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THE PAL^ONTOGRAPHICAL SOCIETY was established in the year

184-7, tor the purpose of figuring and describing British Fossils.

Each person subscribing One Guinea is considered a Member of the Societtj, and

is entitled to the Volume issued for the Year to whicJi the Subscription relates. The

price of the Volume to Non-subscribers is Twenty-five Shillings net.

Subscriptions are considered to be due on the 1st of January in each year.

The Annual Volumes are now issued in two forms of Binding : 1st, with all

the Monographs stitched together and enclosed in one cover; 2nd, with each of the

Monographs in a paper cover, and the whole of the separate parts enclosed in an

envelope. Members wishing to obtain the Volume arranged in the latteii foem

are requested to communicate with the Secretary.

Most of the buck volumes are in stock. Monographs or parts of Monographs

already published can be obtained, apart from the annual voliunes, from Messrs.

DuLAU AND Co., Ltd., 37, Soho Square, London, W., who will forward a complete

price list on application.

Members desirous of forwarding the objects of the Society can be provided

with plates and circulars for distribution on application to the Secretary, Dr. A.

Smith Woodwakd, British Museum (Nat. Hist.), South Kensington, London, S.W.

The folloAving Monographs are in course of publication :

The Fossil fSpongus, by Dr. G. J. Hinde.

Thu Gnii)tolites, by I'ruf. Liipworth, Miss Elles, and Miss Wood.

Tlio Ciiiiibriiin Trilobites, by Mr. Philip Lake.

The Cretaceous Lamellibranchia, by Mr. H. Woods.

The Palajoiiiscid Fishes of the Carboniferous Formation, and the Fishes of the OhI

Hed Sandstone, by Dr. R. H. Traquair.

The Fishes of the Engbsh Chalk, by Dr. A. Smith Woodward.
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ANNUAL HEPORT OF THE COUNCIL
FOR THE YEAR ENDING .31st DECEMBER, 1909.

READ AND ADOPTED AT THE

ANNUAL GENERAL MEETING,

HELD AT THE APARTMENTS OF THE GEOLOGICAL SOCIETY, BURLINGTON HOUSE,

18th march, 1910.

Dr. HENRY WOODWARD, F.RS., President,

IN THE CHAIR.

The Council, in presenting their Si.xty-third Annual Report, are glad to be able

to record the usual satisfactory progress in the Society's work. The volume for

1909, which was issued in December, comprises instalments of the Monographs of

" Pleistocene Mammalia " (" Canidre," by Prof. S. H. Reynolds) ;
" Carboniferous

Ganoid Fishes," by Dr. R. H. Traquair ;
" English Chalk Fishes," by Dr. A. S.

Woodward ; and " Cretaceous Lamellibranchia," by Mr. H. Woods. It also

includes title-pages and indexes of two old Monographs—" The Mollusca of the

Chalk—Cephalopoda," by Mr. D. Sharpe, and " British Beleninitidn3—Jurassic,"

by Prof. J. Phillips.

AVhen the volume for the year was planned as many plates were arranged as

appeared to be justified l>y the Society's income, and it was anticipated that the

corresponding text Avould reach the average amount. The nature of the subjects,

however, proved to necessitate less text than usual, and the cost of the volume was

therefore less than the estimate. Five single and two double plates, to illustrate

Carboniferous Fishes, were also paid for ])y the Carnegie Trust for the Universities

of Scotland, to whom the Society's thanks are due. The small balance standing



to the credit of the Society has, in consequence, been augmented durino- the year,

and there is now some provision for unexpected outlays. It has, unfortunately,

been necessary dui'ing 1901) to pay the sum of £29 S.s. 7iL for the rent and care of

lithographic stones for plates which were prepared hj authors years ago in

anticipation of Avork whicli they have not yet completed for publication. It is

hoped that arrangements may soon be made for the use of at least some of these

stones.

Since the last Annual Meeting the Society has sustained several serious

losses by death, "^rhe Council mourn more especially the loss of two of their

members—the Rev. Gr. F. Whidborne and Mr. C. Fox Strangways. For many

years Mr. AVhidborne had been a valuable contributor to the Society's publications,

a liberal benefactor, and an active participant in the work of the Council. His

Monograph of the Devonian Fauna will always remain an important book of

reference, and his memory will long be cherished l)y those who were associated

with him. ]\Ir. Fox Strangways, though for many years a member of the Society

and deeply interested in its welfare, only joined the Council a year ago, and his

colleagues regret that his term of service is so soon ended. Among other members,

the Society has also lost the late Marquis of Ripon and Sir Charles AV. Strickland,

Bart. A few active members have been added to the roll during the year, but the

Council regret that the accessions are still not sufficiently numerous to fill the

places left vacant by death.

The thanks of the Society are due to the Council of the Geological Society

for permission both to store the stock of back volumes and to hold the Council

Meetings and the Annual General Meeting in their apartments.

In conclusion, it is proposed that the retiring members of Council be Mr. Stebbing

and Dr. Strahan ; that the new members be Miss M. S. Johnston, Rev. R. Ashington

Bullen, Dr. F. L. Kitchin, and Mr. A. V\^ Oke; that the President be Dr. Henry

A¥oodward ; the Treasurer, Dr. G. J. Hinde ; and the Secretary, Dr. A. Smith

AVoodward.

Annexed is the Balance-sheet.
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LIST OF MEMBERS.

CORRECTED TO 1st NOVEMBER, 1910.

Abunlec'ii, University Library.

Adelaide (Australia) Public Library.

Adlard, R. E., Esq., Bartholomew Close. E.G.

Allen, Messrs. E. G. & Sou, King Edward Maiisions, li, Grape Street, Shaftesbury

Avenue. W.C.
Allen, H. A., Esq., F.G.8., 28, Jerniyn Street. S.W.

Amherst College, Mass., U.S.A.

Amsterdam, Royal Academy of Sciences.

Anderson, Tempest, Esq., M.D., F.G.S., 17, Stonegate, York.

Andrews, C. W., Esq., D.Sc, F.R.S., British Museum (Nat. Hist.), South Kensington. S.W.

Arlecdon and Frizington Public Library, Frizington, Cumberland.

Asher and Co., Messrs., 13, Bedford Street, Covent Garden. W.C.

Avebury, Right Hon. Lord, F.R.S., 15, Lombard Street. E.C.

Bale (Switzerland), University Library.

Balston, W. E., Esq., F.G.S., Barvin, Potter's Bar.

Banks, W. H., Esq., Hergest Croft, Kington, Herefordshire.

Barclay, F. H., Esq., F.G.S., The Warren, Cromer, Norfolk.

Barnes, J., Esq., F.G.S., South Cliff House, Higher Broughton, Mancliestei'.

Barrow, George, Esq., F.G.S., 28, Jermyn Street. S.W.
Bath, Royal Literary and Scientific Institution.

Bather, F. A., Esq., M.A., D.Sc, F.R.S., British Museum (Nat. Hist.). S.W.
Battersea Public Library, Lavender Hill. S.W.

Bedford, His Grace the Duke of, K.G., F.R.S., Woburn Abbey, Bedfordshire.

Bedford Literary Institute, Bedford.

Belfast Linen Hall Library, Donegal Square North, Belfast.

Belfast, Queen's University.

Bell, W. H., Esq., F.G.S., Cleeve House, Seend, Melksham.

Bergen (Norway), Museums Bibliothek.

Birkenhead Public Library, Birkenhead.

* Members are requested to inform the Secretary of any errors or omissions in this list, and of any delay

in the transmission of the Yearly Volumes.



Birmingliam Free Public Library, Ratcliff Place, Birmingham.

Birmingliam Library, Margaret Street, Birmingham.

Birmingham University Library.

Blackburn Public Library, Blackburn.

Blackmore, Humphix'y 1'., Esq., M.D., F.G.S., Salisbury.

Blathwayt, Lieut.-Col. Jiinley, Eagle House, Batheaston, Bath.

Blundell, Harold, Esq., Fairlawn, Harpenden, Herts.

Bolton, Chadwick IMuseum.

Bonn (Germany), Geological-Palixjontological Listitute of the University.

Bonney, Rev. Canon T. C, D.Sc, F.R.S., Vice-President, 9, Scroope Terrace, Cambridge.

Bootle-cum-]jinacre Public Library, Bootle, Liverpool.

Bordeaux, University Library.

Boston Society of Natural History, Boston, Mass., U.S.A.

Boston Public Library, Boston, Mass., U.S.A.

Boulogne-sur-Mer (Fi-ance), Bibliotheque Communale.

Bournemouth Natural Science Society.

Bradley, F. L., Esq., F.G.S., Ingleside, Malvern Wells.

Brighton and Hove Natural History Society, Brighton.

Bristol Naturalists' Society, Geological Section, ^)er B. A. Baker, Esq., Uenbury House,

Henbury, near Bristol.

Bristol Central Public Library.

Bristol Museum of Natural History, Queen's Road, Bristol.

Bristol University Librar3^

Bromley Naturalists' Society, 92, London Road, Bromley, Kent.

Brown, Alexander Oestrand, Esq., B.A., F.G.S., 4, The Grove, Highgate. N.

Buchan-Hepburn, Sir Archibald, Bart., Smeaton-Hepburn, Preston Kirk, ]*]ast Lothian. N.B.

Bullen, Rev. R. Asliington, B.A., F.G.S., Hilden Manor, Tonbridge, Kent.

Burr, Malcolm, Esq., D.Sc, F.L.S., F.G.S., Eastry, Kent.

Burrows, Henry W., Esq., F.G.S., 17, Victoria Street. S.W.

Burslem Public Library, Burslem.

Buxton Public Library, Town Hall, Buxton.
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Cambridge, St. John's College.
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Cambridge, Trinity College.

Cambridge, University Library.
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Harmer, F. W., Esq., F.G.S., Oakland House, Cringleford, near Norwich.

Hastings Public Library.

Hawick Public Library, Hawick. N.B.

Heidelberg (Germany), University Library.



12
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Flora of the Carboniferous Strata, Part I, by Mr. E. W. Binney (pp. 1—32, pis. i—vi).

Sui>plement t() the Fossil Corals, Part IV, No. 2, Liassic, by Dr. Duncan (pp. 45—73,
pis. xii—xvii).

The Fossil Echinodermata, Cretaceous, Vol. I, Part II, by Dr. Wright (pp. 65—112,
pis. ix, X, xii—sxi, xxi A, xxi b).

The Fishes of the Old Red Sandstone, Part I, by Messrs. J. Powrie and E. Ray
Lankester (pp. 1—32, pis. i— v).

The Pleistocene Mammalia, Part II, Felis spelma, continued, by Messrs. W. Boyd
Dawkins and W. A. Sanibi-d (pp. 29—124, pis. v^—xix).

' From 18G5 onwards the Volumes are issued in two forms of bindin;,' : first, with all the Monog-raplis stitched together and
enclosed m one cover; secondly, with each of the Monographs separate, and the whole of the separate parts placed in an
envelope. The previous Volunijs are not in separate parts.

XVIII. Issued April, 1866,

for the Year 1864

XIX.' Issued Dec, 1866,

for the Year 1865

XX. Issued June, 18G7,

for the Year 1866

XXI. Issued June, 186S,

for the Year 1867
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Vol. XXII. Issued Feb.. 1869,

' Supplement to the Fossil Corals, Part II, No. 1, Cretaceous, by Dr. Duncan (pp. 1—26,
pis. i—is).

The Fossil Merostomata, Part II, Pterygotus, by Mr. H. Woodward (pp. 45—70, pis.

X—xv).

The Fossil Brachiopoda, Vol. Ill, Part VII, No. 3, Silurian, by Mr. Davidson (pp.
169—218, pis. xxiii—xxxvii).

for the Year 1868 "1 The Beleinnitidie, Part IV, Liassic and Oolitic Beleuinites, by Prof. Phillips (pp.
89—108, pis. xxi—xxvii).

The Reptilia of the Kimmeridge Clay, No. 3, by Prof. Owen (pp. 1— 12, pis. i—iv).

The Pleistocene Mammalia. Part 111, Felis speliea, concluded, with F. lynx, by
Messrs. W. Boyd Dawkins and W. A. Sanford (pp. 125—176, pis. x.k—xxii,

xxii A, xxii B, xxiii).

„ XXIII. Issued Jan , 1870,

for the Year 1869

' Supplement to the Fossil Corals, Part II, No. 2, Cretaceous, by Dr. Duncan (pp. 27—46,
pis. X—xv).

The Fossil Echinodermata, Cretaceous, Vol. I, Part III, by Di-. Wright (pp. 113—136,
pis. xxii—xxix, xxix A, xxix b).

The Belemnitida3, Part V, Oxford Clay, &c., Belemnites, by Prof. Phillips (pp. 109—128,
pis. xxviii—xxxvi).

The Fishes of the Old Red Sandstone, Part I (concluded), by Messrs. J. Powrie and
E. Ray Lankester (pp. 33—62, pis. vi—xiv).

The Reptilia of the Liassic Formations, Part II, by Prof. Owen (pp. 41—82, pis.

xvii—xx).

The Crag Cetacea, No. 1, by Prof. Owen (pp. 1— 40, pis. i—v).

,, XXIV. Issued Jan., 1871,

for the Year 1870

The Flora of the Carboniferous Strata, Part II, by Mr. B. W. Binney (pp. 33—62, pis.

vii—xii).

The Fossil Echinodermata, Cretaceous, Vol. I, Part IV, by Dr. Wright (pp. 137—160,
pis. XXX— xxxix).

The Fossil Brachiopoda, Vol. Ill, Part VII, No. 4, Silurian, by Mr. Davidson (pp.
249—397, pis. xxxviii— 1).

The Eocene Mollusca, Part IV, No. 3, Bivalves, by Mr. S. V. Wood (pp. 137—182, pis.

xxi—xxv).

The Fossil Mammalia of the Mesozoic Formations, by Prof. Owen (pp. i—vi, 1—115,
pis. i—iv).

XXV. Issued June, 1S72,

for the Year 1871

/ The Flora of the Carboniferous Strata, Part III, by Mr. E. W. Binney (pp. 63—96, pis.

xiii—xviii).

The Fossil Merostomata, Part III, Pterygotus and Slimonia, by Mr. H. Woodward
(pp. 71—120, pis. xvi—xx).

Supplement to the Crag Mollusca, Part I (Univalves), by Mr. S. V. Wood, with an
Introduction on the Crag District, by Messrs. S. V. Wood, jun., and F. W.
Harmer (pp. i—xxxi, 1—98, pis. i

—

vii, and map).
Supplement to the Reptilia of the Wealden (Iguauodon), No. IV, by Prof. Owen

(pp. 1—15, pis. i— iii).

The Pleistocene Mammalia, Part IV, Felis pardus, &c., by Messrs. W. Boyd Dawkins
and W. A. Sanford (pp. 177— 194, pis. xxiv, xxv).

The Pleistocene Mammalia, Part V, Ovibos moschatus, by Mr. W. Boyd Dawkins
(pp. I—30, pis. i— v).

XXVI. Issued Oct., 1872,

for the Year 1872

Supplement to the Fossil Corals, Part 111 (Oolitic), by Prof. Duncan (pp. 1—24, pis.

i—vii), with an Index to the Tertiary and Secondary Species.

The Fossil Echinodermata, Cretaceous, Vol. I, Part V, by Dr. Wright (pp. 161—184,
pis. xl—xliv).

The Fossil Merostomata, Part IV (Stylonurus, Eurypterus, Hemiaspis), by Mr. H.
Woodward (pp. 121—180, pis. xxi—xxx).

The Fossil Trigonia3, No. 1, by Dr. Lycett (pp. 1 —52, pis. i — ix).
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Vol. XX VII. Issued Fel..,lS7J.

for tlie Year 187o

The Fossil Ecliinoacniuita, Cretaceous, Vol. I, Tart VI, by Dr. Wriylit (pp. 185—224,
pis. xlv—Hi).

Supplenieiit to the Fossil Bracliiopoda., Vol. IV, Part I (Tertiary and Cretaceous), by
Mr. Davidson (jip. 1— 72, pis. i— viii).

Supplement to tlie Crag Molhisca, Part II (Bivalves), by Mr. S. V. Wood (pp. 99—231,
pis. viii—xi.and add. plate).

Supiilonieut to tlie Reptilia of tlie Wealden (Igvuinodon), No. V, by Prof. Owen
(pp. 1—18, Ills. i. ii).

Supplement to the Reptilia of the Wealden (Hyla^ochanipsa), No. VI, by Prof. Owen
(pp. 1—7).

The Fossil Reptilia of the Mesozoic Formations, Part I, by Prof. Owen (pp. 1—1-1,

pis. i, ii).

„XXVI1I. Issued July,1871.

for the Year 1874

The Post-Tertiary Entomostraca, by Mr. G. S. Brady, Rev. H. W. Crosskey, and Mr.
D. Robertson (i)p. i—v, 1— 232, jds. i

—

xvi).

The Carboniferous Entomostraca, Part I (Cypridinida'), V>y Prof. T. Rupert Jones
and Messrs. J. W. Kirkliy and G. S. Brady (pp. 1—56, pis. i—v).

The Fossil Trigonia-, No. 11, by Dr. Lyeett (pp. 53—92, pis. x—xix).

XXIX. Issued Dec. 1875.

for the Year 1875

The Flora of the Carboniferous Strata, Part IV, by Mr. E. W. Binney (pp. 97—147,
pis. xix—xxiv).

The Fossil Echinodermata, Cretaceous, Vol. I, Part VII, by Dr. Wright (pp.225—264,
pis. liii

—

Ixii).

The Fossil Trigonias No. Ill, by Dr. Lyeett (pp. 93- 148, pis. xx-xxvii).
The Fossil Reptilia of the Mesozoic Formations, Part II, by Prof. Owen (pp. 15—94,

pis. iii—xxii).

XXX. Issued Dec.,lS76,

for the Year 1876

The Carboniferous and Permian Foraminifera (the genus Fusulina excepted), by Mr.
H. B. Brady (pp. 1—166, pis. i

—

xii).

Supplement to the Fossil Bracliiopoda, Vol. IV, Part II, No. 1 (Jurassic and Triassic),
by Mr. Davidson (pp. 73—144, j)ls. ix— xvi).

Supplement to the Reptilia of the Wealden (Poikilopleuron and Chondrosteosaurus),
No. VII, by Prof. Owen (pp. 1—7, pis. i—vi).

f Suiiplement to the Eocene Mollusca (Bivalves), by Mr. S. V. Wood, 2 plates.

The Fossil Trigonia-, No. IV, by Dr. Lyeett (pp. 149—204, pis. xxviii—xl).
The Eocene Mollusca (Univalves), Part IV, by Mr. S. V. Wood (pp. 331—361, pi. xxxiv).

XXXI. Issued Feb. ,1877,
J
The Carboniferous Ganoid Fishes, Part I (Palseoniscida;), by Dr. Traquair (pp. 1—60,

for the Year 1877 pis. i

—

vii).

The Fossil Reptilia of the Mesozoic Formations, Part III, by Prof. Owen (pp. 95—97,
pis. xxiii, xxiv).

The Fossil Elephants, Part I (E. antiquus"), by Prof. Leith Adams (pp.1—68. pis. i—v).

„ XXXII. IssuedMar.,1878, ^

for the Year 1878

The Fossil Echinodermata, Cretaceous, Vol. I, Part VIII, by Dr. Wright (pp. 265—300,
pis. Ixii A, Ixiii— Ixix).

Index and Title Page to the Fossil Echinodermata, Oolitic, Vol. I (Echinoidea), by Dr.
Wright (pp. 469—481).

The Fossil Merostomata, Part V (Neolimulus, &c.), by Dr. H. Woodward (pp. 181—263,
pis. xxxi—xxxvi, and title-page).

Supplement to the Fossil Brachiopoda, Vol. IV, Part II, No. 2 (Jurassic and Triassic),

by Mr. Davidson (pp. 145—242, pis. xvii—xxix).

The Lias Ammonites, Part I, by Dr. Wright (pp. 1—48, pis. i

—

viii).

The Sirenoid and Crossopterygian Ganoids, Part I, by Prcjf. Miall (pp. 1—32, pis. i, i A,

Supplement to the Reptilia of the Wealden (Goniopholis, Petrosuchus, and Sucho-
saurus), No. VllT, by Prof. Owen (pp. 1—15, pis. i—vi).

The Pleistocene Mammalia, Part A (Preliminary Treatise), by Prof. Boyd Dawl»ins

(pp. i—xxxviii).
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Vol. XXXIII. Issued May,I879, J

for the Year 1879

The Eocene Flora, Vol. I, Part I, by Mr. J. S. Gardner and Baron Ettingshansen (pp.
1—38, pis. i—v).

Second Supplement to tlie Crag MoUusca (Univalves and Bivalves), by Mr. S. V. Wood
(pp. i, ii, 1—58, pis. i—vi, and title-page).

The Fossil TrigonisR, No. V, by Dr. Lycett (pp. 205—245, pi. xli, and title-page).

The Lias Ammonites, Part II, by Dr. Wright (pp. 49—164, pis. ix— xviii).

Supplement to the Reptilia of the Wealden (Goniopholis, Brachydectes, Nannosuchus,
Thoriosuchus, and Nuthetes), No. IX, by Prof. Owen (pp. 1—19, pis. i—iv).

The Fossil Elephants, Part II (E. primigenius), by Prof. Leith Adams (pp. 69—146,
pis. vi—xv).

XXXIV. IssuedMay,1880,
for the year 1880

[ The Eocene Flora, Vol. I, Part II, by Mr. J. S. Gardner and Baron Ettingshansen

(pp. 39—58, pis. vi—xi).

The Fossil Echinodermata, Oolitic, Vol. II, Part III (Asteroidea and Ophiuroidea),

by Dr. Wright (pp. 155—203, pis. xix—xxi, pp. i—iv, and title-page).

Supplement to the Fossil Brachiopoda, Vol. IV, Part III (Permian and Carboniferous),

by Mr. Davidson (pp. 243—316, pis. xxx—xxxvii).

The Lias Ammonites, Part III, by Dr. Wright (pp. 165 —26i, pis. xix—xl).

The Reptilia of the London Clay, Vol. II, Part I (Chelone), by Prof. Owen (pp. 1—4
2)ls. i, ii).

XXXV. Issued May, 1881, ,

for the Year 1881 ">

f
The Fossil Echinodermata, Cretaceous, Vol. I, Part IX, by Dr. Wright (pp. 301—324,

pis. Ixx—Ixxv).

Supplement to the Fossil Brachiopoda, Vol. IV, Part IV (Devonian and Silurian,

from Budlcigh-Saltertou Pebble Bed), by Mr. Davidson (pp. 317—368, pis.

xxxviii—xlii).

The Fossil Trigonite (Supplement No. 1), by Dr. Lycett (pp. 1—4).
The Lias Ammonites, Part IV, by Dr. Wright (pp. 2&5—328, pis. xxii A, xxiis,

xli—xlviii).

The Reptilia of the Liassic Formations, Part III, by Prof. Owen (pp. 83—•134, pis.

xxi—xxxiii, and title-page).

The Fossil Elephants, Part III (E. primigenius and E. meridionalis), by Prof. Leith
Adams (pp. 147—265, pis. xvi— xxviii, and title-page).

„ XXXVl. Issued Jane,1882,

for the Year 1882

' The Eocene Flora, Vol. I, Part III, by Mr. J. S. Gardner and Baron Ettingshansen

(pp. 59—86, pis. xii, xiii, and title-page).

Third Supplement to the Crag Mollusca, by the late Mr. S. V. Wood (pp. 1—24, pi. i).

The Fossil Echinodermata, Cret., Vol. I, Part X, by Dr. Wright (pp. 325—371, pis.

Ixxvi—ixxx, and title-page).

Supplement to the Fossil Brachiopoda, Vol. IV, Part V, by Dr. Davidson (pp. 369-383,
and title-page).

Do., Vol. V, Part I (Devonian and Silurian), by Dr. Davidson (pp. I—134, pis.

i—vii).

The Lias Ammonites, Part V, by Dr. Wright (pp. 329—400, pis. xlix—lii, lii A,

liii— Ixix).

„ XXXVII. Issued Oct.,1883,

for the Year 1883

[ The Eocene Flora, Vol. II, Part I, by Mr. J. S. Gardner (pp. 1—60, pis. i—ix).

The Trilobites of the Silurian, Devonian, &c.. Formations, Part V, by the late Mr. J. W.
Salter (pp. 215—224, and title-page).

The Carboniferous Trilobites, Part I, by Dr. H. Woodward (pp. I—38, pis. i—vi).

{ Supplement to the Fossil Brachiopoda, Vol. V, Part II (Silurian), by Dr. Davidson
(pp. 135—242, pis. viii—xvii).

The Fossil Trigonise (Supplement No. 2), by the late Dr. Lycett (pp. 5—19, pis. i—iv

and title-page).

The Lias Ammonites, Part VI, by Dr. Wright (pp. 401— 440, pis. kx—kxvii).

„ XXXVIII. IssuedDec.,1884,
for the Year 1884

The Eocene Flora, Vol. II, Part II, by Mr. J. S. Gardner (pp. 61—90, pis. x—xx).

The Carboniferous Entomostraca, Part I, No. 2, by Prof. T. Rupert Jones, Mr. J. W.
Kirkby, and Prof. G. S. Brady (pp. i—-iii, 57—92, pis. vi, vii, and title-page).

The Carboniferous Trilobites, Part II, by Dr. H. Woodward (pp. 39—86, pis. vii—x,
and title-page).

Supplement to the Fossil Brachiopoda, Vol. V, Part III, by Dr. Davidson (pp. 243—476'

pis. xviii—-xxi, and title-page).

The Lias Ammonites, Part VII, by Dr. Wright (pp. 441—480, pis. Ixxviii—Ixxxvii).
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Vol. XXXIX. Issued Jan. ,1886

for the Tear ISSf) 1

' The Eocene Florn, Vol. II, Pnrt III, hy Mr. J. S. Gardner (pp. 91— 159, pis.

xxi— xxvii, and title-page).

The Stroniatojioroids, Part I, by Prof. Alleyne Nicholson (pp. i— iii, 1—130, pis. i— xi).

The Fossil Bnichiopoda (Bibliography), Vol. VI (pp. 1— 1{)3), by the late Dr. Davidson
and Mr. W. H. Dalton.

The Lias Ammonites, Part VIII, by the late Dr. Wright (pp. 481—503, pi. Ixxxviii, and
title-page).

XL. Issued Mar.,1887,
for the Year 188(i

'

' The Morphology and Histology of Stigmaria Ficoides, by Prof. W. C. Williamson
(pp. i— iv. I—02, pis. i— xv).

The Fossil Sponges. Part I. by Dr. G. J. Hinde (pp. 1-92, pis. i—viii).

The Jurassic Gasteropoda, Part I, No. 1, by Mr. W. H. Hudleston (pp. 1—5fi).

The Inferior Oolite Aninionites, Part I, by Mr. S. S. Buokman (pp. 1—24, pis. i—vi).

The Pleistocene Mammalia., Part VI, by Prof. Boyd Dawkins (pp. 1—29, pis. i— vii).

XLI. Issued Jan., 1888,

for the Year 1887

f The Fossil Sponges, Part II, by Dr. G. J. Hinde (pp. 93—188, pi. ix).

The PalaM)zoic Phyllopoda, Part I, by Prof. T. K. Jones and Dr. Woodward (pp. 1—72,
pis. i— xii).

The Jurassic Gasteropoda, Part I, No. 2, by Mr. W. H. Hudleston (pp. 57—136, pis.

i— vi).

The Inferior Oolite Ammonites, Part II, by Mr. S. S. Buckman (pp. 25—56, pis.

vii—xiv).

XLII. Issued Mar.,1889,

Tlie Stromatoporoids, Part II, by Prof. Alleyne Nicholson (pp. 131—158, pis. xii

—

xix).

The Tertiary Entomostraca (Supplement), by Prof. T. Rupert Jones and Mr. C. D.
Sherborn (pp. 1—55, pis. i— iii).

The Jurassic Gasteropoda, Part I, No. 3, by Mr. W. H. Hudleston (pp. 137—192, pis.

vii—xi).
.
inaucu 0X1,11 ,ii„>c.^-,

j rj\^^ Inferior Oolite Ammonites, Part III, by Mr. S. S. Buckman (pp. 57—144, pis. xv,

xxiiiA).

The Devonian Fauna of the South of England, Part I, by the Rev. G. F. Whidborne
(pp. i, ii, 1— 46, pis. i—iv).

Title-pages and Pi'efaces to the Monographs on the Reptilia of the Wealden and
Purbeck (Supplements), Kimmeridge Clay, and Mesozoic Formations, and
on the Cetacea of tlie Red Crag.

XLIII. Issued Mar., 1890,

for the Year 1889

The Cretaceous Entomostraca (Supplement), by Prof. T. Rupert Jones and Dr. G. J.

Hinde (pp. i— viii, 1— 70, pis. i

—

iv).

The Jurassic Gasteropoda, Part I, No. 4, by Mr. W. H. Hudleston (pp. 193—224, pis.

xii—xvi).

The Inferior Oolite Ammonites, Part IV, by Mr. S. S. Buckman (pp. 145—224, pis.

xxiv—xxxvi).

The Devonian Fauna of the South of England, Part II, by the Rev. G. F. Whidborne
(pp. 47— 154, pis. v— viii, viii A, ix—xv).

The Stromatoporoids, Part III, by Prof. Alleyne Nicholson (pp.159—202, pis. xx—xxv).

The Fossil Echinodermata, Cretaceous, Vol. II, Part I (Asteroidea), by Mr. W. Percy
Sladen (pp. 1—28, pis. i

—

viii).

XLI V. Issued Apr., 1891,
J
The Inferior Oolite Ammonites, Part V, by Mr. S. S. Buckman (pp. 225-256", pis.

for the Year 189') xxxvii—xliv).

The Devonian Fauna of the South of England, Part III, by the Rev. G. F. Whidborne
(pp. 155—250, pis. xvi— xxiv).

, Title-pages to the Supplement to the Fossil Corals, by Prof. Duncan.

XLV. Issued Feb., 1892.

f
The Jurassic Gasteropoda, Part I, No. 5, by Mr. W. H. Hudleston (pp. 225—272, pis.

xvii—XX ).

The Inferior Oolite Ammonites, Part VI, by Mr. S. S. Buckman (pp. 257—312, pis.

, xlv—Ivi).

for the Year 1891 The Devonian Fauna of the South of England, Part IV {Conclusion of Vol. 1)

(pp. 251—344, pis. xxv—xxxi, and title-page).

Vol. II, Part I, by the Rev. G. F. Whidborne (pp. 1—56, pis. i

-v).
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Vol. XLVI. Issued Nov., 1892,
for the Year 1892

f
The Stromatoporoids, Part IV (Conclusion), by Prof. Alleyne Nicholson (pp. 203

—

231-, pis. xxvi—xxix, and title-page).

The Palajozoio Phyllupoda, Part II, by Prof T. R. Jones and Dr. Woodward (pp. 73—
124, pis. xiii

—

xvii).

The Jurassic Gasteropoda, Pai-t I, No. 6, by Mr. W. H. Hudleston (pp. 273—324, pis,

xxi—xxvi).

The Inferior Oolite Ammonites, Part VII, by Mr. S. S. Buckman (pp. 313—344, pis.

Ivii—Ixxvi).

The Devonian Fauna of the South of England, Vol. II, Part II, by the Rev. G. F.

Whidborne (pp. 57—88, pis. vi—x).

XLVII. Issued Dec, 1893.

for the Year 1893 ]

' The Fossil Sponges, Part III, by Dr. G. J. Hinde (pp. 189—254, pis. x—six).

The Fossil Echinodermata, Cretaceous, Vol. II, Part II (Asteroidea), by Mr. W. Percy
Sladen (pp. 29— 66, pis. ix

—

xvi).

The Inferior Oolite Ammonites, Part VIII, by Mr. S. S. Buckman (pp. 345—376, pis.

Ixxvii—xcii).

The Devonian Fauna of the South of England, Vol. II, Part III, by the Rev. G. F.
Whidborne (pp. 89—160, pis. xi— xvii).

XLVIII. Issued Nov., 1894,
for the Year 1894

f
The Jurassic Gasteropoda, Part I, No. 7, by Mr. W, H. Hudleston (pp. 325—390, pis.

xxvii— xxxii).

Carbonicola, Anthracomya, and Naiadites, Part I, by Dr. W. Hind (pp. 1—80, pis.

i—xi).

The Inferior Oolite Ammonites, Part IX, by Mr. S. S. Buckman (pp. 377—456, pis.

xciii

—

ciii).

The Fishes of the Old Red Sandstone, Part II, No. 1, by Dr. R. H. Traquair (pp. 63—
90, pis. XV—xviii).

XLIX. Issued Oct., 1895,
for the Year 1895

The Crag Foraminifera, Part II, by Prof T. R. Jones (pp. 73—210, pis. v—vii).

The Jurassic Gasteropoda, Part I, No. 8, by Mr. W. H. Hudleston (pp. 391—444, pis.

xxxiii—xl).

Carbonicola, Anthracomya, and Naiadites, Part II, by Dr. W. Hind (pp. 81—170, pis.

xii—xx).

The Devonian Fauna of the South of England, Vol. II, Part IV, by the Rev. G. F.

Whidborne (pp. 161—212, pis. xviii—xxiv).

L. Issued Oct., 1896,

for the Year 1896

The Crag Foraminifera, Part III, by Prof T. R. Jones (pp. 211—314).
The Jurassic Gasteropoda, Part I, No. 9, by Mr. W. H. Hudleston (pp. 445—514,

pis. xli—xliv, and title-page).

Carbonicola, Anthracomya, and Naiadites, Part III, by Dr. W. Hind (pp. 171—182,
pi. xxi, and title-page).

The Carboniferous Lamellibianchiata, Part I, by Dr. W. Hind (pp. 1—80, pis. i, ii).

The Devonian Fauna of the South of England, Vol. Ill, Part I, by the Rev. G. F.

Whidborne (pp. 1— 112, pis. i— xvi).

LI. Issued Dec, 1897.

for the Year 1897

The Crag Foraminifera, Part IV, by Piof T. R. Jones (pp. vii—xv, 315—402, and
title-page).

The Carboniferous Lamellibranchiata, Part II, by Dr. W. Hind (pp. 81—208, pis. iii

—xv).

The Carboniferous Cephalopoda of Ireland, Part I, by Dr. A. H. Foord (pp. 1—22,
pis. i—vii).

The Devonian Fauna of the South of England, Vol. Ill, Part II, by the Rev. G. F.

Whidborne (pp. 113—178, pis. xvii—xxi).

LIT. Issued Dec, 1898,

.

for the Year 1898

( The Palajozoic Phyllopoda, Part III, by Prof. T. R. Jones and Dr. Woodward (pp. 125
—176, pis. xviii—xxv).

The Carboniferous Lamellibranchiata, Part III, by Dr. W. Hind (pp. 209—276, pis.

xvi—xxv).

The Inferior Oolite Ammonites, Part X, by Mr. S. S. Buckman (pp. i—xxxii, Suppl.

pis. i—iv).

The Carboniferous Cephalopoda of Ireland, Part II, by Dr. A. H. Foord (pp. 23—48,
pis. viii—xvii).
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;iiul " suiall "
; in ordinary s[)ccimens the ]arge ones measure about -/f inch in lengtli,

and the others, very niinule, are clearly seen in one specimen to occupy a more external

position on the edge of the jaw.

The bones of the shoulder-girdle do not call for special remark.

The pectoral and ventral fins are very small ; the latter are placed nearly midway

between the pectorals and the anal. The dorsal is placed very far back, being nearly

opposite the anal, Avhich it resembles both in size and in shape ; both are triangidar-

aciiminate, with the posterior margin rather concave. To count the fin-rays in such

delicate little fossil fishes is rather a difficult and uncertain matter, but I woidd

estimate the number in the dorsal and anal fins at al)out thirty for each, of wliicli the

posterior ten are vei'y fine. They do not bifurcate tdl near their terminations ; their

transverse articulations are rather distant, especially near the attachment of the fin
;

minute fulcra, rather thinly set, may be seen along the anterior margins. The caudal

is deeply bifurcated and inequilobate ; the fulcral scales along the anterior margin of the

lower lobe are more distinct and closely set than those of the other fins. About eighteen

or nineteen rays go to form the lower lobe ; the rest become exceedingly fine and delicate

as we proceed towards the tip of the upper lobe.

As regards the scales, Prof. J. Young referred to them as being " cycloidal," but

remarked further that " the obliquity of their axis, from the production of their postero-

inferior angle, gives them in situ a rhomboidal appearance." Mr. Barkas also stated that

they were "cycloidal" and that they "more closely resemble those of Ccelacanthus than

do the scales of any other Coal Measure fishes." They are, however, in reality

rhomboidal, and conform in every essential respect to the type of scales seen in

Palffoniscus and its allies. Their principal peculiarities are their thinness, the rounding

of their postero-inferior angles, and their upper margins being, perhaps, rather more

than usually overlapped. The form of a flank-scale (PI. XXVII, fig. 5) is rhomboidal,

with the antero-superior angle acute and pointed, the postero-inferior rounded

;

from the middle of the superior margin a pointed peg projects n[)war(ls for articulation

with the under surface of the scale above. The ornament of the free surface consists of

fine, raised, thread-like ridges running in the main parallel with the anterior, inferior,

and posterior margins, of w^hich arrangement the drawing fig. 4 will give a better idea

than any further description. One ridge running along the upper part of the posterior

margin is generally more or less zigzagged so as to give almost a crenulated appearance

to that margin. The scales of the flank do not alter much in size or shape till we come

to the small and acutely lozenge-shaped ones which clothe the sides of the caudal body-

prolongation, the upper margin of which is bordered by the usual median series of V-

shaped scales. The scales of the back and belly are smaller than those of the sides
;

azygous, somewhat heart-shaped scales are often seen in the mesial dorsal line where the

oblique rows of each side meet, but I do not see any specially large ones in front of the

dorsal fin as in Palceoniscus, etc. The lateral line is very distinctly traceable from the

18
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sliouldor-einlle to llic oriyiii of the lower lobe of tlie caudal tin, the scales which it

traverses being each marked with a slight ridge or elevation, which disturbs very con-

siderably the regularity of the jjroper striae of the scale.

Bemarlcs.—The MS. name Ci/cIopfycMus carbonarius, devised by Prof. Huxley fortius

beautiful little fish, was adopted by Prof. J. Young in his brief description. Its

characters are so distinct that I think there is scarcely any danger of its being confused

with any other s])ecies.

Geological Position and Localities.—An Upper Carboniferous fish principally found

in the Coal Measures (Deep Mine Ironstone Shale) of Longton and Fenton in North

Staffordshire, where most of the specimens known were collected by the late Mr. John

Ward, F.Gr.S. The species has also been recorded from Northumberland by Barkas and

from Yorkshire by Wellburn.^ The types are in the Ward Collection, British Museum.

2. Cyci.optychius concentricus, Traquair. Plate XXVII, figs. 6—9.

Ctclopttchius concenteicus, Traquair. Trans. Eoy. Soc. Edinb., vol. xxx, 1881,

p. 37, pi. ii, figs. 17—20.

— —A. 8. Woodward. Cat. Toss. Fislies Brit. Mu?.,

pt. ii, 1891, p. 461.

Speci/ic Characters.—Postero-inferior angle of flank-scales obtuse; ridges on the

scales j)roportionately coarser than in C. carbonarius ; nearly concentric on the flank-

scales ; no zigzagged line at posterior border ; scales of the back low and having in the

central area a few diagonal ridges passing obliquely from before downwards and back-

wards.

Descri2}tion.—Attaining a length of 4| inches; the specimen shown in PI. XXVII,

fig. G, measures 4j inches. The length of the head is contained about five times, the

greatest depth of the body over six times in the total length up to the extremity of the

upper caudal lobe. The contour of the fish is therefore peculiarly slender and graceful,

the depth of the body continuing pretty uniform as far as the origin of the posteriorly

placed dorsal fin, whence it tapers to the moderately stout tail-pedicle.

The head is somewhat elongated, with very oblique suspensorium, extensive gape,

anteriorly placed orbit and well-marked ethmoidal prominence. The sculpture of the

cranial roof-bones is not exhibited ; on the other bones of the head it is of a striated

character, but is only well seen in the case of the maxilla and mandible. The former has

its broad post-orbital portion covered with closely set ridges which pass into an irregular

tuberculation along the dentary margin ; the mandible, slender and tapering in shape,

has also a narrow band of tuberculation along its upper margin, but below this the

surface is striated with fine ridges which proceed diagonally from above downwards and

* 'Proc. Yorks. Geol. and Polytechnic Society,' vol. xiv, pt. ii, 1901, p. 168.
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forwards, and increase in obliquity from behind forwards. Small conical teeth of different

sizes may be observed in several specimens.

The bones of the shoulder-girdle present nothing peculiar in their configuration, and

so far as their external sculpture is visible it consists of wavy sub-parallel ridges.

The scales of the flank (fig. 7) are somewhat large for the size of the fish, and are

higher than broad, with their postero-inferior angles obtuse ; towards the back, belly,

and tail they become smaller, and assume the usual rhomboidal shape. The articular

spine is well marked though small; the keel of the attached surface is central and

sharply defined. The scale-markings are characteristic. Along the sides of the body,

as far as the tail-pedicle, the exposed surface of the scale is ornamented by somewhat

coarse and closely placed ridges, which, commencing at the upper margin, descend in

such a way as to form one median ridge surrounded by several others, which, running

parallel with each other and with the anterior and posterior margins, join each other below

round the extremity of the median one; or—to put the matter in a different way—we

have a set of concentric ridges j)arallel with the antero-inferior and posterior margins

with an odd one in the middle, or sometimes with two uniting in a loop ; in addition,

there are often one or two fine vertical striae along the anterior margin. A somewhat

different pattern is observable along the back (fig. 8), extending downwards to and

including the second longitudinal row of scales above the lateral line. Here there is

ordinarily only one marginal ridge, running closely along the anterior, inferior, and

posterior borders, within which the area is, according to the size of the scale, occupied

by from two to five diagonal and parallel ridges passing from before downwards and

backwards. The caudal body-prolongation has its minute lozenge-shaped scales

ornamented by diagonal ridges only ; striae of a similar description characterise also

the large V-sliaped scales which run along its upper margin.

'V\\e 2)cctoral fin is small, its length being hardly more than half that of the head; it

is acuminate in shape and consists of about twelve rays, of which the principal ones are

unarticulated till towards their terminations. TMie ventrah seem to have been likewise

small, and the articulations of their rays somewhat distant. The median fins are on the

contrary of tolerably large size. The dorsal is situated far back, and is triangular-

acuminate in shape; its rays, the number of which cannot be accurately ascertained, are

slender, smooth, and distantly articulated. The anal is placed nearly opposite the

dorsal ; it is shar[)ly acuminate, with concavely excavated posterior border; the rays are

of the same charncter as those of the dorsal. The caudal fin is well developed, deeply

cleft, andjnequilobate ; its rays resemble those of the other median fins.

Bemarhs.—That the above described species is referable to the genus Cycloptychius

is indicated by the following characters : The slender, elongated form of the body, the

backward position of the dorsal fin, the obtuseness of the postero-inferior angles of the

scales, and, last but not least, the possession of a peculiar scale-ornament, consisting of

ridges running parallel with the anterior, inferior and posterior margins of the scale. At
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the same time the cliliercnces between it and Cijchplyduus carbonarius arc a})|)areiit at

the first glance. In C. carbonarius the ridges on tlie scales are ninch finer, the one along

the posterior margin being also more or less zigzagged in contonr, while there is not that

difference in the sctdptnre of the scales along the back, which is so prominent a

character in C. conccnfricas. The sha|)c of the flank-scales also differs to a considerable

extent; for while in the former species the postero-inferior angles arc sim[)ly ronnded

off, in C. concentricns they are absolntely obtnse, so that the inferior margin looks as

mnch backwards as downwards.

Geological Position and Locality.—A Lower Carboniferons fish, and as yet oidy

known from the Calciferous Sandstone Series at (jilcncartholm, Eskdale.

The type is in the Collection of the Geological Snrvey of Scotland.

Genus—RnADiNiCHTHYS, 'Traquair, 1877.

Pal.eoniscus (pars), Agassiz.

Generic Cliaraclers.—Body fusiform, often elongate-fusiform ; caudal body-prolonga-

tion usually weak ; botly-scales rhond)ic, usually, but not always, denticulated

posteriorly, their overlaj)ped surface narrow. Principal rays of pectoral fin unarticulated

till towards their terminations; dorsal situated rather far back, commencing only

slightly in front of the anal, sometimes indeed directly opposed to the anal; caudal

deeply cleft and ineqnilobate. Suspensoriuni very obli(pie, gnpe laigc ; operculum

oblong ; suboperculum quadrate ; branchiostegal rays or plates numerous, with a

median lozenge-shaped plate behind the symphysis of the mandible as in Elonicht/iys,

Gonatodus, etc. Jaws armed with a set of incurved conical laniaries, outside which

there is a series of smaller teeth.

lleinarks.— I proposed this genus in 1877 for the reception of the "Palaoniscus"

ornatissimus and F. earinatus of Agassiz, which, on account of the condition of the

pectoral fin-rays and the backward position of the dorsal fin, could not be included either

in that genus or in Eloniclitliys. As referable to the same category I also noted

" Palaoniscus" JFardi (Ward) from the British Upper Carboniferous, and ^'Palaotiiscus''

Cairnsi and Alberti of Jackson from the Lower Carboniferons of New Brunswick, while

in the year after I also added "Palaoniscus " inonensis of Egerton to the new gemis.

The number of species referred to lUadinicht/iys has since those days been on the

increase. No less than twenty-six names of species, including synonyms, are enumerated

by Dr. Smith Woodward in his Catalogue (Ft. ii, 1891), of which five are from the

American continent. More recently "Palaoniscm" demnicm of Clarke has been added

to Uhadinicklhys by Eastman, who has likewise described a new species also from the

American Upper Devonian, to which he has given the name of Rhadinichthjs Beani}

This species is remarkable as having furnished a number of heads in which the form of

1 EastiiKin, 'Geo). Survey, Iowa,' vol. xviii, 1908, pp, 258 GO, and 264-272.



RHADINICHTIIYS ORNATISSIMUS. 127

the brain iiiul the details of tlij labyrinth of the enr are preserved, even a few blood-

vessels being traceable. I may anticipate a little by stating that in a specimen of Rh.

carinalas (Ag.) in my possession, one of the semicircular canals and also an otolith are

distinctly shown.

In form and lins Rhadinicht/ii/.'^ has affinities with Ci/dopfi/chins, but the scales are

angulated all over the body, none of their corners being rounded off. Also, though on

a small scale, this genus recalls the Permian Pijyoplenis, but the anal fin is not

produced backwards in a fringe-like manner, as it is in the last-named form.

It is i)re-eminently a Carboniferous genus, the only exceptions to this position being

the Rhadinkhthys clcvoiiicns (Clarke) and R/i. Dcani, Eastman, from the Upper

Devonian of New York and Kentucky respectively.

1. Rhadinichthys ORNATISSIMUS, J(/asdx,, sp, Plate XXVIII.

PAr-^ONiscus ORNATISSIMUS, Agass'iz. Poiss. Foss., vol. ii, pt. i, 1835, p. 92, pi.

x a, figs. 6, 8 (_)ion figs, 5, 7).

liiiADiNiCHTUYS oiiNATissiMus, Traquaiv. Quart. Jouru. Geol. Soc, vol. .xxxiii,

1877, p. 559. Also Proc. Roy. Soc.

Edinb., vol. i.v, 1877, p. -132; Proc.

Roy. Soc. Ediub., vol. xvii, 1890, pp.

391, 397 ; Distrib. of Fossil Fish-

remains in tlio Curb. Rocks of the

Edinburgh District (Trans. Roy.

Soc. Ediub., vol. xl, pt. iii, No. 28),

pp. 690, 691, 692, etc.

— LEPTURUS, Traquair. Proc. Roy. Soc. Edinb., vol. ix, 1877,

p. 437.

— ORNATISSIMUS, A. S. Woodward. Cat. Foss. Fishes Brit. Mus.,

pt. ii, 1891, p. 462.

Specijic Characters.—Occasionally attaining a length of ten inches. Length of head

contained about one-fifth in the total; external liead-bones sharply striated. Scales

rather large, those of the flank ornamented with numerous sharp and slightly sigmoidal

ridges and furrows, whose direction is mostly parallel with the upper and lower margins,

and ending in denticulations of tlie posterior border. Paired fins rather small ; median

fins well developed, articulations of the rays rather distant ; fulcra distinct ; body

prolongation in upper lobe of caudal fin weak.

Ristory.—'^PaIcE07iiscus" ornatissimus was described by Agassiz from three speci-

mens, all of which are figured in the ' Poissons Fossiles.' Two of these from

Burdiehouse are in the collection of the Royal Scottish Museum, Edinburgh ; they are

in a very bad state of preservation, though enough is seen of their structure to convince

one that they belong to two different species. 'JHie original of fig. 5, tab. 10 «
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(' Atlas,' .vol. ii) seems to be only a peculiarly crushed specimen of Elonichiliijs llobisoni.

The other, represented in fig. 6, is of larger dimensions, and though the tins are

imperfectly shown, yet, from the general form of the body and from the sculpture of the

scales and cranial bones, I have no hesitation in identifying with it a fish which has

turned out to be very common in the Lower Carboniferous rocks around Edinburgh.

The specimen represented in fig. 7 of the same j)late of Agassiz's work does not seem to

belong to the same species, and unfortunately, there seems now to be no hope of tracing

the original to its present possessor, as it belonged to the late Mr. Jameson Torrie, whose

collection was, after his death many years ago, sold by ])ublic auction and dispersed.

As type of " vrnatissimns" we are therefore justified in taking the original of tig. 6 of

the plate referred to, and that we have in this " or/zalissiM/fs" the ty[)e of a very well-

marked genus will, I think, not be disj)uted.

Descfip/ioM.—The length of the type specimen, wdiich is so bent round that the tip

of the tail nearly touches the snout, is five inches ; doubtless its original length was

greater ])revious to the strange contortion, which has thus aflfected its form. It is,

nevertheless, small, as the most perfect exam[)le in the Hugh Miller Collection (PI.

XXVI II, fig. 2) attains an estin)ated length of eight inches, while another, unfortu-

nately wanting the head, would probably have measured no less tliiui ten inches had it

been entire. The best view of the external form and proportions is afforded by the

sfjecimen from Straiton, represented in fig. 1 of the same plate, which would be five

inches in length if we allow for the little bit of the extremity of the upper lobe of the

caudal fin which is wanting. The length of the head is contained about one-fifth in the

total and is slightly greater than the greatest depth of the body. The suspensorium is

very oblique, the gape extensive; the lower jaw (fig. 4) is stout, bui tapering. Traces of

sharj) conical teeth are seen in many specimens, and are, as usual, arranged in two sets,

internal larger and external smaller. The operculum {op., Text-fig. 6) is large and

oblong, with acute antero-superior and postero-inferior angles ; the suboperculum

(s.o/j.) is of the usual quadrate shape. A specimen from Wardie, obliquely compressed

upon its back, and of which the head is represented in PI. XXVIII, fig. 3, shows on

the right side a beautiful series of fifteen branchiostegal rays or plates, along with the

anterior seven of those of the other side, besides which there is a small median lozenge-

shaped plate {6r.") behind the symphysis of the jaw, the anterior plate {dr.') of each

lateral series being also much broader than the others. All the bones of the head are

finely and closely striated.

The scales are rather large on the front of the flank. In a Burdiehousc specimen,

which probably measured originally about ten inches in length, one of these scales

measures two-fifths of an inch in height by three-tenths of an inch in breadth ; they get

much smaller jmsteriorly, and those situated on tiie belly are rather low ami narrow^

Their external ornament (fig. 5, taken from a Straiton specimen) consists of numerous

sharp, yet delicate, slightly sigmoidally curved ridges and furrows, which are mostly
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parallel with the superior and inferior margins. In the furrows between these ridges

numerous punctures may be observed, and often about the eentre of the scale the ridges

are over a small space nearly obsolete, so that the punctures come more prominently

into view, and the ridges themselves end in fine denticulations of the hinder margin.

Fig. represents a scale taken from further back, in which the ridges are fewer and

more oblique, passing, however, anteriorly into very fine striae, while in fig. 7 we have

another posterior scale in which the coarser ridges have disappeared, and their place is

altogether taken by fine oblique striae.

The paired fins are rather small, the pectoral attaining only about one-half the length

of the head. It is well shown in the specimen represented in Fl. XXVIII, fig. 2, and

consists of about thirty rays, of which the principal ones are, as in Pygopterus and

Oxygnathm, unarticulated till towards their terminations. The ventral is placed nearer

to the anal than to the pectoral. The dorsal and anal fins are moderate, the former

Fig. 6.—Restored outline of Rhadinichllnis oruatisshnux (Agassiz). o., orbit; op., operculum; p.op., preoper-

culum ; «. 0/)., suboperculuin ; &*•,, brauchiostegal plates ; hjj;., uiaxilla ; )««., niiiiuliblc ; ri., clavicle ; s.cZ., supra-

clavicular
;
pt. t., post-temporal. The fiu-fukra have beeu omitted, being too minute for a drawing on so small

a scale.

being placed far back and arising oidy slightly in front of the anal ; both are acuminate,

triangular, with concave posterior margins. It is not possible to ascertain the number

of rays in these fins. They are rather delicate, and having their transverse joints about

twice as long as broad—at least in the longer rays before bifurcation—when the rays

are in situ their articulations appear proportionately still more distant (fig. 8) owing to

the imbrication of the demi-rays. The tail-jjedicle is rather long ; the caudal body-

prolongation is weak, and the lower lobe of the caudal fin is largely developed. The

anterior rays of this lower lobe are stouter than those of the rest of the fin and have

their transverse articulations closer, the joints appearing nearly square as seen from the

outside ; as the lower lobe passes into the upper one the rays become more delicate and

their articulations more distant. The outer surfaces of the joints of these fins are mostly

smooth, though showing here and there traces of longitudinal striation (see fig. 8),

especially towards their proximal extremities. The fulcra are small, though very

distinctly visible under an ordinary lens.
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Obscrvalioiis.— I luul afttT ('nrci'iil coiisidcralioii coiiio to the conclusion that my R/i.

Icpturus {w\\\ Bnintisland (' Froc. Roy. Soc. Edinb.,' vol. i\, 1877, p. 137) ^vas only a

vomiir and ininorfcctlv preserved snecinicn o[ Ti/i. urj/a//s6-i/////,s, and accordiimlv in 1890

I cancelled the species (ibid., vol. xvii, p. 397). In reality there is no more distinct

and easily recognised species in the whole family of Palreoniscidae, and as I have already

remarked, its |)osition as the type of a distinct and extensive genus is unmistakable.

Geolo(/ical Position and Localities.—Only in the Lower Carboniferous Rocks of the

central valley of Scotland, in which, however, its vertical range is very extensive.

Calciferous Sandstone Series : in ironstone nodules washed out of the shales at

Wardie Heacli ; in shale exposed in the Water of Leith, near Slateford, and near Juniper

Green; at Lochend, near Edinburgh. In the Burdiehouse Limestone at Burdiehouse,

and at South Queensferry. Abundant in nodules in the "roof" of the " Dunnet
"

Shale formerly worked at Straiton and Old Pentland ; sparingly found in the shale itself.

In West Lothian, in the " Dunnet " Shale, near Broxburn. In Fifeshire at Burntisland,

and at Kiness Burn, near St. Andrews. In East Lothian, near Gullane.

Lower Limestone Series : East Kilbride, Lanarkshire. Specimen formeily in the

Hunter Collection, Kilmarnock Museum.

lulge Coal Series : in the Borough Lee Ironstone, Loanhead, near Edinburgh ; also

in the roof-shale of the " Flex " Coal, worked at the same locality, but very rare.

2. Rhadinichtuys carinatus, Ayassiz, sj). Plate XXIX, figs, 1— 0.

Pal^oniscus carinatus, Af/asslz. Poiss. Foss., vol. ii, pt. i, 1835, p. 104, pi. iv c,

figs. 1—2.

RiiADiNiCHTHYS Gkikifi, Traqnah'. Proc. Eoy. Soc. Edinb., vol. ix, 1877, p. 438

i^non Trans. Roy. Soc. Eilinb., vol. xxx,

1881, p. 25, p]. ii, figs. 1— .5).

— CARiHATls, Troquair. Ibid., ]). 441 ; also in Quart. Journ.

Geo]. Soc, vol. xxxiii, 1877, p. 559,

and in Proc. Hoy. Soc. Edinb., vol.

xvii, 1890, pp. 391 and 397.

— TENUICAUDA, TroqiKiir. Proc. Roy. Soc. Edinb., vol. i.v, 1S77,

p. 443.

— CAHiNATVS, ^. (S. Woodward. Cat. Toss. Fishes Biit. Miis., pt.

ii, 1891, p. 463.

— TKNUiCAUUA, A. S. Woodwavd. Ibid., p. 4(J6.

Specifc Characters.—Form elegant and slender; the length of the head contained

somewhat over five times in the total, and ((pud or thereabout to the greatest depth of

the body at the ventral fins. Cranial bones finely striated. Scales rather large on the

flank, usually smooth, with a few [)unctuies, and having the posterior border sharply

denticulated with from seven to eleven points; in some cases the notches between the
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denticulations are continued forwards for some distance over the surface as little grooves

—the scales inunediatclj bel)ind the shoulder, along the middle of the back as far as the

dorsal fin, and along the middle line of the belly as far as the ventrals, being also

sometimes more or less striated. The paired fins are sn)all, the median fins rather large,

and the caudal body-prolongation weak.

Description.—The general form is slender, though, owing to post-mortem chdiWge^, the

exact proportions vary constantly in different individuals, as may be seen on comparing

the two specimens represented in PI. XXIX, figs. 1 and 2 ; on the whole, however, the

length of the head seems to be contained a little over five times in the total, and to be

equal to the greatest depth of the body at the ventral fins. The bones of the cranial shield

are ornamented with sharp delicate wavy ridges or strise. A specimen in my collection

shows most clearly the presence of extensive ossification in the periotic and alisphenoid

region of the cranium, and, moreover, a cast of the posterior semicircular canal of

the ear is most distinctly and beautifully preserved. The external ornament of the

facial bones consists, like that of the cranial shield, of delicate wavy ridges. The paired

fins are small ; there is, in the case of the pectorals, sufficient evidence (fig. 3) that the

principal rays were unarticulated till towards their terminations ; the ventrals, seldom

seen, are placed halfway between the pectorals and the anal. The median fins may be

considered rather large in proportion to the size of the fish. The anal commences

rather in front of a point equidistant between the origin of the ventrals and that of the

lower lobe of the caudal ; it is high and acuminate in front, with its posterior

border rather concave. The dorsal is similar in shape to the anal and commences only

slightly in front of the origin of the latter. The caudal is deeply cleft; the lower lobe

well developed ; but, as in the previously described species, the prolongation of the

body-axis along the upper lobe is comparatively delicate. The rays of all these fins are

slender, with distant articulations, their exposed surfaces being ganoid and smooth
;

the fulcra along the anterior margins of the fins are obvious though minute.

The scales are rather large and quadrate on the flanks, but towards the median

ventral line they become low and narrow. A typical flank-scale, magnified, is

represented in PI. XXIX, fig. 5, and shows a brilliantly polished ganoid surface with

some scattered punctures, and along the posterior margin some seven to eleven sharp

denticulations. In some specimens, however, a certain amount of striation is produced

(fig. G) by the notches between the denticles being produced forwards for a little way

over the surface; in some examples, indeed, this striation is found over all the scales of

the anterior part of the flank. In every case, however, the scales of the nape of the

neck (fig. 4) seem to be striated all over, and a certain amount of striation is also

frequently observed on the narrow scales along the ventral margin between the

pectoral and ventral fins.

Observations.—The type specimen of '^ Palceoniscus'" carinatus^ collected by Lord

Greenock, and described and figured by Agassiz, is now in the Royal Scottish Museum,

19
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having been presented to that institution by the Royal Society of Edinburgh. It is

very imperfect, showing no fins save the mere origins of the anal and caudal, the former

of which seems to liave been overlooked by Agassiz. On the other hand, I cannot, by

the most careful examination, verify his statement regarding the presence of small teeth

"fw brosse'^ upon the jaw.

Imperfect though the type specimen may be, I am nevertheless justified in identi-

fying with it not oidy some examples from the original locality, i)nt also many others

from various places and horizons, which show very clearly that ^'carinatus" is a well-

marked mcnd)er of the genus Bhadinichfln/s. Its characters as regards the scale

ornament are rather more variable than in the case of lih. ornafissimus, and accordingly

there is here more danger of unnecessary multiplication of species. I have in this way

seen reason to retract the specific term Geikiei which I applied to some very small and

apparently juvenile specimens collected by tlie Geological Survey of Scotland at Redhall,

near Slateford, as well as to consider my Bk. tenuicauda to be founded on unsatisfactorily

preserved examples of the species under consideration.

In the Edinburgh University Anatomical Museum there is a specimen of Rh.

carinatus from Cornceres, in Fifeshire, which belonged to the late Professor Goodsir ; it

is possible that this may be the " Caiopterns fusiformis " which the late Mr. Robert

Walker states was described by Professor Goodsir in 1838 before a meeting of the

Literary and Philosophical Society of St. Andrews, and which, according to Mr. Walker,

he characterised as being closely allied to Palaoniscus, but differing from it " in wanting

the scaling or false rays along the anterior ray of the fins, and also in the dorsal fin

being opposite the anal."^ In this specimen the dorsal fin is, indeed, nearly opposite

the anal (as in others of the same genus as well as species), but on close examination

fulcra are distinctly observable. I have not been able to procure Professor Goodsir's

description, or even to ascertain exactly where it is to be found, bub as it appears to have

been published only in a provincial newspaper, the generic name Catopterus must remain

with the Triassic semi-heterocercal fishes for which it was proposed by the Messrs.

Redfield.2

Geolo(jical Position and Localities.— Like the preceding species, Bhadinichthys

carinatus has an extensive distribution in the Lower Carboniferons rocks of the great

central valley of Scotland. The following is a list of localities arranged in geological

succession from below upwards :

Calciferous Sandstone Series -. Wardie Beach, in ironstone nodules. Redhall, near

Slateford, in railway cutting; floor of" Dunnet" Shale at Straiton. Abundant in the

"Curly" Shale at Pumpherston and Roman Camp, in the Broxburn district, West Lothian.

In Fifeshire, at Burntisland ; Cornceres near Kilrenny; Pitcorthy near Anstruther.

1 'Trans. Geol. Soc. Edinb.,' vol. ii, 1872, p. 124.

2 Gatopterus, J. H. Redfield, waa likewise published bj the American author one year earlier,

namely in 1837.
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Edge Coal Series : in shale accompanying an ironstone near the " North " Coal

worked at Niddrie, near Edinburgh ; Borough Lee Ironstone, Loanhead j Waliyford,

near Musselburgh.

3. Rhadinichthys canobiensis, Traquair.

EuADiNicHTHXS Geikiet, Traquair. Trans. Roy. Soc. Edinb., vol. xxx, 1881, p. 25,

pi. i, figs. 13—18 (non Proe. Koy. Soc.

Edinb., vol. ix, 1877, p. 438).

— — var. ELEGA>'TULU8, Traquaiv. Ibid., p. 27, pi. ii,

figs. 1—5.

— DELiCATULUS, Traquair. Ibid., p. 29, pi. ii, figs. 6—9.

— EiiEOAHxuLUs, Traquair. Ami. and Mag. Nat. Hist. [6],

vol. vi, 1890, p. 492.

— — with variety delicatulus, Traquair. Proc. Roy.

Soc. Edinb., vol. xviii, 1890, p. 398.

— — A. S. Woodward. Cat. Foss. Fishes Brit. Mus.,

pt. ii, 1891, p. 464.

History.—In my original essay on the Eskdale Ganoids, I identified the common

Hhadinicldhys of the Glencartliolm fish-beds with the little Redhall fish, to which I had in

1877 given the name of "^//. Geikiei," including, as a "variety," a form which I

named " elegmdidm^^ while I accorded the rank of a species to another closely allied

fish, namely JRh. delicatulus.

Afterwards, in 1890, I published my conviction that " Geihiei" was only a synonym

oi " carinatus,^^ and therefore proposed to adopt '' eleyuididus''^ as the name of the

Eskdale species including "delicatulus" as a variety. In this adjustment of the

nomenclature Dr. Smith Woodward, in the second part of his Catalogue, acquiesced.

Since that time it lias, however, struck me that tiie name " eleyantulus^'' liaving been

originally proposed to designate a variety, must ren)ain confined to that variety, which

may indeed be elevated into a species by some future investigator, who may take up the

special study of these forms. According to this view a name is now wanting for the

species as a whole, and for that I beg to suggest the term " canohiensis.'^

General Characters of the Species.—Fishes resembling Eh. carinatus in general form

and dimensions, but having the denticulations of the posterior margins of the scales

fewer and coarser.

A. The 'J'ypical Form. Plate XXX, figs. 1—6.

Description.—Perfect specimens usually measure from 4 to 4^ inches in length ; a

somewhat larger size is, however, sometiuies indicated by examples of a more fragmen-

tary description. The shape is elegantly fusiform and j'alher slender; the length of the
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head being rather greater than the depth of the body at the ventral fins, and contained

about four and a half times in the total.

The cranial loof-boiics are ornamented with closely set, well-defined elevated ridges,

which, although wavy and soujcwhat contorted, mainly follow a longitudinal direction,

especially on the parietal and frontal plates and the posterior part of the superethmoidal

;

they are often bifurcated, intercalated and interrupted, and on the lateral parts of the

cranial shield these interruptions often become so frequent as to cause the ornament to

assume a somewhat tubercular character, which in some cases invades even the more

central parts. On the anterior part of the superethmoidal, which forms the usual pro-

jection over the mouth, the ridges are disposed transversely.

The direction of the suspensonuni is very oblique, and the gape consequently wide.

The opercular bones are well developed and of the usual shape in this genus, but their

external markings are not distinctly preserved. The maxilla has its broad portion

ornamented with fine ridges, which run parallel with its superior and posterior margins

;

its infra-orbital process is tuberculated, and the tubercles are continued backwards as a

narrow band along the entire inferior or dentary margin of the bone. The beautifully

tapering mandible is covered externally with fine ridges which pass forward from the

angle in a somewhat radiating manner, so that below they are pretty parallel with the

inferior margin, while above they cut the suj)erior one at low angles. In large specimens

these ridges break up into minute tuberculation along the superior margin of the jaw

—a condition rarely met with in the smaller examples. The orbit is anteriorly placed,

and furnished with the usual arrangement of suborbital and circumorbital plates.

The bones of the shoulder-girdle are ornamented with well-defined sub-parallel

ridges, which are arranged according to the common pattern, namely somewhat concen-

trically, and more or less parallel with the margins of the bones.

The scales are of moderate size with narrow covered area, rhomboidal in shape and

increasing in obliquity, and diminishing in size towards the tail. On the flank they are

tolerably equilateral, but along the belly between the pectoral fins and the |)osteri()r part

of the base of the anal they suddenly become very low and narrow, their height

diminishing to one-half or one-third of their length. This change of form usually occurs

at the fourth or fifth scale downwards from the later;d line. A few large scales are seen

in front of the dorsal, anal, and lower lobe of the caudal fin, while on the body-

])rolongation in the upper lobe of the latter the usual modifications of shape occur.

As regards the scale-markings, their general plan may be described as follows :

Taking a scale from the anterior part of the flank (PI. XXX, figs. 2, 3), a few delicate

grooves are seen passing down along the anterior margin of the ganoid area, and then at

the antero-inferior angle, turning round so as to become parallel with the inferior

margin. The rest of the area presents, according to the size of the sj)ecimen, from four

to seven longitudinal elevations or feeble ridges running across the scale with a slight

downward obliquity as well as a slight tendency to radiation, and ending on as many



RHADINICHTIIYS CANOBIENSIS. 135

sharp denticulations of the hinder margin. Towards the back and belly (fig. 5) both

sets of markings tend to become confounded into one set of delicate, more or less

diagonal ridges and grooves, while towards the tail (fig. 4) these markings usually fade

away, a few punctures and longitudinal farrows being in most cases all that is to be seen

on the scales behind the dorsal and anal fins. In different individuals, however, very

considerable differences are to be found as regards the strength and prominence of the

scale-markings. In some the markings are very distinctly and sharply defined (fig. 2)

and the scales continue to be highly ornate up to the caudal body-prolongation, while in

others (fig. 3) even the scales on the front part of the body are comparatively smooth,

the oblique ridges becoming apparent only towards the posterior margin ; a reference to

the figures will, however, give a better idea of the variations in the general aspect of the

scale-sculpture than any amount of description.

The pectoral fin is rather small, its length being hardly more than half that of the

head ; the princi{)al rays are unarticulated till towards their terminations. The ventrals

are small and delicate, and not well exhibited in any of the specimens. The dorsal fin

commences only very slightly in front of the anal, the two fins being thus placed nearly

opposite each other; they are very similar in shape and structure, being moderate in size,

acuminate, concavely cut out behind, and composed of delicate rays which dichotomise

towards their extremities, are distantly articulated, and have their brilliantly ganoid

joints marked usually by a single sharp longitudinal furrow, though even this is sometimes

wantino- save near the origin of the fin. Between the anal fin and the commencement

of the lower lobe of the caudal, is an interval fidly equal to the length of the i)ase of the

former. The caudal is also moderate in size, deeply bifurcated, and with a well-

developed body-prolongation along the upper lobe ; its rays partake of the same general

appearances as those of the dorsal and anal, though their articulations are a little closer,

and their surfaces usually quite smooth. Delicate fulcra are observable on the anterior

margins of all the fins.

Geolojjical Position and Localities.—This is by far the most common fish in the

beds of Glencartholm, Eskdale, belonoino- to the Calciferous Sandstone Series. I have

also identified with it (under the name of R/i. dcgantdus) an imperfect specimen collected

by the Geological Survey of Scotland in the Calciferous Sandstone beds near GuUane in

East Lothian.

The original types are in the Collection of the Geological Survey of Scotland, but the

specimen figured in this work (PI. XXX, fig. 1) belongs to the Royal Scottish

Museum.

B. Vakiety eleffantul/is} Traquair. Plate XXX, figs. 7— 11.

Description.—Length 2^ to 2f inches, elegantly fusiform, general j)roportions as in

1 In the explanation to PI. XXX Bhad'uiiclithys eleyantulus has been inadvertently entered as a

distinct species, instead of as a variety of Rh. canobiensis.
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the foregoing, but the cranial roof-bones ornamented with closely set ridges, which are

j)roj)ortionately somewhat coarser and more contorted in their arrangement; in one very

perfect sj)ecimen, in which the head-bones are beautifully exhibited (PI. XXX, figs. 7,

8), the maxilla is destitute of tuberculation along its inferior margin. The scales are but

faintly marked, those on the sides (fig. 10) and belly, as well as those towards the tail

(fig. 11), being nearly smooth; their posterior margins display a few denticulations

—

four to five on the largest flank-scales, diminishing to two or three in those further back.

The scales on the na[)e of the neck (fig. 9) are, as in the typical form, strongly striated.

The most reniarkable feature in this form is, however, tiie very small development of the

low narrow ventral scales which ai-e so conspicuous in the preceding. Such scales are,

indeed, distinguishable along the ventral margin between the i)ectoral and anal fins, but

on the other hand, on the abdominal region as many as eight scales may be counted

down from the lateral line without any prominent change of form taking place.

Geological Posilion and Localitij.—Rare in the Calciferous Sandstone Series at

Glencartholm, Eskdale. The specimen here figured is in the Collection of the Geological

Survey of Scotland.

C. Variety iklicaluhns, Traqiuiir. TIate XXX, figs. 12— 15.

Descriplion.—Length from \\ to 3| inches ; shape and general proportions as in the

typical form.

The bones of the head and shoulder-girdle (fig. 13) are externally sculptured with

delicate ridges, which, although they follow the same general pattern as in the typical

form, show less tendency to contortion and interruption, and except along the dentary

margin of the maxilla, are nowhere seen to break up into tubercles. The scales (figs. 14,

15) are proportionately thinner, and those of the front part of the body have their upper

and lower margins rather straightev and more parallel with the long axis of the body,

but the same arrangement of low narrow scales is seen along the bellv. The vertical

grooves along the anterior margin of the sculptured area of the scales are almost lost,

nearly the whole surface being covered witli minute sharp ridges and furrows, which,

with the exception of one or two which run parallel with, and close to, the inferior

margin, are directed rather diagonally across the scale, ending on the denticulations of

the hinder border; sometimes two of these ridges terminate on one denticulation.

Finally, this delicate ornament is in most cases continued back to the scales of the tail-

pedicle itself. The fins are similar in position, shape, and structure to those of the

ty])ical form, but comparing specimens of the same size, their rays seem to be rather

more delicate and more distinctly articulated.

Geological Posilion and Locality.—Rare in the Glencartholm fish-beds belonging to

the Calciferous Sandstone Series. The specimen figured is in the Collection of the

Geological Survey of Scotland.
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General Observations.—RhadlnicIitliJ/s canobie'nsis belongs to the '^ carinatus''

group, but is evidently specifically distinct; the question is as to whether eleganluUis

and (lelicafulics should have the rank of species or of varieties. I have done my best

with this question and consider my solution of it to be the best, or at least the most

convenient that can be offered in the meanwhile, believing that in such cases it is better

to be a " slumper " than a "splitter."

As regards elcf/antulus, it differs mainly from the typical form in the much smaller

development of the low narrow scales in the ventral region, a distinction which I can

hardly consider to be necessarily specific. Nor do I think it exactly safe to maintain

delicatiih(s as a " species " on account of the slight difference in the sculpture of the

scales.

4. Rhadinichthys MONiiNsis, Egerton, sp. Plate XXXI, figs. 3—G.

Pal^eoniscus moxensis, Ejerton. Quart. Joiini. Geol. Soc, vol, vi, 1850, p. 5,

pi. i, fig. 3.

Rhadinicuthts 1I0NEN3IS, Traquair. Proc. Eoy. Pliys. Soc. Edinb.,vol. iv, 1878,

p. 211.

~- — J. Ward. Trans, N. Staffs. Inst. Mining Engin., vol.

X, 1890, p. 175.

—

•

— A. S. Woodward. Cat. Foss. Fishes Brit. Mus., pt.

ii, 1891, p. 467.

— — E. B. WeUburn. Geol. Mag. (4), vol. vii, 1900, pp.

260-263, and Proc. Turks. Geol.

and Polyt. Soc, vol. xiv, 1901,

pp. 168, 174.

Description.— Only the detached scales were known to Sir Philip Egerton, the

founder of the species, which, according to the state of knowledge at the time, he

referred to the genus Palaoaiscus. His brief description may here be quoted in full

:

" Palaoniscus monensis Egerton, Pi. I, fig. 3. Lord Enniskillen found the

specimens from which this species is named in the shale brought oat of a coal-pit in the

Isle of Anglesea, near the Flolyhead Road a few miles from the jMenai Bridge. They

are single scales which belonged to a larger fish than P. Egertoni and differ in e.Kternal

characters from those of that species. The surface is traversed by regular parallel

grooves, the ridges between these terminating in cusps at the posterior margin. In

addition to these a series of fine lines is distinctly seen bordering two sides of the scale,

apparently indicating the annual increment."

The sculpture of the scales, however, leads us at once to thiidc of Rkaditiichthgs as

the genus to which the fish that bore these scales belonged, and this position is

established by the remains of the species which have turned up since Sir Philip Egerton

wrote the above-quoted words.
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'I'lie materials which 1 iiavc cxaiiiiiiccl, besides the type seales in the British Museum,

are

:

All imperfect Hsh which was in tl:c collection of the late l)r, J. R. S. Hunter, of

Braid wood, Lanarksliire.'

Some specimens of disjointed remains in the collection of the Geological Survev of

Scotland.

An imperfect fish (PI. XXXI, fig. 3) and some scales, three of which are represented

in the same plate (figs. 4— G). These belong to the Royal Scottish Museum.

The scales of the flank are nearly equilateral, the articular spine is well marked, the

covered area very narrow. The exposed surface is marked in the first place by a band

of fine grooves passing closely along the anterior and inferior margins, the remaining

and greater part of the area being occupied by more or less prominent ridges, which run

backwards in a direction nearly parallel with the upper and lower margins and end on

sharp denticulations of the posterior border. The usual number of these transverse

ridges and denticulations seems to be four or five, but in the scale represented in PI.

XXXI, fig. 4, which apparently belongs to the same species, no less than nine may be

counted. The scales on the belly are, as usual, low and narrow; posteriorly tliey also

get smaller and their distinctive sculpture less strongly marked. The [)ectoral fin is

moderate in size; its principal rays are unarticulated till towards their terminations;

the ventral fins I have not seen. The median fins are exhibited in the specimen repre-

sented in PI. XXXI, fig. 3. The dorsal and anal fins are in this example nearly opposite

each other, but it is the anal which aj)parently commences a little in front of the dorsal

;

this, however, I attribute to post-mortem deformation, as the scales are considerably

jumbled and as the two fins are seen in the position normal to the genus in a specimen

figured by Wellburn. Only the larger rays are seen and these are broken off before

dichotomisation ; the articulations of the rays are distant, and the joints smooth or with

one longitudinal furrow. The caudal fin shows the shape of the upper lobe pretty well,

but the rays of the lower one are broken up ; their articulations are distant.

A specimen in the collection of the Geological Survey of Scotland shows, lying

together with a heap of the characteristic scales, the im{)ression of a ])ortion of the

cranial buckler, and from this impression it is evident that its surface was sculptured

with tolerably coarse ridges, passing here and there into tubercles. The position of the

orbit is clearly shown, below which is found the left maxilla seen from its inner surface

together with the impression of the outer surface of the mandible. The oral margin of

the maxilla is set with conical teeth, small indeed in the specimen, but large enough

considering the small size of the jaw. The mandible is slender and tapering, sculptured

with a few comparatively coarse ridges, which, as usual, pass forwards and also obliquely

upwards, meeting the dental margin at very acute angles ; its teeth are not exhibited.

Lastly, behind the mandible are several confused bony rays, the remains of the pectoral

^ No doubt lost in the fire which destroyed the Kilmarnock Museum on November 26th, 1909.
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fin ; these are clearly imjointecl and show that, as is characteristic of the genus Bhadi-

nicldhyH, the priiicij)al rays of this fin were unarticulated till towards their terminations.

The ordinary length of this species seems to have been from 3 to 3^ inches.

Mr. E. D. Wellbnrn has, in his paper in the ' Geological Magazine ' for June, 1900,

given a description of remains of this species, likewise fragmentary, from the Coal

Measures of Yorkshire, in which the details given above are corroborated. The text-

figure which accompanies his remarks, and to which I have already alluded, shows a

small fish wanting both head and caudal fin, but showing the dorsal, the anal, and some

remains of the ventral. In this s[)ecimen the dorsal fin is seen to^ be placed nearly

opposite the anal, though commencing slightly in front of it. Concerning the scales

Mr. Wellburn also makes the following remarks, which I take the liberty of quoting

:

" In different individuals the scale-sculpture shows very considerable differences as

regards the strength and prominence of the scale-markings, the sculpture being much

more pronounced in the case of some individuals than in others, where the scales seem

almost smooth. Another point of interest is, that in the young fish the ventral scales do

not appear to be so low and narruw as they are in the more adult fish."

Observations.— \) e must await the discovery of more perfect specimens before a com-

plete description of this species can be given. Meanwhile it is certain that its generic

position is in Rhadinicldhijs, and that among the species reckoned to that genus it comes

nearest to Rh. carinatus and Bh. canobiensis. In fact its scale-sculpture bears an

obvious resemblance to that exhibited by the usual type of flank-scale in the last-named

sj)ecies (see PI. XXX, fig. 2)—only the prominent transverse ridges are, in mone?isis,

nearly horizontal and only very slightly oblique in their direction (PI. XXXI, figs. 4, 5).

Geological Position and Localities.—The remains q{ Bhadinichthp monensis, though

unfortunately mostly in a fragmentary condition, are pretty widely distributed in the Coal

Measures or Upper Carboniferous Rocks of Great Britain. The following localities are

recorded

:

North Wales : The original scales, now in the British Museum, were found by the

late Earl of Enniskillen in the Island of Anglesea.

Staffordshire: Deep Mine Ironstone, Longton, and Woodhill Coal Shale, Park Hill

Colliery, Cheadle (J. Ward).

Yorkshire : The following are given by Mr. E. D. Wellburn : In the Lower Coal

Measures: Halifax Soft-bed Coal, Shibden ; Halifax Hard-bed Coal, Queensbury;

Better-bed Coal, Low Moor and Wyke ; Black-bed Coal, Low Moor; Cannel Coal, near

Low Moor ; Crow Coal, near Leeds. In the Middle Coal Measures : Cannel Coal,

Tingley ; Haigh Moor Coal, Castleford ; Barnsley Thick Coal, Barnsley.

Lanarkshire, collected by the Geological Survey of Scotland ; Newarthill, Royal

Scottish Museum.

20
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5. Rhadinichthys Macconociiii, Traquair. Plate XXIX, figs. 7— 11.

liiiADTNiciiTnTS MACCONOcnii, Trarjuair. Trans. Roy. Soc. Edinb., vol. xxx,

1881, p. 30, pi. ii, figs. 12—10.

— — A. S. Woodward Cat. Foss. Fishes Brit. Mus.,

pt. ii, 1891, p. 464.

Specific Characters.—Cranial roof-bones tuberculatecl ; tiie ridges on the mandible

so frequently interrupted as to cause the ornament to assume nearly as much of a

tuberculated as of a striated character ; scales not denticulated posteriorly ;
dorsal fin

situated nearly exactly opposite the anal.

Description.—Length from 3 to 3f inches ; shape elegantly fusiform ; the length

of the head contained a little more than four times in the total, and equal to the

depth of the body midway between the pectoral and ventral fins.

The cranial roof-bones are ornamented with a close, comparatively coarse and

frequently confluent tuberculation ; the orbit is, as usual, anteriorly placed, and the

ethmoid forms a projection over the mouth. The suspensorium is very oblique and

the gape correspondingly extensive. The maxilla is of the usual form, its broad portion

being ornamented with closely set ridges which run parallel with its superior and

posterior margins; the beautifully tapering mandible is marked externally with ridges

which pass from behind forwards in a slightly radiating manner, but which are also so

frequently interrupted as to cause the ornament to assume nearly as much of a tuber-

culated as of a striated aspect. The operculum is of moderate size, rather broader

below than above; the suboperculum is rather large; both of the plates are ornamented

with prominent and proportionally coarse rugae, which follow mostly the lines of growth.

The bones of the shoulder-girdle present nothing peculiar in form and arrangement,

and are sculptured externally with ridges similar to those on the opercular bones.

The scales are of medium size, rhoniboidal, as usual, diminishing in size dorsally,

ventrally, and posteriorly; they are low and narrow on the belly from the throat to the

anal fin, while those of the front part of the lateral line are proportionally higher than

the others. The scales of the middle line of the back are small, until just in fi'ont of

the dorsal fin, where a few of comparatively large size and imbricating arrangement are

found. In one specimen forty-five oblique dorso-ventral bands of scales may be counted

from the shoulder-girdle to the commencement of the lower lobe of the caudal fin. The

scale-ornament (PI. XXIX, figs. 8—11) is sharpest on the scales above the lateral line,

where it consists first of a few sharp grooves parallel with the anterior margin and

tending below to turn round along the inferior one, the rest of the area being occupied

by two or three slightly prominent ridges passing somewhat obliquely towards the

posterior margin, before reaching which they usually stop short—a marked feature in

this species being that on no part of the body do the scales appear to be denticulated
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posteriorly. Towards the tail (fig. 10) the vertical furrows become imperceptible or

reduced to a single one. ]3elow the lateral line the scale-ornament is for the most part

less marked, though similar in character, but towards the tail-pedicle little or no

difference is seen above and below.

The pectoral fin is scarcely more than half the length of the head ; its principal rays

are unarticulated till towards their terminations. The ventral (see fig. 7) is very small,

and situated a little behind the middle point between the pectorals and the anal. The

dorsal is placed far back, being nearly exactly opposite the anal; both of these fins are

similar in appearance, being moderate in size, triangular, acuminate, and slightly cut

out behind ; their rays are of inedium coarseness, smooth, dichotomising towards their

extremities, and distantly articulated. The caudal is well developed, heterocercal,

deeply cleft, the rays similar in appearance to those of the dorsal and anal ; in the lower

lobe dichotomising towards their extremities, in the upper towards the middle. Well-

developed fulcra are seen along the fin-margins.

Observations.—The position of the above-described species in the genus BhadlnicUhys

is indicated by the structure of the pectoral fin, by the shape of the scales, and the

nature of their sculpture, even although the scales are not denticulated posteriorly, and

although the dorsal fin is placed still further back than is usual in Mhadinichihys,

its position being hardly, if at all, in advance of the anal. These two last-mentioned

characters ally it to Ci/clopti/chiiis, but the peculiar form of scale with the postero-

inferior angle rounded off, which constitutes one of the main diagnostic marks of that

genus, is here absent. Its main specific characters—the tuberculation of the cranial

shield, the peculiar sculpture of the mandible, and the non-denticulation of the jiosterior

margins of the scales, taken with its size and proportions—are so exceedingly well

marked that it may be at once identified even from fragments.

This species is named after Mr. Arthur Macconochie, of the Geological Survey of

Scotland, to whose work in the field is due the discovery of the rich deposits of new

fishes and Crustacea in the Lower Carboniferous Rocks of Eskdale and Liddisdale.

Geological Position and Localities.—Not uncommon in the fish-beds of Calciferous

Sandstone age near Glencartholm, Eskdale, Dumfriesshire. The type specimen is in the

Collection of the Geological Survey of Scotland, but the example here figured (PI.

XXIX, fig. 7) belongs to the Royal Scottish Museum.

My friend, Prof. Maurice Leriche, of Lille, has noticed and figured^ a small scale

from the Upper Carboniferous (Westphalian) of Fresnes in the north of Prance, which he

refers to lihadinichfhi/s Macconochii. Certainly his figure shows an astonishing resem-

blance to a flank-scale of the species under consideration with the postero-inferior angle

broken off.

1 ' Ann. Soc. Geo). Nord,' vol. xxxvii (1908), p. 270, text-fig. 1, pi. vii, lig. 3.
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0. IlnADiNicririn's WAiiDf, JFard, .sj). Plate XXXI, figs. 1, 2.

PALiEONiscus Wardi, J. Yuuiuj. Proc. Nat. Hist. Soc. Glasgow, vol. ii, pt. i, 1875,

p. 66 (name only).

— — /. Ward. Proc. N. Staffs. Nat. Field Club, 1875, p. 239.

KHiDiNiCHTurs Wardi, Traqiiair. Quart. Journ. Geol. Soc, vol. xxxiii, 1877, p. 559,

and Proc. lioy. Pliys. Soc. Ediub., vol. iv, 1878,

p. 239.

— — /. Ward. Traus. N. Staffs. lust. Miuiug Eugiueers, vol. x,

1890, p. 175, pi. vi, fig. 10.

— — A. S. Woodward. Cat. Foss. Fishes Brit. Mus., pt. ii, 1891,

p. 4G7.

Specific Characters.— Attaining a length of about 5 inches; scales denticulated

posteriorly ; free surface ornamented with ridges which tend constantly to break up into

isolated tubercles.

