi. 5, figs. 2-5). In Danaeites

saraepontcmus Stur (1885, fig. 33) each synangium is composed of 8-16 ovoid sporangia

organized in two series on the lower surface of pecopterid foliage. In Parapecopteris

neuropteroides , on the other hand, the pinnules are described as intermediate between

pecopterid and neuropterid types. Here, as in Danaeites ,
the synangia are partially em-

bedded in the lamina and located along the lateral pinnule veins. It should be noted

that in a recent paper Danaeites sciraepontanus and Parapecopteris neuropteroides are

regarded by Corsin (1951) as synonyms.
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Superficially the petrifaction genus Eoangiopteris Mamay (1950, p. 440, pi. 9, figs.

47-53) resembles R. kidstonii in the organization of the sorus. Unlike the synangiate

condition of R. kidstonii, the fructifications of Eoangiopteris consist of clusters of 5-8

free sporangia. Moreover, the sorus is borne on a small fleshy receptacle on pecopterid

foliage. Spores are reported as spherical (45-60 p), thick walled, and conspicuously

pitted on the exine.

In addition to the similarities shared with several fossil forms, R. kidstonii closely

resembles such living members of the Marattiaceae as Marattia alata (PI. 7, figs. 1, 4) and

M. excavata. In these forms the synangia are borne on small fleshy receptacles along the

veins. No indusium is present (which may or may not be the case in R. kidstonii).

At maturity the synangium splits into two valves (PI. 7, fig. 3), each sporangium

subsequently forming a pore at its tip.

At present comments concerning evolutionary trends within the Marattiaceae are

provisional at best. Notwithstanding, the marginal synangial position illustrated by

R. kidstonii may be regarded as additional support for the ideas presented by Mamay
(1950) concerning the ‘phyletic slide’ of the fructification to a superficial position on the

lamina. According to this interpretation the coenopterid fern Chorionopteris with

synangia attached to the tips of marginal pinnule lobes illustrates a condition that may
have been found in the prototype of the Marattiaceae. In this series the ‘phyletic slide’

of the synangium (illustrated by forms both actual and hypothetical) culminates with

the fructification in a superficial position.

Whether R. kidstonii represents an intermediate form in the ‘shift’ of the sorus from

a marginal to superficial position on the lamina is still a matter of conjecture. The dis-

covery of additional more complete specimens, hopefully displaying structural features

of the fructification, should help to answer this question.
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NEW TRILOBITES FROM THE
TREMADOC SERIES OF SHROPSHIRE

by r. hutchison and J. k. ingham

Abstract. A new locality in the Shineton Shales of the Cardington district is referred to the Clonograptus

tenellus Zone. The fossils are compared with related and similar forms previously known from the Wrekin
district. The fauna includes three new species of trilobites

—

Asaphoon pithogastron gen. et sp. nov., Dichelepyge

phylax sp. nov. and Myindella crux gen. et sp. nov. D. phylax represents the first recognition of Dichelepyge out-

side South America. Myindella crux suggests that the Family Myindidae is closely related to the Hapalopleuridae

and should therefore be included in the Suborder Trinucleina.

The specimens here described were collected by one of us(R. H.) from a greyish-green,

nodular, micaceous siltstone seen in a small exposure of about 2 ft of Shineton Shales in

Heath Brook, 1,100 yd. south-east of Cardington church (Grid Ref. 51259440) and
4 miles ENE. of Church Stretton. The beds are disturbed and their exact stratigraphical

position is obscure but they most probably lie within the Clonograptus tenellus Zone
(Stubblefield and Bulman 1927, p. 110) as they contain the zonal graptolite and an

assemblage of trilobites which has its closest counterpart in the C. tenellus Zone of the

Wrekin district (see table).

In a short description of the Cardington outcrops Stubblefield and Bulman (p. 116)

suggested that the Transition Beds, which underlie the C. tenellus Zone, are also present

in the area in view of the association of C. tenellus (Linnarsson), Dictyonema flabelli-

forme (Eichwald) and Shumardia curta Stubblefield on specimens in the Sedgwick

Museum, Cambridge.

Neither of the two new genera

—

Asaphoon and Myindella—is as yet known outside

the Cardington district but Myinda Stubblefield (in Stubblefield and Bulman, p. 130),

a genus closely related to Myindella , was described from the C. tenellus Zone of the

Wrekin district. The discovery of Dichelepyge
,
Harrington and Leanza, 1952, in the

Shineton Shales provides a further link between the Tremadoc Series in Europe and
Argentina. D. phylax sp. nov. is the only known European species referable to the genus.

The specimen described as Hysterolenus tornquisti Moberg ?var. (Stubblefield in Stubble-

field and Bulman, pp. Ill, 118, 137; pi. 4, fig. 8) from the C. tenellus Zone of the Wrekin
district is undoubtedly conspecific with the new form.

In Table 1 the fauna collected from the locality is compared with allied, identical,

and possibly identical forms, together with their stratigraphical ranges in the Wrekin
district, as listed by Stubblefield and Bulman.

SYSTEMATIC DESCRIPTIONS

The terminology used is that of Harrington and others (in Moore 1959, pp. 038-0126).
Glabellar furrows are numbered forwards from the occipital furrow.

All specimens are deposited in the Hunterian Museum of the University of Glasgow.

[Palaeontology, Vol. 10, Part 1, 1967, pp. 47-59, pi. 8.
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Suborder asaphina Salter 1864

Superfamily asaphacea Burmeister 1843

Family asaphidae Burmeister 1843

Genus asaphoon gen. nov.

Type species. Asaphoon pithogastron sp. nov.

Derivation of name, asaphes (Gr.) = indistinct, obscure+oo/; (Gr.) = egg.

Diagnosis. Small asaphid trilobite with highly convex glabella and long preglabellar

field. ?Four pairs of short, indistinct lateral glabellar furrows and a posteriorly situated

glabellar tubercle present. Occipital ring crescentic. Fixigenae possess small, convex,

poorly defined paraglabellar areas. Palpebral lobes long. Pygidium with entire margin

and concave border. Pygidial axis has seven annulations and pleural regions are crossed

by seven pleural furrows which do not reach the margin. Faint interpleural furrows

present.

Discussion. No other described asaphid trilobite has palpebral lobes as proportionally

long or a glabella so convex as Asaphoon. The swollen nature of the glabella, however,
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may be a feature of youth. Ptychopyge Angelin 1854 shows some similarities in possess-

ing a long preglabellar field and in the presence, behind the palpebral lobes, of small

nodes resembling the convex paraglabellar areas in Asciphoon. Although possessing

such general asaphid characteristics as the course of the anterior branches of the

facial suture and in having a glabellar tubercle near the occipital furrow, the new
genus is so different in detail from other asaphid genera that it is impossible to place it

in any of the recognized subfamilies within the Asaphidae.

Table 1

LIST OF SPECIES FROM THE NEW

LOCALITY NEAR CARDINGTON

INCLUDING NEW FORMS

DESCRIBED IN THIS PAPER

RANGES OF ALLIED (A) OR IDENTICAL (1)

FORMS PREVIOUSLY RECORDED FROM THE

SHINETON SHALES OF THE WREKIN DISTRICT

(after Stubblefield & Bulman, 1927)
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Beds

Agnostid 3 agnostids recorded X X X X
Asophoon p/thogostron gen. et sp. nov.

? Beltel/o sp

.

Drche/epyge phy/ox sp. nov. 1 Hystero/enus tdmgu/st

i

Moberg ?var. X
L/Chopyge cf .CUSp/dOtO Callaway ? 1 L. CUSp/dOtO Callaway X
Mocropyge sp . ?l M. chermi Stubblefield X X ?

MyindellO crux gen. et sp. nov. A Mytndo uriconn Stubblefield X
Plolype/toides croftii (Callaway) 1 Symphysurus croft// (Callaway) X X X

Ade/ogroptus ? sp. ?l ? Bryogroptus cf. fiunnedergens/s Moberg X X
C/onogroptus teneUus (Linnarsson) 1 C. tene/lus (Linnarsson) X X

C. fenel/us co/lovei Elies & Wood 1 C. tene/lus var. collove / Elies & Wood X X

Lingu/e/Jo cf . n/cho/soni Callaway ?l L. nicholsoni Callaway X X X X X X

Hyolithus sp

.

3 hyolithids recorded X X X

Asaphoon pithogastron gen. et sp. nov.

Plate 8, figs. II, 13, 14; text fig. 2.

Derivation ofname .
pithogastros (Gr.) = potbellied.

Holotvpe. Hunterian Museum A5807a, b (PI. 8, fig. 11) internal and external moulds of a cranidium.

Paratypes. HM. A5809 (PI. 8, fig. 14); HM. A5810a, b (PI. 8, fig. 13).

Other material. One damaged pygidium HM. A5808.

Description. Holotype cranidium subtriangular in outline, a little broader than long

(sag.) in the ratio 7 : 6. Glabella almost twice as long (sag.) as broad, inflated, egg-shaped

with frontal lobe bluntly rounded and posterior margin slightly overhanging occipital

furrow. Maximum width (tr.) a little in front of the middle of the glabella. At least three

pairs of short, equally spaced lateral glabellar furrows present. The first pair are the

deepest, situated at about one-third the length of the glabella from its posterior margin

and directed slightly backwards. The second and third pairs of furrows are a little

longer and more transverse than the first pair but they are very weakly impressed. There

is an indication of a fourth, anterior pair of glabellar furrows represented only by faint

indentations on the sides of the glabella about three-quarters the length of the glabella

from its posterior margin. A large median tubercle is present near the posterior margin
of the glabella. The axial and preglabellar furrows are not deeply impressed, the glabella

C 4466 E
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being defined primarily by the steepness of its sides. Occipital furrow arched backwards,
sharply defined, its depth being exaggerated by the steepness of the glabellar margin.

Occipital ring crescentic in outline, its sagittal length being about one-eighth the length

of the glabella. It is slightly broader (tr.) than the maximum width of the glabella and is

text-fig. 2. Partial reconstruction of Asaphoon
pithogastron gen. et sp. nov. Approx. X 18.

EXPLANATION OF PLATE 8

Figs. 1-5, 7. Myindella crux gen. et sp. nov. 1, HM. A5802, X 12. Latex cast of holotype cranidium,

an external mould. 2, 3, HM. A5805a and b, X 8. Internal mould and latex cast of external mould of

paratype thorax/pygidium. 4, HM. A5803b, X 8. Latex cast of external mould of cranidium. Para-

type. 5, As for fig. 1 . Oblique frontal view X 8. 7, HM. A5804, X 8. Latex cast of external mould of

poorly preserved incomplete individual showing the nature of the marginal suture and a suggestion

of the presence of a lower lamella. Paratype.

Figs. 6,8-10, 12, 15, 16. Dichelepyge phylax sp. nov. 6, HM. A5772b, x 9. Latex cast of external mould
of holotype cranidium. 8, HM. A5781a, X 6. Internal mould of incomplete pygidium associated with

damaged thoracic segments, showing two pairs of marginal spines. Paratype. 9. HM. A5784, X 9.

Internal mould of pygidium with four thoracic segments. Paratype. 10, HM. A5776, x6. Internal

mould of almost complete individual. Paratype. 12, HM. A5785, X 6. Internal mould of hypostome.

Paratype. 15, HM. A5779a, X 9. Internal mould of left librigena showing long genal spine. 16, HM.
A5770, x 9. Latex cast of external mould of incomplete cephalon and thorax showing the course of

the facial suture. Paratype.

Figs. 11, 13, 14. Asaphoon pithogastron gen. et sp. nov. 11, HM. A5807b, X 12. Latex cast of external

mould of holotype cranidium. 13, HM. A5810a, X 8. Internal mould of badly damaged incomplete

individual showing shape of librigena and traces of anterior thoracic segments. Paratype. 14, HM.
A5809, x 8. Internal mould of pygidium. Paratype.
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defined laterally by shallow furrows which continue the curve of its posterior margin

and run obliquely forward to meet the posterior border furrows of the fixigenae. The

posterior margin is interrupted laterally by a pair of short, shallow, transverse furrows

which have the effect of giving a slight independent convexity to the outer portions of the

predominantly flat occipital ring. Preglabellar field long (sag.), almost half the length

of the glabella, slightly concave with a narrow, upturned anterior border defined by a

shallow border furrow. Palpebral portions of fixigenae of moderate width (tr.); posterior

portions wide (tr.), curving backwards a little distally. Posterior borders defined by

weak border furrows which die out laterally. Small, convex paraglabellar areas lie close

to the posterior part of the glabella in the angles formed by the axial furrows and the

posterior border furrows. They are ill-defined both laterally and frontally. Palpebral

lobes are long, narrow, slightly elevated, and crescentic in shape. Anteriorly they

begin opposite the ?fourth pair of glabellar furrows and extend backwards to a level a

little to the rear of the preoccipital glabellar furrows. Their length (exsag. ) is a little more
than half the length of the glabella. Palpebral furrows shallow. Palpebral lobes continue

anteriorly into short, gently convex eye ridges which are terminated by the axial furrows

a little in front of the ?fourth pair of lateral glabellar furrows. Anterior branches of

facial suture diverge at first at about 40°, then curve gradually inwards to meet dorsally

at an angle of 135°. Posterior branches of facial suture curve gently outwards and
backwards.

Librigenae, known only from a poorly preserved individual (HM. A5810a, b, PI. 8,

fig. 13), are broad, flat and produced into rather stout genal spines which are at least as

long as the palpebral lobes. Hypostome unknown.
Thorax also known only from the fragmentary evidence of HM. A5810a, b. Number

of segments unknown. Axis occupies about one-quarter the total thoracic width.

Pleurae very poorly preserved but each pleura ends in a short, backwardly directed

point and is apparently crossed obliquely by a moderately deep pleural furrow.

Pygidium semicircular to paraboloid in outline. Axis convex, narrow, occupying a

little less than one-quarter the maximum pygidial width anteriorly. Axial furrows con-

verge posteriorly at 30°. The axis does not quite reach the posterior border which,

however, is crossed by a narrow post-axial ridge. Seven well-defined axial rings and
terminal piece present. Pleural fields with a gently convex inner portion and a concave

border. Anterior margins straight proximally but curving backwards distally. Six pairs

of distinct, and one posterior pair of faint pleural furrows curve gently outwards and
backwards from the axis, not reaching pygidial margin but dying out on the concave

border. Faint interpleural furrows discernible on the three anterior pairs of pleural ribs.

Doublure not seen. The flattened and incomplete pygidium in HM. A5810a, b (PI. 8,

fig. 13) differs from HM. A5809 (PI. 8, fig. 14) in that a seventh pair of faint, backwardly
directed pleural furrows is visible. This is probably not a significant difference.

Surface of cranidium and pygidium smooth.

Measurements (in mm.).

HM. A5807b (external mould)

Length of cranidium 2-30

Max. width of cranidium 3 00
Width of cranidium at palpebral lobes 1-95

Length of glabella 1-40
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Measurements Cm mm.).

Max. width of glabella

Length of preglabellar field and anterior border

Length (exsag.) of palpebral lobes

0-80

0-65

0-75

HM. A5809 (internal mould)

Length of pygidium

Max. width of pygidium

Anterior width of axis

Length of axis (including articulating half-ring)

1-

55

2-

45

0-60

1-20

Superfamily ceratopygacea Linnarsson 1869

Family ceratopygidae Linnarsson 1869

Genus dichelepyge Harrington and Leanza 1952

Type species. Dichelepyge pasquali Harrington and Leanza 1952, p. 203, by original designation.

Dichelepyge phylax sp. nov.

Plate 8, figs. 6, 8-10, 12, 15, 16; text-fig. 3.

1927 Hysterolenus tornquisti Moberg ?var.
;
Stubblefield in Stubblefield and Bulman, p. 1 37,

pi. 4, fig. 8.

non 1898 Hysterolenus tornquisti Moberg, pp. 318-23, pi. 17, figs. 1-9.

Derivation of name, phylax (Gr.) = jester, referring to the impression given of a grinning face on the

cranidium.

Holotype. HM. A5772a, b (PI. 8, fig. 6) internal and external moulds of a cranidium.

Paratvpes. HM A5781a, b (PI. 8, fig. 8); HM. A5784 (PI. 8, fig. 9); HM. A5776 (PI. 8, fig. 10); HM.
A5785 (PI. 8, fig. 12); H.M. A5770 (PI. 8, fig. 16).

Other material. Two incomplete individuals, three cranidia, three librigenae, one hypostome, one

thoracic fragment HM. A5773a, b to HM. A5775a, b, HM. A5777a, b, HM. A5778a, b, HM. A5779a,

b (PI. 8, fig. 15), HM. A5780a, b, HM. A5782, HM. A5783, HM. A5786a, b.

Diagnosis. Dichelepyge with anterior branches of facial suture diverging. Glabella with

median tubercle. Pygidium with a rounded posterior margin and axis consisting of only

three rings and a terminal piece. Pleural portions ofthoracic segments relatively short (tr.).

Description. Cephalon only weakly convex, broadly semicircular in outline, with long

genal spines. Glabella, in holotype cranidium, weakly convex, raised a little above level

of fixigenae and defined by broad, shallow, axial furrows gradually converging forwards.

Length (sag.) of glabella about two-thirds median length of cephalon; basal width

almost one-quarter the maximum width of the cephalon between the genal angles.

Anteriorly the glabella is broadly rounded and laterally it is slightly constricted at the level

of the first pair of glabellar furrows. Three pairs of lateral glabellar furrows present. First

pair bifurcated, the posterior branches being very deep adaxially and directed obliquely

backwards but not reaching occipital furrow. Anterior branches very short and indistinct.

Second pair of lateral glabellar furrows consist of shallow, transverse pits situated at

half the glabellar length, not reaching axial furrows. Anterior pair of furrows are rather

longer and although reaching the axial furrows are extremely shallow at this point. A large

median glabellar tubercle is situated at the level of the first glabellar furrows. Occipital

furrow broad (tr.), deepest distally. Occipital ring gently convex transversely and gently
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arched backwards, its posterior margin slightly flattened mesially. Median length (sag),

about one-sixth the glabellar length, becoming narrower (exsag.) laterally. Length (sag.)

of preglabellar field equal to about one-quarter the length of the glabella, gently convex

(sag., exsag.), passing forwards insensibly into a broad, shallow, border furrow whose
anterior margin ends abruptly. Narrow anterior border with slightly raised posterior

ridge and anterior portion declined forwards. Palpebral areas of fixigenae narrow (tr.),

with palpebral lobes near to glabella. Posterior portions wide, roughly quadrilateral

text-fig. 3. Reconstruction of Dichelepyge phylax sp. nov. Approx. X8.

in shape, extending laterally for a distance equal to two-thirds of the basal glabellar

width. Palpebral lobes short and narrow, strongly crescentic, beginning at a level just to

the rear of the anterior pair of glabellar furrows and extending backwards almost to the

level of the first glabellar furrows. Palpebral furrows shallow. Short eye ridges run

obliquely forwards in continuation of the lobes. Posterior border furrows shallow, well-

defined but dying out laterally. Posterior borders narrow proximally, expanding a little

distally where, on its posterior margin, each bears a small socket for the articulation of

the first thoracic pleura. Facial suture seen most clearly in HM. A5770 (PI. 8, fig. 16).

Anterior branches diverge at first at about 90°, then curve gradually forwards and
inwards to cross the anterior border very obliquely, becoming confluent on the dorsal

surface a very short distance from the anterior margin. Posterior branches of facial

suture curve gently backwards and outwards from the palpebral lobes, then turn sharply

backwards and finally curve outwards again to cut the posterior margin of the cephalon

a short distance beyond the articulating sockets on the posterior borders. Librigenae

large and almost flat, produced into long, narrow, slightly outwardly directed genal
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spines which extend backwards for a distance at least equivalent to the median length of
the cranidium. Lateral borders narrow, slightly elevated and gently concave in cross-

section. Posterior borders ill-defined. Three very narrow, concentric grooves cross the

librigenae parallel to the lateral borders. Innermost groove very faint. In addition, a

broad, shallow groove set further from the border (PI. 8, figs. 15, 16) may be an im-
pression of the inner margin of the cephalic doublure. Eyes narrow, crescentic, convex
in cross-section, bounded below by a shallow furrow. Hypostome almost as wide as

long, with strongly convex median body. Anterior border flat, short (sag.), crescentic in

shape, becoming a little longer (exsag.) laterally where it is continued into prominent,

backwardly truncated anterior wings. Anterior margin of hypostome strongly curved.

Lateral notches right-angled. Lateral and posterior borders narrow except postero-

laterally where the borders expand into small, rounded projections. Border furrow

deepest opposite this pair of structures. Lateral margins straight, subparallel. Posterior

margin curved backwards.

Thorax of six segments, rather shorter than the median length of the cranidium. Axis

occupies a little more than one-quarter of the total thoracic width anteriorly. Narrow
axial furrows converge gradually backwards as far as the fourth segment, beyond which
they curve inwards more strongly. Axial rings decrease in length (sag.) progressively

from front to back, moderately arched (tr.), strongly curved forwards distally, less so

mesially. A faint transverse groove on each ring (PI. 8, fig. 16 (external mould)) is prob-

ably an impression of the anterior margin of the articulating half-ring belonging to the

segment behind. Small slit-like apodemal pits are situated in the lateral portions of the

ring-furrows. Proximal portion of each pleura swollen anteriorly. A sigmoidal furrow

crosses from the antero-proximal corner of the pleura behind the swelling to separate

off a narrow (exsag.) posterior portion which itself expands a little distally, and even less

so proximally, to form two small articulating sockets. The proximal socket, which is

less obvious than the distal one, is situated adjacent to the axial furrow. It is clearly

visible on the first thoracic segment of HM. A5770 (PI. 8, fig. 16). A shallow furrow in

front of the pleural swelling defines a small anterior process which fits into the outer

articulating socket of the segment in front. Another small process, not seen, is presumably

present proximally. Each pleura is produced distally into a fairly flat, pointed, blade-

like pleural tip, not in contact with adjacent segments. On the anterior segments the

pleural tips are curved gently backwards but on successive segments the curvature is

progressively more marked so that on the sixth segment the points are directed posteriorly.

A shallow furrow on each pleural tip runs close to the posterior margin.

Pygidium, excluding spines, paraboloid in outline. Maximum width equal to about

twice the median length. Convex axis occupies about one-quarter the width of the pygi-

dium anteriorly and extends backwards for half its median length. Axial furrows deep,

converging posteriorly at about 45° at first, then becoming subparallel. Axis ends bluntly

but faint continuations of the axial furrows continue on to border. Three axial rings,

similar to those of the thorax, and a terminal piece present. Pleural regions gently

convex proximally, with a broad concave border which is longest (sag.) posteriorly.

Two pairs of narrow interpleural furrows extending faintly on to the concave border

alternate with three pairs of shorter, but deeper, pleural furrows. A number of very

fine, concentric, but sinuous, grooves are present on the pygidial border. Two pairs of

lateral border spines present. Anterior pair short, blade-like, similar to the spines of the
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last thoracic segment, but recurved. Posterior pair long and slender, gently curved, reach-

ing backwards for a distance equivalent to a little more than the median length of the

pygidium.

Surface of test fairly smooth except for the postero-mesial part of the glabella, the

posterior portions of the fixigenae, the occipital ring and the axial rings, all of which are

finely granular.

Measurements of type specimens (in mm.). EM. = external mould, IM. = internal mould.

HM. A5772b HM. A5770 HM. A5776 HM. A5781a HM. A5784
EM. EM. IM. IM. IM.

Width of cephalon

at genal angles 5-80 (est.)

Length of cranidium

Max. width of crani-

4-40 3 00 3-50 (est.)

dium (est.)

Width of cranidium

5-55 3-60

at palpebral lobes

Width of cranidium

3-15 2-20 (est.)

across preglabellar

field 3-80 2-80 (est.)

Length of glabella

with occipital ring

Basal width of

3-30 215 2-65

glabella

Length of palpebral

2-25 1-40 (est.) 1 80

lobes

Median length of

thorax

Max. width of

0-65 0-50

2-70

thorax (est.) 5-40 5-70

Anterior width of

thoracic axis

Median length of

1 80

pygidium excluding

articulating half-

ring

Max. width of

1 65 2-60 1-80

pygidium

Anterior width of

3-50 (est.) 4-60 3-55

pygidial axis 0-85 1-20 (est.) 0-75

Length of hypostome HM. A5785 (IM.) 3 00; max. width 3T5 (est.)

Discussion. Dichelepyge pasquali Harrington and Leanza (1952, p. 203, pi. 1, figs. 3-6;

1957, p. 184, figs. 97, 98, 1 a-d), from the Kainella meridionalis Zone of the Lower
Tremadoc of Salta Province in the Eastern Cordilleras of Argentina, is the only other

species in the genus. It is of approximately the same age as the Shropshire specimens

of D.phylax sp. nov. and is very similar to the new form. Both species possess two pairs

of marginal pygidial spines (a generic character) but there are several striking differences

in proportion, the most noticeable of which is in the size of the pygidium. In D. pasquali

the median lengths of pygidium and cranidium are approximately equal, whereas in

D. phylax the median length of the pygidium is only about half that of the cranidium.

The pygidial axis is longer, narrower, has more axial rings in the South American
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species (seven, compared with three in D. phy/ax), and the pygidial margin is flattened

mesially, that of D. phylax being rounded. The holotype of D. pasquali

,

a cranidium,

seems to have suffered slight crushing which may account for the more forward position

of the eyes and the transverse fold in front of the glabella. Nevertheless, the anterior

branches of the facial suture are less divergent than in D. phylax and there is no median
glabellar tubercle. Also, the posterior portions of the fixigenae are much wider (tr.)

in D. pasquali and as it is this part of the cephalon which articulates with the thoracic

pleurae, the proximal, articulating portions of the latter are also much wider (tr.) than

in the Shropshire form. Finally, in D. pasquali, the free, blade-like extremities of the

pleurae are proportionally longer, particularly on the four posterior segments.

Suborder trinucleina Swinnerton 1915

Family myindidae Hupe 1955

Genus myindella gen. nov.

Type species. Myindella crux sp. nov.

Diagnosis. Myindid with carinate glabella and three pairs of short lateral glabellar fur-

rows. Distinct paraglabellar areas present. Preglabellar field short, with transfrontal

ridge. Cephalon with marginal suture has narrow elevated border surrounding pitted

genal region and long genal spines. Border furrow with single row of larger pits. Eye
ridges club-like. Occipital and axial rings with large median tubercle or spine. Thorax/

pygidium with narrow axis, narrow (exsag.), transverse, furrowed pleurae and small,

triangular terminal piece. Number of segments unknown.

Discussion. Myindella agrees with Myinda Stubblefield (in Stubblefield and Bulman 1927,

p. 130) in the general plan of the cranidium, similar eye ridges and transfrontal ridge

and the number of glabellar furrows. Also, the occipital ring in Myinda uriconii

(op. cit., p. 131, pi. 4, fig. 3) may possess a median tubercle. The two genera differ

in that Myindella has a more transverse cephalon and much shorter (sag.) preglabellar

field and transfrontal ridge, a carinate glabella with depressed lateral portions, and para-

glabellar areas. In addition, the genal region internal to the border is pitted in Myindella

and the row of large pits in the border furrow is not present in Myinda.

Hupe (1955, pp. 149, 155) included the Myindidae in his Utioidae because of the

[quite different] preglabellar structures shown by Inouyia Walcott and allied genera, but

Whittington (in Moore 1959, pp. 0167, 0512) listed the family under ‘Order Uncertain’.

Harrington and Leanza (1957, p. 209) noted that Araiopleura Harrington and Leanza

displays certain similarities to Myinda and that Myinda may belong to the Hapalopleuri-

dae. The new myindid material described here strengthens the view that the Hapalopleuri-

dae and the Myindidae are related but there are sufficient differences between them to

warrant the retention of the Myindidae as a separate family within the Trinucleina.

Major differences between the two families include the presence of opisthoparian facial

sutures and lack of a transfrontal ridge and distinct cephalic border in hapalopleurid

genera. Similarities are seen in the general shape of the cephalon, glabella, and eye

ridges. Also, the multisegmented post-cephalic exoskeleton with no obvious distinction

between thorax and pygidium, so characteristic of the Hapalopleuridae and Alsata-

spididae, is also found in Myindella and therefore presumably in Myinda. The presence

of a row of large pits in the cephalic border furrow of Myindella, together with the
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marginal suture and an indication of a lower lamella (see below), suggests a relation-

ship with the Dionididae and the Trinucleidae. The carinate glabella and axial tubercles

or spine bases of Myindella may also be important in this respect as both are seen in

some trinucleid genera (e.g. Reedolithus and some species ofTretaspis). The post-cephalic

segments in general configuration also recall those of Lloydolithus as figured by Whittard

(1958, pi. 11).

text-fig. 4. Reconstruction of Myindella crux gen. et sp. nov. Approx. X 15.

Myindella crux gen. et sp. nov.

Plate 8, figs. 1-5, 7; text-fig. 4.

Derivation of name, crux (Gr.) = cross, referring to the cross-shaped arrangement of ridges on the

cephalon.

Holotype. HM. A5802 (PI. 8, figs. 1, 5) external mould of incomplete cranidium.

Paratypes. HM. A5805a, b (PI. 8, figs. 2, 3); HM. A5803a, b (PI. 8, fig. 4); HM. A5804 (PI. 8, fig. 7).

Other material. Isolated thoracic segments HM. A5806a, b.

Description. Cephalon twice as wide (tr.) as long, roughly semicircular in outline, some-

times a little flattened frontally and antero-laterally, as in the holotype. Genal angles

produced into long, stout, and slightly curved genal spines having a triangular cross-

section. In the holotype, the glabella, occupying about two-thirds the median length of

the cephalon and one-fifth its maximum width, is roughly parallel-sided, a little convex

laterally and bluntly rounded in front. A high median crest runs forwards from the

occipital furrow, but becomes reduced and finally disappears about two-thirds the length

of the glabella from its posterior margin. Laterally the glabella is somewhat depressed

where it bears three pairs of short, transverse, weakly impressed, and equidistant

lateral glabellar furrows. Axial and preglabellar furrows shallow. Occipital furrow shallow
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mesially but deep abaxially where it contains a pair of deep apodemal pits. Occipital

ring strongly convex (tr.), arched backwards and narrow (exsag.) abaxially, bearing a

prominent median tubercle or spine base. Preglabellar field flat, extending forwards

for a distance equal to about one-third the length of the glabella, crossed sagittally by a

narrow, sharply defined, and convex (tr.) transfrontal ridge which links the frontal lobe

of the glabella wth the narrow anterior border. Genal areas quadrant-shaped, flat, with

narrow lateral borders. Shallow border furrows contain a row of relatively large, rather

irregularly distributed pits, there being fifteen to twenty pits between the transfrontal

ridge and the genal angles on each side of the cephalon. Posterior borders broad (exsag.),

expanding abaxially, highest along the posterior margin and declined forwards. Posterior

border furrows shallow but sharply defined frontally. No dorsal facial suture. Marginal

suture present, becoming dorsal only at the genal angles, the genal spines thus belonging

to a ventral lamella. Specimen HM. A5804 (PI. 8, fig. 7), although poorly preserved,

shows evidence of the existence of a lower lamella as in trinucleids and dionidids. The
cranidium and lower lamella have parted along the marginal suture and the former has

moved forwards a little relative to the latter, clearly showing the separation between the

genal spines and the postero-lateral corners of the cranidium. The row of pits in the

marginal furrow of the cranidium is discernible but close behind is a ridge which seems

to be an impression on to the cranidium of a ventral structure, possibly a row of pits

similar to those on the dorsal surface and originally having been opposed to them. Con-
vex eye ridges extend outwards and a little backwards from the postero-lateral corners

of the frontal glabellar lobe to the centre of the genal areas. They are very sharply defined

and expand somewhat abaxially. There is no indication of a lens-bearing surface. Small,

gently convex paraglabellar areas present opposite the preoccipital glabellar lobes.

Genal areas, internal to border furrows and with the exception of the eye ridges and

paraglabellar areas, are covered with small, shallow pits. Eye ridges have small granules

adaxially. Hypostome unknown.
Post-cephalic exoskeleton not known in its entirety and proportions belonging to

thorax and pygidium impossible to ascertain due to the similarity ofthe segments through-

out its length. Specimen HM. A5805a, b (PI. 8, figs. 2, 3) may represent a pygidium but

the margin is not entire and each segment is very similar to others associated with a

cephalon (HM. A5804, PI. 8, fig. 7). Pygidium may, therefore, be represented by the

small, triangular terminal piece. Total number of segments unknown. Axis convex,

occupying a little more than one-fifth the width of the thorax frontally. Each axial ring

bears a median tubercle or spine base smaller than that borne by the occipital ring. Each

pleura is narrow (exsag.) and straight for most of its length and has a very distal fulcrum

and a rounded termination. A deep pleural furrow runs from the axis parallel to the

anterior and posterior margins of the pleura, maintaining its depth almost to the ter-

mination of the segment. Posteriorly the segments become progressively shorter (tr.).

The postcephalic exoskeleton is terminated by a small, transverse, triangular plate on

to which the axis continues to the posterior margin; an indication of segmentation is

present on the pleural portions.

Measurements (in mm.) (all external moulds).

HM. A5802 HM. A5803b

Max. width of cephalon 5 00 (est.) 5 00

Median length of cephalon 2 50 2-20

HM. A 5804

4-50 (est.)

215
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Basal width of glabella 100 100 (est.)

Median length of glabella 1-55 1 -35

Length of preglabellar field

Anterior width of thorax

0-45 0-50 (est.)

3-65

Anterior width of axis 0-75

Dimensions of specimen HM. A5805b (PI. 8, fig. 3)

Median length 1-15 Maximum width 3-05
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VARIATION AND ONTOGENY OF SOME OXFORD
CLAY AMMONITES: DISTICHO CERA S

BICOSTATUM (STAHL) AND HORIOCERAS
BAUGIERI (D’OR BIGNY), FROM ENGLAND

by D. F. B. PALFRAMAN

Abstract. Variational and ontogenetic studies of Distichoceras bicostatum (Stahl) and Horioceras baugieri

(d’Orbigny) have shown identity in their early stages. Variation in protoconch size is consistent and small, as is

the diameter of the nepionic construction. Divergence in shell form occurs only at the onset of maturity, which
in H. baugieri begins at about 8-10 mm. and in D. bicostatum at about 30-35 mm. It is concluded that the two
‘species’ are a sexually dimorphic pair. The name D. bicostatum has priority.

Neither Distichoceras bicostatum (Stahl) nor Horioceras baugieri (d’Orbigny) appears to

be plentiful in this country. Among the author’s collection of several thousand am-
monites from the Oxford Clay of Woodham, Bucks. (Arkell 1939 and Palframan 1966),

only eight belonged to these species. From a locality not recorded in the literature as

having typical Oxford Clay facies, but mentioned by Arkell (1945) as having crushed

ammonites in a shale of Coronatum age, at Peckondale Hill, near Malton, Yorkshire

(Grid. Ref. 745686), the author collected more than a thousand ammonites from the

Athleta/Lamberti Zones of the Oxford Clay and found only three specimens of these

species. The actual proportion of the ammonite fauna these two species occupy is

generally not given, but from the numbers or frequency mentioned in the literature it

would appear that they are at best rare and, more often, extremely rare.

Preservation. Almost all the specimens examined from the Oxford Clay of Eye, Woodham,
Oxford, Dauntsey, and Tidmoor Point are preserved as internal pyrite moulds; in no

specimen has the original shell been preserved. Some specimens from these localities

and all those from Peckondale Hill are internal moulds of limonite. Because of the

presumed physico-chemical factors which influenced preservation of many Oxford Clay

ammonites, rarely are pyritic moulds to be found with a diameter greater than 2-3 cm.

A notable exception to this is one superbly preserved phragmocone of Distichoceras

bicostatum (Stahl), OUM J25688, from the Oxford Clay of Tidmoor Point, Dorset,

which has a diameter of 5 cm. The body chamber, however, is almost entirely lacking

(see PI. 9, fig. If). Several small ammonites from the Oxford Clay, which are almost

certainly the juvenile stages of D. bicostatum, have been found and it is these which

furnish most of the information relating to the early ontogenetic stages mentioned here.

The later ontogenetic stages, especially those of maturity, are largely based on specimens

from the Hackness Rock of the Yorkshire Coast. Specimens from this bed are usually

preserved to diameters of 4-7 cm. and are internal moulds composed of hard, slightly

oolitic, limestone; in a very few cases tiny patches of shell material have been preserved,

which appear to retain their original structure. The ammonites from the Hackness Rock
often lacked body chambers and almost all had indifferently preserved inner whorls.

[Palaeontology, Vol. 10, Part 1, 1967, pp. 60-94, pis. 9-13.]
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Within the 70 ft. of Oxford Clay exposed at Woodham, Bucks., is a one-foot thick

band of compact marly limestone, the ‘Lamberti Limestone’ of Arkell (1939—see this

work for details of the exposure). The ammonites from this bed are generally poorly

preserved internal moulds composed of the same material as the surrounding matrix

and often crushed. The shell is commonly represented by a fine, powdery, black film

covering the mould. Septa are, however, frequently preserved as relatively resistant

calcite. The inner whorls of these ammonites are often broken, lacking or preserved as

featureless recrystallized calcite, entirely unsuitable for ontogenetic studies. From the

clays beneath the Lamberti Limestone are the familiar pyritic nuclei of about 2 cm.

diameter.

Material. Altogether some 63 specimens belonging to these two species have been examined, 56 from

England and 7, for comparative purposes, from Europe. They are recorded from the following

localities:

Specimen

Locality Number Sex Bed/Horizon Collector

1. Yorkshire

a. Scarborough BM 39525 9 ‘Kellaway Rock’,

Callovian W. Bean
BM 50622 9 Kellaways Rock,

Callovian J. Morris

BM 89044 $ Kellaways, Rock
Callovian J. S. Bowerbank

BM C69282 9 Scarborough Grey
Limestone

(Lamberti Zone) L. F. Spath

SM J5618-21 4 9 9 Kellaways Rock J. Leckenby
SM J47113 9 Kellaways Rock

b. Gristhorpe Bay SM J5622 9(?) Kellaways Rock J. Leckenby

SM J5623 9 Kellaways Rock
c. Peckondale Hill LU 263-4 2 9 9 Oxford Clay D. F. B. Palt'raman

LU 265 <3 Oxford Clay D. F. B. Palframan

2. Eye, near Peter-

borough
BM Cl 5708-1

BM C 1 57 1 2 j

2 3 3, 2jj

l 9(?) J

Oxford Clay E. T. Leeds

3. Woodham, OUM J 14560 3 Oxford Clay R. A. Monkhouse
Bucks. OUM J20851-3 3 9 9 Oxford Clay,

Lamberti Zone W. J. Arkell

OUM J20854 9(?) Oxford Clay,

Lamberti Zone W. J. Arkell

OUM J25677-)

OUM J25684 j

4 <? 3, 2jj Oxford Clay D. F. B. Palframan

SM J34090-1 2 <J <?(?) Oxford Clay N. F. Hughes
4. Oxford

a. Summertown OUM J20325 9 Oxford Clay,

Lamberti Zone
BM C10638 <? Oxford Clay

BM Cl 0644-6 3 <3 Oxford Clay

b. Cowley OUM J23246-7 23 3 Oxford Clay

5. Wiltshire

a. Dauntsey BM 27411 9 Oxford Clay,

Athleta Zone W. Buy
BM C72580-1 2 9 9(?) Oxford Clay,

Athleta Zone W. Buy
b. nr. Chippenham BM 37755 c? Oxford Clay W. Buy
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Specimen

Locality Number Sex Bed/Horizon Collector

6. Tidmoor Point, Dorset OUM J25685-

1

lj, 1 <?, 1 Oxford Clay,
M. R. HouseOUM J25688 1 2 $ 9 1 Lamberti Zone

BM C28325-

1

BM C28330 j

2jj, 2 <J cJ,

2 9 9(?) J

Oxford Clay R. H. Cunnington

BM C28351 9(?) Oxford Clay R. H. Cunnington
7. Ecrouvres, nr. Toul,

France SM FI 6204 j ‘Oxford Clay’ J. D. Hudson
8. Trockau, Bavaria, BM C40979-80 2 9 9 Divesian (lamberti E. Model

Germany
BM C40982 <?

beds)

Divesian, (lamberti

beds) E. Model
9. Beuren, Wiirttemberg,

Germany BM C73642-4 3 c? <? Brown Jura j

Abbreviations. The following prefixes denote the institutes from which the specimens were borrowed:

OUM—Oxford University Museum; BM—British Museum (Natural History); SM—Sedgwick

Museum, Cambridge; LU—Department of Geology, University of Leicester. The ‘

Bed/Horizon'

listed above has been transcribed from the labels accompanying the specimens. The stratigraphy of

the species concerned will be considered in a later chapter. In the column "Sex', above, ‘j’ denotes

juvenile specimens, sex indeterminate. Due to very poor preservation there is some doubt about the

identification of specimen SM J5622 (Gristhorpe Bay).

VARIATION AND ONTOGENY OF DISTICHOCERAS
BICOSTATUM (STAHL)

It is considered in this paper that Distichoceras bicostatum (Stahl) is the female of a

dimorphic pair and is therefore referred to as D. bicostatum $.

Family oppeliidae Bonarelli 1894

Subfamily distichoceratinae Hyatt 1900

[= BONARELLIDAE Spath 1925]

Genus distichoceras Munier-Chalmas 1892

Type species. Ammonites bipartitus Zieten.

Synonym. Bonarellia Cossman 1898, p. 77.

Type species. Ammonites bicostata Stahl

Distichoceras bicostatum (Stahl) 9

Plate 9, figs. 8a-c, la-i, 8; Plate 11, figs. 3a-d, 4a-c, 5a-b, la-b , 8a-b\

Plate 12, figs. 3, 5, 6a-b, la-b, 8a-c, 9a-b\ Plate 13, figs. 1 a-e, 2, 3: text-figs. 1-5, 7-9.

1824 Ammonites bicostata Stahl, p. 49, fig. 9a-c.

1830 Ammonites bipartitus ; Zieten, p. 18, pi. 13, fig. 6.

1830 Ammonites calcar ; Zieten, p. 18, pi. 13, fig. 7.

1842-51 Ammonites bipartitus (pars); d’Orbigny, p. 443, pi. 158, figs. 1, 2, 4.

1852 Ammonites bipartitus
; Quenstedt, p. 367, pi. 28, fig. 9.

1858 Ammonites bipartitus
; Quenstedt, p. 530, pi. 70, fig. 11.

1886-7 Ammonites bipartitus (pars); Quenstedt, p. 732, pi. 85, figs. 1-5, 7-8, 23, 25-27.

1899 Bonarellia bicostata'. Crick, p. 554, figs. 1-2.

1902 Bonarellia bicostata : Crick, p. 47.
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1914 Oppelia (Distichoceras) bipartita (pars)-, Douville, p. 17, pi. 5, figs. 19, 19a, 20, 20a, text-fig.

11 .

1927-33 Bonarellia bicostata', Spath (part ii, 1928), p. 95, pi. 15, figs. 4a-c.

1927-33 Bonarellia sp. ind. Spath (part ii, 1928), p. 95, pi. 14, figs. 2a-c.

1938 Distichoceras nodulosum Maire, p. 45, pi. 2, figs. 2, 2a.

1938 Distichoceras subornation Maire, p. 46, pi. 3, figs. 19, 19a.

1939 Distichoceras bicostatum; Arkell, p. 167, pi. 8, figs. 19a, 19b.

1951 Bonarellia bicostata', Jeannet, p. 36, pi. 8, figs. 1-5, text-figs. 81, 82.

1957 Distichoceras bipartitum; Arkell, Kummel, and Wright, p. L279, fig. 327, 1 a-b.

1963 Distichoceras bicostatum', Callomon, p. 42, fig. 9 m.

1963 Distichoceras bipartitum', Schindewolf, p. 380, fig. 228.

General remarks and diagnosis. Because of the preservation of Upper Callovian am-
monites in this country, just mentioned, the problem of studying the variation and

ontogeny of ammonites with a diameter greater than 2-3 cm. is twofold. Firstly, to acquire

material which has well-preserved juvenile and adult stages (in this paper the two growth

stages are examined from specimens of different beds and/or different localities) and
secondly to be sure that the juvenile and adult ammonites are conspecific. It is therefore

necessary that the larger diameters of juvenile ammonites (pyritic, Oxford Clay type

preservation) are greater than the smallest preserved diameters of adults (the more or

less complete ammonites of the Hackness Rock and Lamberti Limestone type pre-

servation).

Distichoceras bicostatum (Stahl) $ is a fairly typical oppelid, being compressed

and involuted. Whorl height (HH) is generally half the diameter (D), whorl width (W)
between one-third and one-quarter the diameter. The umbilicus is small, except in the

final stages of maturity when the umbilical seam begins to uncoil. The innermost whorls

are smooth; later phragmocone whorls have small ventro-lateral spines with looped

ribs. The body chamber is weakly ribbed and without spines and about five-eighths of a

whorl in length and terminated by a simple peristome.

PROTOCONCH

Only one protoconch (OUM J25681) was available for measurement, D 0-27 mm.,
W 0-44 mm. However, a poorly preserved specimen BM Cl 57 1 2 (labelled 'Disti-

choceras juv. ’), is almost certainly D. bicostatum $ and furnished a beautifully preserved

A B C

text-fig. 1. Protoconch of Distichoceras bicostatum (Stahl). Diagram based on juvenile male (?) from
the Lamberti Zone, Tidmoor Point, Dorset, England: OUM J25687. a, ventral view; b, side view;

c, apertural view. All figs. X 100.
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protoconch with the following dimensions, D 0-24 mm., W 0-40 mm. (see Table 1).

The protoconchs, both internal pyrite moulds, are perfectly smooth (see text-fig. 1)

and clearly show the nature of the proseptum and prosuture (Schindewolf 1954). They
are extremely elongate and barrel-shaped with a W/D ratio of about 1-65. Since the

early works of Branco (1879-80, 1880-1), little has appeared on the nature and measure-

ments of protoconchs and details of the young stages of oppelid ammonites are generally

lacking. However, for Creniceras renggeri (Oppel) <$ and $, the W/D ratio is about

1-45 (Palframan 1966).

PHRAGMOCONE

Early whorls and general growth pattern. The first whorl of growth from the proseptum

is smooth and depressed; it is terminated by the nepionic constriction which occurs at

a diameter of 0-49 mm. (see Table 1). The nepionic constriction is clearly defined; it is

strongest ventrally and ventro-laterally, weakening on the flanks and almost completely

fading at the umbilical seam (see text-fig. 2). There is no evidence of the nepionic con-

striction, on internal moulds, in the dorsal region. The juvenile whorls immediately

succeeding the nepionic constriction are perfectly smooth.

As growth progresses from the protoconch, the whorls of the juvenile stages become
less depressed (cf. text-figs. 1 and 2b), the W/D ratio decreasing markedly (see text-fig.

7a). At a diameter of about 2 mm. the whorl section is subquadrate becoming higher

as growth progresses. Whorl heightening is accompanied by a flattening of the flanks

which converge towards the venter, itself altering from rounded to tabulate at a diameter

EXPLANATION OF PLATE 9

Distichocercis bicostatum (Stahl)

Fig. 1. Juvenile female from the Lamberti Zone, Tidmoor Point, Dorset, England: BM C28325.

a , side view of the innermost whorls; b, apertural view of innermost whorls; c, side view of inner

whorls; d, apertural view of inner whorls.

Fig. 2. Juvenile male from the Athleta/Lamberti Zone, Woodham, Bucks., England: OUM J 14560.

a
,
side view, the last quarter whorl is body chamber, note the sinuous elevation (see also text-fig. 6b);

b, ventral view, note the relatively large spines and adoral weakening of the ventral ridge.

Fig. 3. Male from the Athleta/Lamberti Zone, Woodham, Bucks., England: OUM J25677. Phrag-

mocone with approximated sutures, a, side view; b, ventral view, note absence of ventral ridge.

Fig. 4. Juvenile male, from the Athleta/Lamberti Zone, Woodham, Bucks., England: OUM J25679.

Side view of immature phragmocone.

Fig. 5. Juvenile male(?) from the Lamberti Zone, Tidmoor Point, Dorset, England: OUM J25687.

Immature phragmocone. a
,
side view; 6, ventral view, note the feeble ventral ridge.

Fig. 6. Juvenile male(?) from the Athleta/Lamberti Zone, Woodham, Bucks., England: SM J34091.

Immature phragmocone.
Fig. 7. Female from the Lamberti Zone, Tidmoor Point, Dorset, England: OUM J25688. a-e, pre-

parations of the inner whorls; f-i, the phragmocone of the adult, a , side view; b , ventral view,

note the continuity of the ventral ridge; c, apertural view; d, side view, note the development of

looped ribs; e, apertural view; /, side view, note sutural approximation, degeneration of looped

ribs and slight uncoiling at the umbilical seam of the body chamber (quarter of a whorl partially

preserved); g, apertural view; /;, ventral view, note degeneration of the ventral ridge and ventro-

lateral spines; z, ventral view, d-e X 2, f-i X 1.

Fig. 8. Juvenile female(?) from the Lamberti Limestone, Woodham, Bucks., England: OUM J20854.

Immature phragmocone showing the beginning of looped ribs and ribbing on the lower flank.

All figures X 3 unless otherwise stated. Specimens have been whitened with ammonium chloride.

Photographs by the author, all un-retouched.
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of 5-7 mm. The change in whorl shape from this diameter can be seen in preparations of

specimens OUM J25688 (PI. 9, figs. 7c, c, and g) and BM C28325 (PI. 9, figs, lb and d).

From a diameter of 6-10 mm., the umbilical wall steepens appreciably, almost at right

angles to the median plane, accompanied by a well-marked umbilical shoulder (see text-

figs. 7a and d) which remains pronounced on to the body chamber.

From a diameter of about 1 mm. to just beyond the adoral end of the phragmocone,

the W/D, U/D, and HH/D ratios reflect almost isometric growth (see text-figs. 3, 4,

and 5).

Remarks. The first whorl of growth, the nepionic whorl of Westermann (1958), is

always smooth among ammonites so far investigated. After the nepionic constriction

the juvenile whorls of Creniceras renggeri (Oppel) S and $ have been shown to be

text-fig. 2. The innermost whorls of Distichoceras bicostatum

(Stahl). Drawn from a femalef?) from the Athleta/Lamberti Zone,
Woodham, Bucks., England: OUM J25681. The position of the

nepionic constriction can be seen. Both figs, x 50.

smooth (Palframan 1966). However, Makowski (1962) has shown that the ornament
characterizing the adult shell of Kosmoceras and Garantiana appears immediately after

the nepionic constriction.

Ornament. At a diameter of 5-7 mm. the venter becomes tabulate (text-fig. 7a), this

feature heralding the beginning of true ornamentation. At this diameter three morpho-
logical features may develop, either altogether, in pairs, or singly. The usual sequence

following ventral tabulation appears to be:

(a) The development of ventro-lateral spines. These are small and alternate either

side of the venter, they generally number about 35-40 (each side of the venter) in the

early stages (PI. 9, figs. Ib-e) and have a well-defined beginning (PI. 9, fig. 7c and PI. 11,

fig. 4c).

(b) The development of a ventral ridge, or carina. This usually begins at the same
diameter as the ventro-lateral spines, but may begin at a slightly later growth stage

(PI. 9, figs, lb, c and PI. 11, figs. 4b, c, and 5b). (b) is never developed before (a).

(c) The development of lateral ornament. This is confined to the mid-flanks and
generally develops at larger diameters than are recorded for the beginning of ventro-

lateral spines or ventral ridges and may take the form of a fillet or groove.

At diameters larger than 7 mm. other ornamental features may develop: these will be

mentioned later.

C 4466 F
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Ventro-Iateral spines. The growth and size of ventro-lateral spines appear to be directly

proportional to the diameter of the shell : they number about 40 per whorl on the mature

phragmocone as in specimen OUM J25688 (PI. 9, fig. If). The number of spines per whorl

in the late stages of development ranges from 30, SM J5618 (not figured), to 50, SM

20 r
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SCARBOROUGH
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0'1 TO 10 70.

DIAMETER (mm) —
text-fig. 3. Graph showing the relationship between Diameter and Width of Distichoceras bicostatum

(Stahl) <S and ?. Dashed lines connect recordings made on the same specimen. The area P (dot-dash

line) encloses measurements made on the protoconchs, M is the mean of these measurements. Inset,

the same graph plotted on a linear scale, showing the plot of the approximate best-fit line. The arrowed

points d
s 3 and d

s $ represent the position of the mean diameter at which septation ceases in mature

specimens of male and female respectively.

J5621 (PI. 11, figs, la, b), among the specimens examined. Beyond a diameter of

12-20 mm., the ventro-lateral spines are related to ribs which develop on the ventral

half of the flank.

Ventral ridge. The ventral ridge, or keel, undergoes little modification during the growth

of the phragmocone. It is concomitant with the ventro-lateral spines and easily visible

at either the same diameter of spine development or at a slightly larger diameter. The
ontogeny of the ventral ridge is summarized in Plate 9 (figs, lb, c, e, g-i), beginning
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feebly in the juvenile stages, becoming stronger adorally, and finally weakening towards

the end of the phragmocone with the degeneration of the ventro-lateral spines. From the

earliest stage the ridge may be straight (PI. 9, fig. lb) or wrinkled (PI. 11, fig. 4b). In the

late ontogenetic stages of the phragmocone, among the majority of the specimens
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1-0 10 70

DIAMETER (mm) —
text-fig. 4. Graph showing the relationship between Diameter and Umbilical Diameter of Disticho-

ceras bicostatum (Stahl) $ and $. Dashed lines connect recordings made on the same specimen. Inset,

the same graph plotted on a linear scale, showing the plot of the approximate best-fit line. The
arrowed points d

s
and d

s $ represent the position of the mean diameter at which septation ceased in

mature specimens of male and female respectively.

examined, the ventral ridge is nearly always wrinkled to a greater or lesser degree (PI. 11,

fig. lb
;
PI. 11, figs. 6n, lb, 8a, and 9b) but may exceptionally be straight (PI. 1 1 ,

fig. 86).

Lateral ornament. The lateral ornament, which frequently interrupts the ribbing, may
take the form of either a fillet or groove or a combination of the two. In all stages of

development the lateral ornament is usually only seen under conditions of low-angled

lighting and is weakest in the earliest growth stages. A very feeble fillet can be seen on
the juvenile preparation of specimen OUM J25688 (PI. 9, fig. Id) and a shallow groove

on specimen OLJM J20854 (PI. 9, fig. 8). During adolescent growth the fillet may develop

quite strongly (PI. 12, fig. 6b and PI. 13, fig. 2), but generally fades on the final quarter
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whorl of the phragmocone. The same is true of lateral grooves (PI. 12, fig. 3). In speci-

men BM 89044, the lateral groove is very pronounced and bordered by levee-like

fillets (PI. 12, fig. 8Z>). A slight thickening of the ribs in mid-flank gives a third variation of
lateral ornament, as shown by specimen SM J47113, that of a bullate spiral (PI. 11,

fig. 7a).

01 1-0 10 70

DIAMETER(mm) —
text-fig. 5. Graph showing the relationship between Diameter and Height of Distichoceras bico-

slatum (Stahl) $ and $. Dashed lines connect recordings made on the same specimen. Inset, the same
graph plotted on a linear scale, showing the plot of the approximate best-fit line. The arrowed points

d
s cj and d

s ? represent the position of the mean diameter at which septation ceased in mature speci-

mens of male and female respectively.

Two rather delicate forms of ornament seen only on one juvenile specimen, OUM
J25684, are spiral striae and small crescentic pits. The spiral striae are strongest near

the umbilical shoulder becoming progressively weaker ventrally and fading altogether in

the ventro-lateral region. On the mid-flank of the same specimen is a spiral series of

small, shallow, convex, crescentic pits (PI. 11, figs. 3c, d).
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Remarks. The spiral striae and crescentic pits, just mentioned, may be impressions of

shell ornament or, possibly, impressions of muscle attachments.

Ribbing. The earliest development of ribbing is at a diameter of about 12-13 mm.
(OUM J20854, see PI. 9, fig. 8). Each ventro-lateral spine is associated with a looped

rib with no independent ribs between (PI. 9, fig. Id). The looped ribs are rursiradial

(PI. 9, figs. 7/and 8; PI. 11, fig. 7a; and PI. 12, figs. 3, 5, 6b, la, 8b, and 9a), though in the

early stages of specimen OUM J25688 (PI. 9, fig. Id) only feebly so. In a few cases

infrequent, single (non-looped) ribs are connected with individual ventro-lateral spines

(PI. 12, fig. 6b) and in one case there are independent ribs not connected with ventro-

lateral spines (PI. 12, fig. la). These cases are almost certainly ‘normal exceptions’ within

the species under consideration. In the later stages of phragmocone growth the ribs of

A

text-fig. 6. Ornamentation in Distichoeeras bicostatum (Stahl), a,

juvenile male(?) from the Lamberti Zone, Tidmoor Point, Dorset,

England, showing three narrow fillets with wide grooves between:

OUM J25687. B, juvenile male from the Athleta/Lamberti Zone, Wood-
ham, Bucks., England: OUM J14560. The point a: marks the position of

the last suture. The sinuous elevation may represent a muscle-scar (see

also PI. 9, fig. la). Both figs. X 5.

the ventral flank and the ventro-lateral spines become somewhat degenerate. The spines

become indistinct and the ribs at this stage do not appear to be looped or intimately

associated with the spines (PI. 9, figs. If and h).

Ribbing on the ventral flank is never very strong and is best seen under low-angled

lighting. Rib strength may be weak (SM J 562 1 ,
PI. 11, fig. 8a) to relatively strong

(BM C69282, PI. 13, fig. 2). In the early growth stages ribbing is almost entirely confined

to the ventral portion of the flanks: in one observed case, OUM J20854, ribbing is also

present on the lower, or dorsal, portion of the flank at a diameter of about 13 mm.
(PI. 9, fig. 8). From the material studied this certainly appears to be atypical, most
specimens do not develop this inner ribbing until a much later stage in their ontogeny.

Generally, in mature individuals, this feature develops on the final quarter whorl of

the phragmocone (PI. 11, fig. 8u).

On the dorsal portion of the flank the ribbing is quite strongly prorsiradial, but

towards a mid-flank position becomes rectiradial or even rursiradial (PI. 9, fig. 8 and
PI. 11, fig. 8a). These lower ribs are usually separated from the upper by some form of

spiral ornament situated on the mid-flank. They are related to the upper ribs in their
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early development, in that each lower rib is opposite an upper looped rib. Towards
the adoral end of the mature phragmocone, where the ventro-lateral spines become
degenerate and in consequence the upper ribs are not looped, the lower and upper ribs

are paired. This is more easily observed when the spiral ornament, which separates the

upper and lower ribs, fades towards the end of the phragmocone and the ribs are

text-fig. 7. Cross-sections through Distichoceras bicostatum (Stahl), a, juvenile from the Athleta( ?)

Zone, Eye, near Peterborough, England: BM Cl 5712. Specimen entirely septate; note the tabulation

of the venter on the final preserved whorl, b, male from the Athleta/Lamberti Zone, Woodham, Bucks.,

England: OUM J25680. Drawn at D = 12-4 mm. (maximum septate diameter of adult), c, juvenile

female(?) from the Athleta/Lamberti Zone, Woodham, Bucks., England: OUM J25681. Drawn at D =
11 1 mm. d, juvenile female from the Elackness Rock, Scarborough, Yorks., England: BM 89044.

Section through immature phragmocone. Figs, a, b, and c, X 10, fig. d, X 3.

continuous across the whole flank (PI. 12, fig. 3). The rib-type of the phragmocone
immediately before the body chamber in mature specimens is convex to biconcave or

sinuous (Arkell 1957a, p. L89).

Sutures

Sutural ontogeny. The sutural ontogeny of D. bicostatum $ is best illustrated diagram-

matically (text-fig. 8). The succession of sutures (A-X) comprising the sutural ontogeny
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of text-fig. 8, is determined solely by increasing order of the diameter at which the

sutures were drawn (from several different specimens). Because of individual variation

and growth-rates, adjacent sutures (in text-fig. 8) drawn at similar diameters but from

different specimens may not in fact reflect a true sutural ontogeny and would better con-

form by being reversed (as S and T in text-fig. 8). It should also be noted that text-fig. 8

is a composite sutural ontogeny of both supposed males and females of D. bicostatum,

the presumed sex of each specimen from which a suture was drawn being denoted in

the text-fig. caption. The addition of new sutural elements occurs at the umbilical seam,

‘U-type ontogeny’ of Schindewolf (1954).

Remarks. As the works of Schindewolf (1954, 1960, 1962, and 1963) have shown, there

is a basic pattern according to which the sutural ontogeny of Jurassic ammonites can

seemingly be predicted. This is, briefly, the formation of a septum closing the proto-

conch (proseptum) which at its margin gives rise to the prosuture with a predominantly

large ventral saddle. This first-formed suture is very different from all succeeding

sutures which are simply elaborations on the second-formed suture (primary suture). The
primary suture is composed of more or less equally sized elements, the lobes being:

external (or ventral), lateral, U 2 ,
U l5 and dorsal. This is the quinquelobate basic suture

of Schindewolf (1954). D. bicostatum $ conforms to this pattern as shown by Schinde-

wolf (1963, p. 407, fig. 228) and herein text-fig. 8.

Sutural variation. In order to assess qualitatively the sutural variation at a prescribed

diameter, the most ornate and variable elements of the suture (ventral and lateral lobe

and first and second lateral saddles) from three randomly chosen specimens were drawn
at a diameter of about 38 mm. Sutural differences either side of the venter in any single

specimen are extremely small and such differences are, in part, influenced by the position

of the ventro-lateral spines or interference by earlier formed septa (see text-fig. 9).

Differences between the sutures of the three specimens are more marked and are prob-

ably influenced by the absolute diameter at which they were drawn (in text-fig. 9, a is

drawn at a smaller diameter, 38 mm., than c, 38-5 mm.).

Remarks. Another factor which may influence the variation seen is that of absolute

size of the phragmocone of the adult specimen. Ventral tubercles on the phragmocone
of Creniceras renggeri (Oppel) d and $ do not develop until the last quarter whorl of

the phragmocone in mature specimens irrespective of the size of the phragmocone
(Palframan 1966). As Makowski (1962) has pointed out, the diameter at which certain

features develop is dependent on the stage of growth of an individual and not its size.

This may also be true of sutures which have a level of complexity, or development, for

a prescribed diameter which is influenced by the ultimate size of the phragmocone of

the mature specimen. In other words, a small mature specimen of an ammonite species

may have slightly more advanced sutures at any prescribed diameter than a larger speci-

men of the same species at the same diameter. Even so the final sutures of the smaller

specimen will almost certainly be less complex than the final sutures of the larger specimen.

A third factor influencing sutural differences may well be one of evolution as the

material examined here almost certainly extends over two ammonite zones (Athleta and
Lamberti). Finally, the variation may be in part geographic.

The sutures of specimen OUM J25684 from Woodham, Bucks., here considered as
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being a juvenile form of D. bicostatum ?, are irregularly spaced (see PI. 11, figs. 3c

and d). This spacing may be due to any one, or a combination, of several factors which

may affect the growth-rate: (a) relative abundance/scarcity of food, (b) variable salinity

or temperature of the sea-water, (c) disease, (d) periods of reproductive activity. The
number of sutures on the final preserved whorl of the specimen in question is eight com-
pared with twelve for other specimens of a similar size: BM C28325 (PI. 9, fig. lc) and

OUM J25681 (PI. 11, fig. 4a). Two pairs of adjacent sutures on specimen OUM J25684

are closely spaced, at diameters of about 7 mm. and 10 mm. respectively. The range of

sutural approximation observed for ten specimens of Horioceras baugieri (d’Orbigny)

(which in this paper is considered as being D. bicostatum <3) is 8-7 mm. to 16-7 mm.
It may be that the specimen in question (OUM J25684) has changed sex during life

as do some living molluscs. The latter explanation is considered unlikely, though as this

feature has not been seen in other specimens studied here, the explanation of the

phenomenon is itself, no doubt, unusual.

The mature phragmoeone. Sutural approximation and degeneration is regarded as a

feature of maturity throughout this paper, along with other points generally considered

as denoting maturity and listed by Callomon (1957). These are: uncoiling of the body
chamber at the umbilical seam, modification of ornament, and the development of

apertural modification such as lappets, rostra, and constrictions. The mean diameter at

which septation ceases in mature specimens was found to be 39-5 mm. with a range of 3T5
to 49-7 mm. A phragmoeone of D. bicostatum $ figured by R. Douville (1914, PI. 5,

figs. 20 and 20a) at ‘grandeur naturelle’, has a diameter of about 70 mm. The author

has seen a plaster cast of this specimen in L’Ecole des Mines, Paris and verifies the size.

From the composite phragmoeone ontogeny constructed it is estimated that from the

prosuture to the beginning of the body chamber in D. bicostatum $ there are 1-lb com-
plete whorls. On no phragmoeone did the author see original shell material.

BODY CHAMBER
The following description of the body chamber rests almost entirely on two specimens,

one from the Hackness Rock of Scarborough, Yorks. (BM 50622), the other from the

Lamberti Limestone of Woodham, Bucks. (OUM J20851); the former being complete,

the latter with a damaged aperture.

text-fig. 8. Sutural ontogeny of Distiehoceras bicostatum (Stahl), a, prosuture, BM Cl 5712, female(?),

D = 0-24 mm. X 136; b, prosuture, OUM J25687, male(?), D = 0-29 mm. X 120; c, primary suture,

OUM J25681, female(?), D = 0 29 mm. X 120; d, primary suture, OUM J25687, male(?), D = 0-31

mm. X 115; E, female(?), OUM J25681, D = 0-61 mm. xlOO; F, female(?), OUM J25681, D = 0-77

mm. X 91 ; g, male( ?), OUM J25687, D = 1-01 mm. X 71 ; h, female, OUM J25688, D = 2-21 mm.
X 38; i, female( ?), OUM J25681, D = 2-92 mm. x34; J, female(?), OUM J25681, D = 417 mm.
X23; k, male, OUM J25677, D = 4-75 mm. Xl8; l, juvenile, OUM J25686, D = 5 04 mm. Xl7;
m, male( ?), OUM J25679, D = 5-4mm. Xl7; n, juvenile, OUM J25682, D = 5-8 mm. X 16;

o, female(?), OUM J25681, D = 6-3 mm. x 14; p, juvenile, OUM J25683, D = 6 8 mm. Xl3;
Q, female, OUM J25688, D = 7-3 mm. x 12; r, male, OUM J25677, D = 8-2 mm. x 10;

s, female!?), OUM J25681, D= 101mm. X8-3; T, male, OUM J25680, D= 110 mm. x81;
u, female!?), OUM J25685, D = 15 5 mm. X5-7; v, female, OUM .125688, D= 160 mm.
X5-6; w, female, OUM J25688, D = 26 5 mm. X2-9; x, female, OUM J25688, D = 45 mm. X T6.
For localities and horizons see chart in text. The order of succession (a-x) is determined solely by the

increasing diameter at which each suture was drawn.
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General growth

The umbilical wall retains its steepness and the umbilical seam begins to uncoil but not

markedly (PI. 9, fig. 7/and PI. 13, figs, la and 2): this is best shown graphically (text-

text-fig. 9. Sutural variation in Distichoceras bicostatum (Stahl). Females: a, OUM J25688 at D =
38 mm. from the Lamberti Zone, Tidmoor Point, Dorset, England; b, BM 39525 at D = 38-2 mm.
from the Hackness Rock, Scarborough, Yorkshire, England; c, BM 50622 at D = 38-5 mm. from the

Hackness Rock, Scarborough, Yorkshire, England. The positions of spines (dot-dash lines) and
adjacent sutures (dashed lines) are clearly marked. All figs. X 5.
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fig. 4). The W/D and HH/D ratios show negative allometry in the final growth stages of

the body chamber (text-figs. 3 and 5). With only one complete specimen as evidence, the

body chamber extends for a little more than half a whorl, bringing the total number of

whorls from the proseptum to an estimated 7|-8|.

Ornament

Ribbing. Many of the morphological features of the phragmocone are lacking or de-

generate on the body chamber. The venter, though remaining tabulate, loses the ventro-

lateral spines and ventral ridge, the transformation occurring either immediately before

the end of the phragmocone (see PI. 9, fig. lb) or on the earliest part of the body
chamber (see PI. 13, figs. 1b-c and 3). As a result of the degeneration of the ventro-

lateral spines, the ribs are no longer looped and, due to the absence of the lateral orna-

ment, continue uninterrupted to the umbilical shoulder where they fade. The ribs of the

body chamber are of the same form as those of the phragmocone, essentially sinuous

(see PI. 12, fig. 3 and PL 13, fig. 1 a). Ribbing on the early part of the body chamber is

fairly dense, becoming more distant and finally dense again near the peristome (see PI. 1 3,

figs. \a and 3). The ribbing of specimen OUM J20851 is strong on the ventro-lateral

area, weakening on the flanks, and not extending as far as the umbilical shoulder. Parallel

to the ribs and best seen on the ventro-lateral area are fine growth lines (see PI. 13, fig. 1 a).

In the final growth stages ribbing becomes denser; the peristome assumes the outline

of the rib-form but with slightly greater ventral prorsiradiation, forming a small rostrum

to an otherwise simple peristome (BM 50622 see PI. 13, figs. 1 a, d). On the same speci-

men the ribbing crosses the venter of the body chamber, but is weaker ventrally than

ventro-laterally (see PI. 13, fig. 1 b).

Lateral ornament. The spiral or lateral ornament, which generally fades towards the

end of the phragmocone, is retained almost to the end of the body chamber in the form
of a rather indistinct fillet in specimen BM 50622 (see PI. 13, fig. 1 a), but in this case does

not interrupt the lateral ribbing.

Remarks. No consistent (thus discounting the lateral fillet/groove) morphological fea-

ture was seen which could be interpreted as a muscle scar, nor is there a feature which

the author considered to be an annulus (Crick 1898). The latter feature may, however,

have been masked by the vagaries of preservation. The annulus has been noted in other

oppelid ammonites (Crick 1898 and Palframan 1966), but in these cases the mode of

preservation was different, usually as internal pyritic moulds.

All the material examined has been in the form of internal moulds
;
in the case of speci-

men BM 50622, patches of shell material remain. These are probably inner shell layers

and show feather structure (see PI. 13, fig. \e), a feature which has been recorded on other

oppelid ammonites (Arkell 1957u and Holder 1955). These patches of shell, even in the

ventro-lateral and ventral regions, show precisely the same ornament as is shown by the

internal mould and include such features as the weak lateral fillet and fading ventral

ridge.

As far as the author is able to determine there do not appear to be any significant

differences, in the early stages of ontogeny, between specimens of D. bieostatum $
from the localities previously listed, nor between preparations of the juvenile stages of

undoubted specimens of this species and a collection of nuclei which is identical with
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the early stages of both D. bicostatum (= D. bicostatum $ ) and Horioceras baugieri

(d’Orbigny) (= D. bicostatum J) as is shown in Table 1. The later growth stages de-

scribed here depend almost entirely on specimens from the Hackness Rock of the York-

shire coast, but a large specimen from Tidmoor Point, Dorset, and three large specimens

from Woodham, Bucks., agree very closely in all respects with those from Yorkshire.

VARIATION AND ONTOGENY OF HORIOCERAS BAUGIERI
(d’orbigny)

(It is considered in this article that Horioceras baugieri (d'Orbigny) is the male of a

dimorphic pair and is here referred to as Distichoceras bicostatum (Stahl) $.)

Family oppeliidae Bonarelli 1894

Subfamily distichoceratinae Hyatt 1900

[= BONARELLIDAE Spatll 1925]

Genus horioceras Munier-Chalmas 1892,

Type species. Ammonites baugieri d'Orbigny 1842-9.

Distichoceras bicostatum (Stahl) S

Plate 9, figs. 2a-b, 3a-b, 4, 5 (7)a-b, 6( ?) ; Plate 10, figs. 1 a-d, 2a-c, 3a-c, 4a-c; Plate 11, figs, 1, 2, 6:

Plate 12, figs. 1, 2, 4; text-figs. 1 ( ?), 3-5, 6, 7(1), 8, 10, 11.

1842-51 Ammonites baugieri
;
d’Orbigny, p. 445, pi. 158, figs. 5-7.

1852 Ammonites bidentatus ; Quenstedt, p. 367, pi. 28, fig. 8.

1858 Ammonites bidentatus
;
Quenstedt, p. 531, pi. 70, fig. 10.

1886-7 Ammonites bidentatus
;
Quenstedt, p. 736, pi. 85, figs. 16-22, 24.

1898 Distichoceras baugieri', Crick, p. 100, pi. 20, fig. 8.

1914 Oppelia (Horioceras) baugieri (pars); Douville, R., p. 16, fig. 10, pi. 5, figs. 17, 21, 21 b, 22,

22a.

EXPLANATION OF PLATE 10

Distichoceras bicostatum (Stahl)

Fig. 1. Male from the Oxford Clay of Eye, near Peterborough, England: BM Cl 5710. Mature phrag-

mocone with a quarter of a whorl of body chamber, a, side view, note lateral groove; b , ventral

view, note degeneration of the ventral ridge and relative increase in spine size adorally; c, ventral

view; d, preparation of the phragmocone (cf. Plate 9, figs. 1 c and la).

Fig. 2. Male from the Athleta/Lamberti Zone of Woodham, Bucks., England: OUM J25680. Mature
specimen showing one-third of a whorl of body chamber, a, side view, note approximation of sutures

and uncoiling of the body chamber at the umbilical seam; b, ventral view of body chamber, note the

complete loss of the ventral ridge and the enormity of the ventro-lateral spines; c, ventral view, the

most adapical part shows the presence of the ventral ridge. Inset x 1.

Fig. 3. Male from the Athleta/Lamberti Zone, Peckondale Hill, near Malton, Yorkshire, England:

LU 265. Mature specimen with a third of a whorl of body chamber, a, side view, note sutural

approximation and small crescentic pits on the flank; b, apertural view; c, ventral view.

Fig. 4. Male from the Athleta/Lamberti Zone of Woodham, Bucks., England: SM J34090. Almost
complete adult specimen with a little more than half a whorl of body chamber, a, side view, note the

complete fading of the spines on the body chamber, the presence of spiral ornament, and the uncoiling

of the body chamber at the umbilical seam; b, ventral view, note the absence of the ventral ridge;

c, apertural view, note the presence of the ventral ridge. Inset X 1.

All figures X 3 unless otherwise stated. Specimens have been whitened with ammonium chloride.

Photographs by the author, all un-retouched.
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1927-33 Horioceras baugieri
;
Spath (part vi, 1933), p. 668, pi. 125, figs. 13, 14.

1957 Horioceras baugieri; Arkell, Kummel and Wright, p. L279, figs. 327, 3a.

1963 Horioceras baugieri; Callomon, p. 42, fig. 9m.
1963 Horioceras baugieri; Schindewolf, p. 406, figs. 229, 230.

General remarks and diagnosis. Mature specimens of D. bicostatum $ do not appear to

grow beyond a maximum diameter of 2-3 cm., in consequence they are often preserved

almost entire as internal pyritic moulds in the Oxford Clay at many localities. Because

of its relatively small size it does not appear to be preserved in either the Lamberti

Limestone of Woodham, Bucks., or the Hackness Rock of Yorkshire. In both these

strata the inner whorls of most ammonites seem to be either poorly preserved, recrystal-

lized and structureless, or entirely lacking beneath a diameter of 2-3 cm., which means
that the chances of preservation of D. bicostatum $ are extremely slender.

The basic shape of D. bicostatum is rather eclipsed by the enormous ventro-lateral

spines which develop on the last whorl of mature specimens. It is, however, moderately

involute with a whorl width the diameter and a whorl height about half the diameter.

The umbilicus is small but widens appreciably, due to uncoiling at the umbilical seam,

on the body chamber of adult specimens. The innermost whorls are smooth; the last

whorl of the phragmocone develops ventro-lateral spines and a ventral ridge. The latter

fades at the end of the phragmocone as the spines become relatively larger. The body
chamber is initially spinose but towards the end is smooth and terminated by a lappeted

peristome.

PROTOCONCH
Only one protoconch from D. bicostatum has been obtained; its dimensions are

very similar to those of D. bicostatum $. Altogether five protoconchs from the species

under consideration have been obtained (from males and females): the size range is as

follows: D, 0-24 to 0-30 mm., W, 0-40 to 0-48 mm. (see Table 1). Text-fig. 1 is drawn
from D. bicostatum <^(?), OUM J25687, showing the nature of the prosuture and
general shape.

Remarks. The range in protoconch size though small is greater than that recorded for

another oppelid ammonite species, Creniceras renggeri (Oppel) (Palframan 1966).

However, the species examined here has been collected from a much wider stratigraphical

and geographical range than the localized C. renggeri (op. cit.), and this almost certainly

influences the observed variation.

PHRAGMOCONE
Early whorls and general growth pattern

From the proseptum the first whorl of growth is smooth and depressed and terminated

by the nepionic constriction. In specimen BM C28329 the nepionic constriction does

not occur until a little after one whorl of growth, at a diameter of 0-57 mm. The dia-

meter at which the nepionic constriction occurs ranges, in D. bicostatum d, from
0-48 to 0-57 mm. The nepionic constriction is strongest ventrally and ventro-laterally,

weakening on the flanks and fading completely near the umbilical seam (cf. text-fig. 2).

No morphological feature is present in the early whorls until a diameter of between 5-7

mm. The extremely wide and depressed whorl outline of the protoconch (cf. text-fig. 1)
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alters markedly within the space of one whorl of growth (cf. text-fig. 2) and rapidly

becomes subquadrate at a diameter of about 2 mm. Beyond this size the flanks flatten

and begin to converge towards the venter. Ventral tabulation occurs at a diameter

of about 5-7 mm., almost immediately before the first true ornament, and continues to

the end of the phragmocone (see text-fig. 7a-b). From a diameter of about 1 mm. to

near the adoral end of the phragmocone the W/D, U/D, and HH/D ratios remain almost

constant, reflecting more or less isometric growth. Throughout there is no marked
umbilical shoulder and the umbilical wall is consequently rounded.

Remarks. Two measurements of the diameter of the nepionic constriction, one from
D. bicostatum $ and another from a juvenile specimen, are recorded and both fall within

the range of the same measurement of D. bicostatum S (see Table 1).

Ornament

At a diameter of 5-7 mm. the whorls, which up to this stage are smooth, develop orna-

ment of the following nature: ventro-lateral spines, a ventral ridge, and lateral ornament.

The ventro-lateral spines and ventral ridge usually begin together, as shown by speci-

men BM C28329 (see Table 1), or the ventral ridge may develop at a slightly later growth

stage than the spines. The lateral ornament usually begins at about the same diameter as

the ventro-lateral spines and may precede them (PI. 9, fig. 6), begin at the same diameter

(PI. 9, fig. 3a), or succeed the ventro-lateral spines (PI. 11, fig. 2).

Ventro-lateral spines. The ventro-lateral spines of D. bicostatum S are identical in

EXPLANATION OF PLATE 11

Distichoceras bicostatum (Stahl)

Fig. 1. Juvenile! ?) male, from the Oxford Clay of Summertown, Oxford, England: BM C10638. The
specimen may be adult, but the final sutures do not appear to be approximated. The body chamber
(final half whorl) is, however, beginning to uncoil at the umbilical seam. Side view showing about
five complete whorls; the protoconch is absent.

Fig. 2. Male from the Lamberti Zone, Tidmoor Point, Dorset, England: BM C28327. Mature speci-

men with one-eighth of a whorl of body chamber. Side view, note sutural approximation.

Fig. 3. Juvenile female(?) from the Athleta/Lamberti Zone, Woodham, Bucks., England: OUM
J25684. Immature phragmocone. a, ventral view (venter poorly preserved); b, apertural view;

c, side view, note the irregular spacing of the sutures; d, as c, enlarged ( X 5) to show the spiral striae

and sculpturing of the flanks.

Fig. 4. Juvenile female(?) from the Athleta/Lamberti Zone of Woodham, Bucks., England: OUM
J25681. Immature phragmocone. a, side view; b, ventral view, note the continuous ventral ridge;

c, apertural view.

Fig. 5. Juvenile female(?) from the Athleta/Lamberti Zone of Peckondale Hill, near Malton, York-
shire, England: LU264. Immature phragmocone. a, side view; b, ventral view, note the continuous

ventral ridge.

Fig. 6. Male from the Oxford Clay, near Chippenham, Wiltshire, England: BM 37755. Side view, the

final five-eighths of a whorl is body chamber.

Fig. 7. Female from the Hackness Rock of Scarborough, Yorkshire, England: SM J47113. Immature
(?)phragmocone. a, side view; b, ventral view. Both X 1.

Fig. 8. Female from the Hackness Rock, Scarborough Castle Rock, Yorkshire, England: SM J5621.

Mature!?) phragmocone. a, side view; b, ventral view. Both X 1.

All figures X 3 unless otherwise stated. Specimens have been whitened with ammonium chloride,,

except fig. 6 which has been whitened with magnesium oxide. All photographs by the author, all un-

retouched.
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their early developmental stages to those of D. bicostatum $ at a similar growth stage.

They are small, rounded, alternate either side of the venter and the same density per

whorl. After about half a volution of development, or one-eighth of a whorl before the

beginning of the body chamber in adult specimens, the spines attain a relatively much
larger size (see PI. 10, figs. 1 a, d, 2a, 3a, and 4a). At this stage the ventro-lateral spines

become more angular and distant and instead of remaining on the ventro-lateral area,

the median aspect of the spine bases extends on to the venter proper.

Ventral ridge. In consequence of the encroachment of the ventro-lateral spines on to the

venter, the ventral ridge, which up to this stage remains clearly visible, completely dis-

appears (see PI. 1 0, figs. 1 b, 2c, and 4c) . From its development to its degeneration the ventral

ridge is commonly straight unlike that of D. bicostatum $ which, though often straight

at small diameters, has a tendency to be wrinkled on the final whorl of the phragmocone.

Lateral ornament. At no stage on a single observed specimen were there ribs to be seen

:

lateral ornament, however, is a common feature generally taking the form of either a

fillet or groove or even a combination of these. Lateral grooves situated on the mid-

flanks are undoubtedly more common than fillets. Grooves vary from narrow and dis-

tinct (see PI. 9, fig. 6) through to shallow and less obvious (see PI. 9, fig. 3a and PI. 10,.

figs, la and b). In the case of specimen BM C15710, the broad lateral groove is flanked

by levee-like elevations. Only one specimen (OUM J25687 was observed to have a com-
bination of spiral grooves and fillets. They are very feeble and do not show up photo-

graphically even using a low-angled light source (see PI. 9, fig. 5a and text-fig. 6a). Some
specimens are perfectly smooth (see PI. 10, fig. 2a and PI. 11, fig. 1) or with very feeble

spiral fillets (see PI. 10, fig. 4c). On the flanks of the final phragmocone whorl of a well-

preserved specimen (OUM J23247) is a series of very fine striae, similar in nature to those

already described for specimen OUM J25684 (D . bicostatum $, cf. PI. 11, fig. 3d).

Small, shallow, convex, crescentic pits are to be seen on the flanks of some specimens

(see PI. 9, fig. 4 and PI. 10, fig. 3a). The pits begin either immediately before or shortly

after the commencement of ventro-lateral spines and extend on to the body chamber.

Remarks. It is considered that the spiral fillets and grooves may be related more to the

internal moulds of the specimens studied, by way of soft-part attachment areas, than

true reflections of shell ornament. The same may well be true ofthe crescentic pits situated

on the flanks.

Sutures

Sutural ontogeny. The prosuture of D. bicostatum <$ is very different from all succeed-

ing sutures, but almost identical to the prosuture of D. bicostatum $ (see text-fig. 8a

and b). Extremely close similarity is also true of the primary suture of the supposed

sexual dimorphs (see text-fig. 8c and d). Successive sutures develop new elements which

are added in the umbilical region, U-type ontogeny, and become progressively more frilled

and complex towards the adoral end of the phragmocone (see text-fig. 8).

Sutural variation. Sutural variation at a prescribed diameter, here arbitrarily chosen at

about 9 mm., from randomly chosen specimens on which the sutures at this diameter

are not degenerate, is seen to be small (text-fig. 10). The elements of the suture considered

are the ventral and lateral lobe and the first and second lateral saddles. These are the

most complex sutural elements at any diameter.
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Remarks. The variation recorded may be due to any of the factors previously mentioned

as influencing the sutural variation of D. bicostatwn In addition, the relatively large

spines of D. bicostatum S and the degeneration of the ventral ridge at about this

diameter may have an even greater sutural influence at both and intra- and inter-individual

level, than in D. bicostatwn $. Spath (1938), in his study of liparoceratid ammonites,

recorded marked discordances between the form of adjacent sutures and also within the

same suture on either side of the venter. Wide sutural variation was also demonstrated

by Arkell (19576) between otherwise identical specimens of the two species Morrisiceras

morrisi (Oppel) and Clydoniceras discus (Sowerby). No such marked differences are

recorded here for either D. bicostatwn £ or $ in which even the most marked variation

is very small and of the same order as that displayed by Creniceras renggeri (Oppel)

S and £ (Palframan 1966).

The mature phragmocone. Sutural approximation and degeneration, already considered

here as a feature of maturity, can clearly be seen in many specimens (see PI. 10, figs. 2a

and 3a and PI. 11, fig. 2). The diameter of its occurrence is from 7-17 mm. (see Table 1),

with a mean of 12-2 mm.

Remarks. The six specimens (BM 37755, BM C10646, OUM J23246-7, BM C10644-5)

now recorded in Table 1 (column M.S.D.(A)) were not discovered by the author until

after the completion of text-figs. 3, 4, and 5 on which the mean diameter at which septa-

tion ceased in adult specimens (d
s) is denoted as being 10-9 mm. However, as no measure-

EXPLANATION OF PLATE 12

Distichoceras bicostatum (Stahl)

Fig. 1 . Male from the Oxford Clay, Summertown, Oxford, England: BM C10646. Side view, the final

half whorl is body chamber. Note the ornamented spines of the body chamber. X 3.

Fig. 2. Male from the Lamberti Beds, Trockau, Bavaria: BM C40982. Side view, showing lappet. X 3.

Fig. 3. Female from the Hackness Rock, Scarborough Castle Rock, Yorkshire, England: SM J5619.

Mature specimen with one-third of a whorl of body chamber. Side view, note the ribbing on to the

lower flank of the body chamber.

Fig. 4. Male from the ‘Brown Jura 3, Beuren, Wiirttemberg’, Germany: BMC 73644. Side view of

almost complete adult with two-thirds of a whorl of body chamber. The adapertural body chamber
termination is constricted and bears the beginnings of a lappet, x 3.

Fig. 5. Female from the Lamberti Limestone, Woodham, Bucks., England: OUM J20852. Badly

crushed mature phragmocone. Side view.

Fig. 6. Female from the Hackness Rock, Scarborough, Yorkshire, England: BM 39525. Mature
specimen with about one-sixteenth of a whorl of body chamber, a, ventral view, note the weakening

of the ventral ridge and the ventro-lateral spines towards the body chamber; b, side view, note the

lateral fillet fading adorally.

Fig. 7. Juvenile! ?) female from the Hackness Rock, Scarborough Castle Rock, Yorkshire, England:

SM J5620. Phragmocone only, a, side view, note the presence of some non-looped ribs; b, ventral

view.

Fig. 8. Female from the Hackness Rock, Scarborough, Yorkshire, England: BM 89044. Mature

phragmocone. a , ventral view, showing well-developed ventral ridge; b, side view, showing well-

developed looped ribs and lateral groove; c, cross-section of immature phragmocone.

Fig. 9. Female from the Hackness Rock of Gristhorpe, Yorkshire, England: SM J5623. Mature! ?)

specimen with one-eighth of a whorl of body chamber, a, side view; b, ventral view.

All figures x 1 unless otherwise stated. Specimens have been whitened with ammonium chloride, except

figs. 1, 2, 4 which have been whitened with magnesium oxide. Photographs by the author, all un-

retouched.
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ments of these six specimens were plotted on any of the three graphs they are accurate as

they stand.

No single phragmocone is sufficiently entire or well preserved to count the number of

whorls. It is estimated, however, that from the proseptum to the end of the phragmocone

in mature specimens there are betewen 5J and 5f complete whorls.

text-fig. 10. Sutural variation in Distichoceras bicostatum (Stahl). Males: a, OUM J25680 at D =
9-2 mm. from the Athleta/Lamberti Zone, Woodham, Bucks., England; b, BM 05710 at D = 8-5

mm. from the Athleta(?) Zone, Eye, near Peterborough, England; c, SM J34090 at D = 8-9 mm. from

the Athleta/Lamberti Zone, Woodham, Bucks., England. The position of the spines is clearly marked
(dot-dash lines). All figs, x 20.

BODY CHAMBER
Though no complete body chamber was examined among British specimens, several

individuals had sufficient preserved to enable an over-all description to be undertaken.

In most of these cases, however, preservation is not good. Specimens from Germany help

considerably in the description of the peristome and in determining the length of the

body chamber of adults.

General growth

General whorl shape of the body chamber differs little from that of the mature phrag-

mocone. The angle made by the flanks on the former, however, is more acute (cf. text-fig.

GC 4466
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7b and see PI. 10, figs. 3b and 4c). The W/D and HH/D ratios decrease significantly

in the late stages of growth (see text-figs. 3 and 5), the latter being accompanied by a

complementary increase of the U/D ratio (see text-fig. 4). The whorl width is the first

dimension to show negative allometry, at a mean diameter of about 10-11 mm. Uncoil-

ing of the body chamber at the umbilical seam, a feature of maturity, begins at a mean
diameter of about 14— 16 mm., becoming very marked in adults after half a whorl of
body chamber growth (see PI. 10, figs. 2a, 3a, and 4a).

Ornament

Ventro-lateraJ spines. The enormous ventro-lateral spines are undoubtedly the most
marked characteristic of the body chamber. They show positive allometry towards the

end of the phragmocone and continue to increase relatively for about of a whorl

on to the body chamber. The largest spines, measured radially, are in the order of 2-3 mm.
They are generally rectiradial (PI. 10, figs. \a, la, 3a, and 4a), but may be feebly rursi-

radial (PI. 11, fig. 6) and are much more distant than on the phragmocone. On the

venter the alternating spine bases overlap the median line; a ventral view at this stage

is reminiscent of a coarsely set saw (see PI. 10, figs. 2b 2c, 3c, and 4b). The spines extend

for about a whorl before dying out completely, having reached an acme -J— of a

whorl of body chamber growth in adults. The venter and ventro-lateral areas are smooth
in the final stages of growth, the former being gently rounded (see PI. 10, figs. 4b

and 4c).

Remarks. D "Orbigny ( 1 842-51) first figured and described the species Ammonites Baugieri

(= Horioeeras baugieri = D. bicostatum <$), which, though incomplete, has a maximum
diameter of 36 mm. (d "Orbigny ibid., pi. 158, fig. 5). The last figured whorl shows the

spines at first becoming relatively larger, reaching an acme, and finally fading completely

to give rise to a smooth venter and ventro-lateral areas. On the same plate (ibid., fig. 6)

is figured an apertural view of the same (?) specimen, which shows the ammonite to be

completely septate. Other illustrations of apertural views of ammonite specimens are

figured by d "Orbigny (1842-51), which in side view are uncoiling at the umbilical seam
and/or presenting highly modified ornament in the late stages of the outer whorl and

EXPLANATION OF PLATE 13

Distichoceras bicostatum (Stahl)

Fig. 1. Female from the Hackness Rock, Scarborough, Yorkshire, England: BM 50622. Complete
adult, a, side view, note degenerate and approximated sutures, ribbing on the lower flank of the

body chamber, and uncoiling of the body chamber at the umbilical seam; b , ventral view of the body
chamber, note the absence of the ventral ridge and ventro-lateral spines and the continuous ribbing

over the venter; c, apertural view, note the presence of both ventral ridge and ventro-lateral spines;

d, side view showing the outline of the peristome; e, side view (reverse side of a) showing feather

structure in original shell (x 3).

