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From the A n n a ls  and M agaztn l o f  N a t it iîa l IIisto tiy ,
Ser. 9, vol. xv., p. 83, January 1925.

Notes on the Silurian BracJiiopod Genera Deltlivris, Uncinii-
Jina, and Meristiua. B j  H e l e n  M. Muir-WooD; M.Sc., 
F G .S .

(Published hy permission of the Trustees of the British Museum.)

S u m m a r y .

Ill tills paper tlie different interpretations of the c:enus 
Delthyris are discussed, and that  given by Schuchert in 1913 
is adopted with slight amendment. The species Delthyris 
elevata, D. crispa, D. elegans (nom. nov% for D. crispa. Hi singer, 
non Linnæus), and D. tenuilamellata, sp. n., from the British 
Silurian, are all described and figured.

The distinguishing characters of the genera Uncinulus and 
Uncinulina are pointed out, and Uncinulina is retained with 
U. fallaciosa as genotype. Rhync/ionella stricklandi and Tere- 
bratula lewisi are transferred to the genus Uncinulina. M eri- 
stina tumida (Dalman) is shown to be a synonym of Meristina 
obtusa (Sowerby).

The British Silurian Spirifers can be separated into two 
groups :— (1) those with longitudinal folds and a transverse 
ornament of imbricating lameilæ (̂ — Delthyris of Dalman) 
and (2) those with longitudinal folds bearing fine continuous 
longitudinal striæ {j=Fospirifer of Schuchert).

The species referable to both these genera have as a rule 
been assigned to the genus Spirifer, from which, however, 
they differ in internal characters.

D e l t h y r i s ,  Dalman, 1828.
Genolectotype : D. elevata. (See Schuchert *.)
The genus Delthyris was first described by Dalman in 

1 82 8 1 to include the species D. elevata, cyrtœna, crispa, 
subsulcata, ptychodes, and cardiospermiformis. Of these 
species Delthyris cyrtcena is Eospirifer piicateltus (Linnæus) 
and D . cardiospermiformis is Bilobites biLoha (Linnæus);  nor

D. ptychodes a Spirifer. The original description, there
fore, included a variety of generic forms, and the generic 
characters other than those of shape and external ornament 
were not very precisely defined. This at once caused con
fusion, for Menke in 1830 J, although quoting Delthyris,

* Bull. U.S. Geol. Surv. Ixxxvii. p. 206 (]897).
t  Kongl. Svenska Vet.-Akad. liaiidl. for 1827, p. 93.
X ‘ Synopsis metliodica Mollusconim,’ ed. ii. p. 96.
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Dalman, as inclnding Spirifer of Soworhy and Trhjoiintrela 
of Koenig, yet gives as species of ./)elt/n/ris\ Anonùu dorsa/a 
and TerehriUula spatula, of wliicli Auoniia dorsata belongs to 
the genus Terehratella and Tercbraiula spatula to Tcrebra- 
tuVvna. Yon Bncb in 1830* ioclndcd in Delthi/ris species 
of Spirifer and Orthis, which had a tr iangular foramen.

Among other authors Dali t  quoted Deltht/ris as a 
synonym of Spirifer, and it was not until  Hall ;|; jinblished 
liis great work on the Oraehiopoda in 1894 that  the dis
tinctive characters of were recognized. Of HalPs
subdivisions of the genus Spirifer  the group of Fimbriati 
Unicispiuei is taken to be equivalent to Delthyris, s. s. 
Hall  states also tha t  the distinguishing character  of this 
group lies in the ornament of the concentrie timbriæ—  
namely, short simple spines,— and that  it ineludcs the species 
D elthyris crispa and D. elevata. The gronp is said not  to 
extend above the Devonian. On another page of the same 
work Hall shows how Jieticularia differs from D elthyris in 
its timbriæ, which have large spines with lateral branches. 
Spirifer sulcatus, Hisinger, is placed in the Lamellosi 
Sc])tati, a group which has concentric lameilæ covered with 
fine radiating striæ, bu t  with no spines, is not punctate,  
and does not have the primary lameilæ of the spiral arms 
united as in the Spiriferinas. A probable ])assage of the 
Septîiti into the ])unctate genns Spiriferina is suggested. 
]loth these groups are said to have a median septum in 
the pedicle-valve. From l iaU’s description it would appear 
that  there are three groups of impunctate lamellose Spirifers, 
distinguished only by the character  of the ornament of the 
concentrie lameilæ, which in the case of Delthyris is said to 
be composed of short spines.

A more precise and very different interpretat ion of the 
genns Delthyris was given by Schuchert in 1913 §. In  
] 8 9 7 II he selected the species D elthyris elevata as the 
genotype of Delthyris, stating tha t  all specimens examined 
by him possessed a median septum in the ])cdiclc-valve. 
D elthyris sulcata, Hisinger, was also quoted as a true 
D elthyris, but  Ü. crispa, Hisinger, was placed in the genus 
Spirifer.

Schuchert describes D elthyris as a subgenus of Spirifer,

* ‘̂ Veher Delthyris oder S2 nrifer und O r th is A h h .  K. Akad. Wigs. 
Berlin, p. 11.

t  Bull. U .S. Nat. INliis. viii. p. 25 (1877).
f  ‘ Ralæoutology of N ew  York,’ vol. viii. pt. 2, pp. 9 & 10.
§ Zittel-J^kislinan, ‘Text-hook of Ualæontology,’ p. 411.
II Bull. U.S. Ccol. Surv. Ixxxvii. pp. 200 & 380 (1897).
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consisting of small early Spirifers that are coarsely 
plicate, except on fold and sinus. Surface lamellose, the 
imhricatiug lameilæ marked with very fine radiating striæ, 
which do not terminate in spines. Short dental lameilæ 
present along with a more or less high ventral median 
septum. Resembles Spiriferina, but  the shell structure is 
not finely and regularly punctate. Section Lamellosi- 
Scptati Hall & Clarke.'’̂  The description of the ornament 
of the lameilæ given by Schuchert will be seen to be exactly 
the reverse of that given by Hall. H. S. Williams*, in a 
discussion on Dellhyris elevata and allied species, quotes 
the absence of a median septum in specimens having a 
groove along the median fold of the brachial valve. He 
describes two species, Spirifer trescotti and Spirifer cohscooki 
from the Silurian of Maine, both similar externally to 
Spirifer elevatas of Dalman, but Spirifer trescotti like 
S. elevatas has a median septum developed in the pedicle- 
valve, while S. coJ)scoold has none.

The development, however, of a median septum in the 
pedicle-valve does not appear to be constant, even for one 
species. Investigation of the species 71. crispa, Linnæus, 
and D. elegans, nom. nov. =  7). Hisinger (non Liniucus),
showed that the median septum was usually absent, but  
occurred in an incipient state of development in one or 
two specimens of 7J. elegans. Tbe contention that  there is 
no median septum in forms which have a median groove 
along the central fold of the brachial valve does not appear 
to hold in the case of Delthyris elevata, which certainly has 
a median septnni in those individuals whose bracdnal valves 
possess a grooved fold. The presence of a median septum 
in the ])edicle-valve does not a])pear to be of great generic 
importance in the Silurian s|)ccies of Delthyris, although, 
according to American authors, it appears to be a more 
constant feature in Devonian species.

While the lameilæ of Delthyris elevata, crispa, elegans, 
and tenuiiainellata are ornamented with granules or longi
tudinal striæ, those of Tieticularia and well-preserved speci
mens of Spiriferina have a true spinose ornament. Spiri
ferina , however, usually has smooth lameilæ, which are 
abundantly punctate. The genus Tglothyris, North f ,  fi’orn 
the Lower Carboniferous limestone, is distinguished by that  
author from Delthyris by its greater size, by its smaller and 
more numerous costæ, and by the marked development of an

* Proc. U.S. Nat. Mus. Washington, vol. li. p. 75 (1917).
t  North, Quart. Jo urn. Geol. Soc. vol. Ixxvi. p. 195 (1920).
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apical callosity. Its  shell, like tha t  of D elthyris, is im- 
punctate,  but there is apparently no ornament on the 
lameilæ. I t  is possible that  some of tbe species from the 
Upper Devonian and Lower Carboniferous that  have been 
assigned to the genns Delthyris should be more correctly 
placed in the genus Tylothyris. In a group of im punctate 
lamellose Spirifers which W elle r*  describes from the Car
boniferous beds of .Illinois a median septum is present in 
the pedicle-valve, but  the lameilæ in one of the species 
are said to be fimbriate, while in the remaining species, 
apparently, the  lameilæ are not ornamented. I t  is doubtful,  
therefore, wlfether these species belong to D elthyris or 
whether they should be placed in Tylothyris.

A modification of tbe internal structure of the pedicle- 
valve is described by Dunbar t  hi his species Delthyris 
eyrtinoides from the Devonian. The dental plates converge 
and unite with the median septum, which is continued 
posteriorly into the cavity formed by union of the dental 
plates— an example of parallelism with the corresponding 
s tructure in Cyrtina.

There appears to be no reason for the generic separation 
of D elthyris crispa, Hisinger (non Linnæus), here renamed 
D. elegans, from the species D. clexmta and D. sulcata, though 
the last two species wei’c described by Schuchert as t rue 
Delthyris, while he included D. crispa, Hisinger, in Sjririfer.

Additional generic characters in D elthyris are a (forded by 
the spirals, which consist of seven coils and have their 
apices directed towards the cardinal angles.

Delthyris elevata, Dalman J. (Figs. 7, 8 , 8 a.)
Genotype of Delthyris, see Schuchert  (Bull. U.S. Geol. 

Survey, Ixxxvii. (1897), p. 206).
Description.— W idth  approximately equal to the length, 

with the widest part of the shell oecurring at a j)oint 
slightly below the hinge. Both valves highly convex. 
Apical angle lOOY Cardinal angles rounded. Area of 
])cdicle-valve high, its length considerably shorter than 
tha t  of the hinge. Delthyriurn large and open, bordered by 
linear deltidial jdates. Umbo rounded, much incurved. 
Ornament in the pedicle-valve consists of five rounded costæ 
on each side of the sinus, while in the  brachial valve there

* Illinois Geol. Surv. Mon. i., Text. Mississippian Bracliiopocla, p. 300 
(1914).

t  Trans. Connecticut Acad, xxiii. p. 138 (1920).
X Dalman, 1828,A^et.-Akad. IIand 1. p. 120, pi. iii. fig. 3.
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are five costæ on each side of the broad median fold which 
is frc([iicntly longitudinally grooved. The width of the 
siilci separating tbe costæ is approximately half that  of 
tbe eostæ. Crossing the costæ there are very numerous 
eoriccntric growth-laraellæ, along each of which are set 
numerous slightly elongated granules, the interspaces be
tween the granules being less wide than the width of each 
granule.

Interior of the pedicle-valve with median septum 
developed.

Average Dimensions.— Length 18 mm.; width 21 mm. ; 
thickness 16 mm., or 1 : 1" 1 : *8 .

Type-specimen.— The specimen figured and described by 
Dalman from Gothland is hereby selected as the holotype.

Horizons.— Upper Llandovery-Upper Ludlow Beds.

Delthyris crispa (Linnæus). (Figs. 1, 2, 2a.)
1758. Anomia crispa, Linnæus, Systema Naliiræ, 10th edition, 

vol. i. p. 702.
1828. Delthyris sulcata, Hisinger, Anteckningar i Physik och 

Geognosi, vol. iv. pp. 228, 238.
1831. Delthyris sulcata, Hisinger, Anteckningar, vol. v. pp. 119, 

140, pi. iii. fig. 2.
1837. Delthyris sulcata, Hisinger, Lethæa Svecica, Holmiæ, p. 73, 

pi. x.xi. figs. 6 a-c.
1848. Spirifer sulcatus, T. Davidson, Bull. Soc. Géol. France, 

2nd ser. vol. v. pi. iii. fig. 41, p. 325.
1860. Spirifer sulcatus, Lindstroin, Ofv. k. Vet.-Akad. Forhand. xvii. 

no. 8 , p. 359.
1866. Sjnrifera sulcata, T. Davidson, Mon. Brit. Foss. Brack, 

vol. iii. part i. pi. x. figs. 4, 5, 12, p. 91.
1882. Spirifera crispa, T. Davidson, Mon. Brit. Foss. Brack., Suppl. 

vol. V. pi. iv. figs. 9, 10.

Description.—Laterally elongated, with the hinge-line 
forming the widest part of the shell. Pedicle-valve more 
convex than the brachial valve. Apical angle 134°. Cardinal 
extremities angular. Pedicle-valve with concave area extend
ing along whole length of hinge. Delthyriurn open, with 
linear deltidial plates. Umbo acute, slightly incurved.

In  the pedicle-valve there are three rounded longitudinal 
costæ on each side of the median sinus, while in the brachial 
valve there are six costæ in addition to the broad median 
fold. Crossing the costæ there are from 10-15 prominent 
imbricating lameilæ less than 0*75 mm. apart. The micro
scopic ornament consists of small granulations arranged 
in rows along fine longitudinal striæ; the granulations are 
also seen to form less regular concentric rows. The ornament
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is interrupted l)y the transverse lainclhe. In ter ior  of pedicle- 
valve usually without a median septum.

Average Dimensions,—  Length 7 m m .;  width 11 mm. ; 
thick ness 4 5  mm._, or 1 : 1*5 : *().

Type-specimen,— The specimen figured in Museum Tessini- 
anuiii; 1753, tab. v. fig. 7, and referred to by Linnæus in

Figs. 1, 2 , 2 a. D elthyris crispa (Tannæus) from the Wonlock Limestone, 
Dudley. ]lritisli INhiseiuu Geol. Dept. B. 44,91 G. 1. Brachial 
valve showing ornament ( X 2g). 2. Anterior view showing
angular cardinal extremities ( x  2^). 2 a. Ornament under micro
scope ( X 10).

Figs. 8 ,4 , 5, 5« , G. Delthyris elcyans, nom. nov., from Wonlock Lim e
stone, Dudley. British Museuni Geol. Dept. B..44,917*. 8 . Brachial 
valve showing ornament, r/ =  linear deltidial p lates( X 2). 4. Dudicle- 
valve ( x  2). 5. Anterior view showing rounded cardinal extremi
ties (nat. size). 5 a. Ornament under microscope ( X 10). G. interior 
of pedicle-valve showing low median sejdum (from AVenlock Lime
stone, Dudley. British Museum Geol. Dept. B. 44,919) ; median 
septum (cs)j hinge-teetli (t),  dental plates (h), and ovarian mar
kings (u) ( x  2).

 ̂Systema Naturæ   ̂ in 1758, is hereby selected as holotype. 
No Imrizou or locality is given in the description.

H orizon .— Wen lock Limestone and Shale.
D elthyris crispa was described by Linnæus as Anomia 

crispa in ‘ Systema Natii ræ ’ in 1758. A brief description 
is given, and reference is made to Museum Tessinianum, 1753,
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where Linnæus described and figured this species as Concha 
Anomia dilatuta.

The specimen figured is a laterally elongated form, having 
the greatest width along the hinge-line, with angiilar 
cardinal extremities, a broad median fold in the brachial 
valve and a corresponding sinus in the ventral valve. On 
either side of the fold and sinus are three rounded costæ. 
A transverse ornament of imbricating lameilæ is well shown, 
the lameilæ being separated by an interspace of about 
0 75 mm. This figure was reproduced by Davidson in 1866 
(fig. 12), but the ornament was not clearly shown.

Hisinger in 1826 ’̂  figured without description Terehratula 
{Anomia^ L.) crispa from the crinoidal limestone of Goth
land. This species, unlike Linnæus’ species, had rounded 
cardinal angles, and the greatest width of the shell occurred 
at a point below the hinge. The transverse lameilæ were 
not  shown at all in the figure. A similar figure was given 
in 1828 t  by Dalman, who described it as Delthyris crispa 
of Hisinger. In  the same year Hisinger J figured the same 
form, but  ascribed the species to Dalman, stating in the 
same publication § three years later that the description 
given by Linnæus of Anomia crispa agreed with one given 
by himself of Delthyris sulcata., but that, since Dalman ||, 
under the name of crispa, had described a different shell, 
which lacked the median rib, he was obliged to give the 
form which he was describing the new name of sulcata. 
He gives a good representation of Delthyris ciispa of 
Linnæus in the same work. Anomia crispa of Linnæus is 
again quoted as a synonym of Delthyris sulcata by Hisinger 
in 1837 In  spite of these statements by Hisinger, and 
that  made by Lindstrom in 1860*'^, about the similarity of 
Anomia crispa of Linnæus to D elthyris sulcata of Hisinger, 
the specific names sulcata and crispa of Hisinger have 
remained in general use to the present day. According 
to the rules of zoological nomenclature, therefore, Delthyris

# Vet.-Akad. Ilandl. tab. vii. fig. 4, p. 336 (1826).
t  Vet.-Akad. liaudl. p. 222, tab. iii. iig. 6 (1828).
[ ‘ Aiitecliimigar i riiysik  ocli Geognosi,’ vol. iv. tab. vii. fig. 4

(1828).
§ Hisinger, I. c. vol. v. p. 119 (1831).
il As a matter of tact, Hisinger himself had already figured it (Vet.- 
kad. Ilandl. tab. vii. fig. 4, 1826).A 1 —  - , --------    ^  o
1̂ ‘ Lethæa Svecica,’ Holmiæ, pi. xxi. figs. 6 a-c, p. 73 (1837).

** Bidrag till kannedomen om Gothlauds Brachiopoder,” Ofv. K. Vet.- 
Akad, 'Forhand. Stockholm, p. 359 (1860).
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crispa (L innæns)  mnst bc nscd for  Delfhyris salcaf.a, 
Hisinger ; D elthyris elegans, nom. nov., may be used for 
D elthyris crisj)a (Hisinger) .

D elthyris elegans, nom. nov. (Figs. 3, 4, 5, 5 a, 6 .)
1820. Terehratula crispa, Hisinger, Vet.-Akad. Ilandl. tab. vii. fig. 4,

p. 880.
1828. Delthi/ris crispa, Dalman, Vet.-Akad. Ilandl. for 1827, tab. iii. 

fig. 0, p. 222.
1828. DcUlii/ris crispa, Hisinger, ‘ Ateckningar,’ vol. iv. tab. vii. fig. 4, 

pp. 220, 238.
1886. Spirifer oHspus (in part.), Von Dncb, ^HJeber Delthyris oder 

Spirifer nnd OrthisT A bin K. Akad. AViss. Berlin, p. 40.
1837. D dth yris crispa, H isinger, ‘ Ijethæa Svecica,’ p. 73.
1889. Spirifer crispas?, J. de 0 . Sowerby in ‘ The Silurian System ,’ 

pt. ii. pi. xii. fig. 8 , p. 624.
1848. Spirifer crispas, Davidson, Bull. Soc. Géol. France, 2nd ser. 

vol. V. pi. i i i .  f ig.  42, p. 825.
1866. Spirifer crispa, Davidson, Mon. Brit. Foss. Brach. vol. iii. 

pt .  vii. no. 1, pi .  X. figs. 18, 14, 15, p.  97.

Description ,— W ider  than long, with the widest part  of 
the shell occurring at a point slightly below the hinge. 
Brachial valve less convex than pedicle-valve. Apical angle 
110°. Cardinal angles rounded. Area of pedicle-valve 
concave, extending only for two-thirds of the length of the 
hinge. Delthyrium open, bordered by linear deltidial plates. 
Umbo acute, incurved. Ornament  in the pedicle-valve 
consists of four rounded longitudinal  costæ on the  lateral 
slopes on each side of the  sinus, while in the  brachial valve 
there are six costæ in addition to the median fold. The 
sulci separating the costæ are approximately equal in width 
to the costæ. Crossing these there are about thir ty  con
centric lameilæ forming a regular transverse ornament. 
Under  the microscope the lameilæ are seen to be striated 
longitudinally with fine somewhat ir regular  lines not passing 
from one lamella to the next, the interspaces being approxi
mately equal in width to that  occupied by the striæ.

Interior  of pedicle-valve with small teeth supported by 
short  dental plates, outside which are numerous rounded 
pits representing ovarian markings. A low median septum 
may be developed, but in many of the specimens examined 
was not present.

Average Dimensions,— Length  10 mm. ; width 13 mm. ; 
thickness 8 mm., or 1:  1*3 : *8 .

'Type-specimen ,— The specimen figured by Hisinger from 
the ‘^Encrinit-kalksten of Djupvikeii,"^ Gothland, is hereby 
selected as the holotype.
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Uorizon .— Upper Llandovery Beds. Wonlock Limestone 
and Shale and Ay mes try Limestone.

Delthyris tenuilamellata^ sp. n. (Figs. 9, 9 a.)

Description .— Outline transversely rhomhoidal^ with width 
()(• the sliell ap])roximately ecpial to twice the length. 
Valves equally convex. Apical angle 186°. Cardinal 
extremities angular. Pedicle-valve with a low area, whose

Figs. 7, 8, 8 a. D d th yris  elevata, Dalman, from the Wenlock Limestone, 
Dudley. British Museum Geol. Dept. B. 44,918. 7. Shows orna
ment of the brachial valve and high area, open delthyriurn, and 
linear deltidial plates of the pedicle-valve ( x  I 5). 8. Lateral view  
showing convexity of valves and area of pedicle-valve (X 1 |). 
8 «. Ornament under microscope ( x  10).

Figs. 9, Ort. D dth yris tenuilamellata, sp. n., from the W enlock Shale, 
Bui Id was, Shropshire. British Museum Geol. Dept. B. 44,915. 
9. Shows ornament of the brachial valve, area, and conjunct deltidial 
plates of pedicle-valve ( x  1^). 9« . Ornament under microscope
(X 10).

length is slightly less than that  of the hinge. Deltidial 
plates conjunct, foramen oval. In  the pedicle-valve there 
are four costæ on each lateral slope, and there are eight 
costæ in addition to the median fold in the brachial valve. 
Growth-lamellæ are fairly numerous and very closely placed 
anteriorly. The ornament tends to become obsolete near 
the cardinal extremities. The microscopic ornament consists
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oP fine longitudinal striæ, along which arc set very small 
granules. These are also arranged in regular concentiic 
rows, giving the appearance of reticulation. No imaliaii 
septum in the pedicle-valve w as developed in any of the 
specimens examined.

Dimensions.— Length 10*5 mm. ; width 21 mm. ; th ick
ness S*5 mm., or 1 : 2 : "S.

Holotype from Wonlock Sliale, Build was, Slrrop<hirc, 
])reservc(l in the British Museum (Natural  History),  Walker 
Collection (B. 44,915).

H orizon.— Wenlock Shale and Limestone.

U n c i n u l i n a  and U n c i n u l u s , Bay le, 1878.
(Figs. 10, 11.)

The genera Uncinulina and Uncinulus were figured hy 
Bayle in 1878, hut  no description accompanied the jdates. 
[Jncinulina fallaciosa^, Bayle, was figured as the only species 
oP this genus, but  Uncinulus is represented by three s])ccies, 
namely, llem ithyris subwilsoni, d’Orbignv, Uncinulus oehlerti, 
and U. imperafor'\. All these species are of Devonian age. 
No internal characters were shown of Uncinulina^ but  those 
of Uncinulus subwilsoni were well depicted. I t  remained for 
Oehlert in 1884 J to describe and figure these genera in 
greater detail, the species II. subwilsoni was chosen by him 
as the genolectotype of Uncinulus. Oehlert considered that  
the  genus Uncinulina was indistinguishable from Rhyncho- 
nella, and accordingly he placed the species U. fa llaciosa  in 
tha t  genns.

Uncinulina fallaciosa, as figured by Bayle and Oehlert and 
described by the latter  author, has a sub-cuboidal outline 
with a rather  flat pedicle-valve having a shallow median 
sinus. Each valve is ornamented with 20-24  simple ])romi- 
nent  costæ. The umbo is short and incurved till it rests on 
the brachial valve, and the urnbonal slopes are flattened and 
smooth. In  the interior of the ventral valve the diductor 
muscle-scars are large and flabelliform, and enclose two 
small oval adductors. The brachial valve is strongly convex 
with a slightly raised median fold ornamented with six 
costæ. Internally the hinge-pi ate is divided into two parts 
by a narrow oval incision, and there is ho cardinal ])rocess. 
The hinge-plate is apparently supported by a median septum, 
bu t  this is not well represented.

* Explic. de la Carte Géol. de France, vol. iv. pi. xiii. figs. 18-16.
t  Explic. de la Carte Géol. de France, vol. iv. pi. xi. figs. 11-16.
X Bull. Soc. Géol. France, 3rd ser. vol. xii. pp. 420, 422.
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The (listini^uisliing characters of Uncimdus^ as determined 
from U. sulnvilsonij are its spherical contour and external 
ornament of tine flattened costæ longitudinally grooved near 
the anterior margin of each valve. In  the interior of the 
])cdicle-valve the muscle-scars are surrounded by a narrow 
ridge ; while in the brachial valve there is a solid undivided 
hinge-plate, in the centre of which is a broad cardinal process 
longitudinally notched at the summit.  Short  crura extend 
downwards from the hinge-plate, and a median septum 
scjiarates the two pairs of adductor muscle-sears.

The main points of difference, therefore, between lined  
mdina  and Uncimdus are in the contour, costation, and in 
the  tongue of the ventral valve which is t runcate  in Unci- 
nidus and has a straight  line of contact with the brachial

1 1 .

I-a

Figs. 10, I I . Uncinulina Strickland^ I . de C. Sowerby, from the W enlock  
Tiimostone, Much W enlock, Shropshire. British Museum Geol. Dept, 
B. 41,920. Nat. size. 10. Diagrammatic drawing of the brachial 
valve from an internal cast, showing (5) median septum, {h) liinge- 
phvte, {a) adductor muscle-scars, (r) vascular markings. 11. Poste
rior view showing {a) adductor, (rf) diductor muscle-scars of pedicle- 
valve, {h) hinge-plate of brachial valve.

valve, while in Uncinulina it is notched owing to the alter
nation of the costæ of the two valves. In ternally  the posi
tion of the muscle-scars is diiferent in each valve, and in 
Uncinidina the hinge-plate is divided and no true cardinal 
process is developed.

J .  Hall in 1894* suggested that the name Uncinidina 
sliould be retained for forms such as Rhynchonella stricklandi^ 
in which the hinge-plate is divided anteriorly, bu t  is united 
towards the apex, and in which the form is sub-cuboidal 
and less globose than R , wilsoni. I n  the same year, how
ever, he gave Uncinulina as a synonym of Uncinulus while 
II. S. Bassler in 1915 $ quoted Uncinulina as a synonym of

^ Pal. of New York, vol. viii. pt. 2, p. 199.
t  J. Iln ll and J. M. Clarke, l l t b  Aim. Eep. State Geologist, p. 828 

(1894).
X Bull. U .S. Nat. Mus. xcii. vol. ii. p. 1331.
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W ihonia , Cowper Reed, in 1922^', refcrs several species 
from the Devonian of Cliitral and the Pamirs to UnciunHna, 
making this a suhgenus of Uncinulus. He bases his deter
minations on external rather  than on internal characters, 
and does not mention the hinge-plate in any of his descrip
tions, but  states that  the muscle-scars of the brachial valve 
resemble very closely those of Uncinulina, and points out 
the distinctions between that  genus and Hiipoihyridina^ 
S. Buckman auctt.

I t  is proposed, therctore, to use the generic name of 
Uncinulina to include such Silurian and Devonian species 
as agree in external shape and ornament with Uncinulina 
fallaciosa  and U. stricklandi, i .e. ,  flattened, slightly sinuated 
forms having the pedicle-valve with umbo incurved, con
cealing foramen and deltidial plates; the convex brachial 
valve Avith slightly raised fold ; and the ornament in each 
valve consisting of from 20 to 30 prominent simple costæ 
not  medianly grooved. Tbe internal characters in addition 
to those already described in the brachial valve are the 
radiating vascular sinuses on the lateral and anterior 
portions of both valves below the muscle-scars. These and 
other characters of the interior of the pedicle-valve were 
Avell shown by Davidson f ,  but the adductor muscle-scars 
are not seen for Rhynchonella^'' stricklandi. The position of 
the  muscle-8ears and vascular sinuses of the brachial valve 
are shown in figs. 10 and 11.

A similar internal s tructure apparently exists in Tere- 
hratula^^ lewisi, Davidson J, which may also be referred to 
the genus Uncinulina.

M e r i s t i n a , Hall,  1867 §.
Terehratula obtusa, J .  Soiverby, Proc. Linn. Soc. vol. xii. 

pt. 2, pi. xxviii. figs. 3 & 4 (1818) (̂ — A trypa  tumida, Dalman, 
Vet.-Akad.  Handl.  1827 (1828), pi. v. figs. Z a -d ,  p. 134).

Terehratula obtusa is described by J. Sowerby, in 1818,  
as a  shell  curved laterally from the hinge, which must  
be very short without  any space for triangular foramen  
external ly  . . . .̂  ̂ H e  figures the exterior, and in another  
specim en shoAVS that the  spirals had fifteen convolut ions ,  
and had their apices laterally directed, and that a median  
septum Avas present in the brachial valve. These specimens

^ ‘ Palæontologica Indica,’ n. s., vol. vi. no. 2 , p. 40. 
t  Mon. Brit. Foss. Brach. vol. iii. pi. xxi. fig. (3 (18(37). 
f  Davidson, Bull. Soc. Géol. France, 2nd ser. vol. v. pi. iii. fig. 30, 

p. 330 (1848).
§ 20th Kept. N .Y . State Cab. Nat. H ist. p. 157.
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were obtained from Sladacre’s Quarry on right-hand side 
of road from Wyeh to Calwell Green, Malvern Hil l .” 
Judging  by Sowerby’s description and figures, there is no 
doubt that  his species is identical with Meristina (^Airypa) 
tumida, figured by Dalman from Gothland, but the dimen
sions given by Dalman for his species are considerably less 
than those of the average fully-grown Meristina obtusa 
found in this country, and Dalman was apparently describing 
a young individual. M eristina {Atrypa^ tumida, Dalman, 
therefore, is a synonym of Meristina (fFerebratida) obtusa, 
Sowerby.



From the A n n a l s  a n d  INFa g a z i n e  o f  N a t u r a l  TI i s t o r y , 
Ser. 9, vol. xv., p. 181, Fehniarn 1925.

' Jurassic Brnchiopoda from the Jordan Valley.
B y  H e l e n  M.  M u i r  W ood , M . S c., F . G . S .

(Published by permission of the Trustees of the British Museum.)

[Plate X V .]

T he Bracliiopocla described in this paper form part of an 
interesting collection of fossils from the Jordan Valley recently 
presented to the Natura l-His tory  Museum. The S[)eclmens 
were obtained from the mouth of Wadi  Zerka, the valley of 
the River Jabbok, a tributary of the Jordan on its east bank, 
about 20 miles north of the Dead Sea.

The beds from which these specimens were obtained are of 
U pper  Bajncian and Bathonian age.

The Bracliiopocla from the Upper Bajocian beds consisted 
of the following species :—

Gymatorhynchia (?) quadriplicata (Hartmann).
Lohothyris veniricosa (Davidson), non Hartmann.

Heiniia jahhokensisy sp. n.

In  the Bathonian beds the following species occurred :— 
Eudesia cardiwrn (Lamarck).
Burrnirhynchui tumida, Buck man { =  Rhynchonella con- 

cinna, Davidson, non Sowerby). 
lle im ia  furciliensts  (H aas ) •
Avoiiothyris j  or danens is, sp. n.

There is no evidence of the occurrence of Oxforclian- 
Kimcriclgiau beds, although such are to be expected in this 
neighbourhood.

An account of the former explorations in this area and a
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description of the niolluscan remains contained in tlie present 
collection are given by Mr. L. Iv. Cox in the preceding paper.

D lsciuption of S pe cie s .

Family Rliynclioiiellidæ.

Genus C yiMATORIIYNCIUA, S. S. Huckman, 1911,  
Genera of some Jurassic Bracliiopoda, p. 2.

Defiued in Palæontologia Indica, n. s. iii. no. 2, p. 53.

Hypotliyrid (beak short, foramen circular, d(dtidial j)lates 
conjunct) ; miiiliplicate, dental plates strong and iliveigt nt ; 
ventral muscle-area well marked, large, elongale ly trigoni- 
form ; dorsal septum strong, fairly long ; dorsal muscle-sears  
well marked, forming two elongate-trigonal figures ; ovarian 
areas large, not quite half of va lves;  vascular system shows  
numerous approximate shallow channels in the cast ” (6% S. B .).

Cymatorhi/nchia (?) quadriplicata ('Hartmann).
(PI.  X V .  figs. 8(t -c .) '

Ilhynchonella quadriplicata, Hartmann in Zieten, 1832, Verstoine- 
riing-en Wurleinburgs, ])1. xii. fig. 3.

See also :—Davidson, 1855, Mon. Brit. Foss. Brach. i., Appendix, pi. A , 
fig. 22.

Deslongcliamps, 1855, Bull. Soc. Linn. Normandie, ii. p. 302, pi. v. fig. 5.
Quenstedt, 1858, Dor Jura, p. 423, pi. Iviii. fig. 0 .
Q.uenstedt, 1868, Betrefactenk. Deutschlands, Brach. pp. 81, 82, 

t. xxxviii. fig. 42.
Davidson, 1878, Mon. Brit. Foss. Brach. iv. pt. ii. no. 2, p. 201, pi. xxix. 

figs. 1-3.
Bollier, 1017, Mdm. Soc. Pal. Suisse, xlii. p. 148.
Hoppe, 1922, Zeitschr. Deutsch. Palastina-Vereins, xlv. p. 78.

Diagnosis.— Costation coarse and angular, fold and sinus 
well developed. Brachial valve wilh four costæ on fold and 
five on each lateral slope, pedicle-valve with three costæ in 
sinus and six on each lateral slope. Umbo tapering and in
curved. Foramen circular, deltidial plates conjunct. Dental 
plates long, stout, and slightly divergent. Biachial valve 
with median septum extending for one-third of length of 
valve.

Material.— Twenty-four specimens in a fair state of preser
vation. None showed internal characters. [B. 45377-93,  
45398-99.]

Horizon.— Bajncian.
Description.— The number of costæ developed in each valve 

is a veiy constant character, unlike the German specimens.
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wlierc there is ononnoiis variation holliin tlie size and number 
of the costæ. JIo|)pe (1922) noted the slight variation in the 
specimens of this species, collected from the Bajocian lieds of 
tSinai. Jt was not possible to obtain internal casts by the 
method of burning, and the generic relationship of the 
Palestine form is uncertain. The shajie and ])osition of the 
dental plates resemble those of Cymatorhynchia. Buckmau 
assigns the Gmmian specimens with doubt to his genus 
Gy ni atorhy n chi a.

Dimensions of figured specimen.— Maximum height 21 mm.; 
max. width 23 mm. ; max. thickness 18 mm. or 1 : 1*09 : 0*8f).

Remarks.— Hartmann (in Zieten) originally described this 
species from the Upper Inferior Oolite near Gosheim and at 
l i a n a s ,  Germany. Qiienstedt (18G8) figured a typical 
speciinen from the “ Braun Ju ra  8.”  ' Davidson (1855) figured 
a similar form from the Inferior Oolite of Cheltenham. 
D ’Orbigny (1850, ‘ Prodrome,’ i. pp. 314 & 343) quoted 
I t. quadriplicata from the Bathonian and Callovian of France, 
but Deslongchamps (1857), having examined Zieteids original 
specimen and compared it with French specimens, stated that 
this species does not occur above the Inferior Oolite. Hoppe 
(1922) recorded it from the Bajocian of el-Mlëh, Sinai.

Genus B u RMIRIIYNCIIIA, Buckrnan, 1915,
Ivec. Geol. Surv. Ind.  xlv. p. 76.

Def. 1917, Palæontologia Indica, n. s. iii. p. 49.

“ Hypothyrid (beak massive, springing from a gibbous 
umbo, apex produced and incurving [foramen subelliptical, 
deltidial plates narrow, disjunct]) ; slightly trilobed ; multi- 
])licate ; dental plates strong, much divergent, ventral muscle- 
area large, pyriform, dorsal septum strong ; dorsal muscle- 
area quadriform to subcircular pattern— the two anterior scars 
strongly niaikod, making a cordate figure, being individually 
more or less pyiiform, bounded by well-marked diverging 
channels ” (S . S. JJ.).

JJurfnirhynchia tumida, Buckmau.
(Pi. XV. tigs. 7 a, h.)

J?h}/ncho7wUa conchwa, Sowerby ; Davidson, 1852, Mon. Brit. Foss. 
Brach. 1. pt. iii. no. 2, p. 88, pi. xvii. tigs. 6 r/, d.

Terehratulaconcimia, Sowerby; Quenstedt, 1868, Petrefactonk.Dentscb- 
lands, Brach. pi. xxxviii. fî -. 36.

Ithynekouella concmna, Sowerby; Szajnocba, 1879, Denk. K. Ak. W iss. 
W ien, xii. (2) pi. vi. lii>-a. 10, 11.

Burinirhijnehia tumida, Bucknian, 1917, Palæontologia Indica, n. s. iii. 
no. 2, p. 221, pi. xvii. iigs. 6 a-c.
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Diagnosis.— Outline trigonal. Brachial valve very globose ; 
pedicle-valve llatteiied. U m b o  massive;  apex acute and 
incurved, hypotliyrid.  Foramen oval ; deltidial ])lates dis
junct.  Brachial valve Avith broad, sl ightly raised, median 
fold, ornamented Avith eight costæ ; nine costæ on each 
lateral slope. Pedicle-valve Avith median portion slightly  
depressed, but no true sinus, and twenty-seven costæ at the 
anterior margin.

Interior shoAVS a short median septum in the brachial valve. 
Dental plates strong and divergent. Other internal cha
racters unknoAvn. ^

Material. —  One specimen shoAving external ornament. 
Dental plates and median septum seen through test. 
[B. 45301.]

Horizon.— Bathonian.
Dimensions of figured specimen.— Maximum height 23 mm. ; 

max. Avidth 24 mm. ; max. thickness 19*5 mm. or 1:  1*04 : 0*84.
Remarks.— Davidson (1852) described and figured this 

species from the Great  Oolite of Cirencester. Buckmau 
(1917) figured it from the Great  Oolite of Fritweil,  near 
Aynhoe, Northants, and stated that its age was post-5775- 
contractiim and \)\'e~hathon{ca. Qnenstedt’s specimen Avas 
obtained from the Braun Ju ra  S of Krakau, Avhile Szajnocha 
figured a similar form from the Balin Oolite of similar age.

Buruiirhynclna tumida, Buckmau { =  .Rin/nc/ionella con- 
cinna, Davidson, in part.),  differs from Ehynchonella [A"a///- 
rhyncliia'] concinna, trowerby, in having a flattened instead of 
a deeply sinnatcd pedicle-valve, therefore in having a greater 
thickness than AT. concinna. The umbo in Kallirhynchia  
concinna is more erect and less massive than in B urm i-  
rhynchia tumida. The arrangement of the muscle-scars in 
the two forms is quite distinct. I t  is probable that specimens 
from adjacent aieas recorded as ‘̂‘Rhynchonella concinna^^ 
resemble the Palestine specimen oï B . tumida.

Fraas (1877, N. Jahrb. ]\Iineral. pp. 22, 29) mentions this 
species from the Jurassic (Upper Jfrowii Jura) of Mount 
Ilermon, but compares it to Quenstedt’s ligure (1868), which 
was quoted by Buckmau in his synonymy of B . tumida ; it 
also resembles the Palestine species very closely.

The specimen of Rhynchonella concinna figured by 
Douvillé (1916, Mém. Acad. 8 ci. Paris,  liv. pi. i. fig. 21) 
from the Bathonian of the Moghara Massif is more elongated 
and appears to have a less-marked fold in the brachial valve, 
the anterior margin is not abruptly truncated as in B . tumida.
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Family Terebratulidæ.

Genns A vonotiiyrts, Buckrnan, 1917.
Palæontologia fmlica, iii. no. 2, p. 102.

F|)itliyri(l (beak ratber small, rather short, subcarinate, 
foramen small, circular, margin a te, sympliytium ratber narrow, 
fairly well exposed) ; test finely punctate, with signs of 
capillation in old age ; sulcation of dorsal umbo occasional, 
but not persistent down valve in biplicates ; morphogeny 
sulcate, to rcctimarginate trigonal, to paraplicate, with subse
quent elongation; musclo-tracks fairly long, sub-approximate.”

Avonoihyris j  or danensis, sp. n.

Diagnosis. —  Outline roughly circular, with the length 
slightly in excess of the width. Beak-ridges obscure, epi- 
thyrid. Beak short and incurved, concealing the fused 
deltidial plates or sympliytium in the adult stage. Foramen 
circular to oval and labiate. Widest  part of shell occurs a 
short distance above anterior margin. Brachial valve concave 
near umbo, but  becoming very globose. Pedicle-valve con
vex. Anterior margin irregularly flexuous, but plication of 
valves never prominent. Shell-surface smooth, with nume
rous growtli-lines. Anterior portion of shell capillate. 
Interior of brachial valve with strong median septum sepa
rating the'narrow, slightly diverging posterior adductor scars. 
Two small oval muscle-scars are distinguishable near their 
anterior extremities, set close to the median septum. Ovarian 
markings distinguishable on the posterior lateral portions 
of this valve. Pedicle-valve with long narrow diductors 
enclosing oval adductor scars.

Holotype [B. 45302]. Paratypes [B. 45303, 45307].
Material.— Twenty-four specimens with shells preserved in 

beekite [B. 45306-27].  One specimen [B. 45307], an 
internal cast, showed muscle-scars of both valves.

Horizon.— Bathonian.
Description.— Growth-stages : brachial valve sulcate in 

early stages, with slight corresponding caripation in the 
pedicle-valve ; sulcation is more persistent and is traceable 
for centimetres below the umbo. The valves then flatten 
and develop a trigonal outline with plane commissure. A  
broad rounded fold is developed on each side of the median 
flattened portion, which, again, gradually becomes sulcate, 
giving rise to a biplicate anterior margin. The amount of
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plication in the brachial valve is very variable, and in some 
specimens folding commences at an early stage.

Dimensions of figured specimens (PI, XV.) .—
Fig. 1. Fig. 2.

mm. mm.
Maximum len<rtli . . . .  45*5 ^0*5

width . . . .  30-5 26-5
,, thickness . . - 32 28

or l:0-8():0-70  1 : 0 9 0 : 0 6 9

Remarks.— The characters of this species agree very closely 
with those of the Avonothijris of Biickman. This
genus Avas proposed for a number of British Bathonian species 
troin Bradford-on-Avon, many of them dAvarfs. These species 
resemble A . jordanends very closely in external form and 
posterior sulcation of the brachial valve. Young forms of 
A . jordanensis are very similar to A . trigonata, Buckmau 
(.191.7, loG. cit. pi. xxi. figs. lOu-c). A . corpuleuta, Buckrnan, 
shows a considerable resemblance to A . j o r d a n e n s i s the 
anterior margin, however, is more excavated and the umbo 
less incurved in the British species. The external shell- 
surface resembles that of Avonotlujris ; the anterior capillation 
is also characteristic and the groAvth-stages are similar. In 
shape and position of the muscle-scars A . jordanensis 
resembles the genus Ilolcothijris, Buck man. This genus was 
proposed for a number of Indian species, and resembles 
Avonothyris very closely. In llolcothyris, however, the 
Avhole shell is capillate and the dorsal sulcus is continuous to 
the anterior margin. The small anterior adductors developed 
in A . jordanensis resemble those of llolcothyris. No second 
pair of adductors is shown in any specimen of Avonothyris. 
This may be due to the bad state of preservation of the 
British material, for in other characters A . jordanensis is in 
complete accord with the genus Avonothyris. A variety of 
Terehrutida quiUyensis, Bayle, figured by Douvillé (1916, 
Mém. Acad. Sci. Paris, liv. pi. vii. fig. 5), resembles A . jordan
ensis slightly in outline, but the folding is more prominent 
and the growth-stages of the two forms are distinct. A . jo r
danensis resembles in shape and contour Terehratxda retro- 
curinata, Kothpletz (1886,  ̂Palæontographica,'’ xxxiii. pi. ii. 
figs. Za , h ) ,  from the BroAvn Ju ra  Z-e, The folding and 
growth-stages of the two forms are distinct and the adductor 
scars are broader and longer in T, retrocarinata, A . jordan
ensis is distinguished from E pithyris maxillata  (Sow.) by its 
shorter less incurved umbo, greater elongation of shell, and 
difference of internal characters.
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Genus l lEnilA,  Haas, 1890.
Abli. cl. Schweiz, pal. CJes. xvii. p. 87.

“ llypothyricl (beak short, stout, foramen rounded, syni- 
])hytium hidden); morphogeny sulcate to plano-perconvex to 
sulciplicate (V paraplicate) ; [inuscle-tracks narrow, approxi
mate almost parallel] ” (&  S. B u c k m a n ,  1917, p. 103).

lleim ia farciUensis (Haas).  (PI. X V .  f ig s . 6  g- c.)

Terehrntula furciUensis, Haas, 1890, Abli. d. Schweiz, pal. Ges. xvii. 
]). 95, pi. x. tigs. 1-4.

Terehratula sfep/imii, furcilieiisis, Hans; Clerc, 1904, Mém.
Soc. ibd. Suisse, xxxi. p. 80, pi. iii. figs. 4 a-c.

H eimiafurcilierms, H aas; S. S. liuckiuau, 1917, Palæontologia Indica, 
11. s. iii. no. 2, p. 103 (list only).

Terehratula fu r  cilicnsiSyiVcoiS', llollier, 1918, Mém. Soc. Pal. Suisse, 
xliii. p. 225.

Diagnosis.— Outline elongate-oval, with length of shell in 
excess of width. Brachial valve depressed ; pedicle-valve 
highly convex. Beak short, incurved, and concealing the 
fused deltidial plates or sympliytium. Beak-ridges not deve
loped. Umbonal slopes meeting at apex in angle of 72°. 
Shell smooth, with numerous growth-lines. Internal cha
racters unknown.

Horizon.— Bathonian.
Description.— Growth-stages: the brachial valve is sulcate 

near the umbo, and corresponding carination is developed in 
the pedicle-valve. Flattening of the brachial valve next 
occurs, with increasing convexity of the pedicle-valve. Both 
valves are now circular in outline, with a plane commissure. 
Biplication of the brachial valve follows directly on this stage, 
the folds increasing in width and prominence anteriorly, and 
a median sulcus is formed between the folds. A deep sinus 
is also developed on the outer side of each fold, thereby adding 
to its elevation. A  median fold is developed in the pedicle- 
valve corresponding to the median sinus of the brachial valve.

Dimensions of figured specimen.— Maximum length 30 mm. ; 
max. width 24 mm. ; max. thickness 17*5 mm. or 1 : 0*8 : 0*58.

Remarks — This species was described by Haas from the 
Bathonian of Furcil,  near Noiraigue, Val de Travers, in the 
(Swiss Juras.  Bollier quotes it as being of Bradfordian age. 
The Palestine specimens agree in shape and dimensions with 
Haas’s figures and with actual specimens of T e re h ra iid a  

fn r c i l ie n s is .  The incurvature of the umbo so as to conceal 
the symphytium, absence of beak-ridges, the flattening of the 
brachial valve, convexity of the pedicle-valve, and anterior
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hiplication are characteristics of this species and of the genns 
Jleunia. The folding in the Palestine specimens is slightly 
less prominent than in the Swiss examples. Haas places his 
species in the “ Globata group,” and compares it with Tere 
h'atula fe r r y i  from the Inferior Oolite, figured by Davidson 
(1878, Mon. Brit. Foss. Brach. iv. p. 139, pi. xvii. fig. 8 ). 
This species is narrower in proportion to its length, and is said 
by Buckmau (1917, p. 116) to belong to the genus 
thyi'is, while Terebx'aiala farciJisnsis, from its external cha
racters only, is said to belong to the genus lle im ia . llollier 
(1918, p. 225) compared this species with Terehratula cix'cum- 
data, Deslongchamps, from which he considered it to be 
derived. From this species, however, H tim ia  farciliensis is 
distinguished by its different growth-stages.

lleim ia jabbokensis, sp. n. (PI. X V . figs. 5 a-c.)
Diagnosis.— Outline elongate-oval, with length considerably 

greater than width. Greatest width of shell occurs at a point 
midway along the length. Brachial valve flattened ; pedicle- 
valve convex. Beak short, slightly incurved, and in contact 
with brachial valve, not ]>rojecting beyond hinge. Beak- 
ridges very faint. Umbonal slopes meeting at apex in angle 
of 108°. Shell smooth. Adductor muscle-scars of brachial 
valve short, narrow, and subparallel. Cardinal process low, 
narrow, and posteriorly excavated.

H o lo t^e  [B. 45304].
Material. —  Thirty-three specimens well preserved and 

showing external characters. One imperfect specimen showed 
cardinal process and part of loop [B. 45439] [B. 45304, 
45328-60].

Horizon.— Bajocian or Bathonian ?
Description.— Growth-stages: the brachial valve is sulcate 

near the umbo and the pedicle-valve slightly carinate. The  
brachial valve then flattens and the pedicle-valve becomes 
convex. Elongation follows on this circular plano-convex 
stage, and hiplication is developed in the brachial valve. 
The folds are raised up on each side of the median flattened 
portion and become very prominent anteriorly. A  sirong 
median fold is developed anteriorly in the pedicle-valve and 
a shallow sulcus is formed on each side of the fold.

Dimensions of figured specimen.— Maximum length 35*5 mm.; 
max. width 27 mm. ; max. thickness 21*5 mm. or 1 :  0*7 : 0*6.

Remarks.— This species is distinguished from H eimia furcili- 
ensis by its larger dimensions, greater width and convexity of
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ilic bracliial valve, shorter and less incurved beak, and larger 
apicnl angle.

lle im ia  johhokensis resembles very closely sjiecimens figured 
by Davidson in 1851 (Mon. Bril.  Foss. Brach. i. p. 54, 
pi. xiii. fig. 7) and 1855 [loc. cit., Appendix, ])1. A, fig. 18) as 
Terehratula ylohata and Terehratula ylobata, var. fleischeri 
{loc, cit. iv. p. 137, pi. xvii. fig. 2) from the Upper Inferior 
Oolite of Cheltenham. The last-named specimen is one of 
the type-s])eciniens of Oppel’s species Terehratula jleischeri. 
(Ippel (1856, ‘ Die Juratormation,’ p. 497) remarks on the 
similarity of this species to T. ylohata, Davidson (1851, 
pi. xiii. fig. 7). The internal characters of this form is 
unknown, but T. fleischeri is said to have the internal cha
racters of the genus Gererithyris, Buckmau (1917, p. 109). 
The umbo of Gerci'ithyris fleischeri and of the other specimens 
])robablv referable to this species, but renamed by Rollier 
T. oppeli (1918, Mém. Soc. Pal.  Suisse, xliii. p. 202), is less 
incurved, and the sympliytium is not hidden. The brachial 
valve is more convex than in IJeim ia jabhohensis. The 
Palestine specimens also resemble Terehratula huchnaniana, 
Walker  in Davidson, 1878 {loc. cit. iv. pi. xix. figs. 15 & 17), 
also said by llollier to be a synonym of T. oppeli. Tere
hratula buckmaniana is more elongated and has less prominent 
plication in the brachial valve. Buckmau (1917, p. 104) 
(loubtfully refers this and similar species with which lle im ia  
jabbokensis would be included to the genus lle im ia , but states 
that they may be generically distinct.

Genus L o b o t i i y r i s , s .  s .  Buckmau,. 1914.
Genera of some .Turassic Bracliiopoda, p. 2.
J)ef. 1917, loc. cit. p. 107.

“ Epithyrid (beak overhanging dorsal umbo, foramen more 
or less elliptical, in old forms labiate, sympliytium broad) ; 
morphogeny subconcavo-convex to biconvex, to elongate, to 
uniplicate, to sulciplicate— centronella to terehratula stage ; 
muscle-tracks narrow, subapproxiinate ”  {S. S. B .) .

Lohothyris ventricosa (Davidson), non Hartmann.
(PI. XV. figs. 4 a-c.)

Terehrntula ventricosa, llartmanii (?), Davidson, 1876, Mon. Brit. Foss.
Brach. iv. pt. ii. no. 1, p. 127, pi. xv. figs. 10, 11.

Diagnosis.— Outline elongate-oval, with slightly convex 
biplicate brachial valve and highly convex pedicle-valve.
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Podicle-valve cnriuate posteriorly. Greatest Avidtli occurs 
about halfway down shell. Beak-ridges obscure, epithyrid. 
Iliubo short, incurved in senile stage. Foramen circular to 
oval and labiate. Adductor muscle-tracks of brachial valve 
long, narrow, and subparallel, and resembling those of Loho- 
tJ/7/ris, Median septum extends for one-third of length of 
brachial valve.

Material.— Fourteen specimens badly preserved in a hard 
ferruginous sandstone. In  one specimen [B. 45371] the 
muscle-scars and median septum of the brachial valve could 
be seen through the test..^ [B. 45361-68, 45370-74.]

Horizon.— Bnjocian.
Description.— Growth-stages: the brachial valve is slightly 

concave near the umbo and the pedicle-valve is carinale, the 
carination persisting when the sulcation has died out. Both 
valves then become eveidy convex, with circular outline and 
plane commissure. After  considerable elongation a low 
median fold is developed in the brachial valve. This fold 
rapidly increases in elevation, and is then medianly depressed 
hy a sulcus, giving rise to strong hiplication (sulciplication of 
Buckman). In the pedicle-valve a median fold corresponds 
to the sulcus of the biachial valve.

Dimensions of figured specimen.—Maximum length 37 mm. ; 
max. width 30 mm. ; max. thickness 22 mm. or 1:  0*81 : 0*59.

Remarks.— DaAndson’s specimens were obtained from the 
Inferior Oolite of G rick ley, Cleeve, and Leckhampton Hills, 
Gloucestershire. The Palestine specimens are associated 
with Cyniatorliynclna (?) quadviplim ta  in Bajocian strata.

This species resembles Terehratula ventricosa, Davidson, in 
its external form, dimensions, development, and in having 
internal characters of the genus Lohothyris, Buckman.

In  their early stages the Palestine specimens resemble 
Lohothyris huclcmoni, Davidson, from the Inferior Oolite 
(1851, Mon. Brit. Foss. Brach. i. p. 44, pi. vii. figs. 15 & 16). 
This species is oval in outline and dorsally uniplicate, but 
does not develop jirominent hiplication as in Lohothyris ventri
cosa. The umbo in Lohothyris huckniani is longer and more 
incurved, and the two valves are less convex. In  his descrip
tion of Terehratula ventricosa Davidson queries the identity 
of his species with that of Hartmann in Zieten (1832, ‘ Ver- 
steinerungen Wurtemburgs ,’ p. 53, pi. xl. fig. 2). H ar t 
mann’s species attains considerably greater dimensions, is 
elongate-oval in outline, but is dors ally uniplicate and does 
not appear to develop hiplication as in Davidson’s species. 
Deslongchamps (1873, Pal.  française, Terr, jurassiques, Brach. 
p. 230, pis. Ixxiii.-Ixxvi.) figures specimens similar to that of
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ITartmaniij h\û  also inclufles some biplicate forms wliicli 
appear to be distinct. iJeslongcliamps mentions the lon^’i- 
tiulinal striation of llio shell— a character also shown in 
1 laitmanids figure and probably representing capillation. 
This character is remarked upon by Buck man (1917, p. 108), 
who suggests that Hartmann’s s))ccies belongs to the section 
“ Capil la tæ” of his classification of Jurassic Terebratulas. 
Caj)iNation does not occur in Davidson’s species or in the 
Palestine specimens. Lohothyris veniricosa is distinguished 
from Terehralula^^ perovalis, Sowerby, by the difference in 
shape of adductors of the biachial valve, in the more massive 
umbo truncated by a large foramen. I t  is ])ossible that 
Lo')othyris veniricosa is mentioned in fossil lists from adjacent 
areas as Terehratida perovalis.

Family Terebratellidæ.

Genus E u d e s i a , King, 1850.
A IMonograpli of Permian Fossils, p. 81.

Eudesia cardiuni, Lamarck. (PI. XV . fig. 9.)
Terehratida cardium^ Lamarck, 1819, Histoire Naturelle des Animaux 

sans Vertèbres, vi. p. 225, no. 47.
Terehratida orbicularis, ,1. de C. Sowerby, 1829, Minerai Concliology, 

y i. ]). 1)8, ])]. dxxxv. fig. 3.
See also:— Davidson, 1850, Ann. & Mag. Nat. H ist. ser. 2, v. p. 12, 

pi. xiv. fig. 47.
Davidson, 1851, Mon. Brit. Foss. Bracli. i. p. 43, pi. xii. figs. 13-18.
(^.uenstedt, 1871, Petrefaktenkunde Deutscblands, Bracliiopoden, p. 293, 

t. xly. figs. 63-69.
Davidson, 1878, loc. cit. iv. pt. ii. no. 2, p. 185, pi. xxiv. fig. 22.
Deslongcliamps, 1885, Paléontologie française. Terrains Jurassiques, 

Brachiopodes, vi. p. 388, pi. vi. fig. 4, and pis. cxi.-cxiv. (includes 
several varieties).

Haas, 1890, Abb. d. Schweiz, pal. G es. Zurich, xvii. 2, p. 100, pi, x. 
figs. 8, 9.

Douville, 1916, Mém. Acad. Sci. Paris, Iv. p. 63, pi. vii. figs. 10-15.

Material.— This species is represented by four well-pre
served specimens showing the characteristic shape and orna
ment [B. 45299, 45400-01].

Description.— The specimens show slight variation in the 
total number of costæ. One specimen with length 22*5 mm. 
had twenty-one costæ at the anterior margin. A  second 
specimen with' length 23 mm. had twenty-five costæ. This 
character is also rather variable in European specimens.

Dimensionsoffignredspecimen.— Maximum length 22*5mm.; 
max. width 20 mm. ; max. thickness 14'5 mm. or 1 : 0'8 : 0*6.

Horizon:— Bathonian.
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Remarks.— This species is widely distributed in the 
Bathonian of Europe. In Great  Britain it occurs in the 
Great Oolite, Bradford Clay, and Forest Marble. Douville 
(1916, p. 63) records Eudesia cardium  from the Moghara 
Massif in the Sinai Peninsula. lloppo (1922, Zeitsch. 
Deutsch. Paliistina-Vereins Leipzig, xlv. p. 101) describes 
this species from el-Mlch, Sinai.

No specimens of either Eudesia plana, ILoppe, or of E . car- 
d io ideS j Douville, were obtained from Palestine, although 
both species were associated with E, cardium  in the Bathonian 
of Sinai.

E X P I A I ATION OF PL A T E  X V .
(The figures are all of natural size.)

Ai'onotln/risjor(lanens{s,Q\\.i\. [6 .4 5 3 0 3 .]  Paratype.
Fig. 2. Avonothyrisjordanensis, sp. n. [P . 45302.] Hole type, a, dorsal 

view, showing shell preserved in heehite ; h, lateral view; c, an
terior view, with brachial valve uppermost.

Fig. 3. Avonothyris jordaiiensis, s]). n. [P . 45307.] Paratype. a, in
ternal cast, showing posterior and anterior adductor scars of 
brachial valve and median septum ; b, internal cast, showing 
diductor and adductor muscle-scars of the pedicle-valve.

Fig. 4. Lohothyris veniricosa (Davidson). [P . 45374.] Immature speci
men. a, dorsal view, showing muscle-scars and median septum ; 
h, lateral view ; c, anterior view, showing uniplication of brachial 
valve and initiation of median sinus.

Fig. 5. lle im ia  jahhokonsis. sp. n. [P. 45304.] llo lofype. a, dorsal 
view, showing biplication ; b, lateral view ; c, anterior view , 
with brachial valve uppermost.

Fig. G. lleim iafurciliensis  (Haas). [P. 45376. ] a, dorsal view ; b, lateral 
view  ; c, anterior view , w ith  flattened brachial valve uppermost. 

Fig. 7. Burmirhynchia tumida, Puckman. [P . 45301.1 a, dorsal view ;
h, lateral view, showing gibbous umbo with incurved apex and 
convex pedicle-valve.

Fig. 8 . Cymatorhynchia (?) quadriplicata (Hartmann). [P . 45300.] 
«, dorsal view ; h, lateral view ; c, anterior view .

Fig. 9. Fudasia cardium  (Lamarck). [P . 45299.]
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Vvnin the A n n a l s  a n d  M a g a z i n r  o f  N a t c j r a l  H i s T O R y ,  
Ser. y, Vol. xix. p. 28(3, February 1927.

Two neio Species o f Lower Carboniferous Brachiopoda from  
Northumberland, By H e l e n  M . M u i r - W o o d , M .S c . ,  
F.G.S.
(Published by permission of the Trustees of the British Museum.)

T h e  material to be described was collected by Mr. A, 
Templeman of H.M. Geological Survey, and kindly lent to 
me for description by Mr. J .  Pringle, to whom I  am also 
indebted for a list of the associated-fossils given below. 
All the specimens were obtained from shales overlying the 
Upper Fell Top Limestone, and exposed in a small stream 
joining Hartley Burn,  near  Burnfoot,  four miles S.S.W, 
of Haltwhistle. The beds have yielded the following 
fossils ;—

Crinoid ossicles.
Serpulites sp.
Chonetes laguessiana, de Kon.
Productus carbonariuSy de Kon,
---------------, sp. n.*.

* Description by the author to be published shortly iu Mem, Geol* 
Survey on Carboniferous FroducUT
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Productus pugilis, Piiill.
Grammatodon regularis, Hind.
Nu cut an a sp.
ScJnzodus antiquus. Hind.
Conularia quadrisulcatu, J . Sow.

The presence of such species as Productus pugilis, Phill., 
and P . carbouarius, de Kon., indicates a Jiigh liorizon in the 
Carboniferous Limestone Series, since P. carbonarms ranges 
from the top of the Dy sul)zone up to the Millstone Grit.

Mr. F. M. Trotter  (192(), p. 82*), who has surveyed this 
area, has taken as the hase of tiie Millstone Gri t  the first 
bed of thick sandstone overlying these fossiliferous shales, 
about n o  It. above the Upper Fell Top Limestone. This 
limestone rejuesents the D 3 subzone of Prof. Garwood’s 
classification (1910, p. 681) or the subzone I ) Y of Dr. S. 
Smith (1910, pp. 596, 598).

The new speeies F ustu la  thomasi has not, so far  as is 
known, been collected from any other.locality in N or thum 
berland or from Cumberland. Mr.  Pringle informs me 
that  shells comparable to F uuctospirifer northi have been 
collected during the progress of the Geological Survey, the 
results of which are included in the Brampton Sheet of the 
1-inch map. The species is first found in shales about 
the horizon of the Corbridge Limestone, and ranges upwards 
to the base of the Millstone Grit as defined by Mr.  Trotter ; 
but the early forms are usually smaller than the later ones, 
and, as a rule, show no trace of that  thickening and irregular 
development of the ornament which is characteristic of the 
later forms. The ‘^Spiriferina s p . / ’ which Dr. S. Smith (1910, 
p. 627) records without description from the Thornbrough 
Limestone of Stanton may possibly be a Punctasjnrifer.

DESCRIPTION OF SPECIES.

Productidæ, Gray.

PusTULA, I.  Thomas, 1914, Mem. Geol. Surv.
Gt. Britain, Palæontology, i. 4, p. 259.

Fustula thomasi^, sp. n. (Text-figs. 1 & 2.)

Diagnosis.— F ustu la  in whieh the concentric bands are 
somewhat obscurely defined on the venter, having prominent

* See List of lleferences at end of paper, 
t  Named after the lute Dr. 1. Thomas.
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and rounded ribs on the flanks, and having no smooth 
interspaces between the concentric bands. ,

Description.— The pedicle-valve, 84 mm. long and 40 mm. 
wide, has an approximately circular outline, is depressed, 
and has a shallow rounded median sinus ; there is no geni- 
culation between the visceral disc and the venter, and no 
trail is developed ; the umbo and hinge are not preserved 
in the type-specimen. The ornam ent consists of spine-bases 
inserted on concentrically-arranged band-shaped areas ; each 
band is about 5 mm. wide on the venter and narrows on the 
flanks and on the anterior part of the shell, where it is nearly 
half as wide as on the venter. The spine-bases are of two 
sizes, major and minor ; the major are arranged in a single 
row on each band and occupy more than three-quarters of

Fustula thomasi, sp. d. Ilolotype in Museum of Practical 
Geology [37582].

Fig. 1.— Pedicle-valve incomplete near umbo. Slightly reduced.
Fig. 2.— Details of ornament. X 2.

its width, being inserted on its posterior edge or on the 
anterior edge of the neighbouring band, and extending 
across the boundary ; the minor spine-bases lie in two or 
three rows on the anterior part of the concentric bands, 
often overlapping the boundary and extending on to the 
posterior part of the neighbouring band. The major spines 
diminish in length on the anterior portion of the shell, and 
the minor spines become much crowded, while on the flanks 
the major spines disappear.

Type-specirntn.— Holotype, no. 37582, M useum  of P rac 
tical Geology, London.

Remarks.— Fustula thomasi appears to resemble closely 
Productus juresanensis, Tschernyschew (1902, p. 620, and 
1914, p. 62, pi. viii. fig. 6, pi. ix. fig. 1), from the Upper 
Carboniferous, Schwagerina Kalk, of the Ural M ountains ;
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but the bauds iu the Russian species are more clearly 
defined.

^Pastula suhelegans, I. Thomas (1914, p. 298, pi. xvii. 
figs. 9-12), differs from P. thomasi in being smaller and 
having a more convex shell and narrower concentric bands.

Pustula defensa, I. Thomas (1911', p. 310, pi. xvii. 
figs. 20-23), from the Six-Yard Limestone of Nortlium ber- 
land (horizon Do-Dg)—that is, from a lower horizon than 
P .  thomasi,— resembles that species in its ad pressed spine- 
bases, but differs from it in its elongate-oval outline, greater 
convexity, and in its concentric bands, which are separated 
by smooth grooves and are only 2 mm. wide on the venter.

Siiessidæ, W aagen.

P u N C T o s r iR iF E R ,  F. d. Noi'th, 1920, Quart. Journ .
Geol. Soc. vol. Ixxvi. p. 212.

Punctospirifer northi *, sp. n.

Diagnosis.— Punctospirifer  about 25 mm. in length, with 
a small apical callosity ; having a broader sinus and fold than  
P . scahi'icostaj N orth , costæ coarser and of variable width, 
fewer (7-8) costæ on the lateral slopes, and less prom inent 
and less regular lamellar ornament.

Description. — The much-thiekened shell is spiriferoid, 
alate, about twice*as wide as long, and widest at the hinge- 
line ; the cardinal extremities are subangular. The shell- 
substance is fibrous and strongly punctate.

Pedicle-valve (holotype) 27 mm. long, 40 mm. wide ; 
(specimen B. 47307) 21 mm. long, 42 mm. wide, 8*5 mm. 
th ick ;  slightly convex, with a broad rounded median 
sinus at the anterior margin, about four times the width 
of the bounding costæ. The umbo is acute and slightly 
incurved. The low cardinal area extends along the whole 
hinge-line and is sharply diflPerentiated from the lateral 
slopes. The area is longitudinally striated, flattened along 
the hinge, but concave near the umbo. The apical angle 
is 110'^; the delthyrial angle 63°. The delthyrium  is 
slightly higher than  wide. The deltidial plates are not 
visible in the  specimens examined. There are seven or 
eight rounded and slightly curved costæ on each lateral 
slope ; their  width is inconstant, bu t increases anteriorly to 
about 2*5 mm. ; the intervening sulci are rounded and of 
approximately the same width as the costæ ; there are six

* Named after Dr. F, J, North,
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costæ at the umbo, and tlie remainder are developed at varying 
distances from it. The costæ are crossed by concentric 
growth-lines which frequently form a strong lamellar 
ornament.

An internal cast of the ])edicle-valve shows a narrow 
median septum and slightly divergent delthyrial supporting 
plates. The septum passes backwards into a narrow, 
rounded, apical callosity.

Punctospirifer northi^ sp. n.
Fig. 3.— Brachial valve shewing broad median fold and curved costæ on 

the lateral slopes. Paratype. Museum of Practical Geology 
[37979]. Natural size.

Fig. 4.—Pedicle-valve showing broad median sinus. Ilolotype. M. P. G. 
[37978]. Natural size.

F ig. 5.— Details of ornament showing punctæ and irregularly developed 
* concentric lamellæ. M. P. G. [37978]. X 3.

Fig. 6.— Interior of pedicle-valve drawn from rubber impression in 
British Museum (Nat. Hist.) [B. 47349], and taken from an 
internal cast in Museum of Practical Geology [37980]. Me
dian septum (s.), hinge-teeth (^.), apical callosity (a.), delthyrial 
supporting plates (p.). Paratype. Natural size.

Brachial valve (specimen no. 37979) 24*5 mm. long, 
42 mm. wide, 11*5 mm. thick ; slightly convex, with a 
rounded prominent median fold, which at the anterior 
m argin is about three times the width of the bounding 
costæ. There are six or seven rounded costæ on each lateral 
slope ; at the umbo there are five costæ as well as the median 
fold. The costæ are crossed by concentric growth-lines.
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form ing an irregular lamellar ornament. The interior o£ 
the  brachial valve is unknown.

Type-specimen.—  Holotype, no. 37978, Museum of P rac
tical Cleology, London. Para types, British Museum, 
B. 47306-07, two pedicle-valves. Museum of Practical 
Geology, 37979, 37980, Tin. 50, seven pedicle and two 
brachial valves.

Remarks.— The irregular external ornam ent of P .  northi, 
the thickening of the shell, and the small apical callosity in 
the pedicle-valve are phylogerontic characters. Besides the 
congeneric P .  scabricosta^ North, which occurs at a lower 
horizon P. northi resembles Tylotfiyris laminusa
(M ‘Coy), but can be at once distinguished by its punctate  
shell. I t  may be distinguished from all species of Spiriferina  
by the diderentiation of its hinge-line from the lateral slopes, 
by the great width of the hinge, by the subangular cardinal 
extremities, and by the more numerous costæ on the lateral 
slopes.
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T H E  B R IT IS H  C A R B O N IF E R O U S  P R O D U C T I.

II. — and
G R O U P S.

I .  I n t r o d u c t io n .

T his contribution has been m ade possible by the aid o f a  part-tim e grant from  
the D epartm ent o f Scientific and In d u str ia l Research. I t  is an attem pt to continue  
the very valuable work o f the late Dr. Ivor Thomas on the Carboniferous Producti,  
and, as far  as possible, the general p lan  and arrangem ent o f that work has been 
follow ed. Efforts have been chiefly directed towards describing and figuring the  
more commonly occurring form s o f the sem ireticu la tus  and longisp inus  groups, and  
in  defining some o f the more im portant varieties. To figure or even to describe all 
the form s of these groups is beyond the scope of one monograph. The species have 
been precisely lim ited  in  order to render them of greater value to the stratigrapher  
as zonal indices.

The term m utation  has been em ployed in  W aagen’s sense for variation  in  tim e, 
and the term variety  used for space variants. The tw o terms, however, are used  
only when there is no doubt as to the relationsh ip . In  all doubtful cases a new  
name has been em ployed, but i t  is  probable that further inform ation  from  zonally  
collected m aterial w ill enable some of the form s of the longispinus  group, and  
possibly some of the sem ire ticu la tus  group, to be linked together as m utations or 
variants. Synonym ic references are g iven  only when the m aterial described by 
other authors has been actually  exam ined, or when the descriptions are illustrated  
by accurate figures w hich leave no doubt as to the nature o f the form  intended. 
Specim ens referred to in  the locality  lis ts  have been exam ined by the author, and  
their register-num bers are quoted when possible. Specim ens form erly in  the 
G eological Society’s collection are now preserved in  the M useum o f P ractica l 
Geology.

R eferences to literature are. given by the date of the paper, the date being cited  
in  round brackets after  the author’s name. The literature quoted in  the lis t  o f works 
w ith  w hich th is  memoir concludes is g iven in  alphabetical order under authors, 
and the works o f each author are arranged in  chronological order; two works

A3
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appearing in the same year a r c  quoted as a  and b. I t  has not hocn found possible 
to take into account all the references to Productus sem-ireticulatus 'ài\à Productus  
longispinus, ow ing to the immense amount of literature' dealing w ith the' 
Carboniferous system ; but it  is hoped that the descriptions and figures given in th is  
work w ill be sufficient for the ready determ ination of any specim ens not mentioned.

The figures reproduced as text-illu strations throughout these pages were drawn  
by M iss G. M. W oodward, who also prepared the^follow ing draw ings reproduced  
in the p lates : pi. ii, figs. 11, 12a, 12b, 13a, 13b; pi. vi, figs. 1, 4a to 4c, 5; pi. v iii, 
fig. 5a; pi. ix, fig. 4; pi. xi, figs. 3, 8a, 8b, 14a; and pi. x ii, fig. 6. The remainder of 
the figures in the plates are from photographs of the specim ens. A ll except five of  
these were taken by Mr. J. Rhodes, Jun. ; those shown in pi. iv, figs. la , lb , Ic, 3̂ 1 
and pi. v iii, fig. 4, are by Mr. H . G. H erring. -rn
_ \  I  am greatly indebted to Sir Arthur Sm ith W oodward, F .R .S., to Dr. F. A J  

Bather, F .R .S., and to Mr. T. H. W ithers, for assistance and advice w hile carrying  
out th is research at the N atural H istory M useum; to Dr. F. L. K itchin , D r’ G. W . 
Lee, Mr,_J, P rin gle  and Mr. C. P . G h atw in .o f the G eological Survey for help and 
encouragement,, and. to Professor E. J . Garwood, F .R .S ., and M iss Goodyear for. 
assistance in the field and for the loan of m aterial. M y thanks are due to the 
fo llow ing for the loan or g if t  of m aterial : Professor G. D elepine, Mr. J . Dunn, 
Dr.. G. H. Girty, M r. R. G. S. H udson, Mr. J . W ilfr id  Jackson, Mr. P . M acnair, 
Professor S. H . Reynolds, the late Mr. P h ilip  Roscoe, Dr. T. Franklin S ib ly ,.and Dr. 
Stanley Sm ith ; also the D irectors o f the. B risto l Museum, the N ational M useum of  
Ireland, Dublin, the G eological Survey o f Ireland, the .K elvingrove M useum ,. 
Glasgow, the Royal Scottish M useum, Edinburgh, the G eological Survey of Great 
B ritain , the "U niversity Museum, Oxford, the Sedgw ick Museum, Cambridge, 
T rin ity  College Museum, Dublin, and York Museum. For perm ission to examine" 
specimens in  their charge I have to thank Dr. H . Bolton, Dr. J . A . D ouglas, ' 
Professor J. W . Gregory, Dr. J. R itch ie .an d  Professor WJ J. Sollas; for the g if t  of  
plaster casts of type specim ens. Professor M. Boule, o f Paris, and the authorities, 
of the N ational M useum of Ireland, Dublin. ’ . .  : ‘ D

II . T e r m i n o l o g y .

“T he terms used in  this" wôrk are im  agreem ent as far as possible w ith  those 
defined by H all and Clarke (1 8 9 2 a  and b ; 1 8 9 4 a  and b), and'Schuchert (1 8 9 7 ) , but ’
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some are new or little  known terms which are defined here in  order to in stitu te  a 
standard term inology for the • •

The term pedicle  valve  has been used for the larger convex valve and brachial  
valve ÎOT the sm aller one, which m ay be flattened, concave or geniculated. The 
incurved apical portion of the pedicle valve is term ed the umbo, and the regions  
adjacent to it  the umbonal slopes. The angle form ed by the umbonal slopes at the  
umbo is called the umbonal angle. T hat part o f the shell from  the umbo to a  
transverse line drawn through the m iddle of the shell is term ed posterior, and the  
lower portion of the shell anterior. The posterior part o f the shell w hich bounds 
the visceral cavity is referred to as the visceral disk. I f  th is is separated from  
the anterior part o f the shell by a geniculation  or knee-bend, th is anterior part of 
the shell is termed the trail.  The front of the shell bounded on each side by the  
la tera l  slopes  or m ain-flanks  is called the venter. The rounded depression down 
the venter is the sinus, and a corresponding fo ld  may be developed in  the brachial 
valve.

Text-ftg. 1.—Posterior view of pedicle 
valve of Productus,  showing the sinus 
(X), cardinal slopes, (CS), cardinal ex
tremities (CE), ears (E), hinge-margin 
(H), umbonal angle (UA), umbonal 
slopes (US), and spine-base (B). British  
Museum, B .45943.

Text-fig. 2.—Ventral view of specimen 
shown in text-fig. 1, tipped forward to 
show part of visceral disk. Venter (V), 
flank (F), costae (C), ribs (R) ; other 
letters as in fig. 1.

The posterior line o f junction  of the two valves is  termed the hinge  or cardinal  
m argin ,  and the region bordering on it  the cardinal slopes. The lateral extrem i
ties of the hinge are termed the cardinal ex trem ities ,  and the regions adjacent to 
them, u su a lly 'tr ian gu lar  and flattened, the ears. The ears may be sharply dem ar
cated from  the visceral disk by a deep, angular depression or sulcus. The flattened  
rim  round the anterior end of the visceral disk o f the brachial valve, seen when  
the visceral disk o f the pedicle valve has sp lit  off, is called the diaphragm .  The 
incision  encircling  the pedicle valve o f some species at the anterior end of the
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visceral disk is the cincture. The longitudinal ribs arc termed costae, and tlicsc 
are separated by in terspaces  or sulci. The transverse folds arc referred to as ribs, 
or, i f  flattened and bearing numerous sm all spines, as bands. A n  appearance of 
reticu lation is caused by the intersection of ribs and costae, and by the develop
ment of nodular sw ellings at the points of intersection. The grow th-lines are seen 
as transverse striae.

On the inner surface of the pedicle valve, the elongated dendritic scars are 
those of the adductor  or closing muscles, and these are enclosed by broad lon g i
tud inally  striated scars of the diductor  or opening muscles. On the inner surface  
of the brachial valve the trilobate apophysis projecting above the hinge is the 
cardinal process  which serves for the attachm ent of the diductor muscles. The 
longitud inal ridge given off anteriorly is the median septum ,  and the lateral ridges  
extending along the hinge and frequently curving round the lateral m argins are 
the m arginal ridges.  The dendritic m uscle-scars situated on each side o f the m edian  
septum  are the adductors,  and the hook-shaped ridges given off at their antero
lateral extensions are the brachial ridges.

The youthful grow th-stages are referred to as neanic, the mature as ephehic, 
and the senile as gerontic.

I I I . M o r p h o l o g y  a n d  G r o w t h - s t a g e s  o f  t h e  Producti,  w i t h  s p e c i a l  r e f e r e n c e  

TO THE sem ireticulatus  a n d  longispinus  g r o u p s .

E xtern a l  Shape-characters .— The shells of P ro d u c t i  show remarkable and 
almost infinite variation  in  size, contour, and form, which cannot be paralleled in  
any other group of closely related genera. The size ranges from  a breadth and 
length of 5 mm. in  such species as P roductus nystianus  de Kon. and E th er idg in a  
complectens  (R. Eth. Jun.), in  which the two valves are thin and fragile, to a 
breadth of 300 mm. and a length of 200 mm. in  P . g iganteus  (M artin), the largest 
known brachiopod, in  w hich the valves are enormously thickened.

In  the adult shell the contour varies from  plano-convex in  some species of  
Pustula,  to concavo-convex in  P . sem ireticulatus  (M artin), to geniculate  
in  Sinuatella  s inuata  (de Kon.), and sp irally  curved, as in  P. sulcatus  J . Sow. and P.  
la tissim us  J . Sow. The pedicle valve in every case is more or less convex.

The outline of the shell also shows the greatest possible variation, and m ay be 
circular, as in  P. rotundus  Garwood, oval in  P. muricatus  P h ill., quadrate in P,
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sem ireticu la tus  (M artin), laterally  elongated in  P . costatus  J . de C. Sow., lenticu lar  
in  P. la tissim us  J . Sow., or longitud ina lly  elongated as in  some gerontic, and all 
phylogerontic form s of the sem ireticu la tus  group. E longation of the shell w ith  an 
extravagant developm ent o f the tra il occurs in  such form s as P . productus  
(M artin), in w hich the anterior part of the shell is outspread like a w ide skirt, the  
two flanks extend ing dorsally, resu lting finally in  the curious um brella-like form  
figured by D avidson from  W etton, Staffordshire, in  which the two flanks are nearly  
in contact. In  Proboscidella  proboscidea  (de Vern.) the flanks of the pedicle valve ex 
tend dorsally to m eet the brachial valve, un ite  along a m edian line im m ediately below  
th is valve, and are produced anteriorly as a long parallel-sided  tube. Two tubes 
are found in  some specim ens in  w hich the flanks do not unite. The brachial valve  
in  th is genus acts as an operculum  closing the tube form ed by the pedicle valve. 
The in cip ien t form ation o f a tube is seen in  P. ermineus  de Kon., in  which the  
flanks do not spread so far  dorsally.

The front o f the shell form ing the tra il of the pedicle valve is frequently more 
developed than adjacent portions, and m ay extend in  a V -shaped prolongation, as 
in  P . setosus, or it  m ay be arched into a m edian longitud ina l fold, as in  P . 
t iss in g tonensis  S ibly and P . concinnus  J . Sow. A  tongue-like projection is  the 
in cip ien t stage in  the developm ent o f a Proboscidella-VikQ tube in  such species as 
P . pseudoaculeatus  and P . s tuckenbergi  Krotow. In  P . sim iensis  Tschernyschew  
the flanks curve round and are alm ost in  contact to form  a com plete tube, w hile in  
P roduc tus  genuinus  K utorga, w hich is ornam ented posteriorly like P . sulcatus  J . 
Sow., a perfect tube is developed anteriorly and is m arked w ith  fine costae like that 
o f Proboscidella.

There is  a tendency for a ledge or fr in g e  to be developed round the anterior 
m argin in  the gerontic stage in  P . p ro jec tu s  sp. nov. and in  such species as P . 
w orthen i  H all, P . sulcom arginatus  P rout and P . m argin ic inctus  Prout, the rim  
projecting  horizontally  and being separated from  adjacent parts of the shell- 
surface o f the pedicle valve by a deep sulcus. The costae in  P . pro jec tus  are con
tinuous on to th is ledge, w hich m ay be reflected anteriorly at its  outer m argin, 
parallel to the direction of the tra il posterior to the ledge. In  P . duponti,  figured 
by Barrois, th is rim  is smooth, but normal costation is developed on the shell below  
it, w hile in  P . w orthen i  H a ll the band is spinose. The developm ent o f a sim ilar  
ledge in  Proboscidella  kutorgae  Tschernyschew (1902, pi. xxx i, figs. 2, 3) is pre
lim inary to the form ation of a tube. The developm ent o f a ledge round the anterior
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m argin is not lim ited to any one group o f species and may be due to increased ac
t iv ity  of the mantle. A  repetition of the ledge has been observed in some species.

A  remarkable development of fringes is seen in some specim ens of P . tessellatus  
de Kon., and in  the exam ple figured by D avidson (1 8 8 0 , pi. x x x v i ,  figs. 4 , 5 ) the 
anterior and lateral m argins of the pedicle valve are recurved dorsally and in con
tact w ith  the anterior and lateral m argins of the brachial v a lv e . A  sim ilar out
growth from the edge of the brachial valve is inrolled and the two fringes developed 
from the lateral m argins are nearly in contact along a m edian longitud inal line. 
These fringes are ornamented by c o s ta e , finer than those on the normally developed 
part of the two valves.

I. Thomas (1914, p. 237) stated that these fringes are superficial and have no 
intim ate connexion w ith the underlying shell, and that w ith  the exception of a 
narrow extension along the frontal m argin, they are due to an encrusting organism . 
This organism, he stated, would probably have enveloped the shell a fter  the death  
of the Productus, since a fter  its  form ation it  would have been im possible for the 
valves of the shell to open. The ornament is m im etic of that of the underlying shell 
but the costae are finer.

A  cincture or narrow incision  extend ing righ t round the pedicle valve has been 
observed in  P . pro jec tus  sp. n o v ., where it  separates the ledge from  the venter, and 
in  P . tr iquetrus  sp. nov., and P . m inutus  sp. nov., where it  occurs at the anterior 
end o f the visceral disk. T his cincture is follow ed by an arching of the front of 
the trail. A  sim ilar cincture is seen in  some species o f M arg in ifera  from  the 
U pper Carboniferous, where it  evidently corresponds to the internal, thickened  
ridges; it is well seen in M a rg in ifera  clarkei  Tschern. (1 9 0 2 , pi. Iviii, figs. 1 -3 ). 

In  Proboscidella kutorgae  Tschern. a cincture marks the developm ent o f a ledge  
w ith  sim ilar ornament to that on the rem ainder of the shell, and below th is ledge the 
front o f the tra il becomes incurved to form  a sligh t tube. A  cincture is also 
developed in  D iaphragm us fasc icu la tus  (McChesney), and is said  by Dr. G irty  
(1 9 1 5 b , p. 5 2 )  to represent a thickened ring  on the inside of the shell, probably 
corresponding to the diaphragm  of the other valve. " The internal c h a r a c te r s  of all 
the B ritish  species in  w hich a cincture is  developed are unknown, so that it  is 
uncertain whether a diaphragm  is developed in  any o f these forms.

The ears vary considerably in  size in  the different species and may be separated  
from the visceral disk by a more or less deep sulcus. In  some species such as P . 
rotundus  Garwood they are m inute, w hile in  P . m inutus  sp. nov. they are flat and
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project laterally  like sm all triangular platform s. In  P . sulcatus  J . Sow. they are 
large and sligh tly  convex, w hile in P. carbonarius  de Kon. they taper laterally , 
form ing a long sp ine-like extension.

In  specim ens o f the sem ireticu la tus  and longispinus  groups the valves are nor
m ally piano- to concavo-convex in  the neanic stage, and the visceral cavity is  
enlarged by the increasing convexity of the pedicle valve. A  genicu lation  may be 
developed at the anterior end of the visceral disk in one or both valves in  the  
ephehic stage, and a more or less extended tra il developed, w ith  steepening of the 
flanks. The brachial valve tends to grow  less quickly than the pedicle valve, and  
in the gerontic stage a deposit consistin g  of successive shelly lam inae may be 
deposited round the anterior and lateral ends of the visceral disk of the brachial 
valve, in  order to keep pace w ith  the great extension of the tra il in  the pedicle valve. 
These lam inae, w hich are im bricated, lack the normal ornam ent of costae. T his  
character is seen in  P . p u g il is  P h ill., P . scoticus  J . Sow., P . setosus  P h ill., and P . 
praecursor  sp. nov., and also in  other species. In  P . setosus  the successive shelly  
layers round the anterior and lateral m argins may atta in  a thickness of 5-10 mm., 
and they are curved outwards, appearing in  the dorsal aspect like the piled-up  
leaves o f a book. There is a tendency for  lon gitu d in a l fo lds to be developed on 
the anterior parts of the tra il of the pedicle valve in  the gerontic stage, the fold  
arisin g  below a spine-base, beneath which the costae tend to bifurcate, as in  P . 
p u g ilis  P h ill. Broad, lon gitu d in a l fo lds are also developed in  the gerontic stage in  
the typ ical form  of P . giganteus  (M artin).

W ith  growth the two valves are rotated about the hinge, sometim es through an 
angle of 90°. The umbo becomes increasingly  incurved over the h inge w ith  age, and 
the visceral disk tends to become more h igh ly  arched.

A  gap in g  of the valves occurs commonly in  some species of the sem ireticulatus  
group, such as P . sulcatus  J . Sow. and P . m u ltisp in iferu s  sp. nov. W aagen (1884, 
p. 690) m entions th is character in  h is species P . indicus  and quotes Q uenstedt in  
‘ P etrefactenkunde D eutscblands,’ where he remarks on th is character in  P . 
sem ireticulatus,  and states that the valves had turned so far on the hinge that the 
shell became w idely  open before being embedded in the rock. T his w as  
considered to be im possible by Q uenstedt unless the two valves had been united  by 
a ligam ent. W aagen gives a sim ilar explanation . No trace of a ligam ent has
been observed, and in  every species o f P . sulcatus  so far exam ined the gap in g  of 
the valves has been due to crushing in the umbonal region, the two valves not being

B
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in  true sym m etrical p osition  about a m ed ian  line, and it  is th is  crush in g  w hich  has 
forced the anterior ends o f the tw o va lves apart.

P V "

Text-fig. 3.—Visceral disk of brachial 
valve of Pi'oductus.  The pedicle valve, 
together with the internal layer of the 
brachial valve, has split off, as frequently 
occurs in species of the sciniveticuJafus 
group, leaving the next layer of the  
brachial valve exposed. Visceral disk 
(VI)), trail of pedicle valve (PV), im
pression of spine-bases (M). lîritish  
Museum, B.4o508.

L-Py

TEXT-FIG. 4.—Lateral view of specimen 
shown in text-fig. 3, with jiedicle valve 
attached (PV), showing extension of the 
visceral disk of the pedicle valve (VI)), 
extension of trail (T), trail of brachial 
valve in close contact with that of the 
iiedicle valve (BV), flank (F), and umbo
( U ) .

--TV

--BV

Text-fig. 5.—Ventral view of specimen illustrated iu 
the two previous figures, showing pedicle valve (PV), 
and transverse fracture by means of which the pedicle 
valve is separated from the brachial valve. Trail of 
brachial valve (BY), venter (V).

A  card in a l area is  rarely  developed, a lthou gh  a sm all area has been observed  
in  some specim ens o f  P . p r o d u c tu s  from  S ettle . T h is appears to be com posed o f  
two parts, an inner sm ooth layer  rep resen tin g  the posterior p art o f the m arg in a l 
ridges, and an outer lo n g itu d in a lly  str ia ted  part, separated  by a  narrow  
lo n g itu d in a l r id ge. D av id son  ( 1 8 6 1 b ,  pi. x l i i i ,  fig. 5 )  figured an exam p le  o f  ‘ P .  
se m ire t ic u la tu s '  from  ? D erbysh ire sh ow in g  a sm all card in a l area and delthyrium , 
but as th is  specim en is ap p aren tly  lost, i t  is  not possib le to ascerta in  the species.
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A  sm all area w ith  a triangular delthyrium  for the passage of the pedicle is 
developed in  Sinuate lla  s inuata  (de Kon.) from  the Lower Carboniferous, and is 
also seen in the D evonian Productellae  and in the Perm ian species Productus  
la tiro s tra tu s  H owse. A  pedicle opening has not, however, been observed in  other 
B ritish  species o f Productus.

S. S. Buckm an (1919, p. 452), in a discussion on the term inology for beak and  
foram inal developm ent in  Brachiopoda, stated that ‘ In  P roduc tus  the pedicle cer
ta in ly  w as functionless, the foram en heing more or less sealed up, the anim al having  
no need to use the pedicle, as it  could anchor itse lf  by its  long sp ines.’ H e pro
posed the term c lis to th yr id  for th is condition.

D w arfing, and conversely g igantism , is commonly observed in  the 
sem ireticu la tus  and longispinus  groups o f  P roduc tus  and in  species'of Pustu la ,  and 
causes great confusion in  specific determ inations. These g ian t or dw arf form s 
resemble the typ ica l form  in shape and ornament, but differ from  it  in  their con
siderably larger or sm aller dim ensions. They have been observed in P . derbiensis  
sp. nov., P. tr iqu e tru s  sp. nov., P . vaughani  sp. nov. (g iants); and in P. h ind i  sp. 
nov., P . sulcatus  J . Sow. and P u stu la  p l ic a t i l is  (J. de C. Sow.) (dw arfs).

Professor Garwood has suggested to me that th is difference in  size may be 
accounted for by difference in  sex. R ecent B rachiopoda do not appear to provide  
any evidence in  support of th is theory ; in  these the sexes are probably separate, 
w ith no difference in  the size of the shells of the two forms. M orse (1902, p. 321) 
remarked on the occurrence o f two series of form s of L ingu la  lepidula ,  one broad 
and the other narrow, which were thought by th a t author to be due to sexual 
differences. Further exam ination  of m aterial, however, proved that the two  
varieties blended, and were apparently the extrem es of variation.

Other dw arfed  forms, caused by the in ju ry  of the shell during life , have the 
senile type of ornam ent characterized by irregular fiexuous 'costae and numerous 
spine-bases.

Mr. J . Sm ith (1911, p. 140, pi. xvi) described and figured diseased specim ens of 
P roduc tus  w hich appeared to him  to have suffered from  a hereditary com plaint of 
the internal organs, resu lting in  a p inch ing of the valves in  certain regions. I t  is 
not possible to ascertain from  the rather poor illustrations the nature of the injury  
to the shell, w hich is said  to be quite d istin ct from that produced m echanically.

Ornament.— In  the sem ireticu la tus  and longispinus  groups of P roduc tus  the 
ornam ent consists o f costae, ribs and spines. The costae in  the sem ireticu la tus

B 2
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group rad ia te  evenly from  the umbo in  the neanic stage, but in the ephc'hic and 
gerontic  stages tend to increase in  num ber by m eans o f repeated b ifu rcation s. They  
are u su a lly  developed irregu larly  on variou s parts o f the shell, thongh a lw ays abun
dant on the flanks and on the anterior part o f the tra il. R epeated  b ifu rca tion  of  
the costae is seen on the tra il o f P . p ro d u c tu s  (M artin ), and they become (lexuous 
and uneven in  w idth . B ifu rca tio n  o f the costae occurs freq u en tly  in  P . conciïinus  
J  Sow ., m ain ly  on the flanks; in  P . fu r c a tu s  sp. nov., on the en tire  tra il;  in  P . 
jm g i l i s  P h ill. and in  other species, below the sp ine-bases o f  the tra il. In terca la ted  
costae are less o ften  developed excep t on the tra il and on the flanks, un like the  
corru ga tu s  and hem isph er icu s  groups, where in terca la ted  costae are extrem ely  
num erous. C ostae are not developed on the cars, tend to become obsolete on the  
flanks, as in  P . m u lt i s p in i f e r u s  sp. nov., and grad u a lly  cease to b ejlev e lo p ed  round  
the fron t o f the shell, as in  P . sco ticus  J . Sow.

In  P . m u lt is p in i fe r u s  sp. nov., the costae on the flanks are replaced by a large  
group o f very fine sp ines, w h ile  in  P . f le x is tr iu s  M ‘Coy the costae are curved sem i- 
c ircu larly  on the flanks and enclose a sm ooth space, w hich  w as probably sim ilar ly  
ornam ented by sp ines. In  P . p u g i l i s  Id n ll. num erous lo n g itu d in a l fo ld s  are 
developed in  the geron tie  stage, the costae b ifu rc a tin g  below tlie large, scattered  
spine-bases, and these costae are ra ised  up  to form  prom inent fo ld s w hich  m ay con
tin u e to  the an terior m argin . A  s im ilar  character, but developed to a less  
exten t, is seen in  P . sco ticus  J . Sow., and in  P . h in d i,  var. w etto n en s is  var. nov. In  
P . p u g i l is ,  m ilt, sen il is  m ut. nov. the costa tion  below the v isceral d isk  tends to 
become finer and m ore irregu lar  anteriorly , u n til it  becomes obsolete near the  
anterior m argin , the sh ell-su rfaoe b eing  form ed o f lam ellae, and the lo n g itu d in a l  
fo lds, w h ich  are so prom inent in  P . p u g i l is ,  flatten  out on the posterior part o f the  
tra il.

T h ick en in g  o f  the shell occurs in  the sen ile  stage  and shelly  d ep osits m ay m ask  
the ornam ent, as in  p h y logeron tic  form s o f P . m u ric a tu s  P h ill., in  w h ich  the  
costation  is  only seen w here the shell has become s lig h tly  decorticated . The w hole  
shell m ay become very m assive, or th ick en in g  m ay occur loca lly  near the anterior  
m argin.

In  the lon g isp in u s  group the costae become uneven in  w id th  in  the geron tic  
stage, but b ifu rca tion  o f the costae rarely  occurs, excep t below  the sp ine-bases. 
L o n g itu d in a l fo ld s  are developed below the sp ine-bases on the flanks and on the  
fron t o f the p ed icle  valve in  the geron tic  stage.
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The costae arc said  to be fine when there are 18-25 in  a breadth of 10 mm. 
about 10 mm. below the umbo, as in P . vaughani  sp. nov. and P . longisp inus  J . Sow. ; 
7nedium when there are 13-17 costae, as in  P . hindi  sp. nov. ; m oderately  
coarse when tlierc are 10-12 costae, as in P . p in gu is  sp. nov. ; and coarse when there 
are 6-9 costae at a sim ilar point, as in P . costatus  J . de C. Sow. S ligh t variation  
may occur in the number of costae of any one species on account of the difference in 
the number of b ifu rcatin g  costae.

The costae, which appear externally  as ridges and correspond to furrow s on the 
inner surface of the shell, may have been developed in  a sim ilar m anner to those 
in the young shell o f the recent species T erebratu lina  sep ten tr ionalis  (Couthouy) 
described by M orse (1871, p. 33), and also by Hancock in  the adult shell. In  th is  
recent species it  was observed that the rad iatin g  ‘ ribs ’ (costae) corresponded in  
position w ith  the setae given off from the anterior and lateral m argins of the 
m antle and extend ing a short distance beyond the shell m argin. The costae are 
form ed on the inner surface of the shell as longitud inal sulci, the setae inducing  
and directing the furrow. Later (1902, p. 325, pi. x liv , figs. 13, 14) M orse figured  
and described these setae and also showed three setae sprin g ing  from  a single  
fo llic le  in  the m antle ; these last seem to suggest a possible cause of the b ifurcation  
of the costae. M orse suggests that the spinous character in  P roduc tus  m ay be 
exp la ined  in  a sim ilar w ay to the form ation of costae in  Terebratulina.

I t  seems probable, therefore, that the costae in  some fossil Brachiopoda m ay be 
sim ilarly  explained , and th is view  is supported by H. S. W illiam s (1895), who 
states that tjie rad ial striae are due to setose prolongations of the edge of the mantle, 
their appearance in  the structure o f the shell being probably the result of aggrega
tion round ind iv idu al bristles.

In  P . m edusa  de Kon. spines are g iven  off from  the anterior m argin o f the shell, 
and correspond in position to the sulci separating  the costae.

In  the genus A vo n ia  the costae on the tra il have arisen through the develop
m ent o f lon g itu d in a l p lication s of the shell below the spine-bases on the visceral 
disk. These p lication s tend to increase in  prominence, and the spines become more 
numerous un til true costation is apparently developed from the overlapping of suc
cessive p lications. The form ation o f sim ilar p lications below the spine-bases is 
seen in  P u stu la  aculeata  (M artin).

In  Buxtonia ,  in  which numerous sp ines are developed, the costae are hollow for  
a distance of about 5 mm. above the spine-bases, and in  decorticated specim ens 
are seen to be in  d irect continu ity w ith  the spines.
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The ribb ing is  a very variab le character and m ay be in  the form  o f prom inent 
fo ld s  ex ten d in g  from  the card in a l slopes round the fron t o f the shell, as in  P . 
se m ire t ic u la tu s  (M artin ) and P . m u lt is jn n ife r u s  sp. nov., or it  m ay be developed on 
the card in a l slopes only, as in  P . v a u g h a n i  sp. nov. D evelopm ent o f nodular sw e ll
in g s a t the p o in t o f in tersection  o f ribs and costae varies w ith  the re la tive  w id th  
and prom inence o f the ribs and costae. B ifu rca tio n  o f the ribs on the sid es o f the  
v iscera l d isk  and the in terca la tion  o f ribs in  the sam e region  m ay occur, as in  P . 
p r o je c tu s  sp. nov. T he ribs are u su a lly  more num erous in  the brach ia l valve.

The cause o f form ation  o f the ribs w h ich  form  such a m arked fea tu re  o f  
the ornam ent o f the se m ire t ic u la tu s  group  w as su ggested  by D r. G rabau (quoted by 
I . Thom as, 1914, p. 223) as being  due to p er iod ica l w eak en in g  o f the m antle. The  
m antle du rin g  grow th  ten ds to lose its  norm al sh e ll-d ep o sitin g  fu n ction , and is  
unable to reta in  its  ou tw ard  ex ten sion  w ith  the usual r ig id ity  ; i t  w ou ld  droop and  
then rega in  its  strength , w h ich  w ould  resu lt in  the form ation  o f  ribs on the  
correspond ing p arts o f the shell. T he u ltim a te  fa ilu re  o f  the m antle to revive w ou ld  
be a contributory cause o f the gen icu la tion  and form ation  o f a tra il la tera lly  and  
anteriorly .

In  the brach ial valve the w eak en in g  o f  the m antle is m ore noticeable than  in  
the ped ic le  valve, resu ltin g  in  the m ore p rom inent and very num erous ribs, and the  
less rap id  grow th  o f  th is  valve as com pared w ith  the ped ic le  valve. T he w eaken
in g  o f the m antle in  the p ed ic le  valve occurs first on the card in a l slopes, show n by 
the more m arked developm ent o f  ribs in  th is  p art o f  the shell.

Sp ine-bases are a very im p ortan t character for  the s e m ire t ic u la tu s  and  
lon g isp in u s  groups o f  P ro d u c t i ,  and those w h ich  are developed in  the early  stages  
are o f  im portance in  d is tin g u ish in g  the species. T he sp ine-bases m ay be arranged  
in  tw o row s along the card in a l slopes, as in  P . pro d u c tu s  (M artin ); in  groups on 
the ears, as in  P . redesda len s is  sp. nov. ; in  a group on the flattened  flanks, as in  
P . m u lt is p in i fe r u s  sp. nov. and P . s e m ire t ic u la tu s  (M artin ) ; in  a  row across the  
flanks, as in  P . a n t iq u a tu s  J . Sow. ; in  a row up the flanks p ara lle l to the costae, 
and in  a row  along the h inge, as in  P ,  m u r ic a tu s  P h ill. ; in  a row set on a prom inent  
r id ge  up the flanks, as in  P . su lca tu s  J . Sow ., P . h in d i  sp. nov. and P . cos ta tus  
J . de C. Sow .; or arranged  on the v iscera l d isk  roughly in  qu incunx, as in  P . ca r
bonarius  de K oninck .

S p in es developed in  the geron tic  s ta g e  are o f l it t le  specific im portance and  
occur irregu larly  scattered  over the shell, as in  P . p u g i l i s  P h ill. ; or in  bands round
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the anterior m argin, as in P . howratensis  sp. nov. and P . redesdalensis  sp. nov. In  
phylogerontic form s spine-bases tend to d isappear on the trail, or to d im inish  in  
size.

Spines of any great length are rarely preserved, except in specim ens of P . hindi  
sp. nov. from  the Lower Lim estones of Beith , A yrshire, where spines 10 cms. in  
length have been observed. These spines have a silvery lustre and are about 1 5 — 2 5 
mm. in diam eter, but the w idth  is very variable even in  one spine. They are fre 
quently intertw ined  and curved round and over adjacent objects as though they  
were flexible in  life . Some o f the spines show an incision  down the centre for some 
distance. Spine-bases may be developed on the brachial valve but are not often  
seen, ow ing to decortication.

The character o f ‘ spines w ith in  spines ’ was described by J . Y oung (1891), who 
referred to their occurrence in  P. sem ireticu la tus  (M artin), P . longispinus  J . Sow. 
and P . scabriculus  (M art.). Some o f the form s described as P . sem ireticu la tus  
from  the Lower Lim estones of A yrshire belong to P . hindi  sp. nov. M icroscope- 
sections show ing these ‘ sp ines w ith in  spines ’ were figured by I. Thomas in  1914 
(pi. XX, fig. 6 ,  p. 231), who also gave a detailed  description of th is structure. The 
spines o f these specim ens are p la in ly  seen w ith  very low  m agnification, and sim ilar  
ones have been observed in  specim ens o f P . p u g ilis  P h ill. from  N orth W ales.

In  the longispinus  group there are s ix  spines more or less sym m etrically  
developed and referred to as the ‘ m ajor sp ines.’ These are placed, one on each 
cardinal slope, near the cardinal extrem ities, one on each flank, and two on the 
venter, usually  separated by the sinus. These m ajor spines are found in  every 
member o f the longispinus  group. In  addition  to these, a few  sm aller spines are 
scattered irregularly over the shell, but there is no increase in  sp inosity  in  the 
gerontic stage, as in  the sem ireticu la tus  group.

G row th-lines are alw ays numerous on the anterior part of the shell, where they 
are usually  crowded, in d ica tin g  a slow rate o f growth. They tend to become 
lam ellose in  the gerontic stage. Rarely, deep incisions occur round the shell, 
probably in d ica tin g  arrested growth. G row th-lines are alw ays more crowded in  
the v ic in ity  o f spine-bases, w hich were evidently regions o f slow  growth, and the 
costae were also regions o f slower developm ent than the sulci.

G rowth of the shells o f brachiopods was found by Carpenter (1853, p. 24) to 
take place by m eans o f additions to the m argin, and ‘ lines o f growth ’ on the 
external surface of the shell do not alw ays correspond w ith  actual m arginal
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a d d itio n s, w h ich  m ay occur at som e d is ta n c e  from  it  and show  no ex tern a l break. 
T he w ell m arked tran sverse  in c is io n s  c h a ra c ter is tic  o f  the ornam en t ot‘ P. 
m a rg a r i ta c e u s  P h il l .  m ay bo ex p a n sio n s  o f  tlic outer sh e ll-layer  only, s im ila r  to 
those seen in  sp ec ies o f  A th y id s  in  w h ich  ex ten siv e  lam ellae , som etim es b ear in g  
fr in g e s  o f  ho llow  sp in es, are develop ed  as an ou tgrow th  from  the ep id erm is.

T h ick en in g  o f  the shell in  P . g ig a n te u s  (M artin ) took ])laec by d ep o sitio n  o f in 
tern a l layers a long  the in n er su rfa ce  o f  p rev iou sly  form ed layers.

D ecep tiv e  ap p earan ces som etim es a r ise  through  the ten dency in  sh e lls  o f  the  
semireticulatus and longispimis grou p s to  sp lit  across the an terior  end o f  the v is 
ceral d isk  (tex t-fig s. 3-5). T h e v iscera l d isk  o f  the p ed ic le  va lve and the in n er layer  
o f th a t o f the b rach ia l va lve  s p lit  oil, lea v in g  the tr a ils  o f the tw o  va lves  
in  con tact w ith  th e  loiver layer  o f  the v iscera l d isk  o f  the b rach ia l valve. T he  
ornam en t o f  th e  la tte r  p a r t o f  the sh e ll is  the reverse o f  th a t o f  the ex ter io r  o f  the  
b rach ia l va lve and freq u en tly  lead s to co n fu sio n  in  id en tifica tio n , as it is  assum ed  
to  belong to the p ed ic le  valve. T he p o sitio n s  o f  the sp in e-b ases o f  the v isceral d isk  
o f  the p ed ic le  va lve  are rep resen ted  on th is  low er layer o f the b rach ia l va lve  as 
rounded protuberances, w h ereas on th e  ex ter io r  o f  the brach ia l va lve th ey  are seen  
as rounded  p its . T he ca rd in a l process is  freq u en tly  seen in  con tact w ith  the low er  
layer  o f the b rach ia l va lve  w hen th e  p ed ic le  va lve and  inner layers have s p lit  off.

In  P u s tu la  the ornam en t con sists  o f  num erous sm all sp in e-b ases, m ore or less  
reg u la r ly  arran ged  on broad flat bands, w h ile  in  O v e r to n ia  th ere  is  n orm ally  a s in g le  
row  o f  sp in e-b ases, set on th e  su m m it o f  ra th er  a n gu lar  bands. T he ornam ent o f  
B u x to n ia  resem bles th a t o f  the s e m ir e t ic u la tu s  group , but th e  sp in es  are m ore  
num erous and  ex ten d  ta n g e n tia lly  to the sh e ll-su rfa ce , fo rm in g  an en v e lo p in g  coat, 
and  bands b ear in g  num erous sp in es  are develop ed  an terior ly . B oth  ribs and costae  
are develop ed  in  S in u a te l la ,  but the costae are not p rom in en t on th e  v iscera l d isk  
im m ed ia te ly  below  the umbo. C ostae are la ck in g  on th e  p oster ior  p a r t o f  the  
p ed ic le  va lve  o f  A v o n ia ,  and th is  p ortion  is  ornam en ted  by sp in e-b ases, but costae  
b ear in g  sp in es  are d evelop ed  an terior ly . S h e lls  w h ich  are ribbed p o ster io r ly  and  
costa te  an ter io r ly  are seen in  th e  sp ec ies P .  n y s t ia n u s  de K on. and  P . w r i g h t i  D av . 
In  P . co r ru g a tu s  M 'C oy, P .  h e m isp h e r ic u s  J . Sow . and re la ted  sp ec ies  th e  sh e ll is  
ornam en ted  by fine costae w h ich  in crease  in  num ber by m ean s o f  num erous in te r 
c a la tion s, and  a  fe w  broad fo ld s  or w r in k le s  m ay be d evelop ed  on the ca rd in a l  
slop es and flanks. P r o b o s c id e l la  h as a s im ila r  ornam en t o f  fine costae, w h ile  
in  E th e r id g in a  th ere  are num erous u n d u la tin g  ribs b ear in g  sm all sp in es.
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H om oeom orfhy  in external characters .— S im ilarity  o f ornam ent or form  due to 

homoeomorphy occurs in members of the sem ireticu la tus  group and in genera allied  
to Productus, for exam ple in  P. m uricatus  P h ill. and A vo n ia  s f .  nov. from  the 
U pper Lim estones of Scotland. The costation in  each case is m oderately coarse and  
spinose, but in  P . m urica tus  the costae are continuous to the umbo, w hile in  the  
A von ia  the posterior part of the shell is ornam ented by spine-bases only. P.  
derbiensis  sp. nov. and P. f ro d u c tu s  (M art.) show a certain resemblance to each  
other in  the posterior part of the shell in  shape and ornament. P . tissingtonensis  
Sibly has coarse, rather angular costae resem bling those of P. sulcatus  J . Sow. and  
P . costatus  J . de C. Sow., of w hich it  has been considered a young form  by some 
authors. P . profec tus  sp. nov. and B u xton ia  sp. nov. from  Derbyshire have a rather 
sim ilar shape in  the pedicle valve, and each has a ledge developed round the anterior  
m argin o f the pedicle valve. P . sem ireticu la tus  (M art.) resembles a large species 
of B uxton ia  from  the Carboniferous L im estone o f Y orkshire and is only d is tin 
guished from  it  by internal characters and by the tangentia lly  arranged spine-bases 
of the B uxtonia .  A  sim ilarly  ornam ented tubular tra il is developed in  both P r o 
ductus genuinus  K utorga and Proboscidella  proboscidea  (de Vern.), w hile a tubular 
inrolling  o f the fron t o f the tra il is seen in  P . concinnus J . Sow. and in  P .  
kilbridensis  sp. nov.

In tern a l  characters.— No dental sockets or h inge-teeth  have been observed in  
any specim en of the sem ireticu la tus  or longisp inus  groups, but they m ay occur in  
specim ens o f S inuate lla  s inuata  (de Kon.), although none have been observed in  
B ritish  exam ples. A rticu la tion  o f the shell w as effected by means of pow erful 
m uscles, and also by the incurvature o f the umbo of the pedicle valve over the 
cardinal process of the brachial valve. The crenulations on the m arginal ridges  
in  the brachial valve of some species o f the longispinus  group may have fitted into  
notches in  the interior of the pedicle valve F a in t traces of a corresponding row of 
incisions in  the pedicle valve of P . setosus  P h ill. were observed in  one specim en  
(text-fig. 3 2 a ) . The spines developed along the h inge of the pedicle valve in  the 
sem ireticulate species penetrate into the interior o f the shell, where they appear  
as circular orifices, sometim es surrounded by raised rims. These orifices correspond  
in  position  w ith  circular bosses developed on the interior of the brachial valve, and  
these m ay possibly have assisted  in  the articu lation  of the two valves.

The scars o f the adductor m uscles are usually  dendritic and som ewhat 
triangular in  outline in  the brachial valve, w ith  the longest side parallel to
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the m ed ian  septum . T h ey m ay be d is t in c tly  d iv id ed  in to  p osterior  and an terior  
adductors. T he p o sitio n  and  sh ap e  o f  the scars varies w ith  the age  o f th e  in d i
v id u a l, and the scars ten d  to  becom e e leva ted  an terior ly  and la te r a lly  in  the  
geron tic  stage . T hese m uscles ex ten d ed  across to the p ed ic le  valve, and th e  e lon ga ted  
scar o f  a ttach m en t is  seen betw een  those o f the broad, lo n g itu d in a lly  s tr ia te d  
d id u ctor  m uscles. T he d id u ctors  w ere a ttach ed  to the an terior  p a r t o f the ca rd in a l 
process in  the brach ia l va lve, and by th e ir  con traction  forced  tlie brach ia l va lve  
aw ay  from  the p ed ic le  va lve  a t the a n tcr io r 'm a rg in . I t  is  probable th a t th is  an terior  
g a p e  w as ex trem ely  sm all in  the P r o d u c t i  o w in g  to the close con tact o f the tr a ils  
o f the tw o  va lves in  m ost species.

T he ca rd in a l process in  the s e m ir e t ic u la tu s  and lo n g is p in u s  grou p s p ro jects  
above th e  m a rg in  o f  the b rach ia l va lve, an d  is  d iv id ed  by a m ed ian  fu rrow  in to  tw o  
p a rts  w h ich  are sm ooth and rounded; th ese  are con tin u ed  d orsa lly  as tw o  curved  
lam in ae  sep a ra ted  from  the m ed ian  process by deep su lci. T he dorsal v iew  o f  the  
process show s it  to be tr ilo b a te  and tran sversely  str ia ted . S lig h t  v a r ia tio n  in  the  
sh ap e  and s ize  o f  the ca rd in a l process h a s been observed in  the d ifferen t sp ec ies. In  
P .  g ig a n te u s  th e  ca rd in a l process is  fla tten ed  an ter io r ly  and is  d iv id ed  p oster ior ly  
in to  fou r  lobes, w h ich  are sm ooth in  th e  in ter io r  o f  the va lve  but are produced  
d orsa lly  as fou r  p rom in en t tran sverse ly  s tr ia te d  r id ges, sep a ra ted  by deep grooves, 
the r id g es  ta p e r in g  and ter m in a tin g  in  a  p o in t about 5 mm. below  the h in ge-  
m argin .

In  som e sp ecim en s o f  P . p r o d u c tu s  (M artin ) from  O sw estry  (M .P .G ., 38320)* , 
an oval notch  w as observed e x te r n a lly  at th e  base o f  th e  tr ilo b a te  ca rd in a l process. 
T h e p a ssa g e  to the in ter io r  o f  th e  sh e ll w a s  blocked by sb elly  m atter. A  s im ila r  
notch w as d ep ic ted  by K o zlow sk i (1914, p. 14, fig. 8) a t th e  an terior  e x tr e m ity  o f  
th e  ca rd in a l process in  P . cora  d ’O rb igny from  the U p p er  C arb on iferou s o f  B o liv ia . 
A  sh a llow  rounded  d ep ression  a t th e  an ter io r  end o f  the ca rd in a l process is also  
show n by th e  sam e author in  the in ter io r  o f the sam e sp ecies, and in  P .  v i l l i e r s i  
d ’O rb igny (op. c it., p . 44, fig. 12). T h ese notches, w h ich  occur both in  the in ter io r  
and ex ter io r  o f  th e  shell, ap p ear  to in d ic a te  an o u tle t for  som e d efin ite  purpose, and  
they  m ay have served  as the v iscera l foram en. In  th e  R ecen t In a r tic u la te  
brach iop od -gen era , th e  anus opens w ith in  the m a n tle -ca v ity , as in  L in g u la  and  
D isc in isca ,  or th e  a lim en ta ry  can a l m ay term in a te  p oster ior ly  as in  C ra n ia ,  w h ile  
in  th e  m ore sp e c ia liz e d  A r t ic u la te  form s it  ends b lin d ly , th e  w a ste  p rod u cts b e in g

*See p. 42, footnote.
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extrud ed  from  the m outh. I t  lias been suggested , however, th a t in  the p r im itiv e  
A rticu la te  genera there m ay have been an anal opening, and B eecher (1892, p. 147) 
sta ted  th a t the op en in g  occurring betw een the card in al processes o f Strophom ena,  
S tro p h e o d o n ta  and a llied  genera, and the furrow  on the ch ilid iu m  o f L e p ta en a  
rhom boidalis ,  m ay have served th is  purpose, and is in  no w ay  connected w ith  the  
ped ic le  opening.

In  B u x to n ia  the elon gated  notch caused by the sp lit t in g  o f the posterior p art  
o f the septum  possib ly  had the sam e fu n ction  as these notches in  the  
card in a l process. A  sim ilar  structure w as observed by P rou t (1857, p. 43), who  
sta ted  th a t in  g r in d in g  the beak region  o f  h is P . m arg in ic in c tu s  he found  four or 
five p eta lo id  exp an sion s [ = card in a l process] and a notch below for the p assage o f the  
ligam ent. B ou chard-C hantereaux (1842) also quoted the occurrence o f a large  
circu lar cav ity  at the base o f the central tooth  [card ina l process] w hich, he suggests, 
w as for the in sertion  o f p art o f the m uscu lar fibres form ing  the peduncle in  P r o d u c 
tus. A  circu lar foram en im m ediately  below  the card in a l process is  also figured by 
K in g  (1850, pi. x, fig. 9) in  ‘ C le io th y r is  ’ p e c t in i f e r a  (J . de C. Sow.).

The m argin a l r id ges are variab ly  developed along the h in ge and round the  
la tera l m argins o f the brach ia l va lve in  both the sem ire t ic u la tu s  and lon g isp in u s  
groups, and are u su a lly  sm ooth in  the s e m ire t ic u la tu s  group, and transversely  crenu- 
la ted  in  the lo n g isp in u s  group. A  row  of sm all p u stu les m ay also be developed on 
these r id ges at the base o f the ears in  the brach ia l valve in  such species as P .  
loba tus  J . Sow. and P . setosus  P h ill., and these correspond in  p osition  to the narrow  
in cision s seen on the low  transverse r id ge in  the p ed ic le  valve. The m argina l 
r id ges m ay have served to strengthen  the shell along the h inge, w h ich  lacked the  
card in a l area, denta l p lates, etc., fou n d  in  other genera.

The m ed ian  septum  in  P . produ c tu s ,  P .  concinnus  and a llied  species is  fla t
tened  im m ediately  below  the card in a l process and lo n g itu d in a lly  furrow ed, but the  
furrow  d isap p ears betw een the adductor scars and the septum  becomes narrow ed  
and more prom inent. In  P . p u g i l i s  P h ill. and P . scoticus  J . Sow. the septum  is  
rounded and less flattened  below the card in a l process. W hen th is  septum  is  worn, 
the low er layers show  a m ed ian  lo n g itu d in a l furrow , as though it  w ere com posed  
o f tw o parts. The septum  m ay extend  to the anterior end o f  the adductor scars 
or beyond them . In  the lon g isp in u s  group the septum  is  posteriorly  flattened  and  
d iv id ed  by a lo n g itu d in a l furrow  as in  P . produc tu s,  but the anterior p art is  k n ife 
lik e  and the ex trem ity  is  en larged .

C2
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T he b rach ia l r id g es  or im p ression s vary  in  size  and p o sitio n  in  d ifferen t sp ecies, 
and  in  successive gro w th -sta g es  o f the b rach ia l valve. T hey are g iven  off a t the  
an terior  la tera l m arg in  o f the addu ctor m uscle-scars in  the s e m ir e t ic u la tu s  and  
long is jom us  groups, and curve d ow nw ards, and then in w ard s and u p w ard s tow ard s  
the m ed ian  septum , n early  en c lo sin g  a sm ooth portion  o f the shell. T h ese r id ges  
m ark the p o in t o f a ttach m en t o f  the fleshy sp ira l or b rach ia l arm s w h ich  lack ed  any  
calcareous supp ort, and w ere ap p a ren tly  a ttach ed  by th e ir  low er or first w horl. T he  
rem ainder o f  the sp ire  projected  vent ra lly , and large  rounded ca v ities , som etim es  
b earin g  traces o f sp ira l m ark in gs, are observed in  the p ed ic le  valve im m ed ia te ly  
below  the d id u ctor m uscle-scars in  P . g ig a n te u s  (M artin ), and in  in tern a l casts  o f  
P . h u m erosiis  J . Sow .

T he b rach ia l im p ression s in  th e  s e m ir e t ic u la tu s  and lo n g is p in u s  grou p s are cut  
by num erous fine, tran sverse  in c is io n s  in  th e  p osterior  4  mm. or 5 mm. o f  the r id ge  
near the adductor scars; th e  ap ex  o f the im p ression s, w h ich  is  u su a lly  en larged , is  
also d is tin c tly  sep arated  from  th e rem ainder. In  R ecen t B ra ch io p o d a  th e  sp ira l  
arm s bear ten tac les  or filam ents w h ich  are covered by row s o f fine th rea d -lik e  setae, 
and the in c is io n s  seen in  th e  b rach ia l im p ressio n s o f P r o d u c tu s  m ay have served  
for  the p assage  o f  setae. T h is  v iew  is  su p p orted  by the fa c t  th a t fine b ran ch in g  
h a ir -lik e  stru ctu res are seen tra v ers in g  the sm ooth p a r t o f  the shell n early  enclosed  
by the im pressions, and e x te n d in g  th rou gh  these in c is io n s  in  P . v a u g h a n i  sp. nov. 
(pi. ii, fig. 13a). T he h a ir -lik e  stru ctu res are fork ed  and th e  branches g iv e  off lesser  
branches w h ich  a lw ays fork  at the sam e angle , resem bling  the se tae  g iv en  off from  
the m an tle  in  the recent sp ec ies D isc in isc a  lam ellosa  13roderip (M orse, 1902, pL x liv , 
figs. 6, 9). N eu m ayr (1883, p i. i, fig. 2b) figu red  narrow , tran sverse  r id g es  in  th e  
in ter ior  o f th e  b rach ia l im p ression s, w h ich  he consid ered  to be due to c irr i.

T he sm ooth p ortion  o f th e  shell, n ea r ly  enclosed  by the b rach ia l r id ges, fr e 
q u en tly  show s an oval im p ression  w h ich  is  probably th a t o f  tlie  m uscle h o ld in g  
the sp ira l arm s. T h e w hole o f  th e  b ra ch ia l im p ression s becom es g rea tly  th ick en ed  
in  the geron tic  stage .

T here is, ap p aren tly , no trace  o f  e ith e r  vascu lar  or ovarian  nqarkings in  th e  
in ter ior  o f  the b rach ia l va lve, com parable w ith  those w h ich  are seen in  other gen era  
b elon g in g  to the S trophom en acea .

A  sm ooth or fa in t ly  costa te  border fro m  3-4  m m. in  w id th  is  seen round th e  
anterior and la tera l m a rg in s in  th e  in te r io r  o f  the b rach ia l va lve  o f  th e  sp ec ies  
P . p ro d u c tu s  (M artin ), P . concinnus  J . Sow ., P . re d esd a le n s is  sp . nov., P . g a r w o o d i
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sp. nov., and P . carbonarius  de K on. T h is  border is  seen to be a th in  p late , 
separated  from  the broken-olf edges o f the tra il o f the p ed icle  valve by an incision , 
and developed from  the brachial valve a t the p o in t o f its  gen icn la tion  at r igh t  
angles to form  the tra il. I t  extend s in  th e  p lane o f the v isceral d is k p f  the brach ia l 
valve, freq u en tly  shelv ing  a con tin u ation  of the ornam ent o f th a t p art o f the shell, 
and it  bridges over the space betw een the tra ils  o f the two valves. T h is p la te  
appears to have been continuous w ith  the inner layer o f the v iscera l d isk  o f the  
brachial valve. Shells o f P . p rodu c tu s,  P . concinnus, etc., tend  to fractu re  along a 
layer ju st below th is  in tern al layer, w h ich  sp lits  off w ith  the v isceral d isk  o f  the  
ped icle  valve, and the p la te  is  seen to lie  at a s lig h tly  low er level than  the adj acent 
layer o f the v iscera l d isk . A  sm ooth rim  is  seen round the edge o f the p art o f  
the brach ia l valve th a t has sp lit  off. In  some cases there is  a rep etition  o f th is  
rim  at a s lig h tly  low er level than the first form ed one, and there is  a  great increase  
in  the w id th  o f the d iaphragm  in  specim ens from  the U p p er  C arboniferous. o

•  ̂4 - 1 ■ ' • ' -

Text-fTg. 6.—rroductus pi'oductus (M artin), from knoll
reefs, Elbolton, Yorkshire. British Museum, B .49872. _ '
Specimen from which the visceral disk of the pedicle
valve and inner layers of the brachial valve have • ]
split off, leaving a lower layer of the visceral disk of ,
the brachial valve in  contact with the trails of both . .. cB
valves. The diaphragm (])) is seen as a flattened
rim with slightly different ornament round the . j
anterior margin of the visceral disk (VD). Trail of .

, pedicle valve (T), trail of brachial valve (tk the latter .
exposed by fracture of shell, which has removed part
of the diaphragm. -

T h is  rim  seem s to be id en tica l w ith  the structure, described by Dr. G irty  (1910, 
pp. 217, 218) as the d iaphragm , in  h is  n ew  genus D ia p h ra g m u s ,  from  the U p p er  
M iss iss ip p ia n  o f  the U n ite d  S ta tes o f A m erica . The d iagn ostic  character o f th is  
genus is  in tern a l and consists o f the presence o f  a p a rtit io n  ‘ p a ssin g  com pletely  
across the in terior  o f  the shell. T h is  structure appears to be an out-grow th  o f  the
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dorsal va lve from  the g en icn la tio n  w here the flattened  v isceral d isk  ab ru p tly  jo in s  
the la tera l areas. I t  lie s  in  the sam e p la n e  as the v iscera l area and ap p ears, as it  
w ere, as an ex ten sio n  o f  it. T h is  stru ctu re  freq u en tly  form s the p lan e  o f  
d eh iscence w h en  specim ens are broken ou t o f  tbe rock, the v iscera l d isk  o f  the ven 
tra l va lve and d iap h ragm  rem ain in g  on one p iece  w h ile  the la tera l and an terior  
ex ten sio n s  o f  both va lves w h ich  are a lm ost in  contact, togeth er  w ith  the m old  o f  the  
d iap h ragm  o f the v iscera l d isk  o f the b rach ia l valve rem ain  on the other. T he  
d ia p h ra g m  and v iscera l d isk  o f  the b rach ia l valve w h ich  are e sse n tia lly  on the sam e  
p la n e  are rea d ily  d is tin g u ish e d , b ein g  sep arated  by a s lig h t  r id ge  or groove and  
m arked by d ifferen t scu lp tu re , th e  regu lar  stron g  costae o f  the ex tern a l shell b eing  
rep laced  on the d iap h ragm  by fine r a d ia tin g  s tr ia e .’ N o illu s tr a tio n  accom pan ies th is  
d escrip tion , hut fu rth er  d e ta ils  and figures arc g iven  in  la ter  p ap ers by the sam e  
author ( 1 9 1 5 b ,  p. 4 7 ) ,  and an ex a m in a tio n  o f  specim ens o f  Diaphragmus leaves no 
doubt as to the id e n tity  o f  th is  structure w ith  th a t found  in B r itish  sp ec ies (pi. ii).

D r. G irty  described , in  a  le tter  to the author, th e  com p lex  form  o f d iap h ragm . 
In  th is  form  th e d ia p h ra g m  is  s im ila r ly  g iven  off a t the p o in t o f  g e fiicu la tio n  o f  
the b rach ia l valve, and ex ten d s in  the p lan e  o f  the v iscera l d isk , but on m eetin g  
the tr a il  o f  th e  p ed ic le  valve i t  is  deflected  an ter io r ly  a lon g  the in n er su rfa ce  o f  
that valve, th u s rep ea tin g  th e  tr a il  o f  the b rach ia l valve. T h is  r e p e titio n  o f  the  
t r a il  m ay occur tw o or three tim es in  one specim en , and c learly  proves th a t the  
d iap h ragm  w as develop ed  in  connection  w ith , and at the sam e tim e as, th is  portion  
o f  the b rach ia l valve.

T he d iap h ragm  m u st have acted  as a r ig id  p la te  and have effectively  closed  the  
tw o  valves, w ith  the possib le  excep tion  o f  a  very sm all o u tle t  betw een  th e  p la te  and  
the tr a il  o f  the p ed ic le  valve. I t  is  probable th a t sp ecim en s w ith  lon g  ex ten d ed  
tr a ils  such as P. productus could  n ot open th e ir  sh ell an ter io r ly  to any g re a t ex ten t, 
and they  m ay even have been p erm an en tly  open w ith  th e  d ia p h ra g m  a c tin g  as a  
c lo sin g  structure. I t  is  d ifficu lt, how ever, to e x p la in  th e  p a ssa g e  o f  w a ter  in  and  
ou t o f  th e  sh e ll u n less th e  d ia p h ra g m  w ere ce llu la r  and  porous.

I . T hom as (1914, p p . 223, 238) describes th e  d ia p h ra g m  as a fla tten ed  su r fa ce  
round th e  an terior  m a rg in  o f  th e  b rach ia l va lve  corresp on d in g  to th e  th ick  layers  o f  
the tr a il  w h ich  have sep a ra ted  from  th e v iscera l p art. T he broken-off ed g es o f  the  
'trail, how ever, can be read ily  seen  beyond th e  d iap h ragm , w h ich  is  d is t in g u ish e d  as a 
h o r izon ta l p la te . I n  another p a r t o f th e  sam e w ork T hom as rem arks on th e  
s im ila r ity  o f th is  ex tern a l border w ith  th a t  fo u n d  in  th e  gen u s Diaphragmus.



Helen M. M u ir -W  ood— The Brit i sh  Carboniferous Product i 23

D r. G irty  d istin g u ish es the M a rg in ifera l typ e o f structure from  th a t  
of D ia fh r a g jn u s  by the heavy ca llo sity  developed in  M a rg in ife ra ,  form ed by layers  
o f shell superim posed  one on top o f the other like leaves o f a book. T hese layers  
are sa id  to face outw ards, and the back inw ards, to form  a p ro jectin g  ledge.

Text-fig. 7.—Froductus  Phillips, Text-fig. 8.—Froductus pugilis  Phillips,
from Far house Shales, Settle, Yorkshire. from the Thornbrough Limestone, Sty-
British Museum, B .45580. Part of in- ford, Northumberland. British Museum,
terior of the pedicle valve, showing the B .41914. Slightly restored. Interior of
elongated dendritic adductor muscle- brachial valve, showing the trilobate car-
scars (A), enclosed by the flabellate dinal process (CP), marginal ridges
diductor scars (0). (MR), median septum (S), separating the

dendritic adductor-scars (A and A*).
The brachial impressions (B and B') are 
discontinuous near the adductor scars at 
Z, and also at their extrem ities.

W aagen  (1884, p. 614) defined the genus M a r g in i f e r a  as h av in g  ‘ shell ex tern a lly  
very m uch lik e  P ro d u c tu s .  In tern a lly  a th ickened  shelly  m argin  extend s p ara lle l to, 
and at a certa in  d istan ce  from , the edge o f both valves, thus cau sin g  a p a rtit io n  to  
be form ed w ith in  the sh ell.’ H e  sta tes a lso  th a t these prom inent concentric r id ges  
are som etim es finely str ia ted  and crenulated , and som etim es smooth. T h is  character  
is  sa id  to be not yet w ell developed in  the M ountain  L im estone, a lthough in d ica 
tions o f such r id ges occur in  some specim ens o f P . longisp inus.  W aagen  also states  
th a t the genus has taken its  o r ig in  from  P . lon g isp in u s  J . Sow., as a ll form s o f  
M a r g in i f e r a  appear to be m ore or less re la ted  to Sow erby’s species. The geo log ica lly  
oldest species o f M a r g in i f e r a  is  sa id  by W aagen  to be M . sp lendens  (Norw. and  
l-'ratt.), from  the C oal M easures o f I llin o is .

. T he o r ig in  and developm ent o f these M a rg in ifera l rid ges have been the sub
jec t o f  great d iversity  o f op in ion  am ong subsequent authors. N ik it in  (1890, p. 
159) w as o f the op in ion  th a t they are only the resu lt o f the th ick en in g  o f  calcareous  
secretions along the lin e  o f contact o f the tw o valves, and th at they also occur in  
P . 'longispinus.  H e considered them  to be old age characters and not of generic
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im portance. T he e ssen tia l p o in t o f  d iiference betw een tlie  M a r g in ife r a l r id g e  and  
th a t fou n d  in  the longis'pinus  group  is  in  the very s lig h t  developm ent o f  a r id ge  in  
the p ed ic le  va lve o f  the la tter , w h ich  has only  been observed in  one specim en  o f  
P . se tosus  P h il l. ,  and  in  th e  absence o f the ex tern a l cren u la tion s seen in  the dorsal 
aspect o f  sp ec ies o f M a r g in i f e r a .  T he p ilcd -u p  sh elly  layers in  the brach ia l va lves  
o f such sp ecies as P . se tosus  P h ill. and P . loha tus  J . Sow . m ay he an cestra l to the  
tru e M a r g in ife r a l r id ges, w h ich  do not ap p ear to be ty p ic a lly  develop ed  in  the L ow er

C arbon iferou s.

Posterior
C

e:

T e x t-f i g . 9.— Outline drawing of shell of 
Froductus,  showing nfaxinniin width  
along line E F , and maximum height 
along line CD.

C

A

D

Text-fig. 10.— Outline drawing of shell of 
Froductus,  showing maximum height 
along line CD, and maximum thickness 
along line AB.

H a b i t  a n d  G r o w th .— A  p ed ic le  for  th e  a ttach m en t o f  the sh ell by the p ed ic le  
valve w as on ly  fu n c tio n a l in  th e  early  gro w th -sta g es  o f P r o d u c tu s .  I t s  absence  
d u r in g  la ter  g ro w th -sta g es  w ou ld  a llow  freedom  fo r  en largem en t o f  the shell in  any  
d irection , and m ay account in  p a r t for  the rem arkable d iv e rs ity  o f  form  in  th e  
P r o d u c t i .  T he influence o f  th e  len gth , f lex ib ility , and p o s itio n  o f  the p ed ic le  on the  
form  o f  the sh ell can be seen in  recent B rach iop od a . S h e lls  h a v in g  a lo n g  p ed ic le  
em erg in g  free ly  betw een the valves, or h a v in g  a fu n c tio n a l p ed ic le  in  a ll grow th -  
stages, have b iconvex  va lves and are e lon ga ted , ta p e r in g  p o ster io r ly  to the shorT  
h in ge-lin e , as in  L in g u la  and  M a g e lla n ia .  S h e lls  w ith  a short p ed ic le  a tta c h in g  
them  closely  to th e  ob ject o f  su p p ort ten d  to develop  a lon g  h in g e  th rou gh  th e  a d d i
tion  o f successive in crem en ts o f  grow th  a lon g  the la tera l as w e ll as the an terior
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m argin. A  flattened  and orbicular low er valve is  developed in  genera  such as 
D isc in isca ,  w hich have a short ped icle  ex ten d in g  at r igh t angles to the p lane o f the  
pedicle valve.

H a ll and Clark (1892%, p. 157) su ggest th a t there is a defin ite relation  
betw een tlie angle at w h ich  the p ed icle  is  protruded and the size  o f  the tw o valves. 
T hey also sta te  th at in  concavo-convex shells the p ed icle  w as a lw ays atrop h ied  early  
in  the h istory  o f the in d iv id u a l, the concavity  o f the brach ial valve being  a neces
sary resu lt o f the obstruction o f its  m arg in a l grow th  by the more rap id  grow th  of 
the ped icle  valve.

I t  seem s possib le th at the shells o f such species as P . p ro d u c tu s  (M artin ), w hich  
have a flat v iscera l d isk  in  the brach ia l valve and are gen icu la ted  at a r ig h t angle  
to form  the tra il, m ay have been a ttached  du rin g  the early  grow th -stages w hen the  
shell w as norm ally p lano-convex in  contour, and then la ter have fa llen  from  the  
object o f support. G en icn lation  o f the shell m igh t occur as a resu lt o f th is, and  
the e lon gated  tra il then produced w ou ld  extend  dow nw ards in to  the m uddy sea- 
bottom . D ou ville , however, su ggested  (1909, p. 157) th a t the Lepftaena-likQ  form  
[gen icu la te] o f the P rod u ctid ae  is  ch aracter istic  o f a m uddy h ab ita t, and th at a  
sim ilar  form  o f the shell is  found  in  th e  lam ellibranch-genus L io g r y p h a e a  and in  
some P ectens.

T he shell o f P ro d u c tu s  w as ap p aren tly  anchored by m eans o f the long sp ines  
w h ich  projected  from  the card in a l slop es and flanks in  the ped icle  valve o f m ost 
species, but are seldom  preserved in  situ . T hese m ooring sp in es w ere o f  consider
able len gth  and th ickn ess in  some species, and sp in es five or s ix  inches in  len gth  
have been observed in  specim ens o f P . h in d i  sp. nov., from  the L ow er L im estones o f  
Scotland . D r. Trechm ann figured and described (1921, p. 542, pi. x ii)  in terestin g  
specim ens of P . horr idu s  from  the P erm ian , Low er M agnesian  Lim estone, o f E ast  
T h ick ley  Q uarry, D urham . In  one specim en th ick , s lig h tly  curved sp ines about 
three inches in  len gth , w h ich  w ere probably double th is  len gth  in  the live  shell, 
exten d  la tera lly  from  the ears and card in a l slopes. A  second sm aller specim en in  
w hich  the h in ge is exposed  show s sp ines stretch in g  out from  both valves, and  
ap p aren tly  b a lan cin g  the shell.

In  shells o f E th e r id g in a  the sp ines a long the h in ge o f the p ed icle  valve curve  
tow ards the umbo and w ere ap p aren tly  flexib le in  life , as they are freq u en tly  found  
clasped  round slender crino id  stem s. S im ilarly  curved sp ines have been observed

D
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ill P . p ro jec t  us sp. nov. and P. v y s t ia n u s  de Kon., but it  is not known if  tlicy ever 
served as a sim ilar m eans o f attachm ent.

Large numbers o f shells of the P r o d u c t i  are frequently found closely asso
ciated, as in  an oyster-bed. Specim ens o f P. s tr ia tu s  (Fischer) are o ften  crowded  
together in  such numbers as to in terfere w ith  the normal grow th and developm ent 
o f the ind iv idu al, resu lting  in  a narrow ing of the hinge until th is is only a few  m illi
m etres w ide, the flanks exp an d in g  rap id ly  forw ard from the umbo. In  norm ally 
developed specim ens the hinge is broad and approxim ately  equal to the w idth  o f  
the shell. A  sim ilar crow ding together o f  four specim ens o f P. scoticus J. Sow. was 
observed in a sm all block of lim estone from  Corric, A rran (H unterian  M us., G las
gow, L .211). The four in d iv id u als have the norm al shape and ornam ent, but are 
seen w ith  their shells arranged one on top  of the other, all w ith  the pedicle valve  
in the same relative position.

The general op inion w ith  regard to the orientation  o f the valves o f P rodu c tu s  
during life  has been that the sm aller or dorsal valve w as upperm ost. H a ll & Clarke 
(1892b, p. 157) stated  that ‘ shells in becom ing freed from the surface to which they  
were attached, would fa ll upon the sea-bottom , the heavier or pedicle valve dow n.’ 
D ’O rbigny also thouglit that the anim al lay in  the mud w ith  the sm aller valve  
upperm ost as in  m ost oysters, and that the sp ines retained it in  a fixed position . 
T his theory was also supported by D avidson  (1880, p. 305), who sta ted  that ‘ Some of 
the species in  all probability  lay on so ft m uddy bottom s on their larger or ventral 
valves; and th is  w as ev idently  the case in P rod , llancjollensis, P .  g iganteus, and  
other species w hich possessed very th ick  and m assive ventral valves, and very th in  
dorsal ones : and the hollow  sp ines in  some form s m ay have helped them  to steady  
them selves on the so ft bottom on w hich  tliey  lived, the im m ensely long and spread  
out spines o f P . sem ire ticu la tus  lead in g  to  th at conclusion.’