Description.—The following description is taken from a suite of specimens collected

by the late Mr. J. AVard, of Longton, and now in the British Museum. The most

perfect of those specimens (PI. XXXI, fig. 1) measures 4|^ inches, but the extremity of

the tail being broken oft", its original length may be estimated at \ inch more. The

form of the body is rather slender, and gradually tapering from the shoulder to the tail-

pedicle ; the greatest depth of the body is contained about five times, and the length of

the head a little less than four times in the length of the body up to the bifurcation of

the caudal fin. The head ap[)ears large for the slender form of the fish. The orbit is,

as usual, very anteriorly placed, the suspensorium very oblique, the gape enormous, the

jaws powerful and armed with formidable teeth in two sets. Of these, the laniaries,

or teeth of the inner series, are slender, conical and incurved, -^^ to -^^ inch in length in

a mandible of f inch, set at intervals of considerably less than their own length, while

e.xternal to them is a series of closely set teeth of very small size. The oj)ercular bones

are not well preserved but aj)pear to be of moderate size ; eight branchiostegal rays nuiy

be counted in one specimen, but they are clearly not all shown. All the external bones

of the head, as well as of the shoulder girdle, are sculptured with fine, sharp, flexuous

ridges. The pectoral fins are of considerable expanse, each consisting of about twenty-

five rays, of which the principal ones are unarticulated for more than two-thirds of their

length. The ventral is seen in one specimen ; it appears small and delicate though its

extremity is not preserved ; its rays are slender with distant articulations. The dorsal

fin rises far back, being placed nearly opposite the anal and connnencing only a little in

front of it; it, the dorsal, is acuminate in shape, and is rather concave behind; the

anal is not so well preserved, but appears similar in form to the dorsal. It u hardly

possible to ascertain the number of rays in either, but in both they are slender, bifurcated

towards their terminations, and divided by rather distant articulations. The caudal
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is large and deeply bifiu'cated, but in no case is it well preserved ; its rays are likewise

slender and distantly jointed, the articulations, however, becoming closer in the shorter

rays of the upper lobe ; the caudal body-j)rolongation is slender. The scales are of

moderate size ; their anterior covered area is very narrow ; the keel of the under

surface and the articular spine, or peg, well marked. The exposed surface (fig. 2) is

ornamented with exceedingly well-marked elevated ridges, which pass across the scale

from before backwards with a slight downward ol)liquity, and end in denticulations of

the posterior margin. These ridges tend constantly to become broken up into isolated

tubercles, or conversely, the ornament may be described as consisting of raised tubercles

tending constantly to a linear arrangement and to coalescence into ridges.

Observations.—Bhadinichthj/s Wardi may be distinguished from all the other species

of the genus by its peculiar ridged and tuberculated scale-ornament, co-existent with

denticulation of the posterior border.

It was named by the late Professor Young, of Glasgow, but first described by Mr.

Ward himself, which accounts for the somewhat unusual circumstance of an author's

name standing as authority for a species which has been named after him.

Geological Position and Localities.—An Upper Carboniferous fish. Not uncommon

in the Coal Measures of North Staffordshire, especially in the " Ash Coal " shale at

Fenton and Longton (Ward Collection, British Museum), in the Coal Measures of the

neighbourhood of Manchester (collected by the late Mr. John Plant), and in the

Lanarkshire Coalfield (Collection of the Geological Survey of Scotland).

7. Rhadinichthys bbevis, Traqimir. Plate XXXI, figs. 7— 10.

RuADiNiCHTiiTS BEEVis, Tncpiaiv. Proc. Roy. Soc. Edinb., vol. ix, 1877, p. 410.

— — A. S. Woodward. Cat. Toss. Fishes Brit. Mus., pt. ii, 1891,

p. 103.

— — Traqualr. Greol. Mag. [1], vol. viii, 1901, p. 111.

— - — 'i'ratjuair. Trans. Roy. Soc. Edinb., vol. xlvi, pt. i, no. 1, p.

109, pi. ii, figs. 3-5.

Specific Characters.—Attaining a length of about 4 inches; form stout and short;

distance between the anal fin and the commencement of the caudal less than the length of

the base of the anal ; cranial roof-bones ornamented with contorted and rather flattened

rugae; flank-scales with a few feebly marked, oblique ridges, and with five or six

denticulations on the posterior border.

Description.—The length of the specimen from Wardie represented in fig. 7 is 3^

inches ; the extremity of the caudal fin is, however, not preserved. Another specimen,

more badly preserved posteriorly, must have been a little longer, judging from the size

of the head and body. The head is elegantly shaped with bluntly pointed muzzle.
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The opercular bones arc rather small, the jaws j)rctty stout ; the dentition is

not visible. Tiic bones of the cranial roof are sculptured with contorted and lather

flattened ruga^j those of the face are ornamented with sharp and closely set, wavy ridges,

which, on the opeiculuni, ])ass obliquely downwards and backwards over its surface. The

scales are of moderate, one nn'ght almost say small, dimensions, and though, of course,

gradually diminishing towards the tail, those on the flanks are not marked by any very

special excess in size. The flank-scales are nearly equilateral; the ])Osterior margin of

each shows five or six prominent oblique denticulations ; the outer surface shows a few

feebly marked, nearly obsolete ridges passing obliquely backwards and a little down-

wards, and not very regularly placed. Immediately behind the clavicle and above the

origin of the ))ectoral fin the sculpture is, however, more strongly pronounced, the ridges

being finer, sharper, and closer together, but posteriorly the scales soon become nearly

smooth. The paired fins are rather small; the principal rays of the pectoral are

clearly seen to be unarticulated till towards their terminations ; the ventrals are

situated midway between the pectorals and the commencement of the anal ; their rays are

delicate and distantly jointed. The dorsal and anal fins are large and situated nearly

opposite each other, the former commencing slightly in front of the latter, as is usual in

the jienus. Both have the same form, beino- liioli and acuminate in front and concavelv

cut out behind : their ravs are rather coarser than those of the ventrals and their

articulations distant. The distance between the commencement of the lower lobe of the

caudal and the termination of the base of the anal, is less than the length of the base of

the latter. The caudal fin is usually imperfectly preserved, as in figs. 7 and 9
;

however, it is pretty well seen in fig. 8— the prolongation of the body-axis in the upper

lobe being delicate, the rays slender and with delicate articulations.

Geological Post/ion and Localities.—The type specimens are from Wardie Beach,

near Edinburgh, but I cannot separate from them fishes more or less entire which have

been collected at Pitcorthy, in Fifeshire, and Gullane, in East Lothian—two examples

from the last-named locality being here figured (Pi. XXXI, figs. 8 and 9). The species

is as yet only known from the Calciferous Sandstone Series.

8. Rhadiniohthys HiBiiRNicus, Tvoquair, sp. nov. Plate XXXII, figs. 1, 2.

Specific Characters.—Attaining a length of between 6 and 7 inches ; length of

head contained four and two-thirds times in the total; fins small; dorsal situated

almost exactly opposite anal ; scales sculptured with fine, closely set ridges,

branchino- intercalated and wavv, but on the whole followino; a transverse direction

parallel with the superior and inferior margins, and apparently ending in fine denticu-

lations of the posterior margin.

Description.—The length of the unique specinien is G|^ inches ; the length of the head,

which is about equal to the depth of the body, is contained four and two-thirds in the
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total. The shape is elegantly fusiform, though the back appears somewhat unusually

arched, but is evidently the result o'i post-vioiiem distortion. The head is obliquely

crushed so that the posterior boundary of the opercular bone is not clearly defined, but

the branchiostegal plates of both sides are obscurely indicated, as is likewise the cleft

of the mouth, which shows traces of conical incurved teeth. More than this cannot be

said regarding the cranial structure, except that the external surfaces of the bone show

everywhere traces of a fine tuberculo-striate ornamentation.

The scales appear small for the size of the fish, those of the flank being not much more

than Yy '"^1^ i'^ height, and rather less in breadth ; they become very small on the tail-

pedicle, where they are succeeded by the acutely lozenge-shaped ones of the caudal body

prolongation. The surface of the scales (fig. 2) is covered with closely set, delicate, yet

well-marked ridges or striae—wavy, sub-parallel, branching and intercalated—whose

direction is mainly across the scale from before backwards and parallel with the upper

and lower margins. I rather think that these ridges end in fine denticulations of the

hinder margin, but as the state of preservation is not good I cannot feel sure. It is

also to be noted that the scales on the belly are considerably lower and narrower in

form than those on the sides of tiie body.

The fins are rather small. The impression of the right pectoral is seen just behind

the head. It is y^ inch in length, narrow and pointed ; distinct fulcra are seen along

its anterior border ; its rays are slender and apparently unarticulated for a considerable

distance, but owing to the state of preservation of the specimen it is difficult to say how

far.

The dorsal fin is situated far back, commencing opposite a point 4 inches from the

front of the head ; the length of its base is a trifle less than y~6 inch, that of its longest

rays slightly over \ inch. Its rays are sleiuler, closely set, their articulations not dis-

tinctly marked; fulcra are not observable along the anterior border.

The anal fin is larger than the doi'sal ; although its apex is not perfect, its anterior

rays reach a length of -Jy inch ; tlie full extent of its base is also not seen. Fulcra are

not visible along the anterior margin, but that does not necessarily imply their absence

in the species.

The caudal is also small for the size of the fish, and is preserved up to the extremity

of the upper lobe, though only a portion of the lower one remains. The length of the

base of the caudal fin from the commencement of the lower lobe to the tip of the

upper one is l-^-,,- inch, which is very short for a Palseoniscid fish of the size. The rays

of this fin are slender and have their divisions longer than broad, but, owing to the

anterior margin not being preserved, no fulcra can be seen.

Observations.—This unique specimen, representing a new and beautiful species of

Rhadinichthys^ is contained in the British Museum, and for the privilege of naming and

describing it I am indebted to the kindness of Dr. Smith Woodward, F.R.S., Keeper of

the Geological Department. Of its novelty there can be no doubt when we take into
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account the sculpture of the scales, the smalluess of the fins, and the general proportions

of the fish.

Geological Position and LocalHy.—From the Coal Measures, Jarrow Colliery, Co.

Kilkenny, Ireland.

9. Rhadinicuthys macrodon, Traqiiair. Plate XXXII, figs. 3— 5.

KiiADiNiciiTUTS MACRODON, Traquaiv. Geo!. Mag. [3], vol. iii, 188(5, p. 441.

— — J. Ward. Trans. N. Staffs. Inst. Mining Engin., vol. x,

1890, p. 177.

— — A. S. Woochvaril. Cat. Foss. Fishes Brit. Miis., pt. ii,

1891, p. 4G9.

— — E. D. Wellhurii. Proc. Yorks. Geol. and Polyt. Soc,

1907, pp. 168 and 174.

Specific Characfers.— Laniaiy teeth of unusually huge size; flank-scales covered

with delicate ridges and furrows, which run nearly parallel with the upper and lower

margins of the scale, though they tend to turn upwards anteriorly
;

posterior margin

shai-jjly and prominently denticulated.

Description.—The specimen (PI. XXXII, fig. 3) upon which this species is

founded measures 5 inches in length, but it is broken off just behind the commencement

of the caudal fin, as indicated by the dorsal ridge-scales; the length of the head is

]|- inches, and the depth of the body nowhere exceeds I inch. Consequently the

general aspect is that of a fish of slender form, but the specimen cannot be relied on as

showing the original shape, as the scales are broken up and confused, and the fin-rays

almost entirely wanting. The head exhibits the typical Palseoniscid structure—the

suspensorium being very oblique, the gape wide, and the usual arrangement of opercular

and branchiostegal plates being shown ; the bones are, however, seen almost exclusively

from their internal surfaces. Both jaws are armed with stout, conical, incurved teeth of

unusually large proportional size, those of the maxilla measuring y^s to -^-q inch in

length ; the small external teeth are not visible. The scales are of comparatively large

size, those of the anterior part of tiie flank (fig. 5) having their exposed areas covered

with delicate ridges and furrows, which are nearly parallel with the upper and lower

margins of the scale, though they tend to turn upwards anteriorly ; the j)osterior

margin is sharply and prominently denticulated. As we proceed backwards the scales

lose the sharpness of their ornament, and become nearly smooth towards the tail,

though the caudal V-scales remain prominently striated. The origin of the pectoral

fin is present (fig. 3), though not well shown, and here the principal rays seem

unarticidated. A few broken-up ray-joints mark the position of the dorsal and anal

fins, the former occurring 3 inches, the latter 3f inches behind the front of the head.
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Observations.—The condition of the specimen renders its generic determination a

matter of great nncertainty, bnt I am inclined to place it in Bhadinkldhys for the

following reasons : (1) the apparent elongation of the body, on which, however, little

weight can be placed
; (2) the resemblance of the scales, in shape and ornament, to

those of the typical Mh. ornatissimus (Agass.)
; (3) the appearance of the broken rays of

the root of the pectoral fin. Specifically I have named it as distinct, as I am not

acquainted with any other form in which teeth of such large proportional size occur with

scales of similar conformation and markings.

Geological Fosition and Localities.—Upper Carboniferous. The only specimen which

I have seen is the type, here figured, which was collected by the late Mr. Ward from

the Knowles Ironstone Shale, Longton, Staffordshire, and is now in the British Museum.

Mr. Wellburn also mentions it as occurring in the " Better Bed " Coal, Low Moor,

Yorkshire.

10. Rhadinichthys Hancocki, Atthei/, sp. Plate XXXIII, figs. 1, 2.

Pal^oniscus Hancocki, T. Attlicy. Ann. Mag. Nat. Hist. [4], vol. xv, 1875, p. 311,

and in Nat. Hist. Trans. Northumb. and

Durham, vol. v, 1877, p. 228.

EHADiificnTHTS — Wooclwarcl and Sherhorti. Cat. Brit. Foss. Vertebrata, 1890,

p. 175.

— — A.S.Woodward. Cat. Foss. Fishes Brit. Mus., pt. ii, 1891,

p. 469.

— — E. B. Wellhurn. Proc. Yorks. Geol. and Pol^t. Soc, 1907,

pp. 168 and 174.

Specific Characters.—At least two rows of specially high-shaped scales on the flank
;

external markings of scales apparently consisting of oblique rugae; ornament of cranial roof-

bones consisting of comparatively coarse flattened tubercles which are also irregular in

form

.

Description.—Unfortunately, owing to the indifi'erent state of preservation of the

specimens, no very satisfactory description can be given of the species, nor can

satisfactory drawings be made of its details.

It is a comparatively slender fish attaining a length of from 3 to 4 inches, and a

depth of about \ inch more or less, but here it must be taken into account that all the

specimens are to a certain extent deformed. In the least-distorted specimen the length

of the head is contained about six times in the total.

The cranial roof-bones and those of the jaws are covered with proportionately coarse,

flattened tubercles of irregular form ; the gape is wide, the mandible of medium stoutness.

Mr. Atthey described the teeth as being " very minute and of two sizes, larger and

smaller, and closely set in the jaws," but I have not been able to see them in any of the

21
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specimens wliich I have examined. The operciilum (Text-fig. 7) is broad, the sub-

opercuhim trapezoidal, the anterior margin being only half as long as the posterior. Mr.

Atthey described the operculum as " suiooth," but the fact is that only the internal

surface of it as well as of the suboperculum is seen.

The scales are hard to describe, being much broken, and for the most part only seen

from their internal surfaces. It is to be noted, first, that there are along the flank two

rows of scales which are much higher than the others. Mr. Atthey described their

external surfaces as " smooth," but I am of opinion that, as in the case of the opercular

plates, oidy their itnicr surfaces are exhibited. Traces of the outer surfaces are, however,

occasionally seen, and these display an undoubted rugose ornament. The posterior

border of these scales is finely denticulated. The other body-scales are much smaller,

except a long ridge-scale, which, in one specimen, is seen in front of the dorsal fin.

The pectoral fin (see fig. 1) is small, and contains about ten rays, which are

unarticulated for the greater part of their length; very oblique fulcra may also be

distinguished along its anterior margin.

The vcntrals (see fig. 2) are situated midway between the pectoral and the anal

;

Fig. 7.—Skutch to slio.v thn form of tlie oiieiTular bones in Rh'uUiuchth'^s Sancocki (Atthey); o^., operculuui;

«.o/)., suboperculuni; ;««., mamtible; />., pectoral fin.

they are also small, but their rays, which are smooth with distant articulations, cannot

be counted.

In no specimen are the dorsal and anal completely preserved, but their remains are

seen in the specimen represented in fig. 2. There the dorsal is seen to be placed nearly

opposite the anal, and in the case of both fins the rays are rather disturbed and not all

of them seen ; their surfaces are smooth, and their transverse articulations distant.

The caudal fin is seen badly in two of the specimens; it is heterocercal, inequilobate,

the prolongation of the body-axis in the upper lobe being very weak.

Observations.—An undoubted I{hadi7iichthi/s, the present species is distinguished

from all the other known members of the genus by the longitudinal bands of high-shaped

scales along the flank.

Geolof/ical Position and Localities.—From the roof-shale of the Low Main Coal Seam

at Newsiiam, near Newcastle-on-Tyne. The type specimens, collected and described by

the late Mr. Thomas Atthey, are in the Museum of the Natural History Society, New-

castle, and I have to acknowledge my indebtedness to the Council of the Societv, as well

as to Mr. Leonard Gill, Curator of the Museum, for the loan of these specimens for the

purposes of the present work.
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The species has also been recorded by Mr. E. D. Wellbiirn from the " Better Bed
"

Coal, Low Moor, Yorkshire.

11. Rhauiniuhthys i./evis, Traqnair, sp. iiov. Plate XXXIII, figs. 3—6.

Specific CViaracfers.— Scales smooth, except iiDinediately behind the shoulder-girdle;

posterior margin of the scales mostly free from denticulation ; maxilla and dentary bone

of mandible finely tubercnlated, except a narrow band along the lower margin of the

latter, which is longitudinally striated.

Descriptio7i.—The length of the specimen as it lies is 4^ inches—the original length,

if we allow for deficiency of snout and caudal extremity, would not be under 5 inches.

The form of the fish (PI. XXXIIl, fig. 3) is rather deeply fusiform, the greatest depth

of the body being contained a trifle over four times in the estimated total length. The

head is shown in impression only ; the snout is deficient, and what is setn of the imprint

of the posterior part of the cranial roof shows that it had externally a tubercnlated

ornament. The impression of the opercular bones is not visible, but those of the maxilla

and mandible (fig. 4) stand out clearly, and show, first, that the maxilla was finely and

closely tubercnlated ; and second, that the dentary of the mandible was similarly

ornamented, excepting a narrow band along the inferior margin, which was finely and

longitudinally striated.

The scales are of moderate size, rhonjbic, and, so far as can be seen, for the most

part free from denticulation of the hinder margin. Some few denticulations arc, how-

ever, occasionally seen on the flank-scales, as in the one represented in fig. 5. All

over the body they are smooth, excepting only a very limited space immediately behind

the shoulder-girdle, where the impressions give evidence that here the surface was

ornamented with well-defined ridges passing obliquely downwards and backwards.

Fig. G represents one of the scales near the caudal extremity of the body.

Traces of the pectoral fin are seen immediately behind the jaws, and, so far as can

be seen, they conform to the BhadinichtJii/s-iy\)Q in being unarticulated till towards their

terminations. The ventrals are not shown, and only a few joints of the anal fin-rays

remain. The dorsal is situated far back, opposite such traces of the anal as are present

;

it aj)pears very small and with very delicate rays, which are also smooth and distantly

articulated. The caudal is deeply cleft and inequilobate, the prolongation of the body-

axis along the upper lobe being very well developed.

Observaiions.—When I first saw the above-described specimen I thought I had an

example of Bh. Maccotiocliii before me, but a careful examination of it convinced me

that it belonged to a distinct and previously unrecognised species. It differs IVom

Bh. Macconochii in the following particulars:

First, in the greater prevalence of a tubercnlated ornament on the external head-bones.
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Secondly, in the general smoothness of the scales and absence of the scnlpture

characteristic of Bh. Macconochii.

Thirdly, in the presence of some amount of denticulation of the posterior borders of

the flank-scales.

There is no other known species with which Bit. Isevis can be confounded.

Geolo(jical Position and Locality.—From the Calciferous Sandstone Series at Tarras

Foot, Eskdale (Collection of Geological Survey of Scotland).

12. Rhadinichthys Grossarti, Traqnair. Plate XXXIII, figs. 7, 8.

Rhadinichtiiys Grossarti, Traquair. Proc. Roy. Pliys. Soc. Ediub., vol. iv, 1878,

p. 2i4.

— — A.S.Woodward. Cat. Foss. Fishes Brit. Mus.,pt. ii,

1891, p. 469.

Specific Characters.—Attaining a probable length of somewhat over 2 inches
;

form slender ; fins few-rayed ; rays with distant articulations ; scales marked externally

by from four to six sharply defined straight ridges, passing from before backwards with

a slight obliquity, and terminating posteriorly in denticulations of the hinder margin.

Description.—The material for the description of this little fish is as follows

:

(1) The type specimen collected by the late Mr. Grossart, surgeon, Salsburgh,

Lanarkshire, and now in the Royal Scottish Museum.

(2) Two specimens from Crossford, Lanarkshire, collected by Mr. R. Dunlop, who

presented one of them to the above-named institution.

(3) Fragmentary specimens in the Collection of the Geological Survey of Scotland.

The type specimen (PI. XXXI II, fig. 7) measures 1^ inches as it lies, but it is

deficient in the head and anterior part of the body. The shape is slender, its depth at

the ventral fin being not quite \ inch, from whicii it tapers to a very delicate tail-pedicle.

The pectoral fin is not seen; the ventral is small, and consists of a few delicate and

rather disturbed rays. The dorsal conmiences very slightly in front of the anal, and

consists of fourteen or fifteen rays, but in the anal I count only ten. Between the

latter and the lower lobe of the caudal there is a considerable interval, equalling nearly

three-fifths of an inch. All these fins are very delicate, with slender distantly articu-

lated rays ; minute fulcra are observable on the anterior margin of the dorsal in the

specimen under description and of the anal in another; the caudal body-prolongation is

very slender and attenuated. The scales are moderate, may, indeed, be called large

in proportion to the small size of the fish. They are more strongly marked than in

Bh. monensis, their ornament (fig. 8) consisting of from four to six sharply defined

straight ridges passing from before backwards, with a slight obliquity over nearly the

whole exposed surface, and terminating in denticulations of the posterior margin
;
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in some cases feeble traces of the delicate vertical grooves seen in Bli. monensis are

visible just in front of the commencement of the longitudinal ridges.

In the specimen from Crossford, presented by Mr. Dunlop to the Royal Scottish

Museum, the head is present, but not in good enough preservation for description. The

length of the entire specimen is 2 inches, but there must be some shortening up

between the shoulder and the dorsal fin, otherwise the length of the head would be

contained only a little over three times in the total. Some remains of the pectoral

fin are seen just where the head joins the body, consisting of rays which are distinctly

seen to be unjointed for a considerable distance. The dorsal fin seems here to

commence slightly more in front of the anal than in the type, but this is due to distor-

tion ; both of these fins are badly preserved.

Observations.—Distinguished from the doubtful form Rh. angustulus, which

resembles it in scale-sculpture, by its long, narrow tail-pedicle. It is also a larger fish.

Geological Position and Localities.—Coal Measures of Lanarkshire : Shotts

;

Crossford.

13. Rhadinichthys Planti, Traquair. Plate XXXIII, figs. 9, 10.

Ehadinichthts planti, Traqnair. Geol. Mag. (3), vol. iii, 1886, p. 441.

— — J. Ward. Trans. ^. Staffs. Inst. Miuiug Eiigin., vol. x,

1890, p. 177, pi. iv, fig. 6.

— — A. S. Woodward. Cat. Foss. Fishes Brit. Mus., pt. ii,

1891, p. 4G9.

— — E. D. WeUburn. Proc. Yorks. Geol. and Pulyt. Soc,

vol. xiv, 1901, pp. 168 aud 174.

Specific Characters.—A small species attaining a length of over 2 inches; form

slender; ethmoidal region of skull forming a considerable prominence over the mouth
;

dorsal fin situated exactly opposite the anal; cranial roof-bones ornamented with com-

paratively coarse flattened ridges.

Description.—The most perfect specimen I have seen (PI. XXXIII, fig. 9) measures

2^ inches in length by ^o '" greatest depth ; its shape is, therefore, elegant and slender.

The head measures y2 i"ch in length, and is contained nearly five times in the total

;

the dorsal fin 1J inches behind the tip of the snout, and the lower lobe of the caudal

If inches behind the same point, the anal being exactly opposite the dorsal. The pectorals

are not exhibited in any specimen I have seen, but traces of a ventral are seen in one

case midway between the anal and the shoulder-girdle.

The head (Text-fig. S), shows a peculiarly large development of snout forming a

considerable bluntly pointed prominence over the mouth. The cranial roof-bones are

ornamented with incised furrows, producing a comparatively coarse flattened ridging
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between tlicm. Tlic siisj)cnsoiiuiu is oblique j the operculum is broad, but with

its inferior margin sloping obliquely uj)vvar(ls so as to make an acute angle with

the anterior, and an obtuse angle with the posterior margin. Correspondingly,

the superior margin of the subopercuhim slopes vciy obliquely upwards and backwards,

its anterior margin being short and the posterior one long and rounded. The upper

limb of the preoperculum is broad and triangular, the lower one narrow. I see no

markings on these opercular bones save a few concentric striae. The maxilla is of the

ordinary Palaeoniscoid shape, but in none of the specimens are its markings clearly

shown. The mandible (PI. XXXIII, fig. 10) is comparatively short, and is ornamented

with prominent ridges which run obliquely forward so as to touch the upper or dentary

inargin at very acute angles. I have not observed the teeth.

The scales are small, rhombic, and with the usual Palaeoniscoid mode of articulation.

It is extremely difficult to make out accurately the character of their outer surfaces,

which seem to be ornamented with excessively minute and faintly marked ridges and

furrows, bearing obliquely in a direction downwards and backwards.

s.op. _^—^ mn
FlO. 8.—Skctcli of tlie bones of tlie si<le of tlie lieail of Rhadinichlhi/s Phnifi, Ti"iq. Enlarged by one-half,

and sligbtlv restored, from a specimen from Burnlej in the British Mnscum, No. P. 7989. o}]. operculnm ;

s.op. subopercuhim; mn. niamlible.

Observations.— In my first notice of this strange little Palaeoniscid I placed it only

provisionally under Ttliadiniclitliys, and stated that probably a new genus would

ultimately have to be instituted for its reception. Certainly, so far as I am aware, we

do not as yet know the conformation of the rays of the pectoral fin, and the peculiar

large development of the ethmoidal region of the cranium is not found in any other

species of the genus, yet it seems to me now to be better to allow it to remain, as

originally [)laced, in the genus Bhadiiiicliflii/s. As regards the relative position of the

dorsal and anal fins, they are also situated exactly opposite each other in Bhadiniclithys

Macconochii, and I should not think of removinn; it from its oenus on that account.

Geological Position and Localities.—Coal Measures. The best specimens I have

seen, including the one figui'ed, were collected by the late Mr. John Plant, of the Royal

Museum, Salford, who obtained them at Collyhurst, near Manchester; these are now

in the British Museum (Natural History). Others, less ])erfeet, were found by the late

Mr. Ward in the Deep Mine Ironstone Shale, Longton, and are now also preserved in

the National Museum. The species has been also collected at Burnley, Lancashire,

by the late Mr. George Wild, and Mr. E. D. Wellburn has recorded it, though with a

query, from the " Better Bed " Coal, Low Moor, Yoikshire.
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14. RiiADiNicHTiiYs FKKox, Tniqaair. Plate XKXIV, tigs. 1, 2.

lluADiNicuTHrs FEROX, Traquair. Proe. Hoy. Soc. Ediiib., vol. ix, 1877, p. -135.

— — A. S. Woodward. Cat. Fos.s. Fislies Brit. Mus., pt. ii,

1891, p. 4(39.

Specific Characters.—Scales of inodcrato size, and ornaiuented with a proniiiieut

ridged pattern; the ridges on the lower and anterior part of the exposed snrface being

mainly parallel with the inferior and anterior borders of tiie scale, while those on the

posterior and upper part pass obliquely downwards and backwards to the hinder margin,

which is denticulated. Cranial plates striated ; teeth strong. Fins large ; the distance

between the end of the base of the anal and the commencement of the caudal somewlmt

extended.

Description.—The only entire specimen, which is represented in PI. XXXIV, fig. 1,

has undergone a twist about the middle of the body, and shows, moreover, only a

portion of the caudal fin, so that it is difficult to estimate its original length. As it is,

it measures 5f inches in length, but it is quite evident that when alive it must have

been considerably longer.

The head equals If inches in length, and shows superiorly a cast of the greater part

of the inner surface of the cranial buckler, with the lines of demarcation between the

parietal, frontal, squamosal and post-frontal bones. The opercular bones are not seen,

but a portion of the maxilla and the greater part of the mandible are exhibited, the

latter bearing sharp conical teeth of different sizes, those externally placed being very

small, while one large laniary -j^j inch in length is conspicuous. In another specimen

the inq)ressions are seen of the parietal, squamosal, opercular, preopercular and supra-

clavicular bones, and of the [)osterior part of the maxilla, these inq)ressions clearly

showing that the external sculpture of the bones in question was of a highly ornate

character, consisting of sharply-defined, flexuous, branching, anastomosing, and inter-

rupted ridges, tending to pass into tubercles at the inner margin of each parietal.

The scales are of moderate size on the flanks, becoming rather small posteriorly,

while on the belly they are low and narrow. Over the whole body their outer surfaces

are highly ornate, the ornamentation consisting of fine, sharply defined ridges forming a

pattern, which is usually, as it were, divided by a diagonal passing from the antero-

snperior to the postero-inferior angle of the scale. On the antero-inferior half of

the surface the ridges run parallel with the anterior and inferior margins, impinging

posteriorly on the diagonal, while on the postero-superior half they pass obliquely

downwards and backwards, mostly parallel with the diagonal, and ending in the

denticulations of the hinder margin ; in many cases they are interrupted before reaching

that nuu'gin, and replaced by other shorter ones springing up between them. In some
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cases, also, a kw of the ridges of the upper half near the antero-su[)erior angle of the

scale likewise impinge upon the diagonal, consequently meeting those of the lower half

at acute angles.

The pectoral fin is well shown in the specimen figured (PI. XXXIV, fig. 1), in which

it measures rather more than an inch in length. It is of considerable expanse, and

consists of at least thirty rays, of which the stronger ones, namely the first fifteen

counting from the lateral margin, are unarticulated till towards tlieir terminations,

where bifurcation sets in. Tlie ventrals are not shown, A portion of the dorsal is seen

arising op})osite the anterior part of the anal ; its rays are rather delicate with distant

articulations. The anal is seen to be of large size and of triangular acuminate form.

Its base is l-^-j inch in extent and its long anterior rays seem to have exceeded that

length, though they are cut off' at the a})ex ; the fiiu is, moreover, badly preserved aiul

its anterior margin somewhat distorted and injured. The origin of the lower lobe of

the caudal is also shown, consisting of exceedingly closely set, deeply imbricating rays,

of wjiich I count at least forty up to where they begin to pass into those of the uj)per

lobe, but here the tail is unfortunately truncated by the edge of the nodule. It is

likewise to be noted that the distance between the end of the base of the anal fin and

the commencement of the caudal is, as in several other species of the genus, somewhat

extended.

Observations.—This species is most distinctly marked off from all those we

have considered as yet, by the sculpture of the scales and the large size of the fins. The

next species, Rh. foriuosus, displays, however, a somewhat similar scale-ornament, but

the distance between the anal fin and the commencement of the lower lobe of the

caudal is proportionately shorter.

Geological Position and Locality.—In ironstone nodules from the shales of Wardie,

near Edinburgh, belonging to the Calciferous Sandstone Series; rare.

15. Rhadinichthys fokmosus, Traquair. Plate XXXIV, figs. 3— 6.

Rhadinichthts foumosus, Traquair. Summary of Progress, Geol. Surv. for 1903

(1901), p. 122.

— — Traquair. Trans. Eoy. Soc. Ediiib., vol. xlvi, pt. i. No.

4, 1907, p. 109, pi. i, fig. 6, pi. ii, figs.

6-8.

8'})ecific Characters.—Attaining an estimated length of about o\ inches; shape

somewhat deeply fusiform ; scales highly ornate, the sculpture of a flank-scale consisting

of sharp ridges, which, on the postero-superior part of the scale, run obliquely

downwards and backwards across the surface, while on the antero-inferior part they

run parallel with the anterior and inferior margins : posterior margin denticulated
;



RIIADINICHTHYS TORMOSUS. 155

distance between the anal fin and tlie commencement of the caudal rather less than the

length of the base of the former,

Descri])t{oit.—The original specimen of this form is represented in PI. XXXIV,

fig. 3; unfortunately it is not perfect, as nearly the whole of the upper and a great

portion of the lower lobe of the caiidal fin are lost. As it is, the length is 3| inches,

but when entire the fish nuist have measured 4^ inches. The length of the head is

contained three and a half times in the distance from the tip of the snout to the com-

mencement of the lower lobe of the caudal fin, and is ecpnd to the greatest depth of the

body between the dorsal fin and the occiput. The cranial roof-l)ones are marked with fine

contorted and interrupted striee, and a striated ornament characterises also the facial

bones, namely, the maxillae, mandi!)le and branch iostegal rays. I'he dorsal fin is

situated l)ehind the arch of the back and more than twice the length of the head from

the end of the snout; the anal commences a little further back; both fins are large,

triangular-acumimite, with many slender rays which are distantly articulated, the joints

being often marked with a dehcate furrow close to and parallel with the posterior

nuu'gin. The fulcra on both tins are very well marked. The caudal tin is, as already

indicated, broken oft' near its commencement; indications both of pectoral and ventral

rays are seen at their proper places, but the fins themselves cannot be described. The

scales are moderate in size, those on the flank showing an ornament which resembles

that of the last-described species as well as to some extent that of the scales of

ElonichtJiys pidch'errimus of the Glencartholm beds, the exposed surface being covered

with closely-set ridges, those on the postero-superior part passing obliquely downwards

and backwards, while in the antero-inferior aspect they first pass, as fine striae, down-

wards ])arallel with the anterior margin, and then, turning at an angle and becoming

sharp and prominent, like those above, pass horizontally across the scale to the posterior

border. On the hinder border of each scale these ridges end in delicate denticulations.

As regards the scales posterior to the ventral tins, the ornament tends to become less

pronounced and reduced to a set of grooves passing obliquely across the surface from

front to back, but the scales along the origin of the anal fin, and also of the dorsal, as

seen in the counterpart, are strongly ridged. All over the body the scales are singularly

undisturbed, so that the proportions of the fish are accurately shown.

In fig. 6 is represented another specimen, which, according to its scale-ornamentation

and other details, I identify specifically with the one described above. Its proportions

seem, however, at first sight, rather different, the dorsal fin appearing relatively further

forwards, the caudal disproportionately large, while the depth of the body at the shoulder

is considerably greater than the apparent length of the head. But on a careful exami-

nation of the specimen it is evident that these appearances are due to distortion by

" shortening up," the scales of the region behind the head being confused, so that the

body at this place is, as it were, " telescoped." The specimen measures 4^ inches in

length, but I should add at least one more inch to express its original dimensions, so that

22
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we have now before us a larger example than the previous one. I figure this specimen

on account of the perfect caudal extremity which it displays. The fin is deeply cleft

and inequilobate, the prolongation of the body-axis along the upper lobe l)eing propor-

tionately stronger than in the type specimen of the genus (Rh. ornatissimus)

.

Observations.—I have placed this species in BhadinichtJn/s owing to its resem-

blance in external form to Bh. hrevis, although the condition of the pectoral fin cannot

be ascertained. I have alluded to the certain amount of resemblance whicli the

sculpture of the scales bears to that in Iih.ferox, but the greater proportional distance

between the anal and caudal fins in the latter suffices to distinguish tliem.

Geological Position and LoralUi/.—Collected by the Geological Survey of Scotland

from shales belonging to the Calciferous Sandstone Series, exposed on the shore near

Gullane, in East Lothian.

10. Rhadinichthys tubkrculatus, Truquair, Plate XXXV, figs. 1— 3.

EnAUiNiciiTHTS TUBERCULATCS, Traquciir. Trans. Roy. Soc. Ediub., vol. xxx,

1881, p. 31. pi. iv, figs. 1—3.

_ —A. S. Woodward. Cit. Fosa. Fishes Brit. Mus.,

pt. ii, 1891, p. 4G9.

Specific Characters.—Attaining an estimated length of over 8 inches ; fins large
;

scales with a ridged tuberculate ornament, and not denticulated posteriorly ; caudal

body-))rolongation largely developed.

Description.—The following description is taken from two specimens, one of which,

belonging to the Geological Survey of Scotland, was figured in my paper quoted above

;

the other, figured in PI. XXXV, fig. 1 of the present work, is in my own collection.

The length of the first specimen is 7 inches from the tip of the snout to the bifurcation

of the caudal fin ; the extremity of the upper lobe of the tail is not preserved, otherwise

the length of the fish would probably be at least 8^ inches. The length of the head is

2 inches, equalling the greatest depth of the body just in front of the ventral fins and

being contained rather more than four times in the estimated total. The depth of the

tail-pedicle is f inch.

The head is much crushed and its bones badly preserved ; its structure is, however,

clearly seen to be typically Palaeoniscoid with very oblique suspensorium, anteriorly

placed orbit, wide gape and powerful jaws. The operculum seems somewhat long

and narrow, the suboperculum square-shaped. No teeth are visible.

The bones of the head being almost everywhere seen only from their internal

surfaces, their external ornamentation is but scantily exhibited. Evidences of a

minutely tubercular sculpture, the tubercles being sometimes rounded, sometimes

slightly elongated or confluent, are seen on the parietal and ethmoidal regions of the
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cranial roof, as well as, in impression, on a small portion of tlie suboperculum. Towards

the extremity of the mandible also a patch of the outer surface of the hone is seen, but

here the ornamentation consists of closely set delicate, wavy ridges, running in a longi-

tudinal direction.

The bones of the shoulder-girdle—supra-clavicular, clavicle, and infra-clavicular

—

are pretty well shown, the two latter from their internal aspects only. The outer

surface of the supra-clavicular displays some traces of longitudinal striated sculpture.

The scales are rather small for the size of the fish, especially at the tail, towards

which they rapidly diminish. In the tlank-scales (Plate XXXV, fig. 2) the covered

area is narrow ; the sculptnred one presents a few fine ridges and grooves along the

anterior margin, the rest of the s])ace being covered with small closely-set tubercles,

sometimes rounded, sometimes elongated or confluent. Towards the tail (fig. 3) and

also towards the dorsal and ventral margins the tubercles largely give way to a ridged

ornamentation ; the ridges running parallel with the anterior and inferior margins,

sometimes also with the superior, while the postero-central ])orti()n of the area is

occupied by tubercles which tend to become confluent into diagonal ridges, which are a

little coarser as well as more wavy and irregular than the marginal ones already

mentioned. Powerful longitudinally-ridged V-scales protect the upper margin of the

caudal body-prolongation, which is of great strength, while the acutely lozenge-shaped

scales which clothe its sides are of small size, arranged in many rows, and, so far as they

are traceable, ornamented with sharp diagonal ridges.

On the attached surface of the body-scales the vertical keel is rather delicate, yet

very distinctly defined, as is also the socket for the reception of the articular peg of the

scale next below; and, as usual, the pegs and sockets disappear in the scales of the

posterior part of the body. No denticulations are observable on the posterior margins of

any of the scales.

The pectoral fin is 1 ^ inches in length and has its principal rays unarticulated for the

greater part of their length. The origin of the ventral is situated 1-^% inches behind that

of the pectoral; the fin itself is not in good preservation, its rays being much broken

up, so that its shape and size are lost. The dorsal fin is situated nearly opposite the

anal, arising opposite a point 4 inches back from the tip of the snout ; the anal

commences only a little behind the dorsal and extends correspondingly further back.

Both of these fins are large, each measuring about an inch in length at the base, and

the same in height anteriorly, although the larger rays do not seem to be preserved up

to their extremities. They are also very similar in shape, being triangular and

acuminate ; their numerous and rather delicate rays have their transverse articulations

somewhat distant, so that the joints are rather longer than broad; no sculpture is

visible. The caudal is incompletely preserved, the extremities of both lobes being

wanting, but enough is seen to show that it was powerfully developed, deeply

cleft, and having a body-prolongation of great strength along the upper lobe ; the rays
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jire similar in cliariicter to those of the dorsal and anal. Well-developed fidcra are

seen in connection with the anterior uiargins of the fins wherever these margins are pre-

served.

The specimen represented in PL XXXV, fig. 1 of the present work, gives, however,

a better view of the fins than the above-described example. The head and anterior

part of the body are crushed and shortened up

—

tiie head, indeed, being in a state of

hopeless mash—but the right pectoral fin, with its rays unarticulated till towards their

terminations, is rather well show^n. The ventral is not seen, but the respective contours

of the dorsal, anal, and caudal are clearly exbibited, as well as the great strength of the

caudal body-prolongation.

Observations.— I have referred this beautiful Palseoniscid to Bhadiniclitliys on

account of the structure of the pectoral and the relative position of the dorsal and

anal fins, although the caudal body-prolongation is more powerfully developed than in

the more typical members of the genus, such as Bh. ornatissimus, Bh. carinatus, etc.

As regards its specific determination, the peculiar ridged, tubercular scale-ornament and

non-denticulated scales, together with the largely developed caudal body-prolongation,

are characters which collectively distinguish it from all other known species.

Geological Position and Localltij.—From the fish-beds of Calciferous Sandstone age

near Glencartholm, Eskdale.

17. Rhadinichthys fusiformis, Traquair. Plate XXXV, figs. 4— 9.

KHADi>'iGiiTnTS (P) rusiFOEMis, Tra'^tair. Trans. Eoy. Soc. Ediiib., vol. xxx,

1881, p. 31, pi. iv. figs. 1—3.

— — A. 8. Woodward. Cat. Toss. Fishes Brit.

Mus., pt. ii, 1891, p.

4G9.

Specific Characters.—Attaining a length of over .5 inches ; shape fusiform ; length

of head equal to the greatest depth of the body and contained nearly 4^ times in the

total; dorsal fin placed far back so as to be nearly opposite the anal; distance between

the anal fin and the commencement of the lower lobe of the caudal less than the length

of the base of the anal ; caudal body-prolongation well developed. For the sculpture of

the scales, see under "Description."

Description.—The head is typically Palaeoniscoid in structure, with oblique suspen-

sorium, wide gape, ethmoidal prominence, and anteriorly-placed orbit. The cranial

roof-bones are ornamented with closely set, irregularly contorted rugse, whicli, frequently

interrupted, pass at times into tubercles. The operculum is oblong, the suboperculuni,

as usual, short and quadrate ; these plates are in all cases ill-preserved so that little can

be said of their external sculpture, save that it seems to be of a striated character. The





PLATE XXXI.

(The cost of this plate has been defrayed by the Carnegie Trust for the Universities

of Scotland.)

Fig.

1. HhadinichtJiT/s WartU (Ward) ; natural size. From a specimen in the Ward Collection,

British Museum (Natural History), no. P. 7986. Ash Coal Shale, Longton,

Staffordshire.

2. Flank-scale, magnified six diameters. Same horizon and locality.

3. Hhudinichthys monensis (Egerton) ; natural size; head and anterior part of body

wanting. From the Virtuewell Coal Shale, Lower Coal Measures, Newarthill,

Lanarkshire, and contained in the Royal Scottish Museum, Edinburgh.

4. Flank-scale of the same species, magnified six diameters, the articular peg being

concealed by the matrix. Same horizon and locality. Royal Scottish Museum,

Edinburgh.

5. 0, Scales of the same species, a little further back, and more towards the margins

of the body in })osition. Same horizon and locality, and also preserved in the

Royal Scottish Museum.

7. Uliadimcldliys brevis, Traquair; natiu-al size. From the Lower Carboniferous

(Calciferous Sandstone Series) at Wardie, near Edinburgh. One of the type

specimens in the Collection of the Author.

8. Another specimen of the same species; natural size. From shale belonging to the

Calciferous Sandstone Series at Gullane, East Lothian. In the Collection of the

Geological Survey of Scotland.

9. A third specimen of the same species from the same horizon and locality, also in the

Collection of the Geological Survey of Scotland.

10. Scale from a Gullane specimen of the same species; magnified eight diameters.
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PLATE XXXII.

(The cost of this plate has been defrayed by the Carnegie Trust for the Universities

of Scotland.)

Fig.

1. Rhadinichthj/s hihernicus, Traquair; natural size. From the Coal Measures, Jarrow

Colliery, Co. Kilkenny, Ireland. In the British Museum (Natural History), no.

P. 9603.

2. Scales from the same specimen, magnified five diameters.

3. Rhadiniclithys inacrodon, Traqnair ; natural size. From the Knowles Ironstone

Shale, Longton, Staffordshire. In the Ward Collection, British Museum (Natural

History), no. P. 7990.

4. Counterpart of the head of the same specimen, enlarged by one-half. Also in the

British Museum (Natural History).

5. Flank-scale from the same specimen, magnified five diameters. The ailicular peg

is not shown.
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PLATE XXXIII.

(The cost of this plate has been defrayed by the Carnegie Trust for the Universities

of Scotland.)

Fig.

1

.

Hhadinichthys HancocJci (Atthey). Specimen showing the head and pectoral fin, but

deficient at the caudal extremity. From the Low Main Coal Shale, Newsham,

Northumberland. In the Atthey Collection, Museum of the Natural History

Society, Newcastle-on-Tyne.

2. Another specimen, wanting the head and caudal fin, but showing the position of the

ventral, dorsal, and anal. Also in the Atthey Collection, Museum of the Natural

History Society, Newcastle-on-Tyne, and from the same horizon and locality.

3. Ultadinicldhys lavis, Traquair. Natural size. Erom the Calciferous Sandstone

Series, Tarras Foot, Eskdale, Dumfriesshire. In the Collection of the Geological

Survey of Scotland.

4. Impression of the outer surface of the mandible and maxilla in the same specimen,

enlarged by one-half.

5. Flaidv-scale from the same specimen, magnified five diameters.

6. Scale further back, same specimen, magnified five diameters.

7. Bliadinichthys Grossarfi, Traquair. Natural size. From the Coal Measures of

Salsburgh, Lanarkshire. In the Royal Scottish Museum, Edinburgh.

8. Flank-scale of the same species, magnified six diameters.

9. Bhaditiichthi/s Planti, Traquair. Natural size. From the Coal Measures of Colly-

huist, near Manchester. In the British Museum (Natural History), no. P. 8497.

10. Mandible (teeth not exliibited) of the same species, enlarged one and a half times.

Deep Mine Ironstone Shale, Longton, Staffordshire. In the Royal Scottish

Museum.
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PLATE XXXIV.

(The cost of this plate has been defrayed by the Carnegie Trust for the Universities

of Scotland.)

Fig.

1. Wiadinichtlys ferox, Traquair; natural size. From the Calciferous Sandstone

Series at Wardie, near Edinburgh. Hugh Miller Collection, in the Royal Scottish

Museum, Edinburgh.

2. Sculpture of scales, magnified six diameters.

3. BliadinichtJif/s formosus, Traquair ; natural size. From the Calciferous Sandstone

Series, sea shore near Gullane, East Lothian. Collection of the Geological

Survey of Scotland.

4. Scale from the flank of the same specimen, magnified six diameters.

5. Scale from the caudal region of the same specimen, magnified six diameters.

6. Another specimen from the same locality; natural size. Distorted by "shortening

up " of the anterior part of the body. Collection of the Geological Survey of

Scotland.
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PLATE XXXV.

(The cost of this plate has been defrayed by the Carnegie Tmst for the Universities

of Scotland.)

Fig.

1. Bhadinichthi/s fuberculatus, Traquair. Natural size. From the Calciferous Sand-

stone Series, Gleiicarthohn, Eskdale, Dumfriesshire. In the Collection of the

Author.

2. riank-scale, magnified six diameters. From the type specimen in the Collection of

the Geological Survey of Scotland. Same horizon and locality.

3. Scales towards the caudal extremity, magnified six diameters. From the same

specimen.

4. Mhadinkltthyii fusiformis, Traquair. Natural size. Calciferous Sandstone Series,

Glencartholm, Eskdale. In the Collection of the Author.

5. Another speciaien from the same horizon and locality. Also in the Collection of

the Author.

6. Flank-scale, magnified six diameters. From one of the type specimens in the

Collection of the Geological Survey of Scotland.

7. Flank-scale from another specimen, magnified six diameters. From the same

horizon and locality. In the Collection of the Geological Survey of Scotland.

8. Narrow ventral scales, magnified six diameters. Geological Survey of Scotland.

9. Scales towards the tail, magnified six diameters. Geological Survey of Scotland.
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tlie inner aspect; beak-tritor composed of a series of laminte, the other tritors

consisting of numerous tubules ; median tritor divided (except when abraded) into

two small and widely-separated parts, of which the anterior is placed on the edge

of the symphysis, and the posterior behind the anterior outer tritor. Palatine

plate with very large tritors, the two inner being broad, and the posterior of these

tending to overlap the narrow outer tritor. Vomerine plate with a concave

or grooved symphysial surface ; the anterior tritor much larger than the others.

Description of Specimens.—Though found most abundantly in the Cambridge

Greensand, the dental plates of this species appear to occur at all horizons in the

Chalk. Only one specimen, however, from the Chalk near Lewes, has hitherto

been discovered to show all the dental plates of one mouth in a satisfactory state

of preservation. This has already been described and figured by E. T. Newton,

loc. cit., whose drawings of the left palatine and left mandibular dental plates are

copied in Text-figs. 54, 55. In the mandibular plate the relative prominence of

the beak varies considerably in different specimens, and the appearance of the

inner or median tritor depends on the extent to which it is uncovered. In

the left mandibular plate, shown in PI. XL, figs. 4—4 h, for example, the beak

is much longer than in the original of Text-fig. 55 ; while its median tritor (e.) is

exposed only in two narrow patches and appears to be completely subdivided into

two parts. The anterior outer tritor of the same specimen (fig. 4rt, c.) is also

relatively small and well separated from the outer oral margin. To the same

individual as the mandibular plate belongs the vomerine plate shown in PI. XL,

figs. 5—5 h. This, again, is remarkable for the prominence of the beak, and

suggests that the vomerine dental plates named Edapliodon gigas by Egerton

(Quart. Journ. Geol. iSoc, vol. iii, 1847, p. 352, and Newton, oji. cit., p. 17, pi. v,

figs. 1, 2) really represent a variety of E. seilgwiclci. Its beak-tritor is relatively

large ; the next four tritors are small ; and then the sixth tritor of the series is

of considerable size.

Horizons and Localities.—Senonian zones : Norwich. Turonian zones : neigh-

bourhood of Lewes, Sussex. Zone of SchloenbacJna rariaiis : Dover, Kent. Also

Gault, Red Chalk, Cambridge Greensand, and Lower Greensand.

2. Edaphodon mantelli (Buckland). Plate XLI, fig. 1.

1835-36. Chimxra manfeUii, W. Buckland, Proc. Geol. Soc, vol. ii, p. 206, and Phil. Mag. [3],

vol. viii, p. 5.

1843. Ischyodus mantelli, P. M. G. Egerton, Proc. Geol. Soc, vol. iv, p. 156.

1843. Chimxra (Psiitacocloti) mantellii, L. Agassiz, Poiss. Foss., vol. iii, p. 348, pi. xln, figs. 1, 2.

1847. Edaphodon mantellii, P. M. G. Egerton, Quart. Journ. Geol. Soc, vol. iii, p. 352.

1850. Edaphodon mantelli, F. Dixon, Geol. Sussex, p. 203, pi. xxxiv, figs. 6, 7.

1878. Edaphodon mantellii, E. T. Newton, Cliimaeroid Fishes Bi-it. Cret. Rocks (Mem. Geol. Surv.),

p. 14, pi. iv, figs. 1—9.

1891. Edaphodon mantelli, A. S. Woodward, Catal. Foss. Fishes B. M., pt. ii, p. 75.

24



18G FOSSIJ. FISHES OF THE ENGLISH CHALK.

Ti/pr.—Pair of imperfect mandibular dental plates ; British Museum.

Specific Characters.—Dental plates much resembling those of E. scdijirid-i, but

more slender and not attaining so large a size.

Deiicrlptivn of Specimens.—The mandibular dental plates of the type specimen

display both the outer and the inner aspects, and have already been described and

figured by Agassiz and Newton, loc. cit. An exactly similar plate, only crushed in

the lower half of the symphysial region, is shown in PI. XLI, figs. 1, l<i. Its

prominent beak and very wide symphysial facette are well shown, and the arrange-

ment of the tritors is also seen. The median tritor (e.) is completely exposed, and

observed to be continuous to the symphysis. The palatine dental plate is associated

with a mandibular pair from Lewes, described by E. T. Newton, loc. cit. It differs

from that of E. sedgwicld in being more slender, with the tritors longer and

narrower.

A right mandibular dental plate from Glynde in the Willett Collection,

Brighton Museum (No. 1-13), exhibits the median tritor subdivided into several

portions, but seems to represent only a variety of E. mantelli (E. T. Newton, lor.

cit., p. 17, pi. iv, fig. 10).

Horizons and Localities.—Turonian zones : neighbourhood of Lewes and

Houghton, Sussex. Zone of Bolaster salxjlohosns : Glynde and Clayton, Sussex
;

Burham, Kent. Zone of Schlocnhachia varians ; Dover, Kent. Undetermined

zones : Brighton, Sussex ; Guildford, Surrey.

3. Edaphodon agassizi (Buckland). Plate XLI, fig. 2.

1835-36. Chinuvm MjassizK, W. Buckland, Proc. Geol. Soc, vol. ii, j). 20(3, aud Phil. Mag. [o],

vol. viii, p. 5.

1843. Ischyodiis agassizi, P. M. Gf. Egertou, Proc. G-aol. S.)e., vol. iv, p. 1.56.

1843. Ckumvra {larhyodon) agassizii, L. Agassiz, Poiss. Foss., vol. iii, p. 341, pi. xla, figs. 3, 4 (? 5) ,

pi. xlc, fig. 16 {non figs. 14, 15).

1844. CUmxra, Gr. A. Maiitell, Medals of Creation, p. 621.

1878. Edapliodon agassizii, E. T. Newton, Chimseroid Fishes Brit. Cret. Rocks (Mem. Geol. Surv.),

p. 12, pi. iii.

1891. Edaphodon agassizi, A. S. Woodward, Catal. Foss. Fishes B. M., pt. ii, p. 77.

Tijjpe.—Imperfect mandibular tooth ; British Museum.

Specific Characters.—Mandibular dental plate comparatively short and stout,

and the beak only slightly produced ; symphysial facette scarcely occupying one-

third of the inner aspect ; beak-tritor composed of a series of lamina3, the other

tritors consisting of numerous tubules ; median tritor very broad, occupying the

greater portion of the oral surface, and apparently exposed above throughout

its length.

Description of Specimens.—The type specimen is so much broken along its
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anterior and post-oral margins that its shape is not completely shown. A nearly

perfect left mandibular dental plate, however, is represented in PL XLI, figs. 2,

2 a, 2 h, and exhibits all the characters of the species. Its outer face (fig. 2) is

marked only by the usual structural lines, without any supplementary layer near

the oral border. The symphysial facette is well marked off from the rest of the

inner face (fig. 2 a), and in this well-preserved specimen the median tritor (e.) is

exposed only in its upper portion, where it is continuous. The two outer tritors

(fig. 2h, c, (L) are small and placed slightly within the oral margin. The upper

dental plates remain unknown or unidentified.

Horizon and Localities.—Zone of Holasfpy stibglohosiis : Hamsey and Southeram,

Sussex; Burham, Kent; Dorking, Surrey.

4. Edaphodon reedi, Newton. Plate XL, fig. G.

1878. EdapJiodon reedi, E. T. Newton, Cliiuiseroid Fishes Brit. Cret. Eocks (Mem. Geol. Surv.),

p. 19, pi. vi.

Ti/pe.—Mandibular dental plate ; York Museum.

Specific Characters.—Dental plates with tritors excessively reduced. Man-

dibular plate with a very prominent beak, and the symphysial facette occupying

at least one-third of the inner aspect; beak-tritor composed of a series of laminae,

the other tritors consisting of numerous tubules ; median tritor reduced to a small

space on the edge of the symphysis
;
posterior outer tritor often absent. Palatine

dental plate with the posterior inner tritor very small or absent, and the outer

smaller than the anterior inner tritor.

Description of Specimen.—This is a large species represented by several dental

plates from the Cambridge Greensand, but apparently known only by one specimen

from the Lower Chalk. Even this fossil (PI. XL, fig. 6) is not very characteristic,

and exhibits an extreme reduction of the tritors. The dental plate is evidently

incomplete behind, but is otherwise damaged only by a transverse fracture. There

is only one diminutive, elongated inner tritor (a,), while the outer tritor (c.) is

reduced to insignificance.

Horizons and Localities.— Zone of Holaster stthglohosns : Gljnide, Sussex.

Cambridg-e Greensand.
'o'

FiN-SPiNE OF Edaphodon.

A large part of a dorsal fin-spine is associated with one specimen of the

mandibular dentition of liJ. agassizi described by Newton (loc. cit., p. lo, pi. iii,

fig. 3). The fin-spine of Edaphodon is thus shown to resemble that of the existing

Chinisera and also that of the typically Mesozoic genus Ischyodns. It is long.
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slender, laterally compressed, and ordy slightly curved, with the flattened sides

ornamented by irregular longitudinal strife (PI. XLI, figs. 3, 4). The anterior

border is compressed to a sharp edge, which is surmounted by a slight, beaded

ridge of enamel, while the grooved posterior face (fig. 4) bears a close series of

downwardly-curved, enamelled denticles (fig. 4 a) along each edge for the greater

part of its length. The spine is hollow and is cleft behind at its base, where it

originally united with the supporting cartilage.

Genus ISCHYODUS, Egerton.

Ischyodus, P. M. G. Egerton, Proc. Geol. Soc, vol. iv, 1843, p. 155.

Generic Characters.—Mandibular dental plate usually massive, with a well-

defined hard layer on the outer aspect immediately below the oral margin ; its

symphysial facette narrow ; one anterior tritor usually present, sometimes several

;

one median tritor, and two or more outer tritors. Palatine plate also massive,

with outer thickening ; four tritors present, two being inner, one median, and one

outer. Vomerine plate more or less quadrate in side view, with tritors on the oral

margin ;
post-oral region not laterally expanded, and usually with a definite hard

thickening. Dorsal fin-spine laterally compressed, more or less longitudinally

ridged, sometimes even rugose, with a double series of posterior denticles. Head-

spine of male short, arched, with a terminal cluster of denticles.

Type Species.—Ischyodus toimiseudi (Agassiz, Poiss. Foss., vol. iii, 1843, p. 343,

pi. xl, figs. 20—22, pi. xlr, figs. 17, 18), from the Portlandian of S. England.

Remarks.—This genus is typically of Jurassic age, and is known by nearly

complete skeletons from the Lithographic Stone of S. Germany. Only rare

fraorments occur in the Chalk."O'

1. Ischyodus thurmanni, Pictet and Campiche. Plate XL, fig. 7; Text-figure 56.

1843. Ischyodus brevirostris, P. M. Gr. Egerton, Proc. Geol. Soc, vol. iv, p. 156 (name only).

1843. Chimpera (Ischyodon) brevirosh-is, L. Agassiz, Poiss. Foss., vol. iii, p. 344 (name only).

1843. Ohimpera (Ischyodon) agassizii, L. Agassiz (errore), torn, cit., pi. xl c, figs. 14, 15.

1858. Ischyodus thurmanni, Pictet and Campiche, Foss. Terr. Cret. Ste Croix (Pal. Suisse), p. 76,

pi. ix, fig. 8.

1862. Ischyodus agassizii, W. H. Bensted (errore). Geologist, vol. v, p. 378.

1867. Ischyodus bouchardi, H. E. Sauvage, Catal. Poiss. Second. Bouloimais (Mem. Soc. Acad.

Boulogne-sur-Mer, vol. ii), p. 81, pi. iv, fig. 6.

1876. Ischyodus brevirostris, E. T. Newton, Quart. Journ. Geol. Soc, vol. xxxii, p. 326, pi. xxi, fig. 5.

1878. Ischyodus brevirostris, E. T. Newton, ChimEeroid Fishes Brit. Cret. Eocks (Mem. Geol. Surv.),

p. 27, pi. ix.

1891. Ischyodus thurmanni, A. S. Woodward, Catal. Foss. Fishes B. M., pt. ii, p. 67.
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Tijpe.—Imperfect palatine dental plate from the Gault of Switzerland.

Specific Characters.—Mandibular dental plate attaining a length of abont

10 cm., very stout, with a deeply sinuous oral margin, acute eminences correspond-

ing with the outer tritors, and the beak prominent
;
post-oral margin much less

vertically inclined than the symphysial margin ; beak-tritor minute ; outer tritors

well developed ; median tritor narrow or of moderate width, occupying the greater

part of the oral surface immediately behind the anterior outer tritor. Palatine

dental jilate with the posterior inner tritor of moderate or large size, and the

median tritor not extending so far forwards as this ; outer tritor much elongated.

Description of Specimens.—The dental plates of this species are most abundant

in the Gault, whence the type specimen

was obtained. Only two examples appear

to be known from the English Lower

Chalk. The right mandibular plate,

shown of the natural size in Text-fig. 56,

A, is more delicate than the typical speci-

mens from the Gault and Cambridge

Greensand (Text-fig. 56, b, c), with a

narrower symphysial facette. It is also

peculiar in having the post-oral margin

nearly parallel with the anterior margin,

and its median tritor is rather remote,

being almost entirely behind the anterior

outer tritor. A right palatine dental

plate from Burham (PL XL, fig. 7) is

closely similar to some of the corres-

ponding plates from earlier Cretaceous

formations referred to this species, but

is noteworthy for the deep excavation

of the space between the outer and

anterior-inner tritors. Its median tritor

does not extend so far forwards as in the type specimen from the Swiss Gault.

Horizons and Lucalities.—Zone of Holasfrr suhglohosus : Tsleham, Cambridge-

shire ; Burham, Kent. Also Upper Greensand, Gault, Cambridge Greensand,

Pied Chalk, and Lower Greensand.

Fig. 56. Ischyodus thurmanni, Pictet and Campiche

;

three examples of right mandibular dental plate,

inner or oral view, nat. size.—Zone of Holaster

suhglohosus, Isleham, near Newmarket (a) ; and
Cambridge Greensand (b, c). After E. T. Newton.

2. Ischyodus (?) incisus, Newton. PI. XLI, figs. 5—7.

1878. Ischyodus incisus, E. T. Newton, Chiraoeroiil Fislies Brit. Cret. Rocks (Mem. Geol. Surv.),

p. 38, pi. xii, figs. 3—10.

1891. Ischyodus (?) incisus, A. S. Woodward, Catal. Foss. Fishes B. M., pt. ii, p. 70.
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Ti/pe.—Left mandibular dental plate; British Museum.

Specijlc Characters.—A small species of doubtful generic position, the

mandibular plate attaining a length of about 4 cm. Mandibular dental plate

much compressed, with a deeply sinuous oral margin, the beak being prominent,

and pointed eminences corresponding with the outer tritors
;

post-oral margin

partly parallel with the symphysial margin ; beak-tritor subdivided into a short

series ; anterior outer tritor small and narrow
;

posterior outer tritor represented

by a marginal series of minute tritors ; median tritor very narrow and insigni-

ficant. Vomerine dental plate relatively broad, prominently convex externally.

Description of Specimens.— The type specimen is a much-broken mandibular

dental plate in the Toulmin Smith Collection (PI. XLI, figs. 5-5 r), but exhibits all

the essential characters of the species. The beak-tritor (fig. 5 (•) and the posterior

outer tritor (fig. 5 a) are clearly subdivided, while the median tritor (fig. 5 a) is

remarkably small. The shape of the oral border and beak and the external

thickening are better seen in the original of fig. 6. The vomerine dental plate

(figs. 7, 7a), found with the last specimen, is less nearly quadrangular than usual

in Isrli.ijodns, with some lateral expansion.

Horizon and Locniitij.—Zone of Holaster subglohosus : Burham, Kent.

Gevvs ELASMODECTES, Newton.

EJasmognaihiis, E. T. Newtou {non J. E. Gray, 1867), Chimaeroid Fishes Brit. Cret. Rocks (Mem.

Geol. Surv., 1878), p. 43.

Elasmodedes, A. S. Woodward, Proc. Geol. Assoc, vol. x, 1888, p. 301.

Generic Characters.—Mandibular dental plate much laterally compressed, with

no definite thickening on the outer aspect; its symphysial facette narrow; anterior

tritor subdivided into small points; median tritor absent; outer tritors represented

by marginal series of small points. [Palatine dental plate insufficiently known.]

Vomerine plate apparently as in Ischyodits. Dorsal fin-spine with a sharp anterior

keel, rounded sides, and posterior denticles in a single series.

TyjJe Species.—Elasmodectes willetti, from the English Chalk.

Bemarhs.—This genus is known only by the type species and by an equally

small species from the English Kinmieridge Clay {Elasmodectes secans, A. S.

Woodward, Ann. Mag. Nat. Hist, [(i], vol. x, 1892, p. 16, pi. iii, fig. 3).

1. Elasmodectes willetti, Newton. Plate XXXIX, figs. 4-0; Plate XL,

figs. 1-3.

1878. Elasmognathus tdlhtti, E. T. Newton, op. cit., p. 43, pi. xii, figs. 13—15.

1888. Elasmodectes vl/Jetfi, A. S. Woodward, Proc. Geol. Assoc, vol. x, p. 301.

1891. Elasmodectes willetti, A. S. Woodward, Catal. Foss. Fishes B. M., pt. ii, p. 88.
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Tijpe.—Mandibular dental plates; Brighton Museum.

Specific, Characters.—The type species, with mandibular dental plate sometimes

measuring 2-5 cm. in length, usually smaller. Mandibular plate thickest at tlie

symphysis, with a high beak
;
prominences for outer tritors very gently sloping

backwards, not steep ; the separate points of the tritors round, irregular in size,

tending to arrangement in two series in each case. Dorsal fin-spine nearly smooth,

but with a tendency towards vertical ribbing, especially near the anterior keel and

the base.

Description of Specimens.—This species is known chiefly by mandibular dental

plates, but one specimen (PI. XXXIX, fig. 4) exhibits part of the head and

abdominal region with the characteristic dorsal fin-spine. The two mandibular

plates are well preserved and shown from the inner face in the type specimen

(PJ. XL, fig. 1) ; their outer face is seen in other examples.

The cartilages of the head and pectoral arch are only superficially calcified, and

thus much broken and distorted in the chalk. The calcified layer is always very

thin and consists of closely-compacted minute tesseras. The frontal profile of the

skull is steep (PI. XXXIX, fig. 4), and in the fossil there are remains of cartilage

in advance of the mouth. One of the vomerine dental plates (y.), displaced so as to

show its inner concave face, appears to resemble the corresponding plate of

Ischijodiis in shape, with nearly parallel anterior and posterior margins, but its

oral margin is broken away. The right palatine plate (^?.) is seen only in outer

view, and the arrangement of its tritors remains unknown. Of the mandibular

plate (md.) the outer face is nearly flat, with slight traces of growth-lines, but no

thickening near the oral margin. It is completely shown in PI. XL, figs. 1—3.

The symphysis is distinctly the thickest part of the dental plate (figs. 1 h, 2) and

the symphysial facette (fig. 3 a) is flattened. The post-oral margin is somewhat

less steeply inclined than the symphysial margin, and on the wavy oral margin

the middle prominence is nearer to the beak than to the hinder prominence. On
the inner face (figs. 1, la, 3) the horizontal growth-lines are especially conspicuous,

and all the tritors are visible. All the separate points of the tritors are rounded,

but they are very variable in size and shape, and although they tend to arrange-

ment in double series, they are remarkably irregular. The two series of beak

tritors diverge downwards from the apex ; and there is occasionally (fig. 1 a) a

row of tritoral points along the lower half of the symphysial margin. The outer

tritors extend chiefly along the gentle posterior slope of each marginal prominence,

but also occur slightly on the steep anterior slope. In each case the largest points

are near the apex.

The axial skeleton of the trunk is marked by the usual series of calcified rings

(PI. XXXIX, figs. 4, 4(6), which originally encircled the notochord.

The rostral spine is unknown, the head now described being probably that of

a female. The dorsal fin-spine (PI. XXXIX, fig. 4, (/.), however, is seen in
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contact with a [)ieco of cartilage alcove the remains of the pectoral arch {pcf.).

This spine is slender and straight, and, as shown l)y the broken section, it is

hollow for the greater part of its length, the internal cavity being especially large

in its lower half. It is round in cross-section, with the anterior margin pinched off

as a sharp keel. The rounded lateral face is nearly smooth, with some tendency

to a longitudinal ribbing, especially near the anterior keel. In the specimens

represented in figs. 4, 5, this ribbing is not conspicuous ; but in another fossil

(fig. 6), certainly referable to Elasmodectes and probably to E. wiUctti, it is so

strongly marked (fig. (5 a) as to have caused the spine to be mistaken for

Gd'lorlii/ncJms} The hinder margin of the spine is provided with a single longi-

tudinal series of smooth, downwardly-curved denticles, which are very close and

deeply overlapping (fig. 5), and extend to within a short distance of the base.

The apex of a spine with the hinder denticles apparently less crowded than usual,

is figured by Dixon, Greol. Sussex, pi. xxxii,* fig. 7.

A few traces of the delicate calcified rings, which originally supported the

slime-canals, are seen on the head.

Horizon and Localities.—Zone of Holastcr sulxjlobotms : neighbourhood of

Lewes, Glynde, and Amberley, Sussex ; Burliam, Kent.

IGHTHYODOB ULITE8.

Genus C(ELORHYNCHUS, Agassiz.

CcelorhyncJms, L. Agassiz (non Giorua, 1805), Poiss. Foss., vol. v, pt. i, 1844, p. 92.

CyJhidracanfJnis, J. Leidj, Proc. Acad. Nat. Sci. Pliilad., 1856, p. 12.

Ghjidorliynchus, M. Lericlie, Mem. Mus. Eoy. d'Hist. Nat. Belg., vol. iii, 1905, p. 159.

Generic Characters.—Spine very long, slender, and gradually tapering, rounded

in section, and Avithout denticles; external surface longitudinally ridged and

grooved, each ridge corresponding to a wedge-shaped plate, which forms a small

sector of the spine. Central cavity relatively small, sometimes in part simple,

but divided by a median partition at least in the basal or proximal portion ; a

division-plane passing through the middle of the partition, thus allowing the spine

to be readily split into two symmetrical halves.

Tii'pe Species.— GoelorJiynclius rectus (Agassiz, Poiss. Foss., vol. v, pt. i, 1844,

p. 92), from the Eocene of Europe.

Uemarhs.—This fossil is commonly regarded as the rostrum of a Xiphioid

teleostean, and it bears some superficial resemblance to the rostrum of Blocliius, a

fish of uncertain relationships from the Upper Eocene of Monte Bolca, near

' A.S.Woodward, " Ou the Fossil Fish-spiiies named Cwlorliynchvs, A^^nsmz,'' Ami. Mag. Nat.

Hist. [6], vol. ii (1888), p. 225.
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Verona.' As sliowii by Williamson,- however, its microscopical structure seems

to be that of a deimal spine. In the absence of any knowledge of its basal

termination, it may therefore be placed provisionally among Ichthyodornlites. It

is typically an Eocene fossil and ver}^ rare in the Chalk,

1. Coelorhynchus cretaceus, Dixon. Plate XLI, figs. 8, 9.

1850. Ccelorltynchtts cretaceus, F. Dixou, Geol. Sussex, p. xiii, pi. xxxii, fig. 10.

1888. Coelorliynchus cretacevs, A. S. Woodward, Proc. Geol. Assoc, vol. x, p. 330.

l^ype.—Imperfect spine ; British Museum.

Specific Characters.—Smaller than the type species, with smooth and rounded

or flattened longitudinal ridges. Straight and very slightly tapering.

Description of Specimens.—A new drawing of the type specimen is given in PI.

XLI, fig. 8, with part of its ornament enlarged in fig. 8 a. It is broken at each

end, but is shown to have been very long and slender, with scarcely any tapering.

The central cavity is exposed at the fI'actures, but the characteristic ribbing of the

surface is well seen elsewhere. The ridges are nearly straight, not wavy, but they

sometimes bifurcate or become double for a short distance ; they are also

occasionally interrupted, and the bent tapering ends lie side by side. A transverse

section of another specimen, examined under a microscope (figs. 9, 9 a), exhibits

nearly the same structure as that of the Eocene G. rectus as described by

Williamson, loc. cit. ; but the constituent sectors are fewer, being not more than

twenty in number, and the clefts or spaces between them are larger. Minute

divergent tubules are seen in each sector, but the concentric banding is less well-

defined and there are no vacuities, except close to the central cavity.

Hori-Mvs and Localities.—Zone of Hota.stcr snJxjlohosns : Sussex. Senonian

zone : Norwich.

Sulclass ELAS310BBJNCHIL

Order SELACHII.

Suborder ASTEROSPONDYLI.

Family Scylliid^.

The small " dog-fishes " are represented by nearly complete specimens in the

Upper Cretaceous of Westphalia and of Mount Lebanon, but are known only by

fragments from the English Chalk. The teeth have a central cavity, as in the

Carchariidae.

1 A. S. Woodward, Catal. Foss. Fishes B. M., pt. iv, 1901, p. 593.

2 W. C. Williamson, Pliil. Trans., 1849, p. 471, pi. xliii, figs. 35—37, aud ibid., 1851, p. 667.

25
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Genus SCYLLIUM, Cuvier.

Scyllium, G. Cuvier, Rc'giie Animal, vol. ii, 1817, p. 124.

Thyellina, L. Agassiz, Poiss. Foss., vol. iii, 1843, p. 378.

Sci/lliodas, L. Agassiz, ihid., p. 377 (in part).

Oeneric Characters.—Anterior dorsal fin above or behind pelvic pair ; origin of

anal always in advance of tliat of tlie posterior dorsal fin ; npper edge of candal

fin without enlarged dermal spines. Teeth small and delicate, each with a middle

cusp and generally one or two pairs of conspicuous lateral denticles ; several series

in function at one time.

Ti/j)e Species,—The existing Scyllium canicnla, common on the British coast.

I. Scyllium antiquum (Agassiz). Plate XLII, figs. 1—4.

1843. ScylUodus antiquus, L. Agassiz, Poiss. Foss., vol. iii, p. 378, pi. xxxviii, figs. 1, 3 (non fig. 2).

1889. Scyllium antiquum, A. S. Woodward, Catal. Foss. Fislies B. M., pt. i, p. 340.

Type.—Remains of head, etc., with teeth, from zone of Holaster snhglohosus

;

British Museum.

Specific Characters.—Teeth with a slender acuminate crown and a single pair

of divergent, short, stout denticles. Inner coronal face in all teeth, and both faces

in those placed at the back of the jaw, vertically striated. Shagreen tubercles

leaf-shaped, flat and smooth.

Description of Specimoii.^'nus, species is still known only by the type specimen,

which exhibits remains of the cartilages of the head, with very few teeth and some

of the anterior vertebrae. Each dental crown (PI. XLII, figs. 1—8) is rounded in

section and tapers rapidly to the sharp apex, without any sigmoidal bend; it is

Avide below, where it is flanked by a pair of short and stout, pointed denticles,

which are slightly divergent. The root of each tooth is very short but bifid,

appearing as a wide arch when seen from the outer face (figs. 1—3), with each

pedicle expanded at the base ; it projects far inwards, and its inner apex is pierced

by a large nutritive foramen (fig. 3 a) ; its lower, attached face is flattened. In the

anterior teeth (fig. 1 ) the outer coronal face is smooth, while the inner coronal face

and the whole face of both lateral denticles are marked with fine vertical striations.

In the posterior teeth (fig. 2) the outer coronal face is also conspicuously striated.

The figure of a tooth given hy Agassiz is inaccurate and misleading.

In the vertebral centra there appears to be no calcification outside the primitive

double-cone except a single peripheral layer.

A few traces of shagreen occur (PI. XLII, fig. 4) as shining, leaf-shaped

.

tubercles, all flat and smootli, Avith a small cruciform Ixise at one end.

Horizon and LocdJity.—Zone of Hnla.^fer snhijlohnsits : Bui'haui, Kent.
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2. Scyllium dubium, A. S. Woodward. Plate XLII, figs. 5, 6.

1889. ScijUinm duhium, A. S. Woodwara, Catal. Foss. Fishes B. M., pt. i, p. 341, pi. xvi, figs. 7, 8.

Type.—Group of teeth from zone of Tlolaster suhglohosus ; British Museum.

SjJecific Characters.—Teeth with an extremely slender crown, round in section,

gently incurved, not sigraoidally bent, flanked by a single pair of very long and

slender, incurved lateral denticles ; outer coronal face smooth, inner face faintly

marked with vertical striations in its basal half.

Description of Specimen.—This species is still known only by the type specimen,

which shows clusters of teeth mingled with remains of cartilage. Even in the

anterior teeth (PI. XLII, figs. 5, G) the lateral denticles are nearly half as deep as

the crown ; all the enamel is smooth and shining, while the striation in the basal

half of the inner face is feeble. The root (fig. G) is shaped as in the teeth of S.

antiqunm, already described, but the expansions at the ends of the lateral pedicles

are so considerable that in the original diagnosis of the species they were mistaken

for an additional pair of minute denticles.

A single vertebral centrum appears to resemble that of )S*. aiitijnnin in not

having any calcification outside the primitive double-cone except a single peripheral

layer.

Tlorkon and Localitij.—Zone of Holaster sithglohosns : Dover, Kent.

Familij Ginglymostomid.e.

Genus CANTIOSCYLLIUM, A. S. Woodward.

Scyllioclus, L. Agassiz, Poiss. Foss., vol. iii, 1843, p. 377 (hi part).

Cantioscyllium, A. S. Woodward, Catal. Foss. Fishes B. M., pt. i, 1889, p. 347.

Generic Characters.—Teeth very small but stout, with a depressed root, which

is scarcely bifid. Dental crown produced downwards and forwards over the root

mesially, and flanked by one or two pairs of small lateral denticles. Vertebrae

large, the centra short and deep in the abdominal region, conspicuously astero-

spondylic.

Tijpe Species.—CantioscyUivm decijrlens, from the English Chalk.

1. Cantioscyllium decipiens, A. S. Woodward. Plate XLII, figs. 7—11.

1843. Scylliodus aritiquus, L. Agassiz (errore), Poiss. Foss., vol. iii, p. 378, pi. xxxviii, figs. 2, 4.

1889. Caniioscyllium decipiens, A. S. Woodward, Catal. Foss. Fishes B. M., pt. i, p. 347.

1894. CantioscijUivm decipiens, A. S. Woodward, Proc. Geol. Assoc, vol. xiii, p. 195, pi. vi, fig. 1.

1902. Cantioscyllium decipiens, M. Leriche, Ann. Soc. Gcol. Nord, vol. xxxi, p. 104, pi. iii, fig. 4.
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Type.—Jaws, vertebrse, etc, in natural association, from zone of HoJaster

subglohosiis ; British Museum.

Specijic Characters.—Anterior teeth with a single pair of small, stout lateral

denticles ; outer face marked with prominent vertical striiie in its basal half.

Description of Specimen.—This species is still known only by the type specimen

(PI. XLII, fig. 7), Avhich displays the jaws from below, with part of the vertebral

column and the pectoral arcli. The cartilage is superficially calcified in small

polygonal tesserae with fringed margins, which were mistaken by Agassiz for

shagreen (lac. cit., fig. 4). The pterygoquadrate {ptq.), or cartilage of the upper

jaw, is nnicli more slender than the mandible, and bears on its outer face, Avithin

the hinder half, a small prominence {x.), from which seems to haA^e been suspended

a slender labial cartilage (/.). Each mandibular ramus {uul.) is very deep behind,

impressed by a large muscular fossa on the hinder half of its outer face ; and the

mandibular symphysis is rather Avide. Traces of the hyoid (////.) and other

cartilages are seen behind the jaAVS, but the greater part of the branchial apparatus

is destroyed. The vertebral centra in front of the pectoral arch {p)ct.) are not Avell

shoAvn, but just behind it they are short and deep and very clearly strengthened

by radiating calcified plates. The pectoral arch (fig. 11) is a narroAv transverse

band of cartilage, turned shar})ly upwards at each end at the articulation for the

fin, and its ascending portion tapering rapidly upwards to a point.

In the fossil, teeth are slioAvn only near the symphysis. Four display the outer

face (figs. 8, 9), Avhicli is consj^icuously striated except near the apex. The stout

lateral denticles are distinct in three of these teeth, Avhile they are scarcely marked

in the fourth. When viewed from beloAV (fig. 10) the flattened root exhibits

a large oval foramen, and the middle part of the anterior face of the crown is seen

to be produced dowuAvards.

Horizon and Localltij.—Zone of ITolastev snbgJobosiis : liurham, Kent.

FamUij Lamnid^.

The Cretaceous sharks of the family Lamnidae are best known l)y associated

sets of teeth and vertebree from the Chalk of Kansas, U.S.A., and by some well-

preserved small fishes {Scapanorliynclms) from the fissile limestone of Mount

Lebanon. Nearly all the teeth and vertebrae in the English Chalk are found

scattered and isolated. The teeth are always solid, without central cavity.

Goiiis CORAX, Agassiz.

Corax, L. Agassiz, Poiss. Foss., vol. iii, 1843, p. 224.

Pseudocorax, F. Prieiu, Bull. Soc. Greol. France [3], vol. xxv, 1897, p. 47.

Generic Characters.—Teeth compressed, more or less triangular in shape,
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usually notched on the hhider border and with distinct marginal serrations.

Vertebral centra strengthened by numerous concentric calcified laminge, as in

Selache.

Type Species.—Gorax pristodontiis, t^'^pically from the Upper Cretaceous

(Danian) of Maastricht, Holland.

B.cmarliS.—This is an essentially Upper Cretaceous

genus, though the type species seems to range upwards

to the Eocene in Alabama, U.S.A. The teeth are

very similar in shape to those of certain Carchariidge,

such as Sph-ijriia {Zj/(jxii(i) and CarcJiafias, but are dis-

tinguished by the absence of an internal cavity. In

microscopic structure (Text-fig. 57) they agree with the

teeth of the existing Lamnid'de. It is also noteworthy

that with the ordinary teeth are found a few relatively

small teeth, which may have occupied a gap near the

fi'ont of the series in the upper jaw, as in Lantiia, Ch'i/rJtina,

and Odoiitaspis (see Text-fig. 59, p. 199). The vertebral

centra occur in association with teeth and pieces of carti-

lage in two specimens from the Niobrara Chalk of

Kansas (B. M. nos. P. 9199, P. 10310). They are very

short in proportion to their diameter, and are all nnich

distorted by crushing in the fossils. As seen in cross-

section, the secondary calcifications round the piimitive

double-cone are chiefly delicate concentric lamellas, and

there are deep wedge-shaped cavities which were origin-

ally filled by the uncalcified cartilage at the bases of the

appended arches.

Fui. 57. Gorax ; vertical trans-
verse section of tooth, highly
magnified, showing the super-
ficial gano-dentine and the
vaso-dentine, without an in-

ternal cavity. After Agassiz.

1. Corax pristodontus, Agassiz. Plate XLII, figs. 12— 15; Text-figure 58.

1843. Corax pristiidoiitns, L. Agassiz, Poiss. Foss., vol. iii, p. 22 i, pi. xxvi, figs. 9—13.

1889. Curax pristodontus, A. S. Woodward, Catal. Foss. Fishes B. M., pt. i, p. 423.

1891. Corax pristodontus, A. S. Woodward, Geol. Mag. [3J, vol. viii, p. 112, pi. iii, figs. lU— 16.

1894. Corax ^pristodontus, A. S. Woodward, Proc. Greol. Assoc, vol. xiii, p. 198, pi. vi, figs. 16—18.

Ti/pe.—Detached teeth from the Danian of Maastricht, Holland.

Specific Characters.—The type and largest known species, the teeth sometimes

measuring 3 cm. in diameter. Teeth low and broad with a very large root

;

anterior border gibbously arched
;
posterior border often not notched, only slightly

concave ; serrations always distinct. Root of teeth without any median cleft for

a nutritive foramen on its inner face.

Description of Specimens.—An associated set of teeth discovered by M. Houzeau
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(\e Lehaie in the phosphatic chalk of Ciply, Belgium, exhibits some of the

variations which occur in different parts of the month (Text-fig. 58). A few of

the teeth from Maastricht differ from these in having the posterior border more

distinctly notched.

The only English specimens which can be referred to this species are teeth

from the Upper Chalk of Norwich. The large tooth shown in PI. XLII, fig. 12,

is almost identical with certain teeth of G. filcafiis, except in si/e, and the original

of fig. 13 is perhaps also scarcely distinguishable; but the posterior teeth, figs. 14,

15, are more characteristic and there cannot be much doubt about their determi-

nation.

ITorizon and Localifi/.—Zone of BeJemiilfcIla iimcvonaUt : Norwich.

Fio. 58. Corax pristodontus, Agassiz; associated set of teeth, iiat. size.—Danian ; Cijsly, Belgium.
B. M. no. P. .5827.

2. Corax falcatus, Agassiz. PL XLII, figs. IG—28; Text-figure 59.

1822. S(puilns (jalens't, G. A. Mantell, Foss. South Downs, p. 227, pi. xxxii, figs. 12—16.

1843. Corax faJcatm, L. Agassiz, Poiss. Foss., vol. iii, p. 226, pi. xxvi, fig. 14, pi. xxvi a, figs. 1—15.

1850. Corax falcatus, F. Dixou, Geol. Sussex, pi. xxx, fig. 18.

(?) 1850. Corax mnximus, F. Dixou, ibid., p. 366, pi. xxx, fig. 17.

1889. Corax falcatus, A. S. Woodward, Catal. Foss. Fishes B. M., pt. i, p. 424.

1894. Corax falcatus, A. S. Woodward, Proc. Geol. Assoc, vol. xiii, p. 198, pi. vi, figs. 13—15.

Tijije.—Detached teeth from the Chalk of Sussex ; British Museum.

Specific Characters.SmaWev than the type species. Teeth more elevated,

with the anterior border usually less arched, the apex more attenuated, and

the posterior border more sharply notched; serrations distinct, except in very

small teeth, where they are sometimes feeble or perhaps absent. Root of teeth

Avithout any median cleft for a nutritive foramen on its inner face.

Description of Specimens.— Three of the type specimens in the Mantell

Collection are re-figured in PI. XLII, figs. 16—18, and exhibit the characteristic

features of a sharp notch behind, a slightly curved border in front. The low-
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crowned posterior tooth (fig. 17) may be compared with that of C. 2)rist<)do)ifus

(fig. 15), and the relative slenderness of its apical portion will be noted. Another

tooth with a gently excavated posterior border (fig. 19) is comparable with fig. 14,

and is evidently distingnishable by its greater height in proportion to its width.

The large tooth shown in fig. 20 corresponds closely with that of fig. 12, bat has a

less gibbous anterior border and a more attenuated apex. Another large notched

tooth (fig, 22) exhibits the characteristic elevation and apical slenderness ; and the

four smaller teeth from lower horizons in the Chalk, shown in figs. 23—26, are

also typical. A comparatively small upright tooth from Eastbourne (fig. 27) is

sharply notched near the base behind, and more gently notched in front. Its

Fig. 59. Corax falcatus, Agassiz ; outlines of associated set of teeth, nat. size.—Upper Cretaceous (Niobrara
Group) ; Kansas, U.S.A. C. H. Sternberg Collection (B.M. no. P. 103-tG).

outer face is exposed, and the root is shown to be slightly forked. A second

example, apparently of the same tooth, is exhibited from the inner face (fig. 28)

and shows that there is no median cleft for a nutritive foramen in the root. These

two small teeth may probably be referred to the anterior gap in the upper dental

series.

The relatively large tooth from Houghton, Sussex, named Corax maximns by

Dixon, is imperfect at the base behind where the notch would occur (fig. 21). It

seems to be only a tooth of G. falcatus of unusual size.

Teeth resembling those named Corax falcatus have an almost world-wide dis-

tribution in Upper Cretaceous deposits ; and in the Chalk of Kansas large groups

have ])een fouud associated with pieces of calcified cartilage and vertebral centra.