Fig. 2. Female from the 'Scarborough Grey Limestone ’(?) (probably the Hackness Rock), Scar-

borough, Yorkshire, England; BM C69282. Adult specimen with one-sixth of a whorl of body cham-

ber. Side view showing well-developed fillet on the phragmocone which fades on the body chamber.

Fig. 3. Female from the Lamberti Limestone of Woodham, Bucks., England: OUM J20851. Side view

of slightly crushed adult specimen with half a whorl of body chamber. Spines and looped ribs fade

on the body chamber.

All figures X 1 unless otherwise stated. Specimens have been whitened with ammonium chloride. All

photographs by the author, all un-retouched except fig. 1 d.
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which are drawn as still being septate. The author considers that these septa are

imaginary rather than real and that d'Orbigny’s figures (op. cit.—also reproduced by

Arkell, Kummel, and Wright 1957, p. L280, figs. 327, 3a and 3b) are of a large mature

specimen with perhaps the final half whorl being body chamber. The same figures also

show the ventro-lateral spines of the last half whorl are notched by radial grooves

which begin near the spine base: similar grooves have been seen on only one English

specimen (BM C10646) from Summertown, Oxford (PI. 12, fig. 1).

Lateral ornament. Lateral ornament is generally present, as indicated by d’Orbigny

(1842-51), in various forms. A feeble fillet present on the phragmocone of specimen

SM J34090, persists on to the body chamber (see PI. 10, fig. 4a) as does the lateral groove

of specimen BM C28327 (see PI. 11, fig. 2). The poor preservation of body chambers,

however, probably masks some of these delicate features. The small crescentic pits

described as occurring on the phragmocone of specimen LU 265 continue on to the body

chamber for about one-sixth of a whorl before completely fading (see PI. 10, fig. 3a).

Remarks. As was suggested previously these pits may represent internal moulds of shell

processes to which muscular attachment of the adapical soft parts of the creature was

made.

Adult peristome

Quenstedt (1852, 1858, and 1886-7) figured several specimens of Ammonites biden-

tatus (= D. bicostatum 3); in the two later works (ibid.) are figured adult specimens

with apertural modifications (1858, pi. 70, fig. 10; 1886-7, pi. 85, figs. 17 and 18). One
of these figured specimens (1886-7, pi. 85, fig. 17) has an unusually wide umbilicus which

differs significantly from specimens examined here (see text-fig. 4). The second figure on
the same plate (op. cit., fig. 18) has an umbilicus similar in size to those the author has

examined from England: the unusually wide umbilicus mentioned may be due to preser-

vation (the specimen appears to have been crushed) or to inaccurate drawing. The
diameter of the phragmocone of these specimens is 11-12 mm., which falls within the

range of material here examined, and have a maximum diameter of 18-5 to 22 mm.
The final one-third of a whorl of body chamber is spineless and terminated by an ornate

peristome. Immediately preceding the peristome is a feeble constriction which appears

to be most marked ventrally. The actual peristome is slightly flared, the flaring weaken-

ing as it passes adorally on to a large spoon-shaped lappet (Quenstedt 1886-7, pi. 85, figs.

17 and 18 and herein text-fig. 11, inset). The point of contact between the lappet and
body chamber is narrow, the lappet becoming wider, relative to the median plane, and
rounded adorally. An apertural view (see text-fig. 11, inset 18/?) shows that the lappets,

which are concave relative to the median plane, converge adorally but do not quite meet.

These complete specimens have a body chamber of between §-§ of a whorl in length. Two
almost complete German specimens, BM C40982 from Trockau, Bavaria, and BM 73644

from Beuren, Wurttemberg, show that the body chamber comprises about two-thirds

of a whorl. The interpretation of the crushed Bavarian specimen is somewhat tenuous,

especially as the phragmocone is represented as an external mould only. However, there

appears to be evidence of sutures, on this external mould, two-thirds of a whorl behind

the peristome. Both these specimens have a constricted peristome (PI. 12, figs. 2, 4);

one of them (BM C40982, PI. 12, fig. 2) bears a lappet which is in agreement, in both
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shape and size, with those illustrated by Quenstedt (1886-7 table 85, figs. 17, 18;

reproduced herein text-fig. 11, inset). The most complete English specimens examined

by the author, SM J34090 and BM 37755, have a little more than half a whorl of body
chamber (PI. 10, fig. 4a and PI. 11, fig. 6) and show the spines completely fading adorally

as on Quenstedt ’s complete figured specimens (op. cit.) and a German specimen illustrated

herein (PI. 12, fig. 4).

A fairly accurate estimate of the total number of whorls in complete mature specimens,

counting from the proseptum, is between 5f-6J.

Shell and muscle scars

No shell has been seen on specimens of D. bicostatum S examined in the preparation

of this paper: it is therefore impossible to describe any relationship between it and the

internal moulds studied.

Remarks. Despite the lack of shell certain characteristics, which may be associated with

the attachment of soft parts to the shell, have been noted. The muscle attachments

recorded by Crick (1898) on two specimens of'Distichoceras BaugierV (= D. bicostatum S)

is parallel and near to the umbilical seam of the body chamber, swinging across the

flank on to the venter near the junction between the body chamber and the phragmocone:

no such attachment has been seen on material investigated here. The lateral ornament of

the flanks, already described, may be associated with muscle attachment. In one juvenile

specimen (OUM J 14560), which has a quarter of a whorl of body chamber preserved,

a sinuous elevation is present on the flank of the body chamber about one-eighth of a

whorl from the last septum. This is strongest adorally on the mid-flank, weakening

adapically towards the venter and umbilical seam (see PI. 9, fig. 2a and text-fig. 6b),

and may have been a temporary area of muscle attachment, which, had the creature

grown, may have subsequently been infilled with secreted shell material. The ‘attach-

ment’ is strongest in precisely the same position, mid-flank, as a series of pits already men-
tioned on specimen LU 265 (see PI. 10, fig. 3a). It is also noteworthy that these pits do
not continue beyond one-eighth of a whorl of the body chamber of the mature specimen

where the soft parts of the creature may have been adapically attached.

DISCUSSION ON SEXUAL DIMORPHISM

Historical outline

Dimorphism in ammonoids has been recorded from the Devonian, the Jurassic, and

the Cretaceous, though not all authors have necessarily considered this dimorphism to

be sexual, Arkell (1957a) and Birkelund (1965) to mention but two. De Blainville (1840)

appears to be the first author to mention sexual dimorphism in ammonites but gave no
specific examples. The earlier workers, on the whole, preferred to compare only the

adult stages of supposed sexual dimorphs, in which the small form with an ornate

peristome was considered as being the male, the female being large and with a simple

peristome (Munier-Chalmas 1892).

Shortly after the turn of the century the theory of sexual dimorphism in ammonites

sank into relative obscurity only to be rejuvenated within the last ten years, due largely

to the efforts of Callomon (1955, 1957, and 1963) and Makowski (1962).
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The last decade has seen a new approach to the problem, the inner whorls of supposed

dimorphs are more closely examined and comparisons with living cephalopods more
strongly sought. Statistical techniques appear to substantiate the theory (Makowski
1962 and Palframan 1966) rather than destroy it and, as Callomon (1963, p. 51) says:

‘
. the evidence on which it [the theory of sexual dimorphism] is based has grown rather

than melted away, and in many Jurassic ammonites is now very strong.
’

It seems by analogy with many living cephalopods that the smaller dimorph is the male,

the larger the female. This is the most popular interpretation among current workers

who accept the theory of sexual dimorphism, as it appears to have been in the past.

Remarks. A point, which to the author’s knowledge is not recorded in the literature,

concerns the rate of evolution and its correlation with sexual reproduction with reference

to ammonites. Species which reproduce sexually are likely to produce offspring showing

wider variation than those reproducing asexually. ‘The great advantage resulting from

this power of recombination explains why species with separate sexes have evolved

further [than those which have not]’ (de Beer 1959, p. 39). Few would disagree that the

general rate of ammonite evolution appears to have been extremely fast. So fast, in fact,

that their evolution is sometimes spoken of as orthogenetic or even typogenetic. Simpson

(1953) indicates that guide genera of ammonites have evolved much faster than many
vertebrates. However, the rate of ammonite evolution though probably related to

sexual reproduction is not necessarily to be correlated with sexual dimorphism of hard

parts.

Comparison of the ‘ species' examined

It has been assumed that sexual dimorphs of the same species will have identical early

growth stages and certain similarities in later growth stages. This is, therefore, a brief

summary of the foregoing description of the two ‘species’ (sexual dimorphs) here con-

sidered.

The protoconchs and diameter of the nepionic constriction are fairly consistent in

size. Lack of material does not permit a statistical analysis of the early ontogenetic

stages; however, as well as consistent size these early stages show consistent shape of

protoconch and whorl outline.

At a diameter of about 5-7 mm., both supposed sexual dimorphs show ventral tabu-

lation almost immediately followed by the development of ventro-lateral spines, a

ventral ridge, and lateral ornament. These features are identical in both dimorphs by way
of position, size, frequency, and variation. Differences between the dimorphs begin at

a diameter of about 10 mm.; the larger dimorph continues to grow almost isometrically

until considerably larger than this diameter, but the small form shows marked changes.

These are a relative increase in the size of the ventro-lateral spines followed by degenera-

tion of the ventral ridge near the junction of the phragmocone and body chamber.

The spines reach maximum size after £ of a whorl of growth of the body chamber and
then fade completely leaving the final growth stages smooth. In the larger form the

ventro-lateral spines reflect isometric growth throughout: both these and the ventral

ridge degenerate near the transition from phragmocone to body chamber in mature
individuals. The venter remains tabulate to the end of the body chamber, but, as distinct

from the small form, is weakly ribbed. Ribbing is not known in the small form but
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its earliest appearance in the large form is usually at greater diameters than are ever

attained by the small form.

Growth of both forms is identical up to a diameter of about 10 mm.; at this stage of

TABLE 1

Table of diameters. Under each column appears the catalogue numbers of each specimen fol-

lowed by the diameter of the feature recorded in the side heading. The diameters are expressed in milli-

metres. The three columns: Juvenile, <$, and $ correspond to: juvenile forms (sex indeterminate),

males and females respectively of Distichoceras bicostatum (Stahl). The side headings: M.S.D.(A) and
M.D.(A) correspond to: maximum septate diameter of adult shells and maximum diameter of adult

shells respectively. In the side heading 'Protoconch’, measurements of the width (in mm.) have been

added. Asterisks denote uncertainty in either measurement and/or interpretation.

Juvenile Male Female

Protoconch BM Cl 57 12—D = 0-24

W = 0-40

BM C28328—D = 0 29*

W = 0-45*

BM C28330—D - 0 30

W = 0-45

OUM J25687—D = 0 29*

W = 0-48*

OUM J25681—D =
W =

Nepionic

constriction

BM C28330—0 52 OUM J25687—0-48*

BM Cl 0638—0-51

BM C28329—0-57

OUM J25681—0-49

Fillet/Groove

begins

OUM J25686—6-3 OUM J25677—5 0

OUM J25679—7-5

OUM J25688—6.3

Ventral Ridge

begins

BM C28328— 6-2

BM C28330—6-3

BM C28329—6-2

OUM J25687—6-6*

LU 265—7-1

SM J34091—7-4

BM C28327—7-5

OUM J25688—6-3

Spines begin BM Cl 57 1
2—5-2

OUM J25683—5-4*

OUM J25682—5-8

OUM J25684—6 0*

BM C28328—6-2

BM C28330—6-3
OUM J25686—7-7

OUM J14560—5-3

OUM J25687—5-6*

OUM J23246—5-8*

BM C28329—6-2

OUM J25677—6-3

OUM J25679—6-9

LU 265—7 1

BM C10638—7-3
BM Cl 5709—7-3

BM C15710—7-3

OUM J25680—7-3*

SM J34091—7-4

BM C28327—7-5

OUM J23247—9 8*

OUM J25681—5-8

OUM J25688—6-3

LU 264—6-3

BM C28325—7-3

LU 263—7-5

Ventral Ridge

ceases

BM C28327—8-3

OUM J25679—9-3

BM C10638—9-3

SM J34090—9-7

OUM J25680—9-8

LU 265—10-5

BM C15710— 12-2

OUM J23246— 12-5

OUM J23247— 12-5
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Juvenile Mate Female

M.S.D.(A) BM 37755—6-8*

BM C28327—8-7*

OUM J25677—9-2

OUM J25679—9 3*

LU 265— 11 6

BM C10638— 11-6

OUM J25680— 12-4

SM J34090— 12-6

BM C10646— 13 0*

BM C15710— 13-2

OUM J23246— 13-8

BM C10644— 16-0*

BM C10645— 16 0*

OUM J23247— 16-7

BM 89044—31-5

SM J5623—31-8
SM J5619—33 0

SM J5621—36-4

OUM J20851—40*

OUM J20852—40*

OUM J20853—40*

BM 39525—40-5

BM 50622—40-5*

BM C69282—44-5

SM J5618—45-7
OUM J25688—49-7

Spines cease BM 37755—11-0

SM J34090— 17-1

M.D.(A) BM 50622—68
OUM J20851—70*

development growth of the smaller form is influenced by the onset of maturity. It is

noteworthy that both large and small forms change their growth-rate, for the features

measured (W/D, U/D, and HH/D), at almost identically the same relative growth stage.

This change of growth rate is most marked in both forms in the early stages of body

chamber development.

Suturally both forms are identical at comparable diameters from the prosuture to a

diameter of about 10 mm. (cf. text-fig. 8). The sutures of the large form are more
complex than those of the small form only at greater septate diameters than are re-

corded for the latter. Both forms show little sutural variation within themselves at a

prescribed diameter. The body chamber of both forms uncoils at the umbilical seam and

in both cases is slightly more than half a whorl in length: that of the large form is

terminated by a simple peristome, that of the small form is lappet-bearing. The largest

of the small forms, which has about 6| complete whorls, is very much smaller than the

smallest of the large forms which has about 8 complete whorls.

Previous consideration of the dimorphic pair

Munier-Chalmas (1892) was the first author to pair Distichoceras with Horioceras.

In both cases he erected the genera basing them on Ammonites bipartitus Zieten 1830

(= A. bicostata Stahl 1824) and A. Baugieri d’Orbigny, respectively. The smaller

form, Horioceras, was considered as being the male, Distichoceras being the female, by

Munier-Chalmas (op. cit.), and Rollier (1913). Spath (1928, p. 92), though believing

in the contemporaneity and concomitance of the two forms, considers the idea of the

pair being sexually dimorphic as unlikely: ‘Munier-Chalmas, Rollier and H. Douville

. . . even held that they
[
Distichoceras and Horioceras

]
were merely male and female

of the same species, but there is little concrete evidence in favour of this view. ’ In the

same mammoth work (Spath 1927-33) he goes on to call Horioceras the ‘companion
genus’ of Bonarellia (= Distichoceras) (1933, part vi, p. 668) and later mentions
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‘the inseparable companions Horiocerasbaugieriand Bonarelliabicostata [= Distichoceras

bicostatum ]’ (1933, p. 843).

Arkell (1939, p. 167), while considering two tiny nuclei of Distichoceras bicostatum,

with a diameter of 8 mm. and 9 mm. respectively, points out that they are ‘.
.

.

at a stage

indistinguishable from Horioceras baugieri (d’Orbigny)’. Though Arkell had clearly

observed dimorphism in Mesozoic ammonites . especially in the Middle and Upper
Jurassic . . (1957a, p. L87), he did not necessarily consider it as sexual in nature and

suggested that ‘.
.

.

the theory of sexual dimorphism [in ammonites] can only be shelved

as unproved’ (1957a, p. L90).

text-fig. 11. Reconstruction of the sexually dimorphic pair: Distichoceras bicostatum (Stahl). $ based

on specimen BM 50622 from the Hackness Rock, Scarborough, Yorkshire, England. $ based on
specimens OUM J25680 and SM J34090 from the Athleta/Lamberti Zone, Woodham, Bucks., England,

BM C40982 from Beuren, Bavaria, Germany and Quenstedt 1886-7, table 85, figs. 17 and 18 (see inset).

All figs. X 1.

The author has found it impossible to express a precise ratio of large to small forms

of D. bicostatum from each bed and/or locality, in part due to the small number of

individuals available, in part due to incomplete preservation. It is considered here, how-

ever, that the ratio does not exceed 2:1-1 :2. R. Douville (1913) has shown that the two

genera Distichoceras and Horioceras are contemporaneous at Dives, northern France,

and that the ratio Distichoceras : Horioceras is about 2-3 : 1

.

STRATIGRAPHICAL DISTRIBUTION

The subfamily Distichoceratinae Hyatt arose from the Hecticoceratinae Spath during

the early Middle Callovian (Arkell, Kummel, and Wright 1957 and Schindewolf 1963).

The earliest record of D. bicostatum is from the Athleta Zone.

Europe

England. In England D. bicostatum appears to be restricted to the Athleta and Lamberti

Zones. The Hackness Rock of the Yorkshire Coast (= upper part of the Kellaways
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Rock, or Kelloway Rock, of some authors, but, which according to Arkell 1933, 1936,

1939, and 1945 and Sylvester-Bradley 1953, comprises the Athleta and Lamberti Zones

only) has yielded undoubted female specimens ofD. bicostatum, which, with other species,,

is ‘peculiar’ (Leckenby 1859, p. 7) to this bed. Other species listed by Leckenby (1859)

from this bed are
‘ Ammonites athleta and Am. Lamberti'. Leckenby also found 'Am.

Baugieri' from a locality near Gristhorpe Bay, Yorkshire, and writes: ‘The . . . two

species [A. bipartitus and A. Baugieri
]
agree exactly with the figures of d’Orbigny.’

Arkell mentions a crushed ‘ IHorioceras sp. ’ from the Oxford Clay, Mariae Zone, of

the Yorkshire Coast (1939, p. 197). The specimen was not collected by Arkell and, as his

question mark infers, there is some doubt about identification. Crushed, ventrally

spined oppelid ammonites can be confusing to identify; a case in point will be men-
tioned later.

Inland, a second Yorkshire exposure has yielded D. bicostatum, both male and female.

This is situated in typical Oxford Clay with familiar limonitic-pyritic ammonite nuclei,

at Peckondale Hill, near Malton (Grid. Ref. 745686). From a temporary adjacent ex-

posure, investigated by Wilson (1936), the following ammonites were found:
‘

Queristed-

toceras lamberti, Q. henrici, IQ. williamsoni and Peltoceras sp. indet. ’ (fauna identified

by Arkell 1939, p. 197). The fauna of Peckondale Hill is richer in species with a predomi-

nance of Kosmoceras and Quenstedtoceras species, especially Q. lamberti. The beds

exposed at this locality comprise the lower part of the Oxford Clay in this area (Huddle-

ston 1878 and Wilson 1936) and, to judge from the fauna, belong to the Athleta and
Lamberti Zones.

Further south at Eye, Peterborough, five specimens of D. bicostatum were collected

by E. T. Leeds (BM collection). The label accompanying the specimens makes no
mention ofthe horizon from which they were collected : it seems, however, that the highest

beds of the Oxford Clay of the area belong to the Lamberti Zone, no trace of a Mariae

fauna being recorded (Neaverson 1925). One is therefore led to consider the specimens in

question to be older than Mariae Zone age.

From Woodham, Bucks., have been collected at least twenty-three specimens of
D. bicostatum, the majority (twelve) by W. J. Arkell. Of these, seven came from his

bed C (Arkell 1939, p. 167) and ranged in size from 16-70 mm. The remaining five speci-

mens are small pyritic nuclei 8-1 1 mm. in diameter found loose in the pit. Arkell ten-

tatively regards them as also having come from his bed C (the Lamberti Limestone),

partially on the basis that ‘Unlike most other ammonites in bed C, the inner whorls

of this species are pyritized’. The author has examined four of the seven specimens col-

lected by Arkell from bed C; of these the smallest (OUM J20854—see PI. 9, fig. 8) is

wholly septate and entirely pyritic with an estimated diameter of 15-16 mm. The other

three (OUM J20851-3) are internal moulds of marly limestone with a size range of
40-70 mm. (see PI. 12, fig. 5 and PI. 13, fig. 3): their internal whorls are also of marly

limestone. This leads the author to consider that ‘.
. . the inner whorls of this species

are pyritized’ (Arkell 1939) is a not very accurate generalization. The author’s own col-

lecting at Woodham, however, did not produce a single specimen of this species in situ

in the true clays. Of the eight small pyritic nuclei the author found loose in the pit, most
had adherent matrix of typical Oxford Clay and some had individual camarae completely

filled by clay: none had adherent particles of marly limestone. Without being categorical,

the author considers the majority of these pyritic nuclei may have come from the clays
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(mainly Athleta Zone) beneath the Lamberti Limestone, from which a fauna showing
similar preservation has been collected. On this basis the author is aware that the nuclei

may almost equally well have come from the clays (Mariae Zone) overlying the Lamberti

Limestone, but from other stratigraphical considerations this is thought to be unlikely

but by no means certain. With some degree of reservation the author has given the hori-

zon of these nuclei, found loose, as Athleta/Lamberti Zone.

A single specimen of D. bicostatum S (collected by C. W. Wright) has been found

from a temporary exposure in Oxford: accompanying it was a fauna of undoubted
Lamberti Zone ammonites (Arkell 1938). From this exposure were found some 250

ammonites, emphasizing the rarity of the species.

Five specimens, four males and one female D. bicostatum (BM C10638, BM C10644-6,

and OUM J20325 respectively), from Summertown, Oxford, may have come from the

Lamberti Zone or possibly even older horizons (Arkell 1947#); the latter is labelled

‘Lamberti Zone’. To the south of Oxford, from Cowley, came two male specimens of

D. bicostatum (recently catalogued as OUM J23246-7). The only information on the

accompanying label is the word ‘Cowley’, which is largely situated on the Upper
Oxford Clay possibly of Mariae age ( Arkell 1947#).

The only localities between Oxford and Dorset to yield D. bicostatum are Dauntsey,

Wiltshire, and ‘Nr Chippenham, Wilts. ’
;
(the latter locality may also be Dauntsey as the

two are separated by only a few miles: both collections were made by W. Buy). From the

former locality have come three poorly preserved specimens (BM 27411 and BM
C72580-1) and are labelled ‘Athleta Zone’. One of these (BM 2741 1) is a female as are

probably the other two. A single male (BM 37744) came from the latter locality; the

horizon is not recorded.

Progressing further south to the most southerly outcrop of the British Oxford Clay,

at Tidmoor Point, Dorset, is one of the best documented exposures of the uppermost

Callovian. The clays here are almost entirely Lamberti in age with possibly whisps of

Athleta and Mariae faunas. D. bicostatum (both male and female according to the

author’s interpretation) is recorded from this locality by Spath (1927-33) and Arkell

(1939): four specimens collected by M. R. House substantiate this.

Despite the apparent rarity of the species, D. bicostatum is known throughout the out-

crop of Upper Callovian rocks of England. To judge from the literature the species is

known from a great deal of Europe, Asia, and Africa: a brief stratigraphical and geo-

graphical distribution follows:

France. Auberville, Normandy (Lamberti Zone, D. bicostatum) (Mercier 1936);

Marnes-de-Dives (Athleta Zone(?), D. bicostatum and Horioceras baugieri) (Raspail

1901); Villers-sur-Mer, Normandy (Athleta Zone, D. bicostatum and H. baugieri) (R.

Douville 1904 and 1914); Brigon (Upper Athleta Zone, D. bicostatum) (Thiery and

Cossman 1907); Oiron and Niort, near Thouars (D . bicostatum and H. baugieri)

(d’Orbigny 1842-51); Jura Mountains (Athleta Zone, Distichoceras and Horioceras)

(Arkell 1956); Franche-Compte, Haute-Saone (D . bicostatum and H. baugieri) (Maire

1908, 1932, and 1938).

Germany. Reutlingen, Wiirttemberg (Upper Callovian, D. bicostatum and H. baugieri)

(Schindewolf 1963); Schwabian Jura (Braune Jura, D. bicostatum and H. baugieri)

(Quenstedt 1852, 1858, and 1886-7).
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A collection of some 263 ammonites, recorded by Model and Model (1937) from

Trockau, Bavaria, came from beds which appear to comprise the Coronatum to Mariae

Zones (Spath 1949). The beds composed mainly of clays and numbered 1 (lowest) to 8

(highest), total about 4 m. and clearly represent a condensed sequence. Information

from the ‘ Fossilliste’ (Model and Model 1937, p. 635) shows that the number of speci-

mens of the Distichoceratinae is small:
‘

Subbonarellia (1), BonareUia (Distichoceras

)

(2), Horioceras (6).
’ Spath, who examined the Model collection, maintains that the speci-

men of Subbonarellia ‘. . . is . . . a Distichoceras (“ BonareUia") . . . marked as coming

from bed 6’ (Spath 1949, p. 426). He continues: ‘An example of
“
BonareUia bipartita

”

(Zieten) . . .
presumably came from bed 6. . . . Another example of a Distichoceras and

six specimens labelled Horioceras “baughieri” (d'Orbigny) are compressed on slabs of

clay and not marked as coming from a particular bed.
’

Having examined two of these specimens (BM C40979-80), which are here interpreted

as being females of Distichoceras bicostatum (Stahl), the present author is of the opinion

that probably all three specimens, ‘ Distichoceras (“BonareUia”), “BonareUia bipartita
”

and Distichoceras ’, are females of the species D. bicostatum. The six specimens of

‘ Horioceras “baughieri require careful consideration. They are crushed, apparently

mature individuals, generally with poorly preserved phragmocones or with the phrag-

mocone lacking. One of these specimens (BM C40927) is undoubtedly Creniceras renggeri

(Oppel): the phragmocone is feebly ribbed, without ventral spines and has the suture

of C. renggeri, which is substantially different from that of D. bicostatum <$. The same

specimen has a narrow umbilicus and the body chamber carries a long, slender

lappet: it is almost identical to the specimen of C. renggeri from the Oxford Clay of

Yorkshire figured by Palframan (1966, PI. 52, fig. 8). Four of the other specimens of

‘ Horioceras “baughieri from Bavaria cannot be interpreted reliably: two (BM C40926
and BM C40929), have long, slender lappets and may be C. renggeri.

The final specimen (BM C40982) is crushed. The body chamber bears a short, broad

lappet and the peristome is constricted (PI. 12, fig. 2). The phragmocone is lacking, but

an external mould of this in the clay, shows that the umbilicus is in keeping with

sizes recorded from D. bicostatum <?. The mould also shows that the ‘ventral’ spines

are off centre relative to the median plane, indicating, assuming bilateral symmetry,

paired ventro-lateral spines which are consistent with the present interpretation of

D. bicostatum <$. Due to lack of information the stratigraphical position of these

Bavarian specimens is uncertain
;
however, it appears that bed 6 is in the Lamberti Zone

(Spath 1949, p. 430).

Switzerland. Herznach (Upper Callovian-Upper Oxfordian, D. bicostatum and Horio-

ceras sp.) (Jeannet 1951).

Hungary. Villanyer (Callovian, D. bicostatum and H. baugieri) (Loczy 1915).

Portugal. Montejunto Range and Algarve (Upper Callovian with Peltoceras ath/eta-

H. baugieri

)

(Arkell 1956).

Africa

Saida, Tellian Atlas, and Plateau of the Shotts (Distichoceras and Horioceras) (Arkell

1956); South-west Madagascar (with Peltoceras athleta-Distichoceras sp.) (Basse 1934).
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Asia

Spiti and Niti, south of the Karakoram range (Athleta Zone?, D. cf. bicostatum }

(Arkell 1956); Kutch, W. India (Athleta and Lamberti Zones, D. bicostatum and
H. baugieri) (Spath 1927-33).

Remarks. With the exception of Jeannet (1951) all authors consider that D. bicostatum

(= D. bicostatum $) and Horioceras baugieri (= D. bicostatum rf) are restricted to the

Athleta and Lamberti Zones of the Upper Callovian. There is some evidence that the

earliest appearance of the two ‘species’ is about the middle of the Athleta Zone (Gross-

ouvre 1891 and Thiery and Cossman 1907), however, the exact stratigraphical range is

not known. Assuming that the two species are, indeed, sexual dimorphs the absence

of either dimorph from any of the above-mentioned localities can be explained by
inadequate collecting, resulting from ‘their’ rarity, or misindentification based on
inner whorls. In many cases, however, both ‘species’ do show the ‘inseparable com-
panionship’ inferred by Spath (1927-33).

SUMMARY AND CONCLUSIONS

The ‘species’ Distichoceras bicostatum (Stahl) and Horioceras baugieri (d’Orbigny)

are identical in ‘their’ early growth stages. Differences are not recorded until a diameter

of about 10 mm. where mature features of the smaller H. baugieri develop. The peristome

of the small form is ornate, that of the larger is simple. Sutural ontogeny is identical and,,

at any prescribed diameter, sutural variation within and between both forms is small and
consistent. Ornamental differences seen in the large form, such as looped ribs, occur at

larger diameters than are ever attained by the small form.

The stratigraphical and geographical range of both forms is identical. Sexual dimor-

phism is common in living cephalopods and differences of morphology and size of the

two forms considered here are regarded as being sexual in nature. It is proposed that the

two forms are embraced by the same specific name, which, abiding by the law of priority,

is Distichoceras bicostatum (Stahl) and distinguished by the zoological symbols $ and $.
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FOSSIL MICROPLANKTON IN DEEP-SEA CORES
FROM THE CARIBBEAN SEA

by DAVID WALL

Abstract. Quaternary fossil microplankton is described from three piston cores taken in the Caribbean Sea.

Two cores were from the abyssal plain of the Yucatan Basin in the western Caribbean and the third from the

Cariaco Trench, a deep-water depression lying within the continental shelf off Venezuela. This microplankton

includes five new genera and eighteen new or reclassified species of dinoflagellates. Its stratigraphic distribution

is outlined and its origin and ecology is discussed.

Investigation of the organic microplankton in Quaternary marine deposits was
neglected for decades while research into Palaeozoic, Mesozoic, and Tertiary micro-

plankton progressed. The belief that hystrichospheres were extinct arose because the

apparent absence of living forms from modern plankton was accentuated by the diffi-

culties involved in sampling Holocene or Pleistocene marine deposits. Similarly, the

phylogenetic relationships between fossil dinoflagellates and living dinoflagellates re-

mained unknown partly because the Quaternary constituted a palaeontological hiatus

for microplankton.

Recently, certain problems concerning the nature and distribution of living and fossil

microplankton throughout the Quaternary were examined with encouraging results.

Evitt and Davidson (1964) and Wall (1965) demonstrated that microplankton (including

‘hystrichospheres’) with archeopyles were the resting spores (cysts) of dinoflagellates,

thus unfounding the ‘extinction hypothesis’ and removing a major objection against

recognition of the valid existence of Quaternary microplankton. In the fields of syste-

matics and stratigraphy, Rossignol’s pioneer work (Rossignol 1961, 1962, 1964) on the

Quaternary of Southern Israel and the Nile Delta demonstrated the abundance of micro-

plankton in these deposits and exemplified its value in subsurface correlations. Similarly,

West (1961) also encountered numerous microplankton in his study of the marine Early

Pleistocene in Norfolk, England.

This paper represents an initial extension of microplankton studies into the realm of

marine geology. It describes microplankton from three Kullenberg piston cores taken in

the Caribbean Sea during R/V Atlantis cruises A-240 in 1957 and A-254 in 1960. Two
of these cores (A254/330 and A254/327) came from the abyssal plain of the Yucatan
Basin situated south of Cuba and the third (A240/18) came from the Cariaco Trench,

a deep-water trench located within the limits of the continental shelf north of the

Venezuelan coast (Table 1; text-fig. 1).

The general topography of the Caribbean Sea floor including its northernmost basin,

the Yucatan Basin, was described by Wust (1963, p. 166). Core A254/330 was taken in

the centre of the Yucatan abyssal plain and core A254/327 along its north-easterly

extension towards the continental rise south of the Isla de Pinos and Gulf of Batabano.

The geology of the Cariaco Trench was described by Athearn (1965) and its hydro-

graphy and stagnation discussed by Richards and Vacarro (1956) and Heezen,

[Palaeontology, Vol. 10, Part 1, 1967, pp. 95-123, pis. 14-16.]
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Menzies, Broecker, and Ewing (1958) respectively. Core A240/18was taken in the eastern

deep-water basin of the trench.

LITHOLOGICAL DESCRIPTIONS OF THE CORES

Core A254/330. This core comprises a light grey (N7) lutite from 34-5 cm. to its base

at 605 cm. Above there are thin (1-8 cm.) alternating bands of yellowish grey (5Y 7/2),

table 1. Locations, depths, and lengths of cores.

Core Latitude Longitude

Depth in

metres

Length in

centimetres

A254/330 19° 35' N. 84° 5L W. 4,430 605

A254/327 20° 45' N. 83° 00' W. 4,355 499

A240/18 10° 30-8' N. 64° 40' W. 1,344 952

85° 80° 75° 70 ° 65°

90° 85 ° 80° 75° 70° 65 ° 60 °

text-fig. 1 . Location of cores.

light olive grey (5Y 6/1), and grey (N3, N5) lutites. Foraminifera are only abundant
above 34-5 cm. and the sediments are extremely fine-grained in their absence. The basal

grey lutite is highly calcareous (60-70% CaC0
3)
and contains calcitic dust, some fora-

minifera and microforaminifera, rhabdoliths, coccoliths, and discoasters, the latter in

a poor state of preservation. Samples: 4, 10, 18,27,40, 150, 180, 240, 355, 455, and 600 cm.

Core A254/327. From the surface to 397 cm. excepting a thin light brown (5YR 6/4)

lutite band between 9 and 16 cm., this core comprises a loosely compacted, light grey,

coarse globigerina-pteropod ooze almost entirely composed of foraminifera and ptero-

pods with fine shell debris including gasteropods and lamellibranch sprat, rare ostra-

cods and, near the base in particular, frequent pieces of carbonized wood. From 397 cm.

to the base at 499 cm., there is a series of lutite bands. These are greenish grey (5GY 7/1)
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down to 439 cm. and light yellowish grey (5Y 7/1) below. They are silty between 450 and

477 cm. Other fine silt laminae occur at 402, 407-10, and 424 cm. Samples: 2, 11, 16, 40,

125, 180, 250, 350, 390, 400, 411, 420, 434, 443, 459 cm.

Core A240/18. This core is a greyish olive silt and clay succession, mostly unlaminated

but with restricted zones containing laminated bands, each only a few centimetres

thick, at over twenty levels. Foraminifera were abundant only at 195 cm. This and other

cores from the Cariaco Trench were described by Athearn (1965, figs. 4-6). Samples:

25, 80, 175, 275, and 380 cm.

The numerical colour code is from the Geological Society of America Rock Colour

Chart.

CYST-THECA RELATIONSHIPS AND TAXONOMY

Fossil dinoflagellates are studied to trace the phylogeny of the group and facilitate its

stratigraphic applications. In my opinion both purposes are served best by retaining the

existing taxonomic system for the fossils even though the possibility of combining cer-

tain fossil and modern categories has arisen recently. The fossil taxonomy cannot be

abandoned for practical reasons (Deflandre 1964, p. 5029; Evitt and Davidson 1964,

p. 10) but it can be improved by more precise morphological observations. They will

increase the value of stratigraphic and phylogenetic studies.

If, for practical reasons, two systems of classification must coexist their mutual rela-

tionships need to be understood. Eventually most Pleistocene and some late Tertiary

cysts will be correlated with their parental thecae; how then will the two systems compare?
Initial indications are that the scope of a fossil genus (e.g. Hystrichosphaera) will be

coincident with that of a subgeneric thecate group (e.g. the‘Spinifera’ group of Gonyau-

lax). If this applies to other groups as seems probable from research on modern cysts,

then the scope of a fossil genus is narrower than the thecate genus which in this sense is

polyphyletic. The phylogeny of a thecate subgeneric group will be traced through the

fossil record by the history of a cyst genus with its constituent species. Conversely, prior

knowledge of a cyst-theca relationship could aid in formulation of a fossil genus. Perhaps

eventually the scope of modern dinoflagellate genera can be revised to coincide more
precisely with the fossil scheme. Cysts of modern dinoflagellates are seldom common in

plankton, but they are not so rare as once believed; over fifty types with archeopyles

have now been isolated from Woods Hole plankton.

One serious hazard to successful correlation of the two systems is the case where a fossil

genus envelops a wide morphological range of species with variable archeopyles, poten-

tially belonging to several different thecate genera or species-groups. The two largest

microplankton genera, Hystrichosphaeridium (Deflandre 1937) Eisenack 1958 and
Baltisphaeridiwn (Eisenack 1958) Downie and Sarjeant 1963, are heterogeneous in this

context. They were established before the taxonomic value of the archeopyle and other

dinoflagellate cyst characters was realized. Now they need to be restricted as their

species are re-interpreted and reclassified. For example, Baltisphaeridium (type species:

B. longispinosum Eis., a Lower Palaeozoic species with a circular pylome) is a genus for

acanthomorphitid acritarchs (Downie, Evitt, and Sarjeant 1963, p. 7) and should not

include dinoflagellate cysts. Again, Hystrichosphaeridium should be restricted to include

C 44fifi H
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only species with tubular, plate-centred processes and apical archeopyles comparable

with the type species, H. tubiferum (Ehrenberg 1838) Deflandre 1937. To rectify this situa-

tion necessitates the creation of new genera: the disadvantage is more names to manipu-

late, but the advantage of an increased understanding of the chronological, phylogenetic,

and ecological distribution of microplankton is considerable. This taxonomic trend is

clearly foreshadowed by Evitt’s (1961, 1963) reviews. Consequently, three new genera

are created for species previously allocated to Baltisphaeridium and Hystrichosphaeri-

dium. They are diagnosed with particular reference to their archeopyles, spine structure,

and arrangement.

TABULATION PATTERNS AND TAXONOMY
Detailed tabulation patterns were determined for all Caribbean species with sutural

septa. The constant similarity of their plate-area patterns was surprising. Species belong-

ing to different genera (Hystrichosphaera ,
Leptodiniwn ,

or Gonvaulacysta) according to

pre-existing criteria had identical plate patterns (text-fig. 2). The formula was always

gonyaulacid, 3-4', Oa, 6", 6g, 5-6"', lp, 1"". While tabulation is a useful and often

diagnostic character, obviously in this case ornamentation must assume a role of

equal importance if these genera are to remain separated.

LEPTODINIUM KLEMENT VERSUS GONYAULACYSTA DEFLANDRE

There is no basic difference between the tabulation patterns of Hystrichosphaera,,

Gonyaidacysta, or Leptodiniwn. Allowing for the fact that we are dealing with cysts re-

flecting the tabulation of their parental thecae in differing degrees of perfection (especially

in the ventral area), members of all three genera exhibit orthodox gonyaulacid tabulation.

But ornamentation can serve as a basis for separation ifLeptodiniwn is reserved for species

possessing only low, narrow sutural septa of more or less equal height but lacking

either the plate-cornered spines of Hystrichosphaera or the more elaborate crispate or

otherwise serrated septa of Gonyaidacysta. There is a case for combining Leptodiniwn

and Gonyaidacysta , but for the reasons expressed above, phylogeny and stratigraphy

may benefit by their continued separation. For example, only species of Leptodiniwn as

defined here (and not Gonyaidacysta) occur in the Quaternary which emphasizes the

comparatively distant relationship between Gonyaidacysta and extant Gonyaidax. In fact,

Gonyaidacysta as currently defined (Deflandre 1964, p. 5030) includes only extinct

species represented by their cysts. The same argument applies to use of the broader

diagnoses of Baltisphaeridium and Hystrichosphaeridiwn when dealing with Quaternary

microplankton. Use of these names implies that species comparable with their respec-

tive species exist as living or post-Tertiary organisms which to the extent of existing

knowledge is incorrect.

SYSTEMATIC DESCRIPTIONS

Class DINOPHYCEAE

Order peridiniales

Family gonyaulacaceae Lindemann
Genus hystrichosphaera (O. Wetzel) Deflandre 1937
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Revised diagnosis. Ovoid to circular dinoflagellate cysts with sutural septa and spines

developed from the outer of a two-layered cell wall reflecting a tabulation of 3-4', Oa,

6", 6g, 5-6"', lp, 1"". Archeopyle dorsal and precingular (3"), precingular plate-area

6" triangular. Spines not extensively united distally.

Hystrichosphaera furcata (Ehr.) O. Wetzel 1932

Plate 14, figs. 1,2; text-fig. 2

Description. The test is ovoid with broadly rounded apices; circular in polar view. The
girdle is narrow, descending and displaced by slightly more than its width ventrally;

V"

text-fig. 2. Tabulation model for Quaternary species of Hystrichosphaera and

Leptodinium. a. b, c, Complete development as seen in H. bentori, H. membranacea
sp. nov., H. tertiaria var. obliqua nov., L. paradoxum sp. nov., and L. sphaericum

sp. nov. in apical, antapical, and ventral projections, d, e, f, Incomplete development

as seen in H. furcata, H. hyperacantha, H. bulloidea, H. mirabilis, H. scabrata sp. nov.,

Nematosphaeropsis batcombiana, and some specimens of L. paradoxum. a.s., anterior

sulcal; r.a., right accessory; r.s., right sulcal; l.s., left sulcal; p.s., posterior sulcal.

the longitudinal furrow is weakly inclined, narrow anteriorly, only extending on to the

epitheca for a short distance but broadening posteriorly. The tabulation (3-4', Oa, 6", 6g,
5-6'", lp, 1"") reflected primarily by very low sutural septa which are no more than traces

between spine bases. In the apical series there are two pentagonal dorsal plate-areas and
two smaller, linear ventral areas; the septum separating the latter is small and variously

developed. The precingular areas are subrectangular except for plate-area 6" which is

triangular. The archeopyle is developed from plate-area 3". The postcingular plates are

also subrectangular apart from the first which, when visible, lies to the left of the furrow

and is a weak linear structure comparable with that found in extant Gonyaulax. The
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posterior intercalary area is small, anterior to the large, subrectangular antapical area.

Spines are the dominant ornamentation and are situated at the corners of plates in most
instances but can occur in between along the sutures. Septa are not usually well developed.

The most complex spines, which are initially trifurcate and secondarily bifurcate, are

found along the girdle, at the head of the furrow, around the posterior intercalary plate

and at the dorsal antapical points. In these positions, two parallel branchlets of a spine

may be directed along the course of a suture-trace. Intratabular areas are more or less

smooth.

Dimensions. Maximum test size 43-62 p.

Remarks. This is a conspicuous member of almost every core sample examined, and
there can be little doubt that this long-ranging species not only survived into but proli-

ferated during the Pleistocene.

Hystrichosphaera hyperacantha Deflandre and Cookson 1955

Plate 14, fig. 3; text-fig. 2

Remarks. The distinction between this species and H.furcata concerns the stronger de-

velopment of two spines inserted along the longitudinal sutural traces between plate-

area corners and the weaker tabulation pattern seen in H. hyperacantha. Every transitional

stage between the restriction of spines to plate-area corners and a maximal development

of two ‘intercalary’ spines (with a minute bifurcation beyond the main bifurcation)

along the longitudinal suture-traces has been observed in specimens of Hystrichosphaera

from the Yucatan Basin. Thus it is debatable whether H. hyperacantha is not a robust

variety of H. furcata rather than a separate species. For statistical purposes at least,

this species was grouped with H. furcata until further studies have been possible.

Hystrichosphaera bulloidea Deflandre and Cookson 1955

Text-fig. 2

Remarks. This species is extremely common in the marine Quaternary of the Caribbean.

It is similar to H. furcata but is smaller, its test rarely exceeding 40 p. It is a variable

species with respect to the length of its spines and the development of septa. A culture of

EXPLANATION OF PLATE 14

Figs. 1-16. Hystrichosphaera spp. 1-2, H.furcata (Ehr.) Wetzel, A254/330, depth 600 cm. 1, dorsal.

2, ventral; test only 48 p. 3, H. hyperacantha Dell, and Cooks., A254/330, depth 455 cm.; test only

50 p. 4, H. bentori Rossignol, A254/327, depth 408 cm.; ventral; test only 55 p. 5, 6, H. mirabilis

Rossignol. 5, A254/330, depth 600 cm.; test 58 p. 6, A254/327, depth 420 cm., test 53 p. 7-9,

H. nodosa sp. nov., Holotype, A240/18, depth 25 cm.; test 57 p. 7, dorsal. 8, apical. 9, ventral.

10-13. H. scabrata sp. nov., Holotype, A254/330, depth 150 cm.; test 55 p. 10, dorsal. 11, ventral.

12, apical. 13, antapical. 14, 15, H. membranacea Rossignol comb. nov. A254/330, depth 180 cm.,

test 56 p. 14, antero-ventral. 15, postero-ventral. 16. H. tertiaria Eis. and Gocht var. obtiqua var.

nov., type specimen, A254/327, depth 400 cm.; test 44 p.

Fig. 17. Nematosphaeropsis batcombiana Dell, and Cooks., A254/330, depth 240 cm.; test 42 p.

Figs. 18, 19. Leptodinium aculeatum sp. nov. 18, Holotype, A254/327, depth 459 cm.; test 36 p.

19, A254/330, depth 27 cm., apical; test 36 p.

Fig. 20. Leptodinium patulum sp. nov., Holotype, A254/330, depth 355 cm.; test 59 p; dorsal.
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Gonyaulax scrippsae Kofoid was started from a specimen of H. bulloidea suggesting this

theca-cyst relationship, but confirmation by repetition has not been demonstrated.

Hystrichosphaera bentori Rossignol 1962

Plate 14, fig. 4; text-fig. 2

1961 Hystrichosphaera bentori Rossignol, pi. 1, figs. 7, 8.

1962 Hystrichosphaera bentori Rossignol, p. 132.

1963 Hystrichosphaera bentori', Rossignol, pi. 1, figs. 13-15, text-fig. 17.

1964 Hystrichosphaera bentori', Rossignol, p. 84, pi. 1, figs. 3, 7, 8, pi. 3, figs. 2, 3; text-fig. a-f.

Remarks. This species, which has been shown to be the cyst of Gonyaulax digitale

(Pouchet) Kofoid by Evitt and Davidson (1964, p. 5) and Wall (1965, p. 312), has a

reflected tabulation typical of the genus Hystrichosphaera. It is relatively infrequent in

Caribbean deep-sea cores.

Hystrichosphaera mirabilis Rossignol 1962

Plate 14, figs. 5, 6; text-fig. 2

1962 Hystrichosphaera mirabilis Rossignol, p. 162.

1963 Hystrichosphaera mirabilis Ross.; Rossignol, pi. 2, figs. 16-21.

1964 Hystrichosphaera mirabilis Ross.; Rossignol, p. 86, pi. 2, figs. 1-3, pi. 3, figs. 4, 5.

Remarks. This is a common species in the marine Quarternary of the Caribbean cores

examined. The spines are densely set along the sutures and are briefly bifurcate or

trifurcate distally. There is a conspicuous sutural flange bordering the margins of the

antapical area. The tabulation is 3-4', Oa, 6", 6g, 5-6"', lp, 1"", and the archeopyle is

precingular (3"). Its shape is similar to the archeopyle of H. furcata but it is easily de-

formed. Several specimens from the Cariaco Trench were observed possessing an inner

capsule whose wall was composed of a refractive, yellowish substance; they were com-
parable with specimens previously described by Rossignol (1963), but the inner capsule

was thinner.

Hystrichosphaera nodosa sp. nov.

Plate 14, figs. 7-9; text-fig. 2

Holotype. Plate 14, figs. 7-9; test 57 X 48 ft, specimen 39/5, Core A240/18, depth 25 cm., Cariaco Trench
(10° 30-8' N. 64° 40' W.).

Diagnosis. A species of Hystrichosphaera with much reduced spines forming small

sclerotia at the plate-area angles.

Dimensions. Test 31 X 28 ft to 62 x 52 ft. 20 specimens.

Occurrence. Yucatan Basin and Cariaco Trench, uncommon.

Description. The test is ovoid with weakly truncated apices. The plate-areas are defined

by distinct but low (1 ft or less) sutural septa and are typical in number and arrange-

ment for the genus. The characteristic processes are restricted to the corners of plate-

areas. They are small, either bifurcate or trifurcate and recurve strongly towards their
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own bases or lie along the test surface so that there appears to be a small pad or sclero-

tium of tissue at each junction. Only rarely do the spines project more than a few

microns above the test wall. The species forms a typical 3" archeopyle and has a

weakly inclined furrow.

Remarks. This species gives the impression that as a cyst it was closely pressed against its

parental thecal covering and that the spines were unable to develop fully, but it is not

necessarily an immature form.

Hvstrichosphaera scabrata sp. nov.

Plate 14, figs. 10-13; text-fig. 2

Holotype. Plate 14, figs. 10-13; test 55x50 /a, spines 12-5 p, specimen 17/4, Core A254/330, depth

150 cm., Yucatan Basin (19° 35' N. 84° 51'W.).

Diagnosis. A species of Hvstrichosphaera with microgranular sutural septa, membranous
processes and a broad posterior ventral area.

Dimensions. Test 48-55 p, processes 10-17 p. Numerous examples.

Occurrence. Common in Cores A254/330 and A254/327, rarer in the Cariaco Trench.

Description. The theca is ovoid with broadly rounded apices and divided into epithecal

and hypothecal hemispheres by a narrow descending girdle displaced by its own width

ventrally. The test wall is thin, its outer layer forming microgranular sutural septa. Their

outline in optical section is undulate and their height equivalent to one-third of the test

diameter. These septa unite at the corners of plate-areas to form spine-like processes

with trifurcate or further subdivided tips with strongly divergent angles. Its tabulation is

typical for the genus, 3-4', Oa, 6", 6g, 5-6'", lp, and 1"", and the plate pattern as for

H. furcata and H. bentori. A complex process occurs at the head of the longitudinal fur-

row, above which, the two ventral apical plate areas (T, 4') are situated; they may be in-

completely separated. The furrow is weakly inclined and has at least four constituent

platelet-areas. Usually, however, only the posterior sulcal platelet is obvious. In the

postero-ventral area the posterior intercalary plate-area is well developed and almost

as broad as the furrow itself at this point. The archeopyle is typical (3") and weakly

rounded.

Hvstrichosphaera membranacea Rossignol comb. nov.

Plate 14, figs. 14, 15; text-fig. 2

1964 Hystrichosphaera furcata var. membranacea Rossignol, p. 86, pi. 1, figs. 4, 9, 10; pi. 3,

figs. 11, 12.

Holotype. Rossignol 1964, p. 86, pi. 1, fig. 4, Ashkelon, Israel; Recent. Test 57x 50 p.

Description. The test is circular, ovoid, or weakly elongated (broader than high). Its

surface is scabrate to microgranular and ornamented by membranous sutural septa

which are stronger where they fuse at the corners of plate-areas. Distal projections arising

from the septa are trifurcate or more complex at plate corners but bifurcate in between.

There is a strong antapical dorsal and lateral flange around plate-area V" that is equal

in height to one-third of the test diameter. The tabulation and plate pattern is typical for
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the genus. The archeopyle is dorsal and precingular (3") and the furrow is weakly in-

clined and broader posteriorly. It is possible to recognize anterior, right accessory, right

and left and posterior sulcal platelet-areas within the furrow; of these, the right sulcal is

very small.

Remarks. This uncommon species differs from Hystrichosphaera mirabilis by lacking

strong rows of spines over its test; instead its processes are weak and membranous. It

differs from H. scabrata sp. nov. by possessing a strong antapical flange. This appears to

be a distinctive form which ranges back into the Miocene and worthy of elevation to

specific status. Some small Tertiary specimens resemble H. bulloidea but lack two dorsal

antapical spines seen in that species.

Hystrichosphaera tertiaria Eisenack and Gocht 1960 var. obliqua var. nov.

Plate 14, fig. 16; text-fig. 2

Type specimen. Plate 14, fig. 16; test 44x40 p, spines c. 12 /x, specimen 17B/1, Core A254/327, depth
’

400 cm., 20° 45' N., 83° 00' W.

Description. The test is ovoid, sometimes with a rudimentary apical boss, has a smooth
to weakly microgranular wall, and is divided by an equatorial, narrow, descending

girdle. Its tabulation is 4', Oa, 6", 6g, 6"', lp, V" and the arrangement of plate-areas is

identical with that seen in H.furcata and H. bentori. The longitudinal furrow is narrow

anteriorly but widens posteriorly and is oblique, while the girdle is quite strongly dis-

placed about it. The spines are characteristic: the most complex closely resemble those of

H. tertiaria as figured by Eisenack (1954, pi. 9, figs. 1-4, text-fig. 3) under the synonym
H. cf. furcata. They are trifurcate with secondary branchlets which tend to remain parallel

and often are connected by delicate membranes as they flare. Such spines are restricted

to plate-area corners but bifurcate spines occasionally ornament longitudinal septa.

The two dorsal antapical spines are particularly prominent as an aid to identification.

Dimensions. Test only 40-50 /x, spines 10-12 p. 6 specimens measured.

Occurrence. Relatively uncommon. Core A254/327, Yucatan Basin.

Remarks. This variety differs from the typical form of H. tertiaria Eisenack and Gocht
in being smaller (less than 50 /x), but has the characteristic spines and general appearance

of the former. (The plate-pattern of H. tertiaria is considered to be gonyaulacid (text-fig.

2a, b) and not as originally stated by Eisenack and Gocht (1960, p. 515): this reinterpreta-

tion is based upon the original illustrations and examples from cores A254/330 and
A254/327.) Hystrichosphaera bentori is closely related but can be distinguished by its

stronger apical boss and more numerous processes.

Genus nematosphaeropsis Deflandre and Cookson 1955

Nematosphaeropsis balcombiana Deflandre and Cookson 1955

Plate 14, fig. 17

Remarks. This is a persistent but relatively infrequent species in the Caribbean marine
Quaternary from the Yucatan Basin and Cariaco Trench. It is recognizable by its outer
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trabeculum of parallel strands suspended above sutural septal traces by spines at the

corners of plate-areas. Its tabulation and archeopyle are similar to those of Hystricho-

sphaera furcata. There may be two varieties in the Pleistocene : one form possesses a

relatively small, globular central body, whose diameter is around 25 p and whose spines

are equal to a radius; the other is more robust and has an ovoid central body with a

maximum length around 40 p and has spines equivalent to one-third of this dimension.

Both range from the Miocene or earlier into the Holocene.

Genus leptodinium Klement 1960 emend.

Revised diagnosis. Ovoid, spherical, or polyhedral tests ornamented with more or less

level, low sutural septa (but not with spines), developed from the outer of a two-layered

wall, reflecting a tabulation of 3-4', Oa, 6", 6g, 5-6"', lp, 1"". Girdle spiral, ventral sulcus

only just extending on to the epitheca and in contact with I'. Archeopyle dorsal and
precingular (3"). Apical or antapical projections essentially absent.

Remarks. Development of a linear, gonyaulacid first postcingular plate-area in cysts is

variable and unreliable as a criterion for separating Leptodinium from Gonyaulacysta,

but the characteristic sutural septa and lack of apical structures in Leptodinium are

distinctive.

Leptodinium aculeatum sp. nov.

Plate 14, figs. 18, 19; text-figs. 3c, d

Holotype. Plate 14, fig. 18; test 36 X 29 p, specimen 7/8, Core A254/327, depth 459 cm., Yucatan Basin

(20° 45' N. 83° 00' W.).

A B C D

text-fig. 3. Tabulation schema for Leptodinium spp. a, b, L. paradoxum sp. nov., ventral

variation c, d, L. aculeatum sp. nov., ventral and apical, a, anterior; ac, accessory;

m, median; p, posterior ventral platelet areas.

Diagnosis. A relatively small, ovoid species with a relatively wide girdle zone and exten-

sive ventral area; test hyaline with sutural septa most strongly developed in the posterior

intercalary area; precingular plate-area 6" very narrow.

Dimensions. Test only 28-38 p long; septa up to 9 5 p high. Over 100 specimens.

Occurrence. Yucatan Basin; Pleistocene, and Holocene.

Description. The test is ovoid and divided into more or less equal epithecal and hypo-

thecal regions by a relatively wide, weakly descending girdle, displaced by its own width

ventrally. It is ornamented by hyaline, sutural septa whose maximum elevation (equiva-
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lent to one-quarter of the diameter) is found at the corners of plate-areas and along the

left margin of the ventral area, especially near the posterior intercalary area; in between

the septa are lower. At the equator the septa are inclined so that the girdle plate-areas

widen distally. The tabulation is 3-4', Oa, 6", 6g, 5'", lp, 1"". There are two pentagonal

dorsal apical plate-areas (2', 3') and two minute median ventral areas (1 4'). Precingular

areas 1" to 5" are subrectangular, the sixth is linear and narrow; plate-area 3" forms a

trapezoidal archeopyle. There are five subrectangular postcingular areas, T" and 5"'

being smaller than the others; the adjacent posterior intercalary plate-area is small and

the outer test wall may be completely separated from the inner at this point. There is a

single small, subquadrangular antapical area. The longitudinal furrow occupies almost

the entire length of the ventral area, extending well into the epitheca. it occupies

approximately one-third of the equatorial diameter and widens slightly posteriorly.

Leptodinium patulum sp. nov.

Plate 14, fig. 20; Plate 15, figs. 1-4; text-fig. 4

Holotype. Plate 15, figs. 1, 2; text 50x 55 /a, specimen 10/8, Core A254/330, depth 355 cm., Yucatan
Basin (19°35'N. 84° 51' W.).

Diagnosis. An ovoid species of Leptodinium ornamented with low, level sutural septa

forming a plate-area pattern characteristically reduced on the ventral surface. Test

rarely less than 40 p.

Dimensions. Test only 38-62 /x long, 34-55 /x broad; septa 2-5 to 7 /x high. Over 50 specimens.

Occurrence. Yucatan Basin, relatively infrequent; known from the Middle Miocene
to Holocene.

Description. The test appears weakly ovoid in lateral view and circular in polar view. Its

surface is smooth to weakly microgranular and bears a pronounced reflected tabula-

tion defined by low, level sutural septa approximately equivalent to one-tenth of the test

diameter in height. The formula is 4', Oa, 6", 6g, 5"', lp, V". The test is divided into

A B C

text-fig. 4. Tabulation of Leptodinium patulum sp. nov. a, apical; b, antapical; c, ventral.

epithecal and hypothecal regions by a relatively narrow, weakly descending girdle;

dorsally the girdle plate-areas are complete, but only the uppermost of the delimiting

septa are present along two cingular plate-areas on the ventral surface adjacent to the

furrow. The epitheca lacks intercalary plate-areas. The apical series comprises two large

pentagonal dorsal plate-areas (2' and 3') and a smaller, median ventral, compound
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plate-area representing 1' and 4'; here there is no complete division into two plate-areas

but there is a significant re-entrant angle in the septum separating this areas from 3'.

There are five discrete, subrectangular precingular plate-areas; 3" forms a conspicuous

dorsal archeopyle with its borders slightly within the septa. The sixth precingular plate-

area is not differentiated from the anterior sulcal platelet-area with which it forms a

compound area in the mid-ventral equatorial region. The remainder of the furrow

extends posteriorly and is almost entire; median and posterior platelet-areas are only

indicated by rudimentary septal ingrowths. Similarly, the septum separating the relatively

larger posterior intercalary plate-area from the furrow may be developed only partially.

The remainder of the hypotheca comprises five large, subrectangular plate-areas and
one quadrangular antapical (1"").

Remarks. The characteristic tabulation of this species differentiates it clearly from any

previously described.

Leptodinium paradoxum sp. nov.

Plate 15, figs. 5-8; text-figs. 2, 3a, b

Holotvpe. Plate 15, fig. 5; test only 31 X 26 /a, specimen 8/6, Core A254/330, depth 40 cm., Yucatan
Basin (19°35'N., 84° 51' W.).

Diagnosis. A very small ovoid species with a tabulation 3-4', Oa, 6", 6g, 5-6"', lp, V",

defined by low sutural septa which are sometimes reduced in the ventral area. Test not

exceeding 40 p.

Dimensions. Test only 29-38 p; septa around 3 p. Over 50 specimens.

Occurrence. Yucatan Basin; known range of Middle Miocene to Holocene.

Description. The test is ovoid to polyhedral and divided equatorially into epithecal and

hypothecal regions by a relatively wide, descending girdle displaced by its own width

ventrally. The longitudinal furrow broadens on to the hypotheca and is weakly inclined.

The sutural septa are hyaline and very low (equivalent to approximately one-tenth of a

diameter)
;
the test varies from smooth to microgranular. The apical plate series comprises

two pentagonal dorsal areas and a linear, median compound ventral area which may be

EXPLANATION OF PLATE 15

Figs. 1-4. Leptodinium patulum sp. nov. 1, 2, Holotype, A254/330, depth 355 cm.; test 59 p, apical and
postero-ventral. 3, A254/330, depth 27 cm.; test 58 p, ventral. 4, A254/330, depth 150 cm., test 60 p,
antero-ventral.

Figs. 5-8. Leptodinium paradoxum sp. nov. 5, Holotype, A254/330, depth 40 cm.; test 31 p, antapical.

6, A254/330, depth 240 cm. ; test 30 p, apical. 7, 8, Upper Miocene, near Guadalupe Island, both tests

36 p and ventral views showing complete and incomplete plate-patterns.

Figs. 9, 10. Leptodinium strialatum sp. nov. 9, Holotype, A254/330, depth 355 cm.; test 36 p.

10, A254/330, depth 180 cm.; test 36 p, ventral.

Figs. 11-15. Leptodinium sphaericum sp. nov. 11, 12, Holotype, A254/330, depth 10 cm.; test 50 p,

dorsal and apical. 13-15, A254/330, depth 240 cm.; test 55 p, dorsal, antero- and postero-ventral.

Figs. 16, 17. Lingulodinium machaerop/iorum Defl. and Cooks., comb, nov., 16, A254/327, depth

434 cm.; test only 44 p. 17, A254/330, depth 600 cm.; test 40 p.

Figs. 18-20. Hemicystodinium zoharyi Rossignol comb, nov., A254/330, depth 600 cm.; test only

65 p. Optical, polar, and lateral views.
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divided longitudinally to form two areas (T and 4'). Precingular areas 1" to 5" are sub-

rectangular, 3" being an archeopyle; 6" is triangular and either incompletely separated

from the furrow or possessing a concave outer margin. The furrow may be divided into

three platelet-areas by very reduced septa. The girdle plate-areas are rectangular
;
sections

of the septa outlining 5g and 6g may be missing. There are usually five postcingular

areas but in some specimens there are six due to the additional presence of a small linear

first post-cingular area, V". There is a small posterior intercalary area and a quad-

rangular antapical area.

Remarks. L. paradoxum sp. nov. recalls L. patulum sp. nov. in some details of its tabula-

tion but is smaller. It differs from L. aculeatum sp. nov. in outline and in configuration

of the sixth precingular area.

Leptodinium strialatum sp. nov.

Plate 15, figs. 9, 10; text-fig. 5

Holotvpe. Plate 15, fig. 9; test only 36 x 29 p, specimen 11/1, Core A254/330, depth 355 cm., Yucatan
Basin (19° 35' N., 84° 51' W.).

Diagnosis. A small species of Leptodinium with relatively broad, weakly radially striate

sutural septa reduced in the ventral area.

text-fig. 5. Tabulation of Leptodinium strialatum sp. nov. a, apical; b, antapical; c,

ventral; d, dorsal; e, right lateral.

Dimensions. Test only 26-38 p, septa 5-10 p. Over 50 specimens.

Occurrence. Yucatan Basin; known range from Middle Miocene to Holocene.

Description. The test is ovoid with broadly rounded apices and smooth to weakly

microgranular. It is ornamented by relatively broad sutural septa (equivalent to between

one-fifth and a quarter of the equatorial diameter) with weak radial striations. These indi-

cate a tabulation of 3-4', Oa, 6", 6g, 5"',
1 p, 1 whose basic pattern follows that of Lepto-

dinium aculeatum sp. nov. and L. paradoxum sp. nov., but in L. strialatum the septa are
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so reduced in several places that there are large, open compound areas on the test. These

include two conspicuous longitudinal ventral areas where the cingular plates 6g and lg

are so reduced that the girdle is scarcely recognizable between the pre- and post-cingular

series. The cingular areas on the dorsal surface also are reduced, only area 4g being

complete and visible below the precingular archeopyle (3"). There is no longitudinal

septum between the archeopyle and the fourth precingular area.

The structure of the ventral region is not easily discernible but there appear to be one

or two minute ventral apical plates (T and 4'), a small anterior sulcal platelet, and a

reduced sixth precingular plate-area. In this region the girdle appears to be displaced by
its own width. The longitudinal furrow, too, is poorly defined

;
its left margin is very weakly

developed in particular, but posteriorly there is a conspicuous posterior sulcal platelet-

area and a posterior intercalary area. Below these there is a square antapical area.

Remarks. Pentadinium laticinctum Gerlach 1961 is similar in overall appearance but is

considerably larger and different in details of tabulation.

Leptodinium sphaericum sp. nov.

Plate 15, figs. 11-15; text-fig. 2a-c

Holotype. Plate 15, figs. 11, 12; test only 50x43 ju, specimen 29/2, Core A254/330 depth 10 cm..

Yucatan Basin (19° 35' N., 84° 15' W.).

Diagnosis. A spherical to polyhedral species with very low sutural septa defining a tabu-

lation 4', Oa, 6", 6g, 6"', lp, 1""; test with a small apical boss. Size approximately

40-58 p.

Dimensions. Test 43-58 /x including apical boss; septa around 3 p. 9 specimens.

Occurrence. Yucatan Basin; Pleistocene and Holocene.

Description. The test is spherical to polyhedral and has a small blunt apical boss. Its

surface is weakly microgranular and ornamented by very low sutural septa, only a few

microns high. Its tabulation is 4', Oa, 6", 6g, 6"', lp, 1"". The girdle is narrow, descend-

ing, composed of rectangular plate-areas and divides the test equatorially into equal

epithecal and hypothecal regions; ventrally the girdle is displaced by slightly more than

its own width. The longitudinal furrow is quite strongly inclined and comprises five

platelet-areas, namely, anterior, right accessory, right and left sulcal, and posterior

sulcal; of these, the right sulcal is very small while the posterior sulcal is large. There are

two pentagonal dorsal apical areas and two linear median anterior ventral areas in the

apical series. The precingular series comprises six areas, of which the third forms an

archeopyle and the sixth is triangular with a concave left margin. There are six post-

cingular areas, T" being a small linear structure on the left margin of the sulcus; the

other areas are subrectangular. The posterior intercalary area is relatively large and

anterior to a quadrangular antapical area (1"").

Remarks. An identical cyst was isolated from a plankton haul in the North Atlantic

(40° 00' N., 71° 15' W.) in July 1963 at a depth not greater than 100 metres. It had

colourless cell contents and no archeopyle but otherwise was identical with fossil speci-

mens from the Yucatan Basin. The shape of polyhedral varieties superficially resembles

that of Gonyaulax polyedra Stein but in other details these species are quite different.
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Genus lingulodinium gen. nov.

Type species. Lingulodinium machaerophorum Deflandre and Cookson 1955 comb. nov.

Diagnosis. Spherical to ovoid dinoflagellate cysts which, after dehiscence, possess a large,

compound epithecal archeopyle representing the loss of either four or five precingular

plate-areas. The remainder of the epitheca forms an elongate angular projection or

lingula; this corresponds to several (apical, intercalary, and one precingular) plate-areas.

The test wall is microgranular to microreticulate and ornamented with numerous intra-

tabular spines.

Lingulodinium machaerophorum Deflandre and Cookson 1955 comb. nov.

Plate 15, figs. 16, 17; text-fig. 6

1955 Hystrichosphaeridium machaerophorum Deflandre and Cookson, p. 274, pi. 9, figs. 4, 8.

1961 Hystrichosphaeridium ashdodense Rossignol, pi. 1, fig. 9.

1962 Hystrichosphaeridium ashdodense Ross.; Rossignol, p. 132, pi. 2, fig. 2.

1964 Baltisphaeridium machaerophorum Dell, and Cooks.; Rossignol, p. 90, pi. 2, fig. 14, pi. 3,

figs. 20, 21.

Description. The test is spherical but rarely found whole. Upon dehiscence it develops a

large compound precingular archeopyle, so all that remains of the epitheca is a narrow,

elongated, angular projection, attached to the hypotheca ventrally. The archeopyle, in its

text-fig. 6. Comparison of Gonyaulax polyedra Stein with Lingulodinium lmchaero-

phorum Defl. and Cooks., comb. nov. A, epithecal tabulation of G. polyedra, Woods
Hole, August 1965; b, plate equivalence of the archeopyle (shaded) in L. machaero-

phorum-, c, lateral view of L. machaerophorum (spines omitted).

most entire form, represents the loss of five precingular plate-areas (1" to 5") but it may
represent only four plates (2" to 5") or very rarely, only the dorsal precingular plate 3".

The test is microgranular and bears numerous (15 to 20 in optical section), flexuous,

hollow spines of variable length. Their bases are circular and minutely striated; their

distal extremities are flexuous, closed, and bear spinules. There is a tendency towards

flattening of the spines. Size. Test 36 to 50 p.

Remarks. This fossil species is almost certainly the cyst of Gonyaulax polyedra Stein,

since it compares closely with the cysts described by Erdtman (1954, fig. 3b) and Evitt

and Davidson (1964, p. 4, pi. 1, fig. 13). The archeopyles of the fossils have been inter-

preted on this assumption. In its early stages of development, the archeopyle may appear
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as a simple 3" structure (see Rossignol 1964, pi. 3, fig. 21) which is comparable with that

found in other cysts of Gonyciulax. L. machaerophorum is a common species both in the

Yucatan Basin and Cariaco Trench cores and appears to attain its acme in the Quater-

nary. It certainly occurs in the Miocene, but apparently less abundantly. Records of older

occurrences should be re-evaluated with particular attention to spines and archeopylar

structure before the first appearance of this species is established. These structures should

serve to distinguish this from other species such as Baltisphaeridium hirsutum Ehr.

Family incertae sedis

Genus hemicystodinium gen. nov.

Type species. Hemicystodinium zoharyi Rossignol 1962.

Diagnosis. Spherical to ovoid dinoflagellate cysts which dehisce equatorially to form
hemispheres; rims of the hemispheres with a small projection or indentation and slight

displacement at the mid-ventral point. Ornamentation variable, from microreticulate

to spinose; spines, when present, variable in length and predominantly simple. Elements

of ornamentation randomly disposed or intratabular.

Hemicystodinium zoharyi Rossignol 1962 comb. nov.

Plate 15, figs. 18-20

1962 Hystrichosphaeridium zoharyi Rossignol, p. 132, pi. 2, fig. 10.

1964 Hystrichosphaeridium zoharyi Rossignol 1962; p. 88, pi. 2, figs. 4, 9, 10, 11.

Description. Test hemispherical, the mid-ventral point marked by a small subrectangular

projection and displacement of the rim. Test smooth to microreticulate, spine bases

weakly striate. Spines numerous, length variable, all but a few simple and capitate, the

others bifurcate.

Remarks. The parallel alignment of spines in the equatorial region reflects the position

of a girdle and the mid-ventral projection or sulcal notch probably indicates the former

position of the anterior limit of the longitudinal furrow. This is a common species in the

Yucatan Basin and Cariaco Trench where both varieties described by Rossignol (1964*

p. 88) are represented abundantly.

Genus operculodinium gen. nov.

Type species. Operculodinium centrocarpum Deflandre and Cookson 1955 comb. nov.

Diagnosis. Spherical to ovoid cysts possessing simple, dorsal precingular archeopyles

(reflecting plate 3"), and lacking polar structures. A weakly defined girdle and ventral

sulcal depression often present. Cell wall double, the inner thin and the outer thicker

and microgranular or microreticulate. Elements of ornamentation variable, from small

cones to long spines but all with circular, minutely striated bases and often capitate

extremities. Spine arrangement intratabular with several spines to each plate-area,

commonly arranged immediately within the reflected plate-area margins.

Remarks. Members of this genus differ from species of Apteodinium Eisenack 1958 and
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Trichodinium Eisenack and Cookson 1960 by lacking polar projections and possessing

spines. Several members were allocated previously to the acritarch genus Baltisphaeridium

but this is inadmissible for forms possessing archeopyles and other dinoflagellate cyst

characteristics.

Operculodinium centrocorpum Deflandre and Cookson 1955 comb. nov.

Plate 16, figs. 1, 2, 5

1953 Hystrichosphaeridium sp. a Cookson, p. 115, pi. 2, figs. 26, 27.

1953 Hystrichosphaeridium sp. b Cookson, p. 115, pi. 2, fig. 28.

1955 Hystrichosphaeridium centrocarpum Deflandre and Cookson, p. 272, pi. 8, figs. 3, 4.

1959 Hystrichosphaeridium centrocarpum Defl. and Cooks.; Maier, p. 314, pi. 28, fig. 9.

1961 Baltisphaeridium centrocarpum Defl. and Cooks.; Gerlach, p. 192, pi. 28, fig. 9.

1963 Baltisphaeridium centrocarpum Defl. and Cooks.
;
Brosius, p. 44, pi. 6, fig. 6, text-fig. 8a, 6.

Description. The test is almost spherical and densely ornamented with slender radiating

spines whose length (8— 1 6 /x) varies between approximately one-fifth and one-quarter

of the cell diameter. The dorsal precingular archeopyle is large and subtrapezoidal. The
outer cell wall is microgranular and the immediate spine bases are conical with minute

striations. The spine tips bear small hooklets which are visible only at high magnifica-

tions. The spines are aligned in the girdle region but there is no distinct ventral sulcus.

The spine arrangement is intratabular, most spines lying alongside the sutural lines.

Dimensions. Caribbean specimens vary from 40 to 56 p for the test alone. Miocene specimens may be
much larger, with diameters approaching 90 p.

Operculodinium israelianwn Rossignol 1962 comb. nov.

Plate 16, figs. 3, 4

1962 Hystrichosphaeridium israelianum Rossignol, p. 132, pi. 2, fig. 3.

1964 Baltisphaeridium israelianum Ross.; Rossignol, p. 91, pi. 2, fig. 12, pi. 3, figs. 13, 14.

Remarks. Specimens similar to those described by Rossignol are common in the Yucatan
Basin and Cariaco Trench cores. Their spines vary from three to six microns and are

equivalent to approximately one-tenth or less of the test diameter which ranges from
40 to 65 p. A narrow girdle and small mid-ventral depression are visible sometimes. The
dorsal archeopyle is trapezoidal and precingular. Caribbean and Mediterranean speci-

mens examined consistently have very short spines with weakly capitate tips and in these

respects differ from the description given by Rossignol (1964, p. 91). O. israelianum is

fundamentally similar to O. centrocarpum according to these observations and only

distinguishable by its smaller spines relative to the test size but this is a consistent

feature.

Operculodinium psilatum sp. nov.

Plate 16, figs. 6-8

Holotype. Plate 16, figs. 6-8; test 58x56 p, spines 2 p, specimen 23/4, Core A240/18, depth 175 cm.,

Cariaco Trench, (10° 30-8' N., 64° 40' W.).

Description. The test is ovoid and without polar structures. The wall is smooth, with a

tectate appearance and has sparse, extremely small and delicate spines which are scarcely
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visible at low magnifications except as darker spots on the test wall. There is a very well

defined, narrow equatorial girdle, which is displaced slightly at the mid-ventral point.

Below it there is a smaller sulcal depression with an ellipsoidal scar. The archeopyle is

trapezoidal, precingular, and dorsal.

Dimensions. Test dimensions 50-60 p maximum. Numerous examples.

Occurrence. Particularly abundant in the Cariaco Trench core A240/18, less abundant

in the Yucatan Basin cores.

Remarks. The minute spines and well-developed girdle distinguish this species from
O. israelianum.

Operculodinium giganteum sp. nov.

Plate 16, figs. 9, 10

Holotvpe. Plate 16, figs. 9, 10; test 84x72 p, spines 3 p, specimen 55/1, Core A254/327, depth 420 cm.
Yucatan Basin (20° 45' N., 83° 00' W.).

Diagnosis. A very large, polyhedral species bearing numerous short capitate spines and
possessing traces of tabulation.

Dimensions. Test only 74-86 p, maximum dimensions, spines 2-4 p. 10 specimens.

Occurrence. Yucatan Basin, Core A254/327, relatively rare.

Description. The test is polyhedral with broadly truncated extremities. The wall is micro-

reticulate or microgranular and bears numerous tiny spines. Some of these are aligned

either side of suture-like lines on the test and appear to reflect a gonyaulacid tabulation

where there is a small posterior intercalary plate-area and a subrectangular 6" plate-area.

Full details were not determined. The girdle is equatorial, narrow, and descending and

the furrow is also very narrow and marked by two parallel rows of spines. The archeopyle

is dorsal and precingular (3"). The spines have conical bases and capitate tips.

Genus tectatodinium gen. nov.

Type species. Tectatodinium pellitum sp. nov.

EXPLANATION OF PLATE 16

Figs. 1, 2, 5. Operculodinium centrocarpum Defl. and Cooks., comb, nov., A254/330, depth 180 cm.;

test only 54 p.

Figs. 3, 4. Operculodinium israelianum Rossignol comb, nov., A254/330, depth 180 cm.; test 53 /x.

Figs. 6-8. Operculodiniumpsilatum sp. nov. Holotype, A240/18, depth 175 cm.; test 58 /x; dorsal, lateral,

and ventral views.

Figs. 9, 10. Operculodinium giganteum sp. nov., Holotype, A254/327, depth 420 cm.; test 84 p; lateral

and ventral.

Figs. 11, 12. Tectatodinium pellitum gen. et sp. nov. 11, Middle Miocene, near Guadalupe Island, test

50 p. 12, Holotype, outer continental shelf near Beirut, Lebanon; test 52 p.

Figs. 13, 14. Chytroeisphaeridia cariacoensis sp. nov., A240/18, depth 380 cm. 13, Paratype, test 40 p.

14, Holotype, test 52 p.

Figs. 15, 16. Tuberculodinium vancampoae Rossignol comb. nov. 15, A254/327, depth 459 cm., over-all

101 p. 16. A254/330, depth 600 cm., over-all 95 p.
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Diagnosis. Spherical to ovoid dinoflagellate cysts without apical, antapical, or any other

form of projections. Test wall double (resembling tectate pollen), the outer layer being

thicker and less compact or homogeneous than the inner. Test penetrated by a large

dorsal precingular archeopyle representing the loss of one plate. A girdle or ventral

sulcus rarely present.

Remarks. This genus is intended for smooth-walled microplankton resembing leiospheres

but differing by possessing simple, dorsal precingular archeopyles which denote dino-

flagellate affinities. It differs from Operculodinium gen. nov. in the absence of spinose

ornamentation and from Pyxidiel/a Cookson and Eisenack 1958 by being less elongate

and possessing a precingular archeopyle.

Tectatodinium pellitum sp. nov.

Plate 16, figs, 11, 12

Holotype. Plate 16, fig. 12; test 52 x 50 p, wall 5 p thick, specimen 23A/4, 33° 34-5' N., 35° 12' E.

Description. The test is ovoid and thick-walled. The latter is double-layered, the inner

being thin and homogeneous, the outer thicker and spongy; apparently it is formed by

numerous, finely interwoven fibrils so that in optical section the focus is indistinct. In

surface view the test appears microgranular. There is a large, dorsal, trapezoidal archeo-

pyle but no girdle or ventral sulcus.

Dimensions. Test 40-55 p, wall thickness 3-7 p. Numerous examples.

Occurrence. Relatively uncommon, Yucatan Basin and Cariaco Trench; known range of

Miocene to Holocene.

Remarks. Rossignol (1964, p. 92) invalidly classified Pleistocene forms which apparently

belong to this species as Leiosphaeridia scrobiculata Deflandre and Cookson 1955.

The latter species had been transferred previously to Pyxidielia by Cookson and Eisenack

(1958, p. 52) while the genus Pyxidielia had been placed with the Dinophyceae by

Downie, Evitt, and Sarjeant (1963, p. 13). Live specimens from the Woods Hole region

have been induced to excyst and although the parental dinoflagellate has not been identi-

fied, the dinophycean affinities of this cyst seem beyond doubt.

Family peridiniaceae Lindemann
Genus chytroeisphaerjdia Sarjeant 1962

Chytroeisphaeridia cariacoensis sp. nov.

Plate 16, figs. 13, 14

Holotype. Plate 16, fig. 14; test 52 p, archeopyle 20 x 28 p , specimen 4 1/3, Core A420/18, depth 380 cm.,
10° 30-8' N„ 64° 40' W.

Diagnosis. A spherical dinoflagellate cyst with a large elongate hexagonal dorsal inter-

calary archeopyle.

Dimensions. Test 36-55 p diameter. Numerous examples.

Occurrence. Abundant in the Cariaco Trench, relatively rare in the Yucatan Basin.

O 4468 I
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Description. The test is spherical, often with sharp secondary folds bordering depressions,

and penetrated by a hexagonal dorsal, intercalary archeopyle. This is elongated equatori-

ally, its width being almost equal to twice its height, while its size (around 16 x 28 p) and

shape are constant. Other splits occur in the test but do not reflect a tabulation. The wall

is thin and may enclose an inner capsule with either a minutely thin, hyaline wall or a

waxy yellow refractive wall. There are often small, granular inclusions within the cell

lumen. Unmacerated cysts are characteristically brown but they become paler after

oxidation.

Comparison. Chytroeisphaeridia simplicia Wall 1965 differs by having an asymmetrical,

hexagonal archeopyle with a length: breadth ratio of 1 : 1. The natural affinities of both

species lie with Peridinium, and the archeopyle represents the loss of a dorsal intercalary

plate.

Family incertae sedis

Genus tuberculodinium gen. nov.

Type species. Tuberculodinium vancampoae Rossignol 1962 comb. nov.

Diagnosis. Test discoidal, with two cell wall layers, the outer supported above the inner

by numerous short, stout, tuberculate projections. Dorsal surface with a large compound
archeopyle which probably corresponds to a combination of precingular and inter-

calary plates.

Tuberculodinium vancampoae Rossignol 1962 comb. nov.

Plate 16, figs. 15, 16

1962 Pterospennopsis van campoae Rossignol, p. 134, pi. 2, fig. 1.

1964 Pterospennopsis van campoae Ross.; Rossignol, p. 90, pi. 2, figs. 17, 18; pi. 3, fig. 15.

Holotype. Rossignol 1964, p. 90, pi. 2, fig. 17; Pleistocene, Ashdod, Israel.

Description. The test is discoidal with two cell wall layers, the outer separated from the

inner by numerous short, stout, hollow, tuberculate processes. These are circular in

surface view, but in lateral views their shapes vary from spherical to figure-of-eight-

shaped while the distal extremity of a process may flare and merge with the outer wall

layer. The archeopyle is large and polyhedral; it has one long straight side and approxi-

mately eight shorter sides roughly arranged about an arc. It probably represents both

dorsal precingular and intercalary plates, in which case the whole test is flattened dorso-

ventrally. There are sometimes weak traces of a girdle, longitudinal furrow, and a slight

posteroventral sulcal depression on the surface opposite to the archeopylar opening,

which support this interpretation. Over-all variations observed in the structure of this

species include loss or partial detachment of the outer layer and the presence of an inner

capsule with a refractive, yellowish wall.

Occurrence. Relatively uncommon but persistent, Yucatan Basin and Cariaco Trench.

Dimensions. Over-all size from 62 to 113 /u., maximum dimensions.

Discussion. This species does not have the structure of Pterospennopsis and, in con-

sideration of the presence of an archeopyle, must be regarded as a dinoflagellate cyst

:



D. WALL: FOSSIL MICROPLANKTON FROM THE CARIBBEAN SEA 115

therefore it is removed from Pterospermopsis to a new genus. As a dinoflagellate cyst it

possesses an unusual appearance and its natural affinities remain quite obscure. Its

known stratigraphic range is from Miocene to Holocene.

STRATIGRAPHIC DISTRIBUTION OF MICROFOSSILS

Core A254/330. (Text-fig. 7.) Over thirty species were found in this core; sixteen occurred

at every horizon examined and the remainder were distributed sporadically throughout.

H. furcata H bulloidea 'sT'H. zoharyi 0 israelianum

H. mira bil i s P->0 centrocarpum L. aculeatum
L. machaerophorum

text-fig. 7. Relative frequency distribution of common microplankton species in core A254/330.

Microplankton was most abundant at 240 cm. and had a minimum at 27 cm. judging

by the numbers counted in approximately equal samples. In the thick grey lutite sequence

below 34-5 cm. the composition of the assemblages was relatively constant; Hystricho-

sphaera species (in particular H. furcata and H. bulloidea) accounted for 59 to 64%,
Lingulodinium gen. nov. for 9 to 14%, species of Leptodinium for less than 3%, and species

of Hemicystodinium and Opercuiodinium together for 22 to 28% of the assemblages.

Above 34-5 cm., the composition of assemblages varied as lithology became variable.

At 27 cm. Leptodinium aculeatum sp. nov. formed 44%; here there was a decline in

other genera rather than any overwhelming increase in Leptodinium. From 1 8 cm. to

the surface there was a gradual restoration to abundance of Hystrichosphaera, Hemi-
cystodinium gen. nov., Lingulodinium, and Opercuiodinium gen. nov.

Foraminifera indicate that the whole sequence in this core is Pleistocene. Globo-

quadrina hexagona Natland and G. conglomerata Schwager are sporadic throughout,

while the former associates with a relative abundance of Globorotalia menardii menardii
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and small numbers of G. menardii flexuosci in the upper 34-5 cm. According to data by

Ericson, Ewing, Wollin, and Heezen (1961, pp. 260, 268) and Ericson, Ewing, and

Wollin (1964), these foraminifera indicate that the entire core is older than the main
Wisconsin (Wurm) Glaciation (LG1 2-3). Possibly the upper 20 cm. represent the

Wisconsin (Wurm) Jnterstadial (LG1 1/2), from c. 20 cm. to 34-5 cm. represents the

early Wisconsin Glaciation (LG1 1) and the thick greylutite below is a Sangamon (Riss-

Wurm) Interglacial deposit. This assumes that the diagnostic foraminifera are in situ.

There is evidence of some reworking at most levels; redeposited Pliocene foraminifera

(Globigerinoides fistidosa Schubert and G/obigerina digitata) occur at depths of 27, 10,

and 4 cm., although as extremely rare forms, and a few scattered Pliocene discoasters

including D. challenged, D. pentaradiatus, and D. brouweri occur at all levels. All these

forms cited as reworked Pliocene species are extinct in the Pleistocene according to

Ericson, Ewing, and Wollin (1963).

Core A254/327. (Text-fig. 8.) This core contains the same species as core A254/330. They
also are continuously distributed throughout the column but there are fewer species and
specimens in the coarse, thick globigerina-pteropod ooze that comprises most of the

core than in the basal lutite sequence. Microplankton decreases from 208 specimens/gm.

to 91/gm. at progressively younger horizons within the basal lutites. The globigerina-

pteropod ooze above has a maximum of 16/gm. although a lutite band within it at 9 to

1 6 cm. has 9 1 /gm. There is a pollen and spore maximum at 434 cm. with 232 grains/gm. due

to an abundance of bisaccate pollen and fern spores. The proportional composition of

microplankton in the samples from the basal lutites is more or less constant. Hystri-

chosphaera species comprise 54 to 68%, Lingulodinium comprises 6 to 11%, and Hemi-
cystodinium and Operculodiniwn together comprise a minimum of 12 to 20% of the

assemblages. Leptodinium is abundant only at one level (411 cm.) where it forms 18%
of the assemblage. The relative paucity of microplankton in the globigerina-pteropod

ooze makes percentage determinations unreliable.

Foraminiferal analyses indicate that the upper 16 cm. including the thin brown lutite

band are post-glacial sediments with an abundance of Globigerinoides rubra, some
specimens of Globorotalia menardii and G. menardii tumida. Below this to its base at

397 cm. the underlying globigerina-pteropod ooze contains colder water foraminifera

(G. truncatulinoides, G. crassiformis, G. dutertrei) and comparatively few warmer water

species and can be considered as Wisconsin (Wurm) in age. The presence of abundant
displaced terrestrial and shallow water neritic organisms in this layer can be correlated

with glacial lowering of sea level over the Gulf of Batabano platform (see Bandy 1964,

p. 1672) during this time. The basal lutites do not contain sufficient foraminifera for

dating but on the basis of their high microplankton content they can be regarded

provisionally as warmer water deposits representing the Wisconsin Interstadial (LG l 1 /2).

Core A240jl8. Fifteen species were observed in five spot samples from this core. Micro-

plankton was abundant but always accompanied by large quantities ofkerogenic material.

Between 413 and 630 specimens per gramme were recorded in the upper three samples

(25, 80, 175 cm.), excluding some very small forms. The common species were Chytroei-

spliaeridia cariacoensis sp. nov., Hystrichosphaera mirabilis, H. bul/oidea, Operculodiniwn

israelianum, and O. psilatum sp. nov. In contrast with Yucatan Basin cores, Leptodinium
was absent. All the samples are post-glacial in age.
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CONCLUSIONS

Piston cores from the ocean floors can provide valuable information concerning

Quaternary microplankton. This preliminary study describes the microplankton from
two piston cores taken in the Yucatan Basin abyssal plain and one from the Cariaco

Trench in the Caribbean Sea. It differs from earlier Quaternary studies (listed in Downie
and Sarjeant 1964, pp. 73, 74), which were confined mostly to deltaic or lagoonal en-

vironments, by examining a totally marine succession, but it supplements them in

demonstrating how widespread and abundant microplankton is in the Quaternary.

text-fig. 8. Microplankton distribution in core A254/327.

The species content of Quaternary assemblages from widely separated geographical

provinces may be very similar as illustrated by comparison of Caribbean and Mediter-

ranean analyses. The minimum of 25 species recorded from the Caribbean includes 11

of the 14 species described by Rossignol (1964) from the Mediterranean. Moreover,

Leptodinium aculeatum sp. nov., L. patulum sp. nov., L. sphaericum sp. nov., Hystri-

chosphaera bulloidea, and species of Chytroeisphaeridia were found recently in samples

dredged from the outer continental shelf near Lebanon (R/V Chain Cruise 43, Station 78

at 33° 24-5' N., 35° 12' E.). This new record ofthese species occurring in the Mediterranean

makes agreement between species lists representing the two provinces complete excepting

only a few rare varieties.

The cumulative results of all the currently available analyses indicate that the follow-

ing microplankton are characteristic of the Quaternary.

1. Tabulated spiny cysts belonging to Hystrichosphaera and Nematosphaeropsis.

2. Tabulated cysts with level sutural septa and without spines or polar projections,

allocated to Leptodinium.
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3. Non-tabulated cysts with precingular archeopyles; these may have a simple

archeopyle (3") and possess radial spines (Operculodinium gen. nov.) or lack spines

(Tectatodinium gen. nov.) or alternatively they may have a compound archeopyle

representing the loss of several precingular plates and have radial spines (Lingulodiniwn

gen. nov.).