In  specim ens o f the sem ire t icu la tu s  group which are apparently  preserved in  
the position  held during  l if e  and supported  l)y sp ines projectin g  from  the shell, 
the pedicle (ventral) valve is usually  upperm ost, although the angle o f the shell 
seems to vary w ith  grow th. The v iscera l d isk  of the brachial valve is  horizontal in  
a large number o f cases, and the tra ils  o f  both valves extended down into  the  
m uddy sea-bottom. T h is v iew  that the pedicle valve w as upperm ost is supported  
by the fa ct that the m antle o f the ped icle valve w as frequ en tly  injured , w hich  
resulted in  irregular sulci and a gerontic type o f ornam ent on the corresponding part 
of the shell. The brachial valve seldom  bears these m arks o f in ju ry , and appears
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to have been m ore protected , b earin g  few er  sp in es  th an  the p ed ic le  va lve; and it  
is also in  such close contact w ith  the m a tr ix  th a t in  m any species o f the s e m i 
r e t i c u la tu s  group  it  has never been p ossib le  to observe it.

S pecim ens o f  E t h e r i d g i n a  w h ich  are attach ed  by the c la sp in g  sp in es  have the  
dorsal va lve upperm ost, and a s im ila r  o r ien ta tio n  o f the valves w as described  by 
D o u v ille  (1909, p. 157) in  young  specim ens o f D e r b y ia  w h ich  he com pares w ith  
P r o d u c tu s .

T he o r ien ta tio n  and a ttach m en t o f  the valves o f P r o d u c t u s  w as also d iscu ssed  
by de K oninck  ( 1 8 4 7 a , p. 1 1 2 ) ,  w ho objected  to the theory o f the su p p ort or a tta ch 
m ent o f the shell by the sp ines, in  th a t th ey  w ere too long and d e lica te  and w ou ld  
be read ily  fractu red . T he grow th  o f  the shell w ith  the p ed ic le  valve upp erm ost  
su g g ests  a defin ite m ode o f attachm ent, w h ich , he sta tes, m ust have been by m us
cu lar fibres em itted  from  th e an terior en d  o f the shell, and th e  form ation  o f a tube  
in  P .  genuinus  and P .  probosc ideus  w ou ld  be for  th is  purpose.

A  m ost in te r e stin g  theory as to the re la tio n  o f the ex tern a l form  o f the shell 
w ith  the p assage  in  and out o f  food -b earin g  currents, has been p u t forw ard  by Dr. 
O rton (1914, p. 295), who has m ade a d e ta ile d  ex a m in a tio n  o f  the c ilia r y  m echan ism  
in  the recent Crania .  In  th is  genus there are tw o m ain  resp ira tory  and food-b ear
in g  stream s en ter in g  the shell by the an terior  la tera l m argins, and one o u tgo in g  
current ex p e lled  from  the m id d le  o f  the an terior  m argin . T he b rach ia l arm s are 
s itu a ted  sym m etrica lly  on the r ig h t and le f t  sid es o f the m an tle  cav ity , w h ich  in  
m any fo ss il gen era  is  d efin itely  su b d iv id ed  by a m ed ian  septum . T h e ten tacles, 
or filam ents, a ttach ed  to the b rach ia l arm s or lophophore, bear row s o f  c ilia , and  
other c ilia  are developed  on th e  m an tle  a n d  lophophore its e lf . T hese c il ia  keep up  
a con stan t la sh in g  and m a in ta in  a cu rren t in  the r ig h t and le f t  halves o f the m antle  
cav ity , and th is  passes betw een th e  filam ents o f the first turn  o f the sp ira l arm s and  
ou tw ard s through  the second and su cceed in g  turns. T he la sh in g  o f  the c il ia  sends 
food  p a r tic les  a long th e  food  or buccal groove to the m outh, w h ich  is  s itu a ted  
betw een the tw o sp ira l arms, the d ig estiv e  organs b eing  p osteriorly  d irected . T he  
c il ia  are so arranged  th a t an ou tg o in g  current is  produced and p asses out a t the  
fro n t o f  the shell. A  s im ila r  con d ition  obtains in  L i n g u l a  (M orse, 1902), w here  
three d is t in c t  tubes stren gth en ed  by m ucus are form ed by the setae w h ich  are g iv en  
off from  the m antle  and ex ten d  for  a short d istan ce  ou tsid e  the tw o  valves. D r. 
O rton su g g ests  th a t a s im ila r  con d ition  p rev a ils  in  a ll B rach iopoda , and th a t in  the  
tr ilob a tion  o f  the sh ell o f  recent and fo ss il  genera the apertu res correspond to the

D 2
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in le ts  for  in g o in g  and o u tg o in g  curren ts. ‘ i n  a ll B rach io])ods there w ou ld  th u s  
a p p ear  to be l it t le  doubt o f  the p h y s io lo g ic a l in d ep en d en ce o l’ the r ig h t and  le f t  
h alves o f the m an tle  ca v ity . H en ce v a r ia tio n s  in  the d irec tio n  o f  form ation  o f  
an tero-p osterior  m ed ian  sep ta , as show n in  S tr ln g o c e p h a lu s ,  Conchidium.,  and  m any  
other genera , o f  tr ilo b a tio n  o f the shell, as show n in  m any Iv liynchonellidae, and  
h ilob ation  o f  the shell, as show n in  O r t h l s  biloba,  T e r e b r a t u l a  d i p h y a ,  and other  
form s, do not in te r fer e  w ith  the fu n c tio n s  o f the tw o  p ortion s o f  th e  lophophore, 
and  it  is  conceivab le  th a t these v a r ia tio n s  m ay be a d van tageou s to  certa in  form s  
under certa in  con d ition s.

‘ T he d isp o s it io n  o f  the lophophore in  the S p ir ife r id a e  in d ica te s  th a t the m ain  
in g o in g  curren t en tered  th e  m an tle  ca v ity  in  the fro n t m id d le  p ortion  and  w as  
ex p e lle d  in  the tw o o u tg o in g  cu rren ts at the p ostero -la tera l a n g les  o f th e  shell, a  con
d itio n  e x a c tly  the reverse o f  th a t  o b ta in in g  in  C r a n ia ,  w here the in g o in g  cu rren t is  
tw o -fo ld  an d  th e  o u tg o in g  cu rren t s in g le . T h u s th e  p rod u ction  o f  th e  sh ell 
— freq u en tly  occu rrin g  in  th is  grou p — in to  p ostero -la tera l an gles, som ew h at lik e  
those occu rrin g  in  m odern P ecten s, m ay have served  as a sort o f s ip h on  for  c a rry in g  
aw ay  th e  ex h a len t stream s.’

In  a com p arison  o f  th e  B ra ch io p o d a  w ith  the L a m ellib ra n ch ia ta , D r. O rton (op. 
c it ., p. 308) sta te s  th a t  th e  n earest ap p roach  to s ip h o n a te  form s am ong the B ra c h io 
poda  is  rep resen ted  by those form s in  w h ich  the p o stero -la tera l a n g les  o f  th e  sh ell 
are m uch d raw n  out, as in  P r o d u c t u s  g i g a n te u s  and S p i r i f e r  verneu il i ,  or in' form s  
o f th e  R h y n ch o n e llid a e  in  w h ich  th e  fro n t m id d le  p a r t  o f the sh e ll is  d ifferen tia ted  
in  such a w a y  as to  resem ble a siphon.

T he fo rm a tio n  o f  tubes and an arched  fro n t o f th e  tr a il  in  m any sp ec ies  o f  
P r o d u c t u s ,  and  the tr ilo b a tio n  o f  th e  sh ell by th e  d evelop m en t o f  a deep  m ed ian  
sin u s m ay, th erefore, p ossib ly  be due to  in h a len t and ex h a len t curren ts. I t  is  an  
in te r e s tin g  fa c t  th a t  th e  tr ilo b a tio n  o f  th e  p ed ic le  va lve and  a  tu b e-lik e  tr a il  w ere  
develop ed  in  m any d is t in c t  an d  u n re la ted  sp ec ies such as P .  t i s s in g tone ns i s ,  P .  con
cinnus,  S i n u a t e l l a  s in u a ta ,  P .  genuinus ,  P r o b o s c id e l la  probosc idea ,  an d  in  form s  
re la ted  to P r o d u c t u s  g ig a n te u s .  A  la te r a lly  e lo n g a ted  form  in  sp ec ies  such  as P .  
l a t i s s i m u s  m ay, as D r. O rton  su g g ests , be s im ila r ly  correla ted  w ith  p h y s io lo g ica l  
processes.

C u rrents o f  w ater  m ay a lso  have p a ssed  in to  th e  sh ell by the h o llow  sp in es, and  
esp ec ia lly  by those s itu a te d  on th e  ca rd in a l s lop es and  flanks, w h ich  in  th e  s e m i r e t i c u 
l a tu s  group  are freq u en tly  o f  la rg e  size . T h e o p en in g s  o f  th ese  sp in es  are seen in
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the in ter ior  o f  the p ed ic le  valve, som etim es surrounded by a c ircu lar  depression  in  
the sem ireticu la te  form s or by a ra ised  co llar  in  the lon g i s p in u s  group  (text-fig . 
3 2 a ). T he fu n ctio n  o f the ‘ sp in es w ith in  sp in es ,’ a lready described  on p. 15, m ay  
liave been th a t o f obstru ctions to th e  p a ssa g e  o f fo re ig n  bodies in to  the shell. D e  
K onin ck  ( 1 8 4 7 a , p. 105) w as o f  the op in ion  th a t  the sp in es con ta in ed  p ro lon ga tion s  
o f  the m antle, and w ere surm ounted  by a  c iliu m  w hich  kept the ex trem ity  open, and  
w hose m ovem ent m a in ta in ed  a current round  the shell favourab le  to the grow th  and  
d evelopm ent o f the an im al. O ther th eories as to th e  fu n ctio n s  o f th e  sp in es  w ere  
quoted  by I. T hom as (1914, p. 229).

T he sh ell o f P r o d u c t u s  con sists  o f three layers : the inner p r ism a tic  layer in  
w h ich  the p rism s are nearly  p a ra lle l to the su rface  o f the shell ; the in term ed ia te  
lam in ar  layer; and the outer layer  or ep id erm is. T he p r ism a tic  and lam in ar  
layers are p ierced  by pu n ctae  w h ich , how ever, do not p en etra te  to the exterior, 
th e ir  term in ation s b ein g  covered by the im p erfora te  ep id erm is. On rem oval o f  the  
ep id erm is, the p u n ctae  are seen as c ircu lar  orifices u su a lly  surrounded  by a ra ised  
collar, and d istr ib u ted  eq u a lly  over the costae and su lci. T h ey  ap p ear to be sim p le  
and not branched as in  m any other genera, and they  p ierce the sh ell a t r ig h t angles  
to i ts  su rface. A  larger  and a sm aller series o f p u n ctae  w ere observed in  sh ells  o f  
B u xton ia ,  and D av id son  also figured  (1880, p i. x x x v i, fig. 21) tw o sets o f d ifferent 
s ize  in  P . g ig a n te u s  (M artin ). A  s im ila r  series o f la rg e  and  sm all p er fo ra tio n s  
w as n oticed  by I^ id h o ld  (1925) in  O r th i s  fa sc i c u la r i s  d ’Orb., but w as not fou n d  by 
him  in  other species o f D evon ian  O rth ids. T he fu n ctio n  o f these pores has been  
variou sly  ex p la in ed . T he fa c t  th a t th ey  never p en etra te  to th e  ex ter ior  o f the shell 
preclud es th e  p o ss ib ility  o f th e ir  h a v in g  been used  in  resp ira tion . I t  is  p ossib le  
th a t the sp in es  w h ich  p ierced  th e  ep id erm is in  P r o d u c t u s  m ay have acted  in  con ju n c
tio n  w ith  th e  p u n ctae  in  th e  tra n sp o rta tio n  o f w ater  in  and out o f  th e  shell.

In  recent gen era  the p u n ctae  con ta in  ex ten sion s o f  the m an tle  or caecal tubes, 
the fu n c tio n  o f w h ich  has been var iou sly  ex p la in ed . C arpenter (1853, p. 30) con
sid ered  th a t th ey  w ere vascu lar  processes, but not connected w ith  the n u tr itio n  o f  the  
shell, because they  are absent in  som e genera. P r o f. S o llas (1886) in terp reted  
them  as sense organs and affected by lig h t , sin ce the periostracu m  or outer layer  is  
tran sp aren t, w h ile  M orse (1871, 1902) su ggested  th a t they  w ere organs o f  general 
sen sib ility . K in g  (1869) sta ted  th a t the ep id erm is is  ce llu lar  and th a t w ater  m ay  
p ass through  to the caecal tubes, each o f  w h ich  a p p aren tly  bears a fr in g e  o f  e il ia  
d esign ed  to produce curren ts o f  w ater  over the ex trem ities  o f  the caeca.
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P e r c iv a l (1916) exam in ed  tlic  p u n ctae  oF m any gen era  and Found t lia t they  
varied  con sid erab ly  both in  s ize  and d en sity  on diFFereiit p arts oF the sam e shell, and  
th a t th erefore  th ey  can be o f  no use in  d is t iu g u is h in g  diFI'ereut sp ecies.

I V . E v o l u t i o n  /VNO R . \ n g e .

I t  is  n ot proposed  to  a ttem p t a  d e ta iled  account o f  the ph ytogen y  o f  the P r o 
d u c t i  u n til  fu r th er  stu d y  h as been m ade o f  the grou p s o f  sp ec ies  s t i l l  und escrib ed .

T he P r o d u c t i  w ere d erived  from  an unk now n O rd ov ic ian  or S ilu r ia n  
S trop h om en id  ancestor. T h ey  are lin k ed  to the D evon ian  P r o d u c t e l l a e  hy a s im i
la r ity  in  in tern a l characters, but, w ith  a  few  ex cep tio n s, lack the a r tic u la tin g  p ro 
cesses and  ca rd in a l area  and d e lth yr iu m  c h a ra c ter is tic  o f  the D ev o n ia n  form s.

T he e a r lie s t  B r it ish  sp ec ies ascribah le  to the P r o d u c t i  are represen ted  by sm all 
specim en s b ear in g  num erous sp in e-b ases on the v iscera l d isk  and  costae on the tra il, 
as in  A v o n i a ,  to  w h ich  gen u s they  probably belong. T h ese are fou n d  in  th e  P it  ton  
B ed s o f  N orth  D evon  (? =  U p p e r  D evon ian  or b asa l C arb on iferou s), and  another  
form , A v o n i a  hassus  (V au gh an ), occurs in  the K , beds oF the B r isto l d is tr ic t . In  
a ll these, costae are developed , a p p a ren tly  by th e  g ra d u a l e lo n g a tio n  o f  th e  p l ic a 
tio n s  d evelop ed  below  the sp in e-b ases on the v iscera l d isk . S m all form s h a v in g  
ornam en t c h a ra c ter is tic  o f  B u x t o n i a  and P u s t u l a  are a lso  p resen t in  th e  P ilto n  
B eds, and  in  the Z a p h ren tis  zone o f  the A von  section . F in e ly  costa te  sh e lls  o f  the  
se m i r e t i c u l a t u s  group  also  m ake th e ir  ap p earan ce  in  th e  T^aphrentis  zone. T h e  
P r o d u c t i  evolved  r a p id ly  d u r in g  Z a p h r e n t i s  tim es, and favou rab le  co n d itio n s  le a d 
in g  to the knoll re e f  ty p e  o f  d ep o sit  in  som e areas d u r in g  S y r i n g o t h y r i s  t im es  
resu lted  in  la rg e  m assive -sh e lled  form s o f the s e m i r e t i c u l a t u s  group . E a r ly  ty p es  
o f  th e  l o n g i s p i n u s  group  a lso  m ade th e ir  ap p earan ce  a t th is  tim e. D u r in g  S e m i-  
m d a  t im es co n d itio n s  w ere u n favou rab le  to the d evelop m ent o f  the s e m i r e t i c u l a t u s  
group , w h ich  w as p r a c tic a lly  lim ite d  to a fe w  areas w h ere knoll reef co n d itio n s  
p ersisted . A  few  sm all sp in o u s form s are fo u n d  in  the norm al and  u su a lly  
c r in o id a l d ep osits , in  w h ich  sh e lls  h a v in g  th e  c o r ru g a tu s  ty p e  o f  ornam en t w ere  
abundant.

A  m u ltitu d e  o f  form s su d d en ly  ap p eared  in  D i h u n o p h y l l u m  tim es, in c lu d in g  
the first S in u a te l la ,  E t h e r i d g i n a ,  P r o b o s c id e l la  and Over ton ia .  T h e in s ta b il ity  o f  
th e  group  at th is  tim e is  show n in  the develop m en t o f  o v er -sp ec ia lized  sp ec ies  such as 
P r o d u c t u s  p r o d u c t u s  and  P r o b o s c id e l la  p robosc idea ,  w h ich  had a  very  lim ite d  ran ge
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and d istr ib u tion . T lie fa c t  o f th eir  sudden d isap p earan ce  and also  o f th e  e x tin c 
tion  o f the P r o d u c t i  in  P erm ian  tim es w as probably due in  p art to the over-seeretion  
o f carbonate o f  lim e d isad van tageou s to the grow th  o f  the an im al, and show n in  the  
developm ent o f abnorm ally  lon g  tr a ils  in  some species, the form ation  o f the  
d iap h ragm , the num erous sp ines, or the m assive shelly  m arg in a l d ep osits  and r id ges, 
together w ith  the enorm ous th ick en in g  o f  the shell o f  such species as P .  g iganteus .  
D r. L a n g  (1919, p. 105) describes the ex tin c tio n  o f the C heilostom e P o ly zo a  as due  
to an in crea sin g  d ep osit o f ca lcium  carbonate u n til the skeleton  becom es so m assive  
th a t the apertu res are on ly  tubu lar holes in  a th ick  block o f calcareous m atter. H e  
also sta tes th a t in  no case does th is  p o te n tia lity  for the secretion  o f  carbonate o f  
lim e become exhausted . ‘ A g a in  and a g a in  a lin ea g e  has broken through  an in 
h ib itio n  and acqu ired  the ca lcium  carbonate h ab it w h ich  has led  to a b r illia n t, but 
com p aratively  b r ie f career o f sk eleton -b u ild in g , and has doom ed the organ ism  finally  
to evolve bu t the arch itecture o f its  tom b.’

A  grad u a l w a n in g  in  developm ent th en  ensued, fo llow ed  by the com plete e x tin c 
tion  o f the group at the end o f P erm ia n  tim es. T he la st  B r it ish  sp ecies o f the  
se m ir e t i c u la tu s  group occurs in  the m arin e bands o f the C oal M easures o f Goalbrook- 
dale. S p ecies o f th is  group  occurring  in  the m arin e U p p er  C arbon iferou s o f 
E urope are, as a rule, b izarre in  shape, w ith  m assive shells, and th ey  freq u en tly  
develop  lon g  tubes by in r o llin g  the la tera l p arts o f the tra il.

Eorm s o f the se m ir e t i c u la tu s  group  from  the low er zones o f th e  C arbon iferous  
L im estone are u su a lly  d is tin c t  from  those o f the u pp er zones, both in  ornam ent and  
in  in tern a l characters. A  d iap h ragm  has not been observed in  T ou rn a is ian  species, 
and the m arg in a l r id ges  are less ex ten d ed  th an  in  la ter  form s. T he shell is, as a 
rule, th in  in  the low er form s, the sp in es  sm all and few  in  num ber and the  
reticu la tio n  o f  the shell not m arked.

T he range o f m any sp ecies is  now  proved  to be longer th an  is  gen era lly  recog
n ized . M any form s consid ered  ch aracter istic  o f the D^ subzone also occur in  the C 
zone o f the W au l sorti an and in  eq u iva len t beds o f  Irelan d . Such species as P .  
s e m ir e t i c u la tu s  (M art.), P .  m u l t i s p i n i f e r u s  sp. nov., P .  m in u tu s  sp. nov., and P .  
derb ie ns i s  sp. nov. have been fou n d  in  the Z zone and C  ̂ subzones o f the above- 
m en tioned  areas and also in  th e  D^ subzone (B rach iop od  beds) o f D erbysh ire and  
Staffordshire. S p ecies such as P .  p i n g u i s  sp. nov., P .  m u r ic a tu s  P h ill., and P .  
p u g i l i s  P h ill. ,  w h ich  occur in  the norm al coral-brach iopod phase o f  D^ deposits, 
have not been observed in  the low er zones.
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I t  seem s certa in  th a t the P r o d u c t i  w ere evolved  a lon g  p a ra lle l lin es  in  w id ely  
sep ara ted  areas. T he ex tern a l ch aracters o f  d is t in c t  forn is m ay he a lm ost id en tica l, 
and  sp ec ies such as P .  l o n g i s p i n u s  and P .  s e m ir e t i c u la tu s ,  ch a r a c te r is tic  o f  the  
B r itish  L ow er C arb on iferou s, have been described  from  nearly  every fo re ig n  lo ca lity  
in  w h ich  C arb on iferou s rocks are found . In  p r a c tic a lly  every  case these specim en s  
are s im ila r  to, but not id e n tic a l w ith , the B r itish  sp ecies, b e in g  freq u en tly  hom oeo- 
m orphs b e lon g in g  to  other gen era  o f  P r o d u c t i .  I t  is  in te r e s tin g  to note th a t form s  
resem b lin g  those o f  th e  l o n g i s p i n u s  group  (ch aracterized  by s ix  m ajor sp in es), w h ich  
have a w o r ld -w id e  d istr ib u tio n , ap p ear  to have heen in d ep en d en tly  evolved  in  

differen t areas.
In  th e  s e m i r e t i c u l a t u s  group  the ornam ent ap p ears to be d evelop ed  in  th e  order  

o f  co sta te  to  sm ooth, w h ich , accord in g  to the ob servation s o f  other p a la eo n to lo g ists , 
in d ica te s  a c a ta g e n e tic  series. T h ere is  no trace o f  any sp in ose  s ta g e  in  the ea r lie s t  
know n m em bers o f  th is  group . In  A v o n i a  th e  ornam en t is also  develop ed  in  the  
c a ta g e n e tic  order o f  sp in o se  to costatc , but in  B u x t o n i a  the costae evolved in  th e  early  
s ta g es  g iv e  p lace  to band s o f  sp in es  in  la ter  s ta g es  and  a p p a ren tly  in d ica te  an  
a n a g en etic  series.

V . P r o d u c t u s  {sensu s t r i c to )  a n d  t h e  P .  s e m i r e t i c u l a t u s  g r o u p .

T he gen er ic  nam e P r o d u c t u s  w as in trod u ced  by J . Sow erby (1812-15 , p. 153) in  
1814, an d  th e  gen u s w a s  defined as ‘ A n  e q u ila tera l u n eq u a l-va lved  b iva lve  w ith  a  
reflexed , m ore or less  cy lin d r ica l, m a rg in  ; h in g e  tran sverse, lin e a r ;  beak im p er
fo ra te  ; one va lve  convex, th e  other flat or concave e x te r n a lly .’ H e  ad d s : ‘ M a rtin  
has p o in ted  ou t severa l d iv is io n s  o f  th e  G en us A n o m ia ; one o f  them  w h ich  he defines  
to  be “ im p erfo ra te , w ith  one va lve  gibbous, the other flat or concave, h in g e  on a  
s tr a ig h t  lin e ,” in c lu d es th ese  sh e lls  and  I  ex p ec t several others, as he con sid ers th e  
reflected  m a rg in  to  be a cc id en ta l. H is  C onch. A n o m ites  p rod u ctu s is  a good ty p e  
o f  th e  G enus, th erefore , as th e  nam e A n o m ite s  m u st be la id  asid e, I  h ave ad op ted  
h is  specific  nam e as th e  G en eric  one, th e  ch aracter  i t  exp resses  b e in g  a lso  p e c u lia r .’ 
F o llo w in g  th e  ex a m p le  o f  C onybeare and  P h illip s , J . de G. Sow erby a ltered  th e  nam e  
to P r o d u c t a ,  and th is  w a s  ad op ted  by m an y  au th ors such as J . P h i l l ip s  an d  F . 
M 'C oy.

T he nam e P r o d u c t a ,  or la ter  a g a in  P r o d u c t u s ,  w a s  used  in d isc r im in a te ly  for  
a ll p rod u cto id  sh e lls  and  com p rised  sp ec ies  o f  L e p ta en a ,  S t r o p h o m e n a ,  etc., as
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Sow erby s d escrip tion  d id  not in clu d e any account o f the in tern a l characters o f the  
genus. A n  a ttem p t w as m ade to su b d iv id e  the species o f P r o d u c t u s  in  1836 by 
P h illip s , who su ggested  tw o m ain  groups :— A . w ith  ra d ia tin g  str ia e  p red om in an t;  
B. w ith  sp in es arranged  on tran sverse u n d u la tion s. A  d ifferent c lassifica tion  w as  
proposed by L. von B ucli in  1842. H e d iv id ed  the P r o d u c t i  in to  ‘ d orsa ti ’ and  
‘ lo b a ti,’ the form er ‘ M it gew olbtem  R uck en ’ and the la tter  ‘ M it  flachem  oder 
ein gcsenktem  R iic k e n ’; and the species o f the s e m ire t ic u la tus  group consequently  
w ere p laced  in  the ‘ d orsati ’ or ‘ lob at i ’ according to w h ether a sin u s w as developed. 
Q uenstedt in  1852 ad op ted  von B u ch ’s c lassifica tion , and in clu d ed  P . a n t i q u a t u s  in  
the ‘ lob at i ,’ but d id  not m ention  any sem ireticu la te  form  in  the ‘ d o rsa ti.’

T he first a ttem p t to su b d iv id e  the P r o d u c t i  in to  groups o f  species w as m ade  
by de V ern eu il (in  M urchison , V ern eu il and K eyserlin g , 1845, p. 253). H is  first 
group, ‘à su rface  ornée de str ies  lo n g itu d in a le s ,’ is  com posed o f  the d iv is io n s  ‘ S tr ia t i ,’ 
‘ S e m ire ticu la ti,’ and ‘ S p in o s i.’ H is  second group  con sists o f the ‘ P u stu lo s i,’ 
‘ P u n c ta t i,’ ‘ H o r r id i,’ and ‘ C a p era ti.’ T he ‘ S em ire ticu la ti ’ are sa id  to be ‘ r é ti
culées dans leur prem iere m o itié  p ar le croisem ent de p lis  tran sverses,’ and the  
d iv is io n  com prises the species P . unda tus ,  s em ire t icu la tus ,  lobatus,  sublaev is ,  lep-  
layi ,  costatus,  carbonarius,  p l ica t i l i s ,  etc., and in clu d es several sp ecies w h ich  are no 
longer p laced  in  the s e m ir e t i c u la tu s  group.

In  1847 de K oninck  em ended the c la ssifica tion  o f de V ern eu il and d iv id ed  the  
P r o d u c t i  in to  tw o m ain  groups ;— 1, ornam ented  w ith  lo n g itu d in a l r ib s; 2, w ith o u t  
lo n g itu d in a l ribs. T he first group w a s com posed o f the d iv is io n s  ‘ S tr ia t i ,’ ‘ U n d a ti,’ 
‘ P rob osc id ei,’ ‘ S em ire ticu la ti ’ and ‘ S p in o s i.’ T he ‘ S em ire ticu la ti ’ w ere sa id  to in 
clude species w hose ribs are rarely  very sp in ose  and are crossed on the v iscera l d isk  
only by concentric  fo ld s  w h ich  m ake them  tubercu lose ; m ost o f  the species are s in u a ted  
and gen icu la ted . H e  in clu d ed  P . sub laev is  and P . p l i c a t i l i s  w ith  the  
‘ S e m ire ticu la ti,’ and p laced  P . f l e x i s t r ia  in  the ‘ S tr ia t i ’ w ith  P . giganteus .

A b ich  in  1878 d iv id ed  the P r o d u c t i  in to  three groups or Form enkreise :— i, 
w ith  P . c os ta tus  and  P . se m ir e t i c u la tu s  \ ii, w ith  P . i n te r m é d iu s  and P . h orr idu s  (as 
in  o r ig in a l);  i i i ,  w ith  P . acu lea tus  and P . sp inulosus .  O ther groups w ere proposed  
in  1884 by W aagen , w ho d iv id ed  th e  P r o d u c t i  in to  ‘‘ L in e a ti,’ ‘ S e m ire ticu la ti,’
‘ S p in o s i,’ ‘ F im b r ia ti,’ ‘ H o r r id i,’ and ‘ Irreg u la res .’ In  the ‘ S em ireticu la ti ’ he d es
cribed  groups o f sp ecies such as the group o f P . semire t icu la tus ,  in c lu d in g  the species  
P . s p i r a l i s  W aagen , etc., th e  group o f  P . cos ta tus  and the group o f  P . p or t lock ia nus ,  
w h ile  he in c lu d ed  the group  o f  P . m u r ic a tu s  in  h is  ‘ S p in o si.’

E
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111 1899 D icn er  ad op ted  a rath er s im ila r  c la ssifica tion , w ith  the a d d itio n  o f  the  
grou p s ‘ U n d a t i ’ and ‘ C a p era ti ’ ; and  S ch e llw icn  in  1900 also adopted  th e  system  
o f d iv is io n  in to  sp ec ies-gron p s, u s in g  P .  x g ? / / a n d  P . as tw o
d is t in c t  group-nam es. A  fu rth er  su b d iv isio n  o f the s e m i r e t i c u l a t u s  group  w as su g 
gested  by T sch ern ysch ew  in  1902. T he tw o  su b d iv isio n s a r e : — (1) P . s e m i r e t i c u 
latus,  w ith  a fiat dorsal va lve and a liig ii v iscera l area, and (2) P . holiviensis ,  w ith  
a concave dorsal va lve and a r e la tiv e ly  low  v iscera l area. H e gave P . l o n g i s p in u s  
and P . cos ta tus  as sep ara te  groups. G ir ty  in  1908 ad op ted  W a a g e n ’s su b d iv isio n s  
and th en  d iv id ed  these a g a in  in to  grou p s o f  sp ec ies  ch aracter ized  by th e ir  ex tern a l 
ornam en t; w h ile  G rober in  1909 fo llo w ed  T sch ern ysch ew  in  h is  d iv is io n  o f  the  
s e m i r e t i c u l a t u s  group .

A n  en tire ly  d ifferen t c la ssifica tio n  w a s  su g g ested  hy F réd érics  in  1915. H e  
d iv id ed  the P r o d u c t i  in to  tw o  grou p s :— A . P r o d u c t i  ty p ic i, B. P r o d u c t i  probos
cid ei. T he ‘ P r o d u c t i  ty p ic i  ’ are sa id  to com p rise  ‘ les  coq u illes  à accro issem ent  
i ll im ité  le lon g  de la  ca v ité  v iscéra le .’ T h is  la tte r  group  is  fu r th er  su b d iv id ed  
in to  : a, those sp ec ies w h ich  have a ‘ ca v ité  v iscéra le  p rofon d e , va lve  d orsa le  p la te  
ou fa ib lem en t concave,’ e .g . P . p u n c t a tu s ,  P .  cora,  etc. ; and /3, those w ith  the  
‘ ca v ité  v iscéra le  é tro ite , la  va lve d orsale  su it  la  courbure de la  va lve  v en tra le ,’ e .g . 
P . k o n in c k ia n u s  and  P . s t r ia tu s .  In  th e  ‘ P r o d u c t i  p rob osc id ei,’ ‘ les  coq u illes  on t  
l ’accro issem en t lim ité  le  lo n g  de la  ca v ité  v iscéra le ; la  va lve  dorsa le  chez les in d i
v id u s  ad u ltes  e st p lu s  ou m oins fortem en t gen icu lée . C hez p lu sieu rs form es on ob
serve une ten d an ce à form er le  p ro lon gem en t c y lin d r iq u e ,’ e .g . P . s e m ir e t i c u la tu s ,  
P . genuinus ,  P .  t e n u is t r ia tu s ,  and P . c a n c r in i f o r m is .

T he d is t in g u is h in g  ch aracters o f th ese  section s ap p ear  to be in  th e  form  o f  th e  
b rach ia l va lve. T h is  is  flat or concave a n d  g en icu la ted  in  P r o d u c t i  ty p ic i  a, the  
tr a ils  o f  the tw o  va lves b e in g  d evelop ed  s im u lta n eo u sly , or a t d ifferen t tim es; i t  is  
concave in  th e  P r o d u c t i  ty p ic i w h ere no tr a ils  are develop ed  and the fro n t m a rg in
in  th e  v en tra l va lve  is  arched. In  th e  P r o d u c t i  proboscid ei the sh e lls  are sa id  to
develop  as in  th e  ‘ ty p ic i ,’ but th e  d orsa l va lve  becom es g en icu la ted  and then  grow s  
p a ra lle l to  th e  ven tra l va lve.

T h is  form  o f c la ss ifica tio n  ign ores d ifferen ces in  in te r n a l ch aracters and  also  in  
ex tern a l ornam ent, and  som e sp ec ies  w h ic h  belong  to th e  ‘ ty p ic i  ’ in  ear ly  m u ta 
tio n s  w ou ld  ten d  to p ass  in to  th e  ‘ p rob oscid ei ’ in  th e ir  la ter  m u ta tio n s.

A  m ore gen era l d escr ip tio n  o f  th e  h is to r y  o f  P r o d u c t u s  w as g iv en  by I. Thom a§  
in  1 9 1 4 ,  in  p t. 4  o f  th e  first volum e o f  th ese  M em oirs.
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V I . C l a s s i f i c a t i o n .

T he C arbon iferou s P r o d u c t i  lend  them selves to d iv is io n  in to  at lea st e ig h t  
d is tin c t  gen era  by m eans o f th e ir  ex tern a l ornam ent and in tern a l characters, 
althou gh  the la tter  are s t i l l  unknow n in  som e species. T he classifica tion  g iven  below  
fo llow s to some ex ten t th a t proposed  by I. Thom as in  1914, but the genera, w ith  the  
excep tion  o f  O v e r ton ia  and P u s tu la ,  are now  redefined.

1. P r o d u c t u s  J . Sow erby, 1814 (1812— 15, p. 153), emend.  H . M. M uir-W ood .' 
(G enotype : A n o m i t e s  p r o d u c tu s  W . M artin . P e tr ih c a ta  D erb ien sia , p. 9, p i. x x ii ,

figs. 1— 3. W ig a n , 1809.)

C ostate  in  n ean ic  and ephebic stages, w ith  d efin itely  arranged  groups o f sp in es  
on ears and flanks, becom ing in crea sin g ly  sp inose in  geron tic  stage, w ith  grad u a l 
loss o f ornam ent on flanks and anterior p art o f tra il. R ib s m ay be developed  on 
v iscera l d isk . Um bo incurved  over h in g e . F lan k s steep  and o ften  subp aralle l. 
V iscera l d isk  o f p ed ic le  valve freq u en tly  sep arated  from  tr a il  by a m ore or less  
abrupt gen icu la tion . B ra ch ia l va lve fla tten ed , concave, or gen icu la ted . T eeth , 
d en ta l sockets, and d elth yriu m  absent. C a rd in a l area rarely  developed . C ard ina l 
process prom inent and ex tern a lly  tr ih d . M a rg in a l r id ges  in  brach ia l valve exten d  
a long  h in ge  and con tin u e round the p ostero-la tera l m arg in s o f shell. M ed ian  septum  
never bifid, but m ay be flattened , w ith  a m ed ian  lo n g itu d in a l depression . A d d u ctor  
m uscle-scars d en d r itic  in  both valves.

T h is genus in clu d es the s e m i r e t i c u l a t u s  and l o n g isp in u s  groups. S ince the  
d iap h ragm , the d is t in g u ish in g  character o f  the genus D i a p h r a g m u s ,  occurs also in  
P r o d u c t u s  p r o d u c tu s  (M art.), gen otyp e o f  P r o du c tu s ,  D i a p h r a g m u s  becomes a 
synonym  o f P r o d u c tu s .  I t  is  not proposed  to sep arate  from  the genus P r o d u c t u s  
specim ens o f the s e m ir e t i c u la tu s  group in  w h ich  a d iap h ragm  has not been observed.

O ther groups o f  sp ecies s t i l l  in clu d ed  in  P r o du c tu s ,  but p ossib ly  d iv is ib le  in to  
d is tin c t gen era  or subgenera on account o f difference o f ornam ent and s lig h t  
differences in  in tern a l characters, are ; th e  g igan te u s  and l a t i s s im u s  groups, the  
hemispher icus ,  c o r ru ga tu s  and u n d a t u s  groups, and the m a rg a r i ta c e u s  group.

E 2
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2. A v o n i a  I. T hom as, 1914 ( p .  259), emend .  H . M. M u ir-W ood .
P la te  X I I ,  digs. 6— 10.

(G en otyp e : P r o d u c t u s  y o u n g i a n u s  T. D av id son . A  M onograph  o f  the Id irh on it’erous  
B ra ch io p o d a  o f  S cotlan d , p. 45, pi. i i ,  fig. 26; pi. v, hg. 7. L ondon, 1860.)

S p in ose  in  the n ean ic  stage , d ev e lo p in g  costae h ear in g  sp in e-b ases in  the ep heb ic  
stage . P h y lo g e r o n tic  in d iv id u a ls  m ay be sm ooth. P e d ic le  va lve  rarely  gcu icu -  
la ted , m ore o fte n  even ly  convex. B r a c h ia l va lve  concave. M a rg in a l r id g es  short, 
d iv e rg in g  from  h in g e -lin e . C a rd in a l process sm all. M ed ian  sep tu m  narrow . 
A d d u cto r  m u scle-scars not d en d r itic .

T h is  gen u s in c lu d es also  P r o d u c t u s  hassus  V a u g h a n , P r o d u c t u s  aculea tus ,  var. 
d a v i d s o n i  Jaro sz  (1917, p. 88, p i. x, figs 12, 12a) and A 'conia sp.  nov.  (pi. ii, fig. 8).

3 .  B u x t o n i a  I . T h o m a s ,  1 9 1 4  ( p .  259), emend.  II. M . M u ir-W o o d .

IT ate X I I ,  figs. 19— 21.

(G en o ty p e: A n o m i t e s  s c a b r i c u l u s y i  . y i m ' i m .  I^etrificata D erb ien sia , p. 8, 
pi. x x x v i, hg. 5. W ig a n , 1809.)

C osta te  and sp in ose  in  n ean ic  and ep h eb ic  stages, d ev e lo p in g  con cen tr ic  band s  
on w h ich  are num erous sm all sp in e-b ases in  the g ero n tic  s t a g e .  In  p h y logeron tic  
in d iv id u a ls  band s are develop ed  in  the ep h eb ic  stage . S p in e-b ases  d evelop ed  in  
p ed ic le  and b rach ia l va lves. P e d ic le  va lve even ly  convex, rarely  g en icu la ted . 
B ra ch ia l va lve fla tten ed  or concave. M a r g in a l r id g es  short. M ed ian  sep tu m  u su a lly  
b ifu r c a tin g  about 5 mm. below  th e  ca r d in a l process, th e  tw o  branches u n it in g  w ith  
the tw o  lobes o f  th e  ca rd in a l process.

T h is  a lso  in c lu d es P r o d u c t u s  s c abr icu lo -cos ta tus  V a u g h a n  and B u x t o n i a  sp.  
(pi. x i i ,  figs. 20, 21). S p ec ies  occur from  Z zone up  to th e  C oal M easures.

4. P u s t u l a  I. T hom as, 1914  (p. 259).

(G en o ty p e: P r o d u c t a  p u s t u lo s a  A I llu s tr a t io n s  o f  th e  G eology o f  Y o rk 
sh ire, p a r t  i i ,  p. 216, p i. v ii, fig. 15. L ondon, 1836.)

T h e gen u s Echinoconchus  w as p rop osed  by P r o f . W e lle r  in  O ctober, 1914  
(p. 138) for  P r o d u c t u s  p u n c t a t u s  (M art.) and  a llied  sp ecies. T h e d is t in g u is h in g  
character o f th is  g e n u s  is  i ts  orn am en t o f  con cen tric  band s w ith  sm all sp in e-b ases. 
T h is  ornam en t is  a lso  ch a r a c te r is t ic  o f  P u s t u l a  p u s t u lo s a  (P h ill .) , th e  g en o ty p e  o f
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P u s t u l a  \ and since the account o f T h om as’s genus w as pub lish ed  in  J u n e  o f  the  
sam e year, the nam e Echinoconchus  is  a synonym .

5. O v e r t o n i a  I. Thom as, 1914 (p. 259).
(G enotype : P r o d u c t a  f im b r ia t a  J . de C. Sow erby. T he M in era l C onchology o f G reat 

B r ita in , vol. v, p. 85, pi. cccclix , fig. 1. L ondon, 1824.)

6. S i n u a t e l l a  g e n .  n o v .

P la te  X I I ,  figs. 11— 15.
(G enotype : L e p t a e n a  s in u a ta  L. de K onin ck . D escr ip tio n  des A n im a u x  F ossiles  

qui se trou ven t dans le T erra in  C arbon ifère de B elg iq u e, p. 654, p l. Ixi, figs. 2a,  
b, c, d, e. L iège , 1851.)

R ibbed  in  nean ic  stage  and d eve lop in g  costae w h ich  are superim posed  on ribs  
a t a la ter  stage, but not e x ten d in g  w ith in  2 or 3 mm. o f umbo. T r a il ornam ented  
by costae only. Sp in e-b ases defin itely  arranged  in  row s on ears. V iscera l d isk  o f  
p ed ic le  valve flat and sep arated  from  tr a il  by a sharp gen icu la tion . B ra ch ia l va lve  
gen icu la ted . C ard in a l area developed  in  p ed ic le  valve, w ith  sm all tr ia n g u la r  
d elth yriu m  closed by d e ltid iu m . T eeth  and sockets u su a lly  not developed. 
D id u ctor  m uscle-scars o f p ed ic le  valve s itu a te d  im m ed ia te ly  below  umbo and en 
c losin g  e lon gated  adductors. A d d u ctor  m uscle-scars o f b rach ia l va lve den d ritic . 
C ard in a l process sm all. M ed ian  septum  s lig h tly  en larged  at its  an terior extrem ity .

7. P r o b o s c i d e l l a  D . P .  Œ h lert, 1887 (p. 1277, f ig .  1038).
P la te  X I I ,  figs. 16a, b, 17.

(G enotype : P r o d u c t u s  probosc ideus  P . E . P . de V ern eu il. Sur quelques espèces  
in téressan tes de B rach iop od es des terra in s anciens. Bull .  Soc. Géol . France,  
vol. x i, 1840, p. 259, pl. i i i ,  figs. 3a— d. P a r is .)
V a lves very unequal, the brach ia l va lve  sm all, concave and op ercu liform  ; the  

p ed ic le  valve large, convex on the v iscera l d isk , w h ich  is  separated  from  the flanks 
and tr a il  by a deep furrow . A  fu rrow  corresp on d in g  in  p o sitio n  to th a t o f  the  
p ed ic le  va lve is  seen on the brach ia l valve. F lan k s sp read in g , u n it in g  a long  a  
m ed ian  lin e  below  the brach ia l va lve and then  produced an teriorly  in  the form  o f  
a long  cy lin d r ica l tube. W h en  the tw o  flanks do not m eet, tw o tubes m ay be 
developed . S u rfa ce  ornam ented  w ith  concentric  ribs w h ich  become m ore num erous  
on the tra il, w here they  tak e the form  o f ann u lation s. C ostae fine, in crea sin g  by 
num erous in terca la tio n s  and developed  over the en tire  shell. In ter io r  unknow n.
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8. E t h e r i d g i n a  1). P . Œ liler t, 1887 (}). 1278).

(G en o ty p e; P r o d u c t u s  c om ple c te us  P.. E th er id g e , ju n . On an ad h eren t form  o f  
P r o d u c t u s  and a sm all S p i r i f e r i n a  from  the L ow er C arb on iferou s L im eston e  
G roup o f tlie  E a st  o f  S cotlan d , Q u a r t  Jou rn .  Ceol .  Soc.,  vol. x x x ii ,  1876, 
p. 454, p i. x x iv , figs. 1 -14; pi. xxv , figs. 15-24 [described  and figured  as P r o d u c t u s  
^p.]. F u rth er  rem arks on ad h erent C arb on iferou s P rod u ctid ae, Q u ar t .  rJourn. 
Geol.  Soc.,  vol. x x x iv , 1878, p. 498 .)

S h ell o f sm all size , n early  as broad a s long, ad h eren t to fo re ig n  bodies by the  
sp in es  a lon g  h in g e  o f  p ed ic le  va lve  and by attach m en t o f  p ed ic le  valve. C ard in a l  
m argin  str a ig h t, n early  e q u a llin g  g r e a te s t  w id th  o f  shell. S u rfa ce  ornam en ted  w ith  
concentric  u n d u la tin g  rihs b ea r in g  a fe w  scattered  sp in es. C ard in a l process and  
m ed ian  sep tu m  bifid. C a rd in a l area  not developed .

T h is  volum e d ea ls  on ly  w ith  the s e m i r e t i c t d a t u s  and l o n g i s p in u s  grou p s o f  
P r o d u c t u s  {sensu s tr ic to ) ,  w h ich  com p rise  the fo llo w in g  sp ec ies :—

A . S p ec ies  o f  tlie G roup o f  P r o d u c t u s  se /n ire t i cu la tus .

P ro d u ctu s a n tiq u a tu s  J.  S o w .  ...
P a g e

1 1 4 P ro d u ctu s p in g u is  sj). nov.
P a g e

1 0 4

„ b r isto len sis  sp.  nov.  ... 1 4 0 5 5 p rod u ctu s {Alart  ) 39
„ carb on ariu s 072. ... 5 6 „ var.  h isp id u s
,, con cin n u s J.  Sow . 49 var.  nov. 4 7

„ co sta tu s J . de  C.  S o w . . . . 1 4 3 J ) p ro jectu s sp. nov. 1 0 1

„ f le x istr iu s  APCoy 1 5 3 n p u g ilis  P h i l l .  ... 1 3 3

„ fu r ca tu s  sp.  nov. 85 S ) „ niut.  s e n ilis
„ garw ood i sp.  nov. 7 0 mut.  nov. 1 3 9

„ gr iffith ian u s d e  Kon .  ... 7 3 n red esd a len sis  sp .  nov . . . . 6 1

„ h in d i sp.  nov. ... 1 0 8 )) rotu n d u s G a r w o o d 7 6

,, „ var .  w etto n en sis 5 ) sco ticu s J .  Sow . 1 2 5

var.  nov. 1 1 3 n sem ir etic u la tu s  {Alart . ) 9 3

„ h o w ra ten sis  sp.  nov. ... 1 3 0 J J sp in o su s J .  Sow . 1 5 5

„ in scu lp tu s  52?. 710Ü. 89 5 5 su lca tu s J .  S o w . 1 4 7

,, k ilb r id en sis  sp.  nov. ... 1 1 9 n teres sp.  n o v ......................... 8 7

„ m u lt isp in ife r u s  sp.  nov. 121 5 > v a u g h a n i sp.  nov. 65
„ m u rica tu s P h i l l . 7 9
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B. S p ecies o f the G roup o f P r o d u c t u s  long isp inus .

39

P a g e P a g e
P rod u ctu s d erb ien sis sp. nov. 1 7 0 P rod u ctu s m in itu s  Tio-y. 1 9 5

lobatus J . Sow. 1 7 3 ,, praecursor gy. 1 9 1

5 ) „ var.  flexus p se u d o p lica tilis  sp.  nov. 1 8 9

var.  nov.  ... 1 8 0 „ setosus P h i l l .  ... 1 8 2

J J ,, var.  laq u eatu s „ t is s in g to n en sis  Ni&Zy ... 1 6 6

var. nov.  . . . . 1 7 8 ,, tr iq u etru s gp. 1 6 3

3 ) lo n g isp in u s  J. Sow .  ... 1 5 6

V I I . D e s c r i p t i o n s  o f  S p e c i e s .

A . S p ecies o f  the G roup o f P r o d u c t u s  s e m i r e t i c u l a t u s .

P r o d u c t u s  p r o d u c t u s  (M artin ).
P la te  I, figs. l a — d, 2— 6. T ext-figs. 6, 11.

1809. A n o m i t e s  p r o d u c tu s  W . M artin . P e tr ifica ta  D erb ien sia , p. 9, pi. x x ii ,  
figs. 1— 3.

1821. P r o d u c t u s  m a r t i n i  A . Sow erby (in  p art). M in era l C onchology o f G reat  
B r ita in , vol. iv, p. 15, pi. cccxv ii, fig. 2.

1836. P r o d u c t u s  m a r t i n i  J . P h il l ip s  (in  part). I llu s tra tio n s  o f the G eology o f  
Y orkshire, p art ii, p. 213, pi. v ii, fig. 1.

?1847. P r o d u c t u s  sem ire t icu la tus ,  var. concinnus  L. de K oninck . M onographie  
du genre P r o d u c tu s ,  Além. Soc. R o y .  Sci. ,  L iege , vol. iv, p. 189, pi. v iii , 
figs. Ig , h.

?1847. P r o d u c t u s  se m ire t ic u la tus ,  var. m a r t i n i  L. de K oninck  (in  part). Ib id . ,  
p. 188, pi. ix , fig. Ig .

1861. P r o d u c t u s  se m ir e t i c u la tu s  T. D av id son  (in  part). M on. B r it. Foss. 
B rach., vol. ii, p t. v. No. 4, p. 149.

1861. P r o d u c t u s  sem ire t icu la tus ,  var. m a r t i n i  T. D avidson . Ib id . ,  pi. x l ii i ,  
figs. 7, 7a, 8, ?6.

1863. P r o d u c t u s  m a r t i n i  T. D avid son . Ib id . ,  No. 5, pi. Iv, fig. 11.

D iagn os i s .— S h ell e lon gated , about 54 mm. h igh , 48 mm. w id e and 28 mm. th ick , 
or 1 : '9 : ‘5; g rea test w id th  at the an terior m argin . P e d ic le  valve w ith  long.
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la te r a lly  sp rea d in g  tr a il  ; flanks steep  and fla ttened  ])osteriorly  ; nnibonal an g le  
108°; ears sm all. B r a c h ia l va lve  w ith  fla tten ed  v isceral d isk  at r ig lit  a n g les  to tra il. 
D ia p h ra g m  developed , and freq u en tly  cx[)osed. C ostae ahout 14 in  10 mm. at 
d ista n ce  o f 20 mm. helow  umbo, uneven in  w id th , llexuous and D'ecpiently b ifu r c a t
in g  on tra il. R ib s rarely  con tin u ou s across fro n t o f  v iscera l d isk . S ])iuc-bases  
rare, excep t on v iscera l d isk , and in  tw o  row s on card in a l slo])es at an g le  o f  10" and  
at an g le  o f  25° to h in g e-m a rg in .

T e x t - f ig . 11 .— Froductus ju'oductu.s (M artin), Carb.
Lim estone, subzone Dj, Narrowdale, Staffordsliire.
B ritisli M useum, B .45519. D iagram m atic longi
tudinal section, natural size, siiovving thickness of 
pedicle valve (t), visceral cavity  (v), visceral disk of 
bracliial valve (b), trail of brachial valve (x), and 
diaphragm (d).

D e s c r ip t io n .— P e d ic l e  va lve .  T he lo n g itu d in a l contour o f th is  va lve  show s a  
s lig h t ly  convex p ortion  for  about 10 mm. below  the umbo, then  a  f la tten in g  o f  the  
viscera l d isk  for  about 15 mm. w h ich  term in a tes  in  th e  rounded  g e n icu la tio n , j o in 
in g  th e  v iscera l d isk  to the long, s tr a ig h t  or s lig h tly  curved  tra il. In  th e  g ero n tic  
s ta g e  th e  tr a il  m ay develop  broad, lo n g itu d in a l fo ld s . T h e flanks are steep  and  
fla tten ed  p o ster io r ly  but becom e very  w id e sp r e a d  in  th e  la ter  g ro w th -sta g es . A n  
extrem e exam p le  o f  th is  is  seen in  the sp ec im en  figured by D a v id so n  (1863) from  
W etton , B .M ., B .5809 , in  w h ich  th e  tr a il  a n d .f la n k s  ex p a n d  in  an u m b rella -lik e  
form . A  sh a llow  sin u s  m ay be develop ed  on the v iscera l d isk  and be fla tten ed  ou t  
on th e  tra il, or th e  ven ter  m ay be on ly  s lig h t ly  fla tten ed . T h e um bo is  sm all and  
rounded, the ap ex  p r o je c t in g  very  s lig h t ly  beyond the h in ge , w h ile  th e  um bonal 
slop es ex p a n d  ra p id ly . T h e h in g e  is  ex ten d ed  in to  sm all, fla tten ed , tr ig o n a l ear-  
le ts  w h ich  are sep a ra ted  from  th e flanks by a r ig h t-a n g led  g e n icu la tio n .
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T he costae are narrow  and rounded on the v iscera l d isk , but th ey  increase in  
w id th  and become s lig h tly  flattened  on th e  posterior p a r t o f th e  tra il. Increase  
in  the num ber o f costae on the v iscera l d isk  occurs by m eans o f in terca la tion s, as 
w ell as by b ifu rca tio n  o f prev iou sly  e x is t in g  costae, the angle  betw een th e  tw o  
resu ltin g  costae b ein g  sm all. T hese tw o costae a tta in  norm al w id th  in  a space of 
2— 3 mm. from  the p o in t o f d iv ision . B ifu r ca tio n s  are very frequ en t, one costa  
ten d in g  to sp lit  in to  tw o or three very narrow  costae on the anterior p art o f  the tra il 
and on the flanks. In  these p arts  o f the shell the costae become sin uous and very 
uneven in  w id th . B ifu r ca tio n  also occurs below  the scattered  sp ine-bases on the  
tra il, and an in terca la ted  costa  is  o ften  developed  at the sid e  o f the b ifu rca tion . 
T he su lci are narrow  and a lw ays o f less w id th  than  the costae.

T he ribs vary in  num ber from  12 to 16, and form  low  fo ld s on the card in a l slopes, 
but are rarely  developed across the v iscera l d isk . T hey freq u en tly  und u late , but 
rarely  b ifu rca te . T he p o in t o f in tersectio n  o f ribs and costae is m arked by a  s lig h t  
en largem en t o f  the costae.

Sp ine-bases are fa ir ly  num erous and are sca ttered  irreg u la r ly  over the v iscera l 
disk  ; u su a lly  accom panied  by coalescence o f  tw o costae p osterior to the sp ine-base, 
and b ifu rca tio n  anterior to it. On th e  tra il, sp ine-bases are rare and w hen  
developed are o f  large  size, a v erag in g  about 2 mm. in  d iam eter. In  a d d itio n  to 
the tw o row s o f sp in es on the flanks a lread y  m entioned , a few  sp ine-bases m ay be 
seen on the flanks below  the card in a l ex trem itie s .

G row th -lin es are very m arked, e sp e c ia lly  on the an terior portion  o f the tra il, 
and on the ears.

B r a c h ia l  valve.  T he ex ter ior  o f  th is  va lve is  not seen, as the low er or outur 
layer in variab ly  rem ains in  contact w ith  th e  m a tr ix  en closin g  the specim en. T he  
reverse or inner sid e  o f  th is  layer  show s a fla ttened  v iscera l d isk  w ith  a s lig h t  
m ed ian  con cavity  near the an terior end correspond ing to the fla tten in g  o f the  
p ed ic le  valve. T he v iscera l d isk  is  sep arated  at an an gle  o f  90° from  the tr a il  by a  
g en icu la tion . T he tr a il  fo llo w s the contour o f the p ed ic le  valve but is  not in  contact  
w ith  it.

T he shell ten d s to s p lit  a long the v iscera l d isk  o f the p ed ic le  valve, and in tern a l 
layers o f the b rach ia l va lve sp lit  off w ith  the p ed ic le  valve. T he low er or outer  
layers o f  the v iscera l d isk  o f the brach ia l valve rem ain  in  contact w ith  the tra ils
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o f both valves. A  fla tten ed  rim  is  v is ib le  ronnd the an terior  and la tera l m arg in s  
o f the v iscera l d isk  o f  the low er p a r t o f the b rach ia l va lve. T h is  rim , or 
d iap h ragm , is less th an  0 5 mm. in  th ick n ess  and is  from  2 5 to 5 mm. in  w id th  ver
t ic a lly  below  the umbo, but decreases la tera lly . I t  d iffers in  ornam en t from  the  
rem ainder o f the brach ia l va lve and m ay be sm ooth, lo n g itu d in a lly  s tr ia ted , or 
p nstn lose.

T he ornam ent o f  the b rach ia l va lve is  s im ila r  to th a t o f the p ed ic le  valve, but 
the ribs are m ore num erous and the a p p earan ce  o f  re ticu la tio n  on the v iscera l d isk  
is  m ore m arked. T he costae on th e  tr a il  are llexnous and uneven in  w id th .

I n t e r n a l  charac ters .  T he in ter io r  o f the p ed ic le  va lve  is  unknow n.

T he in ter io r  o f  the b rach ia l va lve is  rarely  seen ex cep t in  specim ens' from  
O sw estry, ShropsJdre, M .P .G ., 38320— 38323, and ?near S ettle , Y ork sh ire, B .M ., 
B .13834, B .5804. T h ese sp ecim en s show  a p rom in en t ca rd in a l process w h ich  is  
bilobed on its  in ter io r  fa ce  w ith  sm ooth, rounded  lobes, but is  tr ifid  on its  ex ter io r  
face, the three d iv is io n s  b ear in g  deep tran sverse  s tr ia tio n s . T h ese fea tu res  are  
show n in  the sp ecim en s from  ? S ettle , Y ork sh ire , figured  in  p i. i, figs. 2, 3. On each  
sid e  o f the card in a l process is  a fla tten ed  reg ion  bounded in tern a lly  l)y th e  m ar
g in a l r id ges, w h ich  ap p ear  to d iverge  from  the h in g e  about 1 mm. from  th e ca r
d in a l process and ex ten d  tow ard s the la te r a l m arg in  o f  th e  valve. B e low  the  
ca rd in a l process the  m ed ian  sep tu m  is  broad, fla tten ed  and  m ed ia n ly  d epressed , but 
i t  narrow s and becom es m ore p rom in en t an terior ly . C om plete  in ter io rs  o f  the  
brach ia l va lve  are unknow n, but the sep tu m  is  probably con tin u ou s to th e  an terior  
end o f the v iscera l d isk .

T he addu ctor m u scle-scars are sm all, d e n d r itic  and  ovoid  in  o u tlin e , and  th e  
an terior  end is  set on a s lig h t  r id ge. T h e b rach ia l im p ressio n s ex ten d  ou tw a rd s  
h o r izo n ta lly  from  th e an terior  la te r a l m a rg in  o f  th e  addu ctors, th en  tliey  are bent  
an terior ly  and are fin a lly  recurved u p w ard s, en c lo sin g  a sp ace  about 3 mm. w id e. 
T he in n er end o f  the b rach ia l im p ression s is  s lig h t ly  en larged , and  is  d is t in c tly  
sep ara ted  from  the m ain  p a rt o f  the im p ression . A  narrow  r id g e  ex ten d s  from  
the end  o f  the im p ression  and curves round  to jo in  th e  an terior  end o f  th e  m ed ian  su p -  
tum . T he space enclosed  by th e  im p ressio n s is  sm ooth, u n lik e  th e  other p a r ts  o f  
the in ter io r  o f  the b rach ia l va lve, w h ich  are m ark ed ly  p u stu lose. T h e sm ooth p or
tio n  p ossib ly  served  as th e  p o in t o f  m u scle  a ttach m en t for  tlie  sp ira l arm s.

 ̂ Tlie re^ister-nniiibers of the specimens are distinguished as explained in the footnote on the following page.
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D i m e n s i o n s .—

43

(1 ) (2 ) (3) (4)
M axim um  h e ig h t 3 5 4 5 5 4 6 0  mm.

w i d t h .................. 3 4 4 8 4 8 ' 5 5 4  ,,

,, th ickn ess 2 0 2 7  5 2 8 2 8  ,,

L en gth  o f h i n g e .................. 2 5 2 7 3 4  5 5J
,, ,, v iscera l d isk  ... 1 9  5 2 1 2 7 3 1  5  „

W id th  „ „ „ 2 5  5 2 8 3 3 2 4  „

N um ber o f costae in  
breadth  o f 10 mm. a t  
d istan ces v er tica lly  beloAv 
umbo :

at 15 mm. ... ... 14 16 14 12
„ 30 „ ..................  16 16 . 13 13

(1) B .M ./ 43377, Sow erby Coll., from  D erbyshire.
(2) B .M ., B .40952, W h ite  W atson  Coll., from  D erbysh ire.
(3) B .M ., B .42164, S ib ly  Coll., from  C alver, D erbysh ire.
(4) Geol. Surv., London, I .T .6 9 2 , from  P a rk  H ill,  D erbysh ire.

Ty-pe.— M artin  gave three figures o f A n o m i t e s  p r o d u c tu s  from  D erbysh ire in  
‘ P e tr ifica ta  D erb ien sia .’ PI. x x ii , fig. 1 o f  M a rtin  show s an en tire  specim en, w h ile  
figs. 2 and 3 o f the sam e p la te  rep resent a s lig h tly  sm aller  specim en  w h ich  is  sp lit  
across the v iscera l d isk . B oth  specim ens are probably lost. T he o r ig in a l o f  
pi. x x ii , figs. 2 and 3, is  chosen as lectotyp e.

D i s t r i b u t i o n }  — R an ge, D^ subzone.

E n g la n d .
D erb y sh ire: C alver P ark  Q uarry, C alver ( D J )  (B .M ., B .42164, S ib ly  C oll.); 

P a rk  H il l  (B .M ., B .43842, B .43843 , W . H in d  C oll.; M .P .G ., 32458— 32458, 48263; 
Geol. Surv., L ondon, I .T .669 , 692— 694, 786); T horpe C loud (B .M ., B .43826);  
S ig g a te , C astleton  (M r. J . W . Jack son ); B eresford  H a ll, B eresford  D a le  (B .M ., 
B .46909— 10); Chrom e H il l  (B .M ., B .46903— 08).

 ̂ The following abbreviations have been used in this and in successive p a g es;— M .P.G. =  Museum of 
Practical Geology ; B.M . = B ritish  Museum (N atural History) ; R. Scot. Mus., E dinburgh= Royal ’ Scottish  
Mmseum, Edinburgh ; Geol. Surv. =  Geological Survey Collection.

Specimens from a similar locality in different collections are quoted thus :—Kildare (B.M ., B .41815; 
M .P.G ., 35542), signifying th at a specimen from K ild ire  is preserved both in the B ritish Museum and in 
the Museum of Practical Geology. u _

F 2
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Is le  o f  M an : P oo lvash  (P .M ., 1442026, 1443827; P rof. S. 11. R eyn o ld s) ; Cast le- 

tow n (B .M ., B .10533).
L an cash ire  ; C lith eroe (B .M ., 1443849).
S h rop sh ire  : O sw estry  (M .P .G ., 38320— 38323).
S ta ffo rd sh ire : W et ton  (B .M ., 145809, D av id son  C oll., figd. 1863.\, pi. Iv, 

fig. 11); N arrow d ale  (B .M ., 1443840, 1443841, 45519).
Y ork sh ire  : (B .M ., 148938, G ilbertson  C oll., ftgd. J . P h il lip s , 1836, pi. v ii, fig. 1); 

E lb olton  (B .M ., B .4 9 872 ; P r o f . E. J . G arw ood) ; E lbo lton  L im estone, stream  near  
M ick le fo o t’s L a th e , B n rn sa ll (M r. R . G. S. H u d son ) ; Scaleb er B r id g e , S e ttle  (M .P .G ., 
d.2407, 32459); ^ u d lc  S. o f  E scow  H ou se, G ra ssin g to n  (M .P .G ., 0 .3694).

W ales .

F lin tsh ir e  : H a lk in  H il l  (B .M ., 1410522); H o ly w ell (B .M ., 1423540).

R e m a r k s .— P r o d u c t u s  p r o d u c t u s  is  d is t in g u ish e d  from  P .  conci i inus  J . Sow . by 
its  grea ter  size , longer and m ore sp r e a d in g  tra il, and  the absence o f  a tu b e-lik e  
en fo ld m en t o f  the fro n t o f  th e  tra il. T h e  costae o f  P . p r o d u c t u s  are m ore s in u ou s  
and irregu lar  th an  those o f P . concinnus,  and  there are tw o  row s o f  sp in es  on the  
ca rd in a l s lop es o f P . p r o d u c t u s  in  p lace o f  the group  o f  sp in es  on th e  ears in  P . 
concinnus.  I t  is  d is t in g u ish e d  from  P . m u l t i s p i n i f e r n s  sp. nov. by its  sm aller  v is 
cera l d isk  and m ore sp r ea d in g  tra il, and by the absence o f  th e  la rg e  p a tch  o f sm all 
sp in e-b ases on the flanks.

T h is  sp ec ies  is  very va r ia b le  both in  s ize  and  ornam ent. T h e costae m ay be 
fla tten ed  and sep ara ted  by narrow  su lci, or rounded  and p rom in en t, w ith  w id e  
in tersp aces. T h e am ount o f  b ifu rc a tio n  and  in te r c a la tio n  o f  costae a lso  var ies, and  
w ith  it  the s ize  o f  the costae o f  the tra il. T he tr a il  m ay be fa n -sh a p ed  or steep  
and s lig h t ly  ou tsp read  on the flanks.

M a r tin ’s d ra w in g s  show  a ra th er  m assive  form  w ith  lon g  sp r e a d in g  tr a il , and  
rath er sp in ose  v iscera l d isk . I f  fig. 1 o f  h is  p la te  rep resen ts th e  sam e sp ec im en  as  
figs. 2, 3, th e  len g th  o f  th e  v iscera l d isk  has been con sid erab ly  ex a g g e ra te d , and  
does not agree w ith  th a t  o f  fig. 3. T h e d ia p h ra g m  is  w e ll show n but is  n ot m en 
tio n ed  in  h is  d escrip tion .

M a rtin  d is t in g u ish e d  tw o  v a r ie t ie s  o f  h is  A n o m i t e s  p r o d u c t u s  : ‘ (a) v a lv a  con- 
v exa  tu b ercu lis  ra r is  aspersa , (b) v a lv a  con vexa  tu b ercu lis  d e s t itu ta .’ T he v a r ie ty  
(a) m ay rep resen t th e  m ore sp in o se  forn i w h ich  occurs a t th e  sam e horizon  as tlie  
ty p ic a l shells, and is  probably  to be id en tified  w ith  th e  v a r ie ty  P . p r o d u c tu s ,  var.
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his'pidus  var. nov. described on p. 47. T he var ie ty  (b) w as probably based on decor
t ica ted  specim ens sin ce not one specim en, am ong the large  num ber recently  
exam ined , w as fou n d  to be devoid  o f sp ine-bases. A ctu a l sp in es  are seldom  seen in  
s itu , and th is  m ay have m isled  M artin  in  d raw in g  up h is d escrip tion . I t  is  not 
p ossib le  to g iv e  any in terp re ta tio n  o f (b).

Sow erby’s specim en  o f P . m a r t i n i  (1821, pi. cccxv ii, fig. 2) is  a sm aller in d iv id u a l  
th an  M a r tin ’s shell and the tr a il  is  incom plete. Sow erby m en tions th e  tw o row s 
o f sp in es  on the ears, and in  h is  d escrip tion  o f P . concinnus  he notes the  
presence o f the flat space round the ed ge o f  the valve ( = d iap h ragm ) as occurring  
also in  P . m a rt in i .  O f the tw o rem ain in g  figures o f P .  m a r t i n i  g iven  by Sow erby, 
fig. 3 represents a bad ly  preserved  specim en, p ossib ly  b elon g in g  to a  v a r ie ty  o f P .  
p i n g u i s  sp. nov., w h ile  fig. 4  is  a poor specim en  o f P . carbonar ius  de K on. T he  
la tter , preserved  in  brown sandstone, is  described in  the su p p lem en tary  in d ex  to  
Sow erby’s volum e, by J . F arey, p. 160, as P . m a r t i n i  p .  T he tw o lim estone sp ec i
m ens, figs. 2, 3, are ca lled  P r o d u c t u s  m a r t i n i  a.

P h il lip s  (1836, pi. v ii, fig. 1 ; pi. v i ii ,  fig. 19) figured tw o specim ens as P .  
m a r t in i ,  one o f w h ich , pi. v i ii ,  fig. 19, is  q u ite  d is tin c t  from  P . p r o d u c tu s  and m ay  
be an im p erfec t exam p le  o f P . a n t iq u a tu s  J . Sow . or P .  p i n g u i s  sp. nov.

P r o d u c t u s  m a r t i n i  w as described  by M ‘Coy (1844, p. I l l )  as a d is tin c t  species, 
and he noted  the presence o f a sm ooth area  (d iap h ragm ) round the m arg in  o f the  
ven tra l ( = brach ia l) valve. T h is  he described  m ore fu lly  la ter  (1851— 55, p. 467), 
s ta t in g  th a t th is  narrow  fla ttened  border h as been taken  to represent the th ick n ess  
o f stone betw een  the tw o valves. ‘ A n  a tten tiv e  ex a m in a tio n  w il l  shew , how ever, 
th a t th is  is  not th e  case, a p ortion  o f th e  sh ell sm oother th an  th e  rest b ein g  bent 
at r ig h t an gles to the preced in g , and to the fo llo w in g  p arts o f  the valve, covering  
over th a t p ecu liar  m arg in  rep resented  in  M a r tin ’s p la te . T h is  character seem s to  
be on ly  developed  in  th e  adult, or w hen  the v iscera l d isk  o f the en ter in g  valve  
[brach ia l] is  seven or e ig h t lin e s  long, w h en  the w id th  o f the border is  rather m ore 
th an  a lin e .’

D q K on in ck  ( 1 8 4 2 — 4 4 ,  p. 1 6 0 )  con fu sed  P . p r o d u c tu s  w ith  e lon gated  form s o f  
P .  sem ire t icu la tus ,  w h ich  he described  as P . m art in i ,  u s in g  th is  term  in  p reference  
to  P . a n t i q u a t u s  or P . semire t icu la tus .  N on e o f the figures o f P .  m a r t i n i  g iven  by 
de K oninck  can be ascribed  to th is  species, and the specim en show n in  pi. v ii, fig. 2 , 

is  an exam p le  o f P . m u l t i s p i n i f e r u s  sp. nov. In  h is  la ter  w ork ( 1 8 4 7 b , p. 8 3 )  de 
K onin ck  em p loyed  the nam e sem ir e t ic u la tu s  in stead  o f  m art in i ,  but s t il l  k ep t P .  
m a r t i n i  as a d is tin c t  var ie ty . '
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D a v id so n  ( 1 8 6 1 b ) added  to the con fu sion  started  by de K oninck , by d escril)in g  
P .  m a r t i n i  as w ell as several other form s as ide/^tical w itli P .  sen i i re t i cu la tus ,  
s ta t in g  th a t he cou ld  not d raw  any lin e  o f  d is tin c tio n  betw een tliein. T h e sp e c i
m en figured  by D a v id so n  from  P a rk  H il l  ( 1 8 6 1 b , pi. x l i i i ,  fig. 7 ) ,  p reserved  in  the  
M useum  o f  P r a c tic a l G eology, is  m ista k en ly  represen ted  as h a v in g  a deep  sin u s. T lie  
fea tu re  in d ica te d  is  due to  in ju ry  to the shell d u r in g  the l i f e  o f  the an im al, r e su lt
in g  in  irregu lar , s in u ou s costae and closer a p p ro x im a tio n  o f  growth-1 in es due to 
reta rd a tio n  in  develop m ent.

G. B . Sow erby figured  a ty p ic a l sp ecim en  as P .  m a r t i n i  (1822— 34, fig. 1); but 
th e  specim en  described  by D esh a y es (1832, p. 848) ap p ears to be too d eep ly  lobatc  
fo r  the ty p ic a l form .

D e  V ern eu il (1845, pi. x v iii ,  p. 9) figured  a sm all form  from  R u ss ia  q u ite  d is 
t in c t  from  P .  p r o d u c tu s ,  h a v in g  a row  o f  sp in es  on each flank. H e quoted  P .  m a r 
t i n i  and P .  conc innus  as v a r ie t ie s  o f  P .  s e m i r e t i c u l a t u s  and d is tin g u ish e d  P . con
c in nus  from  P . m a r t i n i  by the grad u a l d isa p p ea ra n ce  o f  th e  sin u s, and th e  absence  
o f  ribs. F isch er  de W a ld h e im  also  recorded P . m a r t i n i  from  M ja tsch o w a , R u ss ia , 
but g ave  no figure o f  the form  in d ica te d  in  h is  d escr ip tio n  in  1837 (p. 42).

A b ich  figured  sp ecim en s (1878, p i. v, figs. la ,  b; p i. ix , figs 4, 4a) as P r o d u c t u s  
m a r t i n i  from  A rm en ia , but th ese  do not ap p ear  to belong to th e  s e m i r e t i c u l a t u s  
group , w h ile  von A rth ab er  (1900, p. 266) in clu d ed  P . m a r t i n i  as w ell as P . car-  
honar ius  de K on in ck , P . n y s t i a n u s  de K on in ck , and other sp ec ies  in  th e  gen u s  
M a r g i n i f e r a .

V on  B uch  d id  not figure h is  P . m a r t i n i  (1842, p. 30) bu t quoted  as referen ce  
P h i l l ip s ’s figure w h ich , how ever, does not rep resen t th is  sp ec ies; and  W in c h e ll in  
1863 (p. 4) recorded P . m a r t i n i  from  th e B u r lin g to n  L im eston e  o f  Iow a , bu t gave  
no figure.

M . D em an et (1921— 23, p i. v i, fig. 30) figured  the p oster ior  p ortion  o f  a  sp ecim en  
lab elled  P . s e m ir e t i c u la tu s ,  var. m a r t i n i ,  from  the W a u lso r tia n  o f  F ou r  à C h aux, 
M ared sou s, B e lg iu m , subzone C^. T h e sp ecim en  is  too in com p lete  fo r  p rec ise  
d eterm in ation , bu t P . p r o d u c t u s  h as not so fa r  been fo u n d  e lsew h ere below  th e  D^ 
subzone. D r. W ilm o re  (1916, p. 428) d is tin g u ish e d  the k n o lls  o f  — S age in  
Y orksh ire, in  w h ich  P . s e m i r e t i c u l a t u s  occurs, from  those o f  D^ age w h ich  co n ta in  
P . m a r t in i .

T he P . sem ir e t i c u la tu s ,  var. m a r t i n i  recorded by K irk b y  (1888, p. 750) from  
the C oal M easu res o f  F i f e  is  probably a  sp ecim en  o f  P . ca r b o n a r iu s  de K on in ck .
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V a u g h a n ’s specim ens described as P .  cf. m a r t i n i  ( 1 9 0 5 a , p. 288), and la ter  as P . 
bur l ingtonens is ,  are in  p art redescribed in  the presen t w ork as P . v a u g h a n i  sp. nov. 
(p. 65).

D r. S ib ly  (1908, p. 76) described P . m a r t i n i  from  the D^ and D^ subzones o f  the  
M id lan d s, but the ty p ic a l form  is  sa id  to a tta in  its  m axim um  in  the ‘ B rach iop od  
B eds ’ o f D^ ago. H e  d is tin g u ish e d  P . m a r t i n i  from  P . concinnus  J . Sow . by the  
non-su lcate  convex valve, inconsp icuou s ‘ sem ireticu la tio n ,’ and the ‘ square-shap ed  ’ 
in tersection  o f the valves o f the form er. P . concinnus  is sa id  to be sm aller, w ith  
su lcate, convex valve and less ex ten d ed  sk irt. T he ‘ sem ireticu la tion  ’ is  strong  on 
the w in g s  and possib ly  ex ten d s over the fro n t o f the valve, and the in tersection  o f  
the tw o valves is  transverse.

P r o d u c t u s  p r o d u c t u s , v a r .  h i s p i d u s  v a r .  n o v .

P la te  I I I ,  figs. 13a, b.

D ia g n os i s .— S h ell e lon gated , about 47 mm. h igh , 38 mm. w id e, and 24  mm. 
th ick , or 1 : "8 : ’5; m axim um  w id th  near an terior m argin . P e d ic le  va lve w ith  
broad v iscera l d isk  g en icu la ted  to form  a s lig h tly  sp read in g  tra il. E ars rather  
large, tr ia n g u la r  in  ou tlin e  and sep arated  from  v iscera l d isk  by deep su lcus. Shell 
not ten d in g  to sp lit  a long v iscera l d isk , and d iap h ragm  rarely  exposed . C ostae  
about 14 in  10 mm. at d istan ce  o f 20 mm. below  umbo, coarse and rath er prom inent, 
b earin g  num erous large  sp ine-bases near w h ich  costae th icken . T hree row s o f sm all 
sp ine-bases on ears and co n tin u in g  dow n flanks.

D i m e n s i o n s .—
M axim um  h e ig h t  

„ w id th
„ th ick n ess

L en gth  o f h in ge
„ „ v iscera l d isk

W id th  „
Num ber o f  costae in  

breadth  o f 10 mm. at 
d istan ces  v er tica lly  
below  umbo :

a t 15 mm. ... ... ... 13 14
,, 25 mm. .. .  ... . . .  14 14

(1) (2)
45 47 mm.
37 38
23 24
32 26
21 17 „
20 21 „
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B oth  specim ens, from  H u m p h rey  H ead , L an cash ire , suhzonc I).̂ , are in  P r o f. 
E. J . G arw ood ’s co llection . Specim en  (1) is incom plete , and its  o i'ig in a l lie ig lii  has 

been estim ated .

Tyq)e.— H o lo ty p e , from  H u m p h rey  H ead , L an cash ire , subzone 1),, is preserved  
in  P r o f . E. J . G arw ood ’s co llection . P a ra  typ es : a num ber o f  sp ec im en s m en
tio n ed  below  in  the p a ra g ra p h s on ‘ D is tr ih u tio n .’

D i s t r i b u t i o n . — R an ge, I ) , to D , .subzones.

E n g la n d .

D erb ysh ire  : N .E . slop e o f  Chrom e H ill , H in d lo w  (G eol. Snrv., L ondon, 
I .T .8 2 6 );  S .W . slop e o f  P a rk  H il l  (G eol. Surv., London, L T .7 6 9 );  C aw dor Q uarry, 
M atlock  B r id g e , C y a t h a x o n i a  B eds, suhzone D^ (G eol. Surv., L ondon, J .M .3 6 1 );  
N ew  L ow  Q uarry, C astle ton  (M r. J . W . J a ck so n ); M ich  L ow , near B ra d w ell (M r. 
J . W . Jack son ).

I s le  o f  M an : P oo lvash  (B .M ., B .43845).

L an cash ire  : H u m p h rey  H ead , near G ran ge, suhzonc D , (P r o f. E . J . G ar
w ood.)

S ta fford sh ire  : N arrow d ale  H il l ,  sub zone D^ (B .M ., B .45850— 52, R oscoe C oll.) ; 
H o p e  D a le  (M r. J . W . J a ck so n ); near A ls to n h e ld  (M r. J . W . Jack son ).

Y o r k sh ir e :  E lbolton , subzone D^ (B .M ., B .2 4 7 3 ) ; B rockthorn , S e ttle  (B .M ., 
B .20550).

W  ales.

A n g le se y  : Q uarry in  field, 550 yard s E. o f  C a lifo r n ia  In n , and 1^ m iles  S. o f  
L la n a llg o  C hurch (G eol. Surv., L ondon, A f.2 0 5 2 ).

F lin ts h ir e :  U p p e r  G rey L im eston e, M old  (B .M ., B .23881).

P em b rok esh ire  : E a st  s id e  o f  B u lls la u g h te r  B a y  (G eol. Surv ., L ondon, I .T .6 1 0 ,
619).

R e m a r k s .— P r o d u c t u s  p r o d u c tu s ,  var. h i s p i d u s  is  d is t in g u ish e d  from  P .  p r o 
d u c t u s  (M artin ) by its  s lig h t ly  broader v iscera l d isk  an d  less sp r e a d in g  tr a i l  in  th e  
p ed ic le  valve. T h e costae in  P .  p r o d u c tu s ,  var. h i s p i d u s  are coarser an d  s lig h t ly  
m ore p rom in en t th a n  in  th e  p a ren t sp ec ies, and sp in e-b ases are d ifferen tly  arranged  
in  th e  tw o  form s.

T h is  v a r ie ty  is  rea d ily  co n fu sed  w ith  another sp ec ies  w ith  a lon g  tr a il  w h ich  
also  occurs in  th e  D^— D^ subzone o f  D erb ysh ire. T h a t form  is  ex trem ely  sp in ose.
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esp ec ia lly  on the v iscera l d isk , and the ornam ent resem bles th a t o f  B u xton ia .  I ts
re la tion sh ip  to P .  f r o d u c t u s  is  uncerta in , but it  is  probably a hom oeom orph belon g
in g  to the genus B u xton ia .

I t  is  p ossib le  th a t the specim en figured by de K oninck  ( 1 8 4 7 b , pi. ix , fig. Ig )  
and d o u b tfu lly  id en tified  as P .  p r o d u c tu s  m ay belong to P .  f r o d u c t u s ,  var. his'pidus,  
as it  has the row s o f  sp ine-bases on the flanks ch aracter istic  o f th is  variety .

P r o d u c t u s  c o n c i n n u s  J . Sowerby.

P la te  I, figs. 7, 8a, b, 9 , 10a, b, T ext-fig . 12.

1821. P r o d u c t u s  concinnus  J . Sow er by. M in era l C onchology o f G reat B r ita in , 
vol. iv, p. 16, pi. ceex v iii, fig. 1.

1860. P r o d u c t u s  semire t icu la îus ,  var. B, or m a r t i n i  T. D av id son  (in  part).
T he C arbon iferous System  in  Scotland  ch aracterized  by its  B rach iopoda, 
The  Geo logis t ,  vol. i i i ,  p. 109.

1860. P r o d u c t u s  semire t icu la tus ,  var. concinnus  T. D avid son . I b id . ,  p. 268 [in  
e x p la n a tio n  o f pi. i i i ,  under h ea d in g  ‘ P la te  i v ’], pi. l i i ,  fig. 12.

1861. P r o d u c t u s  semire t icu la tus ,  var. concinnus  T. D av id son . M on. B r it.
Foss. B raeh , vol. ii, p t. v, No. 4, pi. x l i i i ,  figs. 9, 10.

1906. P r o d u c t u s  concinnus,  m ut. D^ T. F . S ib ly . On the C arbon iferous L im e
stone (A von ian ) o f the M en d ip  A rea  (Som erset), Quar t .  Journ .  Geol . Soc.,
vol. Ix ii, p. 372, pi. x x x ii ,  figs. 3a , 3b.

T e x t -f i g . 12.— Productus concinnus J. Sowerby. Lecto
type from the Carb. Limestone of Derbyshire, or 
Richmond, Yorkshire. B ritish Museum, B. 47991.
Diagram m atic longitudinal section, natural size, 
showing thickness of pedicle valve-wall (t), visceral 
cavity (v), visceral disk of brachial valve (b), trail of 
brachial valve (x), and diaphragm (d).

D ia g n os i s .— S hell about 40 mm. h igh , 30 mm. w id e  and 16 mm. th ick , or
1 : ‘7 : '4; e lon ga ted ; h in ge  s lig h tly  less th a n  w id est p art o f shell. P e d ic le  valve
w ith  m ed ian  fo ld  on fro n t o f tra il, fo rm in g  tube-like developm ent an teriorly  ; tra il
never sp rea d in g  ; flanks steep  ; um bonal an g le  105°; ears large  and flattened . B rach ia l

G
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valve with flat v iscera l d isk  shar})ly g c iiicu la tt‘(l to form tr a il;  d ia p h ra g m  d eve
loped  and freq u en tly  exposed . C ostae about 17 in  10 mm. a t d is ta n ce  o f  20 mm. 
from  umbo, fla tten ed  on tra il and s lig h tly  sin uous, llih s  feebly  d evelop ed  on ca r 
d in a l s lop es and on front o f v iscera l d isk . S p in e-b ases scattered  ou viscera] d isk , in  
grou p s on ears and on Hanks below ca rd in a l ex trem ities .

D e s c r i p t i o n . — P e d i c l e  va lve .  T he v iscera l d isk  is  short and s lig h t ly  convex, 
and is  sep ara ted  from  the rath er shqrt, m od erate ly  curved  tra il hy a rounded g en i-  
cu la tion . T h e flanks are fla ttened  and  sloj)c g en tly  o u tw a rd s a n ter io r ly  but are  
never sp rea d in g , and  the venter is  fla ttened  or s lig h t ly  s in u a ted , the s in u s  d y in g  
out on the p osterior  part o f  the tra il. T he umbo is sm all, th e  ap ex  p o in ted  and  
p ro jec tin g  s lig h t ly  beyond the h in ge. T h e ears are sep ara ted  from  the flanks by a 

deep su lcus.
T he costae are fine on the v iscera l d isk , but they  in crease  in  w id th  and  become 

flattened  on the tra il. B ifu r c a tio n  o f th e  costae occurs freq u en tly  on a ll p a rts  o f  
the sh ell and not n ecessar ily  in the reg ion  o f a sp in e-b ase. In terca la  ted  costae  
occur on the v iscera l d isk  and flanks. In  the gero n tic  s ta g e  the costae ten d  to  
becom e uneven  in  w id th  and s lig h t ly  sin u ou s, and to develop  irreg u la r  sw e llin g s  
and excrescences. In  d ecortica ted  p a rts  o f  the sh ell the costae m ay decrease to  
h a lf  th e ir  norm al w id th . T he su lc i are about h a lf  the w id th  o f  th e  costae.

T he ribs are u su a lly  about 10 in  num ber and are feeb ly  developed . On th e  ca r 
d in a l s lop es th ey  form  a n g u la r  w r in k les  w h ich  in crease  very s lig h t ly  in  s ize  on 
the la tera l s lop es o f  th e  v iscera l d isk . E n la rg em en t o f  the costae a t the p o in t o f  in 
tersection  w ith  th e  ribs is  never m arked.

S p in es  ap p ear  to have ex ten d ed  ta n g e n tia lly  to the shell on the v iscera l d isk , 
w h ere a few  sca ttered  sp in e-b ases  are u su a lly  seen. A  few  larger , e lo n g a ted  sp in e-  
bases are develop ed  on the tra il, th e ir  d iam eter  e x c eed in g  th e  w id th  o f  th e  costae  
su p p o rtin g  them . In  a d d it io n  to the grou p  o f  sp in e-h ascs on the ears a row  is  som e
tim es develop ed  on the ca rd in a l s lop es and ex ten d s a t an an g le  o f  10" to the h in g c-  
m argin . A  grou p  o f  sp in e-b ases m ay occur on the flanks im m ed ia te ly  below  the  
ca rd in a l an gles. T h e average  d iam eter  o f  a sp in e-b ase  is  less  th a n  1 25 mm. and  the  
g rea test len g th  o f  sp in e  observed is  1 3  cm.

G row th -lin es  are very  num erous on th e  tra il.

B r a c h ia l  va lve .  T h e v iscera l d isk  is  fla ttened , but has a s lig h t  m ed ian  fo ld  
corresp on d in g  to th e  s in u s  in  th e  p ed ic le  valve, and it  is  sep ara ted  from  th e tr a il  
by a g en icu la tio n  a t an a n g le  o f  90". T h e  actu a l ex ter io r  o f  th is  va lve  is  unknow n.
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as i t  in var iab ly  rem ains in  contact w ith  the m atrix . The shell ten ds to sp lit  a long  
the v iscera l d isk  o f the p ed ic le  valve, and the inner layers o f the v iscera l d isk  of 
the brach ia l valve sp lit  off w ith  the v iscera l d isk  o f the p ed ie le  valve. W hen  th is  
la tter  p ortion  is  rem oved the d iap h ragm  is  seen as a sm ooth rim  round the v isceral 
disk  o f the brach ia l valve. T h is  rim  is  from  tw o to three m illim etres in  w id th  
and is u su a lly  seen to lie  at a s lig h tly  low er level than  the v iscera l d isk .

T he ornam ent is  sim ilar  to th a t o f th e  p ed ie le  valve.
I n t e r n a l  characters .  T he in terior  o f the p ed ie le  valve, is unknow n.
In  the brach ia l va lve there is a  sm all bifid eard in a l process ex ten d in g  dow n

w ards as a broad and flat m ed ian  sep tu m  w h ieh  narrow s betw een the adduetor  
m usele-scars and ex ten d s to the an terior end  o f the v iscera l d isk . A b ou t 1 mm. 
from  the card in a l process the m arg in a l r id ges  d iverge from  the h in ge  and slope  
dow n to the la tera l m argin , a long w h ieh  they  continu e for a d istan ee  o f 2 or 3 
mm. ; they  a lw ays rem ain  extrem ely  narrow  and d elicate.

T he adductor m uscle-scars are sm all and d en d ritie . T h eir  posterior ends are 
in serted  about 1 5  to 2 mm. below  the h in ge-m arg in  and they  are in  eontact w ith  the  
m ed ian  septum  a long th e ir  inner m argin . T he braeh ia l im p ression s are g iven  off at 
the anterior end o f the adduetors and th is  posterior portion  o f the im p ression  is  
d iseon tinuous, b ein g  eut by narrow  tran sverse in c is ion s. T he ap ex  does not seem  to 
be sep arated  from  the rem ainder o f the im pression , a lth ou gh  it  is  s lig h tly  en larged . 
T he anterior p art o f the im p ression  is  set on the edge o f th e  v iscera l d isk , ju st  
above the d iaphragm , as show n in  pi. i, fig . 9.

D im en s ions .— (1) (2) (3) (4)
M axim um  h e ig h t ... 24 25 26 5 42 mm.

,, w id th  ... 27 29 5 25 33 „
,, th ickn ess 16 18 5 16 1 6 5  „

L en gth  o f h in g e  ... — 17 2 22  „
„ •,, v iseera l d isk  ... 15 14 5 14 5 15 „

W id th  „ „ „ 
N um ber o f costae in  

breadth  o f 10 mm. at 
d istan ces v er tica lly  below  
umbo :

19 5 21 5 18 5 22 „

at 10 mm. 17 17 19 19

n Ifi )) • • • 13 15 17 16
,, 20  ,, 14 17 16 17

0  2
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(1) G eol. Surv., L ondon, P r .2340 , from  oast s id e  o f  R.agwon P o in t, C ar
m arth en sh ire.

(2) B .M ., B .42163 , S ib ly  C oll., from  N. o f  Jhvkewell, D erb ysh ire, subzone

D ,.
(3) B .M ., B .47992, Sow erby C oll., from  D erbysh ire, or R ichm ond , Y ork

shire.
(4) K elv in grove  M us., G lasgow , 0 P 5 3  a fn , Y ou n g C oll., from  the blur let

L im eston e, S cu llion gou r , C am psie, S tir lin g sh ir e .

T y p e . — Sow erby figured  th ree  sp ee im en s from  R ichm ond , Y ork sh ire , or from  
D erb ysh ire. O ne specim en , the r ig h t-h a n d  figure o f  pi. c e ex v iii, fig. 1, is  in  tw o  
p arts  and show s the d iap h ragm . T h is  sp ecim en  [B .4 7 9 9 1 ] is  chosen as lecto typ e. 
T he other tw o  sp ecim en s are em bedded in  a fra g m en t o f black lim eston e. T he  
speeim en s are preserved  in  th e  B r it ish  M useum , Sow erby C oll. [B .47991 , B .47992].

D i s t r i b u t i o n . — R an ge, D , subzone to M ills to n e  G rit.

E n g la n d .
D erb ysh ire  : Q uarry, S. o f  R ow  dale  H ouse, N. o f  B ak ew ell, subzone D^ (B .M ., 

B .42162, B .42163 , S ib ly  C oll.); S h a w s Q uarry, S. o f  sta tio n , M atlock  B a th  (G eol. 
Surv., London, C .B .W . 931, 932, 934, 943, 944).

N orth u m b erlan d  : S ix -Y a r d  L im estone, L it t le  M ill, subzone D ,— D^ (B .M ., 
B .4 1 9 6 5 — 41968, S. S m ith  C oll.); u p p er beds o f  E ig h t-Y a r d  L im eston e, old quarry, 
D u n sta n  H il l  (G eol. Surv ., L ondon , J .R .1 1 4 8 , 1149).

Som erset : L on g  A sh ton , horizon  e (B .M ., B .1 5 2 8 ); W ick , h orizon  e (B r isto l  
U n iv .);  Em boroiigh, subzone D^— D^ (B r isto l U n iv .) ;  H on eyp en  H ill ,  C lifto n , B r isto l, 
horizon  e (B r isto l M us., C .1234); A von  S ection , subzone D , (B r isto l M us.).

Y o r k sh ir e :  M ills to n e  G rit, top  • o f  G reat S ta n d a rd s  F e ll (B .M ., B .43731,
B .43732 , W . H in d  C oll.); H a rd ra w  S h a le , M ill G ill, A sk r ig g , W en sley d a le  (M r. 
R. G. S. H u d son ); ? R ich m on d  (B .M ., B .4 7 9 9 1 — 92).

W ale s .
A n g lesey  : E scarp m en t above eliff, P en -y -C oed , A n g le se y  (G eol. Surv ., L ondon , 

A f.6 2 2 );  quarry, 1 ,370 yard s W .N .W . o f  L la n d d y fn a n  C hurch (G eol. Surv ., L o n 
don, A f.2 1 6 4 ).

. C arm arth en sh ire  : B ed s below  low est san d ston e  o f  M ills to n e  G rit, ea st s id e  o f  
R a g w en  P o in t , S .W . o f  P e n d in e  P o s t  Office (G eol. Surv., L on don , P r .2 3 4 0 , 2344-  
2346 ); R agw en , near P e n d in e  (B r is to l U n iv .) .
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C arnarvonsh ire : G reat O rm e’s H ead  (B .M ., B .43822).
G lam organsh ire : P o r t  E ynon, subzone D , (B r isto l U n iv .).

P em b rok esh ire: E a st sid e o f B u lls la u g h ter  B ay, Pem broke, subzone Dg (Geol. 
Surv., London, I .T .603).

Scot land .
A y rsh ire  : Louver L im estones, b laes betw een B roadstone and D oek ra  L im estones, 

A uchenm ade (G eol. Surv., E d inb urgh , V .2 5 0 2 a , 2 5 0 6 a , 2 5 0 7 a ) ;  C leugh B urn , A y r-  
w ater, at B rock lar L im ew orks (Geol. Surv., E d inburgh , M .2811); L a igh  H ole  H ouse, 
A yrw ater  (Geol. Surv., E d inb urgh , M .2810); S. o f H illh ou se, E. o f  H ow com m on  
(G eol. Surv., E d inb urgh , T . 3 1 2 3 e ) ;  stream , north sid e o f Cessnock C astle, below  
old  bridge (G eol. Surv., E d inb urgh , T . 3 2 5 5 e ) ;  L ow er L im estones, A uehenskeoch, 
D airy  (R . Scot. M us., E d inb urgh , 23) ; L ow er L im estones, eoal-shale, B e ith  (R. Scot. 
M us., E d inb urgh , 22); H u r le t L im estone, D oekra, B e ith  (K elv in grove M us., G la s
gow , 96 65 i l f ) ; shale above M ain  C lay  Ironstone, N etherton , D u n lop  (R. Scot. M us., 
E d inb urgh , 24).

B u tesh ire  : H u r le t L im estone, 200 yard s N. o f L a g g a n  shore, A rran  (Geol. 
Surv., E d inb urgh , T .780).

E d in b u rgh sh ire  : M ount L oth ian , E . o f P e n ie u ik  (M .P .G ., 3 8 3 2 4 — 38327) ; 
Bore, S .E . s id e  o f B reieh w ater , \  m ile  N . o f  H an d axw ood  (Geol. Surv., E d inb urgh , 
T .4266e); H illh e a d  Q uarry, N . o f C ockm uir B r id g e  (Geol. Surv., E d inburgh , 
B.1478C, 1480c, 1485c, 1519c).

L an ark sh ire  : D untoeher, H a m ilto n , C arluke (M .P .G ., 34459) ; Joh n ston e Shell- 
bed, seetion  above M cD on ald  M ine, S .W . o f  S ite h ill, Co alburn (Geol. Surv., E d in 
burgh, M . 4 6 4 7 g ) ;  nodules on u n d ersid e  o f  M ain  or H u r le t L im estone, B irkw ood  
B urn , 1 ^  m iles N .W . o f L esm ahagow  (G eol. Surv., E d inb urgh , T . 4 6 6 5 e ) ;  L ow er  
L im estones, B ask et Shell-bed , Cot C astle  Farm , le f t  bank o f A von  W ater , 2 m iles  
N .E . o f S tra th aven  (G eol. Surv., E d in b u rgh , T . 2 7 7 2 d , 2 7 7 6 d , 2 7 7 7 d , 2 7 7 9 d , 2 7 8 0 d ) ;  

H a g sh a w  B u rn  (G eol. Surv., E d inb urgh , T . 6 0 6 d , 6 0 7 d ) ;  L ow er L im estones, B o g 
head, H a m ilto n  (H u n ter ia n  M us., G lasgow , L .209).

P eeb lessh ire  : W h itfie ld  L im estone Q uarry, S. s id e  o f road, near M acb ieh ill R a i l 
w ay S ta tio n  (G eol. Surv., E d inb urgh , T . 3 6 6 5 a ).

S tir lin g sh ir e  : L ow er L im estones, U p p er  B annock B urn, above T h ird  R eservoir, 
G rangem outh  S u p p ly  (G eol. Surv., E d inb urgh , T . 1 8 4 9 f ) ;  L ow er L im estones, 
C raigen g len , C am psie  (G eol. Surv., E d inb urgh , T . 2 9 0 4 b ) ;  L ow er L im estones, C orrie- 
burn, C am psie  (R . Scot. M us., E d in b u rgh , 21); L ow er L im estones, H u r le t L im estone,
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S cu llion gou r , C am p sie  (K elv in grove  M us., ligd. D avidson , 1861 u, pi. x l i i i ,  (ig. 10; 
01 53 a f t ;  a lso  01 53 a fm  and a fn ).

Ire land .
Co. M a y o : S lia les above M ain  Id m eston e, Noi'th S tar  C o lliery , H ally- 

castle  (B r isto l U n iv .) .
R e m a r k s . — P r o d u c t u s  conc in nus  is d is tin g u ish e d  from  P.  p r o d u c t u s  (M artin )  

by its  less globose v iscera l d isk , and by its  shorter and less sp r e a d in g  
tra il, the front o f  w h ich  ten d s to  develop  a p rom in en t m ed ian  fo ld . T h e  
ears are larger  in  P .  concin nus  th an  in  P .  p r o d u c t u s  and bear grou p s  
o f sp in e-b ases, and th e  costae in  the form er are less  irreg u la r  and (lexuous th an  in  
th e  la tte r  species. P .  conc innus  is  d is tin g u ish e d  from  P.  c arhonar iu s  by its  larger  
v iseera l d isk , m ore ex ten d ed  tra il and sp re a d in g  Hanks, coarser and  m ore p rom i
n en t costae and few er  and  larger  sp in e-b a ses  on tlie v iscera l d isk  and tra il.

A s  a lread y  m en tioned , one specim en  figured by Sow erby, w h ich  is  in  tw o  p arts, 
show s th e  d ia p h ra g m  preserved  round the v iscera l d isk  o f  the b rach ia l valve. 
Sow erby referred  to th is  w h en  he sa id  : ‘ T he Hat sp ace  around th e  ed ge  o f  the  
low er v a lve  occurs a lso  in  P . M a r t i n i ,  as M r. M a r tin ’s e x ce llen t figure shew s, but it  
does not ap p ear  to  be co n sta n t.’ T h is  ap [)aren t lack  o f  con stan cy  is  on ly  due to the  
w ay in  w h ich  th e  v iscera l d isk  o f  th e  p ed ic le  va lve  sp lit s  off, th e  d ia p h ra g m  som e
tim es b e in g  p reserved  in  th e  u p p er  and som etim es in  the low er p o rtio n  o f  the shell. 
Sow erby m en tion ed  P . conc in nus  as occu rr in g  w ith  P . loha tu s  at L it t le  ICark T ow er, 
N orthum berland .

D a v id so n  ( 1 8 6 1 b , p. 1 5 1 )  con sid ered  P .  conc in nus  to be a  v a r ie ty  o f  
P . s e m i r e t i c u l a t u s  and to be a sm all form  o f P . m a r t in i .  Tie figured ( 1 8 6 0 b , pi. iv, 
figs. 10, 10a) a form  as P . s e m ir e t i c u la tu s ,  var. m a r t i n i ,  w h ich  h as a lon ger  and  m ore  
sp r ea d in g  tr a il  th an  is  fou n d  in  ty p ic a l sp ecim en s o f  P . concinnus.  T liis  form  
occurs rarely  in  th e  L ow er L im eston es o f  S cotlan d , a ssocia ted  w ith  P . concinnus .

P h i l l ip s ’s figure o f  P r o d u c t a  concin na  (1836, p i. v ii, fig. 9) show s on ly  a  p o s
ter ior  p a r t  o f  a  p ed ic le  va lve  in  w h ich  no ribs or sp in es  are v isib le , an d  i t  can  on ly  
be d o u b tfu lly  re ferred  to  th is  species.

M 'C oy in c lu d ed  P . conc in nus  as a synonym  o f P . w,ar t in i  (1851— 55, p. 467), 
w h ich  he d is t in g u ish e d  from  P . s e m ir e t i c u la tu s .

In  1842— 1844  (p. 160) de K on in ck  regard ed  P . concin nus  as a synonym  o f P . 
m a r t in i ,  but la ter  ( 1 8 4 7 b , p. 87) he described  i t  as a sm all v a r ie ty  o f  P . s e m i 
r e t i cu la tus .  T h e sp ec im en s figured  by de K on in ck  in  1 8 4 7 b  (p i. v i ii ,  figs. Ig , Ih ) as
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P. concinnus  from  V isé  appear to have a sqiiarer v iscera l d isk  and s lig h tly  eoarser  
costae than are common in  th is  species, and they have been d ou b tfu lly  assign ed  to  
P . f rodu c t i i s .

T lie specim en  figured by Dr. Lee as P.  concinnus  (1909, pi. ii, fig. 33) from  
N ovaja  Sem i j a, and now  preserved in  the R oyal S eottish  M useum , is  not ty p iea l, 
and no d iap h ragm  seem s to be developed in  it.

Dr. B olton  figured P. concinnus,  m ut. tow ards rnuricatus  in  1907 (pi. xx x , 
figs. 5a, b) from  the basem ent-beds o f the B r isto l coalfield. T he specim en, 
a braeh ia l valve, is  m ore eoarsely eostate  th an  P .  concinnus,  but a d iap h ragm  is  
developed and th is  d is tin g u ish es  it  from  P .  rnuricatus.  A  s im ilar  form  is  sa id  by 
Dr. B olton  to oecur in  the M illsto n e  G rit o f P a te ley  B rid ge , Y orkshire. Speeim ens  
from  th is  horizon  and lo ea lity  have, how ever, been referred  to the species P .  c a r 
bonarius  de K on in ek  in  th is  work (p. 58).

T he species referred  to by V au gh an  as P.  afi. concinnus  and by D r. S ib ly  (1906) 
as P .  c onc in no-m ar t in i  from  the S y r i n g o t h y r i s  zone o f th e  M en d ip s is  probably  
rela ted  to P .  g a r w o o d i  sp. nov. T he speeim ens are m ueh crushed and very sp inose, 
but the developm ent of a d iap h ragm  in  th e  brach ia l va lve d is tin g u ish es  them  from  
specim ens o f P .  c f. m a r t i n i  V a u g h a n  ( = P . v a u g h a n i  sp. nov.). D r. S ib ly  ( 1 9 0 5 b , 

pp. 556, 557) records th is  form  as P .  se m ir e t i c u la tu s  m ut. (cf. P .  concinnus)  from  
the C zone to the top o f S  ̂ subzone o f W eston-super-M are. P r o d u c t u s  c f. con
cinnus  o f V au gh an  (M atley  and V au gh an , 1906, p. 296) from  th e beds o f R ush , 
Irelan d , m ay be id en tified  in  p art w ith  P .  derb ie ns i s  sp. nov. V au gh an  (op. c it., 
1906, opp. p. 307) endeavoured  to trace th e  evo lu tion  o f  P .  concinnus  from  P .  cf. 
m a r t i n i  o f  the Z zone through  P .  afi. concinnus  o f  the — S  ̂ subzones, and regarded  
P .  l o n g isp in u s  as d erived  p a rtly  from  P .  concinnus.

M. D em anet (1921— 23, pi. v i, fig. 31) figured a  portion  o f  the v iscera l d isk  o f  
a sem ireticu la te  specim en  as P .  se m ire t ic u la tus ,  var. concinnus,  from  the W a u l
sortian  o f  B elg iu m . T h is  speeim en  is  not id en tica l w ith  P .  concinnus.

D r. T. F. S ib ly  (1906, p. 372, pi. x x x ii ,  figs. 3a, 3b) figures P .  concinnus  from  
E m borough, Som erset, subzone D^, and quotes it  as oceurring abun dantly  a t th is  
horizon  in  the M en d ip  area. V a u g h a n  m entioned  th is  speeies (M atley  and  
V au gh an , 1906, p. 299) as occurring  in  th e  Curkeen L im estone, R ush , subzone D^, 
in  the L ow er P o s i d o n o m y a  B ed s o f L ou gh sh in n y  (M atley  and V au gh an , 1908, 
p. 451), and in  the D^ subzone o f  G ower (D ixon  and V au gh an , 1911, p. 549).
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D r. S ta n ley  S m ith  (1910, p. 616) records it under the nam e P. mart  ini  from the S ix-  
Y ard  L im eston e, suhzone D ,—  I).,, N orthum berland . W h eel!on  H ind (1907, p. 144) 
recorded t in s  sp ec ies from  the Is le  o f  M an  in the section  from  C ass ny H a  w in  to 
R on a ld sw ay , ?D ,— D., subzone.

J P r o d u c t u s  c . a r b o n a r i u s  de K onin ck .

P la te  I I , iigs. 3— 7. T ext-fig . 13.

?1S2L P r o d u c t u s  m a r t i n i  J . Sow erby (in  part). M in era l C onchology o f  G reat  
B r ita in , vol. iv, p. 15, pi. c e e x v iii, fig. 4.

1842. P r o d u c t u s  carhonar iu s  L . de K on in ck . D e sc r ip tio n  des A n im a u x  
F ossile s  qu i se trouvent d an s le T erra in  C arb on ifère  de B elg iq ue, p. 181, pl. 
x ii  b is, figs, l a — c.

1847. P r o d u c t u s  carhonar iu s  L . de K oninck . R echerches sur les A n im a u x  
F ossiles. IT . i. M on ograp h ie  des G enres P r o d u c t u s  et Ghonetes ,  p. 90, pl. 
X, figs. 4 a — e.

1860. P r o d u c t u s  c arhonar iu s  T . D a v id so n . T h e C arb on iferou s S ystem  in S co t
lan d  ch a ra cter ized  by its  B rach iop od a , The  G eo log is t ,  vol. i i i ,  p. I l l  [in  
ex p la n a tio n  o f  pi. i i i ,  under h ea d in g  ‘ P la te  iv  ’], pi. i i i ,  figs. 14, 14a, 14b.

1861. P r o d u c t u s  c arhonar iu s  T. D a v id so n . M on. B r it. Foss. B rach ., vol. ii, 
pt. V, N o. 4, p. 160, p i. x x x iv , figs. 6, 6a, 6b.

1880. P r o d u c t u s  c arhonar iu s  T. D a v id so n  (in  p art). M on. B r it . Foss. B rach ., 
S u p p l., vol. iv, p t. i i i ,  p. 309, pi. x x x v i, figs. 7, 7a.

T e x t -f i g . 13.— Productus carhonarius  de K oninck.
Pendleside Series, Congleton Edge, Cheshire.
B ritish  M useum, B .43722. D iagram m atic longi
tudinal section, natural size.

D i a g n o s i s .— S h ell about 21 mm.' h igh , 24  mm. w id e  and  14 m m. th ick , or
1 : I T  : '6; oval in  o u tlin e , w id th  s lig h t ly  grea ter  th an  len g th  an d  h in g e
fo rm in g  w id e st  p a rt o f  sh ell. P e d ic le  v a lve  w ith  short convex v iscera l d isk  g e n ic u 
la ted  at its  an terior  ex tr e m ity  and  fo rm in g  sh ort curved  tr a i l;  ven ter  fla tten ed ;  
um bonal an g le  110°; ears ta p e r in g  la te r a lly  to form  sp in e -lik e  p ro jec tio n . B ra ch ia l
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valve w ith  fiat or s lig h tly  concave v iscera l d isk , g en icu la ted  abruptly  to form  s lig h tly  
curved tra il. D ia p h ra g m  developed. C ostae about 19 in  10 mm. a t d istan ce  o f  
15mm. from  umbo, irregu lar, sinuous on tra il and b ifu rc a tin g  below  sp ine-bases. 
R ib s fla tten in g  out on fron t o f shell. Sp in e-b ases num erous, o f sm all size, scattered  
irregu larly  over p ed ic le  valve, and in  tw o  or three tran sverse row s on ears, w ith  
one row  e x ten d in g  dow n flanks.

D e s c r ip t io n .— P e d ic le  valve .  T he shell is  freq u en tly  broken a long the end o f  
the v iscera l d isk  and the tra il is seldom  preserved. T he ears tend  to become 
fractu red , the sp in e-lik e  p rojection  b eing  very rarely  seen. T he venter is  broad and  
flat but not s in u ated . T he umbo tap ers to a fine p o in t and is  m uch incurved  over the  
hinge.

T he costae are fine and th read -lik e  on  the v iscera l d isk , but increase in  w idth  
anteriorly , becom ing flatter. T hey are never prom inent. N ear the an terior m argin  
the num erous b ifu rca tio n s  cause a great decrease in  w id th  o f the costae. T he  
tw o costae form ed by a b ifu rca tio n  are sep arated  by an extrem ely  narrow  sulcus.

A  low , lo n g itu d in a l fo ld  m ay be developed  below  the sp ine-bases on the tra il  
near the an terior m argin . W hen  the sh ell is  d ecorticated  the sh e ll-su rface  appears  
to be la ck in g  in  spines', the bases o f w h ieh  are only  recogn izab le  as rounded p its  
above w h ich  the costae are w orn dow n an d  hollow  for a space o f  2 to 3 mm. T he  
greatest len g th  o f  sp in e  observed is  8 m m ., w ith  a d iam eter o f 0 75 mm.

G row th -lin es are very num erous on the tr a il  and are u n d u la tin g  o w in g  to a 
retard ation  in  the grow th  o f th e  shell in  the reg ion  o f the sp ine-bases.

B ra c h ia l  va lve .  T he shell ten ds to s p lit  a long the v iscera l d isk  o f the ped icle  
valve, lea v in g  the v iscera l d isk  o f  the b rach ia l va lve and the d iap h ragm  exposed . 
T he d iap h ragm  is  from  3 mm. to 4  mm. in  m axim um  w id th  v ertica lly  below  the  
umbo, and u su a lly  lack s ornam ent.

T he ornam ent is  s im ila r  to th a t o f th e  p ed ic le  valve.

I n te r n a l  characters .  T he in ter ior  o f  the p ed ic le  valve is  unknow n.
In  the brach ia l va lve the card in a l process is  sm all and bilobed on its  in tern a l 

su rface, and is  produced an teriorly  to form  a m ed ian  septum  w h ich  is  s lig h tly  
shorter th an  the len g th  o f the v iscera l d isk .

T he adductor m uscle-scars are sm all and are set close to the septum .
T he m arg in a l r id ges  fo llow  the h in g e  for  a  space o f about 2 mm. from  the  

card in a l process, then  d iverge s lig h tly  from  it  and finally  curve dow nw ards near the 
eard in a l ex trem ities .

H
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T he above rem arks are based  on im p e r fec t  in ter io rs  o f  th is  valve from  G ongle- 
ton E d ge. T he b rach ia l im p ression s w ere  not preserved  in  any specim en .

D im e n s io n s .—

M axim u m  h e ig h t ...
„ w id th  ...
„ th ick n ess  — 

L en g th  o f  v iscera l d isk  
W id th  „
L en gth  o f  h in g e  .. .  
N um ber o f  costae in  

b readth  o f  10 mm. a t  
d ista n ces  v e r tica lly  below  
um bo :

a t 10 mm. ...
1 f,

• • x . t j  • •  • • •

0 ) (2) (3) (4)
19 20 5 21 26 mm
25 23 24 19 5 1

15 5 14 5 13 1 4 5 y  y

13 5 11 10 5 11 y y

— 18 — — y y

18 16 — 14 5 y y

24
19

25
21 18

19
18

(1) B .M ., B .43720 , from  th e P e n d le s id e  S eries, C on gleton  E d ge, C hesh ire.

(2) M .P .G ., 38319, from  G arn gad  R d ., G lasgow .
(3) R . Scot. M us., E d in b u rg h , 1911 .62 .964 , sam e lo ca lity  as (2).

(4) K elv in g ro v e  M us., G lasgow , from  the L ow er L im eston es, C rook h ill, B e ith ,
A y rsh ire .

T y p e .— D e K on in ck  gave  a  poor figu re  o f  th is  sp ec ies  in  1842, from  an unknow n  
lo ca lity . A  second sp ecim en  sh o w in g  th e  ch a r a c te r is t ic  orn am en t o f  the sp ec ies  
w as figured  in  1847 from  th e v ic in ity  o f  C hokier, B e lg iu m , and  has been chosen  
as lecto typ e. B oth  sp ecim en s are a p p a r e n tly  lost.

D is tr ib u t io n .— R an ge, D^ subzone to  M ills to n e  G rit.

E n g la n d .
C h esh ire : P e n d le sh ir e  S eries, C on gleton  E d g e  (B .M ., B .43720 , 437 8 6 — 98, 

W . H in d  C oll.).

N orth u m b erlan d  : S h a le  w ith  iron ston e  nodu les, G ofton  B u rn  (G eol. Surv ., L o n 
don, A 1 6 1 6 );  B erw ick -o n -T w eed  (M .P .G ., 34470).

S h rop sh ire  : O sw estry  R a ce  C ourse (B .M ., B .4 3 7 5 0 — 58, W . H in d  C oll.)

Y ork sh ire  : M ills to n e  G rit, P a te le y  B r id g e  (B r is to l U n iv .) .
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W ales.

B recknocksh ire : M illston e  G rit Shales, P itw e llt  Stream , in  burn below  B recon  
and M erthyr R a ilw a y  (Geol. Surv., London, J .P .5 3 0 , 541, 542).

Sco tland .

A yrsh ire  : Shale  below  U p p er  L in n  L im estone, G lencart, D a iry  (K elv ingrove  
M us., G lasgow , 08 153 jn );  U p p er  L im estones, U p p er  L in n  L im estone, B ow ertrap -  
p in g . D a iry  (R. Scot. M us., E d in b u rgh  ; K elv in grove M us., G lasgow ) ; shale in  iro n 
stone m easures, C rookhill, B e ith  (K elv in grove M us., G lasgow , 08 153 js );  L ow er  
L im estones, No. 2 L im estone, K erslan d  G len, B e ith  (K elv ingrove M us., G lasgow );  
L ow er L im estones, H illh e a d  o f  B roadstone, B e ith  (R. Scot. M us., E d inb urgh , N e il-  
son C oll.).

F ife sh ir e  : F ir s t  lim estone above St. M onan’s L im estone, shore on E. s id e  o f  St. 
M onan’s B u rn  (Geol. Surv., E d inb urgh , T . 2 7 4 f , 2 7 5 f , 2 7 7 f , 278?, 2 7 9 f , 2 8 5 f ).

H a d d in g to n sh ire  : Shale  above V a u lts  L im estone, shore o p p osite  V a u lts , 1  m ile  
E. o f D unbar (G eol. Surv., E d inb urgh , B . 2 0 3 3 e ) .

L an ark sh ire  : U p p er  L im estones, G arngad  R oad , near G lasgow  (B .M ., B .13827, 
45677; M .P .G ., 38319; R. Scot. M us., E d in b u rgh , 1911 .62 .964); th ick  lim eston e w ith  
P . g igan teu s ,  C ra ig  B urn, 2^ m iles N .N .E . o f D o u g la s  (Geol. Surv., E d inb urgh , 
T . 7 4 4 d ) ;  shale above H o sie  L im estone, o ld  quarry  on H illh e a d  Farm , 1  m ile  N .E . 
o f C arluke (Geol. Surv., E d inb urgh , B . 4 5 3 0 a ) ;  p it  on B a sh a w  Farm , 2  m iles N .E . 
o f C arluke (G eol. Surv., E d inb urgh , B . 4 5 2 3 a , 4 5 2 5 a ) ;  w h ite  nodu lar lim estone, B ir k 
w ood B urn, L esm ahagow  (G eol. Surv., E d inb urgh , T . 3 6 1 f ) .

P eeb lessh ire  : S h elly  band in  arenaceous series, N .E sk  R iver, 30 yard s up r ig h t  
bank from  C arlops (Geol. Surv., E d in b u rgh , M . 4 9 7 7 e ) .

Ire la n d .

Co. W ex fo r d  : B lack  bryozoal lim estone. H ook P o in t  (M .P .G ., Geol. Soc. Coll. 
3 8 3 8 5 ,  3 8 3 8 6 ) .

R e m a r k s .— P r o d u c tu s  carbonarius  is  d is tin g u ish e d  from  P . concinnus  J . Sow. 
by its  short, s lig h tly  curved  tra il, finer costae, and the very num erous sp ine-bases  
sca ttered  over the en tire  shell. I t  is  d is tin g u ish ed  from  P . m u ric a tu s  P h ill. by its  
finer and m ore irregu lar  costae, and by irreg u la r ly  d istr ib u ted  sp ine-bases. S p in e-  
bases occur as a group on th e  ears in  P . carbon ar iu s  and in  a  row  a long the card in a l 
m argin  in  P , m urica tu s ,



60 Helen M. M u ir - W o o d — The B r i t i sh  Carboniferous  P r o d u c t i

D e K o n in ck ’s o r ig in a l figure o f  th is  sp ecies in  1842 is poor and on ly  show s  
sp in e-b ases on the v iscera l d isk , but from  h is  d escr ip tio n  it is certa in  tlia t a s im ila r  
form  is  in ten d ed  to th a t figured  in  1 8 4 7 b , in  w h ich  the ornam ent and  num erous  

sca ttered  sp in e-b ases  are w e ll show n.

D e  V ern eu il (1845, p i. x v i, fig. 2) figured  a speeim en  as P . c a rb o n a r iu s  from  
the va lley  o f  the P r ik ch a , V a ld a i, R u ssia . T h is  lo ca lity  w as a lso  quotud for  the  
sp ec ies by de K on in ck . T h e sp ecim en s are, how ever, not id e n tic a l w ith  P . c a r 
bonarius,  and have a sm aller  shell, coarser and m ore prom in en t costae, and few er  
sp in es  th an  in  the B e lg ia n  species.

T he sp ecim en  figured  by Sow erby as P . n ia r t in i  from  th e R iv er  B arn , Y o rk 
sh ire, m ay be P . carbon ar iu s ,  and  is  preserved  as a  ca st in  brow n san d ston e  sh o w 
in g  the group  o f  sp in es  on the ears and  num erous sp in es  on the tra il, and a rath er  
w id e  d ia p h ra g m  ch a r a c te r is t ic  o f  th is  sp ec ies. I t  is  p ossib le  a lso  th a t S ow erb y’s 
sp ecim en  o f  P . sp in o su s  m ay be th e  p oster ior  p art o f  a P . c a r b o n a r iu s .

D a v id so n  figured  and described  sp ecim en s o f  P . c a rb o n a r iu s  from  th e U p p e r  
L im eston es o f  G arn gad  R oad , G lasgow , but a lso  in clu d ed  ( 1 8 8 0 ,  pi. x x x v i, fig. 8 )  

a b rach ia l va lve  o f  an A v o n ia  (sp ec ies not y e t described) w h ich  is  o fte n  con fu sed  
w ith  sp ecim en s o f  P . m u r ic a tu s  P h il l .  T h is  b rach ia l va lve  h as been refigured  on 
pi. i i ,  fig. 8, o f  th is  w ork and  show s c lea r ly  the sp in ose  v iscera l d isk  and coarse  
p rom in en t costae ch a r a c te r is t ic  o f  th is  sp ec ie s  o f  A v o n ia .  T he o r ig in a l specim en  
o f  P . carbon ar iu s ,  w h ich  w as figured  by D a v id so n  ( 1 8 6 0 a , pi. i i i ,  fig. 1 4 )  w as id e n 
tified  by de K on in ck  as b e lo n g in g  to h is  sp ecies.

M ‘C oy (1851— 55, p. 472) in clu d ed  P . carb o n a r iu s  in  h is  synonym y o f  P . setosus,  
but the d e scr ip tio n  a p p lie s  to P . c a rb o n a r iu s  ra th er  than  to P . se tosus.

P . c a rb o n a r iu s  w a s recorded by M. J . C ornet (1906, p. 36) from  th e M ouiller  
su p érieu r, H^, o f  G h lin , N . o f  M ons B a s in ;  and by N orw ood and  P r a tte n  (1855, 
p. 11) from  th e  M o u n ta in  L im eston e  o f  I ll in o is .

M r. B is a t  (1914, p. 24) recorded th is  sp ec ies  from  th e C ay ton  G ill B ed s, M il l 
stone G rit  o f  Y ork sh ire , betw een  M ash  am and G reat W h ern sid e .

A  sm all and  sp in ose  P r o d u c tu s ,  g en era lly  m uch crushed  and  h a v in g  a  w id e  
d iap h ragm , occurs in  the C oal M easu res o f  C oalbrookdale, and m ay be a  m u ta tio n  o f  
P . carbon ariu s .
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P r o d u c t u s  r e d e s d a l e n s i s  ̂ sp. nov.

P la te  I I ,  figs. 9a— c ,10, 11. T ext-fig . 14.

1915. P r o d u c tu s  se m ire t ic u la tu s  R . D u n lop . N otes on the D iscovery  o f F ossil 
C h itons in  F ife ;  w ith  p h otograp h s and d raw in gs o f a ll the F o ss ils  fou n d  in  
the section , T rans. Geol. Soc. G la sg o w ,  vol. xv, p. 167, pi. xx , fig. 8.

T e x t -f i g . 14.—Productus redesdalensis sp. nov. Holo
type, Reclesdale Ironstone Shale, Redesdale,
Northumberland. B ritish Museum, B .43830. D ia
gram m atic longitudinal section showing position of 
diaphragm, natural size.

D ia g n o s is .— S h ell about 25 mm. -high, 22 mm. w id e  and 16 mm. th ick , or 
1 :'8 : 6; e lon gate  oblong in  ou tline, m axim um  w id th  along h in ge. P e d ic le  valve  
w ith  s lig h tly  convex v iscera l d isk , g en icu la ted  to form  short, curved tr a il;  flanks  
steep and rounded ; venter fla t; um bonal angle  112°. E ars sm all, ta p er in g  tow ards  
card in a l ex trem ities . B ra ch ia l va lve  w ith  flattened  v iscera l d isk , gen icu la ted  
ab ru p tly  to form  short curved tra il. D ia p h ra g m  developed. C ostae about 17 in  
10 mm. a t  d istan ce  o f 15 mm. from  umbo, rather fine, regu lar, th ick en in g  near  
sp ine-bases. R ib s fa in t ly  traceab le across fro n t o f v iscera l d isk . Sp ine-bases sm all, 
sca ttered  over tra il, rare on v iscera l d isk  and occurring  as narrow  band round  
an terior  m argin , and in  group on ears.

D e s c r ip t io n .— P e d ic le  va lve .  T he shell rarely  sp lits  a long the v iscera l d isk  but 
com m only fractu res across the tra il, the fu l l  len g th  o f w h ich  is  rarely  seen. T he  
card in a l ex trem itie s  are a lso seldom  preserved. T he umbo is  sm all and incurved  
and p rojects s lig h tly  beyond th e  h inge.

The costae are fine and even on the v iscera l d isk , but increase in  w id th  s lig h tly  
and become m ore p rom inent on th e  tra il. In terca la ted  costae as w e ll as b ifu rca tio n s  
o f prev iou sly  e x is t in g  costae occur on the v iscera l d isk , and occasional b ifu rca tio n s  
occur below  the sp ine-bases on the tra il. T he su lci are never as w id e  as th e  costae  
excep t in  decortica ted  p arts o f  the shell, w here the costae decrease to h a lf  th eir  
norm al w id th  and the su lci increase in  w id th  by a correspond ing am ount.

1 Name derived from Redesdale, Northumberland, where the species is abundant-
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A b ou t tw e lve  ribs are d evelop ed  as low  narrow  fo ld s on the card in a l slo])es, 
but on ly  the p osterior  seven or e ig h t  cross the v iscera l d isk , and there is  l it t le  
en largem en t o f  the costae  a t th e  p o in t o f  in tersectio n  w ith  the ribs.

S p in e-b a ses  are sca ttered  over the tr a il  and oecur as a band round the an terior  
m argin . T h e sp in es  sp r in g  from  the su m m it o f  the costae and average 1 mm. in  
d iam eter  on th e  tra il, w here they  p ro jec t at r ig h t an g les to the shell su rface . On 
the p osterior  p a rt o f  the sh ell th e  sp in es  are few  in num her and less  th an  0 5 mm. 
in  d iam eter, and  th ey  ex ten d  a lon g  th e  su rface . A b ou t fifteen  sp in e-b ases  form  a 
grou p  on th e  ears, and another group  m ay also  occur on the flanks, w ith  a  row o f  
sp in e-b ases e x te n d in g  up  on to  th e  ears and  ter m in a tin g  about 2 mm. from  th e  
umbo.

B r a c h ia l  va lve .  T he d ia p h ra g m  is  rarely  seen and  is, as a rule, ornam en ted  
w ith  costae as on th e  v iscera l d isk .

T he ornam en t o f  th is  va lve  is  s im ila r  to  th a t  o f  th e  p ed ic le  valve.
I n te r n a l  ch arac te rs .  T h e in ter io r  o f  the p ed ic le  va lve  is  unknow n.
In  th e  b rach ia l v a lve  th e  ca rd in a l process is  sm all and bifid  and is  produced  

a n ter io r ly  to form  a flat m ed ian  sep tu m  w h ich  decreases in  w id th  and becom es 
th rea d -lik e  betw een  the tw o  ad d u ctor m uscle-scars. T he sep tu m  is about h a lf  the  
len g th  o f  th e  v iscera l d isk .

M a r g in a l r id g es  ex ten d  a lon g  th e  h in g e  and are recurved round the in n er  edge  
o f th e  ears, and con tin u e  dow n the la tera l m a rg in s o f  the sh ell for  about 5 mm.

T h e ad d u ctor  m u scle-scars are sm all and  d en d r itic , and th e  b rach ia l im p res
sion s are g iv en  off at th e ir  an terior  ex ten sio n . T h e p ortion  o f  th e  im p ression  
a d ja cen t to th e  ad d u ctors is  in tersected  by tran sverse  in c is io n s.

D im e n s io n s .—

M axim u m  h e i g h t .................................
„ w id th  .. .
„ th ick n ess

N um ber o f  costae in
breadth  o f  10 mm. a t  
d ista n ces  v e r tica lly  below  
um bo :

• - a t 10 m m   18 23 —
„ 15    17 17 19
jj ^0 ,, . . .  . . .  . . .  •—- 14 — '

(1) (2) (3)
16 23 26  5 mm.
21 22  5 22-5 „
— 16 15-5 „
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(1) Geol. Surv., E d inb urgh , T . 3 2 5 9 e , from  the Low er L im estones, N . o f  C ess
nock C astle, A yrsh ire.

(2) H olotype.
(3) Geol. Surv., E d inb urgh , B .3 4 1 8 a , from  four m iles sou th -east o f E a st  K il 

bride.
T y 2:)e.— H olotyp e, from  the R ed esd ale  Ironstone Shale, R edesdale, N orthum ber

land, subzone Dj ?, is  preserved  in  the B r itish  M useum , B .43830, W h eelton  H in d  
Coll. P a r a ty p e s  : a num ber o f speeim ens m entioned  below in  p aragrap h s on 
‘ D is tr ib u tio n .’

D is tr ib u t io n .— R an ge, D^ sub zone to top o f D^ subzone.

E n g la n d .
N orthum berland  : R ed esd a le  Ironstone Shale, R ed esd a le  (B .M ., B .23070, 

41924— 41954, B .43830, S. S m ith  and W . H in d  C oll.; P r o f. E. J . G arw ood ; M r. 
J . D unn).

W ales .
A n g lesey  : E scarpm ent, 1,150 yards S .E . o f B od G ynda (G eol. Surv., London, 

A f.2 1 4 9 );  escarpm ent, 930 yard s N .W . o f P la s  L la n d d y fn a n  (Geol. Surv., London, 
A f.2 0 8 9 );  quarry, 550 yards E. o f  C a lifo r n ia  Inn , S. o f L la n a llg o  Church (Geol. 
Surv., L ondon, A f  .2051);

S co tlan d .
A y rsh ire  : Lower L im estones, stream  on N. s id e  o f  Cessnock C astle, on low er  

sid e  o f  old brid ge (Geol. Surv., E d inb urgh , T . 3 2 5 4 e , 3 2 5 7 e — 3 2 6 0 e ) .

D u m fr ie ssh ire  : S tream let, above A rcherbeck C ottage, 4  m iles N. o f C anonbie  
(G eol. Surv., E d inb urgh , M . 4 5 6 7 b ) ;  U p p er  C alcareous Sandstone, A rcherbeck B urn  
below  brid ge near N ether M illstead s, C anonbie (Geol. Surv., E d inburgh , M .270c).

E d in b u rgh sh ire  : B orin g , S .E . sid e o f  B reieh w ater, \  m ile  N. o f H an d axw ood  
(G eol. Surv., E d inb urgh , T . 4 2 7 7 e ) .

L an ark sh ire  : N od u les on under sid e  o f M ain  L im estone, B irkw ood  B urn, 1^ 
m iles N .W . o f L esm ahagow  (G eol. Surv., E d inburgh , T . 4 6 6 4 e , 4 6 6 8 e , 4 6 7 0 e ) ;  

B ask et S h ell B ed, Cot C astle  Farm , r ig h t bank o f  A von  W ater, N .E . o f S trathaven  
(Geol. Surv., E d inb urgh , T . 2 8 6 3 d , 2 8 6 5 d , 2 6 9 9 d ) ;  Forestfield  bore, f  m ile  E. o f  
ra ilw a y  sta tio n  (G eol. Surv., E d inb urgh , T . 2 0 2 4 e ) ;  H u rle t or M ain  L im estone, 
T horn old lim estone quarry, 2 m iles N .E . o f C arluke (Geol. Surv., E d inb urgh , 
T . 7 2 2 f , 7 2 6 f , 7 3 0 f , 7 3 5 f ) ;  shale  h eaps in  old quarries, on farm  o f B u rn lead ,
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C ra igen d  H ill, and B ogh ead , 4  m iles S .E . o f E a st  K ilb r id e  (G eol. Surv., E d inb urgh , 
B . 3 4 1 8 A ,  B . 4 0 5 6 A ) .

L in lith g o w sh ir e  : L ow er L im estones, old quarry, C au ldham e, I i  m iles S .E . o f  
L in lith g o w  (G eol. Surv., E d in b u rgh , B .2 8 2 0 b , 2 8 2 8 b ) ;  ashy bed below  B a th g a te  
L im estone, W est Q uarry, K irk ton  (G eol. Surv., E d in b u rgh , B .3 7 1 7 b ).

R e m a r k s .— P r o d u c tu s  re d esd a le n s is  is  d is t in g u ish e d  from  P . ^ carbonarius  de 
K on in ck  by its  coarser, m ore even and m ore p rom in en t costae, and its  few er  sp in es  
on the v iscera l d isk . T he sp in es  on the tr a il  o f  P . re d esd a le n s is  ex ten d  at r ig h t  
an g les to the sh e ll-su rfaee , not ta n g e n tia lly  to i t  as in  P . carbonarius .  T he flanks  
o f the form er are steep er  and m ore fla tten ed  than  in  the la tte r  species. I t  is  d is 
t in g u ish e d  from  P . concinnus  J . Sow . by its  sm aller  d im en sion s, shorter tra il, 
finer costae and greater  develop m ent o f  sp in es.

Speeim en s o f P . re d esd a le n s is  ob ta in ed  from  R ed esd a le  are u su a lly  fou n d  w ith  
the b rach ia l and p ed ic le  va lves sep ara ted  a lon g  th e  h in ge . In  som e cases the b rach ia l 
valve  has been ro ta ted  th rou gh  an a n g le  o f  90°, due to  th e  pressu re o f  th e  m a tr ix  
in fillin g  th e  v iscera l cav ity , and th is  causes the va lves to g ap e  an terior ly . T h is  is  
w ell show n by the h o lotyp e, in  w h ich  th e  tw o  va lves are n early  in  con tact at the h in ge.

T h is  sp ec ies occurs very a b u n d an tly  in  the L ow er L im eston es o f  Scotlan d , 
e sp ec ia lly  in  th e  H u r le t  L im eston e, and is  probably th e  form  recorded by D r. L ee  
(in  C arruthers, 1915, p. 165) as P r o d u c tu s  sp . nov. from  th e  B a sk et Shell B ed , a t  C ot 
C astle , L an ark sh ire .

T he specim en  figured  by M r. R . D u n lo p  is a v iscera l d isk  o f  th e  p ed ic le  va lve  
ob ta in ed  near D u n ferm lin e , F ife sh ir e .

Sow erby’s sp ec ies P . f le m in g i  m ay p ossib ly  be id en tified  as P . red esd a len s is .  T h is  
species, figured  in  ‘ M in era l C on ch ology,’ 1814, pi. Ix v iii, fig. 2, is  va g u e ly  described , 
and th e  specim en  is  an im p erfec t v iscera l d isk  o f  the p ed ic le  va lve  in  w h ich  the  
ornam en t is  n ot w e ll show n ; but th ere  seem s to  be a group  o f  sp in e-b ases on one ear  
and a fe w  sca ttered  sp in es  on th e  rem ain d er o f  th e  shell, as in  P .  re desda len s is .  T he  
ty p e  is  lo st and  m ost au thors have assum ed  th a t P . f le m in g i  is  synonym ous w ith  
P . lo n g is p in u s  J . Sow . or P .  lo b a tu s  J . Sow . T h e d efin ite ly  arran ged  sp in es  on th e  
ear o f  P . f le m in g i  w ou ld , how ever, d is t in g u ish  it  from  any sp ec ies o f  th e  lo n g is 
p in u s  group. P .  f le m in g i  is  sa id  to com e from  L in lith g o w sh ir e , w h ere P .  
re d esd a le n s is  a lso  occurs.
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I h i O D U C T U s  v a u g h a n i ' sp. nov.
ITatc I I ,  figs. 12a— c, 13a— c. T ext-fig . 15.

1905. P r o d u c tu s  c f. m ai'tin i  A . V au g lian  (in  part). T he P a la eo n to lo g ica l
Sequence in  tlie C arbon iferou s L im estone o f the B r isto l A rea , Q u art.  Journ .  
Geol. Soc., vol. Ix i, p. 288, pi. xxv , figs. 2, 2a.

1905. P r o d u c tu s  CÎ.  A . V au gh an  (in  part). N otes on the B rach iop od s
and C orals, co llected  by D r. B rcndon G ubbin from  the C arbon iferou s  
L im eston e o f  S. W . G ower, Proc. B r is to l  N a t.  Soc., ser. 4, vol. i, p t. 1 
(1904), p. 54. (L ist  only).

1906. P r o d u c tu s  c f. bu r l in g to n en s is  N. V au gh an  (in  part). The C arbon iferou s  
L im estone S eries (A von ian ) o f the A von  G orge, Proc. B r is to l  N a t .  Soc., 
ser. 4, vol. i, pt. 2 (1905), p. 128. (L ist  only).

1911. P r o d u c tu s  bu r l in g ton en s is ,  m ut. j3 S. H . R eynolds and A . V a u g h a n  (in  
part). F a u n a l and L ith o lo g ica l Sequence in  the C arbon iferou s L im estone  
S eries (A von ian ) o f B u rr in g to n  Combe (Som erset), Q u art.  Journ . Geol. Soc., 
vol. Ixv ii, p. 364. (L ist  only).

1911. P r o d u c tu s  bu r l in g  tonensis  G. D elep in e . R echerches sur le C a lca ire  C ar
b on ifère  de la  B elg iq u e , M ém . et T ra v .  jm b liées  p a r  des  P ro fe s se u rs  des  
F acu ltés  C a th . de L il le ,  fasc . v iii , p. 392, pl. x i i i ,  figs. 3, 3 bis.

1915. P r o d u c tu s  b u r l in g to n en s is  A . V au gh an  (in  part). C orrela tion  o f D in a n -  
t ia n  and A von ian , Q u art.  Journ . Geol. Soc., vol. Ixx i, p. 7.

1917. P r o d u c tu s  c f. m a rt in i ,  form  a  J . Jarosz  (in  part). F au n a  des K ohlen-  
kalks in  der U m geb u n g von K rakau . B rach iopoden  I I , B ull.  I n te r n .  A c a d .  
Sci. C racov ie ,  B , p. 71, pl. x, figs. 20, 20a.

T r x t - f i g . 1 5 .— Productus vaughani  s p .  nov. Lower 
Carboniferous, Z zone, M oat-House Quarry, west of 
Fai land, near Bristol. Oxford U niversity Museum  
Collection. D iagram m atic longitudinal section,
natural s i z e .______________ — -,_____________________

 ̂Named in honour of the late Dr. A. Vaughan.
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D ia g n o s i s .— S h ell about 30 mm. h igh , 24 mm. w id e  and 18 mm. th ick , or 
1 : "8 : 6; e lon ga te  oblong in  ou tlin e , w ith  h in ge  s lig h tly  less w id e  than  w id e st  p art  
o f shell. P e d ic le  va lve w ith  h ig h ly  convex v iscera l d isk  and tra il ; flanks steep  and  
flat; venter convex; um bonal an g le  108°; ears m inu te. B ra ch ia l va lve  fla ttened  on 
viscera l d isk  and g en ieu la ted  to  form  tra il. N o d ia p h ra g m  developed . C ostae  
about 19 in  10 mm. a t d ista n ce  o f  15 mm. from  umbo, fine and th rea d -lik e  p os
ter iorly , in c rea sin g  s lig h t ly  in  w id th  on tra il and hecom ing s in u ou s and uneven. 
R ib s developed  near h in ge. S p in e-b ases num erous, sca ttered  irreg u la r ly  over shell 
and in  tw o row s on ca rd in a l slopes, a lon g  h in g e  and at an g le  o f 30° to h in ge.

D e s c r ip t io n .— P e d ic le  va lve .  In  ear ly  g ro w th -sta g es  the p ed ic le  valve is convex, 
w ith  the w id th  s lig h t ly  grea ter  th an  the len g th . T h is  va lve becom es in crea sin g ly  
convex and the len g th  becom es a p p ro x im a te ly  equal to the w id th , w h en  the shell is  
recurved a n terior ly  w ith  the d evelop m ent o f  steep  su b p ara lle l flanks and a short 
curved tra il. T he um bo is  m uch in cu rved  and the a p ex  is  acu te ly  p o in ted  and  
p ro jects  s lig h tly  beyond the h in ge. T he venter is  u su a lly  h ig h ly  convex, but in  the  
g ig a n te id  specim en  (pi. ii, fig. 13c) i t  is  s lig h t ly  flattened .

The costae are fine and th rea d -lik e  on th e  v iscera l d isk  but in crease  s lig h t ly  in  
w id th  on th e  tra il, w h ere th ey  are fre q u en tly  sin u ou s and even in  w id th . B if u r 
ca tion  o f  the costae and the in terca la tio n  o f  costae occur freq u en tly  over the en tire  
shell, a lso tw o  costae m ay coalesce to form  one th ick en ed  costa. T he su lc i are a lw ays  
narrow  and less th an  th e  w id th  o f  th e  costae. T he sh e ll is  freq u en tly  d ecortica ted  
and the cast is  n early  sm ooth. T here is  a  ten d en cy  for  th e  costae on the flanks and  
an terior  p a rt o f th e  sh ell to  d isa p p ea r  g ra d u a lly . T h is  ch aracter  is  show n in  the  
la rge  specim en  figured  on pi. ii, fig. 13b.