A selected series from one such group of naturally associated teeth is shown in
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Text-fig. 59, and illustvatcs some of tlie variations wliicli occur in different parts

of the month. The npright tooth at the left-hand npper corner of the fignre is

specially noteworthy, being comparatively small and doubtless referable to the

anterior gap in the upper dental series.

Horizons and Local!ties.— Universal, in all zones from that of Adinocamax

qiiadratus downwards. Also Upper Greensand and Cambridge Greensand.

3. Corax jaekeli, A. S. Woodward. Plate XLIII, figs. 1—3.

1895. Galeocerdo jaeJceli, A. S. Woodward, Ann. Mag. Nat. Hist. [6], vol. xv, p. 4, pi. i, figs. 5— 7.

Type.—Tooth; British Museum.

Specific Gharacters.—Teeth comparatively small, very low and broad, with the

apex of the crown turned sharply backwards. Anterior border of crown gently

arched, with relatively large, though sometimes feebly marked, serrations in its

lower half; apex above posterior notch small and narrow; posterior border below

notch with seven to eleven coarse serrations, decreasing in size backwards. Root

with a slight median cleft for a nutritive foramen on its inner face.

Description of Specimens.—The type specimen and the other two teeth of this

species originally described, were of uncertain origin ; but the three additional

specimens shown in PI. XLIII, figs. 1—3, were obtained by Dr. H. P. Blackmore

from the uppermost zones of the English Chalk. The shortest and deepest tooth

(fig. 1), which is probably referable to an anterior position in the jaw, has a

remarkably arched l)ase ; and the apical part of the crown is scarcely larger than

the uppermost of the eight denticles on its posterior border. Its anterior border,

Avhich is comparatively steep, is coarsely serrated in the lower half. The second

tooth (fig. 2) is less deep, with a relatively larger apical portion, and larger

anterior serrations. The base-line of its crown is less strongly arched, but the

stout root is still somewhat forked. The third tooth (fig. 3) is again less elevated,

with a wide extent along its arched root, and more numerous serrations on both

anterior and posterior borders. As already described, the type specimen exhibits

the slight median cleft on the inner face of its root where a nutritive foramen

enters.

In the original description the teeth of this form were provisionally referred to

the genus Galeocerdo ; b\it Dr. Blackmore has kindly permitted the tooth shown

in fig. 1 to be cut across, so that its structure may be examined. This section

proves that the tooth is solid, and thus cannot belong to any genus of Carchariidae.

Its internal vaso-dentine resembles that of the Lamnidos and Notidanida? ; and it

is excluded from the latter family by the shnpe of the root. Among known
genera of Lamnidae the tooth can only be assigned to Gorax.
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Horizons and Localities.—Zones of Mavsvpites {VinfacrinvsAmnil) and Actino-

caviax quadratus : neigliLourliood of Salisbury, Wiltshire. Also from Chalk of

Kent.

4. Corax aflBnis, Agassiz. PI. XLIII, figs. 4—0.

1843. Corax affinis, L. Agassiz, Poiss. Foss., vol. iii, p. 227, pi. xxvi, fi^. 2, pi. xxvi a, figs. 21—24.

1843. Corax appendiculatus, L. Agassiz, torn, ctt., p. 227, pi. xxvi, fig. 3.

1843. Corax planus, L. Agassiz, tarn, cit., p. 229, pi. xxvi a, figs. 51—57.

1854. Sphyma plana, E. Hebert, Mt'm. Soc. Geol. France [2], vol. v, p. 354, pi. xxvii, fig. 9.

1889. Corax afinis, A. S. Woodward, Catal. Foss. Fishes B. M., pt. i, p. 427.

1894. Corax affinis, A. S. Woodward, Proc. Cleol. Assoc, vol. xiii, p. 199, pi. vi, figs. 19—22.

1897. Psemlocorax affinis, F. Priem, Bull. Soc. Gcol. France [3], vol. xxv, p. 46, pi. i, figs. 20—27.

1902. Pseudocorax ajfinis, M. Lericlie, Ann. Soc. G-col. Nord, vol. xxxi, p. 122, pi. iii, figs. 79—86.

1906. Pseudocorax affinis, var. l;evis, M. Lericlie, Mem. Soc. Gc'ol. Nord, vol. v, p 80.

Type.—Detached teeth from the Danian of Maastricht, Holland.

Specific Characters.—Teeth comparatively small, the cro\yn more slender and

elevated than in the other species, notched prominently ' at the base of the

hinder border and less so at the anterior border, thus producing a broad posterior

denticle and a less distinct anterior denticle; serrations feeble or absent. Root

Avith a slight median cleft for a nutritive foramen on its inner face.

Description of Specimens.—The margins of the typical teeth from the Danian

of Maastricht seem to be always distinctly serrated; while those of the teeth from

the Upper Senonian of Belgium, France, and England are merely very thin, often

crimped or jagged, but not truly serrated. Leriche (1906) therefore regards the

earlier teeth, such as those now to be described, as belonging to a well-marked

variety, which he names Ja^ris. The upper part of the dental crown is sometimes

sufficiently translucent to show by transmitted light the mineral-stained coarse

network of vascular canals, which traverse the internal core of vaso-dentine.

Sections have proved that there is no internal cavity.

An anterior tooth (PL XLIII, fig. 4) has the crown only slightly inclined, Avith

the anterior denticle almost as distinct and large as the posterior denticle. Another

anterior tooth (fig. 5), with the crown more inclined and the anterior denticle less

marked, is interesting as showing the small and partially bifid root. A third

high-crowned tooth (fig. 6) is broader, and exhibits well the peculiar curvature of

the anterior and posterior borders ; its root is imperfect below. The inner vicav

of a tooth from a position further back in the jaw (fig. 7) displays the slight cleft

in the root above its bifurcation. Two still broader teeth are shown from the

outer and inner aspects respectively in figs. 8, 9.

Teeth of this form are regarded as generically distinct from Corax by Priem

(1897) and Leriche (1902), who describe them as the type of a previously

26
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unrecognised genus, Pseudocora.c. While ignorant, however, of the shape and

characters of the shark to which these teeth belong, it seems premature to

multiply generic names.

Horizons and Localities.—Zone of Belemnitella rnucroiiata : Norwich. Zone of

Marsupites : Sussex (A. AV. Kowe).

Qeims OXYRHINA, Agassiz.

(?) Isurns, Rafiuesque, Caratt. Alcuni Nuovi Geueri, 1810, p. 11.

Oxyrhina, L. Agassiz, Poiss. Foss., vol. iii, 1838, p. 86.

Xenodolamia, J. Leicly, Jouru. Acad. Nat. Sc;i. Pliilad., [2] vol. viii, 18 77, p. 251.

Generic Characters.—Teeth large, lanceolate in front of mouth, triangular and

much compressed at sides and in hinder part of jaws, without lateral denticles]

border of crown not serrated.

Type Species.—An existing shark, Oxyrhina spallanzanii.

Txemarlcs.—The species of this genus are widely distributed in existing seas.

Teeth occur in nearly all marine deposits of Upper Cretaceous and Tertiary age.

1. Oxyrhina mantelli, Agassiz. Plate XLIII, figs. 10—15; Text-figures GO, 01.

1822. Squalus zygcena (?), G. A. Mantell, Foss. South Downs, p. 227, pi. xxxii, figs. 4, 7, 8, 10, 11,

26, 28.

1839. Lamna mantelli, Gr. A. Mautell, Wonders of Geology, pp. 328, 426, ligu. 58, fig. 2.

1843. Oxyrhina mantelli, L. Agassiz, Poiss. Foss., vol. iii, p. 280, pi. xxxiii, figs. 1— 5, 7—9 (ncn

fig. 6).

1843. Lamna acuminata, L. Agassiz, torn, cit., p. 292, pi. xxxviia, fig. 54 (? non figs. 55—57).

1850. Oxyrhina mantelli, F. Dixon, Geol. Sussex, pi. xxx, fig. 24.

1850. Lamna acuminata, F. Dixon, ibid., pi. xxx, fig. 19.

1873. Oxyrhina extenta, J. Leidy, Extinct Vert. Fauna W. Territ. (Rep. U.S. Geol. Surv. Territ.,

vol. i, pt. i), p. 302, pi. xviii, figs. 21—25.

1889. Oxyrhina mantelli, A. S. Woodward, Catal. Foss. Fishes B. M., pt. i, p. -376, pi. xvii, figs. 9—21.

1894. Oxyrhina mantelli, C. R. Eastman, Palseontogr., vol. xli, p. 149, pis. xvi—xviii.

1902. Oxyrhina mantelli, M. Leriche, Ann. Soc. Geol. Nord, vol. xxxi, p. 116, pi. iii, figs. 49—53.

Type.—Imperfect detached teeth from the Chalk of Sussex ; British Museum.

Specific Characters.—A species of moderate size, the crown of the anterior teeth

usually not exceeding 3 cm. in height. Teeth rather stout; outer coronal face

always nearly flat, often with a few large vertical wrinkles ; inner coronal face

gently rounded; root short, the ])ranclies very divergent, thick, expanded, and

abbreviated. Anterior teeth large and comparatively broad, the crown only gently

curved outwards at the apex ; lateral teeth with the root nuich wider than the

main portion of the crown, which thus exhibits a sudden basal expansion ])ehind,

often also in front.
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Descri2Jtion of S'pecimeus.—The type specimens in the Maiitell Collection are

detached anterior teeth, mostly imperfect, but an associated set of over fifty teeth,

found with vertebrae in the Upper Chalk of Grays, displays the principal characters

of the whole dentition of the species. Thirteen of these teeth are shown of the

natural size in the accompanying Text-fig. 60, representing various parts of the

mouth. Some anterior teeth are narrower and more lanceolate than the foremost

here seen, while some of the posterior teeth are still smaller than the two low-

FiG. 60. Oxyrliina mantelli, Agnssiz; associated set of teeth, nat. size.—Zone of Micraster corangiiimi.in ;

Grays, Essex. Bowerbank Collection (B. M. nos. 32347, 39434).

crowned specimens at the end of this selected series. The vertical wrinkles in the

basal half of the outer face of the crown are indicated in five of the drawings.

An associated set of nearly three hundred teeth evidently of the same species,

from the Niobrara Chalk of Kansas, U.S.A., has been studied by Eastman (1894),

who considers that they were probably arranged in the jaws as shown in the

diagram, Text-fig. 61. With these normal teeth in the Kansas specimen there are

also eleven very small distoi-ted teeth Avith a root as squat as that of the English

Chalk fossil represented in PI. XLIII, fig. 10. Such teeth were originally

described by Leidy under the name of Xenodolamia, but there can be no longer any
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doubt as to their pertaining to Oxiirhivn, although their position in the jaw remains

uncertain. Eastman regards them as sjmphysial teetli.

Teeth of O.ri/rhiiia occasionally exhibit small lateral denticles, and a few

examples may be noted in 0. manteUi. One anterior tooth (PI. XLIIT, fig. 11)

and a postero-lateral tooth (fig. 12) bear a single pointed denticle posteriorly, while

an apparently antero-lateral tooth (fig. L3) shows an indistinct crimping of the

slio-htly expanded base in front, with one separate denticle followed by some

crimping behind. There cannot be much doubt, indeed, that the small lateral

teeth named Lamna acuminata by Agassiz and Dixon, are really referable to

Oxyrh ina man felli.

As already mentioned, portions of vertebral centra occur with the group of

teeth of this species from Grays, and are clearly similar to those described by

Eastman in the specimen from Kansas. Such vertebras are common in the Chalk,

and two specimens are shown, in upper view and vertical transverse sections

Fig. G1. Oxyrltina mantelli, Agassiz ; upper anil lower dontitioii as restored by Dr. Charles R. Eastman,
miich reduced in size. Upper Cretaceous (Niobrara Group) ; Kansas, U.S.A.

respectively, in PI. XLTII, figs. 11, 15. All the secondary calcifications within the

primitive double cone are radiating plates, which usually bifurcate towards the

periphery of the centrum.

Horizons and Localities.—Universal, all zones from that of ActijiocauKW ([uad-

ratiis downwards. Also Upper Greensand and Cambridge Greensand.

2. Oxyrhina angustidens, Reuss. Plate XLIIT, figs. IG—20.

1845. O.ryrJiina angustidens, A. E. Reuss, Verstein. bolim. Kreideform., pt. i, p. 6, pi. iii, figs. 7—13.

1845. Oxyrldna acuminata, A. E. lleiiss, op. cit., pt. i, p. 7, pi. iii, figs. 17—19, pi. vii, tig. 20.

1845. Oxyrhina heteromorpha, A. E. Eeuss, op. cit., pt. i,
i>. 7, pi. iii, figs. 14 - 16.

1846. Scoliodon priscus, A. E. E.9iiss, ojt. cit., pt. ii, p. 100, pi. xxiv, tigs. 23, 24, pi. xlii, figs. 10—12.

1889. Oxyrhina ancjustidens, A. S. Woodward, Catal. Foss. Fishes B. M., pt. i, p. 380.

1894. Oxyrhina ancjustidens, A. S. Woodward, Proe. Geol. Assoc, vol. xiii, p. 197, pi. v, tigs. 20—23.

1902. Oxi/rhina angustidens, M. Leriehe, Auii. Soc. Geol. Nord, vol. xxxi, p. 117, pi. iii, figs. 59—05.

)/l>e.—Detached teeth from the Cenomanian of Bohemia.
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SiH'clfi.e Gharacters.—A very small species, the crown of the anterior teeth only

attaining a height of about 1"2 cm. Dental crown always very narrow and deep,

extending along the wider root at its base ; the divergent branches of the root

considerably elongated in the teeth near the symphysis.

Description of Specimen.'^.—Tliis species is known only by detached teeth, of

which a selection from the English Chalk is shown in PL XLIII, figs. 16—20. Even

in the symphysial teeth (figs. 1(3, 17) the crown widens at its base into a short

extension along the root both in front and behind. The crown in these teeth has

a very slight sigmoidal bend, while the root exhibits a cleft for the nutritive

foramen on its inner face (fig. 16). In the lateral and hinder teeth (figs. 18—20)

the crown is still remarkably narrow and very little inclined, but the inner face of

the root does not appear to be marked by a cleft. The crown is always extremely

smooth, with thin, sharp edges.

Horizons and Localities.—Zone of TcrcbnUidina gracilis : Whyteleafe, Surrey

(G. E. Dibley). Zone of Ilolaster subglohosns : Burham and Hailing, Kent;

Griynde, Sussex; Oxted and Guildford, Surrey; Cherry Hinton, Cambridgeshire.

Zone of SchloenhacMa varians : Dover, Kent. Also Upper Greensand and

Cambridge Greensand.

3. Oxyrhina crassidens, Dixon. Plate XLIV, figs. 1, 2.

1843. Oxyrhina manteUi, L. Agassiz {errore), Poiss. Foss., vol. iii, pi. xxxiii, fig. (i.

1850. Oxyrhina crassidens, F. Dixou, Greol. Sussex, p. 367, pi. xxxi, fig. 18.

1889. O.ryrhini crassidens, A. S. Woodward, Catal. Foss. Fishes B. M., pt. i, p. 382.

Ti/2)e.—Nearly complete tooth from a Turonian zone ; British Museum.

Specific Characters.—Teeth extremely robust, of large size, the crown attaining

a height of about -1 cm. Dental crown narrow and deep, extending at its base

along the wider root, where its edge is usually coarsely crimped; outer coronal

face irregularly convex, with few vortical wrinkles; inner face extremely convex

and smooth, but with fine, short basal wrinkles. Root of tooth with a considerable

inward prominence immediately below the base of the crown, and only a faint

shallow groove for the nutritive foramen.

Descrijjtioii of Specimens.—The type tooth in the Dixon Collection (PL XLIV,

fig. 1) is noteworthy for the excessive crimping of its lateral basal extension on the

side best preserved, and its inner face shows clearly the fine vertical wrinkles at

the lower border of the crown (fig. la). A more elevated and less robust tooth

(PL XLIV, fig. 2), evidently from a more anterior position in the jaw, has a less

crimped lateral basal extension, but its inner face (fig. 2 a.) is similarly wrinkled

at the base. More than half of its root is well preserved, showing the character-

istic inward prominence and the faint shallow groove on the middle of its inner
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face. One dental crown is wrongly ascribed by Agassiz, lor. rif., to Oxyrhina

mantelll. A small group of associated teeth from Lewes in the Willett Collection,

Brighton Mnsenm, does not exhibit any remarkable variations.

Iforuoiis ami Localities.-—Turonian zones : LeAves, Honghton, and Anindel,

Sussex.

Genus LAMNA, Cuvier.

Lamna, G. Cuvier, Regne Animal, vol. ii, 1817, p. 126.

Otodus, L. Agassiz, Poiss. Foss., vol. iii, 1843, p. 266 (in part).

Generic Characters.—Posterior dorsal fin and anal fin very small. A pit at the

root of the caudal fin, which has the lower lobe much developed; side of the tail

with a keel. Teeth (except the hindmost of the series) with a high and narrow

H^^^

Fig. 62. Lamna cornuhica (Linnceus) ; upper and lower dentition, about one-half nat. size.—Existing.

compressed crown, not serrated, but flanked with one or two denticles; root bifid.

On each side of the upper jaw, at a short distance from the symphysis, one or two

teeth comparatively small.

Type S2^ecies.—An existing shark, Lamna cornuhica.

Remarls.—The dentition of the type species is shown in the accompanying

Text-fig. 62. It can scarcely be distinguished from that of a closely related genus

Odoutaspis, but differs in the less elevated and less subulate character of its anterior

teeth, and in the usually larger size of the lateral denticles.

1. Lamna appendiculata, Agassiz. Plate XLIV, figs. 3—7; Text-figures 63, 64.

1822. Sqnahis mnnteJus ?, G-. A. Mantell, Foss. South Downs, pi. xxxii, figs. 2, 3, 5, 6, 9.

1835. Lamna ap'pendicuJata, L. Agassiz, Poiss. Foss., Feuill, p. 54.

1843. Otodus appendiculatus, L. Agassiz, Poiss. Foss., vol. iii, p. 270, pi. xxxii, figs. 1—25.

1850. Otodus appendiculatus, F. Dixon, Geol. Sussex, pi. xxx, fig. 25, pi. xxxi, fig. 17.

1889. Lamna appendiculata, A. S. Woodward, Catal. Foss. Fishes B. M., pt. i, p. 393.

1894. Lamna appendicidata, A. S. Woodward, Proc. Geol. Assoc, vol xiii, p. 197, pi. v, fig. 25,

pi. vi, fig. 2.

1902. Lamna appendiculata, M. Leriche, Ann. Soc. Geol. Nord, vol. xxxi, p. Ill, pi. iii, figs. 28— 38.
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T^ipc.—Detached teeth probably from Turonian zones near Lewes ; British

Museum.

Specific Characters.—Teeth robust, sometimes attaining a total height of 4 cm.,

but usually smaller. Outer coronal face slightly convex or flat, often with few

indefinite vertical folds in the basal half ; inner coronal face very convex, smooth

;

cutting edges prominent ; a single pair of lateral denticles, broad but pointed.

Fig. 63. Lamna appendiculata, Agassiz ; associated set of teeth, nat. size. —Zone of Holaster subglobosus

;

Dover. Gardner Collection (B. M. no. P. 45).

Root very thick, having a much-flattened postero-iuferior face, with no groove for

the nutritive foramen. Anterior teeth narrow and upright ; hinder lateral teeth

much inclined backwards, the anterior edge being more arcuate and longer than

the posterior edge.

Description of Specimens.—Most of the detached teeth selected by Agassiz as

the type specimens of this species were obtained by Mantell from the Chalk near

FiG. 64. Lamna appendiculata, Agassiz; associated set of teeth, nat. size.—Zone of Holaster subglobosus

;

near Maidstone. Bowerbank Collection (B. M. no. 39053).

Lewes. The variations in shape in different parts of the jaw correspond with those

observable in the dentition of the existing Lamna (Text-fig. 62), as shown by the

associated sets of teeth represented in Text-figs. 63, 64 In both these specimens

there is a diminutive robust tooth, with a narrow elevated croAvn and closely

adpressed lateral denticles, evidently the same as the dwarfed tooth which always

occurs in Lamna in the third place from the front of the upper jaw. In the
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first specimen there are also some of tlic very small hindmost teeth withont lateral

denticles.

Some teeth Avitli nearly npright crowns (PI. XLIV, figs. 3, 4) are less shar])ly

pointed than those in the two gronps jnst mentioned. An accessory pair of

minnte onter cnsps is extremely rare (fig. 5). The larger teeth (fig. 6) are very

stout, but usually exhibit all the peculiar features of the species. A few of them

(fig. 7) are wrinkled on the outer face almost as much as in L. snlrafa, and one

tooth figured by Dixon {op. clt., pi. xxxi, fig. 17) makes a close approximation to

the front teeth of the latter species.

Horizons and LocaUties.—Universal, all zones. Also Upper Greensand,

Cambridge Greensand, and Gault.

2. Lamna arcuata, A. S. Woodward. Plate XLIV, figs. 8, 9.

Ifi94. Lamna arcvata, A. S. Woodward, Proc. Geol. Assoc, vol. xiii, p. 198, pi. vi, fig. 10.

1897. Lamna arcvata, F. Prieui, Bull. Soc. Geol. France, [3] vol. xxv, p. 42, pi. i, figs. 10, 11.

T//pc.—Tooth from zone of BelcnuiUeUa mnryoiKita ; Bi-itish Museum.

Specific Characters.—Crown of teeth comparatively slender, narrow, and acute,

moderately compi'essed, smooth, and somewhat bent in the principal lateral teeth

;

a single pair of large acuminate lateral denticles ; root small, but forming a

considerable inward prominence without any groove for the nutritive foramen.

Description of Spcciuunis.—The type tooth is shown from the outer and lateral

aspects in PL XLIV, figs. 8, d>a, and is probably referable to the middle of the

side of the jaw. The enamel of the crown and denticles is completely smooth.

The inner prominence of the root has a flattened lower face. A second specimen

(figs. 9, 9 a) is more slender, with a less deepened root.

Horizon and Locality.—Zone of Bclemnitella mncroiiata : X^orwich.

3. Lamna semiplicata (Agassi/). Plate XLIV, figs. 10, 11.

1843. Otodus sevtijdicahis, L. Agassiz (e.r Minister, MS.), Poiss. Foss., vol. iii, p. 272, pi. xxxvi,

fig. 32 (? fig. 33).

1888. Otudus semiplicatus, A. S. Woodward, Proc. Geol. Assoc, vol. x, p. 292.

1889. Lumna semii)licata, A. S. Woodward, Catal. Foss. Fishes B. M., pt. i, p. 397.

1894. Lamna semij'licala, A. S. Woodward, Proc. Geol. Assoc, vol. xiii, p. 197, pi. vi, figs. 3, 4.

1902. Otodus semiplicatiis, M. Lericlie, Ami. Soc. Gc'ol. Nord, vol. xxxi, p. 114, pi. iii, fig. 48.

Ti/pc.—Base of tooth from the Cenomanian of Saxony ; Paleeontological

Museum, Munich.

S])ccifir Gliaractcrs.—Teeth robust, of large size, the crown sometimes 3 cm.

in height. Outer coronal face even, flat or slightly convex ; a series of short
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parallel vertical wrinkles on the basal portion of the crown both on the outer and

inner face ; a single pair of very broad lateral denticles, sometimes incompletely

subdivided ; root Avitli a considerable inward prominence immediately below the

base of the crown, and not more tlian a faint groove for the nutritive foramen.

Deficription of Specimens.—Only two well-preserved teeth are known from the

English Chalk, one (PI. XLIV, fig. 10) with the crown more elevated than the

other (fig. 11). They exhibit all the characters noted in the specific diagnosis

above. In each specimen there is a slight denticulation between the main cusp of

the crown and the acuminate lateral denticle.

Horizons and Localities.—Undetermined zones in the Chalk of Rochester and

Charing, Kent. Zone of Hohisfer SKhglohosits : Merstham, Surrey.

4. Lamna sulcata (Geinitz). Plate XLIV, figs. 12, 13.

1843. Olodus sidcatus, H. B. Greiiiitz, Charakt. Scbiclit. u. Petrefakt. siichs.-bohm. Kreidegeb.,

Nacbti-., p. 5, pi. iv, fig. 2.

1846. Otodus sulcatus, A. E. Eeiiss, Versteiu. bolim. Kreideform., pt. ii, p. 100, pi. xxi, fig. 41.

1872. Otodus sulcatus, H. E. Sauvage, Bibliotb. Ecole Hautes Etudes, vol. v, uo. 9, p. 29, figs. 60—69.

1872. Otodus pinguis, H. E. Sauvage, ihid., p. 31, figs. 70—72.

1873. Otodus divaricatm, J. Leidy, Extiuct Vert. Fauua W. Ten-it. (Rep. U. S. Gejl. Surv., vol. i,

pt. i), p. 305, pi. xviii, figs. 26—28.

1889. Lamna sulcata, A. S. Woodward, Catal. Foss. Fisbes B. M., pt. i, p. 398.

1894. Lamna sulcata, A. S. Woodward, Proc. Geol. Assoc, vol. xiii, p. 197.

1902. Otodus sulcatus, M. Lericbe, Ann. Soc. Gl'oI. Nord, vol. xxxi, p. 115, pi. iii, fig. 47.

1906. Otodus sem.ipUcatus^= Otodus sulcatus, M. Lericbe, Mem. Soc. Geol. Nord, vol. v, p. 62.

Type.—Tooth from the Cenomanian of Saxony ; Dresden Museum.

Specific Characters.—Teeth resembling those of Lamna semipJicato, but their

convex outer face more uneven, and both faces with longer, stronger, and more

irregular vertical wrinkles.

Description of Sjiecimens.—A nearly complete anterior tooth is shown in

PI. XLIV, figs. 12, 12 rt. The crown exhibits a slight sigmoidal bend, and its

edges are remarkably acute. Its outer face is strongly marked with irregular

wrinkles in the lower portion. Its lateral denticles are high and acuminate, also

irregularly wrinkled in the basal half. A much wider tooth, from a more posterior

position in the jaw, is shown in fig. 13, also marked on the outer face with con-

spicuous, irregular wrinkling. Several imperfect teeth are known Avitli the same

characters.

Remarls,—Leriche considers that the teeth of this form are merely an extreme

variety of those named L. semipUcata. He also doubts the correctness of their

reference to Lamna, and prefers to retain them in the so-called genus Otodus.

Apart from their possession of well-marked lateral denticles, they bear a most

27
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striking resemblaiico to tlic teeth coininonly descril)ed as O.ri/rJiiiia cvdssidens

(see p. 205).

ILrrkons and fjoiudUirs.—Turonian zones : near Lewes, Sussex ; Cuxton, Kent

;

Surrey.

Gcnvs SCAPANORHYNCHUS, A. S. Woodward.

Bhinognathus, J. W. Davis (mn Fainuaire, 1873), Trans. Roy. Dublin Soc. [2], vol. iii, 1887, p. 480.

Scapanorhynclms, A. S. Woodward, Catal. Foss. Fishes B. M., pt. i, 1889, p. 351.

Generic Characters.—Body slender, with much elongated snont. Posterior

dorsal fin small, opposed to an extended anal fin ; caudal fin much elongated,

Fig. 65. Mltsulcurina owsloni, Jordan
;
yornig male in side view, with upper and lower views of head, etc.,

greatly reduced in size.—Existing in Japanese Seas. After D. S. Jordan.

inferiorly notched near the extremity. Teeth with a high and slender cuspidate

crown, mostly with a pair of small lateral denticles; root bifid.

Type Species.—Scapanorliyvchns leiinsl (J. W. Davis, Joe. cit., 1887, p. 4-80,

pi. xiv, fig. 4, and A. S. Woodward, loc. cit., 1889, p. 851, pi. xvii, figs. 1— 7),

known by imperfect fishes from the Upper Cretaceous of Mount Lebanon.

RemarJcs.—This genus is closely related to, if not identical with, Mitsukumui

(Text-fig. 65), a genus of sharks existing in the deep sea off Japan. ^ The crushed

1 D. S Jordan, " Description of a Species of Fish (Mitsukurina owstoni) from Japan, the Type of

a Distinct Family of Lamnoid Sharks," Proc. California Acad. Sci., [3] Zool., vol. i, no. 6 (1898) ;

A. S. Woodward, "Note on ScajMiwrhyncJiiis, a Cretaceous Shark apparently surviving in Japanese

Seas," Ann. Mag. Nat. Hist., [7] vol. iii (1899), pp. 487—489 ; B. A. Bean, "Notes on an Adult

Goblin Shark {Mitsukurina owstoni) of Japan," Proc. U. S. Nat. Mus., vol. xxviii (1905), pp. 815—818;

L. Hussakof, "A New Goblin Shark, SrapanorJiynrJnis jai-Jaiii, from Japan," Bull. Amer. Mus, Nat.

Hist., vol. xxvi (1909), pp. 257—262, pi. xliv.
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specimens from the Chalk of Mount Lebanon (Text-figs. ()G, 67) exhibit most of

its principal characters ; but detached teeth alone have been discovered in the

English Chalk. Similar teeth occur in marine Cretaceous formations in all parts

of the world.

,
^

^-^!^

^NU -at.

X,

Fig. 66. Scapanorhynchtts elongatus, A. S. Woodward (a) and Scapanorhynchus lewisi (Davis) (b) ; lower views
of head with rostrum, two-thirds nat. size, with teeth enlarged.—Uppei Cretaceous ; Sahel Alma, Mount
Lebanon. Lewis Collection (B. M. nos. P. 4774, 49471).

Fig. 67. Scapanorhynchus lewisi (Davis) ; imperfect trunk, about ono-third nat. size.—Upper Cretaceous;
Sahel Alma, Mount Lebanon. Lewis Collection (B. M. no. P. 4020).

1. Scapanorhynchus rhaphiodon (Agassiz). Plate XLIV, figs. 14—17.

1843. Lamna (Odotitasj'is) rhajiliiodon, L. Agassiz, Poiss. Foss., vol. iii, p. 296, pi. xxxviia, figs.

12—16 (wo/i fig. 11).

1850. Odoniasins rliaj-iliiodon, F. Dixon, Geol. Sussex, pi. xxx, fig. 32.

1872. Odontasins rhaphiodon, H. E. Sauvage, Bibliotli. Eeole Hautes Etudes, vol. v, no. 9, p. 36, pi. i,

figs. 42—53.

J889. Scafanorhynchus rhaphiodon, A. S. Woodward, Catal. Foss. Fishes B. M., pt. i, p. 353.

1894. Scapanorhynchus rhaiihiodon, A. S. "Woodward, Proc. Geol. Assoc, vol. xiii, p. 196, pi. v,

figs. 11—13.

1902. Scapanorhynchns {Odontasph) rhaphiodon, M. Leriche, Ann. Soc. Geol. Nord, vol. xxxi, p. 106,

pi. iii, figs. 8—13.

Type.—Dental croAvns, probably from a Turonian zone ; British Museum.

Specific Characters.—Crown of anterior teeth usually attaining a height of

from 1"5 cm. to 2 cm. Inner coronal face marked with prominent vertical striae,
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which are not all parallel ; root prominent on the inner face, with a sharp median

groove. Anterior teeth without lateral denticles
;
postero-lateral teeth with a

single pair of sharp denticles.

Description of Specimens.—The teeth of this species are so delicate that the

root is often lost in the fossils, leaving isolated crowns in the same condition as in

the type specimens. They are easily recognised by the peculiar vertical striation

which covers the greater pai't of the inner coronal face (PL XLIV, fig. 15 a).

The sharp stria3 are closely arranged at the base, but many of them terminate at a

short distance upAvards, while those which persist diverge towards their upper end,

where they often admit other short intercalated striae. The crown in the anterior

teeth (PL XLIV, figs. 14, 15) is always sigmoidally bent, sometimes excessively

so (fig, IG). On the inner prominence of the root the nutritive foramen is inserted

in a groove. The hinder lateral teeth (fig. 17) are less elevated, with a pair of

very sharp lateral denticles ; in these the root projects strongly inwards, and also

shows the cleft for the nutritive foramen.

Horizons and Localities.—Zone of Belemnifella mitcronata : Norwich. Zone of

Micrastcr corangulnmn : Greenhithe and Dover, Kent. Zone of Mlcraster cor-

testudinariiini : Purley, Surrey. Turonian zones : near Lewes and Amberley,

Sussex; Cuxton and Burham, Kent; Betchworth and Whyteleafe, Surrey. Zone

of ScliJoenharlila varlans : Dover. Undetermined zones : Guildford, Surrey ; War-

minster, Wiltshire. Also Upper Greensand, Cambridge Greensand, and Gault.

2. Scapanorhynchus subulatus (Agassiz). Plate XLIV, figs. 18—21.

1822. Siiimlus cornubicus, G. A. Maiitell (errore), Foss. South Downs, p. 22(5, pi. xxxii, fig. 1.

1843. Lamria (Odontaspis) suhulata, L. Agassiz, Poiss. Foss., vol. iii, p. 296, pi. xxxviia, figs. 5— 7.

1889. Scapanorhynchus {f) suhulatiis, A. S. Woodward, Catal. Foss. Fishes B. M., pt. i, p. 35G.

1894. Scapanorhynchus subulatus, A. S. Woodward, Proc. Geol. Assoc, vol. xiii, p. 196, pi. v,

figs. 14, 15.

1902. Scapanorhynchus t (Odontaspis) subulatus, M. Leriche, Aim. Soc. Gtol. Nord, vol. xxxi, p. 107,

pi. iii, figs. 5— 7.

Type.—Detached teeth from the Cenomanian of Saxony ; Palgeontological

Museum, Munich.

Specific Characters.—Teeth usually smaller than in the preceding species.

Dental crown smooth on both faces, not wrinkled ; a single pair of acutely-pointed

lateral denticles well developed on all the teeth, those of the anterior teeth more

slender than those of the hinder teeth ; root })rominent on the inner face, Avith a

sharp median groove.

Description of Specimens.—The typical teeth of this species are easily recognised

by their smooth, shining crown, with a straight base-line externally, from the ends

of Avliich rise the prominent lateral denticles. The outer aspect of an anterior
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tooth is shown in PL XLIV, fig. 18, while an inner view of a similar tooth (fig. 19)

is added to display the groove for the nutritive foramen in the root. In a smaller

tooth (fig. 20) the denticles are especially long and slender, while the root is com-

paratively small. In a posterior tooth (fig. 21), which is wide in proportion to its

height, the pointed lateral denticles are broader.

Horizons and Localities.—Zone of Belemnitella mucronata : Norwich. Zone of

Marsupltes : Thanet, Kent. Zone of Mlcrastev coranguinnni : Gravesend, Green-

liithe, and Thanet, Kent; South Croydon, Surrey; Grays, Essex. Tiironian

zones : near Lewes, Sussex ; Whyteleafe, Surrey. Zone of Ilolaster suhghbosus :

Burham and Hailing, Kent ; Arundel, Sussex. Zone of ScJtloenhachia varians

:

Dover, Kent. Undetermined zones: Charing, Kent; Guildford, Surrey ; Heytes-

bury, Wiltshire. Also Upper Greensand, Cambridge Greensand, and Gault.

Family Cestraciontid^.

The Cretaceous Cestraciont sharks are known only by fragments. Cestmclon

itself, which ranges from the Upper Jurassic to the existing fauna, appears to be

represented; while Sijnecliodus is the sole survivor of the Hybodonts in the Chalk.

Genus CESTBACION, Cuvier.

Cestracion, G. Cuvier, Kcgiie Auimal, vol. ii, 1817, p. 129.

Drepanephorus, P. M. G. Egertou, Figs, aud Descript Brit Organic Kemaius (Mem. Geol. Surv.,

1872), dec. xiii, uo. 9.

(xenerlc Characters.—Anterior dorsal fin arising in front of the pelvic pair,

posterior dorsal in front of the anal fin ; each with a smooth, enamelled dorsal

fin-spine, which does not bear posterior denticles. Mouth terminal, or nearly so

;

pterygo-quadrate cartilage in the adult directly connected Avitli the cranium by an

antorbital articulation. Anterior teeth small, numerous, cuspidate, generally with

one pair of lateral denticles ; lateral and postero-lateral teeth without cusps, but

relatively broad and flattened, with a more or less distinct longitudinal keel and

reticulate ornamentation. Shagreen fine and close; no head-spines; no large

dermal hooks on the claspers of the male. Vertebral centra well developed,

asterospondylic.

Tijpe Species.—An existing shark, Cestracion ijhUlppi.

Remarks.—The mandible of the type species, with its characteristic dentition,

is shown in Text-fig. 68. Here the two rami meet in a long symphysis, but in

some species the mandibular symphysis is short (so-called Lhjropleurodas, T. N.

Gill, Proc. Acad. Nat. Sci. Philad., 1809, p. 482). In this jaw of an adult fish.
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tlie sjmplivsial teeth exliibit one main cusp, with not more than one pair of small

lateral denticles. In very 3'oung individnals the corresponding teeth have three

pairs of lateral denticles, those of the inner pair nearly as large as the main cusp.

Fig. 68. Cestracion philippi, Cuvier
;
jaw with dentition, slightly reduced.—Existing.

]. Cestracion canaliculatus, Egerton. Plate XLV, figs. 1—5.

1822. Balistes, G. A. Mantell (errore), Foss. Soutli Downs, p. 229, pi. xxxiii, figs. 5, 6 (iu part?).

1843. Spinax major, L. Agassiz, Poiss. Foss., vol. iii, p. 62, pi. xb, figs. 8—14 (in part).

1850. Cestracion canaliadatus, P. M. Gr. Egerton, in F. Dixon, Geol. Sussex, p. 365, pi. xxxii,* fig. 8.

1850. Acrodvs cretaceus, F. Dixon, op. cit., p. 364, pi. xxx, fig. 13.

1853. Cestracion canaliculatvs, P. M. G. Egerton, Quart. Journ. Geol. Soc, vol. ix, p. 281.

1872. Bre^mnepliorus canalicuhifn.", P. M. G. Egerton, Figs, and Descript. Brit. Organic Remains

(Mem. Geol. Surv.), dec. xiii, no. 9, pi. ix.

1883. Cestracion canaliculatus, C. Hasse, Neues Jahrb., vol. ii, p. 66.

1889. Cestracion canaliculatus, A. S. Woodward, Catal. Foss. Fishes B. M., pt. i, p. 334, pi. xi,

figs. 24—27.

Ti/jje.—Associated teeth from the Chalk of Kent.

Specific Chardcters.—Head nsnally attaining a length of about cm. Man-

dibular symphysis short. Principal lateral teeth with rounded ends, scarcely, if

at all, sigmoidally bent; the longitudinal keel sharp and raised into a median

eminence; the rugosity of the surface prominent. Anterior teeth with a pair

of broad lateral denticles; coronal surface smooth. Anterior dorsal fin-spine

much arched, placed approximately over the twenty-fifth vertebra.

Description of Specimens.—The type specimen shows a few of the principal

grinding teeth in natural association ; and another fossil, described by Egerton

(1872), in the Willett Collection, Brighton Museum, exhibits similar teeth in the
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jaws, whicli are naturally associated with the vertebral column and dorsal fin-

spines. There is also another example of the jaws with teeth in the British

Museum.

The cartilages are calcified as usual in one superficial layer of compacted poly-

gonal tesserffi. The pterygo-quadrate or upper jaw (PL XLV, fig. 1, 2)fq.)

projects slightly in front of the mandible, but is not sufficiently well preserved to

show whether or not its anterior part articulated with the cranium. The mandible

(md.) displays its short symphysis in two specimens. In the anterior cuspidate

teeth the crown is smooth on both faces, and there is a single pair of lateral

denticles which varies in prominence. The crown overhangs the root on all sides,

and its base-line on the outer face is arched (fig. 1 a). The short depressed root is

triangular in shape, and its inner apex is pierced by a large nutritive foramen

(fig. 2 (i). The transition from these cuspidate teeth to the principal lateral teeth

has not been clearly observed, but the latter are well shown in both the specimens

already referred to. In the upper jaw of the fossil from the Willett Collection

there are parts of three transverse series gradually increasing in size backwards (fig.

1 b) ; while in the same jaw of the British Museum fossil the second and third of

these transverse series are followed behind by another series (fig. 2 h). There are

thus four series of large elongated lateral teeth. They have rounded rather than

truncated or bevelled ends. Their crown overhangs the depressed root on all

sides and is traversed by a sharp longitudinal keel, whicli is raised into a median

eminence. In the conspicuous reticulation of the coronal surface the main lines

diverge from this central keel (fig. 1 c). The root is smooth on its inner face, and

is often pierced by the oblique canal already described by Egerton (fig. 2 c), In

the Willett fossil the teeth of the three series measure respectively 0*5 cm., 0"6 cm.,

and 0"75 cm. in length; while in the British Museum fossil the measurements are

0'5 cm., 0*65 cm., and 0'5 cm. respectively. Some detached teeth in the latter

(fig, 2 d), measuring 0'4 cm. in length, probably correspond with those of the first

series in the former specimen. There is no evidence of posterior small teeth in

either specimen ; but a displaced crushing tooth in front of the principal lateral

teeth in the second measures only O'o cm. in length (fig. 2 h, x.). It may belong to

the lower jaw.

The imperfect fish described by Egerton (1872) proves that the fossil drawn

in PI. XLV, fig. 3, represents part of the vertebral column with the anterior

dorsal fin-spine of this species. The vertebral centra are shown to be astero-

spondylic, with few stout radiating plates ; and a little behind the fin-spine they

begin to be comparatively short and deep. Though imperfect in the middle, the

fin-spine is not broken across and so exhibits its precise shape. It is hollow

and much laterally compressed, with a deep base of insertion, and its exposed

portion is covered with a smooth layer of ganoine. Its posterior border is

longitudinally channelled, but without denticles. As already noted by Egerton,
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tlie posterior dorsal fin-spine is less arched and somewhat smaller than that just

described. Similar fin-spines, found detached, were originally named Sphiax

major by Agassiz (184-3), but it is uncertain as to how many of them belong to

this species, or even to Cestrncum. Some are doubtless referable to Synechodus.

A few grannies of shagreen are seen on the snout (PI. XLV, fig. 1, s.).

They are all quite smooth, and most of them are quadrangular in shape, with a

small but deep, vertically-fluted base of insertion (fig. 1 d).

Some teeth of Cedradon larger than those of the typical C. canalicnlatns are

occasionally found in the lower zones of the Chalk, and seem to be distinguished

by their more sigmoidally-bent shape, less rounded ends, and blunter coronal

eminence. Two such specimens are shown in PI. XLV, figs. 4, 5. They have

been provisionally referred to Cestracion rngo.^u!^, which is known by detached

teeth from the Danian of Maastricht, Holland (A. S. Woodward, Catal. Foss.

Fishes B. M., pt. i, 1889, p. ;335, pi. xi, fig. 29; and Proc. Yorks. Geol. and

Polyt. Soc, vol. xii, 1891, p. 67, pi. ii, fig. 8) ; but their identification with the

Danian species is probably incorrect, and it is possible that they merely represent

unusually large individuals of the species now described. There may, however, be

a second species of Cestracion represented in the English Chalk ; for comparatively

stout and blunt anterior teeth are known, in which the coronal surface is rugose at

the base {Gomphodns, Reuss : A. S. Woodward, Proc. Geol. Assoc, vol. xiii, 1894,

p. 194, pi. V, figs. 9, 10).

Horizons and Localities.—Turonian zone : Mailing, near Lewes. Zone of

Holaster snhglohosus : Southeram and Glynde, Sussex. Undetermined zones : near

Bromley, Kent ; Guildford, Surrey.

Genus SYNECHODUS, A. S. Woodward.

Synecliodiis, A. S. Woodward, Proc. Geol. Assoc, vol. x, 1888, p. 288.

Generic Characters.—Pterygo-quadrate cartilage in the adult directly connected

with the cranium by a postorbital articulation. All teeth cuspidate, those at the

symphysis few and with more than one pair of lateral denticles, those behind

becoming extended and low-crowned, with the principal cusp and lateral denticles

often reduced to small tubercles or points. Vertebral centra distinctly astero-

spondylic. Dorsal fin-spines probably smooth, enamelled, without posterior

denticles. Shagreen fine ; no cephalic spines.

Type Species.—Synechodus duhrisiensls, from the English Chalk.

BemarJcs.— This genus is most closely related to the Liassic Palscospinax, from

which it differs especially in the liigher degree of calcification of its vertebral

centra. The teeth, when found isolated, have most commonly been referred to

Hyhodas, sometimes to Acrodns. The dorsal fin-spines have not yet been discovered



SYNECHODUS. 217

in direct association with the skeleton, but it is almost certain that they are

included among those usually named iSjihuix iiuijor (see p. 21 (i). No ribl)ed fin-

spines have been found in the Chalk ; the fragments in the Mantell Collection

described as Hi/hodits snhatus "from the Chalk of Lewes" (L. Agassiz, Poiss.

Foss., vol. iii, 1837, p. 44, pi. x h, figs. 15, 16) being truly Wealden fossils.

1. Synechodus dubrisiensis (Mackie). Plate XLV, figs. 6, 7; Plate XLVI,
figs. 1, 2.

1863. Hyhodus dnhrisiensis, S. J. Mackie, Geologist, vol. vi, p. 241, pi. xiii.

1886. Hyhodus (0 dvhrisiensis, A. S. Woodward, Proc. Zool. Soc, p. 218, pi. xx.

1888. Synechodus dubrisiensis, A. S. Woodward, Proc. Geol. Assoc, vol. x, j). 288; aud Geol. Mag.,

[3] vol. V, p. 496, woodcut.

1889. Synechodus dubrisiensis, A. S. Woodward, Catal. Fofs. Fishes B. M., pt. i, p. 327, text-fig. 12,

l^l. xi, figs. 17—20, pi. xii, fig. 6.

1894. Synechodus dubrisiensis, A. S. Woodward, Proc. Geol. Assoc, vol. xiii, p. 193, text-fig. 1.

Tyjje.—Jaws with a few teeth from the zone of Holasfer snhglohosus ; British

Museum.

Specific Characters.—The type species, with jaws attaining a length of about

8 cm. Tlie continuous base of the crown in all the teeth marked by fine

reticulating Avrinkles, and at least tlie lower portion of the coronal cusps vertically

striated. Supposed upper anterior teeth robust, the coronal surface prominently

striated almost to the acute apex, and the comparatively small lateral denticles

three or four in number; base-line of crown gently arched. Supposed lower teeth

of the anterior pair minute, the main cusp slender, with two denticles on the

symphj^sial side, one denticle on the other ; following teeth with well-developed

and well-separated acute lateral denticles. Hinder teeth slender and much

extended, with both main cusp and lateral denticles reduced to smooth beads.

Description of Specimens.—The jaws of the type (PI. XLV, fig. 6) are smaller

than those of most specimens, evidently belonging to a yotmg individual. With

these and each of the other known jaws there are a few scattered teeth ; and one

fossil in the Willett Collection (PI. XLVI, fig. 1) exhibits the wdiole of the

dentition presumably of the mandible. In one specimen (PI. XLVI, fig. 2) remains

of the jaws are directly associated with part of the skull, vertebral column, and

pectoral arch.

In all cases the cartilages are calcified only in a thin superficial layer, but this

is sufficiently compact for good preservation. The shape of the jaws is thus

distinguishable in several specimens. The pterygo-quadrate or upper jaw (PI.

XLV, figs, 6, 7, ptq.) deepens upwards at the end of its anterior third into an

acute pterygo-trabecular process {p.) ; while at the end of its middle third it rises

into a much higher otic process {ot.), which in one specimen (fig. 7) clearly bears a

28
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facoUc for a ])Ostoi'l)ital articulation Avitli tlic skull. '^I'lio niaiiilibular cartilage

(figs, (i, 7, iixL) is deepest just bencatli the liiiulcr end of its tooth-bearing' portion,

and gradually tapers to tlie blunt synipliysis, which is short. In the hyoid arch

the n})[)er or hyoniaudilndar element (fig. 7, Inn.) is comparatively small and

slender. The ceratohyal (fig. 7 n, <'hii.) is nnich larger and stouter, and expanded

at its distal or anterior end; at one third of its length from the proximal end its

lower border exhibits a prominent tuberosity (;r.), evidently for a muscular

insertion (see Proc. Zool. Soc, 1886, p. 222).

The partially scattered teeth imperfectly shown in the type specimen belong

chiefly to some of the antero-lateral series, though there are also a few of the small,

narrow, beaded teeth of the hindmost series. One tooth (fig. Orr) seems to corre-

spond with those of the fourth series in the Avell-preserved dentition shown in PL

XLVI, fig. 1, and most of the others are easily comparable with various teeth in

the same specimen. This fossil may therefore be described as exhibiting the whole

of the dentition of one jaw of S. dnhrlsiensis. About 140 teeth are displayed in

their natural relative positions. There are eleven series on either ramus of the

jaw, each of those posteriorly placed comprising as many as eight or nine teeth,

while those near the symphysis have not more than six. The base of the crown in

all the teeth is marked by fine, reticulating wrinkles, and at least the lower portion

of the coronal cusps is vertically striated. The low root is flattened on its attached

face, though coarsely crimped along the outer border ; and, at least in the anterior

teeth, it projects beyond the inner face of the crown. There is no median symphy-

sial row of teeth, and the first pair (PI. XLVI, fig. 1, i) is extremely small. In

the latter the principal coronal cusp is long and slender, its height being equal to

the complete width of the tooth ; and there are two small denticles in front, one

behind. The teeth of series ii are nearly four times as wide as those of no. t, with

the principal coronal cusp still very prominent, and flanked in front and behind by

three large denticles and one small point, of Avliich those behind are the more widely

spaced. The teeth of series iii are vei-y similar to those of no. ii ; l)ut in the teeth

of series iv and v the principal cusp rapidly becomes stouter and less elevated, and

there are five denticles in front, while only three or four can be distinguished

behind. In series vi to ]X the size of the teeth only gradually decreases backwards,

but the principal cusp becomes very short and stout, thus more resembling the

lateral denticles, which are still very numerous and placed well apart. In these

teeth the denticles are five or six in nunil)cr, both in front and behind. In series x

the teeth are only about two thirds as wide as those of no. tx, while those of series

XI are still smaller by one half. In both of these the coronal prominences have

become insignificant, though yet faintly indicated by a beaded contour.

The very small foremost teeth shown in the dentition just described have not

hitherto been observed in any other specimens. On the other hand, some of these

exhibit, in a corresponding position, comparatively large and robust striated teeth,
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with several feebly marked lateral denticles on each side, and a gently arched

base-line (PL XLV, fig. 7 h). ISuch teeth may perhaps belong to the opposing jaw ;

but whether this be so, or whether one type of front tooth characterises the male,

the other the female, still remains to be determined.

The vertebral centra are well calcified, and those in the anterior part of the

fish (PI. XLVI, fig. 2) are slightly deeper than long. The foremost centrum (1) is

indeed especially short, and appears solid in two specimens; but the other centra

are clearly asterospondylic. Each half of the pectoral arch (^tct.) consists of a

single, slender cartilage, produced upwards into an attenuated extremity, and very

similar in shape to the corresponding element both of rahvusinnad; and of

Hijhodns.

Traces of shagreen are often observal)le in the fossils. Some grannies are

smooth and (juadrate in shape, but most are more or less oval, ridged and grooved

in the direction of their long axis (PI. XLVI, fig. 2 (/). All have a deep base of

insertion.

ILifhoiis and Jjoraltlics.—Zone of lfi)lader fjnlxjlohosns : Dover and Burham,

Kent; Glynde, Sussex; near Ciimbridge. Zone o1i fSclducnhaclua cai-ians: Dover.

2. Synechodus nitidus, sp. nov. Plate XLVI, figs. 3, 4.

Ti/2)('.—Imperfect jaws with teeth from zone of llulader subijJohusuif ; British

Museum.

iSpecijic Clianidcrs.— Somewhat larger than the type species; the large anterior

teeth completely smooth, with more slender lateral denticles ; the principal antero-

lateral teeth also remarkably smooth, only feebly marked with fine vertical wrinkles,

not reticulations, at the base of the crown, which is always continuous ; hindmost

teeth with low but sharply pointed cusps, also marked with vertical wrinkles, not

reticulations.

Dcftcriptlon of Hj't'ciiiieiis.—The remains of the jaws in the type specimen show

that they nmst have attained a length of about 12 cm. With them are a few

scattered teeth both from the front and from the hinder region. The large front

teeth (PI. XLVI, fig. 3 a) are completely smooth, with a slightly arched coronal

base-line, a slender principal cusp, and not more than four well-separated, acumi-

nate denticles on either side. Their root is coarsely crimped at the outer border,

and forms a large, rounded prominence beyond the crown inwards. One of the

antero-lateral teeth of the same specimen (fig. 3 h) has an equally slender and

smooth principal cusp slightly inclined backwards ; but its extended base is

marked Avith feeble vertical wrinkles. About five lateral denticles are shown in

front, but they are indistinctly divided ; and there are two acuminate lateral

denticles behind. An isolated tooth (fig. 4), evidently of the same species and of

nearly the same position in the jaw, has the anterior extension of the crown ouly
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finely denticulated, but three well-marked, acute denticles behind. The vertical

wrinkling of the crown is here confined to the lateral portions. A posterior tooth

in the type specimen (fig. 3 c) is more strongly marked with vertical wrinkles than

the other teeth. Its principal cusp and its four or five pairs of lateral denticles are

low and broad cones, each with a sharp apex.

In the type specimen the shagreen is shown to be diagonally fluted (fig. 3 d).

Horizons and Localities.— Zone of Holaster mihglohosus : Snodland and

Wouldham, Kent. Apparently also from the Albian of Okeford Fitzpaine, Dorset

(R. B. Newton, Proc. Dorset Nat. Field Club, vol. xviii, 1897, p. 76, pi. iii,

fig. 2), and from the Gault of Folkestone.

3. Syuechodus illingworthi (Dixon). Plate XLVI, figs. 5— 7.

1850. Acrodiis illuujworthi, F. Dixou, Geol. Sussex, p. 364, pi. xxx, figs. 11, 12. pi. xxxii, fiLf. 9

1887. Acrodus (.-') illiiujwoHhi, A. S. Woodward, Geol. Mag , [3] vol. iv, p. lOi.

1889. Acrodus (/) lllimjworthi and Hijhodus {t) sp., A. S. Woodward, Catal. Foss. Fishes B. M.

pt. i, pp. 277, 297.

1891. Stj)iecJiodus illinijworthi, A. S. Woodward, Proc. Yorks. Geol. Polyt. Sou., vol. xii, p. 6G, pi. ii,

figs. 3—7.

Type.—Two associated hinder teeth from the zone of Holadev suhglobostis.

Specific Characters.—A species known only by teeth, which sometimes attain a

width of 3 cm. Main cusp and lateral denticles of the principal lateral teeth

short, stout, and obtusely pointed, all closely connected and marked by fine ridges

radiating from the apex. Lateral denticles tending to become obsolete in the

hinder teeth, where they are indicated only liy fine ridges radiating from the acute

longitudinal keel of the crown.

Description of Specimens.—The type specimens are hinder teeth in which the

lateral denticles are not clearly differentiated ; and two other specimens figured by

Dixon are the broken middle portions of similar teeth. Two more examples of

such teeth, exhibiting the characteristic arrangement of the conspicuous ridges or

Avrinkles on the crown, are represented in PI. XLVI, figs. 5, G. In both of these

the crown bears a small, irregular excrescence at two or three points; and in the

second specimen (fig. (3) the outer and lower faces of the large root are Avell seen.

An associated set of teeth, from which five are selected for representation in

PI. XLVI, figs. 7, 7a, 7 t>, seems to belong to the antero-Iateral part of the dentition

of the same species. The coronal wrinkles or ridges on these teeth are as promi-

nent as those on the type specimens and similarly radiate from the series of

apices ; but they are fewer and less closely arranged, so that the enamel appears

smoother. The blunt principal cusp is more elevated, and the equally blunt

lateral denticles, in from four to six pairs, are well differentiated. In one

specimen a single small cusp occurs as an irregular lateral excrescence.
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Horizons and Localities.—Zone of Holaster subglobos as : Soiitheram, near Lewes,

Sussex ; Dorking, and near Guildford, Surrey. Zone of Scldoenbachia Darlaits :

Dover, Kent.

4. Synechodus recurvus (Trautschold). Plate XLVI, fig. 8.

1877. Sjihenodtis recurvus, H. Tfaufscliokl, Bull. Sue. Imjj. Nat. Moscou, vol. lii, p. 335, pi. v, fig. 4.

1889. tiynechodus recurvus, A. S. Wootlward, Catal. Foss. Ksbes B. M., pt. i, p. 329.

1889. Synechodus sp., A. S. Woodward, tuin. cit., p. 330, pi. xii, fig. 7.

Type.—Tooth from Cenomanian of Saratov, Russia.

Specific Gharactei's.—Somewhat larger than the type species and known only

by teeth. Main cusp high and compressed, Avith acute lateral edges, its flattened

outer face smooth or only a little wrinkled at the base, its convex inner face

marked only by a few fine vertical wrinkles at the base ; lateral cusps separately

inserted on the root, slender, sharply pointed, and marked with fine vertical

Avrinkles ; base-line of crown straight or gently arched; lower outer edge of root

coarsely crimped.

Description of Specimens.—Two teeth from the Upper Chalk of Norwich in

the British Museum (Nat. Hist.) agree so closely with typical specimens of S.

recurvus from the Cenomanian of Russia that tXiey probably belong to the same

species. Both of them exhibit all the features noted in the above diagnosis, and

the best is represented in PI. XLVI, fig. 8. In this tooth the inner pair of

lateral denticles is relatively large, bent inwards, and slightly divergent. The

small outer lateral denticles are supplemented hj a minute point at their base.

The root is pierced by nutritive foramina, of Avliich the largest forms a small

postero-median cleft.

Horizon and Localltij.—Zone of Beleuinltella inacronata : Norwich.

Some detached teeth from the Upper Chalk of Norwich may perhaps belong

to other species of Sijuechodiis. One of these, presented to the British Museum
by Mr. B. B. Woodward (no. P. 584-6), closely resembles a tooth from the zone of

Beleninltella mncronata at Meudon, France, described by F. Priem, Bull. Soc. Greol.

France, [o] vol. xxv (1897), p. 48, pi. i, figs. 29—32. In several respects it

agrees with the anterior teeth of S. nltldns, but differs in being marked with a few

fine vertical ridges on the lateral denticles and on the inner face, while it lacks the

crimped border of the root which is so conspicuous beneath the outer face in the

teeth of the latter species. Its crown is excessively inclined inwards.

The specimen in the Mantell Collection from the Chalk of Lewes named
Sfrophodvs asper by Agassiz (Poiss. Foss., vol. iii, 18o8, p. 128 h, pi. x h, figs.

1—3), is not a Cestracioiit tooth but a fragment of a Crustacean.
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Familij Notidanid.e.

Genaa NOTIDANUS, Cuvier.

Nuti(huuit<, G. Cmier, luguc Auiiiial, vol. ii, 1817, p. 128.

Goicrir Chunirfi'rs.—rriiicii)al teetli consisting of a series of compressed cusps

fixed on a long base, which is not bifid ; all the cusps inclined in one direction, the

anterior larger than the others, with or without small denticles at its base in front.

Anterior teeth of the upper jaw clustered, awl-shaped; a median symph_ysial

series in the lower jaw. Principal teetli of the ujjper jaw less laterally elongated,

Avith fewer cusps than those of the lower jaw.

Ti/pc Sj)^^^.—An existing shark, Notuhimis (jriHcii^.

ReuuDis.—One existing species has six ])airs of gill-clefts {Jlci-aucJiits), the

others have seven pairs [Reptranchias) . Only one nearly complete fish is known

from Cretaceous formations. It was obtained from the Chalk of Mount Lebanon,

and is now in the Royal Scottish Museum, Edinburgh {NotiJduti.s (jrac'dU, J. W.

Davis, Trans. Roy. Dublin Soc, [2] vol. lii, 1887, p. 470, pi. xiv, fig. 1).

1. Notidanus microdon, Agassiz. Plate XLVII, figs. 1— (J.

1822. Tooth of Squalus (O, O. A. Mautell, Foss. South Downs, p. 227, pi. xxxii, fig. 22.

1843. Notidanus microdon, L. Agassiz, Poiss. Fuss., vol. iii, p. 221, pi. xxvii, fig. 1, \>]. xxxvi,

figs. 1,2.

1850. Notidanus microdon., F. Dixou, Geol. Sussex, pi. xxx, fig. 30.

188(). Notidanus microdon, A. S. Woodward, Geol Mag., [3] vol. iii, p. 213, pi. vi, figs. 10—15.

1880. Notidanus microdon, A. S. Woodward, Oatal. Foss. Fishes B. M., pt. i, p. 160.

1894. Notidanus microdon, A. S. Woodward, Proc. Gcol. Assoc, vol. xiii, ]>. 192, pi. v, figs. 7, 8.

1902. Notidanus microdon, M. Leiiche, Auu. Soc. Gcol, Nord, vol. x.xxi, p. 102, pi. iii, figs. 1, 2.

'I'lU'c.—Detached tooth from the English Chalk.

Specljic Chfiractcrs.—A very small species, the teeth not more than 1'5 cm. in

width. Principal cusp of lower lateral teeth relatively large, sometimes slender

and acutely pointed ; secondary cusjis not more than seven in nundjer; anterior

denticulations numerous and fine, but well marked.

Ddicrlijtion uf SpaciDienti.—Though the teeth of this species are common in

collections, they have always hitherto been found isolated, never in associated

series. They exhibit nearly all the variations in sha})e which are characteristic of

the dentition in the existing Not Ida iiiii<, hxit the symphysial teeth remain unknown.

Some (PI. XLVII, fig. 1) are obviously from the front of the upper jaw, and

consist only of a single large cusp, with very minute serrations at its base in front,

and one or two small denticles behind. Short teeth, Avith a prominent princijjal

cusp, few and large anterior serrations, and four or five posterior cusps (figs.
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2, o) may be referred with equal certainty to positions in the u})pcr jaw somewhat

farther Ijack. The elongated teeth which belong to tlie sides of the lower jaw—
partly perhaps to the m)per jaw—have fine anterior serrations and the principal

cusp usually prominent (figs. -I-, 5) ; very rarely the principal cusp is less

attenuated (fig. G). Between all these variations there are so many intermediate

stao-es that there can be no doubt as to their belonging to one and the same

dentition.

Horizons and Localities.—Zone of Bdcmnifella mncrouaia : Norwich. Zone of

Marsiipites : Thanet, Kent ; near Salisbury, Wiltshire. Zone of Micrasfer ror-

anguinum : Northfleet and Thanet, Kent ; Haling Pit, near South Croydon, Surrey.

Zone of Holaster planus: Borstal, near Rochester, Kent; Swaffham, Norfolk.

Turonian zones : Lewes, Sussex. Zone of Holaster snhglohosus : Glynde, Sussex
;

Burham, Kent; Betchworth, Surrey; Cherry Hinton, Cambridge. Zone of

Schloenhachia varians : Burham, Kent. Undetermined zones : Brighton and New-

timber, Sussex; Guildford, Surrey ; Charing, Kent. Also Cambridge Greensand.

8nhor<ler TECTOSPONDYLI.

Favilll/ S(^ITATTNID.1'1.

Gen lis SaUATINA, Dumeril.

Sqiiafhm, C. Dnnu'ril, Zool. Analvt., 1800, ]>. 102.

Generic Characters.—Body depressed and flat, with Idunt snout and terminal

mouth
;
paired fins very large, tlie basal part of the pectorals produced foi-wards,

1)ut not connected with tlie head; two dorsal fins on the slender tail. Teeth

conical and pointed, more or less laterally extended, but without denticles; outer

coronal face with a small median extension dowuAvards over the root ; root de-

pressed, not bifid. Three or four rows of teeth sinndtaneously in function

;

arranged in widely separated transverse series. Vertebral centra depressed, more

or less oval in transverse section. Shagreen in })laces enlarged or thickened.

Tijpc f^pecies.—An existing fish, Squatina arir/p]iis.

Bemarhs.—This genus ranges from the Upper Jurassic to the existing fauna.

Fine specimens occur in the Kimmeridgian Lithographic Stone of Bavaria and

Wiirteml)erg, and a nearly complete skeleton is known from the Upper Cretaceous

of Westphalia {Sqvatina haumhergensis, W. von der Marck, Pal^eontogr., vol. xxxi,

1885, p. 26 i, pi. XXV, figs. 1—5). Only teeth, vertebrae, and other fragments occur

in the English Chalk.
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L Squatina cranei, A. S. Woo(hvjnd. Plate XLVTI, figs. 7—12.

1888. Siivaiitia cranei, A. S. Woodwanl, Qiuirl. Journ. Geol. Sue, vol. xliv, p. \4i, pi. vii, figs. 1—G.

7'y/j)'^—Imperfect liead, etc., from the zone of Holasfcr salxjloho.'^jis : Brigliton

Museum.

tSppcifie CJinnirtcrs.—Imperfectly known, probably attaining a length of about

7-j cm. A few rather lai'ge, oval, dermal tubercles with recurved spines, probably

on the paired fins. Upper anterior teeth relatively small, and the opposing teeth

of the lower jaw very narrow and slender.

Description of Specimens.—The type specimen in the Willett Collection exhibits

the remains of the head described and figured, Joe. cit. So far as they can be

compared, the cartilages resemble those of the existing Squatina. Among the

numerous scattered teeth, those from the front of the mouth are distinguishable.

Those near the symphysis of the mandible (PI. XLVII, fig. 7) are relatively high

and slender, while the opposing teeth (fig. 8) attain liut small dimensions. More

posteriorly, both above and below, the teeth begin to exhibit the usual lateral

elongation (figs. 9, 1 0) characteristic of the sides of the mouth. The minute granules

of shagreen (fig. 11) are mostly oval in shape, having the outer enamelled surface

ornamented with loneritudinal or radiatinsr rido^es. The laro^er tubercles, like those

occurring on the margins of the paired fins of the existing Squatina, are also of an

oval form, with a slightly crenulated margin (fig. 12). From the middle of each

there rises a large, backwardly directed spine, which is laterally compressed and

well enamelled.

It is difficult to recognise any distinctive features in the teeth of the different

species of Squatina. In S. cranei, however, the anterior lower teeth seem to be

more slender than in other known forms, and the anterior upper teeth are remark-

ably small. In this species also the spinous dermal tubercles are relatively much

larger than in the existing Squatina angelns, and such tubercles have not hitherto

been observed in any of the extinct species.

Horizon and Localiti/.—Zone of Holastrr siilxjlnhosns : Clayton, Sussex.

Teeth of Sqnatiixi have also been recorded from the Chalk of Lewes and

Brighton (A. S. Woodward, Proc. Geol. Assoc, vol. xiii, 1894, p. 191, pi. v, figs.

2, 3), and from the zone of Belpmnitella vincronata, near Norwich.





PLATE XXXIX.

Fig. Page.

1. Coprolite usually ascril)ed to Macropovia, nat. size.—Chalk; Kent.

Harford Collection (B. M. uo. P. 5629). ]80.

2. Part of a similar coprolite, nat. size.—Chalk ; near Lewes. Mantell

Collection (B. M. no. 4:^5). 180.

o. Macropoma precursor, sp. nov.
;
portion of trunk, nat. size, with (3 a)

three scales enlarged to five-halves nat. size.—Base of zone of

Holdsfer Kiih(j]ohosnii ; Burhara, Kent. G. E. Dil)ley C^ollection

(B. M. no. P. 10810). <]o'., anterior dorsal fin ; /., scales of lateral

line.
^

182.

4. Fjlnsmodpcfrs ivillcfti, Newton ; right side view of head and portion of

trunk, nat. size, with (4 a) some ring-vertebrae and (4 h) the distal

end of the dorsal fin-spine, both enlarged three times.—Zone of

Hol((sf('r .^nhfjlohosiift ; near licwes. Sedgwick Museum, Cambridge.

d., dorsal fin-spine ; wd., mandi1)ular dental plate ;
jirt., pectoral

arch; j>/., palatine dental plate ; v., vomerine dental plate. 191.

5. Ditto; dorsal fin-spine, three-halves nat. size.—Chalk; Kent. Harford

Collection (B. M. no. P. 5024). 192.

G. EJai^modecicfi sp. ; dorsal fin-spine above portion of pectoral arch, nat.

size., with (0 a) portion of base of spine enlarged three times.

—

Zone of lldhistcr sidxjlohosiift ; Clayton, Sussex. AVillett Collection

no. 98, Brighton Museum. 192.
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PLATE XL.

Fig. Page.

L Elasmodectes willetti, 'Newton; pair of mandibular dental plates, inner

or oral view, nat. size, witli that of right side enlarged three times

from within (la) and from above (1 h). The type specimen.—Zone

of Holastcr suhglobosus ; Soutlieram, near Lewes. Willett Collection

no. 148, Brighton Mnseum. 191.

2. Ditto ; mandibnlar dental plate seen from above, twice nat. size.—Zone

of Ilolaster sulxjlohosus ; Burham, Kent. Mrs. Smith's Collection

(B. M. no. 49024). 191.

3. Ditto ; left mandibular dental plate, inner view and (3 a) sjmphysial

surface, nat. size.—Zone of llolaster siihglobosus ; Burham. G. E.

Dibley Collection (B. M. no. V. 10047). 191.

4. Edaj>]i()<]oii sedgiolcl-i (Agassiz); left mandibular dental plate, outer, inner

(4 rt) and ujiper (4/^) views, two-thirds nat. size.—Senonian zone;

Norwich. Bayfield Collection (B. M. no. P. 414). a., beak with

tritor; c, il., anterior and posterior outer tritors ; c, median tritor. 185.

5. Ditto ; vomerine dental plate of same specimen, outer, inner (5 a), and

lower or oral (oh) views, two-thirds nat. size. 185.

6. Edai>hu(lon recdi, Newton ; right palatine dental plate, oral view, nat.

size.—Zone of Hulasfer siihgh)hosti>> ; Grlynde, Sussex. Capron

Collection (B. M. no. 49727). a., inner tritor; c, outer tritor. 187.

7. Itichijodus tliurmaiDii, Pictet and Campiche; right palatine dental plate,

oral view, showing tritors, nat. size.—Zone of llohi^ter sidnjIoho.sas

;

Burham, Kent. Mrs. Smith's Collection (B. M. no. 49019). 189.
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PLATE XLT.

Fig. Page.

1. Eddpliodoii maiitelli (Buckland) ; left mandibular dental plate, inner and

(1 a) upper views, two-thirds nat. size.—Tiu'onian zone ; Lewes,

Sussex. B. M. no. P. 5405. a., beak with tritor ; c, d., anterior

and posterior outer tritors ; c, median tritor. 186.

2. Edapliodon afjasshi (Buckland) ; left mandibular dental plate, outer,

inner (2 (/), and upper {1h) views, nat. size.—Zone of HolaHter

sidxjlohosns ; Southeram, near Lewes. Capron Collection (B. M.

no. 49723). Letters as in fig. L 187.

3. Edaphodon sp. ; distal portion of dorsal fin-spine, side view, nat. size.

—

Zone of Holaster subglobosns ; Blue Bell Hill, Burhani. S. J. Haw-

kins Collection (B. M. no. P. G525). 188.

4. Edaphodon sp. ; hinder view of portion of dorsal fin-spine showing double

series of denticles, nat. size, with (4rt) some of the denticles in

side view enlarged three times.—Zone of Holaster siilxjluhusus ;

Burham, Kent. B. M. no. 43390. 188.

5. Isclii/odiLs {?) incisns, Newton ; left mandibular dental plate, outer, inner

(5(r), and upper (5 h) views, nat. size, with (5 c) broken section of

beak enlarged twice to show tritors. The type specimen.—Chalk
;

Kent. Toulmin Smith Collection (B. M. no. 41083). 190.

0. Ditto ; left mandibular dental plate, outer view, nat. size.—Zone of

Holaster suhylohosns ; Burham. B. M. no. 47942. 190.

7. Ditto ; left vomerine dental plate found Avith the preceding specimen,

outer and (7 ft) inner views, nat. size. B. M. no. 47943. 190.

8. Gaiorhijiiclhus crrtaccas, Dixon; imperfect spine, nat. size, with (8 f?)

portion of ornament enlarged three times. The type specimen.

—

Zone of Holaster snjjfjlohosns ; Sussex. Enniskillen Collection

(B. M. no. P. 3942). 193.

9. Ditto ; transverse section of spine, four times nat. size, with (9 a) part

of the same more highly magnified.—Senonian zone; Norwich.

Bayfield Collection (B. M. no. 48956 ft), 193.
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Frn. Page.

I, 2. Sryllivm (nili</niim (Agassi/-); two teeth, outer view, five times nat,

size. From the type specimen.—Zone of Holaster s\iJi<iloh(ii<tii<

;

Burham, Kent. Enniskillen Collection (B. M. no. P. 588U). 194..

o. Ditto; another tooth of same specimen, outer, inner ('3 r/), and side

(') h) views, five times nat. size. 194.

4. Ditto ; two shagreen granules of same specimen, one shown in inner

and (4 rr) side views, the other (4/^) in outer view only, twelve

times nat. size. 194.

5, G. Sri/Ilinm tlvlnuin, A. S. Woodward; tAvo teeth, outer and inner views

respectively, eight times nat. size. From the type specimen.

—

Zone of llolitsfcr fnilit/Johtii^iis ,• Dover, Kent. Gardner Collection

(B. M. no. 47288). ' 195.

7. Crnifiosri/Jlhnn dccipicv^, A. S. Woodward; anterior portion of skeleton,

lower view, nat. size. The type specimen.—Zone of Holastrr

siiJHiJoJ>ns,i.^ ; Burham. Enniskillen Collection (B. M. no. P. 5890).

/<//., hyoid arch (fragment) ; /., labial ; md., mandible; p'i-, pectoral

arch
;

j'fq., pterygo-quadrate ; -t., prominence on latter. 19G.

8, 9. Ditto; two teeth of same specimen, outer view, four times nat. size. 190.

10. Ditto ; base of tooth of same specimen, seen from attached face, four

times nat. size. 19G.

I I . Ditto ; left ascending portion of pectoral arch of same specimen

;

outer view, nat. size. 19G.

12-15. Gorax jiristodontiis, Agassiz ; four isolated teeth, outer views, nat.

size.—Zone of Bclemnifi'lla mncroiKifd ; Norwich. Bayfield

Collection (B. M. no. 4894G).
'

198.

10-18. Corax falcattis, Agassiz; three isolated teeth, outer view, the first

and third nat. size, the second enlarged one and a half times.

Type specim.ens."—Turonian zone ; Lewes. Mantell Collection

(B. M. nos. 4454, 4457, 4405). 198.

19. Ditto ; tooth, outer view, nat. size.—English Chalk (B. M. no. 40544). 199.

20. Ditto; tooth, inner view, nat. size.— Chalk; Kent. Enniskillen

Collection (B. M. no. P. 2333). 199.

21. Ditto ; imperfect large tooth, inner view, nat. size. The type

specimen of Gorax maximns, Dixon.—Turonian zone ; Houghton,
Sussex. Dixon Collection (B. M. no. 25758).

"
199.

22. Ditto; tooth, outer view, nat. size.—Chalk, Kent. Egerton Collec-

tion (B. M. no. P. 1204). 199.

23. 24. Ditto ; two isolated teeth ; outer and inner views respectively,

one and a half times nat. size.^—Zone of HaJaster sii])qhihosii.<< ;

Blue Bell Hill, Burham. S. J. Hawkins Collection (B! M. no.

P. 0521). 199.

25. Ditto ; hinder tooth, inner view, one and a half times nat. size.—Zone
of HoJafttcr ^nhqlohoswi ; Dover. Gardner Collection (B. M. no.

P. 48). 199.

20. Ditto ; tooth, inner view, nat. size.—Ibid. Gardner Collection

(B. M. no. 47145). 199.

27. Ditto; small upright tooth, outer view, one and a half times nat.

size.—Chalk ; Eastbourne, Sussex. Capron Collection (B. M. no.

49942). 199.

28. Ditto ; similar tooth, inner view, one and a half times nat. size.

—

Turonian zone; Lewes. Mantell Collection (B. M. no. 4455 r/). 199.
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Fig. Pag e .

1. Cora.vjaehdi, A.S.Woodward; tooth, outer view, twice nat. size.

—

Zone of Marsupites {Uintaa-iuns-hund) ; near SalislMiry. Dr. H. P.

Blackmore's Collection. 200.

2. Ditto ; tooth, outer view, twice nat. size.—Tl)id. Dr. H. P. Blackmore's
Collection. 200.

;3. Ditto; tooth, outer view, twice nat. size.—Zone of Actinocamax
(/nadratris ; East Harnham, Salisl)nry. Di-. H. P. Blackmore's
(Collection.

'

200.

4. Corax a^i)ii>!, Agassiz ; small anterior tootli, outer view, twice nat.

size.—Zone of Bdemnitella miicronata ; Norwich (B. M. no. P.

5812). 201.

5-9. Ditto; five isolated teeth, 7 and 9 inner view, others outer view, one
and a half times nat. size.—Ibid. B. M. nos. 48947, ;3691G, 4895G e,

35G50, P. 5812^^ 201.

10. Oxj/rJiina wa»^7Z/, Agassiz ; small tooth of uncertain position, outer

view, one and a half times nat. size.—Chalk ; Guildford. Capron
(Collection (B. M. no. 49954). 203.

11. Ditto; anterior tooth with lateral denticle, outer view, nat. size.—

-

Chalk; Sussex. Egerton Collection (B. M. no. P. 12G3). 204.

12. Ditto; postero-lateral tooth with lateral denticle, outer view, nat.

size.

—

Zowe o^ ScJiloeiibacliia variaiis ; Dover. Gardner Collection

(B. M. no. 47255). 204.

13. Ditto; another lateral tooth with traces of denticles, outer vieAV, nat.

size.—Chalk; Sussex. B. M. no. P. 5403. 204.

14. Ditto; vertebral centrum, upper view and (14a) vertical transverse

section, nat. size, showing radiating structural plates and hollows

for the cartilaginous bases of the arches.—Chalk ; Sussex. Dixon
Collection (B.'M. no. 25939). 204.

15. Ditto; another vertebral centrum in vertical transverse section, nat.

size.—Zone of Holnsfcr suhglobosiifi ; Glynde, near Lewes. Capron
Collection (B. M. no. 49898). 204.

IG. Oxi/rltina onctustirlens, Reuss ; anterior tooth, inner vieAV, one and a

half times nat. size.—Zone of Holasfer sithqlohosus ; Blue Bell Hill,

Burham. S. J. Hawkins Collection (B. M. no. P. 9034). 205.

17. Ditto; anterior tooth, outer view, nat. size.—Zone oi Ilolnstrr siih-

qloho^vx ; Hailing, Kent. Toulmin Smith Collection (B. M. no.

41707 />). 205.

18. Ditto; lateral tooth, outer view, one and a half times nat. size.—Zone
of Terehratidlna gracilis; Whyteleafe, Surrey. G. E. Dibley

Collection (B. M. no. P. 10050). 205.

19. Ditto ; two associated teeth, one and a half times nat. size.^—Zone of

Holasfer siihqlohosns ; Glvnde, near Lewes. Capron Collection

(B. M. no. 49948).
"

205.

20. Ditto; tooth, outer view, nat. size.—Zone of Holaster suhglobosus

;

Blue Bell Hill, Burham. S. J. Hawkins Collection (B. M. no. P.

6522). 205.
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PLATE XLIV.

Fig. Page.

1. O.i'i/rldiiti cra^sidena, Dixon ; tootli, outer and (1 a) lateral views, nat.

size. The type specimen.—Turonian zone; Hoiigliton, Sussex.

Dixon Collection (B. M. no. 25823). 205.

2. Ditto ; anterior tooth, outer and (2 a) inner views, nat. size.—Chalk
;

Sussex. Dixon Collection (B. M. no. 2578(3). 205.

3. Tjtimua apppiidicidata, Agassiz ; tooth, outer view, nat. size.—Chalk;
Arundel, Sussex. Capron Collection (B. M. no. 49949). 208.

4. Ditto; tooth, outer view, nat. size.—Zone of BelemniteUamiicronnfd;

Norwich. Bayfield Collection (B. M. no. 48956 a). 208.

5. Ditto ; tooth with accessory denticles, outer view, nat. size.—Chalk

;

Greenhithe, Kent. Shatter Collection (B. M. no. P. 8597). 208.

G. Ditto ; stout tooth, inner view, nat. size.—Zone of HoJa.^trr snlx/Joho.^tis ;

Dover. B. M. no. 35544.
'

208.

7. Ditto; wrinkled tooth, outer view, nat. size.—Chalk; Kent. Eo-erton

Collection (B. M. no. P. 1280 />).

^

208.

8, 9. Tjamnn arniata, A. S. Woodward ; two isolated teeth, one in outer

and (8 a) lateral view, the other in outer and (9 a) inner view, nat.

size. Fig. 8 is type specimen.—Zone of Jirleniuitclla vincronata ;

Norwicli.' Bayfield Collection (B. M. no. 4895G h). 208.

10. Lninua semipJii'ata (Agassiz) ; tooth, outer, inner (10 rf), and lateral

(10 ]>) views, nat. size.—Chalk; near Rochester, Kent. B. M. no.

43514. 209.

11. Ditto; more posterior tooth, outer view, nat. size.—Chalk; Charing,

Kent. Harris Collection (B. M. no. P. 327). 209.

12. Lamiia sulcata (Geinitz) ; anterior tooth, outer and (12 a) lateral views,

nat. size.— Chalk ; Surrey. Bowerbank Collection (B. M. no.

39054). 209.

13. Ditto; more posterior tooth, outer view, nat. size.—Chalk; Lewes.
B. M. no. P. 5402. 209.

14. SrajxinorJii/nrhns rhapliimJoi) (Agassiz) ; anterior tooth, outer view,

nat. size.—English Chalk. B. M. no. P. 404. 212.

15. Ditto; anterior tooth, inner view, nat. size, Avith (15 a) portion of

ornament of inner face enlarged four times.—Chalk; Kent. B. M.
no. 43080. 212.

IG. Ditto; contorted anterior tooth, side view, nat. size.—Zone of Th'Irmni-

fella miicrona.fa ; Norwich. B. M. no. P. 5892. 212.

17. Ditto ; more posterior tooth, inner view, one and a half times nat. size.

—Chalk; Shalford, near Guildford. Capron Collection (B. M. no.

49952). 212.

18. Scdpanorhi/nrhus siihidafiis (Agassiz) ; anterior tooth, outer view, nat.

size.—Zone of Holaster siilx/lohosns ; Halhng, Kent. Toulmin Smith
Collection (B. M. no. 41707). 213.

19. Ditto ; anterior tooth, inner view, one and a half times nat, size.

—

Enghsh Chalk. B. M. no. P. 5758. 213.
20. Ditto ; lateral tooth, outer view, one and a half times nat. size.—Same

history as fig. 18. 213.
21. Ditto

; postero-lateral tooth, outer view, one and a half times nat. size.

—

Chalk; Sussex. Dixon Collection (B. M. no. 25934). 213.
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PLATE XLV.

Fig. Page.

1. Ccstracloii caiuiliculatn.s, Egertoii ; lower view of imperfect jaws, iiat. size,

with (1 (t) anterior tooth, outer view, three times nat. size, and (1 h)

upper principal lateral teeth, coronal view, one enlarged three times

and (1 e) part of its ornament enlarged five times; also (If/) three

dermal tubercles, one being in outer view, one from the side, and

one from ])elow, enlarged twelve times.—Turonian zone ; Mailing,

near Lewes. Willett Collection no. 182, Brighton Museum, md.,

mandible; ptq., pterygo-quadrate (upper jaw); .s., shagreen: i, ii,

III, three series of principal lateral teeth of upper jaw. 215.

2. Ditto; anterior tooth, inner view (2c/), hinder principal lateral teeth

and another lateral tooth (.c), coronal view (2 h), the same principal

lateral teeth, seen from attached face, showing oblique perforation

(2 c, c), and one anterior principal lateral tooth, coronal view (2 d),

all three times nat. size.—Chalk ; Guildford. Capron Collection

(B. M. no. 497.35). • 215.

3. Ditto
; portion of vertebral column, with anterior dorsal fin-spine.

—

Chalk; Sussex. B. M. no. P. 4021. 215.

4. Ditto (?) ; lateral tooth, coronal view, nat. size, with (4 (() part of its

ornament enlarged five times.—Turonian zone ; Lewes. Mantell

Collection (B. M. no. 4166). 216.

5. Ditto (?) ; lateral tooth, coronal view, nat. size.—Zone of Terchrattduut

gracilis ; Warlingham, Surrey. G. E. Dibley Collection (B. M.

no. P. 6489). 216.

6. Sijncfliodiis duhrisiensis (Mackie) ; right side view of jaws, nat. size,

with (6 a) an antero-lateral tooth, outer view, enlarged three times.

The type specimen.—Zone of HoJasler sulxjiuhusiis ; Dover, vid.,

mandible; p., pterygo-trabecular process; I'tq., pterygo-quadrate.

B. M. no. 36908. 217.

7. Ditto ; jaws and hyoid arch, seen from the left side and (7 a) from

below, nat. size, with three teeth (7 ?>, 7 c, 7 d), enlarged three times.

—Chalk; Kent. Toulmin Smith Collection (B. M. no. 41675).

chy., ceratohyal ; Jim., hyomandibular ; ot., otic process, with facette

for articulation with postoi'bital process of skull ; x., tuberosity on

ceratohyal; other letters as in fig. 6. 217.
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PLATE XLVI.

Fig. Page.

1. Si/)ircko(his fliihrisunisis (Mackie) ; dentition of one jaw, twice nat. size,

with six teeth, of the series indicated by nnmbers, enlarged four

times.—Chalk; Sussex. Willett Collection, Brighton Museum. 218.

2. Ditto ; remains of anterior part of skeleton, seen from loelow, nat. size.

—Zone of Ilulastcr suhglobusn.s ; Burham, Kent. Mrs. Smith's

Collection (B. M. no. 49032). jx-f., pectoral arch ; i, first vertebral

centrum. Also 2 (7, shagreen, eight times nat. size, occurring on

jaws from same zone at Dover ; Gardner Collection (B. M. no. 47287). 219.

3. Si/ncclioJtis iiifi(hi,s, sp. nov. ; teeth, three times nat. size, from different

parts of jaw (3 ft

—

oc), with (3 c/) shagreen enlarged eight times.

The type specimen.—Zone of Holaster sahijlohosus ; Snodland, Kent.

Egerton Collection (B. M. no. P. 1295). 219.

4. Ditto ; antero-lateral tooth, outer view, twice nat. size.—Zone of Holaster

siihglohosus ; Wouldham, Kent. G. E. Dibley Collection (B. M.

no. P. 10228). 219.

5. Si/iicchodus illiiKja-ortlii (Dixon); tooth, inner and (5ft) coronal views,

one and a half times nat. size.—Clialk ; Sussex. Egerton Collection

(B. M. no. P. 2148). 220.

6. Ditto ; tooth, outer and (0 ft) coronal view, one and a half times nat. size.

—Zone of Holaster suhglobosns ; Southeram, near Lewes. B. M.

no. P. 5879. 220.

7. Ditto ; five associated teeth, nat. size.— English Chalk. B. M. no. 45311. 220.

8. Synechodus recurvus (Trautschold) ; tooth, outer and (8 ft) lateral views,

nat. size.—Zone of Beleimdtclla 'inncronata ; NorAvich. Bayfield

Collection (B. M. no. 48953). 221.
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Affinities.—When describing the Molhisca of the Chalk Rock in 1897 only an

imperfect specimen of G. jii'lcJira was available for study, and I identified it with

C. caudata (Nilsson). Two better specimens from Norwich have now been seen,

and a new figure of Nilsson's type has been published by Hennig.^ The English

form—figured by Sowerby as LedajntJchra—differs from the type of C. caudata in the

relatively greater height of the anterior part of the shell, the more nearly posterior

position of the umbones, and in the posterior rostrum proceeding from the level

of the hinge-line instead of below it. G. jjulchra approaches closely the specimen

figured by Goldfuss ^ as C. caudata, and it was chiefly on account of this resem-

blance that I identified the English form with Nilsson's species. Stoliczka^ and.