4. Non-tabulated, smooth-walled dark brown cysts of Peridinium varying in shape

from spherical to peridinioid and possessing dorsal intercalary (sub-apical or apical)

archeopyles which are basically hexagonal in shape: the spherical fossil forms have been

allocated to Chytroeisphaeridia while the peridinioid forms are without names at present,

but are most closely comparable with Deflandrea.

5. Unclassified small, unornamented cysts around 30 ^ in size with apical archeopyles;

these are extremely common in some Pleistocene samples but have not been formally

described at present.

6. Strongly tuberculate forms with compound archeopyles, called Tubercidodinium

gen. nov.

7. Hystrichokolpoma.

8. A few species of the acritarch genus Cymatiosphaera.

9. The problematical form Concentricystes, which is quite common in deep-sea sedi-

ments as well as in neritic or epicontinental deposits.

Members of the first five groups commonly dominate Pleistocene assemblages;

representatives of the other groups are less common. Hystrichokolpoma is the only

genus with restricted stratigraphic occurrence; it has not been found in deposits younger

than early Sicilien.

Stratigraphic comparison with late Tertiary microplankton recorded from the Mio-

cene and Oligocene of Germany by Eisenack (1954), Maier (1959), Gerlach(1961),

and Brosius (1963) and from the Miocene of Australia by Deflandre and Cookson (1955),

reveals that many Tertiary species do not survive into the Pleistocene. These include

Gonyaulacysta tenuitabulata Gerlach, Hystrichosphaera cornuta Gerlach, Cordosphaeri-

dium inodes (Klumpp) Eisenack, C. diktyoplokus (Klumpp) Eisenack, C. divergens

Eisenack, C. floripes (Deflandre and Cookson) Eisenack, C. microtriaina (Klumpp)
Eisenack, Hystrichosphaeridium alcicornu Eisenack, H. asperum Maier, H. grallaeforme

Brosius, H. leptodermwn Maier, H. salpingophorum Deflandre, H. simplex (White)

Deflandre, H. stellatum Maier, H. tubiferum (Ehrenberg) Wetzel, H. xipheum (Maier)

Sarjeant, Tenua liystrix Eisenack, Rottnestia borussica (Eisenack) Cookson and Eisenack,

Thalassiphora pelagica (Eisenack) Eisenack and Gocht, Pentadinium laticinctum Ger-

lach, and Palmnickia lobifera Eisenack, in addition to older Tertiary genera with numerous

species such as Deflandrea (s'.s'.) and Wetzeliella. However, most species found in the

Pleistocene also occur in Miocene or older strata: at present only the following Pleisto-

cene species have not been found in older strata: Hystrichosphaera bentori Rossignol,

Leptodinium aculeatum sp. nov., L. sphaericum sp. nov., Hemicystodinium zoharyi Rossig-

nol, Operculodinium psilatum gen. et. sp. nov., O. giganteum gen. et sp. nov. All the other

Quaternary species described here occur in Miocene strata in the Caribbean region.

Unfortunately, very little is known about Pliocene microplankton that would permit any

worthwhile comparisons with either the Miocene or Pleistocene.
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DISCUSSION

Morphological and biological studies (Evitt and Davidson 1964; Wall 1965) demon-
strate that Quaternary microplankton assemblages almost entirely comprise the resting

spores (cysts) of thecate dinoflagellates. For example, Hystrichosphaera bentori
,

H. furcata, H. mirabilis, H. bulloidea, Nematosphaeropsis balcombiana, Lingulodinium

machaerophorum nov. comb., Opercidodinium centrocarpum nov. comb., Tectatodinium

pellitum n. gen. et sp., and a number of Chytroeisphaeridia species all have been isolated

from Atlantic marine plankton in the Woods Hole region. The study of living material

is a new concept in hystrichosphere research which is relevant especially to Quaternary

ecology, but as yet undeveloped. Nevertheless, the elemental origin of the thanato-

coenose from a phytoplanktonic community is established in principle and the biological

function of microplankton becomes a little clearer. Species of Gonyciulax, Peridinium

,

and Protoceratium emerge as the prime cyst-producers and factors influencing their

spore production and marine distribution account for the presence or absence of a fossil

cyst-species in the Quaternary sediments of a region in the first instance. Beyond these,

factors concerning productivity, sedimentation, and fossilization determine the abun-

dance of microplankton, as they do for other pelagic microfossils.

A few palaeoecological observations based upon fossil sequences are possible. Neritic

and epicontinental assemblages in the Quaternary appear liable to considerable and
rapid fluctuations in composition involving a small number of common species, especially

where there are non-marine intercalations. Individual assemblages are often poor in

species. Conversely, known deep-sea assemblages are comparatively stable in composi-

tion but richer in species. Isolated species are not restricted to either neritic or open

oceanic environments but many appear to be incapable of survival in brackish or fresh

water. Thus in the eastern Mediterranean epicontinental province, Rossignol (1962)

envisaged two main associations alternating throughout the lower Pleistocene; these also

were recognizable in samples dredged from the outer continental shelf off Lebanon.

One association was dominated by Hystrichosphaera furcata, H. bentori, and Lingulo-

dinium machaerophorum (synonym: Hystrichosphaeridium ashdodense Ross.) and the

other by Hemicystodinium zoharyi (synonym: Hystrichosphaeridium zoharyi Ross.). Also

in the Caribbean Cariaco Trench, the few assemblages examined were dominated by

different species, namely, Hystrichosphaera mirabilis, Chytroeisphaeridia cariacoensis

sp. nov., and Opercidodinium israelianum comb. nov. In contrast, Yucatan Basin abyssal

lutite assemblages frequently were dominated by Hystrichosphaera bulloidea with

H. furcata a common associate and the proportional representation of these and other

species remained constant within narrow limits throughout the observed sequences.

The only exception was an increase of Leptodinium aculeatum sp. nov. in thin bands

within both cores.

Of the parameters influencing the distribution of microplankton, salinity, temperature,

and light variations are probably most significant, but the extent of their influence is not

well known. Rossignol (1962) suggested that subnormal salinities caused by increased

freshwater run-off favoured the development of a Hemicystodium zoharyi association

in the Mediterranean Pleistocene and that the alternating Hystrichosphaera furcata,

H. bentori, Lingulodinium machaerophorum association accumulated under conditions

of normal salinity for the area and time. Temperature-induced fluctuations have not
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been identified positively, but judging by Yucatan Basin cores there are two methods of

approach which merit further investigation. First, the maximal absolute abundances

of microplankton expressed in terms of specimens per gramme of lutite may indicate the

warmer climatic intervals, and secondly, an increase of Leptodinium aculeatum sp. nov.

may be indicative of climatic change. Useful knowledge of the present-day distribution

of dinoflagellate cysts for comparison with layers in cores is almost non-existent and
should be acquired. Again, the possibly disturbing influence of turbidity currents on
the composition of microplankton assemblages in the deep-sea also requires further

investigation.

The presence of microplankton in the deep-sea raises several problems. Judging by the

amount of known reworking as indicated by displaced foraminifera and discoasters, less

than 5% of the microplankton in the Yucatan Basin lutites are redeposited (this is not

true for the coarse globigerinapteropod ooze in core A254/327 which shows excessive

quantities of terrigenous and neritic material probably displaced from the Gulf of

Batabano platform). Also, diagnostic Miocene or older Tertiary species are absent from

these lutites and it appears that most of the cysts accumulated by settling from the

euphotic zone. Yet it is difficult to envisage survival of an excysted protoplast at such

depths (over 4,000 m.), especially since excystment may be regulated in part by seasonal

temperature fluctuations. Settling of cysts to these depths apparently constitutes a loss to

the organism, but it is estimated provisionally from fossil analyses plus sedimentation

data available for the Caribbean area (Van Andel, Postma and Kruit 1954; Muller 1959;

Ericson, et al. 1961) that at least ten times and up to a thousand times more cysts accumu-

late upon shelf structures than in the deep-sea plains, so that the loss is small. Special

flotation aids, for example longer spines, may be a feature of oceanic cysts; short-

spined varieties of Hystrichosphaera bentori appear most frequently close to shore, in the

harbour at Woods Hole for instance. These problems require further investigation.

This preliminary study can only outline a few taxonomic and distributional aspects

concerning microplankton in the Quaternary. The fields of research suddenly opened

by the discovery of living and submarine fossil specimens remain essentially unexplored.
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CONODONTS OF THE GENUS APATOGNATHUS
BRANSON AND MEHL FROM THE YOREDALE

SERIES OF THE NORTH OF ENGLAND

by W. J. VARKER

Abstract. The paper describes six species of conodonts assigned to the genus Apatognathus Branson and Meh
1934, from the Yoredale Series of the Askriggand Alston Blocks in northern England. A? chaulioda. A? cuspidata,
A? librata. A? petila, and A? scalena are new species, whilst A? gemina (Hinde) is redescribed. The previously

recorded occurrences of the genus are listed along with a consideration of possible homeomorphy. The orienta-

tion of the genus is reorganized and the distribution of the Yoredale species through the series described. The
possibility of facies control of the genus during Carboniferous times is also discussed.

The Yoredale Series consists of repeated alternations of shallow-water sediments,

which, in the type-area of Wensleydale, NW. Yorkshire, extend upwards from the Upper
Visean (Di-Da junction) into the Namurian (Ei-E 2) and thus span the Lower/Upper
Carboniferous boundary. According to Dunham (1948) each unit or cyclothem can be

stated to consist in general terms of: (1) marine limestone; (2) marine shale; (3) unfossili-

ferous (?non-marine) ferruginous shale; (4) sandy shale, shaley sandstone or ‘grey-beds’

(interbedded shales, siltstones, and sandstones); (5) sandstone; (6) ganister or underclay;

(7) coal; variations of the succession for individual cyclothems may be considerable.

This type of sedimentary succession occurs over practically the whole of the stable

Askrigg and Alston Block areas in the north of England and also extends northwards

into the Northumberland Trough and Scottish Borderland.

Identification of beds, recognition of their age and subsequent correlation from one

area to another within the distribution of the Yoredale Series is important, since the

series occupies a critical stratigraphic horizon spanning the Visean-Namurian junction.

So far most palaeontologic evidence has concerned only the macrofossils and it is

unfortunate that on this evidence accurate identification of age and stratigraphic cor-

relation have proved difficult. Thus the coral/brachiopod zones are somewhat insensi-

tive for such a relatively short period of time and under the prevailing environmental

conditions. Goniatites, although extremely sensitive (Rayner 1953; Johnson, Hodge,

and Fairbairn 1962) are of rare occurrence and thus of limited application. There has,

therefore, existed a pressing need for a study of all aspects of the microfaunal and micro-

floral content of the Yoredale Series, in the hope of providing an effective means of
identification and correlation. Of the microfauna, conodonts appear to offer considerable

possibilities.

These fossils, which are of world-wide occurrence, show a large amount of variation

in form and rapid evolutionary changes during their long stratigraphic history. In addi-

tion they have the added advantage over goniatites that their distribution often occurs

over a wider lithologic range. Their remains have been obtained in fairly large numbers

from all the major Yoredale limestones digested and from some of the associated shales.

The present paper presents the first account of some aspects of these conodont faunas

[Palaeontology, Vol. 10, Part 1, 1967, pp. 124-141, pis. 17, 18.]



W. J. VARKER: THE GENUS APATOGNATHUS BRANSON AND MEHL 125

and their application in studies of the Yoredale Succession. The study is concerned with

the succession within the limits of the Hawes Limestone (basal D,) and the Mirk Fell

Beds (E 2) (see text-fig. 1).

The complete conodont faunas of the Yoredale Series have been examined with a

view to producing a zonal scheme for the succession. The present paper, however, is

restricted to a single genus, assigned to Apatognathus Branson and Mehl 1934, since it is

considered necessary to attempt an elucidation of the various problems concerning this

genus before such a zonal scheme may be erected. Apatognathus represents over 10% of

the total conodont fauna in many of the samples treated and its appearance in the Yore-

dale Series in relatively large numbers and displaying a wide degree of variation is of

considerable interest. The genus is relatively uncommon and until recently (Lindstrom

1964, see also p. 1 26) was considered to range from Upper Devonian to Triassic or Creta-

ceous strata. The sporadic stratigraphic and geographic distribution of this genus have

resulted in a number of problems, some of which are considered in the light of informa-

tion resulting from the Yoredale occurrence. Another problem to be considered is the

great amount of confusion concerning the orientation of the Apatognathus units. Six

species are described, five of which are new.

History of Yoredale Studies. Although it is over 130 years since the classic work of

Sedgwick (1835) and Phillips (1836), the amount of literature concerning the series in

the type-area of Wensleydale, is small. The only accounts published between 1836 and

1958 were those of Hudson in 1924, when he discovered faunal rhythms within the larger

scale sedimentary rhythms and 1933, when he revised his earlier work. The account by
Moore (1958), ‘The Yoredale Series of Upper Wensleydale and adjacent parts of north-

west Yorkshire’, dealt primarily with lateral variations in lithology and the palaeo-

geography governing deposition of the series. There are, however, numerous accounts of

the Yoredale succession in regions outside the type-area and a detailed historical survey

up to 1953 is given by Rayner (1953). Since 1958 interest in these sediments has intensified,

particularly with reference to their conditions of deposition.

Methods of Study. Samples were collected of Yoredale limestones and some of the asso-

ciated shales from various localities of the Askrigg and Alston Blocks (shown in text-

fig. 1). There was an intentional degree of stratigraphic overlap or duplication in the

collection of material from one collecting area to another. The sampling interval varied,

the Gayle and Middle Limestones being sampled at 1-ft. intervals and in no case did the

interval exceed 5 ft. Each sample weighed up to 3 kg. of which If kg. were chosen

as a standard weight for digestion in 10-15% acetic acid. Shale samples, the most impor-

tant of which were the Mirk Fell shales, were broken down by methods which variously

included the use of sodium hypochlorite, hydrogen peroxide, and white spirit, the

method chosen depending largely upon the characteristics of the shale. Some calcareous

shales were treated with acetic acid in the normal manner. All residues were washed
and sieved, the required size fraction passing a 20-mesh sieve and being retained by

a 100-mesh sieve. These wet fractions were finally dried and the conodonts extracted by
hand-picking.
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PREVIOUSLY RECORDED OCCURRENCES OF THE GENUS
APATOGNA THUS

For many years the genus Apatognathus was considered to be an index fossil of the

Upper Devonian (Branson and Mehl 1934; Ellison 1946; Weller et a/. 1948; Mehl 1960).

Specimens referred to this genus were, however, found at higher horizons during recent
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text-fig. 1. Chart illustrating the Yoredale Succession studied and the location of sampling areas.

years (see below) and the genus was thought to occur in Upper Devonian, Middle

Tournaisian, Upper Visean-Lower Namurian or Middle Mississippian, Permian, Middle

Triassic, and possibly Upper Cretaceous strata. Both the stratigraphic and geographic

distribution of these occurrences are important considerations in various sections of this

report and a summary is therefore outlined below.

Three species of Apatognathus have been recorded from the Upper Devonian of

Europe, the U.S.A., and Africa. Themost restricted in range is the type-species, A. varians

Branson and Mehl 1934, recorded in America from the Grassy Creek Formation and
also from similar horizons by Klapper (1958) and Klapper and Furnish (1962).

In Europe the species is recorded in zone toV from Germany by Bischoff and Ziegler

(1956) and Freyer (1961).

The two remaining species, A. Upperti Bischoff 1956 and A. inversus Sannemann 1955,

differ considerably from the type-species. Lindstrom (1964, p. 153) commented that:
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‘Several species with the same plan (as Ziegler’s genus Gncimptognathus) but without the

accessory process have been brought to Apatognathus e.g. A. lipperti Bischoff 1956. These

species, which do not resemble the type-species of Apatognathus are herein brought to

Gnamptognathus. ’ Lindstrom, in addition, considered that some species of Falcodus

(Bischoff and Ziegler 1957; Ziegler 1958) seem to belong to Apatognathus. The Upper
Devonian thus contains the type-species of Apatognathus plus possibly some represen-

tatives at present identified as Falcodus.

In spite of the very extensive study given to the Lower Carboniferous of Europe and

the Mississippian of America by conodont workers, there is only one record, from Bel-

gium, of Apatognathus occurring between the base of the system and the Upper Visean

(Europe) or the upper part of the Valmeyeran Series (U.S.A.). This anomalous situation

has been noted by several authors. Scott and Collinson (1961) remarked that in spite of

the occurrence of the genus in the St. Louis Formation, equivalent to the base of the

Goniatites stage of Germany, they have not found it in the Hannibal, Chouteau, or any

of the other Lower Mississippian Formations of Western Illinois. They therefore

concluded that the Middle Mississippian occurrence might represent a case of

homeomorphy similar to that discussed by Rexroad (1958) for the conodont genera

Taphrognathus and Streptognathodus.

The first record of the genus in the Carboniferous System was that of Bischoff (1957),

when he recorded A. various in the Goniatites striatus zone (cu III /?) of Germany. In

view of the restricted range of this species in the Upper Devonian and the fact that this

record was of a single unfigured specimen, little emphasis could be placed upon this

Carboniferous occurrence. However, Conil (1959) has since recorded this species and a

form which he compared with this species, both undescribed and unfigured, from the

Tn 2 Zone of Belgium, which is at about the middle of the Belgian Tournaisian succession

and is equivalent to the Z2 zone in England.

Hinde (1900) described a conodont fauna from the Scottish Carboniferous Limestone

Series of the Midland Valley. This included several new species of conodonts, including

Prioniodus geminus and Prioniodus porcatus each of which have since been redescribed

by Clarke (1960) and transferred to the genus Apatognathus. Specimens of this genus

have also appeared, in large numbers in the St. Louis Formation (Valmeyeran Series)

of America (Rexroad and Collinson 1963). This formation is equated with the Goniatites

crenistria zone (cu III a) of Europe by Collinson, Scott, and Rexroad (1962). These

authors record the lowest Mississippian occurrence of the genus in the Warsaw For-

mation (Valmeyean Series), which they equate with the cu II 8 goniatite zone (Visean)

of Europe.

The genus Apatognathus is no longer considered to occur in strata younger than

Carboniferous age, although three species referred to this genus have in the past been

described from beds as young as Cretaceous in age.

Diebel (1956) described a conodont fauna, which included A. ziegleri sp. nov., from the

Upper Chalk, Cretaceous, of the Cameroons but since there have been no reports of any

conodonts from the whole of the Jurassic period, a certain amount of uncertainty is

cast upon this Cretaceous fauna. Lindstrdm (1964), however, considers this fauna to be

too well preserved to have been derived by mechanical re-working of older sediments.

Clark and Ethington (1962) equated the middle Triassic species A. longidentatus Tatge

1956 with A. ziegieri and the latter species has since been transferred to the genus
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Gnamptognathus, Ziegler, by Lindstrom (1964). A. tribulosus Clark and Ethington 1962

has been similarly transferred (Lindstrom 1964).

Thus, of the eight named species of Apotognathus previously described, only the type-

species plus the two Carboniferous species, i.e. A. gemina (Hinde) and A. porcata

(Hinde) remained before the present paper.

An examination of the genus Apatognathus illustrates the apparently disconnected

nature of its various appearances and this resulted in many workers considering most of

the forms of Apatognathus to be homeomorphic. Clark and Ethington (1962, p. 107), for

instance, expressed an opinion common among recent workers that: ‘.
. . of the various

species which have been referred to Apatognathus only the type seems to be properly

classified. All the others probably should be placed in a different genus.’ The foregoing

paragraphs indicate that a majority of the species have recently been transferred to

Gnamptognathus but even the remaining Carboniferous representatives of Apatognathus

present some problems. As already stated, Scott and Collinson (1961) considered that

in view of the absence of this genus in Lower Mississippian formations the Middle Missis-

sippian occurrence might represent a case of homeomorphy. Unfortunately, however,

the sporadic occurrence of the genus also results in a lack of knowledge of the ancestry

of any of these forms. Collinson, Scott, and Rexroad (1962, p.3) presumed the‘homeo-

morphs’ to have arisen from Synprioniodina but in view of the deficiency of definite

evidence perhaps a more suitable term, with no ancestral implications, would be

‘morphic equivalents’ rather than ‘homeomorphs’. The above authors expressed this

doubt in the origin of the various species of Apatognathus by referring to them as

Apatognathus ? spp. and the practice is continued by the present author, until such times

that the complete ranges and origins of the different species are known.

SYSTEMATIC PALAEONTOLOGY

The new material which is described in the following section represents over 10%
of the whole conodont faunas from the Yoredale limestones. The faunas were well-

preserved, easily extracted, and were abundant at certain horizons. All the type speci-

mens and other figured specimens occurring in this paper are now deposited in the

collection of the Micropalaeontology Laboratory, Department of Geology, University

of Sheffield. The reference numbers of the type specimens are included in the descrip-

tions.

Genus apatognathus Branson and Mehl 1934

Type Species. Apatognathus various Branson and Mehl 1934.

Original Generic Description of Branson and Mehl. ‘Units consisting of a sharply-arched base, the

limbs of which are denticulate, bar-like, and parallel or slightly divergent. The limbs are joined at the

apex on one side of the arch by a thin lamella of variable length. An apical denticle of large size is

curved toward one limb of the arch and toward the face of the arch opposite the apical lamella. The
limb-teeth are small, discrete and directed toward the face of the arch toward which the apical denticle

bends. The symmetry of the arch is broken by the trend of the apical denticle and in some forms by the

asymmetrical development of limb denticles.’

Orientation of Units. The variable and yet basically simple form of this genus has
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resulted in much confusion in orientation. Difficulties have arisen over the following

factors:

1 . The highly arched character of the unit. 2. The extreme asymmetry of some forms

of the genus and the virtual symmetry of others. 3. The variable amount of thickening

and twisting which may affect one or both bars. 4. The bars are invariably in different

planes. 5. The very variable denticulation.

The result is that no two authors have adopted the same method of orientation in their

descriptions. The original description and orientation by Branson and Mehl was based

upon the assumption that the unit functioned as a sheath about the anterior end of the

mandible of the conodontifer, with the limbs or bars roughly horizontal. They therefore

suggested the following descriptive terms: the face of the arch without the connecting

lamella was designated upper or oral, the side with the lamella aboral, and the limb

towards which the apical denticle bends the outer limb or oral bar. However, the conodont

is no longer considered to be a jaw-supporting mechanism and in addition the orientation

suggested by Branson and Mehl causes confusion since it does not follow the accepted

pattern for the orientation of conodonts in general.

The orientations used by all the authors who have previously described the genus, in-

cluding those species recently transferred to Gnamptognathus are indicated on the hypo-

thetical specimen in text-fig. 2a, b. The orientation and nomenclature used in this paper

are indicated in text-fig. 2c, d, are outlined below, and can be seen to follow the con-

ventional pattern of orientation for the majority of conodonts.

The convex side of the unit is the outer lateral side and the concave side of the inner

lateral side. The denticles are borne on the oral surfaces of the bars irrespective of the

inclination or twisting of the bars. The aboral surface is that which bears the aboral

groove whilst the basal pit is at the apex of the unit beneath the base of the apical cusp.

In asymmetric forms the apical cusp curves away from the anterior bar and towards the

posterior bar, whether the specimen be sinistral or dextral. Directions along the bars are

known as apical, towards the apical cusp and adapical, away from the apical cusp.

The posterior bar may be recognized by the use of several factors, including: (1) the

apical cusp curves towards the posterior bar in asymmetric forms; (2) if the bars are

unequally thickened the posterior bar always has the greatest amount of thickening;

(3) the posterior bar is inwardly directed, in varying degrees, relative to the anterior bar.

Specimen index numbers are compiled as follows, e.g. 26(5)GG202. 26(5) is the film

reference, GG the locality of the sample (Gunnerside Gill, Swaledale) and 202 the sample

number. Each description includes a statement of the number of well-preserved speci-

mens studied, together with (in brackets), the total for that species including identifiable

fragments.

Apatognathus? chaulioda sp. nov.

Plate 17, figs. 1, 2, 3, 5

Diagnosis. An Apatognathus? on each bar of which is a bar cusp approximately the size

of the apical cusp and separated from the latter by a few, small, compressed denticles.

Description. An asymmetric unit with two bars diverging at 26-35 degrees.

From the inner lateral view the two bars are of equal dimensions, with inner lateral sides
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inclined to each other particularly at the apex. Each bar is divided into an apical and a

longer adapical part by a prominent bar cusp. Thickening in mature specimens is con-

centrated at the apex of the unit and extends equally along each bar as a smooth, wide, and
sometimes diminishing ridge.

The usually strong apical cusp is of variable length, as wide and thick as a bar at its

base, sharply pointed, posteriorly curved and inclined, and may be laterally flanged.

The bar cusps are similar in size and shape, may be even wider at their bases than the

apical cusp, and are apically inclined.

The denticles between the apical and bar cusps are shorter than the height of the bar

and although fused, maybe discrete in juvenile forms. There is a maximum of about five

denticles in this position on each bar but never more on the posterior bar than on the

anterior bar. The remaining denticles are discrete, usually longer than the height of the

bar, and similar in shape to the apical set.

From the outer lateral view, a prominent, wide ridge curves round the apex of the unit

and is gradually reduced along the bars. The aboral margin of the bars is sharp and the

apical lamella variable in size.

From the anterior view, the base of the bar is straight but the height of the bar increases

apically and culminates in the inwardly directed apical cusp. Inward inclination of the

denticles is slight.

From the aboral view, the aboral groove is prominent, deep, and wide and the basal

pit is deep and circular.

Comparisons. This species is distinctive in its possession of a large bar cusp on each bar.

A? scalena sp. nov. has a bar cusp only on the posterior bar.

Discussion. The major variations in this species concern the number of denticles between

the apical and bar cusps and also the extent of the thickening of the bars. If thickening

extends from the apex beyond the base of the bar cusps, the whole length of the bar is

usually thickened.

Occurrence. The Yoredale Series of the north of England.

Range. Hawes Fimestone to the Four Fathom or Underset Limestone. Absent from the

Hardraw Scar and Simonstone Limestones.

Type Specimen. 26(5)GG202, Plate 17, Figs. 1, 2.

Number of specimens. 23(68).

Type Locality. Four Fathom Limestone of Gunnerside Gill, Swaledale. G.R. 937007.

Apatognathus? cuspidata sp. nov.

Plate 17, figs. 4, 6, 7, 8, 9, 10

Diagnosis. An Apalognathusl with small denticles on the anterior bar and larger

denticles on the posterior bar, the latter being less steeply inclined than the anterior

bar on the inner lateral side, and an apical cusp which is more than half the bar length.

Description. An asymmetric species with bars diverging at about 25 degrees.

From the inner lateral view the anterior bar is straight and high with a prominent
narrow ridge, which in mature specimens extends the whole length of the bar on the
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inner side of the denticles. The inner lateral surface is steeply and uniformly inclined

inwards. The denticles are triangular, sharply pointed, apically inclined, strongly

inclined inwards, with a small decrease in size adapically and number from 8 to 10

but always one in excess of the posterior bar.

The apical cusp is at least half as long as the bars, sharply pointed, as stout as a bar at

its base where it is laterally flanged, and inwardly and posterially directed.

The posterior bar is straight and highest two-thirds the distance from the apex.

Aprominent ridge extends along the bar on the inner side ofthe denticles. The inclination

of the inner lateral side is less than that of the anterior bar and also decreases adapically.

Apical and inward inclination of the denticles is also less than on the anterior bar,

though they may be larger and more discrete.

From the outer lateral view, the base of the apical cusp is smooth, convex, and

continuous with a strong ridge which extends along each bar. That of the anterior bar

curves upwards to the oral margin and accentuates the steep inclination of the outer

lateral side. That of the posterior bar is straight. The aboral margins of the bars are

sharp. Apical lamella small.

From the anterior view, the prominent ridge on the outer lateral side forms the base of

the bar in this view. Base slightly convex and the height of the bar decreases adapically.

The denticles are fused for one-third of their length.

From the aboral view, the aboral groove is narrow, deep, and bounded by two

prominent ridges. The basal pit is circular.

Comparisons. This species differs from the other species in its combination of a very

large apical cusp, strong, regular denticulation, and the difference in inclination of the

anterior and posterior bars. It does, however, bear some similarities to the juvenile forms

of the species figured by Rexroad and Collinson (1963) as A? porcata (Hinde).

Occurrence. The Yoredale Series of the North of England.

Range. Simonstone Limestone to the Main Limestone.

Type Specimen. 28(6)BB205, Plate 17, fig. 7. Number of specimens. 20(85).

Type Locality. Great Limestone, Borrowdale Beck, Stainmore, Westmorland. G.R. 834160.

EXPLANATION OF PLATE 17

All figures x41.

Figs. 1-3, 5. Apatognathus? chaulioda sp. nov. 1, Inner lateral view of type-specimen 26(5)GG202.

2, Outer lateral view of type-specimen. 3, Inner lateral view of specimen 23(1)MG285. 5, Outer

lateral view of specimen 34(3)GB8A.

Figs. 4, 6-8, 10. A? cuspidata sp. nov. 4, Inner lateral view of specimen 25(4)SW182, with broken

denticles and cusp but with bars complete. 6, Inner lateral view of specimen 3 1 (3 )BB 1 59. 7, Inner

lateral view of type-specimen 28(6)BB205. 8, Inner lateral view of specimen 29(2)BB205. 10, Outer

lateral view of large specimen 31(2)BB159.

Figs. 9, 12, 13. A? gemina (Hinde). 9, Inner lateral view of specimen 81(1)GB110A. 12, Oral view of

specimen 80(5)GB110J, posterior bar only, showing extensive lateral thickening. 13, Aboral view

of same specimen showing position of aboral groove.

Fig. 11. A? petila sp. nov. Outer lateral view of type-specimen 16(6)MG39, with complete anterior bar.
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Apatognathus? gemma (Hinde)

Plate 17, figs. 9, 12, 13

1900 Prioniodus geminus Hinde, pi. 10, fig. 25.

1928 Prioniodina? gemina (Hinde); Holmes, p. 19, pi. 5, fig. 10.

1960 Apatognathus geminus (Hinde); Clarke, p. 4, pi. 1, figs. 1, 2.

Description. An asymmetric unit with bars diverging at about 20 degrees.

From the inner lateral view, the unit is strong, highly thickened, and twisted at its apex.

The bars are straight, with the thickening evident as a prominent ridge extending along

each bar. The ridge of the posterior bar, where the thickening is most strongly developed,

is higher and sharper than that of the anterior bar. The posterior bar is strongly

inclined inwards adapically. The apical twisting of the unit results in the bars being in

different planes and the aboral side of the anterior bar may be visible in this view. The
apically inclined denticles of the anterior bar are irregular but at least equal in length to

the height of the bar and with little inward inclination. Inward inclination of the cusp is

strong. The latter is inclined slightly posteriorly and is often flanged asymmetrically,

the posterior flange being the larger. The cusp is as broad and thick as a bar at its

base. The posterior bar denticles are smaller and more numerous than those of the

anterior bar, apically and inwardly inclined, roughly triangular in outline and may be

fused at their bases.

The outer lateral side of the anterior bar is continuous with the base of the denticles

and has a low ridge running near the base of the bar. The cusp is smooth, broad, flat,

and continuous with the bars. The posterior bar has an exaggerated, sharp, narrow

ridge extending its whole length. The apical lamella is very small and may not be visible.

From the posterior view, lateral thickening of the posterior bar is very strong with the

result that its oral surface is wider than the height of the bar, convex and with slightly

irregular lateral margins. The apical cusp is thick at its base and curves strongly inwards

in a smooth curve.

From the aboral view, the aboral groove is wide, deep, and bounded by two promi-

nent lips. The basal pit is deep and circular.

Comparisons: The above description of specimens from the Yoredale Series shows this

species to differ from others in its large amount of lateral thickening, particularly of the

posterior bar, and the apical twisting of the unit. It is distinguished from A? cuspidata

also in its less regular denticulation, the presence of larger denticles adjacent to the apical

cusp and a wider aboral groove.

Discussion. The denticulation of this species is variable but the number of denticles on
the posterior bar exceeds those of the anterior bar. Those adjacent to the apical cusp

may be somewhat larger than the remaining denticles.

Occurrence. Type locality: Upper Limestone Glencart, Dairy. Upper Limestone, Linn

Spout, Dairy, Skateraw. Middle Limestone, Dunbar. Yoredale Series of the North of

England.

Range in the Yoredale Series. Hawes Limestone to the Middle Limestone. Number of
specimens. 22(68).
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Apatognathus? librata sp. nov.

Plate 18, figs. 3, 6, 8, 9, 12, 13

Diagnosis. A robust, wide-angled, almost symmetric Apatognathus? with large, subequal

denticles on both limbs.

Description. Mature specimens are large, strong, approximately symmetric in lateral

view, and with bars diverging at 45-50 degrees.

From the inner lateral view, both bars are thick, strong, high at the apex, gradually

decreasing in height adapically and with flat oral surfaces on which are borne strongly

inwardly inclined denticles. The inner lateral surfaces of the bars are steeply inclined

towards each other, particularly at the apex, and are almost flat.

Denticles of each bar are subequal, longer than the height of the bar, sharply pointed,

in contact for over half their length, and with a slight regular decrease in size adapically.

In mature specimens a large denticle may be developed on one or both bars and separated

from the apical cusp by a denticle of normal size.

The apical cusp is central, little larger than the denticles and of similar shape, strongly

inclined inwards, and with no posterior inclination.

From the outer lateral view, the outer lateral surface is convex and continuous with the

outer surfaces of the denticles, the growth lamellae of which are seen to extend into

the bars. The small apical lamella is continuous with a prominent ridge which passes

down the outer side of each bar becoming more orally placed adapically.

From the anterior view, the aboral margin of the bar is slightly convex. The denticles

are inclined very strongly inwards and decrease in length adapically. The apical cusp

is inwardly inclined at 45-50 degrees and leaves the apex of the unit at an abrupt angle.

From the aboral view, the aboral groove is narrow, shallow, and borne on the sharp

aboral margin. In mature specimens the basal pit is small and circular.

Comparisons. This species is probably the most distinctive of the six species described

since no other has such uniform denticulation combined with so high a degree of sym-

metry.

Discussion. In young specimens the bars are delicate, blade-like, and equal in thickness

EXPLANATION OF PLATE 18

All figures x41.

Figs. 1 , 2, 4, 5. Apatognathus? scalena sp. nov. 1 and 2, Outer and inner lateral views of type-specimen

32(4)BB213, showing the greater length of the anterior bar and pronounced posterior bar cusp. 4

and 5, Outer and inner lateral views of specimen 33(3)GG217, with short posterior bar and broken

anterior bar.

Figs. 3, 6, 8, 9, 12, 13. A? librata sp. nov. 3, Inner lateral view of specimen 3 1 (6)BB 1 59, showing large

denticle near apical cusp. 6 and 8, Inner and outer lateral views of immature specimen 30(2)BB212. 9,

Inner lateral view of specimen 28(4)BB205. 12, Inner lateral view of an almost complete, small,

immature specimen exhibiting a marked degree of symmetry 29(5)BB159. 13, Inner lateral view of

the type-specimen 18(2)MG132.
Figs. 7, 10, 11. A? petila sp. nov. 7, Inner lateral view of large, thickened specimen 20(5)MG259,
showing contortion of the apical denticles and a bulbous thickening of the posterior bar. 10,

Inner lateral view of specimen 34(5)GB110. 11, Outer lateral view of an immature specimen

24(4)SW182.
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to the denticles, whilst the basal pit is spindle-shaped and relatively larger. The onset of

maturity is marked by an extensive thickening of the inner lateral sides of the bars,

particularly at the apex. Thus the oral surfaces of the bars become flattened, the inner

lateral sides steepened, and the basal pit constricted. Thickening also affects the apical

cusp and denticles.

Occurrence. The Yoredale Series of the North of England.

Range. Gayle Limestone to the Little Limestone.

Type Specimen. 18(2)MG132, Plate 18, fig. 13. Number of specimens. 47(157).

Type Locality. Simonstone Limestone, Whitfield Gill, Askrigg, Wensleydale. G.R. 935918.

Apatognathus petila sp. nov.

Plate 17, fig. 11, Plate 18, figs. 7, 10, 11

Diagnosis. An Apatognathus? with a small apical cusp, a strongly inwardly inclined

anterior bar on which the denticles increase in size apically, and a posterior bar with

uniform denticulation and no inward inclination.

Description. An asymmetric unit with limbs diverging at 38-45 degrees.

Lrom the inner lateral view, the anterior bar is blade-like and curved mainly at the

adapical end. The inner lateral side is steeply inclined inwards particularly at the apex.

Thickening is slight. The denticles near the apex of the unit are large, sharply pointed,

sharp edged, apically directed, fused for two-thirds their length, and highly inclined

inwards. In addition, those denticles adjacent to the cusp may be posteriorly curved

and inclined. Adapically the denticles are shorter and develop an adapical inclination,

with the last denticle terminating the bar.

The apical cusp is only slightly larger than the adjacent denticles of the anterior bar,

is of similar shape, highly inclined inwards, and posteriorly inclined and curved.

The posterior bar is of uniform height, slightly thickened, and is in a plane almost

at right angles to that of the anterior bar. It has no inward inclination on its inner

lateral side or denticles. The latter are of uniform length, shorter than the height of the

bar, fused for two-thirds their length, apically directed and narrower and more sharply

pointed than those of the anterior bar.

Lrom the outer lateral view, the outer lateral surface of the unit is smooth, convex, and

continuous with the base of the denticles. A low ridge extends down the anterior bar a

uniform short distance above the aboral margin and disappears at two-thirds the length

of the bar. On the posterior bar, however, the ridge crosses the outer lateral surface from

an aboral to an oral position and then runs along the base of the denticles. The denticles

of both bars may be of irregular shape or contorted in the region of the apical cusp.

Lrom the anterior view, the aboral margin of the bar is convex. The adapical decrease

in the height of the bar and length of the denticles is pronounced. The apical cusp and

adjacent denticles are directed very strongly inwards.

Lrom the aboral view, the aboral groove is wide and deep and bounded by two sharp

ridges. The basal pit is large and spindle-shaped.

Comparisons. This species differs from others of the genus in its combined lack of a
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distinct apical cusp and the contrast in inclination of the bars. The latter feature, which

is more marked than in A? scalena sp. nov. increases towards the apex, where the

denticles and anterior bar may be directed inwards at 90 degrees. The contortion

of the denticles in the region of the apical cusp has not been seen in other species.

Discussion. Only a small amount of thickening takes place but denticles may become
fused. Posterior bar denticles appear to be most prone to fusion, occasionally becoming

completely fused in groups of three. This species bears some similarities with some
of the specimens figured by Rexroad and Collinson (1963) as A? porcata (Hinde),

particularly their large, mature forms, but the ontogeny of A? petila sp. nov. shows

less variation in form as well as other differences and in view of the fact that the type

specimen of A? porcata (Hinde) is a broken specimen consisting of a single bar, the

Yoredale Specimens are described as a new species.

Occurrence. The Yoredale Series of the North of England.

Range. Gayle Limestone to the Main Limestone.

Type Specimen. 16(6)MG39, Plate 17, fig. 11. Number of specimens. 38(130).

Type Locality. Hardraw Scar Limestone, Whitfield Gill, Askrigg, Wensleydale, G.R. 939915.

Apatognathus? scalena sp. nov.

Plate 18, figs. 1, 2, 4, 5

1963 Apatognathus? gemina (Hinde); Rexroad and Collinson, p. 7, pi. 1, figs. 12-17.

Diagnosis. An Apatognathus? with subequal denticles on the anterior bar but variable

denticles and a single large bar cusp on the posterior bar.

Description. A highly asymmetric species with bars diverging at about 20°.

Lrom the inner lateral view, the anterior bar is straight, twisted on its own axis, its

inner lateral side steeply inclined at the apex, and less steeply adapically. The apical part

of the bar is thickened with its flat oral surface slightly wider than the denticles it bears.

Adapically the bar is blade-like and of equal thickness to the denticles. The latter

decrease in size adapically and are of uniform shape. The inward inclination of the

denticles increases apically and the denticles adjacent to the apical cusp are, in addition,

posteriorly inclined.

In young forms the apical cusp appears as a posteriorly directed extension of the

anterior bar but in mature forms it is similar in shape and only slightly larger than the

adjacent denticles of the anterior bar.

The posterior bar is slightly shorter than the anterior bar and straight, with its inner

lateral surface uniformly and less steeply inclined. Occurring at its mid-length is a large,

compressed bar cusp, which is wider than the height of the bar. Between the apical and

bar cusps are a few denticles which in mature forms are small and regular. Also in mature

forms the denticle on each side of the bar cusp is commonly larger than the others and

may rival the bar cusp in size. Adapically from the latter the denticles decrease in size.

Lrom the outer lateral view, a prominent, sharp ridge extends along each bar from the

apex. That of the anterior bar maintains a uniform distance from the aboral margin but

that of the posterior bar curves up to the base of the bar cusp. The anterior bar is of
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uniform height whereas the posterior bar increases in height from the apex to the bar

cusp and then decreases adapically. Apical lamella small.

From the anterior view, the aboral margin of the bar is sharp and strongly convex.

The anterior bar denticles, up to 16 in number, are of uniform width and shape and in

contact for most of their length. The bar curves into the inwardly inclined apical cusp in

a single smooth curve.

From the aboral view, the aboral groove is wide, deep, and bounded by strong ridges.

Basal pit deep and spindle-shaped.

Comparisons. This species differs from other species of Apatognathus

?

in its large

posterior bar cusp which is similar to that found on both bars of A? ehaulioda sp. nov.

The anterior bar, however, bears certain similarities with that of A? petila sp. nov. in

its uniform denticulation, twisting, and high angle of inclination.

Discussion. The bar cusp of young forms is relatively larger than that of mature forms.

Occurrence. St. Louis Formation of the Yalmeyeran Series, Mississippian, U.S.A. The
Yoredale Series of the North of England.

Range in the Yoredale Series. Simonstone Limestone to the Main Limestone.

Type Specimen. 32(4)BB213. Plate 18, figs. 1, 2. Number of specimens. 13(51).

Type Locality. Great Limestone. Borrowdale Beck, Stainmore, Westmorland. G.R. 834160.

DISTRIBUTION OF THE GENUS APATOGNATHUS? IN THE
YOREDALE SERIES

The distribution through the Yoredale Series of the six species of Apatognathus?

described in the present paper is shown in text-fig. 3. This figure shows the genus to be

present in every major limestone except the Crow, which was too siliceous to yield any

conodonts.

The Hawes Limestone contained moderately small faunas of conodonts, up to thirty-

five specimens per kilogram of rock, in which A? ehaulioda sp. nov. and A? gemina

(Hinde) were the only species of this genus to be present. The lowest occurrences in the

Yoredale Series of A? petila sp. nov. and A? librata sp. nov. were in the Gayle Lime-

stone, in which they were combined with the above species and occurred in complete

faunas of over 1 00 specimens per kilogram. The Hardraw Scar Limestone, however, yielded

only three specimens of Apatognathus?, i.e. single specimens ofA?gemina( Hinde), A?petila
sp. nov., and A? librata sp. nov. A? ehaulioda sp. nov. was not found but this is not

surprising in view of the small size of the faunas which appears to be characteristic

of the Hardraw Scar Limestone in the Whitfield Gill locality. The Simonstone and
Middle Limestones yielded large numbers of specimens of this genus. The Middle

Limestone was in fact the only limestone to contain all six species but, as will be seen from

text-fig. 3, A? ehaulioda sp. nov. has a projected range through the Simonstone Lime-

stone since it is found as far up the succession as the Underset Limestone. The Five

Yard Limestone yielded relatively small numbers of conodonts but these included five

species of Apatognathus?. A?gemina (Hinde), which was absent, did not occur in the Three

Yard Limestone above, in spite of the fact that the latter yielded the largest faunas in
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the whole of the study, with concentrations exceeding 500 specimens per kilogram in

the Gunnerside Gill locality and 350 per kilogram in Weardale. The Underset or Four
Fathom Limestone contained A? librata sp. nov., A? scalena sp. nov., A? cuspidata sp.

nov., and A? petila sp. nov., plus the highest occurrence of A? chaulioda sp. nov. The
large faunas of the Main Limestone included the highest occurrences of A? petila sp.

nov., A? scalena sp. nov., and A? cuspidata sp. nov., plus A? librata sp. nov., which was
the only species to continue through into the Little Limestone. The Mirk Fell Beds

text-fig. 3. Range chart of Apatognathus? species occurring in the Yoredale Series.

yielded large conodont faunas but they included no species of Apatognathus?. The genus

must therefore disappear between the Little Limestone and the Mirk Fell Beds after

having first suffered a drastic decline in numbers above the Main Limestone.

POSSIBLE FACIES CONTROL OF THE GENUS APATOGNATHUS?
IN VISEAN-MIDDLE MISSISSIPPIAN TIMES

Some characteristics of conodont distribution. Conodonts are of world-wide distribution

and one of their great advantages in use for zonation purposes is that they are essentially

free of facies control. This is evident in both small-scale facies variations from lithology

to lithology and also in large-scale variations from, for instance, a basin type of sedimen-

tation to a shelf environment. An illustration of this was given by Rexroad (1958) who
described the conodonts from the Glen Dean Formation (Chester Series), and who found

that out of 27 species, 21 were common to both limestone and shale. Of the other
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species two, which were found only in the shale, were represented by only four specimens,

and four found only in the limestone he considered to reflect the method of sampling

rather than environmental factors.

Facies control of the Visean-Middle Mississippian representatives of the genus Apato-

gnathus? During the Visean or Middle Mississippian times Apatognathus? appears to

have favoured certain conditions to the exclusion of others. After a long period of

absence the genus suddenly appeared in relative abundance in three separate regions

and at approximately similar horizons. These three regions, the Illinois Basin of the

U.S.A., the Midland Valley of Scotland, and the Askrigg and Alston Blocks of the North
of England, although not identical lithologically, are each represented by shallow-water

cyclic sediments in which goniatites are rare and the fauna is mainly benthonic. The
contrast, rather than being from lithology to lithology, is therefore between a coral/

brachiopod facies where Apatognathus ? is present and a cephalopod facies, where the

genus is absent. This is particularly well shown in Britain, where Apatognathus? is

absent from the P and E! zones of the Midlands and Lancashire (Dr. A. C. Higgins

—

personal communication), but is present at equivalent horizons in the coral/brachiopod

facies of the Askrigg and Alston Blocks. The facies control of the genus is further illus-

trated by the fact that even within the Yoredale Series there are no representatives of

Apatognathus? in the Mirk Fell Beds, which consist of a shale and ironstone sequence

containing goniatites of E2 age but they do occur at this horizon in the Upper Limestone

Group of the Midland Valley of Scotland (Clarke 1960).

CONCLUSIONS

A number of facts have therefore accumulated as a result of the present study of the

Yoredale Series. Most important of these is that well-preserved conodonts are present

in abundance, at least in the limestones, from which they are easily extracted. A common
constituent of these faunas is the otherwise relatively uncommon genus Apatognathus?

Branson and Mehl 1934 which exhibits what is apparently the greatest amount of

variation in form which has so far been found in this genus in any one locality. Six species

have been described, five of which are new and they have shown themselves to be of

value in the stratigraphic succession of the Yoredale Series. When combined with the

remainder of the fauna an accurate zonal scheme, based upon conodonts, is possible.

All the forms described have been included in the genus Apatognathus? although it is

inevitable that further reorganization will be necessary when the ranges and origins of

the group are more fully known. At present the term ‘morphic equivalent’ is thus pro-

posed as preferable to ‘homeomorph’ which implies a knowledge of the ancestry of the

form under consideration. The present study has indicated the type of situation under

which the genus might be found in the future, since it does appear to be at least to some
extent controlled by the presence of a shallow-water coral/brachiopod facies in which
goniatites are uncommon.
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CORTEZORTHINAE, A NEW SUBFAMILY OF
SILURO-DEVONIAN DALMANELLID

BRACHIOPODS

by j. g. Johnson and john a. talent

Abstract. Cortezorthinae is proposed for the Siegenian-Eifelian septate dalmanellid Cortezorthis gen. nov., its

Silurian to Lower Devonian aseptate precursor Protocortezorthis gen. nov., and their derivatives, Reeftonia

Allan and Cariniferella Schuchert and Cooper. New species are Protocortezorthis mndmillensis and Cortezor-

this cortezensis from Nevada and Cortezorthis maclareni and C. bathurstensis from the Canadian Arctic. Cor-

tezorthis maclareni is type species of Cortezorthis', ‘ Dalmanella ’ fornicatimcurvata is designated type species of
Protocortezorthis.

Protocortezorthis windmillensis is a temporal and morphologic intermediate between fully differentiated

members of Protocortezorthis and of Cortezorthis. Its incipient median septum is recapitulated in early growth
stages of Cortezorthis, and its dorsal adductor field is variable between patterns typical of both older and
younger forms.

The new subfamily Cortezorthinae arose from an as yet undesignated Silurian species of Isorthis. The Silurian

members of Protocortezorthis developed distinctive ventral musculature, in part reminiscent of the rhipidomellids.

The Devonian members of the Cortezorthinae (Cortezorthis , Reeftonia, and Cariniferella) evolved away from
standard isorthoid muscle patterns and also showed some convergence toward rhipidomellid internal mor-
phology.

Recent attempts to cast dalmanellid taxonomy in a phylogenetic scheme (Boucot,

Johnson, and Walmsley 1965; Boucot, Gauri, and Johnson 1966) and efforts made here

bring into focus some broad generalities regarding Devonian dalmanellids. The broad

compass of the Dalmanellidae of Williams and Wright (1963) and of Wright (1965)

includes several distinctive subfamilies in the Silurian and the Early and Middle Devonian,

but members of the subfamily Dalmanellinae are unknown in Devonian beds. Devonian

representatives of the family are limited to the isorthids and resserellids. The latter

group and the Dicaelosiidae died out during the Emsian or Eifelian. Thus most of the

Devonian genera fall into three major groups, Rhipidomellidae (emend. Boucot, Gauri,

and Johnson 1966), Schizophoriidae, and Dalmanellidae.

Walmsley, Boucot, and Harper show, in a manuscript in preparation, that Isorthis

may have been derived from Dalmanella. The family assignment of the cortezorthinids

hinges on the derivation of Schizophoria and we believe the evidence still favours its

having arisen from Hinantia or Salopina rather than from Isorthis. This is supported

by the nature of the internal morphology of the earliest Schizophoria species of early

Gedinnian age, discussed later in this paper, which have unfaceted ventral diductor

impressions and a narrow ventral myophragm, plus dorsal cardinalia that are charac-

terized by strong brachiophore supporting plates that are not associated with prominent

adductor muscle bounding ridges. These are features typical of Salopina , but not of

Isorthis. Therefore Isorthinae, once regarded as belonging to the Schizophoriidae (Schu-

chert and Cooper 1932),must be transferred to the Dalmanellidae and the Cortezorthinae,

which had its origin in Isorthis, is similarly placed.

If the isorthoids are to be dissociated from the schizophoriids, the major split of

[Palaeontology Vol. 10, Part 1, 1967, pp. 142-170, pis. 19-22.]
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the punctate orthoids at the superfamily level recognized by Alikhova (1960) probably

has real significance and is adopted here.

SYSTEMATIC PALAEONTOLOGY

Suborder dalmanelloidea
Superfamily dalmanellacea Schuchert 1913

[= Rhipidomellacea Alikhova 1960]

Family dalmanellidae Schuchert 1913

Subfamily cortezorthinae nov.

Diagnosis. Aseptate or septate Dalmanellidae with fixed ventral adductor and un-

faceted ventral diductor scars (see appendix of definitions) and progressively divergent

brachiophores in Devonian member genera.

Discussion. The new subfamily Cortezorthinae is erected primarily to include the new
genera Cortezorthis and Protocortezorthis defined below, but includes the previously

named genera Reeftonia and Cariniferella as well. Protocortezorthis is thought to have

been derived out of one of the Silurian species of Isorthis, but since an understanding

of Cortezorthis morphology, ontogeny, and direct ancestry is necessary for elucidation

of the subfamily, further discussion is deferred until later in this paper.

Genus cortezorthis gen. nov.

Plates 19-20

Type species. Cortezorthis maclareni Johnson and Talent sp. nov.

Diagnosis. Ventral muscle-field lacking broad myophragm. Brachial valve with rhom-
boidal adductor muscle-field and discrete postero-lateral bounding ridges; fulcral

plates lacking; median septum long and triangular. Both valves may bear peripheral

radial septa.

Discussion. Cortezorthis is an unusual dalmanellid even amongst dalmanellids with a

dorsal median septum, which themselves are uncommon and at present still relatively

poorly known. Most of the septate dalmanellids are small shells and the only genus

previously brought to light that attains a size comparable to that of other Palaeozoic

dalmanellids is Phragmophora Cooper 1955. The known representatives ofPhragmophora
are not particularly large for dalmanellids and are considerably smaller than the largest

specimens of Cortezorthis as represented by C. maclareni, C. bathurstensis, and C. cor-

tezensis described below.

The median septum of Cortezorthis is distinctive in being very long and relatively low
triangular through its entire length, distinguishing it from the median septum of other

known septate dalmanellids, except Muriferella ,
since they all bear a relatively high

triangular structure (text-fig. 1).

The second distinctive morphologic element of Cortezorthis is its peripheral radial

septa (see appendix of definitions). These appear first in the antero-medial regions, and
in the brachial valve they closely adjoin the median septum. The smallest specimens that

bear radial septa have a single pair next to the median septum. In larger specimens the
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radial septa become better developed around the antero-lateral periphery with generally

decreasing strength away from the mid-line. Since the peripheral radial septa are so

extravagantly developed in some forms it is surprising to find that they are wholly absent

in others; the evidence at hand suggests that their presence or absence within the genus
is merely of specific value since forms that lack them come from different localities and
different stratigraphic positions and have fairly clear-cut minor external peculiarities

of form that distinguish them from species bearing radial septa.

Hypsomyonia Kaysere!la Mystr ophora

Vallomyonia Prokopia Phragmophora

Monelasmina Muriferel la Cortezorthis

text-fig. 1 . Schematic longitudinal sections at the mid-line of the Devonian septate dalmanellid genera

showing brachial valve, outline of median septum, and outline of exterior of pedicle valve.

Among forms with radial septa and those that lack them, there seems to be little

difference in the thickness of the median septum, the shell in general, and the strength of

development of the muscle bounding ridges or the anterior elevated edge of the adductor

platform in the brachial valve. On the other hand, the unnamed species from Novaya
Zemlya (PI. 20, figs. 21—27) has a very faintly impressed dorsal musculature. Its median

septum is relatively thinner than in either C. cortezensis or C. maclareni and so are the

radial septa; so the possession or absence of a well-developed anterior elevated edge

for the dorsal adductor scars appears to be a feature of no more than specific value.

In the pedicle valve most species lack a myophragm dividing the ventral diductors,

although in a few specimens the adductor tracks are well defined. The largest specimen

of C. cortezensis, however, has a fairly prominent ventral myophragm and is uncommon
in that regard. Judging from the variation amongst the named and unnamed species of

Cortezorthis, the internal feature of consistent taxonomic value in the pedicle valve

appears to be short dental lamellae in combination with discontinuous, anteriorly
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convergent muscle bounding ridges. In the brachial valve all medium and large-size speci-

mens bear a long, low median septum and all that attain a relatively moderate size bear

a rhomboidal adductor muscle-field with the postero-lateral bounding ridges of the

posterior adductors discontinuous with the brachiophore bases and set within them

(PI. 19, figs. 21-23; PI. 20, figs. 18, 28).

COMPARISON

Relation to Muriferella. There are similarities in the median septa of Cortezorthis and

Muriferella Johnson and Talent (in press), but the latter genus has well-defined fulcral

plates and an elongate dorsal adductor muscle-field, both of which are lacking in

Cortezorthis. The two genera occur together in Nevada and in the Canadian Arctic and

in collections bearing small Cortezorthis (e.g. PI. 20, figs. 3-7) the broad muscle scars

and divergent brachiophores of Cortezorthis at once distinguish it from Muriferella

(cf. Johnson and Talent, in press, pi. 9, figs. 6-10).

Relation to Phragmophora. Cortezorthis gen. nov. somewhat resembles Phragmophora

in the configuration of the pedicle muscle impressions and in the possession of a dorsal

median septum. In the pedicle valve Phragmophora (Cooper 1955, pi. 12, fig. 19) bears

a short, transverse muscle-field laid out on the same plan as that of Cortezorthis. The
antero-lateral bounding ridges are shorter and converge much more sharply than in

Cortezorthis. In the ventral valve of Phragmophora there is a notodeltidium (Cooper

1955, pp. 51, 52, pi. 14a; Biernat 1959, pi. 5). The structure is not present in Cortezorthis

although some of the shells examined are exceptionally well preserved. Instead, the apex

of the pedicle valve may be filled internally with a deposit of shell material that partially

closes the apex of the delthyrium.

In the brachial valve, Cortezorthis structures are dissimilar in general layout to those

of Phragmophora. The brachiophores and cardinal process are difficult to compare.

Basically, the cardinal process of Phragmophora is bilobate (Cooper 1955, pi. 12, fig. 24;

Biernat 1959, p. 44, fig. 16) and the myophore of the best-preserved specimen of Cortez-

orthis (pi. 19, fig. 2) is relatively similar to the quadrilobate one of Phragmophora schnuri

illustrated by Biernat (1959, p. 44, fig. 16c). However, the shaft of the cardinal process

of Cortezorthis is not cleft as is the shaft in Phragmophora. The median septum of

Phragmophora schnuri is much higher and decidedly more precipitous in the slope of its

posterior edge (text-fig. 1). Moreover, the septum does not extend to the anterior margin.

In Cortezorthis, small shells bear a median septum that is no more than a ridge. Larger

specimens of Cortezorthis bear a median septum that is long, low, and triangular and
which does extend to the anterior margin of the valve (text-fig. 1). In addition, the

brachiophores of Phragmophora appear to be somewhat more slender and more strongly

ventrally directed than they are in Cortezorthis. The well-formed triangular notothyrial

platform of Cortezorthis is not developed in Phragmophora as illustrated by Cooper

(1955, pi. 12b) nor in the specimens illustrated by Biernat (1959, pi. 6, figs. 9-11). Biernat

(1959, p. 52) noted that fulcral plates are lacking in small specimens (ephebic stage) of

Phragmophora , but are present in gerontic shells. The latter suggestion is undoubtedly

based on a misinterpretation of fulcral plates which, when present, are best seen in small

specimens. The gerontic build-up of shell material in and around the sockets to form an

anterior overhanging lip should not be confused with true fulcral plates.

LC 4466
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Taken together, the configuration of the cardinalia and median septum of Phragmo-
phora suggest that the genus was derived from Prokopia (Havlicek 1953) rather than

Cortezorthis and its allies. Prokopia is a very small, thick-shelled form that lacks fulcral

plates but bears a high triangular median septum that descends precipitously ventrally

along its posterior edge. Wright (1965, pp. H338-9) proposed a subfamily Prokopiinae

to include Prokopia, Phragmophora, and Monelasmina. However, as shown by Cooper

(1955, pp. 53-54) Monelasmina is a schizophoriid genus and is therefore not closely

related to Prokopia.

Relation to Monelasmina. Cortezorthis differs from Monelasmina (Cooper 1955, pi. 11;

Pedder 1959) by attaining a much greater size, but more importantly in a comparison

of Monelasmina with small specimens of Cortezorthis that are in the same size range,

Cortezorthis differs most markedly by the lack of a high triangular median septum. In

addition, Monelasmina bears long bilobate ventral diductor scars even at an early growth

stage. Monelasmina is a schizophoriid genus, and it appears possibly to have been derived

directly from a late species of Salopina or from Sphenophragmus Imbrie (1959) rather

than Cortezorthis.

Relation to Hypsomyonia. Hypsomyonia Cooper is a septate Devonian dalmanellid

whose phylogenetic relations are still uncertain, thus necessitating comparison with

Cortezorthis. Hypsomyonia (Cooper 1955, p. 52, pi. 11, figs. 1-11) even though minute,

bears a relatively high triangular median septum and an anteriorly elevated muscle

platform. Large specimens of Cortezorthis bear an anteriorly elevated adductor platform

and this is probably the source of their assignment to Hypsomyonia (McLaren in Fortier

et al. 1963, p. 320); however, as is the case with Monelasmina and Prokopia, small speci-

mens of Cortezorthis, the same size as Cooper’s illustrated specimens of Hypsomyonia ,

differ very markedly by the lack of a high, triangular median septum or an elevated

adductor platform in Cortezorthis.

Relation to Dalmanellopsis. The genus Dalmanellopsis Khalfin (1948) was thought

possibly to be a septate dalmanellid. Khalfin (1948, pp. 208, 209) described a long ridge

or septum in the brachial valve of the type species D. septiger. Examination of a specimen

of D. septiger sent by Dr. R. T. Gratsianova revealed that the structure in question is

only a low medial ridge and not a true median septum. Dalmanellopsis appears to be a

valid genus most closely related to Salopina (Boucot, Gauri, and Johnson 1966) and not

a synonym of Levenea as it was regarded by Alikhova (in Sarycheva 1960, p. 191) and

Wright (1965, p. H334).

Cortezorthis maclareni sp. nov.

Plate 19, figs. 1-20, Plate 20, figs. 28, 29

1963 Hypsomyonia? sp. A, McLaren in Fortier et al., p. 320.

Diagnosis. Cortezorthis with a strong narrow fold (carina) on the pedicle valve and a deep,

subangular, narrow sulcus on the brachial valve. Internal margins of both valves bear

radially arranged septa.

Exterior. Brachial valves are transversely suboval to sub-semicircular while pedicle

valves may be transversely shield-shaped or subpentagonal in outline. The valves are
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unequally biconvex in lateral profile with the pedicle valve slightly more convex than the

brachial valve. The over-all aspect is relatively lenticular. The beak of the pedicle valve

is short, pointed, and only slightly incurved over a low, triangular, nearly flat interarea.

The ventral interarea is low apsacline to orthocline and is equal to approximately two-

thirds of the maximum width of the valves. It is cleft medially by a triangular open

delthyrium, enclosing an angle of about 60°. The interarea commonly shows fairly well-

developed horizontal growth lines that start a short distance lateral to the edges of the

delthyrium which are unstriated. The beak of the brachial valve is small, inconspicuous,

and moderately incurved. The dorsal interarea is relatively long, equalling the width of

the ventral interarea, and is flat and anacline. The cardinal angles are obtuse and relatively

smoothly and strongly rounded. Maximum width is commonly near midlength or slightly

posterior to it. Small shells and the posterior portions of larger ones bear a relatively

strong narrow fold on the pedicle valve and a well-marked narrow sulcus on the brachial

valve. However, toward the anterior of larger specimens the fold on the pedicle valve

begins to broaden and become less elevated and the anterior commissure becomes slightly

flattened or deflected toward the brachial valve, forming a broad, indistinct, curved

margin that is slightly dorsally deflected, in effect, a reversal of the sulcation pattern, but

the fold and sulcus developed posteriorly are of an entirely different order of magnitude

considering the relative height : width ratio of the features.

The ornament consists of numerous, fine, subangular costellae that increase in number
anteriorly by intercalation, principally along the sides of shallow interspaces. On some
specimens, particularly in the proximity of the fold and sulcus, the angular costellae

break down into numerous very fine costellae of about equal size. Fairly well-developed

concentric growth lines are present at a few irregular intervals across the shell. There

are commonly 10-15 costellae in a space of 5 mm., 10 mm. anterior to the beak of the

brachial valve in the mid-region.

Interior ofpedicle valve. Beneath the level of the delthyrium, in its apex, there is a some-

what variable but more or less well-developed pad of secondary shell material that fills

the apex of the valve and closes off the apical one-quarter to as much as one-third of the

delthyrium. Commonly the external face of the pad of shell material visible within the

apex of the delthyrium is seen to bear several lamellae or growth lines that have a con-

cave edge facing the hinge line, in effect rounding the apex of the delthyrium. The hinge

teeth are relatively ponderous and triangular in cross-section, in the plane of the commis-
sure. Their inner edges bear crural fossettes and are directed somewhat more strongly

laterally than the edges of the delthyrium. The lateral edges are almost parallel to the

median plane. Short dental lamellae are present in small specimens, but are made com-
pletely obsolescent by deposition of shell material beneath the hinge teeth and in the

umbonal cavities so that the hinge teeth appear to connect directly with the inner sur-

face of the valve. A pair of relatively thin, subangular, muscle bounding ridges originate

at the base of the hinge teeth and curve slightly inward toward the mid-line to partially

enclose the diductor muscle impressions antero-laterally.

In plan view the ventral muscle impression is roughly elongate-oval. The adductor

scars are located centrally and are relatively broad, low, and very faintly impressed. The
diductors are more or less triangular with their long sides lying subparallel to the mid-
line. Some specimens have the submedian and lateral diductor lobes differentiated (pi. 20,
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fig. 29) and the vascula media extend anteriorly in a radial fashion from the submedian
lobes. In a few specimens the submedian lobes are separated by a very narrow myo-
phragm, but in most there is an elongate trapezoidal track medially that is only faintly

elevated. There may be a rounded median groove that runs from nearly the anterior

edge of the diductor muscle field to the peripheral crenulations. Peripherally the interior

bears two sets of crenulations which are most strongly developed anteriorly and which
become slightly less pronounced laterally. There is an inner group of relatively widely

spaced, short, high, radially aligned, septa, but these do not reach to the edge of the

valve. Outside of these and right at the margin of the valve there is a finer set of more
numerous crenulations. The crenulate peripheral portion of the interior may be very

finely papillose, evidently mirroring the development of the endopunctae.

Interior of brachial valve. The sockets are relatively deep, expanding antero-laterally.

They are bounded posteriorly by the inner edges of the interarea and medially by the

lateral edges of the brachiophores. Basally they are impressed into thick shell material

between the brachiophores and the hinge line. On some specimens the anterior edge of

the base of the socket is free of the base of the valve overhanging a small cavity sug-

gesting that the socket base could be classified as a fulcral plate. However, the brachio-

phore base at this point is not in contact with the base of the valve, but is also free. The
angle between the long axis of the brachiophore and the plane of the base of the socket

at the distal end is about 90°. The brachiophores diverge widely and are relatively

ponderous plates of subrectangular cross-section. They project toward the antero-

lateral extremities of the pedicle valve rather than being inclined strongly ventrally. The
bases of the brachiophores neither converge toward the midline nor diverge from it, but

EXPLANATION OF PLATE 19

Figs. 1-20. Cortezorthis maclareni gen. et sp. nov. All specimens are from a single collection, GSC loc.

26513, lower part of lower member of Blue Fiord Formation, south-western Ellesmere Island. Col-

lected by D. J. McLaren, 1955. 1, Interior of brachial valve X 3, GSC no. 19106. Note the anteriorly

raised adductor muscle platform, the stout median septum, and peripheral septa. 2, Interior of in-

complete brachial valve X 3, GSC no. 19107. Note the distinctly quadrilobate cardinal process, the

stout median septum, and the peripheral septa. 3, Internal margin of part of brachial valve X 5,

GSC no. 19108. Note the peripheral septa and the smaller intercalated marginal crenulations. 4, 5,

Interior of pedicle valve X 3 and X 2, GSC no. 19109. Note deeply incised crural fossettes on the inner

edges of the hinge teeth. 6, 7, Rubber internal mould and interior of pedicle valve X 1-5. GSC no.

19110. Note the low, angular, anteriorly convergent, muscle bounding ridges and the strong peri-

pheral septa. 8-10, Ventral, posterior, and anterior views x 1-25, GSC no. 191 11. Note loss of narrow

fold and sulcus near the anterior commissure. 11, Interior of pedicle valve X 1, GSC no. 19112.

12, 13, Rubber internal mould and interior of pedicle valve X 1 -5, GSC no. 19113. Note the bluntly

rounded posterior end of the mould of the muscle impression owing to shell material deposited in

the apex of the valve. 14, 15, Dorsal and ventral views x 2, GSC no. 19114. Note the angular

appearance of the costellae. 16-20, Posterior, anterior, dorsal, ventral, and side views of the holo-

type X 1-5, GSC no. 191 15. Note the reversal of the fold and sulcus at the anterior commissure.

Figs. 21-23, Cortezorthis aff. bathurstensis Blue Fiord Formation, 100 ft. above base, south bank of

Sutherland River, lat. 76° 19', long. 92° 5F, Prince Alfred Bay area, Devon Island, collected by

A. R. Ormiston, Aug. 1961. 21, Interior ofbrachial valve X 2, GSC no. 19593. Note the stout median
septum and the absence of peripheral septa. 22, 23, Two aspects of brachial valve interior X 3, GSC
no. 19594.
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maintain a fairly consistent angle from their ventral edges to their bases. Medially be-

tween the posterior ends of the brachiophores the notothyrial cavity is almost com-
pletely filled by a ponderous triangular pad of shell material bearing the cardinal process.

The cardinal process is composed of a very short, broad, rounded shaft andaquadrilobate

myophore that faces approximately the same direction as does the dorsal interarea.

Both medial and lateral lobes are crenulated or are lamellose, but the median pair is

commonly grooved further anteriorly. A thick, long, triangular median septum extends

from the base of the anterior edge of the notothyrial platform to the anterior commissure

of the valve. The median septum may be relatively narrow at its base and be thicker mid-

way toward its ventral edge where it again becomes relatively thin and blade-like.

The adductor muscle-field is suboval and commonly slightly transversely so, or from
this configuration there may be a slight tendency toward a rhombohedral outline and in

most specimens the anterior edge of the adductor scars converges toward the median
septum at a high angle. The postero-lateral edges of the adductor muscle-field are limited

by a pair of relatively strong, straight bounding ridges that lie well within the inner edges

of the bases of the brachiophores. The anterior edges of the adductor muscle scars are

commonly strongly elevated above the base of the valve. The anterior and posterior

adductor pairs are separated by faint, low, rounded ridges that extend anteriorly sub-

tending an angle of about 70-75° between them and the median plane. The anterior ad-

ductor impressions are commonly radially grooved with the grooves becoming stronger

toward the overhanging edge of the platform where the grooves may become very deep

and are separated by elongate lobes or rods of shell material. Similar elongate rods or

pustules develop fairly strongly on some specimens at the anterior end of the postero-

lateral bounding ridges as well as lateral to them beneath the sockets and brachiophores.

The area beneath the anterior edges of the adductor platform may be relatively smooth,

but grooves deepen again anteriorly toward the periphery where a double set of septa and
crenulations is developed similar to those already described for the pedicle valve. The
anterior end of the median septum and the strongest radial septa, which commonly are

the next adjacent pair, are irregular and deeply pitted, mirroring at least in part the

development of longitudinal grooves on the septa that parallel their ventral edges.

Shell structure. The shell is thick and is endopunctate.

Occurrence. The type lot and the only specimens certainly assignable to C. maclarcni

are from Geological Survey of Canada locality 26513 from the south side of Bids

Fiord, south-western Ellesmere Island and were collected by Dr. D. J. McLaren in 1955.

According to McLaren (in Fortier et al., 1963, p. 320) the collection horizon is about

600 ft. above the base of the lower member of the Blue Fiord Formation.

Figured specimens. GSC numbers 19106-16.

Cortezorthis maclareni loc. 265 1

3

Figured Specimens

Measurements in mm.
Length Width Thickness

Holotype GSC 19115

Paratype GSC 19114

Paratype GSC 19111

Paratype GSC 19116

180 19 9 8-5

11-0 14-8 50
191 21-5 91
9-6 11-5 5-3
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Unfigured Specimens

Length Width Thickness Length Width Thickness

11-4 140 6-0 18-8 20-3 100
12-7 15-3 6-3 18 6 21-0 10-5

13-7 16-6 6-6 18-0 22-0 8-0

14-2 17-5 7-0 19-0 22-7 8-5

lo-4 19 5 7-7 20-6 23-6 9-2

17-7 19-7 9-2 23-4 25-4 11-4

18-3 200 10 3 21-2 25-5 6-4

Cortezorthis bathurstensis sp. nov.

Plate 20, figs. 1-13

Diagnosis. Cortezorthis lacking radial septa.

Exterior. The valves are transversely shield-shaped to suboval in outline. They are

biconvex in lateral profile, with the pedicle valve having the greater convexity. There

is a short, pointed, incurved ventral beak and a low, subcarinate, transverse profile;

however, no median carina is developed. The brachial valve bears a well-defined median
sulcus that is relatively sharp at the umbo and broadens out to something of a medial

flattening anteriorly. The ventral interarea is low, triangular, and apsacline, and equal

to about half the maximum width of the valves which is attained a little posterior to

midlength anterior to obtuse, rounded cardinal angles. The delthyrium is open and
triangular, enclosing an angle of about 60°. The dorsal interarea is low, triangular,

and well developed. It is flat and anacline on smaller specimens to nearly orthocline

on large ones.

The ornament consists of fine, rounded costellae that increase in number anteriorly by

bifurcation and by implantation. The costellae on the postero-lateral flanks are some-

what finer than those on the median half of the valve. A few costellae that originate at

the posterior become enlarged anteriorly and give a faint indication of parvicostellation

on some specimens. Concentric growth lines are not developed.

Interior ofpedicle valve. The hinge teeth are prominent and of triangular cross-section

on small specimens, but become blunted and directed dorso-laterally on large ones.

Crural fossettes are present. The ventral diductor scars are short and cordate on small- to

moderate-sized specimens with a very faint low myophragm dividing the scars; poorly

developed short muscle bounding ridges that converge slightly toward the midline enclose

them laterally. The largest specimen has a long, well-developed myophragm that may be

anteriorly split. Adductors are not discernible, but the diductor scars become strikingly

elongate and are bounded by long, well-defined, sharp, anteriorly convergent muscle

bounding ridges. The interiors are crenulate over half or more of the smallest specimens,

but only peripherally on the largest ones. The crenulations on the best preserved,

moderate-sized specimens are rounded to very slightly flattened, simple, rod-like

structures. Peripheral radial septa are not developed.

Interior ofbrachial valve. The presence of some very small specimens, the smallest being

4 mm. in maximum dimension, allows for the discussion of small- and large-stage brachial

valves. The small specimens are very strongly convex, having something ofthe appearance

of a small brachial valve of Schizophoria, but the median sulcus is a point of external

distinction. The brachiophores are triangular and plate-like, diverging antero-laterally
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at roughly 60° and diverging slightly toward the base ofthe valve. The sockets are formed

between the plate-like brachiophores and the inner posterior margin of the valve, and

the slightly overhanging interarea. There appears to be a slight thickening on the lateral

sides of the brachiophores to form the base of the socket, but fulcral plates are not

developed. The cardinal process is a small rhomboidal callosity at the apex of the

notothyrium supported by a very short, thin ridge in the notothyrial cavity. The
adductor impressions are broadly pyriform with short, discrete, blade-like, muscle

bounding ridges set close to the bases of the brachiophores and diverging parallel to

them in a radial fashion. The anterior adductors are rounded and blend imperceptibly

with the interior of the valve. There is a small ridge-like median septum that begins

approximately at the anterior margin of the dorsal adductor impressions and extends

to the anterior commissure with almost no perceptible increase in height. In the smallest

specimen the septum has a height approximately one and a half times its width and is

considerably less than 1 mm. in height.

In a moderate-sized specimen the brachiophores, although still plate-like, develop

anterior extensions that project beyond their bases which are joined with the valve

interior, and they diverge a little more strongly antero-laterally. The cardinal process is

a serrated, chevron-shaped, undivided shaft with its base in the notothyrial cavity and

not extended anteriorly as a myophragm. At this stage no ancillary struts are developed

forming a notothyrial platform. This is a specimen about 1 cm. across.

The largest available brachial valve, approximately 25 mm. across, has fully developed

brachiophores that are bent a little, so that they diverge strongly laterally. There is a

fully developed notothyrial platform against which the posterior adductors are well

defined. The notothyrial platform continues as a well-defined, broad, rounded myo-
phragm to about the middle of the adductor impressions where it becomes elevated as

a median septum. The septum is relatively thin and rises in height anteriorly, but does not

reach the anterior commissure. The posterior adductors are slightly longitudinally

grooved in a manner similar to that of Cariniferella, and the blade-like bounding ridges

are well defined lateral to the posterior adductors. The anterior adductors are bounded
by straight to slightly curved elevated ridges that converge sharply towards the mid-line.

No peripheral radial septa are developed.

Comparison. Cortezorthis bathurstensis differs from C. maclareni by the absence of radial

septa internally, by a thinner shell, and by the absence of a median carina on the pedicle

valve.

Occurrence. This species is present at GSC localities 67145 and 59036 in the upper part

of the Stuart Bay Formation on Bathurst Island. Their age is probably Emsian.

Material. There are 22 specimens in the paratype collection of which five are illustrated that include

GSC numbers 19595-9.

Cortezorthis cortezensis sp. nov.

Plate 20, figs. 14-20

Diagnosis. Large, flatly biconvex Cortezorthis with peripheral radial septa and lacking

a median ventral carina.
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Exterior. The valves attain medium to large size and are transversely suboval in out-

line and unequally biconvex in lateral profile, with the pedicle valve a little more convex;

lateral flanks of the pedicle valve are relatively flat. Cardinal angles are obtuse and
rounded behind the maximum width which is attained near midlength. The brachial

valve has a shallow, poorly defined sulcus. The ventral beak is short and only faintly

incurved so that the narrow triangular interarea is relatively low, flat, and apsacline.

The delthyrium is open, and relatively broad, enclosing an angle of nearly 90°. The
dorsal interarea is flat and anacline. The exterior ornament consists of numerous rounded
costellae that increase in number anteriorly by intercalation and bifurcation and which
tend to bow slightly with their convex sides toward the mid-line.

Interior ofpedicle valve. The hinge teeth are short, stubby, triangular extensions of the

interarea and are widely divergent, directed somewhat anteriorly and laterally. They
are joined to the base of the valve by parallel thickenings of shell material, but dental

plates are absent except for the most rudimentary sort of short, faintly differentiated,

ridge-like extensions that support the base of the teeth distally. Even on very small speci-

mens it is almost always impossible to detect any separate plate-like structure. Crural

fossettes are not present. In the smallest specimens the ventral diductor impressions

are trigonal and rounded posteriorly with a slightly elevated anterior margin. Poorly

defined divergent vascular tracks extend antero-laterally. In the larger specimens strong

muscle bounding ridges develop and converge rather abruptly toward the midline

coincident with the development of a relatively prominent rounded myophragm between

the diductor scars.

Interior of brachial valve. The brachiophores are plate-like and broadly divergent,

defining sockets at the base of the valve without fulcral plates. The cardinal process is

too poorly preserved to characterize accurately on the available specimens, but the noto-

thyrial platform is fully developed into a ponderous structure that continues anteriorly

as a myophragm to the middle of the dorsal adductors where it joins with a relatively

thick, low, median septum that increases in height anteriorly and reaches to the an-

terior margin of the valve. The posterior adductors are subtriangular and relatively

broad with some longitudinal striation and well-developed discrete bounding ridges.

In one specimen a pair of myophragms subnormal to the mid-line delimit the posterior

and anterior adductors. The anterior adductors are larger than the posterior ones and are

situated on a slightly elevated platform whose anterior edges are nearly straight and

which converge sharply toward the mid-line, but become less pronounced just before

joining the median septum. The interior is crenulated peripherally and bears radial

septa that are most prominently developed near the midline anteriorly.

Comparison. Cortezorthis cortezensis differs from C. bathurstensis by the presence of

peripheral septa internally, although on the exterior the outline and profile are very

similar. Internally the structural features are a little better developed in C. cortezensis

and probably this is due to the development of a thicker shell. The ventral beak is a little

less strongly incurved in C. cortezensis with the interarea tending to be more flat and the

delthyrium broader. C. cortezensis differs from C. maclareni in lacking a median carina on

the pedicle valve externally and in the relatively shorter and broader ventral diductor

impressions. The two species are very similar in the brachial valve interior although
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C. cortezensis does not develop the internal pustules and radial ridges that are especially

prominent in C. maclareni.

Occurrence. All of the specimens of Cortezorthis cortezensis are from the Eureka-

Spirifer pinvonensis zone of Emsian age.

Material. There are 38 specimens from the west side of the Cortez Range (USNM loc. 10754), four from

the east side of the Cortez Range (USNM loc. 10752), and one from the northern Simpson Park Range
of central Nevada. Four specimens are illustrated under USNM nos. 141450-3.

10752—Wenban Limestone, east slope of Cortez Range, elev. 7950 ft., 1000' N., 700' W. of SE.

cor. of sec. 4, T. 26 N., R. 48 E., Cortez quad.. Eureka Co., Nevada. Collectors: A. J. Boucot and
E. F. Lawrence, 1963; A. J. Boucot, H. K. Erben, and K. L. Gauri, 1965.

10754—Wenban Limestone, west slope of Cortez Range, elev. 6875 ft., 800' N., 2900' E. of SW.
cor. of sec. 21, T. 26 N., R. 48 E., Cortez quad., Eureka Co., Nevada. Collectors: A. J. Boucot

and H. Masursky, 1963.

10762—McColley Canyon Formation, elev. 6800 ft., 2450' W., 650' N. of SE. cor. of sec. 16, T. 25 N.,

R. 49 E., Horse Creek Valley quad., northern Simpson Park Range, Eureka Co., Nevada. Collector:

J. G. Johnson, 1957.

OCCURRENCE OF CORTEZORTHIS

Cortezorthis cortezensis is present at two localities in the Cortez Range (USNM locali-

ties 10752, 10754) and in the northern Simpson Park Range (USNM locality 10762),

all in Eureka County, central Nevada. These occurrences are from the Eurekaspirifer

pinvonensis zone that Johnson (1962, p. 166) and House (1962, p. 253) have concluded

is of Early Devonian and probable Emsian age. Johnson’s study of the Lower Devonian

brachiopods in central Nevada (in preparation) presents additional evidence from the

brachiopods and from the conodonts (Walliser in Johnson in prep.) pointing to an

Emsian age.

An unnamed species of Cortezorthis is present in the lower part (late Siegenian) of

the Monogrciptus yukonensis zone in collections of Dr. A. C. Lenz from Yukon Terri-

tory, Arctic Canada (Boucot, Gill, Johnson, Lenz, and Talent 1966). These have a

fully developed median septum and peripheral septa, but a primitive dorsal adductor

scar as in some specimens of Protocortezorthis windmillensis (PI. 21, figs. 3, 9) and are

thus intermediate in development between P. windmillensis and C. cortezensis of the

Nevada Lower Devonian.

Cortezorthis bathurstensis is present at two localities near the top of the Stuart Bay
Formation on Bathurst Island (G.S.C. localities 59036 and 67145). Cortezorthis sp.,

bearing radial septa, is present in the Disappointment Bay Formation of Bathurst Island

(G.S.C. locality 59037). All three collections from Bathurst Island appear to be within

the interval Emsian-Eifelian and the former two are tentatively assigned to the Lower
Emsian.

Cortezorthis aff. bathurstensis is present 100 feet above the base of the Blue Fiord

Formation on Sutherland River, Devon Island, in collections made by Dr. Allen Ormiston

(PI. 19, figs. 21-23). These beds also are of Emsian age according to G. Klapper who
has studied the conodonts.

Cortezorthis maclareni occurs in the lower part of the Blue Fiord Formation on
Ellesmere Island. The collection horizon is of Emsian or Eifelian age (G.S.C. locality
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265 1 3). An unnamed species lacking radial septa occurs in the mid-Blue Fiord Formation

on Ellesmere Island (G.S.C. locality 26522).

A single specimen from south-eastern Novaya Zemlya (PI. 20, figs. 21-27) comes from
beds reported to be of early Eifelian age (Cherkesova, written communication March
1965).

Genus protocortezorthis gen. nov.

Plate 21, figs. 1-22

Type species. Orthis fornicatimcurvata Fuchs 1919.

Diagnosis. Ventral muscle field narrow, with thin bounding ridges that converge toward

the midline anteriorly. Diductor impressions separated by a narrow, well-defined,

rounded myophragm. Dorsal cardinalia with fulcral plates present or absent. Noto-
thyrial platform present. Median septum absent.

Discussion. The detailed morphology of one species, Protocortezorthis windmillensis,

is described below. The ventral adductor scars are not discernible in P. windmillensis,

due probably to poor preservation in the few available specimens. P. orbicularis and

P. fornicatimcurvata, on well-preserved specimens, exhibit well-marked, shield-shaped or

cordate adductor impressions of a rather distinctive configuration (see Walmsley 1965,

pi. 63, figs. 1-8). The same type of ventral adductor impression is repeated in Reeftonia

marwicki (figs. 4, 6, 7 of Plate 22 in the present paper) and the close comparison is evi-

dent in sketches reproduced in text-fig. 2. Protocortezorthis windmillensis closely re-

sembles some species of Cortezorthis

,

but differs in having more deeply impressed ventral

diductors and a well-defined ventral myophragm. Brachial valves are the same except

for the absence of a median septum in P. windmillensis, but an incipient median septum

and peripheral radial septa are present medially in some specimens. In the brachial valve

EXPLANATION OF PLATE 20

Figs. 1-13. Cortezorthis bathurstensis gen. et sp. nov. All specimens from GSC loc. 67145, 85 ft. below
top of Stuart Bay Formation, Bathurst Island. Collected by J. W. Kerr, 1964. 1, interior of pedicle

valve (xl), GSC 19595. 2, Interior of brachial valve (xl-25), holotype, GSC 19596. 3-5, Two
interior views and one exterior view of brachial valve (x 5), GSC 19597. 6-8, Two interior and one
exterior view of brachial valve ( X 10), GSC 19598. 9-13, Interior, side, anterior, posterior, and
exterior views of pedicle valve (x 1-5), GSC 19599.

Figs. 14-16. Cortezorthis cortezensis gen. et. sp. nov. Specimens from Eurekaspirifer pinyonensis zone,

Cortez Range, central Nevada. 14, Rubber impression of interior of small pedicle valve (x4),

USNM loc. 10754, USNM 141451. 15, Interior of pedicle valve f x 1-5), USNM loc. 10754, USNM
141452. 16, Interior of brachial valve (x2), USNM loc. 10752, USNM 141450.

Figs. 17-20. Cortezorthis cortezensis gen. et. sp. nov. Specimen from Eurekaspirifer pinyonensis zone,

northern Simpson Park Range, USNM loc. 10762. 17, 18, Ventral and dorsal views of internal

mould (x 1), holotype, USNM 141453. 19, Rubber replica of dorsal interior (x 1-25), of specimen in

fig. 18. 20, Side view of rubber replica of median septum (x 2), of specimen in fig. 18.

Figs. 21-27. Cortezorthis sp. From beds of early Eifelian age, south-eastern Novaya Zemlya, collected

by S. V. Cherkesova. 21, 22 Ventral and dorsal views of internal mould (x 2) of specimen in figs.

23-27, GSC 19117. 23-27, Dorsal, side, anterior, posterior, and ventral views (x 1-5), GSC 19117.

Figs. 28, 29. Cortezorthis maclareni gen. et. sp. nov. Lower Blue Fiord Formation, Emsian or Eifelian,

south-western Ellesmere Island, GSC loc. 26513. Collected by D. J. McLaren, 1955. Dorsal and ven-

tral views of internal mould (x 3), GSC 19116.
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of P. fornicatimcurvata brachiophore supporting plates are present and continue

antero-laterally as ridges bounding the posterior adductors. No peripheral radial septa

are known in P. fornicatimcurvata.

Comparison. Protocortezorthis differs from Reeftonia in only a few minor modifications.

Reeftonia has flatter and somewhat wider ventral diductors and commonly lacks a well-

defined narrow ridge-like myophragm present in Protocortezorthis. In the brachial

valve Reeftonia is almost identical with specimens of P. windmillensis that lack peripheral

radial septa (see discussion of variation in Reeftonia below). Reeftonia completely lacks

fulcral plates in all known representatives.

Protocortezorthis differs from Cariniferella in the form of the valves and in the ventral

interior. In Cariniferella the ventral diductor scars diverge antero-laterally and lack

B- Protocortezorthis

orbicularis

text-fig. 2. Sketch drawings of ventral adductor and diductor scars in two
cortezorthinid genera.

a narrow myophragm. The arrangement of the cardinalia of Cariniferella is close to

that of the youngest forms of Protocortezorthis, i.e. P. windmillensis, and that of

Reeftonia. The dorsal scar pattern appears to be comparable to that of Cortezorthis and
Reeftonia, but the proportions of the several elements and the scar as a whole, relative

to the size of the brachial valve, are different.

Species assigned to Protocortezorthis:

Protocortezorthis windmillensis sp. nov.

Isorthis slitensis Walmsley 1965, p. 467, pi. 62, figs. 23-35.

Orthis fornicatimcurvata Fuchs 1919.

Orthis orbicularis Sowerby in Murchison (1839, p. 61 1, pi. 5, fig. 16). This species has

been redescribed and well illustrated by Walmsley (1965) leaving no doubt as to its

relation to P. fornicatimcurvata. Specimens from the Sutherland River Formation

illustrated and described by Boucot {in Boucot et al. 1960, p. 5, pi. 1, figs, 13-20,

pi. 2, figs. 1-7) as Isorthis orbicularis were examined by Johnson who regards them
as belonging to Schizophoria and close to the species Schizoplioriafragilis Kozlowksi

(1929).

Large specimens of Schizophoria are usually easily distinguished from Isorthis because

ofthe larger brachial valve than pedicle valve in Schizophoria and because there commonly
is a broad ventral sulcus in Schizophoria. Internally the brachial valve of Schizophoria

has the posterior and anterior adductor muscle impressions separated from one another

by ridges that diverge antero-laterally in contrast to ridges that are normal to the mid-

line in Isorthis. However, in small specimens, Schizophoria is commonly subequally
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biconvex without a sulcus as is Isorthis szajnochai. Moreover, in small specimens, ridges,

dividing the posterior and anterior adductor muscles are not discernible; thus small

specimens must be distinguished on a different basis. In the case of the specimens-

illustrated by Boucot (1960), the shells are not congeneric with I. szajnochai because the

muscle-field is long, but not anteriorly elevated and thus unlike the anteriorly elevated

scar of I. szajnochai. Differences in the brachial valve are discussed further below.

Specimens illustrated by Boucot also cannot be closely related to Protocortezorthis

orbicularis because that form has a much less convex, but sulcate brachial valve (Walm-
sley 1965, pi. 63, figs. 9-15). In the writers’ opinion the ventral muscle impressions of
the form illustrated by Boucot almost exactly duplicates that of Schizophoria bisinuata

Weller (1903, p. 278, pi. 31, figs. 12-13). After examining several score specimens in

Boucot ’s collection, from which the Devon Island forms come, the writers found that

the median groove on the ventral myophragm is an inconsistent feature and that most
specimens do not have it. The type of ventral musculature developed in the Devon
Island form and in Schizophoria bisinuata has also been seen in several collections of
Schizophoria from limestone of Helderberg age in the Klamath Mountains of California

and from the McMonnigal Limestone of early Siegenian age in central Nevada (Johnson

1965). On all of the shells mentioned above it is not uncommon to find that the narrow
ridge-like ventral myophragm extends anteriorly beyond the diductor muscle bounding:

ridges.

In the case of small brachial valves where the ridges dividing the posterior and
anterior adductor impressions are not developed, Schizophoria and Isorthis of the

szajnochai type are easily distinguished by the nature of the muscle bounding ridges. In

Schizophoria the brachiophores are supported by high triangular brachiophore sup-

porting plates, but muscle bounding ridges that would outline the anterior adductors

are not developed. On the other hand, in Isorthis szajnochai and its relatives, relatively

long muscle bounding ridges are present even in early growth stages and bound the

anterior adductors with almost equal strength as they bound the posterior adductors.