A b ou t ten  ribs are develop ed  on th e  ca rd in a l slopes, but are not traceab le  
across th e  fro n t o f  th e  v iscera l d isk .

Sp in e-b ases, a v era g in g  1 mm. in  d iam eter, are rath er  num erous, and are sc a t
tered  over th e  flanks and  tr a il  w ith  no d efin ite  arran gem en t; the sp in es  a p p a ren tly  
p ro jeeted  a t r ig h t  an g les to  the su rface . In  a d d itio n  to th ese  a row  o f  sp in e-b ases  
m ay be observed on th e  ca rd in a l s lop es close to, and p a r a lle l w ith , the h in ge , and  a 
second row  is  set a t an a n g le  o f  30° to  th e  h in ge . S lig h t  lo n g itu d in a l fo ld s  m ay be 
develop ed  below  th e  sp in e-b ases on th e  flanks.

B ra c h ia l  vcdve. T he v iscera l d isk  is  flat and  is  g e n icu la ted  a t its  an terior  
ex ten sion  to  form  th e  tr a il, w h ich  is  in  con tact w ith  th a t  o f th e  p ed ic le  valve. T h e
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shell ten ds to s p lit  a long the v iscera l d isk  o f the p ed ic le  valve, lea v in g  the v iscera l 
disk o f the brach ia l va lve exposed , but the actu a l ex ter ior  o f  the brach ia l va lve is  
rarely seen.

The ornam ent is s im ila r  to th a t o f the p ed ic le  valve.

In te r n a l  charac ters .  T he in ter ior  o f the p ed ic le  valve is unknow n.

A n  in ter ior  o f  the brach ia l va lve from  the horizon , A von  Section , B r isto l  
(pi. ii, fig. 13a), preserved  in  the B r isto l U n iv e r s ity  C ollection , show s a lon g  p os
teriorly  fla ttened  m ed ian  septum  e x te n d in g  to the an terior end o f  the v iscera l d isk . 
The septum  narrow s betw een the addu ctor m uscle-scars, and becomes th in  and p la te 
like an teriorly  to them . T he ca rd in a l process is  badly  preserved in  th is  specim en, 
but other specim ens show  it  to be p rom in en t and bifid. T he m a rg in a l r id ges  are  
given  off a t the base o f  the card in a l process and curve dow n and aw ay from  the  
hinge, and reach th e  la tera l m arg in  o f  th e  brach ia l valve about 3 mm. below  the  
card in a l ex trem ities . H ere  they  are deflected  an teriorly  at an an gle  o f  about 120° 
and con tin u e for  2 or 3 mm. a long  the la tera l m argin . T he r id ges are rounded and  
are from  1— 2 mm. in  w id th .

T he addu ctor m uscle-scars are sm all and tr ia n g u la r  in  ou tlin e , th e  lo n g est s id e  
of the tr ia n g le  b e in g  p a ra lle l to the m ed ian  septum . T he anterior and la tera l m ar
g in s o f th e  scars are set on a rounded rid ge. The brach ia l im p ression s are g iven  
off from  the la tera l ap ex  o f th e  adductor scars and curve dow nw ards a t an angle  
of 60° to the vertica l, and then  in w ard s, and  fina lly  recurve u p w ard s nearly  p a ra lle l 
to th e ir  p osterior lim b. T he w h ole  o f the im pressions are cut by m in u te  tran sverse  
in cision s, and traces o f  fine b ran ch in g  th read -lik e  structures are seen in  the sm ooth  
p art o f  the sh ell enclosed  by the b rach ia l im pressions. One o f these th read -lik e  
structures proceeds from  the in c is io n  im m ed ia te ly  below  the ex trem ity  o f the le f t  
im pression  and ex ten d s a lm ost h or izon ta lly , g iv in g  off tw o branches a fte r  a space o f  
2 mm. T hese tw o  branches, one e x te n d in g  anteriorly , the other posteriorly , are  
given  off a t th e  sam e p o in t and  d iverge from  the m ain  stem  a t an an g le  o f  45°. T he  
anterior branch also  fork s a t an an gle  o f  45°, and both these thread s can be traced  
through ad ja cen t in c is io n s  in  the b rach ia l im pression . T races o f  other th read -lik e  
structures can  be seen p a ss in g  through  other in cision s, but do not p ro ject for  m ore 
than  1 mm. ou tsid e  th e  brach ia l im p ression s. T hese threads m ay represent setae  
given  off by the sp ira l arms.

I 2
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D im e n s io n s .—
( 1 )  ( 2 )  ( 3 )  ( 4 )

M axim u m  h e ig h t ... 2 7 3 0  5 3 4 3 5  5  mm
w id th  ... 2 4 2 3 2 4  5 3 0  ,,

„ th ick n ess 1 8 1 8 2 1 2 2  ,,
L en gth  o f v iscera l d isk 1 6  5 1 6  5 2 2 2 1  „
W id th  „ 2 0 1 9 2 4  5 2 5  5  ,,

L en gth  o f h i n g e ..................  —
N um ber o f  costae in  

breadth  o f 1 0  mm. at  
d ista n ces  v e r tica lly  below  
umbo :

2 2  5 2 ?  5 „

at 1 0  mm. ... — 2 3 2 6 —
1 ^Î ) J. e-' ; ; ... . . 19 1 8 2 3 2 0
90 ... 17 — 21 —

(1) D r. L. B . S m yth ’s coll., Dublin^ from  the Z zone , M ai ah i de.
(2) B r is to l U n iv e r s ity , from  snbzone, B u rrin g ton .
(3) O xford  U n iv e r s ity  M iis., from  Z zone. M oat H ouse, F a ila n d , near B risto l.
(4) B r isto l U n iv e r s ity , from  fS horizon , A von  S ection .

T i j f e .— H o lo ty p e  from  th e Z  ̂ subzone, A von  S ection , B r isto l, is  preserved  in  
B risto l U n iv e r s ity  M useum . P a r a ty p e s  : a num ber o f  sp ecim en s m en tioned  below  
in  p a ra g ra p h s on ‘ D is tr ib u tio n .’

D is tr ib u t io n .— R an ge, subzone to  subzone.

E n g la n d .

S om ersetsh ire : S. o f  P en p o le  P o in t, subzone K , (B r isto l U n iv .);  D u r dham  D ow n, 
B r is to l (B .M ., 97481); N o. 1 quarry, A von  section , B r isto l, horizon  jù (B .M ., 
B. 45509; B r is to l U n iv .) ;  A von  section , subzone Z  ̂ (B r isto l U n iv .) ;  S t. M on ica ’s 
H om e, W estbu ry , subzones K^, Z  ̂ (B r is to l U n iv .);  A b b ot’s L eigh , near B r isto l, 
subzone Z  ̂ (B r isto l U n iv .) ;  E lborough  H il l ,  W . M en d ip s, subzone Z  ̂ (B r isto l U n iv .);  
B id d le  Combe, W ells , subzone Z  ̂ (B r isto l U n iv .);  C h riston  P la n ta tio n , W . M en 
d ip s, subzone Z  ̂ (B r isto l U n iv .); M oat H ouse, F a ila n d , near B r isto l, Z zone (O xford  
U n iv . M us., 647).

W ales .

C arm arthensh ire : E xp osu re  o f  reddened  lim eston e, W .S .W . o f  T rem oille t, P en -  
d in e  (G eol. Surv., L ondon, P r .3325 ) ; R agw en , near P e n d in e  (B r isto l U n iv .).
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G lam organsh ire : R lio ssili, subzone'Z , (E . Scot. M us., E d in b u rgh , G ubbin C oll.).
P em brokesh ire : O ld Q uarry, op p osite  C ornm ill P ond , M errion, base o f Z% 

subzone (G eol. Surv., London, PI. 996).

Ire lan d .

Co. D u b lin  : M alah id e, Z zone (D r. L . B. Sm yth).

R e m a r k s .— P r o d u c tu s  r a u g h a n i  is  d is tin g u ish ed  from  P . f r o d u c tu s  (M artin ) by 
its  m ore arched v iscera l d isk , steeper flanks, finer costation , and by th e  absence o f  
a d iap h ragm  in  the b rach ia l valve. I t  is  d is tin g u ish ed  from  P . teres  sp. nov. by 
its  broader, m ore globose v iscera l d isk , less  curved tra il and finer costation .

T h is  species, first described  as P .  c f. m a rt in i ,  w ith  a su ggestion  o f the probable  
id en tity  w ith  P . f lem in g i ,  var. b u r l in g to n en s is  H a ll from  the B u r lin g to n  L im estone, 
U .S .A ., w as la ter  sa id  by V a u g h a n  to be synonym ous w ith  P . burl in g ton en s is .  H a ll  
described P . f lem in g i ,  var. b u r l in g to n en s is  in  1858 (p. 598, pi. x i i ,  fig. 3), the  
reference b eing  to P . f le m in g i  de K onin ck , non  Sow erby. E xam p les o f th is  species, 
described la ter  as P . b u r l in g to n e n s is  by K eyes (1894, p. 41), from  th e B u r lin g to n  
L im estone, B u rlin g to n , Iow a , differ from  P .  v a u g h a n i  in  th eir  larger  d im ensions, 
longer and m ore arched v iscera l d isk  an d  longer, m ore deep ly  s in u a ted  tra il. T he  
umbo in  the A m erican  sp ec ies is  m ore incurved , the costae are coarser and  th e  ribs  
more p rom in en t th an  in  P . vau gh an i.

In  1915 V a u g h a n  su g g ested  th e  possib le  id e n tity  o f h is  ‘ P . b u r l in g to n e n s is '  
w ith  the P . f le m in g i  o f  de K onin ck . T h e  la tter  form  is, how ever, d is t in c t  both  
from  P . f le m in g i  o f  Sow erby and from  V a u g h a n ’s species, and is  described  and  
figured as a new  species, P . derb iensis ,  in  th is  work.

In  h is  o r ig in a l d escrip tio n  V a u g h a n  ( 1 9 0 5 a , p. 2 8 8 )  d is tin g u ish e d  P . c f. m a r t in i  
from  the true P . m a r t in i  [ = P .  'productus'] and from  P . sem ire t ic u la tu s ,  and described, 
as a var ie ty , specim ens resem bling  P . lo n g isp in u s  w ith  sym m etrica lly  p laced  sp ines. 
T h is m ay refer  to som e d o u b tfu lly  lo ca lized  specim ens o f P . t i s s in g to n e n s is  S ib ly  
w hich  w ere lab elled  by V a u g h a n  P . c f. m a rt in i ,  in  the B r isto l U n iv e r s ity  co llec
tion . S evera l form s, in c lu d in g  a  sp ecies o f  B u x to n ia ,  w ere in c lu d ed  by V au gh an  
under th e  term  o f P . c f. m a r t in i .

P r o f . D e lep in e  (1911, p i. x i i i ,  figs. 3, 3 bis) figures a specim en  o f  ‘ P . b u r l in g 
tonensis  ’ from  T ou rn ai, w h ich  ap p ears to be in d ist in g u ish a b le  from  th e specim ens  
of P . v a u g h a n i  o f  th e  S ou th -w est P rov in ce. H e  records (1914, p. 187) P . b u r l in g to n 
ensis  H a l l= P . f le m in g i  de K on. from  th e T o u rn a is ia n  near A th , and sta tes  th a t
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there is  a p assage  from  th is  sp ec ies to  larger  form s from  h ig h er  zones figured  in h is  
ea r lier  p ap er  as P .  c f. s e m ir e t ic id a t i i s .

D em an et (1921— 23, pi. v i, figs. 25— 27) figures several specim en s as P . f lem in g i ,  
var. b u r l in g to n e n s is  H a ll  from  th e W a u l sorti an o f  Sosoye, B elg iu m . T h ese arc  
sa id  to be id e n tic a l w ith  V a u g h a n ’s P . c f. m a r t in i ,  but they  are larger  and nearer  
to P . se m ire t ic u la tu s .

O ne o f  th e  specim en s figured  by J a ro sz  (1917) as P r o d u c tu s  m a r t in i ,  form  a, 
ap p ears to be s im ila r  to P . v a u g h a n i  and w as ob ta in ed  from  R a c la w k a -T a l, 
P o la n d , w ith  S p i r i f e r  tornacensis .

H in d  and  Stobbs (1905, p. 531) recorded  a new  species, P . a n th r a x  V au gh an , 
from  the C oal M easu res o f  N . S taffordsh ire. T h is  sp ec ies w as described  by 
V a u g h a n  as b ein g  hom oeom orphous w ith  P . aff. b u r l in g to n e n s i s ^ P . c f. m a r t in i .  
T he ornam ent o f  P . a n th r a x  is  q u ite  d ifferen t from  th a t o f  P . v a u g h a n i  [ =  P . c f. 
m a r t in i ]  and is  near to th a t o f  P . a rc u a r iu s  de K on in ck .

V a u g h a n  ( 1 9 0 5 a )  records P . c f. m a r t in i  from  th e subzones K ,, ^  horizon , Z , 
and Zg o f  the B r is to l d is tr ic t  and from  th e  Z zone o f  th e  R u sh  S la tes , Co. D u b lin  
(M atley  and V au gh an , 1906, p. 295). R eyn o ld s and V a u g h a n  (1911, p. 364) 
record P . b u r l in g to n e n s is  from  /5 horizon  and Z  ̂ subzone o f  B u rr in g to n  Combe, 
and D ix o n  and V a u g h a n  (1911, p. 544) record  it  from  th e Z  ̂ subzone o f  G ower. 
V a u g h a n  in  1915 (p. 11) a lso  m en tion s i ts  occurrence in  B e lg iu m  in  the A ss ise  
d ’H a stier e  = Z  ̂ subzone, and  from  th e  C  ̂ subzone, and  D ix e y  and S ib ly  (1918, p. 135) 
record i t  from  th e K^ and  Z  ̂ subzones o f  th e  C arb on iferou s L im eston e b orderin g  
th e  S. W a les  C oalfield . D r. L. B . S m yth  (1920, pp . 11— 15) m en tion ed  th e  occur
rence o f  th is  sp ecies from  the Z zone to th e  C  ̂ subzone o f  M alah id e , Co. D u b lin , 
w h ile  D r. J . A . D o u g la s  co llected  i t  in  th e  Z zone o f  Co. C lare, Ire la n d  (1909, 
p. 549).

P r o d u c t u s  g a r w o o d i ' sp . nov.

P la te  I I ,  figs. 14a— c.

D ia g n o s is .— S h ell about 23 mm. in  h e ig h t and  w id th , and 16 mm. th ick , or 
1 ; 1 : "7; a p p ro x im a te ly  c ircu la r  in  o u tlin e ; h in g e  s lig h t ly  less th an  the w id e st  
p a rt o f  shell. P e d ic le  va lve  w ith  short, g lobose v iscera l d isk , g en icu la ted  to  form  
short curved  tr a il  ; flanks steep  and su b p ara lle l ; ven ter convex; um bonal a n g le  105°;

1 Named in honour of Prof. E. J, Garwood, F .R .S .
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cars sm all am i s lig h tly  flattened . B ra ch ia l valve w ith  flat v iscera l d isk , g en icu 
lated  to form  tra il. D ia p h ra g m  developed . C ostae about 22 in  10 mm. at d istan ce  
o f 10 mm. from  umbo, fine and th read -lik e, even and regu lar  posteriorly , f r e 
quently  b ifu rca tin g . R ibs few , traceab le round fron t o f v iscera l d isk . S p in es  in  
curved row s on flanks, on ears, and sca ttered  over shell.

D e s c r i f t io n .— P e d ic le  va lve .  T he shell rarely  sp lits  across the v iscera l d isk  o f  
the p ed ic le  valve, as occurs in  other sp ec ies in  w hich  a d iap h ragm  is  developed. 
The v iscera l d isk  is  h ig h ly  arched and th e  rounded umbo is m uch incurved  and p ro 
jects  beyond the h in ge. A  sh a llow  d ep ression  ex ten d s dow n the flanks below  the  
card in a l ex trem ities .

T he costae, w h ich  are fine and  reg u la r  on the v iscera l d isk , th ick en  s lig h tly  
near the an terior m arg in  o f  the sh ell below  the sp ine-bases. In terca la ted  costae  
are num erous on the v iscera l d isk , w h ile  b ifu rc a tio n s  occur on the venter and  tra il.

A b out 16 ribs are developed  as n arrow  fo ld s  on the card in a l slopes and round  
the fron t o f the v iscera l d isk , but the p o in t o f  in tersection  o f  ribs and costae is  
never m arked.

S p in e-b ases are fou n d  on the flanks in  curved row s s itu a ted  on th ick en ed  costae  
w hich enclose a sm ooth flat space below  th e  ears. T hree row s o f sp ine-bases ex ten d  
up from  the flanks to the ears, and sm aller sp ine-bases are scattered  over the  
rem ainder o f  the shell.

B ra c h ia l  va lve .  T he ex ter ior  o f th is  valve is  never seen, as i t  in var iab ly  
rem ains in  con tact w ith  the m a tr ix , and th e  flat v iscera l d isk  is  exp osed  w hen  the  
shell has s p lit  across th e  v iscera l d isk  o f  the p ed ic le  valve. A  d ia p h ra g m ,is  d eve
loped and is  from  2 mm. to 3 mm. w id e  a t the w id est point.

T he ornam ent seen on the reverse o f  the ex terior  is  s im ilar  to th a t o f the  
p ed ic le  valve.

I n te r n a l  charac ters .  T he in ter ior  o f the p ed ic le  valve is  unknow n.

T he in ter io r  o f  the b rach ia l valve, w h ich  is  rarely  seen, show s a  sm all, finely  
trifid  ca rd in a l process and a narrow  m ed ian  septum  ex ten d in g  for  tw o -th ird s o f  the  
len g th  o f the v iscera l d isk . N arrow  m a rg in a l r id ges  ex ten d  for  3 mm. a long  the  
h inge, then  curve d ow n w ard s to m eet the la tera l m arg in  about 3 mm. below  the car
d in a l angles. T he addu ctor m uscle-scars are tr ia n g u la r  in  ou tline, w ith  th e  an terior  
m argin  excavated  ; th e  brach ia l im p ression s are g iven  off from  th e la tera l rounded  
lobe.
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D im e n s io n s .—  2̂ )

M axim u m  h e ig h t ... ... ... ... 22  23 mm.
„ w id th  .. .  . . .  ... ... 20 23 ,,

,, th ick n ess ... ... ... 13 16 ,,
L en gth  o f  h in g e  ... ... ... ... 12 13 ,,
N um ber o f  costae in

breadth  o f 1 cm. a t ^
d istan ces  v e r tica lly  below  
um bo :

a t base o f  v iscera l d isk  .. .  ... 28 22
,, 17 mm. .. .  . . .  . . .  ... 18 18

(1) P r o f. E . J . G arw ood’s co llection , from  L yven n et Beck, W estm orlan d .

(2) H o lo typ e .

T y p e .— H olo typ e , from  the B ryozoa  bed, subzoncs, R om an F e ll, W e s t
m orland, is  preserved  in  P r o f. E. J . G arw ood ’s co llection . P a r a ty p e s  : a num ber o f  
specim en s in  th e  sam e co llection .

D is tr ib u t io n .— R an ge, 0^ subzone to S ,— subzones.

E n g la n d .

W estm o r la n d : L im eston e above F a w c e tt  M ill, S h ap  d is tr ic t , subzone 0^; A rn -  
s id e  shore, subzone C ,; B ryozoa  B ed , L yven n et B eck , S h ap  d istr ic t , subzone ;
sam e bed and zone from  O rton K n o tt;  R om an  F e ll;  and Sw eetholm e, near T hrim by, 
S h ap  d istr ic t . A ll  the specim ens are in  P r o f. E. J . G arw ood’s co llection .

R e m a r k s .— P r o d u c tu s  g a r w o o d i  is  d is tin g u ish e d  from  P .  re d e s d a le n s is  sp. nov. 
(p. 61) by its  m ore convex v iscera l d isk  and rounded venter, and  by its  finer cos
ta tio n  and few er  and sm aller  sp ine-bases. I ts  m ore p rom in en t costae and  better  
defined ribs, togeth er  w ith  the d evelop m ent o f  a d iap h ragm , d is t in g u ish  i t  from  P .  
v a u g h a n i  sp. nov. (p. 65). From  P .  r o tu n d u s  G arw ood  it  d iffers by its  lon ger  
tra il, g e n icu la tio n  o f  th e  b rach ia l va lve, and num erous sp in e-b ases, an d  by th e  
developm ent o f  th e  d iap h ragm .

B a d ly  crushed specim en s w ith  lon g  sp in e s  a ttach ed , h a v in g  a narrow , e lo n g a ted  
p ed ic le  valve, occur in  the subzone o f  the A von  S ection , B r isto l, and m ay belong
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to th is  species. V au gh an  records these specim ens ( 1 9 0 5 b , pi. x x ix )  as P . s e m ir e t ic u 
latus, m ut. Sj. O ther specim ens from  th e B y r in g o th y r is  zone o f  the M en d ip s, sa id  
by D r. S ib ly  to be a llied  possib ly  to the Ŝ  form , are recorded by h im  as P . concinno-  
m a r t in i  (1906, p. 371), and a s im ila r  form  is  probably referred  to by V a u g h a n  
(M atley and V au gh an , 1906, opp. p. 307) as P .  aff. concinnus  from  C ,— S, subzone. 
The ornam ent o f these form s is  rath er s im ila r  to th a t o f P . g a r w o o d i  sp. nov., and  
a d iap h ragm  is  developed  in  the b rach ia l va lve as in  th a t species. T he prop ortion s  
of the S  ̂ form  agree -with those o f  P . g a rw o o d i .

P r o d u c tu s  g a r w o o d i  ap p ears to be close ly  re la ted  to P . red esd a len s is  sp. nov., o f  
w hich it  m ay be an an cestra l form , P . g a r w o o d i  occurring  from  the to S^— D^ 
subzones and P . red esd a len s is  r a n g in g  from  D^— D^ subzones.

P r o d u c t u s  g r i f f i t h i a n u s  d e  K oninck .

P la te  I I I ,  figs. 1, 2a, b, 3. T ext-fig . 16.

1847. P r o d u c tu s  g r if f i th ian u s  L. de K onin ck . R echerches sur les A n im a u x  
F ossiles . P t . i. M on ograp h ie  des G enres P r o d u c tu s  e t Chonetes,  p. 74a, 
pl. x v iii ,  figs. 7a— c.

T rxt-f i g . 16.— Productus griffithianus de Koninck.
Cm h. Limestone, L ittle  Island, Cork. B ritish  
Museum, B.44007. D iagram m atic longitudinal sec
tion, natural size.

D ia g n o s is .— Sh ell about 13 mm. h igh , 17 mm. w ide, and 8 mm. th ick , or 
1 ; 1 3  : 6; la te r a lly  e lon gated , w ith  th e  h in g e  fo rm in g  w id est p a r t o f shell. P e d ic le  
valve w ith  s lig h tly  convex v iscera l d isk  sep ara ted  from  short tr a il  by sharp  g e n i
cu la tion ; sh a llow  sin u s on v iscera l d isk  in crea sin g  in  d ep th  on tr a il  ; um bonal an gle  
105°; ears sm all and flat. B ra ch ia l va lve gen icu la ted . C ostae about 20 in  10 mm. 
at d istan ce  o f  5 mm. from  umbo, fine and not prom inent on v iscera l d isk , but  
th ick en in g  s lig h tly  on tra il. R ib s num erous, prom inent, regu lar  on v iscera l d isk , 
continuous round fro n t o f shell, and ca u sin g  p rom inent nodu lar sw e llin g s  a t p o in t  
of in tersection  w ith  costae. S p in es  few , ex ten d in g  in  one row  from  um bo across  
card in a l slop es and dow n flanks.

K
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D e s c r ip t io n .— P e d ic le  va lve .  , I n  ea r ly  g ro w tli-sta g es  the p ed ic le  valve is  convex, 
but a t a d ista n ce  o f  about 4  mm. from  th e umbo a broad rounded s in u s is  
develop ed  w h ich  d iv id es  the sh ell in to  tw o  rounded shoulders. T he um bo is  acute  
and not in cu rved  over the h in ge, and the ears are not sh arp ly  dem arcated  from  the  
v iscera l d isk  by a  su lcus.

T he costae are rath er  fine on th e  v iscera l d isk  and are su b ord in ate  to  the ribs, 
w h ich  are num erous and  very reg u la r; th e  costae th ick en  s lig h tly 'b n  the tr a il  and  
become m ore p rom inent. B ifu r c a t io n  o f  the costae and in terca la ted  costae are  
rarely  observed.

A b ou t e ig h teen  ribs are d evelop ed  on the ca rd in a l slopes, and can be traced  
across the v iscera l d isk  as p rom in en t fo ld s  sep ara ted  by in tersp a ces  about h a lf  the  
w id th  o f  the costae. T he ribs are so p ro m in en t th a t th e  costae are traceab le  only  
by the nodu lar sw e llin g s  develop ed  a t  the p o in t o f  in tersectio n  w ith  th e  ribs.

T he sp in e-b ases are fe w  in  num ber. A  row  o f  five sp in e-b ases ex ten d s  across  
the ca rd in a l slop es and is  con tin u ou s on the flanks, w here the sp in es  u su a lly  sp r in g  
from  a  p rom in en t costa. A  fe w  sp in e-b ases o f sm all s ize  are sca ttered  over the  
rem ain d er o f  the shell.

B r a c h ia l  va lve .  T he v iscera l d isk  is  fla tten ed , and a s lig h t  g e n icu la tio n  is  
d evelop ed  at it s  an terior  ex ten sion .

T he ornam ent is  s im ila r  to th a t  o f  th e  p ed ic le  valve, but th e  ribs are m ore  
prom inent, and  the costae are on ly  f a in t ly  traceab le  on the v iscera l d isk .

I n te r n a l  ch arac ters .  In tern a l ca sts  o f  th is  sp ec ies  from  V ise , B elg iu m , show  in  
the p ed ic le  valve a sem ic ircu lar  m u scle-area  s itu a te d  im m ed ia te ly  below  the um bo; 
the d id u ctor  m u scle-scars enclose th e  ad d u ctors  ex cep t a t th e ir  an terior  m arg in .

I n  the b rach ia l va lve th e  ca rd in a l p rocess is  sm all and th e  m ed ian  sep tu m  e x 
ten d s fo r  about tw o -th ird s  o f  th e  len g th  o f  th e  v iscera l d isk .

T h e addu ctor m u scle-scars are very  sm all and d is t in c tly  b ilobed . T he b rach ia l 
im p ression s are g iv en  off a t the ou ter ex ten sio n  o f  th e  ad d u ctor-scars and  are en 
la rg ed  a t th e  ex trem ity .

T he m a rg in a l r id g es  ex ten d  a long  th e  ca rd in a l m a rg in  and  term in a te  a short 
d ista n ce  below  the ca rd in a l ex trem itie s .
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D im e n s io n s .—

75

(1) (2) (3)
11 5 11 5 13 mm.
14 19 5 1 8 5  „

5 9 10 „
— — 1 8 5  „

8 5 9 5 10 „
1 2 5 18 1 6 5  „

M axim um  h e ig h t ...
„ w id th  ...
„ th ick n ess

L en g th  o f  h in g e  ...
„ ,, v iscera l d isk

W id th  „
N um ber o f  costae - in

breadth  o f 10 mm. a t 
d istan ces  v er tica lly  below  
umbo :

a t 5 mm. ...
10 . . .  . . .

(1) B .M ., 64979, de K on in ck  C oll., from  V isé , Belgium'.
(2) B .M ., B .44007 , from  Garb. L im est., L it t le  Islan d , Cork.
(3) P r o f. E . J . G arw ood’s coll., from  B otan y  B eds, B otany , H u n d er th w a ite

M oor, Y orksh ire.

T y p e .— H olotyp e, de K o n in ck ’s specim en  from  the C arbon iferou s L im estone, 
V isé, B elg iu m , figured  in  1847. T h is  specim en  is  probably lost.

D is tr ib u t io n .— R an ge, to M illsto n e  G rit.

21
16

19
15

18
15

E n g la n d .

D erbysh ire : P a rk  H ill ,  subzone (G eol. Surv., London, I .T .806).

Sh rop sh ire  : C efn -y -F ed w  Sand stone, C yrn-y-B w ch  (B .M ., B .24059 , M orton  
Coll.).

Y ork sh ire  : B o tan y  B eds, B o tan y  Farm , H u n d erth w a ite  M oor, subzone D^ (P r o f. 
E. J . G arw ood) ; M alham , kn oll reefs, subzone D^ (P ro f. E. J . G arw ood) ; Scaleber, 
Settle, subzone D^ (B r isto l U n iv .).

W ales .

D en b ig h sh ire  : C efn -y -E ed w  Sand stone, C efn -y -F ed w  (B .M ., B .24066 , M orton  
Coll.).

P em brokesh ire : E a st  s id e  o f  B u lls la u g h ter  B ay, subzone D^ (G eol. Surv., L on 
don, I .T .640 ).

K2
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Ire la n d .

Co. Cork : L it t le  Is la n d  (B .M ., B .44006— 07, J . W r ig h t C oll.).

R e m a r k s .— P r o d u c tu s  g r if f i th ia n u s  is  d is tin g iiis lie d  from  S im ia te l la  s in u a ta  de 
K on in ck  by th e  absence o f  a ca rd in a l area  and d elth yrin n i, and by its  less  deep  
sin us. I t s  flat, q u ad rate  v iscera l d isk , short tr a il  and  very p rom in en t ribs, arc  
characters d is t in g u ish in g  i t  from  other sp ec ies  o f  th e  se m ire t icu la t i i^  group .

D e K on in ck  re fers  M 'C oy’s figure (1844, p i. x v iii ,  fig. 11) o f  L e p ta e n a ?  to h is  
sp ec ies P . gr if f ith ianus .  M ‘Coy figured , but d id  not describe, th is  specim en  from  
Irelan d , and from  the figure i t  does not a p p ea r  to be costate , a lth ou gh  num erous  
ribs are d evelop ed  on th e  v iscera l d isk  as in  P . i v r ig h t i  D av ., to w h ich  sp ec ies i t  is  
probably related .

T he sp ecim en  figured  by de K on in ck  (1842— 44, p i. x i i ,  figs 7a, b) as P . p l i c a t i l i s  
does not belong to th is  species, but seem s to resem ble P .  g r if f i th ia n u s  ra th er  th an  
P . p s e u d o p l i c a t i l i s  sp. nov. (p. 189). I t  a p p ears to have tru e co sta tio n  develop ed  
over the en tire  shell, and to have the v iscera l d isk  g en icu la ted  a t r ig h t  an g les to  the  
short tra il. T h e n od u lar  sw e llin g s  a t the p o in t o f  in tersectio n  o f  the ribs and  costae  
are w e ll show n.

D a v id so n  (1880, pi. x x x v i, figs. 6, 6a, 6b) figured  a sp ecim en  as P . gr if f i th ian u s ,  
from  th e  L ow er L im eston es o f B rock ley , L esm ahagow , L an ark sh ire , w h ich  is  not 
id e n tic a l w ith  de K o n in ck ’s sp ecies, and in  th is  w ork it  is  re ferred  to th e  sp ec ies  
P .  p ra e cu rso r  sp . nov. (p. 191).

W a a g en  com pared h is  sp ecies P .  g r a t io s u s  (1884, p. 693) w ith  P . g r if f ith ianus ,  
and sta ted  th a t  i t  h as s im ila r  r e ticu la tio n  near th e  beak but is  sm aller  and fla tter  
th an  P . gr if f ith ianus .

P r o d u c t u s  r o t u n d u s  G arw ood.

P la te  I I I ,  figs. 4a, b. T ex t-fig . 17.

1912. P r o d u c tu s  r o tu n d u s  E . J . G arw ood. T h e L ow er C arb on iferou s S u c
cession  in  th e  N o r th -W est o f  E n g la n d , Q u art .  J o u rn .  Geol. Soc.,  vol. Ix v iii, 
p. 569, p i. l i ,  figs. 3a, b.

1916. P r o d u c tu s  r o tu n d u s  E . J . G arw ood. T he F a u n a l S u ccession  in  th e  
L ow er C arb on iferou s R ocks o f  W estm orlan d  and N orth  L an cash ire , P roc .  
Geol. Assoc.,  vol. x x v ii , p t. 1, p i. x i i ,  fig. 11 (fig. 12 on p la te).
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T ext- f ig . 17.—Productus rotundus  E. J . Garwood.
Curb. Liino.stono, above Faw cett M ill, Shap, W est
morland. Prof. E. J . Garwood’s coll. D iagram 
matic longitudinal section, natural size.

D ia g n o s is .— S h ell about 16 mm. h igh , 18 mm. w id e, and 14 mm. th ick , 
or 1 : 1 1  : '8; c ircu lar  in  ou tlin e , w ith  g rea test w id th  near an terior m argin . 
P ed ic le  valve convex, not g en icu la ted  ; flanks rather steep  and convex ; venter h ig h ly  
arched; um bonal an g le  90°; ears sm all. B ra ch ia l va lve w ith  s lig h tly  concave  
visceral d isk , g en icu la ted  ab ru p tly  to  form  curved tra il. D ia p h ra g m  not developed. 
C ostae rather fine, about 17 in  10 mm. a t d istan ce  o f  10 mm. from  umbo, uneven
and freq u en tly  b ifu rc a tin g . R ib s fa in t ly  traceab le round fro n t o f shell. S p in es
num erous, sca ttered  over shell, and in  tw o  row s on flanks cu rv in g  up  on to ears.

D e s c r ip t io n .— P e d ic le  va lve .  In  som e specim ens the shell is  produced  to form  
a short tra il, but the sh ell is  never sh arp ly  gen icu la ted . T he umbo is  incurved  
and p rojects  s lig h tly  beyond th e  h in g e ; th e  ears are m in u te  but are not sh arp ly  
dem arcated  from  the v iscera l d isk  by a su lcus.

T he costae are fine and even p osteriorly , but irregu lar  and uneven in  w id th  on 
the tra il, w here they  becom e th ickened . B ifu r c a tio n  o f the costae occurs freq u en tly , 
and u su a lly  below  the sp ine-bases. T he su lc i are deep and o f less w id th  th an  the  
costae.

T he ribs are about tw elve  in  num ber and are fa in t ly  traceab le  across th e  v is 
ceral d isk , w here s lig h t  en largem en t occurs a t the p o in t o f  in tersection  w ith  the  
costae.

Sp in e-b ases o f  sm all s ize  arise  from  th e  sum m it o f  the costae and are sca ttered  
over the w hole shell. T w o or three row s o f  sp in e-b ases are seen on the ears, and  
tw o row s ex ten d  dow n th e  flanks.

G row th -lin es are very num erous and  are crow ded togeth er  on the an terior  p art  
of th e  shell, ca u sin g  s lig h t  tran sverse  r id g es  on th e  costae.

B r a c h ia l  va lve .  T he v iscera l d isk  is  s lig h t ly  concave below  th e  umbo, f la tten in g  
anteriorly  and then  becom ing sh arp ly  g en icu la ted  to form  th e short curved  tra il, 
w h ich  is  n early  in  con tact w ith  th a t o f  th e  p ed ic le  valve. T h e p ed ic le  va lve  fr e 
quently  sp lits  off, togeth er  w ith  th e  in tern a l layers o f  the b rach ia l va lve, le a v in g  the



78 Helen M. M u ir -W o o d — The B r i t i sh  Carboniferous  P r o d u c t i

v iscera l d isk  and tr a il  o f  th e  low er layers o f  th e  b rach ia l va lve  exposed . T h e actu a l 
ex ter io r  o f  th is  va lve  is  rarely  seen.

T he ornam en t is  s im ila r  to  th a t o f th e  p ed ic le  valve.
I n te r n a l  charac ters .  U n know n.

D im e n s io n s .—  ^2)

M axim um  h e i g h t   ;.. 15 5 16 mm.
w i d t h .................................  17 18 „

,, th ick n ess  .................  14 5 14 5 ,,
L en g th  o f  h i n g e .................................  14 5 15 5 „
N um ber o f  costae in

breadth  o f  10 mm. a t  
d ista n ces  v e r tica lly  below  
um bo :

a t 5 m m ...................................  24  23
,, 10 ,, . . .  . . .  . . .  18 17

(1) H olo typ e.
(2) P r o f . E . J . G arw ood’s coll., from  base o f  S e m in u la  g r e g a r ia  subzone, C ,,

above F a w ce tt  M ill, S .E . o f  S h ap , W estm orlan d .

T y p e .— H olo typ e , th e  specim en  figured  by P r o f. G arw ood  in  1912 from  the P r o 
d u c tu s  g lobosus  band, a t base o f  S e m in u la  g r e g a r ia  subzone, E a w cett M ill, Shap  
d is tr ic t , W estm orlan d , is  preserved  in  P r o f . G arw ood’s co llection . U n iv e r s ity  C ollege, 
L ondon.

D is tr ib u t io n .— R an ge, subzone.

E n g la n d .
W estm orlan d  ; P r o d u c tu s  g lobosus  band  a t base o f S e m in u la  g r e g a r ia  subzone, 

F r ia r ’s B ottom , R aven ston ed a le  ; sam e h orizon , F a w ce tt  M ill, S h ap  d is tr ic t , W e s t
m orland. A ll  th e  sp ecim en s are in  P r o f . E . J . G arw ood’s co llection .

R e m a r k s .— P r o d u c tu s  r o tu n d u s  is  d is tin g u ish e d  from  P .  d e rb ie n s is  sp. nov. 
(p. 170) by its  s lig h t ly  coarser costae, and  by th e  difference in  th e  arran gem en t o f  
th e  sp in es.

T h is  sp ec ies h as n ot so fa r  been fo u n d  ou tsid e  W estm orlan d .
D em an et (1921— 23, p. 154, p i. v ii, fig. 38) describes and figures a specim en  as 

P . ro tu n d u s  from  th e  W a u lso r tia n  o f  F our à C h aux, M aredsous, B e lg iu m . T h e d es
c r ip tio n  in d ica te s  a form  s im ila r  to  P .  ro tu n d u s ,  bu t th e  sp ecim en  figured  has 
coarser an d  m ore p rom in en t costae.
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P r o d u c t u s  m u r ic a t u s  J . P h illip s .

P la te  I I I ,  figs. 5, 6, 7a— c. T ext-fig . 18.

1836. P r o d u c ta  m u r ic a ta  J . P h illip s . I llu s tra tio n s  o f  the G eology o f  Y ork 
sh ire, pt. ii, p. 214, pi. v iii , fig. 3.

1860. P r o d u c tu s  costa tus ,  var. m u r ic a tu s  T. D av id son . T he C arbon iferou s  
System  in  S cotlan d  ch aracter ized  by its  B rach iopoda, T h e  G eo log is t ,  
vol. i i i  [in  e x p la n a tio n  o f  pi. i i i ,  under h ead in g  ‘ P la te  iv  ’], p i. i i i ,  fig. 25;  
P r o d u c tu s  c o s ta tu s  (in  p art), p. 179.

1860. P r o d u c tu s  I U n d eterm in ed  species. T. D avidson , ib id . ,  p i. ii, figs. 25, 
25a, b, c.

1861. P r o d u c tu s  m u r ic a tu s  T. D av id son . M on. B r it. Foss. B rach ., vol. ii, 
p a rt V, No. 4, p. 153, pi. x x x ii ,  figs. 10, 11, 12, 13, 13a, 13b, 14, 14a.

T e x t - f i g . 18.— Productus muricatus  J . Phillips. Lower 
Lim estones, Corrieburn, Campsie, Stirlingshire.
B ritish Museum, B. 13815. D iagram m atic longitu
dinal section, natural size.

D ia g n o s is .— S h ell about 24  mm. h igh , 22 mm. w id e, and 14 mm. th ick , or 
1 : 9 : 6; e lon ga te-ova l in  ou tlin e , w ith  the grea test w id th  occurring  near the  
anterior m argin . P e d ic le  va lve  convex, not g en icu la ted  ; venter fla t; um bonal 
angle  100°; ears sm all. B ra ch ia l va lve  h ig h ly  concave. B ody ca v ity  sm all. C ostae  
about 10 in  10 mm. a t d istan ce  o f  15 mm. from  umbo, rather prom in en t and regu lar, 
rarely b ifu rc a tin g . R ib s fa in t ly  d evelop ed  on fron t o f v iscera l d isk . Sp in e-b ases  
sp r in g  from  su m m it o f  costae on tra il, and sp in es  ex ten d  a t r ig h t an g les to  shell 
su rface; also in  curved row  on flanks and ears and in  row close to, and p a ra lle l w ith  
hinge.

D e s c r ip t io n .— P e d ic le  va lve .  In  ear ly  grow th -stages th e  shell is  la te r a lly  e lo n g 
ated, w ith  th e  g rea test w id th  occurring  a long  the h in ge, but i t  becom es c ircu lar  in  
ou tlin e  in  th e  epheb ic  s ta g e  and  e lon ga te-ova l in  the geron tic  stage. P h y lo g ero n tic  
in d iv id u a ls , such as th e  specim ens from  th e  U p p er  L im eston es o f  S cotland , have a 
w ell develop ed  tra il, an d  th e  len g th  is  g r e a tly  in  excess o f  th e  w id th .



so Helen M. M u i r - W  ood— The B r i t i sh  Carboniferous  P r o d u c t i

T he umbo is  la rg e  and  rounded and p ro jec ts  for  a  short d ista n ce  beyond the  
hin ge. T he flanks are s lig h t ly  convex and slope g en tly  ou tw ard s tow ard s the a n 
ter ior  m argin . T he ears are sep arated  from  the v iscera l d isk  by a narrow  su lcus, 
along  w h ich  the shell ten d s to fractu re .

T he costae are fine on the v iscera l d isk , but they  in crease  in  w id th  an terior ly  
and becom e m od erately  coarse and rounded. Som e costae are m ore p rom in en t than  
others, w h ile  those on the fro n t o f  the ven ter  f a i l  to th ick en  and do n ot converge. 
B ifu r c a tio n  o f the costae m ay occur on th e  venter, but the tw o  costae so form ed  
u su a lly  reu n ite  a fte r  a short d istan ce , w ith  the ex cep tio n  o f  those on the flanks or 
near the an terior  m arg in  o f the shell. In crease  in  the num ber o f  costae on the  
viscera l d isk  occurs by m eans o f  in te r c a la tio n s  as w ell as by b ifu rca tio n s. T he  
su lci vary  con sid erab ly  in  w id th  and are w id er  in  the h o lo typ e than  in  any other  
specim en  so fa r  observed. In  m ost sp ecim en s th e  su lc i are con sid erab ly  narrow er  
th an  the costae, bu t in  d ecortica ted  sp ecim en s the su lci are w id er  th an  the costae, 
and at a fu rth er  s ta g e  o f  w ea th er in g  th e  cast ap p ears sm ooth, w ith  rounded p its  
m ark in g  the p o sitio n  o f  the sp ine-bases.

A b ou t ten  ribs are d evelop ed  on the ca rd in a l s lop es as narrow  w rin k les, and  
s lig h t  nod u lar  sw e llin g s  are develop ed  a t th e  p o in t o f th e ir  in tersectio n  w ith  the  
costae.

S p in e-b ases are very num erous and  sm a ll in  d iam eter, the la rg est, w h ich  are  
s itu a te d  on th e  flanks, do not exceed  1mm. in  d iam eter. T he s ix  or seven  sp in e-b ases  
in  a row  on each sid e  o f  the umbo, set a t a  d ista n ce  o f  0 5 mm. from  th e h in ge-  
m argin , decrease in  d iam eter  from  the ea rs  tow ard s th e  umbo. T he second curved  
row  ex ten d s from  each  an terior  la tera l m a rg in  to th e  h in ge , about 4 mm. from  the  
umbo. T he d iam eter  o f  th e  sp in e-b ases on the tra il does not exceed  the w id th  o f  the  
costae su p p o rtin g  them .

B ra c h ia l  va lve .  T h is  va lve is  d eep ly  concave, w ith  a  s lig h t  f la tte n in g  a lon g  the  
h in ge, and  fo llo w s  close ly  the contour o f  th e  p ed ic le  valve, lea v in g  only  a  sm all 
b ody-cav ity , as show n in  tex t-fig . 18.

T he ornam ent is  s im ila r  to th a t  o f  th e  p ed ic le  valve, but th e  costae are finer and  
less pronounced. T races o f  sp in e-b ases have been observed and  ap p ear  to  be few er  
in  num ber th an  in  th e  p ed ic le  valve.

I n te r n a l  charac ters .  T he in ter io r  o f  th e  p ed ic le  va lve  is  unknow n. -



Helen M. M u ir -W  ood-—The Brit i sh  Carboniferous P rodu c t i  81

A n  in tern a l cast o f  the brach ia l va lve in the K elv in grove M useum  [01'53 a g f]  
sliovvs very sm all d en d r itic  adductor m uscle-scars set close to the m ed ian  septum  
and about 2 mm. below  tlic card in a l m argin . T he brach ia l im p ression s are only  
fa in t ly  soon.

D im e n s io n s .—
(]) (2) (3) (4) (5)

M axim um  h e ig h t ... 20 5 21 22 24 24  mm.
w id th  ... 23 22 23 22 2 1 5  „

,, th ick n ess 15 11 15 13 16 . „
L en gth  o f h in g e  ... 19 5 20 — — 2 0 5  „
N um ber o f  costae in

breadth  o f 10 mm . at
d istan ce  o f  15 mm.
below  um bo 11 8 11 10 9

T ota l num ber o f  costae a t
an terior  m arg in • • • 26 18 27 — —

(1) B .M ., B .45676, from  the L ow er L im estones, C orrieburn, S tir lin g sh ire .

(2) H olo typ e.

(3) B .M ., 47281, from  B ak ew ell, D erb ysh ire.

(4) R . Scot. M us., E d in b u rgh , N eilson  Coll., 26, from  the L ow er L im estones,
H illh e a d  o f  B roadstone, B e ith , A yrsh ire.

(5) N at. M us. o f  Ire lan d , D u b lin , from  O ld L eigh ton , Co. C arlow , Irelan d .
M ‘C oy’s typ e-sp ec im en  o f  P . coste lla tus .

T y p e .— H olotyp e, th e  specim en  figured  by P h il lip s  in  1836 from  the M ou n ta in  
L im estone, H arelow , N orthum berland , is  preserved  in  the Y ork M useum .

D i s t r ib u t io n .— R an ge, D^ subzone to M illsto n e  G rit.

E n g la n d .

D erb ysh ire  : B ak ew ell, D erb ysh ire  (B .M ., 47281) ; o ld  quarry, E. o f H ilt s  Q uarry, 
C rich, C y a th a x o n ia  zone, D^ (G eol. Surv., L ondon, J .M .39 , 41).

I s le  o f  M an : P oo lvash  (B .M ., B .42022).

N orthum berland  : S ix -Y a r d  L im estone, L ittle  M ill Q uarry, D^— D^ subzone  
(Geol. Surv., L ondon, J .R . 4754; B .M ., B .41889— 41892); L ow ick  (S ed gw ick  M us., 
C am bridge); T hornbrough L im estone, subzone D^ (B r isto l U n iv .).

L



82 Helen M. M u i r - W  ood— The B r i t i sh  Carboniferous  P rodu c t i

Y orksh ire : B o ta n y  B eds, B o ta n y  Farm , F fn n d erth w aite  M oor, snbzone 1), (P r o f  
E. J . G arw ood); M ain  L im estone, W o ld  F ell, head  o f  D en td a le  (P r o f. E. J .  
G arw ood).

W ales.
D e n b ig h sh ir e :  A ren aceou s L im estone, C ra ig  F echan , M in era  (B .M ., B .24037);  

B og  M ine, LI an arm on (B .M ., B .23875).

F lin tsh ir e  : P en t re H a lk in , H o ly w ell (B .M ., B .23993 , M orton C oll.).

S co tla n d .

A y rsh ire  : C essnock (B .M ., B .13809, D a v id so n  C oll., figd. 1 8 6 0 a , pi. i i i ,  fig. 25 );  
G ird le  Q uarry, D a iry  (B .M ., B .43763— 64); B o w ertra p p in g , D a ir y  (P . Scot. M us., 
E d in b u rgh , 27; K elv in grove  M us., G lasgow , 01 53 a g f);  H illh e a d  o f  B roadstone, 
B e ith  (R. Scot. M us., E d in b u rgh , 26 ); L ow er L im eston es, M ain  P o st  Subseries, 
O verton, B e ith  (K elv in grove  M us., G lasgow , C ra ig  C oll.); shale  above H ig h fie ld  
L im estone, G irtle , A rd rossan  (G eol. Surv., E d in b u rg li).

B u tesh ire  : M aoldon, A rra n  (R .  Scot. M us., E d in b u rgh , 42).

E d in b u rgh sh ire  : B orin g , S .E . o f  B re ich w ater , I  m ile  N .W . o f  H a n d a x w o o d  
(G eol. Surv., E d in b u rgh , T . 4 1 6 5 e , 4 1 6 6 e , 4 1 6 8 e ) ;  F oresth e ld  B ore, 7 m iles  W .S .W . 
o f B a th g a te  (G eol. Surv., E d in b u rgh , T . 2 1 0 9 e , 2 1 1 2 e ) .

F ife sh ir e  : W a lto n  Q uarry, near L o ch g e lly  (G eol. Surv., E d in b u rgh , B . 4 9 3 0 d ) ;  

shale  above ? No. 1 L im estone, L od od d ie  Q uarry, N .E . o f  C u par (G eol. Surv ., E d in 
burgh, B .4 9 7 3 d ) ;  w h ito  lim estone, l it t le  cliff a t h ig h -w a ter  m ark, near C oal Farm , 
betw een St. M onance and P itten w eem  (G eol. Surv., E d in b u rgh , T . 1 6 5 f ) .

H a d d in g to n sh ir e  : A b er lad y  B ay , A b erlad y  P o in t  (G eol. Surv., E d in b u rgh , 
B .2 0 4 7 c ); sh a le  below  S k ater  aw  L im eston e , S k ater  aw  shore (G eol. Surv., E d in b u rgh , 
T . 1 1 0 2 f ,  1 1 0 3 f ) ;  lo w est p ost o f M id d le  S k ateraw  L im estone, shore a t p o in t E. o f  
sea-q u arry  a t C a tcra ig  (G eol. Surv., E d in b u rg h , M . 3 9 8 2 e )  ; S k a teraw  L im eston e, 
shore E. o f S k a teraw  H arb ou r (G eol. Surv., E d in b u rgh , M . 3 8 8 5 e ) .

L an ark sh ire  : L i th o s t r o t io n  band, bank o f P o n ie l W ater , 385 yard s W . o f  
B rack en sid e , near C oalburn (G eol. Surv., E d in b u rgh , M . 4 8 3 9 f ) ; U p p e r  L im estones,*  
G arngad , near G lasgow  (K elv in grove  M us., G lasgow , 0 1 ’53 a fa )  ; L ow er L im eston es, 
B ogh ead , near H a m ilto n  (K elv in grove  M us., G lasgow , 01 53 a fo ; H u n ter ia n  M us., 
G lasgow , L .222).

R en frew sh ire  : L ow er L im eston es, J m ile  W .N .W . o f C orkerh ill, about 3 m iles  
S .W . o f G lasgow  (G eol. Surv., E d in b u rgh , T .2 9 6 0 b , 2 4 0 8 b , 2 4 0 9 b , 2 4 1 0 b , 2 4 1 2 b ) ;



Helen M. M u ir -W  ood-—The Brit i sh  Carboniferous P r o d u c t i  83

ra ilw a y -cu ttin g , A uchenbeck (G eol. Surv., E d inb urgh , T .2 2 9 4 b ) ;  U p p er  L im estones, 
Inkernian, near P a is le y  (K elv in grove M us., G lasgow , Y ou ng Coll.).

S tir lin g sh ir e  : C orrieburn and C am psie  (P .M ., B .45672— 45676, D a v id so n  Coll., 
figd. 1 8 6 1 b ,  pi. x x x ii , fig. 14); L ow er L im estones, C am psie, C orrieburn (K e lv in 
grove M us., G lasgow , 01 53 a fe  and aez); L ow er L im estones, C ra igen g len , near  
L enn oxtow n  (R . Scot. M us., E d in b u rgh , 9); L ow er L im estones, u pp er B annock  
Burn, S .W . o f  T od holes (G eol. Surv., E d in b u rgh , T . 1 8 8 6 f ) .

Ire la n d .

Co. C arlow  ; O ld L eigh ton  (N at. M us. Irelan d , D u b lin , figd. M ‘Coy as P . c o s te l 
latus,  1844, pi. XX, fig. 15).

Co. T yrone : B enburb (G eol. Surv., D u b lin ).

R e m a r k s .— P r o d u c tu s  m u r ic a tu s  is  d is tin g u ish e d  from  P . su lca tu s  J . Sow . and  
P . cos ta tu s  J . de C. Sow . by its  sm aller  d im en sion s and oval ou tlin e, by the absence  
o f the a n gu lar  r id ge  on the flanks o f  the p ed ic le  valve, and by a  difference in  the  
ornam ent. I t  is  d is tin g u ish e d  from  P . in s c u lp tu s  sp. nov. (p. 89) by its  sm all size, 
more even costae and greater  sp in o sity .

P r o d u c tu s  m u r ic a tu s  N orw ood and P r a tte n  (1855, p. 14, pi. i, figs 8 a— e) differs 
from  P . m u r ic a tu s  P h il l .  both in  shape an d  ornam ent. T he in tern a l characters o f  
N orw ood and P r a tte n ’s sp ecies resem ble those o f  the lo n g isp in u s  group, and i t  has  
been referred  to the gen u s M a r g in i f e r a  by som e authors (G irty , 1903, p. 374).

M ‘C oy’s P r o d u c tu s  cos te l la tu s  ap p ears to be a specim en o f P . m u r ic a tu s  P h ill. 
w ith  m ore p rom in en t costae and a  s lig h tly  longer tr a il  than  norm ally  fo u n d  in  the  
la tter. T he sp in e-b ases in  ‘ P . coste lla tus'  are scattered  over the p ed ic le  va lve and  
are also arran ged  in  a  row  on the flanks, as in  P . m u ric a tu s  P h ill. M ‘C oy’s sp e c i
men o f P . co s te l la tu s  is  preserved  in  th e  N a tio n a l M useum , D u b lin , and a p la ster  cast  
o f th is  specim en  is in  the B r it ish  M useum , B .41872. M ‘Coy (1844, p. 108) describes  
the in ter iors o f  both va lves o f  h is  sp ecies and sta tes  th a t ‘ the su p p orts (A A ) [ad d u c
tor m uscles o f  b rach ia l va lve] form  but tw o lobes on each  sid e  o f th e  septum , in stead  
of the num erous com plex  tu rn s o f  th e  corresp on d in g  p arts in  the m ore ty p ic a l sp ec ies ; 
the card in a l tooth  o f th e  ven tra l va lve (B) [brach ia l] is  large, and d is tin c tly  notched ; 
. . . the cen tra l sep tu m  is  p a r ticu la r ly  la rg e .’ T h is  d escrip tion  is  in terestin g , as
in teriors o f the va lves o f  P . m u r ic a tu s  are very rare.

T here is  som e doubt as to the lo ca lity  from  w h ich  the typ e-sp ecim en  o f P .  
m u rica tu s  w as obtain ed . P h i l l ip s  (1836, p. 242) quotes i t  as occurring  at H arelaw ,
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and on another p a g e  o f  the sam e w ork he sta tes  th a t th is  lo ca lity  is  in  N ortlu im -  
berland  and  the horizon  Y ored a le  R ocks, w h ile  the specim en  bears the label H are-  
low , N orthum berland . I t  m ay th erefore  have been ob ta in ed  e ith er  from  H arlaw , 
N orthum berland , from  the S ix -Y a r d  L im estone, D , — subzonc,  or from  H arlow  
H ill, N orthum berland , w here the F e ll T op  L im eston e is  exposed . S p ecim en s o f  P .  
m u r ic a tu s  have been ob ta in ed  from  the S ix -Y a r d  L im eston e o f N orthum berland  
and  also from  the F e ll T op  L im eston e  o f  H a rlo w  H ill, N orthum berland .

T he typ e-sp ecim en , preserved  in  black shale, is  consid erab ly  d isto r ted  by cru sh 
in g . T he figures o f  th is  sp ec ies g iv en  by D a v id so n  ( 1 8 6 1 b ) and P h il l ip s  ( 1 8 3 6 )  are  
con sid erab ly  restored .

S p ecim en s occur in  th e  U p p er  L im eston es o f S cotlan d  w h icli arc hom oeom or
p hou s w ith  P . m u r ica tu s ,  but th ey  have an  ornam ent o f  sp in e-b ases on the v iscera l 
d isk  and on ly  develop  costae on th e  tr a il , w h ile  in  P . m u r ic a tu s  th e  costae are con
tin u o u s to th e  umbo. T he U p p e r  L im eston e  sp ecies has the ty p e  o f  ornam ent 
sp in ose  to  costate , ch a ra c ter is tic  o f  A v o n ia ,  and tlie  specim en  figured  by D a v id so n  
( 1 8 8 0 ) ,  pi. x x x v i, fig. 8 ,  as P . carh on ar iu s  belongs to  th is  form .

In  exam p les  o f  P . m u r ic a tu s  from  th e  Dg sub zone and from  the U p p er  L im e
ston es o f  S co tlan d  th e  sh ell ten d s to becom e m uch th ick en ed ; th e  a d d it io n a l layers  
m ask the norm al ornam en t and  cause the shell to ap p ear  n early  sm ooth on th e  tra il. 
N um erous g ro w th -lin es  cause deep tran sverse  s tr ia tio n s  in  th is  form , and  a  rath er  
deep s in u s is  d evelop ed  in  th e  p ed ic le  va lve, and  a  s lig h t  g e n icu la tio n  in  th e  b rach ia l 
valve. T h ese  fea tu res  are a ll ch a ra c ter is tic  o f  p h y logeron tic  in d iv id u a ls . 
V a r ia tio n  in  th e  num ber o f  costae has heen observed in  specim ens o f  P . m u r ic a tu s  
from  th e D , subzone, ‘ B rach iop od  B ed s ’ o f  the M id la n d s; th is  is  due to m ore fr e 
quent b ifu rc a tio n  o f  th e  costae. T h e sh e ll o f  these specim ens is  u su a lly  d eco r ti
cated , and sp in e-b ases are rep resen ted  by p its  on the ears and flanks. • T h ese sp e c i
m ens have, on an average, 1 4  costae in  1 0  mm. as com pared w ith  1 0  costae in  1 0  mm. 
in  th e  ty p ic a l form , a t a d ista n ce  o f 1 5  mm. below  th e  umbo.*

D e  K on in ck  ( 1 8 4 2 — 4 4 ,  pi. ix , fig. 2 ;  pi. x i i i  b is, fig. 5 )  d escribed  and  figured  
specim ens o f  P . te s se l la tu s  und er th e  nam e o f  P . m u r ic a tu s .  T h is  w a s  corrected  
in  h is  la ter  w ork ( 1 8 4 7 b , p. 1 1 0 ) ,  w here P .  m u r ic a tu s  is  in c lu d ed  rath er  d o u b tfu lly  
as a  synonym  o f P . cos ta tus ,  w h ile  th e  specim en s figured  from  B otsch arova , R u s 
sia , th ou gh  not id e n tic a l w ith  P .  m u r ica tu s ,  are nearer to th a t sp ec ies  th an  to  P .  
çosta tus .  T h e sp ecim en s o f P .  ç la rk e i  figured  in  1 8 7 8  ( p i .  x, fig. 2 )  from  N ew
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Soutli W a les  w ere sa id  by de K on in ck  to  bo a llied  to P . m urica tus-,  they  should , 
liow ever, be a ssign ed  to the gen u s P u s tu la ,  and they  have the ornam en t c h a ra c ter is tic  
of th a t genus.

B enson , D un and  B row n e in  1920 (pi. x x i i i ,  figs. 1— 3) figured a sp ecim en  from  
N ew  S ou th  W a les  as P .  m urica tus-,  th is  d iffers from  P h i l l ip s ’s sp ec ies  in  h a v in g  
finer co sta tio n  and  few er  sp in es  in  th e  p ed ic le  valve, and it  a p p a ren tly  lack s costae  
in  the b rach ia l va lve.

T ra u tsch o ld  figu red  a sm all e lo n g a ted  form  from  M ja tsch k o w a  (1876, p i. x x x ii ,  
fig. 6) w h ich  d iffers from  P .  m u r ic a tu s  P h il l .  in  ornam ent, w h ile  W a a g e n  (1884, 
p. 693) com p ared  P .  m u r ic a tu s  to  h is  sp ec ie s  P . g ra tio su s ,  and con sid ered  th a t  both  
species b elon ged  to  th e  group  ‘ s p in o s i,’ and not to the ‘ se m ir etic u la ti ’ group  o f  
P ro d u c tu s .

J a r o sz ’s (1917, p i. v i i i ,  figs. 4, 4a) sp ec im en  o f P . m u r ic a tu s  from  P o la n d  is  a 
coarsely costa te  form  w ith  sp r e a d in g  flanks, and  is  u n lik e  th e  typ e. D em an et  
(1921— 23, p i. v ii, figs. 34, 35) figured  a sp ecim en  from  th e W a u lso rtia n  o f  F ou r à 
C haux, M ared sou s, B e lg iu m , w h ich  is  la rg er  th a n  P .  m u r ic a tu s  and  has a longer  
tra il;  i t  is  pro!)ably a llie d  to  P . f .e x i s t r iu s  M ‘Coy, h a v in g  curved  costae on th e  flanks  
sim ilar  to  those o f M ‘C oy’s sp ecies.

D r. L . B . S m yth  (1924, p. 104) recorded, w ith o u t figu r in g , P . m u r ic a to -c o s ta tu s  
from  the B a lly c a s t le  d is tr ic t , Ire la n d . I t s  re la tio n  to P . m u r ic a tu s  is  not know n.

P r o d u c t u s  f u r c a t u s  sp . nov.

P la te  I I I ,  figs. 8a, b.

D ia g n o s i s .— S h ell about 33 m m. lon g , 22  mm. w id e , and 13 mm. th ick , or 1 : 6 : "4; 
elon gated , g re a te s t  w id th  occu rrin g  near th e  an terior  m argin . P e d ic le  v a lve  w ith  
short h ig h ly  con vex  v iscera l d isk , g e n icu la te d  to form  lon g  sp rea d in g  tr a i l  ; u m 
bonal a n g le  105°; ears sm all, s lig h t ly  fla tten ed  ; sh a llow  sin u s on v iscera l d isk . 
C ostae uneven , about 19 in  10 m m . a t d is ta n c e  o f  15 m m. below  umbo, s in u ou s on  
tra il, sem ic ircu la r ly  curved  on flanks, an d  freq u en tly  b ifu rc a tin g . R ib s  d evelop ed  
on ca rd in a l slop es. S p in e-b a ses  in  th ree  curved  row s on flanks and  e x te n d in g  on  
to ears.

D e s c r ip t io n .— P e d ic le  va lve .  T h e  tr a il  and  flanks sp read  ou tw ard s near th e  
an terior  m arg in , and  th e  fro n t o f  th e  tr a il  ten d s to p ro jec t ab ru p tly  forw ard s, 
a lth ou gh  no tru e  r im  is  d evelop ed . T h e sin u s, i f  develop ed  on the. v iscera l d isk ,
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fla tten s out on the p osterior  p a r t o f  the tra il. T he umbo is broad and rounded and  
is  incurved  over the h inge. S p ecim en s freq u en tly  occur w ith  a fla ttened  or d is 
torted  shell and the v iscera l d isk  m ay ap p ear  to be con sid erab ly  la tera lly  e lo n g a ted

T he costae are very irreg u la r  in  w id th , and one costa  m ay be en larged  a t the  
exp en se  o f tw o  or three a d ja cen t ones. T h ey are sin u ou s on the tra il, freq u en tly  
b ifu rca te  on a ll p a rts  o f  the shell, and  are sem ic ircu la r ly  curved on the flanks. T hey  
become m ore prom inent on the tra il, w ith  w id er  su lci. In terca la ted  costae are  
rare.

A b ou t fifteen  ribs are d evelop ed  on th e  card in a l slopes, but are' on ly  fa in t ly  
traceab le  across the fro n t o f the v iscera l d isk . E n largem en t o f  the costae a t the  
p o in t o f  in tersectio n  w ith  the ribs is  s lig h t ly  m arked on the sid es o f  the v iscera l 
disk .

Sp in e-b ases are rarely  seen ex cep t on th e  flanks, w h ere th ere  are three curved  
row s near th e  ca rd in a l ex trem itie s , and th ese  ex ten d  to  th e  ears. O ne row  o f  sp in e-  
bases, a t least, is  con tin u ou s to th e  a n terior  la tera l m arg in  o f  th e  shell.

B r a c h ia l  va lve .  T h is  va lve  has not been observed, as i t  in v a r ia b ly  rem ain s in  
con tact w ith  th e  m a tr ix , and  the sh e ll does not s p l it  across th e  v iscera l d isk  o f  the  
p ed ic le  valve. I t  is  not know n i f  a d ia p h ra g m  is  developed .

I n te r n a l  charac ters .  U n k n ow n .

D im e n s io n s .—
(1) (2) (3)

M axim u m  h e i g h t .................. ... 21 22-5 33 mm,
„ w id th  ... 21 26 20  „
„ th ick n ess 13 12 15 „

L en g th  o f  h i n g e .................. 16 19 18 „
N um ber o f  costae in  

breadth  o f .  10 mm. at 
d ista n ces  v e r tica lly  below  • 
um bo :

a t 10 m m ...................... ... 18 19 24
n 15    21 16 19

(1) B .M ., 68449, from  L it t le  Is la n d , Cork.
(2) H o lo typ e ,

(3) B .M ., B .40241 , from  L it t le  Is la n d , Cork.
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T y p e .— H olotyp e, from  Garb. L im eston e, D erb ysh ire, is  p reserved  in  the B r itish  
M useum , M orton  C oll. [B .45517]. P a r a ty p e s  : e ig h t  sp ecim en s m en tion ed  below  in  
p aragrap h s on ‘ D is tr ib u tio n .’

D is tr ib u t io n .— R an ge, ?C, subzone and  D , to D., subzones.

E n g la n d .
D e r b y sh ir e ;  (B .M ., B .45517 , M orton  C oll.); H a ll  D a le , D oved a le , D erb ysh ire  

(Mr. J . W . Jack son ).
Y ork sh ire  : P . h e m isp h e r ic u s  bed, H a rd ra w  L im estone, F a w ce tts  Q uarry, near  

H aw es (M r. R . G. H u d so n ); th ir ty  fe e t  above M a in  L im estone, R ed m ire  (M r. R . G. 
H udson).

I re la n d .
Co. K erry  : K erry  (O xford  U n iv . M us.).
Co. K ild a re  : K ild a r e  (M .P .G ., G eol. Soc. C oll., 31817).
Co. Cork : L it t le  Is la n d , Cork (B .M ., B .40241 , 68449).

R e m a r k s .— P r o d u c tu s  f u r c a tu s  is  d is t in g u ish e d  from  P .  p r o d u c tu s  (M artin )  
and P . concin nus  J . Sow . by its  sm aller  p rop ortion s, shorter and  fla tter  v iscera l  
disk, finer costae  and  d ifferen t arran gem en t o f  the sp in e-b ases. I t  d iffers from  
species o f  the P . lo n g is p in u s  group  by its  m ore sp r ea d in g  tr a il  and  d ifferen t sp in e-  
arrangem ent, and  by th e  fre q u en tly  b ifu r c a t in g  and  flexuous costae.

T h is  sp ec ies  is  c h a r a c te r is t ic  o f  th e  D^ subzone o f  D erb ysh ire  and  Y ork sh ire , 
and probably a lso  occurs in  th e  W a u lso r t ia n  o f  Ire lan d .

P r o d u c t u s  t e r e s  sp . nov.^

P la te  I I I ,  figs. 9a, b.

D ia g n o s is .— S h ell about 26 mm. h ig h , 22 mm. w id e, an d  15 mm. th ick , or 
1 : 8 : 6; e lo n g a ted , w ith  g r e a te s t  w id th  occu rrin g  a t an terior  m arg in . P e d ic le  
valve w ith  g lobose v iscera l d isk  g e n icu la te d  to form  short, h ig h ly  curved  tr a il  ; 
flanks steep  an d  concave ; ven ter  f la tten ed ; um bonal a n g le  95°; ears m in u te . 
B ra ch ia l va lve  w ith  fla t v iscera l d isk , g en icu la ted . D ia p h r a g m  not developed . 
C ostae o f  m oderate w id th , about 17 costae  in  10 mm. a t d is ta n c e  o f  10 m m. from  
umbo, irr e g u la r  an d  fre q u en tly  b ifu r c a tin g . R ib s  num erous on c a rd in a l slopes. 
S p in e-b ases o f  la rg e  size , num erous on tr a il . O ne row  o f  sp in e-b ases on curved  
costae o f  flanks and e x te n d in g  on to ears.

 ̂ Ijiitiii, ê?r.s‘=si(K)()tli, polished. So iiained from its usually smooth polished surface, due to decortication.
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D e s c r ip t io n .— P e d ic le  va lve .  In  early  g ro w th -sta g es  the p ed ic le  valve is convex  
for  a d ista n ce  o f  about 5 mm. from  the in cu rved  umbo, then  it  fla tten s and  becom es 
in crea sin g ly  convex, w ith  the developm ent o f  a g en icu la tio n  and the form ation  o f a 
stro n g ly  curved  tra il. T h e flanks are steep  and not sp read in g .

T he costae are sep ara ted  by narrow , sh a llow  su lci, and on d ecortica ted  p arts  
o f th e  sh e ll th e  ca st is  seen to be n early  sm ooth. T he costae are very irreg u la r  in  
w id th  and become g r e a tly  th ick en ed  near the an terior  m arg in , w here num erous  
b ifu rc a tio n s  occur on the tr a il  below  the sp in e-b ases. T w o costae m ay u n ite  above  
the sp ine-bases, or one costa  m ay becom e th ickened . In terca la ted  costae are  
num erous on th e  v iscera l d isk .

A b ou t ten  ribs are developed  on the ca rd in a l slopes, but are on ly  fa in t ly  tra ce
able across the v iscera l d isk .

S p in e-b ases are num erous on the tra il and flanks and there is  a ten d en cy  for  
s lig h t  lo n g itu d in a l fo ld s  to be develop ed  below  them . O ne or tw o  row s m ay be 
develop ed  on the an terior  p a r t  o f  th e  tr a il  and ex ten d  on to the flanks.

B r a c h ia l  va lve .  T he v iscera l d isk  is  flat, but a g en icu la tio n  is  d evelop ed  and  
the tr a il  is  p r a c tic a lly  in  con tact w ith  th a t  o f the p ed ic le  valve. T he sh ell ten d s  
to s p lit  a lon g  th e  v iscera l d isk  o f  the p ed ic le  valve, e x p o s in g  th e  v iscera l d isk  o f  
the b rach ia l v a lve; no d ia p h ra g m  has been observed. T he a ctu a l ex ter io r  o f the  
b rach ia l va lve  is  rarely  seen.

T he ornam ent is  s im ila r  to th a t o f  th e  p ed ic le  valve.

I n te r n a l  charac ters .  T h e in ter io r  o f  the p ed ic le  va lve is  unknow n.
T he in ter io r  o f  th e  b rach ia l va lve is  rarely  seen. O ne sp ecim en  exam in ed , 

show ed a stron g  b ilobed ca rd in a l process p r o jec tin g  above th e  h in ge , and la ck in g  
the deep m ed ian  fu rro w  com m only seen in  other species. O ther ch aracters u n 
know n.

D im e n s io n s .—
(1) (2)

M axim u m  h e i g h t ................................. .. 25 26 mm.
„ w i d t h ................................. 22 2 2 5  „

„ th ick n ess  .................. .. .  14 16 „
L en gth  o f  h i n g e .................. . . .  16 5 )

N um ber o f  costae in
b readth  o f 10 m m. a t
a n terior  end  o f  v iscera l
d isk ...  17 17
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(1) P r o f . E . J . G arw ood ’s coll., from  subzone C^, F r ia r ’s B ottom , R a v en sto n e 
dale , W estm orlan d .

(2) H o lo ty p e .

T y p e .— H o lo ty p e , from  quarry  o p p o site  P a rk  H ouse, R aven ston ed a le , W e s t 
m orland, subzone C^, is  preserved  in  P r o f . E. J . G arw ood’s co llection . P a r a ty p e s  : 
six  sp ecim en s in  the sam e co llection .

D i s t r i b u t io n .— R an ge, 0^— subzone.

E n g la n d .

W estm orlan d  : F r ia r ’s B ottom , R aven sto n ed a le , subzone C^; F a w ce tt  M ill, S h ap  
d istr ic t , subzone 0^; qu arry  o p p o s ite  P a r k  H ouse, R aven ston ed a le , subzone C^; 
T arn S ik e, S .E . o f  R aven ston ed a le , subzone G ,; B ru n t H ill ,  S .E . o f  R a v en sto n e 
dale, subzone C^; D obby H o le  S ik e , R om an  F ell, subzone C^. A ll  th e  specim en s  
are in  P r o f . E . J . G arw ood ’s co llection .

R e m a r k s .— P r o d u c tu s  te re s  is  d is t in g u ish e d  from  P . r o tu n d u s  G arw ood  by its  
more ex ten d ed  tra il, g rea ter  in cu rv a tu re  o f  th e  umbo, and s lig h t ly  coarser, less  
p rom in en t costae. I t  is  d is t in g u ish e d  from  P .  g a r w o o d i  sp. nov. (p. 70) by its  
s lig h tly  coarser costae, la rg er  sp in e-b ases  on the tra il, th e  absence o f  a d iap h ragm , 
and the less  curved  tra il.

T h is  sp ec ies  occurs com m only in  th e  L ow er C arb on iferou s o f  th e  N orth  o f  
E n glan d , u su a lly  in  th e  C  ̂ subzone.

P r o d u c t u s  i n s c u l p t u s  sp . nov.

P la te  I I I ,  figs. 10a, b, 11a— c, 12.

1860. P r o d u c tu s  s e m ir e t ic u la tu s ,  var. su lca tu s  T . D av id son . T he C arb on i
ferou s S ystem  in  S co tla n d  ch a ra c ter ized  by its  B rach iop od a , T he G eo lo g is t ,  
vol. i i i ,  p. 109 [in  e x p la n a tio n  o f  p la te  i i i ,  under h e a d in g  ‘ P la te  i v ’], 
pi. i i i ,  figs. 6, 6a.

D ia g n o s i s .— S h ell about 32 mm. h ig h , 30 mm. w id e , and  20 mm. th ick , or 
1 : '9 :  6; e lo n g a te -o b lo n g  in  ou tlin e , w ith  h in g e  fo rm in g  w id e s t  p a r t  o f
shell. P e d ic le  v a lve  w ith  short la te r a lly  e lo n g a ted  v iscera l d isk , g e n icu la te d  to  
form  s lig h t ly  curved  tr a il  ; flanks steep , b ea r in g  low  r id g e  ; s in u s on v iscera l d isk  
in crea sin g  in  d ep th  on tr a il , an d  con tin u ou s to  an terior  m a rg in ; um bonal a n g le  
100°; ears la rg e  and  la te r a lly  reflexed , ta p e r in g  to sp in e -lik e  p ro jection . B r a c h ia l

M
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valve w ith  flat v iscera l d isk , g e n icu la ted  at an g le  o f  90° to form  tra il. C ostae  
rath er fine, about 15 in  10 mm. a t d is ta n ce  o f 15 mm. from  um bo; even, rarely  
b ifu rca tin g . R ib s fa in t ly  traceab le  across fron t o f  v iscera l d isk . S p in es  in  row  on  
flanks, and set on snnnnit o f  costae on tra il.

D e s c r ip t io n .— P e d ic le  va lve .  In  the early  g ro w th -sta g es  the p ed ic le  va lve  is  
s lig h tly  convex and the b rach ia l va lve  flat. T he w id th  o f the v iscera l d isk  in 
creases w ith  age u n til  it is  about tw ice  th e  len gth . T he ears becom e g ra d u a lly  
m arked off from  the v iscera l d isk  by a su lcu s w h ich  in creases in  d epth  and fin a lly  
fla tten s out a g a in s t  the flanks, about 20 mm. from  th e umbo. T he v iscera l d isk  o f  
both va lves becom es sh arp ly  recurved d ow n w ard s wdth the develop m ent o f  the  
tra il, the contour o f  the tr a il  o f  the b rach ia l va lve fo llo w in g  th a t o f  the p ed ic le  
valve. In  m ost specim ens the h e ig h t seem s to be con sid erab ly  greater  th an  the  
w id th  o f  the shell, o w in g  to  the n on -p reserva tion  o f  the large  ears. T h e narrow  
rounded r id ge  on the flanks, w h ich  is  cau sed  by th e  greater  develop m en t o f one  
costa, d isa p p ea rs  about 5 mm. from  th e h in g e , and is  sep ara ted  from  th e fro n t o f  
the shell by a sh a llow  depression .

T he costae are fine on the v iscera l d isk , but in crease  in  w id th  on the tra il and  
become s lig h tly  flattened . C ostae are not u su a lly  develop ed  on the ears or on the  
rounded d ep ression  in  fro n t o f  them . B ifu r c a t io n  o f  the costae m ay occur on the  
tra il.

A b ou t tw en ty  ribs are d evelop ed  on th e  v iscera l d isk , and s lig h t, rounded  sw e ll
in g s  arise  a t th e  p o in t o f in tersectio n  o f  r ib s  and costae.

F our or five sp in e-b ases, a v era g in g  about 1 5  mm. in  d iam eter, occur as a curved  
row , set in  fro n t o f, or on, th e  r id g e  on th e  flanks. L arge  sp in e-b ases are develop ed  
on the costae o f  the tra il.

B r a c h ia l  va lve .  T he ex ter io r  o f  th is  va lve is  never seen, as i t  a lw ays rem ain s  
in  con tact w ith  th e  m a tr ix , and the p e d ic le  va lve  ten d s to  s p l it  off, lea v in g  th e  v is 
ceral d isk  and tr a il  o f  th e  b rach ia l va lve  exp osed . T h e in tern a l la y er  o f  the  
b rach ia l va lve, b ear in g  th e  m uscle-scars an d  b rach ia l im p ression s, ten d s to s p l it  off 
w ith  the p ed ic le  valve.

T he costae are fine and  not p rom in en t, and freq u en tly  b ifu rca te , w h ile  the ribs 
are m ore m arked  th an  in  th e  p ed ic le  va lve, and  con tin u e  round the fro n t o f  the  
v iscera l d isk .

I n te r n a l  charac ters .  T h e in ter io r  o f  th e  p ed ic le  va lve is  unknow n.
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A n  im p e r fec tly  preserved  in ter io r  o f  the b rach ia l va lve  in  th e  G eo log ica l S u r 
vey C ollection , E d in b u rg h  [ M . 3 8 5 6 f ] ,  show s a sm all bifid  c a rd in a l process w h ich  is  
con tin u ed  a n ter io r ly  in  a  m ed ian  sep tu m  al)out 10 mm. in  len g th . T he m a rg in a l 
r id ges d iv erg e  from  th e h in g e  a t a p o in t about 4  mm. from  th e c a rd in a l process, 
and curve d ow n w ard s, m eetin g  th e  la te r a l m arg in  o f  the va lve about 3 mm. below  
the ca rd in a l e x trem itie s .

D im en sio n s .—
( 1 ) ( 2 ) (3)

M ax im u m  h e ig h t 26 5 2 7 3 2  mm.
w i d t h ................................. 3 0 3 0 30 „

,, th ick n ess 1 8 1 9 20 ,,
L en g th  o f  h in g e  ... — — 29 „

,, v iscera l d i s k ................... 1 4  mm
W id th  „ „ „ .................. 22 , ,

N um ber o f  costae  in
breadth  o f  1 0  m m . at
d is ta n c e s  v e r tica lly  below
um bo :

a t 15 mm. .. .  ... . . .  ■ 1 5 1 6 1 5

,, ^̂ 0 ,, . . .  . . .  . . . 1 4 11 1 3

T o ta l num ber o f  costae a t a n ter io r
m a rg in  .. . — — 3 4

(1) H o lo ty p e .
(2) R . Scot. M us., E d in b u rg h , N e ilso n  C oll., from  D ockra, B e ith , A y rsh ire .

(3) M .P .G ., 26682 , from  subzone D^, N arrow d ale , S taffordsh ire.

T ijpe .— H o lo ty p e , from  th e  Carb. L im eston e, near C arluke, L an ark sh ire , is  
preserved  in  th e  B r it is h  M useum , D a v id so n  C oll. [B .13868]. P a r a ty p e s  : a num ber  
of sp ecim en s m en tion ed  below  in  p a ra g ra p h s on ‘ D is tr ib u tio n .’

D is t r ib u t io n .— R a n g e, D^ subzone.

E n g la n d .
D e r b y sh ir e :  C racknow l Q uarry, H a sso p  (B r is to l U n iv .) ;  M ich  L ow , near  

B rad w ell (M r. J; W . J a ck so n ); U p p e r  beds. H ig h  Tor, M atlock  B ath  (M r. J . W . 
Jackson).

I s le  o f  M an  : P o o lv a sh  (B r is to l U n iv .) . •
S ta fford sh ire  : N a rro w d a le  (M .P .G ., 26682).

M 2
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Y ork sh ire  : In g leb oro iigh  (B r isto l U n iv .) ;  blue lim eston e above P . g ig a n te u s  bed, 
M ill G ill, A sk r ig g  (Mr. E . G. H udson).

S co t la n d .
A y r sh ir e :  B o w ertra p p in g , D a ir y  (R . Scot. M us., E d in b u rgh ) ; L ow er L im e 

stones, B lackbyre L im estone, D ockra, B e ith  (K elv in grove, M us., G lasgow , 01 53 a fy ;  
R . Scot. M us., E d in b u rgh , N e ilso n  C oll.); N o. 2 L im estone, K ersla n d  G len, B e ith  
(K elv in grove  M us., G lasgow ) ; L ow er L im eston es, B roadstone, and T rear ne, B e ith  
(K elv in grove M us., G lasgow ).

B u tesh ire  : R ed  Shales, 2 m iles S. o f  C orrie, A rra n  (G eol. Surv., E d in b u rgh , 
T .218).

E d in b u r g h sh ire :  B a th g a te , E d in b u rg h  (B .M ., B .1 1 1 6 ); L ow er L im eston es, 
W h itfie ld  Q uarry, E d in b u rgh  (G eol. Surv ., E d in b u rgh , T .3 6 8 6 a ) ;  C richton  L im e
stone Q uarry, near P a th h ea d , E d in b u rgh  (G eol. Surv., E d in b u rgh , B .970) ; C u rrilee  
Q uarry, L yn e W a ter  (G eol. Surv., E d in b u rgh , B .881).

H a d d in g to n sh ir e  : S h e lly  band in  N o. 1 L im estone, B lan ceb u rn  new  quarry, 
1 m ile  S .E . o f  E a st S a lton  (G eol. Surv., E d in b u rgh , B .2 1 8 8 c , 2189c).

L an ark sh ire  : C arluke (B .M ., B .13868, D a v id so n  C oll.) ; w h ite  sh e lly  lim eston e, 
in  bank o f  P o n ie l W ater , near B rack en sid e , C oalburn (G eol. Surv., E d in b u rgh , 
M . 4 4 8 6 f , 4 4 8 9 f ) ;  B a sk et S h ell B ed , C ot C astle  Earm , le f t  bank o f  A von  W ater , 
near S tra th aven  (G eol. Surv., E d in b u rgh , T . 2 8 6 7 d ) .

L in lith g o w sh ir e  : B a th g a te  L im eston e, L in lith g o w  (G eol Surv., E d in b u rgh , 
B . 3 6 4 5 b ) .

R e m a r k s .— P r o d u c tu s  in s c u lp tu s  is  d is t in g u ish e d  from  P .  su lca tu s  J . Sow . by 
i ts  sm aller  p rop ortion s, less  p rom in en t r id g e  on th e  flanks, finer costa tion , and  
g rea ter  d evelop m ent o f sp in es  on the tra il. I t  is  d is t in g u ish e d  from  P . m u r ic a tu s  
P h ill.  by th e  m arked g e n icu la tio n  o f  the b rach ia l va lve, large  fla t ears, and  few er  
sp in es.

T h is  sp ec ies is  one o f  the m ost ch a r a c te r is t ic  brach iopods o f  th e  B lack b yre  
L im estone, w h ich  is  eq u iv a len t to  th e  w h ite  sh e lly  lim eston e  o f  th e  L ow er L im e
stone G roup o f  Scotlan d . I t  occurs m ore rarely  in  th e  D^ subzone o f  D erb ysh ire  
and Y orksh ire.

T h e ornam en t and  sp in e-a rra n g em en t o f  P . in s c u lp tu s  are very  s im ila r  to those  
o f P . g r a t io su s  W a a g e n  (1884, p i. Ix x ii, figs. 3— 7), from  th e  P ro d u ctu s  L im eston e  
o f th e  S a lt  R an ge, In d ia .

I t  also resem bles P .  p o r t lo c k ia n u s  N orw ood  and  P r a tte n  (1855, p i. i, figs 9a— c) 
and P . m o rro w en sis  M ath er (1915, p i. x, figs. 1— 4a), from  A rk an sas.
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P r o d u c t u s  s e m i r e t i c u l a t u s  (M artin ).
P la te  I V , figs. l a — c, 2a— c. T ex t-fig . 19.

1809. A n o n ii te s  s e m ir e t ic u la tu s  W . M a rtin  (in  p art). P e tr ific a ta  D erb ien sia , 
p. 7, p i. x x x ii ,  figs. 1, 2 ; pi. x x x i i i ,  fig. 4.

1836. P r o d u c ta  a n t iq u a ta  J . P h i l l ip s . I llu s tr a t io n s  o f th e  G eology o f Y o rk 
sh ire , p t. ii, p. 213, p i. v ii, fig. 3.

1860. P r o d u c tu s  s e m ir e t ic u la tu s  T . D a v id so n  (in  part). T h e C arb on iferou s  
S ystem  in  S co tlan d  ch a ra cter ized  by its  B rach iop od a , T h e  G eo lo g is t ,  vol. i i i ,  
p. 109 [in  e x p la n a tio n  o f  p la te  i i i ,  under h e a d in g  ‘ P la te  i v ’], p i. i i i ,  fig. 1.

1861. P r o d u c tu s  s e m ir e t ic u la tu s  T . D a v id so n  (in  p art). M on. B r it . Foss. 
B rach ., vol. i i ,  p t. v. N o. 4, p. 149, p i. x l i i i ,  figs. 1, lb .

1911. P r o d u c tu s  s e m ir e t ic u la tu s  G. D e lep in e . R echerches sur le  C a lca ire  
C arb on ifère  de la  B e lg iq u e , M ém . e t  T r a v .  p u b l ié e s  p a r  d es  P r o fe s s e u r s  des  
F a c u lté s  C a th .  de  L i l le ,  fa sc . v i i i ,  p. 392, pl. x i i i ,  fig. 7.

1915. P r o d u c tu s  d o u la g h e n s is  A . V a u g h a n . C orrela tion  o f  D in a n t ia n  and  
A v o n ia n , Q u a rt .  J o u rn .  Geol. Soc.,  vol. Ixx i, p. 47, p l. v ii, fig. 7.

1921— 23. P r o d u c tu s  s e m ir e t ic u la tu s ,  var. a n t iq u a tu s  F . D em an et. L e  W a u l-  
so rtien  de Sosoye, M ém . I n s t .  Géol. L o u v a in ,  vol. ii, p. 142, p l. v i, figs. 28 , 29.

T e x t -f i g , 19.— P rodu ctu s sem ire ticu la tu s  (M artin), 
from Carb. Lim estone, Bolland, Yorkshire. B ritish  
M useum, B.413. D iagram m atic longitudinal sec
tion , natural size.
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D ia g n o s i s .— S h ell large, about 72 nun. h igh , 77 nun. w id e, and 42  nun. 
th ick , or 1 : 1 07 : 6; q u ad rate  in  ou tlin e , w ith  g rea test w id th  occu rrin g  near  
anterior m argin . P e d ic le  valve even ly  convex, w ith  no g e n icu la tio n ; flanks steep ;  
venter broad and flattened , or w ith  broad, sh a llow  sin u s p o ster io r ly ; um bonal 
an g le  90''. B ra ch ia l va lve s lig h tly  concave. C ostae m od erately  coarse, about 10 
in  10 mm. at d ista n ce  o f  20 mm. from  um bo, rounded and uneven in  w id th . R ib s  
num erous, developed  over en tire  shell, and  con tin u ou s from  liin g e  r o u n d .fro n t o f  v is 
ceral d isk . S p in e-b ases num erous, sca ttered  irreg u la r ly  on an terior  p art o f shell 
and on flanks.

D e s c r ip t io n .— P e d ic le  va lve .  T he contour o f th is  va lve  show s an even curvatu re  
from  the um bo to the an terior  p a rt o f th e  v iscera l d isk , and s lig h t ly  less m arked  
curvatu re on the tra il. In  ear ly  g ro w th -sta g es  the p ed ic le  va lve  is  s lig h t ly  convex, 
and the w id th  is  con sid erab ly  in  excess o f  the len gth . W ith  age, the co n v ex ity  in 
creases and the flanks becom e arched t i l l  the a d u lt s ta g e  is  reached, w h en  the flanks  
fa ll  m ore steep ly  ou tw ard s. T h e um bo is  rounded and m uch incurved , and  p ro
jec ts  for  a short d ista n ce  beyond th e  h inge.

T he costae are u su a lly  p rom inent, e x c ep t in  d ecortica ted  p a r ts  o f  th e  shell, 
w here the cast ap p ears nearly  sm ooth. T he shell ten d s to flake off in  p atch es and  
th e  a p p a ren tly  uneven  d evelop m ent o f th e  ornam en t is  very  ch a ra cter istic . On the  
viscera l d isk , in crease  in  the num ber o f  costae  tak es p lace  by m eans o f  b ifu rc a tio n s  
as w e ll as by in terca la tio n s , bu t on the tr a il  b ifu rc a tio n s  alone occur. T h e costae  
ten d  to becom e obsolete on th e  flanks and  card in a l slopes. T he su lc i are eq u a l in  
w id th  to, or w id er  th an , the costae.

T he ribs are num erous and form  narrow  irreg u la r  fo ld s  near th e  h in g e , and  
fla tten  s lig h tly  on th e  fro n t o f  th e  shell. B ifu r c a t io n  o f th e  ribs freq u en tly  occurs 
on the la tera l slop es o f  th e  v iscera l d isk . On th e  p oster ior  p a r t  o f  the sh ell the  
ribs are set in  close p r o x im ity  to  one another, but a n ter io r ly  th ey  are w id er  ap art. 
A t  the p o in t o f  in tersectio n  o f  ribs and costae e lo n g a ted  n od u lar  sw e llin g s  are  
developed , but are less m ark ed  on th e  ven ter  th a n  on the ca rd in a l slopes.

S p in e-b ases not ex ceed in g  1 mm. in  d iam eter  are d evelop ed  on th e  su m m it o f  
the costae. T he sp in es  a p p a ren tly  ex ten d ed  a t r ig h t  an g les  to  th e  sh ell, and  in  
one specim en  in  the B r it is h  M useum  [B .4 5 6 8 1 ] from  B o llan d , Y ork sh ire , a  band  
o f m in u te  sp in e-b ases about 20 mm. w id e  is  develop ed  round th e  an terior  m arg in . 
A b ou t tw e n ty  or th ir ty  sp in e-b ases are irr e g u la r ly  p laced  on th e  flanks near the  
ca rd in a l ex trem itie s , and below  th ese  low  lo n g itu d in a l fo ld s  m ay be developed . 
S p in es are som etim es seen sp r in g in g  from  th e ribs on th e  ca rd in a l slop es and  on
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the fro n t o f  the v iscera l d isk . T lic  costae  b ear in g  the sp in es  ten d  to becom e m ore 
prom inent about 2 mm. or 3 mm. p o ster io r ly  to tlie sp in e-b ase, and to b ifu rc a te  
anteriorly  to it.

B ra c h ia l  va lve .  T lic  p oster ior  p o rtio n  o f th is  va lve is  on ly  s lig h t ly  concave and  
the an terior  p ortion  is  m ore concave, but a g e n icu la tio n  is  never developed . T h e  
ears are flat, and a rounded  tran sverse  fo ld , ex te n d in g  at an an g le  o f  45° to the  
hin gc-m arg in , sep a ra tes  them  from  the rem ain d er o f  the v iscera l d isk . A  s lig h t  
lo n g itu d in a l m ed ian  fo ld  correspond s to a sh a llow  sin u s ( i f  developed) in  th e  p ed ic le  
valve.

T he ornam en t is s im ila r  to, but less  p rom in en t th an  th a t o f  th e  p ed ic le  valve. 
The ribs are few er  in  num ber and  th e  costae  narrow er th an  in  the p ed ic le  valve. A  
few  sp in e-b ases are develop ed , g en era lly  near the an terior  m arg in .

I n te r n a l  ch arac te rs .  T h e in ter io r  o f the p ed ic le  va lve is  unknow n.
A  sp ecim en  in  the B r it is h  M useum  [B .5 8 0 5 ] from  C astlecary , D u m b arton sh ire , 

show s a long, narrow , m ed ian  sep tu m  e x te n d in g  n early  to th e  an terior  m a rg in  o f  
the b rach ia l valve. T he m a rg in a l r id g es  are rounded and p rom in en t and  ex ten d  
along th e  h in g e  m arg in , b road en in g  to w a rd s th e  ca rd in a l ex trem itie s , w h ere th ey  
are bent sh arp ly  d ow n w ard s, and  c o n tin u in g  for  about 10 mm. a lon g  th e  p ostero 
la tera l m a rg in . A  fa in t  in d ic a t io n  o f  one b rach ia l im p ression  show s th a t  i t  com 
m ences a t th e  a n terior  en d  o f  th e  la rg e  tr ia n g u la r  addu ctor m u scle-scar  an d  e x 
tends n early  to  th e  a n terior  m a rg in  o f th e  valve. T he ex tr e m ity  o f  th e  b rach ia l  
im p ression  is  en la rg ed  and  d is t in c tly  sep ara ted  from  th e rem ain d er o f  
the im p ression .

D im e n s io n s .— • (1) (2) (3)
M ax im u m h e i g h t ................................ . 6 2  5 • 71 72 5 mm.

w id th  ... 63 73 77

) 5 th ick n ess 41 41 4 2 5  „
L en g th  o f h in g e  ... — 6 3 70 5 „

J J >> v iscera l d isk  ... 3 2 37 3 6

W id th  „ , ,  , ,  . . . . 37 44 46 „
N um ber o f costae  in

bread th  o f  10 mm. a t
d is ta n c e s  v e r tica lly  below  
um bo :

a t 15 m m. ...
, ,  20 , ,  . . .  . . .

>, 40 ,« . •. . • •

11 11 10
9 11 10
8 9 9
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(1) B .M ., B .3685, from  D erbysh ire.
(2) B .M ., B .413 , from  B o llan d , Y orksh ire.
(3) B .M ., B .13980, from  K ild a re , Ire lan d .

T y p e .— M a rtin  figured  three sp ecim en s as P . s e v i ire t ic u la tu s ,  from  D erb ysh ire. 
The specim en  figured  on pi. x x x ii ,  figs. 1 , 2 ,  is  chosen as lecto typ e. T he sp e c i
m en figured  on p i. x x x i i i ,  fig. 4, is  an  im p e r fec tly  preserved  b rach ia l va lve o f  P .  
s e m ire t ic u la tu s ,  w h i le  th a t figured  in  p i. x x x ii ,  fig. 3, is  a  sm aller  shell, and is  p ro 
bably a llied  to P . a n t iq u a tu s  J . Sow . A l l  the specim ens are lost.

D is tr ib u t io n .— R an ge, Z— D  zones.

E n g la n d .
D erb y sh ire : (B .M ., B .3685 , B .23536 ); S ig g a te , C astle ton  (M r. J . W . Jack son ). 

L an cash ire  : P im lic o  Q uarry, C lith eroe (M r. J . W . Jackson).
N orthum berland  : S tan ton  L im estone, S tan ton , subzone D y  (B .M ., B .4 1 8 8 2 );  

B ru n ton  (B .M ., B .20484).
S ta ffordsh ire : N arrow d ale , subzone D , (B .M ., B .48500, R oscoc C oll.). 
Y o rk sh ir e :  (B .M ., B . l 3852); B o lla n d  (B .M ., B .413 , figd. J . P h il l ip s , 1836, 

pi. v ii, fig. 3); B o tan y  B eds, H u n d e r th w a ite  M oor, subzone Dg (B .M ., B .42015 , 
S. S m ith  C oll.).

W ales .

F lin tsh ir e  : H o ly w ell, subzone D^ (B .M ., B .23540).

S co t la n d .
D u m b arton sh ire  : U p p er  L im eston es, C astlecary  (B .M ., B .5805 , D a v id so n  C oll.;  

R . Scot. M us., E d in b u rgh ; K elv in grove  M us., G lasgow , 01 '5 3 a fv , a fw ). 
L in lith g o w sh ir e  : B a th g a te  (B .M ., B .8461).

I re la n d .
Co. C lare : T u lla , subzone C  ̂ (D r. J . A . D ou g las).
Co. D u b lin  ; B lack  L im estone, near D u b lin  (M .P .G ., G eol. Soc. C oll., 31826); St. 

D o o la g h ’s, subzone C  ̂ (O xford  U n iv . M us. ; D r. L . B . Sm yth).

Co. K ild a r e  : K ild a re  (B .M ., B .13980, D a v id so n  C oll. ; M .P .G ., G eol. Soc. C oll., 
31806, 31809, 31811; ?Sedgw ick  M us., C am bridge, 95).

U n lo c a liz e d :  (M .P .G ., 34460, 34461; B .M ., 11470, 11467).

. R e m a r k s .— P r o d u c tu s  s e m ir e t ic u la tu s  is  d is tin g u ish e d  from  P . p in g u is  sp. nov. 
by its  shorter and m ore tr ia n g u la r  v iscera l d isk , less  rounded  venter, and less
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convex Hanks. T h e costae  are less  p rom in en t, and  th e  ribs less  w e ll defined in  P .  
s e m ir e t ic u la tu s  th an  in  P .  p in g u is ,  a lso th e  sp in e-b ases on the flanks are o f sm aller  
size and not arran ged  in  th ree  row s as in  sp ec im en s o f  P .  p in g u is .  I t  is  d is t in 
gu ish ed  from  P .  a n t iq u a tu s  J . Sow . by its  larger  d im en sion s, broader venter, and  
different orn am en t; and from  P .  m u l t i s p in i f e r u s  sp. nov. (p. 121) by its  m ore 
quad rate o u tlin e , m ore s lo p in g  flanks, an d  th e  absence o f  a  la rg e  p a tch  o f  sp in e-  
bases on th e  flanks.

M a r tin ’s figures o f  A n o m i te s  s e m ir e t ic u la tu s  are poor, an d  he in c lu d ed  m ore  
than one sp ec ies  in  h is  d escr ip tio n . H e  m en tion ed  (p. 7) tw o  v a r ie tie s , ‘ (a) V . n a te  
valvu lae  con vexae a eq u ata  ; (b) V . n a te  v a lv u la e  convexae gibbo tr ilo b a te  n o ta ta .’ 
A s he gave  no figure o f  e ith er  o f  th ese  v a r ie t ie s  i t  is  im p ossib le  to in te r p r e t  h is  
variety  (a), bu t th e  v a r ie ty  (b) is  probably  re ferab le  to th e  form  describ ed  in  th is  
volum e (p. 104) as P .  p in g u i s  sp . nov. T h is  la st  sp ec ies is  o fte n  d ecortica ted  
near th e  um bo o f  th e  p ed ic le  va lve, r e v ea lin g  w h a t m ig h t be term ed th e  ‘ tr ilo b a te  
g ib b osity  ’ o f  M a rtin . T h is  fea tu r e  is  sh ow n  in  th e  sp ecim en  o f  P .  p in g u i s  figured  
on pi. v i, fig. 1, o f  th is  w ork. T h e ty p e -d e sc r ip tio n  o f  P .  s e m ir e t ic u la tu s  is  ra th er  
vague, an d  th e  sh e ll is  sa id  to  have one va lve  concave an d  th e  other convex, gen er
a lly  m ark ed  on th e  back by a  s lig h t  concave w ave, an d  to be im p erfo ra te . A  
s lig h t s in u s  is  u su a lly  d evelop ed  in  th e  p ed ic le  v a lve  o f  P .  se m ir e t ic u la tu s ,  bu t th e  
shell is  a lw a y s  p er fo ra te . T h e s tr ia e  are sa id  by M a rtin  to be rude, stron g  and  
uneven, and  to be d ich otom ou s an d  fo rk ed  near th e  a n terior  m a rg in , w h ile  th e  beak  
is described  as sm a ll and  p o in ted , and  barely  cu rv in g  over th e  h in g e . M a rtin  
m en tions one v a r ie ty  o f  th is  sh e ll w h ich  has th e  s id es  e x ten d ed  as in  A n o m i te s  
^JProductus] g ig a n te u s .  T h e d ich otom y o f  th e  costae  near th e  m a rg in  is  ch arac
ter is tic  o f  P .  p in g u is ,  =  var. b. o f  M a rtin , w h ile  th e  b eak -ch aracters are th ose  o f  P .  
se m ire t ic u la tu s .  Som e sp ec im en s o f  P .  p in g u i s  resem ble P .  g ig a n te u s  in  h a v in g  th e  
sides ex ten d ed , such  as those figu red  in  th is  w ork on p i. v, figs. 1, 3, in  w h ich  the  
shell is  la te r a lly  e lo n g a ted . M a r tin ’s d ra w in g s , p i. x x x i i ,  figs. 1, 2, show  on ly  the  
p osterior p a r t  o f  th e  sh ell, w ith  th e  c h a r a c te r is t ic  n od u lar  sw e llin g s  on th e  costae  
a t-th e  point' o f  in te r se c tio n  w ith  th e  r ib s, w h ile  a  b ra ch ia l v a lv e  o f  P . s e m ir e t ic u 
la tu s  is  show n in  p i. x x x i i ,  fig. 4.

J . Sow erby in  h is  d e sc r ip tio n  o f  P .  a n t iq u a tu s  (1821— 22, p p . 15 and  18) queried  
the p o ss ib ility  o f  th e  id e n tity  o f  th is  sp ec ies  w ith  ' A n o m i t e s  s e m is t r ia tu s f  la ter  
corrected to A . s e m ir e t ic u la tu s ,  o f  M a rtin , bu t s ta ted  th a t  h is  sp ecim en s w ere not 
sufficiently  re ticu la te d , an d  w ere probably  on ly  v a r ie t ie s  o f  M a r tin ’s species.
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L a ter  au thors d id  not a ttem p t to d is t in g u ish  betw een  th e  tw o  sp ec ies P . a n t i 
q u a tu s  and P .  s e m ire t ic u la tu s ,  and P h i l l ip s  figured  a ty p ic a l specim en  o f P .  s e m i
r e t ic u la tu s  as P r o d u c ta  a n t iq u a ta  in  1 8 3 6  (pi. v ii, fig. 3 ) ;  w h ile  de K on in ck  in 
c lu ded  both sp ec ies in  h is  synonym y o f  P .  m a r t in i  ( 1 8 4 2 — 4 4 ,  p. 1 6 1 ) ,  but la ter  
( 1 8 4 7 b , p. 8 3 )  d escribed  both sp ec ies  und er the nam e P . se m ire t ic u la tu s .  One 
specim en  figured  in  the la tte r  w ork, from  V ise , B elg iu m , p i. ix , fig. le ,  m ay be a  
P . s e m ire t ic u la tu s .  M ‘Coy ( 1 8 4 4 ,  p. 1 0 6 )  also  con sid ered  P . a n t iq u a tu s  and P .  
s e m ir e t ic u la tu s  to be id e n tic a l.

D a v id so n  ( 1 8 6 1 b , p. 1 4 9 )  in c lu d ed  a  la rg e  num ber o f  sp ec ies in  h is  synonym y o f  
P . s e m ire t ic u la tu s ,  and  figu red  severa l d is t in c t  form s. T he sp ecim en  figured  in  
h is p i. x l i i i ,  figs. 1, lb , from  K ild a re , Ire la n d , and th a t  figured  in  another w ork  
( 1 8 6 0 a , pi. i v ,  fig. 1 ) ,  from  C astlecary , D u m b arton sh ire , are ty p ic a l P . s e m i
r e t ic u la tu s .  T he in ter io r  o f  a  b rach ia l va lve  figured  in  1 8 5 9 ,  pi. i i i ,  fig. 5 ,  as P . 
se m ire t ic u la tu s ,  from  R ed esd a le , N orthum berland , belongs to a  sp ec ies  o f  B u x to n ia  
in  w h ich  th e  ca rd in a l process and  m ed ian  sep tu m  have been restored , as D a v id so n  
sta ted , from  another sp ecim en  probably b e lo n g in g  to the s e m ir e t ic u la tu s  group . T he  
specim ens recorded by D a v id so n  in  1 8 6 2  (p. 3 1 )  from  th e S a lt  R an ge, In d ia , as P . 
se m ir e t ic u la tu s  w ere la ter  redescrib ed  by W a a g en  ( 1 8 8 4 ,  p. 6 8 0 )  as P . s p i r a l i s  and  
P . a r a tu s  spp . nov., w h ile  n e ith er  o f  h is  sp ecim en s from  K ash m ere figured  as P . 
s e m ir e t ic u la tu s  in  1 8 6 6  (p i. i, fig. 6 ;  pi. i i ,  fig. 1 2 )  resem bles th is  sp ecies. D a v id so n  
also  figured  sh e lls  w h ich  he a ss ig n ed  to th is  sp ec ies  from  N ova  S c o tia  in  1 8 6 3 b  

(p i. ix , figs 2 0 ,  2 1 ) ;  b ut one specim en  is  nearer to P . p u g i l i s  P h il l. ,  and th e  other  
does not resem ble M a r tin ’s species.

P . s e m ir e t ic u la tu s  w as recorded by A rm stro n g  and  Y o u n g  (1871, p. 40) from  
B road ston e, B e ith , A y rsh ire , bu t th ese  sp ecim en s shou ld  be referred  to P . h in d i  
sp . nov. (p. 108). T he specim en s re ferred  to P . s e m ir e t ic u la tu s  from  the Coal 
M easu res o f  N . S ta fford sh ire  by H in d  and  Stobbs in  1905 (p. 531) are probably a 
m u ta tio n  o f  P . c a rb o n a r iu s  de K on in ck .

P a rso n s (1918, p. 91) recorded  P . s e m ir e t ic u la tu s  from  subzones D^— Dg o f  
D erb ysh ire  an d  L e icestersh ire , b u t d id  n ot figure any specim en . V a u g h a n  recorded  
a num ber o f  form s as P . aff. s e m ir e t ic u la tu s  from  d ifferen t zones. V a u g h a n ’s 
specim en  from  th e Z zone m ay  be id e n tic a l w ith  th a t  figured  in  th is  w ork as P . 
b r is to len s is  sp . nov. (p. 140), bu t he g ave  no d escr ip tio n  o f  th e  form  in ten d ed . 
T h e sp ec ies recorded, but n ot described  by V a u g h a n  ( 1 9 0 6 a , p. 113) as P . s e m ir e t i 
cu la tus ,  m ut. S^, probably  in c lu d es m ore th a n  one form , fo r  la rg e  sp ecim en s o f
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P . m u l t i s p in i f e r u s  sp. nov. occur in  th is  subzone, and sm all sp ecim en s b e lo n g in g  to  
the s e m ir e t ic u la tu s  grou p  and near to P . g a r w o o d i  sp. nov. (p. 70) occur in  the  
subzone o f  the A von  S ection  in  V a u g h a n ’s ‘ lo n g is p in u s  b ed ,’ so nam ed on account  
of the lon g  sp in es  a tta ch ed  to th e  m uch crushed valves.

In  1 9 0 5 a  (p. 289) V a u g h a n  s ta ted  th a t  the ty p ic a l P . s e m ir e t ic u la tu s  w as  
evolved from  P . c f. m a r t in i  d u r in g  Z , tim e and  a tta in e d  its  m ax im u m  a t y  and  
in  C. H e  quoted  (1915, p. 47, p i. v i i,  fig. 7) D a v id so n ’s sp ecim en  (1861, pi. x l i i i ,  
fig. 1) from  K ild a re , w h ich  is  a  ty p ic a l P . se m ire t ic u la tu s ,  as b e in g  id e n tic a l w ith  
exam p les o f  h is  sp ec ies  P . dou lagh en s is .  T h e la tte r  sp ec ies is  th erefore  a  synonym  
of P . s e m ir e t ic u la tu s .  P r o f . S ib ly  ( 1 9 0 5 a , p p. 25, 30) a lso  recorded P . s e m ir e t ic u 
latus,  m ut., in  subzone o f  B u rr in g to n  Com be.

P r o f . D e lé p in e  (1911, p. 392, p i. x i i i ,  fig. 7) figured  as P . s e m ir e t ic u la tu s  th e  
specim en d e p ic ted  by V a u g h a n  as P . d o u la g h e n s is  in  1915, from  P o n t  à R ie u x , 
T ournai, subzone C^. T h e sp ecim en  h as a  m ore arched ven ter  th a n  is  com m only  
found  in  B r it is h  m a ter ia l. T h e P . c f. s e m ir e t ic u la tu s  o f  th e  sam e author  
(pi. x i i i ,  figs. 6, 6 b is) w as referred  by h im  to  P . concinnus  J . Sow . or to P . b u r l in g -  
tonensis  H a ll, but th e  d im en sion s o f  th e  v iscera l d isk  are grea ter  th a n  n orm ally  

occur in  e ith e r  o f  th ese  species.
M. D e m a n e t’s (1921— 23, p i. v i., figs. 32a— c) P . se m ire t ic u la tu s ,  var. m in im u s ,  

from  th e W a u lso r t ia n  o f  Sosoye, is  a sm all sp ecim en  probably b e lo n g in g  to th e  lo n g is 
p in u s  group .

J u lie n  (1896) figu red  a  num ber o f  sp ec im en s from  C en tra l F rance, none o f  
w h ich  can  be id en tified  as P . s e m ir e t ic u la tu s .

P .  s e m ir e t ic u la tu s  w a s  th e  nam e g iv en  to  sp ecim en s figured  by R oem er (1863, 
pi. xv i, fig. 2) from  U p p e r  S ile s ia , by Som m er (1909, p i. x x v ii, fig. 4 ;  p i. x x ix ,  
fig. 2) from  the C ulm  o f K on igsb erg , and  by N ebe (1911, p i. x i i i ,  fig. 2) from  th e  
Culm  o f  H a g en  ; bu t none o f  th ese  form s can  be a ss ig n ed  to P . se m ir e t ic u la tu s .

S ch e llw ien  (1892, pi. i i ,  figs. 1— 3; p i. i i i ,  figs. 4, 5) figured  P . s e m ir e t ic u la tu s  
from  th e  F u su lin a  L im esto n e  o f  th e  C arn ic  A lp s , bu t one sp ecim en  resem bles P .  
a n t iq u a tu s  J . Sow . A  s im ila r  form  w a s figured  by h im  in  1900 (pi. v ii, figs. 8, 9), 
and a second sp ecim en  ap p roach es P . p u g i l i s  P h il l .  H e  also  recorded P . s e m ir e t i 
cu la tus  from  W a d i-e l-A r a b a h  in  th e  A r a b ia n  D eser t (1894, p. 70).

T o rn q u ist figured  as P . s e m ir e t ic u la tu s  a sp ecim en  h a v in g  orn am en t resem b
lin g  th a t  o f  P . p u g i l i s  P h il l . ,  from  th e  L ow er  C arb on iferou s o f  th e  S ou th ern  V osges, 
in  1895 (pi. x iv , fig. 10).

N 2
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M any authors have figured  specim en s ascribed  to P . s e m ir e t ic u la tu s  from  
R u ssia , am ong w hom  m ay be m en tion ed  de V ern en il, G riin ew ald t, T rau tsc lio ld , 
and F isch er  de W ald h eim . D e V e r n e n il’s sp ecim en s from  the U r a l M ts. (1845, 
p i. x v iii ,  figs. 10a, b) do not belong to th e  se m ir e t ic u la tu s  group , w h ile  G riin ew a ld t  
(1860, pi. i i i ,  figs. 1, 2) figured  tw o  sp ecim en s, one nearer to P . p in g u is  sp . nov. 
(p. 104), and th e  other resem b lin g  P . h in d i  sp. nov. (p. 108), from  th e sam e area. 
T rau tsc lio ld  (1876, p i. x x x ii ,  figs 3a— g) figured  specim ens r e se m b lin g  P . p in g u is  
and P . h in d i  from  th e M ou n ta in  L im eston e  o f  M ja tsch ow a . F isch er  de W ald h e im  
in  1809 (pi. i i i ,  fig. 5) figured  a specim en  from  R u ssia  as T e r e b r a tu la  re t ic u la r is ,  
described  subsequently  in  1830 as P r o d u c tu s ,  and in  1837 as L e p ta e n a \  but th is  is  
a b rach ia l va lve ornam en ted  lik e  P . su lc a tu s  J . Sow .

F reeh ’s specim en  o f  P . se m ire t ic u la tu s ,  m ut., figured  in  1900 (pi. xv, figs. 3a, b) 
from  th e D em aw en d  d is tr ic t , P e r s ia , is  a  sm all, im p e r fec tly  preserved  specim en , 
resem bling  a  ty p ic a l P . se m ire t ic u la tu s .  L oczy  (1897, p i. i, figs. 29— 31) figured  
specim ens h a v in g  ornam ent lik e  th a t  o f  P . m u lt i s p in i f e r u s  sp . nov.

R om anovsk ii (1880, p i. x ix , figs. 2a, b) figured  a broad m assive  form  as P . 
s e m ir e t ic u la tu s  from  T u rk estan , but i t  h as an ornam en t nearer to  th a t o f  P . p i n 
guis . B eyr ich  (1864, pi. ii, figs. 1, 2) figured  specim en s from  T im or w h ich  cannot  
be id en tified  as P . se m ire t ic u la tu s .

D ien er  in  1897 and 1899 figured  sp ecim en s from  T ib et as P . s e m ire t ic u la tu s ,  
some o f  w h ich  w ere su bsequently  (1915, p . 69) renam ed P . n a ra s ta n en s is .  In  1910  
(pi. x iv , figs. 1, 2) he figured  specim en s from  M ora v ia  w h ich  are near to P . a n t i 
q u a tu s  in  ornam ent ; a year la ter  (1911, p. 30) th ey  w ere referred  by h im  to  P . tra n s-  
v e r sa l is  T sch ern ysch ew  and  to th e  group  o f  P . bo liv iensis .

H a y a sa k a  (1924, p i. v, figs. 1, 2) figu red  as P . s e m ir e t ic u la tu s  an e lo n g a ted  
m assive  form  u n lik e  an y  B r it ish  sp ecies, from  th e P erm o-C arb on iferou s o f  J a p a n .

. W h itf ie ld ’s sp ecim en  o f  P . s e m ir e t ic u la tu s  a r c t ic a  (1908, pi. i i ,  figs. 8— 10) 
resem bles P . h o r r id u s  J . de 0 .  Sow . in  shape, but i t  h as fa in t  costae and ribs, w h ile  
S a lter ’s figures o f  P . s e m ir e t ic u la tu s ,  var. f r i g i d u s  from  th e  A r c t ic  reg io n s (1855, 
pi. x x x v i, figs. 13, 14) rep resen t tw o  d is t in c t  form s, one resem b lin g  P . l a t i s s im u s  
J . Sow . and th e  other JP. h in d i  sp. nov. (p. 108). T o u la ’s sp ecim en  ( 1 8 7 5 a , pi. v i, 
figs. la ,  b) o f P . s e m ir e t ic u la tu s  from  th e P erm o-C arb on iferou s o f  S p itzb erg en  is  
not ty p ic a l o f  th is  sp ecies.

T he specim en  described  and figured  as P . s e m ir e t ic u la tu s  by de K on in ck  (1878, 
pi. ix , fig. 2) from  N ew  S outh  W a les  is  sa id  to  ap p roach  P ,  p u g i l i s  o f  P h il lip s ,
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w hile D u n  (1902, pi. x x i i i ,  figs. 4— 9) figured  specim ens, from  th e sam e country, 
w hich resem ble P . a n t iq u a tu s  J . Sow . and a sp ec ies o f  B u x to n ia .

D erby (1874) figured  several sp ec im en s from  B r a z il  as P .  s e m ir e t ic u la tu s ,  but 
none resem bles B r itish  sp ec ies; K o z lo w sk i’s (1914, pi. i i i ,  figs. 1— 7) sp ecim en s o f  P .  
se m ire t ic u la tu s ,  var. inca,  from  B o liv ia , resem ble P . a n t iq u a tu s  but are m ore 
coarsely costa te  and  sp in ose.

A  la rg e  num ber o f form s have been d escrib ed  by A m erican  authors as P .  s e m i
re ticu la tu s ,  but m any o f  th ese  sh e lls  h ave  sin ce  been redescrib ed  as new  species. 
F igu res o f  P .  s e m ir e t ic u la tu s  have been g iv en  by M arcou  (1858), M eek (1864  and  
1872), H a ll  and W h itfie ld  (1877), W in c h e d  (1865), W eller  (1900), K eyes (1894), 
H a ll (1858), M o rn in g sta r  (1922), and  T h om as (1923). N one o f  th e  sp ecim en s figured  
are id e n tic a l w ith  P .  se m ir e t ic u la tu s .

G rober (1909, pi. i i i ,  figs. 9a— c) figured  tw o  sp ecim en s as P . s e m ir e t ic u la tu s \  one  
of these is  from  W etto n , S tafford sh ire , an d  th e  other from  th e U p p e r  C arb on i
ferous or P e r m ia n  o f  N ebraska. T h e E n g lish  sp ecim en  sh ou ld  probably  be re
ferred  to P .  a n t iq u a tu s  J . Sow ., bu t th e  A m erica n  sp ecim en  is  a  th ick -sh e lled  
sp inose form  u n lik e  an y  B r it is h  sp ecies.

D r. G ir ty  (1903, p. 358) m en tion s P . se m ir e t ic u la tu s ,  var. herm osan u s  as a  
variety  o f  ty p ic a l P . s e m ir e t ic u la tu s  from  th e U p p e r  C oal M easu res o f  K an sas. T h e  
variety  figu red  is, how ever, near to P . a n t iq u a tu s .

P r o d u c t u s  p r o j e c t u s  sp . nov.^

P la te  I V , fig. 3.

1847. P r o d u c tu s  s e m ir e t ic u la tu s  L . de K on in ck  (in  p art). R echerches sur les  
A n im a u x  F o ss ile s . P t . i. M on o g ra p h ie  des G enres P r o d u c tu s  e t  
C h onetes ,  p. 83, p l. ix , fig. I f .

D ia g n o s is .— S h ell about 22  m m. fiigh , 20 mm. w ide, an d  12 m m. th ick , 
or 1 : 9 : 5 ; tr ig o n a l in  o u tlin e , w ith  h in g e  s lig h t ly  less  th a n  w id e st  p a r t  o f  sh ell. 
P e d ic le  v a lve  globose ; flanks steep  an d  con vex  ; ven ter  rounded  ; um bonal a n g le  85° ; 
ears sm all an d  ra th er  flat. H o r iz o n ta l r im  d evelop ed  round an terior  m a rg in .

1 Latin, projectus =  out. So named from th e  characteristic projecting ledge.
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B ra ch ia l va lve g en ic iila ted . C ostae about 13 in  10 mm. a t d ista n ce  o f  15 mm. below  
umbo. R ib s p rom in en t on ca rd in a l slopes. S p in e-b ases in  row  on flanks and tw o  
or three row s on ca rd in a l slopes.

D e s c r ip t io n .— P e d ic le  va lve .  T h e v iscera l d isk , w h ich  is  tr ia n g u la r  in  ou tlin e , 
is  not sh arp ly  sep ara ted  from  th e tra il by a g en icu la tio n . T he um bo is  acuteJy 
p o in ted  and m uch incurved . T he convex r im  round the an terior  m arg in  o f  th e  sh ell is  
sep ara ted  from  the a d ja cen t p a r t o f  th e  sh ell by a g en icu la tio n  at an an g le  o f  90°, 
and the outer ed ge  o f  the r im  is  a b ru p tly  reflected  dow nw ards. T he w id th  o f  
the rim  var ies  from  1 5  mm. on th e  flank s to 3 mm. on the fro n t o f  the venter. A  
rep e titio n  o f th e  r im  a t a  low er leve l m ay be seen in  som e specim ens, and a p p a ren tly  
in d ica te s  a v a r ia tio n  in  the ra te  o f  g row th  o f  th e  shell.

T he costae are m od erate ly  coarse and  rounded and are never prom in en t, and  
they  r a d ia te  even ly  from  th e umbo. B ifu r c a t io n  o f  the costae occurs a t th e  a n 
ter ior  end o f  th e  v iscera l d isk  and on th e  flanks, bu t rarely  on other p a rts  o f  the  
shell. In terca la ted  costae are rare. On th e  rim  th e  costae are o f th e  sam e w id th  as 
th e  su lc i se p a r a tin g  them , but on other p a r ts  o f the sh ell the costae are con sid er
ably w id er  th an  th e  su lci.

T h e ribs form  broad p rom in en t fo ld s  on th e  ca rd in a l slopes, but fla tten  on the  
la tera l slop es o f  th e  v iscera l d isk , w h ere  th ey  b ifu rca te . T w o n arrow  ribs m ay  
be traced  round th e  fro n t o f  th e  v iscera l d isk , and  s lig h t  en largem en t o f  th e  costae  
is  caused  a t th e  p o in t o f  in tersec tio n  w ith  th e  ribs.

S p in e-b ases are never num erous, an d  are n ot seen ex cep t on th e  flanks and ca r
d in a l slopes. T h e row  o f  sp in e-b ases on th e  flanks can be traced  back on to the  
ears and  thence ob liq u ely  across th e  ca r d in a l s lop es to th e  umbo. T w o or three  
row s o f  sp in e-b ases m ay a lso  be d evelop ed  on the ca rd in a l slopes, set a t a  sm all 
an g le  to th e  h in ge . T h e p oster ior  row  w a s  observed in  a specim en  in  th e  G eo log ica l 
Survey C oll., L ondon, I .T .8 2 0 , in ser ted  a lo n g  th e  h in g e-m a rg in , the sp in es  cu rv in g  
tow ard s th e  um bo.

B r a c h ia l  va lve .  T h e v iscera l d isk  is  s lig h t ly  concave below  th e  um bo and  then  
flattens, w ith  th e  ex cep tio n  o f  a low  m ed ia n  fo ld ;  i t  is  g e n icu la ted  sh arp ly  to form  
the curved  tra il, w h ich  is  in  con tact w ith  th a t o f  th e  p ed ic le  valve.

T he ornam en t is  s im ila r  to  th a t  o f  th e  p ed ic le  valve.

I n te r n a l  charac ters .  U n k n ow n .
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D im e n s io n s .—

M axim u m  h e i g h t ..................................
(1) (2) (3)

................... 2 1 !:& ) 22  25'5  mm.
w i d t h .................................. 18 20 32
th ick n ess  . . .  . . .  12 5 11 5 18 5 „

N um ber o f  costae  in
breadth  o f  10 mm. a t
d is ta n c e s  v e r tica lly  below  
um bo :

a t 10 mm. . . .  ................... 15 17 18
„ 15 „...... .................................. 12 14 13
,, 20 ,, . . .  . . .  . . .  —  13 13

(1) H o lo ty p e . S p ecim en  in com p lete  and  h e ig h t estim ated .
(2) B .M ., B .44010 , from  L it t le  I s la n d , Cork.
(3) Sam e coll. and lo c a lity  [B .40103 ].
T y p e .— H o lo ty p e , from  th e  C arb on iferou s L im eston e, L it t le  Is la n d , Cork, is  

preserved  in  th e  B r it is h  M useum , D a v id so n  C oll. [ B . l 3892]. P a r a ty p e s  : fo u r  sp e c i
m ens m en tion ed  below  in  p a r a g ra p h s on ‘ D is tr ib u tio n .’

D is tr ib u t io n .— R a n g e, ?Cg and  D^ subzones.

E n g la n d .

D erb ysh ire  : N .E . s lop e  o f  C hrom e H i l l  (G eol. Surv., L ondon, I .T .8 4 0 ).

I r e la n d .
Co. C ork : L it t le  I s la n d  (B .M ., B .13892, B .44010 , B .4 0 1 0 3 ; H u n te r ia n  M us., 

G lasgow , L .215).
R e m a r k s .— P r o d u c tu s  p r o je c tu s  is  d is t in g u ish e d  from  other sp ec ies  o f  th e  s e m i

r e t ic u la tu s  grou p  in  h a v in g  a led g e  d evelop ed  round th e  an terior  m a rg in  o f  i ts  shell. 
I t  is  d is t in g u ish e d  from  a sp ec ies  o f  B u x to n ia ,  a lso  from  L it t le  Is la n d , Cork, 
figured  by D a v id so n  in  1880 (p i. x x x v i, fig. 12), in  h a v in g  few er  sp in e-b ases. S p in es  
are d evelop ed  on th e  e n tir e  sh e ll o f  B u x to n ia  and  ex ten d  a lon g  the sh e ll-su rfa ce . 
In  th is  sp ec ies  figu red  by D a v id so n  a  broad, flat rim  is  develop ed , an d  sp ecim en s  
from  D erb ysh ire, p o ssib ly  b e lo n g in g  to  th e  sam e sp ecies, have th e  led g e  ornam en ted  
w ith  sm all sp in e s  and  n ot w ith  costae  as in  P .  p r o je c tu s .

S p ecim en s o f  P .  p r o je c tu s  from  L it t le  Is la n d , Cork, are u su a lly  d isto r ted , a 
character com m on to  m ost sp ec ies  d er iv ed  from  th is  lo ca lity . T h e D erb ysh ire  
specim ens are n orm ally  d evelop ed .
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P r o d u c t u s  p i n g u i s  sp. nov.

P la te  V , figs. 1, 2 a — d, 3; P la te  V I , fig. 1. T ext-fig . 20.

T e x t - f ig . 20 .— P roductus pinguis sp. nov. B ritish  
Museum, B .45996. D iagram m atic longitudinal sec
tion , natural size.

D ia g n o s is .— S h ell large , about 79 m m . long, 82 mm. w id e, and 54  mm. th ick , or 
1 : 1*03: *6; a p p ro x im a te ly  c ircu lar  in  o u tlin e , g rea test w id th  occu rrin g  s lig h tly  
below  h in ge. P e d ic le  va lve  w ith  globose v iscera l d isk , g e n icu la ted  and  fo rm in g  
short curved  tr a il  ; flanks convex ; ven ter  broad and flat, or s lig h t ly  s in u a ted  ; um 
bonal an g le  115°. B ra ch ia l va lve  g en icu la ted . C ostae m od erate ly  coarse and  p ro 
m inent, about 10 in  10 m m . a t d is ta n ce  o f 20 mm. from  umbo, freq u en tly  b ifu r c a t
in g . R ib s p rom in en t on ca rd in a l slopes, not traceab le  across fro n t o f  v iscera l d isk . 
Sp in e-b ases o f  la rg e  d iam eter, sca ttered  over tra il, and  in  th ree  curved  row s on  
flanks and tw o row s on ca rd in a l slopes.

D e s c r ip t io n .— P e d ic le  va lve .  In  ear ly  g ro w th -sta g es  th e  p ed ic le  va lve  
is  s lig h tly  convex and its  w id th  is  con sid erab ly  in  excess o f  its  len g th . T h e v is 
ceral d isk  becom es in cre a s in g ly  globose u n t i l  th e  sh e ll is  recurved  d ow n w ard s and  
a short tr a il  is  developed , w h en  th e  w id th  is  a p p r o x im a te ly  eq u a l to  th e  h e igh t. 
T he umbo is  sm all an d  p o in ted , an d  on ly  p ro jec ts  s lig h t ly  beyond th e  h in g e  in  th e  
ad u lt con d ition . T he ears are rarely  preserved , but in  th e  h o lo typ e  th ey  are seen
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to be fla tten ed  a lon g  the h in g e  and  to ta p e r  and becom e reflexed  la tera lly . A  fr a c 
ture freq u en tly  occurs a lon g  th e  sh a llo w  s in u s  se p a r a tin g  them  from  th e  v iscera l 
disk. T he flanks, w h ich  are convex p oster ior ly , becom e steep er  and s lig h t ly  f la t
tened in  la ter  g ro w th -sta g es , w h en  th ey  r ise  to m eet th e  m assive  venter. T h e venter  
m ay be s lig h t ly  s in u a ted , th e  s in u s  com m encin g  about h a lf-w a y  dow n th e  v iscera l  
disk and d isa p p e a r in g  on th e  tra il.

T he costae  are fa ir ly  coarse and  p ro m in en t and  are sep a ra ted  by n arrow  su lc i 
w hich  are a lw a y s  n arrow er th a n  th e  costae  T h ey  ra d ia te  reg u la r ly  on th e  v iscera l 
disk, but th ick en  an d  becom e fla tten ed , a n d  vary  g r e a tly  in  w id th  on th e  tr a il. 
Increase in  th e  num ber o f  costae  occurs by m eans o f  occasion a l b ifu r c a tio n s  on th e  
visceral d isk , but s p l it t in g  o f  th e  costae  occurs freq u en tly  on th e  tra il. W hen  
the sh e ll is  d eco rtica ted  th e  costae  ten d  to  decrease to  h a lf  th e ir  norm al w id th , and  
the su lc i to in crease  by a co rresp on d in g  am ount. A t  a fu r th er  s ta g e  o f  d eco r tica 
tion  th e  ca st is  p r a c tic a lly  sm ooth.

A b ou t 25 broad, p rom in en t r ib s are d eve lop ed  on th e  c a rd in a l slop es, b u t on ly  
those w ith in  a  sp ace  o f  15 m m. from  th e  um bo cross th e  fro n t o f  th e  v iscera l d isk , 
and th e  rem ain d er  are fa in t ly  traceab le  by m ean s o f  s lig h t  n od u lar  sw e llin g s  on  
the costae. T h e rib s u n d u la te  and  b ifu r c a te  on th e  la te r a l s lop es o f  th e  v iscera l  
disk, and  an  in te r c a la te d  rib  m ay be d eve lop ed  b etw een  th e  tw o  rib s a r is in g  from  
the b ifu rca tio n .

A  fe w  la rg e  sp in e-b ases  occur on th e  tr a il , th e  d iam eter  o f  each  sp in e  b e in g  
greater th a n  th e  w id th  o f  th e  costae  fro m  w h ich  i t  sp r in g s, an d  th ere  is  a  ten d en cy  
for the costae  to th ick en  or coalesce above a sp in e-b ase  an d  to  b ifu r c a te  an ter io r ly  
to it. T h e average d iam eter  o f  th ese  sp in e-b a ses  is  from  1 5  to  2 m m . T h ree  curved  
rows occur on each flank, but do n ot sp r in g  from  th e  su m m it o f  th e  costae. T h ese  
rows o f  sp in e-b ases, w h ich  are s lig h t ly  sm a ller  in  d iam eter  th a n  those on th e  tra il, 
term in ate  near th e  c a r d in a l e x tr e m itie s , w h ile  tw o  row s are seen on th e  card in a l 
slopes d iv e r g in g  from  th e  h in g e  a t a  sm all an gle . :

B r a c h ia l  va lve .  T h e v isc e r a l d isk  is  fla t for  a  sp ace  o f  20 m m . below  th e  um bo, 
and then  becom es s lig h t ly  concave. A  g e n ic u la t io n  is  d evelop ed  a t i t s  an terior  e x 
ten sion  an d  th e  tr a il  is  a lm ost in  co n ta ct w ith  th a t  o f  th e  p ed ic le  valve.

T h e orn am en t is  s im ila r  to  th a t  o f  th e  p ed ic le  valve, b u t is  reversed , th e  su lc i 
being w id e r  th a n  th e  costae. In crea se  in  th e  num ber o f  costae occurs m a in ly  by  
m eans o f  in te r c a la tio n s . T h e rib s are n arrow er an d  less  p rom in en t th a n  in  th e  
p ed icle  va lve, an d  are fa in t ly  traceab le  across th e  v iscera l d isk .

o
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I n te r n a l  charac ters .  A n  in tern a l c a st o f the p ed ic le  va lve from  D erb ysh ire  p re 
served  in  the S ed gw ick  M iisenm , C am bridge, 98 (pi. v i, fig. 1), show s la rg e  flabella te  
d id iictor  m iiscle-scars w h ich  are lo n g itu d in a lly  s tr ia te d  and m arked w ith  tran sverse  
str iae . T hese d iverge from  a p rom in en t boss about 5 mm. long, w h ich  is  p oster ior ly  
curved and an terior ly  tru ncate, and is  d evelop ed  im m ed ia te ly  below  the um bo and  
probably served as a p o in t o f  m uscle a ttach m en t. T he addu ctor m uscle-scars are  
d en d r itic , oval in  ou tlin e , and are s itu a te d  betw een the an terior  p a rt o f th e  d id u ctors.

A n  in tern a l ca st o f  th e  b rach ia l va lve  from  B o llan d , Y ork sh ire  [B .M ., 
B .45505 , G ilb ertson  C oll.] (p i. v, fig. 3), show s the m a rg in a l r id g es  ex te n d in g  a lon g  
the h in g e  for  a d ista n ce  o f  30 mm. from  the umbo, then  recu rv in g  a n terior ly  and  
c o n tin u in g  a lon g  the la tera l m arg in  o f  th e  sh ell for  about 15 mm. T he m ed ian  se p 
tum  is  stou t, but tap ers  a n terior ly  and e x ten d s  for  about tw o -th ird s  o f  the len g th  o f  
the v iscera l d isk . T he addu ctor m u scle-scars are la rg e  and d en d r itic , tr ia n g u la r  in  
ou tlin e , w ith  the lo n g est s id e  p r a c tic a lly  in  con tact w ith  th e  m ed ian  septum . T he  
b rach ia l im p ression s have not been observed.

D im e n s io n s .—
(1) (2) (3)

M axim u m  h e i g h t .................. ... 66 76 79 mm.

„ w id th  ... ... 77 85 5 82 ,,

,, th ick n ess 48 51 5 54  „

L en g th  o f  v iscera l d isk  .. . ... 36 43 48 5 , ,

W id th  „ „ „ ... 63 61 70 „
L en gth  o f  h in g e  (estim ated ) .. .  74 73 71 „
N um ber o f  costae in

breadth  o f 10 mm. a t
d ista n ces  v e r tica lly  below
um bo :

a t 15 mm. ... 9 10 11
90n ) )  • • • • • • 11 9 9

) y j j  • • • 11 9 10

(1) B .M ., B .23540 , from  H o ly w ell, F lin tsh ir e .

(2) B .M ., B .3685 , from  D erbysh ire.

(3) S ed gw ick  M us., C am bridge, 98, from  D erbysh ire.
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T y p e .— H o lo ty p e  from  C lap liam , Y ork sh ire , is  preserved  in  th e  R o y a l S co ttish  
M useum , E d in b u rg li, N a tu ra l H isto ry  C ollection . P a r a ty p e s  : a num ber o f  sp e c i
m ens m en tion ed  below  in  p a ra g ra p lis  on ‘ D is tr ib u tio n .’

D is t r ib u t io n .— R a n g e, D^ subzone.

E n g la n d .

D erb ysh ire  : (P .M ., B .3 6 8 5 ; S ed g w ick  M us., C am bridge, 98); qu arry  on S. s id e  
of M id d le  H il l ,  near C astle ton  (M r. J . W . J a ck so n ); basa l beds o f  ch erty  series, 
S. o f M ich  L ow  E au lt, S m a lld a le , near B r a d w e ll (M r. J . W . J a ck so n ); N .E . flank  
o f Snels L ow , near C astle ton  (M r. J . W . J a ck so n ); B ack  o f  E cton  (B .M ., B .48446).

Is le  o f  M an  : B a lla d o o le , near C a stle to w n  (B:M ., B .23099).

S ta fford sh ire  : N a rro w d a le  (B .M ., B .43921 , W . H in d  C oll. ; M .P .G ., 34450).

Y ork sh ire  : B o lla n d  (B .M ., B .413 , B .45505 , G ilbertson  C oll.); near B o lton  B r id g e  
(B .M ., B .2636) ; S. o f  E scow  H ou se, G ra ssin g to n  (M .P .G ., 34454); C lap h am  (R . Scot. 
M us., E d in b u rgh ) ; P a r so n ’s P u lp it ,  M alh am  (P r o f. E . J . G arw ood) ; S. o f  B ack  Scar, 
S ettle  (P r o f. E . J . G arw ood) ; S e ttle , k n o ll reefs , subzone D , (B .M ., B .48442) ; o u t
crop, ju s t  below  1,200 f t . contour. C am  B eck , near R ib b leh ead  (P r o f. E . J . G ar
wood); G ay le  S hale , and from  P . g ig a n te u s  bed. M ill  G ill, A sk r ig g , W e n sley d a le  (M r. 
R. G. S. H u d son , 566, 620, 573, 142, 143); G ay le  Shale, W id d a le  B eck , A p p e r se tt  
(Mr. R . G. S. H udson , 2 20 ); top  o f  G ay le  L im eston e, q u arry  N. o f  C ou n tersett, 
Sem erdale (M r. R . G. S. H u d son , 654, 656 , 661, 667, 766).

W ales .

C arn arvon sh ire  : B ish o p ’s Q uarry, S .10°W . o f  sum m it o f  G reat O rm e’s H ead , 
subzone D^.

F lin tsh ir e  : U p p e r  B lack  L im eston e , H a lk in  M o u n ta in  (B .M ., B .23998 , M orton  
C oll.); H o ly w ell, subzone D , (B .M ., B .23540 ).

R e m a r k s .— P r o d u c tu s  p in g u i s  is  d is t in g u ish e d  from  P .  s e m ir e t ic u la tu s  by its  
more convex flanks, rounded  o u tlin e , broader ven ter  and in cu rved  um bo, and  also  
by the g en icu la tio n  o f  th e  b ra ch ia l va lve. T h e costae in  P . p in g u i s  are coarser and  
more p rom in en t th a n  in  P . s e m ir e t ic u la tu s .  I t  is  d is t in g u ish e d  from  P . a n t iq u a tu s  
J. Sow. by its  la rg er  d im en sion s, g rea ter  g lo b o sity  and  d ifferen t ornam ent.

J . Sow erb y’s ‘ figu red  in  ‘ M in era l C on ch o logy ,’ vol. iv ,
pi. cccxv ii, fig. 3 only , m ay be a sm all form  re la ted  to  P . p in g u is .  T h e orn am en t is  
rather s im ila r , but th e  b rach ia l va lve  is  m ore concave th a n  in  ty p ic a l specim ens.

0 3
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S pecim ens resem b lin g  P .  p in g u is  in  ex te r n a l form , but h a v in g  less p rom in en t  
costae and narrow er ribs, have been observed from  the subzone o f  W estm orlan d  
and N. Y orksh ire.

T he specim en  figured  by the la te  P r o f . H u g h es (1908, pi. x x x ix , fig. 3) as P .  
co s ta tu s  from  the P . g ig a n te u s  bed, H u ll P o t, H orton , Y ork sh ire, m ay be a sm all 
specim en  o f  P . p in g u is ,  w h ich  is  com m on at th is  horizon . T he shell o f  the figured  
sp ecim en  w as ev id en tly  in ju red  d u r in g  l ife ,  and a deep  s in u s d evelop ed  dow n the  
fro n t o f  the p ed ic le  valve has resu lted  from  th is  in ju ry . T he venter o f  th is  sp e c i
m en is too broad and m assive  for  P . su lca tu s  J . Sow ., w h ich  a lso  occurs a t th is  
horizon .