Hennig, however, consider that Goldfuss' specimen is not an example of C. caudata.

If all the specimens figured by foreign writers as G. caudata really belong to that

species then it is obviously extremely variable and might well include G. pidchra.

Without an opportunity of studying a series of foreign specimens and a larger

number of English examples it seems, at present, preferable to regard G. pulcltra

as distinct from G. caudata. None of the English specimens shows evidence of the

existence of such a long posterior beak as is present in the type of G. caudata.

A specimen of Gusjndaria from the Upper Greensand of Devizes (Plate XLIV,
fig. 7) resembles some specimens of G. pdchra and may be provisionally referred

to that species.

Type.—The type, from the " Chalk of Kent," cannot now be found.

Distribution.—Chalk Rock of Cuckhamsley, Berkshire, and Henley Park.

Upper Chalk (zone of Belemnitellaj mucronata) of St. Giles' Gate and Horstead,

near Norwich.

1 ' Eevis. Lamellibr. i Nilsson's Petrific. Suecana Format. Cret.' (1807), p. 62, pi. iii, fig. 28

;

Eavn, ' Mollusk. i Danmarks Kridtafl. I. LameUibr.' (1902), p. 65 [133], pi. iv, fit;. 24.

" ' Petref. Germ.,' vol. ii (1840), p. 251, pi. cli, iig. 17. Compare also Wolieinaun, ' Seuons v.

Biewende' (' Jahrb. d. k. preuss. geol. Landesanst.,' fiir 1900), p. 23, fig. 5 ; Midler, ' Mollusk. d.

Uutersen. v. Braunschweig u. Ilsede ' (1898), p. 77, pi. x, figs. 10, 11 ; Wolleuiaun, ' Fauna der Liine-

burg. Kreide' (1902), p. 80.

2 ' Palseout. Iiidica, Cret. Fauna S. India,' vol. iii (1870), p. 41. *

35
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(Continued from paxje 95.)

Genus—Inooeramus, /. Sowerhij,^ 1819.

(J. Parldusou [c,« Sowerby MS.], 'Traus. Geol. Soc.,' ser. 1, vol. v, 1819, p. 55. J. Sovverby,

' Traus. Liun. Soc.,' vol. xiii, 1822, p. 455.)

Inooeramus neocomievsis, (VOrhiijui/, ]SU). Plate XLV, figs. 1, 2.

1846. Inoceramus neocomiensis, A. (VOrbitjny. Pal. Frau^. Terr. Grot., vol. iii,

p. 503, pi. cccciii, figs. 1,2.

1850. — — d'Orbigny. Prodr. de Pal., vol. ii, p. 83.

1854. — —J. Morris. Cat. Brit. Foss., ed. 2, p. 170.

1855. — — G. Cotteaii. Moll. Foss. de FYoune, p. 107.

1869. — — F.J.PictetandG.Campiche. Foss. Terr. C ret.

Ste. Croix (Mater. Pal.

Suisse, sor. 5), p. 104.

1900. — — A. Wolleniiinn. Die Bivalv. ii. Gastrop. d.

deutscli. u. liolliiud.

Neocoms, p. 60.

? 1905. — — E. Harhori. Die Fauua d. Scliauniburg-

Lippe'selieu Kreidemulde,

p. 44, pi. ix, figs. 4-6.

Desciijdiou.—Shell ine(|uivalve, very inequilateral, a little liiglier than long.

Valves convex, with flattened sides, and the posterior part compressed. Anterior

margin nearly straight
;

posterior and ventral margins rounded. Posterior

margin forming an obtuse angle with the hinge-line. Anterior part nearly

perpendicular to the plane of the valves and excavated near the umbones.

Umbones terminal, curved inwards and forwards. Hinge-line equal to more than

half the height of the shell, and making an angle of about 1U0° with the anterior

margin.

Ornamentation consists of narrow, regular, concentric ribs with an nnsym-

metrical curvature; the interspaces are broad and regularly concave.

^ 111 rearranging the collection of Inocerami in the British Museum, Mr. E. B. Newton and Mr.

C. D. Sherboru have found several type-specimens, the existence of which had not been previously

recognised ; this discovery has greatly facilitated my work. I am also indebted to Mr. Newton and.

Mr. Sherboru for assistance in selecting specimens for figuring. I Avish to thank Mr. C. P. Chatwin

for information respecting the zonal distribution of the species of Inoceramus in the Chalk and for

other assistance. Dr. Blackmore, Dr. Eowe, and Mr. G. E. Dibley have helped by the loan of

numerous specimens from their collections.
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AJjinities.—See I. angliciis (p. 264).

/. neocomiensis appears to be allied to I. Eictildi, Scliliiter,' of wliicli only one

figure lias yet been published. The differences seen are in the greater relative

height, the more inequilateral form, and the greater convexity of the curve of the

ribs of 1. neocomiensis.^

Remarhs.—This species was first recorded in England by Fitton. Only a few

specimens have been seen ; they agree fairly well with d'Orbigny's figure, but the

ribs appear to be better defined, and usually the posterior ear-like part is less

distinctly limited. The English specimens are not sufficient to show whether the

inequality of the valves is as great as in d'Orbigny's figure.

Type.— Prof. Boule informs me that d'Orbigny's figures are restorations based

on two specimens from the Barremian of Bettancourt. The t^'pes are in the

Natural History Museum, Paris.

Disfrihntiou.—hower Greensand (Fitton's Bed 13) of Atherfield. Hythe Beds

of Lympne. Lower Greensand of Nuffield.

Inoceramus, sp.

A few specimens of Inoceramns, not sufficiently perfect for description, have

been found in the Speeton Clay (zone of Belemnites latenilis) and in the Spilsby

Sandstone of Holton and Acre House.

Inocehamlts Salomoni, cVOrhifjnij, 1850. Plate XLV, figs. 3— 7.

1850. Inoceeamus Salomoni, A. cVOrhhjmj. Prodr. de Pal., vol. ii, j). 139.

1853. — — F. J. Pictet and W. Bovx. Moll. Foss. Gres verts

de Geneve, p. 501,

pi. xlii, fig. 3.

1855. — — G. Cotteau. Moll. Foss. de I'Yonne, p. 107.

1869. — — F. J. Pictet and G. Camjnche. Terr. Cret. Ste.

Croix (Mater. Pal. Suisse,

ser. 5), p. 109, pi. clx, figs.

5—8.

Description.—Left valve inflated, subquadrate, very inequilateral. Length and

height nearly equal. Anterior half of valve very convex
;
posterior half compressed.

Anterior end of valve more or less nearly perpendicular to the plane between the

vah^es, and concave near the umbo. Umbo anterior, prominent, pointed, incurved.

1 See footnote on p. 267.

2 Compare also forms described by Schmidt as allied to I. neocomiensis, 'Mem. Acad. Imp. Sci.

St. Petersb.,' ser. 7, vol. xviii (1872), pp. 155—161, pi. ii, fig. 8, pi. iii, figs. 6—9.
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A liroad, usually shallow sulcus extends from below the umbo to the ventral margin,

where it produces a slight sinuosity ; usually the sulcus starts at some distance from

the umbo, and may consequently be absent in small specimens. Ornamentation

consists of small, narrow, somewhat irregular concentric ribs, separated by broad,

shallow, concave interspaces.

Afjlnities.—This species is related to I. concentricAis, Parkinson, but is dis-

tinguished by its subquadrate outline, by the length and height being nearly equal,

and by the presence of the sulcus.

IxemarJiS.—All the specimens seen are internal casts of left valves. The

examples figured by Pictet and Roux and by Pictet and Campiche are also left

valves.

Ti/2)p.—D'Orbigny's specimens came from the Albian of Novion, Clar, Geraudot,

and Saint Elorentin.

Distribnfioji.^MammiUatiift bed of Copt Point, Folkestone.

Inoceramus ang[,tcus, sp. nov. Plate XLV, figs. 8—10. Text-fig. 20.

1822. Inoceramus, s])., G. Mantell. Foss. S. Downs, p. 96, pi. xix, fig. 20.

1859. — Crispii, T. Wiltshire. The Eed Chalk of England (Oeol.

Assoc), p. 16, pi. i, fig. 4.

1875. — cONCENTEicxTS, A. J. Jukes-Browrie. Quart. Jouru. Geol. Soc,

vol. xxxi, p. 299.

Description.—Shell equiv^alve or nearly equivalve, very inequilateral. Anterior

part of shell convex, the convexity decreasing with age
;

posterior part com-

pressed, flattened. Anterior slope of valves steep. Anterior margin moderately

convex ; ventral margin very convex
;
posterior margin curved, and forming an

obtuse angle with the hinge-line. Length of hinge equal to rather more than a

third of the height of the shell. Unibones nearly terminal, with a small anterior

curvature.

Ornamentation consists of strong, regular, concentric ribs, which have a sub-

symmetrical curvature, and become less distinct on the posterior flattened part of

the shell. The ribs have rounded summits, and are separated by broad rounded

furrows with symmetrical slopes. Some of the ribs bifurcate, some may be dis-

continuous, or new ribs may be intercalated.

AffinUies.—The equal size of the valves, the greater convexity of the curve of

the ribs, the convex form of the anterior margin, and the outward slope of the

anterior part of the valves distinguish this species from I. neocomlensis, d'Orbigny

(p. 2(;2).
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I. angllcus also resembles I. Ewaldl, Scliliiter/ bat is relatively higher, more

inequilateral, and the ribs are more strongly carved.

Uemarks.—This species has been usaally identified as I. coiicentricus, Parkinson,

but the equal size of the valves and other characters readily distinguish it from

Fig. 29.

—

Inoceramus angliats, sp. nov. Eed Limestone, Hunstanton. Sedgwick Museum,
Cambridge. Part of right valve. Natural size.

that species. An example from Hunstanton was figured by Wiltshire as /. Grispil

{— Ciippsi), Mantell.

Distribution.—Red Limestone of Hunstanton. Grault of Folkestone. Cam-

bridge Greensand (derived from the Grault). Marl in the Gault of Roydon, West

Norfolk. Upper Greensand of Haldon, the Isle of Wight, and Devizes.

Inoceramus coNChiNTRicus, ParJiinson, 1819. Plate XLV, fig. 11 ; Plate XLVI,
figs. 1— 10 ; Plate XLVII, figs. 1, 2.

1819. Inoceramus concentricus, J. ParJcinson. Trans. Geol. Soc, ser. 1, vol. v,

p. 58, pi. i, fig. 4.

1821. — — /. Sowerby. Miu. Concli., vol. iii, p. 183, pi.

cccv, figs. 1— 6.

1822. — —a. Mantell. Foss. S. Downs, p. 95, pi. xix,

figs. 15, 19.

— — — A. Brongniart iu Cui;ier. Ossemens Foss.,

vol. ii, pt. 2, pp. 333, 336,

609, pi. vi, fig. 11.

1828. -

—

GRTPH^oiDES, /. (le C. Sowerhy. Min. Couch , vol. vi, p. 161,

pi. dlxxxiv, fig. 1.

1 See footnote on p. 267.
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1833. Catillvs ptriformis, H. Micheliv. Magasiu dc Zoologic, iii, Classe 5, pi.

xxxii.

183C. Inoceramus concentricus, A. Gohl/uss. Petref. Germ., vol. ii, \^. Ill,

pi. cix, figs. 8a, h, c, (uou

Sd, e,f).

? 1842. — — P. Matlicron. Catal. Foss. dcs Bouclies-dii-

Rhone, p 173.

1846. — —A. d'Orhifjny. Pal. Frau?. Terr. Crct., vol. iii,

p. 506, pi. cccciv.

— — — A. Lcijmerie. Statist, geol et min. de I'Aube,

Atlas, pi. V, fig. 12.

1850. — -- H.B.Geinifz. Das Quadersaudst. oder Kreide-

geb. ill Deutsclilaiid, p. 174.

— — — A. (VOrhujny. Prodr. de Pal., vol. ii, p. 138.

1853. — -^ F.J. Piclef and W. Ron.r. Moll. Foss. Gres

verts de Geneve, p. 500,

pi. xlii, fig. 2.

1854. — — J. Morris. Cat. Brit. Foss., ed. 2, p. 169.

— — GRYPH^oiDES, J. MoTvis. Ibid., p. 169.

1855. — CONCENTRICUS, G. Cotteau. Moll. Foss. de I'Youiie, p. 107.

1869. — —F.J. Pictet and G. Campiche. Terr. Cret. Ste.

Croix (Mater. Pal. Suisse,

ser. 5), p. 107.

1870. — — J. F. WJiifeavcs. Mesozoic Fossils (Geol. Surv.

Canada), vol. i, pp. 79,241.

1877. — — C. Schliifer. Palaeontograpluca, vol. xxiv, p.

255.

— — — G. Bi'ilim. Zeitschr. d. deutsch.geol. Gesellsch.,

vol. xxix, p. 238.

1897. — R. B. Newton. Proc. Dorset Nat. Hist, and

Antiq. Field Club, vol. xviii,

p. 88, pi. iii, fig. 12.

1906. — — A. WoUeimvun. Jalirb. d. k. preuss. geol.

Landesanst. f iir 1906, vol.

xxvii, p. 271.

Non 1837. — — G. Fischer de Waldheim. Orjctogr. de Mos-

cou, p. 177, pi. XX, figs. 1—3.

(=: Aucella Keyscrlingiaiia,

Trautschold).

— 1841. — — F. A. Rimer. Die Verstein d. uord-deutsch.

Krt'idegeb., p. 61.

— 1845. — — E. Forbes. Quart. Journ. Geol. Soc, vol. i,

p. 247 (/. neocomiensis, d'Orb.)

— 1846. — — A. E. Reuss. Die Verstein. der bohm. Kreide-

forniat., pt. 2, p. 24.

— 1847. — — J. MilUer. Petref. der Aachen. Kreidef., pt. 1,

p. 30.
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Non 1875. Inoceeamus concentkicus, A. J. Juices-Browne. Quart. Journ. Geol. Soc,

vol. xxxi, p. 299.

DescrijAlon.—Shell more or less ovate, niucli higher than long, very inequi-

lateral and inequivalve. Anterior part of valves flattened or concave, often more

or less nearly perpendicular to the plane between the valves. Posterior part of

the valves somewhat expanded and less convex than the part below the umbones.

Postero- dorsal part forming a small wing. Left valve very convex, with a high,

nai-row, pointed, terminal umbo which is considerably incurved and bends forwards.

Right valve considerably less convex than the left valve, with a small, terminal

umbo curved forwards but only slightly inwards. Hinge-line less than half the

height of the shell.

When the shell is perfect the surface is nearly smooth except for numerous

regular growth-rings. When the outer layer of the shell is wanting concentric

undulations or ribs having an unsymmetrical curvature are seen, and are separated

by concave furrows.

Affinities.— I. concevtririis has been compared by Wollemann with I. Eicaldi,

Schliiter,^ but the prominent umbo and other characters readily distinguish it from

that species. See also f. concentvicus var. sithsulcatiis, and I. sulcatum (below).

Remarks.—AVhilst the left valve in the specimens from the Blackdown Greensand

agrees closely with that of specimens found in the Gault, the right valve in many

(but not all) cases is relatively more convex, especially between the umbo and the

postero-ventral extremity, and the ribs are more sharply curved. A similar

modification is seen in the examples from the Red Limestone of Hunstanton. There

seems no reason for regarding the specimens with these characters as forming

more than a local variety dependent on the fact that they lived under conditions

different from those which prevailed where the Gault was deposited.

/. grypliseuides, Sowerby, was founded on an internal cast of I. conceiitricns

from the Upper Greensand ; in such casts the ribs are more prominent than on

the surface of the shell itself.

All the examples from the Cambridge Greensand which have been recorded as

I. coitceutricus appear to belong to I. anglicus (p. 264).

Tijpcs.—The type, which came from the Gault of Folkestone, cannot now be

found. The specimens from the same locality figured by Sowerby and by Mantell,

and the type of I. grijphseoides from the Upper Greensand near Lyme Regis, are in

the British Museum.

Distribution.—In all zones of the Gault of Folkestone. Gault of Aylesford,

1 ' Monatsber. d. k. preuss. Akad. Wisseusch., Berlin' (1860), p. 345. Schliiter, ' Palseonto-

graphica,' vol. xxiv (1877), p. 255. Wollemann, " Bivalv. u. Gastvop. d. norddeutsch. Gaults"

(' Jahrb. d. k. preuss. geol. Laudesanst.,' vol. xxvii, 1906), p. 272, pi. vi, fig. 9.
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Dunton Green (Kent), Black Ven, and Okeford Fitzpaine. Upper Greensand

(zone of ScJilo'iihdcJiia ro.sfnita) of Blackdown, Sidmouth, Lyme Regis, and Potterne

near Devizes. Limestone in the Ganlt of West Bilney, Roydon, and Grimston

(West Norfolk). Red Limestone of Hunstanton.

Inoceramus coNCENTRicns var. suBSULCATUS, WiJtshirr, 18G0. Plate XLVIT, figs.

3—] 4.

1853. Inoceramus svi.catvs, F. J. Plctet and W. Monx. Moll. Foss. Gres verts

de Geutve. p. 499, pi.

xlii, figs. 1 d, e, f.

1869. — s^BSVLCArvs, T. Wiltshire. Quart. Jouni. Geol. Soc, vol. xxv,

pp. 188, 190.

1879. - — F. G. H. Price. The Gault, p. 54.

In the lowest zone of the Upper Ganlt there occur forms of Inocerai)ii(s which

differ from /. concentricus only in the fact that radial plications are more or less

extensively developed. In these forms every stage can be traced between I. con-

centricus without plications into forms in which the plications ai"e almost as

complete as in I. sulcatus. A specimen, which differs from /. concentricns only in

the occurrence of one shallow plication, is shown in fig. 3 (Plate XLVII) ; others

are similar, but possess two or three plications (Plate XLVII, figs. 4, 5). In most

cases the early part of the shell agrees entirely with /. concentricus ; but the

duration of this stage varies considerably in different individuals, and sooner or

later either a few or many plications are developed. When the plications are

numerous and start from near the umbo the shell closely resembles /. sulcatns,

but may usually be distinguished by the rounded (instead of angular) form of

the plications, and by the presence of concentric ribs. For these forms, which

characterise a definite horizon in the Gault, it will be convenient to adopt as a

varietal designation the name suhsnicafiis, given by Wiltshire in 1869.

From a study of many forms of this variety it seems evident that I. suJcafus

has been derived from 7. concentricus by the gradual development of plications, and

this view is in accordance with stratigraphical distribution, since I. concentricus is

the earlier of the tw^o sj^ecies, being found throughout the Gault, wdiilst /. sulcatus

occurs in the upper part of the Gault only.

If I. sulcatus has been derived from /. concentricus, then it is clearly more

nearly related to that than to any other species of Inoceramus, and cannot therefore

be placed in a separate genus or sub-genus (Actiiioceramus), as was proposed by

Meek.^ Further, in the early stages of the varietj suhstdcatus the shell is a typical

1 'Check List Cret. Foss. N. Amer.' ('Sinilhson. Miscell. Coll.,' No. 177, 1864), p. 32. Stoliczka,

'Cret. Fauna S. India,' vol. iii (1871), p. 393. Meek and Hayden, ' Invert. Cret. Tert. Foss. U.

Missouri' (1876), p. 39.
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IvoccraiDits, but subsequently it possesses the characters of Acfinoccvaviuff. Also

it appears that a somewhat similar plication has originated independently in /.

Salomoni (p. 263), and probably too in I. radians, Schliiter,^ and I.fasciatus, Miiller.^

Pictet and Eoux regarded suhsulcatiis as a variety of I. sulcafns in which the

number of plications had decreased ; the stratigraphical distribution and also the

evidence of the extensive series of specimens of suhsulcatus which has now been

obtained are opposed to this view.

Distribntion.— Lowest zone of the Upper Gault of Folkestone. Upper Green-

sand of Blackdown. Red Limestone of Hunstanton.

Inocebamus sui.catus, Parl-mson, 1819. Plate XLVII, figs. 15—20.

1819. Inocebamus sulcatus, J. Parlcinson. Trans. Cleol. Soc, ser. 1, vol. v, p. 59,

pi. i, fig. 5.

1821. — — J. Sowerhy. Miu. Couch., vol. iii, p. 184, pi. cccvi,

figs. 1—7.

1822. — — G. ManfeU. Foss. S. Downs, p. 95, pi. xix, fig. 16.

— — — A. BroiKjiiiart in Cvvier. Ossemens Foss., vol. ii,

pt. ii, pp. 333, 336, pi. vi, fig. 12.

1836. — —A. GoWfuss. Petref. Germ., vol. ii, p. 112, pi. ex,

fig. 1.

1837. — — W. HisiiHjer. Letlisea Suecica, p. 56, pi. xvii, fig. 9.

1846. — — A.d'Orbiijvy. Pal. Fran?. Terr. Cret., vol. iii, p. 504,

pi. cccciii, figs. 3 — 5.

1850. — —A. iVOrligny. Prodr. cle Pal., vol. ii, p. 139.

1853. — — F. J. Pictet and W. Eoux. Moll. Foss. Gres verts cle

Geneve, p. 499, pi. xlii,

figs, la-c (not d-f).

1854. — — /. 3Iorr{s. Cat. Brit. Foss., ed. 2, p. 170.

1855. — — G.Cotteav. Moll. Foss, de I'Yonne, p. 107.

1864. AcTiNOCEKAMus stTLCATUs, J^. B. Meek. Clieck List Cret. Foss. N". Amer.

(Smithson. Miscell. Coll., No.

177), p. 32.

1869. Inocebamus sulcatus, F. J. Pictet and G. Campiclie. Foss. Terr. Cret.

Ste. Croix (Mater. Pal. Suisse,

ser. 5), \). 105.

1875. — — A. J. Jukes-Browne. Quart. Journ. Geol. Soc, vol.

xxxi, p. 298.

1877. — — C. ScJdiiter. Palseontographica, vol. xxiv, p. 266.

1884. — (AcTiNOCEEAMUs) SULCATUS, /. F. Whiteaies. Mesozoic

Fossils, vol. i (Geol. Surv.

Canada), p. 241, pi. xxxii,

H^
1 ' PalEeontographica,' vol. xxiv (1877), p. 270, pi. iii, fig. 2.

"~ ' Jalirb. d. k. preuss. geol. Lande^aust. fiir' 1887 (1888), p. 416, pi. xviii, fig. 3.

36
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1906. Inoceramus svlcatvs, A. WoUemann. Jahrb. d. k. preuss. geol. Landesanst.

fiir 1906, vol. xxvii, p. 273, pi. vi,

ficj. 10.

Nou 1827. 8. Nilssoii. Petrif. Suecaua, p. 18.

Description.—Shell more or less ovate, mach higher than long, very inequi-

lateral, more or less considerably ine(|nivalve. Anterior part of valves flattened

'%.

, \.

^

<.

Fig. 30.

—

Inoceramus, B-p. Gaiilt, Folkestone. Sedgwick Museum, Cambridge. Intynial cast of right

valve. X 4-

or concave. Posterior part somewhat expanded and less convex than the part

below the umbones. Left valve very convex, with a high, narrow, pointed

anterior umbo which is considerably incurved and bends forwards. Right valve

rather less convex than the left valve, with a smaller umbo which bends forwards

and slightly inwards.

Ornamentation consists of strong angular radial i-idges (plications), usually

from eight to ten on each valve, which are often unorpial in size and are separated
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by deep furrows. The ridges are often at unequal distances from one another;

some of them start from the umbo, others may be intercalated or may arise by

bifurcation. Fine concentric lines cover the shell and are folded where they

cross the ridges and furrows.

Affinities.—Although the radial plications give a distinctive appearance to this

species, yet the form of the shell closely resembles that of I. concentricus, the main

difference being that in the former the difference in the convexity of the two valves

is usually less marked than in the latter.

Types.—The type, from the Gault of Folkestone, is in the British Museum.

The specimens from near Lewes, Folkestone (except figs. 1 and 2), and Clophill

figured by Sowerby, and the specimens figured by Mantell are in the British

Museum.

Distrihution.—Gault of Folkestone, Aylesford, Ringmer, Eastbourne, the Isle

of Wight, and Leighton Buzzard. Upper Greensand (zone of Scldcenhaclna

rostrata) of Blackdowu, Sidmouth, Black Ven, and Lulworth. Red Limestone of

Hunstanton, South Willingham (Lincolnshire), and Speeton.

Inoceramus, sp. Text-fig. 30.

Specimens of a large, slightly convex Inoceramus are found in the Gault

of Folkestone and the Upper Greensand of Potterne (Devizes) and the Isle

of Wight, but are not sufficiently perfect for determination. The umbones are

terminal, and the hinge-line is nearly at right angles to the anterior margin. The

anterior parts of the valves slope steeply to the margin. Small and rather

distant concentric ribs are present. This form shows some resemblance to /. ])ictus

(p. 279), but is less convex, and possesses fewer ribs.

Inoceeamus tenuis, Mavtell, 1822. Plate XLVIII, fig. 1. Text-figs. 31, 32.

1822. Inoceramus tenuis, G. Mantell. Foss. S. Downs, p. 132.

1854. — — J. Morris. Cat. Brit. Foss., ed. 2, p. 170.

? 1859. — — T. Wiltshire. Eed Chalk 'of England (Geol. Assoc),

p. 16, pi. i, fig. 5.

1866. Perna lissa, H. G. Seeley. Ann. Mag. Nat. Hist., ser. 3, vol. xvii, p. 178.

Non 1841. Inoceramus tenuis? F. A. Burner. Die Verstein. d. nord-deutsch.

Kreidegeb., p. 62, pi. viii,

fig. 11.

Description.— Shell inequivalve, very inequilateral, convex ;
postero-dorsal

part compressed ; antero-dorsal part excavated and more or less nearly perpen-
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dicular to the plane of the valves; height greater than length. Hinge-line equal

to about two-thirds of the height of the shell. Ventral margin very convex;

posterior margin forming an obtuse angle with the hinge-line. Umbones terminal,

curved inwards and forwards, the left umbo larger and more prominent than the

right. Surface smooth, except for growth-rings.

Affinities.— /. iciniis resembles I. conceutricitf;, but the left umbo is less

Pig. 31.

—

Inoceramus tenuis, Mantell. Chalk Marl, Hamsey. The type, No. 5890, British Museum (Nat.

Hist.). The specimen is somewhat compressed from front to back. Left valve .and anterior view of both
valves. Eight valve shown in the next figure.

prominent, the length of the shell is relatively greater, and the concentric rings

are less prominent.

The fragmentary specimens described by Seeley as renm li'ssa appear to belong

to this species.^

Types.—In the British Museum (No. 5800) from the Chalk Marl of Hamsey.

A fragment, from the Red Limestone of Hunstanton, which appears to be one of

^ The form from the Red Limestone of Hunstanton which was named Penia transversa by Seeley

is at present known only by an imperfect left, valve. It is perhaps allied to I. tenuis, but is remark-

able in being much longer than high. The type is in the Sedgwick Museum, Cambridge. Seeley,

'Ann. Mag. Nat. Hist.,' ser. 3, vol. xvii (1*1^66), p. 179.
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the specimens on wliich Seeley's description of Penia lissn. was based, is in the

Sedc^wick Museum, Cambridge.

x^.-

Fig. 32.

—

hioceramus tenuis, Mantell. Right valve. See Fig. 31.

Dlstrihutioii.—Red Limestone of Hunstanton, Louth, and Speeton.

Greensand of Ventnor and Potterne. Clialk Marl of Hanisey.

Upper

Inooeramus Crippsi, Mantell, 1822. Plate XLVIII, figs. 2, 3. Text-figs. 33—35.

1822. Inoceramus Cripsii; G. Mantell. Foss. S. Downs, p. 133, pi. xxvii, fig. 11.

1836. — LATTjs, A. Goldfuss. Petref, G-erm., vol. ii, p. 117, pi. cxii,

fig. 5 (non Mantell).

1846. — — A.d'Orhlgnij. Pal. Franc. Terr. Civt., vol. iii, p. -513,

pi. ceccviii, figs. 1, 2.

1854. - - Crispii, /, 3Ioyrls. Cat. Brit. Foss., ed. 2, p. 169.

1904. — LATTJS, E. T. Newton awl A. J. Jukes-Browne. In Jukes-

Browne, Cret. Rocks of Britain,

vol. iii, p. 449.

1909. — Crippsi, /. Bi'ihm. Subliercyn. Kreidemulde (Abliaudl. d. k.

preuss. geol. Landesanst., n.f., 56),

p. 41, pi. ix, fig. 1.
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Non 1822. Tnoceeamus latus, G.ManteJl. Foss S. Downs, p. 216, pi. xxvii, fig. 10.

— 1828. — — J. de C. Sowcrhij. Miu. Concai., vol. vi, p. 159, pi.

dlxxxii, fig. 1.

— 1836. •

—

Ceispii, J. (roZf/A'ss. Petref. Germ, vol. ii, p. 116, pl.cxii, fig. 4.

— 1840. — — H. B. Geinitz. Char. d. Scbicht. u. Petref. dcs siichs.

Kreidegeb., pt. 1, p. 27.

— 1841. — laXTVS, F. A. Burner. Die Verstein. d. nord-deutsch. Kreidegeb.,

p. 61.

— — —

-

Ceipsii, Rijmer. Ibid., p. 63.

— - 1846. — — H. B. Geinitz. Gruudr. d. Verstein., p. 464.

— — — LATUS, Geinitz. Ibid., p. 463.

— — — — A. E. Reuss. Die Verstein. der bohm. Kreideforniat.,

pt. 2, p. 25.

— — — Ceipsii, Reuss. Ibid., p. 25, pi. xxxvii, figs. 10, 12.

_ 1847. — — J. Miiller. Petref. der Aaclien. Kreidef., pt. 1, p. 30.

— 1852. — — F. RiJmer. Kreidebild. v. Texas, p. 56, pi. vii, fig. 2.

— — — LATUS, Rimer. Ibid., p. 60.

— 1859. — Ceispii, T. Wiltshire. Eed Chalk of England (Geol. Assoc),

p. 16, pi. i, fig. 4.

— 1863. — CmvfiJ, A. V. Stromhech. Zeitschr. d. deutsch. geol. GeselLsch.,

vol. XV, p. 152.

— 1866. — — K.A.Zittel. Blvalv. d. Gosaugeb., ii (Denkschr. d. k.

Akad. Wissensch , Wien, Math.-nat.

CI., vol. xxv), p. 95, pi. xiv, figs. 1—5,

pi. XV, figs. 1—5.

— — — LATUS, Ziitel. Ibid., p. 100, pi. xiii, fig. 7.

— 1869. — Ckipsi, E. Favre. Moll. Foss. de la Craie de Lemberg, p. 132.

— 1870. — LATUS, F. Romer. Geol. Oberschles., p. 316, pi. xxxiv, fig. 12.

-— — — Ceipsii, Rimer. Ibid., p. 356, pi. xxxix, fig. 9.

— 1871. — CiiispiANUS, F. StoliczJca. Palaeont. Indica, Cret. Fauna

S. India, p. 405, pi. xxvii, figs.

1—3, pi. xxviii, fig. 2 (not pi.

xxvii, fig. 3, 1. Heberti, Fallot).

— 1872. — Ceipsi, H. B. Geinitz. Das Elbthalgeb. in Sachsen (Pal-

seontographica, vol. xx, pt. 2),

p. 49, pi. xiii, figs. 11-15.

— — — LATUS, Geinitz. Ibid., p. 45, pi. xiii, figs. 4, 5.

— 1873. — — Geinitz. Neues Jahrb. fiir Min., etc., p. 11.

— — — Ceipsi, Geinitz. Ibid., p. 16.

— 1875. — LATUS, C. D('cocq. Assoc. Fran9. Avane. Sci. (Lille), p. 369.

— 1876. — Crivsu, D. Braiins. Zeitschr. f. d. gesammt. Naturwissenscb.,

vol. xki, p. 378.

— — — — ? var. Barabini, F. B. Meek. Invert. Cret. Tert.

Foss. U. Missouri, p. 49, pi. xii, fig. 3, pi. xiii, fig. 1.

— — — — ? var. suBUNDATUs, F. B. MeeJi. Bull. U.S. Geol. and

Geogr. Surv. Territories, vol. ii, p. 358, pi. iii,

figs. 1, 3.
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Non 1877. Inoceramus Cripsii, G. Schliiter. Palaeontographica, vol. xxiv, p. 277.

— 1878. — LATUs, C. Barrois. Ann. Soc. geol. Nord, vol. v, pp. 407,

475.

— 1879. — Ckipsii, vars. proximus, suciensis, Bauabini, /. F. Whiteaves.

Mesozoic Foss., vol. i (Geol. Surv.

Canada), pp. 172—174.

— 1882. — — H. Schrikler. Zeitschr. d. deutsch. geol. Gresellsch.,

vol. xxxiv, p. 273.

— 1885. — Cripsi, E. Fallot. Ann. Sci. gool., vol. xviii, p. 250.

— 1887. — Cripsii, A. Peroii. Hist. Terr. Craie S.E. du B.issin Anglo-

Parisien, p. 158.

— 1888. — — G. Mailer. Jahrb. d. k. preuss. geol. Landesanst. fiir

1887, p. 416.

— 1889. — — E. Holzapfel. Die Mollusk. Aachen. Kreide (Palaeon-

tograpliica, vol. xxxv), p. 222.

— — — Cripsi, A. Fritsch. Stud, ini Gebiete der bolim. Kreide-

format., iv, Teplitz. Schiclit., p. 82, fig. 73.

— — — — 0. Gficpenlceti. Seuon. v. Kouigslutter (Palseont.

Abbaiidl., vol. iv), p. 50.

— 1891. — Cripsii, /. Bi'ihm. Palseontographica, vol. xxxviii, p. 81.

— 1892. — — K. Futterer. Ober. Kreidebild. St. Croce (Palsoont.

Abhandl., vol. vi), p. 80.

— — — Cripsi, E. Stolleij. Kreide Schleswig-Holsteins (Mittheil.

Min. lustlt. Universit. Kiel, vol. i),

p. 241.

— 1894. — Crippsi, B. Lundyreii. Mammilatus oeli Mucronata zoneina

(K. Sveuska Vet.-Akad. H.mdl.,

N.F., vol. xxvi. No. 6), p. 45.

— 1897. — Cripsii, R. Leonhard. Pal8eontogra2:>hica, vol. xliv, p. 49.

— — — LATUS, Leonhard. Ibid., p. 49.

— 1898. — Ckipsii, O. Miiller. Mollusk. Untersen. v. Braunschweig u.

Ilsede (Abhandl. d. k. preuss. geol.

Landesanst., n.f., 25), p. 45, fig. 12.

— 1899. — — G. de Alessandri. Palaeont. Ital., vol. iv, jj. 194, pi.

xvi, fig. 9.

^ —

—

LATUS, Alessandri. Ibid., p. 196.

— 1900. — Cripsi, A. Wollemann. Jahrb. d. k. preuss. geol. Landesanst.

fiir 1900, vol. xxi, p. 18.

— 1901. — LATUS, F. Sturm. Ibid., vol. xxi, p. 93, pi. x, fig. 2.

— — — Cripsi, H. Imlceller. Palseontographica, vol. xlviii, p. 33.

— 1902. — — var. radiosa, A. Quaas. Ibid., vol. xxx, 2, p. 170,

pi. XX, figs. 9, 10.

— — — — A. Wollemann. Luneburg. Kreide (Abhandl. d. k.

preuss. geol. Landesanst., n.f.,

37), p. 72.

— 1903. — LATUS, W. Fetrascheck. Jahrb. d. k. k. geol. Reichsaust., vol. liii,

p. 165.
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Nou 1905. Inoceramus Cripsi, T. Wcgner. Zeitschr. d. deutsch. geol. Gesellseh.,

vol. Ivii, p. 161.

— 1906. — Crikpianus, /. rcthi]. Palaeontographica, vol. lii, p. 232.

— 1908. — CKirsii, A. Slojnnojf. Ann. grol. miu. Russie, vol. x, p. 121.

Descrijjtiov.—Shell tliiii, e(iuiv;ilvc, moderately inequilateral, convex between

the umbo and the vendnl margin; postero-dorsal part compressed and flattened;

antero-dorsal marginal part neai'ly perpendicular to the plane of the valves and

Fig. a;!.

i

Fig 34.

Fiu.33.—Inofci-anufs Cnypsi. Mantell. The type, Britisli Museum (Nat. Hist.) No. 5893. Chalk Marl,

Oftliam. Internal cast. Natural size.

Fig. 34.—Inoceramus Criprsl, Mantell. Chalk Marl. Internal cast of a left valve similar to the type.

British Museum (Nat. Hist.) No. 589.5. Natural size.

nearly straight. Ventral margin convex ;
jjosterior margin only slightly convex,

and forming more than a right angle with the hinge-line. Hinge-line forms an

angle of about 140" Avith the antero-dorsal margin. Uml)ones iiiconsi)icnous,

pointed, not curved, at about a third of the length of the hinge from the anterior

end ; in front of the umbones is a small, obtusely triangular ear.

Ornamentation consists of broad, rounded, rather irregular concentric ribs,

which are strong anteriorly, and become weaker posteriorly. The curvature of

the ribs is unsymmetrical ; the anterior part curves rapidly, the postero-dorsal

})art is only slightly curved.

Affinities.—A species from the Senonian was figured and described by Goldfuss
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as I. CrijrpsI, Mantel], and that identification has been accepted by many later

writers. The type of /. Criiipsi came from the Chalk Marl (zone of SchJo3nhachia

varians). From a stndy of a cast of the type, Petrascheck and J. Bohm^ came

to the conclusion that the Senonian species is quite distinct from I. Crippsi, and

Bohm has named the former I. halUcus. Bohm also supports the view first

suggested by Messrs. E. T. Newton and A. J. Jukes-Browne, and confirmed by

\

\

A>*

Fig. 35.

—

Inocerainus Crii^psi, Mantell. Upper Greensand, Haldon. Eight valve. British Mvisevim (Nat.
Hist.), No. L17201. Natural size.

Petrascheck, that I. latus of Goldfuss and of d'Orbigny (but not of Mantell) is

identical with I. Crippsi, Mantell. After a careful study of the type and other

similar specimens of J. Crippsi, and of specimens of I. latus, I can fully support

these conclusions.

I. cuneiformis, d'Orbigny,' is allied to /. Crippsi, but is relatively higher. One

specimen found in the Upper Greensand of Warminster (Plate XLVIII, fig. 3),

^ ' Subhercyn. Kreidemulde ' (1909), pp. 41— 46; Petrascheck, "Inoceram. a. d. Gosau," ' Jalirb.

d, k. k. geol. Eeiclisanst.,' vol. Ivi (1906), p. 155.

3 ' Pal. Franc. Terr. Cret.,' vol. iii (1846), p. 512, pi. ccccvii.

37
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shows some resemblance to I. ennciformk, bat is probably only a rather high form

of /. Crippsi, with which species it is found associated.

I. orbicidaris, Goldfuss,^ is regarded by Bohm as a small form of I. Gripjjsi,

Mantell.

Type.—In the British Museum (fig. 33) from the Chalk Marl (zone of ScMam-

1Hi cilia variaiis) of Offham.

Bistrihidion.—Upper Greensand of Haldon. Upper Greensand (zone of Pecieii

(ixper) of Warminster and Devizes. Chalk Marl (zone of Scldmnhachia varians) of

Ringmer, Hamsey, Offham, Maiden Newton, Eggardon Hill, Pyrton, Chalton,

Arlesey, Hunstanton, and Donnington (Lincolnshire). Cenomanian of Wilmington

(Devon). Lower Chalk (zone of Hulaster subglobosus) of Totternhoe, Burliam, and

Cherry Hinton.

Inoceuamus Ciui'i'SL oar. reachensis, Etheridge, 1881. Plate XLVIII, figs. 4, 5
;

Plate XLIX, fig. 1.

1881. Inoceeamus IjAtuh veiY. reacuensis, B. ElherUhje. In Peuuing aud Jukes-

Browne, Geol. Cam-

bridge, p. 142, pi. i,

fig. 3.

Remarhs.—In this form, which is mainly characteristic of the zone of Hulaster

8nh(jIuho>iUS, the ribs are more sharply defined, their ventral curvature is greater,

and their posterior part is less nearly straight than in I. Ciippsl.

Type.—From the Totternhoe Stone of Burwell, in the Sedgwick Museum,

Cambridge.

Distribution.— Chalk Marl of Blue Bell Hill, Burham. Zone of Holaster f^nb-

(jlobosus of Merstham and Blue Bell Hill, Burham. Totternhoe Stone (zone of

H. subglobosus) of Burwell. Recorded by Etheridge from the Chalk Marl of

Reach.

Inoceuamus Etheridgei, nam. nor. Plate XLIX, figs. 2—4.

1881. Inoceeamus convexus, K. Etherklge. In Penning aud Jukes-Browne,

Gcol. Cambridge, p. 143, pi. ii,

fig. 6.

— — — Tar. QTJADEATUS, Etheridge. Ibid., p. 143, pi. ii,

fig. 7.

•—

•

— STEiATUS var. CONVEXUS, A. J. Julces-Bmivne. Cret. Eocks of

Britain, vol. iii, p. 476.

1 ' Petref. Germ.,' vol. ii (1836), p. 117, pi. cxiii, fig. 2. B5hm, ' Subhercyn. Kreidemulde' (1909),

p. 46, pi. xi, fig. 1.
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Nou 1855. Inoceeamus co'sveuvs, J. Hall and F.B. Meek. Foss. Cret. Nebraska (Mem.

Amer. Acad. Arts and Sci.,

vol. v), p. 386, pi. ii, fig 2.

Descrqdioii.—Valves nearly equal, considerably inequilateral, tumid, compressed

near the postero-dorsal margin ; lieiglit greater than length. Antero-dorsal margin

nearly straight ; ventral margin usually very convex
;
posterior margin slightly

or moderately convex, forming an obtuse angle Avitli the hinge-line. Anterior

marginal parts more or less nearly perpendicular to the plane of the valves, some-

times concave near the umbo. Umbones terminal, curved inwards and forwards.

Ano'le between the hinge-line and the anterior margin is about 115°. The height

of the shell is nearly twice the length of the hinge.

Ornamentation consists of faintly marked concentric undulations and numerous

sTOwtli-lines.

Afiiiities.—In this species tlie antero-dorsal margin is relatively longer and

more nearly straight, and the postero-dorsal part of the shell less compressed than

in I. tenuis, Mantell.

1. convexns var. qiKuJratus, Etheridge, was founded on a specimen in which the

anterior part of the shell is pressed in, giving rise to the appearance of a carina

at the upper margin of the antero-dorsal slope.

Tvpes.—From the Totternhoe Stone of Burwell, in the Sedgwick Museum,

Cambridge.

Disirih'ution.-—Upper Greensand (zone of I'ecten a^per) of Warminster.

Cenomanian of Wilmington, Devon. Chalk Marl of Branscombe, Beer Head,

Titherleigh (near Chard) and Hunstanton. Totternhoe Stone (zone of Holastcr

siih(j]iihosiis) of Burwell.

Inocebajius ric'iTS, Sou-erhy, 1829. Plate XLIX, figs. 5, G. Text-fig. 36.

1829. Inoceeamus picius, J. cle C. Soverly. Min. Couch., vol. vi, p. 215, pi. dciv,

fig. 1.

1854. -- picTus, J. Morris. Cat. Brit. Foss., ed. 2, p. 170.

1867. — ANGULATUS, E. Gveroiiger. Album Paleout. de la Sarthe, p.

20, pi. XXV, fig. 7 (? I. ANGULATirS,

cVOrhigmj, 1846).

1904. — picivs,E.T.Neiitona,nCiA.J.Ji(l-es-Bro2ime. In Jukes-Browue,

Cret. Rocks of Britaiu, vol.

iii, p. 450.

Dvficrijitlov.—Shell equivalve, very inequilateral, slightly or moderately convex

with flattened sides ; the postero-dorsal part compressed. Antero-dorsal marginal
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part flattened or concave, and more or less nearly perpendicular to the plane of

the valves. Ventral margm very convex
;
posterior margin moderately convex.

Umbones terminal, incurved. Hinge-line nearly at right angles to the anterior

margin. Ornamentation consists of numerous strong, somewhat irregular concen-

tric ribs, separated by concave interspaces. The curvature of the ribs is

unsymmetrical, and the ribs become less distinct on the antero-dorsal and postero-

dorsal parts of the valves.

Affinities.—This species shows some resemblance to I. anglicus, but possesses

more numerous ribs, and also differs in the anterior part of the shell being flat or

Fig. 36.

—

Inoreramus pirtus, Sow. Chalk Marl, Guildford. British Museum No. 43272. The Type.
Natural size.

concave. The type and some other specimens {e. g. No. 73339, British Museum)

show traces of the original colouring of the shell. An example of this species

was figured by Grueranger as /. anguJatus, d'Orbigny,^ but appears to be quite

distinct from that form.

Tij-pe.—From the Chalk Marl of Guildford, in the British Museum (Natural

History).

Distribution.—Lower Chalk (zone of Rolaster suhglobosus) of Beachy Head,

Burham, Rochester, and the Gog-ma-gogs, near Cambridge. Chalk Marl of

Burham and Guildford.

1 ' Pal. Frau?. Terr. Cret.,' vol. iii (1846), p. 515, pi. ccccviii, figs. 3, 4. In the text the spelling

is angnlosus.
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Inoceramus labiatus (Schlofhelni), 1813. Plate L. Text-fig. 37.

1768. OsTRACiTES, /. E. I. Walch. Die Naturgesch. Versteiu z. Erlilut. d.

Knorrischeii Samral. v. Merlcwi'irdiglv. d.

Natur., II, p. 84, pi. B II?**, fig. 2;

p. 152, pi. dx, figs. 1, 2.

1813. — LABiATUs, E. F. V. Schlotheini. lu Leouhard's Tascheubuch

f lir Miu., vol. vii, p. 93.

— PiNNiTES DiLUViANUs, Sclilotkeuii. Ibid., p. 93.

1820. — — Schlotheim. Petrefactenk., p. 303.

1822. Mytiloides labiatus, A. Bronrjniart. lu Cuvier, Ossemens Fossil s, vol. ii,

pt. 2, pp. 320, 597, pi. iii, fig. 4.

1822. Inoceramus mytilloides, G. Mantell. Foss. S. Downs, p. 215, pi. xxvii,

fig. 3
;

pi. xxviii, fig. 2.

1823. — mytiloides, /. da G. Sowerby. Miu. Couch., vol. v, p. 62,

pi. ccccxlii (uot the two

smaller figures).

1827. Catillum Schlotheimi, S. Nilsson. Petrif. Suecaua, p. 19.

1836. Inoceramus mytiloides, A. Gohlfuss. Petref. Genu., vol. ii, p. 118, pi.

cxiii, fig. 4.

? 1837. Catillus mytiloides, G. G. Pusch. Poleus Paliiont., p. 45.

1841. Inoceramus mytiloides, F. A. Biimer. Die Versteiu. d. uord-deutsch.

Kreidegeb., p. 63.

1846. — problematicus, A. iVOrhujmj. Pal. Fran^-. Terr. Cret., vol.

iii, p. 510, pi. ccccvi, figs.

1— 7 (Nou. I.jjrohlematicus,

V. Schlotheim).

— — MYTILOIDES, A. E. Beiiss. Die Versteiu. der boliui. Kreide-

foruiat., pt. 2, p. 26, pi. xxxvii,

fig. 16.

— — — H. B. Geinitz. Grruudr. d. Versteiu., p. 463.

? 1847. — — A. tVArcliiac. Mem. Soc. gcol. de Frauce, ser. 2,

vol. ii, p. 307.

1850. — PROBLEMATICUS, A. (VOrhujiiy. Prodr. de Pal., vol. ii, p. 197.

— — MYTILOIDES, H. B. Geiiiitz. Das Quadersaudst. oder Kreide-

geb. iu Deutschlaud, p. 176.

? 1852. — — F. Bomer. Kreidebild. v. Texas, p. 60, pi. vii,

fig. 5.

1854. — — J.Morris. Cat. Brit. Foss., ed. 2, p. 170 (i^ariinH)-

1863. — -

—

A. V. Strombeck. Zeitschr. d. deutsch. geol.

Gesellsch., vol. xv, p. 119.

? 1870. — LATUS, F. Bomer. Geol. v. Oberschles., p. 316, pi. xxxiv,

fig. 12.

1871. — LABIATUS, F. Stoliczka. Palieout. ludica, Cret. Fauua S.

India, vol. iii, p. 408, pi. xxix,

fis. 1.
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1872. Inoceramus labiatus, II. B. Golnilz. Das Elbthalgeb. iu Saclisen (Pal-

a3outo<i,i-apliica, vol. xx, pt. 2),

p. 46, 1)1. xii, fi^'s. 1—3.

1873. — .
— Geinifz. Neues Jahrb. fiir Min , etc., p. 13.

1877. •— — C. ScJiI liter. Palseoiitogra^jhica, vol. xxiv, p. 262.

— — — A. Fritscli. Stud, im Gebiete der boliin. Krcide-

format. ii, Weissenberg. u. Malnitz.

Scliicht., p. 130, fig. 112.

? 1888. — — S. Nil-iliii. Les Vestiges Cn't. Euss. ceutrale

(Mem. Comite gc'ol. Euss., vol. v,

no. 2), p. 34, pi. 5, figs. 10, 11.

1888. — —A. Peron. Hist. Terr, de Craie dans le S.E. du

Bassin Anglo-Parisien, p. 158.

1893. — — Ji'. Michael. Zeitsclir. der deutscli. geol. Gesollscli.,

vol. xlv, p. 241.

— — -- T. W. Stanton. The Colorado Formation (Bull.

U.S. Geol. Surv., No. 106), p.

77, pi. x, fig. 4 ;
pi. xiv, fig. 2.

? 1897. — — -K. Leonliaril. Kreideformat. in Oberschles. (Pal-

seoutograpliica, vol. xliv), p. 48.

1903. — — W. Petraschecl: Jabrb. d. Ic. k. geol. Eeichsaust.,

vol. liii, p. 156.

? Non 1868. — MYTihOiiyES, E. EicJiwald. Letlisea Eossica, vol ii, p. 492, pi.

xxi, fig. 6.

— 1881. — (Mytilites) problematicus, B. Etheridcje. In Penning and

Jukes-Browne, Geol. Cambridge,

p. 143, pi. iii, figs. 9—11.

Description.—Shell mytiliform, nearly eqiiivalve, extremely inequilateral,

oblique, mucli elongated between the umbo and the postero-ventral extremity,

convex, with a small posterior ear ; antero-dorsal part sloping steeply and some-

times concave. Angle formed by the hinge with the antero-dorsal margin about

90°. Umbones terminal, with a slight anterior curvature. Anterior margin gently

curved
;
postero-ventral extremity very convex

;
posterior margin nearly straight.

Ornamentation consists of small, fairly regular concenti-ic undulations, which

have an unsymmetrical curvature in the young, but become more nearly symmetrical

in older specimens. On the old parts of the shell the undulations become less

distinct.

Affinities.—It seems probable that this species is related to 7. Crijijm vnr.

reochensis (p. 278), but the height of the shell is relatively greater, the length of

the hinge-line is less, and the direction of growth is oblique to the hinge-line.

I. propinquus, Goldfuss,^ from the Quader-sandstone of Schandau, was regarded

by Geinitz as a synonym of 7. Jnhiatio^.

1 ' Petref. Germ.,' vol. ii (1836) p. 112, ]>!. cix, fig. 9.
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D'Orbigny identified this species with /. prohleniaticus, von Schlotheim, wliicli

comes from the Senonian, and has been shown by Bohm to be distinct from the

Turonian form/

Uemarlis.—This species is mainly characteristic of the zone of Bhynchonella

Ciivieri. In the zone of Tevehratulimi lata it is not common, and the shell is

nsnally relatively longer than in typical forms of the species.

Tijpes.—The type came from the Turonian of Pirna. The specimens figured by

Mantell from the zone of Bhunchonclla Gnvlerl of Plumpton are in the British

Museum. The large specimen figured by Sowerby from Warminster cannot be

found.

DistribiUion.—Zone of RJn/Jiclionella Gavieri of the Devon and Dorset coasts, the

Isle of Wight, Winchester, Eastbourne. Lewes, Plumpton, Dover, Blue Bell Hill

(Burham), Betchworth, Watlington (Berkshire), Hitchin, Cherry Hinton, South

Thoresby, South Ferriby (Lincolnshire), and the Yorkshire coast. Zone of

Terehratidlna lata of the Devon and Dorset coasts, Winchester, Eastbourne, and

Dover.

Recorded by Jukes-Browne from the zone of Tlolastcr snbijloljosns o^ Cambridge-

FiG. 37.

Fio. 38.

Fig. H7-Lwceramuslahiatns (Schloth). The type of Inoceramns mytiloidcs, Mantell, ' Foss S Downs'
Ft/^S 'V^

''^'""'
^', ,

^^"' f R'^yn'^honella Cuvieri, Plumpton. British Museum. Natural size.Fig. 38.-Imceyamus labia/us var. latus, Sow. Zone of Holaster planus. Purley Junction Station Britisli
Museum, No. L21194.. Natural size.

1 J. BGhni, ' Monutsber. d. doutscli. geol. Gesollsch.' (1909), p. 117.
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sliire and "West Norfolk ; and by Rowe from the zone of Holader planus of Dover

and tlic Sussex coast, and from the zone of Micrasfer cor-testudinariinn of Dover.

Fia. 3a Fig. 40.

Fia. 39.

—

luoccramns lahiatus var hitiis, Sow. Zone of Holasfer planus, Swaffhani, Norfolk. Norwich
Miiseum, No. 3296. Eiglit valve and anterior view. Natural size.

Fig. 40."

—

Inoccramus lahiatus var. latns. Sow. One of the types of Inocerainus latv,s, Sowerby, 'Min. Conch.,'

vol. vi, p. liJO, pi. dlxxxii, fig. 1 (lower figure). Swafl'liani. British Museum, No. 432G6. Natural size.

Inoceeamus l.\biatus var. latus, Sowerby, 1828. Text-figs. 38—40.

1828. Inoceeamus latus, J. de C. Soicerhij. Miu. Conch., vol. vi, p. 159, pi.

dlxxxii, fig. 1. (Nou /. laitts,

Mantell).

1854. — — J. Morris. Cat. Brit. Foss., ed. 2, p. 170 (partim).

Remarl-s.—This variety differs from I. lahiatus in the much greater length of

the hinge-line in proportion to the height of the shell, in the greater convexity of

the anterior margin, the smaller convexity of the ventral margin, and the less

oblique form of the shell. On account of the greater length of the hinge-line the

curvature of the ribs and growth-lines is broader than in I. lahiatus.

This variety appears to be confined to the zone of Holaster jilaitits, and is

common in the neighbourhood of Swaifham, Norfolk. The larger specimens which

I have seen are not sufficiently perfect for figuring, but a characteristic example

is figured by Sowerby.

Types.—From the zone of Holaster planus of Swaffham. The smaller specimen

figured by Sowerby is in the British Museum (Fig. 40), but the larger specimen

cannot be found.

Dlsfrihntiuv.—Zone of Holaster planus of Purley Junction Station, Surrey, and

Swaffham, Norfolk.





PLATE XLV.

(7e?/;(.s'—Inoceramus, SoiDerhi/.

Pigs.

1, 2. 1. neocomiensis, d'Orb. 1, Hythe Beds, Lympne. Museum of Practical

Geology, No. 21133. Left valve. 2, Lower Greensand, Atherfield.

Sedgwick Museum, Cambridge. Right valve. (P. 262.)

3— 7. T. SaloDioni, d'Orb. Mam/millafvs bed, Copt Point, Folkestone. Sedgwick

Museum. Internal casts of left valves. -Ih, dorsal view of 4 a..

(P. 263.)

8—10. /. anglkus, Woods. (P. 264.)

8. Red Limestone, Hunstauton. Sedgwick Museum, a, part of right valve

;

h, dorsal view.

9. Gault, Folkestone. Sedgwick Museum. Left valve.

10. G-ault, Folkestone. Britisli Museum, No. L9665. Right valve.

11. /. concentriciis, Park. Gault, Folkestone. British Museum, No. L5002.

Left valve. (P. 265.)
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PLATE XLVI.

Inoceramus {continued).

Figs.

1—10. I. concentricvs, Park. 1— 7, Gault, Folkestone. 8—10, Upper Green-

sand, Blackdown. (P. 265.)

1. British Museum, No. L5002. Eight valve and umbo of left valve.

2. Sedgwick Museum, Cambridge. Eight valve and umbo of left valve.

3. Sedgwick Museum, a, left valve ; b, dorsal view of the same.

4. Sedgwick Museum. «, left valve ; b, anterior view of both valves.

5. Sedgwick Museum, a, left valve, b, dorsal view of both valves.

6. Sedgwick Museum. Eight valve.

7. Sedgwick Museum. Left valve.

8. Museum of Practical Geology, No. 21183. a, right valve; b, dorsal view of

the same.

9. Sedgwick Museum, a, right valve and umbo of left valve ; b, dorsal view of

both valves.

10. Bristol Museum, a, right valve and part of displaced left valve ; b, anterior

view of both valves.
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PLATE XLVII.

Inoceeamus (continued.)

Figs.

1, 2. /. concentricus, Park. 1, Upper Greensand, Blackdown. Bristol

Museum. Left valve. 2, Red Limestone, Hunstanton. Sedgwick

Museum, Cambridge. Left valve. (P. 265.)

3— 14. /. concentricus var. suhsnlcatus, Wiltsh. Gault, Folkestone. Left

valves. (P. 268.)

3, 4. Sedgwick Museum, Cambridge.

5. Museum of Practical Geology, No. 21154.

6. British Museum, No. L5003.

7—9. Sedgwick Museum.

10. British Museum, No. L9664.

11— 13. Sedgwick Museum.

14. Museum of Practical Geology, No. 21153.

15—20. /. sulcatns. Park. Gault, Folkestone. 15, British Museum, No.

L11797 ; a, left valve; h, right valve; c, dorsal view. 16— 20,,

Sedgwick Museum. 16, 18—20, left valves; 17, anterior view.

(P. 269.)
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PLATE XLVIII.

Inoceeamus {continued).

Figs.

1. /. tennis, Mant. Red Limestone, near Louth. Sedgwick Museum,

Cambridge, a, left valve; b, dorsal view. (P. 271.)

2, 3. I. Grippsi, Mant. Upper Greensand (zone of Peden asper), Warminster.

(P. 273.)

2. Museum of Practical Geology, No. 18898. a, right valve ; h, dorsal view.

3. High variety. Sedgwick Museum. Eight valve.

4, 5. /. Grippsl var. reacheiisis, Eth. Lower Chalk (zone of Holaster

suhglohosus), Blue Bell Hill, Burham. 4, British Museum, No.

L10386. Left valve. 5, Mr. Dibley's Collection. Right valve.

(P. 278.)
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PLATE XLIX.

Inocebamus (continued).

Figs.

1. /. Crijt'psi var. rcachensh, Etli. Lower Chalk (zone of Iluhistcr .siibglobositts),

Blue Bell Hill, Biirliain. British Museum, No. L10387. Right

valve. (P. 278.)

2—4. I. Ellieriihjci, Woods. Lower Chalk. Sedgwick Museum, Cambridge.

(P. 278.)

2. Chalk Marl, Hiuistautoii. a, lei't valve; b, hinge of the same.

3, 4. Totteruhoe Stone (zone of Holastcr suhylobosus), Burwell. 3, one of the

types; a, left valve; h, dorsal view of the same. 4, Right valve.

0, G. /. pidus, Sow. Lower Chalk. (P. 279.)

5. Zoue of Hulaster subfjlobusus, Burham. British Museum, No. 44683. Right

valve.

6. Locality uukuown. British Museum, No. L22259. Left valve.
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PLATE L.

Inoge RAMUS {continned).

Figs.

]—G. 7. Jahlatus (Scliloth.)- Middle CLalk. (P. 281.)

1. Locality uukuowu. Britisli Museum, No. L20943. Left valve.

2, 3. Eastbourne. Sedgwick Museum. 2, Left valve. 3, Kiglit valve.

4. Zone of BhynchoneUa Cuvieri, Blanc Nez, Pas de Calais. Sedgvrick

Museum. Hinge and anterior margin of right valve.

5. Plumptou. British Museum, No. 586L The specimen figiued by Mantell,

Foss. S. Downs, pi. xxvii, fig. 3, p. 216. Kight valve.

6. Middle Chalk, near Warminster. Dr. Blackmore's Collection. Right

valve.
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A MONOGEAPH
OF THE

TEERESTEIAL CARBONIFEROUS ARACHNIDA OF

GREAT BRITAIN,

I.-INTRODUCTION.

Most of tlie material upon which this monograph is based came from Coseley, near

Dudley, and was kindly lent to me by the following gentlemen, to whom my
grateful thanks are due : Dr. Wheelton Hind, Mr, S. Priest, Mr. Henry Johnson,

the late Mr. William Madeley, and Mr. Walter Egginton. I am also greatly

indebted to the Director of the Geological Survey and to Dr. Kitchin for the

loan of specimens from the Survey Museum in Jermyn Street ; to Dr. Smith

Woodward, the Keeper, and to Dr. F. A. Bather, the Assistant-Keeper, of the

Geological Department of the British Museum, not only for the loan of specimens,

but also for the privilege of free access to the collection of fossil Arachnida in that

institution ; to Dr. Henry Woodward for the opportunity to examine and describe

examples that had been entrusted to him hy Dr. Moysey, Mr. W. A. Parker, and

Mr. F. Holt ; and to Mr. Robert Dunlop for two very interesting specimens from

Scotland. Without the help thus generously afforded, the present work could not

have been attempted. Finally, I wish to thank Miss Gei'trude M. Woodward for

the care she has taken in the execution of the plates and text-figures illustrating

this monograph.

The species forming the suliject-matter of the following pages are referred to

seven orders : Scorpiones, Pedipalpi, Aranea?, Ricinulei, Haptopoda, Phalangio-

tarbi, and Anthracomarti, one species doubtfully belonging to the Opiliones. The

Haptopoda, Phahxngiotarbi, and Anthracomarti are, so far as is known, wholly

extinct. I am unable to offer any satisfactoiy suggestion as to the cause of their

extinction, there being nothing in their organisation very obviously calculated to

make them less fitted for survival than the Eicinulei. The reason for the survival

of Scorpiones and Pedipalpi is perhaps to be found partly in their possession of

1
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powerful clielato ^^i^lpi- ^^^^^' '^^ addition to these efficient prehensile organs the

Scorpiones have a poisonous sting ; the Uropygons Pedipalpi have protective acid-

glands at the tip of the opisthosonia, while the Amblypygi are extraordinaril}^

quick in their movements and have a highly specialised tactile organ in the legs of

the first pair. The Aranere have probably survived in virtue of their snare- and

cocoon-making spinning glands, coupled with poison-glands in the mandibles ; and

there is some evidence that existing Opiliones are protected by their scent-glands.

Since there is no reason to suppose that the members of the extinct orders above

enumerated had specialised glands either for offensive or defensive purposes, and

since their palpi were short and non-prehensile, and their organisation suggests that

they were comparatively slow-moving, cryptozoic forms, it might be supposed that

these attributes supply the needed explanation, were it not that the Ricinulei re-

semble them in most of these particulars. One thing, however, must not be for-

gotten. An important factor in the evolution of terrestrial Arachnida has been, in

my opinion, a change from the method of pairing, as practised by Scorpions, to new

and special methods, resulting in the modification of a part of one of the prothoracic

limbs into an intromittent organ, often of great complexity. This may be seen in

the Araneas, where the palpi are modified, in the Solifuga?, where the mandibles

are modified, in some of the Acari, and lastly in the Ricinulei, where the legs of the

third pair are modified. Even the Opiliones possess very special secondary repro-

ductive organs. There is no evidence, nor any reason to suppose, that the

Haptopoda, Phalangiotarbi, or Anthracomarti had departed from the normal in

their breeding habits; and it is quite conceivable that the Ricinulei have outlasted

their Carboniferous contemporaries belonging to those three orders on account of

their very specialised methods of copulation.

Up to the present time the only orders of Arachnida known to be represented

in British Carboniferous strata, belong to the Scorpiones, the Phalangiotarbi, and

the Anthracomarti. Of Scorpiones several species have been desci'ibed, mostly by

Dr. Peach from Scotland ; one species of Phalangiotarbi was named many years

ago by Dr. Woodward ; while of Anthracomarti some five species have been made

known by Dr. Woodward and myself. As an historical fact it is interesting to

record that in 1826 Dean Buckland described two Arachnida as Coleopterous

insects. One of these was detected to be an Arachnid by Dr. Woodward, and the

other I have now been able to identify as also belonging to that class.

The material at my disposal has shown that the British Carboniferous fauna is

at least as rich in species and genera of Arachnida as that of Continental Europe

and North America, the species of which have been described for the most part

respectively by Kusta and Fritsch and l)y Scudder. Fritsch can hardly be acquitted

of the charge of needlessly creating species and genera. Scudder's work on the

contrary is open to no such accusation. It appears to me that in the present state

of our knowledge of this group, species in themselves are of very little importance.
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Whenever possible, therefore, I have avoided making them. The characters of the

orders, families, and often of the genera are, on the contrary, of the highest interest.

They show that the Pedi palpi, Aranese and Ricinnlei, and some of the Scorpiones

liave existed almost nnchanged down to the present day ; and that other Scorpions,

on the other hand, c.
f/.

Evhntlius, differed considerably from modern types in one

featnre at least, Avhich may be described as Merostomatous. Apart from this one

fact, and for a possibly closer connection between the spider named ArtliroJi/cosa

and the Amblypygous Pedipalpi than exists in modern types, these orders were as

sharply defined as they are now ; and unless, as is possible, the extinct orders,

Haptopoda, Antliracomarti and Phalangiotarbi, serA^e to bridge to a certain extent

the interval between the Opiliones and more primitive orders of Arachnida, it can

hardly be claimed that the Carboniferous fauna throws much, if any, light upon the

origin and nnitual relationship of existing orders of the class. In other words,

the available palaeontological data supplied by a study of these Carboniferous

Arachnida do not furnish any strong evidence in favour of the evolution of the

class. Hence, for the common stock whence the Epectinate Arachnida originated,

we must look to deposits much earlier than those laid down in the Carboniferous

epoch.

II.-ANNOTATED REVISION OF PREVIOUSLY PROPOSED
CLASSIFICATIONS OF CARBONIFEROUS ARACHNIDA.

1. KAitstiH, F. E., Zeitschr. deutsch. geol. Ges., 1882, pp. 55G—561.

Order 1. ARANEJi.
Faiiiihj LiPHiSTiiD^.

Genus Protolycosa, Roeiner : P. anthracfqjhila, Roemer.

Order 2. OPILIONES.
Family Teogulid^.

Genus Kreischeria, Geiuitz : K. wiedei, Geiuitz.

Order 3. ANTHRACOMARTI.
Family Aechitaebid^.

Genus Architarbus, Scudder : A. rotundaius, Scudder ; subovalis, Wood-

ward ; silesiacus, Roemer.

Genus Anthracomartus, uov. : A. rlJUcelianus, uov.

Family EoPHRYNiDiE.

Genus Eophrynus, Woodward : E. j/restvicii, Bucklaud.

Order 4^. SCORPIONES.
Genus Eoscorpius, Meek and Wortheu : E. anglicus, Woodward ; carbo-

narius. Meek and Wortlien.

Genus Microlabis, Corda : M. steruhergi, Corda.

Genus Cyclophthalmus, Corda : C. senior, Corda.

Genus Mazonia, Meek aud Wortheu : M. wuudiana, Meek aud Wortheu.
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Observations.—Proiohjcosa is very likely correctly referred to the Lipliistiidse.

Kreischeriu does not belong to the Trogulidiie of the order Opiliones, but is closely

related to Eophrijnns. The order Anthracomarti contains the elements of two

orders ; and the Architarbidffi the elements of two distinct families. The

Architarbida?, with ArcJiitarbus, should be eliminated from the Anthracomarti, and

Atiihnicomartus left in the order as the type of a family—distinct from the

Eophrynidse.

2. ScuDDER, S. H., Proc. Amor. Acad. Arts and Sci., vol. xx, 188^, pp. 15—22.

Order ANTHRACOMAETI.
Family 1. ARTHR()LYCosIu.'^;.

Genua Arthrolycosa, Harger : A. antupia, Harger.

Family 2. Poliocherid^, uov.

Genus Poliochera, uov. : P. punctulata, sp. u.

Family 3. Aechitakbid.I':.

Genus Geraphrynus, uov. : G. carhonarius, sp. u.

Genus Architarbus, Scudder : A. rotundatus, Scudder; suhwalis, Wood-

ward (= ? Curculioides ansticii. Buck-

laud) ; silesiacus, Eoemer.

Genus Anthracoraartus, Karscli: A. vijllcelianus, Kusta ; Icrejcii, Kusta

;

trilohilus, uov.
;
pustulatus, uov.

Family 4. Eopheynid^.

Genus Eophrynus, Woodward : F. prestvicii, Bucklaud ; E. salmi. Star.

Order PEDIPALPI.
Genus Geralinura, uov. : G. carbunaria, sp. u.

Order SCOEPIONES.
Family Eoscoepionid^.

Genus Eoscorpius, Meek aud Wortheu: E. carhonarius, Meek aud Wortbeu
;

anijlicus. Woodward ; euijlypius, glaher, inflatus,

tuberculatus, Peach.

Genus Cyclophthalmus, Corda : C. senior, Corda (= Microlabis sternbergi).

Genus Mazonia, Meek aud Wortheu : M. woodiana. Meek aud Wortheu.

Order ARANE^.
Family Liphistiid^.

Genus Protolycosa, Roemer : P. anthracophila, Roemer.

Genus Palaranea, Fritsch : P. borassifolia, Fritsch.

3. Scudder, S. H., Mem. Boston Soc. Nat. Hist., vol. iv, 1890, pp. 443—456.

Scudder's final classification of the American forms, omitting AranefE and

Scorpiones, was as follows

:

Order ANTHRACOMARTI.
Family 1. Poliochbrid^.

Genus Poliochera, Scudder : P. jjunctulata, Scudder.
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Family 2. ARCHiTAEBiDiE.

Genus Geraphrynus, Scudder : G. carbonarius, Scuddei'.

Genus Geratarbus, uov. : G. lacoei ; scahrum, spp. u.

Genus Architarbus, Scudder: A. votundatum, Scudder; elunijatum, sp. ii.

Genus Kustarachne, uov. : K. tenuipes, sp u.

Genus Anthracomartus,Karscli : A.trilohitus, Scudder; ^mi^tulatus, Scudder.

Order PEDIPALPI.
FamUij Geralinurid^k.

Genus Grseophonus, uov. : G. carhonarius, sp. n.

Genus Geralinura, Scudder : G. carbonaria, Scudder.

OhservatioiLs.—In these classifications the order Anthracomarti contains hetero-

geneous elements Ijelonging to the orders AranesE (ArtJiruIycosa), Ricinulei (Pulio-

chera), Anthracomarti {Antliracumartas), and, in my opinion, Phalangiotarbi

{(Jeniphrijnus, Gei'atarhus, Archltarhns).

In the Pedipalpi the genera referred to the family Geralinuridse belong to the

very distinct sub-orders Amblypygi (Grseoj'huuna) and Uropygi {Geralinura).

4. Haase, E., Zeitschr. dcutsch. geol. Ges., 1800, pp. G29—657.

Order I. SCORPIONES.
Sub-urder ANTHRACOSCOBPII.

Famihj Eoscorpioniu.k.

Sub-families Eoscorpionini, Cyclophthalmi.

Order II. PEDIPALPI.
Sub-order 1. UEOPYGI.

Family Thelyphonid^ti;.

Genus Geralinura, Scudder: G. carbonaria, Scudder, etc.

Sub-order 2. AMBLYPYGI.
Family Architarbid^.

Genus Architarbus, Scudder: A. rotundaius, Scudder.

Genus Geraphrynus, Scudder : G. carbonarius, Scudder.

Order III. CHEENETES.
Genus Rakovnioia, Kusta : B. antiqua, Kusta.

Order IV. OPILIONES.
Sub-order 1. PHALANGIOTARBI.

Family Phalangiotarbid^.

Genus Phalangiotarbus, uov. : P. subovalis, Woodward.

Sub-order 2. ANTHRACOMARTI.
Family Anthracomartid^.

Genus Anthracomartus, Karsch : Many species.

Family Kreischeriid.*;.

Genus Kreischeria, Geiuitz : K. wiedei, Geinitz.

Family Eophrynid^.

Genus Eophrynus, Woodward : E. prestvicii, Bucklaud ; salmi, Stur

;

sturii, sp. u.
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Stih-onhr 3. PLAGIOSTETHI.
Fa in il II

TiiocJULiD.i:.

Of nils Poliochera, Sciuldm-.

Oithr V. ARANE.1^].

Suh-unln- 1. ARTHBABAGHN^.
Famll)J AliTHK0LYC08ID,K.

Genera Arthrolycosa, Har^^er ; Geralycosa, Ku«Ui.

ISiih-order 2. TETBASTIGTA {TETRAPNEU3I0NE8).
Family Pbotolycosid.'e.

Genus Protolycosa, Eoemer.

Family Ltphistiid.*;.

Genera Eolycosa, Kiisla ; Palaranea, Fritsch.

Observatluiis.—Haase makes the great advance of recognising the close affinity

between the genera he refers to the sub-order Anthracomarti. But PoliocJiera

does not belong to the Opiliones, nor in my opinion can the Anthracomarti and

Phalangiotarbi be relegated to that order. It seems to me, moreover, that the

Phalangiotarbidffi and Architarljida? belong to the same ordinal group, for which I

adopt Haase's name Phalangiotarbi ; and this order has no near relationship with

the Pedipalpi of the sub-order Amblypygi. As regards the Aranese, it appears

to me that of all the Carboniferous forms Arthrolycosa is the most nearly allied to

the existing Lipliistius, and I cannot find any evidence in favour of the creation of

a sub-order Arthrarachnas for Arthivli/cosa and Geralijcosa ; nor does it appear to

me that Frotoli/cosa, Eolijcosa, and Palaranea can be referred with any certainty to

the Tetrapneumones, none of the existing members of which retain the terga of

the opisthosoma.

6. PococK, R. 1., Geol. Mag. [4], vol. ix, PJ02, pp. 439—448, 487—493; and vol. x.

1903, p. 408.

Order ANTHEACOMAETI.
Family Anthracosieonid-e.

Genus Anthracosiro, iiuv. : A. u-oodwardi, uov.
;
fritschii, uuv.

Family ANTHEACOMARTID/^:.

Genus Anthracomartus, Ivarscli.

Genus Brachypyge, Woodward : B. carhouis. Woodward ; celtica, uov.

Family Eopheynid^.

Genus Eophrynus, Woodward : E. jjrestvicii, Bucklaud ; salmi, Stur

;

sturii, Haase.

Genus Kreischeria, Geiuitz : K. wiedei, Geinitz.

6. Melander, a. L., Journ. Geol. (Chicago), vol. ii, 1903, pp. 178—184, pis. v, vii.

The author of this paper follows Scudder's classification, and evidently has a

very limited acquaintance with Arachnid morphology. He attempts a tabulation
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of the genera of the Carboniferous Arachnida of Illinois, adding to those previously

characterised a new genns and species, Huflrnchup liorrihilh, which certainly

belongs to the Phalano-iotarbi as defined below.

7. Fritsch, a., Palneozoischo Arachniden, Prag, 1904, pp. 5—80.

Onhr ARANE^.
Suh-nnh-r ABTHJRARACHNTE, Haase.

Famthj ARTHROLYCOSIDiE.

Oenus Arthrolycosa, Haro;er : A. nnfiqua, Harger, etc.

Genus Protolyeosa, Roemer: P. anthracophUa, Eoemer.

Gemis Geralycosa, Kusta : G.frifxcliii, Kusta.

Genus Rakovnicia, Kusta (= Eotarbvs, Ivusta) : B. anfiqnn, Kusta.

Suh-onler PLEURARAXE.E, uov.

Family HemiphkyniDj»:.

Genns Hemiphrynus, Fritsch: H. loncjlpes, hnfmanni, Fritsch.

Famihj Promygalid.t;.

Genus Promygale, Fritsch : P. holiemica, Fritsch, etc.

Genus Pemeria, Fritsch : P. saltlcoides, Fritsch.

Genus Eopholcus, Fritsch : E. pedatus, Fritsch.

Genus Pleurolycosa, Fritscli : P. prolifem, Fritsch.

Genus Brachylycosa, Fritsch : B. carcinoides, Fritsch.

Genns Pyritaranea, Fritsch : P. fubifera, Fritsch.

Order OPILIONES.
Sub-order OPILIONIBjE VEBL

Genus Nemastomoides, Tlievenin : N. elaveris, Theveuin.

Genns Dinopilio, Fritsch : D. giyns, Fritsch.

Snb-order MEBIB0GA8TBA (= ANTHBACOMABTI).
Family Poliocheeid^.

Genus Poliochera, Scudder: B. pnnciulatn,'&,c\\(\({ex.

Family Architarbid.e.

Crf«Ms Geraphrynus, Scudder: G. carbonarins, eJongatus, Scudder.

Genus Architarbus, Scudder: A. mtundafns, Scudaler; .<j?t5oi'a?('.«, Woodward.

Famihj Anthracomartid,^^.

Genns Anthracomartus, Kars Ii : Several species.

Genus Brachypyge, Woodward : P. cffr?)ow/.«, Woodward ;
ce7//crt, Po:oclc.

Genns Anthracosiro, Pocock : A. woodwardi, frUsrhii, Pocock.

Genus Eotrogulus, Theveuin : E. fayoli, Theveuiu.

Genus Vratislavia, Fritsch : V. silesiaca, Eoemer.

Family Eophrynid^;.

Genus Eophrynus, Woodward : E. prestvicii, Bucklaud.

Genns Stenotrogulus, Fritsch : 8. salmi, Stur.

Genus Cyclotrogulus, Fritsch : C. sturii, Haase.

Genus Kreischeria, Geiuitz : K. wiedei, Greiuitz.

Gekus Hemikreischeria : H. geinitzi, Theveuin (= thevenini, Fritsch).

Genns Petrovicia, Fritsch : P. jn-odiforia, Fritsch.

Genns Adelocaris, Packard : A. pernvianns, Puckard.
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Onlev PEDIPALPI.
Family Thelyphonid/K.

Genus Prothelyphonus, Fritseh : P. hohemicus, Kusta ; ? cordai, Fritsch.

Genns (Geralinura, Sciidder).

Order SCOEPIONES.
Svh-onler DI0NYCH0P0DE8.

Family Anthracoscorpii.

Genva Cyclophthalmus, Corda : C. senior, Corda.

Genus Microlabis, Corda.; M sternhenji, Corda.

Genvs Isobuthus, Fritscli .• I. kralvj^ensis, Thorell and LiudstriJm.

Gevns Eobuthus, Fritscli : E. ralcovnicensis, Fritsch.

Genus Feistmantelia, Fritsch : F. ornata, Fritsch.

Genvs Eoscorpius, Meek and Worthen : F. carhonarins, Meek and

Worthen ; angliciis, Woodward.

Gemis Mazonia, Meek and Worthen: M. wooJiano, Meek and Worthen.

Ohser cations.—For reasons published in 1910 I consider that Fritsch's genus

Fromygale is a synonym of Arifhracomartns ; and since the forms he refers to

Hemiphryniis also belong apparently to the same order as Aniltraconiartns^ there is

no reason for the retention of his suborder Pleurarane?e. At all events, what-

ever these forms may be, they are assuredly not referable to the Araneoe. The

other genera assigned to the Aranete seem to belong to that order, so far as can

be judged from the author's figures. As for his order Opiliones, it has already

been stated that the Poliocherida?, Architarbidfe, Anthracomartida?and EophrynidfB

cannot be relegated to it nor to any single group of Arachnida, whether it be

named Anthracomarti or Meridogastra. Nerna.^toiiioides may be one of the

Opiliones, l)ut DinojiHio, if figured with an approach to accuracy, should find place

in the Araneos probably. In recognising that (Jcnijiliri/iiiis and ArcJtitarhns

(including I'hnlnugiotarhvs) constitute a natural group, Fritsch improves upon

Haase's system. As regards the Anthracomartidie and Eophrynidoe, he practically

follows my classification, although he places AiUlirdcosiro in the Anthracomartidoe

and by so doing drops the family AnthracosironidfB.

Unfortunately, the value of this monograph is lessened by the author's lack

of acquaintance with the morphology of recent Arachnida, especially on such points

as the constancy of the segmentation of the appendages within ordinal limits. His

restorations, therefore, cannot he regarded as correct interpretations of the structure

of the fossils.

8. PococK, R. I., Geol. Mag. [5], vol. vii, 1910, pp. 505—512.

Reasons are given for concluding that the genera referred by Fritsch to the

PleuraranefB belong to the Anthracomarti, rr<iviygale being a synonym of

Antltraromartus.
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Tlie Phalangiotarbi are retained as a valid group containing the following

families and genera with their type species :

Familij Phalan(;iotakbidjc.

(tchws Phalangiotarbu':, Haase : P. s»?;tii!ct/i.y, Woodward.

Famihj Architarbid^;.

Genus Architarbus, Sc-udder: A. rotiniilatns, Scudder.

Genus Geraphrynus, Scudder: G. carhonarliis, Scudder.

Genus Geratarbus, Scudder: G. lacoei, Scudder.

Genus Opiliotarbus, nov. : 0. elongatus, Scudder.

III.-SYSTEMATIC ACCOUNT OF THE BRITISH SPECIES.

Order SCORPIONES, Latreille.

The Carljoniferous Scor})ions were formerly assigned l)y Thorell and Lindstrom

to a special group, Antliracoscorpii, on the supposition that the median eyes were in

advance of the lateral eyes, instead of behind them as in recent Scorpions or

Neoscorpii. This supposition has no foundation in fact, so far as is known.

Perhaps, indeed, the most useful contribution that Fritsch has made to our

knowledge of fossil Scorpions, is his discovery that the so-called posterior row of

eyes described by Corda in Cydophihalmus senior ?ive in reality tubercles. Fritsch,

however, still preserved the name Anthracoscorpii for the Carboniferous species

collectively, although justification for this course was not supported by any new

definition of the group.

Nevertheless, some of the Carboniferous Scorpions differ from all recent forms

in one or two characters of great morphological interest. In the specimen des-

cribed below from the Coal Measures of Sparth, belonging to the collection of

Mr. F. Holt, the sterna of the fourth, fifth, and sixth segments of the opisthosoma

end posteriorly in a pair of widely rounded laminate lobes, which are separated by

a median angular notch and manifestly overlap the anterior portion of the sterna

that succeed them. I am unable to say whether the sternum of the third was

similarly constructed
;
possibly not, since it was evidently covered to a great extent

by the pectines of the second sternal plate, wdiich was of large size—much larger,

indeed, than in any recent species. Moreover, the basal segments of the legs of

the fourth pair do not apparently abut against the sternal plate of the pi'osoma,

as in existing Scorpions, but against the sides of the genital operculum, a feature

(piite imknown in existing species, in which the coxje of the third and fourth legs

are united to form a wedge-shaped skeletal piece diverging obliquely backwards

and outwards from the sternum of the prosoma. The figures published by Fritsch

of the types of Eulndhus ral-ovniceiisis and of huhiitJias l-ralupensis seem to agree

9
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with Mr. Holt's example in the mode of attachment of the coxfe in question ; but

even if in these specimens the sclerites on each side of the genital operculum do

not, as figured by Fritsch, belong to the fourth leg, the presence of sclerites on each

side of this plate is a feature unknown in modern Scorpions, Avhere the operculum

is the sole trace of appendages of the first segment of the opisthosoma. These

sclerites, therefore, are of great morphological interest, whatever interpretation be

put upon them. It is possible, indeed, that they must be compared with the

lateral plates of the genital segment present apparently in the Silurian Scorpion I

described as Pidxophoiius linnter'i^ (Quart. Journ. Micr. Sci., 1002, p. 291, pi. 19).

The peculiarities above described do not, however, exist in all Carboniferous

Scorpions. In one of the specimens described below under the heading AiifJiraco-

scoiyio hiitliiformis the sternum of the prosoma, the coxae of the third and fourth

legs, and the genital operculum appear to be in structural agreement with the same

pieces in recent Scorpions ; and there is no evidence that they are differently

arranged in the example in the British Museum Avhich I identify as AntJu-acoscovpio

^parthensis. The species described by Peach as Eoscovpuis eiKjli/ptiis and glaber

also seem to fall into line with recent types in the particulars named ; and

Fritsch's figure of GtjclopUtlialmns senior is susceptible of the same interpretation.

Hence it seems that the Carboniferous Scorpions are divisible into two groups,

one of which is inseparable on broad structural lines from recent species. The

terms " Antliracoscorpii " and " Neoscorpii " cease, therefore, to be applicable.

Although it is impossible to assign all the described Carboniferous species to one

or the other of these groups, it appears to me that the characters by Avhicli the

two are distinguished are too important and interesting to be ignored in a classi-

fication of this order. I propose, therefore, the term Lobosterni for those with

bilobed, posteriorly-laminate sternal plates on the opisthosoma and skeletal plates,

whether belonging to the fourth leg or not, on each side of the genital operculum

;

and the term Orthosterni for those agreeing apparently with recent Scorpions in

the structure of the plates in question. In this monograph Eohniltus belongs to

the Lobosterni, and Ci/clophfhaliaas, Archaioctoiiiis and Anthracuscorpio to the

Orthosterni, Valxomachus being of doubtful position. Of exotic genera, Microlahis

seems to be referable to the Orthosterni, I.sohathus to the Lobosterni, while

Eoscorpins and Mazo)ii'i cannot be classified. Probably a special group should be

created for Mivion'm if the extant restoration of the genus be accurate.

The determination of the genera has been a matter of great difficulty, because

I have been compelled to rely mostly upon the figures and descriptions published

by Fritsch, whose acquaintance Avith the morphology of recent Scorpions is

1 Accordiug to Mr. R. Duulop (Ann. Glenfield Rambler, No. 2, 1898, pp. 60—64) this Silurian

Scorpion was named Paheojihonvs caledonicus by Dr. Peacli. I do not know where Dr. Peach described

it under that name; and possibly Mr. Dunlop, writing from me.nory, has confused this species with

Glyptoscoiyius caledonicus. Provisionally, therefore, I retain hunteri as the specific designation.
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evidently not sufficiently intimate to inspire confidence in the accnracy of his

interpretations of the fossils. This fact, coupled with the imperfect preservation

of many specimens, makes the classification of the British species, put forward in

the following monograph, provisional in many respects. I hope, at least, that it

may help those Avho come after me to improve upon the system here proposed.

All the British species of Carboniferous Scorpions hitherto described have

been referred to the genus Eoscorjnus, Meek and Worthen, which was based upon

a single species, E. carbonarius, ivoni Mazon Creek, Illinois (Amer. Jonrn. Sci., ser.

2, vol xlv, 1868, p. 560). The chelas are unknown ; but the last tergal plate of

the abdominal portion of the opisthosoma is of quite unusual length as compared

with the other terga and with the carapace, which appears to be short. The

second and third caudal segments, moreover, are long, being much longer than

wide, suggesting that the entire tail must have been at least four times, and was

very probably five times, as long as the carapace. Since none of the British species

in which these skeletal pieces are known, agree with Eoscorpius carhonarms,

they cannot be assigned to the genus. Scudder has suggested that Mazonia,

iroodiaua, from the same beds as Eoscorpius carhonarins, may be synon3'mous with

it. This view, however, cannot on the evidence be entertained ; because, if

correctly drawn, the former is unique in having either a segmented carapace or

eight dorsal shields, possibly, indeed, nine, according to Fritsch, between the head-

shield and the tail. The ocular tubercle, moreover, is situated almost at the

anterior border of the carapace, and the humerus and brachium of the chela are

remarkably long and slender. Since none of the British species present these

characters, Mazonia, like Eoscorpius, need not be further considered in this

monograph.