The Devon Island specimens have strong, divergent brachiophore supporting plates as is-

typical of Schizophoria
,
but there is no continuation as ridges lateral to the anterior

adductors as in Isorthis.

EXPLANATION OF PLATE 21

Figs. 1-13. Protocortezorthis windmillensis gen. et sp. nov. Windmill Limestone (Quadrithyris zone,

of early Siegenian age) Coal Canyon, northern Simpson Park Range, central Nevada. 1,2, Dorsal

and anterior views of interior of brachial valve X3. USNM 147338, loc. 10758. 3, Interior of brachial

valve x 1-5, USNM 147339, loc. 10758. 4, Interior of brachial valve X 1-5, USNM 147340, loc.

10758. 5, Interior of brachial valve x2, USNM 147341, loc. 10758. 6, 7, Rubber impression and
interior of pedicle valve X 1-5, USNM 147342, loc. 10758. 8, 9, Exterior and interior of brachial

valve Xl-5, USNM 147343, loc. 10758. 10-12, Exterior, interior, and anterior views of pedicle

valve X 2, USNM 147344, loc. 10758. 13, Interior of pedicle valve X 1-5, USNM 147345, loc. 10757.

Figs. 14-22. Protocortezorthisfornicatimcurvata (Fuchs 1919). Flaserschiefer of Hiiinghauser Schichten

railroad cut, 85 paces NE. of Hiiinghauser railroad station. USNM loc. 10596. Collected by A. J.

Boucot, 1957. 14, 15, Rubber impression and internal mould of pedicle valve X2, USNM 147346.

16, 17, Internal mould of brachial valve and rubber impression X 2, USNM 147347. 18, 19, Rubber
impression and internal mould of brachial valve X 2, USNM 147348. 20, 21, Internal mould x2and
rubber impression x 3 of brachial valve, USNM 147349. 22, Rubber impression of internal mould of

brachial valve X 3, impression of USNM 147350.
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DISTRIBUTION OF PROTOCORTEZORTHIS

Protocortezortliis siitensis occurs in the Wenlock age Slite Marl of Gotland (Walmsley

1965, p. 469). Protocortezortliis orbicularis is present in the Ludlovian of the Welsh

borderland (Walmsley 1965, p. 467). Protocortezortliis sp. is present in probable Ludlow

age beds of the Caparo Formation of the Merida Andes, Venezuela in a collection of

R. Shagam, IJSNM loc. 12204. Protocortezortliis fornicatimcurvata is present in the

Gedinnian of Germany (Fuchs 1919), France (Barrois, Pruvost, and Dubois 1922, p. 77),

and Belgium (Boucot 1960, p. 296). It is also present in the Gedinnian Stonehouse For-

mation of the Arisaig area of Nova Scotia (Walmsley, Boucot, and Harper, manuscript

in preparation). An unnamed species with closest affinity to P. fornicatimcurvata is

present in the lower Monograptus yukonensis zone of late Siegenian age from Yukon
Territory, Arctic Canada, in collections made by Dr. A. C. Lenz and examined by

Johnson (see Boucot, Gill, Johnson, Lenz, and Talent 1966). The youngest reported

occurrence is from the upper Pendikschichten in the Bosporus region (Paeckelmann

and Sieverts 1932, pi. 2, fig. 24). The occurrences cited above appear to be a part of the

P. fornicatimcurvata lineage. P. windmillensis, a divergent species initiating the lineage

resulting in Cortezorthis, is present in the early Siegenian Quadrithyris zone of central

Nevada (Johnson 1965).

Protocortezortliis fornicatimcurvata (Fuchs 1919)

Plate 21, figs. 14-22

1919 Orthis fornicatimcurvata Fuchs, p. 58, pi. 5, figs. 1-6.

1922 Orthis (Dalmanella) lunata Barrois, Pruvost, and Dubois, p. 77, pi. 11, figs. 4-12; non

Sowerby.

1942 Dalmanella orbicularis Dahmer, p. 125, figs. 14, 15, 16a, b\ non Sowerby.

1951 Dalmanella orbicularis Dahmer, p. 91, pi. 7, fig. 1; pi. 9, figs. 20, 21; pi. 10, fig. 6; non

Sowerby.

1960 Isorthis fornicatimcurvata (Fuchs); Boucot, p. 296, pi. 10, figs. 6, 7.

Discussion. Protocortezortliis fornicatimcurvata compares closely to P. windmillensis

described below in the form of the valves with a relatively strongly convex, subcarinate

pedicle valve and a gently convex, sulcate brachial valve. In the interior P. fornicatim-

curvata has ventral diductor scars closely comparable to those developed in P. wind-

millensis, but those on the latter appear for the most part to be slightly broader.

In the brachial valve P
.
fornicatimcurvata has brachiophores less widely divergent than

does P. windmillensis and they are connected with brachiophore supporting plates that

continue as muscle bounding ridges around the posterior adductors. Because the

brachiophore supporting plates are relatively well developed the sockets are defined by

fulcral plates. Medially the posterior adductors are divided by a broad myophragm that

merges with the brachiophore bases forming a poorly defined notothyrial platform. The
anterior adductors are bounded by discrete muscle bounding ridges that converge antero-

medially.

The internal crenulations ofP
.
fornicatimcurvata (PI. 21, fig. 21) fairly closely resemble

those of P. windmillensis and consist of somewhat swollen appearing lobes with minor

lobes intercalated.

Figured specimens. USNM 147346-50.
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Protocortezorthis windmillensis sp. nov.

Plate 21, figs. 1-13

1965
‘

Isorthis ’ cf. ‘/.’ forncatimcurvata Johnson; p. 371, non Fuchs.

Diagnosis. Brachial valve interior with evanescent development of an antero-medial

mound of radial septa. Brachiophore supporting plates not developed.

Exterior. The shells are of approximately equal width and length and are rounded-
trapezoidal in outline. The valves are unequally biconvex in lateral profile with the pedicle

valve the larger. The interarea of the pedicle valve is low, apsacline, and nearly flat. It

is relatively narrow, generally slightly less than half the maximum width of the valves.

The delthyrium is relatively narrow at its apex with gently curved sides enclosing a

broader angle toward the hinge line. The interarea of the brachial valve is narrow, band-

like, and anacline. The cardinal angles are obtuse and strongly rounded. Maximum
width of the valves is generally attained near midlength or anterior to it. The pedicle

valves are subcarinate in transverse section and the brachial valves bear a corresponding

median sulcus. Large shells are slightly emarginate at the anterior commissure.

The ornament consists of fine radial costellae that increase in number anteriorly by

bifurcation and by intercalation. There are approximately 12-15 costellae in a space of

5 mm., 10 mm. anterior to the beak.

Interior ofpedicle valve. The teeth are stout and triangular and diverge antero-laterally.

They are supported by short, stout, divergent dental lamellae that nearly join anteriorly

with sharply raised, narrow muscle bounding ridges that may be bowed gently laterally

at their posterior, but which are gently convergent medially along most of their length.

The muscle-field bears a very narrow, sharp, well-defined myophragm dividing the muscle-

field throughout most of its length. Adductor scars are not differentiated. The interior is

crenulated peripherally by the impress of the costellae.

EXPLANATION OF PLATE 22

Figs. 1-7. Reeftonia marwicki Allan 1947. 1-6, Reefton beds, argillite boulder from argillites up-

stream from the main limestone in Lankeys Creek above junction with Stony Creek, New Zealand.

USNM loc. 11731. Collected by David Ives, 1956. 7, Reefton beds, loose block about £ mile north

of Highway 7, Lankeys Creek, New Zealand. USNM loc. 11002. Collected by A. J. Boucot, 1965.

1-3, Dorsal view of rubber impression, internal mould, and anterior view of rubber impression of

brachial valve internal mould xl-5, USNM 147351. 4, Internal mould of pedicle valve Xl-5,

USNM 147352. 5, Internal mould of brachial valve x 1 -5, USNM 147353. 6, Internal mould of pedicle

valve x2, USNM 147354. 7, Internal mould of pedicle valve x 1-5, USNM 147355.

Figs. 8-9. Reeftonia alpha (Gill 1949). Kilgower Member of Tabberabbera Formation, locality 22

of Talent (1963), Victoria, Australia. 8, Internal mould of pedicle valve X 1-5, Geol. Surv. Victoria

50700F. 9, Internal mould of brachial valve x2-5, Geol. Surv. Victoria 50700C.

Figs. 10-19. Carinferella carinata (Hall 1843). 11-14, Chemung Gp., Bath, New York. Collected by

F. Braun; Schuchert Collection. 15-19, Chemung Gp., Arkport, New York, collection of J. M.
Clarke. 10-12, Replica of brachial valve cardinalia and muscle impressions x 3, internal mould of

brachial valve X 2, and impression of internal mould of brachial valve x 2, YPM S-1087. 13, Internal

mould of pedicle valve x2, YPM 24856. 14, Internal mould of brachial valve x 2, YPM 24857.

15-19, Dorsal, anterior, posterior, ventral, and side views X 1-25, YPM S-1088.

Figs. 20, 21. Cariniferella tioga (Hall 1867). Chemung, l£ miles N. of Post Creek, Elmira quad.. New
York, collection of H. S. Williams. 20, 21, Internal mould of pedicle valve x l,and rubber impression

of internal mould x 1-25, USNM 145582.
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Interior of brachial valve. The sockets are widely divergent and on large shells their

posterior edges are partially covered by the inner edges of the interarea. They are

defined by gently curved brachiophore bases that overhang the floor of the valve. The
brachiophores are widely divergent and are elongate elliptical, nearly plate-like, in cross-

section. They are made slightly more convex medially by the addition of a thin pad of

shell material. Brachiophore supporting plates are lacking. The notothyrial cavity is

partially filled with shell material continuous with a stout, rounded to rectangular

myophragm that divides the posterior half of the adductor muscle-field. The cardinal

process is elongate and narrows posteriorly. The posterior adductor scars are roughly

triangular and are bounded postero-laterally by more or less well-developed muscle

bounding ridges that originate medial to the unsupported brachiophores. The anterior

adductor scars are bounded by smoothly rounded muscle bounding ridges that

curve and join medially. Anteriorly and well beyond the muscle impressions, large

specimens may develop a low rod-like median septum or a mound-like group of peri-

pheral septa medially that extend to the anterior commissure (PI. 21, figs. 1-3). The
group of septa is low and triangular in cross-section with the middle septum the highest.

This medial enlargement of the internal edge of the valves fills the gap produced by

non-elongation along the carinate antero-medial part of the pedicle valve.

Shell structure. The shell substance is finely punctate (endopunctate).

Occurrence. The species is known from two localities in the Windmill Limestone at Coal

Canyon:

10757—West flank of Coal Canyon, elev. 6320 ft., 1600' N„ 1800' W. of SE. cor. of sec. 17,

T. 25 N., R. 49 E., Horses Creek Valley 15' quad., Eureka Co., Nevada.
Collectors: J. G. Johnson, M. A. Murphy, and E. L. Winterer 1957; N. G. Lane and E. L. Winterer

1962; H. Masursky 1959, 1961 ; A. J. Boucot 1963.

10758—East flank of Coal Canyon, big ledge, elev. 6320 ft., 1500' N., 1100' W. of SE. cor. of sec.

17, T. 25 N., R. 49 E., Horses Creek Valley 15' quad., Eureka Co., Nevada.
Collectors: J. G. Johnson 1957, 1958; M. A. Murphy and E. L. Winterer 1957; H. Masursky 1959;

N. G. Lane and E. L. Winterer 1962; A. J. Boucot 1963.

Figured specimens. USNM numbers 147338-45.

Comparative morphology. Protocortezorthis windmillensis and Cortezorthis maclareni

are distinct, but are closely comparable in so many internal features that a structure-by-

structure comparison is worth while. In the pedicle valve of both the beak is short and
the interarea narrow with strong triangular teeth to which are connected thin, blade-like,

anteriorly convergent, muscle bounding ridges. In this respect the species of the two
genera are exceptionally close. The muscle-field of P. windmillensis is relatively slightly

longer and bears a strong narrow myophragm separating the diductor tracks anteriorly.

In the brachial valve both bear brachiophores of the same general outline and shape that

diverge at about the same angle and define sockets that are structurally the same. In

addition, both species bear a triangular notothyrial platform of about the same outline.

The general layout of the adductor muscle field is very similar in the two species and the

similarity is accentuated by development of straight postero-lateral bounding ridges that

lie inside the bases of the brachiophores. However, the muscle-field of P. windmillensis is

not elevated anteriorly and its brachial valve differs most markedly by the absence of a
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long median septum. Protocortezorthis windmillensis is noteworthy in its possession of

an incipient median septum anteriorly as well as short coplanar peripheral septa in the

medial region, closely adjacent to the midline. The structure of these anterior septa

appears to be fully homologous with structures in Cortezorthis.

In summary, Cortezorthis maclareni exhibits close similarity in the general layout of

all its internal structures, but some of these structures, such as the median septum, the

peripheral septa, and the elevated dorsal adductor platform, are in contrast with the

more conservatively built structures of Protocortezorthis windmillensis. The similarity,

taken in conjunction with the stratigraphic and geographic positions of the two species,

is taken as evidence in support of P. windmillensis as the ancestor of Cortezorthis.

The discussion of comparative morphology outlined above might easily have been

made between them and the genus Reeftonia (Allan 1947). All of the features found

similar between P. windmillensis and C. maclareni, except the development of peripheral

septa, are also present in Reeftonia.

Genus reeftonia Allan 1947

Plate 22, figs. 1-9

Type species. Reeftonia marwicki Allan 1947, p. 437, pi. 63, figs. 6-9.

Discussion. When erecting his new genus Allan (1947, p. 437) pointed to the absence of

fulcral plates in the brachial valve and the fact that in the pedicle valve the diductor scars

completely enclose the adductor impressions anteriorly as a basis for assignment of

Reeftonia to the family Rhipidomellidae. Both features are indeed particularly impor-

tant in a number of rhipidomellid genera, particularly members of the Rhipidomellinae,

but similarity between Reeftonia marwicki and any of the more typical rhipidomellid

genera finds more substance in word comparisons than in comparisons of the fossils

themselves. The unequally biconvex shell, the sulcate brachial valve, and somewhat
carinate pedicle valve (Allan 1947, pi. 63, figs. 6, 7) are not at all rhipidomelloid in

appearance. The pedicle valve diductor impressions illustrated herein are not flabellate

and resemble rhipidomellid muscle scars essentially only in the outline of the adductors

(text-fig. 2). It is in the brachial valve, however, that the rhipidomellid associations are

most obviously distant. The sockets, though lacking fulcral plates, are constructed very

differently from those typical of rhipidomellids; and the brachiophores, cardinal process,

and posterior myophragm are all different. The adductor muscle scars on the rubber

impression illustrated by Allan (1947, pi. 63, fig. 9) are not at all clear. The muscle scars

on specimens illustrated in the present paper, however, show an adductor field similar to

Cortezorthis and particularly to Protocortezorthis as exemplified by P. windmillensis, but

unlike adductor patterns developed in any of the known rhipidomellids.

Specimens of Reeftonia illustrated in this paper (PI. 22, figs. 1-9) were selected to

show typical Reeftonia muscle scar patterns and to demonstrate the assignment of R.

alpha (Gill) to the genus by close comparison with the type, R. marwicki. These illustra-

tions do not show the variation of Reeftonia which is known to exist and which has been

illustrated by more than 60 figures of specimens of Reeftonia alpha by Talent (1963,

pis. 24-28). The variation is striking and is particularly pertinent to the thesis of the

present paper that Reeftonia was derived from Protocortezorthis. Several of the speci-

mens illustrated by Talent show particularly strong resemblance to Protocortezorthis
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fornicatimcurvata while others, and among them those that are reproduced in the present

paper as figs. 8 and 9 of Plate 22, show ‘typical’ Reeftonia musculature. A configura-

tion like that of P. fornicatimcurvata is particularly well shown by specimens in figs.

14, 15, and 22 of plate 27 of Talent (1963) while the specimen in fig. 25 of the same
plate is recognizable as a Reeftonia very close to the ‘typical’ pattern (text-fig. 3b).

The essential difference between Protocortezorthis of the fornicatimcurvata type and

Reeftonia alpha is a tendency away from elongation of the ventral muscle scar and pre-

A - R. alpha

D- P. fornicatimcurvata E- P wi n dmitt e nsi

s

F- P windmillensis

text-fig. 3. Sketch drawings of some dorsal internal moulds showing style of muscle impressions and

bounding ridges and their variation.

sence in some specimens of Reeftonia alpha of a nearly obsolescent ventral myophragm.
Tn the brachial valve, specimens of P. fornicatimcurvata do not show variation in the

dorsal adductor muscle pattern to a Reeftonia type. Furthermore, in P. fornicatim-

curvata, the posterior adductor muscle bounding ridges are smoothly continuous with

the bases of the brachiophore supporting plates rather than disjunct as in R. alpha.

Variation within the cortezorthinid pattern of dorsal cardinalia and muscle impressions

is shown in text-fig. 3.

From the discussion of Protocortezorthis windmillensis , earlier in this paper, it should

be recalled that both points made above that distinguish Reeftonia from Protocorte-

zorthis fornicatimcurvata (i.e. variability toward a Reeftonia dorsal adductor plan with

discrete posterior adductor bounding ridges) also distinguish P. windmillensis from

P. fornicatimcurvata.

Species assigned to Reeftonia

:

Two species are known, Reeftonia marwicki Allan and Cariniferella alpha Gill (1949,

C 44GG M
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p. 95, pi. 3, figs. 1, 6, 7). Gill named a second species Cariniferella beta (1949, p. 96,

pi. 3, figs. 2, 3, 4, 9), but Talent (1963, p. 58) has shown these to belong to a single

species and has published numerous figures illustrating them under the name
Isorthis alpha (1963, pis. 24-27). Talent (1963, pp. 58-60) erred in reporting ful-

cral plates in Reeftonia alpha. The grooves that cross the antero-lateral edges of the

moulds of the sockets shown in Talent’s figure 19, page 58 (1963), correspond to the

edge of slightly elevated sockets constructed on the floor of the valve, but are not
fulcral plates. The same mistake in concept (cf. Boucot, Johnson, and Walmsley
1965, p. 335) led Talent to remark that fulcral plates are shown in Allan’s figures

of Reeftonia marwicki.

Occurrence and Age. Reeftonia is known from the Reefton beds of New Zealand (Allan

1947) and from the Dead Bull and Kilgower Members of the Tabberabbera Formation
of Victoria, Australia (Talent 1963, table 3). We consider both occurrences to be of
Emsian age.

Figured specimens. USNM numbers 147351-5; Geol. Surv. Victoria 50700C, 50700F.

Genus cariniferella Schuchert and Cooper 1931

Plate 22, figs. 10-21

Type species. Orthis carinata Hall 1843, p. 267, text-fig. 121, nos. 1-1A.

Exterior. Cariniferella is characterized by reverse convexity in the manner of Schizo-

plioria , with the brachial valve more strongly convex than the pedicle valve. However,
in small shells the distinction is not great. In large specimens the pedicle valve may be

nearly flat. The outline is commonly broadly transverse oval, nearly subquadrate. The
pedicle valve bears a well-developed narrow median carina and the brachial valve bears

a corresponding narrow sulcus that is commonly deep and well marked. The flatness of

the pedicle valve combined with the considerable strength of the dorsal sulcus may com-
bine to make the anterior margin re-entrant medially. The exterior bears a radial ornament
of fine costellae that increase in number by bifurcation and by intercalation. The inter-

area of the pedicle valve is low, narrow, triangular, and catacline or may be slightly

incurved at the beak. The delthyrium is broadly triangular and on larger specimens may
be rounded rather than angular at its apex. The interarea of the brachial valve is ortho-

cline.

Interior of pedicle valve. The hinge teeth are small, broadly divergent, and triangular

in cross-section. They are situated on a thickening of shell material adjoining the palin-

trope and are not supported by dental lamellae. Because the teeth are so broadly diver-

gent and because there are no dental lamellae the ventral muscle field lies entirely on

the floor of the valve and the adjustor scars become well marked on larger specimens.

The ventral musculature is short, broad, and cordate. The adductor tracks are com-
monly well defined medially and may be accompanied by a moderate development

of a low rectangular myophragm that divides the diductor lobes anteriorly. The
diductor impressions are fairly well marked laterally where they are slightly divergent

and anteriorly where they are bounded by ridges that curve all the way around toward

the mid-line. In most specimens the anterior margin of the muscle scars is raised a little

above the trough corresponding to the external carina.
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Interior ofbrachial valve. The brachiophores are widely divergent and blade-like and are

connected directly to the floor of the valve, defining the inner sides of the sockets. The

bases of the sockets lie at the floor of the valve and their posterior portions are bounded

by the interarea. There is a well-developed notothyrial platform connecting with a stout

myophragm that divides the posterior adductor impressions. A small, elongate, trilobed

cardinal process is situated at the apex of the notothyrial platform.

In small specimens the muscle scars are only faintly impressed, but in large ones the

posterior adductors are broad and subtriangular and may be faintly longitudinally

striate. The anterior adductors are smaller and subpyriform so that the whole muscle

impression narrows anteriorly. For the most part the musculature is outlined by being

impressed into the shell, but short bounding ridges define the anterior adductor

scars antero-laterally and the bounding ridges converge toward the mid-line. A faint pair

of muscle bounding ridges adjoins the posterior adductor scars laterally. The interior of

small specimens is strongly crenulated by the costellae, but in large ones only the area

anterior to the muscle impressions shows their impression.

Species assigned to Cariniferella:

Orthis carinata Flail 1843, p. 267.

Orthis tioga Hall 1867, p. 59, pi. 8, figs. 20-29.

Dalmanella elmira Williams 1908, p. 56, pi. 3, figs. 6, 8, 11, 13-17.

Dalmanella Virginia Williams 1908, p. 58, pi. 4, figs. 10-16.

Williams (1908, p. 59) erected a variety beta

,

believing it to represent the young
of Dalmanella Virginia. This is probably true and is reason for revocation of beta

as a separate taxon. The specimens are here included within Cariniferella Virginia.

Cariniferella iowensis Stainbrook 1945, p. 16, pi. 1, figs. 29-37.

Orthis dumontiana Verneuil 1850, p. 181, pi. 4, figs, la, b, c.

Schuchert and Cooper (1932, p. 122, pi. 1 8, fig. 1 1) figured a Belgian specimen under

the name Cariniferella dumonti, evidently a nomen nullum for C. dumontiana. The
figured specimen and a number of others accompanying it in the collection were

examined on loan from the Museum of Comparative Zoology, Harvard. They are

labelled Orthis dumonti, Koninck collection.

Occurrence and age. Cariniferella is fairly common in the Appalachians (Hall 1843;

Williams 1908; Stainbrook 1942). It is present in the Independence Shale of Iowa
(Stainbrook 1945) and in the Sly Gap beds in New Mexico (Stainbrook 1948). It is

represented in the south of Belgium by C. dumontiana (Schuchert and Cooper 1932) and
in Spain (Verneuil 1850; Comte 1938). It is probably present in Kazakhstan, Asiatic

U.S.S.R., where it has been reported as Cariniferella tioga (Sarycheva 1960, pi. 14, fig. 9).

All of these occurrences are of Frasnian age.

Figured specimens. Y.P.M. 24856, 24857; S-1087, 1088; USNM no. 145582.

COMMENTS ON CORTEZORTHINID MORPHOLOGY
Strictly held definitions of brachiopod groups may prove inconsistent because of

exceptions, but a summary of observed variability of the characteristic structures can be
particularly apt to the definition of a group. The three Silurian to Eifelian genera of the
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Cortezorthinae compose a particularly tight-knit group characterized by ventral diductor

and dorsal adductor muscle patterns that show considerable stability across generic

lines (text-fig. 4), but that are not presently known to the writers to occur outside

the subfamily. In the pedicle valve of Protocortezorthis, Cortezorthis, and Reeftonia

the diductor impressions are smoothly rounded in transverse section. They narrow
anteriorly between thin but well-defined muscle bounding ridges that commonly can be

seen to be discrete posteriorly and not continuous with the adjacent dental lamellae

(text-fig. 4a, c). Of the three, Protocortezorthis differs essentially in the presence of a

prominent narrow myophragm. Cortezorthis and Reeftonia have the diductors relatively

a little wider but less deeply impressed, and Reeftonia commonly has the ventral adductor

scars prominently marked.

In the brachial valve these genera and Cariniferella have blade-like brachiophores that

diverge relatively widely, but with a relatively slight ventral inclination. Between them
there is a prominent myophragm, commonly rectangular in cross-section, that joins

with a well-defined notothyrial platform bearing the cardinal process. In Protocortez-

orthis fornicatimeurvata the sockets are most elevated; brachiophore supporting plates

support the brachiophores at the inner edges of the sockets and connect with the floor

of the valve. The resultant structure is one that defines the sockets by fulcral plates.

In P. windmillensis the sockets have similar structure, but the brachiophore supporting

plates are absent and the sockets thus somewhat overhang the base of the valve. In the

younger genera Cortezorthis, Reeftonia , and Cariniferella, the blade-like brachiophores

are strongly divergent and are attached directly to the floor of the valve, defining the

sockets between them and the margin of the valve. The dorsal adductor pattern is a

rhomboidal one in which the posterior adductors are bounded by ridges that do not

continue anteriorly around the anterior adductors. In Protocortezorthis fornicatimcur-

vata these continue from the brachiophore supporting plates, but in P. windmillensis,

which lacks supporting plates, the bounding ridges are separate structures and this is

especially true in the younger genera

—

Cortezorthis, Reeftonia, and Cariniferella.

Cortezorthis and Reeftonia exhibit variation in the dorsal adductor impressions, vary-

ing between only partially differentiated and fully differentiated posterior adductor

bounding ridges. It is notable that discrete, fully differentiated bounding ridges occur

(apparently rarely) in Protocortezorthis orbicularis (Holland, Lawson, and Walmsley

1963, pi. 6, fig. 9), but understandable that they occur in that species rather than in

P. fornicatimcurvata because the specimens of P. orbicularis illustrated by Walmsley

(1965, see pi. 63, fig. 9; pi. 64, fig. 11) show weaker development of brachiophore

supporting plates than does P. fornicatimcurvata (see PI. 21, figs. 16, 19).

The subfamily Cortezorthinae differs from Isorthinae by its fixed adductors and un-

faceted diductors in the pedicle valve and by the development of a distinctive pattern

of dorsal adductor impressions unknown in any isorthid.

COMPARISON WITH RHIPIDOMELLID AE

Two genera, Reeftonia and Cariniferella, that the writers include in the subfamily

Cortezorthinae exhibit features of internal morphology that invite comparison with

the Rhipidomellidae. The pedicle valve of Reeftonia bears adductor scars like those

developed in the subfamily Rhipidomellinae, but since the same type of scar is developed
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in Protocortezorthis (text-fig. 2) the feature must cross phylogenetic lines. In Cariniferella

the ventral muscle pattern mimics the heterorthinid rhipidomellid genus Heterorthina

(Havlicek 1950, text-fig. 10), but the stratigraphic gap is very great and to the writers’

knowledge no Devonian rhipidomellid (that might serve as an ancestor) bears a ventral

muscle pattern like that of Cariniferella.

text-fig. 4. Sketch drawings of some ventral internal moulds showing style of muscle impressions and

bounding ridges and their variation.

The brachial valves of Reeftonia and Cariniferella bear similar cardinalia with brachio-

phores that define sockets without fulcral plates, and absence of fulcral plates is typical

of the Rhipidomellidae. However, the evidence from the cortezorthinid lineage Proto-

cortezorthis-Cortezorthis illustrates that fulcral plates are lost during the evolution of

Protocortezorthis. The brachiophore and socket arrangement of Reeftonia and Carini-

ferella closely duplicates that developed in Cortezorthis (PI. 19, figs. 22, 23). The brachio-

phores and sockets of rhipidomellids, though similar in gross aspect, differ consistently

in detail from those of Reeftonia and Cariniferella. Rhipidomellid brachiophores

typically are more tusk-like or rod-like than plate-like (Boucot, Johnson, and Walmsley

1965, pi. 46, figs. 6, 7) and in most cases bear ridge-like flanges along their length (Hall

and Clarke 1892, pi. 6a, fig. 10). Commonly their extremities protrude free (Boucot,

Johnson, and Walmsley 1965, pi. 46, figs. 9, 10) although when connected in part to

the base of the valve by brachiophore supporting plates, the two-fold nature of the

structure is usually distinguishable. Moreover, it is typical of rhipidomellids that the

brachiophores are closely set medially and crowd against the cardinal process which is

A - P. windmillensis C- Cortezorthis sp. E - C. cortezensis

B - P fornicatimcurvata D - C ma c /are ni F - R. marwicki
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swollen distally (Hall and Clarke 1892, pi. 6a, figs. 3, 7, 10, 15, 16, 21). This is decidedly

not the pattern of cardinalia developed in Reeftonia or CarinifereJla or in any other

cortezorthinid (cf. pi. 19, figs. 2, 22, 23; pi. 21, figs. 1-5, pi. 22, figs. 1, 3, 10, 12).

The adductor impressions in the brachial valve of rhipidomellids are almost without

exception so poorly impressed that the lateral and anterior outline of the adductors is-

indiscernible on small specimens. Even on large ones, the scars typically are impressed

rather than being outlined by muscle bounding ridges. The characteristic rhipidomellid

adductor pattern is one in which the posterior adductors are small and triangular with

the long sides of the triangles extending from the bases of the brachiophores along the

postero-lateral sides of the muscle scars (Hall and Clarke 1892, pi. 6a, figs. 7, 15, 21).

The posterior adductors in many forms developed in such cramped quarters that they

were reduced even more by thickenings of the brachiophore supports (cf. Boucot,.

Johnson, and Walmsley 1965, pi. 45, fig. 26). The anterior adductors in rhipidomellids

show a little more variation in outline from subrectangular or transversely suboval to

trapezoidal, but commonly are larger than the posterior adductors and are very faintly

impressed. The adductor muscle pattern described above is not developed in Reeftonia

or Cariniferella. Instead they bear the cortezorthinid pattern (text-fig. 3) with discrete

postero-lateral adductor muscle bounding ridges and over-all rhomboidal outline. In

addition to specimens of Reeftonia and Cariniferella illustrated herein (PI. 22) the reader

may refer to a specimen of Cariniferella illustrated by Cooper (1944, pi. 138, fig. 36)

which compares very closely with Reeftonia in all internal features.

COMPARISON WITH 1SORTHIS

Since Protocortezorthis fornicatimcurvata was assigned to Isorthis by Boucot ( 1 960,

p. 296) and Reeftonia alpha to Isorthis by Talent (1963, p. 57) it is appropriate to examine

the basis for these assignments in the light of those made in this paper. Isorthis szajnochai

bears strong, anteriorly divergent dental lamellae in the pedicle valve, bounding

relatively strongly impressed, faceted diductor scars which in turn are divided by an

anteriorly prominent adductor platform (text-fig. 5). In Reeftonia, Cortezorthis, and

Protocortezorthis the dental lamellae appear to be short, but are joined with, or are

closely adjacent to, long, thin muscle bounding ridges that converge anteriorly. The
diductor impressions are unfaceted and the myophragm is a narrow rounded ridge rather

than an anteriorly prominent platform. The muscle bounding ridges of Protocortezorthis

fornicatimcurvata appear to be continuous with the dental lamellae so it is not surprising

that a broad view of Isorthis should have included them. Nevertheless, in the light of the

present work, the muscle bounding ridges ofProtocortezorthis , especially P. windmillensis,

and of Reeftonia and Cortezorthis appear to be different structures from the dental lamel-

lae of Isorthis szajnochai. The elongation of the diductor scars remains as the principal

similarity in the pedicle valve between Isorthis and the cortezorthinids.

In the brachial valve more similarity is evident since at least one species of Proto-

cortezorthis, P. fornicatimcurvata, has fairly well-developed fulcral plates and a relatively

simple quadripartite adductor muscle field defined by more or less prominent muscle

bounding ridges. All of the Lower Devonian cortezorthinids have well-developed myo-

phragms posteriorly that join a more or less prominent notothyrial platform. In Isorthis

szajnochai this type of myophragm is not developed nor is there a prominent notothyrial
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platform (text-fig. 5). Instead, the postero-medial portions of the brachiophore bases

of I. szajnochcii are relatively widely set apart defining a broad, deep, notothyrial cavity.

The morphologic differences in the brachial valve interior appear to be minor but

consistent and although some variation between the isorthid pattern and the cortez-

orthinid pattern will make difficult the interpretation of some isolated specimens, the

morphologic features of both valves taken together should be sufficient to avoid future

re-combination of most members of the two groups.

/sorfh/s szajnochai

text-fig. 5. Sketch drawings of internal moulds of the type species of Isorthis.

ORIGIN OF CORTEZORTHINAE

Three cortezorthinid genera, Cortezorthis, Reeftonia, and Cariniferella are so distinct

morphologically that association with any ofthe previously known dalmanellid groups on
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text-fig. 6. Stratigraphic range and inferred phylogeny of the genera composing the subfamily

Cortezorthinae.

the basis of direct morphologic comparison is less than obvious. Nevertheless, demon-
stration that Cortezorthis ancestry includes an intermediate aseptate form exemplified
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by Protocortezorthis windmillensis and that it in turn was derived from the P
.
fornicatim-

curvata group of the Silurian and Gedinnian allows some reasonable conclusions to be

drawn regarding the origin of the new subfamily. As pointed out earlier, P. fornicatim-

curvata and its relatives differ from typical Isorthis principally by the development of a

distinct ventral musculature, but there are so many points of similarity between some
early species such as P. orbicularis and P. slitensis shown by Walmsley that there is little

reason to doubt that these early species of Protocortezorthis were derived from some
Silurian species of Isorthis in the strict sense.
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APPENDIX OF DEFINITIONS

Facetedand Unfaceted. Among the Siluro-Devonian dalmanellids, Isorthis, Levenea, and some species of

Schizophoria bear ventral muscle scars in which the various components, particularly the submedian
and lateral diductor lobes and the adductor track, lie at prominent angles to one another. In some, the

separate elements are flat or nearly flat surfaces (as in many orthoids), but flatness alone is not critical

to the term as used here. Unfaceted refers to ventral muscle scars in which the various components
lie in the same cross-sectional arc (or pair of arcs if a median ridge-like myophragm is present).

The cortezorthinids characteristically are unfaceted and this is particularly well displayed by Proto-

cortezorthis and Reeftonia (pi. 21, figs. 6, 15; pi. 22, figs. 4, 6, 7, 8).

Fixed Ventral Adductors. This term refers to small cordate impressions developed in some cortezor-

thinids (text-fig. 2) and typical of Devonian rhipidomellids as distinguished from the track-like ventral

adductor site of Isorthis (text-fig. 5) and typical of the Dalmanellidae (Williams and Wright 1963, text-

figs. 5-7). Similar distinctions can be made in a number of other brachiopod groups.

Peripheral radial septa. Except for incipient development in Protocortezorthis windmillensis the struc-

tures are known to the writers only in Cortezorthis and consist of relatively short, plate-like lobes

situated radially around the internal periphery of both valves. The distal ends of the septa terminate

slightly inside the valve margin where the marginal crenulations are prominent (PI. 19, fig. 3). The
height of the septa varies up to four or five times as high as thick and they generally appear first and
attain greatest height in the mid-regions (PI. 19, fig. 2).
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NEW EVIDENCE FOR THE AGE OF THE
PRIMITI VE ECHINOI D MYR1ASTICHES GIGAS

by t. r. lister and c. downie

Abstract. An examination has been made of the acritarchs, chitinozoa, and spores recovered from the matrix

of the primitive echinoid Myriastiches gigas. The results strongly support a Silurian age for the fossd and
indicate a Lower Ludlovian horizon.

The holotype (and only known specimen) of Myriastiches gigas Sollas 1899 is preserved

as an internal mould flattened on a slab of indurated grey calcareous mudstone. This

was said by Sollas to have a Lower Ludlow age. However, no evidence for this age was

given by him and unfortunately the locality of the specimen was not stated and is un-

known. Lake was said (in Durham and Melville 1957) to have considered the raphio-

phorid trilobites associated with the echinoid to be Middle Ordovician (Llandeilian) and

Mortenson (1935, p. 56, 1940, p. 349), accepting this age, regarded Myriastiches as the

earliest known echinoid, preceding both Bothriocidaris (Upper Ordovician, approxi-

mately Caradocian) and Aulechinus (Ashgillian). Nevertheless, in the opinions of both

Stubblefield and Whittington (quoted in Durham and Melville 1957), the raphiophorids

compare most closely with Silurian members of the family.

Whittington considered that the resemblance to Raphiophorus raoulti (Barrande) from

the Bohemian Wenlock, and to two British Wenlock forms, was striking and concluded

that ‘the probability of the raphiphorid associated with Myriastriches being of Silurian

age is strong’.

A fragment of graptoloid stipe, also associated with the echinoid, was considered by

Bulman (in Durham and Melville 1957) to be indeterminable, but possibly a mono-
graptid or a dichograptid. If the latter, then it most closely resembled a rare species from
the Llanvirnian, which, as Durham and Melville pointed out, would conflict with the

trilobite evidence even if this indicated an Ordovician age.

Melville suggested that it might be possible to settle the question of the age of

Myriastiches using microfossils and consequently the specimen was sent to the authors

for treatment.

Preparation. A small piece weighing approximately 10 gm., was sawn off the base of the

slab bearing the holotype. This was cleaned, then dissolved in HC1 and HF respectively.

The resulting residue was treated with heavy liquid (ZnBr 2) to float oft' the organic

microfossils and the final concentrate was mounted in Canada Balsam on glass slides.

All the slides are deposited in the Micropalaeontology Laboratory, Department of

Geology, University of Sheffield.

NATURE OF ASSEMBLAGE

The method of concentration proved extremely effective and a rich assemblage of

microfossils was obtained, consisting dominantly of acritarchs with associated chitinozoa,

[Palaeontology, Vol. 10, Part 2, 1967, pp. 171-4, pi. 23.]
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scolecodonts and spores, and some graptolite fragments. The 10 gm. of original sample
yielded approximately 70,000 acritarchs and 100 chitinozoa, a figure similar to that

found by Downie (1963) in a sample of Wenlock Shale.

Preservation of the material in general, was only fairly good. Both the acritarchs and
chitinozoa were to a considerable degree carbonized. The chitinozoa were usually com-
pressed, somewhat corroded, and frequently split by rock cleavage. Spines were usually

broken, particularly those of the longer-spined acritarchs and the basal appendices of

certain chitinozoa genera. Such imperfections hampered specific diagnosis of many
specimens but enough complete individuals were recovered to surmount this difficulty.

The fossils identified are listed together with their known ranges in Table 1.

Comparison. In the assemblage there are 26 species of acritarchs belonging to ten genera.

These vary in importance, the principal component of the assemblage being Micrhystri-

dium, particularly forms close to M. parinconspicuum, which forms approximately 35 per

cent, of the assemblage. Forms belonging to the Baltisphaeridium wenlockensis-B. echino-

dermum form group are common, as is B. granulatispinosum. Other species and the genera

Veryhachium, Leiofusa, Pterospennopsis, Polyedrixium
,
Helios, and Lophosphaeridium

are present in minor amount. Sphaeromorph acritarchs form about 60 per cent, of the

assemblage.

The assemblage has little in common with those described from the Llandovery Series.

Only seven of the 26 species encountered are present in the Formigosa Formation

(Llandovery), described by Cramer (1964) from North Spain, and all of these seven

forms, in fact, range up into the San Pedro Formation (Ludlovian). Stockmans and
Williere (1963) have described the acritarchs from the Upper Llandovery of Belgium,

but only seven of the 38 species they record were present in the Myriastiches assemblage,

and all of these are long-ranging forms. None of the species described from the

Llandovery of Gotland by Eisenack (1954) were seen.

When compared with the Wenlock assemblages closer similarities are apparent.

Of the three successive Assemblage Types described by Downie (1963), the highest.

Assemblage Type 3 from the Tickwood Beds, shows the closest resemblance to the

Myriastiches assemblage, particularly in the high proportion of Micrhystridium and

Baltisphaeridium granulatispinosum. Twelve species were common to both assemblages,

EXPLANATION OF PLATE 23

Fig. 1. Conochitina cf. claviformis, 1278/C/l, x200.
Fig. 2. Ancyrochitina ancyrea (polar view), 1278/D/l, X 1000.

Fig. 3. Baltisphaeridiinn wenlockensis (Downie) Stockmans and Williere, 1278/T/5, X 1000.

Fig. 4. Sphaerochitina sphaerocephala Eisenack, 1278/0/1, x200.
Fig. 5. Ancyrochitina primitiva Eisenack, 1278/L/l, X200.
Fig. 6. Leiofusa filifera Downie, 1278/T/8, X 1000.

Fig. 7. Baltisphaeridium ramusculosum Deflandre, 1278/E/2, x 1000.

Fig. 8. Rhabdochitina magna Eisenack, 1278/D/l, X 200.

Fig. 9. Leiosphaeridia wenlockia Downie, 1278/J/2, X 1000.

Fig. 10. Veryhachium wenlockium Downie, 1278/Q/2, X 1000.

Fig. 11. Pterospennopsis cf. onondagaensis Deunff, 1278/S/4, X 1000.

Fig. 12. Baltisphaeridiinn granulatispinosum Downie, 1278/S/2, X750.
Fig. 13. Punctatisporites ? dilutus Hoffmeister, 1278/P/l, X 1000.

Fig. 14. Scolecouont, 1278/K/l, X 1000.
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table 1. Range chart showing the known stratigraphic distribution of acritarch and chitinozoa species

identified from the Myriastiches assemblage: where necessary ranges have been extended to include

unpublished work of one of the authors (T. R. L.).

Silurian

Wentock
£

.§
3:

5
-§ £ £ 5 s
J3 S

6 "-I •~4 Q
Michrystridium stellatum X X X X X
M. parinconspicuum X X X X X
M. nannacanthum X X X X
M. imitation X X X
M. shinetonense X X X X
Baltisphaeridium wenlockensis X X X X
B. granulatispinosum X X X X X
B. cariniosum X
B. ramuscutosum X X X X
B. microcladum X X X
B. nanum X X X X
B. arbusculiferum X X X
B. longispinosum var. parvum X X X
B. robustispinosum X X X
Veryhachium formosum X X X
V. rhomboideum X X X X
V. rabiosum X X
V. trispinosum X X X X X
V. wenlockium X X X X X
Leiofusa filifera X X X X
Leiosphaeridia wentockia X X X X
Helios aranaides X X
Lophosphaeridium granulosum X X X X
Pterospermopsis cf. onondagaensis X X
Cymatiosphaera wentockia X X X
Polyedrixium cf. pharaonis X
Conochitina filifera X X
C. lagenomorpha X X X X X X
C. tuba X X X
C. intermedia X X X X
C. cf. claviformis X X X X X X
Ancyrochitina ancyrea X X X X X
A. primitiva X X X X
Sphaerochitina sphaerocephala X X X X X
S. pistilliformis

Rhabdochitina magna X X
X

Punctatisporites ?dilutus X X X X

Total (species) 3 15 26 30 35 22

including the species Baltisphaeridium arbusculiferum and the genus Polyedrixium neither

of which were recorded from lower horizons.

Of the many forms described by Cramer (1964) from the San Pedro Formation

(Ludlovian), only nine species are present in the Myriastiches assemblage. Flowever, two
of these species, Helios aranaides and Baltisphaeridium cariniosum make their first
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appearance at this horizon, whilst Veryhachium rabiosum was recorded only from the

Devonian. Moreover, both Helios aranaides and Veryhachium rabiosum first appear in the

Lower Ludlow (Eltonian) of Shropshire, currently being investigated by one of the authors

(T. R. L.), and in fact it is with these Eltonian assemblages that the closest comparison

with the Myriastiches assemblage is to be found. Indeed, all twenty-six species present

in the Myriastiches assemblage are found in the Lower Elton Beds, including not only

the two species mentioned above, but also a form, here called Polyedrixium cf. pharaonis,

which so far has only been recorded from the Lower Elton Beds of Shropshire.

The spores all belong to Punctatisporites ? dilutus Hoffmeister, known from the

Llandovery, Wenlock, and Ludlow. None of the distinctive spores characteristic of the

Upper Ludlow Whitcliffe Beds (Lister, unpublished), nor any Devonian species were

seen, so that a Lower, rather than an Upper Ludlow age is indicated.

Of the ten species of chitinozoa identified, seven were long-ranging forms, but one
species, Sphaerochitina pistil/iformis , has only been recorded from the Ludlow Series

(Eisenack 1955), and Conochitina tuba and C. filifera make their first appearance in the

Upper Silurian.

Without doubt, therefore, Myriastiches is of Silurian age and very likely Lower
Ludlow as originally stated by Sollas.

Acknowledgement. The authors thank Dr. H. P. Powell (Assistant Curator, University Museum,
Oxford) for making available the specimen of Myriastiches.
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A REVISION OF ACASTELLA SPINOSA
(SALTER 1864) WITH NOTES ON RELATED

TRILO BITES

by J. H. SHERGOLD

Abstract. Acaslella spinosa (Salter 1864) and Acastella? minor (M'Coy 1851) are redescribed and figured. The
synonymy of A. spinosa and A. macrocentrus (Reed 1925) is established. A. spinosa is closely compared to other

species attributed to the genus. A. prima Tomczykowa 1962 is recorded for the first time from the late Silurian of

the British Isles.

Although known for over a hundred years, no complete description from undistorted

material of Acastella spinosa (Salter 1864), the type-species, has yet been published. The
genus, which ranges across the Siluro-Devonian boundary, has recently become the

subject of a good deal of attention from overseas workers who have, in the past eleven

years, described or redescribed seven species and five subspecies. The present paper is an
attempt to clarify the characteristics of the type-species, thus allowing its relationships

with the newer species to be established, a study which has been accomplished with

reference both to existing types and to material recently collected.

Specimens collected in the 1870s by the Geological Survey while mapping the area

around Kendal, Westmorland, and recorded by Aveline et al. (1872, p. 14) as Phacops

downingiae (Murchison) are redetermined as Acastella prima Tomczykowa, this being

the first record of the species from the British Isles.

Acastella? minor (M'Coy 1851) has not been further described since the time of

M'Coy. The species has not previously been figured.

The material used is located largely in the Geological Survey Museum, GSM. Other repositories are

the British Museum (Natural History), BM(NH); the Sedgwick Museum, Cambridge, SM; and the

Liverpool City Museum, LCM.
The symbols used in the quoted proportions throughout the text are those of Struve (1958,

pp. 167-8) and are defined as follows:

A, eye length (exsag.); H, the distance from the back of the eye to the posterior border furrow of the

cephalon; G, glabellar length (sag.); Gn, glabellar length (sag.) plus the sagittal dimension of the

occipital ring; A/G, the large eye index; A/Gn, the small eye index.

In the notation used here for reference to the glabellar lobes and furrows, IL, 2L, and 3L are

equivalent to the preoccipital, median lateral, and anterior lateral glabellar lobes; IS, 2S, and 3S are

the corresponding furrows.

Acknowledgements. I am indebted to Dr. J. Shirley for his interest in this work and for his critical

reading of the manuscript; Professor T. S. Westoll for providing facilities and D.S.I.R. for the finance

which enabled this study to be completed ; Dr. W. T. Dean (British Museum), Mr. D. E. White (Geological

Survey Museum), Mr. A. G. Brighton (Sedgwick Museum), and Mr. G. R. Tresise (Liverpool City

Museum) for their help and for allowing me to borrow specimens under their care; and Dr. Jerzy

Winnicki-Radziewicz for translating the Polish description.

Acastella spinosa was originally described as Phacops (Acaste) downingiae, var. S,

spinosus by Salter (1864, p. 27, text-fig. 7). The variety was based on internal moulds of

a distorted cephalon (GSM 19412) and an incomplete pygidium (GSM 19414) which

[Palaeontology, Vol. 10, Part 2, 1967, pp. 175-188, pis. 24-25.]
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Salter considered may have been associated with the cephalon. The description was
illustrated by a woodcut restoration of the cephalon.

Barrois, Pruvost, and Dubois (1922) elevated Salter’s variety to specific status, refer-

ring specimens previously identified as Dalmanites heberti Gossellet 1888 to Acaste

spinosa (Salter).

In 1925 Reed introduced Acastella as a subgenus of Phacops and described a new
species, A . macrocentrus, based on an incomplete pygidium from the Upper Ludlovian of

Prior’s Frome, Herefordshire. He nominated (1925, p. 75)
‘

Acaste ’ spinosa Salter as the

type-species and gave a sub-generic diagnosis compounded from this species and from

Acastella macrocentrus. In 1927 Reed contradicted his earlier (1925) statements, quoting

as the type-species Phacops (Acastella ) macrocentrus and giving the horizon as Wenlock
Limestone (1927, p. 319). A. macrocentrus (Reed 1925) is shown below to be synonymous
with A. spinosa (Salter 1864).

Acastella was subsequently classified as a genus by Delo (1935), no type-species being

quoted, and as a subgenus of Acaste Goldfuss by R. and E. Richter (1952 and 1954). In

their earlier paper (1952, p. 89) the Richters formally selected the species spinosa (Salter

1864) as the type-species of the subgenus and indicated the confusion caused by Reed

(1927). In their later paper (1954, pp. 27-28) R. and E. Richter discussed and refigured

(pi. 4, figs. 57—58) the holotype cephalon and the pygidium known to Salter. They also

described and figured (p. 27, pi. 4, fig. 59) a second cephalon (GSM 19413) from the type

locality, while a third, an incomplete cephalon (BM(NH) I 1397) from the Usk Inlier,

Monmouthshire, was referred to Acaste (Acastella ?) sp. (op. cit., p. 28, pi. 4, fig. 60).

The latter specimen was mistakenly recorded (p. 70) as from the collections of the Geo-
logical Survey Museum. The Richters clarified the synonymy of the species listing the

many mistaken references to Acaste spinosa which had become incorporated into the

European literature since 1864. Their observations were confined to the poorly preserved

material at their disposal so that a complete diagnosis and description of the species was

not undertaken. Accordingly, Billet ( 1959), in redescribing Acastella rouaulti (de Tromelin

and Lebesconte 1875), Tomczykowa (1962u), in describing A. prima , and Hollard (1963)

in describing A. patula , A. granulosa
,
and A. jacquemonti were not able to make adequate

comparisons with the type-species.

At the present time, full generic status is again attributed to Acastella by Struve (in Moore
1959), who includes the genus in the subfamily Acastavinae Struve 1958 (Dalmanitidae).

A. prima was described by Tomczykowa in 1962. Specimens collected and identified

by Aveline et al. (1872) are shown to belong to this species.

Acastella? minor was originally described by M‘Coy (1851, p. 161) as Odontocliile

caudata ( Brongniart), var. minor. The generic classification of the species remains doubt-

ful and is discussed under the section dealing with this trilobite below.

SYSTEMATIC DESCRIPTIONS

Family dalmanitidae Vogdes 1890

Subfamily acastavinae Struve 1958

Genus acastella Reed 1925

Acastella spinosa (Salter 1864)

Plate 24, figs. 1-8, Plate 25, figs. 6-12
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1864 Phacops (Acaste ) Downingiae Murch., var. 8, spinosus Salter, p. 27, text-fig. 7 (woodcut),

(GSM 19412).

1925 Phacops ( Acastella) macrocentrus Reed, pp. 73-75, pi. 11, figs. 4, 4a, (SM A 16539).

1954 Acaste ( Acastella ) spinosa (Salter 1864); R. and E. Richter, pp. 27-28, pi. 4, figs. 57 (GSM
19412), 58 (GSM 19414), 59 (GSM 19413).

1954 Acaste (Acastella ?) sp . ; R. and E. Richter, p. 28, pi. 4, fig. 60 (BM(NH) I 1397).

1963 Acastella cf. spinosa (Salter); Holland, Lawson, and Walmsley, p. 123, pi. 6, fig. 5 (BM
(NH) In 57172).

For citations of Acaste spinosa Salter nonsynonymous with Acastella spinosa (Salter 1864) see R. and E.

Richter 1954, pp. 23, 24, 26.

Holotype. Salter 1864, p. 27, text-fig. 7, woodcut (GSM 19412). Whitclifte Chase, The Whitcliflfe,

Ludlow, Shropshire. Topmost Upper Whitcliffe Beds, uppermost Ludlovian, as defined by Holland,

Lawson, and Walmsley (1963).

Diagnosis. A species ofAcastella with the following characteristics: cephalic outline sub-

pentangular; frontal lobe moderately convex (sag.), anteriorly rounded or very slightly

angled; 3L a little larger than 2L; 1L half as wide as 2L; 2S and 3S impressed to similar

depth; 2S reaching but not joining the axial furrows abaxially; occipital ring raised above

glabellar side lobes; axial furrows diverging at angles between 22 and 30 degrees;

preocular section of facial suture distinctly angled in front of glabella, enclosing a narrow

triangular area of fixigena immediately anterior to the glabella; genal spines slender,

curved; pygidium subtriangular in outline; 7 (8) axial segments; 5 pleural segments; deep

furrows; border bearing 4 or 5 pairs of faint, low swellings on the internal mould;

margin entire; slender caudal mucronation lying in near horizontal plane or inclined

dorsally at angles of up to 60 degrees.

Description (based on specimens preserved as internal moulds). Cephalic outline sub-

pentangular; in anterior view gently arched. Fixigenae postero-laterally produced into

slender, curved spines.

Glabella defined by deep axial furrows diverging at angles varying between 22 and 30

degrees according to preservation, flattened specimens having a larger angle of diver-

gence than undistorted material. Lateral profile flat across side lobes, moderately convex

(sag.) across frontal lobe. Frontal lobe, in dorsal view, anteriorly gently arched, laterally

rounded. In lateral profile there is a marked change in slope at the extreme anterior

edge of the glabella which is seen in dorsal view to be formed by a narrow deltoid area

described by the preocular section of the facial suture. Axial furrows curve gently around

2L and 3L, the glabellar width decreasing thence evenly to the posterior. The frontal lobe

does not extend laterally across the course of the axial furrows. Lobe 3L is typically a

little larger than 2L. 1L is about one half as wide (exsag.) as 2L. Adaxially 2L and 3L
rise above the level of the median longitudinal field, a characteristic well shown on
flattened material such as the holotype, while 1L tends to merge adaxially with it. 3S

narrow (exsag.), moderately deep, sigmoidal, with a prominent posterior median deflec-

tion. 2S impressed to a similar depth but typically wider (exsag.), abaxially transverse,

adaxially with, usually, a strong median deflection to the posterior. 2S reaches abaxially

as far as the axial furrow but does not join with it. IS deep and wide (exsag.), curving

both abaxially and adaxially to the anterior. All furrows adaxially equidistant from the

sagittal line. There is a tendency towards the convergence of the median extremities of
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3S and IS. A short, faint, longitudinal furrow lies on the sagittal line between the adaxial

ends of 3S.

Occipital furrow abaxially deeper than IS, less deep but remaining pronounced
axially. Occipital ring fairly narrow (sag.), less wide, and with slightly greater convexity

(tr.) than 1L; in lateral profile, when preserved, rising above the level of the glabellar

side lobes.

Genae laterally extensive with marked border flattening. Posterior border furrow

wide (exsag.) and deep, joining laterally with the border flattening. Antero-laterally the

librigena passes into the doublure but reappears on the dorsal surface immediately

anterior to the glabella where it forms a narrow (sag.) triangular area. The preocular

section of the facial suture is dorsal intramarginal, becoming marginal at the antero-

lateral edges of the glabella. Anterior to the glabella it is markedly angled, having a

similar disposition to, but not as pronounced as, that ofAcastella tiro (see R. and E. Richter

1954, pi. 5, fig. 13d). The postocular section of the facial suture cuts the lateral cephalic

margin opposite 2S. Fixigenae postero-laterally produced into rather long, slender,

curved spines, deflected outwards from their bases at an angle of some 1 5 degrees from
the continuation of the cephalic margin projected posteriorly parallel to the sagittal

line. In their appearance these spines are narrower and more elegant than those

produced in Acastella heberti heberti (Gossellet 1888) and A. herberti elsana (R. and

E. Richter 1954). They are, however, similar to those of A. jacquemonti jacquemonti

Hollard 1963. The genal spines of the holotype, measured from the spine bases, are up
to 2-5 mm. in length.

Eyes moderately large, subcrescentic in plan situated closer to the glabella than to the

cephalic margin, extending from the middle of 1L to the confluence of 3S with the axial

furrows
; high ocular platform. The area, H, between the back of the eye and the posterior

border furrow is moderately large: A/G, 44-51 per cent.; A/Gn, 35-44 per cent.; H/A,
20-27 per cent. In anterior profile the eye fails to reach the level of the upper surface of

the glabella. Palpebral furrows well defined; palpebral lobes raised high above the adjacent

palpebral areas; palpebral areas narrow (tr.), abaxially rather flat, adaxially falling

steeply towards the axial furrows.

Visual surface narrow (vert.), gently convex outwards; very slightly overhanging the

ocular platform; sloping outward-forwards a little less steeply than outward-backwards.

EXPLANATION OF PLATE 24

Figs. 1-8. Acastella spinosa (Salter 1864). 1. GSM 19412, Holotype cephalon, shell partially removed.

Upper Whitcliffe Beds, The Whitcliffe, Ludlow, Shropshire, x4. 2. GSM 102588, Cephalon,

internal mould. Upper Whitcliffe Beds, quarry, 385 yd. SE. Patton Grange, SO 5908, 9530, near

Much Wenlock, Shropshire, x 4. 3. GSM 102590, Cephalon, internal mould. Upper Whitcliffe Beds,

locality as for fig. 2, x4. 4. GSM 84722, Cephalon, internal mould, Perton Bone Bed, quarry near

Yew Tree Inn, Prior’s Frome, 3 miles ESE. Hereford, SO 5760, 3915, x4. 5, 6. GSM 102589,

Cephalon, internal mould. Upper Whitcliffe Beds, exposure on Row Lane, 504 yd. SSW. Hungerford

Farm, SO 5387, 8880, Hungerford, Shropshire. 5, Dorsal view, x 4. 6, Lateral view, x 4. 7. BM(NH)
I 1397, Cephalon, internal mould, Lower Llangibby Beds, quarry in wood, Llandegfydd

Hill, Usk, Monmouthshire, x4. 8. GSM 102594, Eye, internal mould. Upper Whitcliffe Beds,

exposure by Diddlebury-Middlehope road, SO 5032, 8581, Diddlebury, Shropshire, X 16.

Figs. 9-1 1. Acastella? cf. minor (M'Coy 1851). 9-11, GSM 84723, Cephalon, internal mould, Down-
tonian, quarry near Yew Tree Inn, Prior's Frome, Herefordshire, 3 miles ESE. Hereford. 9, Dorsal

view, x4. 10, Lateral view, x4. 11, Anterior view, x4.
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Up to about 90 closely packed lenses; dorso-ventral files carrying an approximate maxi-

mum of 6 lenses.

Hypostome and thorax unknown.

Pygidium subtriangular in outline; in posterior profile gently arched; in lateral profile,

with the upper surface of the axis in the horizontal plane, the postero-lateral margins

curve strongly addorsally culminating in a relatively short, slender caudal termination.

This mucronation is frequently strongly curved addorsally, being typically orientated at

angles varying between 30 and 60 degrees to the horizontal plane. When inclined at high

angles it may rise to the level of the upper surface of the axis. It may, however, occasion-

ally lie in a nearly horizontal plane. When viewed dorsally the spine appears to rise

imperceptibly from the postero-lateral borders of the pygidium. In cross-section it has an

elliptical shape. Axis strongly convex (tr.), rising above both axial furrows and pleurae;

composed ofseven or eight segments together with a rounded terminal piece. Axial furrows

defining the first three segments diverge at a greater angle than those defining the re-

mainder of the axis. Strong, deep, transverse furrows separate the first six segments. In

lateral view the segments rise to an even height; the terminal piece is low and ends

abruptly. A well-defined postaxial ridge extends from the axial termination to the spine

base. Five pleurae; in posterior view moderately to strongly convex (tr.) according to

preservation, sloping from a marked geniculation both to the axial furrows and border.

Laterally the pleurae merge into the unfurrowed border without a marked change of

slope. There is, therefore, no border furrow or flattening and the pygidium exhibits a

similar condition to that of juvenile holaspides of Acaste downingiae (Murchison)

(Shergold 1966). Pleural furrows very strong, wide (exsag.), and deep. Interpleural

furrows indistinct but can generally be discerned separating the first three pleurae.

Border narrow laterally, widening a little posteriorly; bearing four or five pairs of low,

scarcely visible, swellings (segmental traces), set opposite the lateral end of the posterior

band of each pleural segment. Such swellings characterize Acastella granulosa Hollard

1963, A. patula Hollard 1963, and A. jacquemonti Hollard 1963, species found in the

upper part of the zone of Monograptus uniformis and the lower part of the M. her-

cynicus zone to the south of the Anti-Atlas Range in southern Morocco. The margin is

entire, without the denticulations characterizing A. heberti e/sana (R. and E. Richter

1954), A. tiro (R. and E. Richter 1954), and A. rouaulti (de Tromelin and Lebesconte

1875).

Remarks. The type material of Acastella spinosa (Salter) has been described by R.

and E. Richter (1954; pp. 27-28) and further comment is unnecessary. However, it is

now possible to reinterpret the specimen discussed and figured by these authors (1954;

p. 28, pi. 4, fig. 6), BM(NH) I 1397, as Acaste (Acastella ?) sp ., from Llandegfydd Hill,

Usk, which appears to be comparable with material from other localities in the Welsh
Borderlands now assigned to A. spinosa (Salter). The Richters noted that the side

furrows 2S slope into the axial furrows, an observation not entirely correct as they do not

open into the axial furrows. There seems, in general, to be a considerable variation in the

exact position of the abaxial termination of 2S in A. spinosa (Salter). On specimens GSM
19412 and 102590 these furrows obviously terminate before reaching the axial furrows

and in these cases it may be noted that the specimens have to some degree been flattened.

On GSM 102588 and 102589 the furrows end a little nearer, while on GSM 102585 and
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BM(NH) I 1397 they reach, but do not join with, the axial furrows. It may be possible

therefore to relate this variation to preservation.

Acastella macrocentrus (Reed 1925) was described from an incomplete, exfoliated

pygidium preserved in a limestone matrix, SM A 16539. The right pleura and antero-

lateral portion of the axis are missing. On the left pleura five pleural furrows may be dis-

cerned and on the axis eight segments together with a rounded terminal piece. In lateral

profile the axis, as in Acastella spinosa (Salter), slopes gently after segment 3 to the

posterior and terminates, not markedly abruptly, before a narrow postaxial ridge. The
border is narrow and there is no marked break of slope at the junction with the furrowed

pleurae. Posteriorly the sides of the pygidium rise addorsally to culminate in an up-

turned mucronation, the end of which is broken off. The margin appears to be entire. In

all these characters A. macrocentrus (Reed 1925) is identical with A. spinosa (Salter 1864)

and the two species must be regarded as synonymous.

The specimen cited by Squirrell and Tucker (1960, p. 151) GSM 84722, though poorly

preserved, is of some interest. It is recorded from the basal Rushall Beds of Prior’s

Frome, Herefordshire, the lowest member of the Downtonian in the Woolhope Inlier.

Of further interest is the nature of the adhering matrix which is composed of broken

shell fragments and abundant thelodont and acanthodian denticles indicating that the

specimen has been derived from a bone bed. The bone bed exposed at Prior’s Frome at

the base of the Downtonian is equated with the Ludlow Bone Bed of South Shropshire.

It is not impossible, therefore, that GSM 84722, has been derived from the uppermost

bed of the Ludlovian. The specimen has been damaged, the anterior portion of the

cephalon and frontal lobe, glabellar lobe 1L, the occipital ring, and the genal spines are

missing, though the impressions cast by these spines can be discerned. The specimen

shows the axial furrows diverging at a very similar angle to those of A. spinosa ;
the

glabellar side furrows conform to a similar pattern, there being a tendency for 3S and IS

to converge adaxially; the eyes are of comparable size and are similarly positioned; the

surface of the mould is without granulations. In view of the incomplete nature of this

specimen (the relationship of the frontal lobe to the preocular section of the facial suture

and the anterior cephalic margin is important specifically) and the similarity of the exist-

ing characteristics to A. spinosa (Salter) the author is of the opinion that it should be

determined as A. cf. spinosa (Salter) until the discovery of further material can make
a precise identification possible.

The bulk of the material of A. spinosa (Salter) studied is preserved as internal

moulds. Material collected by the author and donated to the Geological Survey Museum
has been largely prepared out so that external moulds have been lost. Fragmentary

external moulds of pygidia are present in this collection but have been considered too

poor to figure here. External moulds showing the complete margin of the pygidium,

from which it would be desirable to obtain casts, have not been observed. An external

mould of a cranidium, BM(NH) In 57172, was figured by Holland, Lawson, and

Walmsley (1963, pi. 6, fig. 5) and has not been refigured here. Generally, casts from ex-

ternal moulds in this particular species, show little which cannot be gained from internal

moulds. The furrows of both cephalon and pygidium are always wider but less deep,

though they remain well incised.

Range. Upper Leintwardine Beds (terminology after Holland, Lawson, and Walmsley 1963) to the

Perton Bone Bed (see below).
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Distribution. Widespread in the Welsh Borderland Province (both basinal and shelf facies).

Usk: BM(NH) I 1397 is recorded from a ‘Quarry in Wood, Llandegfydd Hill, Monmouthshire’.

The Acaste downingiae (Murchison) recorded by Walmsley (1959, p. 514) may be this species. The
horizon of Walmsley ’s specimen, and possibly also I 1397, is given as Lower Llangibby Beds (Upper
Leintwardine Beds). Woolhope: Squirrell and Tucker (1960, pp. 148, 177) record Acostella spinosa

(Salter) from the basal Lower Perton Beds (= Lower Whitcliffe Beds) and from the basal Rushall Beds

(p. 151), GSM 84722. The same authors (1960, pp. 150, 177) record A. macrocentrus Reed from the

topmost Upper Perton Beds (= Upper Whitcliffe Beds).

Ludlow: GSM 19412-14, and BM(NH) In 57172 are recorded from the Upper Whitcliffe Beds of

Whitcliffe Chase, Ludlow, the type locality. Elies and Slater (1906, p. 220) record Phacops sp. from the

Spirifera elevata Beds (= Uppermost Whitcliffe Beds). The locality is not specified.

Corvedale: The species has been collected both by Dr. J. Shirley and the author from a number of

localities between Norton Camp (Craven Arms) and Bourton (Much Wenlock) (GSM 102585-94), in

the topmost 30 or 40 ft. of the Whitcliffe Beds. It is associated with the same fauna as that occurring in

the Spirifera elevata Beds of Elies and Slater (1906) at Ludlow.

Bishops Castle: The author has, in his possession, a pygidium, BM (NH) It 2036, from a quarry at Cwm
Colebatch Farm, Cefn Einion. This locality is some 40 ft. below the horizon of the Ludlow Bone Bed,

the exposed strata being equivalent to the upper part of the Llan-Wen Hill Beds (Holland 1959) at

Knighton ( = Upper Whitcliffe Beds).

Kerry: Earp (1938, p. 156) records Phacops sp. from the Dalmanella lunata Beds (= Upper Whitcliffe

Beds). The locality is not given.

From the above survey it would appear that Acastella spinosa occurs earliest in the southern and
south-eastern inliers in the Ludlovian shelf facies. During Upper Whitcliffian times the species migrates

further to the north, spreading over a considerable area with the shallowing of the Ludlovian sea.

Relationships. In the following passage Acastella spinosa (Salter) is compared and con-

trasted with all those species which have been adequately described and placed with

certainty in the genus Acastella.

The relationship of A. spinosa (Salter) to A.prima Tomczykowa 1962a. In both species

the geometry of outline of the cephalon is similar, as are the courses of glabellar furrows

IS and 3S and the segmentation of the pygidium. A. prima differs from A. spinosa in the

following characters: anteriorly the glabella is rounded rather than angled; the axial

furrows diverge at a slightly lesser angle (20 degrees); 2S reaches and apparently joins

the axial furrows laterally; true genal spines are lacking, there being instead, in the adult,

short mucronate points, similar to those observed in young holaspides of Acaste down-

ingiae (Murchison) (Shergold 1966); similarly the pygidium, though posteriorly distinctly

angled, does not possess a caudal spine. No mention is made by Tomczykowa of the

condition of the border or margin of the pygidium in respect to indications of segmenta-

tion either in the form of swellings or denticulations.

Acastella heberti heberti (Gossellet 1888) and A. spinosa (Salter) appear to be closely

related. The dorso-ventral files of the visual surface of the former contain a maximum of

six lenses, in close agreement with the maximum observed in the latter. Although R. and

E. Richter (1954, p. 22) in their diagnosis of A. heberti give the number of pleurae in the

pygidium as four, the specimen (pi. 2, fig. 28), ascribed by them to A. h. heberti shows

distinctly five pleural furrows. It seems, therefore, that the pygidial segmentation, also, is

similar to that of A. spinosa. There is a caudal spine in both species and likewise the

pygidial margin is entire, without lateral denticulations either on shell or internal mould.

The cephalon of A. h. heberti is, however, more distinctly pentangular in outline; the

glabella is more parallel-sided, the axial furrows diverging at only 10 degrees; the frontal

lobe is more strongly convex (sag.); 2S just fails to reach the axial furrows abaxially; the
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pygidial border is broad and apparently smooth, no mention being made of the swellings

observed in A. spinosa (Salter).

Acastella patula Hollard 1963 and A. spinosa (Salter) are similar in the following

respects: the axial furrows diverge at an angle of 28 degrees in the former, 22-30 degrees

in the latter; the gently angled anterior outline of the frontal lobe; the courses of the

glabellar furrows; the angled nature (sag.) of the preocular section of the facial suture;

the number of pleural segments in the pygidium and the possession of border swellings.

The pygidium, however, of A. patula has a short, inflected point in place of the slender

mucronation of A. spinosa ;
there is one extra segment in the axis of the pygidium and a

slight flattening between the furrowed pleurae and the border; the border swellings of

A. patula are stronger and are observed both on the shell and internal mould.

Acastella granulosa Hollard 1963 and A. spinosa (Salter) are quite distinct. The former

possesses axial furrows diverging at 20 degrees; the glabella is less convex (sag.); 2S
abaxially fails to reach the axial furrows; the occipital ring bears a median tubercle; the

eye is smaller, extending (exsag.) approximately from IS to the anterior edge of 3L; the

pygidium has 6 pleural segments and 9(10) axial segments; the test is highly granulose.

Both species possess a caudal spine and have a narrow pygidial border which bears

swellings, which in A. granulosa may be seen both on the shell and the internal mould.

A. spinosa (Salter) is equally distinct from the three subspecies of A. jacquemonti

Hollard 1963. In these the angle of divergence of the axial furrows (20-22 degrees) is

slightly less than that ofA . spinosa ;
the glabella is anteriorly rounded rather than angled

;

the eye, where known, is smaller, in A. j. jacquemonti Hollard 1963 extending (exsag.)

from IS to the anterior margin of 3L; the occipital ring in A. j. tanzidensis Hollard 1963

bears a median tubercle; in A. j. jacquemonti and A. j. levis Hollard 1963 2S reaches

abaxially as far as the axial furrows, but in A.j. tanzidensis fails to do so; in the pygidium

each subspecies has 5 (6) pleurae and 8-10 axial segments; the border is wide and
markedly flattened in A.j. tanzidensis and A.j. levis but narrow and poorly separated

from the pleurae in A. j . jacquemonti, a condition approaching that of A. spinosa. In each

case swellings are present on the border but to varying degrees, those of A.j. jacquemonti

being strong and present both on the shell and internal mould, those of A.j. tanzidensis

and A. j. levis being present only in the internal mould and in the latter being poorly

developed. Posteriorly A.j. jacquemonti possesses a short, triangular, caudal point, while

the mucronations of A.j. tanzidensis and A.j. levis are long spines, curving upwards in

the former, straight in the latter, both of these conditions being exhibited by A. spinosa.

A. spinosa (Salter) can be readily distinguished from A. heberti elsana (R. and

E. Richter 1954), A. tiro (R. and E. Richter 1954), and A. rouaulti (de Tromelin and

Lebesconte 1875), as these species possess on the internal mould of the pygidium marginal

denticulations, which are lateral continuations of weak swellings situated on the border.

The corresponding external shell may be smooth (A. rouaulti) or with scarcely visible

swellings, generally confined to the border. Each species also possesses a rather stout

caudal mucronation and genal spines which tend to be more massive than those of

A. spinosa.

The cephalic outline of A. h. elsana is more markedly pentangular; the glabella is

much more parallel-sided, the axial furrows diverging at 10 degrees; the frontal lobe has

a somewhat lower convexity (sag.) and the anterior outline is rounded-truncate in plan;

abaxially 2S does not reach the axial furrows; the occipital ring is low (vert.); the
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dorso-ventral files of the visual surface contain a maximum of 7 lenses; in the pygidium

there are 4 (5) pleural segments, 7 (8) axial segments.

A. tiro has a more subtriangular cephalic outline than that of A. spinosa
;
the axial

furrows diverge at about 20 degrees; abaxially 2S almost reaches the axial furrows; the

occipital ring is low (vert.); the dorso-ventral files bear up to 8 lenses; the preocular

section of the facial suture is quite distinctly angled (sag.) in front of the glabella; in the

pygidium there are 5 pleural and 8 (9) axial segments; the border is wide and separated

from the furrowed pleurae by a marked flattening.

The cephalic outline of A. rouaulti is similar to that of A. spinosa; the glabella de-

creases in width (tr.) less rapidly to the posterior so that the axial furrows diverge at the

lesser angle of 15 degrees; the occipital ring is high (vert.), as in A. spinosa , and the

courses of the glabellar side furrows are also closely comparable; in front of the glabella

the preocular section of the facial suture is more distinctly angled; the border is wide

and separated by a flattening from the furrowed pleurae; as in A. spinosa the caudal

mucronation is inflected, at up to 30 degrees.

Acastella prima Tomczykowa 1962

Plate 25, figs. 4-5, 13-14

1872 Phacops Downingiae , Murch.; Aveline, Hughes and Tiddeman, p. 14.

1962 Acastella prima Tomczykowa, pp. 260-6, pi. 1, figs. 2-5, text-fig. lc.

Material. With the exception of one specimen from the Liverpool City Museum, all the available

material is from the T. McK. Hughes Collection, Geological Survey Museum. It has been obtained from

the Upper Ludlovian of the Kendal and Kirkby Lonsdale regions and consists of two cranidia,

TMcKH 1350, 1366; three good pygidia, LCM 60.64 ME, TMcKH 1032, 1336, and several incomplete

pygidia, TMcKH 6 (two specimens), 989, 1073, 1350, 1363.

Localities.

LCM 60.64 ME, Kirkby Moor Flags, Endmoor.
TMcKH 6, 1336, 1350, 1363, 1366, Holme Scales, Hutton Bridgend, SE. of Kendal.

TMcKH 989, Killington, N. of Kirkby Lonsdale.

TMcKH 1032, Gatebeck, N. of Kirkby Lonsdale.

Remarks. The following translation from Tomczykowa (1962u, pp. 261-2) gives slightly

more information on the species than the short English summary (p. 266) accompanying

the paper.

Cephalon semicircular, glabella anteriorly broad and rounded. Axial furrows deep and narrow,

diverging at 20 degrees. Frontal lobe large. Side-furrows SI and S2 narrow and almost parallel to the

occipital furrow and are the same depth as S3 which curves posteriorly and intersects the axial furrows

anteriorly near the front end of the eye. Side-lobes LI are half as wide as L2 and the latter half as wide

as L3. Occipital ring narrow, medianly wider. Palpebral areas slightly inclined towards the axial furrows.

The front margin of the fixigena is linear. The posterior margin is slightly convex and is sigmoidal

towards the genal angle where it bears a very distinct, posteriorly directed tubercle.

Thorax composed of 1 1 segments. Axis nearly one-quarter of the maximum width. Axial furrows

deep and narrow. Pleurae are ended in distinct tubercles.

Pygidium small and triangular. Axis narrow and conical, composed of 7 segments and does not reach

the posterior margin. Axial furrows deep and narrow. Pleurae composed of 5 ribs which do not reach

the edge of the pygidium, rapidly narrowing to the back. Posterior edge pointed.

Surface of carapace covered with very fine and dense granulations.
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AcasteUa prima occurs in Poland in the upper part of the Siedlce Beds, at the top of

the zone of Monograptus formosus. It is found only in material from the Lebork bore-

hole, in northern Poland, and is not recorded from the Holy Cross Mountains. AcasteUa

spinosa is reported (Tomczykowa, op. cit., p. 260) from the same borehole at a slightly

higher stratigraphical level.

All the material from the Kendal area supports the observations of Tomczykowa.
TMcKH 1350 shows the immature genal projections and TMcKH 1336 the short,

inflected, node-like pygidial termination.

The margin of the pygidium of this species is entire and the border smooth. There

appears to be no development of border swellings as are found in A. spinosa.

The salient differences between A. prima and A. spinosa are to be found in the

nature of the mucronations. In the former these are in effect rudimentary projections

rather than well-developed spines. Tomczykowa considers (op. cit., p. 266) that this

species ‘is a form standing at the boundary of two genera, i.e. Acaste and AcasteUa'.

This statement is supported by work on Acaste downingiae (Murchison), where young
holaspides of A. downingiae have genal mucronations similar in nature to those of the

adult AcasteUa prima (Shergold 1966).

AcasteUa? minor (M‘Coy 1851)

Plate 25, figs. 1-3

1851 Phacops (Oclontochile) caudata (Brong. Sp.), var. minor M‘Coy, p. 161.

1873 Phacops Downingiae Murchison; Salter, p. 177.

Material. Two exfoliated and incomplete cranidia, SM A 37195, 37142.

Lectotype (here chosen). The cranidium, SM A 37142. Kirkby Moor Flags, Benson Knot, near Kendal,

Westmorland.

Extended Diagnosis. Cephalon ogival to subpentangular in outline; in anterior view

gently arched. Axial furrows diverging anteriorly at 25 degrees. Frontal lobe moderately

EXPLANATION OF PLATE 25

Figs. 1-3. AcasteUa? minor (M'Coy 1851). 1, 2. SM A 37195, Cranidium, exfoliated, Kirkby Moor
Flags, Benson Knot, U miles ENE. Kendal, Westmorland. 1, Dorsal view, x4. 2, Lateral view, x4.

3. SM A 37142, Lectotype cranidium, exfoliated, locality as for figs. 1, 2, dorsal view, x4.

Figs. 4-5. AcasteUa prima Tomczykowa 1962. 4, 5. GSM TMcKH 1350, Internal mould, cranidium,

Kirkby Moor Flags, Home Scales, Hutton Bridgend, 4J miles SE. Kendal. 4, Dorsal view, x 6.

5, Lateral view, x 6.

Figs. 6-12. AcasteUa spinosa (Salter 1864). 6. GSM 19414, Pygidium, internal mould. Upper Whitcliffe

Beds, The Whitcliffe, Whitcliffe Chase, Ludlow, Shropshire, x4. 7, 8. SM A 16539, Holotype of

A. macrocentrus ( Reed 1925), pygidium, exfoliated. Upper Ludlow, Prior’s Frome, Herefordshire.

7, Dorsal view, x4. 8, Lateral view, x4. 9-11. GSM 102592, Pygidium, internal mould, Upper
Whitcliffe Beds, exposure on Diddlebury-Middlehope road, SO 5032, 8581, 60 yd. from junction

with B 4368, Diddlebury, Shropshire. 9, Dorsal view, x4. 10, Lateral view, x4. 11, Posterior view,

x4. 12. GSM 102591, Pygidium, internal mould, Upper Whitcliffe Beds, locality as figs. 9-11,

lateral view, x 4.

Figs. 13-14. AcasteUaprima Tomczykowa 1962. 13, 14. GSMTMcKH 1336, pygidium, internal mould,

Kirkby Moor Flags, Holme Scales, Hutton Bridgend, 4f miles SE. Kendal, Westmorland. 13, Dorsal

view, x4. 14, Oblique posterior view, x4.
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convex (sag.), anteriorly obtusely angled; without preglabellar furrow, the anterior

glabellar contour being defined by the course of the preocular section of the facial suture;,

four rows of tubercles converge on the narrow area between the adaxial extremities of 3S,

running from this point radially across the slope of the frontal lobe towards the preocular

section of the facial suture. Three pairs of glabellar side furrows readily distinguished;

3S wide (exsag.), shallow, sigmoidal, with median deflection to the posterior; 2S wide

(exsag.), a little deeper than 3S, abaxially transverse, adaxially with deflection to

posterior, nearly reaching but failing to join abaxially with the axial furrows; IS

very wide (exsag.) and deep, curving both adaxially and abaxially to the anterior. The
tendency for IS and 3S to converge adaxially is not nearly so apparent as in AcasteUa

spinosa. There is no longitudinal furrow on the saggittal line between the adaxial

extremities of 3S. 1L less than half as wide as 2L. Occipital ring less wide (tr.) and

slightly more convex (tr.) than 1L.

Remarks. Under the heading Phacops (Odontochile) caudata ( Brongniart), M'Coy (1851,,

p. 161) mentioned specimens from Underbarrow and Benson Knot, near Kendal, West-

morland, characterized by a ‘coarsely granulated surface’. These he called Odontochile

caudata var. minor. Of the three specimens concerned, SM A 37142 and 37195, from

Benson Knot, show the characteristics attributed to them by M'Coy (p. 161). The third,

SM A 37143, a poorly preserved and incomplete cephalo-thorax from Underbarrow does

not show the diagnostic ornament. Its condition prohibits even an accurate generic

determination. Salter, in preparing figures of these specimens for M'Coy, referred them

to Phacops downingiae. These plates were, however, subsequently cancelled, and since

that time they have remained unfigured.

Salter (1873) made further reference to these specimens in his catalogue of fossils in

the Sedgwick Museum. All three were listed as Phacops downingiae Murchison. In this

work the specimens from Benson Knot were stated (p. 1 77) to be derived from the Upper
Ludlow (= Kirkby Moor Flags) and that from Underbarrow was stated (p. 166) to be

from the Lower Ludlow (= Bannisdale Slates).

The Kendal material apart, there is one other specimen, the internal mould of a

cephalon, in the Geological Survey Museum, GSM 84723 (PI. 24, figs. 9-1
1 ). It is labelled

as having been derived from the Downtonian of Prior’s Frome, Herefordshire. The
matrix also contains an external mould of an enteletacean brachiopod. If the specimen

is correctly documented its horizon must be within the basal 10 in. of the Rushall Beds

which in this area also contain Camarotoechia nucula, Protochonetes ludloviensis
,
and

Salopian lunata (Squirrell and Tucker 1960, pp. 150-1). The specimen shows the

diagnostic characteristics of the type-material from Kendal. It has in common with

SM A 37142 and 37195 coarse granulations on the frontal lobe and genae; the

anteriorly angled frontal lobe, immediately defined by the preocular section of the

facial suture; glabellar lobes of similar size and convexity and side furrows of similar

depth, length, and attitude. In addition, the specimen shows the characteristics of the

eye and its relationships to the glabella and posterior border furrow.

The eye is subcrescentic in plan view, situated more or less centrally on the cheek

between the glabella and the cephalic margin; extending from IS to the anterior edge of
3L; A/G, 41 per cent.; A/Gn, 34 per cent.; H/A, 30 per cent. In anterior profile the eye

fails to reach the level of the top of the glabella; in lateral profile the top of the visual
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surface slopes very gently to the anterior. Palpebral furrow well defined; palpebral lobe

rather low; palpebral area sloping with low inclination to the axial furrows.

Visual surface gently convex outwards, overhanging slightly the high ocular platform;

narrow (vertically); bearing less than 100 lenses; 19 dorso-ventral files carrying (right

eye, GSM 84723) 6 or 7 lenses at the maximum height of the surface.

GSM 84723 differs, however, from the Kendal material in the proportions of the

glabella, which is markedly subpentangular. In view of this difference and the dearth

of comparably preserved material from Kendal the specimen has been classified as

Aeastella? cf. minor (M‘Coy 1851).

Comments on the classification ofA ? minor.

M‘ Coy’s species has been placed questionably in the genus Aeastella Reed. It has

characteristics typical of both Aeastella and Scotiella Delo 1935. The pygidium, which

might settle the issue, remains, unfortunately, unknown. The genus Aeastella is typified

by well-developed glabellar furrows, both on the shell and when preserved as internal

moulds. There is a well-defined preglabellar furrow in all species. The pygidial margins of

the earlier species are generally entire, apart from the caudal mucronations though, as in

the case of A. spinosa, there may be low swellings faintly indicated on the border. In the

later species of Aeastella the margins of the pygidium are often denticulate. In the genus

Scotiella , however, the anterior and median lateral glabellar furrows are ‘faint to

obsolete’ (Delo 1935, p. 409; 1940, p. 33). The pygidial margins, as in the early species

of Aeastella , are entire.

Two distinct types of cephalon have previously been classified as Scotiella. The type-

species, S. logani (Hall 1860), is characterized by an anteriorly rounded glabella on
which the furrows are but faintly impressed. Also attributed to the genus (Delo 1940,

pi. 2, figs. 18-20) is S. logani (Hall) var. conservatrix McLearn in which the glabella is

anteriorly obtusely angled, as in Aeastella? minor
, and which shows quite clearly three

well-incised pairs of glabellar furrows. In addition, the holotype of this species, Peabody

Museum, Yale University, YPM 472, shows the same arrangement of tubercles on the

frontal lobe as are present in A? minor. Similarly, two types of trilobites have been

described as Scotiella by Tomczykowa (19626), S. samsonowiezi Tomczykowa, with

anteriorly angled frontal lobe, and S. opatowiensis Tomczykowa with an anteriorly

rounded glabella. Although Tomczykowa (19626, p. 201) states that the Polish species

‘are characterized bv the presence of one lateral furrow (SI) only’, on the accompanying

plates two anterior pairs, though faint, are visible on both species. An exfoliated speci-

men of S. samsonowiezi (pi. 34, fig. 4) shows that the furrows are wider and stronger on

the internal mould. It also shows the presence of radially dispersed tubercles on the

frontal lobe.

Two species-groups may be thus discerned among species currently classified within

the genus Scotiella. The one, typified by the type-species, having faint glabellar furrows

and anteriorly rounded frontal lobe, includes S. logani, S. obsoleta Ulrich and Delo 1940

and 5. opatowiensis Tomczykowa 1962. The second, having well-defined glabellar

furrows and obtusely angled glabella in front, embraces S. logani (Hall) var. conservatrix

McLearn and S. samsonowiezi Tomczykowa 1962. The species referred here to Aeastella?

minor (M‘Coy 1851) has strong affinity to the latter group.

Of the two species-groups only the first can certainly be classified as Scotiella under
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the conditions originally proposed by Delo (1935). The latter group, by virtue of their

well-defined glabellar furrows, are considerably closer to Acastella. They may be

differentiated, however, from species of that genus by the absence of a preglabellar

furrow and by the characteristic presence of tubercles, well seen on the internal mould,

on the frontal lobe of the glabella. Accordingly it is proposed that these species should

be temporarily classified as Acastella?, pending further revision of Scotiella.

STRATIGRAPHICAL CONCLUSIONS

Acastella spinosa occurs commonly in the Upper Whitcliffe Beds, highest Ludlovian,

in the Welsh Borderlands. It is also reported from boreholes in the north of Poland,

Podlasie Beds, and from the Holy Cross Mountains, Poland, Rzepin Beds. Acastella

prima occurs in the Kirkby Moor Flags, high Ludlovian, of Westmorland and in beds

lying across the junction of the Siedlce and Podlasie Beds in northern Poland. It is not

reported from the Holy Cross Mountains. Acastella? minor s.s. is confined to the Kirkby

Moor Flags of Westmorland, although a similar species, A? cf. minor, is known from
the ?Downtonian of the Welsh Borderlands. Close relatives, Scotiella logani var. con-

servatrix and S. samsonowiczi, occur in the Stonehouse Formation of Arisaig, Nova
Scotia, and in the lower part of the Rzepin Beds of the Holy Cross Mountains, Poland,

respectively. The latter occurs between the graptolite zones of Monograptus formosus

and M. angustidens (Tomczykowa 1962c, pp. 96-97). It may be possible, therefore, to

offer a correlation based on these trilobites between the Kirkby Moor Flags of the

British Isles and the higher Siedlce (= higher Wydryszow) Beds and lower Podlasie

(= lower Rzepin) Beds of Poland.
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DEVONIAN MEGASPORES FROM THE
WYBOSTON BOREHOLE, BEDFORDSHIRE,

ENGLAND

by m. g. mortimer and W. G. chaloner

Abstract. Nine species of megaspores are described from the Geological Survey Wyboston Borehole, Bedford-

shire, England. Of these, five species are new, one forming the basis of a new genus, Heliosporites. Two single

occurrences of large megaspores referable to Carboniferous genera are recorded, together with a new occurrence

of the species Cystosporites devonicus Chaloner and Pettitt. The mean maximum size of all the species represented

is 8 10 p. While this is a higher figure than that for most Devonian megaspores described hitherto, it is still smaller

than the corresponding figure for Carboniferous megaspores. The diversity of megaspores now known from the

Devonian suggests that heterosporous plants were more abundant at that time than their representation in the

macrofossil record would indicate. Some aspects of the classification of the Palaeozic dispersed spores are dis-

cussed. The assemblage is regarded as probably of Frasnian age.

In the course of preparation of spore assemblages from a Geological Survey boring

at Wyboston, Bedfordshire, 18 miles west of Cambridge (Pugh 1956, Edmunds 1956,

Edmonds and Dinham 1965), megaspores were found in samples Bt 4284, depth

700 ft. 7 in., Bt 4350, depth 720 ft. 3-4 in., Bt 4354, depth 721 ft., Bt 4356, depth

721 ft. 5 in., and Bt 4358, depth 722 ft. 1 in.

In samples of Bt 3710 and Bt 3711 (counterparts of each other), at depth 560 ft. 3 in.,

fish fragments occur which have been compared to the genus Bothriolepis. Spore assem-

blages have been obtained from samples at all levels from 611 ft. down to 722 ft. depth.

The lowest spore-bearing sample (Bt 4358) directly overlies a basal conglomerate of

Old Red Sandstone facies, 14 ft. thick, and this in turn rests on rocks of Cambrian age.

The present study offers no basis for separating the spore assemblages from the different

horizons between 700 ft. and 723 ft., and these are here treated as a single group for

general age considerations, which are discussed below.

Acknowledgements. We express our thanks to the Director of the Geological Survey of Great Britain,

Sir James Stubblefield, F.R.S., for allowing us access to the cores from Wyboston, and to Mr. M.
Mitchell, of the Palaeontological Department, for his help and for the interest he has taken in the

palynological investigation.

PREPARATION TECHNIQUES

Preparations were commenced either by soaking fragments of rock in a hot 50 per

cent, solution of non-ionic detergent, or in a cold 20 vol. H 202 solution. Either treatment

disaggregated even the more indurated samples, and was followed by treatment with

cold 10 per cent. HC1 (1 hour), cold 70 per cent. HF until no further reduction in bulk

occurred, warm 50 per cent. HC1 (ten minutes) and cold concentrated HN03 (treatment

between 1 and 12 hours, according to the degree of coalification). No alkali treatment

was used.