P . p in g u is  is  re ferred  to by M r. H u d so n  (1925, p. 182) as occu rrin g  in  th e  G ayle  
L im eston e o f  W en sleyd a le , Y orksh ire.

P r o d u c t u s  h i n d i ' s p .  n o v .

P la te  V I , figs. 3, 4a— c, 5, 6. T ext-fig s. 1— 5, 21.
1880. P r o d u c tu s  s e m ir e t ic u la tu s  T . D a v id so n  (in  p art). M on. B r it. Foss.

B rach ., SuppL , vol. iv, p t. i i i ,  p. 307, pi. x x x v , figs. 1, 2.

T e x t -f i g . 21 .— P roductus hindi sp. nov., from knoll 
reefs, M alham, Yorkshire. B ritish  M useum, B .45508.
D iagram m atic longitudinal section, natural size.

D ia g n o s is .— S h ell about 45 m m . h igh , 54 m m. w id e , an d  28 mm. th ick , 
or 1 : 1 2  : ‘6; q u ad rate  in  ou tlin e , w ith  h in g e  fo rm in g  w id e st  p art. P e d ic le  va lve  
w ith  convex v iscera l d isk , g e n icu la ted  to  form  s lig h t ly  curved  tr a il;  flanks sub
p ara lle l, b ear in g  p rom in en t r id g e  ; ven ter  w ith  sh a llow  sin u s; um bonal an g le  110°; 
ears large , reflexed. B r a c h ia l va lve  fla tten ed  on v iscera l d isk  and g en icu la ted . 
D ia p h ra g m  not developed . C ostae fine, about 14 in  10 mm. a t d is ta n ce  o f  20 mm. 
from  umbo, even- an d  regu lar  in  w id th . R ib s  f la tten in g  on fro n t o f  v iscera l d isk .

1 Named in honour of the late Dr. Wheel ton Hind.
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Spine-bases o f  la rg e  s iz e  in  tw o  row s on ca rd in a l s lop es a t a n g le  o f  5° and 20° to  
hinge, and in  row  on flanks. S p in e s  o f  e x c ep tio n a l len gth .

D e s c r ip t io n .— P e d ic le  va lve .  T h e tran sverse  section  o f  th e  v iscera l d isk  is  
nearly rectan gu lar , and in  ea r ly  g r o w th -sta g es  th e  w id th  is  con sid erab ly  g rea ter  
than the len g th  ; but w ith  th e  d evelop m en t o f  a  g e n icu la tio n  a t th e  a n terior  end  o f  
the v iscera l d isk  th e  sh e ll becom es g r a d u a lly  e lon ga ted . T h e um bo is  acu te ly  
pointed , m uch incurved , and  freq u en tly  em bedded in  m a tr ix . T h e ears are  
separated  from  th e v iscera l d isk  and  flanks by a deep  su lcus, w h ich  com m ences about 
3 mm. below  th e  ca rd in a l m a rg in  an d  in creases  in  w id th  to w a rd s th e  la te r a l m ar
gin . T h e sh e ll freq u en tly  fra c tu res  a lo n g  th is  su lcu s, and  th e  ears are rarely  p r e 
served en tire .

T he flanks are steep  p oster ior ly , b u t in  la ter  g ro w th -sta g es  sp read  ou tw ard s, 
and a p rom in en t r id g e  e x ten d s  from  th e  an terior  la tera l m arg in  up  th e  flanks, and  
dies out about 10 m m . v e r tica lly  below  th e  h in g e -m a r g in .. F iv e  or s ix  la rg e  sp in e-  
bases are set on th e  su m m it o f  th is  r id g e .

T he ven ter  is  broad an d  s in u a te d ; th e  s in u s  is  d evelop ed  near th e  um bo and  
continu es to  th e  a n terior  m arg in , r e m a in in g  sh a llow  an d  rounded.

T he costae are ra th er  fine on th e  v isc e r a l d isk , bu t in crease  s lig h t ly  in  w id th  
on the tr a il  and  are even and  reg u la r  a n d  never p rom inent. In crease  in  th e  n u m 
ber o f  costae occurs by m ean s o f  b ifu r c a tio n s , th e  tw o  costae a r is in g  from  th e  
b ifu rca tio n  a t ta in in g  norm al w id th  in  th e  sp ace  o f  3 or 4  mm. T w o costae  m ay  
coalesce above a  sp in e-b ase , and  b ifu r c a te  below  it . In  th e  g ero n tic  s ta g e  th e  
costae becom e irr e g u la r  an d  less  p rom in en t, an d  g ro w th -lin es  are num erous. T he  
shell ten d s to  d eco rtica te  rea d ily , an d  is  rarely  p reserved  en tire  over th e  w h ole  
ped icle  v a lv e; on d eco r tica ted  p a r ts  th e  costae  ap p ear  to be about h a lf  th e  norm al 
w id th  and  th e  su lc i co rresp o n d in g ly  w id er , or th e  ca st m ay be n ear ly  sm ooth. T h e  
sulci are n orm ally  less  th a n  h a lf  th e  w id th  o f  th e  costae. "

A b ou t tw e n ty  r ib s are d evelop ed  on th e  ca rd in a l slop es as irreg u la r  w r in k les  
w hich  fla tten  ou t on th e  v iscera l d isk , o n ly  th e  p oster ior  ten  or e leven  b e in g  tra c e 
able round  th e  fr o n t  o f  th e  sh ell. In te r c a la te d  ribs occur on th e  la te r a l s lop es o f  
the v iscera l d isk . S l ig h t  en la rg em en t o f  th e  costae occurs a t th e  p o in t  o f  in te r 
section  w ith  th e  ribs.

A  fe w  sp in e s  are d eve lop ed  on th e  v iscera l d isk  and  sp r in g  from  th e  su m m it  
of the costae. T w o row s o f  sp in e-b ases  are seen  on th e  c a rd in a l slop es, an d  one  
row a t an a n g le  o f  20° to  th e  h in g e  jo in s  another set on th e  r id g e  up  th e  flanks.
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T he sp in es  on the flanks are o f  con sid erab le  len g th  but are rarely  preserved  in  
s itu . T he specim en  figured  in  p la te  v i, fig. 5, show s one in eom p lete  sp in e  in  p o s i
tion . D eta ch ed  sp in es, 80 mm. in  len g th , are o ften  fou n d  associa ted  w ith  sh e lls  o f  
P . h in d i  in  th e  L ow er L im eston es o f  S eotland .

B r a c h ia l  va lve .  T he v iseera l d isk  is  flat, w ith  a s lig h t  m ed ian  fo ld  corre
sp o n d in g  to the s in u s o f th e  p ed ic le  va lve. A  g en ieu la tio n  sep ara tes the v iseera l  
disk  from  the curved tra il, w h ieh  is  in  close con taet w ith  th a t o f  the p ed ic le  valve. 
T he ex ter io r  o f  th e  b rach ia l va lve  is  rarely  seen, as th e  outer layers rem ain  in  
eon tact w ith  th e  m atr ix , w h ile  the in n er layers are exp osed  th rou gh  the s p lit t in g  
o f the p ed ic le  valve.

T he ornam ent is  s im ila r  to th a t o f  th e  p ed ie le  valve, but the ribs are m ore  
m arked and cross th e  v iscera l d isk , ea u s in g  s lig h t  en largem en t o f  the costae a t the  
p o in t o f  in tersection .

I n te r n a l  charac ters .  A n  in tern a l ca st o f  the p ed ic le  va lve from  th e L ow er  
L im estones, B o w ertra p p in g , D a iry , A y rsh ire , preserved  in  the B r it ish  M useum  
[B .13863], D a v id so n  C oll., and figured  on p i. v i, fig. 6, show s broad, lon g itu d in aJ ly  
str ia te d  d id u ctor  m uscle-scars en c lo sin g  n arrow  len s-sh ap ed  adductors.

T he on ly  in ter io r  o f  the b rach ia l v a lve  know n is  preserved  in  P r o f . G arw ood’s 
co llection , and w a s ob ta in ed  from  F eizor , near S ettle , Y orksh ire. T h is  specim en  
show s p a r t o f  one o f  the addu ctor m u scle-scars, and a p ortion  o f  one o f  th e  brach ia l 
im p ression s w ith  th e  e x trem ity  en la rg ed  and d is t in c tly  sep ara ted  from  th e  m ain  
p ortion .

U im en sion s .— (1) (2) (3) (4)
M axim um  h e i g h t .................. 38 5 40 40 45'5  mm

w i d t h .................. 53 5 46 52 5 54  „
„ th ick n ess 28 27 28 28-5 „

L en g th  o f  v iscera l d isk  .. . 24 22 22  5 26  „
W id th  „ „ „ ... 34 5 37 38 37 „
N um ber o f  costae in

breadth  o f  10 mm. a t
d ista n ees  v e r tica lly  below
umbo :

a t 15 m m. .. . 15 14 14 15
90,,  , ,  . . .  . . . 13 15 — 14

,,  ,,  . . .  . . . 14 15 12 14
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(1) Geol. Surv., E d in b u rgh , M .4484P, from  th e L ow er L im eston es, C oalburn,
L ana rksli ire.

(2) H.M., B .5738 , from  the L ow er L im estones, B rockley, L esm ah agow , L a n a rk 
sh ire.

(3) B .M ., B .45508, from  M alh am , Y ork sh ire ..
(4) H o lo typ e .
T y p e .— H olotyp e , from  the Carb. L im eston e, D ovedale , D erb ysh ire, is  preserved  

in the B r it ish  M useum , J . W . Jack so n  C oll. [B .47860]. P a r a ty p e s  : a num ber o f  
specim ens referred  to below  in  section  on ‘ D is tr ib u tio n .’

D is tr ib u t io n .— R an ge, D^ subzone to M ills to n e  G rit.

E n g la n d .
C h esh ire : C on gleton  E d ge, P e n d le s id e  series (B .M ., B .43815, W . H in d  C oll.).
D erb y sh ire : (B .M ., 74331); E d en sor (B .M ., B .23040); M atlock  B r id g e  (G eol. 

Surv., L ondon, C .B .W .1 0 0 2 ); M ille r sd a le  (H u n te r ia n  M us., G lasgow ); C racknow l 
Quarry, H a sso p , subzone D^ (B r is to l U n iv .) ;  C astle ton  (O xford  U n iv . M u s .) ; P a r k  
H ill (B .M ., B .48449 ).

Is le  o f  M an : On shore, C a stle to w n  (B .M ., B . 10535).
Som erset : E m borough , sub zone D^ (B r is to l U n iv .) .
S ta ffo rd sh ire : N a rro w d a le , subzone D , (M .P .G ., 34447; B .M ., B .48466).
Y o rk sh ir e :  M alh am , k n o ll reefs , subzone D , (B .M ., B .4 5 5 0 8 ); W edber B row , 

M alham , subzone D^ (P r o f. E. J . G arw ood) ; road sid e, E. o f  S ettle , k n o ll reefs , su b 
zone Dg (P r o f. E. J . G arw ood) ; h ill  925, 1^ m iles  E . o f  B ru n ton  H ou se, near S e ttle  
(P rof. E. J . G arw ood); U p p e r  L o n s d a l ia  ch ert bed, S. o f  B ack  Scar, S e ttle  (P r o f.  
E. J . G arw ood) ; o ld  sh a fts , W . o f  P ik e d a w , S e ttle  (P r o f. E . J . G arw ood) ; 800 h ill, 
S.E . o f  R a n e’s L ane, F eizor , near S e ttle  (P r o f. E. J . G arw ood) ; B u rterse tt, H a w es  
(B.M ., B .48469).

W ales .
A n g lesey  : Q uarry, J m ile  W . by S. o f  P la s  N ew yd d , C rom lech (G eol. Surv., 

London, A f .3380) ; quarry , N . o f  T y n -y -G o n g l P o s t  Office, N .N .E . o f  C a lifo r n ia  In n  
(Geol. Surv ., L ondon, A f .2 0 2 0 ) .

C arn arvon sh ire  : G reat O rm e’s H ea d , subzone D^ (B .M ., B .43717).
F lin tsh ir e  : A x to n , subzone D^ (B .M ., B .23711 , M orton  C oll.).

S c o t la n d .
A y r sh ire  : B lack b yre L im eston e, B road ston e, B e ith  (K elv in grove  M us., G la s 

gow, 01 53 age and  a g i);  L ow er L im eston es, D ockra, B e ith  (K elv in grove  M us.,
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G lasgow , 01 53 a fx );  L ow er L im estones, R ou ghw ood , B e ith  (K elv in grove  M us., 
G lasgow , 0 1 5 3  a fs );  (sp in es) T rearne, B e ith  (H u n ter ia n  M us., G lasgow , L .340).

F ife sh ir e  ; No. 1 L im estone, In v e r te il Q uarry, N. o f L in k tow n , K irk ea ld y  
(G eol. Surv., E d in b u rgh , B .3 1 8 6 d ); shale, R oscob ie  Q uarry, 4  m iles N . o f D u n fe r m 
lin e  (G eol. Surv., E d in b u rgh , M .822c, 824c).

L an ark sh ire  : See (1) and (2) o f  th e  above tab le  o f  m easurem ents.

Ire la n d .

Co. Cork : L it t le  I s la n d  (B .M ., B .44008).

R e m a r k s .— P r o d u c tu s  h in d i  is  d is tin g u ish e d  from  P . a iit ic jua tu s  J . Sow . by its  
m ore rectan gu lar  v iscera l d isk  and  m ore in cu rved  umbo,, by th e  d evelop m ent o î a 
r id g e  up the flanks, and by its  finer costae and less p rom in en t ribs. I t  is  d is t in 
gu ish ed  from  P . su lca tu s  J . Sow . by its  grea ter  w id th  and th ick n ess, by its  finer 
costa tion , and by the less m arked r ib b in g  on the v iscera l d isk .

T h is  sp ec ies has probably been in c lu d ed  w ith  P . a n t iq u a tu s  J . Sow . or w ith  
P .  s e m ir e t ic u la tu s  (M artin ) by p rev iou s w riters. T he only figures th a t can  be 
ascribed  w ith  cer ta in ty  to th is  sp ec ies are those o f  specim en s from  the L ow er C ar
b on iferou s L im eston e, W e st B road ston e, B e ith , A y rsh ire , g iv en  by D a v id so n  in  1880  
(pi. XXXV, figs. 1, 2). T h ese specim en s are m uch crushed, but th ey  p la in ly  e x h ib it  
th e  enorm ous d evelop m ent o f  sp in es  on th e  flanks and ca rd in a l slop es. F ig . 2  o f  
D a v id so n ’s p la te  show s a sp ecim en  w ith  th e  v iscera l d isk  o f  the p ed ic le  va lve  re
m oved, and w ith  th e  m ark ed ly  ribbed v iscera l d isk  o f th e  b rach ia l va lve  exposed .

Som e o f th e  m icroscop ic  section s o f sp in es  sh ow in g  th e  stru ctu re  ‘ sp in es  w ith in  
sp in e s ,’ described  by J . Y ou n g  in  1893 (pp . 86— 90) as b e lo n g in g  to P . se m ir e t ic u la tu s  
(M artin ), m ust be ascribed  to th is  sp ec ies . T h ese section s are preserved  in  the  
K elv in g ro v e  M useum , G lasgow . In  ex a m p les  from  th e L ow er L im eston es of  
T rearne, B e ith , th ere  are from  s ix  to tw e lv e  lesser  sp in es  o f  fa ir  s ize  w ith in  the  
tran sverse  section  o f one sp in e , and  p la in ly  v is ib le  w ith o u t a  len s.

P r o d u c tu s  h in d i  is  c h a ra c ter is tic  o f  th e  D^ subzone o f  E n g la n d  an d  W a les , but 
i t  a lso  occurs a b u n d an tly  in  th e  B lack b yre L im estone, L ow er L im eston e  G roup o f  

S cotland .

S pecim en s w h ich  are m uch crushed  an d  im p e r fec tly  preserved  as casts, in  the  
M illsto n e  G rit o f  H a rro g a te  and G reat W h ern sid e , m ay belong  to th is  species. 
In  ex te r n a l ornam en t and  gen era l sh ap e th ey  ap p ear  to agree w ith  P .  h in d i .
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P r o d u c t u s  h i n d i , v a r .  w e t t o n e n s i s ' v a r  n o v .

P la te  V I , figs. 2a— c.
D ia g n o s is .— S h ell m assive , about 53 mm. h igh , 59 m m. w id e, an d  35 mm. 

thick, or 1 : 1 1  : 6. P e d ic le  v a lve  w ith  broad fla t v iscera l d isk  an d  curved  tr a il;  
ears la rg e  an d  s lig h t ly  fla tten ed . C ostae about 10 in  10 mm. a t d is ta n c e  o f  20 mm. 
from  the umbo, irreg u la r  in  develop m ent. R ib s  num erous, con tin u ou s across v is 
ceral d isk .

D e s c r ip t io n .— P e d ic le  va lve .  T h e  sh e ll is  q u ad ra te  in  o u tlin e , w ith  th e  h in g e  
form ing  the w id e s t  p art. T h e flanks are steep  and  su b p ara lle l and  bear a  r id g e  on 
w hich are set la rg e  sp in e-b ases. A  sh a llo w  s in u s  is  d evelop ed  dow n th e  fr o n t  o f  
the shell.

T he costae  freq u en tly  b ifu rc a te  below  th e  sp in e-b ases, w h ich  are num erous on 
the tra il, an d  a  low  lo n g itu d in a l fo ld  m ay be d evelop ed  below  th ese  sp in e-b ases. 
Spine-bases a lso  occur in  tw o  row s on th e  ca rd in a l slopes, as in  th e  p a ren t sp ecies. 
A bout 25 rib s are d evelop ed  and  are tra cea b le  across th e  v iscera l d isk , ca u s in g  s lig h t  
en largem en t o f  th e  costae  a t th e  p o in t  o f in tersectio n .

B ra c h ia l  va lve .  T h e contour o f  th is  v a lve  resem bles th a t  o f  th e  p a ren t sp ecies. 
The ex ter io r  is  rarely  seen, as i t  rem a in s in  con tact w ith  th e  m a tr ix , bu t th e  
p ed icle  va lve  ten d s to s p l it  aw ay , le a v in g  th e  low er layers  o f  the b rach ia l va lve  
exposed.

T he ornam en t is  s im ila r  to  th a t  o f  th e  p ed ic le  valve.
I n te r n a l  ch arac te rs .  U n k n ow n .
D im e n s io n s .—

M axim u m  h e ig h t  .. .
„ w i d t h ....................
„ th ick n ess

L en g th  o f  h i n g e ...................
„ „ v iscera l d isk  .. .

W id th  „
N um ber o f  costae  in

b read th  o f  10 mm. a t  
d is ta n c e s  v e r tica lly  below  
um bo :

a t 10 m m. ...
,. 2 5  «. . . .  . . .

(1) 
4 6 5  
57 5 
30 5 
64  
25 5 
42

(2)
53
59
35
56 5
30 5
47

mm.

13
11

12
10

1 Nam e derived from W etton, Staffordshire, whence the type-specim en was obtained.
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(1) B .M ., 24760, from  B reedon  H il l ,  L eicestersh ire.
(2) H o lo typ e .

T y p e .— H olo typ e , from  th e Carb. L im eston e, W etton , S taffordsh ire, sub zone D^, 
is  preserved  in  th e  B r it ish  M useum , W h ee lto n  H in d  Coll. [B .43814]. P a r a ty p e s  : a 
num ber o f  sp ecim en s referred  to  below  in  the section  on ‘ D is tr ib u tio n .’

D is tr ib u t io n .— R an ge, D^ subzone.

E n g la n d .

D erb ysh ire  : P ik e  A cre  F ence (B .M ., B .2462) ; S ig g a te , C astle ton  (M r. J . W . 
Jackson).

L e icestersh ire  : B reedon  H il l  (B .M ., 24760).

S taffordsh ire : W etto n  (B .M ., B .43814 , W . H in d  C oll.) ; N arrow d a le  (B .M ., 
B .48464); B eresford  D a le  (B .M ., B .48450 ); E cton  (B .M ., B .48448).

Y ork sh ire  : T op bed o f  G ayle  L im eston e, N . o f C ou n tersett, S em erdale  (Mr. 
R . G. S. H ud son , 642, 659) ; S k elterton  L im estone, ? = P e n d le s id e  L im eston e, Skelter- 
ton (M r. R . G. S. H u d so n ); quarry  b etw een  C arden  and S k elterton , T h reap lan d  
G ill (M r. R . G. S. H u d son ).

W ales .

F lin tsh ir e  : U p p er  G rey L im eston e, A x to n  (B .M ., B .23711).

R e m a r k s .— P r o d u c tu s  h in d i ,  var. w e t to n e n s is  is  d is t in g u ish e d  from  P .  h in d i  by 
i ts  grea ter  size, broader and  fla tter  v iscera l d isk , and m ore curved  tra il. T h e ears  
in  P .  h in d i ,  var. w e t to n e n s is  are la rg er  an d  s lig h t ly  less  convex th an  those o f  the  
p a ren t species.

T h is  v a r ie ty  is  a p p a ren tly  re str ic ted  .to the D^ subzone and is  less com m on than  
P . h in d i  sp. nov.

P r o d u c t u s  a n t i q u a t u s  J . Sow erby.

P la te s  V I , fig. 7 ; V I I ,  figs. 1— 4a— c. T ex t-fig . 22.

1821. P r o d u c tu s  a n t iq u a tu s  J . Sow erby. M in era l C onchology o f G reat 
B r ita in , vol. iv , p. 15, p i. cccxvii, figs. 6 an d  ?5.
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T e x t -f i g . 22 .— Prochictus antiqxuitus J . Sowerby.
Carb. Lim estone, M alham, Yorkshire. B ritish  
M useum, B .45511. D iagiam m atic  longitudinal sec
tion , natural size.

D ia g n o s is .— S h ell about 40 m m . lon g , 54  mm. w ide, and 32 mm. th ick , or  
1 : 1 3  : *8; q u a d ra te  in  o u tlin e , h in g e  fo rm in g  w id e st  p a r t o f  shell. P e d ic le  va lve  
w ith convex v iscera l d isk , g e n icu la te d  to form  curved tr a il;  flanks su b p ara lle l, 
flat; ven ter s in u a te d ; um bonal a n g le  125°; ears large, tr ia n g u la r  in  ou tlin e . 
B rachia l va lve  g e n icu la ted . C ostae  p rom in en t, irregu lar , about 9 in  10 m m . a t  
distance o f  20 mm. from  um bo. R ib s  broad, ca u sin g  nodu lar en largem en t o f  cos
tae at p o in t o f  in tersectio n . S p in e s  in  tw o  row s on card in a l slopes, on e row  e x te n d 
ing across flanks.

D e s c r ip t io n .— P e d ic le  va lve .  In  th e  e a r lie s t  g ro w th -sta g es  th is  va lve  is  convex, 
w ith  the w id th  eq u a l to  th e  len g th . A t  a d ista n ce  o f  about 15 mm. below  the umbo  
a sin us is  d evelop ed  w h ich  in creases  in  w id th  a t th e  an terior  en d  o f  th e  v iscera l d isk  
and d iv id es  th e  sh e ll in to  tw o  rounded  shou lders. T he s in u s g r a d u a lly  fla tten s  
out on the tra il. T h e w id th  o f  th e  v a lv e  in creases u n t il  i t  is  a lm ost tw ic e  th e  
length, a g e n icu la tio n  is  then  d evelop ed  an d  th e  sh e ll becom es in c re a s in g ly  q u ad ra te  
in ou tline. T h e um bo is  rou n d ed  and  m uch  incurved , p ro jec tin g  s lig h t ly  beyond th e  
hinge. T he ears are sep a ra ted  from  th e  v iscera l d isk  by a  deep an g u la r  su lcu s  
w hich com m ences a t th e  h in g e -m a rg in , in creases in  d ep th  and term in a tes  a t the  
posterior la te r a l m a rg in  o f  th e  sh ell. T h e  sh e ll is  freq u en tly  fra c tu red  a lon g  th is  
sulcus, and th e  ears are u su a lly  n ot preserved . A  sharp  g e n icu la tio n  sep a ra tes  th e  
posterior e x te n s io n  o f  th e  flanks from  th e  ears.

T he costae are m od era te ly  coarse an d  prom in en t, and ten d  to th ick en  above 
spine-bases an d  to b ifu r c a te  a n ter io r ly  to  them , w h ile  th e  tw o  costae on e ith er  side  
of the sp in e-b ase  d ecrease in  w id th  a t  th e  p o in t o f  em ergence o f th e  sp in e , and

P2
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th ick en  a g a in  below  it. B ifu r c a tio n  o f  th e  costae occurs on the v iscera l d isk  and  
on the tr a il  not n ecessar ily  below  a sp in e-b ase , and in terca la ted  costae occur on the  
viscera l d isk  and flanks. T he su lci are about h a lf  the w id th  o f  th e  costae, ex cep t  
on d ecortica ted  p a r ts  o f  the shell, w here th ey  in crease  in  w id th  w ith  a corresp on d 
in g  decrease in  w id th  o f  th e  costae.

A b ou t 25 ribs are develop ed  on the ca r d in a l slopes, bu t the an terior  7 or 8 are 
not con tin u ou s across th e  sin us. B ifu r c a t io n  m ay occur on the la te r a l s lop es o f  the  
v iscera l d isk  and rarely  an in terca la ted  rib  is  developed . T h e n odu lar sw e llin g s  at 
the p o in t o f  in tersectio n  o f  th e  ribs and  costae  are m arked.

S p in e-b ases are d evelop ed  in  a row  on  th e  ca rd in a l s lop es a t an an g le  o f  about 
5° to the h in ge, and in  a second row  at an an g le  o f  30°. T h is  la tte r  row  ex ten d s  
across the flanks, but is  not con tin u ou s to  th e  an terior  m a rg in  o f  th e  shell. S p in e-  
bases o f  sm aller  s ize  are also sca ttered  over th e  ven ter  and tra il.

G row th -lin es are a p rom in en t fe a tu r e  on th e  an terior  p a r t o f  the tr a il  and on 
the ears.

B r a c h ia l  va lve .  T he v iscera l d isk  is  fla t and  a g e n icu la tio n  occurs a t its  a n 
ter ior  ex ten sion , w ith  the fo rm a tio n  o f  a curved tr a il  w h ich  fo llo w s th e  contour o f  
th a t o f  the p ed ic le  valve. T he ex ter io r  o f  th is  va lve  is  rarely  seen, b e in g  u su a lly  in  
con tact w ith  th e  m a tr ix . T he reverse o f  th is , how ever, is  seen by th e  s p lit t in g  off 
o f the p ed ic le  va lve  and in te r n a l layers  o f  th e  b rach ia l valve.

T he ornam en t is  s im ila r  to th a t o f  th e  p ed ic le  valve, bu t th e  ribs are m ore 
p rom inent.

I n te r n a l  charac ters .  U n k n ow n .
D im e n s io n s .— (1) (2) (3) (4)

M axim u m  h e ig h t ... 37 37 5 40 42  mm.
w i d t h .................. 50 54 54 4 1 5  „

„ th ick n ess 33 31 5 32 29 .
L en g th  o f  h i n g e .................. 50 — 54 > J

„ „ v iscera l d isk  .. . 30 31 5 30 25  „
W id th  „ „ „ 42 42 4 2 5 38 „
N um ber o f costae in  

b readth  o f  10 mm. a t  
d ista n ces  v e r tica lly  below  
um bo :

a t 10 mm. ... 15 15 16 16
1 5)  ) X€/  ̂) • • •  • • • 9 10 13 13

J, 25 ,, . . .  , . . 8 9 9 10
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(1) B .M ., B .45503 , from  N arrow d ale , S taffordsh ire.
(2) L ccto typ e.
(3) B .M ., B .45504 , from  N a rrow d a le .
(4) P r o f . E. J . G arw ood ’s coll., from  kn oll reefs , C racoe, Y ork sh ire .

Ty'pe.— J . Sow erby in  tlie  ‘ M in era l C onchology ’ figured  th ree  sp ec im en s from  
D erbysh ire an d  from  C loghran , Co. D u b lin . O ne o f  th ese  (p i. c ccx v ii, fig. 1) is  th e  
posterior p ortion  o f  P r o d u c tu s  su lc a tu s  J . Sow . T h e o r ig in a l sp ecim en  o f  p i. cccx v ii, 
fig. 6, is  n ot p reserved  in  th e  Sow erby C oll., B r it ish  M useum , an d  th e  o r ig in a l o f  
fig. 5 from  Co. D u b lin  is  a p p a r e n tly  lost. T he sp ecim en  lab elled  by Sow erby  
‘ Prod^^- a n t iq u a tu s  t .3 1 7 .f .6 .’ in  th e  Sow erby C oll. [43378], bu t n ot id e n tic a l w ith  
th at figured  in  th e  p la te , is  chosen as lec to ty p e .

D is tr ib u t io n .— R a n g e, D^ subzone.

E n g la n d .

D e r b y sh ir e :  (B .M ., B .2466 , B .235 3 6 ); N .E . s lop e  o f Chrom e H il l  (G eol. Surv., 
London, I .T .8 7 5 );  P e a k sh ill , o p p o s ite  G ia n t’s H ole , near C astleton , subzone D^ (M r. 
J. W . J a ck so n ); T reak  C liff, C a stle to n  (M r J . W . J a ck so n ); C ave D a le , C astle ton  
(Mr. J . W . Jack son ).

S ta ffo rd sh ire : N a rro w d a le  H il l ,  subzone D , (B .M ., B .45503 , 45504 ); B o n sa ll’s 
P addock , N a rro w d a le  (B .M ., B .4 5 6 9 3 ); n ea r  lim ek iln , E . o f  N a rro w d a le  H i l l  (M r. 
J . W . Jack son ).

Y ork sh ire  : M alh am , k n o ll reefs , sub zone D^ (B .M ., B .4 5 5 1 2 ; P r o f . E . J . G ar
wood); H ig h  H ills , S e ttle  (P r o f. E . J . G arw ood ); S tock d a le  G orge, S. o f  C raven  
F ault, Sca leb er (P r o f. E . J . G a rw o o d ); C racoe, k n o ll reefs , subzone D^ (P r o f. E . J . 
G arw ood) ; top  o f  G ay le  L im eston e, q u arry  N . o f  C ou n tersett, S em erd ale  (M r. R . G. 
H udson, 669, 676, 768).

W  ales.
D en b ig h sh ire  : U p p e r  G rey L im eston e , L la n g o llen  (B .M ., B .23766).

I r e la n d .
Co. K ild a r e  : K ild a r e  (M .P .G ., G eol. Soc. C oll., 31822).

R e m a r k s .— P r o d u c tu s  a n t iq u a tu s  is  d is t in g u ish e d  from  P .  s e m ir e t ic u la tu s  
(M artin ) by its  sm a ller  d im en sion s and  shorter, m ore convex v iscera l d isk  ; and  by th e  
different arran gem en t o f  th e  sp in e s  on th e  v iscera l d isk . F rom  P .  h in d i  sp . nov. 
(p. 108) i t  is  d is t in g u ish e d  by it s  coarser co sta tio n  an d  absence o f  a  p rom in en t r id g e  
up th e  flanks,



118 Helen M. M u ir -W o o d — The B r i t i sh  Carboniferous  P r o d u c t i

Sow erby described  P .  a n t iq u a tu s  as b ein g  p ossib ly  id e n tic a l w ith  P . s e m ir e t i 
cu la tu s  (M artin ). H is  d escr ip tio n  is  in d efin ite  and h is  figures are ex trem ely  poor, 
so th a t la ter  authors, such as M ‘Coy (1844, p. 106; 1851— 55, p. 471), assum ed th a t  
the tw o  sp ecies w ere synonym ous and used  e ith er  specific  nam e, u su a lly  in c lu d in g  
m ost sp ec ies o f  th e  s e m ir e t ic u la tu s  group.

H e K on in ck  in  1842— 44 (p. 160) quoted  P . a n t iq u a tu s  as b eiiig  synonym ous  
w ith  P . m a r t in i ,  w h ich  nam e he used  in stea d  o f P . sem ire t icu la tu s ' ,  bu t no specim en  
figured  by h im  can be id en tified  as P . a n t iq u a tu s .

J . P h i l l ip s  in  1836 (pi. v ii, fig. 3) figu red  a ty p ic a l specim en  o f P . s e m ir e t ic u 
la tu s  as P r o d u c t  a  a n t iq u a ta ,  w h ile  the sp ecim en  figured  by G. B . Sow erby (1822- 
34, fig. 3) as P . a n t iq u a ta  shou ld  probably  be referred  to  the sp ec ies P . f i n g u i s  sp. 
nov. (p. 104). In  h is  la ter  w ork (1842, p. 237, fig. 206) G. B. Sow erby figured  a 
specim en  w h ich  is  sa id  to be P r o d u c ta  a n t iq u a ta ,  in  th e  e x p la n a tio n  o f  the figures, 
but is, in  rea lity , the p ed ic le  va lve  o f  a L e f ta e n a ' ,  i t  is referred  to P r o d u c ta  
\Leptaencb\ depresso. in  th e  tex t.

V on  B uch  in  1848 (p. 28, pi. ii, figs. 7— 9, 12) figured  several specim en s as P r o 
d u c tu s  a n t iq u a tu s .  T h a t figured  on pi. ii, fig. 7 resem bles P .  s e m ir e t ic u la tu s  (M ar
tin ) in  shape and  ornam ent, but there is  a row  o f  sp in es  set a lon g  th e  h in g e-m a rg in , 
as fo u n d  in  C honetes ,  bu t never in  P .  se m ire t ic u la tu s .  T h e specim en  from  R a tin -  
gen, G erm any (pi. ii, fig. 12) resem bles P .  p in g u is  sp. nov. (p. 104) in  o u tlin e  and  
arran gem en t o f  th e  sp ine-bases.

K u torga  in  1842 (p. 21, p i. v, figs. 4a— e) figured  tw o d is t in c t  sp ec ies  from  
R u ss ia  as P .  anticpuatus. O ne sp ec ies (figs. 4a, b) resem bles P . in s c u lp tu s  sp. nov. 
(p. 89), w h ile  the other (figs. 4c— e) is  larger , m ore coarsely  costate , and approaches  
P . a n t iq u a tu s .  A  sp ecim en  s im ila r  to th e  la s t  is  figured  by E ich w a ld  (1840, p i. iv, 
fig. 11) as P .  a n t iq u a tu s  B ronn , non  Sow erby, from  the M ou n ta in  L im eston e  o f  
W a ld a i, R u ss ia . I t  is  sa id  to  be d is t in g u ish e d  from  Sow erby’s sp ec ies  by a  deeper  
sin us, coarser costae, an d  ‘ p ea r l-sh a p ed  bodies ’— the sw e llin g s  develop ed  a t the  
p o in t o f  in tersectio n  o f  th e  ribs an d  th e  costae, w h ich  are, how ever, a lso  fo u n d  in  
P . a n t iq u a tu s .

T he sp ecim en  o f  L e p ta e n a  a n t iq u a ta  from  R u ss ia  figured  by F isch er  de W a ld 
heim  in  1837 (pi. x x v i, fig. 4) is  an e lo n g a ted  form  w ith  a sp rea d in g  tr a il  com parab le  
w ith  th a t  o f  P .  p r o d u c tu s  (M artin ).

D e  C aste ln au  (1843, p. 39) recorded, but d id  not figure, a  sp ecim en  o f  P . a n t i 
q u a tu s  from  L ak e H uron .



Helen M. M u i r - W  ood— The B r i t i sh  Carboniferous  P r o d u c t i  119

Dr. Ij. M. P a rso n s (1918) recorded P . a n t iq u a tu s  from  th e D^— D^ siibzone o f  
T ick n a ll, D erb ysliire, and from  B reed o n -o n -th e-H ill, L e icestersh ire .

P R O n U C T U S  K IL B R ID E N S IS  S p .  nOV.

P la te  V I I ,  figs 5a— c.

D ia g n o s is .— S h ell about 48 m m. h ig h , 37 mm. w id e , an d  27 m m. th ick , or 
1 : 7  : 5; e lon ga te -ob lon g  in  o u tlin e , h in g e  fo rm in g  w id e s t  p art. P e d ic le  va lve  
w ith  h ig h ly  convex v iscera l d isk , g e n icu fa ted  to form  lon g  s tr a ig h t  tr a il  ; flanks  
subp aralle l, s lig h t ly  con vex; ven ter  d ep ressed  ; um bonal an g le  108*; ears sm all, flat 
B rach ia l va lve  g en icu la ted , v iscera l d isk  s lig h t ly  concave. C ostae fine and  ir r e g u 
lar, about 17 in  10 mm. a t d is ta n c e  o f  20 mm. from  umbo. R ib s  fe w  on ca rd in a l  
slopes. S p in e-b ases  num erous, m in u te , in  tw o  row s on ca rd in a l slopes.

D e s c r ip t io n .— T h e v iscera l d isk  is  h ig h ly  arched, an d  the um bo m uch incurved , 
the ap ex  p r o je c t in g  fo r  som e d ista n ce  beyond  th e  h in ge . T h e venter is  broad  and  
m assive and s lop es d ow n to the steep  flank s, w h ile  th e  fro n t o f  th e  tr a il  p ro jects  
s lig h tly  fo rw a rd  near th e  a n terior  m a r g in ;  th e  la te r a l p a r t o f  th e  tr a il  is  in cu rved  
to form  a tu b e-lik e  stru ctu re . T h e ears are sep a ra ted  from  th e  v iscera l d isk  by a 
sha llow  d ep ression .

T h e costae  are fine an d  never p rom in en t, irreg u la r  in  d eve lop m en t and  s in u ou s  
on the tr a il  and  flanks. In crease  in  th e  num ber o f  costae occurs by m ean s o f  
b ifu rca tio n s  an d  in te r c a la tio n s  on th e  v isc e r a l d isk  and  tra il. C ostae m ay u n ite  
or b ifu rca te  on any p a r t o f  th e  sh ell, bu t b ifu rc a tio n s  occur com m only below  sp in e-  
bases, an d  an in te r c a la te d  co sta  m ay be d evelop ed  on each  s id e  o f  th é  b ifu rca tio n . 
In  d ecortica ted  p a r ts  o f  th e  sh e ll th e  cast ap p ea rs n early  sm ooth.

A b o u t ten  ribs are d evelop ed  on th e  c a r d in a l s lop es as u n d u la t in g  fo ld s , bu t are  
not con tin u ou s across th e  fr o n t  o f  th e  v isc e r a l d isk . O nly s lig h t  en largem en t o f  
the costae is  cau sed  a t  th e  p o in t  o f  in te r se c tio n  o f  th e  ribs an d  costae.

S p in e-b ases  are num erous on th e  tra il, an d  on  th e  ears and  ca r d in a l slopes, 
where tw o  row s are o cca sio n a lly  p reserved , but in  m ost sp ecim en s th is  p o rtio n  o f  
the shell is  d eco rtica ted  an d  th e  orn am en t obscure. T h e sp in es  on a ll p a r ts  o f  th e  
shell are fine an d  th read -lik e .

B r a c h ia l  va lve .  T h e  v iscera l d isk  is  s lig h t ly  concave an d  is  g e n icu la te d  a t its  
anterior e x tr e m ity  to form  a  s tr a ig h t  tr a il , w h ich  is  a lm ost in  co n ta ct w ith  th a t  
of the p e d ic le  va lve. T h e e x ter io r  o f  th is  va lve  is  rarely  seen.
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T he ornam ent is  s im ila r  to th a t o f  th e  p ed ic le  valve, but the ribs are m ore 
prom inent.

I n te r n a l  charac ters .  

D im e n s io n s .—

U nknoivn .

(1) (2) (3)
39 43 5 48'5  mm.
35 5 38 34 YT ,,
25 5 29 5 27
37 40
23 26 25
31 31 5 30

18 17 15
20 16 15
17 15 15

M axim u m  h e i g h t ..................
„ w i d t h ....................
,, th ick n ess

L en gth  o f  h in g e  (estim ated )
,, ,, v iscera l d isk  ...

W id th  ,,
N um ber o f  costae in

breadth  o f 10 mm. a t  
d ista n ces  v e r tica lly  below  
um bo :

a t 15 mm. ...
,,  20 , ,  . . .  . . .

OK
) )  ) )  . . .  . . .

(1) R . Scot. M us., E d in b u rgh , 4, from  th e  L ow er L im eston es, O verton, B e ith ,
A y rsh ire .

(2) Sam e M useum , 6, from  th e L ow er L im eston es, D ockra, B e ith .
(3) H o lo typ e .

T y p e .— H olo typ e , from  th e L ow er Iro n sto n e  S eries, K ilb r id e , A y rsh ire , is  p re 
served  in  th e  R o y a l S co ttish  M useum , E d in b u rgh , N e ilso n  C ollection  [1911.62 .112], 
P a r a ty p e s  : a  num ber o f  specim en s re ferred  to below  in  section  on ‘ D is tr ib u tio n .’ 

D is tr ib u t io n .— R an ge, D^ subzone.

S c o t la n d .

A y r sh ire  : L ow er L im eston es, B lu eston e  B ed , O verton, B e ith  (R . Scot. M us., 
E d in b u rgh , N e ilso n  C oll., 4) ; u p p er  p a r t o f  L ow er L im eston es, D ockra, B e ith  (R. 
Scot. M us., E d in b u rgh , N e ilso n  C oll., 6 ); L ow er Iron ston e  S eries, K ilb r id e , A y r 
sh ire  (R . Scot. M us., E d in b u rgh , N e ilso n  C oll., 1911 .62 .112).

L an ark sh ire  : G arn k irk  (R . Scot. M us., E d in b u rgh , N e ilso n  C oll., 18). , 

R e m a r k s .— P r o d u c tu s  k i lb r id e n s is  is  d is tin g u ish e d  from  P .  sco ticu s  J . Sow . by 
the greater  len g th  o f  it s  tr a il  ; steep er  flank s; absence o f  s in u s; m ore concave
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brachial va lve and  finer costae. From  P r o d u c tu s  p r o d u c tu s  (M artin ) P . k i lb r id e n 
sis  is  d is t in g u is lie d  by its  m ore m assive  v iscera l d isk  in  the p ed ic le  va lve  and by its  
finer costae and sp in es.

P . k i lb r id e n s is  h as so fa r  on ly  been fo u n d  in  th e  S co ttish  C arb on iferou s rocks.

P r o d u c t u s  m u l t i s p i n i f e r u s  sp . nov.

P la te s  V I I ,  figs 6a— c; V I I I ,  figs. l a — c, 2. T ext-fig . 23.

1861. P r o d u c tu s  s e m ir e t ic u la tu s  T . D a v id so n  (in  p art). M on. B r it . F oss. 
B rach ., vol. i i, p a r t  v. N o. 4, p i. x l i i i ,  fig. 4.

T e .kt-f i g . 23 .—P rodu ctu s  inuUispiniferus' sp. nov.
L ocality  unknown. B ritish  M useum , 47281. D ia
gram m atic longitudinal section, natural size.

D ia g n o s is .— S h ell about 48 m m . h ig h , 51 m m. w id e , an d  35 m m. th ick , or 
1 : 1*06: '7; q u a d ra te  in  o u tlin e , h in g e  s lig h t ly  less  th a n  w id e st  p a r t  o f  shell. 
P ed ic le  v a lve  w ith  g lobose v iscera l d isk , g en icu la ted , w ith  s lig h t ly  curved  tr a il  ; 
flanks su b p ara lle l, f la t; ven ter  broad an d  fla t; um bonal a n g le  135*; ears sm all. 
B rach ia l va lve  g en icu la ted . C ostae  uneven  an d  p rom in en t, about 15 in  10 m m. a t  
a d ista n ce  o f  15 m m . below  um bo. R ib s  num erous, cro ssin g  v iscera l d isk . S p in e-  
bases sm all, num erous, in  g rou p s o f  about 100 on flanks.

D e s c r ip t io n .— P e d ic le  valve.^ I n  ea r ly  g ro w th -sta g es  th e  w id th  o f  th e  p ed ic le  
valve is  con sid erab ly  g rea ter  th a n  th e  len g th , an d  th e  h in g e  con sid erab ly  less  th an  
the w id e st  p art. In  la te r  s ta g e s  th e  h in g e  is  p rod u ced  in to  sm a ll tr ia n g u la r  ears  
w hich ta p er  to  th e  b lu n t c a rd in a l e x tr e m it ie s , and  are sep a ra ted  from  th e  flanks by  
a g e n ic iila tio n  a t an a n g le  o f  90*. W ith  the d evelop m en t o f  a  g e n ic u la t io n  th e
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len g th  o f  the sh ell increases, but is  u su a lly  s lig h tly  less th an  the w id th . T he umbo 
is  rounded  and m uch incurved , p r o jec tin g  s lig h t ly  beyond the h in ge, and  the um 
bonal slop es d iverge a t a w id e  angle . A  sh a llow  sin u s m ay develop  at the an terior  
en d  o f  the v iscera l d isk  and  fla tten  out h a lf-w a y  dow n the tra il, but the venter is  
u su a lly  broad and  rath er  flat.

T he costae are narrow  on the v iscera l d isk  but, in crea sin g  in  w id th , become 
p rom in en t and rounded  on th e  tra il, w ith  consid erab le  irr e g u la r ity  in  w id th . In  
som e specim ens in  w h ich  a lon g  tr a il  is  preserved , the costae becom e flexuous near  
th e  an terior  m arg in . In crease  in  th e  num ber o f  costae on th e  v iscera l d isk  occurs 
by m eans o f b ifu rc a tio n s  o f  th e  o r ig in a lly  form ed costae, as w e ll as by in terca la tio n  
o f n ew  costae, but on ly  rare b ifu rc a tio n s  occur on the tra il. T h e su lc i are a p p r o x i
m ate ly  eq u a l in  w id th  to the costae e x c ep t on d ecortica ted  p a rts  o f  the shell, w here  
the su lc i becom e w id er  and  there is  a co rresp on d in g  loss in  w id th  o f  th e  costae.

A b ou t th ir ty  p rom in en t rounded  ribs cross the v iscera l d isk , and  decrease in  
w id th , becom ing a n gu lar  and u n d u la tin g  on the ca rd in a l slopes. B ifu r c a tio n  o f  
the ribs m ay occur on th e  la tera l slop es o f  the v iscera l d isk , or one or tw o  ribs may 
d isap p ear . A t  the p o in t o f  in tersectio n  o f r ib s and costae, e lon ga ted , n odu lar  
sw e llin g s  are developed .

S p in e-b ases are sca ttered  over th e  v iscera l d isk , sp r in g in g  from  th e su m m it o f  
the costae, w h ich  are en larged  for  a  d ista n ce  o f 2— 3 mm. above them . B elow  the  
v iscera l d isk  the sp in es  w ere probably eq u a lly  num erous, but th e  d eco rtica tio n  o f  the  
sh e ll has u su a lly  rem oved a ll traces o f them . I t  is  p ossib le  th a t sp in e-b ases about 
0 75 mm. in  d iam eter  m ay have covered th e  en tire  tra il, and  have been continu ous  
w ith  th e  la rg e  p a tch  o f  about 100 sp in e-b a ses  u su a lly  preserved  on each flank. T he  
curved costae ten d  to d isa p p ea r  on th e  a n ter io r  p a r t  o f  th e  flanks and  below  the  
ca rd in a l ex trem itie s , and  th ey  are then  o n ly  traceab le  by m eans o f  th e  sp ine-bases. 
T he sp in es  p ro jec ted  a t r ig h t an g les to th e  sh e ll-su rfa ce , but th ey  have n ot been  
observed in  s i tu .

B r a c h ia l  va lve .  T he v iscera l d isk  is  concave, w ith  a s lig h t  f la tte n in g  a lon g  the  
h in g e  an d  ears, and is  g e n icu la ted  a t i ts  an terior  ex ten sio n  to form  the tra il, w h ich  
is  in  close con tact w ith  th a t  o f  th e  p ed ic le  valve.

T h e ornam en t is  s im ila r  to th a t  o f  th e  p ed ic le  valve, but th e  ribs are m ore 
num erous. S p in e-b ases are develop ed , b u t are less  ab u n d an t th a n  in  the p ed ic le  
valve.

I n te r n a l  charac ters .  T h e in ter io r  o f  the p ed ic le  va lve  has not been observed.
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T he on ly  in ter io r  o f  th e  b rach ia l v a lve  observed (S ed gw ick  M us., C am bridge, 
930) show s a short m ed ian  sep tu m , and m a rg in a l r id g es  e x te n d in g  a lon g  th e  h in ge-  
m argin.

D im e n s io n s .—
(1 ) (2) (3 )

M axim u m  h e ig h t  ... . . .  4 4 4 6  ‘ 55 5 mm.
„ w id th  ... . . .  4 9 4 6 5 8 6  „
„ th ick n ess . . .  35 5 33 5 3 7 5  „

L en g th  o f  h in g e -lin e . . .  4 3 4 3  5 4 6

„ ,, v iscera l d isk  ... . . .  3 1  5 30 5 34
W id th  „ „ „ 35 3 7 4 0

N um ber o f  costae in  
bread th  o f  10 mm. at 
d ista n ces  v e r tica lly  below  
um bo :

a t 15 m m. ... ... ... 14 15 15 _
„ 30 „   10 10 19

(1) B .M ., B .13980, from  K ild a re , Ire la n d .

' - (2) H o lo ty p e .
(3) B .M ., B .414 , from  B o lla n d , Y ork sh ire .

T y p e .— H o lo ty p e , from  H a ll  D a le , D o v ed a le , D erb ysh ire, is  p reserved  in  th e  
B r itish  M useum , J . W ilf r id  J a ck so n  C oll. [B .47981]. P a r a ty p e s  : a num ber o f  
specim ens re ferred  to in  th e  p a r a g ra p h s on ‘ D is tr ib u tio n .’

D is t r ib u t io n .— R a n g e, Z zone to  D^ subzone.

E n g la n d .

D e r b y sh ir e :  H a ll  D a le , D o v ed a le  (B .M ., B .4 7 9 8 1 ); H am  T o p ’s L ow  Q uarry, 
D ovedale  (M r. J . W . J a ck so n ); T h orp e C loud , subzone D  ̂ (M r. J . W . J a ck so n );  
P e a k ’s H il l ,  o p p o s ite  G ia n t’s H o le , near C astle ton  (M r. J . W . Jack son ).

L a n ca sh ire  : W ith g il l ,  C lith eroe  (M .P .G ., 34451 ); B ellm an  Q uarry, C lith eroe  
S zone (G eol. Surv ., L on don , R h .862). ' u

S o m erset:  B r is to l d is tr ic t , Z zone (B r is to l U n iv .) ;  A v o n  S ection , S  ̂ subzone  
(B r isto l U n iv .) .

W estm o rla n d  : K irk b y  L on sd a le  (S ed g w ick  M us., C am bridge, 122). . . .
0  2
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Y o rk sh ir e :  Y ork sh ire  (B .M ., B .13852 , B .23541 , 27056); B o lla n d  (B .M ., B .414, 
G ilbertson  C oll.); quarry  by roadsid e, S. o f  C on iston  H ouse, ‘ F o g g a  R ock ’ (Geol, 
Surv., L ondon, R h .l6 2 9 ) ;  gorge above Scaleber, low er S tock d a le  B eck, S. o f C raven  
F a u lts , E . o f S e ttle  (P r o f. E . J . G arw ood) ; M alliam , knoll reefs, D , subzone (P ro f. 
E. J . G arw ood); Cracoe, D , subzone (P r o f. E. J . G arw ood).

I re la n d .  - r

Co. Cork : Cork (H u n ter ia n  M us., G lasgow , L .217).

Co. D on eg a l : B u n d oran  (M r. W . B . W rig h t).
Co. K ild a re  : C lane (S ed gw ick  M us., C am bridge, 124, 930); K ild a re  (B .M ., 

B .13980 ; M .P .G ., G eol. Soc. C oll., 31822).

R e m a r k s .— P r o d u c tu s  m u l t i s p in i f e r u s  is  d is tin g u ish e d  from  P . se m ir e t ic u la tu s  
(M artin ) by its  narrow er v iscera l d isk , grea ter  cu rvatu re  o f  the p ed ic le  valve, p ro
m in en t ribs on th e  v iscera l d isk , and  by th e  d evelop m ent o f  num erous sm all sp in e-  
bases on th e  flanks. T h is  arran gem en t o f  th e  sp in es  a lso  d is tin g u ish e s  i t  from  P .  
su lca tu s  J . Sow . and P .  a n t iq u a tu s  J . Sow .

T he specim en  figured  by D a v id so n  in  1 8 6 1 b  (pi. x l i i i ,  fig. 4 )  as P . s e m ir e t ic u 
la tu s  is  here referred  to  P .  m u l t i s p in i f e r u s .  I t  is  a p p a ren tly  d ecortica ted  and  
show s few er  sp in e-b ases on th e  flanks an d  few er  costae th an  norm ally  occur in  th is  
species. T h e o r ig in a l o f th is  figure is  n o t preserved  in  th e  D a v id so n  C ollection .

D e  K on in ck  ( 1 8 4 7 b , p. 8 6 )  probably in c lu d es P .  m u l t i s p in i f e r u s ,  as w e ll as 
P .  s e m ire t ic u la tu s ,  in  h is  d escr ip tio n  o f  P .  se m ire t ic u la tu s ,  var. a n t iq u a tu s .  H e  
describes th e  b rach ia l va lve  as b e in g  g e n icu la te d  and in  close con tact w ith  the  
p ed ic le  valve, and  describes th e  group  o f  sp in es  on th e  flanks as occu p y in g  a  space  
‘ en tièrem en t p lane, q u ad ran gu la ire , un p eu  dép rim é et d an s une d irec tio n  p erp en 
d icu la ire  à celle  des o re ille tte s .’ T h ese tw o sta tem en ts  a p p ly  to th is  sp ecies  
rath er th an  to P .  se m ire t ic u la tu s .  T h e sp ecim en  figured  in  1 8 4 7 b  (p i. ix , fig. l b )  is  
ap p a ren tly  an  exam p le  o f  P .  m u l t i s p in i f e r u s  from  ? V isé . Q u en sted t in  1 8 5 2  

(p i. x x x ix , fig. 31) a lso  figured  a  sp ecim en  from  V is é  as P .  a n t iq u a tu s .  T h is  a p 
pears to be P .  m u l t i s p in i fe r u s ,  a lth ou gh  th e  tr a il  is  sp rea d in g , an d  no grou p  of  
sp in e-b ases can  be seen  on th e  flanks. A n  in com p lete  sp ecim en  in  th e  Sow erby C ol
lec tio n  also h as a very  sp r ea d in g  tra il, w h ic h  is  an  uncom m on ch aracter  in  th is  
species.

T he specim ens o f  P r o d u c tu s  s e m ir e t ic u la tu s ,  var. m a r t in i  from  th e  lo w est bed  
o f C arbon iferou s L im eston e in  P o la n d , figured  by J a ro sz  in  1 9 1 7  (p i. v i ii ,  figs. 1,



Helen M. M ii ir -W ood— The B r i t i sh  Carboniferous  P r o d u c t i  125

La, 2, 3), resem ble P .  m u l t i s p in i f e r n s  in  sh ap e and ornam en t, an d  a p a tch  o f  sp in es  
is develop ed  on th e  flanks o f  th is  species. I t  is  sa id  to  occur a b u n d a n tly  in  th e  
P r o d u c tu s  s u b la e r i s  h orizon  w h ich , i f  corresp on d in g  to  th a t o f  B e lg iu m , is  o f

age.
S p ecim en s o f  P .  m u l t i s p in i f e r u s  from  th e Z zone o f  the B r is to l d is tr ic t  have the  

ty p ica l ornam ent, but are sm aller  th a n  those from  D erb ysh ire; ex a m p les  from  the  
Sj subzone are m ore m assive , an d  have a broad v iscera l d isk , an d  m ore p rom in en t  
costae on th e  flanks as in  D a v id so n ’s sp ec im en  from  K ild a re . T h e la tte r  specim en , 
how ever, w a s  probably  ob ta in ed  from  th e  beds corresp on d in g  to th e  W a u lso r tia n  o f  
B elg iu m , and  th e re fo r e -fr o m  th e  C zone.

P r o d u c t u s  s c o t i c u s  J . Sow erby.

P la te  V I I I ,  figs. 3a, b, 4, 5a— c, 6. T ext-fig . 24.

1814. P r o d u c tu s  sc o t ic u s  J . Sow erby . M in era l C onchology o f  G reat B r ita in ,  
vol. i, p. 158, p i. Ix ix , fig. 3.

1860. P r o d u c tu s  s e m ir e t ic u la tu s ,  var. sco ticu s  T . D a v id so n . T h e  C arb on i
fero u s S ystem  in  S c o tla n d  c h a ra c ter ized  by it s  B rach iop od a , T h e  G eo lo g is t ,  
vol. i i i ,  p . 109 [in  e x p la n a tio n  o f  p i. i i i ,  u nd er h ea d in g  ‘ P la te  iv  ’], p i. i i i ,  
figs 5, 5a, 5b. .. . - .

1861. P r o d u c tu s  s e m ir e t ic u la tu s  T . D a v id so n  (in  p art). M on. B r it . P oss. 
B rach ., vol. i i ,  p t. v. N o. 4, p. 150, p i. x l i i i ,  figs. 2a, 2b.

T ex t -f i g . 24 .— P roductus  scoticus  J . Sowerby. Upper 
Lim estones, Robroystone Series, Garnkirk, Scotland.
K elvingrove M useum , Glasgow, Young Coll., 01-53 
agg. D iagram m atic longitud inal section, natural 
size.

D ia g n o s is .— S h ell about 34  m m . h ig h , 39 mm. w id e , and* 19 mm. th ick , or 
1 : 1 1  : 5 ; q u a d ra te  in  o u tlin e , h in g e  fo rm in g  w id e s t  p a r t  o f ’ shell. - P e d ic le
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valve w ith  short, la te r a lly  e lon ga ted  v iscera l d isk , g en icu la ted , w ith  s lig h tly  con
vex  tr a il;  flanks convex ; ven ter broad, s in u a te d ; um bonal an g le  110*; ears sm all, 
flat. B ra ch ia l va lve w ith  concave v iscera l d isk , gen icu la ted . C ostae fine, irr e g u 
lar, about 16 in  10 mm. a t d ista n ce  o f  15 mm. below  umbo. R ib s not continu ous  
across fro n t o f  v iscera l d isk . S p in e-b ases num erous on tr a il  and in  tw o  row s on 
ca rd in a l slopes.

D e s c r ip t io n .— P e d ic le  va lve .  T h e p oster ior  p ortion  o f  th is  va lve is  even ly  con
vex  for  about 10 mm. from  th e umbo. A  broad rounded  s in u s is  then  developed , 
and in creases in  d ep th  about h a lf  w a y  dow n the v iscera l d isk , f la tten in g  ou t on the  
tra il. T he umbo is  rounded, and tap ers  to an acute ex tr e m ity  w h ich  is  s lig h tly  
in cu rved  and does not p ro jec t beyond th e  h in ge . T he ears are sm all and tap er  
tow ard s the ca rd in a l ex trem ities , but are u su a lly  not seen, as the sh ell ten d s to fr a c 
ture a lon g  the sh a llow  s in u s se p a r a tin g  the ears from  the v iscera l d isk .

T he costae, w h ich  are sin u ou s on th e  tra il, are o f  m oderate w id th , irregu lar, 
and  never prom inent. In crease  in  th e ir  num ber occurs by m eans o f b ifu rc a tio n s  as 
w e ll as by in te r c a la tio n s  on th e  v iscera l d isk , but on th e  tr a il  in terca la ted  costae are  
m ore num erous, and  freq u en tly  ar ise  on e ith er  sid e  o f  the costa  su p p o rtin g  a sp in e-  
base, and  r a p id ly  a tta in  norm al w id th . T w o costae m ay coalesce above a  sp in e-  
base or a s in g le  costa  m ay th icken . T h e su lci are a lw ays narrow er th an  th e  costae.

A b ou t tw e n ty  ribs occur as u n d u la tin g  fo ld s  on th e  ca rd in a l slopes, but are not 
con tin u ou s round the fro n t o f  th e  v iscera l d isk . A n  occasion al in terca la ted  rib  
m ay occur on th e  la tera l slop es o f  the v iscera l d isk . S lig h t  en largem en t o f  the  
costae occurs a t the p o in t o f  in tersectio n  w ith  th e  ribs.

S p in e-b ases, rarely  ex ceed in g  1 m m . in  d iam eter, are num erous on th e  an terior  
p art o f th e  tra il, and low  lo n g itu d in a l fo ld s  m ay be d evelop ed  below  them . 
N u m erous sm all sp in es  are a lso  seen on th e  v iscera l d isk , w here th ey  ex ten d  a long  
the sh e ll-su rfa ce , w h ereas on th e  tr a il  th e  sp in es  ex ten d  a t r ig h t  an g les to  the  
sh e ll-su rface . T w o row s o f  sp in e-b ases are d evelop ed  on th e  ca rd in a l s lop es; the  
posterior  row  o f  6— 8 sp in es  is  set close to th e  h in ge, and d iverges  from  i t  a t an  
an g le  o f 2° or 3*, and  a second row  ex ten d s  a lon g  the d ep ression  se p a r a tin g  th e  ears  
from  th e v iscera l d isk . T h e an terior  20 mm. or 30 mm. o f  th e  p ed ic le  v a lve  is  
freq u en tly  decortica ted , and  th e  cast ap p ears n early  sm ooth, w ith  rounded  p its  
m ark in g  th e  p o s itio n  o f  th e  sp ine-bases.
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B r a c h ia l  va lve .  T l)c v iscera l d isk  is  s lig h t ly  concave and is  sep a ra ted  from  
the flattened  portion  a lon g  the ears by a  rounded  fo ld . A  g e n icu la tio n  is  d eve
loped at th e  an terior  e x ten sio n  o f  th e  v iscera l d isk , and the tw o  v a lves  are in  con 
tact about h a lf  w ay  dow n the tra il. T h e b rach ia l va lve  ten d s to fra c tu r e  a lon g  
the g e n icu la tio n , w h ile  the p ed ic le  va lve  s p lits  across s lig h tly  below  th is  level. 
The tr a il  o f  the b rach ia l va lve is  rarely  preserved .

T he costae are narrow  and  irr e g u la r  and  are sep a ra ted  by su lc i o f  g rea ter  
w idth , but co sta tio n  is  not develop ed  on th e  tra il, w h ere sh e lly  la m in a e  tak e  th e  
place o f  th e  norm al co sta tio n  o f  th e  p ed ic le  valve.

T he ribs are num erous, narrow , and an g u la r , and  cross the v iscera l d isk .

I n te r n a l  ch arac ters .  O ne ex a m p le  o f  th e  p ed ic le  va lve  in  th e  G eo log ica l S u r
vey C oll., E d in b u rgh , M .1604a , show s la rg e  lo n g itu d in a lly  str ia ted , flab ella te  d id u c-  
tor m u scle-scars w h ich  enclose, and  are in  con tact w ith , th e  narrow  e lo n g a ted  
adductors.

A  p e r fe c tly  p reserved  in te r io r  o f  th e  b rach ia l va lve  from  th e R ed esd a le  Ir o n 
stone, R ed esd a le , N orthum berland , B .M ., • B .43810 , p i. v i i i ,  fig. 4, show s a  p rom in en t, 
trifid  c a rd in a l process, th e  cen tra l lobe b e in g  d iv id ed  by a  deep lo n g itu d in a l su l
cus. T h e ex te r n a l fa ce  o f  th e  process is  b ifid . T h e ca rd in a l process is  co n tin u ed  
a n terior ly  as a stron g  m ed ia n  sep tu m  w h ich  ex ten d s  fo r  tw o -th ird s  o f  th e  len g th  
of the v iscera l d isk . T h e sep tu m  is  m uch th ick en ed  a t th e  p o in t o f  em ergen ce o f  
the tw o m a rg in a l r id ges , w h ich  ex ten d  a lon g  the h in g e  for  a  space o f  about 5 m m . 
and th en  d iv erg e  from  it, cu rv in g  d ow n w ard s an d  rea ch in g  th e  la te r a l m a rg in  o f  
the va lve  about 17 m m . below  th e  ca r d in a l ex trem itie s .

T h e ad d u ctor  m u scle-scars are d en d r itic , tr ig o n a l in  ou tlin e , w ith  th e  lo n g est  
sid e ly in g  a lon g  th e  m ed ian  sep tu m . T h e p oster ior  p a r t o f  th e  m u scle-scars is  
seen about 3 m m. below  th e  h in g e-m a rg in . T h e in n er  p ortion , n ex t th e  septu m , 
lies  in  a  s lig h t  d ep ression , w h ile  th e  ou ter and  an terior  m a rg in s o f  each  ad d u ctor  
are e leva ted , an d  a sh ort rounded  r id g e  ex ten d s  from  th e  an terior  m a rg in  tow ard s  
the septum .

T h e b rach ia l im p ressio n s are g iv en  ofi near the an terior  m a rg in  o f  th e  a d d u c
tors, an d  ex ten d  la te r a lly  an d  p a r a lle l to  th e  h in g e  for  about 10 m m ., th en  curve  
v er tica lly  d ow n w ard s to  a p o in t about 1 mm. below  th e  level o f  th e  m ed ian  se p 
tum , an d  are fin a lly  recurved  u p w ard s, n ear ly  en c lo sin g  a sp ace  about 5 mm. w id e. 
T he rounded  ex tr e m ity  is  sep a ra ted  from  th e rem ain d er o f  th e  im p ressio n  by a
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tran sverse  in c is io n . T he oval, sm ooth areas enclosed  by the im p ression  probably  
served  as p o in ts  o f  m n scle -a ttach m en t o f  th e  brach ia .

A n oth er  specim en  in  the N eilson  C ollection , R o y a l S co ttish  M useum , E d in b u rgh  
[15], from  th e  U p p er  L im eston es o f  O rchard, L an ark sh ire , show s the in ter io r  o f  the  
b rach ia l va lve  w ith  characters s im ila r  to those described  above, bu t h a v in g  
a rounded  r id g e  round th e  sh ell about 3 m m. below  the an terior  ex ten sio n  o f  the  
brach ia l im p ression s, and  d iv id in g  th e  p o ster io r ly  costa te  p ortion  o f  T he va lve from  
the an terior  sm ooth p ortion .

D im e n s io n s .—
(1) (2) (3) (4)

M axim u m  h e i g h t .................. 30 30 32 34 5 mm.
„ w id th  ... 39 38 39 3 6 5  „
„ th ick n ess 19 18 5 19 2 4 5  „

L en gth  o f  h in g e  (incom 
p lete) — 38 35 5 33 „

N um ber o f  costae in
breadth  o f 10 mm. a t

' d is ta n ces  v e r tica lly  below  
um bo :

at 10 m m ...................... 19 19 19 19
1 ^x e y  ))  . . .  . . . 15 16 16 16

,, 25 ,, . . .  . . . 13 17 14 —

• • (1) H o lo typ e .
(2) R . Scot-. M us., E d in b u rgh , 2, from  th e U p p e r  L im eston es, A rd en , T horn-

liebank , R en frew sh ire .
(3) B .M ., B .43728, from  R ed esd a le , N orthum berland .
(4) R . Scot. M us., E d in b u rgh , 14, from  K ilb r id e , A y rsh ire .

T y p e .— H o lo ty p e , th e  sp ecim en  from  S co tla n d  figured  by J . Sow erby in  
‘ M in era l C onchology o f  G reat B r ita in ,’ is  p reserved  in  th e  R o y a l S c o ttish  M useum , 
E d in b u rgh , F le m in g  C ollection  [1870 .14 .237]. In  th e  ‘ S u p p lem en tary  In d e x  ’ to  
vol. i  o f  ‘ M in era l C on ch ology,’ in  w h ich  a  l is t  o f  lo c a lit ie s  o f  th e  sp ec ies  described  
by Sow erby is  g iv en  by J . F arey , P r o d u c tu s  sco ticu s  is  s ta ted  to com e from  L in lith 
gow sh ire. . .

^ D is tr ib u t io n .— R an ge, D  zone. -
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E n g la n d .

N orth u m b erlan d  : R ed esd a le  Iron ston e  Shale , R ed esd a le , ? subzone D , (B .M ., 
B .41956, S. S m ith  C oll., and  B .4 3 8 0 2 — 13, W . H in d  C oll.; M r. J . D u n n ); B erw ick -  
on-T w eed  (S ed g w ick  M us., C am bridge, 7 3 b ) .

S c o t la n d .

A y r s h ir e :  B o w e rtr a p p in g , D a ir y  (B .M ., B .13863, D a v id so n  C oll.); L ow er  
L im estones, B o w e rtr a p p in g , D a ir y  (R . Scot. M us., E d in b u rgh , 7 ); L ow er  Iron ston e  
Series, K ilb r id e , A y r sh ir e  (R . Scot. M us., E d in b u rgh , N e ilso n  C oll., 14; K e lv in 
grove M us., G lasgow , 01 53 age); q u arry  near S h ie ld , S. o f  C um nock (G eol. Surv., 
E d inb urgh , M .2737 ); U p p e r  L in n  B ed s, L in n  S p ou t, D a ir y  (K elv in grove  M us., G la s
gow, 08 153 ja ).

B u te sh ire  : C orrie, A r r a n  (H u n te r ia n  M us., G lasgow , L .211).

D u m b arton sh ire  : O ld q u arr ies  a t  R aven sw ood , m iles  S .W . o f C um bernauld  
(Geol. Surv ., E d in b u rg h , M . 3 6 3 0 a ) .

L a n a r k sh ir e :  C arlu k e (B .M ., B .13893, D a v id so n  C o ll .) ; U p p e r  L im eston es, 
O rchard L im eston e , S .W . bank o f  A v o n  W a ter , near B irk en sh a w  (G eol. Surv., 
E d inb urgh , T .1 2 1 0 e ,  1 2 1 1 e ) ;  old  p it , s id e  o f  stream , 3^ m ile s  N .W . o f  C oatb rid ge  
(Geol. Surv ., E d in b u rg h , M .1603A, 1 6 0 4 a ) ;  old  p it , s id e  o f  stream  near G len p ark  
C ottage, 4  m iles  N .N .W . o f  C oatb rid ge  (G eol. Surv., E d in b u rgh , M . 1 5 9 3 a ) ;  P o n ie l  
W ater, near B rock ley  (G eol. Surv., E d in b u rg h , M .492, 4 94 ); U p p e r  L im eston es, 
O rchard, near G la sg o w  (R . Scot. M us., E d in b u rgh , 15); G are, C arlu k e (H u n te r ia n  
M us., G lasgow , L .207) ; U p p e r  L im eston es, R ob royston e S er ies, G arn k irk  (K e lv in 
grove M us., G lasgow , 01 53 agg).

R e n fr e w sh ire  : U p p e r  L im eston es, A r d e n  L im eston e, o ld  quarry, |  m ile  S .W . 
of D a rn ley  (G eol. Surv ., E d in b u rgh , M .3337 , 3338 ); old  q uarry , S. o f  S ta n ley  R ese r 
voir (G eol. Surv ., E d in b u rg h , M .3149 ); U p p e r  L im eston es, A rd en , T h orn lieb an k  (R. 
Scot. M us., E d in b u rgh , 2 ; H u n te r ia n  M us., G lasgow , L .2 1 3 ); U p p e r  L im eston es, 
T h orn liebank  (K elv in g ro v e  M us., G lasgow , 96 65 iky).

R e m a r k s .— P r o d u c tu s  sco ticu s  is  d is t in g u ish e d  from  P .  p u g i l i s  P h il l .  by it s  
sm aller p ro p o rtio n s; m ore d eep ly  s in u a te d  v en ter; n arrow er an d  less  p rom in en t  
costae; shorter tr a il  an d  less  in cu rved  um bo. T h e  sp in es  on th e  ears an d  t r a i l  o f  
P. sco ticu s  are sm a ller  th a n  in  P. p u g i l i s ,  an d  th ere  is  on ly  a  s lig h t  d evelop m en t o f  
the lo n g itu d in a l fo ld s  below  th e  sp in e-b ases  on th e  tr a il . T h e absence o f  a  r id g e

R
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on the flanks, and  the sm aller  d im en sion s o f  P .  sco ticus,  d is t in g u ish  i t  from  P .  
h in d i  sp. nov.

J . Sow erby’s d ra w in g  o f  P . sco ticu s  in  ‘ M in era l C on ch ology,’ vol. i, show s the  
d is t in g u ish in g  characters o f  th is  sp ec ies fa ir ly  w ell. C on fu sion  about the id e n tity  
o f th is  sp ec ies w as caused  by J . de C. Sow erby in  1 8 2 7 ,  ‘ M in era l C onchology,’ 
vol. v i (pi. m lx i, figs. 1— 3), w ho figured  as P r o d u c ta  h e m isp h e r ic a  som e large  sp ec i
m ens w h ich , he sta ted , w ere form erly  re ferred  to P . sco tica ,  but d id  n o t agree w ith  
those figured  by J . Sow erby ( 1 8 1 4 ,  pi. Ix ix , fig. 3 )  and lack ed  sp ine-bases. L ater  
authors— such as M ‘Coy ( 1 8 4 4 ,  p. 1 1 4 ;  1 8 5 5 ,  p. 4 6 4 ) ,  de K on in ck  ( 1 8 4 7 b , p. 3 9 ) ,  

and de V ern eu il ( 1 8 4 5 ,  p. 2 5 3 )  assum ed th a t  P .  sco ticu s  w a s  e ith er  id e n tic a l w ith  
P .  g ig a n te u s  or P .  h e m isph er icu s ,  and in c lu d ed  i t  in  th e ir  d escr ip tio n  o f these  
sp ecies and a llied  form s o f  th e  P . g ig a n te u s  group . K ey ser lin g  in  1 8 4 6  (p. 1 9 8 )  

also  in c lu d ed  P . sco ticu s  in  h is  synonym y o f  P . h em isp h er icu s ,  but on p. 211 o f  the  
sam e w ork he q u estion ed  the id e n tity  o f  P . sco ticu s  w ith  P . q u in c u n c ia l is  P h ill.

In  1842 (p. 24) von B u ch  recorded P . sco ticu s  from  A ltw a sser , in  S ile s ia , w ith 
out f ig u r in g  or d escrib in g  any specim en , and  on ly  quoted  P . m a rg a r i ta c e u s  P h ill. 
as a  v a r ie ty  w ith  stron ger costae.

D a v id so n  referred  P . sco ticu s  to th e  s e m ir e t ic u la tu s  group  o f  P r o d u c t i  and  
quoted  i t  in  1 8 6 0 a  (p. 1 0 9 )  as a  v a r ie ty  o f  P . se m ir e t ic u la tu s  (M artin ). H is  
specim en s figured  in  1 8 6 1 b  (p i. x l i i i ,  figs. 2a, b) from  N ellfie ld , L an ark sh ire , as 
P . s e m ir e t ic u la tu s  shou ld  be id en tified  as P . scoticus.

D r. S. S m ith ’s specim ens from  th e R ed esd a le  Iron ston e  S h a le  and  P ou r L aw s  
L im eston e, recorded in  1910 as P . a n t iq u a tu s  J . Sow ., are ty p ic a l ex a m p les  of 
P . scoticus.

P r o d u c t u s  h o w r a t e n s i s  ̂ sp . nov.

' P la te  V I I I ,  figs. 7a, b.

■ D ia g n o s i s .— S h ell about 36 m m. h ig h , 38 mm. w id e , and  17 m m . th ick , or 
1 : 1 05 : 4 ; q u ad ra te  in  ou tlin e , h in g e  fo rm in g  w id e st  p art. P e d ic le  va lve  convex, 
not g en icu la te d ; flanks rounded  ; ven ter  s lig h t ly  s in u a ted  ; um bonal an g le  98*; ears 
sm all. B ra ch ia l va lve  fia t p oster ior ly , concave an terior ly . C ostae prom inent, 
about 13 in  10 m m. a t 15 m m. from  um bo. R ib s fa in t ly  traceab le  across fro n t of 
v iscera l d isk . S p in e-b ases q u in cu n c ia lly  arran ged  on an terior  p a r t  o f  shell, and in 
tw o  row s on ca rd in a l slopes. ________ ____

 ̂Name derived from H ow rat, Ayrshire, the locality  from which the type-specim en was obtained.



Helen M. M u i r - W  ood— The B r i t i sh  Carboniferous  P r o d u c t i  131'

D e s c r ip t io n .— P e d ic le  va lve .  In  ea r ly  g ro w th -sta g es  th e  sh e ll is  g lobose and  
then fla tten s w ith  th e  develop m en t o f  a sh a llow , rounded  m ed ian  sin u s. A t  th e  
anterior end  o f  th e  v iscera l d isk  the shell becom es in c re a s in g ly  convex and  is  p ro 
duced to form  a short curved  tra il. T h e ears, w h ich  are s lig h t ly  fla tten ed  a lon g  the  
hinge, are sep a ra ted  from  th e  v iscera l d isk  by a  deep su lcu s, a lon g  w h ich  th e  sh ell 
tends to fractu re , and  con seq u en tly  the ears are rarely  preserved . T h e  um bo is  
acute, s lig h t ly  in curved , and  p ro jec ts  a short d ista n ce  beyond th e  h in ge .

T he costae  are rounded  an d  p ro m in en t and  are sep a ra ted  by narrow  su lci. 
B ifu r ca tio n  o f  th e  costae  occurs ra th er  freq u en tly , e sp e c ia lly  below  th e  sp in e-b ases, 
and in terca la ted  costae, a t ta in in g  norm al w id th  in  a sp ace  o f  3 to  4  m m ., are  
developed on a ll p a r ts  o f  th e  sh ell. In  th e  g ero n tic  s ta g e  th e  costae becom e very  
irregu lar in  w id th  an d  less  p rom in en t, w ith  rep ea ted  b ifu rc a tio n s  or even  tr ifu r c a 
tions. G ro w th -lin es  are very  num erous on the an terior  p a r t o f  th e  sh e ll an d  form  
m arked tran sverse  s tr ia tio n s  on th e  costae.

A b ou t tw e n ty  ribs are traceab le  across th e  fr o n t o f  th e  v iscera l d isk , ca u s in g  
a s lig h t  en largem en t o f  th e  costae  a t th e  p o in t o f  in tersectio n . On th e  ca r d in a l  
slopes th e  r ib s are seen as irreg u la r , u n d u la t in g  w rin k les, and  in te r c a la te d  r ib s m ay  
be developed.

S p in e-b ases, w h ich  are sca ttered  over th e  sh ell, sp r in g  from  the su m m it o f  th e  
costae; th e  sp in e s  a p p a r e n tly  p ro jec ted  a t r ig h t  an g les  to  th e  sh e ll-su rfa ce . T w o  
rows o f  sp in es  occur on th e  c a rd in a l slop es, one row  being, se t close to  th e  h in g e -  
m argin. A  m ark ed  in crease  in  sp in o s ity  occurs a t th e  an terior  end  o f  th e  v iscera l 
disk, and a  band  o f  sp in e-b ases  about 10 mm. in  w id th , w ith  th e  sp in es  arran ged  
more or less  reg u la r ly  in  q u in cu n x , is  d evelop ed  near th e  a n terior  m arg in . S lig h t  
lo n g itu d in a l fo ld in g  o f  th e  sh e ll m ay  be seen  below  th e  sp in e-b ases near th e  an terior  
m argin. • '

B r a c h ia l  va lve .  T h e v iscera l d isk  is  flat, bu t w ith  a  low  m ed ian  fo ld  corre
spond ing  to, th e  sh a llo w  s in u s  o f  th e  p e d ic le  va lve  ; th e  an terior  p a r t  o f  th e  sh e ll is  
s lig h tly  concave,, bu t no g e n icu la tio n  is  developed .

T he orn am en t is  s im ila r  to  th a t  o f  th e  p ed ic le  valve, e x cep t th a t  th e  su lc i are  
w ider th an  th e  costae. T races o f  sp in es  have been observed.

• . .J -

I n te r n a l  ch arac te rs .  U n k n ow n . “ ,• .
R 2
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D im e n s io n s .—
(1) (2)

M axim u m  h e i g h t ..................  ................... 30 36 mm.
,, w id th  .. .  ... . . .  . . .  39 5 38 „
„ th ick n ess  ... ..................  17 17 5 „

N um ber o f costae • in
breadth  o f  10 mm. at
d ista n ces  v e r tica lly  below  
um bo :

at 10 mm. .. .  ... . . .  . . .  14 14
,,  1 . . .  . . .  . . .  . . .  1 13
„ 20 „   11 10

( 1 )  Geol. Surv., E d in b u rgh , B . 4 0 3 9 a , from  4  m iles S .E . o f  E a st  K ilb r id e ,
L an ark sh ire .

(2) H o lo typ e .

T y p e .— H olo typ e , from  the L ow er L im eston es, H ow rat, three m iles N .W . o f  
D a iry , A y rsh ire , is  preserved  in  th e  R o y a l S co ttish  M useum , E d in b u rgh , N eilson  
C ollection  [5]. P a r a ty p e s  : fou r  sp ecim en s referred  to below  in  section  on ‘ D is tr i 
b u tio n .’

D is tr ib u t io n .— R an ge, D^ subzone

S c o t la n d .

A y rsh ire  : L ow er L im eston es, H o w ra t, 3 m iles  N .W . o f  D a ir y  (R . Scot. M us., 
E d in b u rgh , 5).

L an ark sh ire  : S h a le  betw een  N o. 1 an d  N o. 2  L im eston es o f  C alderw ood  Sec
tion , sh a le-h eap s in  o ld  q u arries on farm s o f  B u rn lead , C ra igen d  H il l  and B ogh ead , 
4  m iles S .E . o f E a s t  K ilb r id e  (G eol. Surv ., E d in b u rgh , B . 4 0 3 9 a ) ;  L ow er L im e
stones, B ogh ead , near H a m ilto n  (K elv in grove  M us., G lasgow , Y o u n g  C oll.).

R e m a r k s .— P r o d u c tu s  h o w ra te n s is  d iffers from  P .  sco ticu s  J . Sow . in  h a v in g  a 
fla tter  p ed ic le  valve, coarser costae, and  a la rg e  d evelop m ent o f  sp in e-b ases on the  
an terior  p a r t o f  th e  p ed ic le  valve. P .  h o w ra te n s is  is  d is tin g u ish e d  from  P .  p u g i l i s  
P h ill.  by its  m ore num erous and sm aller  sp ine-bases, w h ich  are also  d ifferen tly  ar
ran ged  on th e  ca rd in a l slopes, i t s  num erous in te rca la ted  costae, and  th e  s lig h t  
d evelopm ent o f  lo n g itu d in a l fo ld s  below  th e  sp in e-b ases in  th e  p ed ic le  valve.

P . h o w ra te n s is  is at present known only from the Scottish Carboniferous rocks.
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P r o d u c t u s  p u g i l i s  J . P h il lip s .

P la te  I X , figs. la ,  b, 2— 5. T ex t-fig s. 7, 8, 25.

1836. P r o d u c ta  p u g i l i s  J . P h il l ip s . I llu s tr a t io n s  o f  the G eology o f  Y ork sh ire , 
p a r t ii ,  p. 215, pi. v i i i ,  fig . 6.

1860. P r o d u c tu s  s e m ir e t ic u la tu s  T. D a v id so n  (in  p art). T h e C arb on iferou s  
System  in  S co tla n d  ch a ra cter ized  by its  B rach iop od a , T h e  G e o lo g is t ,  vol. i i i ,  

p. 108 [in  e x p la n a tio n  o f  p i. i i i ,  und er h ea d in g  ‘ PL iv  ’], p i. i i i ,  figs. 2, 2a.

1861. P r o d u c tu s  s e m ir e t ic u la tu s  T . D a v id so n  (in  p art). M on. B r it . Foss. 
B rach ., vol. i i ,  p a r t v. N o. 4, p. 150, p i. x l i i i ,  fig. 2.

1924. P r o d u c tu s  p u g i l i s  E . J . G arw ood  and  E. G oodyear. T h e L ow er C ar
b o n ifero u s S u ccession  in  th e  S e ttle  D is tr ic t , Q u art .  J o u rn .  Geol, Soc., 
vol. Ixxx , p . 205, p i. x v i i i ,  fig. 1.

T e x t -f i g . 25 .— Productus pugilis  J . P h illips, from  
Yorkshire. B ritish  M useum , B.415. D iagram m atic  
longitudinal section, natural size. n ’

D ia g n o s is .— S h ell about 60 m m . h ig h , 47  m m. w id e, an d  34  m m. th ick , 
or 1 ; "8 : '6; q u ad ra te  to e lo n g a te  in  o u tlin e , g re a te s t  w id th  a lon g  h in g e . P e d ic le  
valve w ith  globose v iscera l d isk , g e n ic u la te d  to  form  lon g , s lig h t ly  curved  tr a il;  
flanks steep , su b p a ra lle l;  ven ter  broad, depressed , or s in u a te d ; um bonal a n g le  100*; 
ears large , ta p e r in g  to  c a r d in a l e x tr e m itie s . B r a c h ia l v a lve  concave. C ostae  14  
in  10 m m. a t d is ta n c e  o f  15 m m. from  um bo, becom ing  irreg u la r  an d  s in u o u s on
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tra il. R ib s traceab le  across fro n t o f  v iscera l d isk . S p in es  o f  large  d iam eter  on 
tra il, below  w h ich  p rom in en t lo n g itu d in a l fo ld s  are developed , ca u sin g  flu tin g  o f  
tra il. S p in es  in  tw o  row s on ears.

D e s c r ip t io n .— P e d ic le  va lve .  In  ea r ly  g ro w th -sta g es  the sh ell is  s lig h t ly  con
vex, w ith  th e  w id th  a p p ro x im a te ly  equal to the len g th , and  the h in g e  consid erab ly  
less th an  the w id est p a r t o f th e  shell. T h e  w id th  in creases t i l l  i t  is  about one and  
a h a lf  tim es, the len gth .. A  g e n icu la tio n  is  then> developed' and  th e  shell becom es 
con sid erab ly  e lon gated . T he ven ter  is  broad  and  m ay be s lig h t ly  s in u a ted , the  
s in u s a r is in g  about 20 mm. from  the um bo and e x te n d in g  to the an terior  en d  o f  the  
tra il. T he flanks are steep  and  flat an d  curve up to the ears, w h ich  are la rg e  and  
reflexed, but are rarely  preserved . T h e um bo is  rounded  and m uch incurved , th e  ap ex  
p ro jec tin g  s lig h t ly  beyond the h in ge.

T he costae are fine, rounded  on the v iscera l d isk  and on ly  in crease  very s lig h tly  
in  w id th  on th e  tra il. On th e  flanks the costae are narrow er th an  those on the  
venter, o w in g  to in crease  in  the num ber o f  b ifu rc a tio n s  and in terca la ted  costae, 
w h ile  on the tr a il  th ey  are irreg u la r  and  sin uous, and  develop  gero n tic  sw e llin g s. 
A b ou t 2  mm. below  the sp in e-b ases on th e  tr a il  tw o  or three costae m ay ar ise  out 
o f a  s in g le  costa  and  be ra ised  in to  a p ro m in en t lo n g itu d in a l fo ld . T h e costae on 
th e  fo ld  m ay b ifu rc a te  a g a in  and  th e  fo ld  in creases in  w id th  a n ter io r ly  and  becom es 
less  p rom inent, u n less a  second sp in e  a r ise s  from  it, w hen e lev a tio n  o f  th e  fo ld  
a g a in  occurs. In  specim ens w h ich  have a lo n g  tr a il  th e  shell a p p ears to be d eep ly  
fluted. W h en  th e  sh e ll is  d ecortica ted  th e  cast is  n early  sm ooth.

From  tw elv e  to fou rteen  u n d u la tin g  ribs occur on th e  ears and ca rd in a l slopes, 
and w id en  and  decrease in  e lev a tio n  on th e  fro n t o f  th e  v iscera l d isk . S lig h t  e lo n 
ga ted  sw e llin g s  occur on th e  costae a t th e  p o in t o f  in tersectio n  w ith  th e  ribs. 
B ifu r c a tio n  o f  th e  ribs, or in terca la ted  ribs, m ay ar ise  on th e  la tera l slop es o f  the  
v iscera l d isk . '

Sm all sp in e-b ases are sca ttered  irr e g u la r ly  over th e  v iscera l d isk , an d  b ifu r c a 
tio n  o f  th e  costae.jusually  occurs below  each  sp in e-b ase. On th e  tr a il  the sp in es  are 
less^ num erous and  vary  from  2 5 mm. to  3 mm. in  d iam eter. T w o row s o f  sp in e-  
bases sp r in g  from  th e  ears; th e  p oster ior  row  o f  6 to  8 sp in es  is  set close- to  the  
h in g e  m argin ,, an d  d iverges  from  i t  a t  an  an g le  o f  about 5*, th e  d ia m eter  o f  th e  
sp in es  v a r y in g  from  25  mm. near th e  um bo to. 2  mm. near th e  ca rd in a l ex trem ities . 
T he an terior  row  o f  3 or 4  sp in es  o f  la rg e  d iam eter  is  d evelop ed  near th e  ca rd in a l
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ex trem ities . A  th ir d  row  o f  sp in e-b ases is  occa sio n a lly  seen in  th e  d e p r e ss io n  
se p a r a tin g  th e  ears from  the v iscera l d isk .

B r a c h ia l  va lve .  T he v iscera l d isk  is  s lig h t ly  concave, w ith  a  fla t p o rtio n  a long  
the ca rd in a l s lop es and  ears. T h e con cav ity  o f  th e  sh e ll in creases  a n terior ly , bu t  
no g e n icu la tio n  is  develop ed , th e  lo n g itu d in a l contour sh o w in g  an  even  cu rvatu re  
from  the um bo to th e  an terior  m arg in . T he tw o va lves are in  co n ta ct s lig h t ly  
below th e  v iscera l d isk .

T he costae are n arrow er an d  the su lci w id er  th an  those o f  th e  p e d ic le  valve. 
The rib s are traceab le  across th e  v iscera l d isk , w here th e  en largem en t o f  th e  costae  
at th e  p o in t o f  in tersec tio n  w ith  th e  ribs is  ra th er  m arked. N o sp in e s  have been  
observed in  th is  va lve. B e low  th e  v iscera l d isk  the norm al ornam en t is  rep la ced  by  
successive im b r ic a tin g  sh e lly  la m in a e  w h ich  break off irreg u la r ly . T h ese  la m in a e  
were d evelop ed  in  order to  keep p ace  w ith  th e  g rea t an terior  e x ten sio n  o f  th e  tr a il  
of the p e d ic le  valve, an d  are a  g ero n tic  character. T races o f  fine irreg u la r  
costae m ay be seen on th e  p o ster io r  lam in ae .

I n te r n a l  ch arac te rs .  T h e in te r io r  o f  th e  p ed ic le  va lve  is  rarely  seen, bu t  
crushed sp ec im en s p reserved  in  th e  B r it is h  M useum , B .20450 , B .4 5 5 8 0 — 81 (pi. ix , 
fig. 3, and tex t-fig . 7), from  F ar  H ou se  S h a les, C am  B eck, Y ork sh ire, show  large , 
lo n g itu d in a lly  s tr ia te d  d id u ctors, an d  n arrow  d e n d r itic  ad d u ctors w h ic h  are m uch  
elon gated .

A  w e ll p reserved  sp ecim en  o f  th e  b ra ch ia l vailve from  subzone D y , S ty  fo rd  or  
Stan ton , N orth u m b erlan d , B .M ., B .4 1 9 1 4  (p i. ix , fig. 5, an d  tex t-fig . 8) show s a 
p rom in en t bifid  ca r d in a l process, w h ich  is  con tin u ed  a n ter io r ly  as a  stron g  m ed ian  
septum  for  about tw o -th ir d s  o f  th e  len g th  o f  th e  v iscera l d isk . T h e a n terior  h a lf  
o f th e  m ed ian  sep tu m  is  narrow  and  ra th er  p rom inent.

T he m a rg in a l r id g es  d iv erg e  from  th e  h in g e -lin e  an d  curve d ow n w ard s u n til  
the la te r a l m a rg in  o f  the sh e ll is  reached , w h ere th ey  are sh a rp ly  bent a n terior ly  
and con tin u e  a lon g  ,the m a rg in  fo r  about h a lf  th e  len g th  o f  th e  v iscera l d isk . T h e  
anterior p o rtio n  o f  th e  r id g e  is  s lig h t ly  u n d u la tin g , bu t th e  w id th  o f  th e  r id g e  is  
constan t, and  is  about 1 5  mm.

T h e ad d u ctor  m u scle-scars are e lo n g a te d  an d  th e  an terior  end  is  se t  on a  
rounded r id g e , about 2  m m . lon g , w h ich  curves in w a rd s  tow ard s th e  m ed ian  sep tu m . 
T he p oster ior  end  is  a lm ost in  con tact w ith  th e  m a rg in a l r id ges.

T h e b ra ch ia l im p ressio n s are g iv en  off a t th e  a n terior  la te r a l ex tr e m ity  o f  th e  
addu ctor-scars, an d  curve o u tw a rd s fo r  about 5 m m . a t  an  an g le  o f  20* to  th e  h in g e ;
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th ey  are then  sh arp ly  recurved d o w im a r d s  for  about 6 m m., and fin a lly  curved in 
w ard s and u p w ard s in  a nearly  v er tica l d irection . T he ex trem ity  is  sep arated  
from  the rem ainder o f  the im p ression  by a tran sverse  in c is ion , and  the posterior  
p ortion  n ex t to  th e  ad du ctor-scars a lso  a p p ears to be d iscon tin u ou s.

T he card in a l process is  o ccasion a lly  seen  in  crushed  specim en s from  the F ar  
H ou se  Shales, S e ttle  d is tr ic t , Y ork sh ire . T h e specim en  figured  on p i. ix , fig. 3, 
show s the p rom in en tly  tr ifid  ex ter ior  o f  th e  ca rd in a l process, each o f  th e  three lobes 
b ein g  tran sversely  s tr ia ted .

A  specim en  from  Cum nock, A y rsh ire , preserved  in  the H u n ter ia n  M useum , 
G lasgow , L .208, a lso  show s the in ter io r  o f the b rach ia l va lve w ith  s im ila r  characters  
to those a lread y  described.

D im e n s io n s .—

M axim u m  h e i g h t ..................
„ w id th  ...
„ th ick n ess

L en g th  o f  h in g e  (estim ated )  
„ „ v iscera l d isk  ...

W id th  „ „ „ .. .
N um ber o f  costae in

breadth  o f  10 mm. a t  
d ista n ces  v er tica lly  below  
um bo :

a t 15 m m .....................
90^\J fy • • • • • •

QO
1 9 tJ\J « •  • • •  • • •

(1) (2) (3)

35 56 5 63 5 mm.
4 7 5 44 50
21 36 5 3 2 5  „
52 44 > 5

— 31 29
— 37 38

14
15

14
12
12

13 
12
14

(1) P r o f . F . J . G arw ood’s coll., from  S e lle t  M ill, W estm orlan d .

(2) B .M ., B .23838 , from  U p p e r  G rey L im estone, M in era , F lin tsh ir e .

(3) Sam e lo ca lity  and coll. as (1).

- T y p e .— H olo typ e , th e  specim en  from  K ir[k ]b y  L on sd ale , figured  by P h i l l ip s
in  ‘ I llu s tr a t io n s  o f  th e  G eology o f  Y ork sh ire ,’ is  a p p a ren tly  lost.

D is tr ib u t io n .— R a n g e, subzone and  Y ored a lian .
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E n g la n d .

D erb ysh ire  : P a rk  H ill,  L ongnor, subzone D^ (M .P .G ., 38329— 38330); T ick n a ll, 
A sh b y-d e-la -Z ou ch  (M .P .G ., 34452 ); p it, 100 yard s S .E . o f  G reen liill’s F arm , M a t
lock B rid ge  (M .P .G ., 38346 ); H a y  D a le , M onsal D a le , subzone D^ (B r is to l U n iv .);  
C astleton , sub zone D , (O xford  U n iv ., M us., U .P .4 2 5 ).

L a n ca sh ire  : G leaston , F u rn ess, subzone D^ (P r o f. F . J . Garwood). 
N orth u m b erlan d  : T h orn brough  L im eston e, S tan ton  or S ty fo rd , subzone D y  

(B .M ., B .4 1 9 1 3 — 15, S. S m ith  C oll.).

Som erset : M en d ip  H il ls  (B .M ., 74394).
W estm orlan d  : S e lle t  M ill, near K irk b y  Lonsdale,* subzone D^ (P r o f. F . J . G ar

wood).
Y ork sh ire  : G rey lim eston e, bed o f  stream  above pot-h ole , D o w g ill , 2  m iles  N .F .  

o f H o rto n -in -R ib b lesd a le  (G eol. Surv ., L ondon, R h .2353 , 2354 ); B r o w g ill, 4  m iles  
N. o f  H o rto n -in -R ib b lesd a le  (G eol. Surv ., L ondon, R h .2400 , 2401 ); F a r  H ou se  
Shales, Cam  B eck (B .M ., B .20450 , B .4 5 5 8 0 — 81); G oyden P o t, N id d e r sd a le  (M r. 
R. G. S. H u d son ) ; old  q uarry , W . o f  F a w ce tts  Q u arry ,'n ear  H a w e s  (M r. R . G. S. 
H udson, 36 ); P . g ig a n te u s  bed. M ill  G ill, A sk r ig g , O rio n a s tra e a  p h i l l i p s i  zone (M r. 
R. G. S. H u d son , 179); B ack  Scar, F . o f  S e tt le  (B .M ., B .45686, H .M . M u ir-W o o d  

C oll.).
W ales .

A n g le se y  : C liff, N .F . en d  o f  P uffin  I s la n d  (G eol. Surv., L ondon, A f .2 8 0 3 , 2805) ; 
escarpm ent, 1 ,100 ya rd s F .S .F . o f  B od  G yn d a  (G eol. Surv., L ondon, A f .2 1 1 3 );  cliff, 
25 yard s F . o f  F e d w  F a w r  (G eol. Surv., L ondon , A f .2646); cliff, 50— 75 ya rd s S .W . 
of P en m on  life b o a t-s ta t io n  (G eol. Surv., L ondon , A f .2 7 7 5 ) .

C arn arvon sh ire  : G reat O rm e’s H e a d  (B .M ., B .43730).
D en b ig h sh ire  : L la n g o lle n  (B .M ., B .23765); C h irk  (B .M ., B .23819, M orton  

Coll.).
F lintshire : U pper Grey Limestone, M inera (B.M., 23543, B.23837—8, 23840);

U p p er  B la ck  L im eston e , P e n tr e  H a lk in , H o ly w e ll (B .M ., B .23996, 235 4 0 ); P e n -y -  
la ll, H o ly w e ll (M .P .G ., 38318).

S c o t la n d .

A y r sh ir e  : T op  o f  g rey  lim eston e , S. o f  H illh o u se , an d  F . o f  H ow com m on  
(Geol. Surv ., E d in b u rgh , T .3 1 9 9 e );  C oral shale, B roadstone, B e ith  (R . Scot. M us., 
E d inb urgh , 1911 .62 .117 ); C um nock (H u n te r ia n  M us., G lasgow , L .208).
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B u tesh ire  : L ow er L im estones, H u r le t  L im estone, B u te  (G eol. Surv., E d in b u rgh , 
T .876 ); L ow er L im eston es, C orrie, A rra n  (H u n te r ia n  M us., G lasgow ).

E d in b u rg h sh ire  : L e f t  bank o f  R . E sk , below  V a lley fie ld  P a p e r  M ill, P en ic u ik  
(G eol. Surv., E d in b u rgh , B .3245c).

H a d d in g to n sh ir e  : A b erlad y , E a st  L o th ia n  (B .M ., B .8474) ; No. 5 L im estone, t ile -  
work s a t M orrison ’s H aven , P resto n g ra n g e , W . o f P resto n p a n s (G eol. Surv., E d in 
burgh, B .2805c).

L a n a rk sh ire : (B .M ., B .13894 , D a v id so n  ColL); L ow er L im estones, D u ntocher, 
H a m ilto n , C arluke (M .P .G ., 34457 ); L ow er L im estones, B irk w ood  B urn , 1^ m iles  
N .W . o f  L esm ah agow  (G eol. Surv., E d in b u rgh , T . 4 6 3 8 e , 4 6 3 9 e , 3 5 4 f , 3 4 5 f ) ; B ask et  
S hell B ed , L ow er L im eston es, Cot C astle  Farm , r ig h t  bank o f  A von  W ater , m iles  
N .E . o f  S tra th aven  (G eol. Surv., E d in b u rgh , T . 2 6 9 8 d ) ;  r a ilw a y -c u ttin g , B ad ley , 3 |  
m iles N .N .W . o f  C oatb rid ge (G eol. Surv., E d in b u rgh , M .1 5 6 0 a , 1 5 6 1 a ) ;  R u th er-  
g len  (H u n ter ia n  M us., G lasgow , U re  C o ll.); B lackbyre L im eston e, B rock ley , L esm a
h agow  (K elv in grove  M us., G lasgow ).

R en frew sh ire  : O ld quarry  in  field, S .W . o f  B row n sid e  (G eol. Surv., E d in b u rgh , 
M .3319); H ollyb u sh  L im eston e, H a w k h ea d  R eservo ir , 2 m iles S .E . o f  P a is le y  (G eol. 
Surv., E d in b u rgh ).

S t ir lin g sh ir e  : L ow er L im eston es, w h ite  nod u lar  lim eston e, S .W . o f  T odholes, 
U p p er  B an nock  B u rn  (G eol. Surv., E d in b u rgh , T . 1 8 9 0 f ) ;  M ain  or H u r le t  L im e 
stone, G len w h ap p le  B urn , S. o f  C ra ig en g len , m iles S. o f  L en n oxtow n  (G eol. 
Surv., E d in b u rgh , M . 2 9 0 8 a )  ; L ow er L im estones, C ra igen g len , C am p sie  (K elv in grove  
M us., G lasgow  ; R . Scot. M us., E d in b u rgh , 9).

I re la n d .

Co. L on donderry  : L on donderry  (M .P.G 7, Geol. Soc. C oll. 31827).

R e m a r k s .— P r o d u c tu s  p u g i l i s  is  d is t in g u ish e d  from  P . a n t iq u a tu s  J . Sow . and
P . su lca tu s  J . Sow . by its  m ore irreg u la r  costae and  by the d evelop m ent o f  la rg e  
sp in es  on th e  venter, below  w h ich  th e  sh ell is  lo n g itu d in a lly  fo ld ed . T he absence o f
any r id g e  on the flanks also d iT in g u ish e s  i t  from  P .  su lca tus .

J . P h i l l ip s  described  P .  p u g i l i s  in  1836 (p. 215) as h a v in g  ‘ A u r ic le s  acute, 
sp in ou s ; r a d ia tin g  s tr ia e  equal, a  fe w  stro n g  sp in es  tow ard  the m a rg in .’ T h is  
d escrip tion , togeth er  w ith  the im p e r fec t  d r a w in g  o f  a m uch d isto r ted  specim en , 
caused  som e d ifficu lty  in  th e  in te r p r e ta tio n  o f the sp ecies. P h i l l ip s ’s specim en , 
now  ap p a ren tly  lost, w as ob ta in ed  from  th e  Y oredales, or top  o f  th e  L ow er Scar
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L im estone o f  K irk b y  L on sd ale , W estm orlan d . T h ere seem s l i t t le  doubt th a t  i t  w as  
collected  from , or near, th e  qu arry  in  th e  1)  ̂ subzone a t S e lle t  M ill  near K irk b y  
L onsdale, w here th e  sp ec ies occurs a b u n d an tly  and th e  sp ec im en s show  s im ila r  
cru sh in g  and d isto r tio n  to  th a t  d ep ic ted  in  P h i l l ip s ’s d ra w in g . A  sp ecim en  from  
th is  lo ca lity  is  figured  on p la te  ix , fig. 2, o f  th is  work.

V a r io u s  in te r p r e ta tio n s  o f  th is  sp ec ie s  w ere g iv en  by la ter  au thors. M ‘C oy in  
1844 (p. 113) describ ed  i t  as a d is t in c t  sp ecies, but la ter  (1855) p laced  i t  in  the  
synonym y o f  P . fl.cmingi, w h ile  de K on in ck  in  1842— 44 (p. 175) re fers  to  P .  p u g i l i s  
in  h is  d esc r ip tio n  o f  P . g ig a n te u s ,  a lth o u g h  he d id  not m en tion  its  occurrence in  
B elg iu m . V o n  B u ch  (1842, p. 21) a lso  con sid ered  P . p u g i l i s  to  be a llied  to  P .  
g igan teu s ,  a lth ou gh  he regard ed  i t  as synonym ous w ith  P r o d u c tu s  com oides  
[D av ie  siellal].

D a v id so n  describ ed  th is  sp ec ies  as a  synonym  o f P r o d u c tu s  s e m ir e t ic u la tu s  
(M artin ). A  sp ecim en  in  th e  D a v id so n  C o llection , from  the C arb on iferou s L im e 
stone o f  L a n a rk sh ire  [B .13894 ], bears a label s ta t in g  th a t  ‘ th is  sp ecim en  th ou gh  
sm aller agrees w e ll w ith  P h i l l ip s ’s P r o d u c tu s  p u g i l i s ,  w h ich  is  a synonym  o f sem i-  
re t ic u la tu s !  T h is  sh e ll is  s im ila r  to th a t  figured  by D a v id so n  in  1861b  (p i. x l i i i ,  
fig. 2) w h ich , how ever, w a s sa id  to have been ob ta in ed  from  S tir lin g sh ir e .

D r. S ta n ley  S m ith  (1910, p. 609) recorded  a sm all form  o f P . aff. p u g i l i s  from  
the W oodend  L im eston e  o f  N orth u m b erlan d . T h is  form  seem s to be an ear ly  m u ta  
tion  fou n d  in  th e  D^ subzone.

P r o f . G arw ood  and  M iss  G oodyear (1924) figured  a  ty p ic a l sp ecim en  o f  P .  
p u g i l i s  sh o w in g  th e  flu tin g  o f  th e  tr a il . T h is  specim en , w h ich  w a s  o b ta in ed  from  
the D , subzone, e a st o f  S e ttle , Y ork sh ire , h as been refigured  on p i. ix , fig. 4  o f  th is  
mem oir.

S p ec im en s o f  P . p u g i l i s  from  th e  Y o r e d a lia n  S er ies o f  Y ork sh ire  have, as a 
rule, a squarer v iscera l d isk  and  finer co sta tio n  th an  is  norm al for  th is  sp ec ies.

P r o d u c t u s  p u g i l i s , m u t .  s e n i l i s  m u t .  n o v .

P la te IX ,fig s . 6a—d. ......... ..

D ia g n o s is .— R esem b lin g  P . p u g i l i s ,  but w ith  a s lig h t ly  d eeper s in u s in  p ed ic le  
valve ; norm al co sta tio n  and  sp in e-b a ses  on tra il, rep laced  by sm ooth  or finely  s tr ia te d

S 2
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im b rica tin g  lam ellae . F lu t in g  o f  tr a il  not developed . O rnam ent o f brach ia l valve  
feeb ly  developed .

D e s c r ip t io n .— In  the p ed ic le  va lve  th e  flanks are steep  and flat, w h ile  the  
m ed ian  p ortion  o f  the tr a il  is  produced beyond the la tera l p a r ts  and form s a V -  
sh ap ed  projection .

T h e costae on the v iscera l d isk  are o f  m oderate w id th  and  freq u en tly  b ifu r 
cate, e sp ec ia lly  below  th e  sp in e-b ases on the p osterior  p a r t o f  th e  tra il, w h ere p ro 
m in en t fo ld s  are developed . T h e fo ld s  fla tten  ou t about 20 mm. below  the an terior  
end o f  the v iscera l d isk , w h en  the costae b ifu rc a te  and tr ifu r c a tc  rep ea ted ly  u n til  
fine sin u ou s s tr ia e  rep lace th e  norm al costae. T h ese s tr ia e  are u su a lly  absent on 
the an terior  p art o f  th e  tra il, and the sh e ll-su rfa ce  is  com posed o f  im b r ica tin g  shelly  
la m ella e  w h ich  ten d  to  break off irregu larly .

T he ribs are narrow , irreg u la r  and s lig h t ly  prom inent, and sp in e-b ases are 
d evelop ed  on the p oster ior  p a r t o f  th e  shell, as in  P . p u g i l i s .

In  the b rach ia l va lve th e  ornam en t resem bles th a t o f  the p aren t sp ecies, but is  
m ore uneven on th e  v iscera l d isk , and  th e  costae bear irreg u la r  sw e llin g s .

T y p e .— H olo typ e , from  the U p p e r  L im eston es, T h orn liebank , R en frew sh ire , is  
preserved  in  the R . Scot. M us., E d in b u rgh , N e ilso n  C oll., 1911 .62 .954 .

D is tr ib u t io n .— P . p u g i l i s ,  m ut. is  ch a ra c ter is tic  o f  the U p p e r  L im eston es
o f S co tlan d  and o f  the u p p er  p a r t o f  th e  D  zone o f  E n g la n d  and W ales .

P r o d u c t u s  b r i s t o l e n s i s  ̂ sp . nov.

P la te  I X , figs. 7a, b.

D ia g n o s is .— S h ell about 42  m m. h igh , 40 m m . w id e , and  27 m m. th ick , or 
1 : 9 : 6; a p p ro x im a te ly  c ircu lar  in  o u tlin e , m axim u m  w id th  n ear an terior  m argin . 
P e d ic le  va lve  s lig h t ly  g en icu la ted , v iscera l d isk  sh ort; flanks rounded, ven ter  fla t
ten ed ; um bonal an g le  100°; ears m in u te . B r a c h ia l va lve concave. C ostae about 12 in  
10 mm. a t d is ta n ce  o f 20 mm. from  umbo. R ib s  num erous, w ith  n arrow  in tersp a ces  
crossin g  fro n t o f  v iscera l d isk . S p in e-b ases num erous on tra il, w ith  s lig h t  lo n g i
tu d in a l fo ld in g  o f sh e ll an terior  to  them , rare on v iscera l d isk .

1 Named from its occurrence in the B ristol district,
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D e s c r ip t io n .— P e d ic le  va lve .  In  ea r ly  g ro w th -sta g es  th e  sh e ll is  g lobose, w ith  
the w id th  a p p r o x im a te ly  eq u a l to  tbc len g th . A t  a  d ista n ce  o f  about 15 mm. from  
the umho tlie  shell becom es flatter and  th e  w id th  o f  th e  sh e ll in creases u n t il  i t  is  
ahout tw ice  the len gth . W ith  th e  d evelop m en t o f  the rounded  g e n ic u la t io n  jo in in g  
the v iscera l d isk  to th e  tra il th e  sh e ll e lo n g a tes  ra p id ly , and becom es ra th er  convex. 
The flanks are convex and curve up  on to the broad fla tten ed  venter. T h e  h in g e  is  
short and  is  produced  in to  m in u te  ea r le ts  ; the um bo is  rounded  and  in cu rved , p ro 
jec tin g  a short d ista n ce  beyond th e  h in ge.

T he costae r a d ia te  even ly  from  th e  imibo on th e  v iscera l d isk , and  in te r c a la 
tion s are ra th er  num erous, and  on th e  p oster ior  p a r t o f th e  tr a il  th e  costae  becom e  
more p rom in en t and  s lig h t ly  w id er . On th e  an terior  p a r t o f  th e  sh e ll th ey  becom e  
sinuous an d  irregu lar , w ith  num erous b ifu r c a tio n s  w h ich  occur com m only below  th e  
num erous sp in e-b ases. L ow  fo ld s  m ay be d evelop ed  below  th e  sp in e-b ases  near th e  
anterior m a rg in , bu t th ese  fla tten  ou t in  a d ista n ce  o f  4  or 5 mm. T h e sh e ll ten d s  
to becom e d eco rtica ted  very  r e a d ily  and  th e  ca st ap p ears sm ooth.

A b o u t th ir ty  r ib s are d evelop ed  as n arrow  reg u la r  fo ld s  on th e  ca rd in a l slopes. 
T hey in crease  very  s lig h t ly  in  w id th  on th e  fro n t o f  the sh e ll and  are r e a d ily  traced  
across th e  v iscera l d isk  by m eans o f  th e  n od u lar  en largem en ts a t th e  p o in t o f  th e ir  
in tersectio n  w ith  th e  costae. In te r c a la te d  rib s m ay occur on th e  la te r a l s lop es o f  
the v iscera l d isk  w h ere th ey  are u n d u la tin g .

S p in e-b ases  are irr e g u la r ly  sca ttered  over th e  a n terior  p a r t  o f  the tra il, w here  
they are about 1 mm. in  d iam eter, but are rare on th e  v iscera l d isk , w h ere  th ey  
arise from  th e n od u lar  en la rg em en ts  o f  th e  costae. A  row  o f  sp in e-b ases o f  sm all 
size  occurs a lon g  th e  h in g e  an d  d iv erg es  from  it  a t an an g le  o f  2— 3*. A  second row  
m ay be seen on th e  c a rd in a l s lop es a t an  an g le  o f  30* to th e  h in ge , an d  i t  m ay  con 
tin u e  dow n th e  flanks, w h ere th e  ornam en t, o w in g  to  d ecortica tion , is  u su a lly  
obscure.

B r a c h ia l  va lve .  T h e v iscera l d isk  is  s lig h t ly  concave, w ith  th e  e x cep tio n  o f  a  
nearly  fla t tr ia n g u la r  p o rtio n  a lon g  th e  ca r d in a l s lop es and  ears. T h e sh e ll becom es 
in crea sin g ly  concave on th e  tra il.

T he costae  are n arrow er and  th e  su lci co rresp on d in g ly  w id e r  th an  in  th e  p ed ic le  
valve, an d  th e  ribs are b etter  defined.

I n te r n a l  ch arac te rs .  U n k n ow n ,
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D im e n s io n s .—

M axim u m  h e ig h t ...

w id th  ...  

th ick n ess  
L en gth  o f h in g e  ...

,, „ v iscera l d isk
W id th  „
N um ber o f  costae in

breadth  o f 10 mm. at  
d istan ces  v er tica lly  below  
nmbo :

at 10 mm. ...
) ) 1 j) . . .  . . .

20 )) . . .  . . .

(1) H o lo typ e .

(1)
4 2  mm. 

4 0  

2 7  

3 0  

27  
3 6

1 6

12
12

Ty'pe .— H olo typ e , from  th e snbzone, A von  G orge, C lifto n , B r isto l, preserved
in  th e  B r is to l M useum , 0 . 4 1 0 4 .

D is tr ib u t io n .— Z  ̂ snbzone and horizon  o f  the B r is to l D is tr ic t .

R e m a r k s .— P r o d u c tu s  b r is to le n s is  is  d is tin g u ish e d  from  P . 'pugilis  P h il l .  by its  
shorter v iscera l d isk  and tra il, narrow  h in g e  and  rounded  flanks. In  P .  b r is to l 
ensis  th e  ribs are m ore num erous, th e  sp in e-b ases less  num erous and  d ifferen tly  a r 
ranged , and th e  lo n g itu d in a l fo ld s  shorter and less  p rom in en t th an  in  P . p u g i l i s .

T h is  sp ec ies w a s p ossib ly  referred  to by V a u g h a n  in  1 9 0 5 b  (pp. 1 9 2 ,  2 4 7 )  as a 
m u ta tio n  o f  P .  c f. m a r t in i  tow ard s P .  s e m ir e t ic u la tu s ,  w h ich  is  sa id  to occur in  th e  
Zg subzone. In  p i. x x ix  o f  th e  sam e work" V a u g h a n  sp eak s o f  th is  form  as o r ig in a t 
in g  in  th e  Z  ̂ subzone, a t ta in in g  its  m ax im u m  develop m en t in  Z  ̂ subzone, and  con
t in u in g  th rou gh  th e  0  zone. H e  con sid ered  i t  to  be re la ted  to form s occu rrin g  in  
th e  subzone, d in e  o f  th ese  is  a  con sid erab ly  sm aller  shell, and  h as been dou b t
fu lly  referred  to th e  sp ec ies P .  g a r w o o d i  sp. nov. (p. 70). A  la rg er  shell, a lso  
occu rrin g  in  th e  subzone, an d  rarely  in  th e  C zone, h as been re ferred  to  P . m u lt i -  
s p in i f e r u s  sp . nov. (see p. 121), and  can n ot be sa id  to  be re la ted  to P .  b r is to len sis ,
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Ih iO D U C T U S  COSTATUS J . de C. Sow erby.

P la te  X , figs. l a — c, 2, 3.

1827. P r o d  net a c o s ta ta  J . de C. Sow erby. M in era l C onchology o f  G reat  
B r ita in , vol. v i, p. 115, p i. m ix , fig. 1.

1847. P r o d u c tu s  c o s ta tu s  L. de K on in ck . P ech erch es sur les  A n im a u x  F o s
siles . P t . i. M on. des G enres P r o d u c tu s  e t C honetes ,  p. 92, p l. x, figs. 3a, b.

1860. P r o d u c tu s  c o s ta tu s  T . D a v id so n  (in  part). T he C arb on iferou s S ystem  
in  S co tla n d  ch a ra cter ized  by its  B rach iop od a , T h e  G eo lo g is t ,  vol. i i i ,  
p. 44, p i. i i ,  fig. 22.

1861. P r o d u c tu s  c o s ta tu s  T . D a v id so n  (in  p art). M on. B r it . F oss. B rach ., 
vol. i i ,  p t. V, N o. 4, p. 152, p i. x x x i i ,  figs. 2, 8.

1880. P r o d u c tu s  co s ta tu s  T . D a v id so n . M on. B r it. Foss. B rach ., S u p p l., vol. iv , 
p t. i i i ,  p i. x x x v i, figs. 9, 18, 19.

D ia g n o s is ,— S h ell about 33 mm. h igh , 50 m m. w id e, and  22  mm. th ick , 
or 1 : 1 5  : 6; la te r a lly  e lon ga ted , m a x im u m  w id th  a lon g  h in ge . P e d ic le  v a lve  w ith  
s lig h tly  convex  v iscera l d isk , g e n icu la te d  to  form  h ig h ly  convex tr a il;  flank s convex, 
bearin g  p rom in en t r id g e ;  ven ter  d eep ly  s in u a te d ; um bonal an g le  108*; ea rs-la rg e . 
B ra ch ia l va lve  g e n icu la ted , w ith  fla t v isc e r a l d isk . C ostae about 7 in  10 m m . a t  
d istan ce  o f  20 m m. below  umbo, coarse an d  p rom in en t, con v erg in g  in  m ed ian  sin u s. 
R ibs e x te n d in g  round  fro n t o f  v iscera l d isk . S p in e-b ases  o f la rg e  d iam eter  in  row  
on r id g e  up  flank s an d  in  second  row  on ca r d in a l s lop es a t a n g le  o f 15* to  h in g e .

D e s c r ip t io n .— P e d ic le  va lve .  T h e sh e ll is  s lig h t ly  convex for  about 10 mm. 
from  th e um bo, and  th e  w id th  is  s lig h t ly  g rea ter  th an  th e  len g th  a t th is  stage . A  
broad rounded  s in u s  is  th en  d evelop ed  an d  in creases in  d ep th  a t th e  a n terior  en d  
o f the v iscera l d isk , and  is  con tin u ou s to  th e  an terior  m arg in . T h e w id th  o f  th e  
shell becom es a p p r o x im a te ly  eq u a l to  th e  len g th , w h en  a  g e n icu la tio n  is  d evelop ed , 
and a  sh ort tra il is  form ed  w h ich  is  p o ster io r ly  n ear ly  flat, but a n ter io r ly  is  h ig h ly  
convex. A t  th e  an terior  en d  o f  th e  v isc e r a l d isk  th ere  is  a low  rounded  r id g e  on th e  
flanks, w h ich  in creases in  h e ig h t  to w a rd s th e  an terior  m arg in . B e h in d  th is  r id ge, 
and se p a r a tin g  i t  from  th e  large , la te r a lly  reflexed  ears, is  a  sh a llow  su lcu s, w h ich:  
d isa p p ea rs about 10 mm. from  th e um bo. T h e "cardinal e x tr e m itie s  are rounded  
and the h in g e -lin e  slop es dow n tow ard s them  on each sid e  o f  th e  um bo. T h e um bo  
is rounded and  s lig h t ly  in cu rved , and  p ro jec ts  fo r  about 1 m m. beyond th e  h in ge . '
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T he costae ra d ia te  even ly  from  th e iim ho on the v iscera l d isk  and in crease  in  
num ber by m eans o f  rare in terca la tio n s . B e low  th is  reg ion  the costae th ick en  con
sid erab ly , and becom e irreg u la r  in  w id th  and p rom in en tly  rounded. T w o or three  
costae o ccu p y in g  th e  centre o f th e  s in u s f a i l  to th ick en  and  converge, u su a lly  d y in g  
ou t a t v a r y in g  d ista n ces  below  the umbo, and these arc rep laced  by tw o a d ja cen t  
costae w h ich  m ay u n ite  near the an terior  m arg in . B ifu r c a tio n  and tr ifu r c a tio n  o f  
th e  costae m ay occur on the an terior  p a r t o f  the tra il. D eco r tica tio n  o f  th e  shell 
causes s lig h t  f la tten in g  o f  the costae, a n d  at an  ad vanced  s ta g e  o f  w ea th e r in g  one 
o r ig in a l costa  m ay be rep laced  by tw o or three narrow  costae. T he su lc i se p a r a t
in g  the costae are deep and  rounded, and  are u su a lly  narrow er th an  th e  costae. 
G row th -lin es are num erous and are seen as deep s tr ia e  crossin g  the costae.

A b ou t tw en ty  ribs are d evelop ed  on th e  v iscera l d isk  and  form  narrow , s lig h tly  
p rom in en t fo ld s  on the ca rd in a l slopes, an d  they  b ifu rc a te  rarely  on th e  la tera l 
slop es o f  th e  v iscera l d isk . T he ribs in crease  in  w id th  on th e  fro n t o f  the shell, 
w here n od u lar  sw e llin g s  m ark th e  p o in t o f  th e ir  in tersectio n  w ith  th e  costae.

A  row  o f  five or s ix  large  sp in e-b ases, v a r y in g  in  d iam eter  from  1 to 2 m m., 
sp r in g s  from  the r id g e  on th e  flanks, and a  second row  ex ten d s a lon g  th e  ca rd in a l  
slop es a t an an g le  o f  about 15* to  th e  h in g e . A  fe w  sca ttered  sp in e-b ases o f  
sm aller  s ize  occur on th e  v iscera l d isk , a r is in g  from  th e  p o in t o f in tersectio n  o f  ribs  
and  costae, but th ey  are rarely  seen on the tra il.

B r a c h ia l  va lve .  T h e v iscera l d isk  is  flat, w ith  a  m ed ian  r id g e  corresp on d in g  
to the s in u s o f  th e  p ed ic le  valve, and  a g e n icu la tio n  is  d evelop ed  a t i ts  an terior  
exten sion , jo in in g  i t  to  the h ig h ly  concave tra il. T h e tr a il  is  on ly  in  con tact w ith  
th a t o f  th e  p ed ic le  va lve  a t the an terior  an d  la tera l m a rg in s o f  the shell.

T he costae are narrow er and  m ore a n gu lar , an d  th e  su lc i are o f  grea ter  w id th  
th an  in  th e  p ed ic le  v a lve; the n od u lar  en la rg em en t o f  th e  costae  a t th e  p o in t o f  
in tersectio n  w ith  th e  ribs is  less  m arked.

I n te r n a l  ch arac ters .  T he in ter io r  o f  th e  p ed ic le  v a lve  is  unknow n.
In  th e  in ter io r  o f th e  b rach ia l v a lve  (p i. x , fig. 3) th e  ca rd in a l process is  sm all 

and  bifid, w h ile  i ts  e x tern a l fa ce  is  tr ifid  an d  tran sverse ly  str ia ted . T he m ed ian  
sep tu m  is  flat below  th e  ca rd in a l process, bu t narrow s b etw een  th e  ad d u ctor-scars  
and form s a  th in , p rom in en t r id g e  an terior ly .

T h e m a rg in a l r id g es  d iverge  from  th e  h in g e  about 2 mm. from  th e ca rd in a l p ro 
cess and curve ra th er  ab ru p tly  d ow n w ard s, bu t do not ex ten d  as fa r  as th e  p oster ior  
la te r a l m a rg in  o f th e  shell.
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T he tr ig o n a l ad d u ctor  nu isc lc-scars arc d e n d r itic  and  th e ir  an terior  and  la te r a l  
m argin s are ra ised  above th e  level o f  th e  rem ain d er o f  th e  scar on a  rounded  r id ge. 
E ach r id g e  flattens ou t a g a in s t  th e  m ed ian  sep tu m  about 2 mm. below  th e  an terior  
end o f  th e  add u ctor-scars. T h e b rach ia l im p ression s are g iv en  off a t the an terior  
la tera l m a rg in  o f  th e  ad d u ctors an d  ex ten d  o u tw ard s for  about 10 mm. ; th ey  are  
then  bent ab ru p tly  d ow n w ard s, and fin a lly  in w a rd s and u p w ard s. T h e p osterior  
portion  o f  th e  im p ressio n  is  d isco n tin u o u s, and  th e  in n er ex tr e m ity  is  en la rg ed  and  
sep ara ted  from  the rem ain d er o f  th e  im p ression  by a w id e  in c is io n . B eyon d  the  
ex trem ity  o f  th e  b rach ia l im p ression s a fe w  sm all d etach ed  p u stu les  are seen  in  a 
row, cu rv in g  in w a rd s  tow ard s th e  ad d u ctors an d  then  e x te n d in g  a n ter io r ly  to th e  
end o f  the m ed ian  sep tu m .

u im e n s io n s .—
(1) (2)

M ax im u m  h e i g h t ................................ 30 33 mm.

n w id th  ... . . .  50 39 5 .

th ick n ess 20 22
L en g th o f  h in g e  ... . . .  49 n

>) „ v iscera l d isk  ... . . .  18 18
W id th J) )) >J .. .  30 29
N u m ber o f  costae  in  

bread th  o f  10 m m . a t  
d ista n ces  v e r tica lly  below  
um bo :

a t  20 mm. . . .  . . .  . . .  . . .  7 7
(1) B .M ., B .5761 , from  th e  U p p e r  L im eston es, O rchard, G lasgow .
(2) H o lo ty p e .

T y p e .— H o lo ty p e , th e  sp ecim en  from  G lasgow  figu red  by J . de C. Sow erby in  
the ‘ M in era l C on ch ology o f  G reat B r ita in ,’ is  p reserved  in  th e  B r it is h  M useum  
[B .44118], Sow erby C oll.

D i s t r i b u t i o n .— R a n g e , subzone to  M ills to n e  G rit.

E n g la n d .

A  form  resem b lin g  P .  cost a t  us, bu t h a v in g  a sh a llow er  s in u s  an d  less  p rom in en t  
costae, occurs in  th e  T h orn brough  L im eston e  o f  N orth u m b erlan d . N o specim en , 
how ever, from  E n g la n d  h as been fo u n d  to be id e n tic a l w ith  th e  typ e, a lth ou gh  sh e lls  
referred  to th is  sp ec ies  have been recorded  from  m any lo ca lit ie s .

1'
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S c o t la n d .
A y rsh ire  : D iam ond-bore, 10 fe e t  from  top  o f  top  lim estone, m ile  N .N .W . 

o f  South  G alles, near T roon (G eol. Surv., E d in b u rgh ).
R e n frew sh ire  : U p p er  L im estones, O rchard, near G lasgow  (R M ., B .5759 , 

B .5761 , B .13812 , D a v id so n  C oll.; R . Scot. M us., E d in b u rgh , 1911 .62 .955); O rchard, 
P o llo k sh a w s (H u n ter ia n  M us., G lasgow , L .221 ; K elv in grove  M us., G lasgow , 01 53 
a fg  and a fe , figd. D av id son , 1880, p i. x x x v i, figs. 18, 19); B arrh ead  (B .M ., B .5760 , 
D a v id so n  C oll.); W a u k m ill G len, 1 m ile  S .E . o f  B arrh ead  (K elv in grove  M us., G la s
gow , 01*53 a f i)  ; U p p er  L im estones, T h orn lieb an k  (B .M ., B .157  ; R . Scot. M us., 
E d in b u rgh , 1911 .62 .955; K elv in grove  M us., G lasgow ) ; A rd en , T h orn lieb an k  (H u n 
ter ia n  M us., G lasgow , L .219, 220).

S t ir lin g sh ir e  : C am p sie  (B .M ., B .5760 , D a v id so n  C oll.).

R e m a r k s .— P r o d u c tu s  co s ta tu s  is  d is tin g u ish e d  from  P .  su lca tu s  J . Sow . by the  
sharper g e n icu la tio n  betw een  th e  v iscera l d isk  and tr a il  o f  the p ed ic le  va lve, fla tter  
v iscera l d isk , shorter tra il, and deeper, m ore an gu lar  s in u s ; a lso  by the grea ter  con
vergence o f  costae on th e  fro n t o f  the p ed ic le  valve.

Sow erby’s sp ecim en  is  im p er fec t and  lack s th e  la rg e  ears c h a ra c ter is tic  o f th is  
sp ecies. I t  is  also s lig h t ly  d ecortica ted  and the costae ap p ear  m ore rounded  and  
less  p rom in en t th an  in  w e ll preserved  specim ens.

D a v id so n  fa ile d  to d is t in g u ish  th is  sp ec ies  from  P .  su lca tu s  and  g rea tly  e x a g 
gera ted  th e  resem blance in  h is  d ra w in g s.

O ther au thors such as P h i l l ip s  (1836, p. 213) and von B uch (1842, p . 33) a lso  
fa ile d  to  d is t in g u ish  betw een  th e  tw o  sp ecies P .  co s ta tu s  and  P . su lca tu s ,  and  
regard ed  them  as synonym ous.

T he specim en s o f P . co s ta tu s  figured by de K on in ck  in  1 8 4 7 b , pi. x, hgs. 3c, d, 
from  Sloboda, R u ss ia , ap p ear  from  the figu res to be s im ila r  in  ornam ent, bu t the  
sin u s is  less  w id e  and th e  p ed ic le  va lve  a p p ea rs to  be less  convex. Sow erby’s d r a w 
in g s  in  ‘ M in era l C onchology ’ are rep roduced  on p i. x, figs. 3a, b.

T olm atchoff in  1924  (p. 230) re ferred  som e o f  de K o n in ck ’s figures o f  P .  cos
ta tu s  (1842— 4 4 / p i. v i i i  b is, fig. 3) to  a  n ew  sp ec ies P . robustu s ,  w h ich  is  described  
in  R u ss ia n  and n ot figured , an d  its  re la tio n  to P .  c o s ta tu s  is  u n certa in .

D e  V ern eu il in  1845 (pi. xv , figs. 13a, b) a lso  figured  a  sp ecim en  from  R u ss ia  
as P .  cos ta tus .  I t  resem bles th e  ty p e  in  co sta tio n  and  in  th e  develop m en t o f  a  
deep sin us, but th e  o u tlin e  o f  th e  sh ell i s  less la te r a lly  ex ten d ed , th e  ears are  
sm aller  and th e  v iscera l d isk  narrow er.
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T he sp ecim en  figured  as P r o d u c t u s  cos ta tu s  by F isch er  de W a ld h e im  in  1830  
(pi. x x v i, fig. 2), and re ferred  to in  1837 as L e p t a e n a  cos ta ta ,  resem bles a S p i r i f e r  
and is  q u ite  d is t in c t  from  S ow erb y’s species.

T h e sp ecim en  id en tified  by D avidson- in  1862 (pi. i, figs. 20, 21) from  I n d ia  as 
P. c os ta tu s  w as described  by W a a g e n  in  1884 (p. 687) as a new  sp ecies, P .  ind icus .  
I t  d iffers from  P .  cos ta tus  in  its  grea ter  size , squarer o u tlin e , and  coarser costa tion .

E th e r id g e  in  1878 (p. 631) recorded th is  sp ec ies as occu rrin g  very  com m only in- 
the A r c t ic  R eg io n s, b u t d id  not g iv e  an y  figure.

T h e sp ecim en  o f  P . c os ta tu s  figured  by T ou la  in  1 8 7 5 b (p i. ii, hgs. 9a— c) from  
B aren ts  I s la n d  is  a sm all form  w ith  a  deep , a n g u la r  sin u s, and tw o  row s o f  sp in e-  
bases a lon g  th e  c a rd in a l s lop es p a r a lle l to the h in ge, and is  u n lik e  any  B r it ish  
species.

N eu m ayr figu red  a sp ec im en  from  T ou rn a i, B e lg iu m , as P . c f. c os ta tu s  in  1883  
(pi. i, figs. 2a , b). T h is  sp ec im en  resem bles P . m u r ic a t u s  in  s ize  and  show s th e  in 
tern a l ca st o f  the b ra ch ia l va lve  w ith  m u scle-scars and b rach ia l im p ression s. A n  
en larged  v iew  o f  one b rach ia l im p ressio n  show s h o r izo n ta l m a rk in gs o f  tran sverse  
cirr i across th e  closed  p a r t  o f  th e  im p ression . T h ese w ou ld  correspond  to in c is io n s  
seen in  th e  b rach ia l im p ressio n s o f  m an y  specim ens.

A m er ica n  au th ors figure as P . co s ta tu s  sp ecim en s w h ich  are q u ite  r e a d ily  d is 
t in g u ish e d  from  S ow erb y’s sp ecies. T h u s, th e  P . costa tus,  var., o f  H a ll  (1858, 
pi. x x v ii i ,  hgs. 3a, b, 4 a — c) d iffers from  th e  ty p ic a l form  in  the absence o f  a deep  
sin u s an d  o f  th e  r id g e  u p  th e  h ank s, and  h as less  p rom in en t costae. T h e sp e c i
m ens figu red  by M eek in  1872  (p i. v i, figs. 6a, b) and  by K eyes in  1894 (pi. x x x v i,  
figs. l a — c) from  N. A m e r ic a  resem ble P . m u r ic a t u s  P h il l .  in  co sta tio n  and  in  the  
d evelop m ent o f  a  la rg e  num ber o f  sp in e-b a ses  sp r in g in g  from  .the su m m it o f  th e  

costae. ' ' ' . . . ' : '.
B eed e’s sp ecim en  o f  P . c os ta tu s  from  th e  C oal M easu res and  P e r m ia n  o f  N. 

A m erica  and  figu red  in  1900 (p i. x, figs. l a ,  b; p i. ix , fig. 8) is  nearer to P . su lca tus  
J . Sow ., an d  h as very  s im ila r  orn am en t on th e  v iscera l d isk .

V " P r o d u c t u s  SULCATUS J . Sow erby. \

P la te  X , figs. 4, 5a, b, 6, 7a— c. T ex t-fig . 26.

1821. P r o d u c t u s  a n t i q u a t u s  J . Sow erby (in  p a rt). 'M in era l C on ch ology  o f  
G reat B r ita in , vol. iv , p. 15, p i. c ccx v ii, fig. 1. -

T 2
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1822. P r o d u c t u s  su lca tus  J . Sow erby. l lr id. ,  vol. iv, p. 17, p i. cccx ix , fig. 2.
1836. P r o d u c t a  cos ta ta  {et su lca ta )  J . P h il lip s . I llu s tr a t io n s  o f th e  G eology

o f Y orksh ire, p a r t i i ,  p. 213, p i. v ii,  fig. 2.
1861. P r o d u c t u s  cos ta tus  T . D a v id so n  (in  p art). M on. B r it. Foss. B rach .,

vol. ii, p art v. No. 4, p. 152, pi. x x x ii ,  hgs. 3, 4, 6, 6a, 7.
1911. P r o d u c t u s  s u lca tus  A . V a u g h a n , in  E. E. L . D ix o n  and A . V au gh an . 

T h e C arb on iferou s S u ccession  in  G ow er (G lam organ sh ire), w ith  N otes on 
i ts  F a u n a  and  C on d ition s o f  D ep o sitio n , Quart .  Journ .  Geol .  Soc.,  
vol. Ixv ii, p. 559, pi. x li, hgs. la ,  lb .

T e x t -f i g . 26.— Productus .mJcatus J . Sowerby, from 
H ull P ot Beck, Horton, Yorkshire. B ritish  Museum,
B .45689. D iagram m atic longitudinal section, natural 
size.

D ia g n o s i s .— S h ell about 40 m m. h igh , 47  mm. w id e , and 27 mm. th ick , or 
1 : 1 1  : 6; q u ad rate  in  ou tlin e , h in g e  fo rm in g  w id e s t  part. P e d ic le  va lve  short, 
h ig h ly  arched, gen icu la ted , w ith  lon g  curved tr a il  ; flanks su b p ara lle l, w ith  an gu lar  
r id g e; ven ter  flat or s in u a te d ; um bonal an g le  110°; ears large. B ra ch ia l va lve  
gen icu la ted , v iscera l d isk  s lig h t ly  concave. C ostae about 8 in  10 mm. a t d ista n ce  
o f 20 mm. from  umbo, coarse and rounded . R ib s con tin u ou s round  fro n t o f  v is 
ceral d isk . S p in e-b ases in  row  on r id g e  on flank s; and a second row  on ca rd in a l 
slop es a t an g le  o f  3° to h in ge.

D e s c r ip t io n .— P e d i c l e  valve .  T he sh ell is  s lig h t ly  convex for  a space o f  about 
5 mm. from  the umbo. A  broad and sh a llo w  s in u s is  th en  develop ed  and in creases  
s lig h t ly  in  d ep th  below  th e  v iscera l d isk , but becom es sh a llow  and  ex trem ely  n ar
row  on th e  an terior  p a r t  o f  th e  tra il. In  ea r ly  g ro w th -sta g es  th e  w id th  o f  the  
sh e ll is  in  excess o f  th e  len g th , bu t th e  len g th  in creases so as to eq u a l th e  w id th  
u n til, w ith  th e  develop m en t o f th e  la rg e  convex ears in  th e  ep h eb ic  stage , th e  w id th  
a g a in  exceeds th e  len g th  o f  th e  va lve. E lo n g a tio n  o f  the sh e ll and  the develop m ent  
o f a  tr a il  occurs in  th e  gero n tic  stage . T he h an k s are steep  an d  bear a p rom in en t  
a n gu lar  r id g e  w h ich  a r ises  about 20 . m m. from  th e  um bo, becom ing w id er  and  m ore 
rounded an teriorly . T h e w ea r in g -d o w n  o f  th is  r id g e  causes an a p p a ren t fla tten in g
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o f the flanks. A  deep  su lcu s, a lon g  w h ich  the sh e ll ten d s to fra ctu re , sep a ra tes  the  
r id ge  from  the ears. T h e um bo is  large , rounded and  m uch in cu rved , an d  p ro jects  
for  a con sid erab le  d ista n ce  beyond th e  h inge.

T he costae  are narrow  and p rom in en t on the v iscera l d isk , but becom e coarse and  
rounded on the tra il. B ifu r c a t io n  o f  th e  costae rarely  occurs, e x c ep t on th e  flanks  
and on the a n terior  p a r t o f  th e  tr a il , bu t in te r c a la tio n s  arc ra th er  num erous on the  
v iscera l d isk . T he tw o  costae  o ccu p y in g  the cen tre o f  th e  m ed ian  s in u s  rem ain  
u n th ick en ed  and u su a lly  converge and  d isa p p e a r  about h a lf  w ay  dow n th e  tra il. 
T he costae b ord er in g  th e  s in u s a lso  converge. T he su lc i se p a r a tin g  th e  costae  are  
about h a lf  th e  w id th  o f  the costae, ex cep t on d eco rtica ted  p a rts  o f  th e  sh ell, w h ere  
there is  a decrease in  th e  w id th  o f  th e  costae w ith  a corresp on d in g  in crease  in  
w id th  o f  th e  su lci.

A b o u t tw en ty  ribs are d evelop ed  as narrow  an g u la r  fo ld s  on th e  c a rd in a l slopes, 
and th ese  in crease  in  w id th  and  becom e m ore rounded  on th e  fro n t o f th e  shell, w h ere  
p rom in en t n od u lar  sw e llin g s  m ark the p o in t  o f  in tersec tio n  o f  r ibs and  costae. 
B ifu r c a t io n  o f  th e  ribs m ay occur on th e  la te r a l s lop es o f  th e  v iscera l d isk , and  
in terca la ted  ribs m ay ar ise  in  th e  sam e reg ion .