The European species, excluding those described by Dr. Peach from Scotland

which are omitted from Fritsch's monograph, are referred by this author to the

following genera : Ci/clophthahnns, Corda; Microlabis, Corda; Isolmthns, Fritsch;

Eohuthiis, Fritsch; Feistmanfelia, Fritsch; and Eoscorpius, M. and W. Anthraco-

scorpio, Kusta, is rejected by Fritsch as based upon an immature specimen of

Eohutlius; and Eoscorpius is included for the reception of the species described by

Dr. Woodward as E. angJicus.

Microlabis, possessing only one species, namely, M. sternbergi, Corda, differs

from all the other European genera, so far as is known, in the structure of

the chelae, which have the brachium long, parallel -sided, and prismatic, the hand

or manns short and very narrow, without any bulge on its inner edge, and with

no concavity at the base of the immovable digit, which, like the movable, is long,

stout, and straight, the two resembling the blades of scissors, the movable being

more than half as wide as the hand. This genus, therefore, may be set on one

side. So also must Feistmantelia , based upon a single character, the tuberculation

of the pectines. This is probably the same feature as that described by Dr. Peach
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in several Scottish species, referable to more than one genus, as " eml)ossed scale-

like pattern." It is not known whether Gijcluplithalmus possessed this character

or not.

A glance at Peach's figures of Scottish Carboniferous Scorpions shows that at

least two genera must be admitted. One of the species, described as Eoscovpius

puijhjpfus, has the large chelicerjB and stout chelse of Gijclophihalimis, and I am
nnable to say that it does not belong to that genus. Eoscorpias glaher, on the

contrary, is a totally different form ; and it also differs in the shortness of its legs

and the structure of its chelie from all the other European genera where these

organs are known. For this I propose a new generic name, Archseoctonus. A
third British genus seems to be represented by the species described as Eoscorjnus

anglicus by Dr. Henry Woodward. The remaining British species are, for reasons

discussed below, assigned to the genera AntUracoscMrpio, Kusta, and Eohuflius,

Fritsch.

The subjoined table shows the main features by which these genera may be

tentatively distinguished from each other

:

a. Hand of clielae wide aud oval, greatly exceeding- the brachiuni in width ; fingers very

short, the movable about equal to the width of the hand. [Caudal segments

apparently very short and broad and not sensibly increasing in length posteriorly
;

legs and sterna unknown.] ...... Pahvomachiiti.

a. Hand of chelae wide or narrow, but at most only exceeding by a little the width of

the brachium ; fingers, except perhaps in Eubuthus, long, the movable much longer

than the width of the hand.

h. Legs exceedingly short, the fourth, when extended, not reaching the end of

the abdominal portion of the opisthosoma ; its femur much shorter than

the carapace. [Sterna of abdomen with straight posterior borders ; coxae

of third and fourth legs apparently abuttiug against the sternum of the

prosoma.] ....... Archieoctonus.

h'. Legs of normal length, the fourth, when extended, surpassing the posterior

end of the abdomen ; its femur about as long as the carapace,

c. Coxae of third and fourth legs abutting against the sternum of the

prosoma ; the posterior border of the sterna of the fourth, fifth,

and sixth segments of the opisthosoma straight or nearly so.

d. Chelae heavy and massive, with stout, strong fingers.

Cyclophthalmus.

(/'. Chelae comparatively light and slender, with thin fingers.

Anthracoscoiyio.

c . Coxae of legs of third pair abutting against the stei-num of the

prosoma, those of the fourth against the genital operculum ; sterna

of fourth, fifth, and sixth segments of opisthosoma markedly

bilobate aud laminate posteriorly. . . . Eohuthus.



EOBUTHUS. 13

Genus EOBUTHUS, Fritscli.

1904. Eohiithm, A. Fritscli, Palseoz. Arachii., p. 72 (in part).

This genus was based by Fritscli on two Carboniferous Scorpions from Bohemia,

one in the museum at Prague, the other in the British Museum. Both were named

E. val-omiicensis. The specimen at Prague I have not seen ; but if Fritscli's

restoration of it approaches accuracy, the fossil cannot l)e assigned to the same

genus as that in the British Museum. One great difference between them lies in

the structure of the chelae, the movable digit in the Prague specimen being much

shorter than the length of the hand or manus, and only a little exceeding its

breadth,whereas in the British Museum specimen the length of the movable digit

greatly exceeds both the length and breadth of the hand. Moreover, the structure

of the sternal surface of the prosoma in the Prague specimen is quite abnormal in

the circumstance, that the coxae of the legs of the last pair appear to abut against

the genital operculum, those of the third pair alone running up to the sternal plate

of the prosoma. In the British Museum specimen, on the contrary, so far as I can

judge, the coxae of these appendages are quite normal in their mode of attachment

to the body. This specimen, in fact, appears to be a normal Scorpion in every

respect, except that the sternal plates of the fifth and sixth segments of the opistho-

soma are seemingly slightly lobate posteriorly with a shallow median notch.

Since the diagnosis of Eohnthus was taken, mainly, at all events, from the

specimen at Prague, I propose to regard that specimen as the type of E. raliovni-

censis. Different names, both generic and specific, must therefore be found for the

example in the British Museum.

According to Fritscli the generic name Anthracoscorpio was given by Kusta to

a Scorpion named A. juveiiis, which is the young of EobiUhns rakovuicensis. If this

be so Fritscli had no right, according to the accepted rules of nomenclature, to

assign new generic and specific names to the fossils in question. But the figure

he published of the type of Aiifhracoscoiylo jiwenis cannot, according to his inter-

pretations, represent the young of the typical Eohnthus ralovnicensis as here

understood. It may, however, represent the young of the form in the British

Museum. At all events the two specimens are likely enough to lie congeneric.

I propose, therefore, to assign the specimen in the British Museum to the genus

Anthracoscorpio ; and since I cannot, on the available evidence, separate this

specimen specifically from the type of Eoscoiyius spartliensis {cf. infra, p. 20), it

may take for the time being the name Anthracoscorpio sparthensis.

I have seen only one British Scorpion which appears to agree with the type of

Eohuthus rakovnicensis in the mode of attachment of the posterior limbs to the body.

This I propose to name as follows :
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Eobuthus holti, sp. iiov. riate II, fig. 2; Text-figure 1.

The steniuiu of the prosoiiia is semi-elliptical, convex, rounded in front and

truncated behind. Abutting against it on each side there is a large coxal segment

belonging to the legs of the third or fourth pairs. Following the sternum there is

a conspicuons bivalved genital operculum resembling in a general way that of

recent Scorpions ; and on each side of this there appears to be a segment (or

segments) of a limb, which does not, however, resemble the coxa of the fourth leg

in recent Scorpions, which always abnts against the sternum of the prosoma. If

it does not belong to the fourth leg, I can only suggest that it represents the

external ramus of a pair of appendages belonging to the genital segment, the

St.

Fia. 1.

—

Eohnthns holti, sp. n. ;
partially restored and slii^htly magnified from the type specimen.—Coal

Measures ; Sparth, near Kochdale. F. Holt Collection, cse., coxa of 3rd leg, possil)ly fused coxa3 of

3rd and 4tli legs
; g., genital operculum

;
ped., one of the pectinos, its exact structure being

doubtful ; scl., sclerites abutting against genital operculum and probably repi-esenting either the basal
segments of a leg of the 4th pair or the lateral ramus of the appendage of the 1st somite of the
opisthosoma; st., sternum of prosoma; st. pect., sternum of pectinal somite; s^ 3 to st. 7, st rna
of tlie 3rd to the 7th somites of the opistliosoma, the exact shape of the 3rd being doubtful.

two halves of the genital operculum being the internal rami. In this connection

it must be remembered that the genital operculum of Limvlus polyphemus consists

of a pair of inner and a pair of onter branches or rami. Behind the genital

operculum follows a moderately large plate, mnch wider behind than in front. This

is the sternum to which the pectines are attached. One of the latter attached to its

posterior border is traceable, but the details of its structure, apart from its shape

and the presence of numerous small teeth, are too faint to figure or describe with

assurance.

Of the five posterior sterna of the abdominal portion of the opisthosoma, the

first appears to be rather small and to be overlapped by the sternum and pectines

of the segment in front of it. I cannot find evidence that its posterior border is

bilobed ; l)ut the posterior borders of the three succeeding sterna are markedly
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laminate and bilobed ; the lobes are semicircular and considerably overlap tLe

anterior portion of the sterna beliind them. No such laminate lobes are found on

the last sternal plate of the abdominal portion of the opisthosoma ; this sternum is

exactly like that of recent Scorpions and has a pair of abbreviated granular crests.

The interest of these laminate lobes on the sterna which belong morphologically to

the fourth, fifth and sixth segments of the opisthosoma, lies in their genei-al

resemblance to the gill-bearing appendages of the same segments in Luinihts. I

can find no trace of stigmata upon these sterna ; hence I suppose that the respira-

tory lamellae lay beneath them as they do in Liiitaliis. In possessing these lobate

sternal plates, the Scorpion now described is more like Limahis than is the

Silurian Scorpion PalsL'tqjJtoriui^; and it supplies one more valuable link in the

chain of evidence pointing to affinity between the Scorpions and Xiphosurge.

The fragments of limbs of the prosoma that remain resemble those of recent

Scorpions, and offer nothing specially worthy of comment.

Measurements in Dim.—Total length from anterior end of sternum of prosoma

to posterior end of last abdominal segment of o})istliosoma about 41 ; length of

coxa abutting against sternum 11 ; lengtli of the sternum 4, Avidtli about 3'5
; width

of genital opercuhun 4"5, length 3'5
; length of sternum of pectinal segment 4,

anterior width 4, posterior width 9"5 ; length of pecten about 9 ; width of penulti-

mate sternal plate of abdomen 21 ; length at the side nearly 9.

A single specimen from Sparth, near Rochdale, in the collection of Mr. F. Holt.

This specimen shows the ventral surface of the abdominal portion of the

opisthosoma, part of the ventral surface of the prosoma, and portions of some of

the limbs.

So far as can be judged, this specimen differs from that of A'. raJcornicensis in

being larger and in having the sternal plate of the pecten-bearing segment

relatively much larger. In E. raJcuviiiceiisis the length from the sternum of the

prosoma to the end of the abdominal portion of the opisthosoma is probably about

34 mm. In E. Jiolti, the same area, although contracted, is 41 mm. ; and in the

latter the length of the sternum of the prosoma is about equal to that of the sternal

plate of the pectines, Avliile it is much less than half its posterior width. In U.

raJcovniceitsis, on the contrary, the sternum of the prosoma is longer than the

sternum of the pectines and half its posterior width. I have no doubt that many
more differences Avill be discovered when better nuxterial is available for

examination.

I provisionally refer to this species a specimen from the Shipley claypit in Dr.

Moysey's collection. It consists of the abdominal portion of the opisthosoma,

showing the terga, some of the sterna, and a considerable portion of one of the

legs of the last pair. The segments, however, are apparently telescoped to a

considerable extent, thus appearing to be very much shorter than they are in

reality. The tergum and sternum of the last segment of the abdominal portion
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arc Avoiiderfully well preserved. The tergnm bears many scattered coarse granules,

has coarsely <>ranular lateral margins, and a, ])air of coarsely gi-anular longitudinal

keels lying slightly obliquely, each keel being rather nearer to the lateral edge than

to its fellow of the opposite side ; the sternum, on the other hand, is smooth

except for two coarsel}^ granular longitudinal keels, one on each side of the middle

line. The sterna in front of this are not sufficiently well preserved for me to state

definitely that they were laminate and lobate posteriorly as in Mr. Holt's

specimen, but there are indications that this was so.

Measuremoits in, vnii.—Total length of abdominal portion of opisthosoma

(contracted) 28; width of the same (distended) 22; width of tergum of the last

segment 17, of sternum 20; length of femur of fourth leg lo, of patella 11, of

tibia 11.

According to Fritsch's restoration, the type of Jsohiitlnis, I. knihipeiisis, Thorell

and Lindstrom, resembles Eobnthus ral-ocnlccitsis in the mode of attachment of the

coxas of the legs of the third and fourth pairs to the body. It also appears to have

the posterior margin of the sterna of the fourth, fifth and sixth segments of the

opisthosoma bilobate and mesially notched, as in Mr. Holt's specimen described

alcove. On the evidence, therefore, Isohiitltus must be assigned to the same group

of Scorpions as Eobathus ; but according to the figures published by Fritsch,

Isohutlms has tolerably normal clielas with the movable finger greatly exceeding in

length both the length and breadth of the hand. Since the chela3 are unknown in

Mr. Holt's specimen, it is possible that the species it represents may be congeneric

Avith IsohnUms l-valupensis.

Genus PALiEOMACHUS, nov.

1876. Evscorp'uig, H. Woodward (in part), Quart. Joiini. Geol. Soc.,vo]. xxxii, p. 58, pi. viii.

Generic Characters.—Hand broad and oval, its width greatly exceeding that

of the brachinm, its length exceeding that of the fingers, which are short and in

contact when closed, the length of the imuiovable digit about equal to the width

of the hand. Caudal segments short and stout, apparently about as long as they

are wide or high, and not progressively increasing in length from the base to the

tip of the tail.

Ti/pe Species.—Evscurpius aiujliciis, H. Woodward.

Palseomachus anglicus (H. WoodAvard). Text-figure 2.

1876. Eoscnrjnus aiujlicnt^, H. Woodward, Quart. Jourii. Geol. Soc, vol. xxxii, p. 58, pi. viii, tig. 3
(type), also i gs. 1 and 2.

The type species of this genus was based upon three specimens, namely, the

extremity of a chela from Mansfield in Nottinghamshire, five caudal segments
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from the same locality and horizon, and an entire tail from the Sandwell Park

Colliery, Birmingham, It is not nnlikely that the tail from Mansfield belonged to

an example of the same species as the owner of the chela, from the same locality

;

and this tail is strnctnrall}^ closely similar to the one from Birmingham. Dr.

Woodward, therefore, was perfectly jnstified in referring the three to the same

species. In this I propose to follow his example until evidence to the contrary is

forthcoming. Nevertheless, in view^ of the possibility of the chela and caudal

segments from Mansfield belonging to different species, perhaps to different genera,

it seems advisable to select one of the specimens as the type of the species. I

select, therefore, the chela, because the species may be distinguished at once from

all other Carboniferous Scorpions in which the chela is known, by the shape and

proportions of the segments of this appendage.

Fig. 2.

—

Pala-omaehus anglir\ts (Woodward) ; copied from Quart. Jotirn. Geol. Soc, vol. xxxii, pi. viii.

a., chela from Mansfield ; h., five caudal segments from Mansfield ; c, entire tail from Sandwell Park.

The only Carbonifei-ous Scorpion described with fingers as short as in P.

anglic'Hs is the type of Eohuflms rnjiovnieensis, Fritsch. Assuming that the figure

and description published by Fritsch are correct, P. anglicus cannot be assigned

to the genus Eohntlniii, because in the type species of the latter the hands are

much longer than the digits, and a little narrower than the brachium.

Gemis ARCH-SIOCTONUS, nov

1883. EoscGijiivs, Peach (iu part), Trans. Eoy. Soc. Ediub., vol. xxx, p. 398.

Generic Characters.—Distinguishable, so far as is known, from all other genera

of Carboniferous, as Avell as of recent Scorpions, by the extreme shortness of the

legs, those of the fourth pair, when extended, not nearly attaining the posterior

extremity of the abdominal portion of the opisthosoma (pre-abdomen). The

individual segments of the legs are not very imequal in length, and the femur of

the fourth is much shorter than the carapace. The hand of the chela is small,

3
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narrow, scarcely at all iiifiated, about the width of the preceding segment

(brachiuin), and the back of the hand is only about half the length of the movable

digit ; the digits arc straight and in contact when closed, and the immovable is

markedly bent at the tip.

Type 8pecie>i.—Eoscoriniis (jhihpv, Peach.

In the structure of its post-oral a[)pendages this Scorpion is very peculiar.

Judging from Peach's figure the chela? differ structurally from those of all known

species, living or extinct, especially in the straightness of the fingers, the narrow,

nearly parallel-sided, bnt short hand, and the extreme shortness of the brachium.

The possibility of Peach having made a mistake over this last feature in his

restoration has influenced my decision to leave it out of the diagnosis It must

not, however, on that account be forgotten, as might well be the case seeing that

no mention of the pecnliarity is to be found in the text. Nor was the author

Fig. 3.

—

Archceodo.ms glaher (Peach) ; copied from Trans. Roy. Soc. E Uiib , vol. xxx, pi. xxii, fig. 2 6, nat. size.

—

Lower Carboniferous ; Langholm. A. Macconochie Collection.

struck, apparently, by the anomalous structure of the ambulatory limbs, which his

drawings show so well. Another interesting feature not referred to is the

presence of a single pedal spur on the terminal joint of the legs, a feature in which

this Scorpion resembles the genera belonging to the existing family Scorpionidne.

Archaeoctonus glaber (Peach). Text-figure 3.

1883. Eoscorpim (jlaber, B. N. Peach, Trans. Koy. Soc. Edinb., vol. xxx, p. 400, pi. xxii, figs. 2—2 /.

Integument smooth, without tubercles. Total length probably about 50 mm.,

carapace 9 mm., last abdominal + first caudal segment 7 mm., movable digit

8 mm., back of hand o mm., Avidth of hand 4< mm., of brachium 3 mm.
Based on two specimens, the type from near the Cementstone Group of

the Lower Carboniferous, Langholm, Dumfriesshire, the other from the Calci-

ferous Sandstone Series at Redhall, near Slateford, Edinburgh.
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Archseoctonus tuberculatus (Peach).

1883. Eoscorpius tubercidatiis, B. N. Peach, Traus. Eoy. Soc. Edjub., vol. xxx, ji. 398, pi. xxiii,

figs. 8—8 7(.

Possibly not belonging to the genus Archseoctonus, since the ambulatory

appendages are unknoAvn and the chelae unfigured and indifferently described.

Specifically A. tuhercidatus differs from .1. glaber in having the terga of the

abdominal portion dotted with small tubercles, and ornamented with two rows of

larger tubercles along the posterior margin.

Total length supposed to be about 62 mm.

This species was based upon several pieces obtained from the Coal Measures at

Blair Point, near Dysart, and from the Calciferous Sandstone Series from Redhall

and Cramond, near Edinburgh.

Genvs CYCLOPHTHALMUS, Corda.

1835. Cijdojjhthalmus, A. J. C. Corda, Verh. Ges. Mus. Bohm., p. 36.

1904. Cydophthalnms, A. Fritsch, Palseoz. Araclm., pp. 65—68.

For reasons already given (p. 12) this genus is here recorded for the reception

of the Scorpion described by Peach as Eoscoyplus englijjjtiis.

Cyclophthalmus euglyptus (Peach). Text-figure 4.

1883. Eoscorpius eiujlyptus, B. N. Peach, Traus. Eoy. Soc. Ediub., vol. xxx, pp. 4U2—404, pi. xxii,

figs. 3 to 3 d.

This species was based on a single specimen obtained near the base of the

Cementstone Group, Calciferous Sandstone (Lower Carboniferous), near Langholm,

Dumfriesshire, in Scotland. The ventral surface of the prosoma, with complete

chelicera3 and clielge and incomplete walking legs, is exposed, the structure of the

coxa3, sternum, genital operculum and pectines being well shown.

The chelicerge and chelse are large, the chelae being heavy and massive ; the

hand is ovally elongate in profile view, considerably longer than wide, and a little

wider than the brachium ; the fingers are arcuate and basally lobate, the movable

being but little longer than the back of the hand. The sternum is pentagonal

;

the pectines are large and ornamented with squamiform sculpture.

Judging from Peach's restoration the measurements in mm. of the chelse are as

follows :
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Length of liumerus 13, of brachiiim 11, of back of hand 12, of movable

finger 12*5; width of liand 7'5, of In-achiuni 7.

G. soiior, the type of the genus Gudophthalmm, certainly differs from G.

euglyptus in having the hand shorter, the movable digit being much longer than the

back of the hand. So far as size is concerned, the two Scorpions are much alike.

YiQ. -l.

—

Cydophthalmus cughjptas (Peach) ; copied from Trans. Roy. See. Eilin., vol. xxx, pi. xxii, &'^. 3 a,

nat. size.—Lower Carboniferous ; Lang-holm. A. Macconochic Collection.

The length of G. senior, without the tail, is about 41 mm. ; with the tail it would

be probably between 80 and 90 mm.

Geiim ANTHRACOSCORPIO, Kusta.

1888. Antliracoscorino, J. Kusta, SB. k. bohiu. Gres. Wiss., p. 202.

1904. Anthracoscorj)io, A. Fritsch, Palaeoz. Aracliu., p. 75.

1904-. Eobuthus, A. Fritsch, Palaeoz. Aracliu., p. 72 (iu part).

190i. Eoscorpiiis, W. Baldwin and W. H. Sutcliffe, Quart. Jouni. Geol. Sue, vol. Ix, pp. o95—o98.

Characters as enumerated above (p. 12).

Anthracoscorpio sparthensis (Baldwin and Sutcliffe).

1904. Eobuthus raJcovnicensis, A. Fritsch, Pala;oz. Aracliu., p. 74, text-tig. 91, and pl. xii, figs. 1—

3

(nee text-figs. 90 aud 92, and pl. xii, figs. 1 aud 2).

1904. Euscorpius sparthensis, W. Baldwiu aud W. H. Sutcliffe, Quart. Jouru. Geol. Sue, vol. Ix, p.

396, fig. 2.

Messrs. Baldwin and Sutcliffe appear to have compared the type of A.

sparthensis with the example in the British Museum described by Fritsch as

Eobuthus ralcovnicensis. On the evidence I do not agree that the two specimens

can be regarded as specifically distinct; nevertheless, for reasons given above
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(p. 13) the name sparihensis must be retained. The characters relied upon for

separating spartheiisis as a distinct species are : (I) A difference of 1 mm. in total

length
; (2) a shorter and narrower a])domen

;
(o) shorter caudal segments

; (4) a

narrower hand.

Since Scorpions vary in size both individually when adult and according to

age, the first character clearly has no value. The second may be similarly dismissed

because the length and girth of the abdomen vary enormously in accordance with

the degree of repletion of this region with food or embryos ; it is usually, moreover,

narrower and shorter in males than in females. The third character appears to

me to have no foundation in fact, so far as I can judge from the rough sketch of

the type of E. spartliensis which I made for Mr. Baldwin when he asked my advice

about the specimen, and which he reproduced in his paper. Finally, as regards

the hand of E. sjjartJiensis, its apparent narrowness is simply due to the fact that

it is axially rotated to a greater degree so that the movable digit is concealed by

the immovable. Hands of scorpions are always narrower in this position than

when resting so as to display the movable digit from the dorsal side.

The type of E. sp((rtJi(3nsis, measuring about 74 mm. in total length, is imbedded

in an ironstone nodule from the Middle Coal Measures of Sparth Bottom, near

Rochdale in Lancashire. It is in the Manchester Museum. The Bohemian

example in the British Museum measures about 75 mm. According to my observa-

tions upon this specimen, Fritsch's drawings of it on pi. xii of his monograph

are inaccurate, notably, for example, in the curvature of the immovable digits of

the chelae.

Anthracoscorpio dunlopi, sp. nov. Plate I, fig. 1 ; Text-figure 5.

Of large size, approximately equalling the length of the largest known species

of the order. Carapace approximately as long apparently as the humerus or

brachium or movable digit of the chela, and not very much shorter than the sum
of the first and second caudal segments. Its exact length, however, is uncertain,

because the posterior border is not defined, and the portions I interpret as the

frontal lobes may possibly be the basal segments of the chelicer^. Since, however,

these lobes are sculptured Avith longitudinal grooves, and the basal segments of

the cheliceras in recent Scorpions are polished so as to slide beneath the cai-apace,

I judge the pieces in question to belong to the carapace. If this be correct the

anterior border is emarginate, with a median notch from which a well-defined

furrow-like groove extends backwards to the ocular tubercle, becoming shallower

posteriorly. The tubercle is elongate, pointed behind and situated nearly in the

middle of the carapace. The two eyes are indistinctly defined. No trace of

lateral eyes has been preserved. Behind the tubercle a groove extends backwards

towards the posterior border. On the left side of the posterior half of the
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carapace a longitudinal groove runs obliquely backwards and inwards, its anterior

extremity starting at a point nearly on a level with the })osterior end of the ocular

tubercle. The posterior i)ortion of the carapace on each side of the median groove

is distinctly but irregularly granular.

The abdominal terga are granular, but there is no evidence that they

possessed cither median or lateral crests. They appear to be perfectly normally

constructed. The posterior borders of the first, second and third are not clearly

Fig. 5.

—

Anthracoscoi-jnu dutilujn, sp. n. ; suggested restoration of the type specimen, approximately
nat. size, with the abdominal somites contracted.—Upper Coal Measures ; Driinigray. K. Dunlop
Collection.

defined; those of the fourth, fifth, sixth and seventh are more distinct, especially

that of the sixth. The seventh tergal plate is a little longer than half the length

of the carapace, its posterior width exceeding half its anterior Avidth.

Of the tail only the anterior four segments and a portion of the fifth are

preserved. It is neai-ly parallel-sided, the first segment being a little wider than

the second, and the second than the third and fourth, the two last being approxi-

mately equal in width. The second, third, and fourth segments are almost equal

in length, being a little longer and a little narrower than the first. The structure

of the segments is normal, each being marked in the middle line by a shallow

groove; the superior crests are small and distinctly and cA'culy granular, but in no
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sense denticulated ; the supero-lateral crests are similarly granular, and granules

are irregularly scattered over the areas between the crests.

The chelicerfe are not well preserved, no details of the dentition being

decipherable ; but the movable digit appears to be strongly arcuate.

The chelae are long and slender, somewhat recalling those of Gliflifer cancroides.

The humerus and brachium are subequal in length, and both, broadly speaking,

about four times as long as wide. No trace of crests or granulation is preserved.

The manus is slender and oval, its width being a little greater than that of the

brachium, and little more than half the length of the ])ack of the manus. The

digits are slender, normally arcuate, the movaljle being about as long as the

carapace, l)rachium, or humerus.

Portions of all the legs are preserved, showing the normal structure. Evidence

for the existence of til^ial spurs is to be found on the fourth and fifth legs, as in

many genera of existing Buthidre ; l)ut there also appears to be one on the first leg

—a character not present in any recent species of the order. On the second

leg of one side a pedal spur is also preserved. The femora, patellre, tibiae and

protarsi are crested, and the femora at least are beaded with grannies along their

upper and lower edges. The claws are not preserved.

Approximate Measurements in mm. of Type Specimen.

Length of carapace 20?

abdomen

caudal segments 1 to 4 .

40

50

entire tail probably not less than

entire animal ,,

70

180

first caudal segment 10-.5
; width of same 11

second ,, ,, 13; j> j>
10-5

third „ „ . . 13; )» >j 10

fourth ,, 13; ,, ,, 10

humerus 21

brachium 20; width of bracliium . 5

back of the hand 9; of hand 6

movable digit 20

In the above-given table the probable total length of the tail has been guessed

from the leno^th of the fourth segment, 20 mm. beino- allowed for the fifth

segment and the vesicle, which are not preserved. These two missing segments

were probably not less, and may have been more than the amount supposed, since

the fifth caudal segment is never shorter and is usually longer than the fourth in

living Scorpions.

The type and only known specimen of this species is contained on the two

pieces of a split shale from the Upper Coal Measures of Druingray, near Airdrie,

in Scotland. It is in the possession of Mr. R. Dunlop, to whom I have dedicated
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the species in acknowledgment of his kindness in sending it to me for

description.

Tho ly]>e of this species approaches t^^ice the length of the type specimen of

yl. sj)tiffhriisif<. It also differs in its proportions, the tail being longer and the

manns of the chela narrower. Tn .1. spdvUici/sis, for instance, the first fonr segments

of the tail only exceed twice the length of the carapace by abont one-third of its

length, the carapace being approximately as long as the first and second segments

together, whereas in A. (hiidopl the first fonr candal segments exceed twice the length

of the carapace by at least half its length, and the carapace is distinctly shorter than

the first two candal segments so far as can be jndged. In A. sparflinisis, again,

the width of the manns is nearly half the length of the movable digit, while in A.

(hiiihtjii it is rather less than one-third of the length. The smaller size of the

example of A. f^parflicjisi^, conpled with the shorter tail, might be attribnted to

immatnrity, were it not that the two known examples of this species are approxi-

mately eqnal in size and have all the appearances, judging from the firmness of

the exoskeleton, of being adnlt. Moreover, the hands of the chelte in young

Scorpions are relatively narrower than in full-grown examples. Hence their

greater relative width in A. sjtarthevsis as compared with A. (liiulopi is quite

irreconcilable with the conclusion that the former specific name has been assigned

to young examples of the latter species. For these reasons I have not hesitated to

describe Mr. Dunlop's specimen as an example of a distinct species. This

specimen was for some time in the possession of Dr. Peach, who made a drawing

of it in close agreement with my own restoration. This drawing, accompanied by

a short account, was published by Mr. Dunlop in the Annals of the Glenfield

Rambler, No. 2, pp. GO— G4, 1898, ])ut no name appears to have been assigned

to the specimen.

Anthracoscorpio buthiformis, sp. nov. Plate I, fig. 2 ; Plate II, fig. 1 ; Text-

figures 6—8.

Dorsal integument finely and closely granular ; neither the carapace nor the

first six terga of the opistliosoma visibly keeled. Carapace abont as long as its

posterior width, its length a little exceeding that of the first and second caudal

segments together, and about equal to that of the second and third, and to the fifth

and half the fourth. The ocular tul)ercle in the middle of its anterior half;

a shallow median longitudinal groove running from it ])Osteriorly and expanding

and deepening just before the posterior border; the anterior border of the carapace

apparently slightly convex, perhaps with a small median excrescence ; the posterior

border slightly convex in the middle. Terga of the abdominal portion of the

opisthosoma showing the anterior elevated rim, this region, thus distended,

a little more than twice the length of the carapace. Tail, when complete, no



ANTHRACOSCORPIO. 25

clonl)t a little more than three times the length of the carapace, for without

the post-anal spine it is abont twice and a half times the length ; segments one to

five gradually increasing in length ; the first segment the widest, much wider than

long, the second and third also wider than long, the fourth about as long as wide,

the fifth longer than wide ; the upper surface of the segments normally and

strongly keeled, the superior keels converging on segments one to four, almost

parallel on segment five; the upper surface hollowed between tlie superior

keels, which, like the superior lateral keels, are granular. Chelae slender, humerus

and brachium each much shorter than the carapace, which is slightly shorter than

Pig. 6.

—

Anthrucoscorpio Ituthifuniiis, syi. n.; four times uat. size.—Coal Measures; Spartli, near Roclulale.

W. A. Parker Collection.

the manus with its digits. Manus slender, apparently keeled above and slightly

wider than the brachium.

Measurements in Dim.—Total length, exclusive of post-anal spine and chelicerae,

21; length of carapace 3*5, of abdominal portion of opisthosoma 8; of caudal

segments one to five about 10; length of first caudal segment Vo, of second 1*6,

of fourth 2, of fifth 2-5; width of first 2-5, of second 2 +, of fifth 2-;
length of manus and digits about 4.

Coal Measures of Sparth, near Rochdale.

Type above described in the Collection of Mr. W. A. Parker (PI. II, fig. 1).

I have selected this specimen as the type because it shows the structure of the

dorsal surface very clearly. Only fragments of the legs are })reserved, but the

details of the chela3 of the left side can be deciphered.

4
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Ill luUlition to tliis specimen I have seen several examples from Dudley,

which, in the alisence of satisfactory proof of their distinctness from each other and

from the type, I provisionally refer to this s])ecies. With the exception of one

small specimen, which is immature if conspecific with the rest, I judge these

specimens to be mature from the apjiarent thickness of the exoskeleton. The

species therefore diifers from A. spartheusis by its much smaller size. In the

type specimen also the tail is shorter, the carapace being half the length of the

first four caudal segments, whereas in A. sparthensiH, as testified by the type, the

carapace is less than half that length.

I subjoin the following notes on the examples from the Dudley Coalfield

:

(I) Specimen in Mr. Madeley's Collection showing the chelas, the trochanters,

femora, and part of the patella? of the leg of the first, second, and third pairs, the

Fig. 7.

—

Anthracoscorpio butlii/ormis, sp. ii. ; about
three times nat. size.—Coal Measures ; Coseley,

near Dudley. W. Madeley Collection.

Viii. 8. —Anthracoscorpio hiithi/urmis, sp. n. ; three
times nat. size.—Coal Measures ; Coseley, near
Dudley. Wheelton Hind Collection.

greater part of the carapace, of which only the anterior portion is missing, and,

following the carapace, a thin strip representing the first tergal plate of the

opisthosoma. Behind the latter there lie, displaced to one side, the fourth, fifth,

sixth, and seventh terga of the opisthosoma, which resemble in a general way the

corresponding plates of Dr. Hind's specimen (No. 2). The carapace exhibits traces

of the median ocular tubercle in front of its middle, but some distance from its

anterior edge. The chelce are slender, and recall those of some existing members

of the Buthidse, the " manus " being narrow, although wider than the brachium
;

the digits are long and slender, and apparently in contact throughout their length,

the movable digit being a little more than twice the length of the back of the hand.

Appro.vhnate measurrnients in mm.—Width of carapace 3"5, of opisthosoma 4;

length of humerus + brachium of chela 6, of manus + digits 5.

(2) Specimen in Dr. Wheelton Hind's Collection, showing the dorsal surface of

the posterior part of the carapace, seven tergal plates and the first and second
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caudal segments of the opisthosoma; also fragments of some of the anterior legs

and apparently the maxillary processes of those of the first pair, where the anterior

part of the carapace is missing. Of the fourth leg the trochanter, femur, patella,

and part of the tibia are well exhibited. No trace of eyes is discernible. The

sculpturing of the carapace, terga, and caudal segments is obscured, but the terga

of the opisthosoma show clearly the anterior smootli elevated area which is

normally overlapped in living Scorpions by the posterior border of the plate

in front.

Approximate measurements in mm.—Length of abdominal terga of the opistho-

soma 9'5, first tergum 1, third 1'5, fifth 2; width of opisthosoma 5; length of

first and second caudal segments 4; femur of fourth leg 4, patella 3.

(3) Specimen in Mr. Egginton's Collection, showing, so far as the trunk is

concerned, nearly the same features as Dr. Hind's example, the abdomiual tei'ga

and two caudal segments of the opisthosoma being preserved. The anterior portion

of the carapace is too much obliterated for description, but the ocular tubercle, in

advance of the middle of this plate, is well shown with its two eyes. Fragments

of appendages are shown on each side of the anterior half of the body, the femur

of the left chela with an anterior granular crest, such as is present in most recent

Scorpions, being preserved.

Approximate, ineasnreinents in mm.—Total length from anterior end of carapace

to posterior end of aljdominal portion of opisthosoma 12, the carapace about 3 5,

the rest 8'5 ; width of opisthosoma 5 ; distance of eyes from posterior edge of

carapace 2 ; length of first caudal segment about 1, wndth nearly 2.

(4) Specimen in Mr. Egginton's Collection Avithout tail and with the rest of the

opisthosoma curved upwards as in the act of stinging. The chief interest of this

specimen lies in the fact that the chelicertTe are preserved, showing o])Scurely

the normal forcipate character of these appendages. Fragments of the appen-

dages are obscurely indicated. Length of carapace about 3 mm.

(5) A very small, probably young specimen in Mr. Egginton's Collection,

showing the dorsal view of carapace, of the anterior seven terga of the opisthosoma,

and of the base of the tail. Total length (excluding base of tail) about 5 mm.

;

length of seven segments of opisthosoma 3'5 mm. ; width 2 mm.

(6) Specimen in the British Museum, No. I. 1555 (PI. I, fig. 2), from Coseley

(Henry Johnson Collection). This example is of pecviliar interest, since it shows

portions of the sternal surface of the prosoma. The sternum is pentagonal, with

its posterior border somewhat deeply excised ; a little behind the excision lies a

subtriangular genital operculum, and behind this there is a small sclerite repre-

senting the sternal plate of the pectines. Against the sides of the sternum on

one side abut the cox^ of the legs of the third and fourth pairs as in existing

Scorpions ; and in front of it may be traced faint indications of the cox{b, with

their maxillary processes, of the first and second pairs of legs ; the maxillary
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processes of tliose of tlic second pair a})[)ear to be exceptionally narrow. Seven

terga of the opistliosoma are shown. These are very broad as compared with their

length ; but this may be due to flattening. At all events I do not propose to

attach systematic weight to tlic character and separate this specimen specifically

or generically from the others here described on the strength of this difference on

the evidence of one specimen. Length of trunk (without tail) about 14- mm.; of

seven segments of opistliosoma 0'5 mm.; width of opistliosoma about G mm.

The following fossils of doubtful generic position have also been referred to

the Scorpion es.

(1) Segment of a tail from the Coal Measures of Carluke, Scotland (H. ^yood-

ward, Quart. Journ. Geol. Soc , vol. xxxii, pi. viii, fig. 5).

(2) Portion of a carapace referred by Peach to Eosrorpins sp. (Trans. Roy.

Soc. Edinb., vol. xxx, pp. 404—405, pi. xxii, figs. 11 to 11(/, 1883). The upper

side of the carapace is swollen laterally, the swollen portions being separated by a

median longitudinal groove, and each divided by lateral grooves into three

portions. In front of the median groove lies the median ocular tubercle ; lateral

eyes are also described. According to Peach this carapace is intermediate between

that of the species he described as Eoscorpius tuherculafiis and E. iiijlatiis.

(3) A carapace described by Peach as belonging to a species named Eoscorpius

wflatns (Trans. Roy. Soc. Edinb., vol. xxx, pp. 405—406, pi. xxiii, figs. 12 to 12^/,

1883). It is described as having the greater portion of its surface puffed up into

three pairs of lobules separated by deep sulci, which emanate from a deep median

longitudinal sulcus.

Peach himself suggests the possibility of this species belonging to the

unclassified genus Gydus. To a certain extent this author's descriptions of E.

iitflafiis recall the characters of the carapace of some genera of Anthracomarti,

such as Eoplirijnus and KreUclwria.

Order PEDIPALPI, Latreille.

SaborJer UROPYGI.

Oenus GERALINURA, Scudder.

1884. Geralinura, S. H. Scudder, Proc. Amer. Acad. Arts Sci., vol. xx, p. 19.

1890. Geralinura, S. H. Scudder, Mem. Bost. Soc. Nat. Hist., vol. iv, p. 454.

1904. Prothelyphonus, A. Fritsch, Palaeoz. Arachii., p. 57.

Fritsch established the genus Prothelt/phorms upon the species described by Kusta

as Thelnphomis bohemicus and later as Geralinura hohennca. The alleged difference



GERALINURA. 29

between Protheh/phomis and Geralinura is the segmentation of the carapace in the

latter and its entirety in the former; but since I cannot find any evidence from

Scndder's figures of the type of Geralinura, namely G. carhonaria, that the carapace

is segmented, I have placed Frotlielnplionus as a synonym of Geralhmra, reserving

this name for the Carboniferous species of the Thelyphonidae, not because they

exhibit characters distinguishing them with certainty from existing genera, but

because it is impossible to be sure that they belong to one or to more than one

existing genus, and because the probabilities are in favour of their distinctness

from all modern types.

No species of this group has hitherto been recorded from Great Britain.

Several specimens, however, are contained in the collections at my disposal,

although the material is, in my opinion, neither sufficiently abundant nor well

preserved to admit of specific differences being with certainty established between

the specimens. Provisionally^, therefore, I refer them to one species.

The real interest of the specimens lies in the evidence they afford of the former

existence of these Pedipalpi in Great Britain, and of their close agreement in

structural characters with recent representatives of the suborder. Some of the

Carboniferous specimens, that is to say, the two figured in this Monograph, seem to

differ from modern types in having the three last segments of the opisthosoma

less sharply marked off from the ninth segment and both wider and longer. But

it is impossible to affirm this character of all extinct forms.

Geralinura britannica, sp. nov. Plate I, fig. 3; Plate II, fig. 3; Text-figure 9.

A species of small size with the dorsal surface covered with coriaceous granula-

tion. Chelce rather short and small, the five distal segments together rather

shorter than the carapace. The three terminal segments of the opisthosoma long,

nearly half the length of the rest of this region. Segments of the caudal flagellum

about as wide as long.

Measurements in mm.—Total length from anterior end of carapace to end of the

last segment about 17; length of carapace about 5, width 3*5; total length of

opisthosoma (excluding flagellum) 11*5
; width 4'5

; length of segments two to nine,

8, ten to twelve (caudal portion) 3'5 ; length of visible portion of chela from base of

femur 4* 5.

Coseley, near Dudley.

Type in Mr. Walter Egginton's Collection, No. 51 (PI. I, fig. 3).

This collection contains a second and less well-preserved specimen (No. 49)

showing no features justifying its specific distinction from the type ; and in Mr.

Madeley's Collection there is an example from Coseley exhibiting the underside

structurally in agreement, so far as can be seen, with recent forms. Its total
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leno-th is about 15'5 iinii., the opistliosoiim l)eii]g 0'5 mm. niid the prosoma G mm.,

the width of l)oth i-cgions l)eiiig about o mm. There is a distinct spiuiform

process at the anterior extremity of the carapace as in certain recent forms, e. g.

LahocMrus.

In Dr. Moysey's Collection there is a specimen from the Shipley Claypit with

the dorsal side exposed (PL II, fig. 3). The anterior portion of the carapace is

broken away, showing vaguely the coalesced coxae of the chelas and the distal

portion of the right chela. Behind the posterior border of the carapace there is a

triangular plate which I regard as the posterior sternal plate of the prosoma, the

exposure of which suggests that the overlying dorsal area was membranous ; on

each side of it may be seen the coxge of the legs of the last pair. Nine terga of

the opisthosoma are clearly discernible, but the three terminal segments of this

Fig, 9.

—

Gevalimira hritannica, sp. n. ; restoration of ventral surface, three times nat. size.—Coal
Measures ; Coseley, near Dudley. W. Madeley Collection.

region are vaguely defined; they appear, however, to be comparatively large both

in length and width ; the post-anal fiagellum is not preserved. Both the carapace

and the terga and lateral membrane of the opisthosoma are granularly coriaceous.

Measurements in mm.— Total length about 20; length of opisthosoma 13, its

length, excluding the last three segments, 10, its width 6; length of chela,

excluding coxa, 7.

This specimen is a little larger than the type and has the chelre decidedly longer.

The difference in length, however, both of the body and the chela, may be attribut-

able to age ; and since the males of recent species very commonly have the cheloe

much longer than they are in the females, it would be rash to attach specific

importance to the difference observed, even if the type specimen Avere known to

be fully adult.
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Sithonler AMBLYPYGI.

Genus GRiEOPHONUS, Scudder.

1890. Grxoj)1iomis, S. H. ScucUer, Mem. Bast. Soc. Nat. Hist., vol. iv, p. 453.

Althouo-li Scudder referred this genus to the same family of Pedipalpi as

Gerallnnrci, the two genera obviously belong respectively to the two suborders of

the Pedipalpi known as Amblypygi and Uropygi.

Scudder only admitted one species of Grseophonus, which he named G.

carbonaruis ; but it appears to me to be very doubtful if the two specimens passing

under that name can be referred even to the same genus. The type of carbonarius

is an abdomen from Cape Breton and now in the Museum of the McGill College,

Montreal. It was described as Libellula carbonarla under the belief that it belonged

to a Neuropterous insect. It consists of twelve segments ; but these are unlike the

segments of any known Amblypygous Pedipalp, especially in the large size of the

first and second plates. Moreover, the segments from the second to the seventh

inclusive, are marked on each side near the margin by a circular impression. In

the Amblypygi the tergal impressions are remote from the margin. On the other

hand, the specimen from Mazon Creek, Illinois, upon which the genus Grseophonus

was quite clearly based, appears undoubtedly to be a Pedipalp of the suborder

Amblypygi. Although Scudder identified this as G. carbonarius, it cannot, on the

evidence, bear that specific name, as a comparison between the figures of this

specimen (fig. 3, pi. xl, of the above-cited monograph) and the figures of Libellula,

carboiHiria (pi. xl, figs. 2, 6) will make evident. In the Mazon Creek specimen the

muscular tergal impressions are in agreement with those of a Phrynus ; agreement

may also be traced in many other particulars, such as the form of the carapace and

the position of the ocular tubercle and the muscular grooves and pits. Scudder

was, of course, mistaken in describing one of the chelge as complete and nipper-like,

its distal segments being obviously missing. It is in the structure of these appen-

dages that Grgeophonus differs principally from recent genera of the group. Not

only are they comparatively short and stovit, especially with respect to the femoral

segment, but, in addition, the axial rotation, which enables these limbs to fold up in

a horizontal plane in recent forms, appears to be much less marked. They are,

in fact, more porrect and fold in a nearly vertical plane, as was no doubt the case

in primitive members of the Pedipalpi when the chelge or palpi presented greater

resemblance to the ambulatory limbs than is found in recent forms. This appears

to me to be the chief character of morphological interest to be detected in

Grxoplionus. One other distinctive feature may be mentioned. In all the speci-

mens referred to this genus, where the carapace is well preserved, its anterior

area, bearing the median ocular tubercle, is narrow and produced. This is shown
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not only in the exfinii)los tlint T have seen, l)ut also in Scudder's example from

Mazon Creek, whicli T propose to call Graeoplioiius saidderi

Scndder describes this specimen as punctured. I do not doubt, however, that

it was in reality finely granular.

Tt is somewhat singular that altliougli only one undoubted specimen of

(inrophonvs has been discovered in North America, and none have been recorded

from Bohemia, the genus is represented in Britain by many specimens in the

Carboniferous Beds of Staffordshire and South Wales.

Grseophonus anglicus, sp. nov. Plate I, fig. 4.

Carapace approximately as long as wide, cordate, narrowed and produced

anteriorly ; the median ocular tubercle rounded, placed near the centre of the

narrowed anterior portion, and defined behind by a crescentic groove ; the area

behind the tubercle rather flat; the median portion of the posterior part of the

carapace a little elevated and marked with three impressions or muscular pits, one

median in front and a pair, smaller and shallower, behind ; from points on each

side near these impressions radiate three grooves towards the margin. Opisthosoma

elliptical, longer than wide, the terga marked with the normal muscular impres-

sions. The distal end of the femur of the fourth leg, in its natural position,

extending back beyond the extremity of the opisthosoma.

Tibia of palp or chela short, a little more than twice as long as wide, its

length a little exceeding half the length or width of the carapace; its inner

edge apparently armed with two spines; tarsus of chela apparently not less than

half the length of the tibia, and also armed internally with two spines.

Approximaia measurements in mm.—Total length 20; median length of carapace

7'5, lateral length 8'5
;
greatest width 8'5, width across front on a level with the

ocular tul)ercle 2*5; length of opisthosoma 11 ?; length of segments four to nine

7"5; width of opisthosoma 8*5; length of tibia of chela 4, width 2.

Coseley, near Dudley.

The type, above described, is in the Collection of Mr. Walter Egginton (No. 1).

In addition to the type Mr. Egginton's Collection contains several examples of

Graeujjhonus, which I provisionally refer to this species. All are from Coseley.

The following points in them may be noted :

No. -10. Carapace approximately as in the type, the anterior ocvdiferous

projection clearly shown. The terga of the opisthosoma are granular, and have a

roAV of coarse granules along the posterior border. This region is narrower as

compared with its length than in the type, the difference being perhaps sexual.

Total length 14 mm., length of carapace 6, width 6'5 ; length of opisthoson)a 8;

femur of foui-th leg about 8. Figured in PI. I, fig. 4.

No. 2 shows more of the ajjpendages than are seen in the ty})e and No. 40, but



EOCTENIZA. 33

the anterior portion of the carapace is concealed ; there is no evidence therefore that

it projected forwards as in tlie otlier specimen. The greater portion of the chehi

is preserved, and the clieliceree project forwards between their bases as a pair of

slender rods. The coxae of the posterior three pairs of legs are to be seen

radiating from the narrow sternal area, and the legs of the second and third pairs

are preserved nearly down to the ends of the tibia?. The femnr of the fonrth leg

is noticeably shorter than in No. 40. This difference may possibly be a question

of age, the specimen now described being smaller than No. 40. In the chela

the femoral segment appears to be spined internally. Approximate measuremputs

in mm.: Total length 11; median length of carapace 3*o, width 4; length of

opisthosoma (rb, Avidth 5; length of fennir of second leg 4, of third 5, of fonrth

5'5; coxa and trochanter of chela 2, femur 2, tibia 2'5.

No. 20 : Larger than No. 2, but showing almost exactly the same features ; the

femur and tibia of the chela armed internally with a pair of spines. Appro;nmaie

measurements in mm.: Total length 15'5; length of carapace 5, wddth about G;

length of opisthosoma 1>, width G"5 ; length of femur of second leg 7, of third

7'5, of fourth 9; length of femur of chela o, its width 1-8; length of tibia of

chela 4, its width 1'8.

In Mr. Henry Johnson's Collection from Coseley there is a specimen less w^ell

preserved than those described above and showing no points worthy of special

comment. Its total length is about lo*5 mm., of which the carapace is 5 mm. and

the opisthosoma 8*5 mm. ; femur of third leg 6'5 mm.

In the Museum of the Geological Survey, Jermyn Street, there are a well-

preserved opisthosoma, measuring 15 mm. long and 8 mm. wide, and a carapace

measuring 4*5 mm. long and 6 mm. wide, which perhaps belong to the same

species. They were found at the tip of an abandoned shaft (Glasbrook's) close

to Cadoxton village, one and one-eighth miles north-east of Neath Station in S.

Wales. There is no reason to suppose that these fragments belong to the same

specimen. It may be noted that this carapace bears considerable resemblance to

that of (j. scnJderi, but has the produced anterior region larger.

Onter ARANE^, Sundevall.

Svhorder MESOTHEL^.

Genus EOCTENIZA, nov.

Generic Cliaracters.—Carapace with its anterior portion somewhat sharply con-

stricted to form a narrow^, rounded, elevated, and convex cephalic area, defined

from the large and broadly cordate posterior portion by a pair of shallow grooves,

5
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which iioai'ly inoct in tlio michllo line. This coplialic area boars the eyes, arranged

in a transversely clong-ated, suboblong cluster, near its anterior border. The

posterior area of the carapace is marked with three pairs of radiating grooves,

those of tlie first pair being short and of the other pairs long; behind the posterior

pair of these there is an angular median depression, the central fovea, from which

passes a posterior pair of grooves. Opisthosoma oval, showing six distinct tergal,

plates.

Tijpe Species.— Fjodenmi sllricola, sp. nov.

In the Carboniferous genera and species of Arane^e with segmented opistho-

soma, namely Arlhrohjcosa tinfii/iNi, Harger, Snidih'ria cdrbniKiria, Kusta, ? genus

forfis, Fritsch, ? genus heeclieri, Fritsch, Eohjrosa lorenzi, Knsta, I'rofof i/cosa (niflira-

cophila, Roemer, Gerali/cosa fritschi, Kusta, and RakoDincia ((iitiqna, Kusta, there

appears to be no differentiated cephalic area such as is seen in Eorfeuiza. In

Falaranea bonissi/oUa, Fritsch, which its describer, in his last paper, re-named

Arthroli/cosa ? ixdaranea, there is no evidence that the opisthosoma is segmented, and

therefore no reason for assigning the fossil to the genus Arihrolijcosa. The type of

Eohjcosa lorenzi shows only a side view of the animal ; but in this genus it appears

that the whole carapace is strongly elevated. It may be added that the species

anfiqua, carhonarla,fortis, heecheri, lorenzi, and horasnfolia, which Fritsch refers to

the one genus Arthroli/rosa, represent at least six genera and possibly as many

families if the drawings are to be trusted.

Eocteniza silvicola, sp. nov. Plate IT, fig. 4,

Carapace 5 mm. long, 4 mm. wide ; abdomen about 5 mm. long, ;>'5 mm. wide.

Coseley, near Dudley.

Type and only known specimen in the Collection of Mr. Walter Egginton.

Genus ARTHROLYCOSA, Harger.

1874. Arthrnlycosa, O. Harger, Araer. Journ. Sci. [3], vol. vii, p. 219.

1889. Arthroli/cosa, C E, Beecher, Amer. Journ. Sci. [3], vol. xxxviii, p. 219.

I refer with doubt to this genus a fossil (Text-fig. 10) in Dr. AVheelton Hind's

Collection, which is of very great morphological interest, although its exact syste-

matic position is indeterminable. That it belongs to the order Araneae rather than

to the Pedipalpi, I infer from the shape of the carapace and of the opisthosoma.

The carapace, although imperfect, appears to be about as broad as long, with

nearly straight anterior and posterior liorders and evenly convex lateral borders.

It is marked with radial impressions and a somewhat A-shaped median
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impression just in front of the posterior border. Faint indications of the

basal segments of the le^'S are traceable on one side, no trace of the coxse

or sternal area of the prosonia being observable. The opisthosoma is Avide^^

with its lateral and posterior borders strongly rounded ; it is markedly narrowed

in front and is distinctly segmented on its dorsal area, the terga extending across

the whole width of this region from side to side. Of the segmentation of the

greater part of the ventral surface I can affirm nothing with certainty except as

regards the posterior extremity, where two annidiform segments surround the

last or anal segment. The latter, as I interpret the fossil, consists of a transversely

subelliptical tergal plate and of a crescentic sternal plate.

Fig. 10.—? Arthrolycosa, sp.—Coal Measures ; Coseley, near Dudley. Wheelton Hind Collection, a, dorsal
surface of carapace and of opistliosouia, the posterior segments of the latter shov.iug throu!j;h the
overlying last tergal plate visible on the dorsal side, about four times nat. size; b, terniinal

segments of the opisthosoma, about six times nat. size.

Approximate length and width of carapace 4 mm. ; length of opisthosoma

6 mm. ; with 5'5 mm. or possibly less, if this region is expanded by crushing.

Coseley, near Dudley.

The morphological interest of this specimen lies principally in the structure of

the posterior segments of the opisthosoma, which are unlike those of all recent

Aranea? in being annuliform and firmly chitinised. In this character the fossil

shows a nearer approach to the Pedipalpi, serving in a measure to bridge the

interval between these two orders, which are admittedly related to one another.

No trace of spinning appendages is to be seen. If they had been close to the anus,

as in all recent Spiders except Lipldstias, indication of this would probably have

been preserved. Hence it may be supposed that they were situated somewhere

near the middle of the ventral surface as in the last-named genus.
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Suhordrr OPISTHOTHEL^.

acuiLi ARCHiEOMETA, no v.

Generic Characters.—Resembling in general form such recent genera as Nejiliifa

and Tetraynatha, and possibly, like these, belonging to the family Argyopida?. Cara-

pace a])pai'ently cordate, narrowed in front. Legs very long and slender, probably

2, i, 3, 1 in order of length judging by the length of the femora, though possibly

those of the first pair exceeded those of the third by reason of the probably greater

length of their terminal segments. The legs of the first and second pairs in most

recent Aranese (Spiders) are subequal in length, but in this Carboniferous genus those

of the second pair greatly exceed those of the first. Femur of third longer than of

first, femur of fourth a little longer than that of second. Abdomen long, apparently

rather longer than femur of fourth leg, but its exact length a little doubtful owing

Fig. 11.

—

Arrliieometa nephilina, '^en. et sp. ii. ; restoration of tlie ventral .siirtace, sliuuiny the lej^s as far

as the distal end of the femora and the probable form of the opisthosoma, alioiit two and a half times
nat. size.—Coal Measures ; Coseley, near Dudley. W. Egginton Collection.

to the want of definition of its posterior end ; subcylindrical in shape, a little

narrowed posteriorly, ovally convex apparently anteriorly and rather more than

three times as long as wide.

Ti/pe Species.—Archaeomcta nephilina, s}). nov.

The discovery of this Spider is of very great interest, because it puts beyond

reasonable doubt the existence in the Carboniferous epoch of the Arachnomorphge,

which were previously not known to occur earlier than the Oligocene. It is,

perhaps, necessary, however, to qualify this statement in connection with the

genus and species described by Fritsch as Pyritaranea f.vhifera, which has the

appearance of an Arachnomorphous form. But it is impossible to say much about

this genus because the segmentation of the appendages, as represented by this

author, is quite unlike that of any known Arachnid, living or extinct. Assuming

that Pi/rifannica was one of the Arachnomorpha?, as Fritsch suggests by his refer-

ence to the Clubionidte in connection with it, Archivometa certainly differs from

that genus in the greater length of its legs. In Fi/ritaranea, for example, an

entire leg of the fourth pair only slightly exceeds the abdomen in length, and the
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other legs are correspondingly short. The palpi, on the contrary, which are not

shown in the specimen of Arclixonieta, are of most unnsual length.

Archseometa nephilina, sp. nov. Text-figure 11.

Total length about 10 mm. ; carapace al)Out 8 nun. long, 2 mm. wide ; abdomen

about 7 mm. long, 2 mm. wide ; femur, trochanter, and part of coxa of first leg

4 mm., of second leg 7'5 mm., of third leg al)out 5 mm., of fourth leg 8 mm.

Coseley, near Dudley.

Type and only known specimen in the Collection of Mr. Walter Egginton.

Onler UICINULEI, Thorell.

Carapace or dorsal shield of the prosoma unsegmented, but with a movable

plate, the cucullus, jointed to its anterior border and overhanging the jaws in front.

Prosoma and opisthosoma united by a jointed waist, often marked by a lateral

constriction. The opisthosoma either not visibly segmented or composed in the

main of three very large segments, the last carrjang a small jointed tail-like

process, which is not always exposed ; sometimes a shorter segment is visible in

front of the first of the three large segments.

It is needless to give a complete diagnosis of this order, derived from the

existing genera Cri/ptostemma and Cryptocellus. For this, reference may be made

to Hansen's and Sbrensen's monograph of 1904. The characters briefly enumerated

above are taken from the known Carboniferous genera, and are sufficient to dis-

tinguish the Ricinulei from the other orders discussed in this Monograjjli.

Famihj CiiYPToSTEMMiDyE, Westwood.

1874. Gnjptostemmidii', J. O. WestwooJ, Thes. Eut. Oxon., p. 210.

1884. Poliocheridx, S. H. Scudder, Proc. Amer. Acad. Arts Sci., vol. xx, p. 16.

1890. Poliocheridce, S. H. Scudder, Mem. Bost. Soc. Nat. Hist., vol. iv, p. 444.

1892. Cnjptostemmidx, T. Thorell, Bill. Sveusk. Vet.-Akad., vol. xvii, 4, No. 9, p. 9.

1904. Cnjidostemmatoldie, H. J. Hauseu and W. Soreusen, On Two Orders of Araelinida, p. 144.

I provisionally refer the Carboniferous genera of this order to the family

Cryptostemmidse, which has the characters of the order.

The two genera here admitted may be distinguished as follows :

a. Opisthosoma elongate, narrowed posteriorly, not consisting mainly of three large

segments ; cucullus transversely suboblong, markedly wider than long. Citrcnlioides.

a. Opisthosoma shorter, widely rounded posteriorly, composed mainly of three large

segments
; cucullus large, nearly as long as its basal width. . . PoUochera.
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ariiiis CURCULIOIDES, l^uckhmd.

1837. Ciirriiliiiiiirs, W. Biielvhind, Briilyvwatcr Treatise (ed. 2), vol. ii, p. 7G (in part, C. otisiirii).

1902. Curculioiden, E. I. Pocock, Geol. Mag. [4], vol. ix, p. 439.

1800. Gcratarhii$, S. H. Scudder, Mein. Boat. Soc. Nat. Hist., vol. iv, p. 447 (iii part, G. scabrun/).

1890. ? Kusfarachiie, S. H. Scudder, Mem. Bost. Soc. Nat. Hist., vol. iv, p. 450.

1903. Kuttfarachiie, A. L. Melander, Jouni. Geol. fCbicago), vol. xi, p. 181.

The genus Cnrctih'oiiJes was based l)y Biieklaiid on two fossils in ii'oiistone

nodules from Coalbrook Dale, wliieh this author regarded and desci'ibed as

Coleopterous insects. One of these was named C (Oisticti, the other ('. ^//cv/c/r'//.

The latter was suljsequently made the type of J^i>j>liri/iius by Dr. Henry Woodward,

who thus fixed G. aii.ificil as the type of Carciil'widcf<. In 1884 Scudder suggested

that G. ansficil Avas an Arachnid related to Archltni-hiis. I, on the contrary,

suggested that it was allied to Gri/plosfeinnni, judging solely from the figure of it

pu])lished by Buckland. The correctness of this surmise and the I'easons given in

support of it have been confirmed by specimens in Mr. Egginton's and Mr. Madeley's

Collections.

That the Arachnid described by Scucjder as Geratarbiif< ^cnlmuii is closely

related to those that I refer to Gnrciilioiih\s is, I think, indisputable; but it is

equally indisputable, in my opinion, that G. ficdhrinn, belongs to a different order of

Arachnida from G. hicoei, which I have fixed as the type species of Grratarhiifi

(Geol. Mag. [5], vol. vii, p. 511, 1910). About Ktidarachne there is more room for

doubt on account of Scudder's statement that the opisthosoma consists of nine

segments, including the short two-jointed " protid^erant pygidinm." Although

none of the specimens I liave seen shows distinct signs of abdominal segments, the

one in Mr. Madeley's Collection possesses Avhat might be called a " protuberant

pygidium," and this process is also well exhibited in Buckland's original figiu-e.

Nevertheless, it would have been difficult to justify the suggestion that Kndarachnc,

based upon K. tennipei^, belongs here, were it not that the species described by

Melander as K. sulcata seems to be immistakably akin to the examples in Mr.

Ea'o-inton's Collection, which show the ventral side. Melander described K. snlcafd

as deeply punctured and as being provided with a triangular sessile pygidium of

two, possibly three, segments. Apart from this last character the abdomen seems

to shoAV no segments. It is possible, of course, that Kitslarachne tenaipes and K.

sulcata differ generically. Nevertheless, the measurements of the two type

specimens agree suspiciously closely, and both came from Mazon Creek, Illinois. I

suspect that one shows the dorsal, and the other the ventral view of specimens

belonging to the same species.
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Curculioides ansticii, Bucklaud. Plate II, fi^i>'. 7; Text-figures 12, \o.

1837. Ci(rcnUoi(Jes ansticii, W. BiicklamI, Bi-idgewater Treatise (eel. 2), vol. ii, p. 76, pi. 46", fig. 1.

The exposed surface of both dorsal and ventral sides is closely covered with

small punctures marking the hollows of granules. A specimen in Mr. Egginton's

Collection (PI. II, fig. 7), showing the dorsal surface from the ventral side and the

ventral surface from the dorsal side on the two halves of a split nodule, has the

carapace flattisli and only a little vaulted, and apparently about as wide as long,

though its lateral margins are not clearly defined. The posterior end of the

abdomen is markedly narrowed. Portions of the legs are well shown, especially on

the right side. The first and third are preserved as far as the end of the patella,

Fiu. 12.

—

CarciiUnides ansticii, Biiekliiiiil ; siiij;^ijsfceil

restoration of ventral surface of specimen No. 17,

four times nat. size. —Coal Measures ; Coseley, near
Dudley. W. PJtTft'inton Collection.

F(o. 13.

—

Cuiriilioides ansticii, I^uekland; dorsal sur-

face, three times nat. size.—Coal Measures ; Coseley,

ne.ar Dudley. W. Madeley Collection.

of the second and fourth as far as the end of the femur. The first leg; is the

thinnest and the second the longest of the series, the femur of the second being

about as long as the femur -(- patella of the third. Appyo.i'iiuafp measiirenipnf.^

in mm. : Total length about 11, length (without cucullns) and width of carapace 4,

length of abdomen (r5, length of trochanter and femur of first leg 4, of second G,

of third 5, of fourth &'), of the femora alone in the order named o, -5, 3, 3"5.

Another specimen (No. 1 7) in Mr. Egginton's Collection shows no structural

features not exhibited in the first and is much less perfectly preserved. The

abdomen appears to be more evenl}^ oval and less narrowed posteriorly. The

entii'e animal, in fact, seems to resemble C smher of Scudder in shape. Ajqjro.ri-

mate meastirementfi in. vim.: Total length 12, length of carapace 4, width of cara-

pace 4, length of abdomen 8, width of abdomen 5.

In Mr. Madeley's Collection there is a fairly well-preserved example showing

the cucnllus apparently entire. It has convex lateral margins and rounded angles
;
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its aiiterioi' ;nul iiostcrior Itordcrs are straii>]it and parallel, and llie })late does not

expand towards its antevioi' border, as in existing- genera, so that it may be

described as transversely oblong. The carapace is a little Avider than long, with

the lateral l)()i'ders convex, the widest point lying a little in front of the middle
;

its surface is moderately vaulted, its anterior portion being distinctly but evenly

curved downwards towards the edge to which the cucullus is hinged. A distinct

but shallow constriction marks the junction of the carapace and abdomen. The

latter is elongate and oval, rather wider than the carapace ; behind the Avidest

point in front, the sides are slightly convex and converge gradually towards the

posterior extremity, which show^s indication of a median lobate excrescence.

Portions only of some of the legs are preserved. Approximate measurements in

mm. : Total length 12'5; length of carapace 4"5, width about 5 ; length of cucullus

], width 2"5
; length of abdomen 8, width about 5.

Thus these three specimens from Coseley, near Dudley, agree tolerably closely

in dimensions. The type of G. scahcr, Scudder, on the contrary, was larger, the total

length being 15 mm., the length and width of the carapace 5'25 mm., the length of

the abdomen 9'75 mm., and the width G'25 mm. These measurements may be

instructively compared with those oi Knstaracline «»Zt'«/a, Melander, from the same

locality, namely Mazon Creek, Illinois, the total length being 15 mm. and the

abdomen, without the " pygidium," mm., with a width of 7 mm. Thus there is the

same close agreement between the American specimens as between the English

examples.

Gemis POLIOCHERA, Scudder.

1838. ? CryjHostemma, Guc'rin-Mc'neville, Rev. Zool., p. 10.

1884. Pollochera, S. H. Scudder, Proc. Amer. Acad. Arts Sci., vol xx, p. 16.

1890. Poliochera, S. H. Scudder, Mem. Bost. Soc. Nat. Hist., vol iv, p. 444.

Characters as above (p. 37).

Poliochera alticeps, sp. nov. Tlate II, fig. G; Text-figure 14.

Carapace elevated, convex from before backwards; the elevated area marked

with a median groove ending behind in an impression, and an impression, probably

muscular, far out on each side of this, a posterior curved groove passing on each

side into a deeper impression defining the elevated area behind ; the median

length of the carapace about equal to its posterior width and as long as the anterior

two large terga of the opisthosoina.

Opisthosoma wider than the carapace, its width less than its length ; the

three large segments subequal in length ; each marked apparently with two
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pairs of impressions, the anterior pair of the first small and widely separated, the

posterior pair larger and closer together; those of the other terga equidistant

from the middle line and in approximately the same straight line as the posterior

pair of the first large tergal plate.

Measurements in mm.—Total lene-th, exclusive of cucnllus and caudal elong-a-

tion, 5'5 ; length of carapace, excluding cucnllus 2, width about 2*5; length of

opisthosoma 3"5, Avidth 2'8; length of first leg about 4"5, of third leg about 4.

Coseley, near Dudley.

Type and only knoAvn specimen in the Collection of Mr. Walter Egginton

(No. 6).

This specimen, in a split nodule of clay ironstone, shows very clearly the

dorsal surface with apparently the entire cucuUus, portions of four pairs of

ambulatory appendages and a short two-jointed caudal process.

Fia. li:— Poliochera alticeps, sp. n. ; dorsal surface, showing the nnisenlar impressions on the carapace and
on the terga of the opisthosoma, six times nat. size.— Coal Measiires ; Coseley, near Dudley. W.
Egginton Collection.

Although the type species of the genus roliocliera, namely P. punctuJafa,

Scudder, shows no cucnllus and is described as having the carapace flat, I think it

probable that P. alticeps belongs to the same genus. Apart from the convexity of the

carapace P. alticeps may be distinguished by its much smaller size, P. pnncfnlata

measuring 15 mm. in total length, of which the carapace is 6.

Order HAPTOPODA, nov.

No constriction between the prosoma and the opisthosoma, these regions

apparently movably jointed together ; the posterior end of the prosoma as wide as

the anterior end of the opisthosoma. Carapace of prosoma approximately as wide

as long, without trace of transverse grooves indicating segmentation. Opisthosoma

longer than Avide, narrowed posteriorly, rounded at the extremity, exhibiting in

6
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one case ten tere^a on the dorsal side, and always a small anal operculum beneath

the last, but on the ventral side. Thus eleven segments are traceable in the

opisthosoma. The number of sterna is doubtful ; but there appear to be at least

nine, excluding the area between the coxre of the last pair of legs, the first sternal

plate being large with a widely convex posterior edge and the last small and

encircling the sides and lower edge of the anal operculum. Mandibles or chelicera3

not fully known, but their basal segment elongate and porrect. Palpi short and

pediform, consisting of six segments, the basal segment (maxilla) the largest, not

concealed from below, and slightly divergent from its fellow of the opposite side.

Legs of the first pair long, somewhat like those of the Thelyphonidre, the terminal

Fig. 15.

—

Plesiosiro madeleyi, gen. et sp. n. ; dorsal
surface with appendages restored from several

specimens, four times nat. size.— Coal Measures;
Coseley, near Dudley.

Fig. 16.— Suggested restoration of ventral surface of

the same.

segments (protarsus and tarsus) converted into a seven-jointed tactile organ,

apparently without a claw ; the rest of the segments normal in number and

structure. The remaining legs ambulatory, similar in form and in segmentation,

each consisting of the normal seven segments characteristic of the Arachnida, the

patella being short and the terminal segment (tarsus) undivided. Claws unknown.

The basal segments large, those of the fourth leg the largest, separated in the

middle line by an elongated sternal area which seems to expand behind Ijetween

the coxge of the fourth pair. Sternal plates of prosoma unknown, except for a

small triangular anterior sternal plate lying immediately behind the basal segments

of the palpi, and between those of the legs of the first pair and partially also

between those of the second pair. Position of generative orifice unknown.
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I liave established this new Order, named in alhision to the tactile nature of

the legs of the first pair, for a genus of Carboniferous Arachnida which cannot be

fitted into any other Order of extinct or existing forms. In some respects it

coincides with the definition of the Opiliones, notably in the total absence of

constriction between the prosoma and opisthosoma, and in the number and nature

of the tergal plates of the opisthosoma, and could hardly, indeed, be excluded

from that Order by the structure of the appendages as seen from the dorsal side,

although differing from all its knoAvn members in the TJieh/plioiuis-Yike modification

for tactile purposes of the legs of the first pair. The structure of the anal

segment is also like that of some Opiliones, c. <j. Cyphoplithahnus, but it is also

like that of the Anthracomarti. The arrangement, however, of the sternal plates

of the opisthosoma and the position of the basal segments (coxas) of the prosoma

with regard to the sternal area of that region, so far as I can decipher them, are

very different from what may be seen in the Opiliones. They may, indeed, be

described as more in conformity Avith the normal and primitive than is exhibited

in that Order, which in these particulars is the most specialised of all Arachnida,

with the exception of the Acari.

Famihj Plesiosironid.e, nov.

Genm PLESIOSIRO, nov.

Generic Characters.—Carapace high, narrowed in front, its anterior border

produced into a median beak-like spiniform process ; marked on each side by a

longitudinal crest extending from a point close to its antero-lateral angle to its

posterior border; the area external to these crests sloped abruptly down to the

lateral edge ; the area between the crests flatfish and marked with a pair of

lightly-curved crests, which arise at the base of the spiniform process, diverge,

then converge, and meet a little in front of the posterior border
;
posterior border

straight. Opisthosoma narrowed posteriorly, the terga much Avider than long,

with straight posterior border, the last only being convex posteriorly. The

sternal plate of the last, lying just in front of the transversely oval or subcircular

anal oi)erculum, strongly angled, the preceding two sterna progressively less

strongly angled. Opisthosoma bordered laterally by an unsegmented ridge

representing probably the pleural integument of this region.

Palpi with second segment (trochanter) short ; third, fourth, and fifth segments

longer and subequal in length ; the sixth short and tapering. Legs longish, the

femora and tibi^ the longest segments ; tibia of first compressed ; basal segment of

terminal tactile portion of the limb much longer than the rest individually.

Type Species.— Plesiosiro viadeletji, sp. nov.
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Plesiosiro madeleyi, sp. nov. Tlatu II, fig. 5; Text-figures 15, IG.

Integument finely granular. Carapace with its adniedian crests finely beaded;

the lateral crests apparently smoother ; three tubercles forming an oblique line in

the posterior half of the area on each side between the crests; the posterior width

of the carapace a little less than its median length, the latter a little greater than

the length of the anterior five terga of the opisthosoma. Opisthosoma longer than

wide, its width about ecjual to the length of the anterior six terga; a narrow

median granular crest on the antei'ior se^'on terga, and a few large granules

forming an irregular, obli(|ue, abbreviated crest on each side. The eighth tergal

plate considerably shorter than the seventh; the ninth and tenth much shorter

than the eighth.

First leg, excluding the coxa, about as long as the body ; its fenuir al)out as

long as the first four terga of the opisthosoma ; and a little longei" than the tibia

;

the tibia about twice as long as the patella; the basal segment (protarsus) of the

terminal tactile portion longer than the other segments individually. Fourth leg

Avith trochanter and femur about equal in length to the carapace. The four

distal segments of the palpi about half the length of the carapace.

Mcasureuteiiis in iiiiii. (of type).—Total length ITo; length and width of

carapace 5 ; length of opisthosoma nearly 7, its width 5, length of first leg

about 11.

Coseley, near Dudley.

Type in the Collection of the late Mr. William Madeley. This specimen shows

the basal segments of the mandibles, the two palpi, one complete leg of the first pair,

the femur, patella, and half the tibia of the third leg, the femur and patella of the

fourth, and the femur of the second ; the shape of the carapace and the tergal

plates of the opisthosoma. Also the posterior sterna of the o})isthosonia ; and the

hollow spaces of the basal segments of the legs of the first pair.

Other specimens in Mr. Madeley's, Dr. Hind's, Mr. Priest's, and INIr,

Egginton's Collections show additional features which have made it })ossible to

restore the dorsal surface tolerably completely. Details of the ventral surface are

in no instance well preserved, the sterna and the genital area of the opisthosoma

being in every case obscurely indicated. A specimen in Mr. Egginton's Collec-

tion (No. 4) is noteworthy for being the only one to show ten distinct tergal

plates on the dorsal side of the opisthosoma, the ninth and tenth in this specimen

appearing as a single plate in the others, where the posterior end of the opistho-

soma is preserved (PI. II, fig. 5).
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OrJrr I'lLlLANGIOTA RBI, Haase.

1890. Opiliones, sub-order Phalanijiotarbi, E. Haase, Zeitsdir. deutscli. geol. Ges., vol. xlii, p. 650.

1910. Phalangiotarbl, E. I. Pocock, Oeol. Mag. [5], vol. vii, pp. 508—512.

Carapace of prosoma uiisegmented, bearing a single pair of median eyes near

its anterior border. No constriction between the prosoma and opistliosoma, but the

two regions apparently movably jointed together. Terga of the opistliosoma eight

or nine in number and referable to two catesfories ; the anterior five or six

([uite short and apparently movably jointed, the posterior three long and

apparently fnsed, though the sutures between them persist. Sterna of the

opisthosoma apparently only seven in number, the posterior three corresponding

with the posterior three terga and the anterior four with the anterior six terga
;

the first sternal plate triangular and wedged between the coxae of the last pair of

appendages of the prosoma. The genital orifice either just in front of or just behind

this plate. The anal orifice small, subapical, and perhaps closed by an opercuhim

representing a tenth segment. Legs, where known, alike in structure and con-

sisting of seven segments, of which the fourth or patella is subequal in length to

the third (femur) or fifth (tibia). Palpi, where known, very short, slender, and

pediform.

This Order is wholly extinct and is only known from the Coal Measures of

Europe and North America.

Alth(jugh this group has some structural points in connnon with the recent

Opiliones, such as the single pair of eyes, the absence of constriction between the

prosoma and the opistliosoma, the presence of probably ten segments in the

opisthosoma and the simple, not chelate, palpi, I think it advisable, in the present

state of our knowledge, to keep the two apart, the segmentation of the oijisthosoma

in the Phalangiotarbi being quite unlike that of the Opiliones.

Fam ill) Phalangiotaruid.e.

rhalanijiotarh'uhe, Haase and Pocock (references as above under Phalangiotarbi).

Sternal area of prosoma relatively large and longitudinally elliptical, consider-

ably longer than wide. The coxee of all the post-oral appendages radiating round
it, with their distal margins overlapped by the edge of the carapace. Coxa3 of the

palpi narrow, and in contact in the middle line in front; coxa3 of legs of first pair

lying on each side of them and diverging obliquely forwards and outwards, not in

contact with each other; those of the fourth pair diverging obliquely backwards
and widely separated at their proximal ends and followed by a pair of coxa-like
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sclcrites separated by a narrow median t>ul)ol)]ong area. Opistliosoma Ijearing eight

tergal plates, of wliicli the anterior five are short and nearly straight or slightly

recurved, indicating that the posterior border of the carapace was also straight

from side to side ; these are followed by the three normal large plates.

With the exception of the three plates lying behind the sternum of the

prosoma and the coxeb of the legs of the fourth ])air, the significance of which is

obscure, the mor})liology of this Arachnid, judging from the figure, seems to be

clear. Judging from the size of the sternum of the prosoma and the wide separation

of the coxa) of the legs of the first and fourth pairs, PJtahnKjiotarbns is the least

specialised member of the Phalangiotarbi.

Genus PHALANGIOTARBUS, Haase.

1872. Arcliitarhus, H. Woodward, Geol. Mag., vol. ix, p. 385, pi. ix, fig. 1 a —I (nee Scudder).

1890. Plialancjiotarbus, E. Haase, Zeitsclir. deutscli. geol. Ges., vol. xlii, pp. 638 and 650, pi. xxx,

fig. 3.

1910. Fhalangiotarhiis, R. I. Pococ-lc, Geol. Mag. [5], vol. vii, pp. 510 and 512.

r,r.4.

Fig. 17.

—

rhalanfjiotarhus suhovalis (Woodward); ventral surface of the pro-sonia and dorsal surface of the

opisthosonia exposed, three times nat. size.-—Coal Measures; Lancashire, ci. f>., coxa of palp ; ex. 1,

coxa of first leg; ex. 4, coxa of fourth leg. After H. Woodward, Geol. Mag., vol. ix, pi. ix, tig. 1.

Characters as above.

Type Species.—Architarlms snhovalis, H. Woodward.

Phalangiotarbus subovalis (H. Woodward). Text-figure 17.

1872. ArchHarhiis .?H?wra//4.', H. Woodward, Geol. Mag., vol. ix, p. 385, pi. ix, fig. 1 a—h.

1890. Phalangiotarbvs svhovalis, E. Haase, Zeitsclir. deutscli. geol. Ges., vol. xlii, pi>. 638 and 650,

pi. xxx, fig. 3.

1904. Architarlms subovalis, A. Fritscli, Palaeoz. Aracliu., p. 35, fig. 39.

1910. Fhalmujiotarlus subovalis, E. I. Pocock, Geol. Mag. [5], vol. vii, p. 510.



GERAPHRYNUS. 47

The type and only known specimen of this species, which is known to me

solely from the figure and description, is imbedded in an ironstone nodule from

the Coal Measures of Lancashire.

Family Architarbim], Karscli.

Sternal area of prosoma small, and either subcircular or more usually narrow

and elongate, the proximal ends of the coxee being close together ; the distal ends

of the coxse not, or hardly, overlapped by the edge of the carapace. Coxae of palpi

usually, at all events, entirely concealed from below by those of the legs of the first

pair, which meet throughout their length in the middle line ; only in Gerafavhm do

they appear to be in contact at their proximal ends, and diverge to a slight extent

outwards, leaving a narrow space between. Coxae of legs of fourth pair also

meeting, or almost meeting proximally behind the posterior end of the sternal

area. Opisthosoma with eight or nine tergal plates.

This family, in the sense in which I have recently defined it (Geol. Mag. [5],

vol. vii, p. 512), contains several genera, of which only one, Gercqjhri/nns, is known

to be British, the others, namely, Architarhus, Scudder, Gernfarhiis, Scudder, and

Oinliotarhiis, Pocock, having been recorded from North America.

Qenus GERAPHRYNUS, Scudder.

1884. Geraplirymis, S. H. Scudder, Proc. Amer. Acad. Arts Sci., vol. xx, p. 16.

1890. Geraphrynus, S. H. Scudder, Mem. Bost. Soc. Nat. Hist., vol. iv, p. 445.

1904. Geraplirtjnvs, A. Fritscli, Palseoz. Araclin., p. 33 (in part).

1910. Gerai>ln-yn>(», E. I. Pocock, Geol. Mag. [5], vol. vii, pp. 510, 512.

Generic Characters.—Body typically wide, its width across the anterior half of

the opisthosoma nearly half the total length. Carapace usually angular in front,

with its anterior lateral margins convex and gradually diverging to the posterior

lateral angles, where the plate is widest ; its posterior border either evenly convex

or produced posteriorly in the middle. A pair of median eyes near the anterior

extremity. Opisthosoma with nine tergal plates, the first two or more following

the curvature of the posterior border of the carapace; the sixth segment much
shorter than the seventh, and generally a little, sometimes markedly, longer than

the fifth. A sulcus commonly traceable on each side of the terga, extending from

a point not far from the postero-lateral angles of the carapace to the convex

posterior border of the ninth plate, terminating one on each side of the anal

orifice, and dividing the terga into three areas, a median and two lateral. The

anal orifice subapical, and probably closed by a small opercular plate representingo
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the tergnm of tlie teiitli seo^uieut. Ventral surface of opistliosonia typically ^vitll

seven sternal plates; the last three large and corresponding to the last three terga;

the anterior fonr corresponding to the anterior six terga. The first and second

sterna small and visible in the intercoxal space of the legs of the last pair, the first

being triangnlar. Apparently a small orifice, the genital orifice, situated at the

anterior extremity of the first and behind the sternal area of the prosoma.

Sternal area of prosoma narroAV, much longer than wide, and consisting of

five small plates, one pair between the coxfe of tlie legs of the third and fourth

pairs, a second pair between those of the second legs and a small unpaired plate

just behind the contiguous coxfie of the legs of the first pair.

Coxce of the four pairs of legs large, triangular, and wedge-shaped, occupying

the whole ventral area of the prosoma, with the exception of the narrow sternal

region; each leg consisting of seven segments, including the coxa; the second

Fig. 18.

—

Geraphrynns carhonarius, Seudder ; diagraniniatic restoration of the dorsal surface of the type
specimen, adapted from Sciidder's figure (Proc. Boston Soo. Nat. Hist., vol. iv, pi. x.fig. 10), the dotted

lines representing tlie coxal and sternal sclerites underlying the carapace, nearly three times nat. size.

— Coal Measures; Mazon Creek, Illinois, U.S.A.

segment (trochanter) stout ])ut short; the remaining segments thinner and longer,

and not very unequal in length, with the exception of the seventh or tarsus, which

is rpiite short, the fourth segment or patella being long, and not short as in the

Opiliones. Palpi very short, probably six-jointed, their basal segments concealed

from below by the united coxse of the legs of the first pair.

Ti/j^e Species.—Geraphrnmis cdrhonarius, Seudder.

This generic diagnosis is based for the most part upon the British material of

this genus that I have seen, checked by comparison with Scndder's figure of the

type specimen of the typical species of the genus, (A carhonarius. Judging from

this figure, G. carhonarius differs from all those described in this paper in the largo

size of the carapace as compared with the opisthosoma, the median length of the

former exceedino- the median leng^th of the latter.

It is impossible to say with certainty how many species are represented l)y the
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material from Dudley that I liave seen. The follownig six, which may he

determined by the subjoined key, appear at least to be distinguishable forms

:

a. Carapace as wide as long or wider ; length of the anterior four sternal plates of the

opistliosoma much less than that of the posterior three.

h. The posterior border of the carapace markedly sinuous, its lateral portions being

slightly concave and its median portion convexly produced in the middle line.

c. Opistliosoma longer and narrower in its posterior portion, the width of its

penultimate segment about equal to the median length of the carapace ; the

posterior border of the seventh and eighth terga distinctly angled avxjnlatiis.

c . Opistliosoma shorter and wider in its posterior portion ; the width of the

penultimate segment considerably exceeding the median length of the

carapace ........ hbuli.

V . The posterior border of the carapace not markedly .sinuous, either evenly convex

or with its lateral portion nearly straight and no rounded median backwardly

bulging area.

d. Posterior border of carapace evenly convex from side to side ;
opistliosoma

short, its greatest width nearly equal to its median length ; no trace of

tubercles on the anterior terga of the opistliosoma . . efjgintoni.

iV. Posterior border of carapace with its median area nearly .straight, tians-

verse, its lateral portions also nearly straight and inclined obliquely inwards

and backwards from the angles ; opistliosoma long, its greatest width only

equal to the median length of the anterior eight segments ; a pair of

tubercles in the middle of the anterior six terga . . tuhercuJatns.

a . Carapace distinctly longer than wide ; width of the anterior four sternal plates of the

opistliosoma nearly equal to the length of the posterior three.

e. Width much more than one-third of the total length ; anterior four terga of

opistliosoma sinuous ...... angustus.

e. Width about one-third of the total length ; only the anterior two terga of the

opistliosoma sinuous ...... torjiedo.

Geraphrynus angulatus, sp. nov. Plate III, fig. 2 ; Text-figures 19, 20,

Carapace closely granular, with median eyes distinct and placed apparently on

a tubercle which has a convex anterior border ; its posterior width a little exceeding-

its median length ; its posterior border produced and convexly rounded in the

middle, its sides slightly concave ; the median area of the carapace about equal to

that of the anterior eight tergal plates of the opistliosoma. The median area of the

first two terga of the opistliosoma almost obliterated and overlapped by the

median backward projection of the carapace ; the posterior border of the third

nearly straight ; no large tubercles traceable upon the middle of the anterior six

terga ; the median length of the sixth a little exceeding half that of the seventh and

a little less than half the median length of the eighth ; the median length of the

latter about half that of the ninth, the anterior width of the ninth rather less than

two-thirds that of the sixth ; the median length of the ninth about equal to its

l-r
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anterior Avidtli. The posterior bordei'.s of the soveiitli and eighth distinctly angled

in the middle line. On the seventh, eighth, and ninth terga a distinct integumental

groove running from the anterior to the posterior border and representing

apparently the external of the two pairs of grooves seen in other species, the

internal grooves dividing the tei'ga into three definite areas being invisible in

G. nngulatits.

First sternal plate of opisthosoma much longer than the second or third in the

middle line ; its posterior border emarginate ; the second short, its median length

about one-fourth its posterior width, narrower laterally, its anterior border fitting

into the emargination of the posterior border of the first; the third only a little

longer than the second in the middle line, its anterior borders lightly biangulate,

Fio. 19.

—

Geraphrynns angnlatns, sp. n. ; dorsal surface with appendapjes, four
times nat. size.—Coal Measures ; Coseley, near Dudley. Wlieelton Hind
Collection.

Pin. 20.—Ventral surface of

the same.

its median length about half that of the fourth; the fourth, fifth, and sixth

increasing gradually but slightly in length, l^ut the sixth only a little longer than

the fourth and barely two-thirds the length of the seventh.

Leg of first pair with trochanter, femnr, patella and tibia about equalling the

carapace in length ; the same segments of the fourth leg equalling the last five

terga or four sterna of the opisthosoma; the spiniform process on the distal

inferior edge of the femora and patellae apparently smaller than in other species

{<•.
f/.

G. hindl) where they are shown.

Measurements in mm.—Total length 10; median length of carapace 0, width of

latter 6*5; median length of opisthosoma about 10; width of the latter 7-5
; length

of sternal surface of opisthosoma 13; length of first leg from base of trochanter to

end of tibia 5-5
; the same segments of the fourth leg 9-5.
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Coseley, near Dndley.