Separation of the organic fraction of the residue from the remaining minerals was
achieved either by flotation in zinc bromide solution (of specific gravity 2-0), when the

[Palaeontology, Vol. 10, Part 2, 1967, pp. 189-213, pis. 26-29.]
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residue was large, or by the use of a vibraflute (Tschudy 1960), when the residue was
small. A particularly clean preparation was obtained from Bt 4284, which was treated

with ultrasound in a tank at 40 kc/s for 2\ minutes, after the warm HC1 stage. When a

persistent fluo-silicate gel occurred, this was adequately dispersed by the use of ultrasound

and the zinc bromide flotation was applied subsequently. Test slides were made before

ultrasonic treatment and every 30 seconds during treatment, to check on any selective

loss of spores. The megaspores were picked out of the aqueous residues and further

macerated individually, in Schulze solution, if necessary. The larger spores were mounted
singly in Canada Balsam and the smaller in glycerin jelly.

Sections of the specimens of Heliosporites variabilis gen. et sp. nov. and of Hystrico-

sporites obscurus sp. nov. were obtained by embedding the spores singly in an Araldite-

Epon resin, prepared as described by Mollenhauer (1964). Each spore was embedded
in a pre-hardened capsule of resin, orientated so that the equatorial plane of the spore

was parallel to the axis of the capsule. Serial sections were then cut parallel to the polar

axis ofthe spore at 1 or 2 ^ intervals, with a glass knife, on a Reichert rotary microtome.

All the slides are deposited in the Palaeontology collection of the Geological Survey

and Museum (numbers prefixed PF).

SYSTEMATIC TREATMENT

The classification adopted here is that of Potonie and Kremp (1954), as subsequently

modified by those authors (1955, 1956) and Potonie (1956, 1958, 1960).

One of the problems innate in a morphographic classification is the degree of impor-

tance to be attached to the various criteria available for separating the higher taxa. One
feature which has received widely different rating by different authors is the separation

of the two layers of the exine to leave a gap (variously referred to as the formation of an

air sac, saccus, bladder, cavity, or mesospore). Potonie and Kremp recognized two con-

trasting situations involving such separation of exine layers. Where a thin, smooth, and
crumpled body is sometimes present within a larger thick-walled spore the former was
referred to as a mesospore. This term was coined by Fitting (1900) for an apparently

comparable structure seen in the megaspore of some living species of Se/aginel/a. Other

workers (Zerndt 1934, Schopf 1938) had pointed out that spores identical in other re-

spects might differ in the presence or absence of such a mesospore. The presence of this

thin-walled inner body was accordingly not rated as of great significance within the

morphographic classification, and spores with and without a mesospore were in some
cases included within the same genus. This practice has been widely followed by sub-

sequent authors (Dettmann 1961 in Banksisporites , McGregor 1960 and Richardson 1965

in Biharisporites).

The second possibility distinguished by Potonie and Kremp (1945) was the formation

of a saccus; in this case an air-filled cavity (or cavities) are formed within the exine, the

sacci of Pinus being a typical example. Potonie and Kremp treated this as a feature of

much greater taxonomic consequence than the presence of a mesospore and used the

possession of sacci as a criterion for including spores (or pollen) bearing them in their

Anteturma Pollenites. Some of the spores included in Pollenites on the basis of their air

sacs had proximal germination (with triradiate sutures) while others had distal germi-

nation. These authors were aware that such a grouping (Pollenites) included not merely
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true pollen (such as bisaccate conifer pollen) but also the microspores of some hetero-

sporous plants (e.g. Endosporites) but evidently accepted this as an unavoidable feature

of any such empirical classification.

Dettmann (1963) has since attempted to remove from the Anteturma Pollenites those

triradiate spores with an air sac (which she terms cavate) leaving in Pollenites only true

pollen grains with distal germination (for which she would reserve the term saccate). In

the former category (cavate spores) Dettmann includes megaspores with what earlier

workers have called a mesospore, together with those triradiate small spores previously

called saccate. All these triradiate ‘cavate’ spores (her suprasubturma Perinotrilites)

she separates from triradiate spores without such a cavity in the exine (her suprasub-

turma Acavatitriletes).

In the present work a mesospore is noted as a variable character of the species

Hystricosporites multifurcatus, H. obscurus , and Biharisporites simplex. In these last

three species the specimens with a mesospore comprise less than half the population of

the species, so that specimens lacking it are in no sense exceptional. Thus the application

of Dettmann’s proposed revision of the Anteturma Sporites to Palaeozoic spores

encounters the practical difficulty that spores which would otherwise be placed in the

same genus or even species may be separated at the level of a suprasubturma.

Richardson (1965) has proposed a new subturma Pseudosaccititriletes as a subdivision

within Anteturma Sporites, Turma Triletes. The definition of pseudosaccate, however,

corresponds closely with Erdtman’s (1952) description of a saccus, so that the term

pseudosaccate seems unnecessary. Richardson adds to the diagnosis that the ‘exine may
have . . . infrastructure’ (in the same way as Erdtman adds ‘baculoid elements usually

sticking to the undersurface of the exine’) but in discussing the subturma Richardson

removes some genera from Potonie and Kremp's Anteturma Pollenites, Turma Saccites,

because they do not show saccus infrastructure. Apart from this difficulty over the

definition of terms, the use of the subturma Pseudosaccititriletes would cause the same
difficulty in placing spores with a mesospore as the use of Dettmann’s suprasubturma

Perinotrilites.

It would be very desirable to separate pollen from spores sensu stricto in a classification

of fossil spores, if this were possible. But at the present time there is no morphological

criterion discernible in the fossil spores themselves which will form a basis for separating

all pollen from all spores sensu stricto. It is implied by both Dettmann and Richardson

that the presence of infrastructure in the saccus is such a criterion, but this is not yet

certain. Nor is it always easy to determine, in a saccus with small-scale ornament,

whether the ornament is on the inner or outer surface, as, for instance, in Endosporites.

We therefore prefer to adopt Potonie and Kremp’s practice of classifying all saccate

spores sensu lato together, and of keeping together spores which are otherwise similar,

whether they possess a mesospore or not.

Anteturma sporites H. Potonie 1893

Turma triletes Reinsch 1891

Subturma azonotriletes Luber 1935

Infraturma laevigati (Bennie and Kidston) R. Potonie 1956

Genus trileites (Erdtman) ex Potonie 1956

Type species. T. spurins (Dijkstra) Potonie.
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Trileites lcmgi Richardson 1965

Plate 26, fig. 1

Description. Two specimens have been found. They have oval ambs, diameters 252 p and

328 p and walls 8 p thick. There are several large arcuate secondary folds near the equator.

The triradiate markings are 105 p long on both (f-f of the radius), but these are clearly

visible only for about half their length. There is a small concavely triangular area at the

apex where the exine is thinner than elsewhere; the corners of this triangle coincide with

the ends of the readily visible triradiate mark. The triradiate mark is continued by faint

lines on the exine (not sutures) and at their extremities these are continued by faint

curvaturae. The exine is scabrate and one specimen is marked all over with depressions

caused by pyrite crystals (as described by Neves and Sullivan 1964).

Occurrence. Wyboston Borehole, depths 722 ft. and 700 ft.

Remarks. These spores are considered to fall within the circumscription of T. langi.

When discussing this species, Richardson remarks on the lack of curvaturae, although

he refers to the thin apical triangle as a contact area. The sides of this triangle are seen

to be concave, both in Richardson’s plate 88, fig. 10 and in the Wyboston specimens, so

that they cannot be curvaturae according to the definition of Potonie and Kremp (1955).

Consequently the thin apical triangle cannot correspond to the contact area, which is

defined both by Potonie and Kremp and by Couper and Grebe (1961) as being bounded
by the curvaturae. The observation of the true curvaturae running convexly between the

extremities of the triradiate mark confirms this argument and also shows that the contact

faces in fact occupy a large part of the proximal face of the spore. This also supports

Richardson’s placing of the species in the genus Trileites, typical members of which have

curvaturae. A thin apical area within the contact area has now been noted in several

Devonian spore species. Retusotriletes distinctus Richardson 1965 (also from the Middle

Old Red Sandstone), Cyclogranisporites sp. and Calamospora witneyana Chaloner (1963)

from the Witney Borehole, Trileites wybostonensis sp. nov., and the megaspore of

Barinophyton richardsoni (Dawson) Pettitt (1965) all show an analogous thin apical

triangle. All are associated with triradiate marks without lips and in which sutures may
be lacking (e.g. Cyclogranisporites) or only partly developed (e.g. T. langi). Possibly at

EXPLANATION OF PLATE 26

The slides referred to are in the Geological Survey and Museum Palaeontological Collection.

All magnifications x 200, unless otherwise stated.

Fig. 1. Trileites langi Richardson. Proximal face of specimen showing faint curvaturae, scattered

globules of exinous material around apical area, and polygonal depressions caused by pyrite crystals

;

Slide PF 3948.

Fig. 2. Trileites fulgens (Zerndt) comb. nov. Proximal face of specimen showing triradiate lips, wedge-

shaped arcuate ridges, scabrate exine, and mesospore; PF 3949.

Figs. 3, 4. Trileites wybostonensis sp. nov. 3, Holotype, proximal face, X 100; PF 3950. 4, Detail of

haptotypic features, X 1000.

Figs. 5-9. Hvstricosporites multifurcatus (Winslow) comb. nov. 5, 6, Two types of spine ending, both

found on one specimen, x 1000. 7, Proximal view of specimen with parallel sided spines; PF 3952.

8, Lateral view showing membranous lips; PF 3953. 9, Proximal face of specimen with tapering

spines, X 100; PF 3951.
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dehiscence the whole of the thin area was used as an exitus instead of splits occurring

along the sutures as in most living triradiate spores.

Previous records. Trileites langi was found by Richardson in most of the beds examined

in the Orcadian basin, Eifelian and Givetian in age. He also records the similarity of

T. langi to Archaeozonotriletes incrustatus Archangelskaya from the lower Frasnian of

the Russian platform. The three specimens recorded by Winslow(1962,pl. 17, figs. 10-12)

as Triletes sp. from the Bedford shale of Ohio (basal Mississippian) are also very similar

to T. langi in size and appearance, and she has remarked on the unobtrusive continua-

tions of the triradiate mark. An interesting comparison may also be made with the

specimens of Triletes sellingi Sen (1958) from the Upper Devonian of Bear Island. These

resemble Trileites in being smooth with a short triradiate mark ‘possibly extending up

to often indistinguishable arcuate ridges’. The minute tubercular outgrowths, which

sometimes occur, could be comparable to the scattered globules of exinous material

noted by Chaloner 1963 in T. oxfordiensis. Sen’s reference of Nathorst’s specimens to

Bentzisporites Potonie and Kremp, remains problematical, as there is no evidence of

their possessing a cingulum.

Trileites fulgens (Zerndt) comb. nov.

Plate 26, fig. 2

1937 Triletes fulgens Zerndt, Type 8, Zerndt, p. 5, pi. 1, figs. 1-9.

1955 Laevigatisporites fulgens (Zerndt) Potonie and Kremp, p. 53.

Description. Only one complete specimen has been found in the present material. It has

a subcircular amb, with diameters 403 p and 428 p. The triradiate mark is 150 p long,

i.e. § radius or more, with labra 30 p high at the apex and 25 p broad. The triradiate

mark terminates at arcuate ridges, wedge-shaped in profile, 10 p broad and 15 p high,

which delimit the contact faces. The wall is 10 p thick. By reflected light the exine appears

smooth and shiny, but by transmitted light it is seen to be scabrate. With the aid of an

oil immersion objective a thin, folded, laevigate mesospore can be seen.

Occurrence. Wyboston Borehole, depth 720 ft.

Remarks. This spore is excluded from Biharisporites because it lacks ornament. The
orientation of this spore is slightly oblique, which indicates that it was spheroidal or sub-

spheroidal in life, and therefore it does not belong to the genus Laevigatisporites (see

Chaloner 1953, 1963).

The Wyboston specimen is similar to the type species of Trileites, T. spurius Dijkstra,

in the possession of long, high triradiate lips, strongly developed arcuate ridges, and lack

of ornament. Dijkstra measured three specimens, the smallest of which is about double

the size of the Wyboston specimen. The other Mesozoic species of Trileites all differ

from the Wyboston specimen in lacking either high lips or arcuate ridges, or both.

The Devonian species T. langi Richardson has barely discernible arcuate ridges and
T. oxfordiensis Chaloner has reduced arcuate ridges.

The Wyboston spore falls at the lower limit of the described size range of Trileites

fulgens and its measurements are proportionately small. In appearance it closely resembles

Zerndt’s figures of T. fulgens. Zerndt lays emphasis on the ‘greasy lustre’ of T. fulgens.
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to T. langi in size and appearance, and she has remarked on the unobtrusive continua-
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1937 Triletes fulgens Zerndt, Type 8, Zerndt, p. 5, pi. 1, figs. 1-9.

1955 Laevigatisporites fulgens (Zerndt) Potonie and Kremp, p. 53.

Description. Only one complete specimen has been found in the present material. It has

a subcircular amb, with diameters 403 p and 428 p. The triradiate mark is 150^ long,

i.e. | radius or more, with labra 30 p high at the apex and 25 p broad. The triradiate

mark terminates at arcuate ridges, wedge-shaped in profile, 10 p broad and 15 p high,

which delimit the contact faces. The wall is 10 p thick. By reflected light the exine appears

smooth and shiny, but by transmitted light it is seen to be scabrate. With the aid of an

oil immersion objective a thin, folded, laevigate mesospore can be seen.

Occurrence. Wyboston Borehole, depth 720 ft.

Remarks. This spore is excluded from Biharisporites because it lacks ornament. The
orientation of this spore is slightly oblique, which indicates that it was spheroidal or sub-

spheroidal in life, and therefore it does not belong to the genus Laevigatisporites (see

Chaloner 1953, 1963).

The Wyboston specimen is similar to the type species of Trileites
,
T. spurius Dijkstra,

in the possession of long, high triradiate lips, strongly developed arcuate ridges, and lack

of ornament. Dijkstra measured three specimens, the smallest of which is about double

the size of the Wyboston specimen. The other Mesozoic species of Trileites all differ

from the Wyboston specimen in lacking either high lips or arcuate ridges, or both.

The Devonian species T. langi Richardson has barely discernible arcuate ridges and
T. oxfordiensis Chaloner has reduced arcuate ridges.

The Wyboston spore falls at the lower limit of the described size range of Trileites

fulgens and its measurements are proportionately small. In appearance it closely resembles

Zerndt's figures of T. fulgens. Zerndt lays emphasis on the ‘greasy lustre’ of T. fulgens.
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which he only examined dry, by reflected light. He does not mention the presence of the

mesospore, which would, of course, be invisible in a dry specimen. However, the meso-
spore is sufficiently variable in its presence or absence in other megaspores (see discus-

sion of Systematic Treatment) for this not to be considered an important character.

Zerndt’s figures of T. fulgens show oblique as well as proximo-distal compressions,

indicating that it was spheroidal or subspheroidal in life. Arnold (1950) comments that

T. fulgens is easily recognized by its (subspheroidal) shape.

It is noted that the only difference between the descriptions of Trileites spurius and
Trileites fulgens is in their size.

Previous records. Namurian A and B, Polish Coal Basin. Pennsylvanian, Michigan
Coal Basin.

Trileites wybostonensis sp. nov.

Plate 26, figs. 3, 4

Diagnosis. Triradiate megaspores with circular amb, maximum diameter 250-880 p
(mean 613 p; 17 specimens). Complete specimens with large arcuate secondary folds.

Triradiate mark very short, 15-30 p long, averaging of spore radius, simple, straight,

and without lips. Outermost exine layer continuous over thin, circular, apical area, with

radius § to f of length of sutures. Inner exine layer forming darkened ring around thin

area. Ring 10-20 p broad, proximally with steep edge (measured depth 10 p), but

distally grading into normal exine thickness and colour; distal margin of dark ring some-

times scalloped. Wall thickness at equator 9-12 p, surface scabrate.

Holotype. Slide PF 3950, Plate 26, fig. 3.

Occurrence. Wyboston Borehole, depths 721 ft., 722 ft.

Dimensions. Maximum diameter range 250 -880 p (mean of 17 spores 613 p)\ wall thickness 9-12 p;
triradiate mark of spore radius.

Remarks. Spores with a short triradiate mark are usually placed in the genus Calamo-

spora Schopf, Wilson, and Bentall, but this genus is characterized by its thin, laevigate,

much folded wall, and relatively small size (under 350 p), so that to place the large thick-

walled scabrate spores of T. wybostonensis here would be inappropriate.

Large, relatively thick-walled, smooth megaspores, both with and without curvaturae,

have previously been included in Trileites. In its very short triradiate mark, the present

species differs from all others in the genus. In this respect its inclusion represents an

extension of Potonie’s circumscription of the genus. T. wybostonensis particularly

resembles T. langi in shape, wall thickness, ornament, and in having a thin apical area.

It differs in the extreme shortness of the triradiate mark, the shape of the apical area, and

greater size range.

Infraturma apiculati (Bennie and Kidston) R. Potonie 1956

Genus hystricosporites McGregor 1960

Type species. H. delectabilis McGregor.

Remarks. Two evidently similar genera have been erected to include megaspores with

grapnel-shaped appendages and no prominent equatorial feature; Dierospora Winslow

1962 and Hystricosporites McGregor 1960. Despite the two-year interval between these
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two works, the description of the genus Dicrospora was evidently drawn up before the

publication of McGregor’s genus. Comparison of the type species of the two genera

shows that they are in various respects closely similar. D. porcata is characterized by
broad radiating ribs on the contact faces, but inspection of McGregor’s plate 1 1, fig. 13,

shows that H. delectabilis also has this distinctive feature. In addition, both species

have a wide size range (D .
porcata 70-550 p, H. delectabilis 145-340 n, both without the

spines); the bifurcate tipped spines may have expanded or bulbous bases.

An apparent point of difference between these authors’ descriptions is that D. porcata

has the contact faces free of spines, whereas H. delectabilis has spines on both proximal

and distal faces. Evidently McGregor does not mean that the proximal faces are covered

with spines, since his plate 11, fig. 13, shows that the contact faces, which occupy about
half the proximal face, are free of spines. Winslow’s plate 11, fig. 4, shows the same
arrangement of spines extending on to the proximal face outside the contact areas. It

is thus only difference of wording which at first glance makes the descriptions appear

different. Another apparent difference in the descriptions of the two species is that

Winslow refers to a ‘zonarial ridge’ in D. porcata, bearing 15-30 spines, whereas

McGregor emphasizes that Hystricosporites lacks any equatorial flange or concentration

of spines in the equatorial region. Winslow’s plate 11, fig. 4, shows that the ridge is not

equatorial in position, and may better be regarded as representing arcuate ridges. On
this interpretation there is no equatorial feature, as McGregor says. There is, however,

in both D. porcata and H. delectabilis a concentration of spines on the arcuate ridges.

An estimate of the number of spines on the ridges in McGregor’s plate 11, fig. 13, gives

20, which is within Winslow’s counts of 15-30.

Another apparent difference is attributable to a difference of view. Winslow figures

D. porcata in both proximo-distal and lateral orientations, and describes it as having

prominent thin lips to the triradiate mark. These are not visible in her plate 11, fig. 4

(promixo-distal compression), but are seen in her plate 22, fig. 15 (lateral compression).

McGregor only figures a proximo-distal compression and describes H. delectabilis as

lacking ‘greatly elevated triradiate lips’. However, he does also speak of the lips being

‘sometimes raised and convoluted’; which is just the appearance that collapsed high

thin lips give in proximo-distal compression.

There are thus no significant points of difference and many striking points of simi-

larity between D. porcata and H. delectabilis, as described and figured by their authors.

Generally the measurements of the former encompass those of the latter, probably

because Winslow measured 17 specimens and McGregor about 10. A puzzling feature

is that Winslow estimates proximo-distally and laterally compressed specimens to be

equally abundant in her population, whereas McGregor apparently only observed

proximo-distal compressions. However, this does not affect the material similarity of
the two species, which are concluded to be conspecific. The name Hystricosporites

delectabilis McGregor has priority and Dicrospora porcata Winslow becomes its junior

synonym. The other species of the genus Dicrospora described by Winslow including

Dicrospora multifurcata should accordingly be referred to Hystricosporites.

Hystricosporites multifurcatus (Winslow) comb. nov.

Plate 26, figs. 5-9

1962 Dicrospora multifurcata Winslow, p. 52, pi. 11, figs. 4, 5, pi. 12, fig. 5, pi. 22, fig. 15.
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Description. Triradiate megaspores with rounded triangular amb, body diameter 1 14

—

233 p (mean of 1 1 spores 173 p) plus long spines 70 p to 120 /x (mean 86 p). The tri-

radiate mark is long, reaching the equator, and has thin membranous lips. In lateral

compression the lips may be up to 60 p high at the apex. In proximo-distal compressions

the curvaturae are seen as a membranous structure 15-20^ broad. The proximal face is

scabrate. The remainder of the exine is covered with long, parallel-sided or, occasionally,

tapering appendages, slightly expanded at the bases, and sometimes joined to an adjacent

spine for part of their length. The spines do not taper at the tips, but are baculate, with

2-5 small spines, 1-5 p long, arising from the flat tops. The main spines are usually

longitudinally grooved or fluted, but sometimes cylindrical, and the minute apical

spines are always homogeneous in texture. Wall thickness 6-10 p distally, less proxim-

ally. A mesospore is seen in five spores, i.e. in about half the observed specimens.

Occurrence. Wyboston Borehole, depths 700 ft., 721 ft., 722 ft.

Remarks. These spores are very close to the description and figures of Dicrospora malti-

furcata. Winslow only describes spores with striate spines and suggests that this appear-

ance may be due to collapse of a hollow structure. Our observation of homogeneous
spines on some well-preserved specimens suggests that the striation may be an effect of

corrosion. Winslow does not mention a mesospore, but since specimens with and without

it, but comparable in all other respects, are about equally abundant in the Wyboston
material, this is not considered a specific difference.

Previous records. D. multifurcata is recorded by Winslow from the uppermost Middle

Devonian to basal Mississippian of Ohio.

Hvstricosporites obscurus sp. nov.

Plate 27, figs. 1-5

Diagnosis. Triradiate megaspores 177-440 p in equatorial diameter (mean of 31 spores

303 p), plus spines 18-60 p high; body characteristically dark and difficult to clear by

maceration. Amb in proximo-distal compressions circular or rounded subtriangular.

Lateral and oblique compressions frequently encountered. In lateral compression with

subdued apical prominence formed by contact faces and high triradiate lips. Angle at

apex approximately a right angle, maximum distance from apex to curvatura about

| polar axis. Lips 60-150 p high at apex, thin. Contact faces about 10 p thick, remainder

of wall 15-30 p thick. Curvaturae emphasized by close-set palisade of bifurcate spines.

Bifurcate spines also scattered over remainder of exine, from 10-25 being seen at the

margin of the spore. Spines 1 8-60 p high, i.e. \ to ^ ofbody diameter. In some spores spines

EXPLANATION OF PLATE 27

All magnifications x 200, unless otherwise stated.

Figs. 1-5. Hvstricosporites obscurus sp. nov. 1, Holotype, oblique view; Slide PF 3954. 2, Lateral view

of characteristically dark specimen; PF 3955. 3, Proximal view of specimen sectioned, photographed

in open glycerin jelly mount. 4, Section, showing shrunken mesospore; PF 3957. 5, Lateral view of

specimen showing membranous lips and mesospore; PF 3956.

Figs. 6-8. Bi/iarisporites simplex sp. nov. 6, Ornament of small rods and coni, X 1000. 7, Proximal view

of specimen showing scabrate contact areas and characteristic secondary folds
;
PF 3959. 8, Holotype,

slightly oblique view showing triradiate mark and mesospore; PF 3958.
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arising directly from the exine and tapering from 12 g. wide at their bases to 3 /x, then

bifurcating to form pitchfork or anchor-shaped ends, each prong tapering from 2 or 3 ft

to zero over a length of 7-10 g. In other spores spines arising from either conical or

bulbous bases, 25-30 g wide at base and 6-9 g high, and tapering sharply to 12 fx wide

at base of main spine. Contact faces free of spines, scabrate. Remainder of exine between

spines scabrate. Spines homogeneous in texture. Mesospore observed as a thin, folded

inner membrane in eight spores, i.e. a quarter of the specimens.

Holotype. Slide PF 3954. Body diameter 315 [x, spines 45 g. Plate 27, fig. 1.

Occurrence. Wyboston Borehole, depths 720 ft., 721 ft., 722 ft.

Dimensions. Body diameter 177-440 g (mean of 31 spores 303 /x); wall thickness 15-30 ft; spines

18-60 p high; triradiate lips 60-1 50 /x high.

Remarks. The section parallel to the polar axis (PI. 27, fig. 4) shows that the main wall

thickness is spongy in texture and envelops a thin, homogeneous layer (the mesospore),

which is free from it. Dettmann and Playford (1963) illustrate a free homogeneous inner

wall layer in Spinozonotriletes uncatus Hacquebard. They argue that this is intexine

and refer to the ‘granular’ main wall as exoexine. H. obscurus differs in structure from
5. uncatus in a homogeneous zone at the inner margin of the exoexine.

The spores of H. obscurus agree well with the generic diagnoses of McGregor (Hystrico

-

sporites) and Winslow (Dicrospora) (see discussion of the genus Hystricosporites).

H. obscurus differs from H. (al. Dicrospora) amherstensis in its relatively much shorter

spines (| to ^ body diameter compared with 4) and generally smaller size, and from
H. (al. D .) bedfordi in lacking a pseudoflange. H. obscurus lacks radiating ribs on the

contact faces and thus differs from H. delectabilis McGregor, H. corystus Richardson,

H. porrectus (Balme and Hassell) Allen, and H. costatus Vigran, all of which can be

seen from their authors’ plates to possess this feature. It also lacks the distal extension

of the exoexine (‘crumina’ of Allen) of H. coronatus Vigran.

The five specimens assigned to ‘ Dicrospora sp. B’ by Winslow (body diameter 1 30—

50 g), however, have shorter spines (y to ^ body diameter) and may be small specimens

of H. obscurus. The figure (Winslow, pi. 12, fig. 2) shows them to have a dark body.
‘£>. sp. B’ is from the Bedford shale in Ohio, i.e. basal Mississippian in age.

Genus biharisporites Potonie 1956

Type species. B. spinosus (Singh) Potonie.

Biharisporites simplex sp. nov.

Plate 27, figs. 6-8

Diagnosis. Triradiate megaspores, originally more or less spheroidal, 200-630 /x in

diameter (mean of 43 specimens, 309 /x), characteristically with large secondary folds.

Triradiate mark J-§ of spore radius, simple, straight, and without labra. No arcuate

ridges. Curvaturae not present as structures, but represented by a sharp or gradual

change in surface ornament. Curvaturae emphasized, in about 10 per cent, of specimens,

by secondary arcuate folding, but more often obscured by the large secondary folds
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referred to above. Contact faces scabrate. Remainder of exine ornamented with small,,

close-set coni, standing 1-1 J p high, and tapering evenly from bases \ p in diameter.

Coni homogeneous in texture and remarkably constant in size, shape, and dense distri-

bution. Coni usually entire, and often with axis of each cone curved. In a region 5-15 p
wide, bordering the contact faces, sculptural elements reduced in size, but not coalesced..

Wall thickness 3-6 p. A thin walled, laevigate, folded mesospore observed in 19 spores,,

i.e. under half of specimens.

Holotype. Slide PF 3958; specimen with mesospore; Plate 27, figs. 6, 8.

Occurrence. Wyboston Borehole, depths 700 ft., 720 ft., 722 ft.; most commonly found
at 700 ft.

Dimensions. Diameter range 200-630 p, mean of 43 spores, 309 p; wall thickness 3-5 p; triradiate-

mark § of spore radius; coni 1-lip high, 1 p diameter at base.

Remarks. Chaloner, in 1959, when describing B. ellesmerensis, has discussed whether

Devonian spores should be placed in a genus based on Gondwanan (i.e. Carbo-Permian)

material. B. submamillarius McGregor 1960 and B. parviornatus Richardson 1965, both

based on Devonian material, have since been included in the genus. The tubercles of B.

submamillarius bear tiny spines and the varied sculptural elements of B. parviornatus are

terminated by short cones, so that both are as nearly ‘approximate to coni in Potonie’s

sense’ (Chaloner 1959, p. 323) as B. ellesmerensis. B. simplex has coni less than twice as

high as broad, which is clearly within Potonie’s sense. The mesospore reported in the

type species, B. spinosus (Singh) Potonie, and also in B. myrmecodes ( Harris) Potonie and
B. datmensis (Srivastava) Potonie, is not mentioned in the case of B. echinatus (Miner).

Potonie (1956, p. 31) appears to regard it as a specific character of the types pecies. This

has allowed freedom for the inclusion in the genus of B. ellesmerensis and B. ocksensis

neither of which shows the mesospore, and B. submamillarius and B. parviornatus in

which it is sometimes developed. A greater or lesser separation of the intexine to form a

mesospore has also been noted in several other Palaeozoic megaspores, e.g. in Triletes

globosus by Winslow (1959).

Potonie describes the exine of Biharisporites as ‘thick, with small coni’. Particularly

thick walls have been recorded in the cases of B. datmensis (15-20 p) and B. ocksensis

(up to 40 p), but a thick wall has not been noted as a feature of other species, including

the type species B. spinosus. In B. simplex the wall is not thick compared with the spore

diameter, but from the figures it appears to be about the same relative thickness as in

B. spinosus. It thus involves no morphographic extension of Potonie’s circumscription

to include B. simplex in Biharisporites.

Comparison. B. simplex differs from all other species of the genus in the absence of

labra bordering the triradiate sutures. B. parviornatus most closely resembles B. simplex

in general aspect and both have very small sculptural elements. B. simplex is different,

however, in having regular ornament all of one type. Pettitt (1965) has recently described

megaspores from Archaeopteris cf. jacksoni some of which show an evenly developed

ornament of tiny coni, similar to that of B. simplex. In spite of a strong similarity in this

and other aspects, these spores differ from B. simplex in having labra 5 p thick and in

their smaller size.
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Subturma lagenotriletes Potonie and Kremp 1954

Genus lagenoisporites Potonie and Kremp 1955

Type species. L. rugosus (Loose) Potonie and Kremp.

Lagenoisporites sp.

Plate 28, fig. 1

Description. Only two specimens have been found in the present material. The most
complete and better preserved is a flask-shaped triradiate megaspore 378 p in maximum
diameter including apical prominence. The prominence is equal in height to half the

polar axis. The better-preserved specimen is split into three valves, the splits following

the triradiate sutures and extending nearly to the distal pole. The contact faces thus lie

free and flat. Each shows two darkened lines connecting the ends of an arcuate ridge and
meeting at an angle of 120°. These lines represent the junction of lips and contact faces.

The upper part of the contact face (about § of the median length) formed the elevated

lips. The contact faces are delimited by low, gently curving arcuate ridges 6-9 p high. The
ridges are about 15 p broad, fading distally into the exine surface. The spore wall is 20 p
thick. The contact faces are 5 p thick. The exine is scabrate.

Occurrence. Wyboston Borehole, depth 721 ft.

Remarks. The apical prominence in this species differs from that of Lagenicula pauli-

.spinosa sp. nov. in showing a clear demarcation between what may be regarded as con-

tact areas and the elevated lips.

Potonie and Kremp (1955) give the lack of any distinct ornament and a more or less

smooth exine, coupled with possession of a gula, as the essential characters of the genus

Lagenoisporites. They include in the genus both forms in which the gula (apical promi-

nence) is formed by expansion of the whole contact faces (e.g. L. rugosus ), and those in

which it is formed only by parts of the contact faces near the apex (e.g. L. simplex).

Spinner (1965) has recently discussed the name Lagenoisporites and emphasized the

importance of restricting this genus to megaspores with a completely smooth exine. The
specimens from the Wyboston boring are not laevigate, but scabrate. They lack any

measurable ornament, however, and so fall within Potonie and Kremp’ s slightly wider

circumscription ‘more or less smooth’. Consequently, these specimens are placed in

Lagenoisporites sensu Potonie and Kremp.
The Carboniferous type species L. rugosus has a more or less smooth exine, and the

apical prominence shows some variety of form. It has a wide size range, but the smallest

specimens are larger than the Wyboston spores and have a relatively smaller apical

prominence and punctate exine. Lagenoisporites nudus (Nowak and Zerndt) Potonie and
Kremp has a smooth smaller apical prominence and the exine may be rugose.

There thus seems to be no suitable species to which to assign these spores, but the

material is so far insufficient for the erection of a new species.

Genus lagenicula (Bennie and Kidston) Potonie and Kremp 1954

Type species. L. horrida Zerndt.
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Lagenicula paulispinosa sp. nov.

Plate 28, figs. 4-5; text fig. 1

Diagnosis. Flask-shaped triradiate megaspores 390-565 g in maximum dimension (mean
of 5 spores 473 g), including apical prominence. Conical prominence formed by the

whole of the contact faces and at its maximum extent equal in height to half the polar

axis. Contact faces delimited by low gently curving arcuate ridges about 15 g broad and

10 g high. Spore wall 15 g thick. Body with scattered relatively short spines 9-12 g high

standing on conical bases approximately 5 g at base and 5 g high, and then tapering

gradually to the apex. Spines homogeneous, remainder of exine finely granular. Orna-

ment continued on to the contact faces as cones and verrucae diminishing in height

towards spore apex.

text-fig. 1. Ornament on two typical areas of exine of

Lagenicula paulispinosa. Drawn on photographic prints,

which were afterwards bleached out; x 500.

Holotype. Slide PF 3961 ; Plate 28, fig. 4.

Occurrence. Wyboston Borehole, depth 721 ft.

Remarks. The spines are commonly broken off leaving the conical bases only as orna-

ment. L. paulispinosa is distinguished from L. subpilosus forma major (Dijkstra) ex

Chaloner by its shorter, sparser, and stouter spines, and by its much smaller size

EXPLANATION OF PLATE 28

All magnifications x200, unless otherwise stated.

Fig. 1 . Lagenoisporites sp., lateral view of specimen flattened into three segments, x 100; Slide PF 3960.

Figs. 4, 5. Lagenicula paulispinosa sp. nov. 4. Holotype, lateral view showing well-developed apical

prominence; PF 3961. 5, Free segment showing reduced ornament on raised lip, X 100; PF 3962.

Figs. 2, 3, 6-10. Heliosporites variabilis gen. et sp. nov. 2, Proximal face of specimen with spines on
cingulum, x 100; PF 3963. 3, Holotype, proximal face, showing short triradiate ridges on exoexine

and cingulum of bizonate appearance with radial striae, x 100; PF 3964. 6, Specimen with relatively

short triradiate ridges and thin outer part to cingulum, x 100; PF 3967. 7, Proximal view of separation

between intexine and exoexine, X500; PF 3966. 8, Specimen sectioned, photographed in open
plastic mount. 9, Section, showing separation of intexine and exoexine, high lips and wedge-shaped
cingulum; PF 3965. 10, Proximal view of spore lumen, showing folded intexine, X500; PF 3968.



Palaeontology, Vol. 10 PLATE 28

f.
' j

'-r

KSfc *1

10

MORTIMER and CHALONER, Devonian megaspores





MORTIMER AND CHALONER: DEVONIAN MEGASPORES 201

(about half). L. devonica Chaloner, which is of comparable size, has a lower apical

prominence and lacks spines, being ornamented with rugulae and muri, and indeed L.

devonica differs from all other species of the genus in its very subdued apical feature.

The ornament of L. paidispinosa is of such small dimensions that it is not evident

when a specimen is observed dry, by reflected light. When viewed under these conditions,

the exine then comes within the description ‘more or less smooth’ which is Potonie’s

criterion for Lagenoisporites. These two megaspore genera were originally founded on

species described from observation of dry specimens, so that it is possible that spores

belonging to Lagenicu/a paidispinosa
,
if only observed dry, might be placed in Lagenoi-

sporites. However, megaspores should ideally be observed by transmitted as well as

reflected light, which may provide extra information, as in this case. Since L. paidi-

spinosa has a small-scale ornament of discrete sculptural elements, it is assigned to

Lagenicula rather than Lagenoisporites.

Turma zonales (Bennie and Kidston) Potonie 1956

Subturma zonotriletes Waltz 1935

Infraturma cingulati Potonie and Klaus 1954

Genus heliosporites gen. nov.

Heliosporites variabilis sp. nov.

Plate 28, figs. 2, 3, 6-10

Diagnosis. Triradiate megaspores with rounded sub-triangular amb, maximum dia-

meter 190-535 p (mean of 35 specimens 318 p). Exine two-layered. The outer layer, or

exoexine, spongy in texture and entirely enclosing the intexine. The two layers attached

over the entire distal face of the spore lumen, but with a cavity between them in the

region of the proximal face, deepest at the proximal pole and diminishing towards the

equator (PI. 28, fig. 9). In optical section a slight gap may be seen around the periphery

of the inner body (PI. 28, fig. 7). Exoexine thickened centrifugally to form a massive

wedge-shaped cingulum which tapers towards the equator, sometimes evenly, giving the

cingulum a homogeneous appearance in plan view, and sometimes unevenly, giving a

slightly bizonate appearance with an indistinct thicker inner part near the spore lumen,

and an outer membranous part. The cingulum, in either case, may be simple and entire,

or show fine radiating striae, or foveae of various sizes, or develop a small number
of wide-based spines or baculi. Triradiate lips formed only of exoexine, highest at

the proximal pole and extending on to and sometimes across the cingulum. Lips

membranous, and in well-preserved specimens showing fine close-set parallel ribs.

Surface of exoexine scabrate.

Inner layer, or intexine, homogeneous in structure and forming a thin ( 1-3 p) laevigate

wall to the central lumen with distinct sutures extending about \ of its own radius.

The central lumen occupying about § of the total diameter of the spore, sometimes with

the proximal face secondarily folded (PI. 28, fig. 10).

Holotype. Slide PF 3964; Plate 28, fig. 3.

Occurrence. Wyboston Borehole, depths 700 ft., 720 ft., 721 ft., 722 ft.

Dimensions. Maximum diameter 190-535 p (mean of 35 spores 318 p); ratio of spore lumen to total
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diameter, 1:2-5; length of lips from § to length of total radius; height of lips up to 35 ju at apex.

Number of spores having spines on cingulum, 4 out of 35 examined.

Remarks. These spores are seen in section to have a wedge-shaped cingulum, as defined

by Potonie and Kremp (1955), and figured in sections of Densosporites by Hughes,
Dettmann, and Playford (1962). Zonalesporites brasserti (Zerndt) Potonie and Kremp has

an equatorial feature which, although described by Potonie and Kremp as a ‘cingulum’,

differs somewhat from that of Densosporites in being composed of many overlapping and
partially fused hair-like elements. This equatorial feature is, moreover, of different texture

from the body of the spore and is often found separated from it (e.g. Zerndt 1934, pi. 23,

figs. 7, 12). Damaged specimens from the Wyboston boring do not break in this way,

but may be broken across both cingulum and central area, or part of the cingulum may
be chipped away. This cohesion is due to the continuity of the cingulum with the

exoexine over the central area. In addition to this difference in structure, in Zonale-

sporites the ratio of the body to the total diameter is much larger (1:1-5 mean
value taken from measurements of published figures) than in the Wyboston spores

<1 : 2-5).

The type species of the genus Triangnlatisporites Potonie and Kremp, T. triangulatus,

which appears by transmitted light to have a homogeneous equatorial feature, also

differs in structure from H. variabilis. Guennel (1954) has demonstrated that in T. tri-

angulatus the central body is free of exoexinous covering over the contact faces. The
central body may be entirely freed from this covering either in fossilization or prepara-

tion, and either part of the spore may be found separately (Guennel, pi. 1, fig. c; Hoskins

and Abbott, fig. 14). The megaspores of Selaginellites suissei Zeiller (Chaloner 1954) and
S. crassicinctus Hoskins and Abbott (1956) agree closely with T. triangulatus. Hoskins

and Abbott’s sections show the flange to have a dense margin against the central body,

and not to thin out progressively towards the outer margin, which is rounded in section.

Sections of H. variabilis show all parts of the exoexine to be of equal density, and the

outer margin is acute in section.

Thus the structure of Heliosporites variabilis is such that it cannot be included within

any existing megaspore genus, and we accordingly propose a new genus based on this

species.

The cingulum and small cavity between the exoexine and the intexine of H. variabilis

recall the structure of the microspore genus Densosporites (Berry) Butterworth et al.

A small cavity between the exoexine and the intexine was first demonstrated in Denso-

sporites by Smith (1960), and later in sections by Hughes, Dettmann, and Playford (1962)

Allen (1966) has emphasized that Densosporites is excluded from the category of ‘cavate’

spores, and we accept this. Heliosporites is therefore placed with Densosporites, in the

infraturma Cingulati.

The sections of Cirratriradites avius figured by Allen show an interesting proximal

separation between the spore wall layers, analogous to that seen in H. variabilis. In other

respects, of course, the structure of C. avius is very different, since the exine is three

layered and the exoexine across the distal face surprisingly thick (as also demonstrated

in C. elegans by Hughes, Dettmann, and Playford). Cirratriradites, of course, falls within

the usually accepted size limits for assignation to a miospore rather than a megaspore;

indeed, certain species are known to represent lycopod microspores (Chaloner 1954;

Hoskins and Abbott 1956).
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Previous records. No megaspores comparable with H. variabilis have been recorded

previously, with the possible exception ofHymenozonotriletes corrugatus Archangelskaya

(1963) from the lower Frasnian of the Russian platform. This is a spore of the same

general shape and size range as Heliosporites variabilis and with a wide ‘otorochka’. The
‘otorochka’ is described as having a finely or deeply notched margin (similar to the

chipped margin of corroded specimens of H. variabilis). It sometimes shows isolated

spines or ramifying small folds and veinlets; the triradiate mark has high lips and may
or may not extend across the ‘otorochka’. All these features may be seen in H. variabilis.

It is unfortunate that the Russian word ‘ otorochka ’ covers both a solid border (cingulum

or zona) and a hollow border (saccus). However, Archangelskaya evidently understands

her spore to be saccate, since she says ‘spore coats meet only in polar regions’; and this

is borne out by her mention of small folds in the ‘otorochka’. Her figures (PI. 14, figs.

1, 2) throw no further light on this aspect. Fig. 1 shows such small folds, but fig. 2 is

very similar to corroded H. variabilis (several of the Wyboston specimens show such a

darkened central area, and radial folding in the thinner part of the cingulum). In view of

Archangelskaya’s comment, we prefer to treat our spore as specifically distinct for the

time being.

Infraturma zonati Potonie and Kremp 1954

Genus triangulatisporites Potonie and Kremp 1954

Type species. T. triangulatus (Zerndt) Potonie and Kremp

Triangulatisporites sp.

Plate 29, figs. 1-3

Description. Triradiate megaspore with rounded triangular amb, 1450 p in maximum
diameter (only one complete specimen measured). It has a relatively narrow equatorial

flange (zona) from 50 p to 125 p wide, not always widest at radial extremities. The
sutures are long, equal to radius of spore cavity. The lips are 125 p high at apex, de-

creasing to about J of original height at margin of spore cavity, there diverging and
merging with flange. The proximal face in the immediate vicinity of the apex is free of

ornament. About J distance towards equator radiating rugulae develop, about 15 p high

and wide. These either continue in radiating alignment to margin of the spore or inter-

connect to form an irregular reticulum. The flange is either membranous with radiating

ribs, or somewhat thicker with verrucae and rugulae on its surface. The ornament is con-

tinued on the distal surface as an irregular polygonal reticulum with lumina 60 p to 100 yu.

across.

Occurrence. Wyboston Borehole, depth 720 ft.

Remarks. This species is readily recognizable by its distinctive ornament and equatorial

feature. Twelve fragments with a maximum dimension of 800 p or more, have been

found, usually representing one-third of a spore, which has split along the triradiate

sutures. The specimens are always strongly compressed. The equatorial feature is

usually attached.

The Mesozoic megaspore genus Horstisporites Potonie 1956, has variable reticulate

ornament, but lacks any equatorial feature. Species of the Palaeozic genus Triangulati-

sporites have been demonstrated by Guennel 1954 and by Spinner 1965 to consist of a

C 4471 P
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simple central body which may be detached from an outer layer forming the lips,

equatorial feature, and reticulum, but in our spore there is no sign of this double

structure. The equatorial feature in our spore is not a typical zona, but it does in

some cases resemble the compound equatorial feature of the Upper Devonian species T.

rootsi Chaloner, although always without gaps. The ratio of the spore lumen to the total

diameter is 1 : 1 -2, compared with a typical figure for other species of Triangulatisporites

of 1 : T3 (taken from measurements of published figures). In other respects our spore

agrees well with Triangulatisporites, and in view of the limited material available this

seems the most appropriate generic assignment.

Genus zonalesporites (Ibrahim) Potonie and Kremp 1954

Type species. Z. brasserti (Stach and Zerndt) Potonie and Kremp.

Zonalesporites sp.

Plate 29, fig. 4

Description. Only one near-complete specimen has been found. It is a triradiate mega-
spore with rounded-triangular amb. The dimension from the apex of the triangle to the

midpoint of the opposite side is 1400 p. The triradiate mark has straight raised ridges,

65 p broad at the apex of the spore, and running onto and across the cingulum, 25 p
broad at extremities. It has a massive wedge-shaped cingulum 125-225 p broad, broadest

opposite the ends of the triradiate sutures. The cingulum has a narrow, darkened inner

ring near the spore lumen. The darkened ring is further emphasized by a secondary fold

in the distal surface. The cingulum is continuous with the exine over the spore lumen.

The exine is apparently of two layers, which peel apart at the broken edges. On the

proximal face the exine is relatively thick, without folds, and on the distal face it is

thinner.

Occurrence. Wyboston Borehole, depth 700 ft.

Remarks. This species resembles those of Triangulatisporites in having a homogeneous
equatorial structure, but it is not a zona, nor is it detachable from the central body. The
species further differs from Triangulatisporites in the thickness of the distal face (in

Triangulatisporites this carries the reticulum and is continuous with the zona), in the

absence of any trace of a reticulate ornament and in the markedly larger size (about

EXPLANATION OF PLATE 29

All magnifications x 50 unless otherwise stated.

Figs. 1-3. Triangulatisporites sp.. Proximal view of specimen, photographed by transmitted light to

show narrow zona; PF 3969. 2, Distal view of same specimen, photographed dry by reflected light

to show reticulum. 3, Part of zona, by transmitted light, x 200.

Fig. 4. Zonalesporites sp.. Proximal view of near-complete specimen, showing continuity of cingulum

with central area and long triradiate ridges; PF 3970.

Figs. 5-7. Cystosporites devonicus Chaloner and Pettitt. 5, Lateral view of large fragment with apex:

PF 3971. 6, Miospore appressed to surface of same specimen, x 500. 7, Detail of haptotypic

features of same specimen, x 200.

Figs. 8-10. Cystosporites sp. 8, Lateral view of fragment, possibly with distal extremity, showing longi-

tudinal striae in equatorial region; PF 3973. 9, Miospore appressed to same specimen, x200.

10, Lateral view of fragment broken along triradiate sutures and showing darkened apical area;

PF 3972.
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double). The ratio of the spore lumen to the total diameter is 1:1-5, which is less than

the mean value for Triangulatisporites but the same as the mean value for Zona/esporites

(1 : 1-5). Spinner (1965) has emended the genus Zona/esporites to include megaspores with

some range of equatorial features from a corona to a zona. However, Zona/esporites

sp. differs from other members of Zona/esporites s.l. in the continuity of the body and
cingulum, and in the unusual feature of a distal face thinner than the proximal. It is,

however, included in the size range for the genus and lacks any body ornament, in

addition to the points of similarity mentioned above, so that this generic assignation is

preferred for the time being.

Fragments of this species are quite frequently encountered in the Wyboston material,

usually representing a sector of the spore, broken apart along the triradiate mark.

Turma cystites Potonie and Kremp 1954

Genus cystosporites Schopf 1938

Type species. C. breretonensis Schopf.

Cystosporites devonicus Chaloner and Pettitt 1964

Plate 29, figs. 5-7

Description. Two specimens have been found, each representing the large (‘fertile’)

member of the tetrad, but neither of them complete. Both are of an elongate shape, oval

at one end and broken off at the other, lengths 880 p and 1200 p. The triradiate mark is

near the rounded end, 150 p in maximum extent, and on the better-preserved specimen

showing lips 3 p wide. The contact areas are weakly developed and the arcuate ridges not

discernible. The entire exine is scabrate. The exine is 3-5 p thick in one case and 5-10 p
in the other, apparently of a single layer. Arcuate and longitudinal folds follow the shape

of the spores. The distal end of the spore is missing in each case. No other abortive spores

were found adhering to the contact faces.

Occurrence. Wyboston Borehole, depths 720 ft., and 721 ft.

Remarks. These spores have the polar axial elongation characteristic of the fertile mem-
ber of a Cystosporites tetrad. In the haptotypic features, in the finely granular nature

of the whole exine and in the longitudinal folding, they are closely comparable to

C. devonicus , which is from the basal Frasnian of Scaumenac Bay, Quebec (Westoll in

Richardson 1965).

Associated miospores. There are two spores adhering to the exine of one specimen, of

55 p and 60 p diameter respectively. They have long, simple triradiate marks and a

narrow equatorial feature (about 5 p). They are very similar to the two miospores found

by Chaloner and Pettitt adhering to the surface of C. devonicus and referred by them to

cf. Lycospora sp.

Chaloner and Pettitt have discussed the significance of the occurrence of their Cysto-

sporites at this Upper Devonian horizon. This additional record (and the following one)

confirms their report, and demonstrates that this extreme development of heterospory

was not an exceptional isolated occurrence in the Scaumenac Beds.
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Cystosporites sp.

Plate 29, figs. 8-10

Description. Three elongated fragments of megaspores have been found, 504 p, 1385 p’

and 1575 p in length respectively. Two are split along the triradiate sutures, leaving only

one valve in the apical region (PI. 29, fig. 10) and the third has an irregular prolongation

of the exine obscuring the intact end. The apices are darkened in a region of 20-25 p
radius, which probably represents the contact areas. The exine is scabrate, except in the

central (equatorial) regions, where longitudinal striae give a fibrous appearance. The
wall is 9-12 p thick, splitting into two layers at the rough edges. There are no secondary

folds.

Occurrence. Wyboston Borehole, depth 721 ft.

Remarks. These spores have the polar axial elongation characteristic of the fertile

megaspore Cystosporites. The irregular prolongation of the exine at the end of one

specimen may be a distal stalk similar to that of C. devonicus and C. giganteus (Zerndt)

Schopf but it is not certain that it is in fact at the distal end of the spore. The spores

differ from C. devonicus in the small contact areas and the nature of the exine in the

central area.

Associated miospore. One thin-walled spore, diameter 60 p, and with a short simple

triradiate mark is appressed to one fragment.

THE AGE OF THE MEGASPORES

The megaspores have been found at depths between 700 and 720 ft. in the Wyboston
Borehole. Fish fragments which occur at depth 560 ft. 3 in. have been compared to

the genus Bothriolepis, which indicates a Middle or Upper Devonian age, with a

probability in favour of the latter (H. A. Toombs pers. comm, to W. G. C. 1965).

Only three of the megaspore species have been reported previously. Trileites langi is

known from the Eifelian and Givetian of the Orcadian basin (Richardson 1965), and

similar forms from the lower Frasnian of the Russian platform (Archangelskaya 1963),

the Upper Devonian of Bear Island (Sen 1958), and the basal Mississippian of Ohio

(Winslow 1962). Hystricosporites (al. Dicrospora) nndtifurcatus is only known in Ohio,

and there ranges from Upper Middle Devonian to basal Mississippian. Cystosporites

devonicus is only known from the basal Frasnian of Quebec (Chaloner and Pettitt 1964).

To these may be added the occurrence of Hymenozonotriletes corrugatus (which may be

comparable with Heliosporites varicibilis) in the lower Frasnian of Bashkir (Archangel-

skaya 1963). Together these suggest a late Middle Devonian or more probably early

Upper Devonian age.

The megaspores are accompanied by well-preserved assemblages of miospores, show-

ing a wide diversity of morphology. Spores with bifurcate appendages are especially

abundant. It is hoped that these will form the subject of a later paper.

The occurrences of spores with bifurcate spines, and of other distinctive genera found

in the Wyboston Borehole and previously recorded in other places, are summarized in

text-fig. 2. In comparing these records it must be noted that the Orcadian Old Red Sand-
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stone sequence comes to an end in the Givetian, and the Spitsbergen Devonian succes-

sion low in the Frasnian. In Western Australia only Frasnian sediments were sampled

in the Caernarvon Basin and Famennian in the Canning Basin. More weight must there-

fore be given to the records from the succession of the Russian platform which runs

from the Eifelian to the top of the Devonian system and on into the Carboniferous, and

SPORE

GENUS

FAMENN 1 AN

FRASNIAN

GIVETIAN 1

EIFELIAN

EMSI AN

SIEGENIAN

GEDIN N IAN
o

text-fig. 2. Chart of the ranges in the Devonian period of some spore genera found in the

Wyboston Borehole.

has been studied by several workers. These Russian records indicate a Givetian or lower

Frasnian age for the Wyboston assemblage. It must be noted, however, that some
important papers (e.g. Tchibrikova 1959, 1962 and Archangelskaya 1963) are, like the

present paper, based on material from borings which is dated only on palynological

evidence. This tentative dating does, however, give some support to that suggested by

the megaspores alone, and it is in line with the indication of the fish remains.

POPULATION STUDIES OF SPORES WITH BIFURCATE SPINES

It is emphasized that the assemblages here studied were not consciously selected in any

way. As mentioned above, test slides were made in the various stages of the preparation

procedures, to reassure us that there had been no sensible loss of any of the constituents.

It is, however, also recognized that any preparation procedure is in its nature a selection

of the spores out of all the other constituents of the rock samples, and that the 100 per

cent, recovery of the total spore assemblage is an ideal rarely achieved. Different pro-

cedures do discriminate to some extent against varying elements of the assemblage. This
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has been quantified for three rock samples of diverse type by Hughes et al. (1964; see

especially tables 6-8). Any attempt to compare spore assemblages must take account of

this factor, and any difference between them must be of a greater order than that attri-

butable to laboratory selection, before it can be significant.

Large spores with bifurcate spines were abundant in all the samples discussed in this

paper, but especially so in sample Bt 4284, at depth 700 ft., where they comprise over

75 per cent, of the assemblage. Spores with bifurcate spines have been widely reported

from sediments of Middle and Upper Devonian age but only Richardson has commented

table 1. Relative percentages of species with bifurcate spines at depth 700 ft.,

Wyboston Borehole. * Species recorded by Richardson from the Orcadian basin.

°/
/O

*Ancyrospora grandispinosa 9

*A. ancyrea var. brevispinosa 20
*A. ancyrea var. ancyrea 3

A. trocha 19

*A . longispinosa 2

A . langi 1

Other species of Ancyrospora 31

Hystricosporiles delectabilis 14

*Perotrilites bifurcatus 1

100

on an abundance of them. He estimates them often to form as much as 50 per cent, of the

assemblage from localities throughout the Orcadian Basin (Richardson 1962). Some
comparison has been made with Richardson’s work on the stratigraphic distribution of

such spores in the Orcadian basin. Table 1 shows the relative percentages of the various

species with bifurcate spines at depth 700 ft. Richardson’s table (1962, fig. 14) shows

that in Orcadia Ancyrospora ancyrea is not associated with A. grandispinosa, A. longi-

spinosa , and Perotrilites bifurcatus above the Achanarras horizon, which straddles the

Eifelian-Givetian boundary. However, only 35 per cent, of the bifurcate-spined spores

from Wyboston correspond with the species found in the Orcadian basin. Text-fig. 3

shows a plot of spine length against body to spore-diameter ratio, similar to Richardson’s

1962 table, and shows a scatter distinct from either of the two populations plotted by

him (Eifelian-Givetian and M. Givetian respectively). If this were due to a slight evolu-

tionary difference between the Wyboston spores and the Orcadian spores, the inference

would be that the former are of earlier age than the latter. The available palaeontological

evidence indicates the reverse to be the case. A small difference in depositional environ-

ment could, however, readily account for such a difference in population. Spores re-

covered from clastic sediments must have been subject, in the process of sedimentation,

to the normal processes of sorting which are highly sensitive to differences of size and

weight in the transported and deposited particles. The representatives of a single species

in such a sedimentary environment will have a ‘population structure’ which may be a

very modified version of that of the biological population from which it was derived.

Apart from spores with bifurcate spines, little comparison with the Orcadian assem-

blages is possible, since both spores with biform appendages and spores with pointed

spines are infrequent in our material.



MORTIMER AND CHALONER: DEVONIAN MEGASPORES 209

THE DISTINCTION BETWEEN MEGASPORES AND MIOSPORES

McGregor (1960), Richardson (1962), and Winslow (1962) have remarked on the

considerable range in size observed in some Middle and Upper Devonian species,

straddling the 200 /x figure which in the Carboniferous is a practical, if arbitrary, dividing

line between megaspores and miospores. This feature is illustrated again in two species

from the Wyboston material, Heliosporites variabilis (diameter range 190-535 /x), and

text-fig. 3. Scatter diagram to show ‘body ’/spore diameter

ratio plotted against spine length of Ancyrospora ancyrea ; based

on 35 specimens from depth 700 ft., Wyboston Borehole.

Hystricosporites obscurus (diameter 1 77-440 /x). Richardson and Winslow have sug-

gested that the variable size of these spores may be related to the incomplete establish-

ment of heterospory in the parent plants. Winslow mentions the possibility that while

larger specimens of D. multifurcata (size range 100 p, to 300 /x without spines) may have

functioned as megaspores, the smaller specimens may have functioned as their corre-

sponding miospores.

DISCUSSION

The affinities of the megaspores. In addition to these genera whose sizes range across

the 200 p, limit discussed above, several of the species described in this paper are smaller

than the average size of Carboniferous megaspores. The upper size limit of Trileites

langi is 400 /j. (Richardson 1965), of Hystricosporites obscurus 440 /x, of Lagenicula

paulispinosa 565 /x, of Lagenoisporites sp. 420 /x, and of Biharisporites simplex 630 /x.

However, others (e.g. Triangulatisporites sp., Zona/esporites sp.) are not much smaller

than Carboniferous species of these genera. Such large megaspores have long been

known from the Upper Devonian. Sen (1958) redescribed three species from the Upper
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Devonian of Bear Island with size ranges between 1000 p and 2000 p which had been

originally described but not named by Nathorst. Chaloner (1959) found specimens of

Biharisporites ellesmerensis up to 1610 ft in diameter in the Upper Devonian of Ellesmere

Island, and, commenting on the rise in mean size of megaspores from the Devonian into

the Upper Carboniferous, sought to correlate this with the rise of the arborescent

lycopods during the latter period. The species of megaspores described in this paper have

a mean maximum size of 810 ft, considerably below the Upper Carboniferous mean of

1600 ft cited by Chaloner, and to this extent they are consistent with the pattern of pro-

gressive size increase suggested by the earlier evidence.

Although many of the very large Carboniferous megaspores are now known to be

correlated with arborescent lepidodendrids and sigillarians, size of the megaspore alone

is no reliable indication of size of the parent plant. Some of the largest lepidostrobi

(e.g. Lepidostrobus browni ) were presumably borne on arborescent lepidodendrids and
yet bore relatively small megaspores. Perhaps the only aspect of the present megaspore

assemblage from which palaeobotanical deductions may safely be made is their con-

siderable diversity of form. Only one Devonian lycopod (Cyclostigma kiltorkense ) has

been shown to be heterosporous. Only three other genera of Devonian plants (Enigmo-

phyton ,
Barinophyton, and Archaeopteris) are believed to be heterosporous and these

have singularly simple azonate megaspores. It is evident from the present study that the

heterosporous plants of the Devonian must have far exceeded in number, and perhaps

in diversity, their known representation in the megafossils.

The rock samples. The samples between 700 ft. and 722 ft. 1 in. depth, in which the

megaspores were found, are medium-grey flaggy siltstones or mudstones with silty

partings. The horizontally bedded sequence is interrupted at depth 719 ft. 8-11 in. by a

thin conglomerate.

Plant remains of two kinds occur, and are concentrated on particular bedding planes.

The more common are compressions of fragments of naked axes from 1 to 3 mm. broad

and up to 5 cm. long. None show any spines, leaves, or other emergences. Many are

longitudinally striate, some with one or more stronger central striae. They are probably

fragments of spineless psilophytes. The less common are billets of wood up to 4-5 cm.

broad and 9-5 cm. long, being limited in length by the size of the hand specimens. They
have thickness up to 0-5 cm., are mostly coalified and partly pyritized, with subregular

cross-fractures of the type described by Arnold (1934). One end of each piece is preserved

on any one core, and is the rounded shape characteristic of water-worn wood. The wood
is of the ‘gymnospermous type’, either Progymnospermopsida or possibly, true Gymno-
sperms. Although on some fragments individual wood elements could be recognized,

the details of pitting could not be discerned.

There are fish teeth in the mudstone at 700 ft. depth (Bt 4284). Mica is common in the

siltstone, sometimes covering a bedding plane. Pyrite is also common, in places forming

groups of crystals in the body of the mudstone and partly replacing plant fragments.

There is limonite staining round the larger plant fragments. Small particles of coaly

material are common throughout. There is very little calcium carbonate. Other samples,

less rich in spores, show fragmentary lamellibranchs and ostracods, also concentrated

on particular bedding planes.

All the fossils so far mentioned could have been deposited in a freshwater environ-
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ment. Some other microfossils have also been found in the spore preparations. These are

rare acritarchs and occasional chitinozoans and conodonts. The first two groups belong

to simple long-ranging types and it is possible that they have been reworked from older

sediments. In the case of the conodonts this seems less likely, since they are well pre-

served. Cases of reworked conodonts are known and have been discussed by Lindstrom

(1964) and Krebs (1964). Both admit that well-preserved conodonts may be reworked.

On the other hand, the occurrence of the conodonts accords with Youngquist’s observa-

tion (1951) that these fossils are commonly associated with plant remains in a near-shore

environment, and also frequently with fish remains.

The oscillation in grain size and fossil content, suggests a shallow-water environment,

with occasional downwashes of plant material from nearby land, but the degree of

salinity of the environment is not known.
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SILURIAN ODONTOPLEURID TRILOBITES
FROM SWEDEN, ESTONIA, AND LATVIA

by DAVID L. BRUTON

Abstract. All of the presently known Silurian odontopleurid material from Sweden has been revised along with

recently collected material from Estonia and Latvia. For the first time photographs are given of the holotypes-

of Odontopleuva ovata Emmrich and Leonaspis mutica (Emmrich). Examination of the latter shows that it is

specifically distinct from the Swedish species L. marklini (Angelin) and the British species L. coronata (Salter).

Acidaspis lmghesi Lake is considered to be a synonym of O. ovata. The new genus Anacaenaspis (type species

A. gotlandensis gen. et sp. nov.) is established for specimens which differ from Acidaspis Murchison in lacking

the stout occipital spine. The holotype of ' Acidaspis ’ emarginata Schmidt is refigured and has been assigned to

Anacaenaspis. Newly described are two species of Leonaspis, L. varbolensis from the lowermost Llandovery of
Estonia and Latvia, and L. muldensis from the uppermost Wenlock of Gotland. A previous record of the

Bohemian species Miraspis mira (Barrande) in the Silurian of Scania has not been confirmed and it appears
likely that all the material belongs to M. cardiolarum (Hede). Many of the specimens have been illustrated with

the aid of stereoscopic photographs.

The Island of Gotland has attracted many palaeontologists to its shores and large

collections of Silurian fossils have been made. Angelin (1854) in his ‘Palaeontologia

Scandinavica’ illustrated the largest single collection of Silurian odontopleurids from
Gotland but, unfortunately, his descriptions were all too brief and the stratigraphic

locations are vague. Earlier, Loven (1845) described specimens of Leonaspis crenata

(Emmrich) in great detail, and later Lindstrbm (1885) supplemented many of Angelin's

descriptions with the aid of newly collected material.

From the less abundant collecting areas in Vastergotland, Dalman (1828) described

as Calymene? centrina (= Leonaspis centrina) one of the first odontopleurid trilobites to

appear in the literature. More recently Hede (1915) described specimens from the

Colonus Shale of Scania.

Outside Sweden, principally in Germany, Emmrich (1839; 1844-5), Beyrich (1846),

Roemer (1885), and Wigand (1888) illustrated several specimens obtained from erratics

of Graptolithengestein. These erratics, derived from the sub-Baltic outcrops of this

horizon, were deposited during the penultimate (Saale) glaciation along the Pomeranian,

coast and as far east as Silesia. Emmrich’s (1839) classic ‘Dissertatio de Trilobitis’,

contains the description and illustration of Odontopleura ovata the type species of the

genus Odontopleura. Schmidt (1885) described one odontopleurid species from the

Silurian of Estonia.

In 1963 it was my good fortune to be able to study the large collection of Silurian odonto-

pleurids from Gotland at the Natural History Museum, Stockholm, and a smaller

collection at the University of Uppsala. Specimens from Lund and the types of Emmrich
and Beyrich from the Humboldt University, East Berlin, were obtained on loan and
were examined at Uppsala.

A visit to the Soviet Union in April and May 1965, enabled me to examine and
photograph material recently obtained from borings which penetrated the Silurian suc-

cession in Latvia and on the Estonian Baltic Islands of Saaremaa and this, and other

material from Estonia, is described in this paper.

[Palaeontology, Vol. 10, Part 2, 1967, pp. 214-44, pis. 30-36)
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The terminology used in this paper is the same as that employed in previous publi-

cations (Bruton, 1965; 1966n, b). All specimens were lightly coated with ammonium
chloride before photographing and, except where stated, were taken by the author. The
isolated specimens obtained from the Mulde Marl were all mounted on pins and these

have been blacked out where they showed on the print; otherwise the photographs have

not been retouched. The stereoscopic pairs were made in the same manner as outlined

in a previous publication (Bruton 1965, p. 344).
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STRATIGRAPHY

Regnell and Hede (1960) have recently summarized the Silurian succession in Scania

and Gotland, and Wtern (1948) has dealt with the succession of Vastergotland.

In Scania, the Colonus Shale (see Hede, 1915, p. 54; Regnell and Hede, 1960, p. 29)

contains Monograptus nilssoni and M. scanicus thus indicating a Lower Ludlow age. The
presence of M. vulgaris below and M. tumescens-M. leintwardinesis above, has not been

confirmed.

On Gotland, the scarcity of graptolites or the infrequent occurrence of long-ranging

forms in what is a thick predominantly shelly succession, makes correlation with the

British succession only approximate. After a detailed appraisal of the graptolites re-

corded from Gotland, Hede (1942, p. 226) concluded that the Upper Visby Marl is

equivalent to the Upper Llandovery and perhaps basal Wenlock, the Hogklint Beds

have a time equivalence with the Lower Wenlock, the Slite group is, in part, equal to the

Upper Wenlock (zone of Cyrtograptus el/esi), the Mulde Marl possibly represents a

transition from the Upper Wenlock (zone of C. lundgreni) to the lowermost Ludlow, and
the Hemse Group corresponds well with the Lower Ludlow (M. nilssoni).

Martinsson (19636, p. 540) has shown that the submarine exposures of Gotland may
extend above the zone of M. nilssoni or even to the top of the British Silurian succession
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as indicated by the south-western continuation of a more argillaceous facies, the Grapto-
lithengestein, between the island and the neighbourhood of the North Mid-Sea Bank
(see Martinsson 1963a, pp. 8-9, fig. 3).

In Vastergotland, Waern (1948, pp. 460-1) showed that at Kinnekulle, the so-called

zone of Acidaspis centrum and Climacograptus scalaris corresponds to several lowermost
Llandoverian graptolite zones.

A summary of the Silurian succession in Estonia is given by Aaloe et al. (1960, pp.
28-39).

SYSTEMATIC DESCRIPTIONS

Family odontopleuridae Burmeister 1843

Subfamily odontopleurinae Burmeister 1843

(= Odontopleuridae of Prantl and Pribyl 1949)

Genus odontopleura Emmrich 1 839

Type species: Odontopleura ovata Emmrich 1839.

A diagnosis of the genus has recently been given by Whittington 1956a, p. 195.

Odontopleura ovata Emmrich, 1839

Plate 30, fig. 1

1839 Odontopleura ovata Emmrich, p. 53, pi. 1, fig. 3.

1843 Odontopleura ovata Emmrich; Burmeister, p. 72, pi. 2, fig. 11.

1844 Odontopleura bispinosa Emmrich, p. 17, pi. 1, fig. 12.

1845 Odontopleura bispinosa Emmrich; Emmrich, p. 44, pi. 1, fig. 12.

1846 Odontopleura ovata Emmrich; Beyrich, p. 18, pi. 3, fig. 1.

1846 Odontopleura ovata Emmrich; M‘Coy, p. 46.

1 846 Odontopleura Prevosti Barrande, p. 56.

1846 Odontopleura ovata Emmrich; Burmeister, p. 62, pi. 2, fig. 11.

1847 Odontopleura Prevosti Barrande; Hawle and Corda, p. 148.

1847 Odontopleura Bronni Hawle and Corda, p. 150.

1847 Odontopleura Neumanni Hawle and Corda, p. 151.

1847 Odontopleura tenuicornis Hawle and Corda, p. 155.

1852 Acidaspis Prevosti (Barrande) Barrande, p. 739, pi. 39, figs. 33-41.

1883 Acidaspis Prevosti (Barrande); Novak, p. 41, pi. 10, figs. 12-14.

EXPLANATION OF PLATE 30

Fig. 1. Odontopleura ovata Emmrich, Graptolithengestein (Upper Wenlock-Lower Ludlow) erratic,

Nieder-Kunzendorf, Silesia. Holotype, HU kl62, original of Emmrich 1839, pi. 1, fig. 3, dorsal view,

x3.

Figs. 2-8. Leonaspis marklini (Angelin). 2, 4, Anterior view and dorsal stereograph of internal mould of

cranidium, RM Ar 6340, x 5. ?Slite or Halla Beds (Upper Wenlock), Stora Karlso, Gotland. 3, In-

complete internal mould of pygidium, UM G819, X 6. ?Halla Beds, Lilia Karlso, Gotland. 5, Dorsal

stereograph of partly exfoliated pygidium, RM Ar 30861, x4£. Horizon unknown (‘Visby b’),

Gotland. 6, Dorsal view of exfoliated exoskeleton lacking free cheeks, RM Ar 6339, X 1£. ?Mulde
Beds (Upper Wenlock), Djupvik in Eksta, Gotland. 7, Holotype, UM G4, original of Angelin 1854,

pi. 22, fig. 13, latex cast of external mould of an incomplete thorax and pygidium, X 3. Mulde Beds,

Gannarve in Frojel, Gotland. 8, Oblique dorsal view of almost complete isolated free cheek,

RM 47406, x7. Mulde Beds, Djupvik in Eksta, Gotland.
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1885 Odontopleura ovata Emmrich; Roemer, p. 129, pi. 10, fig. 7.

71888 Odontopleura cfr. ovata Emmrich; Wigand, p. 99, pi. 10, figs. 21, 22.

1892 Odontopleura ovata Emmrich; Clarke, p. 7, pi. 3, fig. 1.

1896 Acidaspis Hughesi [Salter MS.]; Lake, p. 242, pi. 8, figs. 4, 5.

1901 Odontopleura ovata Emmrich; Van Ingen, p. 37, fig. 3.

1916 Odontopleura ovata Emmrich; Raymond, p. 136.

1925 Odontopleura ovata Emmrich; Warburg, p. 236.

1925 Ceratocephala (Odontopleura) ovata (Emmrich); R. and E. Richter, p. 126.

1925 Acidaspis ( Leonaspis ) ovata (Emmrich); Reed, p. 426.

1926 Odontopleura ovata Emmrich; R. Richter, p. 253.

1930 Odontopleura ovata Emmrich; Gaertner, p. 196, pi. 24, fig. 11.

1933 Odontopleura ovata Emmrich; Warburg, p. 2.

1949 Odontopleura ovata Emmrich; Prantl and Pribyl, p. 138, pi. 1, figs. 1-4; pi. 7, figs. 1—

3; text-fig. p. 126.

1953 Odontopleura ovata Emmrich; Hupe, p. 231, fig. 134.

1953 Odontopleura ovata Emmrich; Pfibyl, p. 49.

1956« Odontopleura ovata Emmrich; Whittington, p. 196, fig. 4.

1957 Odontopleura ovata Emmrich; Tomczykowa, p. 94 (133), figs. 5a-d, pi. 2, figs. 3-7.

1958 Odontopleura ovata Emmrich; Prantl and Vanek, tab. 11 (39).

1959 Odontopleura ovata Emmrich; Whittington in Moore, p. 0504-5, fig. 1.

1960 Odontopleura ovata Emmrich; Maksimova, pp. 156-7, fig. 359.

Holotype. The incomplete cephalon, part thorax, and pygidium (HU kl62) figured by Emmrich 1839,

pi. 1, fig. 3 and refigured herein as Plate 30, fig. 1.

Locality. The holotype was found in erratics at Nieder-Kunzendorf, Silesia.

Horizon. Upper Wenlock-Lower Ludlow Graptolithengestein (erratic).

Dimensions. Cranidium: length (sag.) 6 mm.; width between palpebral lobes 7-5 mm.; free cheek:

maximum transverse width 4 mm. ; maximum length 3-5 mm.
;
pygidium : width 9-5 mm., length 2-5 mm.

Description. The undistorted holotype ( PI. 30, fig. 1) still retains much of the exoskeleton

and consists of a cephalon, lacking the right free cheek, lying near articulated parts of

seven thoracic segments and a pygidium.

Cephalon wide transversely and semi-elliptical in outline; cranidium moderately con-

vex. Median glabellar lobe tapering slightly backwards from about half length (sag.);

frontal lobe expanding laterally and sloping steeply downwards to anterior border

furrow. Occipital ring with long (sag.) and moderately convex median portion separated

from remainder of glabella by abrupt change of slope. Small occipital lobe outlined by

deep lateral part of occipital furrow beneath LI and the outwardly curved termination

of the longitudinal furrow. Occipital ring with large median granule placed at the base of

paired occipital spines (broken and missing on specimen). Two pairs lateral glabellar

lobes, LI the larger, elliptical in outline with longest axis slightly oblique to sagittal line;

L2 suboval. SI inclined at about 45°, curved backwards and very deep adjacent to

the median lobe; S2 more oblique and slot-like. Longitudinal furrow broad and
shallow especially across inner end of LI. Dorsal furrow almost absent at the outer end

of LI so that here the lobe and the adjacent fixed cheek are confluent. Eye ridge narrow,

convex, curved outward and backwards from the lateral expansion of the frontal lobe.

Palpebral lobe not preserved, but the broken base indicates that the eye was placed

opposite the outer end of the occipital furrow. Fixed cheek widest inside the eye from
where it slopes steeply down to the posterior margin, gently convex (tr.), sloping out-

wards from the dorsal furrow to the eye ridge. Course of the anterior facial suture
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defined by a sutural ridge which diverges from the eye ridge opposite the inner end of

SI, curves gently forwards and crosses the obliquely directed anterior margin at a

position just outside of an exsagittal line drawn through the midpart of the fixed cheek.

Posterior suture long, directed outwards and downwards at right angles to the anterior

sutural course, curving backwards inside the base of the librigenal spine. Posterior

border of cranidium with rolled margin and straight, moderately deep border furrow.

Free cheek with length of anterior and posterior sutures about equal. Border narrow, con-

vex, widening towards the librigenal angle. Librigenal spine not present on the holotype,

but a cheek lying nearby shows that the spine is at least as long as the cephalon and that

it tapers backwards, incurving distally. Cheek margin with at least fifteen very closely

spaced fringing spines which decrease in length towards the anterior suture and terminate

immediately in front of an exsagittal line drawn through the palpebral lobe. Cheek
surface flat to gently sloping downwards from the eye to the border. Fixed cheek with

coarse blunt granules between which is a finer granulation; the latter occurs also on the

fronto-median and lateral glabellar lobes. Paired granules flank the median occipital

tubercle; free cheek finely granulated.

Only parts of seven thoracic segments are known. Rachis strongly convex, occupying

about one-half width of segment; rachial ring with slightly raised median band con-

nected to the principal pleural ridge of the segment. Principal pleural ridge broad,

weakly convex, and gently curved convexly forward. At the fulcrum the ridge is slightly

swollen but it rapidly tapers outwards into the principal pleural spine. Latter very short

on anterior segments and directed straight outwards and downwards, while on the

posterior segments the spine is longer and curved progressively backwards. Anterior

accessory area shallow and smooth with a raised granulated anterior ridge which be-

comes flattened at the distal end with the production of an articulating process and a

slim anterior spine. Posterior margin of segment with very narrow (exs.) flange. Principal

pleural ridge with conspicuous granules positioned (1) at the fulcrum, (2) one-half, and

(3) one-third (from rachis) pleural width; between these larger granules there occur

respectively, on every segment, a smaller pair of granules and a smaller single granule.

Rachis with large paired central tubercles and smaller granules on the lateral shoulder.

Pygidium about three times as wide as long with rachis of two rings and short lower

terminal portion which almost reaches the posterior border. Dorsal furrow shallow

alongside rings but very deep at the outer end of the separating furrow. Pleural ridge

short and curved sharply backwards from alongside first rachial ring, slightly swollen at

border. Major border spines incomplete. Between major spines, four very short, slim

secondary spines which are unequally spaced. Outside the major spine are four anterior

secondary spines (the outermost spine is not visible on the photograph (PL 30, fig. 1)

since it is partly overlapped by the principal pleural spine of the preceding segment).

Pleural area flat to gently sloping towards the margin; border furrow absent. Rachis

with paired tubercles on each ring and paired tubercles on the pleural ridge, one at base

of major spine, the other alongside first rachial ring. Remainder of pleural area with odd
smaller granules and very fine granulation between.

Discussion. Plate 30, fig. 1, is the first photograph of the holotype to have been published.

Emmrich’s figure gives a fairly accurate portrayal of the specimen except that it is

laterally inverted. The specimen is of a moulted thorax and pygidium lying behind a
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cephalon. Although only parts of seven (possibly the remnant of an eighth) segments

are present (as noted by Emmrich in the original description), the dimensions of the

specimen indicate that this is a holaspid, and not a juvenile individual as believed by

Prantl and Pribyl (1949, p. 139). It seems likely that the first two segments were lost

during ecdysis.

The later figures of the holotype given by Burmeister (1843), and Emmrich ( 1 844—5)

are very idealized and the omission of the occipital spines led to further misinterpreta-

tions of this species by many authors (for full discussion see Prantl and Pribyl 1949,

pp. 136-7). Emmrich (1844) quite unnecessarily changed the name of his species, but as

outlined by M‘Coy (1846, p. 46), the specific name ovata has priority.

Gaertner (1930, p. 197) examined the holotype and showed quite correctly that the

species described by Barrande as Odontopleurci prevosti from the Bohemian Silurian

(Wenlock-Lower Ludlow), is the same as O. ovata. Moreover, I have examined speci-

mens of Acidaspis hughesi taken from the British Upper Wenlock-Lower Ludlow and

consider that they are the same as O. ovata. The British and Bohemian specimens are to

be described by me in forthcoming papers (in manuscript).

Genus leonaspis R. and E. Richter 1917

[= Acanthaloma Conrad 1840; suppressed, 1957, I.C.Z.N. 17 (20), pp. 361-76,

opinion 498, after recommendations by Whittington (1956c)].

Type species. Odontopleurci leonhardi Barrande 1846.

A recent diagnosis of the genus has been given by Whittington (1956a, p. 206).

Leonaspis marklini (Angelin, 1854)

Plate 30, figs. 2-8; Plate 31, figs. 1-3

1854 Acidaspis Marklini Angelin, p. 38, pi. 22, fig. 13.

? 1854 Acidaspis multicuspis Angelin, p. 37, pi. 22, fig. 12.

1885 Acidaspis marklini Angelin; Lindstrom, p. 54, pi. 13, figs. 8, 15; pi. 16, fig. 10.

? 1888 Acidaspis mutica (Emmrich); Wigand, p. 93, pi. 10, figs. 19-20.

1896 Acidaspis marklini Angelin; Lake, p. 238.

non 1907 Acidaspis marklini Angelin; Schmidt, p. 22 [= Anacaenaspis emarginata (Schmidt)].

non 1938 Leonaspis marklini (Angelin); Whittard, p. 108, pi. 3, fig. 14 [= ? Leonaspis varbolensis

sp. nov.].

Holotype. The incomplete external mould of a cephalon with thorax and pygidium (UM G4),

figured by Angelin 1854, pi. 22, fig. 13. A latex cast of the specimen is figured herein as Plate 30, fig. 7.

Type localities. Cape of Skaret below Gannarve in Frojel, Lilia Karlso, Stora Karlso, Djupvik in

Eksta, and Visby, Gotland.

Horizon. Upper Wenlock-Lower Ludlow, Halla Beds, and Mulde Beds.

Material. The types of Lindstrom (RM Ar 6639-40), two free cheeks (RM Ar 47404; 47406), one
eranidium and pygidium (UM G 819; 820), and one pygidium (RM Ar 30861), all figured, plus several

pygidia and free cheeks in the collections at the Riksmuseum, Stockholm.

Description. Cranidium (PI. 30, fig. 4; PI. 31, fig. 3) trapezoidal in outline, maximum
width measured between palpebral lobes slightly greater than sagittal length. Median

QC 4471
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glabellar lobe sloping very gently forwards from occipital furrow; frontal lobe with a
rounded anterior margin which slopes steeply down to the anterior border furrow.

Occipital ring gently convex with median tubercle positioned inside posterior margin.

Median tubercle (PI. 31, fig. 3) with four tiny depressions (= median occipital organ of
Whittington 1965, p. 297) arranged to outline the corners of a square. Small low

occipital lobe developed, its convexity outlined by the deep outer part of occipital furrow

beneath LI and a slight posterior extension of the longitudinal glabellar furrow. Median
part of occipital furrow broad and shallow. Two pairs lateral glabellar lobes, LI the

larger, oval in outline, slightly pointed at the outer end; L2 oval, about half the size of
LI. Longitudinal furrow a broad, smooth, shallow area marking a slight change of slope

between the lateral lobes and adjacent parts of the median lobe. SI deep and oblique to

the sagittal line at outer end, almost transverse between the lobes, then curved backwards,

and very deep adjacent to the median lobe; S2 narrow, slot-like, outlining the lateral,

expansion of frontal-glabellar lobe. Eye ridge (PI. 30, fig. 2) moderately broad, convex,

curving outwards and backwards from a depressed flattened area at side of frontal lobe.

Palpebral lobe (PI. 31, fig. 3) positioned far back on the fixed cheek so that a transverse

line drawn through the midpoint is level with the base of LI. Palpebral lobe directed up-

wards and slightly backwards with an outer curved lip, palpebral furrow very deep at

base of lobe. Fixed cheek widest posteriorly where it slopes vertically down to the

posterior border furrow, narrowing anteriorly and becoming diminished between outer

part of L2 and the furrow along the inner edge of the eye ridge. Dorsal furrow shallow

to lacking anteriorly but deeper around the outer posterior part of LI . Course of anterior

branch of facial suture defined by a sutural ridge which diverges from eye ridge opposite

the outer end of SI, runs forward, then makes a sharp turn and converges towards the

straight anterior border. Transverse width between anterior sutures slightly less than the

maximum width of the cranidium. Antero-lateral part of the border flat but very deep

and slot-like at the inner corner and beneath the eye ridge. Posterior branch of facial

suture directed outwards at right angles to anterior suture and curved sharply backwards

inside base of swollen librigenal spine. Posterior margin straight with deep furrow.

Fronto-median lobe (PI. 30, fig. 2), lateral lobes, fixed cheek, and occipital ring with large

blunt tubercles between which are smaller granules; eye ridge with single row of smaller

tubercles.

No cranidium has been found with free cheeks attached but the two cheeks (PI. 30,

fig. 8; PI. 31, figs. 1-2) found amongst washings from the Mulde Marl are thought to

belong here on account of their proportions and the similarity of the exoskeletal ornament

with that of the cranidium. Border near anterior suture with narrow raised ridge which

becomes less obvious towards the librigenal spine; border wide and flattened. Librigenal

spine swollen at the base, directed outwards into a very short stumpy spine which is

slightly curved at its distal end. Cheek border with at least ten short, stout spines directed

outwards and downwards from the lower margin. Cheek surface concave inside margin

and then sloping upwards to eye lobe; beneath latter, cheek slopes steeply down to short

furrow inside the posterior sutural ridge. On ventral side (PI. 31, fig. 2), doublure forming

a wide, smooth, curved band which slopes rather steeply inwards. At the anterior suture

is a short outward extension of the doublure (PI. 30, fig. 8) which is related to the position

of the antennular notch (see Whittington 1956a, p. 173); posteriorly, a short notch with

a raised anterior edge occurs inside the base of the librigenal spine (PI. 31, fig. 2). Cheek
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surfaces smooth or with scattered granules; base of librigenal spine with large blunt

tubercles; ventral surface of spine and doublure minutely granulated.

Hypostoma unknown.
Thorax (PI. 30, fig. 6) with ten segments. Rachis wide (tr.), narrow (sag.), tapering

posteriorly and occupying about one-half the total width of the segment. Articulating

half-ring as wide as rachis and with gently curved anterior margin; articulating furrow

narrow and deep laterally, becoming wider and shallower sagittally. Pleura horizontal and

crossed by slightly inclined narrow pleural furrow dividing pleura into broad (exs.), gently

convex, principal pleural ridge and a narrower anterior accessory ridge with short

anterior pleural spine present only on the posterior seven segments; posterior margin

straight with small flange. First three segments shortened transversely, the first two

faceted and without pleural spines, the third segment with very short anterior and
principal pleural spines. Principal pleural ridge on remaining seven segments swollen

at the fulcrum and produced into a long principal pleural spine which is directed down-
wards and outwards and then curved slightly upwards and backwards at the distal end.

Every pleura with a conspicuous granule at the fulcrum and the first nine segments with

a second granule at half pleural width; some segments have a smaller third granule near

the dorsal furrow. Rachis with a staggered row of small granules. Pleural terminations

on first segments finely granular, principal pleural spines on remaining segments with

granules produced into small thorn-like projections.

Pygidium (PI. 30, fig. 6) excluding spines approximately rectangular with straight

anterior margin and sloping lateral corners. Rachis with two rings and a lower triangular

terminal portion which reaches the wide posterior border but is not totally circumscribed

by the deep dorsal and border furrows. First ring strongly convex, separated by deep

ring furrow from lower second ring. Pleural ridge flat to gently convex, curved backwards

to the enlarged part of the border at the base of the major spine. Latter divergent but

curved slightly upwards and inwards distally; length at least twice that of pygidium.

Between the major spines are four shorter and tapered posterior secondary spines. A
single anterior secondary spine occurs outside the major spine and inside a short articu-

lating process. Pleural area smooth and gently concave between the anterior and posterior

border and pleural ridge. Major and posterior border spines with a conspicuous granule

at the base and the remainder of the spine very closely granular. Rachis with at least two
granules on each ring and smaller granules between. The pygidium (PI. 30, fig. 3) found

in association with the cranidium (PL 31, fig. 3) from the ?Halla Beds, Lilia Karlso,

differs slightly from that described above in that the border spines appear to be more
slender and round in cross-section and the granulation is less conspicuous. These are

slight differences and probably reflect the mode of preservation. The possibility that

this may be a dimorphic difference should not be excluded. The same applies to the

pygidium (PI. 30, fig. 5) from Visby.

Discussion. The holotype of Leoncispis marklini (PI. 30, fig. 7) from Gannarve in Frojel,

is a poorly preserved external mould with thorax and pygidium more or less complete

and parts of the occipital ring and librigenal spine just visible. Angelin’s description is

very inadequate and the exact stratigraphic location is not known although the lithology

of the matrix suggests that the specimen came from within the Mulde Beds. As far as can

be judged, details of the thorax and pygidium are identical to the well-preserved
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specimen (PI. 30, fig. 6) which was illustrated by Lindstrom (1885, pi. 13, fig. 15) from
the locality of Djupvik in Eksta. The stratigraphic location of this specimen is also in

doubt but in the matrix surrounding the specimen are two fragments of cruminae and one
young moult stage of the ostracode Craspedobolbina cf. percurrens (seen in the bottom
right-hand corner of PI. 30, fig. 6) which indicates an age of not younger than the Hemse
Beds. C. percurrens is found commonly in the Mulde Marl and Dr. Anders Martinsson

(verbal communication) believes that Lindstrom’ s specimen most likely came from this

horizon. Thus this specimen has been used to redefine the species Leonaspis marklini

(Angelin).

Lindstrom (1885, pi. 16, fig. 10) regarded a second cranidium (PI. 30, fig. 4) from Stora

Karlso, as being the original of Angelin’s Acidaspis multicuspis and this he indentified

with marklini. However, the late Dr. Elsa Warburg (see footnote, Whittard 1938, p. 109)

was of the opinion that this specimen figured by Lindstrom was not Angelin’s type and
that the type had been lost. I subscribe to this view, for it is impossible to recognize this

specimen as being the one used for the inadequate figure given by Angelin (1854, pi. 22,

fig. 12).

Lake (1896, p. 238) after examining this specimen and another figured by Lindstrom

as A. marklini, considered that they were identical with the earlier described British

Wenlockian species Leonaspis coronata (Salter 1853) and possibly also L. mutica

(Emmrich 1844) from the Silurian Graptolithengestein erratics of Silesia. However,

I agree with Whittard (1938, p. 110) that L. coronata and L. marklini are different.

L. marklini differs from L. coronata (cf. Whittington 19566, pi. 59, fig. 12) in having

(1) a more convex and stronger occipital ring, (2) a wider and more strongly inflated

posterior part of the fixed cheek, (3) a longer (sag.) more expanded and rounded frontal

lobe, and (4) a more coarsely granular exoskeleton. The free cheek thought to belong

to L. marklini differs from that of L. coronata in having a much shorter and stumpy
librigenal spine. The distinguishing features between L. marklini and L. mutica are given

on page 223.

Leonaspis mutica (Emmrich, 1844)

Plate 31, figs 4-9; Plate 32, figs. 1-2

1844 Odontopleura mutica Emmrich, p. 17.

1845 Odontopleura mutica Emmrich, p. 44.

1846 Odontopleura mutica ; Beyrich, p. 19, pi. 3, fig. 3.

1852 Acidaspis mutica (Emmrich); Barrande, p. 703.

1885 Acidaspis mutica (Emmrich); Roemer, p. 129, pi. 10, figs. 8a-c.

EXPLANATION OF PLATE 31

Figs. 1-3. Leonaspis marklini (Angelin). 1 , 2, Dorsal and ventral stereographs of a complete isolated free

cheek, RM Ar 47404, x 122. Mulde Beds, Djupvik in Eksta, Gotland. 3, Dorsal view of incomplete

cranidium, UM G820, showing the median occipital organ, X 5J. ?Halla Beds, Lilia Karlso, Gotland.