A  row  o f sp in e-b ases in c re a s in g  in  d ia m eter  from  5 mm. to  2  5 m m . ex ten d s  
from  the H inge dow n th e  flanks. T h e p oster ior  tw o  or th ree  sp in e-b ases ar ise  from  
the ca r d in a l s lop es near th e  um bo, and  five or s ix  sp in e-b ases sp r in g  from  th e  
rounded  r id g e , w h ile  th e  a n terior  sp in e s  o f  th is  ser ies  ar ise  from  th e h o llow  in  fro n t  
o f th e  r id ge. A  second row  is  seen on th e  c a rd in a l slop es near th e  h in g e  and  
d iv e rg in g  from  i t  a t an a n g le  o f  about 3*. S p in e-b ases  are rarely  d evelop ed  on 
the tr a il , w h ere th ey  sp r in g  from  th e  su m m it o f  th e  costae, and th ey  m ay also  occur  
on the v iscera l d isk , a r is in g  from  th e  n od u lar  en largem en ts  o f  th e  costae.

B r a c h i a l  va lve .  T h e  v iscera l d isk  is  s lig h t ly  concave, and  is  sep a ra ted  by a 
low  r id g e  from  th e  tr ia n g u la r , n ear ly  fla t p o rtio n  a lon g  th e  c a rd in a l s lop es and  
ears. T h e  sh e ll is  g e n icu la te d  a t an a n g le  o f  120* a t th e  an terior  en d  o f  th e  v iscera l  
disk , an d  th e  tr a i l  is  in  con tact w ith  th a t  o f  th e  p ed ic le  valve.

T h e orn am en t is  s im ila r  to  th a t  o f  th e  p e d ic le  valve, bu t th e  su lc i are co n sid er 
ably w id er  th a n  th e  costae, and  th e  rib s are p rom in en t and  w e ll defined. A  row  
o f c ircu la r  p its  on th e  b ra ch ia l v a lve  corresp on d s w ith  th e  row  o f  sp in es  on th e  

c a rd in a l s lop es o f  th e  p e d ic le  valve.

I n t e r n a l  charac te rs .  U n k n ow n .
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D i m e n s i o n s .—

M axim u m  h e ig h t ...
(1)
38

(2)
38

(3)
41

(4)
44  mm,

,, w id th  ... 45 45 5 49 47

,, th ick n ess 28*5 25 27 27 5 „
L en gth  o f  h in g e  ... 45 48 49 47 ■ „

,, v iscera l d isk 18 18 21 20 5.^ „
W id th  „ 29 28 28 28
N um ber o f costae in  

breadth  o f 10 m m. at 
d ista n ces  v e r tica lly  below  
um bo :

a t 20 mm. ... 8 9 8 9

55  25 ,, — 6 — —

T o ta l num ber o f costae a t  
an terior  m arg in 24 25 28 26

(1) H o lo typ e .
(2) B .M ., B .13808, from  R ich m on d , Y orksh ire.
(3) B .M ., B .43727 , from  N arrow d ale , S taffordsh ire.
(4) B .M ., 47271 , from  P resto n , L an cash ire .

T y p e . — H olo typ e , the sp ecim en  from  D erb ysh ire  figured  by J . Sow erby in  
‘ M in era l C onchology o f  G reat B r ita in ,’ is  p reserved  in  th e  B r it ish  M useum  [43382], 
Sow erby Coll.

D i s t r i b u t i o n . — R an ge, D^ subzone and  Y ored a lian .

E n g la n d .

D erb ysh ire  : (B .M ., 43382, Sow erby C oll.); p it  in  w h ite  lim eston e  ju s t  above first 
L oad stone, 100 yard s N .W . o f  A sh  P la n ta tio n , W en sley  and  S n itter to n , (G eol.
Surv., L ondon, C .B .W .1 1 3 7 ); S h in in g  Cliff, im m ed ia te ly  above C liff H ou se, M atlock
D a le  (G eol. Surv., L ondon, C .B .W .9 7 3 ); N .E . slop e o f  Chrom e H il l ,  near H in d lo w , 
subzone 'D^ (G eol. Surv., L ondon, I .T .8 3 2 );  quarry, N . o f  G reat L on gstone, subzone  
Dg (B r is to l U n iv .) ;  C astle  ton  (P r o f. H a w k in s , 704); H o p e  D a le  (M r. J . W . J a c k 
son) ; M ich  L ow , near B ra d w ell (M r. J . W . Jack son ).

L a n ca sh ir e :  P resto n  (B .M ., 47271 ); U lv ersto n  (R . Scot. M us., E d in b u rg h );  
G leaston , F u rn ess (P r o f. E . J . G arw ood). ..... . .,
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S ta iïü rd sliirc  : N arrow d ale , subzone D , (B .M ., B .437 2 6 — 4 3 727; M .P .G ., 26683—  
26686); N .W . o f  N a rrow d a le  H il l  (M r. J ' W . Jack son ).

W estm orlan d  : S e lle t  M ill, subzone D ,  (P r o f. E. J . G arw ood).

Y o r k sh ir e :  R ich m on d  (B .M ., B .13808 , D a v id so n  Coll.; M .P .G ., 34363, 34364, 
34366, 34367 ; K elv in grove  M us., G lasgow ) ; H il l  S tebdcn  and K ea le  H il l ,  C racoe, 
subzone D^ (B .M ., B .43746 , B .43747, W . H in d  C oll.) ; G reat Scar L im eston e, B u r-  
ten sett, H a w e s  (M .P .G ., 38328); grey  lim eston e, D o w g ill, 2  m iles  N .E . o f  H orton -  
in -R ib b lesd a le  (G eol. Surv., L ondon, R h .2344 , 2 3 4 6 ) ;  B r o w g ill, 4  m iles  N . o f  
H o rto n -in -R ib b lesd a le  (G eol. Surv ., L ondon, R h .2 3 9 9 ); P .  g i g a n te u s  bed, above H u ll  
P o t, near H orton , and  from  sam e bed below  w a te r fa ll. C ow  G ill, B ord ley , E . 
o f M alh am  (P r o f. E . J . G arw ood) ; H u n t P o t, near H orton  (P r o f. E . J . G arw ood) ; 
L o n s d a l ia  bed, G auber, H ig h  P a stu r e , N . end o f  In g leb orou gh , and sam e bed from  
Cam  Scar, above K ettle w e ll, W h a r fe d a le  (P r o f. E . J . G arw ood); H a rd ra w  Scar  
L im estone, c liff on le f t  bank o f  C ow  G ill, and  sam e bed from  800 h ill, near B ru n ton  
H ouse, S .E . o f  R a n es L an e, F e izor , N .W . o f  S e ttle  (P r o f. E . J . Garwood); l im e 
stone below  H a rd ra w  S car L im eston e, F a ir  w eath er  S p r in g , N . end  o f In g leb orou gh  
(P r o f. E . J . Garwood) ; B ryozoa-bed , Overdose, at C ow sid e F a u lt, an d  sam e bed  
at L an gcliffe  Scar, S e ttle  (P r o f. E . J . G arw ood) ; Girvane l la -hQà,  S. end  o f  G rize-  
dales Scar, S e ttle  (P r o f. E . J . G arw ood) ; M alh am , k n o ll reefs , subzone D^ (P r o f. 
E. J . G arw ood) ; L ow er S tock d a le  B eck , gorge above Scaleber, E . o f S e ttle  (P r o f.  
E. J . G arw ood); b lue lim esto n e  above P .  g i g a n te u s  b e d ,.M ill  G ill, A sk r ig g , W en s-  
leyd a le  (M r. R . G. S. H u d son , 169); beds above P .  g i g a n te u s  bed, o ld  level, R . B arn  
(M r. R . G. S. H u d son , 516); G ay le  Shale , G ran ge G ill, near A sk r ig g , subzone D^ 
(M r. R . G. S. H u d son ) ; top  o f  G ay le  L im eston e, qu arry  above C ou n tersett, Sem er- 
d ale  (M r. R . G. S. H u d son , 652); an d  sam e bed. H u n g er  H il l  S ike, W en sley d a le  (M r. 
R . G. S. F ludson, 401).

W ale s .

• C arm arth en sh ire  : R a g w e n  P o in t , P en d in e , subzone D^— Dg (B r is to l U n iv .) .

C arn arvon sh ire  : B ish o p ’s Q uarry, S .W . o f  su m m it o f G reat O rm e’s H ea d , sub- 
zone Dg (D r. L . B . S m yth ; B r is to l U n iv .) .

D en b ig h sh ire  : U p p e r  G rey L im eston e, B o g  M in e, L lan arm on  (B .M ., B .23868 , 
M orton C oll.).

F lin tsh ir e  : A x to n  (B .M ., B .23701 , M orton  C oll.).
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G la m o rg a n sh ire : C astle , M um bles, subzone (M .P .G ., 34368— 34373; H u n 
ter ian  M us., G lasgow , L .336); O ysterm outh  Q uarry, G ower, snbzone 1 ),— 1)., (B r isto l 
U n iv .).

Ire la n d .

Co. T yrone : D u n gan n on  (M .P .G ., 7767).

R e m a r k s .— P r o d u c t u s  s u lca tus  is  d is tin g u ish e d  from  P .  costa tus' ‘\I. de C. Sow . 
by its  m ore convex v iscera l d isk , lon ger  tr a il , less sharp  g e n icu la tio n  o f  the p ed ic le  
valve, and narrow er, less p rom in en t costae and sh a llow er sin u s. I t  d iffers from  P .  
a n t i q u a t u s  J . Sow . in  its  shorter v iscera l d isk , coarser costae, and in  the d evelop 
m ent o f  the prom in en t r id g e  on the flanks.

T he sp ecim en  figured  by Sow erby is  m uch d ecortica ted , and  does not show  the  
ty p ic a l r ib b in g  and  n od u lar  en largem en ts o f  the costae on th e  v iscera l d isk . T he  
rid ges on the flanks are also  con sid erab ly  w orn, and  sp in e-b ases are not ap p aren t, 
as sta ted  by Sow erby in  h is  d efin ition  o f  th is  sp ecies. O ne sp ecim en  figured  by 
J . Sow erby as P .  a n t i q u a t u s  in  ‘ M in era l C on ch ology ,’ vol. iv, pi. cccx v ii, fig. 1, is  
the p oster ior  p a r t o f P .  sulca tus ,  sh ow in g  the c h a ra c ter is tic  ornam ent and th e  b e g in 
n in g  o f  th e  an g u la r  r id g e  on th e  flanks.

T h e specim en s figured  by D a v id so n  ( 1 8 6 1 b , pi. x x x ii ,  figs. 3 ,  4 )  as P .  cos ta tus  
from  R ichm ond , Y ork sh ire, are in d is t in g u ish a b le  from  the D erb ysh ire  typ e , b u t the  
sp ecim en  figured  in  1860 (pi. i i i ,  figs. 6, 6a) as P .  sem ir e t i c u la tu s ,  var sulca tus ,  from  
C arluke, is  sm aller, m ore finely  costate , and  has few er  and  narrow er ribs. T h is  
form  is  now  described  as P .  i n s c u lp t u s  sp. nov. (see p a g e  89).

In  1 8 3 6  P h il l ip s  figured  a ty p ic a l sp ecim en  o f  P .  sulca tus ,  as P .  co s ta ta  et  
sulca ta ,  w h ile  M ‘Coy described  P .  s u lca tus  as a d is t in c t  sp ec ies in  1 8 4 4  (p. 1 1 6 )  but  
assum ed i t  to be a v a r ie ty  o f P .  f l e m in g i  J . Sow . ( 1 8 5 1 — 5 5 ,  p. 4 6 1 ) .  D e K on in ck  
( 1 8 4 7 b , p. 8 7 )  on th e  other h an d  d is t in g u ish e d  P .  s u lca tu s  from  P .  cos ta tus  
J . Sow ., bu t con sid ered  i t  to  be a v a r ie ty  o f  P .  s e m i r e t i c u l a t u s  (M artin ) ; an d  D e s
hay  es ( 1 8 3 2 ,  p. 8 4 8 )  d escribed  P .  su lca tus  as P r o d u c t u s  s illon e, bu t th e  r e la tio n sh ip  
o f th is  form  to  Sow erby’s sp ec ies is  un certa in .

Q u en sted t in  1868 (pi. Iv iii, fig. 38) figured  a sp ecim en  from  V ise , w h ich  re
sem bles the ty p ic a l P .  sulca tus ,  bu t F isch er  de W a ld h e im ’s sp ecim en  figured  in  1830  
(pi. x x i i ,  fig. 2) as L e p t a e n a  su lca ta ,  and  la ter  in  1837 as T e r e b r a t u l a  sulca ta ,  does 
not seem  to be a P r o d u c t u s .
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T h e A m er ica n  au th ors M arcou (1858, p i. v, fig. 5) an d  de C aste ln au  (1843, 
pi. x i i i ,  fig. 7) figured  sp ecim en s o f  P .  su lca tus ,  th a t  figu red  by M arcou  resem b lin g  
the ty p ic a l form  in  ornam ent. D e  C a ste ln a u ’s sp ecim en  ap p ea rs to be a  Le'ptaena.

T h e sp ecim en  figured  by H u g h es  in  1008 (pi. x x x ix , n g . 3) from  th e  low er  
‘ g i g a n te u s  ’ zone, H u ll P o t, H orton , as P .  cos ta tus  does n ot belong  e ith er  to th a t  
sp ecies or to P . su lca tus ,  bu t is  a  broader, m ore m assive  sh e ll w h ich  sh ou ld  probably  
be id en tified  as P . p i n g u i s  sp . nov.

A  su p p osed  v a r ie ty  o f  th is  sp ecies, P . sulca tus,  var. boreal is ,  w as figu red  by 
H a u g h to n  (1858, p i. v ii, figs. 1— 4, 7) and  W h itfie ld  (1908, p i. i) from  th e  A r c t ic  
R egion s, but th ese  sp ec im en s are d is t in g u ish e d  from  P . s u lca tu s  by th e  g rea ter  
w id th  o f  th e  sh e ll and  th e  coarser costae  an d  deeper sin u s, an d  ap p ear  to resem ble  
P . p i n g u i s  sp . nov.

S p ec im en s from  th e R ed esd a le  Iro n sto n e  S h a le  an d  from  th e L ow er L im eston es  
o f S co tlan d  are fre q u en tly  re ferred  to  as P . su lca tus .  T h ey  are, how ever, d is t in c t  
from  th is  sp ec ies  and  from  P . i n s c u lp t u s  sp . nov. (p. 89), a lth ou gh  cer ta in  ch arac
ters are com m on to  both form s. T h e p ro m in en t r id g e  on th e  flanks is  never d eve
loped, th e  s in u s  is  very  narrow , an d  th e  costae  are coarse, w ith  ra th er  num erous  
sp in e-b ases. T h ese  sh e lls  m ay belong to an e a r ly  m u ta tio n  o f  P . cos ta tu s  J . de C. 
Sow erby.

P r o d u c t u s  f l e x i s t r i u s  M ‘Coy.

• - T ex t-fig . 27.

1844. P r o d u c t a  f leccistria  F . M ‘Coy. A  S y n o p sis  o f  th e  C h aracters o f  th e  
• , .  ■ C arb on iferou s L im eston e  F o ss ils  o f  Ire la n d , p. 109, p i. x x , fig. 16.

CLi.
I

• b
T e x t -f i g . 27 .— P roductus  flexistrius  M ‘Coy. H olotype, 

from M illicent, Clane, Co. K ildare, Ireland. N ational 
Museum of Ireland, D ublin . Profiles, natural size: 
a, side view , showing visceral area of brachial valve  
and trail of pedicle valve; b, the same, front view. 
On the figures, d = brachial valve, ip =  pedicle valve.

U
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T y p e . — H olotyp e, the un iq u e sp ecim en  figured by M ‘Coy in  1844 from  the L ow er  
C arbon iferou s, M illicen t, C lane, Co. K ild a re , is preserved  in  the N a tio n a l M useum  
o f Irelan d , D u b lin . A  p la ster  cast o f th is  specim en  is preserved  in  the D r itish  
M useum  [B .41871].

R e m a r k s .— O w in g  to th e  lack  o f  a va ilab le  Ir ish  C arb on iferou s m ater ia l, and  
also to the poor sta te  o f p reserva tion  o f  M ‘C oy’s speeim en , it  is  not possib le  to 
g iv e  a d ia g n o s is  or a d e ta ile d  d escr ip tio n  o f  th is  species.

In  M 'C oy’s specim en  th e  p oster ior  p ortion  o f  the p ed ic le  va lve  has s p lit  off, 
lea v in g  the v iscera l d isk  o f  th e  b rach ia l va lve in  con tact w ith  the tr a il  o f  th e  
p ed ic le  valve. T he ribs on the v iscera l d isk  o f  the b rach ia l va lve are w ell defined  
and the costae on the tr a il  o f  th e  p ed ic le  va lve  are m od erate ly  coarse and  rather  
irregu lar. T he d is t in g u ish in g  ch aracter o f  th is  sp ecies ap p ears to be in  the  
developm ent o f rath er  p rom inent, sem ic ircu la r ly  curved  fo ld s  on the flanks, p os
ter ior  to w h ich , im m ed ia te ly  below  the ca r d in a l an gles, the costae ap p ear  to be la ck 
in g , or less prom inent. T h e arran gem en t o f  the sp in es  is  unknow n. T h e d im en 
sion s o f  M ‘C oy’s specim en  are : h e ig h t, 27  5 mm. ; w id th , 34 5 mm. ; th ick n ess, 
22 5-mm. ; and  there are fou rteen  costae in  the breadth  o f  10 mm. on the venter.

M ‘Coy consid ered  P .  f l e x i s t r iu s  to be m ost closely  a llied  to  P .  s u lca tus  J . Sow .

In  1862 (p. 231) S ir  R ich a rd  G riffith , in  h is  A p p e n d ix  to M ‘C oy’s ‘ C arb on i
ferou s L im eston e F o ss ils  o f  Ir e la n d ,’ quoted  P .  f l e x i s t r iu s  from  the L ow er C arb on i
ferou s o f  St. D o o lagh ’s, D u b lin , an d  from  M illicen t, C lane, K ild a re , and  L it t le  
Is la n d , Cork. A l l  these lo c a lit ie s  are probably  in  e ith er  the Z or C zone.

E x a m p les  o f th is  sp ec ies are p reserved  in  th e  H u n ter ia n  M useum , G lasgow , 
from  Ir e la n d  [L .1160] and in  th e  B r it ish  M useum , J . W r ig h t  C oll., from  Cork, 
Ir e la n d  [B .40240]. C rushed and  d isto r ted  sp ecim en s from  th e C alp , B elleek , S ligo , 
preserved  in  th e  V a u g h a n  C ollection , B r is to l U n iv e r s ity , m ay  a lso  be referred  to 
P .  f lex i s t r iu s .

D e  K on in ck  in  1 8 4 7 b  (p i. x v ii, figs l a — c) figured  a sp ecim en  from  V ise , B elg iu m , 
as P .  f le x i s t r iu s ,  bu t it  lack s ribs on th e  v iscera l d isk  and M ‘Coy in  1851— 55  
rem arked on th e  d ifferences o f th is  specim en  from  h is  ow n species.

D a v id so n  ( 1 8 6 1 b , p. 1 4 9 )  assum ed P .  f l e x i s t r iu s  to be id e n tic a l w ith  P .  s e m i 
r e t i c u la tu s  (M artin ), w h ile  H a ll  in  1858 (p. 676) com pared  i t  w ith  h is  sp ec ies P .  
ten u icos ta tu s ,  s ta tin g , how ever, th a t  the la tte r  is  m ore finely  costa te  and h as sp in es  
developed  on th e  an terior  p a r t  o f  th e  shell.
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In  1915 b (p. 5 6 ) G ir ly  s iiggcstod  th a t the sp ec ies  D i a p h r a g i n u s  f a s c i c u la t u s  
(M cC liesney) is  synonym ous w itli P r o d u c t u s  f l e x i s t r iu s  M ‘Coy, ‘ from  w h ich  i t  
dilfers in  b e in g  inucli less in fla ted  over th e  ears and  tow ard  th e  beak, an d  in  th e  
str ia e  u n it in g  in to  fa sc ic le s  tow ard  th e  fr o n t.’ I t  is  u n certa in  i f  a  d ia p h ra g m  is  
developed in  P .  f le x i s t r iu s ,  w h ile  th is  stru ctu re  is  ch a r a c te r is tic  o f  D. f a sc ic u la tu s .

P r o d u c t u s  s p i n o s u s  J . Sow erby.

1814. P r o d u c t u s  s jn nosus  J . Sow erby. M in era l C onchology o f  G reat B r ita in , 
vol. i, p. 157, p i. Ix ix , fig. 2.

1861. P r o d u c t u s  l o n g isp in u s ,  var. P .  sp in o su s  T . D a v id so n . M on. B r it . F oss. 
B rach ., vol. i i ,  p. 155, p i. x x x v , figs. 17a, b.

T y p e . — H o lo ty p e , th e  sp ecim en  from  L in lith g o w sh ir e  figured  by Sow erby in  
‘ M in era l C onchology o f  G reat B r ita in ,’ is  not p reserved  in  th e  F lem in g  C ollection , 
R oyal S c o ttish  M useum , E d in b u rgh , an d  is  a p p a r e n tly  lost.

R e m a r k s . — A s  no sp ecim en  so fa r  e x a m in ed  h as been fo u n d  to agree w ith  
Sow erby’s d r a w in g  o f  P . spinosus ,  no d ia g n o s is  or d escr ip tio n  can  be g iv en  o f  th is  
species.

Sow erby describ ed  P . s p in o su s  as h ^ m g  io  Conch.  A n o m i t e s  p r o d u c tu s ,
o f w h ich  i t  m ay be a v a r ie ty , ‘ th e  sp in es, how ever, b e in g  m ore p rom in en t an d  th e  
h in ge  sh orter .’ F rom  th e figure, P . s p in o s u s  seem s to  be m ost c lose ly  re la ted  to  
P . c a r bon ar iu s  de K on ., bu t on ly  th e  p oster ior  p o rtio n  is  preserved ; th e  costae  a p 
p ear to  be coarser, and  th e  sp in es  la rg er  and  m ore p rom in en t th a n  in  P . c a r 
bonarius.

E ig h t  sp ec im en s preserved  in  th e  F le m in g  C ollection , R o y a l S co ttish  M useum , 
E d in b u rgh , an d  lab elled  P . s p in o su s  var., in c lu d e  a  num ber o f sp in o se  form s, now  
id en tified  as P . p u g i l i s  P h il l . ,  P . m u r ic a t u s  P h il l . ,  P . se tosus  P h il l . ,  an d  P . l ong i-  
s p in u s  J . Sow .

R eferen ces  to  P . s p in o su s  w ere m ade by M 'C oy, w ho d escrib ed  i t  as a  d is t in c t  
species ( 1 8 4 4 ,  p. 1 1 5 ) ,  an d  by D a v id so n  in  1 8 6 1 b  (p i. x x x v , figs. I7 a , b), w ho  
exam in ed  th e  ty p e-sp ec im en  an d  figured  i t  as a v a r ie ty  o f  P . l on g i s p in u s .  T h e  
specim en  from  R u ss ia  figu red  by K u to r g a  ( 1 8 4 2 ,  pi. v, fig. 2 )  is  a  very  sp in o se  form  

and resem bles P . s p in u lo s u s  J . Sow ,
U 2



156 Helen M. M u ir -W o o d — The B r i t i sh  Carboniferous  P r o d u c t i

D r. L ee (1909, p. 169, pi. i i ,  fig. 32) figured  and described  a  specim en  from  
N o w a ja  Sem lya  as P .  longis innus ,  ? var., and sta ted  th a t i t  resem bled P .  sp inosus .  
T h is  specim en  is  m uch d ecortica ted , and  it  ap p ears to be sm aller  and to have  
coarser costae th an  P .  sp inosus.

B. S p ec ies o f  the G roup o f P r o d u c t u s  longispinuS;^^

T h is  group  in c lu d es num erous form s, u su a lly  o f sm all s ize , w h ich  are lin k ed  
togeth er  by the p ossession  o f  a s im ila r  sp in e-arran gem en t. S ix  sp in es  o f s lig h tly  
larger  d iam eter th an  th e  rest, and referred  to as th e  m ajor sp in es, are sym m etr ic 
a lly  p laced  on th e  p ed ic le  va lve in  m ature specim ens. T w o sp in e-b ases are seen on 
th e  fro n t o f  the sh e ll below  the v iscera l d isk , and  set one on each sid e  o f th e  sin u s, 
i f  developed . O ne sp in e-b ase  is  set on each  flank below  th e  v iscera l d isk , b u t not  
on th e  sam e level as those on th e  fron t. T he rem a in in g  tw o sp in e-b ases are seen, 
one on each ear near th e  ca rd in a l e x tr e m itie s . O ther sp in es  o f  sm aller  s ize  m ay  
be also  sym m etr ica lly  p laced  on s im ila r  p a r ts  o f  th e  p ed ic le  va lve nearer th e  umbo. 
E norm ous v a r ia tio n  m ay be show n in  size , shape, and ornam ent, but th e  sp in e-  
arrangem ent seem s to be con stan t.

T h e ex tern a l lam ellose  th ic k e n in g  round  the an terior  and la tera l m a rg in s o f  
the b rach ia l valve, and  th e  in tern a l m a rg in a l r id ges , are d evelop ed  to a  g rea ter  or 
lesser e x te n t  in  a ll th e  m em bers o f  the l o n g i s p i n u s  group.

T he r e la tio n sh ip  o f  th e  m em bers o f  th e  group  is  very  u n certa in . M an y  sh ells  
w h ich  are d is tin g u ish e d  by sep ara te  specific  nam es m ay prove to be on ly  v a r ie tie s  
o f  a  s in g le  species, w h ile  other form s w h ich  have been c lassed  togeth er  m ay prove  
to have had  a  d ifferen t ancestry .

• - P r o d u c t u s  l o n g i s p i n u s  J . Sow erby. -

P la te  X I ,  figs. 1, 2a, b,\ 3, 4. T ext-fig . 28.

' "1814. P r o d u c t u s  l o n g i s p i n u s  J . Sow erby. M in era l C onchology o f  G reat
B r ita in , vol. i, p . 154, p i. Ix v iii, fig. 1. '

I860 . P r o d u c t u s  l o n g i s p in u s  T . D a v id so n  (in  p art). T h e C arb on iferou s S y s 
tem  in  S co tla n d  ch aracter ized  by its  B rach iop od a , T h e  G eolog is t ,  vol. i i i ,  
p. 110, pi. ii, fig. 12. ■ - - -
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1861. P r o d u c t u s  l o n g i s p i n u s  T . D a v id so n  (in  p art). M on. B r it. F oss. B rach ., 
vol. ii, p a r t  v. No. 4, p. 154, p i. x x x v , fig. 5.

T e x t -f i g . 28 .— Productus longispinus J . Sowerby.
Carluke, Lanark.sliire. B ritish  M useum, B .45688.
Diagram m atic longitudinal section, natural size.

D i a g n o s i s .— S h ell about 13 mm. h ig h , 13 mm. w id e , an d  8 m m. th ick , or
1 : 1 : 6; q u ad ra te  in  o u tlin e , m ax im u m  w id th  a lon g  h in ge . P e d ic le  v a lve  g e n i
cu lated , w ith  convex  v iscera l d isk  an d  curved  tr a il;  flanks steep  and  s lig h t ly  con
vex; ven ter  fla t; um bonal a n g le  102^; ears w ell dem arcated  from  v iscera l d isk . 
B r a ch ia l va lve  g en icu la ted , v iscera l d isk  n ear ly  flat. C ostae about 26 in  10 m m.
at d ista n ce  o f  10 m m. from  um bo, fine an d  not p rom inent. R ib s  few , crossin g
viscera l d isk . S p in e-b a ses  rare e x c ep t m ajor  sp in es.

D e s c r i p t i o n . — P e d i c l e  va lve .  T h e  v iscera l d isk  is  s lig h t ly  fla tten ed  fo r  3 mm. 
or 4  m m, im m ed ia te ly  below  th e  um bo, th en  becom es arched an d  g e n icu la te d  a t  its  
an terior  ex ten sio n , w ith  th e  fo rm a tio n  o f  a  short convex  tra il. T h e  flanks, w h ich  
are steep  a n d 'su b p a ra lle l,_ s lo p e  up  to th e  fla tten ed  or s lig h t ly  s in u a te d  v en ter ; th e  
sin us, w h ich  is  d evelop ed  in  rare in sta n ces , is  a lw a y s  sh a llow  and  d isa p p e a r s  about  
h a lf  w a y  dow n th e  tra il. T h e ears are tr ia n g u la r  in  ou tlin e , w ith  th e  la te r a l m ar
g in  a b ru p tly  tru n ca ted , an d  are c y lin d r ic a lly  curved  a lon g  an a x is  p a r a lle l to  th e  
hin ge. A  broad su lcu s e x te n d in g  from  th e  p o stero -la tera l m a rg in  o f  th e  sh e ll a t  
an a n g le  o f  45° to  th e  h in g e  sep a ra tes  th e  ears from  th e  v iscera l d isk  an d  flanks. 
T h is  su lcu s decreases in  w id th  and  d ies o u t about 1 mm. from  th e  h in g e-m a rg in .

T h e costae  are fine an d  th rea d -lik e  on the v iscera l d isk , an d  in crease  s lig h t ly  
in  w id th  on th e  tr a il , b u t are never p ro m in en t an d  m ay d isa p p e a r  on th e  flank s and  
an terior  p a r t  o f  th e  tr a il . Som e ir r e g u la r ity  in  th e  w id th  o f  th e  costae  m ay occur  
on th e  tr a il , an d  in  sp ec im en s h a v in g  a  m ed ian  s in u s  th e  costae  ten d  to  becom e  
closely  crow d ed  on th e  fr o n t  o f  th e  shell, bu t do n ot converge: T h e costae  in crease
by m ean s o f  b ifu r c a tio n s  w h ich  ta k e  p la ce  p r in c ip a lly  a n terior  to  th e  sp in e-b ases, 
w h ile  th ic k e n in g  o f  one costa , or coa lescen ce o f  tw o  costae, m ay  occur p o ster io r ly  to  
a sp in e-b ase . T h e su lc i are a lw a y s  narrow er th a n  th e  costae. :

A b o u t ten  ribs are "developed as low , narrow  fo ld s  w h ich  cross th e  fro n t o f  th e  
v iscera l d isk , b u t do n ot cause an y  en la rg em en t o f  th e  costae  a t th e  p o in t o f
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in tersection . R ib s are om itted  in  Sow erby’s figure o f  the type, a ltliou g li they are 
q u ite  d istin g u ish a b le  in  the specim en.

S p in e-b ases are rarely  developed , excep t those b e lo n g in g  to the s ix  m ajor sp in es. 
A  narrow  lo n g itu d in a l fo ld  is  freq u en tly  d evelop ed  below  the tw o  m ajor sp in e-  
bases on the flanks. S p in es  not ex ceed in g  10 mm. in  len gth  arc som etim es preserved.

B r a c h i a l  va lve.  T he v iscera l d isk  is  n early  flat poster iorly , then  becom es in 
c rea sin g ly  concave, and is  fin a lly  g e n icu la ted  at its  base, w hen  th ^ tw o  va lves are 
p r a c tic a lly  in  contact. T he ears are sep arated  from  the v iscera l d isk  by a tran sverse  
r id ge, corresp on d in g  in  p o s itio n  to th e  su lcu s in  the p ed ic le  valve.

T h e ornam en t is  s im ila r  to  th a t  o f th e  p ed ic le  valve.

I n t e r n a l  charac ters .  T he in ter io r  o f the p ed ic le  va lve is  unknow n.
In  the in ter io r  o f  the b rach ia l va lve th e  ca rd in a l process is  bifid  and rath er p ro

m in en t, and is  con tin u ed  an ter io r ly  as a short, narrow  m ed ian  septum , w h ich  
decreases in  w id th  and is  n ot en larged  at its  ex trem ity .

T he m a rg in a l r id g es  d iverge  s lig h tly  from  th e h in g e -m a rg in  and slope across  
to  th e  p ostero -la tera l m a rg in  o f  th e  shell, w h ere th ey  are sh arp ly  bent d ow nw ards, 
and con tin u e a lon g  th e  m a rg in  for  about h a lf  the len g th  o f  th e  valve.

T he addu ctor m uscle-scars are tr ia n g u la r  in  o u tlin e  and  are d is t in c tly  d iv id ed  
in to  tw o  lobes. T he b rach ia l im p ression s are g iv en  off from  th e a n tero -la tera l lobe  
o f th e  addu ctors and ex ten d  h o r izo n ta lly  fo r  2  mm. or 3 mm. and th en  curve d ow n 
w ard s an d  in w a rd s tow ard s th e  m ed ian  sep tu m . T h e e x trem ity  o f each  im p ression  
is  en larged  and d is t in c tly  sep ara ted  from  th e rem ainder.

D i m e n s i o n s .—
(1 ) (2) (3 ) ( 4 )

M axim u m  h e i g h t .................. 1 0 12 1 3  5 15'5 mm.
w id th  .. . 1 3 1 3 12 5 1 5 5  „

„ th ick n ess ' 7 7 5 9 9 5  „

L en g th  o f  h in g e  . . . 1 3 — — }>

N u m ber o f  costae  in
b read th  o f  1 0  m m . at
d ista n ces  v e r tica lly  below
um bo : •

a t 5  m m ...................... 26 26 — ---------

,, 1 0  ,, . . .  . . .  ' 26 25 26 27
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(1) H o lo typ e .
(2) R. Scot. M ils., E d inburg]], N eil son C oll., 32, from  the L ow er L im eston es,

C n n n in g h a m -B a id la n d , A yrsh ire .
(3) Sam e coll., 35, from  th e L ow er L im eston es, B e ith , A yrsh ire .
(4) B .M ., B .1476 , from  the L ow er L im eston es, C orrieb iirn , S t ir lin g sh ir e .

T y p e . — H o lo ty p e , th e  sp ecim en  from  L in lith g o w sh ir e , S co tlan d , figu red  by
Sow erby in  ‘ M in era l C onchology o f  G reat B r ita in ,’ is  preserved  in  th e  R o y a l S co t
tish  M useum , E d in b u rgh , F le m in g  C ollection  [1870 .14 .226].

D i s t r i b u t i o n . — R an ge, and  D , subzones, and  Y ored a lian .

E n g la n d .

D erb ysh ire  : L ow er M id d le to n  Q uarry, subzone Dg (M .P .G ., 34405— 34407). 

N orth u m b erlan d  : Screm erston  (B .M ., B .4 3 7 2 3 — 25); low er p a r t o f  E ig h t-Y a r d  
L im eston e, old  quarry , b etw een  D u n sta n  Sq u are an d  D u n sta n  S tead s, subzone  
Dg— Dg (G eol. Surv,, L ondon , J .R .9 1 0 ).

Y ork sh ire  : B o ta n y  B ed s, B o tan y , H u n d e r th w a ite  M oor, subzone Dg (P r o f. E . 
J . G arw ood); M a in  L im eston e , W h ern sid e , subzone Dg (P r o f. E . J . G arw ood).

W ales .

D en b ig h sh ire  : C e fn -y -F e d w  S an d ston e, T y fy n -u c h a f , R u abon  (B .M ., B .24057). 
F lin tsh ir e  : U p p e r  B lack  L im eston e, P e n tr e  H a lk in , H o ly w e ll (B .M ., B .23993 );  

arenaceou s lim eston e, M old  (B .M ., B .24022).

S c o t la n d .

A y r sh ir e  : L ow er L im eston es, C u n n in g h a m -B a id la n d , D a ir y  (B .M ., B .5746 , 
B .45515 , D a v id so n  C oll.; R . Scot. M us., E d in b u rgh , N e ilso n  C oll, 32; K elv in g ro v e  
M us., G lasgow , 01 53 a ig ) ; A u ch en m ad e, near D a ir y  (R . Scot. M us., E d in b u rgh , 48, 
N eilso n  C oll.); L ow er L im eston es, B e ith  (B .M ., B .23572 ; R . Scot. M us., E d in 
burgh, 35, 43, 57 ); L ow er L im eston es, B road ston e, B e ith  (R . Scot. M us., E d in 
burgh, 39 ); L ow er L im eston es, T rearne, B e ith  (R . Scot. M us., E d in b u rgh , 4 9 );  
B lack b yre L im eston e, L ow er L im eston es, D ockra, B e ith  (K elv in grove  M us., G la s
gow , 01*53 a ii)  ; r a ilw a y -c u ttin g , W a ter la n d , near L u g to n  In n  (G eol. Surv., E d in 
burgh, B . 4 3 8 a ) ;  50 y a rd s  dow n stream  from  w eir , ^  m ile  N .E . o f  K ilm a u rs  (G eol. 
Surv., E d in b u rgh , T . 3 0 2 9 e ) .

E d in b u rg h sh ire  : L ow er L im eston es, C rich ton  Q uarry, near P a th h e a d  (G eol. 
Surv., E d in b u rgh , B .9 4 0 ) ; L ow er L im eston es, sh a le  in  N o. 2 L im eston e, M ou n t
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L o th ia n  Q uarry, near P e n ic u ik  (G eol. Surv ., E d in b u rgh , B .1 4 6 6 c );  sh a le  above 
N o. 1 L im estone, H illh e a d  Q uarry, N . o f  C ockm uir B r id g e  (G eol. Surv., E d in 
burgh, B .1 4 7 4 c ); N o. 1 L im estone, No. 1 Q uarry, r ig h t bank o f T yne, C u rrilee  (G eol. 
Surv., E d in b u rgh , B . 4 5 1 9 b ) . -

E ifesh ir e  : S h a le  above ?No. 1 L im eston e, B o g ie  Q uarry, 2 m iles N .W . o f  K ir k 
ca ld y  (G eol. Surv., E d in b u rgh , B . 3 2 0 8 d ) .

L an ark sh ire  : B rock ley , L esm ah agow  (K elv in grove  M us., G lasgow , 96 65 ik e;  
H u n ter ia n  M us,, G lasgow , L .227) ; L ow er L im estones, w h ite  sh e lly  lim eston e, bank  
o f P o n ie l W ater , 290 yard s up  from  B rack en sid e , C oalburn (G eol. Surv., E d in 
burgh, M . 4 5 0 6 f ) ;  L ow er L im estone, w h ite  sh e lly  lim estone, cliff above P o n ie l  
W ater, below  B an k en d  L im e quarry  (G eol. Surv., E d in b u rgh , M . 4 6 1 6 g ) .

L in lith g o w sh ir e  : L ow er L im estones, sha le  below  B a th g a te  L im estone, P eters-  
h ill Q uarry, 1 m ile  N .E . o f  B a th g a te  (G eol. Surv., E d in b u rgh , B .3 5 9 1 b ) .

R e n frew sh ire  : N .W . corner o f  B a lg r a y  R eservo ir , near A uch en beck  r a ilw a y -  
b ridge c u ttin g  (G eol. Surv., E d in b u rgh , T .2 2 9 8 b ) .

S t ir lin g sh ir e :  L ow er L im estones, C orrieburn, K ilsy th  (B .M ., B .1 4 7 6 ; H u n 
ter ia n  M us., G lasgow , L .229) ; B lack b yre L im estone, C orrieburn, C am p sie  (K e lv in 
grove M us., G lasgow , 01 53 aie).

R e m a r k s .— P r o d u c t u s  l o n g i s p i n u s  is  d is tin g u ish e d  from  P .  se to sus  P h il l .  and  
P .  t i s s in g ton e n s i s  S ib ly  by its  steeper, m ore fla tten ed  flanks, absence o f  any m ed ian  
r id g e  or V -sh a p ed  e x ten sio n  o f  th e  tr a il  o f  th e  p ed ic le  valve, and  by its  very fine  
costae and i l l  defined ribs. T h e in ter io r  o f th e  b rach ia l va lve  o f  P .  l o n g i s p in u s  
differs from  th a t o f  P .  se to sus  P h il l .  in  th e  less  p rom in en t and  shorter m a rg in a l 
rid ges, w h ich  are never T ransversely  p lic a te d , and  in  h a v in g  a narrow er m ed ian  
septum . P .  l o n g i s p in u s  d iffers from  P .  de r b ie n s i s  sp. nov. (p. 170) in  its  sm aller  
d im ensions, sm aller  ears, finer costa tion  and  less num erous ribs. T he sym m etrica l 
arran gem en t o f  th e  sp in es  d is tin g u ish e s  P .  l o n g i s p in u s  from  P .  r o tu n d u s  G arw ood  
and P .  m u r ic a t u s  P h il l.

Sow erby’s sp ecim en  from  L in lith g o w sh ir e  is  p reserved  a s .a  n a tu ra l ca st in  a  
so ft , brow n ish  m a tr ix , and  th e  m ode o f p reserva tion  is  s im ila r  to th a t o f  specim en s  
from  th e  L ow er L im eston es, C u n n in g h a m -B a id la n d , D a iry , 'A y rsh ire , w h ere  
exam p les  are fo u n d  w ith  very w e ll preserved  sp in es. S p ecim en s from  th e la tter  
lo ca lity  w ere described  by A rm stro n g  and Y ou n g  in  1871, w ho sta ted  th a t  P .  longi-  
s p in u s  occurred in  crevices in  the q u arry -face , en tire ly  w ea th ered 'o u t o f  th e  m a tr ix , 
and b earin g  sp in es  w h icK -p rojected  fr o m ,th e  v en tra l va lve  for  m ore th a n  an  in ch .
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T he typ e-sp ec in ien , w h ich  is  sa id  by Sow erby to  com e from  L in lith g o w sh ir e , 
m ay liave been ob ta in ed  from  th e L ow er L im estones, P e te r sh ill  Q uarry, B a th g a te , 
L in lith g o w sh ir e .

P .  l o n g i s p i n u s  is  c h a r a c te r is t ic  o f  th e  L ow er L im eston es, bu t a sh e ll resem b lin g  
P .  l o n g i s p i n u s  in  ornam ent, and  h a v in g  a narrow er an d  m ore tr ia n g u la r  v iscera l 
disk  and  la rg er  and  m ore fla tten ed  ears, is  fo u n d  in  the U p p e r  L im eston es, e s 
p ec ia lly  in  the A rd e n  L im eston e.

S p ec im en s o f  P . l o n g i s p i n u s  preserved  in  lim eston es are freq u en tly  la rg er  and  
m ore m a ssiv e  and  have s lig h t ly  coarser co sta tio n  th an  th e  typ e, w h ich  w as ob ta in ed  
from  an arenaceou s d ep o sit.

D a v id so n  con sid ered  P . se to sus  P h il l . ,  P . loba tus  Sow ., P . f l e m in g i  Sow . and  
other sp ec ies  as v a r ie t ie s  o f  P . l o n g isp in u s ,  b u t th e  on ly  figure g iv en  by D a v id so n  
th a t can  be ascrib ed  to  P . l o n g i s p i n u s  { sensu  s t r i c to )  is  an en la rg ed  d r a w in g  o f  
Sow erby’s sp ecim en  sh o w in g  tw o  lo n g  sp in e s  on th e  flanks. T h ese sp in es  are not 
seen in  th e  specim en . T h e sp ec im en  figu red  by D a v id so n  in  1865 (p i. x x , fig. 7) 
from  th e U p p e r  D ev o n ia n  G rits, top  o f  O rchard  Q uarry, P ilto n , D evon sh ire , as P . 
lo ng isp inus ,  is  probab ly  s im ila r  to  sp ec im en s preserved  in  th e  B r it is h  M useum , 
B .4 2 5 9 6 — 98, H a m lin g  C ollection . T h ese  are m od erate ly  coarsely  costate , b u t th e  
costae are u n d evelop ed  near th e  um bo, as in  th e  gen u s A v o n i a .  T h e  d ifferen t sp in e-  
arran gem en t a lso  r e a d ily  d is t in g u ish e s  th ese  D ev o n ia n  sp ecim en s from  an y  sp ec ies  
o f th e  l o n g i s p i n u s  grou p .

M ‘C oy (1851— 55, p. 461) in c lu d ed  P . l o n g i s p i n u s  an d  severa l other sp ec ies  as  
v a r ie tie s  o f  P . f l e m i n g i  J . Sow ., s ta t in g  o f  P . l o n g i s p i n u s  th a t  ‘ th is  v a r ie ty  p asses  
to the P . F l e m i n g i  by g e tt in g  th e  s tr ia e  a  l it t le  coarser, w h ich  a g a in  p asses  in to  
the n e x t . . .’ [P . l obatus ] .  D e  K on in ck  (1842— 44, p . 187) a lso  describ ed  a
num ber o f  sp ec ies  as P . l on g i s p in u s ,  bu t no sp ecim en  figu red  can  be re ferred  to  
Sow erby’s sp ecies.

P . l o n g i s p i n u s  h as been recorded  an d  figu red  by num erous au th ors from  alm ost 
every cou n try  in  w h ich  C arb on iferou s rocks have been fou n d , bu t none o f  these  
specim en s a p p ea rs to be s im ila r  to th e  ty p e .

• S p ec im en s o f  P . l o n g i s p i n u s  are sa id  to  com e from  th e  L ow er  S er ies  o f  C oal 
M easu res o f  K en t by D r. B o lton  (1915, p. 190) ; from  H a re la w  H il l  quarry , D u m fr ie s 
sh ire, by P e a ch  an d  H orn e  (1903, p . 849); and  P . c f. l o n g i s p i n u s  from  B a lly ca stle
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d is tr ic t , Ire lan d , by D r. L. B . Sm yth  (1924, p. 111). N o figure is  g iv en  o f any o f  
these specim ens, but the B a lly ca stle  specim en  is sa id  to resem ble t lia t figured by 
D a v id so n  in  1861b  (pi. x x x v , fig. 7), w h ich  resem bles P .  lobatus.

A m on g  specim ens figured  as P .  l o n g i s p i n u s  from  G erm any m ay be m en tion ed  
th a t g iven  by R oem er in  1863 (pi. x v i, figs. la ,  b) from  S ile s ia , and resem bling  P .  
carbonar ius  de K on .; and th a t g iven  by N ebe (1911, pi. x i i i ,  fig. 9) from  the C ulm  o f  
H agen , w h ich  resem bles P .  se tosus  P h ill.

C a rp en tier  (1913, pi. v, fig. 4) figured  a shell from  N orthern  F ran ce w h ich  is  
la rger  and m ore stron g ly  ribbed th an  th e  typ e  ; w h ile  the specim en  from  th e C ar- 
n ic  A lp s  figured  by S ch e llw ien  (1900, p i. v ii, figs. 4— 7) resem bles P .  l o n g i s p i n u s  in  
shape and ou tlin e , but is  larger  and has coarser costae and a less concave b rach ia l 
valve.

S p ecim en s from  R u ss ia  w ere figured  by D a v id so n  (1859, p i. i i i ,  fig. 6) and  by 
N ik it in  (1890, p i. i, figs. 7— 14). D a v id so n ’s specim en  resem bles P .  m u r ic a tu s  P h il l. ,  
w h ile  those d ep ic ted  by N ik it in  in c lu d e  a v a r ie ty  o f form s b e lo n g in g  to th e  long i-  
s p in u s  group , but m ore a llied  to P .  se to sus  P h il l .  th an  to P .  long isp inus .  One 
specim en  from  th e  M oscovian  o f M ja tsch k o w a  show ed  a  cren u la ted  m a r g in ife r a l  
r id g e  on the ex ter io r  o f  the b rach ia l valve, a  ch aracter  not seen in  B r it ish  species. 
T rau tsch o ld  (1876, p i. x x x ii ,  figs. 4 a — e) also  figured  specim en s from  M ja tsch k o w a  
w h ich  resem ble P .  se tosus  P h il l.  in  sh ap e and ornam ent.

A m on g  specim ens from  A s ia  figured  as P .  l o n g i s p in u s  m ay be m en tion ed  th a t  
o f  G rober in  1908 (p i. xxv , figs. 3— 5; p i. x x x , figs. 2, 3) from  T ia n  S ch an ; th ose  o f  
D ien er  from  th e H im a la y a s  (1899, p i. i, fig. 11); and those o f L oczy  from  E. A s ia  
(1897, p i. ii, figs. 9— 12). G rober’s sp ecim en  show s a rem arkable resem blance to  
P .  concinnus  Sow ., w h ile  L oczy ’s and D ie n e r ’s specim ens, a lth ou gh  b e lo n g in g  to the  
l o n g i s p i n u s  group , cannot be id en tified  as P . long isp inus .  T he form s from  
E a stern  A s ia  resem ble P . p r a e cu rs o r  sp . nov. (p. 191), w h ile  th e  In d ia n  specim en s  
are nearer to  P . setosus.  In  a la ter  p a p er  (1915, p i. x i, figs. 13a, b) D ien er  figured  
specim ens sh o w in g  a rem arkable s im ila r ity  to P . de r b ie n s i s  sp . nov. (p. 170). A  
b rach ia l va lve  o f  a  la rg e  sp ecim en  from  Q u een slan d  figu red  by E th e r id g e  (1872, 
pi. x v iii ,  fig. 9) a lso show s a m ark ed  resem blance to  P . d erb iens i s .

P .  l o n g i s p in u s  w as recorded by W im a n  (1914, p. 67) from  B ro g g e r ’s P e n in 
sula, A r c t ic  R eg ion s, and by G ron w all (1917, p. 579) from  A n d r u p s  L an d , G reen
land . T he la tte r  au thor com pared  h is  sp ecim en s w ith  those figured  by S ch e llw ien
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and N ik it in  (m ention ed  above), none o f  \v h ic li resem bles P .  lo n g i s p in u s .  D e c o r ti
cated  sp ec im en s w ere also  figured by D r. Lee (1909, pi. ii, figs. 31, 32) from  
N o w a ja  S em lya, but are not id en tifiab le .

A m er ica n  an tliors— M eek (1877), M eek and W ortb en  (1873), and  W h ite  (1877), 
figured  sp ec im en s as P .  l o n g i s p i n u s  from  N . A m erica , none o f  w h ich  are id e n tic a l  
w ith  the ty p e ; th ey  show  a g rea ter  resem blance to P .  se tosus  P h il l .  or P .  t i s s i n g 
tonens is  S ib ly . S a lte r ’s sp ecim en  from  B o liv ia  (1861, p i. iv, fig. 2) h as an o rn a 
m ent s im ila r  to th a t  o f P .  l oba tu s  Sow ., but th e  costae are s lig h t ly  coarser an d  th e  
sp in es  m ore num erous th an  in  Sow erb y’s species.

P r o d u c t u s  t r i q u e t r u s  s p .  n o v .^

P la te s  X I , figs. 7a— c; X I I ,  figs. 18a— c.

D i a g n o s i s .— S h ell about 25 m m . h ig h , 23 mm. w id e , and 16 m m. th ick , 
su b q u ad rate  to tr ig o n a l in  o u tlin e , h in g e  fo rm in g  w id e s t  p a r t  o f  sh ell. P e d ic le  
va lve  w ith  s lig h t ly  convex  v iscera l d isk , g en icu la te d  to form  curved  tr a i l  w h ich  
bears m ed ia n  fo ld  a n ter io r ly  ; flanks steep  ; ven ter  s in u a ted  ; um bonal a n g le  112°; 
ears large , tr ig o n a l. In c is io n  d evelop ed  round  fro n t o f  sh e ll im m ed ia te ly  below  
v iscera l d isk . B r a c h ia l v a lve  g en icu la te d , v iscera l d isk  s lig h t ly  concave. C ostae  
about 12 in  10 mm. a t d is ta n c e  o f  15 m m . from  umbo, coarse and  ra th er  p rom in en t. 
R ib s num erous, fa in t ly  traceab le  across fro n t o f  v iscera l d isk . S p in e-b ases  rarely  
seen, e x cep t o f  th e  s ix  m ajor  sp in es.

D e s c r i p t i o n . — P e d i c l e  valve .  T h e v iscera l d isk  is  fla tten ed  p o ster io r ly , bu t i t  
becom es m od erate ly  convex a n terior ly , an d  is  sep a ra ted  from  th e  s lig h t ly  curved  
tr a il  by a  rounded  g e n icu la tio n . T h e tra n sv erse  section  o f  th e  v iscera l d isk  is  
rectan gu lar . T h e ears are large , tr ia n g u la r  and  flat, w ith  a cu tely  p o in ted  c a rd in a l  
ex tr e m itie s , an d  are sep a ra ted  from  th e  v iscera l d isk  by a deep  in c is io n , w h ich  
s ta r ts  near th e  h in g e  and  curves round  th e  fro n t o f  th e  p ed ic le  va lve. T h e ears  
a p p ear  to  p r o jec t a t r ig h t  a n g le s  from  about th e  m id d le  o f  the steep  flanks, from  
w h ich  th ey  are sep a ra ted  by a  g e n ic u la t io n  a t an a n g le  o f  90°. T h e um bo is  m uch  
in cu rved  an d  p ro jec ts  s lig h t ly  beyond th e  h in ge . T h e ven ter  is  broad an d  a sh a l
low  sin u s  com m ences about h a lf  w a y  d ow n  th e  v iscera l d isk  and  fla tten s ou t on the  
tra il. In  th e  g ero n tic  s ta g e  th e  m ed ian  p o rtio n  o f  th e  tr a il  is  arched  to  form  a

1 Liitin triangular.' R eferring to  outline of shell.
Y 2
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broad lo n g itu d in a l fo ld , w h ich  ex ten d s s lig h t ly  beyond the level o f  the rem ainder  
o f the tra il and is  V -sh a p ed  at its  an ter io r  ex ten sion .

T he costae are rath er  coarse and p rom in en t and becom e fla tten ed  on the tra il. 
B ifu r c a tio n  occurs rath er freq u en tly , an d  th e  costae m ay becom e irreg u la r  and  
s lig h tly  flexuous, or tw o costae m ay u n ite  to form  one th ick en ed  costa. T he su lci 
are s lig h tly  less w id e  th an  the costae.

A b ou t 16 ribs are fa in t ly  traceab le  round  the fro n t o f  th e  v iscera l d isk , and  
the p o in t o f  in tersectio n  o f  ribs and  costae  is  m arked by the d evelop m ent o f  n odu lar  
sw ellin g s.

Sp in e-b ases are rare in  a d d it io n  to th ose  o f  the s ix  m ajor sp in es.

B r a c h i a l  va lve .  T he v iscera l d isk  is  s lig h t ly  concave and is  g en icu la ted  a t its  
an terior  ex ten sio n  to  form  the tra il, w h ich  is  in  close con tact w ith  th a t o f  the  
p ed ic le  valve.

T he ornam ent is  s im ila r  to th a t o f  th e  p ed ic le  valve.

I n t e r n a l  charac ters .  U n k n ow n .

D i m e n s i o n s .—

M axim u m  h e ig h t ...
w id th  .. .

„ th ick n ess
L en gth  o f  h in g e  .. .

„ v iscera l d isk  
W id th  „
N um ber o f  costae in  

b readth  o f  10 m m. a t  
d ista n ces  v e r tica lly  below  
um bo :

a t  10 m m. .. .  ..................
1 ^)  )  ^ • • •  • • •  • • •

90)  j  ^  V  )  )  • • •  • • •

(1) B .M ., B .23707 , from  A x to n , F lin tsh ir e . i
(2) B .M ., B .23544, from  D erb ysh ire.
(3) G eol. Surv., L ondon , 38395, from  subzone D^, near U n d e rh ill F arm , S .W .

o f H it te r  H il l ,  G lu tton , D erb ysh ire,

(1) , (2) (3)
22 5 24 34 mm.
23 5 2 2 5 36
16 5 15 19 >>
23 5 2 2 5 36
13 12 18 >>
18 17 2 2 5 ÎÎ

10
12

13
13 12

13
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T y p e s . — H o lo ty p e , from  C a rb o n ifero u s L im eston e , S .W . s lo p e  o f  P a r k  H il l ,  
D erb y sh ire , subzone D ,, is  p reserved  in  th e  M u seu m  o f P r a c t ic a l  G eology , L on d on  
[38345]. P a r a ty p e s  : a num ber o f  sp ec im en s re ferred  to  belo^v in  sec tio n  ‘ D is t r i 
b u tio n .’

D i s t r i b u t i o n . — R a n g e , D , subzone.

E n g l a n d .

D e r b y sh ir e :  (B .M ., B .2 3 5 4 4 ); C hrom e H i l l  (B .M ., B .4 5 8 5 8 ; M .P .G ., 3 8 3 4 4 );  
S .W . s lop e  o f  P a r k  H i l l  (G eol. S u rv ., L on d on , I .T .7 8 4 );  N .E . s lop e  o f  P a r k  H i l l  

(G eol. S u rv ., L on d on , I .T .8 3 6 );  D o v e d a le  (M r. J . W . J a c k so n );  ro a d sid e , n ear  U n d e r 
h ill  F arm , S .W . o f  H it te r  H i l l  (G eol. S u rv ., L on d on , 38395 , I .T .9 0 9 ) .

I s le  o f  M an  : P o o lv a sh  L im esto n e , P o o lv a sh  (B .M ., B .4 2 0 2 9 ).

S ta ffo r d sh ir e :  W e tto n  (B .M ., B .5 8 0 6 );  N a r r o w d a le  (B .M ., B .4 5 8 5 3 — 66;

M .P .G ., 34388).

Y o r k sh ire  : S e tt le  (S e d g w ic k  M u s., C am b rid ge, 130); H a r d r a w  S car  L im esto n e , 
In g leb o ro u g h  (P r o f. E . J . G arw ood).

W a le s .

C a rn a rv o n sh ire  : E sca rp m en t, W .S .W . o f  G rea t O rm e’s H e a d  (P r o f . S. H .  
R ey n o ld s).

F lin ts h ir e  : U p p e r  G rey L im esto n e , A x to n  (B .M ., B .2 3 7 0 7 , M o rto n 'C o ll.) .

R e m a r k s . — P r o d u c t u s  t r i q u e t r u s  is  d is t in g u is h e d  from  P .  d e r b i e n s i s  sp . nov. 
(p. 170) by its  fla tter  v isc e r a l d isk , le ss  cu rved  tr a il , la rg e  fla t ears, a n d  arch ed  
fr o n t  o f  t r a i l  in  th e  g e r o n tic  s ta g e  ; a n d  by it s  coarser  an d  m ore f la tte n e d  costae . 
T h e absence o f  an y  sh e lly  d e p o s it  rou n d  th e  a n ter io r  m a rg in  o f  th e  b ra c h ia l v a lv e  
d is t in g u is h e s  i t  fro m  P .  s e to su s  P h i l l .  and  P .  t i s s in g to n e n s i s  S ib ly .

P .  t r i q u e t r u s  is  rem ark ab le  fo r  th e  cu r io u s  in c is io n  d ev e lo p ed  rou n d  th e  fr o n t  
o f  th e  p e d ic le  v a lv e  ju s t  b elow  th e  v isc e r a l d isk . T h is  cau ses s l ig h t  d is c o n tin u ity  
o f  th e  co sta e  b u t does n o t a ffect th e  con tou r  o f  th e  tr a il . A  s im ila r  in c is io n  is  seen  
in  P .  m i n i t u s  sp . nov. (p. 195), a n d  in  P .  e x p a n s u s  de K on. (1842— 44, p i. v i i ,  
figs. 4a , b). D r . G ir ty  (1915 , p . 56) a lso  figu res an d  d escrib es  a  s im ila r  ' c in c tu r e  ’ 
in  D i a p h r a g m u s  =  P r o d u c t u s  f a s c i c u l a t u s  M cC h esn ey . T h is , he s ta te s , is  d u e  to  a  
th ic k e n e d  r in g  on  th e  in s id e  o f  th e  sh e ll, p rob ab ly  c o r resp o n d in g  to  th e  d ia p h r a g m  
o f  th e  o th er  va lve. N o  in te r io r  o f  P .  t r i q u e t r u s  hei's, been observed , b u t i t  is  p o s 
s ib le  th a t  a d ia p h r a g m  is  d eve lop ed , an d  th is  m ay accou n t fo r  th e  in c is io n .



166 Helen M. M u i r - W  ood— The B r i t i sh  Carboniferous P rodu c t i

T he specim ens are norm ally  o f  sm all s ize , hut a ‘ g ig a n te id  ’ specim en  is  
d ep ic ted  in  p i. x i i ,  figs. 18a— c, in  w h ich  the shell is  tw ice  the norm al s ize ; the  
ornam ent, how ever, is  s im ila r  to th a t o f  ty p ic a l exam p les.

P r o d u c t u s  t i s s i n g t o n e n s i s  Sib ly .

P la te  X I , figs. 5, 8a, b, 9. T ext-fig . 29.

1908. P r o d u c t u s  P h il l . ,  var. t i s s in g to n e n s i s  T. F. S ib ly . T h e F  annal
Succession  in  th e  C arb on iferou s L im eston e (U p p er  A v o n ia n ) o f  th e  M id 
la n d  A r e a  (N orth  D erb ysh ire  and N orth  Staffordsh ire), Quart .  J ourn .  Geol .  
Soc.,  vol. Ix iv , p. 77, p i. i, figs. 6a, b.

1911. P r o d u c t u s  { M a r g i n i f e r a )  long isp inus ,  var. A . V a u g h a n  in  D ix o n , 
E. E . Iv., and V a u g h a n , A ., T he C arb on iferou s Succession  in  G ow er  
(G lam organ sh ire), w ith  N otes on its  Fauna^ and C on d ition s o f D ep o sitio n , 
Quart .  Journ .  Geol .  Soc.,  vol. Ix v ii, p. 560, pi. x li, figs. 2a, b.

T e x t -f i g . 29 .— Productus tissingtonensis  Sibly. Lower 
Carboniferous, H alkin  M ountain, F lintsh ire. B ritish  
Museum, B .11601. D iagram m atic longitudinal sec
tion, natural size.

D ia g n o s i s .— S h ell about 14 mm. high,- 16 mm. w ide, and 9 mm. th ick , 
q u ad ra te  in  ou tlin e , h in g e  fo rm in g  w id e s t  p a r t o f  shell. P e d ic le  va lve  w ith  short  
viscera l d isk , gen icu la ted , fo rm in g  short curved  tr a il  ; flanks convex, ven ter d e 
p ressed ; um bonal an g le  110°; ears large-, ta p e r in g  to ca rd in a l ex trem itie s . 
B ra ch ia l va lve  s lig h t ly  concave. C ostae about 10 in  10 mm. a t d is ta n ce  o f  10 mm. 
below  umbo, coarse and  rou nded; tw o  m ed ia n  costae u n ite  on tr a il  to  form  p rom i
n en t lo n g itu d in a l fo ld , tw o  costae b ord er in g  flanks th ick en ed . R ib s num erous, 
fa in t ly  traceab le  across fro n t o f  shell. F ew  sp in e-b ases on v iscera l d isk  in  a d d itio n  
to  th ose  o f  m ajor  sp in es.

D e s c r ip t io n .— P e d i c l e  va lve .  T h e p o ster io r  4  mm. o f  th e  va lve  are rath er  flat, 
but th e  sh e ll becom es in c re a s in g ly  convex w ith  th e  d evelop m ent o f  a  rounded  g e n i
cu la tio n  jo in in g  th e  v iscera l d isk  to th e  curved  tra il. T h e flanks slop e g en tly  and  
sp read  la te r a lly  a t th e  an terior  m arg in , and are sep a ra ted  from  th e la rg e  convex  
ears by a  n arrow  su lcu s w h ich  ex ten d s from  th e h in g e  a t an a n g le  o f  45°, d y in g  ou t
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a t th e  p o ster io r  la te r a l m a rg in . T h e  v en ter  is  broad  an d  flat, an d  th e  um bo  
rou n d ed  an d  in cu rved , th e  a p ex  p r o je c t in g  fo r  a sh ort d is ta n c e  beyond  th e  h in g e .

T h e costae  are m o d era te ly  coarse an d  rou n d ed  on th e  v isc e r a l d isk , an d  th ic k e n  
on th e  tr a il , ivhere th ey  are very  irr e g u la r  in  w id th . In crea se  in  th e  num ber o f  
costae  occurs by m ean s o f  b ifu r c a tio n s , w h ich  tak e  p la c e  fr e q u e n tly  on th e  v isc e r a l  
d isk  an d  are a lso  seen  on th e  flanks. In  th e  g e r o n tic  s ta g e  th e  tw o  m ed ia n  costae  
u n ite  ab ou t h a lf  w ay  d ow n  th e  tr a il , an d  form  a p ro m in en t fo ld  w h ic h  in crea ses  in  
w id th  an d  e le v a tio n  to w a r d s  th e  a n ter io r  m a rg in . T h is  fo ld  is  crossed  by  
num erous g r o w th -lin e s , b u t is  n o t co sta te . T h e  tw o  costae  b o rd er in g  th e  flanks, 
one on each  s id e  o f  th e  m ed ia n  fo ld , are o f te n  th ick en ed  from  about 10 m m . above  
th e  a n ter io r  m a rg in , b u t never form  p ro m in en t fo ld s . T h ese  costae  m ay  b ifu r c a te  
on th e  a n ter io r  p a r t  o f  th e  sh e ll. T h e  su lc i are a lw a y s  n arrow er  th a n  th e  costae.

A b o u t 14 r ib s are f a in t ly  tra cea b le  across th e  fro n t o f  th e  v isc e r a l d isk  an d  are  
as w id e  as th e  costae . A t  th e  p o in t  o f  in te r se c t io n  o f  r ib s an d  costae  ra th er  p ro 
m in en t rou n d ed  s w e llin g s  are d eve lop ed , g iv in g  th e  v isc e r a l d isk  a  r e tic u la te d  
a p p ea ra n ce .

A  fe w  sm a ll sp in e -b a ses  m ay occur on  th e  v isc e r a l d isk  in  a d d it io n  to  th o se  o f  
th e  s ix  m a jo r  sp in es .

B r a c h i a l  va lve .  T h e e x te r io r  is  s l ig h t ly  concave, w ith  a n ea r ly  fla t zone a lo n g  
th e  ears. N o  g e n ic u la t io n  is  d evelop ed .

T h e  o rn am en t is  s im ila r  to, b u t le ss  p ro m in en t th a n , th a t  o f  th e  p e d ic le  va lve , 
bu t r ib s are d ev e lo p ed  over th e  w h o le  va lve .

T h e  a n ter io r  an d  la te r a l m a rg in s  are  th ic k e n e d  by th e  d e p o s itio n  o f  su ccessiv e  
th in  sh e lly  la m in a e  p a r a lle l to  th e  m a rg in , in  order to keep  p a ce  w ith  th e  a n ter io r  
g ro w th  o f  th e  tr a i l  o f  th e  p e d ic le  va lve . T h is  d e p o s it  ra re ly  ex ceed s 2  m m . in  
th ick n ess .

I n t e r n a l  c h arac te r s .  I n te r n a l c a sts  o f  th e  p e d ic le  v a lv e  occur in  th e  — Dg 
subzone o f  P o r t  E y n o n  B a y , G ow er, an d  sh o w  la rg e  d id u cto r  m u scle -sca rs  e x te n d in g  
n ea r ly  to  th e  a n ter io r  en d  o f  th e  v isc e r a l d isk  an d  en c lo s in g  n arrow , e lo n g a te d  
a d d u ctor  m u scle-scars. N o  tra ce  o f  an y  m a r g in a l r id g es  w a s  observed  in  th is  
valve.

I n  th e  in te r io r  o f  th e  b ra ch ia l v a lv e  (p i. x i, fig. 5) th ere  is  a  sm a ll b ifid  c a r 
d in a l p rocess, from  each  s id e  o f  w h ic h  a r ise s  a low  rou n d ed  r id g e , d iv e r g in g  from  
th e  h in g e -m a r g in  a t an  a n g le  o f  about 15”, an d  d y in g  o u t about 3 m m . fro m  th e
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ca rd in a l process. A  ra ised  rim , about 1 mm. in  w id th , s ta r ts  ju s t  above the ca r 
d in a l ex tr e m itie s  and  curves round each  la tera l m arg in , d ecreasin g  in  w id th  
before it  d isa p p ea rs on the an terior  m arg in . T he la tera l m arg in  o f  th is  r id g e  is  
v er tica l and cren u lated , th e  cren u la tion s b e in g  m ost m arked on the p oster ior  p a rt  
o f the rid ge. T h ey  are n ot v isib le  on th e  ex ter io r  o f  the valve.

T he addu ctor m uscle-scars are sm all and b ilob ed ; th ey  are sep ara ted  by a very  
narrow  m ed ian  septum , w h ich  ex ten d s  from  the ca rd in a l process fqr about h a lf  
the len g th  o f  the valve. T he term in a tio n  o f  the sep tu m  is  en larged  and very p ro 
m inent.

T he brach ia l im p ression s are g iven  off a t th e  an terior  en d  o f  the ad d u ctors  
betw een  the tw o  lobes. N o tran sverse  in c is io n s  cu t th e  im p ression s, nor does the  
ap ex  ap p ear  to be sep ara ted  from  the m a in  p ortion . T he specim en s are, how ever, 
m uch th ick en ed  in  th is  p ortion  o f  the sh ell, probably m a sk in g  th is  character.

D im en s io n s . — (1) (2) (3) (4)
M axim u m  h e i g h t .................. 13 5 13 5 14 16 mm.

„ w id th  .. . 16 5 16 16 5 38 5 .

„ th ick n ess 8 8 5 10 9 „

L en gth ' o f  h i n g e .................. 16 5 16 — 18 5 „

N um ber o f  costae in
breadth  o f  10 m m. a t
d ista n ces  v e r tica lly  below
um bo :

a t 5 m m ...................... 11 11 12 11
,, 10 ,, . . .  ... 10 10 10 10

(1) B .M ., B .11601, from  the U p p er  B lack  L im estone, P e n tr e  H a lk in , H o ly w ell,
F lin tsh ir e .

(2) B .M ., 30120, from  black shale, U lverston , L an cash ire .
(3) B .M ., B .42161 , S ib ly  C oll., from  subzone Dg, T iss in g to n , near A shbourne,

D erb ysh ire.
(4) L ecto typ e.

T y f e . — P m i .  S ib ly  figured  tw o  specim en s from  th e Dg subzone, T iss in g to n , 
.near A shbourne, D erb ysh ire, in  1908. T h e sp ecim en  figured  by h im  in  p i. Ixiv,- 
fig. 6a, is  chosen as lecto typ e, B .42160. B oth  specim en s are p reserved  in  the
B r it ish  M useum , B .42160 , 42161.

D i s t r i b u t io n .— R an ge, D^ subzone to D., subzone.
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E n g l a n d .

D erb ysh ire  : T is s in g to n , n ear A sh b ou rn e, subzone D^ (B .M ., B .4 2 1 6 0 , B .4 2 1 6 1 , 
S ib ly  C oll., figd . 1908); In ta k e  Q uarry , 1 ,050  y a rd s  S .W . o f  M id d le to n  C ross, su b 
zone Dg (C ool. S u rv ., L on d on , J .M .3 0 4 ).

L a n ca sh ire  : B la ck  sh a le , U lv ersto n , subzone D , (B .M ., 30120).

S h ro p sh ire  : O sw estry  (M .P .G ., 383 3 6 — 38341).

Y ork sh ire  : Far H o u se  S h a les, S e tt le  (B .M ., B .20463 , B .4 5 5 1 8 );  base o f  H a r d r a w  
Scar L im esto n e , above F a r  H o u se  B a rn , C am  B eck , an d  sam e h o r izo n  fro m  M ill G ill, 
subzone D , (P r o f . E . J . G arw ood ); H a r d r a w  S car L im eston e , G auber H ig h  P a s 
ture, N . en d  o f  In g leb o ro u g h , subzone D , (P r o f. E . J . G arw ood ); H a r d r a w  S h a le , 
M ill G ill, A s k r ig g , W e n sle y d a le , subzone D^ (M r. R . G. S. H u d so n , 107 ); lim esto n e  
below  H a r d r a w  L im esto n e , F a ir  w ea th er  S p r in g , N . en d  o f  In g leb o ro u g h , subzone  
Dg (P r o f . E . J . G a rw ood ); B ry o zo a  B ed , E . o f  W a te r fa ll , M oor C lose G ill, subzone  
Dg (P r o f . E . J . G arw ood).

W a le s .

C a r n a r v o n sh ir e :  G rea t O rm e’s H e a d  (B .M ., B .2 4 0 7 8 , B .4 3 7 4 1 — 44, B .4 5 5 4 2 ;  
M .P .G ., 344 1 1 — 16).

D e n b ig h sh ir e  : U p p e r  G rey L im esto n e , B o g  M in e, L lan arm on  (B .M ., B .2 3 8 7 5 );  
C h irk , subzone Dg (B .M ., B .2 3 8 1 7 , M orton  C oll.).

F lin ts h ir e  : U p p e r  B la c k  L im esto n e , P e n tr e  H a lk in , H o ly w e ll (B .M ., B .11601, 
B .2 3 9 9 3 );  M old  (M .P .G ., 383 3 1 — 38335).

G la m o rg a n sh ire  : O ysterm ou th  Q uarry , G ow er, subzone Dg— Dg (B r is to l U n iv ., 
figd. D ix o n  an d  V a u g h a n , 1911, p i. x l i ,  fig. 2b; B .M ., B .4 2 2 4 5 , figd . ib id . ,  p i. x l i ,  
fig. 2 a );  P o r t  E yn on  B a y , G ow er (B .M ., B .4 8 9 1 3 — 25).

I r e l a n d .

Co. A n tr im  : M a in  L im esto n e , N o rth  S ta r  C o lliery , B a lly c a s t le  (B r is to l U n iv .) .

R e m a r k s . — P r o d u c t u s  t i s s i n g t o n e n s i s  d iffers from  P . se tosus  P h i l l .  by i t s  sm a ller  
d im e n sio n s;  la rg e r  ea rs; m ore m ark ed  r ib s; an d  coarser  costae, w h ich  th ic k e n  to  
form  a m ed ia n  lo n g itu d in a l  fo ld  in  th e  p e d ic le  va lve . T h e  coarser c o s ta tio n  an d  
absence o f  a  s in u s  in  P .  t i s s i n g t o n e n s i s  d is t in g u is h  i t  from  P . l o b a tu s  Sow .

P r o f . S ib ly  d escrib ed  th is  sp e c ie s  fro m  th e  Dg subzone o f  D erb y sh ire , an d  
sta te d  th a t  he co n sid ered  i t  to  be a  v a r ie ty  o f  P . s e to sus  P h i l l . ,  an d  th a t  th e  e x 
ter n a l orn a m en t in d ic a te d  con vergen ce  o f  P . se tosus  w ith  form s o f  P . c o s ta t u s  
w h ic h  are c h a r a c te r is t ic  o f  Dg.

w
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V a u g h a n  described  a s im ila r  shell from  the O ysterm outh  Q uarry, G ow er, sub
zone Dg— Dg. H e w as o f  the o p in ion  th a t th is  form  should  be regard ed  as a v a r ia n t  
o f P .  long isy inus ,  and not o f P h i l l ip s ’s P.  setosus.

T h is  sp ecies is  ch a ra cter istic  o f  the Dg— Dg subzones o f  E n g la n d  and W ales, and  
can be d is tin g u ish e d  from  P . in  the n ean ic  as w e ll as in  th e  g eron tic  s ta g e ;
and it cannot be regard ed  as a v a r ie ty  o f P . se tosus  or P . long isp in i is .

T he specim en  figured  as P . l oba tus  by T schernyschew  (1902, pi. Iv ii, figs 10, 11) 
from  th e O m p h a lo troc h u s  horizon  o f the R u ss ia n  C arbon iferou s, is  very s im ila r  to  
P . t i s s in g ton e n s i s  in  shape and ornam ent.

P r o d u c t u s  d e r b i e n s i s  sp. nov.

P la te  X I ,  figs. 10, 11, 19a— c. T e x t fig. 30.

1842. P r o d u c t u s  lon^gisf inus  L. de K on in ck  (in  p art). D escr ip tio n  des 
A n im a u x  F o ss ile s  qu i se trou ven t dans le T erra in  C arb on ifère  do B elg iq u e ,
p. 187, p l. x i i  bis, figs. 2 a — d; p l. x i i i ,  figs l i a ,  b.

1847. P r o d u c t u s  l o n g i s f i n u s  L. de K on in ck  (in  p art). M on ograp h ie  du  
genre P r o d u c tu s ,  M em .  Soc.  R o y . S c i . ,  L iège , vol. iv, pl. x, figs. 2c, f.

1847. P r o d u c t u s  f l e m in g i  L . de K on in ck  (in  p art). Ib id . ,  p. 196.

T ex t -f i g . 30 .— rr o d u c tu s  derhiensis sp. nov. H olotype  
from Carb. Lim estone, Tliorpe Cloud, Derbyshire.
B ritish  Museum, B .43730. D iagram m atic longitu 
dinal section, natural size.

D ia g n o s i s .— S h ell var iab le  in  size , ova l in  ou tlin e , len g th  s lig h tly  grea ter  th an  
w id th , h in g e  fo rm in g  w id e st  p a r t o f  sh ell. P e d ic le  va lve  w ith  globose v iscera l  
disk , gen icu la ted , w ith  short curved  tr a il  ; flanks steep  and  convex; ven ter  h ig h ly  
arched ; um bonal an g le  115°; ears sm all. B r a ch ia l va lve  gen icu la ted , v iscera l d isk  
concave. C ostae about 17 in  10 mm. a t d ista n ce  o f  10 mm. from  umbo, fine and  
rounded. R ib s num erous, not traceab le  across fro n t o f  visceral" d isk . S p in e-b ases  
rarely  seen w ith  th e  ex cep tio n  o f  m ajor sp in es.
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l ) e s c r i j ) t io n .— P e d i c l e  va lve .  T lie  p o ster io r  p o r tio n  o f  th e  sh e ll is  h ig h ly  con 
vex, hut s lig lit  f la tte n in g  occurs about 5 mm. from  th e  um bo; an d  a fte r  a  sp ace  
o f  about 4  mm. th e  slic ll becom es very  g lobose, f la tte n in g  a g a in  on th e  a n te r io r  
p a rt o f  th e  tra il. T lic  tra n sv erse  section  o f  th e  v isc e r a l d isk  is  q u a d ra te  in  o u t
lin e . T h e um bo is  sm all, p o in ted , and m uch in cu rved , th e  a p ex  p r o je c t in g  s lig h t ly  
beyond  th e  h in g e . T h e ven ter  is  h ig h ly  arched  an d  roun d ed , or in  rare cases f la t
ten ed , but a s in u s  is  never d evelop ed . I t  s lop es d ow n to th e  flanks, w h ich  e x p a n d  
very  s l ig h t ly  a n ter io r ly  b u t are never sp r e a d in g . A  sh a llo w  d ep ressio n  w h ich  
form s an  a n g u la r  su lcu s on th e  flank s se p a r a te s  th e  sm a ll tr ia n g u la r  fla tten ed  ears  
from  th e v iscera l d isk .

T h e costae  are fine an d  rou n d ed  on th e  v isc e r a l d isk , w h ere  n um erous b ifu r c a 
t io n s  occur. T h ey  in crea se  in  w id th  an d  becom e m ore p ro m in en t an d  ir r e g u la r  on  
th e  tr a il , bu t b ifu r c a t io n s  are rare in  th is  reg ion . T h e su lc i are co n sid era b ly  
n arrow er  th a n  th e  costae.

T h ere  are about 16 r ib s on th e  c a r d in a l slop es, fo rm in g  low  rou n d ed  fo ld s , but 
on ly  th e  p o ster io r  8 or 10 are tra cea b le  across th e  fr o n t  o f  th e  v isc e r a l d isk . T h e  
rib s are fr e q u e n tly  u n d u la t in g  on th e  la te r a l s lo p es o f  th e  v isc e r a l d isk ; ra re ly  a 
rib  is  in te r c a la te d  to w a rd s  th e  fro n t. T h e  p o in t  o f  in te r se c tio n  o f  r ib s an d  costae  
is  m ark ed  by s l ig h t  e lo n g a te d  sw e llin g s .

S p in e s  are fe w  an d  do n ot exceed  1 m m . in  d iam eter . In  a d d it io n  to  th e  s ix  
m ajor  sp in e s  a  fe w  sc a tte re d  sp in e s  occur on th e  ven ter . A  lo n g itu d in a l  fo ld  is  
d evelop ed  b elow  th e  tw o  m a jo r  sp in e s  on th e  flanks, an d  m ay co n tin u e  to  th e  an ter io r -  
la te r a l m a r g in  o f  th e  sh ell.

B r a c h i a l  va lve .  T h e  v isc e r a l d isk  is  s l ig h t ly  concave an d  is  g e n ic u la te d  ra th er  
a b ru p tly  a t  i t s  a n ter io r  e x te n s io n  to fo rm  a con vex  tr a il , w h ic h  is  in  c lose  c o n ta ct  
w ith  th a t  o f  th e  p e d ic le  va lve. T h e  e x te r io r  o f  th is  v a lv e  is  se ldom  seen, s in ce  i t  
rem a in s in  c o n ta ct w ith  th e  m a tr ix , w h ile  th e  p e d ic le  v a lv e  an d  in n er  la y ers  o f  th e  
b ra ch ia l v a lv e  s p l it  off to g eth er , le a v in g  th e  low er  la y ers  o f  th e  b ra ch ia l v a lv e  e x 
posed .

T h e orn a m en t is  s im ila r  to  th a t  o f  th e  p e d ic le  va lve, but th e  r ib s are m ore  
num erous an d  all- cross th e  v isc e r a l d isk .

I n t e r n a l  charac te r s .  U n k n o w n .
w 2



172 Helen M. M u i r - W  ood— The Br i t i sh  Carboniferous  P r o d u c t i

u i n i e n s i o n s .—
(1) (2) (3)

M axim um  h e i g h t .................. 18 22 5 28 mm
w i d t h .................. .. 1 8 5 23 25 5 .

„ th ick n ess 1 3 5 18 20 5 .
L en gth  o f  v iscera l d isk  ... .. 13 12 18 „
W id th  „ „ „ 17 17 24
N um ber o f  costae  in

breadth  o f  10 mm. a t
d ista n ces  v e r tica lly  below
umbo :

a t 10 mm. ... 18 15 17
1 ^) ) -Lty y  y  . . .  • • •  • 15 15 14

(1) H olo typ e.
(2) B .M ., B .4704, from  W etton , S taffordsh ire.

(3) B .M ., B .23856 , from  C oed-yr-E sgob , P resta ty n , F lin tsh ir e . G ig a n te id  form .

Ti jpe .— H olo typ e , from  T h orp e C loud, D erbysh ire, siibzone D ,, is  preserved  in  
the B r it ish  M useum  [B .43730]. P a r a ty p e s  : a num ber o f  specim en s referred  to  
below  in  section  on ‘ D is tr ib u tio n .’

D i s t r i b u t i o n .— R an ge, Z zone to D , subzone.

E n g la n d .

D erb ysh ire  : T h orp e C loud, subzone D , (B .M ., B .43730  ; M r. J . W . Jack son ) ; 
E a r l S tern d ale , subzone Dg (B .M ., B .2 3 5 7 6 ); D ovedale , subzone Dg (M r. J . W . 
Jack son ).

L a n ca sh ire  : W ith g il l  Q uarry, 2J m iles  W .S .W . o f  C lith eroe (G eol. Surv., L o n 
don, R h .l2 1 2 ) .

S om erset: W h a tley , From e (M .P .G ., G eol. Soc. C oll., 31773); B r is to l d is tr ic t , 
?Z zone (B r isto l U n iv .) .

S ta ffordsh ire : N arrow d ale , subzone Dg (B .M ., B .43729 , W . H in d  C oll.); W e t
ton, subzone Dg (B .M ., B .4704 , B .45516).

Y ork sh ire  : U p p e r  Scar L im estone, S e ttle  (B r isto l U n iv .).

W ales .

F lin tsh ir e  : U p p e r  G rey L im eston e , C oed-yr-E sgob , P r e sta ty n , subzone Dg 
(B .M ., B .23856).
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I r e la n d .
Co. D u b lin  : R u sh  C on g lom erate , subzone C , (D r. L . B . S m yth ).
Co. K ild a r e  : K ild a r e  (M .P .G ., G eol. Soc. C oll., 31821).

ReniarJxS.— P r o d u c t u s  d e r b i e n s i s  is  d is t in g u ish e d  from  P .  l o n g i s p i n u s  J . Sow . 
by th e  g r ea ter  g lo b o s ity  o f  th e  sh e ll, g r e a te r  w id th  o f  th e  v isc e r a l d isk , an d  m ore  
p ro m in en t costae . L a r g e  sp ec im en s o f  P .  d e r b i e n s i s  are d is t in g u is h e d  fro m  P .  
p r o d u c t u s  (M a rtin ) by th e ir  less  e x te n d ed  tr a il , m ore reg u la r  costae, an d  d ifferen t  
a rra n g em en t o f  th e  sp in es .

Som e o f  th e  sp ec im en s figu red  by de K o n in ck  as P .  l o n g i s p i n u s  or P .  f l e m i n g i  
from  T o u rn a i, B e lg iu m , can  be r e ferred  to  P .  der b ie n s i s .  V a u g h a n  in  1915 re 
g a rd ed  de K o n in ck ’s P .  f l e m i n g i  as id e n t ic a l  w ith  P .  bu r l in g to n e n s i s ,  fro m  th e  Z 
zone o f  B e lg iu m , b u t sp ec im en s sa id  by V a u g h a n  to  b elon g  to  th e  la tte r  sp e c ie s  h ave  
been red escrib ed  in  p a r t  in  th is  m o n o g ra p h  as P .  v a u g h a n i  sp . nov. (p. 65).

H a y  as ak a  in  1922  (p i. ix , figs. 1, 2 ; p i. x, figs. 1, 2) figu red  as P .  f l e m i n g i  
from  th e  P e r m ia n  o f  J a p a n  a m uch  d e c o r tica te d  sp ec im en  resem b lin g  P .  
in  sh ap e, bu t i t s  o rn am en t is  obscure.

L a rg e  e x a m p le s  o f  th is  sp ec ies , ab ou t tw ic e  th e  s iz e  o f  th e  norm al form , occur  
rarely  in  th e  D^ subzone.

P r o d u c t u s  l o b a t u s  J . Sow erby.

P la te  X I ,  figs. 6, 12, 13.

1821. P r o d u c t u s  l o b a tu s  J . Sow erb y  (in  p a r t). M in era l C on ch ology  o f  G rea t  
B r ita in , vol. iv , p . 16, p i. c c c x v iii ,  figs. 2, 4, 6.

1861. P r o d u c t u s  l o n g i s p i n u s  T . D a v id so n  (in  p a rt). M on. B r it . F oss. B rach ., 
vol. i i ,  p. 154, p i. X XX V, figs. 11, 13.

D i a g n o s i s . — S h e ll ab ou t 18 m m . h ig h , 20  m m . w id e , an d  12 m m . th ick , 
or 1 : 1 1 :  6 ; q u a d ra te  in  o u tlin e , h in g e  fo r m in g  w id e s t  p a r t  o f  sh ell. 'P e d ic le  
va lv e  w ith  fla t v isc e r a l d isk , g e n ic u la te d  a b ru p tly  to  form  cu rved  t r a i l ;  flan k s  
steep  an d  fla t;  v en ter  w ith  deep , a n g u la r  s in u s;  um bonal a n g le  105°; ears la rg e . 
B r a c h ia l v a lv e  g e n ic u la te d , v isc e r a l d isk  n ea r ly  flat. C ostae  about 14 in  10 m m . 
at d is ta n c e  o f  10 m m . from  um bo. R ib s  ra th er  p rom in en t, n o t tra cea b le  across  
s in u s. S p in e s  rare, e x c e p t  s ix  m a jo r  sp in es .

D e s c r i p t i o n . — P e d i c l e  va lve .  I n  th e  n e a n ic  s ta g e  th e  sh e ll is  s l ig h t ly  con vex , 
th en  fla tte n s  fo r  a  d is ta n c e  o f  4  or 5 m m . I t  becom es in c r e a s in g ly  con vex  in  th e
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epheb ic  stage, w ith  the develop m ent o f a rounded  g en icu la tio n , jo in in g  the v iscera l 
disk  to the curved tra il. T he ears are la rg e , tr ia n g u la r  and convex, w ith  sub- 
an gu lar  card in a l ex trem ities , and are sep a ra ted  from  th e v iscera l d isk  by a rather  
deep su lcus. A  deep an gu lar  sin u s is  d evelop ed  about 5 mm. from  the um bo and  
in creases in  w id th  at the an terior  end  o f  th e  v iscera l d isk , then  g r a d u a lly  decreases  
in  w id th  and d ep th  on the tra il. T he ven ter  is  d iv id ed  by the sin u s in to  tw o p ro
m in en t rounded shoulders, w h ich  arch dow n to the rath er steep , la te r a lly  s lo p in g  
flanks. T he umbo, w h ich  is  sm all and  acu te, is  very s lig h t ly  incurved .

T he costae are rath er  coarse and  p rom in en t and th ick en  on th e  tra il, ex cep t  
those costae w ith in  th e  s in u s w h ich  converge; and tw o or three d isa p p ea r , w h ile  
the costae a d ja cen t to th ese  m ay u n ite . B ifu r c a tio n  occurs very freq u en tly  below  
the v iscera l d isk , u su a lly  an terior  to th e  sp ine-bases, w h ile  a fe w  in terca la ted  
costae m ay occur ju s t  below  the v iscera l d isk . T he su lci are s lig h tly  narrow er than  
the costae. W hen  the shell is  d ecortica ted  the costae become about h a lf  th e ir  
o r ig in a l w id th .

A b ou t 12 ribs are d evelop ed  as n arrow  fo ld s,on  the ca rd in a l slopes, and exp an d  
in  w id th  on th e  fro n t o f  th e  shell, ca u sin g  rath er  m arked  n od u lar  sw e llin g s  at the  
p o in t o f in tersectio n  w ith  th e  costae. T h e an terior  tw o or three ribs are not con
tin u o u s across th e  sin us.

T here are fe w  sp in e-b ases presen t in  a d d itio n  to those o f  the s ix  sym m etr ica lly  
p laced  m ajor sp in es, and these are o f  sm aller  d iam eter.

G row th -lin es are w ell m ark ed  on th e  an terior  p a r t o f  the tra il, and  cause the  
shell to  flake off very irregu larly .

B r a c h i a l  va lve.  T he v iscera l d isk  is  n early  flat, w ith  a rounded  m ed ian  fo ld  
corresp on d in g  to the s in u s o f  the p ed ic le  valve. T h e sh e ll is  g en icu la ted  a t the  
an terior  ex ten sio n  o f  th e  v iscera l d isk , an d  th e  tr a il  fo llo w s th e  contour o f  th a t  o f  
the p ed ic le  valve. T h e ears are s lig h tly  concave, and are sep ara ted  from  th e v is 
ceral d isk  by a narrow  an g u la r  r id ge.

T he ornam en t is  s im ila r  to th a t  o f  th e  p ed ic le  valve.

I n t e r n a l  charac ters .  T h e in ter io r  o f  th e  p ed ic le  va lve  is  unknow n.

In ter io rs  o f  the b rach ia l va lve  occur ra th er  com m only in  th e  C arb on iferou s  
L im eston e o f  N orth u m b erlan d  and  in  th e  L ow er L im eston es o f  S cotlan d . T he  
specim en  figured  in  p i. x i, fig. 6, sh ow s a b ilobed  ca rd in a l process p r o jec tin g  
s lig h tly  above the h in ge , and  con tin u ed  an ter io r ly  as a m ed ian  septu m . T he septum ,
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w h ich  is  d eep ly  fu rrow ed  p o ster io r ly , e x te n d s  for  about th ree -q u a rters  o f  th e  len g th  
o f  th e  va lve, te r in in a tin g  in  a narrow  e lev a ted  knob.

T h e m a rg in a l r id g e s  d iv e rg e  from  th e  h in g e  an d  curve h a lf  w a y  round th e  
la tera l m a rg in , bu t are never p rom in en t. T h e  a n ter io r  p a r t  o f  th e  r id g e s  is  cren u-  
la tcd .

B rach ia l im p ress io n s  are g iv en  off a t th e  a n ter io r  en d  o f  th e  ad d u cto r-sca rs , 
and e x te n d  o u tw a rd s  fo r  2 m m . or 3 m m ., th en  curve d o w n w a rd s fo r  about 3 m m . 
an d  fin a lly  bend sh a r p ly  u p w a rd s. T h e  e x tr e m ity  is  sep a r a te d  from  th e  rem ain d er  
o f  th e  im p ress io n  by a very  n arrow , tra n sv erse  in c is io n . T h e  p o ster io r  p o r tio n  o f  
the b r a ch ia l im p ress io n s  m ay a lso  be in tersec ted . A  lo w  r id g e  e x te n d s  from  each  
s id e  o f  th e  a n ter io r  end  o f  th e  sep tu m  to  th e  e x tr e m ity  o f  th e  im p ressio n s.

D i m e n s i o n s .— (1) (2) (3) (4)
15 5 16 16 5 1 8 5
20  5 20 5 18 20  5
11 14 1 2 5 ' 13 5
20 5 — 18 —

(5)
M a x im u m  h e ig h t  . . .  . . .  15 5 16 16 5 18 5 2 2  5 m m.

w i d t h ...................  20  5 20 5 18 20  5 18
,, th ic k n ess  . . .  11 14 12 5 ' 13 5 12

L en g th  o f  h in g e  . . . . .
N u m ber o f  co stae  in  

b read th  o f  10 m m . a t  
d is ta n c e s  v e r tic a lly  below  
um bo :

a t 10 m m ......................  13 16 16 14 13
,, 15 ,, . . .  . . .  —  14 ■ 11 12 14

(1) K e lv in g ro v e  M us., G la sg o w , 01 53 aib , fro m  U p p e r  L im eston es, C a p e lr ig ,
E a s t  K ilb r id e .

(2) B .M ., B .15505 , fro m  K ir k e  H a r le  B u rn , n ear W a llin g to n , N orth u m b erlan d .
( 3 )  G eol. S u rv ., E d in b u rg h , M . 4 4 8 8 g , fro m  L ow er  L im eston es, P o n ie l  W a ter ,

C oalburn , L a n a rk sh ire .
(4) B .M ., B .4 1 1 8 7 , from  K ir k e  H a r le  B u rn , n ear W a llin g to n , N orth u m b erlan d .
(5) L ec to ty p e .

T y p e . — J . Sow erb y  figu red  five sp ec im en s as P .  l o b a tu s  in  ‘ M in er a l C on ch o
lo g y  o f  G rea t B r i ta in .’ O f th ese, tw o  are here red escrib ed  (on p p . 178, 180) as 
v a r ie t ie s  o f  P .  loba tu s .  T h e sp ec im en  from  L it t le  P a r k  T ow er, N orth u m b erlan d , 
f igu red  by S ow erb y  in  p i. c c c x v iii ,  fig. 4, an d  p reserved  in  th e  B r it is h  M useum , 
B .4 7 9 9 3 , S ow erb y  C oll., is  ch osen  as lec to ty p e .

D i s t r i b u t i o n . — R a n g e , — Dg subzone, an d  Y o red a lia n .
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E n g la n d .
C um berland : P en to n  L in n s, L id d le  W ater , \  m ile  below  brid ge a t P en ton  

S ta tio n  (G eol. Surv., E d in b u rgh , M . 4 5 1 3 b ) .

N orthum berland  : K irk  H a r le  B urn , near W a llin g to n  (B .M ., B .15505, B .41187) ; 
H o ly  Is la n d  (B .M ., B .24393); L ow  D ean  L im eston e, Screm erston , subzono  
Dg— Dg (B .M ., B .4 1 9 6 9 — 73, S. S m ith  C oll.); u p p er beds o f  E ig h t-Y a r d  L im estone, 
old quarry, betw een  D u n sta n  and C aister , subzone Dg— Dg (G eol. Surv., London, 
J .R .1 1 4 2 );  betw een  low er and u p p er  beds o f  E ig h t-Y a r d  L im eston e, sam e lo ca lity  
(G eol. Surv., L ondon, J .R .9 4 7 );  L it t le  P a rk  T ow er (B .M ., B .4 7 9 9 3 — 94, Sow erby  
C oll.).

Y ork sh ire  : F iv e -Y a rd s  L im estone, S k ell G ill, N . o f  P a te le y  B r id g e  (M r. R . G. 
S. H u dson).

W ales .
A n g le se y :  C liffs, N .E . end o f  Puffin  I s la n d  (G eol. Surv., L ondon, A f .2 8 0 4 );  

cliffs, 25 yard s E. o f  F ed w  F a w r (G eol. Surv., L ondon, A f.2 6 4 9 ).
F lin tsh ir e  : U p p er  G rey L im eston e, M in era  (B .M ., B .23836, M orton  C oll.);  

U p p er G rey L im eston e, H a lk in  H il l  (B .M ., B .10509, B .10516).

S c o t la n d .
E d in b u rgh sh ire  : B ed  No. 1 5 ,  sh e lly  sh a le  above l^ f t .  lim estone, S k o lie  B urn , 

near A d d ie w e ll (G eol. Surv., E d in b u rgh , T . 6 3 0 f , T . 6 3 6 f ) ;  B ed  N o. 1 7 ,  sam e section  
(G eol. Surv., E d in b u rgh , T . 6 5 8 f ) .

H a d d in g to n sh ir e  : liO ngcraig  L im eston e, A h erlad y  B a y  (G eol. Surv., E d in 
burgh, T . 1 0 8 2 f ) .

L a n a rk sh ire  : S h a le  betw een  N o. 1 an d  No. 2  L im eston e o f  C alderw ood  S eetion , 
sh a le-h eap s in  quarry  on farm s o f  A u ch en tib b er, and  B room house N ew  F ie ld , 3 
m iles from  E a st  K ilb r id e  (G eol. Surv., E d in b u rgh , B .3 6 9 6 a ) ;  L ow er L im eston es, 
bank o f  P o n ie l W a ter , S .E . o f  B an k  end. C oalburn (G eol. Surv., E d in b u rgh , 
M . 4 4 8 8 g ) ;  W ild sh a w  o ld  lim eston e  quarry, h ead  o f  B irk sh a w  B u rn , 3 m iles  S .E . 
o f D o u g la s  (G eol. Surv., E d in b u rgh , T . 7 2 4 d ) ;  U p p e r  L im eston es, C a p elr ig , E a s t  K i l 
b rid e  (K elv in grove M us., G lasgow , Y o u n g  C oll., figd . T . D a v id so n , 1880, pi. x x x v i, 
fig. lb ) ;  R u th erg len  (H u n te r ia n  M us., G lasgow , U re  C oll.).

R e m a r k s .— P r o d u c t u s  loba tus  is  d is tin g u ish e d  from  P .  se to sus  P h il l.  by its  
deeper sin us, narrow er v iscera l d isk  and  m ore sh a rp ly  dem arcated  ears. T h e cos
tae  are s lig h t ly  coarser and  m ore p rom in en t and  th e  ribs b etter  defined in  P .  loba tus  
th an  in  P .  se tosus  or P .  l o n g i s p in u s  J . Sow .
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Sow erby  (1821, p i. c c c x v iii ,  figs. 2— 6) figured five sp ec im en s as P .  loba tu s ,  tw o  o f  
w h ich  are licre red escr ib ed  (pp . 178, 180) as v a r ie t ie s  o f  th is  sp ec ies . In  th e  S u p p le 
m en tary  In d e x  to ‘ M in era l C oncJiology,’ vol. iv , J . F a rey  re fe r re d  to S o w erb y ’s s p e c i
m en preservei] in  brow n sa n d sto n e  from  C u m berland  as P r o d u c t u s  l o b a tu s  /3, and  
th e  fou r  sp ec im en s from  N orth u m b erlan d  an d  A r r a n  as P r o d u c t u s  l o b a tu s  a. T h e  
sp ec im en  o ccu rr in g  in  th e  form  o f  a  c a s t  from  C um berland , an d  tw o  o f  th e  s p e c i
m ens from  N orth u m b er lan d  are, how ever, to be reg a rd ed  as ty p ic a l P .  loba tu s ,  
w h ile  th e  sp ec im en  from  A r r a n  is  d escrib ed  on p. 180 as P .  loba tu s ,  var. fleocus 
var. nov., an d  one sp ec im en  fro m  N o rth u m b er la n d  (fig. 3 o f  S ow erb y’s p la te ) is  d e s 
cr ib ed  on p. 178 as P .  loba tus ,  var. l a q u e a t u s  var. nov.

D a v id so n  reg a rd ed  P .  l o b a tu s  as a  v a r ie ty  o f  P .  l o n g i s p i n u s  an d  figu red  a 
sp ec im en  ( 1 8 6 1 b , pi. x x x v , fig. 14) w h ich  resem bles P .  l o n g i s p i n u s  in  i t s  orn am en t  
b u t h a s an  e x c e p tio n a lly  deep  s in u s . T h e  sp ec im en s figu red  from  th e  aren aceou s  
lim esto n e  o f  R u tc h e iig h , N orth u m b er la n d  ( 1 8 6 1 b , p i. x x x v , fig. 13) an d  from  E a s t  
K ilb r id e , L a n a rk sh ir e  (p i. x x x v , fig. 11) a p p ea r  to be P .  lobatus .

U r e  in  1793 (p. 314, p i. xv , fig. 4) in c lu d ed  severa l sp ec ie s  u n d er  th e  term  
A n o m i a e  E c h i n a t a e  an d  figu red  a  sp ec im en  w h ic h  is  r e a d ily  reco g n ized  as P .  loba tu s .  
T h e ty p ic a l  o u tlin e  an d  deep  s in u s  are w e ll show n, an d  th e  s ix  m a jo r  sp in e s  are  
p reserved . A n  in te r io r  o f  th e  b r a c h ia l v a lv e , ra th er  p oorly  preserved , is  sh ow n  in  
fig. 3 o f  th e  sam e p la te .

M ‘C oy in  1844  (p. I l l )  d escrib ed  P .  l o b a tu s  as a d is t in c t  sp ec ies , b u t la te r  
(1851— 55, p. 461), as in  th e  case  o f  m an y  sp e c ie s  o f  P r o d u c t u s ,  in c lu d ed  i t  in  th e  
g en era l term  P .  f . e m i n g i ;  an d  a  s im ila r  course w a s  ta k en  by de K on in ck  ( 1 8 4 7 a , 

p. 196), w h o  a lso  in c lu d ed  P . l o b a tu s  in  th e  syn on ym y o f  P .  f l e m in g i .

K e y se r lin g  d escrib ed  b u t d id  n o t figu re  sp ec im en s o f  P .  l o b a tu s  from  th e  
M o u n ta in  L im esto n e  o f  R u s s ia  in  1846  (p. 206), an d  m en tio n ed  th ree  v a r ie t ie s , one  
o f  w h ic h  a p p e a r s  to  resem ble th e  ty p ic a l form , b u t is  o f  sm a ller  s ize . K u to r g a  
(1842, p i. V, fig. 3) figu red  a  sp ec im en  as P . l oba tu s ,  fro m  th e  M o u n ta in  L im esto n e  
o f  O renb urg, w h ic h  is  la rg e r  th a n  th e  ty p e  an d  h as coarser costae.

D e  V e r n e u il f igu red  (1845, p i. x v i, fig. 3 ; p i. x v i i i ,  fig. 8) tw o  form s as P . l o b a tu s  
fro m  R u ss ia , one o f  w h ic h  is  very  sp in o se  an d  n ot m a rk ed ly  lob ate, w h ile  th e  second  
sp ec im en  resem bles P . l o n g i s p i n u s  J . Sow . in  o u tlin e , bu t th e  orn am en t is  obscure.

T h e  P r o d u c t u s  loba tu s ,  var. p a u c i c o s t a t u s  o f  T ra u tsc h o ld  (1867, p i. v, fig. 2), 
from  th e  F e n e ste lle n k a lk  o f  R u ss ia , is  m ore coarse ly  co sta te  th a n  P . l oba tu s ,  w h ile

X
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the P .  lo ba tu s  figured by T schernyschew  (1902, p i. Iv ii, figs. 10, 11) is  a sm all sp e c i
m en w ith  costa tion  lik e  th a t o f  P .  t i s s in g to n e n s i s  S ib ly , but w ith o u t the m ed ian  
fo ld .

G riin ew ald t figured  a specim en  as P .  f lem ing i ,  var. loba tu s  from  th e U ra l M ts. 
in  1860 (pi. i i i ,  figs. 4a, b), but the costae are  finer than  in  the typ e  and no s})ines are  
v isib le . S ch ellw ien  s specim en  o f  P .  l o n g i s f i i iu s ,  var. lobata,  from  th e G arnie A lp s , 
figured in  1900 (pi. v ii, figs. 1— 3), is  a lso  not id e n tic a l w ith  P.  lobaius.

F ig u r e s  o f  P .  lo ba tu s  have also  been g iv en  by U esh ayes (1831, pi. ix , figs. 6, 7) 
and  by von B u ch  (1842, p i. ii, fig. 17), b u t n eith er  o f  the specim en s figured  is  ty p ic a l  
o f the species.

P r o d u c t u s  l o b . \ t u s , v a r .  l a q u e .v t u s ' v a r .  n o v .

P la te  X I ,  figs. 16a, b, 18.

1821. P r o d u c t u s  loba tus  J . Sow erby (in  p art). M in era l C onchology o f  G reat  
B r ita in , vol. iv, p. 16, pi. c c cx v iii, fig. 3.

D ia g n o s i s .— R esem bles P .  lobatus,  but v iscera l d isk  convex, ven ter  flat or 
s lig h t ly  s in u ated . C ostae finer, about 19 in  10 mm. a t d ista n ce  o f  10 mm. below  
umbo, b ifu r c a tin g  m ore freq u en tly , and  s lig h t ly  con verg in g  on fro n t o f  tra il. R ib s  
less p rom in en t th an  in  p a ren t species. S p in e-b a ses  ra th er  num erous on tra il, and  
on v iscera l d isk ; s lig h t  lo n g itu d in a l fo ld s  developed  below  sp in e-b ases o f tra il.

D i m e n s i o n s .—
(1) (2) (3)

M axim um  h e i g h t .................. .. 19 21 22 mm
„ w id th  ... 17 16 5 2 1 5  „
„ th ick n ess 12 11 13 „

N um ber o f costae in
breadth  o f  10 mm. a t
d ista n ces  v e r tica lly  below
um bo :

a t 10 mm. ... .. 21 18 • 18
1 ^) )  J - V  55  . . .  . . . .. 15 17 18

4 Latin, laqueatus = îo\Ci^d or fluted. So named from longitudinal folding of pedicle valve.
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(1) H o lo ty p e .
(2) B .M ., B .47995 , Sow erby C oll., from  L it t le  P a r k  T ow er, N orth u m b erlan d .
(3) R . Scot. M us., E d in b u rg h , from  th e  U p p e r  L im eston es, O rchard , near G la s

gow .

H o l o t y p e ,  from  U p p e r  L im esto n es , Cock o f  A r r a n , is  p reserved  in  the  
R o y a l S c o ttish  M useum , hk linburgh , N e ilso n  C o llec tio n  [38]. P a r a ty p e s  : a  n u m 
ber o f  sp ec im en s m en tio n ed  below  in  sec tio n  on ‘ D is tr ib u t io n .’

D i s t r i b u t i o n  .— R a n g e , D , subzone to D,, subzone.

E n g l a n d .

N orth u m b erlan d  : W e ll H o u ses  F arm , L it t le  P a r k  T ow er  (B .M ., B .47995 , 
S ow erb y  C oll.).

S c o t la n d .

A y r sh ir e  : 50 y a rd s  d o w n strea m  fro m  w eir , \  m ile  N .E . o f  K ilm a u rs  (G eol. 
Surv ., E d in b u rg h , T . 3 0 3 0 e — 3 0 3 2 e ) .

B u te s h ir e :  R ed  L im eston e , Cock o f  A r r a n  (G eol. Surv ., E d in b u rg h , T .9 9 7 );  
U p p e r  L im esto n es, Cock o f  A r r a n  (R . Scot. M us., E d in b u rg h , 38).

L a n a rk sh ir e  : C arlu k e, H a m ilto n  (M .P .G ., 3 4 4 2 2 ); C r o ftfo o t  B ore, E . s id e  o f  
R u th lin  B u rn , N .W . o f  G len b o ig  (G eol. S u rv ., E d in b u rg h , T .4 3 0 2 c ).

R e n fr e w sh ir e  : U p p e r  L im esto n es, O rchard , P o llo k sh a w s  (R . Scot. M us., E d in 
burgh , N e ilso n  C oll.).

R e m a r k s . — P r o d u c t u s  loba tu s ,  var . l a q u e a t u s  is  d is t in g u is h e d  from  P .  l o b a tu s  
by its  m ore rou n d ed  v isc e r a l d isk  an d  sh a llo w er  s in u s. T h e  costae  are finer, less  
p ro m in en t an d  b ifu r c a te  m ore fr e q u e n tly  th a n  in  P .  loba tu s .

S p ec im en s o f  P .  loba tu s ,  var. l a q u e a t u s  are fr e q u e n tly  p reserved  in  sh a le, an d  
th e  fr o n t  o f  th e  sh e ll m ay  be cru sh ed , p r o d u c in g  a  deep  a n g u la r  lo n g itu d in a l fu r 
row  on th e  fr o n t  o f  th e  tr a i l  and  s im u la t in g  a  deep  s in u s, as in  S ow erb y’s sp ecim en . 
T h e la tte r  sp ec im en  is  sa id  to  h ave been o b ta in ed  from  W e ll H o u ses  F arm , L it t le  
P a r k  T ow er, N orth u m b er lan d , fro m  w h ic h  lo c a lity  tw o  sp ec im en s n ow  reg a rd ed  as  
ty p ic a l  P .  l o b a tu s  w ere  a lso  o b ta in ed . S ow erb y’s sp ec im en  from  N orth u m b er lan d  is  
p reserved  in  a red d ish  lim esto n e , w h ile  th e  tw o  sp ec im en s o f  P .  l o b a tu s  from  th e  
sam e lo c a lity  are p reserved  in  b lack  sh a le . T h ere  is  no doub t th e re fo r e  th a t  th e  
form er w a s  o b ta in ed  from  a d ifferen t h o r izo n  from  th a t  y ie ld in g  th e  sp ec im en s o f  
P .  loba tu s ,  i f  in d eed  i t  cam e fro m  th e  sam e lo c a lity .

T h is  sp e c ie s  is  c h a r a c te r is t ic  o f  th e  U p p e r  L im esto n es  o f  S co tlan d .
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P r o d u c t u s  l o b a t u s , v a r .  f l e x u s  v a r .  n o v .

P la te  X I I ,  figs. 4, 5.

1821. P r o d u c t u s  loba tus  J . Sow erby (in  p art). M in era l C onchology o f G reat  
B r ita in , vol. iv, p. 16, pi. c c cx v iii, fig. 5.

1860. P r o d u c t u s  l o n g i s p in u s  T. D a v id so n  (in  p art). T h e C arb on iferou s S y s 
tem  in  S co tlan d  ch aracter ized  by its  B rach iop od a , T h e  Ceo log is t ,  vol. i ii ,  
p. 110, pi. ii, fig. 17.

1861. P r o d u c t u s  l o n g i s p i n u s  T . D a v id so n  (in  p art). M on. B r it. F oss. B rach ., 
vol. ii, p t. V, N o. 4, p. 154, p i. x x x v , figs. 10, 10a.

D ia g n o s i s .— R esem bles P .  lo ba tu s  but v iscera l d isk  m uch flattened , ab ru p tly  
g en icu la ted  to form  short curved  tr a il;  flanks steep  and fla t; ven ter broad, s lig h tly  
s in u a ted ; ears sm all, not sh arp ly  dem areated  from  v iseera l d isk . B ra ch ia l va lve  
concave. C ostae about 17 in  10 mm. a t d is ta n ce  o f  10 mm. from  umbo, rarely  b ifu r 
c a tin g , and s lig h t ly  con verg in g  in  sin u s, th ic k e n in g  on tra il. R ib s not p rom inent, 
fa in t ly  v isib le  on fro n t o f  v iseera l d isk . S p in e-b ases rare ex cep t s ix  m ajor sp in es.

D e s c r ip t io n .— T h e short, ra th er fla t v iscera l d isk  is  sep a ra ted  from  th e tr a il  by 
an an gu lar  g en icu la tio n . A  sh a llow  sin u s  is  develop ed  about 8 mm. below  the umbo 
and  is  con tin u ou s to the an terior  m arg in . T he sm all, ra th er fla t ears, w ith  a  p er 
p en d icu lar  la tera l m arg in , are sep ara ted  from  th e  v iscera l d isk  by a  sh a llow  su lcus.

T he costae are a n gu lar  and  rath er p rom inent, an d  rarely  b ifu rc a te  e x c ep t on  
th e  flanks. S lig h t  convergence o f th e  costae w ith in  th e  s in u s m ay occur, and  the  
m ed ian  costa  m ay d isa p p ea r . A b ou t 18 ribs are develop ed  on the ca rd in a l slop es  
and are fa in t ly  traceab le  across th e  fro n t o f  the v iscera l d isk , c a u sin g  s lig h t  en 
largem en t o f th e  costae a t th e  p o in t o f in tersectio n . A  few  sm all sp in e-b ases m ay  
be seen on the v iscera l d isk  in  a d d itio n  to the s ix  m ajor sp in e-b ases.

T h e in ter io r  o f  th e  b rach ia l va lve  (p i. x i i ,  fig. 5) show s a sm all b ifid  ca rd in a l 
process, p r o jec tin g  s lig h t ly  above th e  h in g e  and con tin u ed  an ter io r ly  as a  short fla t
ten ed  sep tu m  w h ich  is  m ed ia n ly  depressed . A b ou t 2 mm. below  th e  c a rd in a l p ro
cess the sep tu m  narrow s and  becom es th read -lik e , and  term in a tes  in  a  rounded  and  
p rom in en t knob. T he ad d u ctor  m uscle-scars are sm all and  tr ig o n a l in  shape, and  
are in ser ted  close to th e  m ed ian  sep tu m , and  im m ed ia te ly  p oster ior  to  them  are tw o  
tr ia n g u la r  ca v ities . T h e narrow  m a rg in a l r id g es  are g iv en  off on each  s id e  o f  the  
card in a l process, and  slop e aw ay  from  th e  h in g e  a t an a n g le  o f  45°, becom ing m ore
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p rom in en t on the la te r a l m a rg in  o f  th e  sh e ll, an d  te r m in a tin g  about 5 m m . below  
the c a r d in a l e x tr e m it ie s . S l ig h t  tra n sv erse  c r en u la tio n s  are d ev e lo p ed  on th e  m ar
g in a l r id g es .

T h e b ra ch ia l im p ress io n s  are g iv en  off a t th e  a n te ro -la te r a l m a rg in  o f  th e  
a d d u ctors  an d  are cu t by tra n sv erse  in c is io n s .

D i m e n s i o n s .—
(1) (2)

M a x im u m  h e i g h t   12 14 m m .
w i d t h   15 15

,, th ic k n ess    9 10 5 ,,
N u m b er o f  co stae  in

b read th  o f  10 m m . a t  
d is ta n c e s  v e r tic a lly  below  
um bo :

a t  5 m m .................................................... —  21
,, 10 ,, . . .  . . .  . . .  . . .  l 7  14

(1) H o lo ty p e .

(2) B .M ., B .4 7 9 9 6 , S ow erb y  C oll., fro m  A rra n .

T y p e . — H o lo ty p e , fro m  M a in  L im esto n e , C am p sie , S t ir lin g sh ir e , is  p reserved  
in  th e  K e lv in g ro v e  M useum , G la sg o w , Y o u n g  C o llec tio n  [0 1 ’53 a id ]. P a r a ty p e s  : a 
num ber o f  sp ec im en s m en tio n ed  below  in  sec tio n  on ‘ D is tr ib u t io n .’

D i s t r i b u t i o n . — R a n g e , Dg subzone.

Scotland.
A y r sh ir e  : P a d u ff B u rn , K ilb ir n ie , 760  y a rd s  up  stream  from  L a r g s  R o a d  

(G eol. S u rv ., E d in b u r g h , M . 2 0 5 7 f ) .

B u te sh ir e  : I s le  o f  A r r a n  (B .M ., B .4 7 9 9 6 , S ow erb y  C oll.).

E d in b u r g h sh ir e  : S h a le  above N o. 2  L im esto n e , q u arry  on r ig h t  bank  o f  S k o lie -  
burn, m ile s  W . o f  W e s t  C a ld er  (G eol. S u rv ., E d in b u rg h , B . 4 0 4 5 b ) ;  B ed  N o. 7  

o f  sectio n , S k o lieb u rn , n ear  A d d ie w e ll  (G eol. S urv ., E d in b u rg h , T . 6 1 2 f ) .

H a d d in g to n sh ir e  : L o n g c r a ig  L im esto n e , A h er la d y  B a y  (G eol. S u rv ., E d in 
burgh , T . 1 0 7 7 f ) .

L a n a rk sh ir e  : L ow er  L im esto n es , sm a ll stream  e n te r in g  H a g sh a w  B u rn , \  m ile  
S .W . o f  S ite h il l ,  C oa lb u rn  (G eol. S u rv ., E d in b u rg h , M . 4 6 4 3 g , 4 6 4 4 g ) ;  L ow er
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L im estones, bank o f  P o n ie l W ater , 440 yard s S .E . o f  B an kend , C oalbiirn  (G eol. 
Surv., E d in b u rgh , M . 4 4 8 7 g , 4 4 8 9 g— 4 4 9 1 G); sh a le  above No. 2 L im estone, C a ld er
wood S ection , le f t  bank o f  C alder W ater , o p p osite  old  m ines a t C alder si de (G eol. 
Surv., E d in b u rgh , B .3 9 5 7 a ) ;  C olston  Bore, A sh field  Farm , L am bhill, G lasgow  (G eol. 
Surv., E d in b u rgh , T . 4 6 3 f , 4 6 5 f ).

S tir lin g sh ir e  : L ow er L im estones, M ain  L im estone, C am psie  (K elv in grove  M us., 
G lasgow , 01 53 a id ).

R e m a r k s . — P .  lobatus ,  var. fleæus  is  d is tin g u ish e d  from  P .  loba tus  J . Sow . by 
i ts  m uch fla tten ed  v iscera l d isk  in  th e  p ed ic le  valve, and  th e  ab ru p t g en icu la tio n  
betw een  it  and the s lig h tly  curved  tra il, and by the sh a llow er s in u s and sm aller  
ears.

T h is  v a r ie ty  is  ch a ra c ter is tic  o f  th e  low er p art o f  the L ow er L im eston e G roup  
o f Scotlan d , w here it  is  a ssocia ted  w ith  ty p ic a l P .  lobatus.

D a v id so n  figured  the in ter io r  o f  the b rach ia l va lve  in  1860 and refigured  the  
sam e specim en  in  1 8 6 1 b . T h is  specim en  is also  represented  in  pi. x i i ,  fig. 5, o f  th is  
work.

Sow erby’s specim en  figured  in  ‘ M in era l C on ch ology ,’ 1821, as P. lobatus ,  w as  
obta in ed  from  A rran .

P r o d u c t u s  s e t o s u s  P h illip s .

P la te  X I , figs. 14a— d, 15a— c. T ex t-fig s. 31, 32, 3 2 a , 3 2 b , 33.

1836. P r o d u c t a  se to sa  T. P h il lip s . I llu s tr a t io n s  o f  th e  G eology o f  Y orksh ire, 
p a rt ii ,  p. 214, p i. v i ii ,  fig. 17 and ?9.

1860. P r o d u c t u s  l o n g i s p i n u s  T. D a v id so n  (in  p art). T he C arb on iferou s S y s 
tem  in  S co tlan d  ch a racter ized  by its  B rach iop od a , T h e  Geo log is t ,  vol. i i i ,  
p. 110, pi. ii, figs. 10, 11, H a , 11b, 15, 15a, 16, 16a.

1861. P r o d u c t u s  long isp inus ,  var. P .  se to sa  T. D av id son . M on. B r it . F oss  
B rach ., vol. i i ,  p a r t v. N o. 4, p. 156, pi. x x x v , fig. 16 and  ?15.

1861. P r o d u c t u s  l o n g i s p in u s  T . D a v id so n  (in  part). Ib id . ,  p. 154, pi. x x x v , 
figs. 6, 8, 8a, 8b, 9, 9a, 9b.

1915. P r o d u c t u s  l o n g i s p i n u s  R . D u n lop . N otes on th e  D iscovery  o f  F o ss il 
C h iton s in  F i fe ;  w ith  p h o to g ra p h s and  d ra w in g s  o f  a ll th e  F o ss ils  fou n d  
in  th e  S ection , T ran s .  Geol .  Soc  Glasgo iv ,  vol. xv, p. 167, pi. x x , fig. 6.
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'J’kxt-i-'IU. 31.—  lO'txhirfuK sclosiis P liillips, 
I'roni Carb. L im estone, Gorbeck, S ettle , 
Yorks hire. Pritisb  .'\ltiseiim, 11.2049(3.
D iagram m atic longitud inal section, 
natural size.

0

T e x t - f i g .  32.— Froductvs setosus P h illip s, 
from the Lower L im estones, Carluke, 
L anarkshire. B ritish  M uséum , B .48940, 
D avidson Coll. Interior of pedicle valve  
show ing diductor m uscle-scars (0 ) , en 
closing elongated  adductor muscle-scars 
(A), X 3.

T e x t - f i g .  33.— Productus setosus P h illip s, from the  
Lower L im estones, Carluke, L anarkshire. B ritish  
M useum , B .48941, D avidson Coll. Interior of 
brachial valve showing cardinal process (CP), m ar
ginal ridges (M R), adductor muscle-scars (A & A'), 
brachial im pressions (B & B /), cu t by incisions at Z, 
m edian septum  (S), pustu les (P ), x 3 ; sligh tly  re
stored.

T e x t - f i g .  3 2 a .— Product us setosus P h ill., 
from the Lower L im estones of C apelrig, 
E ast K ilbride, L anarkshire. B ritish  
M useum , B .48942. F ragm ent of in terior  
of pedicle valve show ing spine-base 
(SB ), and row of incisions (Y) ex ten d in g  
from cardinal ex trem ity  (CE), x 4.

S B -1

T e x t - f i g .  32n.—Productus setosus P h ill. 
Same horizon and loca lity  as text-fig . 
32 a .  B ritish  M useum , B .48943. F rag
m ent of interior of pedicle valve show ing  
two major spine-bases, x 4.
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D ia g n o s i s .— S hell about 20 mm. h igh , 18 mm. w ide, and 12 mm. th ick , 
or 1 : 9 :  6; q u ad rate  in  ou tlin e , m axim um  w id th  a lon g  the h in ge. P e d ic le  va lve  
w ith  s lig h tly  convex v iscera l d isk , g en icu la te d  and form in g  curved tr a il;  flanks  
su b p ara lle l and alm ost flat; ven ter broad, w ith  s lig h t  m ed ian  d ep ression ; um bonal 
an g le  115°; ears sm all. B ra ch ia l va lve  concave. C ostae about 15 in  10 mm. a t  
d ista n ce  o f  10 mm. from  umbo, fine and  num erous. R ib s w ell defined, traceab le  
across fron t o f  v iscera l d isk . S p in e-b ases few . -x-

D e s c r ip t io n .— P e d i c l e  valve .  T he sh ell is  s lig h tly  convex for  a d ista n ce  o f  
3 mm. or 4  mm. below  th e  umbo, and th e  w id th  is  about tw ice  the len g th  a t th is  stage. 
A  very sh a llow  rounded  d ep ression  is  th en  d evelop ed  and d isa p p ea rs  ju s t  below  
th e  an terior  end o f  th e  v iseera l d isk . T h e len g th  o f the sh ell in creases u n til i t  is  
about three-q u arters o f  the w id th , w hen  a rounded g en icu la tio n  is  developed , and  
the sh ell e lon ga tes  w ith  th e  d evelop m ent o f  a s lig h t ly  curved  tra il. In  th e  geron-' 
t ic  stage  the m ed ian  p ortion  o f  the tr a il  is produced  an ter io r ly  as a  V -sh a p ed  e x 
ten sion , but i t  is  not e leva ted  above th e  leve l o f  th e  rem ainder o f  the shell. T he  
umbo is  acu tely  p o in ted  and on ly  s lig h tly  incurved , and  the ears are sm all and not  
sh arp ly  d em arcated  from  th e v iscera l d isk .

The costae on the v iscera l d isk  are fine and rounded, and  in crease  in  num ber  
by m eans o f in te rca la tio n s  as w ell as by b ifu rc a tio n  o f  p rev iou sly  e x is t in g  costae. 
On the tr a il  and flanks the costae th ick en  an d  becom e m ore p rom in en t and  ir r e g u 
lar in  w id th . B ifu r c a tio n s  are very num erous, e sp e c ia lly  on th e  an terior  p a r t  o f  
th e  tra il. T he su lc i are narrow er th an  th e  costae, e x c ep t on d ecortica ted  p a rts  o f  
th e  shell. G row th -lin es  are very m arked  and  m ay ap p ear  as deep  in c is io n s, ca u s
in g  s lig h t  d isc o n tin u ity  o f  th e  costae on th e  tra il, e sp e c ia lly  on th e  V -sh a p ed  e x 
ten sion .

A b ou t 16 ribs are d evelop ed  on th e  v iscera l d isk , bu t on ly  th e  p oster ior  10 or 
11 are traceab le  across the fro n t o f  the shell. T h ey  form  narrow , an g u la r  fo ld s  
on th e  ca rd in a l slop es an d  in crease  very  s lig h t ly  in  w id th  on th e  la te r a l s lop es o f 
th e  v iscera l d isk . S lig h t  e lo n g a ted  en la rg em en ts  o f  th e  costae  m ark th e  p o in ts  o f  
in tersectio n  w ith  th e  ribs.

A  fe w  sm all sp in e-b ases are seen on th e  v iscera l d isk , bu t w ith  the ex cep tio n  
o f th e  m ajor sp in es  are n ot d evelop ed  on other p a r ts  o f  th e  shell.

B r a c h i a l  va lve.  T he sh e ll is  h ig h ly  concave fo r  about 3 mm. from  th e  umbo, 
and th en  fla tten s for  a  fu r th er  5 or 6 m m ., becom ing in c re a s in g ly  concave below  
th is  region .



Helen M. M u i r - W  ood— The B r i t i s h  C arbon iferous  P r o d u c t i  185

T h e costae  are less  p ro m in en t th a n  in  th e  p e d ic le  va lve, w h ile  r ib s are d evelop ed  
over th e  e n tir e  sh e ll an d  are n arrow er and  m ore num erous th a n  in  th e  p e d ic le  valve. 
S p in e -b a ses  have not been observed .

T h e  b ra ch ia l v a lve  is  n o t p rod u ced  in to  a lo n g  tr a il , as in  th e  p e d ic le  va lve, bu t 
su ccessive  la m in a e  are d e p o s ite d  round  th e  a n ter io r  an d  la te r a l m a rg in s , th e ir  ed g es  
su p er im p o sed  on one an o th er  lik e  th e  leaves o f  a  book. A f t e r  a  la y er  1— 2 m m. th ick  
has been form ed , th e  d e p o s it  is  on th e  m ed ia n  p o r tio n  o f  th e  v a lv e  on ly , in  order to  
corresp on d  w ith  th e  V -sh a p e d  e x te n s io n  o f  th e  tr a il  o f  th e  p e d ic le  va lve.

I n t e r n a l  ch arac te r s .  A  com p lete  in te r io r  o f  th e  p e d ic le  v a lv e  h as n o t been  
observed . F r a g m en ts  from  th e  L ow er  L im esto n e  S er ie s  o f  C arlu k e, L a n a rk sh ir e  
(B .M ., B .13835), sh ow  la r g e  h a b e lla te  d id u c to r  m u scle-scars e n c lo s in g  tw o  sm a ll 
a d d u ctors  ab ou t 4  m m . in  le n g th  (tex t-fig . 32).

In  th e  in te r io r  o f  th e  b r a ch ia l va lv e , sh ow n  in  tex t-fig . 33, th e  c a r d in a l p rocess  
is  sm a ll, in te r n a lly  b ifid , an d  is  con tin u ed - a n te r io r ly  as a m ed ia n  sep tu m  w h ich  
ter m in a te s  in  an  e lo n g a te d  k n o b -lik e  p rotu b eran ce. T h e p o ster io r  p a r t  o f  th e  s e p 
tum  is  fla tten ed  an d  about 1 m m . in  w id th , b u t i t  n arrow s b etw een  th e  ad d u ctor  
m u scle-scars.

T h e m a r g in a l r id g e s  a r ise  about 3 m m . fro m  th e  c a r d in a l p rocess an d  e x te n d  
a lo n g  th e  h in g e , in c r e a s in g  in  e le v a tio n  a t  th e  c a r d in a l e x tr e m it ie s , an d  r e cu rv in g  
round  th e  la te r a l m a rg in  o f  th e  sh e ll. T h ey  fla tten  about 2  or 3 m m . b elow  th e  c a r 
d in a l e x tr e m it ie s  an d  th en  co n tin u e  as a  broad  fla t r im  round  th e  a n ter io r  m a rg in  
o f  th e  sh e ll. T h is  r im  is  com p osed  o f  su ccess iv e  sh e lly  layers, th e  ed g es o f  w h ich  
are seen  e x te r n a lly  a lo n g  th e  a n ter io r  m a rg in  o f  th e  b ra ch ia l va lve. T ra n sv erse  
cr en u la tio n s  are d ev e lo p ed  on th e  r id g e  ly in g  a lo n g  th e  la te r a l m a rg in  o f  th e  sh ell, 
w h ile  p o ster io r  to  th is  a row  o f  very  sm a ll p u s tu le s  is  d eve lop ed  on th e  su m m it o f  
th e  r id g e .

S m a ll tr ig o n a l a d d u cto r  m u scle -sca rs  are in ser te d  about 2 m m . b elow  th e  h in g e , 
an d  are b ilob ed , th e  tw o  lobes in  som e sp ec im en s b e in g  d is t in c t ly  sep a ra ted , th e  
p o ster io r  lobe ly in g  ab ou t 1 m m . fro m  th e  c a r d in a l m a rg in , an d  th e  a n ter io r  se t  
close to  th e  m ed ia n  sep tu m .

T h e b r a ch ia l im p r e ss io n s  are g iv e n  off a t th e  a n te ro -la te r a l m a rg in  o f  th e  a d 
d u ctors, a n d  e x te n d  o u tw a r d s  a t  an  a n g le  o f  40° to  th e  sep tu m , an d  fin a lly  recu rve  
u p w a rd s, n e a r ly  e n c lo s in g  a  sp a ce  2  m m . w id e . T h e  a p e x  o f  th e  im p r e ss io n  is  
e n la rg ed , an d  se p a r a te d  fro m  th e  rem a in d er  by a  d eep  tra n sv erse  in c is io n .

Y
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D i m e n s i o n s .—

M axim um  h eigh t ...
w id th  ... 
th ick n ess  

N um ber o f  costae iti 
breadth  o f  10 mm. a t  
d ista n ces  v er tica lly  below  
um bo :

at 10 m m ........................  15 16 14 19 15
„ 1 5  „   1 5  1 5  1 5  1 7  1 2

(1) R . Scot. M us., E d in b u rgh , 46, from  the L ow er Thm estones, Ska ter aw H a r 
bour, D unbar, H a d d in g to n sh ire .

(2) B .M ., B .23034, from  H ou gh ton , N orthum berland .
(3) M .P .G ., 32447, from  E a st  B arns, D unbar.
(4) B .M ., B .20496, from  G orbeck, L an gcliffe  M oor, S ettle , Y orksliire .
(5) B .M ., B .23856, from  the U p p er  G rey L im estone, M in era , D en b ig lish irc .

T y p e . — J . P h i l l ip s  figured  tw o  sp ecim en s from  R okeby, Y ork sh ire, and  
N orthum berland  in  ‘ I llu s tr a t io n s  o f  the G eology o f  Y ork sh ire .’ T he o r ig in a l o f  
fig. 9 is  on ly  d o u b tfu lly  referred  to P .  se tosus ;  the o r ig in a l o f fig. 17 is chosen as 
lectotyp e. B oth  specim ens are a p p a ren tly  lost.

D i s t r i b u t i o n . — R an ge, D , subzone to D^ subzone.

E n g la n d .

C um berland : P en to n  L in n s  (B .M ., B .4 3 8 5 4 — 5 5 ;  Geol. Surv., E d in b u rgh , 
M . 4 6 6 1 B ) .

N orth u m b erlan d : H o u gh ton  (B .M ., B .23034 , B .2 4 3 2 ); shore, H ow ick  (B .M ., 
B .23056); A cre  L im eston e, A n cr o ft, subzone D ,— D^ (B .M ., B .41881 , S. S m ith  C oll.);  
S ix -Y a r d  L im estone, old  quarry, f  m ile  W . o f  D u n sta n  H il l  (G eol. Surv., L ondon, 
J .R .1 1 9 9 ).

Y ork sh ire  : Gorbeck, L an gcliffe  M oor, S ettle , subzone D , (B .M ., B .2 0 4 9 6 ); C old- 
stones Q uarry, G reenhow  H il l ,  W . o f P a te le y  B r id g e , subzone D ;  (P r o f. E . J . 
G arw ood).
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W ales .

J )cn l)ig lis liii’c : U p p e r  G rey L im eston e , M in era , subzone D , (B .M ., B .23856 , 
B .45679).

F l in t s h ir e :  H o ly w ell, subzono (B .M ., B .2 3 5 4 0 ); H a lk in  M o u n ta in , subzone  
IL  (B .M ., B .10508).

S c o t la n d .

A y r s h ir e :  B e ith  (B .M ., B .2 3 5 7 2 ); sh a le  above 4 in . coal, iro n sto n e  m easures. 
C rook h ill, B e ith  (K e lv in g ro v e  M us., G la sg o w ); lim eston e-b ed  in  sh a les  o v e r ly in g  
u p p er  p a r t  o f  L ow er  L im esto n e  G roup , D u sk  W a ter , D u sty  r id g e , B e ith  (K e lv in 
grove M us., G lasgow ).

F ife s h ir e  : D u n fe r m lin e  (B .M ., B .8 4 7 0 ) ; C am d en ’s Q uarry , D u n fe r m lin e  
(M .P .G ., 32444 , 32445 ) ; L in n  Q uarry , n ea r  D u n fe r m lin e  (G eol. S u rv ., E d in b u rg h , 
B .2 5 7 4 c );  sh a le  above lim esto n e , R oscob ie  Q uarry , 4  m iles  N . o f  D u n fe r m lin e  (G eol. 
Surv., E d in b u rg h , B .7 7 2 c );  L ow er  L im esto n es , L a th a lm o n d , D u n fe r m lin e  (R . Scot. 
M us., E d in b u rg h , 130 .X X ) ;  ash y  bed b e lo w  B a th g a te  L im eston e , W e st  Q uarry , 
K irk  ton  (G eol. Surv ., E d in b u rg h , B .3 7 0 9 c );  T h orn ton  (R . Scot. M u s., E d in 
burgh , 47).

H a d d in g to n sh ir e  : R a ilw a y , E a st  B a rn s, D u n b a r  (M .P .G ., 324 2 5 — 3 2 4 5 2 ); L ow er  
L im esto n es, E a s t  B a r n s  Q uarry , n ear  D u n b a r  (G eol. S urv ., E d in b u rg h , B.2440d , 
2412d, 2432d ; R . Scot. M us., E d in b u rg h , 131 .X X )  ; L ow er  L im esto n es, coast. E a s t  
B a rn s, D u n b a r  (K e lv in g r o v e  M u s., G la sg o w , 01 53 a i f ) ;  N o. 1 or N o. 2  L im eston e , 
q u arry  W . o f  lim e k iln , H a r e la w  L im ew o rk s, n ear  L o n g n id d r y  S ta t io n  (G eol. Surv ., 
E d in b u rg h , B .1 9 3 6 c );  sh a le  above N o. 2  L im esto n e , L it t le  K in c h ie  Q uarry , 3 m iles  
W . o f  E a s t  S a lto n  (G eol. S u rv ., E d in b u r g h , B .2 3 1 5 c ) ; sh a le  above N o. 2  L im eston e , 
K id la w  Q u arry , 3-| m ile s  S. E . o f  E a s t  S a lto n  (G eol. S u rv ., E d in b u rg h , B .2 2 9 9 c );  
L ow er L im esto n es , S k a ter  aw  H arb ou r , D u n b a r  (R . Scot. M us., E d in b u rg h , 46).

L a n a r k sh ir e :  C arlu k e  (B .M ., B .13839 , D a v id so n  C o ll.);  C arluke, H a m ilto n  
(M .P .G ., 34420 , 3 4 4 2 1 ); L o w er  L im esto n es , T h o rn m u ir  (H u n te r ia n  M us., G lasgow , 
L .225).

R e m a r k s . — P r o d u c t u s  se to s u s  is  d is t in g u is h e d  from  P .  l o n g i s p i n u s  J .  Sow . by 
i t s  m ore q u a d ra te  o u tlin e , coarser, m ore p ro m in en t costae , an d  m ore n um erous an d  
b etter  d efined  ribs. I t s  lo n g er  v isc e r a l d isk , finer c o sta tio n  an d  th e  absence o f  a 
lo n g itu d in a l fo ld  on th e  a n ter io r  p a r t  o f  th e  tr a i l  d is t in g u is h  i t  from  P .  t i s s i n g 
to n e n s i s  S ib ly .

Y 2



188 Helen M. M u ir -W  ood— The B r i t i sh  Carhoniferous  Producti .

J . P h il l ip s  in  1836 (p. 214, p i. v i ii ,  figs. 9, 17) figured  tw o specim ens as P.  
setosus,  but fig. 9 rep resen ts a broader, fla tter  sh ell w ith  larger  ears th an  is  show n  
in  fig. 17; i t  m ay, how ever, be on ly  crushed . T h e V -sh ap ed  ex ten sion  o f  th e  tra il  
is  w e ll show n in  P h i l l ip s ’s specim en  (fig. 17) and the o u tlin e  and ornam en t agree  
very w ell w ith  those o f  the specim en s figu red  in  the p resen t w ork. H e  quoted  th is  
sp ec ies as occu rrin g  in  N orthum berland , and at R okeby, Y orksh ire, in  th e  Y ored a le  
rocks.

D av id son  cop ied  P h i l l ip s ’s figures and sta ted  ( 1 8 6 1 b , p. 1 5 6 )  th a t P .  setosus  
could only  be con sid ered  as a  v a r ie ty  o f  P .  l o n g i s p in u s  J . Sow . T w o other sp e c i
m ens figured  by h im  ( 1 8 6 1 b , pi. x x x v , figs. 6, 8) as P .  long isp inus ,  from  the L ow er  
L im eston es o f C ra ig ie , K ilm arn ock , and o f  L an ark sh ire , belong to P .  setosus.  A  
sh a llow  sin u s is  seen in  each  o f  th ese  specim ens, but in  d ra w in g s  o f  the sam e sp e c i
m ens in  1860.A. (pi. i i, figs. 1 0 ,  1 1 )  th is  s in u s is  less em p h asized , and the ribs are  
a ltogeth er  la ck in g . In  th e  figure sh o w in g  th e  restoration  o f  the sp in es  in  ‘ P .  l o n g i 
s p in u s  ’ { = P .  setosus)  D a v id so n  ( 1 8 6 1 b , pi. x x x v , fig. 6) has probably g r e a tly  e x a g 
gerated  th e ir  num ber.

M ‘Coy (1844, p. 115; 1851— 55, p. 472) described  P .  se to sus  as a d is t in c t  sp ecies, 
but in c lu d ed  P.  carhonar iu s  de K on. in  the synonym y, and h is  d e sc r ip 
tio n  a p p a ren tly  a lso covers a num ber o f  o th er species.

D e  K on in ck  in c lu d ed  P .  se to sus  as a  synonym  o f P .  l o n g i s p in u s  in  1 8 4 2 — 4 4  

(p. 1 8 7 ) ,  but la ter  ( 1 8 4 7 a , p. 1 9 7 )  he quoted  i t  as a synonym  o f  P .  f l e m in g i  and  
su g g ested  th a t  i t  is  probably th e  sam e as P.  sp in o su s  J . Sow .

T o u la ’s specim en  o f P .  long isp inus ,  var. se to sus  figured  in  1875 (pi. v i ii ,  
figs. 8a, b), from  th e w est coast o f  S p itzb ergen , is  nearer to P .  t i s s in g to n e n s i s  S ib ly  
in  co sta tio n  and d im en sion s, bu t has a  w e ll m arked  s in u s n ot seen in  th a t  species.