Type and only known specimen in the Collection of Dr. WLeelton Hind.

Geraphrynus bindi, sp. nov. Text-figures 21, 22.

Carapace of about the same shape as in G. anfjulatus. The anterior five terga

of the opisthosoma more sinuous transversely, the lateral portion of the anterior

borders slightly convex and the median areas slightly concave. In G. angulatus the

third is scarcely sinuous, and the fourth is straight transversely. The posterior

portion of the opisthosoma relatively much wider than in G. angulatus ; the posterior

border of the penultimate or eighth sternal plate about as long as the carapace and

Fio. 21.

—

Geraphrynus Mndi, sp. n. ; dorsal surface
with palpi and legs of first and third pairs, four
times nat. size.—Coal Measures; Coseley, near
Dudley. Wheelton Hind Collection.

Fig. 22.—Ventral surface of the same.

a little greater than the median length of the eighth and ninth sternal plates ;

the jDOsterior width of its median area much greater than its length. In G.

angulatus, on the other hand, the posterior width of the plate is much less than

the length of the carapace or than that of the eighth and ninth sterna, and the

posterior width of its median portion is about equal to its length. Legs much

longer than in G. angulatus, the trochanter, femur, patella and tibia, i. e. the

second, third, fourth, and fifth segments of the third leg, exceeding the median

length of the opisthosoma. In G. angulatus these same segments in the fourth

leg are much shoi'ter than the median length of the opisthosoma, and since the

fourth leg in this genus is longer than the third, it is evident that the segments in

question in the fourth leg of G. liindi would greatly exceed the median length of the

opisthosoma.
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Measurciiiciifs in nun.— Total length 13; leng'tli of carapace 5, width 5"5

;

median length of opisthosonia 8, width of opi«tliosoraa 7 ; length of ventral

surface of opisthosonia fi-oni apex of first sternal plate 11; length of first leg,

excluding coxa, 8, of third leg 11.

Coseley, near Dudley.

Type and only knoAvn si)ecinien in the Collection of Dr. Wheelton Hind.

Geraphrynus tuberculatus, sp. nov. Text-figure 23.

Carapace thickly and closely granular, short, much wider than long, its median

length about equal to that of the first seven tergal plates of the opisthosonia ; its

Fig. 23

—

Geraphrynus tuberculatus, sp. n. ; dorsal surface, four times nat. size. — Coal Measures; Coseley,
near Dudley. W. Eggintou Collection.

posterior border straight and transverse, in no sense convex, in the middle, almost

straight and inclined obliquely forwards and outwards at the sides. The anterior

six tergal plates of the opisthosoma each with a pair of distinct tubercles in the

middle; the first and second curved round the posterior edge of the carapace; the

third with its posterior border nearly straight; the median area of the first quite

distinct; the sixth nearly twice as long as the fifth, and about half the length of

the seventh or eighth ; the latter about two-thirds the length of the ninth, the

anterior Avidth of which is about two-thirds the width of the sixth ; the length of

the ninth about three-quarters its anterior width. The posterior borders of the

median area of the seventh and eighth terga straight, not angled.

Ventral surface and appendages unknown.

Measurements in mm.—Total length 1 8 ; length of carapace G, Avidth nearly 8
;

median length of opisthosonia 12, Avidth of opisthosoma 8'5.
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Coselej, near Dudley.

Type in tlie Collection of Mr. Walter Eg-ginton (No. 46).

Mr. Bgginton's Collection also contains a specimen measuring about 20 mm.

long, wliicli possibly belongs to this species, but is not sufficiently well preserved

for description.

Geraphrynus eggintoni, sp. nov. Text-figures 24, 25.

Carapace about as wide as long ; its median length about equal to that of the

anterior eight tergal plates of the opisthosoma ; its posterior border convex in the

middle, but not produced, its lateral portion not concave or sinuous. Median area

of first and second tergal plates of opisthosoma very narrow
;
posterior border of

the third straight; the sixth nearly twice the length of the fifth, and about half

Fig. 2-1.

—

Gcrujihryiius eijijintoni, sp. n. ; ilorsal surface
with appendages, four times iiat. size.— Coal
Measures ; Coseley, near Dudley. W. Eg;ginton
Collection.

Fni. 25.—Ventral surface of prosouia and of anterior
somites of opisthosoma of the same.

that of the seventh ; the posterior border of the seventh and eighth straight

;

median area of seventh and eighth subequal and about two-thirds that of the ninth,

the anterior width of which is about three-fourths the width of the seventh, and

much greater than the median length of the ninth. On the ventral surface the first

sternal plate seems to be much shorter in the middle line than in (J. amjidatas or

G. hliull, owing to its deeper emargination ; the second also is shorter than in the

former species, more produced mesially in front and more emarginate behind, while

the third is apparently much longer, being in fact as long in the middle line as the

fourth. Legs short, that of the first pair with its trochanter, femur, patella and

tibia about equal to the length of the carapace ; the spines on the femur and

patella well marked ; trochanter, femur and patella of the third about equal to

the carapace ; the same segments and the tibia of the third about equal to the last

five segments of the opisthosoma.

Measurements in mm.—Total length 12 ; length and width of carapace 5 ; median
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length of opistliosoma 7, width of the latter about G; length of first leg from base

of trochanter 7, same of the third leg 8.

Coseley, near Dudley.

Tv])e and only known specimen in the Collection of Mr. Walter Egginton.

This species has the legs short as in (7. angulatus, but differs in the shape of

the ])osterior border of the carapace, and of the seventh and eighth terga of the

opisthosoma, this region also being shorter and broader than in that species.

From G. hvndl it differs in the shortness of its legs and the shape of the posterior

border of the carapace, and from G. inhercvlatun in its longer carapace, shorter

opisthosoma, shape of the posterior border of the carapace, etc.

Geraphrynus torpedo, sp. nov. Plate III, fig. 1 ; Text-figures 26, 27,

Body long and narroAV, nearly four times as long as wide. Carapace about

Fig. 26.

—

Geruphnjnus torpedo, sp. n. ; dorsal surface,

about four times nat. size.—Coal Measures ; Coseley,

near Dudley. W. Egginton Collection.

ViG. 27.—Ventral surface of the same.

one-third longer than wide, its median length about equal to that of the anterior

eight terga of the opisthosoma, its Avidtli about equal to the length of the ninth

and half the eighth terga, and therefore much less than half the length of the

opisthosoma; its posterior border evenly convex. Opisthosoma nearly twice as

long as wide, its width across the seventh tergum a little exceeding the length of

the eighth and ninth terga; the first and second terga very narrow in the middle

line, the median area of the first obliterated or overlapped by the posterior border

of the carapace, the third, fourth and fifth straight and subequalin length, the fifth

about half the length of the sixth, which is a little more than half the length of the

seventh, the latter about equal to the eighth, and both of them shorter than the

ninth. Fifth and sixth sterna of the opisthosoma subequal in length and shorter

than the seventh ; the sternal plate, corresponding to the third in the typical

species of Geraphrynus, as long as the fourth and marked by a transverse ridge

;
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tlie second segment also long, with the median area of its anterior border con-

siderably produced to fit into the correspondingly deep emargination of the first

triangular intercoxal sternal plate. Coxal area of prosoma about one-fourth

longer than wide. Leg of first pair apparently shorter than the carapace, which

is about as long as the trochanter, femur, patella and tibia of the fourth leg.

Measurements in vim.—Total length 12; carapace almost 5, width of carapace

3 ; length of opisthosoma 7, width about 4 ; length of its last three segments about

5 ; of sternal area of opisthosoma nearly 10; width of coxal area of prosoma 3*5
;

length of fourth leg almost 7.

Coseley, near Dudley.

Type and only known specimen of this aberrant species in the Collection of

Mr. Walter Egginton (No. 10).

Geraphrynus angustus, sp. nov.

Allied to the last but shorter ; body about two and a half times as long as

wide. Carapace about one-fourth longer than wide, median length equal to that of

the anterior eight terga of the opisthosoma, its posterior border evenly and widely

convex. Opisthosoma much less than twice as long as wide, its width about equal

to the last three tergal plates ; the first, second, third and fourth terga sinuously

curved round the convex border of the carapace; the median area of the first

obliterated, of the second very short; the anterior border of the fifth sinuous ; the

plate about half the length of the sixth, which is more than half that of the seventh
;

seventh and eighth subequal and each about three-quarters the length of the

ninth.

Measurements in mm.—Total length 9*5
; length of carapace 4, width 2*5; length

of opisthosoma 5*5, width 3-8
; length of sternal area of opisthosoma 7'5.

Coseley, near Dudley.

A single specimen in Mr. Walter Egginton's Collection (No. 36, one half

labelled also 26).

In addition to its greater width as compared to its length, a character in which

it serves in a measure to bridge over the interval between G. torpnlo and the more

normal species of Gerajjhrynus, this new species differs from G. torpedo in the

sinuous curvature of the anterior four terga of the opisthosoma.

Order ANTHB,AGOMARTI, Karsch.

1882. Anthracomarti, F. Karsch (in part).

1885. Merichgastra, T. Thorell (as substitute for Autliracomarti)

.

1884 and 1890. Anthracomarti, S. H. Scudder (in part).

1890. Attthracoinartl, E. Haase (sensit strido, as Suborder of Opilioues).
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1902-3. Aiithraconiarii, K. I. Pocock (sensn tttricto).

1904. PlenroraiHw, A. Fritscli fas Suborder of Araiiese).

1904. Meridoijaiiira (= Anthracomarti), A. Friiscli fin part as Suborder of Opiliones).

Prosonia covered dorsally ])y a carapace consisting of a single plate, variable in

form, but very generally marked ])osteriorly with a transverse groove indicating

the line of fusion between the tergal plate of the sixth somite and those of the

preceding five. No movable plate in front overhanging the chelicera^. Eyes, when

traceable, two in number.

Appendages of the first pair (chelicerae) unknown. Those of the second pair

(palpi) simple and pediform and consisting of six segments ; those of the remaining

four pairs similar in form, andjulatory in function, and consisting of seven segments.

The basal segments or coxa? of the palpi and ambulatory limbs, /. r. of the five pairs

of post-oral appendages, large, triangularly wedge-shaped, but movaljle and arranged

round the narrower or wider sternal area, which was furnished with a median

elongate sternal sclerite. Mouth-parts unknown.

Opisthosoma Avithout appendages, movably jointed to the prosoma, 1)ut with its

individual segments apparently welded together, though the sutural lines persist.

Seven tergal plates are always traceable on the dorsal side, the first of the seven

(r. e. the seventh counting forwards from the posterior end) being almost invariably

longer than those that succeed it ; each tergum is marked on each side with a

longitudinal sulcus or groove which separates a lateral lamina from the median

area of the tergum ; sometimes there is a second sulcus nearer the external

margin than the one just mentioned; hence each tergum is divided into either

three or five distinct areas according to the number of sulci. In front of the

seventh tergum from the end, either one or more tergal sclerites may be traced

;

these are usually not provided with lateral laminae and may be overlapped more

or less by the posterior border of the carapace ; they appear to represent from one

to three additional tergal plates undergoing excalation. The last tergal plate on

the dorsal side, that is to say the seventh, not counting the variable number of

anterior tergal plates just mentioned, is the narrowest of the series; but it is almost

invariably provided with an unpaired posteriorly-expanding median lamina, in

addition to its paired laminae, Avith which it forms a continuous series; this lamina

is itself sometimes marked off by a transverse sulcus from the median area of the

tergum. This median lamina of the last tergum visible from the dorsal side,

overlaps the tergal element of the next succeeding segment ; the tergum of this

segment is fused with its sternal element to constitute a subannuliform sclerite,

near the centre of which lies a plate, the anal operculum, which is the tergal

element of the last segment. Thus ten tergal elements may be traced with

certainty in almost all genera, the last being the anal operculum and the first the

short tergal area that lies between the carapace and the first large tergal plate of

invariable occurrence, namely the seventh from the end on the dorsal side.
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The sternal elements of tlie opisthosoma appear to correspond in number with

the terga, except that, with the doubtful exception of Eopluijniis. there is no

sternal plate to represent the tenth tergum or anal operculum. Hence there

are nine sternal plates in all, the last l)eing the ventral element of the plate

surrounding the anal operculum. The anterior sterna are variously modified and

arranged accoi'ding to the genus, the arrangement in Antlirncomartus being very

different from that of Eophrynns, the first, whether large as in the former or small

as in the latter, being probably the genital operculum.

The morphology of the anterior region of the opisthosoma in this Order opens

a wide field for speculation. I have already suggested two hypotheses to account

for the facts, either or neither of which may represent the actual truth (see Greol.

Mag. [4], vol. ix, pp. 443—448, 1902, and vol. x, pp. 250—251 , 1903). But since

seeing examples of Anthracomartvs with its enlarged and posteriorly-projecting

first sternal plate, which recalls so forcibly the genital operculum of the Pedipalpi,

I am inclined to the opinion that my first-published vieAV is probably correct,

namely, that the genital orifice opened l)ehind the first sternal plate in Eoj^Jirynns

and Antliracomartus. This sternal plate, therefore, will be the sternum of the

genital segment, the tergum of which is apparently the short first tergal plate,

which is sometimes partially or wholl}^ overlapped by the hinder border of the

carapace. The tergal element of the pregenital segment seems to be present

both in Eojjlirynns and Kreiselieria ; but I have not been able to recognise its

sternal region in these genera, although in Antliracomartus there seems to he a

comparatively large unchitinised area between the first sternal plate of the

opisthosoma (the genital operculum) and the sternal plate of the prosoma.

The British genera referred to this Order appear to fall into the following four

groups

:

(1) Brachypyrie ; Maiocerciis.

(2) Antliracomartus.

(8) Anthracosiro ; Trigonotarhv.s.

(4) Eophrynus ; Kreischeria ; Apliantomartiis.

In 1902 I proposed to refer the genera Brachypyge and Avtiiracoviartiis to the

family AnthracomartidjB, and Eophrynus and Kreischeria to the Eophrynidte. To

these I added in 1903 the family Anthracosironidre for Anthracosiro. At that

time, however, I had not seen representatives of the genera Anthracomartus,

Kreischeria, and the two described below as Trigonotarhns and Aphantomartus.

The structure of the carapace shows that Aphantomartus belongs to the same

category as Eophnjnus and Kreischeria, and that Trigonotarhns is apparently

related to Anthracosiro. On the other hand, the structure of the ventral surface of

the opisthosoma in Anthracomartus is very different from that of Eophrynus and

Trigonotarhns, the only other genera of the order in which this region has been

8
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observed, yet the carapace of Anflirnconiarfns is, generally speaking, like that of

Anthracom'o and Trigonotarhus.

Of Brar]n/p!/(/f, as exemplified 1)}' the type species 7?. cnvhnni^, only the dorsal

surface of the opisthosoma is known. Of the second species, which has been referred

to the genns, namely, B. ccHica, only the ventral area of the opisthosoma has been

described and figured. These two species resemble each other, and differ from

the rest of the Anthracomarti in the production of the angles of the pleural plates

into spiniform processes. The two species are probably, but certainly not closely,

allied, and there are good grounds for regarding them as distinct genera. There

seem to me to be no justifiable reasons for assuming that the anterior sterna of

the opisthosoma of IL reJtira have been wrongly depicted. If correctly drawn,

they differ greatly from the corresponding plates of Anfltracomarfia^. On the

strength of this difference, supplemented by the peculiar formation of the margins

of the pleural plates, above alluded to, I am now disposed to separate Bracln/pi/gr

from the family Anthracomartidae, and erect for its reception the family Brachy-

P3^gidse. For Anfhraconro and Trigoiiofarhufi the name Anthracosironidae may be

retained; while the Eophrynid^ will comprise Eophnjiun^, Kvpucherin, and

Aphantomarfus.

The four families may be distinguished as follows

:

a. Margins of the pleural laminae concave with spiniform angles; pleural laminae large

and divided as in the Anthracomartidae, but the anterior sterna of the opisthosoma,

where known, not enlarged and backwardly produced . . Bi-achyinjcjiche.

a. Margins of the pleiu'al laminae of the opisthosoma convex, the angles not produced.

h. Carapace of prosouia not markedly sulcate except posteriorly ; its lateral and

anterior portions sloped gradually or steeply downwards to the margin.

c. Opisthosoma with very large pleural laminae, each of which is divided into

an external and an internal moiety by a sulcus visible on the dorsal and

ventral sides ; the anterior sternal plates swollen and produced back-

wards in the middle line and furnished on each side mth a deep depression
;

the posterior sternal plates produced forwards and mesially angular

Anthracomartidae.

c . Opisthosoma with its pleural laminae small or moderate and undivided,

not defined by a sulcus on the ventral side ; anterior sterna small, not

backwardly produced and not deeply impressed laterally
;

posterior sternal

plates not angularly notched in the middle line . . Anthracosironidn'.

V . Carapace of prosoma transversely sulcate ; its lateral portions extended as a

horizontal sulcate lamina considerably beyond the elevated median portion

;

opisthosoma with pleural laminae undivided, its sterna as in the Anthraco-

sironidae ....... Eophrynuhe.

Familij Brachypygid.e, nov.

Characters as above.

I refer the two known species of this family to the following genera, which may
be distinguished thus :
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a. Opistliosoma much longer than wide
;
pleural laminae of the second and third pleura-

bearing terga inclined slightly backwards .... Brachypyije.

a. Opisthosoma much wider than long
;
pleural lamiuaj of the first, second, third, and

fourth sterna inclined slightly forwards .... Maiocercus.

Genus BRACHYPYGE, H. Woodward.

1878. Brachypyge, H. Woodward, Geol. Mag. [2], vol. v, pp. 433—436, pi. xi.

1902. Brachyj^)y(je, E. I. Pocock, Geol. Mag. [4], vol. ix, pp. 488, 491.

1904. Brachyj-iycje, A. Fritsch, Palseoz. Arachn., p. 41.

Tij'pe Speciefi.—Ihacluiyijije carbonU, H. Woodward.

Brachypyge carbonis H. Woodward. Text-figure 28.

1878. Brachy^jyge carbonis, H. Woodward, Geol. Mag. [2], vol. v, pp. 433— 436, pi. xi ; also Bull.

Acad. Eoy. Belg. (2), vol. xlv, no. 4, pp. 410—415, with plate.

Fig. 28.

—

BrachT/pyye carbonis, H. Wood-ward ; dorsal surface of opisthosoma, five times nat. size.— Coal
Measiires; Mons, Belgium. After H. Woodward, Geol. Mag. [2], vol. v, pi. xi.

1885. Anthracomarttis carhonis, S. H. Scudder, C. R. Soc. Eut. Belg., vol. xxix, pp. 84—85.

1887 and 1896. Eophrynus carbonis, H. Woodward, Geol. Mag. [3], vol. iv, p. 49 ; also Quart. Journ.

Geol. Soc, vol. lii, p. cix.

1902. BracJiypyye carbonis, R. I. Pocock, Geol. Mag. [4], vol. ix, p. 488.

1904. Brachyijycje carbonis, A. Fritsch, Pala30z. Arachn., p. 42.

Only the dorsal area of the opisthosoma is known. Judging from the figure

this shows the following interesting structural characters : There are eight well-

defined tergal plates. The first is short ; but it is wider than the anterior border
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of the second ; it lias no laminae, but bears two widely separated tubercles. A
pair of similar but larger tubercles is present on the elevated median area of the

six following terga. The second tergal plate is large ; its pleural lamina? are

distinct, with their postero-lateral portion inclined outwards and slightly back-

wards. The pleural laminge from the third to the seventh are Avidely extended

laterally and divided by a distinct sulcus into an external and internal moiety.

The median area of the terga is narrow as compared with the same area in

Antliracomarfiis. The median area of the eighth tergal plate is very long and the

inner moieties of the pleural laminae are not differentiated. In this respect 7>.

carhonis differs from all the other members of the Anthracomarti hitherto

described ; and it is the elongation of the tergal plate which gives the charac-

teristic length to the opisthosoma.

(hims MAIOCERCUS, nov.

Characters as above (p. 59).

Tijpe Species.—Maiocercus celticus, Pocock.

Pig. 29.

—

Maiocercus celticus (Pocock); ventral surface of opisthosoma, nat. size.—Coal Measures ; Ty'nyboclw,
Rhondda Valley, S. Wales. 1 st. to 9 st., sterna of the first to the nintli somites ; 8 ty., ventral side

of median lamina of the last tergal plate visible on the dorsal side ; t(j., area regarded as the tergal
plate of the ninth somite ; lU tg., anal operculum or tergal plate of tlie tenth somite ; imp., impression

(? coxal) marking the first and second sternal plates. From Geol. Mag. [-1], vol. ix, p. 491.

Maiocercus celticus (Pocock). Text-figure 29.

1896. Eophrynus carhonis, F. T. Howard and T. H. Thomas, Trans. Cardiff Nat. Hist. Soc, vol.

xxviii, p. 52, figs, a aud b (nee Woodward).

1902. Brachypyfje celtica, R. I. Pocock, Geol. Mag. [4], vol. ix, p. 488, fig. 2 a.

1904. Brachypij(je celtica, A. Fritsch, Palaeoz. Araclin., p. 41.

The figure of the ventral surface of the opisthosoma of this species suggests

that the genus Maiocercus is much more closely allied to Anilimcomartus than is

Brachypyge. The chief resemblance to Bracliijpyrie lies in the scalloped edge of the

pleural laminge. There is no reason to suppose that the eighth somite is elongated

as in the latter. The posterior borders of the sixth and seventh sterna show the



ANTHRACOMARTID.E. 61

mesial angular notch present in Aatliracoinartni^, but the first and second sternal

plates are not enlarged and posteriorly produced as in Anthracomartn-s. There is,

however, on each side of them a distinct impression which I suggested in 1002

indicated possibly the position of the coxa3 of the legs of the last pair.

Familii ANTHRACOMAETiD.i:, Haase.

(= Aiithracomarf{i1;e + Proini/galkhe, Fritscli.)

Carapace of prosoma not differentiated into definite regions as in the Eophry-

nidee, at most marked by a single posterior transverse sulcus. Chelicera3 not

certainly known, but apparently very slender, with thin, rod-like basal segments.

The remaining appendages normal, with their basal segments arranged subradially

round a wide sternal area ; sternal plate unknown. Opisthosoma with its lateral

and posterior borders forming a continuous widely-rounded curve, exhibiting eight

tergal plates on the dorsal side ; the first very short, narrowed laterally, without

pleural laminse, and partially or Avholly overlapped by the posterior border of the

carapace ; the rest with very large pleural laminas, divided into an outer and an

inner plate by sulci ; these sulci form a continuous series passing round the

opisthosoma in a line concentric with the lateral and posterior borders, starting at

the antero-lateral angles of this region in front and cutting posteriorly the unpaired

median pleural lamina of the last tergal plate on the dorsal side. The median

area of the first large pleura-bearing tergal plate usually widened in front. In the

posterior half of the opisthosoma the pleural lamince are directed obliquely back-

Avards, so that the posterior borders of the terga form a strongly curved line,

concave backAvards.

On the ventral surface nine sternal areas are distinctly traceable in front of the

anal operculum. The posterior borders of the fifth to the eighth are strongly

recurved and notched in the middle line, giving a marked and characteristic

angular appearance to these plates. The first visible sternal plate, no doubt the

genital operculum, is large and wide, with concave anterior border and a more or

less angularly produced posterior Ijorder. It lies well behind the coxa) of the

posterior limbs of the prosoma and is in no sense wedged in between them as in the

Eophrynidaj. Usually, at all events, it has a median ridge or prominence. The

second and third plates follow, roughly speaking, the curvature of the first, their

posterior borders being convex backwards. The third plate is sharply marked

off from the fourth by what appears to be a strong hinge. Passing obliquely back-

wards and inwards from the lateral portion of the third plate towards the anal

operculum, there is, on each side, a strong ridge. The sternal areas between these

ridges are depressed so that the middle of the ventral surface behind the third

sterna] plate is arched. Outside these ridges the ventral surface is sloped obliquely
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upwards to the inner edges of the pleural plates, the pleural plates themselves

lying more in a horizontal })lane. When directed backwards the fourth leg lies

apparently in the space beneath the pleural plates and against the upsloping external

area of the ventral surface. In front of the first sternal plate, and between it and

the sternum of the prosoma, with the coxce of the legs of the last pair on each side,

there is a longer or shorter area which was [)robably membranous. This, perhaps,

represents the sternal region of the pre-genital segment, which seems to be

unrepresented on the dorsal side of the opisthosoma. The sulcus on the dorsal

side, which cuts the laminae into two moieties, is represented on the sternal side by

a similar sulcus following the curvature of the lateral and posterior borders of the

opisthosoma.

I believe the above-given interpretation of the ventral surface of the opistho-

soma to be, approximately at all events, correct. But in no specimen that I have

seen is the ventral surface exposed fully from below. In every case where the

sternal plates are well shown it is their inner surface that is exposed—that is to

say, the organism is S})lit in two in such a way that the dorsal area is seen from

below and the ventral area from above. Hence in my description of the ventral

skeletal plates I have interpreted grooves and hollows as ridges and elevations

respectively, and vice-verHd. This opens up possibilities of error which must not

be lost sight of; and when discussing Pruim/(/ale and Anthracomartv^i in the

November issue of the Geological Magazine for 1910, I inadvertently fell into the

error of describing a deep groove on each side of the lower surface of the opistho-

soma. The structure should have been described as a ridge.

The Anthracomartidse are sharply distinguished from the Eophrynida? and

from the Anthracosironida3, as exemplified respectively by Eophrijnns and Trujono-

tarhua, not only by the structure of the anterior sternal plates of the opisthosoma,

but also apparently by the separation of the pleural plates into an outer and an inner

moiety by sulci, which are apparent upon the ventral as well as upon the dorsal

surfaces. They further differ from the Eoplirynida3, but not from the Anthraco-

sironidae, by the structure of the carapace of the prosoma.

Genus ANTHRACOMARTUS, Karsch (emend.).

1882. AnthracomartHs, F. Karacli, Zeitsclir. deutscli. geol. Ges , vol. xxxiv, p. 55G.

188.'3. Anthracomartiis, S. H. Scudder, Proc. Amer. Acad. Arts Soi., vol. xx, p. 17.

1890. Anthracomartiis, E. Haase, Zeitsclir. deutscli. geol. Ges., vol. xlii, p. G45.

1901. Proui)j(jale, A. Fritscli, Fauna der Gaskolile, vol. iv, p. 58.

1902. Anthracomartiis, R. I. Pocock, Geol. Mag. [4], vol. ix, p. 491.

1904. Anthracomartus, A. Fritsch, Palaeoz. Araclm., p. 36.

1904. Promijijale, A. Fritsch, Palaeoz. Araclm., p. 19.

1910. Anthracomartus, E. I. Pocock, Geol. Mag. [5j, vol. vii, pp. 504—508.
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Generic CJiaracfers.—Carapace high ; the median portion of its npper surface

nearly flat or shghtly excavated ; the lateral and anterior portion sloped nearly

vertically downwards to the lateral and anterior border ; the posterior portion

much more gradually sloped backwards to the groove which defines the posterior

border ; this border straight or slightly emarginate ; the postero-lateral angles

rectangular ; the lateral borders subparallel for more than half their length, but

converging anteriorly from a point approximately on a level Avith the articulation

of the legs of the second pair, to form an angular prominence over the mandibles

;

the edges of the flattened dorsal area defined by a marked ridge which exhibits

anteriorly a low and short crest or thickening, perhaps marking the position of the

lateral eyes ; the descending portion in the middle line in front compressed or

defined by a pair of grooves which pass downwards to the marginal angle above

the mandibles.

Opisthosoma and Hmbs constructed as described under the diagnosis of the

family.

Ti/pe f>pecies.—Anihracomartm^ voelkelianus, Karsch, from the Coal Measures of

Silesia.

Generic value has been assigned to the characters presented by the carapace,

because it appears to me probable that A. palatinns. Amnion, if the figure is to be

trusted, will have to be separated from Anthracomariiii^ on account of the difference

in the shape of the carapace, which is much wider than long, somewhat constricted

posteriorly, and has the antero-lateral angles widely rounded. Moreover, the

antero-lateral angles of the opisthosoma project prominently beyond the postero-

lateral angles of the carapace. Ammon detected a pair of median eyes near the

front of the upper surface of the carapace in his species. No such eyes were

seen in any of my specimens.

It is needless to repeat here the reasons I have already published for regarding

Fromijgale as a synonym of Anthracomarius (see Geol. Mag. [5], vol. vii, pp. 505

—

508, 1910).

The chief distinctive features of the two species of this genus described below

may be briefly epitomised as follows

:

a. Total length of adult from about 21 to 25 mm. ; seventh tergal plate of opisthosoma

larger, the length of its median area approximately equal to its anterior width ; the

triangular lateral pleural plate correspondingly long . . . hindi.

a'. Total length of adult from about 10 to 12 mm. ; seventh tergal plate of opisthosoma

smaller, the length of its median area much less than its anterior width ; the

triangular lateral pleural plate correspondingly short . . .. in-iesti.

Neither of these can be identified, at present, with any described form.
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Anthracomartiis hindi, sp. iiov. Plate III, fig. 3 ; Text-figures 30— 32.

Carapace about as long as wide or a little longer ; its median length about equal to

that of the anterior^ five tergal plates of the opisthosoma ; its surface, like the dorsal

and ventral surfaces of the opisthosoma, finely, closely, and nearly uniformly

granular throughout. The first tergal plate of the opisthosoma large; its median

length nearly equal to that of the second and third taken together; the median lengths

Fio. 30.

—

Anihracotnartus hindi, sp. n. ; restoration of dorsal sxxrfaco with appendages, taken from several
specimens, aboiit two and a half times nat. size.—Coal Measures ; Coseley, near Dudley.

of the second, third, fourth, fifth and sixth subequal ; the posterior border of the

median area of the first and second straight, of the third, fourth, fifth and sixth

becoming gradually but only slightly more and more recurved; the length of the

median area of the first plate about half its posterior width ; of the second a little less

than one third of its posterior width ; the third to the sixth becoming progressively

and gradually .narrower, the median length of the sixth being about one-half its

posterior width ; median length of the seventh exceeding that of the first and

^ In this and otlier cases where AntliracomartidjE are described, the first tergal phite of the

opisthosoma is considered to be the seventh from the end on the dorsal side, the narrow anterior

plate, whicli is often overlapped by the carapace, being disregarded.
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equal to its own anterior witltli ; leno-tli of the median lamina of the seventh about

two-thirds the length of that plate. Palp with femur, patella, tibia and tarsus

al)0ut three-quarters the length of the carapace ; the femur and patella stout, the

tiljia and tarsus thinner. Trochanter and femur of first leg al)out as long as the

first four terga of the opisthosoma ; of fourth leg about as long as the first five

terga.

Mensuremeuis in mm. (of type).—Total length 25 ; length of carapace 9, width 8

;

length of opisthoso7ua 10, width about 10 ; median length of its first tergum 2"8,

of second + third o; four distal segments of palpus 6; trochanter and femur of

first leg 7, the rest of the liml) 8-5; trochanter and femur of second al)out 7, the

Fifi. .Tl.

—

Antlu-acomarlus Inndi, sp. n. ; siiggested restor.ation of the ventral sm-face, about two and a half times
nat. size.— Coal Measures ; Coseley, near Dudley. From Dr. Wheelton Hind's specimen. No. 1.

rest of the limb 10*5 ; trochanter and femur of third about 7'5, of fourth

about 8.

Dudley, and Coseley, near Dudley.

The type of this species is a cast (No. 12148), in the Geological Survey Museum,

of the underside of the dorsal surface of a specimen from Dudley belonging to

Dr. Kidston.

In addition to this 1 have seen the following specimens which may l^e referred

to the same species.

(1) One in Dr. Hind's Collection showing the dorsal surface from the lower side

and the ventral surface from the upper side, with the palpi and the four pairs of

ambulatory limbs at least as far as the extremities of the femora ; also the coxse,

represented by hollow spaces, and the intervening sternal area. The first leg

appears to be relatively longer than in the type and has a considerably larger

angular prominence in front; and the first tergal plate of the opisthosoma seems

y
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to 1)0 distinctly .shorter than tho followiiit^ two. These differences, however, are

vorv likely sexual, the specimen undei' notice being perhaps the male and the type

the female of the same species. The anterior sternal ])lates of the opisthosoma

are difficult to decipher. The suggested restoration in the annexed figure may

])ossil)ly, however, help their correct interpretation when other material is available.

Medsin-eiaenh in mm.—Total length 22 ; length and width of carapace about 8 ;

length of opisthosoma 13"5, width doubtful ; length of trochanter and femur of first

and fourth legs about 7.

(2) Specimen in Dr. Hind's Collection showing the dorsal surface and obscure

details of the ventral sclerites, with the trochanters and femora of the four legs of

the left side. The greatest width of the opisthosoma appears to be across its

third segment, not across the fourth as in the type ; this region is thus narrower

behind ; the first tergal plate of the opisthosoma is approximately only as long as

the second and half the third, and the legs appear to be relatively shorter than in

the other specimens, the process on the femur of the first being small. Measure-

Fio. 32.

—

Anthracomartus hindi, sp. n. ; suggested restoration of lateral surface, taken from several specimens,
about two and a half times nat. size.—Coal Measures ; Coseley, near Dudley.

ments in rum.—Total length 2o'5, length of carapace 8'5, width doubtful; length

of opisthosoma 15, approximate width 14; length of trochanter and femur of first

leg G ; of fourth leg 6* 5.

This specimen, perhaps, represents a different species from the rest.

(o) Specimen in Dr. Hind's Collection showing no details of special moment.

Meamirements in mm.—Total length 21 ; length of opisthosoma lo, width 12.

(4) Specimen in the British Museum, collected l)y Mr. J. S. Neil, showing the same

general features as No. 1, belonging to Dr. Hind, but less clearly. Measurements

in mm.—Total length 21"5; length of opisthosoma 15"5.

(5) Specimen in Mr. Egginton's Collection (No. 22) showing the dorsal surface,

the opisthosoma being nearly complete, but the prosoma incomplete, without trace

of appendages. Measurements in. mm.—Total length 22 ; length of opisthosoma 15,

width doubtful.

(6) A perfect specimen of the opisthosoma in Mr. Egginton's Collection

(No. 29). Measurements in mm.—Length of opisthosoma 15, width 14.

(7) A small specimen in Mr. Priest's Collection appears to belong to this

species rather than to the following on account of the shape of the seventh tero-al
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plate of the opistliosonia. Measurements in mm.—Total length 13; length of

opisthosoma 0, width about 8.

All the above -described specimens are from Coseley, near Dudley.

Anthracomartus piiesti, sp. nov. Text-figures 33, 34.

Carapace apparently a little longer than wide, its median length ecpial to that

of first six and half the seventh tergal plates of the opisthosoma ; both these areas

granular or coriaceous throughout. The first tergal plate of the opisthosoma large,

its median length equal to that of the second and third taken together ; the median

lengths of the second, third, fourth, fifth and sixth subequal ; their posterior

bordei's with approximately the same curvature as in A. Iiiiuli; length of median

Fig. 33.

—

Anthracomartus pricsti,sp n. ; dorsal surface,

restored from several specimens, fciiir times nat.

size.—Coal Measures ; Coseley, near Dudley.

Fig. 'Si.—Suggested restorati<)n of ventral surface of

the same.

area of first })late less than one-half its posterior width ; of the second a little more

than one-fourth of its posterior width ; of the sixth distinctly less than one-half its

posterior width ; median length of the seventh a little less than that of the first,

and much less than its own anterior width ; the triangular lateral laminas of this

segment nearly equal-sided; median length of the median unpaired lamina about

equal to that of the seventh tergal plate itself.

Length of })alpi doubtful. Trochanter and fem\ir of first leg aliout ef[ual to the

median length of the first, second, third, and half the fourth terga of the opistho-

soma ; of fourth leg about ecjual to the first five terga of that region.

First sternal ])late large and triangular, its posterior median angle nearly

rectangular, the median area of the plate marked apparently with a somewhat

arrow- or hammer-shaped crest, the handle or shaft lying in the middle line, and

the head expanding laterally just in front of the angular })rominence of the plate
;
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the second sternal plate shorter but wi<ler than the first, with its median area

elevated into a subcrescentic thickening which fits round the angle of the first

;

the third wider than the second, very short in the middle, thickened and notched

laterally, where it is hinged to the fourth.

Meusnrf'))ient.s In iidii.—Total length 11 ; length of carapace 4*5, width about 4;

length of opistliosoma (r5; median length of its first tergal plate about To,

of seventh about 1 ; length of trochanter and fenuir of first leg almost 3, of the

rest of the limb 3"5; trochanter and femur of fourth leg o'o.

Coseley, near Dudley.

The type specimen above described is in the collection of Mr. S. Priest.

In addition to the type I have seen many specimens in various stages of

preservation in the Collections of Mr. S. Priest, Mr. Henry Johnson, Mr. W.
Egginton, Dr. Hind, and Mr. J. S. Neil, all contained in clay ironstone nodules from

Coseley and Dudley.

The following may be mentioned :

(1) A perfect specimen of the opistliosoma from the dorsal side in Mr. Priest's

Collection. It differs principally from the type in having the median area of the

seventh tergal plate longer than its unpaired lamina. Total length of the opistlio-

soma 6*5 mm., width 6 mm.

(2) Another specimen in Mr. Priest's Collection has the o})isthosoma G mm. long

and about 6' 3 mm. wide.

(3) Specimen in Dr. Hind's Collection showing the same general features as the

type, but the sterna of the opisthosoma less well preserved and the second,

third, and fourth legs of the right side clearly traceable. The opistliosoma is

shortened by distortion. Measurements in mm. : Total length 10 ; length of carapace

4'5, width 3*5; length of opistliosoma 5"5; length of second leg 5'5, of third 5*5,

of fourth G"3.

(4) Specimen in the British Museum collected by Mr. J. S. Neil and showing

the dorsal surface, with the carapace incomplete. Total length about llo mm.;

length of opisthosoma 7 mm., width 7'o mm.

(5) Specimen in Mr. Egginton's Collection (No. 5) show^ing the anterior

sternal plates of the opisthosoma nearly as clearly as in the type. Total length

about 12 mm., of which the opistliosoma is 7 mm ; trochanter and femur of fourth

leg 3 mm.
In addition to No. 5, Mr. Egginton's Collection contains ten s})ecimens of

Anthracomarti, most of which seem to belong to this sj)ecies. Some, however,

are of doubtful identity. The three following are selected for measurement on

account of their small size : No. 26, total length 9 mm. No. 52, total length

7 mm. ; length of opisthosoma 4*5 mm. No. 32, total length 5 mm. ; length and

width of opisthosoma about 3 mm. ; length of first leg 3 mm. These may be young

specimens of A. piesti.
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Fanuhj Antheacosjeonid/K, Pocock.

1903. Anthraco8ironida% R. I. Pocock, Geol. Mag. [4], vol. x, p. 408.

Carapace of prosoma with only a single posterior transverse sulcus ; elevated in

the middle and sloped anteriorly, laterally and posteriorly to the borders, thus

resembling in a general way that of the Anthraconiartida3. Opisthosoma with the

pleural laminse smaller than in that family and undivided, those on the anterior terga

being very small. Anterior sterna of this region, at least in Trigotiotarbiis, small

and crowded together, not enlarged, and posteriorly produced, the first triangular

and wedged between the coxse of the last pair of appendages, the following two or

three short and not laterally impressed ; the posterior border of the posterior sterna

evenly convex, not mesially angled or notched.

This family constitutes in some respects an interesting connection between the

Anthracomartidae and the Eophrynidse, resembling the former in the structure of

the carapace and the latter in the shape and size of the anterior sterna of the

opisthosoma.

The two genera referred to the Anthracosironidse may be distinguished as

follows :

a. Carapace rounded or truncated iu frout, its lateral borders only markedly couverging

iu front of the middle ; all the pleui'al laminae directed obliquely backwards, their

anterior and posterior borders forming distinct angles with the corresponding

borders of the median area of the terga that bear them . . Antliracosiro.

a. Carapace markedly narrowed and angular in front, its lateral borders strongly con-

verging forwards from a point behind the middle ; the anterior and posterior borders

of the pleural laminaj following the lines of the corresponding borders of the median

ai-ea of the terga . . . . . . . Triyoiwtarhus.

GeuHs ANTHRACOSIRO, Pocock.

1903. Antliracosiro, R. I. Pocock, Geol. Mag. [4], vol. x, pp. 247- 250 and 405—407.

1904. Antliracosiro, A. Fritsch, Palacoz. Araclm., p. 42.

(Jeiieyic Ghaniclers.—Carapace high, convex from before backwards, and from

side to side ; its median area widely, but not deeply, excavated longitudinally, and

defined by a ridge on each side, externally to which the surface slopes downwards

to the lateral margin at an angle of about 45 degrees; the anterior portion of

the npper surface bearing a pair of widely separated tubercles, probably oculi-

ferous, or a transverse ridge at the ends of which eyes were probably situated

;

the lateral border strongly or slightly convex ; the anterior border convex or

nearly straight; the posterior border straight; a short area in front of the

posterior border defined by a transverse groove. The opisthosoma with seven



70 TERRESTRIAL CARBONIFEROUS ARACHNIDA.

vciy distinct tcrg;>, and in front ot" tlic seventh from the end (the first lai'ge tergal

j)late) one, or ])ossib]y two, narrower terga. The pleural plates fpiite small on the

anterior terga, but becoming progressively longer from before backwards and tilted

upwards and inclined backwards, so that the antero-lateral angle of each is obtuse

and the postero-lateral angle acute ; each composed of a single plate as in

I'lophrijnus and Kreischerla, not of a doid)le plate as in Aiilhracontortus. Appen-

dages .IS in the other members of this order.

Tiji)e Species.—Anflivacvsiro wooilwdnii, I'ocock.

Anthracosiro woodwardi, I'ocock. Text-figures ob, oO.

1003. Anthracosiro wooiltnirJi, K. I. Pococt, Ge(.l. Mug. [4\ vol. .\, pp. 246—250, 405— 40S.

1909. Aidhracosiro latijio', E. L. Gill, Trans. Nat. Hist. Soc. Northumb., Durham, Newcastle-ou-Tjue,

vol. iii. pp, 510—522, pi. xiii.

The type of this species is a s[)ecimen (No. 1. 1551) in the Bi'itish Museum,

showing clearly the structure of the terga of the opisthosoma, portions of the

walking legs and the carapace in vague outline. A second specimen (No. 1. 1554)

shows little more than the last, except that the radial arrangement of the coxa3 of

the limbs can be indistinctly deciphered. A third specimen (No. I. 1553), however,

Avliich I had not seen in 1903, has the carapace well preserved. Since this plate

Avas previously unknown it is worth descriljing in detail.

It is wider than long, elevated and longitudinally convex mesially, but sloping

away anteriorly, posteriorly and laterally from the highest point, which is situated

near the centre of the dorsal surface. Anteriorly a distinct T-shaped ridge is

traceable; the ridge representing the stem or upright portion of the letter lies in

the middle line, and extends from the anterior edge of the carapace upwards to

meet the ridge representing the transverse bar of the T. At each extremity of

this an eye was probably situated. On each side of the median ridge there is a shallow

depression. Behind the transverse ridge there extends backwards to the posterior

border of the carapace a pronounced depression bordered on each side by a ridge,

and constricted near the middle of the carapace so as to present the appearance of

two triangular depressions set angle to angle, the posterior being much the larger

of the two. Outside the ridge on each side there is a rather wide and deep

longitudinal depression. Another de})ression, running transversely and continuous

with the posterior angles of the median de})ression, is traceable in front of the

posterior border of the carapace. Portions of the tei'ga of the opisthosoma and of

the a[)pendages add nothing to our knowledge of these structures, Avitli the

important exception that a detached })alpus shows this appendage to have l)een

short and stout, the fenuir being es})ecia]ly strong and deep, Avith a rountltd

prominence near its base on the inferior edge.

ApproAviale measurements in mm.—Length of carapace 5*7, width G; length of
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palpus 7" 7. Tlie first leg is about erpial to the anterior five tergal plates of the

opistliosoma.

Fio. 35.

—

Anthracosiro woochvardi, Pocock. a. Restoration of the dorsal surface with appendages, taken
from several specimens, about three times nat. size. (). Anterior, and (c.) lateral views of carapace of

specimen No. I. 1533 in the British Museum, d. Detached palpus of the same, much enlarged.—Coal
Measures ; Coselej-, near Dudley.

Fig. 30.

—

Anthracosirci woodwardi, Pocoek ; dorsal view, with the carapace crushel and the anal operculum
showing through the last tergal plate visible on the upper side, about three times nat. size.—Coal
Measures ; Sparth, near Rochdale. W. A. Parker Collection.

In 1909 Mr. E. L. Gill described, under the name A. JatipeK, a species based

upon a specimen from Crowcrook, near Newcastle-upon-Tyne, which differed

apparently from the type of A. u'oodu-ardl in having the segments of the legs deep
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and strongly compressed and crested. But by enttino- away the matrix im])ed-

dino" llie limbs of examples of A. wooila-nrdi in tlie British Mnsenm, Dr. F. A.

Bather has shown that tlu^ appendap^es are constructed as in the type of A. lafipes.

Since Dr. Bather drew my attention to this fact I have been able, thronoh the

kindness of Dr. Henry AVoodward, to examine a specimen from Sparth, near

Rochdale, belongino^ to ]Mr. W. A. Parker, which resembles those from C'oseloy and

Crowcrook in the structure of the legs and in other particulars. Although Mr.

Gill was perfectly justified on the evidence in describing his specimen as the repre-

sentative of a new species, I think Dr. Bather is right in his belief that lafijyes

must be regarded as a synonym of nwoil/i'drdi. The specimen from Sparth shows

the dorsal surface. The median ridge and the paired muscular impressions in the

terga of the opisthosoma are clearly displayed. The pleural plates, however, are

better preserved than in the type of A. iroodwanll from Coseley, and those in the

Fio. 37.

—

Anihracosiro fritsclii, Pocock ; dorsal surface, nearly eig'lit times nat. size.— Coal Measures ; Coseley,

near Dudley. British Museum (No. I. l.")5G). From Geol. Mag. [4], vol. x, j). 400.

anterior portion of this region are shown to be, not triangular, as I described them,

but four-sided, although the anterior margin is considerably shorter than the

posterior margin. Another interesting feature to be noticed is the presence of a

narrow tergal plate in front of the eighth from the end on the dorsal side as in

Eophrymis and Kreisclipvia.

Measurements in mm.—Total length abont 20 ; carapace about 5"5; o})isthosoma,

including the two narrower terga in front of the seventh from the end, 14'5

—

without these two terga 18 ; width ; length of femur of fourth leg 4, width 2.

The known distribution of A. woodwavdi is as follows : Coseley, near Dudley,

specimens in the British Museum Nos. I. 1551 (type), I. 1553, I. 1554, formerly

belonging to the Collection of Mr. H. Johnson ; Sparth, near Rochdale, specimen

belonging to Mr. W. A. Parker; Crowcrook, near Newcastle, the type of .1.

lati])es in the Hancock Museum.
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Anthracosiro fritschi, Pocock, Text-figure 37.

1903. Anthracosiro fritsvhu, E. I. Pocock, Geol. Mag. [4], vol. x, pp. 405—408, with fig.

Since no new material of this species has come to hand I can add nothing to

the original description. The only known specimen measures 6'5 mm. in length.

Type in the British Museum (No. I. 1556) from the Coal Measures of Coseley,

near Dudley (H. Johnson Coll.).

Qenus TRIGONOTARBUS, nov.

Generic Characters.—Body forming an elongated oval, pointed at its anterior,

rounded at its posterior end. Carapace high, markedly triangular in outline from

above, ^videst at its posterior angles, its posterior border straight, its lateral

borders slightly sinuous and converging forwards to the pointed anterior extremity.

The median portion of its upper surface forming a flatfish triangular area, from

which the lateral and anterior portions slope somewhat abruptly away to the

margin ; the lateral portion hollowed posteriorly ; the posterior portion of the

carapace depressed and marked with a transverse groove parallel with the posterior

border ; the anterior sloping portion compressed, A pair of contiguous eyes on the

anterior angle of the flatfish area at the summit of the compressed sloping portion.

Opisthosoma slightly convex between the laminge, as Avide as the carapace in front

;

its lateral and posterior borders forming an evenly oval curve, consisting above

of seven distinct tergal plates nearly equal in length, each marked laterally with a

groove defining the lateral upturned laminfe, which are smaller upon the anterior

than upon the median and posterior terga, those of the first tergal plate being-

very small; the laminse not directed so obliquely backwards as in A?ithracosiru.

The last tergal plate with three laminae, the median completely separated from

the laterals by the normal angled groove, but not separated by a groove from the

main portion of the tergal area. Sternal surface of opisthosoma strongly convex

from side to side, forming an even transverse curve across the middle line from

the margin of the lamina} of one side to that of the other, but without any lateral

groove defining the lamina?. The posterior border of the sternal plates mostly

strongly recurved, but the recurvature becoming progressively less and less marked

anteriorly ; the sternal plate corresponding to the second tergal plate nearly

straight from side to side ; two or three plates in front of this, the number being

uncertain, the anterior being triangular and projecting between the coxte of the

legs of the last pair ; its posterior border concave, probably marking the anterior

rim of the genital orifice. The last plate on the ventral surface bearing the

circular anal sclerite.

10
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The cox;t3 of the five pairs of post-oral appendages radiate round tlie elongated

sternal area of the prosonia, which is about twice as long as Avide. Of the first

pair of appendages or chelicerse no details can be determined. Those of the second

pair, the first post-oral appendages or palpi, are normallj^ constructed and pediform,

consisting of six segments ; the remaining pairs are similar in form and segmenta-

tion and approximately similar in size, each consisting of the usual number of

seven segments.

Ti/jx; Species.—Trhjonoldrhns jnlntsoni, sp. nov.

Although in the structure of its carapace this genus presents greater resem-

blance to Aiitliraeomarlus than to Fjoplinjiiiix, it approaches much nearer to the

latter than to the former in the structure of the sternal plates of the opisthosoma,

especially of those in the region of the generative orifice. It also resembles

Fig. 38.

—

Trigunotarbus juhnsoni, gen. et sp. ii. ; i'e.storation from several specimens, alumt six tiiiu's luit.

size. - Coal Measures ; Coseley , near Dudley. «., dorsal surface with appendages; ?)., lateral view ot

carapace, about eight times nat. size ; c , ventral surface; ; d., transverse section of the opistliosoma to

show the convexity of tlie ventral surface and the uptilted pleura;.

Eoplirijnns in having the lamina) of this region undivided on the dorsal side, and

not differentiated by a sulcus from the rest of the sternal ])lates on the sternal

side of the opisthosoma. No doubt its nearest known ally is Anthracosiro, of

Avhicli the sternal surface of the o})isthosonia is unknown ; but Trujoiiotdvliis is

certainly generically distinguishable by the shape of the carapace and of the

laminge of the o})isthosoina, and by the aljsence of lateral constriction between the

prosoma and opistliosoma.

Trigonotarbus johnsoxii, sp. nov. Plate III, fig. 4; Text-figure 38.

Integument closely and tolerably uniformly granular. Carapace about as long-

as its own posterior Avidth, and a little longer than the anterior six terga of the

opistliosoma. Opisthosoma a little longer than wide; the terga subequal in length
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inesiallj, tlie first not markedly longer than the rest ; the first four straight, with

parallel anterior and posterior borders; the fifth with its posterior border slightly

recurved, the sixth with both anterior and posterior borders recurved or concave

backwards. Palpi long and slender, excluding the coxa, longer than the carapace.

First leg longer and stouter than the palpi, a little longer than the opisthosonia,

and about one and a half times the length of the carapace, which is about equal to

its trochanter, femur, jiatella, and half the tibia ; the protarsus of the first leg

apparently shorter than the tarsus. Fourth leg a little longer than the first, with

its protarsus longer than its tarsus.

Mcnfiurements in mm.—Total leugth 4"8
; length of carapace 2 ; of opisthosoma

2-8, width of latter about 2*5
; length of palpus about 2*5; of first leg about 3, of

fourth a little over 3.

Coseley, near Dudley.

Type, above described, in the Collection of Mr. "Walter Egginton (No. 7).

In addition to the type there are many specimens in the Collections of Mr.

Egginton, Mr. H. Johnson, and Mr. Madeley. They are all in clay ironstone

nodules from the Dudley Coal Measures.

The largest specimens I have seen reach a length of about G mm.

Famihj EoPHRYNiDiE, Karsch.

Eoplirynidiv, Karscb, Scudder, Pocock, Fritsch.

Eophnjnidie + Kreisclieriidiv, Haase.

Carapace with its median area elevated and marked with a deep, narrow longi-

tudinal groove in its posterior half, and with one or two transverse sulci as well

;

furnished either anteriorly or mesially with an ocular tubercle bearing a pair of

eyes. Behind the elevated portion there is a short depressed transverse portion

abutting against the opisthosoma, and continuous laterally with the widely and

horizontally extended lateral portion of the carapace, which is impressed with

two sulci, the anterior of these being continuous with the sulcus of the median area

that defines posteriorly the oculiferous area of the median portion. In front of the

latter there is a longer or shorter apically narrow projecting portion, which

apparently overhangs the chelicerje. In typical members of this family {Eojtlirymis,

Kreisclieria) there appear to be at least two tergal plates in the opisthosoma in

front of the seventh tergal plate from the end on the dorsal side, and the pleural

laminaB, although large on all the seven normal and invariable terga, appear to be

undivided. The anterior three sternal plates, at least in Eophrymis, are short, the

first being triangular and wedged between the coxse of the appendages of the last

pair, the size and disposition of these plates being very similar to those of
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Tri<]on()tarhtis aiuoiigst the Aiitliracosirouidre, and very different from those of

the Authracomartida?.

The tlirce British genera of this group may be distinguished as follows :

«. Tlie posterior boi-Jers of the terga ami of the pleural lamiuae of the opisthosoiiia

forming a transverse straight line, in no sense recurved . . Aphantomartufi.

a'. The posterior borders of the terga and of their pleural lamiufe in the posterior half

of the opisthosoma forming a markedly recurved line.

b. Carapace with median sulcus long and eyes far in advance of the middle, as

in Aphantomartus ...... Kreischeria.

h'. Carapace with median sulcus short and eyes apjjro.ximately central, Eojihnjjius.

In addition to the genera diagnosed above the following, not yet recorded from

British deposits, have been referred to this family :

Stenotrogidns, Frit&ch, l)ased on Eoj^ltri/nns salmi, Stur; Gijclotrogidiis, Fritsch,

based on Eophrynus stitri, Haase; Fetrovicia, Fritsch, type 1\ proditorin, Fritsch;

Hemihreisidieria, Fritsch, based on Kreischeria geinitzi, Theveniu (= tJievenini,

Fritsch).^

The typical species of Stenofrogidiis, Ci/(iofroguli(s, and Bemihrelsclieria are

certainly closely related to the species referred here to Eoplivijnus and Kreischeria,

whatever be the value of the genera themselves. On the latter point, however, I

can give no opinion since I have not seen the type specimens and am unaljle to

place confidence in Fritscli's restorations. The same applies to Fetrovicia.

Genus EOPHRYNUS, H. A7oodward.

1837. Curctilivides, W. Buckland, Bridgewatcr Treatise (2nd ed.), vol. ii, p. 76 (in i^M-t, jircsfricil).

1871. Eophrynus, H. "Woodward, Greol. Mag., vol. viii, p. 386, pi. xi.

1902-1903. Eophrynus, R. I. Pocock, Gleol. Mag. [4J, vol. ix, pp. 439—448 and 487—493; also

vol. X, pp. 250—251.

1904. Eophrynus, A. Fritsch, Palseoz. Arachn., p. 46.

Type Species.—Eophrynus predoici (Buckland).

Since no new material of this genus has come to hand since 1902—3, I have

nothing to add to the description I gave of this genus in those years. The difficult

morphological features then discussed remain as obscure as before.

1 Kreischeria tjeinitzi was cited by Theveniu (Proc. Verb. Soc. d'Hist. Nat. d'Autun, vol. xv, p. 195,

1902), who ascribed the specific name to Brongniart. The species was re-named by Fritsch on the

grounds that Brongniart gave no diagnosis or figure of the auinial. I have therefore assio-ned the

species to Theveniu, who figured and described the type specimen, from the Coal Measures of

Valenciennes in France, as Kreischeria geinitzi.
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Eophrynus prestvici (Buckland). Text-figure 39.

1837. (7?<rc((Ziou7esjjres<y(V(i, Buckland, Briclgevvater Treatise (2iid ed.), vol. ii, p. 11, note, pi. xlvi,

iig. 2.

1871. Eophrynus prestvicit, H. Woodward, Geol. Mag., vol. viii, pp. 386—388, pi. xi.

1902. Eoplirynus prestvicii, R. I. Pocock, Geol. Mag. [4], vol. ix, pp. 440, fig. 1 on p. 490.

1904. Eoplirynus ^n-estvicii, A. Fritseli, Palseoz. Araclm., pp. 46—48, with fig.

The typical example of this species, discovered by Mr. W. Anstice and described

Fig. 39.

—

Eophrynus prestvici (Buckland) ; nearly twice nat. size.—Coal Measures ; Coseley, near Dudley.

A. Dorsal surface. — i to vi, appendages of the prosoma of the left side; car., carapace; gen. tg. and
1 tg., first tergal plate of the opisthosoma apparently composed of the tergal elements of two somites

;

2 tg., second tergal plate representing the first large tergal plate exposed in Anthracomarius and other

genera ; H tg. to 8 tg., third to the eighth tergal plates. B. Lateral view of carapace.—o., eyes. C.

Ventral surface.—ll to vi, coxoe of postoral appendag-es ; mx., maxillary process of palpus; pr. si.,

sterniim of prosoma ; 1 st. to 9 st., sterna of first to ninth somites of the opisthosoma ; 8 tg., lower side

of the median lamina of the last tergal plate visible on the dorsal side ; 9 tg., tergal plate of annuliform
ninth somite ; 10 tg., anal operculum or tergal plate of tenth somite. From Geol. Mag. [41, vol. ix,

p. 490.

by Dean Buckland, came from Coalbrook Dale in Shropshire ; the specimen

described by Dr. Woodward and subsequent authors came from Dudley.

Genus KREISCHERIA, Geinitz.

1882. Kreischeria, H. B. G-einitz, Zeitschr. deutscli. geol. Gres., vol. xxxiv, p. 238, pi. xiv.

1890. Kreischeria, E. Haase, Zeitschr. deutsch. geol. Ges., vol. xlii, p. 642, pi. xxx, fig. 6.

1904. Kreischeria, A. Fritseh, Pateoz. Araclm., p. 50, fig. 63.

This genus, the type of which is K. wiedei, Geinitz, differs from Eophrynns at

least in having the median sulcus of the carapace longer, wider, and expanding

posteriorly, and the eyes well in advance of the middle of this plate. These
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differences result from tlie greater development of tlie pre-ociilar, and lesser

devel()[)ment of the post-ocular region of the carapace in Eophrynns than in

Krn^chcritt. In both these genera, as in Aj)hantomnrfiis, it is quite clear that the

eyes are situated upon that part of the median area of the carapace that corres-

ponds to the anterior of the three pairs of lobes or segments of the lateral horizon-

tally extended area.

The figures and description of the typical specimen of K. nricdel, published by

Haase and Fritsch, are so irreconcileably discrepant that an accurate conception of

the structure of the fossil is impossible. The species described below as new is

certainly akin to that species, and I have decided on that account to refer it to the

Fio. 40.

—

Kreischeria verrucosn, sp. ii. ; dorsal surface, about three times nat. size.—Coal Measures ; South
Wales. Museum of Geological Survey, London.

genus Kreisclicria ; Init if the restoration of K. n-iedei given by Fritsch is, as he

claims, accurate, a new genus will probably have to be erected for K. verrucosa.

Kreischeria verrucosa, sp. nov. Plate III, fig. 5; Text-figure 40.

Carapace with four large and low suboval tubercles, lying behind the ocular

tubercle and between it and the anterior end of the median sulcus, and set end to

end in a rosette-shaped pattern ; the anterior sulcus of the median area passing to

the angle formed by the point of contact of the two tubercles on each side ; a

small median tubercle in the angle of the rosette just behind the ocular tubercle

;

the summit of the median elevated area of the carapace coarsely and rather closely

tubercular ; the sloping sides of the elevated area apparently smooth ; the three

segments of the horizontally extended area similarly tubercular, although the
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inner portion of the median of the three himinge is apparently smooth ; all the

tubercles irregular in size and more or less anastomosing; the central groove

smooth. The entire dorsal surface of the opisthosoma covered with tubercles of

varying size, which on the obverse show up as a number of pits separated by a

network of ridges. Bach of the posterior seven tergal plates, with exception of

the seventh, divided more or less distinctly into five areas, a median elevated area,

the pleural lamina on each side, and an intermediate area separated apparently by

a joint from the pleural lamina, but only by a groove from the median more

elevated area ; the latter with two large tubercles, one on each side of the middle

line, in addition to the smaller tubercles; the intermediate areas and the pleural

laminge each with one large tubercle, so that in all there are six rows of large

tubercles on the dorsal surface. The structure of the seventh tergal plate is

obscure; there are possibly two large tubercles on its median area, but there

appear to be none on its pleural and median lamina?. The opisthosoma is evenly

ovate in outline, being Avidely rounded in front, with its posterior extremity

narrower and more truncated, and armed apparently as in Eophrijiins with two pairs

of short spiniform processes. The seventh tergal plate from the end, i. e. the

first of the tei'ga invariably shown in the Anthracomarti, is considerably longer

than those that succeed it, but is otherwise similar to them, except that its

intermediate area is marked in front Avith a groove defining a small lanceolate

area. In front of this tergal plate there is a large plate with convex anterior

border and marked with a transverse sinuous groove dividing it into an anterior

shorter and a posterior longer portion, each of which may perhaps represent a

tergal element ; the posterior longer area has a distinct but small and triangular

pleural lamina.

Measurements in lani.—Total length probably about 20 ; width of carapace

about 10; length of opisthosoma 18, width 14"5.

Coal Measures of South Wales; Craigola Vein al)out 200 yards S.W. of

Glyn-cocli Farm.

Type and only known specimen (Nos. 25,020, 25,021) in the Museum of the

Greological Survey, Jermyn Street.

Genus APHANTOMARTUS, nov.

Generic Characters.—Carapace with its median area longitudinally oblong and

elevated; the elevated area divided with a transverse groove into two subequal

portions, and marked with a deep median groove Avliich passes forwards from the

posterior border of the posterior portion on to the anterior portion, where it

bifurcates on each side of the median ocular tubercle, which is situated

near the anterior border of the anterior area. This tubercle bears a pair of eyes.
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In front of the eje-l)earing elevated portion tliere is a sliglitly lower anterior

projection, abont equal to it in width, the sides of which diverge posteriorly and are

continuous with the Intei-al edge of the carapace; the summit of this projection is

compressed to form a median crest with sinuous edges. The lateral portions of

the carapace are depressed, somewhat widely extended beyond the elevated

median area and marked with four grooves, the anterior of which is nearly

longitudinal and lies alongside the anterior median projection ; the following two

are oblique, the first of them joining at its posterior end the transverse sulcus of

the elevated area. The posterior groove is transverse and nearly in a line with the

posterior border of the elevated area; it defines laterally the posterior part of the

carapace, which is a short, wide area lying behind the median elevated portion
;

the posterior border of this, which abuts against the opisthosoma, is straight. The

posterior angles of the carapace are rectangular, and the lateral margins slightly

convex but becoming more strongly so anteriorly, where they curve inwards and

forwards to meet the lateral margins of the anterior projecting portion ; where the

three posterior grooves reach the lateral margin they form angular projections

making the lateral margin irregular in outline.

The opisthosoma shows only seven tergal plates ; its anterior border where it

abuts against the prosoma is straight; its sides are convex; at its widest it is as

wide as the prosoma, and is narrowed and oval behind. The posterior border

of all the tergal plates is straight and transverse, except of the last. Each

plate is marked on each side by a sulcus separating a pair of lateral laminte from

the wider median portion of the tergum ; these lateral plates are four-sided, with

the exception of those of the seventh segment, Avhich are triangular.

'I'ljpe Species.—Aphantomartns areolatus, sp. nov.

Although obviously related to Eoplivynus and Krelscheria
,
judging from the

shape and segmentation of the carapace, this new genus decidedly differs from

both not only in the structural details of that plate but also in those of the

opisthosoma. For example, there is no sign of any segment or segments in front

of the seventh from the end, and the posterior l)order of all the tergal plates is

straight from side to side instead of ])resenting a strong recurvature at least in the

posterior part of the body. The opisthosoma of Apliantomartas, indeed, differs very

markedly from that of all the described genera of Eophrynidse, especially at its

])Osterior extremity. Some of it may possibly be buried in the matrix or missing,

but the appearance of the fossil does not bear out this suggestion, the plausibility

of Avhich is further lessened l)y the occurrence of the same features in three

specimens.

It is also possible that the peculiarities in the structure of the opisthosoma are

due to immaturity, a possibility supported in a measure by the small size of the

specimens as compared with the types of Kreischcrla verrucosa and of Eophri/nus

prestcici. But although the possibility that the pleural laminse increase in size
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with growth must be borne in mind, tliere is as yet no evidence of the fact; and

even Avere it known to be the case, the species now under discussion coukl not

be assigned either to Eophri/iias or Krelscheria, on account of the structure of the

carapace and i\\e sculpturing of tlie opisthosoma.

Aphantomartus areolatus, sp. nov. Plate III, fig. G Text-figure 41

Carapace wider than long, its median area with areolate sculpturing of large,

low, contiguous tubercles, its lateral portions nearly smooth, slightly depressed.

Terga of opisthosoma covered with large, low, mostly flattened tubercles, irregular

in shape and varying in size; the first tergum with a large polygonal central

tubercle encircled by smaller tubercles ; between these and the pleural sulcus there

a

Fig. A^l.—AjihaniomartuA areolatus, gon. et sp. n. ; six timos nat. size.—Coal Measures; South Wales.
Museum of Geological Survey, London, a., dorsal surface ; b., lateral view of carapace ; c, ventral
svirface of opisthosoma.

are several more tubercles, one of which on the postero-lateral angle of the median

area of the tergum is a little more conspicuous than the rest, and subconical ; the

pleural plate also tubercular, one tubercle near its middle posteriorly being a little

larger than the others. The succeeding terga very similarly sculptured, but with

the large tubercle on the pleural plate and on the admedian side of the pleural

sulcus still more conspicuous. These larger tubercles are not, however, present

apparently on the tergum of the seventh segment.

Measurements in mm.—Total length about 9; length of carapace about 4,

width 5 ; length of opisthosoma -5, width a little less.

Coal Measures of S. Wales : Mynyddislwyn vein ; Grwernan level, three-

quarters of a mile S.E. of Maes-y-cwmmer, and one-third of a mile E. of the Boot.

Type, above described, Nos. 25016 and 25017 in the Museum of the Geological

Survey, Jermyn Street.

There is also a specimen (No. J. P. 565a) from the same locality and formation

11
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in the Museum of the Geological Survey, Avhich I regard as the posterior portion

of the ventral surface of the opisthosoma of the same species. It is somewhat

strongly convex from side to side, and like the ventral surface of EopJm/iiiis

prestvicii appears to be smooth, except for a few small symmetrically-arranged

tubercles. The posterior portion of the fossil, however, is marked with a network

of ridges, which I interpret as the pattern of the dorsal surface shown by the

crashing of the sterna on the terga. The anal operculum is subterminal. In

front of it there are seven concentrically curved |)lates, with the concavity of their

posterior borders looking backwards ; the first and second of these are much

shorter than those that succeed them, the latter being subequal in length. The

second plate is as wide as the third ; the first, however, is much narroAver, and

tapers away to a point laterally. Total length and Avidth about 5 nun.

A third specimen in the same collection (No. J. P. 402—403), also from the

Mynyddislwyn vein in the Lebanus Colliery, by the roadside, two-thirds of a mile

N. of Tredegar Junction, is represented by the posterior six segments of the

opisthosoma, shoAving the characteristic sculpturing clearly on some of the plates.

The total length and width are about 4*5 mm.
The species described by Scudder as Anthracomarfii^ pitsfnlatits (Proc. Amer.

Acad. Arts Sci., a'oI. xx, p. 18, 1884; Mem. Bost. Soc. Nat. Hist., a^oI. iy, p. 452,

pi. xl, figs. 5 and 8, 1890) shoAVS many points of resemblance to this genus, and

possibly belongs to it. In any case it cannot be referred to Anfliraeoinavtus. This

specimen, from Mazon Creek, Illinois, appears to be either an impression of the

dorsal surface or the underside of the dorsal exoskeleton, the pattern being a

network of ridges circumscribing sunken polygonal " cells " or de})ressions. It

may be noted that the posterior borders of the pleural plates and of the terga are

in the same straight line, and that there is a long median grooA^e on the carapace

as in A[)]i(tiifnmarfiii^ areolafns. The pattern of the sculpturing, hoAVOA^er, is

different from that of the British species.

Order OFILIONES or ANTHBACOMABTI {?).

With considerable hesitation I refer to the Order Opiliones an Arachnid on a slal)

of shale from the Kiltoung Coal Seam, Ellismuir, sent to me by Mr. Robert Dunlop,

Avho discoA^ered it in 1888. It AA^as in Dr. Peach's hands for some time, but Avas

apparently never figured or descril)ed. The structural characters of the fossil are

not sufficiently well preserved to make their exact interpretation possible. Since

the surface is evidently closely granular I infer that the dorsal side is exposed, but

OAving to its being crushed, the outlines of the coxoj of at least the two posterior

|)airs of appendages are shown, and render obscure the form of the carapace in its
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posterior region. From the shape of the fossil and the great length of the

appendages I propose to identify it proAnsionally as :

Nemastomoides elaveris, Thevenin. Text-figure 42.

1902. Nemastomoides elaveris, A. Theveuin, Bull. Soc. Grc'ol. France [4], vol. i, p. 609, pi. xiii, fig. 2.

1904. Nemastomoides elaveris, A. Fritsch, Palaeoz. Arachn., p. 29, fig. 34.

The carapace appears to be broad in front and to have the antero-lateral angles

subrectangular. Its anterior portion in front of the coxfe of the legs of the third

pair is higher in the middle than at the sides, and has a central longitudinal groove

Fig. 42.—? Nemastomoides elaveris, Thevenin ; sncfgested restoration of the dorsal surface, five times nat. size.

—

Coal Measures ; Ellismuir. E. Dunloj} Collection.

posteriorly. The coxa? of the third and fourth pairs of legs do not appear to meet

in the middle line; those of the third pair diverge transversely in the same straight

line ; those of the fourth pair, abont equal to them in size, diverge obliquely back-

wards, and between them there appears to be a triangular plate wliicli must

probably be regarded as the first sternal plate of the opisthosoma seen vaguely

through the median area of the first tergal plate of that region. It is marked with

a pair of distinct tubercles, belonging probably to the sculpturing of the dorsal

surface. Behind this plate tiie outline and segmentation of the opisthosoma

are clearly seen. Its shape is semi-elliptical, being broad in front, gradually

narrowed and rounded behind. There are six distinct plates with their anterior

and posterior borders subparallel, each consisting of a median area and a pair

of uptilted pleural laminge, as in typical Anthracomarti ; the pleural laminjB
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of the last aro quite small, and there is no evidence that there was a median

unpaired extension of the last beyond the anus, Avhich is not shown. The width

of the opisthosoma is about e(pial to its length from the posterior end to the

apex of the triangidar intercoxal plate, the length from the latter point to the

anterior end of the ])rosoma being a little longer than the length of the last four

segments of the opisthosoma. The scul])turing of the opisthosoma consists of

close-set granulation broken up into larger, indefinitely tubercular areas.

Leg of the fourth pair with its trochanter, femur, and patella almost as long as

the entire body; leg of first pair extraordinarily long and slender, the femur alone

exceeding the entire length of the body.

Mfasurements in mm.—Total length 6: leno-th of the last six segments of the

opisthosoma 3, width of the latter region 3'5; width of anterior portion of

prosoma 3, its length to the anterior groove ]'7; femur of fourth leg about 4, of

first leg about 7.

The specimen above described came from the Kiltoung Coal Seam, Ellismuir,

Baillieston, in Scotland, and is in the Collection of Mr. Robert Dunlop.

The type of N. elareris was from the Coal Measures at Commentry, in

France.





PLATE I.

Fig. Page.

1. Anthracoscorpio dimlopi, sp. nov. ; dorsal view of type and only known

specimen, nat. size.—Upper Coal Measures, Drumgra}^, near Airdrie,

Lanarkshire. R. Dunlop Collection. The outlines of the carapace

and of the anterior terga of the opisthosoma are more clearly

defined than in the original. 21.

2. AnthracoscoYpio huthlforuiis, sp. nov.; sternal surface of prosoma and

tergal plates of opisthosoma, three times nat. size.—Coal Measures

;

Coseley, near Dudley. B. M. no. I. 1555. 27.

2 a. Ditto ; dorsal view, three times nat. size.—Ibid. W. Egginton Collec-

tion, no. 43. The anterior border of the carapace is much more

clearly shown than in the original. 27.

'3. Geralinura hritannica, sp. nov. ; dorsal view of type specimen, three

times nat. size.—Iljid. W. Egginton Collection, no. 51. The

outlines of the segments of the chela are more clearly shown than

in the original. 29.

4. Graeoplioniis angliciis, sp. nov.; dorsal view, three times nat. size.—Ibid.

W. Egginton Collection, no. 40. o2.

4- (I. Ditto; dorsal view of type specimen, two and a half times nat size.

—

Ibid. W. Egginton Collection, no. ]

.

32.

4 /;. Ditto ; sternal surface of prosoma and tergal plates of ojjisthosoma,

two and a half times nat. size.— ll)id. AV. Egginton Collection,

no. 20. 33.

4 c. "^Ditto ; same surfaces as in fig. 4 h, three times nat. size.—Ibid. W.
Egginton Collection, no. 2. 32.

4t/. Ditto; dorsal view of carapace, four times nat. size.— Coal Measures,

near Neath, South Wales. Museum of Geological Survey, Jermyn

Street, London. 33.
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PLATE II.

Pig. Page.

1. Anthracoscorjpio hathiformis, sp. iiov. ; dorsal view of type specimen,

four times nat. size.—Coal Measm^es ; Sparth, near Rochdale.

W. A. Parker Collection. 24.

2. Eohuthus holti, sp. nov. ; ventral view, nat. size.— Ibid. F. Holt

Collection. 14.

2 a. Ditto (?) ; ventral view of posterior end of opisthosoma, nat, size.

—

Coal Measures ; Shipley, near Nottingham. L. Moysey Collection. 15.

2 b. Ditto (?) ; dorsal view of same specimen, showing tergal plates

crowded together and overlapping, nat. size. 15.

3. Geralimira hrltamiica, sp. nov. ; dorsal view, three times nat. size.

—

Ibid. L. Moysey Collection. 30.

4. Eoeieniza silvicola, gen. et sp. nov. ; dorsal view of type specimen,

three times nat. size.—Coal Measures ; Coseley, near Dudley. W.
Egginton Collection. 34.

5. Pleslosiro madeleiji, gen. et sp. nov. ; dorsal view, five times nat. size.

—

Ibid. W. Egginton Collection, no. 4, 44.

G. Poliochera nlticeps, sp. nov. ; dorsal view of type specimen, seven times

nat. size.—Ibid. W. Egginton Collection, no. 6. 40.

7. Giircnlioides ansticli, Buckland; dorsal view, four times nat. size.-

—

Ibid. W. Egginton Collection, no. 33. 39.

7 a. Ditto ; ventral view of same specimen (exact shape of coxa3 doubtful),

four times nat. size. 39.
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PLATE III.

Fk;. Page.

1. Gcraphri/iius turpedo, sp. nov. ; dorsal surface of type specimen from

below, four times nat. size.—Coal Measures ; Coseley, near Dudley.

"W. Egginton Collection, no. 10. 54.

la. Ditto; ventral surface of same specimen from aljove, four times nat.

size. 54.

2. Gcvaphvynus anr/idatns, sp. nov. ; dorsal surface of type s]iecimen from

below, four times nat. size.—Ibid. Wheelton Hind Collection. 49.

2 a. Ditto ; ventral surface of same specimen from above, four times

nat. size. 49.

o. Anthracoinarfus Jiindi, sp. nov. ; dorsal surface of type specimen from

below, twice nat. size.—Ibid. Museum of Geological Survey,

Jermyn Street, no. 12148. 64.

4. Trigonotarhns johusoni, gen. et sp. nov. ; dorsal surface of type

specimen, seven times nat. size.—Ibid. W. Egginton Collection,

no. 7. 74.

4 a. Ditto ; ventral surface of same specimen, seven times nat. size. 74.

5. Kreischeria verrucosa, sp. nov. ; dorsal view of type specimen, two and

a half times nat. size.—Coal Measures ; South Wales. Museum of

Greological Survey, Jermyn Street, nos. 25,020—21. 78.

G. ApJiaiitomartns areolafas, gen. et sp. nov. ; dorsal view of type

specimen, five times nat. size.—Coal Measures ; South AVales.

Museum of Geological Survey, Jermyn Street, nos. 25,01 (>—17. 81.
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Famihj MONOGRAPTID^, Lnjnvnrfh.

1873. Monogra])tidiv, Lapwortli, Geol. Mag-., vol. x, table 1, p. 555.

Unilateral Graptoloidea, poljpary simple or compound, straight or curved.

Tliecae varied in form, growing upward in a single linear series along the line of

the virgula.

In the forms belonging to this family the first theca is budded from a A^ariable

point along the length of the sicula and grows at once upward and outward

;

all the succeeding thecse follow the same direction.

This type of development, as we have already pointed out (p. 347), has been

anticipated in the Dimorphograptidte ; but in that family the polypary is uniserial

in the proximal portion and biserial in the distal portion, whereas in the Mono-

graptidse it is uniserial throughout.

The family of the Monograptidfe as originally founded, was regarded as

embracing three genera: Monograptus, Geinitz, restricted, Rastrites, Barrande, and

Gyrtograptus, Carruthers. Ci/rfograpfus included all the branching species ; lin^trUes

those unbranching forms in which the theca3 had the appearance of being isolate

;

and Monograptus the remaining unbranching and more typical forms of the family.

The branching nature of the polypary in Cyrtograptiis is perhaps sufficiently

distinctive to entitle the group so named to generic rank; but it is doubtful if the

peculiarities of the thecas in the forms united under Rastrites are of greater signi-

ficance than those characteristic of the various sub-groups in Monograptus itself,

and Rastrites is here regarded as a sub-g-enus.

Genus MONOGRAPTUS, aeinit^, restricted.

1852. Monogra^tns, Geinitz, Die Graptolithen, p. 32.

Fohjpary simple.

Tliecse cylindrical, conical, or somewhat flattened tubes; in contact, overlapping,

or becoming more or less isolate ; walls straight or curved ; apertural

margins variable in form, plain or ornamented.

The polypary in Moyxograptiis presents many variations in its general features,

apart from considerations of length and breadth. In several species the polypary

is straight {Monog. jaciilum), but in the majority it is distinctly curved. The

curvature may be (1) ventral, the polypary being bent forward in the direction of

the ventral margin and bearing the thecse upon the inner side of the curve {Monog.

hohemicus) ; or (2) dorsal, the polypary being curved backward and bearing the

48
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theca"' upon the outer side [Mouoij. ('iiplLiis) ; or in a few cases (o) dDrsi-vcuIra], the

curvature cliangiug sigu along the length of the })olypary {]\[oiiO(j. Jlexill.s).

In some species the curv^ature is .sli)j}il throughout [Moiiotj. Jfexuosus). As a

genei'al rule, however, the curvature is distinctly 'pvonoiDict'il , but in varying

degrees, the complete polypary becoming arc-shaped, sickle-shaped, hook-shaped,

or whip-shaped in general form, the earlier portion of the polypary being almost

invariably more sharply curved than the mature })ortion. In a few species the

curvature is exresf^ire and continuous, the polypary being coiled into a plane spiral

(Mou.O(j. con vol lit II s^, or even into a conical helix {Monoij. tni'riculatns).

The thecas in Monograptns differ chiefly in (1) general form, (2) amount of

overlap or isolation, (3) form of the apertural margin. As regards general

form they may vary from a simple parallel-sided tube to a tube with decided

sigmoid curvature, or from a tube Avith ogee-curvature to a short truncated cone,

these variations being often closely connected with the amount of overlap or

isolation. There appear to be tliecfe showing every condition from those which

overlap for the greater part of their length [Monocj. leptotlieca) through those with

partial isolation {i.e. of the apertural region only) [Moiioij. H(u]ijiricl-ii) into those

in which the isolation is more complete and the overlap is reduced to a minimum

[Monocj. convolutns). One of the characteristic features of the Monograptidas is tliis

tendency, in many of its species, to isolation of the thecre, the various stages of

which are well displayed within the genus Mouo/jraptns itself.

There is, however, another tendency which affects the form and direction of

the apertural margin and also of the apertural region of the theca. In many

species the theca has a simple and normal apertural margin, but in others it shows

a certain amount of extroversion and retroversion, originating a minute tag (or

rostel) to the outer angle {Monoj. revolatus). In others the apertural region of

the theca itself becomes extroverted and retroverted {Mono(j. priodon, etc.), and

eventuall}^ a definite coiled-up lobe is formed {Monoij. lohifenis). The tendency

to isolation may sometimes act alone [Baatrltes peregriiius), but it is more generally

accompanied by the allied tendency to lobation.

The sicula in Monograptns varies much in size, and it is generally minute.

In Monog. acinaces and Monog. gregaviiis, however, it attains the greatest extent

known among the Graptoloidea, the sicula in these species having a length of

fully 4—5 mm.
The virgula is, as a rule, inconspicuous, but the dorsal impression or groove

marking its position is often well seen in polyparies which are preserved in full

relief. It is occasionally prolonged beyond the distal extremity of the polypary

{Monog. faiians).

As respects the classificatory grouping of the species of the Monograpt'i, the

forms and relations of the thecjB afford us, as hitherto, the most satisfactory

criteria. But here an apparent difficulty confronts us. In some of the Monograjitl
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tlie tliecas are of tlie same type [iniifonn) tlirougliout tlie -whole length of the

polypary ; in others two types at least occur {hi-form), one in the earlier portion

and another in the later or mature portion. In the families of the Dichograptida?,

Dicranograptidge and Dimorphograptidse also the earlier thecffi occasionally differ

from those subsequently developed in the later or more mature stages of the

growth of the polypary, but the latter have been ahvays considered to be the more

characteristic and distinctive. There can be little doubt, therefore, that in the

matter of the classification of the species in the Moiiofpufpii the characters of the

thee* in the mature portion of the polypary should similarly take systematic

precedence of those of the earlier portion. On this basis the Monorirapti fall into

seven main groups, which can be further subdivided.

Group I.

—

Munograjitl in Avhich the mature thecal are simple, straight, over-

lapping tubes with approximately parallel walls and even apertural margins.

Type Monoij. cj/plms.

GrROUP II.

—

Moiior/rapti in which the mature thecEe are tubes with flowing

sigmoid curvature and oblique apei'tural margins.

Tjqje Moiiog. Sandersoni.

(iiv'oup III.

—

Monograpti in which the mature theca? are short tubes with abrupt

sigmoid curvature and some torsion of the thecal axes, so that the apertural margins

show occasionally within distinct excavations in the ventral margin.

Type Monog. vovwriniis.

Group IV.

—

Monogmptl in which the mature thecas are tubes Avith the apertural

region more or less isolate and retroverted.

Type Movog. prioJon.

Gkoup V.

—

Monograpti in Avhich the mature theca3 are tubes with the whole

apertural region coiled into a definite lobe.

Type Moiiog. lohifcrns.

Gi;oup VI.

—

Monograpti in which the mature tliecfe are triangular or conical in

form with reflexed apertural margins.

Type Moiiog. conrulntiis.

Group VII.

—

Monograpti in which the mature theca? are more or less linear and
isolate Avith reflexed terminations.

Type liast rites pvrcgrinus.

Group I.

Monograpti in which the mature thecfe are simple, straight, overlappino- tubes

with approximately parallel walls and even apertural margins.

The Graptolites included in this group may be further divided into sections

and sub-sections according to Avhether the thecre are uniform or biforrn, and
according to the kind of curvature of the poly})ary.
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A. AVith uniform tliecffi

—

1. AVitli curved polypary.

{(i) Tlio polypary has dorsal curvature. Type Monograptiis cuphiis.

M. aciiiaces, M. (jreijarlns.

[}>) Tlic polypary lias ventral curvature. Type Monograptus hohemicas.

M. concunnis.

(c) The polypary has dorsi-rciUral curvature. Type Monograptus

Nilssoni.

2. With straight polypary. Type Monograptus leptotheca.

M. regular is, M. jaeiihini, M. variabilis, M. nudus, M. duhius, M.

vulgaris, var. ciirtas, M. tuniescens, var. 'minor, M. coinis, M.

cP. gotlaiidiens, M. cf. nlttmns.

B. With hl-forni tliecse

—

1. With curved polypary.

(a) The polypary has dorsal curvature. Type Moiiograptas revolntns.

M. revolutus var. austerus, yixv. prxcarsor, M. diffornds, M. argenten-'<,

var. eijgnens, M. limatuhis.

2. With approximately straight polypary. Type Monograptus colonus.

M. colonus var. ludensis, var. ronipactus, M. varians, var, pundlus,

M. B,oemeri, M. cldmsera, var. Sahvegi, var. semi-spiuosus, M.

leintifard.ivensis, var. incipiens.

I. A. 1. [a) : Monograptl in which the tlieca? are unit'oriD, and the polypary

has dorsal curvature.

Monograptus cyphus, Lapworth. I'late XXXVI, figs. 1 a— e.

187G. Monoyra^itus cijiiJius, Lapworth, Geol. Mag., dec. ii, vol. iii, p. 352, pi. xii, fig.s. 3 a aud 3 c.

Polypary several cm. in length, slightly arcuate distally with either involute

or broadly recurved proximal portion, widening persistently from a long

and conspicuous sicula to a maximum diameter of 1*5 mm. Thecas ten to

nine in 10 mm., simple tubes with even apertural margins, overlapping one-

third of their length near the sicula, and as nnicli as two-thirds in the

more mature portions of the polypary.

Description.—The form of the polypaiy, with the broad sweeping curve of the

early portion, is highly characteristic, but the amount of curvature varies some-

what in different individuals, being rather more abrupt in some than in others.

The sicula alone forms the proximal termination of the polypary ; it is fairly

robust and very long, measuring fully 1< nnn. in length ; its apex lies about midAvay
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Figs. 236 o

—

c.—Monograptus cyphus, Lapw.

between tlie apertures of tli. 1 and tli. 2, and the first tlieca (tli. 1) arises about

one-third of the way along its length.

All the thecse are simple,

straight - walled, narrow

tubes, with normal aper-

tural margins which may
appear slightly concave or

even convex after com-

pression ; in their general

characters they resemble

those previously described

as characteristic of the

Dichograptidse ; they have

a length of 3 mm., and are

aljout six times as long as

wide. The amount of over-

lap increases steadily from

one-third of their length

near the sicula to one-half

in the broadly recurved portion, and eventually to two-thirds of the total length

in the mature portion of the polypary, where a horizontal line drawn through

an aperture would cut three different theca). The

apertural margins in the mature portion lie oblicjuely

with respect to the general direction of the poly-

pary, but are in every case normal to the theca

itself. In specimens preserved in relief the overlap

of the thecal is clearly seen, but occasionally, as

the I'esult of compression, the tlieca appear some-

what like those characteristic of Cliniacugrapfas, and

the overlap is then apparently less (PL XXXVI,
fig. 1 a).

Abilities.—Moiiog. ci/plius resembles in its general

form several other members of the group ; it may,

however, be readily distinguished by the breadth

of the distal portion of the polypary, and the simple

character and extensive overlap of its thecas.

Distal fragments may resemble fragments of Monog.

leptoUieca , but the polypary of M. ci/phas is more

curved, and the overlap of the thecEe less for a given breadth of stipe.