Figs. 4—9. Leonaspis mutica (Emmrich). 4, Dorsal view of cranidium, EA Tr 2336/1, x4. Jaani Stage

(Jd-upper Lower Wenlock-lower Upper Wenlock, level 303 m., Ohesaare boring, Island of

Saaremaa, Estonia. 5, Free cheek with eye lobe attached, EA Tr. 2335/2, x4. Same locality and
horizon as fig. 4, level 311-80-90 m. 6, Pygidium, EA Tr. 2337, X 7. Level 307- 60-70 m. 7-9, Holo-

type, HU k 1 95. Graptolithengestein erratic, Nieder-Kunzendorf, Silesia. 7, Dorsal view of the incom-

plete and exfoliated pygidium which is displaced relative to the length of the body, X 6. 8, Oblique

view of the partly exfoliated cranidium, x 6. 9, Detail of the median occipital organ, X 30.

Figs. 7-9 taken by Mr. N. Hjorth.
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1885 Acic/aspis mutica (Emmrich); Lindstrom, p. 55.

1896 Acidaspis mutica (Emmrich); Lake, p. 238.

non 1888 Acidaspis mutica (Emmrich); Wigand, p. 93, pi. 10, figs. 19-20 [= ILeonaspis marklini

(Angelin)].

Holotype. The partly enrolled and incomplete specimen (HU k 1 95), figured Plate 31, figs. 7-9; Plate

32, figs. 1-2.

Dimensions ofholotype. Cranidium: length (sag.) 5 mm.; width (between the palpebral lobes) approxi-

mately 6-5 mm.; pygidium: width 8 mm.; length 2-5 mm.

Type locality. The holotype was found in an erratic at Nieder-Kunzendorf, Silesia.

Horizon. Lower Ludlow Graptolithengestein erratic boulders.

Material. In addition to the holotype, one incomplete pygidium from the Beyrich Collection (HU k 1 96),

two cranidia, two free cheeks, and two pygidia (EA 2235/1-3; 2336/1-2; 2337) obtained from the

307-60 m.-3 11-84 m. levels of a boring made in the upper Lower Wenlock-lower Upper Wenlock,

Jaani Stage (Jx) at Ohesaare, Island of Saaremaa, Estonia.

Description. The partly enrolled holotype ( PI. 32, fig. 1) still retains much of the exo-

skeleton on the cranidium but the remainder of the body is preserved as an internal

mould. The left free cheek is displaced and lies at the side and below the cranidium

(PI. 32, fig. 2); the right free cheek is missing. Because of the similarity between L. mutica

and L. marklini, a formal description is unnecessary. The features which distinguish

L. mutica from L. marklini may be described as follows: Cranidium (PI. 32, fig. 2; cf.

PI. 31, fig. 3; PI. 31, fig. 4) with a shorter (sag.), flatter (tr.), and less inflated frontal

glabellar lobe which slopes steeply down to the anterior border and furrow. LI with more
rounded anterior end and SI shorter, curved sharply backwards adjacent to the median

lobe, and not deeply incised between the lobes. Median portion of the occipital ring not

strongly raised, occipital lobe only faintly outlined between the shallow lateral part of

the occipital furrow and the posterior end of the longitudinal furrow. Anterior branch

of the facial suture curving gently inwards and running outside and parallel to the eye

ridge as far as the outer end of S2, then curving more strongly inwards. The outer area

of the fixed cheek is therefore narrower and flatter and the lateral corner of the anterior

border is rounded. The lateral border of the free cheek (PI. 31, fig. 5) projects forwards

alongside the anterior suture and there is a sharp angle between this projection and the

first fringing spine. The narrow raised border becomes lower and less convex and dies

out at the base of the librigenal spine. Latter (PI. 31, fig. 5; PI. 32, fig. 2) incomplete, but

the base is broader and flatter than in L. marklini (cf. PI. 30, fig. 8; PI. 31, fig. 5) and is

very finely granular. The whole of the exoskeleton of L. mutica is very finely granular

in contrast to the coarse blunt tubercles of L. marklini. Both species have the median
occipital organ and Plate 31, fig. 9 shows this structure of L. mutica in some detail.

Thorax (PI. 31, fig. 7; PI. 32, fig. 1) with only nine segments as opposed to ten in L.

marklini. The first three segments are shortened transversally, the first two being faceted.

Details of the pleural spines not known for the posterior segments.

Pygidium (PI. 31, figs. 6—7) closer to that of L. marklini (PI. 30, fig. 6) than the other

pygidia (PI. 30, figs. 3, 5), but differing from all three in that the rachis does not reach

the posterior border furrow, and the terminal portion is indistinct to lacking below the

second rachial ring. The border spines are broader and flatter and the major spine is

more incurved. In addition to the larger granules on the posterior border and at the base

of each spine, there is a second conspicuous granule on the spine itself.
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Discussion. The holotype is from a Silurian erratic supposedly of the Graptolithgestein

(Upper Wenlock-Lower Ludlow) horizon in the Baltic area. The new material, recently

collected from an older horizon on the Baltic Island of Saaremaa, agrees very well with

the holotype, suggesting that L. mutica either ranges from the upper Lower Wenlock-
Lower Ludlow, or that the holotype comes from a lower horizon than was originally

thought.

The holotype of L. mutica is almost certainly a holaspid, and the presence of only nine

segments in the thorax is not an indication of immaturity. Now that the holotype has

been examined, it is clear that L. mutica is different from L. marklini (cf. remarks by
Lindstrom 1885, p. 55; Lake 1896, p. 238).

I have not seen the material figured by Roemer (1885) and Wigand (1888) and the

figures given by these authors are not ideal. Wigand (1888, p. 98) noted that his specimens

from the Graptolithengestein were more coarsely granular than L. mutica, which leads

me to suspect that they might well be the same as L. marklini. Only examination of the

material (if it still exists) would confirm this.

Leonaspis crenata (Emmrich, 1844)

Plate 32, figs. 3-8; Plate 33, figs. 1-2, 5; Plate 34, figs. 1-2

1844 Odontopleura crenata Emmrich, p. 17.

1845 Odontopleura crenata Emmrich; Emmrich, p. 44.

1845 Ceraurus crenatus (Emmrich); Loven, p. 47, pi. 1, figs. 6a-b.

1852 Acidaspis crenata (Emmrich); Barrande, pp. 697 and 700.

1854 Acidaspis crenata (Emmrich); Angelin, p. 34, pi. 21, figs. 6a, b.

1885 Acidaspis crenata (Emmrich); Lindstrom, p. 53.

1901 Acidaspis crenata (Emmrich); Lindstrom, p. 35, pi. 1, figs. 1-6.

1949 Acanthaloma (A.) crenata (Emmrich); Prantl and Pribyl, p. 162.

non 1896 Acidaspis crenata (Emmrich); Lake, p. 239, pi. 7, figs. 1-2 [= Leonaspis sp. nov.].

Lectotype (here chosen). The incomplete cephalon and part thorax (HU MB 1963/29/1), one of two
syntypes from the Emmrich Collection. The specimen is figured herein as Plate 32, fig. 3.

Other material. The hypostoma (RM Ar 30816) figured by Lindstrom 1901, pi. 1, fig. 3, plus many
partly complete and enrolled specimens, free cheeks, hypostomata and pygidia from the Riksmuseum,
Stockholm. The following specimens are all figured, RM Ar 30806, 30809, 30813, 30816, 30824, and
31492.

EXPLANATION OF PLATE 32

Figs. 1, 2. Leonaspis mutica (Emmrich). Holotype, HU kl95. 1, Dorsal view of the partly enrolled

exoskeleton, X 4. 2, Dorsal view of the incomplete free cheek which lies displaced at the side and
below the cranidium, x 6.

Figs. 3-8. Leonaspis crenata (Emmrich). 3, Lectotype, HU MB 1963/29/1, dorsal view of incomplete

cephalon showing the blunt occipital spine, x 4. Mulde Beds, Djupvik in Eksta, Gotland. 4, Oblique

dorsal view of incomplete cephalon, RM Ar 30824 showing outline of free cheek and part of librigenal

spine, X 8. Mulde Beds (Upper Wenlock), Klintehamn, Gotland. 5, Dorsal view of partly complete

cephalon, x 4; locality as fig. 4. 6, Dorsal view of displaced pygidium, RM Ar 31492, X 5; specimen

taken without coating of ammonium chloride to show details of the bifid anterior pleural spine;

locality as fig. 4. 7, 8, Dorsal and right lateral stereographs of completely enrolled but abraded

exoskeleton RM Ar 30806 x 5; note the bifid anterior pleural spine on the third (left) thoracic seg-

ment, fig. 7; locality as fig. 4.

Figs. 1-2 taken by Mr. N. Hjorth.
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Type localities. Klintehamn and Djupvik in Eksta, Gotland.

Horizon. Uppermost Wenlock, Mulde Beds.

Description. Cranidium widest (tr.) opposite the outer ends of S2, from this point

tapering slightly anteriorly and posteriorly. Median glabellar lobe flattened to gently

arched (tr.), gently convex (sag.); frontal lobe sloping steeply downwards anteriorly

(PI. 32, fig. 8). Frontal lobe short, approximately one-sixth total glabellar length, widening

forwards from the inner ends of S2. A change of slope and a broad shallow furrow

separates the median glabellar lobe from the occipital ring. Latter short (sag.), moderately

convex, with a short, blunt, backwardly curved occipital spine produced from the

posterior margin (PI. 32, figs. 3, 5; PI. 33, fig. 5). Two pairs lateral glabellar lobes, LI

flattened and weakly convex (tr.), but the posterior half of the lobe slopes steeply down-
wards to the lateral part of the occipital ring. Beneath the lobe, the outer end of the

occipital furrow is very deeply incised. L2 smaller, sub-circular in outline and more
convex than LI (PI. 32, fig. 8; PI. 4, fig. 2). SI transverse to slightly obliquely directed at

the outer end, curved inwards and backwards, deep adjacent to the median lobe. The eye

ridge runs alongside the outer part of L2 (PI. 33, fig. 1), becomes straighter opposite SI,

and merges with the palpebral lobe which is positioned opposite the outer end of the

occipital furrow. Between the eye ridge and the dorsal furrow, is a very narrow (tr.)

flattened segment of the fixed cheek which is only slightly wider than the eye ridge.

Palpebral lobe (PI. 33, fig. 1) directed vertically upwards and gently curved outwards at

the tip. Eye large, cone-shaped, visual surface with minute eye facets arranged in diagonal

lines. Anterior branch of facial suture straight to slightly divergent until it leaves the eye

ridge opposite the outer end of SI and then curving gently inwards to cross the anterior

margin in line with the furrow at the base of the palpebral lobe. Antero-lateral margin

upturned, outer cheek area very deep at the inner corner below the eye ridge. Posterior

branch of suture forming an approximate right angle to anterior branch at the base of

eye, from here directed outward and backward in gentle curve before curving strongly

backwards inside the base of librigenal spine.

Posterior border curved strongly backwards; border furrow deep at the inner end and
beneath eye lobe, becoming shallow to lacking outwards towards the suture. A prominent

spine base occurs on the posterior margin just behind the suture (PI. 33, fig. 5).

Anterior margin of cranidium straight, with single row of tubercle-like spines which
increase in size outwards towards the suture (PI. 33, fig. 1). Outline of free cheek (PI. 32,

fig. 4) resembling a quadrant of a circle, border furrow lacking; a smooth change of slope

separates the broad flattened border from the convex part of the cheek (PI. 33, fig. 2).

Margin with twelve short, blunt, fringing spines, the first ten spines from the margin
proper, the posterior two spines being at the base of the librigenal spine. Latter slim,

round in cross-section, and directed obliquely outwards from a slightly swollen base.

Hypostoma (PI. 34, figs. 1-2) almost square in outline with a straight to gently curved

anterior margin and short, dorsally directed wings. Posterior border flat, lateral corners

pointed; posterior margin inclined backwards to small median swelling. Lateral border

flat to gently convex, margin sinuous with a small shoulder and a short posterior wing.

Anterior lobe of the median body outlined by short, deep triangular middle furrows;

posterior lobe broad (tr.), highest point at mid-length, and sloping steeply downwards
to the posterior border furrow. Border furrow shallow anteriorly, slightly deepened at



226 PALAEONTOLOGY, VOLUME 10

shoulder, defined posteriorly by a change of slope between the posterior lobe and the

border. Anterior lobe and border minutely pustulose, posterior lobe smooth (for addi-

tional remarks see Lindstrom 1901, p. 35). The specimen, Plate 34, fig. 2, shows the

hypostoma in contact with the rostral plate which is only slightly displaced at the rostral

suture. Rostral plate elongated (tr.) and flattened; suture curved, convex forwards

medially and sloping outwards laterally. The hypostomal suture is curved to fit the

anterior margin of hypostoma. In this position the dorsally directed anterior wing lies

beneath the deepened outer part of the anterior border furrow and very near the outer

depressed end of the eye ridge. The rostral plate is minutely pustulose.

Exoskeletal surface with very small blunt granules widely scattered over the fronto-

median and lateral lobes. The row of short spines on the anterior margin are diagnostic.

Free cheeks with close granulation immediately around the eye, remainder of the cheek,

occipital ring and furrows, smooth.

Thorax with nine segments (PI. 32, figs. 7-8). All of the specimens studied are enrolled

and except for the first two segments, which are faceted, the pleural spines have been

broken. Rachis broad (tr.) moderately convex, and occupying slightly less than half the

total pleural width. Lateral shoulders narrow (exs.) directed outwards and forwards

where they join the broad, convex principal pleural ridge. Latter curved sharply back-

wards and swollen at the fulcrum. A shallow pleural furrow separates the principal

pleural ridge from the narrow (exs.) raised anterior accessory ridge
;
the flattened posterior

accessory area which is widest (exs.) at the dorsal furrow, narrows outwards and

diminishes at the fulcrum. Anterior accessory ridge with a short bifid anterior spine

which is directed straight outwards and slightly downwards to lie concealed beneath the

fulcrum of the preceding segment. The bifid spine is just visible on the third (left) seg-

ment of the specimen (PI. 32, fig. 7). The spine is absent on the first segment of the thorax.

On enrolled specimens, the first two segments are shortened, curved backwards, and

tucked under the posterior margin and inside the base of librigenal spine. Rachis

apparently smooth, but one conspicuous short tubercle is situated on each pleuron just

inside the fulcral swelling.

Pygidium (PI. 32, figs. 6, 7) similar to that described for Leonaspis angelini (PI. 34,

fig. 4) but differing in having a broad, shallow dorsal furrow and a wider (tr.) pleural

area which has a bifid spine at the antero-lateral corner. This structure corresponds to

that seen on the thoracic pleura and is only visible when the pygidium is displaced as in

Plate 32, fig. 6. Whittington (1956b, pp. 508-9, pi. 57, fig. 9) described a similar structure

on the pleura and pygidium of L. tuberculatus (Hall 1859).

It seems reasonable to assume that the most anterior point of the spine represents an

EXPLANATION OF PLATE 33

Figs. 1-2, 5. Leonaspis crenata (Emmrich). 1-2, Anterior and oblique left lateral stereographs of enrolled

exoskeleton, RM Ar 30809, X 44; note the directions of facial sutures, shape of eye lobe, and curved

outer lip of palpebral lobe. 5, Anterior view of incomplete cephalon RM Ar 31492, showing the blunt

occipital spine, x4T Mulde Beds (Upper Wenlock), Djupvik in Eksta, Gotland.

Figs. 3-4, 6, 7. Leonaspis muldensis sp. nov. 3-4, Holotype, dorsal stereograph and anterior view of

incomplete, worn exoskeleton, RM Ar 30826, x44. 6, Small enrolled individual, RM Ar 30826/1,

showing how the pleural spines fit inside edge of the free cheek, X 6. 7, Worn thorax and pygidium

RM Ar 47405, X 6. All specimens from Mulde Beds, Djupvik in Eksta, Gotland.
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articulating process, while the posterior point is homologous with the anterior spine

commonly found on other odontopleurid pleurae.

Discussion. Emmrich named and briefly described this species in the programme of
k

Realschule in Meiningen’ 1844. An exact reprint of this paper appeared in the Neues

Jahrbuch for 1845. No figures were given. For this reason, there is a little doubt whether

the specimen here designated as lectotype was available to Emmrich when he gave the

original diagnosis of the species. However, Dr. Hermann Jaeger (personal communi-
cation 9. 10. 63) believes that the specimen belonged to Emmrich’ s collection. The speci-

men is labelled as coming from Klintehamn, Gotland, which locality, Dr. Anders
Martinsson informs me, is the nearest point of habitation to the type locality of the

Mulde Marl. All specimens of L. crenata which I have examined, in Swedish museums
have been collected from the Mulde Marl at Djupvik in Eksta.

Loven (1845, p. 47, pi. 1, figs. 6a-b) gave a complete description of this species and was
the first to figure specimens. The description and the figures were considerably more
accurate than the idealized illustration given by Angelin (1854, pi. 21, figs. 6a-b). The
specimens of these two authors have not been identified in the Riksmuseum Collections.

The specimens from Britain described as Acidaspis crenata by Lake (1896, pp. 239-40,

pi. 7, figs. 1, 2) are very similar to the Swedish species but differ in details of the pygidium

and exoskeletal ornament. In a forthcoming paper I intend to redescribe the British

material as a new species.

L. crenata resembles L. tuberculatus (Hall) and L. williamsi (cf. Whittington 19566,.

pp. 507-10, pi. 57; pi. 58, figs. 1-7) but appears closer to the second species which has

a similar type of pygidium and free cheek; the occipital ring has a short blunt spine.

L. crenata, however, has a hypostoma, approximating more closely to a square, a less

strongly decorated exoskeleton, and a greater number (9) of thoracic segments.

Leonaspis muldensis sp. nov.

Plate 33, figs. 3M, 6-7

Derivation of name. From Mulde, the name of the type horizon.

Holotype. The enrolled cephalon and thorax (RM Ar 30826) figured as Plate 33, figs. 3-4.

Other material. One incomplete thorax and pygidium (RM Ar 47405) and one enrolled cephalon and
thorax (RM Ar 30826/1).

Dimensions of holotype. Length of cranidium 4-7 mm.; width between palpebral lobes 6-5 mm.

Type locality. Djupvik in the parish of Eksta, Gotland.

Horizon. Uppermost Wenlock, Mulde Beds.

Diagnosis and description. Three enrolled specimens, which differ considerably from
L. crenata, have been found among a large sample of L. crenata from the Mulde Marl.

These specimens are here described as the new species L. muldensis.

When sorting the material, L. muldensis is easily distinguished from L. crenata on
account of the more compact form of spheroidal enrollment which is a reflection of the

wider (tr.) and less tapered thorax. Other important differences may be described as

follows: Cranidium (PI. 33, fig. 3) approximately one and a half times as wide as long,

with the occipital ring lacking the blunt median spine; anterior margin straight and
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without the single row of small spines; palpebral more widely spaced and shorter; eye

ridge concomitantly more divergent with a wider (tr.) posterior part of the fixed cheek.

The anterior branch of the facial suture curves more strongly inwards anteriorly and the

antero-lateral part of the border is strongly upturned and very deep. Free cheek with

narrow convex border and deep furrow inside the anterior suture, furrow becoming
shallower towards base of librigenal spine and the border is wide and flattened. Cheek
margin curved steeply outwards and downwards (PI. 33, fig. 4), so that when the speci-

men is viewed dorsally (PI. 33, fig. 3), the short fringing spines are scarcely visible.

Librigenal spine and hypostoma not known.

Thorax (PI. 33, figs. 6-7) with ten segments, of which only the first appears to

be shortened (tr.). Principal pleural spines less stout, and fulcral swelling not obvious.

Pygidium (PI. 33, fig. 7) only known from one rather worn specimen but, neverthe-

less, very different from that of L. crenata. Outline rectangular, slightly less than four

times as wide as long. Rachis tapering backwards, with convex first ring, and a smaller

second ring with short terminal portion. Dorsal furrow short and pit-like alongside

the second ring but apparently dying out posteriorly. The narrow pleural ridge diverges

outwards and backwards and reaches the posterior border at approximately one-half

pleural width. Only the bases of four inner secondary spines are visible, while there is

one short outer secondary spine. The specimens are all rather water-worn and the sur-

face granulation, with the exception of a transverse row on the frontal glabellar lobe, is

not preserved.

Discussion. The shape of the pygidium shows that L. muldensis is possibly related to

L. marklini and L. mutica. The presence of ten thoracic segments and traces of a coarse

granulation, on what is otherwise a badly worn specimen, suggests an affinity with

L. marklini. The broad, downwardly curved free cheek border and the ventrally directed

fringing spines, are features which enable the free cheek of L. muldensis to be separated

from that of L. marklini and L. mutica.

Leonaspis angelini (Prantl and Pribyl, 1949)

Plate 34, figs. 3-6

1854 Acidaspis Barrandei Angelin, p. 38, pi. 22, fig. 14.

1885 Acidaspis barrandei Angelin; Lindstrom, p. 53.

1949 Acanthaloma angelini Prantl and Pribyl, pp. 159-60, pi. 10, figs. 11-12.

Holotype. The almost complete specimen (RM Ar 30859), figured by Angelin 1854, pi. 22, fig. 14, and
refigured herein as Plate 34, figs. 4-6.

Material. In addition to the holotype, one fragmentary free cheek (RM Ar 47407).

Dimensions of holotype. Length of cranidium (projected) 35 mm.; width of cranidium 5-8 mm.; width

EXPLANATION OF PLATE 34

Figs. 1-2. Leonaspis crenata (Emmrich). 1 , Dorsal stereograph of hypostoma and damaged rostral plate

RM Ar 30816, original of Lindstrom 1901, pi. 1, figs. 3-6, X 10. 2, Slightly damaged hypostoma in

contact with rostral plate RM Ar 30813, x9. Mulde Beds, Djupvik in Eksta, Gotland.

Figs. 3-6. Leonaspis angelini (Prantl and Pribyl) (ex. barrandei Angelin). 3, Ventral view of incomplete

free cheek RM Ar 47407, x 7. 4—6, Holotype RM Ar 30859, the original of Angelin 1854, pi. 22,

fig. 14. 4, Dorsal stereograph of complete exoskeleton, x 2. 5, 6, Anterior and oblique left lateral views,

x 2. Slite Beds (lower Upper Wenlock), Lilia Karlso, Gotland.
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of cephalon 1 1 mm. approx. ; width of thorax at first seg. 9-5 mm. ; width of thorax at ninth seg. 5-5 mm.

;

length of thorax 9 mm.; width of pygidium 4-? mm.; length of pygidium 1-5 mm.

Type locality. Lilia Karlso, Gotland.

Horizon. Lower-Upper Wenlock, Slite Beds.

Description. The cranidium of the holotype has been pressed inwards and partly

crushed on the right-hand side and the free cheek has been slightly displaced. Median
gjabellar lobe broad and flattened (tr. and sag.), parallel-sided as far as inner ends of

,S2, then widening forwards to give flattened frontal lobe. The occipital ring is broken

in its mid-part so that here details are not known. Outer part of occipital furrow con-

siderably deepened beneath LI, and a small tubercle is present in place of an occipital

lobe. Two pairs of lateral lobes, LI the larger, sub-oval in outline but rather pointed at

the outer end. L2 small and globose. SI curved sharply inwards, the inner end deep and

parallel with the otherwise shallow longitudinal furrow. S2 directed more obliquely in-

wards from inside the eye ridge. Latter very weakly convex, curves outwards around L2
and then becomes straighter. A small broken part of the palpebral lobe indicates that the

eye was positioned well backwards opposite the base of LI, and was directed upwards

off the highest part of the cheek. Fixed cheek a very narrow ornamented band which

slopes steeply inwards alongside the posterior half of LI. Anterior facial suture not

clearly visible, but apparently directed straight forwards from base of eye and then

gently curving inwards and crossing the anterior border in line with the dorsal furrow.

Posterior branch of suture directed outwards, at right angles to the anterior branch,

curved forwards in a gentle convex curve, then turned backwards distally inside the

librigenal spine. Posterior border with a prominent spine base just behind the suture.

Free cheek sub-quadrate and tapering backwards towards the librigenal spine. Border

broad and flattened near the anterior suture but more convex with deepened border furrow

at the base of the librigenal spine. Latter slim, oval in cross-section. The border spines,

of which there are at least ten, increase in length backwards and the most posterior

two spines occur at the base and along the outer edge of the librigenal spine (PI. 34,

fig. 3). Cheek surface and border coarsely granular, the librigenal spine and the fringing

spines of the cheek finely granular. Thorax of nine segments, of which the first

two are shortened transversely. On the holotype (PI. 34, fig. 4) the first segment

is partly hidden beneath the backward sweep of the posterior margin because of the

tilting of the cephalon relative to the thorax. Rachis wide (tr.), moderately convex,

occupying slightly more than one-third the total pleural width. Principal pleural ridge

strongly convex, slightly swollen at the fulcrum. Principal pleural spines long, tapered,

directed slightly downwards and then curved strongly backwards sub-parallel to each

other. Principal pleural ridge separated by change of slope from the narrow (exs.) raised

anterior accessory ridge which has a small articulating process at the fulcrum but no
true anterior spine. Rachial rings each with a pair of conspicuous tubercles positioned

on the lateral parts and smaller scattered granules elsewhere. Principal pleural ridge also

with small tubercles positioned just inside the fulcral swelling and at approximately one-

third pleural width (from rachis). Anterior accessory ridge with single row of very small

granules. Remainder of exoskeleton, including pleural spines, minutely pustulose.

Pygidium with narrow, moderately convex first rachial ring connected by a very short

pleural ridge to the long, slim, backwardly directed major spines. Latter approximately
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three times the total length of the pygidium. Posterior border connected to the inner

parts of the major spines so that a raised ring surrounds the second rachial ring. Latter

vaulted by reason of the deep dorsal furrows which circumscribe all but the tip of the

rachis. Between the major spines a pair of short slim spines directed horizontally back-

wards. Outer pleural area short (tr.) and ear-like with single row of small tubercles

directed obliquely across the surface to the base of the single anterior secondary border

spine. Pleural ridge with prominent tubercle at the base of the major spine, rachial rings

finely granular but each with a pair of conspicuous tubercles; remainder of surface

minutely papillate.

Discussion. Prantl and Pribyl (1949, pp. 1 59—60) quite correctly recognized that the

species name Acidaspis barrandei Angelin 1854, as applied to a species of Leonaspis , was

a junior primary homonym of the older British name Acidaspis barrandii Fletcher-

Salter 1853, applied to a species of Ceratocephcda. In consequence, the new name angelini

Prantl and Pribyl 1949, was established for barrandei Angelin.

Much of the confusion relating to the priority of the two species names had arisen

because of the belief that the British species was still a manuscript name after the publi-

cation of Angelin’s work. Lindstrom (1885, p. 53) believed this to be the case but Lake

(1896, pp. 241-2) correctly outlined evidence to the contrary. The history of the name is-

as follows:

Salter (1848, p. 349, pi. 9, fig. 4) figured a cephalon from the Wenlock Limestone, Dudley, under the

name Acidaspis bispinosus M’Coy, but remarked that this, and other specimens from the same locality,,

were longer and possessed a different glabella convexity from the type of M‘Coy. Later, Salter (1853,

p. 6) noted that the specimen was not conspecific with M'Coy’s type as at first inadvertently thought,,

and he said that the form had been named Acidaspis Barrandii by Fletcher and was to be described

shortly. The species was later refigured in Murchison’s ’Siluria’ 3rd, edn. 1859, but no full description

appeared until the work of Lake (1896, p. 241, pi. 8, figs. 1-3).

Succeeding authors, Lake (loc. cit.)
;
Reed(1906,p. 1 12); Prantl and Pribyl (1949, p. 160)and others,

attributed this species name to either Fletcher and Salter or Salter. The correct quotation should be

barrandii Fletcher in Salter 1853 (see I.C.Z.N. 51 (c)). From 1853 onwards, the name was in current

use in Britain (see Lake 1896, p. 242) and was perfectly valid despite the fact that it was quoted

erroneously by Morris (1854, p. 98), as being a manuscript name. Lindstrom (1885, p. 53) believed

the first use of the name for the British species was by Morris and therefore thought that the Swedish

name had priority since the work of Angelin, published in the early part of 1854, appeared before

Morris’s catalogue which was printed in July.

For the reasons outlined above, the British species name was already valid in 1853.

Lindstrom (1885, p. 54) noticed the resemblance between the pygidium of L. angelini

and L. crenata. I \\L. angelini,
however, the major border spine and pleural ridge occupies

almost the entire width of the pleural area and there is no bifid anterior border spine.

The free cheek of L. crenata can be distinguished from that of L. angelini on account of
the broad, flattened, and smooth border, and the shorter peg-like fringing spines.

Angelin (1854, pi. 22, fig. 14) illustrated paired tubercles on the occipital ring, but

this part has since been broken. If there are paired tubercles on this part, cranidia of

L. angelini can be readily separated from L. crenata because the latter has a short spine

on the occipital ring.

Leonaspis varboiensis sp. nov.

Plate 35, figs. 1-2, 4

? 1938 Leonaspis rnarklini (Angelin); Whittard, p. 108, pi. 3, fig. 14.
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Derivation of name. From the name of the type locality.

Holotype. The cranidium with a damaged occipital ring (EA Tr 1802/1) figured as Plate 35, fig. 2.

Dimensions of holotype. Length of cranidium 3-5 mm.; width (measured across the palpebral lobes)

4 mm.

Type locality. Varbola well, Estonia.

Horizon. Lowermost Llandovery, Juuru Stage (Gp.

Material. In addition to the holotype, one free cheek and two cranidia (EA Tr 1802/2-4) from the

type locality; two cranidia, one fragmentary free cheek, and four pygidia (EA Tr 2239/1-7) from
the Llandoverian Rastrites Shale, Engure Boring (level 857-1003 m.), Piltene, Latvia; one cranidium

(GSM 55482) from the Llandoverian Pentamerus Beds, Shineton, Shropshire, which was figured by
Whittard 1938, pi. 3, fig. 14.

Diagnosis and description. Cranidium (PI. 35, fig. 2) with the maximum length (sag.)

slightly less than maximum width. Median glabellar lobe outlined by the deep longi-

tudinal furrows and maximum transverse width level with the inner end of SI. From
this point, the anterior section of the longitudinal furrow is curved in a bow-shape in-

wards, while the posterior section is straight and converges backwards; transverse

width of median lobe in front of the occipital furrow about two-thirds the maximum
width. Frontal lobe with a rounded outline, sloping steeply down to the anterior border

furrow. The occipital ring is about four times as wide as long and is gently convex. Two
pairs of lateral lobes; LI oval in outline, about half as long as the fronto-median lobe

with the longest axis exsagittal; L2 about half the size of LI with the longest axis

oblique to the sagittal line. SI deep between the lobes, inclined at about 20° and then

curved backwards parallel to the longitudinal furrow; S2 inclined more steeply inwards.

Palpebral lobe positioned far backwards on a transverse line drawn through the mid-

part of LI
;
lobe directed upwards and backwards, lip curved outwards. Fixed cheek a

narrow, gently convex area with the maximum width inside the palpebral lobe slightly

less than the width of LI
;
cheek curves strongly downwards posteriorly from the highest

point which is level with the anterior one-third of LI. Anterior branch of the facial suture

leaves the eye ridge opposite the highest part of the fixed cheek and runs forward, only

slightly convergently, and crosses the anterior margin at a point on an exsagittal line

drawn through the midpart of the fixed cheek. Antero-lateral triangle of outer fixed cheek

broad and flattened but slightly deepened at the inner corner. Posterior branch of suture

directed outwards at right angles to the anterior suture and slanting backwards before

turning abruptly backwards inside the base of the librigenal spine. Transverse width of

the posterior border equal to one-half the width of the cranidium. Fronto-median lobe,

lateral lobes, fixed cheek, and occipital ring with large blunt tubercles which are very

closely spaced; anterior border minutely granulated, furrows smooth. The cranidium of

Plate 35, fig. 1 is preserved as an internal mould in shale and the exoskeleton is not

preserved.

Only one poorly preserved free cheek, exposed from the ventral side, is known from the

type locality. The base of the librigenal spine is broad and there are thirteen fringing

spines. No pygidia are known from the type locality, but the specimen (PI. 35, fig. 4)

which was found with the cranidium (PI. 35, fig. 1) at an approximately equivalent

horizon in Latvia, is assumed to belong here. The pygidium, which is preserved as

an internal mould, is exceedingly like the pygidium of L. marklini (PI. 30, fig. 5.)
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Discussion. The cranidium of L. varbo/ensis (PI. 35, fig. 2) is like that of the younger
L. marklini (PI. 30, fig. 4; PI. 31, fig. 3), but differs mainly in the outline of the median
glabellar lobe, the less anteriorly pointed LI, the straighter, less convergent anterior

branch of the facial suture, and the more closely spaced granulation on all parts

of the cranidium. The latter feature and the smooth anterior margin of the cranidium,

serve to separate L. varbo/ensis from L. centrina (PI. 35, fig. 12). In my opinion, the

cranidium figured by Whittard (1938, pi. 3, fig. 14) is closer to L. varbo/ensis than it is

to L. marklini with regard to the straighter anterior branch of the facial suture and the

outline of the median glabellar lobe. However, the occipital ring of the English specimen

is longer (sag.) and more convex in its median part and the surface granulation, although

as coarse as in L. varbo/ensis, is less closely spaced on the fronto-median glabellar lobe.

Leonaspis centrina (Dalman, 1828)

Plate 35, figs. 11-12; text-fig. 1

1828 Calymene centrina Dalman, p. 35.

1844 Odontopleura centrina (Dalman); Emmrich, p. 17.

1845 Odontopleura centrina (Dalman); Emmrich, p. 44.

1845 Calymene? centrina (Dalman); Loven, p. 48.

1854 Acidaspis granulata (Wahlenberg); Angelin, p. 37, pi. 22, fig. 11.

1869 Acidaspis centrina (Dalman); Linnarsson (partim), p. 65.

1896 Acidaspis centrina (Dalman); Lake, p. 224.

1921 Acidaspis centrina (Dalman); Troedsson (partim), pp. 4, 6, 10, tab. p. 12.

1938 Acidaspis centrina (Dalman); Whittard, p. 107.

1948 Leonaspis centrina (Dalman); Waern, p. 461.

1960 Leonaspis centrina (Dalman); Kielan, p. 101, pi. 15, fig. 5, text-fig. 26.

19666 Leonaspis centrina (Dalman); Bruton, pp. 10-11.

EXPLANATION OF PLATE 35

Figs. 1, 2, 4. Leonaspis varbo/ensis sp. nov. 1, Internal mould of cranidium EA Tr 2239/1, dorsal view*

x 5. 4, Internal mould of pygidium, EA Tr 2239/2, x4. Rastrites Shale (Lower Llandovery), level

1003 05 m., Piltene boring, Latvia. 2, Holotype, EA Tr 1802/1, dorsal view of cranidium with

damaged occipital ring, X 7. Juuru Stage (Gx), Lowermost Llandovery, Varbola well, Estonia.

Figs. 3, 5, 6. Acidaspis pectinata Angelin. 3, Incomplete free cheek and part-cranidium, RM Ar 30876,

dorsal view, xlf Lowermost Hogklint Beds (above Llandovery-Wenlock boundary),
1

Visby-b’,

Gotland. 5, Incomplete pygidium exposed from the ventral side, RM Ar 30865, X 2. 6, Internal mould
of free cheek and incomplete cranidium in dorsal view, RM Ar 30867, X 1|. ?Upper Hogklint Beds,

‘Visby-b’, Gotland.

Figs. 7-9. Anacaenaspis aff. A. gotlandensis gen. et sp. nov. 7, 8, Latex cast of external mould of incom-

plete cephalon, RM Ar 30817/1, oblique right lateral and dorsal views, x 3. 9, Internal mould of the

pygidium seen lying alongside the cephalon in fig. 8, RM Ar 30817/2, x4. Gotland, horizon and

locality unknown.
Fig. 10. Anacaenaspis gotlandensis gen. et sp. nov. Damaged cephalon exposed from the ventral side,

RM Ar 30806a, x2. Uppermost Hemse Beds (Middle Ludlow), Lau Kanal, Gotland.

Figs. 11-12. Leonaspis centrina (Dalman). 11, Partly compressed pygidium, UM Vg 806, x 10. Lower
Llandovery, level 22-20 m., Kullatorp bore, Kinnekulle, Vastergotland. 12, Cranidium, UM Vg 805a,

dorsal view, x 10. Level 25-70 m. of the same bore core. Waern Collection 1948.

Fig. 13. ?Acidaspis sp. indet. Incomplete pygidium EA Tr 1844/4, exposed from the ventral side, X 3.

Adavere Stage (H 4 ), Upper Llandovery, River Velise i Voiva, Estonia. Coll. R. Mannil.

Fig. 14. Anacaenaspis emarginata (Schmidt). Holotype, KML 17857, the original of Schmidt 1885,

pi. 1, fig. 1, incomplete cephalon, oblique left lateral view, X 3. Jaani Stage (

J

x ), Koguva saar, Island

of Muhu, Estonia.

Figs. 11-12 taken by Mr. N. Hjorth.
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Lectotype. (Kielan 1960, pi. 15, fig. 5). The almost complete specimen (RM Ar 1547) which was
figured by Angelin 1854, pi. 22, fig. 11, as Acidaspis granulata Wahlenberg.

Type locality. Mosseberg, Vastergotland.

Horizon. Lower Llandovery, Rastrites Shale.

Material. One well-preserved cranidium (UM Vg 805a) and a pygidium (UM Vg 806) from levels

25-70 m. and 22-2 m. respectively of the Kullatorp boring plus a small cranidium (UM Vg 807a-b;

25-6 m. level) small pygidium (UM Vg 808; 23-5 m. level) and an incomplete thoracic segment (UM Vg
810; 21-8 m. level). One incomplete specimen (UM Vg 796) from the lowermost Llandovery (zone of

Climacograptus scalaris) at the road cutting 3-5 km. ESE. of Varnhem Church, Shovde, Vastergotland.

Discussion. Kielan (1960, p. 101) has described and discussed features of the lectotype

and recently (Bruton 19666) 1 have given my reasons for believing that the specimen

comes from the lowermost Llandovery and not, as was formerly thought, from the

Upper Ordovician Dalmanitina Beds. The following description has been made with the

aid of additional specimens obtained by Dr. B. Waern from the Lower Llandoverian

section of the bore core at Kullatorp, Kinnekulle, Vastergotland (for details, see Wtern

1948, p. 433).

Description. Cranidium (PI. 35, fig. 12) gently convex and approximately circular in

dorsal view. Median glabellar lobe bounded by wide longitudinal furrows which are

deepest anteriorly and shallower across base of LI . Frontal lobe expanding forward and
sloping downwards to shallow anterior border furrow. Occipital ring (from counterpart),

moderately convex, twice as wide (tr.) as long (sag.), with small median tubercle. Small

occipital lobe outlined by the short, backward extension of the longitudinal furrow and

the deep occipital furrow beneath LI. Two pairs of lateral glabellar lobes, LI the larger.

Both lateral glabellar lobes with pointed anterior ends, sub-oval in outline, longest axis

slightly oblique to the sagittal line. Lateral furrows narrow, deep at inner ends, and
inclined inwards at about 50 degrees. Dorsal furrow shallower than the longitudinal

furrow, broad posteriorly but shallow to lacking alongside L2 and here only a change of

slope separates the outer part of the lobe from the fixed cheek. Eye ridge gently convex

and curved outwards and backwards to a point opposite outer end of SI, then becoming

straight (exs.). Palpebral lobe not preserved but apparently positioned just inside the

posterior border and opposite the outer end of the occipital furrow. Anterior branch of

facial suture slightly divergent until level with the outer end of SI and then curving in-

wards to cross the wide anterior margin at a point on a line drawn through the midpoint

of the fixed cheek at its greatest width. Outer part of the fixed cheek between anterior

suture and eye ridge very deep, triangular in outline, approximately twice as long (exs.)

as wide (tr.). Posterior branch of facial suture appears to form a right angle with the

anterior suture at base of eye and is then directed straight outwards for a length equal

to that of cranidium. Frontal lobe with medium-size granulation arranged in approxi-

mately transverse rows; posteriorly, on the median lobe, the granulation is finer and less

symmetrical. Lateral lobes granular on the most convex parts. On the fixed cheek there

is a prominent row of five granules which are aligned down the length of the cheek and
the eye ridge has at least three granules. Remainder of surface minutely granular to

smooth. Pygidium (PI. 35, fig. 11, text-fig. 1) approximately triangular in outline and
about three times as wide as long. Rachis with two distinct rings and an ornamented
terminal portion which reaches the posterior border. Dorsal furrow broad and deep, rachis
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vaulted. First ring apparently gently convex, width (tr.) slightly less than the length of

the rachis. Pleural ridge short, raised, and swollen at the base of major spine. Major and
secondary spines, of which there are two inner and two outer, compressed on the speci-

men with the resultant formation of accidental grooves

down their length. Anterior border of pygidium straight

(tr.) for half pleural width and then sharply sloping

and forming a small articulating process at the antero-

lateral corner. Large granules outline an anterior ridge

and faint pleural ridges which cross the outer pleural

area and join the base of each anterior secondary spine.

A conspicuous granule is positioned on the pleural

ridge opposite the second rachial ring, and the rachis

has fine and closely spaced granulation.

One poorly preserved pleural segment shows a broad
principal pleural ridge which is separated from a narrow
anterior accessory area and ridge, and a narrow slop-

ing posterior accessory area. Two prominent tubercles

occur along the principal pleural ridge at approximately one-third and two-thirds the

pleural width (from the rachis).

Genus acidaspis Murchison 1839

Synonym (objective): Pseudomonaspis R. and E. Richter 1917

Type species. By monotypy, Acidaspis brightii Murchison, 1839 (a recent diagnosis of the genus has

been given by Whittington, 1956u, p. 232).

Acidaspis pectinata Angelin, 1854

Plate 35, figs. 3, 5, 6

1854 Acidaspis pectinata Angelin, p. 33, pi. 21, fig. 5.

1885 Acidaspis pectinata Angelin; Lindstrom, p. 55.

1896 Acidaspis pectinata Angelin; Lake, p. 244.

non 1955 Acidaspis pectinata Angelin; Maksimova, p. 125, pi. 60, fig. 5 [= Anacaenaspis emarginata

(Schmidt)].

Material. One free cheek with a small piece of the cranidium attached and one pygidium exposed from
the ventral side (RM Ar 30865, 30867). These are labelled as coming from level ‘b’ in the neighbour-

hood of Visby, Gotland, and the matrix surrounding the specimens indicates that the horizon is almost

certain to be the Lower Wenlock, Hogklint Beds. A second incomplete free cheek and part cranidium

(RM Ar 30876) most likely come from the same horizon in the vicinity of Visby. Ostracode fragments

around this specimen suggest the horizon to be the lowermost Hogklint Beds (i.e. slightly above the

Wenlock-Llandovery boundary; Martinsson, verbal communication).

Discussion. The incomplete cranidium, free cheek, and pygidium (PI. 35, figs. 5-6) may
be the specimens which were used for Angelin’s (1854) figure, pi. 21, fig. 5. In the very

brief description, Angelin (1854, p. 33) says that the occipital ring was broken yet, in the

figure, he shows this part to be complete. Thus the figure may well be very idealized.

The present material possesses some of the characteristics for Acidaspis which include

(1) the stout, coarsely granulated librigenal spine; (2) the raised cheek border with the

text-fig. 1. Leonaspis centrina

(Dalman). Lower Llandovery,

Kinnekulle, Vastergotland. Re-

construction of pygidium (drawn
from the original of PI. 35, fig. 1 1)

approx. x9.



DAVID L. BRUTON: SILURIAN ODONTOPLEURID TRILOBITES 235

stout peg-like border spines; (3) the antennular notch at the forward extension of the

anterior border between the suture and the succeeding first border spine (PI. 35, fig. 3);

and (4) the ridge-like swelling (— sutural ridge) which runs inwards from the base of

the librigenal spine (PI. 35, fig. 6).

The pygidium (PI. 35, fig. 5) is very like those known for Acidaspis and has (1) stout,

strongly divergent major spines which are coarsely granulated on the ventral surface,

(2) four short posterior secondary spines, and (3) three spines anterior to the major spine.

The free cheek of A. pectinata (PI. 35, fig. 6) is wider (tr.) than that of A. brightii (cf.

Whittington 19566, pi. 58, figs. 8, 12); the longer librigenal spine is directed strongly

outwards and backwards and inflected downwards distally.

?Acidaspis sp. indet.

Plate 35, fig. 13

Material. One pygidium (EA Tr 1844/4) from the Upper Llandovery, Adavere Stage (H 4 ), River Velise

i Voiva, Estonia. Specimen on the same limestone block as the cranidium, free cheek, and pygidium of

Cheirurus estonicus (cf. Mannil 1958, pi. 1, figs. 2-4).

Description. The specimen, which is exposed from the ventral side, is slightly greater

than twice as wide (tr.) as long (sag.) and has a broad doublure which is horizontal

beneath the tip of the rachis but progressively turned inwards towards the antero-lateral

corners. The stout major border spine diverges backwards from the border at about one-

third the pleural width (from rachis) and there are four short posterior and three anterior

secondary spines. Details of the rachis are not preserved. The anterior margin is straight

and there is a short articulating process which is directed backwards from the antero-

lateral corner. Border spines and doublure finely granulated.

The specimen has the same number of border spines as the pygidium associated with

Acidaspis pectinata (PL 35, fig. 5) and the secondary spines are shorter than those of

Anacaenaspis got/andensis (PI. 35, fig. 9; PI. 36, fig. 5).

Genus anacaenaspis gen. nov.

Derivation of name. From Greek anakaina, ‘without spine '+ aspis, shield.

Type species. Anacaenaspis gottandensis gen. et sp. nov.

Diagnosis. Differs from Acidaspis (see Whittington 1956a, p. 232) in not having the

entire posterior margin of the occipital ring produced backwards in the form of a stout

median spine. In the type species, the posterior margin of the occipital ring is smooth but

one other species included in the new genus has slim, paired occipital spines. A third

lateral glabellar lobe may or may not be developed. Eye position and direction of facial

sutures as in Acidaspis, but the enlarged posterior sutural ridge is not developed. Thorax
of ten segments, principal pleural ridge swollen at the fulcrum. Pygidium with 4-6 spines

between the major border spines. Pleural ridge forming a broad arc outwards and back-

wards from alongside the first rachial ring.

Geological range. Silurian, Llandovery to Ludlow.

Discussion. The differences between the Middle and Upper Ordovician species Acidaspis

cincinnatiensis Meek (cf. Whittington 19566, p. 512, pi. 58, figs. 9-11; pi. 59, figs. 1,

C 4471 R
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9-11), Acidaspis viruana (Opik 1937, p. 43, pi. 5, fig. 1; text-fig. 10), A. magnospina
(Stubblefield 1928, p. 429, pi. 14, figs. 1-4), the Silurian species A. brightii (cf. Whitting-

ton 19566, pi. 58, figs. 8, 12; Opik 1937, p. 45, text-figs. 1 1-12) and the Devonian species

A. bucco (R. and E. Richter 1918, p. 144, text-fig. 1) seem to be less than between any
one of them and Anacaenaspis gotlcmdensis which lacks the stout occipital spine. I have

recognized this difference as of generic rank.

Anacaenaspis gotlcmdensis gen. et sp. nov.

Plate 35, fig. 10; Plate 36, figs. 2-5

Derivation of name. From the Baltic island of Gotland.

Holotype. The cephalon and thorax (UM G 821) which is figured herein as Plate 36, figs. 2-4.

Dimensions of holotype. Length of cranidium 3 mm.; width between palpebral lobes 3-5 mm.

Type locality. Petesvik in Hablingbo, Gotland.

Horizon. Middle Ludlow, Hemse Beds.

Material. One pygidium (RM Ar 30871) from the type locality and one external mould of an incom-

plete cephalon (RM Ar 3086a) from the uppermost parts of the Hemse beds, Lau Kanal, Gotland.

Description. Cephalon (PI. 35, fig. 10; PI. 36, fig. 3) approximately semicircular, moder-
ately to strongly convex. Fronto-median lobe sloping steeply downwards to anterior

border. Latter projects slightly forward and there is a notch between the edge of this

projection and the adjoining free cheek (PI. 35, fig. 10). Occipital ring narrow (sag.),

separated from remainder of the glabella by a broad smooth occipital furrow. Furrow
deep laterally beneath LI, behind this a faint occipital lobe is outlined. Posterior margin

of occipital ring straight and smooth; small median granule present. Three pairs lateral

glabellar lobes; LI the larger, elliptical in outline; L2 subcircular; L3 a small but con-

spicuous swelling at the side of frontal lobe (PI. 36, fig. 2). Lateral furrows curved back-

wards at inner ends, very deep adjacent to median lobe. Dorsal furrow shallow to lacking

anteriorly but wider and deeper alongside LI. Eye ridge narrow and convex near frontal

lobe, becoming flatter towards the eye. Latter placed outwards and backwards on fixed

cheek on a transverse line through the occipital furrow. Fixed cheek widest posteriorly,

flat to gently sloping outwards to eye ridge from dorsal furrow. Free cheek (PI. 36, fig. 3)

with broad flattened border bearing at least ten fringing spines all directed downwards
from lower margin, so that they are not visible when the cephalon is viewed from a

strictly dorsal position. Anterior branch of facial suture defined by a sutural ridge (PI. 36,

fig. 2) which diverges from the eye ridge opposite the inner end of SI, then curves

slightly forward to cross the anterior border about where it projects forward. Posterior

suture about half the length of the anterior suture, directed outwards at right angles to

course of anterior suture and curved backwards inside base of librigenal spine. Latter

(PI. 35, fig. 10) long, slim, curving backwards and slighty upwards and inwards distally.

Cheek doublure (PI. 35, fig. 10) narrow and inwardly sloping; border spines and libri-

genal spine with small thorn-like surface spines which are present at least on the ventral

side.

The hypostoma is unknown.
Thorax (PI. 36, fig. 3) with ten segments. Rachis narrow (sag.), strongly convex,,

and occupying about one-half the total width of segment. Principal pleural ridge broad,.
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moderately convex; anterior accessory area very narrow (exs.) and marked off from ridge

by change of slope; posterior flange very narrow. The first two segments are faceted

distally but the remaining segments have the principal pleural spine bent strongly

downwards and swept slightly backwards from the swollen fulcrum. The true lengths

of the spines are not known. Rachis with prominent paired granules; principal pleural

ridge with granules at the fulcrum and one at about one-half the pleural width.

The pygidium (PI. 36, fig. 5) from the Hemse Beds at Petesvik in Hablingbo differs

from the pygidium associated with Acidaspis pectinata (PI. 35, fig. 5) in (1) the stouter

secondary spines; (2) the more broadly curved pleural ridges which form a broad arc

continuous with the first ring of the rachis; (3) a broader and flatter posterior border.

Discussion. Dr. Anders Martinsson has shown me a photograph and plaster cast of a

specimen, collected from the Graptolithengestein by Mr. Neben (Berlin), which appears

to be very like A. got/andensis. The cephalon is identical, but a pygidium found with it

has five anterior and six posterior border spines making a total (including the major

spines) of eighteen border spines as opposed to ten in A. gotlandensis.

Anacaenaspis aff. A. gotlandensis gen. et sp. nov.

Plate 35, figs. 7-9

Material. One external mould of a cephalon and an internal mould of a pygidium (RM Ar 30817) from

an unknown horizon and locality on Gotland. One external mould of a cephalon (EATr 1801) from the

Upper Llandovery, Adavere Stage (H 4 ) and an incomplete cranidium (EA Tr 2338) from the Middle

Llandovery, Tamsalu Stage (G 2 ), Kallaste, Island of Hiiumaa, Estonia. Collection R. Mannil, 1956.

Discussion. The cranidium (PI. 35, figs. 7-8) from an unknown horizon on Gotland

is identical with a cranidium (EA Tr 1801) which I have examined from the Upper
Llandovery of Estonia and both differ slightly from the type of A. gotlandensis (PI. 36,

figs. 2-4) in having a straighter eye ridge with the eyes more widely spaced, and a wider,

flatter posterior part of the fixed cheek. However, the pygidium (PI. 35, fig. 9), which

is the specimen seen alongside the cephalon (PI. 35, fig. 8), is very like that associated

with A. gotlandensis (PI. 36, fig. 5).

Better material than is available at present will possibly prove that these specimens

represent a species earlier than A. gotlandensis but closely related to it.

Anacaenaspis emarginata (Schmidt, 1885)

Plate 35, fig. 14; Plate 36, fig. I

1885 Acidaspis emarginata Schmidt, p. 2, pi. 1, fig. 1.

1907 Acidaspis Marklini Angelin; Schmidt, p. 22.

1955 Acanthaloma pectinata (Angelin); Maksimova, p. 125, pi. 60, fig. 5.

1962 Acanthaloma emarginata (Schmidt); Maksimova, p. 74, pi. 10, fig. 7.

Holotype. The incomplete cephalon (KML 17857) figured by Schmidt 1885, pi. I, fig. 1 and refigured

herein as Plate 35, fig. 14; Plate 36, fig. 1.

Dimensions of holotype. Width of cephalon 13-5 mm.; length of cranidium 7 mm.; max. width of

cranidium (measured across palpebral lobes) 8-5 mm.

Type locality. Koguva saar, Island of Muhu, Estonia.

Horizon. Upper Wenlock, Jaani Stage (T).
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Material. In addition to the holotype, the cephalon (CGML 393/9202) figured by Maksimova (1962).

Description (of holotype). This species is exceedingly like A. gotlandensis, differing

mainly in that the posterior margin of the occipital ring has a pair of small spines and in

lacking the small third lateral glabellar lobe. The important features may be described as

follows: Cephalon (PI. 36, fig. 1) rectangular in dorsal aspect, slightly less than twice as

wide as long; moderately convex. Median glabellar lobe outlined by the shallow longi-

tudinal furrows, parallel-sided as far as the inner ends of S2, expanded laterally to give

a broad, rounded frontal lobe which slopes steeply down to the narrow (sag.) anterior

border and furrow. Length (sag.) of the frontal lobe about one-fifth of the length of the

glabella. Two pairs of lateral lobes; LI the larger, oval in outline and about one-half

the total glabella length; L2 more circular in outline, a little more than one-third as large

as LI. Occipital ring about three times as wide (tr.) as long (sag.) with raised median
portion which is outlined by the posterior continuation of the longitudinal glabellar

furrows. Latter diverge slightly so that the median part of the occipital ring is wider (tr.)

at the posterior margin than it is behind the occipital furrow. Occipital furrow straight

(tr.) medially, but curved backwards and outwards laterally around the base of LI
;
a

small, weakly developed occipital lobe is outlined on the lower lateral part of the ring.

Posterior margin of occipital ring gently curved, convexly forwards, between the bases

of the occipital spines. On the holotype these have been worn and appear as short

tubercle-like protuberances; small median occipital tubercle present. Eye lobes large,

elevated and positioned opposite the outer end of the occipital furrow. Anterior course

of the facial suture (PI. 35, fig. 14) defined by a sutural ridge which runs down the convex

part of the free cheek as far as the wide border furrow, then curves inwards and crosses

the anterior border where it projects forward at the antennular notch. Posterior border

and facial suture not preserved on the holotype. Free cheek with a broad flattened

border and at least eight stout peg-like fringing spines which are directed outwards and

downwards from the ventral margin. Exoskeletal surface rather badly preserved, but it

is evident that the granulation is much coarser than on A. gotlandensis.

The hypostoma, thorax, and pygidium are not known.

EXPLANATION OF PLATE 36

Fig. 1. Anacaenaspis eniarginata (Schmidt). Holotype, incomplete cephalon, dorsal view. Same specimen

as Plate 35, fig. 14. X 3.

Figs. 2-5. Anacaenaspis gotlandensis gen. et sp. nov. 2-4, Holotype, UM G821, anterior, dorsal, and
oblique left lateral views of exoskeleton lacking pygidium, x8. Hemse Beds (Middle Ludlow),

Petesvik in Hablingbo, Gotland. 5, Incomplete pygidium, RM Ar 30871, dorsal view, x3. Locality

and horizon the same as holotype.

Figs. 6-10. Miraspis cardiolarum (Hede). 6, Four incomplete anterior thoracic segments, LM L02842T,
dorsal view, x 6. 7, Partly exfoliated pygidium, LM LO 284 It, dorsal view, x 12. Specimens figured

Hede, 1915, pi. 4, figs. 20, 21. 8, Free cheek,LM LO 2834t, x 10. 9, Posterior segment, LU LO 20837t,

slightly compressed with the formation of an accidental groove down length of principal pleural spine,

x 10. 10, Posterior segment, LU LO 2839t, showing the small fulcral articulating process, the curved

anterior spine (slightly compressed and accidentally grooved), and the longer principal pleural spine,

x 10. Specimens figured as Acidaspis mira by Hede 1915, pi. 4, figs. 13, 16, 18. All material from the

Colonus Shale (Lower Ludlow), Smedstorp, Scania, Sweden.

Fig. 11. Ceratocephala bicuspis (Angelin). Holotype, RM Ar 2184, original of Angelin, 1854, pi. 21,

fig. 7. Incomplete cephalon, dorsal view, X 1. ?Hogklint Beds (Lower Wenlock), Visby, Gotland.

Figs. 6-10 taken by Mr. N. Hjorth.
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Discussion. Schmidt (1885, p. 2) considered this species to be very like Acidaspis brightii

Murchison, but later (cf. Schmidt 1907, p. 23), following the work of Lindstrom (1885),

he regarded it a synonym of Leonaspis marklini (Angelin). However, now that the holo-

type of
‘

Acidaspis ’ emarginata has been seen, it is obvious that it is not all like Leon-

aspis marklini (cf. PI. 30, figs. 2-3, 6-8; PI. 31, figs. 1-3) and it differs from A. brightii

(cf. Whittington 19566, pi. 58, figs. 8, 12) in that the posterior margin of the occipital

ring is not produced backwards in the form of a stout spine.

I have examined the specimen described by Maksimova (1962) from the Upper
Llandovery of the Aldondo region, Siberia, and agree that this is the same as Anacaenaspis

emarginata from Estonia. Dr. Maksimova kindly allowed me to prepare her specimen

more fully and, as a result of this, the paired occipital spines (not shown on her figure,

op. cit. pi. 10, fig. 7) were revealed. Although incomplete, the spines are long and slim

and are produced upwards and backwards from the lateral corners of the occipital ring.

Further preparation of the free cheek showed that there are ten fringing spines which

increase in length backwards and are produced outwards and downwards from the

margin. The librigenal spine is directed outwards at an angle of about 120° to the posterior

border of the cranidium, and it is curved upwards distally. The course of the posterior

facial suture is the same as in A
.
gotlandensis and the exoskeleton is as closely granular

but with granules of a larger size.

Subfamily miraspidinae R. and E. Richter 1917

Genus miraspis R. and E. Richter 1917

Type species : Oclontopleura mira Barrande 1 846

Miraspis cardiolarum (Hede, 1915)

Plate 36, figs. 6-10; text-figs. 2-3

1915 Acidaspis cardiolarum Hede, p. 44, pi. 4, figs. 20, ? 21.

1915 Acidaspis mira (Barrande); Hede, p. 43, pi. 4, figs. 11-19.

Lectotype (here chosen). The pygidium (LM LO 284 1 1) figured by Hede 1915, pi. 4, fig. 20 and re-

figured herein as Plate 36, fig. 7.

Type locality. Smedstorp, Scania.

Horizon. Lower Ludlow, Colonus Shale.

Material. All of the specimens figured by Hede (1915) with the exception of the cranidium (op. cit.,

pi. 4, fig. 1 1 ). Specimen numbers LM LO 2843t, 2839t, 20837t, 2841t, 2842T (all figured in this paper)

plus LM LO 2833t, 2835—6t, 2838t, 2840t, the specimens figured by Hede (1915, pi. 4, figs. 12, 14-15,

17-19).

Description. Free cheek (PI. 36, fig. 8) triangular in outline with a gently convex border

bearing thirteen stout fringing spines which curve forwards and decrease in size towards

the anterior suture. Border with three conspicuous spine bases, separated from gently

convex cheek area by broad shallow furrow.

Cranidium not known in any detail; hypostoma not known.

Number of thoracic segments unknown. Anterior part of thorax (PI. 36, fig. 6) with a.

broad convex rachis bearing large paired spine bases. Articulating half-ring moderately

convex, longest sagittally; anterior margin curved gently forwards. Articulating furrow
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broad and deep distally where it becomes directed forwards. Lateral part of rachis

swollen alongside dorsal furrow, fused with broad principal pleural ridge which gently

curves convexly forwards; swollen fulcrum marked by a prominent tubercle or spine

base. Principal pleural spine long and slender, directed outwards and slightly forwards

on anterior segments (PI. 36, fig. 6) but curved progressively backwards on posterior

segments (PI. 36, figs. 9, 10). Anterior accessory area with a raised ridge. Anterior

pleural spine directed straight outwards or gently curved backwards. The anterior spine

of the segment (PI. 36, fig. 10) and the principal

pleural spine illustrated (PI. 36, fig. 9) have

been compressed with the resultant formation

of an accidental groove down the length. Pos-

terior accessory area short (exs.) and flattened;

anterior margin with prominent fulcral articula-

ting process (PI. 36, fig. 10). Pygidium (PI. 36,

fig. 7; text-fig. 2) with damaged rachis and
exoskeletal material stripped off

-

adjacent to

pleural ridges. Outline triangular with convex

rachis almost reaching the posterior border. The
Lower Ludlow, Colonus Shale, Smedstorp, transverse pleural ridge reaches the lateral border
Scania. Reconstruction of pygidium (drawn at about one-half the pleural width and here
from the oi igmal ot PL 36, fig. 7), approx. becomes curved backwards at right angles to

merge with the swollen base of the major spine.

Latter of length about one-half the pygidial width, curved inwards and slightly upwards

distally. Small lateral spines are present at the proximal end and along the inner edge of

the spine.

There are eight posterior secondary spines between the major spines of which the

outermost spine is apparently very short (this spine was revealed after preparation and

was not noticed in the original description given by Hede 1915, p. 63); remaining spines

stouter and directed outwards and downwards. One very small anterior secondary spine

(also omitted in the original description) occurs outside of the major spine. The exo-

skeleton surface is very finely granulated.

Discussion. Hede (1915) originally described two species from the Lower Ludlow
Colonus Shales at the locality of Smedstorp. Miraspis cardiolarum (Hede) was based on

the pygidium figured (PI. 36, fig. 7) but four thoracic segments (PI. 36, fig. 6) were also

tentatively referred to this species. The remaining specimens of cranidia, free cheeks,

thoracic segments, and pygidium were referred to M. mira (Barrande). Among this latter

material, one of the cranidia (Hede 1915, pi. 4, fig. 1 1) has not been traced at Lund or in

the Hede Collection at the Swedish Geological Survey, the other (op. cit., pi. 4, fig. 12)

is a poorly preserved internal mould, and the pygidium (pi. 4, fig. 5) has since become
damaged beyond recognition. Thus only the two posterior thoracic segments (PI. 36, figs.

9, 10) and the free cheek (PI. 36, fig. 8), which are the better preserved, can be suitably

compared with M. mira. The free cheek is not significantly different from that of M. mira ,

but none of the segments possess the third spine which, in M. mira, is always present

between the principal and anterior pleural spines on segments 4-7, but not, as illustrated

by Barrande (1852, pi. 39, fig. 2), on segments 1-2. Hede (1915, pi. 4, fig. 18) illustrated the

text-fig. 2. Miraspis cardiolarum (Hede).
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presence of three pleural spines, but if one examines the specimen (PI. 36, fig. 1 0), it can be

seen that what Hede called the third spine, is the true anterior spine and the projection

in front of it is part of the articulating process. Text-fig. 3 shows this more clearly.

Thus the presence in Sweden of M. mira (Barrande) cannot be confirmed on the

material available but, since the thoracic segments of M. cardiolarum also lack the third

pleural spine, the material formerly referred to M. mira is now placed in the species

M. cardiolarum (Hede).

text-fig. 3. Posterior thoracic segments of Miraspis cardiolarum (drawn from the

originals of PI. 36, figs. 9, 10). A, x 10; B, X 7-5. ap, articulating process; aps, anterior

pleural spine; pps, principal pleural spine.

The pygidium of M. mira differs from that of M. cardiolarum in having a longer

pleural ridge and a greater number of secondary spines, sixteen posterior and three

anterior.

In Bohemia, M. mira has not been recorded above the Wenlock Monograptus testis

zone but M. mira crassicornis (see Prantl and Vanek 1958, p. 267, pi. 5, fig. 6) occurs in

the basal Ludlow zone of Monograptus nilssoni. The thorax of this species is unknown,
but the pygidium differs from M. cardiolarum and M. mira in being considerably more
rectangular in outline.

Genus ceratocephala Warder 1838

Synonyms (subjective). Onc/iaspis [Onychaspis [s/c.]] Raymond 1925; see Whittington and Evitt 1954,

p. 53. Trapelocera Hawle and Corda 1847; see Prantl and Pribyl 1949, pp. 180-1.

Type species. Ceratocephala goniata Warder 1838.

Ceratocephala bicuspis (Angelin, 1854)

Plate 36, fig. 1

1

1854 Trapelocera bicuspis Angelin, p. 31, pi. 21, fig. 7.

1885 Acidaspis ( Trapelocera ) bicuspis (Angelin); Lindstrom, p. 56.

1896 Acidaspis bicuspis (Angelin); Lake, p. 241.

1933 Ceratocephala bicuspis (Angelin); Warburg, p. 13.

1949 Ceratocephala bicuspis (Angelin); Prantl and Pribyl, p. 181.
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Holotype. The incomplete cranidium (RM Ar 2184) figured by Angelin 1854, pi. 21, fig. 7, and
refigured herein as PI. 36, fig. 1 1.

Type locality. Visby, Gotland.

Horizon. Most likely to be the Hogklint Beds (Lower Wenlock).

Discussion. The holotype, a very incomplete cranidium, is the only specimen I have been

able to study and its preservation makes it a rather unsatisfactory basis for the species.

Warburg (1933, p. 13) referred to an additional cranidium and a fragmentary thoracic

segment, but these have not been traced in the collections of the Swedish Geological

Survey.

The broad, swollen, median glabellar lobe with highest point level with the antero-lateral

part of LI ,
the lateral lobes confluent with the free cheek, the straight eye ridge and stalked

eye lobe are all generic characters of Ceratoeephalci. Lateral lobes LI and L2 are obvious

and the small oblique swelling in front of L2 may represent the third lateral lobe. The
exoskeletal surface is completely covered with small closely spaced granulation and larger

granules occur on all the convex parts. A conspicuous pair of spine bases occur on the

median glabellar lobe opposite the inner end of S2.

Because of the incomplete holotype no accurate comparison can be made between

this Swedish species and the slightly younger species C. barrandei (Fletcher in Salter)

from Britain and C. verneuilli (Barrande) from Bohemia.
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LLANDOVERY STROPH EO DONTI DS FROM
THE WELSH BORDERLAND

by L. R. M. COCKS

Abstract. Eleven species and two subspecies in six genera of stropheodontid brachiopods are described from

the Upper Llandovery (Lower Silurian) of the Welsh Borderland. Live species and one subspecies are new
Leptostrophia ostrina, L. voraginis and subspecies palustris, Amphistrophia whittardi, Pholidostrophia salopiensis,

and Megastrophia etliica; the latter is also made the type of a new subgenus EomegastropUia. New information

has been gained on the phylogeny of the family.

Owing mainly to its early confusion with the Caradoc, which is better exposed, the

fauna of the Llandovery series in the Welsh Borderland was not much collected and

described in the first half of the nineteenth century, and subsequently most of the

specimens were ascribed to Wenlock forms (apart from the pentamerids). Indeed, of

the stropheodontid brachiopods, only 'Orthis' compressa J. de C. Sowerby 1839 and
‘
Strophomena ' arenacea [Salter MS.] Davidson 1871 have ever been named from the

Borderland, and from Wales itself only those species dealt with by Williams (1951) are

known.
The specimens and species described here come from many parts of the Welsh Border-

land, namely Shropshire, Ankerdine Hill, Old Storridge Common, the Malvern Hills,

May Hill, and the Tortworth Inlier. The stratigraphy and correlation of rocks of

Llandovery age are at the moment under review, and a joint paper on the subject by

Dr. A. M. Ziegler, Dr. W. S. McKerrow, and the present writer is in course of prepara-

tion. Correlation within the areas and with the type area of Llandovery itself has been

effected mainly by the use of evolving brachiopod lineages such as Stricklandia (Williams

1951) and Eocoe/ia (Ziegler 1966).

The stropheodontid material falls into six genera, Leptostrophia, Brachyprion, Mega-
strophia, Amphistrophia, Pholidostrophia, and Strophonella, and they will be described

here in that order. As the inter-generic relationships suggested herein are different from
previous findings, the present subfamilial arrangement (Williams 1965) is not used.

Acknowledgements. I would like to thank Dr. W. S. McKerrow for supervising my work at the Depart-

ment of Geology and Mineralogy, Oxford, Dr. A. M. Ziegler for much help and the use of his collections

from the southern part of the Borderland, Dr. C. W. Harper for valuable discussion, and the late

Professor W. F. Whittard for encouragement and for the loan of his collection from Shropshire.

Dr. M. L. K. Curtis kindly supplied some material from the Tortworth Inlier.

The specimens collected by Ziegler and myself are in the University Museum, Oxford (OUM), those

described from Professor Whittard’s collection are being presented at his request to the Geological

Survey (GSM), and use has been made of the material described by Williams in the Sedgwick Museum,
Cambridge (SM).

SYSTEMATIC DESCRIPTIONS

Order strophomenida Opik 1934

Superfamily strophomenacea King 1846

Family stropheodontidae Caster 1939

(Palaeontology, Vol. 10, Part 2, 1967, pp. 245-65 .pis. 37-39.]
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leptostrophia Hall and Clarke 1892

1892 Leptostrophia Hall and Clarke, pp. 287-8.

1939 Leptostrophia ; Caster, p. 95.

1939 Protoleptostrophia Caster, p. 75.

1939 Rhytistrophia Caster, pp. 86, 87.

1947 Leptostrophia', Allan, p. 438.

1949 Eostropheodonta Bancroft, p. 9.

1951 Stropheodonta (Eostropheodonta)-, Williams, p. 123.

1953 Stropheodonta (Eostropheodonta ); Williams, p. 35.

1953 Leptostrophia-, Williams, p. 40.

1953 Protoleptostrophia-, Williams, p. 41.

Type species (by original designation). Strophomena ( Strophodonta) magnifica Hall 1857, from the

Oriskany Sandstone, Devonian, of New York.

Diagnosis. Plano-convex to gently concavo-convex stropheodontids, with a roughly

triangular muscle-field in the ventral valve, bounded laterally by ridges except in some
early species, and with socket plates, except in some of the later species. Ornament
equally or unequally parvicostellate.

Description. Exterior. Shape semi-circular to subquadrate, usually mucronate. Plano-

convex to gently concavo-convex. Ornament medium to fine parvicostellae, sometimes

unequal and differentiated. Rugae sporadically developed in all stocks, though usually

confined to the alae. Delthyrium open in early stocks, but becoming progressively

filled by a pseudodeltidium, which may be entire and even smooth in later stocks.

Pedicle interior. Hinge line not denticulate in early stocks, which carry the denticles on

the posterior of a pair of dental plates; later in the phylogeny the plates are lost and the

denticles are on a denticular plate fused with the hinge line. This plate is then itself lost

and the denticles spread along the hinge line, until in Upper Wenlock stocks and later

the denticles occupy nearly all of the hinge line. Diductor muscle field triangular, in-

creasingly impressed; lateral bounding ridges initially obscure except posteriorly but

become stronger anteriorly with time. Radial ridges in the muscle field in later stocks

only. Adductor scars lanceolate and divided by a small median ridge; becoming in-

creasingly impressed, particularly in gerontic individuals at all stages in the develop-

ment of the stocks. Pseudopunctae tend to be large near the umbo, becoming finer

radially.

Brachial interior. Cardinal process initially small and conjunct, becoming increasingly

disjunct. Socket plates strong and present in all except a few of the later stocks, where

they become small and are eventually lost completely. Denticles mirror those in the

pedicle valve, being in the sockets in the earlier stocks and finally spread along the hinge-

line. Adductor muscle scars usually oval and fairly short in relation to the length of the

valve, divided by a variably median ridge, often an anterior extension of a short platform.

Adductors enclosed by short bounding ridges in some later stocks only.

Range. Ashgill to late Middle Devonian.

Discussion. The type species occurs at some distance both stratigraphically and geo-

graphically from the Shropshire Llandovery, but an examination of topotype specimens.
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•of L. magnified in the British Museum leaves no doubt that it is closely related to the

common compressa of Shropshire and its Silurian allies. The main differences between

them, apart from the larger size of the Oriskany specimens, lie in the lack of radial ridges

in the muscle field of compressa and that its denticles are on a pair of denticular plates

near the umbo instead of covering the hinge line.

It has become clear, however, that Leptostrophia may be usefully divided into a number
of subgenera, in the manner of Williams (1953, etc.), so that one of the most important

stocks in the stropheodontids may be better documented and its relationships more
clearly shown. The youngest subgenus, Protoleptostrophia , is an advanced form without

socket plates, and found only in the Devonian. It was first described by Caster (1939,

p. 75) and reviewed by Williams (1953, p. 29), who both considered it to be a genus

separate from Leptostrophia, although Allan (1947, p. 439) considered the type species,

Strophomena hlainvillii Billings, to be congeneric with L. magnified. It is considered here

as a representative of the ‘talaeo’ stage of Williams (1953, p. 31), but further discussion

of the form is outside the scope of the present paper. (Rhytistrophia Caster 1939 has

been correctly considered (Williams 1953, p. 29) to be a synonym of Leptostrophia, as it

differs only in ornament.)

Eostropheodonta Bancroft 1949 has as its type species Orthis hirnantensis M‘Coy from

the Ashgill. Williams put this as a subgenus of Strophodonta

,

but at the same time (1951,

p. 124) remarked on its close relations with the early Leptostrophia. Strophodonta itself

is now known to be restricted to the Devonian, and Eostropheodonta may most usefully

be considered as the oldest subgenus of Leptostrophia, representing the ‘eo’ stage of

Williams. As well as in the Ashgill, the subgenus occurs as the commonest stropheo-

dontid in the Lower Llandovery and includes L. mullochensis Reed 1917, E. whittingtoni

Bancroft 1949 (figured and described as E. cf. mullochiensis by Williams 1951), and

E. nudtiradiata Bancroft 1949, as well as the recently described Eostropheodonta sp. of

Boucot and Johnson from Sweden (1964, p. 5, pi. 3, 4), whilst from the Upper Llandovery

comes L. (E.) voraginis and its subspecies palustris described below. The chief difference

from Leptostrophia ( Leptostrophia) lies in the presence of dental plates.

The remainder of the genus thus represents the ‘meso’ stage of Williams, without

dental plates, but with socket plates, and may be termed Leptostrophia {Leptostrophia).

The earliest representative of the subgenus is L. reedi Bancroft 1949 (= L. tenuis ante-

eedens Williams 1951) and occurs in the Lower Llandovery Gasworks mudstone of

Pembrokeshire. In fact the early members of the subgenus, exemplified by L. (L.)

compressa, may be separated from the later members, such as L. magnified itself, by the

absence of radial ridges in the muscle field, and by the support of the denticles on
denticular plates instead of directly on the hinge line, but these features change imper-

ceptibly with time and are thus not given taxonomic recognition here. For example, the

common Wenlock and Ludlow L. filosa has radial ridges, but still possesses reduced

denticular plates in most cases.

Of course, the fact that the subgenera are descended from one another does not prevent

conservative stocks lingering on when others have evolved. At the Bog Mine, Shropshire,

L. (£.) voraginis sp. nov. and L. (L.) compressa occur intimately together, and Dr. C. W.
Harper informs me that in Nova Scotia forms with dental plates also occur in the late

Llandovery, and possibly into the Wenlock.
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Leptostrophia (Leptostrophia) compressa (J. de C. Sowerby 1839)

Plate 37, figs. 1-1

1

1839 Orthis compressa J. de C. Sowerby; in Murchison, p. 638, pi. 22, fig. 12.

1848 Strophomena compressa (J. de C. Sowerby); Phillips and Salter, p. 379.

1852 Leptaena (Strophomena) compressa (J. de C. Sowerby); M'Coy, p. 242.

1871 Strophomena compressa (J. de C. Sowerby); Davidson, p. 315, pi. 46, figs. 7-10 (non figs.

11-14).

1912 Stropheodonta compressa (J. de C. Sowerby); Reed, p. 136.

1932 Leptostrophia compressa (J. de C. Sowerby); Whittard, list facing p. 896.

1949 Stropheodonta compressa (J. de C. Sowerby) var. crassa Bancroft, p. 15.

1951 Stropheodonta ( Brachyprion ) compressa (J. de C. Sowerby); Williams, p. 130.

Description. Exterior. Plano-convex to concavo-convex with the curvature gentle,

making specimens appear fairly flat. Ornament variable but always parvicostellate,

variably impressed, but slightly larger costellae at irregular intervals. New ribs originate

by intercalation. Shape approximately semicircular, but with a variable length/width

ratio within a population. Small ears, often not preserved. Fine growth lines are rarely

seen. Medium-sized area. Umbo not very prominent.

Pedicle interior. No dental plates, but the hinge line projects slightly anteriorly on
either side of the umbo in two flanges termed denticular plates, on the dorsal side of

which are located the denticles. These flanges rarely extend more than a quarter of the

distance from the umbo to the ears. The diductor muscle field is flabellate and roughly

triangular in outline, with lateral bounding ridges which are strong towards the umbo
and weaken anteriorly. The angle of divergence of the muscle field is variable, but

systematically so (see discussion). The adductor scars are often seen as lanceolate and

separated by a median ridge which is more pronounced near the umbo. Pseudopunctae

occur over the whole shell, but are much coarser medio-posteriorly.

Brachial interior. Straight hinge. Cardinal process lobes directed ventrally. Socket

plates widely divergent with denticles posterior to them in the socket into which the

denticular plate fits. Notothyrial platform usually visible, but variable in height, tri-

angular in shape with the apex elongated anteriorly. Adductor scars variably impressed,

but tend to be oval and slightly flabellate anteriorly. As in the pedicle valve, the pseudo-

punctae coarsen towards the umbo.

EXPLANATION OF PLATE 37

All specimens treated with ammonium chloride. Grid references are given in the text.

Figs. 1-7. Leptostrophia compressa (J. de C. Sowerby). 1, Pedicle internal mould, OUM C9142, X 2-2;

2, Brachial internal mould, OUM C9144, x 1-7, both from Hope Quarry. 3, Pedicle internal mould,

GSM 102722, x 1-4, from Josey’s Wood B. 4, Pedicle internal mould, OUM C6279, X IT, from

H-L-C. 5, Pedicle internal mould, OUM C10829, X2-2, from Josey’s Wood B. 6, Pedicle internal

mould, OUM C2668, x 1 0, from M-S-B. 7, Brachial internal mould, OUM C2658, x2 0, from

M-S-B.

Figs. 8. 11. Leptostrophia compressa crassa (Bancroft). 8, Pedicle internal mould, OUM C3482, x 1-3.

11, Pedicle internal mould, lectotype, OUM C3489, xl-4. Both from T-M-A (fig. 11 shows a

boring, presumably made by a gastropod, close to the umbo).

Fig. 9. Leptostrophia tenuis Williams. Pedicle internal mould, holotype, SMA 30044, xl-8, from

River Sefin, Llandovery.

Fig. 10. Mclearnites sp. Pedicle internal mould, BMNH BB31278, X 1-5, from reservoir near Winsle,

Pembrokeshire.

Figs. 12-14. Leptostrophia ostrina sp. nov. 12, External view, brachial valve, holotype, OUM C14014,

X 1 -0. 13, 14, Internal and external moulds of pedicle valve, OUM C14019, xl-8. All from Hughley.
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Dimensions (in cm.).

Length Width

Holotype GSM R6879 Pedicle valve

Hope Quarry OUM C9141 ,, ,,

broken 2-71

0-59 0-82

0-99 1-40

0-70 108
broken 2-67

OUM C9142
OUM C9146
OUM C9144 Brachial valve

Discussion. The species was named and figured in ‘ The Silurian System and the original

specimen is still in existence (GSM Geol. Soc. Coll. R6879). The type locality, Hope
Quarry, Shropshire, is within the area, but although two collections were made from the

locality, the species is not common there and only four pedicle valves and three brachial

valves were obtained. These were enough, however, to be sure that the common stro-

pheodontid of other localities such as Hope Outlier [Grid Ref. SJ/3482 0140] and Josey's

Wood B [Grid Ref. SJ/3653 0221] (very close geographically and stratigraphically to

Hope Quarry [Grid Ref. SJ/3551 0208]) could be identified as compressa.

The species, though very numerous at certain localities, has a restricted distribution

in Shropshire, being confined to the Bog Quartzite and Venusbank Formation, although

related species of Leptostrophia occur rarely in the Pentamerus Beds and Purple Shales,

and Brachyprion arenacea , which is considered to be a derivative of compressa
,
occurs

in the Pentamerus Beds of Norbury and elsewhere. Thus in Shropshire it occurs only in

beds of C x to C3 in age.

In the southern part of the Welsh Borderland, however, in large collections made by

Dr. A. M. Ziegler and available to the writer, compressa occurs in the Damery and

Tortworth Beds of Tortworth (C5 and C 6), in the Yartleton Beds (C5 and C6) and sand-

stone lenses of the Woolhope (Lower Wenlock) of May Hill, in the Wyche Beds (C5

and C 6) of the Malvern Hills, and at one locality in the Cowleigh Park Beds (C x) of

Ankerdine Hill. (The Yartleton beds include locality M-S-B [Grid Ref. SO/6932 2270].)

L. compressa has not yet been identified from any shales.

Thus, apart from beds of C 4 age, we have continuous collections of compressa ranging

in age from C x to Lower Wenlock. Measurements were made of the length, width, and
angle of divergence of the diductor muscle scars in moulds of the pedicle valve, and the

results plotted in the form of histograms of length/width ratios and muscle scar diver-

gences. When a stratigraphical sequence is chosen from the larger collections and placed

above one another (text-fig. 1), it is seen that the mean muscle divergence increased with

time. The associated length/width ratios, however, show a variety of means with no
apparent pattern. If the length/width ratio had decreased with the increase of muscle

divergence, this would not have been surprising, because as the shell grew broader the

widening of its musculature would have kept pace with it; but as the length/width ratio

does not follow the divergence, then the latter’s widening is suspected as being a genetic

trend rather than an ecological one. This is further supported by the plot (text-fig. 2) of

two collections from the same stratigraphical horizon and less than a mile apart geo-

graphically. This shows the length/width ratios to be markedly different, whilst the

muscle divergence is extremely similar. It is also relevant that the only two compressa-

bearing localities which are approximately the same age in the two halves of the Welsh
Borderland, Bog Mine and the Cowleigh Park Beds of Ankerdine Hill [Grid Ref.

SO/7376 5696], which are both C x
on other brachiopod evidence, should have extremely



250 PALAEONTOLOGY, VOLUME 10

n s 8

m = 96

-I

10 -

n = 22

5 m = 95

0 t j

M-S-B

C „

n s 6

Vw = 93

T-M-A
n *6

5 V*=38

15 r

i o
n = 27

m , 84

5 -

0

H -L-C

f n «21

5 I V» = 85

20r"

ffi

15-

10 -

5 -

0 —

_n =2#
l/*.90

Bog B

< 60 70-80 90-100 >110
60-70 80-90 100-110

60-70 80-90 100-110

<60 70-80 90-100 >110

Muscle Divergence j/w Ratio *
(m) degrees

text-fig. 1. Histograms of pedicle valve muscle divergence and length/width

ratios of five different populations of Leptostrophia compressa ( J. de C. Sowerby)

at successive periods of Upper Llandovery time. For localities see text.

similar mean muscle divergencies, 74 and 76 degrees respectively. The two localities are,

moreover, in quite different lithologies, one a coarse quartzitic sandstone and the other

a fine-grained micaceous silt. Thus the mean muscle divergence appears to be of potential

use in determining the degree of evolution of this species, and hence the age of the rock

in which it occurs.

Text-fig 1 had been drawn up before it was realized that collection T-M-A from the

Damery Beds of Tortworth [Grid Ref. ST/7268 9212] was particularly interesting in two
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respects: firstly, that although it is correctly dated as C5 ,
it is in fact probably older than

collection H-L-C (from the Wyche Beds of the Malvern Hills [Grid Ref. SO/7464 5108]
because the latter ‘definitely overlies beds containing Pentameroides whereas T-M-A
surely underlies beds containing Penta?nerus/Pentameroides transients’ (Dr. A. M.
Ziegler, personal communication, October 1964); and, secondly, that the muscle bound-
ing ridges in the T-M-A specimens are, in many cases, much more curved than in any
other collection of compressa from higher or lower stratigraphical horizons. In other

90-100 >110
100-110

atio

Josoy’s WoodB nm • 6 4 m • 7 7 n
^

.86 .78

Hope Outlier n_ « 6 5 m • 7 7 n, .68 *87
vw

text-fig. 2. Histograms of pedicle valve muscle divergence and length/width

ratios of two populations of Leptostrophia compressa of the same age and
from less than a mile apart. For localities see text.

words, the T-M-A population shows all intergrades between individuals with a muscle

field as in typical Leptostrophia (PL 37, fig. 8) and individuals with a muscle field (PI. 37,

fig. 1 1 ) like that found in the genus Mclearnites. If this is not the effect ofhomoeomorphy,
which it shows no signs of being, then this collection may be treated as representative of

the progenitors of Mclearnites and hence of the whole douvillinid stock. No British

record of Mclearnites has so far been made (its earliest North American record is

M. newsomensis from the Upper Wenlock) but in a small collection from the Coralli

ferous Series (Wenlock), near St. Ishmael’s, Winsle, Pembrokeshire, there occur

crushed but unmistakable specimens of a brachiopod (PI. 37, fig. 10) seemingly inter-

mediate between the T-M-A specimens and the type of Mclearnites, M. mertoni, from

the Lower Devonian of Arisaig, Nova Scotia (for illustration of this species, see McLearn
1924, pi. 4, figs. 16-18).

[Dr. C. W. Harper has shown (in Boucot et al. 1966, p. 41 , and paper in preparation on
the Arisaig Series) that Mclearnites Caster 1945 is not synonymous with Shaleria (as

thought by Williams 1953), but is in fact a primitive mesodouvillinid which differs from

Mesodouvi/lina s.s. in being piano- to gently concavo-convex, in contrast to Mesodou-

villina which is strongly concavo-convex. There are also ornamental differences.]

s
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Assuming this theory to have some validity, it would explain the otherwise anomalous
position of the T-M-A specimens in the muscle divergence sequence of compressa, by an

earlier and as yet unrecorded split in the compressa line just prior to C5 which resulted

in the ancestry of the douvillinids from the leptostrophid stock. Bancroft (1949, p. 15)

has ‘suggested’ that the Charfield Green form of compressa (from which locality the

T-M-A collection comes) should be distinguished under the varietal name crassa, though
without figuring the variety or designating any particular specimens. This will prove a

convenient term for labelling the Mclearnites ancestors, although they are still con-

sidered here as a subspecies of compressa. The situation illustrates the difficulty of

applying Linnaean nomenclature to intermediate members of an evolving lineage,

especially where a change of genus is involved. Leptostrophia and Mclearnites are

definitely distinct genera higher in the stratigraphical sequence, so it would obviously be

unwise to consider them as synonyms on information from the present horizon.

It is useful to compare compressa with other contemporary forms of Leptostrophia

without dental plates; these consist of Leptostrophia tenuis Williams 1951 from C x at

Llandovery, and Leptostrophia ostrina sp. nov. from the Purple Shales. L. tenuis (the

holotype of which, SMA 30044, is refigured here, PI. 37, fig. 9, for comparison) comes
from the badly sorted black shales of the Sefin footbridge, and differs from compressa

mainly in details of ornamentation. Some of the central costellae are not straight on

tenuis, and they are to be seen more on the muscle-fields than on any compressa of com-
parable size (this is not due entirely to the different modes of preservation, but because

of less secondary calcite being deposited near the umbo in the shale form due, no doubt,

to different metabolism in different surroundings). The inequality of the parvicostellae is

much more apparent and regular on tenuis than on compressa. The dentition, musculature

and cardinalia are, however, virtually identical in the two species, and they are obviously

very closely related. Indeed, there is a case that can be made out that the ornamental

differences are subspecific or geographical, and that the two species are in fact conspecific,

but until larger collections of tenuis are made, and length/width ratios and muscle

divergences measured, it seems better to treat the two species as separate.

Leptostrophia ostrina, which occurs rarely in the Purple Shales, has also a dissimilar

ornament, but in addition it has a markedly different growth pattern, as it is very

mucronate in the smaller growth stages, but then grows much faster in an anterior

direction. It is described in more detail below.

Leptostrophia {Leptostrophia) ostrina sp. nov.

Plate 37, figs. 12-14; Plate 38, fig. 1

Diagnosis. Early form of Leptostrophia without dental plates but with denticular plates,

allometric growth, and differentiated ornament.

Description. Exterior. Shell nearly flat, but slightly concavo-convex. Very mucronate

in young stages, but elongating anteriorly faster than laterally during growth. Fine rugae

often present at the ears. Parvicostellate ornament, but unequal. The larger costellae,

although superficially very regular and pronounced, are in detail irregularly spaced, both

in distance and in the number of smaller costellae between them, which varies from one

to six. New costellae arise by intercalation. Very thin shells (except where some secondary
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deposition has taken place near the umbo), and the talaeolae are often seen exteriorly

arranged in lines down the costellae. Medium-sized area.

Pedicle interior. No dental plates, but a pair of denticular plates occupying approxi-

mately one-third of the hinge line in adult specimens. Triangular diductor muscles only

faintly impressed, and often invisible except postero-laterally where low muscle-bounding

ridges may be seen leading to the hinge line. Adductor scars not seen, except as two

very faint impressions between the diductors separated by an extremely short median

ridge close to the umbo only.

Brachial interior. Stout cardinal process and socket plates. Very weakly impressed

platform of roughly triangular shape immediately anterior of the cardinal process, and

extending for only a very short distance. Adductor scars very weakly impressed, and in

the few specimens available their exact shape remains uncertain.

Type locality. Purple Shales of Hughley brook [Grid Ref. SO/5605 9747],

Holotype. Brachial valve, OUM C14014.

Dimensions (in cm.) (all specimens from Hughley).

Brachial valve OUM Cl 4006

Length

0-26

Width

0-66

95 99 OUM Cl 40 17 0-79 1-46

9 9 99 OUM C14014 3-24 3-68

Pedicle valve OUM Cl 4003 017 0-32

99 99 OUM C14021 0-74 1-39

99 99 OUM Cl 4020 0 91 1 50

99 99 OUM C14019 208 2-56

Discussion. This species is very closely related to L. compressa, but differs from it by the

thinness of its valves (no doubt because of its muddy habitat; it has only been found so

far in the Purple Shales of Shropshire), the differentiation of its ornament (which is

approached, but never reached, by L. compressa), and by its allometric growth. It is a

rare fossil, and a large sample could not be obtained, but of the twelve specimens in the

collection from Hughley seven gave measurements of both length and width which

demonstrate that the younger shells have a much lower length/width ratio than the adults.

This may also be seen in the growth lines of the adult specimens.

Leptostropliia (Eostropheodonta) voraginis sp. nov.

Plate 38, figs. 2-8

Diagnosis. An Eostropheodonta with regular parvicostellate ornament and wide muscle

divergence angle.