D u n lo p  (1915, p i. XX, fig. 6) figured  a ty p ic a l sp ecim en  o f  P .  se tosus  from  above  
the H u r le t  L im eston e, S .E . o f  D u n ferm lin e , under th e  nam e P .  long isp inus .

P .  long isp inus ,  var. se tosus  w a s recorded by D r. S ta n ley  S m ith  in  1910 (p. 616) 
from  th e A cre  L im estone, D^— Dg subzone o f N orthum berland , and  by V a u g h a n  in  
1910 (p. 108) from  th e  D^ subzone; w h ile  P .  afi. se tosus  w as m en tion ed  by D r. 
S ib ly  (1908, pp . 47, 77) from  th e  D^ and  Dg subzones o f D erb ysh ire.
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P r o d u c t u s  p s e u d o p l i c a t i l i s  ̂ sp . nov.

Id a  to X I , figs. I7 a — c. T ex t-fig . 34.

T k x t -f i o . 3 4 .— P rod u c tu s  pseudoplicatil is  sp. n o v .
H olotype from Carb. L im estone, S ettle , Yorkshire.
B ritish  M useum , B .20540. D iagram m atic lon g itu 
dinal section , natural size.

D i a g n o s i s .— S h e ll ab ou t 20  m m . lon g , 2 4  m m . w id e , an d  13 m m . th ick , or 
1 : 1 2  : G; oval in  o u tlin e , m a x im u m  w id th  above a n ter io r  m a rg in . P e d ic le  v a lv e  

convex, n o t g e n ic u la te d  ; v isc e r a l d isk  sh ort ; flank s rou n d ed  ; ven ter  broad  an d  fla t ; 
um bonal a n g le  115°; ears sm a ll. B r a c h ia l v a lv e  d eep ly  concave. C ostae  about 20  
in  10 m m . a t d is ta n c e  o f  10 m m . fro m  um bo, fine an d  even . R ib s  fo r m in g  p r o m i
n en t fo ld s  e x te n d in g  from  h in g e  rou n d  fr o n t  o f  v iscera l d isk . S p in e -b a ses  rare, 
m ajor  sp in e s  u su a lly  develop ed .

D e s c r i p t i o n . — P e d i c l e  va lve .  T h e sh e ll is  s lig h t ly  con vex  in  th e  n e a n ic  s ta g e  
an d  th en  becom es d ep ressed , th e  w id th  o f  th e  sh e ll b e in g  about tw ic e  th e  le n g th  a t  
th is  s ta g e . I t  becom es in c r e a s in g ly  con vex  a t th e  a n ter io r  en d  o f  th e  v isc e r a l d isk  
an d  th e  c o n v e x ity  c o n tin u es  on th e  tr a il . T h e  ears are sm a ll an d  n ea r ly  fla t, an d  
are n ot sh a r p ly  d em a rca ted  fro m  th e  flan k s an d  v isc e r a l d isk , an d  th e  um bo is  
s l ig h t ly  in cu rved .

T h e costae  are fine an d  even  an d  b ifu r c a te  on th e  v isc e r a l d isk , w h ere  th ey  are  
on ly  f a in t ly  traceab le . T h e  su lc i s e p a r a tin g  th e  costae  are ex trem ely  n arrow .

A b o u t 16 rib s are d ev e lo p ed  as even  p ro m in en t fo ld s  w h ich  e x te n d  fro m  th e  
h in g e  rou n d  th e  fr o n t o f  th e  v isc e r a l d isk , m a in ta in in g  a  co n sta n t w id th . E lo n g 
a ted  sw e llin g s  are d ev e lo p ed  a t th e  p o in t  o f  in te r se c tio n  o f  r ib s an d  costae , th e  r ib s  

b e in g  co n sid era b ly  m ore p ro m in e n t th a n  th e  costae.
T w o  m a jo r  sp in e -b a ses  are d ev e lo p ed  on th e  flanks, below  w h ich  n arrow  lo n g i

tu d in a l fo ld s  e x te n d  to  th e  a n ter io r  m a rg in , an d  tw o  sp in e-b a ses  are seen  on th e  
ven ter . O th er sp in e -b a ses  are r a re ly  d evelop ed .

B r a c h i a l  va lve .  T h is  v a lv e  is  concave, w ith  a  fla tten ed  p o r tio n  a lo n g  th e  

c a r d in a l s lo p es an d  ears, b u t no g e n ic u la t io n  is  d evelop ed .

‘ So. named on account of its  strong resem blance to  P u stu la  p lica ti l is .  .
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T he costae are s lig h tly  less p rom in en t th an  in  the p ed ic le  valve, and rihs are 
develop ed  over the en tire  shell and are narrow er and closer th an  in  the p ed ic le  valve.

I n t e r n a l  charac ters .  U n k n ow n .

D i m e n s i o n s .—
(1) (2)

M axim u m  h e i g h t ................................................  20 24  5 mm.
w i d t h ..................  ..................  24  3 3 ‘5  ,,
th ick n ess .................................  13 20 5 ,,

N um ber o f  costae in
b readth  o f  10 mm. a t  
d ista n ces  v er tica lly  below  
um bo :

a t 10 m m ..................................................  20 17
, ,  1 , ,  . . .  . . .  . . .  . . .  1 1 1 8

(1) H o lo typ e .

(2) B .M ., B .45692, from  N a rro w d a le , S taffordsh ire, subzone D ,.

T y p e . — H olo typ e , from  th e C arb on iferou s L im estone, S e ttle , Y ork sh ire, is  
preserved  in  the B r it ish  M useum  [B .20540]. P a r a ty p e s  : a num ber o f  specim en s  
m en tion ed  below  in  section  on ‘ D is tr ib u tio n .’

D i s t r i b u t i o n . — R an ge, D , subzone.
D erb ysh ire  : T horpe C loud (B .M ., B .43745); N. o f  R a v en ’s Tor, D oved a le  (M r. 

J . W . Jackson).

S ta ffordsh ire : N arrow d a le  (B .M ., B .45692).
W estm orlan d  : K en d a l (O xford  U n iv . M us.).

Y orksh ire : S e ttle  (B .M ., B .20540).

R e m a r k s .— P r o d u c t u s  p s e u d o p l i c a t i l i s  is  d is tin g u ish e d  from  P u s t u l a  p l i c a t i l i s  
(J . Sow .) in  h a v in g  tru e costa tion  d evelop ed  on both valves. In  P .  p l i c a t i l i s  fa in t  
th rea d -lik e  s tr ia tio n s  are seen on d eco rtica ted  p a r ts  o f  th e  shell, and  have been  
regard ed  by som e authors as tru e  costa tion .

I. T hom as (1914, p. 33) re ferred  to a  form  close ly  resem b lin g  P u s t u l a  p l i c a 
t il is ,  but h a v in g  tru e co sta tio n  as in  th e  gen u s P r o d u c t u s .  A s  s ta te d  by th is  author, 
there is  som e doubt as to  w h eth er  th e  figure o f  P r o d u c t a  p l i c a t i l i s  g iv en  by P h i l 
lip s  in  1836 (pi. v i ii ,  fig. 4), and  those by de K on in ck  (1842— 44, p i. x i i ,  figs. 7, 7a),
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rea lly  rep resen t P u s t u l a  p l i c a t i l i s .  B o th  sp ec im en s a p p ea r  to  h ave ra th er  coarse  
c o sta tio n  an d  w ell m ark ed  rihs, b u t P h i l l ip s ’s sp ec im en  h as a  d eep  s in u s  w h ich  is  
not c h a r a c te r is t ic  o f  Produc t /us  p s e u d o p l i c a t i l i s .

J a r o sz  (1917, p i. v i i i ,  figs. 7, 7a, b) figures a  sp ec im en  from  th e  C a rb o n ifero u s
o f P o la n d  as P .  l o n g i s p i n u s ,  w h ich  resem bles P .  p s e u d o p l i c a t i l i s  very  m a rk ed ly  in
sh a p e  an d  orn am en t. T h is  sp ec im en  occurs in  th e  C ,— S subzone w ith  P r o d u c t u s  
suhlaev is ,  w h ereas in  th is  cou n try  P .  p s e u d o p l i c a t i l i s  h as n ot been fo u n d  below  
the 1)., subzone.

P r o d u c t u s  p r a e c u r s o r  ̂ sp . nov.

P la te  X I I ,  figs. 1, 2. T ex t-fig . 35.

1860. P r o d u c t u s  l o n g i s p i n u s  T . D a v id so n  (in  p art). T h e  C a rb o n ifero u s  S y s 
tem  in  S c o tla n d  ch a r a c te r iz e d  by its  B ra ch io p o d a , T h e  G e o log is t ,  vol. i i i ,  
p. 110, p i. i i ,  figs. 18, 18a.

1861. P r o d u c t u s  l o n g i s p i n u s  T .  D a v id so n  (in  p a rt). M on. B r it . F oss. B rach .,
vol. i i ,  p t. V, N o. 4, p. 154, p i. x x x v , figs. 18, 19, 19a.

1880. P r o d u c t u s  g r i f f i th ia n u s  T . D a v id so n . M on. B r it . F oss. B rach ., S u p  p l., 
vol. iv , p t. i i i ,  p. 308, p i. x x x v i, figs. 6a, 6b.

T e x t - f i g . 35 .— P rod uc tu s  jyraecursor  sp. nov., from  
Lower L im estones, B eith , A yrshire. R oyal Scottish  
M useum , E dinburgh, N eilson  Coll., 57. D iagram 
m atic longitu d inal section , natural size.

D i a g n o s i s .— S h ell about 10 m m . h ig h , 11 m m . w id e , an d  7 m m . th ic k , or 
1 : 1 1  : ’7; a p p r o x im a te ly  c ir c u la r  in  o u tlin e , h in g e  fo r m in g  w id e s t  p a r t  o f  sh ell. 
P e d ic le  v a lv e  g e n ic u la te d , v isc e r a l d isk  s l ig h t ly  concave, tr a i l  curved , flank s con 
v ex ; ven ter  rou n d ed  ; u m b on al a n g le  117°. B r a c h ia l v a lv e  s lig h t ly  concave, co stae  
ab ou t 16 in  10 m m . a t d is ta n c e  o f  10 m m . fro m  um bo, fine an d  ra th er  reg u la r . R ib s  
few , cro ss in g  v isc e r a l d isk . S p in e s  rare, e x c e p t  s ix  m a jo r  sp in es.

D e s c r i p t i o n . — P e d i c l e  va lve .  T h e  sh e ll is  g lobose im m e d ia te ly  b elow  th e  um bo, 
b u t becom es d ep ressed  on th e  a n te r io r  p a r t  o f  th e  v isc e r a l d isk , w h ic h  is  jo in e d  to  
th e  curved  t r a i l  by a rou n d ed  g e n ic u la t io n . In  th e  g er o n tic  s ta g e  th e  m ed ia n  p o r 
t io n  o f  th e  t r a i l  is  p rod u ced  an d  s l ig h t ly  e lev a ted , fo r m in g  a  V -sh a p e d  ex te n s io n .

 ̂ Latin, forerunner, possibly of P . setosus.
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T he flanks are steep  and s lig h tly  sp re a d in g  an terior ly , and  slope up to the rounded  
or s lig h t ly  fla tten ed  venter. T he ears are sm all, tr ia n g u la r  in  o u tlin e  and reflexed, 
and are sep arated  from  the v iscera l d isk  and  flanks by a deep  su lcus, a lon g  w h ic li 
the sh ell freq u en tly  fractu res. T he um bo is  sm all, p o in ted , and s lig h tly  incurved .

T he costae are fine on th e  v iscera l d isk  and in crease  s lig h tly  in  w id th  on the  
tra il, but rem ain  even and regu lar , rarely  b ifu r c a tin g  ex cep t below  the sp ine-bases.

S ix  or seven narrow  ribs cross th e  v iscera l d isk , ca u sin g  s lig h t  en largem en t o f  
the costae a t the p o in t o f  in tersection .

T he s ix  m ajor sp in e-b ases are u su a lly  seen, and in  a d d itio n  to th ese  one or tw o  
sm all sp in es  m ay be develop ed  on th e  v iscera l d isk .

B r a c h i a l  va lve .  A  g en icu la tio n  is  n ot d evelop ed  in  th is  va lve, w h ich  is  rath er  
concave im m ed ia te ly  below  th e  um bo and  then  becom es nearly  flat. In  th e  g eron tic  
sta g e  norm al grow th  o f  th e  va lve  ceases, and  su ccessive  sh elly  la m in a e  are d ep osited  
round th e  an terior and la tera l m a rg in s to  keep pace w ith  th e  in crease  in  len g th  of  
th e  p ed ic le  valve. T h is  d e p o s it  m ay be about 1 5  mm. th ick .

T he ornam en t is  s im ila r  to th a t  o f  th e  p ed ic le  valve, but the ribs are m ore  
num erous and  are develop ed  over the e n tir e  valve.

I n t e r n a l  charac ters .  U n k n ow n .

D i m e n s i o n s .—
(1) (2) (3)

M axim u m  h e ig h t ... .. 10 10 5 12 mm.
„ w id th  ... .. 11 5 10 12 5 „
„ th ick n ess 7 5 7 7 „

I .en g th  o f h i n g e .............................. .. 11 5 10 12 5 .
N um ber o f costae in

b readth  o f  10 mm. a t
d ista n ces  v e r tica lly  below
um bo :

a t 5 mm. .. . .. 18 24 18
, ,  10 , ,  . . .  . . .  . 14 18 16

(1) R . Scot. M us., E d in b u rgh , 56, from  the L ow er L im eston es, B e ith , A y rsh ire .
(2) Sam e m useum  and lo ca lity .

(3) Sam e m useum , 39, from  B road ston e, B e ith .
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— IT olotypc, from  B lack b yre  L im eston e , R o u g h  w ood, B e ith , A y r sh ir e , is  
preserved  in  tlic  R o y a l S c o ttish  M useum , E d in b u rg h , N e ilso n  C o llec tio n  [34]. P a r a -  
ty p es  : a  num ber o f  sp ec im en s re ferred  to in  th e  sectio n  on ‘ D is tr ib u t io n .’

D i s t r i b u t i o n . — R a n g e , D , subzone.

S c o t la n d .

A y r sh ir e  : L ow er  L im esto n es, R o u g h  w ood, B e ith  (R . Scot. M us., E d in b u rg h , 
132 .X X , an d  3 4 ); B road ston e , B e ith  (R . Scot. M us., E d in b u rg h , 39 ); B e ith  (R . Scot. 
M us., E d in b u rg h , 56, 57).

E d in b u r g h sh ire  : N o. 1 L im esto n e , r ig h t  bank o f  T yn e  in  N o. 1 q u arry , C u rr ilee  
(G eol. S u rv ., E d in b u rg h , B.4519b).

L a n a rk sh ir e  : L ow er  L im esto n es , B rock ley , L esm ah agow  (B .M ., B .13807, D a v id 
son C o ll.);  L ow er  L im esto n es , about 60 y a rd s  up  from  sh eep -fo ld , H a g sh a w  B u rn  
(G eol. S u rv ., E d in b u rg h , T.595d); B a sk e t  S h e ll B ed , C ot C a stle  F arm , r ig h t  bank  
o f  A v o n  W a ter , 2^ m iles  N .E . o f  S tr a th  a ven  (G eol. Surv ., E d in b u rg h , T.2701d); 
L ow er L im esto n es, M a in  or H u r le t  L im eston e , in  sm a ll d itc h  e n te r in g  P o n ie l  
W a ter , 1,650 y a r d s  S. o f  B a n k en d , C oalb u rn  (G eol. Surv ., E d in b u rg h , M.4600G, 
4601 g ) ;  L o w er  L im esto n es, g rey  sh e lly  lim esto n e , in  stream  e n te r in g  P o n ie l  W a ter , 
333 y a r d s  W . o f  B ra ck en sid e , B rock ley , C oalb u rn  (G eol. Surv ., E d in b u rg h , M .3876f , 
3881?); blue lim esto n e , sam e lo c a lity  (G eol. Surv . E d in b u rg h , M .4021f , 4066?); 
B la ck b y re  L im esto n e , B rock ley , n ear  L e sm a h a g o w  (K elv in g ro v e  M u s., G la sg o w , 
01 53 a ih  an d  a it) .

S t ir l in g sh ir e  : W h ite  n o d u la r  lim esto n e . U p p e r  B an n ock  B u rn , S .W . o f  T od -  
holes (G eol. S u rv ., E d in b u rg h , T .1 8 8 7 ? , 188 8 ? ); sm a ll burn, K ils y th  (R . Scot. M u s., 
E d in b u rg h , 1 3 8 .X X , sp ec im en s 3, 4 ); L ow er  L im eston es, C orrieburn , C a m p sie  (K e l
v in g ro v e  M us., G lasgow , 01 53 a ie , Y o u n g  C oll.).

R e m a r k s . — P r o d u c t u s  p r a e c u r s o r  is  d is t in g u is h e d  from  P . l o n g i s p i n u s  J . Sow . 
by it s  coarser, m ore p ro m in e n t co sta e  an d  b etter  defined  r ib s; an d  by th e  absence  
o f  a  s in u s  on th e  ven ter . T he sm a ll d im e n sio n s  o f  P .  p rae x i i r so r  d is t in g u is h  i t  from  

P .  l o n g i s p i n u s  as w e ll as from  P .  s e to sus  P h i l l .

P .  praecAirsor a p p e a r s  to  be lim ite d  in  d is tr ib u tio n  to  th e  L ow er L im esto n e s  o f  
S co tla n d , an d  i t  is  c h a r a c te r is t ic  o f  th e  B la ck b y re  L im esto n e  or C oral R e e f  L im e 
ston e, w h ere  i t  occurs w ith  P .  longispinus. T h e B lack b yre  L im esto n e  o v e r lie s  th e
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H ollyb iish  L im eston e  and is  fo llo w ed  by the H u r le t  or M ain  L im eston e  in  th e  W est  
o f S cotlan d  sequence, and i t  h as been corre la ted  w ith  the W h ite  C oral and M id d le  
L on gera i g  L im eston es o f  the E a st  o f  S co tlan d .

T he affin ities o f  P .  p r a e c u rs o r  ap p ear  to be w ith  P .  setosus  P h il l .  ra th er th an  
w ith  P .  l o n g i s p i n u s  J . Sow ., but th e  ty p ic a l form  o f  P .  se tosus  does not ap p ear  
u n til  a s lig h tly  h igh er  horizon , and th e  sp ec ies  under d iscu ssion  m ay be an early  
m u ta tio n  o f  P .  setosus.  T he tru e r e la tio n s  o f  these sp ec ies cannot-- be d eterm in ed  
u n til  fu r th er  co llection s o f C arb on iferou s m a ter ia l have been m ade from  th e su cces
sive  S co ttish  lim estones.

T he sp ecim en  figured  by D a v id so n  in  1880 (pi. x x x v i, figs. 6, 6a, 6b) as P .  
gr if f i th ianus  de K on., from  B rock ley , L esm ahagow , I .an ark sh ire , is  an exam p le  o f  
P .  p r a e cu rs o r  in  w h ich  th e  v iscera l d isk  on ly  is  preserved . I t  d ifiers from  P .  
gr if f i th ianus  in  sh ap e  and  ornam ent, and  D av id son  has ex a g g e ra te d  the resem b
lan ce in  h is  en larged  d ra w in g s. D a v id so n ’s d r a w in g  o f  P .  l o n g i s p i n u s  in  1 8 6 1 b  

(pi. XXXV, fig. 18) is  an en largem en t o f P .  p r a e c u rs o r  and  ap p ears to be id e n tic a l  
w ith  th a t  o f  th e  sp ecim en  figured  in  1 8 6 0 a  (pi. i i ,  fig. 18a).

W a a g en  in  1884 (p. 660) referred  th e  sp ecim en  figured  by D a v id so n  in  1861  
(pi. XXXV, fig. 18) to the gen u s C h one te l la  in  h is  d escr ip tio n  o f  C h o n e te l la  nasu ta ,  
s ta t in g  th a t D a v id so n  h ad  d raw n  a d is t in c t  ca rd in a l area in  the ven tra l va lve. T he  
gen u s Ch one te l la  is  ch aracter ized  by th e  narrow  area  in  th e  p ed ic le  va lve  w ith  a  
d e lt id ia l fissure, and  by th e  d evelop m ent o f  a row  o f  sp in es  a long  th e  h in g e-m a rg in , 
as in  Chone tes .  N o t one o f  th ese  ch aracters is  fo u n d  in  P r o d u c t u s  praecu rsor ,  and  
the on ly  p o in t o f  resem blance ap p ears to  lie  in  th e  V -sh a p ed  p ro lo n g a tio n  o f  the  
tra il, w h ich  occurs both in  P .  p r a e c u r s o r  and  in  C h on e te l la  n a s u t a  W aagen .

In  1890 (p. 26) N ik it in  re ferred  to  D a v id so n ’s figures o f  P .  l o n g i s p i n u s  in  
1 8 6 1 b  (p i. XXXV, figs. 18, 19), now  ascribed  to P .  praecu rsor ,  as a new  sp ecies, 
P r o d u c t u s  aff. long isp inus .  H e  quoted  i t  as occu rrin g  in  th e  M oscovian  o f  P e ssk i  
and  K oroptscheew o, R u ss ia , bu t gave  no d escr ip tio n  or illu s tr a t io n  beyond a  
referen ce to  D a v id so n ’s figures in  R u ss ia n . ‘ H ere  I  p lace  th e  form  a p p a ren tly
id e n tic a l w ith  th e  illu s tr a t io n  o f  D a v id so n . . . A  m ore e x a c t  d eterm in a tio n  and  
d escr ip tio n  w il l  be g iv en  in  th e  d iscu ssion  o f  th e  fa u n a  o f  th e  S am ara  B a s in  w h ere  
th is  form  abounds in  th e  low er h o r izo n s.’ N o fu rth er  referen ce  to th is  species, 
how ever, has been fou n d .
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P r o d u c t u s  m i n u t u s  sp. nov.

P la te  X I I ,  figs. 3a— c.

D i a g n o s i s . — S h ell about 11 m m. h ig h , 13 m m . w id e , an d  9 m m . th ick , 
or 1 : 1 1  : '8; liig h ly  g lobose, m ax im u m  w id th  a lo n g  h in g e . P e d ic le  v a lv e  g en icu -  
la ted , v isc e r a l d isk  g lobose, t r a i l  s lig h t ly  con vex ; flank s s te e p ; v en ter  rou n d ed ;  
um bonal a n g le  115‘’; ears tr ia n g u la r  and fla t, sh a rp ly  d em arca ted  by in c is io n  or c in c 
tu re  e x te n d in g  from  h in g e  rou n d  fr o n t  o f  sh ell, costae  fine an d  roun d ed , v a r ia b le  in  
num ber. R ib s  fe w  on c a r d in a l s lop es. S p in e -b a ses  rare.

D e s c r i p t i o n .— P e d i c l e  va lve .  T h e sh e ll is  ev en ly  con vex  on th e  v isc e r a l d isk  an d  
f la tten s on th e  sh ort tr a il . T h e  ears are se p a r a te d  from  th e  flan k s by a  g e n ic u 
la t io n  a t an  a n g le  o f  90°, an d  th ey  p r o je c t  a t  r ig h t  a n g le s  to  th e  g lob ose  v isc e r a l  
d isk . A  c in c tu r e  se p a r a te s  th e  v isc e r a l d isk  from  th e  tr a il , an d  a p p ea rs  as a  deep  
su lcu s on th e  la te r a l s lo p es o f  th e  v isc e r a l d isk , b u t i t  becom es sh a llo w  on th e  fr o n t  
o f  th e  sh e ll an d  does n o t cau se  an y  d is c o n tin u ity  in  th e  ornam en t. T h e  um bo is  
rou n d ed  an d  in cu rved .

T h e costae  are fine an d  b ifu r c a te  fr e q u e n tly  on th e  v iscera l d isk  a n d  tr a il . 
In te r c a la tio n s  a lso  occur on th e  tr a il . C o sta e  are n ot d eve lop ed  on th e  ears.

F rom  s ix  to  e ig h t  r ib s are d ev e lo p ed  on th e  c a r d in a l slop es, b u t are o n ly  tr a c e 
able across th e  fr o n t  o f  th e  sh e ll in  rare  in sta n ces .

T h e  s ix  m ajor  sp in e -b a ses  are u su a lly  p reserved , b u t o ther sp in e s  are rarely  

develop ed .

B r a c h i a l  v a lv e  a n d  i n t e r n a l  c h a rac te r s .  U n k n ow n .

D i m e n s i o n s .—

M a x im u m  h e ig h t  .. .
„ w id th  . . .
,, th ic k n ess

L e n g th  o f  h in g e  . . .
N u m ber o f  co stae  in

b read th  o f  5  m m . a t  
d is ta n c e s  v e r t ic a lly  b elow  
um bo :

a t 5  m m . . . .  . . .  . . .  1 5  1 3  1 0

„ 1 0  „    1 8  1 1  9

Z 2

(1) (2) (3)
10 11 12 m m.
11 5 13 5 13 „

9 9 9 5 „
11 5 13 5 13 5 „
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(1) B .M ., B .40704 , from  subzone D ,, W etton , S taffordsh ire.
(2) Sam e m useum , 65209, from  B lack  R ock, Cork.
(3) H o lo typ e .

T y p e s .— H olotyp e, from  L it t le  Is la n d , Cork, is  preserved  in  the B r itish  
M useum , J . W r ig h t  C oll. [B .40200]. P a r a ty p e s  : n in e  specim ens m en tioned  below  
in  p a ra g ra p h s on ‘ D is tr ib u tio n .’

D i s t r i b u t i o n .— R an ge, ?C  ̂ subzone and  D , subzone.

E n g la n d .

D erb ysh ire  : P e a k sh ill  F arm  by M am  Tor, subzone D„ (B .M ., B .41247 , W . H in d  
C oR ).

S ta ffo rd sh ire : W etton , subzone D^ (B .M ., B .40704 ; M .P .G ., 34400, 34402, 
34404).

Ire lan d .

Co. Cork : L it t le  Is la n d , Cork (B .M ., B .40200, J . W r ig h t  C oll.); B lack  R ock, 
Cork (B .M ., 65209); Cork (H u n ter ia n  M us., G lasgow , L .231).

Co. D u b lin :  S. o f  S k err ies (M .P .G ., G eol. Soc. C oll., 31820); H o lm p a tr ick  
L im estone, L ough sh in n y  (D r. L. B . Sm yth ).

Co. K ild a r e  : K ild a re  (M .P .G ., G eol. Soc. C oll., 31820).

Co. L ou th  : N ear  D ro g h ed a  (B .M ., 65194).

R e m a r k s . — P r o d u c t u s  m in u tu s  is  d is tin g u ish e d  from  P .  t r i q u e t r u s  sp. nov. 
(p. 163) by its  sm aller  d im en sion s, finer costa tion , and  ill-d efin ed  ribs. I t s  la rg e  
fiat ears, w h ich  ap p ear  to p ro ject a t r ig h t  an g les  to the flanks, are a ch aracter  d is 
t in g u is h in g  i t  from  P .  l o n g i s p i n u s  J . Sow .

P .  m in u tu s  is  com m on in  th e  C arb on iferou s L im eston e  o f  the Cork d is tr ic t , 
w here th e  beds probably belong to th e  Z or C zone and are the eq u iv a len t o f  th e  
W a u lso rtia n  reefs  o f B e lg iu m . I t  occurs a g a in  in  th e  B rach iop od  B ed s o f  D^ age  
in  th e  M id lan d s, bu t h as not been fou n d , so fa r , in  the in te r v e n in g  S beds. A  
s im ila r  d is tr ib u tio n  in  r e e fs  o f  Z or C an d  D^ age h as been a lread y  m en tion ed  for  
the sp ec ies P .  s e m i r e t i c u l a t u s  (M artin ) an d  P .  m u l t i s p i n i f e r u s  sp. nov.

V a u g h a n ’s (1908, p. 439) sp ecim en s o f  P .  conc in no- long i sp inu s  from  th e H o lm 
p atr ick  L im estone, L ou gh sh in n y , m ay be id e n tic a l w ith  P .  m in u tu s ,  and  G rober’s 
(1911, p. 33) specim en s o f  P .  c o n c in n o -m a r t in i  from  th e  C  ̂ subzone o f  S o ig n ies , 
B elg iu m , m ay also  belong  to P .  m in u tu s .
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V I I I .  L i s t  of W o r k s  C i t e d .

A b i c h , II . 1878. G co log isc lic  L orsch im gen  in  den K a n k a s isc h e n  L an d ern , T h e il  i.
L in e  B crg k a lk  fa u n a  an s der A r a x e se n g e  bel D  jo u i f a  in  A rm én ien . 
T h. i i i .  W ien .

A r m s t r o n g , J . 1871. A  G en era l C a ta lo g u e  o f  th e  F o ss ils  an d  th e ir  m ode o f  oc
curren ce, and an  I n d e x  to  th e  p r in c ip a l L o c a lit ie s ;  in  J . Y o u n g , ‘ O n th e  
C a rb o n ifero u s  F o ss ils  o f  th e  W e st  o f  S c o t la n d .’ T r a n s  Geol .  Soc.  
G lasgov: ,  vol. i i i ,  su p  p i. pp . 1— 103.

A r t h a b e r , G. v o n . 1900. D a s  j iin g e r e  P a la o z o ic u m  au s der A r a x e s -F n g e  bei 
D j u l f a ;  in  F . F reeh  an d  G. von  A rth a b er , ‘ Ü b er  d as P a la o z o ic u m  in  
H o c h arm én ien  u n d  P e r s ie n .’ B e i t r .  z . P a l .  u n d  Geol .  Os t . -TJngarns  u n d  
d e s  O r i e n t s ,  W ie n  u n d  L e ip z ig , B d . x i i ,  pp . 161— 308.

B a r r o i s , C. 1882. R ech erch es su r  le s  T e r r a in s  A n c ie n s  des A s tu r ia s  e t  de la  
G a lic ie . M é m .  Soc.  Géol .  N o rd . ,  L ille , vol. i i  (1).

B e e c h e r , C. F . 1892. D e v e lo p m en t o f  th e  B r a ch io p o d a . P a r t  I I .  C la ss if ic a 
t io n  o f  th e  S ta g e s  o f  G row th  an d  D e c lin e . A m e r .  J o u r n .  Sc ience ,  N ew  
H a v en , C onn., Ser. I l l ,  vol. x liv , p p . 133— 155.

B e e d e , j .  W . 1900. C a rb o n ifero u s  In v er teb ra tes . T h e  U n i v e r s i t y  G e o lo g ic a l  
S u r v e y  o f  K a n s a s ,  T op ek a , vo l. v i. P a la e o n to lo g y , p t. 2.

B e n s o n , W . N ., D u n , W . S., land B r o w n e , W . R . 1920. T h e  G eo logy  an d  P e tr o 
lo g y  o f  th e  G rea t S e r p e n tin e  B e lt  o f  N e w  S o u th  W a les . P t .  ix . T h e  
G eology , P a la e o n to lo g y  an d  P e tr o g r a p h y  o f  th e  C u rrab u b u la  d is tr ic t , w ith  
n otes on a d ja c e n t  reg io n s . P r o c .  L i n n .  Soc.  N e w  S o u t h  W a le s ,  S yd n ey , 
vol. x lv , p p . 337— 423.

B e y r i c h , F . 1864. Ü b er  e in e  K o h le n k a lk -F a u n a  von T im or. A b h a n d l .  k. A k a d .  

W is s . ,  B e r lin , 1863, p p . 61— 98.
B i s a t , W . S. 1914. T h e  M ills to n e  G r it  S eq u en ce b etw een  M ash am  an d  G reat  

W h e r n s id e . P r o c .  Y o r k s .  Geol .  Soc. ,  H a l i fa x ,  N . Ser., vol. x ix , p a r t  i, 
p p . 20 — 24.

B o l t o n , H . 1907. O n a  M a r in e  F a u n a  in  th e  B a se m en t-B e d s  o f  th e  B r is to l  C o a l
field . Q u a r t .  J o u r n .  Geol .  Soc. ,  L on d on , vol. I x ii i ,  pp . 4 4 5 — 469.

 ------------- 1915. T h e  F a u n a  a n d  S tr a t ig r a p h y  o f  th e  K en t C oalfie ld . T r a n s .  Geol .
Soc.  M a n c h e s t e r ,  vol. x x x iv , p p . 158— 217,
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B o u c h a r d -C h a n t e r e a u x , M. 1842. N ote  sur le genre P r o d u c t u s .  A nn. des  Sciences  
Nat . ,  P a r is , ser. 2, vol. x v i i i  (Z oologie), pp . 158— 162.

B r o n n , H . G. 1851— 56. L eth a ea  g eo g n o stica  oder A b b ild u n g  und B esclireib u n g  
der fü r  d ie  G eb irgs-P orm ation en  b ezeich n en d sten  V erste in eru n gen , B d . i, 
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EXPLANATION OF PLATE 1.

All figures in Plates I— XII are of natural size.

The abbreviations B.M. and M .P.G . indicate the British Museum (Nat. Hist.) and the Museum  
of  Practical Geology, London, respectively.

Productus  productus  (Martin). P age  39.
Garb. Limest.,  subzone Do> Park Hill, Derbyshire.

F i g .

la .  Ventral view of  whole specimen, showing line o f  fracture. M .P .G .,  32453. 
lb . Same, lateral view.

Ic. Same, visceral disk of  pedicle valve.
Id. Same, visceral disk of brachial valve, showing diaphragm, the visceral disk of  the pedicle valve 

having- been removed.

Garb. L im est . , ? near Settle , Yorkshire.
2. Interior o f  brachial valve. B .M . , B. 13834.

? Sam e locality.
3. Exterior of brachial valve, show ing trifid cardinal process. B .M . , B.5804.

Garb. Limest., subzone D^, Narrowdale, Staffordshire.
4. Visceral disk o f  pedicle valve. B .M .,  B. 45519.

Garb. Limest.,  subzone Dg, Park Hill, Derbyshire.
5. Visceral disk o f  brachial valve, show ing diaphragm, and trail o f  pedicle valve. M .P .G .,  48263.

Garb. Limest.,  Scaleber Bridge, Settle, Yorkshire.
6. Ventral view, showing spreading trail with flexuous costae. M .P .G .,  32459.

Productus  conctnnus  J. Sowerby. P age  49.

Shale above Main Glay Ironstone, Lower Limestones, pit, Netherton, Dunlop, Ayrshire.
7. Visceral disk of brachial valve surrounded by diaphragm. R. Scot. M u s . , Edinburgh, Neil son

Goll., 24.

Lower Limestones, Main Limestone; Gampsie, Stirlingshire.
8a. Ventral view, show ing tube-like form o f  front o f  trail. Kelvingrove Mus., Glasgow, 01.53 afn. 
8b. Same, posterior view, show ing visceral disk o f  pedicle valve.

Upper Limestones, Muirhouse D iam ond Bore, 2|- miles N .N .E .  of Omoa
Station, Lanarkshire.

9. Interior o f  brachial valve. Geol. S urv . , Edinburgh, M. 1254p.

Six-Yard Limestone, subzone Dg— Dg, Little Mill, Northumberland.
10a. Lateral view o f  pedicle valve. B .M .,  B .41967, S. Smith Goll.
10b. Same, ventral view, show ing slight arching up o f  front of trail.



MEMOIRS O F T H E  GEOLOGICAL SURVEY O F  G R E A T  BRITAIN.

Palaeontology. Vol. Ill, 1928. Plate I.

p r o d u c t u s



EXPLANATION OF PLATE II.

Diapliagtui ts  ' e l egans ’ (Norwood & Prattcn). Pai^c 21.

Lower Carb., N ewton ville Limestone, ? =  Maxville Limestone, K en t’s Run, near
Newton ville, Ohio, U .S .A .

F i g .

1. Visceral disk of brachial valve, surrounded by diaphragm with dilTerent ornament. Presd. by
Dr. G. H. Girty to B.V., B.43444.

2. Inner layers o f  visceral disk o f  brachial valve which have split o il  from specimen'm li^. 1.

Productus carbofunius  de Ko ni nek. Pa^e 5h.

Pendleside Series, Congleton Edge, Cheshire.
3. Visceral disk of pedicle valve, showing- numerous fine spine-bases. B .M .,  B .43720, W . Hind Coll.

4. Same, trail with bifurcating- costae.

LIpper Limestones, Garngad Road, Glasgow.

5. Ventral view, showing- numerous spine-bases. R. Scot. Mus., Edinburgh, 1911. 62. 901. (Eigd.
Davidson, 1880, pi. xxxv i,  figs. 7a, b).

Pendleside Series, Congleton Edge, Cheshire.

6. Visceral disk o f  brachial valve and diaphragm. B .AI., B .4372)1, W . Hind Coll.

Upper Limestones, Garngad Road, Glasgow.
7. Visceral disk o f  pedicle valve. B .M .,  B .45677, Davidson Coll.

Avonia  sp.. nov.  P ages  36, 60,

Upper Limestones, Garngad Road, Glasgow.
8. Interior of brachial valve, showing adductor muscle-scars and median septum. R. Scot. Mus.,

Edinburgh, 1911. 62. 964. (Figd. Davidson, 1880, pi. xxxvi,  fig. 8, as P. carhonarius).

Productus  redesdalensis  sp. nov. P age  61.
Redesdale Ironstone Shale, subzone D , ?, Redesdale, Northumberland.

9a. Holotype. Lateral view o f  pedicle valve. B .M .,  B .43830, W . Hind Coll.
9b. Same, ventral view, showing anterior development of spines.

9c. Same, visceral disk with spines almost lacking.

Sam e locality.
10. Visceral disk of pedicle valve and part of trail. B .M . , B .41951, S. Smith Coll.

Sam e locality.

111. Pedicle valve, show ing group o f  spine-bases on ear, and one spine in position. B .M .,  B . 23070.

Productus vaughani  sp. nov. P age  65.
Carb. Limest.,  subzone Zj, Avon Section, Bristol.

12a. Holotype, ventral view. Bristol Univ.

12b. Same, posterior view.

12c. Same, lateral view.



MEMOIRS O F  T H E  G EO LO G ICA L SURVEY O F G R EA T BRITAIN.

Palaeontology. Vol. Ill, 1928.
Plate 11

14a

12a

12b 12c

DIAPHRAGMUS; AVONIA; PRODUCTUS

13a



■ T,i

'w iiè i'IMif. #M. - #K . - y ; - , .
!->

B#9 d



P L A T E  I I — continued.

P rod uc tu s  v a u g h a n i  sp. nov. P a g e  65.

Carb. L im e s t . , horizon /i, Avon Section .
F lu.
13a. Interior of  brachial valve, s h o w in g  brachial im press ions and m a rk in g s  w ithin  the im press ions ,  

possibly representing  setae  g iv e n  o i l  by the spiral arms. Bristol U niv .

Carb. L im e s t . , Zone Z, M oat H o u se  Quarry, w est  o f  F aiiand, near Bristol.

131). Lateral v iew , s h o w in g  folds below  sp ine-bases  on flanks o f  pedicle valve .  O xford  U niv .  M u s. ,  
647 (F ig il .  \h u ig h a n ,  1905, pi. x x v ,  figs. 2, 2a).

13c. S am e, ventral view , spec im en  much decorticated.

P rod u c tu s  g a r w o o d i  sp. nov. P a g e  70.

Carb. L im e s t . , subzone S^— D j,  B ryozoa  Bed, R om an  Fell ,  W es tm o r la n d .
IL i.  H olotyp e ,  posterior v iew  o f  pedicle valve. Prof. F .  J. G a r w o o d ’s collection.

14b. S am e, ventral view .

14c. S am e, lateral v iew .



EXPLANATION CE PLATE ILL

Produc tus  griffithianus L. clc Koninck. P age  73.
Carb. Limest.,  Botany Beds, subzone D^, Botany, Yorkshire.

F i g .

1. Visceral disk of l)rachial v a l \e ,  showing well-defined ribs. Prof. F. J. Garwood's collection.

Same locality.

2a. Visceral disk of pedicle v a h e .  Prof. E. J. Garwood’s collection. ^

Sam e locality.
2b. Trail o f  pedicle valve. Prof. E. J. G arwood’s collection.

Carb. Limest.,  Little Island, Cork.

3. Visceral disk of  pedicle valve. B .M .,  B .44007, J. W right  Coll.

Productus  rotundus  Garwood. P age  76.
Carb. L im est . , base o i  Seniitiula grcgaria  subzone, C,, above Fawcett Mill,

S .E .  of Shap, W estm orland.

4a. Brachial valve. Prof. E. J. Garwood's collection.

4b. Same, pedicle valve.

Productus  muricntus  Phillips. P age  79.

Lower Carboniferous, ‘ H ar e lo w ,’ Northumberland.

5. Holotype. Ventral view, showing prominent costae and numerous spine-bases. York Museum.

Lower Carb. Limest. Series, about 41 fathoms above Top Hosie Limestone,

Pollock Pit, ^-mile W . N . W .  of  Corkerhill, about 3 miles S .W .  o f  Glasgow.

6. Ventral view. Geol. S u rv . , Edinburgh, T .2410 b .

Lower Limestones, Corrieburn, Campsie, Stirlingshire.

7a. Ventral view. B .M .,  B .45676, Davidson Coll. (Figd. 1861, pi. xxxii ,  fig. 14).

7b. Same, lateral view.

7c. Same, posterior view, show ing row o f  spines along hinge.

Productus  furcatus  sp. nov. P age  85.
Carb. L im est . , Derbyshire.

8a. Holotype. Posterior v iew o f  pedicle valve. B .M . , B .45517, Morton Coll.

8b. Same, trail o f  pedicle valve, show ing bifurcating costae.

Productus  teres  sp. nov. P age  87.
Carb. Limest.,  subzone C^, quarry opposite Park H ouse, Ravenstonedale,

Westmorland.
9a. Holotype. Lateral view of  pedicle valve. Prof. E. J. Garwood’s collection,

9b. Same, ventral view.
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PL A T E  I I I — continued .

P ro d u c t u s  insculpt i i s  sp. nov. P a g e  89.

Carb. L im est . ,  subzone N arrow d a le ,  Staffordshire.
F lo.
lOa. V entral v iew. M .P .G . ,  26G82.

lUb. S am e , lateral v iew , s h o w in g  row o f  sp ines on ilank.

L ow er L im eston es ,  near Carluke, Lanarkshire .

11a. H olotyp e .  Lateral v iew  o f  pedicle valve. B .M . ,  B. 13868, D av id son  Coll.  

l i b .  S am e , ventral view.

11c. S am e , posterior v iew .

L ow er  L im eston es ,  Trearne, Beith, Ayrshire.

12. V isceral disk of brachial valve, separated from trail by a gen icu lat ion . R. Scot. M u s.,  Ed inburgh ,  

1911. 62. 113.

Pr o d u c t u s  pro d u c t u s ,  var. hispidt is  var. nov . P a g e  47.

Carb. L im e s t . , su bzone D , ,  H u m p hrey  H ead ,  Lancashire.

13a. H o lo typ e .  Ventral v iew , sh o w in g  num erous sp ine-bases.  Prof.  G a r w o o d ’s collection.

13b. S am e , lateral v iew , sh o w in g  three row s o f  sp ine-bases  o n  the cardinal s lopes.



EXPLANATION OE PL A T E  IV.

Productus  seuiireticulaius  (Martin). P a g e  93.

Carb. Limest.,  Kildare, Ireland.
F IG.

la .  Ventral view. B.M ., B. 13980, Davidson Coll. 

lb . Same, lateral view, showing spine-bases on Hanks.

Ic. Same, posterior view.

Carb. L im est. , Derbyshire.

2a. Visceral disk and posterior part o f  trail of pedicle va've. B .M ., B.3685.
2b. Same, lateral view.

2c. Same, visceral disk of  pedicle valve.

Productus  projectus  sp. nov. P age  101.
Carb. Limest.,  Little Island, Cork, Ireland.

3. Ventral view, showing horizontal rim round the anterior margin. B .M ., B. 13892, Davidson Coll.



MEMOIRS OF T H E  GEOLOGICAL SURVEY O F G R E A T  BRITAIN.

Palaeontology. Vol. III. 1928. Plate IV.

m . PRODUCTUS



EXPJ.ANATION OE EEATI: V.

Prodiicfiis pingiiis  sp. nov. P age 104.

Carb. Limest., subzone Do, half mile S. o f  Kscow House, Grassinglon, Yorkshire.

F i g .

1. Ventral view. AI.P.G., 34454.

Carb. L im est. , Clapham, Yorkshire.

2a. Holotype. Lateral view o f  pedicle v a l \e ,  show ing three rows of large spine-bases on Hanks.
R. Scot. AIus., Edinburgh.

2b. Same, visceral disk.

2c. Same, trail o f  pedicle valve.

2d. Same, anterior part o f  visceral disk and trail.

Carb. L im est . , Bolland, Yorkshire.

3. Brachial valve, much decorticated and sh ow ing  adductor muscle-scars, median septum, and 
marginal ridges. B .M .,  B .45505, Gilbertson Coll.
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EXPLANATION OE PLATE VT.

Productus  piiiguis  sp. nov. Pago 10 L 
Carb. Limest., Derbvsbire.

F i g .

1. Internal cast of pedicle valve, show ing small dendritic adductor muscde-si'ars, and large striated 
diductor scars. Sedgwick Alus., Cambridge, OS.

Productus hitidi^ var. u'cttoncusis  var. nov. Page 113,
Carb. L im est. , subzone Do, W et ton, Staifordshire.

2a. Holotype. Visceral disk o f  pedicle valve, show ing row of spine-bases on cardinal slopes. H.Al., 
B .43814, W . Hind Coll.

2b. Same, lateral view, showing large spine-bases on Hanks.

2c. Same, ventral view.

Productus  liiudi sp. nov. Page 4 OS.

Carb. L im est . , Derbyshire.

3. Visceral disk of  brachial valve. B.Al., 74331, Etheridge Coll.

Carb. L im est. , quarry N. of  Pike House, near Dovedale, Derbyshire.
4a. Holotype. Visceral disk of pedicle valve, show ing spine-bases on cardinal slo])es. B.Al.,  

B .47860, J. W . Jackson Coll.

4b. Same, lateral view.

4c. Same, ventral view. .

Lower Limestones, in bank of  Poniel W ater, Brackenside, Coalburn,
Lanarkshire.

5. Lateral view of pedicle valve, showing one spine in position. Geol. S u rv . , Edinburgh, AL448-11'.

Ixiwer Limestones, Bowertrapping, Dairy, Ayrshire.

6. Internal cast o f  pedicle valve, show ing adductor and diductor muscle-scars. B .A l. , B. 13863,
Davidson Coll.

Productus  aii t iquatus  Sowerby. Page 114.

Carb. L im est. , subzone D^, Cracoe, knoll reefs, Yorkshire.

7. Ventral view of  decorticated specimen. Prof. E. J. Garwood’s collection.
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EXPLANATION OE PLATE VIE

Produclus uutiquatus  J. Sowerby. Page 114.

Carb. L im est . , subzone I).,  Ciau'oe, knoll reel’s, \'orkshire.
F i g .

1. Lateral view of specimen figured in pi. vi, fig. 7, showing spine-bases on Hanks. Prof. IL J.
( far wood's collection.

Carb. L im est. , subzone I)^, Alalham, knoll reefs, Yorkshire.

2. Visceral disk of  brachial valve. B.Al., B .45512.

Carb. L im est . , subzone Do, Narrowdale Hill, Stalïordshirc.

3. Lateral view of pedicle valve, showing- ear and posterior part of Hank preserved. B .A l. , B .45504.
4a. Visceral disk o f  pedicle valve. B.Al., B .45503.
4b. Same, lateral view.

4c. Same, ventral view.

Productus  ki lhridois is  sp. now Page 119.

Lower Ironstone Group, Kilbride, Ayrshire.
5a. Holotype. Lateral view. R. Scot. Alus., Edinburgh, 1911. 02. 112, Neilson C'oll.

5b. Same, ventral view, show ing slight tube-like formation of front of trail.

5c. Same, visceral disk o f  pedicle valve.

Productus  mult ispiniferus  sp. nov. Page  121.

Carb. Limest.,  Hall Dale, Dovedale, Derbyshire.
Ga. Holotype. A’entral view, showing prominent costae. B. A4., B .47981, j.  W . Jackson Coll.

Gb. Same, visceral disk of  pedicle valve.
6c. Same, lateral view, showing group of spine-bases on Hank.
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EXPLANATION OE I T A T E  VJEL

Productus  ]uultispi)ujcrus  sp. nov. Page 121.

Carb. Limest., Yorkshire.
F IG.

la .  \'entral view. B.AL, 27056.

lb. Same, lateral view, show ing rows of small spine-bases.

Ic. Same, visceral disk.

Carb. L im est . , AVithgill, Clitheroe, Lancashire.
2. A'isceral disk of  brachial valve. AI.P.G., 34451.

Productus  scoticus  j .  Sowerby. Page 125.

Lower Carboniferous, Redesdale Ironstone, ? subzone I)^, Redesdale,
Northumberland.

3a. Ventral view. B.Al., B .43728, \V . Mind Coll.

3b. Same, dorsal view.
4. Interior of  brachial \a lve .  B .A l. , B .43810, W . Hind Coll.

Lower Ironstone Group, Kilbride, .Ayrshire.

5a. A'entral valve, show ing longitudinal folds near anterior margin. R .Scol.  Alus., halinburgh,
14, Neilson Coll.

5b. Same, lateral view.
5c. Same, visceral disk of  pedicle valve.

Upper Limestones, Garnkirk, Lanarkshire.

6. Interior of  brachial valve. K elvingrove Alus., G lasgow, 01.53 agg .

Productus  Jwwratensis  sp. nov. P age  130.

Ivowcr Limestones, Flow rat, 3 miles N .W .  of Dairy, .Ayrshire.
7a. Holotype. Ventral view. R. Scot. Alus., Edinburgh, 5, Neilson Coll.

7b. Same, lateral viewg show ing band of spines near anterior margin.
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EX PLA NATIO N OE PLATE IX.

Productus pugil is  J. Phillips. Page 133.

Carb. Limest.,  Ticknall, Ashby-de-la-Zouch, Derbyshire.
F ig .

la .  Ventral view of  decorticated specimen. AI.P.G., 3445 2.

lb .  Same, lateral view.

Carb. L im est . , subzone D^, Sellet Alill, S. o f  Kirkby Lonsdale, Westm orland.

2. Crushed specimen resembling Phillips’s type. Prof. F. J. Garwood’s collection.

Lower Carboniferous, Far House Shales, Cam Beck, Yorkshire.

3. Crushed specimen, show ing trilid exterior o f  cardinal process against adductor muscle-scars of
pedicle valve. Portion of the diductor scars is visible. B.Al., B .20450.

Lower Carboniferous, Back Scar, E. o f  Settle, Yorkshire.

4. Pedicle valve, show ing prominent longitudinal folds developed below spine-bases. B.AL, B .45686,
H. Al. AIuir-AVood Coll.

Carb. lam estone, subzone Dv, Sty ford or Stanton, Northumberland.

5. Interior o f  brachial valve. B.AL, B .44914, S. Smith Coll.

Productus  pugil is,  mut. senilis mut. nov. P age  139.
Upper Limestones, Thornliebank, Renfrewshire.

6a. Holotype. Ventral view, show ing irregular costation on anterior part o f  trail. R. Scot. A lus., 

Edinburgh, 1911. 62. 954.

6b. Same, lateral view.
6c. Same, brachial valve, show ing disappearance of costae below the visceral disk and development 

of  scale-like laminae on anterior part o f  shell.

6d. Same, visceral disk of pedicle valve.

Productus  bristolensis  sp. nov. P age  140.

Carb. Limest., subzone Zg, Avon Gorge, Clifton, Bristol.

7a. Holotype. Ventral view. Bristol YIus., C.4104.

7b. Same, lateral view.
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EX PLA NATIO N OF PLATE X.

Productus  cos tatus  J. de C. Sowerby. Page 143.

Upper Limestones, Orchard, near Glasgow.
F i g .

la .  Ventral view. B.AL, B.5761, Davidson Coll. (Figd. 1861, pi. xxxii,  fig. 2). 

lb . Same, lateral view.

Ic. Same, posterior view, show ing row o f  spines along hinge and up flanks.

2. Ventral view. K elvingrove Alus., Glasgow, 01.53 afe.

Upper Limestones, Thornliebank, Renfrewshire.
3. Interior o f  brachial valve. R. Scot. Alus., Edinburgh, 1911. 62. 955.

Productus  sulcatus  J. Sowerby. P age  147.
Carb. L im est . , subzone D^, Oystermouth Castle, Alumbles, Glamorganshire.

4. Visceral disk o f  brachial valve. AI.P.G., 34372.
5a. Ventral view, show ing ear. AI.P.G., 34370.

5b. Same, posterior view, showing row of  spine-bases along hinge.

Carb. Limest., subzone D^, Narrowdale, Staflbrdshire.

6. Ventral view. B.AL, B.43727, W . Hind Coll.

Carb. L im est . , Preston, Lancashire.

7a. Lateral view, show ing row of  spine-bases, set on ridge up flanks. B. A4., 47271.

7b. Same, posterior view.

7c. Same, ventral view.
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EX PLA NATIO N CE PLATE XI.

Prodnctus  loiis^ispi^iiis J. Sowerby. Pai^e 156,
Lower Limestones, bank o f  Poniel W ater,  Brackcnside, Coalbiirn, Lanarkshire.

F i g .

1. Visceral disk o f  brachial valve. One spine preserved near cardinal angle. Oeol. S u r w ,
Edinburgh, M .4506f .

Carb. L im est . , Scremerston, Northumberland.

2a. Visceral disk o f  pedicle valve. B.iM., B. 4.3723, W . Hind Coll.
2b. Same, ventral view, show ing tw o  symmetrically placed spines on front of trail.

Lower Limestones, Cunningham-Baidland, Dairy, Ayrshire.

3. Pedicle valve, sh ow ing  six major spin e-bases on \ enter. Hanks and ears. B .M .,  B .45515,
Davidson Coll.

Lower Limestones, Auchenmade, 3^ miles S .E . of Dairy, Ayrshire.

4. Internal cast of brachial valve. R. Scot. M us., Edinburgh, 48, Neilson Coll.

Productus  tis.sitigtonensis  Sihly. P age 166.
Lower Carboniferous, Far House Shales, .Settle, Yorkshire.

5. Interior o f  brachial valve. B .M .,  B .45518.

Produc tus lohatus  J. Sowerby. P a g e  173.
Lower Carboniferous, Northumberland.

6. Interior o f  brachial valve. B .M .,  B .45687.

Productus  triquetrus  sp. nov. P age  163.

Carb. Limest.,  subzone D^, N .E .  slope o f  Chrome Hill, Derbyshire.

7a. Visceral disk o f  pedicle valve. M .P .G . , 38344.

7b. Same, ventral view, show ing two major spines.

7c. Same, lateral view.

Productus  t i ss ingtonensi s  Sibly. Page 166.
Carb. L im est. , subzone D^, Tissington , Derbyshire.

8a. Lectotype. Visceral disk o f  pedicle valve. B .M .,  B .42160, Sibly Coll.

8b. Same, ventral view, sh ow ing  median fold.

Carb. Limest., subzone — D^, B ishop ’s Quarry, Great O rm e’s Head, N. W ales.
9. Ventral view. B .M .,  B. 45542, L. B. Smyth' Coll.

Productus  derhiensis  sp. nov. P a g e  170.
Carb. Limest.,  subzone D^, Thorpe Cloud, Derbyshire.

10. Holotype. Pedicle valve. B .M .,  B . 43730, W .  Hind Coll.

Carb. Limest.,  subzone D^, Narrowdale, Staffordshire.
11. Visceral disk of brachial valve. B .M .,  B .43729, W , Hind Coll,
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P L A T E  X I — con tinu ed .

P ro d u c t u s  lohatus  J. Sow erb y . P a g e  173.
l .o w er  Carbonil'erous, sliale in Kirke H arle Burn, near W a ll in g to n ,

N orthum berland.
F i g .

12. Ventral view% s h o w in g  deep sinus. B .M . ,  13.15505.

Lower L im eston es ,  bank of  Poniel W a ter ,  S .F .  o f  B ankend , Coalburn,
Lanarkshire.

13. Ventral view. Geol. S u rv .,  Ed inburgh , M .4488c .

P ro d u c tu s  se to su s  J. Phillips, P a g e  182.
L ow er  C arboniferous, Gorbeck, S ettle ,  Y orkshire .

44a . V entral v iew , sh o w in g  V -shap ed  extension  o f  front o f  trail. B .M . ,  B . 20496.
14b. S am e , v isceral disk.

il lc .  S am e, brachial valve ,  sh o w in g  su ccess ive  lam inae deposited  round m argin  o f  brachial va lve  to  

correspond  with  normal g ro w th  o f  trail o f  pedicle valve.
14d. S a m e , lateral v iew , sh o w in g  one major sp ine on flank.

Carb. L im est . ,  U pp er  Grey L im eston e ,  M inera, D en b igh sh ire .
15a. V entra l v iew , s h o w in g  tw o  m ajor spines. B .M . ,  B . 45679, M orton Coll.
15b. S am e,  p osterior  view .

15c. S am e,  lateral v iew .

P ro d u c t u s  lohatus ,  var. l aq uea tus  var. nov. P a g e  178.
U p p er  L im eston es ,  Orchard, near G lasgow .

16a. V isceral disk o f  pedicle valve. R. Scot.  M u s . ,  E d inburgh , 36, N eilson  Coll.
16b. S am e , ventral view .

P ro d u c t u s  pse i idopl i cat i l is  sp. nov. P a g e  189.
Carb. L im e s t . , Sett le ,  Y orkshire .

17a. H olo typ e .  Brachial valve .  B .M . ,  B . 20540.
17b. S am e , pedicle valve ,  much decorticated  anteriorly.
17c. S a m e ,  visceral d isk  o f  pedicle va lve .

P ro d u c tu s  lohatus ,  var. l a quea tus  var. n ow  P a g e  178.
U p p er  L im eston es ,  Cock o f  Arran, Scotland.

18. H olo typ e .  V en tra l v iew . R. Scot.  M u s . ,  E d inburgh , 38, N e i lso n  Coll.

P r o d u c tu s  derh iens i s  sp. nov. P a g e  170.
Carb. L im e st . ,  subzone D^, W e t t o n ,  Staffordshire.

49a . G iganteid  F orm . V iscera l  d isk  o f  pedicle valve, B ,M . ,  B , 45516, D av id son  Coll.
19b. S a m e ,  lateral v iew .
19c, S am e ,  ventral v iew .



EX PLA NATIO N OF PLATE X II.

Productus  praccursor  sp. nov. P age  191.

Lower Limestones, Beith, Ayrshire.
F i g .

1. Brachial valve, show ing slight thickening o f  shell round margin. R. Scot. M u s . , Edinburgh,
57, Neilson Coll.

Lower Limestones, Rough wood, Beith, Ayrshire.
2. Holotype. Pedicle valve, showing slight folding of front o f  trail. R. Scot. Mus., Edinburgh,

34, Neilson Coll.

Productus  niiniitus sp. nov. P age  195.

Carb. Limest, Little Island, Cork.

3a. Holotype. Lateral view, show ing cincture extending from hinge round front of shell. B .M .,  
B. 40200, J. W right  Coll.

3b. Same, ventral view.
3c. Same, visceral disk, showing flattened, triangular ears.

Productus  lohatus^ var. fh‘xns  var. nov. P a g e  180.

Lower Limestones, Main Limestone, Campsie, Stirlingshire.
4. Holotype. Ventral view. K elvingrove M u s . , G lasgow, 01.53 aid. Y oung Coll. (Figd. Davidson,

1861, pi. X X X V ,  f i g .  10).
5. Interior of  brachial valve, showing small triangular adductors, and enlargement o f  anterior

end of median septum. Sam e coll., 01.53 aid.

Avonia  youngiana  (Davidson). P age  36.

Lower Limestones, Corrieburn, Campsie, Stirlingshire.

6. Y oun g  specimen, showing spinose ornament o f  the posterior portion of shell. B .M .,  B .45685,
Davidson Coll.

7. Interior o f  brachial valve, show ing small, non-dendritic adductor scars, median septum and
brachial ridges. B .M .,  B .45681, Davidson Coll,

Lower Limestones, Lilyburn, Campsie, Stirlingshire.

8. Interior o f  brachial valve. K elvingrove Mus., G lasgow, 01.53 agy.

Lower Limestones, Corrieburn, Campsie, Stirlingshire.

9. Ventral view, show ing numerous spine-bases springing from summit o f  costae. B .M .,  B .45680,
D avidson Coll.

10. Same, visceral disk, show ing ornament o f  spine-bases.

Smuatel la  sinuata  (de Koninck). P age  37.

Carb. Limest,,  Settle, Yorkshire.

11. Ventral view, shownng deep sinus. Sedgwnck M u s . , Cambridge, 148, Burrow Coll.

12. Same, visceral disk.
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T^LATE X I I — continued.

Sinuale l la  s imui la  (cle Koninck). Page 37.
Upper IJmestones, Bowertrapping, Dairy, Ayrshire.

F i g .

13. Cast: of interior of brachial valve. Kelvingrove Mus., Glasgow, 01.53 ahj. Young Coll.

Carb. Limest., Visé, Belgium.
1-1. Cast of interior of pedicle valve, showing diductor scars enclosing oval adductors. B.M., 

B.45084, de Koninck Coll.

Carb. Limest., Settle, Yorkshire.
15. Exterior of brachial valve and cardinal area, with small triangular delthyrium. Sedgwick Mus., 

Cambridge, 148.
Pro bos c i de l la  p ro bo sc id ea  (de Verneuil). Page 37.

Carb. Limest., Visé, Belgium.
IGa. Lateral \dew of shell. B.M., B.45682, de Koninck Coll.
16b. Same, brachial valve, which serves as cap to tube-like pedicle valve. The vertical line of junction

of the Hanks of the pedicle valve can be seen immediately below the brachial valve.
17. Ventral view, showing long tube with fine costae and ribs. B.M., B.45683, de Koninck Coll.

P r o d u c tu s  t r ique t rus  sp. nov. Page 163.
Carb. Limest., roadside near Underhill Farm, S.W. of Hitter Hill,

Gluttondale, Derbyshire.
18a. Giganteid form. Lateral view, showing posteriorly flattened visceral disk, and one major

spine on Hank. M.P.G., 38395.
18b. Same, visceral disk, with two major spines on venter.
18c. Same, ventral view, showing triangular outline of shell.

B u x t o n i a  scabr icula  (Martin). Page 36.
Carb. Limest., Cork, Ireland.

19. Ventral view, showing costae bearing numerous spine-bases posteriorly, and bands bearing
small spine-bases near anterior margin. B.M., B.45678, J. Wright Coll.

B u x t o n i a  sp.  Page 36.
Redesdale Ironstone Shale, Redesdale, Northumberland.

20. Ventral view, showing bands of spines near anterior margin. M.P.G., 34439.
21. Interior of brachial valve, showing bifid cardinal process, below which two narrow lamellae

converge and unite to form a solid median septum. B.M., B.45579, W. Hind Coll.

(lao) Wt. 10196/0012/567 7 5 3  12/28 S .E .R .,L td . G p. 9 .



[From the U itartdrly J ournal  of  the G eological S ociety, 
vol. Ixxxiv, part 2, 192S.]

K f t S -

BRA CH IO FO D S FROM  TH E B E L E M N IT E
M A RLS.

By H e l e n  M a r g u e r i t e  M u i r - W o o d , 

M.Sc., F.G.S.

Brachiopoda occur scattered throughout the Belem nite M arls, 
but are abundant only  a t two horizons, nam ely in Beds 1 1 1 -1 1 2 , 
where several species o f Gincta  form  a well-m arked band ; and in 
Beds 1 1 8 -1 1 9 , where crushed specim ens o f Trop iorh yn ch ia  t l ia lia  
(A . d’O rbigny) are predom inant. A  remarkably large num ber of 
species are represented in the sm all am ount of m aterial to  be 
described, all o f which was collected by Dr. L ang and is now pre
served in the B ritish  M useum  (N atural H istory) Collection.

The m aterial is poorly preserved, m uch flattened, and distorted, 
rendering specific determ inations a m atter o f extrem e difficulty. 
The specim ens, however, are found to  agree very w ell w ith better- 
preserved m aterial from  the Lias o f Northern France, and from  
the Lias y  o f Germany. Comparison has also been made w ith  
Specimens from  the Lias of R adstock (Som erset) and Yorkshire.
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F am ily  D IS C IN ID Æ .

Genus D is cf ni s ca  Dali, 1871.

V)tsciNiscA (?) iioLüENi (Tate).
Discina hohieui  R. Tiite, 1807, j). 314.
Discina holdeni 4'iitc; l \  Davidson, 1870, p. 85 & pi. x, Dgs. 7, 8, 12, 12rt, pi. xi, 

tig. 32..

Small examples measuring about 3 mm. in diameter occur in 
the Middle pale band, Bed 113 (specimen B 45898) and in the 
Upper darker marls, Beds llS 'r; 119 (specimens B 49490, 45872). 
The upper, or conical, valve alone is ])reserved, and is of a pale- 
brown colour with a highly polished surface and numerous 
growth-lines. One specimen is attached to T rop iorh yn ch ia  th a lia  
(A. d’Orbigny). From the form of the pedicle-opening seen in 
other specimens this species appears to belong to the genus 
JJisciiiisca  rather than to O rbicu lo idea .

This species was recorded by Tate from the anyuiatiii}  zone of 
County Antrim and the ibex  zone of Cheltenham, but is said by 
Davidson to range throughout the Bower Lias.

Family K14 VNC H ON F L LII )Æ.

Genus G n n u i i i iy'NCIIIa S. 8. Buckman, 1914. 

G iB B iR i i r N C H iA  CUR VICE es (Quenstedt). ( Fig. 2, p. 247.)
Terebratula curviceps  Quenstedt, 1858, p. 138 & pi. xvii, tig.s. 13-15.
Terehratula curviceps  Qa«"stedt, 1871, p. 57 & pi. xxxvii, tigs. 118-120.
JRhi/nchonella curviceps  (Queii.stedt) ; Haas & Retri, 1882, p. 188 & pi. ill, fig. 33.
Rhtfuchonella curviceps  Quenstedt ; Run, 1905, p. 18 & pi. ii, figs. 14-17.
Gibbirhynchia curviceps  (Quenstedt); 8. S. Buckman, 1917, p. 44.

One imperfect specimen from the Belemnite Stone, Bed 121 
(B  49491), has half of the brachial valve and a small part of the 
pedicle-valve preserved. I t is extremely gibbous, being 18*6 mm, 
long, 18 mm. wide, and 15 mm. thick. I t  has a prominent median 
fold and strongly curved lateral slopes in the brachial valve. A
well-developed dorsal septum is visible through the test. Since
the umbo of the pedicle-valve is missing, the beak-characters are 
unknown.

The costæ are prominent and sub-angular anteriorly. Six occur 
on the median fold, and eight to ten on each lateral slope. Two 
costæ unite to form one thickened costa in the depression separating 
the median fold from the lateral slope.

This specimen agrees very well in form and ornament with 
Quenstedt’s figures of this species, but it has more numerous costæ 
on the lateral slopes.

P r e v io u s  record s.— Quenstedt (1858) figures this species 
from the Lias, lower y, Spiriferenbank of Riederich. Rau figures 
specimens from the same bed at various localities in Swabia, and
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records it from the jamcaoni zone of Oldersliausen (Northern 
Germany). Haas & Petri also lignre this species from the 
DavœiV'Âk, Hovoie, near Metz.

(Jenns TitoiMOUirYNCiiiA S. S. Buckman, 1914.

TiiopioiuiYNcniA t h a e i a  (A. d’Orhigny). (Figs. & 3 /;, 4 a  &  
4 below.)

IthynchoneUa thalia  A. d’Orbifçny, 1850, No. 225, p. 239; No. 268, p. 258. 
Tsrobratula thalia  A. d’Orbigny ; Quenstedt, 1871, p. 53 & pi. xxxvii, Hg. 94. 
Ithynciihyiella thalia  A. d’Orbigny ; Thovenin, 1908, p. 50.
Tropinrhi/nchia thalia  (A. d’Orbigny) ; S. S. Hnckiniin, 1917, p. 34 & pi. xviii, 

lig. 1 0 .

Figs. 1-5 c (Bmcliiopods).

4-°a

Fig. 1. Acanthotliiris sp. Lower dark marls. Bed 110, north of Peace Farm, 
Whitchurch (Dorset). B.M. B 45821. X 2. (See p. 250.)

2. Oihhirhynchia curviceps (Quenstedt). Belemnite Stone, Bed 121, 
Stonebarrow (Dorset). B.M. B 49491. Natural size. (See p. 246.) 

Figs. 3a & 3b. Tropiorhynchia thalia (A. d’Orbigny). Upper darker marls, 
Bed 118a or 118 b, foreshore south-east of Golden Cap. 3a =  
dorsal view. 3  b =z anterior view. B.M. B 49494. X l i .  (See 
above.)

4 a & 4b. Another specimen. Same horizon, Bluntshay, north-east of 
Whitchurch. 4 a =  lateral view, X 1&. 4 b =  posterior view
showing umbo truncated by foramen, natural size. B.M. B 45844.

5 ft-5 c. Rudirhynchia calcicosta (Quenstedt) P Lower pale band, 
Bed 111 a, between Westhay and Ridge, east of Charmouth. 
5 a =  dorsal view. 5 b =  lateral view, X 11. 5 c =  anterior view,
natural size. B.M. B 49473. (See p. 248.)

T h is species is represented by  num erous crushed specim ens from  
the Upper darker M arls ( Bed 1 1 8 ), B elem nite  Shales (B ed  1 1 9 ) , and  
P yritic  M arls (B ed  1 2 0 ). T he specim ens vary considerably in size, 
b u t in all the pedicle- and brachial valves are gibbous, posteriorly  
sm ooth, but plicated on the anterior th ird  of the shell. Three
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broad rounded plications are develo|)ed on the low, dorsal median  
fold, and two in the corresponding sinus o f the pedicle-valve, w hile  
three occur on each lateral slope. The beak o f the pedicle-valve is 
incurved, and in contact w ith  the brachial valve, thus concealing  
the deltid ium ; the apex is truncated by a circular foram en. The  
internal characters are unknown, but the truncated m esothvrid  
um bo is characteristic of the genus Tropiorln/nchia .

These specim ens agree very well in both size and ornam ent w ith  
exam ples o f T rop iorh yn ch ia  th a lia  from  Calvados (L ow er N o r
m andy), whence th ey  were originally  described by A. d’O rbigny.

D i m e n s i o n s .— Specim en B 45844 . L ength  =  12 5 innt; w idth  
=  17 m m .; thickness =  8*5 mm.

L o c a l i t y  a n d  h o r iz o n .— M iddle dark band (1 1 4 ) , W esth ay  
C liffs, east o f Charm outh; Upper pale M arls (1 1 7 ), foreshore 
south-east o f Golden Cap, and Upper darker M arls (1 1 8 )  o f the  
same lo ca lity ; Bed 118, W esthay W ater, east o f Charm outh ; 
Breakneck G ully ; B luntshay, north-east o f W hitchurch ; G asson’s 
Lane, and Peace Farm , near W hitchurch, Vale o f Marsh wood.

P r e v io u s  r e c o r d .— A. d’O rbigny described th is species from  
the Liasien and Toarcien o f the Calvados, Cher, IMoselle, etc., but 
the type-specim ens figured in the ‘ Types du P rodrom e’ (T h éven in , 
19 0 8 ) are said to come from  the M iddle Lias o f Vieux P o n t  
(C alvados). Q uenstedt (1 8 7 1 ) figured th is species from  the  
M iddle Lias o f Bayeux, while Mr. Buckm an figures specim ens 
from  i\\Q j  a meso n i  zone o f T illy-sur-Seu lles (C alvados).

G enus R u d ir iiy n c iiia  S. S. Buckm an, 1914.

R i T D T R i T T N c n i A  CALCICOSTA (Q ucn stcd t) ?. (F ig s . 5 a - 5 c ,  p. 2 4 7 .)
Terehratula calcicosta  Quenstedt, 1852, p. 451 & pi. xxxvi, figs. 6-9.
Terehratula calcicosta Quenstedt, 1858. p. 138 & pi. xvii, figs. 16, 17.
Terehratula calcicosta  Quenstedt, 1871, p. 61 & pi. xxxvii, figs. 82-91.  
Jthynchnnella calcicosta  (Quenstedt) : Tbnis & Petri, 1882, p. 181 & pi. i, fig. 11. 
RhynchoneVa calcicosta Quenstedt; linn, 1905, p. 388 & pi. i, figs. 110-19. 
Wiynchonella calcicosta  Quenstedt; Davidson, 1878, pi. xxviii, figs. 24, 25, & 

31-32.
Rudirhynchia calcicosta  (Quenstedt?) ; S. S. Buckman, 1917, p. 45.

One im perfect crushed specim en (B  4 9 4 7 3 ) from  the Low er  
pale band ( 1 1 1 a )  of W esthay  or R idge, east o f Charm outh, is 
dou b tfu lly  referred to Q uenstedt’s species. The costæ  are a lm ost 
continuous from  th e um bo to the anterior m argin, bu t there is a 
sm ooth portion im m ediately below tbe beak of each valve. Three 
costæ  occur on th e  m edian dorsal fold , tw o in the corresponding  
sinus o f th e  pedicle-valve, and tw o to  three on each lateral slope. 
The beak is erect, but other um bonal characters are obscure. T he  
grow th-lines form  a prom inent transverse ornam ent, and are fre
quently  im bricating.
, The general shape and ornam ent o f th is  specim en agree very  
well w ith those o f (^uenstedt’s species.

P r e v io u s  r e c o r d .— Q uenstedt figured th is  species from  the
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Lias /3, y o f G erm any, and Rau’s specim ens are from  the Lower 
Lias y , Spiriferenbank of Swabia. H aas & Retri record it  from  
the M iddle Lias y  of A lsace-Lorraine, while D avidson’s specim ens 
are tVom a higher horizon, nam ely, th e  m a r y a r i ta tu s  zone of 
Yorkshire.

RuDTRirvNcniA (? )  FAL LAX  D eslongchauips. (F ig s . 6 a - 6 c, below .)

Mhynchonella f a l l a x  E. I)eslongcl)Hnips, 1863, p. 267 & pi. iii, figs. 1-4.

One exam ple o f th is  species (B  4 9 4 7 0 )  was obtained from  the  
Low er pale band (1 1 1 )  in the bed o f the G w yle, north-w est o f  
Charm outh. I t  resem bles D eslongcham ps’s figures in th e  trigonal 
outline of the shell, in the suberect, m assive beak, in th e  broad 
dorsal m edian fo ld , and in tbe well-dem arcated sinus. T he dorsal 
valve is stron g ly  depressed in th e  um bonal region. The dental 
plates are strong, and s lig h tly  d ivergent; the other internal

F ig s . 6 a - 6 c (B ra c l i io p o d s ) ,

Figs. 6  a- 6  c. Rudirhynchia (?) fallax (Deslongchamps). Lower pale band. 
Bed 111, Gwyle, north-east of Charmonth. 6  a =  dorsal view. 
6 b =  lateral view. 6  c =  anterior view. B.M. B 49470, X 1&. 
(See above.)

characters are unknown. F iv e  broad, angular costae are developed  
on tbe m edian fo ld , four in th e  sinus o f the pedicle-valve, and from  
tw o to four on each lateral slope. G row th-lines form  a prom inent 
transverse ornam ent.

D i m e n s i o n s .— L en gth  =  15 m m . ; w idth =  17*5 m m . ; th ick -  
n ess= 8  m m . D eslongcham ps quotes the fo llow in g  sim ilar dim en
sions for his specim en:— L en g th  =  15 m m . ; w id t h = 1 7  m m . ; 
th ickn ess =  8 m m .

P r e v i o u s  r e c o r d .— D eslongcham p s recorded his species from- 
the M iddle Lias o f M ay and B  re t te  vi lie - sur- Laize (C alvados) ; 
and D avidson (1 8 7 8 , p. 2 2 5 )  quoted th e  occurrence o f th is  species, 
on the au thority  o f M oore from  th e M iddle L ias o f W h a tley  
(S om erset). T he specim ens figured by D avidson (1 8 8 4 , pi. xx, 
figs. 4, 4 a ,  4& ) from  th e M iddle L ias of H u ish  Quarry, Radstock,. 
have less angular costæ , w hich are on ly  developed on the anterior  
h a lf o f  the valves. T hese form s have been referred by R ollier  to  
his species B liyn ch o n e lla  f a l la c io s a .
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Genus PiAHOiiiiYNcniA S. S. Huokinan, 1914.

PrAROiniYNCiiiA FHONTO (Queiistetlt) ?
Terehratula tr ip l ic a ta  f ro n to  Quenstedt, 1871, p. 71 & pl. xxxvii, ligs. 177-83.
Jilii/nrhonella tr ip lica ta  (Quenstedt); Haus & Pétri, 1882, pl. i, tigs. 29a-2t)c,

‘ 31n -31c .
Rhynchonella variahilis var. fronto  Qnenstedt; Pau, 1905, pl. i, tigs. 92-97.
Riarorhyncliia tr ip l ica ta  f ro n to  (Quenstedt) ; S. S. Bnckinan, 1917, p. 31.
Rhynchonell a f ro n to  liüllier, 1917, p. 91.

This species is represented by one imperfect brachial valve 
(B  49485) from the Middle dark band (114) of the cliif-foot, 
Westhay to Ridge, east of Ohamioutb. ’The specimen is crushed, 
but the median fold is still prominent, and bears three angular 
costæ, while three curved costæ are developed on the lateral slopes. 
The ornament agrees exactly with that of figures of Terehratula  
tr ip l ica ta  fronto  (Quenstedt.

P r e v i o u s  record .— Quenstedt figures this species from the 
Lias y  of Germany, while RaiTs specimens are from the middle of 
Lias y  of Swabia, where, he states, it is characteristic of the ta y lo n \  
ihe.Vy and jam eson i  zones. Haas & Petri figure this species from 
the Darœzkalk, Lias y  near Metz.

Genus A c a n t i i o t h t u i s  A. d’Orbigny, 1849.

A CANT IIÜTH IRIS (?) Sp. (F ig . 1, p. 247.)
One small dorsal valve from the Lower dark Marls (110), north 

of Peace Farm near Whitchurch, is doubtfully referred to the 
genus Acantlio th iris .  The specimen (B  45821), which is 7'5 mm. 
long and 7*5 mm. wide, is slightly convex and rectimarginate. 
The internal and beak-characters are unknown. The ornament 
consists of eighteen rounded, non-dichotomous costæ, each bearing 
a single row of very fine spine-bases, and resembling those of the 
genus Acantliotliiris^ which has, however, so far not been recorded 
from beds below the Aalenian. Further material is required before 
an adequate diagnosis can be given of this species.

Family TER EBR A TU L1D Æ .

Genus L o b o t h y r i s  S. S. Buckman, 1914.

L o b o t h y r i s  o v u l u m  (Quenstedt). (F igs. 8 a  & 8h ,  p. 251.)
Terehratula numismalis ovalis  Quenstedt, 1858, p. 143 & pi. xviii, figs. 1, 2.
Terehratula numismalis ovulum Quenstedt, 1871, p. 325 & pi. xlvi, figs. 33-38, 

40, 41.
Terehratula ovulum  Rollier, 1918, p. 198.
? Terehratula grammontensis  Peterhans, 1926, p. 372 & pi. i ,  figs. 1-7.

Examples of this species were obtained from the Upper darker 
Marls (118) from the foreshore, south-west of Golden Cap, east 
of Charmouth.

The specimens (B  45904, B 49487) are about 14 mm. in length, 
13 mm. in width, and 8 mm. in thickness. They have a slightly-
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convex brachial valve, which is sulcate posteriorly, and in c ip ien tlj  
uniplicate a t the anterior m argin. The more convex pedicle-valve  
has a sm all incurved beak, w itb  obscure beak-ridges, and is tru n
cated by a circular foram en.

T he contour and the general form  o f these specim ens agree w ith  
those from  the German Lias y, in which the m uscle-scars are 
characteristic o f the genus L o b o th y r is .  T erebra tu la  yram m on-  
tensis  Peterhans, from  the Sinem urian o f V alais (S w itzerlan d), 
resem bles th is  species in outline and dim ensions.

P r e v i o u s  r e c o r d .— Q uenstedt figures th is  species from  the  
Lias y  o f M etzin gen , and sim ilar, though s lig h tly  more globose, 
form s were figured by Rau from  the ja m e s o n i  zone of B alingen  
(W u rtem b erg).

F ig s . 7 fl'-O b (B r a c h io p o d s ) . 
ylr

X \h.

CL

Figs. 7 a & 7h. Ornithella sarthacemis (A. d’Orbigny). Lower pale band, 
Bed 111, loose block, Westhay Cliff, east of Charmouth. 7 a =  
dorsal view. 7 =  Lateral view, specimen much crushed. B.M. 
B 45873, natural size. (See below.)

8 a & 8 b. Lobothyris ovulum (Quenstedt). Upper darker Marl, Bed 118,
south-east of Golden Cap on the foreshore. 8 a =  dorsal view.
8  6 =  lateral view. B.M. B 45904, X 1%. (See p. 250.)

9 a & 9 6 . Cincta pemumismalis  S. S. Buckman. Middle pale band.
Bed 113, Black Ven, east of Lyme Eegis. 9 a =  dorsal view,
9 5 =  lateral view, showing the flattening of the shell. B.M. 
B 45880, natural size. (See p. 253.)

F am ily  T E R E B R A T E L L ID Æ .

G enus O r n i t h e l l a  D eslongcham ps, 1884 .

O r n i t h e l l a  s a r t h a c e n s is  (A . d’O rb ign y). (F ig s . 7 a & 7 h, 
above.)

Terehratula sarthacensis  A. d’Orhigny, 1850, p. 258, No. 270.
Terebratula ( W aldheimia) sarthacensis  (A. d’Orbigny) ; Deslongcliamps, 1863 

(1862-85), p. 130 & pi. xxxi.
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ll'ahiheimia sarthacensis  A. d’Orhigny ; Tutc & Hhike, 1871), p. 418 & pi. xv, 
tig. 11.

Waldheimia (Zeiller iaJ  sarthacensis  A. d’Orhigny ; Haas & Petri, 1882, p. 279 
& pi. xiv, tigs. 5-8, 15, 16.

Z eilter ia  sarthacensis  A. d’tlrbigiiy ; Rollier, 191U, p. 291.
Zeilleria  sarthacensis  Deslongchamps; La Houillerie, 1919-20, p. 107 & pi. vi, 

figs. 12-16.

T his species is represented by several specim ens from the Lower 
pale band ( 1 1 1 )  of W esthay C lilf and R idge, east of C harm outh; 
from  Black Ven;  from the G w yle, north-w est o f Charm outh ; and 
from  the foreshore, sou th -east o f G olden Cap (figs. 7 a & 7 5, 
p. 2 5 1 ).

The shell is elougate-oval in outline, tapering gradually to the  
anterior m argin, which is s lig h tly  truncate and has a plane com 
missure. The convex pedicle-valve is sligh tly  carinate posteriorly ; 
it  has a suberect beak, discrete deltid ial plates, and an oval 
foram en. The beak-ridges are em phasized by the crushing of the  
shell. The brachial valve is evenly  convex, and in early grow th- 
stages tapers anteriorly ; later it  hecom es more rounded, and 
finally truncate.

D i m e n s i o n s . — Length =  28 m m . ; w idth =  17 m m . ; th ickness  
=  8 mm.

P r e v i o u s  r e c o r d . — The specim ens resem ble you n g  form s of 
Ornithella sarthacensis from  the Charm outhian of the Sarthe and 
Calvados in N orth -W estern  France, but the shells are considerably  
less convex than the French specim ens, ow ing to  crushing. A . 
d ’O rbigny records his species as occurring in the 8’oarcian of  
Calvados, etc., but specim ens figured by D eslongcham ps from  
sim ilar localities are said by R ollier and La B ouillerie to  be 
from  the Charm outhian. A. d’O rbigny quoted Sow erby’s specim en  
of Terebratula ornithocephala figured in the ‘ M ineral Conchology ’ 
vol. i, pi. ci, fig. 5 {non figs. 1 , 2 ), as typ ical o f his species. The  
figure m entioned (pi. ci, fig. 5 )  represents, however, ‘ Terebratula 
ohovata^ from  C hatley, and J . Farey (in  the Supplem entary Index  
to  the * M ineral C onchology ’ vol. i)  states th a t it  is from  th e Corn- 
brash. F ig s . 1 , 2 , & 4  o f th e  same plate represent ‘ Terebratula 
ornithocephala ’, and of these figs. 1 & 2 are said to be Cornbrash 
form s, while fig. 4  is from  the blue Lias marl o f P ickeridge  
H ill, near Taunton. T h is last specim en (fig . 4 ) was probably 
intended by A . d’O rbigny as the type o f Terebratula sarthacensis^ 
Dut m isquoted as f ig . 5.

T ate & B lake figure th is species from  the armatus beds o f Robin  
H ood ’s Bay (p i. xv, fig. 1 1 ), but also quote it  as occurring in the  
jamesoni and spinatus zones o f the Yorkshire Lias. T he illustrated  
specim en resem bles th a t figured by D avidson as Waldheimia per

forata  P ie tte  (1878 , pi. xxiv , fig. 1) from  the sam e locality , but 
said to  be from  the jamesoni zone ; and both are sim ilar to the  
Charm outh form s. D avidson’s specim en of Waldheimia perforata 
P ie tte , from  the angulatus zone o f Charm outh (1 8 7 8 , pi. xxiv, 
fig. 2 ), like th a t figured by T ate & B lake from  the sam e zone o f  
Yorkshire (p i. xv, fig. 10 ), resem bles P ie tte ’s figure o f Terebratula 
perforata.
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1 laas & Pétri record th is species from  tlie  Lias y  and 5 o f  
G erm any, and especially  from  the 7>??Y/??’schichten near M etz.

Genus G i NOT A Q 'lenstedt, 1808.

OiN(vrA 1‘EitNiJMisMALis S. S. Buckm aii. (F ig s . 9 a & 9 &, p. 2 5 1 .)
(Unrta pernnmismaiis  S. S. Bnekinau, 1907, p. 49 & pi. v, figs. 19, 20.

T his species is abundant in the Lower pale band (111) ,  and  
Lower dark band ( 1 1 2 ) ,  and M iddle pale band ( 118 )  o f W esth ay  
and Stonebarrow Glifl’s ; banks o f the G w yle, north-w est o f Char
m outh ; and Black Ven.

T he specim ens are crushed, and com pletely  flattened anteriorly, 
as shown in a lateral view o f th is species (lig . 9 6 ), but the outline  
of the shell and the early grow th-stages correspond w ith  well- 
preserved specim ens o f C incta  p e rn u m ism a lis .

M r. Buckm an records th is species from  the j a m e s o n i  zone o f  
R adstock and from  T oddington (G loucestersh ire).

C t n c t a  p a u p e r c u l a  s .  s .  Buckm an.
Cincta jpaupercula  S. S. Buckman, 1907, p. 54 & pi. vi, figs. 7, 8.

N um erous exam ples o f th is species were obtained from  the  
Lower pale band ( 1 1 1 )  o f W esth ay  C lift and east o f W esth ay  
W a ter; and from  the M iddle pale band ( 1 1 8 )  of B lack Ven, and 
R idge Clift, east o f Charm outh.

The specim ens are crushed and deform ed, but both valves are 
s lig h tly  convex.

T he species is recorded by Mr. Buckm an from  R adstock and 
from  T illy-sur-Seu lles (N orm an d y).

C i n c t a  o p u l e n t a  S. S. B uckm an.
Cincta opulenta  S. S. Buckman, 1907, pp. 55 & pi. vi, figs. 15 ,16 .

Im p erfect exam ples o f th is species were obtained from  the  
Low er pale band ( I l l c ,  111 7 )  o f W esth ay  and R id ge  Clifts, east 
o f Charm outh.

T h is species has been recorded (S . S. B uckm an, 1907, p. 5 6 )  
from  Churchdown and A ston  M agna (G loucestersh ire), probably  
from i\\Q  ja m e s o n i  zone.

C i n c t a  n ü m m o s a  S. S. Buckm an.
Cincta nnvnnnsa S. S. Buckman, 1907, p. 48 & pi. v, figs. 17, 18.

T his species was obtained from  the Lower pale band (111  h) of 
W esth ay  C lift and R idge C lift; and from  the M iddle pale band  
( 1 1 8  fy) of Stonebarrow Clift, east o f Charm outh.

The specim ens are flattened, and their preservation is sim ilar to  
th a t  o f Cincta  p e rn u m ism a lis .

T his species was recorded by Mr. Buckm an from  R adstock and 
from  G loucestershire, probably from  W\q ja m e s o n i  zone ; also from  
Calvados (N orm an d y) and from  near Balingen (W u rtem b erg ).



2 5 4  MISS H. M. MUlH -WüOl)  ON intACl l  lOPODS [ v o l .  I x x x i v ,

O i N C T A  NU M MA TA  S. S. BuclvllliUl.

Cincta nummata  S. S. Buckiniin, 1907, p. 49 & pl. v, figs. 1—1.

One large specim en was obtained from  the Upper darker M arls 
( 1 1 8  c ) ,  from  the foreshore south -w est o f Golden Cap, and agrees 
in  shape w ith  M r. B u ck m an’s figures o f th is  species.

I t  has previously been recorded from  the  Jam eson i  zone of Rad- 
stock  and from  N orm andy.

C i n c t a  n u m m u s  S. S. Buckm an.
Cincta nnmmns S. S. Huckinnn, 1907, p. 47 & pi. v, fig. 21.

Im m ature exam ples o f th is s|)ecies were obtained from  the  
Lower pale band ( 1 1 1 7 )  of R id ge  Clifl' and Stonebarrow Clift, 
east o f Charm outh.

The specim ens are crushed and decorticated, as in the above- 
m entioned species.

Gincta num m as  has been recorded by Mr. Buckm an from  Bad- 
stock (Som erset) and from  N orm andy.

C i n c t a  s e s t e r t i u s  S. S, Buckm an.
Cincta sestertius  S. S. Buckmuii, 1907, p. 56 & pi. v, figs. 11, 12.

A  crushed specim en from  th e M iddle M arls (111  or 112)  from  
Stoke Mil l ,  north o f W hitchu rch  Canonicorum , and one specim en  
from  the Upper darker M arls (1 1 8  />), sou th -east of Golden Cap, 
are dou b tfu lly  referred to th is s}iecies. T he latter  specim en has 
the shell o f one valve preserved in an uncrushed condition.

The only previous record o f th is  species is from  the a rm a tu s  
zone o f R adstock.
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( P u b l i s h e d  b y  p e r m i s s i o n  o f  t h e  T r u s t e e s  o f  t h e  B r i t i s h

M u s e u m .)

I. In tro d u ctio n .

' ^ H E  sp e c im e n s  o f D is c in is c a  d escr ib ed  in  th is  p a p er  w ere  co l-  
^ le c te d  b y  M essrs. A . G. D a v is  a n d  A . ,W r ig le y  from  th e  

W o o lw ich  B e d s , e x p o se d  in  th e  n e w  b o r in g  for th e  C ity  a n d  S o u th  
L o n d o n  T u b e  a t  T o o tin g  B r o a d w a y , a t  W a d d o n , S u rrey , an d  a t  
H ig h  S tr ee t , B e c k e n h a m , K e n t. M an y  sp e c im e n s , so m e  in  a  frag 
m e n ta r y  c o n d itio n , w ere  o b ta in e d  fro m  th e  O y ster  rock  an d  
th e  C yren a  m arls , in  th e  u p p er  p art o f th e  W o o lw ich  B e d s , an d  
fro m  th e  “ M u d sto n e  ( = B e d  i )  o f Mr. D a v is ’s p ap er. In  
a d d it io n  to  th e se , tw o  p o o r ly  p reserv ed  sp e c im e n s  w ere  o b ta in e d  
from  th e  sa n d s  w ith  O strea  n ea r  th e  b a se  o f th e  B la c k h e a th  B e d s , 
a t  th e  R o c k  P it ,  S u n d r id g e , n ea r  E lm ste a d  S ta tio n , K e n t. O ne  
sp e c im e n  o f th is  lim p e t- lik e  sh e ll  w a s  p r e v io u s ly  o b ta in e d  from  
th e  c o n g lo m e r a te  b ed  o f th e  la s t  lo c a lity , a n d  w a s d escrib ed  
a n d  figu red  as P a te l la  b y  P r e s tw ic h  in  1 8 5 4 . T h is  sp e c im e n  
is  n o w  p reserv ed  in  th e  P r e s tw ic h  c o lle c tio n  in  th e  B r itish  
M u seu m , G. 2 2 2 7 , a n d  is  in d is t in g u ish a b le  from , b u t  less  w e ll  
p reserv ed  th a n , th e  m a te r ia l r e c e n t ly  c o lle c te d  b y  M essrs. 
W r ig le y  a n d  D a v is .

S ix te e n  sp e c im e n s , in c lu d in g  th e  h o lo ty p e  a n d  fifteen  p ara-  
ty p e s , h a v e  b een  p r esen ted  to  th e  B r itish  M u seu m  b y  th e  co llec to rs .

T h ese  B r a c h io p o d  sp e c im e n s  are c h ie fly  in te r e s tin g  for th e ir  
l im p e t- lik e  m o d e  o f  a t ta c h m e n t, u su a lly  to  th e  sh e lls  o f Ostrea  
bellovacina, a n d  for th e ir  a sso c ia t io n  in  an  e s tu a r in e  a n d  sh a llo w -  
w a te r  d e p o s it  w ith  su c h  e s tu a r in e  sp e c ie s  as C yren a  c iin e ifo rm is  
F er ., M e la n a tr ia  in q ii in a ia  (D efr .) , a n d  T y m p a n o to m u s  fn n a tu s  
(M an t.), a n d  th e  p o ss ib ly  m arin e  sp e c ie s  B a rh a tr ia  s tr ia tn la r is  
(D e sh .) , Calyp trcea  sp ., a n d  T ri io n id e a  la ta  J . S ow .

A lth o u g h  th e  form  o f th e  p ed ic le  o p e n in g  in  th e  lo w er  v a lv e ,  
a d ia g n o stic  ch a ra cter  o f  D is c in is c a ,  is u n k n o w n  in  th e se  E o c e n e  
sh e lls , th e y  h a v e  b een  referred  to  th a t  g e n u s  on  a c c o u n t o f  th e ir  
s im ila r ity  to  r ecen t D isc in isc a s  in  sh a p e , s iz e  a n d  o r n a m en t.

M y th a n k s  are d u e  to  Mr. W r ig le y  for m a k in g  th e  d ra w in g s  
th a t  illu s tr a te  th is  p ap er. . . *
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II. Description of Species.
D I S C I N I D Æ .

Discinisca  D a li  1871. B u l. Mus. C o in p . Z oo l. 111, N o . i ,  p . 37.
Discinisca ferrovicc sp . n o v .

T e x t- f ig . 4 2  (3 -5 ) .
1 S5 4 . Patel la  ? J. Prestwich. On the Structure of the Strain between 

the London Clay and the Chalk in the London and Hampshire 
Tertiary Systems. Quart.  Jou rn.  Gcol. Soc. X, p. 1 5 5 , pi. 
ii.. lig. 2 4 .

1 9 2 7 . Patel la  sp.  A. G. Davis. On the IMackheath Beds at Beckenham,
Kent. Proc.  Croydon N at .  His t .  Sci.  Soc. X, p. 4 7 .

D i a g n o s i s .  Discinisca,  a b o u t  10 m m . lo n g , 10 m m . 
w id e  a n d  2 m m . h ig h , c ir c u la r  in  o u t l in e ,  u p p e r  v a lv e  d e p re s s e d -  
c o n ic a l  w i th  s u b -c e n t r a l  a p e x . S h e ll th in ,  c h i t in o u s  ; l ig h t  o r  
d a r k  b ro w n  in  c o lo u r . O r n a m e n t  o f fine  r a is e d  s t r iæ ,  r a d i a t i n g  
f ro m  u m b o , in c re a s in g  b y  m e a n s  o f n u m e r o u s  in te r c a la t io n s  
a n d  r a r e  b i fu rc a t io n s .  G ro w th  lin e s  n u m e ro u s .

H o l o t y p e .  B r i t i s h  M u se u m , S p e c im e n  N o . B . 4 9 8 6 7 , 
f ro m  th e  W o o lw ic h  B e d s , C ity  a n d  S o u th  L o n d o n  R a i lw a y
C u t t in g , T o o t in g  B ro a d w a y .

P  a  r  a  t  y  p  e s  . S p e c im e n s  N o . B . 4 9 8 6 9 , 4 9 6 0 0 -0 7 , 4 9 6 1 0 , 
f ro m  th e  W o o lw ic h  B e d s , C ity  a n d  S o u t h ’L o n d o n  R a i lw a y
C u t t in g , T o o t in g  ; sp e c im e n  N o . B . 4 9 8 6 8 , f ro m  th e  s a m e  b e d s  
a t  H ig h  S t r e e t ,  B e c k e n h a m , K e n t  ; s p e c im e n s  N o . B . 4 9 6 0 8 -0 9 , 
f ro m  th e  B la c k h e a th  B e d s  a t  R o c k  P i t ,  S u n d r id g e , K e n t .  A ll 
in  th e  B r i t i s h  M u se u m  (N a t. H is t .)  c o lle c tio n s .

L o c a l i t y  a n d  H o r i z o n .— In  a d d i t io n  to  th e  lo c a lit ie s  
m e n t io n e d  a b o v e , s p e c im e n s  n o t  e x a m in e d  l)y  th e  a u th o r  h a v e  
b e e n  o b ta in e d  f ro m  th e  O y s te r  ro c k , W o o lw ic h  B e d s , a t  th e  
n e w  p o s t  office. V illa g e  W a y , B e c k e n h a m  ; s a m e  h o r iz o n , in  
th e  e x c a v a t io n  fo r  th e  n e w  T e le p h o n e  E x c h a n g e ,  H ig h  S t r e e t ,  
B e c k e n h a m  ; a n d  f ro m  th e  e x c a v a t io n  fo r  th e  n e w  g a s -h o ld e r ,  
W a d d o n , S u r re y .

D e s c r i p t i o n .— T h e  u p p e r  c o n ic a l  v a lv e  in  th e  h o lo ty p e  
B .498 6 7  is 8 m m . lo n g , 8 m m . w id e , a n d  1.5 m m . h ig h , a n d  in  
s p e c im e n  B . 496 0 6  10 m m . lo n g , 10 m m . w id e  a n d  2 m m . h ig h . 
I t  v a r ie s  s l ig h t ly  in  o u t l in e  f ro m  s u b -c i r c u la r  to  s u b - t r a p e z o id a l ,  
n a r r o w in g  p o s te r io r ly ,  a n d  th e r e  is  a  c o r r e s p o n d in g  c h a n g e  in  
th e  p o s it io n  o f th e  a p e x  f ro m  s u b - c e n t r a l  to  s u b -p o s te r io r .  
T h e  s t r iæ  r a d ia te  f ro m  th e  a p e x  o f th e  c o n e , a n d  a re  s l ig h t ly  
f le x u o u s , in c re a s in g  s o m e w h a t  in  w id th  n e a r  th e  m a rg in  o f th e  
sh e ll. I n  th e  h o lo ty p e  th e  s t r iæ  a re  v e r y  n u m e r o u s  o w in g  to  
th e  la rg e  n u m b e r  o f in te r c a la t io n s ,  a n d  a re  so  fine  a s  to  b e  
s c a rc e ly  v is ib le  to  t h e  n a k e d  e y e  ; w h ile  o n  a  f r a g m e n t  o f  s h e ll  
f ro m  th e  B la c k h e a th  B e d s , S u n d r id g e , t h e y  a re  s l ig h t ly  c o a r s e r  
a n d  e n la r g e d  a t  t h e  p o in t  o f  in te r s e c t io n  w i th  t h e  g r o w th  lin e s . 
T h e  r a d ia l  m a r k in g s  a re  f r e q u e n t ly  a b s e n t  o n  th e  s m o o th  a n d  
h ig h ly  p o lis h e d  a p e x .
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T h e  s h e ll  v a r ie s  in  c o lo u r  f ro m  l ig h t  to  d a r k  b ro w n , a n d  
f r e q u e n t ly  s h o w s  th e  o r ig in a l  c o n c e n tr ic  c o lo u r  b a n d in g .  T h is  
is  e x c e p t io n a l ly  w e ll p r e s e r v e d  in  th e  s p e c im e n  B . 4 9 8 6 8 , in  
w h ic h  th e  u m b o n a l  p o r t io n  is l ig h t  b ro w n  fo r  a  d is ta n c e  o f 
a b o u t  2 .5  m m . f ro m  th e  u m b o , fo llo w e d  b y  a  p a le r  b a n d  a b o u t  
I  m m . in  w id th ,  a n d  s u c c e e d e d  b y  a  b la c k  b a n d  a b o u t  2 m m . 
w id e  a n d  d iv id e d  in to  tw o  p a r t s  b y  a  n a r r o w  c re a m -c o lo u re d  
b a n d .

T h re e  in te r io r s  o f th e  u p p e r  v a lv e  a re  p o o r ly  p re s e rv e d  a n d  
s h o w  f a in t  t r a c e s  o f m u sc le  m a rk in g s .  O n e  o f  th e s e  is  sh o w n  
in  te x t - f ig u re  42  (3).

T h e  lo w e r  o r  p e d ic le  v a lv e  is u n k n o w n .

G

lOmm,
4 A.W . del.

Fig.  4 2 .

I ,  2 . Discinisca stella Gould. Recent, from Japc.n or China. 
British Museum, B. 4 9 8 7 0 .

1. Lower valve showing the v-shaped pedicle-area covered by
a delicate membrane, and pierced by an oval slit for the
passage of the pedicle, x  3 .

2 . Upper valve of same specimen showing radial striae, x  3 .
3 . 4 , 5 . Discinisca ferrovice sp. nov.
3 . Interior of upper conical valve showing two muscle scars.

Eocene, Woolwich Beds exposed in boring for City and
South London Tube, Tooting Broadway. British Museum, 
B. 4 9 8 6 9 . X 3-

4 . Fragment of conical valve showing colour-banding. Same
horizon. High St. Beckenham, Kent. B. 4 9 8 6 S. x  3 .

5 . Conical valve of holotype also showing concentric colour bands.
Same horizon and locality as fig. 3 . B. 4 9 8 6 7 . x  3 .
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III. Comparison with other Fossil Species.
T h e  o n ly  sp e c ie s  o f Discifiisca  p r e v io u s ly  r e c o r d e d  f ro m  th e  

B r i t i s h  T e r t i a r y  is  D. fallens (S. V . W o o d , 1874 , p i. x i .,  lig . 6) =  
Orhicula lamellosa  (D a v id s o n , 1852, p i. i., tig s , p a , b ) f ro m  th e  
P lio c e n e , C o ra llin e  C ra g  o f S u t to n ,  S u ffo lk . T h e  u p p e r  v a lv e  
o f  th is  sp e c ie s  is  a b o u t  4  m m . in  d ia m e te r ,  h a s  a  s u b - c e n t r a l  
a p e x , a n d  is o r n a m e n te d  b y  c o n c e n tr ic  la m e llæ  w i th o u t  r a d ia l  
s t r iæ .  T h e  lo w e r  v a lv e ,  w h ic h  is a lw a y s  p o o r ly  p r e s e r v e d , h a s  
th e  f o ra m in a l  o p e n in g  c h a r a c te r i s t ic  'o f  Discinisca.

S e v e ra l  sp e c ie s  o f  Discinisca  o c c u r  in  th e  M io cen e  o r  P lio c e n e  
o f  N o r th  a n d  S o u th  A m e ric a , a n d  o f th e s e  D. Inguhris  (C o n rad ) 
a n d  D. miiUilineata (C o n ra d  1 ^45 , p i. x lii i, figs. 2, 3) f ro m  th e  
M io cen e  o f V irg in ia  a n d  M a ry la n d , a n d  D. oregonensis D a li  (1909) 
f ro m  th e  M io cen e  o f C oos B a y , O re g o n , a re  o r n a m e n te d  b y  
r a d ia l  s t r iæ . T h e s e  sp e c ie s  a re  r e a d i ly  d i s t in g u is h e d  f ro m  
D. ferrovice b y  th e i r  g r e a te r  s ize , a n d  b y  th e  g r e a te r  e le v a t io n  o f 
t h e i r  p e d ic le  v a lv e s . D. lugiihris a n d  D. ■muUilineaia a t t a i n  a  
d ia m e te r  o f 20 m m ., a n d  D. oregonefisis 35  m m ., a s  c o m p a r e d  
w i th  10 m m . in  D. ferrovice. I n  D. lugubris  a n d  D. multilineaia  
t h e  lo w e r  v a lv e  is th in  a n d  f ra g ile , a n d  th e r e fo r e  is r a r e ly  p r e 
s e rv e d , b u t  t h e  u p p e r  v a lv e s , a lso  c h i t in o u s ,  a re  th ic k e r  a n d  
m o re  m a s s iv e .

A m o n g  T e r t i a r y  r a d ia l ly  s t r i a t e d  sp e c ie s  o f Discinisca  m a y  
b e  m e n t io n e d  D. multiradiata  D o llfu s  a n d  D a u tz e n b e r g  a n d  
D. scntellnm  D re g e r . T h e  fo rm e r  sp e c ie s  w a s  f ig u re d  b y  J .  d e  
M o rg a n  in  1915  (p . 272) f ro m  th e  M id d le  M io cen e  o f  N o r th -W e s t  
F r a n c e  a n d  th e  F a lu n s  o f  T o u r  a in e . O n ly  th e  u p p e r  v a lv e  o f 
th is  sp e c ie s  is k n o w n , a n d  i t  re s e m ld c s  D. ferrovice in  h a v in g  
a  r a d ia l ly  s t r i a t e d  sh e ll , b u t  th e  s t r iæ  a re  c o a rs e r  in  th e  B e lg ia n  
sp e c ie s  a n d  in c re a s e  o n ly  b y  m e a n s  o f in te r c a la t io n s ,  a n d  d o  
n o t  b i f u r c a te  a s  in  t h e  E n g l is h  fo rm .

A  f r a g m e n t  o f a n  u p p e r  v a lv e  o f  D. scutellnni o r n a m e n te d  b y  
r a d ia l  s t r iæ  b e a r in g  fine  p u s tu le s  w a s  d e s c r ib e d  b y  D re g e r  (1889 , 
p i. V., tig s . 16 a - c )  f ro m  th e  T e r t i a r y  o f I m m e n d o r f  in  th e  V ie n n a  
B a s in , a n d  is r e a d i ly  d is t in g u is h e d  f ro m  D. ferrovice b y  th e  c o a rs e r  
n a tu r e  o f  i t s  o r n a m e n t .

' 'D iscina** suessi B o s q u e t  (1862 , figs. 1 -5 )  =  0 . nysli  
D a v id s o n )  f ro m  th e  M id d le  O lig o cen e  o f E ls lo o , L im b o u rg , b u t  
e n c lo s e d  in  t h e  M io cen e , B o ld e r ie n , h a s  r a t h e r  m a s s iv e  b la c k  
lu s t r o u s  v a lv e s  b e a r in g  c o n c e n tr ic  m a r k in g s  a n d  t r a c e s  o f r a d ia l  
fu r ro w s . T h e  f la t  lo w e r  v a lv e  h a s  a  n a r r o w  p e d ic le -g ro o v e  lik e  
t h a t  o f  t h e  g e n u s  Orbiculoidea, b u t  th e  i n te r n a l  c h a r a c te r s  a n d  
m u c h  th ic k e n e d  s h e ll  m a rg in  s h o w  a  g r e a te r  r e s e m b la n c e  to  
Crania  o r  Discina,  a n d  th e  e x a c t  r e la t io n s h ip  o f  th is  fo rm  is 
u n c e r ta in .

A l th o u g h  b o th  H a l l  a n d  C la rk e  a n d  S c h u c h e r t  s u g g e s t  t h a t  
t h e  g e n u s  Discinisca  r a n g e s  f ro m  M esozo ic  to  R e c e n t  t im e s ,  
o n ly  o n e  sp e c ie s , D. kawhiana  h a s  a c tu a l ly  b e e n  r e c o r d e d  f ro m
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th e  M eso zo ic  ro c k s . T h is  fo rm , d e s c r ib e d  b y  B o e h m , o c c u rs  
in  th e  p a s sa g e  l)e d s  b e tw e e n  th e  J u r a s s ic  a n d  C re ta c e o u s  o f 
K a w h ia  in  th e  n o r th e r n  i s la n d  o f N e w  Z e a la n d . T h e  u p p e r  
v a lv e  is o r n a m e n te d  o n ly  b y  fine  c o n c e n tr ic  lin e s , w h ile  th e  lo w e r  
v a lv e  is m a r k e d  ))y r a d ia l  s t r iæ  a n d  r a d i a t i n g  fu r ro w s  a s  in  th e  
r e c e n t  sp e c ie s  D . in d ic a  D a li. A  r a t h e r  s im ila r  o r n a m e n t  o f th e  
])cd icle  v a lv e  is se e n  in  s p e c im e n s  o f  D is c in a  ’* holdeni  T a te  
f ro m  th e  L o w e r  L ia s  o f  W a rw ic k s h ire . “ D is c in a * ’ reflexa  S o w ., 
f ro m  th e  U p p e r  L ia s  a n d  I n fe r io r  O o lite , r e s e m b le s  t h e  r e c e n t  
sp e c ie s  / ) .  Icevis in  th e  s h a p e  o f th e  p e d ic le  a re a ,  a n d  a lso  re s e m b le s  
D . holdeni  in  h a v in g  a  c u r io u s  f la t te n e d  r im  to  th e  lo w e r  v a lv e .  
I t  is p o ss ib le  t h a t  th e s e  tw o  sp e c ie s , w h ic h  s h o u ld  b e  r e f e r r e d  to  
th e  g e n u s  D is c in is c a ,  w e re  a t t a c h e d  b y  m e a n s  o f c e m e n ta t io n  
o f th e  lo w e r  v a lv e , a s  w e ll a s  b y  a  f u n c t io n a l  p e d ic le .

A n o th e r  r a d ia l ly  s t r i a t e d  fo rm , “ D is c in a  ** h u m p h r ie s ia n a  
J .  d e  C. S o w ., w h ic h  sh o w s  a  r e m a r k a b le  r e s e m b la n c e  to  T e r t i a r y  
a n d  R e c e n t  sp e c ie s  o f D isc in isc a ,  is  c o m m o n ly  a t t a c h e d  to  
sh e lls  o f  Ostrea delto idea  f ro m  th e  K im m e r id g e  C la y  o f  S h o to v e r ,  
O x fo rd s h ire . I t  r e s e m b le s  D . ferrovice  in  th e  s u b o r b ic u la r  o u t l in e  
o f th e  sh e ll , a n d  in  th e  d ic h o to m y  o f  th e  s t r iæ ,  b u t  i t  is  u s u a l ly  
o f la r g e r  s ize . T h e  lo w e r  v a lv e  d e s c r ib e d  b y  D e s lo n g c h a m p s  
f ro m  N o r th e r n  F r a n c e  (1862 , p i. v i .,  figs. 1 2 b , 14, p . 283) is  
c h a r a c te r i s t ic  o f  D isc in isc a .  A  s m a l l  v a r i e ty  o f D . h u m p h r ie s ia n a  
o c c u rs  in  th e  P o r t l a n d ia n  a n d  w a s  f ig u re d  b y  B la k e  (1880, p i. x .,
% • 9)-

A m o n g  o th e r  sp e c ie s  p r o b a b ly  re f e ra b le  to  th e  g e n u s  D isc in isc a  
s h o u ld  b e  m e n t io n e d  D . haheana  d 'O r b .  { ^ O r h ic u la  iow n sh en d i  
F o rb e s - D a v id s o n )  f ro m  th e  R h æ tic  o f  G lo u c e s te rs h ire .

O n e  sp e c ie s , D is c in is c a  fo rr ien en s is ,  h a s  b e e n  r e c o rd e d  f ro m  
th e  D e v o n ia n , C o b le n z ia n  o f B e lg iu m  b y  M a illie u x  (1910 , p . 348), 
w h o , u n f o r tu n a te ly ,  g a v e  n o  f ig u re  to  i l l u s t r a t e  h is  d e s c r ip t io n . 
H e  c o m p a r e d  h is  sp e c ie s  w i th  th e  R e c e n t  D is c in is c a  lam ellosa ,  
a n d  a lso  w i th  K a y s e r ’s sp e c ie s  D is c in a  cf. forbesi  a n d  D . an om ala ,  
w h ic h  a re  a lso  f ro m  th e  D e v o n ia n . I t  is  im p o s s ib le  to  te l l  
f ro m  th e  i l lu s t r a t io n s  w h e th e r  th e  tw o  l a t t e r  sp e c ie s  s h o u ld  b e  
r e f e r r e d  to  D isc in isc a .

D isc in isc a ,  th e re fo re ,  m a y  p o s s ib ly  h a v e  p e r s i s te d  a lm o s t  
u n c h a n g e d  f ro m  D e v o n ia n  to  R e c e n t  t im e s ,  a n d  th is  lo n g  r a n g e  
m a y  b e  c o m p a r e d  w i th  t h a t  o f th e  g e n e ra  L in g u la  a n d  C ra n ia ,  
b o th  o f  w h ic h  h a v e  e x is te d  s in c e  O rd o v ic ia n  t im e s .

FOSSIL SPECIES OF DISCINISCA.
(a) C o n ic a l v a lv e  r a d ia l ly  s t r i a t e d .

T e r t i a r y .
D . m u lt ira d ia ta  D o llfu s  a n d  D a u tz .  M io cen e , F r a n c e  a n d

B e lg iu m .
D . scu te llu m  D re g e r  T e r t i a r y ,  A u s t r ia ,
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7). lugiibris (C o n rad ) M io cen e , U .S .A .
J). muUilincata  (C o n rad )
77. oregonensis D a li.

M e s o z o i c .

77. humphriesiana  ( J .  de  C. S ow .) K im m e r id g e  C la y
E n g la n d ,  e tc .

D. hum phriesiana  v a r .  P o r t l a n d ia n ,  D o r s e t .

(b) C o n ic a l v a lv e  la m e llo sc  o r  s m o o th .
T e r t i a r y .

D. fallens  (S. V . W o o d ) P lio c e n e , E n g la n d .
D. singewahli S c h u c h e r t  T e r t i a r y ,  B o liv ia .

M e s o z o i c .  ^
77. kawhiana  J u r a s s ic — C re ta c e o u s ,

N e w  Z e a la n d .
77. holdeni (T a te )  L ia s , E n g la n d ,  e tc .
77. reflexa (Sow .) I n f .  O o li te  o r  L ia s ,

E n g la n d .
D. babeana (d ’O rb .)  R h æ tic .

P a  1 æ  o z o i c ?
? 77. forrienensis  M a illie u x . D e v o n ia n .
? 77. anomala  (K a y s e r ) .

IV. Comparison with Recent Forms.
Discinisca ferrovice sh o w s  a  c lose  r e s e m b la n c e  to  th e  r e c e n t  

sp e c ie s  D. stclla (G o u ld ) , D . cum ingi  (B ro d e r ip )  a n d  D. antillarum  
(d ’O rb .j ,  a ll  o f  w h ic h  h a v e  c h i t in o u s  o r  c h it in o -c a lc a re o u s  sh e lls  
a n d  a re  o r n a m e n te d  w i th  r a d ia l  s t r iæ  a n d  fine  g r o w th  lin e s . 
Discinisca cum ingi  a n d  D. antillarum  a re  e lo n g a te d - o v a l  in  
o u t l in e ,  w h ile  D. stella is  a p p r o x im a te ly  c ir c u la r .  AU a re  t h in -  
sh eU ed  fo rm s  o f  l ig h t  b ro w n  o r  yeU ow  c o lo u r , a n d  a ll  h a v e  a  
s u b - c e n t r a l  a p e x . N o  c o n c e n t r ic  c o lo u r  b a n d s  a re  d e v e lo p e d  in  
th e  R e c e n t  sp e c ie s , b u t  th e r e  a re  r a d ia l  s t r ip e s  o f  d a r k  c o lo u r  
o n  th e  sh e lls  o f  D. strigata (B ro d e r ip ) .

I n  D. cum ingi  t h e  r a d ia l  s t r iæ  a r e  v e r y  fine  a n d  s l ig h t ly  
e n la r g e d  a t  th e  p o in t  o f  in te r s e c t io n  w i th  th e  c o n c e n t r ic  g r o w th  
lin e s . D. antillarum  h a s  s p a r s e ly  d e v e lo p e d  r a d ia l  s t r iæ  a n d  a  
s m o o th ,  p o s te r io r ly  s i t u a t e d  a p e x , w h ile  D. stella h a s  c o a rs e  
o r n a m e n t  a n d  a  s u b - c e n t r a l  a p e x .

I n  R e c e n t  sp e c ie s  th e  lo w e r  v a lv e  is  f la t ,  m o u ld e d  to  th e  
s u r fa c e  o f  s u p p o r t ,  a n d  e x t r e m e ly  f ra g ile  a n d  th in .  T h e  p e d ic le  
a r e a  is d e p re s s e d , a n d  is  v -  o r  h e a r t - s h a p e d ,  a n d  in  t h e  a d u l t  
fo rm  s e ld o m  re a c h e s  t h e  p o s te r io r  m a r g in  ; i t  is  c o v e re d  b y  a  
d e l ic a te  m e m b r a n e ,  p ie r c e d  b y  a n  o v a l  s l i t  f o r  t h e  p a s s a g e  o f 
th e  la rg e , f le sh y  p e d ic le . O u ts id e  th is  a r e a  t h e  sheU  is d i f f e re n t ly  
o r n a m e n te d  in  th e  s e v e ra l  sp e c ie s , a n d  m a y  h a v e  r a d i a l  m a r k in g s  
o r  a r c u a te  s tr iæ .

T h e  e x t r e m e  f r a g i l i ty  o f  th e  lo w e r  v a lv e  in  t h e  R e c e n t  sp e c ie s
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is probably the explanation of the absence of this valve in both 
D. jerrovicB and other fossil forms.

I ts  Glutinous a n d  m ore  fragile  shell  d is t in g u ish e s  Discinisca  
ferrovicB fro m  th e  R e c e n t  D iscina  striata  S ch u m a ch er ,  w h ich  
also  has a  con ica l  u p p er  v a lv e  w ith  fine, rad ia l  o r n a m en t .

V. Distribution and Habitat of Recent Species.
The Recent species of Discinisca  may be divided into three 

groups :—
(a.) Large thin-shelled forms with concentric, lamellar 

ornament ; such as D, lamellosa  (Broderip) and D. laevis  (G. de B. 
Sowerby), both of which are found adhering in large numbers to 
other individuals of the species, at a depth of 5-9 fathoms off 
the coasts of Chile and Peru and western shore of North America, 
or attached to living shells of M ytilu s .

(b.) Large massive-shelled forms with faint, radial sculpture 
and concentric lamellæ ; such as D. strigata  (Broderip) and 
D. ciiiningi (Broderip), which are also found on the western coast 
of America and on the coast of Panama. D. cum ing i  is fcund 
attached to shells or stones in sandy mud at low-water, or at 
a depth of 6-8 fathoms off the coasts of Mexico and Peru and 
Panama ; while D. strigata  is found at a depth of 18 fathoms off 
the coast of Guatemala.

(c.) Small forms with regular, radiating sculpture ; such as 
D. Stella (Gould), D. antillarum  (d’Orbigny) and D. indica  Dali, 
which occur off the east coasts of Asia and associated islands, 
and on the tropical shores of the Atlantic. D. stella is found at 
a depth of 17-25 fathoms off the coasts of Japan  and China, 
while D. indica, according to Dali (1920, p. 278), is a deeper 
water form and occurs at a depth of 37-180 fathoms.

Thus all Recent Disciniscas  are tropical, marine and shallow- 
water forms occurring as a rule at a depth of 0-20 fathoms and 
attached to other shells. The occurrence, therefore, of the 
fossil species D. ferrovica attached to shells of Ostrea in a shallow- 
water, marine, or even estuarine deposit would not be un
expected. There appears to be no evidence th a t  the fossil 
species of Discinisca  were other than marine forms, although 
the allied genus Orbiculoidea is found in deposits where conditions 
were unfavourable to all other Brachiopods.
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The Classification o f the British Carboniferous Brachiopod
Subfamily Productiiiæ. By H ele n  M . M u iii- W ood , 
M.Sc., F.G.S.

(Published by permission of the Trustees of the British Museum.)

D u r i n g  the last fifteen years much has been written ,on 
the subject of ProductuSj  and more detailed investigation 
of the many species belonging to this genus has led to its 
subdivision into at least twenty genera or subgenera by 
Thomas, Chao, Fredericks, Muir-Wood, and others. There 
are, however, at least three well-defined groups of species 
still included in the genus P ro d u c tu s  (sensu stricto). Recent 
researches have shown that this genus should be even more 
precisely limited to a small group of species having a peculiar 
internal structure.

The genus Productus was described by James Sowerby 
(1814, ‘ Mineral Conchology,’ i. p. 153) as “ an equilateral 
unequal-valved bivalve with a reflexed, more or less 
cylindrical, margin ; hinge transverse, l inear; beak imper
forate ; one valve convex, the other fiat or concave externally.’̂  
He also adds :— “ His [M artin ’s] Cowoh, Anom itesproductus  
is a good type of the Genus, therefore, as the name Anomites 
must be laid aside, I  have adopted his specific name as the 
Generic one, the character it expresses being also peculiar.”  
Sowerby {op, cit, p. 158) renamed Anomites productus of 
M artin  Productus martini, and describes it in 1821 (Min. 
Conch, iv. p. 15). Since the species Anomites productus 
(^= Productus martini) was considered by Sowerby to be 
typical of his genus, it is in strict accordance with the Rules 
of Zoological Nomenclature to regard it as the genotype of 
Productus.

Confusion arose as Sowerby figured more than  one species 
as Productus martini, and only one of these specimens is
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identical with Anomites productus, M artin. Following de 
Koninck’s and Davidson’s lead the species Productus mar/ini 
was regarded as either identical with or a variety of 
Productus semireticulutus (M artin), itself an ill-defined 
species. In consequence of this, Dull (1877, Bull. U.S. 
Nat. Mus. viii. p. 58) quoted Productus mnriini Sowerby =  
Anomites semireticulatus (M artin) -f A . productus, M artin, as 
the genotype of Productus ; while Hall (1893, ‘ Palæontology 
New York,’ viii. p. 325) quoted P . martini, Sowerby =  
Anomites productus, Martin =  M. semireticulatus, M artin  =  
Productus semireticulatus as the genotype. Later (1894, 
Eleventh Annual Report State Geol. p. 297) Hall and Clarke 
reduced this quotation of.the genotype simply to Productus 
semireticulatus.

Productus semireticulatus was, therefore, regarded as the 
type of the genus Productus until I .  Thomas (1914, Mem. 
Geol. Surv. Gt. Brit. Palæont. i. pt. 4, p. 258) quoted 
P /productus  as the genotype. This was adopted by Chao 
in 1927 (Pal. Sinica, B. v. fa sc. 2, p. 26) and by me in 1928 
(Mem. Geol. Surv. Gt. Brit. Palæontology, iii. pt. 1, p. 35), 
when the species P. productus and P .  semireticulatus were 
finally disentangled.

Investigation of the species P. productus ( =  P . martini, 
pars) has shown tha t it differs in internal structure from 
P . semireticulatus in having an extra shelly plate or dia
phragm, which is developed round the anterior end of the 
visceral disk of the brachial valve and extends between 
the trails of the two valves, usually at right angles to them.

A similar shelly plate was found by Dr. Girty in the N orth  
American species, P .  eleyans, Norwood & Prat ten, and this 
species became the type of his genus Dinphraymus. Since 
the two genera Productus and Diaphraymus are characterised 
by a similar internal structure, Diaphraymus must be 
regarded as a synonym of Productus,

Productus thus becomes limited to a small group of 
species, including P .  pn'oductus (Martin), P .  concinnus, 
J . Sow., P. carhonarius, de Koninek, P .  redesdalcnsis, Muir- 
Wood, P .  yarwoodi, Muir-Wood, etc. A new name is 
required for Productus semireticulatus and allied species, and 
also for such forms as P .  lonyispinus and P . lohatus, all of 
which are at present grouped under the generic name 
Productus. The name Dictyoclosius, gen. nov., is therefore 
proposed for the semireticulatus group with P .  semireticulatus 
as genotype, and Eomaryinifera, gen. nov., is proposed for 
the lonyispinus group with P .  lonyispinus as genotype.
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Subfamily F r o d u c t i n æ , Waagen.

P r o d u c t u s , J. Sowerby, 1814 ( ‘ Mineral Concliology,’ 
vol. i. ]). 153), emend. II. M. Muir-Wood.

Genotype. Anomites jwoductus, W. Martin { =  P. martini,  J. Sowerby,
])ara).

Syn. Biaphrm/mus, Girty (1910, Ann, N .Y . Acad. Sci. xx. pt. 2, no. 3,
‘ pp. 217, 218).

Diaynosis.— Shell elongate, both valves geniculate ; hinge 
narrow ; ])edicle valve with long spreading trail. Flanks 
steep and posteriorly flattened. Shell costate in all growth- 
stages, costæ numerous, fiexuous. Ribs few, seldom 
prominent. Spines set in rows on ears and cardinal slopes 
and scattered on trail. Teeth, dental sockets, and delthyrium 
absent. Marginal ridges narrow, short. A th in  shelly 
plate or diaphragm developed round anterior margin of 
visceral disk of brachial valve, extending aeross space between 
trails of the two valves.

Species.— Productus carhonarius, de Kon., P .  concinnus, 
iS. ^o \\., F . furcatus, M uir-W ood*, P .  yarwoodi, Muir- 
AYood *, P. eleyans, Norwood & Pratteu, P .  productus 
(W. M artin), P. productus, var. hispidus, Muir-Wood, 
P . redesdalensis, Muir-Wood.

Rtinye.— Syrinyothyris zone to Upper Carboniferous.
Remarks.—This genus has not been found below the 

C. zone and the geologically earliest described.species is 
P .  yarwoodi, which occurs in the C^-S^-Di sub-zones of 
M^estmorland. This species, which was apparently de
veloped from P .  rotundus, Garwood, was probably the 
ancestor of P .  redesdalensis, which occurs in the D^-Dg 
sub-zones of N. E ngland and of Scotland. P .  redesdalensis 
probably gave rise to P .  carhonarius, which ranges from 
Dg sub-zone up to the Upper Carboniferous. The interior 
of P . furcatus is at present unknown, and this species is 
doubtfully referred to the genus Productus. P . concinnus 
and P .  productus were probably derived from a form re
sembling P. furcatus.

The distinguishing charaeter of Productus is the diaphragm 
which extends across the narrow space between the trails of 
the two valves and closes the entrance to the visceral cavity. 
The diaphragm must therefore have been either porous or 
movable, in order to admit the passage of water into the 
shell.

* Ref. Muir-Wood, Mem. Geol. Surv. Gt. Brit. Palæont. i. pt. 4 
(1928).
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ÜICTYOCLOSTUS, gCll. IIOV.

Genotype. Anomites semireticulatus, AV. Martin (in part.), Petrificata 
Dertiensia, p. 7, pi. xxxii. figs. 1 , 2 , pi. xxxiii. fig. 4 (W igan, 1809).

Syn. Productus, J. Sowerby (in part.).

Diagnosis.— Shell elongate or quadrate in outline. Hinge 
moderately wide ; pedicle valve evenly convex or prod need 
into a short curved trail, brachial valve concave or geniculate. 
Costate in all growth-stages, costæ often prominent, hearing 
numerous spine-bases. Spines also in rows on cars and 
cardinal slopes. Ribs on visceral disk numerous and 
forming net-like ornament by enlargement at point of inter
section with costæ. Dia^ihragm absent. Marginal ridges 
prominent, extending along hinge. Hinge-tecth, sockets, 
and cardinal area not developed.

Species.— Productus antiquatus, J . Sow., P. bristolensis, 
Muir-AYood, P .  costatus, J .  de C. Sow., ? P .  jleocistrius, 
M ‘Coy, P. griffithianus, de Kon., P. hindi, Muir-Wood, and 
var. luettonensis, Muir-AA’̂ ood, P .  howratensis, Muir-AA^ood, 
P .  insculptus, Muir-Wood, P. kilbridensis, Muir-AA^ood, P. 
multispiniferus, Muir-Wood, P . muricatus, Phill., P.pinguis, 
JMuir-AA '̂ood, P. projectus, Muir-AYood, P. pugilis, Phill., and 
mut. senilis, Muir-Wood, P . rotundus, Garwood, P . scoticus, 
J .  Sow., P. semireticulatus (Mart.), P .  sulcatus, J .  Sow., 
P. teres, Muir-AA^ood, P. vaughani, Muir-AYood.

Range.— Zaphreniis-zonc to Permian.
Remarks,— This genus ranges throughout the British 

Lower Carboniferous and also occurs abundantly in the 
marine Upper Carboniferous of Europe and North America, 
as well as in the Permian.

Dictyoclostus is distinguished from Productus by the 
absence of a diaphragm, by its wider hinge, less spreading 
trail, more prominent and less fiexuous costæ.

E o m a r g i n t f e r a , g e n .  n o v .

Genotype. Prodtictus lonyispinus, J. Sowerby, Mineral Conchology, 
vol. i. 1814, p. 154, pi. ixviii. fig. 1.

Syn. Productus, J. Sowerby (in part.).

Diagnosis.— Shell small, quadrate or elongate in outline. 
Pedicle valve evenly convex or slightly geniculate, with 
cincture often separating visceral disk from trail, brachial 
valve concave or geniculate. Costate in all growth-stages, 
costæ usually fine. Ribs slightly enlarged at point of 
intersection with costæ. Spines few, not increasing in 
num ber in senile stage, six spines symmetrically developed. 
Exterior of brachial valve with lamellose thickening round
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anterior and lateral margins. In terio r of brachial valve 
with thickened shelly ridge, bearing slight crenulations, 
extending from cardinal process round lateral margins.

Species ,—  Productus derhiensis, Muir-Wood, P. lohatus, 
J .  Sow., and var. j lexus,  var. laqueatus,  Muir-Wood, P. 
lonyispinus, ,F. Sow., P . m inutas,  Muir-Wood, P. præ cursor , 
Muir-W ood, P . pseudoplicatilis,  Muir-AYood, F .  setosus, 
Phill., P. tissinytonensis,  Sibly, P. tr ique trus ,  M uir-W ood.

Range.  —  Lower Carboniferous, ? C zone to Upper 
Carboniferous.

R em arks ,— This genus is distinguished from Pi'oductus  by 
the absence of a diaphragm. The symmetrical arrangem ent 
of six spines — one on each cardinal extremity, two on the 
front of the shell below the visceral disk, and one on the 
posterior part of each flank— distinguishes it from both 
Frodactus  and Dictyoclostus. E om arg in iferais,  distinguished 
from M a rg in ife ra  by the less-marked marginal ridges in 
the braehial valve and the absence of these ridges in the 
pedicle valve, also by the lack of crenulations on the exterior 
of the marginal ridges of E om aryin ifera .  The ornament and 
arrangem ent of the spines of E om ary in ife ra  are also distinct 
from those of Marginifera.  The la tter  genus is confined to 
the Upper Carboniferous and Permian.

C l a s s i f i c a t i o n  o f  t h e  P r o d u c t i n æ .

A considerable am ount of overlapping is shown in the 
researches of Chao, Fredericks, Sarytcheva, and W hitehouse 
on the subject of the classification of the Productinæ and the  
following pairs of genera are synonymous. I t  is unfortunate 
tha t Fredericks’ genera are described in  Russian, with only 
a short résum é  in English, and that many of his genera are 
vaguely described : —

Sowerhina,  Fredericks, 1928 (Bull. Com. Geol. Leningrad,, 
xlvi. 7, p. 789): genotype, P .  timanicus,  Stuckenberg =  
H orridonia ,  Chao, 1927 (Pal. Sinica, B. v. fasc. 2, pt. I ,  
p. 24) : genotype, P . honddus,  J. de C. Sow. (includes also 
P .  timanicus).

Ruthenia ,  Fredericks, 1928 {loc. cit. p. 789) : genotype^ 
P .  irginæ, Stuckenberg (includes also F .  humholdti,  d’Orb., 
and P . j)urdoni, etc.) =JVaagenoconcha,  Chao, 1927
{loc. cit. p. 85) : genotype, P .  humholdti,  d’Orb. (includes 
also P . irginæ  and P .  purdoni).

Cora, Fredericks, 1928 {loc. cit. p. 790) : genotype, P. 
cora, d’Orbigny [also Pduprodmctus, W hitehouse, 1928, nom. 
nud. (Rept. Aust. Ass. Adv. Sci. xviii. p. 281)] : genotype.
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P . c o ra ,^ 'O vh .  — L inoproductus,  Cliao, 1927 (Joe. cit.  p. 128) : 
genotype, P . cora, d’Orl).

Cancrinella,  Fredericks, 1928 {loc. cit. p. 791) : genotype, 
P . cancrini, De Yern., ? =  U noprodactus ,  (fliao, 1927.

Gigantclla, Sarytcheva, 1928 (Alciu. Geol. Sci. Iles. Inst. 
Moscow, Geology, p. 13) : genotype, P. giganteas  (M artin ) 
(includes also P .  edelhurgensis, Fhilk, and P .  lalissinins, 
J . S o w .)  =  Ixansuella, Ciiao, 1928, pars (Pal. Sinica, B. v. 
fasc. 3, pt. 2, p. 07) : genotype, K. kansuensis, Chao 
(includes also P. giganteas  and P. edelburgensis) .

K ey  to the Classification o f  the B r it ish  Productinæ.
A .  S h e l l  c o s t a t e  i n  a l l  g r o Av t i i - s t a g k s .

1. Shell ornamented by ribs and costæ on
the visceral disk and anteriorly by costæ 
only. Costæ bifurcating, intercalations 
rare.

{a) W ith diaphragm ......................................  Productus, J. Sowerby,
1814, emend. Mnir-AA^ood, 1929 (see p. 102).

(6) AYitlioiit diaphragm .............................. Bictyoclnstus,Mm\'~
Wood, 1929 (see p. 103).

(c) Marginal ridge in interior of brachial 
valve. Shell small, with six spines 
symmetrically arranged on pedicle
valve ........................................................  B om arq  ini fern,  Alnir-

W ood, 1929 (see p. 103).
2. Shell costate and ribbed on visceral disk,

costate on trail, both valves geniculate.
Cardinal area in pedicle valve with [1928.
delthyrium closed by deltidium ...........  Sinuatella, Muir-AVood,

Genotype : P. sinuafjis, de Kon.
3 .  Shell convex (not geniculate), ornamented

by costæ and well-marked concentric [1928.
growth-lines   Thomasia, Fredericks,

Genotype: P. marc/nvifaceus, Phill.
4. Shell ornamented by fine costæ and

numerous intercalations, usually with  
broad wrinkles on lateral slopes.

(«) Shell regular, quadrate, pedicle valve [1927.
highly convex or gen icu la te ................  Linoproductus, Chao,

Genotype : P. cora, d’Orbigny ;
also P. corrugatus, M'Coy, P. 
heniispliericus,ii. Sow., P. koninckianus, 
de Vern., P. undatus, Defiance.

(If) Shell irregular or elongate-triangular, 
tapering to umbo, pedicle valve slightly
convex ........................................................  Stria tifera ,  Chao, 1927.

Genotype: P . striatus  (Fischer de 
W aldheim ).

(c) Pedicle valve cylindrical, brachial valve [1887.
operculiform ...........................................  Proboscidella, Oehlert,

Genotype : P . qn'oboscideusdeYern. ; 
also P. ermineus, de Kon.
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5. Sliell large, massive, hinge long. Costco
line, irregular. Ribs develojied ])0 S- 
teriorly.

(rO Cardinal nrea rarely developed on [1928.
pedicle valve..............................................  Gigantella,Sarytcheva.,

Genotype: giganteus  (IMartin) ;
also P. l a t u d m m A . P. maximus,
M‘Coy, 1\ edeltmrgensisy Rid II.

{/}) Cardinal area developed in both valves, 
delthyrium closed by deltidium in
pedicle valve ..........................................  K ansudla ,  Chao, 1928,

emend, id. Muir-Wood, 1929. 
Genotype : K .  kansueyisis, Chao.

Probably includes certain undescribed 
British species.

B. S h e l l  s p i n o s e  i n  a l l  o r o w t i i - s t a g k s .

6. Shell ornamented by numerous scattered
spine-bases which are anteriorly elon
gated. Ribs faintly developed on [1928.
cardinal slopes ........................................... Krotovia ,  Fredericks,

Genotype : P.  spinulosiis (Martin) ; 
also P. aculeattis (Martin).

7. Shell ornamented by elongated spine-bases [1914.
and concentric ribs......................................  Pustula, I. Thomas,

Genotype : Productus pustulosiis,
Phill. ; also Pustula distortn, Thomas,
P. interrupta, Thomas, P. magnituber- 
culata, Thomas, P . nodosa, Thomas, Pr. 
ovalis, Phill., P. pilosa, Thomas, Pr. 
pyxidiformis,  de Kon., Pr. ru^rc^us,Phill.,
P. sidfpHstulosa, Thomas, P. tenuijmstu- 
losa, Thomas.

8. Shell ornamented by broad concentric [1914.
bands bearing rows of spine-bases . . . .  Echinoconchus, W eller, 

Genotype : Productus ptinctatus
(Martin) ; also P. eleyans, M'Coy,
Pustula subelegans, Thomas, P . venusta,
Thomas, P. Thomas, P.exquisita,
Thomas, P . e.ximia, Thomas.

9. Shell ornamented by concentric bands
bearing one row of spine-bases. Brachial [1914.
impressions spoon-shaped......................... Overtoma, Thomas,

Genotype : P.Jim briatus,Z .  de C. Sow.

C. S h e l l  s p i n o s e  a n d  c o s t a t e .

10. Shell ornamented by spines posteriorly [Muir-AYood, 1928. 
and costæ anteriorly .................................. Thomas, emend.

Genotyqie : P. youngianus, Day. ;
also P. bassus, Vaughan, P. davidsoni,
J arose, P . heyserlinyianus, de Kon.

1) .  S h e l l  c o s t a t e ,  r i b b e d ,  a n d  s p i n o s e .

11. Shell ornamented posteriorly by ribs and 
by costæ bearing elongated spine-bases, 
and anteriorly by flattened bands bearing
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rows of spine-bases. Aledian septum
posteriorly bifurcating .............................  liuxtonia, Idionias,

1914, emend. xMuir-Wood, 1928. 
Genotype: / ’. scabriculas (Alartiu),

also P. scahriculo-'Costatus, Vaughan.

E. S h e l l  r i b b e d .

12. Shell ornamented by prominent con
centric ribs. Anterior margin surrounded
by ribbed rim projecting at right angles [1928.
to sh e ll ................................................................ Thomasclla, Fredericks,

Genotype : 1\ wrighti,  Dav.
13. Shell ornamented by concentric ribs, and

attached by cementation or by spines [1887.
along hinge of pedicle v a lv e ..................... Etheridgina ,  Oehlert,

Genotype: P. Etheridge.
14. Shell ornamented by ribs and large

scattered sp in e s .................. E lica tifem ,  Chao, 1927.
Genotype: P. plicatilis, J. de C.

Sow. ; also P  mesolobus, Phill., ? 1 \ 
carringtonianus, Dav.

F . S h e l l  s m o o t h .

15. Shell ornamented by large spines and
growth-lines, and rarely by faint traces
of co sta tion ..........................  Horridonia,  Chao, 1927.

Genotype : P . horridus, J. de C. Sow.