Horizon and Localities.—Llandovery (Birkhill Shales), zone of J/, cijphus.

8. Scotland: Waterfall, Long Linn, Doblj's Linn, Moffat; Garple Linn, Moffat;

a. Proximal end, sliowincf sicula. Rht'idol Gorge, Cardiganshire ; Ivlieidol

Group. Coll. O. T. Jones.

6. Ditto, in full relief. Same locality.

c. Proximal end, .showing abrupt curvature. Garple Linn, Moffat; Lower
Birkhill Shales. Coll. Geol. Survey of Scotland.

Figs. 236 d and e.

—

Monograptus cyphus,

Lapw,

M

d

d. Theca; near the proximal end of the
polypary. Dobb's Linn ; Lower
Birkhill Shales. Coll. Lapworth.

e. Distal theese of same specimen.



8G4 BRlTIStl GRAPTOJATES.

Lockerbie; Dnffkinnell. Ijakr District : Skelgill. Wales: Llanystwnidwy, near

Criccietli; Rhayader; Pont Erwyd, etc. Trdaiid: Doiiagliadee ; Mill Sluice

below Slate Quarry, Pomero3^

Associdfes, etc.—Monog. cj/phiis is an abundant and characteristic fossil in the

Birkhill Shales of S. Scotland and their equivalents elsewhere, lying immediately

below the zone of Monog. grogarvis (sub-zone M. finihriatiis). It commonly occurs

associated with Monog. rerohitits and var. ansteriis, M. t^(i>idcrsoiii, M. atamis,

Dimorphog. jiJii/.^op/iord, Ciimocog. rccfovgiilarU, and other forms.

Collectors.—Lapworth, Jones, Fearnsides, and the Authors.

Figs. 237 a - d.—Monograptus acinaces, Tornq.

Monograptus acinaces, Tornquist. Plate XXXVI, figs. 2 a—e.

1899. Monofjraittus acinaces, Tornquist, Mouograptidae uf Scauiau Basfrites Beds, Luuds Uuiv.

Arsskrift, vol. xxxv, pt. 2, no. 1, p. 5, pi. i, figs. 7, 8.

1909. Monograi^tns rheidolcnsis, Jones, Quart. Journ. Greol. Soc, vol. Ixv, p. 535, figs. 19 a— c.

Polypary several cm. in length, approximately straight distally but arcuate in

proximal portion, very slender at first, Init increasing in Avidth till a maximum
of 2 mm. is attained. Thecse six to

eleven in 10 mm., those of the proximal

portion very long slender tubes over-

lapping about one-half their length,

those of the distal portion expanding

somcAvhat in the apertural region and

overlapping two-thirds their length.

Dcscrijjtion.—The arcuate proximal portion

of the polypary Avith its very long slender

tliecge is highly characteristic of this species

;

distally the curA^ature becomes less and may
eventually disappear altogether. The i^oly-

# P^iy is of great but unknoAvn length, probably

h reaching 80 cm. at least. Small fragments
a. Proximal ('ii.i, showing sicuia. Figuied as [^y whicli tlic maximum Avidth is not attained

31. i7ic)rf()fc»is(s, (Juart. Journ. Gcol. Soc,
vol. Ixv, fig-. 10 h. Kheidoi Gor^ro, (Jar- arc tliosc of commouest occurreucc.
diganshire ; Rlicidol Group (zone of M.
rheidolcnsis). Geol. Survey of England
and Wales, Jerniyn St. (2370.5).

h. Thecse in median portion of the i)olypary.

Enlargement of part of PI. XXXV'l,
fig. 2 a.

c. Distal thecce in relief. Rheidol Gorge

;

Rheidol Group. Coll. O. T. Jones.

d. Distal theeie in relief. Figured Quart.
Journ. Ge(d. Soc, vol. Ixv, fig. 19 d. Geol.

Survey of England and Wales (23704).

The sicula is very long and slendei', measur-

ing 5 mm. in length and reaching to half-Avay

between the apertures of tli. 1 and th. 2; it

alone forms the termination of the polypary,

since th. 1 arises some distance above the

aperture of the sicula.

The Avhole proximal end of the ]K)lypary is extremely slender, and the thecas

are A^ery long (4—5 mm.), groAving approximately parallel Avith the general
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direction of tlie poljpary ; they overlap about one-half their length, and are about

twenty times as long as broad ; the apertural margins are even and approximately

horizontal. In the more distal portion of the polypary the thecfe are about the

same length, but are only ten times as long as broad, have a higher inclination,

and overlap for fully two-thirds of their length ; they expand somewhat in the

apertural region and as a i-esult the walls show a tendency to slight curvature

;

the apertural margins are even and everted. The thecae are so slender even

in the distal portion that a horizontal line drawn across the polypary at any

point would cut three different tliecaj at least.

Remarks.—^Tornquist, in his original description of this species, stated that he

was unacquainted with the distal extremity of the polypary. The British form

here described agrees so closely with Tornquist's species as regards the proximal

end that it is practically certain that the two are identical ; the features of the

tliecce of the distal portion of the polypary are, however, so striking and distinct

from those of the proximal portion that the British specimens were described

by Jones as a new species

—

Monog. rJieidoIensis.

Affinities.—In the length of the thecse, their slender nature and amount of

overlap, Monog. dcinaces approaches M. leptothcca, with which it seems to have

been formerly confused ; the distal tliecEe of M. leptotheca , however, show no such

characteristic expansion in their apei'tural regions, and are even more slender than

those of M. acinaces.

Horizon and Localities.—Llandovery (Birkhill Shales), zone of Af. cyplms.

G. Wales: Eheidol Gorge. S. Scotland: Waterfall, Long Linn, Dobb's

Linn, etc.

Associates, etc.—Monog. acinaces appears to be a fairly abundant fossil in the

zone of M. cgpJius, especially in the Pont Erwyd district, where Jones records it in

a band below that in which M. cijplius is most abundant. It has also been found

in S. Scotland in the zone of M. cyplms

.

Collections.—Jones, Lapworth, and Geological Survey of England and Wales.

Monograptus gregarius, Lapworth. Plate XXXVI, figs. 3 a—d.

1851. Graptotites Nilssoni, H;irkness, Quart. Journ. Geol. Soc, vol. vii, p. 61, pi. i, figs. 7 a—d.

1888. Graptolites Nilssoni (pars), Nicholson, Quart. Jouru. G-eol. Soc, vol. xxiv, p. 537, pi. xx, fig. 19.

1876. Monograptus gregarius, Lapworth, Geol. Mag., dec ii, vol. iii, p. 317, pi. x, figs. 12 a— c.

1876. Monograptus gregarius, Lapworth, Cat. West. Scott. Foss., pi. 1, fig. 7.

1877. Monograptus gregarius, Lapworth, Proe. Belfast Nat. Field Club, p. 131, pi. v, fig. 4.

1892. Monograptus gregarius, Toruquist, Siljausomr. Graptol., Acta Univ. Luud., vol. xxviii, p. 8.

1897. Pristiograptus gregarius, Freeh, Leth. Geogn., pt. i, vol. i, pi. i, figs. 3—5, p. 660, fig. 215.

1899. Monograptus gregarius, Tornquist, Monograptidse of Scaniau Bastrites Beds, Luuds Univ.

Arssk., vol. XXXV, pt. 2, no. 1, p. 4, pi. i, figs. 1— 6.
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Figs. 238 a ami h.—Monngrapttis gre-

garius, Lapw.

rolyiiai-y short, arcuate, Avitli an average length of ) cm. and uniform breadtli

of abont "75 mm. Sicnla very conspicuous and of great length. Thecee

ten in 10 mm., simple tubes "with even apcrtural margins lying perpen-

dicularly to the general trend of the polypary, overlap increasing from

mere contact to one-third of thecal length.

Description.—The gregarious habit of this species is highly characteristic, slabs

of I'ock being covered with its small stiffly curved polyparies.

The proximal end appears unusually robust on account of the extent and

size of the sicnla, which measures fully 5 mm. in

leugtli, and which reaches up to the level of the

aperture of th. 5, whence it gradually merges into

the virgula; since th. 1 arises a little distance

above the aperture of the sicnla, the sicula together

with five theca& form tlie proximal portion of the

polypary.

The thecae show a distinct tendency to expand

in the direction of the aperture.

Affimties.—The stiffly curved polypary and the

robust character of the proximal end, together with

the disposition of the relatively gigantic sicula,

sho\dd serve readily to separate this species from

.any other Mo7iograptns. Distal fragments, how-

ever, have sometimes a superficial resemblance to

" ^ those of M. intermedins when badly preserved,

a. Proximal cn.i.showinj,^ sicula. D.^.i.'s tliough the tlicca? of the latter species are different
Linn ; Mill. Biikhill Shales. Coll. o '^

Lapwoith.
,. , , . . , in form.

0. SiJCCMiiien in reliel, showing sicula.

ibi'l.? Horizon and Localities.—Llandovery (Birkhill

Shales), zone of M. grcgarius.

S. Scotland : Dobl)'s Linn ; Belcraig Burn ; Garple Linn ; Frenchland Burn
;

etc. N. Ireland: Coalpit Bay, Donaghadee ; Wales: Twymyn River, near

Llanbrynmair ; Rhayader; etc.; Pont Erwyd ; etc. LaJce District: Skelgill

;

Browgill; Stile End.

Associates, etc.—Monog. gregarius is one of the commonest fossils in the

Llandovery wherever the graptolitic facies is developed; it occurs in swarms as a

general ride, and is often associated with Monog. fimhriatiis, M. communis, M.

triangvdatus, Bastrites appvoxhnaius, Glj/j^tog. simm fits, G. tamariscns, Cliinacog.

Tornquisti and other forms.

Collections.— Geological Survey of Scotland, Sedgwick Museum, British

Museum (Natural History), Lapworth, Fearnsides, Jones, and the Authors, etc.
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I. A. 1. (h) : Moiwr/raj'fi in which the thecse are uniform and the poljpary

shows ventral curvature.

Monograptus bohemicus (Barrande). Plate XX XVI, figs. 4 a—d.

1850. GrapfdlUliVit lohemkvK, Bariaude, Graptolites de Bolieme, p. 40, pi. i, figs. 15—18.

1851. GnijitdlUJnitt hoJicmicus, Suess, Uebev Bohiiiische Graptolitlu'ii, pp. 110— 111, pi. viii, figs.

6 a— e.

1851. ? Graptulitlius Barrandfi, Scharenberg, Ueber Graptolithen, etc., In.iug. Dissert. (Breslau),

p. 15, pi. i, figs. 5—5fl.

1852. Monocjrciptus hoJiemicus, Geiuitz, Die Graptolitheu . . . der Grauwackenforination in

Sachseu, p. 36, pi. ii, fig. 41.

1869. GrapfoUtlnis hohcmicHx, Hcidenhain, Zeitschr. d. doutscli. gcol. Gesellsch., toI. xxi, p. 149,

pi. i, figs. 4 a— c.

1881. Graptolithus scahirh, Quenstedt, Petrefaetenlcunde Dentscbl.. \ol. vi, pi. c1, fig. 44.

1883. Monograptits hohemlcKs, Tiillberg, Skunos Graptolitcr, pi. iii, figs. 3— 5.

1884 MonoijraplKs holieiiiicux, J. D. La Touche, Handbook to the Gecdogy of Shropsbire, p. 77,

pi. xviii, fig. 573.

1889. Frlstiograptus hjJiemicus, Jaekel, Zeitschr. d. deutsch. geol. Gesellsch., vol. xli, p. 672,

p). xxviii, figs. 3—6.

1890. Monoijraptus holiemicus, Geinitz, Die Graptolitheu d. k Min. iNIus. in Dresden, p. 14, pi. a,

fig. 10.

1897. Prittfiograjtttis bohemicus, Freeh, Leth. Geogn., vol. i, pt. iii, p. 644.

1900. Monograpias hohoiiicus, Wood, Quart. Jouru. Geol. vSoe., vol. Ivi, p. 483, text-fig. 25, pi. xxv,-

figs. 27 A and 27 b.

Polypar}' several cm. in length., straight distaliy, with hroad concave sweep in

the proximal portion, widening steadily till a maximum hreadth of 2 mm. is

attained. Thecte eleven to nine in 10 nnn., simple short tuljes Avith a

maximum leng-th of about 2 mm., two to three times as long as wide,

overlapping one-third to one-half their length ; average inclination 30—35°

;

apertm-al margins wide.

Description.—The broad sweep of the polypary in the proximal region is highly

characteristic of the species, and in small individuals the whole polypary appears

to share in the curvature, the straight distal portion being only seen in long

specimens.

The sicula is usually conspicuous; it has a length of about 1 nun. and its

great width in the apertural region gives a distinctive character to the proximal

end as a whole ; the virgella is usually stout.

The theca3 are short and broad tubes quite simple in character, though in the

concave portion of the polypary the breadth of the apertures often induces impres-

sion of tlie ventral wall of the theca lying next above, giving a characteristic

appearance to the polyj)ary after compression.

49
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Figs. 230 a-c.-Monogmptus hohemicm (iJarr.). Affinities.—Moiiog. bokemiciis is a perfectly

r?^/' ^ distinct and well-marked species wliicli

should not Ijo confounded with any other

Monogrcqyhis.

Horizon and Locdlities.—Lower Ludlow
Shales (zone of M. Nilssoni). Lake Dis-

trict : Helm Knot, Dent, etc. Wales: Dee-

side Slab Quarries, Moel Ferna. Welsh

Borders : Aberedw Hill, Builth ; River Irfon,

Builth ; Vicarage Road, Builth, etc. Ludloin

District : Elton Lane ; Elton-Evenhay Lane
;

Elton-Ludlow Road, etc.

Associates, etc.—Moiiog. boltemicas is a

fairly common fossil in the Lower Ludlow

Shales of many localities, but especially in

the zone of J/. Nilssoitt. It occurs in this

zone associated with Moitorj. Nilssoni, M.

coloiiits, M. varians, and Gothog. spinosus ; and Avith M. scanicus, M. cJtiinaera, and

M. tumesceihs at higher horizons.

Collections.—Sedgwick Museum, Lapworth, and the Authors, etc.

«. Proximal end, sliowing sicula. Figured
Quart. Journ. Gool. Soc, vol. Ivi, p. 481,

fig. 25 h. Elton-Ludlow Road; Lower Ludlow
Shales. Coll. Wood.

h. More distal thecce in relief. Figured Quart.
Journ. Geol. Soc, vol. Ivi, p. 484, fig. 25(1.

River Irfon, Builth ; Lower Ludlow Siiales.

Coll. Wood
c. Tliecse of extreme distal portion. Enlarge-

numt of part of Plate XXXVI, fig. 4 d.

Monograptus concinnus, Lapworth. Plate XXXVI, figs. 5 a—e.

1876. Monogra})tus concinnus, Lapwoi-th, Geol. Mag., dec. ii, vol. iii, p. 320, pi. xi, figs. 1 a— e.

Polypary several cm. in length, with incurved proximal portion and slight

ventral curvature distally, gradually widening from a slender proximal

end to an average breadth of 1 mm. Theca3 twelve to ten in 10 mm.,

simple short tubes expanding in the apertural region, overlapping one-

third to one-half their length, and with wide, even and everted apertural

margins.

Description.— The polypary appears to be always more or less curved, but the

curvature is perhaps most pronounced proximally ; it widens gradually from a

very slender proximal termination, but maintains a uniform breadth for a con-

siderable distance in the distal portion.

The thecae are short, broad tubes, about 1"5 mm. in length in the maturer part

of the polypary, and in many respects resemble those of M. nudus, the appearance

of an excavation being heightened b^^ the ventral curvature of the polypary.

Affinities.—Monog. concinnus may always be distinguished by the form of

the polypary with its pronounced curvature, which contrasts effectively with

the straight and rigid form of M. nudns. Fragments of M. concinnus, however.
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Figs. 240 a— d.—Monograptiis concinnus,

h-Ainv.

(I

a b c d

a. Thecaj of proximal portion. Part of speci-

men on same slab as PI. XXXVI, fig. 5!;.

b. Ibid.

c. Distal tbecce. Enlargement of part of

PI. XXXVI, fig. 5e.

d. Distal thecaj in relief, probably referable to

tiiis species. Eheidol Gorge, 420 yds.

E.S.E. of Bryn-chwith Fann house, Pont
Erwyd, Cardiganshire. Geol. Survey of

England and Wales.

strongly resemble those of M. Nilssoiil, but

may be distingnislied l)y the more closely set

thec£e and by tlie different curvature of tlie

proximal portion of the polypary.

Horizon and Localities.—Llandovery (Birk-

liill Shales), zones of M. gregarius to M.

Sedgwicldi. 8. Scotland : Dol)b's Linn ; Bel-

craig Burn; Garple Linn, etc. Wales: Pont

Erwyd (various localities) ; Pary's Mountain,

Anglesea. Lake District : Skelgill, etc.

Assoriafes, etc.—Monog. concinnus appears

first in the M. gregarius zone, but is commonest

in the zones of M. conrolutus and M. SedgiuicJcii,

where it is associated with Monog. conuolutus,

M. tennis, M. Sedgu-ickii, Gephalog. cometa,

Glyptog. serraius var. barhafus, and other forms.

Collections.—Geological Surveys of Scot-

land, and of England and Wales, Jones, Greenly,

Lap worth, and the Authors.

I. A. 1. (r) : Monograjiti in which the thecjfi are uniform and the polypary has

dorsi-ventral curvature.

Monograptus Nilssoni (Barrande). Plate XXXVII, figs. 1 a-

1850. GraptolHhus Nihsovi, Barrande, Grapt. de Bohcme, p. 51, pi. ii, fig. 16.

1852. Mono(jvai)ius Nilssoni, Geiuitz, Die Graptolitlieu . . . der Grauwackeuformation iu

Sachseu, p. 35, \A. ii, fios. 17—20, 24, 25, 28—32 (?).

1869. Monoijra^dus Nilssoni, Heideuliaiii, Zeitschr. d. deutsch. geol. Gesellscli , vol. xxi, p. 147, pi.

i, fig. 2.

1876. Monograytus Nilssoni, Lapwortli, Geol. Mag., dec. ii, vol. iii, p. 315, pi. x, figs. 7 a—c.

1876. 3fonograptus Nilssoni, Haupt, Die Fauna des Graptolitliengesteines, p. 21, pi. iv, fig. 3 (?).

1878. Monograptus Nilssoni, Kayser, Die iiltesten Devon-Ablageruugen des Ilarzes, p. 217, pi. xxxi,

fig. 12 (fig. 25 ?).

1883. Monograptns Nilssoni, TuUberg, Sk8,nes Graptoliter, pi. i, figs. 31, 32.

1884. Monograptus Nilssoni, J. D. La Touclie, Handbook to the Geology of Shropshire, p. 78, pi.

xviii, fig. 576.

1885 ?. Monograytns scanicns, Eoemer, no7i TuUberg, Lethsea Erratica, pi. ix, figs. 13 a, b.

1889. Pristiograptus Nilssoni, Jaekel, Zeitschr. d. deutsch. geol. Gesellsch., vol. xli, p. 673, pi. xxviii,

fig. 7.

1890. Monograptus Nilssoni, Geinitz, Die Graptolithen d. k. Min. Mus. in Dresden, p. 13, pi. a, fig.

7 (in part), nou fig. 8.
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1897. Linoyrajifas Nih.'^oni, Freeh, Loth. Gj )gii., vul. i, pi., iii, p 662, fig. 218.

1899. Mono(jrapius Nilssoni, Poriier, Ktule.s sur les G-raptolites de BjIiuius, pt. iii, sect, b, [>. 7, pi.

xvii, figs. 1,2, 7.

1900. MonofjvaiAus Nilssonl, Wood, Quart. Jouru. Geol. Soc, vol. Ivi, p. 4S2, text-fig. 24, pi. x.w,

figs. 28a, 28h.

Polypary several cm. in length, straight distallj, but with gracef^ul doable

curvature in the proximal portion; slender, never exceeding 1 mm. in breadth.

Thecce eight to nine in K) mm. ; simple tul)es with slight tendency to sigmoid

curvature, about 2 mm. in length, four to five times as long as wide, over-

lapping ahout one-third their length, inclination low ; apertural margins

normal, those of straight distal portion nsuallj at right angles to the direction

of the polypary.

Description.—The form of the polypary with its straight distal portion, concave

middle portion, and convex proximal termiiudion, is

PiOK. 2il rt—c.

—

Monogroptus Nilssonl
t t ^ t. iit

(Barr.). highly characteristic, it is extremely slender at

\~-f the proximal end, measuring only "2 mm., and then
V ! /s . . .

'\^ 1^7 widens gradually and persistentl}' till the maxiinum

|i:y breadth of 1 mm. is attained.

llp;^ Tlie sicula is small, but distinct; it has a length

[i^'^,
of about 1"5 mm., and the first theca arises near its

\).

Mij '[ V apex, so that the apertural })ortion of the sicula

J; 1^', alone forms the termination of the polypary.

.W '(i The thecse are simple straight tubes overlapping

,u ( /^i the merest fraction of their leno-th in the convex

'^ --^ proximal portion of the polypary ; luit with the
^ " beginning of the concave portion, a slight curvature

rt. Proxinuil end, sliowin<y sicula. , . ,, -,, t ii • •

Fi^^lued Quart. Jourii. Geoi. Soc, makcs its ai)pearance in the walls, and this is even
vol Ivi, p. 482, fi<r. 24 «. Mont- i j.^ • j1 i l i- T i l j. rm
gomery Koad. n.'ir Welshpool- better sccn HI the straight distal part. Iheaper-

.. Tiiro^;;;^.Sr^i^.t£nJ «:1;
^ural margins are even and normal, but while those

^'»'\^P'v-vv^?ri^'«^''i"™''
"^' ^'""''^ of the concave portion nsuall y lie somewhat obliciuely

or 11. XaaVII, hg. la. ^ "^ i J

c. Distal thecal Enlargement of part to the general direction of the i)olyi)ary, those of
ol Plate XXXVII, fig. 1 c. ^.

.

1 J 1 .;
'

the straight distal part are approximately at

right angles, though not invariably so.

Affinities.—The nearest relation of ]\f(iii(i(j. Ailxsun'i is nndou1:)ted]y Ci/rtoij.

CarriUhersi of the Upper Wenlock Beds, fragments of which are indistinguishable

from similar fragments of M. Nilssonl when both are similarly preserved, the

only distinguishing feature being the presence of branches in the Gijrloijniptas

form.

Horizon and Loculltles.—Lower laidlow Shales (/one of M. Nilssonl).

Lake iJlslrkt : Moughton Whetstone Hole, Cruinmackdale. Walsh Borders:

Montgomery Road; River Irfon near liuihh ; Vicarage Road, Builth; Old Dingle
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Mill, Long Mountain, etc. /Y. Wa'e^^ : Doeside Slab Quarries, Moel Ferna.

Ludlow District : Elton Lane ; Elton-Lndlow Road ; Adferton.

Associates, etc.—Mo nog. Nilssoiii is a very abundant fossil in the Lower Ludlow

Shales, fragments of the distal straight portion, from 5—7 cm. in length, being

of frequent occurrence at some localities ; specimens showing the graceful double

curvature of the proximal region are much rarer. It usually occurs associated

Avitli Monoij. coloiins and var, compactus, M. hoJteiuicus, M. varians and var.

pKinllKS, M. Boemerl, M. diit)las, M. niiclnatns var. orhatns, and var. vilcropoma.

Collections.—Sedgwick Museum, Lapworth, the Authors, etc.

I. A. 2 : Monograpti in which tho thecje are uniform and the poiypary is

straight.

Monograptus leptotheca, Lapworth. Plate XXXVI 1, figs. 2 a—tl.

1876. MoiVMjraptus lejdotheca, Lapworth, G-eol. Mag., dec. ii, vol. iii, p. 352, pi. xii, %s. -i a -e.

1876. Monograptihs leptotheca, Lapworth, Cat. West. Scott. Foss., pi. i, fig. 14.

1877. Monograpius leptotheca, Lapworth, Proc. Belfast Nat Field Club, p. 130, pi. v, fig. 22.

1882. Monoijrapfas leptotheca, Tullbeig, Graps. descr. by Hisiager, Bihaug K. Vet. Akad. Haudl.,

vol. vi, p. 12, pi ii, figs. 8—12.

1899. Monojraptus leptotheca, Tornquist, Mouograptidae of Sjauiau Bastrifes Beds, Lunds Iluiv.

Arsslc, vol. XXXV, pt. 2, no. 1, p. 5.

Poiypary of A^ery great but unknown length, approximately straight and stiff,

but with slight curvature near proximal end; widening gradually and

persistently till the maximum breadth of o mm. is attained. Tliecfe eight

to ten in 10 mm., extremely long slender tubes, overlap considerable

even in initial portion and reaching a maximum of fully three-quarters of

the thecal length ; a[)ertural margins even, approximately horizontal.

Description.—Though the proximal portion is not well known, it is clear that

the poiypary itself must have been remarkably long, for fragmentary specimens

exceeding 10 cm. in length are known in which the breadth is uniform throughout,

while others 8 or 9 cm. in length are also known in which the maximum breadth

is not attained and in wliicli the thecffi are only about half as long as those of

the more distal })ortions. In most specimens, indeed, the maximum breadth is

never seen ; these commonly show a width of about 2 mm. only.

The mature tliecse have a length of fully 8 nun., their walls tend to show

slight curvature, and there is a slight expansion in the apertural region ; so

extremely slender are they that on an average a horizontal line in any distal

fragment would cut through four or five tlieca3. Their overlap is always con-

siderable, and increases throughout the length of the poiypary until the maximum
breadth is attained, after which it appears to be constant.
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theca, Lapworth.

j[()im(ics.—The very long t^lellder thecvo Avitli their great overlap are highly

characteristic of this species, the only forms approaching it in this respect being

Figs. 242 a—c.—Monograptus hpio- M. achuices and M. ro(jnlavis. In M. aciiiaces, how-

ever, the distal tliecte are more trumpet-shaped and

the overlap is not so great, while in M. regularly

the overlap is also less and the proximal end of the

polypary is stiff and straight like the distal termi-

nation.

Ilorizoit and Localities. — Llandovery (Birkhill

Shales), zones of 71/. (jrcgarlns to ilf. Sedgwickii.

S. Scotlaiul : Dobb's Linn ; Belcraig Burn
;

« ^\;: IM Frenchland Burn, etc. 0. IF^^Zt'^' .- Rhayader ; llhei-

^ m tfi
'^"^ Gorge; River Twymyn. N. Wales: Pary's

^1^ \\S:l I'''// Mountain, Anglesea; Llanystwmdwy. Lalce Dis-

trict : Skelgill ; W. side Long Sleddale ; Stile End
;

Whinny Gill, Cross How Beck.

Associates, etc.—Moiiog. Icptotheca seems to make

its first appearance in the zone of M. gregnrins
fipu;ed Lapworth. Geo] Mag., 1S76, al)ont the horizoii of the 71/. an/euteiis band, in
pi. XII, fig. 4 e. Dolib .s Linn ; Bnk- '' '

hill Shales. Coll. Lapworth. Avhicli it is vcry common. It is also fairly abundant

in the zone of 71/. convolutiis and survives into the zone of 71/. Sedgiviclii. It is

commonly associated with Monog. avgenteus, var. ci/gvevs, 71/ grcgarins and 71/.

rndtepeda. at the lower horizon, with 71/. convolntm^, M. involiitns and 71/ Jiacjuigo

in the 71/ conroliitiis zone, and with 7lf. tenuis and 71/ SedgiricJrii, in the zone of

71/. Sedgwickii.

Collections.—Geological Surveys of England and Wales, and Scotland,

Sedgwick Museum, Jones, Greenly, Lapworth, and the Authors.

a. Thecse of the proximal portion of the
polypary, part i)res('rved as a cast,

part in ri'lief. Enlargement of part
of PI. XXXVlLfig. 2 6.

h. More distal part of s;inie speeimen.
r. Distal theca\ preserved as a cast,

Monograptus regularis, Toriujuist. Plate XXXVII, figs. 3 (^— ^^

1899. Monoyra^ifvs rcgvJarix, Toiiiqiiist, Monograjitidse of Scaiiian Raatrites Beds, Luuds Uuiv.

Arssk., vol. XXXV, jit. 2, no. 1, p. 7, pi. i, figs. 9—14.

Polypai-y several cm. in length, straight and approximately rigid throughout,

widening persistently from an initial breadth of about '3 mm. till the

maximum width of 1'5 mm. is attained. Thecse twelve to eight in 10 mm.,

simple tubes overlapping but slightly in the proximal portion, but overlap

increasing to two-thirds of total length distally ; apertural margins wide,

even, slightly everted.

Description.—The polypary is often very long, and the increase in breadth in

the proximal portion is so gradual as to be scarcely perceptible.
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Figs. 243 a—c.— Monograptus regularis,

Tornquist.

<\

The sicula is small, not exceeding '7 mm. in length, and barely reaches to

the level of the apertnre of tli. 1 which arises close to its base.

The thecK of the proximal portion overlap

very slightly and have their apertnral margins

approximately perpendicular to the general trend

of the polypary ; the overlap, however, increases

steadily nntil in the distal portion the thecte over-

lap fully two-thirds of their length; they narrow

somewhat towards their apertnral margins, which

are slightly everted. The length of a mature theca

is about 3*5 mm.

Affinities.—In the general form of the polypary

Monog. regularis comes fairly near to M. jaculum.,

especially as regards the character of the proximal

end ; but iu M. jaculum the distal thecae never show

so large an amount of overlap. As regards the

characters of the distal theca3 M. regularis approaches

M. lepUAliec'i and might be confounded with it, but

the overlap is never so great, nor are the tliecae so

slender as in that species.

Horizon and Localities.—Llandovery (Birkhiil

Shales), zone of M. conuolutus.

Wales: Rheidol Gorge; River Twymyn, near

Llanbrynmair ; Pary's Mt., Anglesea, etc. S. Scot-

land : Dobb's Linn ; Belcraig. Ireland : Near

Limehill, Pomeroy.

Associates, etc.—Monog. regnlaris seems to occur most abundantly in the zone

of M. conrolntus, associated with M. convolutus, M. involatiis, M. liar^pago, GepUalog.

cometa, and other forms. It is possible that it ranges even higher, but this is

uncertain.

Collections.—Sedgwick Museum, Geological Surveys of England and Wales,

and Scotland, Jones, Greenly, Fearnsides, and the Authors.

a. Proximal portion of the polypary,

showing' sicnla. East side of old

quarry, N.E. of Fagwr-fawr Farm,
2 miles E.N.E. of Pont Erwyd,
Cardiganshire. Coll. Geol. Survey
of England and Wales.

h. More distal thecffi. Enlargement of

part of PI. XXXVII, fig. 3 a.

c. Distal theciB. Llanystwmdwy, near
Criccieth ; Upper Lhxndovery beds.

Coll. Fearnsides.

Monograptus jaculum (Lapworth). Plate XXXVII, figs. 4 a—d.

1876. Mono(jraptus Hisingeri,\i\x. jaculum, Lapworth, Geol. Mag., dec. ii, vol. iii, p. 851, pi. xii,

figs. 2 a—d; and Cat. "West. Scott. Foss., pi. i, fig. 13.

1877. Monograjjfus Hisingeri, va,r. jaculum, Lapworth, Proc. Belfast Nat. Field Club, p. 130, pi. v,

fig. 20.

1899. Monograpt us jaculum, Tornquist, Lumls Univ. Arsslc, vol. xxxv, pt. 2, no. 1, p. 7, pi. i, figs.

15—17.

Polypary often of great length, straight or with very slight curvature, slender
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Figs. 2-1-1< a— d.—3ro)ir>;irajiliis jiu-vhn)i

(Lapworlh).

%

fit orig'iii l)iit widoiiinii;' pcn'sistontly to a iiinxinuim brcadtli of about I'O mm.

Tbecse foTirtcen to uiuo in 10 mm., simple tul)es, overlap insignificant in tlie

proximal })ortion, but I'oacliiuo-a maximum of about one-half the total length

distally ; apertural margins Avide and even, generally more or less horizontal.

Descri.piion.—Tlie polypary may, and often does, attain a great length, luit

specimens with a length of only 8 or 4 cm. are of commonest occurrence.

The sicvila is small, not exceeding v mm. in

length, l)ut reaching fnlly to the level of the aper-

ture of th. 1.

The thecas in the proximal portion are very

small and closely set, but become more distant

^,^ towards the distal extremity of the polypary. The

^1 ^1 _'
_ npertural margins tend to be more or less hori-

zont.il, i. e. perpendicular to the general trend of

the polypary, and occupy about one-third of the

total breadth of it in profile view. The mature

theca has a length of about 2"5 mm.

Affinities.—-Monog. jnculum approaches M. rpr/u-

hiris in the characters of the proximal end and the

initial theca?, except that tliese are more closely set

;

in the distal portion, however, both the length of

the thecfe and their overlap are much less in the

former species.

Horizon and Localities.—Llandovei-y (Birkhill

Shales), zones of M. /jregarins to ]\[. He<hjwicl-ii.

/S'. iScotlaud : Dobl)'s Linn ; Belcraig Burn

;

Garple Linn ; Lockerbie, etc. 6'. JValcs : Rheidol

Gorge, etc. N. Wales: Llanystwnidwy ; Oonwaj^

etc. Irclaiiil : Coal])it Bay, Donnghadee; Limehill, Co. Tyrone; Little River,

Pomeroy, Co. Tyrone, etc. Lal-e Distrirf : Skelgill; Long Sleddalc ; Tributary

of Hall Gill, etc.

Associates, etc.—Monog. jaculnvi is a very common fossil in the Upper Birkhill

Shales of Moffat and their equivalents elsewhere. It occurs associated with

Monog. gregaritis, M. leptathrca, M. Clivgani, M. coniniunis, M. conrolntns, M.

harpigo, M. incolntns, M. 8edg ivicldi, CepJialog. coineta, and many other forms.

Collections.—Sedgwick Museum, Geological Surveys of England and AVnles, and

of Scotland, Jones, Lapworth, and the Authors.

a. ri-oxiiiial end, showing part of sicula.

Morioc'h Bay, ni-. Port I'atrick
;

Birkhill Shales. Coll. Geol. Survey
of Scotland.

h. Pro.xinial portion in relief. E.
Yarrow ; Upper Birkhill Sliales

(Band of Monograptus llalli). Coll.

Lapwortli.
c. Distal thecffi in relief. Ibid.

d. More distal thecie, slightly com-
pressed. Dobb's Linn, Upper Birk-
hill Sliales. Coll. Lapworth.

Monograptus variabilis (Perner). Plate XXXVII, figs. 5 a, l>.

1897. Monogniplus jaculvm, var. variabilis, Perner, jfitudew sur les Graj)t. de Bulicine, pt. iii, p. 12,

pi. xiii, figs. 10, 11—1.5.
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Figs. 245 a—c.— Monograpius vaiiahilis

(Pernor).

Polypaiy some cm. in length, straight ov with slight tendency to curvature,

increasing in breadth from an initial width of '4 mm. to a maximum of rather

less than 1 mm. Theca3 twelve to eight in 10 mm., simple tubes slightly

expanded in the apertural region, Avith slight overlap ; apertural margins

even, horizontal, or slightly introverted.

Description.—The polypary may attain a length of 5 cm. or more, Ijut never

exceeds 1 mm. in Avidtli and is usually rather less.

The sicula is small, measuring only 1'5 mm. in

length, l)ut reaching "well beyond the level of the

aperture of th. 1.

The apertural margins of the earliest two thecES

appear to be slightly everted, but thereafter they

are horizontal or even slightly introverted ; the

overlap may reach one-third of the total thecal

length as a maximum.

Affinities.—The polypary presents some features

in common with both M. nndiis and distal frag-

ments of M. NiJssoni. From M. nvdus its diminu-

tive breadth should be sufficient to separate it ; and

from M. NiJssoni it differs in the form of the poly-

pary, and also in the shape of the theca which shows

a greater tendency to curvature of the thecal walls

and introversion of the apertural margin, approach-

ing in these respects the form characteristic of the

group of M. Sandersoni.

Horizon and Localities,— Gala-Tarannon Beds (zone of M. cris2)us).

N. Wcdes : Conway.

Associates, etc.-—Monog. rariahilis occurs in the zone of M. crisjms associated

with Monog. Marri and other forms.

GoUcction.—Elles.

*

I
a. Proxini.al end, showing siciila. En-

largement of part of PL XXXVIl,
fig. 5 a.

b. More distal poi-tion of same specimen.

c. Distal theca3 in low relief. Enlarge-

ment of part of PL XXXVII, fig. 5 h.

Monograptus nudus (Lapworth). Plate XXXVII, figs. 6 a— e.

1876. Monograptus IlixiiKjeri, Lapwortli, Gcol. Mag., dec. ii, vol. iii, p. 350, pi. xii, figs. 1 a— e.

1880. Monograptus Hislngeri var. niuh(s, Lapwortli, Ann. Mag. Nat. Hist. [5], vol. v, p. 156,

pi. iv, figs. 7 a—c.

Polypary 3—5 cm. in lengtli, sti-aight or with ver}^ slight curvature, widening

fairly rapidly to a maximum breadth of 2 mm. ThGca3 nine to ten in

10 mm., simple broad tul)es, somewhat sacculate in the apertural region,

overlapping one-half their length, and Avith even, Avidc, apertural mai-gins.

50
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Fios. 2iC> a—d.—Mo)ioiiraplHs niidus

(LapworUi).

Description.—-Tlio [jolypary of JSIoikkj. luidns is usually straig'lit and rigid,

resemblino' that of M. jitriilniii, but it doc's not exceed 5 cm. in length.

The sicuhi is fully 1 mm. in length, and extends up to the aperture of tli. 1,

which originates near its base.

The thecal increase in length from 1'5 mm. proximally to 2 mm. distally,

and the overlap increases from one-third to

one-half. They are simple sacculate tubes,

very bi'oad in proportion to their length, with

tlu'ir free ventral margni somewhat impressed,

producing a slight excavation. The average

inclination of the thec;\3 is high.

Affinities.—In the form of the polypary

Moiwg. nndns approaches M. jncalnm, but

differs in liavins^ shorter and broader thecse

J Y.fi [if •'

^

with a ventral excavation. As respects the

/ ^^ '/'''^ '

£

thecfB Monuij. nndus api)roaches M. concinnux,

but differs in havino- a straight polypary.

'V ^^' Ufw H Horizon and Locdlities. — Llandovery —
Tarannon.

" ^ ' d
/S'. /SVo/^ay/fL- Dobb's Linn; Belcraig Burn;

a. Pi-dxiiiial end, showing' sicula, in low relief.
_

Enlargement of part of PL xxxvii, Griestoii Quai'ry ; Broadmcadows, Glendearg,
fig. 6 h.

, . .

h. Di.stai thec'f, in relief, showing ventral ctc. Wciles : Llaiiystwmdwy, near Criccictli

;

excavation. Enlargement of part of ^. ^n -n- t i i
• i-i -i

ri. XXXVII, fig. (id. Uonway; iarannon Itiver ; Llanbrynmair Itail-
r. Distal thcca; preserved as a cast. Diid. ,.

,
-.^ . t-, i t^- j j.

d. Distal theca;. compressed, showing their Way sectiou, ctc. ; i ont LrAvyd District.
sliort and broad cliai-acter. Enlargement i • i , ir 7 • i l

of part of PI. XXXVII, fig. G a.
Assocudes, etc—Mouoij. nndns is a character-

istic Gala-Tarannon species ; it is, however,

occasionally found in the highest Llandovery beds. It occurs with Monog.

Sedtjn-icl-li and M. tennAs at the Llandovery horizon, and with M. tnrricnlafns,

M. exhjnji^, M. (tiscns, M. Mnrri, M. (jrii'sionem^ls, and other forms in the Gala-

Tarannon beds. It is fairly abundant.

Collertiuns.—Geological Survey of England and Wales, Lapworth and the

Authors.

Monograptus dubius (Suess). Plate XXXVII, figs. 7 a—d.

1850. OraptoUllms colonuif, Barraude, Grapt. de Bohcme, p. 4o, pi. ii, fiy. 5.

18.51. GraptoUllivs duhius, Suess, Ueber JJiJlimisclie Graptolitlii'ii, Haidinger's Abhandl., vol. iv,

pt. iv, p. 11-5, and pi. ix, figs. 5 a, 5 &.

1876. Mimograptus dubins, Lapworth, Gcol. Mag., dec. ii, vol. iii, p. 506, pi. xx, fig. 10.

1880. Monocjraptus serra, Hopldnson MS., Lapworth, Ami. Mag. Nat. Hist. [5], vol. v, pi. iv, figs. 6 r, J.

1883. Monograi>tus duhim, Tullberg, Sk^nes Graptoliter, pt. ii, Sv. Geol. Undersiikn, Sct. C,

no. 56, p. -29, pi. i, figs. 28, 29, pi. ii, figs. 20, 21.
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1890. Monographis cluhius. Holm, Grotlands Grraptoliter, Bihang till k. Svensk. Yet. Akiid. Haudl.,

vol. xvi, pt. iv, no. 7, p. 16, pi. i, figs. 18—26.

1893. Monograptus duhiiis, Wiiuan, Bull. Geol. Inst. Upsala, vol. i, no. 2, p. 2, pi. vii.

1900. Monocjrapins diihins, Wood. Quart. Jouru. Geol. Soc, vol. hi, p. 454, pi. xxv, figs. 1 a, 1 b.

tcxt-fiu-. 9.

Figs. 247 a and h.—Mimograptus duhins
(Suess.).

Polypary with a maximum length of 10 cm., straight distallj, Ijut with slight

ventral curvature in the proximal portion, widening gradually till maxinuim

breadth of 2 mm. is attained. Theca3 eleven to eiglit in 10 mm., fairly

long and wide tubes two or three times as long as Avide, overlapping from

less than one-half to rather more than one-half their length ; average

inclination 30°—35".

I)escrij)tioii.—The pol3q)ary varies considerably in extent; at some horizons in

the Wenlock Shales it I'arely exceeds 4 cm. in length, and seldom attains the

maximum breadth ; whilst in the Lower laidlow

Shales it is frequently 10 cm. long ; in all other

respects, however, the examples from both forma-

tions agree exactly. The slight ventral curvature

of the proximal portion in the neighbourhood of

the conspicuous sicula is highly characteristic ; it

rarely involves more than six thecas.

The sicula has a length of 1'7 mm. and is about

four and a half times as long as wide; its apex

reaches approximately to the level of the second

thecal aperture.

The i^roportions of the distal thecffi are fairly

constant ; the apertural margins are even but fre-

quently somewhat thickened to form a sort of

flange, which gives rise to a blunt denticle after

compression. The average length of the mature

thecce is 3 mm.

Affinities.-—Mojtcxj. dnhius somewhat resembles

in its general characters both M. vulgaris and M.

tumescens, but should be readily distinguished from the former by the proximal

ventral curvature, and from the latter by the shorter broader thecjB. It has

often been confused with Jl/. colonus, but the two are easily separated owing to the

absence in M. (hihiiis of any retroversion of the thecse such as is characteristic

of the proximal end of M. cohniiis.

Horizon and Localities.—Wenlock—Ludlow (zone of M. riccartonensis to zone

of M. scanicus).

S. Scothnid, : Eiccarton ; Hindhope, etc. LaJrc District ; Moughton ; Whetstone

Hole; beloW' Rother Bridge, etc. Welsli Borders : Walcot Quarry, Chirbury; Coed

if-

1
a. Proximal end, sliowino^ sicnla. En-

largement of part of PI. XXXVII,
fig-. 7 a.

h. Distal thecse, part in low relief. En-
laro-enient of part of PI. XXXVII,
fiff. 7 b.



378 BRITISH GRAPTOLITES.

Mawr Qnarrv, near Builtli ; Hiiiltli RoaJ ; Dulas Brook, near Bniltli ; Irfon River,

near Builtli ; Llwynrheditli Quarry, Long Mountain; Grlyn Brook, Long Mountain,

etc. Ludlow District : Elton Lane ; Stormer Hall ; Elton-Lucllow Road, etc.

Associates, etc.—Monorj. dniniis is a common fossil in almost all localities wliere

Wenlock and Lower Ludlow Shales are found. It seems to make its first appear-

ance in Britain in the zone of M. riccartonensis, and quickly becomes so abundant

that it is one of the commonest fossils in all the remaining four Wenlock Shale

zones ; it is also frequent iu the basal zones of the Lower Ludlow Shales, l)ut dies

out in the zone of Monog. scanicns. It may therefore occur associated with the

typical fossils of all these zones.

Collections.—Sedgwick Museum, British Museum (Natural History), Hopkinson,

Lapworth, the Authors, etc.

Monograptus vulgaris, Wood. Plate XXXVII, figs. 10 a—e.

1900. Monograjjfuf! vulijarh. Wood, Quart. Joiirn. Geo]. Soc, vol. Ivi, p. 455, pi. xxv, fig. 2, aud

text-fio-. 10.

Polypary

Figs. 248 a and l.—Monograjdus vulgaris,

Wood.

n

10 cm. or more in length, stiff and straight, widening gradually

to a maximum breadth of 2'5 mm. Thecge

twelve to nine in 10 mm., those of the proximal

J
portion relatively short and wide, while those

of the distal portion have a length of 3 mm.,

are four times as long as wide, and overlap

one-half to two-thirds their length ; average

inclination 35°—40°.

Description.—The form of the polypary is most

characteristic, owing to the stiff and rigid appear-

ance of the proximal portion, and general absence

of the ventral curvature so noticeable in M. cluhius,

M. tumescens, and other forms.

The sicula has a length of 2 mm., and is about

four times as long as wide ; it is always conspicuous

and reaches to the level of the second thecal aper-

ture.

The early tliecie are short and broad tubes not

(|uite twice as long as wide, and they resemble those

, ,,. ^ , , , . . , X. of ilf, duhias : the mature thecge are, however, con-
b. Distal end, showing virgula. hn-

largenient of part of PL XXXVII, sidcrably longcr, being fully four times as long as

wide.

Affinities.—In the length and characters of the mature thecae M. vulgaris

['J w

a. Proximal end, showing' sieula.

Figured, Quart. Jovirn. Geol. Soc,
vol. Ivi, p. 456, fig. 10 a. Trefnant

—

Middletown Brook, Long Mountain

;

Lower Ludlow Shales. Coll. Wood.
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approaches M. tumPHcens and M. coIomt>^, l)ut from both these species it may

be readily separated by the characters of the proximal end ; from M. fttinesceits

it differs also in the entire absence of curvature, and from M. colon us not only in

this particular but also in the simple character of the early thecse.

Horizon and Localities.—Wenlock-Ludlow (zones of Gijrkxj. Lnnihjrent and

M. vulgar is).

N. Wales : Road to Deeside Slab Quarries near Tyn-Craig, Moel Ferna.

Welsk Borderland : Trefnant—Middletown Jirook, Long Mountain, etc.; River

Irfon near Mill, Builth, etc.

Associates, etc.—Manor/, vulgaris is an abundant fossil in some localities at the

very base of the Lower Ludlow Shales, where it occurs either to the exclusion

of all other well-known forms or associated with M. duhius and (Joihog. nassa. It

is also found occasionally in the highest Wenlock Shales associated with Cyrtog.

Lundgreni and Monog. Flemingii var. Up to the present time it has only been

recorded from N. Wales and the Welsh Borderland.

Collection-^.—The Authors.

Var. curtus, nom. nov. Plate XXXVII, fig. 11.

1900. M. vuhjaris, var. ft, Wood, Quart. Jouru. Geol. Soc, vol. Ivi, p. 457, pi. xxv, fig. 4.

In addition to Monog. vulgaris itself there is found a well-marked variety, but

at a slightly higher horizon than the typical form ; this is shorter and narrower,

and has a distinct tendency to ventral curvature of the proximal portion.

The mature thecie are shorter (2 mm.) and narrower, and are only about three

times as long as wide.

Horizon and Localities.—Ludlow (zone of M. Nilssoni).

Long Mountain : Lane Farm. Ludlow District : Elton Lane ?

Associates, etc.—Var. curtus occurs rarely in the Ludlow Shales associated with

Monog. holcemicus.

Collections.—The Authors.

Monograptus tumescens, Wood. Plate XXXVII, figs. 12 a—d.

1868. GrajjtoUtes colonus, Nicholson, Quart. Jouru. Geol. Soc, vol. xxiv, p. 540, pi. xx, figs. 9—11.

1889. Pristiograptus frequens ?, Jaekel, Zeits. d. d. geol. Gesellsch., vol. xli, p. 669, pi. xxviii, figs. 1, 2.

1900. llonograptus tumescens. Wood, Quart. Jouru. Greol. Soc, vol. Ivi, p. 458, fig. 11, pi. xxv,

figs. 5 A, B.

Polypary 2—4 cm. in length, straight distally but with strong ventral

curvature in the proximal portion, widening rapidly to an average
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tumescens, Wood.

Ai

maxinuini ))i'ca(ltli of 2 nun. Tlieca) typically eleven to nine in 10 mm.,

the matnre ones abont 3 mm. in length, fonr times as long as wide and

overlapping one-half to two-thirds their length; average inclination oO''.

Bescrij)tion.—The polyi)ary is always distinctl^^ incurved in the })roximar

portion; it attains its maximum Ijreadth rapidly, usually l)et\veen the seventh and

tenth thecas, and thereafter may show slight decrease in breadth np to the distal

extremity ; this, however, is not a constant feature. Certain forms from the Lake

District are rather shorter and broader than those from Wales and the Welsh

Borderland and have more closely set thecne (thirteen to twelve in 10 mm.).

The sicula has a length of rather less than 2 mm., and is about five times as

Fios.2i9aandh.-Monognrpias l*'".^^ '^^ ^idc
;

it appears to rcacli nearly to the

upper limit of the second thecal aperture.

The thecfB vary somewhat in number in speci-

mens from different localities, but have invariably

the same general characters, and usually show a

somewhat thickened apertural margin, which after

compression gives rise to a distinct denticle. The

])roximal thecas are usually somewhat shorter than

those of the distal portion of the polypary.

Aflinifu's.— Monoij. tumcscenH is one of the many
forms to which the name M. culonns has been

erroneously assigned. It is, however, clear that it

differs widely from that species in the characters

of the theca3 of the proximal portion. From M.

(Inhins, with which it agrees in many I'espects, it

wgemeut of part of PI. xxxvii, differs in the rapid widening of the polypary and

in the possession of longer, more overlapping tliecEB

;

Avhile from iV. viihjdrix, with which it agrees fairly in the character of the thecse,

it differs in the form of the proximal end and of the polypary in general.

Horizon and Localities.—Lower Ludlow Shales (especially zone of M. tumescens).

Montgomer i/sJiire : Llettygynfach (south side of Long Mountain) ; Montgomery

Road. Lndlow District : Elton Lane ; Gorsty Farm, Elton-Ludlow Road ; near

Stormer Hall. Lake District : Dent.

Associates, etc.—Monog. tumescens is a fairly abundant form in the Lower

Ludlow Shales, especially in a belt of rocks near the top, where it occurs associated

Avith M. tumescens, A'ar. minor ; it also occurs xory occasional!}^ at loAver horizons

associated with il/. l/oJioiiicvs and M. cliivncra.

Cotlectiorts.—Sedgwick Museum, La})wortli, and the Authors.

a. Proximal end, showing- sieula. En-
largoinent of part of PI. XXXVII
fijj. 12 <(..

b. Distal end, showinsr virtfula. En-
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Var. minor (McCoy). Plate XXXVII, figs. 13 a--c.

1855. GrajHuJIfcs ludensis, var. minor, McCoy, Brit. Pal. Foss., p. 5.

1900. Monoijnqdas tumescens, var. minor, Wood, Quart. Jouru. Greol. Sjc, vol. Ivi, p. 459, pi. xxv,

filiS. 6 A, B.

Fig. 250. — ilIo»o;/)"a]i<«s tumescens, var
minor (McCoy).

A foi'iii originally descrilxxl by McCoy a.s a variety of Moiiog. liideiisii^ seems

to be more ])robably a variety of M. tumexceux as here defined. This foi'ni agrees

with M. fiiiiiescciis in the character of the })roximal

extremity, and the general shape of the theciv, Avhile

it differs from it in its small size, which never

exceeds 1 o mm. in length ; in fact the general form

of the polypary has always a somewhat stunted

appearance.

Horizon and Localities —Lower Ludlow Shales

(zone of 71/. tamescen.'i).

MoidijODieri/sJtire : Llettygynfach (south side

Long Mountain) ; Llangynyw Rectory, Montgomery-

shire. Lndloiv District : Elton Lane ; Elton-Ludlow

Road, etc.

Associates, etc.—Var. miiior apj)ears to occur on the same horizon as the more

typical form and as a rule to be associated with it.

Collections.—Lap worth and Wood.

Complete sj)Ocimon. Enlarj^einont of

PI. XXXVII, fig. 13 b.

Monograptus comis, Wood, l^late XXXVII, fig. 9.

1900. Monograptus comis, Wood, Quart. Jourii. Greol. Soc, vol. Ivi, p. 459, jd. xxv, fi^s. 8 a, b, and

fig. 12, p. 460.

Fig. 2.51.

—

Monograptus comis, Wool.

Proximal end, showing siciila. Eiilarge-
iiieut of part of PI. XXXVII, fig. 9.

Polypary small, not exceeding 2"5 om. in length,

straight distally, l)ut with distinct ventral

curvature in the proximal portion, Avidening

gradually throughout till the maximum dia-

meter of about 1'3 mm. is attained. Tliecse

eleven in 10 mm., the adult ones with an

average length of 2 mm., from three to four

times as long as wide, and overlapping about

one-half their length; average inclination

25°-30°.

Description.—The polypary is small, and some-

what slender in appearance, Avith distinct ventral

curvature in the proximal portion.
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Tlio siculii is ahout 2 iniii. in leiigtli, the apex being on a level with the aperture

of til. 1, which is I'atlier long.

The thocjB are approximately constant in number throughout the length of the

polypary, and their overlap remains approximately the same; the apertural margin

shows a tendency to the formation of a distinct flange, which when compressed

gives rise to a denticle.

Afinifies.—Monofj. comis presents many resemblances to M. (?nhius, but it is

altogether a smaller and more graceful form.

Horizon tnid Lorttlitics.—Lower Ludlow Shales (zone of M. Nilssojii).

Liidloiv District : Elton-Evenliay Lane; Elton-Ludlow Road.

Associates, etc.—Monoij. comis has hitherto only been recorded from the Ludlow

district, where it occurs in the zone of M. Nilssoni.

Collection.—Wood.

Monograptus rf. gotlandicus, Perner. Plate XXXVII, fig. 8.

1890. Monograptus sp., Holm., Gotlands Graptoliter, p. 18, pi. i, figs. 27—30.

1899. 3Io7u>grapfus gotlandicus, Peruer, Etudes sur les Graptolites de BoliOme, pt. iii, sect, b, p. 12,

pi. xiv, fig. 22.

1900. Monograptvs gotlandicvs. Wood, Quart. Joiiru. Geol. Soc, vol. Ivi, p. 460, pi. xxv, fig. 7.

Polypary rather short, abont o cm. or rather more in length, with slight ventral

curvature in the proximal portion, increasing gradually in width until

a breadth of rather more than 2 nnn. is attained. Thecse nine to eight in

¥m. 2o2.—Monogvapiuii cL fjoiuuniia^s, 3 mm., the adult oncs about o mm. in

length and four and a half times as long as

A,>:'; Avide, narrowing somewhat in the apertural

region, and overlapping one-third to one-

half their length ; average inclination 25^

—

35°.

I)escri}ition.—In its general form the polypary

presents no particularly distinctive features ; it

attains its maximum Avidth fairly gradually.

^^1* The sicula seems to have a length of about 2

M mm. and to be rather Avide at its aperture.

Proximal end, showing sieuia. Enlarge- ^-'^^e thecse, liowever, are characteristic, particu-
ment of part of PI. xxxvii, fig. 8. ].^j.|^ ^^ regards a diminution in breadth in the

apertural region, with a slight suggestion of the ogee curvature found in the

members of the M. comeriuas group ; they are very long, and the aperture is

flanged.

Affinities.—The reference of this Britii^h form to il/. (jollaiuJicii.s is pro-
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vi.sioiia], iiotliiug l)ut small distal fiagiiieiits of that species having been fignred

from Boliemia or Gotland. The characters of the mature thecne are, however,

siifRciently distinctive to make it certain that the British form is at any rate a

near ally of Perner's species, to which it is for the present referred.

Horizon and Localities.—Lower Lndlow Shales (zone of M. Nilaaoiii).

Long Mountain District : Old Dingle Mill.

Associates, etc.—One specimen alone is known up to the present; it was

found in the zone of M. Nllssoni, associated with Moiiog. Nilssoni and M. rariaiis.

Collectivu.—Vvot ^y. W. Watts.

Monograptus '/. ultimus, Perner. Plate XXXV^II, figs. 14 a— (/.

1899. Monoijraplvs nlthnus, Periier, Etudes sur les Graptolitt'S de Buhciiie, \>i. iii, stct. h, p. 13,

text-figs. 14 a, h, pi. xvi, figs. 4, 5, 11 a and h.

1900. Mo7iO(jra2'tus tdiimvs, Wood, Quart. Jouni. Gfol. Soc, vol. Ivi, p. 461, text-tig. 13, pi. xxv,

fiffs. 9 a and 9 b.

Fias. 253 a— c.—Monograidus cf. ulti-

9ui(s, Perner.

Polypary small and slender, with slight ventral curvature at the proximal

termination, not exceeding 2 cm. in length and widening gradually to a

maximum breadth of about 1 mm. Thecaj twelve to eleven in 10 mm.,

the adult ones having a length of I'G mm.,

three to four times as long as wide, with

slight tendency to curvature in their walls,

and overlapping one-half their length ; ave-

rage inclination oO°-—40°.

Descrijjtlon.—The polypary in M. cf. ultiiiins

is characteristically small and narrow, and the

ventral curvature is confined to the proximal ter-

mination in the immediate neighbourhood of the

sicula.

The sicula itself is conspicuous, about 2 mm.
in length, reaching to the level of the second thecal

aperture ; it is about five times as long as wide.

The thecas are somewhat peculiar; they are

rather closely set, and though when in relief they

may appear to approximate in type to those of 31.

dahius, when compressed they often show slight

indications of ogee curvature in the walls ; it is possible, therefore, that the axis of

the theca was not perfectly straight, and that in this case we are dealing with

a type of theca showing an approximation to that characteristic of the M. vomerinus

grou}). The direction of the apertural margin also varies somewhat, showing at

51

a. Complete specimen, natural size.

Figured, Quart. Journ. Geol. Soc,
vol. Ivi, p. 402, fig. 13. Kosof,
Bohemia. Coll. Lapworth.

6. Proximal end, showing sicula. En-
largement of part of PI. XXXVII,
fig. 14 a.

c. Distal thecas. Enlarge ment of part
of PI. XXXVII, fig. 14 (L
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times a tendency to become nearly horizontal; usnally, however, it is distinctly

everted, as is commonly the case with the other members of this group.

Affinities.—The British specimens here descriljed seem to come closest to those

forms which Perner has described as Monoij. iiltinm.'^, though as a whole the curva-

ture of the thecal walls is less pronounced in the British than in the Bohemian

s})ecimens. M. cf, iiUimiLS may readily be distinguished from all the species

hitherto described by its small size.

Horizon and Localities.—Lower Ludlow Shales (zone of M. leiiUivardincnsis).

Lonij Moinifdiii : Near Frochas. Lnlce District: Helm Knot.

Associates, etc.—The form described above as Mouoij. cf. vltiinus is not a

common fossil in the British Lower Ludlow Shales and no really well-preserved

specimens have as yet been found, so that its reference to the Bohemian species is

still open to question. It occurs in the zone of M. teinttvardincnsis associated with

M. leintwardinensis var. incipiens.

Collections.—Watts, British Museum (Natural History).

I. B. 1 ((().—Mono/jrdjdi in which the tliecte are bi-form and the polypary has

dorsal curvature.

Monograptus revolutus, Kurck. Plate XXXVIII, figs. 1 a—e.

1882. Monograptus revolutus, Kiiix-k, Geol. Fureu. in Stockh. Forliaudl., vol. vi, p. 299, pi. xiv,

figs. 2, 3, 4.

1899. Mo7iograptiis revolutus, Tornqiiist, Muiiograptidaj of the Sciiuiau Hastrites Beds, Lunds Uuiv.

Arssk., vol. XXXV, pt. 2, no. 1, p. 11, pi. ii, figs. G—11.

Polypary several cm. in length with involute or l)roadly recurved proximal

portion, widening persistently from a thread-like initial })ortion till the

maxinnim breadth of rather more than 1 mm. is attained. Tlieca3 eight to

ten in 10 mm., long narrow tubes of two types ; the early tliecse with outer

extremity of apertui-al margin retroverted so as to appear somewhat

beak-like or as if furnished with a tag or rostel ; mature thecfB simple

tul)es Avith even apertural margins, overlapping two-thirds their length.

Description.—The form of the j^olypar}^ is characteristic, especially the gradual

increase in breadth from the thread-like initial portion ; and, as in the case of

J\[. ri/plins, there is a consideraljle amount of variation in curvature in different

individuals.

The early portion of the poly})ary is so slender that its characters are hard to

make out ; it appears, however, that the delicate sicula alone forms the termination

of the polypary, th. 1 arising some distance above its aperture.

The mature thecffi closely resemble those of M. ei/phns, l)ut the proximal thecee

are of a different type, with a distinct tendency to retroversion of the outer
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Figs. 254 a and h.—Monograptus
revolutiis, Kxirck.

extremity of the apertiiral margin. This character is most pi-oiiounced close to

the proximal end where the thecee barely overlap at all, and where the appearance

presented is almost as if the denticle were prolonged

into a definite tag or rostel (rostellate). With the

increase in length of the thecge and their increase

in the amount of overlap, the tendency to retro-

version becomes less and less and the apertural

margin is merely somewhat rounded and l)eak-like

{rostf(ifc). Finally this tendency disappears, leaving

the thecae for the remainder of the length of the

polypary with even and slightly everted apertural

margins. The number of theca3 that show this

tendency to retroversion varies very much in diffe-

I
'v\ rent specimens, but it is always shown by a con-

I

'\\ siderable number.

I
\\ Affinitieii.—Tn the form of the polypary Monog.

\ \ rn'oliifiis comes closest to M. cuphna, but may be

readily distinguished from that species by its more

a. Extreme proximal portion. Rhei- slcuder proxiuial end and by the character of the
dol Gorge, Cardiganshire; Rheidol .,,„..
Group (zone of M. cyphiis). Coll. proximal tlicc^ ; trom its variety var. praeciirsor it

h. Somewha"7uore distal thec». On differs in the character of the proximal theca3, which
same slab as fig. 254 a. 4^ 1 f f rl

Note.-As the form of the whole poly- ^^'^ ^^^^ ^^SS retrOVCrtea.

CU^h?;ma;^Tef^li:p"ot ^^orkon and Localiiies.~U^^,doyery (Birkhill
sibiy to the succeecUno- variety- gbales), zoucs of M. cyphus and M. (irec/aviu^.

S. Scotland: Waterfall, Long Linn, Dobb's

Linn; Garple Linn; Frenchland Burn. C. Wades: Rheidol Gorge, 400 yards

E.S.E. Bryn-chwith Farm, Pont Erwyd; 235 yards S. of Bryn-chwith Farm,

etc. N. Wales: Llanystwmdwy, near Criccieth. Lake District : Skelgilh

Ireland: Side Valley, Mullaghnabuoyagh, Pomeroy; Coalpit Bay, Donaghadee.

Associates, etc.—M. rcvolntas is a fairly abundant fossil in the beds at the base

of the zone of M. grejarius, and it also ranges up into that zone. It is commonly

associated with Monog. cyyltus, M. atavus, M. Sandersoui, B'lmorpJiog. physophora,

D. confertus, Climacog. rectavgularis at the lower horizon, and with Monog. gregarias,

M. fimbriatus, Climacog. Tornqvisti in the zone of M. gregarius.

Collections.— Geological Surveys of England and Wales, and Scotland, Jones,

Fearnsides, Lapworth, and the Authors.

Var. austerus, Tornquist. Plate XXXVIII, figs. 2 a-

1899. Mono(jraj:ttus revohdus, var. austerus, Tornquist, Mouograptiiloo of Scaiiian liastrites Beds,

Limds Uiiiv. Arssk., vol. xxxv, pt. 2, no. 1, p. 12, pi. ii, figs. 12—14.
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In addition to tlio typical form aljovo described tliere appears commonly on

the same horizon a form in which tlie })olyparj is not recnrved, bnt is Ijroadly

arcnate throughont its length. This Tcirnquist has separated as var. (nisfertts.

Tjocaliiicx.—N. Scotia ml: Dobb's Linn. N. Wales: Llanystwmdwy. Jrclaud :

Coalpit Bay, Donaghadee.

Collecfions.—Jones, Fearn sides, and the Anthors, etc.

Fias. 255 a—c.—Monogniptuf revolutns,

vfir. pcaTiirsoc, var. nov. Var. praecursor, var. nov. Plate XXXVII I, figs.

3 a, h.

a. Thecse of proximal portion. Llanys-

twimlwy, near Criccieth ; Llando-

very Beds. Coll. Fearnsides.

h. Proximal tlieca;, showing marked
retroversion of apertural rof^ion.

Enlargement of part of PI.

XXXVIII, fig. 3 a.

c. Distal thecffi of same specimen.

Ill addition to var. ansterus tliere is also found

another variety of Monog. reoolatas, which in some

respects may be regarded as intermediate in

character between M. revolutns and M. dijf'oi'tiiis.

In the form of the polypaiy it agrees with M. rcvo-

hitiifi, bnt the type of thecfe shows a greater degree

of approximation to that of M. dijf'onriis. The

thecal walls show a decided tendency to ogee curva-

ture, and the tendency to retroversion affects not

only the apertural margin but also much of the

apertural region, so that nearly one-third of the

theca becomes free, or technically speaking, isolate.

The hook-shaped type of theca thus originated

becomes common and characteristic in graptolites

belonging to higher graptolitic horizons and seems

to culminate in the form known as M. priodon.

This variety may therefore appropriately be termed

var. prmcnrsor.

Localitij.—0. Wales -. Rheidol Gorge. iV^. Wales :

Llanystwmd wy. S. Scotland. : Dobb's Linn (?).

Collections.— Geological Survey of England and

Wales, Jones, Fearnsides, and Lapworth (?).

Monograptus difformis, Toniquist. Plate XXXVII F, figs. 4 a—;i.

1899. Moyiograptua (Jiffurnih, Tuinquist, Liiiids Univ. Av.ssk., vol x.kxv, pt. 2, no. 1, p. 13, pi.

ii, fii?s. 1.5—17.

Polypary several cm. in length, arcuate distally, with involute proximal portion,

Avidening gradually till a niaximiiui Iji-cadtli of al)out 1 mm. is attained.
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ThecfB twelve to ten in 10 mm. ; of two types, those of the proximal

portion with a tendency to ogee carvatnre and with conspicuously retro-

verted apertural region ; those of distal portion simple tubes with even and

somewhat everted apertnral margins ; overlapping fully one-half their length.

Description.—The polypary is usually rather smaller in size than that of either

M. revolntn.-i or its variety prsecnrsor and shows more abrupt involution of the

proximal extremity ; it is also more robust in the proximal portion than either

of those forms.

The sicula is small Init conspicuous ; it measures about 1 mm. in length and

the polypary has a breadth of nearly
Figs. 256 a and h.—Monograptus difformis, Tornquish

. '.
.

•3 mm. in its immediate neijj'hbour-

\\\ hood.

/?^ I
The proximal thecas show a further

^ i development of the tendency to retro-

^\ _ \3 I
^ version of the apertural region and

\ !i :\''i V fi^l^y one-third of the tlieca is isolate

;

/,:
'1

X
,f

\ distally, however, the thecae gradually

'^'^'i Yf} »
lose the curvature of their walls and

'*'^\
fi, vN

"

j

I become simple parallel-sided tnbes

'

(i^\ // ^\ k with even and slightly everted aper-

*^^> «^~—r.n' :^^'%-;r^ iv^ tural margins. In the proximal thecae

^ ^' the amount of overlap is very slight,

T, • 1 ,. » ., , ^ .
i. r . but this steadily increases in amount

a. Proximal portion ot the polypary. Enlargement of pai-t ^

ofPi XXXVIII fig- 4 a. .,,,,,„ until distally it is fully one-half of
0. Proximal portion ot polypary, showing sievila ; doubtfully '' "^

referable to this species. Enlargement of part of tllC entire lenSTth of the tllCCa.
PI. XXXVIII, fig. 4 (i.

, . .

Affliiities.—Monog. difformis pre-

sents some points of resemblance to M. revolnfus and its variety yraecursor. It

may, however, be readily separated from M. revolatus by the more robust

character of the proximal end and the greater retroversion of the proximal thecffi

;

from var. iwxcursor, however, it differs mainly in the more robust character of the

proximal portion of the polypary, the retroversion of the proximal thecae being

very similar in the two forms.

Horizon and Localities.—Llandovery, Birkhill Shales (zone of Monog. gregarlus).

8. Scotland : Dobb's Linn. C. Wales : Rheidol Grorge. N. Wales : Llany-

stwmdwy.

Associates, etc.—Monog. difformis apparently occurs in the lower part of the

zone of M. gregarriis, associated with Monog. fiinbriatus and M. revolatus, var.

austerus. It does not seem to be a common fossil.

Collections.—Jones, Fearnsides, Lapworth, and the Authors.
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Monograptus argenteus (Nicliolsoii). IMate XXXYIIJ, figs. 5 a

—

d.

1860. Graptolltes anjenfens, Nicholson, Ann. Mag. Nat. Hist. [4], vol. iv, p. 239, pi. xi, fig. ID.

Polypavy 4—6 cm. in lengtli, with straight distal ])ortioii and abruptlv recurved

proximal portion ; ver}^ slender at origin, widening gradually from a small

and inconspicuous sicula to the l)end, and thence very rapidly till the

, , ,, , . /TVT- 1 1 X maximum l)readtli of 2'5 mm. is
Fios. 257 a and h.—Monograptus argenleus (JNicholson).

attained. Thecal Iouq- narrow'O

'-?^

tubes, fifteen to eleven in 10 mm.;

in the proximal portion in contact

only, with tendency to complete

retroversion and isolation of the

apertural region ; overlap in-

creasing and apertural retro-

version decreasing until finally

.__,.^ the thocre of the distal portion

'^^"p--^'^ i'==^ e^^Tr-'' '
"

are simple tubes, overlapping

fully two-thirds their length,

a. Proximal portion, showing- sicula. Llanystwimlwy, witll eVCU apei'tui'al margins,
near Criccieth ; Llandovery Beds. Coll. Fearnsides. . i r

h. Proximal portion of polypary, showing form of theca?. VeSCVipf lOU . i lie polypary 111 JMoiiog.

^^'^ argentens is highly characteristic, with

its slender straight proximal portion and the rapid change to the robust distal

portion after the bend. The whole of the initial portion of the polypary, however,

resembles that of M. Ivmatulus in its extreme tenuity.

The sicula is small and inconspicuous, barely
Fias. 2r)7 c timl d.—Monograptus , . . , ,

i n -v j. i j^i

argentens (Nicholson). reaching 1 lum. lu length, and tailing to reach the

level of the aperture of th. 1.

^^\ i All the early theca3 are small and inconspicuous,

M^'^.l apart from the retroverted apertural extremity,

U'^'^. ij which appears somewhat lobate after compression.

^u
J

The retroversion and isolation of the apertural

^V 1 reG:i(ui of the thecee becomes at first more and more

pronounced with remoteness from the sicula, and

c. Proximal-distal theciE. showin- wlicu the polypary lias attained its maximum
clianoe from one type to the other. i i:.i j.i ii „ i i.i r i

EniargementofpartofPi.xxxviii, breadth tlio tlieca3 liavc the appearance of long

d.-mLiLc^B. Part of same .pecin.en.
tiibcs with a distiiict and isolatc apcrtural hook.

In the shorter specimens this character may be

maintained, with some shortening of the hook, up to the distal termination, but

in the longer and more complete specimens it is clear that the retroversion of
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the apertural region gradually diminishes, and finally the thecas are simple tubes,

with even and horizontal or slightly everted apertural margins. The mature

thecffi are very slender and a horizontal line drawn across the polypary in its distal

portion would cut four different thecoe.

Affinities.—As respects its general form, Monor/. argentens approaches

M. limatulus, but distally it is a far larger and more robust species, and the thecal

are different in form.

Horizon and LocalItics.—Lhmdoycvy (Skelgili Beds), sub-zone of M. argoiteus.

Lal-c Bldrict : Skelgill ; Mealy Gill, etc. N. Wales: Llanystwmdwy, near

Criccieth.

Associates, etc.—Monog. argenteus occurs in abundance in a definite band in the

Stockdale Shales associated with Monog. leptotheca, M. grcgavias, M. communis,

Glijptog. sinaatus, etc.; and with similar associates at a corresponding horizon in

N. Wales.

Collections.—British Museum (Natural History), Sedgwick Museum, Fearnsides,

Marr, Lapworth, and the Authors.

Var. cygneus (Tornquist). Plate XXXVIil, figs. 6 a—d.

1892. Monograplus cygneus, Tornquist, Luuds Uuiv. Arssk., vol. xxviii, p. 1(.>, pi. i, figs. 28—31.

While the typical Monog. argenteus has only as yet been recognised at

Llanystwmdwy and in the Lake District, there occurs fairly abundantly in other

localities, both at the same horizon and rangiug
Figs. 2.58 a and h.—Mono(iniptus argen-

i • i ,. ^ •
-i

tens, vav. cygneus, Tih-nqwist. somcwhat higher, a lomi whicli presents many
1^ / -_^ points of resemblance to it, but is altogether

I

// narrower. This seems to come very close to Torn-

^'l'?i quist's M. cijgneus, though, as originally described

I
/K Wu by him, his examples were shorter than is the case

/' F y with many of our British specimens.

h fJ'M In this form, which we consider best regarded as

i^ Lt-i) a variety of M. argenteus, the theci\3, Avhich are of

' ji^ |,/>^ the same general character as those of M. argeuteus,

'

'

^-^ are inclined at a lower angle, and are more distant

" ^
(eight in 10 mm.) than those of the typical form : the

a. Proximal typo of theca3. Enlarge- ^
<j '

.

iiieut of part of PI. xxxviii, overlap does not exceed one-half the thecal length,
fig. G c.

h. Distal type of tht'cse. Part of same and the polypary has an average breadth in the
specimen. i- i i •

-i mi i i

distal portion not exceeding To mm. The thread-

like proximal portion is rather more than 1 cm. in length, and has precisely the

same type of theca3 as has the typical species.
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Horizon ainl JaxuiIHIcs.—lilaiiduvery (Birkliill Sliales), .siil)-zone of M. (irf/ciifciis

and zone of il/. coniwlvhis.

S. Scotland: Dohb's Linn, Bolcraig Burn, etc. Lal-r J)isfrict : Skelgill.

C. ]V((les : Rlieiclol Gorge. iV. ]V<(Ies : Parj's Mountain, Anglesea.

Associates, etc.—Var. ci/(jii('u.s appears to l)e a commoner form than M. (iiy/cnffii.^,

and takes its place more or less com|)letely in S. Scotland. It is commonly found

with Monog. IrpfofJirca and M. roncinnns; and in the Lake District it occurs with

M. argenteus itself.

Collections.—Sedgwick Museum, Geological Survey of England and Wales,

British Museum (Natural History), Greenly, Jones, and the Authors.

Monograptus limatulus, Toruquist. Plate XXXVIII, figs. 7 a—d.

1892. Monof/rajitus Umaiiilvs, Toruquist,

pi. i, figs. 6—8.

Figs. 259 a—c.—Monograptus li)natidus,

Tornquist.

a. Proximal portion of jxilypary, inn inly preserved
as a fast. Llanystwiiidwy, near Criccieth

;

Llandovery Beds. Coll. Fearnsides.
h. Specimen, showint; the proximal theca;. Skel-

f^ill; Stockdale Shales (zone of Monog. con-
vohitus). Sedgwick Museum.

c. Small proximal fragment in relief. Rheidol
Gorge, Cardiganshire. Geol. Survey of
England and Wales.

Siljansomr. Grajit., Acta Univ. Luud., vol. xxviii, p. 9,

1897. ? Monograptus limatulus, Peruer, Etudes sur

les Graptolites de Boheme, pt. iii, sect, a, p. 10, pi.

xiii, fig. 9.

1899. Monograptus limatulus, Toruquist, Mouograp-

tidse of Scaniau Rastrites Beds, Lunds Univ. Ai"ssk.,

vol. XXXV, pt. 2, no. 1, p. 14, pi. ii, figs. 18—20.

Polypar}'- short, not exceeding 4 cm. in

length, arcuate or straight distally,

stiffly and abruptly recurved in proxi-

mal ])ortion ; very slender and thread-

like at origin, but widening abruptly

and rapidly at the bend to a maximum
breadth of about 1 mm. Thecte twelve

in 10 mm,; those of the proximal

portion in contact only, with slightly

curved walls and slightly retroverted

apertural margins ; those of the distal

portion sim})le tubes, overlapping one-

half their length, with even everted

apertural margins.

Description.—The form of the polypary

with its stiff and al)i-upt recurvature, and

slender proximal portion is highly character-

istic of this species; so slender, indeed, is

the polypary at its proximal extremity that

it sometimes appears to taper to a mere
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thread, in Avliicli in imperfectly preserved specimens it is almost impossible to

detect the long", narrow thecse ; these are nearly in contact, and so delicate for

the greater part of tlieir length that it almost aj^pears as if the hooked apertural

extremities were isolate from each other at considerable distances. There are

commonly five or six thecfe of this proximal type ; those of the more distal

portion are simple tubes of the ordinary " cyphus " type.

Affinities.—In the general characters of the proximal end M. liiRafiilus

approaches M. artjentens very closely; it may, however, be readily distinguished

by the smooth and even apertural margins of the more distal theoas and the lesser

breadth of the polypary throughout the distal portion.

Horizon and Localities.—Llandovery, Birkhill Shales (zones of M. coni'olutus

and M. Sedgwichii).

S. Scotland: Dobb's Linn, Moffat; Belcraig Burn, Moffat, etc. Lake District:

Skelgill. C. Wales: Quarry, N.E. Gwen-ffrwd Uchaf Farm, Pont Erwyd. N.

Wales: Pary's Mountain, Anglesea; LlanystwmdAvy, near Criccieth. h-eland

:

Coalpit Bay, Donaghadee.

Associates, etc.—M. limatnlus occurs in some abundance in the zones of M. con-

voliitns and M. SedgwicJcii; associated with the zone fossil, M. involatus, M. Clingani,

M. harpaijo, and Cepitalog. cometa, in the zone of M. convolutus, and with M. tennis,

Glgptog. serratiis and 67. sealavis in the zone of M. Sedgwichii ; in the Lake

District it occurs with M. argentens in the sub-zone of M. argenteus, and in the Pont

Erwyd country with M. leptotlieca at the same horizon. It is only rarely found at

any lower horizons.

Collections.—Geological Survey of England and Wales, Geological Survey of

Scotland, Sedgwick Museum, Jones, Fearnsides, Lapworth, and the Authors, etc.

I. B. 2 : Monogntjdi in which the thoca3 are bi-form and the polyparies are

approximately straight.

Monograptus colonus (Barrande). Plate XXXVIII, figs. 8 a— (/.

1850. GraptcAithus colonus, Barrande, Graptolites de Bolicme, p. 42, pi. ii, figs. 2, 3.

1852. ? Grajitolithus colonus, Geiuitz, Die Graptolitheu . . . der Grauwackeufonnutiou iu Sachseu,

p. 38, pi. ii, figs. 33—36.

1880. Monogvaptus Rcemeri, Lapwortli, Ami. Mag. ISTat. Hist. [5], vol. v, p. 151, pi. iv, figs. 5 a~
he.

1883. Monograjifvs colonus, Tullberg, Skaues Graptoliler, pi. i, figs. 22 aud 23.

1890. Monograptus colonus, Geiuitz, Die Graptolitlien d. k. niiii. Mus. in Dresden, Mittli. d. k. Min.

Geol.-Prjilnst. Mus. Dresden, pt. ix, pp. 15, 16, pi. a, fig. 14.

1892. Monncjrapius colonus, Barrois, Distribution des Graptolites en France, Ann. Soc. Geol. Nord,

vol. XX, p. 100.

1897. I'ristiixjrajifus colonus, Frecli, Letlia'a Geognostica, vol. i, pt. iii, pp. 655, 656, fig. 209.

52



392 BRITISH GRAPTOLITES.

FiGb. 260 a—c

—

Monograplus colonus

(Barrande).

1899. Monoriraptits colonns, Periier, Etudes sur les Graptolites de Boheuie, pt. iii, sect, h, p. 9, pi.

xiv, figs. 3, 12, 17, text- fi-. 12.

1900. Mo)iograj)tus colouus, Wood, Quart. Jouru. Geol. Soc, vol. Ivi, p. 463, pi. x.xv, figs. 10 a—d,

text-fig. 14.

Polypary 4—6 cm. in lengtli, distallj straight, but with distinct ventral

curvature proxinially, widening gradually till the maximum breadth of 2*3

mm. is attained. Thecse twelve to ten in 10 mm., those of the proximal

portion with ogee curvature of Avails and retroverted apertural extremities

;

becoming simpler distally, and finally tubes of uniform width with a length

of 3 mm., at least four times as long as wide, overlapping fully tAA'o-thirds

of their length, and Avith an average inclination of 35° to 45°. Virgula

occasionally prolonged distally.

Description.—The polypary has a characteristic form, the iuAvard curvature of

the proximal portion in\^olving the first seven to ten thecas. The increase in

breadth is someAvhat rapid at first and is then

gradual until the maximum breadth is attained

;

this is then maintained as a rule to the distal extre-

mity. The virgula may occasionally be obserA^ed

extending for a short distance beyond the distal

extremity of the polypary.

The sicula, though small (not exceeding I'G nnn.

in length), is usually conspicuous; it reaches to

the level of the apertural margin of the second

theca.

The four proximal theciie slioAV the ogee curva-

ture and the retroverted apertural extremities, but

these features are most pronounced in th. 1 and

til. 2, Avhicli are shorter and relatively much broader

than any subsequently developed. The mature

theca3 are very similar to those characteristic of the

preceding group ; they have an approximately uni-

form breadth, straight Avails, and an even apertural

margin usually devoid of a fiange ; the thecal length usually increases until it is

fully four times the l)readth, and may be more.

Specimens from different British localities are apt to exhibit slight variations

amongst themselves ; these, hoAvever, appear to have only a local significance. The

specimens from Helm Knot seem to come closest to the accepted Bohemian types;

others from Adferton (LudloAV District) appear to Aviden rather more rapidly and

have mature tliecse Avliich are fully five times as long as broad; some from the

Builth district resemble the Bohemian forms very closely, Avhilst others show

more conspicuous proximal cui'vature and rather more closely set theca3 (thirteen

a. Complete specimen preserved in re-

lict, natural size. Fi<:fiired, Quart.
Journ. Geol. Soc, vol. Ivi, pi. xxv,

fig. 10 A. Biitowitz, lioheiuia.

Coll. Laj)worth.
h. Proximal end, showing sicula.

Figured, Quart. Journ. Geol. Soc,
vol. Ivi, p. 464, fig. 11«. Vicarage
Koad, Builth ; Lower Ludlow Shales.

Coll. Wood.
c. Distal thecte in full relief. Vicarage

Road, Builth ; Lower Ludlow Shales.

Coll. AVood.
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to twelve in ]0 mm.), and tlie polypary as a whole is somewhat longer and

narrower.

Affinities.—Many different species of Graptolites have been erroneously

referred to Barrande's species Mmiog. colomis ; of these the commonest were those

later described l:»y Wood as M. viilgnris, 3/. tumescpns, and M. rarians (loc. cit.

snpra). In all four species the distal thecae resemble each other very closely, but

the proximal thecae and the general characters of the proximal end are different.

From M. vulgaris, M. coJoniis differs in the curved proximal end and in the

characters of the proximal thecae, from M. tvmpscens in the characters of the

proximal thecse, and from M. varians in its wider polypary and somewhat different

distal thecae with their greater overlap.

Horizon and Localitios.—Lower Ludlow Shales (zone of M. Nilssonl).

Lalce Disfricl : Helm Knot, Dent; N.E. Casterton Fell. N. Wales: Deeside

Slab Quarries, Moel Ferna ; Hills N.E. Llanrwst ; R. bank of Dee, Llangollen,

etc. Wplsh Borders: High Cliff, R. L-fon, near Builtli ; Vicarage Road,

Builth, etc. Liidloiv District : Elton Lane ; Adferton ; Trippleton Lane ; Bow
Bridge, etc.

Associates, etc.—Moiiog. colonns is a fairly abundant fossil in the Lower Ludlow

Shales where the Mudstone facies is best developed, as it is in the Builtli District

;

elsewhere it is by no means so abundant as has generally been supposed, though

it is essentially a characteristic fossil of the lower part of those shales. It occurs

typically in the zone of M. Nilssoni, and is usually to be found in association with

the zone fossil, 7)/. hohemicns, 3f. duhins, and Gothog. spinosns.

Collections.—Sedgwick Museum, British Museum (Natural History), Hopkinson,

Lapworth, and the Authors, etc.

Var. compactus AYood. Plate XXXVIII, figs. 10 a-— c.

V>.v-

1900. Monograpiiis colonns, var. compacivs, Wood, Quart. Joiirn. Geol. Soc, vol. Ivi, p. 466, pi. xxv,

fig. 12.

Fig. 261.—Monograptus coionvs, var. ^ well-marked Variety of M. colonns has been
compactus, Wood.

_

"^

appropriately termed var. compactus. This agrees

with the typical Movog. colonns in the shape of the

thecfB and character of the proximal extremity, but

^ 'l^
is distinguished from it (1) by its smaller size (not

'^'..y exceeding 2*5 cm. in length) and more decided

^^^n curvature
; (2) by the densely set thecse (sixteen

^S;-^--..; to fourteen in 10 mm.), which may overlap as much

yv%; I as three-quarters of their length in the distal portion

of the polypary. The virgula is conspicuously
Distal thecae. Enlarffement of pait of -, -, ^ -i ,^ -<• , ^ -> f ,i i

PI. xxxviii, fig 10a. prolonged beyond the distal end or the polypary.
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Horizon and Localities.—Lower Ludlow Shales (zone of M. Nihsoni).

LtiiJIoir JJisfrict : Eltoii-Eveiiliay Lane; Elton Lane; Stormer Hall.

Associates, etc.—Var. compactus has up to the present time only been recorded

with certainty from the Ludlow District; it may also, however, occur in the

Abberley Hills, but this is uncertain. It was found in the zone of M. Nilssoni

associated with the zone fossil, M. cliinixra var. Salioeyi, and M. varians var. immilus.

CoUeclions.—Sedgwick Museum, Wood.

Var. ludensis (Murchison). Plate XXXVIII, figs. a—c.

1839. Gra2)toIitJius liiderisis, Murcliisou, The Silurian System, pi. xxvi, fig. 2.

1879. ? Graptolithus ludensis, Quenstedt, Petrefactenlcuiide DeutseliL, vol. vi, pp. 192—193, pi. cl,

fig. 29.

1900. Moiiograpfus colonvs, var. ludensis, WooJ, Quart. Jouru. Geol. Soc, vol. Ivi, p. 465, pi. xxv,

fig. 11.

As has ah'eady been made clear l)y Wood (loc. cit. supra) there has been

considerable misapprehension concerning this form ; the type specimen, now in the

collection of the Geological Society of London, is badly preserved, and our

personal collection and examination of material from
Fig. 202.