Description. Exterior. Shape approximately semicircular but slightly mucronate, though
with the ears seldom preserved. Rugae occasionally seen near the ears only. Ornament
subequally parvicostellate with new ribs arising by intercalation. The costellae are

approximately straight down the median axis, but curve smoothly laterally. Medium-
sized area.

Pedicle interior. Prominent dental plates which diverge at approximately 90 degrees.

In larger specimens the plates are non-uniform, changing direction dorsally with one or
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more ridges running along the plate. The plates are fused posteriorly to the hinge line,

which protrudes slightly anteriorly as a small denticular plate bearing the denticles.

Diductor scars usually faintly impressed, bounded postero-laterally by weak ridges

which diverge at a greater angle than the dental plates. Occasionally the scars are seen

to be rounded anteriorly, e.g. OUM C7064 (PI. 38, fig. 6), and very occasionally a slight

median ridge is seen in the anterior part of the muscle field. Adductor scars are normally

very faintly impressed or invisible, but from occasional specimens appear lanceolate.

Pseudopunctae tend to coarsen near the umbo where secondary deposition has taken

place in adults, apart from the smooth areas of muscle attachment.

Brachial interior. Thick socket plates with denticles on the posterior edge. Smaller

cardinal process lobes. Slight raised ridge on the hinge line near the umbo to fix the

posterior end of the dental plates. Small platform about 2 mm. wide and extending about

3 mm. anteriorly from the cardinal process in adult specimens, separating very weakly

impressed oval adductor scars. Pseudopunctae coarsen towards the umbo, but not so

markedly as in most species of Leptostrophia.

Type locality. Cowleigh Park Beds of Ankerdine Hill [Grid Ref. SO/7352 5625],

Holotype. Pedicle valve, OUM C6676.

Dimensions (in cm.).

Pedicle valve

Length Width

OUM C6676 (holotype) 1-97 2-28

OUM Cl 280 1-18 1-34

OUM C1257 1 46 1-86

OUM Cl 248 2-01 2-66

The other measured specimens come from the Huntley Hill Beds of May Hill [Grid Ref. SO/7014

2104].

Discussion. In the Huntley Hill Beds of May Hill, the Cowleigh Park Beds of Ankerdine

Hill, the Bog Quartzite, and very rarely in the Venusbank Formation of Shropshire,

there occurs a Leptostrophia which appears at first sight very similar to L. compressa,

except for a pair of well-developed dental plates. Fortunately at two localities (Bog,

Shropshire, and at another locality on Ankerdine Hill [Grid Ref. SO/7376 5696]), this

EXPLANATION OF PLATE 38

All specimens treated with ammonium chloride. Grid references not given below are in text.

Fig. 1. Leptostrophia ostrina sp. nov. Pedicle external mould OUM C14021, x3-4, Hughley.

Figs. 2-8. Leptostrophia (Eostropheodonta ) voraginis sp. nov. 2, 3, Internal and external moulds of

pedicle valve, holotype, OUM C6676, xl-4, Ankerdine Hill. 4, Pedicle internal mould, OUM
C10488, x 1-7, from Bog. 5, Pedicle internal mould, OUM C1280, X 1-6, from Huntley Hill Beds,

May Hill [Grid Ref. SO/7014 2104], 6, 7, Pedicle internal moulds, OUM C7064 and 7074, X 1-3 and
2-4, both from Ankerdine Hill. 8, Brachial internal mould, OUM C6652, x2-6, from Ankerdine

Hill.

Figs. 9-11. Leptostrophia (Eostropheodonta) voraginis palustris subsp. nov. 9, Two pedicle internal

moulds, OUM C15825-6, x3 0. 10, Pedicle internal mould, holotype, OUM C15824, x3-l.

11, Brachial internal mould, OUM C15837, x6 -7. All specimens from Marshbrook.

Figs. 12-15. Brachyprion arenacea (Davidson). 12, Pedicle internal mould, OUM C8814, x2-0, from

Norbury. 13, 14, Two views of strongly convex pedicle internal mould, OUM C6311, X 1-7, from

locality H-L-C. 15, Pedicle internal mould, GSM 102721, X F2, from Norbury.
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species occurs in small numbers in collections also containing much larger numbers of

L. compressa. It was thought at first that these might represent single populations with

a few members retaining the plates of the early stropheodontids but with the majority

having lost them. (This would have meant a polyphyletic loss of dental plates for

Leptostrophia, as L. reedi'had already lost them by Lower Llandovery times.) However,
an analysis of the Bog collection revealed a difference in the angle of divergence of the

ventral muscle field. All the specimens of compressa lay between 60 and 90 degrees (see

also text-fig. 1), whereas all those of voraginis lay between 90 and 115 degrees. Thus the

ranges do not overlap. This fact, taken together with the presence of dental plates,

indicates that two different species are involved. In the other locality, Ankerdine Hill,

voraginis shows a much more striking ornament when compared with compressa
,
the

latter being smoother at this locality than is typical for the species, and also having a

much more impressed musculature than voraginis, although the two species occur up
to the same size there (up to 3-9 cm. wide).

The species is comparable with L. mullochensis Reed 1917, Eostropheodonta whitting-

toni Bancroft 1949, andF. multiradiata Bancroft 1949, all from the Lower Llandovery.

The argument for separating these forms, all with dental plates, as a separate subgenus

within Leptostrophia has been put forward above.

The species differs from mullochensis and whittingtoni (which may prove to be sub-

species of each other) by the different style of ornamentation; the costellae of these

species meander and are differentiated into groups, and the muscles are not visible at all

in the type specimens in the British Museum and Sedgwick Museum. E. multiradiata is

a poorly known form, but the low length/width ratio of the holotype (SMA 30113) and
the prominent pseudopunctae distributed in lines down the costellae, both combine to

give an impression of specific difference from voraginis
,
although the species are probably

closely related, but until more material is recovered from the type locality of multiradiata

(the Frolic, Haverfordwest) it seems preferable at the moment to keep the two forms

distinct.

Leptostrophia {Eostropheodonta) voraginis palustris subsp. nov.

Plate 38, figs. 9-1

1

Diagnosis. Thin-shelled Eostropheodonta with rather irregular parvicostellae.

Type locality. Mudstones in Pentamerus Beds, Shropshire, in stream bank near Marshbrook [Grid

Ref. SO/4341 8982],

Holotype. Pedicle valve, OUM Cl 5824.

Dimensions (in cm.). All specimens from the type locality.

Length Width

Pedicle valve OUM C15824 (holotype) 0-86 broken

„ „ OUM C15825 0-67 085

„ „ OUM C15828 0-42 0-59

„ „ OUM C15827 095 1 42

„ „ OUM C15829 1-29 1-62

Discussion. In the Pentamerus Beds of Shropshire, which are mainly blue mudstones,

there occurs a rare Leptostrophia with dental plates which is closely similar to L. (E.)

voraginis (already described), which has only been found in sandstones or siltstones.
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The shell is thinner, and, in addition, the ornament is less strongly developed, and of

variable height along the ribs (PL 38, fig. 10). Whilst these differences could be due
solely to the different environment, there is a case for creating a subspecies within

voraginis to cover these forms. This subspecies is interesting also in that quite small

specimens have been recovered from Marshbrook. In a brachial valve (PL 38, fig. 11)

the two socket plates are extremely large in comparison with the embryo cardinal process.

The presence of only two large talaeolae on one side and three on the other, just anterior

of the socket plates, indicates that the size of a talaeola remained constant throughout

the life of the animal, with an increase solely in the number present. In rather larger

pedicle valves (e.g. PL 38, fig. 9), the dental plates are also large in relation to the shell

size, and there are no signs of denticles on the hinge, indicating that at this period of

stropheodontid evolution the relative positions of the valves were delimited solely by

teeth and sockets at this early growth stage.

brachyprion Shaler 1865

1865 Brachyprion Shaler, p. 63.

1892 Brachyprion Hall and Clarke, p. 288.

? 1939 Brachyprion Caster 1939, p. 33.

non 1951 Stropheodonta ( Brachyprion ) Williams, p. 124.

1953 Stropheodonta (Brachyprion

)

Williams, p. 35 (non pi. 7, figs. 5-7).

Type species. Strophomena leda Billings 1862, from the Silurian of Anticosti Island, Canada.

Discussion. The types of Billings’s species are lost, but a lectotype was designated by

Twenhofel (1928, p. 188). This came from the Jupiter Formation, which is equivalent to

high Llandovery. The British species which may be assigned to the genus are B. arenacea

(Davidson 1871) and B. sp., both from the Upper Llandovery and described below, and

B. waltoni (Davidson 1847). The genus occurs in the Ludlow, but no species have yet

been described from that horizon.

Brachyprion arenacea [Salter MS.] (Davidson 1871)

Plate 38, figs. 12-15; Plate 39, fig. 1

1865 Strophomena arenacea Salter, Catalogue Mus. Pract. Geol., p. 36, nomen nudum.

1871 Strophomena arenacea [Salter MS.]; Davidson, p. 296, pi. xlii, fig. 6 (non figs. 7, 8).

non 1883 Strophomena arenacea Salter; Davidson, p. 197, pi. xvi, figs. 2-5.

1945 Brachyprion arenaceus [Salter MS.] ;
Lamont and Gilbert, p. 664, pars, pi. 5, figs. 1-4, 8-9;

pi. 7, figs. 1, 4.

non 1945 Brachyprion arenaceus [Salter MS.] var. lobatus Lamont and Gilbert, p. 667.

non 1945 Brachyprion arenaceus [Salter MS.] var. genicidatus Lamont and Gilbert, p. 669.

Diagnosis. An early Brachyprion, with internal configuration close to early Lepto-

strophia, but with variable convexity, and weak parvicostellate ornament.

Description. Exterior. Shape semicircular, with small ears. Pedicle valve varies in profile

from gently convex to very convex, sometimes with an increase of convexity near the

valve margin. Brachial valve usually gently concave, but occasionally the concavity

increases near the anterior margin. Weak ornament of unequal parvicostellae, some-

times irregularly differentiated. Beak small and scarcely projecting. Large area, with

open delthyrium and a chilidium.
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Pedicle interior. Denticles on a pair of denticular plates fused with the hinge line and

extending for not more than one-third of the way along it. No dental plates. Diductor

muscle scars well impressed posteriorly, where they are enclosed by short bounding

ridges, but weaken as they diverge anteriorly. Their shape varies from triangular and

flabellate to a rather more oval shape, with all intergrades. Adductor scars rarely seen,

but are lanceolate and situated between the diductors, and are separated by a variably

developed, but sometimes quite prominent, median ridge. Fine pseudopunctae, coarsen-

ing slightly towards the umbo, may be seen except on the muscle field.

Brachial interior. Denticles on the hinge line corresponding with those in the pedicle

valve. Strong disjunct cardinal process lobes, in the hollow between which occurs a very

fine chilidial ridge. Widely divergent socket plates, which define the posterior limits of

the muscle-field. Weakly developed Y-shaped platform. Adductor scars poorly impressed

and approximately oval, separated by a variably developed median ridge which is an

extension of the platform. Fine pseudopunctae cover the surface, apart from the muscle

field.

Dimensions. Lectotype (GSM 11692) from Norbury, Shropshire: width 4-2 cm., length 2-4 cm
Dimensions of a collection from Norbury are shown in text-fig. 3.

Discussion. Arenacea, as used up to the present, harbours two quite distinct species,

as suspected by Davidson (1871, p. 297):

(a) a stropheodontid, referable to Brachyprion (Davidson 1871, pi. xlii, fig. 6);

(b) a leptaenid with very elongate muscle bounding ridges (Davidson 1871, pi. xlii,

figs. 7, 8).

The question arises as to which is the true arenacea. Salter never figured or described

his species, and so the first description falls to Davidson in his monograph. He figured

three specimens, fig. 6 (from Norbury), which is the Brachyprion, and figs. 7 and 8

(from Gunwick Mill and Huntley Hill), which are leptaenids. As the original specimens

are still in existence in the Geological Survey Museum, any lectotype should be desig-

nated from amongst them. In the supplement to his monograph (1883) Davidson
figured more specimens as arenacea, this time from Girvan, but these have dental plates

and are yet another species.

Lamont and Gilbert (1945) realized that all three shells figured by Davidson in 1871

were not identical and accordingly put them into three subspecies, cirenaceus forma
typica, arenaceus lobatus, and arenaceus geniculatus. The types they designated were as

follows:

forma typica: SMA 16219 and 16220 a and b (as lectosyntypes);

lobatus : BU 397, GSM 11461 (Davidson’s fig. 7) (as syntypes);

geniculatus'. GSM 11460 (Davidson’s fig. 8), BU 394-6 (as syntypes).

The original of Davidson’s fig. 6 they figured as ‘probably a forma typica' (GSM
1 1692). Thus as it is the only one of Davidson’s three specimens which they designate as

arenacea s.s., this must in fact be the lectotype. This is the first specimen figured by
Davidson and is the Brachyprion. The three Cambridge specimens from Presteigne
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which Lamont and Gilbert designated as the lectosyntypes of forma typica are also

Brachyprion, but they are referred here to Brachyprion sp., described below.

The type locality of B. arenacea is thus Norbury, Shropshire, This is not in fact one

locality, but a group of quarries round the village of that name, worked and collected

during the last century, and the precise locality of the lectotype is not known. However,

specimens may today be collected at several localities in the area, and a large collection

was made from a single band near the top of the most extensive quarry [Grid Ref.

SO/3587 9284], One of the most striking features of the sample was its great variability,

particularly in the convexity of the pedicle valve. A plot of length against height for the

collection (text-fig. 3) demonstrates this well. Thus this species is somewhat difficult to

place within the stropheodontids, as the population shows all intermediates between a

contemporary Leptostrophia (the flatter part of the population) and Brachyprion. The
internal resemblance to contemporary Leptostrophia (e.g. L. compressa) is striking in

every qualitative particular, except perhaps for a tendency for the ventral muscle field

to be more oval in some specimens than is usual in Leptostrophia. This contributes to

the mean muscle divergence of 74 degrees (n = 80), which is less than one would expect

of an L. compressa of similar age. The Norbury collection is late C3 or early C4 on the

evidence of associated Eocoelia (Ziegler 1966).

Thus, although on balance the species is referred to Brachyprion, the fact that it is the

earliest species of the genus indicates that it may represent the genus just after an evolu-

tionary divergence from Leptostrophia. Earlier species previously attributed to the genus,

such as B. matutinum Lamont 1935 and S. (B .) sefinensis Williams 1951, are considered

here to be pholidostrophids.

Norbury is the only locality in Shropshire from which B. arenacea has been obtained,

but it occurs in the Wyche Beds of the Malverns and the Damery Beds of Tortworth. It

is known so far only from sandy facies and thus seems to have been aptly named.

Brachyprion sp.

Plate 39, fig. 2

1945 Brachyprion arenacea [Salter MS.]; Lamont and Gilbert, p. 664, pars, pi. 5, figs. 5-7, 710.

Discussion. There occurs in some places near the top of the Upper Llandovery a form of

Brachyprion which differs from B. arenacea in the following ways, apart from always

having a convex pedicle valve:

(a) the muscles are much more impressed, particularly the adductor scars;

(b) immediately laterally of the diductor scars there is a zone where the pseudo-

punctae are much larger than those normally seen on B. arenacea ;

(c) there is a ridge, superficially similar to that seen on most species of Leptaena ,

but not so well developed, which is subcircular in outline and merging with the hinge

line at the lateral ends of the denticular plates. This ridge confines the area of large

pseudopunctae.

The species might be a gerontic form of arenacea , but if so has produced a remarkable

change in the general aspect of the pedicle interior. Unfortunately the species is not
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length in cms width in cms.

n - 94 n = 103

3mm class intervals

text-fig. 3. Above, Histograms of length and width of a population of Brachyprion

arenacea (Davidson) from a single rock band at Norbury, Shropshire. Below, A plot

of length against height for the same population, illustrating the wide variation in

convexity.

represented in the collections of Ziegler or myself, but specimens in Bristol University

Museum (12131, etc.) are from ‘Damery Beds, Avening Green, Tortworth’ and in

the Sedgwick Museum (SMA 16219-21) from ‘close under limestone, Presteigne’.

Thus, until more material is recovered, and in particular the brachial valve known, it

would be premature to give this form a name, as it could prove to be a subspecies

of B. arenacea.
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megastrophia Caster 1939

Megastrophia (Eomegastrophia) subgen. nov.

Type species. M. (E.) ethica sp. nov.

Diagnosis. Megastrophia with dental plates.

Discussion. In the Pentamerus Beds of Shropshire there is a large stropheodontid which

is convex and carries dental plates. This is an ancestor, direct or indirect, of Megastrophia

(Protomegastrophia) Caster 1939, which has as its type species Leptaena profunda Hall

1852 and has been refigured by Williams (1953, pi. 9, figs. 1-3) from the Middle Silurian

of North America. The brachial valves of the two subgenera are very similar, and the

pedicle valves differ only in the presence or absence of dental plates. Thus the new sub-

genus represents the ‘eo’ stage of Williams (1953).

Megastrophia (Eomegastrophia) ethica sp. nov.

Plate 39, figs. 7, 9, 10

Diagnosis. Megastrophia with dental plates.

Description. Exterior. Convex pedicle valve, concave brachial valve. Ornament of fine

parvicostellae, which are irregular both in strength and differentiation. New ribs arise by
intercalation. Rugae sometimes present near the ears. Shell thin and often irregular.

Umbo not prominent. A small area, considering the size of the shell.

Pedicle interior. Dental plates fused to small denticular plates bearing the denticles.

The muscle field is not too well defined owing to the thin shell, but is roughly triangular

EXPLANATION OF PLATE 39

All specimens treated with ammonium chloride. Grid references not given below are in text.

Fig. 1. Brachyprion arenacea (Davidson). Brachial internal mould, OUM C8888, x 1-7, fromNorbury,
Shropshire.

Fig. 2. Brachyprion sp. Pedicle internal mould, Bristol University 12131, X 1-4, from ‘Damery Beds,

Avening Green, Tortworth’, Gloucestershire.

Figs. 3, 5, 8. Amphistrophia whittardi sp. nov. 3, Pedicle internal mould, OUM C13514, X 2-6. 5, Pedicle

valves, mainly exfoliated, holotype top left, OUM C13527-8, X 2 0. 8, Brachial internal mould,

OUM C13536, x2-5. All specimens from Domas, Shropshire.

Figs. 4, 6. Megastrophia (Eomegastrophia) sp. 4, Pedicle internal mould, GSM 102719, X IT, from
‘150 yards SW of New House, Marshbrook’, Shropshire. 6, Oblique view of same valve, showing

musculature and vestigial dental plates.

Figs. 7, 9, 10. Megastrophia (Eomegastrophia) ethica sp. nov. 7, 9, Two brachial internal moulds on the

same slab, GSM 102717, xl-0. 10, Pedicle internal mould, holotype, GSM 102715, xl-0. All

specimens from Morrellswood.

Fig. 11. Pholidostrophia (Eopholidostrophia) sefinensis (Williams). Pedicle internal mould, holotype,

SMA 30051, x2-0, from River Sefin, Llandovery.

Figs. 12-17. Pholidostrophia (Eopholidostrophia ) salopiensis sp. nov. 12, 13, Pedicle internal mould,

OUM C2756, X 2-5, from Yartleton Beds, May Hill [Grid Ref. SO/6936 2271]. 14, Brachial internal

mould, OUM C5650, X 1-5, from Wyche Beds, Malvern Hills [Grid Ref. SO/7430 5152]. 15, Pedicle

internal mould, holotype, GSM 102720, x2-5, from Domas. 16, Partly exfoliated pedicle valve

showing dentition, OUM C12668, x3 0, from Purple Shales of Boathouse Coppice, Shropshire

[Grid Ref. SJ/6205 0398]. 17, External view of brachial valve, showing cardinal process, OUM
C13996, x3 0, from Hughley.
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and flabellate anteriorly. Adductor scars lanceolate and separated by a small median

ridge. Pseudopunctae prominent except on the muscle field, coarsening towards the umbo.

Brachial interior. Strong cardinal process lobes directed ventrally, between which is a

small undifferentiated process. Rather weak socket plates diverging at a wide angle, on
the posterior part of which are the denticles. Weak notothyrial platform, extending

anteriorly into a slight but positive median ridge. Adductor scars oval and flabellate. No
mantle canal systems visible.

Type locality. Pentamerus Beds exposed in brook near Morrellswood, Shropshire [Grid Ref.

SJ/6284 0637],

Holotype. Pedicle valve, GSM 102715.

Dimensions (in cm.). All specimens from Morrellswood.

Length Width

Pedicle valve GSM 102715 (holotype) 3 02 3-90

,, ,, GSM 102716 1 61 201
Brachial valve GSM 102717 2-44 2-83

5 ? ?? GSM 102718 broken 4-9 approx,

Discussion. This is the only species of Megastrophia so far recorded with dental plates,

and as it is also the earliest, an ancestral form for the stock may be postulated. Apart

from the convexity it is very similar to Leptostrophia (Eostropheodonta

)

and it is from
this stock that its origins seem most likely. In fact the species might have been put down
as an aberrant convex form of Eostropheodonta had it not been for the discovery of some
more Eomegastrophia material (here figured in PI. 39, figs. 4 and 6 as Eomegastrophia

sp.) in the Whittard Collection from ‘near New House, Marshbrook’, a locality not now
exposed. This clearly shows the dental plates, but in a much more vestigial form than in

M. (E.) ethica, and it also shows very well the characteristic megastrophid musculature

as well as being rather more convex than the Morrellswood specimens, which occur in

a shale.

amphistrophia Hall and Clarke 1892

1892 Amphistrophia Hall and Clarke, p. 292.

1914 Strophoprion Twenhofel, p. 25.

1939 Amphistrophia Caster, p. 100.

1953 Amphistrophia Williams, p. 45.

Discussion. This distinctive convexo-concave stock, so far known only from the Wenlock
and Ludlow, has as its type species Strophomena striata Hall 1843 from the Waldron
Shale of North America. The only ascribed British species is Orthis funiculata M‘Coy
1846 (Williams 1953, p. 63). A new species is described below, which extends the range

of the genus.

Amphistrophia whittardi sp. nov.

Plate 39, figs. 3, 5, 8

1932 Stropheodonta funiculata (M'Coy); Whittard, list facing p. 896.

Diagnosis. Amphistrophia with no muscle bounding ridges and a differentiated orna-

ment.
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Description. Exterior. Shape semicircular and slightly mucronate, with umbones not

prominent. Convexo-concave with the two valves fairly flat except for the smooth genicu-

lation near the anterior margin, which consists of an increase of convexity rather than

a division into disc and trail. Ornament parvicostellate and differentiated to give an
impression of uniform segments, which are in detail not uniform either in their size or

in the number of smaller costellae between the larger ones. A large costella occurs at

approximately 20 degree intervals near the umbo, but other large costellae arise anteriorly

so as to keep the distance between them roughly constant. New ribs arise by intercalation.

Fairly small area.

Pedicle interior. No dental plates. Small denticular plates with small denticles, which

also occur as regularly spaced nodes on up to one-third of the hinge line. Muscles

faintly impressed, often invisible, although in a few specimens faint straight bounding

ridges diverging at approximately 90 degrees may be seen close to the umbo. Pseudo-

punctae distributed evenly over the shell.

Brachial interior. Very divergent, rather weak, socket plates. Strong cardinal process

lobes which are directed ventrally in the ‘disjunct 1’ phase (Williams 1953, p. 12). No
sign of adductor muscle scars, except as areas of fewer pseudopunctae near the umbo
which are separated by an extremely faint platform hardly worthy of the name, con-

sisting of a slight swell immediately anterior to the cardinal process.

Type locality. Purple Shales in the brook near Domas, Shropshire [Grid Ref. SJ/5936 0062],

Holotype. Pedicle valve, OUM C13527. The species is named in honour of the late Professor W. F.

Whittard.

Dimensions (in cm.). All pedicle valves from Domas.
Length Width

OUM C13527 (holotype) 0-92 1 66

OUM C13522 107 1-86

OUM Cl 3528 107 1 -83

OUM C13526 0-41 0-57

Discussion. Although this is the earliest species of Amphistrophia yet described, its

morphogeny has proceeded some way along the general trends of stropheodontid

phylogeny; for example, it lacks dental plates, has cardinal process lobes in the ‘disjunct

1 ’ phase, and even possesses faint denticular nodes on the hinge line itself. Thus even

earlier forms of the genus may be expected. There are some specimens very similar to

the present species in the Sedgwick Museum (SMA 32569 and SMA 32597) from

‘Locality K, below the path SW of Uzmaston, the Frolic, Haverfordwest’. This locality

is in the Uzmaston Beds of the Millin Stage (Jones in Strahan et al. 1914, p. 105), which

may be in part slightly older than the Purple Shales, but further work remains to be done

on the correlation of the Pembrokeshire succession.

The species differs from A.funiculata (M‘Coy) from beds of Wenlock or Ludlow age

in County Kerry, in not having the high muscle bounding ridges enclosing the oval

diductor scars of the latter, and in having differentiated ornament as opposed to approxi-

mately equal parvicostellae. It is a rather rare fossil, except at the type locality, where

18 pedicle and 9 brachial valves were recovered (5 per cent, of the total population). The
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species is, however, distributed throughout the Purple Shales, but has been found in no

other formation in the Welsh Borderland.

pholidostrophia Hall and Clarke 1892

Discussion. The stropheodontids of the Pholidostrophia group have recently been

revised by Harper, Johnson, and Boucot (1967, in press). In their paper they divide the

early members into two subgenera, a new subgenus with Stropheodonta ( Brachyprion)

sefinensis Williams 1951 as type species, and Mesopholidostrophia Williams 1950, on the

basis of general evolutionary development. The species described below seems to be

intermediate between these subgenera. There is no doubt, however, that its shell is not

nacreous, and it is thus ascribed to the earlier subgenus.

Pholidostrophia salopiensis sp. nov.

Plate 39, figs. 12-17

Diagnosis. Early Pholidostrophia with very weak ornament and variably developed

ridges in the ventral muscle field.

Description. Exterior. Concavo-convex, with the pedicle valve often hemispherical apart

from the ears, and the brachial valve with a gentler curve, though the shell convexity

varies within a population. Small umbo. Large area with open delthyrium and strong

chilidium. The ornament varies from almost non-existent to extremely fine irregular

parvicostellae, best developed at the anterior margin. New costellae arise by inter-

calation. Rugae occur very rarely near the ears. The shell is thick for the size of the

species, and secondary calcite deposition has occurred over much of the interior in

many specimens.

Pedicle interior. Denticles for about one-third of the hinge line, which are carried on
a pair of long denticular plates fused with the hinge line. Diductor muscle field broad,

open anteriorly and surrounded at the posterior end by bounding ridges which are

straight near the umbo, but may curve inwards slightly before dying out. There are

several, usually three (one of which may be median), ridges of an irregular nature

running antero-laterally in the muscle field. Lanceolate adductor muscle scars often

veil-impressed posteriorly, but fading anteriorly into the ridge pattern. No internal

trace of ornament, but coarse pseudopunctae cover most of the valve except close to the

anterior commissure.

Brachial interior. Prominent disjunct cardinal process, with the two lobes supported

at the base by a shell thickening, which often produces a small knob on the exterior

(PI. 39, fig. 17), probably an exaggeration of the original protegular node. Widely diver-

gent and slightly curving socket plates. Denticles on the hinge line. Small oval adductor

muscle scars close to the umbo, separated by a slight ridge forming a platform which goes

back to the base of the cardinal process. As with the pedicle valve there is no internal

sign of the ornament, and coarse pseudopunctae cover most of the shell.

Type locality. Domas, Shropshire (same as Amphistrophia whittardi).

Holotype. Pedicle valve, GSM 102720.
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Dimensions (in cm.).

Domas Pedicle valve GSM 102720

Length

(holotype) 0-60

Width

0-92

Hughley 55 55 OUM C13983 0-61 110

,, 55 55 OUM C13991 0-37 0 61

55 Brachial valve OUM Cl 3996 0-42 0-74

Discussion. The pholidostrophid which occurs commonly over the whole Welsh Border-

land in beds of C4 to C6 age differs from the earlier P. sefinensis (Williams 1951) in the

much weaker ribbing and in the development of variable ridges in the ventral muscle

field, which replace the well-developed parvicostellate ornament and the fine straight

solitary median ridge of the latter species. P. salopiensis occurs in all types of sediment

from sandstone to fine shale and was much more successful in terms of numbers than

sefinensis (whose holotype is refigured here (PI. 39, fig. 1 1) for comparison). The two

species are undoubtedly very closely related, and it is tempting to think that the first

may be the ancestor of the second, although there is no detailed statistical information

at the moment on populations of successive ages; but several features of the present

species, such as the cardinal process lobes (which have proceeded further on the ‘dis-

junct’ line of Williams 1953, p. 12), suggest that it may well be a phylogenetic descendant

of sefinensis. Despite the fact that pholidostrophids occur commonly at many if not most
localities, no species has been figured or described from anywhere in the British

Llandovery apart from the original description of sefinensis ( Williams 1951, p. 124).

strophonella Hall 1879

Discussion. A few large resupinate brachiopods belonging to the genus Strophonella

have been found at various Llandovery localities in the Welsh Borderland. They are all

in poor condition and form such an insignificant part of the fauna that full description

is witheld until better material has been found. Until then they may be compared with

S. (EostrophoneUa) davidsoni (Holtedahl 1916), which is a C4 form from Llandovery

described by Williams (1951, p. 128). They certainly do not have the prominent muscu-

lature of the Wenlock S. (Strophonella) euglyphya (Hisinger 1819). Unfortunately no
complete pedicle valve has been found, and so it is not known whether the specimens

possess dental plates, which prevents them from being positively assigned to their correct

subgenus within Strophonella.

Material. Wyche Beds, Malvern Hills [Grid Ref. SO/7672 4442], 1 pedicle valve. Bog Mine. Shropshire

[Grid Ref. SO/3510981 5], 1 brachial valve. There is also one specimen in the Geological Survey Museum
from Hope Quarry, a brachial valve (GSM 11703).
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MARISASTRIDAE (RUGOSA) FROM SOUTH-EAST
DEVONSHIRE, ENGLAND

by COLIN T. SCRUTTON

Abstract. The family Marisastridae Rozkowska 1965 is emended. Species of Marisastrum, Haplothecia, and
Bil/ingsastraea?, including H. ogwellensis sp. nov., are described from the Middle and Upper Devonian of
south-east Devon.

The species described in the present paper were examined in the course of a detailed

consideration of the colonial phillipsastreids and related corals from south-east Devon.
They belong to three different genera which are assigned to the family Marisastridae

Rozkowska as emended herein. Species and genera placed in the Phillipsastraeidae will

be described elsewhere, together with a review of the localities from which the material

was obtained.

The following abbreviations are used: BM, British Museum (Natural History); OUM, University

Museum, Oxford; GS(Geol. Soc. Coll.), Geological Society Collection in the Geological Survey

Museum, London; TM, Torquay Museum; TM(JB), Jukes-Browne Collection in the Torquay
Museum.
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SYSTEMATIC PALAEONTOLOGY

The genus Marisastrum was erected by Rozkowska (1965, p. 262) with Cyathophyllum

sedgxvicki Edwards and Haime as type species. At the same time she proposed (p. 261)

the family Marisastridae to include the new genus and Ceratophyllum Giirich. Rozkowska
gave the principal diagnostic features of the family as possession of a full trabecular fan

based on a reflexed dissepimentarium, the absence of horseshoe dissepiments, and the

presence of an epitheca. She regarded the family as belonging to the Phillipsastraeacea

sensu Schouppe 1958.

Rozkowska laid stress on corallite wall structure in her familial classification. In the

writer’s opinion, however, this factor is not of sufficient importance to justify such usage,

although it may be of some significance at the generic level. Thus, some species may
have an epitheca in some parts and a pseudotheca, or a complete lack of any wall struc-

tures, in others. Phillipsastrea lacunosum (Giirich), interpreted by Rozkowska (1953, p. 45,

pi. 6, figs. 3, 4) as secondarily phaceloid, is one example; another is Phillipsastrea cincta

Smith (1945, p. 43, pi. 22, figs. 4a-e), a rather remarkable coral in which a well-formed

[Palaeontology, Vol. 10, Part 2, 1967, pp. 266-79, pis. 40-43]
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epitheca is present between some corallites whilst others are united by dissepimental

tissue only.

The form of the dissepimentarium in these corals appears to be the most important

factor in classification at the family level. This is now recognized by most workers in

separating the horseshoe-bearing phillipsastreids from the disphyllids with normal

dissepiments. On the other hand, the large group of corals with reflexed dissepimentaria

(and consequent broad trabecular fans) but without horseshoes have not been so clearly

distinguished. Schouppe (1958), Strusz (1965), and Rozkowska (1965) have all given

different interpretations of their importance and classification. Schouppe (1958, p. 217)

included forms with trabecular fans, both with and without horseshoe dissepiments, in

the suborder Phillipsastraeacea. He put all the species he considered to lack horseshoe

dissepiments, however, in one genus, Billingsastraea, which he classified with Phillip-

sastrea in the same family. Billingsastraea as thus interpreted by Schouppe (1958, p. 235)

was a collection of species belonging to at least three different genera

—

Billingsastraea

sensu stricto, Marisastrum, and the
‘

Phillipsastrea'' pentagona group, which will be

discussed in detail elsewhere. Strusz (1965, p. 523) did not mention the suborder Phillips-

astraeacea but separated the horseshoe-bearing genera in the family Phacellophyllidae.

He drew attention to the group of corals with reflexed dissepimentaria lacking horse-

shoes as having trabeculae developed in ‘disphylloid’ fans. He did not distinguish them

at the family level, however, but classified them with the disphyllids sensu stricto (having

trabecular ‘half-fans’) in the family Disphyllidae.

Rozkowska (1965, p. 261) was thus first to give family status to part of the group of

corals with ‘ disphylloid ’ fans by erecting the Marisastridae. The writer believes, however,

that the family should include all the genera with this basic dissepimental plan, irre-

spective of wall structure, and the family diagnosis is emended accordingly. It is doubtful

whether the phillipsastreids and marisastrids form a group of sufficient importance and

definition to warrant a separate suborder and for this reason the use of the Phillips-

astraeacea is discontinued here.

Family marisastridae Rozkowska 1965 emend.

1965 Marisastridae Rozkowska, p. 261.

e.p. 1965 Disphyllidae; Strusz, p. 525.

Type genus. Marisastrum Rozkowska 1965, p. 262.

Diagnosis. Simple, fasciculate, or massive rugose corals; the latter may be cerioid,

astraeoid, or thamnasterioid. Septa oftwo orders, major and minor, usually with spindle-

shaped dilatation. Dissepimentarium reflexed. Septal trabeculae arranged in a broad

fan on the dissepimental surface. No horseshoe dissepiments.

Included genera. Marisastrum Rozkowska 1965; Ceratophyllum Gtirich 1896 (sensu

Rozkowska 1965); Haplothecia Freeh 1885; Billingsastraea Grabau 1917; Para-

disphyllum Strusz 1965; e.p. Mansuyphyllum Fontaine 1961 sensu Strusz 1965.

Genus marisastrum Rozkowska 1965

1965 Marisastrum Rozkowska, p. 262.

Type species. Cyathophyllum sedgwicki Edwards and Haime 1851, p. 387; 1853, p. 231, pi. 52, figs. 3,

3a.

C 4471 T
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Diagnosis. See Rozkowska 1965, p. 262.

Marisastrum sedgwicki (Edwards and Haime) 1851

Plate 40, fig. 1

1851 Cyathophyllum sedgwicki Edwards and Haime, p. 387.

1853 Cyathophyllum sedgwicki Edwards and Haime; Edwards and Haime, p. 231, pi. 52,

figs. 3, 3a.

71855 Cyathophyllum sedgwicki Edwards and Haime; F. A. Roemer, p. 29, pi. 6, fig. 11.

1885 Cyathophyllum sedgwicki Edwards and Haime; Freeh, p. 42, pi. 4, fig. 6.

non 1904 Cyathophyllum sedgwicki Edwards and Haime; Penecke, p. 147, pi. 5, figs. 3a-c.

71913 Cyathophyllum (Hexagoniophyllum) sedgwicki (Edwards and Haime); Paeckelmann,

p. 340.

71922 Cyathophyllum (Hexagoniophyllum) sedgwicki (Edwards and Haime); Reed, p. 11, pi. 1,

fig. 6.

non 1939 Spinophyllum sedgwicki (Edwards and Haime); Soshkina, p. 33, pi. 6, figs. 59, 60; pi. 12,

fig. 96.

1948 Pristnatophvllum sedgwicki (Edwards and Haime); Dembinska-Rozkowska, p. 208, figs.

18a, b.

non 1951 Phillipsastraea sedgwicki (Edwards and Haime); Soshkina, p. 96, pi. 18, figs. 3, 4; pi. 23,

fig. 3.

non 1952 Phillipsastraea sedgwicki (Edwards and Haime); Soshkina, p. 101, pi. 41, fig. 144.

1954 Hexagonaria sedgwicki (Edwards and Haime); Moenke, p. 465, text-figs. 3-5, 7; pi. 1,

figs. 3-6.

non 1954 Phillipsastraea sedgwicki (Edwards and Haime); Soshkina, p. 46, pi. 10, figs. 1, 2.

e.p. 1958 Phillipsastraea sedgwicki (Edwards and Haime); Bulvanker, p. 119, ?pl. 55, fig. 3; non pi.

56, figs, la, b.

1965 Marisastrum sedgwicki (Edwards and Haime); Rozkowska, p. 262, text-figs. 1, 2.

Lectotype (see Soshkina 1951, p. 96). The original of Edwards and Haime (1853, pi. 52, figs. 3, 3a),

which is BM 48451. The specimen is labelled ‘Middle Devonian, Torquay' and was found on ‘Babba-

combe Beach' according to Edwards and Haime; it is almost certainly a beach pebble.

Diagnosis and description. See Moenke 1954, p. 465; Rozkowska 1965, p. 263.

Remarks. The opportunity is taken here to figure the lectotype of Marisastrum sedg-

wicki. As Rozkowska suggests, this specimen, judging by the known European distri-

bution of the species, is probably derived from the Frasnian. However, the species has

never been recorded in situ from England, all the known material being, like the lecto-

type, cut from beach pebbles.

Measurements of diameter and septal number made on the lectotype and BM 1 5269

(figured Rozkowska 1965, fig. 1) are summarized in Table 1.

EXPLANATION OF PLATE 40

Fig. 1. Marisastrum sedgwicki (Edwards and Haime). Polished surface of lectotype; ?Frasnian, beach

pebble, Torquay, south Devon. BM 48451; x2-5.

Figs. 2-5. Marisastrum marmini ( Edwards and Haime). 2, Cross-section,BM R46096A. 3, Longitudinal-

section, BM R46096B. 4, Cross-section, BM R46097A. 5, Longitudinal-section, BM R46097B. All

Frasnian; thin bedded limestones near the southern end of Saltern Cove (SX 89505842), near Paign-

ton, south Devon; x 3.
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Marisastrum marmini (Edwards and Haime) 1851

Plate 40, figs. 2-5

e.p. 1851 Cyathophyllum marmini Edwards and Haime, p. 386, pi. 9, figs. 2, 2a (non figs. 3, 3a).

e.p. 1853 Cyathophyllum marmini Edwards and Haime; Edwards and Haime, p. 231, pi. 52, figs. 4,

4a.

71951 Phillipsastraea sedgwicki (Edwards and Haime); Soshkina, p. 96, pi. 18, figs. 3, 4; wow pi. 23,

fig. 3.

71952 Phillipsastraea sedgwicki (Edwards and Haime); Soshkina, p. 101, pi. 41, fig. 144 (upper

two illustrations only).

71954 Phillipsastraea sedgwicki (Edwards and Haime); Soshkina, p. 46, pi. 10, fig. 1.

1961 Hexagonaria marmini (Edwards and Haime); Semenoff-Tian-Chansky, p. 299.

Type material. The specimens figured by Edwards and Haime (1851) appear to be lost. There are, how-
ever, three topotypic specimens in the Milne Edwards Collection at the Museum National d’Histoire

Naturelle (Z63b (2 specimens) and Z63e) which agree closely with their figures 2 and 2a and which have

been compared with the English material. The polished slab figured by Edwards and Haime (1853)

from Torquay also appears to be missing.

Diagnosis. Marisastrum with non-carinate, moderately dilated spindle-shaped septa.

Mean tabularium diameter about 5 mm. with between 18 and 21 major septa; ratio of

tabularium to corallite area high. Increase peripheral and non-parricidal.

Description. Marisastrum marmini occurs as cerioid colonies of variable size. Most of

the present specimens, from impure limestone, appear to be colonies only 5 to 10 cm. in

diameter. Weathered calices have a wide central pit surrounded by a narrow reflexed

platform.

Corallites are separated by a straight, or somewhat zigzagged epitheca which varies

between 0-15 and 0-25 mm. in thickness. In very rare instances, however, it may fail to

form between adjacent calices. A thin, dark, median line, the axial plane of Flower

(1961, p. 26), can be seen where the epitheca is well preserved.

The septa are of two orders, major and minor, and may be slightly expanded at the

epitheca. Usually there is a zone of septal dilatation about one-third to one-half the dis-

tance to the axis. The thickening is normally spindle-shaped, up to 0-4 or 0-5 mm.
thickness, although rarely the septa may widen abruptly and taper towards the axis.

When the zone of thickening approaches the epitheca, the septa may become wedge-

rather than spindle-shaped. The major septa are very thin in the tabularium, with their

ends slightly withdrawn from the axis and occasionally deflected in a weak vortex. The
minor septa reach half-way, or somewhat less, to the axis and are less dilated than the

major. The septa are non-carinate.

Horizontal tissue is generally well spaced in cross-section but appears more crowded
in the zone of septal thickening. The tabularium junction is not clearly defined but

corresponds approximately to the inner edge of this zone.

In longitudinal-section, the dissepimentarium is composed of several series of well-

arched dissepiments. Their arrangement is somewhat variable but in the larger corallites

they dip outwardly in a narrow peripheral zone. From the crest of the dissepimentarium

flatter dissepiments slope steeply into the tabularium. On this reflexed surface, the

septal trabeculae are arranged in a broad asymmetric fan. In immature corallites the

dissepimentarium is very narrow and the dissepiments slope towards the axis throughout.

The tabulae are incomplete. There is an axial series of broad flat plates, frequently

with downturned peripheral edges, which may occupy from one-half to nearly the whole
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diameter of the tabularium. In the peripheral zone, horizontal, distally concave tabulae

are irregularly developed.

Increase is peripheral and non-parricidal. Daughter corallites arise in the dissepi-

mental tissue of the parent and may not form an epitheca until a late stage in their

development.

Measurements of diameter and septal number are summarized in Table 1.

table 1. Comparative data for species of Marisastrum

M. sedgwicki M. marmini
N 2 4

dt
(mm.)

O.R. 3 -2-4-2 4-3-6-2

X 3-7 5-1

n O.R. 15-17 18-21

At/A X 0-13 0-2

dt , tabularium diameter; n, number of major septa; A
t
/A, ratio of tabularium to corallite area. N,

number of colonies; O.R., overall range; x, arithmetic mean.

Discussion. Edwards and Haime (1851, p. 386; 1853, p. 231) included both fasciculate

and cerioid forms in their original diagnosis but the species is here limited to the latter.

The diameter of the corallites and the number of septa as stated by them agree closely

with measurements made on the present material.

The specimens figured by Soshkina (1951, pi. 18, figs. 3, 4; 1952, pi. 41, fig. 144 (upper

two illustrations only); 1954, pi. 10, fig. 1) as
‘

Phillipsastraea sedgwicki' appear to be very

close to the present material. They are certainly more similar to Marisastrum marmini
than to M. sedgwicki but cannot be definitely identified as conspecific with the former.

M. marmini differs strongly from M. sedgwicki. The former has considerably larger

tabularia and a high ratio of tabularium to corallite area (see Table 1); in addition, the

septa are non-carinate. Of the species described by Moenke (1954) as Hexagonaria,

all but her H. hexagona and H. basaltiformis should be assigned to Marisastrum.

M. phillipsastraeiformis (Moenke) differs from M. marmini through strong carination of

the septa. The other species, M. mirabilis (Moenke), M. sanctacrucensis (Moenke), and

M. davidsoni (Edwards and Haime) sensu Moenke (1954) are all readily distinguished

from M. marmini, particularly by their lower ratios of tabularium to corallite area.

M. marmini is recorded from the Frasnian of Ferques, near Boulogne, France
;
from the

lens of Givetian or Frasnian limestone at Sidi Daoud, Chenoua, Algeria; from Frasnian

limestones and beach pebbles from South Devonshire, England; and possibly also from

the Frasnian of the Russian Platform and the southern Urals, U.S.S.R.

Measured material. BM R46096-9. All from thin-bedded limestones near the southern end of Saltern

Cove (SX 89505842), near Paignton, South Devon; Frasnian.

Genus haplothecia Freeh 1885

1885 Haplothecia Freeh, p. 68.

1935 Haplothecia ; Lang and Smith, p. 549.

1940 Haplothecia-, Lang, Smith, and Thomas, p. 65.

e.p. 1951 Phillipsastraea-, Soshkina, p. 95.

e.p. 1952 Phillipsastraea-, Soshkina, p. 101.

1956 Haplothecia', Hill, p. 280.

e.p. 1958 Phillipsastraea-, Schouppe, p. 233.

e.p. 1960 Phillipsastraea-, Spassky, p. 65.
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Type species. Haplothecia filata (Schlotheim)
;
Freeh 1885, p. 68, pi. 6, figs. 7, la = Madreporites

fi/atus Schlotheim partim (var.) a 1820, p. 359.

Diagnosis. Colonial rugose corals, cerioid or astraeoid. Septa of two orders, more or

less dilated against the tabularium boundary. Septa strongly carinate, usually degenerat-

ing to perforate or spongy tissue at the corallite margin. Dissepiments small, well arched

;

dissepimentarium surface strongly reflexed. Tabulae complete or incomplete, pre-

dominantly distally concave.

Discussion. In his original diagnosis, Freeh (1885, p. 68) stressed the carination of the

septa and the peculiar character of the wall separating the corallites. Lang and Smith

(1935, p. 549) also discussed the carination of the septa in Haplothecia , comparing that

in the type species with the septal structure in
‘

Phillipsastraea pengellyi'

.

They regarded

Haplothecia as congeneric with Phi/lipsastrea although they thought that ‘ ... it may be

found desirable in the future to retain the name, perhaps as a genomorph, for the forms

exhibiting the peculiar septal degeneration . . . Their conclusion was, in effect, based on

their belief that the species pengellyi differed from Phillipscistrea sensu stricto only

through the character of the septa. I agree with their implication that H. filata and

‘P’. pengellyi are congeneric, but consider both distinct from Phi/lipsastrea.

The latter genus should be restricted to forms possessing horseshoe dissepiments.

Schouppe (1958, p. 235) was similarly of this opinion but he claimed that horseshoe

dissepiments are also developed in the type species of Haplothecia. He wrote (op. cit.,

p. 203) that ‘by reason of the existence of horseshoes and the corresponding basic

structure, I thus regard Haplothecia as a synonym of Phillipsastr

.

d'Orb., 1849 sensu'

.

On careful examination, however, Schlotheim’s original specimen of Madreporites

flatus (var.) a (see PI. 41, fig. 2) shows no sign of horseshoe dissepiments.

For this reason, Haplothecia is here regarded as not closely related to Phil/ipsastrea

and is placed in a different family. Within the Marisastridae, Haplothecia is distinguished

by its peculiar septal structure and the dominance of distally concave plates in the

tabularium.

Distribution. Frasnian of Germany (Harz) and U.S.S.R. (Urals); upper Givetian and Frasnian of

south-west England.

Haplothecia filata (Schlotheim) 1820

Plate 41, figs. 1, 2

e.p. 1820 Madreporites filatus Schlotheim (var.) a, p. 359.

1885 Haplothecia filata (Schlotheim); Freeh, p. 68, pi. 6, figs. 7, la.

1935 Phillipsastraea filata (Schlotheim); Lang and Smith, p. 549.

non 1951 Phillipsastraea filata (Schlotheim); Soshkina, p. 98, text-fig. 36, pi. 18, fig. 1.

non 1952 Phillipsastraea filata (Schlotheim); Soshkina, p. 101, pi. 42, fig. 141.

non 1960 Phillipsastraea filata (Schlotheim); Spassky, p. 66, pi. 25, figs. 3, 4.

Lectotype (see Freeh 1885, p. 68). The original of Madreporites filatus Schlotheim (var.) a 1820, p. 359,

which is in the collections of the Institut fur Paliiontologie und Museum der Humboldt-Universitat,

East Berlin. From Ibergerkalk, Bad Grund, Harz, Germany; Frasnian.

Diagnosis. Cerioid Haplothecia with tabularium diameters ranging from 1-4 mm. to

2-0 mm. and with 11 to 15 major septa. Septa strongly carinate and failing between the

carinae peripherally. Dissepiments small, globose. Tabulae incomplete, horizontal, and
distally concave.
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Description. Cerioid colony with a straight, rarely zigzagged epitheca. The axial plane

of Flower (1961, p. 26) is clearly seen.

Septa strongly carinate in the dissepimentarium. Towards the periphery the carinae

become irregular in form and distribution and the septa frequently bifurcate. The
carinae are often connected by clear structureless calcite but, towards the periphery in

particular, the septa are discontinuous. The minor septa do not enter the tabularium but

the major continue, smoothly attenuated, to the axis. Here there may be some fusion

between adjacent or opposite septal ends.

In cross-section, the dissepimental tissue appears somewhat crowded and, particu-

larly in the peripheral parts, rather irregular in shape.

In longitudinal-section, the dissepiments are small, globose, and evenly developed.

The dissepimentarium surface is strongly reflexed, and upon it the septal trabeculae

are arranged in a broad fan. The tabularium is composed of horizontal, incomplete,

distally concave tabulae. Any axial structure is obscured by septal traces.

Measurements of tabularium diameter and septal number made on the lectotype are

summarized in Table 2.

Discussion. The brief description above is based on the lectotype only. It is included here

as this specimen has not been described since Freeh (1885, p. 68), and for comparison

with the English species of Haplothecia.

The species is only so far definitely known from the Ibergerkalk in the German Harz.

The specimen figured by Soshkina (1951, pi. 18, fig. 1 ; 1952, pi. 42, fig. 141) is not con-

specific with H. filata, although very similar to it and undoubtedly congeneric.

Haplothecia ogwellcnsis sp. nov.

Plate 41, figs. 3-6

Hoiotype. OUM D542; Lower Frasnian limestones, road cutting, 40 yd. west of Ramsleigh quarry

entrance (SX 8441 7005), East Ogwell, near Newton Abbot, south Devon.

Diagnosis. Cerioid Haplothecia with mean tabularium diameter 1-9 mm. and with be-

tween 10 and 14 major septa. Septa strongly carinate, rarely discontinuous peripherally.

Dissepiments small, well arched. Tabulae incomplete with a narrow axial series of dome-
shaped plates.

Description. The colonies, the external features of which are unknown, are apparently

cerioid although recrystallization obscures the structure of the wall. This is usually

strongly zigzagged, delimiting polygonal corallites. Only rarely does the wall break

down for a short length of the corallite margin.

EXPLANATION OF PLATE 41

Figs. 1, 2. Haplothecia filata (Schlotheim). 1, Cross-section, X 3. 2, Longitudinal-section, X 6. Both cut

from lectotype; Frasnian, Ibergerkalk, Bad Grund, Harz, Germany. Specimen un-numbered in the

collections of the Institut fur Palaontologie und Museum der Humboldt-Universitat, East Berlin.

Figs. 3-6. Haplothecia ogwellensis sp. nov. 3, Cross-section of hoiotype, OUM D542/pl, x 3. 4, Longi-

tudinal-section of hoiotype, OUM D542/p2, X 6. 5, Cross-section of topotype, OUM D543/pl, X 3.

6, Longitudinal-section of topotype, OUM D543/p2, X 3. All from Lower Frasnian limestone, road

cutting, 40 yd. west of Ramsleigh quarry entrance (SX 8441 7005), East Ogwell, near Newton Abbot,

south Devon.
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The septa, major and minor, are 0-05 mm. thick peripherally and straight to slightly

flexed in the dissepimentarium. They are variably dilated, up to c. 0-2 mm. thickness,

against the tabularium boundary. Some major septa, however, may be virtually un-

thickened and the minor septa, which do not enter the tabularium, are less dilated than

the major and frequently uniformly attenuated throughout. The major septa taper in

the tabularium to 0-02-0-04 mm. width. Their axial ends may curve sharply to become
confluent with septa in the adjacent quadrant, or they may be free, or rarely fused in

small groups. An axial area, 0-5 to 0-25 mm. in diameter, is usually clear of septa.

The septa are variably carinate, usually with five carinae, 0-15 to 0-2 mm. wide,

developed in 1 mm. of septal length. Normally the carinae are separated by clear struc-

tureless calcite but rarely this is missing and the septa are discontinuous.

Dissepiments are commonly uniserial between adjacent septa. In cross-section, the

tabularium boundary is clearly but not sharply defined.

In longitudinal-section, the dissepiments are small, well arched, and between 0-1 and
0-3 mm. apart vertically. The surface of the dissepimentarium is reflexed with the crest

c. 0-5 mm. outside the tabularium junction. The swollen isolated trabeculae forming the

carinae are arranged in an asymmetric fan on the dissepimental surface, bending over to

enter the tabularium almost horizontally.

The tabulae are mainly incomplete. There is a peripheral horizontal series of flat to

distally concave tabulae, with an axial series, one-third to one-quarter of the tabularium

diameter across, of dome-shaped plates. The latter appear to be fairly continuous but

unfortunately they are usually partially obscured by the traces of major septa.

Quantitative data for this species are summarized in Table 2.

table 2. Comparative data for species of Haplothecia (for symbols see Table 1)

H. filata H. ogwel/ensis H. pengellyi

N lectotype only 2 17

dt (mm.)
O.R.

X

1-4-20

1-65

1 -5-2-4

1-9

2-0-4-9

3-55

n O.R. 11-15 10-14 13-24

At/

A

X 006 0095 01

Discussion. Haplothecia ogwel/ensis is very similar in general appearance to H. filata.

The limited data available for these two species (Table 2) show the most striking differ-

ence in the ratios of tabularium to corallite area. This contrast is immediately apparent

on a cursory inspection ofthe two species. They also show slight differences in tabularium

size and number of major septa but the variation in both species is virtually unknown
due to lack of material.

H. ogwel/ensis also differs from H. filata in having a zigzagged wall separating the

corallites as opposed to the straight epitheca of the latter. In addition, carination

and septal degeneration is stronger in H. filata and begins to approach that seen in

H. pengellyi.

H. ogwel/ensis is known so far only from the type locality.

Measured material. OUM D542-3.
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Haplothecia pengellyi (Edwards and Haime) 1851

Plate 42, figs. 1-5; Plate 43, figs. 1, 2

e.p. 1840 Astrea (Siderastrea ) hennahii Lonsdale, p. 697, pi. 58, fig. 3a (non figs. 3, 3b).

1851 Smithia pengillyi Edwards and Haime, p. 422.

1853 Smithia pengellyi Edwards and Haime; Edwards and Haime, p. 241, pi. 55, figs. 1, la, 1 b.

1883 Phillipsastraea pengellyi (Edwards and Haime); C. F. Roemer, p. 390, text-fig. 91.

e.p. 1885 Phillipsastrea hennahi (Lonsdale); Freeh, p. 59 (synonymy pars), pi. 5, ?fig. 4.

non 1951 Phillipsastraea pengelli (Edwards and Haime); Soshkina, p. 100, pi. 19, fig. 2.

non 1952 Phillipsastraea pengelli (Edwards and Haime); Soshkina, p. 102, pi. 41, fig. 146.

Lectotype (see Soshkina 1951, p. 100). The original of Edwards and Haime 1853, pi. 55, fig. 1; un-

fortunately this specimen is lost.

In their original description of the species, Edwards and Haime ( 1 85 1 , p. 422) quoted as synonymous
Lonsdale's (1840, pi. 58) fig. 3a. Smith (1917, p. 289) was of the opinion that GS (Geol.Soc.Coll.) 6192
(PI. 42, fig. 1 ) was probably the specimen figured by Lonsdale, although this cannot be definitely proved.

If, however, Smith is correct, GS(Geol.Soc.ColL) 6192 appears to be the only survivor of the original

syntypes.

The lectotype was stated by Edwards and Haime to come from the Devonian of Torquay, south

Devon.

Diagnosis. Astraeoid tending to thamnasterioid Haplothecia with tabularium diameter

ranging from 2-0 to 4-9 mm. and between 13 and 24 major septa. Septa heavily carinate,

usually degenerating at the periphery to a spongy state. Dissepiments small, globose;

dissepimentarium surface strongly reflexed. Tabulae incomplete.

Description. The colonies, of which the external features are unknown, are astraeoid

tending to thamnasterioid. The margins of individual corallites are usually indicated by
a sharp geniculation of the peripheral septal ends although these seldom join together to

form a distinct pseudotheca. The septa are irregularly, rarely perfectly, confluent from one
corallite to the next. Varying degrees of peripheral septal break-down contribute to the

diffuse nature of the pseudotheca.

The septa, both major and minor, exhibit excessive degeneration in the dissepi-

mentarium characteristic of the species. Usually the septa are thick and solid only in a

zone surrounding the tabularium where their width varies between 0-2 and 0-5 mm. In

this zone septa may apparently be uni- or multi-trabecular. Peripherally, the trabeculae

become separated, causing the septa to become strongly and irregularly carinate. The
carinae are usually of the yard-arm type but may be xyloid when thickened trabeculae

alternate on either side of the septal axis. Frequently individual trabeculae become
completely isolated at the periphery with up to four across the septal width.

The character and extent of the septal degeneration is highly variable both within and
between colonies. Some septa are uniformly thin with a light yard-arm carination of

e. 0-2 mm. width throughout the dissepimentarium. In others, separation and isolation

of the trabeculae towards the corallite margins may form a spongy mass of tissue up to

1 mm. in width.

The minor septa penetrate slightly into the tabularium but the major become smoothly

attenuate and continue, e. 0-07 mm. thick, more or less to the axis. The axial ends of the

EXPLANATION OF PLATE 42

Figs. 1-5. Haplothecia pengellyi (Edwards, and Haime). 1, Cross-section of suggested syntype, GS(Geol.

Soc.Coll.) 6192. x3. 2, Cross-section. BM R23257. x3. 3, 4, Longitudinal-sections,BM R23257, x4.

5, Cross-section, BM R23252, x 3. All from upper Givetian limestone, Barton quarry, Torquay
,
south

Devon.
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major septa are frequently slightly dilated and may fuse in small groups. Sometimes
septa in adjacent quadrants are continuous or subconfluent periaxially, imparting a

bilateral appearance to the tabularium.

Dissepiments are uniserial, becoming multiserial peripherally, between adjacent septa.

In cross-section, the tabularium junction is usually clearly but not sharply defined.

In longitudinal-section, the dissepiments are small and fairly globose with an average

vertical spacing of c. 0-2 mm. The surface of the dissepimentarium is strongly reflexed

with the crest between 0-6 mm. and 1 mm. outside the tabularium. Septal trabeculae

are arranged in a broad fan at right angles to this surface, curving over to enter the

tabularium at a low angle.

The tabulae are incomplete. There is a broad peripheral series of horizontal plates,

slightly distally concave and with a vertical spacing of between 0-2 and 0-3 mm. In some
cases, steeply sloping periaxial vesicles are also present. The tabularium axis is fre-

quently obscured by septal traces. There is evidence in some corallites, however, for a

narrow, irregularly developed, axial series of dome-shaped plates.

Increase is peripheral and non-parricidal, the young individual developing in the

dissepimental tissue equidistant from the surrounding adult tabularia.

Measurements made on representatives of this species are summarized in Table 2.

Discussion. Although the lectotype of Hap/othecia pengellyi is lost, both Edwards and
Haime’s (1853, pi. 55, figs. 1, la, 1 b) and Lonsdale’s (1840, pi. 58, fig. 3a) illustrations

are sufficiently characterized to allow the identification of the species.

There is only one, questionable, record of the species outside England, by Freeh (1885,

p. 59, pi. 5, fig. 4), who figured a specimen from the Upper Devonian of Lohren near

Dillenburg. He considered H. pengellyi to be conspecific with Phillipsastrea hennahi,

attributing the larger size and peculiar septal structure in the former to specific variation.

Freeh was also obviously unaware of the considerable difference in the longitudinal-

sections of these two species.

The specimen figured by Soshkina (1951, pi. 19, fig. 2; 1952, pi. 41, fig. 146) as
‘ Phillipsastrciea pengellV [s/c] has a well-formed pseudotheca and lacks the septal

degeneration characteristic of the species. It is not conspecific with the English material.

H. pengellyi differs from both H. filata and H. ogwellensis by its larger size and
correspondingly large septal number (see Table 2), its grade of septal degeneration, and
its poorly developed pseudotheca.

The species is known in England from the upper Givetian limestones of Lummaton
and Barton quarries, Torquay, and was recorded by Edwards and Haime (1851, p. 422)

from Plymouth, south Devon.

Measured material. TM(JB) numbers 106, 110, 121-2, 124-5, 129, 131-3, 133a, 136-8, 140-1, 143; all

from Barton quarry.

Genus billingsastraea Grabau 1917

1917 Phillipsastraea (Billingsastraea) Grabau, p. 957.

1937 Billingsastraea', Stumm, p. 437.

1937 Radiastraea Stumm, p. 439.

1940 Billingsastraea', Lang, Smith, and Thomas, p. 27.

1940 Radiastraea', Lang, Smith, and Thomas, p. 113.

1949 Billingsastraea', Stumm, p. 35.

1951 Billingsastraea', Ehlers and Stumm, p. 85.
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1953 Billingsastraea
;
Ehlers and Stumm, p. 1.

1956 Billingsastraea
; Hill, p. 280.

e.p. 1958 Billingsastraea ; Schouppe, p. 235.

1964 Billingsastraea ; Oliver, p. 2.

1964 Radiastraea', Pedder, p. 446.

e.p. 1965 Billingsastraea ; Strusz, p. 547.

Type species. Phillipsastrea verneuili Edwards and Haime 1851, p. 447, pi. 10, fig. 5. Their specimen

(which appears to be lost) was stated by Edwards and Haime to have come from Wisconsin. It is thought

to have been a drift specimen originating from the Onondaga or Bois Blanc Formations of Ontario,

Canada, or Michigan, U.S.A. (see Stumm 1949, p. 35).

Diagnosis. Astraeoid, thamnasterioid, or slightly aphroid rugose corals. Septa of two

orders, usually undilated throughout and frequently carinate. Dissepimentarium reflexed.

Tabulae incomplete.

Discussion. Oliver (1964) has given a valuable review of this genus. Schouppe (1958,

p. 235) assigned to Billingsastraea a number of species formerly classified with Phillips-

astrea but lacking horseshoe dissepiments. As Oliver (op. cit.) has pointed out, this is

unsatisfactory as Billingsastraea differs significantly in morphological detail from the

European forms considered by Schouppe, particularly in the septal dilatation character-

istic of the latter. Several of these species are placed in a new genus to be described else-

where and others have been placed by Rozkowska (1965) in Marisastrum. Only one

English species, Acervularia battersbyi Edwards and Haime, is here tentatively referred

to Billingsastraea.

Stumm (1937, p. 439) erected Radiastraea on the mistaken identification of an aulos in

the axial area of the type species, R. arachne Stumm. He later (1949, p. 35) corrected his

error and placed Radiastraea in his synonymy of Billingsastraea. Pedder (1964, p. 447),

however, reconstituted Radiastraea on a distinction in dissepimental structure, stating

that ‘The dissepiments in Billingsastraea are very uneven in size and appear to bear

septal crests, whereas in the other (Radiastraea) they are of the normal disphyllid type.’

This distinction is very difficult to detect in Pedder’s illustrations (compare Pedder 1964,

pi. 73, fig. 1 with Ehlers and Stumm 1953, pi. 1, fig. 3 of Billingsastraea verneuili) and,

in the writer’s opinion, is insufficient to warrant generic separation.

Billingsastraea differs from both Marisastrum and Haplothecia in possessing un-

thickened or faintly dilated septa. In addition, species of Marisastrum are exclusively

cerioid, whilst species of Haplothecia are characterized by heavy carination and septal

breakdown.

Distribution. Coblenzian to Givetian and ?Frasnian of North America (after Oliver 1964, p. 2);

middle Givetian of south Devon, England.

EXPLANATION OF PLATE 43

Figs. 1, 2. Haplothecia pengellyi (Edwards and Haime). 1, Cross-section, BM R30983, x3. 2, Longi-

tudinal-section, BM R30984, x4. Both from upper Givetian limestone, Barton quarry, Torquay,
south Devon.

Figs. 3-5. Billingsastraea? battersbyi (Edwards and Haime). 3, Cross-section, X 3. 4, 5, Longitudinal-

sections, X4. Middle Givetian limestones, Wolborough quarry, Newton Abbot, south Devon;
BMR23401.
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Billingsastraea? battersbyi (Edwards and Haime) 1851

Plate 43, figs. 3-5

1851 Acervularia battersbyi Edwards and Haime, p. 419.

1853 Acervularia battersbyi Edwards and Haime; Edwards and Haime, p. 239, pi. 54, figs. 2, 2a.

1879 Acervularia battersbyi Edwards and Haime; Quenstedt, p. 535, pi. 162, fig. 37.

e.p. 1885 Phillipsastrea ananas (Goldfuss); Freeh, p. 49 (synonymy pars only).

Type material. Edwards and Haime’s original specimens are missing.

Diagnosis. Astraeoid tending to thamnasterioid Billingsastraea? with mean tabularium

diameter 3-91 mm. and between 17 and 22 major septa. Septa, major and minor, may be

uniformly attenuate, or more usually faintly dilated in a zone surrounding the tabu-

larium; they are not carinate. Dissepiments low, elongate; dissepimental surface gently

reflexed. Tabulae normally flat-topped domes.

Description. Colony shape and size is unknown but the largest fragment measured
14-5 cm. by 11 cm. in surface area.

The species is astraeoid tending to thamnasterioid. The peripheral septal ends are

geniculate and abutting or more rarely confluent with those of neighbouring corallites.

Sometimes septa may have free ends although these are never withdrawn from the

corallite margins.

The septa, straight or slightly sinuous, are very thin peripherally, rarely exceeding

0-

1 mm. and usually c. 0-05 mm. in thickness. Septal thickening is variable and some
septa are uniformly attenuate throughout. Others are slightly dilated in a zone of up to

1-

5 mm. width surrounding the tabularium. Septa may reach 0-3 mm. in this zone but

usually they are 0T to 0T5 mm. thick.

Minor septa end more or less at the tabularium junction but the major continue

almost to the axis. The axial ends of the major septa are usually free and may bear a

slight elongate thickening.

Dissepiments are usually uniserial between adjacent septa. In cross-section, the

tabularium boundary is clearly but not sharply defined.

In longitudinal-section, the dissepimentarium is composed of several series of rather

low, elongate dissepiments. The dissepimental surface is gently reflexed with the crest

usually c. 1 mm. outside the tabularium junction. Dissepiments forming the crest may
be slightly more globose than the rest.

The tabularium structure is rather obscure in the available material. Tabulae appear

to be complete or incomplete flat-topped domes with rare periaxial elements.

Quantitatively, the tabularium diameter ranges from 3-2 to 5-0 mm. with a mean value

of 3-9 mm. There are between 17 and 22 major septa. The tabularia are evenly spaced

and the ratio of tabularium to corallite area is c. 0-08.

Discussion. This material agrees well with the descriptions and figures of Edwards and
Haime (1851, p. 419; 1853, p. 239, pi. 54, figs. 2, Id). Particularly, they drew attention to

the ‘feeble development of the outer walls’ and the ‘very slender . . . slightly thickened’

septa. Edwards and Haime gave the diameter of the calices (= tabularia) as 2 lines

(= c. 4-2 mm.) or somewhat more, with 36 septa; this is comparable with the data for

the present material.

Freeh (1885, pi. 2, figs. 5a, b) illustrated a specimen from the Ibergerkalk (Frasnian;
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Bad Grand, Germany) as a variety of Phillipsastrea ananas corresponding to Acer-

vularia battersbyi. The character of the septal thickening and the strong external pseu-

dotheca, however, distinguish Freeh’s specimen from the present material.

Acervularia battersbyi differs from the American species of Biliingsastraea chiefly

through the frequent, slight dilatation of the septa, which are also non-carinate.

Uniformly attenuate septa are considered by Oliver (1964, p. 2) to be an important

characteristic of the genus. Nevertheless, as the present species appears to agree in all

other respects with typical members of Biliingsastraea
,

it is tentatively assigned to that

genus.

Edwards and Haime (1851, p. 419; 1853, p. 239) stated that the species is found both

at Torquay and Newton. All the specimens examined by the writer, however, come from

middle Givetian limestones in Wolborough quarry, Newton Abbot, which is probably

their ‘Newton’; no specimens are known from Torquay.

Measured material. OUM D288 (BM R1460 is cut from the same block), BM R23401, TM 120/7.
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ADDENDUM

Since this paper was written, Pedder (1966, p. 182) has published a description of

Haplothecia filata also based on the lectotype. He provisionally places Haplothecia in

the Disphyllinae, which he regards as a subfamily of the Cyathophyllidae.

pedder, a. e. h. 1966. The Devonian tetracoral Haplothecia and new Australian phacellophyllids. Proc.

Linn. Soc. N.S.W. 90, 181-9, pi. 6.



SPORE ASSEMBLAGES AND THEIR
STRATIGRAPHICAL APPLICATION IN THE
LOWER AND MIDDLE DEVONIAN OF

NORTH AND CENTRAL VESTSPITSBERGEN

by K. C. ALLEN

Abstract. Rock samples were collected from numerous stratigraphically measured sections throughout the

Lower and Middle Devonian of North and Central Vestspitsbergen. An assessment has been made of the

stratigraphical value of the dispersed spore content from over 250 rock samples which were prepared for micro-

scopic investigation. Absence of spores from Andree Land makes correlation less complete than was originally

anticipated. Sections from North and Central Dickson Land have produced three distinct successive spore

assemblages; the Culpa (lower) Assemblage, the Eximius (middle) Assemblage, and the Triangulatus (upper)

Assemblage.

The aim of this paper is to evaluate the stratigraphical use of the dispersed spores

described earlier in this journal (Allen 1965). The author collected numerous strati-

graphically placed rock specimens throughout the Lower and Middle Devonian of North
and Central Vestspitsbergen, in the hope of working the complete succession for dis-

persed spores, and then correlating the formations on dispersed spore assemblages.

Collections were made from the Red Bay Group on the east side of Raudfjorden, from
the Wood Bay Formation of Andree Land and Dickson Land, from the Grey Hoek
Formation and Wijde Bay Formation of Andree Land, and from the Mimer Valley

Formation of Dickson Land (see map in Friend 1961, p. 86, fig. 2). Unfortunately spores

were absent from the majority of samples collected from Andree Land, and correlation

was necessarily confined to Dickson Land. Place names in Dickson Land referred to in

the text are given in text-fig. 1.

Sections collected over a wide area of Dickson Land (text-fig. 2) together represent

the complete stratigraphical succession for that area. Detailed information is given in

text-fig. 3, for three of these sections from Estheriahaugen, West Lagercrantzberget, and
the Gonvillebreen-Stensiobreen ridge (the top of this succession extends on to the

Caiusbreen-Hoelbreen col).

Three distinct, successive, spore assemblages are distinguishable in Dickson Land,

each characterized by a number of species of limited stratigraphical range, and therefore

of importance for correlation within the area. To date, little work has been completed on
Lower and Middle Devonian microfloras, and consequently the number of new species

in Vestspitsbergen was large, and correlation with Lower and Middle Devonian spore

floras from areas outside Vestspitsbergen was therefore limited. In addition to the three

assemblages described from Dickson Land, productive samples were prepared from the

Fraenkelryggen Formation of the Red Bay Group. Also recorded are a few ill-preserved

samples from the Wijde Bay Formation, and from the highly deformed eastern portion of

the Wood Bay Formation (Mimerbukta Sandstone of Friend 1961). For stratigraphical

nomenclature I have followed Friend, Heintz, and Moody-Stuart (in press).

[Palaeontology, Vol. 10, Part 2, 1967, pp. 280-97.]
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text-fig. 1. Place-names of Dickson Land referred to in the text.
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text-fig. 3. Sections represented in text-fig. 2 from Gonvillebreen-Stensiobreen ridge (the top of the

succession extends on to the Caiusbreen-Hoelbreen col). West Lagercrantzberget and Estheriahaugen,

giving details of lithologies, and of horizons from which samples have been prepared for microscopic

investigation.
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TEXT-nc. 2. Stratigraphical columns in Dickson Land from which'collcctions were made for palynological investigation

(Stratigraphic comparison with European stages taken from Friend 1961).





K. C. ALLEN: SPORE ASSEMBLAGES 283

THE SUCCESSION OF SPORE ASSEMBLAGES
Red Bay Group

From the Red Bay Group rock specimens for palynological investigation were only

collected by the author from the Fraenkelryggen Formation. This represents the lowest

horizon from which dispersed spores were obtained. This formation consists mainly of

red, grey, and green sandstones and siltstones, and especially selected were the darker

grey siltstone bands. The age (see Friend 1961, p. 85, for references) based on Hetero-

stracan and Cephalaspid faunas, suggests a probable equivalent to the Upper Down-
tonian and Dittonian in the Anglo-Welsh area (Lower and part of the Upper Gedinnian ).

No diagnostic species were present however, and the assemblage was not formally named.

Spores were obtained from three samples; these were poorly preserved, and of simple

morphology, none being confined solely to this assemblage. The following species were

recorded, together with the percentage present in each case:

Hoeg (1942, pp. 14-25) records the following macroplants from the Fraenkelryggen

formation : Pachvtheca cf.fasciculata Kidston and Lang; Prototaxites sp . ; Zosterophyl/um

sp . ;
Taeniocradai?) spitsbergensis Hoeg, and Hostimella sp.

The Wood Bay Formation and Mimer Valley Formation of Dickson Land

In Dickson Land the lowest assemblage recorded was the Culpa Assemblage, repre-

sented only in a short section in South Mimerdalen (text-fig. 2). The Eximius and
Triangulatus Assemblages, the middle and upper assemblages respectively, are best seen

in sections collected from Estheriahaugen, West Lagercrantzberget, and Gonvillebreen-

Stensiobreen ridge; all the species present in these three sections are recorded in Tables 1

and 2, and wherever possible, a quantitative analysis based on 200 specimens per sample

is included. Tables 3 and 4 list the species present in the Eximius and Triangulatus

Assemblages from other productive, well-localized samples in Dickson Land. From a

comparison of Tables 3 and 4 with text-fig. 2, it can be seen that over a wide area, the

stratigraphical horizons from which these two assemblages are obtained, is extremely

constant. More detailed collecting from the junctions between assemblages would prob-

ably show a more gradual change in spore composition. The assemblages are named after

the most constantly occurring, easily recognizable, diagnostic species. Macroplants

described by Hoeg 1942 for the Wood Bay and Mimer Valley Formations of Dickson

Land, are comprehensively listed in Friend 1961 (appendix, pp. 115-18).

The Culpa Assemblage. Although this assemblage is defined on the basis of only two
samples from the Austfjorden Sandstone Member of the Wood Bay Formation (lower

Light Member of the Reuterskioldfjellet Sandstone of Friend 1961), it represents a more
diverse assemblage than that recorded for the Fraenkelryggen Formation, and is clearly

C 4471 U
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t a b l e 1 . Spore distribution in samples containing the Eximius Assemblage, from a section exposed on
Gonvillebreen-Stensiobreen ridge, and from the lower portions of sections exposed on West Lager-
crantzberget and Estheriahaugen. In well-preserved samples, constituent species are recorded as
percentages, based on a count of 200 specimens. ‘X’ indicates samples in which there are too few well-

preserved spores to permit a count, or where a species is present in a sample, but not in the actual count.
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0-5

Camptozonotriletes aliquantus 0 5 X X X

Archaeozonotriletes meandricus 0 5 X 2 X 0-5 X X X 0 5

Tholisporites ancylus X X 0-5 0 5 1-5

Chelinospora perforata 0-5 X X

Perotrilites eximius

Perotrilites ergatu6

Perotrilites pannosus

6

2

1-5

X

X

X

X

f H

l-S

1-5

X

X

1

1

X X

X

X

X

X 145

X

336

7

OS

l&s

4

12-5

3-5

IO

1 6

1

1

3 X 1 X X

Grandispora diamphida X 3 5 X X X X X

Rhabdosporites cymatilus X 3 1

Aulicosporites aulicus X S-S X X X X 1 1 l-S

Ancyrospora trocha

Ancyrospora reuta X X 15 X X X

X

X 05 6-5 0-5

X

OS X X

separable from the succeeding assemblage. This assemblage is characterized by the

presence of Lycospora culpa Allen 1965, comprising 3 per cent, of the total spores

present, together with the following diagnostic species:

per cent.

Leiotriletes pagius Allen 1965 8-5

Emphanisporites decoratus Allen 1965 2 0
Retialetes sp. (not present in the spore count).
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Apart from the diagnostic species, the percentages of other species are very different

from those in the succeeding Eximius Assemblage. Particularly high, although not so

high as in the Fraenkelryggen Formation, is the proportion of simple laevigate or

apiculate forms, together with representatives of the genus Emphanisporites McGregor
1961. Those recorded were:

per cent.

Punctatisporites g/aber (Naumova) Playford 1962 46-5

Punctatisporites laevigatus (Naumova) Allen 1965 4 0

Calamospora nigrata (Naumova) Allen 1965 8-0

Ccilamospora microrugosa (Ibrahim) Schopf, Wilson, and Bentall 1944 3 0

Trileites oxfordiensis Chaloner 1963 0-5

Granulatisporites muninensis Allen 1965 2-5

Cyclogrcinisporites plicatus Allen 1965 7-0

Emphanisporites neglectus Vigran 1964 3-5

Emphanisporites minutus Allen 1965 6-0

Emphanisporites patagiatus Allen 1965 0-5

Other morphologically more complex species present were:

Craspedispora craspeda Allen 1965 0-5

Stenozonotriletes furtivus Allen 1965 0 5

Stenozonotriletes insessus Allen 1965 2 0

Rhahdosporites cymatilus Allen 1965 0-5

Cirratriradites dissutus Allen 1965 L5

The last named species was very rare in the succeeding Eximius Assemblage. Leio-

triletes parvus Naumova 1953, Leiotriletes pyramidalis (Luber) Allen 1965, Calamospora

witneyana Chaloner 1963, and Emphanisporites rotatus McGregor 1961 were also present.

The Culpa Assemblage was recorded only from the Austfjorden Member of the Wood
Bay Formation, and it is probably equivalent to a Siegenian age (Friend 1961, Table 1).

No spore assemblage yet described, compares with the Culpa Assemblage, but from an

evolutionary viewpoint, it is interesting to note cingulate, zonate, and cavate species

occurring in this low stratigraphical horizon.

The Eximius Assemblage. This assemblage (see Tables 1 and 3), was present in 77

samples, from 1 1 different areas in Dickson Land (those sections recorded in text-fig. 2

together with collections made by previous expeditions to West Dickson Land). The
Eximius Assemblage is characterized by the presence of Perotrilites eximius Allen 1965,

together with the diagnostic species recorded in Table 5. Perforosporites sp. is exclusive

to this assemblage, but only two specimens have as yet been recorded. Common species

which are also present in the Culpa Assemblage are recorded in Table 5.

The Eximius Assemblage is recorded from the Wood Bay Formation (the Dickson-

fjorden Sandstone and Upper Reuterskioldfjellet Sandstone of Friend 1961), Lower
Mimer Valley Formation and from Vogt’s bed ‘

1 ’ (the lowest part of the Estheriahaugen

Division of the Mimer Valley Formation). The lowest beds containing the majority of

species diagnostic of this assemblage, occur about 250 m. below the top of the Wood
Bay Formation, probably equivalent to a Lower or Middle Emsian age (see text-fig. 2).

One sample N383 from near Lykta, containing only Bullatisporites bullatus Allen 1965

of the diagnostic species, probably occurs slightly lower in the succession, in beds con-

taining the ‘Lykta fauna’, which according to Dineley (1960, p. 31) is equivalent to
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table 2. Spore distribution in samples containing the Triangulatus Assemblage, from a section ex-
posed on the Caiusbreen-Hoelbreen col, and from the upper portions of sections exposed on West
Lagercrantzberget and Estheriahaugen. In well-preserved samples, the constituent species are recorded

as percentages, based on a count of 200 specimens (‘X’, as in Table 1).
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Raistrickia aratra X X 1 1 s 1

0- 5 0 5 X 05
Leiotriletes pyramidalis X X
Leiotriletes parvus X X

Punctatisporites glaber 3 5 4-5 X X 8-5 5-5 4 6-5 22 5 23 75 2- 5 X 2 5 IS 0-5 O-S

Punctatisporites laevigatus i 5 0 5 0 5 X

Calamospora microrugosa • •5 1. 5 1 1 X IS 15 o-s 1 3 5

Calamospora nigrata X

Trileites oxfordiensis 0-5

Granulatisporites muninensis X 3 5 4-5 3 6 5 9 5 8 2 6 OS 1 2 5 2

Cyclogranisporites rotundus 0-5 3-5 X 9 5 IS 3 4 X 155 W 5 X 2 5 15 o-s X i S 7 -5 2-5

Cyclogranisporites plicatuB 1.5 7*5 X 1 3*5 2 2 X 1 0 5 0- 5 1

Geminospora tuberculata 9 6-5 X X 6 5 i*5 OS 0 5 2 5 3 IS

Geminospora svalbardiae 33 5 X X 3-5 IS 7 X 1 5 5 14 X Q 55-5 52 43 50-S 53-5 46 X

Geminospora spinosa X
Hystricosporites porcatus II IO X X X X 05 X X OS 35 7 5 2 5 1 3 X

Hystricosporites porrectus 2 X 1

Hystricosporites monosaccus OS X X X 0-5

Hystricosporites corystus 3 05 X X X

Convolutispora vermiformis 3 X 0-5 IS X

Convolutispora disparilis s 7 X X 9-5 3 2 7 X 27-5 6-5 18-5 12 7 14 25 X

Convolutispora mimerensis 0- 5 as 1 05 05 i O 5

Convolutispora tegula 2 X X 2-5 2-S 2-5 X 2-S 5-5 1 1 -5 0-5 0-5 0-5 1-5 X

Reticulatisporites sp. 4

Diatoroozonotriletes sp. X

Stenozonotriletes sp. X

Samarisporites praetervisus o-s

Samarisporites senotus X os X X 0-5 0-5 X 0 5 X

Samarisporites hesperus 1-5 X 0 5 0 5 X 1.5 t 0 5 2-5 2 1 3 1 4-5 X

Samarisporites triangulatus OS X 0-5 X X X X S-S 9-5 3 X 6 3-5 1 -5 X

Samarisporites inusitatus OS 1 0 5

Densosporites devonicus 1-5 X X X 0 5 X X X X 2 0-5 X

Cirratriradites avius X 0-5 X X X

Camptozonotriletes asaminthus ?-s X 3 2 4-5 15 X

Archaeozonotriletes variabilis 23 2-5 X 3 3 X 2 5 5 2 4 o-s 1-5 OS X

Archaeozonotriletes sarus 2 1 3-5 3 1 X

Archaeozonotril etes columnus 6-5 3 5 X X 4 1-5 1 4 05 2 6 1 05

Cymbosporites cyathus 2 5 2-S IO 9-5 X X 0 5 1-5 0 5 95 IS 2-S

Cymbosporites atillus 2 34 585 49 40 2 5 OS O-S 3 0-5

Chelinospora concinna 3 3-5 X X 6-5 2 05 X 1 3 2 5 3 10-5 9 3 5 2-5 X

Chelinospora ligurata 0 5 | X X O 5 OS 1 3 O-S I -5

5 3

Perotrilites ergatus X X X 0-5 2 0-5 OS

IS O-S X , OS 1 X 2 1
5-5 3 5 0 5 2

Grandispora incult

a

0-5 1 0 5

Calyptosporites microspinosus X 0-5 O-S

Calyptosporites proteus X X X X X X

Calyptosporites optivus os 2-5 X O- 5 0 5

Calyptosporites indolatus
*

1 1 2 5 X 24 13 -S 1 X 0-5 2 X

Aulicosporites vitabilis X X

Nikitinsporites spitsbergensis
j

X 2 X

AncyTospora langii 3 IS 0-5 X •5 1 0-5 i 1

Ancyrospora sp.
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uppermost Siegenian or lowermost Emsian. The highest beds containing the Eximius

Assemblage, occur in Vogt’s bed ‘
1

’ of the Estheriahaugen Division, which is probably

equivalent to an Upper Eifelian or Lower Givetian age.

The Eximius Assemblage exhibits a marked increase in diversity of spore morphology
from forms present in the Culpa Assemblage, with the presence of numerous cingulate,

patinate, and cavate forms, together with the first appearance of species with grapnel-

tipped spines. No other assemblage yet described resembles closely the Eximius Assem-
blage, but as the succeeding Triangulatus Assemblage compares at least in part with

Lower Givetian assemblages from the Orcadian Basin (Richardson 1960), an Emsian/

Eifelian age is provisionally suggested for the Eximius Assemblage.

The Triangulatus Assemblage. This assemblage (see Tables 2 and 4) was present in 51

samples from 8 different areas in Dickson Land (those areas recorded in text-fig. 2,

together with rock specimens collected by previous expeditions from Watsontoppen).

The Triangulatus Assemblage is characterized by the presence of Samarisporites tri-

angulatus Allen 1965, together with the diagnostic species recorded in Table 5. The
following species appear to be confined to the Triangulatus Assemblage, but are of

limited occurrence: Geminospora tuberculata (Kedo) Allen 1965, Hystricosporites

corystus Richardson 1960, Samarisporites praetervisus (Naumova) Allen 1965, Samari-

sporites inusitatus Allen 1965, Cirratriradites avius Allen 1965, Archaeozonotri/etes sarus

Allen 1965, Calyptosporites indolatus Allen 1965, Aulicosporites vitabilis Allen 1965,

Nikitinsporites spitsbergensis Allen 1965, and Ancyrospora langii (Taugourdeau-Lantz)

Allen 1965. Species common to both the Triangulatus Assemblage and the Eximius

Assemblage, or common to all three assemblages are recorded in Table 5.

The Triangulatus Assemblage marked by a further increase in the number and com-
plexity of form species, extends from Vogt’s bed ‘2’ of the Estheriahaugen Division to

the top of the Planteklofta Conglomerate at the top of the Devonian succession in

Vestspitsbergen. An age equivalent to the Middle and Upper Givetian and lowermost

Frasnian as suggested by Friend (1961, pp. 95-97 and Table 1), based primarily on the

correlation of the Fiskeklofta Division with the Nairn Sandstone in Scotland and the

Oredesch and Podsnetogor Stages of the Baltic sequence. However, Tarlo (1964, pp. 84,

85, Table 5) suggests that the Fiskeklofta Division Psammosteids are equivalent to the

Tartu horizon of the Baltic sequence. This would indicate a probable Lower to Upper
Givetian age equivalent for the Triangulatus Assemblage range. Evidence from the

Psammosteids is supported by palynological correlation
;
for the Triangulatus Assemblage

shows a marked similarity to an assemblage recorded by Richardson (1960), from the

Eifelian-Givetian boundary in north-east Scotland. Auroraspora macromanifestus

(Haquebard) Richardson 1960, Calyptosporites microspinosus Richardson 1962, and

Densosporites devonicus Richardson 1960 occur in both assemblages, and Samari-

sporites oreadensis Richardson 1962 is very similar to Samarisporites praetervisus

(Naumova) Allen 1965. Close comparison with Russian assemblages is more difficult, on
the basis that the exact construction of the Russian species described are not always clear.

The most interesting species is Calyptosporites proteus (Naumova) Allen 1965 which is

recorded by Naumova (1953) from the Upper Givetian, and by Kedo (1955) as being an

important component of the Lower and Middle Givetian, and may well prove to be an

important Givetian zone fossil. Other Russian species of limited stratigraphical range
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table 4. Spore distribution in samples containing the Triangulatus Assemblage from Dickson Land

(see text-fig. 2), other than those recorded in Table 2. In well-preserved samples, the constituent species

are recorded as percentages, based on a count of 200 specimens (‘X’, as in Table 1). ‘O’, Odindalen.

LOCALITY WATSON- NORTH RIDGE OF HORBYE--GONVILLE- north AND
TOPPEN KINANDERFJELLET BRE E N COL O FI5KEKL0FTA EAST MUNINDALEN

SAMPLE NO. I
[B
6
5
2
1

K
559

K

556

K
555

K
550

K

558

K

530
o
O'

F
788

F
790

F
798

|F
793

|
K816 Ik

720

I
K
721

K
728

K737 F
1529

K
738 K

K760 K
767

K772

n

Raistrickia ar atra.
|

1.5 1 1 1 • 5 1 0-5 0-5 l 2 1 5 1 1-5 7 X

Leiotriletes pyramidalie
Leiotriletes parvus

j

2

X X

Punctatisporites glaber 2. X X 13-5 2 6- 5 1 13 2 5 2 X 4 5 O' 5 8 8 3 5 2 5 5 L 3 5 X 4 5-5 4- 5 2

Punctatisporites laevigatu3 115 5 0 5 0 5 6-5

Calamo spora mi

Calamospora ni

crorugosa

grata
X X

4 5 1

2

3 5 1-5 0 5 2 1 O'

5

5 3-5 5 5 0 5 3 2-5 1 -5

0-5

Trileites oxfordienBis X 1 5 X 1 X X X X

Granulatisporites muninensis 21-5 1 2 5 18 5 13 5 8-5 5 5 1 3 175 3-5 4 2-5 0-5 3-5 2-5

Cyclogranisporites rotundus 3 4-5 7 5 0-5 4.5 2- 5 0-5 8 05 3 5 0-5 3-5 4 4 4 -5 2 5 5 25 115 1

Cyclogranisporites plicatus X X 0-5 7 6 5 1 5 05 1 4 0-5 7 OS
Geminospora tuberculata

1 2-5 4 9-5. 0 5 0-5 5 X 2-5 2.5 1 2 1- 5 5-5 5-5 X 1 1 5

Geminospora svalbardiae 5 1
X IS 38 4 5 73 5 32.