T h e  p r e c ise  r a n g e  o f  m a n y  o f  t h e s e  g e n e r a  is  u n c e r ta in .
Horridonia is a p p a r e n t ly  l im ite d  to  th e  P e r m ia n .  Thomasia
a n d  ThomaseUa o c c u r  in  t h e  U p p e r  Dihunophyllum-zowe, 
b u t  m a y  r a n g e  u p w a r d s .  Kansuella is p o s s ib ly  c o n f in e d  to
t h e  L o w e r  C a r b o n ife r o u s ,  an d  o c c u r s  in  t h e  Dibunophyllum’-
z o n e .  Giyaniella a n d  Stria tifera  are n o t  k n o w n  b e lo w  t h e  
Semi7iula-7jO\\Q, and  are e s p e c ia l ly  c h a r a c te r is t ic  o f  th e  U p p e r  
Dibunophyllam-zoxiQ, b u t  t h e y  e x te n d  u p  i n t o  t h e  U p p e r  
C a r b o n ife r o u s  or e v e n  in to  th e  P e r m ia n .  Froductvs, L ino
productus, Plicatifera, an d  Eomaryinifera  w e r e  p r o b a b ly  
e v o lv e d  in  U p p e r  Zaphrentis or  L o w e r  Syi'ingothyris t im e s ,  
b u t  b e c a m e  m o r e  a b u n d a n t  in  Dg. Linoproductus a n d  
Productus e x te n d  up  to  th e  U p p e r  C a r b o n if e r o u s .  Buxtonia, 
Pustula, Echinoconchus, Avonia, an d  Dictyoclostus ap p ear  in  
t h e  Cleistopora-zoxie or e a r ly  Zaphrentis t im e s ,  an d  r a n g e  
t h r o u g h o u t  t h e  C a r b o n ife r o u s .
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M alabar, between Beypore and Ponndni Rivers.

Von. XXV. 1895 [out of prin t) [price  5 Rs.) : Geology of Bellary D istric t, M adras Presidency.
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FOSSIL FAUNA OF THE SAMANA RANGE 
AND SOME NEIGHBOURING AREAS.

PART III

THE BRACHIOPODA.

BY

HELEN MARGUERITE MUIR-WOOD, M.Sc., F.G.S.

(With Plates V and VI.)

1. INTRODUCTION.

Th e  Brachiopoda, collected by Col. L. M. Davies from the Samana range, 
include a number of species, many of which are represented by a single 

specimen. Most of the specimens are preserved as internal casts in an irony 
quartzose grit which coats as well as infills them. These casts are associated 
with undoubted Lower Gault ammonites, such as Douvilleiceras mammillatum, 
which establish the age of the fauna. In addition to these a few imperfect 
specimens were collected from a compact gray limestone, the lowest fossiliferous 
bed found on the Samana range. These specimens are referred in this paper 
to the species Rhynchonelloidea arcuata (Quenstedt) and the beds are therefore 
assumed to be of Upper Bathonian or Lower Callovian age.

This Jurassic species is of considerable importance, as it is the only fossil 
collected from these lower beds, and R. arcuata has not been previously recorded 
from India.

The Gault specimens are also interesting since brachiopods are practically 
unknown in the Lower Gault. They are apparently, entirely new forms belong
ing to new subgenera of Rhynchonella and Terehratula, which owing to the 
lack of material and the poor state of preservation of most of the specimens, 
cannot be described.

One Gault specimen is referred to the species Kingena spinulosa Morris 
and is indistinguishable from forms occurring in the Gault of Folkestone.

All the specimens are preserved in the collections of the Geological Survey 
of India at Calcutta.

( 25  )
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26 THE FOSSIL FAUNA OF THE SAMANA RANGE.

2. DESCRIPTION OF SPECIES.

JURASSIC.

RHYNCHONELLIDÆ, Gray.

R h y n c h o n e l l o i d e a  a r c u a t a  (Quenstedt). (PI. V, figs. 1— 4.)

Terehratula varians F. A. Quenstedt, 1852, Handbucli der Petrefaktenkurde, p. 454, pi. 
xxxvi, fig. 19.

Terehratula varians arcuata F. A. Quenstedt, 1871, PetrefactenRunde Deutsclilands, 
Abt. 1, Bd. II, Brachiopoden, p. 89, pi. xxxviii, figs. 71- 80.

Rhynchonella varians G. Muller, 1900, in Bornhardt, W. Zur Oberfiachengestaltung und 
Geologie Deutsch-Ostafrikas, Bd. VII, p. 527, pi. xvii, fig. 9.

Rhynchonella arcuata L. Rollier, 1917, Mém. soc. pal. Suisse, XLII, 2, p. 152.
Rhynchonelloidea varians arcuata S. S. Buckman, 1917, Pal. Ind., N. S. I ll, No. 2, p. 38. 

(Name only.)
Rhynchonelloidea, S. S. Buckman, 1914, Genera of some Jurassic Brayhiopoda ; London,

p. 1.

This species is represented by tw o alm ost complete, young individuals and 
six  imperfect specimens embedded in a hard, dark grey limestone. The pedicle 
valve, only preserved in the two entire specimens, has a broad median sinus, 
sharply demarcated from the lateral slopes. The umbo is broken in both speci
mens, but the outline of it, seen in another example, shows it  to  have been 
slightly incurved but well separated from the brachial valve. The dental lam el
læ are strong and slightly divergent. The ornament consists of rather angular 
costæ continuous from the umbo to  the anterior margin. Four or five costæ  
occupy the sinus and there are seven on each lateral slope.

The brachial valve is sub-cynocephalous in contour with a rather promi
nent median fold ornamented by four or five subangular costæ. Seven or eight 
strongly curved costæ are seen on each lateral slope. A strong median septum  
is developed in this valve. The position and shape of the muscle-scars is 
unknown, and the lim ited amount of material did not allow of investigation by  
burning off the shell. Traces of a fine transverse ornament crossing the costæ  
are seen in some of the specimens.

Dimensions.— Specimen no. 14,429 figured on pi. II , fig. 1, length, 18 5 mm. ; 
width, 14 mm. ; thickness, 12 5 mm. Specimen figured on pi. II , fig. 3, length,
II mm. ; width, 11-5 mm. ; thickness, 7 mm. Specimen from the Brown Jura of
Eichberg, Baden, figured for comparison, British Museum, B. 49819, length,
13-5 mm. ; width, 13-5 mm. ; thickness, 12 mm.

Material.—Eight specimens preserved in the collections of the Geological
Survey of India, Calcutta.

Remavhs.— The Samana specimens agree very well in size, form and orna
ment, with examples of Rhynchonella varians arcuata (Quenstedt) from the  
Brown Jura, Farmns-schichten of Germany. These beds, which occur at the 
base of the Callovian of Germany, contain a number of forms which Quenstedt 
considered to be varieties of the species Rhynchonella varians (Schlotheim). The
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latter species, however, comes from a higher horizon. In Quenstedt’s species 
R. varians arcuata, later (1917) called R. arcuata by Rollier, the rather promi
nent median fold is ornamented by four or five costæ, and the curved lateral 
slopes bear seven or eight costæ, as in the Indian specimens. The transverse 
ornament which is so prominent in the German shells is faintly seen on the 
specimens from Samana.

Rhynchonelloidea arcuata is distinguished from R. spathica (Lamarck) from 
the Oxfordian and R. thurmanni Voltz from the Corallian by its smaller size, 
more angular fold in the brachial valve, and also by its less globose brachial 
valve. In the Oxfordian and Corallian forms the umbo is more incurved over 
the brachial valve, than in the Bathonian species. The smaller incurvature of 
the umbo as well as the less sharply differentiated median fold distinguishes 
R. arcuata from the form figured by Davidson as R. varians { = R.  alemanica 
Rollier, 1917, p. 151) from the Callovian of Yorkshire.

Rhynchonella varians var. oolithka Haas (1882, p. 229, pi. VI, figs. 14a— c) 
from the Upper Dogger of Alsace is a smaller form than R. arcuata with three 
costæ on the median fold and seven on each lateral slope.

Kitchin (1900, p. 61, pi. X III, figs. 1—5) describes Rhynchonella brevicostata 
from the Callovian of Cutch as belonging to the group of Rhynchonella varians, 
but this species is readily distinguished from the Samana specimens by the 
absence of costæ on the posterior part of the shell as well as by its smaller 
dimensions and the greater convexity of the brachial valve.

Specimens from the Bathonian of Dar-es-salem, East Africa, were figured as 
Rhynchonella varians but described as being similar to R. varians arcuata by 
Müller (1900, p. 527, pi. XVII, fig. 9). These specimens are slightly smaller 
than the Indian shells but are apparently similar in form and ornament. 
Dacqué (1910, p. 51) later correlated the beds containing these specimens with 
similar beds containing Callovian ammonites in Tanganyika territory.

The age of the beds, in which the Samana specimens of Rhynchonelloidea 
arcuata occur, is probably uppermost Bathonian or possibly early Callovian, 
but the small amount of material and the complete absence of other fossil 
groups render any exact zonal determination impossible.

CRETACEOUS. GAULT.

R h y n c h o n e l l a  s a m a n e n s i s  sp. nov. (PI. V, figs. 13— 17).

Diagnosis.— ^Rhynchonella^ about 25 mm. long, 30 mm. wide, and 18 mm. 
thick, shell transversely oval or circular in outline ; brachial valve globose ; 
pedicle valve flattened ; median fold and sinus ill-defined ; anterior commissure 
evenly curved ; beak gibbose, suberect. Ornament of eighteen prominent, 
widely spaced, subangular costæ with irregular, nodose swellings. Dental 
plates short, stout, and subparallel.

Type-specimens.—Holotype, specimen no. 14,434. Paratypes, nos. 14,432, 
14,435—14,441, 14,433. All preserved in the Geological Survey collections, Calcutta.
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Description.—The material consists of ten internal, casts, imperfectly 
preserved. In the holotype the shell is laterally elongated in outline with a
gibbose brachial valve and depressed pedicle valve. The median fold in the
brachial valve, bearing six angular costæ, is very slightly raised above the level 
of the lateral slopes, and the median sinus of the pedicle valve is broad and 
shallow, and is ornamented by six costæ. Six curved costæ are developed on 
each lateral slope. The anterior commissure is evenly curved. The beak is 
suberect but delthyrial plates and beak-ridges are not preserved. The dental 
plates are short, subparallel, and massive, and support the strong teeth. These fit 
into the transversely crenulated sockets which are supported by strong socket plates.

In the brachial valve the median septum is short and strong posteriorly, 
but tapers anteriorly, and separates the two adductor muscle-scars. The adduc
tor scars are trigonal in outline with their inner margin in contact with the
median septum, while their anterior margin is almost horizontal. The outer 
margin is obscure. Ovarian markings, represented on the cast by pittings, are
seen on the posterior part of the pedicle and brachial valves.

The muscle-scars of the pedicle valve are well preserved in specimen no. 
14,435. The diductor scars are crescent-shaped and enclose the oval adductors,, 
while vascular markings radiate from the anterior margin of the diductors and 
the oval area bearing the ovarian markings.

The remaining specimens represent different growth-stages and are usually 
circular in outline.

Dimensions.—Holotype, length, 26 mm. ; width, 30 mm. ; thickness, 18 mm. 
Specimen no. 14,435—length, 20 5 mm. ; width, 22*6 mm. ; thickness, 16 5 mm.

Remaries.—Rhynchonella samanensis differs from Stolmorhynchia sulcata 
(Parkinson, 1819, p. 59) from the Albian of Europe in the greater convexity 
of its brachial valve, less prominent median fold, and fewer and more angular 
costæ. The muscle-scars in the two species are also quite distinct. In the 
brachial valve of Rhynchonella samanensis the adductors are wedge-shaped and 
their anterior margin is practically horizontal, while in R. sulcata the adductors 
are longitudinally elongated and pear-shaped. Rhynchonella polygona d’Or
bigny from the Albian of France is also readily distinguished from R. samanensis 
by its more pentagonal outline, steeper cardinal slopes, and more numerous 
costæ. The shape and position of the muscle-scars in R. polygona is at present 
unknown. The costæ in R. emerici d’Orbigny from the Albian of France and 
Switzerland resemble those of R. samanensis but the shell of R. emerici is 
smaller and the costæ are less numerous. Pictet and Roux (1852, pi. I, 
figs. 6a—c) and Pictet (1872, pi. CXCVIII, figs. 11, 12) represent this species 
as having very prominent incisions, crossing the costæ at regular intervals, 
and suggestive of the transverse folds of R, samanensis, and the costæ appear 
slightly enlarged at the point of intersection.

Owing to the incomplete preservation of the muscle-scars in the brachial 
valve, as well as the absence of beak characters, it is not possible to assign this 
species to any sub-genus of Rhynchonella. The adductor scars of R. samanensis 
resemble those of species of Cyclothyris which occur throughout the Cretaceous.
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The costation of R. samanensis however, is coarser than in any species of 
Cyclothyris, and no median septum is developed in that genus. I t  resembles 
species of Rhactorhynchia S. S. Buckman (1917, p. 50) in having a stout median 
septum , and strong dental plates, coarse prominent costæ, and an ill-defined 
fold and sinus. This genus has not been recorded from beds above the K im e- 
ridgian. Slight nodular swelhngs on the costæ are seen in the species Rhact
orhynchia faecunda and R. turgidula S. S. Buckman from the Bradford Clay 
(1917, pi. X IV , figs. 8d, lOd), and are apparently similar to  those seen in R. 
samanensis. The muscle-scars of the pedicle valve of R. samanensis are narrow
er and more elongated than in any species of Rhactorhynchia, but the shape of 
the muscle-scars of the brachial valve is very similar to  that of the Jurassic 
species.

R h y n c h o n e l l a  r e t i c u l a t a  sp . nov. (PI. V, fig s . 12a— c .)

Diagnosis.— ‘ Rhynchonella ’ differing from R. sam/mensis in having a less 
inflated brachial valve, more flattened pedicle valve, more numerous, and less 
prominent costæ in each valve.

Type-specimen.— H olotype, specimen no. 14,442, preserved in the Geological 
Survey collections, Calcutta.

Description.— This species is represented by one im perfect specim en in  
which the shell is partially preserved. The outline of the shell is approxim ately  
circular and the anterior commissure is slightly curved. The brachial valve  
lacks a median fold, and is regularly convex in both longitudinal and transverse 
contour, while the pedicle valve is convex posteriorly, but becom es depressed 
m edianly, on the anterior part of the shell. The beak is not preserved, and the  
internal characters are unknown.

The ornament consists of tw enty-five rounded costæ which radiate from  
the umbo of each valve, and are separated b y  interspaces which are equal to  
the w idth of the costæ. The nodular swellings on the costæ are of small size 
and are arranged concentrically, 10 nodules are developed on one costa in  a 
space of 12 mm. The outer sheU-layers are not preserved, and it  is not 
possible to  ascertain if this enlargement of the costæ is caused b y  marked 
incisions cutting across the costæ, due possibly to  a periodic cessation of 
growth.

Dimensions.— Length, 21 mm. ; w idth, 24 mm. ; thickness, 13 mm.
Remarks.— The rather marked nodular enlargement of the costæ gives the  

shell a som ewhat spinose appearance, resembling th at of species of Acanthothiris, 
Careful exam ination, however, of the shell of Rhynchonella reticulata shows th at 
the nodules are not hollow, nor were they ever produced into spines. Lack of 
m aterial unfortunately, hindered any attem pt to  ascertain the internal charac
ters of this species.

TEREBRATÜLIDÆ  Gray.

TEREHRATULA SAMANENSIS sp . nOV. (PI. VI, figS, 5— 8).

Diagnosis.— ‘ Terehratula \  w ith large, m assive shell, elongate-oval in outline ; 
pedicle valve more convex than brachial valve, slightly biplicate antermrly.
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folding paraplicate. Umbo massive, vertically truncated by large labiate fora
men, mesotbyrid, beak-ridges obscure.

Type-specmew.— Holotype, specimen no. 14,446. Paratypes, nos. 14,447, 14,448, 
14,445, 14,444, 14,449, 14,450, 14,451, 14,452.

Description.— This species is represented by eight imperfect specimens all 
in the form of internal casts w ith sm all portions of the outer shell preserved in 
two specimens.

In the holot}q>e which is a gerontic individual, the outline of the shell is 
more complete than in the other specimens, and the greatest width of the shell 
occurs about half-way down the length. The brachial valve is evenly convex  
and rectimarginate in the early growth-stages, becoming biplicately folded only  
at the anterior margin by the formation of a low rounded ridge on either side 
of a shallow median sinus (paraplication of S. S. Buckman, 1917). In the 
pedicle valve a shallow sinus is formed on either side of a low median fold. 
The two valves slope down abruptly to  the anterior margin. The lateral com
missure curves gently backwards from the brachial to the pedicle valve, and is 
sharply recurved dorsally near the anterior margin. The umbo is massive and 
is truncated by a circular foramen which in a young specimen 14,448, is hori
zontal, but with the incurvature of the umbo, it  becomes vertical in position 
and labiate. The umbo is always well separated from the brachial valve. No  
deltidial plates are preserved in any specimen.

The adductor muscle-scars of the brachial valve are well preserved in 
specimen 14,445 and are elongated, narrow and subparallel, and expand into 
spoon-shaped protuberences at their anterior end. In the pedicle valve the 
muscle-area is situated about 1 cm. from the umbo, but the details of the scars 
are obscure. The vascular markings in both valves are seen as prominent, 
longitudinal ridges on the cast.

The shell is finely punctate and the surface usually smooth, but traces of 
fine, longitudinal striations are seen in specimen 14,450 on the shell of the pedicle 
valve, but this is not constantly developed as in m any terebratulid shells.

Dimensions.— H olotype, length, 48 mm. ; w idth, 42 5 mm. ; thickness, 
26 5 mm. Paratype, specimen no. 14,445, length incom plete ; width, 40 mm.
thickness, 26 mm.

Remarks.—Terehratula samanensis is distinguished from T. hiplicata Sow. 
non Brocchi { = T .  dutempleana d’Orbigny, 1847) from the British Gault and
Cambridge Greensand, by its  more massive shell, and absence of marked folds
which extend three-quarters of the way up the shell in T. dutempleana. The
adductor muscle-scars in the brachial valves of the tw o species are also distinct 
as shown in pi. I l l ,  figs. la , 2. Brocchi’s species T. hiplicata (1814), to  which 
most biplicate Cretaceous specimens are referred, is said to  be from San Quirico, 
Tuscany. Saemann and Triger (1862) examined the specimens and came to 
the conclusion th at th ey  were incorrectly labelled, and that they  were probably 
from a French locality. There seems to be no doubt th at T. hiplicata Brocchi 
is not a Cretaceous species, but a Jurassic shell, probably from the Middle- 
Lias, and th at it is a Zeilleria closely allied to  Zeilleria indentata (Sow).
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Terehratula dutempleana d’Orbigny is recorded, not only from the Albian  
of Europe, France, Switzerland, and the Ardennes, etc., but Stoliczka (1872,
p. 20, pi. V, figs. 1— 3) figured T. hiplicata var. dutempleana from the Cretaceous 
Trichinopoly group (=T uronian and Lr. Senonian) of S. India. The latter
specimens are distinct from the European forms, and are also distinguished 
from the Samana specimens by their slightly larger size, more m assive shells,
more prominent biplication of the shell, and less curved lateral commissure. 
T. samanensis shows a closer resemblance in external form to specimens of 
T. hiplicata var. gigantea and var. ingens Lamplugh and Walker from the
Shenley Hill Cretaceous, usually taken to be of upper Albian or Cenomanian 
age, Init the English forms have a flatter brachial valve, and are slightly larger 
and more elongated.

Specimens of T. ohesa Sow., from the Ootatoor group ( =  Cenomanian of 
Southern India) figured by Stoliczka (1872, pi. V, figs. 4, 5) are slightly narrower 
than specimens of T. samanensis although, the somewhat massive, slightly bipli- 
cate shell is apparently similar in the two species. The folding in T. ohesa 
starts with uniplication of the dorsal valve and subsequent biplication, the 
reverse of that in T. samanensis where a median sulcus is first developed in the 
dorsal valve.

The adductor muscle-scars in the brachial valve of T. samanensis resemble 
-very closely those figured by Stoliczka (1872, pi. VI, fig. l i a )  in T. subrotunda 
Sow. from the Arrialoor group ( = Senonian of S. India). This species is a 

■smaller form but the folding of the shell is paraplicate, as in T. samanensis, to 
-which it may be generically related.

Specimens from the Albian of Hazara, N. India, which have been compared 
with T. samanensis are readily distinguished from this species by their very 
prominent biplication, the folds extending backwards for about three-quarters 

-of the length of the shell. The shell of the Hazara specimens is shorter and 
slightly more globose than that of the Samana species, and the adductor scars 
in the brachial valve are similar to those of T. dutempleana, to which species 
they should probably be referred. Specimens of T. dutempleana from Hazara, 
and from the Cambridge Greensand (Albian), have been figured for comparison 
with T. samanensis.

T e r e b r a t u la  SAMANENSIS vai'. (PL VI, figs. 9 a — h).

Two imperfect examples, 14,453 and 14,454, which are distinguished from speci
mens of T. samanensis by their more elongate-oval outline, smaller foramen, 
and slightly less convex valves, are probably afvariety of that species. The 
anterior margin, though imperfectly preserved, is apparently slightly more 
truncate than in the typical form and slight biplication is developed at an 

-earlier stage. Faint indications of adductor muscle-scars are seen in the bra
chial valve of specimen 14,453, and .these are apparently similar to those of 

, T. samanensis.
H
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Dimensions—li&cigth., 39 mm. ; width, 31 mm. ; thickness, 19 mm.
The outline of the shell of this variety resembles that of the English

species T. dep-essa var. shenleyensis Lamplugh and Walker (1903) from the
Shenley Hill Beds (?=A lbian or Cenomanian). The brachial valve of the Eng
lish form, however, is imiplicate before becoming biplicate, whereas in the
Indian form the brachial valve is first sulcate and then biplicate.

T e e e b e a t u l a  sp. (PI. V, figs. Sc— c, 9).

Two internal casts, 14,456 and 14,455, approxim ately circular in outline with  
a slightly truncated anterior margin, are too imperfectly preserved for specific
determination. The valves are biconvex with no fold or sinus and meet 
anteriorly in a plane commissure. The umbonal region is imperfectly preserved 
but the beak was apparently erect and truncated by a small foramen.

In the brachial valve the adductor muscle-scars are elongated, narrow, and 
strap-shaped, while in the pedicle valve the muscle-area is narrow and oval in 
outline. No dental plates are developed in the pedicle valve and no median 
septum in the brachial valve.

The shell is very finely punctate but there is no trace of either longitudinal 
or transverse ornament.

Dimensions.—Length, 16 5 mm. ; width, 15 5 mm. ; thickness, 8 5 mm.
Remarks.— This species resembles the Jurassic Cinctas in outline of the shell 

but the muscle-scars are characteristic of the Terebratulids. The absence of a 
median septum in the brachial valve distinguishes it from the Terebratellids, 
including the genera OrnitJiella and Zeilleria.

It resembles the specimen of Terebratula lentoidea Leymerie (1842, p. 12, 
pi. XV, figs. 10a—c) from the ? Albian of France in its general shape, but the 
Indian shell is not dorsally uniplicate as in th at species.

Terebratula lens Nilsson (1827, p. 35, pi. IV, figs. 6a— c), from the Danian
of Sweden, also has a very similar outline and contour, but is slightly larger 
and has' a more carinate pedicle valve than the species under discussion.

T e e e b e a t u l a  d a v i e s i  sp. nov. (PI. V, figs. 5a— d).

Diagnosis.—Shell small, circular in outline, valves biconvex, prominently 
biplicate anteriorly, paraplicate ; dental lamellæ delicate. Shell surface 
capillate.

Type-sfecimen.—H olotype, specimen no. 14,457, preserved in the Geological 
Survey collections, Calcutta.

Description.—One imperfect specimen, lacking the umbonal region, is the 
sole example of this species. The pedicle valve is convex, with a median fold 
developed just above the anterior margin. On each side of this fold is a shallow  
sinus and a second fold is developed beyond each sinus. The lateral commis*
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sure is deflected towards the pedicle valve, and then is recurved backwards and 
forwards, forming two rounded lobes projecting dorsally. The anterior com
missure is in the form of an inverted W, seen with the brachial valve uppermost, 
the two lobes extending upwards for a considerable distance into the brachial 
valve. The latter valve is slightly more convex than the pedicle valve and is 
sulcate im m ediately below the umbo. The greatest width of the shell occurs 
about half-way along the length. The umbonal characters of the shell are 
unknown, but a fracture across the umbo exposes delicate, dental lamellæ which
support small teeth (PI. Y, fig. 5h). In the brachial valve there is no median
septum, and the sockets are transversely crenulated. Other internal characters 
of both valves are unknown.

The shell is very finely punctate, and is ornamented by fine longitudinal 
striæ, which are seen on the outer surface of the shell, as well as on the internal 
cast. The striæ are even and radiate regularly from the umbo, and are crossed 
by a few fine lines of growth.

Dimensions.—H olotype, length, 12 5 mm. ; width, 12 5 mm. ; thickness, 
9 mm.

Remarks.—Lack of information about the internal characters and position  
of the muscle-scars, as well as the loss of the umbonal region, make it impossible 
to assign this species to any genus. I t  probably belongs to a new genus of the 
Terebratulidæ, characterized by prominent paraplication of the shell, capillation  
of the test, and by the developm ent of slender dental lamellæ. I t  appears at 
first sight to be similar to specimens of Trichothyris compressa (Kitchen) from the
Jurassic beds of Kutch, India. In this species the shell is radially striated but
the folding is parasulcate, i.e., the dorsal valve is uniplicate and a sinus is 
developed on either side of the median fold. The anterior commissure of Tri- 
chothyris compressa is in the form of a W the reverse of that in T. daviesi, and 
the shell is larger and more elongated. A  median septum is developed in the 
dorsal valve, and no dental plates occur in the pedicle valve, of this Jurassic 
species.

The plication of the shell of T. daviesi is similar to that of shells belonging 
to the Jurassic genus Holcothyris, described by S. S. Buckman from the N am yau  
beds of India. A similar type of folding is found in m any Cretaceous species.

Krenkel (1910, p. 302) figured and described a biplicate, radially striated  
species Terebratula matapuana from the Lower Chalk of German E ast Africa. 
The shell is paraplicate but the specimens are larger and more elongated than  
those of T. daviesi.

Schloenbach’s specimen of Terebratula pJiaseolina Valenciennes, figured in 
1868 (p. 150, pi. V, fig. 1) from the Cenomanian of Bohemia, also resembles
T. daviesi in the paraplication of the shell, but the folds are less prominent
than in the Indian species. I t  is said to have an ornament of fine radial striæ
but these are less well defined than in T. daviesi.

The common radially striated species of the European Albian, T. capilhta  
d’Archiac (1847), differs from T. daviesi, not only in its considerably larger size 
but also in the uniplication of its brachial valve.

H 2
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TEREBRATELLIDÆ King (emend. Beecher).

K ixc4e n a  Davidson 1852.

K ix g e x a  s p i x u l o s a  Morris. (PI. V, figs. 6a—d).

Kingena spimilosa J. Morris, 1817, Atin. Blag. Naf.<. His!. XX, p. 253, pi. xviii, figs. 6, 
6c— c.

One specimen, from which the shell is entirely lost, has been compared with 
specimens of Kingena from the English Gault. The shell is circular in outline, 
with the pedicle valve slightly more convex than  the brachial valve, and the, 
anterior and lateral commissures give no indication of folding. Both the 
anterior and lateral margins are much thickened. The umbo is incurved and tru n 
cated by a small circular foramen, and the angular beak ridges are separated 
from the hinge by a rather narrow, concave false area. The dental plates are 
short and slightly divergent, and the median septum  in the brachial valve 
extends for about half the length of this valve. The shell is very finely punc
tate, and traces of a fine, radial ornament are visible near the anterior margin, 
bu t the granulations characteristic of the genus Kingena are no t preserved. In 
the pedicle valve the muscle-scars correspond in position w ith those of Kingena, 
but all traces of muscle-scars in the brachial valve are lost.

Dimensions.—Length, 14 mm. ; width, 15 mm. ; thickness, 10 mm.
This specimen resembles very closely examples of Kingena spinulosa Morris 

from the English Gault. This species is very variable in shape, Morris’ type- 
specimen being considerably more elongated than  the Samana example, but 
among specimens in the British Museum collections from the Gault of Folke
stone, are some [B. 49599] which are indistinguishable from it  in shape ando 
contour. K . spinuhsa is distinguishable from K . lima by the radial arrange
ment of the small, rounded spinules which cover the shell surface, and by the 
development of fine, radial striæ in the former species. In  typical specimens of 
K . lima, the shell lacks radial striæ and the surface is covered by smaller, 
rounded tubercles, which are not definitely arranged or produced into spines.

Kingena newtonii Lamplugh and Walker (p. 258, pi. X V III, figs. 5a— 6c), 
is also ornamented by fine, radial striæ, in addition to the rounded granules, 
but the shell is larger than that of the Samana specimen, and has a pentagonal 
outline.

Stoliczka (1872, pi. VII) figures several species of Kingena from the Cre
taceous rocks of South India, none of which resemble this species in external 
shape. His specimen of K , lima (pi. V II, figs. 13, a, b, o) is larger, and more 
elongated, than the specimen of Kingena spinuhsa from Samana.

K i x g e x a  t u m id a  sp. nov. (PI. V, figs. 7a— c).

Diagnosis.—Kingena, w ith . both  valves highly, globose, shell elongate-oval 
in outline, width and thickness of shell approxim ately equal ; anterior commis
sure slightly sulcate ; umbo incurved, false area very narrow, hinge line curved. 
Shell w ithout radial striæ.
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Type-S2'>ecimen.— Holotype, specimen no. 14,459, preserved in the collections 
of the Geological Survey of India, Calcutta.

Description.—This species is represented by one internal cast in which the 
pedicle valve is considerably more globose than  the brachial valve, and no fold 
or sinus are developed. The greatest width occurs about half way down the
«hell. The lateral commissure is straight and the lateral slopes flattened. The- 
umbo is tru n ca ted ' by  a circular foramen. The dental plates are long and
narrow, and enclose the muscle-scars, which correspond in position to  those of 
Kingena. In  the brachial valve the socket-ridges are short and curved, and the 
median septum, which extends for about half the length of the valve, separates 
the elongated, narrow adductor scars which are set close to  the septum.

The shell is finely punctate, b u t no trace of radial or granular ornam ent is 
visible.

Dimensions.—Length, 14 5 mm. ; width, 12 mm. ; thickness, 11*5 mm.
Remarks.—Although the external shell surface is missing, the internal char

acters and shape and position of the muscle-scars are sufficient emdence for 
referring th is species to  the genus Kingena, and the globosity of the shell
distinguishes it  from all other species belonging to  th a t genus.

Z e i l l e r i a  sp. (PI. V, figs. 10a—h, 11a—c).

Two imperfect internal casts, 14,460 and 14,461, having the  umbonal region 
poorly preserved, are doubtfully assigned to the genus Zeilleria. The shell is 
elongate-oval in outline w ith a highly convex brachial and pedicle valve. In  
the smaller specimen the valves have no fold or sinus, and m eet anteriorly a t 
an acute angle w ith a plane commissure, while the lateral commissure is deflected, 
slightly into the pedicle valve. The foramen was apparently small and the beak- 
ridges are obscure.

In  the larger specimen, the shell is considerably more inflated, growth 
having resulted in thickening at the anterior and lateral margins w ithout any  
increase in length or w idth, and consequent flattening of the flanks and trunca
tion of the anterior margin. The presence of a median septum  in the brachial 
valve is indicated by a shallow longitudinal incision, showing th at this shell had 
a long loop, and that it  belongs to the family Dallininæ.

Dimensions.—Specimen, 14,460, length, 21 mm. ; width, 16 mm. ; thickness, 
13 mm. ; specimen, 14,461, length, 23 mm. ; width, 16 mm. ; thickness, 17 
mm.

This species resembles Terebratula becksii Eomer (1840, p. 44, pi. AH, 
fig. 14) from the Planer (Cenomanian) of Germany in general shape and relative 
convexity of the valves, but the brachial valve narrows more towards the umbo 
than in the Indian species. Terebratula nicaisei Coquand (1862, p. 235, pi. X V I, 
figs. 19— 21) from the Albian near Aumale, Algeria, has a similar shape, but the 
valves are considerably less convex, and a shallow sinus is developed near the 
anterior margin. The com plete loss of the shell and all umbonal characters, 
renders any comparison w ith other species a m atter of extreme difficulty.



36 THE FOSSIL FAUNA OF THE SAMANA RANGE.

R e f e b e n c e s .

d’Arcliiac, E. J. A. C. 1847. Rapport sur les fossiles du Tourtia. Mém. soc. géol. France, (2), 
II, pp. 291—351.

Blanckenhorn, M. 1890. Beitrâge zur Geologie Syriens. Die Entvvickelung des Kreidesystems 
in Mittel-und Nord-Syrien. Cassel.

Bouillerie, Baron de la. 1919-20. Guide paléontologique pour les terrains de la Sartlie, 
Brachiopodes, jurassiques. Bul. soc. d’Agr., Sci. et Arts de la Barthe  ̂ XXXÏX,  pp. 47—136.

Brocchi, G. 1814. Conchiologia fossile subapennina con osservazioni geologicbe sugli Apennine 
e sul Suolo Adiacente. II. Milano.

Buckman, S. S. 1917. Tbe Bracbiopoda of the Namyau Beds, Northern Shan States, Burma. 
Pal. Ind. N. S. I ll, no. 2.

Coquand, H. 1862. Géologie et Paléontologie de la région sud de la province de Constantine- 
Marseille.

Couffon, 0. 1919. Le Callovien du Chalet. Commune de Montreuil-Bellay (M.-et-L.). Angers.
Dacqué, E. 1910. Dogger und Malm aus Ostafrika. Beitr. z. Pal. und Geol. Wien und Leipzig, 

XXIII, pp. 1 -62 .
Davidson, T. 1851—55. British Fossil Brachiopoda. I. Palæont. Soc.
Davidson, T. and Morris, J. 1847. Descriptions of some Species of Brachiopoda. Ann. Mag. 

Nat. Hist., XX, pp. 250—257.
Haas, H. and Petri, C. 1882. Die Brachiopoden der Jiuaformation von Elsass-Lothringen. 

Abh. geol. SpezialkaHe Elsass-Loth., II, 2, pp. 161—320.
Jacob, C. and Fallot, P. 1913. Etude sur les Rhynchonelles portlandiennes, néocomiennes et 

mésocrétacées du sud-est de la France. Mém. soc. pal. Suisse, XXXIX, pp. 1—82.
Kitchin, F. L. 1900. Jurassic Fauna of Cutch. The Brachiopoda. Pal. Ind. ser. IX, III, 

pt. 1.
Krenkel, E. 1910. Die untere Kreide von Deutsch-Ostafrika. Beitr. z. Pal. u. Geol., Wiem und 

Leipzig, XXIII, 4, p. 202.
Lamplugh, G. W. and Walker, J. F. 1903. On a fossiliferous band at the top of the Lower 

Greensand near Leighton Buzzard (Bedfordshire). Quart. Journ. Geol. Soc. LIX, pp. 234—265.
Leymerie, A. 1842. Sur le Terrain Crétacé du département de L'Aube. Pt. 2. Paléontologie. 

Mém. soc. géol. France, V, 1, pp. 1—34.
Meyer, C. J. A. 1864. Notes on Brachiopoda from the Pebble-Bed of the Lower Greensand of 

Surrey. Ged. Mag. I, pp. 249—257.
Muller, G. 1900. Versteinerungen des Jura und der Kreide in Bornhardt, W. Zur Oberfla- 

chengestaltung und Geologie Deutsch-Ostafrikas. Berlin. VII, pp. 514—571.
Nilsson, S. 1827. Petrificata Suecana Formationis Cretaceae. Lund und Gotha.
d’Orbigny, A. 1848—51. Paléontologie française. Terrains crétacés. IV.
Parkinson, J. 1819. Remarks on the Fossils collected by Mr. Phillips near Dover and Folkestone. 

Trans, geol. soc. {!), V, pp. 52—59.
Pictet, F. J. 1872. Description des Fossiles du Terrain crétacé des Environs de Sainte-Croix, ser. 

VI, No. 1, pp. 1—158.
Pictet, F. J. and Roux, W. 1853. Brachiopodes in Description des Mollusques Fossiles qui se 

trouvent dans les Grès Verts des Environs de Genève, pp. 528—547. Genève.
Roemer, F. A. 1840—41. Die Versteinerungen des norddeutschen Kreidegebixges. Hanover.
Saemann, L. and Triger. 1862. Sur les Anomia biplicata et vespertilio de Brocchi. Bul. soc. 

géol. France, (2), XIX, pp. 160—168.
Schloenbach, TJ. 1868A. Uber die norddeutschen Galeriten-Schichten und ihre Brachiopoden- 

Fauna. Sitz Ber. math-natwiss. Cl. Ah. Wiss. Wien, LVII, 1, pp. 181—224.



THE FOSSIL FAUNA OF THE SAMANA RANGE. 37

Schloenbach, U. 1868B. Kleihe palaontologische Mittheilungen. Die Brachiopoden der bohmis- 
chen Kreide. Jahrb. d. k-k. geol. Reichsanst. Wien, XVIII, pp. 139—166.

Stoliczka, F. 1872. Cretaceous Fauna of Southern India. Pal. Ind. IV, 1, The Brachiopoda, 
pp. 1—31.

Szajnocha, L. 1879. Die Brachiopoden-Fanna der Oolithe von Balin bei Krakau. Denkschr.
k. Ak. Wiss. Math. nat. Cl., XLI, pp. 197—240.

T onitoh,I. 19 18. Contributions à la connaissance de l’étage albien dans le sud-est de la France. 
Le Mans, pp 1—12.



EXPLANATION OF PLATE V.
All figures are of natural size except when otherwise stated.

Figs. 1—4. R h y n c h o n e l l o id e a  a r c u a t a  (Quenstedt), p. 26.
Fig. 1. Dorsal view of specimen from the Bathonian, Samana range. G. S. I. 

No. 14,429.
Fig. 2. Dorsal view of specimen, same horizon and loeality. G. S. I. No. 14,430. 
Figs. 3a—d. Lateral, anterior, ventral and dorsal views of young specimen.

Same horizon and locality. G. S. I. No. 14,431.
Pig. 3 d x l^ .
Figs. 4a—d. Anterior, ventral and dorsal views of specimen B. 49819, British 

Museum (Nat. Hist.). Fig. 4c figured in similar position to fig. 1. Fig. 
4 d x l | .  Bathonian, Brown Jura, £ roWoris-schichten, Eichberg, Wutach, 
Baden, Germany.

Fig. 5 . T e r e b r a t u l a  d a v i e s i  s p . n o v ., p . 32 .

Fig. 5a. Dorsal view of holotype, specimen x  1^. Gault, Samana range.
G. S. I. No. 14,457.

Fig. 56. Enlarged view of umbonal region of same specimen showing slender 
dental lamellæ, teeth, and crenulated sockets, X3.

Figs. 5c—d. Lateral and anterior views of same specimen.
Fig. 6. K i n g e n a  s p i n u l o s a  Morris, p. 34.

Figs. 6a—d. Lateral, anterior, umbonal and dorsal views of specimen. Gault,
Samana range. G. S. I. No. 14,458.

Fig. 7 . K i n g e n a  t u m id a  sp. nov., p. 34.
Figs. 7a—c. Umbonal, anterior and lateral views of holotype. Gault, Samana

range. G. S. I. No. 14,459.
Figs. 8—9. T e r e b r a t u l a  sp., p. 32.

Figs. 8a, t , c. Ventral, dorsal, and lateral views of specimen showing muscle- 
scars of both valves. Gault, Samana range. G. S. I. No. 14,455.

Fig. 9. Dorsal view of specimen, showing adductor muscle-scars. Same horizon
and locality. G. S. I. No. 14,456.

Figs. 10 — 1 1 . Ze il l e r ia  s p .,  p . 35 .

Figs. 10a, b. Lateral and dorsal views of specimen. Gault, Samana range.
G. S. I. No. 14,460.

Figs. 11a, b, c. Dorsal, lateral and anterior views of specimen. Same horizon 
and locality. G. S. I. No. 14,461.

Fig. 1 2 . R h y n c h o n e l l a  r e t ic u l a t a  sp. n o v . ,  p. 2 9 .

Figs. 12a—c. Lateral, anterior and dorsal views of holotype. Gault, Samana
range. G. S. I. No. 14,442.

Figs. 13 — 1 7 . R h y n c h o n e l l a  s a m a n e n s is  sp. n o v . ,  p. 2 7 .

Fig. 13. Dorsal view of specimen. G. S. I. No. 14,432.
Fig. 14. Anterior view of specimen. G. S. I. No. 14,433.
Fig. 15. Umbonal view of specimen. G. S. I. No. 14,432.
Figs. 16a, b. Dorsal and lateral views of holotype. Indication of adductor

muscle-scars shown in dorsal view. G. S. I. No. 14,434.
Figs. 17a, b, c. Ventral, umbonal, and dorsal views of specimen. Ventral view, 

showiag adductor and diductor muscle-scars and ovarian markings. G. S. I. 
No. 14,435.

All specimens from the Gault, Samana range.
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EXPLANATION OF PLATE VI.

Figs, 1— 4, T e r e b r a t u l a  d u t e m p l e a n a  d’Orbigny. p. 31.
Figs. la , 6, c. Dorsal, anterior and lateral views of specimen B. 49817, British 

Museum (Nat. Hist.). Dorsal view showing adductor muscle- 
scars, exposed by removal of outer shell. Cambridge Green
sand, Cambridge.

Fig. 2. Ventral view of specimen B. 49818, British Museum (Nat. Hist.), show
ing muscle-scars and biplicate anterior margin. Same horizon and 
locality.

Figs. 3o, b. Dorsal and anterior views of specimen. Gault, J abri, Haro river, 
Hazara, N. India. G. S. I. No. 14,462.

Fig. 4. Dorsal view of specimen, showing adductor muscle-scars, and prominent 
biplication of shell. Albian, Summit of Janomar hiU, Hazara. G. S. 
I. No. 14,463.

Figs, 5—8, T e r e b r a t u l a  s a m a n e n s is  sp. nov., p. 29.
Fig. 5. Dorsal view of specimen. G. S. I. No. 14,443.
Fig. 6. Dorsal view of specimen showing adductor muscle-scars. G. S. I. 

No. 14,444
Fig. 7. Dorsal view of specimen also showing adductor muscle-scars and labiate 

foramen. G. S. I. No. 14,445.
Figs. 8a, 6, c, d. Dorsal, lateral, anterior, and ventral views of holotype, 

G. S. I. No. 14,446.
All specimens from the Gault, Samana range.

Fig. 9. T e r e b r a t u l a  s a m a n e n s is  var., p. 31.
Figs. 9a, b. Lateral and dorsal views of specimen. Gault, Samana range. G. S. I. 

No. 14,453.
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V I I .  A p p e n d i x — B r a c h i o p o d a  o f  t h e  1 'u e d i a n  B e d s  
OF N o r t h e r n  C u m b e r l a n d

B Y  H E LEN  M ARGUERITE M UIR-W OOD, M .SC., F .G .S .

B r a c h io p o d a  a re  n u iu e ro u s  in  th e  m a r in e  b ed s  o f th e  Ih ie d ia n  
ro c k s  of N o r th e r n  C u m b e r la n d  a n d  R o x l in rg h s h ire ,  a n d  a re  
a s s o c ia te d  to g e th e r  in  su ff ic ie n t n u m b e r s  a t  so m e  h o riz o n s  
to  fo rm  d e f in ite  b a n d s ,  w h ic h  a re  im p o r ta n t  a s  c o n s t i tu t in g  
zo n e s. M o st sp e c ie s  a re  c o n fin e d  to  o n e  b a n d  a n d  ra re ly  
o c c u r  a b o v e  o r  b e lo w  i t ,  w i th  t h e  e x c e p t io n  o f Diclyoclostus 
[Productus] teres, w h ic h  is f o u n d U n  th e  L o w e r  Dictyoclostus 
teres B a n d , L y n e b a n k  B e d s , o f Zg-C^ ag e , a n d  re c u rs  in  th e  
U p p e r  Dictyoclostus teres B a n d , C a m b e c k  B e d s , o f Cg ag e .

T h e  in te r io r s  of s e v e ra l  b r a c h ia l  v a lv e s  of d if f e re n t  species 
of Productus a re  e x c e l le n t ly  p re s e rv e d , a lso  th e  in te r io r  o f th e  
p e d ic le  v a lv e  o f Syringothyris  sh o w in g  th e  s y r in x  o r  s p li t  
p e d ic le - tu b e , a  s t r u c tu r e  w h ic h  is  r a r e ly  s e e n  e x p o s e d  in  th is  
g e n u s .

T h e  o c c u rre n c e  of Derbyia ambigua sp. uov. in  t h e  Cg S u b 
z o n e  o f W e s tm o r la n d , t h e  I s le  of M a n , a n d  th e  R u sh -S k e rr ie s  
d i s t r ic t ,  Co. D u b lin , a n d  th e  o c c u rre n c e  of Dictyoclostus teres 
a n d  Chonetes cumbriensis sp. nov. in  th e  Cg S u b -z o n e  o f H ook  
H e a d , Co. W e x fo rd , p ro v e  t h a t  th e s e  a re a s  a n d  N o r th e r n  
C u m b e r la n d  w e re  c o n n e c te d  in  Syringothyris  t im e s .

S e v e ra l  n e w  fo rm s  h a v e  b e e n  c o lle c te d  a n d  th r e e  n ew  species 
a re  d e s c r ib e d  in  t h e  fo llo w in g  n o te s .

T h e  h o lo ty p e s  a n d  f ig u re d  sp e c im e n s  h a v e  b e e n  p re s e n te d  
to  t h e  B r i t is h  M u se u m  ( N a tu r a l  H is to ry ) ,  a n d  th e  r e m a in d e r  
of t h e  m a te r ia l  is  in  P ro fe s s o r  G a rw o o d ’s c o lle c t io n  a t  U n iv e r 
s i ty  C ollege , L o n d o n .

D e s c r i p t i o n  o f  S p e c ie s  

F a m ily  S T R O P H O M E N ID Æ  K in g  

S u b fa m ily  O R T H O T E T I N Æ  W a a g e n

G e n u s  D e r b y ia  W a a g e n  1884, e m e n d . G ir ty  1908, p . 161.

D e r b y ia  a m b ig u a   ̂ sp . n o v . (P I. X , figs 4 - 6 ,  te x t- f ig . 3.)

Streptorhynchua creniatria T. Davirlson, 1800, p. 124, pi. xxvi, figs. 
1 , \a ,  16, & Ic.

Schellwienella of. creniatria E. J. Garwood, 1912, p. 468. (Name only.)

D i a g n o s i s . — Derbyia, a b o u t  50  m m . lo n g , 82 m m . w id e , 
5 m m . th ic k  o r  100 : 1 6 4 :  10, re s e m b lin g  D . gigantea I .

 ̂ So named on account of the frequent difference of ornament in 
the two valves.
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T h o m as, b u t  d iffe r in g  f ro m  i t  in  l ia v in g  (1) a  f la t te r  a n d  m o re  
la te ra l ly  e lo n g a te d  s h e ll , (2) m o re  n u m e ro u s  c o s tœ  a n d  fine  
str iæ  d ev e lo ])cd  b e tw e e n  th e  c o s tæ , (3 ) a  s h o r te r  a n d  le ss  p r o 
m in e n t m e d ia n  s e p tu m  in  t h e  p e d ic le  v a lv e .

D e s c r ip t io n .— Tlie shell is semicircular in outline, wider 
than long, with the hinge forming the w idest part of the shell. 
The shell is m oderately thin am i is punctate.

P e d i c l e  V a l v e . — (H o lo ty p e )  5 4  m m . lo n g , 82 m m . w id e , 
4  m m . t h ic k ;  c o n v e x  r o u n d  th e  u m b o , b u t  b e c o m in g  d e 
p ressed  a n d  s l ig h t ly  c o n c a v e  a n te r io r ly .  T h e  c a r d in a l  a r e a  
is fro m  8 -9  m m . in  l ie ig h t  a t  t h e  w id e s t  p a r t  a n d  s lo p e s  d o w n  
ra p id ly  to  th e  c a rd in a l  e x tr e m i t ie s .  T h e  d e l th y r iu m  is c lo se d  
b y  a  c o n v e x  d e l t id iu m  ( te x t- f ig . 3 ). N o  s e c o n d a ry  a r e a  h a s  
been  o b se rv e d .

F ig . 3.

Derbyia ambigua sp. nov. Paratype. Interior of pedicle 
valve showing cardinal area and muscle-scars, slightly 
restored from second specimen. X  =  deltidium, S =  
median septum, A =  adductor muscle-scar, D =  diduc
tor muscle-scar. Cambeck Beds, Upper Dictyoclostus 
ieres Band, Cam Beck, Cumberland. [B. 56425]. Natural size.

T h e  sh e ll  is o r n a m e n te d  b y  f in e  lo n g i tu d in a l  c o s tæ  (fro m  
12-14  c o s tæ  in  10 m m . n e a r  t h e  a n te r io r  m a rg in )  (P I. X , 
fig. 4 ). T h e  c o s tæ  in c re a s e  b y  m e a n s  o f n u m e ro u s  i n t e r 
c a la tio n s  w h ic h  a t t a i n  n o r m a l  w id th  in  a  d is ta n c e  of a b o u t  
10 m m ., a n d  b i fu r c a t io n  o f t h e  c o s tæ  m a y  o c c u r  n e a r  t h e  
um bo . I n  a d d i t io n  t o  th is ,  tw o  o r  m o re  lo n g i tu d in a l  s t r iæ  
m ay  b e  d e v e lo p e d  b e tw e e n  t h e  c o s tæ , b u t  th e s e  a re  r a r e ly  
seen  in  th e  p e d ic le  v a lv e . T h e  g ro w th - l in e s  m a k e  a  r a t h e r  
p ro m in e n t t r a n s v e r s e  o r n a m e n t  a p p e a r in g  a s  n a r r o w  ru g æ  
b e tw een  th e  c o s tæ .

I n  th e  in te r io r  o f t h e  p e d ic le  v a lv e ,  t h e  s h e ll  is  c o n c a v e  
im m e d ia te ly  b e lo w  t h e  u m b o . T h e  m e d ia n  s e p tu m  is  b r o a d  
a n d  f la t te n e d  p o s te r io r ly  a n d  a r is e s  f ro m  a  p o in t  a b o u t  2 m m . 
below  th e  d e l t id iu m . T h e  e le v a t io n  o f t h e  s e p tu m  is v a r ia b le ,  
in  som e sp e c im e n s  i t  is lo w  a n d  n o t  p r o m in e n t .  I t  d o e s  n o t  

Q .J .G .S . N o . 3 4 5 . l
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e x c e e d  10 m m . in  le n g th .  T h e  o u t l in e  o f t h e  m u sc le -sc a rs  
is  o b s c u re . T h e  h in g e - tc o th  a r c  s m a l l  a n d  n o t  s u p p o r t e d  by 
d e n ta l  la m e llæ .

B r a c h i a l  V a l v e . — F l a t  ]K )s te rio r ly , b u t  b e c o m e s  s lig h tly  
c o n v e x  a n te r io r ly .  N o  c a r d in a l  a r e a  is  d e v e lo ] ie d  in  th is  
v a lv e .  T h e  o r n a m e n t  c o n s is ts  o f l in e  r a d i a t i n g  c o s læ  in 
c re a s in g  b y  m e a n s  o f n u m e r o u s  i n te r c a l a t i o n s ,  a m i  in  a d d it io n  
t o  t h i s  f ro m  2 t o  5  v e r y  l in e  l o n g i tu d in a l  s t r iæ  a r c  u su a lly  
d e v e lo p e d  b e tw e e n  t h e  c o s tæ  (P I. X ,  fig . G). T h e  n u m b e r  and  
d e v e lo p m e n t  o f th e s e  s t r i a t io n s  v a r ie s  w i th  d i f f e r e n t  sp e c im en s . 
T h e  in te r io r  o f t h e  b r a c h ia l  v a lv e - is  u n k n o w n .

T y p e - s p e c i m e n . — H o lo ty p e  f r o m  t h e  U p p e r  Diclyoclostus 
teres B a n d ,  C a m b e c k  B e d s , Co S u b -z o n e , W h i te  B e c k , Bew- 
c a s t le ,  is  p r e s e r v e d  in  t h e  B r i t i s h  M u s e u m  ( N a tu r a l  H is to ry )  
c o lle c t io n s  [B . 5 G4 1 1 ].

H o r i z o n  a n d  L o c a l i t y . — Co S u b -z o n e , C a m b e c k  B eds. 
P a r a t y p e s  a r e  ] ) r e s e rv e d  in  P r o f .  G a r w o o d ’s c o l le c t io n  from  
t h e  B e w c a s t le  d i s t r ic t ,  t o p  o f C re w e  B u r n ,  G il la le e s  B eck, 
S % )adeadam , R o u g h  S ik e  n e a r  R o a d h e a d ,  S h o w  B u rn , 
a b o v e  H ig h  G ra in s ,  u p p e r  f o r d  B i r k y  C le u g h , a n d  from  
H a r d e n  B u r n ,  R o x b u r g h s h i r e .  T h r e e  p a r a t y p e s  a r e  p re s e rv e d  
i n  t h e  B r i t i s h  M u s e u m  ( N a tu r a l  H is to r y )  c o l le c t io n s  [B. 
5 G4 1 0 , 5 G4 1 5 , 5 G4 1 G].

P r e v i o u s  R e c o r d . — T h is  s p e c ie s  h a s  b e e n  r e c o r d e d  from  
t h e  Chonetes carinata, Cg S u b -z o n e , A rn s id e ,  f ro m  K irk b y  
L o n s d a le ,  a n d  f ro m  D e r b y h a v e n ,  I s le  o f M a n  (G a rw o o d , 1912, 
p .  4 G8 ). T h e  A rn s id e  s p e c im e n s  f r e q u e n t l y  a t t a i n  a  w id th  
o f 15 c m . b y  a  l e n g th  o f 7*5 c m . I t  a ls o  o c c u rs  in  t h e  T u c d ia n  
o f C a t c le u g h  B u r n  a n d  L e w is  B u r n ,  N o r t h u m b e r l a n d  (G ar
w o o d , I 9 I 0 , p .  G7 G). D r .  L . B . S m y th  ( 1 9 1 5 , p .  5 4 2 ) rec o rd s  
t h i s  s p e c ie s  a s  Schellioienella  c f. crenistria  f r o m  t h e  H o lm - 
p a t r i c k  L im e s to n e ,  C -S  Z o n e , o f t h e  R u s h - S k e r r ie s  sec tio n , 
C o. D u b l in .  A  la r g e  s p e c im e n  s h o w in g  b o t h  v a lv e s  was 
f ig u re d  b y  D a v id s o n  f ro m  K e n d a l ,  w h e r e  t h e  b e d s  a re  of 
s im i la r  a g e  t o  th o s e  o f A rn s id e .

R e m a r k s . — W a a g e n ’s s p e c ie s  D erbyia  grandis  (W a a g e n , 
1 8 8 4 , p .  5 9 7 ) f ro m  t h e  P e r m o - C a r b o n if e r o u s  o f t h e  S a l t  R a n g e , 
I n d ia ,  a l t h o u g h  r e s e m b lin g  D . am bigua  in  i t s  la r g e  d im e n s io n s , 
d if fe rs  f ro m  i t  in  b e in g  c o n s id e r a b ly  m o re  c o n v e x  a n d  less 
t r a n s v e r s e ly  e lo n g a te d  in  o u t l in e .  T h e  o r n a m e n t  o f t h e  tw o 
f o rm s  is  a ls o  q u i te  d i s t in c t ,  t h a t  o f t h e  I n d i a n  s p e c ie s  e x h ib i t in g  
g e r o n t ic  c h a r a c te r s ,  s h o w n  b y  t h e  s in u o s i ty  a n d  i r r e g u la r i ty  
in  d e v e lo p m e n t  o f t h e  c o s tæ .

E x a m in a t i o n  o f a  n u m b e r  o f s p e c im e n s  o f D erbyia  hindi 
I .  T h o m a s  f ro m  t h e  P e n d le s id e  S e r ie s  o f  C o n g le to n  E d g e , 
C h e s h ire , h a s  p r o v e d  t h a t  t h e  o r n a m e n t  i n  t h a t  sp e c ie s  is 
a ls o  v a r i a b le ,  a n d  d if fe rs  s l ig h t ly  i n  t h e  tw o  v a lv e s .  I n  th e  
p e d ic le  v a lv e ,  t h e  c o s tæ  a r e  m o re  w id e ly  s p a c e d  a n d  in te r 
c a la t io n s  a r e  f e w e r  t h a n  in  t h e  b r a c h ia l  v a lv e .  I n  t h e  b ra c h ia l
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v a lv e , OHÜ in te r c a l a t i o n  m a y  b e  r e p la c e d  b y  tw o  o r  t h r e e  
lin e r c o s tæ  a s  in  t h e  b r a c h ia l  v a lv e  o f J). am bigua.

F a m i l y  C I I O N E ^ r i D Æ  Hal l  & Clarke

G en u s C h o n e t e s  E is c h e r  d e  W a ld h e im , 1 8 3 7 , e m e n d .
F æ c k e lm a n n ,  1 9 3 0 , p . 2 3 3 .

C h o n e t e s  c u m b r i e n s i s  s p . n o v . (P I . X ,  fig s. 2a, 2b & 3 , 
tc x t- f ig s . 4  & 5 .)

D i a g n o s i s . — Choneles a b o u t  b m m . lo n g , 9 m m . w id e , 
a n d  1-5 m m . t h ic k  o r  100 : 150 : 2 5 , r e s e m b lin g  0 . laguessiana  
de K o n in c k , b u t  d i i f e r in g  f ro m  i t  in  h a v in g  ( 1 ) s m a l le r  a n d  
less t r a n s v e r s e  s h e l l ,  (2) m o re  c o n v e x  p e d ic le  v a lv e  m e d ia n ly  
d e p re sse d  o r  s u lc a tc d ,  (3 ) e a r s  n o t  s h a r p ly  d e m a r c a t e d  b y  
su lcus, (4 ) l in e r  c o s tæ  (3 0 - 3 5  in  5 m m .) .

D e s c r i p t i o n . — T h e  s h e l l  is  s e m ic i r c u la r  in  o u t l in e  w i th  
th e  w id th  e x c e e d in g  t h e  l e n g th ,  a n d  t h e  h in g e  fo rm in g  t h e  
w id e s t p a r t  o f t h e  s h e ll .  T h e  c a r d in a l  a r e a  is  n a r r o w  in  b o t h  
v a lv es . T h e  s h e l l  is  t h i n  a n d  f ra g i le .

P e d i c l e  V a l v e . — (H o lo ty p e )  5 m m . lo n g , 8 m m . w id e , 
T 5 m m . th ic k  ; ( p a r a ty p e )  0  m m . lo n g , 9 m m . w id e , 1 7 5  m m . 
th ic k  ; s l ig h t ly  c o n v e x  w i th  s h a l lo w  m e d ia n  s u lc u s  o r  d e 
p ress io n . T h e  u m b o  is  m in u te  a n d  s l i g h t ly  in c u r v e d .  T h e  
c a rd in a l  e x t r e m i t ie s  a r e  a c u te ,  a n d  in  w e l l - p r e s e r v e d  s p e c im e n s  
a re  p ro d u c e d  l a t e r a l l y  in  a  s h o r t  s% iine-like p r o je c t io n .  T h e  
ea rs  a re  s m a l l  a n d  n o t  c le a r ly  d e m a r c a t e d  f ro m  t h e  r e m a in d e r  
of th e  sh e ll .

T h e  s h e ll  is  o r n a m e n te d  b y  a b o u t  100  f in e  c o s tæ  r a d i a t i n g  
o u t e v e n ly  f ro m  t h e  u m b o  ( Id . X ,  fig s. 2 & 3 ). B i f u r c a t io n  o f 
th e  c o s tæ  o c c u rs  f r e q u e n t ly ,  u s u a l ly  e a c h  c o s ta  s p l i t s  b e tw e e n  
th e  u m b o  a n d  t h e  a n t e r io r  m a r g in .  I n t e r c a l a t e d  c o s tæ  a r e  
ra re . N o  c o s tæ  a r e  d e v e lo p e d  o n  t h e  e a r s  a n d  c a r d in a l  s lo p e s . 
S p ines a re  d e v e lo ] ie d  a lo n g  t h e  h in g e - m a r g in ,  f o u r  s p in e s  p r o 
je c tin g  f ro m  t h e  h in g e  o n  e i t h e r  s id e  o f t h e  u m b o  a t  a n  a n g le  
of a b o u t  3 0 °. S p in e -a ] ) e r tu r e s  a r e  s e e n  o n  t h e  s u m m i t  o f 
th e  c o s tæ  o v e r  t h e  e n t i r e  v a lv e .  F in e  d e ta c h e d  s p in e s  n o t  
e x ceed in g  3 m m . in  l e n g th  a r e  f o u n d  a s s o c ia te d  w i th  t h e  
sp e c im en s .

T h e  i n te r n a l  c h a r a c te r s  o f t h i s  v a lv e  a r e  u n k n o w n .
B r a c h i a l  V a l v e . — C o n c a v e  w i th  a  lo w  m e d ia n  f o ld  c o r 

re sp o n d in g  to  t h e  s u lc u s  o f t h e  p e d ic le  v a lv e .  T h e  o r n a m e n t  
is s im ila r  t o  t h a t  o f t h e  p e d ic le  v a lv e .  I n  t h e  i n te r io r  o f t h e  
b ra c h ia l  v a lv e  (P I. X ,  fig . 2a, & t e x t - f ig .  5 ) t h e  c r u r a l  p la t e s ,  
w h ich  a re  f ro m  T 5 m m . t o  2*0 m m . in  l e n g th ,  d iv e r g e  f ro m  
th e  m in u te  b if id  c a r d in a l  p ro c e s s  a t  a n  a n g le  o f 1 5 ° t o  t h e  
h in g e . A  n a r r o w  m e d ia n  s e p tu m  a b o u t  3 m m . i n  l e n g th

l 2
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a r is e s  a b o u t  2 in iu .  b e lo w  t h e  c a r d in a l  p ro c e s s . T h is  s e p tim i 
w a s  o n ly  p r e s e r v e d  in  a  fe w  s p e c im e n s . I m m e d ia te ly  below 
t h e  c a r d in a l  ])ro ccss , tw o  lo w  r id g e s  d iv e ig e  a t  a n  a n g le  of 
a b o u t  5 ° a n d  c o n t in u e  h a lf - w a y  d o w n  t h e  s h e ll .  T h e  a n te r io r  
] ) a r t  o f t h e  b r a c h ia l  im p re s s io n s , a b o u t  2 m m . in  le n g th ,  a p p e a r  
a s  n a r r o w  r id g e s  b e tw e e n  t h e  c r m a l  p la te s  a n d  in n e r  fo rk ed  
r id g e s . T h e  r e m a in d e r  o f t h e  b r a c h ia l  in ij ir e s s io n s  a n d  the  
a d d u c to r  m u s c le -s c a r s  a r e  n o t s e e n  in  a n y  s p e c im e n .

T y ] ) e - s ] ) c c i m e n . — H o lo ty p e  f ro m  th e  (dionefes eicmhrien- 
sis  B a n d ,  C a m b e c k  B e d s , B u t t e r  B u rn , B e w c a s t le  d is t r ic t ,  
C u m b e r la n d ,  is ] ) rc se rv e d  in  t h e  B r i t i s h  M u s e u m  (N a tu ra l  
H is to r y )  c o lle c t io n s  [B . 5 ()4 2 ()].

F ig s . 4 & 5.— Chonetes c iunbriensis sj). nov.

Chonetes c a m b r io is i s  sp .  nov. Holotype. Group of 
specimens assoeiatcd with eriiioid stems. Cambeck Bods. Chonetes 
cum briensis  Band, Butter Burn, Bewcastle district, Cumberland. 
[B. 56418]. X 2.

Tig. 5. Chonetes cum briensis  sp .  nov. Bara type. Interior of 
brachial valve. .Y =  crural plates; B =  posterior end of brachial 
impressions ; T =  forked ridges ; 8  =  median septum ; C.B. =  cardinal 
process. Same horizon as fig. 2, Spadeadam, Cumberland. [B. 56412]. 
X 3.

L o c a l i t y  a n d  H o r i z o n . — C., S u b -z o n e , C a m b e c k  J3eds. 
P a r a t y p e s  f ro m  t h e  h e a d  o f B u t t e r  B u rn  a n d  f ro m  d o c k ’s Hill, 
B e w c a s t le ,  a n d  f ro m  S ] )a d e a d a m  B e d , G r e e n ’s  B u r n ,  N o r th e rn  
C u m b e r la n d ,  a r e  p r e s e r v e d  in  IT o f. G a r w o o d ’s c o lle c tio n . 
T w o  p a r a t y p e s  a r e  p r e s e r v e d  in  t h e  B r i t is h  M u s e u m  (N a tu ra l  
H is to r y )  c o lle c t io n s  [B . 5 0 4 1 2 , 5 0 4 1 8 ].

R e m a r k s . — T h is  s p e c ie s  is  s m a l le r ,  h a s  a  m o re  co n v ex  
p e d ic le  v a lv e ,  a n d  is  m o re  f in e ly  c o s ta t e  a n d  le ss  s ]) in o se  th a n  
Chonetes hardrensis  (P h il l ip s )  f ro m  t h e  Dg S u b -z o n e  o f H a rd ra w , 
Y o r k s h ir e .  T h e r e  h a s  b e e n  c o n s id e r a b le  d o u b t  a s  t o  th e  
c o r r e c t  i n t e r p r e t a t i o n  o f Chonetes hardrensis, w h ic h  w a s  d e 
s c r ib e d  b y  J .  P h i l l ip s  f ro m  B e r r y  P o m e r o y  (D e v o n ia n )  D ev o n , 
W e s t le ig h  (C u lm ) D e v o n , a n d  H a r d r a w  (L o w e r  C a rb o n ife ro u s )
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Y orksh ire  (P h illi] )s , 1 8 4 1 , ])]). 1 4 7 , 2 2 9 ). R e c e n t ly ,  D r. 
P æ ck e lm an n  ( 1930 , ]). 2 3 4 ) p ix q io se d  to  fo llo w  M ’C o y ’s le a d  
(1855, p . 4 5 4 ) in  f ix in g  (fioneles liardremsls a s  t h e  C a rb o n if e ro u s  
species (P h il l ip s , ])1. 5 8 , fig. 104 b - d )  a n d  r e f e r r in g  t h e  D e v o n 
ian form  (P h il l ip s ,  ])!. 5 8 , (ig. 104a) t o  ( f ionefes sarcinulafa  
(Sclilo theim ).

V a u g h an  ( 1905 , ]>. 2 9 3 ) d e s c r ib e d  a  n u m b e r  o f s m a l l  s p e c ie s  
of Chonetes f ro m  t h e  T’o u r n a i s ia n  o f t h e  B r i s to l  d i s t r i c t  u n d e r  
the  n a m e  Chonetes c f. hardrensis  a n d  f ig u re d  C. c f. laguessiana  
(loc. c it. p i. x x v i ,  fig . 1) f ro m  K  a n d  Z j ,  a n d  C. c f. crassistria  
(z= C. fa ilandensis  S m i th ,  1 9 2 5 , ]). 8 0 ) f ro m  p. C. crassistria  
is rea d ily  d is t in g u is h e d  f ro m  C. cum briensis  b y  i t s  c o n s id e r a b ly  
coarser c o s ta t io n .  C, c f. laguessiana  is  d i s t in g u is h e d  f ro m  
C. cumbriensis b y  i t s  l a r g e r  s iz e  a n d  g r e a t e r  w id th ,  a s  w e ll  
as b y  i ts  f l a t t e r  ])e d ic le  a n d  b r a c h ia l  v a lv e s  a n d  f in e r  c o s tæ .

A fo rm  w h ic h  w a s  d e s c r ib e d  b y  V a u g h a n  a s  Chonetes c f. 
hardrensis f ro m  t h e  C Z o n e  a p ] ie a r s  t o  b e  n e a r e r  t o  C. 
cimbriensis, b u t  n o  s p e c im e n  w a s  a v a i l a b l e  f o r  c o m p a r is o n .

C. cumbriensis is d i s t in g u is h e d  f ro m  C. zelteri P æ c k e lm a n n  
(1030, p . 2 5 3 ) f ro m  t h e  T o u r n a is i a n  o f G e r m a n y  b y  t h e  d i f f e r 
ence in  in te r n a l  c h a r a c te r s  o f t h e  b r a c h ia l  v a lv e .  I t  is  d i s 
tin g u ish ed  f ro m  C. perla ta  (M ’C oy) in  h a v in g  a  le s s  t r a n s v e r s e ly  
e lo n g a ted  s h e ll  t h a n  in  t h e  I r i s h  s p e c ie s , a n d  in  h a v in g  a  
m ed ian  s u lc u s  in  t h e  p e d ic le  v a lv e .

S p ec im en s in d is t in g u i s h a b le  f ro m  C. cum briensis  o c c u r  
in th e  Cg S u b -z o n e  o f  H o o k  H e a d , W e x fo r d .  T h e  in te r io r  
of th e  b r a c h ia l  v a lv e  s h o w s  s im i la r  c h a r a c te r s  t o  t h a t  o f C. 
cumbriensis. Chonetes elegans S m y th  ( 1 9 2 2 , p . 2 1 ) n o n  d e  
K on inck , f ro m  t h e  Dg S u b -z o n e  o f  B a l ly c a s t le ,  A n t r im ,  h a s  
s im ilar in te r n a l  c h a r a c te r s  in  t h e  b r a c h ia l  v a lv e ,  b u t  t h e  in n e r  
forked r id g e s  a r e  in  c o n ta c t  w i th  t h e  s e p tu m  in  t h i s  sp e c ie s .

F a m i l y  P R O D U C T I D Æ  G r a y  

S u b f a m i ly  P R O D U C T I N Æ  W a a g e n

G enus L t n o p r o d u c t u s  Y . T . C h a o , 1927 , p p . 2 5  & 128.

L t n g p r o d u c t u s  b t o n i   ̂ s p . n o v . (P I. I X ,  fig s. 4 r  & 4 5 , 
te x t- f ig s . () & 7 .)

D i a g n o s i s . — L inoproductus, a b o u t  23  m m . in  l e n g th ,  
22 m m . in  w id th ,  a n d  18 m m . in  t h ic k n e s s ,  h a v in g  a  m o re  
globose p e d ic le  v a lv e  a n d  lo n g e r  t r a i l  t h a n  L . globosus ( G a r 
wood), b r o a d e r  v e n te r ,  s te e p e r  f la n k s , f in e r  c o s tæ  (2 0 -2 5  in  
5 m m .) a n d  f e w e r  i n t e r c a l a t e d  c o s tæ .

D e s c r i p t i o n . — T h e  s h e l l  is  a lm o s t  g lo b u la r ,  w i th  t h e

 ̂  ̂ Named after the late H . S. Bion, who was associated with Prof. 
Garwood in the early stages of the investigation of th is area.
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l e n g th  a p p r o x im a te ly  e q u a l  t o  t h e  w id th ,  a n d  t h e  h in g e-lin e  
c o n s id e r a b ly  le s s  t h a n  t h e  m a x im u m  w id th  o f t h e  sh e ll .

P e d i c l e  V a l v e . — (H o lo ty p e )  23*5 m m . lo n g , 23 m m . 
w id e , 18 m m . t h i c k ;  ( p a r a ty p e )  25  m m . lo n g , 23  m m . w ide, 
20  5 m m . t h ic k  ; m u c h  in f la te d  a n d  g e n ic u la te ( l  a t  t h e  a n te r io r  
e n d  o f t h e  v is c e r a l  d is k  a n d  fo rm in g  a  s l i g h t ly  c u r v e d  tra i l .  
T h e  v is c e r a l  d is k  is  c o n v e x , t a p e r s  ra p ic lly  t o  t h e  u m b o , 
a n d  is s c a r c e ly  d e m a r c a t e d  f ro m  t h e  s m a l l  e a r s .  T h e  flanks 
a r e  n e a r ly  v e r t ic a l ,  a n d  a r c h  u p  t o  t h e  r o u n d e d  v e n te r .  T he 
b e a k  is  m u c h  in c u r v e d .  T h e  a ]u c a l  a n g le  is  1 1 4 °.

T h e  s h e ll  is  o r n a m e n te d  b y  n u m e r o u s  f in e , I’a t h e r  even  
c o s tæ  s e p a r a te d  b y  s u lc i  a b o u t  h a l f  t h e i r  w id th  (P I. I X ,  fig. 4 
& te x t - f ig s .  0 & 7 ). T h e r e  a r e  a b o u t  4 0  c o s tæ  in  10 m m . n e a r

F ig s .  0 & 7 .— Linoproclnctus b ion i spPjiov. H o lo ty p e .

m

Fig. 6 .— Lateral view of pedicle valve. X 2.
Fig. 7.— Enlargement of ornament. X 5.
Cambeck Beds, Upper Dictyoclostus icrcs Band, Gillalees Beck, Bew 

castle district. [B. 56417].

t h e  a n te r io r  m a r g in .  I n t e r c a l a t i o n s  a r e  n u m e r o u s  o n  th e  
flan lcs a n d  a t  t h e  a n te r io r  e n d  o f t h e  v is c e r a l  d is k ,  b u t  r a p id ly  
a t t a i n  n o r m a l  w id th .  T h e  c o s tæ  ' b e c o m e  s l i g h t ly  s in u o u s  
o n  t h e  t r a i l .  T h e r e  a r e  a b o u t  5 a n g u la r  fo ld s  o n  t h e  f la n k s , 
b u t  t h e s e  f l a t t e n  o u t  b e fo re  r e a c h in g  t h e  f r o n t  o f t h e  sh e ll. 
G r o w th - l in e s  a r e  n o t  a p p a r e n t .  8 ] ) in e -b a s e s  o f s m a l l  size 
a r e  s c a t t e r e d  o v e r  t h e  v e n te r ,  a n d  s p r in g  f ro m  t h e  s u m m it  
o f t h e  c o s tæ , a n d  a  g r o u p  o f  s p in e - b a s e s  is  d e v e lo p e d  o n  e a c h  
e a r .  T w o  c o s tæ  t e n d  t o  u n i t e  im m e d ia te ly  p o s te r io r ly  to  
t h e  p o i n t  o f in s e r t io n  o f  e a c h  s p in e -b a s e .

B r a c h i a l  V a l v e . — S l ig h t ly  c o n c a v e  p o s te r io r ly ,  a n d  
g e n ic u la te d  a t  t h e  a n te r io r  e n d  o f t h e  v i s c e r a l  d is k .  T h e  
o r n a m e n t  is  s im i la r  t o  t h a t  o f t h e  p e d ic le  v a lv e ,  b u t  t h e  c o n 
c e n t r ic  r ib s  e x te n d  a c ro s s  t h e  f r o n t  o f t h e  v i s c e r a l  d is k .  T h e  
i n t e r n a l  c h a r a c te r s  a r e  u n k n o w n .
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T y p e - s p e c i i n c n . — H o lo ty p e  f ro m  t h e  U p p e r  .D klyodosliis  
teres B a iu l, Cg S u b -z o n e , G il la le e s  B e c k , B e w c a s t le ,  is  ]n*e- 
Rcrved in  t h e  B r i t i s h  M u s e u m  ( N a tu r a l  H is to r y )  c o l le c t io n s  
[B. 50417].

H o r i z o n  a n d  L o c a l i t y . — S u b - z o n e ,  C a m b e c k  B e d s . 
P a ra ty p e s  a re  p r e s e r v e d  in  Pi*of. G a r w o o d ’s c o lle c t io n  f ro m  
th e  B e w c a s tle  d i s t r i c t ,  f ro m  B u l l  C le u g h , M e le fa rm  B e c k , 
c lilf-sec tio n  s o u th  of W in te r s h ie ld s ,  K i n g  W a te r ,  m o u th  o f 
T ro u t  B e c k , a n d  B r a c k e n r o w  S ik e .

R e m a r k s .— L inoproductus b ioni is  a t  ] ) r e s e n t  o n ly  k n o w n  
from  th e  N o r th e r n  C u m b e r la n d  d i s t r i c t ,  w h e r e  i t  is  e x t r e m e ly  
ra re . I t  is  p r o b a b ly  d e r iv e d  f ro m  Ijinoproductus globosus 
(G arw ood) o f t h e  C^ S u b -z o n e .

G e n u s  D i c t y o c l o s t u s  M u ir -W o o d  1 0 3 0 , p .  1 0 3 .

D i c t y o c l o s t u s  t e r e s  ( M u ir -W o o d )  (P I. I X ,  fig s . 5a, 56 
& 6 ).

Productus teres H. M. IMiiir-Wood, 1928, p. 87.

T h is  sp e c ie s  o c c u rs  a b u n d a n t l y  in  t h e  L y n e b a n k  B e d s ,  
L o w er JJictyocJostus teres B a n d ,  a n d  in  t h e  C a m b e c k  B e d s , 
U p p e r  D ictyoclostus teres B a n d  o f N o r t h e r n  C u m b e r la n d .  T h e  
sp e c im en s  a r e  c o n s id e r a b ly  b e t t e r  p r e s e r v e d  a n d  le s s  d e c o r t i 
c a te d  t h a n  th o s e  p r e v io u s ly  d e s c r ib e d  f r o m  W e s tm o r la n d ,  
a n d  t h e  fo llo w in g  n o te s  s u p p le m e n t  t h e  o r ig in a l  d e s c r i j ) t io n .

T h e  p e d ic le  v a lv e  is  c o n v e x , w i th  s te e p  f la n k s  a n d  a  m u c h  
in c u rv e d  u m b o . T h e  h in g e  f o rm s  t h e  w id e s t  p a r t  o f t h e  
she ll. T h e  c o n v e x  e a r s ,  w h ic h  a r e  p r o d u c e d  l a t e r a l l y  i n to  
sp in e - lik e  p r o je c t io n s ,  b e a r  a  g ro u ])  o f  a b o u t  2 5  s p in e s ,  a n d  
a re  f r e q u e n t ly  f o u n d  d e ta c h e d  f ro m  t h e  s h e l l  w i t h  t h e  s p in e -  
b ases  p e r f e c t ly  p r e s e r v e d .  S p in e -b a s e s  a r e  a ls o  v e r y  n u m e r o u s  
on  th e  f la n k s  a n d  t r a i l .  L o n g , d e ta c h e d  s p in e s ,  h a v in g  a  
m e ta ll ic  lu s t r e ,  a r e  c o m m o n ly  f o u n d  in  b o t h  L o w e r  a n d  U p p e r  
Dictyoclostus teres B a n d s .  T h e  s p in e s  a r e  c u r v e d ,  a n d  r a r e ly  
ex ceed  2-5 m m . in  l e n g t h  a n d  0 -5  m m . i n  w id th .  T h e  c o s tæ  
a re  r a t h e r  f in e — fro m  15 t o  10 in  10 m m . a t  t h e  a n t e r io r  e n d  
of th e  v is c e ra l  d is k .  N in e  o r  t e n  r ib s  a r e  d e v e lo p e d  o n  t h e  
c a rd in a l  s lo p e s , a n d  a r e  f a i n t l y  t r a c e a b l e  a c ro s s  t h e  v is c e r a l  
d isk .

I n  th e  i n te r io r  o f  t h e  b r a c h ia l  v a lv e  (P I. I X ,  fig . 6) t h e  
c a rd in a l  p ro c e s s  is  s l i g h t ly  b i - lo b e d  i n t e r n a l ly ,  a n d  d e e p ly  
e x c a v a te d  in to  t h r e e  lo b e s  e x te r n a l ly .  T h e  l a t e r a l  r id g e s  
d iv e rg e  s l ig h t ly  f r o m  t h e  h in g e - m a r g in ,  a n d  a r e  s h a r p ly  r e 
c u rv e d  a n t e r io r ly  n e a r  t h e  c a r d i n a l  e x t r e m i t i e s .  A  b r o a d  
s e p tu m  a r is e s  im m e d ia te ly  b e lo w  t h e  c a r d in a l  p ro c e s s  a n d  
n a rro w s  c o n s id e r a b ly  b e tw e e n  t h e  a d d u c to r  m u s c le - s c a r s .  
T h e  a d d u c to r s  a r c  t r i g o n a l  in  o u t l in e ,  d e n d r i t i c ,  a n d  d is -
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t i n c t l y  d iv id e d  i n to  p o s te r io r  a n d  a n te r io r  s c a r s .  T lio  a n te r io r  
a d d u c to r  is  s e t  o n  a  s l ig h t  r id g e  a n d  is le s s  d e n d r i t i c  t h a n  th e  
p o s te r io r  a d d u c to r .  T h e  b r a c h ia l  im p r e s s io n s  a r e  g iv e n  oil 
h a lf - w a y  d o w n  t h e  l e n g th  o f t h e  a d d u c to r s .

H o r i z o n  a n d  L o c a l i t y . — a n d  C.> S u b -z o n e s . B e w 
c a s t l e  d i s t r i c t ,  W h i te  L y n e ,  K i r k  B e c k , A s h y  C le u g h  below  
S to c k s te a d ,  B u l l  C le u g h  F o r d ,  B i r k y  C le u g h , a b o v e  H ig h  
G ra in s ,  W h i te  B e c k  ab o v e*  a lg a l  re e f ,  b e c k  w e s t  o f G illa lee s  
B e c k , M e le fa rm  B e c k , E l i o t ’s B u r n ,  a n d  l im e s to n e  in  F e ll 
S a n d s to n e ,  s o u th  o f H a z e l  G ill  C ra g .

P r e v i o u s  R e c o r d . — T h is  s p e c ie s  w a s  p r e v io u s ly  r e 
c o rd e d  f ro m  t h e  C^ a n d  Cg S u b -z o n e s  o f W e s tm o r la n d .  I t  
o c c u rs  a ls o  in  t h e  Cg S u b -z o n e  o f H o o k  H e a d ,  C o. W e x fo rd .

R e m a r k s . — D iciyodostus teres d if fe rs  f ro m  s]ie c ie s  o f th e  
P roductus 2^^oductus g r o u p  o r  P roductus s.s. in  h a v in g  no 
d i a p h r a g m  o r  s h e l ly  ] ) la te  d e v e lo p e d  i n  t h e  i n t e r io r  o f th e  
b r a c h ia l  v a lv e  r o u n d  t h e  e d g e  o f  t h e  v i s c e r a l  d is k ,  a n d  i t  is, 
t h e r e f o r e ,  a l l ie d  t o  t h e  sem ireticu la tus  g r o u p  o f Productus, 
l a t e ly  r e - n a m e d  D iciyodostus. D . teres is  a s s o c ia te d  in  b o th  
L o w e r  a n d  U p i ie r  Productus  B a n d s  w i th  s ])e c im e n s  o f Crania  
quadrata  (M ’C o y ), w h ic h  a r e  a t t a c h e d  t o  t h e  s h e ll  o f  t h e  Pro
ductus, o f te n  t a k i n g  o n  i t s  l o n g i tu d in a l  o r n a m e n t .

G e n u s  P u s t u l a  I .  T h o m a s ,  1 9 1 4 , p .  2 5 9 .

P U S T U L A  I N T E R R U P T A  I .  T h o i i ia s  (P I. I X ,  fig s. 2 & 3 .)

W e ll -p r e s e r v e d  s p e c im e n s  s h o w in g  t h e  e x t e r n a l  o r n a m e n t  
a s  w e ll  a s  in te r io r s  o f t h e  b r a c h ia l  v a lv e  o c c u r  in  t h e  lo w e s t 
b e d s  o f t h e  T u e d ia n  o f N o r t h e r n  C u m b e r la n d  o f Zg a g e . T h e y  
a r e  a s s o c ia te d  w i th  s p e c im e n s  o f  A th y r is  concentrica  (V on  
B u e ll)  a n d  C rania quadrata  (M ’C o y ).

I n  t h e  p e d ic le  v a lv e ,  t h e  s p in e s  a r e  u s u a l ly  w e ll  p r e s e r v e d  
a n d  e x te n d  a lo n g  t h e  s u r f a c e  o f t h e  s h e l l .  F in e  d e ta c h e d  
s p in e s  n o t  e x c e e d in g  10 m m . in  l e n g t h  a r c  v e r y  n u m e r o u s .

T h e  in te r io r  o f t h e  b r a c h ia l  v a lv e  (P I. I X ,  fig . 3 ), p r e v io u s ly  
u n k n o w n ,  h a s  a  s m a l l  b if id  c a r d in a l  p ro c e s s  f ro m  w h ic h  n a r ro w  
r id g e s  a r e  g iv e n  off l a t e r a l ly ,  e x te n d in g  fo r  7 m m . a lo n g  th e  
h in g e  a n d  t h e n  c u rv in g  a n te r io r ly  f o r  a b o u t  1 m m . A  n a r ro w  
m e d ia n  s e p tu m ,  a b o u t  17 m m . lo n g , e x te n d s  f ro m  t h e  c a r d in a l  
p ro c e s s  a n te r io r ly .

P r e v i o u s  R e c o r d . — T h is  s p e c ie s  h a s  b e e n  r e c o r d e d  f ro m  
t h e  Zg S u b -z o n e  o f t h e  M e n d ip  H i l ls ,  Cg S u b -z o n e  o f A rn s id e , 
W e s tm o r la n d ,  o f C o. C la re , I r e l a n d ,  a n d  o f C l i th e ro e ,  L a n 
c a s h i r e .
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F a m i l y  S P I 11I F E J I I D Æ

S u b f a m i l y  S Y R I N G O T H Y R I N Æ  S c lu ic l ie r t  & L c  V e n e

( le n u s  S y r t n g o t i i y r t s  W in c lie l l ,  1 8 0 3 , p .  0 .

S y r i n g o t h y r t s  c u s p i d a t a  m il t ,  e x o l e t a  v a r .  N o r t l i  
(PI .  I X ,  fig s. 7 & 8 , t e x t - f ig s .  8 & 9 .)

S yr in go th yr is  cu sp id a ta  1C. J. Garwood, 1012, pp. 516 & 518. 
S yr in g o th yr is  cu sp id a ta  U. Davidson, 1857, pi. viii, fig. 20. 
S yr in go th yr is  cu sp id a ta  miit. exoleta var. North, 1920, p. 185.

N u m e ro u s  i n te r io r s  o f t h e  p e d ic le  v a lv e  s h o w in g  t h e  p e d ic le  
tu b e  o r  s y r in x  a n d  t h e  d e l th y r ia l  s u p p o r t in g - p la te s ,  a ls o  o n e  
sp e c im e n  Avith t h e  I avo  v a h e s  in  c o n ta c t ,  a r e  f o u n d  in  t h e  
equiA ^alent o f t h e  C a m b e e k  B e d s , Cg S u b -z o n e , o f H a r d e n

F i g s . 8  & 9 .— S yrin g o th yr is  m isp idaia  m u t .  exoleta  v a r .  N o r th .

D .L .

Two views of same specimen. 8 = = sy n n x ; D.L. =  delthyrial 
supporting-plates; O =  ovarian markings. Cambeek Beds, Harden 
Burn, Roxburghshire. [B. 56422]. X U .

B u rn , R o x b u r g h s h i r e .  E x t e r i o r s  o f t h e  s h e l l  a r e  a ls o  f o u n d  
a s s o c ia te d  Avith s p e c im e n s  o f D erbyia  am bigua sp . nov. i n  t h e  
C a m b e e k  B e d s  o f  N o r t h e r n  C u m b e r la n d .

T h e  s y r in x  (P L  I X ,  fig s . 7 & 8 , & te x t - f ig s .  8 & 9 ) a r is e s  f ro m  
th e  t r a n s v e r s e  p l a t e  jo in in g  t h e  d e l t h y r i a l  s u p p o r t i n g - p l a te s  
a n d  p r o je c t s  a s  a  t u b e ,  s p l i t  o n  i t s  lo w e r  s u r f a c e ,  i n to  t h e  
c a v i ty  b e tw e e n  t h e  d e l t h y r i a l  s u p p o r t i n g - p l a te s  f o r  a  d i s t a n c e  
of 3 - 4  m m . T h e  u p p e r  s u r f a c e  o f  t h e  s y r in x  a n d  t r a n s v e r s e  
p la te  b e a r s  a n  e le v a te d  r id g e .  T h e  s y r in x  is  f r e q u e n t l y  
a s y m m e tr ic a l  a n d  v a r ie s  in  d i a m e te r  in  d i f f e r e n t  s p e c im e n s .

P r e v i o u s  R e c o r d . — S yrin g o th yris  cusp ida ta  m u t .  exoleta  
h a s  b e e n  r e c o r d e d  f ro m  Zg S u b -z o n e  o f t h e  B r i s to l  d i s t r i c t ,  
y  o f E a s t e r n  G la m o r g a n ,  a n d  o f  M e n d ip  H i l ls  a n d  I r e l a n d .
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P r o f .  G a rw o o d  r e c o r d s  t h i s  fo rm  a s  S . cusijldata  f ro m  the  
B roA vnber P e b b le - B e d s  o f ( b  a g e , a n d  a ls o  f r o m  K e n d a l. 
l ) a \d d s o n  f ig u re s  t h i s  s jie c ie s  f r o m  a g r i t t y  s a n d s to n e  a t 
K e n d a l .
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E X PL A N A T IO N  OF PLATES V II-X V I  

P l a t e  V II

Main Algal Series. Harden Burn, Roxburghshire, as seen in 1925, 
showing honeycom b ‘ reef ’ 7 inches thick, overlying
com pact algal lim estone largely composed of Bevocastria  and 
Ortonella. This exposure has since been quarried away. 
(See p. 129.)

P l a t e  V III

View of algal lim estone. Quarry at The Glebe, W hittondean, Rothbury. 
At least 15 feet in th is section is composed of algal struc
tures, notably Ortonella furcata .  This lim estone is tho highest 
but one occurring in the Tuodian Cementstone Group of the  
Rothbury district. A sim ilar developm ent occurs in W hitefiekl 
Beck near H epple. Scale shown by penny. (From a photo
graph in the Geological Survey Collection, by permission of 
the Controller of H.M." Stationery Office.) (See p. 136.)

P l a t e  IX

(All figures are of natural size unless otherwise stated.)

Figs. la  & 15. AI hyris cone en tr ica{V  on Buch)'. \a ,  Dorsal view showing  
concentric ornament. 15, Ventral view  of sam e specimen, 
slightly reduced. P u stu la  interrupta  Beds, Lynebank Beds, 
Zg Sub-zone, Ellery Sike, Bew castle. British Museum (Natural 
History) [B. 56419]. (See p. 105.)

Fig, 2. P ustu la  interrupta  I. Thomas. Ventral view. P .  interrupta  
Beds, Lynebank Beds, Zg Sub-zone, Ellery Sike, Bew castle. 
British M useum (Natural H istory) [B. 56421]. (See %). 152.)

3. Pustu la  interrupta  I. Thom as. Interior of brachial valve shoAv- 
ing cardinal process, lateral ridges, and m edian septum  well 
preserved. Lynebank Beds, Zg Sub-zone, Cat Scar, W hite  
Lyne, Bew castle. British Museum (Natural History) [B, 
56424].
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Figs. 4« & 46. Liiwproducius bioni Aluir-Wood sp.  Holotypo.
X 1&. 4u, Lateral view. 46, Yeidral view. Upper Dictyo.

clostiis [Productus] tcres Band, Cambeek Beds, C\_, Siib-zono, 
Gillalees Beck, Bewcastle. British AEusoum (Natural Historv) 
[B. 56417]. (See p. 149.)

5a & 56. JHcti/ocîostus [l'roductus] teres (Aluir-AVood). fia, 
Umbonal view showing spine-hases on ears and cardinnl 
slopes. 56, Latero-ventral view showing ornament on venter 
and flanks. X U , Up|)er Dictf/oclostus teres Band, Cambeek 
Beds, Birky Cleugh,,,JBewcastle. British Alusoum (Natural 
History) [1Ù 56413]. ‘(See p. 151.)

Fig. 6. Dictyociostus [Productus] teres (AIuir-AVood). Interior of 
brachial valve. Upper Dictyoclostus teres Band, Cambeek 
Bods, C.> Sub-zone, Birky Cleugh, Bewcastle. Brit ish Alusoum 
(Natural H istory) [B. 56414].

Figs. 7 & 8. Syringothyris cuspiduta  m ut. exoleta var. North. Interior 
of ]ie(lielo valve showing syrinx and delthyrial supporting. 
])lates. Equivalent of Cambeek Beds, (L Sub-zone, Harden 
Burn, Roxburghshire. British Aluseum (Natural Historv) 
[B. 56422]. (S eep . 153.)

Fig. 9. Algal growth round M odiola  lata  Portlock. Alain Algal Series, 
near mouth of Harden Burn, under road-hridge, Roxburgh
shire. (See p. 130.)

10. Orthoceras breyni Portlock. Cast of body-chamber and 
eleven gas chambers. Alain Reef, Bull Cleugh, Bewcastle. 
(See p. 110.)

11. Orthoceras breyni Portlock. Transverse section showing
excentric siphuncle. Cambeek Beds, Ch • Sub-zone, Birky 
Cleugh, Bewcastle.

P l a t e  X

(All figures are of natural size unless otherwise stated.)
Fig. 1. D entalium  priscuin  Aluenster and small gastropod. Upper 

Dictyoclostus teres Band, Cambeek Beds, Co Sub-zone, Ashy 
Cleugh, Bewcastle.

F igs. 2a & 26. Chonetes cumhriensis AIuir-AVood sp. nov. Paratypes.
2a, Group of specimens showing ornament and the interior of 
the brachial valve. 26, Enlargement of interior of brachial 
valve seen on left of fig. 2a, and showing ridges on each side 
of median septum , x  3 approx. Spacleadam Beds (Cam- 
beck Beds), Cg Sub-zone, Green’s B um , Northern Cumberland. 
British Aluseum (Natural H istory) [B. 56412]. (See p. 147.) 

Fig. 3. Chonetes cumbriensis  AIuir-AVood sp . nov. H olotype, X 2̂ .
Erdargement showing ornament of pedicle valve, and spine- 
bases along the hinge. Cambeek Beds, Butter Burn, Bow- 
castle. British Aluseum (Natural H istory) [B. 56418].

4. Derbyia  ambigua  AIuir-AVood nov. H olotype. Pedicle valvo
som ewhat weathered and showing cast of m edian septum near 
the umbo. Upper Dictyoclostus teres Band, Cambeek Bods, 
Cg Sub-zone, AVhite Beck, Bewcastle. British Aluseum (Natural 
H istory) [B. 56411]. (See p. 144.)

5. Derbyia  ambigua  AIuir-AVood sp. nov. Paratype. ' X 2 
approx. Interior of pedicle valve showing median septum. 
Cambeek Beds, Upper Ford, Birky Cleugh, Bewcastle. 
British Aluseum (Natural H istory) [B. 56416].

6 . D erbyia  ambigua  AIuir-AVood sp. nov. Portion of brachial 
valve to show fine longitudinal striations between the costæ. 
Clionetes carinata  Sub-zone, Cg, Arnside, AVestmorland. British 
Aluseum (Natural H istory) [B. 56415].
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T H E  BRACHIOPOD S P E C I E S  T E R E B R A T U L A  
B I S I N U A T A ,  V A L E N C I E N N E S  IN LAMARCK,  

A N D  T E R E B R A T U L A  B A R T O N E N S I S  A N D
T E R E B R A T U L A  H A N T O N E N S I S  spp. n.

Uy HELEN M. MUIR-WOOD, M.Sc., I'.O.S.

[R eceived  26//1 F ebru ary , 1 )3 3 ].

sp e c ie s  Terehraiitla h isinuata  w a s  b r ie f ly  d e s c r ib e d  b y  
^  V a le n c ie n n e s  in  L a m a r c k  in  1819  [1 ]  ̂ a s  ‘ T . t e s t a  

s u b r o t u n d â ,  s u b d e p re s s a ,  a n t i q u a t a ,  f ra g i l i ,  la e v i ,  s i ip e m è  
b ip l i c a t â  n a t e  p r o d u c tâ  n o n  in c u r v a .  H a b i t e — F o s s ile  d e  
G r ig n o n  . . N o  l ig u re  w a s  g iv e n  b y  V a le n c ie n n e s ,  b u t
D a v id s o n  [2 ] in  1850 , a f t e r  e x a m in in g  L a m a r c k ’s c o lle c t io n , 
g a v e  a  m u c li  r e s to r e d  l ig u re  o f t h i s  s p e c ie s , a n d  r e m a r k e d  t h a t  
i t  o c c u r r e d  in  t h e  T e r t i a r y  b e d s  o f t h e  P a r is  B a s in .

I n  t h e  ‘ C a ta lo g u e  I l lu s t r é  d e  la  C o lle c tio n  L a m a r c k ,  P t .  i. 
F o s s i le s ,’ p u b l is h e d  b y  th e  N a t u r a l  H i s to r y  M u s e u m  o f G e n e v a  
in  1918 , s e v e n  s p e c im e n s  o f Terebratula b isinua ta  a r c  e x c e l le n t ly  
d e p ic te d  b y  p h o to g r a p h s  o n  p i. v i ii ,  figs. 4 3 -4 7 . A  n o te  in  t h i s  
p u b l ic a t io n ,  c o p ie d  f ro m  t h e  M S. c a ta lo g u e  o f L a m a r c k ’s  c o l
le c t io n , s t a t e s  t h a t  five  o f t h e  s e v e n  s p e c im e n s  a r e  t y p ic a l ,  a n d  
t h e  r e m a in in g  tw o  a re  v a r ie t ie s .  I t  is s u g g e s te d  b y  t h e  c o m p ile r s  
o f t h e  ‘ C a ta lo g u e  C oll. L a m a r c k , ’ t h a t  t h e  b r o a d  f la t te n e d  
s p e c im e n  s h o w n  in  p i. v i ii ,  figs. 4 3 a , b , r e p r e s e n t s  t h e  v a r i e ty ,  
a n d  t h e  r e m a in in g  f ig u re s  4 4 -4 7  t h e  t y p ic a l  fo rm . C a re fu l  
e x a m in a t io n  o f t h e  s p e c im e n s  r e p r e s e n te d  in  figs. 4 4 -4 7  a p p e a r s  
t o  sh o w , h o w e v e r , t h a t  t h e r e  a re  tw o  d i s t i n c t  fo rm s , a n d  i t  is 
p ro p o s e d  to  s e le c t  t h e  s p e c im e n  f ig u re d  o n  p i. v i ii ,  fig . 4 6 , a ,  b , 
o f  t h e  ‘ C a ta lo g u e  C oll. L a m a r c k  ’ a s  l e c to ty p e  o f fe reb m lid a  
bisinuata . T h is  s p e c im e n  a g re e s  in  e x t e r n a l  c h a r a c te r s  w i th  t h a t  
f ig u re d  b y  D e s h a y e s  in  ‘ C o q u ille s  F o s s ile s  E n v i r o n s  P a r i s , ’ 
I ,  1 8 2 4 -3 7 , p . 3 8 9 , p i. Ix v , figs. I ,  2, a n d  i t  c o n fo rm s  w i th  
L a m a r c k ’s d e s c r ip t io n  in  h a v in g  a n  e r e c t  b e a k  a n d  d e p re s s e d  
v a lv e s .  T h e  f ig u re  g iv e n  b y  D a v id s o n ,  a l r e a d y  r e f e r r e d  to ,  
a lso  a p p e a r s  t o  h a v e  b e e n  t a k e n  f ro m  t h i s  s p e c im e n . T h e  
d e ta c h e d  b r a c h ia l  v a lv e s  sh o w n  in  p i. v i i i ,  figs. 4 4 a ,  b , a n d  4 7 a , b , 
o f t h e  ‘ C a ta lo g u e  C oll. L a m a r c k  ’ p r o b a b ly  b e lo n g  to  Terebratula  
hisinuata  s e n s u  s t r i c to ,  w h ile  t h e  m o re  g lo b o se  s p e c im e n  w i th  
in c u r v e d  u m b o  s h o w n  in  p i. v i ii ,  figs. 4 5 , a ,  b , m a y  b e  a  d i s t i n c t  
s p e c ie s  o r  a n  e x t r e m e  v a r i e ty .

T u r n in g  f ro m  t h e  M id d le  E o c e n e , C a lc a ire  G ro s s ie r , o f  t h e  
P a r i s  B a s in  t o  t h e  B r i t i s h  U p p e r  E o c e n e  o f  t h e  H a m p s h i r e  
B a s in ,  w e  f in d  t h a t  t h e  s p e c im e n  w h ic h  w a s  f ig u re d  b y  D a v id s o n  
[3 ] in  1852  f ro m  t h e  B a r to n  B e d s  a s  “  T . b isinuata  ”  is  q u i te  
d i s t i n c t  f ro m  th e  l e c to ty p e  o f  T . b isinuata . E x a m in a t i o n  o f 
s p e c im e n s  o f T . b isinua ta  f ro m  t h e  C a lc a ire  G ro s s ie r  o f G r ig n o n

 ̂ fo r  list çf References see p. 1 7 3 .
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a n d  o th e r  lo c a lit ie s  n e a r  P a r is  sh o w s t h a t  th e  sp e c ie s  is t h in -  
sh c llc d , m o d e r a te ly  b ic o n v e x  a n d  m a r k e d ly  s u lc ip lic a te , e lo n g a te -  
o v a l  in  o u t l in e , a n d  t a p e r in g  r a p id ly  to  th e  u m b o  w h ic h  is 
m o d e r a te ly  p ro d u c e d , s u b e re c t ,  a n d  o b liq u e ly  p ie rc e d  b y  a n  
o v a l s l ig h t ly  la b ia te  fo ra m e n . T h e  s y m p h y t iu m  is a b o u t  2 m m . 
in  d e p th  a n te r o - p o s te r io i iy  a n d  is p a r t l y  c o n c e a le d  b y  th e  
la b ru m  of th e  fo ra m e n . A  s h o r t  p e d ic le -c o lla r  is d e v e lo p e d . 
In  th e  in te r io r  o f t h e  b ra c h ia l  v a lv e  th e  c a rd in a l  p ro ce ss  is a  
sm a ll t r ig o n a l  f la t te n e d  d isk . T h e  in n e r  h in g e -p la te s  a re  b ro a d  
a n d  a lm o s t  h o r iz o n ta l .  T h e  c ru r a l  b a se s  s e p a r a t in g  th e  in n e r  
h in g e -p la te s  from  th e  s l ig h t ly  c u rv e d  o u te r  h in g e -p la te s  d o  n o t  
fo rm  a  p ro m in e n t  r id g e . T h e  a d d u c to r  m u sc lc -sc a rs  a re  s le n d e r  
a n d  ( la sk -sh a p c d . T lic  lcctoty%)c o f T. hisinuata  m e a su re s  
25 m m . in  le n g th ,  a n d  36 m m . in  w id th ,  w h ile  t h e  th ic k n e s s  is 
u n c e r ta in  o w in g  to  c ru s liin g  of th e  sh e ll.

T h e  d iffe re n c e  in  b e a k  c h a ra c te r s ,  sh e ll  o u t l in e , a n d  fo ld in g  
ill th e  tw o  fo rm s  is m a r k e d  e n o u g h  to  w a r r a n t  th e  r e c o g n itio n  
of th e  r a re  B a r to n  fo rm  a s  a  n e w  sp e c ie s , h e re  d e s c r ib e d  a n d  
n a m e d  Tcrebratuta baytoncnsis sp . n o v .

TEREBRATULA BARTONENSIS sp . n o v .
F ig . 18 ; 2, 2 a , 2b .

Terebratula bisinuata  ? T . D a v id s o n , 1852, M on. B r i t .  F o ss .
B ra c h .,  I ,  p . 19, p i. i, fig. 17.

N o n  Terebratula b isinuata  V a le n c ie n n e s  in  L a m a rc k .
D i a g n o s i s .  S h e ll  a b o u t  45 m m . lo n g  a n d  40  m m . w id e , 

p e d ic le  v a lv e  14 m m . th ic k  ; s u b c ir c u la r  in  o u t l in e , t a p e r in g  
s l ig h t ly  to  u m b o  a n d  to w a rd s  a n te r io r  m a rg in , u n ip l ic a te  w ith  
te n d e n c y  to  s u lc ip lic a t io n . U m b o  s h o r t ,  m a s s iv e , e r e c t ,  
t r u n c a te d  o b l iq u e ly  b y  c ir c u la r  m a rg in  a te  fo ra m e n . S y m p h y t iu m  
n a r ro w , e x p o s e d . B e a k - r id g e s  o b sc u re . T e e th  e lo n g a te , sm a ll. 
P e d ic le -c o lla r  d e v e lo p e d . A d d u c to r  m u sc le -s c a rs  n a r ro w , 10 m m . 
in  le n g th ,  in  c o n ta c t  l a t e r a l ly  w i th  c re s c e n tic  d id u c to r s . S h e ll 
m o d e r a te ly  th ic k ,  w i th  m a r k e d  c o n c e n tr ic  g ro w th - lin e s . B ra c h ia l  
v a lv e  f ra g ile , n o t  o b s e rv e d  e n t i r e .

H o l o t y p e .  T h e  p e d ic le -v a lv e  f ig u re d  b y  D a v id s o n  in  
1852 (loc. c it .)  a n d  p re s e rv e d  in  t h e  B r i t .  M us. (N a t. H is t .)  
M o rris  C oll. B .81096 , f ro m  th e  B a r to n  S a n d s , B a r to n ,  H a n t s

P a r a t y p e .  A  p c d ic le -v a lv e  in  th e  B r i t i s h  M u seu m  (N a t. 
H is t.)  W a lk e r  C oll. f ro m  th e  s a m e  lo c a l i ty  a n d  h o r iz o n . 
B .24836 .

R e m a r k s .  D a v id s o n  (op. c i t . ,  p . 19) d e s c r ib e s  a  sp e c im e n  
c o m p le te  w i th  b o th  v a lv e s  fro m  B a r to n  a s  b e in g  ‘ c irc u la r , 
r a th e r  lo n g e r  t h a n  w id e , v e r y  t h in ,  n o t  m u c h  c o n v e x , a n d  
p re s e n t in g  scarcely a n y  t r a c e  of th e  b i s in u a t io n — c h a ra c te r is t ic  
of th e  L a m a rc k ia n  t y p e . ’
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F ig. 1 8 .— Terebratula bisinuata  Val. in Lamarck and
sp. nov.

T. bartonensis

T . bartonensis is  r e a d i ly  d i s t in g u is h e d  f ro m  t h e  L o w e r  
E o c e n e , L o n d o n  C la y  s p e c im e n s  f o u n d  a t  C a tis f ie ld , n e a r  F a r e -  
h a m ,  H a n t s . ,  w h ic h  w e re  id e n t if ie d  b y  J .  F .  W a lk e r  in  1888  [4 ] 
a n d  r e f e r r e d  t o  b y  T . F .  O s b o rn e  W h i te  in  1913  [5 ] a s  T . b isinuata . 
T h is  sp e c ie s  is  d e s c r ib e d  b e lo w  a s  Terebratida hantonensis  s p . n o v .

TEREBRATULA HANTONENSIS sp . n o v .
F ig  1 9 ;  3 , 4 , 4 a ,  5.

Terebratula h isinuata  J .  F .  W a lk e r ,  1 888 , R e p .  Y o rk s .  P h i l .  
S o c ., p . 3.

N o n  Terebratula b isinua ta  V a le n c ie n n e s  in  L a m a r c k .
D i a g n o s i s .  S h e l l  a b o u t  45  m m . lo n g , 33  m m . w id e , a n d  

19 m m . t h ic k  ; b ic o n v e x ,  s u lc ip l ic a te ,  e lo n g a te - o v a l  in  o u t l in e ,  
t a p e r i n g  g e n t ly  t o  a n te r io r  m a r g in  w h ic h  is  r o u n d e d  o r  s u b -  
t r u n c a t e .  U m b o  s h o r t ,  m a s s iv e ,  e r e c t ,  t r u n c a t e d  a n d  p ie rc e d  
b y  c i r c u la r  m a r g in a t e  f o ra m e n . S y m p h y t iu m  n a r r o w . B e a k -  
r id g e s  o b s c u re . T e e th  e lo n g a te ,  s m a l l .  P e d ic le -c o l la r  d e v e lo p e d . 
I n n e r  h in g e - p la te s  n a r r o w , d o r s a l ly  d e f le c te d . C a r d in a l  p ro c e s s  
a  f l a t t e n e d  d is k .  C r u r a l  p ro c e s s e s  s le n d e r  in c u r v e d ,  a lm o s t  in  
c o n ta c t .
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H o l o t y p e .  A  s p e c im e n  in  th e  B r i t is h  M u seu m  (N a t. H is t .)  
J .  F . W a lk e r  C oll. f ro m  th e  L o w e r  E o c e n e , L o n d o n  C la y  o f 
( 'a t is l ie ld  R a i lw a y -c u tt in g , F a r e h a m , H a n t s ,  B r i t .  M us. 
B .81611 .

P a r a t y p e s .  A b o u t  s ix ty  sp e c im e n s  in  th e  B r i t i s h  M u seu m  
( Na t .  H is t.)  W a lk e r  Coll. fro m  th e  s a m e  lo c a l i ty  a n d  h o r iz o n .

D e s c r i p t i o n .  T h e  b ra c h ia l  v a lv e  is c o n v e x  in  th e  n e a n ic  
s ta g e , b u t  th e  u m b o n a l  p o r tio n  o f th e  p e d ic le  v a lv e  is s l ig h t ly  
c a r in a tc .  In  e a r ly  g ro w th -s ta g e s  th e  sh e ll  is  b ic o n v e x  c ir c u la r  
in  ou t l i ne ,  l)u t th e  i n t e r i o r  m a rg in  so o n  b e c o m e s  a c u m in a te .  
A t m a t u r i t y  th e  a n te r io r  m a rg in  is t r u n c a te d  a n d  th e  s h e ll

clr :

F ig .  1 9 .— Terebratula hantonensis sp. nov.

d e v e lo p s  a  low  m e d ia n  d o rs a l  fo ld  w h ic h  is so o n  d e p re s s e d  b y  a  
m e d ia n  s in u s  c a u s in g  b ip l ic a t io n  (su lc ip lic a tio n )  o f t h e  a n te r io r  
c o m m issu re  in  t h e  g e ro n t ic  s ta g e . T h e  sh e ll  e lo n g a te s  u n t i l  
th e  le n g th  is c o n s id e ra b ly  in e x c ess  o f th e  w id th .  T h e  fo ra m e n  
is c ir c u la r  a n d  s u r r o u n d e d  b y  a  c o n c a v e  r im  w h ic h  in c re a se s  
in  w id th  w i th  ag e . A  n a r r o w  p e d ic le -c o lla r  is d e v e lo p e d  in  th e  
in te r io r  o f t h e  u m b o n a l  p o r t io n  o f th e  p e d ic le -v a lv e  a n d  is 
a t t a c h e d  to  th e  s h e ll-w a ll  p o s te r io r ly ,  b u t  b e c o m e s  free  a n te r io r ly .  
T h e  d id u c to r  m u sc le -s c a rs  , o f th e  p e d ic le -v a lv e  a re  c re s c e n tic  
in  o u t lin e  a n d  e n c lo se  th e  n a r ro w  a d d u c to ts .
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I n  t h e  i n te r io r  o f t h e  b r a c h ia l  v a lv e  t h e  lo o p  e x te n d s  fo r  
I I  m m .,  a n d  th e  t r a n s v e r s e  b a n d  a n d  c r u r a l  p ro c e s s e s  p r o je c t  
v e n t r a l l y  fo r  a  d i s ta n c e  o f 9 m m . a b o v e  th e  s h e ll  llo o r . T h e  
c r u r a  a re  d e l ic a te ,  t a p e r in g  to  a n  acp%e a p e x  a n d  in c u r v e  so  
a s  to  b e  p r a c t ic a l ly  in  c o n ta c t  w i th  o n e  a n o th e r .  T h e  in n e r  
h in g e - p la te s  a re  f ro m  0 .5  to  i  m m . in  w id th  a n d  a re  d e f le c te d  
d o r s a l ly .  T h e y  a re  s e p a r a te d  f ro m  t h e  c o n c a v e  o u t e r  h in g e -  
p la te s  b y  th e  c r u r a l  b a s e s  w in c h  p r o je c t  a s  n a r r o w  v e r t i c a l  r id g e s  
a b o u t  0 .5  m m . in  h e ig h t .  T h e  o u te r  h in g e - p la te s  c u rv e  u p w a r d s  
f ro m  t h e  s h e ll  f lo o r  t o  jo in  t h e  lo w  in n e r  s o c k e t - r id g e s .  T h e  
s o c k e ts  a re  n a r r o w  a n d  a re  o v e r - la p p e d  t o  a  s m a l l  e x t e n t  b y  
th e  in n e r  s o c k e t- r id g e s .  T h e  o u t e r  s o c k e t - r id g e s  a re  low , 
r o u n d e d  a n d  im p e r s i s te n t .  T h e  c a r d in a l  p ro c e s s  c o n s is t in g  o f 
a s u b r e c ta n g u la r  f la t te n e d  d is k  w it l i  s l ig h t ly  r a i s e d  r im  p r o je c ts  
f ro m  t h e  u m b o  a t  a n  a n g le  o f 45°. T h e  a d d u c to r  m u s c le -s c a r s  
a r e  s u b t r ig o n a l  in  o u t l in e  w i th  t h e  lo n g e s t  s id e  a b u t t i n g  o n  a  
lo w  m e d ia n  lo n g i tu d in a l  r id g e . N o  t r u e  s e p tu m  is d e v e lo p e d .

R e m a r k s .  T ereb ra tu la  h a n to n en sis  is  d i s t in g u is h e d  f ro m  
T , barton en sis  s p . n . b y  i t s  n a r r o w e r  s h e ll  w h ic h  is  e lo n g a te - o v a l  
in  o u t l in e ,  b y  t h e  b ip l ic a i io n  o f t h e  a n t e r io r  c o m m is s u re ,  b y  
i t s  s m a l le r  fo ra m e n ,  b y  t h e  b r o a d e r  r im  s u r r o u n d in g  th e  f o ra m e n , 
a n d  b y  i t s  t h in n e r  s h e ll . T h e  b e a k  c h a r a c te r s  a r e  s u f f ic ie n tly  
s im i la r  in  t h e  tw o  sp e c ie s  t o  w a r r a n t  t h e i r  b e in g  a s s ig n e d  to  
t h e  s a m e  g e n u s . T h e  in te r io r  o f t h e  b r a c h ia l  v a lv e  o f T erebra tu la  
h a n to n en sis  d iffe rs  f ro m  t h a t  o f T . g r a n d is  a u  e t .  [T . m a x im a  
C h a r le s w o r th  in  p a r t ] ,  f ro m  t h e  B r i t i s h  P l io c e n e , in  h a v in g  
v e r y  n a r r o w , d o r s a l ly  d e f le c te d  in n e r  h in g e - p la te s .  I n  T . m a x im a  
th e s e  p la te s  a re  c o n s id e r a b ly  b r o a d e r ,  a n d  p r o je c t  h o r iz o n ta l ly .

T . h a n to n en sis  r e s e m b le s  T . b is in u a ta  in  h a v in g  a  b ip l ic a te  
s h e ll ,  b u t  le ss  a c c e n tu a t e d  fo ld in g . I t  d if fe rs  f ro m  T . b is in u a ta  
in  i t s  b e a k  c h a r a c te r s ,  n a r r o w e r  s y m p h y t iu m ,  a n d  m a r g in a t e  
fo ra m e n ,  in  t h e  s h a p e  o f t h e  b r a c h ia l  v a lv e ,  w h ic h  d o e s  n o t  t a p e r  
p o s te r io r ly  a s  in  t h e  F r e n c h  s p e c ie s  ; a n d  in  t h e  i n t e r n a l  c h a r a c te r s  
o f t h e  b r a c h ia l  v a lv e ,  n a m e ly ,  t h e  s h a p e  o f t h e  c a r d in a l  p ro c e s s , 
t h e  in n e r  h in g e - p la te s ,  a n d  th e  c r u r a l  b a s e s .

T h e  th r e e  fo rm s  o c c u r r in g  r e s p e c t iv e ly  in  t h e  L o w e r , M id d le , 
a n d  U p p e r  E o c e n e , a n d  f o rm e r ly  in c lu d e d  u n d e r  T , b is in u a ta ,  
c a n  th e r e f o r e  b e  s h o w n  to  b e lo n g  t o  t l i r e e  d i s t i n c t  s p e c ie s  ; 
m o re o v e r ,  T . h a n to n en sis  a n d  'T. b a rton en sis  p r o b a b ly  b e lo n g in g  
to  o n e  g e n u s , a n d  T . b is in u a ta  t o  a n o th e r .  B o th  th e s e  g e n e ra  
a p p e a r  to  b e  r e p r e s e n te d  in  t h e  P l io c e n e , b u t  u n t i l  t h e  i n te r n a l  
s t r u c tu r e  o f t h e  I t a l i a n  P lio c e n e  s p e c ie s , T . terebra tu la  L in n é , 
th e  g e n o ty p e  o f T erebra tu la , h a s  b e e n  in v e s t ig a te d ,  i t  is  u n  c e r ta in  
w h ic h  s h o u ld  b e  d e s c r ib e d  a s  T ereb ra tu la  s e n s u  s t r i c to .  T lie  
b e a k  c h a r a c te r s  o f t h e  s p e c im e n  f ig u re d  b y  S. S . B u c k m a n  a s  
T . tereb ra tu la  in  1907  [6j r e s e m b le  th o s e  o f T . b is in u a ta  V a l. h i 
L a m a r c k .
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EXPLANATLO N OF T E X T  F IG U R E S 18 and 19.
Figs. T, a, b. Terebratula bisinuata Val. in Lam. Middle Eocene, Cal

caire Grossier, Grignon, Paris Basin. Brit.  Mus. ,  B. 6086. x  f .
Fig. I. Dorsal view  showing labiate foramen.
Fig. la . Anterior view  showing the marked biplication of the anterior 

commissure.
Fig. ib . Ventral view.
Figs. 2, a, b. Terebratula bartonensis sp. nov. H olotype. Upper Eocene, 

Barton .Sands, Barton, Hampshire Basin. Brit.  Mus. ,  B. 81096. x  J.
Fig. 2. Ventral view  showing im iplication of shell.
Fig. 2a. Posterior portion of interior of pedicle va lve showing large 

marginate foramen, hinge teeth , and adductor muscle-scars enclosed  
by large diductor muscle-scars.

Fig. 2b. Section through pedicle valve, the lower curve being th at of 
the anterior commissure.

Figs. 3, 4, 4a, 5. Terebratula hantonensis sp. nov. Lower Eocene, London  
Clay, Catisfield railway-cutting, Fareham, H ants.

Fig. 3. Posterior portion of interior of pedicle valve showing muscle-scars 
and marginate foramen, ad =  adductor muscle-scars ; did =  diductor 
muscle-scars. Paratype, Brit .  Mus.  B. 81614. X f .

Fig. 4. Dorsal view  of holotype. Brit.  Mus.  B. 81611. x  J.
Fig. 4a. Anterior view  of holotype showing biplication of commissure.
Fig. 5. Posterior portion of interior of brachial valve showing brachial 

loop, cb =  crural base ; cp =  cardinal process ; ad =  adductor muscle- 
scars ; ih =  inner hinge-plate ; oh =  outer hinge-plate ; isr =  inner 
socket-ridge ; osr =  outer socket-ridge ; s =  socket. Paratype, Brit.  
Mus.  B. 81612. X I&.
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I . I n t r o d u c t io n .

Discussion of Modern Methods of Investigating the Internal Structure of Fossil Brachiojwd
Shells.

The present paper shows how a method of research hitherto but tentatively used 
by a few workers on the internal characters of Brachiopod shells has been elaborated 
and applied to certain Mesozoic genera of different families, and has resulted in 
estabhshing the relationships of the forms examined more satisfactorily than by methods 
hitherto employed. It embodies some results of two years’ research on the identification 
and classification of such numerous species of the Brachiopod families Rhynchonellidæ, 
Terebratulidæ, and Terebratellidæ, as are found in Jurassic and Cretaceous rocks. At 
the present time less than half of the Mesozoic Brachiopods are specifically determinable,
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and little or nothing is known of their internal structure, their mutual relationship, 
or their evolution. This is probably because internal casts are rare, and in Jurassic 
and Cretaceous species the two valves are not as a rule found detached from one 
another.

Comparatively httle advance has been made in the study of Jurassic and Cretaceous 
forms since D a v i d s o n ’s  monumental work (1851-1884), until the appearance of 
S. S . B u c k m a n ’s  (1901-1915) numerous papers on British Jurassic species. The last cul
minated in 1917 in the memoir on the Jurassic Brachiopoda of the Namyau Beds, Northern 
Shan States, Burma, in which a new classification of the Jurassic Ehynchonellids and 
Terebratulids was proposed. B u c k m a n  defined many new genera which he based 
on the external shape and folding of the shell, beak characters, shape of the muscle-scars, 
and, in the Ehynchonellids, on the character of the dental làmellæ. No consideration 
was taken of the form of the loop or crura in the brachial valve, or the cardinalia, 
consisting of hinge-plates, cardinal process, etc.

B u c k m a n ’s  classification may be criticized for being based mainly on a single internal 
structure. It is therefore not to be compared with that of Palæozoic genera as defined 
by H a l l  and C l a r k e  (1892-94), B e e c h e r  (1893, a-c), W e l l e r  (1910, 1911, 1914), 
and other American authors ; or with that of Tertiary and Eecent genera, as proposed 
by T h o m s o n  (1915, a-d, 1916, 1925-27), J a c k s o n  (1912, 1916, 1918) and others. In 
these the whole internal structure of the shell has been considered, and the importance 
of the shape and development of the brachial loop, hinge-plate, cardinal process, etc., 
has been well demonstrated. In B u c k m a n ’s  classification specimens having similar 
external shape and folding of the shell and somewhat similar muscle-scars have been 
grouped together as related forms, although it can often be proved that these super
ficially similar forms are only homœomorphs, and have totally difierent internal hinge- 
characters. Too little is at present known about the internal structure of Mesozoic 
Brachiopods for any definite statement to be made as to the extent and importance of 
homœomorphy, either in internal or external form, but similar trends in parallel lineages 
have probably resulted in a large number of externally similar forms. Forms externally 
homceomorphic were described by B u c k m a n  (1901, 1906, a, b, 1907, a) from the 
Jurassic, but no attempt was made to distinguish them by internal characters.

A practical objection to B u c k m a n ’s  classification is the difficulty of preparing good 
internal casts of Terebratuhd and Ehynchonelhd genera, and even when prepared, of 
determining the exact outhne of the muscle-scars, and so distinguishing the various 
genera.

Following on B u c k m a n ’s  work came S a h n i ’s  researches (1925, a, b, 1929) on the 
Chalk Terebratuhds. He criticized B u c k m a n ’s  classification for being based on the 
muscle-scars alone, and himself investigated the muscle-scars of various Chalk species. 
As a result of this work S a h n i  stated that the muscle-scars were similar in shape in 
externally different forms, and therefore of no use in classification. He diagnosed 
twelve new genera on the external shell-characters and on the form of the brachial loop
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and cardinal process. Unfortunately, S a h n i  examined insufficient material to give 
any description of the development of the loop, which certainly does undergo resorption 
and redeposition in successive growth-stages.

Much work remains to be done on the Cretaceous species before S a h n i ’s  classification 
can be safely adopted.

S a h n i  (1928) extended his investigation to certain of B u c k m a n ’s  Jurassic Terebratulid 
genera, namely, Lobothyris, Plectoidothyris, Plectothyris, etc., and dissected out the 
loops of several genera. From a similarity of the dorsal adductor muscle-scars 
of Lobothyris and Plectoidothyris, and of the shape of the brachial loop in these two 
genera, S a h n i  erroneously assumed Lobothyris to be identical with Plectoidothyris, 
having failed to take into consideration the external shape and folding of the two 
genera, or any other internal characters of the shell, except the loop and muscle-scars. 
He also sliowed that the loop in such genera as Plectoidothyris and Plectothyris was of 
different form and greater length than that of the Chalk specimens examined by him.

The examination of the interior of Brachiopod shells by preparing a small number 
of polished serial sections of a single specimen has been practised by B e l a n s k i  (1928, 
a and h), W e l l e r  (1910, 1911, 1914), K o z l o w s k i  (1929), GtEORge (1927, 1930, 1932, 
1933), D u n b a r  (1932), S c h u c h e r t  and C o o p e r  (1932), and others, on Palæozoic 
species, and by E o t h p l e t z  (1886), K i t c h i n  (1900), and W is n ie w s k a  (1932) on Mesozoic 
species. With the exception of K o z l o w s k i  and W is n ie w s k a ,  no author has attempted 
to make reconstructions of the internal structure of the specimens sectioned.

No previous description has been given of the articulation of the two valves of 
Mesozoic forms, and no attempt has been made to figure the detailed structure of the 
hinge-plate. Most of the serial sections in the works above referred to are depicted 
as small diagrams showing the position of dental lamellæ, septa, and spondylia, but 
these are not as a rule accurately drawn from the actual specimens. No idea of the 
relationship of the various plates can be obtained from the sections, and the actual 
articulation of the two valves is frequently not shown.

Two of the Jurassic genera, namely, Lobothyris and Plectoidothyris, originally diagnosed 
by B u c k m a n , and even described as synonymous by S a h n i ,  have now proved to be 
totally unrelated. Equally interesting results were obtained in the investigation of 
the five other genera, namely, Ornithella, Obovothyris, KalUrhynchia, Terebrirostra, 
and Digonella gen. nov. Both the external and internal characters of the seven genera 
have been investigated in detail, and the genera have been re-defined on the external 
and internal characters collectively. A full description of the method employed is 
given in Part I I .

I I .  I m p r o v e d  M e t h o d  o f  I n v e s t ig a t io n .

Its application to Jurassic and Cretaceous Genera.
One or two specimens, preferably topotypes, which are identical in external characters 

with the type of the species which is either the genoholotype or genolectotype, are

3 x 2
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carefully selected, measured, and either photographed or drawn, or, with rare specimens, 
an external cast of the shell is prepared in plaster. The specimens are heated to redness 
in a Bunsen flame, better results being obtained with this than with a methylated  
spirit lamp or with an oxy-acetylene flame, and the specimens are then allowed to 
cool without being plunged into water. When cold the specimens are painted with 
a solution of amyl acetate and collodion, and this process is repeated after twelve hours, 
or when the hardening solution is dry. Three or four coats of this solution are applied 
until the shell is again hardened. I f  this process is om itted the shells tend to s])lit 
and much of the internal detail m ay be lost. Longitudinal and horizontal axes are 
marked on the shell, and the specimens are embedded in a rectangular block of plaster, 
and transverse sections are then prepared by grinding the specimens eitlier on a large 
carborundum wheel worked by a dental engine ; or by hand, when they are rubbed 
dovm on ground glass with carborundum powder, or on a flat slab of carborundum. 
The shells are ground down from the umbones, and care must be taken to keep the 
longitudinal axis of the specimen vertical and the transverse section exactly horizontal. 
The grinding is continued until the whole of tlie internal structure of the shell is exposed. 
A more elaborate apparatus, such as that used by S o l l a s  (1903) or S im p s o n  (1933), 
may be used if serial sections are required. K o z l o w s k i  (1932) described a method 
of preparing serial sections by embedding the specimen to be sectioned in a cylinder 
of cement formed within a steel ring. The cement cylinder is rubbed down to the level 
of the top and bottom margins of the ring to ensure that both the upper and lower surface 
of the cement cylinder are horizontal. The cylinder of cement is then removed from 
the steel ring and sectioned. A rectangular block of plaster, however, is easier to 
orientate than a cybnder when making drawings or photographs, and is readily prepared 
in a wooden or metal mould made in two sections.

Drawings of the transverse sections are made whenever there is the slightest change 
in the internal structure, and usually from 5—10 drawings are required to every millimetre 
of shell removed by grinding. The exact thickness of shell removed by each successive 
grinding is measured with a vernier gauge.

Owing to the heating of the shell, the test and internal plates, cardinalia, etc., are 
calcined and appear white in contrast to the dark matrix. The details of the internal 
structure can, therefore, be readily drawn or photographed without the labour of 
polishing the surface of the section. In sections of specimens which had not previously 
been calcined, it was found that much of the structure was quite indeterminable, 
especially in those which had a limestone matrix. In silicified specimens the skeleton 
is not aflected by heating, but the matrix infilling the shell is frequently darkened.

The transverse sections have been drawn with the pedicle valve above and the brachial 
valve below. This orientation of the valves was adopted because Brachiopod shells 
are normally viewed from the dorsal side, with the brachial valve nearest to the observer.

The drawings are made by means of an apparatus which was constructed on the 
principle of that form of epidiascope invented by Mr. Tams, of the Entomological
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Department, British Museum (Natural History). An enlarged image of the sections 
is thrown on the paper, and is readily traced. As the sections are all drawn with the 
same magnification, it is possible to reconstruct the specimen either by modelling in 
plasticine or wax, or by preparing diagrams on squared paper.

In Ehynchonellids with much incurved umbones, the transverse sections must be 
ground at right angles to the hinge-plate, etc., and true horizontal sections can only 
be used as “ identification ” sections and not for reconstruction of the shell, since the 
umbonal incurvature will result in the reversal of the sequence of the sections.

Transverse sections show the shape and size of hinge-teeth and sockets ; the shape 
of the umbonal cavity of the brachial valve ; and of the dorsal side of the hinge-plate, 
etc., which cannot be obtained from the examination of separated valves of the shell. 
It is impossible to investigate the relationship of teeth and sockets even in perfectly- 
preserved detached valves, as the teeth tend to split across when the two valves are 
separated, and a portion of each tooth is frequently left in contact with the sockets 
of the brachial valve.

A certain amount of information about the length and shape of the brachial loop 
can also be obtained from these transverse sections. In Terebratulids and Ornithellids, 
however, it is often difficult to distinguish the thread-like descending branches of the 
loop from the matrix in the anterior transverse sections of the shell.

Ill order to gain some further idea of the form of the brachial loop two other specimens 
are selected, corresponding in external characters with the shell already sectioned. 
These are also heated in the Bunsen flame, and when cool hardened with amyl acetate 
and collodion. Longitudinal sections approximately parallel to the plane of symmetry 
of the shell are then prepared by grinding the half of one specimen. A few drawings 
are made to show the articulation of the two valves, and the relationship of loop, crura, 
etc., to the hinge-plate. The loop may either be reconstructed from successive longitudinal 
sections, or, as soon as any portion of the loop is exposed in grinding, the remainder 
may be completely dissected out with the aid of a needle. The latter process is found 
to be more profitable, since the loop is permanently retained.

The dorsal and ventral views of the loop are obtained from another specimen, which 
is ground longitudinally at right angles to the plane of symmetry of the shell, and the 
loop dissected out from the hard matrix by chisels worked by a dental engine. The 
loop appears as a white thread against the darker matrix, and is readily seen during 
dissection. In some of the specimens the loop is encrusted with calcite crystals,* 
which, however, can be removed by careful grinding and the perfect loop exposed. 
Excellent preparations were made in this way of the loop of Digonella digona, with 
its accompanying spines (fig. 12, section 20). The heating of the shell tends to loosen 
the calcite crystals, and the shell frequently tends to split open, exposing the loop 
with the crystals removed.

* The methods employed by the Rev. N orm an  Gl a ss  (1888) and described by D a v id s o n  (1881), could 
also be used for such specimens.
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Internal casts showing the muscle-scars of the two valves are obtained by heating 
a fourth specimen of the same species ; or, if material is scarce, the test of a specimen 
can be split ofi and the muscle-scars exposed before the longitudinal sections are ground 
to show the dorsal and ventral views of the loop, as already described.

If material for investigation is not readily obtained, transverse serial seetions can 
be cut from a single specimen, and the sections subsequently heated to bring out the 
structure. A permanent record of the internal structure of the specimen is thus obtained, 
but the relationship of the various internal plates cannot be satisfactorily shown, as 
it is impossible to prepare sufficiently thin sections.

In all the seven species examined, abundant duplicate material was available for 
investigation. By examining several examples of each species and carefully correlating 
the internal structure seen in the longitudinal and transverse sections and internal 
casts, it was ensured that a single species was described, and not two or more liomœo- 
morphous forms.

It is believed that careful examination of the interior of Brachiopod shells by the 
method employed by the author would not only be the means of building up a practical 
classification, but would also help to establish relations!dps, to work out lineages, and 
should give much needed information about the evolution of the whole group.

I I I .  R e s u l t s  o f  I n v e s t i g a t i o n .

Morphology and neiv Terminology for internal structures of Mesozoic Telotremata.

In describing the various structures seen in the transverse and longitudinal sections, 
and in the internal casts of the Mesozoic Telotremata which have been studied, it is 
necessary to establish a definite terminology. Reference is made to figs. 2—14, and 
also to the enlarged diagram, fig. 1, for explanation of the terms employed.

The following abbreviations have been used in the figures throughout the paper :—

ad =  adductor muscle-scar, 
at =  ascending branch of loop, 
b =  attachment of dental lamellæ, 

br =  beak-ridge,
c =  denticular cavity between tooth and denticulura, 

ca =  cardinal area, 
cb - crural base, 
cp =  cardinal process, 
cr — crura, 

crp =  crural process, 
d =  dental lamella, 

dd =  ventral end of dental lamella, 
did  =  diductor muscle-scar, 

dl =  descending branch of loop.
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dp — deltidial-plate,
/  — false area, 

for =■ foramen, 
g  — cavity of pedicle valve, 
h — hinge-plate, 

ill =  inner hinge-plate, 
isr =  inner socket-ridge, 

j  =  insertion of septum, 
h =  spine,
I =  loop, 

m =  denticulum, 
oh ~  outer hinge-plate, 

osr =  outer socket-ridge, 
p  =  outer periphery of shell, 

pb =  „ ,, ,, of brachial valve,
pv =  „ „ „ of pedicle valve,

q  =  accessory socket in outer socket-ridge, 
s =  median septum of brachial valve, 

sp =  septalium, 
spl =  septalial plate, 
sw =  shell wall, 

t =  hinge-tooth, 
tr =  transverse band of loop, 
u =  umbo,

uc =  umbonal cavity of brachial valve,
X =  socket, 

xf =  socket-floor,
y  =  ridge on septum  of brachial valve, 
z =  pedicle-collar,

zs =  septum supporting pedicle-collar.

Ill the enlarged transverse section of the shell of Digonella digona (Sow erby) fig. 1, 
the qjedicle or ventral valve is shown above, and the brachial or dorsal valve below. 
The outer surface of the pedicle valve is labelled (pv), and of the brachial valve [pb). 
In the pedicle valve the slender dental lamellæ {d) are in contact with the teeth ((), but 
have split away from the inner surface of the pedicle valve to which, however, a part 
of each dental lamella (dd) is still attached. In the more posterior sections the cavity 
of the pedicle valve (g) is divided into three chambers by the dental lamellæ.

The hinge-teeth (t) are inserted into the crenulated sockets (x), which are bounded 
and supported by the inner socket-ridges (isr) and outer socket-ridges (osr). Articulation 
of the shell is also effected by the tooth-hke terminations of t\\Q  false area ( / ) ,  which are
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described in this paper as the denticula (m). Each denticuhim fits into a depression or 
ca\dty in the outer socket-ridge, which has been described in this paper as the accessory 
sachet (q). A small projection from the outer socket-ridge is inserted between the 
hinge-tooth and denticulum into a cavity which m ay be termed the denticular cavity (c).

The united hinge-plates (h) are demarcated from the inner socket-ridges by a shallow 
depression, and from one another by a median sulcus, or seq)tali-um. The floor of the 
septalium is formed by two plates, referred to in this paper as septalial plates, which 
fuse together to form a septum supporting the hinge-plates. Tlie true median septum  (x) 
is short and the apex is inserted within the septalial plates. The median septum and 
fused septalial plates are clearly distinguishable in specimens which have been burnt. 
Beneath each hinge-plate is the umhonal cavity (uc), bounded by the hinge-plate, 
septahal plate, shell-wall, and socket-floor (xf).

d d

f—
m -- m

uc ucOSÎ

F ig . 1.— Enlarged drawing of transverse section of Digonella digona (J. S o w e r b y ) showing hinge-teeth in 
contact w ith  sockets. X approxim ately 8. The punctate parts of the shell are dotted.
The key to  the lettering will be found on p. 516.

The crural-hases (cb) are seen as rounded swellings on the dorsal side of the hinge-plate, 
which in more anterior sections of Digonella digona (fig. 11, sections 29-38) project 
dorsally into the umbonal cavity, and finally unite with the loop.

The shell-wall and callus thickening in specimens of Digonella digona are found to 
be punctate, but punctæ are usually absent from the teeth, hinge-plates, and median 
septum. Scattered punctæ are seen on the ventral portion of the dental lamellæ. 
The punctate portions of the shell are dotted in fig. 1, and impunctate parts are left 
white.
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Internal Structure of the Pedicle Valve.

Dental lamellæ.—In internal casts of Rliynclionellids and Ornithellids these two 
plates diverge from the umbo of the pedicle valve at an angle varying slightly in 
different genera, but more or less constant for one species. They appear on the cast 
as two slits extending for a distance of 2-10 mm. In transverse sections the dental 
lamellæ are seen to extend across the cavity of the pedicle-valve dividing it into three 
chambers posteriorly, but tliey gradually recede from the shell-wall and remain in 
contact witli the hinge-teeth anteriorly. The height of the dental lamellæ dorso- 
ventrally varies not only in specimens of one species, but the two lamellæ may vary 
in development in a single specimen, as shown in KalUrhynchia yaxleyensis, fig. 2, 
sections 11, 12. The dental lamellæ may be more strongly developed in the adult 
than in young specimens, or conversely they may become obsolete, or embedded in a 
thick callus deposit in the gerontic stage, as in Ornithella hathonica, fig. 7, and Obovothyris 
magnobovata, fig. 9. In the seven species examined dental lamellæ were developed in 
KalUrhynchia yaxleyensis, Ornithella hathonica, Obovothyris magnobovata, Digonella 
digona, and Terebrirostra lyra. In Terebrirostra, figs. 13,14, the dental lamellæ extend 
the whole length of the much elongated umbo. Posteriorly, fig. 13, sections 1-4, the 
lamellæ extend across the cavity of the valve from the inner margin of the fused 
deltidial plates, but anteriorly they recurve sharply towards the thickened lateral 
margins of the pedicle valve, to which they are attached (fig. 13, sections 5-10, fig. 14, 
sections 1-5).

In the longitudinal sections ground either parallel, or at a small angle, to the plane 
of symmetry of the shell, the postero-anterior extension of the dental lamellæ is well 
shown. In Ornithella, fig. 8, sections 3-6, the dental lamella is seen to unite with the 
false area, and the actual line of fusion of the two structures is faintly seen. In 
Obovothyris, fig. 10, section 1, and Digonella, fig. 12, section 2, however, the dental 
lamella does not appear to fuse with the false area, and the two plates, although 
adjacent, are clearly demarcated.

Hinge-teeth.—These are rarely distinguishable in artificially prepared internal casts, 
but are well shown in longitudinal and transverse sections. The angle of insertion 
of the teeth within the sockets is usually remarkably constant for any species, although 
the teeth m ay vary in size in adult individuals of one species, according to the amount 
of callus thickening.

The long, slender tongue-like teeth of Lobothyris form a marked contrast to the 
massive teeth of Plectoidothyris with their hammer-shaped termination. The depth 
of insertion of the teeth posteriorly within the sockets is well shown in KalUrhynchia, 
fig. 2, sections 10, 11, and Plectoidothyris, fig. 4, sections 7-11, in which the posteriorly 
inserted portion of the tooth appears to be detached from the remainder.

Denticula.—Articulation is effected not only by the teeth and sockets, but in addition

VOL. CCXXIII.— B. 3 Y
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by the false areas. These usually terminate in a small tooth which is described in 
this paper as a denticulum. The denticula vary in size in different genera. Tn 
Lobothyris, fig. 5, sections 12, 13, they are long, slender, and finger-like, and fit completely 
into a cavity, or accessory socket, in the outer socket-ridges of tlie bracliial valve. 
In KalUrhynchia, fig. 2, section 12, Digonella, fig. 11, section 23, and Plectoidothyris, 
fig. 4, section 12, the denticula are short and massive, and the rounded apex rests in 
a shallow depression in the outer socket-ridge. In Terebrirostra tliere is no false area 
and consequently no denticula are developed. The part of the outer socket-ridge 
forming the inner margin of the accessory socket m ay also interlock with the cavity  
between the hinge-tooth and denticulum as seen in Lobothyris, fig. 5, section 12. In 
the latter genus articulation of the two valves is therefore effected by three different 
structures : (I) hinge-tooth and socket ; (2) denticulum and accessory socket ; and 
(3) outer socket-ridge and denticular cavity.