—

Monograptus colonus,yn.v. it i p ^ ^ -\t -\

ludensis (Mnrcinson). the Same locality as that irom which Murchison

r'^3 procured his original specimens have unfortunately

I^y^v-

not completely solved the problem. The specimens

4./^. are all preserved in a hard calcareous sandstone

? /A which w^eathers deeply, and it is only on the

\\^/ weathered surface that the Graptolites can be seen.

lyT As yet it has been impossible to determine with

accuracy whether the proximal thecas really re-
Proximal end, showing sicnla. Enlarge- ./ x ./

ment of part of PI. xxxviii, scmblc tliose of Monoo. coloiius ; one at any rate
fig. 9 a.

'

appears to show ogee curvature and retroverted

apertural extremity, but wdiether or not there are more thecae of this type is

uncertain. The mature thecse appear to be somewhat larger than those of M.

colonus itself, being apparently quite six times as long as wide. For the present

it seems best to retain Murchison's name for the specimens from Llanfair, and to

regard them as constituting a variety of M. coloiius. It might, perhaps, be urged

that if M. ludensis and M. colonus probal)ly belong to the same species, the older

name —M. ludensis—should be applied to both. But Barrande's name

—

M. colonus

—has been classic in paljEontological literature for the last half century and more,

and has obtained such acceptance among Graptolithologists in general that the

change w^ould be pedantic.

Horizon- and. Locality.—Lower Ludlow (?).
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Wales : Llanfair, Montgomeryshire.

Associates, etc.—It has been a Kttle difficult to determine the horizon of var.

Iii(lensis, but it is ahnost certainly a Lower Ludlow form ; M. dtihins is its only

associate.

GoUections.— Geological Society of London ; Dr. Humphreys (Llanfair), Wood.

Figs. 263 a—c.—Monn^raplus varians.

Wood.
M

1

l-v >

Monograptus varians, Wood. Plate XXXIX, figs. 6 a—e.

1880. Monogra])tus colonvs, Lapwortli, Auu. Mag. Nal . Hist. [5], vol. v, p. 1-52, pi. iv, figs. 3 h—3 d.

1900. Monograptus varians, Wood, Quart. Journ. Geol. Soc, p. 467, text-fig. 15, pi. xxv, figs. 14 a

and 14 b, 15, 16 A and 16 b.

Polypary from 2—2'5 cm. in length, straight with slight ventral curvature

near the proximal end, width increasing throughout to a maximum breadth

of about 2 mm. or rather less. Thecee

fourteen to ten in 10 mm., typically three at

the proximal end show retroverted apertural

extremities, those of maturer portion of the

polypary simple tubes with very wide aper-

tural margins, 2 mm. in length, from two

to three times as long as wide, overlapping

one-half their length, and with an average

inclination of 30° to 40°. Virgula con-

spicuous.

Descri^ption.—The polypary in Moiioy. varians is

always short, never apparently exceeding 2'5 cm. in

length and generally being only about 2 cm. ; the

increase in breadth takes place fairly rapidly in the

proximal portion, and thence is more gradually

continued right up to the distal extremity. The

virgula is generally very conspicuous at the distal

end of the polypary.

The sicula has a length of about 2 mm. and is

long relatively to its breadth, reaching well above

the level of the second thecal aperture.

The ogee form of the proximal thecte is not nearly so conspicuous as in

M. colonus, though there are distinct traces of it in th. 1 ; all the earliest three

thecae may have retroverted apertural extremities, though this feature is some-

times not discernible in th. 3. In the thecee developed later the great width of the

apertural margin is often associated with a distinct compression of the ventral

wall of the theca next above, resulting in a most characteristic appearance. In

b c

a. Sicula and th. 1. Specimen on same
slab as PI. XXXIX, fig. 6 a.

h. Proximal end. Figured, Quart.
Journ. Geol. Soc, vol. Ivi, p. 407,

fig. 1.5 6. Eoad above Garbett's
Hall, Long Mountain ; Lower Lud-
low Shales. Coll. Wood.

c. Distal end, showing virgula and
character of thecae. Enlargement
of reverse side of jiart of PL
XXXIX, fig. 6 a.
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the proximal portion of tlie ])ol_vpary the tliocre are barely twice as long as wide,

but tlie length increases in tlic distal portion.

Affinities.—At first sight this form appears to resemble M. colomis very

closely ; the polypary, liowcver, is in reality shorter and narrower, it increases

more uniformly in breadtli throughout its length, and the characters of tlie adnlt

thecEe are different.

Horizon and LocaliiiPH.—Lower Lndlow Shales (zone of M. Nihf<oni).

Long Mountain District : Winnington Green ; Old Dingle Mill ; Garbett's Hall

;

Trefnant-Middletown Brook. Lvdioiv District : Mary Knoll ; Elton Lane.

Associates, etc.—Mouorj. rarians seems to take the place of M. colonus in the

Lower Ludlow Shales of the Long Mountain District, where it occurs in some

abundance associated with Mono/]. Nilssoni, M. diilrius, and M. rarians Yixr.jinmilKS ;

it also occurs, thongh rather less commonly, in the Lndlow District at the same

horizon, associated with M. Nils.^oni, M. chimsern var. Salweyi, and M. diihiiis.

Collections.— Sedgwick Mnseum, Hopkinson, Lapworth, and the Authors.

Note.—Mouofj. rarians is remarkable in presenting certain local variations, and

on approximately the same horizon, so far as can be judged. It occurs at several

localities in large nnmbers in the Long Mountain District ; at some of these it is

small, and only the two basal thecas are retroverted at their apertures. At

Dingle Mill its length is normal, but so far as can be seen only one theca shows a

retroverted aperture ; while at Garbett's Hall it is still long but with two

Figs. 264 a—c.—Monograpius varians, basal tliecffi showiug the retrovcrted character.

Again, in the Trefnant-Middletown Brook it is

somewhat broader than usual, and the first three

thecse are all retrovert. In all cases the fossils

seem to occur in association with M. Nils.'^oni.

The description as given above includes Wood's

var. o and var. /3, which are probably inconstant

local varieties.

var. pumUiti;, Wood.

S
iE.J

r

/>

k
\i

m
b

Var. pumilus, Wood. Plate XXXIX, figs. 7 a-e.

1900. Monnfirapfvs varians, var. ^»/iH(7(/.'!, Wood, Quart. Journ.

fleol. Soc, vol. Ivi, p. 469, text-fig. 10, pi. xxv, figs. 17 a, 17 b.

While allowinsr for a certain amount of local

variation in the species M. rarian.'<, there is one form

a. Proximal end, showing sicula. Elton
Lane, Ludlow ; Lower Ludlow
Shales. Coll. Wood.

h. Distal theeae. Abberley Hills ; Lower
Ludlow Shales. Coll. wickhain which, haviusf a lous^er rauofe than the typical
King. .

'
'^ ^

P
-^^

c. Complete specimen, showing sicula spccics and otlicr morc definite characters, seems
and thecal gi-owth lines, preserved „,... ,, , -, •in
as a cast. Figured in part, Quart, worthy of distinction, and has been described by
Journ. Geol. Soc, vol. Ivi, p. 409 __- -, ., „,, . ... •

i i

fig. 16c. Bound Hill, Abberley; VVood as var. jiumitus. ihis Variety IS invariably
Lower Ludlow Shales. Coll. Wick- ^^ • • i Tir« • ^ ,^

ham King. Small 111 size, rarely exceeding 12 cm. m length,
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the proximal curvature is very slight, the sicula extends to nearly the level of

the aperture of th. 3, and the thecse are very closely set (sixteen to fourteen

in 10 mm.).

Horizon and Localities.—Lower Ludlow Shales (zones of M. Nilssoul and

M. scanicus).

Ludlow District: Elton Lane ; Elton-Evenhay Lane; Stormer Hall; Abberley

Hills.

Associates, etc.—Var. ptimilm has a very characteristic gregarious habit, often

occurring in dense crowds on slabs of rock almost to the exclusion of any other

form. It occurs in the zone of M. Nilssoni associated Avitli the zone fossil,

M. colonus var. compactas, M. dahliis, and M. variaas ; and in the zone of M.

scanicus with M. scanicus, M. chimitira, and 3f. clilmaira var. Salweiji.

Collections.—Sedgwick Museum, Wickham King, and the Authors.

Monograptus Roemeri (Barrande). Plate XXXIX, figs. 2 a—d.

1850. GrajitoUfhus Uveineri, Barraude, Grraptolites de EolK-me, p. 4-1, pi. ii, figs. 9—11.

1869. Mvnoijraiilus Roaineri, Heideuhaiu, Zeitsdir. d. deutscb. geul. Gesellsch., vul. xxi, p. 150,

pi. i, fig. 5.

1879. Graptolithus colviius, Queustedt, Petrefactenkuude Deutschl., vul. vi, pi. cl, tig. 40.

1883. ? Monograptus colonus, Tullberg, Skaaes G-raptoliter, pi. i, fig. 21.

1884. Monograptus Eauueri, J. D. La Touulie, Handbook to the Geology of Shropshire, p. 78,

pi. xviii, fig. 578.

1897. Pristiograptus Eoeineri, Freeh, Lethsea Geoguostica, pt. iii, p. 656, fig. 210.

1899. Monograptus Rosmeri, Peruer, Etudes sur les Graptolites de Boheuie, pt. iii, sect, h, p. 8,

pi. xiv, figs. 1, 7, 10, 18, 24, text-fig. 11.

1900. Monograptus Boemeri, Wood, Quart. Jouni. Geol. Soc., vol. Ivi, p. 470, text-fig. 17, pi. xxv,

figs. 13a, 13b.

Polypary 3—8 cm. in length, with slight ventral curvature proximally and

slight dorsal curvature distally, increasing rapidly in width at first and

then more gradually till the maximum breadth of about 3 mm. is attained.

Tlieca? sixteen to eleven in 10 mm. ; two proximal ones with retroverted

apertural extremity ; the rest approximately straight-walled simple tubes

increasing in length distally till they measure 4 mm. or more in length, five

or five and a half times as long as wide, overlapping fully two-thirds their

length, and having an average inclination of 40° to 45°.

Description.—The form of the polypary of Monoij. Iboemerl witli its slight double

curvature is highly characteristic, as is also its rapid increase in width in the

proximal portion.

The sicula has a length of about 1"8 mm., and it extends well above the

apertural margin of the second tlieca.
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Figs. 2()5 a and h.—Monoiiraphis
Rocmeri (IJarrande).

The thecal arc also markedly cliaracteristic of the species, only two show traces

of ogee curvature and retroversion of the apertural extremity, in neither case

very pronounced. The great length of the thecte in

proportion to their breadth in the mature portion

of the polypary is most noticeable, as is also their

high angle of inclination and amount of overlap.

There is occasionally a tendency to diminish in

breadth in the distal portion of the polypary, l)ut

this may only signify immature development of the

tliecEe.

Affiiiitics.—Monog.Iioemcri is undoubtedly closely

related to M. coloims, but it can be easily separated

from that species by the greater length of the

mature thecEe.

Horizon and Localities.—Lower Ludlow >Shales

(zones of M. Nilssoiil and 71/. scan teas) and their

equivalents.

Ludlow District: Elton Lane; Elton-Ludlow

Road. Ljonrj Mountain District: Ti-efnant-Middle-

town Brook. Tjal-e District : Helm Knot, Dent.

Staffs. : Dudley, Walsall. Welsli Borders : Aberedw

Hill, Builth.

Associates, etc.—Monog. lloemcri is not a common

fossil in British rocks ; it occurs, however, in the zone of M. Nilssoni associated

with the zone fossil and M. colonus, and at a higher horizon with M. scanicus and

M. chimsera.

Collections.— Sedgwick Mnsenm, Univ. of Birmingham, Lapworth, and Wood.

a. Proximal end, showing sieula. En-
laigpiiient of reverse side of part of

PI. XXXIX, fig. 2 a.

h. Distal tliecaj in relief. Helm Knot,
Dent ; Coniston Grits. Sedgwick
Museum.

Monograptus chimsera (liarrande). Plate XXXIX, figs, o a—(/.

1850. Gra^itolithiis cJiiiiavra, BarrauJo, Giapfolites de BoLeuic, p. 52, pi. iv, figs. 34, 35.

1889. Pristiufjraptus colonus, Jackel (?), Zeitschr. tl. dculscli. geol. Gcsellseb., vol. xli, p. 674, pi.

xxviii, fig. 8.

1899. Mvnograj'tns chit)i;vru, Pcrucr, Etudes sur les Graptulitos dc Bolieiiie, pt. iii, sect, b, p. 14,

pi. xvii, figs. 15 a, h.

1900. Mo)iO(jrajifus clilmivra, Wood, Quart. Journ. Gcol. Soc, vol. Ivi, p. 471, pi. xxv, figs. 18 a—d.

Polypary 2—4 cm. in length, straight distally, but with slight ventral curvature

in the proximal portion, increasing rapidly in Avidtli at first and then more

gradually till the maximum breadth of 2 mm. is attained. Theca3 thirteen

to eleven in 10 mm., ajjpearing as sonicAvhat hexagonal prisms with spined



MONOGRAPTUS. 399

Figs. 260 aand h.—Monniirdptus chimxra
(Barrande).

apertnral margin, having a length of 2 mm., four times as long as wide, and

overlapping one-half their extent ; average inclination high—40°-50°.

Description.—In the general form and characters of the polyparj as a whole

apart from the spines, Mono/j. rliininrn is somewhat like M. mJoinis, l)ut it is

typically shorter and broader.

The thecas are very distinctive and present different appearances according to

the direction and amonnt of compression. When the theca3 are shown in profile

the spine has a curious position, originating, as it Avere, from the angle of a cusp

situated in the middle of the apertural margin

(Fig. 2GG a). In other cases, however, in which

the thecse seem to narrow somewhat in the apertural

region, the spine appears to be in a more usual

position, and to come off where the ventral wall

meets the apertural edge. The spines of the

jiroximal thecse appear to be always in this latter

position, and it is possible that these thecae, which

certainly show signs of ogee curvature of their

walls and retroversion of their thecal apertures, are

different in shape from those of the more distal

portions of the polypary. The appearance of the

mature theca3 suggests that they were more or less

hexagonal in section ; indeed, in one specimen,

a h preserved so that the apertures face the observer,

n. Complete specimen, profile view; in quc or two of the thecsB are definitely hexagonal
relief. Walsall, Staffs; Lower

. ...
Ludlow Shales. Coll. Lapworth. (Fig. 26G h) . The apparent anomalies in the posi-

h. Specimen, snb-ventral view, showing
. . iiii i-iii-

form of thecal apertures. Elton tiou of the spiucs w^ould tlius be explained by their
Lane, Ludlow ; Lower Ludlow . ff p c , i i i i j i

Shales. Coll. Wood. comiug oft ii'oni oue 01 tlic augles iiiado by the

walls of the hexagonal prism with the apertural

margin. The various positions assumed by the spines under different conditions

of preservation may be seen from the figures. The spines are commonly stout

and do not exceed "6 mm. in length.

The sicula has a length of nearly 2 mm., and extends to midway between the

apertures of th. 2 and th. 3.

Affinities.—The spined character of the thecae separates Monog. cldmsera from

all other forms of the M. coJonns group except its own variety Saliveyi and M.

leintwardinensis. From the former of these it may be readily distinguished by

its shorter, stouter spines, and longer and more curved polypary. In M.

leinhvardinensis the spines are mesial in position and not apertural, except in the

proximal portion, where the thecae agree closely in form with those of il/. cltimasra.

Horizon and Localities.—Lower Ludlow Shales (zones of M. Nilssovi and

3f. scanict(s).

53

/5

-1j
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LmUow District : Elton-Ludlow Road ; Elton Lane. Staffs.: Walsall; Wren's

Nest, Dudley. Welsh Borders : Aberedw Hill, Builtli ; Uclieldre Stream, Long

Mountain.

Associates.—Monog. ehimsera occurs typically in tlie zone of M. scanicns,

associated with tlie zone fossil and M. Boemeri, but it is also found at a somewhat

lower horizon with M. Nilssonl, M. hohemicus, and M. diibbis. It is not a very

abundant fossil.

Collections.—Lapworth, University of Birmingham, Wood.

Var. Salweyi (Hopkinson MS.). Plate XXXIX, figs. 5 a—d.

1880. Monographis Salweyi, Lapworth, Ann. Mag. Nat. Hist. [5], vol. v, p. 150, pi. iv, fii^-s. 2 a—h.

1884. Monocjraptus chbn;vra, J. D. La Touclie, Handbook to the Geology of Shropshire, p. 71,

pi. xviii, fig. 571.

1900. Monograptns chim<vra, var. Salweyi, Wood, Quart. Journ. Geol. Soc, vol. Ivi, p. 472, text-fig.

18, pi. XXV, figs. 19 A, B.

Figs. 2G7 a and b.—Mnnorirajdus rhim-

tera, var. Salweyi (Hopkinson).

^•i»' -

Monoff. cliimpern var. Saln-eyi was originally named by Hopkinson as a distinct

species, and his type specimen, which shows only

the distal extremity, Avas figured by Lapworth.

As Wood, however, has already shown (loc. cit.

siijn-a), the collection of more material from the

type locality has revealed the close connection be-

tween this form and M. chima'va, and it is best

regarded as a variety of the species last described.

Var. Salweyi differs from M. ehimsera itself in

—

(1) Its smaller size—it appears rarely to exceed

1'3 cm. in length and 1*G mm. in breadth
; (2)

the straighter character of the proximal end
; (3)

the longer, slender, and more flexed thecal spines,

which may be fully 1 mm. in length. The virgula

is nsually a conspicuous feature at the distal end of

the polypary.

Horizon and. Localities.—Lower Ludlow Shales

(zone of M. Nilssonl).

Ludlow District : Stormer Hall, near Leint-

wardine ; Elton-Evenhay Lane. Tjong Mountain : Lettygynfach.

Collections.—Hopkinson, Wood.

H < ^ ' —^^

a. Complete specimen, showing sicula.

Figured Quart. Journ. Geol. Soc,
vol. Ivi, p. 473, fig. 18 a. Stormer
Hall, nr. Leintwardine ; Lower
Ludlow Shales. Coll. Wood.

h. Distal thecffi, showing thecal spines.

Ibid., fig. 18 6.
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Var. semispinosus, nora. nov. Plate XXXIX, figs. 4- a— c.

1900. M. chhmvra var. a, Wood, Quart. Journ. Geol. Soc, vol. Ivi, p. -173, pi. .\xv, fig. 20.

This variety bears precisely the same relation to M. chimseni that var. iacqjiens

does to M, lelntwardinensis ; it differs from M. cliimxra in being somewhat

broader (2'5 mm.), and above all in having the distal tlieca3 devoid of spines

altogether, while the proximal theca3 are spined in the usual manner.

Horizon and Localities.—Lower Ludlow Shales (zone of M. scauicus).

Ludlow District : Elton Lane; Elton-Ludlow Eoad.

Var. semispinosus is onl}^ found in the zone of M. scaulctis, where it occurs in

association with the zone fossil and M. varians var. 'pumilns.

Collections.—Lapworth and Wood.

Monograptus leintwardinensis, Hopkinson MS. Plate XXXIX, figs. 8 <(—f.

1880. Monograptus leintwardinensis, Hopkiusou (MS.), Lapworth, Auu. Mag. Nat. Hist. [5], vol. v,

p. 149, pi. iv, fig. 1.

1884;. Monograptus leintwardinensis, J. D. La Touclie, Handbook to the Geology of Shropshire,

p. 77, pi. xviii, fig. 574.

1897. Pristiograptus uncinatus, Freeh, Lethsea Geognostica, pt. iii, p. 058, fig. 213.

1900. Monograptus leintwardinensis. Wood, Quart. Jouru. Geol. Soc., vol. Ivi, p. 474, text-fig. 19,

pi. XXV, figs. 21 A, B.

Figs. 268 a—c.—Monograptus Icintivardi-

nensis, Hopkinson.

i
4:?

Polypary short, seldom exceeding 1'3 cm. in

length, straight distally, but with slight

curvature in the proximal portion, increasing

gradually in width until the maximum
breadth of 1'6 mm. is attained. Thecae

spined, fourteen to fifteen in 10 mm. ; those

of the distal portion fairly short tubes with

a length of about 2 mm., and about three

times as long as wide, overlapping one-half

to tAvo-thirds their length ; those of the

proximal portion with slight ogee curvature

and retroverted and spined apertural margins.

Descrijjtion.—The polypary is always short and

narrow ; it widens gradually for the first five or six

theca3 and has then attained its maximum breadth,

Quai-iy, Leintwardine
;
Lower Lud- wliicli is maintained to the distal extremity.

low Shales. Coll. Lapworth.
. _ _

"^

f. Distal thecK, showing- paired spines. The sicula is loug and conspicuous I it measurcs
On same slab as Plate XXXIX, . .

figs. c-f. Lower Lndiow Shales. 2'1 mm. in length, exteudiuo: to midway between
Coll. Fearnsides. . f

the apertures of th. 2 and th. 3.

is*

a. Complete specimen, showing- sicula.
Enlargement of part of Plate
XXXIX, fig. 8 a.

b. Complete specimen, showing various
positions of thecal spines. Figured
Quart. Journ. Geol. Soc, vol. Ivi,

p. 474, fig. 19 f-. Chiu-ch Hill
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Tlie tliecfe of the extreme proximal portion show a tendency to ogee curvature

in tlieir 'walls and appear to liave retroverted and spined apertural margins. The

spines of tlic mature distal thecne seeni to be mesial in position, but this is possibly

deceptive and due to compression, as their apparent point of origin is by no means

constant in different individuals. Although in most cases only one spine is visible

on each tlieca, yet it would ap})ear from certain specimens (fig. 208 c) that a pair

of s]nnes is really present.

Affinities.—AFoikkj. IcintivarduioisiH is a most characteristic species, which, how-

evei', is closely allied to M. cliimxra and its varieties; the proximal thecal

are certainly similar, but the spines of the distal tliecte, so far as can be deter-

mined, appear to be different in position.

Hori::()ii and Localities.—Ludlow Shales (Aymestry Limestone), zone of M.

Jciiiticardinnisis.

Tjiidluiv District : Churcli Hill, Leintwardine; Adferton ; Trippleton; Aymestry;

Vinuall; Ludlow Road; Broxton and Burton. WelsJt, Borders: Lettygynfach,

Long Mountain; Aberedw, near Builth ; Presteign, Old Radnor; Launwell

Dingle. Lahe District : Near Knock, etc. Dee Valleij : Pen-y-vivod ; Llantisilio

Road.

Collections.—Sedgwick Museum, Fearnsides, Lapworth, and the Authors, etc.

Var. incipiens, Wood. Plate XXXIX, figs. 9 a—d.

1900. Mono(jraptiis leintivarJinensis, vnr. incipiens, Wocxl, Quart. Juuru. Geol. Soc, vol. Ivi, p. 474,

pi. XXV, figs. 22 A, B.

ViG.2Q<;).~Monoora]plnslcmtwardin6nsis, rpj^j^
variety of Moitihl. h'iltf tCa rd iiwnsis aoTCCS

var. i7icipiens, Wood. ,/ i/ o

with the typical form in general, except that it is

somewhat broader (2

—

2''S mm.) and longer, and

that only its proximal thecee are spined. It Ijears

the same relation to the typical form that A^ar,

semispin OS as does to M. chiuisera. It has never been

found, hitherto, in association with the typical form,

and may bo merely a local variant.

Horizon and Localities.—Lower Ludlow Shales

(near summit).

^\\ Welsh Borders: Montgomery Road; Rose and

Crown Inn, Long Mountain; Lower Winnington,
Complete sijecimeii, showing sicula.

. . . .

Montgomery Road; Lower Ludlow etc. Lake District: Tebav Gill, Baiinisdalc.
Shales. Coll. Wood. . ...

Associates.—Var. mcipie?is seems to occur at aji

rather lower horizon than the typical M. leinttvardinensis; its only known

associate is M. cf. ultimus.

Collection.—^AVatts, Wood.
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Gkoup II.

Mijiioijnqjti in wliicli the mature thecal are tubes with fiowiiig siguioid

curvature and oblique apertural margins.

The Graptolites included in this group vary a good deal in the amount of

sigmoid curvature of their thecal walls. Most of the species typically possess

tliecae resembling those of Liytogrcqjfas ; but the group includes at the one

extreme M. atavus, a form in which the thecae are not very much curved, and at

the other extreme M. argutiis, in which the thecee have marked curvature and

both introversion and introtorsion of the apertural margin, characters approxi-

mating to those typical of the DiceUograpfl.

The group includes the following species : Monog rapt (is ataints, M. Saudersoni,

M. iitcoDiiiiodas, M. tenuis, M. argatus.

Monograptus atavus, Jones. Plate XXXIX, figs. 1 a—d.

1909. Monrxjraptus atavus, Jones, Quart. Jourii. Greol. Soc, vol. Ivi, p. 531, figs. 18 a,— d.

Polypary very long and slender, with slight dorsal curvature proximally, but

sometimes slightly ventral in its distal portion, widening gradually from an

almost thread-like proximal extremity to a maximum breadth of 1*2 mm.
Theca3 nine to eight in 10 mm., simple tubes with varying amount of

sigmoid curvature and slight introversion of the apertural margin, which,

however, diminishes distally; overlap never exceeding one-half the thecal

length.

Description.—Monog. atarns must have attained a very great length, probably

fully 30 cm. or more. The widening is almost imperceptible in the proximal

portion, but the greater number of distal fragments have a uniform breadth, so

that the maximum width must have been attained at a comparatively early stage.

The sicula is but rarely seen ; it seems to have a length of nearly 2 mm. and

to form the proximal termination of the polypary ; it does not reach to the level

of the aperture of th. 1.

The thecas are relatively rather short (1*5—2*5 mm. in length), and are of the

general type of those of the Leptograptida3 ; the sigmoid curvature of the walls

is constant, but appears to vary somewhat in amount in different specimens

(compare Figs. 270 e and 270 e). The distinct introversion of the apertural

margin of the proximal thecae disappears distally, when the thecal margins may
be even slightly everted. The number of tliec^ per centimetre is fairly constant

throughout the length of an individual, the overlap increasing with the general

increase in lensi'th of the tlieca.
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Figs. 270 a—c.—Monoijroptus atavus, Jones.

^

k

Aljliiilics.— Moiiiuj. ((f((rns conies, })c'i'luii)S, closest to M. (riiuis, Portlock, with

wliicli sj)ecies it was coufouiided until recently. The theca) of Mhikhj. ((tavii.s are,

however, shorter and more closely set, and

also inclined at a higher angle ; the apertural

margins, too, are even and devoid of the

denticles or rostels frequentl}^ found in M.

tenuis. Monog. afaviis also shows some re-

semblance to M. (ii-fjiitiis ; but the thecal

walls are less curved, and the apertural

margins are not introtorted.

Horizon and Localities. — Llandovery

(Birkhill Shales), zones of Orthog. vesictilosiis,

M. cijphus and M. gregarms.

8. Scotland : Dobb's Linn; Belcraig Burn.

Ireland : Coalpit Bay, Donaghadee ; Mill

Sluice below Slate Quarry, Pomeroy. Lake

'^

I A

i

11
c

a. Proximal fra<^iiient, showing sicula almost
complete. Eheidol Gorge, Cardiganshire

;

Rheidol Group (zone of M. atavus). Coll.

Jones.
6. Proximal portion, showing part of sicula. Ibid.

c. Proximal portion in relief, showing sinuous
character of thecae. Figured, Quart. Journ. _,^ . . rn i -n r^ -n iir
Geol. Soc, vol. Ixv, p. 533, fig. 1« !/. Rheidol Distvict : bkelglll ; bpeUglll. H (at'6' : itliay
Gorge. Coll. Geol. Survey of England and
Wales (No. 23710).

d. More distal thecae
;
part in relief, part cast.

Ibid.

e. Ibid. Part of Fig. 18c (No. 23707).

ader ; Rheidol Gorge, Pont Erwyd ; Pary's

Mountain, Anglesea ; Llanystwmdwy.

Associates, etc.—Monog. atavus is the first

Moiiograptiis to make its appearance in geological time. In S. Scotland it appears

considerably below the base of the M. ci/pJiiis zone in the zone of Orthog. vesiciilosus,

and ranges up into the zone of M. ci/pJins associated with M. ci/phus, M. Sandersoni,

and various Bi'movpliografti; at Skelgill it is found in the Diinorpliograptns band;

in the Pont Erwyd district also it appears in a band by itself before the coming

in of M. cijphus. In the succeeding zone of M. gregarias it is not so abundant, but

is found associated with M. fimhriatns, M. gregarias, and other forms.

Collections.—Greological Survey of England and Wales, Sedgwick Museum, H.

Lapworth, Jones, Lapworth, and the Authors.

Monograptus Sandersoni, Lapworth. Plate XXXIX, figs. 10 a

—

e.

]876. MoniKjraptus Sandersoni, Liipwortb, Geol. Mag., dec. ii, vol. iii, p. 320, pi. xi, fig. 2 a — e.

Polypary slender, of great length, with distinct ventral curvature proximally,

and becoming straighter distally ; Avidening almost inn)erceptibly from a

thread-like proximal portion to a maximum of about '7 mm. Theca3 eight

to six in 10 mm., very long and narrow, inchned at so low an angle that

their inner walls form an almost continuous line running parallel to the

axis of the polypary, overlapping one-half their length, and with distinctly

introverted apertural margins.
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Figs. 271 a—d.—Mnnograptus Sander-
soni, Lapworth.

Description.—The polypary is always slender, and shows ventral cnrvature

especially in the proximal portion, in which it is very prononnced in some individnals

(see Plate XXXIX, fig. 10 Ij). Distally the amonnt of cnrvature tends to decrease

as a general rule, and fragments appear practically straight.

Owing to the extreme tenuity of the proximal end it is difficult to find the

sicula preserved, but it appears to be at least 1"G

mm. in length, and to form the proximal termina-

tion of the polypary (Fig. 271 a).

The thecte are characteristic ; they resemble

very closely those regarded as typical of the genus

Leptograptiis, with sigmoid curvature of their walls

and introversion of the apertural margins ; they

are commonly 2*5 mm. in length, and overlap one-

half their leng^th as a maximum.

Affinities.—In the characters of the tliecae and

general tenuity of the polypary Monog. Sandersonl

approaches M. incommodns, but differs markedly in

the curvature of the polypary. The two species may
readily be distinguished except in small distal frag-

ments, which are very similar.

Horizon and Localities. — Llandovery (Birkhill

Shales), especially zone of M. cijphus.

iS. Scotland : Waterfall, Long Linn, Dobb's Linn
;

Frenchland Burn; Belcraig Burn, etc. Lake District:

Skelgill, etc. Ireland. .- Coalpit Bay, Donaghadee.

Wcdes : East bank of road, 50 yds. E.N.E. of Bryn-

chwitli Farm House, Pont Erwyd ; Rheidol Gorge,

400 yds. E.S.E. of same, Pont Erwyd, etc.

Associates, etc.—Monog. Sandersoni occurs in

Scotland in some abundance in the zone of M.

ci/plius, associated with M. cgphus, M. revolutus, M.

atavns, M. incommodns, Dimorpliog. phjsophora, Climacog. medins and other forms.

It occurs on a similar hoi-izon in the Lake District in the Dimorpliog. confertus band

associated with M. incommodns and M. atavns; and also in Central Wales and

Ireland. In S. Scotland, Ireland and C. Wales it also ranges up into the lower beds

of the succeeding zone of M. gregarius, where it is associated with M. finihriatus,

M. gregarius, M. triangnlatus var., Climacog. Tornquisti and other forms.

(7o^/^c^/'o».s.—Geological Survey of England and Wales, Sedgwick Museum,

Lapworth, Jones, and the Authors.

a. Proximal portion, showing the siciila

in part. On same slab as PI. XXXIX,
fig. 10 c.

h. Proximal theca3, showing various
views of apertural margins. Dobb's
Linn ; Birkhill Shales. Coll. Lap-
worth.

e. Distal theciE, showing introverted
apertural margins. E. bank of road
from Pont Erwj'd to Devil's Bridge;
Castell Group. Geol. Survey ot

England and Wales.
d. Distal thecoe, slightly different view.

Enlargement of part of reverse of

specimen figured ou Plate XXXIX,
fig. 10 e.
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Monograptus incommodus, '^I'ciriKjiiist. Plate XL, figs. 1 a—e.

1809. Monographts incommodiis, Tnrnqiiist, Monograptidre of Scaniaii Fcmirih's Beds Liinds CJiiiv.

Arssk., vol. XXXV, pt. 2, no. l,p. 11, pi. ii, figs. 1— 5.

FjGS. 272 a— e.—Monocjrapl'us incommo-
dus, Tornquist.

lit II

Polypary long and sleiuler, with irregular curvature, Avidening from a slender,

slightly arcuate, or straight proximal portion to a flexed distal portion with

an avei'age breadth of "6 mm. Thecre eight to seven in 10 mm., inclined

at a very low angle and overlapping one-third to one-half their length
;

apertural margins even and slightly introverted.

Description.—The polypary is very long, slender

and flexed, the curvature being, however, generally

dorsal ; the proximal end is very slender (though

not so slender as in M. Sandersoni), but widens

fairly rapidly to the maximum breath of '5 mm.

The sicula has a length of fully 3 mm., and

reaches to the level of the aperture of tli. 1 which

arises from a point about half-way along its length.

The thecse resemble those of M. Sandersoni,

but the introversion of the apertural margin appears

to be slightly less marked.

Affinities.—Movog. incommodes is clearly related

most closely to M. Sandersoni ; but while the curva-

ture in M. incommodus is mainly dorsal or irregular,

in M. Sandersoni it is invariably ventral ; and the

])olypary is rather more robust at the proximal end.

Horizon and Localities.— Llandovery (Birkhill

Shales), zone of M. ci/jdins.

S. Scotland : Dobb's Linn ; Belcraig Burn, etc.

Lalce District .- Skelgill. Ireland : Coalpit Ba}^

Donaghadee ; Mill Sluice below Slate Quarry,

Pomeroy. Wales: Rheidol Gorge, Pont Erywd;

Conway ; Pary's Mountain, Anglesea ; Llany-

stwmdwy, near Criccieth.

Associates, etc.—Movog. incommodus is a fairly common fossil in the zone of

ill. cj/pliKs ; it is commonly associated with Monog. cijplius, M. rerolutiis, M.

Sandersoni, M. atavns, various Dimorphograpti, and Climacog. medins.

Collections.—Sedgwick Museum, Geological Survey of Scotland, Geological

Survey of England and Wales, Fearnsides, Jones, Lapworth, and the Authors.

11

d

a. Proximal end, showings sieiila. Dobb's
Linn ; Birkl)ill Shales. Coll. Lap-
worth.

6. More distal thecae. Part of specimen
on same slab as Fig. 272 a.

c. Theca; preserved in relief. Llanys-
tvvmdwy, near Criccieth ; Llando-
very beds. Coll. Fearnsides.

d. Theca;, showing appearance of intro-

verted apertural margins; ini'elief.

Enlargement of part of PI. XL,
fig. 1 b.

e. Distal thecae, compressed. Enlarge-
ment of part of PI. XL, fig. 1 c.
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Figs. 273 a—d.—MonoQraptiis tenuis (Portloek).

fv

Monograptus tenuis (Portloek). Plate XL, figs. 2 a—e.

1843. Graptolites tenuis, Portloek, Geol. of Londonderry, y>. 319, pi. xix, fig. 7.

1868. Graptolites discretus, Nicholson, Quart. Journ. Geol. Soc, vol. x.xiv, p. 539, pi. xx, figs. 12— 14.

1876. Monograptus tenuis, Lapworth, Geol. Mag., dec. ii, vol. iii, p. 319, pi. xi, figs. 3 /(, A-, /, m, n.

Polypai'j of great length, slightly arcuate throughout, widening gradually from

an exceedingly slender proximal portion till the maximum breadth of 1 mm.
is attained. Thecte seven to five in 10 mm., long and narrow, with distinct

sigmoid curvature, overlapping one-third to one-half their length; those of the

proximal portion with abrupt expansion in the apertural region and usually

introverted, those of the distal portion even and slightly introverted.

Bescription.—The polypary must have had a length of fully 10—15 cm., and

though in the extreme proximal portion it

appears to widen very gradually, it attains

its maximum breadth at a comparatively

early stage, usually within the first 4 or

5 cm. of its length.

The tliecfB are long and slender; they

show a sigmoid curvature of their walls as in

the genus Lejytograptas, but the apertural

margin, while always tending to be intro-

verted, is not always conspicuously so, owing

to the effects of compression upon the thecfB,

which expand abruptly in the apertural

region. In the proximal portion this may

give rise to an appearance of retroversion

of the apertural margin in some cases (though

in other cases it is clearly introverted), and

in the case of the mature thecse of the distal

portion may tend to the production of an

acute denticle. The thecse are distant and overlap each other barely one-half

their length.

Afjhiities.—For a considerable time Monog. tenuis, Portloek, and M. discretus,

Nicholson, have been regarded by some as different species, but an examination of

Portlock's Irish specimens and new material collected from the type locality shows

that the two are identical. A distinct form which occurs at lower horizons, and

which has been erroneously referred to M. tenuis by various authors, has recently

been distinguished and described by Jones as M. atavus.

Monog. tenuis differs from M. atavus mainly in the characters of the thecte,

which are more elaborate than those of M. atavus, in which there is no sudden

54

I
y

b

I

;

C (I

Enlargement of part ofa. Proximal portion
PI. XL, fig. 2 c.

b. Distal theca! in ordinary profile view. Enlarge-

ment of specimen on same slab as fig. 273 a.

c. Thecoe not in ordinary profile view, giving

appearance of thecal spine. Ihid.

d. Distal thecse. Enlargement of part of PI. XL,
fig. 2rt.
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expansion in the apertnral region and hence no denticle or appearance of retro-

version of the apertnral margin.

Horizon ami Localities.—Llandovery (zone of M. SechjioicJcii).

Ireland : Limehill, Co. Tyrone. ;S'. Scotland : Dobb's Linn ; Belcraig Bnrn, etc.

Lnlr District: Long Sleddale ; Skelgill. Wales: Pary's Monntain, Anglesea;

Quarry near River Twymyn, Llanbrynmair ; B.S.E. Fuches Gau Farm House,

Pont Erwyd, etc.

Associates, etc.—Monog. tenuis occurs in some abundance in the M. Sedgwicldi

zone, in which it often characterises a distinct band or sub-zone (Lake District

and C. Wales). It is commonly associated with Monog. Sedgivickii, M. limatnlus,

M. argenteus var. cygneus, Ghjptog. serratns, and Climacog. scalaris, etc.

Collections.—Geological Survey of Scotland, Geological Survey of England

and Wales, British Museum (Natural History), Sedgwick Museum, Greenly, Jones,

Lapworth, and the Authors.

Monograptus argutus, Lapworth. Plate XL, figs. 3 a—e.

1876. Monograptus argutus, Lapworth, G-eol. Mag., dec. ii, vol. iii, p. 318, pi. x, figs. 13 a—c.

Figs. 274 a—f.—Monograptus argutus, Lapworth.

Polypary several cm. in length, arcuate distally, and involute proximally,

widening steadily to a maximum
breadth of 1"5 mm. Thecte eight

in 10 mm., with conspicuous sig-

moid curvature of their walls,

overlapping fully one-half their

length, and with introverted and

slightly introtorted apertnral

margins opening within pouch-

shaped excavations.

Description.—The polypary is slender

and several cm. in length ; it is fairly

robust in the initial portion, and the

increase in width takes place wholly

within the first few cm. of length, so

that distal fras^ments have a uniform

breadth.

The thecj© do not exceed 3 mm. in

length; in their general characters

—

namely, the pronounced sigmoid curva-

ture of their walls and the introversion and introtorsion of the apertnral margin—

a h c d e f
a. Proximal portion, showing dorsal curvature. Enlarge-

ment of part of PL XL, fig. 3 h.

h. Portion near proximal end ;
preserved mainly as a

cast. Skelgill ; Stockdale Shales. Coll. Lapworth.
c and d. Portions of same specimen, showing the different

appearances presented by the thecse. Parts of speci-

men on same slab as fig. 274 h.

e. Adult theciE
;
preserved partly as a cast, partly in

relief. Enlargement of part of PI. XL, fig. 3e.

/. Adult theca', compressed. Another part of specimen
fig. 274 e.
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they sliow a decided approach to the type regarded as characteristic of the genus

Bicellograftus.

Affinities.—In the form of the polypary Monog. argutus comes, perhaps, nearest

to M. revolutns, but the characters of the thecse are distinct and, indeed, unique

amongst the Monograpti.

Horizon and Localities.—Llandovery (Birkhill Shales), top of zone of M. gregarias.

S. Scotland : Dobb's Linn. Wales : Old Quarry 270 yards N.E. Gwen-ffrwd

Uchaf Farm House, Pont Brwyd, etc. LaJce District : Skelgill.

Associates, etc.—Monog. argutus is a fairly abundant fossil in the Upper Birkhill

Shales, immediately below the zone of M. convohitus, at a horizon corresponding

with the M. argenteus band of the Lake District and the M. leptotlieca band of the

Pont Erwyd locality. It occurs associated with Monog. leptotheca, M. Clingani,

M. communis, and other forms.

Collections.—Sedgwick Museum, Geological Survey of England and Wales,

Jones, Lapworth, and the Authors.

Group III.

Monograp)ti in which the mature tlieca? are short tubes with abrupt sigmoid

curvature and some torsion of the thecal axis, so that the apertural margins show

occasionally within distinct excavations in the ventral margins.

The thecae in this group show an approach in character to those of the M.

priodon type, but the apertural region is adnate instead of isolate and the torsion

of the thecal axis is but slight. There is often an appearance of narrowing

towards the apertural margin, but this is largely, if not entirely, induced by the

torsion of the thecal axis. As a result of this torsion the polypary viewed in the one

aspect shows thecee resembling those of M. diihius, while in the other they resemble

those of Climacograptus. The polyparies are approximately straight or slightly

flexed, . ^

Monograptus vomerinus (Nicholson). Plate XLI, figs. 1 a^e.

1850. Graptolithus colonus, Barrande, Grapt. de Boheme, pi. ii, fig. 4.

1851. Groptolithus colonus, Suess, Bulimisclie Graptolitlien, pi. viii, figs. a—f.

1868. 6 raptoliies priodon, Nicholson, Quart. Jouru. Geol. Soc, vol. xxiv, pi. xx, figs. 7, 8.

1872. Grai)toiites vomerinus, Nicholson, Monog. Brit. Grapt., p. 53, fig. 21.

1876. Mo7iogra/ptus vomerinus, Lapworth, Geol. Mag., dec. ii, vol. iii, p. 353, pi. xii, figs. 6 a— e.

1900. Monographis vomerinus, var. a, EUes, Quart. Journ. Geol. Soc, vol. Ivi, p. 403.

Polypary 1—8 cm. in length, approximately straight, or slightly flexed at the

proximal extremity, widening rapidly from an initial breadth of "4 mm. to

a maximum of about 2 mm. within a short distance of the proximal end.
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Siciila conspicuous. ThecaB short, eleven to ten in 10 mm. Avitli slight ogee-

form curvatiu-e, overlapping about one-half their length, and having their

apertural margins either everted or appearing in distinct excavations.

Description.—The polypary varies very much in size, but all fragments of the

initial portion show the characteristic rapid Avidening, the maximum breadth being

attained within 2-5 cm. of the proximal end.

The conspicuous sicula has a length of fully 1"5 mm. and reaches well above the

level of the aperture of th. 1 ; its outer wall is slightly curved, but the inner

continues the straierht line of the
Figs. 275 a—•/.

—

Monogvapiiis vomerinns, Nicholson.

/

M

a. Proximal end, sliowin"

dorsal wall of the polypary.

All the thecfB are short, the distal

ones having a length of only 1'5 mm.

and the proximal ones are much shorter

with the exception of th. 1 , Avhich has

a length of 1 mm. The thecae present

various appearances according to the

different conditions of preservation.

Sometimes they seem to have abrupt

sigmoid curvature and the apertural

f.„
., ,, V* F-,- » margins are situated within distinct

ffl [^ ^^ ^*^ excavations occupying about one-third

of the total breadth of the polypary

(Fig. 275./'). This is their most

characteristic aspect. The theca3 of

specimens preserved in relief, how-

ever, show a tendency to the ogee

curvature characteristic of M. jirioduu

(Fig. 275 c), and in this case their

apertures are either very conspicuous

(Fig. 275 c) or wholly concealed (Fig.

275 rf).

In the most characteristic view the

thecas obviously recall those of Climacogra^tm^, but it is clear that the tlieca3 cannot

have been quite so simple in form, and there must have been some torsion of the

axis of the tliecge in order to account for the different appearances after compres-

sion (Figs. 275 ft—/).

Affinities.—Monorj. vomeriiius is very closely related to all its varieties, and from

most of them it is indistinguishable in the distal portion. The proximal ends are,

however, distinct, and in var. crejiulatas the thecal apertures are narrower than

in the typical form, while in var. hasiliciis the polypary is altogether more roljust.

Horizon and Localities.—Wenlock Shales (all zones).

d e f
^, sicula

; preservi'd as a cast.
Euthin Road, nr. Llangollen ; Wenlock Shales (zone of
Cijrtog. MHrchiso7n). Coll. Elles.

h. Proximal end, showing sicula, preserved in relief.
Lledcwm Stream, Newydd Fynyddog, nr. Llanbrynmair

;

Wenlock Shales. Coll. Wood.
c. Theca; near proximal end ; in full relief, showing torsion

of thecal axis. Ibid.
d. Adult theCEB. seen partly from the back so that the

apertures are concealed. Enlargement of part of PI.
XLI, fig. 1 e.

c. Adult tliecffi with apertures facing the observer. Reverse
side of Fig. 276 d.

f. Adult theca; as they usually appear in a compressed
specimen. Pencerrig, nr. Builth ; Wenlock Shales
(zone of Cijrtog. Murchisoni). Coll. Elles.
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Ijal-e District : Southwaito Wood ; Austwick Beck ; W. side Long Sleddale, etc.

Wales: Benartli Shore, Conway ; Rose Mill Farm, Conway ; Pencerrig ; Trecoed,

near Builtli; R. Irfon, near Builtli ; Corwen ; Ruthin Road, nr. Llangollen;

Tarannon District. Scotland : Riccarton.

Associates, etc.—Monog. vomeriiius is a common fossil throughout the Weiilock

Shales ; it seems to make its first appearance in their passage beds below, but is

especially abundant in the Lower Wenlock Beds, where it occurs associated with

Cijrto(j. 3Iiirc]iisoiii, Moiiog, priodon, (JIadioy. Geinitziaiins, and other forms. At

higher horizons it may he found with any of the zone fossils, and with M.

FlemiiKjii and ]\[. dtihiits.

Collections.—Sedgwick Museum, Lapworth, and

the Authors, etc.

Pigs. 276 a and b.—Mo»oijraptus vomc
rinus, var. basilicus (Lapworth).

^ff

'/'

a. Proximal end. Enlargement of part

of PI. XLI, fig. 2 d.

h. Adult thecoe, showing different ap-

pearances presented according to

varying compression. Enlargement
of part of PI. XLI, fig. 2 c.

Var. basilicus, Lapworth. Plate XLI, figs. 2 a—d.

1880. Monoijraidus ijalaensis var. basilicus, Lapworth, Ann.

Mag. Nat. Hist. [5], vol. v, p. 152, pi. iv, figs. G a, 6 b.

In var. basilicas the polypary is far stouter than

in M. vouierinus, attaining a breadth of at least 3

mm., and occasionally even more. The thecse are

very similar in form to those of M. conierhius, but

overlap for fully two-thirds of their length.

Horizon and Localities.—Wenlock Shales (zones

of Gtjrtoij. Marcliisoni to Gijrtog. Linnarssoni).

Wales : Pencerrig, Builtli, Builtli Road, etc.

Var. basilicas is fairly common in the Lower

Wenlock Shales of the Builth area, where it occurs

associated Avitli Gijrtoij. Marchisoiii, Moii-og. priodon,

M. voDieriiias, M. riccartonensis, Cijrtoij. Linnarssoni,

and other forms.

Collections.—Lapworth and the Authors.

Var. gracilis, var. nov. Plate XLI, figs. 3 a—d.

1900. Monorjrai)tas vomeriiias, var. (I, EUos, Quart. Jouni. Geol. Soc, p. 405, fig. 16.

Var. gracilis differs from M. vomerinus in having the whole proximal portion

gracefully recurved ; the polypary also widens more gradually, and its width rarely
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Fig. 277.-Monogmpius vomennus, var. exccecls 1 'G mill., wliile tlic sicula is sliort, measuring
gracilis, nov. "

1"2 mm. in lengtli. The tliecse number thirteen in

10 mm.

Horizon and Localities.—Wenlock Shales (zone

of Gi/rtog. Murclilsovi).

Wales : Pencerrig, near Bnilth, Scotland : Ric-

kV carton.

Kf Associates, etc.'—So far as our present knowledge

(p extends var. gy'acilis is confined to the basal zone of

I
the Wenlock Shales.

' Collections.—lJi\'^^^'Ovt\\ and the Authors.
Proximal end, showing sicula. Castle

Crab, nr. Builth ; Wenlock Shales.

Coll. EUes.

Var. crenulatus (Tcirnqnist). Plate XLI, figs. 4 a-

1881. Monofjrajjtvs crenulatus, Tornquist, Geol. Foren. Forliandl., Bd. v, p. 438, pi. 17, fig. 4.

1892. Monograptus cremdatiis, Tornquist, Siljansoinradels Graptol., ii,p. 11, pi. i, figs. 12—16.

1900. Monograptus vomerinus, var. y, Elles, Quart. Jouru. Greol. Soc, vol. Ivi, p. 405, fig, 15.

Figs. 27H a-e.—Monogroi)lus vomerinus, var.

crenulatus (Tornquist).

ah c d c

a. Proximal end, sliowing sicula. Tarannon
River, near Dolgavi Farm ; Dolgau Beds.
Coll. Wood.

h. Adult thecffi : in relief. Enlargement of

part of PI. XLI, fig. 4 b.

c. Adult theca3
;
preserved as a cast. Part of

same specimen as Fig. ^78 h.

d. Adult thecae
;
preserved so that apertures

are concealed. Enlargement of part of

specimen on same slab as Figs. 278 h and c.

e. Specimen in relief, showing thecal apertures.

Enlargement of part of PI. XLI, fig. 4 c.

mount Road, Conway ; Tarannon

below Pen-y-graig, Llanbrynmair

of Lledcwm, Llanbrynmair, etc.

In addition to the varieties of Moiiog. vome-

rinus enumerated above, there occurs at the

top of the Tarannon Shales and ranging thence

into the lowest Wenlock Beds, a characteristic

variety which is certainly their forerunner;

this has been regarded as a distinct species,

but it is best considered as a variant of the

typical M. vomerinus, in which the thecse are

more closely set in the proximal portion (thirteen

to ten in 10 mm.), and the a2:)ertural excavation

is smaller (one-fifth the total breadth of the

polypary). The proximal end is practically

straight ; the sicula has a length of 1'5 mm., but

unlike that of the typical form the first theca

is so short that the apex of the sicula reaches

to the level of the aperture of tli. 2.

Horizon and Localities.— Gala-Tarannon

(zone of M. crenulatus).

Wales : Benarth Wall, Conway ; Neckar-

River ; Afon laen, between Dolfach and bridge

; Plasbach Stream, Llanbrynmair ; stream east
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Associates, etc.—Var. crenulatus is commonly found with Monog. prlodon and

M. suhconicus.

Gollections.—Lapworth and the Authors.

Moaograptus griestoniensis (Nicol). Plate XLI, fiffs. 5 a—d.

Figs. 279 a—/.

—

Monograptus (jriesto-

niensis, Nicol.

W

p

17

1850. Graptolites griestoniensh, Nieol, Quart. Jourii. G-eol. Soc, vol. vi, p. 63, fig. 2.

Polypary several cm. in length, slightly flexuous, widening from a very slender

proximal extremity to a maximum diameter of '7 mm. Thecae ten in

10 mm., with abrupt sigmoid curvature and

horizontal apertural margins, situated in dis-

tinct excavations occupying fully one-third

of the total breadth of the polypary.

Description.—The polypary is commonly some-

what curved, having the tliecte on the concave

margin ; there is, however, some variation in the

amount of curvature in the specimens from different

localities. Most of those from Grieston Quarry are

conspicuously flexuous, while those from the Rhay-

ader country tend to be less curved, and those from

the Tarannon district are, as a rule, so little curved

that fragments appear almost straight and rigid;

there would appear to be, however, all degrees of

curvature between the extreme types. The poly-

pary is extremely slender near the proximal end,

not exceeding "2 mm. in width, and the breadth

increases very gradually until the maximum of '7

mm. is attained.

The sicula is fairly conspicuous, measuring "6

mm. in length and reaching nearly to the level

of the aperture of th. 1.

The thecEe in the maturer parts of the polypary

have a length of fully 2 mm. ; they overlap one-half

their length or rather less, and the apertural excava-

tions are conspicuous, especially in sub-scalariform

views. A characteristic aspect presented by the

polypary is that in wdiich the apertures are entirely

concealed and the stipe has the appearance of a series of vertebrae (Fig. 279/).

Affinities,—The extreme tenuity of the polypary and the character of the

I

t

f
a. Proximal end, showing siciila. Taran-

non Kiver, below Dolgau Farm

;

Talerddig Grits. Coll. Wood.
h. Proximal end. Enlargement of part

of specimen on same slab as PI.

XLI, fig. 5 d.

c. Distal thecaj ; compressed. Enlarge-
ment of specimen on same slab as

PI. XLI, fig. 5 c.

d. Distal thecae ; in relief. Afon Cwm
Calch, nr. Talerddig ; Talerddig
Grits. Coll. Wood.

e. Distal thecse ; compressed. Ibid.

/. Theca3 preserved with the dorsal side

uppermost, giving characteristic
" vertebrae-like " appearance. Same
locality as Fig. 279 a. Coll.Wood.
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theca) render

Graptolites.

MoiKxj. (jricstonicnsis a very distinct form amongst Britisli

Figs. 280 a and h.—Monngraptus cf.

griestoniensis, Nicol.

S^

Horizon and Localities.—Gala-Tarannon (zone of

M. griestoniensis)

.

S. Scotland: Grieston Quarry, near Innerleithen.

Wales: Rhayader; Talerddig Railway Cutting; Afon

Cwm Calch, near Talerddig; Tarannon River, etc.

Associates, etc.—Monog. griestoniensis is a charac-

teristic fossil in the Tarannon Shales at a special

horizon, where it occurs associated with Moiiog.

Marri, M. cliscns, M. pviudon, M. nudus, and M. siih-

conicus.

Collections.— Sedgwick Museum, Geological Sur-

vey of England and Wales, Lapworth, and the

Authors.

Note.—In the Tarannon District there occurs a

form which is intermediate in character between

Mouog. griestoniensis and M. romerinus var. crenv-

latns (Plate XLI, figs. G a. and h). It is more rigid and widens more decidedly than

does M. griestoniensis ; at the same time it is distinctly more slender than the true

var. creiiulatus. It may possibly prove to be a

distinct variety.

This form occurs typically near the top of

the Talerddig Grits, not far below the zone of

var. crentdatiis.

a. Portions near proximal end in relief.

Enlargement of parts of PL XLI,
fig. 6 n.

h. Distal theca?. Another part of same
specimen.

Figs. 281 a— e.—Monograptus crenularis,

Lapworth.

Lv*'If''*

h'

Monograptus crenularis, Lapworth.

XLT, figs. 7 a—r.

Plate

i'
;^i

a. Proximal end, showing the lobate appear-
ance of the thecae. Enlargement of part
of PL XLI, fig. 7d.

I. Similar specimen. Enlai-gement of part of
specimen on same slal) as Fig. 281 a.

r. Adult thecce
;
preserved as a slight impi-es-

sion. Enlargement of part of PI. XLI,
fig. 7 b.

d. Thecoe; preserved partly in relief, partly as a
cast. Enlargement of part of PI. XLI,
fig. 7 c.

e. Theca;
;
compressed. Part of specimen on

same slab as Fig. 281 c.

1880. Monograptus crenularis, Lapwortb, Aun. Mag. Nat.

Hist. [5], vol. V, p. 153, pi. iv, figs. 10 a—10 c.

Polypary long and slightly arcuate through-

out, widening very gradually from '5 mm.
to a maximum breadth of 1 mm. Thecse

twelve to ten in 10 mm., overlapping two

thirds their length, with slightly everted

apertural margins, appearing occa-

sionally within distinct excavations.

Description.— The polypary is character-

istically slender, and the maximum breadth is

attained some distance from the proximal end.



PLATE XXXVI.

Genus Monograptus/Geinitz.

Note.—The figures on Plates XXXVI—XLI {which should he studied with a hand lens) are

ai^jJTOximately natural size, hut there are slight variations.

Figs.

1 a— e.—Monocjraptus cijplms, Lapwortli. (Page 362.)

1 a. Typical specimen, showing sicula. Dobb's Linn, S. Scotland.

Lower Birkliill Shales. Lapworth's Collection.

1 h. Incomplete specimen, broadly recurved. Waterfall, Long Burn,

Dobb's Linn. Lower Birkhill Shales. Lapworth's Collection.

1 c. Incomplete specimen, preserved in relief. Dobb's Linn. Birkhill

Shales. Sedgwick Museum.

1 tl. Specimen, with abrupt curvature of the proximal portion. Dobb's

Linn. Lower Birkhill Shales. Lapworth's Collection.

1 e. Incomplete, but long specimen, (?) figured Lapworth, Geol.

Mag., 187G, pi. xii, fig. 3 a. Ibid.

2 a—e.—Monograptus acinaces, Tornquist. (Page 364.)

2 a. Median fragment, in relief, figured Jones (as M. rheidolensis),

Quart. Journ. Geol. Soc, vol. ixv, p. 534, fig. 19 a. Rheidol

Gorge, Pont Erwyd, Cardiganshire. Rheidol Group. Geological

Survey of England and Wales, Jermyn Street (23708).

2 h. Reverse of above specimen, cast.

2 c. Fragment of proximal end. Nant Fuches-wen, Pont Erwyd.

Rheidol Group. Jones' Collection.

2 d. Distal fragment in relief, figured Jones (as M. rlieidolensis), Quart.

Journ. Geol. Soc, vol. Ixv, p. 534, fig. 19 c. Rheidol Gorge.

Geological Survey of England and Wales (23709).

3 a

—

d.—Monograftiis gregarius, Lapworth. (Page 365.)

3 a. Part of the type slab, showing the gregarious habit of this

species. Dobb's Linn. Birkhill Shales. Lapworth's Collec-

tion.

3 h. Complete specimen on same slab as above.

3 c. Ibid.

3 (/. Small specimen, in relief. Penwhapple Glen, Girvan. Llan-

dovery Beds. Lapworth's Collection.



PLATE XXXVl—continued.

Tigs.

4ia—d.—Monof/raptus hohemicits (Barrande). (Page 3G7.)

4 a. Typical specimen, figured Wood, Quart. Journ. Geol. Soc, vol.

Ivi, pi. XXV, fig. 27 A. River Irfon, near Builtli. Lower

Ludlow Shales. Wood's Collection.

4 h. Specimen, showing sicula, figured Wood, loc. cit., fig. 27 b.

Aberedw Hill, near Builth. Lower Ludlow Shales. Wood's

Collection.

4 c. Long specimen, with slightly curved distal portion. Hospital

Road, Builth. Lower Ludlow Shales. Sedgwick Museum.

4(/. Similar specimen. River Irfon, near Builtli. Lower Ludlow

Shales. Wood's Collection.

5 a—e.—Monograptus coucinnus, Lapworth. (Page 368.)

ba. Two specimens crossing each other, figured Lapworth, Geol.

Mag., 1876, pi. xi, fig. 1 e. Dobb's Linn. Birkhill Shales.

Lapworth's Collection.

5 b. Two similar specimens, one showing marked ventral curvature.

Dobb's Linn. Birkhill Shales. Lapworth's Collection.

5 c. Median fragment, part in relief, part impression. Waterfall,

Dobb's Linn. Birkhill Shales. Lapworth's Collection.

5 d. More proximal fragment, mainly in relief. Rheidol Gorge, 400

yards E.S.B. of Bryn-chwith Farm, Pont Erwyd. Geological

Survey of England and Wales.

5 e. More distal fragment with marked curvature. Dobb's Linn.

Birkhill Shales. Lapworth's Collection.

5/. Very broad distal fragment of great length, partly in relief,

provisionally referred to this species (the complete specimen is

twice this length). Rheidol Gorge, 420 yards E.S.E. of Bryn-

chwith Farm, Pont Erwyd. Rheidol Group. Geological

Survey of England and Wales.
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PLATE XXXVIL

MonOgV^i^tuS—continued.

Figs.

1 a— e.—Mono(jra]}tns NUssoni (Barrande). (Page 369.)

1 a. Typical specimen, figured Wood, Quart. Jouru. Geol. Soc, vol. Ivi, pi. xxv, fig. 28 a.

Adferton, uear Ludlow. Lower Ludlow Shales. Hopkiusou's Collection.

1 h. Specimen, showing double curvature. Montgomery Road. Lower Ludlow Shales.

Sedgwick Museum.
1 c. Broad distal fragment, figured Wood, loc. cit., fig. 28 b. Elton-Evenhay Lane, near

Ludlow. Lower Ludlow Shales. Wood's Collection.

1 f?. Long distal fragment. Trefnant Brook, Long Mountain. Lower Ludlow Shales.

Wood's Collection.

1 e. Fairly complete specimen, with abrupt proximal curvature. Ibid.

2 a— d.— Monograjjhis leptotheca, Lapworth. (Page 371.)

2 a. Typical median fragment, internal cast in iron pyrites. Dobb's Linn. Birkhill

Shales. Ijapworth's Collection.

2 h. Proximal fragment, partly in relief. Llanystwmdwy, near Criccieth. Llandovery
Beds. Fearnsides Collection.

2 c. Distal fragment, with slight dorsal curvature. Eheidol Gorge, 440 yards S.S.E. of

Bryn-chwith Farm, Pout Erwyd. Castell Group (base of zone of M. convolutus).

Geological Survey of England and Wales.

2 d. Long and broad distal fragment. Pary's Mountain, Auglesea. Llandovery Beds.
Greenly's Collection.

3 a—d.—Monocjraptus regvlaris, Tiirnquist. (Page 372.)

3 a. Long distal fragment, impression. Dobb's Linn. Birkhill Shales. Geological
Survey of Scotland, Edinburgh.

3 6. Distal fragment, mainly in relief. E. side of old quarry, N.E. of Fagwr-fawr Farm,
2 miles E.N.E. of Pont Erwyd. Castell Group (zone of M. convolutus). Geological
Survey of England and Wales.

3 c. Fragment nearer proximal end, impression. Pary's Mountain, Anglesea. Llandovery
Beds. Greenly's Collection.

3 d. Long fragment, cast. Eheidol Gorge, 420 yards E.S.E. of Bryn-chwith Farm, Pont
Erwyd. Eheidol Grouj). Geological Survey of England and Wales.

4«

—

d.—Monograptiis jactdmn (Lapworth). (Page 373.)

4a. Proximal portion. Dobb's Linn. Upper Birkhill Shales. Lapworth' s Collection.

4 b. Distal portion, impression. Ibid.

4 c. Long distal fragment, with slight dorsal curvature, impression. Garple Linn, near
Moffat. Upper Birkhill Shales. Lapworth's Collection.

4 d. Specimen on same slab as fig. 4 c.

5 a, h.—Monograptus variahilis (Peruer). (Page 374.)

5 a. Proximal portion, showing sicula. Marsh, Conway. Tarannon Shales. Elles'

Collection.

5 h. Distal fragment. Corner near Forge, Conway. Tarannon Shales. Elles' Collection.

6 a— e.—Monograptus nudus (Lapworth). (Page 375.)

6 a. Incomplete but typical specimen, figured Lapworth, Geol. Mag., 1876, pi. xii, fig. 1 a.

Grieston Quarry, Innerleithen. Tarannon Sliales. Lapworth's Collection.

6b. Proximal portion, showing sicula. W. side of upper quarry, 550 yards E.S.E. of

Fuches-gau Farm-house, Pont Erwyd. Castell Group. Geological Survey of

England and Wales.

6 c. Similar specimen, impression. Nant Fuches-wen, Cardiganshire. Castell Group.
Jones' Collection.

6 d. Distal fragment, partly in low relief. Same locality as fig. 6 b.

6 e. Proximal portion. Gelli Stream, Newydd Fynyddog, near Llanbrynmair. Tarannon
Beds. Wood's Collection.



PLATE XXXYll—continnefl.

Figs.

7 a—(l.—Monograptus duhius (Suess). (Page 376.)

7 a. Rather broad specimen figured Wood, Quart. Journ. Geol. Soc, vol. Ivi, pi. xxr,

fig. 1 A. Eltou Laue, near Ludlow. Lower Ludlow Sliales. Hopkinson's Collection.

7 h. Typical specimen, showing sicula, figured Wood, l^c. cit., fig. 1b. Stonner Hall,

near Leintwardine. Lower Ludlow Shales. Hopkinson's Collection.

7 c. Small specimen. Llwynrhedith Quarry, Long Mountain. Upper Wenlock Shales.

Elles' Collection.

7(1. Very long, narrow specimen. Montgomery Eoad. Lower Ludlow Shales (zone of

M. Nilssoni). Wood's Collection.

8. Monograptns cf. gotlatuUcus, Perner. (Page 382.)

Specimen, showing sicula, figured Wood, loc. cit., fig. 7. Old Dingle Mill, Long
Mountain. Lower Ludlow Shales. Watts' Collection.

9. Monograptns comis, Wood. (Page 381.)

Type specimen, figured Wood, loc. cit., fig. 8 a. Elton-Evenhay Lane, near Ludlow.
Lower Ludlow Shales. Wood's Collection.

10 a— e.

—

Monograptus vulgaris. Wood. (Page 378.)

10 a. Type specimen, figured Wood, loc. cit., fig. 2. Trefnant-Middletown Brook, Long
Mountain. Lower Ludlow Shales (zone of M. vnlgarts). Wood's Collection.

10 h. Specimen, showing distal extremity, on same slab as fig. 10 n.

10 c. Incomplete specimen, figured Wood, loc. cit., fig. 3. Ibid.

10 d. Narrow specimen. Trefnant-Middletown Brook, Long Mountain. Wood's
Collection.

10 e. Similar specimen. Ibid.

11.

—

Monograptus vulgaris, var. curtiis, Elles and Wood, nom. nov. (Page 379.)

Type specimen, figured Wood, loc. cit., fig. 4. Laue Farm, Long Mountain. Lower
Ludlow Shales. Wood's Collection.

12 a—it.—Monograptus tumescens, Wood. (Page 379.)

12 rt. Type specimen, figured Wood, loc. cit., fig. 5 a. Llettygynfach, Long Mountain.
Lower Ludlow Shales (zone of M. tumescens) . Wood's Collection.

12 b. Co-type specimen, fig. 5 b. Gorsty Farm, Elton-Ludlow Road. Ibid.

12 c. Broad specimen. Same locality as fig. 12 rt.

12 d. Specimen on same slab as fig. 12 c.

13 a—c.—Monograptus tumescens, var. minor (McCoy). (Page 381.)

13 rt. Typical specimen, figured Wood, loc. cit., fig. 6 a. Gorsty Farm, Elton-Ludlow
Road, Lower Ludlow Shales (zone of M. tumescens). Wood's Collection.

13 b. Ibid., fig. 6 B.

13 c. Narrower specimen. Elton-Ludlow Road. Lower Ludlow Shales. Sedgwick Museum.

14rt

—

d.—Monograpt7is cf. ultimus, Perner. (Page 383.)

14 a. Typical si)ecimen, figured Wood, loc. cit., fig. 9 a. Road between Co. Bridge and
Ucheldre, near Frochas, Long Mountain. Lower Ludlow Shales (zone of M.
leintwardinensis) . Watts' Collection.

14 b. Proximal portion, showing s'cula. Ibid.

14 c. Specimen on same slab as fig. lib.
14 d. Rather broader specimen. Ibid.



Pal/eontographical Society. 1910.
BRITISH GRAPTOLITES.

4 a
2 a.

ti

!

10 c.

4 b.

IDA SLATER &= E. M. R. WOOD, del.

7 b. 7d. 10 a. 10 b.

MONOGRAPTUS.

2 c.

2(i.

I

i

3 a.

I''

12 a.

3 c.

12 b.

3 b.

12 c.

\

1 3 a. 1 3 b. 13 c.

14 a. 14 b.

1 d. 1 e. 14 c. 1 4 d.

Bi'mrose Lid , Derby.





PLATE XXXVIII.

Monogr^iptvLS—rontinued.

Figs.

1 a—e.—Monogntptus revolntus, Kurck. (Page 384.)

la. Typical specimen, impression. Garple Linn, near Moffat. Lower
Birkhill Sliales. Geological Survey of Scotland, Edinburgh.

1 h. Less complete specimen. Dobb's Linn. Birkhill Shales (zone of

M. cijpliiis). Wood's Collection.

1 c. Proximal portion. Garple Linn, near Moffat. Lower Birkhill

Shales. Geological Survey of Scotland, Edinburgh.

1 d. Specimen in relief. Rheidol Gorge, 235 yards S. of Bryn-
chwith Farm-honse, Pont Erwyd. Rheidol Group. Geological

Survey of England and Wales.

1 e. Broad specimen (?). Lateral Gorge, Dobb's Linn. Birkhill

Shales (zone of M. cyplius). Lapworth's Collection.

2 a—c.—Monograptus revolntus, var. austerus, Tornquist. (Page 385.)

2 a. Typical specimen. Long Cliff, Dobb's Linn. Birkhill Shales

(zone of M. ci/phus). Wood's Collection.

2 b. Proximal portion. Dobb's Linn. Birkhill Shales. Elles'

Collection.

2 c. Proximal fragment. Coalpit Bay, Donaghadee, Co. Down.
Llandovery Beds. Elles' Collection.

3 (I, h.—Monogmpins revolntus, var. prsecursor, Elles and Wood, var nov.

(Page 386.)

3 a. Type specimen, in full relief. Rheidol Gorge, 420 yards E.S.E.

of Bryn-chwith Farm, Pont Erwyd. Rheidol Group. Geolo-

gical Survey of England and Wales.

3 h. Incomplete specimen, doulitfully referred to this form. Dobb's
Linn. Birkhill Shales. Lapworth's Collection.

4 a —d.—Monograptus diffovmis, Tornquist. (Page 386.)

4 a. Fairly complete specimen, in relief. Dobb's Linn. Birkhill

Shales. Lapworth's Collection.

4 h. Smaller specimen. Dobb's Linn ?. Birkhill Shales. Lapworth's
Collection.

4 c. Characteristic specimen. " Rheidol Gorge, S. of Bryn-chwith
Farm, Pont Erwyd. Rheidol Group. Jones' Collection.

4 d. Broader specimen, doubtfully referred to this species. River
Twymyn, near Llanbrynmair. Dolgadfan Beds. Wood's
Collection.

5 a—d.—Monograptus argenteus (Nicholson). (Page 388.)

5 a. Specimen in full relief. Skelgill. Skelgill Beds (band of M.
argenteus). Lapworth's Collection (presented by H. 0.

Nicholson).

5 h. Similar specimen, in part relief. Skelgill. Skelgill Beds. Sedg-
wick Museum (Marr's Collection).

5 c. Narrower specimen, showing more of proximal portion. Skelgill.

Skelgill Beds. Lapworth's Collection.

5 d. Specimen, showing longer proximal portion. Ibid.



PLATE XXXVIU—continued.

Figs.

6 a— (1.—Monographic argenteus, var. cygneus (Tornquist). (Page 389.)

G a. Small specimen. Pary's Mountain, Anglesea. Llandovery Beds.
Sedgwick Mnseiim,

6 h. Specimen showing characteristic form, but badly preserved.

Ibid.

G r. Long distal fragment. Ibid.

G (J. Specimen distorted so as to resemble M. Ivmaiulus. Skelgill.

Skelgill Beds. British Museum (Natural History), S. Ken-
sington.

7 ((
—

(1.—Movogroptus limatuhs, Tornquist. (Page 390.)

7 a. Typical specimen. Grennan Point, N.W. of Port Logan, Wig-
townshire. Birkhill Shales. Geological Survey of Scotland,

Edinburgh.

7 h. Incomplete specimen. Skelgill. Skelgill Beds. Elles' Collection.

7 c. Long specimen. Dobb's Linn. Birkhill Shales (zone of M.
convuluius). Elles' Collection.

7 (I. Specimen much distorted, but showing long, slender proximal
portion. Same locality as fig. 7 h.

8 a— d.—Moiwgrajjfus coloniis (Barrande). (Page 391.)

8 (I. Typical specimen, mainly in relief, figured Wood, Quart. Journ.

Geol. Soc, vol. Ivi, pi. xxv, fig. 10 b. Helm Knot, Lake
District, Coniston Flags. British Museum (Natural History),

S. Kensington.

8 h. Rather narrow specimen, showing recurved proximal thecje.

Vicarage Road, Builth. Lower Ludlow Shales. Sedgwick
Museum.

8 c. Broad specimen, in low relief, figured Wood, loc. cit., fig. 10 d.

Adferton, near Ludlow. Lower Ludlow Shales. Hopkin-
son's Collection.

8 d. Characteristic specimen, figured Wood, loc. cit., fig. 10 c. River

Irfon, Builth. Lower Ludlow Shales. Wood's Collection.

9 a—c.—Monograptus colonns (?), var. Ivdeiisis (Murchison). (Page 394.)

9 a. Complete specimen, figured Wood, loc. cit., fig. 11. Llanfair,

Montgomeryshire. Ludlow Beds. Dr. Humphreys' Collec-

tion, Llanfair.

9 h. Fairly complete specimen. Llanfair, Montgomeryshire. Ludlow
Beds. Wood's Collection.

9 c. Narrower specimen, showing sicula. Ibid.

10 n—c.—Moiiograptus colonus, var. compactiis, Wood. (Page 393.)

10 a. Type specimen (somewhat broken), figured Wood, loc. cit.,

fig. 12. Elton-Evenhay Lane, near Ludlow. Lower Ludlow
Shales. Wood's Collection.

10 h. Well-preserved specimen. Stormer Hall, near Leintwardine.

Lower Ludlow Shales. Wood's Collection.

10 c. Small specimen. Elton-Evenhay Lane. Lower Ludlow Shales.

Sedgwick Museum.
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PLATE XXXIX.

Monograptus—COwh/iM erf.

Figs.

1 a—d.^Monocjraptus atavus, Jones. (Page 403.)

la. Proximal portion, figaired Jones, Quart. Journ. Geol. Sou., vol. Ixv, p. 532, fig. 18 a_

Rheidol Gorge. Rheidol Group. Geological Survey of England and Wales

(23706).

1 h. Straighter and more median fragment. Klieidol Gorge, 235 yards S. of Bryu-eliwitli

Farm, Pont Erwyd. Elieidol Group. Geological Survey of England and Wales.

1 c. Median fragment with dorsal curvature, figured Jones, loc. cit., fig. 18 d. Ibid.

(23711).

1 d. Long fragment with ventral curvature. Same locality as fig. 1 b.

2a— d.—Monogrcqdus Boemeri (Barrande). (Page 397.)

2 a. Typical specimen, figured Wood, Quart. Journ. Geol. Soc, vol. hi, pi. xxv, tig. 13 a.

Ti'efnant-Middletowu Brook. Long Mountain. Lower Ludlow Shales (zone of M.

scanicus). Wood's Collection.

2 b. Distal fragment, figured Wood, loc. cit., fig. 13 b. Ibid.

2 c. Somewhat narrower specimen, in relief. Helm Knot, Dent. Conistou Grits.

Sedgwick Museum.

2 d. Characteristic specimen, well preserved. Dudley. Ludlow Shales. University of

Birmingham.

3 a— d.—Monograptus cliiiniera (Barrande). (Page 398.)

3 a. Typical specimen, figured Wood, loc. cit., fig. 18 b. Stream from Ucheldre to Trewern

Bridge, Long Mountain. Watts' Collection.

3 h. Fairly complete specimen, figured Wood, loc. cit., fig. 18 a. Elton-Ludlow Road.

Lower Ludlow Shales. Wood's Collection.

3 c. Proximal portion. Ibid., fig. 18 c.

3 d. Small specimen. Ibid., fig. 18 d.

4 a—c. Monograptus chiiniera, var. semispinosus, EUes and Wood, nom. nov. (Page 401.)

4 fl. Comjilete specimen. Stormer Hall, near Leintwardine. Lower Ludlow Shales.

Wood's Collection.

4 6. Narrower specimen. Ibid.

4 c. Type specimen, figured Wood, loc. cit., fig. 20. Eltou-Ludlow Road. Lower Ludlow

Shales (zone of M. scanicus). Wood's Collection.

5 a—d.—Monograptus chimiera, var. Saliveyi (Hopkinson). (Page 400.)

5 a. Complete specimen, figured Wood, loc. cit., fig. 19 a. Stormer Hall, near Leint-

wardine. Lower Ludlow Sliales. Wood's Collection.

5 b. Tyjje specimen, showing long virgula, figured Lapworth, Ann. Mag. Nat. Hist. [5],

vol. V (1880), pi. iv, figs. 2 a and b. Stormer Hall. Lower Ludlow Shales.

Hopkinson's Collection.

5 c. Narrow specimen, cast, showing thecal spines well. Stormer Hall. LoAver Ludlow

Shales. Wood's Collection.

5 d. Reverse of fig. 5 c, in relief, thecal spines very inconspicuous. Ibid.

(ja— e.—Monograptus varians. Wood. (Page 395.)

6t/. Type specimen, figured Wood, loc. cit., tig. 14 a. Old Dingle Mill, Long Mountain.

Lower Ludlow Shales. Wood's Collection.

6 6. Broader specimen, tigured Wood, loc. cit., tig. 14 b. Road above Garbett's Hall,

Long Mountain. Lower Ludlow Shales. Wood's Collection.



PLATE XXXlX—coufinnecl

Figs.

6 a— c.—Monoijraptus varians. Wood (continued).

G c. Distal portion, showing,' virgula. Loc. cit., fig. 16 a. Storiiicr Hail, ueav Leiiitwar-

dine. Lower Ludlow Shales. Wood's Collection.

6 (/. Complete specimen. Loc. cit., fig. L5. Elton Lane, near Ludlow. Lower Ludlow

Shales. Wood's Collection.

6 e. Complete specimen, cast, figured Lapworth (as 31. colunus), Ann. and Mag. Nat. Hist.

[5], vol. V, pi. iv, figs. 3 h and 3 d, and Wood, loc. cit., fig. 16 u. Mary Knoll, near

Ludlow. Lower Ludlow Shales. Hopkinson's Collection.

7 a— e.

—

Monographis varians, var. pvmiius. Wood. (Page 396.)

7 a. Type specimen, preserved so as to appear narrower than usual, figured Wood, loc. cit.,

fig. 17 b. Elton Lane, near Ludlow. Lower Ludlow Shales (zone of M. scanicus).

Wood's Collection.

7 h. Co-type, somewhat Avider, figured Wood, loc. cit., fig. 17 a. ll>id.

7 c. Small, but typical specimen. Elton Lane. Lower Ludlow Shales. Wood's

Collection.

7 d. Specimen on same slab as fig. 7 c.

7 e. Comi)lete specimen, on same slab as figs. 7 c and 7 d.

8«—/.

—

Mono(jraidus lei)ihvardinensig, Hopkinson. (Page 401.)

8 a. Type specimen, figured Wood, loc. cit., fig. 21a. Churcli Hill Quarry, near Leint-

Avardine. Lower Ludlow Shales (zone of M. hintwardinensis). Hopkinson's

Collection.

8 h. Co-type, figured Wood, loc. cit., fig. 21 b. Ibid.

8 c. Long narrow specimen. Church Hill Quarry, near Leiutwardine. LoAver Ludlow

Shales. Fearnsides' Collection.

8 J. Broader specimen. On same slab as fig. 8 c.

8 e. Short, broad si)ecimen. Ou same slalj as figs. 8 c and d.

8/. Characteristic specimen. Ou same slab as figs. 8 c—e.

9 a— d.—Monograpttis leintwardinensis, var. inctpiens. Wood. (Page 402.)

9 a. Type specimen, figured Wood, loc. cit., fig. 22 a. Montgomery Eoad, Lower Ludlow

Shales. Wood's Collection.

9 6. Co-type, figured Wood, loc. cit., fig. 22 b, Long Mountain. Lower Ludlow Shales.

Watts' Collection.

9 c. Short broad specimen. Same locality as fig. 9 a.

9 d. Very long specimen. On same slab as fig. 9 b.

10 a— e.

—

Mono(jraptus Sandersoni, Lapworth. (Page 404.)

10 a. Median fragment. Dobb's Linn. Birkhill Shales. Lapworlh's Collection.

10 h. Proximal fragment, with strong ventral curvatiu'e, figured Lapworth, Geol. Mag.,

1876, pi. xi, fig. 2 ('. Dobb's Linn. Birkhill Shales. Lapworth's Collection.

10 c. Distal fragment with conspicuous ventral curvature. Coalpit Bay, Donaghadee.

Llandovery Beds. Sedgwick Museum.

10 d. Distal fragment, with only slight curvature, in low relief. East bank of roiid from

Pout Erwyd to Pevil's Bridge, 50 yards E.N.E. of Brvn-chwith Farm. Kheidol

Group. Geological Survey of England and Wales,

lu e. Long distal fragment. Dobb's Linn. Birkhill Shales. Lapworth's Collection.
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PLATE XL.

Monograptus—rontinued.

Figs.

1 a— e.—Monograptus ivcornvKxhis, Tornqiiist. (Page 406.)

1 a. Long distal fragment. Skelgill. Skelgill Beds (zone of Bimor-

pliog. conferfiis). Sedgwick Museum.

1 b. Proximal fragment, slioAving characteristic double curvature.

Dohb's Linn. Birkhill Shales. Lapworth's Collection.

1 6*. Distal fragment. Dobb's Linn. Birkhill Shales. Sedgwick

Museum.

1 d. Small distal fragment, partly in relief. Rheidol Gorge. Eheidol

Group. Geological Survey of England and "Wales.

1^. Median fragment. Dobb's Linn. Birkhill Shales. Lapworth's

Collection.

2 a— ('.—MoiiiKj-nipfiis fevnis (Portlock). (Page 407.)

2 a. Specimen on Portlock's type slab, showing general form of poly-

pary. Limehill, Co. Tyrone. Upper Llandovery Beds. Geo-

logical Survey of England and Wales.

2 h. More distal fragment. On same slab as fig. 2 a.

2 c. Small proximal fragment, cart track, 10 yards west of entrance

to lower quarry, 550 yards E.S.E. of Fuches-gau Farm-house,

Pont Erwyd. Castell Group. Geological Survey of England

and Wales.

2 d. Distal fragment. On same slab as fig. 2 r.

2 e. Proximal portion, labelled by Nicholson as Movogrnjjfus discvf'tus.

Skelgill. Skelgill Beds. British Museum (Natural History),

S. Kensington.

3 a— e.—Monograptus argutus, Lapworth. (Page 408.)

3 a. Type specimen, showing general form, partly figured Lapworth,

Geol. Mag., 1876, pi. x, fig. 13 h. Dobb's Linn. Birkhill

Shales. Lapworth's Collection.

3 h. Proximal portion, showing curvature. S. side of old quarry, 270

yards N.E. of Gwen-ffrwd-uchaf Farm, Pont Erwyd. Base of

zone of M. convolutus. Geological Survey of England and

Wales.

3 c. Proximal portion, (?) figured Lapworth, loc. cit., fig. 13 a.

Dobb's Liim. Birkhill Shales. Lapworth's Collection.

3 d. Proximal fragment. Rheidol Gorge, 440 yards S.S.E. of Bryn-

chwith Farm-house, Pont Erwyd. Base of zone of M. convolntus.

Geological Survey of England and Wales.

3 e. Distal fragment, part in relief, part impression. On same slab as

reverse side of fio-. 3 it.
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PLATE XLI.

Monograptus—con tin ucd.

Figs.

1 a—e.—Monograptus vomerinus (Nicholson). (Page 409.)

1 (T. Typical specimen, impression, (?) figured Lapworth, Geol. Mag.,

1876, pi. xii, fig. 6 a. Elliotsfield, S. Scotland, Riccarton

Beds. Lapwortli's Collection.

1 b. Smaller specimen, in full relief. Lledcwm Stream, Newydd
Fynyddog, near Llanbrynmair. "Wenlock Shales (zone of

Ci/rtog. Murchisonl) . Wood's Collection.

1 c. Specimen, partly in relief, part cast. West side of Long Sleddale,

Lake District. Base of Coniston Flags. Lapwortli's Collection.

1 (/. Distal fragment, impression. Rig Burn, River Esk, near Lang-

holm. Wenlock Beds. Geological Survey of Scotland, Edin-

burgh.

1 e. Long distal fragment, with apertures facing the observer. West

of Wharfe, Lake District. Lower Coniston Flags. Sedgwick

Museum.

2 a—d.—Monograptus vomerinus, var. IxisiUcus (Lapworth). (Page 41 L)
2 a. Typical specimen. Cutting, Wellfield, near Builth. Wenlock

Shales (zone of Cijrtog. Linnarssoni). Lapwortli's Collection.

2 h. Distal fragment. Wellfield, near Builth. Wenlock Shales.

Lapwortli's Collection.

2 c. Type specimen, figured Lapworth (in part), Ann. Mag. Nat. Hist.

[5], vol. V, pi. iv, figs. 6 a and h. On same slab as fig. 2 a.

2 d. Proximal portion. Pencerrig, near Builth. Wenlock Shales

(zone of Cijrtog. Murcliisoni). Elles' Collection.

3 a—d.—Monograptus vomerinus, var. gracilis, Elles and Wood, nom. nov. (Page

411.)

3 a. Typical specimen, impression. Elliotsfield, S. Scotland. Ric-

carton Beds. Lapwortli's Collection.

3 b. Proximal portion. Trecoed, near Builth. Wenlock Shales (zone

of Cyrtog. Murchisoni). Elles' Collection.

3 c. Broad distal fragment, impression. On same slab as fig. 3 h.

3 d. Proximal fragment, impression. Pencerrig, near Builth. Wen-
lock Shales (zone of Cijiiog. Murchisoni). Elles' Collection.

4 a—d.—Monograptus vomerinus, var. creuulatus (Tornquist). (Page 412.)

4 a. Distal fragment, partly in relief. Tarannon River, just below

Dolgau Farm. Dolgau Beds. Wood's Collection.

4 b. Similar fragment, partly in relief. Ibid.



PLATE XLl— continued.

Figs.

4 a— d.—Mowgraptiis romcriiiMX, var. rrciinJalns (Tdrnqiiist). (Page 412)

—

coiifimted.

4 c. Proximal portion, in relief. Tbid.

4 (/. Fragment showing proximal end. Williamshope (?), S. Scotland.

Gala Beds. LapAvortli's Collection.

5 a— d.—Moriogvopivi^ (/rlcf^foirioisis (Nicol). (Page 413.)

5 ft. Proximal fragment, specimen on Nicol's type slab. Grieston

Qnarry, S. Scotland. Gala Ik^ds. Geological Survey of

England and AVales (11,800).

5 />. Distal portion. Ibid. (11,801).

5 c. Proximal portion, showing considerable curvature. Grieston

Quarry. Gala Beds. Sedgwick Museum.

5 d. Ibid.

C a, h.—Monograptus cf. gripdonipiii<is. (Page 414.)

6 a. Proximal portion. Tarannon River. Talerddig Grits. Wood's

Collection,

G h. Longer specimen, showing rigid form. Afon-cwm-calch, near

Talerddig Railway Cutting. Talerddig Grits (upper part).

Wood's Collection.

7 ft

—

e.—Monograjdus cremtlaris, Lapworth. (Page 414.)

7 ft. Long median fragment. Dobb's Linn. Upper Birkhill Shales

(zone of Gephalog. comcta). Lapworth's Collection.

7 h. Long distal fragment, impression. The Corrie, Dobb's Linn.

Upper Birkhill Shales. Lapworth's Collection.

7 c. Distal fragment, part in relief, part impression. Ibid.

7 (/. Proximal fragment. Ibid.

7 e. Ibid.
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