5

37 5 50 X 415 37 45 1 8 32 5 38 22 5 50 3iS X 19 5 22 5 37 63

Geminospora spinosa
|

0-5 0 5

HyBtricosporites porcatus 4 0-5 3 8-5 X 2-5 2 3-5 X 1 -5 6 2-5 2 II 2-5 5 1 5 4-5 1 1 1 4

Hystricosporite s porrectus 2-5 X X 0-5 X X 0-5

Hystricosporitee monosaccus X X X X X X X X 1
* 5 Z X

HystricosporiteB corystus X 1 1 -5 0 5 2 X 05 X 1-5 0 5 X X 0 5 2 X X X 0 5 O 5

Convolutispora verraiformis 0- 5 0- 5 2 O- 5

Convolutispora disparilis
1 2 20 2 5 20-5 O 5 10-5 12 5 X 10-5

1 5 14-5 26 115 II- 5 14 11 5 13 X 10 ft 18 5 7

Convolutispora mimerensis
1 1 1 0-5 O- 5 0 5 0 5 OS 1 0 5 3 0-5 0-5 0 5

Convolutispora tegula O 5 0 5 1 O'

5

0-5 2 1 0-5 O 5 1
-5 2 5 2 5

Reticulatisporites sp. l

Diatomozonotriletes sp. 0-5

Stenozonotriletes sp. X l-S

Samarisporites praetervisus 0-5 I- 5 X X 0 5 0-5 0 5 0-5 X 0*5 0-5 1

Sannrisporites senotus 0 5 1 0 5 X X O- 5 1
-5 X X 1 05 0-5 X 0 5 1 1

0‘5 i 05
Samari sporites hesperus 0-5 15 1 2 3 5 X 1-5 2 45 1 0 5 25 1 1

2-5 ft 5 20 0-5 X

Samarisporites triangulatus X 2 5 2 2 2 5 X 5 6 X 10 5 IO 5 15 6 135 X 5-5 1 X 9 5 3 0-5 X

Samari sporites inusitatus
1

1-5 0 5 1 0 5 1 l 5 5 0-5 0 5 1
0-5 1 1

0-5

Lensosporites devonicus 0-5 0 5 X X X 1 1 5 X X 0-5 O 5 0-5 X X O 5 1 2 X 1

Cirratriradites avius X X X X X X X 0-5

Camptozonotriletes asaminthus 0 5

A.rchaeozonotrilete3 vsriabilis 9 2 3 0-5 2- 5 2 1 5 1 5 X 2 3 2 1 • 5 4 1 3 2 i 2 5 35 1 0 5

Archaeozonotriletes sarus 05 1 2 5 1 1 15

Archaeczonotriletes coluranus 5 2 1-5 3 0-5 0 5 2 O 5 X l 5 l 5 3 1
i

1 3 1- 5 1- 5 X 1 2 1 2,5

Cymbosporites cyathus 0-5
1 15 1 2 X 1-5 2 2 X 1 -5 05 2 1 0 5 15 1 5

Cymbosporites atillus 2 2 1 0-5
1 5 1

X 0 5 0 5 X I

Chelinospora concinna 7
1 5 6 15 8-5

1 5 5 3 X 9 5 6 5 7-5 7 5 1 o 6 5 8 2-5 11-5 2 75 105 9

Chelinospora ligurata 0 5 X 2- 5 0-5 0-5 0 5 X 0-5 1 X O 5 15 2 1 0-5 0-5
1

• 5

Auroraspora raacromanifestus 0-5 X 0-5 X

Perotrilites ergatus X X 1 O 5 O 5 X X X

Perotrilites pannosus 2 3-5 4 5 0-5 4 5 X 4-5 2 5 0-5
1 2 5 1

-5 3-5 2 3-5 0-5 2-5 2 5

Grandispora inculta X X

Calyptosporites microBpino$us X X 0-5 X X X X X

Calyptosporites proteus X i X

Calyptosporites optivus 0-5 0-5 X 0-5 X X 05 X X X X 0-5 X X X X

Calyptosporites indolatus X X X X X X X X X X X X X

Rhabdosporites scamnus X X O- 5 X 0-5 X 2 X l-S 0-5 X 15 X

A.ulicosporites vitabilis X X
1 X

hikitinsporites spitsbergensis X X X X X X

Ancyrospora langii 6s o- s 1 5 X X O 5 O- 5 0 5 X l s X O 5 X X
1 1 I- 5

Ancyrospora sp. X X X X X X X

present in Spitsbergen include Geminospora tuberculata (Kedo) Allen 1965, which is

recorded by Kedo (1955) from the top of the Givetian, and Calyptosporites optivus

(Chibrikova) Allen 1965 which is recorded from the Frasnian. From a general similarity

of spore forms with those of Richardson (1960) and Kedo (1955), and the evidence of
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table 5. Important constituent species of the three assemblages described from the Lower and Middle
Devonian of North and Central Vestspitsbergen. The horizontal lines indicate the presence of a species

in an assemblage, and not its stratigraphical range within that assemblage.

MICROFLORAL ASSEMBLAGE TR I A NG ULATU S

SUGGESTED AGE G I VETI AN EMSIAN, E I FE L I AN MIDDLE AND UPPER
SI EGE N I AN

Hystricosporites porcatus

Hystricosporites porrectus

Hystricosporites raonosaccus

Raistrickia aratra

Convolutispora disparilis

Convolutispora mimerensis

Convolutispora tegula

Samarisporites senotus

Samarisporites hesperus

Samarisporites triangulatus

Densosporites devonicus

Camptozonotriletes asaminthus

Archaeozonotriletes variabilis

Axchaeozonotriletes columnus

Chelinospora concinna

Chelinospora ligurata

Cymbosporites cyathus

Cymbosporites catillus

Grandispora inculta

Calyptosporites raicrospinosus

Calyptosporites proteus

Calyptosporites optivus

Rhabdosporites scamnus

Geminospora spinosa

Geminospora svalbardiae

Stenozonotriletes sp.

Perotrilites ergatus

Perotrilites pannosus

Hystricosporites mitratus

Bullatisporites bullatus

Reticulatisporites emsiensis

Camptozonotriletes aliquantus

Archaeozonotriletes raeandricus

Tholisporites ancylus

Chelinospora perforata

Perotrilites eximius

Grandispora diamphida

Aulicosporites aulicus

Ancyrospora trocha

Ancyrospora reuta

Emphanisporites neglectus

Emphanisporites minutus

Craspedispora craspeda

Stenozonotriletes furtivus

Stenozonotriletes insessus

Cirratriradites dissutus

Rhabdosporites cymatilus

Leiotriletes pagius

Emphanisporites decoratus

Lycospora culpa

Punctatisporites glaber

Punctatisporites laevigatus

Calamospora nigrata

Calamospora microrugosa

Granulatisporites muninensia

Cyclogranisporites plicatus
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the Fiskeklofta Division psammosteids, a Givetian age equivalent is provisionally

suggested for the Triangulatus Assemblage.

Other productive samples

Wood Bay Formation—deformed eastern portion (Mimerbukta Sandstone of Friend

1961). Thirteen samples collected from Karnakfjellet, East Lagercrantzberget, and

Mimerbukta were prepared, of which six produced a few poorly preserved, morpho-

logically simple spores. These spores cannot be included within any one of the described

assemblages. Spores present were Punctatisporites g/aber (Naumova) Playford 1962,

Punctatisporites laevigatus (Naumova) Allen 1965, and Cyclogranisporites pHeatus Allen

1965.

Widje Bay Formation. Of the twenty-eight samples prepared, six produced a few ill-

preserved spores. These were: Leiotriletes parvus Naumova 1953, Punctatisporites glaber

(Naumova) Playford 1962, Calamospora nigrata (Naumova) Allen 1965, Granulatisporites

muninensis Allen 1965, Geminospora svalbardiae (Vigran) Allen 1965, and Cyclograni-

sporites plicatus Allen 1965.

No diagnostic species were present, and the assemblage cannot be related to any one
of the described assemblages. With 75 per cent, of the spores being Punctatisporites

glaber (Naumova) Playford, and the rest of a very simple construction, this poorly

preserved assemblage resembles most closely that of the Fraenkelryggen Formation,

which is clearly considerably older.

ABSENCE OF SPORES IN ANDREE LAND

From numerous localities and horizons within Andree Land (text-fig. 4), 73 rock

specimens were macerated from which only 6 (all from the Wijde Bay Formation) pro-

duced spores. These were ill-preserved, few in number, and of a simple morphographic
nature. Many of these samples did, however, produce poorly preserved tracheids and
cuticle fragments. This compares with 138 rock specimens prepared for microscopic

examination from Dickson Land, of which only 18 failed to produce any spores, and of

the remainder 93 produced moderately well preserved and diverse species.

Of the Andree Land specimens prepared, 42 were from the Grey Hoek Formation,

28 from the Wijde Bay Formation, and 3 from the Wood Bay Formation. From the

palaeo-ecological aspect, samples from every lithology present in Andree Land were

prepared; these included black shales, dark grey-green and red siltstones and sandstones,

and ferruginous nodules. From the depositional aspect, specimens were selected for their

high or low micaceous and calcareous contents, and for size of plant remains, from
specimens with very large plant fragments down to those with only carbonaceous specks.

Specimens with well-preserved plant or fish fragments were especially selected, and badly

weathered material was not used. Much experimentation in timing and concentration of
chemicals in the preparation of samples, suggests that the preparation technique was
not at fault.

Absence of spores from the red beds in the Wood Bay Formation in both Andree
Land and Dickson Land, is probably the result of depositional or post-depositional

lateritic and oxidizing conditions, whereas their absence from non-red Wijde Bay and
Grey Hoek Formations is more surprising. If, as Friend (1961) suggests, these beds
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text-fig. 4. Localities in Andree Land and Dickson Land giving details of spore presence and absence.
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represent a marginal marine area, then it is unlikely that they would produce spores in

the same quantity, or of the same diverse morphology, as those from the Mimer Valley

Formation, which probably represents an area of inland rivers and stagnant lakes

(Friend 1961). However, abundant plant fragments are present throughout the Wijde

Bay and Grey Hoek Formations, and it seems very probable that spores were commonly
deposited within this sequence. Sub-aerial weathering has some effect, but unweathered

samples were carefully selected, and specimens from Andree Land are certainly no more
weathered than productive Dickson Land samples. Two possibilities would appear to

remain ; either there has been an increase in thickness of post-Devonian sediments north-

wards, the greater overburden causing disruption of the spore exine, or there has been

increased tectonic activity in Andree Land. There is no evidence for greater thickness of

post-Devonian deposits to the north in Andree Land (Orvin 1940), and during Carboni-

ferous and Permian times, the main basins of deposition were to the south of Andree
Land (Cutbill and Challinor 1965, pp. 425-31). A tectonic cause seems more probable;

absence of spores from the deformed eastern part of the Wood Bay Formation in Dick-

son Land (Mimerbukta Sandstone of Friend 1961), is certainly due to their deformed

state, and although the Wijde Bay and Grey Hoek Formations have not suffered de-

formation to the same extent, there have frequently been small movements along the

bedding planes. It may be a certain type of deformation that destroys spores, for in

Dickson Land spores have been obtained from vertical and slightly overturned beds.

Before a more definite hypothesis can be put forward, further sampling must be carried

out in the critical, rather inaccessible, area of North Dickson Land and South Andree
Land.

CONCLUSIONS

The Spitsbergen succession is particularly important as a spore assemblage/strati-

graphical study, in that it represents one of the few Devonian continental successions

extending from Lower Devonian into Middle Devonian without a stratigraphical break.

According to Vogt (1941) there is an unconformity between the Wood Bay and Mimer
Valley Formations in Mimerdalen, but neither Friend (1961, p. 95) nor the author could

find any evidence of this within the Estheriahaugen section. Further more detailed sub-

division of the Eximius Assemblage may help to solve this problem.

Of the three successive assemblages described herein, the Triangulatus Assemblage is

compared in part with assemblages from the Lower Givetian of Russia, and with the

Upper Eifelian and Lower Givetian of Scotland. The Culpa and Eximius Assemblages

cannot be closely compared with previously described Devonian assemblages. The
diversity of spore forms particularly in the Eximius Assemblage, suggests that during

Lower Devonian times, Spitsbergen supported a relatively advanced land flora.

The vertical distribution of dispersed spores provides a useful means of correlation

within Dickson Land. This is particularly important in an area where fish fragments may
be sparse or only locally abundant.
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APPENDIX I

A note on the geographical position ofPlanteklofta and Planteryggen

Planteklofta was named by H0eg (1942, p. 69), for a ‘small ravine in the east side of the plateau,,

between Fiskeklofta and Torfjellet’. This is shown as position A in text-fig. 1. Planteryggen was also'

named by Hoeg (1942, p. 69), being ‘somewhat further north on the sloping side of the terrace at the

foot of Torfjellet’, position B in text-fig. 1. These localities were checked in a private communication
with Professor O. A. Hoeg.

Prior to Hoeg’s publication, however, Vogt (1941, pp. 2, 3 and fig. 1) referring only to Planteklofta,

recorded its position as being a ravine on the south-eastern slopes of Odinfjellet (see text-fig. 1).

Orvin (1958, p. 85) in Supplement I to The Place Names of Svalbard, records Planteryggen as the

‘ridge in the extreme south-eastern part of Odinfjellet’ (see text-fig. 1), and Planteklofta as the "brook

ravine in the south-eastern slope of Odinfjellet’, which is the same location as that recorded by Vogt.

Friend (1961) follows Vogt’s and Orvin’s localities, in naming the Planteryggen Sandstone and
Planteklofta Conglomerate.

Since the publication of The Place Names of Svalbard (edit. Hoel 1942) and Supplement 1 to that

publication (edit. Orvin 1958), most authors (including the present writer) have followed the well-

documented place-names as recorded therein. It would be less confusing if in future Orvin’s (1958)'

recordings of Planteklofta and Planteryggen were always followed.

APPENDIX II

Macroscopic information on samples studied

Macroscopic information on the samples recorded in Tables 1-4, is listed below. The collector is

referred to in the Cambridge Spitsbergen Specimen number; (B) B. Moore, (C) M. J. Collins, (F) P. F.

Friend, (G) D. J. Gobbett, (K) present author, (N) N. F. Hughes. All samples referred to were pre-

pared by the author (KA).

Caiusbreen-Hoelbreen cot.

F800 sandstone, grey-green, with plant fragments; KA18.
F799 mudstone, grey-green, micaceous, with plant fragments; KA15.
K621 siltstone, dark grey, micaceous, with plant fragments; KA190.
K623 sandstone, grey, micaceous with plant fragments; KA227.

GonviUebreen-Stensidbreen ridge

K626 siltstone, grey, with plant fragments; KA294.
K632 sandstone, grey-green, slightly micaceous, with plant fragments; KA226.
K634 siltstone, grey-green, with plant fragments; KA284.
K636 sandstone, grey-green, fine-grained, with plant fragments; KA194.
K638 sandstone, grey-green, fine-grained, micaceous, with plant fragments; KA230.

West Lagercrantzberget

K678 shale, black, slightly micaceous; KA254.
K681 shale, black, slightly micaceous; KA290.
K676 siltstone, grey-green, micaceous, with plant fragments; KA 289.

K674 sandstone, grey-green, micaceous, with plant fragments; KA232.
K670 sandstone, grey-green, micaceous, with plant fragments; KA264.
K665 siltstone, grey-micaceous, with plant fragments; KA267.

Estheriahaugen

F840 conglomerate, siltstone lenses, ferruginous; KA130.
G1394 siltstone, dark grey, with plant fragments; KA122.
F831 sandstone, grey, with plant fragments; KA14.
F830 siltstone, grey with plant fragments; KA128.
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K.855 siltstone, grey-green, micaceous, with plant fragments: some movement along the bedding

planes; KA278.
K854 shale, grey-green, with plant fragments; KA282.
G1388 siltstone, grey, micaceous, with plant fragments; KA123.
G1385 siltstone, black and red, with fish fragments; KA133; KA270.
G1393 cannel coal; KA35, KA41.
F826 cannel coal; KA31, KA127.
F823 cannel coal; KA29.
G1384 sandstone, dark grey; KA132, KA151.
K891 shale, black; KA261.
K846 shale, dark grey, with plant fragments; KA287.
F836 fine sandstone, light grey, with plant fragments; KA131.
G1372 siltstone, green, micaceous, with plant fragments; KA77.
G 1371 siltstone, grey, calcareous; KA100.
G1366 siltstone, grey, calcareous, with plant fragments; KA124.
G1365 mudstone, grey-green, with carbonaceous specks; KA275.
G1364 mudstone, grey-green, with plant fragments; KA147.
K850 shale, grey; KA281.
K849 siltstone, grey-green, micaceous, with plant fragments; KA188.
K897 siltstone, grey-green, with lamellibranchs; KA249, KA271.
K838 sandstone, grey, with plant fragments; KA204.
G1350 marl, grey-green, with plant fragments; KA167.
G1356 pellet conglomerate, micaceous, calcareous, with fish fragments; KA162.

Watsontoppen

B652 sandstone, yellow-grey, with plant fragments; KA149.
B661 sandstone, yellow, with plant fragments; KA104.

North ridge of Kinanderfjellet

K530 siltstone, grey-green, slightly micaceous, with plant fragments; KA185.
K558 shale, grey-green, with plant fragments; KA269.
K550 siltstone, grey-green, micaceous, with plant fragments; KA229.
K555 siltstone, grey, with plant fragments; KA203.
K556 shale, grey; KA293.
K559 sandstone, grey-green, fine-grained, micaceous, with plant fragments; KA228.

Gomillebreen-Horbyebreen col

F793 nodular ironstone, with fish fragments; KA136.
F798 nodular ironstone; KA1 35.

F790 shale, green, micaceous, with plant and fish fragments; KA101.
F788 siltstone, green, micaceous, with plant and fish fragments; KA121.
K590 siltstone, grey, ferruginous, micaceous, with plant fragments; KA235.

Odindalen

K816 siltstone, grey, ferruginous, micaceous, with plant fragments; KA276.
K815 siltstone, grey-green, micaceous, with well-preserved plant fragments; KA179.
K808 sandstone, grey, fine-grained, micaceous, with plant fragments; KA288.
K806 sandstone, grey, fine-grained, micaceous, with plant fragments; KA183.
K801 sandstone, grey, fine-grained, micaceous, with plant fragments; KA186.
K782 sandstone, grey, with plant fragments; KA193.

North and East Munindalen

K773 siltstone, grey-brown, with plant fragments; KA286.
K772 siltstone, grey-brown, with plant fragments; KA242.
K767 mudstone, grey-brown, with plant fragments; KA243.
K760 siltstone, grey-green, micaceous, with plant fragments; KA255.
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Fiskeklofta

K745 siltstone, dark grey, with plant fragments; KA252.
K738 shale, grey, slightly micaceous, with plant fragments; K.A283.

FI 529 siltstone, grey, micaceous, with plant fragments; KA110.
K737 siltstone, grey, micaceous, with plant fragments; KA245.
K728 sandstone, grey-green, fine-grained, with well-preserved plant fragments; KA24I.
K721 siltstone, grey, micaceous, with plant fragments; KA244.
K720 shale, dark grey, with carbonaceous specks; KA279.
K753 siltstone, black, micaceous, with plant fragments; KA292.
K914 siltstone, grey-green, micaceous, with plant fragments; KA268.
K920 fine sandstone, grey-brown, micaceous, poorly preserved plant fragments; KA285.
K922 bright coal; KA258.
K716 siltstone, grey-purple, micaceous, with plant fragments; KA178.
K.829 siltstone, dark grey, micaceous, with plant fragments; KA223.

Odellfjellet

K519 siltstone, grey, micaceous, with plant fragments; KA209.
K515 sandstone, grey-green, fine-grained, micaceous, with plant fragments; KA21 1.

K509 sandstone, grey-green, micaceous, with plant fragments; KA195.
F632 siltstone, grey, slightly calcareous, with ostracods; KA164.
K507 siltstone, grey, micaceous, with plant fragments; KA263.
K501 siltstone, grey-green, micaceous, with plant fragments; KA266.

Manchesterbreen spur

K571 shale, grey-green, with plant fragments; KA265.
K572 siltstone, grey-green, very micaceous, with plant fragments; KA234.
K584 sandstone, grey-green, with plant fragments; KA233.
K577 sandstone, light grey; KA236.
K579 sandstone, grey-green, micaceous, with plant fragments; KA198.
K582 siltstone, grey-green, with plant fragments; KA240.

Triungen

K649 siltstone, grey-green, fine-grained, micaceous, with plant fragments; KA291.
K648 siltstone, grey-green, with plant fragments; KA231.
K645 siltstone, grey, micaceous, with plant fragments; KA202, KA237.

Hugindalen

C626 siltstone, grey, with plant fragments; KA272.
F1598 siltstone, dark grey; KA1 48.

F1597 siltstone, grey-green, with plant fragments; KA145, KA154.

Lykta

N372 sandstone, grey-purple, fine-grained, micaceous; KA117.
N383 sandstone, grey, fine-grained, micaceous; KA106, KA166.
G1442 pellet conglomerate, calcareous, with fish fragments; KA176.
G1440 sandstone, grey, micaceous, slightly calcareous; KA78.

Reuterskioldfjellet

K870 sandstone, grey-green, fine-grained, micaceous, with plant fragments; KA181.
K872 siltstone, grey, micaceous, with plant fragments; KA274.
K876 sandstone, grey, fine-grained, micaceous, with plant fragments; KA250.

South Mimerdalen

K908 siltstone, black; KA262.
K905 siltstone, black; KA251.
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SHELL-GROWTH IN RECENT TEREBRATULOID
BRACHIOPODA

by daniel b. sass and EUGENE A. MONROE

Abstract. The structure of the brachial valve of four Recent species of terebratuloids was investigated by
techniques involving both electron microscopy and light microscopy. The combined approach reaffirmed the

conclusions of some previous workers and provided new data on shell growth.

The interpretation of patterns observed when sections are cut through the shells is complicated not only by the

spatial orientation of the section itself, but by the habit of the truncated crystals as well. Changes in the nature

of crystal growth, orientation, and distribution are shown to be related to retraction of the mantle evidenced at

major growth-lines.

Carpenter (1853) and his contemporaries established the principles upon which

succeeding investigations of brachiopod morphology were based. The thoroughness of

these pioneer workers and the exotic nature of Recent Brachiopoda did not encourage

subsequent detailed research on living representatives of the phylum. According to

Williams (1956), less than fifty papers on living brachiopods had been published from

the turn of this century to 1956.

This is the second of a series of investigations directed toward a better understanding

of the shell structure of Recent Brachiopoda and ultimately, their Paleozoic progenitors.

The study was motivated by the published remarks of Muir-Wood (1955, p. 49) and

Williams (1956) who stated the need for such an investigation, and the introduction of

new techniques which opened areas of search unavailable to earlier workers. The results

reported below represent a concordance between the older established approaches and

the newer techniques, one complementing the other.

Aknowledgements. Much of the experimental work was performed by the senior author while on
sabbatical leave at the University College of Swansea (Glamorgan), Wales. Sincere appreciation is

expressed to Professor F. H. T. Rhodes, University College of Swansea, his faculty and staff, for

the use of the facilities and the professional courtesies extended. The Department of Metallurgy at

Swansea generously provided the use of their electron microscope; Mr. Malcolm Williams was a

most valuable assistant during this phase of the research. Discussions with Dr. M. J. S. Rudwick,

Dr. H. Brunton, and Mr. E. Owen were helpful in framing experimental procedures and interpreting

results. Mr. S. Osborne of the Geology Department, Swansea, produced the photographs used in

this report.

Materials and methods. Four species of Recent terebratuloid brachiopods were especially

examined; Gryphus stearnsi (Dali and Pilsbury 1891), Pictothyris picta (Dillwyn 1817),

Laqueus californicus (Koch 1848), and Terebratalia transversa (Sowerby 1846). The dis-

cussions which follow are collective in nature with reference made to individual species

as required. Specific references to G. stearnsi and L. californicus occur frequently in the

text due to the superior nature of the preparations made from these shells, for they lent

themselves more readily to the techniques employed.

The two-step plastic-carbon method of replication employed in the electron micro-

scopy, was essentially as reported by Sass et al. (1965, p. 181). Observations and

photographs were made on an AEI model EM6. Electron micrographs taken of trans-

{Palaeontology, Vol. 10, Part 2, 1967, pp. 298-306, pis. 44-49.]
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verse and longitudinal sections were overlapped and assembled as mosaics for the study

of gross morphology (PI. 44, 45). Specimens studied by light microscopy were prepared,

with some modification, in a manner originally described by Carpenter (1853). Fragments

of the predominantly calcite shells were treated for 6 hours at 50° C in 30 per cent.

H 202 to oxidize the trace organic constituents. Some portions of oxidized shell fragments

were carefully exfoliated and the component parts studied separately with a binocular

microscope; other portions were disaggregated ultrasonically and observed with a

polarizing microscope.

To establish a standard for the comparison of results, all preparations were made
from the brachial valves of the species enumerated above. Replications for longitudinal

sections were made from faces cut along the plane of symmetry of the valve. Transverse

sections were prepared from faces cut perpendicular to the plane of symmetry at the

maximum width of the valve. Tangential sections were taken at various levels reached

by repeated controlled abrasion and etching from the surface downward at the inter-

section of the two planes.

All registration numbers refer to the collection stored in the Department of Geology

at Alfred University, Alfred, New York. The replications from which electron micro-

graphs were made are preserved together with the shell material under the same number.

SHELL MORPHOLOGY

Sass et at. (1965), considered the brachiopod shell to consist of four distinct com-
ponents

;
the periostracum, outer carbonate layer, inner carbonate layer, and adventitious

layer. The terminology applied was selected from a variety of names then in use. To
avoid an unnecessary proliferation of terms the writers have adopted herein the termino-

logy of Williams and Rowell (1965). Reference to the shell components mentioned

above, subsequently appear respectively as the periostracum, primary, secondary, and

prismatic layers.

Periostracum. It was not possible to study the periostracum although its presence was

noted on some of the specimens in the writers ’ collection. The techniques used in prepara-

tion were either unsuitable or destructive. Its origin and characteristics are documented

by Williams (1956, p. 244); his conclusions will be discussed elsewhere in this paper.

The primary layer. In previous work devoted exclusively to electron microscopy the

writers were unable to obtain satisfactory photographs or data on this portion of the

shell. Our subsequent efforts have been more successful in obtaining evidence of some
of its characteristics, but detailed interpretation remains tenuous. The constituent

calcite crystals of the layer have been characterized as ‘fibrous’ by Cloud (1942, p. 23)

for the Recent species L. californieus (Koch) and as ‘lamellar’ by Dunlop (1961, pi. 483)

for the Carboniferous species Spirifer trigonalis (Martin). Cloud (1942, p, 24) suggested

that the fibres are oriented vertically with respect to the shell surface and that their

crystallographic c axes are parallel to the length of the fibres.

The primary layer is easily differentiated from the succeeding secondary layer at

both high (PI. 44 , 45) and low magnifications (PI. 48, fig. 1). Replications of etched sur-

faces viewed at high magnifications and various orientations give somewhat conflicting

impressions of the three-dimensional structure. The etched upper surface of the layer

xC 4471
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(PI. 47, fig. 6) has a pock-marked appearance which could be derived from tightly packed

prisms with their long axes oriented perpendicular to the shell surface. An enlargement

of an etched longitudinal section (PI. 46, fig. 2) suggests a lamellar structure. Further

enlargement of a transverse section at x 10,000 (PI. 46, fig. 3) showed a peculiar nodular

structure, the interpretation of which is not clear. Efforts to disaggregate the layer into

its component crystals by ultrasonic vibration have so far been unsuccessful. If the micro-

structure of the layer conforms to the observations of Cloud, cited above, the accom-

modation of the caeca must be accomplished by the clustering of the crystals around

each individual caecum to form the puncta. The inflation of the distal end of the caeca,

when traversing the primary layer, is a phenomenon which has been well documented
but rarely shown photographically (see Cloud 1942, pi. 2, fig. 1). Replications of this

characteristic were fortuitously made on two occasions during this study. The nature

of the inflation is apparently unique for each species as the electron micrographs of

G. stearnsi (PL 46, fig. 1) and P. picta (PI. 46, fig. 4) suggest.

Studies of exfoliated material at lower magnifications yield additional information

about the primary layer. The layer is relatively uniform in thickness and compact. Its

outer surface is marked by concentric growth-lines some of which are more heavily

incised than others (PI. 48, fig. 1). The underside of the layer (PI. 48, fig. 2) reflects only

the more heavily incised growth lines and reveals that the punctae themselves may vary

considerably in both size and shape.

EXPLANATION OF PLATE 44

All sections are composite electron micrographs of the brachial valves. Orientation with the valve

exterior uppermost.

Figs. 1-2. Gryphus stearnsi (Dali and Pilsbury 1891). Tosa, Japan. 1, Longitudinal section showing

primary, secondary, and prismatic layers. Crystals of the prismatic layer, accentuated by etching

along cleavage planes, are well displayed on bottom portion of photograph. Alfred Univ. 09130-1 A.

2, Transverse section of the same valve. The prismatic layer at the base is interrupted by a repetition

of the secondary layer. Alfred Univ. 091 30-4 B.

Figs. 3-4. Pictothyris picta (Dillwyn 1817). Tosa, Japan. 3, Incomplete longitudinal section showing the

primary layer and a portion of the secondary layer. Note the increase in crystal size toward the base

of the section. Alfred Univ. 09 130- IF. 4, Interrupted transverse section showing the primary and

upper portion of the secondary layers. The cone-shaped object at the upper right is the mould of the

inflated portion of a puncta passing from the secondary to the primary layer. Alfred Univ. 09130-3E.

EXPLANATION OF PLATE 45

All sections are composite electron micrographs of the brachial valve. Orientation with the valve

exterior uppermost.

Figs. 1-2. Laqueus californicus (Koch 1848). Catalina Island, California. 1, Transverse section showing

the primary and a portion of the secondary layer. The club-shaped impression in the centre of the

picture marks the passage of the distal end of a puncta. Alfred Univ. 09130-2M. 2, Interrupted and
incomplete longitudinal section showing the primary and secondary shell layer. The section is heavily

shadowed but accentuates the cleavage of the constituent calcite crystals in the secondary layer. Note
the increase in crystal size in the secondary layer. Alfred Univ. 09130-2L.

Figs. 3-4. Terebratalia transversa (Sowerby 1846). Puget Sound, Washington. 3, Incomplete and inter-

rupted transverse section, heavily shadowed. The depression along the margins mark the passage of

punctae through the secondary layer. Alfred Univ. 091 30-1 H. 4, Incomplete longitudinal section

showing the primary and secondary layers. Note the peculiar pattern of the lower portion of the

secondary layer. Alfred Univ. 09130-1G.
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The capacity of the brachiopod to incorporate foreign material within the structure

of the primary layer is illustrated on Plate 46, fig. 6. An electron micrograph of one of a

number of diatom tests is shown on a tangential section of L. californicus. The test was

covered by the periostracum and deeply embedded in the primary layer.

The secondary layer. As suggested earlier (Sass et al. 1965) the secondary layer appears

to vary in character from top to bottom. In longitudinal sections the crystals do show
the anterior inclination described by Cloud (1942, p. 24) but the phenomenon becomes

less obvious at magnifications above x 1000. Cloud (op. cit.) ascribes the variety of

patterns obtainable when viewing thin sections to the angle at which the thin section is

cut with respect to the length and width of the shell. The variation in pattern is even

more remarkable when seen on electron micrographs (PI. 44, 45). Because some patterns

(PI. 45, fig. 4) were difficult to interpret in terms of spatial orientation, it was decided to

re-examine the material by a different method.

After treatment with H 20 2 ,
portions of the primary layer of G. steams

i

were carefully

removed keeping disruption of the secondary layer to a minimum. The ease of separation

gave further indication of the sharp junction between the two layers. Viewed with the

binocular microscope, the upper portion of the secondary layer consists of a series of

bundles of transparent calcite crystals oriented parallel to the long axis of the valve;

deviating from this parallelism only as necessitated by the demands of shell curvature

(Pk 48, fig. 1). Crystal growth at this level appears to terminate periodically in conjunc-

tion with major growth-lines. Subsequent growth activity may initiate the formation of

new independent crystal elements or result in a welding of new increments to the old,

causing an inflation at the area of union and producing an arcuate ridge coincident with

the major growth-lines (PI. 48, fig. 3).

Removal of the upper portion of the secondary layer revealed that the intermediate

crystalline units below were disposed somewhat differently from those above. They
appeared to lie at almost right angles to the long axis of the crystals above (PI. 48, fig. 1).

Careful examination showed that these crystals are deflected toward the shell edges,

particularly at major growth-lines, and in extreme cases may recurve posteriorly. Both

crystal size and disorder increase as the base of the layer is approached (PI. 44, fig. 3).

The prismatic layer below is frequently approached by a gradational change rather than

the abrupt transition which characterizes the contact between the primary and secondary

layers.

Tangential electron micrographs of the crystals in the secondary layer (PI. 46, fig. 5)

show the flattened and elongate habit observed by Carpenter (1853) and Cloud (1942).

Since the high magnifications were prohibitive for examinations of gross crystal mor-
phology, petrographic and X-ray studies were made of individual crystals separated

ultrasonically from oxidized material. X-ray diffraction confirmed that the crystals are

composed of calcite, rather than aragonite.

The individual crystals are long with flattened faces; at the juncture of two faces a

distinct ridge is formed. Traced along the length of the crystals the ridge exhibits a twist.

In addition to twisting, the crystals are curved (PI. 49, fig. 1) or kinked along their

entire length (PI. 49, fig. 2). The width of the crystals may range from 5 to 1 5 /x. Measure-
ments of length are difficult to assess since the disaggregation process tends to fragment

the crystals. The longest crystal observed measured about 600 /x. Where disaggregation
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was incomplete, the crystals are bundled together in a subparallel orientation. The
crystals twist about one another with flattening caused by contact. Ridges form along

lines where three or more crystals join.

The punctae appear as circular perforations completely within individual crystals or

semicircular indentations at crystal boundaries (PI. 49, fig. 2). Presumably the caeca

are accommodated by either individual crystals or aggregates of crystals. In the latter

case, an individual puncta or a part thereof is the product of the welding together of the

arcuate indentations of two or more crystals. Details of the process are well illustrated

at higher magnifications (PI. 47, figs. 3, 4, 5).

The optical directions, as inferred from extinction under crossed nicols are, in general,

inclined to the length of the crystals with the angle of inclination variable from crystal

to crystal. Since these optical directions indicate positions of the crystal axis, the axis

must also have a variable orientation with respect to crystal length. Thus, the long axes

of the crystals are not rational crystallographic directions. This conclusion is surprising

in that in the case of inorganic crystals, elongation occurs along a rational crystallo-

graphic direction, e.g. a crystallographic axis. It appears that the crystals composing the

shell have their morphology determined by environmental conditions, that is, by the

organism rather than the physiochemical process of crystal growth.

The prismatic layer. The prismatic layer is usually quite distinct, particularly when
viewed at high magnification (PI. 44, fig. 1). Its component crystals are considerably

EXPLANATION OF PLATE 46

All illustrations are electron micrographs of the brachial valve.

Figs. 1-3. Gryphus stearnsi (Dali and Pilsbury 1891). Tosa, Japan. 1, The inflated portion of the distal

end of a puncta in a longitudinal section of the primary layer, X 1,500. Alfred Univ. 091 30-1 A.

2, Enlargement of a portion of transverse section of the primary layer, X 8,000. Alfred Univ. 09130-3C.

3, Enlargement of a longitudinal section of the primary layer, X 10,000.

Fig. 4. Pictothyris picta (Dillwyn 1817). Tosa, Japan. The inflated portion of the distal end of a puncta

in a transverse section of the primary layer, X 1,500. Alfred Univ. 09130-3E.

Fig. 5. Terebratalia transversa (Sowerby 1846). Puget Sound, Washington. Tangential section of the

secondary layer showing the disposition of the constituent calcite crystals, x 2,500. Alfred Univ.

09 130- IT.

Fig. 6. Laqueus californicus (Koch 1848). Catalina Island, California. Tangential section of the primary

layer showing the incorporation of a diatom test in the calcite matrix, x 8,000. Alfred Univ. 09130-1Q.

EXPLANATION OF PLATE 47

All illustrations are electron micrographs of tangential sections of brachial valves.

Figs. 1-3. Gryphus stearnsi (Dali and Pilsbury 1891). Tosa, Japan. 1, Puncta at the top of the secondary

layer showing the accommodation for its passage afforded by the curvature of components of the

calcite crystals. Vestiges of the primary layer are represented by the darker material at the top of the

picture, X 4,000. Alfred Univ. 091 30-1 P. 2, The passage of a puncta through the crystal boundaries of

the prismatic layer, x 4,000. Alfred Univ. 091 30-2P. 3, Detail of the accommodation of a puncta within

a single crystal of the secondary layer. The centre portion represents the puncta proper and the peri-

pheral material the crystalline complex surrounding it, X 6,000. Alfred Univ. 09130-IP.

Fig. 4. Laqueus californicus (Koch 1848). Catalina Island, California. Puncta (centre oval) in a single

crystal of the secondary layer, x 2,500. Alfred Univ. 09130-2Q.

Fig. 5. Terebratalia transversa (Sowerby 1846). Puget Sound, Washington. Detail of the passage of a

puncta through portions of several crystals in the secondary layer, x 2,500. Alfred Univ. 09130-2T.

Fig. 6. Pictothyris picta (Dillwyn 1817). Tosa, Japan. Etched outer surface of the primary layer, x 1,500.

Alfred Univ. 09130-1 R.
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larger than those of the primary and secondary layers. They appear to be elongate in a

direction perpendicular to the shell surface and show well-developed cleavage planes on

heavily etched surfaces (PL 44, fig. 1). No special accommodation for the caeca could

be detected. The punctae appear to form randomly at crystal boundaries ( PI. 47, fig. 2).

Speaking of spiriferoids and pentameroids, Williams and Rowell (1965, p. H64) state

that the prismatic layer ‘is simply a modification of the secondary layer . . . and is

commonly well developed in those parts of the shell occupied by the muscle bases . .
.’.

Dunlop (1961, p. 485) in her study of Spirifer trigonalis (Martin) concluded that the

columnar layer (= prismatic layer) is distinct and separate from the secondary layer and

that its maximum thickness and distribution are confined to the posterior region of the

shell. For those terebratuloids under discussion, the writers agree that the prismatic layer

attains its maximum thickness posteriorly and in the vicinity of muscle bases. However,

our observations indicate that although the layer varies in thickness it is distinct from

the secondary layer and is universally distributed except for the extreme margins of the

shell. It appears that the deposition of the prismatic layer is associated with phenomena
other than gerontism or the strengthening of muscle bases.

Both Williams and Rowell (1965) and Dunlop (1961) refer to an interlayering of the

secondary and prismatic layers. The writers also observed this phenomenon, particularly

on replications of the shell of G. stearnsi (PI. 44, fig. 2). Dunlop (op. cit., p. 488)

studied this relationship in detail and concluded that its origin could be traced to the

retraction of the mantle during pauses in growth. We have reached the same conclusion

independently.

DISCUSSION

Shell morphology. The two-dimensional patterns of shell architecture which emerge on
thin sections or replications are apparently created by a variety of factors. Paramount, of

course, is the orientation of the surface from which they were prepared with respect to

the major axes of the shell. Such sections, providing that shell curvature is accounted for,

can generally provide data on gross shell morphology. However, the interpretation of the

details of the component parts calls for great care and a variety of perspectives.

The primary and prismatic layers are easily recognized in thin sections and show fairly

consistent patterns regardless of orientation. They represent the extremes in so far as

detailed analysis is concerned. The precise orientation and nature of components of the

former are difficult to assess because of small size and compactness. The individual

crystals of the latter are easily distinguished and can be investigated in detail by their

optical properties or the cleavage faces which are generally well developed.

The apparently uncomplicated nature of the secondary layer viewed in thin section is

deceptive. Studies with both electron microscopy and light microscopy reinforce this

conclusion. The patterns which emerge on electron micrographs of plastic-carbon

replications cannot be explained solely in terms of the spatial orientation of the sections.

The curved and contorted nature of individual crystals, the enforced inflation of segments

of the upper portion of the layer where welding occurs at major growth pauses, the

inflexion of crystals toward the margins of the shell in the intermediate part of the layer,

and the gradual increase in size and disorder of the crystals at the base of the layer must
all be taken into account.
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A photograph of a longitudinal thin section of L. californicus used by Cloud (1942,

pi. 1, fig. 3) is illustrative of situations which may require alternative interpretations of

shell structure. In the explanation of the plate, a thick sequence is supposed to represent

both primary (= secondary?) and secondary (= prismatic?) shell layers. In the text

(op. cit., p. 25), the fact that the crystals in the primary layer dip anteriorly while those

of the secondary layer dip posteriorly, is explained as a possible function of the simulta-

neous secretion of the entire thickness of the primary shell.

Examination of the photograph revealed no apparent structural differences in the

upper and lower portions of the sequence other than the opposed directions of crystal

inclination. If our observations on the curvature of the crystals in the intermediate part

of the secondary layer are taken into account, a plausible alternative explanation of the

phenomenon is possible. A longitudinal section cut through the secondary layer at an

appropriate distance along a major growth-line would, in theory, display crystals

dipping in opposed directions.

Shell growth. The synthesis of shell development proposed by other workers requires only

slight modification to accommodate the morphological characteristics discussed above.

According to Williams (1956) the mantle edge and groove play a paramount role in

shell development. The groove gives rise to both setae and the periostracum and is an

important zone for the generation of epithelial cells. The outer epithelial cells continu-

ously migrate to the outer lobe of the mantle where both proliferation and differentiation

take place. He (Williams 1965, p. 246) states that, ‘at the tip of the outer lobe a marked
physiological change must occur, for thereafter the columnar epithelial cells which

initially secreted the periostracum are responsible for the deposition of a calcareous

shell of two layers, an outer primary and an inner secondary one’. The crystals of the

primary layer are presumed to form extracellularly while those at the secondary layer

form intracellularly.

EXPLANATION OF PLATE 48

The illustrations are photomicrographs of brachial valves.

Figs. 1-3. Gryphus stearnsi (Dali and Pilsbury 1891). Tosa, Japan. 1, Partially exfoliated shell showing

in sequence (bottom to top of photograph); a , the top of the primary layer with concentric growth

lines; b, interrupted crystals of the upper portion of the secondary layer lying parallel to the long

axis of the shell; c, the curved crystals of the intermediate portion of the secondary layer, X 26.

2, The underside of a portion of the primary layer showing the elliptical holes which accommodate the

caeca and a few crystals of the upper portion of the secondary layer, x 37. 3, A partially exfoliated

portion of a shell showing the primary layer with elliptical perforations and the upper portion of the

secondary layer with an elongate irregularity in crystal continuity marking the site of the cessation

and subsequent renewal of growth activity, X 37.

EXPLANATION OF PLATE 49

Both illustrations are photomicrographs of crystals from the brachial valve.

Figs. 1-2. Gryphus stearnsi (Dali and Pilsbury 1891). Tosa, Japan. 1, An aggregate of crystals from the

intermediate portion of the secondary layer showing a marked flexure of about 90°. The long axis of

the valve trends to the NW., x220. 2, Random assemblage of disaggregated crystals showing

contortion of crystals. Note the longitudinal ridges on the crystals and the punctae which perforate

them, x 220.
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These observations would suggest that the outer epithelial cells are versatile in nature,

changing form and function as the necessities of shell structure dictate. Presuming that

this is so, the problem of when and why the changes take place remains.

Dunlop (1961) regarded the interlayering of the secondary and prismatic layers as a

function of mantle retraction and the accompanying pause in growth. The writers have

recorded above, a similar relationship between pauses in growth and the habit of the

crystals in the secondary layer, where the crystals in the upper portion of the secondary

layer terminate at major growth-lines, while those of the intermediate portion curve

toward the shell margins and apparently continue to grow.

Williams and Rowell (1965, p. H79) attribute the formation of growth-lines to environ-

mental factors such as temperature. Since the growth-lines also appear to be related to

changes in shell morphology, it is herein suggested that cellular functional changes are

also related to pauses in the forward growth of the shell. The recession of the growth of

the crystals in the upper portion of the secondary layer while the crystals in the inter-

mediate portion continue to grow, suggests that the pause may be necessary for a revitali-

zation of the outer cells of the regenerative zone of the mantle groove and tip. Secondly,

the intercalation of secondary and prismatic layers during mantle retraction and growth

recession may indicate that changes in cellular activity are equally a function of the

distance of the cells from the edge of the mantle. Further discussion of these matters

would be enhanced by more physiological research on Recent Brachiopoda.
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ROCHDALIA, A CARBONIFEROUS INSECT NYMPH

by W. D. IAN ROLFE

Abstract. Since its original description Rochdalia Woodward 1913 has been cited as an Upper Carboniferous

representative of the branchiopod crustacean Order Anostraca or, more exceptionally, as one of the Trilobito-

morpha. Restudy of the unique specimen from Sparth Bottoms, Lancashire, shows it to be a juvenile instar of an

insect nymph. Such nymphs are difficult to classify, but Rochdalia can tentatively be identified with the family

Breyeriidae in the Order Palaeodictyoptera.

With the elimination of Branchipusites and possibly Opabinia from the Anostraca by Guthorl (1934) and
Raymond (1935), only the poorly known Gilsonicaris is left as a Palaeozoic member of this order.

Rochdalia was described by Woodward (1913) from the Lower Coal Measures of

Sparth Bottoms, Rochdale, Lancashire (Tonks et al. 1931, pp. 77, 135), and he had ‘no

hesitation in referring the unique specimen to the Branchiopoda’. Subsequent writers

have followed Woodward’s view in allying this specimen with the fairy shrimps or

Anostraca except Stormer (1944) who referred Rochdalia to his Trilobitomorpha.

Hutchinson (1930) made Rochdalia the type genus of a new family Rochdaliidae and

included it in his Order Palaeanostraca with the only other supposed anostracan then

known from the Palaeozoic, Opabinia. The most recent paper on the genus, by Saavedra

(1964), reiterates Woodward’s comparison with the Recent Chirocephalus diaphanus and
attempts an even more detailed morphological comparison, but apparently only from a

study of Woodward’s figure of the holotype.

Although many crustacean groups are represented only rarely as fossils, it seemed
strange to the writer that only the one specimen of Rochdalia should have been collected,

in view of the comparative abundance of specimens of other arthropods in ironstone

concretions of this age. Restudy of the holotype (Manchester Museum L. 1 1464) and the

preparation of the counterpart show the specimen to be an insect nymph, and comparable
with other Coal Measure nymphs. In view of the widespread reference to Rochdalia as

an anostracan it seems advisable to present the following partial synonymy.

Class 1NSECTA

Order palaeodictyoptera

Family breyeriidae?

Genus and species incertae sedis

Plate 50, figs. 1-3; text-figs. 1, 2a.

? 1904 'larval . . . cockroach . . . lEtoblattina'
;
Baldwin, p. 527.

? 1908 ‘nymph ... of Megasecopteridae ... to be figured by Dr. Henry Woodward’; Parker,

p. 67.

1913 Rochdalia Parkeri Woodward, pp. 352-6, fig. 2; Subclass Branchiopoda, Order Anostraca.

1930 Rochdalia parkeri Woodward; Hutchinson, pp. 8, 10-13, fig. 3b; Suborder Palaeanostraca

//ov., Family Rochdaliidae nov.

1944 Rochdalia; Stormer. pp. 93, 135; Subphylum Trilobitomorpha nov.. Class incertae sedis.

Order Opabiniida nov. (nom . corr. Stormer in Moore, 1959).

[Palaeontology, Vol. 10, Part 2, 1967, pp. 307-13, pi. 50.]
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1953 Rochdalici Parkeri Woodward; Dechaseaux in Piveteau, pp. 383-4, fig. 5; Crustacea

incertae sedis. [Magnification of X 3 wrongly stated as ‘gr.nat.’]

1960 Rochda/ia; Novozhilov in Orlov, p. 197; Superclass Trilobitomorpha, Class Merosto-

moidea. Order Opabiniida, Family Opabiniidae.

1964 Rochdalia parkeri Woodward; Saavedra, pp. 107-10, fig. 1; Phyllopoda Anostraca,

Family Chirocephalidae.

Text-fig. 1b presents a reinterpretation of Rochdalia as an insect nymph, based on
restudy of the holotype, for comparison with the interpretations of Woodward, Hutchin-

son, and Saavedra shown as text-fig. 1a. The main differences from earlier accounts are

indicated by text-fig. 1 and the following notes. The ‘broken base of the peduncle of the

eye' is merely a cavity in the internal mould caused by the breaking out of a fragment.

This fragment was attached to the external mould and when excavated revealed the

continuous pronotal surface beneath. The supposed posterior border of the ‘proboscis’

is the most posterior and deeply impressed of three diverging grooves on the pronotum
which are thought to be homologous with concave wing veins (Carpenter 1954, p. 341).

Excavation of the external mould reveals more of Woodward’s ‘lateral lamella’ and
shows it to be almost equal in length to the other ramus, Woodward's ‘telson’. The
structures are annulated (sixteen articles per mm. proximally) and are clearly cerci. After

the photograph for Plate 50, fig. 2 had been taken the distal portions of the wing buds

were excavated from the external mould, and these are shown on Plate 50, fig. 3.

The last segment of the ten-segmented abdomen has the tergite produced as a

triangular process between the cerci. Cockroach nymphs commonly have the tenth

abdominal tergite produced into a pair of ovate lobes, as shown on Plate 50, fig. 4. The
unidentified cockroach? nymph shown on Plate 50, fig. 8 has a large oval process

projecting from one of the posterior abdominal tergites which might conceivably have

had a branchial function.

IDENTIFICATION

Even ordinal attribution of fossil insect nymphs is at present almost impossible (Bolton

1921, p. 67; Carpenter 1948). The best assigned nymphs are those of the cockroaches,

EXPLANATION OF PLATE 50

Coal Measure insect nymphs. All specimens whitened with magnesium oxide, except those in figs. 4, 7,

and 8 which were immersed in xylene (4, 7) or alcohol (8).

Figs. 1-3. Rochdalia parkeri Woodward. Right dorso-lateral views of holotype (x 3-5). Compare with

text-figs. 1, 2a. Ironstone concretion from above Arley Mine Seam, communis Zone, Lower Coal

Measures, Sparth Bottoms, Rochdale, Lancashire. Manchester Museum L. 11464. 1, Internal mould.

2, External mould before preparation. 3, Latex cast taken from external mould after excavation of

distal region of wing buds and removal of matrix forming supposed ‘eye peduncle’.

Fig. 4. Flattened abdomen of blattodean, showing cerci (x 3). Dorsal aspect; the supposed crustacean

‘ Pygocephalus cf. coopen of Dix and Pringle. Shales above Mynyddislwyn Seam, tenuis Zone,

Upper Coal Measures, Gellideg, Monmouthshire. Geological Survey Museum 25421.

Figs. 5-7. Later instar of Rochdalia- like nymph. Left dorso-lateral views. Compare with text-fig. 2b.

Ironstone concretion from above Barnsley Coal, similis-pulchra Zone, Middle Coal Measures, Round
Green opencast site, Barnsley, Yorkshire. British Museum (Natural History) In. 44654. 5, Whole
specimen (x2). 6, Thorax, showing tuberculation and venation of wing pads ( x 3-5). 7, Paranotal

folds of abdominal segments 5-7 showing spines (x 9).

Fig. 8. Blattodean? nymph, dorsal view ( x 2-5). Compare with text-fig. 2c. Horizon and locality as for

figs. 5-7. Hunterian Museum, University of Glasgow A. 2680a.
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Order Blattodea, which are similar to their modern counterparts (Carpenter 1954,

p. 346). Even so, it is worth recalling that Carboniferous cockroach nymphs have

been described as notostracan branchiopods under the name Dipeltis Packard 1885

(= Diplodiscus Schuchert 1897 nom. null.) and as a merostome Schistaspis Bell 1922 (see

Copeland 1957). The writer therefore thought it unwise to attempt to refer Rochdalia to

median dorsal ridge of

text-fig. 1 . Rochdalia parked Woodward, internal mould of holotype, Manchester Museum L. 1 1464.

x 3. a. Reproduction of Woodward’s 1913 figure showing his view of the morphology as a crustacean

with, in parentheses, different interpretations of the same structures offered by Hutchinson (1930—in

square brackets) and Saavedra (1964—in round brackets), b. Camera lucida drawing showing present

interpretation of the morphology as an insect nymph.

any insect order, although the shape of the pronotum and the relatively large abdomen
suggested that it could not be a cockroach nymph, but rather recalled the palaeodictyo-

pteran? nymph figured by Richardson (1956, p. 53).

The size of the wing pads or rudiments and their poorly developed venation shows

that Rochdalia is an early instar nymph. A nymph recently collected by D. G. Campbell

from the Middle Coal Measures at Round Green opencast mine (Mitchell et al. 1947;

Edwards and Stubblefield 1954, p. 10) and now in the British Museum (Natural History)

appears to be a later instar of an identical or closely related insect. It is almost twice the

size of Rochdalia and shows larger wing pads with well-developed veins (text-fig. 2b;

PI. 50, figs. 5, 6). The median dorsal ecdysial ridge, lobation, grooving and pitting of the

tergites, and fine tuberculation of the whole dorsal integument, wing pads included, is

common to both nymphs. The prominent convex vein present on fore and hind wing
pads of Rochdalia is probably the radius and is indentical in position to that in the Round
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text-fig. 2. Coal Measure insect nymphs. Reconstructions of dorsal aspects based on camera lucida

drawings and photographs and corrected for lateral curvature and telescoping but not for longitudinal

convexity. The nymphs thus appear partially flattened, like the specimens. The lateral spaces between

the thoracic paranotal folds would not be present in the convex individual. Dashed lines indicate

restored boundaries. Dotted lines on the anterior of the pronota in figs, a and b delimit posteriorly

the areas from which cuticle is missing over the site of the underlying head. Drawings by Dr. J. K.
Ingham. X 3. a. Rochdalia parkeri Woodward. Reconstruction based on internal and external moulds
of holotype. Compare with text-fig. 1 and Plate 50, figs. 1-3. Manchester Museum L. 1 1464. b. Nymph,
closely comparable with Rochdalia, but a later instar showing better-developed wing pads with strong

venation. Compare with Plate 50, figs. 5-7. British Museum (Natural History) In. 44654. c. Nymph
of Blattodea? showing posterior tergal plate. Compare with Plate 50, fig. 8. Hunterian Museum,

University of Glasgow, A. 2680a.
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Green nymph. Illustrations of both nymphs were submitted to Dr. R. Wootton for

determination. He states that ‘ Roehdalia is almost certainly a palaeodictyopteran nymph
as you suspected, and there can be no doubt whatever about the nymph from Round
Green ’. He tentatively referred the latter specimen to the Breyeriidae.

Insect nymphs have been previously recorded from Sparth Bottoms. Baldwin (1904)

and Bolton (1904, 1905) refer to a ‘doubtful larval form of Etoblattina ’. This specimen is

now in the Rochdale Museum (Bolton 1904, p. 603), but unfortunately it could not be

made available to the writer. It may be this individual that is elsewhere referred to the

Megasecopteridae (Parker 1908) although since Parker states that his specimen was to

be figured by Woodward he was more probably referring to the specimen which was to

become the holotype of Roehdalia. Adult insects from this locality are Mecynoptera

tuberculata and Spilaptera sutcliffei (Bolton 1921, pp. 20, 37, 54).

Fragments of insect nymphs will always prove difficult to distinguish from isolated

tagmata of crustaceans. One case which has come to the writer’s attention may be cited

as an example of this difficulty. The specimen described by Dix and Pringle (1930, p. 143)

as Pygocephalus cf. eooperi Huxley (Geological Survey Museum 25421) was incorrectly

relabelled Camptophyllia sp. by H. K. Brooks in 1962. The ‘antennae’ of Dix and

Pringle are cerci and flank a forked tergal expansion (PI. 50, fig. 4). The specimen is

thus the abdomen of an insect nymph, probably a cockroach, and the few long articles

of the cerci imply a young instar.

FOSSIL BRANCHIOPODA OF THE ORDER ANOSTRACA

Van Straelen (1943) and Tasch (1963) have reviewed what is known of the fossil

anostracan branchiopods, but the following data can be added to their accounts.

The Middle Cambrian Opabinia was removed from the Branchiopoda to the Trilobita

by Raymond (1935) and to the Trilobitomorpha by Stormer (1944, 1959). Hutchinson

(1930), Linder (1945) and Fryer (1966), however, regard it as ‘among the allies of

Anostraca’. Branehipusites Goldenberg, from the Upper Carboniferous, was suggested

to be an Arthropleura limb by Guthorl (1934, p. 185).

Thus with the elimination of Roehdalia the sole hitherto undoubted Palaeozoic

anostracan is Gilsonicaris Van Straelen (1943), from the Devonian of the Hunsruck,

Germany. The unique specimen is poorly preserved and there seems little evidence for

differentiating an eleven-segmented pedigerous ‘thorax’ from an eighteen-seginented
‘ abdomen ’ as suggested by Van Straelen. The ‘ limbs ’ of the ‘ abdominal ’ segments might

have been abraded off during preparation. A possible interpretation of Gilsonicaris

would then be as a young stage of the arthropleurid? myriapod Bundenbachiellus? minor

Broili (1930), although the tapering of the posterior region of the body may argue

against this. Van Straelen’s (1943, p. 3) argument against the presence of a myriapod in

the marine Hunsriickschiefer is countered by that of Broili and Verhoeff (in Broili 1930,

p. 220) which interprets the Myriapoda Macrosterna as amphibious arthropods.

The next oldest record is that of Branehipodites Woodward from the Oligocene [sic]

of the Isle of Wight, and beautifully preserved anostracans have recently been described

from the Miocene of the Mojave Desert (Palmer 1957). The well-known Lipostraca of

the Devonian Rhynie Chert are closely related to the Anostraca, however, and may
indicate that the order is at least that old. Tesnusocaris Brooks from the Namurian of
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Texas has been interpreted as the oldest fossil representative of the Subclass Cephalo-

carida (Brooks 1955; Birshteyn 1960), but Hessler (1962) denies this. The genus is com-
parable with the Anostraca in such characters as the primitive tagmosis (Tiegs and
Manton 1958, p. 316) and large number of uniform thoracic appendages, but since the

eyes are not sessile and the limbs not foliaceous it cannot be referred to this order.

Birshteyn (1960, p. 421) has created the Order Enantiopoda for this unique branchiopod.
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A PALAEOCENE HETEROSTEGINA

by f. e. eames and w. j. clarke

Abstract. Heterostegina adamsi sp. nov. is described from beds of Upper Palaeocene age in Somalia; this is

the earliest known occurrence of the genus.

Du ring the examination of field samples from Gerigoan Hill (10° 18' N., 45° 18' 30" E.)

about 10 miles south of Berbera, Somalia, a small, primitive species of Heterostegina

was encountered in a series of beds conformably overlying the massive Auradu Lime-

stone. These beds also yielded, in an intervening sample, an assemblage of planktonic

foraminifera indicative of the Globorotalia (G .) pseudomenardii Zone as distinguished in

the lower Lizard Springs formation of Trinidad (see Bolli 1957, p. 66). At two other

Somalian localities, 10° 13' N., 44° 35' 30" E. and 10° 10' 20" N., 44° 33' E., to the south-

east of Dabela and respectively about 32 and 37 miles south-west of Berbera, this species

occurs in the upper part of the Auradu Limestone in association with larger foraminifera,

such as Daviesina khatiyahi, Loekhartia haimei, and Miscellanea miscella, indicating an

Upper Palaeocene age.

Text-fig. 1 shows the occurrence of H. adamsi through some 120 ft. of beds. In the

lower part of its range it occurs with a suite of larger foraminifera and it is overlain by

a planktonic assemblage, both of which are age-diagnostic. From the upper part of its

range forms diagnostic of a Palaeocene age are unfortunately lacking, as also are indices

of a younger age. However, since nowhere in the surrounding area have we been able to

find evidence for younger Eocene deposits, we presume that the beds up to and including

DJ. 744 are entirely within the Palaeocene.

Samples collected by Dr. W. D. V. Jones, planktonic foraminifera identified by Dr. W. H. Blow.

Thin sections deposited in the Department of Palaeontology, British Museum (Natural History), and
registration numbers quoted.

SYSTEMATIC DESCRIPTION

Genus heterostegina d'Orbigny 1826

Type species. H. depressa d'Orbigny 1826; designated by Parker, Jones, and Brady 1865.

Heterostegina adamsi sp. nov.

Plate 51, figs. 13-15

Holotype. P46427, an equatorial section of a megalospheric form (sample DJ.742).

Other material. Two topotypic thin sections; equatorial section of a microspheric form (P 46428),

and axial section (P 46429) (sample DJ.742). Also numerous thin sections, in the collection of BP,
from six other limestone samples; in all about a score of specimens.

Type horizon and locality. Sandy limestone overlying Auradu Limestone, Gerigoan Hill, Somalia.

[Palaeontology, Vol. 10, Part 2, 1967, pp. 314-16, pi. 51.]
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Age. Upper Palaeocene.

Derivation of name. After Dr. C. G. Adams.

VERTICAL DISTRIBUTION OF Heterostegma adamsi IN SOMALI/

G/oborotaha aegua
G pseudomenardu

"73Q 6 valascoensis.Lockhartia

-738 c

[/? <

Remarks. A thorough search through the litera-

ture (including Ellis and Messina’s ’Catalogue of

Foraminifera’) has failed to reveal any form
which could be regarded as at all closely related.

In Miocene forms such as H. costata d’Orbigny

levitesta Papp and Kiipper, H. costata d’Orbigny

politatesta Papp and K upper, H. granulatesta Papp
and Kiipper praeformis Papp and Kiipper, and
H. heterostegma (Silvestri) praecostcita Papp and
Kiipper, partial partitions appear at an earlier stage

of growth, are more numerous, and when complete

the chamberlets formed are relatively much higher

than in H. adamsi. The relatively long undivided

stage in H. adamsi, with narrow, high chambers,

and the subsequent fairly high proportion of partial partitions in relation to complete

ones, are considered to be primitive characters.

O O

MIOCENE
LIMESTONES
DERIVED
COBBLES

OF AURADU
AT BASE

744

SCALE
— 3°'

Description. From the axial section, the species is seen to be evolute and to have a small

polar boss. In equatorial section the nucleoconch

is bilocular, the protoconch measuring 0T2 mm.
xOl mm., and the deuteroconch 0-11 mm. x0-07

mm. The diameter of the test is T5 mm. There

is 1 whorl in a radius of 0-4 mm., and 1| whorls

in a radius of 1 -05 mm. There are 1 1 septa

in the first whorl, and 1 1 septa in the next half

whorl, the chambers being narrow, high, and very

operculine in appearance. There are apparently no
partitions subdividing the chambers in the first

whorl, subsequent to which they are sporadically

developed and often incomplete or broken (in those

cases where the median canal is not closed over

distally), except near the end of growth where

some complete partitions are present forming

chamberlets which are 0T3 mm. high and 0T 1 mm.
wide.

In the microspheric form there are about 2\
whorls in a radius of 0-8 mm., and approximately

the first \\ whorls have no partitions, the later

stages being like the megalospheric form.

-743

AURADU
LST

Sakesana cotter/

741 H adamsi

740 Pseudomi/tho sp

75S7 S.E of \ H adamsi. Daviesina— 765\DABELAJ khptiyohi.L.haime/

t Miscellanea m/scetto.
R irochidilormis

.

S cotter i. G/oborotoha

TEXT-FIG. 1.
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CYCLUS MARTINENSIS SP. NOV. (CRUSTACEA)
FROM THE UPPER VISEAN OF THE MENDIP

HILLS, ENGLAND

by R. GOLDRING

Abstract. A new species of Cyclus is described which is closest to C. harknessi Woodward and C. woodwardi

Reed. The latter is refigured. The specimens occur between the corallites of either phaceloid Lithostrotion or

Syringopora, and this appears to have been their habitat.

A number of well-preserved shields of the problematical crustacean Cyclus de Koninck

have been prepared by Mr. C. B. Salter of Bristol from loose blocks of highly fossili-

ferous Carboniferous Limestone from near Compton Martin, on the north slope of the

Mendip Hills. The blocks are from the Visean, Hotwells Limestone, as mapped by the

Geological Survey and shown on sheet 280 (1963), and exposed in Cliff Quarry (Nat.

Grid Ref. ST 541568), a quarter of a mile south-west of Compton Martin church (Green

and Welch 1965, p. 27, with additional stratigraphic detail).

Each specimen of the eyelid, which is a new species, has been found between the coral-

lites of either a phaceloid Lithostrotion or Syringopora sp. The coral is evidently not in a

growth position, but judging from the fineness of preserved detail, which characterizes

the whole fauna, it cannot have travelled far. Mr. Salter considers that the eyelid might

well go unnoticed in rock which did not break down in a similar way to that at Compton
Martin. Only a small percentage of one bed of rubbly limestone breaks down to a

workable condition permitting the separation of the individual corallites and

close examination of the matrix. The gastropods from the same bed have been

described by Dr. R. Batten (1966). The association of the eyelid with the coral is too

constant to be fortuitous and it seems likely that coral thickets were the habitat of the

species. Hopwood (1925, p. 301), following Woodward (1894, p. 535), suggested an

ectoparasitic mode of life, with the development of suckers, for the flatter eyelids from

the Coal Measures. Although suckers would likely be useful amongst the corallites there

is no morphological evidence for their presence in the present species, though the closely

situated anterior lobes, which are comparatively larger than in any other known species

of Cyclus , may have been associated with a sucker structure. The breadth of the speci-

mens is similar to the breadth of the corallites, but the base of the exoskeleton is flat

and not transversely curved.

Other species of Cyclus
,
in particular the type species C. radialis Phillips, occur in the

‘reef knolls’ of northern England with apparently a different palaeoecological asso-

ciation. From an examination of specimens in the collections of the British Museum
(Natural History) and of the Geological Survey Museum C. radialis is associated with

fenestellid bryozoa and a ‘reef fauna’.

The zoological affinities of the Cyclidae have been discussed by several workers.

Unfortunately it is only in the flatter species from the Upper Carboniferous such as

[Palaeontology, Vol. 10, Part 2, 1967, pp. 317-21, pi. 51.]
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C.johnsoni Woodward 1894 that the appendages are known. This and other species were
assigned to the Triassic genus Halicyne von Meyer by Hopwood (1925), but Triimpy

(1957) and Glaessner (personal communication) consider that this is incorrect, and it

would seem likely that these species should be assigned to a new genus. Triimpy sum-
marized present views on the affinities of the Cyclidae: ‘On the one hand, the eyelids call

to mind certain representatives of the palaezoic Phyllocarida, such as Aristozoe or the

Discinocaridae. . . . On the other hand, Hopwood’s investigation of the anatomical

characters makes it not unlikely that there is a relationship with the Copepoda, or rather

with the ectoparasitic Branchiura, whose best-known living representative is the carp-

louse ArguJus .
’ (Translation.) Professor Glaessner has kindly informed me that for his

contribution on the Cycloidea in Part R of the ‘Treatise on Invertebrate Paleontology’

he has had to conclude that their systematic position is uncertain.

For continuity, the terminology is, in the main, that used by Reed 1893.

Superfamily cycloidea Glaessner 1928

Family cyclidae Packard 1885

Genus cyclus de Koninck 1841

Several workers have made typographical errors or introduced an incorrect subsequent

spelling referring to Cyclas Lamarck 1798 as Cyclus. These are given in Neave (1939).

Anton (1837) described a number of species of mollusc including one referred to as

Cyclus modioliformis, which followed another named Cyclas maculata. Neave does not

note that this is also an error for Cyclas , but Dr. J. Bowden and Dr. W. D. I. Rolfe

(University of Glasgow) have kindly pointed out that Anton (1839, p. 14) referred both

species to Cyclas. Thus, as with the others, this change is not a demonstrably inten-

tional emendation and has no status in nomenclature (I.C.Z.N., Art. 33(b)). Cyclus

de Koninck has priority.

Cyclus martinensis sp. nov.

Plate 51, figs. 1-8

Derivation of name. From Compton Martin, Somerset.

Holotype. Geological Survey Museum 102638.

Measurements of holotype (in mm.). Length (sag.) 6-0, breadth 4-25, height 2 0.

Paratypes. GSM 102639-102646, 102647, 103088.

Diagnosis. Exoskeleton oval and moderately inflated (horseshoe form when complete),

comprising a horseshoe band of ribs enclosing narrower bands of the outer and inner

EXPLANATION OF PLATE 51

Figs. 1-8. Cyclus martinensis sp. nov. 1, 2, 5, 7, Flolotype, anterior, plan, posterior, and right lateral

views, GSM 102638, x 5. 3, 8, Plan and right lateral views, GSM 102647, x 5. 4, Anterior view of in-

complete specimen, GSM 102639, x 10. 6, Left lateral view showing margin, GSM 102640, x 5.

Figs. 9-12. Cyclus woodwardi Reed 1893. Holotype, right lateral, anterior, plan, and posterior views,

Sedgwick Museum E 3725, x4.

Figs. 13-15. Heterostegina adamsi sp. nov. Sample DJ.742, Gerigoan Hill, Somalia; Upper Palaeocene.

13, Holotype, P46427, equatorial section of megalospheric form, X 50. 14, Equatorial section of

microspheric form, x 50. 15, Axial section, x 80.
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forks. A median, anteriorly expanding ridge bisects the shield. It merges into a median

lobe anteriorly of which is a group of four lobes. The first pair is low, but the anterior pair

is prominent and spheroidal.

Description. The margin in each specimen attributed to the species is incomplete and in

only one, otherwise fragmentary specimen, are the antero-lateral areas preserved. It is

considered that the outline of a complete specimen would be close to horseshoe form

with slight outward bows to the antero-lateral margins, but in the usual preservation the

outline is oval with the greatest breadth (trans.) at approximately half length. The slope

is steeper posteriorly than anteriorly.

Holotype (PI. 51, figs. 1, 2, 5, 7). Lateral outline a depressed arch, with height about

one-third length and with base horizontal. Posterior half with fairly even curve broken

midway by shallow re-entrant. Outline of anterior half with globular anterior lobes

succeeded by short slope to low arch of median lobe. Ribs rather greater than half

height.

The greater part of the shield comprises three enclosing bands, the ribs and outer and

inner forks, situated symmetrically about the median ridge. The posterior one-fifth length

of the ridge is very narrow. It comprises a line of tubercles and is scarcely elevated above

the general level of the exoskeleton. Approaching the margin the line of tubercles

bifurcates sharply at 140°. Anteriorly it gradually broadens to almost one-fifth the overall

breadth and merges without restriction into the median lobe just anterior to half length.

The maximum breadth of the ridge corresponds to the breadth of the median lobe.

Beyond this lobe, continuing the expansion of the ridge, is a group of five lobes. Anterior

to the median lobe are two small ill-defined lobes separated sagittally and from the forks

by weak furrows. The two globular anterior lobes dominate the anterior portion of the

shield. Slightly flattened spheroids they face outwards and upwards and are separated

by a deep, narrow furrow.

Where the median ridge begins to expand the bands of the outer fork diverge; the

outer edge of each band curving anteriorly and paralleling the outer margin of the shield.

The band tapers slightly anteriorly, from 1 -0 mm. (exsag. ), at the divergence from the

median ridge, to 0-5 mm. (trans.) at the termination opposite the median lobe and just

anterior to the maximum breadth of the exoskeleton. The line of the fork is continued

anteriorly by a tear-shaped lobe, separated from the fork by a sharp furrow directed

postero-laterally.

Between the outer fork and the median ridge, the inner fork comprises a pair of

straight narrow ridges converging acutely to meet the median ridge and anteriorly

merging into the lobes anterior to the median lobe. The inner fork is separated from the

median ridge by a fine groove and from the outer forks by a broad groove.

There are seven ribs on each side. The posterior five ribs are even bands almost normal

to the margin of the shield curving outwards and very slightly anteriorly. The ribs are

separated from each other and from the outer fork by broad grooves which expand out-

wards. The posterior pair and the pair at maximum breadth, are half as broad again as

the others. The pair anterior to the maximum breadth is shorter (trans.) and sub-

triangular, and bounded by deeper furrows. A sharp re-entrant to the outline is present

between this rib and the anterior lobes, and a narrow rib half the length (trans.) of the

adjoining rib joins the apex of the re-entrant.
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The surface, except for the furrows, is finely granulose. In one specimen (PI. 51, fig. 6,

GSM 102640) a steep, narrow granular border is partially preserved adjoining the ribs.

A further specimen (PI. 51, fig. 4, GSM 102639) shows the anterior margin more com-
pletely and the two anterior lobes. In plan the anterior margin has a slight outward bow.
In anterior view the margin has a median rounded sulcus, surmounted by a tubercle, and
slight lateral embayments midway to the lateral extremities. The anterior lobes slightly

overhang a narrow transverse ridge antero-laterally, which gives way to small flat lateral

extensions to the shield.

One specimen (PI. 51, figs. 3, 8, GSM 102647) differs from the others collected from

the locality. Although of similar length the breadth is greater. The ribs are larger and

the area enclosed by the outer fork is smaller. The median ridge does not rise above the

level of the outer fork, and posteriorly it is below the level of the ribs. In lateral view the

highest point corresponds with the anterior lobes which are larger and have an almost

cylindrical base. The median lobe is broken. The dimensions in mm. are: length 5-5,

breadth 4-3, height (2-0).

Comparisons. The described species differs from all other species of Cyclus, particularly

in the strong development of the anterior lobes. The posterior portion of the shield is

essentially similar to that in C. woodwardi Reed (1893, p. 64) and C. harknessi Wood-
ward (1870, p. 556, pi. 23, figs. 6 and 6a). The former species was inadequately figured

and is now refigured (PI. 51, figs. 9-12, holotype by monotypy, Sedgwick Museum
E 3725). The general arrangement of the ribs, inner and outer forks, and median ridge

is similar to that in C. miloradovitchi Kramarenko 1961, from the Lower Permian of the

Urals, but in this species the ribs are less well developed, the arrangement of the anterior

lobes approaches that of C. woodwardi, and there is an additional ridge between the outer

forks and the ribs.
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GRAPHICAL AIDS FOR THE DESCRIPTION
AND ANALYSIS OF VARIATION IN

FUSULINE FORAMINIFERA

by j. l. cutbill and c. l. forbes

Abstract. The method of comparing characters of fusuline tests at particular volutions is discussed. A pro-

posed new method uses the growth relation between individual characters and the diameter; spiral form is

described separately. The method is illustrated by a study of intraspecific variation in Schwagerina anderssoni

(Schellwien) from the Lower Permian of Spitsbergen and by an analysis of spiral form in the type species of some
genera in the Schwagerina and Paraschwagerina-Pseudoschwagerina complexes.

Fusuline tests were formed by addition of elongated chambers in a tight, usually

plane, spiral. Thus it is possible to reconstruct the shape of any early growth stage. On
suitable sections measurements of the test can be made at different points in ontogeny.

The usual practice is to tabulate these measurements for each volution of the spiral.

Almost always variation in and between samples has been studied by comparing speci-

mens at the same volution number. This procedure is misleading and in part responsible

for the proliferation of taxa at the species level. The difficulty was pointed out quite

clearly by Dunbar and Skinner (1937, p. 541), who said: ‘In comparing statistical data

for a series of specimens, a serious obstacle is presented by the fact that the shells

commonly start with unequal proloculi. Truly microspheric forms begin with a small

proloculum and pass through several early ontogenetic stages which are completely

omitted in the megalospheric shells. The comparison of similarly numbered whorls in

the two is, therefore, as indefensible in principle as it is futile in practice; there is no

correspondence, even though both represent a single species.
’

‘A comparable, though far less serious discrepancy, appears to exist among the megalo-

spheric shells of a single species in which the proloculi vary considerably in size. ’ And
again (p. 543): ‘It must be emphasized that when specimens of a single species have

proloculi differing notably in size, statistical measurements for corresponding whorls

will not agree. There should be general systematic correspondence, however, if we begin

the comparison with later whorls of similar dimensions. ’ However, neither Dunbar and

Skinner themselves nor any other author known to us has suggested a practical way of

making such comparison other than by inspection of large tables of figures.

Roberts (in Newell et al. 1953) plotted values of half-length and radius for one species

as a scatter diagram. This method eliminates the proloculum size from the relation of

length to breadth, but is inadequate since information on the growth of individual tests

is lost and no method of investigating the spiral was given. However, the procedures

described here are a development of Roberts’s ideas.

The problem occurs because fusulines seldom show structures indicative of maturity.

Nor do they often possess sharply defined juvenile stages; there are no discrete growth

stages at which comparisons can be made and no biological or geometrical reasons have

been suggested for choosing the termination of particular volutions as datum points.

[Palaeontology, Vol. 10, Part 2, 1967, pp. 322-37.]
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In sections containing the coiling axis there is the added complication that while the

measurements can be made at precise intervals of a whole or half volution, the actual

volution number from the first chamber can only be specified to the nearest half

volution.

Any solution must deal adequately with the case shown in text-fig. 1. These two

specimens have identical shape except that in A the very small proloculum and first 2-73

text-fig. 1. Drawings of microspheric (a) and macrospheric (b) specimens of Schwagerina

anderssoni from sample G 1152. Only the outer wall and tunnel are shown; septal folds and
other structures have been omitted.

volutions occupy the same space as the much larger proloculum of specimen b. If com-
pared at the same volution number they seem to differ markedly in all characters which

change during growth. For several specimens compared in this way the observed varia-

tion in a character at a particular volution arises from two geometrically, but not

necessarily statistically, independent sources. First there is the difference in proloculum

size which is equivalent to using an arbitrary origin for the volution scale. Secondly, there

is the true variation in the character which may be entirely masked by the effect of the

arbitrary origin. However, if one dimension, say diameter, is taken as a measure of size

and each character is described by the growth relation between itself and the diameter,

the true variation is displayed. The shape of the spiral must be described separately by
a method unaffected by the arbitrary origin of the volution scale.
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TERMINOLOGY
Operational definitions of the dimensions discussed here are shown in text-fig. 2. The

spiral is the line connecting points on the outer wall in the plane of symmetry or median
plane of each chamber. It is usually but not always a plane figure. The radius is the

distance from the centre of the proloculum to the spiral. The diameter is the distance

from the spiral through the centre of the proloculum to a point on the opposite side of

text-fig. 2. Operational definitions of morphological terms for various shapes of test: dia-

meter (d), radius (r), chamber-height (h), length (l), half-length (l/2), median plane (mp),

coiling axis (ca).

the test. This last point will also be on the spiral if it is plane. Chamber-height is measured

along the radius. Chamber-length is the distance between the ends of the chamber
measured perpendicular to its plane of symmetry. It is divided into two half-lengths

measured from a plane through the centre of the proloculum parallel to the plane

of symmetry.

Diameter rather than radius is used here as the principal dimension. It may not be easy

to locate the reference point for the inner end of the radius vector; the proloculum may
not coincide with the geometrical centre of the spiral, and may not even be spherical.

However, neither factor introduces significant errors into a measurement of diameter.

It has been claimed that radius is easier to measure than diameter, but if data must be

compatible with all published usages, measurements of diameter, radius, chamber-

height, and length must be taken every half volution.

C A--
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GROWTH RELATION BETWEEN LENGTH AND DIAMETER

For a single specimen this can be described by plotting values of length and diameter

at every half volution and joining the points. Specimens can be compared by super-

imposing the resulting curves. This is illustrated in text-fig. 3 for the two specimens

shown in text-fig. 1. If several curves are superimposed the plot shows both the range of

variation and the relation of individual curves to it, as well as providing a good visual

aid for assessing sample homogeneity (e.g. text-fig. 10). Different samples can be com-

pared by superimposing their plots and the range of variation finally allowed in a taxon

text-fig. 3. Length-diameter curves for specimens illustrated in text-fig. 1.

can be shown by an envelope. If too many curves are included in one plot, relationships

may be obscured. But the method is adequate for samples with less than twenty-five in-

dividuals. It may also be used for characters other than length.

SPIRAL FORM

The data available for describing and comparing spirals are the measurements of

diameter, radius, and chamber-height made at half volution intervals starting from an
arbitrary origin. Burma (1942) pointed out that as the fusuline spiral is often almost

equiangular a simplification is obtained by plotting its dimensions on a logarithmic

scale. If the graph of diameter against volution interval is a straight line the rate of

increase in diameter per volution is directly proportional to the diameter itself and the

spiral is equiangular. But there is no reason to assume that the growth of fusuline

spirals will follow one.mathematical model rather than another, and it is desirable that

descriptive and comparative procedures should not assume a particular model. For
this reason mathematical expressions for spirals are not discussed or used here.

The spiral of a single specimen may be described by plotting diameter on a logarithmic

scale against volution interval on an arithmetic scale and joining the points. The tightness

of coiling or spiral parameter at any diameter is defined as the slope of the curve at that

diameter. This may vary with growth and its changes form a basis for qualitative

description of spiral form. During growth the spiral parameter may remain constant

{normal spiral), increase (positive spiral), or decrease (negative spiral

)

(text-fig. 4a-c).

Four spiral types, made up from combinations of these three simple forms, account for

most of the variation present in fusulines. These are normal, normal-negative, negative,
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and sigmoidal (text-fig. 4c-f). Spirals positive throughout growth have not yet been:

found.

As the shape of these curves does not vary with shifts of origin of the volution scale,

spiral parameters of two or more spirals may be compared at a particular diameter by
making the curves pass through one point at that diameter. This is illustrated in text-fig.

5a for the two specimens shown in text-fig. 1. In text-fig. 7 the curves from one sample

are superimposed at different diameters. These plots may be thought of as showing

either the variation in the number of volutions taken for a given increase in diameter, or

as the variation in increase of diameter in a given number of volutions. It is usually

sufficient to make one plot for each sample, using as a datum the smallest diameter

within the range of all specimens involved. It is only meaningful to compare spirals over

their common range of diameters.

For non-planar spirals volution interval has no simple meaning and an alternative

method is necessary. One way is to plot chamber-height against diameter, both on

arithmetic scales. The change in direction of coiling must be described separately but a

satisfactory method has yet to be found. Chamber-height curves are also useful for

plane spirals and are equivalent to plotting rate of increase in diameter against diameter.

A straight line indicates an equiangular spiral. The method tends to emphasize small

growth irregularities, but spirals whose chamber-height is constant or decreases in later

volutions are explicitly displayed. Both these types appear only as negative spirals in

diameter volution plots. Examples of the chamber-height curves are shown in text-fig. 9.

MEASUREMENT ERRORS

Because of slight irregularities in growth and symmetry, sections with all chambers

perfectly orientated are rare and the measurement recorded is often not that actually

sought. The extent of such errors is difficult to estimate without serial sectioning, but is
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probably not large. In centred sections measurements on diameter are free from these

errors. In a section tangential to the proloculum it is sufficient to reject measurements on

the first two volutions, the difference between observed and true diameters being small

in subsequent volutions. In sections containing the coiling axis the continuity of the

outer wall is broken at the ends of the chambers and thus each half volution appears

separated (text-figs. 1 and 6a). If the section is poorly orientated the outer wall appears

text-fig. 5. Spiral curves of A, specimens illustrated in text-fig. 1 and b, Schellwien’s syntypes of

S. anderssoni from measurements made on photographs in Staff and Wedekind (1910).

either as a series of closed curves or as a spiral (text-fig. 6b and c). It is usual to reject any

specimen in which the outer wall does not show at least a slight break at the ends. In the

limiting case the points of actual measurement of the length at two succeeding half

volutions coincide so that what is actually measured is the length at the intervening

quarter volution. From text-fig. 6b it can be seen that in oblique but centred sections

errors in length are almost self-cancelling. For sections parallel to the coiling axis but

just uncentred the errors are not self-cancelling and values alternately too high and too

low will be obtained. However, a smoothed curve from these values will approximate

closely the growth relation.
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A

B

C

text-fig. 6. Results of poor orientation on measurements.

INTRASPECIFIC VARIATION IN SCHWAGERINA ANDERSSONI
(SCHELLWIEN)

S', anderssoni has an ovate test with regular septal folds, variably developed low

cuniculi, and moderate to strong epitheca usually represented by axial deposits. It is

common in the lower part of the Permian of Vestspitsbergen (Cutbill and Challinor

1965). Sufficient individuals from six samples are available in Cambridge for analysis:

Sample 140 Brucebyen beds; Teltfjellet, north side.

9858 Brucebyen beds; Tyrrellfjellet, north side.

A 169 Tyrrelfjellet member, 8 m. above top of Brucebyen beds;

Trollfuglefjellet, north-east ridge.
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text-fig. 7. Spiral curves of specimens of S. anderssoni from sample G 1 152 superimposed at several

different diameters (13 specimens).

text-fig. 8. S', anderssoni. Total variation envelope and spiral curves for samples 9858 (8 specimens),

G 1152 (13), A 169 (8), 140 (12), G 1150 (8), S 90.3 (12).
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G 1150 Brucebyen beds, 1-6 m. below top; Teltfjellet, north side.

G 1152 0-6 m. above G 1 150.

S 90.3 Brucebyen beds; Teltfjellet, north side.

One of us (Forbes 1960) described individuals from sample 140 as S. anderssoni and
from S 90.3 with greater length diameter ratios as S. cf. anderssoni

,
a conclusion which is

rejected in the light of additional data now available.

text-fig. 9. Chamber-height and diameter curves for specimens of S. anderssoni from sample G 1152,

and envelope of total variation for all six samples.

Text-fig. 7 shows the spiral curves from G 1152 superimposed at four different dia-

meters. Text-fig. 8 shows the plots from all six samples and the envelope of total

variation. The distributions are slightly skewed towards the upper part of the range and
there are slight but not significant differences between samples. It is concluded that the

spiral form is the same in each fossil population. Text-fig. 5b shows the curves for

Schellwien’s syntypes and text-fig. 9 shows a chamber-height and diameter plot for

sample G 1 152 and total variation envelope for all six samples. These confirm both the

similarities of the spirals and the identification.

Text-fig. 10 shows plots oflength and diameter for three of the samples, and text-fig. 1 1a

the median for all six. Plots of Schellwien’s syntypes are shown in text-fig. 11b and the

total variation envelope and lines of equal length-diameter ratio in text-fig. 1 1 c.

Most of the curves fall in the lower three-quarters of the total variation envelope. On



C 4471 z



text-fig. 11.5. anderssoni. Total variation envelope and (a) median length-diameter curves for six

samples; (b) length-diameter curves for Schellwien’s syntypes measured on photographs in Staff and

Wedekind (1910); and (c) lines of equal length-diameter ratio.
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re-examination those in the upper quarter proved to be poorly orientated. With more

critical selection they would have been rejected before measurement, and the true range

of variation should not include this upper quarter. However, the specimens have been

retained in the plots as they are no worse orientated than the holotypes of many species.

Significant differences between some pairs of samples are present. The plots for G 1 152

and 140 show almost no overlap, but the other samples provide a complete range of

intermediates between them. Since the samples show no difference in other characters

and since there is no evidence that the variation is related to stratigraphical or geo-

graphical position, the individuals are retained in one species and the variation is con-

sidered as intraspecific.

The high variability ofgrowth relations found in the present study suggests that length-

diameter ratios may have been over-emphasized in some taxonomic studies.

SPIRAL FORM IN THE SCHWAGERINA AND PA RASCH WA GERINA-
PSEUDOSCHWAGERINA COMPLEXES

In these groups spiral form plays an important part in the existing classification, which

is based on the work of Dunbar and Skinner (1936). They established the true structure

of S. princeps (Ehrenberg), type species of Schwagerina Moeller, and included in that

genus forms with uniformly expanding spirals and regular septal folds. They introduced

two new genera, Pseudoschwagerina, type species P. uddeni (Beede and Kniker), and

Paraschwagerina, type species P. gigantea (White). Pseudoschwagerina included forms

with a tightly coiled spiral in the early stages, rapidly expanding in the middle and

becoming tighter in the final stages, and having loose and irregular septal folds. Para-

schwagerina included forms with a spiral similar to Pseudoschwagerina but with regular

septal folds as in Schwagerina. The genus Pseudofusulina Dunbar and Skinner, type

species P. huecoensis Dunbar and Skinner, was considered a synonym of Schwagerina.

In the ‘Treatise on Invertebrate Paleontology’ (C) four other genera in the Pseudo-

schwagerina-Paraschwagerina complex are recognized: Robustoschwagerina Miklukho-

Maklay, type species O. abichi Miklukho-Maklay, Zel/ia Kahler and Kahler, type

species Pseudoschwagerina (Ze/lia) heritschi var. heritschi Kahler and Kahler, Rugoso-

schwagerina Miklukho-Maklay, type species Schwagerina yabei Staff, and Acervc-

schwagerina Hanzawa, type species A. endoi Hanzawa. Pseudofusulina is also recognized

as distinct from Schwagerina.

Text-fig. 12a-h shows the spiral plots for topotype specimens of the type species of

the eight genera ; text-fig. 1 2i shows the envelopes ofvariation in the types of Schwagerina ,

Pseudofusulina , Paraschwagerina , and Pseudoschwagerina; and text-fig. 13 shows the

envelopes for plots of chamber-height and diameter for the same four genera.

The spiral types and proloculum sizes are as follows:

Schwagerina, normal-negative, medium proloculum
Pseudofusulina , negative, large proloculum
Zellia, negative, perhaps just sigmoidal, medium to large proloculum
Paraschwagerina , moderately sigmoidal, small proloculum
Rugososchwagerina, strongly sigmoidal, small proloculum
Pseudoschwagerina, strongly sigmoidal, large proloculum
Acervoschwagerina, strongly sigmoidal, medium proloculum
Robustoschwagerina, strongly sigmoidal, large proloculum.
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There is a morphological series of spiral form from negative in Pseudofusulina through

Schwagerina, Ze/lia , and Paraschwagerina to strongly sigmoidal in the pseudo-

schwagerinid genera. Except in these very sigmoidal types there is no sharply defined

juvenile stage. Up to a diameter of about 0-5 to 0-6 mm. there is almost no difference

in the spiral parameters of the eight species. In particular the so-called ‘tightly coiled’

juvenaria of Paraschwagerina and Robustoschwagerina are not more tightly coiled than

the early stages of Schwagerina , but simply smaller. The maximum value of the spiral

parameter is reached between diameters of 0-8 and T5 mm. in the sigmoidal spirals.

This contrasts with the maximum chamber-height which is reached much later.

It is concluded that while in these complexes the spiral form is a potentially useful

character at generic level it does not, by itself, provide an adequate means for sub-

division. Because of the wide intraspecific variation it is not likely to be a useful specific

character.

DESCRIPTIVE PROCEDURES
The following procedures for routine taxonomic work on fusulines are suggested:

1. Measurements of radius, diameter, chamber-height, length, and other characters

should be made at every half volution on at least twenty specimens from every sample.

2. Plots should be made for each sample of the growth relations between diameter and

length, as well as other characters such as tunnel width, protheca thickness, and septal

separation. A convenient plotting scale for length and diameter of medium-sized fusu-

lines is 1 mm. = 50 mm. with reduction to 1 mm. = 20 mm. for publication.

3. Plots of spiral form should be made for each sample. Convenient scales for all

fusulines are 1 volution equal to 20 mm. and an interval of TO on the logarithmic scale

for diameters equal to 100 mm. with reduction by one-half for publication. Common
points should be at values of log (D) equal to — TO, —0-9, —0-8, etc.

4. As many plots as possible should be published in preference to tables of measure-

ments, which are much less informative. However, at least one measurement for each

figured specimen should be given as a check on stated magnification. Tables of

measurements could usefully be deposited with the specimens. It is important to state

the number of specimens used in each plot.

text-fig. 12. Spiral curves for topotype specimens of the type species of eight genera (a-h) and total

variation envelopes for four of them (i). Most of the measurements were made on photographs from

the following sources: ‘Treatise on Invertebrate Paleontology’, Part C, Protista 2 (1964), R. yabei,

R. tumida, and A. endoi; Dunbar and Skinner (1937), P. gigantea, P. huecoensis, and P. uddeni
;
Ross

(1963), P. gigantea , P. uddeni ; Williams (1963), P. huecoensis', Kahler and Kahler (1937), Z. h. heritschi.

Diameters of S. princeps and early stages of one specimen of P. gigantea were obtained by interpolating

from figures given by Dunbar and Skinner (1936, 1937).
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text-fig. 1 3. Total variation envelopes for chamber-height and diameter curves of topotype specimens

of the type species of four genera.
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