Denticula are distinct from the small processes on the posterior surface of the 
hinge-socket in the Palæozoic Orthoidea which are described as “ denticles ” by 
S c h u c h e r t  and C o o p e r  (1932). The denticles like the denticula assist in the 
articulation of the two valves.

Pedicle-collar.—The term pedicle-collar was proposed by J a c k s o n  in 1916 (p. 24) 
for a plate on the inner side of the apex of the pedicle-valve. This structure is probably 
secreted by the mantle of the pedicle valve. The pedicle-collar is described as being 
“ a land of continuation of the deltidial plates, is free in front, and separated from 
the shell by a narrow cavity.” This structure was observed by J a c k s o n  in twenty-four 
recent Terebratulid species, but it was not found in forms having an advanced type 
of long loop, such as Magellania, Terebratella, Dallina, and Macandrevia. In some of 
these long-looped forms, however, there is a thickening in the umbo round the foramen 
resembling a pedicle-collar, but this is always fused to the shell, and never free anteriorly. 
This thickening round the foramen was described later by J a c k s o n  (1918, p. 196) as a 
pseudo-pedicle-collar, and is the same as the sessile pedicle-collar of T h o m s o n  (1927, p. 74).

A true pedicle-collar is said ( J a c k s o n ,  1916, p. 25) to occur in the fossil species 
Terebratula grandis, Cyclothyris latissima, and Megathyris decollata (=  detruncata). In 
the last species the pedicle-collar is supported by a median septum.

The pedicle-collar was described by F i s c h e r  and O e h l e r t  (1891) as “ doublure 
sous-apicale et sous-cardinale,” and before J a c k s o n ’s  description of the pedicle-collar 
appeared in 1916, T h o m s o n  (1915 b, p. 390) had observed and figured a similar 
structure in Hemithyris psittacea. In a later publication T h o m s o n  (1927, p. 75) discussed 
the development of a pedicle-collar in Tertiary and Recent species and stated that 
“ In general, species with a marginate or labiate foramen possess a well-developed 
pedicle-collar within the beak, forming a complete tube extending forward some little 
distance. . . .”

W i s n i e w s k a  (1932, p. 7) in a monograph on the Upper Jurassic Rhynchonelhds of 
Poland stated that a pedicle-collar was developed in every species examined by her.
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In the seven genera examined by me a pedicle-collar was observed in Digonella, 
Obovothyris, Lobothyris, Plectoidothyris, and Kallirhynchia, but it varies considerably 
in form in the different genera. In Digonella, fig. 11, sections 1-7, the pedicle-collar 
forms a complete ring, well separated from the inner wall of the pedicle valve anteriorly, 
and it is supported posteriorly by a short septum. This septum can be seen in 
internal casts of Digonella digona, and its postero-anterior extension is shown in the 
longitudinal section, fig. 12, sections 15, 16. In Obovothyris, fig. 9, sections 1-4, the 
pedicle-collar is masked by posterior deposits of callus, but the septum supporting the 
])edicle-collar is ])rominently developed. Although the transverse sections of Ornithella 
were carefully examined a pedicle-collar was only observed in one specimen, so that 
if normally developed in this genus it must be embedded in the thick callus deposits 
filling the apex of the shell. No trace of a pedicle-collar was seen in young shells of 
Ornithella, or in young or adult shells of Terebrirostra. In Lobothyris the pedicle-collar 
is supported by a rudimentary septum, while in Plectoidothyris the pedicle-collar is 
developed as a thickened disk on the inner side of the deltidial plates. In longitudinal 
sections of Kallirhynchia, fig. 3, sections 13-15, the pedicle-collar is seen as a thickening 
on the ventral side of the umbo of the pedicle valve. At a short distance from the 
apex of the shell the pedicle collar becomes detached from the inner wall of the pedicle 
valve and projects into the cavity of the pedicle-valve like a short spine.

Further research is needed before anything definite can be said about the importance 
for generic diagnoses of the development or non-development of the pedicle-collar, and 
of its supporting septum.

Deltidial Plates.—In six of the seven genera examined the deltidial plates are conjunct, 
and no line of junction of the two plates is distinguishable in the transverse sections. 
In some genera belonging to the Zeilleriinæ the two deltidial plates may become 
conjmict, and further growth result, either in the overlapping of the two plates, or, in 
their being spirally coiled on the imier dorsal surface of the pedicle valve. In Kallir
hynchia, fig. 2, sections 5-7, the deltidial plates are disjunct.

In the longitudinal sections the deltidial plate may appear as a narrow curved plate 
in contact with the outer edge of the false area, or as a small semicircular plate anterior 
to the pedicle opening or foramen.

In Terebrirostra the conjunct deltidial plates or symphytium extend the whole length 
of the elongated umbo.

Cardinal Area or Interarea.—In the seven genera specially investigated a true cardinal 
area is only developed in the genus Terebrirostra. In longitudinal sections of T. incurvi- 
rostrum, fig. 14, sections 5-8, the cardinal area is seen to be fused with the dorsal end 
of one of the curved dental lamellæ. The outer surface lacks the prominent costation 
of the remainder of the shell, but is marked by numerous growth-lines which cross 
the two inter-areas at an angle of about 45°.

3 Y 3
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Musde-scars.—To the pedicle valve of the Telotremata are attached three sets of 
muscles—the adductors for closing the shell, the diductors for opening the shell, and 
the pedicle muscles which serve to retract the pedicle, and also attach the pedicle to 
the posterior part of the valve. The three sets of muscles leave scars which mark 
the region of their attachment to the shell, and these scars appear as more or less 
prominent ridges on the internal cast of the shell. The adductors have a double 
attachment to the pedicle valve and the scars of their attachment are usually enclosed 
by those of the diductor muscles. The pedicle muscles consist as a rule of two pairs 
of muscles known as the dorsal and ventral adjustors, and a single muscle which leaves 
a scar posterior to those of the adductors and diductors. The dorsal adjustors are 
usually attached to the hinge-plate of the brachial valve, and the two ventral adj ustors 
leave a scar on the outer side of each of the diductor inuscle-scars of the pedicle valve. 
In most of the genera examined the outline of the whole muscle-area was distinguishable, 
but the outhnes of the individual muscle-scars were obscure. Better results, however, 
were obtained with the Ornithellids and Rhynchonellids than with the Terebratulids.

B u c k m a n  (1917) gave no description of the muscle-scars of the pedicle valve in any 
of his Terebratulid genera owing to the difficulty of preparing internal casts of this valve.

In Lobothyris the muscle-area is elongated and narrow, and extends from the umbo 
as a prominent ridge, about 12 mm. long, and 3 mm. wide at the anterior end. In 
Plectoidothyris the muscle-area is obscure and does not form a prominent ridge. The 
posterior end of the diductor and adductor scars are situated about 8 mm. anterior to 
the umbo, and the scars form an oval area about 11 mm. in width and 10 mm. in length.

After removing a thick deposit of callus, the muscle-scars were satisfactorily exposed 
in Ornithella, fig. 23, Plate 62. The diductor scars are elongated and narrow, and enclose 
two small oval adductor scars. The anterior adjustors are seen as small oval scars outside 
the posterior end of the diductors. In Obovothyris, Digonella, and Terebrirostra, the 
shell flakes off very readily when the specimens are heated, but the muscle-scars are 
usually obscure. An attempt has been made to figure the ventral muscle-scars of 
Obovothyris and Digonella, figs. 186, 27, Plate 62, but the outline of the adductor and 
diductor scars is difficult to distinguish. The muscle-scars in these two genera are poste
riorly situated. In Kallirhynchia yaxleyensis the muscle-area lies below the anterior 
end of the dental lamellæ and extends for about half the length of the pedicle valve. 
The two adductor scars are in contact along their inner margins, and together form an 
elongated oval area which is in contact on its lateral and anterior margins with the 
broad crescentic diductors. The adjustors leave a narrow linear scar on the outer margin 
of the diductors, fig. 16, Plate 62.

Vascular markings.— These are referred to in a paragraph describing this structure 
in the brachial valve (p. 530).

Internal Structure of the Brachial Valve.

Hinge-sockets and Socket-ridges.—The depth and width of the hinge-socket and the 
amount of overlap of the socket by the inner and outer socket-ridges are characters
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which vary considerably in the seven genera investigated. In the Terebratulid genera 
Lobothyris and Plectoidothyris the sockets do not appear to be crenulated. In Lobothyris 
tlie sockets are narrow and deeply excavated for the reception of the elongated lingui- 
form teeth, and the elaborate processes for the articulation of the two valves (described on 
]). 520) probably render unnecessary any crenulation of teeth and sockets. In Plectoido
thyris the sockets are broad and shallow, and the socket floor tends to split away from the 
outer socket-ridge while the anterior portion of each tooth is still in contact with'the 
socket and inner socket-rid ge, fig. 4, sections 13-15.

The crenulæ of the teeth and sockets in the genera Ornithella, Obovothyris, and 
Digonella, fig. 1, are so minute that they are only perceptible with a high-powered lens. 
In these three genera the outer socket-ridge does not play an important part in the articu
lation of the two valves, but the imier socket-ridge overlaps the socket and interlocks 
with a sulcus on the ventral side of a lip-like projection of each tooth. In Kallirhynchia, 
on the contrary, the crenulæ are clearly seen with a magnification of five diameters, and 
they interlock with corresponding crenulæ on the teeth.

The sockets in Terebrirostra are shallow and coarsely crenulated, and are only shghtly 
overlapped by the outer socket-ridges which fit into a depression in the dorsal margin 
of the teeth. The inner socket-ridges, however, project for a short distance across the 
socket and interlock with a sulcus on the ventral surface of each tooth.

Additional information about the sockets, and inner and outer socket-ridges, can be 
obtained from the longitudinal sections ground approximately parallel to the plane of 
symmetry of the shell. In the sections farthest from the median line the outer socket- 
ridge is first seen as a slight thickening of the umbonal portion of the shell of the brachial 
valve. This thickening is increased to form a rounded lobe with a shallow depression 
on its anterior ventral margin. The depression deepens and forms the hinge-socket 
which is bounded posteriorly and anteriorly by a rounded lobe. The anterior lobe is 
the inner socket-ridge and the posterior the outer socket-ridge. In longitudinal 
sections near a median line through the shell the inner socket-ridge is seen to be 
deflected posteriorly and so to enclose the tooth within the socket. In longitudinal sections 
of some genera, such as Obovothyris, fig. 10, section 8, the inner socket-ridge is seen to 
persist as a posteriorly directed lip, when teeth and sockets can no longer be observed.

Cardinal Process.—This structure, which serves for the attachment of the diductor 
muscles in the brachial valve, is developed in the genera Lobothyris, Plectoidothyris, and 
Terebrirostra. In Lobothyris the cardinal process is developed as a small laterally 
elongated boss which is sessile on the inner wall of the brachial valve. It is never 
prominent and is only about 0 • 6 mm. long postero-anteriorly. The ventral surface is 
concave posteriorly, but slightly trilobate anteriorly. In Plectoidothyris the cardinal 
process is considerably larger and more prominent than in Lobothyris, and projects 
ventrally beyond the hinge-plates into the cavity of the pedicle valve. It is separated 
from the shell wall by a deep umbonal cavity. Posteriorly the ventral surface is 
medianly depressed and the depression is bounded on each side by a projecting lobe.
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Anteriorly, however, the outer lobes broaden and the median depression becomes corre
spondingly narrower and finally a low median ridge is developed and the cardinal process 
becomes slightly trilobed. In Terebrirostra the cardinal process is even more pro
minently developed than in Plectoidothyris and curves upwards away from the hinge, 
and projects ventrally into the cavity of the pedicle valve, appearing in transverse 
sections as a trilobed hollow boss with a short stalk which is entirely detached 
from the brachial valve. In T. lyra  the trilobation and posterior denticulation of the 
cardinal process are well developed, fig. 3, sections 4-9 , but in the geologically 
older species, T. incurvirostrum  the cardinal process is simpler, the denticulation is not 
apparent, and the trilobation is less marked. No cardinal process is developed in the 
Ornithellid genera, Ornithella, Obovothyris, Digonella, or in the Ehynchonellid genus, 
Kallirhynchia.

Hinge-plates.— These plates serve for the attachment of the dorsal adj ustor-muscles 
of the pedicle, and also for the diductor muscles in genera in which no cardinal process 
is developed. In the seven genera specially investigated the hinge-plate is not divided 
by the crural base into an inner and outer hinge-plate. Inner and outer hinge-plates 
are developed in the Tertiary Terebratulid shells in which the crural bases are given off 
ventrally and intersect the hinge-plate. The hinge-plates are among the most important 
structures in the brachial valve, as they are more constant in development and exhibit 
less variation in subsequent growth-stages than other internal characters. The difference 
between the hinge-plates of the various genera is best studied in the transverse sections. 
In Kallirhynchia the hinge-plates are thin, dorsally concave plates extending more or 
less horizontally and separated from one another by a narrow cavity. They are well 
demarcated from the inner socket-ridges by a shallow sulcus. In the more anterior 
transverse sections of K . yaxleyensis, fig. 2, sections 18, 19, the crural bases are seen as 
small angular projections from the dorsal surface of the hinge-plates. In Lobothyris and 
Plectoidothyris the hinge-plates are ventrally concave, and the inner extremities of each 
plate which are sharply deflected ventrally are extended anteriorly to form the crural 
bases. In Lobothyris the hinge-plates are not sharply demarcated from the inner socket- 
ridges, and posteriorly are sessile on the inner wall of the valve. Anteriorly, however, a 
narrow elongated umbonal cavity is developed beneath each hinge-plate, fig. 5, sections 
12-20. A deep umbonal cavity separates the hinge-plates from the floor of the brachial 
valve in Plectoidothyris, and the inner socket-ridges and hinge-plates are well differenti
ated. The hinge-plates become free and detached from the cardinal process about 6 mm. 
below the apex of the valve.

A somewhat unusual type of hinge-plate is seen in Terebrirostra, in that each plate 
extends dorso-ventrally, fig. 13, section II , and projects for a considerable distance into 
the cavity of the pedicle valve. The hinge-plates are separated by a narrow, deep 
septalium and are differentiated from the inner socket-ridges by a sulcus. In this 
genus the hinge-plates are united and supported by a median septum.

The hinge-plates of Ornithella, Obovothyris, and Digonella resemble one another in
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extending medio-laterally, but a careful examination of these plates in the three genera 
reveals various minor differences. No cardinal process is developed and the hinge- 
plates are united throughout, and supported by a median septum. In Ornithella the 
hinge-plates are approximate posteriorly and are separated by a deep V-shaped 
septalium. They tend to flatten and increase in width medio-laterally away from the 
umbones. The septalium becomes shallower, until it is scarcely distinguishable, and 
it is finally replaced by a rounded median ridge. The hinge-plates are separated from 
the inner socket-ridges by a shallow depression. In adult specimens of 0 . hathonica 
and other species of Ornithella the posterior part of the shell is much infilled by callus, 
and these deposits tend to mask the outline of the hinge-plates, fig. 7, sections 8-16. In 
transverse sections of burnt specimens, however, the outline of hinge-plates, teeth, and 
sockets, etc., can be readily distinguished from the secondary thickening. The septum 
supporting the hinge-plates and umbonal cavity is scarcely distinguishable in the 
adult shell owing to the callus infilling. The crural bases are seen as rounded swellings 
on the ventral side of the hinge-plates.

In Obovothyris the septalium is shallow even near the umbo of the brachial valve, and 
anteriorly is scarcely distinguishable. The ventral side of the hinge-plates is convex 
posteriorly, but tends to flatten out horizontally away from the umbo. The inner 
socket-ridges are not clearly differentiated from the hinge-plates. In adult shells of 
this genus the umbonal cavity is only infilled with callus for a distance of about 0 • 5 mm. 
from the umbo, and the septum supporting the hinge-plates is clearly defined. The 
crural bases are given off from the dorsal side of the hinge-plates.

The hinge-plate of Digonella shows a certain resemblance to that of Obovothyris in the 
early growth-stages, but in the adult is sufficiently distinct to warrant the description 
of the two species D. digona and D. digonoides as belonging, either to a distinct genus, 
or to a subgenus of Obovothyris. Posteriorly the hinge-plates are narrow and approxi
mate, and are separated by a deep septalium, as in Ornithella. Anteriorly they increase 
in width medio-laterally and flatten, but the septalium is always distinguishable. The 
inner socket-ridges are deflected ventrally at a slight angle to the hinge-plates, and the 
crural bases are first seen as swellings on both the dorsal and ventral sides of the hinge- 
plate, fig. 11, section 16. The swellings on the ventral surface become less apparent, 
while the dorsal swellings increase in size anteriorly and form angular points which 
project into the umbonal cavity.

Crura  ̂and Brachial Loop.—The crural bases seen in transverse sections through the 
shell have already been described in the section entitled Hinge-plates.” Additional 
information about the relationship of these structures to the hinge-plate and inner 
socket-ridges can be obtained from the longitudinal sections parallel to the plane of 
symmetry of the shell.

In Kallirhynchia the crural bases which are given off from the dorsal side of the 
hinge-plate project ventrally and unite with the crura. The crura consist of two 
flattened, curved, posteriorly concave laminæ which project from the hinge-plate into
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the cavity of the pedicle valve. Each primary lamina unites at the ventral end with 
a second curved lamina, which is suspended from it and projects dorsally like a spur. 
A ventral extension of this second lamina beyond the point of attachment witli the 
primary lamina terminates in a hook-shaped process, the apex of which is directed 
posteriorly, fig. 3, section 15. In immature specimens the crura appear to be longer 
than in senile individuals, and to extend almost across the entire cavity of the pedicle 
valve. The primary and second lamellæ are not clearly differentiated. The s])ur-like 
extension of the second lamella is anterior to, but almost in contact with, the primary 
lamella. The ventral extension of the second lamella is thread-like and curves round 
so that the apices of the two crura are practically in contact. The hook-shaped process, 
which terminates the crura in the gerontic form, .̂ s considerably less developed in 
immature specimens. This type of crura, which has not been previously described, 
may be known as calcarifer. Little is known at present of the interior of Jurassic 
Rhynchonellids, so no comparison can be made with other genera until further work 
on similar lines has been undertaken. From the differences of the shape of the hinge- 
plates of such genera as BJiactorhynchia, Bmmirliyncliia, and KutckirhyncJiia when 
compared m th  those of Kallirhynchia it is reasonable to suppose that the crura of 
these genera will also differ in outline.

Owing to the poor state of preservation of the interior of the shell of Terebrirostra 
lyra it was only possible to make out details of the loop in one of the specimens examined. 
The crural bases are given off ventrally, and are a direct anterior continuation of the 
hinge-plates. The slender crural processes in Terebrirostra incurvirostrum  are about
3 • 5 mm. in length in the adult, and curve anteriorly away from the crural bases. The 
loop in adult specimens of T. incurvirostrum  extends as a narrow ribbon scarcely visible 
to the naked eye, parallel to, and about 4 mm. from, the outer surface of the brachial 
valve. The two descending branches of the loop are about 4 mm. apart. About
4 mm. from the anterior margin the loop recurves, and the ascending branch of the 
loop is directed posteriorly, almost in the same dorso-ventral plane as the descending 
branch, and at a distance of about 2 mm. from it. From the dorsal or ventral view 
only one branch of the loop is distinguishable anteriorly. About 11 mm. from the 
anterior margin the ascending branch of the loop is directed inwards, and bends round 
towards the pedicle .valve and finally unites with the curved transverse band about 
15 mm. from the anterior margin. A few small spines were seen projecting from the 
loop of one specimen. In the adult specimen illustrated in fig. 14, section 10, the 
brachial valve is 23 5 mm. long and the loop is entirely free from the septum. In an 
immature specimen [B. 84534] with a brachial valve 19-5 mm. long the loop is attached 
by slender connecting bands to a ridge on the septum about 0 • 5 mm. from the anterior 
end of the septum. In this specimen the connecting bands are 1 • 4 mm. long and 
project horizontally from the septum, and are then deflected at right angles and join 
the descending lamellæ. In the longitudinal section of a still younger specimen 
[B. 84535] having a brachial valve 14 mm. long the connecting bands are about 1 • 5 mm. 
long and extend almost horizontally from loop to septum. The deflection of the band
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in the slightly older specimen probably indicates that the connecting band is about to 
be detached from the descending lamellæ by resorption. This resorption of the 
connecting bands was seen in a transverse section of a brachial valve 20 mm. long, 
in which one connecting band is still attached to the septum but has split away from 
the descending lamella, while the other band has become detached from the septum  
but is still united with the loop.

The loop of Ornithella is given off from the ventral side of the hinge-plate. The 
descending branches curve forward following the contour of the lateral margin of the 
shell, and are about 10 mm. apart. The ribbon is narrow and flattened dorso-ventrally, 
and is broadest in lateral view. Small spines spring from one edge of the ribbon, but 
are rarely preserved. The anterior part of the descending branches is directed towards 
the ventral valve and the loop recurves upwards about 4 mm. from the anterior margin. 
The ascending branches are short and curve at first dorsally, then recurve ventrally 
and unite with the broad horizontal transverse band about 15 mm. from the anterior 
margin. The ascending branches and the transverse band form a pentagonal figure. 
The crural processes are small and project forward into the cavity of the pedicle valve, 
converging slightly towards the median septum. No spines were observed on the 
ascending branches of the loop of Ornithella, or of any the genera specially investi
gated.

In Obovothyris the loop is rather similar in shape to that of Ornithella, but the spines 
on the descending branches are longer and usually well preserved. In both Obovothyris 
and Digonella spines are developed on the outer margin of the descending branches and 
are even seen on that portion which unites with the crural bases (fig. 9, section 26, and 
fig. 11, sections 37, 38). In Obovothyris the crural processes are short and converge 
towards one another. The shghtly curved descending branches of the loop are about 
10 mm. apart, and usually extend to within 3 or 4 mm. of the anterior margin, but 
in some specimens they are almost in contact with the margin. The anterior portion 
of the ascending branches is practically in the same dorso-ventral plane as the descending 
branches, but they are deflected ventrally and unite with the transverse band about 
10 mm. from the anterior margin. The transverse band is horizontal in adult 
specimens, and ascending branches and transverse band form a broad pentagonal 
figure.

In Digonella the descending branches diverge at a low angle from the hinge-plate, 
but do not converge anteriorly. Spines are usually preserved on the descending 
branches and in one specimen, fig. 12, section 20, they are fine and hairhke, 
about 1*5 mm. in length, and eight spines occupy a vertical distance of 5 mm. 
The descending branch of the loop in this specimen is flattened dorso-ventrally, and 
the spines project dorsally, curving round from under the loop anteriorly where the 
ribbon twists. The loop in Digonella digona extends almost to the anterior margin of 
the shell. The ascending branches either may be abruptly recurved upwards in the 
same dorso-ventral plane as the descending branches, or they may project laterally
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beyond tlie descending branches. They unite with the slightly curving transverse band 
about 8 mm. from the anterior margin. The transverse band is bounded at each end 
by a small flange which projects posteriorly. The ascending branches and transverse 
band form a rounded arch, which is never pentagonal in outline. The crural processes 
are large and project well forward into the cavity of the valve.

In Obovothyris and Digonella the loop is given oft’ from tlie dorsal side of the hinge- 
plate, and in neither of these genera, or in Ornithella, is the loop attached to the median 
septum in the adult.

In a specimen of Digonella digona having a brachial valve 10 mm. long the loop 
resembled that of the adult shell, and was not attached to the septum. Examination 
of a smaller specimen with a brachial valve 5*5 mm. long showed that the loop re
sembled that of the adult, but the descending lamella was much thickened for about 
2 mm. below the dorsal umbo. A narrow connecting band was seen attached to the 
descending lamella about 2-5 mm. below the umbo, but it did not extend across to 
the median septum. In still younger forms the loop was no doubt attached to the 
septum by narrow connecting bands. A similar terebratellid stage has not yet been 
observed in young specimens of Ornithella and Obovothyris.
- In Lobothyris and Plectoidothyris the crural bases are given oft ventrally, and project 
almost at right angles to the more or less horizontal hinge-plates. In both these genera 
the descending branch of the loop is a broad ribbon, flattened dorso-ventrally, and in 
dorsal or ventral view the edge of the ribbon appears as a thin thread. In Jjobothyris 
punctata the loop is usually about 8 • 5 mm. long, while in Plectoidothyris polyplecta it is 
about 18-5 mm. long. The descending branches in both these genera are abruptly 
deflected upward to form the ascending branches. In Plectoidothyris the ascending 
lamellæ slope gently towards the ventral valve and unite with the transverse band about 
5 mm. from the anterior end of the loop. The transverse band is rather narrow and 
slightly curved, and is demarcated from the ascending lamellæ by a bend in the loop. 
The crural processes are given oft about 7 mm. below the umbo.

In Lobothyris the ascending lamellæ unite with the curved transverse band about 
2*5 mm. above the anterior end of the loop.

In the longitudinal section of L. punctata, fig. 6, section 12, the broad ribbon of the 
descending lamellæ obscures the ascending lamellæ and transverse band. The crural 
processes project ventrally in the same plane as the descending lamellæ, of which they 
appear to be triangular extensions.

M edian septum, Septalium, and Septalial Plates.—The V-shaped cavity between the 
united hinge-plates of many Rhynchonellid and Zeilleriid species was described by 
L e i d h o l d  (1920, p. 354) as the septalium. Before the publication of this work, however, 
W e l l e r  (1910, p. 502) had described this cavity in Palæozoic Rhynchonellid species as 
the crural cavity. As the term crural cavity is thought to be misleading, since the 
cavity is not connected with the crura, L e i d h o l d ’s term, septalium, has been adopted. 
The floor of the septalium is formed by two plates, the septalial plates, which converge
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and fuse together to form a septum. This septum supports the hinge-plates, and 
appears to be distinct from the true median septum in many species. In the transverse 
section ol Digonella, fig. I , it was found that the dorsal end of the so-called median 
septum tended to split along the centre, as though composed of two separate plates, 
and also to become detached from a short septum, the dorsal end of which is inserted in 
tlie wall of the brachial valve. This short septum is the true median septum. The actual 
splitting away of the septalial plates from the median septum is shown in Digonella 
digona, fig. II, sections 30-34, in Terebrirostra lyra, fig. 13, section 21, smd in Kallirhynchia 
yaxleyensis, fig. 2, sections 7, 8.

It has been found that the calcining of the shell tends to separate the true median 
septum fairly readily from the septalial plates. The division of the septum into the 
true median septum and septalial plates can be seen equally well in transparent trans
verse sections of the brachial valve, as was shown by W is n ie w s k a  in 1932 (p. 6, fig. I, 
A-C) in the Rhynchonellid species, Rhynchonella loxia ( F i s h e r  d e  W .) ,  Septaliphoria 
pinguis ( R o e m e r ) ,  and S. astieriana ( d ’O r b ig n y ) .  In the transparent sections of these 
species the true median septum appears as a short rudimentary structure, at the base of. 
and enclosed by, a second septum which unites with the hinge-plates.

In transverse sections of Rhynchonellid species which have a much incurved umbo 
in the brachial valve the septalium appears to be reversed, and the two septahal plates, 
which are only fused together and in contact with the median septum in the posterior 
part of the shell, project freely as two diverging plates into the umbonal cavity, fig. 2, 
sections 8-10.

The true median septum in Kallirhynchia only extends across the umbonal cavity 
for a distance of about 0-5 mm. from the umbo of the valve, anterior to this it is of 
such a low elevation as to be almost indistinguishable in the transverse sections of 
K . yaxleyensis.

No septalium is developed in Terebratulid species in which a cardinal process is 
developed, since the hinge-plates are not united. A rudimental septum is observed in 
the anterior transverse sections of Lobothyris punctaia, but this septum is probably 
formed as a thickening along the inner margin of the adductor muscle-scars. F r e d e r i c k s  

(1918, 1927, p. 2) suggests the term euseptoidum,” for a similar development in the 
pedicle valve of Spirifer, Schizophoria, etc. In Terebrirostra, however, in which the 
hinge-plates remain united at the base of the cardinal process, a deep septahum is seen. 
The septum in Terebrirostra bears a low rounded ridge, in fig. 14, section 10, y, springing 
from the dorsal edge near the umbo and extending across the septum to its anterior 
margin. The slender connecting bands joining loop and septum in immature forms 
unite with this ridge about 1 • 5 mm. above the anterior termination of the septum. A 
septalium, varying in depth in different species, is developed in many genera of the 
Zeilleriinæ as the hinge-plates are united.

Vascular sinuses.—These are extensions of the coelome, or visceral cavity, into the
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dorsal and ventral mantle-lobes which line the shell, and they contain the circulatory 
fluid or blood. The shell secreted by the mantle is usually thinner along the vascular 
sinuses so that their position can often be traced as furrows on the interior of fossil 
shells, or as ridges on internal casts. The vascular sinuses consist usually of two or 
more main trunks which branch more or less frequently towards tlie shell margin. The 
disposition of the sinuses varies in different genera, and may differ also in the two valves 
of a single species. The arrangement of the sinuses appears to be sufficiently constant 
for this character to be considered in the description of Brachiopod genera and families. 
A special study has been made of the vascular sinuses in the genus Zeilleria, in connection 
with a piece of research on the Jurassic Zeilleriids. The disposition of the four main 
trunks and the number of bifurcations of the trunks was found to be similar in different 
species, but the angle of divergence of the inner trunks from the end of the septum, and 
of the divergence of the two secondary sinuses formed by bifurcation of the two outer 
main trunks, varied in shells of different width and convexity. In the pedicle valve 
there are also four main trunks, the outer two of which bifurcate once.

In most of the artificially prepared casts of Terebratulids no trace of vascular sinuses 
can be seen, owing, no doubt, to the difficulty of separating the shell from the internal 
cast, since on naturally formed internal casts the vascular markings are usually pre
served. Better results are obtained with artificially prepared casts of the Zeilleriids, but 
in Rhynchonellids the position of the sinuses is often masked by the longitudinal 
costation.

In the internal casts of the brachial valve of Kallirhynchia yaxleyensis traces of 
branching canals can be seen on some of the costæ anterior to the muscle-scars, but in 
no specimen of Kallirhynchia, so far examined, are the vascular sinuses perfectly 
preserved. In most Rhynchonellid genera there are two main trunks given off from 
the anterior end of the median septum, and curving outwards and backwards round 
the outer margin of the adductor muscle-scars. Numerous secondary sinuses which 
frequently bifurcate are given off anteriorly and laterally from the main trunks.

No traces of vascular sinuses are seen on the artificially prepared internal casts of 
Lobothyris and Plectoidothyris. In a specimen of Lobothyris punctata from the French 
Middle Lias which has the two valves separated, the vascular sinuses are seen as two 
main trunks in the brachial and pedicle valves. In the brachial valve the two main 
trunks are given off from between the anterior ends of the adductor muscle-scars. They 
diverge slightly and each sinus bifurcates a short distance below its point of origin, and 
each of these secondary sinuses also bifurcates anteriorly, but the four resultant sinuses 
remain in close proximity to one another near the anterior margin. In the pedicle valve 
the two main trunks are given off along the lateral margin of the diductor muscle-scars 
and each splits into two at the anterior end of the scar. Each lesser sinus bifurcates 
anteriorly as in the brachial valve.

In Terebrirostra the vascular markings are usually obscure. In the brachial valve 
one sinus follows the outer margin of each of the posterior adductor muscle-scars. Two
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other sinuses appear to extend vertically across the adductor muscle-scars, and to 
converge towards the median septum, and then to extend, parallel to, and at a short 
distance from, it. In the pedicle valve also, there appear to be four main trunks, two 
extending from the anterior end of the dental lamellæ, and one extending along each 
outer margin of the muscle area. All four trunks bifurcate frequently.

In adult shells of Ornithella it is seldom possible to prepare internal casts to show all 
the vascular markings, owing to the difficulty of removing the thick deposits of callus. 
Four main trunks can be distinguished in each valve. In the brachial valve the two 
outer trunks follows the outer margin of the adductor muscle-scars and diverge outwards 
from their anterior lateral margin, and then bifurcate. The two inner main trunks are 
given off from the anterior end of the median septum, and diverge slightly towards the 
anterior margin. In the pedicle valve the two outer main trunks are given off just 
above the anterior end of the dental lamellæ, and the two inner main trunks from the 
umbo ; the latter extend along the inner margin of the diductor muscle-scars. The 
outer main trunks bifurcate shortly below their point of origin, the branch curving 
outwards and extending parallel to the lateral margin of the shell.

In the brachial valve of Digonella digona the two outer main trunks are given off from 
the posterior end of the adductor muscle-scars, and extend along the outer margin of the 
anterior adductor scar, as in Ornithella. The two inner trunks extend across the adductor 
muscle-scars, and extend vertically downwards towards the anterior margin. No 
bifurcations were observed. In the pedicle valve the two outer main trunks extend 
along the outer margin of the dental lamellæ, and the two inner main trunks extend from 
the anterior end of the diductor scars, but no bifurcations were observed.

In Obovothyris the vascular markings are usually obscure but there are apparently 
four main trunks in each valve. In the brachial valve two inner main trunks are given 
off from the anterior end of the median septum. The two outer main trunks extend, as 
in Digonella, but converge inwards at the anterior end of the muscle area und bifurcate, 
the bifurcations curving inwards towards the inner main trunks. In the pedicle valve 
the four main trunks are similarly placed to those of Digonella, but no bifurcations were 
observed.

Muscle-scars.—In the brachial valve each of the two adductor muscles is spht into 
two parts, and consequently leaves two scars of attachment, which are known as the 
posterior and anterior adductor muscle-scars. The relative position and shape of these 
two scars varies in different genera. The diductor muscles are attached to the cardinal 
process, or to the hinge-plates in genera in which no cardinal process is developed. 
The dorsal adjustors of the pedicle are also attached to the hinge-plate.

In Rhynchonellids and Zeilleriids the posterior and anterior adductor-scars are 
usually well demarcated, but in Terebratuhds the two parts of the scar are not as a 
rule distinguishable in internal casts. In Kallirhynchia the subtrigonal anterior adductor 
scars are almost in contact with the median septum along their inner margin and with 
the posterior adductors along part of their outer margin. The posterior adductors
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project posteriorly beyond the anterior scars, but are less extended anteriorly. They 
are linear in outline, increasing slightly in width anteriorly.

The adductor muscle-area in Lobothyris punctata is narrow and spatulate in outline, 
tapering rapidly posteriorly, and usually about 2 mm. in widtli anteriorly. The muscle- 
scars rarely exceed 8 mm. in length, and usually diverge from the umbo at an angle 
of about 40°. In Plectoidothyris polyplecta the adductor muscle-scars are strap-shaped 
and do not narrow rapidly towards the umbo. They are usually about 14 mm. in length 
and 2 • 5 mm. in width, and diverge from the umbo at an angle of about 20°. In Tere
brirostra the adductor muscle-area is trigonal in outline and tapers posteriorly to an 
acute extremity. The longer side is almost in contact with the median septum. The 
posterior and anterior lateral margins are sub-rounded. The division between the 
posterior and anterior scars is obscure, but the anterior adductors appear to be 
narrow and linear in outline. In Ornithella, Digonella, and Obovothyris the adductor 
muscle-scars are somewhat similar in outline. In Digonella and Obovothyris the outer 
margin of the scars is marked by a vascular sinus which extends nearly vertically. In 
Digonella the outer or posterior adductor scars are elongate-oval in outline and project 
posteriorly for a short distance beyond the anterior scars, with which they are in close 
contact along their inner margin. The anterior adductors are subtrigonal in outline 
and increase slightly in width anteriorly, while their inner margin remains in contact 
with the median septum. In Obovothyris the anterior adductors are broader than in 
Digonella, and the posterior and anterior adductors are about the same length. In 
both these genera the longitudinal axis of both adductor-scars are approximately 
vertical. In Ornithella the anterior adductors are elliptical in outline, and the posterior 
adductors are crescentic. The longitudinal axis of both the scars is inclined at an angle 
of about 20° to the median septum.

Punctation of shell.—No study has been made of the shell structure, although it was 
observed that in the transverse sections of Digonella, Obovothyris, and Ornithella the 
number of punctæ varied in different parts of the section, and that no punctæ were 
developed on the teeth, hinge-plates, and septum, although sparingly developed on the 
dental lamellæ. This character has been investigated by C a r p e n t e r  (1845, 1848), 
P e r c i v a l  (1916), L e i d h o l d  (1922, 1925), T h o m s o n  (1927), K i n g  (1869), and other 
authors who have shown that the number and size of the punctæ do vary in different 
species. This character might be of use in distinguishing species, provided a similar 
area of shell surface were studied for each species, since the density of the punctæ is 
known to vary in different parts of the same shell.

Calcareous spicules.—The development of minute calcareous spicules in the mantle 
and brachia of some Recent Brachiopods has been studied by H a n c o c k  (1859), V a n  

B e m m e l e n  (1883), D e s l o n g c h a m p s  (1860, 1865), T h o m s o n  (1927), J a c k s o n  (1912), 
B l o c h m a n n  (1906,1908), and others. T h o m s o n  (1927) states that spicules are developed 
in the Recent Protremata, and among the Telotremata in the Terebratulidæ and some
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Terebratellidæ. The presence or absence of these spicules and their arrangement is 
of considerable help in establishing the relationship of recent species and genera. The 
spicules are formed of crystals of calcite which vary in shape and size in different species, 
and arc often branched or fused together to form a network. They apparently formed 
an additional internal skeleton for reinforcing the soft parts, and are especially found 
along tlie walls of tlie vascular sinuses.

Tliese spicules may be preserved in the interior of fossil Brachiopod shells as gray 
powdery matter, and they have already been studied in the Thecidiidæ. D e s l o n g 

c h a m p s  (1805, p. 21) records their occurrence in a Liassic species Kingena [Pseudokingena] 
deslongchampsi, in which the spicules were evidently very numerous in the mantle.

Traces of small spicules were observed by the author when dissecting out the loops 
of the Terebratulid species under the microscope, but their significance was not realized 
at that time. A careful examination may reveal the presence of these spicules in fossil 
as well as in recent species.

External Morphology.

No new terms have been used in the description of the external shell characters in 
Part IV, and the terms employed have been defined by B u c k m a n  (1917, 1919) and 
T h o m s o n  (1915a, 1927).

As B u c k m a n  has made a thorough study of the external morphology of Jurassic 
species it is not proposed to duplicate his work in giving detailed descriptions of the 
exterior of the shell in the seven species specially examined.

Homœomorphy.

Forms which are superficially similar but which differ structurally were described 
by B u c k m a n  (1 9 0 1 ) as homœomorphs. These were said to be either isochronous, which 
occur in deposits of approximately the same age, or heterochronous, which occur in 
beds of different ages.

The question of homœomorphy has been touched on in the Introduction ” and 
further reference is made to the subject in the “ Systematic Descriptions ” (p. 541).

As examples of isochronous homœomorphs may be mentioned the Middle Liassic 
species, Lobothyris punctata which is similar in external form to two undescribed species, 
belonging to different genera. These three forms are only distinguishable externally 
by the different folding of the shell and by slight differences in beak characters, but 
are readily distinguished by their internal structure. Other examples of isochronous 
homœomorphs are provided by Ornithella hathonica and “ Ornithella ” cadomensis from 
the Fullers Earth Rock ; and Obovothyris sp., and Microthyridina lagenalis from the 
Upper Cornbrash.

Excellent examples of heterochronous homœomorphs are provided by “ Terebrirostra ” 
[Terebratulina] neocomiensis and species of Terebrirostra from the Albian and Ceno- 
manian.
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Lobothyris punctata and Plectoidothyris polyplecta are distinct from one another in 
external characters, but have rather similar dorsal adductor-scars and brachial loops 
and are to a certain extent internal homœomorphs. Further investigation of internal 
characters, however, has shown these two species to be totally unrelated.

Such a list can be added to indefinitely and will serve to show the importance of a 
careful examination of internal as well as external characters.

IV. S y s t e m a t i c  D e s c r i p t i o n s .

Emended diagnoses of the genera Kallirhynchia, Lobothyris, Plectoidothyris, Ornithella,
Obovothyris, and Terebrirostra, and description of a new genus Digonella.

As a result of my researches on the genotypes of Kallirhynchia, Lobothyris, Plectoido
thyris, Terebrirostra, Digonella, Obovothyris, and Ornithella, much additional information 
about the internal structure of the two valves has been obtained, and described in 
Part III. Several internal structures, which have not previously been investigated, 
have been found to be of diagnostic importance, and are therefore included in the 
generic diagnoses. In consequence of this, it is n e c e s s a r y  to redefine B u c k m a n ’s  

genera, Kallirhynchia, Lobothyris, Plectoidothyris, Obovothyris, on the internal and 
external characters of the genotype collectively, and to assign to these genera only those 
species which are similar in structure to the genotype, and are obviously related forms.

The internal structure of the Cretaceous genus Terebrirostra is more fully described, 
and one new genus, Digonella from the Bathonian is defined.

As no specimens of the genotype of Ornithella were available, examination has been 
made of the common Fullers Earth Bock species, 0. hathonica, which is closely related 
to the type both in external form and in internal structure.

No attempt is made to assign these genera to sub-families on account of the confusion 
prevailing in existing classifications.

Family R h y n c h o n e l l i d æ ,  G r a y .

Genus Kallirhynchia, B u c k m a n .*

Emended H. M . M u ir - W o o d .

Figs. 15-17, Plate 62 ; fig. 32, Plate 63 ; and figs. 2, 3.

Kallirhynchia, B u c k m a n  (1914), p . 1.
Kallirhynchia, B u c k m a n  (1915), p. 76.
Kallirhynchia, B u c k m a n  (1917), p. 31.

Emended diagnosis.—Shell posteriorly norelliform, anteriorly everted, pedicle valve 
with well-defined sinus, linguiform extension of pedicle valve with approximately

* Unless otherwise stated the reference is to S. S. B u c k m a n ,
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rectciiigular termination, brachial valve with flattened median fold. Hypothyrid, beak 
suberect, foramen elliptical to circular, deltidial plates disjunct to just conjunct. Shell

0-1

>  < y - : h , r

F ig . 2.—Twenty-two transverse sections* through the posterior part of the shell of Kallirhynchia yaxleyensis 
( D a v id s o n ), Lower Cornbrash, Yaxley, Peterborough [B. 82276.] X 2^. Original height of shell =  18 • 8 
mm. Sections 1 -t  show the pedicle valve only.

The key to the lettering will be found on page 516.

smooth near umbones, ornamented with sub-angular costæ on remainder of shell. Dental 
lamellæ subdivergent. Median septum short, low, only supporting hinge-plates 

* The numbers at the top right-hand corner of the transverse sections represent the thickness of shell 
in mm. removed in the successive grindings.

VOL. C C XXIII.— B . 4 A
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posteriorly. Hinge-plates curved, sharply differentiated from inner socket-ridges. 
Crural bases given oh dorsally. Teeth terminally flabellate. Crura long, curved, in 
adult slender laminæ, terminating ventrally in a hook-shaped process (Calcarifer). 
Pedicle collar developed. Posterior adductor-scars of brachial valve narrow, linear, 
anterior addnctor-scars subtrigonal extending anteriorly beyond posterior adductors.

F ig . 3 .—Fifteen longitudinal sections through the shell of Kallirhynchia yaxleyensis (D a v id s o n ) approxi
mately parallel to the plane of symmetry of the shell. Lower Cornbrash, Yaxley, Peterborough. [B. 
8 1 6 3 9 .]  X 2 | .  The sections are ground at varying distances from one another. In section 15 the 
complete crus was excavated with the aid of a dissecting needle.*

The key to the lettering will be found on p. 516.

Genotype.—Rhynchonella yaxleyensis D a v id so n , 1878.
Species (at present recognized).—K . yaxleyensis (Davidson) ; K . concinna (So w e r b y ) ; 

K . crassicosta B uckm an  ; K . multicosta D ouglas and A r k e l l  ; and other variants of 
K . yaxleyensis described as distinct species by B uckm an .

Range.—Jurassic. ? Great Oolite, Cornbrash, ? Callovian.
Remarks.—B u ckm an’s original diagnosis of this genus was :— Hypothyrid (beak 

stout, rather flattened, suberect, rarely incurving, apex short, but distinct, foramen 
elliptical, deltidial plates trigonal, disjunct), slightly trilobed ; median fold often more 
or less strangulate ; multiplicate, dental plates somewhat strong, subdistant, divergent ;

* Outer shell-surface stippled,
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ventral muscle-area fairly large, pyriform ; dorsal septum not strong ; dorsal muscle- 
scars elongate, anterior scars well in front of posterior scars and suboblong.”

The distinguishing characters of the genus are not very clear from B uckman’s 
diagnosis, and he included several species which, even from external characters, are 
obviously unrelated to the type. He expressed a doubt, however, whether the Vesulian 
and Great Oolite species were really related to the Cornbrash forms, but included them 
on account of the similarity of the muscle markings. He cited Rhynchonella yaxleyensis 
D avidson  as the genotype, but on another page (1917, Plate 15, fig. 23) he figured 
a specimen in his own collection from the Cornbrash of Yetminster, Dorset, as the 
“ genotype.” D avidson’s unique specimen, and therefore the holotype, figured in 
1878, his Plate 27, fig. 23, was obtained from the Cornbrash of Yaxley, Peterborough, and 
this specimen is preserved in the British Museum (Nat. Hist.) Coll. [B. 82289]. In 
accord with the rules of Zoological nomenclature I have taken D avidson’s species 
Rhynchonella concinna var. yaxleyensis as the genotype of Kallirhynchia and have 
investigated the structure of topotypes in the Davidson collection from the Cornbrash 
of Yaxley. B uckman’s specimen figured by him as the “ genotype ” is a variety of 
K. yaxleyensis.

B uckman included certain forms described by many authors as the Rhynchonella 
concinna-growg in his list of species of Kallirhynchia. The name Rhychonella concinna 
has been applied to species ranging from the Inferior Oohte to the Cornbrash, and 
there is still some doubt about the exact horizon of Sow erby’s type-specimen. The 
holotype of R. concinna, Brit. Mus. (Nat. Hist.) [B. 71570], is said (Sow erb y , 1815, 
Feb., p. 192) to have come from the Great Oolite at Aynhoe [Northants]. The two 
specimens on the tablet which were not figured are undoubtedly Great Oohte forms 
belonging to B uckman’s genus Burmirhynchia. The type, however, appears to be a 
typical Kallirhynchia and closely related to K . yaxleyensis. In the Davidson Collection, 
one specimen labelled Rhynchonella yaxleyensis from the Cornbrash of Yaxley is 
indistinguishable from the type of R. concinna Sow erby , and other specimens though 
smaller in size have similar ornament and folding.

B uckman (1917, Plate 15, fig. 24) figured a poor plaster cast of R. concinna, and 
stated that it was from the Lower Cornbrash between Ardley and Aynhoe, Northants. 
D ouglas and Ar k ell  (1932, p. 153) (Ar k ell , 1933), on the other hand, state that 
K . concinna is a Great Oolite species, and that specimens indistinguishable from the 
type could be obtained in a Great Oolite quarry a quarter of a mile E. of Aynhoe. 
They also state that W aleord (1917, p. 10) found typical specimens of R. concinna in 
Aynhoe Allotments Quarry in 1883, and that he considered it to be from a bed a httle 
above the Stonesfield Slate. If genuinely a Great Oolite species, K . concinna must 
have persisted practically unchanged until the Lower Cornbrash times. Owing to 
lack of material no investigation was made of the internal structure of K . concinna.

B othpletz (1886) stated that the crura of Rhynchonella concinna are radulifer in 
shape, but from illustrations of radulifer crura given by B othpletz and by W isniew ska

4 a 2
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there do not appear to be any spnr-like lamellæ projecting dorsally from the primary 
lamellæ, as in Kallirhynchia.

Family T e r e b r a t u l id æ , Gr a y .
Genus Plectoidothyris, B u ck m a n .

Emended H. M. Mu ir -W ood .
Figs. 3 0 ,  3 1 ,  Plate 6 2  ; fig. 3 5 ,  Plate 6 3 ,  and fig. 4.

Plectoidothyris, B u c k m a n  ( 1 9 1 4 ) ,  p .  2.

Plectoidothyris, B uckm an  (1 9 1 5 ) ,  p .  7 8 .

Plectoidothyris, B uckm an  (1 9 1 7 ) ,  p .  1 2 2 .

Plectoidothyris, B uckm an  : Sa h n i (1 9 2 8 ) ,  p .  1 3 4 .

Eme'iided diagnosis.—Shell sulco-convex in neanic stage becoming biconvex, elongate- 
oval in outline, anterior commissure plane to uniplicate, to multiplicate. Umbo short, 
erect, slightly incurved in gerontic stage, obliquely truncate, foramen subapical, circular, 
marginate, epithyrid, beak-ridges obscure. Symphytium short. Pedicle-collar 
developed. Cardinal process prominent, bilobed, separated from shell floor by deep 
umbonal cavity. Hinge-plates narrow, concave, demarcated from inner socket-ridges 
and ventrally deflected crural bases. Loop extending for approximately two-thirds 
of length of brachial valve, descending branches broad, flat dorso-ventrally directed 
plates. Teeth mallet-shaped, deeply inserted. Outer socket-ridges interlocking between 
teeth and massive denticula. Dorsal adductor scars elongated, narrow, strap-shaped.

Genotype.— Terehratula polyplecta B uckm an , Oolite Marl, bradfordensis zone.
Species.—P. polyplecta (S. S. B uckm an ), P. plicata (J. B u ckm an).
Range.—Inferior Oolite.
Remarks.—S. S. B uckm an ’s original diagnosis of this genus was “ Permesothyrid 

(young), epithyrid (adult), (beak short, obliquely truncate, incurved only in old age, 
foramen somewhat large, almost apical, attrite, symphytium broad, very short) ; 
morphogeny concavo-convex to elongately biconvex, to fimbriate (multiplicate) ; 
muscle-tracks long, sub-approximate, subdivergent.”

B uckm an  points out the similarity of growth-stages, before multiplication, of 
Plectoidothyris with those of Lobothyris, and this led to confusion of the two genera 
by Sahni as already stated on p. 513.

Plectoidothyris polyplecta is d istingu ished  from  Plectothyris fimbria (So w e r b y ), th e  
geno type o f B u ck m a n ’s genus Plectothyris, b y  its  m ore e rec t um bo an d  subap ica l 
fo ram en , m ore e longate  shell ; less d iv e rg en t a n d  narrow er dorsal a d d u c to r m uscle-scars, 
an d  b y  th e  differences in  in te rn a l ch arac ters , shape o f h inge-p la te , te e th  an d  sockets, etc.

B uckm an  (1917, p. 122) cites P. polyplecta as the genotype of Plectoidothyris, and 
on Plate 20, fig. 14a, of the same work figures a specimen from the Oohte Marl, Notgrove 
Station, Glos. as the genotype.” The holotype of this species was described by 
B uckm an  (1901, p. 242) from the same horizon and locality.
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0-3

0-4-

20 22

3-3

F ig . 4.—Twenty-three transverse sections through the posterior part of the shell of Plectoidothyris ‘polyplecta 
( B u c k m a n ).  Inferior Oolite, Oolite Marl, Notgrove, Glos. [B. 67617.] x 2 |.  Original height of 
shell =  42 • 1 mm. Sections 1-4 show the pedicle valve only.

The key to the lettering will be found on page 516.

Genus Lobothyris, B uckman.
Emended H. M. Mu ir -W ood.

Figs. 28, 29, Plate 62 ; fig. 37, Plate 63, and figs. 5, 6.
Lobothyris, B u c k m a n  (1 9 1 4 ) ,  p .  2.

Lobothyris, B uckman (1 9 1 5 ) ,  p .  7 8 .

Lobothyris, B uckman (I9I7), p. 107.
Plectoidothyris, B uckman : Sa h n i (1 9 2 8 ,  in part), p. 120 .

Emended diagnosis.—Shell plano-convex in neanic stage, becoming biconvex, elongate- 
oval in outfine, anterior commissure plane to uniplicate to ? sulciplicate. Umbo romided.
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suberect to incurved ; foramen circular to oval labiate ; epithyrid, beak-ridges angular. 
Cardinal process small, trilobed, not separated from shell floor by umbonal cavity. 
Hinge-plates concave, fused with inner socket-ridges. Crural bases sharply recurved 
ventrally from hinge-plates. Descending branches of loop forming broad plates 
extending dorso-ventrally. Loop approximately one-third of length of brachial valve. 
Pedicle collar supported by short septum. Symphytium narrow anterio-posteriorly. 
Teeth linguiform, deeply inserted, denticula interlocldng with outer socket-ridges.

22

J \
25 2 6  

F ig . 5 .— Twenty-eight transverse sections through the posterior part of the shell of Lobothyris punctata 
(S o w e r b y ). Middle Lias, Tilton, Leicestershire. [B. 6 5 2 4 0 .]  X  2 | .  Original height of shell =  31  • 8  m m . 

Sections 1 - 6  show the pedicle valve only.
The key to the lettering will be found on page 516.

Adductor muscle-scars of brachial valve short, narrow, spatulate, diverging at angle 
of about 4 0°.

Genotype.— Terehratula punctata J. So w e r b y , 1813.
Species (at present recognized).—L. punctata (So w er b y ), L. suhpunctata (D a v id so n  

in part), L. edwardsi (D a v id so n ).
Range.—Lias— ?
Rerrmrks.—S. S. B u ck m a n ’s original diagnosis of this genus was “ Epithyrid (beak
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overhanging dorsal umbo, foramen more or less elliptical, in old forms labiate, 
symphytium broad) ; morphogeny, subconcavo-convex to biconvex, to elongate, to 
uniplicate, to sulciplicate—centronella to terehratula stage ; muscle-tracks, narrow, 
sub-approximate. ’ ’

A large number of species ranging from the Lower Lias to the Kimeridgian were 
isted by B u c k m a n  as belonging to Lobothyris, but he suggested that these species might

f
v-osr
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-m. '--osr
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-Cf l

A_-cr
_dl

F ig . 6.—Twelve longitudinal sections through the shell of Lobothyris 'punctata (S o w e k b y ), approximately 
parallel to the plane of symmetry of the shell. X 2L Middle Lias, Halstead, Leicestershire. 
[B, 81638.] In section 12 the complete loop was dissected out with the aid of a dissecting needle.

The key to the lettering will be found on page 516.

be successive offshoots from a plano-convex or circular biconvex stock, and that they 
might not belong to one genetic series. Many of these species can be distinguished 
from L. punctata by marked differences in external characters, and in the shape of the 
dorsal adductor scars, and will, no doubt, prove to have a totally different internal 
structure. Investigation of the Liassic species Lobothyris punctata (Sow erby) and 
L. subpunctata (Davidson) has shown that they are homœomorphous with forms having
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a different internal structure. Some of these homœomorphs differ from Lobothyris 
punctata in having sulcation of the posterior portion of the brachial valve ; a more 
incurved beak and broader adductor muscle-scars, and differences in the hinge-plates as 
well as a longer loop in the adult shell. Other homœomorphs of I j .  punctata liaving 
anterior sulcation of the brachial valve may belong to B uckm an’s genus Euidothyris, 
or to a genus apparently homœomorphous with Sphœroidothyris, but with the anterior 
commissure sulcate.

D ubar  (1925, 1931) figures specimens with a silicified brachial loop belonging to 
the group of Terebratula punctata and T. davidsoni from the Lias of the French 
Pyrenees. Careful examination of D u ba r’s plates shows that the species of the 
punctata and davidsoni group belong to two or possibly three distinct series differing 
slightly in external and internal characters. The narrow elongated form figured as 
T. davidsoni H aim e  has a sulcate brachial valve, a much incurved carinate umbo 
in the pedicle valve, and a longer loop than in Lobothyris, and belongs to another genus, 
although included by B uckm an  in Lobothyris. Terebratula radstochiensis D a v id so n , 
identified as belonging to the genus Lobothyris by B u ckm an , has a sulcate brachial 
valve and a different internal structure from L. punctata, and may belong to the same 
undescribed genus as T. davidsoni.

Sa h n i (1928, p. 135) copied one of D u b a r ’s figures (1925, Plate 6, fig. 18) showing 
the loop of Terebratula punctata, var. lata, and pointed out the similarity in form to 
that of Plectoidothyris polyplecta (B u ckm an). He also figured somewhat inaccurately 
the adductor muscle-scars of Plectoidothyris and Lobothyris, and from the close 
resemblance of the brachial loops and muscle-scars of the two genera he stated that 
Tjobothyris was synonymous with Plectoidothyris.

The marked difference in beak characters and the differences in the internal structure, 
cardinal process, hinge-plate, teeth and sockets, etc., shown in the transverse sections 
of Plectoidothyris polyplecta, and Lobothyris punctata, show conclusively that we are 
concerned with two totally distinct and unrelated genera.

Although the brachial loops of the two genera are similar in form, the loop of 
Lobothyris is always shorter than that of Plectoidothyris. In adult specimens of 
Lobothyris punctata about 30 mm. in length from the British Middle Lias the loop 
averages 9 mm. in length, as compared with 18 mm. in Plectoidothyris polyplecta, in 
adult shells about 38 mm. long. So w er b y  figures (1813, Plate 15, fig. 2) a young 
specimen of Terebratula punctata having a brachial valve 21 mm. in length in which 
the loop is only 8-5 mm. in length. Another specimen from the same locality and 
collection, but not figured by So w e r b y , has a brachial valve 23 mm. in length and a 
loop 9 mm. in length. In a homœomorph of Lobothyris punctata from the British 
Middle Lias the loop averages 14 mm. in length in an adult shell 30 mm. long. The 
crura in this form are considerably longer than in L. punctata.

The lectotype of Terebratula punctata S o w erb y  (I8I3, Plate 15, fig. 4) was obtained 
from the [Middle] Lias of Hornton [Oxfordshire], and is not identical with the specimen
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figured as “ genotype ” of Lobothyris by B u c k m a n  (I9I7, Plate 20, fig. 7, a) from the 
Middle Lias of Le Pont Rouge, Vendee, France. Investigation of an externally similar 
specimen from the same French locality shows that B u c k m a n ’s  form is congeneric, 
and that it is probably a more massive and elongated variety of S o w e r b y ’s  species.

As B u c k m a n  cites T. pimctata S o w e r b y  as the genotype of the genus Lobothyris, 
this species has been accepted as such by me, and investigation has been made of the 
internal structure of specimens externally similar to the lectotype of S o w e r b y ’s  species.

D e s l o n g c h a m p s  (1884, p . 249) in his classification of Terebratula divided the genus 
into a number of species groups, and T. punctata is the type of “ group C.” The 
species belonging to this group are described as “ allongées, renflées, à crochet épais 
et court.” D e s l o n g c h a m p s  (1884, Plate 10, figs. I, 2) also figured the loop of a French 
specimen of T. punctata which does not agree in form with that of the English species. 
In the lateral view of the loop of the English species the transverse band is concealed 
by the broad ribbon of the descending lamellæ, while in the French form the descending 
lamellæ are narrow and the transverse band is well exposed.

A l k i n s  (1923) measured 300 specimens of “ Terebratula punctata ” from the Middle 
Lias of Stathern, Leicestershire, and worked out the ratios of width/length and depth/ 
length. After plotting his results in the form of graphs, he stated that the species as 
represented by these shells was perfectly homogeneous.

Family T e r e b r a t e l l i d æ ,  K in g .

Genus Ornithella, D e s lo n g c h a m p s .

Emended H. M . M u ir - W o o d .

Figs. 22-24, Plate 62 ; fig. 38, Plate 63, and figs. 7, 8.
Ornithella, D e s l o n g c h a m p s  (in part), 1884. pp. 273, 292, 293.
Ornithella, auctt. in part.

Emended diagnosis.—Shell plano-convex in neanic stage, becoming biconvex ; elongate- 
oval to pentagonal in outline ; truncated or strangulate anteriorly. Anterior com
missure plane. Maximum width about half-way down length of shell. Umbo romided, 
suberect to incurved, frequently in contact with the brachial valve in the gerontic stage ; 
permesothyrid. Dental lamellæ embedded in callus in adult. Median septum less than 
half length of brachial valve, short, stout, supporting hinge-plate. Septalium shallow. 
Crural bases given off ventrally. Inner socket-ridges separated from hinge-plates by 
shallow depression. Loop with short spines, long, not attached to septum in adult. 
Muscle-area of brachial valve lens-shaped with longitudinal axis inclined at an angle of 
about 20° to median septum. Posterior adductors crescentic, anterior adductors lenti
cular. Pedicle-collar rarely observed.

Genotype.— Terebratula ornithocephala J. S o w e r b y ,  1815.
Species.—0 . ornithocephala (J. S o w e r b y ) ,  0. bathonicu R o l l i e r ,  0. brutonensis

VOL. CCXXIII.— B. 4 B
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F ig .  7 .— Twenty-eight transverse sections through the posterior p a rt of the shell of Ornithella hathonica 

R o l l i e r .  Fullers E arth  Rock, Box Tunnel, W ilts. [B, 82278.] x  2 |.  Original height of shell =  
2 9 ’8 mm. Sections 1-5 show the pedicle valve only. Deposits of callus on the  hinge-plates are 
indicated by means of a dotted  line. The thick  callus deposits in the umbonal region of the pedicle 
valve cause the apparent obsolescence of the dental lamellæ.

The key to  the le tte ring  will be found on page 516.
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R o llier , 0. triquetra (J. de  C. So w erby) [=  0. subtriquetra d ’Or b . sp.], 0. bathiensis 
R ollier  ; *0. haydonensis and 0. pupa Mu ir -W ood MS.

Range.—Bathonian—Fullers Earth—Cornbrash, and ? Upper Jurassic.

osr

dp
.isr

F ig , 8.—Fourteen longitudinal sections through the shell of Ornithella hathonica R o l l ie e . Fullers Earth 
Rock, Box Tunnel, Wilts. [B. 82277.] X 2&. Sections 1-6 were ground at an angle of about 25° 
to the plane of symmetry of the shell. Sections 7-14 were ground so as to expose one-half of the 
complete loop and its relationship to the crus.

The key to the lettering will be found on page 516.

Remarks.—D eslongchamps (1884, pp. 273, 292, 293) described Ornithella as a section 
of Zeilleria, B a y le , with Terebratula ornithocephala So w erby , as the type. He included 
the species T. indentata Sow erby , T, umbonella (Lamarck), T. bucculenta So w erby ,

* Descriptions of these species will appear shortly in another paper by the author.

4  B 2
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and T. celtica M o r r is , in liis description of the genus. All these species, however, have 
a different muscle-arrangement and a different hinge-plate from that of 0. ornithocephala 
and are not congeneric.

The genotype of Ornithella, Terebratula ornithocepJiala was described by So w erb y  
in 1815 (Plate 101, figs. 1, 2, 4). He figured three specimens of which the specimen 
depicted in Plate 101, fig. 1, from Chatley, Somerset, probably from the Lower Corn- 
brash, has been selected as lectotype. The specimen represented by fig. 2 of the same 
plate from an unknown locality has been renamed Ornithella fullonensis by R ich ard so n  
(1907, p. 430). So w e r b y ’s third specimen (Plate 101, fig. 4) from the Lower Lias of 
Pickeridge, Somerset, is the type of Terebratula sarthacensis d ’O r b io n y .

The question of the genotype of Ornithella was discussed by B uckm an  in 19075 (p. 379), 
while the identity of the species Ornithella ornithocephala was discussed by the same 
author in 1904 (p. 396), and by D ouglas and A r k ell  in 1928 (p. 165).

D ouglas and A r k ell  (1928, p. 165) were unable to find any trace of Upper Cornbrash 
at Chatley in their recent mapping of Cornbrash outcrops, and no specimens of 0. orni
thocephala were collected by these authors from the Lower or Upper Cornbrash of any 
locahty, nor are any Cornbrash specimens preserved in the British Museum collections. 
A careful comparison of the type-specimen of 0. ornithocephala has been made with the 
numerous species of Ornithella occurring in the Fullers Earth Rock. 0. ornithocephala 
is not identical with the Fullers Earth forms, and must be regarded as a distinct 
species. In the absence of material from the Cornbrash, investigation has been 
made of the internal structure of 0. hathonica R o l l ie r , the common Fullers Earth 
Rock species.

A specimen of 0. ornithocephala in the duplicate Sowerby collection, possibly from 
Chatley, was dissected to show the loop, fig. 38, Plate 63, which agreed with that 
of 0. hathonica.

It is probable that Microthyris [=  Microthyridina, Sc h u c h er t  and L e  Ve n e ] will 
prove to be closely related to, if not synonymous with, Ornithella. Examination of 
specimens of Microthyridina lagenalis (Sch lo th .) from the uppermost Brown Jura of 
Beggingen, Schaffhausen, Switzerland, showed that they had essentially similar internal 
structure, hinge-plate, etc., as Ornithella. The muscle-scars are also very similar in the 
two genera. The specimens investigated agreed in size and external shape with that 
figured by V on B uch  in 1834 (Plate 3, fig. 43) from Aarau, Switzerland, the type locality 
for Terebratula lagenalis.

In the British Upper Cornbrash there appear to be lagenalis-Yike forms with at least 
three distinct types of internal structure, one belonging to Ohovothyris, another probably 
to Microthyridina, and the third to an undescribed genus. The matter is further com- 
phcated by the selection of D eslo n g ch a m ps’ figure of Terebratula lagenalis in Paléon
tologie franç., Plate 107, fig. 1, from an unknown locality, as geno-holotype of Micro
thyridina by Sc h u c h ert  and L e  Ve n e  (1929, p. 84).

R o llier  (1919, p. 321) refers to Ornithella as being a synonym of Microthyris, a
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subgenus of Zeilleria, and restricts the application of the name Ornithella to the “ emar- 
ginata ” group of species. As Z. emarginata is not mentioned by D e s l o n g c h a m p s  in 
his original description of Ornithella R o l l i e r ’s  interpretation of the genus is incorrect.

Genus Ohovothyris, B uckman.

Emended H. M. Mu ir -W ood.

Figs. 25-27, Plate 02 ; fig. 33, Plate 63 ; and figs. 9, 10.

Ohovothyris, B uckman (1927), p. 32.
Ornithella, D ouglas and Aricell (in part) (1928), p. 160.
Ornithella, auctt. (in part).

Emended diagnosis.—Shell sulco-carinate in neanic stage, becoming biconvex ; sub
pentagonal in outline ; antero-lateral margins with subangular carinæ ; anterior 
margin truncate or excavate, anterior commissure plane or slightly waved dorsally. 
Maximum width occurring at about two-thirds of the length of shell. Umbo carinate, 
suberect to incurved. Permesothyrid. Median septum about two-thirds of length of 
brachial valve, thin and plate-like supporting hinge-plate. Septalium shallow. 
Inner socket-ridges and hinge-plates fused. Crural bases and loop given off dorsally. 
Loop spinose, long, not attached to septum in adult. Muscle-area of brachial valve 
lens-shaped, anterior scar almost in contact with septum. Pedicle-coUar supported 
by stout septum. ’

Genotype.—Ohovothyris magnohovata B uckman , 1927.
Species (at present recognized).—0 .  ohovata (Sow erby ), 0 .  grandohovata and 0. magno

hovata B uckman, also a new species from the Upper Cornbrash and homoeomorphous 
with Microthyridina lagenalis (Schloth .).

Range.—Lower Cornbrash—Upper Cornbrash.
Distinctions.—Ohovothyris is distinguished from Ornithella by differences in the shape 

of the hinge-plate ; by the more spinose loop which is given off from the dorsal side 
of the hinge-plate ; by the development of a pedicle-collar supported by a septum ; 
by its longer median septum ; and by the development of subangular carinæ at the 
antero-lateral margins of the shell.

Remarks.—In the original diagnosis of this genus, B uckman did not clearly define 
the characters by which it could be distinguished from Ornithella, and subsequent 
authors* have, therefore, not adopted his genus, but have preferred to retain the name 
Ornithella for the ohovata ” group. No internal characters were described by B uck
man with the exception of the muscle-scars which are indistinguishable in his figure 
of the type, and the long septum of the brachial valve. Investigation of internal 
characters, however, indicates that Ohovothyris should be regarded as a distinct genus,

* D o u g l a s  and A e k e l l  (1928), p. 160.



548 H E LE N  M. MUIR-WOOD ON TH E INTERNAL

although, related to Ornithella and Digonella, as shown by a similarity in the shape of 
the muscle-scars, in the form of the loop which in each type is spinose, and in the shape 
of the hinge-plate. The differences in internal characters have already been discussed

28  4.

A

Eig. 9.—Twenty-six transverse sections of the posterior part of the shell of Ohovothyris magnohovata S. S. 
B u c k m a n . Cornbrash, Blackthorn Hill, Bicester. [B. 68325.] X 2^. Original height of shell =  
29 • 6 nun. Sections 1-6 show the pedicle valve only.

The key to the lettering will be found on page 516.

in the section on Morphology and Nomenclature.” The genera Ornithella, Digonella, 
and Ohovothyris should probably be grouped together in one subfamily.

The sulcate umbo of the brachial valve and corresponding carination of the pedicle
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valve of Digonella and Ohovothyris indicate derivation from a sulcate ancestor, and in 
this connection it is interesting to mention that the internal structure and hinge-plate 
of A'ldacothyris ” meriani (O p p e l ) from the Inferior Oolite, Lower Trigonia Grit are 
remarkably similar to those of Ornithella and Ohovothyris. Although possessing a sulcate
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Fig. 10.—Twelve longitudinal sections through the shell of Ohovothyris magnohovata S. S. B u c k m a n , Lowerrr' I S mi
Cornbrash, Blackthorn Hill, Bicester. [B. 57807.] X 2 |.  Sections 1-11 were ground at an angle 
of about 25° to the plane of symmetry of the shell. Section 12 shows the spinose loop and median 
septum dissected out in a second specimen from the same horizon of Rushden, Northants. [B. 81636.] 

The key to the lettering will be found on page 516.

brachial valve and a carinate pedicle valve, this species is totally unrelated to Aula- 
cothyris resujpinata (S o w e r b y ), the genotype of Aulacothyris, from the Middle Lias. 
More research is needed before any attempt can be made to work out the lineages of the 
species at present grouped together in the subfamily Zeilleriinæ.
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It is possible that some of the more globose forms at present included in the “ ohovata ” 
group may be fomid to have a similar internal structure to that of Ornithella ” umhon- 
ella (L am arck). This species belongs to a new genus which is being described by the 
author in another paper.

D e s lo n g c h a m p s  (1884, p. 274) subd iv ided  th e  genus Zeilleria in to  a  nu m b er of species 
groups o f w hich  Terebratula ohovata an d  Terebratula digona are  exam ples of group “  h'' 
w hich, how ever, w as n o t given a  special nam e.

The holotype of 0. magnohovata was described by B uckm an  (1027, Plate 1, figs. 9, a, h) 
from the Lower Cornbrash of Blackthorn Hill, Bicester, Oxon. This specimen is pre
served in the Buckman collection, British Museum (Nat. Hist.) [B. 58321].

Genus Digonella gen. n.

Figs. 18, 19, Plate 62; fig. 34, Plate 63 ; and figs. I, 11, 12.

Syn. Ornithella auctt. (in part). -

Diagnosis.—Shell sulco-carinate in neanic stage, becoming biconvex, elongate-oval to 
trigonal in outline ; antero-lateral margins with angular carinæ, anterior commissure 
plane or dorsally waved. Maximum width occurring at, or near, anterior margin. 
Umbo flattened, suberect. Mesothyrid. Dental lamellæ slender, sub-parallel. Median 
septum slightly greater than half length of brachial valve, thin and plate-like supporting 
hinge-plate. Septalium shallow. Inner socket-ridges separated from hinge-plates by 
shallow depression. Crural bases and loop given off dorsally. Loop with numerous 
long spines, long, unattached to septum in adult. Muscle-area of brachial valve linear, 
adjacent to septum. Pedicle-collar forming a complete ring detached from shell wall 
and supported posteriorly by septum.

Genotype.—Terebratula digona J. So w e r b y , 1815.
Species (at present recognised).—Digonella digona (So w e r b y ), D. digonoides (B uck

m an).
Range.—Bathonian. Bradford Clay.
Distinctions.—Digonella is distinguished from Ornithella by difierences in the internal 

structure shown in transverse sections ; by its more spinose loop, longer median septum ; 
and by its trigonal shell outline, and prominent lateral carinæ. From Ohovothyris it is 
distinguished by difierences in the shape of the hinge-plate ; shorter median septum ; 
more persistent and slender dental lamellæ ; and by its trigonal shell outline, and more 
erect, flattened umbo.

Remarks.—So w er b y  (I8I5, p. 217) figures four specimens as Terebratula digona of 
which figs. 1-3 of Plate 96 are from the Bradford Clay of Bradford (Wilts.) or Pickwick 
(Wilts.). Of these the specimen represented as fig. I is selected as lectotype. This 
specimen is preserved in the British Museum (Nat. Hist.) collection [B. 71586]. The
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specimen represented by figs. 4, 5 of the same plate from Pelmersham (Bedfordshire), 
probably from the Great Oolite, should be referred to Digonella digonoides (Buckm an).

D avidson  (1878, Plate 22, fig. 22) figured the interior of the brachial valve of “ Wald- 
heimia ” digona showing the spines on the loop exceptionally well preserved. Much 
restored drawings of the spines in this species were also given by D eslongchamps 
(1884).

K T J

u u '  v w :

F ig . 11.—Thirty-nine transverse sections through the posterior part of the shell of Digonella digona 
( S o w e r b y ) .  Bradford Clay, Bradford-on-Avon, Wilts. [B.'82279.] X 2 | .  Original height of shell =  
25 • 9 mm. Sections 1-8 show the pedicle valve only.

The key to the lettering will be found on page 516.
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F ig , 12 .— Twenty longitudinal sections through the shell of Digonella digona (S o w e r b y ), Bradford Clay, 
Bradford-on-Avon, Wilts. X 2^. Sections 1 -1 9  were ground at an angle of about 15 ° to the plane 
of symmetry of the shell. Section 2 0  shows the spinose loop and median septum dissected out from 
a second specimen. [B. 8 4 2 8 9 .]

The key to the lettering will be found on page 5 1 6 .

Genus Terébrirostra, d ’Oe b i g n y , 1847 .

Figs. 2 0 , 2 1 , Plate 6 2  ; fig. 3 6 , Plate 63 , and figs. 13 , 14.

Lyra, Cumberland MS. in So w er b y  (1816), p. 88 {nom. nud.). 
Trigonosemus, K o en ig  (in part) (1825), p. 3.
Terébrirostra, d ’O r b i g n y  (1 8 4 7 ), p . 2 6 9 .

Terébrirostra, d ’O rb ig n y  (1 8 5 0 a ), p. 126.
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Terébrirostra, d ’O rb ig n y  (1850b ), p. 345,

Terébrirostra, d ’O rb ig n y  (1850c), [1 8 4 9 -5 2 ], p. 85 .

Terébrirostra, d ’O rb ig n y  (1851 ), p. 222.
Terébrirostra, d ’O rb ig n y  : D a v id so n  (1852), p. 31.

Terehrirostra, d ’O rb ig n y  : D a v id so n  (1853 ), p . 67.

Terébrirostra, d ’O rb ig n y  : D a l l  (1877), p. 72.

Lyra, Cumberland : D all  (1877), p . 45 .
Lyra, Cumberland : D eslo n g ch am p s (1884), p . 266 .

Lyra, Cumberland : H a l l  and C la r k e  (1894), p . 890.

Lyra, Cumberland : S c h u c h e r t  and L e V en e  (1929), p . 78.

Diagnosis.—Shell biconvex, folding subintertext to incipiently ligate ; brachial 
valve elongate-oval to subtrigonal in outline, pedicle valve resembling brachial valve

X L/
é ^ \ 0 -3 0  2

d l 0-(

19 &
Fig. 13.—Twenty-one transverse sections through the posterior part of the shell of Terehrirostra lyra 

(S o w e r b y ), Cenomanian, Warminster, Wilts. [B. 84531.] X 2^. Original height of shell =  35-2 
mm. (umbo broken). Sections 1-4 show the pedicle valve only. The trilobed cardinal process pro
jects into the cavity of the pedicle valve in sections 4-9.

The key to the lettering will be found on page 516,

4 C 2
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but with long curving, suberect umbo ; anterior margin rounded, becoming trmicate 
or excavate ; anterior commissure slightly sulcate or plane ; lateral commissure deflected 
towards pedicle valve anteriorly. Beak-ridges angular. Deltidial plates fused. Dental 
lamellæ extending whole length of umbo, anteriorly curved and uniting with lateral

- -■ C O .

al-

F ig . 14.— T e n  lo n g itu d in a l se c t io n s  th r o u g h  th e  sh e ll o f  Terehrirostra incurvirostrum L a m p l u g h  a n d

W a l k e r , Cretaceous, Shenley Hill, Leighton Buzzard, Bedfordshire. [B. 84532.] X  2 |.  The 
sections 1-9 were ground approximately parallel to the plane of symmetry of the shell. The loop 
and median septum shown in section 10 were exposed by dissection.

The key to the lettering will be found on page 516.

margin. Median septum extending about one-half of length of brachial valve, supporting 
hinge-plate. Septalium deep. Hinge-plates joined, extending dorso-ventrally. Loop 
spinose, long, not joined to septum in adult, attached to septum in young. Crural 
processes long and curved. Cardinal process large, trilobed, projecting ventrally into 
cavity of pedicle valve.

Genotype.—Terebratula lyra J. S o w e r b y , 1816 =  Lyra meadii Cumberland MS. : 
J. S o w e r b y .

Species (at present recognized).—T. lyra (S o w e r b y ), T. hargesiana D ’O r b i g n y , 

T. arduennensis D ’O r b i g n y , T. incurvirostrum L a m p l u g h  and W a l k e r .
Range.—Cretaceous.
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' Remarks.—Terehrirostra is distinguished from Recent Terebratellas in having the 
brachial loop unattached to the median septum in the adult ; and in having a larger 
cardinal process and different hinge-plate. The numerous fossil species at present 
described as Terehratella, vary considerably in their hinge-characters, but most of these 
forms have a Terebratellid or doubly attached loop in the adult. Terehrirostra is dis
tinguished from Trifjonosemus by the simpler form of the loop ; by the difterences 
in the hinge-characters, and by its angular beak-ridges.

The name Lyra, employed by so many authors, has never been definitely described 
or figured in any publication. The only mention of it was in the description of Terebra
tula lyra by J a m e s  S o w e r b y  in 1 8 1 6 (p. 8 8 ), as follows :— Mr. Cumberland, indeed, 
considered it a new Genus and named it Lyra Meadi, in compliment to our worthy 
friend, whom I esteem so much, but the term Lyra is so apt I could not resist applying 
it to the specific name.”

The first published description of the genus was by D ’O r b i g n y  in 1847, who called it 
Terehrirostra, which name must be adopted, with genotype Terebratula lyra S o w e r b y .

D ’O r b i g n y  did not describe or figure the loop of this genus in any of his publications. 
D e s lo n g c h a m p s  (1884, p. 267), however, dissected out the loop of Terehrirostra hargesiana 
d ’O r b i g n y ,  from the Albian of the Ardennes, and described it as being similar to that 
of Waldheimia and not terebratellid in the adult. In his description of this genus 
under the name of Lyra, D e s l o n g c h a m p s  mentioned that the megerliform and terebrat- 
elliform stages persist in the early growth-stages of the shell. The terebratelliform 
stage of loop development was observed in immature specimens of T. incurvirostrum.

In most of the British specimens of Terehrirostra the umbo of the pedicle valve is 
imperfectly preserved, and the pedicle opening cannot be studied. This structure 
was seen, however, in a young specimen of T. lyra from the French Cenomanian in the 
British Museum (Nat. Hist.) collections [B. 82453], which has a complete umbo showing 
the oval terminal foramen surrounded by a shghtly raised rim. In this specimen 
the umbo was somewhat curiously curved ventrally, and away from the brachial 
valve.

The folding of the shell in Terehrirostra is peculiar. In young forms of T. lyra the 
anterior commissure is slightly sulcate, but the sulcation of the brachial valve is not 
met by a corresponding fold in the pedicle valve. Such a condition is described as 
non-intertext by B u c k m a n  (1917, p. 80). In the adult shell the anterior portion of 
the brachial valve becomes medianly depressed, and a shallow median sulcus is developed 
in the pedicle valve. The anterior commissure is now plane, and the folding of the shell 
approaches the ligate stage (B u c k m a n , 1917, p. 79), but the lateral carinæ do not extend 
up the shell.

Terêyrirostra neocomiensis d ’O r b i g n y  (1850a, p. 127), has a shorter umbo than T. lyra, 
and has no dental lamellæ in the pedicle valve. The shell is dorsally uniplicate, and the 
ornament consists of fine thread-like costæ unlike that of T. lyra. From the external 
characters and folding of the shell as well as from the absence of dental lamellæ, this
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species appears to be allied, to Terebratulina and is certainly not to be identified as a 
T erebrirostm.

Owing to lack of specimens of T. lyra from the Cenomanian, and also to the poor 
state of preservation of the interior of the shell of this species, it was necessary to dissect 
out the loop of adult specimens of T. incurvirostrum L a m p lu g h  and W a l k e r  0903), 
from the Cretaceous, ? Albian of Shenley Hill, Leighton Buzzard. Attempts to dissect 
out the loop of T. lyra from the Cenomanian of Warminster were usually unsuccessful 
OAving to the partial silicification of the interior of the shell. The cardinal process and 
hinge-plate of T. incurvirostrum are less advanced than those of T. lyra, and probably 
indicate an earlier age than the Cenomanian for the Shenley Hill deposits.

The remarkable elongation of the beak in the pedicle valve of Terehrirostra is paralleled 
to some extent in other genera of the Terebratulacea, and appears to be a trend in 
development, which is seen in species of Terebratulids in the Upper Jurassic, in ? Tere- 
hratulina in the Neocomian, in Terehratella in the Aptian, and in ? Trigonosemus in the 
Upper Chalk. This elongation of the umbo was probably favourable at first to the 
growth of the animal, but was finally carried to such an exaggerated pitch as to cause 
the extinction of the genus.

J a k o v l e v  (1908, p. 31) discussed the length of the cardinal area in the genera Tere
hratella, Trigonosemus, and Terehrirostra, as well as that of Permo-Carboniferous 
genera of the Donez-Basin, and suggested that the high area was due to rapid accumu
lation of sediment.

V. C l a s s i f i c a t i o n .

Until more research on the lines already described has been carried out on the Mesozoic 
Telotremata it is not proposed to put forward any new classification of the genera into 
famihes and subfamilies. When the external morphology, as well as the internal 
structure of these Mesozoic species, has been thoroughly studied it should be possible 
to outline trends, to build up lineages and so to construct some rational system of classifi
cation. Division of the genera into families and subfamilies will probably be based 
on internal characters, such as the form of the loop, and its developmental stages, and 
the form of the cardinalia. The genera will be defined by internal as well as external 
characters, and the species mainly by external shape, folding, and ornament.

In the genera specially investigated, the most important diagnostic internal characters 
were found to be those of the brachial valve. The form of the hinge-plates and cardinal 
process (cardinalia), size of the umbonal cavity, development of the septalium, size 
and shape of the hinge-sockets and angle of insertion of teeth, and additional articulation 
of denticula and socket-ridges, form of the loop, and position of crural bases are all 
characters which have been found to vary more or less in difierent genera, but which 
are fairly constant for one genus. The hinge-plate is found to vary less in form in 
successive growth-stages than the cardinal process and loop. The frequent asymmetry 
of the loop owing to injury during the life of the animal, or other causes, renders any
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classification relying on this character alone unsatisfactory. The median septum, or 
septum and fused septalial plates, is found to be variable in dorso-ventral height, but 
to be fairly constant in antero-posterior length in related species.

In the pedicle valve the dental lamellæ vary considerably in development not only 
in successive growth-stages of one specimen, but also the two lamellæ of one specimen 
may be unevenly developed. In the gerontic stage the lamellæ may either become 
embedded in thick deposits of callus, and therefore appear to be obsolete, as in 
Ornithella, or they may become more strongly developed than in the young specimens, 
or they may disappear entirely. For these reasons the dental lamellæ are not of much 
diagnostic importance.

The significance of the development of the pedicle-collar and its supporting septum 
is not at present Icnown. This structure, without supporting septum, appears to be 
developed in many of the Jurassic Rhynchonellids and Terebratulids, and in Ohovothyris 
and Digonella is accompanied by a supporting septum. It is interesting that this struc
ture is found in many Recent Terebratulids and Rhynchonellids, but is not developed 
in most of the Recent Dallininæ and Magellaniinæ, although usually present in the 
less advanced long-looped genera.

In the external morphology, the folding of the shell and the ornament in successive 
growth-stages and the beak characters are found to be important diagnostic characters.

Each character evolves separately and at a difierent rate, so that it is necessary to 
take this into consideration in the diagnosis of genera. The present piece of research 
has emphasized the importance of not relying on a single character, but of diagnosing 
genera on the internal and external characters collectively.

The metamorphoses of the loop in successive growth-stages by resorption and redepo
sition have been worked out in Recent and Tertiary species by F r i e l e  (1877), D e s l o n g 

c h a m p s  (1884), B e e c h e r  (I893a-c), T h o m s o n  (1927), F i s c h e r  and O e h l e r t  (1892), 
and others. Although it is not likely that the Terebratulid loop undergoes a series of 
remarkable developmental changes similar to those of the Terebratellid loop, there is 
no doubt that its form must vary with the growth of the shell, and any classification 
based on the form of the loop must take this factor into consideration.

The primitive centronellid loop, consisting of two short descending lamellæ united 
in a triangular median plate in the Devonian Terebratulid genus, Centronella, forms the 
early growth-stage of the loop of the more advanced Palæozoic Terebratulid genus, 
Dielasma ( W a t s o n ,  1909), and probably occurs in young specimens of all Mesozoic 
Terebratulids. In the Recent Terebratulid genus, Gryphus, no mention of the centro
nellid stage is made by D e s l o n g c h a m p s  (1884, p. 194), who describes the growth of the 
loop as a continuous development. In Liothyrina \Gryphus'\ vitrea, he found that it 
originated as short crural processes given ofi from the hinge-plate. The crural processes 
gradually elongated, and formed not only crura, which converged towards the median 
line, but also the two branches of the loop, which grew anteriorly, recurved upwards, 
and finally became united. This is confirmed by T h o m s o n  (1927), who states that the
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Centronella stage is lost by tacbygenesis. The centronellid loop is present also as an 
early stage of growth of the spiralia of some Spiriferidæ and is described by B e e c h e r  

and S c h u c h e r t  (1893) in the primitive Palæozoic genus Zygospira. In Recent species 
of Terebratulina the development of the loop is similar, as shown by M o r s e  (1871, 
a and b), but the crura unite in the adult stage to form a complete ring.

It is not known at present if the centronellid stage occurs in the immature stages of 
loop development of the Ornithellids. There is no evidence that the ornithellid loop was 
attached to the septum in the young stage, although traces of connecting bands were 
seen in Digonella digona, or that it ever passed through the complicated series of meta
morphoses that are known to occur in the Dallininæ and Magellaniinæ. It is possible 
that the ornithelhd loop may be derived from the Palæozoic long-looped genera, such as 
Cryptacanthia or Harttina, in which the loop is not joined to the septum. Further 
research on the long-looped genera is being undertaken by the author, and it is hoped 
to throw light on some of these doubtful points.

At least five distinct series of long-looped forms with dorsal septa are represented in 
the Mesozoic rocks :—(1) with ornithelliform loops ; (2) with ismeniform loops ;
(3) with magadiform loops ; (4) with terebratelliform loops ; (5) with terebrirostriform 
loops. Group (5) difiers from group (4) in having the loop attached to the septum in the 
early growth-stages only and also in having different cardinaHa. Forms with ismeniform 
loops have been described from the Jurassic by M o o r e  (I860, 1863) in Terehratella 
[Hamptonina] huckmani, and by Z i t t e l  (1870) in Megerlea [Trigonellina] pectunculus 
and other species. The adult loops of these forms resemble the early growth-stages 
of the loop of the Recent Dallininæ. Magas, in section 3, has a loop somewhat resembling 
that of young stages of Recent Magellaniinæ. The relationship of fossil Terebratellas to 
the Recent genus is not clear. M e y e r  (1868, p. 269), who examined the loop of Tere
hratella menardi from the Cenomanian, stated that it was attached to the septum even 
in young forms, and he did not describe any change in the form of the immature loop.

Many schemes for the classification of the Terebratulids, Terebratellids, and Rhyn- 
chonelhds into families and subfamilies have been outlined by successive workers on 
the Brachiopods, usually without any regard for the work of previous authors. Some of 
these classifications, such as that of V o n  B u c h  (1834), Q u e n s t e d t  (1871), R o t h p l e t z  

(1886), and B u c k m a n  (1917), are based entirely on the shape and folding of the shell 
and on the shell ornament. B u c k m a n ’s  four divisions are :—I. Læves, II. Capillatæ, 
III. Rugosæ, I V .  Ornatæ. It has already been shown by S a h n i  that “ Læves ” include 
genera with entirely different lengths of loop which probably indicate different phylo
genetic development. The “ Capillatæ ” include the genera Terebratulina, Disculina, 
TricJwthyris, and Holcothyris, all four of which are capillate but are totally unrelated in 
their internal characters. It is doubtful also if the “ Rugosæ ” and “ Ornatæ ” should 
be separated from one another or from the Capillatæ.” B u c k m a n  criticizes the classi
fication of R o t h p l e t z  and D o u v i l l e  as being artificial, but his own system possesses 
all the defects of those earlier workers.
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Among classifications relying mainly on internal characters may be mentioned that of 
K i n g  (1850), D a v i d s o n  (1853), D o u v i l l e  (1880), D a l l  (1870-1871), and B e e c h e r  

(1893a).
S c h u c h e r t  modified B e e c h e r ’s  classification in 1 9 1 3  and again in 1 9 2 9 .  In the latter 

publication the sub-family Zeilleriinæ is introduced to include Zeilleria, Ornithella, etc. 
Tlie name Zeilleriinæ is attributed by S c h u c h e r t  and L e  V e n e  to R o l l i e r  (1 9 1 9 ) .  

The latter author, liowever, proposed the family Zeilléridés to replace the Waldheimiidæ 
of D o u v i l l e  and included in it all Jurassic long-looped genera. The name Zeilleriinæ 
should therefore be correctly attributed to S c h u c h e r t  and L e  V e n e .  Among genera 
with ornithelliform loops are included forms with ismeniform and terebratelhform loops 
which are obviously unrelated, and should be removed from the Zeilleriinæ to the 
Dallininæ or Magellaniinæ. Ohovothyris and Cincta, which have ornithelhform loops, 
are placed by S c h u c h e r t  and L e  V e n e  in the Dallininæ, where they obviously cannot 
belong. A considerable amount of rearrangement of the genera will have to be made in 
S c h u c h e r t  and L e  V e n e ’s  classification before it can be adopted.

The Mesozoic, Tertiary, and Recent Terebratulids are left undivided in the subfamily 
Terebratulinæ by these authors with the exception of Pseudoglossothyris, Tegulithyris, 
and Avonoihyris which are placed in the Nucleatinæ, presumably on account of the sul
cation of the brachial valve. Examination of the species at present grouped together 
in Pseudoglossothyris shows, however, that we are dealing with a number of unrelated 
homœomorphous forms which will, no doubt, prove to be sulcate relations of various 
plano-convex or biconvex genera of the Terebratuhnæ.

An improved classification based on B e e c h e r ’s  work was proposed by T h o m s o n  

(1927) for the Tertiary and Recent forms. It introduces a number of new characters 
not previously used in any classification, and it should form a useful basis for the 
classification of Mesozoic genera.

A brief outhne of the history of the classification of the Rhynchonelhdæ was given by 
W isNiEW SK A  (1932), and need not therefore be repeated here. Reference, however, 
should be made to the tentative classification by R o t h p l e t z  (1886, p. 86) by means of 
the form of the crura in Mesozoic species which are described as (a) radulifer ; (b) falcifer ; 
(c) septifer. A fourth type (d) is described by W i s n i e w s k a  as arcuifer, and a fifth 
type (e) by the author in KaUirhynchia as calcarifer. L e i d h o l d  (1920) also describes 
what appears to be another distinct type in his genus Thurmanella from the Upper 
Jurassic.

VI. S u m m a r y .

(1) In this paper attention has been drawn to the importance of the question of 
homœomorphy in Brachiopoda due to parallel development. In consequence of this 
a careful examination of internal as well as of external characters is essential for the 
determination of genera and species.

v o l .  CCXXIII.— B. 4 D
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(2) Seven common Mesozoic species, six of which are the genotypes of previously 
described genera, have been selected for detailed examination, and their little known 
internal structure has been studied. This investigation has been by means of longitu
dinal and transverse sections, internal casts, and dissected specimens.

(3) It is found that by heating the specimens before sectioning or dissecting, the 
internal plates and brachial loop appear white against a dark matrix, and can be 
accurately drawn or photographed.

(4) Reconstructions have been made from the transverse and longitudinal sections 
of the interior of the brachial valve of KaUirhynchia yaxleyensis, Lohothyris punctata, 
Plectoidothyris polyplecta, Ornithella ornithocephala, Ohovothyris magnohovata, and 
Digonella digona from the Jurassic, and of Terehrirostra, ûicurvirostruîn from the 
Cretaceous.

(5) Much new information regarding the internal morphology of these genera has thus 
been obtained, and the previously unknown structures “ accessory socket,” “ denti- 
culum,” denticular cavity,” and “ septalial plate,” are defined.

(6) The cardinaha and articulatory processes of tiie two valves in these genera have 
been described in detail, and illustrated by means of enlarged diagrams.

(7) The complete loop seen in dorso-ventral view and in contour has been dissected 
out in each of the seven species, and the minute spines springing from one edge of the 
loop of Ornithella, Digonella, Ohovothyris, and Terehrirostra, have been investigated.

(8) The median septum in Ornithella, Ohovothyris, and Digonella has been found to be 
composed of, (a) a short septum, (the true septum) springing from the floor of the 
brachial valve ; (h) two plates (septalial plates) fused together dorsally to form a 
septum, but diverging from one another ventrally and uniting with the hinge-plates. 
The apex of the true septum is inserted within the dorsal end of the fused septalial 
plates.

(9) Growth-stages in the development of the brachial loop, due to resorption and 
redeposition, have been observed in specimens of Terehrirostra incurvirostrum, and also 
in the “ calcarifer ” crura of KaUirhynchia yaxleyensis.

(10) Five unrelated groups of long-looped Brachiopods are now known from the 
Mesozoic, some of which are ancestral forms of Recent species.

(11) The emended diagnoses of the above-mentioned six genera and the diagnosis 
of Digonella gen. n., are based on the internal and external characters collectively. The 
diagnostic importance of the internal characters of the brachial valve has been 
emphasized.

(12) A brief résumé has been given of modern methods employed in the investigation 
of Brachiopod shells, and of the defects of former classifications based only on external 
characters or on single internal characters.

Work on the fines described in this paper should make it possible to outline trends, 
to build up lineages, and to construct a natural system of classification.
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IX.— I n d e x  o f  G e n e r a ,  S p e c i e s ,  a n d  F a m i l i e s .

P a g e

arduennensis, Terehrirostra.............................. 554
astieriana, Septalvphoria ...................................529
A v o n o ih y r is ........................................................559
hargesiana, Terehrirostra.......................  554, 555
hathiensis, Ornithella .........................   545
hathonica, Ornithella 519,525, 533, 534, 543-545
hrutonensis, Ornithella ...................................543
hucculenta, Terehratula ...................................545
huckmani, Terehratella.......................................558
Burmirhynchia • ..................................  526,537
cadomensis, Ornithella ...................................533
celtica, T ereh ra tu la ........................................... 546
Centronella ........................................................557
Cincta .................................................................559
concinna, K aU irhynch ia .....................  536,537
crassicosta, KaUirhynchia .............................. 536
C ry p ta c a n th ia ..................... _ .......................... 558
D a l l in a ................................................................ 520
D a llin in æ ............................................... 558,559
davidsoni, Terehratula ...................................542
decollata, M e g a th y r is .......................................520
deslongchampsi, Pseudohingena ...................... 533
D ie la s m a ............................................................ 557
digona, Digonella 515, 517-519, 525, 527-529,

531, 550-552, 558
digona, T erebra tu la ........................................... 550
D ig o n e lla .............................. 513, 531, 550-552
digonoides, D ig o n e lla   525, 550, 551
D is c u lin a ............................................................ 558
edwardsi, Lohothyris ....................................... 540
emarginata, Zeilleria ....................................... 547
E u id o th y r is ........................................................ 542
fimbria, P lectothyris ........................................... 538
fullonensis, O rn ith e lla ....................................... 546
grandis, Terehratula .......................................520
grandohovata, Ohovothyris ...............................547
G ryph u s .................................................................557
Harttina ...............................................   . 558
haydonensis, Ornithella ...................................545
Holcothyris ........................................................ 558
incurvirostrum, Terehrirostra 524, 526, 554-556
indentata. Terehratula .......................................545
KaUirhynchia 534-538

P a g e

Kutchirhynchia ................................................526
lagenalis, Microthyridina . . . 533, 546, 547
lagenalis, T ereh ra tida ....................................... 546
latissima, C y c lo th y r is .......................................520
Lohothyris .................. 513, 539-543
loxia, Rhynchonella ........................................... 529
lyra, Terehratula ..................................  554, 555
lyra, Terehrirostra 519, 524, 526, 529, 553-556
L y r a ........................................... 552-555
M acandrevia ........................................................520
Magas ................................................................ 558
Magellania ........................................................520
Magellaniinæ ......................................  558, 559
magnohovata, Ohovothyris . . . 519, 547-550
meadii, Lyra ......................................  554, 555
menardi, T erehratella ....................................... 558
meriani, “ Aulacothyris ”  549
Microthyridina ............................................... 546
M icroth yris .......................................................... 546
multicosta, KaUirhynchia .............................. 536
neocomiensis, Terehrirostra . . . .  534, 555
Nucleatinæ ........................................................559
ohovata, Ohovothyris........................................... 547
Ohovothyris ..........................................  547-550
O rn ith e lla ................................... 543-547
ornithocephala, Ornithella . . . 543, 545, 546
pectunculus, M eg erlea .......................................558
pinguis, Septaliphoria ................. .... . . 529
Plectoidothyris . . . 513, 528, 530, 538, 539
Plectothyris ........................................................513
plicata, Terehratu la ...........................................538
polyplecta, Plectoidothyris . 528, 532-534, 538,

539, 542
Pseudoglossothyris ...........................................559
psittacea, H e m ith y r is .......................................520
punctata, Lohothyris 528-530, 532, 534, 540-543
punctata, T ereh ra tid a   540, 542, 543
punctata var. lata, T ere b ra tu la ......................542
pupa Ornithella ............................................... 545
radstockiensis, T erehratida .............................. 542
resupinata, Aulacothyris .............................. 549
Rhactorhynchia ............................................... 526
Rhychonellidæ  ...................................511
RFychonelHds , , , , 512, 520, 530, 531, 558
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P a g e

sarthacensis, Terehratula ................................546
Schizophoria ......................................................529
Sphœroidothyris ................................................. 542
S p ir i f e r .................................................................. 529
suhpunctata, L o h o th y r is ......................  440, 541
suhtriquetra, Ornithella ....................................545
T e g u lith y r is ..........................................................559
T e re h ra te lla   520, 555, 556
T erebratellidæ ..................................................... 511
T e re b r a te llid s ..................................................... 555
T ereb ratu lid æ ..................................................... 511
Terebratulids . . . .  512, 515, 530, 556, 558
T e re b ra tu lin a .......................................  556, 558
Terehrirostra .............. 519, 552-556

P a g e

Thurmanella ..................................................... 559
T r ic h o th y r is ..........................................................558
Trigonosemus ......... 552, 555, 556
triquetra, O rn ith e lla .............................................545
umhonella, O r n i th e l la ........................................ 550
umhonella, T erehratida ........................................ 545
vitrea, Liothyrina .............................................557
Waldheimia •..........................................................555
W ald h e im iid æ ..................................................... 559
yaxleyensis KaUirhynchia 519, 522, 524, 529,

530, 535-537
Zeilleria ...................."%30, 545, 547, 550, 559
Zeilleriinæ .................. 529, 549, 559
Z y g o s p ir a .............................................................. 558

I n d e x  o f  I n t e r n a l  C h a r a c t e r s .  

P a g e P a g e

a c c e s so r y  so c k e ts  ............................ 518, 520, 560
a d d u c to r  m u sc le -sc a r s  513, 521,522,529,531,532
a d ju s to r  m u s c l e - s c a r s ................................................ 522
arcu ifer  c r u r a ................................................................ 559
b e a k - r i d g e ...........................................................................516
b ra ch ia l lo o p , see l o o p ................................................ 525
b r a c h ia l v a l v e ................................ 514, 517, 522
ca lca r ifer  c r u r a .....................  526, 536, 559, 560
ca rd in a l a rea  ................................................... 521, 556
c a r d in a l p r o c e ss  . . 512, 523, 524, 529, 556
c a r d in a lia  ................................ 512, 514, 556, 558
c r e n u l æ ................................................................................523
cru ra , cru s .....................  512, 525, 526, 557, 558
c ru ra l b a se  . 518, 525, 527, 556
c ru ra l c a v i t y  ................................................................528
cru ra l p r o c e s s ...........................  526, 528, 557
d e lt id ia l  p l a t e .................................................... 519, 521
d e n ta l la m e llæ  . . . .  512, 517, 519, 521, 557
d e n tic le  .......................................................................... 520
d e n tic u la r  c a v i t y    518, 520, 560
d e n tic u lu m    518-520, 556, 560
d id u c to r  m u s c l e - s c a r ...........  521, 522, 531
d o r sa l v a lv e ,  see b r a c h ia l v a l v e ........................... 517
e u s e p t o i d u m ......................................................................529
fa lc ife r  cru ra   , 559
fa ls e  a r e a ....................................... 517, 519, 520
f o r a m e n .................................................................. 520, 521
h in g e -p la te  512, 515, 518, 524, 525, 527, 529, 556 
h in g e -so c k e t  ..................................................  522, 556

hinge-tooth  515, 517, 519, 520
inner hinge-plate .............................................524
inner socket-ridge........ .................  517, 522-525,
interarea .....................................................•• 521
loop . 512, 513, 515, 518, 526-528, 556-558
median septum . . 518, 520, 528, 529, 557
muscle-scars ......................  512, 516, 521, 531
outer hinge-plate .............................................524
outer socket-ridge . . . .  517, 520, 522, 523
pedicle-collar ...............................  520, 521, 557
pedicle muscles ................................................. 522
pedicle valve ...................................514, 517, 519
pseudo-pedicle-collar........................................ 520
p u n c t æ ............................................518, 532
radulifer c r u r a ............................  537, 559
septalial plate . . . .  518, 528, 529, 557, 560
septalium . . . .  518, 524, 525, 528, 529, 556
septifer crura ..................................................... 559
sessile pedicle-collar ........................................ 520
socket, see hinge-socket . . 515, 517, 519, 523
s o c k e t- f lo o r ..........................................................518
socket-ridges ........................................ 522, 556
spicules, calcareous ..........................  532, 533
s p in e s ................................................  515, 526, 527
transverse b a n d ........................................ 526-528
umbo   517, 520, 521
umbonal cavity .................. 515, 518, 523, 556
vascular m a r k in g s ......................  522, 530, 531
ventral valve ......................................................517
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IX .-E X P L A N A T IO N  OF PLATES.

(All specimens of natural size unless otherwise stated.)

P late  62.

F ig . 15, a.—KaUirhynchia yaxleyensis {Davi-dson). Holotype. Dorsal view. Lower Cornbrash. Yaxley, 
Peterborough. [B. 82289.]

F ig . 15, b.— D itto ,  la tera l v iew  o f th e  sam e specim en.

F ig . 15, c.—Ditto, anterior view of same specimen.
F ig. 16.—Ditto, internal cast of pedicle valve showing adductor, diductor, and pedicle muscle-scars and 

dental lamellæ. Same horizon and locality. [B. 82299.]
F ig . 17.—Ditto, internal cast of brachial valve showing adductor muscle-scars. Same horizon and locality 

[B. 82298.]
F ig . 18, a.—Digonella digona (J. S o w e r b y ). Internal cast of brachial valve showing adductor muscle-scars 

and slit representing median septum. Bradford Clay, Bradford-on-Avon, Wilts. [B, 84527,]
F ig . 18, b.—Ditto, internal cast of pedicle valve of same specimen showing posteriorly situated muscle- 

scars.
F ig . 19, a.—Ditto, dorsal view of lectotype. Same horizon, and ? same locality. [B. 71586.]
F ig . 19, 6.—Ditto, lateral view of same specimen.
F ig . 20.— Terehrirostra incurvirostrum L am plu g h  & W a l k e r . Internal cast of brachial valve showing 

muscle-scars. Cretaceous, ? Albian, Shenley Hill, Leighton Buzzard, Bedfordshire. [B. 82256.] X 2.
F ig . 21, a.— Terébrirostra lyra (J. S o w e r b y ). Anterior view of topotype. Cenomanian, Horningsham, 

Warminster, Wilts. [B. 84525.]
F ig . 21, h.—Ditto, lateral view of same specimen.
F ig . 21, c.—Ditto, dorsal view of same specimen showing length of pedicle umbo.
F ig . 22, a.— Ornithella ornithocephala (J. S o w e r b y ). Lectotype. Dorsal view. Lower Cornbrash, Chatley, 

Somerset. [B. 49540.]
F ig . 22, 6.—Ditto, lateral view of same specimen.
F ig . 22, c.—Ditto, anterior view of same specimen.
F ig . 23.—Ornithella hathonica R o llier . Internal cast of pedicle valve showing adductor, diductor, and 

pedicle muscle-scars. Fullers Earth Rock, Box Tunnel, Wilts. [B. 84526.]
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F ig . 24.—Ornithella hathonica R o l l ie r . Internal cast of brachial valve showing adductor muscle-scars 
and slit representing median septum. Same horizon and locality. [B. 84529.]

F ig . 25, a.—Ohovothyris magnohovata S. S. B u c k m a n . Holotype. Naturally formed internal cast of brachial 
valve showing trace of muscle-scars. Lower Cornbrash, Blackthorn Hill, Bicester. [B. 58321.]

F ig .  25, h.—Ditto, anterior view of same specimen.
F ig , 25, c.—Ditto, lateral view of same specimen.
F ig . 26.—Ditto, internal cast of brachial valve. Lower Cornbrash, Rushden, Northants. [B. 84530.]
F ig . 27.—Ditto, internal cast of pedicle valve. Lower Cornbrash, Rushden, Northants. [B. 84523.]
F ig .  28, a.— Lohothyris punctata  (J. S o w e r b y ) .  Lectotype. Dorsal view. Middle Lias, Hornton, Oxon. 

[B. 61522.]
F ig . 28, h.—Ditto, lateral view of same specimen.
F i g . 28, c.—Ditto, anterior view of same specimen.
F i g . 29.—Ditto, internal cast of brachial valve showing adductor muscle-scars. Middle Lias, Tilton, 

Leicestershire. [B. 84524.]
F i g . 30, a.—Plectoidothyris polyplecta (S. S. B u c k m a n ). Topotype. Anterior view. Inferior Oolite, Oolite 

Marl. Railway cutting, Notgrove Stn., Glos. [B. 47184.]
F ig .  30 , b . — D it to , la tera l v ie w  o f  sa m e sp ec im en .

F ig . 30 , c.—D it to , d orsa l v ie w  o f  sa m e sp ec im en .

F ig . 31.—Ditto, internal cast of brachial valve showing adductor muscle-scars. Same horizon and locality. 
[B. 84528.]

P l a t e  6 3 .

F ig . 32.—KaUirhynchia yaxleyensis (D a v id s o n ). Reconstruction of posterior portion of interior of
brachial valve from dissected specimens showing the upper surface of curved calcarifer crura, and
hinge sockets. X 5.

F i g . 3 3 .—Ohovothyris magnohovata S. S. B u c k m a n . Reconstruction of interior of brachial valve from 
dissected specimens and transverse sections showing the fused hinge-plates and septalium, hinge-sockets, 
inner and outer socket-ridges, median septum and complete loop with spines on the descending 
branches. X 2 |.

F ig .  34.—Digonella digona (J. S o w e r b y ) .  Reconstruction of interior of brachial valve from dissected 
specimens and transverse sections showing the fused hinge-plates, shallow septalium, hinge-sockets, 
socket-ridges, and complete loop with long spines on the descending branches. X 2b  

F ig .  35.—Plectoidothyris polyplecta (S. S. B u c k m a n ). Reconstruction of interior of brachial valve from 
dissected specimens and transverse sections showing the incurved umbo, cardinal process, divided 
hinge-plates and long loop. X 2b  

F ig .  36.—Terehrirostra incurvirostrum L a m p lu g h  & W a l k e r .  Reconstruction of interior of brachial 
valve from dissected specimens showing the prominent cardinal process and divided hinge-plates, 
hinge-sockets, median septum, and complete loop with spines on the descending branches. X 2b  

F ig .  37.—Lohothyris punctata (J. S o w e r b y ) .  Reconstruction of interior of brachial valve from dissected 
specimens and transverse sections showing the small cardinal process, divided hinge-plates, and short 
loop. X 2b

F ig .  3 8 .—Ornithella ornithocephala (J. S o w e r b y ) .  Reconstruction of interior of brachial valve from a 
dissected specimen showing shghtly incurved umbo, fused hinge-plates, deep septalium, hinge sockets, 
hinge-plates, median septum and complete loop with short spines on descending branches. X 2b
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From the A n n a l s  a n d  IN F ag az tn e  o f  N a t u r a l  H i s t o r y ,
Ser. 0, vol. xv., p. 83, January  1025.

Notes on the Sihirian Brachiopod Genera Deltliyris, Uncinn-
lina, and Meristiiia. By H e l e n  M. 1\Iuir-\Vodd, M.Sc._, 
F.G.S.

(Published by perniissioii of the Trustees of the British Museum.)

S u m m a r y .

Ill tliis paper tlie different interpretations of the genus 
Detthyris are discussed, and that  given by Schuchert in 1913 
is adopted with sliglit amendment. The species Delthyris 
elevata, D. cjdspa, D, eleyans (nom. nov\ fur Z). crispa^ Hi singer, 
non Linnæus), and D. tenuilarnellata., sp.n.,  from the British 
Silurian, are all described and figured.

Tiie distinguishing characters of the genera Uncinulus and 
Uncinulina are pointed out, and Uncinulina is retained with 
U. fallaciosa as genotype. RhynchonelLa sti'icklandi and Tere- 
hratula lewisi are transferred to the genus Uncinulina. M eri- 
stina tumida  (Dalman) is shown to be a synonym of Meristina 
obtusa (Sowerby).

The British Silurian Spirifers can be separated into two 
groups:— (1) those with longitudinal folds and a transverse 
ornament of imbricating lamellæ { =  Delthyris of Dal man) 
and (2) those with longitudinal folds bearing fine continuous 
longitudinal striæ {^E o sp ir ife r  of Schuchert).

The species referable to both these genera have as a rule 
been assigned to the genus Spij'ifer, from which, however, 
they differ in internal characters.

D e l t h y r i s , Dalman, 1828.
Genolectotype : D. elevata. (See Schuchert *.)
The genus Delthyris was first described by Dalman in 

1 8 2 8 1 to include the species D. elevata., cyrtœna^ crispa, 
subsulcata, ptijchodes, and cardiospermiforrms. Of these 
s])ecies Delthyris cyrtcena is Eospirifer jjUcatellus (Linnæus) 
and D . cai'diosperndformis is Bilobites Inloba (L innæus);  nor 
is D. ptychodes a Spirifer. The original description, there
fore, included a variety of generic forms, and the generic 
characters other than those of shape and external ornament 
were not very precisely defined. This at once caused con
fusion, for Menke in 1830 %, although quoting Delthyris,

* Bull. U.S. Geol. Surv. Ixxxvii. p. 20G (1897).
t  Koug’l. Sveiiska Vet.-Abad. llaudl.Yor 1827, p. 93.
X ‘ Synopsis metliodica Molluacorum,’ ed. ii. p. 9(5.

b*
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Dalman, as including Spirifer of Sowerby and Triyonofrefa 
of Koenig, yet gives as species of Delthyris, Anomia dorsaia 
and Terehratula spatula^ oï w \\\q\\ Anoinia dorsata belongs to 
the genus Terehratella and Tert^hrafufa spatata to Terehra- 
tf/Iina. Yon Bueb in 1H3(>* included in D elthyris speeies 
of Spirifer and Orthis, which had a triangular  foramen.

Among other authors Dali f  quoted D elthyris as a 
synonym of Sjnrifer, and it was not until  Hall J ])ublished 
his great work on the Brachiopoda in 1894 that  the dis- 
tinetive characters o f w e r e  recognized. Of llalPs 
subdivisions of the genus Spirifer the group of Fimbriati 
Unieispinei is taken to be e(|uivalent to D elthyris, s. s. 
Hall  states also tha t  the distinguishing character of this 
group lies in the ornament of the concentric fimbriæ—  
namely, short simple spines,— and that  it includes the sjiecics 
J)elthyris crispa and D. elevata. The group is said not to 
extend above the Devonian. On another ])age of the same 
work Hall shows how Reticiilaria dilTers from D elthyris in 
its fimbriæ, which have large spines with lateral branches. 
Spirifer sulcatus, Hi singer, is placed in the Lamellosi 
Septati, a group which has concentric lamellæ covered with 
fine radiating striæ, but  with no s])ines, is not punctate, 
and does not  have the primary lamellæ of the spiral arms 
united as in the Spiriferinas. A probable ])assage of the 
Septati into the punctate genus Spiriferina is suggested. 
]h)th these groups are said to have a median septum in 
the pedicle-valve. From ITall’s description it won hi apjiear 
that  there are three groups of im punctate lam cl lose Spirifers, 
distinguished only by the character of the ornament of the 
concentric lamellæ, which in the case of Delthyris is said to 
be composed of short spines.

A more ])recise and very different interpretation of the 
genus Delthyris was given by Schuchert  in 1 9 1 3  §. In  
1 8 9 7 II he selected the species D elthyris elevata as the 
genotype of Delthyris, stating tha t  all specimens examined 
by him possessed a median septum in the pedicle-valve. 
Delthyris sulcata, Hisinger, was also quoted as a true 
D elthyris, but  D. crispa, Hisinger, was placed in the genus 
Spirifer.

Schuchert describes Delthyris as a subgenus of Spirifer,

* Ueber Z)e///f?/rzs oder S2nrifer uud OriJiisf kh \\. K. Aknd. W iss. 
E e r liT i, p. 11.

t  Bull. U.S. Nat. Mus. viii. p. 25 (1877).
t  ‘ Balæoiitology of New York,’ vol. viii. pt. 2, pp. 9 & 10.
§ Zittel-Bastnian, ^Text-book of Balæontology,’ ]). H I.
II Bull. U.S. Geol. Surv. Ixxxvii. pp. 200 & 380 (1897),



Brachiopod Genera Dcllliyris, Uncinnliiin, (^c. 85

consisting of small early Spirifers  that are coarsely 
plicate, except on fold and sinns. Sni’Face iairndlose, the 
imbricating lamellæ marked with very fine radiating striæ, 
Avhieh do not terminate in spines. Short dental lamellæ 
present along with a more or less high ventral inediaii 
septum. Resembles Spiriferina, but  the shell structure is 
not finely and regularly punctate. Section Lamellosi- 
Se])tati llrdl & Clarke/^ The description of the ornament 
of the lamellæ given by Schuchert will be seen to be exactly 
the reverse of that given by Hail. H. S. Williams*, in a 
discussion on Delthyris elevata and allied s[)ecies, (jnotes 
the absence of a median septum in specimens having a 
groove along the median fold of the brachial valve. He 
describes two species, Spirifer trescotti and Spirifer cohscooki 
from the Silurian of Maine, both similar externally to 
Spirifer elevatus of Dalman, but Spirifer trescotti like 
S. elevatus has a median septum developed in the pedicle- 
valve, while S. cohscooki has none.

The (leveloj)inent, however, of a median septum in the 
pedicle-valve does not appear to be constant, even for one 
species. Investigation of the species D. crispa, Linnæus, 
and /). eleyans, nom. nov. =  7d. crispa, Hisinger (n o n Limiæns), 
showed that  the median septum was usually absent, but  
occurred in an incipient state of development in one or 
two specimens of D. eleyans. The contention that there is 
no median septum in forms which have a median groove 
along the central fold of the brachial valve does not app( ar 
to hold in the case of Delthyris elevata, which certainly has 
a median septum in those individuals whose bracdiial valves 
possess a gi’ooved fold. The pn^sence of a median septum 
in the pedicle-valve does not appear to bo of great generic 
importance in the Silurian species of Delthyris, although, 
according to American authors, it  appears to be a more 
constant feature in Devonian species.

While the lamellæ of Delthyris elevata, crispa, eleyans, 
and lenidlamellata aie ornamented with grannies or longi
tudinal striæ, those of lieticnlaria and well-preserved speci
mens of Spiriferina have a true spinose ornament. Spiri
ferina , however, usually has smooth lame!he, which are 
abundantly punctate. Tlic genus Tylothyris, North f ,  from 
the Lower Carboniferous limestone, is distinguished by that  
author from .Delthyris by its greater size, by its smaller and 
more numerous costæ, and by the marked development of an

* Proc. U.S. Nat. Miis. Washington, vol. li. p. 75 (1917).
t  North, Quart. Jo urn. Geol. 8oc. vol. Ixxvi. p. 195 (1920).
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apical callosity. Its shell, like that, of Delthyris, is ini- 
puiictate, hut there is apparently no ornament on the 
lamellæ. I t  is possible that  some of the speeies from the 
Upper Devonian and Lower Carboniferous that  have been 
assigned to the genus Delthyris should be more correctly 
placed ill the genus Tytothyris. In a group of im punctate 
lamellose Spirifers which W elle r*  describes from Hie Car
boniferous beds of Illinois a median septum is present in 
the pedicle-valve, but  the lamellæ in one of the species 
are said to be fimbriate, while in the remaining s])ecies, 
apparently, the lamellæ arc not ornamented. I t  is doubtful,  
therefore, whether these species belong to Delthyris or 
whether they should be placed in Tylothyris.

A modification of the internal st ructure of the pedicle- 
valve is described by Dunbar t  in his species Delthyris 
v.yrtmifides from the Devonian. The dental plates converge 
and unite with the median septum, which is continued 
posteriorly into the cavity formed by union of the dental 
plates— an example of parallelism with the corresponding 
structure in Cyrtina.

There appears to be no reason for the generic separation 
of Delthyris crispa, Hisinger (non Linnæus), here renamed
D. eleyanSj h'om  the species D. elevata and D. sulcata, though 
the last two species were described by Sehuehert as true 
Delthyris, while he included D. crispa, Hisinger, in Spirifer.

Additional generic characteis in Delthyris are alfordeil by 
the spirals, which consist of seven coils and have their 
apices directed towards the cardinal angles.

Delthyris elevata, Dalman J. (Figs. 7, 8, 8 «.)
Genotype of Dellhyris, see Sehuehert  (Bull. U.S. Geol. 

Survey, Ixxxvii. (1897), p. 206).
Description .— W idth  approximately equal to the length, 

with the widest part  of the shell occurring at a point 
slightly below the hinge. Both valves highly convex. 
Apical angle 100^. Cardinal angles rounded. Area of 
jiediele-valve high, its length considerably shorter than 
that  of the hinge. Delthyrium large and open, bordered by 
linear deltidial plates. Umbo rounded, much incur veil. 
Ornament in the pedicle-valve consists of five rounded costæ 
on each side of the sinus, while in the brachial valve there

* Illinois Geol. Surv. Mon. i., Text. Mississippian Brachiopocla, p. 300 
(1914).

t  Trans. Connecticut Acad, xxiii. p. 138 (1920).
i  Dalman, 1828, Vet.-Akad. Handl. p. 120, pi. iii. fig. 3.
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arc five eostæ on each side of the broad median fold which 
is frequently longitudinally grooved. The width of the 
sulci separating the eostæ is approximately half that  of 
the eostæ. Crossing the costæ there are very numerous 
concentric growth-laraellæ, along each of which are set 
numerous slightly elongated granules, the interspaces be
tween the granules being less wide than the width of each 
granule.

Interior  of the pedicle-valve with median septum 
developed.

Averaye Dimensions.— Length 18 mm.;  width 21 mm. ; 
thickness 16 mm., or 1 : 1 1 :  *8.

Type-specimen.— The specimen figured and described by 
Dalman from Gothland is hereby selected as the holotype.

Horizons.— Upper Llandovery-Upper Ludlow Beds.

Dellhyris crispa (Linnæus). (Figs. I ,  2, 2a.)
1758. Anomia crispa, Linnæus, Systema Naturæ, 10th edition, 

vol. i. p. 702.
1828. Delthyris sulcata, Hisinger, Anteclmingar i Pliysik och 

Geognosi, vol. iv. pp. 228, 238.
1831. Delthyris sulcata, Ilisinger, Anteclmingar, vol. v. pp. 119, 

140, pi. iii. tig. 2.
1837. Delthyris sulcata, Ilisinger, Letliæa Svecica, Holmiæ, p. 73, 

pi. xxi. tigs. 6 a-c.
1848. Spirifer sulcatus, T. Davidson, Bull. Soc. Géol. France, 

2nd ser. vol. v. pi. iii. tig. 41, p. 325.
1860. Spirifer sulcatus, Lindstroin, (Jfv. k. Vet.-Akad. Fork and. xvii. 

no. 8, p. 359.
1866. Spirifera sulcata, T. Davidson, Mon. Brit. Foss. Brack, 

vol. iii. part i. p). x. tigs. 4, 5, 12, p. 91.
1882. Spirifera crispa, T. Davidson, Mon. Brit, Foss. Brack., Siippl. 

vol. V. pi. iv. tigs. 9, 10.

Description.—Laterally elongated, with the hinge-line 
forming the widest part  of the shell. Pedicle-valve more 
convex than the brachial valve. Apical angle 134°. Cardinal 
extremities angular. Pediele-valve with concave area extend
ing along whole length of hinge. Delthyrium open, with 
linear deltidial plates. Umbo acute, slightly incurved.

In  the pedicle-valve there are three rounded longitudinal 
eostæ on each side of the median sinus, while in the brachial 
valve there are six costæ in addition to the broad median 
fold. Crossing the costæ there are from 10-15 prominent 
imbricating lamellæ less than 0 ’75 mm. apart. The micro
scopic ornament consists of small granulations arranged 
in rows along fine longitudinal striæ; the granulations are 
also seen to form less regular eonoentrie rows. The ornament
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is interrupted by the transverse lamellæ. In ter ior  of pedicle- 
valve usually without a median septum. 

Average Dhnensions.— Lengtl i .7  mm. ; width 11 mm. ;  
thiekness 4*5 mm.^ or 1 : 1*5 : 

Tgpe-spechnen.— The specimen figured in Museum Tessini- 
anum, 1753, tab. v. fig. 7, and referred to by Linnæus in

I

Figs. 1, 2, 2«. JDelthjris crispa (Linnæus) from the Won lock Limestone, 
Dudley. Brifiih Muséum Geol. J)opt. B. J;4,910. 1. Jhachial
valve showing ornament ( X 2^). 2. Anterior view showing
angular cardinal extremities ( x  2J). 2 a. Ornament under micro
scope ( X 10).

Figs. 3,4, 5, 5 c, (). Deltlujris elcpans, nom. nov., from Wenlock Lime
stone, Dudley. Jlritish Museum Geol. Dept. B. 44,917. 3. Jlrachial 
valve showing ornament, /Z=linear deltidial plates ( X 2). 4. Bedicle- 
valve ( x  2). 5. Anterior view showing rounded cardinal extremi
ties (nat. size). 5 a. Ornament under microscope ( X 10). 6. Interior 
of pedicle-valve showing low median septum (from Wenlock Lime
stone, Dudley. British Museum Geol. Dept. B. 44,919) ; median 
septum (&•), hinge-teetli {t), dental plates (A), and ovarian mar
kings ip) ( X  2).

 ̂Systema Naturæ   ̂ in 1758, is hereby selected as holotype. 
No horizon or locality is given in the description. 

H orizon .— Wenlock Limestone and Siiale. 
D elthyris crispa was described by Linnæus as Anomia 

crispa in  ̂Systema. Na tu ræ  ’ in 1758. A brief description 
is given, and reference is made to Museum Tessinianum, 1753,
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where Linnæus deseribed and figured tliis species as Concha 
Anomia dilatata.

The specimen figured is a laterally elongated form, having 
the greatest width along the hinge-line, with angular 
cardinal extremities, a broad median fold in the brachial 
valve and a corresponding sinus in the ventral valve. On 
either side of the fold and sinus are three rounded costæ. 
A transverse ornament of imbricating lamellæ is well shown, 
the lamellæ being separated by an interspace of about 
0 75 mm. This figure was reproduced by Davidson in 1866 
(fig. 12), hut the ornament was not clearly shown.

Ilis inger in 1826* figured witliout description Terehratula 
[Anoinia, L.) crispa from the erinoidal limestone of Goth
land. This species, unhke Linnæus’ species, had rounded 
cardinal angles, and the greatest width of the shell occurred 
at a point below the hinge. The transverse lamellæ were 
not shown at all in the figure. A similar figure was given 
in 1828 t  by Dalman, who described it as Delthyris crispa 
of Ilisinger. In  the same year Hisinger J figured the same 
form, bu t  ascribed the species to Dalman, stating in the 
same publication § three years later that the description 
given by Linnæus of Anoinia crispa agreed with one given 
by himself of Delthyris sulcata, but that, since Dalman ||, 
under the name of crispa, had described a different shell, 
which lacked the median rib, he was obliged to give the 
form which he was describing the new name of sulcata. 
He gives a good representation of D elthyris crispa of 
Linnæus in the same work. Anomia crispa of Linnæus is 
again quoted as a synonym of Delthyris sulcata by Hisinger 
in 1837 If. In spite of these statements by Hisinger, and 
that  made by Lindstrom in I860** ,  about the similarity of 
Anomia crispa of Linnæus to Delthyris sulcata of Ilisinger, 
the specific names sulcata and crispa of Hisinger have 
remained in general use to the present day. According 
to the rules of zoological nomenclature, therefore, D elthyris

* Vet.-Akad. llaiidl. tab. vii. fig. 4, p. 336 (1826).
t  Vet.-Akad. llaiidl. p. 222, tab. iii. tig. 6 (1828). ^
X VViiteclimiigar i Tiiysik ocli Geognosi,’ vol. iv. tab. vii. fig. 4

(1828).
§ Hisinger, I. c. vol. v. p. 119 (1831).
ll As a matter of fact, Ilisinger himself had already figured it (Vet.- 

Akad. Handl. tab. vii. hg. 4, 1826).
 ̂ ‘ Lethæa Svecica,’ Holmiæ, pi. xxi. figs. 6 a-c, p. 73 (1837).

** “ Hi drag till kannedomen oni Gotlilands Brachiopoder,” Ofv. K. Vet.- 
Akad, Forhand. Stockholm, p. 359 (1860).
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crispa  (L innæ us)  must  be used for  D elthyris sulcata, 
Hisinger  ; D elthyris eleyans, nom. nov., may be used for  
D elthyris crispa (Hisinger) .

D elthyris eleyans, nom. nov. (Figs. 3, 4, 5, ^ a, 6.)

1820. Terehratula crispa, Ilisinger. Vet.-Akad. Handl. tab. vii. fig. 4, 
p. 336.

1828. Delthyris crisjin, Dalman, Vet.-Akad. Handl. for 1827, tab. iii. 
tig. 6, p. 222.

1828. Delthyris crispa, Hisinger, * Ateckningar,’ vol. iv. tab. vii. fig. 4, 
pp. 220, 238.

1836. Spirifer crispus fin part.). Von Buck, “ Ueber D elthyris  oder
Spirifer und O rth isf  Abb. K. Akad. Wiss. Berlin, p. 40.

1837. Delthyris crispa, Hisinger, ‘ Lethæa Svecica,’ p. 73.
1839. Spirifer crispus?, J. de 0. Sowerby in ‘The Silurian System,’ 

pt. ii. pi. xii. fig. 8, p. 624.
1848. Spirifer crisjjus, Davidson, Bull. Soc. Géol. France, 2nd ser. 

vol. V. pi. iii. fig. 42, p.  325.
1866. Spirifer crispa, Davidson, Mon. Brit. Foss. Brach. vol. iii. 

pt. vii. no. 1, pi. X. figs. 13, 14, 15, p. 97.

D escription .— W ider  than  long, with the widest part  of  
the  shell occurring at a point  slightly below the hinge. 
Brachial valve less convex than  pedicle-valve. Apical angle 
110°. Cardinal  angles rounded. Area of pedicle-valve 
concave, extending only for two-thirds of the length of the 
hinge. Delthyrium open, bordered by linear deltidial plates. 
U m bo  aeute, incurved. Ornam ent  in the  pediele-valve 
consists of four  rounded longitudinal  costæ on the  lateral 
slopes on each side of the  sinus, while in the  brachial valve 
there are six costæ in addition to  the median fold. The 
sulci separating the eostæ are approximately equal in width 
to the eostæ. Crossing these there  are about th ir ty  con
centric lamellæ forming a regular  transverse ornament.  
U nder  the microscope the lamellæ are seen to be striated 
longitudinally with fine somewhat i rregular  lines not  passing 
from one lamella to the next, the interspaces being approxi
mately equal in  width to tha t  occupied by the  striæ.

In te r io r  of pedicle-valve with small teeth supported by 
short  denta l  plates, outside which are numerous rounded 
pits representing ovarian markings.  A low median septum 
may be developed, but in many of the  specimens examined 
was no t  present.

Average Dimensions.— Leng th  10 mm. ; width 13 mm. ; 
thickness 8 mm., or 1 : 1*3 : '8.

Type-specimen .— The specimen figured by Hisinger f rom 
the ‘^Encrini t -kalksten of Djupviketi,^’ Gothland, is hereby 
selected as the holotype.
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U ortzon ,— Upper  Llandovery Beds. Wenlock Limestone 
and Shale and Ay mes try Limestone.

Delthyris tenuilamellata^ sp. n. (Figs. 9, 9 a.)

D escription .— Outline transversely rhomboidal, with width 
of the shell approximately equal to twice the length. 
Valves equally convex. Apical angle 186°. Cardinal 
extremities angular. Pedicle-valve with a low area, whose

Piga. 7, 8, 8 a. D elthyris elevata, Dalman, from tho Wenlock Limestone, 
Dudley. Hritish Museum Geol. Dept. 11 44,918. 7. Shows orna
ment of the brachial valve and high area, open del thy r In m, and 
linear deltidial plates of the pedicle-valve (X U )- 8. Lateral view
showing convexity of valves and area of pedicle-valve ( x H ) -  
8rt. Ornament under microscope (x  10). 

hlg'S. 9, 9 a. Delthyris tenuilamellaia^ sp. n., from the Wenlock Shale, 
Duildwas, Shropshire. British Museum Geol. Dept. B. 44,91 u. 
9. Shows ornament of the brachial valve, area, and conjunct deltidial 
plates of pedicle-valve (x  li)* 9a. Ornament under microscope 
(X  10).

length is slightly less than tha t  of the hinge. Deltidial 
plates eonjunct, foramen oval. In  the pedicle-valve there 
are four costæ on each lateral slope, and there are eight 
costæ in addition to t(ie median fold in the brachial valve. 
Growth-lamellæ are fairly numerous and very closely placed 
anteriorly. The ornament  tends to become obsolete near 
the cardinal extremities. The microscopic ornament consists
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of fine longitudinal striæ, along which are set very small 
granules. These are also arranged in regular concentric 
rows, giving the  appearance of retieulation. N o  median 
septum in the pedicle-valve was developed in any of the 
specimens examined.

Dimensions.— Length  10*5 mm. ; width 21 mm. ; th ick 
ness 8*5 mm., or 1 : 2 :  8.

Hololi/pe from Wenlock Slialc, llnildwas, Shropshire , 
])reserve(l in the British M useum (Natura l  History) ,  Walker  
Collection (B. 44,915).

H orizon .— Wenlock Shale and Limestone.

U n c i n u l i n a  and U n c i n u l u s , Bayle, 1878.
(Figs. 10, 11.)

The genera Uncinulina and Uncinulus were figured hy 
Bayle in 1878, hu t  no description accompanied the plates. 
Uncinulina fallaciosa'^, Bayle, was figured as the only species 
of this genus, but  Uncinulus is represented by three sj)ecies, 
namely,  Hemithyris subwilsoni, d ’Orbigny, Uncinulus oehlerti, 
and U. ini'perator All these species are of Devonian age. 
N o  internal  eharacters  were shown of Uncinulina^ bu t  those 
of Uncinulus sulmilsuyii were well dc])ieted. I t  remained for  
Oehlert  in 1884 J to describe and figure these genera in 
greater detail, the species H . suhwilsoni was chosen by him 
as the genolectotype of Uncinulus. Oehlert considered that  
the genus Uncinulina was indistinguishable from Rhyne ho- 
nella, and accordingly he placed the species U. fa llaciosa  in 
th a t  genus.

Uncinulina fallaciosa, as figured by Bayle and Oehlert  and 
described by the la t ter  author, has a sub-cuboidal outline 
with a ra ther  flat pedicle-valve having a shallow median 
sinus. Each valve is ornamented with 2 0 -2 4  simple ])rorni- 
neut  costæ. The umbo is short  and incurved till it rests on 
the  brachial valve, and the umbonal slopes are flattened and 
smooth. In  the  inter ior  of the ventral valve the  diductor 
muscle-scars are large and flabelliform, and enclose two 
small oval adductors. The bi achial valve is s trongly convex 
with a slightly raised median fold ornamented with six 
costæ. In terna l ly  tlie hinge-plate is divided into two parts 
by a narrow oval incision, and there is no cardinal process. 
The hinge-plate is apparently supported by a median septum, 
b u t  this is not  well represented.

* Explic. de la Carte Géol. de France, vol. iv. pi. xiii. figs. 13-16.
t  Explic. de la Carte Géol. de France, vol. iv. pi. xi. figs. 11-16.
X Bull. Soc. Géol. France, 3rd ser. vol. xii. pp. 420, 422.
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The distinguishing characters of Uncinulus^ as determined 
from U. sulnoilsoni, are its s])herieal contour and external 
o rnament of tine flattened costæ longitudinally grooved near 
the  anterior margin of each valve. In  the interior of the 
])edicle-valve the innscle-scars are surrounded by a narrow 
ridge ; while in the brachial valve there is a solid undivided 
hinge-plate, in the centre of which is a broad cardinal process 
longitudinally notched at the summit.  Short  crura  extend 
downwards from the hinge-plate, and a median septum 
sc])arates the two pairs of adductor muscle-scars.

IMie main ])oints of difference, therefore, between Unci- 
nnlina and Uncinulus are in the  contour, costation, and in 
the  tongue of the ventral valve which is t runcate  in Unci- 
nuius and has a straight  line of contact with the brachial

1 1 .

I-a

Figs. 10, 11. Uncinulina striclcJandi, J. de C. Sowerby, from the Wenlock 
Jdmestone, Much Wenlock, Sliropshire. British Museum Geol. Dept. 
B. 44,020. Nut. size. 10. Diagrammatic drawing of the brachial 
valve from an internal cast, showing {s) median septum, (h) hinge- 
plate, (a) adductor muscle-scars, (v) vascular markings. 11. Poste
rior view showing (a) adductor, (rf) diductor muscle-scars of pedicle- 
valve, (ll) hinge-plate of brachial valve.

valve, while in Uncinulina it is notched owing to the alter
nation of tlie costæ of the two valves. In terna l ly  the posi
tion of the muscle-scars is different in each valve, and in 
Uncinulina the hinge-plate is divided and no true cardinal 
process is develojied.

J .  Hall in 1894"^ suggested that the name Uncinulina 
should be retained for forms such as Rhynchonella stricklandi^ 
in which the  hinge-plate is divided anteriorly, but  is united 
towards the apex, and in which the form is sub-cuboidal 
and less globose than  11. loilsoni. I n  the  same year, how
ever, he gave Uncinulina as a synonym of Uncinulus j ,  while
E. S. Bassler in 1915 $ quoted Uncinulina as a synonym of

* Pal. of New York, vol. viii. pt. 2, p. 199.
t  J. Hall and J. M. Clarke, 11th Ami. Hep. State Geologist, p. 828 

(1894).
t Bull. U.S. Nat. Mus. xcii. vol. ii. p. 1331.
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W ilsonia. Cowper Reed, in 1922* ,  refers several species 
from the Devonian of Chitral and the Pamirs to U/ichniiina, 
m ak ing  this a subgenus of Uncinulus. He  bases his deter
minations on external ra ther  than on internal  characters , 
and does not mention the binge-plale in any of his descrip
tions, b u t  states that  the muscle-scars of the brachial valve 
resemble very closely those of Uncinulina, and points out  
the  distinctions between that  genus and Hijpothijridinaj 
S. B uckman =  77?/po /̂/y?v,9, auctt.

I t  is proposed, therefore, to nse the generic name of 
Uncinulina to include such Silurian and Devonian species 
as agree in external shape and ornament  with Uncinulina 
fallaciosa  and U, stricklandi, i. e., flattened, slightly sinuated 
forms having the pedicle-valve with umbo incurved, con
cealing foramen and deltidial plates ; the  convex brachial 
valve with slightly raised fold ; and the ornament in each 
valve consisting of from 20 to 30 prominent simple costæ 
no t  mediaiily grooved. The internal  characters in addition 
to those already described in the  brachial valve are the 
radia ting vascular sinuses on the lateral  and anterior 
portions of both valves below the muscle-scars. These and 
o ther  characters of the in ter ior  of the  pedicle-valve were 
well shown by Davidson but the adductor muscle-scars 
are not  seen for  Hhynchonella stricklandi. The position of 
the  muscle-scars and vascular sinuses of the brachial valve 
are shown in figs. 10 and 11.

A  similar internal  s truc ture  apparently exists in Tcre- 
hra tu la” lewisi, Davidson J, which may also be referred to 
the  genus Uncinulina.

M e r i s t i n a , Hall,  1 8 6 7 § .

Terehrafula ohtusa, J .  Sowerby, Proc. Linn.  Soc. vol. xii. 
pt.  2, pi. xxviii. figs. 3 & 4 (1818) {p=Atrypa tum ida, Dalman, 
Vet .-Akad.  Handl .  1827 (1828), pi. v. figs. Z a -d , p. 134).

Terehratula obtusa is described by J. Sowerby, in 1818, 
as a shell curved laterally from the hinge, which must  
be very short  without any space for t r iangular  foramen 
externally . . . .̂  ̂ H e  figures the exterior, and in another  
specimen shows th a t  the  spirals had fifteen convolutions, 
and had the ir  apices laterally directed, and that  a median 
septum was present  in the brachial valve. These specimens

* ‘ Palœoutologica Indica,’ n. s., vol. vi. no. 2, p. 40.
t  Mon. Brit. Foss. Brach. vol. iii, pi. xxi. lig. (3 (1867).
t  Davidson, Bull. Soc. Geol. France, 2nd ser. vol. v. pi. iii. fig. 30, 

p. 330 (1848).
§ 20th Kept. N.Y. State Cab. Nat. Ilist. p. 157.
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were obtained from Sladaore’s Quarry  on rigbt-liaiid side 
of road from Wycli to Calwell Green, Malvern H i l l .” 
Judg ing  by Sowerby’s description and figures, there is no 
doubt  tha t  his species is identical with M eristina (^Airypa) 
tumida, figured by Dalman from Gothland, but  the d imen
sions given by Dalman for his species are considerably less 
th an  those of the average fully-grown M eristina ohtusa 
found in this country, and Dalman was apparently describing 
a young individual. M eristina (Atrypa)  tumida, Dalman, 
therefore, is a synonym of M eristina [Terehratula) ohtusa, 
Sowerby.


